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view of the subject or the neophyte looking for guidance to a complex literature.... The depth of cover-
age of the topics makes the purchase of this volume appear to be a wise decision"
-Journal of Medicinal Chemistry

Volume 20 of this series features in-depth analyses of the biological and chemical properties of
forskolin and the mechanisms involved in calcium mobilizing agonist responses, as well as impor-
tant findings on early events in the action of insulin. Reviews of current and ongoing research on
cyclic AMP examine the desensitization of hormonal stimuli coupled to regulation of cAMP levels
and the relationship of cyclic AMP to learning in Drosophila. Another highlight of the book is a
study of choline plasmalogens, glycerophospholipid methylation, and receptor-mediated activa-
tion of adenylate cyclase.
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This volume provides an in-depth review of contemporary research on adenylate cyclase and
its dual regulation. Coverage encompasses all relevant aspects of dually regulated adenylate cy-
clase systems, from their molecular characterization to their physiological significance, and repre-
sents the full range of conceptual and technical approaches to the study of these complex
systems.

The book systematically progresses from receptor biochemistry and pharmacology to purifica-
tion and characterization of adenylate cyclase components, whole cell studies, and neurophysio-
logical approaches. Regulation of cyclic AMP production in intact model cells by adenylate
cyclase and phosphodiesterase is examined, as well as correlations between cydic AMP fluctua-
tions and changes in metabolic processes in whole cells and brain slices. Detailed attention is
devoted to the relationship of neuronal firing to changes in cyclic AMP production. The contribu-
tors also suggest applications of approaches used in the study of adenylate cyclase systems to
the study of analogous regulatory systems, including those involved in calcium mobilization.
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.1 The 30-receptor kinam.: Structure, evolution and properties of various receptor
mutants, J. Soblessinger, Division of Molecular Biology, Research, Meloy Laboratories, 4
Research Court, Rockville, 3D 20850

The O0F-receptor is a 170 K membrane glyooprotein which has 3 major functional domains, a
xtracellular, glyoosylated ROF-blnding domain, a single hydrophobic trasn-embrane region and a
eytopiansic kin&*e dan. The extracellulsr domain of 30F-reoeptor contains 2 cysteine rich
clusters which reveal internal homology and repetition of the oysteine residues. Questions
concerning the meobanim of action and regulation ot EG-receptor were addressed by exploring
properties and cellular effects of various R0F-reoceptor matants introduced into cultured cells
lines. Transient expression of intact 3GF-roceptor ad various m3-receptor mutants in COS-1
cells was achieved by using shuttle vector cont-iining the 3V-40 origin of replication. The &eam
vector together with the DBFR gone were used to obtain stable cell lines expressing different
amounts of 301-receptor and its various iants in CHO cells, which are normally devoid of
30-reoeptor. A retroviral shuttle vector was used to express intact EF-receptor and
3O-reeptors mutants in VIH-3T3 cells and for obtaining retroviruses containing sequences
coding for the intact receptor and its various mutants. Initially we have generated constructs
with deletions in the cytoplasnic domain of the 30F-roceptor including a receptor mutant which
has only 8 amino acids in the cytoplamalo domain (devoid of Thr 654). We have also introduced
specific linkers into different restriction sites along the full als oDES of 30F-rooeptor.
gsing this approach we have explored the role of various receptor domains in the regulation of
receptor internalization, ndooytosis and transformation.

.2 RECONSTITUTION4 OF THE DELIPIDATED B-ADRENERGIC RECEPTOR WITH THE DELIPIDATED Gs: REQUIRE-
MENTS FOR SPECIFIC LIPIDS. Michael Schrm and Jorge Kirilovsky, Department of Biological

Chemistry, Institute of Life Sciences, Hebrew University, 91904 Jerusalem, Israel.

Detergent solubilized preparations of the B-adrenergic receptor (R) and of the regulatory protein (Gs)
were externsively delipidated of phospholipids and cholesterol. Reconstitution of an R-Gs system was
subsequently performed in presence of a mixture of natural phosphatidyl-ethanolamine, -choline and -se-
rine or the synthetic dioleoyl derivatives of the same phospholipids. In both cases, an additional
lipid was required for the agonist-dependent activation of Gs . The requirement could be fulfilled by
a-tocopherol or by oleic acid. Cholesterol and cholesteryl esters failed to support activity. Inclu-
sion of the non-phospholipid lipid in the reconstituted system enhanced the isoproterenol-dependent
activation of G, 16-35 fold. Upon relipidation with the defined phospholipid mixture plus a-tocophe-
rol or oleic acid, and addition of isoproterenol, the kinetics of activation of G* by GT'yS were simi-
lar to those found in native membranes. The rate was largely dependent on the addition of the agonist.
Efficient functional reconstitution of R-Gs was thus achieved in a totally defined lipid system. Ex-
periments designed to study the role of the non-phospholipid lipid in the reconstitution of R-Gs inter-
action, suggest that the effect of this lipid is not explained by: 1) enhancement of ligand binding to
R; 2) stabilization of the system; 3) irreversible-structural changes; 4) modification of vesicle per-
meability to GTPyS; 5) modulation of average fluidity. It is tentatively concluded that the non-phos-
pholipid lipid is essential for function of the hormone-R complex. Further experiments suggest that
such a. lipid might fulfill the same role in native membranes.

.3 ANALYSIS OF cD&as FOR THE a SUBUNIT OF Ga. Alfred G. Gilman, Janet D.
Robishaw, and Michael P. Graziano. Department of Pharmacology, University of Texas
Health Science Center at Dallas, Dallas, TX 75235

Most cells contain two forms of the a subunit of the G protein (G ) that stimu-
lates adenylate cyclase; their apparent molecular weights are 45,60 and 52,000.
Two cDNAs that correspond to distinct mRNAs for the a subunit of G. have been cloned
from a bovine adrenal library and sequenced. The sequences of the two cDNAS,
designated pGs-l and pG,-s, are identical except for a single stretch of 46 nucleo-
tides in the coding region, where 4 are altered and 42 are deleted in pG5 -s. Ex-
pression of pG -a and pG -1 In COS-=6 cells yields protein products with apparent
molecular weights of 45 000 and 52,000, respectively, based on their mobility in
SDS-polyacrylamide gels. The two cDMAS have also been expressed in & S2", using
prokaryotic expression vectors containing either tac or T7 promoters. Again, pro-
ducts with apparent molecular weights of 45,000 and 52,000 are detected. We con-
clude that pGf-s and pG5 -1 encode the 45 kDa and 52 kDa forms of G grespectively,
that the two frm differ by the alteration of two and the deletion - 14 amino acid
residues (73-86 in pG -1), and that the apparent difference in molecular weight of
7000 between the two forms of G is in large part due to anomalous electrophoretic
behavior in 8DB. There appeara

m
-o be at least two mRNAs for G that arise from a

single gene by alternative internal RNA splicing. Analysis of e activities of the
two forms of Go, expressed separately in JL gi, is in progress.
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.4 ROLES OF GTP REGULATORY PROTEINS IN RECEPTOR-EDIATED ADENYLATE CYCLASE INHIBITION,
POSPHOLIPASE C ACTIVATION AND CELL PROLIFERATION
Nichio Ui, Fumikazu Okajima, Toshiaki Katada & Toshihiko Murayama. Department of Physiological

-eimiT-, Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo 060, Japan

Receptor-mediated inhibition of membrane adenylate cyclase via an inhibitory GTP regulatory protein
(G or NI) is reversed by prior exposure of the membranes or the membrane-donor cells to islet-
activating protein (IAP), pertussis toxin, since Gi is unable to couple to receptors any longer when
its GTP-binding a-subanit has been ADP-ribosylated by the A-component of the toxin. Several kinds of
G1 (apy) have been purified from rat and porcine brains as the specific IAP substrate, and the coNAs
of their a-subunits have been cloned. Some of them competed with the a-subunit of stimulatory Gs for
the same sites on the adenylate cyclase catalyst. py-subunits of these IAP substrates also inter-
acted with the catalyst directly leading to inhibition of the cyclase activity. Thus, Gi inhibits
adenylate cyclase by multiple mechanisms when it is dissociated into a- and py-subunits upon coupled
receptor stimulation. IAP also abolished the chemotactic peptide ( ILP) receptor-coupled activation
of phospholipase C that is involved in phosphatidylinositol 4,5-bisphosphate breakdown and Ca mobili-
zation in neutrophils. The IAP substrates purified from rat brain were coupled to fMLP receptors
when they were reconstituted into IAP-treated neutrophil membranes. Moreover, DNA synthesis in 3T3
fibroblasts as initiated by competence factors in the presence of a progression factor such as insulin
or epidermal growth factor was inhibited by IAP treatment of the cells. IAP was effective in this
regard even when it was added to culture medium 3 h after the addition of growth factors, suggesting
that an IAP substrate G-protein is also involved in slow proliferative responses of cells.

.5 THE STRUCTURE AND REGULATION OF PROTEIN PHOSPHATASE-1
Protein phosphatase-1 (PP-I) is one of four phosphatase catalytic C-subunits which

dephosphorylate a variety of regulatory proteins. Several forms of PP-1 have been identified in
which the C-subunit interacts with proteins which either have a regulatory function or target the
phosphatase to different subcellular locations. In skeletal muscle a major proportion of the PP-l
is bound to glycogen because the C-subunit is complexed with a glycogen-binding G-subunit. The
G-subunit is phosphorylated very efficiently by cyclic ANP-dependent protein kinase and the effects
of phosphorylatlon on PP-l activity will be described. A second form of PP-I is found in the muscle
cytosol. This form is inactive, because the C-subunit is complexed to inhibitor-2 (1-2). The
primary structure of 1-2 and an analysis of its In vivo phosphorylation state will be presented. A
third form of PP-I has recently been identified in skeletal muscle, and its structure and
localisation will be given. In mammalian liver a significant proportion of the PP-l is found
associated with microsomes as well as glycogen. The dephosphorylation of glycogen synthase by
hepatic glycogen and microsomal PP-l is exquisitely sensitive to inhibition by phosphorylase a, 50%
inhibition occurring at <10n#4, over 1000-fold lower than the Km for phosphorylase a as a substrate.
This, and other evidence, demonstrates that phosphorylase a is an allosteric inhibitor of hepatic
PP-I. The role of this allosteric inhibition in the hormonal regulation of liver function will be
discussed.
Supported by the Medical Research Council, London, British Diabetic Association and Royal Society.

.6 INOSITOL PHOSPHOLIPIDS, PROTEIN PHOSPHORYLATION, AD STIMULUS-RESPONSE COUPLING. Ushio

Kikkawa and Yasutomi Nishizuka, Department of Biochemistry, Kobe University School of Medicine, Kobe
650, Japan.

Receptor-mediated hydrolysis of inositol phospholipids was recently realized to be a common mechanism
for transducing various extracellular signals into the cell. At an early phase of cellular re-
sponses, inositol-l,4,S-trisphosphate mobilizes Ca

2
+, whereas diacylglycerol (DC) activates protein

kinase C. These two intracellular mediators are generated from the hydrolysis of phosphatidyl-
inositol-4,S-bisphosphate, PIP 2. Using Ca

2
+-ionophore and permeable DG or tumor2 romoting phorbol

ester (as a substitute for active DC), it has been repeatedly shown that both Ca mobilization and
protein kinase C activation are essential and often act synergistically to induce many of cellular
responses such as exocytosis and release reactions. Similarly, these two singal pathways appear to
be essential for long-term responses as well. However, additional receptor occupation by growth
factor is necessary to induce full activation of cell proliferation. Imunocytochemical studies with
monochonal antibodies suggest that this enzyme seems to be absent or in very low concentration in the
nucleus; probably another step in signal translation is needed for the ultimate activation of nuclear
events. The phosphorylation by protein kinase C of some proteins such as membrane receptors is
apparently related to down-regulation or negative feedback control of cellular functions. In fact,
protein kinase C appears to show dual actions in the positive as well as the negative phase of
regulation. Results will be smarized of further studies on the structure, mode of activation,
intracellular localization, and possible role of this protein kinase in stimulus-response coupling.



.7 INDUCTION OF C-FOS A POSSIBLE NUCLEAR EVENT IN SIGNAL TRANSDUCTION. Tom Curran,
]ames 1. Morgan, Lidla Sambuceit"and Robert Franzal. Roche Institute of Molecular Biology, Nutley, N3 07110;
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724.

A transient elevation of c-fos mRNA and protein levels is elicited by diverse extracellular stimuli. These
increases may be greater than-00-fold depending on the basal levels of expression in unstimuLated cells. The
response is triggered by a selection of polypeptide growth factors, some of which promote mitogenesis, while
others promote differentiation. Agents such as phorbol esters, cAMP and calcium ionophores can also stimulate
c-f.o expression, although the magnitude of the effect varies with the cell line studied. In PCI2 cells, induction is
medated by diverse pathways, one of which involves a calcium-dependent stimulation of calmodutin. The fo
protein in stimulated cells exists as a protein complex which binds to DNA. The interaction of the Io protein withi
DNA supports the hypothesis that it may be involved in linking cell surface events to long-term altrations in gene
expression.

.8 . STRUCTURE-.CTIO OF Ha ras: Itrvin Sigal . Jackson Gibbs I 
Mark Marshall 1, Graham

Smith , Francel Jurnak and Edward ScoTnick; Merck Sharp & Dohme Research Laboratories, Weast Point,
Pennsylvania; University of California, Riverside, California.

The ras protooncogene proteins have biochemical properties that are similar to those of the guanine
nucleotide-binding regulatory proteins of the G protein family. Like other G proteins, rae proteins
specifically bind GDP and GT? and have a low GTP-hydrolytic activity. Oncogenic forms of the rae
proteins have decreased GTPase activities (Trends Blochem. Sci. 1985, 10: 350-353). To identify
residues involved in nucleotide binding. GTP hydrolysis and protein-protein interactions, we have
systemically varied the conserved amino acid residues of Harvey (Ha) ras. The mutant proteins have
been expressed In E. colt for biochemical analysis and microinjected into NIH3T3 cells and expressed
in yeast cells for assaying biological potency. This analysis has identified residues Lys16 and
Asptl9 within the nucleotide-binding site and indicated that Lys16 interacts with the phosphate group
of GDP, and Aspll9 interacts with the purine-2-amino group (PHAS 1986, 83: 952-956). This mode of
interaction is analogous to that observed for EF-Tu*GDP by x-ray crystaiTography. Substitutions at
either position 63, 65, 66. 67. 70 or 73 dramatically reduce the affinity of Ha for the neutralizing
monoclonal antibody Y13-259 but do not alter biological activity. In contrast, substitutions within
the region 32-41 while not affecting the known intrinsic biochemical activities of Ha do reduce the
ability of the protein to function in masmalian and yeast cells. This conserved region of the ras
proteins is a possible site for protein-protein interaction and for conferring ras biological
function.

1 THE EFFECTS OF THE IRREVERSIBLE NUSCARINIC LIGAND ACETYLETHYLCHOLINE PJSTARD ON PRE- AND
POSTSYNAPTIC RESPONSES. S h ker, Philip Posner and Edin M. Meyer. Depts. of

Pharmacology and Physiology, UnversIltioFlo College of M4edicine, Gainesville, FL 32610.

The pharmacological effects of agonists that bind irreversibly are unclear at the receptor-
transduction level. We have investigated the presynaptic and postsynaptic effects of a muscarinic
agonist. acetylethylcholine mustard (Aech-M), which binds irreversibly to muscarinic receptors. As
measured by several radiolabeled ligands, Aech-N induced a dose-dependent (0.01-10 pm) loss of car-
diac and brain muscarinic receptors that was time-dependent, blocked by atropine and attenuated by
guanine nucleotides. Aech-9 (10-100 pN) produced a transient decrease In spontaneous atrial beating
rate whereas carbachol and ACh produced sustained decreases. After pretreatment of atria with Aech-
N (10-100 PH), there was a 10- to 20-fold increase in the carbachol EC50 value for the inhibition of
the itrial beating rate. In addition, there was a 40-50% loss of muscarinic receptors. Presynap-
tically, Aech-i induced a protracted (up to 60 min) attenuation (40-501) of ACh release from rat
cortical synaptosomes with a potency similar to that of oxoireamorine. Oxotremorine inhibited Ach
release for a shorter duration. The ACh release-inhibition induced by 50 PH Aech-M was only acutely
blocked by I pN atropine, was observed after washout of free drug, and was not due to Inhibition of
cho- 'ne-uptake or acetylation. These presynaptic effects of Aech-N on ACh release were compatible
with the observed time-dependent (IC50, 9 jPN after 5 min at 371 and irreversible binding character-
istics of the drug in synaptosomul membranes. The data suggest that Aech-N initially acts post-
synaptically as an agonist followed by a long-term antagonist effect and presynaptically as an
Irreversible agonist.



2 EVIDENCE FOR INCREASED LEVELS OF DIGITAUS UKE FACTORS IN PLASMA OF PREGNANT RATS
A. Binet, V. Querol-Ferrer, J. Baran6s and P. Braquet

IHB Research Labs, 17 avenue Descartes, F-92350 Le Plessis Robinson (France)
For several years, numerous studies have demonstrated the presence of "digitalis-like" factors (D.L.F.)

in mammalian blood and urine that is released by volume expansion. Recent evidence suggests that this
factor is an inhibitor of Na, K-ATPase, enzyme which represents the biochemical basis of transmembrane
sodium and potassium transport. This compound interacts with the ouaban binding site of the enzyme
and shows a natriuretic effect by limiting tubular sodium reabsorption.
Pregnancy Is known to be a volume expanded state, without increase in arterial blood pressure.
In this study the presence of D.L.F. has been investigated in plasma of rat during the course of

pregnancy.
Blood samples were obtained from reorbital sinus, under ether anesthesia and collected in heparinized

tubes. The deproteinized plasma (treatment by two volumes of ethanol for 4 min) were on a sephadex
G25 column. Inhibitory effect of D.L.F., eluted in the post salt fraction was measured on purified
Na, K-ATPase from dog kidney, using ATP-y32 P.During the last week of pregnancy a significant increase
of D.L.F. concentration was observed (8.4 ± 1.4 vs 4.61 ± 0.39 nM of ouabain equivalent, p 0.01) a
simultaneous increase in K+ plasma levels appeared (+ 48 %) without any change in Na+ level. Evidence
for increase of endogenous Na, K-ATPase inhibitor is provided in plasma of pregnant rats.

TE MRCHAXISM OF ACTIIvATION OF THE INSULIN RECEPTOR KINASE: ROLE OF DISOLIDE BONDS.
Marianne Doni-Sohnetzler and Pga L. &Pilh, Boston University Schol of Medicine.

The insulin receptor possesses a large number of cysteine residues in the a subunit. None of
these are reactive with N-ethylueleilide in the native receptor suggesting that normally most, if
not all cysteines, exist as disulfide-linkages. These bonds are known to link the receptor In its
a=,s tetrameric form, and are also likely to play a role in the structure of the ligand binding
domain. We have performed a detailed kinetic analysis on the ability of the reducing agent, dithio-
threltol (DTT) to reduce disulfides and to effect the functional properties of the receptor, naaely
ligand binding and kinase activity. We have correlated these functional data with the structure of
the receptor as analyzed by velocity sedimentation analysis and SDS-PAGE. We find that of receptor
diners isolated from sucrose gradients retain innulin binding of slightly lower ligand affinity as
ocepared to intact tetraers. The a$ diners are as active as totrameric receptor in basal kinase
function. If autophoaphrylated in the presence of insulin prior to reduction, the diner remains as
an activated kinase towards exogenous substrates. However. diners isolated from gradients do not
exhibit an insulin-dependent kinas activation. We interpret thes, data to indicate that the
interaction of two 4# halves is necessar for the ligand-dopendent kinase activation that follows
insulin binding. In addition, because of diners retain insulin binding, and because Insulin binding
continues to doo*a with tins of DTT exposure after the receptor Is entirely in the al diner form.,
we oonclude that the class I disulfides that link two .9 halves are not requisite for ligand
binding. Rather, maintenance of the multiple disulfides in the "orose- inking" domain of the a
subunit appear critical for insulin binding.

4 PURIFICATION AND CHARACTERIZATION OF THE INSULIN-SENSITIVE "LOW K" cAMP PHOSPHODIES-
TERASE FROM RAT ADIPOSE TISSUE. E. Degerman , P. Belfrage , and V. C. Nanganiello*. + Department
of Physiological Chemistry, Lund, Sweden and *Laboratory of Cellular Netaboliss, NHLBI, NIH, Bethesda,
MD. 20892

Particulate, but not soluble, "low K." cAMP phosphodiesterase (PDE) activity of rat adipocytes was
increased 50-100%. during incubation (10 min) of intact cells with 1-3 nN insulin; activation was less
vith higher or lower concentrations of insulin. Activation was maintained during solubilization with
an alkyl polyoxyethylene non-ionic detergent CIE1 2 and NaBr and chromatography on DEAE. Solubilized
enzyme was purified to apparent homogeneity by DEAE, gel permeation, and affinity chromatography (K.
for cAI4P P. 0.4 U%4; sp. act. (with 0.5 um 1

3
H~cAmP) ' 5.5 umol/min/mg). Hr of the holoenzyme (from

chromatography on Sephadex G-200) was , 120-130,000; from polyacrylamide slab gel electrophoresis
in SDS was estimated a subunit 

M
r of f 63-65,000. Activity (with 0.5 om [3H]cAMP) was rather

sensitive to inhibition by p-chloromercuribenzoate (IC50 ' . I pM) and less so by 2,2'-Dithiobis-(5-
Nitropyridine)(160 pM), N-ethylmaleimide (525 VH) and iodoacetamide (750 um). PUE activity was also
rather sensitive to inhibition by cilostamide (IC50 , n 40 nM) and the "cardiotonic" drugs CI 930 (450
nN) and milrinone (630 nN) but rather insensitive to RD 20-1724 (190 uM). Based on effects of these
inhibitors, the hormone-sensitive "low RE" particulate cAHP POE from rat adipocytes seems to be analog-
ous to the insulin-activated particulate POE from 3T3-Ll adipocytes and the cilostamide-sensitive
solubla "low K" cAKP POE from bovine liver (designated as Ill-C), platelets, heart, and other tissues.
Purification of this POE should facilitate studies designed to probe the mechanism(s) of activation of
the enzyme by insulin and other effectors.

"'



9LECULAR GENETICS OF THE 02 ADEERGIC RECEPTR. R.A.F. DIxo .. 1 I.S. Sia E. Slater 
2

C. Strader . Mer~k Sharp A Dohme Research Laboratories, Virus and Cell Biology; West Point.
Pennaylvania and Blochemstry Endocrinology; Rahway, New Jersey.

Cloning of the goea for the 6-adrenergic receptor (OAR) (Nature (19861 321: 75) allowed the
determination of the primary sequence of the receptor protein. Hydropathicty~ analysis of the BAR
polypeptide suggests the presence of seven tranamembrane helices and supports a structure for the
receptor that is similar to the structure of rhodopein. Using rhodopsin as a model, regions of the
OAR protein have been selected which might be involved in ligand binding, in receptor-G-protii'
interaction or in receptor regulation. To examine the structure-function relationshipa of the BAR,
mutations have been introduced into the OAR gene, and the mutated proteins expressed in mamalian
celis. The mutant proteins were characterized by their ability to bind ligands and to stimulate
adenylara cyclase. To further probe the structure of the BAR. antisera have been raised against E.-
coli-expreseed peptides corresponding to the BAR sequence. These sera are being used to datormins the
folding of the BAR protein within the membrane.

6 AMAL NKTRM C FACXU (AN?) grMIATE CKM~c GM AOJMiATXX AND ZMUD IN 06-2S
RAT GIZW M~L === N M MZ 1F1UflU AM ANF1MIIZ 8! aKaSw fl . &&

fiwa, . T. P~bles, R.L. Dm1 Veochio, S.A. WLbld and 1P. Umd. Dopt. Ihyil., Loyola Thniv. Ned.
Ctr., Maywood, 31 60153; Dapt. Ned. & hrmecol., Stanfod Univ., VA Ned. Mtr., Palo Alto, C~ 94304.

Previous studies fro our laberatory have sham that ANP activates partiailata (P), but at
soluble (S), guanylate cyclafe (MG in rat aorta, ki& ad several ohrtissues and that aim clas
of MW receptor coprI~im with FOC. Also, we have show that the MW anlog triopetin ZU CAP-f)
coeims relaxtion of preoutractead rat tathat is orrelated with elevation of cMW and activation
of cGP-dqndeut protein kinase, sugting that themn olemilar aWat mey mediate at leat som of
AN?'S actions. Since ANW Is located in rat brain aid ay ownrve a neurtraitter or
nouardulator, we sudied its soleolw actions in two umaly-wive call lines, C-2B rat g] 1
and PC-12 rat y*anoircytMa, iddI contain hiO levels of FW. Zn EC-12 Call cultue AP-Il (100
ru, 20 min) elevated owp in both oelIa and media by 12 fol. in os-2s cell cultures A-xi (100 i,
20 min) elevated CW 4 fold in calls and 47 Cold in adia. AllA r11e -e anence by 10 min
preincutation with iesalyiftymimhins (250 x". Bot cellular and extracaflulaer CMW r r m
to AP-11i n C6-2B Call culturee war antagoized by 10 sin pzaiztattion with dacromzinm, but not
sathylens bue (an inhibitor of M), at 1 and 10 UNB (rC50 - 1 wKE. Cellular woixlatian at cGHP to
sodium rlitrctussak (1 UKE, 2 min, an ativator of a=G wa antaqwid by 10 sin preirotation with
sathylane blue, but not dilonmemaZi's, at 1 and 10 UKf. Taedata indicae that intraceflular and/or
atracllular cMW my mediate actions of AN? in neural tissues and that chlorprmzne electively
antagonzes AF-lMxd cMW &=mWAtio and afflmt. Suported by NIM (BE28474, M00787), Vterer
Administration and CO~ncil for Taec bsardi, U.S.A.

7 7M MNABW uAmaRMX MCviaS Or B. FxiRMSSI: PIPMTu Or z.zfAsM zMAM=MMw.
2. 7!rgdmm%, Z. Varfel** and Z. jmnskiC, i

5
iipubmu of Hormon Research, Weizmann

IUwtitift of Science, flabot, and -aclinical FharmnuAolgy Unit, Sihb Medical Center,
Tel-Aviv Unliversity, Israel.

Dordetella pertmosis rod"1e a cabroalin-seanitive adanylaft cyclase (AC), utidi is thougt
to muter SicAryotic calls aid procxkce high levels of eNE'. AC activity in lysatee fron lyajin-
cytes expoed to a partially purified bacterial AC is inseinitive to NE4, readily inactivated by
acetic aidiydride and relatively stable to 5Ss, similarly to the bacterial AC and in coitrast to
the inttrinsic emra-bmid enzyme, thus providing e direct evidence for enzye penetration.
In huan lymphcytes. a contant intraclluiar level of Ac activity is reachd within 20 min of
cell InCLIbatiai with the beeteal AC and mintained for at least 2 h,. provided the enzye is
pesent In the cell madium. Upon its renywal, a rqgd decline Ct1lfl5 min) in AC activity is
cbserved. This decline reflects intreaellular inactivatioun proems fiatie than a release of the
enzyme to the imedium. In turkey erythrocytes, no intracellular inactivation is cbserved and AC
activity inceases linearly sven after 6 ht of Incubation. &ibcllular fractionation of human
lymphocytes and erythirocytes ampoed to the baceial AC A - 1 that the majority (83-M9) of
intracellular AC activity is asscated with oetnuclear (160,000 x g) pellet. AC activity in
pli's. .. mran-n1.did fraction of lymphocytes rece a muntant level after 20 inm of cell
exposure to the eme, smiilarly to the accuulation of the enzyme in %idvle calls. We suggest
that c~S productixr by the invasive enzyme, as wall as its intracellular inactivmticn, O=
while It is assoiated with plasm membre's.



8 REGULATION OF E. COLI ADENYLATE CYCLASE (AC) ACTIVITY BY FACTORS WITH SHARED FUNCTIONS
Prasad Reddy and lan Peterkofsky, NIH, Bethesda. MD

In Escherichia col. cANP plays an important role In expression of genes for carbon metabolism.
The major control for adjusting cellular levels of this nucleotide is via AC. which is regulated
by high molecular weight (proteins involved in sugar transport and protein synthesis) and low
molecular weight (sugars, inorganic orthophosphate and GTP) factors.

Regulation by low molecular weight factors can be inhibitory or stimulatory and can be
demonstrated in permeable cells but not in extracts. Sugars that are transported by the
phosphoenolpyruvate:glycase phosphotransferase system (PTS) inhibit AC. Inorganic orthophosphate
(Pi) substantially stimulates AC activity. The effects of Pi and PTS sugars are related since
inhibition by PTS sugars is not observed unless the AC activity is stimulated by Pi. GTP, which
is a key regulator of eucaryotic AC, stimulates AC activity.

The regulation by the low molecular weight effectors is mediated by some protein factors.
Inhibition by PTS sugars or stimulation by Pi of AC activity depends on the presence of functional
PTS proteins. Furthermore, E. coll strains deleted for such proteins have low AC activity. The
suggestion from these observations that the regulatory form of AC consists of a complex with PTS
proteins has been supported by in vitro reconstitution experiments.

The stimulation of AC activity In permeable cells by CTP is probably mediated by a GTP-binding
protein. Our search for such a mediator has led to the finding that the protein synthesis
elongation factor EF-Tu specifically stimulates the AC activity of a purified preparation of the
enzyme. The functional form of AC therefore appears to be a complex with a variety of high and
low molecular weight regulators all of which serve other functions in the cell.

9 JW ND REM 1M0 BY CLt MMI ( A PITdXhLY KNWM 'DPWLM CiOASE
9MARM .ZM 11a4 KX WM . N6r B. Gerry and YVwss alman, Department
of Norm Reearh, The Neimmm Irtitute of Science, 76100 Retont, Israel.

f. gan-a.ciattd adaylate cyclas (AC) was solubilized and subeequmtly purified fran
metraa e prepared from fr e bull-sperm ejaculats. The aim of this pirificatin was to
obtain a calmodulin (Ca)-fres AC preperation in which regulation of AC by CaM could be stud-
led. Nearly 50-601 of the total mera-asociated AC could be solubilized by sit extrac-
tion of the sperm 1 1 in the abence of etergen. 'T soluble enzym as rapidly inac-
tivated at high dilution. sUmsquent purification atps were, therefore, performed in
0.5 mg/ml BSA. Puriicatin, i -pr Ied in tem. of PC/CsM ratios, incrased 2000-4000-fold
with a 3-10% yield, usinig DRE, lectin aid phayl-Sepharoe chromatography.

Buy= activity Is stimulated 2- to 5-fold by purified testicular Cam, which shifts the
(f-ATP) from 8.1 to 1.8 aK. The Km far t-ATP is 0.53 aN. mallitin, a bee veni peptids,
stugly irlhbited AC activity by 66 in the abe of a CaK and totally abolihed
CS4-depuknt enmym activity. Mallitin inibitin could be reversed by the addticin of equi-
molar conen r tions of CaM. AC activity a resistant t hig non-physiological oorcenta-
ttans (10 R) of CaM 2 . The molecular weigt of this PC is estimated to be 45 Kd by gel fil-
traticn.

TO the best of our knouledge, this Is the first demmstration of the involvement of Ca4 In
regulation of mmmalian apaimm AC, ths suggesting a physiological mechmsm f the control of
this ervm.

10 EFFECTS OF ATRIAL NATRIURETIC FACTOR (ANF) ON EXOCRINE PANCREAS. S. Heisler, H. Kopelman*

J.G. Chabot and G. Morel . Unitf de Biorfgulation cellulaire, C2UL, Sainte-Foy, Quebec, *Department
of Pediatrics, Montreal Children's Hospital, Montrfal, Quebec, C.N.R.S., Laboratoire d'Histologie-
Embryologie, Universitl Lyon-Sud, Lyon, France.

We have recently identified immunoreactive AN in pancreatic acinar cells. The current study
conaequently was designed to determine if the atrial peptide had any effect(s) on the function of
exocrine pancreas. Two study models Were used: a) isolated rat pancreatic acinar cells, and
b) cannulated rabbit pancreatic duct in vivo. When acinar cells were exposed to rat 9 ANF (8-33), a
concentration-dependent increase in cGMP formation was observed (EC5 o about 5 X 10 M). The peak
cGNP response occurred within 2.5 min of exposure of cells to ANF. When rabbits received rat ANF
(8-33) i.v. (0.01-0.25 y/min), cGMP was secreted into pancreatic juice. ANF, alone, did not affect
protein or fluid secretion from rabbit pancreas; when co-infused with secretin (0.1 CU/mmn), which
is not an acinar cell secretagogue in rabbits, ANY did not alter the secretin-enhanced secretion of
pancreatic Juice. In isolated acinar cells, ANF, and by extension cOMP, did not alter a)3 basal or
agonist (carbachol t DbcANP, CCK-OP or forskolin)-stimulated amylase 3secretion, b) ( HI-leucine
incorporation into trichloroacetic acid-precipitable protein, or c) I H1-thymidine incorporation
into DNA. These data suggest that cGNP a) is not co-secreted with digestive enzymes into pancreatic
juice, b) does not have an intraluminal effect on fluid secretion, and c) is not involved in the
secretory function of scinar cells. The mechanism by which acinar cells secrete cGM into pancreatic
juice, as well as the biological significance of both intracellular (acinar), and intralusinar cGP
remain to be elucidated.

. . :



11 GENETIC ANALYSIS OF MUTANTS IN CALCITONIN AND VASOPRESSIN RECEPTOR FUNCTION
D.A.Jans, T.J.Resink* and B.A.Hemmings; Friedrich Miescher-Institut, Basel,
Switzerland; *ZLF, Kantonsepital, Basel, Switzerland.

In the porcine kidney cell line, LLC-PK1 , the hormones calcitonin and vasopressin
activate the cAMP-dependent protein kinase (cAMP-PK) which in turn leads to a 200-fold
increase in production of urokinase-type plasminogen activator (uPA). LLC-PK 1 mutant
cell lines affected in hormonal responsiveness were analyzed for uPA production,
cAMP-PK activation, adenylate cyclese (AC) activation and hormone binding activity.
The M18 mutant was found to lack both vasopressin and calcitonin binding activity
but showed normal non-receptor mediated stimulation of AC and cAMP-PK activation. The
FI6 and FIBS-N4 mutants lacked calcitonin binding activity, but showed increased
vasopressin-binding activity as well as vasopressin-mediated AC and cAMP-PK activa-
tion. Somatic cell hybrids between LLC-PK1 cells and each of the three mutants were

derived. The hybrid cell lines from each fusion were found to have normal vasopressin
and calcitonin birding activity and hormonal responsiveness. Somatic cell hybrids
between MIS and FIB also showed normal activities, indicating complementation of
the recessive mutations in the two mutants, whereas hybrids between FIB6 and FIB5-N4
showed no complementation of receptor activity. Therefore, two different mutations
(those in M1S, and FIB6/FIB5-N4) were definnd which concomitantly affect metabolism
of both vasopressin and calcitonin receptors. This implies the existence of common
processing steps for the two receptors prior to the mature membrane form.

12 HOMOLOGY BETWEEN THE EUMAN AND HAMSTER 0 -ADRENERGIC RECEPTORS AND RODOPSIN REVEALED
BY NOLECULAR CLONING. Brian K. Kobilka,

2
lenrik G. Dohlsan, Thomas Prielle, Hark A.

Bolanowski, Richard A.F. Dixon, Irving Sigal, Paul Keller, Marc G. Caron, Robert J. Lefkiwitz.
Duke Univ. Mad. Ctr., Durham, PC and Merck Sharp & Dobme Research Laboratories, Vest Point. PA.

Agonist stimulation of the 0 -adrenergic receptor (B -AR) and light activation of rhodopein lead to
coupling of these receptors wit1 CYP binding proteins ;ich mediate transmsubrane signaling. Both of
theme receptors are Inctilvated by stimulus promoted phoephorylation leading to homologous
desensitization of the 62-AR and light adaptation in the retina. To study the structural features
responsible for observed similarities in function of these two receptors we cloned the gene and cDMA
for the human B -AR. Hydrophobicity analysis of the deduced amino acid sequence for the human 0 -AR
reveals 7 hydroobic domains similar to those observed in the hamster 82-AR and the visual pigmlnts.
These may represent membrano-spanning regions. Amino acid homology between the human and hamster
B -AR. is 942 in the hydrophobic domains and the putative cytoplamic loops. There is 75Z homology in
tie extracytoplasmic region and the cArboxy terminus. The overall amino acid homology between the
$ -AR and rhodopsin is much less, however 3 of the mebrane-spanning regions share 1%30% homology.
ith slian B -AR and rhodopsin have a threonine and serine rich carboxy terminus which my be a
substrate for specific kinases. These comon structural features allow us to mke tentative
assignments of functional domains.

13 PURIFICATION AND CHARACTERIZATION OF THE RAT OVARIAN RECEPTOR FOR LUTEINIZING NORMONE:
STRUCTURAL STUDIES OF SUBUNIT INTERACTION Satoshi Kusuda and Maria L. Dufau, 14ol.

Endo. Section, Endo. & Reprod. Rem. Branch, NICED, NIH, Bethesda, MD 20892
We have purified the luteinising hormone (LH)/human choriogonadotrophin (hCG) receptor by

sequential affinity column on wheat germ lectin-Sepharose and hCG-Sepharose. The method use
designed to allow also the purification of lactogen receptor from the initial starting material.
The purified LH/hCG receptor retained full binding affinity and was identified as a single protein
of Mr-70,000 i 2,400 on SDS gel electrophoresis. The technique is simple and allow rapid purifi-
cation of microgram amounts of biologically active receptor suitable for further molecular char-
acterization, microsequencing and functional reconstitution studies. Cross-linking studies per-
formed after binding of hCG (radiolabeled in the individual subunit a or 0) crosslinked or
uncrosslinked to the corresponding unlabeled subunit prior to binding to the purified LH/hCG
receptor indicated that the hCG n-subunit undergoes predominAnt interaction with the receptor
molecule. The influence on the B-subunit in this interaction seems to occur mainly through its
association with the n-subunit, presumably by conferring specificity to the a-subunit for its
hormonal interaction with the receptor. The a-subunit, which is Identical within species, has an
Important role in the receptor binding interaction and biological activity of glycoprotein hor-
mouse.

j .



14 CALCIUM AND PH4-DEPENDENT AGGREGATIONI OF CALMOO(JLIM. G. William Lauderdale and Richard 14.
Hyslop, Department of Chhistry, University of Northern Colorado, Greeley, CO 80639.

Calmodulin has been isolated from~ bovine testes by a modification of published procedures. The
protein was homogeneous based on isoelectric focusing and two-dimensional electrophoresis. The
purified protein has an apparent molecular weight of approximately 16,700 daltons as determined by
molecular exclusion chromatography. The protein undergoes reversible self-association as a function
of calcium concentration and pH of the medium. The largest polymeric form detected by molecular
exclusion high pressure liquid chromatography has an apparent molecular weight of approximately
240,000. The biological activities Of the polymeric forms as well as possible physiological func-
tions will be presented.

is EuusCT OF e-MAILOAC3TYL AFALOGS OF FORIKOLEN 05 311-VOUKOLIN BINDING SITES. A.k.
Laurenga and K.1* Samo Center for Drugs and Biologics, FDA. Bethesda, ND 20892
The 7-bromoacetyl-7-doeacetyl (BrAcFsk) and 7-chloroatetyl-7-decetyl (CLAc~sk) analogs of
forakolin were synthesized as alkylatiig agents to study forskolin binding sites. The inactive
1, "-ideoxy-7-bromoacetyl analog of forskolin (I *9-dideoxy-r~cFsk) was synthesized as a controlI for the bromotyl group. Forakolia inhibited the binding of 311-forskolin to human platelet
membranes with a Ki of about 4

00H while the BrAclsk and ClAersk had Xi's of about 0.5 wE. The
1. 9-dideoxy-BrAe~sk was ineffective at inhibiting 3M-forskolin binding. SrAcFsk and Cl"cyik
activated adenylate cyclas* in platelet membranes with an SCS0 of about 10 uff. The binding of
3H-forskolin was determined in mombranes from intact hinman platelets that had been preincubated
with 10 VA BrAcyak or ClAcFsk. The binding of 3H-forskolin to membranes from pretrested
platelets was reduced 959. after treatment with BrAclsk and 601. after pretreatment with ClAc~sk
while pretreatment with l,9-didoxy-SrAcFak did not reduce 3H-forskolin binding. The loss of
binding occured within 5 minutes for BrAerak and within 15 minutes for ClAcrsk and was due to a
decrease In the bmax with no change in Ed. The irreversible loss of 3 -forskolin binding sites
produced by BrAcrek could be prevented by the inclusion of 200 yaN forekolin in the pretreatment
buffer. Tritiated Bricrsk (34-ricysk) was synthesized in order to identify proteins alkylated.
Proteins labelled with 3H-BrAcysk were separated on a molecular size column and identified by
SDS-PAGS and fluorography. The major proteins identified had molecular weights of 135.000 dalton,
and 50,000 daltons and comigrated with adenylate cyclas* activity. These results suggest that the
135,000 dalton protein ay be the catalytic subunit of adenylate cycles*.

16 EFFECTS OF ATRIOPEPTIN It AND CYCLIC G4p ON CA2 * LEVELS AND CA2* ATPASE IN RAT AORTA
AND CULTURED SMOOTH MUSCLE CELLS. Thomas M. Lincoln, Subhash Rashatwar, and Trudy L. Cornwell.
Department of Pharmacology. College of Medicine, University of South Alabama. Mobile, AL 36688.

Atriopeptin II (AMP) produced time- and concentration-dependent Increases in rat aortic cGP
content. Associated with the increase In cGMP was a decrease In tone and phosphorylase a content
which appeared to be secondary to the decreae In cytosolic Ca". Other effectors of cGWP In
aortic smooth muscle produced similar changes In Ca"~ and Cal*-dependent processes. The mechanisms
by which cOWP lowered cell Ca" In response to AMP appeared to be related to the removal of Ca"
from the cytoplasm as opposed to the Inhibition of uptake or release of Ca**. To further test this
idea, we have examined the ef fects of 0GWP-dependent protein kinase (cGlC) on Ca**ATse from
cultured smooth muscle cells. Ca2*ATPase Was stimulated up to 4-fold by 0.02 ijM cGPK and 2-fold by
calmodulin. The inclusion of both oalmodulin end cOPK in the assay resulted In an additive
stimulation of Ca2*ATPase activity suggesting that this enzyme say be regulated by a dual mechanism.
Stimulation of Ca'*ATPasO by cOPli was observed at all Ca" concentrations (10-9 to 10-4 M), and
kinetic analysis revealed that cOPK increased the Vinx for ATP hydrolysis from 8 to 18.1 nmol P1
formed/sin/mg while the Km for ATP remained unchanged by coPK. Cyclic AMP-dependent protein kinase
and protein kinase C were either ineffective or loe efective than tha cOPX In stimulating
Ca**AATPase. These results suggest a possibla mechanism of action for cOWP In mediating AMP
relaxation through activation of a Cal*ATPase and subsequent Cal* eflux from the cell. (Supported
by Grants from NSF and NIH.)



17 CHARACTEIZATION OP STrUCTUCR AND ACTIVATION O7 As ADEMOSINK RECUPTORW BY
A6ONIUT POTOA?7INITr LAKLLIUr. Martin J. Iobse, Karl-Iorbert Klotz and Ulrich
Schwab*. Pbamukologischow Institut der Universitlt Heidelberg, FRO.

A. adetiosine receptors which mediate an Inhibition of adenylato cycles. by
adeaoslne have been photoaffinity Labelled with 1-2-azido-N'*-p-bydrouyphenylioo-
propyladencitne (R-ARPIA). 1The label Identifies a Mr-35,000 protein as the binding
subunit of the As receptor. The olotrophoretio mobility of this band is altered by
treatment with weirminidas but aot with other gluocidamee. euggeting the

presence of ooaplon-type carbohydrate chains. Total chemical deglyoonylation shov
a oore protein of M0r32.000. The covalent occupation of the receptor with 3-AHPIA
leads to a persistent activation, seen as a persistent reduction of cANP levels of
Isolated adipocytee. The analysis of this activation with a model of
pharmcological agonies suggests the preseace of spere receptors. Spare receptors
are also suggested from a comparison of direct binding and response data,
Indicating that the occupation of 5Z of the reoeptors leoads to a 50K reduction of
cANP levels. These data suggest that the As receptor Is activated acoroding to the
occupation theory. A large amount of spere receptors exists for the reduction of
cAP-lev*l in Isolated adipacytes.

18 SPECIFIC BINDING SITES FOR ATRIAL NATRILRETIC PEPTIDE IN HUMAN BRAIN.

Fiona Lyall, Tony J. Balmforth and James 3. Morton.
MRC Blood Pressure Unit, Western Infirmary, Glasgow, Gil 6NT. Scotland.

Specific binding sites for atrial natriuretic peptide have been identified in a membrane
preparation obtained from cultures of the human astrocytome cell line G-CCM. Scatchard trans-
formation of the binding data showed marked curvature consistent with the presence of high and low
affinity binding sites. Estimation of the Kd ((250 pM) for the high affinity binding site is in

the range expected of a physiological receptor. HPLC showed that there was significant breakdown
of the radiolabelled ANP even at O*C.

Neither angiotensin II arginine-8-vasopressin or bradykinin competed for the binding sites.

demonstrating further the specificity of binding. Binding affinity of ANP-related peptides was
ANP (human 28aa) ) ANF (rat 8-33) ) atriopeptin 111 (rat)) atriopeptin 11 (rat ) atriopeptin I
(rat) ) AMP fragment (1-11 rat).

Our preliminary data also suggests that AM' stimulates cGMP formation in this cell line,

confirming recent work which has shown that high concentrations of ANP stimulated a 100-fold
increase in cGMP in primary astroglie rich brain cell cultures.

These results suggest that ANP receptors are exposed on the cell membrane of neuroglia. The
implications of this finding will be discussed in terms of possible regulatory roles for glia.

19 CYCLIC A14P AND CYCLIC GMP STIMULATION IN PRIMARY CULTURES OF CEREBELLAR GRANULE CELLS.

A. ovelli and R. C. Renneberry, Laboratory of Molecular Biology, NINCDS, National Institutes of

Health, Bethesda, MD 20892.
Primary cultures from the cerebellum of the 8-day old rat can be highly enriched for glutamatergic

neurons (granule cells) and can serve as a useful model for studying responses to neurtransmitters.
Inositol phospholipid turnover, calcium influx, end guanylate cyclase activation follow stimulation
by ancitatory amino acids in these neurons. We now report that the calcium Ionophore .23187
stimulated cGOP synthesis in a calclum-dependent manner; furthermore, a 3: 4 old greater response was
seen when 1 mM MgCl2 wee also present. Other divalent cations such as N , Co++

, 
N&

" , 
and Cd

++

also modulated cONP synthesis, bat to varying degrees. Although glutamate and kainate strongly
stimulated cGMP production, they had a negligible effect on cAMP synthesis in cultures enriched for
neurons. However, kainate caused a significant increase in the intracellular content of cAMP in mixed
cultures of astrocytes and neurons. In support of the hypothesis that the increase in cAMP following
addition of kainate was due to kainate-nduced release of adenosine, the adenosine analogue
cyclohemyladeosine strongly stimulated cAMP synthesis in nixed cultures but had very little effect
in cultures enriched for neurons. Veratrine, which stimulates cCMP production as strongly as ainate,
did not elevate cAMP levels in these mixed cultures. These results suggest that (1) elevation of
cAN? levels in response to kainate in nixed cultures is due to the release froe neurons of adenosine
which thenacts a-tn A receptor on astrocytes; and (2) the Increase in cG1P levels is not
sufficient to promote release of adenosine.

.,



20 ALPHA,-ADRENERGIC RECEPTOR - LIGAND INTERACTIONS RETAIN THEIR SENSITIVITY TO Na+ FOLLOW-
ING PARTIAL PURIFICATION USING AFFINITY CHROMATOGRAPHY. Jodi M. Nunnari, Mary G. RePaske and Lee E.
Limbird, Department of Pharmacology. Vanderbilt University, Nashville, Tennessee.

Alphag-adrenergic repeptorl (*,AR) Inhibit adenylate cyclase and interact with ligands in a manner
that Is regulated by Na . Na sefisitivity of aAR - ligand interactions is retained in digitonin;
solubilized preparations of porcine brain: aAR afinty for agonists is decreased 20-fold by Na
with an EC of 3m1 and a cation selectivity Of Na >Li >>K ; No Increases .A affinity for antago-
nists two-Nld with a similar potency and selectivity for monovalent cations. Interestingly, both
H and amiloride analogs also influencg aAR - ligand interactions in an allosteric manner, raitn
the possibility that the effects of Ma may relate to our observation that a§AR can activate Na /H
exchange in the NG508-15 neuroblaltopa x glioma cell line and that mAR - prOvoked platelet secretion
occurs via a pathway involving Ma /H exchange.

a"AR purified to a specific Ictivity of - 1400 pmol/mg protein using yohimblne - agarose chromato-
graph!y retain the effects of Na on aAR - ligand interactions. Similarly, Na effects are retained
after further purification to >6800 pIol aAR/mg protein using wheat germ agglutinlin agarose chroma-
tography (A homogep ous aAR preparation would contain - 16,000 pmol/mg protein.) The data suggest
that either the Na regulatory site is on the a,AR binding subunit or that a distinct Na regulatory
component Is co-purifying with the a2AR. If thi latter interpretation is true, then the component
can be isolated and characterized by virtue of its co-purification with porcine brain C2AR.

21 HETEROGENEITY OF THE ALPHA1 RECEPTOR ASSOCIATED WITH VASCULAR SMOOTH MUSCLE: EVIDENCE FROM

FUNCTIONAL AND LIANO BINDING STUDIES. N. T. Piascik, N. N. Pedio K. A King and N.
Babich, Department of Pharmacology, University of Kentucky Mdicl Center, Lexington, Kentucky 40536
Whave examined the alphal receptor associated with rabbit aorta In functional and receptor bind-

ing studies. In isolated aortic rings, the dose-response curve for (-)metaraminol was not parallel to
that of other alpha agonists and was best fit to a quadratic rather than a sigenod function. The
occupancy versus response relationship for (-)norepinephrine, (-)epinephrine and phenylephrine was
hyperbolic, whereas the metaraminol occupancy versus response relationship was not. The possibility
that metaraminol interacts with different functional groups on the alpha receptor thl other agonists
was studied in receptor binding studies. In microsoms prepared from frozen aorta, [ H]prazosin bound
to a single class of sites (KD-150.8t7.7 pM; Btx 168±39 fmol/mg, and this site exhibited the charac-
teristics of an alpha1 receptor. In microsomes prepared from frozen aorta, aorta shipped in serum on
ice (Pel-Freeze Biol.) or aorta from animals killed in our laboratory, metaraminol bound to two sites
or affinity states (estimates from fresh tissue: KH % 0.52 pI1, KL % 25.7 is"; RH - 24.1% RL % 76%).
Similarly, norepinephrine bound to two classes of sites in the three microsoml preparations (K1
0.02 W.4, KL % 3.67 i0N; RH - 50.7%, RL % 49.21). Epinephrine bound to only one site in the three
microsomal preparations. Our results from two independent lines of investigation support the idea
that there are subtypes of the vascular alphal receptor. Furthermore, metaraminol and norepinephrine
interact with both classes of sites while epinephrine interacts with only one of these sites.

22 EFFECTS OF HORMONE-INDUCED DESENSITIZATION ON THE HYDRODYNANIC PROPERTIES OF GOADOTROPIN
RECEPTORS FROM A NURINE LEYDIG TUMOR CELL LINE. R. Victor Reboia and Roy N. Bradley, Membrane
Biochmistry Section, Developmental A MetaboZic #euology Branch, NINCDS, NIN, Bethed, MD 2089sf.

The hydrodynamic properties of gonadotropin receptors (GR) from the murine Leydig tumor cell
line, NLTC-l, were studied. Sucrose density gradient sedimentation in H20 and D20, and gel filtra-
tion chromatography were used to estimate the molecular weight of the detergent-solubilized hormone-
receptor complex. [1251]-human chorionic gonadotropin (hCG) was bound to MLTC-1 cells and the hCG-
receptor complex (hCG-GR) solubilized in Triton X-1O0. hCG was bound under conditions that allow
(37°C) or prevent (O°C) hCG-induced refractoriness of the adenylate cyclase response (i.e. desensi-
tization). In the absence of desensitization, "control" hCG-GR had a estimated molecular weight of
210 kOa whereas the estimated molecular weight of *desensitized" hCG-GR was 160 kDa. Deglycosylated
hCG (DGhCG) is an antagonist that binds with high affinity to GR, but fails to stimulate adenylate
cyclase or cause desensitization. (1251]-DGhCG was bound to N4LTC-1 cells at 371C and DGhCG-GR solu-
bilized in Triton X-1O0. The estimated molecular weight of DGhCG-GR was the same as that for the
'control' hCG-GR. There was no association of the regulatory component of adenylate cyclase with
the soluble *control" hCG-GR. When hCG was cross-linked to GR and solubilized with sodium dodecyl-
sulfate (SDS) the estimated molecular weight was similar to that determined by SDS-polyacrylamide
gel electrophoresis, and only half that of the Triton X-10 solubilized "control" hCG-GR.
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23 CALMODULIN STIMULATED PARTICULATE GUANYLATE CYCLASE IN CRAYFISH.

W. Riediger and 0. Sedlmeier; Universit9t Bonn, Institut fOrZoophysiologie, Endeni-

cher Allee 11-13, 5300 Bonn 1, FRG.

Guanylate cycleses (E.C.4.6.1.2.) from vertebrate tissues exist in a soluble form

in the cytosol and a particulate form bound to the membrane,whereas in invertebrate

tissues the enzyme seems to be essentially particulate. The particulate gusnylate

cyclase from crayfish hepatopancreas membranes was investigated with respect to its

dependence on Cs
2  

and calmodulin. The enzyme was almost completely blocked by EGTA

and full activity was regained by the addition of Ca
2 

. Calmodulin stimulated the ac-

tivity about five-fold. This effect could be abolished by the calmodulin antagonist

compound 48/80. These results give evidence that the particulate guanylate cyclase

of crayfish hepatopancreas is a Ca
2
+ and calmodulin-dependent enzyme.

24 SEPARATION OF LYMPHOCYTE CYCLIC NUCLEOTIDE PHOSPhODIESTERASES BY ION EXCHANGE HIGH PRESSURE

LIQUID CHROMATOGRAPHY. Steven Robicae James B. Poison, Joseph J. Krzanowski, Jr., Richard F. Lockey,
and Andor Szentivanyi. Departments of Pharmacology and Therapeutics and Internal Medicine, University
of South Florida College of Medicine and Section of Allergy and Imunology, James A. Haley Veterans
Administration Hospital, Tampa, Florida 33612.

Experiments were carried out to develop a rapid method for the separation of different forms of
cyclic nucleotide phosphodiesterase (POE) from human peripheral blood lymphocytes using high pressure
liquid chromatography (HPLC). A Waters HPLC system with a DEAE Protein Pak column packed in ice to
reduce loss of enzyme activity was employed. Lymphocytes were purified on Ficoll-Hypaque, then plastic
plate adherence was utilized to remove monocytes. The nonadherent cells were repeatedly washed to
remove platelets. After Dounce homogenization, 0.75 to 1.0 ml volumes of supernatant extract (from 1.5
to 2 X 108 cells) were injected into the HPLC system. Using a linear gradient of 0 to IN NaCl'over a
period of 1 hr and a 1 ml/sin flow rate, cyclic CNP hydrolyzing activity eluted about 20 min after
injection (corresponding to approximately 0.3M1 aC). Cyclic AMP hydrolyzing activity eluted in a
broad peak between 22 and 30 mine (0.38 to 0.48H MaCi). The latter peak appeared to contain two or
more partially resolved forms of the enzyme. This finding suggests that the multiple forms of lympho-
cyte cAMP-PDE that have been separated by density gradient sedimentation (Thompson et al, J. Biol.
Chem. 251: 4922-4929, 1976) and isoelectric focusing (Wedner et al, 3. Imiunol. 123: 725-732, 1979)
cannot be entirely attributed to modification of a single molecular species during the relatively long
time-periods required for these separation procedures (15-18 hrs for sucrose gradients, 20 hrs for
isoelectric focusing).

25 CHARACTERIZATION OF RABBIT RETINAL DOPAMINE SENSITIVE ADENYLATE CYCLASE WITH NEW TYPES OF
DI-AGONISTS (e.g. SKF 38393-A) OR -ANTAGONISTS (e.g. SCH 23390). M. Schorderet, School of Pharmacy,
Lausanne and Department of Pharmacology, CHU, CH 1211 Geneva 4, Switzerland.

Homogenates of rabbit retina were used to study the effect of new dopamine DI-agonists and
-antagonists on the generation of cAMP in absence or presence of dopamine (DA) or of various agents
acting on the N, regulatory protein and/or on the catalytic site of adenylate cyclase (NaP, GTP,
forskolin). SKF 38393-A was found to stimulate cAMP generation in a dose-dependent manner and to be
more potent than DA (ED$0 - 0.1 pM compared to 1 PM for DA). Maximal effects were already obtained
at I pM. However, SKF 38393-A was less efficacious than DA (respectively 160 1 and 210 Z stimulation
over controls). The SIK-induced accumulation of cAMP was blocked by ( )-butaclamol, and not by
(-)-butaclamol, although the active concentration of the antagonist was larger than that used for
DA blockade, reflecting a higher affinity of SKF for DI-receptors. On the other hand, the agonist
actions of DA or SKF 38393-A were inhibited by a new Di-receptor antagonist, SCl 23390, in a dose-
dependent manner. Other studies with various drugs (including new D2-receptors-agonists, e.g. LY
171555 or RU 24926, and classical D2-antagonists, e.g. domperidone or sulpiride) indicate that
rabbit retinal homogenates are very selective for the screening of agents acting at D,-receptors
and the study of their possible interaction(s) with other factors acting at regulatory or catalytic
subunits of the enzyme. Supported by SNSF Grant No. 3.969.084.
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26 SHALLOW AGONIST COMPETITION BINDING CURVES FOR B-ADRENERGIC RECEPTORS : THE ROLE OF TIGHT

AGONIST BINDING.

Y. SEVERNEI, A. IJZERMAIN2, V. NERE3, T. ABRAHAMSSON
3
, H. TIMMERMAN

2
, G. VAUQUELINI,

1Inst. of Hol. Biol., Free Univ. of Brussels (VUB), 65 Paardenstraat, B-1640 St.-Genesius-Rode,
Belgium, 2Dept. of Pharmacochem., Free University, De Boelelain 1083, 1O81WV Amsterdam, Netherlands,
3Dept. of Pharmacol. and Biochem., Hissle Cardiovascular Res. Lab., S-3183 N81ndal, Sweden

The 02-adreneruic receptors of bovine trapezius muscle membranes demonstrate tight agonist binding
resulting from the formation of H.R.Ns complexes. Preincubation of the membranes with (-)-iso-
proterenol (followed by washing) causes a time- and concentration-dependent decrease in the number of
(-)-OH)-dihydroalprenolol binding sites to a plateau value of 41.5 1. This decrease is quasi-
irreversible under radioligand binding conditions but is readily reversed in the presence of CTP.
The isoproterenol/(-)-(

3
H)-dihydroalprenolol competition binding curves are shallow. This is usually

interpreted in terms of two interconvertible affinity states of the receptor : the high affinity
state reflecting the coupling of the H.R complex to Ns and the low affinity state not interacting
with Ns. However, with increasing incubation time the competition curves are shifted to the left.
This apparent non-equilibrium can be computer simulated by models in which tight agonist binding to
part of the receptor population is included. The usual computerized interpretation of the competi-
tion binding curves do not allow the correct evaluation of agonist binding parameters in the
presence of tight agonist binding.

27 SOLUBILIZATION AND RECONSTITUTION OF THE D-I DOPAMINE RECEPTOR FROM RAT STRIATU4.

Anita Sidhu and Peter H. Fishman, Membrane Biochemistry Section, Developmental and Metabolic
Neurology Branch, National Institute of Neurological and Communicative Disorders and Stroke,
The National Institutes of Health, Bethesda, Maryland 20892.

The D-1 dopamine receptor was extracted from rat striatal membranes with 0.7% sodium cholate and
1.1 NaCI. Pretreatment of the membranes with a D-1 specific agonist (SK & F R-38393), inclusion of
crade phospholipids in the solubilization buffer, and subsequent removal of the detergent led to
a maximal extraction of 48% of the receptor binding sites. The D-1 antagonist, (

125
I)SCH 23982,

bound to a single class of sites with a Kd of 1.8 nM and a Bax of 1.65 piol/mg protein. The
solubilized receptors retained the ability to discriminate between active and inactive enantiomers
of agonists and antagonists selective for the D-1 receptor. Approximately 70% of the solubilized
receptors were reconstituted into phospholipid vesicles. The reconstituted receptors retained the
pharmacological properties typical of the D-I dopamine receptor.

28 CHARACTERIZATION OF o-ADRENERGIC RECEPTORS FROM ISOPROTERENOL-DESENSITIZED TURKEY

ERYTHROCYTES. J. M. Stadel, R. Rebar, S. T. Crooke. Smith Kline and French Labs., Phila., Pa. 19101
Preincubation of turkey erythrocytes (TE) with 10-

6
14 isoproterenol (ISO) resulted in a 50-60%

decrease In agonist stimulated adenylate cyclase activity. Desensitization was accompanied by 1)
decreased mobility of *-adrenergic receptor (BAR) proteins, specifically photoaffinity labeled with
1251-p-azidobenzylcarazolol (IPABC), as determined by SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and 2) a 2-3 fold Increase in phosphate incorporation into BAR (Stadel et al, PNAS,
80:3137, 1983). Limited-digestion peptide maps of IPABC-labeled BAR from control and desensitized TE
s1owed different sensitivities of the two BAR to cleavage by chymotrypsin and S. aureus protease. The
altered mobility of IPABC-labeled BAR from desensitized TE was eliminated when SN urea was included
during SDS-PAGE. Using a low crosslinked polyacrylamide gel (Oreyfuss et al., Mol. Cell. Biol.,
4:415, 1984) the 42,00014r BAR protein was resolved into a doublet compared to the single 38,00M r
VR protein of control. Appearance of the doublet was agonist dependent since incubation of TE with
dibutyrylcAMJ (501) did not promote formation of the doublet but decreasIg agonist stimulated
adenylate cyclase activity 40-SO%. Exposure of TE for 20 hr at 37"C to Pi labels BAR. UP-BAR
was gartially purified by affinity chromatography over alprenolol-Sepharose. The 42,00CM r protein
of 

3 P- 3 from ISO-desensitized TE also revealed a doublet on SOS-PAGE. Limited-digest peptide
mps of zP-BAR from ISO-ftsensitized TE using papain identified a unique peptide (2800,) absent
in control. This unique P-peptide was found only in the upper BAR protein band of the doublet.
These data provide evidence that agonist promoted phosphorylation results In a conformational change
in BAR and suggest that agonists induce desensitization of BAR in TE by a multistep mechanism.
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29 AWtIVATION or ALPHA AE3DCg'TUS ANI) THE c04 RasRSrS IN MMUS HEART. Y. Wllimoz. N. Verooky,
Dept. of Anesthesiology. Col. of ftiysicians & Surgons, Colubia Univ.,* Now York, NY. 10032, U.S.A.

It was previously shown that sthilatin1 of alpha ad~'noceptors increases 004? content in the heart.* In an
attempt to characterIze the alphas adrooptor associated with this effect. almie were given i .p. alpha5 adren-
ergic agonists and antagonists with different alrhl-2/alrila-1 activity ratios and were acrificed by microwave
radiation at an optimal time after treatment. Cyclic M ws measured in myocerdial tissue by radioimWno-
assay. Oxmetamoline (OX),* St-91 ((2. 6-,diethyl~ieylmsine )-2-imidezoline), phanylophrine (PE) and .ethovinine
(ME) increaaed myocardial 004 content. Their dose-responge curves were parallel (slope:. 801 t 51$. 858 ± 78.
857 t 53 for OX, St-91, PEf. rasp.) and the order of potency corresponded to their affinity for the alpha-2
adbenoceptor; the dos of agonist required to increase c04 by 500 foole/ag protein (ED. ) fr'om a control
value of 169 * 13 wasS 0.9$ ± 0.08, 1.19 1 0.11. 4.96 t 0.07 and > 12 iaol./ka. reap. for &1.".9t-91, PE and ME.
The alr*he- 2 adenergic antagonists yohimbine end raimolsoine (5 end 0.2 mg/kg * romp.) inhibited the increase in
004? induced by eguieffective doses of all four agonists by 50 to 60%. In contrast, the alp*is-1 adrenergic
antasonists pazosin and crynanthine (I And 2.5 mg/kg, rasp.) Inhibited the ~0 response to PE and ME, jphanyl-
ethylumine derivatives, but did not affect that to OX and St-91 * imidegoline derivatives. Frthrmoe, the 004?
response to St-91 was not altered by chemical sympathectany; the slopes of the dose-response curves were 88
± 78 and 9241 85 and the ED, were 1.19 ±t 0.11 and 1.28 ± 0.11 Mile/kg in mice with intact achenegic nerve
endings and treated with 6-hyfWxydopsmine, rap. The results suggest that the increase in myocardial OW
content induced by the imidezoline derivatives may be related to activation of alpha-2 adrenoceptors distal, at
least in part, to the ad'energic nerve endings while the response to the phanylethylmaines may include both an
alpha-1 and en alpha-2 mediated component,* the latter determining the potency of the agonist.

30 EVIDoicz FOR Twfo DIFFERENT sTxMULAToRY ADmYLATe: cClcAss COUPLING MENCHANISMS IN RAT
RNAL PAPILLA.
Elizabeth A. Woodcock. Monash University Department of Medicine, and Medical Research Centre, Prince
Henry's Hospital, St. Ktilda Road, Melbourne. 3004. Australia.

Adenylate cyclae (AC) activity in renal papillary membranes was stimulated by both vasopresein
(VP) and the adenosine agonist SI-N-ethylcarboxamidoadenosine (NBCA). The two atimulations
interacted differently with other AC-stimulatory factors. Treatment of papillary tubules with
cholera toxin increased AC activity from 4.S ± 1.5 to 110± 9.1 (5!, n-5) pmfol/min/mg protein.
Maximally effective concentrations of VP increased activity in control preparations to 10.3 ± 2.6 (an
increase of 5.8 ± 1.3) and in cholera toxin treated preparations to 136.9 t 14.5 (an increase of 28.9
t±S.4, n-5; p<.01). Pertussie toxin increased activity to 9.1 ± 3.0. The response to VP was
enhanced to 12.6 t 3.9 (n-Si p<.0l relative to control tubules). Addition of the two toxins together
produced a greater than additive stimulation of AC to 145 ± 36. Maximm increase in activity caused
by VP was 46 t 13 (n-5; p<.01). In contrast AC stimulation by HUCA was additive with stimulations by
the two toxins, separately and in comination. The NUCA stimulation however, was enhanced in the
presence of fluoride ion while the VP stimulation was additive at all concentrations.

Papillary membranes contained two different cyclase-stimulatory coupling proteins with nt-subunits
of HW's 46,600 ± 450 (SE, n-6) and 41,500 ± 460 (SR, n-6) as identified on SDS-polyacryleside gel
electrophoresis following cholera toxin labeling.

Taken together, these data suggest that two adenylate cyclase-stimulatory coupling mechanisms with
different properties are operative in renal papillary membranes.

31 CHARACTERIZATION OF THE GLUTAMATE- INDUCED STIMULATION OF PHOSPIIOINOSITIDE
METABOLISM IN IIPPOCAMPAL SLICES OF THE ADULT RAT

P.A. Baumann and P.C. Waldmeier, Research Department, Pharmaceuticals Division,
CIBA-GEIGY Ltd., CH-4902 Basle, Switzerland

in hippocanpal slices of the adult male rat glutamate (glul dose-dependently
increased the formation of 3 H-inositol-l-phosphate (3 to 5 fold at 5 mM). This effect
appeared to be specific, mince it was still present when a 1-adrenergic, cholinergic,
serotoninergic and histaminergic receptors were blocked. Aspartate also increased

* PI-turnover to a comparable extent. With respect to the stereoselectivity, L-glu was
about twice as active as D-glu. With aspartate no stereoselectivity was observed. It
seems that the receptor involved in the glu-induced P1-turnover is of the quisqualate
type. Of the selective exitatory amino acid agonists quisqualate and AM4PA (ix-amino-3-
hydroxy-5-methylisoxazole-4-propionic acid) were most effective (quisqualate beeinq
approx. equipotent with glu). ?he effects of NMDA and kainate were weaker. Ibotenate
also proved to very potently induce Pr-turnover (7-fold at I mM). The effect of
carbachol was additive to those of noradrenaline and histamine suggesting that the
involved receptors do not belong to the same P1-metabolic unit. On the other hand,
glu-lnduced PI-turnover was not additive to that induced by carbachol, noradrenaline
and histamine. Therefore, the glu receptors may occur linked to common P1-metabolic

units in combination with other receptor types.
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32 B-A1)REMERCIC RECEPTOR [tEIASE: ROLE IN MEDIATING HORMONE INDUCtIJ DESENSITIZATION.
J.L. -Benovic. V. Meyor. Jr.. R .N. Strasser. C. Staniazewski, a.L. Somers, M.G. Caron and

R.J. Lefkovitz. Vu6ke niv. Ned. Ctr.. Durbam, NC and N, Betheas, ND
The actions of my hormones and drugs which act through the adanylate cycles, system, as well as

many other system, are ultimately blunted by desensitization. Agonist-specific or homologous desen-
sitization has been extensively characterized using the 0-adrenergic receptor-coupled adenylate
cyclase system. Homologoua desansitization in cMP-indapendent and Intimately associated with phos-
phorylation ot the -receptor. We have identified a novel protein kInase, termed the is-adrenergic
receptor kinse (BAR), which specifically phoephorylatee only the agoniet-occupied form of the
receptor. 0-agonists induce an %' 10 fold increase in B-receptor phoaphorylation which can be
completely blocked by -antagonists. Moreover, partial agonista appear to induce only a subomximal
increase in receptor phosphorylation. Receptor phosphorylated by BARE, has a greatly diminished
ability (% 80%) to interact with N suggesting that phosphorylation can directly uncouple receptor end
N . BIARK has been purified to hoolgeneity from bovine cerebral cortex via sequantial chromatography
o1 gel1 permeation, ion exchange and hydroxylapatite columns and appears to consist of a single poly-
peptide chain of M %~ SU,000. BARE does not phosphorylate general kinase substrates such as casein
and histonies; howier, rhodopsin, the retinal receptor for light, serves as a good substrate for BARK
in a light (agonist) dependent fashion. Furthermore, rhodopsin kinase, which is involved in
regulating cGHP phosphodiesterase activation by rhodopsin In the visual transduction system, can
phosphorylare the -receptor in a totally agonist dependent fashion. Thus the macheniems which
regulate these disparate signaling systems appear to be quite similar.

33 PROTEIN K11NASE A AND C CATALYIZE PlIOSPUORYLATION 0? B 2 - and a -ADRENERGIC RECEPTORS.
M. Bouviar, L.H.F. Loeb-Lundberg, J.L. Benovic, M.G. Caron Ad R.J. Lefkovit.

Duke University Naital Center. Durham, WC
Phosphorylation of the B -adraergic receptor (11 -AR) and of the a -adrenergic receptor (n -ARl) is

associated with desensitizahon of their respective transmission pathways. This study was thirefore
undertaken to explore end document the ability of protein kinase A (PEA) end C (PEC) to directly
phosphorylate the purified B - and a -AR. Both the catalytic subunit of PEA and the PlC, purified
from bovine heart end pig briin resplctively. were able to phosphorylate the affinity purified hamster
lung B -All (I aol and 0.4 aol phompheto/mol receptor respectively). The addition of a 02-AR agonist.
isoproierenol (20 uyM), to the phosphorylat ion mixture increased the rate but not the extent of phos-
phorylation of the B -AR by PEA but not by PKC. Phosphopeptide separation, by reverse phase HPLC. of
the trypsinized receitor previously phosphorylated by either kinase revealed identical peptide map
profiles suggesting similar sites of phosphorylation for the two kinases. The n -AR purified from
DDT smoh muscle cells could also be phosphorylated by the two kinases (3 aol io/mol PlC, I aol
PO mo PE00KA). In contrast with the B -AR the addition of an a~ agonist, norepinepArine (100 M)1,
increased the rate but not the extent of phosphorylation of the n -AR by the PlC only. The phospho-
peptide map or the trypsinized a -AR phosphorylated by PEC drastiihlly differed from the map obtained
for the receptor phosphorylated iy PEA. Therefore the B -An and the n -AR are both substratee for PEA
and PEC. However, agonist occupancy of the receptors failitoe thell phosrphorylationsonly by the
protein kin&@* coupled to their own transmission pathway. "Feedback" and "cross System" phoaphory-
lation may represent distinct and differently regulated mechanisms of receptor modulation.

34 ADENTLATE CYCLASE OF PERMEABILIZED REFRACTORY Cf-2 CELLS REVEAL DIFFERENCES IN NETEROLOGU
DESENSITIZATION INDUCED ST ISOFROTERENO. OR DIBUITYRYL CYCLIC MP.
Ita Brookr, Departmnt of Biochemistry, Georgetown Unilversity Medical Cener, Washington, D.C. 20007.
The adenylate cyclae of permebilized celts Is stimuleted sore then 100 fold by isoproterenol (1S0) or forakolin
Wd responds In a moiner analogous to whole cells (..P Prten Phos.La., U,.113-122,1986). C6-2a cells

were groun in 16m plastic cell culture wells aid cyclic MU determined in "aol cells or adenylete Cyclae"
activity determined after Incuation of permeaitized celts with 10 iil ISO, 0.1 Wn ATP and I uN GoP. In Intact
cells preincubsted with 10 LA 1S0 or Ism dibutyryl cyclic AMP for 4 hra. the 30 win ISO rechalleng response in

al cells wes 1.51 mnd 121 of the control response respectively. The cyclase activity from cells preincidisted
with 1SO was 241 of control. In contrast, perveabilized cell cyclase fro cells mode refractory by dfbutyry
cyclic AMP was 94.1 of control activity and thus permeabilized adenylate cyclase was not refractory. The subsaquent
1SO rechallenge response in Asia cells was greater if the protein synthesis Inhibitor, cytcoheximide (Cu) cS
uajml was includad during the Injicetion of refractoriness with ISO (121 of the control response vs 1.51 without
CS) or dibutyryl cyclic MU (8511 of the control response vs 121 without CHI). Wille CHI did not totally prevent 1SO
Induced refrectormnoes, the avhsequent ISO response was increae -S fold by CHI. CHi almost comletely prevented
dibutyryl cyclic AMU induced refractoriness In whole colts. The protective effect of CHI on ISO Indsced
refractoriness was evident In perasebfilzed cyclese assay from isoproternot and CS treated cells (24.1 of the
control response va 12% without CII). These experiments dIewtrft. that IS0 induced refractoriness causes a protein
synthesis I pe dant stable change in hormone stimulated aduiylat. cycles, associated with the Cell membrane. in
contrast, dibutyryl cyclic AMU Induced refractoriness to ISO is almost totally dependent uon protein synthesis end
the refractorins is lest 4Mo permebilization of the Cells.us, setins that the refractorines inited by
dibutyryl cyclic AMP is mediated by factors wichid are loosely associated with the call mbane* and are lest jaring
permsebilization of the colts. Supported by MIN grant 2894.0.



35
a i7oyte antigen r"404-0 (al%) WIr reetors aM Is tranmdoe signals by distinct

but iateraotive asonsd mmsemW ommodes. J.C. Cashier, K.M. Newell, L.B. Justement, Z.Z. Chen,
N.J. Klesz, J.T. Ransom and L.K. Harris. Division of Immunology, National Jewish Center for
Immunology, Denver, CO 80206

Quiescient B lymphooytes stimulated with antigen or surrogate anti-imunoglobulIn (Ig)
antibodies, or B cell stimulatory factor 1 (BSF1) undergo a rapid increase in expression of genes
encoding c-fo3, c-myc, and IMC class II molecules. Ligands which bind type II major
histoooepatibility antigens (Is) antagonize signaling via both mIg and BSF1 receptors and also
block lipopolysacohorlde Induced B cell mltogenesis. We report findings which indicate that B cell
antigen receptors (mIg) transduce signals via activation of polyphosphoinositide hydrolysis, Ca**
mobilization, protein kinase C translooation to the plasma membrane, and membrane depolarization.
BSFi receptor utilize a cascade Involving phosphorylation or a 44,000 Da membrane protein, possibly
the HSF1 receptor, but none of the above mentioned PIP2 hydrolysis attendant events. Ia molecules
appear to tranaduce signals utilizing a B adrenerglc-type mechanisms Involving activation or
adenylate cyclase, elevation or cellular CAMP levels and translocation or protein kinase C to the
nuclear fraction. The biologic effects (including PKC tranlocation) of mIa ligation are mimicked
by elevation CAMP using db-CAMP, 8br-CAMP, forskolin, PGE2 and Cholera toxin. Results suggest a
novel mechanism by which al, and B adrenergic signal transduction cascades may interact
antagonistically, which involves competition ror the cellular pool of protein kinase C. Research
supported by PHS grants Al 20519 and Al 21768.

36 RELATIONSHIP OF OPIATE RECEPTOR BINDING SITES AND OPIATE-IHIIBITED ADENYLATE CYCLASE IN
BRAIN MEMBRANES. S.R. Childers, P. MiJssan and J. Harris, Dept. of Pharmacology, Univ.

of Florida College of Ned., Galnesvllle, FL 32610.

Adenylate cyclase appears to be coupled to delta opiate receptors In 6I106-15 cells, but the phar-
macological nature of the adenylate cyclase-linked opiate receptor in mamalian brain has yet to be
established. To determine the relationship between high affinity opiate receptor binding sites and
adeylate cyclase in brain, we assayed membranes after treatment with agents that block high affinity
opiate agonist binding. Incubltion of membres with phospholipase A (500 ng/ml) inhibited 93-1001
of the binding of [H]-DAGO, [JH]-OSTLE and [IH]-EKC to mu, delta, and kappa sites, respectively.
However, adenylate cyclase In treated mmbranes was still Inhibited by D-Ala enk; moreover, the D-Ala
enk inhibition curve was not affected by phospholipase treatment. To obtain more specific receptor
blockade. menbranes were incubated with irreversible opiates, then washed to remove reversibly-acting
drugs; control meranes contained equal concentrations of naloxone to control for washing. Incu-
bation with the irreversible antagonists naloxone azine and beta-FNA, and the irreversible agonist
p-nitro-phnyl-oxlorphone, did not affect adenylate cyclase inhibition curves, but blocked high
affinity receptor binding by 75-1001. Incubation with beta-CNA (10 ad4), which blocked binding by
95-1001, shifted the adenylate cyclase dose response curve for D-Ala-enk by approximately 10-fold.
These results indicate an irreversible loss In adenylate cyclase-linked receptors by beta-CMA, but
not by other irreversible opiates, and suggest that opiate receptors linked to Idenylate cyclase in
brain do not correspond to any of the sites labeled with nN concentrations of [H]-agonists.

Supported by grant DA-02904 from the National Institute on Drug Abuse.

37 PHOSPHORYLATION OF THE 8-ADRENERGIC RECEPTOR IN LYMPOMA CELLS IN RESPONSE TO PMA.
R.B. Clark, J. Friedman, M.W. Kunkel, N. Prashad, and J.A. Johnson. University of Texas

Graduate School of Biomedical Sciences, Laboratories of Cyclic Nucleotide Research, P.O. Box 20334,
Houston, Texas, 77225, USA.

Treatment of S49 WT lymphoma cells with phorbol 12-syristate, 13-acetate (PMA) caused a 3-5 fold
increase in the Kacr for epinephrine (epi) stimulation of adanylate cyclase (AC) vith no change in
6-adrenergic receptor (BR) levels or any evidence of internalization. It also resulted in a 60-80Z
loss of GppNHp inhibition of AC. The increased Kact , which resulted in considerable inhibition of
epi stimulation of AC, closely resembled the increased Kact induced by epi treatment of cells. Low
free Mg44 (<1.0 mM) was required to observe these inhibitory effects of PMA reflecting about a 6-fold
increase in the Kact for Hg

++ 
stimulation of AC. To test the hypothesis that the PMA-induced inhibi-

tion of epi stimulation of AC involved protein kinase C (PKC)-uediated phoephorylation of the BR,
cyc- cells were labeled with [

32
PSp0 and then treated with either 0.5 uM PHA or 1.0 uM epi for 5

min. Incorporation of the 
32
p into the BR was determined following purification of the OR by alpren-

olol affinity chromatography, SDS-PAGE and autoradiography. The mobility of the purified BR on SDS-
PAGE was identified by photolabeling with (12511 iodoazidobenzylpindolol (IABP). The Mr of control
and PHA-treated OR was 65 kDal. PMA caused a significant increase in the phosphorylation of the BR
which exceeded that induced by epi by about 2-fold. There was no significant phosphorylation of
the BR in untreated cells; thus, the PKA-induced phosphorylation could not be expressed as a fold
increase over control. Our results suggested that PMA activation of PFC could result in phosphory-
lation and desensitization of the OR. However, analysis of the functions of the purified receptor
following intact cell phosphorylation vill be necessary before any firm conclusions can be drawn.
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38 DW OFP9UUISSZS TOXIN (PT) SEU8ZTZVS GYP DIMN PbII is TIME ZSJ&Tion Or M:-:

the iodination of thyroglobulin and the formation of thyroid hormones. The Inhibitory regulatory
protein of the adenylate cyclase, 21, is present In FRTL-5 cells, as shoam by PT induced AD?
ribosylation of a 40K protein identified as a, of N1 . Pretreatment of MRT-5 cells with TUE
(I h) an well as PT (18 h) causes the disappearance of al. This can be demonstrated by the
lose of 40K substrate available for PT induced ADIP ribosylation in the membrane preparations. PT
and 1811 individually stimulate cAhil accumulation in PUTL-5 cells; however when PT is added to TSE
stimulated cells, a smell decrease of the cAHPl level is observed. In contrast the PT and TUE
offets are additive to forsholin end cholera toxin stimulation of adenylate cyclase. Coordinate
TSIE modulation of PT induced ADP ribosylation and cAWl accumulation, suggests a role for 51 in the
TSH stimulation of adenylata cyclase activity. both TSH and al adrenergic agents utilize the
IP3 -Ca++-arachidonic acid signal system to regulate iodide eff lux in calls chronically exposed
to TZlE; these calls have a desensitized adenylate cyclese response to T&H but maximal iodide uptake.
Pretreatment of FrT -5 cells with 10-20 N PT for A h inhibits the increase in iodide eff lux induced
by norepinaphrine (NE). Under these conditions there is no effect of PT on BI Induced increase in
113 or cytocolic Cm++ but there is complete inhibition of arachidonic acid release. There is no
effect of PT on the ability of TENl to increase any of these activities. Therefore, although both
TSII and ME use the IP3 .Ca+ -arachidonic acid signal system, the coupling of al adrenergic.
but not TSll receptor to phospholipase A2 is mediated by a PT sensitive GT? binding protein.

39 DIPITIERIA TOXIN AND CYCLOEIEXINIVE PREENT CATECNOLAMEEEE DESENSITIZATION OF AM31 CELLS.MdiaCntr
Pariadele Degernardi and Gary Brooker, Deportment of iochemistry, Georgetown University mlCICatr
Wlashington, D.C. 20007.
Our Laboratory has previously shown in C6-22 rat astrocytin cells that inhibitors of RllA and protein synthesis can
reduce or prevent catechoLomine refrectorieaa. Thua our working hypothesis Es that Induction of protein
synthesis, after stimulation of cyclic AIC accumuattion In C6-29 cells, produces an Iiitory protein which,
Enhibits subsequent catocholamlne stimulation of adanylete cyclase. Monolayer cultures of A4.31 cells, a h~i
epiderenid carcinoma cell line, resprnde to 10 LMa iaoprotereol (ISO). increasing intrecelluler cyclic DWP up to
1000 fold above beset efter 30 minutes dependIng upon pssage ra er. jusl values ranged from 9-35 imol/as
protein. After 4 hours of ISO pretrestmat the coells bece desensi ti ted to suiseequent 190 treatmen~t.
Cyctoheximide co-inctdbetlon with ISO during this first 4. hour incubation prevented the dectins in cyclic AMP, end
enhanced, sore than seven fold, the accumujlation of cyclic AMP after a subsequent 30 minute reehetenge with ISO.
Diphtheria toxin, which inhibits protein synthesis by Asw-ribosylation of elongation factor It wee foun~d to prevent
catecholamine ref rectoriness In M431 cells. M431 cells were intoxicated with I ng/.l of the toxin for 24 hours.
Protein synthesis was inhibited sore than =R however the cells were still viable since they excluded the vital
stain, trypen blue. These toxin treated cells still responded well to ISO yielding 9108 imoL/re protein In 30
sinutes compred to control cells which produaced 11,29. After 4. hours of ISO treatment, in control celts cyclic
AMP had declined to 2158, and strikingly, In diphtheria toxin treated cells, cyclic MW was 6286 thus ,astrting
the protective effect of diphtheria toxin upon catechotauine desensitization. Supported by PIN Grant No. 2894

40 DIFFEENTIAL COUPLING OF IEISCARINIC RECEPTORS TO HYDROLYSIS OF PHOSPHIOIOSITIDES IN
GUINEA-PIG COETEX AED PAROTID GLANID. 12kC B, 2 leen i, llahorski S. IDept of Pharsacol and

Biochem, AB Ilissle, S-431 83 N51lndal, Sweden. 2
Dept of Pharuacol and lNed Ther, Univ of Leicester, UK.

lluscarinic receptor activstion induces a rapid hydrolysis of phosphoilos it ides in several tissues
and allows examination of the relationship between agonist receptor occupancy and phosphoinositide
response. In the present experiments, guinea-pig parotid gland and cerebral cortex were labeled with
3-Ii-ayoinomitol or 3-11-1-methylocopolastine and stimulated with the full agonist carbachol and the
partial agonist oxotresorine in the presence of 59K of Lit.

Carbacbol showed a 10-fold lover ECS0-value (3.7liM) and oxotremorine a 3-fold higher intrinsic
activity (402) in the parotid gland than In the cortex, suggesting possible differences in receptor
coupling to the phoephoinositide response in the two tissues. This possibility was examined by
Incubating parotid gland and cerebral cortex slices with the alkylating agent benxylcholine mustard,
O.lIjl, In order to inactivate muscarinic receptors. Reduction in specific mascarinic binding sites
was accompanied in the parotid gland by a rightward shift of the carbachol. dose-response curve and,
at higher receptor loss, by a suppreesion of the maximal response. In cerebral cortex, however, only
a decrease in the maximal response was seen. In both tissues, the maximal, response of the partial
agonist oxotremorine was suppressed without changing the position of the dose-response curves. The
binding affinity of the agonists, In the presence of OTP (10onul), corresponds well with the estimated
agonist potency regarding hydrolysis of phosphoinooitides in the benzylcholina treated slices.

These results suggest a difference In the extent of receptor reserve in the parotid gland end
cerebral cortex. This may suggest a difference in coupling of the muscarinic receptors to the
phosphoinositide response in the two tissues.



41 P 2 1 WRINROIC RECEPTORS MEDIATE IHOSITOL PHOSPHATE AMb PROSTACYCLIN
ruRHATION IN 301113 ADREIA HUDLLARY UNDOTUBLIAL CULLS. L..~nkruG.

Veuerstein, U. Shohami and H. Pollard, LCBG, *IDD9, NIB, Bethesda, ND 20892.
Adrenal medullary endothelial cella are closely Juxtaposed to adrenal chromsaff in

cella but the nature of their interaction in for the most part unknown. Since high
concentrations of products released from chromsaff in cells certainly bathe the

* endothelial cello. we reasoned that these products may affect endothelial cell
metabolism. We have found that one component secreted from chromaff in Cells, AT?,
stimulates inositol phospholipid metabolism and prostacyclin formation in cultured
adrenal medullary endothelial cells. Within 15 aec after the addition of 1 wX ATP,
inositol trisphosphate "1P31) and inositol bisphosphate (1P2) levels peak at greater
than twice control levels. Half maximal stimulation occurs at about 30 uN AT? if IP3

an P~ are measured at 15 sec. AD? is almost as potent and efficacious as ATP but
AN?;; adenosine have no effect. other nucleotides such as GTP, CT?. TTP and VTP
are less effective in stimulating inositol phosphate production. AT? also more than
doubles prostacyclin formation with half-maximal effects occurring at about 20 amN
AT?. The nucleotide specificity for prostacyclin formation is similar to that for
inositol phosphate production. We hypothesize that AT? released from chronaffin
cells interacts with P ,-purinergic receptors on endothelial cells and stimulates the

sobsequento inresae in !Ca the generation of the second messenger IP3 and the
subsquet icrese n [a' i . Prostacyclin-induced vasodilation of the adrenal

medulla may enhance the distribi'tion of chromaff in cell products to target organs.

42 GTP-INDEPW'IDENT STIMULATION OF RABUIT HEART ADHIYLATE CYCLASE SY ISOPROTRENOL
S.E. Hardin and P. Harris, The Cardiothoracic Institute, 2 Beaumont Street, London, WIN 2DX, U.K.

isoproterenol stimulates adenylate cyclose activity of rabbit heart sorcolemnmol preparations by the some proportion
(42) whether or not GTP is added to the assay medium. This GTP-lndspendent stimulation by isoproterenol requires
the presence of physiological concentrations of ATP in the assy medium. Lowering ATP from 5 to 0.5mMA almost
completely abolished stimulation by 0. 1 mM isoproterenol, white basal cyclase activity was unaffected. Reduction of
ATP concentration from 5 to 0.5n*A decreased activation by 10 OA GppNHp from x1 5 to x9 but had no effect on
stimulation by 200mM KCI (x5). GTP-lndependsnt stimulation by isoproterenol was similar with ATP from equine
muscle (Sigma), ATP synthesised from adenosine (Sigma), special quality ATP(BCL) or commercial ATP fisrther purified
in our laboratory. ATP does not therefore appear to be a source of contaminating GTP. No ATP regenrarting system
was present in the experimnents bemue of passible GTP contamination of the reagents. From experiments where 3-
GTP was added to the Initiol rabbit heart hoagenote, It was estimated that the sorcolemmal preparation would
confributeabout 0.InMA free GTP to the final assay medium. Greater than lOnM added GTP was necessary to minenicc
the effect on isoproterenol stimulation of raising ATP fromI 0. 5 to 5rtM. The concentration of GOP in cardiac tissue is
lower than that of GTP, and GDP Is easily removed from cardiac soroomra by washing. It is therefore unlikely that
transphospharylotion of GOP to GTP by ATP and nuclaside dlplsoephate kirase could produce sufficient GTP to
account for the effects observed. GTP displaced GppNHp when the two were added to the saroossal preparation
simuiltaneously. ATP did not displace GppNHp under the some conditions. We conclude that the effect of ATP on
isoproterenoI stimulation may be mediated by a site separato from that at which GTP acts.

43 RAT PARWlE AABITLATE CYCLME CATALYST ACrTY 0ESEITITM1 IS OUNTERACTED BY FORSIXILKt
Je"Fy .Horeper. Deptakslolsd Mdicin and PhanecaogW. UnivrsityofTexas MeddiccolHout~on. TX 7225.

Oosen~lle adenylate cyclies@ (AC)mle Inkt actcll desensltizatian to boproterenal fIWE, both In fts development and fts
counteraction by 1 IJ. but not 0.1 pM forsiallmn Only 53±% (n-12) of contro sctitiy to stimulation by RE is retained In tissue
desensizd by lE prior to. meane preparaion (.01). 73±5% of i naseapose (pe.025) is retaied in desensitized tissue to
stinuln by 100 ~M rkoinplus30mMMnCI. Fstkolin threare doe,? counterctdesens~tiztin iboken cells. Foreolln
does counteact desensItizokIon development whien includd with isoproterenol during initall Intact cel Icubation with the agonit.
Membrnes prepere after tissu icubsian In whIch I ;.AM lorsholln is included with Mi during the desensitizing Incubation contain
fully activeAC (meaed ~as sepne to 100 oN tasskolln wit MnCI2). iclusion c110.11 iM loiusalln, on the other hand, does not
counteract subeequenit AC desnsiIIon- iOel vs. control and pcO.05 deresnt from elc aoft IU tl orskleln), in agreement with
Intdc Cell Cyclic AMP eccesmin studie (lbsper. JCNdPMf 9,401-4K4 1954). AC desensilzatlon is maintine in sabilezed
;pr;speatos. Perotld alces wore dessesiizd to WE, then omenmrns trwe ith CHAPS. The solMllmzd AC reaie Its
desensization to 100 $AM 10ria1011st1mulat11n during this process,- showing reductlon to S1*6% of caritrolc.025, nt=18). These data
show that desenesIlaton is st*bl to th efets- of CHIAP&. MnCI uncoupls G-medisted AC stimulation (by Wi or GTP-Y-S). whet
desensitization to AC stimulatio by ibrkoso Js obsered Whaevsr produces desensthsoln is intimately associsted wet AC. Mi
produce concomitant secretion deserskilo. -A~rluse secretion wee measured continually on-lwn to determine secretion roe.
With continuael stimnulation by 2A nMA DE the secreim rate pears then declie so that withi S0 min buda scret rate preval

dFspi continueod IM stimulation Farslsolln couniteraft this secretion dasesllton essentially Immediately, mirroring it aity to
do so for cydllo AMP ds 1- 1a 11c 00w Ote perlmernts show tha secretion stimuated initially by torukolin plu OM is maintained
signlllcanlly longer 1140 * 20 min dediln time to tea of the pealk n-3) tha with Wi alone (17 t 2 min, n=4). Foresolin thus also
dobirs secretion deseneltioln to MlE There Is a close cornetation between cyc AMP and secretion desensitization not only during

development but also with loruso% s ablity to overomre deseneteaton. &Stpoed by graa from MW and O~FF



44 MECHANISM OF EJUHANCED ISOPROTERENOL-STIMULATED CAMP ACCUMULATION IN ADIPOCYTE3 EXPOSED
CHRONICALLY TO AN INHIBITORY A1 RECEPTOR AGONIST. 3N Hoffman, JM Thomas, H Chang and GM Reaven.
Stanford University and VA Medical Center, Palo Alto, CA.
Adipooytes contain A1 receptors which Inhibit 11polysis by suppressing intracellular cAMP

accumulation. We have found that rats become tolerant to the antilipolytic effects of the Al
agonist phenyllaopropyladenosine (PIA) during 6 days of continuous infusion. Tolerance in
adipocytes Isolated from PIA-infused rate is likely explained by the 10 fold greater
aoprotereno2-stimulated cAMP accumulation in these cells than in controls J. Clin. Invest, in
press). The present studies examine the mechanism for the enhanced steady-state cAMP Iccumulation
in response to isoproterenol. Isoproterenol-stioulated cAMP production rate (pmol/10 cells/sin)
was increased in cells from PIA-infused rats: 291+13 vs 77t16 In controls. Isoproterenol-
stimulated adanylate cyclase activity was increased 2 fold in membranes from treated crlls. Also,
the cAMP degradation rate was decreased in c011 from PIA-infused rats (0.18 +.03 min - ) compared
with controls (O.34 t .03 min - ). The ability of PIA, PGE I and nicotinic acid to suppress
isoproterenol-stimulated cAMP accumulation was examined. While these agonists each Inhibited cAMP
accumulation >95% in both groups, EC 'a were Increased 100 fold (PIA), 10 fold (PGE1 ) and 3 fold
(nicotinic acid) In cells from PiA-inled rats. These results indicate that prolonged exposure of
adlpcytes to PIA leads to greater isoproterenol-stioulatd cAMP accumulation due to enhanced
production and decreased metabolism of cAMP. Also, these cells are heterologously desensitized to
receptor-mediated cA1W Inhibition but the largest change occured at A1 receptors. Some of the
results have analbgien to adaptations to narcotics that occur in nerve cells.

45
MODULATION OF ADENYLATE CYCLASE ACTIVITY IN HCB-20 CELLS BY THE PROTEIN KINASE C

ACTIVATOR, PHORAL-12-1YRISTATE-13-ACETATE. Elizabeth B. liollingsworth and John W. Daly,
Laboratory of Dloorganic Chemistry, NIH, Bethes"a, MD, 20892
The activation of protein kinase C through the addition of phorbal eaters, such as phorbal-12-
myristate-13-acetate (PKA) modulates responsiveness of the cyclase system, in many cell types.
In the neuroblastoma x Chinese hamster embryonic brain explant hybrid cell line (NCB-20) addition
of PMA results in a down regulation of receptor-mediated accumulation of cyclic AMP. Down
regulation by PHA occurs within 5 minutes and is still apparent at 45 minutes. This occurs in a
concentration dependent manner with an EC50 for PKA of 3 x 10-8M. Accumlations of cyclic AMP that
are elicited by prostaglandin E * vasoactive intestinal peptide or 2-chloroadenosine are decreased
in the presence of PEA. Respones to a prostaglandin-forskolin combination are also reduced
by PHA. But accumulations of cyclic AMP that are elicited by forskolin in the absence of a receptor
agonist are unaffected by the presence of PKA for the first 10 minutes. After 10 minutes the
accumlation of cyclic AMP elicited by forekolin alone decreases steadily to a value about 50Z
of the maximal level attained at about 5 minutes. PHA completely prevents the decline in the
forskolin response. Inhibition of cyclic AMP generation by dopamine is not diminished by PHA
suggesting the receptor-input through the inhibitory (Ni) guanylnucleotide binding protein
is still functional after PKA treatment. The inhibition of receptor-mediated responses by PEA may
represent a protein kinase C-mediated enhancement of deaensitization, although other mechanisas
are possible.

46 AEH2AD=G J M ACIVT Na+/H+ E)3N IN NERBLM X GLUM CW .

Ixci L. Tom and Iee E. Limbird, Vanderbilt University, Neshville ETmmme.
Alrt*2-adranargic -ijm (a2AW) are one of a population of receptors Lid to the Inhibition
of euylte yclase through a 01? biuding pten(Gi). - ka , in my systms, the physiological

effects elicitdby o2AR ca t ba explained solely by dacremes in WE?, sugesting the eistence of
othrrequlatcypebbles that are activated by n2AR oipmtiom. Recet data fron our Lboaty show
that n2 A n the h= p=latelat activate a y iiol-hyd yzin * lipae A2 via a
mechaini, ivirg N+o exe in a to evoke ultimtely, pe secreticsn.

Wehave exomned whether c2AR might activatem+/ + ema i n T O- O wls x lim
hy id calls using the pH-sensitive 1r.-e 2,7-biscarbzscethl-5(6)-cemroayl reseoein. Whm =
intracel.lular pH pi) of M,0l-15 cei in fr3-ree mdiu is redc by the exenal p lictimof acetate, the reer of pli to its emtrg value is blodted by thmewal of extracellular Na ,
by tim .dhicm of ac. celi ,aH+ani by various inLtar/ae analogs. II. zeonveryof p~j addbits an
iicselectvity of lb* > Li ' It, with nvon r obsere in N-,inhyl-d-lmm. 'liue data
(di t t tmeglation of cli in ?C108-15 l %nxer thee aerizintal xxniitkm is

or IS a lol. The a2AR agonists zrvluprihIne, clnidins and tUK-14304 also cause alkalinizaticm of
MIlS-5 cells. whereas iso~roenol end w~nlqgiiim do not. Furthermre the effect of a2AR

agonists to alZ l.Is theIntro 6C'Cl5 cells b.. al d by the s;;1pultics utlead ab.v
to bloc Nb/W' eange. 'flume data indicate that a*ARR in NGO15 calla activate N&o1' exchange,
and further sujmst that the acceleration of Na+/ + exhange my be a mechanim com to o2AR in
any cellular aystAN.
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47 PHOSPHATIDYLINOSITOL HYDROLYSIS IN PEREABILIZED EMBRYONIC CHICK HEART CELLS. LiLd .
lonws and Joan Heller Brown. Department of Medicine, U.C. San Diego, La Jolla, CA 92093

We have shown that stimulation of muscarinic receptors in dissociated embryonic chick heart cells
promotes the hydrolysis of the phosphoinositides resulting in accumulation of the breakdown products
inositol tris-, bis-, and mono-phosphate (IP' IP, and IP ) In order to address the question of
whether a guanine nucleotide-binding protein coddles receptor stimulation to PI hydrolysis in the
chick heart cell, we developed a saponin-permeabilized cell preparation. The extent of permeabiliza-
tion was assessed by trypan blue exclusion and the release of lactate dehydrogenase. In the perumea-
bilized cell preparation GTPIS alone was found to increase the accumulation of IP, IP and IP
suggesting that a polyphosphatidylinositol phospholipase C was activated. This effect was found to K
specific for guanine nucleotides, as Gpp(NH)p and GTP were also effective while App(NH)p was not. The
response to GTPIS occurred in a dose-dependent fashion with half-maximal stimulation obtained at 1 laM
GTPIS. GTPIS was ineffective in promoting PI hydrolysis in the intact (nonpermeabilized) chick heart
cell except at high concentrations (30-100 uM). While carbachol has been shown to stimulate PI
hydrolysis in the intact cell, it was ineffective in promoting this response, either alone or in
combination with GTF9S, in the permeabilized cell preparation. Muscarinic receptor binding studies
demonstrated the same number of recepti rs on permeabilized as on intact cells. In addition, carbachol

was found to effectively compete for [H]NMS binding sites with the same KD in both cell preparations,
suggesting no change in receptor binding affinity in the permeabilized cell. The loss of the P1
response to hormone may reflect an uncoupling of receptor stimulation to PI hydrolysis doe to the
saponin treatment. That GTPIS alone stimulates this response provides evidence for guanine nucleotide
requlation of phosphoinositide turnover in the heart.

48 AGONIST INDUCED PHOSPHORYLATION OF THE CARDIAC MUSCARINIC RECEPTOR. Madan M. Kwatra,
Arie Maan, Katharyn K. McMahon, and M. Marlene Nosey. Dept. of Blol. Chemistry & Structure, The
Chicago Medical School, 3333 Green Bay Road, N. Chicago, IL 60064.

We have tested the possibility that regulation of cardiac muscarinic receptor function may
involve receptor phosphorylatlon. Chick heart muscarinic receptors were purified from relatively
small amounts of tissue to near homogeneity using a three-step chromatographic procedure that uti-
lized the affinity chromatography procedure of Haga and Haga (J. Biol. Chem. 258, 13575-13579,
1983). The purified preparations contained a single major peptide 1hich migrated on NaDodSO4 gels
with an apparent M of 79,000. When receptors were purified from P-bathed hearts, a single major
phosphopeptide eluled from the affinity column and comigrated on NaDodSO4 gels with the band of
stained receptor. Treatment of hearts with the agonist carbachol led to marked increases (10-12
fold) in the phosphorylation of the receptor. Ligand binding assays performed with membranes iso-
lated from control and carbachol-treated preparations indicated that the carbachol treatment led to
decreases in the ability of the receptor to recognize agonist with high affinity. The results show
that the muscarinic receptor is a phosphoprotein in cardiac tissue, and that treatment with a recep-
tor agonist regulates its phosphorylation in the intact cell. Phosphorylation of the receptor may
be correlated with the process of receptor desensitization. (Supported by NIH grant HL 31601 and
the American Heart Association.)

49
CYCLIC GMP AND ALPHA-2 ADRENERGIC RECEPTORS MODULATE TOTAL GLUCOSE UTILIZATION (GLU)

AND INSULIN RELEASE IN PANCREATIC ISLETS OF LANGERHANS OF THE RAT. S chock, Department of
Pharmacology and Toxicology, Medical College of Virginia, Richmond, Virginia 23298.

Dynamic chanses in GLU in isolated islets were determined by quantitation of the formation of3H2 0 from D-[5-3H]glucose. The addition of 8-bromo (Br)-cGHP (0.02-2 mH) or monobutyryl-cGMP to
the islets during a linear phase of glucose utilization resulted in concentration- and time-depen-
dent increases in GLU. The effects of Br-GHP occurred within 5 min with 10 m glucose. Stimulatory
effects of Br-cG:P were observed in the presence of cycloheximide. Analogues of cAMP, cIMP, or
5'-GMP did not mimic the effects of Br-cG?4P. Insulin release from islets incubated in the absence
of glucose was not changed by addition of Br-cGMP (2 m), however, glucose (10 mm)-stimulated
insulin release was potentiated by Br-cGMP. Br-cGK3P did not alter insulin secretion in response
to glyceraldehyde or 2-ketoisocaproic acid. Islet beta cells are regulated by alpha-2 adrenergic
receptors, and GLU and insulin release were inhibited in islets incubated with clonidine or
epinephrine; yohimbine antagonized this effect. Br-cGMP increased GLU and insulin release in
clonidine- or catecholamine-treated islets. Carbamylcholine, which stimulates cGMP production in
islets, reversed the inhibition of GI by clonidine, and 3-iaobutyl-l-methylxanthine enhanced the
stimulatory response to carbaylcholine. Carbamylcholine alone did not alter GLU. In conclusion,
GLU in the islet is modulated by cGMP. Alterations in GLU probably mediate the effects of cGMP on
insulin release. In addition, cGMP antagonizes the inhibitory effects of alpha-2 adrenergic
receptor agonism on GLU and insulin release. Supported by NIH grant A425705.
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50 DESENSITIZATION AND PEOSPIIORYLATION OF a -ADRENERGIC RECEPTORS COUPLED TO INOSITOL
PIIOSPIIOLIPID METABOLISM. L.M.P. Leeb-Lulldberg. S. Cotecchia, Mt.G. Caron and

R.J. Leikowitz. Duka Univ. Nad. Ctr. * Durham, N.C.
Norepinaphrine (NE) acting through a -adrenergic receptors (a AR) influence cells via inositol

phoopholipid hydrolysis and generat ion hf the two second messengirs inositol trisphosphate and
diacylglycerol. Continuous exposure of DDT I M1-2 smooth muscle cello to HE 35esults in a dramatic
attenuation of m AR function as measured by NE-stimulated incorporation of P, into phosphatidyl-
inositol and pholphatidic acid. In addition, NE exposure reduces the number o accessible cell
jjrface a AR as assayed by [ itiprazosin binding to intact cells at 4*C. Purification of a AR from
P-labelL cells desenaitized with NE yields the phosphorylated M 80K ligand binding peplide. The

time courses of receptor phosphorylation and attenuation of recept~r number and receptor function are
very comparable being half-maximal within 1-2 min. The tumor-promoting esters (PE) (Leeh-Lundberg at
al., P.N.A.S. 82, 5651-5655, 1985) and the vasoactive peptide bradykinin also Induce desensitization
an-d phos-phorylation of a IAR. However, unlike NE neither PE nor bradykinin reduce the number of cell
surface a AR. Virtually the same tryptic phosphopeptides are obtained from phosphorylated a AR
derived flom cells treated with NE, PE end bradykinin. The various agents induce phosphoryition on
aerine and threonine. These results indicate that desensitization of a AR is paralleled by an
increase in phosphorylation at specific sites in the M 80K a AR peptidl. nAR agonists, in
addition, promote a decrease in accessible cell lrfaci m1AR reetr. Tupop1yeino
receptors linked to the inositol phospholipid/Ca signal transduction pathway may represent an
important mechanism of regulation of receptor responsiveness.

51 SYNERGISTIC ACTION OF ADENOSINE (ADO) AND fMET-LEU-PHE tN RAISING cAMP CONTENT OF
HUMAN MONOCYTES. E.J. Leonard and K.R.F. Elliott, National Cancer Institute, Frederick, MD 21701.

The release of superoxide by human raonocytes in response to f~et-Leu-Phe was inhibited by ADO.
Comparison of the potency order of ADO inalogues with published data suggested that ADO acts on
the stimulatory receptor for adenylate cyclase. Since elevations of cAM' inhibit superoxide
release, we determined cAMP content of ADO treated cells, and the effect of stimulation by f~let-
Leu-Phe. The Table shows Increases of cAMP above the basal level of 1.3 + 0.2 in 5 experiments.

stimulus Increase In cAMP, pmols/106 monocytes
A. f~et-Leu-Phe, I min. 1.3 + 0.2
B. Adenosine, 3 sin. 0.4 +0.3

Sum of A and B 1.7 +0.4

C. Adenosine, 3 ?sin; f~et-Leu-Phe
added after 2 sin of adenosine 3.5 + 0.1

C/(A + B) 2.2 + 0.3
Stimulation of monocytes with f~et-Leu-Phe increased cAMP. This was previously shown for neutro-
phils, in which the rise in cAMP was attributed to inhibition of phosphodiesterase (POE), since
adenylate cyclase did not increase. When ADO-treated monocytes were stimulated by fMet-Leu-Phe,
the increase in cAMP was twice the sum of the increases induced by the 2 agents alone. These data
suggest that the increase in cAMP by ADO-induced cyclase activation is limited by the activity of
PDE, and that the latter can be inhibited by fMet-Leu-Phe.

52 A GTP-BINDING PROTEIN MEDIATES SOMATOSTATIN INHIBITION OF CALCIUM CURRENT. Deborahi
L.J.ag, AllbertoLuini, and Forrest F. Weight. NIAAA, Rockville, MD 20852 mnd NIMH, NIH. Bethesdla, MO 20892.

Somatostatin inhibits the voltage-dependent calcium current measured by the whole-cell patch-clamp technique, in the
neurosecretory pituitary cell mne AtT-20ID16-16. We tested the involvement of guanine riucleotidle-binding proteins, G proteins in the
signal traneduction mechaisam between the somatostain receptor and the voltage-gated calcium channel.

The patch-Clamp method was used to record the calcium current in the whole-cell voltage-clamp mode. The extraceltular soluition
contained: 150mM-TEA-Cl, 0.8mM MgCI2, 5.4mM KCI, 10mM CaC12, 10mM HEPES/CsOll (pH 7.4). and 1IaM tetrodotoxin with an
osmolarity ot 340 moamothg. The intracellular patch pipette solution contained: 120mM CsCl. 11 mM EGTA. 2mM TEA-Cl. 2mM MQCl 2,
10mM HEPES/CsOH (pH 7.4), 4mM MgATP, 20mM creatine phosphate, and 50 U/mI creatine kinase with an osmolarity of 318
rnosmolfg. The nonhydrolyzable GTP analog, guanosine 5-(3-O-mhio)trlphosphate (GTPyS), was added to the patch pipette solution at a
Coriceniration of 1O0luM. Some patch pipettes had sn additional 100OiM cAMP anid 1mM IBMX. Cells were voltage clamped to a holding
potential of -8OmV and stepped to +lOmV. the peak of the current-voltage relationship tor calcium current. All recording was at room
temperature 20-22-C. Somatlostatln was applied via a macropipefte lowered Into the recording bath near the surface of t he cell under
study. The macropipette was withdrawn from the bath to terminate somnatostain appication.

Pertussis toxin treatment (100ngmI, overnight), which blocks the function of the GTP-binding proteins Gi anid Go. completely
abolished the action of somatostatin on calcium current. Intracellular applicaion of tOOrIjM GTP7S via the patch pipette renendered
Irreversible Mhe somsnastatin-indu~ced Inhibition of calcium current. in addition, GTPyS alone caused a slow decline in the calcium current
ampitude over 500 s. When calcium current was inhibited by GTPyS (alone or with somatostatin). there was litls or no response of
calcium current to subsequeant applcation of somalostatin. The affect of somatostatin on calcium current was not altered by intracellular
appication of cAMP (1001AM) and IBMX (1mM) alone or In the presence of GTPiGS. The results suggest that the somatostatin receptor is
coupled to a GTP-blndlng protein which mediates inhibition of voltage-dependlent calcium channels in a cAMP-Independent manner.

MEN,'
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53DUOSD CYCLIC MlXXB=sm~r SMEI ITB MVE FMm PAriii WIV MIC WTrfl MAY HE MAW TO

Wm Wlmer leukcytea (W) n patients with atopic dasatitis (AD) haew f# t aduktate cycle (C) activity
bti a blunted r spuer to a ariety cf hcevam irluding teta-ac. lic eaesnLts gst mtaglanlin. Rizdzraitde
(PI) pattmy akbnanmlitis include incresed incaratn of tritated lnozitol into oc irnwitidi In AD (U.. 7he
siona1 trensition system invins GI-bizIdirs proteirm is assiated with b Ar ami Pi pethmys, amay be the
site or a cm detect in AD. WL tested AC activity cf Le I with GTP and Gpp(NH)p, as nci nmrl stimulators,
to Mcbe for a defect in the AC rvoptcr-coupling system. W.s wae Isolated from pwVl blo oo an (bcJftooll
udents, and sue septed frcm platelets and lywicytee by adhervoc. bwsu were pevP' by freeze-fc m

c( cells, Dmmce h9mwzation, ceatrit ntion at 45,000g ad re Iep of tihe pellet by acdcatio. Meim n wav
as" fr AC activity by Solcson's method using 3-labeled ATP as a ate fr sdalate cyclase. Fbriamlin (M3) ad
M WV Wed as catalytic-unit actittCas. asal A activity or =cyte mmbw of rmails %W 0.22 + 0.09 (S.EM.)
rml c.f/g. prtein /30dn., compared to 0.60 + 0.08 riol in AD mmmcytes (n=6,p<O.O25). Sti ulatIr wth Gpp(Mi)p 10-
cMed a rt irrimse oC 2.42 + 0.68 nwl c*C in raml . sld 4.67 + 0.44 rl in AD pjx'anticns, i.e., a 2-fold

eate increase in AD ocargred to norel AC activity. FSK al m m a gra fnmveise in AC activity in AD mcrvcyba.
The reste cIf poductio by AD msmcyts in response to the GIP aralcg sets that the detective rtAlatinn of
cR4' Vtkahis my invve o e or botb G prote , with an ncresd stisulatcy %s) effect ad/or lees irbitory
(GI) inluene on AC catalysis.

4 AENYLATE CYC.ASE (AC) OF DIFFERENTIATED PREADIPOCYTES IN PRIMARY CULTURE: RELATIVE
LACK OF Ni MAY DETERMINE THE DIFFERENCE FROM ADIPOCYTES OF PROSTAGLANOIN El (PGEi ) AD
CATECHOLAMINE RESPONSES

Z.. LU, M.A. PINEYRO, J. KIRKLMO, Z.H. LI, and R.I. GREGERMAN, Gerontology Res. Ctr., NIA,
NIH, F.S.K. Med. Ctr., Baltimore, MO 21224

Preadipocytes derived from the stromal-vascular fraction of collagenase digested perirenal fat
pads of Fisher 344 rats grow in a-ME)4 containing 10% FCS to confluence and acumulate lipid by
12 days. The cells show AC activity stimulated by GTP, Gpp(NH)p, NaF and forskolin, but response
to isoproterenol and epinephrine is minimal (1.88 ± .75 x basal, n = 12, and 2.06 t .75 x basal,
n = 10, respectively). In contrast, GTP-dependent activation of AC by PGEl (l0-5M) is 7.55 ±
1.11 x basal fn = 8). This activation occurs even in the presence of 140 mm Na

+
, a condition

which leads to PGE1 inhibition of AC in mature adipocytes. Also unlike the AC of mature adipo-
cytes, forskolin-activated preadipocyte AC does not show a frank inhibition by GTP, and pertus-
sis toxin treatment raises basal and enhances stimulation by GTP and PGE 1. Pertussis toxin
labelling of Ni with 

32
p-NAD (25 uM) shows about 251 of the Ni of adipocytes. The results indi-

cate that, unlike adipocytes, the differentiated preadipocytes have not developed a fully func-
tional Ni pathway. A lowered ratio of Ni:N s may also relate to failure of activation by
catecholamines.

55 DOWN REGULATION OF INTERLEITKIN I (It 1) RECFPTOR EXPRESSION BY IL I AND PATE OF INTERNALIZED125
1-LABELED IL l-9 IN NUMAN LARGE GRANULAR LYKPhOCYTE CELL LINE. Koujli Matsushima and

Joost J. Oppenhelm. Laboratory of Molecular Immunoreulation, Biological Response modifiers Program,
Division of Cancer Treatment, NCI, NIN, Frederick Cancer Research Facility, Frederick, MD 21701

The regulation of interleukin I (It 1) receptor expression on a human large Rranular lyiphocyte cell
line, YT, and fate of internalized 

12
5I-labeled IL 1-5 (

125
1-IL l-1) were studied. YT cells respond

exogenously added IL I by expressing high affinity IL 2 receptors, and do not produce IL 1. In
addition, YT cells constitutively express about 7 x 103 IL I receptor per cell with a KD of -10- 1 0 M.
Neither IL 2, phorbol myristic acid, nor lipopolyeaccharide affected the total binding of 125

1-IL
I-B by YT cells. In contrast, the capacity of YT cells to bind 

125
1-IL 1-0 when incubated at 37*C

for 3 to 16 hr with a low dose of purified IL 1-0 (-6 U/ml) was reduced by >RO. The binding
capability of YT cells recovered by 16 hr after removal of IL 1-$. Acid treatment of YT cells to
remove bound 12511-0 showed that 50% of the 

12 5
1-IL 1-0 bound to cells could no longer be recovered

after 30 min at 37*C and and this increased to 8O after 3 hr at 37*C. Fractionation of cell extracts
on Percoll gradient further showed that after receptor binding on plasma membranes, 1251-IL I-6 could
be successively recovered from Intracellular sites associated with some membranous organellea
(d-1.037), with an Intermediate density organelle (d-1.050), and to finally end with the lyaoaoual
cell fractions (d-1.05 to 1.OA) at about 3 hr at 37C. Only - 5% of internalized 

125
1-IL I-9 was

released into culture media by 6 hr of Incubation at 37"C. This observation suggests that the low
number of detectible receptors for IL I on many cell types may be attributable to persistent down-
regulation by low levels of exogeneous IL 1.
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56 UNCOUPLING OP THE MITOGENIC RESPONSE OP INSULIN Al lP-I G STIILA1IOH ON DITPEENTIATED b

HUMAN 1H-S¥5Y NEUROBLASTOMA CELLS. " , I G. Enberg ',bS. Gaimeltoft , K. Hall

and S. PAhIman, epartment tof Pathology , University of Uppsala, Sweden, Department of Endocrinology,

Karolinska Institute, Stockholm, Sweden, Department of Clinical Chemistry, Bispebjerg Hospital,

Copenhagen, Denmark.
Insulin and insulin-like growth factor I (IGF-I) induce at physiological concentrations ornithine

decarboxylase activity, H-thymidine incorporation and 1mll division in SH-SY5Y neuroblastoms calls.

The cross-reactivity pattern in binding studies using I-labelled ligands and cross-linking experi-

ments followed by analysis of the ligand-receptor complexes by SDS-electroforeses, have shown that the
SH-SY5Y cells express insulin, IGF-I and ICF-II receptors. The molecular weights of the insulin/IGF-I

receptors and the IF-I receptor were 130 kD and 250 kD, respectively. The biologically active

phorbol eater 12-0-tetradecanoyl-phorbol-13-acetate (TPA) induces growth inhibition, morphological and

functional differentiation in SH-SY5Y cells. The mitogenic response (induction of ornithine decarbo-xylese activity and ti-thymidine incorporation) to insulin and lCP-I is lost in cells treated by TPA

for 4 days. However, TPA-treated cells still bind insulin and IGF-I. In contrast, the IGP-Il binding

disappears, during TPA treatment. The insulin and IGP-I receptor-mediated mitogenic signals are appa-

rently uncoupled at an unknown stage of the intracellular mitogenic pathway. In an attempt to localize
the step at which TPA differentiation interferes with the mitogenic signal transduction, we have
analysed whether or not early effects of insulin and IGF-I stimulation in non-treated cells still are
induced after TPA-treatment. This includes receptor autophosphorylation, actin reorganization and
c-fos expression.

57 ENHANCEMENT OF HORMONE-STIMULATED CYCLIC AMP ACCUMULATION
IN HUMAN MONONUCLEAR LEUKOCYTES BY A FACTOR IN SERUM

Harvey Motulsky, Div. Pharmacology, Univ. Cal. San Diego.
Human mononuclear leukocytes (MNL) contain beta-adrenergic and histamine receptors

coupled to a stimulation of adenylate cyclase, and are a popular model system for studying
the regulation of receptors and adenylate cyclase in humans. We have found that MNL
prepared at 4 accumulate fivefold more cAMP in response to isoproterenol than do MNL
prepared at ambient temperature. Warming these MNL prepared at 4* did not decrease cellular
ATP levels, but lowered cAMtP accumulation stimulated by isoproterenol, histamine, and
prostaglandin ElI, but not forskolin. Similar results were obtained in cells pretreated with
pertussis toxin to inactivate the inhibitory guanine nucleotide bindiing protein. The
difference between the two batches of MNL could only be observed in intact cells; no
difference was observed in isoproterenol-stimulated adenylate cyclase activities in membranes
or in phosphodiesterase activities in homogenates. cAMP accumulation in warmed MNL was
increased by preincubation with plasma. Serum (human, horse, or fetal calf) also enhanced
cAMP accumulation, and this activity remained in the supernatant after heating human serum
to 100' for 10 min and pelleting the protein flocculate. Preliminary data indicate that the
ability of this serum extract to enhance cAMP accumulation remains after dialysis, has
nearly full potency after a 1:16 dilution, and enhances cAMP accumulation in S49 lymphoma
cells as well as in MNL. These data suggest that blood serum contains one or more factor(s)
that elevate hormone-stimulated cAMP accumulation in intact cells.

58 ACTIVATION OF FAT CELL ADEYLATE CYCLASE BY PROTEIN KINASE C.
S. Naghshineh, H. Noguchl, K.P. Huang, and C. Londos, NIDDK, NIH, Bethesda, ID 20892.

Highly purified protein kinase C (C-kInase) from rat brain and partially purified C-kinase from
guinea pig pancreas stimulate adenylate cyclase activity in purified rat adipocyte membranes.
Cyclase stimulation occurs over 100 to 1000 mU/l of C-klnase activity, requires 1-10 OM calcium,
but does not require exogenous phospholipi. C-kinase Inhibitors, such as chlorpromazlne, palml-
toyl carnitine, and polymyxin B inhibit selectively adenylate Cyclase which Is activated by
C-kinase and calcium. Depending on assay conditions, 10 nt 12-O-tetradecanoylphorbol-13-acetate

(TPA) either enhances or Is required for C-kinase action on cyclase. Also, TPA plus calcium
promote the quantitative association of C-kinase with membranes. Adenylate cyclase activation by

C-hines. is seen both in the presence and absence of exogenous GTP and in membranes from cells that
have been treated with pertuasis toxin, suggesting that the kinase effect does not result from an
action on the GTP-binding, Inhibitory regulatory component (Ni) of the cyclase system. Similarly,
treatment with cholera toxin does not alter adenylate cyclase stimulation by C-kinase. Finally,
the kinase effect is seen in the presence of non-phosphorylating ATP analogs, such as AppNHp and
AppCH2 P, which have been treated with glucose and hexokinase to remove residual ATP. Such data
indicate that the effects of C-kinase described herein may result from associatn with, rather
than p11osphorylation of, adenylate cyclase.



59

DEXJMETWONE 00 SODIUM BUTTRATE NOOULATE COMPONENTS OF THE e-ADRENERGICRECEPTOR.ADENYLkTE CYCLASE COMPLEX IN 3T3-L1 PRlEADIPOCYT1ES. M.T. Naked. J.4. $tadel, K.S.

Poksay, S.T. Crooke. Smith Kline 5 French Labs, Philadelphia, PA 19101.

In muse 3T3-L1 preadipocytes, the glucocorticoid dexamethasone (dex) effects a switch In
s-adrenerglc receptor (UM) subtype expression from slA to s2Nt and increases total BAR
number. These effects are dose and time dependent. The ability of other steroids to cause the
subtype switch correlates with their glucocorticoid activity. Compounds most effective in
regulating eAR are also the most potent competitors for [EH]-dax binding to the 3T3-L1
glucocorticoid receptor. RNA synthesis, protein synthesis, and N-linked glycosylation appear to
be required for the dex-induced BAR subtype switch and Increase since these changes are not
observed in the presence of inhibitors for these processes. Another gene activating agent, sodium
butyrate, mimics the effects of dex in altering PAR subtype and nuber. Butyrate's effects are
dose and tin dependent. Other short chain acids are not as effective as butyrate in altering
Al. Cyclohexamide inhibits butyrate's effects on eAR, suggesting that protein synthesis is
required. The combined effect of dex and butyrate in regulating eAR is greater than additive
suggesting that these two compounds my be acting through different mechanisms. Butyrate, and to
a lesser extent dex, promote a 2-3 fold increase in labeling of Gs and G1 using cholera toxin
and pertussis toxin respectively. These data suggest that both butyrate and dex coordinately
regulate components of the #Ml-adenylate cyclase complex in 3T3-LI preadipocytes.

60 THE BINDING OF [3R]PORSKOLIN TO PROTEINS SOLUBILIZED FROM BOVINE BRAIN MEIBANES.
C.A. Nelson and K.B. Season Center for Drugs and Biologics/FA Bethesda ND 20892

The binding of 3H-forskolin-('TH-FK5_to proteins solubilized from bovine brain membranes was studied
using a precipitation assay. The Kd for 

3
H-FSZ b1nJing to solubilized proteins was 14 nN which is

similar to that reported for binding sites in membranes from rat brain and human platelets. The rank
potency of forskolin analogues to compete for 3H-FSK binding sites was the same In brain membranes
and solubilized preparations. Proteins were solubilized from membranes preactivated with GppNHp.
3
N-PSK bound to proteins solubilized from preactivated membranes with a Bmax of 106 fuol/mg protein.
Solubilized proteins from non-preactivated membranes had a Buax of only 38 fiol/mg protein which was
increased to 94 finl/mg protein when GppNHp was included in the binding assay. In contrast. GppNHp
had no effect on 3H-FSK binding to proteins solubilized from preactivated membranes. Solubilized
adenylate cyclase from non-preactivated membranes had a basal activity of 130 pmol/mg/min which was
stimulated 7-fold by GppNHp. In contrast. adenylate cyclase from preactivated membranes had a basal
activity of 850 pmol/mg/min and was not stimulated by GppNHp or forskolin. Thus, the formation of the
high affinity binding sites for 

3
R-FSK vas coincident with the activation of adenylate cyclase via the

guanine nucleotide binding protein. 3
H-FSK binding comigrated with adenylate cyclase activity from

preactivated membranes on a GF-450 molecular exclusion matrix indicating that the activated catalytic
unit of adenylate cyclae and the 

3
H-FSK binding site have similar molecular weights and may be the

same complex.

61 SPONTANEOUS COUPLING OF THE 6-ADRENERGIC RECEPTOR TO HE IN CARDIAC MEMBRIES

V. Netion, Y. Severne, T. Abrahamson, G. Vauquelin. Department of Pharmacology and Biochemistry,
Rsle Cardiovascular Research Laboratories, S-431 83 Nlndal, Sweden and Institute of Molecular
Biology, Free University of Brussels, 65 Paardenatraat, B-1640, St. Genesius-Rode, Belgium

The alkylating reagent N-ethylmaleiside (NEN) does not affect the number of $-adrenergic
"_receptors In membranes from turkey erythrocytes, S49 lymphoma cells and rat lung. Rowever, in the

presence of B-agonist, MEN provokes a decrease in the receptor number by S0 to 65%. This hes been
ascribed to the ability of N9K to alkylate a soulfhydryl group which becomes exposed at the surface of
the adenylate cyclase stislatory protein N , upon interacting with the agonist-occupied receptor.

In the present study, we show that NIN alone can cauae a time and concentration dependent
decrease in the $-receptor number by approximately 20Z (at 0.1 4 Nam) in cardiac membranes from
reserpinized cat, rat and guinea pig. The noradrenaline concentration is less than 0.1 nX in these
preparations. The NEN-medisted decrease occurs also in the abeenc of Ng

++ 
but Is effectively

prevented and even reversed by GTP. Our data are compatible with a model n which part of the

0-adreonersic receptor population (201) are able to undergo agonist independent coupling to Ns in
cardiac membranes.
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62 Rm.ATIOISEIP BETWEEN O-ADRDIOCEPTOR R8ZULhTIQI AND O-ADRDlIERIC RRSPONSIVU1ESS IN HEPA-
TOC1YTES. N. Rafanes, D. Sandnes and T. Christoffersan. Department of pharmacology, University of
Oslo, P.0.Dox 1057 5lindern, 0316 Oslo 3, Norway.*

mechanisms regulating the responsivenessoof the adenylate cyclase (AC) to catecholamine stimula-
tion ware studied in cultured rat hepatocytes. These cells acquire a several-fold increase in the
0-adrenergic responsiveness when plated as monolayer cultures. Conpaison of the emergence of iso-

proteranol (150)-sensitive AC and binding of IY2 J iodocyanopindolol (11 SICYP) showad roughly
parallel rises after the plating. The increase in 12ICYP binding (starting at -v I h after plating)
slightly preceded the rise in ISO response, but the response thereaftet- rose steeply and transitorily

(A 2 h - 5 h) exceeded the increase in binding. Pertussis toxin (lAP) added at 0 h increased the
ISO-sensitive AC activity measured at 7 h and 24 h, without affecting the number of 

125
1CYP binding

sites, this effect was non-selective, since the glucagon-sensitive activity was similarly potentiated
by IAP. Addition of ISO (10 Wj) to cells after 20 h caused a rapid homologous desensitization of the
AC (50% after - 5 min). This was paralleled by a down-regulation of $-adrenoceptors. Removal of ISO
led to resensitization of the AC, which was rapid and protein synthesis-independent after a brief
(10 min) desensitization, or slow and cycloheximide-sensitive after prolonged (4 h) exposure to the
agonist. In both cases an up-regulation of the 

1
251CYP binding paralleled the recovery from refrac-

toriness. Glucagon desensitized (partly) the AC to ISO and glucagon, with no effect on 
12 51CYP

binding. The results suggest that, although superimposed mechanisms operate, regulation at the 0-
adrenoceptor level is a major determinant for both short- and long-term changes of the 0-adrenergic
responsiveness in hepatocytes.

63 DIFFERENTIAL INMBIBITION, By MZTHACEOLINE (MUCK) ANED HISTAMINE (H1S), OF
ISOPMOTBRIMOL (130)-INDUCID PROTEIN KINASI (PK) ACTIVATION LAED RILAZATION OF
TRACHEAL SMOOTH MUSCLE (TSM), S.A. Rinard, T.J. Torphy, and A.M. Puckett,
Emory Univ., Atlanta, GA A Smith. Kline A French, Phila, PA.
Maximally effective domes of MICE and HIS contract canine TSM to the ame force
per cross sectional area. We used functionally equivalent contractile dose.
(IC 3 ,C 2 C ) of MICE A HIS to preicontract TSM prior to ISO relaxation
dosepee;L'e d88iee. MICE mes a stronger functional antagonist than HIS.
Maximal (SC ) NECH prevented 1S0 relaxation end inhibited PK activation.
Equivalent A9contraction. were readily relaxed by ISO and PK activation was
not inhibited. Increasing doses of HIS gave ISO CC values of 1.6 nfl, 2.5 nfl
5.5 nM in cervical TSM and 6.3 nfl, 10 nM A 12.6 nM i&Othoracic TSK. Increasing
doses of MICE gave ISO IC values of 2.5 nM, 20 nfl A no relaxation in cervical
TSM and 25 nfl, 251 nfl A n 0 rslaxation in thoracic TSfl. He suggest that
methecholine has an effect to Inhibit beta adrenargIc activation of the cyclic
AMP-dependent protein kinase pathway in TSM but that histamine * even though it
produces the same contractile force lacks such an effect. Thus ISO readily
relaxe. the completeo range of HIS-induced contractions but as Increasing dose.
of MICE increase the force of contraction, ISO is Increasingly ineffective In
relaxing MICE-induced contractions in canine tracheal smooth muscle.
Supported by NIH. HL-32770.

64 MAL MnXwai Mr CRTAN AND 0AU~N f K01rC Or -MMFM K= I N THE1
PU MCKOa CUL LIE. Vb almn Joemphe 91 and Jeffrey Z. Gart, Dqsrtset
of Vanua Research, The Meinm Istitute of Science, 76100 fleIot, ZeSel3.

Calcium hi as n Implicated as a potential regulaca of bothsuilaatcpin (m and 0) and
adaylate cyclm sysa in the XM oues salan cl~s. our ramulte dm - -tha~it both
A411 binding wd subequent ectivaticn of aftylate cyclase is Iquds r s 1 1 sbcmeations of
eintrecellular calcium in the micrular reng. This effect can be *a~m both in the Inat Call
and in a p1m L Iw prepration derived darf, using an 3IA buffer sys . in ontras ,
stimulatioun of adusylatm cyclm by proetmglanin B1~ foiawlin, or GrM is calcium-
inowusitive. Calcius appar to UrUam e winding sff&i= of A-MEE to its rece'r r by a
facca of 20 (from 400 to 20 rfl), wittmut affecting an-ms horus binding. Hcaraoeepbom
Complexes formed In ttm ~s eof calcium dissociate rapidly (<2 min) &ad reversibly upn h

* elimination of cslcium by ems SM. )M.vr av saturating oucetratiuae of P-M
(>200 04)1 bindnd stmuation o ady15te Ci-atbcmsclimidpret

a redutics both in affinity (2-fold) admaximal binding (651k). Quaiueizm zlootids effect
ea evident in bth a time- and coowtatis-wud. man. nco~, H men effects ~e

to be cal frd-b~pecdu*, suggeeting that the dual ocitrol of 4MU binding by calcium and gus-
rxairm nucletie is mediated by two srta ad Indepadot maddssm.



65 THE GUANINE NUCLSOTID. BINDING PROTEIN N CO-PURIFIES ITR Tot D DOPAMINE RECEPTOR OF
ANTERIOR PITUITARY. S.E. S fe.osls, J.L.Benovic. N. Amiky, R. Vinitaky. A.N. Spiegel

and M.G. Caron. Duke Univ. Mad. Ctr., Durham, N.C. and NIADDE, NIN, Bethesda. N
The D dopemine receptor (D R) of the anterior pituitary gland mediates the dopaminergic inhibition

of proiEatLn release. Many IiLa of evidence suggest this process may be mediated through both
adenylate cyclaese and phophotnositide metabolism. D R purified by affinity chromatography on CMOs
Sepharose (spiperone derivative) appears to be functignally coupled to a guanine nuclaotide regulatory
protein (N) as evidenced by the presence of egoniat high affinity binding to the partially purified
D R after re-insertion into3ghospholipid vesicles. The endogenous N protein is a substrate for
pirtussis toxin yielding a -P-ADP ribosylated product of M 1239.000 on SDS-PAGE. which co-igrates
with brain N. Peptide maps generated using elastase of thl P-ADP ribosylated endogenous N protein,
V , I and t~ansducin, revealed strong homology with brain N. iummoblotting of the partially purl-
fled 0 R with RV3 (an N specific antibody) and CW6 (an N 4secific antibody) showed crosereactivity
only Itth RV3. Functiogal interaction between the DI anh tbandogenous N was demonstrated by an
agonist promoted 2-3 fold stimulation in GTPasa ectlilty or[ TS]PyS bindtng. Association of
endogaous N with DR wee increased by agonist pretreatment and decreased by guanine nucleotides.
These result sugges a specific association and preferential coupling of N with the DR of pitu-
itary. Reconstitution of agonist stimulated CTPase activity could be obtaiRed using pudifled brain No
and partially purified resolved D2 R. These results constitute the first documentation of an
endogenous association of N with a receptor system. Further evaluation of this system may elucidate
the processes determining tie specificity of the association of N proteins with receptor systems.

66 DIFFERENTIIL- EFFECTS OF PERTUSSIS TOXIN AND PHORBOL ESTERS ON SIGNAL TRANSDUCTION VIA THE

CHEOATTRACTANT RECEPTOR-N PROTEIN-PHOSPHOLIPASE C SYSTEM OF HU1AN NEUTROPHILS. Charles 0. Smith and
Ralph Snyderman, Howard Hlughes Medical Institute. Duke University Medical Center, Durham, NC 27710.

Treatment of PINs with pertussis toxin (PT) inhibits inositol trisphosphate (P 3) generation
induced by the chemoattractant flqet-Leu-Phe (fMLP), indicating that its receptors activate a phospho-
lipase C (PLC) via a PT-sensitive N protein. FMLP-induced 1P3 production is also inhibited by phorbol
syris te acetate (PHA). Receptor interaction with the N protein can be measured as fMLP-stmulated
GTP 3EW] binding to membranes. This stimulated binding is absent in membranes from PT-treated PMNs,
but remains in membranes from PKA-treated cells. Phosphatidylinositol 4,5-bisphosphate (PIP2 )
hydrolysis via PLC can be activated in isolated plasma membranes at low concentrations of Ca + (10)
with either fiLP plus GTP or GTPTS alone. Membranes from PT-treated PMNs degrade PIP2 upon exposure
to GTPIS but not f1'LP plus GTP. Membranes from PMA-treatfd PMNs do not hydrolyze PIP2 when incubated
with GTPS, but do degrade PIP2 in the presence of 1 m CaZ+. Therefore, PMA-treatment does not
directly inactivate PLC. Incu6ation of PMNs with phorbol dibutyrate, but not an inactive ester,
4-k-phorbol didecanoate, causes a similar loss of GTPS-activated PIP2 hydrolysis. In summary, PT
appears to block the ability of occupied receptors to activate the N protein by stimulating nucleotide
binding, but does prevent the activated N from stimulating PLC. In contrast, phorbol esters
appear to induce a protein kinase C-catalyzed reaction which does not affect receptor-N protein
interactions, but does prevent coupling of the activated N protein to PLC. Similar activation of
protein kinase C by diacylglycerol produced upon receptor occupancy may provide a negative feedback
signal for chemoattractant receptors.

67 GTP .Ml.ffCN OF ME . V 1 -POLTM. A7W . rYArr (Ar) ,, Y I70 Pik" ,-, 'MfID -PI"

LIAL C211S WRL7D BY ORM MIK MSIIM VIM.
A. sJpL,A.Di nonato,F. Vlente,r,.lliano- III Cattedra di rhimica Aiologica,I racolta' Ai '%icina e
Chinurgia,Napoli, Italia; M.D.Ber!TETI A.qacoym.Crieco-Centro di wriocrinologia e encologia Sperime_
ntal del CNN- i Facolta' di Predicina e Chrurgia, Rapoli, Italia.
le are studying the influuc on the emrane bosn i N" activity of tte ras-qeres expressing virus in-
fection in a Fisher rat thyroid differentiated epithelial cell line (Pf(-rI3), whic maintains in vitro
the typical markers of thyroid differentiation . After infection by Flarvy ,urine saroma virus carry-
lng V-rmR a, PC,-L3 calls change their nrphology and became irifipendent from IM for the growth but
they are rat tumoenic. We hae found that the hasal activity in PC-. T3 calls is vry low (.4S pol
e cMPnijzv prtcfin), whereas it is 10 time higher in Pt-C.3 Ha Kg cells. The stimulation of the
AC catalytic tmit by fti2+ is equally efficient in control as wen as in infected cells, %hereas the
sodolation by (lfP-binding protein either in the presence of Opp(NN)p or Nar is inpaired in the infect-
ad cells. ft have carried out kinetic studies in the presence of increasing concentratons of app(MN)p.
The obtained results indicate that in both cell syste the maxdmal stimlation occurs at 10-5 M qv
(Mop. The increasing nleotide onctration by 100 times doesn't allow the infected cells to get a
stimulation of the basal activity to an extent amparable to that one obtaired in control cells. These
results excude that the lass efficient (Vp(lip odulatlon in the Infected cells can be due to a om-
petition for the GMP heteen the AC G-binRing protein a the virally express p') protein in the inf-
ecad ells. Alternative molecular mchanism consistent with our kinetic data will he presentee.

--. .---- w .,.. . .,'- -- -



68 FLUORIDE ION AS A PROBE FOR THE GUANINE-NUCLEOTIDE BINDING PROTEIN INVOLVED IN NEUTROPHIL
ACTIVATION. Colette F. Strnad, Janice E. Parente, and Kenneth Wong. Departments of Pharmacology
and Medicine, University of Alberta. Edmonton, Alberta, T6G 2G3.

Activation of human neutrophils with 18 sM sodium fluoride was found to be associated with
phosphoinosltlde turnover as monitored by the accumulation of inositol 1-phosphate (IP ), Inositol
1.4-bisphosphate (IP ), and inositol 1,4,5-trlsphosphate (IP ) Fluoride-induced phosl.hoinositide
degradation was charicterized by a 5 to 10 min lag period afer which inosItol phosphate levels
increased and remained elevated over a 25 min time interval in lithium-treated cells. Phospho-
Inositide turnover was accompanied by the elevation of cytosolic calcium concentrations and the
translocation of protein kinase C from the cytosolic to the membrane compartment. Unlike phospho-
Inositide turnover Induced by the chemotactic peptide, formylmethionyl-leucyl-phenylalanlne, that
Induced by fluoride was not Inhibited by either pertussis toxin or dibutyryl cyclic AMP. Fluoride-
induced phosphoinositide turnover was, however, subject to Inhibition following pretreatment with the
phorbol ester tumor promotor, phorbol myristate acetate. We have proposed that the mode of action
of fluoride as an Inflammatory stimulus involves interaction with a guanine nucleotide-binding
protein which serves as an intermediary unit between cell surface receptors and the phosphoinositide-
specific phosphodiesterase. The differential inhibitor effects suggest that ADP-rlbosylatlon by
pertussis toxin, as well as cyclic AMP-dependent phosphorylation reactions, do not interfere with
fluoride's ability to occupy Its active site or to activate the protein. Conversely, protein
kinase C-dependent phosphorylation appears to render the activation site either inaccessible or
Insensitive to fluoride.

69 DESENSITIZATION OF THE SUBSTANCE P-INDUCED FORMATION OF INOSITOL TRISPIOSPHATE IN
FALOTID ACIAL CELLS. H. Sugiva and J.W. Putney, Jr. Division of Cellular Pharmacology, Medical
College of Virginia, Virginia Commonwealth University, Richmond, Virginia 23298.

Substance P (SP) Is a putative neurotranamitter widely distributed in the mammalian central and
peripheral nervous systems. The parotid gland Ia considered a target organ of SP, and the receptor
Is coupled to stimulation of inositol phoapholipid metabolism and initiates secretion. After
prolonged incubation of target cells with hormones or neurotranmittera, the cellular responses
are often blunted or desenitiaed. We have evaluated desensitization of the SP-Lnduced formation
of inositol triphosphate (1P3 ) in rat parotid acinar cells. lesults were as follows: (1) Exposure
of parotid cells to SP (O.1p.M) which were prelabelled with (

3
1hnositol caused a rapid increase

in IP3 from 2 sec up to 1 sin, after which the level of 1P3 reached a plateau. (2) Ilethacholine
(Kec, 0.1 m() caused a sustained increase in IP3 from 2 sec up to 5 sin. (3) The response to SP
and Kec applied simultaneously was not greater than the response of either agonist given alone.
(4) After the level of IP3 reached a plateau in the presence of SP, addition of Kec induced a
further increase in IP3 but a second addition of SP had no effect. (5) After exposure to SP for
5 sin, although cells were washed and resuspended In fresh medium, desensitization of the
SP-induced formation of IP3 remained; desensitization did not occur in cells pre-exposed to Kc.
(6) Following prolonged Incubation In fresh medium, gradual reeenaltLzation occurred, and 4uring
this process there was a good correlation between the SP-induced formation of IP3 and (Elli-SP
binding sites. These results suggest that desensitization of the SP-induced formation of IF3
results from homologous down-regulation of SP receptors. (Supported by NIII Grant DE-05764).

70 PROTEIN KINASE C PREVENTS INHIBITION OF ADENYLATE CYCLASE IN NG 108-15 CELLS
B. TOCQUE - RHONE-POULENC SANTE - Cancer Research Department - 13, quai Jules Guesde

94400 VITRY SUR SEINE - FRANCE

The edenylate cyclase of NC 108-15 membranes is stimulated and inhibited, respectively, by PGE
and opiates acting via the stimulating (Na) and inhibitory (Ni) guanine nucleotide-binding regulatory
proteins.

GTP-dependent Delamid induced inhibition of basal, PGE1 and Forskolin stimulated activities were
reduced in membrane of TPA-pretreated NC 108-15.

To substantiate this observation we studied whether addition of purified protein kinase C to NC
108-15 membranes causes similar changes in regulation of adenylate cyclase activity as observed in
membranes of TPA pretreated NC 108-15 cells. Hormonal inhibition of the NC 108-15 adenylate cyclase
by opiate was largely impaired after incubation of NG 108-15 membranes (prepared with EDTA, EGTA
buffer) with partially purified kinase C stimulated by TPA.

Bradykinin has been reported to inhibit adenylate cyclase in NC 108-15 cells in a manner which is
additive to the opiate inhibition suggesting that Bradykinin was acting through a different pathway.
We asked the question whether or not, kinase C would inhibit Bradykinin effect on cyclae. We found
that kinase C also affects Bradykinin induced inhibition of cyclese. The results indicate that the
pathway for Bradykinin inhibition of cyclase is, at some stage, a target for kinase C which might be
NI or No.



71 A PERTUSSIS/CHOLERATOXIN-SENSITIVE N PROTEIN MEDIATES CHEMOATTRACTANT RECEPTOR SIGNAL
TRANSDUCTION. ergt;e, Ronald J. Uhing and Ralph Snyderman. Howard Hughes Ned.

Inst.. Div. Rheum. and Iinn . ep . . , Duke Untv. Ned. Ctr., Durham, N.C. 27710.
Affinities of chemoattractant receptors (CTX-R) on phagocytic leukocytes are regulated by GDP and

GTP. These receptors are not coupled to adenylate cyclase but utilize a guanine nucleotide
regulatory (N) protein to activate phospholipase C and subsequent biological responses. Since
pertussis toxin CPT) rtbosylates a 40-41 kD protefn in leukocytes and thereby inhibits their
activation by chemoattractants, it had been assumed that CTX-R are coupled to Ni. We now report
that human palyuorphonuclear leukocytes (PM~sJ, vonacytes, and the myeloid HL-60 and Ug37 cell
lines, but not erythrocytes nor bovine brain contain a ca. 40 kD protein which is a substrate for
ADP ribosylatton by choleratoxin (CT). In contrast to Ns. ribosylation of the 40 kD sibstrate by CT
is inhibited by GDP or GTP. The 40 kD CT substrate, termed Nc for chefotaxis-relateo N protein,
comigrates with the ca. 40 kD PT substrate in one-diensional gel electrophoresis. Heptilamine-

se 0rs chratography of cholate-solubilized HI-60 mmbranes prelabelled with CT and 2P-NAD show
that a 4 kDoS2p-labelled protein couigrates with the major peak of GTPyS-binding activity. This
peak is partially resolved from the 43 kD (Ns) protein labelled under the same conditions. A 40 kD
PT substrate also coelutes with the OTPyS-binding activity suggesting that Nc is a single protein
which is a substrate for PT and CT. Additionally. treatment of intact PNNs with PT or CT reduced
GTP regulated high affinity binding of formylpeptide chmoattractants to membrane preparations from
the cells. This further implies that CTX-R are coupled to an N protein which is a substrate for
both PT and CT. We suggest that Nc regulates chemoattractant receptor signal transduction.

72 NAD DEEiM NWnZ Alf AM q* uTMwAME IO iiPaM C 3W =ur CTWX OF *a=m
ADZOCT1. N.A3i, R.J.H. NoJCidiedi, D. Bjanic, L.S. Bradam and 3.1. Fain.

Dmrbmt of Biochemistry, Uhiveriftof Tennesee, Y~Ampi; Neais, 'ul 38163.

made concerning these activities. First, 5 -adenylylimidodiposphate (AppNmp) or
5 '-guanylylimidodiphosphate (GppNijp) stimulate the hydrolysis of H'2 wt dnia
potency and efficacy. Sacid aNR, laiP, or 1 4 ins 51-di r ~bom, but not nicotilna
inh~ibit jtaspholipmes C. 'Ibis inhibition can be overom by hi* dous of Gof or ApplI
(0.1 W hih in the I r of an otherwise fally iibitry oonm~iratien of MaD (i.odq, give
compete o even supraml stimulatory effects.

2mu, the apparent: guanine mucactida spcificity of r*ospolipmst C activation in the prsnc
or absence of hormones, as demonstrated in other studies, amy need to be reamsmn.
Id.*.ification of the nxleotids regulatory ccPW fts Of ji~hliPMs C must tals into aocout a
lack of guanie nucaeotida specificity. Finally, the irdibitczy effects of MaD ay povide a clue
as to howi the activity of ctosolic phoogolipass C in tonically mu;remaed in the cell.

73
GTP-SENSITIVE AGONIST BINDING IN MEMBRANES CAN EXPLAIN THE RECEPTOR RESERVE

IN INTACT RAT RETICULOCYTES.

Anton Wellstein and Dieter Palm, Z.Pharmakologie, J.W.Goethe-Universitit, D-6000 Frankfurt 70; FRG.

Rat reticulocytes are a good tool for studying the modulation of the B-adrenoceptor mediated cAMP
response CNaunyn-Schmiedeberg-s Arch Pharmacol 317:294-301; 1981). We have used this model to
investigate aspects of the receptor reserve. Cells were prepared and monitored for cAMP-accumu-
lation as described earlier (see above). B-Adrenoeptors in intact cells as well as membranes were

* detected by the radioligand 'H-CGP 12177 in a filtration asssay. RESULTS: Intact cells: For ant-
agonist ligands monophasic inhibition isotherms of agonist induced cAMP-accumulation as well as
radioligand binding were observed with identical Kd-values in both measurement systems. Agonists{ (e.g. (-)-isoprenaline - ISO ) also showed monophasic concentration- effect curves of cAMP-accumu-
lation and inhibition of radioligand binding. Their potency, however, differed by more than 1 de-
cade in favour of cAMP-accumulation ( e.g. ISO: EC5O cAMP -58 & 11 nN; Kd receptor binding -1,040

j 1400 nM; n- 17 ) indicating a receptor reserve of 60-70%. Membranes: After lysis of the cells, the
1; agonist competition isotherms for the radioligand became biphasic. The GTP-sensitive high affinity

component showed lKd-values not different from the EC5O of cAMP accumulation in intact cells. Theportion of this component ( 33 t5 % ) is in agreement with the above receptor reserve and seems to

reflect the portion of receptors participating in the transient coupling in the intact system.



74 MECHANISM OF REGULATION OF SOLUBLE GUANYLATE CYCLASE IN THE PULMONARY ARTERY BY HYDROGEN
PEROXIDE. Michael S. Wolin and Theresa M. Burke, Dept. of Physiology, New York Medical College,
Valhalla, NY 10595

Hydrogen peroxide generation by glucose oxidase causes up to a four-fold activation of unpurified
soluble guanylate cyclase (GC) from bovine pulmonary arteries which is potentiated to over 25-fold
by the addition of purified bovine catalase (CAT). Compound I (Cpd I), a species of CAT formed
during the metabolism of peroxide, appears to mediate GC activation based on the following
observations: 1) Only peroxides that form Cpd I activate GC. 2) Quenchers of Cpd I (alcohols and
formate) block GC activation. 3) Inhibition of CAT (by aminotriazole, superoxide anion, boiling)
block GC activation. 4) Other peroxide metabolizing enzymes (peroxidase, fungal catalase) do not
mimic catalase. 5) Scavangers of hydroxyl radical (mannitol, OMSO, dsferoxamine) do not inhibit GC
activation. In the pulmonary artery, micromolar concentrations of H20 elicit increases in tissue
cycle G;P levels that are closely associated with decreases in force hi a time and concentration
dependent manner. Since Cpd I is formed in tissues, this is a physiologically relevant mechanism of
regulation of GC and an attractive pathway for sensing of 02 tension. (Funded by USPHS HL 31069)

75 PROTEOLYTIC ACTIVATION OF NZNBRANE-BOUMD PROTEIN KINASE C BY TRYPSIN-LIKE PROTEASE.
Hirohel Yamamura, Eikichi Hashimoto, Keiko Mizuta, Youichirou Sakanoue, Shun-ichi Nakamura, Tomoko
Kobayashi and Keiko Sakai. Dept. Biochem. Fukui Medical School, Fukui 910-11 Japan

It haa been well established that phosphorylation of ribosomal protein S6 is increased in
response to growth-promoting stimuli. In an attempt to identify the cAMP- and Ca2+-independent S6
kinaae, we examined a possible role of protease-activated form of membrane-bound protein kinase C.
When rat liver plasma membrane was digested with pancreatic trypsin, a cAMJP- and Ca2+ -independent
protein kinase having a molecular weight of 5 x 104 was produced. This enzyme phosphorylated
ribosomal protein with a molecular weight of 3 x 104 which may correspond to S6 protein. By
extraction of membrane with a buffer containing Triton X-1O0, proenzyme was detected and showed
Ca

2
tphopholipid dependency in Hl histone phosphorylation. These results suggest that protease-

activated form of protein kinase C is one of the candidates of S6 kinase. Protein kinase C was also
activated by membrane-bound, trypsin-like protease discovered by Tanaka et &I. (J. Biol. Chem. 261,
2610-2615 (1986)). Another experiment showed that proteolytic activation of protein kinase C is
stimulated in the presence of salt such as MaCl. When rat liver plasma membrane was incubated in
the presence of increasing concentration of NaCl, the production of activated form of protein kinase
C was greatly increased. This reaction was inhibited by leupeptin and pancreatic trypsin inhibitor.
These results may suggest the possibility that protein kinase C is activated by membrane-bound
protease coupling with an increase in ionic strength elicited by growth factor-induced Na

+ 
influx.

76 PHOSPHOfRmArION OF THE CATALYTIC UNIT OF ADENY1LATE CYCLASE BY CYCLIC AMP-DEP NDENT PROTEIN
KINASE AND PROTEIN KINASE C. T. Yoshimasa, N. Bouvier, J.L. Benovic, N. Alaiky,

R.J. Lefkowitz and M.G. Caron. Duke Univ. -Ned. Ctr., Durham, NC 27710
Regulation of the responsiveness of 8-adrenergic receptor-coupled adenylate cyclase (C) systems

such as in some forms of desensitization to hormones or during the general sensitization observed
after treatment of some calls vith phorbol esters might involve covalent modification (phosphory-
lation) of C itself. To test this hypothesis, we examined whether C is a substrate for the cAMP-
dependent protein kinase u'KA) and protein kinase C (PKC) and investigated whether such phosphory-
lation regulate* the tunction of the enzyms. u was purified from bovine caudate %17,000 fold to a
specific activity of 1.5 umol.mg- .min" by Lubrol PX solubilization, forskolin-Sepherose and wheat
germ agglutinin-agarose chromatography. C preparations contained a single polypeptide of M "-.160,000
revealed by radiciodination, SDS-PAGE and autoradiography. The N ".16u,000 band correlated 1ell with
enzymatlc activity on gel permeation HPLC. The pure C could be Feconstituted with the purified
0 -adrenergic receptor and the stimtatory guanine nucleotide regulatory protein (N ) to form a
hrsone-stimulated adenylate cyclase system. PKA and PKC were able to phosphoryiats C in a stoichio-
metric fashion (m. mol Pu41mol C). Ability of control and phosphorylated C to couple to N was
compared. When control and phosphorylated C were reconstituted with 1 , the Gpp(NH)p stimulited
activity of PEA phospnorylated C was reduced by -422 while that of PKCaphosphorylated C was enhanced
by %.19% relative to control values. These results suggest that hormone sensitive adenylate cyclese
system might be regulated both by feedback inhibition and by "cross talk" from the phosphatidyl-
inositol pathway through cAMP-and PEC-dependent phosphorylation of C, respectively.

.-
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77 PROTEIN KINASE C MODULATES ADENYLATE CYCLASE ACTIVITY IN RAT BRAIN STRIATUM: POSSIBLE
INVOLVEMENT OF Gi-GUANINE NUCLEOTIDE REGULATORY PROTEIN

Madhu B. Anand-Srivastava and Ashok K. Srivastava, Clinical Research Institute of Montreal, 110
Pine Avenue West, Montreal. Quebec, H2W lR7, Canada

The effects of partially purified Ca2 +. phospholipid-dependent protein kinase (C-kinase) were
studied on adenylate cyclase activity from rat brain striatum. C-kinase treatment of the membranes
stimulated adenylate cyclase activity, the maximal stimulation between 50-80% was observed at 3.5
U/ml. The inclusion of Ca2  and phosphatidyl serine did not enhance the percent stimulation of
adenylate cyclase by C-klnase, however, the stimulatory effect of C-kinase was inhibited by EGTA.
In addition, In the presence of GTP, the stimulatory effect of C-kinase was potentiated.
Furthermore, C-ktnase also potentiated the stimulatory effects of N-Ethylcarboxamide adenosine
(NECA), dopamine (DA) and forskolin (Fsk) on adenylate cyclase activity and attenuated the GTP and
oxotremorine-mediated inhibition of enzyme activities. On the other hand, the catalytic subunit of
cAP-dependent protein kinase did not show any effect on adenylate cyclase activity. These data
suggest that the stimulation of adenylate cyclase and inhibition of inhibitory influence of
oxotremorine and GTP by C-kinase may be mediated through the Inactivation (phosphorylation) of
Gi-guanine nucleotide regulatory protein. (Supported by grants from 4RC and OHF).

78 GUANINE NUCLEOTIDE REGULATIO4 OF RECEPTOR BINDING AND 1P3 FOIMATION. D.L.Aub and T.E.Cote

Dept. of Pharmacology, USUHS, Bethesda. HD 20814-4799. A novel GTP binding protein has been suggested
to couple those receptors which stimulate PIP2 hydrolysis to phospholipase C. In 7315c cell lysates
GTPYS and Cpp(NH)p, nonhydrolyzable analogs of GTP, stimulated a time and dose dependent formation of
IP3 in the absence of agonist. GTPyS was more potent and more efficacious than Gpp(NH)p in stimu-
lating IP3 formation. GTP was able to decrease the potency but not the efficacy of GTPyS-stimulated
IP3 formationas evidenced by a rightward shift in the GTIPyS concentration response curve, suggesting
that a GTPase activity may be associated with guanine nucleotide regulation of PIP2 turnover. In add-
ition, TRH stimulation of IP3 formation was enhanced by the addition of GTP. In 7315c cell membranes
Me-TRH binds to a single high affinity site (Kd - 2 nM).GTPyS and Gpp(NH)p decreased specific Me-TRH
binding in a concentration dependent manner with a half-maximal potency of 0.092 pM and I pM respect-
ively; their potency for stimulation of IP3 formation was the same. In membranes made from cells
which had been treated for 24hours with 30 ng/ml pertussis toxin, which is known to uncouple receptors
from Ni, GTPyS was still able to decrease specific TRH binding (half-maximal potency for control and
pertussis toxin treatment, 61 nM and 38 n, respectively). Therefore, pertuasis toxin does not inter-
fere with the interaction between the TR receptor and its guanine nucleotide binding protein. GTPYS
appears to decrease specific Me-T E binding by decreasing the affinity of the TH receptor for its
ligand without altering the number of binding sites (control: Kd - 2 nM, Bmax - 26 fmol/mg protein;
10-7 M GTP S: Kd - 7.3 no, Bmax - 26 fmol/mg protein). These results indicate that a guanine
nucleotide binding protein may be involved in both the regulation of TRl binding and subsequent
stimulation of 1P3 formation.

79 EVIDENCE FOR AN ALTERED ADENYLATE CYCLASE CATALYTIC UNIT IN A PATIENT WITH MULTIPLE
HORMONE RESISTANCE. D. Barrett, A. Spiegel, N. Wax, P.B. olinoff, R.W. Downs,

Medical College of Virginia, Richmond, Virginia 23298
Deficiency of Ga is the putative lesion in pseudohypoparathyroidism Type a (PHIP is). However, a

small group of atypical patients who have PHP and resistance to multiple hormones have normal red
blood cell membrane Gs . We have found that cultured skin fibroblasts from one such patient (A-PHP)
generate 50-70% less cAMP in response to parathyroid hormone, isoproterenol or prostaglandin El, when
compared to six normal fibroblast lines.

We now report that the skin fibroblast Gs of A-PHP has normal activity as measured by reconstitu-
tion into S49 cyc- membranes. Computer-assisted analysis demonstrates that isoproterenol displacement
of I

2
S.-.iodopindolol binding in the absence of GTP defines a population of high affinity binding sites

in 4 control and A-PHP fibroblast membranes which represent 0-adrenergic receptors coupled to Ns. No
significant difference is apparent between the percent of receptors in this ternary complex state for
A-PHP (43t5%) vs the average of controls (S3±13%).

Stimulation of A-PHP fibroblast membranes with fluoride ion (10 mM) and GTPyS (100 vM) produces

only 27±S% and 33±6% of control adenylate cyclase activity respectively. Direct stimulation of cata-
lytic unit with manganese ion (Nn- 2 4 mM) is 36±6% of controls and stimulation with tn-

2 
plus for-

skolin (100 pM) is 36±4% of controls. A defect in the catalytic unit can account for all these
results and may be a mechanism in this group of patients for their resistance to multiple hormones
which act through adenylate cyclase.

- - -- --



80 DNTBC OU Or NOTIE OTF-BINDInK PROU3 01 XrT2OCNLLULOS.13 3 13A13 PR013138
SBPARAYND H DY fl8-P*O.t P kala n 5 . Dept. of Biocheisi~try. MNslater Uni'versity.
Hlailton. Ontario, Canada 1.8N 3U5.

Munmn and rabbit platelets wer" lysed by freezing and thawing and the emrae fraction isolated.
Membrane protein vwa precipitated with trihloroaoetio aid. dissolved in Lowell bufter end analyed
by S3-FlU. Resolved polypeptidos vere then transferred eleotropboretically to nitrocellulose and
the blots incubated for 30 min at 200 C with 0.5 Wi Co-34301?P in buffer containing 50 sM Tria-UC1,
PHt 7.5. and 0.3% Tveen 20 (0.2i~Ci/ml). After washing In buffer without (3410??. the blots vere
dried and bound 32 P detected by autoradiography. Major labelled band. were observed corresponding
to proteins of 27 kDa and 24 kDa. Additional minor bonds vera detected in the 23-24 kDa range.
Addition of I dl MN, 0.2 xM leupeptin and 5 sM BDTA during preparation of the membr anes had no
effect on the pattern of labelling observed. SDS rease" the 3 P from the blots, indicating
non-covalent binding of (

32 PJOTP. Binding of [32PIM? vas specific in that it vas prevented by
simultaneous addition of 0.5 uN CT? or OT P(S or by 10 jiM (lOP, but vwa unaffected by 50 jjM A?? or
10 IiM OMP. No T-binding protein was detected In the platelet soluble fraction. Human and rabbit
red call ghoats contained the 27 kDa but not the 24 kG. OYP-binding protein. Analysis of rat tissues
by the blotting technique demnstrated high ocncentrations of 27 kDa and 26 kDa 01-binding protein.
in brain, leaser amounts of 27 kDa protein in adrenal and lung tissue and emall amounts of 27 kDa
protein in liver, kidney. spleen, heart and skeletal inacle. The results demontrate the existence
of a new family of GYP-binding proteins diatributed widely in mmmalian tissues.

Supported by the Medical Research Council of Canada and the Heart and Stroke Foundation of Ontario.

81 1EMBMM ACIIaTIQIG OF PM BV 5(1 3 1U.IP E C. LAL...WW N.A. Wllace, .J.II.
lbjc~icain, D. Bojando and J.N. Fain. Deament of Biochemistry, University of

fT-1mee, YA%*": INOUS, fTM 38163.

Jbospholipme C activity wa isolated from brain mernes by cho1ate extraction follwe by
cwifLVtm at 100, 000 x g for~ 1 hr. 7he solubilized enzyme Catalyzed the brekdow of

IlI *tilb itol 4,5-bip'-Wate (PIP2) and phaigidylzioeitol. 4-stioqiute (PIP) but not
phospatidy1nomitol. (n1) under oass ay onditions. Enzymatic activity did not reqire the
addition of divaemt cations but wsinored in the guer of 3 mK modfim deoxcydolate.

1t5 *olysie of PIP and PIP wnstiulted by 5'-guanylyl-midodihmpate with half ml
activation at a nm; eoeiiie , evnration. appqowudmtely 10 mM. Nucleotids activation w--
inhibited by either I sl C- or I xK ;0" Theme data mpet a role for iscleotidee in the
reulaition of Pwtipow~ C in brain ~ae . Whether thin reulzation is ediae by a
qumn uclotide bindingj protein remain to he determimed.

82
LOCALIZATION OF G.PROTEIN uRNAS (To:,T,Gs,Gi) IN BOVINE RETINA BY IN

SITU HYBRIDIZATION HIISTOCHEMISTRY: BoR. Brann, Laboratory of Cell Biology, NIMH, Metabolic Diseases
Branch, NIDDK, NIH, Bethsda MD

In addition to photocsensitive rods and cones, the retina contains a diversity of neuron which synthesize distinct
naarrammigms nd nnurumker eceToon. Recent evdneindicates that the response of rods to light, and the respos

ofr0. pe to neurotransaniers wre mediated by a family of closely related 0-proteins. We prepared synthetic 48 base
oldoYINucK td probes which are complementary to the published sequences of mRNAs encoding the alpha (ra) and
bt(T)subunits of trmnaducin, the 0.protein of rods; the alpha subunits of Gs and Gi, the 0-proteins associated with

neuoiftrasster conbo of adenylate cyclase. These probes were used for localization of roRNAs in bovine retina by in sm
hybridization~ ~ ~ ~ ~ ~ ~~~~~~o gilceisya rvosydssbe BanadYu&FE ees(986200-275).

nijNn ecodng T an T~wer preentwitin rdsandthee boh o th mRAs were present in the outer
nuclear layer (rgOf rod nuckl) both niRNAs were moat abundantin the rod inner seg -1t, and neither mR1NA was
ppemedin die ouct sg -ts Ta IRNA was not present in the loner layers of the retuna On theotherhndmnRNAs
encoding (Ii and GIs won most abundant in Ohn inner layers of the retina, and both of the snRNAs were most abundant in
anglion sells and in the hnnw nucler layer. 01 uRtNA Was also present in the outer nuclear layr, suggesting rods express
both Ta and 01. These resuts illustrate the utility of in situ hybridization histocheniisty in the study of the expression of
mRNAs encoding -profeins; by individual neurons within the retina.



83 HUMAN cONA CLONES TOR FOUR SPECIES OF Gag ORNA AND FOR Gal mRNA.
Bray, P., Carter. A., Simons, C.. Guo, V. Puokett, C., Kamholtz, J., Spiegel, A., and
Nirenberg. N. VIM. BetheSda, M.

A Agtll oDNA library prepared from human basal ganglia was screened with 3 oligodeoxynucleotide
probes for recombinants coding for a subunits of G signal transducing proteins. Fourteen of the
575,000 recombinant olones screened formed hybrids with 2 or 3 probes. Nuoceotide sequences of two
clones, BG-4 and 80-21-2. are highly homologous to bovine brain a, oDNA (Nukad&, T. et. &l.. FEES
Letters 197. 305, 1986). The nucleotide sequences of both Strands of BIS aj cONA were determined.
The sequence begins at the lath nucleotide residue of the bovine al coding sequence and ends at
1261 in the 3' untranslated region. Nuoleotide sequences of 11 clones are highly homologous to the
sequence of bovine as (Mukada, T. et al.. FEES Letters 195. 220. 1986; Robishaw. J. at al
Pro . Katl. Aced. Sot. USA §, 1251, 1_86). Both strands of80-3 a. cDNA were sequenced
completely. The first nucleotide residue corresponds to the 34th residue of the bovine s coding
sequence and the last, 1278, in the 3'-untranslated region. cDNA clones for 3 additional species
of as maflA were obtained that differ in the region coding for amino acid residues 71-87; a-1
(clones 80-1, HB-2, BG-8, and BG-21-5) code for the me amino acid residues, 71- 7, that are
present in bovine as; %-2, (80-3) contains 3 additional bases which code for Serkl; as-3 (BG-6,
BG-20) contain Asp

T T 
in place of Glu

71 
and lacks residues 72-86; and as-4 (BG-13, BG-21-1) contain

Asp
T1 

in place of Glu
7 1 , 

lack a%-I residues 72-86 and contains 3 additional bases which code for a
serne following Gu

7 1
. Hybridization of cloned cDNA to total RNA followed by digestion with S1

nucleaese revealed multiple forms of a aRNA. We propose that the 4 species of s mRNA are forged
by alternative splicing of an as RNA transcript.

84 MULTI-SITE MODULATION OF HOMONE-SENSITIVE ADENYLATE CYCLASE BY PHORBOL ESTERS/C-KINASE IN

S49 LY4PHOMA CELLS. LL Brunton, LA Speizer, JR Kanter, MJ Watson and JD Bell. UCSD, La Jolla, CA
12-o-tetradecanoylphorbol-13-acetate (TPA) has at least three functionally distinct effects on

hormone-sensitive adenylate cyclase (AC) in S49 lymphoma cells: 1) a 50% reduction in agonist
affinity for both isoproterenol (IRE) and PGE1 with no detectable reduction in $-receptor density; 2)
attenuation of functional coupling of hormone receptor and transducer protein (Gs). The magnitude
of this effect is agonist-specific and is exaggerated by lowering experimental temperature to 27C.
where TPA inhibits the maximum response to PGE1 by 50% and the response to INE by 25%; 3) TPA
enhances GTP-dependent AC activity. This enhancement seems to involve a GTP-binding protein since
TP-e-nh-ances forskolin-stimulated AC activity by 35% in the presence of guanine nucleotide but only
minimally in its absence in wild type (WT) membranes. We obtain comparable results in the cyc-
variant which lacks the a subunit of Gs, suggesting the involvement of the inhibitory GTP-binding

protein, Gi. Blockade of Gi activity by high concentrations of 14g
+ 

('Q1OO mK) or Nn++ (>300 um)
abolishes the effect of TPA to enhance AC activity in WT membranes. Kinetic studies with a non-
hydrolyzable GTP analog suggest that TPA treatment reduces both the rate and extent of activation of
GI by guanine nucleotide. Appropriate analog specificity, binding of [

3
H)phorbol dibutyrate (KD =

3 M; Snax - 4.3 pmol/mg protein), TPA-induced translocation of C-kinase activity from cytosol

to membrane, and the phosphorylation of a discrete group of membrane proteins in response to TPA
all support the effects of TPA being mediated by activation of protein kinase C. (Supported by
NSF PCN 81-10116, NIH HL 17682, RCDA HL 00935 and a PMA fellowship to JO Bell)
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86 DESENSITIZATION IS VERY EXTENSIVE IN AN S49 HOUSE LYMPHOMA VARIANT WITH LOW PDE ACTIVITY.
R. W. Butcher, R. Barber, and T. Goka. University of Texas Graduate School of Biomedical

Sciences, Laboratorles or Cyclic Nucleotide Research, P.O. Box 20334, Houston, Texas 77225.
A variant of S49 cultured lymphoa cells (Sir) deficient in cAlH dependent protein kinase activity

and with low phosphodiesterase (POE) activities has been isolated and partially characterized by
Bourne et al. (J. Cell. Physiol. 85: 611-620). This low PDE activity in Bir cells made the variant an
attractive one for detailed studies of intracellular cAMP metabolism. We have found that, as expected
from the low phosphodiesterase activity previously reported, the cANP turnover rate in Bir cells is
relatively slow (ti - 18-23 min at 37

0
C). Further, cAlP levels in unstimulated cells ranged from

about I to 5 of cellular ATP (i.e., 20-10tjM or 100-500 puol/lg protein). These level are many
times higher than most S49 WT cells, and they made measurements of turnover in the absence of a hor-
mone possible. The turnover constant for cAMP in unstimulated cells rate is 0.030 ± 0.0031/min. This
is not significantly different than the value measured during epinephrine stimulation, which in 0.035

± 0.004/mn. The turnover values were used to determine precise levels of adenylate cyclase activity
throughout the time course of epinephrine stimulation. Desensitizarion was both rapid and profound,
with the level of adenylate cyclase activity falling by 70% within the first 4 min of stimulation.
This suggests that desensitization may be a very major factor in the attenuation of catecholamine
action, at least in some cell types. Further, epinephrine induced desensitization in Bir cells is
manifested by an experimentally demonstrable left shift of the EC50 . Conversely, S49 WT cells re-
sponded to desensitization such that EC5o was shifted to the right. We hypothesize that these phenom-
ena may, at least in part, be secondary to the differences in the speed and extent of desensitization
in the two cell types.

87
PSEUDOIffPOPARATHYRDIDISM TYPE I& - DECREASD TRANSCRIPTION OF MULTIPLE PUNKS OF Go as-

A. Carter, C. Hardin, R. Collins, P. Bray*, C. Simons, and A. Spiegel, Metabolic Diseases Branch,
NIDDK, and *Laboratory of Biochemical Genetics, NHLBI, NIH, Bethesda, ND

Pseudohypoparathyroidiom (M) Type I& is a genetic disorder characterized by target organ
resistance to multiple hormones acting via stimulation of clAP. Several laboratories have
demonstrated that plasma membranes from subjects with IMP Ia have decreased activity of the
stimulatory guanine oucleotide binding protein (Gs ) associated with adenylate cyclase. Cholera-
toxin labeling of the a subunit of Go is also reduced in plasm membranes from subjects with PEP
I&. Using bovine and human cDNA probes for G-a w have performed Northern blot and S1 analysis of
total RNA extracted from fibroblasts of normal and PEP individuals. Of 5 patients studied, four
show decreased steady-state levels of Ga-n mRMA. Gs-a =RNA exists in at least two form (long and
short), differing by approximately 45 bp. These are not distinguished by Northern blot
hybridization but can be distinguished by $1 nuclease protection assay. SI analysis indicates that
both long and short forms are decreased in subjects with PEP. Moreover, there appears to be no
significant change in the ratio of long to short form in PEP compared with normal individuals. It
appears likely that in some cases of PEP Type I&, the genetic lesion affects som component of the
transcription of multiple forma of the Gs-n subunit.

88 The Effects of 49Cl, Byr , and the Cyclic GNP-Dependent Phosphoalesterase on the
Rhodopsfn-promoted GTPase of Tvansdub1n. R. Cerione, N. Lakonishok, R. Somers, and A. Spiegel.
Cornell U., Ithaca, NY 14853, NIH, BethesdaT,51M.

The GTPase cycle of the retinal nucleotide regulatory protein, transducin (TO), has been

examined after reconstituting the pure components of the phototransduction system into lipid
vesicles. Transducin, alone, has little or no GTPase activity; however, the addition of TO to
lipid vesicles containing RHO results in the activation of multiple TO molecules (per molecule of
RHO) and a significant GTPase (a 1 mol Pi released per min. per mol TO). Dose response curves
for the effects of MgCl2 on the RHO-stimulated GTPase are complex and include both stimulatory
and inhibitory phases. Other salts such as KC1 only partially mimic the stimulatory phase,
suggesting that the effects by NgCI reflect specific interactions between the divalent metal and
TO and/or RHO. The addition of thee pure By complex to RHO/TD vesicles can also increase the
RHO-stimulated GTPase activity. This stimulation is dependent on both LMgCl ] and [By I and
appears to reflect the promotion by By of the RHO-nT GOP interactions which ocur at the lutset
of each new GTPase cycle. The tnclusfJn of the pure cyclic GNP-dependent phosphodiesterase (PDE)

in the reconstituted RHO/TD vesicle systems has no significant effect on the RHO-stimulated
GTPase activity, either in the absence or presence of the substrate cyclic GNP, or its
8-bromo-analog. Overall the results obtained from these studies now suggest 1) subunit
dissociation of TO must occur within the time frame of the activation-deactivation cycle of this
protein and 2) the interaction of the effector enzyme (POE) with TO has no significant effect on

the rate of deactivation (GTPase) of TO.
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89 WIDIN TMICATI
ON 

ir A (M MM ORM Am= CYCLIC WCL~t 2Pi I] ASZ FM
DIV 3 SPCI. f. Charbonneau, N. Beier*, l.A. Walsh, and J.A. Beavo*. Departments of
Biochemistry and *Pharmacology, University of Washington, Seattle, WA 98195. Multiple forms of
cyclic nucleotide phosphodieaterase (PDE) differing in apparent molecular weight, substrate
specificity, immanologic reactivity, and mode of regulation have been identified within the same

tissues and in many cases the same cell. In order to understand the structural basis for the diverse
catalytic and regulatory properties of these PDR isozymas, we have determined the partial amino acid
sequences of two bovine isozymes, the 61 KDa calmodulin-dependent PD and the cCP-stimulated PDE.
The partial amino acid sequence of the bovine enzymes have been examined for homologous segments and
have been compared to the predicted amino acid sequences derived from the recently determined
nucleotide sequences of the yeast PDE2 gene (P. Sas, .J. Field, J. Nikawa, T. Toda, and M. Wigler,
Proc. Natl. Acad. Sci. USA, manuscript submitted) and the Drosophila dunce* gene (C.-N. Chen, S.

Den5,ome nd R.L. Davis, Proc. Natl. Acad. Sci. USA, manuscript submitted). These comparisons show
that despite their distinct sizes, diverse phylogeny, and different regulatory properties all four
enzymes display structural homology within a single domain of about 270 residues. For example, there

is 41Z sequence identity between the domains of the dunce+ gene product and the calmodulin-dependent
POE. The absence of absolute sequence identity between the two bovine enzymes shows that they are
unique gene products that are not produced by alternative processing of either a single mRBNA
precursor or a larger polypeptide chain. These homologous domains may comprise the catalytic site in
these PDEs. Limited proteolytic studies are being conducted in an attempt to isolate and sequence

fragments of the bovine isozymes that retain catalytic activity.

90 REGUIATION OF R06 cGMP POE BY RRODOPSIN PHOSPUORYLATION AND 48K PROTEIN, Deborah A
19A. James L Miller, and Burton J. Litmsn, Department of Biochemistry, University of

Virginia, School of Medicine, Charlottesville, Vs. 22908.

Rhodopsin species containing 0. 2 and >4 (high) phosphates per rhodopain (PIR) were purified and
reconstituted into pbospbatidylcholine vesicles. These vesicle preparations were used to

investigate the light-dependent activation of the rod outer segment cGMP phosphodiestersse (PDR) in
the absence and presence of purified 48'd protein (48). In the absence of 48K, a graded reduction

in the maximum velocity (V 8 ) of "idht-scimuleted PDE activity was observed with increasing
rhodopein phosphorylation. The .nhibition of PDB V was greatest following low fractional
rhodopsin bleaches and became Less prosounced at higher lractional rhodopsin bleaches. Following

bleaches of 0.01 and It' the Vs of che PON in the high P/B vesicles was reduced by 851 and 302

respectively, relative to the 0-awi control vesicles. Phosphorylation alone had no significant
effect on the lifetime of the active rhodopein species (Rho*) ( 'r f(l/e) -&OOsec).

The effect of adding 461 to the assy mixture was iavestigetea at several bleach levels. The
molar ratios of 48K:Rbo' ranged between 20:1 end 2:1. Addition of 461 did not change -l ff for 0 P/1
vesicles, however, it did produce a slight reduction in the PDE V . In contrast, o for high
P/R vesicle samples was reduced by "85Z in the presence of 48K (? % >AOOsec to <70sec), whereas,
the V was reduced by an additional 20Z beyond that produced by phosphorylatiou in the absence of
4a (4ft bleach). When ATP was included in the reaction mixture, there was no further effect on
76'f or V . These results demonstrate that rhodopsin phosphorylation is a necessary requirement

to effect POE V0a6 and off of Rho*. Supported by NIS grant E00548.

91 Cr(IlI) GUANINE NUCLEOTIDE COMPLEXES AS PROBES FOR GTP-BINOING IN BOVINE TRANSOUCIN.
Suzanne E. Frey and Yee-Kin No, Department of Biological Chemistry, University of

Illinois at Chicago, Health Sciences Center, Chicago, Illinois 60612.
We have synthesized Cr(IlI)-By bidentate GTP and Gpp(NH)p complexes to probe the GTP binding

activities of transducin. Cr(III)-GTP at ten-fold higher concentration of Ng-GTP promoted the

light-activation of the POE. The hydrolysis of the bound GTP as monitored by the decrease of the
activated POE activity indicated that both complexes were hydolyzed at the same rate. However,
using [Y-

3 2
P]Cr(Ill).GTP as substrate, it was shown that Cr(IIl)-GTP was degraded five times

slower then NgGTP in the photo-activating cycle. Unlike the transducin-Mg-GTP which dissociated
from the rhodopsin membrane, the transducin-Cr(lll).GTP complexes were found tightly associated
with the photolyzed rhodopsin. The different Cr([II)-GTP hydrolysis rates could be explained in
the following terms. In the radioactive tracer assay, the lack of free photgyzed-rhodopsin for
repeated activation of transducin could lead to a slower hydrolysis of the [ 

3
P]Cr(III)'GTP.

However, in the POE assay the membrane bound POE only interacts with the membrane-associated

transducin-f-GTP or -Cr(III)'GTP complexes for its activation. The measure of the decrease of

the POE activity could not sense the soluble transducin-Mg-GTP which could remain active in
hydrolyzing 6TP. Therefore, a similar turnover rate was observed. These results suggest that the

activation of the cGMP cascade remains a membrane-associated event. Cr(III).Gpp(NH)p was found to
behave similarly to Mg'Gpp(NH)p which bound tightly to transducin. The stereo-isomers of the
Cr(lII)-Gpp(NH)p complex were separated by reverse phase HPLC. All isomers were found capable in
activating the POE. No significant stereospecificity of the Cr(III).Gpp(NH)p complexes was observed.
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92 PURIFICATION AND IMMUNOCHEMICAL CHARACTERIZATION OF THE MAJOR PERTUSSIS TOXIN SUBSTRATE OF

BOVINE NEUTROPHILS: P. Gierschik*. D. Sidiropoulos*, A. Spiegel+, and K.H. Jakobs*, *Pharmakologisches
Institut der Universita-t Heidelberg, FRG, and +Metabolic Diseases Branch, NIADDK, NIH, Bethesda, MD.

Bovine peripheral neutrophils contain high levels of a 40 kDal pertussis toxin (PT) substrate, which
was found in both plasma membrane and cytosolic, but not in granular fractions upon subcellular
fractionation. The 36 kDal beta subunit, common to all known PT substrates, was exclusively found in
plasma membrane fractions. Both the 40 kDal protein and beta subunits were purified from plasma
membranes to near homogeneity by sequential ion exchange, gel filtration, and hydrophobic chromato-
graphy. The purified 40 kDal protein was shown to interact with homologous and heterologous
beta/gamma complexes, undergo ADP-ribosylation by PT and bind guanine nucleotides. The mobility of
the protein on SDS polyacrylamide gels differs slightly from those of the alpha subunits of
transducin (Gt), G and Gi, purified from bovine retinas and brain, respectively. Several polyclonal
antisera against the alpha subunits of bovine Gt and Go did not react with the 40 kDal neutrophil
protein on immunoblots. CW 6, a polyclonal antiserum reactive against bovine Gi alpha, reacted only
minimally with the 40 kDal neutrophil protein. These results suggest that the major PT substrate of
bovine neutrophils is different from previously identified substrates and may represent a novel
guanine nucleotide binding protein.

93 BOVINE PHOTORECEPTOR PHOSPHODIESTERASE NONCATALYTIC CYCLIC GMP BINDING SITES ARE ENRICHED
IN A DISTANT ISOZYME. Peter G. Gillespie and Joe A. Beavo, Department of Pharmacology SJ-30, Uni-
versity of Washington, Seattle, Washington 98195.

It has been reported that frog rod outer segment phosphodiesterase (PDE) contains high-affinity,
non-catalytic cyclic GMP (cGMP) binding sites (Yamazaki et al., J. Biol. Chem., 255:11619, 1980). We
have begun to characterize the binding sites of outer segment phosphodiesterases from bovine retinas,
where greater amounts of protein can be easily obtained.

Bovine photoreceptor phosphodiesterase isozymes were separated into two major peaks by anion
exchange chromatography of hypotonic retinal extracts. The peak of activity eluting at lower con-
ductivity (peak I) is the predominant form in cones, while the bulk of the PDE activity (peak II) is
derived from rods (Hurwitz et al., J. Biol. Chem., 260:568, 1985). [ 3]cGMP binding to PDE is sub-
stantially greater in peak I than in peak II. Scatchard analysis of peak I binding indicated a
single class of binding sites, with KD - 12 nM. The maximal binding (B ) was 10.1 pmoles cGMP
bound per unit of PDE activity. Scatchard plots of peak II cGMP binding were curved; analysis of the

data, assuming two noninteracting classes of binding sites, indicated K, values of 16 and 234 oH. The
B for peak II per unit activity was 10- to 20-fold less than for pear I. Peak I cGMP binding was
s~mxulated by IBMX and inhibited by cGMP analogs with order of potency (Sp)cGMPS>(Rp)cGMPS>cGMP>
8-Br-cGMP. Several criterea suggest that the binding site is distinct from the catalytic site.
These experiments indicate significant differences in cyclic GMP binding between the forms of photo-
receptor phosphodiesterase.

94 NEURAL REGULATION OF ADENTLATE CYCLASE IN RAT BROWN ADIPOSE TISSUE. J.L A.rannm".
Center for Cell Biology, Sinai Hospital of Detroit, Detroit, Mi 48235.

Many tissues decrease their responsiveness after exposure to increased levels of stimulation. In
contrast, we have reported that cold exposure, which increased sympathetic nerve stimulation of
brown adipose tissue (BAT) in rats. increased the responsiveness of adenylate cyclase to norepineph-
rine and fluoride. We are examining the molecular basis of the increase in adenylate cyclase
rqnnonsiveness and have found that exposing rats to 4*C for 3 days increased cholera toxin-catalyzed
IP]-ADP ribosylation of the stimulatory regulatory protein of adenylate cyclase (C*) in BAT
membranes by 2-3 times. The increase in labelling of G, corresponded to the observed increase in
adenylate cyclase activity. Furthermore. surgical denervation of BAT prevented both the increased
labelling of Cs and the sensitization of adenylate cyclase. indicating that both result from
increased neural stimulation of the tissue. In contrast, cold exposure did not alter pertussis
toxin-catalyzed ADP-ribosylation of the inhibitory regulatory protein. Additional studies demon-
strated that detergent extraction normalized adenylate cyclase activity to guanylyl-5'-imidodiphos-
pate stimulation without affecting the supersensitive response to fluoride, and that the supersensi-
tive response to fluoride was reversed after reconstitution of detergent extracts into membranes of
849 cyc- lymphoma cells. We conclude that neural activation of BAT sensitizes adenylate cyclase by
altering C. The exact nature of this change is not certain, but it may result from the interaction
of G. with membrane components that are unique to membranes of cold-exposed rats. Supported by RIH
grant AN 37006.



95 POSSIBLE MECHANISM FOR INTRANEURONAL REGULATION OF ADEXYLATE CYCLASE: NUCLEOTIDE TRANSFER
BETWEEN GTP-BINDI1G PROTEINS. Shinichi Hatt&, Marietta M. Marcus. Yuko Hatts and Mark M. Rasenick
Department of Physiology and Biophysics, University of Illinois College of Medicine. Chicago, IL
60680

p
3
-azidoanilido-PI-5'GTP (AAGTP) is an hydrolysis-resistant, photoaffinity GTP analog which is

capable of supporting activation or inhibition of adenylate cyclase which is sustained subsequent to
buffer washing of membranes. Under conditions where adenylate cyclase inhibition is seen,
photoaffinity analysis of synaptic membranes indicates 

32
p AAGTP bound to the inhibitory, 40 [Da

GTP-binding protein [GNi]. If these membranes are then incubated under conditions which reverse the
inhibition of adenylate cyclase, and the membranes are subsequently subjected to UV irradiation,
AAGTP appears bound to the stimulatory GTP-binding protein [GNs]. The degree of AAGTP appearing on
GNs is proportional to the reversal of adenylate cyclase inhibition, and the sum of AAGTP bound to
GNs and GNi is constant. These results are consistent with direct transfer of nucleotide between
GNi and GNs. Whereas Mg++ is required for AAGTP binding to GNi and for the transfer of AAGTP
between GNi and GNs, it is not required for AACTP binding to GNs. The phenomenon of AAGTP transfer
between GNi and GNs as well as the existence of a novel 32 KWa AAGTP-binding protein has been
observed, thus far, only in membranes from neural crest cells. Due to the slow GTPase activity
expressed by GNs and GNi, exchange of GTP between GN proteins Is a possibility. We believe that the
phenomenon of nucleotide transfer between GNs and GNi may represent a mechanism for the
intracellular regulation of adenylate cyclase in nervous tissue.

96 GUANINE NUCLEOTIDE REGULATORY PROTEINS IN THE ADRENAL CORTEX
William P. Hausdorff. Grett Aguilera, and Kevin .. Catt, NICVD, NIB, Bethesda, ND 20692

We examined the effects of pertussis toxin (PT) on gloseruloss cell responses to angiotensin II
(All) and somatostatin (SRIF), which respectively stimulate and inhibit aldosterone production by
the adrenal gland. Both hormones inhibit cAMF accumulation in isolated glomerulosa cells, and this
effect was attenuated by prior exposure to PT. The toxin also blocked the ability of SRIF to
inhibit the aldosterone response to I nM All. However, PT effects on the stimulation of steroid
production by All alone were more complex. All elicits a biphasic steroid response in which All
concentrations up to 10 nM caused dose-dependent increases in aldosterone release; this response
was unaffected by PT treatment. At higher hormone concentrations steroid output begs 5 to decline,
and this response was blocked by the toxin. In studies with radiolabeled ligands, I-Tyr -SRIF
binding to permeallized cells became almost undetectable following PT pretreatment. Under the
same conditions, I-AII binding, and the inhibitory effects of guanine nucleotides thereupon,
were apparently unperturbed. We also detected a low K GTPase activity in permeabilized cells that
is specifically39timulated by All, and this activity wis found to be refractory to PT pretreatment.
Studies with [ -P]NAD revealed a 40-41 kDa band that was specifically ADP-ribosylated in the
presence of the toxin; immunoblot studies indicated that this protein was not the a subunit of N .
These results are consistent with a model in which low concentrations of All (< 10 nX) couple t~e
All receptor to a PT-insensitive guanine nucleotide binding protein (N ) that activates polyphos-
phoinositide hydrolysis and stimulates steroid production. Furthermort, SRI? or high concentra-
tions (> 10 nN) of All activate N and cause partial inhibition of the aldosterone response eli-
cited by physiological All concentiVations.

97 N-PROTEIN-MEOIATED INHIBITORY EFFECT OF OPIATES ON VOLTAGE-OEPENOENT CALCIUM CHANNELS IN
NEUROBLASTOMA X GLIOMA HYBRIDS. 3.Hescheler, W.Rosenthal. W.Trautwein. and G.Schultz.

II. Phystologisches Institut, Universitit des Saerlandes. 0-6650 Homburg/Smar. F.R.G.. end Institut
for Phermsakologie. Frete Universitt Berlin. D-1000 Berlin 33. F.R.G.

In neuroblastoma x glioma hybrid cells (108CC15, NxG calls), opiates and H0-adrenergic alonists
cause adenylate cyclase inhibition. presumably vie N1. the inhibitory N-protein. Nj and No, an-
other N-protein with unknown function. are substrates o0 a. pertussis toxin (PT) in NxG cells. Ef-
fects of opiates and ,---edrenergic agonists on voltage-dependent calcium cheanels were studied In
differentiattd NxG cels, using the whole cell clamp technique with 10.8 44 Be * as charge carrier.
0-Ala .D-Leu -enkaphalin (DADLE) concentration-dependently reduced the calcium current (I
Maximal and almost complete inhibition of IC ms seen with 1 VM [DkLE, whose effect ws half-...i-
msal between 10 and 100 jM. Morphine (10-100 C'P) and adrenaline (10-100 p11) plus propranolol (10 p14)
had smller inhibitory effcts on ' C . cerbachol (10-100 )M) was without effect. The DADLE effect
was rapidly reversed by washing or 8y addition of naloxone (10 pi). Intracellular application of
GTPIS (10-100 Wk) through the patch electrode mimicked the DACLE effect. The effect of OALE but not
that of GTPXS was blocked by about 90 by pretreatment with PT (200 ng/ml) for several hours. The
[ADLE affec on I in PT-treated cells was restored by intrecellular application of N and N
purified from porciRe brain; the -subunit of N was more potent than N in restoring h. 0ADL9
effect on I . These data indicate that PT-sensftive N-proteins. most likely N , are involved in
functional Kpling of opiate receptors to voltage-dopendent neuronsl calcium chanxels.
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9 ACTIVATION OF PHOSPIOLIPAS C IN RABBIT PLATET MIBRAIIRS BY OTPyS OR BY THUGIDIN AND GTP.
J. K. Ns~liah. N. Cult. an~d •. 1. Ek-nq. Dept. of Pathology, MNaster Univ.. Hemilton, Oat., Canada.

Rabbit platelets were labelled with (3Hi]noaitol and lysed by freezing and thawing In 100 BH KCI,
25 al Hopes (pH ?.), 2.5 mm RTA, i m NtgTP and 0.5 sm k2+free. The membrane fraction was washed
twine at 0 C in this odium minus EC1 and was finally resuspended in medium with KCI. Samples were
incubated for 10 min at 250C. Addition of CaC1 2 to give 0.1 pN Ca2 *freo led to the formation of
[C3 ]inoaitol sonophosphate (IP) and biapbosphate (IP2 ) in a ratio of about 1:5. Further addition of
10 UN OTPyS increased IP about 3-told and IP 2 about 5-fold. Little (3H]oositol triphosphate
(IP 3 ) acumulated (<10S of IP2), even when unlabelled IP3 wan added. GTPYS was ineffective in the
absence of Ca

2
. Half-maximal effects were observed with 0.3 IN GTPyS. Measuremat of the 3H in

membrane phoaphatidylinositol (PI), phophatidylinositol 4-phosphate (PIP) and phosphatidylinoaitol
4,5-bispboophate (PIP2 ) gave initial ration of 9:3:1 and demonstrated a 30% increase in PIP2 in
control incubations. Addition o 10 1d GTPyS prevented this inorease in PIP2 and led to a 20%
decrease in PIP. OTP (1-100 uM) also Increased IP2 formation but only to the level observed with
0.2 AN TPyS. Thrombin (2 units/al) induced only small Inereaes in IP 2 in the absence of added GTP
but, in the presence of 110 N OTP increased IP and IP2 to the same extent an 10 14 TPyS. Synergism
was also obsarved between thrombin and 0.1 uM OTPyS. PIP wan again the major source of IP 2 ; little
IP 3 wan formed. The effects of thrombin in the presence or absence of GTP and of GTPyS were
inhibited by 400 pM ODP$. The results indicate that a O-protein mediates the activation of
phospholipase C by thrombin in the platelet and suggeat that PIP is a major substrate of this easyme.

Supported by the Medical Research Council of Canada and the Heart and Stroke Foundation of Ontario.

99 THE ft SJ"BITS OF TRAMIXIN ACTIVATE AND THE a S=MUNIT INHIBITS PHOSPIIPASE A2 .
C.L. Jelsema and J. Axelrod. NIM, Bethesda MD 20892.

Trasw-in (Td), the major GTP-binding protein (G protein) of the retina, has been demonstrated
to couple photoexcitation of rhodopsin to activation of phospholipase A. (PLA.) in rod oter segments
(ROS) of bovine retina (Jelsema, Fed. Proc. 45, 1560), as measured by liberation of arachidonate from
phosphatidylcholine in in vitro assays of PLA.. Loss of Td from dark-adapted ROS membranes was
accompanied by loss of lTght-tivated PLA, wflereas addition of purified Td to Td-depleted ROS
partially restored the light-stimulated PLT, activity. Addition of GTPyS, which mimics the light-
induced dissociation of Td into subunits, aIso increased PLA., activation associated with the addition
of exogenous Td to Td-depleted itOS. Pertussis toxin pretreament of Td, which prevents subunit
dissociation, also prevented PLA, activation by Td. These results indicate a requirement for subunit
dissociation in the Td-mediated Activation of PLA,. To examine the role of the individual Td subunits
in modulation of PLA,, purified Td was obtained bg GT-extraction of purified, light-activated ROS and
__M andqy subunit§ were separated by two different methods following activation of pure T' with
Al , Mg , and Fl . The isolated subunits were then added to either Td-depleted, dark-adapted ROS
or to soluble snake venom Pt . Addition of the isolated a or BY subunits, prepared by either
method, were each found to attmulate the PLTA activity of both Td-depleted ROS and the soluble enzyme.
The activation associated with the B subwits, however, was consistently 3 to 5 times the activation
associated with the isolated a subunit. Addition of the a and BY subunits together inhibited the
stimulation observed with the individual subunits. This inhibition was prevented by addition of GI'71S
and enhanced by pretreatment with pertusais toxin. These results suggest a stimulatory role for the By
subunits of Td and an inhibitory role for the 0 subunit in the modulation of PLA2 "

100 IMNUNOCYTOCHEMICAL DISTRIBUTION OF CaM-DEPENDENT PHOSPHODIESTERASE IN RAT BRAIN:
EVIDENCE FoR SELECTIVE EXPRESSION AND TRANS-SYNAPTIC REGULATION. R. L. Kincaid*, C. D. Balaban*,
M. L. Billingsley**. +NHLBI, NIH, Bethesda, MD., Depts. of *Anatomy and **Pharmacology,
Pennsylvania State University, Hershey, PA.

Antibodies to bovine brain CaM-dependent cyclic nucleotide phosphodiesterase (PDE) were raised
in rabbits and further purified by affinity chromatography on Protein-A Sepharose and PDE-Sepharose.
These were characterized by imunoprecipitation, solid-phase assays (ELISA), Western blot and immuno-
affinity chromatography analysis to be specific for the CaM-dependent form of PDE; no cross-
reactivity to other phosphodiesterases, CaM-binding proteins or cytosolic brain proteins was seen.
Enzyme activity could be removed from brain supernatant by immunoadsorption and quantitatively
recovered in the pellet. Immunolocalization in rat brain demonstrated very high concentrations of
PDE in dendritic fields of cerebellar Purkinje cells, as well as pyramidal cells in cerebral cortex
and hippocampus; some areas such as hypothalamus showed very little immunoreactivity. These data
suggest selective expression of this enzyme in major output neurons of the central nervous system,
many of which exhibit Ca and cyclic nucleotide-dependent electrophysiologic responses. Furthermore,
selective pharmacologic lesions of climbing fiber input to Purkinje cells result in a virtually
complete loss of immunoreactivity in the dendrites, while not affecting that in other brain regions.
Imunoblor analysis of whole cerebellum after such treatment indicated a decrease of > 752 in PDE
content. These findings are consistent with trans-synaptic control of PDE expression in these
neurons and suggest a role for the enzyme in intraneuronal integration.



101 CI44RACIERIZATION OF N-P437EIN SUBUNITS B3Y TWO-OIIENSIO4AL GEL ELECTROPHDRESIS (20.-PAGE).
0. Koesling, N. Peugost. C. Kleuss and W. Rosenthal .

In$ titut fOr Phermakologie. Freie Universitfit Berlin. 0-1000 Berlin 33. FA.RG
In human neutraphil leukocytes (PflNs). pertussis toxin (PT)-ssnsitive N-proteins are involved in

trensmembrenous signalling between the receptor far chemotactic peptides and verious effector systems
including phospholipase C (PLC). The PT-sensitivity of the P9*4 N-protein involved in PLC stimsulation
is in contrast to other tissues where PLC is apperently regulated by e PT-insensitive N-protein. We
comrpared the PT subtrates i 32 mmraones of Pt4Ns. human erythr'ocytes (RBCa) end human platelets. Mem-
branes were incubated with P-WA and PT and consequently analyzed by 20-PAGE. Rediolabelled pro-
teins were visualized by outoradiography. In all 3 tissues, a major PT substrate of 40 kos and a pI
value ot aot 5.3 was identified. Only in P9*4 membrenes. a second major PT substrata of 40 k~s with
a pI value of about S.4 was observed. Compared to the more acidic substrate. Lubrol PX and al-coirplex
overproportionally increased incorporation of radioactivity into the P9*-specific paptide. We con-
clude that P9IN membranes contain a cell-specific PT-sensitive N-protein. - We also used 20-PAGE for
the characterization of N-protein S-subun' ti. B-Subuits wars detected by iwainoblotting. using an
antiserum against transducin (To), which recognized all TO subunits and cross-reacted with the 36 k~a
B-subunit of N5 , N and N .N-proteins purified from porcine brain and crude choae extracts
of brain and .~smasbenes wge tested. In preparations of purified N~ or N and in the crude ex-
tracts from both tissues, two iwmnoreactive pep tides of 36 k~a ware Iidentffied which differed in
their pI values by 0.15 pH4 units. The occurence of different 36 k~a B-subunits say be explained by
posttranslational modification.

102 PROTEIN KINASES AND PROTEIN PROSPHATASES AS REGIATORY ENZYMES FOR CALCIU14 TRtANSPORT
IN CARDIAC SAICOPLASMIC RETICULUM. E.G. ErsoisS. A. Davis and J. Di Salvo, Univ.

of Cincinnati College of Medicine, Cincinnati. ORt 45267-0575.
Calcium transport by cardiac sarcoplasuic reticulum CSR) appears to be regulated through phosphory-

lation of phospholsaban, a 24,000 dalton polymeric prteolipid. Phospholamban is phosphorylated by
cAMP-dependent protein kinase and by an endogenous CaZ.calmodulin(CAJ4)-depenident protein kinase ohich
is regulated by calcium concentrations similar to those occurring intracellularly during contraction
and relaxation of the cardiac muscle. Phosphorylation of phoapholaban by cANP-dependent or by Ce

2
+.-

CAN-dependent protein kinse is aasociated with increased rates of calcium transport, which reflects
an increased affinity of the transport protein for calcium. Phosphorylation of phoapholamban by cANT'-
dependent and Ca2 4 .CAN-dependent protein kinases occurs in an Independent manner. The stisulatory
effects of the two protein kinases on the calcium pump may be reversed by an endogenous protein
phosphatase activity. Dephosphorylation of phoapholamban results in a reduction of the stimulation on
calcium transport produced by the protein kinases. Rephosphorylation of phospholamban by protein
kinases causes full recovery of the stimulation on calcium transport and reversal of the effects
mediated by the protein phosphates*. The ptospholamban protein phosphatase my be solubilized from
cardiac Sit membranes by Triton X-100 and subsequently purified by chromatography on Mono Q) HE 5/5 and
polylysine agarose columns. Wdhen subjected to sucrose density centrifugation the SR protein phoaphe-
tase appears to have a Mr, of 46,000. These findings indicate that the calcium pump in cardiac SK is
under reversible regulation by protein kinase(s) and protein phosphatase(s). Such regulation may
represent an Important control mechanism for the myocardium. (Supported by 14TH grants MlL 26057, IlL
22619 and HlL 20196).

103 INSULIN-DEPENDENT PHOSPHORYLATION OF G PROTEINS IN PHOSPHOLIPID VESICLES by J.
Krupinsk1, N. Lakonishok, J. Benovic, and R. Cerione, Cornell U., Ithaca, NY 14853, Duke U.,
DURmi IiRC 27710.

We have investigated the involvement of GTP binding proteins (G proteins) in insulin action by
co-reconstituting tyrosine agarose-purif led, or insu Iin-sepharose purified, insulin receptors and
G proteins into phospholipid vesicles. When pertussis toxin sensitive G proteins from bovine
brain (6 and G ) are used in the co-reconstitution, an insulin-stimuilated phosphorylatton of the
th Co anA a d y subunits of the heterotrimeric G proteins results. Udrotmlcniin
tis phosph~rylation is equal in extent to the insulin-stioulated phosphorylation of the receptor

itself. However, while most of the receptor phosphorylation Occurs at A tyrosine residue, this
is not the case for the phosphorylation of the G proteins, suggesting the involvement of another
kidnase which is present in the tyrosine agarose preparations. The insulin-pomted
phosphorylation of the G proteins requires their co-insertion with insulin receptors into lipid
vesicles, i.e. little or no phesphorylation occurs when these proteins are simply mixed in
detergent solution. Moreover, the insulin-promoted phosphorylation appears to be specific for G
or 6 ; other heterotrimeric GTP binding proteins such as G~ or transducin are poor substitutes R
the itsicles. The 6 proteins cause an enhancement of the SinsulIin-stimulated autophosphorylation
of the purified receptor. This enhancement is in part a reflection of an increased Incorporation
of the insulin receptor into lipid vesicles (induced by the G proteins). Taken together, these
studies provide evidence for the interactions of GTP binding proteins with the insulin receptor
in a lipid milieu.



104 EFFECT Of FERTUSSIS TOXIN ON THE PHOSP1IODIESTERATIC CLEAVAGE Of THE POLrFP4ObIOSITXDES
BY GUANOBINE 5--THIOTRIPHOSPIATE AND THROMBIN IN PEUSEABILIZED HUMAN PLATELETS. Eduardo G.
Lapetina. Department of Molecular Biology, The Wellcome Research Laboratories, Burroughs
Wellomne Co., Research Triangle Park, North Carolina 17709, U.S.A.

Perueabiliaation of human platelets with 15 to 25 mg/al saponin allows ADP-ribosylation by
pertussis toxin ot the ej-atzbunit of G, (11j), a guanine nucleotide-binding regulatory protein. We
have used the same assay conditions to determine phospholipase C In permeabilized platelets.
Guancaine 51-0-thiotriphosphate (GTPYS) activated phospholipase C in permeabilized platelets whose
Inositol phospholipids were prelabeled with [3 H~inositol.* Phospholipase C activity was measured by
[3 Hjpolyphoaphoinositide decreases and formation of (3 Hlinositol bisphosphate and [3 Hjinositol
trisphosphate. Prostacyclin, cyclic AMP or pretreatment of permeabilized platelets with pertussis
toxin did not alter this effect under conditions in which the ai-subunit was effectively ADP-
ribosylated by pertussis toxin. This information indicated that ADP-ribosylation and inactivation
of GI-protein was not directly related to activation or inhibition of platelet phospholipase C by
GTPyS. Thrombin also activated phospholipase C in permeabilized platelets and, surprisingly, this
action was enhanced by enhanced by pertussis toxin pretreatment. This indicates that inactivation
of Gi-protein facilitates the action of thromin on phospholipase C.

105 STIMIULATION OF HUMAN PLATELETS WITH TitYPSIN, THRtOMBIN AND COLLAGEN INHIBIT THE PERTUSSIS
TOZIN-INDOCED ADP-RIBOSYLATION OF A 41i,000 DALTON PROTEIN. Eduardo G. Lapetina, Bryan Reap, and
Lean-Jan Chang. Molecular Biology Department, Burroughs Mellone Co., Research Triangle Park, MC
27709

Permeabilixation of human platelets with 15-25 iag/ml saponin allows the determination of the
ADP-ribosylation of a 41l,000 dalton protein by pertuasis toxin. The ADP-ribosylated protein is
present in the particulate traction. ADP-ribosylation of the 41I,000 dalton protein increases for
20 min; It L not affected by Indomethacin, prostacyclin, and 1,2-diacylglycerols, and is inhibited
by I sMCale and phorbol esters. The stimulation of platelets with TPCI-trypsin, thrombin or
collagen before saponin addition precludes subsequent pertussis toxin-induced ADP-ribosylation of
the 4 1,000 dalton protein. The effect of TPCK- trypsin and thrombin Is blocked by protease
inhibitors such an soybean trypain inhibitor and leupaptin. TPCK-trypsin proteolytically cleaves
the ADP-riboaylated 41000 dalton protein to an ADP-ribosylated fragment slightly smller~ than 20000
dalton. The results =sugest that a modification of a guanine nucleotide-binding regulatory protein
is associated with the action of TPCK-trypain, thrombin and collagen on platelet activation.

106 G PROTEiNS MEDIAT MULTIPLE INIBITORY ACTIONS OP SOMATOSTATI4 IN ATT-20 CELLS.
I jinlrA- AxlAmd, J. and Lewis, D. NIL" Rockville, MID 20852 and NlMNL Betda, MD 20892.

Opiates, GABA, neradrenaline, acetylcbhlne and scnaatcetatin anl act on receptors that inhibit neurosansrmue or hormone
secretion. To study the me0chanism of action of sonatostatin , the use Of A ecretosy clonsl cell line (AtT-20) amenable to
biochemical and electrcpbysiologicai studies, has been advantageous. AtT-2O CCU secrete ACTH in response to an intracel lular

axeeu of cAW umde calchun. T1he inhibition ofcfolyiL~lm via a l.biadnnmmen (Gi) is an already bnow action
of sornstoetatin. Here, we show t 11 'ae se=rat -ahanism of sormatoetatin, both involving a Cj..Wmn. One is the

lshiisi, o vnhsa n~muatcalcum lisnwl In whole CCUl patch clamnp experiments, somatostin reduced t voltage-
dpenden calcium curent. 7he intracellular free calcium conc ntrto(mare by the Quin-2 technique) were also reduced.
Mo en o~f cel Wk M m toxin, which ADP nbcsYlat the GIP bindig proteins Gi and 0%, thereby presumably

iatatintea, aboliWe the action of ,om atottin on both calcium current and intracellular free calcium Intracedluar
apiaonof the soehydrolyxable guanine nuceotide analog OTPS, which irreversibly activates G proteins, changed the

somntostal efetonali tczw from a reversible to an irreversible inhbitbionntracellular G7"S alon cgase a very
Slowidoeelps jj ofclumcznt Tie effect of GIPS on the inhibition of calcium current by somazottm was
not atrdby mhe intracellular appliato of cAUP and IBMX. lTes results suggest that a (3TP-bbxding protein is directly

inolin the :~~neen~,U ec asmeI H ePd inibitiont Of voltag-dependem1 calcium chumnela. A second mechanism is

their efeton cysoliccalcium. This actin of somatostatin was not cagdbylagcoenrtosfcAPnaosndi
was abolished by pertssis toxin. In celk pennahilized with digitonin calcium n dn seretion was inhibited by somaostain
and t ihbition was GOW dependent. In suammy, aootaa .eets inhabit adenylat cyclase. voltage depnI e calcium
ebmanels and a a yet unkown step of dhe secretion process, aill via a G:WI binding protein

7r



107 IMUNOLOGICAL IDENTIFICATION OF THE MAJOR PLATELET LOW KIM cAMP PHOSPHODIESTBRASE: A TARGET
FOR ANTI-THROBOTIC AGENTS AND cAMP-DEPENDENT PNOSPHORYLATION. C.H. Macphee, S.A. Harrison, D.H.
Rifanyder, and J.A. Beavo. Department of Pharmacology, University of Washington, Seattle, WA 98195

A novel low Km cAMP phosphodiesterase (PDE) has recently been purified in our laboratory from
bovine heart (Harrison at. al., Mol. Pharmacol. 29, 506-514, 1986). This enzyme has been designated
as cOW-inhibited PDE since low concentrations of cOW inhibit (Ki-6OnM) cAMP hydrolysis. Western
blot and enzyme activity analyses. using mouse antiserum and monoclonal antibodies, indicated that
more than 90Z of the total low Km cAMP PDE activity in bovine and human platelets resided in a single
11OMa peptide which was imunologically and structurally indistinguishable from the recently
purified heart enzyme. This platelet PDE was found to be extremely susceptible to proteolytic acti-
vation resulting in the formation of 8OKDa and 60lDa fragments. In addition, several known PDE
inhibitor compounds which have been found useful in inhibiting platelet aggregation also inhibited
the platelet low Km cAMP PD! with potencies very similar to their anti-thrombotic effects. Cilosta-
mide, Ro 15-2041, milrinone, papaverine, ISM, and theophylline inhibited the llOU)a platelet enzyme
with I.C. values of 0.04, 0.13, 0.46,1.4, 2.6, and llt11M, respectively. Since both the heart and
platelet I1OKDa PD! can be phosphorylated in vitro by cAMP-dependent kinase we attempted to phos-
phorylate the enzyme in fresh intact human platelets prelabelled with[

32
p]-P04 . Specific im-unoad-

sorbtion of the platelet PDE using solid-phase antibody reagent demonstrated that POE 1 , an agentwhich elevates platelet cytosolic cAMP levels, promoted the rapid (<lMin.) and dose-dependent phos-
phorylation of the llOKDa PDE in intact human platelets.

108 PURIFICATION OF A NEW GTP-BINDING PROTEIN FROM BOVINE BRAIN. M.W. Martin, G.L. Waldo,
T. Evans, J.K. Northup, and T.K. Harden. Dept. of Pharmacology, Univ. of North Carolina School of
Medicine, Chapel Hill, N.C. and Dept. of Pharmacology and Experimental Therapeutics, Univ. of Cal-
gary, Calgary, Alberta, Canada.

A protein that binds guanine nucleotides with high affinity was purified from cholete extracts
of bovine brain membranes by sequential DEAE-Sephacel, Ultrogel 1A-34, heptylamine-Sepharose, and
Sephadex G-150 chromatography. Photoaffinity labelling with (Y- P)-8-azido-GTP indicated that the
GTP-binding activity of the protein is associated with a 25,000 dalton peptide alpha subunit. The
alpha subunit copurified with 35 and 36 kilodalton peptides that were immunologically and electro-
phoretically indistinquishable from the subunita of known GTP-binding proteins. The purified
protein specifically bound 17.2 nmol of/1S-GTPIS per mg protein with high affinity (Kd = 15 nM),
i.e. one mole of GTPYS was bound per mole of native protein, assuming an Mr of 67,000. The protein
is not a substrate for ADP-ribosylation by either pertussis or cholera toxins. The protein puri-
fied from brain coaigrated on SDS-polyacrylamide gels with the OTP-binding protein, Gp, recently
purified from human placental membranes by Evans, et al. (J.Biol.Chem. 261:7052, 1986) and cross-
reacted on Western blots with polyclonal antibodies raised against platelet Gp, but not with anti-
bodies raised to brain Go. The functional activity of this protein is under investigation.
Supported by USPHS Grants GM29536 and NS23019.

109 cDNA CLONING OF THE GTP BTNDING PROTEIN, i, AND OF A NOVEL C PROTEIN, ah. T. Michell,
J.W. Winslowl, J.A. Smith

2
, J.G. Seidman

3 
and E.J. Nesr, lCardiovascular Division,

Brigham and Women's Hospital; 
2
Dept. Molecular Biology and Pathology, Massachusetts General Hospital;

and Depts. of 
1
Medicine, 

2
Pathology and 

3
Genetics, Harvard Medical School, Boston, Massachusetts.

Signal traneduction by receptors in biological membranes is modulated by a family of related GTP
binding proteins (G proteins). A 41 kDa G protein, .i, is implicated in signal transduction by recep-
tors coupled to adenylate cyclase inhibition and by receptors which modulate Ca++ flux and phospho-
inositide metabolism. We have determined the amino acid sequence of peptides isolated from the ai
protein and from a related 39 kDa protein, 0 , both proteins purified from bovine brain. The amino
acid sequences of these peptides show homology with one another, and show 752 sequence identity with
the reported sequences of the G protein traneducin (at). Based upon this striking sequence homology,
we used the cDNA for at to screen a bovine pituitary library, at low hybridization stringency, and
we have isolated and characterized a cDNA clone which encodes oi. The deduced amino acid sequence
of the ai clone demonstrates marked homology to several other OTP binding proteins. Southern blot
analysis of the cloned ai cDNA suggests the presence of two genes encoding this protein, which,
in turn, are distinct from those encoding other G proteins. In addition, we identified a cDNA clone
for a novel, putative C protein, ah, which demonstrates marked sequence homology with other G pro-
teins, but which represents a clearly distinct gene product. Taken together, these data suggest a
new level of complexity in the organization of the 0 protein supergene family, with multiple G pro-
teins of similar overall structural and mechanistic properties likely to be identified ad products
of distinct genes.

A.. .



110 MEMBRANE FLUIDITY GOVERNS THE REGONSTII rTION OF GTP SENSITIVE ADEEYLATE CYCLASE ACTIVITY.
Dianne L. Newton and Werner A. Klee, Laboratory of Molecular Biology, NINH, Bethesda, MD

The role of membrane fluidity in the interactions among adenylate cyclase, the GTP-binding regula-
tory proteins, and the opiate receptor has been studied by reconstitution of these proteins in phos-
pholipid vesicles of varying cmposition. Adenylate cyclase was purified from rat brain membranes by
a combination of forskolin or calmodulin-agarose and wheat germ agglutinin-agarose affinity zhromato-
graphy. The GTP-binding regulatory proteins were purified from rabbit liver and bovine brain by
published procedures (Sternweis et al., J. Biol. Chem. 256, 11517 (1981); Milligan and Klee, J. Biol.
Chem. 260, 2057 (1985). Reconstitution into phospholipI--vesicles was accomplished by dialysis. GTP
insensattve stimulation of adenylate cyclase by G3 and its inhibition by Gi was observed with lipids
of relatively low fluidity, such as asolectin and dipalmitoylphosphatidyl choline (DPPC). The GTP
insensitive stimulation by G3 is enhanced by aluminum fluoride and is inhibited by GI and the BY sub-
unit of transducin. Thus, the activity of G3 in lipids of low fluidity reflects the presence of bound
GDP which is not readily exchangeable with GTP under these conditions. However, GTP analogues do
stimulate G3 and Gi activities when lipids of greater fluidity are used in the reconstitution. 1hus,
dimyristoylphosphatidyl choline (DMPC) and lecithins containing fatty acid moieties of 10 and 12
carbons in length support G3 and Gi activities which are stimulated by GTP analogues. Addition of
cholesterol, which is expected to decrease the fluidity of the CI0-C14 lecithins and increase that of
DPPC, decreased GppNHp stimulated activity with the short chain lipids and did not affect activity with
DPPC. Cholesterol increases the GTP independent activity of G3 when the C12 lecithin is used. Thus,
the GppNHp sensitive activity of Gs requires a highly fluid membrane envirornent, whereas the activity
of the GDP-G3 complex is optimal with lipids of intermediate fluidity.

111 BINDING SITES FOR [
3
H]FORSKOLIN IN MEMBRANES FROM RAT HEART, LUNG. KIDNEY AND LIVER:

Their Regulation by GppNHp. .B. Seamon and C.A. Nelson Center for Drugs and Biologics
FDA Bethesda, ?D 20892

A survey of the characteristics of 3H-forskolin (
3
H-FSK) binding to membranes from various rat tissues

was carried out using a filtration assay. Binding sites have been reported in membranes from rat
brain and human platelets which have a Kd of 20 nM and are increased up to 4-fold in the presence of
GppNHp. 

3
H-FSK binding sites were detected in membranes from rat lung which had a Bmax of 13 fmol/mg

protein which was increased to 113 fmol/mg protein in the presence of GppN~p. Similarly, binding
sites for 

3
H-FSK were detected in meabranes from rat heart which had a Bmax of 127 fmol/mg protein

which was increased to 193 fmol/mg protein in the presence of GppNHp. The binding of 3H-FSK to rat
kidney membranes could only be detected in the presence of GppNHp with a Bmax of 31 fmol/mg protein.
The Kd values for 

3
H-FSK binding in heart, lung, and kidney were 34 n, 29 nM, and 15 nIM, respectively

which is similar to values reported for membranes from rat brain and human platelets. In contrast,
liver membranes had a Kd value of 329 nM for 

3
H-FSK binding. This low affinity binding of 

3
H-FSK had

a Bmax of 3600 fmol/mg protein and was not regulated by GppNHp. There was a linear correlation
between adenylate cyclase activity and the number of 

3
H-FSK binding sites in all tissues except for

liver. It was determined by HPLC chromatography that no degradation of the 
3
H-FSK ligand occurred

during incubations in any of the tissues studied. Current evidence indicates that the formation of

the high affinity binding site for 
3
H-FSK is coincident with the activation of adenylate cyclase via

the guanine nucleotide binding protein. The nature of the low affinity binding site in liver is not
known.

112 GUANINE NUCLEOTIOES STIMULATE NADPH OXIDASE IN PLASMA MEMBRANES OF HUMAN NEUTROPHILS:
EVIDENCE FOR AN INVOLVEMENT OF A GUANINE NUCLEOTIDE-8INOING PROTEIN. R. Seifert. W. Rosen-

thal, and G. Schultz. Pharmakologisches Institut, Freje Universitit Berlin. D-1000 Berlin 33, F.R.G.
The chemotactic peptide, formyl-methionyl-leucyl-phenylalanine (FMLP), binds to specific membrane

receptors and stimulates superoxide formation by NADPH oxidese (NO) in intact human neutrophils. The
effect of FMLP involves a pertussis toxin(PT)-snsitive guanine nucleotide-binding protein (N-pro-
tein). As phorbol 12-myristate 13-acetate (PMA), a potent activator of protein kinase C (PK-C), also
stimulates NO in intact cells, it is widely believed that PK-C-catelyzed phosphorylation of NO or of
a regulatory component is involved in NO stimulation. We studied NO regulation in plasma membranes
purified from unstimulated human neutrophils. In the presence of neutrophil cytosol1 arachidfnic acid
(AA. 10 - 200 I1, peak at 50 ) caused stimulation of NO (up to 2 pmoles x mg- x min- ). Other
long chain unsaturated cis- and trans-fatty acids had similar effects: saturated fatty acids end PMA
did not activate NO. Addition of the stable GTP analogs. GTPIS (10 JAM) and GppNHp (100 M), or NaF
(10n"), which activate N-proteins, prior to or with AA, enhanced NO activity up to 4-fold. The GTP
analogs were wthout affect when added several minutes after AA. GDPOS inhibited the effect of GTPIS.
In membranes from PT-treated neutrophils, the effects of GTPIS and GppN* were not changed. Removal
of cytosolic ATP by hexokinese and glucose suppressed the stimulatory effect of AA but not that of
GTPIS. As trans-fatty acids are not knoan to stimulate PK-C and PK-C purified from chicken gizzard
was no substitute for neutrophil cytosol. the cytosolic cofactor required for NO activation may not
represent PK-C. The data suggest that NO is regulated by an N-protein, independent of activation of
PK-C or elevation of cytoplasmic calcium.
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113 ADENYLATE CYCLASE-LINKED STIMULATORY (Re) AND INHIBITORY (R i ) RECEPTORS AND ASSOCIATED
GTP-BINDING PROTEINS REGULATE INSULIN-STIMULATD PROCESSES IN RAT ADIPOCYTES BY cAMP-INDEPENDEdT
MECHANISMS. IA Simpson, M Kuroda, RC Honnor, SW Cushman, & C Londos, NIH, NIDDK, Bethesda. MD 20892

Rat adipocytes contain receptors whose actions, as defined by effects on adenylate cyclaae, are
either stimulatory (Re ) or inhibitory (Ri), and regulated by their respective GTP-binding com-

plexes, N or Ni. In the absence of Insulin 1uganda for Re (eg. isoproterenol, ACTH) and R, recep-

tors (o. adenosine, PGE 1 ) control IIpolysLs exclusively by modulating cAMP concentration and

cAMP-dependent protein kinase (A-kinase) activity. However, In the presence of Insulin, ligand3
for Re and Rj receptors are shown to control several processes by mechanisms unrelated to cAMP or
A-kinase activity. For example, Rs ligands increase and Ri ligands decrease insulin concentrations
required for Initiation of Insulin-mediated antilipolysis and insulin-stimulated glucose transport
activity. In insulin-stimulated cells, the intrinsic activity of the glucose transporters In the
plasma membrane is increased by R1 ligands and decreased by Rs ligands. In the absence of Rs or Ri
ligands, treatment of cells with cholera or pertussis toxin does not change transport activity.

However, treatment with cholera toxin eliminates the effects of Rs ligands, and treatment with per-
tuss13 toxin eliminates R1 effects on transport. Thus, these cAMP-independent actions of R and Ri
ligands on the glucose transporter are mediated by the No and Ni proteins, respectively. Moreover,
the entire receptor package, both R and R1 , that is linked to adenylate cyclase is linked also to
these oAMP-independent processes. It is concluded that adenylate cyclase Is but one of a number of

proteins which is regulated by a common RsNs'RiNi package In the adipocyte plasma membrane.

114 INSULIN REGULATION OF LIPOLYSIS AND PARTICULATE LOW Km cAMP PHOSPHODIESTERASE (PDE)
ACTIVITY IN RAT ADIPOCYTES. Carolyn J. Smith and Vincent C. Manganiello. Laboratory of Cellular

Metabolism, NHLBI, NIH, Betheda %.'2982
Lipolysis and particulate "low K.," cAMP PIE were studied under conditions "defined" by incubation

of adipocytes with adenosine (Ado) or adenosine deaminase (ADA) without or with Nd-phenylisopropyl-
adenosine (PIA). ADA increased both lipolysis and particulate (not soluble) POE activity (K act
.02 U/mil), with maximal effects at 0.5-i U/ml. PIA inhibited ADA-stimulated lipolysis and POE (Ki

4 nM). Isoproterenol (Iso) increased lipolysis to the same extent with Ado, ADA, or ADA + PIA (10-7M),
but sensitivity to Iso was greater with 4DA (K act " I nM) than Ado or ADA + PIA (K act %, 15 nM).
Maximal lipolysis with ADA alone was 65% that with Iso. Maximal Iso increased POE activity by 190%
with either Ado or ADA + PIA (K act ' 4 nM), but only increased PDE activity by % 20% with ADA which
itself increased PDE activity by '- 165%. Insulin (Ins) inhibited lipolysis stimulated by Iso + Ado (K1
1-10 pM) and increased POE activity , 1652 with Ado (K act 1. 17 pM). With Ado, maximal Ins and Iso to-
gether increased PDE to a greater extent than either alone. Ins inhibited lipolysis stimulated by ADA
alone, but effects of ADA and Ins on POE were not > ADA alone. With ADA, Ins increased POE in the
presence of PIA, PGE1 , and nicotinic acid, agonists which activate N1 - coupled receptors and inhibited
ADA stimulation of lipolysis and PDE. With ADA plus low Iso (< 10 nM) insulin alone inhibited lipoly-
sis; at higher lao, > 4 nM PIA was required for insulin inhibition. These studies point out a close
relationship between presumed effector-induced activation of cAMP dependent protein kinase and acti-
vation of particulate (not soluble) cAMP POE as well as hormone sensitive lipase. In addition they
suggest a possible role for Ni-activation in the regulation of particulate cAMP POE by insulin.

115

DISTINCT PROPERTIES OF PURIFIED KIDNEY HISH AFFINITY CYCLIC AMP(cA) PHOSPHODIESTERASE (Type
IV PDE) S.J. Strada, C.-C. Shen and N.J. Thompson, Dept. Phare., U.of So. Alabama, Mobile, AL 3h668.

High affinity forms of cA PDE from rat heart, kidney and liver tissues were compared to a dog
kidney enzyme purified to a 30-fold higher specific activity than previously reported (Biochem.11
5229, 1979). Type IV kidney POE is separated froi ' 60 kD binding protein identified sith polyclonal
antisera raised against the enzyme complesed with the binding protein which appeared hosgeneous by
classical criteria. Purification has been improved by including Affi-gel blue chromatography between
DEAE fractionation and 9200 gel filtration. The enzyme binds avidly to 4ffi-gel blue allowing
removal of contaminants rapidly and in large quantity. The fold purification of the enzyme from

kidney homogenates is 6000. The Km of the high specific activity enzyme(Il.6 uM1 and pharmacological
specificity are the same as those previously reported. The anximum velocity of the enzyme is 9-20
ueoles/ain/sg in various preparations. 10% SOB gels show ca. O0% of the protein at 6i kO, with
contaminate evident at 63, 47, 34 and 32 kO. DEAE-cellulose fractionation of rat tissue supernatants
resolves Type IV activities from other enzyme forms. These activities can be distinguished by to
inhibition of cA hydrolysis and by pharmacological specificity. Heart is predominantly c inhibited,
liver contains both c9 inhibited and non-inhibited Type IV activities, whereas kidney contains soley

non-ca inhibited activity. All cB inhibited activities are markedly inhibited by cilostaside and
ailrinne whilst kidney-like forms are such more sensitive to inhibition by 60-65442. These studies
indicate that an activity similar to that purified from dog kidney exists in other tissues and that
Type IV enzyme activities can be distinguished on the basis of their sensitivities to inhibition by

c€ and by pharmacological agents. This research is supported by O 33538.
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116 OTOG IT OF GUANINE NUCLBOTIDE AM IONIC RIGUILATORT FACTORS OF OPIOID RECEPTORS.
M. Sas. , G.M. Oetting. J.1. Spain and C.J. Coscia. S.A. Doley Department of Biochemistry. St. Louis

University School of Medicine, 1402 S. Grand Blvd.. St. Louis. MO 63104,

Having established differential ontogeny for p and 6 opioid receptors in rat brain, we have

examined their regulation by mono- and divalent cations and guanine nucleotides (GN) during post-

natal development. These agents are known not only to modulate the receptor binding directly, but
also be required for coupling of opioid receptors to the secondary messenger syetam. The binding of

2U-DADLE (in the presence of 10 nM DAO) was most sensitive to divelen cations during, the filet
weak postnatal with increases over control values as high as 1002 by N . and 702 by Mg8 or Ca .

In contrast, v binding (measured with 1 oN 3R-DACZO) was inhibited by cations and the effect did not

change during development. CTP. Gpp(NH)p. and GDP inhibited u ty 40-60% and 6 binding by 15-302. an

effect that again remained constant throughout development. Ns + substantially increaced the potency
of Ges in all ages. The inbbition of binding by Cpp(NHi)P Na was increasingly reversed at both
sites by the addition of Mn , with adult levels of reversal being achieved by the second week
postnatal. In order to assess whether the GN binding proteins undergo a time-dependent development,
membranes from 5 day old and adult rat brains were labeled with ['

2
P]AD in the presence of partua-

aim toxin. For neonates, an intense labeling of a doublet with molecular weights of 39-41 kDa was

observed corresponding to bands labeled in adults. We conclude that: (1) divalent cations bind to a
site distinct from the GN site; and (2) GN binding proteins appear early in development, but further
work is required to assess whether they are functionally coupled to y/6 opioid receptors in

neonates.

117
CORRELATION OF VANADATE/SLUTATNIONE(VlOS) ACTIVATION AND CYCLIC SMP(cS) INHIBITION OF

RABBIT LIVER PARTICULATE NISH AFFINITY CYCLIC ANP(cA) PHOOPHODIEBTERASE (TYPE IV POE). N.J.

Thompson, N.M. Tan and S.J. Strad, Dept. Phara., U.So.Alabasa, Mobile, AL 3668.

We previously reported activation of particulate Type IV POE activity in rat adipocytes
(Souness et &l., JCNPPR 10s413,1905) by a complex of sodium vanadate and glutathions (VIN8).
Similarly, the mexisus velocity of high affinity liver particulate activity (Kaa0.7) is increased
(2601 above basal) by vanadyl ion complexed with glutathione (10). Other elements capable of the
V-IY valence transition states with SN, e., tungsten. tantallius and niobius will stubetitute
for vanadium. Mixtures of SIN and manganese, chromium or molybdenus are inactive. L-cystains,
cyeteic acid, cysteasine or N-acetyl-cystnins, but not cystaeine, cystine, hosocysteine or
taurine, can substitute for OSN. These results indicate the critical role of the -IN as an
electron donor in the complex activation. Particulate cO POE hydrolysis (Ks-12 u") is not affected
by V/SIH, however, the sensitivity of Type IV POE to c€ inhibition is increased 20-fold by V/I0N
activation. Type IV PDE influenced by these effectors is solubilized with 0.21 Triton 1-100 but
not by 0.4M NCI or hypotonic lysis. Differential centrifugation shows effector localized to light
sicrosomal seebranes. cS inhibits both basal and V/94 activated enzyms activity to the same
extent, suggesting an effect on the sas enzyme activity. In addition, drug inhibition profiles
of cO inhibited and V/SIN activated activity are parallel. These data suggest that V/SIN
complexes ja vjt2 mimic insulin activation of Type IV POE in intact calls. Further, both agents

affect the c@ inhibited form of high affinity ir, hepatic membranes, perhaps via an oxidation-

reduction mechanism. Research supported by UIPNS grant SN 33538.

118 DEDUCED AMINO ACID SEQUENCE OF A cDNA CLONE FOR BOVINE GOn.: POTENTIAL CaOLERAGEN AND

PERTUSSIS TOXIN MODIFICATION SITES AND SIMILARITIES TO OTHER GUANYL NUCLEOTIDE-BINDING PROTEINS. K.P.
Van Meurs*, C.W. Angus*, S.R. Price*, S.-C. Tsai*, R. Adamik*, S. Lavu

+
, M.-F. Kung+

+
, 1. Moss*, and H.

Vaugha•n. aNational Heart, Lung, and Blood Institute, NIH, Bethesda, MD; +PRI and ++BRMP, National
Cancer institute, Frederick Cancer Research Facility, Frederick, MD.

Guanyl nucleotide-binding proteins (GNPs) are critical in the regulation of many receptor-mediated
events. Go is a GNP which interacts functionally with rhodopsin and muscarinic receptors, but is
apparently not involved in regulation of adenylate cyclase. Go is similar to other GNPs in that it is
a heterotrimer of n, B, and y subunits. A cDNA clone (XG09, 'I1.7 kb in length) was isolated from a
bovine retinal AgtlO cDNA library using oligonucleotide probes complementary to sequences found in two

cDNA clones for the alpha subunit of traneducin (Angus et al. (1986) Proc. Natl. Acad. Sci. USA in
press). A comparison of amino acid sequences of tryptic fragments from bovine brain Gun with the
deduced amino acid sequences for XG09 revealed complete identity, consistent with the conclusion that

this clone was derived from a Coo mRA. Analysis of nucleotide and deduced amino acid sequences of

XG09 also revealed significant structural similarities to the a subunits of bovine Gt, Gs and Gi
and rat brain Gee. A009 encodes for an amino acid sequence highly homologous to the region surround-
ing the arginine that is the choleragen ADP-ribosylation site in Gto, and for a carboxy terminal
sequence which contains the cysteine modified by pertussis toxin. The levels of Goo uRNA determined
by Northern analysis were consistent with the observed tissue distribution of the Goa protein. XG09
exhibits characteristics indistinguishable from those observed for Goo and demonstrates substantial
similarities to the alpha subunits of bovine Gt, G and G i and to rat brain Go .

• - lf,



119 INSULIN STIMU1LATION 0F ADIPOCTI CYCLIC AMP PMOSPUODIBSTIRAS1 IS INDSPENDZNT OF
PF.ITUSSIS OR (101EA TOKIN SENSITIVE 1NTERM~IATES. Heather W. Weber, Kirsten Day, Pru-7ae Clung
and M. Michael Appiama, Molecular Bio10gy, University of Southern California, Los Angeles, CA.

Insulin can rapidly reduce cyclic AMP levels in isolated rat adipocytem due to a glucoe
independent stimulation of the dogradative enzyme cyclic AMP phosphsdeaterase. Adenylate cycles*
activity in stimulated by P-adrenergic agents and inhibited by adenosine agonists. Action of these
stimulatory and inhibitory agonieta is mediated by GTP-bindtng proteins (N~ and N , respectively).
It has been suggested that these or related proteins may be involved in the insulin action on the
CAMP phosphodiesterase. Using agonists and antagonists of the adenosine receptor,* it can be shown
that the CAMP phosphodiesterase activation is independent of the regulatory status of the adenylate
cyclase inhibitory receptor.* Pertussia toxin specifically modifies N, so that adenylate cyciase
activity is no longer inhibited by adenosine agonist.. Using partust toxin-treated adipocytes,
it can be shown that insulin can still activate the phoephodiesterase. Cholera toxin modifies Me.
so chat adanylate cyclae activity io fully stimulated. Treatment of adipocytes with Cholera toxin
does not alter the ability of Insulin to stimulate cAMP phosphodiest mrase activity. Treatment of
adipocyts with either toxin cauaes an Increase in the CAMP phosphodiesterase activity over the
control. The ability of isoproterenol to stimulate this enzyme is Inhibited by either toxin
treatment. Wh)ile these resulta Indicate that in adipocytes the stimulation of CAMP
phosphodiesterasa by isoproteresol may involve the adenylate cyclaae regulatory subunits, the
regulation of CAMP phosphodieaterae by insulin is Independent of N or Ni. Supported by American
Diabetes Assoc., So. Cal. Affil., the Kay Fdn. and the USC Faculty Innovation Fund.

120 SPWIS DFPR IN4 VEIIIOAR LOW K , CYCLIC AM HOSPHDIlIRAS NO 111E IN VlM CARDlOIWIC MZSO4S TO
C1-914. bonald E. Ideishear, Dianne C. Klobylarr-Singer,ahIobert P. Steffen, and Dole B. Evans. Warer-Lsobert/Psxlse-Davis Phsns.
Res., Am Arbor, MI 48105.

Multiple molecular form of phosplrediesterase (POE) werre isolated from guinea pig (GP), hamster (H), rat (Rt), and rheas
monkey (HM) left ventricular muacle, and tihe inhibitory effects of Cl-914 and other selective inhibitors on each form of POE
werre evaluated. In addition, the relationship between in vitro inhibition of the low K , cyclic AMP-specific form of PEE (PEE
III) by CI-914, and the in vivo cardiotonic re sone toc71-914 sos also determined. Thre molecular form of POE were isolated
fromn each species. PRE I is stimuilated by calmodulin/calcium anid, in the GP, H, and W4, hydrolyzes both cyclic HfP anid cyclic
(1!' (K -1.0 tm). POE II also hydrolyzes both cyclic AMP and cyclic GM9 (K 20-30 ui). In addition, tihe cyclic Af hydrolytic
activi~y PIX 11 is stirulated by l1. concentrations of cyclic GNf. POE III~selectively hydrolyzes cyclic AMP (K =0.5-1.5 UN).
MR8 22,948 (a selective PDE I inhibitor). AS-L. 57 (a selective RDE 11 inhibitor) and timophylline (a rnns!elective POE
inhibitor) exerted a comparable inhibitory profile on POE I, PEE 11, POE III in all four species. CI-914 exerted a potent aid
selective inhibitory effect on GP and RM left ventricle ROE III (IC 2 0 =8.2 arid 5.0 tif, respectively), but only mordestly

inhiite REIllfrrs Hari Itleftvenrice (C -~ ad 10 c. respectively). CI-914 also exerted a greater in vivo
positive Iiotropic effect in the 34 than In H and l(O =-30 crs/1g, i.v. for 3N, with little or o effect in the H or

1
5T

Althoughi CI-914 potently inhibited GP left ventricular W~ill, CI-914 exerted only a modest in viva positive iratropic effect
in tie CP. These results daronstrate that I) species differences exist regarding tim inhibitory effect of SI-914 on left
ventricle ROE III, and ii) for the 34. Hf and R, but noit for tim GP, tihese differences are predictive of the in vivo
cardiotonic effect of aI-914. The lack of correlation in tiemG implalies tim Iidc between inhibition of left ventricUar-PIE
III arid increased contractility does not apply to all species. One possible explanation for his lack of correla-ion say be a
different extracellular localization for ROE III in the GP compared to the MR.

121 PURIFICATION OF MEMBRANE-ASSOCIATED COMP-STIMiJLATED CYCLIC MUCLEOTIOE PHOSPHOOIESTERASE
(TYPE 11 POE) FROM RABBIT BRAIN. M.E. Whelin, S.J. Strade and W.J. Thompson. Department of
Pharmacology, University of South Alabama College of Medicine, Mbl., AL 36685.

Rabbit brain Type It POE has been purified to near homogeneity. Activity of tortes
hoeogsnates measured as the hydrolysis of 5 uM CIKI-cAMP in the presence of 2 uM cOMP is greater
than 75% particulate. This activity or cBMP hydrolysis at 40 uM substrate can be solubilized with
Triton X-1001 but not with high ionic strength buffers indicating en integral membrane nature.
Cyclic GMP acitivation of CAMP hydrolysis is lost by detergent solubilization. However, Cleavage
of the enzyme from the 13,000 s g particulate fraction by TPCK-trypsin proteolysis (11600) retain*
full CORP regulation. The enzyme wes purified with a 3500 fold increase in specific activity from
the particulate fraction using BE 32 anion-exchange chrosetography, epoxy-Sepharose-cSMP affinity
chroatography and Sophocryl 8200 gel filtration. Particulate Type 11 POE has an apparent native
size of 240 kO. 8% acrylaside gel slectrophoresie under denaturing conditions shows a major
protein band at 110 kO. Minor bands of 3b and 33 kO are evident. Positive hoectropic cooperative
kinetic behavior of the enzyme is observed with either CAMP or cSMP as substrate. Extrapolated
maximum velocities are 122 U/ag and 194 U/mg for CAMP and cOMP substrAtes, respectively.
Substrate concentrations required to achieve half-saxisal velocities are 28 uM for CAMP and l6 uM
for cOMP. The Kact for COMP stimulation of CAMP hydrolysis at 5 uMf substrate is 0.4 uM and oasisal
stimulation (5 fold) is achieved with 2 uM cOMP. Purified Type 11 POE cleaved from rabbit brain
particulate fractions shows eany properties similar to other Type It POE activities purified fro&
cytosolic heartliver and adrona; tissues sources. This research was supported by U8PHS SM 33538.



122 REACTIVE SULFEYDRYL GROUPS OF THE 39 kDa GUANINE NUCLEOTIDE BINDING PROTEIN (039) FROM

BOVINE BRAIN. J.W. Winelow, J. Bradley, J.A. Smith, E. Neer, Cardiovascular Division,
Brigham and Women's Hospital; Dept. Molecular Biology and Pathology, Massachusetts General Hospital;

and Depts. Medicine and Pathology, Harvard Medical School, Boston, Massachusetts.
The guanine nucleotide binding proteins which mediate hormonal inhibition of adenylate cyclase as

well as hormonal regulation of other membrane functions are a, 8, y heterotrimers which are struc-
turally homologous to each other. In brain, the predominant guanine nucleotide-binding component is
a 39 kDa protein whose physiological role is as yet unknown.

We have used N-ethylsalelaide to define functionally important sulfhydryl groups on a39. Three
cysteine residues in the molecule are reactive in unliganded a39. Alkylation of two of these is
reduced when GYPyS is bound. We have isolated and sequenced tryptic peptides containing the three
reactive cysteines. The octapeptide containing the GTPyS-insensitive cysteine is at a position
equivalent to amino acids 106-113 of the traneducin asubunit (Lochrie et al. (1985) Science 228:96-
99). Alkylation of this cysteine blocks ADP-ribosylation of cysteine 351 by pertussis toxin.
However, alkylation does not prevent association of a with the S.Y subunits nor does it inhibit
GTPase activity. The two GTPYS-sensitive cysteines are at positions equivalent to 139 and 286 of the
traneducin asubunlt. Alkylation of these residues inhibits GTPase activity. Neither of these GTPYS-
sensitive cysteines are in those regions of a39 which are highly homologous to the GTP binding site
of elongation factor Tu (Jurnak (1985) Science 230:32-36). However, both are present in the brain
41 kDa guanine nucleotide-binding protein and n the two tranaducins. The conservation of these
cysteine residues suggests that they are important for the function of the subunits.

123 MULTI-SITE PHOSPHORYLATION OF THE ALPHA SUBUNIT OF TRANSDUCIN BY THE INSULIN RECEPTOR

KIHASE AND PROTEIN KINASE C by Y. Zick and R. Sagi-Eisenberg, Department of Chemical Immunology, The
Weizmann Institute of Science, Rehovot, Israel, and N. Pines, P. Gierschick, and A. Spiegel, Section
of Molecular Pathophysiology, Metabolic Diseases Branch, Bethesda, MD,

The GDP-bound a-subuait of transducin but not the GTP-gamma-S bound one undergoes
phosphorylation on tyrosine residues by the insulin receptor kinase and on serine residues by
protein kinase C. Holotranaducin is poorly phosphorylated by the insulin receptor kinase and is not
phosphorylated by protein kinase C. Neither holotransducin nor any of its subunits were
phosphorylated by the cAMP-dependent protein kinase. That a given subunit of transducin undergoes
multisite phosphorylation depending on the type of nucleotide bound to it or the nature of the
kinase suggests that hormone-dependent phosphorylation could provide a versatile mode for regulation
of 0-proteins function. In particular, the findings that certain 0-proteins serve as substrates for
both the insulin receptor kinase and protein kinase C implicate 0-proteins in playing a key role in
mediating the action of insulin and ligands that act to activate protein kinase C.

124

THE EFFECTS OF THE CHARGED DIHYDROPYRIDINE PN 207-180 ON RECONSTITUTED SINGLE

CHANNELS FROM PURIFIED MUSCLE TRANSVERSE TUBULES. Hubert Affolter and Roberto Coronado,
Department of Physiology, Yale University, New Haven, CT 06510, and Department of Physiology
and Molecular Biophysics, Baylor College of Medicine, Houston, TX 77030.

The charged dihydropyridiie derivative PN 207-180 (gift from Sandoz AG, Basel,
Switzerland) was used to assess the site of dihydropyridine blockade in single calcium channels
reconstituted from purified t-tubules from rat sceletal muscle. Spontaneous single channel
openings were induced with the agonist Bay-K8644 and recordings were made in a two chamber
planar bilayer setup so that drugs could be delivered to either site of the channel. It has
been previously shown by the asymetric blockade by the membrane impermeable verapamile
derivative D890 (Affolter and Coronado, Biophys. J. 49:767-771, 1986) that under the chosen
conditions, calcium channels are incorporated into the membrane leaving the cytoplasmic end on
the cis side of the bilayer. Nanomolar additions of PN 207-180 on either side of the bilayer
resulted in >10 fold decrease in probability of open channel events as well as in mean open
time. The lack of sidedness of PN 287-180 blockade can be explained by the fact that the long

spacer -(CHI2 )io - which links the charged quaternary amine to the dihydropyridine ring
allows the active dihydropyridine moiety to reach the center of the bilayer from either side.
This fact supports the view that the side of dihydropyridine action resides in the center of
the lipid phase. Supported by a fellowship from Swiss National Funds and by NIH grant ROI-GM-
32824.



125 BAY K 8644 ONLY MODIFIES THE GATING OF PHOSPHORYLATED CALCIUM CHANNELS. David Armtron
and Christian Erleben, Department of Biology, UCLA, Los Angeles, CA 90024.

Dihydropyridines, calcium ions and asenta that promote cyclic AMP-dependent protein
phoephorylatlon all modulate the "me class of voltage-activated Ca channels that have a conductance
near 23 pS in 90mM B&

2
+, activate at voltages more posltive than -20 mY, and do not Inactivate at

-40 mV. We have studied the modulation of those channels by BAY K 8644 (DAY K) in cell-free
membrane patches from a mammalian cell line (GH3 ). The cytoplamic sides of the patches were
bathed in a minimal CaCl solution that contained 40 mM HEPES (pH 7.2), 5 mM ETA (pCa 8) and 0.1 mM
leupaptin, a protese Inhibitor, and were voltage clamped to -40 mV. The Ca channels in such
patches quickly stop responding to membrane depolarization unless ATP-MK and the catalytic subunit
(CS) of cyclic AMP dependent protein kinsse are added to the cytoplasamic side of the patch
(Armstrong & Eckert, 1985, J. Gen. Physiol. 86:25a). BAY K alone (0.1 - 10,M) did not restore Ca
channel activity once It had disappeared from patches exposed to the minimal solution, but when it
was applied In the presence of CS plus ATP, BAY K produced a dramatic increase In the mean lifetime
of the open channel during depolarising steps to 0 mY. However, if intact cells were exposed to BAY
K before the patches were excised, BAY K not only modified Ca channel gating, it substantially
delayed the los of activity In the minimal solution. Since BAY K only modulates Ca channel gating
when it is applied in the presence of phosphorylating agents, we suggest that BAY K produces its
effect on gating by inhibiting dephosphorylation of the channel. That would explain why successful
reconstitution of these phosphorylation-depandent Ca channels in the absence of ATP has only been
achieved in the presence of DAY K. (Supported by USPHS NS-8364 to Roger Eckert.)

1 26 K CHANNEL BLOCKADE ENHANCES ELECTRICALLY STIMULATED VASOPRESSIN RELEASE FROM
RAT NEUROHYPOPHYSES

Frequency dependent facilitation of neurosecretion has been described in both mouse and rat
neural lobes and in a variety of other vertebrate and invertebrate neuronal preparations. Associ-
ated with increased stimulus frequency is a prolongation of the action potential duration which has
been demonstrated by potentiometric optical probes in the mouse neurohypophysis and by Intracellular
recording from crab sinus gland nerve terminals. Focusing on the possibility that frequency depen-
den modulation of K channel activity could be the mechanism of spike broadening resulting in greater
Ca entry and, therefore, peptide release, we have examined the effect of e

+ 
channel blockers, tatra-

ethylamsonium (TEA) and 4-sainopyridine (4AP) on vasopressin (VP) release from rat neurointermediate
lobes (NIL's) in vitro. NIL's were impaled on platinum electrodes suspended In Ringer's solution with
2 mM CaC12 at 37r'C and stimulated with 600 negative square wave pulses of 0.5 as and -3V at various
frequencies. While neither agent effected basal release as measured by RIA, both enhanced electri-
cally evoked VP release. Compared with control (n-14), 4AP (1O H, n-6) caused a 2.7 fold increase in
VP release at 4 Hz, and a 1.8 fold increase at 12 Hz. TEA (10mM, n-5) increased the release 2.2 and
1.2 fold at 4 and 12 Hz respectively. TEA and 4AP together did not produce greater release than 4AP
alone. These data suggest that e+ channel inactivation by 4AP and TEA leads to a prolonged delay in
rectification of membrane potential allowing for more Ca4 entry through voltage sensitive channels
thus enhancing secretion.

127 ANTIBODIES TO THE SUBUNITS OF VOLTAGE-SENSITIVE CALCIUM CHANNELS.
Hemin Chin, Karl Krueger. Troy Beeler*

, 
and Marshall Nirenberg, NIH and USUHS*,

Bethesda. MD.

Rat skeletal muscle T-tubule membranes were solubilized and voltage-sensitive calcium channel
proteins were purified by a modification of the procedure reported by Curtis and Catterall
(Biochemistry, 23. 2113, 1984). Three major proteins (apparent Mrl160,O00 , 36,000 and 30,000 on
non-reducing SDS-PAGE), which cosediment with specifically bound 

3
H-nitrend.pine in sucrose

density gradient centrifugation fractions. were used to immunize rabbits. Antibodies monospecific
for the 160,000, 36,000, or 30,000 Mr proteins were obtained by affinity purification against
immobilized essentially homogeneous preparations of each protein. A Agtll cDNA library prepared
from 3 day-old rat skeletal muscle poly A* mRNA was screened with antibodies for recombinants that
synthesize the a or Y subunits of voltage-sensitive Ca

2
* channels fused with B-galactosidase.

Twenty positive plaques were detected with antibody HK-6, which recognizes the 160,000 Mr
a-subunit, out of 550,000 recombinants tested. HK-6 antibody was incubated with 10 immobilized
fusion protein preparations. The [antibody-antigen] complexes were washed, antibody was
dissociated from the antigen. eluted, and tested on Western blots of protein solubilized from rat
T-tubules. Eluted antibodies from the fusion protein coded by ACChn2 cDNA bound only to the
160,000 Mr n-subunit, but not antibodies from 9 other fusion proteins. In addition, we have
screened for recombinants producing fusion proteins that contain the 30,000 Mr subunit of the
calcium channel with affinity purified antibody HK-2. Twenty nine of the 850,000 recombinant phage
plaques screened were positive. Further work Is needed to confirm the identity of the putative
clones for voltage-sensitive calcium channel subunits.

; , .1,1 • .
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128 CYCLIC-AMP-MEDIATED, NOREPINEPHKINE-INDUCED SODIUM ION INFLUX IN ISOLATED
BROWN ADIFOCYTES. Ramona Connally, Department of Metabolic Resaarch. The Wanner-Gren
Institute, Blologihus F3. Univereity of ftockholm. S-106 91. Stockholm. Sweden.

To easure the Involvement of N ine In &drenargic responses In brown fat, an aseay to
meaure Na Influx lnt~o Isolated brown adipocytas was developed. which involved sbort (5-30 ee)
incubationa with 22 N& , followed by a two-step centrifugation recover;, procedure. Using thia
method. a clear, norepinephrine-mediatad accumuli~oj of inrclua a s demonstrated. which

w+ vnac4b the addition of ouabain (the Ma /K -ATPass inhibitor). wee not Inhibited by amfl-
oride (a Na HN exchange blocker) and could not be mimicked by the total removal of oxygen from
the medium. This dose-dependent response to norepinephrine (EC 0 , 250 nM) could be completely
blocked by propranolol (beta-blocker), but not by prazosin (alpla -blocker). The response was
cAMP-mediated since both theophyine (a phosphodiasterae +inhbitor) and forskolin (an adenylato
cyclse activator) could induce No Influx. However, the Na influx wee not linked to other known

elevated respiration, since neither added free fatty acid substrates nor FCCP could induce the No
entry. Furthermore, t~tal respiratory inhibit[on with rotenone was unable to +affect the norepi-
nephrlne-stimulated Na Influx. Could this beta-stimulated, cAM?-dependent Na Inn entry be (one
of) the signalling factor(s) Initiating DNA replication, protein synthesis and tissue recruitment in the
chronically beta-stimulated brown fat of animals facing increased thermogenic demands?

HOWANES. Ayus Cocia, Ben~jamn Rivnay and Isael Pecht, Depts. of Me~mbrn Research
and Chemical Xunarlogy, The Wimm Irviitet of Scise, Reaa 76100), Isasel.

A tranient ris in cyoolic: free Ca-1ocur in m a lls and basopils upon specific
agrgton of their Fe e-P i -, (FcR) and leads to degralatisn. We howe sf~mi, in nmodel

memrans, hatIonchanelactivity can be induiced by aggregating ?bR and that this channal
activity can be attained by recostituting, into lipid bilayers, two components isolated fron
nmfmwas of rat basopilic leukemia cells (line leL-2113). 7hleas comonets are the Fo. R caw
glas and the crcmolyn binding protein (C8P). To examne theme chwannls cation specificity, we
have studlied omalctano and opel-time characteristics of micrc'pipette supported bilayeis
expo~sed to solutions cotaining: 1) only COM~2 (100 sf4) or 2) only Nof~l (0,5 M) an oth ma of
the I i no (i.e. syetric conditions) and 3) H&C (150 s14) an both nida and a calciumt gra-
dient namely, 1.8 sf4 CaM~2 in the bath and - 0.1 d4 in the pipette interior. Under theme oodi-
ticna, two poilatixra Of artigsn-irnd duann are observed. one, accouting for -90% of all
the evett, has a -all conctance (4-5 gin symmietrical Cs; 8 pS in ayenotrical Noandi 3 pS
in the preserce of the Ch gradiet, is CA - specfic (reversal potential 130 WV/ with the ca
gradient) but allcom pasage of Na we it is the only cation present. The second poplation,
5-10t S h eets, has a higher condctac (10-12 pS/25 pS/21 p8) and allows the passage of
both CA and Wa with a clear preferene for the former (reversal potential 16 WV/). Both types
of evts have alxx opo-tis, mar rinly isolated and with relatively lonig periods of non-

cciutng state in betueen, and are all blotced by cranolyn. Thus sntige-id~aoed
Ca-gcific titanals are activated in thin reconistituted systemn.

130 RESERYINES: A NEW CLASS OF COMPETITIVE LIGANDS FOR THE BATRACHOTOXIN-BINDING SITE ON4
SODIUM CHANNELS. CR. CrEveln, N.E. Bell, R. del la Cruz, D). Rossignol* and J.W. Daly.

LBC, NIDDK, N, Bethesda, Mearyad 20892 and Dupont ExptI. Station, Wilmington. DE 19898*.
The steroidal alkaloid, batrachotoxin (BTX), and an equipotent, benzoate analog (BTX-S) modify

the properties of voltage-dependent sodium channels by binding specifically with high affinity to a
single site associated with the channel. High affinity binding of [

3
IIJBTX-B is optimally achieved

in the presence of a scorpion toxin-induced shift of the channel to an open or conducting configura-
tion. Other sodium channel specific toxins, such as veratridine, aconitine, and grayanotoxin,
competitively inhibit the specific binding of [

3
IIJBTX-B, as do a large number of local anesthetics.

The inhibition by local anesthetics is, however, not simple competition for the BTX-binding site,
but Is due to an allosteric change in the site. The consequence of this change is a reduction in
the affinity of the site for BTX-B as evidenced by a marked increase in the dissociation rate of
P
3
EJBTZ-B in the presence of local anesthetics. The dissociation rate for [3H]BTX from sodium

channels in synaptoneurosonss from guinea pig cerebral cortex has a T - 31.2 min, measured in
the presence of excess unlabeled BTX-B. Unlike the action o f local ani~theticstucopiiv
ligands, such as veratridine or aconitine, do not increase the T /2 for (

3
H]BTX-B beyond the rate

achieved with BTX-B alone. By this criteria, reserpine is a trul conpetitive ligand for the [
3
Kj_

B'rX-B binding site (K - 1.2 pM). A structure-activity study of a series of reserpines defines somestructural features eksential to binding to the [
3
HJBTX-B site. Analysis of favored conformationsof BTX-B, veratridine, aconitine, and reserpine suggest that these competitive ligands have certainstructural elements in common, including a triad of oxygens, which when matched for these four

compounds produce similar alignments of the phenyl ring of the aryl ester function in each compound.



131
CONTROL OF PIR SECETION IS MEDIATID HROUGH CALCIUM CHANLS VIA A G-IOTSMN: L.A.

Fitpatrick, M.L. Brandi, and 0.D. hurbach, Metabolic Diseases Branch, National Institute of
Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD 20892

Calcium negatively tegulates parathyroid hormone (PTH) seretinu through mechanisms yet to be
elucidated. Pertusia toxin which inactivates a guanine nuclaotide regulatory protein, blocks
the calcium imhibition of PT! release. We tested voltage sensitive calcium channel agonists and
antagonists to evaluate the role of calcium channels in PM secretion. Maitotoxin (calcium
channel activator) inhibited PTH release with mximl effect at 5 e/ml. nantionrs of the
dihydropyridines (-)202-791 and ()202-791 (Sandos) were incubated with dispersed bovine
parathyroid cells. PM s assayed in the cell supernates by aid-region radioismmnoasaey.
Calcium channel agonist +202-791 (10-11-10-f*) caused a doe-dependent inhibition of P1!
release. Similar effects were found with the agonist Bay K 8644. Pe-treatint of cells with
pertussis toxin blocked the agonist inhibition end catalyzed NDP-riboylation of a 40 kDo
protein in a time-depandent inner in parathyroid cell membranes. Calcium channel antagonists (-
202-791 and to a lesser extent niledipine and verapamil) stimulated PT! release. We conclude:
1) calcium inhibition of PTH release is blocked by pertusais tocin; 2) calcium channel agonists
inhibit while calcium channel antagonists stimlate PIN release; 3) calcium channels are
involved in PF! regulation; 4) a G-protein is interposed between the calcium channel and the
"intracellular" effector mediating PTH release.

132 THE PURIFIED RECEPTOR FOR CA CHANNEL BLOCKERS (CCBR) IS A FUNCTIONAL CA CHANNEL
Veit Flockerzi*, Franz Hofmann

The CCBR was purified from rabbit skeletal muscle microsomes to an app. density of 1.5 to 2nmol/mg pro-
tein. SDS-PAGE -DTT yielded 3 peptide bands of 142,56 and 3OkDa, whereas +DTT bands of M 142,122,56,31,
26 and 22 were obtained. This gel pattern was obtained regardless if the receptor was purified as nit-
rendipine plus diltiazem (DIL) or as PN200/11O(PN) complex or + DTT. cA-kinase phosphorylated preferen-
tially the 142kDa band (.82 mol phosphate/mol pegtide) whereas the 56 kDa peptide was phosphorylated
only in substoichionetric amounts. PN bound at 4 C to one site with app.K~and BM values of 9.3nM and
2.2nmol/mg protein, respectively. The binding was stereospecific and was not observed in the presence
of 1mM EGTA. (-)Desmethoxyverapamil (D) inhibited the binding of PN at 370C incompletely and stimulat-
ed it at 18

0
C, whereas (+)D inhibited PH binding at all temperatures tested.D-cis-DIL stimulated the

binding of PH only above 18 
0
C (app. EC 50=1.4uM at 37'C). The purified CCBR was incorporated into phos-

pholipid bilayer membranes. When a potential gradient was applied across the membranes single channel
openings occurred spontaneously (single channel conductance 

2
OpS). This current was blocked by the CCB

gallopamil, whereas the Ca-agonist BayK8644 induced long channel openings. Phosphorylation of the CCBR

prolonged the open channel life times. These results show: I.The purified CCBR contains at least dif-
ferent sites for dihydropyridines and phenylalkylamines. 2.1t can be reconstituted to a functional Ca
channel, which retains the principal regulating, biochemical and pharmacological properties of mem-
brane bound 1-type Ca channels.
Physiologisch Chemie, Universitht des Saarlandes, D 6650 Homburg, Germany.
* present adress: Department of Medical Chemistry, Kyoto University, Kyoto, Japan.

133 EFFECTS OF ION CHANNEL ANTAGONISTS AND DIVALENT CATIONS ON STIMULATION OF PHOSPHOINOSITIDE
BREAKDOWN INDUCED BY AGENTS THAT INCREASE INTRACELLULAR SODIUM IN GUINEA PIG BRAIN SYNAPTONEUROSOHES.
F. Gusovaky and J.W. Daly. NIDDK, National Institutes of Health, Bethesda, Maryland 20892.

Agents, such as batrachotoxin (BTX), veratridine (VT), scorpion toxins and pumiliotoxin B that
activate sodium channels, induce the breakdown of phosphoinositides in guinea pig brain synaoto-
neurosomes as assessed by accumulation of [3H]inositol phosphates in the presence of Li

+
. The

responses can occur without membrane depolarization with scorpion venoms and pumiliotoxin B.
Monensin, a sodium ionophore, also elicits phosphoinositide breakdown. Tetrodotoxin, a specific
antagonist for sodium channels, completely blocks the response to scorpion venom and to pum tiotoxin
B, but not the response to BTX or VT. The potencies of BTX and VT in causing phosphoinositide
breakdown are consonant with their potencies for activation of sodium channels. Activation of
voltage-dependent calcium channels does not appear to be significantly involved since nifedipine
and methoxyverapamil do not significantly decrease responses to BTX and scorpion venom. Tetrodo-
toxin-resistant channels in some neural preparations are blocked by the divalent cation cadmium and
Cd

2
+ at 200 uH completely blocks BTX and scorpion venom-induced phosphoinositide breakdown. At

this concentration Cd
2
+ does not reduce phosphoinositide breakdown induced by monensin, carbamyl-

choline or the calcium ionophore ionomycin. However, responses to norepinephrine and histamine are
significantly reduced in the presence of Cd

2
+. Zn

2
+ at 200 UM induces a smaller inhibition of BTX

response than that caused by Cd
2
+
. 

Other divalent cations, Ni
2
+ and Sn

2
+ at 200 PM do not affect

the BTX response. Thus, BTX-induced phosphoinoaitide breakdown may involve Cd
2
+-sensitive sodium

channels and activation of calcium channels has a minimal role in the response to BTX and other
sodium channel agents.

.W,|



134 TWO POLYPHOSPHATIDYLINOSITIDE METABOLITES CONTROL TWO K-CURRENTS IN NEUROBLASTOMA

HYBRID CELLS. H. HIGASHIDA and D. A. Brown. NIH, Bethesda, MD20205, U.S.A.

The role of second messengers (inositol 1,4,5-trisphosphate and diacylglycerol) on membrane
conductance was examined in voltage-clamped NG108-15 neuroblastoma x glioma hybrid cells. A brief

local application of bradykinin (BK) induced an immediate outward current lasting 10-20 sec. which
then gave way to a more sustained inward current. The initial outward current was a Ca-dependent K-
current, which is generated indirectly through the conversion of phosphatidylinositol 4,5-bisphos-
phate to inositol 1,4,5-trisphosphate (IP3) following BK receptor activation and then by the sub-
sequent release of Ca from intracellular stores by the IP3. The evidence for this is as follows:
(1) Intracellular iontophoretic injection of Ca or of IP3 produced a very similar outward current to
that evoked by BK. (2) Outward currents induced by BK, IP3 and Ca were also pharmacologically identi-
cal in that all three were very sensitive to the Ca-dependent K-current blockers, apamin and d-tubo-
curarine, and insensitive to the low concentration of tetraethylammonium. (3) The outward currents
produced by BK and IP3 dissipated after a few minutes' perfusion with a Ca-free solution. The se-
condary inward current induced by BK cesulted primarily from the inhibition of a voltage-dependent

K-current closely resembling the M-current originally described in sympathetic ganglion cells.
Application of phorbol dibutyrate produced a voltage-dependent inward current and inhibited the M-
current, and thereafter occluded the inward current response to BK. The result suggests a dual, time-
dependent role for these two intracellular messengers in the control of neuronal signalling by BK.

135 BORDATELLA PERTUSSIS TOXIN-SENSITIVE GTP-BINDING PROTEINS COUPLE ALPHA-2 ADRENERGIC AND

GABA-B RECEPTORS TO INHIBITION OF NEUROSECRETION IN CHICK DORSAL ROOT GANGLION NEURONS. G. G. Holz IV,
R. M. Kream, and K. Dunlap, Depts. of Physiol. and Anesthesia Res., Tufts Univ. Med. Sch., Boston, MA.

Norepinephrine (NE) and gamma aminobutyric acid (GABA) inhibit current flow through voltage-
sensitive L-type (long lasting) Ca channels in chick dorsal root ganglion (DRG) neurons. This
inhibition of Ca channel function results from the activation of alpha-2 adrenergic and GABA-B
receptors coupled to a cAMP-independent second messenger pathway. Whole cell patch clamp recordings
from DRG cells demonstrated a role for GTP-binding proteins as signal transducers in the NE and GABA
receptor-mediated inhibition of L-type Ca channels. The action of the transmitters was blocked by
intracellular dialysis of DRG cells with guanosine 5'-O-(2-thiodiphosphate), or by pretreatment with
Bordatella pertussis toxin (PTX, Holz et al., Nature 319: 670-672, 1986). We now demonstrate that
receptors with similar pharmacological and biochemical properties mediate inhibition of neuropeptide
secretion from DRG cells. NE (50 uM) and GABA (10 uM) inhibited the electrically-evoked, Ca-dependent
release of substance P (SP, as measured by RIA and authenticated by HPLC) from DRG cell cultures by
46+51 and 31+52, respectively (mean + s.e.m., n-81 cultures). The action of NE was blocked by 10 uM
yohimbine but not 10 uM prazosin or 1l-uM propranolol, whereas the action of GABA was not blocked by
50 uM () bicuculline, but was mimiced by 10 uM (-) baclofen. Furthermore, pretreatment of cultures
with 140 ng/ml PTX completely blocked the ability of NE and GABA to inhibit SP release. We conclude
that PTX-sensitive GTP-binding proteins couple alpha-2 and GABA-B receptors to inhibition of L-type Ca

channels and inhibition of Ca-dependent neurosecretion. Such a presynaptic mechanism of inhibition may
explain, at least in part, the spinal antinociceptive actions of alpha-2 and GABA-B receptor agonists.

136 IN VITRO AND IN SITU PHOSeHORYLATION OF A PROTEIN ASSUCIATED WITH VOLTAGE-DEPENDENT

CALCIUM CHANNELSFIW0-W3?KELETW '-M E. M. Marlene Hosey, Christy Cooper, Cliff O'Callahan, Mark
Borsotto, and Michele Lazdunski. Dept.ofBiol. Chem. & Structure, The Chicago Medical School,

3333 Green Bay Road, N. Chicago, IL 60064 and Centre de Biochemie, Universite de Nice, Nice, France.
The @hosphorylation and dephosphorylation of a protein associated with the dihydropyridine-sen-

sitive Ca -channel was studied in vitro in transverse-tubule membranes isolated from rabbit
skeletal muscle, and in situ in itac-ct-rabbit diaphragms. Exposure of T-tubule membranes in vitro

to either cAMP-dependent or a Ca /calmodulin-dependent protein kinase resulted in phosphryltTfon
of a protein with properties similar to the major component of the skeletal muscle calcium channel.
The molecular weight of the phosphoprotein was 140 KOa or 160KDa, depending on the electrophoretic
conditions. The stoichiometry of the phosphorylation was calculated to be 0.4-1.0 mol phosphate/mol
protein. Limited proteolytic digestion of the 140-160 kDa protein that had been phosphorylated by
eiher or both protein kinases yielded a single phosphopeptide of approximately b,400 daltons. The

Ca +-dependent phosphatase calcineurin dephosphorylated the 140-160 kOa protein that had been pre-
viously phosphorylated by either protein kinase. In situ experiments weS performed in which
calcium channels were isolated from diaphragms which had-been bathed in P-containing Krebs-
Hensleit solution. A protein with properties similar to those described above and which co-purified
with the calcium channel protein was phosphorylated in the intact mu§ile. The results suggest that
the well known regulation of calcium channel activity by cAMP and Ca -dependent processes may occur
via the phosphorylation and dephosphorylation of the 140-160 kDa protein associated with the calcium
channel.



137 DIFFEREITIAL REGULATION 01 Na+/H
+ 

EXCIANGE ACTIVITY BY PROTEIN KINASE C. G.A. Jamiesonf Jr.,
L.L. Muldoon and M.L. Villereal. Univ. of Chicago, Chicago, IL 60637.

Mitogenic stimulation of quiescent human fibroblasts (HSWP and WI-38 cells) stimulates the release
of inositol phosphates, mobilization of intracellular calcium and activation of Na+/H

+ 
exchange. In

HSWP cells, TPA pretreatment substantially inhibits mitogen-stimulated inositol phosphate release and
Na+ influx (half-maxlmal effect at 1-2 nM TPA). In digitonin-permeabilized HSWP cells, maximal release

of inositol phosphates (or release of 
4 5

Ca from non-mitochondrial stores) is mitogen- and GTP-depen-
dent. Pretreatment with TPA prior to permeabilization results in substantial reduction of the mito-
gen-induced releast of inositol phosphates and the subsequent release of 

45
Ca from non-mitochondrial

stores. In WI-38 cells, TPA treatment stimulates Na+ influx, without stimulating inositol phosphate
release, presumably through the activation of an endogenous protein kinase C activity. In both HSWP
and WI-38 cells, down regulation of protein kinase C activity by long term pretreatment with TPA re-
moves the normal effector function of TPA on Na+ influx (i.e. the inhibitory effect in HSWP cells and
the stlmulatory effect in WI-38 cells). Other cell types have been characterized as being responsive

or unresponsive with regard to TPA's ability to directly stimulate Na+ influx. Measurement of the
resting intracellular Ca activity in several cell types has determined that cells which are responders
have a significantly higher intracellular Ca activity (WI-38; 137 + 17 nM) vs. that determined in non-

responders (HSWP; 57 + 5 nM). These data suggest that in different cell types the activation of Na+/H+
exchange is regulated differently, even in closely related cell types, and that one aspect of this

regulation may be determined by the resting Ca activity of a particular cell type. (Supported by NIH

grants CH-28359 and RCDA AM-01182 (MLV) and 5T32 G-07151 (LLM)).

1 38 POSSIBLE IDNoLVE4ENT OF PHOSPIORYIATION/DEPHOSPHORYLATION NECIANISM4S IN THE

REGULATION CF EPITHELIAL Na
+ cHANkm S. Daid S. Lester, Carol Asher and Haim Garty. Dept. of Membrane

Research, The Wesann Institute of Science, Rehovot, Israel.
Reoent studies indicate that epithelial Na

+ 
channels are down-regulated by a a

2
+ -dependent procesl

[H.Garty and C.Asher (1986) J.Biol.Chem. 261:7400]. Channel mediated flux is low in membranes from Ca4+
(>10

- 5 
)- preincizated cells, and high in menbranes derived from G-TA-preincubated cells. Involvement of Ca

2
+

- dependent protein kinases in this process Was excluded on the basis of the following results: (1) Incubating
cells with phorbol ester had no effect on the C0

2 + 
inhibition contant. (2) Trapping purified protein kinase

C, ATP, Ca + and phlrbol ester in the isolated vesicles did not mimic the inhibition induced by incuDating
hole celia with Ca

~ + 
(3) The calmodulin inhibitor, trifluororsrazine, had no effect on transport in the

presence or absence of Ca
2
+.Preliminary data indicate that Ca + inhibition of transport may act via a

phsphatase mediated pathway. Investigation of membrane-associated phosphatases indicated the presence of twn
CY -depgndent phosphatases: (1) a Ca

2  
-activated, calmodulin-independent, vandate-Insensitive pNPPase,

(ii) a Ca
+ 

- inhit)ited (IC5O "0.5uK), vanadate-sensitive pNPPase. In addition, we observed Ca
2

+ -dependent
dephosphorylation of a membranal 51 KD pnosphoprotein which coresponds to the phosphoprotein reported by
Lorenzo et.al. [(1975). J.Gen.Physiol. 65: 153). This protein was tentatively identified as the regulatory
subunit of c MP -dependent protein kinasie. Preincubation of whole bladders with 8br-cMP was shown to douole
the channel mediated fluxes in GrA-activated vesicles. Conditions of preincuwation (Ca

2 + 
or EGUA) also

affected the potency of membranes to phospirylate histone fr ment 2b. a specific cAMP-dependent protein
kinase substrate. [Supported by NIH grant M36328 and US-Israel WF grant 84-00066].

139 cAMP-SENSTIVE Ca2 -DEPEND1T K+ CHANNELS IN PATCH CLAMP STUDIES OF
SHEEP GONADOTROPHS.R M , W.T. Mason, and S.K. Sikdar. AFRC Institute of Animal Physiology, Cambridge, U.K.

Single K+ channels of large conductance (-100 pS) were observed in patch clamp studies on dispersed,
cultured gonadotrophs from sheep pars tuberaliu as described by Mason and Waringt after treatment with
GnRH (160 nM) or A23187 (10 pJM) (pipette solution, 125 mM K+, 5 mM Ca2+; bath solution, 130 mM
Na+, 5 mM Ca2+, 5 mM K+). The open time probability of these channels in cell attached recordings was
reduced in a dose dependent manner on addition of dbcAMP. This negative effect of dbcAMP declined with
time. Addition of EGTA to the bath also reduced opening probability which could be restored by Ca2 +. In a
particular example, 10 mM dbcAMP reduced channel open probability from 0.56 to 0.33 (restored in 8
m rin). 15 mM EGTA reduced open probability to 0.02 (restored by Ca2 +:EGTA in the ratio 3:1). Similar
effects of cAMP (2 mM) were observed less reliably with Ca2+-dependent K+ channels in inside-out patches
of gonadotroph plasma membrane (bath solution containing 120 mM K+), indicating a possible requirement
for intracellular components. cAMP action on GnRH-activated K+ channels might be expected to influence
intracellular Ca2  levels. Its possible role in secretory behaviour of gonadotrophs is being investigated.
Such channels are a possible point of interaction of IP3- and cAMP-mediated hormone actions.
tNe rroendocrioogy 43,205(1986). *Permanent address Wellingo Clinical School, New Zealand.
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140 THU D THE %LCIUK CI 11E iGMIST BAY K 6644 S~IWIGILY L .IM NiJCTI SMMIM
MK) PERIFUSED ANTERIOR1 PITUITARY CELLS- aaMLtha A. ZA~lbW, Greg J. Law, Howard

Rasmussen, ad! Priscilla L. Danrde% Yale University aSool of Meicine, Nowi Hove CT 06510.
TMB tkVrotropin releasing hormone) stimulates prolactin secretion from anterior pituitary

lactotrophs by a mehaniskwhidi is thought to involve stimulation of jpiosiiomitide metabolism
and opening of membrane Cr" chianes to couse elevation of qtoplasfic calcium levels (Aebeoohi At~
Al,., 3. Biol. Chiem. 258, 227). In perifusion, TRH (1pM) elicited&a rapid 11.5-foild stimulation of
prolactin secretion frocm isolated rat anterior pituitaxy calls which decayed to a sustained level
only 2-fold above bansal secretion within 6 inntes. The calcium diarrmi agoniet BAY KC 8644 (1 pM
also stimulated prolactin secretion (7-fold over basal) with a similar decay. When added
simultaneously, Ow and BAY K 8644 were synergistic in the stiulation of prolactin secretiar. When
BAY K 6644 was added during the low sustained phIase of TRH-mediated stimulation, its effect on
prolatin secretion was appoxinately twice as large as its effect on previously iuntreated calls.
In contrast to the synergism between TPll and BAY K 8644, the calcium ionoplhore A23187 (20 pMi)
stimulated no additional prolactin secretion when added simultaneously with I pMK TRIL. Parthermore,
A23197 was no more efficacious when added during the low sustai ned phtase of THl-stimulated secretion
than it was when added to untreated cells. lTese results indicate that although the prolactin
response to TRH is transient, TRH also produces a sustainea increase in the sensitivity of the
prolactin secretory reqxtms to suset stimulation of Cs,4 dtamnls. The A±frta fet

of BY 1864 andA2387 uggst tat M icrepes the responsiveness of Ca channels or the
responsiveness of prolactin secretion to Ca ,influxes, rather than increasing cellular
responsiveness to a general rise in cytoplamic Ca2 - cncntration,

141 CYCLIC AWMMIATED PHWOPHORYLATION OF VOLTAGE SENSITIVE SODIUM CHIANNELS IN
PR0MARY CULTURES OF RAT BRAIN CELLS. 5. Rosic & W.A. Catterall. Dept. of Pharmacology, University of
Washington, Seattle, WA 98195. The a subunit of the rat brain voltagc-sensitive Na channel is phospliosylated by
cAMP-dependent protein kinase in purified preparations and in synaptosomes (Costa et al1.J. Biol. Chemn 2517918,1982;
Z218210,1984). We are studying phosphorylation of Na channels in primary culture of rat brain cells.I oback-
phosphorylation studies, cells were treated with drugs to increase intracellular cAMP, solbilized, and Na channels isolated by
immunoprecipitation. Purified Na channels were then phosphorylated by the catalytic subunit of cAMP-dependlent protein
kinase with 32p-ATp to incorporate 32P into available cAMPF-dependent phospltorylation sites. The amount of 32p
incorporated is inversely proportional to the ex tent ofendogenous phosphorylation. Incubation of cells with forskolin, 8-Br-
cAMP, or isobutylmiethyixanithine inhibited subsequent incorporation of 32p into isolated Na channels, indicating that
treatment of cells with these drugs had increased endogenousphophorylation. To examine the magnitude of basal Na channel
phosphorylation and the extent of stimulation, the amount of f2pincorporated into Na channels from control and stimulated
cells was compared to that ftom matched samples which had been dephosphorylated with calcineurin. Na channels from
control cells incorporated 2-fold more 32p after dephosphorylation indicating that cAMP-ependent pbospborylation sites on
Na channels are approximately 50% phosphorylated in the basal state. Nit channels from forskolin-treated cells incorporated
5-fold more 32p after dephosphoryation, indicating that sites are approximately M0 phosphorylated after stimulation. When
cells were metabolically labeled with 320 and stimulated with forskolin, 32p incorporation into Na channels was increased
1.5-fold, in agreement with an increase in overall phosphorylation from 50% to 80%. Thug, Na channels in rat brain cells in
primary culture are phospluorylated, and the extent of phosphorylation can be modified insa cAMP-dependent manner.

14? VOLTAGE-GATED CALCIUM ENTRY INTO PARAMECIUM LINKED TO cGMP INCREASE.
Joachim E. Schultz, Pharmazeutiaches Institut, 7400 Tllbingen, West-Germany

Inward calcium currents exist in many excitable tissues and are linked to regulation
of cellular processes such as cGMP production. In Paramecium, a graded calcium/potas-
sium action potential regulates swimming behavior. The transient inwardly directed
calcium signal triggers ciliary reversal, i.e. backward swimming. A guanylate cyclase
in Paramecium is activated specifically by iasolar concentrations of calcium. The ED 0
of 9 wM calcium is not affected by the presence of 1 mM barium. Barium ions were used
to increase the excitability of the calcium channels by decreasing their rate of in-
activation, thereby producing a more sustained calcium entry. 3 mM Barium evoked a
rapid, large, and transient increase in cGMP in wildtype cells. Further evidence for
a link between the inward calcium current and cGMP formation was obtained by studying
mutants with reduced ('PAWN') or exaggerated (DANCER') calcium currents. Addition of
barium to pawns did not stimulate OGNP biosynthesis as in wildtype cells. In dancer
cells, addition of potassium elicited a sustained elevation of cGMP levels correlated
with a large behavioral response. Potassium ions as a weak excitatory agent are almost
inactive with wildtype cells. we demonstrate here for the first time an unequivocal
link between an inward calcium current and an enhanced cGNP production, i.e. an elec-
trical signal is converted and amplified to a biochemical one. The physiological role
of cGNPI in Parameciumi is currently under investigation.



143 REOSTTTINO ISOPOTEREUOI. STIMULATED AMENYLATE CYCLASE ACTIVITY AND NOVEL ELECTR01HYSIOLOGICAL
AIISONSES IN XENIPU LMyIS OOCYTES AFTER NJCAOINJECTI0 OF RAT ASTROCYTOiA C6-211 mIOA.
Angl Anne..mf h wd Gary Brooker, Department of Bioch1e--istry, Georgetownt University Radical Center, Washington.
D.C. 20007.

We have purified dANA from the rat aetrocytaft C6-21 call, line, which eibits high Levets of beta
adrenergic receptor (SAN) mediated adenylete cyclase activity. Nicroinjection of this mRBA into IXerw fowl
oocytes yielded evlIenc of Cfi-2B1 BAR dNUA translation aid functionel Integration into the oacyt. memrne.
Surgically lemve ovarian oocyts are encapsulated by follicle cells obich exiubit RAN coupled adenylate cyclase
activity. This complicated our use of such ovarian oocytes for demonstration of now receptor synthesis following
the injection of exogenou s NA. A method was developed to completely remo the follicle cells from the ovarian
oocytes. The efficacy of the procedure wes confirmed wphologically by transmission electron microscopy,
biochfmialy because the oocytes were free of BM coupled cyclese activity end @Loctrophysiotogicalty because they
no longer hyperpolarized in response to Iscproltrenol. Nicroinjection of dNA purified from tog Phase C6 cells
into oocytes followed by defoilculation resulted in the reconstitution of receptor mediated adenylate cycle"e
activity in occyte membanes previously devoid of such activity. Tranemrane electrical, potentiate were meaured
in ovarian aid defolliculated oocytes before mi af tar the Injection of the SMA. White ovarian oocytes were
hyperpolarized by Isoprterenol, defolLicutated oocytes were unresponsive. In defolliculated oocytes which hed been
Injected with C6-23 mgNA, a novel depolarizing; response to isoproterenoL was observed suggesting that In addition
to incorporation of beta receptor coupled cycles* activity, the C6-29 dNA directed the oocyto to synthesi ze en ion
chanual which could be activated by isoproterenoL. Saored by NIB Grant No. 28940.

144 MECIHNISMS OF INTERACTION OF VASOPRESSIN (VP) AND CR1 ON PITUITARY ADENYLATE CYCLASE.
A.*D. Abou-Samra, J.P. Hiarwood, K.J. Catt, G. Aguilara, NIClID, NIB. Bethesda, ND 20892

The synergistic action of VP and corticotropin releasing factor (CR7) on cAliF production involves
inhibition of phosphodiesterase and stimulation of adenylate cyclase (AC) by VP, an action which is
mimicked by the protein kinase C (FEC) activator, PH&. To determine the mechanisms by which VP
potentiatea CR1 action we analyzed the interactions of FNA, VP and pertusaie toxin (PT) with CUF
upon cellular cAliF and adenylate cyclase (AC) activities in cultured rat anterior pituitary cells.
VP or PIIA (0.01-100 alE) alone did not altar cellular cAliF content, but markedly increased up to
9-fold the effect of 10 nN CR1 on cAMP with ED values of I aM VP and 1.7 nil FlA. With increasing
CR1 concentrations, 10 nul VP or PHA increased He maximum cAMP productiq9 without altering the ED
for CR1 (1 nil). Mesurement of AC in pituitary homogenatea using [o-- P ATP showed a paradoxicl?
inhibitory effect of VP but not of PilA on basal and CR7P-stimulated AC activity, suggesting that the
VP receptor Is caypled to an inhibitory guanyl nucleotide binding protein. However, in Intact
calls, following [ C iladenine labeling of endogenous ATP pools, measurement of AC in the presence of
phosphodiesterase inhibitors showed no effect of VP and FPlL alone, but a 2-told potentiation of the
effect of CR1. Similar to PlEA, PT potentiated the effect of CR1 on cAMP and ACTH secretion, an
effect which was not additive to VP. suggesting that the potentiating mechanism involves suppression
of the Inhibitory influence of Ni on AC. The data suggest that VP has a dual interaction with the
pituitary AC eystem: a direct inhibitory effect, manifested only in broken cells, mediated by a
receptor-coupled guanyl nucleotide binding protein; and a physiologically predominant indirect
stimulatory effect in the intact cell, mediated by PKC phosphorylation of Ni or other components of
the CR-activated AC system.

145 ISOLATION OF A CHIO CELL LINE WITH INCREASED CAMP DEPENDENT PROTEIN KINASE ACTIVITY.
Irene Abraham, John Huii and Judy Mayo. Cell Biology Department, The Upjohn Company, Kalamazoo,

Through the selection of revertants from a Chinese Hamster ovary (CHO) cell line with a mutation
in the gene for the RI subunit of the CAMP~ dependent protein kinase (PK A) we have recovered a
cell line with PK A activity higher than either the mutant or wildtype cell. The original dominant
mutant was isolated on the basis of its resistance to the growth inhibitory effects of cAt4P
(Gottesman at al., 1980, Somat. Cell Genet. 6:45-61; Singh et al., J. Biol. Chem. 260:13927-13933)
and has PK A type I but only very low amounts of PK P type 11. Wildtype cells have both PK A
type I and PK A type II activity in close to equal amounts. We have transfected DNA from this
mutant into wildtype cells. One transfectant, 11564, has been extensively studied and exhibits
the characteristics of the original mutant (Abraham et al., 1985, J. Biol. Chem. 260:13934-13940).
Both the mutant and transfectant are super-sensitive to some anti-mitotic drugs such as vinblastine,
colceerfd and colchicine, as well as other drugs such as puromycin. We have used this characteristic
of drug sensitivity to isolate revertants from the transfectant. Five revertants have been selected
and characterized that have simultaneously regained their CAMP sensitivity along with losing their
super-sensitivity to colceueid. One of the revertants, 11564 R3. has an increased total PK A
activity as compared to either the mutant, transfectant or wildtype cells. The increase in activity
co-elutes with PK A type I after DEAE-Sephacel chromtography. This revertant is even more
sensitive to the growth inhibitory effects of cA1MP than is the wildtype, which is consistent with
its having a higher level of PK A. We are currently studying the genetic basis of this revertant.
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DDM N A DNhUBI1 50 PI I FHHM1MIc AND PROTEIN IMP=S C Arxvrrr.
Alovo. V.J. am Walker, RP. Dep. of Fhrams loy, Meical 0olUee of Fernylvaflia,
Philadelphia, FA 19129.

4=9#diin A (Dim) is a potalt cpioid scoetor "mist that is hIily selective for the Wpm-
reoqtw mtftype. Since soe behavioral affects of Dyn are not reversed by nalcowns ard rsm7a1
of the Ntndu1 tyrosibe (wkiichinL necssay for ioid receptor bindizq) still reimalts in a
behaviorally active pqt&, Dyn my be actinig by imiltiple macardms. Othear neuraually active
paptids much asAC andsomuitostatin have am part of their mechnis of acticm, the inibitioni
of the phophylaticn of the brain specific, kinase C subtrate, B5 pcotsin. Ons Momenft

Werints -designed to invetigate the possibility that Dyn inhibits B50 pWtain
phwboylaticn. ?lxut, teeffecs of Dyn an the ariogria phoupscaylati of B50 pe'otain in
Synapt-ol. plinm mwbu (SHE)a sudied. In this syst, Dyn inhibited B50 #-%*-ylatih
with a potency appdmiwtely equl to AC-(-24). Odas inibitionwa not reversed by the

speifc aigd atamiatnalnamen, eve at 100 UK4. P~Uhmrs, the nma~ioid Dyn framenst,
dantyosiar-DyotiinAalso inibited B50 phospharylation in sm. Secod, Dyn wa tested for

its ability to inhilbit histom phmiylatime uingz a partially parified kinase C preration.
Dyn, Wia AC1-(1-24), inhibited the calciu-dmpuxdmit, phoqphlpii-ti~1tai kinass C activity.
Thee results axigst that inhibition of pxotein inase C activity and izedbitimi of B50

rA~latcuiare possible mechanim by wichid Dyn exhibits its nanaioA4 effects.

147 PHOMRYILATION OF TY=NE HMWMiU fPIFJ.UJ FWM MUT STRIATLNJ BY CALCIUM, CA1JWJ.N-WB~d PFOEIN
KINAZ 11 lT EFHI OFA PIPLN ACTMU.

31L ~im .. iied WC. Sdam, X T. Kcsi, and T.R. Soderling. (bird Hughes Medical Institute,
OR T vf-hlsiV. Nashville, 7N 37232.
Plhrylaicm of purified rat strlatal lyvosine *doiglase tW' prfied calcium, calamodlin-dependit. piotein kinase 11

has bee, iinstigted. The calcium and calmodulin-dq4it phoghorylaton was alitve to the Omphioryletioi catalyzed t1W
the eAP-dapenwbit proteinklnase, msesting dfftr sites of piwoxoylation. Rever-se phase hIi prfrance liquid
dwimbogriur of tryptic 4LiQ4-pptie driwd from oiiosim I h'aiiylase estalihed that te boo kinases
phophoylate diffeent primy site. Liited bryptic digestion samqaetially reduced the suhjilt Pr. from 62000 Do to
59,00W h and finally to 57,000 Da wich resulted in the lass of be site phofspoylated tW th CdI-aierdait protein kinase
k not the site phosphowylated tW the cAI-deerdnt protein kinase. Analysis of partial acid hyfolysates of

-I0-laeled Ipmoine tW&Wsglase indi cated tht selve was the only residue phosphoylated byj eithe kirmse.
Phowhorylation It' the cd id et protein kinase directly activated iosMira *&lase by doresingthK"fr0

cofacto &6.mWlteFbrter~n. PhtSOWylaton of the primary site by Cak4 CM1-dpmidit, protein kinese U11 ltle
dimut, kinetic effect . Howevr, tyrosie w trzolae omphoialated tW the Ca (C.ON-~dapdat protein kirmse II was
activated 2-fold tw adition of a partially-WRlfed activator protein. This heat-labile activator protein inreuased Ve
without affecting Nh V. for tN cofaco. 7ie activator protein had no effect a onpqisphoaylated tyyosine *&Wa~lase or
on Vinie Iu'&iolase phloryAted 1W the WV-dpendent protein kinase. The effect of phophoylaton of th activator
protein an its abilit to activate tyrosine IWyu0'lase has also been investigated.

148 BOTH cAW-DEPENDENT PROTEIN KINASE ISOZYMES MEDIATE PHOSPHORYLASE ACTIVATION. S~d Bee be,
P.F. Blackimore, T.D. Chrisman, and J.O. Corbin. Howerd Hughes Medical institut eT

Molecular Physiology and Biophysics. Vanderbilt Medical School, Nashville, TN 37232
The effects of cAl9 analogs on phosphorylase activation in the absence and presence of insulin or

EGTA were studied in intact cells. Because type I and type Il isozymes of cAMP-dependent protein
kinase (PK) differ in each of the two cooperative intrasubunit cANP binding sites. it is possible to
cause a synergistic activation of one or the other PKC isozyme by using isozyme-directed analog pairs.
In bovine neutrophils (80-850/o type 1), rat adipocytes (> 950/o type 11) and rat hepatocytes
(type I v type 11). type 1-directed and type II-directed Inalog pairs caused a synergism of phospho-
rylase activation in proportion to the relative ratios of the isozymes present in the cells. How-
ever, these typical responses could be modified. The extent of synergism in hepatocytes and
neutrophils with both ilozyme-direted peirs was greater when cells were preincubated with EGTA to
reduce intracellular Car'. In one seric4 of hepatocyte experiments, preincubatlon with I rim
insulin. which lowers elevated cAMP levels, was required to demonstrate synergism with type 11
pairs, while responses to type I pairs were unaffected. When typical hepatocyte preparations were
preincubated with 10 PH glucagon, so that phosphorylase was slightly activated and then returned to
the basal level, synergism was observed only with type I pairs, in contrast with the usual
response. These results do not reveal specific fUnctions for the two PKC isozymes, but indichte that
previous hormone stimulation and intracellular Caz* levels may modify the isozyme responses for
phosphorylase activation.



149 IMMUNOLOGICAL DIFFERENCES IN TYPE IIA AND TYPE IB FORMS OF THE TYPE II REGULATORY SUBUNIT
S.J. Beebe, V.S. Sheorain. S. R. Cordle, L. Wolfe, and J.D. Corbin. Howard Hughes Medical

Institute, Molecular Physiology and Biophysics, Vanderbilt Medical School, Nashville, TN 37232
The type II regulatory subunit (RII) of the cANP-dependent protein kinase is known to be micro-

heterogeneous. One nomenclature describing the forms is based on an operational classification
(Robinson-Steiner, A.M., Beebe, S.J., Rannels, S.R., and Corbin, J.D. (1984) J. Biol. Chem. 259,
10595). RIIA forms shifted after autophosphoylation to higher apparent molecular weight upon
SDS-PAGE but RIIB forms did not. RIIA forms were present in the hearts of ungulates ?bovine and
porcine) while RIIB forms were present in the hearts of rodents (rat), legomorphs (rabbits) and
primates. These two diverse groups of species diverged about 70 million years ago. In order to
determine if there was an imunological difference between RIIA and RIIB, several polyclonal
antibodies directed against RIX were purified from the serum of rabbits or guinea pigs and
characterized by enzyme-linked imunosorbant assays [ELISA], immunoprecipitation and immunoblot
analysis. A rabbit antibody against the bovine heart RII detected RIIA forms but did not detect
RIIB forms. Guinea pig antibodies directed against either bovine heart RIX or rabbit skeletal
muscle RI! detected both RIIA and RIIB forms. None of the antibodies detected RI or the
cGMP-dependent protein kinase. These antibodies were used to quantitate RII from crude extracts of
several tissues and cells in culture. These results establish an immunological basis for the
classification of RIIA and RIIB forms.

1 50 MODULATION OF ENZYMIC ACTIVITY OF 3-HYDROXY-3-METHYLGLUTARYL COENZYME A (HMG-CoA)

REDUCTASE BY MULTIPLE PROTEIN KINASES INVOLVING REVERSIBLE PHOSPHORYLATION. Z.H. BEG,
J.A. Stonik and H.B. Brewer, Jr., Molecular Disease Branch, NHLBI, NIN, Bethesda, MD 20892.

HMG-CoA reductase is the rate limiting enzyme that regulates the synthesis of cholesterol and
other polyisoprenoids. Proteolysis of the native insoluble enzyme (MW 100,000) results in a
soluble active fragment (MW 53,000). We have previously demonstrated that the enzymic activity
of HMG-CoA reductase is modulated in a bicyclic cascade system involving reversible
phosphorylation of both HMG-CoA reductase and reductase kinase. In addition to the reductase
kinase system, we have recently identified two new systems for the short-term regulation of
HMG-CoA reductase. Protein kinase C and a calmodulin-dependent kinase, purified from rat brain
cytosol, were able to phosphorylate and concomita ily inactivate both native and soluble purified
HMG-CoA reductase. Incubatijq of phosphorylated P-HMG-CoA reductase with phosphatase was
associated with the loss of P and reactivation of inactive enzyme. Maximal phosphorylation of
purified KMG-CoA reductase by two kinases Jvolved the introduction of approximately one mol of
P04/mol of native enzyme (MW 100,000). Ca , calmodulin-dependent kinase is able to
phosphorylate two different sites in the KMG-CoA reductase molecule. The elucidation of multiple
kinase systems for the modulation of HMG-CoA reductase by covalent phosphorylation provides new
insights into the molecular mechanisms involved in the short-term regulation of cholesterol
synthesis.

151 PROTEIN PHOSPHORYLATION IN PRIMARY ASTROCYTES D. Benzil and J.P. Bressler, NIH, Beth, MD
Astrocytes are known to respond to epidermal growth factor (EGF), fibroblast growth factor (FGF).

phorbol myristate acetate (PMA), and cAMP stimulators such as forskolin. This response includes a
phosphorylation cascade which may then be involved in growth regulation. The objpctives of this study
are to determine the phorphorylation substrates of PMA, EGF, FCF, and forakolin in primary rat astro-
cytes and to determine if these substrate sets are unique for each factor. Primary rat astrocytes were
prepared from 1-2 day old rat cerebral cortex and used 7-10 days later after shaking. Miniwell cul-
tures were incubated with [32]Pi and then stimulated with PMA, FGF, FGF, forskolin, or solvent. The
reaction was quenched with cold PBS washes and the proteins precipitated with TCA. Samples were re-
suspended in SDS buffer and subjected to SDS-polyacrylamide gel electrophoresis. Gels were silver
stained and prepared for autoradiography. Autoradiographs were analyzed by cutting out bands followed
by liquid scintillation spectroscopy. Induction of protein phosphorylation for the various factors is

Mshown in the figure. The protein substrates identified
MOLECULAR WF" NT (k Dalton) in these studies may play a role in regulation of glial

90 80 70 50 40 30 25 20 growth. Three of these, PMA, EGF and FGF, stimulate
FACTOR astrocyte growth though the former two act primarily

P4A **through different kinases. The 25K protein is induced
EGF *by all three of these factors but not by forskoln sug-
Forskoln* gesting this protein may have a function in glial
FGF * ** * growth regulation but phosphorylation is distal to the

primary effect of the receptor kinase.

u7



152 A protein kinase which phosphorylates aminoacyl-tRNA synthetase protein

has been purified by affinity chromatography and gel electrophoresis. The protein
kinase phosphorylates 21 of 28 (Coomassie. Ag) bands obtained by purifying amino-
acyl-tRNA synthetases from mouse liver by gel filtration and affinity chromato-
graphy. The individual synthetases were located on the gel by zymogram technique.
Purity of bands were controlled by two dimension electrophoresis. The activities
of alanyl-, arginyl-, glutamyl-, histidyl-, iso-leucyl-, leucyl-, lysyl-, methionyl-,
phenyl-, alanyl-, tyrosyl-, and valyl-tRNA synthetases decreased up to 80% after
phosphorylation, whereas the activities of asparaginyl-, aspartyl-, prolyl-, seryl-,
and threonyl-tRNA synthetases increased.

Berg. Berit Helene

ALTERED SUBCELLULAI DISTRUBUTION OF PULMONARY PROTEOLYTIC ACTIVITY FOLLOWING TREATMENT OF
153 MICE WITH BUTYLATED HYDROXYTOLUENE, Elliott J. Blumenthal and Alvin M. Malkinson, Univer-

sity of Colorado, School of Pharmacy, Boulder, Colorado 80309.
The antioxidant, butylated hydroxytoluene (BHT), causes lung toxicity in mice and subsequent

regenerative repair. Under certain injection regimes it can modulate lung adenoma development. BUT
treatment lowers pulmonary cytosolic Ca -activated neutral protease (calpain) activity and increases
the activity of an endogenous inhibitor, calpastatin, both in a dose-dependent manner. The decrease
in calpain activity cannot be entirely accounted for by the increased calpastatin activity since upon
separation of these proteins by DEAR column chromatography the amount of calpain activity from BHT-
treated mice remains lower than the corresponding peak from control mice. Decreased calpain activity
occurs I day following BHT administration, is maximally low level at 4-7 days. and returns to normal
levels by day 21. BHT also increases formation of a 37 K degradative product of cAMP-dependent
protein kinase regulatory (R) subunit. This alteration is also dose- and time-dependent, exhibiting
changes at a dose that does not cause any observable toxic effects. Dissociated R-subunits are more
suseptible to degradation by calpain, but BHT treatment does not enhance R-subunit dissociation from
the holoenzye. Rather, there appears to be increased R-subunit proteolysis associated with the
membrane fraction of BHT treated mouse lung tissue homogenates. Additionally, increased Cs++-indepen-
dent proteolytic activity was observed in the particulate fraction of lung extracts after BUT treat-
ment. This protease is inhibited by calpastatin. leupeptin and E-64, which are known to inhibit
ca~ain. We hypothesize that BHT treatment stimulates calpain translocation, and that in this process
Ca Is no longer required for calpain activation. (Supported by USPHS grants ES02370, CA33497 and
KCDA CA00939.)

154 MUTATIONS AFFECTING THE CATALYTIC SUBUNIT OF cAMP-DEPENDENT PROTEIN KINASE
S.Botterell, D.A.Jans and B.A.Hemmings, Friedrich Miescher-Institut, P.O.
Box 2543, CH-4002 Basel, Switzerland.

Using forskolin and isobutylmethylxanthine as selective agents, a number of mu-
tants, resistant to the cytotoxic effects of cAMP, were isolated from the porcine kid-
ney epithelial cell line, LLC-PKI. Two of the cAMP-resistant mutants, FIB4 and FIB6,
had altered cAMP-dependent protein kinase (cAMP-PK), resulting in a 90% reduction of
activity compared to wild type. The residual CAMP-PK activity was associated almost
entirely with the type II holoenzyme, and showed normal affinity for cAMP, normal
affinity for the substrates ATP and Kemptide, and normal in vivo regulation. Analysis
of C subunit levels using a polyclonal antibody revealed tt - the mutants produced
approximately normal amounts of immunoreactive protein. The results suggest that the
low kinase activity in the mutants is due to either a mutation in the gene for the
C subunit or in a gene encoding an enzyme involved in posttranslational modification
of the C subunit. Somatic cell hybrids were formed between wild type and mutant cells
and analyzed for complementation of the mutation. The hybrids possessed cAMP-PK ac-
tivity intermediate between mutant and normal parents, associated with both type I
and type II cAMP-PK. The mutation was thus expressed codominantly in the presence of
the normal allele. The nature of the mutation is currently being investigated at the
molecular level using cDNA clones for the porcine C subunit.



155 EXPRESSION AND WUTACENESIS OF THE TYPE I REGULATORY SUBUNIT OF cAMP-DEPENDENT PROTEIN
KINASE. Jose Bubis, Lakah

-
l D. Sarsavat, and Susan Taylor. Department of Chemistry,

University of California, San Dieeo. La Jolla, CA 92093.

A cWlA clone containing the complete coding sequence of the bovine type I regulatory subunit (R
I
) of

cANP dependent protein kinase has been lighted into the expression vector, pUCT. The expressed R-subuni

was visualized by photolabeling with 8-N [ P]cAP following electrotransfer from SDS-polyacrylaside
gals to nitrocellulose or by immoblotting using anti-R

l 
serum antibodies. The expressed R-subunit was

functionally indistinguishable from R
I 
purified from porcine skeletal muscle even though the expressed

R-subunit represents a fusion protein that contains 10 additional amino acids at the NHi2-terminus that

are provided by the lacZ gene of the vector. Maximum expression of R-subunit (20 mg/liter of culture)

was seen in E. coli 222. Oligonucleotide-directed mutageneels of the R-subunit was initiated in order

to better understand structural changes that are induced as a consequence of cAMP binding. The site

that was targeted for mutagenesis was identified initially by photolabeling with 8-N 3cAMP which leads

to nearly stoichionetric modification of Tyr 371. In order to establish whether there exists a dipole-

dipole interaction between the adenine ring of cAMP bound to the cAMP-binding domain B and Tyr 371, a

single base change was introduced so that the mRNA now codes for a phenylalanine instead of a tyrosine

at position 371. Introduction of this change yields a stable protein with altered cAMP binding proper-

ties: 1) the apparent Kd (cAMP) was shifted from 16 nM in the wild type to 60 nM in the mutant; 2)

Scatchard plots showed no cooperativity between the cAMP bindint sites in the mutant, in contrast to

the positive cooperativity that is observed for the wild type R ; and 3) the Hill coefficient of 1.6
for the wild type R-subunIt was reduced to 0.99.

(Supported by Public Health Service Grant GM 34921).

1 56 INHIBITION OF THE BETA-ADRENERGIC RESPONSE AND FORSKOLIN RESPONSE BY PROTEIN KINASE C

ACTIVATORS TN C6 RAT GLIOMA CELLS J.P. Bressler and P. Tinsley, NI, Bethesda, Maryland

In the C6 rat glioma cell line, cAMP is an important intracellular signal for the expression of
differentiated properties. Glial proteins such as S-100 proteins, glial fibrous acidic protein, and
to some extent, glycerol phosphate dehydrogenase (GPDN), are inducible when intracellular cAMP levels
are raised. Phorbol ester (PE) tumor promoters and diacylglycerols (DG) inhibit the expression of
GPDH induction. PE and DG both activate the protein kinase C and bind to the same site on the protein.
PE also inhibits the beta-adrenergic response in C6 cells and this ability to attentuate cAMP levels

may be responsible for inhibiting GPDH induction. Since PE may also modulate cellular functions by
protein kinase C independent mechanisms, we have asked whether elevated DG levels lead to an inhi-

bition in the beta-adrenergic response. We have also tried to localize the site at which the inhi-
biton is mediated. In C6 cells DC can be elevated 2-fold by incubating the cells with either phospho-
lipase C or 2-bromooctanoate. Under these conditions, the beta-adrenergic mediated increase in

cAMP levels was inhibited. 2-bromooctanoate and phospholipase C exhibited an ED 50 of 1mm and 0.03

units/sl, respectively. The forskolin response, which is distal to the receptor, was inhibited 50%
when cells were incubated with phospholipase C at 0.02 units/ml and 40% when incubated with phorbol
12.13. myristate acetate at 20 nl. The attenuated response to these agonists was not due to elevated

phosphodiesterase levels. From these studies we conclude that the protein kinase C is involved in
the inhibition of the beta-adrenergic response in C6 rat glioma cells. In addition, the site of
inhibition is probably localized at the regulatory proteins and/or catalytic subunit of adenylate
cyclase.

157 CAUDATE NUCLEUS PROTEIN pHOSPHORYLATION: ACTIONS OF NEUROTENSIN. Scot .T- aln and

Charles B. Nemoroff, Departimnts of Psychiatry and Pharmacology, Duke University Medical Center,
Durham, N. C., 27710.

The brain-gut trldecapept ide, neurotensin (NT) (pGlu-Leu-Tyr-Glu-Asn-Lys-Pro-Arg-Arg-Pro-Tyr-
lie-Lou-OM) Is heterogeneously distributed In the brain. NT has many of the properties of a
neurotransmltter/nuromodulator such as synaptosomal localization, calcium-dependent release and

specific, saturable, high affinity binding to brain msemranes. However, details of the processes
underlying transductlon of the NT signal are sparse. Therefore, In view of Its ubiquitous
regulatory role in cellular function, we have Initiated a series of studies designed to elucidate

the role of protein phosphrylation/dephosphorylation In mediating the coupling of NT receptor

binding and function.
We have reported that after phosphorylation of rat caudate nucleus synaptosomss with 500 uM ATP,

NT alt ers the amount of phosphate Incorporated Into a TCA-precpitatable protein fraction (Cain and

Nomeroff, LL..Aced. Sc.L., In press). We have now studied the effects of NT (1.8 uN) on calcium

(0.5 ml)-stioulated phosphorylation In synaptosomal memranes alone and synaptosomal membranes
reconstituted with synaptosomel cytosol. NT caused no significant change In the magniude of

calclum-stimulated phosphorylation In either fraction. In synapt)omal mersoe, Ca alone
stimulated phosphorylation 222% while in "*inatlon wlth NT, Ca stimulation was 203% of

basal. In the reconstituted fraction, Ca -stimulated phosphorylatlon was 295% of control vs.
312% In combination with NT. Work Is In progress to determine and characterize Individual

phosphoproeins which are responsive to NT. Supported by NIMH-39415 and NIM4-15177-09.
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158 ROLE OF PROSTAGLANDINS IN THE INTERCELLULAR MODULATION OF PROTIEIN PHOSPIORYI.ATION IN THE
LIVER.

Eric Castejeijn, Johan Kuiper, Theo J.C. van Berkel and Johan F. Koster, Dept. of Biochemistry 1,
Erasmus University, P.0.Box 1738, 3000 DR Rotterdam, The Netherlands.

In different liver cell types, the hormonal control of protein phosphorylation and its role in inter-
cellular commsunication was studied. Different rat liver cell types i.e. parenchymal, Kupffer and endo-
thelial cells were isolated (1). After 4 h incubation, media with ltupffer or endothelial cell secre-
tory products were collected. In parenchymal cells loaded with 

3 2
p04 , a 5 min challenge with condi-

tioned media from lcupffer or endothelial cells resulted in a decreased phosphorylation state of a
14w 67000 phosphoprotein and an increased phosphorylation state of a Mw 45000 phosphoprotein. These
changes could also be brought about by Prostaglandins El and E 2 , both known to be produced by non-
parenchymal linr cells. Non-parenchymal cell media and Prostaglandins El, E2 and D2 also decreased
the amount of P detected in a Nw 65000 phosphoprotein, secreted by parenchymal liver cells (2). it
is concluded that changes in the phosphorylation state of parenchymal cell proteins can be brought
about by secretory products from Kupffer and endothelial liver cells. This raises the possibility
that hormonal signals on liver parenchymal cells may be mediated second signals from llupffer and endo-
thelial cells, leading to the concept of cellular commnication in hormonal signal transduction.

1. Nagelkerke, J.F., Barto, K.P. and Van Derkel, Th.J.C. (1983) J. Biol. Chem. 258, 12221-12227.
2. Le Cam, A., Nagnaldo, I., Le Cam, G. and Auberger, P. (1985) 3. Bial. Chem. 260,: 15965-15971.

159 mJIIICUffATIa sITE Al) HE ca2+-Iiwmxw AcTIVIT oF ca2 wAILI).amw PpiWYN apm ii
- R.J. Cobrn C..WceadTi drigHR # eia ntteepatnnt Of P1616uiw' eioloy and
8fWcsVn"l Uffvss1V, Nshville, TN 37M32.4 ~fttlon of Ca(CalxWsllin)-dqeelmet protein kinase 11 purified frtu rabit liver with Ca2%, calsoilin (wI),

JyPAll and ingnslim acetate le&& to the lreorpot tlon of phoqiate into both Slid) and 53d~a aiats of the &%w to
simdlar extents. The axiws inrportion observd was .4 Wals plasphiate / sole proeln kinase. brring this irofdaton
the kinase is converted ftos its native Cab- aid Cd.paidet fans, to a ftom whli exilbits as Rih as Mot/o of the
nsue. actfvfV' eveni n the presence of ,cs , -1 WA. Several line of evidence indicate that this Ca2 -lmldWteit form is
generated ty utiwurIylaton of the kinase (Scha'er et al., 19863J. Biol. Om "in prss*).

We were interested in idenifyingm spaific autophsphioiT~ion sites that xdqK be responsble for this transition. The
inxililly phosoiwylated kinase was subjected to 3)S-plyarylaie gel electrorlu iss to isolate the bo saits.
Follaving attracton of the prtein IV= the gel, a"i uunit was mAljected to typtlc digestion followed tIf reverse-phase
HIC. Four mat aanjngor Owpoete dtected in digests of the 51li0a subihit. TryWtlc Oaqihqiqtdes with identical
retention tines wne also observed in digests of the 530a. sdxiit and an aditional plesfpaptde was also presait in the
digests. lamraton of t Ca2-ilpndaern fat. of the kinase was essenially cmplete within 1. idn aromtely I
eole phosphate / sole kinase eas inrprated. ftimse pohatcirpoaton twas achieved only after an additional 15 On
of incubation. Eeination of the time cmu of apearace of aTpp~e n each subunit reveal1ed that omlueylatlon
of am of the peptides ftud in digests of both subunits was essentaly coolete IV 1 in, a tim that correlated closely
with the observed ciwe in am activiiy. Apeae of the other Al-peptidas ccased over a mi longer tise
interval. These data sugst tat this one rapidly aatcjimowhwylated site emt be vey lqportant in triion of the kinase
to the Ca2+-idpendemt fmu. (Spioried in part i' NH Q-ant 41788.)

160 A UNIFYING MODEL FOR THE ROLE OF RETINOIDS AND THEIR RECEPTORS AS DIRECT KINASE
CONTROL FACTORS INI VISION AND CYTODIFFERENTIATION. F..Cp Southern Research institute,
Birmingham, AL 3525W5305, U.S.A.

Retinoids, Including retinoic acid, have been shown to have strong antitumorlgeic potential In vivo'particularly when the tumor model system is dependent upion the activation protein kinase C (PK-C). e have
demonstrated that the antitumorigenic potential of retinoids is closely linked to a fast-acting membrane-
associated signal transduction system (like the PK-C/phosphoinositol system) and that retinoid efficacy is time-
and concentration-dependent with regard to activation of the PK-C enzyme. Moreover, we have found that
numerous holo-form retinoid-binding proteins can inactivate PK-C while the ago-forms are substrates for the
kinase; 2) that retinoids can induce a translocation of PK-C in neural cells; 3) that retinoids can inhibit PA-C in
vivo; and 4) that halo-form retinoid receptors affect the affinity of PK-C for Islind (Ca and
plophatidylserine) and vice versa. Based on these data and others, we wiln present a unifying model for retinold
function Ink vision and cytodifferentiation which accounts for the antagonistic function of retinolds to PK-C in
cell cycle and also demonstrate that this antagonism Is the basis for the retinaldehyde and retinal/PK-CICa we
dependent dark adaptation In the visual cycle. This model also suggests that the chromophore, rhodopsin, evolved
not only because of Schiff base potential bulalso because of the ability oi retinaldehyde to regulate PK-C and the
concomitant translocation of PR-C with Ca.

Likewise, the other retinoids, retinol and retinoic acid (the reduced and oxidized products of retinaldehyde,
reapectively), as well as their halo-receptors function to modulate PK-C activity as this activity Is necessary or
not In cell cycle and cytodifferentiation. (This research is supported by NIH Grants CA34968 and CA40304.)



161 PROPERTIES OF PROTEIN FINASE C FRIOM AORTA. KR. Dell and D.L. Severson, Department of

Pharmacology and Therapeutics, University of Calgary, Calgary, Alberta T2N 4NI.
The objective of our work is to purify the Ca

7 + - 
and phospholipid-dependent protein kinase (kinase

C) from the media of aortas because kinase C may have a role in the proliferation of sooth muscle
calls seen in atherosclerosis. Kinase C has been partially purified from the media of bovine aortas
by chromatography on DEAE-Sephacel and Ultrogel AcA-34. Enzyme activity was assayed by measuring the
incorporation of 32p from [y-

3 2
P]ATP into lysine-rich histone or chicken gizzard vinculin, a cyto-

skeletal protein that is a physiological substrate for kinase C. With vinculin as substrate,
specific activities of 66-267 pfol Pi incorporated/min/mg were obtained, an increase of 14- to 20-
fold over activity in the high speed supernatant. With histone, specific activities of up to 1.57
tmol/min/mg were measured. The enzyme was both phosphatidylserine (PS)- and Ca

2
+-dependant with

both substrates. The K. for PS in the presence of Ca
2

+ was 20 vg/ml and enzyme activity increased
over the concentrationlrange of 10-6-10-

4 
M Ca

2 
. The addition of diolein (3.2 ug/m1I increased

enzyme activity 3.4-fold at 10-
7 
M Ca + with histone; the diolein effect at 10

- 5 
1 Cai

+ 
was less.

Using vinculin as substrate, diolein increased kinase C activity 1.5-fold at 10
- 7 

H Ca
2
+. In con-

clusion, kinase C from bovine aorta phosphorylated the physiological substrate vinculin in a PS- and
Ca

2
+-dependent manner. The addition of diolein further stimulated this phosphorylation. Platelet-

derived growth factor (PDGF) stimulates the metabolism of phosphatidylinositol and the production of
diacylglycerol. This suggests a link between kinase C activation and the stimulatory effect of PDGF
on vascular smooth muscle cell proliferation. This work was supported by a grant from the Alberta
Heart Foundation.

162
PRIMARY SCREENING FOR EVALUATION OF POTENTIAL CALJODULIN ANTAGONIST: COMPARISON OF METH- ,S

P.R.M. Dobson, S.F. Pong*, S.M. Demuth*, G. Burns & B.L. Brown *Norwich Eaton Pharmaceuticals,
Norwich, NY and Dept. of Human Metabolism & Clinical Biochemistry, Univ. of Sheffield,
Sheffield, U.K.

The ubiquitous calcium binding protein, calmodulin (Cal) regulates may calcium-
medicated events. Thus, modification of the activity of Cam would have profound biological
consequences. Moveover the possibility exists that specific CaM antagonists might have therapeutic
potential in various disorders. Most Ca "antagonists" currently available also interact with other
calcium binding proteins including protein kinase C. In an attempt to develop a simple screening test
for CaM antagonists, prior to determining their specificity, we have evaluated two distinct assay
systems; a 

3
H-CaM binding and Cal-dependent phosphodiesterase assays. The binding assay utilized rat

brain synaptosomal membranes(BBA 714 84-92 1982). The Cel-dependent phosphodiestrase (PDE) was
prepared from pig brain (Adv. Cyclic Nucl. Res. 10 69-92 1979). Assay of known Cal antagonists in
both systems produced results which correlated significantly with those in the literature. A total of
126 compounds were screened in the binding assay and 32 inhibited binding by more than 501 (at 50 uM).
Of the 32 active compounds, 24 were subjected to the CaM-dependent PIE assay. All compounds active in
the binding assay were also active in the PDE assay. The PDE assay also detected several agents which
inhibited basal activity (is without CaM); the results with these agents did not correlate well
between assays. We conclude that both assays are reliable and suitable tests for the screening of
potential Cal antagonists. The binding assay is simpler, however, the PDE assay can identify PDE
inhibitors in addition to Call antagonists.

163 A SIMPLE, RAPID, AND SENSITIVE COLUMN METHOD FOR ASSAYING PROTEIN KINASE ACTIVITY
John J. Egan, Min-Kun Chang, and Constantine Londos. NIDDK, NIH Bethesda, MD 20892

The measurement of cyclic AMP-dependent protein kinase (A-kinase) activity In cellular prepara-
tions often depends upon the use of time-consuming and cumbersome assay methods (filtration). Alter-
natively, assays in which binding of a basic heptapeptide substrate, Kemptide, to acidic paper
(P-81) yield varying results dependent upon the quality of the paper. In both cases, background
32P-ATP lies within the range or 350-1000 cpm per 106 cpm 

32
P-ATP added per assay tube. Attempts to

lower this background by increased washing (the latter method) results in reduced product yields.
The following method reduces the labor and the background radioactivity levels in the assay of
A-kinase activity. The kinase reaction is stopped with 30 % acetic acid, and this mixture is dumped
directly into a column of CM Sephadex. Kemptide quantitatively binds to the resin, but the bulk of
the ATP passes directly through the column. Sephadex columns are then mounted atop columns contain-
ing the anion exchange resin, AG1-X8, and eluted with 30 % acetic acid. The effluent is passed
directly Into vials for liquid scintillation counting. Residual ATP Is retained on the anion
exchange resin, but at least 95 % of the Kemptide is eluted. Background levels of ATP are routinely
10 cpa per 106 cpm 

32
P-ATP added per assay tube. Columns are rapidly regenerated and have been

re-used for more than 50 assays with no loss in Kemptide recovery nor any increase in background ra-
dioactivity. Typically, processing of 100 samples is completed in 30 min and requires less than 7
min operator attendance time. It Is anticipated that with appropriate oligopeptide substrates other
protein kinases may be assayed with this simple method.



164 A VATZG Or PROTEIN XIMASI C INCRAASES MULTIDRUG USISTACE IN HUMAN MC?-? BRAST CANCER
CI-LS. R. L. k'ine, J. Pel, J. Carmichael, K. H. Cowan and a. A. Chabeer. National Cancer
Institute and National Institute of Mental Health, Bethesda, Maryland 20852.

Multidrug resistance (0DR) in mammalian cancer cells can occur after exposure to a single drug from
a natural product source such an vincristine (VCR) or adriamycin (ADR). MDR is associated with a
decreased net intracellular accumulation of drug due to an increased drug efflux mechanism. Calmodulin
antagonists and calcium channel blockers, such as verapamil, can reverse the resistant phenotypes, and
they also are known to inhibit protein kinase C (PKC) and calaodulin-associated kineses. Thus, we
investigated the relationship of these kinases to changes in drug resistance in 21 human breast and 17
human small-cell lung cancer lines. MDR was determined in the lines by clonogenic assay and by clinical
history. Increased phosphorylation of a 20-kD protein was found in all of the above resistant lines and
it was absent or minimal in sensitive lines by an in vitro 

32
P-ATp phoephorylation assay. PKC activity

was increased 7-fold in some resistant 1CF-7 breast cancer lines. Activation of PKC by phorbol eaters
in both sensitive and resistant breast cancer lines was associated with increases in the following,
a) phosphorylation of the 20-kD protein, b) MDR in clonogenic assay, and c) decreased net intracellular
accumulation of VCR and ADR. Verapamil decreased the phosphorylation of the 20-kD protein and drug
resistance in these cells, while it increased intr&acellular drug accumulation of VCR and ADR. These
experiments indicate that PrC activation is associated with the MDR phenotype via decreased accumulation
and that verapaLmil may be reversing resistance by unknown mechanisms.

165 A COMPARATIVE ANALYSIS OF PROTEIN KINASE-C ACTIVATORS

Garland. L.G., Dawson, J., Boser. R.W.. Thompson, N.T., Blackwell, G.J.* & Hodson, H.F.t,
Departments of Biochemistry, Mediator Pharmacology* & Medicinal Chemistryt, Wellcome Research
Laboratories, Beckenham, Kent.

It is believed that synthetic diglycerides and phorbol esters stimulate cellular responses
through the same "receptor" un protein kinase-C (PKC), but such responses have not been rigorously
compared. We have studied superoxide (0-) production by HL60 granulocytes stimulated by 1,2dihexa-
noyl-on-glycerol (DiHex), phorbol dibutyreote (PDBu) and phorbol myristyl acetate (PMA). From full
dose-response curves their negative log ED values were 4.8, 7.2 and 9.4, respectively. However, the
maximum response to DAHex was only 4a5% 59 thm. produced by PMA or POBu. This is not due to poor
cell penetration since DiHex displaced 100% of H-PDBu bound specifically by intact HL6O cells: this
displacement showed enantiomeric specificity. Thus, DiHex may have been a "partial" activator of
PKC, with low efficacy at the phorbol receptor. If this were so, DiHex should have competitively
antsgonised 0- production stimulated by PDBu. In such interaction experiments, OiHex blocked PDBu
responses, but2 not competitively. Therefore, we conclude that DiHex has two properties in HL60
granulocytes, one being activation of PKC, the other being an effect which opposes cell activation
through PKC. This is supported by observation of bell-shaped dose-response curves for HL60
degranulaton activated by Oilex.

166 A CORRELATION BETWEEN PHORBOL DIESTER-INDUCED PROTEIN PHOSPHORYLATION AND SUPEROXIDE ANION

GENERATION IN ML-60 CELLS DURING GRANULOCYTIC MATURATION. J.R. GAUT, C.M. KRAMER & R.A. CARCHMAN
DEPT. OF PHARMACOLOGY & TOXICOLOGY, MEDICAL COLLEGE OF VA., V.C.U. RICHMOND, VA.23298

Phorbol diester-induced superoxide anion production was compared to phorbol diester-induced
protein phosphorylation as HL-60 cells matured along the granulocytic pathway. Maturation was in-
duced by 0,2,4, or 6 days incubation with dimethylsulfoxide (DMSO). In 0 day ONSO ML-60 cells, phor-
bol 12-myristate, 13-acetate (PMA) induced phosphorylation in the 1DO,OOOxg supernatant of protein
pp29 (Mr=28,600) and to a lesser extent protein pp76 (Mr=76,300). With increased time of DMS0 incu-
bation, PMA-induced phosphorylation of pp212 (Mr=211,800), pp134 (Mr=134,200) and pp76, while the
phosphorylation of pp29 did not change appreciably. In close agreement with this increase in protein
phosphorylation was the observed intrease in phorbol diester-induced superoxide anion formation.
Both responses increased markedly between days 2 A 4 of DMSO exposure. Morphological characteriza-
tion of cells during DRSO induced differentiation using Wright Giemsa staining revealed that these
increases in phorbol diester responses were probably attributable to the parallel rise in metamyelo-
cytes, band and segmented neutrophils. The proportional increase in pp76 phosphorylation was strong-
ly correlated to the increase in superoxide anion formation (r=0.99). Similarly, the structure acti-
vity relationship of six ohorbol diester derivatives for protein phosphorylation was also correlated
to their ability to increase superoxide anion generation. Thus, we propose that phorbol diester-in-
duced phosphorylation of pp212, pp134, and pp76, (but not pp2g) may olay a role in mediating the
functional response of phorbol diester-induced superoxide anion generation. (funded by NIH ES03572)
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167 EFFECT OF S-BLOCEADE ON SKELETAL MUSCLE GLYCOGENOLYSIS AND CYCLIC AMP DURING EXERCISE.
A.M. Goldfarb and J. DiVetta. Exercise Science Laboratory, University of Maryland,

College Park, Maryland 20742.
Twenty-eight, male Sprague-Dawley rats (200-250 gas) were randomly assigned to either a resting-

saline (RS), a resting-propranolol (RP), an exercise-saline (ES) or an exercise-propranolol (EP)
group to determine the effects of beta-receptor blockage on red fast twitch (R), white fast twitch
(W). and red slow twitch (S) skeletal muscle glycogenolysis and cyclic AMP during exercise. The
exercise consisted of running at 20 meters/min for 30 win on a motorized rodent treadmill. Adminis-
tration of propranolol (6 mg/kg) did not alter resting values for glycogen or cyclic AMP In R. Ii. or
S skeletal muscle. The acute exercise resulted in a 40% and 42% decrease in glycogen in R and S
skeletal muscle respectively, with a non-significant degradation in W muscle. Propanolol adminis-
tration completely prevented the degradation of glycogen in S muscle (ES - 2.84 . .23, EP - 5.17 +
.24 mg/gm wet weight) while only partially preventing the decline in glycogen in R muscle (ES - 3.93
+ .34, EP - 4.82 + .12 mg/gm) compared to resting values (IS - 6.53 + .38, BP - 6.19 + .29 mg/gm).
The acute exercise significantly increased cyclic AMP in R (IS - 302.8 + 16.3, ES - 481.6 - 30.8
p~ol/mg wet weight), W (RS - 268.3 + 21.3. ES - 430.9 + 25.4 p1401/mg wet weight), and S (IS - 304.8
- 24.6, ES - 510.8 + 33.9 pMol/mg wet weight). Bets-blockade prevented the exercise-induced increase
in cyclic AMP in both W (EP - 291.4 + 29.6 p~ol/mg wet weight) and S (EP - 340.0 + 21.8 pMol/mg wet
weight) but only attenuated the cyclic AMP rise in R muscle (EP - 367.0 + 15.9 ptio1/mg wet weight).
These results suggest that Beta-receptor blockade in skeletal muscle is fiber dependent in inhibiting
glycogen degradation and cyclic AMP accumulation during exercise.

168 THlE MR 43,000 POLYPEPTIDE. v1 * OP ACHR-ENRICHED MEMBRANES IS A PROTIN KINASE. A. S.
Gordon, Dept. of Neurology, Univ. of Cal. Sch. of Med., San Francisco, CA 94143.

AChR-enriched membranes have been shown to contain 3 alkali-extractable polypeptides of Mr
43,000, vi, V2. and V3 which can be separated by 2-dimensional electrophoresis. vi is a membrane-
bound polypeptide having a pI between 7.0 and 7.4 which copurifies with the AChR. Insunochemical
studies show that v, is exclusively a post-synaptic membrane protein. We have found that an alkaline-
extractable Mr 43,000 polypeptide has an ATP binding site and that the alkaline extract has protein
kinase activity. Our results suggest that V1 may be a protein kinase. We have used monoclonal anti-
body (ucAb) to Vi to address this question. AChR-enriched membranes were covalently labeled with
[L- 

2
P ]ATP. When these membranes ware solubilized snd immnunoprecipitated with anti-V1 mcAb, we found

a covalently labeled polypeptide of Mr 43,000 on autoradiograma of SDS gels which was not present when
control IgG was used. Therefore, V1 is an ATP binding protein.

In order to demonstrate that the AT? binding protein precipitated by the *cAb is a protein kinastj
we show that protein kinase activity is also precipitated from solution by mcAb. PH1 11 extract is
neutralized and incubated with either mcAb or control mouse IgG and Staph. Aureus is added to precipi-
tate the immune complexes. After centrifugation. the supernatant is assayed for protein kinase activ-
ity. We find that PH 11 extract incubated with anti-Vi mucAb shows no phosphorylation activity. In
contrast, protein kinase activity is observed in the pH1 11 extract incubated with control mouse IgG.
Therefore, the mcAb must have precipitated the protein kinase and we can conclude that V1 is a protein
kinase. Since there is only one ATP binding protein present in AChR-enriched membranes, V1 is probably
the receptor kinase which phosphorylates the AChR.

169 Oa4 . rM.MM4 M 'N li 1hin TE KWX H AND CA*.PVP10JPM.ff018 PWIEIN IM DTTIES IN PAT
TWOSL AMMM NN A &MUM~i PWiEE. Y. liafftot WUTr. ~ing, Ibm'd Riglots mmd. Inst., and Dept of Ptlecula
"I'sologw and 111OS 1shviU~lle, UN 37=.

Pat tisue levels Of CA+'. ca1li*4*n-Muht Protin kinese 11 (protein kinese 10) and CA++. OMO ipipfdaht
protan kfine (proatn kinese C) wae seletively assusd using the synibetic po~t1e Wytilb-2 as sshsrint. The sw#*me
of syntde-2 (pro-leal-a.0g-thr-lwu-sur -vala-gly-la-gro-ly-lys-lys) is homologos to pipylatli site 2 in gyoge
sysithae. The relative W~axf ratio of the Ja Cat++,dWuit prtein Mensas finr Wdt&%-2 wae detannsnd to be as
follegs: wtain kinase 11. 10D., protein kins. C, 22; ftqsIeylase kluese, 2; *'esln 10 Clain kinnse, 0.05. Levels of
protein kinese 11 wer hiost in caebrup (3.36 its/g tissue) aid spleen (0.86 units/g) and loest in testis (0.05 units/gI
and klW (0.01 nilts/g). Protein kinne 11 atvlt was localized predanruitly in t 1(D,00g particulate frttan of
cwema and testis; in Ve Qftso1IC fraction of heart, liver, adrenal, aid kift; aid djout emally distribuated beteen te
particulate and q'tlic frwtions in spleen aid lung. OA the o~w hand. protein kiuse C was highest in cerebum (0.56
units/) and spleen, (0.47 nilts/g), and fte mjor of actllly was prew.sin the cytosouic frctin for all tisase
inaed ecept for Ceebrm and testis in Adh the kinese aKtivlywa equal in both fractions. Lastly, ft ratios of
protein kinase H to protein kinese C wr dlfft in various rt tissues and IbebIPi the partlilate and q'oso1 ic
fractions. These results suest sum~ft diffreit fltionls for fts be Ca-repiletedl, muj1iact anal protein
kinases. (Spported in part t' OfN grant IM821



170 MOLECULAR CLONING OF THE cAMP-DEPENDENT PROTEIN KINASE FROM LLC-PKI CELLS
B.A.Hemmings, M.Schwarz, S.R.Adaveni, D.A.Jans, I.Nowak, M.O.Showers* and
R.A.Maurer*, Friedrich Miescher-Institut, P.O.Dox 2543, CH-4002 Basel,
Switzerland, *Dept. of Physiology & Biophysics, University of Iowa, IA, USA

The cAMP-dependent protein kinase (cAMP-PK) is thought to play an integral role in
the regulation of transcription of specific genes. In the porcine kidney cell line
LLC-PK1, elevation of cAMP mediated by the hormone calcitonin leads to a 100-fold in-
crease of the rate of transcription of the plasminogen activator gene. As a step to-
wards understanding the role of the kinase in the induction process we undertook the
molecular cloning of the subunits of the cAMP-PX from the LLC-PKI cell line. Using
the hgt 11 system, cDNAs were isolated for both the porcine RI and RII using a bovine
RX cDNA and antibody to bovine RII . respectively. The LLC-PKI cDNA library was also

screened using a bovine cDNA for the C subunit and two distinct cDNAs were isolated
for the porcine C subunit. DNA sequence analysis confirmed the existence of two mRNA
species (Ca and Cp) coding for the C subunit, most likely encoded by different genes.
The two types of C subunit, with presumably somewhat different activities, provide
the possibility of fine control over cellular activities. Comparison of deduced amino
acid sequences of the porcine RI, RII and Ca with the bovine sequences revealed
very high homology for all subunits, indicating high conservation of structure and
function in this important regulatory enzyme.

DISTRIBUTION OF PHOSPHOPROTEINS (PP) rN DIFFERENT BRAIN AREAS STUDIED BY TW-DIMENSIONAL
171 GEL ELECTROPHORESIS (2DE). W.E. Seydorn, J. Patel, G.J. Creed and D.M. Jacobowitz, FDA,

Rockville, ND 20857 and Laboratory of Clinical Science, NINH, Bethesda, ND 20892.
The distribution of PP was studied in 7 brain areas: caudate nucleus (CN), olfactory tubercle

(OT), prefrontal cortex (PRE), hippocampus (HIP), habenula (HAS), arcuate-median eminence (ARC-ME)
and ventromedial nucleus (VWN). Under basal conditions, approximately 40 phosphoproteins could be
seen, with 12 being visible on silver-stained 2D gels of rat brain. Three distinct regional differ-
ences were noted. First, a 94 kDa (pI 5.6-5.8) PP was found primarily in the CN. HIP and OT.
Second, a pair of high MW (95-100 kDa) PP was consistently visible only in the CN, PRE, HAB and
HIP. Third, a group of proteins of MW 32-37 kDa, pI 4.9-5.4 consistently phosphorylated only in the
CN and t'ke ARC-ME. In the presence of Ca/calmodulin, the phosphorylation of 3 acidic proteins
(pI < 5.0) was markedly elevated in all 7 brain areas examined. Cyclic AMP produced an increase in
the phosphorylation of a number of different proteins. The 94 kDa protein showed a marked increase
in phosphorylation only in the CS and OT. Cyclic AMP also stimulated the phosphorylation of a
poorly focusing 83 kDa protein in the C, OT and, to a lesser degree, in the HIP, HAD and ARC-ME.
Phosphorylation of an acidic protein that appears to correspond to DARPP-32 was stimulated by cAMP
in the CN, OT, HAB and ARC-ME. A group of basic proteins that appears to correspond with Protein
Iib was phosphorylated in the presence of cAMP in all 7 brain areas studied. Finally, 2 PP of MW
45-46 kDa, pI 5.5 that were not apparent under basal conditions were phosphorylated in all 7 brain
areas. These results demonstrate: 1) A number of silver-stained proteins visible on 2D gels of rat
brain are phosphoproteins, 2) Cyclic AMr has region-specific effects on the phosphorylation of
Individual proteins, and 3) These effects can easily be visualized using 2DE.

172 INHIBITION BY CALNOULIN ANTAGONISTS, H-7 AND H-8 OF FORMYL PEPTIDE, LEUKOTRIENE 84,

PHORBOL DIESTER AND DIACYLGLYCEROL STIMULATION OF MACROPHAGES. A. Holian M. K.
Jordan and H. V. Nguyen. Univ. of Texas Sch. of Med., Houston, TX, USA 77030.

The proposed roas of protein kinase C (PKC) in the activation sequence of the stimulated produc-
tion of 02 by guinea pig alveolar macrophages was examined using trifluoperazine (TFP), fluphenazine
(FLU), W-7, H-7, and H-8. All five agents inhibited 02 production stimulated by f-nle-leu-phe
(FNLLP), leukotriene B4 (LTB4 ), phorbol-12,13-dibutyrate (PDB) and sn-l,2-dioctanoylglycerol. he
order of potency was TFP > FLU > W-7 = H-7 > H-8. The inhibition by TFP and FLU could be partially
reversed by thg addition of Imi Ca

+ 2 
to medium with Ca

+ 2 
< 10 uN. TFP, FLU and H-7 partially

enhanced 45Ca
+ z 

efflux W-7 enhanced 45Ca
+2 

efflux to a similar extent as that achieved with FNLLP.
FNLLP-stimulated 45Ca

+  
efflux in the presence of FLU or TFP was diminished to the same extent which

FLU or TFP enhanced 45Ca
+ 2 

efflux resulting in the same total net 45Ca
+ 2 

efflux. The normally
short-lived phosphatidyl inositol (Pl) turnover stimulated by either FNLLP or LT84 was not markedly
affected by FLU and still terminated when measured either as changes in 32P incorporation into
phosphatidic acid or as 3H-diacylglycerol production. FLU and, more markedly, H-7 enhanced the
incorporation of 32Pi into the phospholipids of the PI cycle. W-7 also stimulated a weak and short-
lived burst" of 02 production. These results suggest: 1) The calmodulin antagonists (FLU, TFP
and W-7) have a number of sites of action which appear to include PKC (where H-7 and H-8 inhibit)
and possibly phospholipase C. 2) FNLLP and LT84 can still stimulate those events preceeding the
site of inhibition (i.e., PKC); and 3) Activation of PKC may not be involved in the termination of
FNLLP and LTB4 stimulated P1 turnover. This work was supported in part by HL-33953.
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173 PROPERTIES OF THE ENDOGENOUS TRIHERIC FORM OF A-KINASE PRESENT IN RAT OVARIAN EXTRACTS. M.
Hunzicker-Dunn, L. Lynch and R.C. Ekstrom, Dept. Nolec. Biol, Northwestern U Med Sch, Chicago IL.

Separation of A-kinase holoenzymes by DEAE-cellulose chromatography has shown that soluble ex-
tracts of immature rat ovaries contain 2 holoenzyme forms of the type I enzyme: a tetrameric form
composed of a regulatory (R) subunit dimer and 2 catalytic (C) subunit monomers; and an apparent tri-
m meric form (Hunzicker-Dunn et &I., I Biol Ihm 260:13360,1985). The apparent trimeric A-kinase was
stimulated by cAMP, contained authentic R and exhibited a S20 (6.081 0.19, n-19) lower than that
of the tetramer (7.5±0.19, n-19). The purpose of the following 8!udies was to confirm the MW of the

* apparent trimeric A-kinase and to establish its subunit composition (as R2C or RC ). To determine its
MW, autophosphorylated tetrameric and apparent trimeric holoenzymes were separatea by nondenaturing
PAGE. MW estimates for the tetrameric and trimeric forms of 215000 and 175000, respectively, were ob-
tained. The 2 enzyme forms were also separated on Sephacryl S-300.MW estimates from gel filtration
were 245000 and 195000, respectively, for the tetrameric and trim ic forms. To determine the subunt
composition of the trimer, the extent of autophosphorylation of R associated with sucrose gradient-
purified trimeric and tetrameric A-kinase forms, in the presence of equatiC activity, were compared1 1
There was no reduction in the incorporation of label into the trimeric R compared to tetrameric R
A comparison of relative cAMP-binding to phosphotransferase (R:C) activities of the 2 enzyme forms re-
sulted In values of 0.62±0.09 (n-23) for the tetrameric enzyme and 2.1±0.42 (n-23) for the trimeric
enzyme, consistent with reduced phosphotransferase activity associated with the trimer. From these re-
sults, an R2C subunit composition can be predicted for the trimer. We conclude that rat ovaries con-
tain a trimeric type II A-kinase with a subunit composition of R2C. Supported by NIH RD 11356 to MHD.

174 PHOSPHORYLATION AND DEPHOSPHORYLATION IN LEISHWANIA MAJOR
Charles L. Jaffe and David S. Lester Departments of Biophysics and Membrane Research
Weizmann Institute of Science, Rehovot, Israel

Labelled phosphoproteins and phosphatase activity were investigated in logarithmic stage promasti-
gotes of L. major. Whole cells incubated in [

32
P]-orthophosphate revealed 13 bands. Three bands (105,

70 and 16 kd) were found in both membrane and cytosol fractions. The 16 kd band was the major
phosphoprotein. Incubation of cells with calcium intensified labelling of the 70 kd protein. This
calcium stimulation was also observed with three additional proteins in the membrane fraction
(48, 42 and 18 kd). Incubation with the calcium ionophore A23187 drastically reduced labelling of the
16 kd protein. [y-

32
p]-ATP labelling of lysed parasites identified 7 phosphoproteins; the predominant

band migrated at 16 kd. The pattern of labelling was similar to that observed for membranes of
[
32
P]-labelled whole cells. Calcium specifically decreased labelling of two phosphoproteins (90 and

56 kd). Phorbol ester and 8-BrcAMP had no effect. pNPP-alkaline phosphatase activity was examined in
whole cells, membrane and cytosol fractions. The membrane activity was externally located and had a
pH optimum of 7.0-7.5. The specific activity of the cytosol fraction was at least 4-fold greater
than the membrane fraction and preincubation of whole cells in calcium shifted the pH optimum of
the cytosol fraction from 7.0 to 6.5. All phosphatase activity was inhibitable by calcium and
vanadate. Developmental studies of these processes are under investigation.

Funding was provided by the John and Catterine T. MacArthur Foundation.

175 PHOSPHORYLATING SYSTEM CONTROLLING ASPARAGINASE CYCLIC ACTIVITY. S. Jerebzoff-Quintin and

S. Jerebzoff,Biorhythm Lab. and UA 241 CNRS, P. Sabatier Univ., TOULOUSE, France.

Asparaginase cyclic activity in Ltosphaeriamchotii has been shown to be dependent on a rever-
sible phosphorylating process. Aspa has been isolated as a purified protein complex, which

possessed autophosphorylating and autodephosphorylating capacities (1)(2).
A protein kinas was present in thiE2complex, as demonstrated by time course of M +-dependentph-

S phorylation by [y-3
2
P]ATP, whereas [a-32P]ATP was not incorporated, and identification of the phospho-

aminoacid as threo(P) ; it was cAMP non dependent and active at pH from 5 to 9. A rhythm of proteinkinase activity synchronous with the rhythm of asparaginase eciiy a ,, obs~eed

Autodephosphorylation of asparaginase complex was controlled by a Mg +-Zn +-dependent protein al-
kaline phosphatase (active at pH from 7 to 9), Mr 60 000, phosphorylable, which could hydrolyze nonproten p Isphoesters. In the time course of asparagnase activity cycle: Zn

z+ additi on in the presen-

ce of [y- 3P)ATP-M4g4+, stimulated depbosphorylatlon of the protein complex when asparaginase activity
is decreasing, whereas it stimulated 44P incorporation when asparaginase activity is increasing.S Opposite effects of protein phosphatase activation on asparaginase activity, together with the

fact that protein phosphatase was phosphorylable, give strong support for an important regulatory
role of this enzyme in the control of asparaginase oscillatory states.

(1) FEBS Lett., 1984, 171, 67. (2) Physiol. Plant., 1985, 64, 74.
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176 K-252a; A POTENT, NEW INHIBITOR OF PROTEIN KINASES FROM MICROBIAL ORIGIN

H. Kase, K. Iwahashi, Y. Matauda, S. Nakanishi and K. Yamada

Tokyo Research Laboratories, Kyowa Hakko Kogyo Co., Ltd.

Machida-shi, Tokyo, Japan

K-252a(l), a novel compound isolated from the culture broth of Nocardio sis, op., was found to

potently inhibit protein kinase C (Kase et al, J. Antibiotics, in press). The compound also

inhibited cyclic nucleotide-dependent protein kinases. Apparent Ki values of K-252a for protein

kinase C, and cAMP-dependent and cGMP-dependent protein kinases were 25, 7, and 20 nN, respectively.
The inhibitions were not reversed by the phosphate acceptors, or the enzyme activators such as cAMP,

cGMP and phospholipid. Alternatively, ATP reversed the inhibition of K-252e in competitive manners.

The compound also inhibited calmodulin, but its effect (IC5 0 ; 2.9 ) Owas much less than that on protein kinases. K-252c, the aglicon of 0O

K-252a, and K-252b and d, which contained K-252a aglicon in their

structures, were also isolated from the culture broth and inhibited
the protein kinases to various degrees.

In rabbit platelet, K-252a inhibited ATP secretion induced by
thrombin, platelet activating factor, and phorbol myristate acetate.

These newly developed compounds should facilitate studies on the
physiological roles of protein kinases. HO"

177 THE RElATION&HIP BETEEN PHORBOL ESTER - STIMULATED LYSOSOMAL ENZYME RELEASE AND PROTEIN

PHOSPHORYLATION IN HLUMAN MX)DCYTES. Barbara A. Kelly and Richard A. Carcman, Dept. of Pharmacology

and Toxicology, Medical College of Virginia, V.C.U., Richmond, Va. 23298.

PMA (Phorbol-12-myristate-13-acetate), a potent tumor promoter, stimulated the secretion of the
lysosomal enzyme N-acetyl-B-D-glucosaminidase (NAGA) from human monocytes. PMA elicited a concentra-

tion-dependent (BC50=53 nM) increase in NAGA secretion over a tested range of 0.1 nM to I UM. This
time-dependent release (22% of total enzyme at 10 uM PMA) reached a near maximal response at 60 min-

utes. In addition, PMA stimulated the phosphorylation of several endogenous protein substrates in
broken cell preparations as well as intact cell preparations in a concentration-dependent manner over

a tested range of 0.3 nM to 3 uM. Protein substrates specifically phosphorylated by PMA had apparent

molecular weights of 20K, 30K, 41K, and 75K in broken cell preparations and 20K, 55K, 61K and 66K in

whole cell preparations. Further studies of lysosomal enzyme release and protein phosphorylation stim-
ulated by various diterpene derivatives relealed similar structure activity relationships (SAR) to
the SAR characterized for phorbol ester-binding to human monocytes (J. Clin. Invest. 70:669-706, 1982)
These findings support the hypothesis that phorbol ester-elicited events are mediated y the activa-

tion of a receptor enzyme known as calcium-dependent, phospholipid-sensitive protein kinase (PK-C);

PK-C phosphorylates specific protein substrates purportedly resulting in various functional responses.
Finally, the effects of opsonized zymosan to stimulate protein phosphorylation were investigated in an
attempt to further identify those protein substrates key to the regulation of lysosomal enzyme re-
lease. (Supported by NIH 5 T32 ES07087 and NIH ES03572).

178 FORSKOLIN ALSO IHIBITS ADENYLATE CYCLASE ACTIVITY AND cAMP PROD1ICTION Azrs Khanum and

Maria L. Dufau, NICHD, NIH, Bethesda, MD 20892
In testicular Leydig cells (LC), forskolin (F) causes stimulation of all cAMP pools (extra,

intracellular & receptor-bound) and testosterone production, and potentiates gonadotropin-induced
responses, when present in concentrations of 1-10 1AM. In addition, when added at lower doses (100

nM) that did not affect cAMP generation, F caused an increase in sensitivity to hormonal stimulation

for all cAMP pools and testosterone production. Minor increases in bound cAMP (25%) elicited 6 by
gonadotropin caused maximal testosterone production, while with comparable increases by F (10 ),
testosterone increases were only 36% of maximal. In contrast to the known stimulatory actions of F,

low doses (in the pM-nM range) markedly inhibited basal and gonadotropin stimulated cAMP and testos-

terone production. Furthermore, F significantly decreased adenylate cyclase activation by GTP and

luteinizing hormone. This inhibitory action, was prevented by preincubating the cells and membranes
with pertussis toxin before addition of F. A dose-dependent reversal of F inhibition was observed
over the range of 0.1-30 ng toxin. These studies have shown the diverse effects of F: first the

stimulatory effects on LC cAMP pools, including potentiation of the hormonal increase in receptor-
bound cAMP by F; and have provided additional evidence for the functional importance of cAMP com-

partuentalization during hormonal stimulation of steroidogenesis. Second, we have demonstrated a
novel, high-affinity inhibitory action of F upon adenylate cyclaese activity and cAMP generation, an

affect that seems to be mediated by the Ni unit. This finding provides a new approach for direct
evaluation of the functional inhibitory influence of Ni unit in the intact LC and cell membrane and

has potential general application to other systems.
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179 PROTEIN KINASE ACTIVITY IN CLONED MURINE T CELL LINES. D-K Kim and F.W. Fitch.

Dept. of Path., Box 332, Univ. of Chicago

We have observed that our typical cloned cytolytic T cell lines, exemplified by L3, proliferate in
response to phorbol 12-myristate 13-acetate (MA); in contrast, our typical cloned helper T cell
lines, exemplified by L2, do not proliferate in response to PKA. A number of recent reports have
suggested that translocation of protein kinase C (PKC) from the cytosol to the mlcrosomal fraction
(membrane) is associated with the induction of the characteristic functions of a variety of cell
types. We now have obtained evidence that translocation of a Ca++, phospholipid-dependent kinase
activity (PKC activity) from the cytosol to the membrane occurs after a ten minute PHA treatment
both in the cloned cytolytic T cell line, L3, and in the cloned helper T cell line, L2. Thus the
translocation of PKC activity itself is not necessarily associated with the induction of prolifera-

tion of T cells, because translocation of PEC activity occurs after PA treatment in a I cell line,
L2, that does not proliferate in response to PtA. The level of PKC activity found in the membrane
after MA treatment, however, differs between the two cell lines: only 15-25% of the PKC activity
found in the cytosol of untreated L3 cells is tranalocated to the membrane of PA-treated L3 cells;
in contrast, nearly the entire PKC activity found in the cytosol of untreated L2 cells is trans-
located to the membrane of PA-treated L2 cells. In both L3 and L2 cells, PKC activity in the
cytosol is completely depleted after PMA treatment. Furthermore, preliminary evidence suggests
that in PA-treated L3 cells, but not in untreated L3 cells, a substantial level of the PKC activity
is translocated to the nuclear fraction.

180 THE CATALYTIC SUBUNIT OF cANP-DEPENDENT PROTEIN KINASES: A HETEROGENEOUS ENZYME
V. Kinsel. A. Rots, N. Koenig, W. PyerLn and J. Reed, German Cancer Research Center.

Institute of -Experimental Pathology, Ia Neuenheimer Feld 280, -6900 Heidelberg 1, FRG
Electrophorstically homogeneous preparations of catalytic subunit (C) of cAMP-dependent protein

kinase (type I and 11) from striated muscle of different species (rat, rabbit, cattle) can be separ-
ated by cation exchange chromatography Into 2 major stable forms designated CA and CB (according to
their elution). They my be expressed simultaneously in the tissue. Both forms differ by approx. 0.5
units in their isoelectric values. No differences between CA and CB were detectable by a number of
criteria including (i) phosphate content, (ii) kinetic behaviour, (Iii) interaction with regulatory
subunit type I and it (in cooperation with F. Hofmann, Homburg, FRG), (iv) beat stable inhibitor.
However, the protease specific for native C (U. Aihanaty et al., PRAS 78, 3492) cuts CB consistently
faster than CA, a phenomenon which is enhanced in both cases by the substrate Keamptide (in coopera-
tion with S. Shaltiel, Rehovot, Israel). Circular dichroic (CD) measurements using Blue Dextran as a
sensor for the nucleotide binding site (J. Reed, V. Kinsel, Biochemistry 23, 968) exhibit a differ-
ential induced CO spectrum of CA and CB on binding of Kemptide thus indlcia'ing that the forms differ
in the confornational response of their ATP-binding site to substrate binding. The introduction of a
high resolution isoelectric focusing system revealed that CA as well as CB consists of 2 major isos-
lectric variants (hpH 4 0.1 units) and of 1-2 minor variants. Whether these forms are products of
different genes (N.D. biler at al., PNAS 83, 1300) or/and posttranslational modification(s) is being
determined through studies which are in progress.

181 cAMP-DEPENDENT PROTEIN KINASE FROM DICTYOSTELIUM DISCOIDEUM: CLONING AND cONA SEQUENCE

OF REGULATORY SUBUNIT.
Lacombe,M.L., Simon,M.M., MutzelR., de GunzburgJ. and Vfron,M. - Unit de Blochimie
Cellulaire - 28, rue du Docteur Roux - 75724 Paris Cedex 15, France

Dlctyostelium discoideum contains only one type of cAMP-dependent protein kinase (cAK)
which is highly developmet-a'y-regulated. The enzyme composed of regulatory (R) and catalytic (C)
subunits is organized as an inactive (RC) dimer at the difference of the R C, complex found in other
organisms. Moreover, the R monomer contains only one cARP binding site 2 Wstead of the two found
in mammalian R.

cDNA clones encoding the R subunit of the Dictyostelium cAK were isolated by immunoscree-
nine of a cONA library constructed in the expression vector Agt11. Presence of high affinity cAMP
binding activity was demonstrated in extracts from bacteria lysogenized with these clones. Nucleo-
tide sequence analysis of three overlapping clones allowed the determination of a 1149 bp cDNA se-
quence coding for the entire R subunit. The open reading frame codes for a protein of 327 amino
acid s corresponding to a molecular weight of 36,794. DNA blot analysis demonstrates that the R
subunit gene exists as a single copy in the genome. The R subunit from Dict ostelium shares a high

' degree of homology with RI, RII and cGMP-dependent protein kinase from mammals However, it is lack-
ing the N-terminal domain required in other eukaryotes for the dimerization of R subunits. The se-
quence of the R from DictyosteliuM reveals 2 cAMP binding domains, each one homologous to the cata-
bolite gene activator topr-oten (AP) from E.coli and to the corresponding domains in the mamalian

' R subunits.



182 CHARACTERIZATION OF A POLYCLONAL ANTIBODY TO PROTEIN KINASE C. Karen L. Leach, James

C. McGuire and Elaine A. Powers. Dept. of Cell Biology, The Upjohn Company, Kalamazoo, MI 49001

We have used purified protein kinase C (PKC), prepared from rat brain using DBAE chromatography,
ammonium sulfate precipitation and phosphatidylserine affinity chromatography to produce a
polyclonal antibody in sheep. Using Western blotting techniques, the immune sera recognizes the
82 kD PKC at concentrations less than 500 ng. In crude preparations from rat brain, and in cell
extracts from CHO, GH3, C6 and S49 cells the antibody recognizes the 82 kD protein as well as
several lower molecular weight proteins, presumed to be proteolytic products of PKC. The imune
sera immunoprecipitates autophosphorylated and [

35
S]methionine-labeled PKC from intact cells,

suggesting that the native protein is recognized by the antibody. This antibody should be a
valuable tool in our continuing studies of the regulation of PKC.

183 AUTONOMOUS ACTIVITY OF THE independent of the presence of Ca
2 + 

and calmodulin.
MULTIFUNCTIONAL Ca 2 /CALMODULIN DEPEN- Despite this independence from control by Ca2  and
DENT KINASE AFTER AUTOPHOSPHORYLATION. calmodulin, the autophosphorylation is modified in a
By Lillian L. Lou and Howard Schulman. Department of qualitiative way by the presence of these agents.
Pharmacology, Stanford University School of Medicine, Ca

2
+/calmodulin regulate the site(s) of this additional self-

Stanford, CA 94305. phosphorylation by the autonomous kinase. Furthermore,
they regulate the effect of this autophosphorylation onATP modulates the effect of autophosphorylation on the substrate phosphorylation. In the absence of

activity of the rat brain Ca2+/calmodulin-dependent protein Ca2+tcalmodulin, additional autophosphorylation (beyond
kinase. At low, but saturating, levels of ATP (<20 jiM) threshold) inhibits kinase activity towards exogenous
autophosphorylation inhibits activity towards exogenous substrates; in the presence of Ca2+/calmodulin, no inhibition
substrates by 75%. By contrast, at high (and more is seen. Extending the initial phosphate incorporation
physiological) levels of ATP (500 iM) autophosphorylation beyond the threshold, prior to removal of Ca2

+/calmodulin,
converts the kinase to a form which is autonomous of Ca

2+  
will protect the enzyme from this subsequent inhibition by

and calmodulin. Aside from serving as a phosphate donor autophosphorylation. ATP and Ca2+/calmodulin regulate
during catalysis, ATP appears to regulate the site(s) which the sites of autophosphorylation which may cause distinct
become autophosphorylated and thereby modulates the dual modifications in protein conformation and thereby elicit the
effects of autophosphorylation. Complete autonomy is profound changes in the functional characteristics of the
generated at a threshold level of autophosphorylation which C22+/CahndUbn-ependen protein kinase.
is 10-20% of maximal phosphate incorporation. Once the
threshold is reached, additional autophosphorylation occurs

184 LOCALIZATION OF A CYCLIC GMP-STIMULATED PHOSPHODIESTERASE IN THE BOVINE ADRENAL GLAND
R.T. MacFarland, B.D. Zelus, J.P. Novack and J.A. Beavo. Department of Pharmacology SJ-30, School
of Medicine, University of Washington, Seattle WA 98195.

Previous kinetic and immunological studies from this laboratory have shown the cyclic GMP-stimu-
lated phosphodiesterase isozyme (cGS-PDE) to be the predominant isozyme present in the bovine adrenal
gland. Immunoblotting experiments now indicate that the bulk of this activity is concentrated in the
outermost layer of cells of the adrenal cortex, corresponding to the capsule and zons glomerulosa
regions. Fresh bovine adrenal glands were sectioned using a freezing microtome. Frozen sections
(60 pm) were then extracted overnight in 1% SDS. Extracts from individual sections were separated by
SDS-PAGE followed by transfer to nitrocellulose. Protein blotting using a monospecific antisera
directed against the cGS-PDE indicated that most of this isozyme was localized to the outermost 1.5m
of the adrenal cortex.

These findings support the suggestion for a role of cyclic GMP in the regulation of aldosterone
secretion. Elevation of cyclic GMP within the glomerulosa cells, in response to stimulation by
atrial natriuretic factor for example, may thus lead to a corresponding decrease in cyclic AMP levels
via increases in the activity of the cGS-PDE.

v?. .



185 PROSPROTYROSINE IN PROTEINS: CHEMICAL AND IJEUNOLOCICAL IDENTIFICATION AND ISOLATION
OF PBOSPROTYtOSYL PROTEINS. T. M. Nartensen, Laboratory of Biochemistry. NHLBI, NIH, Bethesda,
Maryland 20892.

Proteins which contain phosphotyrosine (Tyr-P) residues can be identified and purified by
utilizing the chemical and immunological properties of the Tyr-P moiety. The stability of Tyr-P
to basic conditions which cleave wost ser/thr phosphoryl bonds enabled the analysis of cellular
phosphoprotenao after Na dodecyl SO4 gel electrophoresis. Analyses were simplified using a nylon
electroblot of the gel which is stable to I hr incubation in I N NaOH at 65'C. Autoradiograms of
nylon blots before and after base treatment were performed on 

3 2
P-labeled phosphoproteins of

normal and retrovirus (Bous, Kirsten, and Moloney) transformed fibroblasts. Conditions for
optimal labeling of cellular proteins were studied by protein tyrosine kinase activity measure-
ments using poly glu4 tyr. Differences in base resistant phosphoprotein patterns could be seen
for each transformed cell line. Confirmation that certain base resistant phosphoproteins
contained Tyr-P was achieved by Imunostaining with affLnity-purified sheep anti-Tyr-P antibodies
(Ab). These Ab served as useful reagents to study Tyr-P proteins since they inhibit their
dephosphorylation by phosphatases, and precipitate them in the presence of rabbit anti-sheep ig
Ab. Tyr-P protein was immobilized when mixed with enti.Tyr-P Ab and incubated with immobilized
protein A sepharose rabbit anti.sheep IgG Ab complex. Selective elution of the Tyr-P protein
was achieved with free Tyr-P.

186 IMMUNOGOLD ELECTRON MICROSCOPIC LOCALIZATION OF cAMP-DEPENDENT PROTEIN KINASE SUBUNITS IN
SECRETORY CELLS. M.I. Mednieks, R.P. Siraganian, S. Bee, L. Schaake and A.R. Hand. National
Institute of Dental Research, NIH, Bethesda. MD.
Hormonally regulated protein secretion from the parotid gland is mediated by cyclic AMP. Stimulation
by norepinephrine or its pharmacologic analogs involves changes in protein phosphorylation
cAMP-dependent protein kinase (cAPE) and an intracellular redistribution of its subunits (Mednieks
and Hand, Eur. J. Cell Biol., 28. 264, 1982). Biochemical findings indicate that cAPE subunits are
present in the nucleus, cytoplasm and secretory granules of acinar cells of the parotid as well as in
ductal saliva (Mednieks and Hand, Experientia, 40, 945, 1984). Immunogold electron microscopic
studies were carried out to determine the localization of cyclic AMP-dependent protein kinase (cAPE)
subunits in hormonally responsive protein secreting cells. Specific polyclonal antibodies to
regulatory subunits of cAPK type I and type II were used to determine their distribution by gold
labeling: approximately 60% were distributed over the cytoplasm, 27% in the secretory granules and
122 in the nucleus (primarily associated with heterochromatin). Similar findings were obtained
using a monoclonal IgM that reacted on ELISA with R subunits in saliva, parotid extract, and with
bovine heart RII. This hybridoms reagent (KAb BBI) immunoprecipitated photoaffinity labeled bovine
RII, a photoaffinity labeled ( 40 Kdal) fragment from both cAPK I and cAPE II preparations, but not
rabbit muscle RI. Immunogold localization using NAb BBI was also studied in pancreatic and seminal
vesicles, since photoaffinity labeled R subunits were found in ductal secretions of both tissues.
Secretory granules of the pancreas and of seminal vesicles were also labeled, in addition to
the nucleus and cytoplasm. Our results indicate that cAPK R subunits are secretory proteins of
several hormonally responsive cell types, their physiologic function, however, is not known.

187 GAINLrOSIDE INEIBITION OF CELLULAR EVENTS INDUCED BY PHORBOL ESTERS: PROTEIN KINASE C AS A
POTENTIAL TARCET FOR GANGLIOSIDE MODULATION. W.D. Merritt C. Drogula and J.M. Bailey. Dept. ofBiochemistry, The George Washington University Medical Center, Washington, D.C. 20037.

We have shown that exogenous gangliosides inhibit proliferation of lymphocytes stimulated by
interleukin 2 (IL-2). To assess whether a protein kinase C (PKC)-activation pathway is a site for
ganglioside modulation, CT6 murine T cells were cultured with phorbol-13-myristate-12-acetate (PRA),
IL-2, or both and in the presence or absence of gangliosides. PMA (1-20 nM) stimulated CT6 prolifer-
ation in IL-2-free media, but mitogenesis was 40% that induced by IL-2. Mixed brain gangliosides
inhibited PMA-Induced growth in a dose-dependent fashion, and the 150 for IL-2 and PMA-induced growth
were similar. Polysialogangliosides and ganglia series glycolipids were potent inhibitors, while
other neutral glycolipids were ineffective. PHA inhibited IL-2-induced proliferation, and ganglioside
and PKA inhibition of 11-2-induced growth was additive. To examine ganglioside modulation of other
protein kinase C-mediated T-cell events, the influence of gangliosides on induction of the IL-2
receptor In JURKAT acute T-lymphocylic leukemia cells treated with PMA was studied. Receptor
expression, measured by binding of H-anti-Tac antibody, was depressed in a dose-dependent manner by
mixed brain gangliosides, with no effect on cell viability. To examine the potential for direct
ganglioside modulation of PKC as a mechanism for these effects, the influence of gangliosides on the

binding of H-phorbol-12,13-dibutyrate to JURAT cells was tested. A dose and time-dependent inhibi-
tion of binding was observed when cells were pretreated with gangliosides, whereas slight inhibition
was observed if gangliosides were present only in the binding assay. These studies indicate that
cellular events linked to activation of protein kinase C are particularly sensitive to the inhibitory
effects of gangliosides and suggest this enzyme is a primary target for ganglioside modulation.



188 THE DISTIBIUTION OF TRE MULTIFUNCTIONAL CALMODULIN-DEPEDNDET PROTEIN KINASE IN VARIOUS
TISSUES AND TE SUBSTRATE FO1 TEE B NAIN ZYME.
9. Mivemoto. K. lukunaga. B. Yamamoto. R. Tanaka and T. Iwasa.
Department of Pharmacology. Kuamoto University Medical School. Kumamoto 860. JAPAN.

We have purified a multifunctional calmodulin-dependent protein kinase (Cei-kinaae) from the
brain which has a high molecular weight of about 560.000 (J. Neurochem. 39. 1607-1617. 1982). In
contrast to mascle myosin light chain kinase. the enzyme had the multiple substrate specificity.

We have prepared hybridoma cells that produce monoclonal antibody against CaM-kinase from rat
brain. The monoclonal antibody was of the ISM class of i-munoglobulins and crossreacted with a
subunit of the enzyme with Mr. 49,000, but not with a subunit with Mr. 60,000. There was no cross-
reaction with the Ca". calmodulin-dependent phosphodiesterase, calcineurin and other calmodulin-
binding proteins from the brain. The analysis of various tissues by immunoblotting showed the
presence of imuinoreactive proteins with Mr. 52.000 in the spleen, stomach, pancreas, lung and
adipose tissue and with Mr. 55.000 in the skeletal muscle and heart.

The endogenous substrate in the brain was examined. We found that Ca4-kinase could phospho-
rylate myosin isolated from the brain. The phosphorylated proteins were two light chains and the
heavy chain of myosin. Only the seryl residue in the light chains and heavy chain was phospho-
rylated. The phosphorylation of brain myosin by the enzyme led to an increase in actin-activated Mg-
ATPase activity. The results sugest that brain myosin is regulated by brain Cem-kinase in a similar
manner to smooth muscle except for the phoaphorylation of the heavy chain.

189 C ANTIBODIES TO PROTEIN KINASR C
D. Mochlv Rosen and +D.E. Koahland, Jr.,
University of California, San Francisco, Department of Neurology
+University of California, Berkeley, Department of Biochemistry

The phospholipid and calcium dependent protein kinase C autophosphorylates both on
the catalytic and the regulatnry domains. The autophosphorylation increases the
activity of the enzyme by changing the Km for its protein substrates. We have
prepared monoclonal antibodies against the purified enzyme which inhibit the
activity of protein kinase C. One monoclonal antibody inhibits both the intact
enzyme and a catalytic fragment obtained by limited proteolysis. The activity of
this catalytic fragment is independent of phospholipids and calcium and the fragment
can no longer autophosphorylate. Another monoclonal antibody is an effective
inhibitor of only the intact enzyme. A third antibody inhibits the
autophosphorylation of the enzyme, but increases the phosphorylation activity of the
enzyme towards its protein substrate. Therefore these antibodies can be used as
markers for the various domains of the enzyme.

190 NERVE GROWTH FACTOR (NGP) OR FORSKOLIN REDUCES Ca2+/CALIMDULIN-DEPENDENT PROTEIN KINASE III
(CaM KINASE III) ACTIVITY IN CELL-FREE EXTRACTS OF PC 12 CELLS. A.C.Nairn, R.A.Nichols. & H.C.
Palfrey*. Lab. of Molec. & Cell. Neurosci., Rockefeller Univ., New York, NY 10021, and *Dept. of
Pharmacol. & Physiol. Sci., Univ. Chicago, Chicago, I1 60637.

CaN kinase III phosphorylates a protein of Mr 100.000 (100k), a major substrate for CaM-dependent
protein phosphorylation found in many mammalian tissues and cell lines (Nairn et al, PRAS 82, 7939
1985). A number of recent studies have shown that treatment of PC 12 cells with NG? or forokolin
leads to a decrease in the CaM-dependent phosphorylation of tOOk in cytosolic extracts. The effect
of NGF on the phosphorylation of 100k was observed after I hour. the effect was maximal (302 of
control) after 12 hours, and the effect began to reverse after 24 hours. The effect of forskolin
was mu e rapid, the maximal effect was greater (5-102 of control), and the effect did not reverse
unless forskolin was removed. Studies in which purified 100k and catalytic levels of cell extracts
were used suggest that the effects of lG? and forskohin was to reduce the activity of CaN kinase III
in cell extracts. The levels of 100k was not changed by these treatments. Addition of cell
extracts to partially purified CaM kinase III did not affect its activity, suggesting the absence
of an inhibitor. In addition, the effect of NCP or forskolin on CaN kinase III was stable
following extraction of the enzyme from PC 12 cells. These results suggest, therefore, that the
effect of NCF or forskolin is to lower the total amount of CaN kinase III per se, not to alter its
activity. Similar results were obtained with NCI8O-15 and NCB20 cells, two other neural cell lines.
(Supported by AN-20595 (NHC)).
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191 GOMADOTOPIN RULEASING HORIONE INDUCES THE PHOSPHORYLATION OF SPECIFIC PITUITARY PROTEINS:
DIRECT INVOLVMENT OF PROTEIN KIlNASE C. John Nestor, Jr. and Berta Strulovici. Institutes of
-ioorganic Chemistry and Biological Sciences. Syntex Research. Palo Alto. CA 94043.

The object of the present study was to demonstrate the involvement of protein kinase C (PKC) in the
signal transduction of Gn-H action by a) testing the ability of potent Ga-RR analogs to induce
selective phosphorylation of protein substrates in intact rat pituitary cells, and b) quantitating
the number of (3l PDBu binding sites in the cytosol and particulate fraction of pituitary cells
upon stimulation with Gn-RH agonists. Exposure of 3

2
P-labeled rat pituitary cells to PMA (10'W) or

diCs (Sx10-OM) or Gn-RR (10-7K) or a "superagoniet"-RS 94991. followed by SDS-Page and autoradio-
graphy. induced phosphorylation of a 42-kDa. a 37-kDa, 1I-kDa and 10-kDa proteins. Preincubetion with
potent Gn-M antagonists (RS 29226 or RS 68439) for one hour followed by Gn-RH (10 .in, 10-"M)
prevented the Gn-RH effect in a dose dependent manner, while leaving the effect of PMA or diCe intact.
"Down-regulation" of PKC or preincubation with H-7, a P1C inhibitor, prevented the effect of both
groups of agents (Gn-RH or PMA), suggesting that the phosphorylation induced by either agent is
mediated via PKC either directly (PKA or diCe) or through endogenous production of diacylglycerols
(Gn-RH and RS 94991). By assessing the ability of various Gn-RH analogs to promote the tranelocation
of PKC from the cytosol to the particulate fraction of the pituitary cells, the following rank of
potency was observed: RS 94991 > Gn-IU > [Gly 2 ] 

LH-RH > [His
2l LH-RH - control. Taken together.

these data suggest a direct correlation between the extent of translocation of PKC to the particulate
form phosphorylation of cellular substrates and ultimately LH/PSH secretion.

192
DIRECT STIMULATION OF PROTEIN KINASE C BY MAHIDOOATE IS ASSOCIATED WITH PLATELET ACTIVA-
TION. Hasakatsu Nishikawa., 

*
liroyoshi Hidaka., **Robert S. Adelstein and Shigeru

Shirakawa Dept. of Internal Med.II and *Dept. of Pharmacol.,Mle University School of Med.
2-174 Edobashi Tsu Mie 514 JAPAN & "NHLBI,NH Bethesda NO 20892

Arachidonate (AA) and other unsaturated fatty acids stimulated protein kinase C in a dose-dependent
manner(5-50 ug/ml), when protein C was assayed with either histone H-1 or the 20,000-dalton myosin
light chain. Arachidic acia and methyl arachidonate did not stimulate protein kinase C. AA also
stimulated the endogenous phosphorylation of 40,00-dalton and 20,000-dalton proteins in the cytosol
(100,0009 supernatant) of human platelets. The addition of H-7, an Inhibitor of protein kinase C. in-
hibited PA-induced phosphorylation of these proteins. When human platelets were activated by AA. a
biphasic pattern of platelet aggregation and secretion was observed corresponding to the dose of A
and these responses were closely associated with the phosphorylation of the 40,000 and 20,000-dalton
proteins. Platelet activation induced by the low levels of AA(0.1-5ug/ml) was inhibited by aspirin,
whereas that induced by high levels of AA(IO-50ugml) was not inhibited. Other unsaturated fatty
acids at the same concentration also induced platelet aggregation which was not inhibited by aspirin.
Arachidic acid and methyl arachidonate did not induce platelet responses. These results suggest that
the mechanism of platelet activation by high levels of PA is different from that induced by low levels
of AA and that the ability of A to directly activate protein kinase C may account for the activation
of platelets by high levels of PA.

193 EXISTENCE OF THREE ISOZYMES OF PROTEIN KINASE C WITH CLOSELY RELATED PRIMARY STRUCTURES.

Shigeo OHNO, Masaki INAGAKI*, Hiroshi KAWASAKI. Shinobu IMAJOI, Kyoko KUBO. Hisayuki YOKOKURA*,
Takehi SAKOH*, Hiroyoshi HIDAKAO and Koichi SUZUKI.
Department of Molecular Biology, Tokyo Metropolitan Institute of Medical Science, Honkomagome,
Bunkyo-ku, Tokyo 113 and -Department of Pharmacology, Mie University School of Medicine, Edobashi,
Tau, Mie 514, Japan

To clarify the roles of protein kinase C in the signal transduction and cell proliferation, we
determined its primary structure by protein sequencing and cDNA cloning.

Protein kinase C was purified to homogeneity as reported by Inagaki et al. (J. Biol. Chem., 260,
2292, 1985). Peptides produced by digestion with lyaylendopeptidase were separated and sequenced. cDNA
clones were isolated from rabbit cDNA libraries with oligonucleotide probes synthesized on the basis
of the peptide sequences. The isolated cDMA clones were classified into three types, each of which
encodes a protein with closely related primary structures. The amino acid sequences of peptides
obtained from the "purified" enzyne can be explained by assuming that the preparation is a mixture of

these Isozymes.
Existence of multiple protein kinase C species raises the possibility that these isozymes share

different functional roles in signal transduction and cell proliferation.

I
obtaine fro tihe "pu if ed enzym cian~i be e p a n d y a s mn|t a h re a a i n i a m x u e o
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194 DIFFERENT Ca2+ REQUIREMENT FOR THE PHOSPHORYLATION OF H1 HISTONE AND ENDOGENOUS PROTEINS
BY THYROID PROTEIN KINASE C.

B. Omri, M.F. Breton and H. Pavlovic-Hournac. Unit 96 INSERM - 94275 Le Kremlin-Bicltre Cedex (F).

Thyroid protein kinase C (PKc) from cytosols of porcine and rat glands was characterized by using
histone H1 or endogenous proteins as substrates. Enzyme from both species had similar kinetic and
chromtographic properties and phosphorylated the same substrates (18 KDa, 22-25 KDa and 32-36 KDa
proteins). However, it was found that Ca

2
+ requirement for the activation of the PKc greatly differed,

depending whether H1 or endogenous proteins served as substrates. While for the phosphorylation of HI
calcium was absolutely necessary ; its addition was not indispensable when endogenous proteins served
as substrates. In the latter case, almost the same rate of phosphorylation was obtained with and
without 0.2 mM Ca

2
+ in the incubation medium. However, the one dimensional PAGE revealed, that pat-

terns of labelled proteins were different in essays with and without calcium. In the presence of Ca
2+ ,

modifications were observed in the zone of 32-36 KDa proteins. However, calcium alone without phospho-
lipids, did not have any effect on the phosphorxlation pattern of these proteins.

When proteins, phosphorylated only when Ca + was present, were resolved by the two dimensional
PAGE, at least 5 additional spots different from those labelled in the absence of calcium, were noted
in the region of 32-36 KDa ; their Pi range was fr , 5-7.5.

In conclusion, a very low concentration of Ca
+
, if any, was sufficient for the activation of the

PKc and phosphorylation of a large number of endogenous substrates. Higher CaZ+ concentrations induced
the phosphorylation of additional proteins. It could be that modulations of Ca

2+ 
concentration play a

role in the selection of protein substrates that are phosphorylated by the PKc.

195 RAPID ACTIVATION OF CALMODULIN-KINASE IIT IN MITOGEN-STIMULATED HUMAN FIBROBLASTS.

H.C. Palfrey, A.C. Mairn*, J. Kuchibhotla, L.L. Muldoon and M. Villereal. Dept. of Pharma-
col. & Physiol. Sci., Univ. of Clicago, Chicago, IL 60637 and *Rockefeller Univ., N.Y., N.Y. 10029.
We recently characterized (Nairn et al., PNAS, 82, 7939, 1985) a novel calmodulin-dependent protein

kinase (CaM-FK III) in mammalian tissues that preferentially phosphorylates an abundant Mr 100,000
cytosolic protein (lOOK). Polyclonal antibodies have now been used to precipitate 100K from prelabel-
led quiescent human fibroblasts arimulated with a variety of growth factors and other agents. Human
lung (W138) or foreskin (HSWP) fibroblasts were serum-deprived for 4-36h prior to labelling for lh in
Pi-free medium with 0.2 mCi/ml 32

pi. Mitogens were then added for various times, cells solubilized
with detergent and IOOK immuoprecipitated. 32p incorporation into lOOK was quantitated by SDS-PAGE
and counting of gel slices. Serum (10%) led to a 5-10 fold increase in IOOK labelling within I min but
by 5 min 

32
p incorporation had returned to baseline. Similar effects were obtained with lys-bradykinin

or vasopresain (lOOnM). Extracellular Ca was not required for these responses, consistent with previous
findings that peptide mitogens activate the PI cycle to produce IP3 and release of Ca from intracellu-
lar stores. The time course of IOOK phosphorylation induced by peptide mitogens agreed well with the
transient rise in free intracellular Ca (determined by fura-2 fluorescence) caused by the same agents.
The Ca and CaM antagonists T' (50uM), TMB-8 (M0um) and W-13 (lOOuK) all reduced growth factor effects
on lOOK phosphorylation. A23187 (lOuM) led to a slower increase in lOOK phosphorylation that was depen-
dent on extracellular Ca. These results show that mitogenic stimulation of quiescent fibroblasts leads
to a rapid activation of CaM-PK III and phosphorylation of its major substrate. (Supported by AM-20595
(HCP and MLV) and GM-28359 (MLV).

1-96 GOLD COPOUNRS MAY ALTER TRANSDUCTION OF INFLAMMATORY SIGNALS AT THE LEVEL OF PROTEIN
KINASE C. J.E. Parente, M.D. Tyers, C.B. Harley, P. Davis and K. Wong.

Gold compounds such as auranofin (AUR) and gold sodium thiomalate (GST) are used therapeutically
to treat rheumatoid arthritis however the mode of action of these drugs in the remission of disease
symptoms remains unknown. Previous in vitro studies have shown that human neutrophil responses
elicited by phorbol esters and chemotac ic tripeptides are inhibited by AUR and less potently by
GST. Since activation of protein kinase C (PKC) occurs in response to both agonists, the effects of
AUR and GST on PKC were investigated. Cell-free incubations showed that AUR did not influence the
activity of PKC isolated from the cytosol of resting cells. When intact neutrophils were incubated
with 7.6 - 20.3 uM AUR, cytosolic PKC activity decreased in a time- and dose-dependent manner so
that by 45 minutes PKC activity had dropped by 10 - 75 %. Membrane-associated PEC activity from
drug treated cells was concomitantly elevated although the amount recovered could not account for
that lost from the cytosol. GST (5.0 uM - 0.5 mM) displayed similar effects on PKC as AUR but to
a lesser extent. Pretreatment of neutrophils with the gold compounds decreased the phorbol ester-
induced accumulation of PKC activity in the membrane fraction to a level intermediate between that
for cells stimulated with phorbol eater and either AUR or GST alone. Antiarthritic gold compounds
appear to alter signal transduction at the level of PKC, possibly by increasing the affinity of the
kinase for the plasma membrane without causing cellular activation.
Supported by the Alberta Heritage Foundation for Medical Research, the Canadian Arthritis Society and
the Medical Research Council of Canada. Department of Medicine, University of Alberta, Edmonton,
Alberta, 

1
Department of Biochemibtry, McMaster University, Hamilton, Ontario, Canada.
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197 MULTI-SITE PUOROL ESTER REGULATION OF GH3 CELL ADENYLATE CYCLASE

Lawrence A. Quilliae, Pauline R.N. Dobson and S.L. Bran, Department of Human Metabolism & Clinical
Biochemistry, University of Sheffield Medical School, Beech Hill Road, Sheffield SIO 2RX. UK.

We have recently demonstrated chat a phorbol eater (PDBu) stimlated cyclic AMP production in G93
pituitary tumour cels, even after pretreatment with cholera or pertuasis toxina (1). We now report

that this effect persists in GR3 cell membrane preparations and is enhanced by a cytosolle factor

which can be translocated to the membrane by preincubatioc of cells with POBu.

In addition to this atialatory effect, PDBu attentuated VIP-stisulated cyclic AMP production in
intact cells (1). We now show that in addition to decreasing the maximal VIP response, PDBu causes a
small right shift in the VIP dose response curve. These observations cannot be repeated in broken

cell preparations and preliminary studies suggest that maximum VIP-receptor binding is not affected by

PDBu.
After preincubation of cells with oxotremorine (oo) which inhibits adenylate cyclase via Ri

receptors, PDBu caused a larger fold increase in cAMP production (4.8 + 0.9 fold) than in the absence
of oxo (2.2 + 0.5 fold). Also, in contrast to the previously reported attenuation (1), PDBu was
synergistic with VIP in stimulating cyclic AMP production after oxo treatment. This suggests that as
well as stimulating basal and attenuating VIP stimulated adenylate cyclase in a pertussis toxin

resistant fashion, PDBu can also resist inhibition of the enzyme through Nt. C-kinase mediated
phosphorylation of N. could explain all 3 observations, however, these effects may be regulated

individually.
(1) LA Quilliam et &l (1985) BBRC 129 898-903.

198 PHOSPHORYLATION-DEPHOSPHORYLATION OF A SYNAPTOSOMAL PROTEIN OF NM, 96,000 (P96).

P.J. Robinson and W. Lovenberg. Merrell Dow Research Institute, 2fl0 E. Galbraith Road,

Cincinnati, OH 45215. 32
When intact synaptosomes from rat brain are incubated with P, a protein of molecular mass

96,000 (termed P96) becomes labeled. Upon depolarization with 41 eM K P96 is rapidly and

extensively dephosphorylated. By contrast, depolarization stimulates the phosphorylation of

synapsin I by activation of calmodulin-dependent protein kinase, and of an "87kDa" synaptosomal

protein by activatio of protein kinaae C (PKC). Dephosphorylation of P96 was fully reversible

when the increased K was returned to 4.7 eN, and a total of 5 cycles of phosphorylation-dephos-
phorylation were achieved. Dephosphorylation of P96 was dependent on extracellular calcium, but

when intracellular calcium was raised, without activating the calcium channel, dephoaphorylation

did not occur. Thus P96 dephosphorylation was not dependent simply on a rise in intracellular

calcium, but also on the mechanism of calcium entry. The phosphorylation of P96 was regulated by
cyclic nucleotides and calcium. In intact synaptosomes dibutyryl cAMP increased P96 phosphoryla-

tion. The Increase was not mediated by calclur-dependent protein kinases since stimulation also
occurred in the presence of fluphenazine, which inhibits these enzymes. The primer 2protein kinase

that phosphorylates P96 appears to be PKC. In lysed synaptosomes labeled with [Y- PIATP a 96,000

dalton protein was phosphorylated only In the presence of calcium and phosphatidylSerine.

Phosphopeptide mapping of this protein and of P96 from intact synaptosomes demonstrated that the

two proteins are likely to be the same. P96 may play an important role in nerve terminal function.

199 A NOVEL INHIBITOR OF MLCK, ML-9, PRODUCES VASCULAR RELAXATION

M. Saitoh and i. *ika, Dept. of Pharmacology, Mie University School of Medicine, Nie 514, Japan.
Two types of Ca -dependent protein phosphorylation are established major general Wchanismas by

which intracellular events are controlled by external stimuli. One is catalyzed by Ca - calmodulin
dependent protein kjase, myosin light chain kinase (NICK). The other species of Ca -dependent

protein kinase is Ca -activated, phospholipid-dependent protein kinase (protein kinese C). Recently

we synthesized a potent and selective inhibitor of protein kinase C, referred to as H-7, and
investigated the role of protein kinase C by using H-7 in many tissues. The phosphorylation of the
regulatory light chain of myosin catalyzed by NLCK is obligatory for the stimulation of myosin ATPase

in both smooth muscle and nonmuscle tissues, a prerequisite for tension development. +"Calmodulin

antagonists" have been used as pharmacological tools to elucidate the function of Ca- -calmodulin

dependent NLCK in vitro and in vivo by inactivating calmodulin. However, no compound is available,
which directly inhibit the catalytic activity of the enzyme not via calmodulin. 1-(5-chloro-

naphthalenesulfonyl)-lH-hexahydro-1,4-diazepine 2 pL-9), which is a newly synthesized compound, was

found to exhibit the same Ki value for both Ca -calmodulin dependent and independent activities of
MLCK, and inhibit the other protein kinases such as protein kinase C with the Ki values of at least

an order of magnitude higher than for NICK. Kinetic analysis revealed that ML-9 was a competitive

inhibitor vs. AT? and noncompetitive inhibitor vs. MLC in the catalytic reaction. These results
suggest that KL-9 bind at the active center of NLCK resulting in inhibition of the catalytic activity

of NICK. Potent vaso-relaxing effect of NL-9 on rabbit vascular strips as well as saponin treated

skinned vascular fibre waa discussed in the relation to the in vivo inhibition of NICK by ML-9.
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200 MENADIONE ALTERS FUNCTIONAL RESPONSE AND PROTEIN PHOSPHORYLATION EVENTS IN RESTING AND

STIMULATED HUMAN NEUTROPHILS. N. P. Shakarjian and R. A. Carchman. Department of Pharmacology and
Toxicology, Medical College of Virginla/VCU, Richmond, VA 23298.
Menadione, a derivative of the natural vitamins K, has antineoplastlc and antlinflammatory properties.
Its profound biochemical effects upon resting and stimulated neutrophils make these cells a likely
target for several of its purported therapeutic actions. We found that superoxide dismutase-inhibit-
able 02- production, a major contributor to leukocyte-mediated inflammation, was enhanced in resting
neutrophils by menadione, as a function of cell number, time and drug concentration. Conversely, in
phorbol myristate acetate (PHA) stimulated neutrophils, menadione significantly reduced the rate and
magnitude of 02- generation. The release of 02- induced by formylated peptide (fmlp) and calciuM
ionophore were also inhibited in concentration dependent manner by menadione. As protein phosphory-
lation may represent a common event preceeding the functional response produced by these stimuli,
the effect of menadione on this parameter was also examined. In experiments with whole cell suspen-
sions of human neutrophils, menadione produced a low level but concentration related increase in 3 2p-
phosphate incorporation into endogenous protein substrates with apparent molecular weights of 58K and
62K. Moreover, menadione enhanced protein phosphorylation in neutrophils stimulated by PNA, fmlp, or
lonophore. These results further implicate the role of protein phosphorylation as possible loci of
the interaction of menadione with the signal transduction pathways in the neutrophil. (Supported
by NIEHS grant Nos. ES03572 and T 32 ES07087.)

201 S6 KINASE ACTIVITY OF ASTROCYTES STIMULATED BY INSULIN, IGFl, AND PHORBOL ESTER.
D. Toru-Delbauffe, M. Pierre. J.M. Gavaret, M. Pomerance, & C. Jacquemin. INSERM U.96 -

78, rue du General Leclerc. 94275 KREMLIN BICETRE Cedex (France).

Treatment of cultured astrocytes from two day old rat cerebral hemispheres, with insulin or IGF1
leads to a rapid activation of a cytosolic protein kinase activity which phosphorylates the ribo-
somal protein S6. This activation is observed as early as five minutes after insulin addition to
the culture medium ind it is maximal by 60 minutgs. Concentration-response curve shows an activation
increasing from 10

-
' M to a maximal value at 10-1 N of insulin. In cytosolic extracts from cells

treated with insulin, the cyclic NP dependent protein Iinase activity, protein kinase C activity
and protein kinase activities tested on histones H2b or phosvitin are not modified. The S6 kinase
activity promoted by insulin treatment is separated from main cytosolic protein kinases by ion
exchange chromatography.

Exposure of astrocytes to tumour promoter phorbol ester (TPA 10- 7 N) also produces a rapid
increase of the S6 kinase activity in the cytosolic fraction. Simultaneously protein kinase C
activity disappears from the cytosol in which cyclic NIP dependent protein kinase and phosvitin
kinase activities are not affected.

These effects of insulin, IGF1 and TPA are also observed in the presence of cycloheximide. These
data indicate that S6 kinase activity in astrocytes is promoted from a preexisting molecule, probably
via the tyrosine kinase-insulin receptor and/or protein kinase C.

202 THREE DISTINCT FORMS OF TYPE 2A PROTEIN PHOSPHATASE IN HUMAN ERYTHROCYTE CYTOSOL.
Hirofumi Usui, Michinori Imazu, Kouji 4aeta, Haruhisa Tsukamoto, Kazuyoshi Azuma, Masao Takeda,
Department of Biochemistry, Hiroshima University School of Medicine, Kasumi, Minam'i-ku, Hiroshima
734, Japan.

Three distinct forms (1, I1, IV) of type 2A protein phosphatase in human erythrocytes were puri-
fied to near homogeneity, as judged by polyacrylamide gel electrophoresis (PAGE). The apparent
molecular weights of I, Il and IV were estimated from Stokes radii and s20,w values to be 180,000,
177,000 and 104,000 respectively. From the molecular weights and intensities of the Coomassie blue-
stained bands which were separated by sodium dodesyl sulfate-PAGE (Laemmli), subunit structures were
determined to be aB6 1 for I, aOBiyi for III and o,61 for IV. a, 0, y and 6 migrated as 34kDa,
63kDa, 53kDa and 74kDa bands respectively. The treatment with 80% ethanol converted I, I1 and IV
into Mr = 31,000 forms (34kDa bands) which had essentiallythe same phys-cal and catalytic properties,
and heparin-Sepharose column chromatography converted more than 90% of I and 20-30% of III to lower
molecular weight forms which were indistinguishable from IV (ai$) in physical and catalytic
properties, indicating that I, III and IV have a common subunit structure of ai6i. Specific activity
(units/mg) of a10161, oatyl, o610 and a were 400, S00, 1500 and 6500 respectively, with P-H2B
histone as substrate, and were 50, 50, 300 and 1000 respectively, with phosphorylase a as substrate.
From these values, it was suggested that 8 suppressed these phosphatase activities of a, and y
stimulated P-H28 histone phosphatase activity of miB1 but inhibited the phosphorylase phosphatase
activity. 6 was assumed to suppress strongly these phosphatase activities of al8l. The molar ratio
of I, III and IV in human erythrocyte cytosol was estimated to be 7:1:13.
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203 WhAT IS THE FUNCTION OF N-DOMAIN THE STRUCTURE OF WHICH IS IDENTICAL AMONG METAZOAN
CALMODULINS? Koichi Yagi Department of Chemistry, Hokkaido Universiy, Sapporo, JAPAN

Calmodulins have been isolated from various vertebrates, invertebrates, fungi and plants. The
primary structures from N-terminal to glycine at 98th position are identical among the metazoan
calmodulins. According to the IH-NHR study of calmodulin, N-domain and C-domain after separation by
trypsin maintained an identical conformation as those in the mother protein, respectively. It
indicates that no interaction between the two domains exists in calmodulin. Ca2 

exchange rates
were estimated to be about 300-500 sec

- 1 
in the H-domain end 3-10 sec - 1 

in the C-domain. Ca2+

binding were measured using flow-dialysis method. The two low affiniW sites are located in N-
domain and the two high affinity sites in C-domain. The two mol of Ca binding to each domain were
positively cooperative, but no interaction was observed between the Ca

2 + 
binding of two domains.

Therefore, the two domains behave independently. Because of their different Ca 
+ 
binding

properties, the two domains are expected to take different parts in receiving Ca
2
+ signals. Our

results suggest that Ca
2
+ first binds to the C-domain and the Ca

2 
-saturated C-domain anchors it to

the target proteins. N-domain then quickly respond to a small change in the Ca
2 + 

concentration,
working directly in the Ca

2 + 
regulation. Although it is not yet clear why the primary structures of

N-domain are maintained strictly to be the same, it must be needed to fulfill the transfer of Ca
2 +

-

carrying information precisely in Metazoa. It can also be speculated that a common structure to
accept N-domain is present in many target proteins.

204 IDENTIFICATION OF TIE ATP.Mg-DEPENDENT PROTEIN PROSPHATASE ACTIVATOR (F ) AS A NYELIN
BASIC PROTEIN KINASE IN THE BRAIN. Sbiav-Der Yas, National Taing Rua University,

Hsinchu, Taiwan. Republic of China.
The activating factor FA of the ATP.Mg-dependent protein phoephatase F M was purified to near

homogeneity from pig brain by a procedure involving chromatography on pholphocellulose,
phoovitin-Sepharose 4B and Blue Sepharose CL 6B. A specific myelin basic protein (NBP) kinase was
found to co-purify with FA in constant ratio throughout purification. It also proved impossible to
separate the two activities on non-denaturing gel electrophoresis and 5-20% sucrose density gradient
ultracentrifugation. Kinetic study indicated that MBP, presumably a substrate for PA* could compete
with P M for FA and thereby prevent the F -mediated activation of the F N activity. All the results
taken fogether demonstrate that MBP kinsoe and F are localized on the lame protein. This, together
with the data that F . by activating the ATP .ia-fependent phosphatase, promotes the dephosphorylation
of MBP phosphorylatet by F A itself, suggests the evidence for a protein bearing two opposing
activities involved in the regulation of brain functions. Moreover, since F was tightly associated
with the purified brain myelin membrane, the results further support the notion that PA may well be an
endogenous protein kinase responsible for the cyclic phosphorylation-dephosphorylation of the central
nervous system myelin.

204a IDENTIFICATION OF THE ATP.Mg-DEPENDENT PROTEIN PHOSPHATASE ACTIVATOR FA
AS A MYELIN BASIC PROTEIN KINASE IN THE BRAIN
Shiaw-Der Yang
Institute of Life Science, National Tsing Hua University,Hsinchu, Taiwan
Republic of China

The activating factor F of the ATP.Mg-dependent protein phosphatase F M was purified
to near homogeneity froA pig brain. A specific myelin basic protein kigase was found
to co-purify with F in constant ratio throughout purification. It also proved impo-
ssible to separate the two activities on native disc gel electrophoresis and on 5-20
% sucrose gradient ultracentrifugation. Xinetic study indicated that myelin basic
protein, presumably a substrate for FA, could compete with F for F and thereby
prevent the F -mediated activation of the F M activity. All he resutts taken toge-
ther demonstrate that MBP kinase and F are localized on the same protein. This, to-
gether with the data that F , by activating the F M activity, promotes the dephos-
phorylation of MBP phosphor lated by F itself, s9ggests evidence for a protein bear
ing two opposing activities involved A the regulation of brain functions. Since F
was tightly associated with the purified intact brain myelin membrane, the resultsA
further support the notion that F is an endogenous protein kinase responsible for
the cyclic phosphorylation-dephos~horylation of the central nervous system myelin.
ACKNOWLEDGEMENTS - This work was supported in part by National Science Council in

Taiwan, Republic of China.
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205 PHOSPHORYLATION OF BRANCHED-CHAIN 2-OXOACID DEHYDROGENASE COMPLEX IS ISOLATED ADIPOCYTES

by SoJ. Yeaman & S.M.A. Jones (Department of Biochemistry, University of Newcastle upon Tyne, U.K.)

Branched-chain 2-oxoacid dehydrogenase complex (BCOADC) is regulated by reversible phosphorylation.

Phosphorylation, which causes inactivation of the complex, is catalysed by a specific kinase intrinsic

to the complex. The kinase is inhibited in vitro by the 2-oxoacid substrates of the complex. We have

found that the phosphorylation state of te -complex in isolated rat adipocytes is also regulated by

the concentration of branched-chain 2-oxoacids in the medium. Purified complex has also been
demonstrated to oxidise 2-oxobutyrate and 4-methylthio-2-oxobutyrate with kinetic constants close to

those for oxidation of the branched-chain 2-oxoacids. This implicates BCOADC in the catabolism of

five essential amino acids, namely leucine, isoleucine, valine, threonine and ethionine. Furthermore

these additional substrates inhibit the kinase in the isolated adipocyte system, indicating that they

may play a role in regulation of the activity of the complex.

206 ADP-RIBOYL ATION OF ANI-4USCLE ACTIN BY BIJI&M C2 '1KIN:

K. Aktories, M. Bnmernn, M. faux, P. Presek, K.H. Reuner and B. Scdering. Rudolf-Bucheim-Institut
flir Phariakologie, D-6300 Giessen, F.R.G.

Botulimnm C2 tocin (BtcxC2), which causes hypotnic effects, increase in vascular permeability and
gut secretion, msro-ADP-ribosylates a 43 kDa protein in various cell types including hzman platelets,
S49 lym hrmu cells, neuroblastcua x gliom hybrid cells and chick embrW cells (CEC). We identified
the toxin substrate protein as actin by means of peptide mapping, ijmmoprecipitatin and inimmoblot-
ting. Half-neximl and maximal ADP-rifosylation of platelet actin was found at 0. 1 and 3 pg/mi BtcKC2.
The F. value of the ADP ribosylation reaction for NRD was about 1 ILM. 7he ADP-ribosylated actin bound
to Dtase sepharose matrix and was eluted by guanidine-HCl (3 M) or formanide (40 %). Purified plate-
let and liver G-actin and nuch less platelet and liver F-actin, but not skeletal nuscle F- or G-actin

were ADF-ribosylated by BtcKC2. ThaMloidin blocked the toxin induced ADP-ribosylation. TcKin-cata-
lyzed ADP-ribosylation of purified actin decreased the viscosity of polymerized actin and prevented
the formation of the typical microfilament network. BtcsC2 pretreatment of intact cells largely re-
duced the ADP-ribosylaticn of the protein substrate in lysed cell preparations. Furthernore, in 32p-
loaded CDC, Btcs2 induced the labelling of actin. Treatment of C2 with BtoxC2 caused cell rcundins
in a tive and concentration dependent mnner, which correlated with the toxin-catalyzed ADP-ribosy-
lation of actin. The findings indicate that actin is the pathophysiological substrate of BtcKC2 and

suggest a fundamental role of actin in the pathcgenetical nechanism of BtcxC2. BtcxC2 appears to be
an important tool to study physiological processes vhidi involve non-muscle actin.

Supported by the Deutsche Frschungsge inschaft.

207 ENERGY UTILIZATION IN SIGNAL TRANSDUCTION. R. Dean Astumian and P.B. Chock,

Laboratory of Biochemistry, NHLBI, NIH, Bethesda, MD 20892.

Inter- and intracellular comunication require the expenditure of energy by a cell. For

example, signal amplification basically means an increase in the amount of information available

to, and hence reflects a decrease in the entropy of, the system. This can be accomplished only

by the utilization of stored free energy such as that in ATP.

Here we analyze a number of proposed schemes for intracellular signal transduction in terms of

the efficiency and effectiveness of energy usage. Criteria used were sensitivity, responsiveness,

and gain. We find that cyclic cascade mechanisms present a significant advantage over simple

allosteric control in a number of respects. Also, some schemes for allosteric regulation (e.g.,

"stamping- mechanism) are shown to contradict simple thermodynamic principles.

The key enzymes responsible for directly mediating comunication between the cell and its

environment (intercellular signal transduction) are transmembrane proteins. We discuss ways in
which these enzymes can directly use energy contained in the membrane potential and in chemical

gradients of various substances to effect transmembrane information transfer and signal amplifi-

cation.
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208 INTERRELATIONSHIPS OF CYCLIC AMPlcA) AND CALCIUM(Ca2+) IN SECRETASOSUE INDUCED

STIMULATION OF ACID SECRETION IN RAT PARIETAL CELLS ENRICHED BY CENTRIFUgAL ELUTRIATION. E.B.
Black, S.J. Strada and N.J. Thompson, Department of Pharmacology, University of South Alabama
College of Medicine, Mobile, AL 36688

Secretagogue stimulation of acid secretion and the possible interrelationships of Ca2+ and
cA in the .egulation of stlulus-secretion coupling has been studied in enriched parietal cell
(PC) populations using a newly developed centrifugal elutriation procedure for rat gastric
eucosal cell fractionation. The PC fraction is 60-BOX pure as judged by light microscopy and
FACS analysis and greater than 952 viebile as determined by trypan blue dye exclusion.
Comparative studies of the rates of cA accumulation in PC using forskolin (F), isoproterenol
(Iso) and histamine (HI and hydrogen Ion production easured indirectly with 14C-aminopyrine
accusulation (AP) show similar maxlel secretory rates despite widely varient cA accumulation
rates. The calooldulin antagonists, fenoctimine (Fn) and trifluoperszing (TFP), inhibit AP
induced by all three egonists. Both agents also inhibited carbachol (C) induced AP accumulation
(Ki - 60 nM). Further studies utilizing the calcium sensitive, fluorescent indicators Quin 2 or
Fura 2 show that C increases intracellular Ca++ from 930 n to 2295 nfl with a transient duration
of 1.5 to 2 0n. Studies of H action with Furs 2 indicate lesser involvement of Ca2 than those
of C whereas neither F nor Iso appear to modify Ca2+ levels in rat parietal cells. These results
suggest a possible interrelationship of both Ca++ and cA in HF and lio and C induced acid
secretion. This research is supported by USPHS grant 33530.

209 ADENYLATE CYCLASE AS A PROBE OF THE RELATIONSHIP BETWEEN THE EFFECTS OF ETHANOL ON THE

PHYSICAL AND FUNCTIONAL PROPERTIES OF THE MEMBRANE. nlrCRBde and P.B. Molinoff, University of
Pennsylvania, Philadelphia, PA 19104

The effects of ethanol on the physical and functional properties of the plasma membrane were
investigated using membranes prepared from wild-type S49 lymphoma cells. The effects of ethanol on
the physical properties of the membrane were assessed by measuring the fluorescence anisotropy of
diphenylhexatriene (OPH). The 6-adrenergic receptor-coupled adenylate cyclase system was used as a
probe of the effects of ethanol on the functional properties of the membrane. The effects of ethanol
in vitro included a decrease in fluorescence anisotropy (equivalent to an increase in membrane
Tauldty), an increase in adenylate cyclase activity, and a rightward shift in the dose-response
curve for stimulation of adenylate cyclase activity by isoproterenol. The last of these effects was
accounted for by a decrease in the affinity of the receptor for isoproterenol in the presence of
ethanol. Following chronic exposure of cells to 50 mM ethanol for 4 days, adenylate cyclase activity
was decreased. There were no differences, however, between membranes prepared from control and
ethanol-treated cells in terms of the effects of ethanol in vitro. Anisotropy was lower in membranes
prepared from ethanol-treated cells than in control membranes. There were no differences in the
cholesterol:phospholipid ratio or in the fatty acid composition of the plasma membrane between
control and ethanol-treated cells. There were small differences in the phospholipid composition, but
these could not account for the difference in anisotropy between control and ethanol-treated cells.
(Supported by USPHS AA 06215)

210 STIMULUS-SECRETION-SYNTHESIS COUPLING IN LACTOTROPHS AND CORTICOTROPHS OF RAT ANTERIOR
PITUITARY: ROLE OF CALCIUM AND CYCLIC AMP. J.R. Dave, L.E. Eiden, D. Lozovsky, J.A.

Waschek and R.L. Eskay. LCS, NIAAA, DICBR and LCB, NIMH, Bethesda, MD-20892.
Stimulus-secretion-synthesis are continuous events occurring in most secretory cells; however, the

nature of coupling between these events in a number of anterior pituitary hormone secreting cells is
not clear. The objective of this study was to determine the role of calcium and cyclic AMP in stimulus-
mediated secretion and synthesis events of POMC-derived peptides and prolactin (PRL) in cultured rat
anterior pituitary (AP) cells. Treatment of AP cells with a calcium channel blocker (D600, 10 uM) had
no effect on beta-endorphin (BE) release and POMC mRNA levels. However, this treatment produced a 70%
and 25% decrease in PRL release and mRNA levels, respectively. Incubation of AP cells in calcium-free
media did not alter BE release, but decreased PRL release and POMC and PRL mRNA levels by approximately
50%. Treatment of AP cells with either D600 or calcium-free media partially blocked CRF- or forskolin
(FN)-stimulated BE release and completely blocked FN-stimulated PRL release and PRL mRNA levels. The
calcium agonist barium (1 mM) produced a two-fold increase in BE and PRL release, which was blocked by
D600 and enhanced in the absence of calcium. Treatment of cells with barium had no effect on POMC mRNA
levels but increased PRL mRNA levels. Our results document that i) in the absence of calcium, basal or
stimulus-mediated PRL secretion and PRL mRNA levels are dramatically reduced, whereas, stimulated but
not basal BE secretion is partially blocked, and ii) the effect of calcium-free media on PRL mRNA, but
not on POMC mRNA levels, can be reversed by the addition of barium. These findings support previous
observations and suggest that both calcium and cAMP may act as intracellular second messengers in
lactotrophs, whereas of the two, only cAMP functions as an intracellular second messenger coupling
stimulus-secretion-synthesis events in corticotrophs of the anterior pituitary gland.
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211 CLONED CDNA FOR SPECIES OF RNA THAT ARE REGULATED BY CYCLIC AMP IN NGIO8-15
NEUROBLASTOHA-GLIOMA HYBRID CELLS.
M. Y. Giovanni, B. Raj, B.S. Schrier, and M. Nirenberg. NIH, Bethesda, MD.

Prolonged elevation of cAMP levels of NG108-15 cells shifts relatively undifferentiated
cells to a differentiated state with respect to some neuronal properties and increases the ability
of the cells to form synapses in vitro with muscle cells. A cDNA library, prepared from poly A*
RNA obtained from differentiated NGO1- -15 cells treated with 1 mM dibutyryl cAMP for 5-7 days. was

screened by differential colony hybridization using cDNA probes prepared from cytoplasmic poly A+
RNA Isolated from undifferentiated (D-) logarithmically dividing cells or from differentiated (D)

cells that had been treated with 1 mM dibutyryl cAMP for 5-7 days. Colonies with recombinant
plasmids were found which hybridize to more D

+ 32
P-DNA probe than D- 

3 2
P-DNA. These colonies

comprise < 1% of the colonies screened. Some colonies also were found with more D- 
32
P-DNA

hybridized than D
+ 32

P-DNA. Cloned DNA in most colonies hybridized with approximately the same
amounts of D

+ 
and D- 

32
P-DNA. Different concentrations of cytoplasmic poly A+ RNA from D

+ 
or D-

cells were applied to filters and hybridized with cloned 
32
P-cDNA probes from different

recombinant plasmids. Approximately 20 clones were found with cDNA inserts that hybridize to
species of poly A* RNA that Increased in abundance 10-90 fold when NGI08-15 cells were treated for
prolonged periods with dibutyryl cAMP. These results show that some species of NG108-15 poly A+
RNA increase in abundance when cells are treated with dibutyryl cAMP and that other species
decrease in abundance.

212 STRUCTURE-FUNCTION ANALYSIS of THREE cAMP-INDEPENDENT FORMS of the cAMP RECEPTOR PROTEIN.
James G. Harman, Keith McKenney and Alan Peterkofsky. NIH, Bethesda, MD.

cAMP receptor protein (CRP)-dependent operon expression in Escherichia coli requires the
CRP:cAMP form of wild-type CRP. One class of crp mutants (crp*) activates CRP-dependent promoters in
strains incapable of endogenous cAMP synthesis (cya). Of fundamental interest is the difference in
regulatory properties exhibited by Er* mutant strains, some of which respond to glucose-mediated
repression of B -galactosidase synthesis, some of which do not. To gain a better understanding of
the mechanisms of cAMP-independent promoter activation and repression we have: 1) determined through
cloning and DNA sequence analysis the primary structure of three CRP* forms of CRP; 2) purified the
mutant proteins; 3) characterized the effect of mutations on the secondary structure of these forms
of CRP and 4) studied CRP* activated lac promoter regulation ir. a purified in vitro transcription
system. The results of this study show that crp alleles containing mutations that substitute a)
threonine for alanine at position 144, b) isoleucine for threonine at position 127 and lysine for
glutamine at position 170, or c) isoleucine for threonine at position 127, lysine for glutanine at
position 170 and arginine for leucine at 195 encode proteins which, in the absence of cAMP, have

conformations that are similar to the wild-type CRP:cAMP complex conformation and that promote
cAMP-independent activation of a CRP-dependent promoter in vitro. In addition, a CRP allele-specific
inhibition of CRP* activity was observed in vitro in reaction mixtures containing spermidine that
parallels Sre strain-specific sensitivity to glucose-mediated repression of 6-galactosidase
synthesis in vivo. This suggests that the catabolite repression observed in crp* strains that lack
cAMP may be mediated through a mechanism that results in an inhibition of CRP* activity.

213 DIFFERENTIAL REGULATION BY CALMODULIN OF BASAL, GTP- AND DOPAMINE-STIMULATED ADENYLATE

CYCLASE ACTIVITIES IN BOVINE STRIATUM. Jeffrey Harrison, C.K. Mickevicius and M.E. Gnegy. Dept.
Pharmacology, Univ. of Michigan Med. Sch., Ann Arbor, MI 48109

We have examined the concentration requirements for calmodulin (CaM) in altering basal, GTP-

and dopamine (DA)-stimulated adenylate cyclase activities in an EGTA-washed particulate fraction
from bovine striatum. CaM stimulated basal adenylate cyclase activity 3.5-fold with an ECSO of
100 nM. GTP stimulated basal activity 2-fold with an ECso of 300 nf. In the presence of M,
GTP was able to further activate adenylate cyclase. With increasing concentrations of CaM, however,
the EC5 0 for GTP was decreased 5-fold. In the presence of only 90 nM CaM, the EC5 o for GTP was
maximally reduced from 300 nM to 60 nM. CaM could also increase the maximal activation of adenylate
cyclase by the neurotransmitter, DA. Similarly, the concentration of CaM required to maximally
increase the DA-stimulated activity was significantly leas than the concentration required to
maximally activate basal adenylate cyclase activity. The EC5 0 for CaM in increasing the GTP
sensitivity and maximal response of the adenylate cyclase to DA is 13 nM as compared to an EC5 ?
of 100 nM in activation of basal adenylate cyclase activity. These data support the concept of
a dual regulatory role for CaM in the activation of adenylate cyclase activity. Supported by

NIM 36044.
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214 Adenylate cyclase modulators regulate glucose transport in rat adipose cells by changing
glucose transporter intrinsic activity H.G.Joost, T.M.Weber, S.W.Cushman, and I.A.Simpson.

Experimental Diabetes, Metabolism and Nutrition Section, National Institutes of Health, Bethesda.

In isolated rat adipose cells, isoproterenol reduces Insulin-stimulated glucose transport activity by

60%. Plasma membranes isolated from these cells after sequential treatment with 10 nM insulin (25

min), 0.5 uM isoproterenol plus 2.5 ug/ml adenosine deaminase (15 min), and 2 mM KCN (2 min) contain

an unchanged concentration of glucose transporters (31 
± 
7, mean ± SE4, vs. 31 ± 4 pmol/mg protein in

controls), but transport glucose at a reduced rate (19 ± 6 vs. 48 ± 9 pmol/mg protein/sec). This

finding contrasts with the effect of insulin which comprises parallel increases in plasma membrane

glucose transporter concentration and transport activity. Kinetic studies of isoproterenol-inhibited

glucose transport reveal a 60% decrease in V (2900 ± 350 vs. 7200 ± 1000 pmol/mg protein/sec) and
a small increase in K (15.1 ± I vs. 13.0 ± 511 mM). Incubation of intact cells in the presence of

the adenylate cyclaseminhibitor adenosine stimulates plasma membrane glucose transport activity com-

pared to that in the absence of adenosine (44 ± 6 vs. 36 ± 6 pmol/mg protein/sec). These data indi-

cate that modifications of glucose transport activity produced by lipolytic and antilipolytic agents

in intact adipose cells can be fully retained in plasma membranes isolated under appropriate condi-

tions. Furthermore, the effects of these agents occur through a modification of the glucose trans-

porter intrinsic activity.

215 INHIBITION OF VASCULAR TYPE IV POE: PROBLEMS IN EVALUATING POTENCY OF INHIBITORS.
T. KARIYA and R.C. DAGE, MERRELL DOW RESEARCH INSTITUTE, CINCINNATI, ON 45215, U.S.A.

During evaluation of newly synthesized compounds for cardlotonic activity, we have noted that some
compounds produced relatively greater lowering of blood pressure for a given cardiotonic effect.

These compounds inhibited dog cardiac Type IV cAMP phosphodiesterase (PDE III). It was of interest to

us to determine if differences in sensitivity between cardiac and vascular Type IV POE could explain

our observations. Dog heart and femoral arteries were homogenized with a Polytron and the PDEs were
fractionated into Types I, II and IV PDE by DEAE-cellulose chromatography. Inhibition studies were
done on Type IV PDE using an inhibitor that is specific for this isoenzyme (enoximone) and a non-
specific, competitive inhibitor of PDEs (isobutylmethylxanthine, IBMX). For dog cardiac Type IV POE,

the IC50 of both enoximone and IBMX was 4 IM at a substrate concentration of 0.5 UM cAMP. At the
same substrate concentration, the IC50 of enoximone for vascular Type IV POE varied greatly (5 VM -
>100 PM) from preparation to preparation, whereas inhibition by IBMX was relatively uniform (4 VM -
7 pM). It was shown that differences in homogenization of the samples of vascular tissue resulted in
the observed variability. Prolonged homogenization with the Polytron yielded preparations of Type IV
PDE that were relatively insensitive to inhibition by enoximone.

216 CYCLIC AMP ACCUMULATION IN RABBIT AORTA SMOOTH MUSCLE CELLS ALTERED IN THE PRESENCE OF
HYPERLIPIDEMIC SERUM

Yukio Kishi, Fujie Numano, Keiji Nishiyama, Kichiyoshi Yajima and Fujio Numano

Third Department of Internal Medicine, Tokyo Medical and Dental University, Tokyo, Japan

We investigated the effect of hyperlipidemic serum on cAMP accumulation in cultured smooth muscle

cells from the rabbit aorta. The cells were grown to confluence, then cultured for 24 h in hyper-

lipidemic medium itotal cholesterol: 2.2 smol/l). CAMP accumulation was enhanced in response to

isoproterenol i0
- 

M as compared to control cells, and this enhancement was still detectable in the
presence of IBMX 1 0

- 
M, a potent inhibitor of phosphodiesterase. Application of propranolol 10

-
4 M

at 5 min after ispoproterenol showed a similar time course for cAMP disappearance. The phosphodiest-

erase activity in the 40,000 g supernatant of the Triton X-100 solubilized homogenates of the cells

in hyperlipidemic medium remained unchanged. 0-receptor assays showed an increased Bmax with a

similar Kd, and such may contribute, at least in part, to the increased adenylate cyclase activity.
An extended incubation in the presence of hyperlipidemic medium attenuated the cAMP accumulation,
possibly due to excessive increases in the total cholesterol content.
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217 ROLE OF PROTEIN KINASE C (PEC) IN CELLULAR FUNCTIONS: INHIBITION BY SPHINGOID LONG-CHAIN
BASES, J. D. Lambeth, E. Wilson, J. Kinkade, and A. H. Merrill, Jr.; Emory Univ. Med. Sch.; Atlanta,
GA 30322. P1CC has been Implicated in growth and differentiation (eg. PMA-induced differentiation of
HL-60 cells), secretion [eg. PHA-induced secretion of lactoferrin and vitamin B12-binding protein
from neutrophils (PMN)], and PMA activation of the P14N oxidative burst. Long-chain bases (aphin-
ganine and sphingosine) were recently found to be potent inhibitors of P1CC in a aicelle-reconstituted
system [Hannun et a1. (1986) J. Biol. Chem. in press]. We have tested long-chain bases as inhibitors
of the above cellular functions and documented their utility in testing FEC-dependent vs.
-independent processes. The following effects are described: (1) Long-chain bases block PMA-
initiated differentiation of HL-60 into macrophage-like cells, but do not affect retinoate-induced
differentiation. (2) Long-chain bases block activation of the oxidative burst not only by PKA, but
also by other agonists (discylglycerol, FNLP, A23187, arachidonate, and opsonized zymosan);
inhibition occurs at the same Concentration for all agonists, implying the same site of inhibition;
aphinganine competition for [

3
i]-phorbol dibutyrate binding to PMN strongly implicates P1CC as the

site of inhibition. (3) Neutrophil specific granule secretion appears to be regulated by P1CC, while
azurophilic granule secretion is not. Long-chain bases block secretion, of specific- but not
azurophilic-granule markers. (4) Agonist-induced phosphorylations of various PHN and HL-60 proteins
are blocked by sphinganine. In addition, these inhibitors appear to be specific; agonist-Induced
calcium transients, calmodulin-dependent processes, and cAliF-dependent proceases were not affected.
Thus, long-chain bases are naturally occurring inhibitors of FE-C which may function as physiologic
negative regulators of this enzyme. [Supported by NIH grants AM27373, CA22294, and GM 33369].

218 ORGANELLE SYNESIS HYPOTHESIS OF SIGNAL TRANSDUCTION
A.N. Malviya, P. Anglard and A. Masmoudi

A protein phosphorylating activity, independent of calcium, has been separated from protein kinase-C
(FEBS Lett. 199, 213-216, 1986). This activity has been termed as protein kinase-L and is manifested
by phorbol ester (TPA) or diacyiglycerol (DAG) in the presence of phospholipid. Protein kinase-L acti-
vity is reported here to be localized in the nuclei isolated from rat liver, calf thymus, and cultured
chicken neurons. In all the three cell types studied protein kinase-L activity was abundantly present
as contrasted from a negligible protein kinase-C activity. Protein kinase-L activity observed in rat
liver nuclei seems distinct from the activity seen in nuclei isolated from calf thymus or cultured
chicken neurons in its response towards TPA or DAG examined with or without phosphatidylserine. A
strong prima-facie case is advanced for organelle synesis in signal transduction coupled to tumor
promotion. In this hypothesis, for the trigger of signal transduction, catalytic potential of protein
kinase-C, protein kinase-L, and IP3 receptor seems best manifested at the site of plasma membrane,
nucleus, and endoplasmic reticulum, respectively.

21 9 UBIQUI-ANTIBOTI BLOCK IGH AFEfMNT CH)DIE UPDMI AT EX13WE.LDI S= IN 1 RAT
MUAD SAAP05CNqES. E. N. M0exe, C. West and V. Chau, epts. of Pharamogy, Biochemstry,

Anatcay~ ard 0all Biology, univ. Florida School of Mediine, Gainesville, FL 32610
S~im-dq,de (3 H)-dsoline uptake and opled [3 H-aetyldholine synthesis wara inhibited in

rat corubral cortical synaptosme in a dose-(l-10 uq/ml) and time-deement Manier bX affinity-
purified antibodes directed against ubiquitin (anti-Ub). Neithier sodim-indegmvdent [414] -dhoine
uptake nor ( 3 H) -acetylcholine re-lease was affected by up to 10 'U"a anti-Un, indicating that the
cholinergic tenuinka e re not depolarized by the anti-tb. Binding of anti-Lb to the synaptsca
preparation, as ssaWired with (12 5I) -protein A, was saturable and ota,.irzd aver the saea
oontration range (1-10 tom1) at which uptake-inhibiticri was oberved. Althoup preiune Igc

bcsd o te ynatoc= preparation to a greater extant and was apparwittly riot readily saturable,
this fortuitabsbx dr was without effect on high affinity choline uptake and cszwersicr to
aoetYlcholine. The results auggest that a ubiquitin-protein conjugate is closely associated, on
the synaptosamal surfte, with the scium-d ,rxmt choli transpott wystem.



220 CYTIDYLATE CYCLASE: EVIDENCE OF THE BIOSYNTHESIS OF CYTIDINE 3',5'-CYCLIC MONOPHOSPHATE
AND OF FOUR NOVEL CYTIDINE CYCLIC PHOSPHATE DERIVATIVES

*R.P. Newton, +E.E. Kingston. *N.A. Hakeem and +J.H. Beynon
*Oepartment of Biochemistry, School of Biological Sciences, and +Royal Society Research Unit,
University College of Swansea, Swansea SAZ 8PP, U.K.

Although the existence of phosphodiesterases capable of cyclic CHIP hydrolysis is now established,
controversy has existed over reports of endogenous cyclic CMP and of putative cytidylate cyclase
activity. The natural occurrence of cyclic CMP, together with cyclic UMP, IMP and dTMP, has recently
been unequivocally demonstrated by means of f.a.b. mass spectrometry with m.i.k.e.s. scanning. This
technique, together with the use of dual labelled 14C]- and [

3 2
P]-CTP and h.p.l.c., t.l.c. and RIA,

has enabled the identification of the eight labelled cytidine nucleotides resulting from the activity
of cyclase preparations from brain, liver and kidney. The major component was the unused substrate,
CTP, but the second major was 3',5'-cyclic CMP. In addition, CMP, COP, cytidine 2'-aspartyl-3',5'-
cyclic monophosphate, cytidine 2'-glutamyI-3'.

5 '
-cyclic monophosphate, cytidine 2'-monophosphate-3',5'-

cyclic monophosphate and cytidine 3,5-cyclic pyrophosphate were identified as minor components.

The presence of these four novel cytidine cyclic phosphate compounds ay well be the cause of the
conflicting reports concerning cytidylate cyclase assay and cyclic CMP-RIA; their identification has
enabled the development of a cytidylate cyclase assay from which they are eliminated and a subsequent
investigation of the properties of this enzyme.

221 UNAMBIGUOUS ASSAY OF CYTIDINE 3i,5'-CYCLIC M.ONOPHOSPHATE AND CYTIDYLATE CYCLASE ACTIVITY

Russell P. Newton and Nabil A. Hakeem
Department of Biochemistry, School of Biological Sciences, University College of Swansea,

Swansea SA2 8PP, U.K.

The structures of four novel cytidine cyclic phosphates have been elucidated. These labelled
compounds are produced from [

3 2
P]- or ['4C]-CTP during conventional assays for cytidine cyclase and

are also inmsnoreactive with antisera raised against cyclic CMP. Knowledge of their structures has
permitted development of (a) a single column composed of two separate tiers of ion-exchanger which
separates cyclic CMP from these contaminants to form the basis of an assay for cytidylate cyciase,
and (b), a single column composed of three tiers of ion-exchanger which separates cyclic CMP from
these four novel compounds, from other cytidine nucleotides and from cyclic AMP and cyclic GMP, and
is used as a separation stage prior to radioimmunoessay.

Cytidylate cyclase activity, distinct from adenylate and guanylate cyclase activity, was found in
each tissue examined, the highest activity being in liver and kidney and the major subcellular site
a 25000 x g fraction containing lysosomes, mitochondria and microsomes. This activity was elevated
in regenerating tissue stimulated by testosterone and calmodulin and was inhibited by UTP and ITP.
Cyclic CMP was found also in each mammal ian tissue examined, usually within a concentration range of
0.1 to 40 pmol/g tissue. The highest concentrations were in the uterus and kidney and the lowest in
brain, testis, ovary and plasma. These concentrations decreased with age but increased with
increased cellular growth rate.

222 NEUROPEPTIDE BIOSYNllESIS IN (fOAFPIN AND NEUROBLASTOM CELLS: REGULATION BY CYCLIC AMP,
PROTEIN KINASE C AND CALCIUM14. Rebecca M. Pruss, Lee E. Eiden and James A. Waschek. Laboratory of Cell

Biology, NIMH, Bethesda, M, 20892.
Stimulation of nicotinic receptors on the surface of chromaffin cells causes the calcium-dependent

secretion of enkephalin peptides and vasoactive intestinal polypeptide (VIP) and is accompanied by a
calcium-dependent increase in de novo biosynthesis of VIP and enkephalin, and proenkephalin eRNA. Pep-
tide biosynthesis is also stimulated by agents which cause cell depolarization, such as elevated pot-
assium and veratridine, and by the calcium agonist barium, indicating that calcium plays a second
messenger, rather that merely a permissive role, in secretagogue stimulation of neuropeptide biosynthe-
sis. Elevation of intracellular cyclic AMP also causes a stimulation of enkephalin and VIP synthesis
in chromaffin cells, which is independent of extracellular calcium. Phorbol ester stimulates the bio-
synthesis of VIP, but not enkephalin, indicating a selective regulation of neuropeptide expression by
two second messenger systems in chromaffin cells.

In human neuroblastoma cells in culture, synthesis of VIP and its messenger RNA is synergistically
regulated by both cyclic AMP and phorbol ester. These cells do not exhibit a calcium-dependent release
of VIP upon depolarization with elevated extracellular potassium, nor are they biosynthetically re-
sponsive to elevated potassium or barium.

These results indicate that the expression of the genes encoding proenkephalin A and VIP are differ-
entially responsive to two protein kinase-stimulated pathways, and that biosynthesis is regulated by
calcium influx in cells that secrete these peptides in a calcium-dependent way.



223
VANADATE POTENTIATES VASOPRESSIN-INDUCED INOSITOL PHOSPHATE TURNOVER.

N. Alyar, P. Nambi, G. Gessner and S.T. Crooke, Mol. Phar.., SKlF Labs., Phila., Pa. 19101

Rat aortic smooth muscle cells (A-l0) contain vasopressin receptors of VI subtype. Incubation of
these cells with vasopressin (AVP) resulted in an (a) Inhibition of isoproterenol-stimulated cAMP
accumulation and (b) stimulation of phosphatidylinositol turnover. In an attempt to delineate the
mechanism of AVP action in these cells, we have used tumor promoting phorbol ester (activator of
protein kinase C) to test its effect on AVP action. Pretreatment of the cells with active phorbol
ester resulted in an inhibition of the AVP-mediated responses. Further binding studies with 3H SK&F
101926, a novel vasopressin antagonist, suggested that these receptors are coupled to a guanine
nucleotide binding protein and that pretreatment with phorbol ester resulted in the uncoupling of the
receptor from the guanine nucleotide binding protein. Here we have used vagadate, an inhibitor of
phosphatase to test its effects on AVP-mediated responses. Pretreatment ofJH inositol-labeled cells
with vanadate resulted in an increase of AVP-stimulated inositol di- and trfs phosphates as much as
twofold without significantly changing inositol monophosphate levels. Vanadate potentiated AVP
response at all concentrations of hormone tested without affecting the half-maximal concentration of
the hormone necessary for inositol phosphate accumulation. While in control cells, AVP-induced
inositol phosphate accumulation was observed only in the presence of LiCl, in vanadate-treated cells
significant increase in inositol di- and tris-phosphates was observed even in the absence of LiC1.
Vanadate pretreatment had little effect on3 H AVP binding to intact cells or on the AVP-induced
inhibition of Isoproterenol-stimulated cAW accumulation. These data suggest that vanadate may be
exerting its effect by inhibiting inositol di and tris phosphatases.

224 LIGAND-STINULATED PRODUCTION, METABOLISM, AND RECEPTOR BINDING OF INOSITOL TRISPHOSPHATE
DURING THE STEROIDOGENIC ACTION OF ANGIOTENSIN I. Tamas Bella, Gaetan Guillemette,

Albert J. Baukal and Kevin J. Cart, NICHD, NIH, Bethesda, MD 20892
Angiotensin I1 (All) exerts its steroidogenic effects through calcium-mobilizing receptors that

promote the generation and actions of inositol triaphosphate (ins-P3 ) via phospholijase-C-catalyzed
breakdown of polyphosphoinositides. In rat adrenal glomerulosa cells labeled with [ Hlinositol, All
caused rapid (< 3 sec) breakdown of both PIP and PIP 2 with concomitant formation of inositol phos-
phates. In addition to rapid and prominent formation of ins-P2, two isomers of both ins-P and
ins-P were detected by KPLC. Ins-I,4,5-P3 showed only a slight and transient rise with a pelk at
about 5 sec, whereas ins-1,3,4-P increased steadily over 60 sec. Significant increases in ins-P2
and ins-4-P at 2.5 saec, with no change in ins-i-P during the first 60 sec, revealed that ins-1,4,5?
P is rapidly metabolized through ins-I,4-P2 with accumulation of ins-4-P, and that PI breakdown is
nat an early response to All. The progressive formation over 20 min of ins-l,3.4-P . ins-i,4-P,
and ins-4-P, all enhanced in the presence of lithium, was indicative of continued breakdown of
polyphosphoinositides. Specific and high affinity (Kd - I nM) binding sites with low capacity (-
100 fmol/mg prot) for Ina-I,4,5-P were demonstrated in bovine adrenal cortex and shown to be
distinct from the degradative enzye ins-P -5W-phosphatase. The rapid kinetics of association and
dissociation of ins-P3 at these sites are 

2
onslstent with its early and transient elevation during

All stimulation, and with its binding to receptors through which calcium is mobilized from intra-
cellular storage pools. These results demonstrate that ins-1,4,5-P formation and metabolism are
early intermediate steps in the adrenal response to All, and that Ins-4-P production provides an
index of sustained polyphosphoinositide hydrolysis during All action in the glomerulosa cell.

225

INHIBITION OF PHOSPHATIDYLINOSITOL-SPECIFIC PHOSPHOLIPASE C BY MANOALIDE.
C. Frank Bennett, Seymour Mong, Hsiao-Ling W. Wu and Stanley T. Crooke, Dept. of Mol. Pharm., Smith
Kline and French Laboratories, Philadelphia, Pa. 19101.

Nanoalide is a nonsteroidal sesterterpenoid isolated from sponge. Manoalfde exhibits analgesic
and anti-inflammtory activity in mouse models (Jacobs et al.,Tetrahedron 41:981). Investigations on
the mechanism of action for manoalide revealed that it was a potent inhibitor of venom phospholipase
A2 (PLA2 ), exhibiting IC50 values of 0.12, 0.7 and 1.9 PM for bee, rattlesnake and cobra venom
PLA2,respectively. However, intracellular PLA2 's assayed in cytosolic and membrane fractions
from several mammalian tissues were less sensitive to inactivation by manoalide, exhibiting IC50 of
30 PM or greater. Cytosolic proteins, BSA, and poly-L-lysine protected purified bee venom PLA 2
from inactivation by manoalide, while free amino acids did not protect purified PLA2 . Investigations
on other Intracellular targets for manoalide revealed that PI-specific phospholipase C (PLC) was more
sensitive to inactivation by manoalide than PLA2(IC50= 1.5 and 30 RM, respectively).
A P1-specific PLC purified from guinea pig uterus (Mr . 64,000) also exhibited an IC50 of 1.5 gM.
Manoalide inhibited, in a concentration dependent manner, the synthesis of inositol-l-phosphate from
DOT1M-2 cells stimulated with norepinephrine (IC50 = 2.0 M). These results suggest that the
anti-infl ammatory activity of manoalide may be due, in part, to inhibition of PI-specific PLC. These
results also demonstrate, for the first time, the potent inhibitory activity of manoalide on
phospholipase C isolated from guinea pig uterus.



226 Ca2+-DEPENDENT REGULATION OF INOSITOL 1 .4,5-TRISPHOSPHATE 14ETABOLISM IN INSULIN SECRETING
CELLS. T.J. Biden & C.B. Woliheim. Institut de Blochimie Clinique. Univ. of Geneva, Switzerland.

Inositol 1,4.5-trisphosphate (Ins 1,4.5-P3 ) acts as a second messenger to mobilize intracellular
CA2+ stores during the muscarlnic stimulation of insulin release. It is degraded by phosphomono-
esterases which sequentially remove the phosphate groups. An alternative route has been proposed
whereby Ins 1,4,5-P3 is phosphorylated by a specific kinase to form inositol 1,3,4,5-tetrakisphosphate
(InS-P4) which is in turn converted to Ins 1,3,4-P3. Analysis of these metabolites by HPLC in
insulin secreting RI~m5F cells prelabelled with 3H-inositol now shows that cholinergic stimulation
in C&2+-depleted medium markedly increased the ratio of Ins 1.4.5-P3 to Ins 1,3,4-P3 + Ins-P4,
relative to cells stimulated in Ca2+ containing medium. Ins 1.4,5-P3 klnase activity assayed in a
cytosolic fraction was stimulated 2J fold by raising Ca2+ from 10-7 :10-5M (EC5o approx. 800n0). In
contrast, 1,4,5-P3-phosphomonoesterase activity was not Ca

2+-dependent. Moreover, the kinase dis-
Played a Vim for Ins 1.4.5-P3 of 1.5ul. rather than 300a for the phosphomonoesterase. These results
suggest that the rise in CaZ+ brought about by Ins 1,4,5-P3 generation would in turn enhance its
catabolism via the inositol tris/tetrakisphosphate pathway. In pancreatic islets Ca2 + also plays a
role in the generation of Ins 1,4,5-P3. Thus K+ depolarization induced a Ca2+-dependent, transient
production of Ins 1,4,5-P3 which was not secondary to neurotransmitter release. This Ca2+-mediated
effect played only a minor role following muscarinic stimulation of the islets, but was quantita-
tively important for the generation of Ins 1,.4.5-P 3 by the nutrient stimulus glucose.

227 IE~MR= O A WUC1~rIC-49245rVE H0SFVLXW..S C 3N~ LIVFR PIASR MEMBPANS.
D. J00jaic, N.A. Wallace, R.J.H. Wojcijid=ic, L.S. Bkadhami arid 3.2. Fain. Dept. of

Mlodwmaistry, UniV-w.ty of '1wememes, Mempis, 'El 38163.

The hydrolysis of exogenos [ 3liphoophatidylinositol 4, 5-biaphoephate ((3 H] PIP2 ) to
inositol phosphafts by rat hq~atic plains meixme s investiated. Ithe ab c of demchodv-
late (DOC), P bpolliaae C activity was not reiily datated. DOC produced a does I mIt
iarevame in activity up to 2m4 after wh~ich the rate of hydrolysis dereased. aaf (100 UN
sthilated the DOC activated azyame by 30 - W0% above basal. 'This stimulationi was not specific
for guanine 9uloie Aixvm P also stimulated the enzyme. Gp~f stimilation vas only
a~prn ih (HPP am substrate; little or no effects were observed on

phshtdliivositol 4-ftwephtet or ('H] hompatidylinositol. hydrolysis. Rxcepholipase C
h a pH cpimm of 6.5-7.0 for both basal and rl-timuated activities. Tim corses of

'IPI2 breadgdbm war linear up to 10 min of ir*tmtion and hydrolysis was temerature
w~iatith cptimal ziclecide stinuaftion bainj dmrvar at 31ftC. Ths main prdut of

NJ PIP hydrolysis was identified aninceitol l,4,5-trisphosphate. No added clcium was
rmirfor activition of phospholipme C but activity use blocked by inclusion of i'tEM in

the iakation. Xognsiu partialy inhibited inositol phospate formatioin wheras all wrvvalsit
cations tested mome stiunaatory. Thme results provide further evidence for riclaotide regulation
of phoeptilipase C. However, the lack of raileotide specificity uggests that this enzyme may not
be regulated solely by guanine rwlaotides.

228 STIMUJLATION OF G1-- S TRANSITION OF Ca2+-DEPRIYED SERUM---IMULATED RAT LIVER EPITHELIAL
CELLS BY INOSITOL 1,4,5-TRISPHOSPHATE AND PROTEIN KINASE C. AlonL.Boynton and Jean Zwiller.
Cancer Research Center of Hawaii, 1236 Lauhala St., Honolulu,HI913

Hydrolysis of phosphatidyl inositol 4.5-bisphosphate with the production of dlacylglycerol (DAG)
and inositol 1,4,5-trisphosphate (1P3) appears to be a major signal transduction pathway involved in
several biological responses including cell proliferation. The putative function of DAG is to
stimulate protein kinase C activity and of IP3 to mobilize intracellular Ca2+ perhpas via an 1P3-
dependent protein kinase recently discovered in our laboratory. We have identified two extracellular
Caz+-dependent stages of the GI phase of the cell cycle af T51B rat liver epithelial cells. Both
protein kinase C and IP3-dependent (via 173 dependent protein kinase) eventsi are required for thesecell cycle transitions because both protein kinase C activators (TPAA OAG, DiC8) and the IP3-dependent
protein kinase activator (1P3) must be added to serum-stimulated, Caz+-deprived T516 cells for
successful GO-- G1 and 61-- S transition. An alteration of this membrane based signal transduction
, mechanism is indicated by the fact that neoplastic cells no longer require extracellular Caz+ for
'GO-- 61 and GI-- S transition and also are able to maintain elevated levels of protein kinase C in
iCa2+-deficient medium while their non-neoplastic counterparts cannot. Supported by NIH/NCI grant
tno. CA39745, CA42942.
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229 STIMULATION OF A PHOSPHOTRANSFERASE ACTIVITY BY INOSITOL 1,4,5-TRISPHOSPHATE. J. Zwiller,
T. Rayson, A.L. Boynton, Cancer Research Center of Hawaii. Honolulu, HI 96813.

The hydrolysis of phosphatidylinositol 4,5-bisphosphate by a GTP-dependent phospholipase C results
in two second messengers, diacylglycerol (DG) and inositol 1,4,5-trisphosphate (P 3). Recent results
from our laboratory suggest that the function of both these second messengers is required for GO-- GI
and GI-- S transition of serum-stimulated T51B rat liver cells. DG is known to stimulate protein
kinase C activity in conjunction with Ca

2+ and osphatdyl-serine. 1P3 has been demonstrated to
stimulate the increase of intracellular free Ca by releasing the ion from presumably the endoplasmic
reticulum. We describe here an IP3-dependent phosphotransferase activity which we have putatively
termed protein kinase I. Protein kinase I is extracted from TS1B rat liver cells or from rat brain.
Small quantities of protein kinase I are present in the 100.O00xg supernatant of EGTA extracted cells
and larger quantities are present in the detergent-extracted 100,O00xg pellet. At present we can
only speculate as to the function of protein kinase I. One obvious role may be in the mechanism of
intracellular Ca

2+ release from endoplasmic reticulum. Like other protein kinases, protein kinase I
probably has numerous phosphoprotein substrates. Like several other protein kinases such as protein
kinase A, C and G, protein kinase I may play a central role in such cellular responses such as
neurotransmitter release, secretion, muscle contraction, differentiation and cell proliferation. The
characterization, purification and function of protein kinase I are beino investiqated. Supported by
NIH/NCI grant no. CA39745.
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A MASS MEASUREMENT OF INOSITOL(1,4,5)TPSPHOSPHATE IN CHEOATTRACTANT-STIMULATED RABBIT
NEUTROPHILS. Peter G. Bradford and Ronald P. Rubin, Medical College of VA, Richmond, VA 23298.

Previous studies from our laboratory using 
32
P-lns(1,4,5)P3 demonstrated the presence of a

specific intracellular receptor for this second messenger. In the present study, Ins(1,4,5)P3
content of fMet-Leu-Phe stimulated rabbit oeutrophils was determined. Two Independent assays of
Ins(l,4,5)P3 mass were performed using ether-washed TCA-extracts derived from 

3
H-inositol-labeled,

fMet-Leu-Phe-stimulated cells. Ins(1,
4
,5)P3 content of thp extracts was assayed both by the

ability of inositol phosphates in the extracts to displace 32p-ns(l,4,5)P3 from its intracellular
receptor and to release sequestered 

4
5Ca2+ from nonmitochondrial stores of saponin-permeabilized

cells. The relative proportions of 
3
H-Ins(l,3,4)P3, 3H-Ins(l,4,5)P3 and 

3
H-Ins(l,3,4,5)P4 in a

series of extracts derived from cells stimulated for various times (5s - 5 min) were determined by
HPLC. The relative capacity of each fraction to compete with 32P-Ins(l,4,5)P3 at its receptor and
to release sequestered 45Ca2+ from permeablilized cells coincided perfectly wi h the content of
radioactive 

3
H-Ins(l,4,5)P3 in the fraction and not with the content of either 3H-Ins(1,3,4)P3 or3

H-Ins(I,3,4,5)P4. Since these assays are selective for Ins(1,4,5)P3 and are measures of mass,
the amount of Ins(l,

4
,5)P3 formed in cells can be determined. Thus, the Ins(l,4,5)P3 content in

neutrophils was found to rise from a basal value of 0.02 pmol/10
6 

cells to a peak value of 0.40
p.0l/10

6 
cells after 10 sec stimula ion and to return to baseline by 2 min. This study confirms

the physiological relevance of the 32p-hos(l,4,5)P 3 binding site and for the first time measures
the mass of Ens(1,4,5)P3 formed in stimulated cells.

231 STUDIES ON THE INTERACTIONS BETWEEN THE CALCIUM MOBILIZATION AND CYCLIC AMP PATHWAYS IN
GUINEA-PIG HEPATOCYTES.

G.M. Burgess., R.K. Dooley., J.S. McKinney., E. Nanberg* and J.W. Putney, Jr. Division of Cellular
Pharmacology, Medical College of Virginia, VA 23298 and *Wenner Gren Institute, Biologihus F3,
University of Stockholm, S-106 91. Sweden.

The adenylate cyclase activating hormone isoproterenol (50nM) which, when given alone had no
effect on8 BRb or 

5
Ca efflux, potentiated the effects of angiotensin (i-50nM) on 

86
Rb efflux and

45
Cs ef flux from guinea-pig hepatocytes. This effect occurred in the presence or absence of

extracellular Ca , and required the simultaneous presence of both isoproterenol and angiotensin.
Neither the Ca-ionophore A23187. nor 4-4 phorbol dibutyrate, separately or together, could substitute
for angiotensin (cAMP can substitute for isoproterenol). The effects of isoproterenol were greatest
with submaximal concentrations of angiotensin, while maximal concentrations of an iotensin were
affected little. Isoproterenol did not substantially increase the formation of [IHinositol
trisphosphate, or alter the ratio of isomers, [

3
Hjinositol 1,4,5-trisphosphate and 13HIinositol

1,3,4-trisphosphate, formed in response to angiotensin, suggesting that isoproterenol acts by
increasing the sensitivity of the endoplasmic reticulum to the Ca2+-releasing action of inositol
1,4,5-trisphosphate. Isoproterenol also enhanced the phase of Ca

2
+ mobilisation involving Ca

2+

entry which is consistent with the previously proposed functional linkage between receptor-regulated
Ca

2
+ release and Ca

2
+ entry. (Supported in part by N.I.H. grant #AN-32823).

V ..
• .,



232 ALTERATION IN VASCULAR PHOSPHOINOSITIDE METABOLISM AND HEPATIC PHOSPHOLIPASE C COUPLED
RECEPTORS IN A RAT MODEL OF SEPSIS. J. A. Carcillo*+, E. A. Suba*, R. Z. Littent, and B. L. Roth*,
*Naval Medical Research Institute, Bethesda, MD 20814-5055; tArmed Forces Radiobiological Research
Institute, Bethesda, MD; and +Childrens Hospital, National Medical Center, Washington, DC.

We previously predicted that alterations in phosphoinositide (PI) metabolism and phospholipase C
coupled receptors may cause the altered glucose metabolism and diminished vascular tone seen in
septic shock (Chernow and Roth, Circ Shock 18:141-155, 1986). To test this hypothesis, we subjected
rats to cecal ligation and puncture (CLP) or a sham operation and measured P1 metabolism and recep-
tors 18-24 hours later. The PI metabolism in rat aorta was measured as previously detailed (Roth et
al., Neuropharmacol 23:1223-1225, 1984). We observed a 50-60% reduction in basal phosphoinositide
metabolism (N=16; p < 0.05) as well as a 50% reduction in al-adrenergic and PGF2*-induced PI hydrol-
ysis in aortas from CLP rats. We also discovered 40-60% (p < 0.05) reductions in hepatic al-
adrenergic and (ArSl-vasopressin receptors. Silver-stained two-dimensional gels of liver plasma
membranes disclosed no evidence of gross proteolysls. Finally, we found no changes in cardiac
B-adrenergic or dihydropyridine receptors or in brain opiatergic or serotonergic receptors. These
findings suggest that hepatic and vascular PI metablism and PI-coupled receptors are selectively
attenuated in sepsis and that these alterations contribute to the pathogenesis of septic shock.
This work was supported by Naval Medical Research and Development Command Work Unit No.
M0095.01.1032.

233 THE DETECTION OF CALCIUM BINDING PROTEINS IN RAT CORTEX AND IN AMMONIUM SULFATE

FRACTIONS OF WHOLE RAT BRAIN. G.J. Creed, D.M. Santer, W.E. Heydorn, T. Fukuda and
D.M. Jacobowitz, Laboratory of Clinical Science, NIMH, Bethesda, MD 20892 a FDA, Rockville, MD
20857.

The detection of calcium binding proteins (CBP) can give insights into the character and
possible identity of particular proteins. Protein samples of rat cortex and amonium sulfate
fractions of whole rat brain were separated by two-dimensional gel electrophoresis (2DE). The
proteins were then electroeluted onto nitrocellulose paper and the membranes incubated in 

4
5Ca+2.

CBP were detected by autoradiography. Five proteins were consistently detected in rat cortex. Two
of these, calmodulin (CaN) and calcineurin (Cn), were identified using purified protein and
specific antisera. The others have M and pl ranges of 13.500-16,000 and 4.8-5.3 respectively.
These same 5 proteins were again seen in the various ammonium sulfate fractions but 4 previously
undetected CBP were also seen. The M and pI ranges of these newly detected CBPs were 12,500-27,500
and 5.0-5.3 respectively. Two proteif s were visualized in the 20% fraction and one each in the 802.
100% and S-100 fractions. The protein (M 27,500. p1 5.2) found in the 802 fraction shows an
intense binding of calcium similar to thl 0 subunit of Cn. Its intensity may indicate high binding
affinity, as the other proteins show lower intensities even though they are also enriched. These
results demonstrate that using 2DE, CBP are detectable. The abundant CBP, CaN and Cn, were
identified by this method, and with enrichment, as in ammonium sulfate fractionation, previously
undetected CBP are detectable.

234 ALLOSTERIC REGULATION OF INOSITOL 1,4,5-TRISPHOSPHATE-3-KINASE BY SODIUM.
A.. Cubitt, P.R.N. Dobson and B.L. Brown. Department of Human Metabolism & Clinical

Biochemistry, University of Sheffield, Sheffield, U.K.
The importance of Inositol 1,4,5-trisphosphate Ins (1,4,5) P3 as a second messenger mediating

the actions of many hormones and neurotransmitters is now established. The recent discovery (I) of a
Ins (1,4,5) P3-3-ktnase has, however, complicated previous ideas of the metibolism of this
important molecule and lead to a search for a role of this pathway. When I HI-Ins (1,4,5) P3 ('
,uM; 1 CI/mI Amershas) was added to a neuroblastoma hybrid (NCB-20) supernatant In a buffer
approximating to the intracellular ionic composition (KCI 110 vM, NaCi 10 Nf, MgCI 2 200 pM, ATP 200
AiM, ECTA 1 mM, HEPES 25 mM pH 7.6 at 37 0C). Some Ins (1,4,5) P3 was phosphorylated to Ins
(1,3,4,5) P3 (5Z) (as determined by HPLC), while the bulk of Ins (1,4,5) P3 was dephosphorylated
to IP2 , IPI and Ins. Raising the concentration of sodium (compensated for by potassium) +
increased the amounts of IP formed dose dependently. The effect was maximal at 50 m Na while
changing the concentration of sodium from 2 WN to 20 ml enhanced the activity of the kinase 3 fold.
Previous studies (1) have demonstrated that the 1P3-3-kinase may be activated by the alkalinisation
induced by growth factors. It is proposed here that in vivo the kinase may also undergo allosteric
activation as a consequence of the influx of sodium ions resulting from activation of the sodium-
hydrogen antiport system. Estimates (2) of the resting sodium concentration suggest a value of a am,
whilt upon alkalinisation this may rise as high as 26 W. This is consistent with the view that
changes in sodium ion concentration may be important in regulating the activity of the IP3 kinase
and raises the possibility that sodium may be Important in regulating the activities of other enzymes
1. R.F. Irvine et a Nature 320,631-634 (1986) 2. N.L. Villereal J.Cell Phya.l1:163-170 (1982).
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235 SEPARATION OF MULTIPLE ISOMERS OF IMOSITOL PHOSPHATES FORMED IN GH3 CELLS, Nicholas M.
Dean and James D. Moyer, Laboratory of Biological Chemistry, OCT, DTP, MCI. Bethesda, MO20_8_9

High performance liquid chromatography (HPLC) separations have been developed to resolve inositol
phosphates. One set of conditions separates isomers of inositol monophosphate (IP), inositol bis-
phosphate (IP2 ) and inositol trisphosphate (IP3 ), another IP4 , IP5 and IP6 . The separations were
used to investigate the thyrotropin releasing hormone (TRH) stimulated priduction of inositol phos-
phates in a rat pituitary tumor (GH) cell line. In cells labeled with [ H)inositol and treated
with lithium, radiolabeled components identified as [(I)P, 1(2)P, 1(4)P, I(1,4)P2 , I(1,3,4)P 3 ,
I(1.4,5)P 3, IP4 , IP5 and IP6 are present as are multiple unidentified IP2 peaks. Low levels of
glycerophosphoinositol are also found, however no glycerophosphoinosltol phosphate, glycerophospho-
inositol bisphosphate or lnositol(1,2)cyclic.monophosphate are present. Subsequent to stimulation
with TRH both I(I)P and I(4)P increase, the increase in I(4)P preceding that of I(i)P; I(1,4)P 2 and
an unknown IP2 increase; and both I(I.3,4)P 3 and I(1,4,5)P 3 increase, the increase in 1(1,4,5)P 3
being rapid and transient while the increase in I(1,3,4)P 3 is slower and more sustained. The most
rapidly appearing inositol phosphates produced subsequent to TRH stimulation are l(1,4)P2 and
I(I,4,5)P3 . No I(l)P is formed at early time points indicating that a phospholipase C mediated
breakdown of phosphatidylinositol is not an early event in these cells.

236 PRODUCTION OF INOSITOL TRISPHOSPHATE ISOMERS IN HUMAN NEUTROPHILS. Susan B. Dillon, John
J. Murray, and Ralph Snyderman. Howard Hughes Medical Institute, Duke Univ. Med. Ctr.,

Durham, N.C. 27710.
Stimulation of PN chamoattractant (CMT) receptors for N-formyl peptides (f-met-leu-phe), platelet

activating factor CPAF) and leukotriene B4 (LTB4) utilize a common transduction pathway that results
in the rapid elevation of cytoplasmic Ca

2
+ levels, and in production of inositol trisphosphate (IP3 ).

Since the 1,4,5, and 1,3,4 isomers of IP3 have disparate biological activities it is important to
determine the relative amounts and kinetics of their production following PN activation. Inositol
phosphates were TCA extracted from 

3
H-myo-inositol labelled PIN and separated by H.P.L.C. by anion

exchange. In unstimulated cells, c.p.m. in the 1,4,5 1P3 peak were low (38+14; n=8) and 1,3,4 IP3 was
not detected. The initial IP3 response to 0.1 - 1.0 uM f-met-leu-phe, PAF, or LTB4 (measured at 5
seconds) consisted entirely of the 1,4,5 1P3 isomer. Peak levels of 1,4,5 IP3 were comparable for
optimal doses of all 3 CMT tested, reaching between 330-500% of resting levels by 5 seconds. For each
CMT, the 1,3,4 isomer first appeared at 15 seconds after stimulation, constituting 25+4% (n=5) of
total IP3. By 60 seconds, 50% or more of the total IP3 consisted of the 1,3,4 isomer' however by this
time the total IP3 in PAF or LTB4 stimulated cells had declined to 10-20% of maximum. Elevated IP3
levels in f-met-leu-phe stimulated cells did not subside until 5 minutes after stimulation. The pro-
posed mechanism for formation of 1,3,4 IP3 is via a 1,3,4,5 inositol tetrakisphosphate (IP4) inter-
mediate (Irvine et.al. Nature 320; 1986?. In studies using plasma membranes prepared from 

3
H-myo-

inositol labelled PMNs, only theT4,5 isomer was produced in response to Ca
2  

or GTP mediated acti-
vation. This suggests that a 1,4,5 IP3 kinase activity may be present in cytoplasmic fractions of PMN,

237 CALCIUM RELEASE FROM INOSITOL 1,4,5 TRISPHOSPHATE-SENSITIVE ISLET CELL MEMBRANES
CO-LOCALIZED WITH PLASMA MEMBRANE. Marjorie Dunlop and Richard C. Larkins. University of

Melbourne, Department of Medicine, Parkville. Vic. Australia. 3050.
Inositol 1,4,5 trisphosphate (IP3). arising from hydrolysis of phosphatidylinositol 4.5 bisphos-

phate (Ptdlns (4,5)P21, is proposed as the link between membrane receptor activation and mobilization
of Ca

2
+ from intracellular sites in hormone secreting cells. The location of IP3-sensitive membranes

was investigated in neonatal B cells. Membranes were obtained after lysis of cultured cells attached
to positively charged Sephadex. Scanning electron microscopy indicated a plasma membrane attachment
face of 5-10pm diameter with attached membrane sheets. Enzyme markers: 5'-nucleotidase (5'NT), 4.14;
glucose-6-phosphatase (G-6-Pase), 1.31; UDP-galactosyl transferase (UDP-CT), 0.21; succinate
dehydrogenase (SD), 0.28umol/h/mg protein. Following sonication vesicles (0.17 t O.04um diameter)
remained at the attachment face (5'NT, 5.54; G-6-Pase, 0.09umol/h/mg protein, UDP-GT and SD
undetected). The endoplasmic reticulum marker, G-6-Pase represents 5.2% of total cell activity.
ATP-dependent 4SCa2+ accumulation was shown in this preparation (410 ± 24 (6) pmol/mg protein at
150nM free Ca

2
+) and was inhibited by vanadate (100uM). Half maximal Ca'+ release occurred with

0.5pM IP3, maximal release with 5VM IP3, t 12 seconds. With concurrent use of [y32PJ AlP to label
phosphoinositides, Gpp(NH)p effected Ptdtns(4.5)P2 hydrolysis and release of Ca+ (half aximal Ca2+
release, 5OPM, t 20 seconds). GTP was without effect on Ptdlns(4,5)P2 hydrolysis but effected
release of Ca

2
+ (half maximal Ca2+ release, SuM, t4 75 seconds) indicative of a separate release

mechanism. A close association between plasma membrane and elements of the endoplasmic reticulum is
indicated in this model, providing a possible mechanism for local alterations in free Ca

2
+ in the

sub-plasma membrane region.
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238 ACTIVATION OF CALCIUN tCAMMES IM DI3ORPASIC mnCLXIm (ER) BY GUANINE NmiaEDTxDE
AM INOSITOL 1,4,5-TRISPIOSPIATE (IP 3 ). Donald L. Gill. Sheau-Humi Mush. id 1mrk V. Noel,
Dept. Biological Chmistry. University of Haryland School of Kedicine, Baltimore. ND 21201.
A highly sensitive and specific guenine nucleotide regulatory mechanism has been observed to
directly control Ca2+ efflux from ER within cultured neuran and smooth muscle cell lines.
Using saponin permebilized cells mid microsomel membrane vesicles fro IE-IS neuroblstom
cells, studies have revealed release of loaded Ca2 in response to both IP 3 and 9gunine nucleotides.
Thus, GTP activates a rapid and substantial release of Cs2 with an EC54 of 0.8 uN; in contrast,
ON levels of 17P, CM, AP, UP, GIP, 2'3'-cW, 3'51-cGW, and guenosine are ineffective.
Neither GTPyS nor GppgIp effect release, however, GTPYS (but not GpphIW) blocks the action of
OrP. GP effects full but delayed C&2+ release, but only after its conversion to GIP via nucleoside
diphosphokinase activity. thus the effects of GDP are prevented by addition of ADP. In fact
GDP is a potent competitive inhibitor of G1P-aediated Ca2+ release with KI-3 0N. The results
suggest that a specific GTPase controls opening of a Ca2+ channel in ER, activation of which
Is dependent on the cytosolic GTP:GOP ratio. GTP han no effects on release of Cm2+ accumulated
within mitochondria or plasm mrane vesicles. GTP appears to induce Ca2+ release from the
same specific subco partment of ER targeted by IP 3 . Distinctions in the action of the two agMts
with respect to temperature-depeidence and GOP-reversiblity suggest they initially activate
separate mechanisms. However, the permissive effects of PIG on both GOP anid P 3-MedIated Ca2 re-
lease froe microsomal vesicles and the common nature of the Ca2+ pool involved suggest coupling
between the actions of 1P 3 and GTP. (Supported by NIH grant 1NS19304 and NSF grant DCB-8510225).

239 MECHANISMS OF AGONIST-STINULATED INOSITOL(1,3,4,5)P 3 FORMATION IN LIVER. C. A. Hansen,
R. Johanson, and J. R. Williamson, University of Pennsylvania, Dept. of Biochemistry 6 Biophysics,
Philadelphia, PA 19104 USA

Ins(1,4,5)P3 can either be dephosphorylated to Ins(l,4)P 2 by a 5-phosphatase or phosphorylated to
Ins(1,3,4,5)P 4 by a soluble ATP-dependent Ins(1,4.5)P 3 kinase (Irvine et al. Nature 320:631, 1986,
Hansen et al. J. Biol. Chem. 261:8100, 1986). The ability of a variety of Ca2+-mobilizing agonists to

stimulate Ins(1,3,4,5)P4 formation was examined using [
3
H]-myoinositol prelabeled hepatocytes with the

[3H]-inositol phosphates being analyzed by HPLC. Vasopressin (20 nl) resulted in the greatest in-
crease in both Ins(1,3,4,5)P 4 and Ins(1,4,5)P3. The relationship of Ins(l,3,4,5)P 4 accumulation to
that of Ins(1,4,5)P 3 suggested that the IP3 kinase was saturated with Ins(l,4,5)P3 . Accumulation of
inositol phosphates with maximal phenylephrine (lOM) was 20% of that with VP. However, the Ins(l,3,
4,5)P4 levels were linearly related to the Ins(1,4,5)P3 levels, indicating the IP3 kinase was not
saturated. ECF (100 nM) and glucagon (10 nM) both caused small but statistically significant accum-
ulations of Ins(1,3,

4
,5)P4 and Ins(1,4,5)P3. There were no indications with any of these agonists

for a specific stimulation of IP3 kinase relative to the other agonists. Phenylephrine, glucsgon,
and EGF-stimulated accumulations of all inositol phosphates were abolished by pretreatment of hepa-
tocytes with PMA. This suggested that these agents were acting via a common mechanism, i.e. by
modulation of phospholipase C activity (e.g. via a C-protein). Alternately, however, the small in-
creases in Ins(l,4,5)P 3 and Ins(l,3,4,5)P4 with glucagon axd EGF could result from inhibition of
the 5'phosphatase, thus diverting basal flux through phospholipase C predominantly to Ins(l,3,4,5)P4.
Current efforts are focussed on the potential modulation of 5'phosphatase activity by cAMP-dependent
protein kinase and protein kinase C. Supp: NIH grant AM 15120

240
ATP-INDUCED CALCIUM NORLIZATION AND IOSITOL 1,4,5-TK.ISPHOSPHATE FORMATION IN H-35

HEPATONA CELLS. D.A. Horstman, K.A. Tennes and J.W. Putney, Jr., Division of Cellular
Pharmacology, Hedical College of Virginia, Virginia Comonwealth University, Richmond, Virginia
23298.

Addition of ATP (but not epinephrine, angiotensin II, vasopressin, or platelet-activating
factor) to H-35 hepatoas calks whose cellular lipids have been pre-labelled with [

3
H]lnositol,

causes a rapid increase in [JHlinositol trisphos hate. The formation of inositol trisphosphate
isomers was examined. Control cells contained [HI(1,4 ,5)IP3 but no detectable ( Hj(I,3,4)IPi.
On stimulation wIth ATP (

3 00
pA-) [

3
H](1,4,5)IP3 levels were increased more than three-fold and a

roughly equivalent amount of [
3
H](l,3,4)IP3 was formed. In H-35 cells pre-incubated in the

presence of 
4

5Ca2+, ATP causes a similarly rapid release of 
4

5Ca2+. 
4

5Ca2+ efflux was transient,
m aximal within 30 sec and back to basal levels 3 min after the initial application of ATP. The
transience of this response presumably reflects the finite size of the ATP-sensitive Ca

2
p pool.

The concentration-effect relationships for inositol trisphosphate formation and C&2+ efflux are
similar to those reported previously for differentiated hepatocytes. These results demonstrate
that at least one of the ca +-mobilizing receptors normally found on hepatocytes is functionally

9 retained in the H-35 hepatoma cell line and thus could provide a useful model for the study of
these receptor mechanism in liver. (Supported by NIH Grant #A-32823).
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241 PHOSPHORYLATION OF THE 47.000 DALTON PROTEIN AND PHWSPHOINOSITIDES TURNOVER ARE INVOLVED IN
ABNORMAL PLATELET ACTIVATION IN SPONTANEOUSLY HYPERTENSIVE RATS. Huzoor-Akbar and

Khursheed Anwer. Program in Physiology and Pharmacology, The Ohio University, Athens, OH 45701, USA.
In this study platelets from spontaneously hypertensive (SKR) and normotensive (istar Kyoto, WKY)

rats were used to investigate the factors responsible for abnormal platelet aggregation (PA) in hyper-
tension. Thrombin (0.04 - 0.05 U/mi) induced two- to three-fold increased PA in SHR than in WKY.
Incubation of (32P)-PO4 labeled platelets with thrombin for 10, 15, 30 and 60 seconds caused signifi-
cantly increased phosphorylation of 47.000 Dalton protein (P47) in SHR platelets (582, 70%, 105% and
1102) than in WKY platelets (152, 29Z, 46Z and 58Z). The effect of thrombin on incorporation of
(32P)-PO into platelet phosphatidic acid was examined as an index of phosphoinositides (PIns) turn-
over. Thrombin (0.05 U/zi) caused a four-fold increase in phosphatidic acid production in SHR plate-
lets (852) than in WKY platelets (212) in 15 seconds. The extent of serotonin secretion (SS) and

thromboxane A2 (TXA2) synthesis induced by 0.04 - 0.05 U/al of thrombin was similar in WY and SHE
platelets. Aspirin (500 uM) inhibited thrombin (0.05 U/ml) induced TXAz synthesis by >75% but did not
affect PA or SS in WY or SHI platelets. Thrombin (0.1 - 0.3 U/ml) produced significantly larger
amounts of TXA2 in SHR than in WY platelets. However, no differences in PA or SS were seen at these
higher concentrations of thrombin. In other experiments up to 1000 uM arachidonic acid or up to 20 uM

U46619, a stable analog of prostaglandin H2 , did not induce PA in WY or SHR platelets. These find-
ings lead us to suggest that increased turnover of PIns and increased phosphorylation of P47 and not
the increased TXA2 synthesis is responsible for abnormal platelet activation in SHR. (Supported In
part by the CORC 084-1, #86-01-A and the Ohio University College of Osteopathic Medicine.)

242 CALCIUM MODULATION OF INOSITOL 1,4,5-TRISPOSPHATE- BUT NOT OF GTP-INDUCED CALCIUM RELEASE

FRON NG108-15 NICROSONES. Thierry JEAN and Claude B. [LEE
The mechanism of calcium release induced by inositol 1,4,5-trisphosphate IP3 or by GTP was studied

in subcellular fractions of neuroblastoma x glioma (NG108-15) hybrid cells. A post-mitochondrial
fraction, enriched in endoplasmic reticulum and plasma membranes was the most active in both IP3 and
GTP-dependent calcium release. However, the effects of GTP and IP3 were strikingly different: i)
the release of calcium induced by GTP was slow (tq-90 seconds) as compared to that produced by IP3
(tg(lO seconds). ii) GTP released calcium only in the presence of polyethyleneglycol whereas the
fusogene had no effect on IP3-induced calcium release. iii) The presence of GTP (or IP3 ) did not
affect the efflux of calcium mediated by the other agent. iv) Increasing the free calcium concen-
tration in the incubation medium stimulated the GTP-induced calcium release but inhibited the effect

of 'P3 . IP3 -induced calcium release was maximum at 10-6N free calcium and was undedectable at
2xl0-N free calcium. These results suggest that IP3 and GTP act by distinct mechanisms on different
calcium stores. The physiological significance of a GTP-induced calcium release remains to be
demonstrated. On the other hand, the feedback inhibition of the IP3-induced calcium release by

cytoplasmic calcium constitutes an important self-regulatory mechanism and may permit the uncoupling
of the IP3 and diacylycerol signals following hormonal stimulation of the membrane-bound
phospholipase C.

243
TOXICITY OF LIPOSOMES CONTAINING PLANT PHOSPHATIDYLINOSITOL TO TUMOR CELLS: EFFECTS OF

PHOSPHOLIPASE A2 INHIBITORS. Marti Jett and Carl R. Aving, Div. Biochem., Walter Reed Army Inst.
Res., Washington, D.C. 20307-5100.

Plant phosphatidylinositol (PI) has been shown by us to have a direct cytotoxic effect on
cultured tumor cells but not on normal cells. Synthetic PI containing 

1 4 
C-linoleic acid in the sn-2

position, also showed the same pattern of selective cytotoxicity. When the metabolic fate of
synthetic PI was examined with tumor cells, the radioactivity which no longer occurred as PI, was
found as either products of phospholipase A2 (932, free fatty acids and phosphatidylcholine) or
phospholipase C (7%, diglycerides). Uptale of liposomal PI was directly correlated with

cytotoxicity. We tested a variety of inhibitors to see the effect on uptake and/or cytotoxicity of
plant PI. General metabolic inhibitors such as metrizamide or sodium azide reduced cellular uptake
of the plant PI liposomes to 702. Inhibitors of lipoxygenase formation, such as Indomethacin, did
not alter the uptake or cytotoxicity induced by plant Pl. Quinacrine, an inhibitor of phospholipase
A2, decreased the uptake of the PI containing liposomes to 502 of that seen in the presence or

absence of any other inhibitor. Although quinacrine is itself toxic to cells, at low concentrations
of quinacrine, plant P1 did not show the same degree of cytotoxicity as in the absence of
quinacrine. Procaine and lidocaine, also inhibitors of phospholipase A2 , reverse the toxicity of

plant PI to tumor cells. These data are compatible with our hypothesis that plant PI exerts
cytotoxicity by serving as a substrate for phospholipase A2 .



Ca 2

244 THE ROLE OF GTP AND INOSITOL TRISPHOSPHATE IN MEDIATING Ca
2 + 

RELEASE FROM LIVER
HICROSOMES. S. K. Joseph, C. V. Nicchitta, and J. R. Williamson. Dept, of Biochemistry and Biophysics,
University of Pennsylvania School of Medicine, Philadelphia, PA 19104-6089 USA.

Inositol trisphosphate (IP3) can release Ca
2
+ from liver microsomes only when CTP and polyethylene-

glycol (PEG) are present in the incubation medium [c.f. Dawson, A. P. (1985) FEBS Lett. 185: 1471.

Under some conditions CTP itself can release Ca
2
+. However, the Ca

2
+ releasing effect of GTP can

be selectively removed by decreasing the amount of Ca
2
+ sequestered into the microsomal vesicles

without affecting the abilit3 of the nucleotide to render the microsomes sensitive to IP3. The
ability of GTP to release Ca + could also be inhibited by the addition of a soluble fraction prepared
from a high speed centrifugation of liver homogenate. This fraction retained inhibitory activity after
boiling and desalting on Sephadex-G25. Non-hydrolysable analogues (e.g. GTPyS) had no effects when
added alone but did suppress the response to GTP. The binding of 

3 5
S-GTPyS to microsomal membranes

was unaffected by IP3 or PEG. Similarly, GTP and PEG did not significantly affect 
3 2
P-IP 3 binding.

These studies tend to exlude models Involving GTP-binding proteins analogous to those coupled to
cell surface receptors. No evidence was obtained for direct CTP-dependent phosphorylation of
microsomal proteins. The data suggest that IP3 can open a divalent cation channel only after the
channel is first 'primed' in some unknown manner by GTP hydrolysis. In subcellular fractions this
process is promoted by PEG and regulated by the intravesicular Ca

2
+ content and cytosolic factors.

Supported by JDF Career Development Award (SKJ) and NIH grants AM-34804 (SKI) and A-15120 (JRW).

245 CHOLECYSTOKININ OCTAPEPTIDE ACTIVATES INOSITOL PHOSPHATE ACCUMULATION
IN A HUMAN EMBRYONIC PITUITARY CELL LINE. William W.Y. Lo

*+
, Colin R. Clark

+

and John Hughes
+
, +Parke-Davis Research Unit, Addenbrooke's Hospital Site, Hills

Road, Cambridge, U.K. *Downing College, Cambridge University, Cambridge, England.

The effect of CCK-8(S) on polyphosphoinositide (PPI) turnover was investigated
in a human embryonic pituitary cell line (i.e. Flow 9000). CCK-8(S) stimulated
inositol phosphate accumulation in a dose- (EC50=0.79 + 0.12nM) and time-dependent
manner. Time course studies showed that significant amounts of [

3
H]InsP 3 were

formed as early as 15 sec indicating that an initial CCK-8(S)-mediated breakdown
of phosphatidylinositol-4,5-bisphosphate is the principal mechanism operating
during receptor activation. External calcium is not required for the CCK-8(S)-
PPI effect. Benzotript, a specific CCK receptor antagonist, competitively
inhibited CCK-8(S)-induced [(]InsP formation with a Ki value of 12.75 + 1.55
pM. These results suggest that stimulated PPI hydrolysis is the biochemical
mechanism which CCK receptor utilizes following its activation in Flow 9000
cells. Moreover, the human embryonic pituitary cell line Flow 9000 appears
to be a useful model system for the examination of CC-mediated pituitary
cell function.

William W.Y. Lo is a Commonwealth Scholar.

INHIBITION OF HISTAMINE. INDUCED Ca+ + EFFLUX BY AN ANTIHYPERTENSIVE DRUG
246 (CICLETANINE) IN CULTURED VASCULAR SMOOTH MUSCLE CELLS.

M. Lonchampt, M. Cabani6, A. Esanu, C. Demerl6 and P. Braquet
IHB Research Labs, 17 avenue Descartes, F-92350 Le Plessis Robinson (France)

Histamine (Hist) -induced Ca + + efflux was studied in smooth muscle cells (S M C) cultured from
guinea-pig up to 4th passage. The cells were labeled with 45 Ca+ + (2 1 Ci/ml) to a stable specific activity.
The effect of cicletanine (CIC) a new dihydrofuropyridine antihypertensive drug was studied on this model.

During the efflux, 2 phases could be distinguished. The Ca+ + efflux during the initial phases was rapid
(50% in the first 2 minutes) and Hist stimulated this efflux by 80%. A Hi agonist (2 -pyridylethylamine
dihydrochloride, 10-4 M) stimulated Ca + + efflux (50% compared to Hist) whereas H2 agonist (dimaprit
10-4 M) had no effect. Anti Hi drugs (mepyramine 10 -5 M and terfenadine 10-5 M) blocked the Hist
stimulated efflux.
Whatever the doses, (S) CIC did not modify the Ca + + efflux. In the same manner (R) CIC and Rac CIC

did not change the efflux. When cells were preincubated with these products (10 - 5 M) and then stimulated
by Hist (10-4 M), the effect of Hist was completely inhibited by S (CIC) and Rac (CIC) but not by R (CIC).

these data suggest that:
I- Hist activates Hi receptors to mediate a release of Ca+ + from internal stores.
2- CIC acts as a Hi antagonist. Its enantiomers have opposite effects.

4'

1*



247 PRorEIN KINASE C STIMULATES INOSITOL TRISPHOSPHATE DEPHOSPHORYLATIOM. Luis M. Nolina y
Vedia and Eduardo G. Lapetina. Molecular Biology Department, Burroughs Wellcome Co. ,Research
Triangle Park, MC 27709

Inositol trisphosphate (IP3) is formed in response to specific agonists that cause activation of
phospholipase C apd degradation of phosphatidlylim itol blaphosphate. IP3 is a second messenger
that releases Ca from the dense tubular system to the cytosol n stimulated platelets. Our
preser, information indicates that ['H IP3 is dephosphorylated to [ H]inositol bisphosphate (IP2)
and [ Hlinositol monophosphate (IP) by human platelets treated with 0.05% Triton X-100. This
detergent allows IP3 to access cytosolic IP3-phosphatase and to activate the dephosphorylation of
IP2 to IP by IP2-phosphatase. Pretreatment of intact platelets with phorbol dibutyrate (PDBu) and
1-oleyl,2-acetyl,diacylglycerol (OAG) for 30 s, at concentrations that maximally activate protein
kinase C, stimulates the conversion of IP3 to IP2 and IP. This suggests a role for protein
kinase C in the regulation of IP3 degradation.

248 MEASUREMENT OF INTRACELLULAR Ca
2
+ IN SINGLE SMOOTH MUSCLE CELLS. J. R. Monck, E. E. Reynolds

snd J. R. Williamson, Univ. of Pennsylvania School of Medicine, Dept. of Biochemistry and Biophysics,
Philadelphia, PA 19104 USA.

ThE newly developed Ca
2
+ indicator Fura2 has been employed to study hormone-induced Ca

2
+ changes

In single cells using videomicroscopy and image analysis. A1O Smooth muscle cells, derived from rat
thoracic aorta, responded to maximal concentrations of vasopressin with a single, large increase in
free Ca2+ which decayed over 5-10 min. However, at low vasopressin concentrations (0.2, 0.5 nM)there were two distinct peaks of Ca

2
+. The initial peak rose rapidly and had predominantly decayed

before onset of the second peak which reached a maximum after 3 min and decayed more slowly. No
sign of the biphasic response was seen when the Ca

2
+ transient was recorded with a population of cells

in a fluorometer, using a n-onolayer of cells grown on ACLAR. Furthermore, the rise time for the
transient in the mouactyer was cnsidirably slower than for the single cells. This suggests that
the different transient observed in the cell population is due to individual cells responding asyn-
cronously. When the response of a single cell to low concentrations of vasopressin was measured
in the absence of extracellular C8

2
+, the second phase was abolished, but the first phase was

unchanged. Extracellular Co
2
+ (2 mM) also greatly reduced the second phase. These data indicate

that the initial peak is due to mobilization of intracellular Ca
2
+ and the second phase to influx

of extracellular Ca
2
+. The observation that the second phase does not become apparent until the

initial phase has largely decayed raises the interesting possibility that influx of extracellular
Ca

2
+ is mediated by a Ca 

+ 
and IP3-independent mechanim, perhaps through a secondary interaction

of the vasopressin receptor with a guanine nucleotide binding protein as has been suggested
for K

+ 
channels coupled to muscarinic receptors. Supp: HL-14461

249 INVOLVEMENT OF INOSITOL PHOSPHATES, DIGLYCERIDE AND ARACHIDONATE IN GnRH ACTION ON GONADO-
TROPH LH SECRETION. R.O. Morgan, J.P. Chang and K.J. Catt. ERRB/NICHD, Bethesda, MD 20892.

The GnRH-induced elevation of intracellular [Ca
2
+] required for LH secretion results from the mo-

bilization of calcium from intracellular pools as well as by external Ca
2
+ entry via voltage-gensitive

calcium channels (J. Biol. Chem, 261, 9105). Certain products of phosphoinositide metabolism, viz.
inositol-l,4,5-trisphosphate (1P3) and arachidonic acid, have been proposed to mediate changes in
cytoplasmic calcium levels. HPLC characterization of gonadot;:oph phosphoinositides and inositol poly-
phosphates (IPs) has provided unequivocal evidence that phospholipase C-catalyzed hydrolysis of phos-
phatidyllnositol-4,5-bisphosphate (PIP2) to IP3 and diglyceride (DC) is a selective, primary event in
GnRH action. Two novel findings were that gonadotrophs contain "higher" IPs, identified by dual-label
analysis as IP4, IP5 and 1P6, which increase in response to onRH, and that inositol-4-monophosphate
(I-4-P) rather than the expected 1-1-P is the chief intermediate of IP catabolism in gonadotrophs.

The DC resulting from GnRN-stimulated PIP2 hydrolysis is a known activator of protein kinase C
(PKC) and a source of free arachidonic acid (AA) in rat gonadotrophs. Results from pituitary cell
column perifusion studies using AA, DC, phorbol ester, nordihydroguaiaretic acid and retinal suggest
that AA (or its metabolites) may participate mainly in the early secretory response to CnRH, while
PKC may regulate later events of GnRH action. The demonstrated changes in IP3 and higher IFsr, and theeffects of DC and kk on LI secretion substantiate the hypothesis that these intermediates represent
intracellular signals in the calcium- and protein kinase-dependent secretory mechanisms of GnRH
action.



250 CIARACTERIZATION OF A POLYETHYLENE GLYCOL STIKTLATED HIGH AFFINITY IICROSONAL GPase.
C. V. Niechitta, S. K. Josepn, and J. R. Williamson, University of Pennsylvania, Dept. of Biochemistry
and Biophysics, Philadelphia, PA 19104 USA.

Recent studies of the ca2+ transport properties of the microsomal fraction of rat liver have shown
that GTP, in the presence of polyethylene glycol (PEG), will stimnulate the release of sequestered Ca

2
+

(Da son et al., 1986, Biochem. J. 234:311). In this system PEG (3%w:v) is necessary to allow Ca
2

+relEa:e
in response to GTP as well as to inositol 1,4,5-trisphosphate (IP3). In order to investigate possible
mechanism responsible for the PEG requirement, the effects of PEG on microsomal GTPase activity were
determined. When assayed in the presence of 0.25 uM GTP, ATP, AppNHp, and an ATP regenerating system PLC
stimulated the rate of GTP hydrolysis by 40 to 70%. This effect was dependent on the PEG concentration;
maximal effects were observed at 3%(w:v) PEG. GTP hydrolysis was inhibited at PEG concentrations above
5%(w:v). The stimulation by PEG of microsomal GTP hydrolysis was only observed at GTP concentrations
of 0.01 to SuM. At GTP concentrations above Su the rate of GTP hydrolysis was identical in the presence
and absence of PEG. PEG-stimulated GTP hydrolysis was inhibited by the nonhydrolyzable GT analogs
GTPyS and GppNHp. Complete inhibition was observed with equimolar concantrations of GTPYS. GppNIp was
approximately one order of magnitude less effective than GTPyS. A similar sensitivity to GTP analogs
was observed for the GT-sensitive Cs

2
+ release system. Inhibition of basal GTPase activity required far

greater concentrations of the GTP analogs (lO-
4

M). Neither IP 3 nor IP4 significantly altered the rate
of GTP hydrolysis in the presence or absence of PEG. Our current studies are devoted to further
characterization of this GTPase activity as well as its regulation by cytosolic components.

251 USE OF TRITIATED NYO-INOSITOL IN STUDIES OF PHOSPHATIDYLINOSITOL METABOLISM: FACTORS

AFECTING SENSITIVITY AND THE SELECTION OP OPTIMUM CONDITIONS FOR EXPERIMENTS.

Kenneth G Oldham, Amersham International, Cardiff. Wales.

Receptor-stimulated phospholipase C-mediated hydrolysis of Ptdlns 4.5-P2 results in the forma-
tion of two second messengers: diacylglycerol, which exerts Its effect by activating protein kinase
C; and Ins(1,4,5)P which acts by mobilising calcium from cellular stores. Tritiated a1-inositol
is increasingly belnf used in a highly sensitive new assay for receptor activation which is based
on the ability of Li to inhibit the enzymatic dephosphorylation of Ins I-P. This inhibition
prevents recycling of the inositol and results in the accumulation of [ 3Hinositol phosphates which
can easily be separated from the neutral inositol by ion-exchange chromatography. Only very low
conversions (0.1% or less) to inositol phosphates are commonplace and there is much interest in
methods of increasing both the sensitivity and the amount of activity incorporited in such experi-
ments. These attempts have often involved the use of high specific activity f Hinositol and
special inositol-depleted culture media. It will be shown that in this application high sensiti-
vity does not automatically result from the use of high specific activity labelled substrates but
is best obtained by careful experimental design particularly in relation to the use of procedures
aimed at minimising blanks, and to the use of high radioactive concentrations.

252 LPS INDUCES FORMATION OF MYOINOSITOL TRISPHOSPHATE (IP 3 ) IN MURINE PERITONEAL MACROPHAGES.
V. Pr c

+
, J.E. Weiel

+
, S.D. Soners, B. Herman*, and 0.O. Adams

+x
. Depts. of +Pathology and

xMicr'oiology-launuology, DUMC, Durham, N.C. and *Dept. of Anatomy, UNC, Chapel Hill, N.C.

LPS is a potent signal for macrophages but the mechanisms of signal transduction by which it acts

are not known. Treatment of murine peritoneal macrophages with LPS (10ug/ml) produced a rapid and

substantial (85%) increase in IP3 at 10 sec. The increased level peaked at 1 min and was sustained
for 5 min. The increase in IP3 was dose-dependent and observable with doses of LPS as low as 1

ng/ml. Lipid A, the active moiety of LPS, mimicked the effect of LPS on IP3 generation with similar

dose-dependency, but with a more transient time course. Lipid A (lOug/ml) mobilized intracellular

Ca
+ + 

in Quin 2-loaded macrophages. This effect peaked at 30-45 sec, rising from approximately 200

nM basal to approximately 400 nM stimulated level. Macrophages loaded with Fura 2 showed a larger

magnitude of increase in cytosolic calcium when stimulated with Lipid A (1Oag/mi) rising from 90 nM

basal to 336 n#4 at 30 sec. Stimulation of macrophages by these agonists shows, in addition to I-

1' b,3,4-P3, the formation of another isomer of IP 3 whose phosphate position is unknown, as a
degradative pathway of 1-1,4.5-PA. Either LPS or Lipid A, when added to macrophages prelabeled to a
high specific activity with H3 P0 4, can stimulate the enhanced phosphorylation of protein species

at 103, 67, 33, and 28 kO minimally detectable at 15 min. Previous observations have shown that P14A

can also induce the enhanced phosphorylation of the macrophage proteins at 67, 33, and 28 kD,

suggesting a role for protein kinase C in this process. Taken together, the data indicate one

mechanism, by which LPS stimulates macrophages, is the breakdown of polyphosphoinositides.

L405i



23 MUSCARINE-STINULATED INOSITOL THISPHOSPIATE FORMATION AND CALCIUM4 MOBILIZATION IN PC1223 CELLS. C.S. Rtabe, *E. DeLorme and F.F. Weight, NIAAA, lHckville, MD 20852 and *Dept.

Pharmacol., Georgetown U., WaNshington, DC 20007
The neurosecretory cell, line, PCIF was used to examine the effect of muscarine on inositol tris-

phosphate (IP 3 ) and intracellular Ca, 19 24j lvls* was assayed as described by Berridge
I A~li, evel. I3et al. (Biochem J. 212:4T3, 1983) and iCa Ijwas measured using Win 2 as described by Talen et al.

TUNat-ure 295:68 1982T- Exposure of PC12 cells to muscarine produced rapid increases in both cellular
IF3 and TG2 i. Mtaximal increases in both phenomena were observed within 30 sec and levels remained
elevated for several min. Threshold stimulation of IF3 and (Ca

2
li~ occurred between I and 10 uN mus-

carine and both events increased with concentration through 3 mM. Both the increase in IP3 and
1Ca2+1i obtained at 300 uM muscarine were totally inhibited by atropine (100 nM) but were unaffected
by curare (10 uM). Neither the increase in IRI or 1a1iwas affected by nifedipine (I uM), an
inhibitor of voltage-dependent Ca2 nlx ugsigta lvto fJa ) wax not due to Ca 

2
+

influx through voltage-activated C&2" channels. In addlition, elevation of extracellular K* to a con-
centration which produced a comparable increase in (Ca'li (measured with Quin 2) as that seen with
300 uM muscarine caused a tripling of 45c&2+" uptake into the PC12 cells, whereas 300 uM isiscarine
produced no detectable increase in 45Ca2I' uptake. These observations suggest that the increas~d

1a 1iobserved upon stimulation of the cells with muscarine may be due to mobijizstion of Ca +from
an intracellular site. However, the ability of muscarine to elevate IP and (Ca 1i were partially
dependent on the presence of extracellular Ca

2
'. Incubation o f the cells in C&

2
+-free medium reduced

both the basal and suscarine-stimulated levels of IP and [C 'Ii. Thus, extracellular C&
2
+ may modu-

late the level of [Ca i( and in turn modulate the 2+1 ility of saiscarine to elevate IF3 and (Ca +Ii

254 TWO FORMS OF PHOSPHATIDYLIMOSITOL-SPECIFIC PHOSPHOLIPASE C FROM4 BOVINE BRAIN- PROTEIN
ICINASE C PHOSPHORYLATES THE 1452~a POLYPEPTIDE.

S,.: oo Rhie*, Key Seung Cho*, Kee-Young Leet Sung Ho Ryu* and Kuo-Ping Huang**

*Laboratory of Biochemistry, NHLBI, **Endocrinology and Reproduction Branch, NICHHO

Phosphatidylinositol-specific phospholipase C (PLC) plays a crucial role in initiating the surface
receptor mediated signal transduction by generating two second messenger molecules, diacylglycerol
and inositol 1,4,5-triphosphate.

We resolved two forms of bovine brain enzymes, PLC-I and PLC-11 on a HPLC-OEAE column and purified
PLC-II near hom~ogeneity. Upon analysis of PL4C-Il on SDS-PAGE, a single band of Mrl1

4
5,0OO was

observed. When the same sample was subjected to native gradient polyacrylamide gel, four bands, one
major band of Mr=2OO,OOO and three minor bands with Mr corresponding to different oligoneric states
of the 200KDa protein, were visible. Western blot experiments using anti-PL4C-Il antibody indicated
that PLC-I might be derived from PLC-Il by proteolytic cleavage. Multiple forms of brain PL4C
enzymes described in literature might be therefore, attributed to the oligoinerization and proteolysis
of PLC-Il. PLC-I and PLC-Il hydrolyzed both phosphatidylinositol (Pl) and phosphatidylinositol 4,5-
diphosphate (PIP2). Both activities were stimulated by Ca++. However, the presence of Ca+

4 
was

not an absolute requirement for the hydrolysis Of PIP2 while PI hydrolysis at neutral pH required
Ca

44
.

Protein kinase C phosphorylates PDC-II in a Ca++ and phospholipid dependent manner. The physio-
logical meaning of this phosphorylation is not known yet.

255 INCRESED FOST-RBEP( RESPONSE AS A MECANII FR IIICtSAS IbG ADAB24PIEIC

SENSITIVIT1Y: IM EFFEX~I OF ESIROGEN ON4 ALJWM-1 MEDtAl1D l1(EI'KL 1RlPWHlSWI'E PRODU~rION IN
UTIlNE SOMu1 MUSCLE R. Kirk Riemr, Alan Goldf Sen. and Janes M'. Roberts, Reproductive
Endocrinology Center. lilversity of California. Sen Francisco. Ck 94143

Estrogen increases alpha-I adrenergic sensitivity foc rabbit uterine contraction
indepenident of effects on elpha-i receptor concentration. MuAsobrinic cholinergic sensitivity
snd receptor concentration is unsffected by estrogen treatment. We asked whether the
post-receptor response to alpha-i adrenergic stimuilation, inositol triphosphate (1P3)
production, was increased by estrogen. Since muscarinic stimulation is also coupled to 1P3
production in rabbit uterus, we compared the effects of estrogen on both adrenergic snd
cholinergic mediated IP3 production. Tritiated rWoinositol was used to label the
phoaphatlidyl inosi tol pool in minced uterine tissue. We found that estrogen increased maxinmal
IP3 production in response to 100 uhi norepinephrine from 138+11 to 264+19 percent of control,
P<0.05 (n = 6, 11, ovariectonized control snd estrogen treated, respectively). C3holinergic
response to I fta carbachol was not changed by estrogen treatment: 195417 to 147+11 percent of
control, P>0.05 (n = 4, 9). No affect of estrogen on the uterine sensitivity for this response
was observed.. 'These results demonstrate that increased 1P3 production accompanies the
estrogen- induced increase in adrenergic sensitivity. Thus,* enhanced post -receptor response
correlates with increased sensitivity for physiologic response. 'The lack of a similar effect
on cholinergic uterine 1P3 snd contractile response demnstrates that the 1P3 response
mediated by different receptors can be independently modified by a nuclear active homDnoe.



256 VASCULAR PHOSPHOINOSITIDE-SPECIFIC PHOSPHOLIPASE C'S: MODULATION OF ACTIVITY BY GUANINE

NUCLEOTIDES, CALCIUM AND MAGNESIUM. B. L. Roth and E. A. Suba. Naval Medical Research Institute,
Bethesda, MD 20814-5055.

We previously demonstrated that rat aortic 5HT2 , a1 -adrenergic, and PGF2a receptors activate
phosphoinositide (P1) hydrolysis in rat aorta. We also showed that a phospholipase C inhibitor
(NCDC) and phorbol esters attenuate both receptor-stimulated PI hydrolysis and rat arotic
contraction, and suggested a coupling between receptors that mediate vasoconstriction and
phospholipase C. Here we characterized aortic phospholipase C activities. Homogenates and membranes
were prepared in Tris-maleate buffer (pH=6.80) and incubated with exogenous [

3
H]-phosphatidylinositol

(PL) and [
3
H)-phosphatidylinositol-4,5-biphosphate (PIP 2). Activity for both substrates was

increased by CaCl2 and abolished by EGTA (I ,iM), although the PL-specific phospholipase C was
activated to a greater extent by uM Ca++. Both activities were inhibited by nM Mg++. The
PIP2-specific activity was increased by Gpp(NH)p and GTPyS, and to a lesser extent by GTP. Guanine
nucleotide-stimlated activity showed an absolute requirement for Ca++. The PL-specific activity was
not altered by guanine nucleotides. These results suggest that two P1-specific phospholipase Cs
exist in vascular tissue. Both may be activated by Ca++ and inhibited by Mg++. Onl the
PIP 2-specific enzyme is coupled to a guanine nucleotide regulatory protein as prevTosly predicted
(Chernow and Roth, Circ Shock 18:141-155, 1986). This work was supported by Naval Medical Research
and Development Command Work Unit No. M0095.01.1032 and MR04120.05.

257 INHIBITION BY PHORBOL ESTERS OF ANTI-IMP4JNOGLOBULIN INDUCED CALCIUM SIGNALLING AND B (ILL

ACTIVATION. TL Rothstein, DL Kolber, ER Simons and TR Baeker. Departments of Medicine, Microbiology
and Biochemistry, Boston University Medical Center, Boston, MA 02118.

Phcrbol esters inhibit B cell proliferation induced through interaction with surface
imiunoglobulin, although phorbol esters co-stimulate B cells with calcium ionophore. The inhibitory
effect of phorbol dibutyrate (PDB) on B cell stiulation was evaluated using a model in which activa-
tion is induced by modest doses of anti-immunoglobulin antibody (anti-Ig) and progression to DNA
synthesis is induced by cytochalasin (J Immunol 135:106; 136:813). PDB preferentially inhibited
anti-Ig induced activation and did so during brief (2 hour) preincubation with anti-Ig. Activation
was inhibited whether PDB was added before, or shortly after, anti-Ig. Since activation for cyto-
chajasin responsiveness appears to be mediated by Ca++ (J Iwmunol 136:749), the effect of PDB on the
anti-Ig induced rise in intracellular Ca++ was evaluated (using the Ca++ sensitive fluorescent dye,
Indo-LAM). PDB (and other phorbol esters that activate protein kinase C) inhibited the rise in Ca +
normally associated with anti-Ig treatment; moreover, PDB reversed an established anti-Ig induced
Ca++ response. These data suggest that phorbol esters inhibit B cell activation by interferring
with the elevated levels of intracellular Ca++ produced by cross-linking of surface immunoglobulin
by anti-Ig. This could represent a "feedback inhibition" type of response but it remains to be seen
if this occurs under physiological conditions of protein kinase C activation.

258 2
INVOLVEMENT OF Ca

2 + 
AND CALMODULIN IN MORPHOGENESIS OF Candida albicans

Bipasha Gupta Roy and Asis Darts, Jawaharlal Nehru University, New Delhi-110067, -1A.

Candida albicans, an opportunistic human pathogen, exists in yeast and mycelial forms
through an intermediate germ tube. Investigations carried out in our laboratory demonstrate
that though N-acetylglucosamine can induce germ tube as well as N-scetylglucosamine cata-
bolic enzymes, these are mutually exclusive events. The germ tube formation can be stopped
by inhibitors of calmodulin, e.g. trifuoperazine (TFP) and compound 48/80. Furthermore,

ionophore which opens up ion channels in 2 iological membrane also inhibits the germ tube
formation and this can be reversed by Ca . This result suggests the involvement of the
calcium binding protein, calmodulin, in morphogenesis of Candida albicans. Further investi-
gations into the molecular mechanisms involved in germination induced by N-acetylglucosamine
revealed that there is a progressive increase in the rate of protein phosphorylation.

However, TFP brought back the rate almost to yeast phase level by also inhibiting the rate
of protein phosphorylation. An increase in protein phosphorylation which was inhibited by
TFP was also observed during germination with the other inducers. Our observations indicate
that the action of calmodulin in germination is possibly exerted via calmodulin modulated

protein phosphorylation.

7,



259 IMPAIRED PROSPHOINOSITIDE-MEDIATED SIGNALING IN HEPATOCYTES OF CONTINUOUSLY ENDOTOXEfIC
RATS: PARTIAL SIMULATION OF THE EFFECT BY A PHORBOL ESTER. J.A. Spitzer and E.g. deTurco

Louisiana State Univ. Med. Ctr., New Orleans, LA.
Rats were infused i.v. with a non-lethal dose (0.1 mg/laOg body wt./day) of E. coli endotoxin (ET)

or saline via implanted osmotic minipumps (Fish, R.E. & Spitzer, J.A. Circ. Shock 12 135-149, 1984).

After 30h of continuous infusion hepatocytes were isolated, labelled in vitro with P and the status

of basal and vasopressin (VP)-stimulated phosphoinositide turnover assessed. In cells of ET-infused

rats, the early response to VP stimulation (within 30 saec) In terms of phosphatidyl inositol 4,5-

bisphosphate (PIP2 ) and phosphatidyl inositol-4phosphate (PIP) breakdown was inhibited by 40% as com-

pared to saline-infused controls. Subsequent resynthesis of PIP 2 and PIP was also impaired. The

ability of VP to stimulate P incorporation into phosphatidyl inositol (PI) was markedly depressed

from 160 to 130%. This endotoxemia-induced perturbation in phospholnositide metabolism elicitjj by

the activation of VP receptors is associated with concomitant impairment in cytosolic free [Ca I and

glycogen phosphorylase a activation (Deaciuc, I.V. and Spitzer, J.A., Am. J. Physiol. In press). In-

fusion i.v. of the phorbol ester TPA via the implanted pump (240 nmoles into a 360g rat over 30h) re-

sulted in similar impairment of the VP-associated PIP and PIP degradation and resynthesis as observed

due to ET-infusion. The results support the concept that some of the pathophysiologic effects ob-

served in endotoxemis may be brought about in part through activation of protein kinase C. (Supported

by NIH grants GM32654 and GN30312).

260
THE INOSITOL TEIS/TETRAKIS PATHWAY IN GUINEA-PIG HEPATOCYTES. K.A. Tennes and J.W.

Putney, Jr., Division of Cellular Pharmacology, Medical College of Virginia, Virginia

Commonwealth University Richmond, Virginia 23298.
lnositol(l,4,5)trisphosphat-3-kinase activitywas identified in peraeabilized guinea-pig hepa-

tocytes. The conversion of I H](1,4,5)IP3 to [](l 3 4 ,5)1P4 occurred rapidly and was detected
as early as 5 sec, whereas a significant increase in [0H](1,3,4)IP3 occurred only after a definite

lag period. Iqcubation of permeabilized bepatocytes with j3ZPj(1,3,4,5)IP4 resulted in the
formation of [3ZP](l,3,4)IP 3 , no L

3 2
p](l,4,5)1P3 was produced. The half-time of hydrolysis of

[
3 2

pj(1,3,4,5)Ip4 of approximately I min was Increased to 3 min by 2,3 bisphosphoglyceric acid.

Similarly, the rate of production of [
3 2

p1(l,3,4)1P3 from the I
3 2

pltetrakisphosphate was reduced

by 2 3 bisphosphoglycerY acid. In the absence of ATP there was no conversion f [Hj (l,4,5)1P3

to [Ji](l,3,4,5)IP4 or [ HI(1,3,4)IP3, whic eliminates the possibility that the ['1](l,3,4)isomer

occurs as a result of isoserization of ( HI(1,4,5)1P 3 . The results of this study demonstrate
that the origin of the (l,3,4)isomer of inositol trisphosphate In isolated hepatocytes is 1P4
and that (l,4,5)IP3 is rapidly converted to this tetrakisphosphate. The ability of 2,3
bisphosphoglyceric acid, an inhibitor of 5'-phosphomonoeateraae, to inhibit the breakdown of

(1,3,4.5)1P4 suggests that the enzyme which removes the 5'-phosphate from (l.4,5)1P3 also acts to

convert the tetrakisphosphate to (l,3,4)IP3 . It is not known if the role of the (1,
4
,5)1P3-kinase

is solely to remove (1,4,5)P 3 or whether it also produces second messengers. (Supported by NIH

grant PAN-32823).

261 GTP-DEPENDENT ACTIVATION OF THE INS(l,4,5)P 3 -SENSITIVE CALCIUM RELEASE
SYSTEM IN PERNEABILIZED HEPATOCYTES. Andrew P. Thomas, Department of Pathology,
Thomas Jefferson University, Philadelphia, Pa 19107.

Hepatocytes were permeabilized using dig tonin in a medium containing Quin2 to
simultaneously buffer and monitor the free Cal concentration. After a steady-state
level of Ca uptake had been achieved in the presence of ATP, the addition of 1.5 uN
Ins(1,4,5)P 3 caused a maximal release of about 30% of the sequestered Cai+. The
remaining Ca could all be released by ionomycin. Pretreatment of the permeabilijed
cells with GTP (50 UN) for 3 min resulted in a 2-fold increase in the amount of Ca+

released by IOs(1,4,5)P with an equivalent decrease in the residual ionomycin-
releasable Ca + Pool. aTP alone did not cause any Ca + release and did not alter
steady-state Ca2  uptake. The potentiation of Ins(l,4,5)P3 -induced Cal

+ release by
GTP was half-maximal at SuN and maximal at 50uM GTP and did not involve a shift in
the sensitivity to Ina(l,4,5)P3 . Non-hydrolyzable GTP analogues such as GTP-'-S had
nopeffect on Ca

2
+ release by Ins(l,4,5)P1 but were potent in jockinq the effects of

GTP. Experiments using vanadate to inhibit the ATP-driven Ca uptake pump indiclted
that GTP acts directly on the Ca

2+ release system. Although GTP did not cause Ca
2+

release in the absence of Ins(l, 4 5)PI under normal conditions, it was found that GTP
alone could cause substantial Ca re ease in permeabilized hepatocytes which had
been washed to remove cytosolic and loosely associated membrane components. The data
presented here de nstrate the existence of a multicomponent system capable of

modulating the Cato mobilization response to the second messenger Ina(l,4,5)P 3.
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262 CALCIUM REGULATION IN BOVINE SPERMATOZOA. Srinivasan Vijayaraghavan, David Triebwasser

and Dale D. Hoskins. Oregon Regional Primate Research Center, Beaverton, OR 97006.
Mammalian sperm acquire the capacity for motility during their passage through the epididymis.

While intracellular levels of cyclic AMP are elevated during epididymal maturation of bovine
sperm, the ability of sperm to accumulate calcium declined during maturation. The present study
was undertaken to examine aspects of regulation of intracellular calcium in bovine sperm. First,
using the intracellular calcium indicator Quin 2 we measured cytoplasmic calcium levels in bovine
caudal sperm. When sperm were loaded with Quin 2 in the absence or presence of external calcium
the levels were 62.5 + 4.3 n1 (n-25) and 188.8 + 18.8 nM (n-16), respectively. Also, when sperm
were loaded with Quin 2 in the presence of calcium and the mitochondrial uncoupler CCCP the
levels of calcium were 55.5 + 2.6 nM (n-13). These results, along with those using 45ra2+,
suggested that calcium uptake in bovine sperm occurred only at the sidpiece of the cell. Secondly,
we examined the effects of bovine seminal plasma (BSP) and caudal epididymal fluid (CF) on calcium
(45Ca2+) uptake in immature caput spermatozoa. BSP is known to contain a protein, caltrin, that
inhibits calcium uptake in mature caudal sperm. Immature caput sperm, however, showed a biphasic
response to BSP - a stimulation at 1 min and a subsequent inhibition of calcium uptake. Pre-
incubation with BSP or CF eliminated the biphasic response and CF by itself stimulated calcium
uptake in caput sperm, suggesting the presence of a factor(s) in these fluids that affects
calcium uptake In immature caput sperm. Studies on the nature of the factor(s) would be useful
in confirming the hypothesis that bovine sperm possess a unique mid-piece calcium regulatory
mechanism. Supported by NIH grant HD18737.

263 CHARACTERIZATION OF cAMP-REGULATED, CALCIUM/CALMODULIN-REGULATED AND CALCIUM
PHOSPHOLIPID-REGULATED PROTEIN PHOSPHORYLATION SYSTEMS IN RAT SARCOLEMMA.

Walaasf S.I. (1,2) and R.S. Horn (1), (1) Institute of Medical Biochemistry, Univer-
sity of Oslo, 0317 Oslo, Norway, and (2) Laboratory of Molecular and Cellular Neuro-
science, The Rockefeller University, New York, NY 10021.

Relatively little is known about the properties of protein phosphorylation systems
in skeletal muscle sarcolemma. We have therefore characterized possible endogenous
phosphoproteins in rat skeletal muscle sarcolemma. Purified sarcolemma has been phos-
phorylated in vitro with either cAMP-, cGMP-, calcium/calmodulin- or calcium/-phospho-
lipid-depende ntprotein kinase, and the resulting phosphoproteins have been analyzed
by various techniques. A minimum of 30 distinct phosphoproteins could be seen in these
preparations, more than 20 of which could be phosphorylated by cAMP-dependent protein
kinase, and 4 of which also could be phosphoryleted by calcium/phospholipid-dependent
protein kinase. In contrast, cGMP and calcium/calmodulin-dependent protein kinases
catalyzed phosphorylation of only a few proteins. The majority of sarcolemma proteins
phosphorylated by cAMP- or calcium/phospholipid-dependent protein kinase appeared to
represent integral membrane proteins, being soluble in nonionic detergents. In con-
trast, only one 15 kilo dalton phosphoprotein behaved as a proteolipid, being soluble
in acidified chloroform: methanol. This 15 kDa proteolipid may be a target for multi-
ple receptor-regulated second messenger systems in the sarcolemma (see abstract by
Walaas, 0. et al., this meeting). We thank drs. K.A. Albert and A.C. Nairn, The
Rockefeller University for the gift of purified protein kinases.

264 MULTISITE PHOSPHORYLATION OF A 15 KILODALTON SARCOLENMA PROTEOLIPID, CATA-
LYZED BY cAMP-DEPENDENT AND CALCIUM/PHOSPHOLIPID-DEPENDENT PROTEIN KINASE.

Walaas, 0. (1,2), Horn, R.S. (1) and Walaas, S.I. (1,3), (1) Institute of Medical
Biochemistry, University of Oslo, 0317 Oslo, Norway, (2) California Metabolic
Research Foundation, La Jolla, California 92038, and (3) Laboratory of Molecular and
Cellular Neuroscience, The Rockefeller University, New York, NY 10021.

sRat sarcolemma contains a major 15 kDa proteolipid which can be phosphorylated inkvitro both by cAMP- and calcium,/phopholipid-depndent protein kinases (see abstract
WIT1I. Walaas and R.S. Horn, this meeting). The present study has characterized the
phosphorylation of this proteolipid in more detail. Rat skeletal muscle sarcolemma
has been phosphorylated with cAMP- and calcium/phospholipid-dependent protein kinases,
aliquots have been lyophilized and extracted with acidic chloroform: methanol, and
the phosphoproteins have been analyzed with a variety of techniques. Our results show
that both the sarcolemaa-localized and the extracted 15 kDa phosphoprotein could be
electrofocused in urea-containing gels, with an apparent pI of 5.9. Thermolytic
digests showed a minimum of two phosphorylation sites in the protein, which were in-
dependently phosphorylated on serine residues by cAMP- and calcium/phospholipid-
dependent protein kineses, respectively. This sarcolawma proteolipid may thus be a
target for distinct protein phosphorylation systems in intact skeletal muscle.

We thank dra. K.A. Albert and A.C. Nairn, The Rockefeller University, for the gift
of purified protein kinases.
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265 CIAM'L-NUCLEOTIDE INDUCED LEYDIG CELL MEBRANE PXOSPUORYLATIOM A CALCIUM DEPENDENT
EVENT: IMPLICATIONS FOR HORMONE ACTIVATED ADENTLATE CYCLASE Christine Winters and
Marie L. Dufen. Kol. Endo. Section, ERIE, NICHD. NIH, Bethesda, ND 20892

Rapid membrane events in the gonadotropin activated Lejjig cell include Gfl'-induced phosphory-
lation of a 44.*500 Kr protein. This phosphorylatica io C& modulated.* being Increased at low (nit)
but in 4 ibited at high OuN) concentration of free Ca .Adenylate cyclase Activity Is also effected
by Ca in a similar biphasic manner. At submaxims! levels of CTP (10 N), LN increases membrane
phosphorylation by 301 over control levels. This event is cAMP independent, and is also induced
by the phospholipide. phosphatidylserina (PS) and phosphatidylinositol (PI) and Is enhanced by Ca
but not the addiion of diacylglycerols or phorbol eaters.+. Phosphoaminoacid analysis demonstrated
an Increase in P incorporation in phosphoserine. The Ca effects on odenylate cyclese activity
are associated with '.hanges in the number of enzyme units activated by the hormone with no changes
in the apparent affinity, as reflected In the D~ and IC of activation and inactivation by the
hormone. These results indicate that a Ca* depelient kinig, system exists in the purified Leydig
cell membrane. W)~ molecular weight of the substrate, the nuclootide requirement, and the similar
modulation by Ca of cyclase and phosphorylation, suggest that these events could influence the
hormonal dependent Go subunit-mediated interactions in the plasm membrane.

266 MUE~1WTXA E8 W OF EXOENIX~ AME P!01WD0SM= BY FHMENN
AND CrICSOL UL.N.. WI ijdMiA N.A. Walac, D. Dojanic, L.S. Ba&uM ard

J.N. Fain, 0Dsrbwo of Riochnoiatry, U~niversity -5f Taumisem, n1qd; Iwqphis, 'IN 38163

We have eami"d the rihq~uolipme C activities of = nss gVId ctomol rc= a variety of
tissus using H]-p ph4, 5-biaphoephate (,5--PP 3, ('Hl-phosphatidyl-
inceitol 4-phosphate ( H-PIP) arx CH) -phosphatidylimcitol GH3 ca sssrne
preparations Ird 3n-p]P ar H-PIP at Similar rates. Degrasatm of 3H-pj was Each1
less rapid. 20t Water soiuie pzots of these reactions wars incsitol 1,4, 5tm*ogate,
ino~ol l,4-b1hC@*at4 and incsitol 1-phosphate respctively. Rydolysis Of J :P21  but
not -a-PI o n-PI wa stinalated WQIY. Glrey and GP*I) (ES - 5-1UM). other ruleo-
tides, e.g. ApAIW. .330 stinlate 'H 2 br'ukdeam. Appft an GpNpwr qipatant ard
prf~o the sae dge of u~d s tiyvaltion (160) Of 0sutrol). ]in cotast to nobans

:j o1ll cytosol degradH-PIP H-PIP and -,H-PI at similAr rates. Again, though,
H-PIP 2  degradation eowaseuiie Nnnletid -stiuad~ 311-pIP 2 dogroda-

tic wa rs also sewn in cytomol pteqmratioa from brain, adips tiwRe, platelets and liver.
MAD (laM) inhibited basal 3f*-PIP degrdtionu in swem and cytosol prerations from

%1. calls and adipose tism by O-90. This inhibition wa rrwerso by either Appt r ppf
(10 PiM). These dafta show that degradationu of amagwnsly a~e -'H-PIP2 by a phospolipams C
is regulated by nucleatidss. Whether the miwleotift effects an phosphlipase C activity are
direct or Radiated by a discrete nuclootid-bzirqi protein is currently urdsr investigation.

267 SITE SELECTIVE cAMP ANALOGS IN THE REGUfLATION Of CELL PROLIFERATION AND TRANISFORMATION
T.S. CIIo-Chungl,T. Cloir:,P. Taliaferri t .S. Allyl.D. Katsaroo1 and R.K. Robins 

2
; INatitons,

Cancer Institute, Bethesda, ND 20892 and 'Nucleic Acid Rtes.tnet., ICM ?harm. Costa Nas*,CA 92626.
Sixteen site-selective cAMP analogs were used to study the mechanism of reverse transformation of

the Ha-Mur-SV transformed NIH 3T3 clone 13-33-4 cells. Treatment with combinations of analogs allowed
the study of:(Iivolvesent of the cAMP receptor in growth cootrol.(2) cooperativity of Site I and
Sit* 2 binding,ond (3) the use of lower analog concentrations with the combinations showing synergis
of action. These cAMP analogs modified at either the C-S position (Site-I selective) or the C-6
position (Site-2 selective) were tested. The growth Inhibitory potency for the individual analogs
correlated better with their known e for protein kinase rather than with their known lipophilicity
that measures the ability of the analog to penetrate the cell membrane. Both growth inhibition and
morphological changes were enhanced synergistically by C-6 and C-S analog combinations.* The syner-
gism of both processes by Ng6 mi~ogo when combined with 8-thio derivatives far exceeded that by X6

analogs In combination with S-aino derivativee suggesting a response of tyl,. It protein kisse.
Further, within a few hours after cAMP analog treatment, the ratio of the OR' I/ cAmP receptor pro-
teins markedly Increased, especially in the call nucleus, and this Increase in the RtII.11 ratio was
Inversely related to a decrease In p21 protein expression.

It is concluded that the observed synergis of growth Inhibition and phenotypic reversion is due to
the binding of cAMF analogs to both intrachain sites of the cAMP receptor proteins end thus the CAMP
receptor is most likely the cellular effector mediating cANP regulation of the reverse transformation
processes.



268 CYC IC AMP AS A CO-INDUCER OF HORPIONE DEPENDENT GENE EXPRESSION
Piotr Chomczynski, Elisabeth Bone and Leonard Kohn
Laboratory of Biochemistry and Metabolism NIDOK, NIH, Bethesda, M0.

The induction of thyroglobulin (Tg) gene expression by TSH is the first example for which cyclic AMP
has been implicated as the physiological mediator of the transcriptional effects of a hormone. We have
shown recently, however, that cyclic AMP does not faithfully mimic the action of TSH in rat thyroid
FRTL-5 cells, indicating a more complex cooperation between cyclic AMP and ISH in the activation of
the Tg gene. Evidence is presented here that a similar cooperation of cyclic AMP with TSH and insulin
is observed in rat thyroid explant cultures. Explants were cultured for 6 days in TSH and insulin free
medium followed by a 2 day culture period in the presence of appropriate hormones and agents. The
effect of cyclic AMP, TSH and insulin on Tg gene expression was determined by Northern blot analysis
of Tg mRNA accumulation. A small increase of T9 mRNA accumulation was observed when cyclic AMP or cho-
lera toxin was added alone to the culture medium. However, cyclic AMP markedly potentiated stimulation
of Tg mRNA by TSH or insulin. The highest level of Tg mRNA was observed in explants exposed to both
TSH and insulin. Addition of cyclic AMP to these explants did not further increase accumulation of Tg
mRNA. The addition of phenylisopropyladenosine (an inhibitor of hormonal activation of adenylate cyc-
lase) diminished TSH-insulin induced accumulation of Tg mRNA by more than 50%. A marginal effect of
cyclic AMP on Tg mRNA accumulation in explants cultured without TSH and insulin demonstrates clearly
that cyclic AMP is not a sole mediator of TSH action in rat thyroid explants, thus confirming our pre-
vious results with thyroid FRTL-5 cells. Presented results indicate that cyclic AMP acts as a co-indu-
cer of Tg gene expression by enhancing the transcriptional signals of TSH and insulin.

269 KINETICS OF EPIDEANAL GROWTH FACTOR BINDING AD PROCESSING IN ISOLATED INTACT RAT SEPATO-
CYTES. I.P. Gladhaug and T. Chriatoffersen. Department of Pharmacology, University of Oslo.
P.O.Box 1057 Blindern, 0316 Oslo 3. Norway.

The kinetics of binding, internalization and degradation of epidermal growth factor (EGF) was
studied in freshly isolated rat hepatocytes. After isolation the hepatocytes had a nonhomogeneous
population of surface EGF receptors consisting of approximately 9,000 high affinity sites (Kd 21 pH)
and 165,UOO low affinity sites (Kd 0.62 nn) as determined by Scatchard analysis. Incubation at 37

0
C

(45 min) increased the number of surface receptors per cell to about 260,000. This increase was
cycloheximide-sensitive and selective for the low-affinity receptors. During 5 h incubation at 37

0
C

the hepatocytes internalized 6-7 times more EGF molecules than the number of cell surface receptors,
based on clearance measurements. The uptake was unaffected by cycloheximide. Concomitant estimation,
using acid/salt elution, of surface-bound EGF and internalized EGF showed that the number of inter-
nalized EGF molecules exceeded the decrease in surface-binding 6 times. The ratio between internali-
zed DGF and the decrease in surface binding was temperature-dependent, being reduced to a one-to-one
stoichiometry at 100

C. After down-regulation (80%) induced by 5 nm unlabeled EGF the surface EGF
receptors did not recover during subsequent incubation (2 h) at 370

C. However, the remaining surface
receptors internalized NGF in 9-fold excess of their number. The large discrepancy between inter-
nalization capacity and cell surface binding capacity was also found in the presence of cycloheximide.
The results suggest that internalized EGF receptors are partly replaced by externalization of pre-
formed intracellular receptors during EG? uptake in isolated hepatocytes, involving recycling of a
small population of EGF receptors and/or recruitment of unexposed. preexisting receptors.

270 TRANSFORMING GROWTH FACTOR a(TGFa) AND EPIDERMAL GROWTH FACTOR (EGF) INHIBIT
PTH-RESPONSIVE ADENYLATE CYCLASE (AC) OF CLONAL OSTEOBLAST-LIKE CELLS. G.E. Gutierez G.R.
Mundy, R. Derynek, E.L. Hewlett, end M.S. Katz. Univ. of Texas Health Science Center an Audie Murphy VA
Hospital, San Antonio, TX; Genentech Inc., So. San Francisco, CA; and Univ. of Virginia, Charlottesville, VA, U3A.

A number of solid tumors produce TGPa and factors which activate PTH-sensitive AC of osteobiasts. Since
growth factors such as EGF influence hormone activation of AC in several systems, we evaluated the effects of
TGF and EOF on the PTH-responsive AC of clonal oteoblast-like osteoeareoma cells (UMR-106), AC of UMR-
108 cells incubated for 4#hr4TGPF or EGI was assayed in intact cells after incorporation of rltl-adenine by
measuring production of [' HfcAMPfrom 1111 ATP. Recombinant TOP* and EG each produced concentration-
dependent inhibition of PTH (4x10 s-responsive AC, with maximal inhibition of 38-44% at 3.Sng/mL Half-
maximal inhibition occurred at.407n/llml TGF and l.Ong/ml EG. TGOFa and EGP also inhibited beta atnr
agonist (iaoproterenol, Iso; I.6 M)-sfimulated AC of UMR-10$ cells by 32%, but neither growth factor aft0n
enzyme response to PGE (10 M) or basal activity. Nonreceptor-mediated activation of AC by forskolin (10 M)
and cholera toxin (l/m) was inhibited 19% by TOGF and 20?. Pertussis toxin (PT; 100ng/mi) augmented PTH-
stimulated AC, suggesting modulation of FTH response by a functional inhibitory guanine nucleotide-binding
regulatory protein (N I) However PT had no effect on TOPs inhibition of PTH response. Treatment of UMR-106
cells with cyclhezlmode (l-S /ml , an inhibitor of protein synthesis, decreased the degree of TGPs inhibition of
PTH- and Iso-stimulated AC to 10-18%. in conclusion, TGOa and EOF selectively impair PTH- and beta
adrenergle-responsive AC of osteoblest-ike cells (UMR-10B) by actions which 1) may be exerted at the receptor
for stimuletory agonist and also at nonreceptor components excluding N1, and 2) may require protein synthesis. In
addition, inhibition of PTH responsiveness of osteoblasts by growth factbrs conceivably explains why solid tumors
secreting both PTH-lke factors and growth factors may be associated with decreased bone formation.

I



271 IS THE ANTIAGGREGATORY EFFECT OF AD6 CORRELATED WITH INHIBITION OF CYCLIC NUCLEOTIDE
P OSPIODIESTERASES?

G. Hakim, D. Fiorentini, A. Palasca, M. Proadocimi and C.A. Rossi
instltut e of Biochemistry, University of Bologna, Bologna and Fidji Neurobiological Research
Laboratories, Abano Terms, ITALY

Cyclic AMP is clearly implicated in platelet function, since an increase in cyclic AMP levels leads
to the inhibition of platelet aggregation. On the other hand, the effect of cyclic GKP remains contro-
versial. AD6 (8"moochloro-3-beta-diethylaainoethyl~4-mtyl-7-ethozycerbonylmthozy coumarin) has been
shown to be a powerful inhibitor of human platelet aggregation in vitro induced by a variety of differ
ent stimuli (Prosdocimi et al., Naunyn-Schaiedeberg Arch. Pharmacol. (1986)332, 305). An investigatioi
on the inhibitory effect of AD6 upon phosphodiesterases (PDE) from human platelets is reported.
A cyclic GNP specific PDE and a cyclic AMP specific PIDE have been prepared by ion-exchange chromatogra
phy of a platelet extract. Cyclic MP PiDE is selectively inhibited by AD6 (1i-0.2 Mii); cyclic AMP PDE
is quite less sensitive to AD ( IC5 O 1.2 mK at 1 pM cAlP). In fact AD , at a concentration (0.1 Ml)
which strongly inhibits platetet aggregation, has no effect on cAX? levfls in platelets.
The effect of AD6 has been also investigated on a calcium-calmduliu sensitive POE partially purified
from bovine brain; the drug has a poor inhibitory effect on the stimulated enzyme.
Our results suggest that the antiagregatory effect of AD 6 is not related to cANP PDE, while some role
for cyclic CBlP could be involved. Studies on the effects of AD6 on cyclic GMP content in platelets are
now in progress.
Supported by MPI grants.

272 EOFMISI OF c-fa PB) c IAan Ma IN GROWTHS ATIC OF PC mE MTYITD ftI.LJa.E M-1
IN aJLT'JE: N.-E. Heldin and B. WesterMaxk, Dept. of Pathology, University Hospital,
University of Uppsala, Sweden.

The proto-orncoges c-fos and c-uWc are believed to be involved in normal growth cotrol. The
growth regulation of the thyroid gland is rather omplex. ThYrotroPin (IhH) was until a few years ago
generally accepted as the only regulator of thyroid growth. In porcine thyroid cells in culture epi-
dermal growth factor (EGF) s the most potent mitogen, but also high cxcwntrations of iodide stiu-
lates the incorporation of H-thymidine. TsH is not a growth prooting agent for these cells although
it increases their functional capacity. The object of the present investigation was to study the
expression of c-fos and c-nf vM in thyroid follicle cells after growth stimulation.

Addition of 10 ng/ml of K? resulted in a transient increase in the c-fos mM (2.2 kb) level with
a peak reached after 30 minutes. Enhanced c-ny MnR (2.4 kb) expression ;ns observed after 30 min.,
with a maximum after 2 hours and remained at a high level during the 24 h investigated.

TSH (10 mU/mNl)_Wa no stimulatory effect on the c-faa and c-nc nM expression.
Addition of 10 "N of iodide (KI) enhanced the expression of c-1 but not c-fos mnM. The

increase was observed 6 h after stinlation, i.e. 4-5 h later than after an B(?-stinu-ation.
Our results show that an increased c-mm and c-fos (only with EGF) expression are early events in

the prereplicative phase of porcine thyroid follic-ecells, whether stimulated by a polypeptide growth
factor (OW) or an ion (iodide). 7he growth promoting activity of iodide has previously been shown to
be coupled to a decrease in adenylate cyclase activity. In view of the fact that this effect may
require several metabolic steps, including iodide organification. the finding of a lag in c-Mc
expression in iodide-treated cells compared to cells exposed to SG?, is not unexpected.

273 RELATIONSHIP BETWEEN THE pp60v _ €r' PNOSPHORYLATIO SITE AND THE INHIBITOR-2 BINDING SITE
OF PROTEIN PHOSPHATASE I INVOLVED IN THE FORMATION OF THE NgATP-DEPENDENT PROTEIN PHOSPHATASE.
T.S. Ingebritsen and J.W. Johansen, Department of Pharmacology. University of Colorado Medical
School, Denver. CO 60262.

Protein phosphatae I is regulated through the phosphorylation and dephosphorylation of three heat
stable inhibitor proteins, Inhibitor-I, inhibitor-2 and DARPP-32. Prolonged incubation of protein
phosphatase 1 with inhibitor-2 leads to the inactivation of the protein phosphatase due to a change
in the conformation of the enzyme. This Inactivation can be reversed by phosphorylation of
inhibitor-2 on a threonine by glycogen synthase kinase 3 (SK-3 4:,.rrotein phosphatase 1 Is also
regulated through the direct phosphorylation of the enzyme by pp6O , the protein product of the
src oncoge. PhosphorylattOn of the protin phosphatsg.sults in a loss of activity due to a
Wrease in fflinity for substrate proteins. The p " ' 

phosphorylation site has been localized
to %.M1 1 , protease-sensitive domain (Nr.4,000). Protein phosphatase I is not a substrate for
pno "" when It is complexed with Inhibitor--? to form the NgATP-dependent protein phosphatase.
Thfs result Is observed both before and after activation of the protein phosphatase by. - . This
indicates that the presence of bound inhibitor-2 limits the access of pp60 V h0
phosphorylgtlon site presumably via steric hinderance and suggests that the ppSO '
phosphorylation site is either closely associated with or is part of the inhibitor-2 binding site
involved in the formation of the 14gATP-dependent protein phosphate.



274 TRISFORMING GROWTH PACTOR-6 REGULATES POLLICLE-STDSJLATING MORMONIE-INDUCED GRAMULOSA
CELL DEVELOP EIT THROUGH cMP-DEPE HD Nr AND cAMP-IMEEIDEYT MECHANISNS. Michael Knecht,

Pei leng, and Kevin Catt, EMU/NICUD/IH, Bethesda, ND 20892
Ovarian granulosa cells from diethylatilbestrol-implanted i.mature rate respond to follicle-

atimlating hormone (SI) with several hundred-fold increases in steroidogenesis and polypeptide
hormone receptor expression. These stimulatory effects of FSH are dependent upon the activation of
adenylate cycless and are reproduced by cAMP-inducing ligands. while removal of cAMP results in the
regression of granuloma cells. Traneforming growth factor-B (TGP-8) had a bifunctional effect on
FSH-Induced cMP production during a 72 h culture. The growth factor (16 pM) enhanced the effects
of 2.5-10 na FSN/ul by 2 to 3-fold, but suppressed responses to PSH levels over 25 ng/ml by 50Z.
The actions of TGFP- were concentration-dependent over the range of 0.8 to 60 pM. vith maximal
effect* at 16 p of the growth factor. TGF-0 alone had no effect upon cAMP formation or cellular
growth. In contrast to its bifunctional effects on FSI action. TGP-$ did not alter cholaragen- or
forkolin-lnduced cAMP production. Thus, the growth factor may modify PSI receptor content or
coupling of the PSI raceptor:cyclase system. TGF-0 also altered the actions of exogenous cAMP,
since it enhanced the effects of 8-bromo-cAP. choleragen. and forskolin on the expression of both
lutinizing horone and IGP receptors by 2-fold. These results indicate that TGF-0 modifies gonado-
tropin-induced cAMP production and cAMP action in the developing granulosa cell and is involved in
the maturation of an endocrine-responsive target call.

275 BINDING OF 2-CHLOROADENOSIVE TO BOVINE SPERMATOZOA. Ling, Xias-Yang, S. Vijayaraghavan,

and D. D. Hoskins. Oregon Regional Primate Research Center, Beaverton, OR 97006.
Mamalian sperm are unique in that receptors for modulating signal transduction through

binding to receptors is not known to occur. This study was undertaken to determine if receptors
are involved in the mechanim by which adenosine and a number of analogs initiate motility in
inotile, bovine caput epididymal sperm and stimulate motility in motile, inactive caudal sperm
(Biol. Reprod. 34:468-477, 1986). More recently we have shown that addition of adenosine
deaminase inhibitors and competitive substrates markedly stimulates motility in subsotile
caudal sperm. Specific binding of 2-chloroadenosine (2-Cl-Ad) to washed caudal sperm was
determined as a function of time, temperature, and concentration. Highest specific binding
(80%) occurs at O for 2.5 hrs, associated constants are: Kd, 10 jh4 and Bmax, 3.15 x 10

- 2

0/l0
8 
sperm. Theophylline has no effect on binding and numerous adenosine analogs do not

displace 2-Cl-Ad in a manner related to motility initiation. Nitrobenzylthioinosine (0.2 mM)
completely blocks 2-Cl-Ad binding to intact sperm. These data suggest that 2-CI-Ad may bind to
an adenosine uptake site and that binding is unrelated to motility initiation. Binding to
sperm plasma membranes requires the presence of protease inhibitors during membrane isolation.
High specific binding (802) to hesd plasma membranes has been found but activities have been
low and variable. Supported by NIH grant 1D18737.

276 CALMODULIN IN 8L00 AND SALIVA AND ITS ASSOCIATION WITH EPIDERMAL GROTH FACTOR (EGF).
S. Mac Neil, R. Dowson, C. H. Barton. L. Hanford, N. McGurk, R. Metcalfe and 0. S. Munro

Department o? Nodit, Clinical Sciences Centre, Northern General Hospital, Sheffield S5 7AU, U.K.

We havs previously reported that celmodulin activity in human serum originates from the platelet
which specifically releases biochemically-identifiable calmodulin in response to thrombin stimlation
(Mac Na.l et al. Bioscience Reports, 4, 63-650). As extracellular calmodulin can stimulate cell
division in cultured cells (Mac Neil et al. J. Invest. Dermatol. 83, 15-19, 1984) we are investigating
a possible extracellular role for calmodulin. Levels of serum calnodulin (20 volunteers) ranged from
27 to 1220 ng/l (; of 297 ± 70 Sf34) and plumes levels from 10 to 286 ng/ml (12 volunteers,
i of 135 ± 30). Release of cslmodulin from platelets (which contained up to 15 Vg of calmodulin per
mg of platelet protein) was associated with the release of other platelet products - EGF was released
in all experiments where calmodulin ws released end neither was released when platelet release was
prevented. Investigating a possible association between calmodulin end EGF we next examined saliva
and found EGV levels of 2-7 ng/ml and calmodulin activity of 0.2 to 4jig/ml. Oral surgery elevates
E(F secretion in normal individuals. Both EGF and calmodulin secretion were similarly elevated (by
100% p < 0.05 for both) 24 hr post-surgery. The correlation between the rate of EGF secretion and the
rate of calmodulin secretion was r = 0.82 (based on 26 salivary samples from 7 patients).
Approximately 80 males of celmodulin were secreted per mole of EGF. The calmodulin activity in saliva
is recognised by calmodulin antibody end satisfies several other criteria for authentic calmodulin.
We suggest that the high levels of calmodulin activity in blood and saliva associated with at least
one other growth factor (EGF) merits further investigation of an extracellular role for cslmodulin.
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277 MONOCLONAL ANTIBODIES AGAINST TYPE II RAT BRAIN PROTEIN KINASE C. Niroki Nakabayashi and
Kuo-Piug Huang, NICHD, NIR, Bethesda, ND 20892

Three isozymic foarm of rat brain protein kinase C had been purified to near homogeneity. These
enzymes were designated type 1, 1I, and III protein kinase C baeed on their elution profile from
hydroxylapatite column in an order of increasing phosphate buffer concentration. All three isoywo
have the so molecular weight of 82,000, undergo .ntophoephorylation in the presence c Ca I
phosphatidylserineWS), and diolein (DG), and bind [ H]phorbol-12.13-dibutyrate (PDBu) dependent on
the presence of Ca and PS. Three monoclonal antibodies (8/1. 10/10, end 25/3) of the IgG1 class
had ben prepared against the type I rat brain protein kinase C. All these antibodies iinunopre-
cipitated the type I isozyme in a dose-dependent manner but did neither to type I nor type III
isozyme. The iomne cop1pes of type II ieosyme and the antibodies retain all the kina&e* ctivity,
which is dependent on Ca IPS and further stimulated by DG. The concentrations of Ca and PS
required for half-maximal kinase activity were not influenced by the presence of antibodies. The
initial rate and final extent of protein kinase C autophosphorylation, however, were reduced by the
addition of the antibodies. The concentration of PS required for half-maximal PT)Ru binding and the
Kd of PDBu were unchanged in the presence of the antibodies. The total binding of PDBu in the
presence of one antibody (8/1) but not the other two, was reduced by 502. lu noblot analysis of
the trypsin-degreded protein kinese C revealed that all three monoclonal antibodies recognized the
33-38-[D& fragment, the PS/PDBu-binding domain, but not the 45-48-KDa fragment, the kinasa catalytic
domain, of the enzyme. Thee. results indicate that the PS/PDBu-binding domain of the type 11
protein kinse C contains the major immuno-reactive determinant for all these monoclonal antibodies;
however, the effects of these antibodies on the binding of PDBu are different.

278 DIFFERENTIAL DISTRIBUTION AND DEVELOPMENTAL EXPRESSION OF THE ISO.YMIC FORMS OF PROTEIN
KINASE C IN RAT BRAIN. Tasuloshi Yoshida, Freesia Huang, Niroki Nakabayeshi, and

Kao-Ping HNuang, NICED, 1Ill, Bethesda, 4D 20892.
Polyclonal antibodies against rat brain PKC were raised in goet. Those antibodies can neutralize

completely the purified rat brain PEC as well as the total IC activity in the crude brain homoge-
nAte. The antibodies also recognize the same enzyme from other rat tissues. Neuroal tissues and
lymphoid organs were found to be highly enriched in PKC. while lung, kidney, liver, heart, and
skeletal muscle contained relatively low level of this kinese. We have also characterized three
isozymic forms of PKC from rat brain. Nonospecific antibodies against type 1. II, and II isozymes
were prepared by specific absorption of polyclonal antibodies to each type of isozyme previously
electrophoretically transferred to nitrocellulose membrane. Each monospecific antibody preparation
recognized preferentially its own antigen by immunoblotting. These antibodies were used to type the
presence of isozymic forms of PEC in the various regions of rat brain and to determine the express-
ion of these isozymes during brain development. The type I isozyme was found to be enriched in
cerebellum, the type 1I isozyme in cerebral cortex, thalamus, and corpus callosum, and the type III

isozyme in olfactory bulb. During brain development the type I enzyme was very low in the fetus and
rats within one-week of age. At least a 3-5-fold increase in the type I enzyme was observed between
one-and two-week of age and remained constant thereafter up to six-weak of age. Both the type II
and type III enzymes were progressively increased from three day before birth up to two-week of age
and remained constant thereafter up to six-week of age. These results demonstrate that the various
protein kinase C isozymes are enriched in distinct regions of rat brain and the expression of these
isozymes Is developmentally controlled.

279 PRO'ROLYTIC DEGRADATION OF PROTEIN KINASE C IN THE PHORBOL ESTER-INDUCED INTERLEUKIN-2
SECRETING THYNOA CELLS. Freesla Huang, Prince Arore, Edgar Hanna, and Kao-Fing Huang.

NICHD, MIl, Bethesda, ND 20892
Phorbol 12-myristate 13-scetate (A) induces the Interleukin-2 (11-2) production in mouse

thymoma cells of EL, though the mechanism of action is not known. The effects of PKA on EL4
protein kinese C (PKC) were studied by using polyclonal antibodies raised against ret brain PlC.
These antibodies inhibited PKC activity completely and detected an 82-IDa protein by immunoblot
analysis in both crude homogenate and partially purified kinase preparation. P4KA at lOng/el elicit-
ed a time-dependent loss of PlC (82 IDa) protein from the soluble fraction (earliest time tested was
2 min); an early rise (peak at 5 mn) and subsequent loss of PlC from the particulate fraction was
also observed. Consequently, FKC in the whole homogenate disappeared gradually (>501 lose in 30
mnm). These effects wer dose-dependeut and were not caused by the inactive analog. 4-a phorbol.
With continuous presence of PKA, PKC remained very low. However, removal of PKA from the medium
caused the reappearance of PKC after 24 hr. and the newly synthesized PKC was mainly located in the
soluble fraction. These P1K effects were tested on s cloned line of EL4 (IEL4) which was known to
be unresponsive to PMA-induced 11-2 production. At the some concentration (1Ong/mI), P14A also
induced a fast and tiae-dependent translocation of PKC from the soluble to the particulate fraction
of IEL4. However, the degradation of membrane associated PKC was greatly retarded; up to 30 snn the
82-D a protein remained high and there was no change of FEC in the whole homogenate. These results
suggested that translocation and degradation of PKC were early events of the PHA-induced 11-2
production; the retardation of PKC degradation resulted in the failure of 11-2 production in 114.
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280 cAll? REGUIATES TRE TRASCRITIONAL ACTIVITY OF M-MJLV LYE
Nt. Najaml. a. p,82, end y.S. Cho-Chun 1; 

1 Uational Cancer Institute, IRI, Bethesda, ND
20892; 2D!t of Molecular Biology and Biocemiastry, University of California, Irvine, CA, 92717.

Site 1- and Site 2- selective analog@ In combination synergistically produced growth inhibition
and phenotypic reversion of Ha-MuS-tranaformed Nhlt/3T3 clone 13-33-4 cells ( P.Teglieferri. eteal.
Biocheu. Siophys. Res. Comuon. 130 1193-1200, 1985). In this reverse transformation process, the-
increase of the ratio of the RI /lt cAMP receptor proteine , especially at the cell nucleus was found
to be a primary event anA this increase in the RU 1 11I ratio was inversely related to the suppression
of p21 rae protein expression. In this work we Investigated whether the chit? analog effect on the p21
roe protein suppression in 13-33-4 cells could be at the level of LTE expression.Tha effect of cANP
on the traacriptional activities of the wild type and deleted N-NuLl LYRe was assessed by fusion of
the LYE. to the bacterial CAT gene followed by transient expression aesays In EIlt/3T3 calls.
Treatment of N11113T3 cells containing the wild Type LTR for 24 hr with the Site-2 analog, N

6
-butyryl

cAll? (25tin)4 the Site-I analog, 8-thosethyl-cAMP (SpNl) resulted In over 801 Inhibition of the CAT
expression ; the ese Inhibition wee also obtained with each of these analogs or with other analogs
singly but at 10-100 fold higher concentrations. A eeries of deletions of the tandeuly repeated
enhancer sequences (-194 to -.150 bp) decreased the promoter activity and abolished the cAM? analog
effect on the CAT expression. Deletions of the sequences below the tandem repeats between the
Kba I site and CANT box (-150 to -120), however, decresed the Promoter activity only without
affecting the chill inhibitory effect on the CAT expression.

These results suggest that cAMP in wmalian cells regulates gene expression at specific sequences.

281 CYLI AMP s IN iO9E THE LEVLS FUR THE FGMATY SUBUNIT (R-II 51 ) C7 TYPE II dU4P-
UinwiR pRMSxM yKflc IN pT SE~Rv.I CKLS* 0. .yn2, W. EsidM~2 , Ht. Attratoda.1 

.2,
I.p. Gladhaug3

, F.O. Levy
2

, G. Icjten, j.S. RidurdSq V HtassMM, an T. J&aln1,2.
I Institute of Pathology, Rilchopitalet, Oslo, Norway; hstitute of iedical Biod.e.itry, uierity
of Oslo, Norway; 

3
lnstitute of Phaxntaology, University of Oslo, Norwy; 4Deparboent of Cell Biology,

Baylor College of Meodicine, Htouston, Texcas.
Testicular funiction is deendent on FISt/chlIF stimulation of Sertoli cells. All effects of cdlI are

suppoed to be mediated via cAlI-deperident protein klnase. The present studiy was und~ertaken in
order to investigate FISH/cAlIF regulation' of R-II 5 1 in rat Sertoli cells. Total KA wes extracted
frca rat testes of different ages 15-100 days) and first ret Sertoli cell cultures after stimujlation
with H or dibutyryl-cAIF (db-cAIIF). Messeng~er FM for R-II 5 1 was oumntitatad by Northern analyses
uing 20pga of total IM and a nick-translated rat Rt-II51 cE prl. Two WMtU species for R-II51
(1.8 kb and 3.2 kb) were detected in rat testes. The mW. levels for R-I15 1 in rat testes increased
fromt day 5 to day 15, showed high levels unitil day 25 after which it gradually decreased. Sertoli
cell cultures from immature rat tastes stimulated with db-cII (0.1-1.0 wKt and S H (750 ng/nl) for
481,rs shwe a 10-50 fold increase in R-115 1 sitU. The elevated levels were due to an increase in

the ~ ~ ~ i 3. brU frPIg. No increase in R-II5 1 wes observed whuen primary hepatocytes were
incubated for 48hra n h presence of 1 s04 db-duMP. These results slhow that H andS cAlI in
cultured Sertoli cells cause a oell-specific increase in sFM for R-II 51 and that this May
represent an important self-anplifying mechanisn for H arnd cAM' action an Sertoli cells.

282 INHIBITORY EFFECT OF A RAS ONCOGENE ON PLATELET-DERIVED GROWTH FACTOR
(PDGF)-STIMULATED PHOSPHOINOSITDE HYDROLYSIS IN MURINE FIBROBLASTS. Gremga ieks
Robin Hoebel, and Efesin Racker. Section of Bochentty, MAolecua end Cell Biology, Cornell University, Ithac, NY 14853.

We have investigated the influence of a ras oncogene (Lend et al. (1983) Nature 304, 596) on PIXJF-srimulated
pliospliatdylinoeitol (P[) metabolism in Rat-i and NIH 3T3 fibroblsta. Incubation of (31Hinealto lsbeled Rat- cells with purified
hunien PO (5 figlm) resulted in 2- to 3-fold incusnes in PHJIP, levels within 905 e nd. in the presence of 25 t ith, a 4-told
hwesue in the level of (111IP, alter 30 min. In orut, incubtation of EI-ras-truufeacted Rat- I cella (RI1-1112 line) with P1)0?
resultd in lttle or no accumualation of eithe (iHIF1 or P]HII. 1Th lack of repos WM not due to en seceof PDGF mceptots
since the Ism*=e of specific 1[tUIIPDGF binding sites on RI-11i2 cell wUs a lew 80% of tha on RA-I cells. In seru-fus media the
bsal raes of P1 tunover (L~e., the ktinetics of j3H)lP1 accumulation in the prsec of Li) in Rat- I ad R 1-02 cells Were similar.
Whereas PDOF stimulated PI turnover only as the parental Rat-I cells, both the pumel end Ei-ra-tisnfected Cell lines Were
stimulated approximately 2-fold by throrin (250 oglai) ad 4- to 5-fold by 5% plna-detived serum (P135). In the presenc of
PDS. the rifte of P1 tuover in RI-EJ2 cells wes sim"la to that in PDGF-dinushla Ret-l cells. PDOF also induced. maked
stimulinion of PI maetabolisin in NIH 3T3 cells, but not in v-Hs-ras-trufes e or Kiraten murfine arm= vinas-transfoested 3T3
cell tinms On the other laidl, NIH 3T3 cells that wore tranfecte web v-src responded to PO tor simila extent a the parental
calls. Usin NIH 3T3 cells hakae d with an expession vecto -alehth a ve inse mafmiy minor virus
lt-linked v-Ha-ras gene, the iduction of p21.-u with 2 uaM dexamethmone for 26 ht wes associated with a 91% reduction in

POF-suatmd pHflnositol inoetporatice hi. PI; dezamuthuate decamedu the PO stimulation by about 40% in comtol 373
cells. These tmbuj gaggost that a ra oncogens product, p21, nmy exeit an inhibitory affect on the P1X3F activation of
pbosphodnoskide hydroysis. (Supposted by Amarken Cance Society S-9 PF-2683 aid NIH X=9 CA-0S96).



283 CYCLIC NUCLEOTIDE PEOSPHODIESTURAIB GENE. Gregory Podgorski, Jakob
Frank., Earie-Lisie Lacombe, and Ri4agj66,hasiL Dept. of Anatomy and Cell Biology,
College of Physicians and Surgeon, Columbia University, 630 V 168th St, New York,
New York, 10032.

We have cloned a cyclic nucleotide phosphodiasterase gone which codes for a
developmentally regulated glycoprotein secreted by Dietyostelium discoideum. The
organism uses cAP as a chemoattractant during aggreqatin and the enazyme is part of
the system which controls the levels of extracellular cAIP. The complete sequence
of the phosphodiesterase has been determined from overlapping cDmA clones; the cOMA
codes for a protein of 51,000 daltons. The genomic sequence has also been
determined and except for a small 5' intron in identical to the cDOA sequence. The
gene exists as a single copy in the genoso and has no homology with other known
cyclic nucleotide binding proteins. Daring the growth phase of the Dictyostelium
life cycle, the uREA of the phosphodiesterase is present at low levels as a 1.8 kb
transcript. Early in the developmental phase a 2.3 kb phosphodiesterase transcript
is induced. The level of mKEA is proportional to the amount of enzyme secreted.
Mutants which lack phosphodiesterase activity, but which do not appear to be
defective in other functions, have greatly reduced levels of transcript.

284

PROTEINS RELATED TO THE PROTO-ONCOGENE PROTEIN KINASES fra ob src and erb-B IN TIE RAT
STRIATUM AND HIPPOCAMPUS: A DEVELOPMENTAL PROFILE. R.Simantov, W.M.aowon and HL
Niman*. The Salk Institute for Biological Studies and The Research Institute of Scripps Clinic*, La Jolla,
CA 92138.

It is now widely accepted that protein kinases play a pivotal role In the function of mammalion cells in
general, and oncogenesis in particular. The abundance of several proto-oncogenes in the nervous system
prompted us to investigate the appearance of proteins related to j, bI src and rb-B protein kinases
during the development of two well defined brain structures, the striatum adthe hippocampus. Sequence
directed monoclonal antibodies recognizing a specific portion of the above mentioned proto-oncogenes were
used to identify the proteins In embryonic, newbrn, adult and aged rats. The immunoreactive proteins were
analyzed on Western blots and visualized with I 5l-protein A. It was found that proteins related to each of
the four oncogenes undergo characteristic developmental changes; e.g., a clear decline was observed in the
level of the 18K, 60K and 130K proteins recognized by the antibodies to fes abl and e respectively.
The antibody against fes, however, recognizes a 150K protein in the odut but not embryonic striotum.
Similarly, an antibody to the src kinase detects much higher levels of a 60K protein In the adult tissues as
compared to the embryos. nl-conjunction with recent findings concerning the tyrosine-protein kinase
activity of the c-src in cultured striatal cells and during development (Simantov et al., Neuroscience
Abstrcts, 1986),_ne experiments indicate that several proto-oncogene related protein kinases are
developmentally regulated In the brain.

285 GANGLIOSIDES AS BIMODAL REGILATORS OF CELL GROMTH by Sarah Spiegel. Section on Membrane

Biochemistry, Developmental and Metabolic Neurological Branch, NINCOS, Bethesda, NO
Gangliosides, sialic acid containing glycosphingolipids have been implicated in the regulation

of cell growth, based on the dramatic changes in ganglioside composition during oncogenic transform-
ation, cell cycle, and density-dependent qrowth inhibition. To directly examine potential functions
for endogenous gangliosides, we have recently developed a new approach (1). The B subunit of
cholera toxtn (B), which binds exclusively to several molecules of gangliosides 141 on the cell
surface, was used as a gangltoside-specific probe to induce cell proliferation. B stimulated DNA
synthesis and cell division in quiescent, non-transformed mouse 3T3 cells (NIH, Balb/C, and Swiss) in
a dose-dependent fashion. Previously, we had shown that B was mitogenic for resting lymphocytes (1).
Thus, the ability of B to stimulate resting cells to divide appears to be a general phenomenon. In
addition, B remarkably potentiated the effects of other mitogens, such as serum, EGF, PDGF, and
insulin. This synergistic effect indicates that B regulates the biological activity of these growth
factors through a different, not yet identified pathway. In distinct contrast to its effects on
quiescent cells, B inhibited the growth of transformed 3T3 cells as well as rapidly dividing normal
3T3 cells. Thus, we were able to demonstrate a bimodal response to 8 by the same cells Just by
varying their state of growth. Transformed 3T3 cells have less G1 than normal 3T3 cells and it has
been reported that levels of surface gangliosides increase as normal 3T3 cells reach confluency.
Thus, the bimodel response to B may be related to the amount of surface 4I1 being occupied. Our
findings suggest that endogenous gangliosides may play a role as membrane transducers of both
positive and negative signals that regulate cell growth. (1) Spiegel, S et al (1985) Science 230, 1285
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286 001W*ELATIVE CHRACTIZATION OF INCEPU.I AND iNu-amowii.O ASSOCIATD PSTnX T!3081N1
KIU*ASES. Ashok K. Srivastava. Clinical Research Institute of Montreal, 110 Pine Avenue West.

Montreal, (Quebec), H2W 1R7. CANADA

By using poly (glu: Tyr; 4:1) &3 an exogenous substrate, the characteristics of insulin
receptor associated protein tyrosine kinase (PTK) from rabbit Skeletal muscle has been compared
with a growth factor-independent, non-receptor-PTK partially purified from rat lung. The two
PT13 phosphorylated poly (glu: Tyr; 4:1) very effectively with apparent Km values of 0.3 mg/mI
fr insulin receptor-P'K and 0.8 mg/mI for non-receptor-PTK. ATP was the preferred phosphoryl
donor for both PTK's (Km - 150 PH), however, in the case of non-receptor PTK. GTP was able to
partially replace ATP. ATP analogues, AM4P-PUP and ATP-Y-S inhibited the activities of both
enzymes. Receptor ,PTK showed more activity in presence of Mg2 whereas non-receptor PTK
required either Zrg' or mn' for activity although higher concentrations or MEg' were needed as
compared to Mn' . Pars hydroxy-mercurobenzoate (PNMS). a 51-group blocking agent, inhibited
the activities of both PTK's suggesting the requirement of SH groups for enzymatic activities.
Both enzymes were Inhibited by fluorosulfonylbenzoyl 51 adenosine (rSSR) and biof'lavonoid
quercetIn. NaCI also Inhibited both kinases, although, non-receptor PTK was more sensitive to
inhibition by NaCl. Autophosphorylation resulted in the activation of both the kinase. These
data indicate that there are only few but significant differences in the characteristics of
receptor and non-receptor associated P11's. (Supported by Medical Research Council of Canada).

287 SITE SELECTIVE cAN? ANALOGS ALTER TE cAN? RCEPTOR RATIO (Rll/Rl) ANDt PRODUCE GROWTH
INKISlTION ANDt MORPHOLOGCALM CRAIIG& IN SEVERAL NUMN 321AM AND COLON CAMCER. CELL LINES.

P. Tagliaferril. D. Katoarool,R.R. Robins 2, T. Clairl and 1.S. Cbo-Cbung1 ; I National Cancer
tnstitute,setheeda, MD 20892, and 

2
liucloic Acids Rem. Inatit., ICR Phorm. Corp. Coeta Mesa, CA 92626.

The growth regulatory effect of site selective cAMP analogs, which have bees shown to be many
fold more active in protein kiname activation than previoualy studied derivatives. was Investigated
In seven brest and three colon human cancer cell lime. The regulatory subunit of the cAMP dependent
protein kinase contains two intrach&a binding sites, Site 1 and Site 2. cAMP analogs which bind to
one of the two sites are known as Site 1-selective (C-2 and C-8 substituted analogs) and Site 2-
selective (C-6 Substituted analogs). Thirty five analogs, C-2, C-6,and C-4 monosubstituted, or C-2 +
C-8 disubetituted, or C-6 + C-S disubetituted, were tested for their growth regulatory effect on the
breast cancer lines MCF-7, MCF-7rae, T-47D, MDA-NB-231, ZR-75-1 , 3T-20 and KSL 100. and the colon
cancer lines LS-174T, VI0r, and W29. At uM concentrations most of the analogs caused appreciable
growth Inhibition of all ton cell lines. The greatest inhibition was observed when using analogs
containing a chlorine stoin at the C-S position: S-Cl-cAll? and N6-phenyl-8-thioVClphenyl-cAMP, at
SOuN, caused 70-802 growth Inhibition of all ten cell lines. The C-6 analog, NO-benayl-cAlIP, was the

next most potent inhibitor, causing 50-602 growth inhibition at 5O jaM. Growth inhibition was accompa-
nied by a change in cell morphology3 n an Increase in the cAN? receptor ratio (R1 11R1 ), as measured
by photoaffinity Incorporation of [ A J-nd cAit h ellsts*floe by SDSPAGE and
autoradiography. The site selective cAKP analogs are potent inhibitors of the growth of human cancer
cells and can serve to elucidate the mechanisms of call growth regulation.

288 FUNCTION OF THE CYRI AND RAS2 GENES IN YEAST
Isao Uno, Takehiro Oshima*, Hiroshi Nltsuzawa and Tetsuo Ishikava;lnstitute of Applied Microbiology,
University of Tokyo, Bumkyo-ku, Tokyo 113, Japan;*Suntory Institute for Biomedical Research,
Shimamoto-cho, Osaka 618. Japan

Regulatory roles of CAMP in yeast, Sacaoye cerevisise, have been studied by isolation of
mutants requiring cAlf and their suppressors. The~y OF-utants possessed no detectable levels of
adenylate cyclase activity and cAW, and the growth of cellis carrying the cyr mutation was arrested

*at the GI phase of cell cycle In the absence of cAlf. On the other hand, S. cerevisi ae contains two
closely related, but distinct genes, RASI and RAS2. The ras2 Mutants produced a lowJlevel of CAMP,
and growth of these mutants were suppressed by-uw bg iilnwihsfrssdtecr uain
The relationship between the cyrl and ras2 mutations o yeast in production of cAlf was studied.
Cloned CYRI and RAS2 genes were expressed in S. cerevisise and Escherichia coli cells. The products
of the Uf and V9 genes were reconstituted G TV-epedet adenylate cyclase in viva and in vitro.
To determ ne the -ctlytic domain of the CYRI gene product and the domain interi-ctingwith USrTiee
product, several kinds of truncated CYRi gene were made. Further certain prosoters and intfition
codon were connected to the truncateijinens adjusted to their frame. Genetical and biochemical
analyses of transfornants carrying these genes revealed that the catalytic domain of the CYRI productAwas coded by the 3'-teruinal 1.2 Kb of the gene, and the domain interact with the RAS2 product was
located adjacent to the catalytic domain. The results Suggest that yeast GTP-depeiWIt adenylate
cyclase is composed of catalytic and regulatory proteins encoded by the CYR1 and RAS2 genes,
respectively.
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