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“This volume continues the tradition of high quality which this senes has established....All the
chapters can be recommended to either the expert in the field looking for an up-to-the-minute over-
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 hormonat stimuli coupled to regulation of CAMP levels
and the relationship of cyclic AMP to leaming 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 puritica-
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 cydlic 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 aiso suggest applications of approaches used in the study of adenylate cyclase systemsto
the study of analogous regulatory systems, including those involved in caicium mobilization.
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A The EGF-receptor kinase: Structure, evolution and properties of various receptor
sutants, J. Schlessinger, Division of Molecular Biology, Research, Meloy Laboratories, 1
Research Court, Rockville, MD 20850

The EGP-receptor is a 170 KD membrane glycoprotein which has 3 major functional domains, a
xtraosllular, glycosylated EGF-binding dosain, a single hydrophobic trans-membrane region and a
oytoplassic kinase domain. The eoxtracellular domaip of EGF-receptor contains 2 cysteine rich
clusters which reveal internal homology and repetition of the oysteine residues. Questions
concerning the mechaniam of action and regulation of EGF-receptor were addressed by exploring
properties and cellular sffects of various EGF-receptor sutants introduced into cultured cells
lines. Transient expression of intact EGP-receptor and various EGF-receptor mutants in COS-1
cells was achieved by using shuttle vector cont-ining the SV-R0 origin of replication. The same
vector together with the DHFR gene were used to obtain stable cell lines expressing different
amounts of EGPF-receptor and its various mutants in CHO cells, which are normally devoid of
EGF-receptor. A retroviral shuttle vector was used to express intact EGF-receptor and
EQGF-receptors mutants in NIH-3T3 cells and for obtaining retroviruses containing sequences
coding for the intaot receptor and its various mutants. Initially we bave generated constructs
with deletions in the cytoplasmic domain of the EGF-receptor including & receptor mutant which
has only 8 amino acids in the cytoplassic domain (devoid of Thr 654). We have also introduced
specific linkers into different restriotion sites along the full size cDNA of EGF-receptor.
Using this approach we have explored the role of various receptor domains in the regulation of
receptor internalization, endocytosis and transformation.

.2 RECONSTITUTION OF THE DELIPIDATED B-ADRENERGIC RECEPTOR WITH THE DELIPIDATED Gg: REQUIRE-
MENTS FOR SPECIFIC LIPIDS. Michael Schramm and Jorge Kirilovsky, Department of Biological
Chemistry, Institute of Life Sciences, Hebrew University, 91904 Jerusalem, Israel.

Detergent solubilized preparations of the 8-adrenergic receptor (R) and of the regulatory protein (Gg)
were extensively delipidated of phospholipids and cholesterol. Reconstitution of an R-Gg system was
subsequent ly 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 Gg. 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 Gg 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 GTPyS 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-Gg 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 ARALYSIS OF cDNAs FOR THE a SUBUNIT OF G_.. 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,&)0 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 pG.-1 and pG ~s, are identical except for a eingle stretch of 46 nucleo-
tides in the coding region, where 4 are altered and 42 are deleted in pG-s. Ex-
pression of pG_-8 and pG_-1 in COS~m6é cells yields protein products with apparent
molecular veig‘hts of 45,8000 and 52,000, respectively, based on their mobility in
SDs~polyacrylamide gels. The two CDNAs have also been expressed in B. ¢oli, 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 pG,-s and pGga~1 encode the 45 kDa and 52 kDa forms of G, respectively,
that the two t%ms differ by the alteration of two and the deletion ST 14 amino acid
residues (73-86 in pG_.-1), and that the apparent difference in molecular weight of
7000 between the two Porms of Ggg 18 in large part due to anomalous electrophoretic
behavior in 8DS, There appear go be at least two mRNAs for G., that arise from a
single gene by alternative internal RNA splicing. Analysis of fife activities of the
two forms of G,,, expressed separately in E. coli, is in progress.
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.4 ROLES OF GTP REGULATORY PROTEINS IN RECEPTOR-MEDIATED ADENYLATE CYCLASE INHIBITION,
PHOSPHOLIPASE C ACTIVATION AND CELL PROLIFERATION

Michio Ui, Fumikazu Ukajima, Toshiaki Katada & Toshihiko Murayama. Department of Physiological
Chemistry, Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo 060, Japan

Receptor-mediated inhibition of membrane adenylate cyclase via an inhibitory GTP regulatory protein
(61 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
jts GTP-binding a-subunit has been ADP-ribosylated by the A-component of the toxin. Several kinds of
Gi (apy) have been purified from rat and porcine brains as the specific IAP substrate, and the cDNAs
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 gy-subunits upon coupled
receptor stimulation. IAP also abolished the chemotactic peptide (fMLP) 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-1) 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-1
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 AMP-dependent protein kinase and the effects
of phosphorylation on PP-1 activity will be described. A second form of PP-1 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 I-2 and an analysis of its in vivo phosphorylation state will be presented. A
third form of PP-1 has recently been identified in skeletal muscle, and its structure and
localisation will be given. In mammatian liver a significant proportion of the PP-1 is found
associated with microsomes as well as glycogen. The dephosphorylation of glycogen synthase by
hepatic glycogen and microsomal PP-1 is exquisitely sensitive to inhibition by phosphorylase a, 50%
inhibition occurring at <10nM, over 1000-fold Tower than the Km for phosphorylase a as a substrate.
This, and other evidence, demonstrates that phosphorylase a is an allosteric inhibitor of hepatic
P?-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, AMD 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-1,4,5-trisphosphate mobilizes Ca?*, whereas diacylglycerol (DG) activates protein
kinase C. These two intracellular mediators are generated from the hydrolysis of phosphatidyl-
inositol-4,5-bisphosphate, PIP;. Using Ca2+-ionophore and permeable DG or tumor gronoting phorbol
ester (as a substitute for active DG), 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. Immunocytochemical 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 dusl actions in the positive as well as the negative phase of
regulation. Results will be summarized of further studies on the structure, mode of activation,
intracellular localization, and possible role of this protein kinase in stimulus-response coupling.
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g INDUCTION OF C-FOS: A POSSIBLE NUCLEAR EVENT IN SIGNAL TRANSDUCTION. Tom Curran,
ames |. Morgan, Lidia Sambucettl and Robert Franzal, Roche Institute of Molecular Biology, Nutley, NJ 07110;
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 1172%.

A transient elevation of c-fos mRNA and protein levels is elicited by diverse extraceliular stimuli. These
increases may be greater than 100-fold depending on the basal Jevels 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, cCAMP and calcium ionophores can also stimulate
c-fos expression, although the magnitude of the effect varies with the cell line studied. In PC12 cells, induction is
mediated by diverse pathways, one of which involves a calcium-dependent stimulation of calmodulin. The fos
protein in stimulated cells exists as a protein complex which binds to DNA. The interaction of the fos protein with
DNA supports the hypothesis that it may be involved in linking cell surface events to long-term alterations in gene
expression.

8 STRUCTURE-FUNCTION OF Ha ras: Irving sigal!, Jackson Gibbe®, Mark Marshall!, Grahsm
Smith”, Funce, Jurnak” and Edward Scolnick; Merck Sharp & Dohme Research Laboratories, West Point,
Pennsylvania; © University of Californis, 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, ras proteins
specifically bind GDP and GTP and have a low GTP-hydrolytic activity. Oncogenic forms of the ras
proteins have decreased GTPase activities (Trends Biochem. 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. coli for biochemical analysis and microinjected into NIH3T3 cells and expressed
in yeast cells for assaying biological potency. This analysis has identified residues Lysl6 and
Aspll9 within the nucleotide-binding site and indicated that Lyslé interacts with the phosphate group
of GDP, and Aspll9 interacts with the purine-2-amino group (PNAS 1986, 83: 952-956). This mode of
interaction is analogous to that observed for EF-Tu*GDP by x-ray crystallography. Substitutioas 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 blochemical activities of Ha do reduce the
ability of the protein to function in mammalian and yeast cells. This conserved region of the ras
proteins 18 a possible site for protein-protein interaction and for conferring ras biological
function.

1 THE EFFECTS OF THE IRREVERSIBLE MUSCARINIC LIGAMD ACETYLETHYLCHOLINE MUSTARD ON PRE- AND
POSTSYNAPTIC RESPONSES. S n P. Baker, Philip Posner and Edwin M. Meyer. Depts. of
Pharmacology and Physiology, Universl% o? Florida, College of Medicine, Gaftnesville, FL 32610.

The pharmacological effects of agonists that bind {rreversibly are unclear at the receptor-
transduction level. We have 1nvest1?ated the presynaptic and postsynaptic effects of a muscarinic
agonist, acetylethylcholine mustard (Aech-M), which binds irreversibly to muscarinic receptors. As
measured by several radiolabeled 1igands, Aech-M induced a dose-dependent (0.01-10 uM) loss of car-
diac and brain muscarinic receptors that was time-dependent, blocked by atropine and attenvated by
guanine nucleotides. Aech-M (10-100 uM) produced a transient decrease in spontaneous atrial beating
rate whereas carbachol and ACh produced sustained decreases. After pretreatment of atria with Aech-
M (10-100 pM), there was a 10- to 20-fold increase in the carbachol ECsp value for the fnhibition of
the atrial beating rate. In addition, there was a 40-50% loss of wmuscarinic receptors. Presynap-
tically, Aech-M induced a protracted {up to 60 min) attenuation (40-50%) of ACh release from rat
cortical synaptosomes with a potency similar to that of oxoiremorine. Oxotremorine inhibited Ach
release for a shorter duration. The ACh release-inhibition induced by S0 uM Aech-M was only acutely
blocked by 1 uM atropine, was observed after washout of free drug, and was not due to inhibitfon of
cho” ‘ne-uptake or acetylation. These presymaptic effects of Aech-M on ACh release were compatible
with the observed time-dependent (ICsg, 9 uM after 5 min at 37°) and frreversible binding character-
{stics of the drug fn synaptosomal membranes. The data suggest that Aech-M initially acts post-
synaptically as an agonist followed by a long-term antagonist effect and presynaptically as an
{rreversible agonist.
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2 EVIDENCE FOR INCREASED LEVELS OF DIGITALIS LIKE FACTORS IN PLASMA OF PREGNANT RATS
A. Binet, V. Querol-Ferrer, J. Baranés 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 ouabain 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.

3 THE MECHANISM OF ACTIVATION OF THE INSULIN RECEPTOR KINASE: ROLE OF DISULFIDE BONDS.
Marianne Boni-Schnetzler and Paul F. Pilch, 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-ethylmaleimide 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
asfs 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-
threitol (DTT) to reduce disulfides and to effect the functional properties of the receptor, namely
ligand binding and kinase sctivity, We have correlated these functional dsta with the structure of
the receptor as analyzed by velooity sedimentation analysis and SDS-PAGE. We find that af receptor
dimers i{solated from sucrose gradients retain inoulin binding of slightly lower ligand affinity as
compared to intact tetramers. The af dimers are as active as tetrameric receptor in basal kinase
function, If autophosphorylated im the presence of insulin prior to reduction, the dimer remains as
an activated kinase towards exogenous substrates. However, dimers isolated from gradients do not
exhibit an insulin-dependent kinase activation. We interpret these data to indicate that the
interaction of two af halves 1is necessar, for the ligand-dependent kinase activation that follows
insulin binding. In addition, becsuse af dimers retain insulin binding, and because insulin binding
continues to decrease with time of DTT exposure after the receptor is entirely in the ap dimer form,
we conclude that the class 1 disulfides that link two af halves are not requisite for ligand
binding. Rather, maintenance of the multiple disulfides in the ''cross-linking’’ domain of the a
subunit appear oritical for insulin binding.

4 PURIFICATION AND CHARACTERIZATION OF THE INSULIN-SENSITIVE "LOW Km" cAMP PHOSPHODIES-
TERASE FROM RAT ADIPOSE TISSUE. E. Degernan', P. Belfrage’, and V., C. Manganiello*. * Department
of Physiclogical Chemistry, Lund, Sweden and *Laboratory of CelluTar Metabolism, NHLBI, NIH, Bethesda,
MD. 20892

Particulate, but not soluble, "low Kp" cAMP phosphodiesterase (PDE) activity of rat adipocytes was
increased 50-100% during incubation (10 win) of intact cells with 1-3 oM insulin; activation was less
with higher or lower concentrations of insulin. Activation was maintained during solubilization with
an alkyl polyoxyethylene non-ionic detergent C)Ej; and NaBr and chromatography on DEAE. Solubilized
enzyme was purified to apparent homogeneity by DEAE, gel permeation, and affinity chromatographty (K,
for cAMP ~ 0.4 M; sp. act. (with 0.5 yM [IH]CAMP) ~ 5.5 ymol/min/mg). M, 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, of ~ 63-65,000. Activity (with 0.5 uM [3H]cAMP) was rather
sensitive to inhibition by p-chloromercuribenzoate “cso, ~ 1 uM) and less so by 2,2'-Dithiobis—(5-
Nitropyridine)(160 uM), N-ethylmaleimide (525 M) and iodoacetamide (750 uM). PDE activity was also
rather sensitive to inhibition by cilostamide (IC50, " 40 nM) and the "cardiotomic" drugs CI 930 (450
aM) and milrinone (630 nM) but rather insensitive to RO 20-1724 (190 uM). Based on effects of these
inhibitors, the hormone-sensitive "low K" particulate cAMP PDE from rat adipocytes seems to be analog-
ous to the insulin-sctivated particulate PDE from 3T3-L1 adipocytes and the cilostamide-sensitive
solublz "low K" cAMP PDE from bovine liver (designated as III-C), platelets, heart, and other tissues.
Purification of this PDE should facilitate studies designed to probe the mechanism(s) of activation of
the enzyme by insulin and other effectors,.
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MOLECULAR GENETICS OF THE 62 ADRENERGIC RECEPT(R. R.A.F. Dixon!, 1.5. Sigal’, B. Slater?,
C. Strader”. Mergk Sharp & Dohme Research Laboratories, Virus and Cell Biology; West Point,
Pennasylvania and “Biochemistry Endocrinology; Rahway, New Jersey.

Cloning of the gene for the B-adrenergic receptor (8AR) (Nature [1986] 321: 75) allowed the
determination of the primary sequence of the receptor protein. Hydropathicity analysis of the 8AR
polypeptide suggests the presence of seven transmembrane helices and supports a structure for the
receptor that is similar to the structure of rhodopsin. Using rhodopsin as s model, regions of the
BAR protein have been selected which might be involved in ligand binding, in receptor-G-protein
interaction or in receptor regularion. To examine the structure-function relationships of the 8AR,
mutations have been introduced into the BAR gene, and the autated proteins expressed in mammalian
cells. The mutant proteians were characterized by their ability to bind ligands and to stimulate
adenylare cyclase. To further probe the structure of the BAR, antisera have been raised against E.-
coli~expressed peptides corresponding to the BAR sequence. These sera are being used to dstermine the
folding of the BAR protein within the membrane.

6 ATRIAL NATRIURETIC FACTOR (ANF) STIMULATES CYCLIC GMP ACCUMULATION AND EFFIUX IN C6-2B
CELL ARE

soluble (S), cuanylate cyclass (GC) in rat acrta, kidney and several other tissues and that ane class
of ANF receptor co-purifies with FGC. Also, we have shown that the ANF analog atriopeptin II (AP-IT)
causes relaxation of precontracted rat acrta that is oxrelated with elevation of oMP and activation
of cGMP-deperdent protein kinase, suggesting that these molecular events may madiate at least sams of
ANF's actions, Since ANF is located in rat =y serve
neurceodulator, we studied its molecular actions in two nerally-derived cell lines, C6-2B rat glicms
and PC-12 rat phecchromocytoma, which contain high L 100
™, 20 min) elevated oGP in both cslls and media by 12 fold. In C5~-2B cell cultures AP-II (100 ri,
nin

20 min) elevated cGMP 4 fold in oslls amd 47 fold in media, All responses were enhanoced by 10
with isdtylwethylianthine (250 uM). Both cellular and extracellular cGMP responses
to AP-II in C6-2B cell cultures were antaganized by 10 min preincubation with chlorpromazine, but not
methylens blua (an inhibitor of 95C), at 1 and 10 uM (IC50 = 1 uM). Oallular acamulation of cGMP to
sodium nitroprusside (1 uM, 2 min, an activator of 8GC) was antagonized by 10 min preincubation with
methylens blue, but not chlorpramazine, at 1 and 10 M. These data indicats that intracellular and/or
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antagonizes ANF-induced oGMP acaumilation and effilux. Supported by NIH (HL28474, AM30787),
Mninistration and council for Tobacco Research, U.S.A.
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THE INVASIVE ADENYLATE CYCLASE OF B. PERTUSSIS: PROPERTIES OF CELLULAR .
E. Friedaen*, Z. Farfel** and E. Hanski*, *Department of Hormane Research, Weizmann
Institute of Science, Rehovot, and **Clinical Pharmacology Unit, Shebs Medical Center,
Tel-Aviv University, Istsel.

Bordetella pertussis produces a calmodulin-gensitive adenylate cyclase (AC), which is thought

present in the cell madium. Upmitstumval,anpidchclm(tl/flsm)inwacuvityis
cbeerved. This decline reflects intracellular inactivation procees ‘rather than a release of the
enzyme tO the medium. In turkey erythrocytes, no intracellular inactivation is observed and AC

and erythrocytes exposed
intracellular AC activity is associated with postruclear (160,000 x g) pellet. AC activity in
plasma menbrane-encriched fraction of lymphocytes reaches & constant level after 20 min of cell
expogure to the enzyme, similarly to the accunulation of the enzyme in whole cells. We suggest
that cAMP productin by the invasive enzyme, as well as its intracellular inactivation ooccur
while it is associated with plagma membrane.
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8 REGULATION OF E. COLI ADENYLATE CYCLASE (AC) ACTIVITY BY FACTORS WITH SHARED FUNCTIONS
Prasad Reddy and Alan Peterkofsky, NIH, Bethesda, MD

In Escherichia coll, cAMP 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:glycose phosphotransferase system (PTS) inhibit AC. Inorganic orthophosphate
(P1) substanttally stimulates AC activity. The effects of Pi and PTS sugars are related since
inhibition by PTS sugars is not observed unless the AC activity i{s 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. coli 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 GTP is probably mediated by a GTP-binding
protein. OQur 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 PROPERTIES AND REGULATION BY CALMODULIN OF A PARTIALLY PURIFIED ADENYLATE CYCLASE
SOLUBILIZE) FROM BULL SPERM MEMBRANES. Nira B. Garty and Yoram Salomon, Department

of Hormone Research, The Weizmann Institute of Science, 76100 Rehrwot, Israel.

Mamirane-agsociated adenylate cyclase (AC) was solubilized and subeequently purified from
mambranes prepered from frozen bull-sperm ejaculate. The aim of this purification was to
obtain a calmodulin (CaM)-free AC preparstion in which regulation of AC by CaM could be stud-
ied. Nearly 50-60% of the total membrane-associated AC could be solubilized by salt extrac-

tivatadathiyxduuﬂm.&xbesq\mtwdﬁcaﬂmstapsm,m in
0.5 mg/ml BSA. Purification, exprsssed in terms of AC/CaM ratios, increased 2000-4000-fold
with a 3-10% yield, using DEAE, lectin and 1~

Sepharcee chromatography.

Enzyme activity is stimulated 2- to 5-fold by purified testicular CaM, which shifts the Km
(Mg-ATP) from 8.1 to 1.8 sM. The Km for Mn-ATP is 0.53 sM. Mellitin, a bee venom peptide,
suumymmwncmvitywmmmmmofmcmwwxyamusmd
CaM-dependent enzyme activity. Mellitin inhibition could be reversed by the addition of equi-
molar concentrations of CaM. AC activity wes resistant to high non~physiclogical ooncentra-
tions (10 aM) of CaCl,. The molecular weight of this AC is estimated to be 45 KA by gel fil-
tration.

To the beet of our knowledge, this is the first demonstration of the involvement of CaM in
mgulaﬂmofmlmmac thus suggesting a physiological mechanism far the control of
this enzvme.

10 EPFECTS OF ATRIAL NATRIURETIC FACTOR (ANF) ON EXOCRINE PANCREAS. S. Heisler, H. Kopelman*
J.G. Chabot and G. Morel . Unit& de Biorégulation cellulaire, CHUL, Sainte-Foy, Québec, *Department
of Pediatrics, Montreal Children's Hospital, Montréal, Québec, C.N.R.S,, Laboratoire d'Histologie-
Eabryologie, Unfiversit& Lyon-Sud, Lyon, Fraace.

We have recently identified fmmunoreactive ANF in pancreatic acinar cells. The curvent study
consequently was designed to determine 1f 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_9ANP (8-33), a

tration-depend increase in cGMP formation was observed (EC., about 5 X 10 ° M), The peak
cGMP response occurred within 2.5 min of exposure of cells to ANF. When rabbits received rat ANF
(8~33) f.v. (0.01-0.25 yg/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/min), which
ie not an acinar cell secretagogue ia rabbits, ANF did not alter the secretin-—enhanced sectetion of
pancreatic juice. In tsolated acinar cells, ANF, and by extension cGMP, did not alter a). basal or
agonist (carbachol ¢ DbcAMP, CCK-OP or forskolin)-stimulated amylase .secretion, b) ["H]-leucine
incorporation into trichloroacetic acid-precipitasble protein, or ¢) {“H]-thymidine {incorporation
into DNA. These data suggest that cGMP a) is not co-secreted with digestive enzymes into pancreatic
juice, b) does not have an intraluminal effect on fluid secretion, and c) 1is not involved in the
secretory function of acinar cells. The mechanisa by which acinar cells secrete cGMP into pancreatic
juice, as well as the biological significance of both intracellular (acinar), and intraluminar cGMP
remain to be elucidated.
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1 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, Kantonsspital, Basel, Switzerland.

In the porcine kidney cell line, LLC-PK), 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] mutant
cell lines affected in hormonal responsiveness were analyzed for uPA production,
cAMP-PK activation, adenylate cyclase (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
FIB6 and FIBS5-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-PK; cells and each of the three mutants were
derived. The hybrid cell lines from each fusion were found to have normal vasopressin
and calcitonin bi:.ding activity and hormonal responsiveness. Somatic cell hybrids
between M18 and FIB6 also showed normal activities, indicating complementation of
the recessive mutations in the two mutants, whereas hybrids between FIB6 and FIBS5-N4
showed no complementation of receptor activity. Therefore, two different mutations
(those in M18, and FIB6/FIB5-N4) were definerd 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 HUMAN AND HAMSTER 8,-ADRENERGIC RECEPTORS AND RHODOPSIN REVEALED
BY MOLECULAR CLONING. Brisnm K. Kobilka,“Henrik G. Dohlman, Thomas Frielle, Mark A.
Bolanowski, Richard A.F. Dixon, Irving Sigal, Paul Keller, Marc G. Caron, Robert J. Lefkowitz.
Duke Univ. Med. Ctr., Durham, NC and Merck Sharp & Dohme Research Laboratories, West Point, PA.
Agonist stimulation of the 8, -adrenergic receptor (8,-AR) and light activation of rhodopsin lead to
coupling of these receptors vitﬁ GTP binding proteins viich wediate transmembrane signaling. Both of
these receptors are inactivated by stimulus promoted phosphorylation leading to homologous
desensitization of the 8,-AR and light adaptation in the retina., To study the structural features
responsible for observed “similarities in fumction of these two receptors we cloned the gene and cDNA
for the human 8,-AR. Hydrophobicity anslysis of the deduced amino acid sequence for the humsn 8,-AR
reveals 7 hydrofhobic domains similar to those observed in the hamster 8, -AR and the visual pipgutc.
These may represent mesbrane-spanning regions. Amino acid homology betweéen the human and hamster
B,~ARs is 942 in the hydrophobic domains and the putative cytoplasmic loops. There is 75% homology in
tﬁc extracytoplasmic region and the carboxy terainus. The oversll amino acid homology between the
8,~AR and rhodopsin is much less, however 3 of the membrane-spanning regions share 30X homology.
BSth wamsalian 8,-AR and thodopsin have a threonine and serine rich carboxy terminus which may be a
substrate for lpzcific kinases. These common structural features allow us to maks tentative
assignments of functional domains.

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

Endo. Section, Endo. & Reprod. Res. Branch, NICHD, NIH, Bethesds, MD 20892

Ve have purified the luteinizing horsone (LH)/h choriogonadotrophin (hCG) receptor by
sequential affinity column on wheat germ lectin-Sepharose and hCG-Sepharose. The method was
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 £ 2,400 on SDS gel electrophoresis. The technique is simple and allows rapid purifi-
cation of microgram amounts of biclogically active receptor suitable for further molecular char-
acterization, microsequencing and functional reconstitution studies. Cross-linking studies per-
formed after binding of hCG (radiolabeled 1in the {ndividual subunit @ or B) crosslinked or
uncrosslinked to the corresponding unlabeled subunit prior to binding to the purified LH/hCG
receptor indicated that the hCG a-subunit undergoes predominant interaction with the receptor
molecule. The influence on the B-subunit in this interaction seems to occur mainly through ite
association with the a-subunit, presumably by conferring specificity to the a-subunit for 1its
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-
mones.
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14 CALCIUM AND pH-DEPENDENT AGGREGATION OF CALMODULIN, G. William Lauderdale and Richard M.
Hyslop, Department of Chemistry, 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 1iquid chromatography has an apparent molecular weight of approximately
240,000. The blological activities of the polymeric forms as well as possible physiological func-
tions will be presented.

15 EFFECT OF a-HALOACETYL ANALOGS OF FORSKOLIN OW 3H-FORSKOLIN BINDING SITES. A.L.
Laurenza and K.B. Seamon Center for Drugs and Biologics, FDA, Bethesda, MD 20892
The 7-br tyl-7-4 tyl (BrAcFsk) and 7-chloroscetyl-7-desscetyl (ClAcFsk) anslogs of

forskolin wers synthesized as slkylating agents to study forskolin binding sites. The inactive
1,9-dideoxy-7-bromoscetyl analog of forskolin (1,9-dideoxy-BricFsk) was synthesized as a control
for the bromoacetyl group. Forskolin inhibdited the dinding of 3u-forskolin to human platelet
membranes with a Ki of about 40uN while the BrAcFsk and ClAcFsk had Ki's of about 0.5 uM. The
1,9-dideoxy-BricPsk was ineffective st inhibiting 3i-forskolin binding. BrAcFsk and ClAcFsk
activated adenylate cyclase in platelet membranes with sn EC5q of sbout 10 uM. The binding of
jH-forskolin was determined in membrsnes from intact human platelets that had been preincubasted
with 10 uM BrAcPsk or ClAcPsk. The binding of 3H-forskolin to membranes from pretrested
platelets was reduced 95% after trestment with BrAcFsk and 60% after pretreatment with ClAcPFsk
while pretreatment with 1,9-dideoxy-BrAcFsk did not reduce 34-forskolin binding. The loss of
binding occured within 5 minutes for BrAcFsk and within 15 minutes for ClAcFsk and was due to &
decrease in the Bmax with no change in Kd. The irreversible loss of 3u-forskolin binding sites
produced by BrAcFsk could be prevented by the inclusion of 200 uM forskolin in the pretreatment
buffer. Tritiated BrAcFsk (3M-BrAcFsk) was synthesized in order to identify proteins alkylated.
Proteins labelled with 3H-BrAcFsk were separated on a molecular size column and identified by
SDS-PAGE and fluorography. The major proteins identified had molecular weights of 135,000 daltons
and 50,000 dsltons and comigrated with sdenylate cyclase activity. These results suggest that the
135,000 dalton protein may be the catalytic subunit of adenylste cyclase.

16 EFFECTS OF ATRIOPEPTIN Il AND CYCLIC GMP ON CA2* LEVELS AND CA®* 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 (ANP) produced time- and tration-dependent incr in rat aortic cGMP
content. Associated with the increase in cGMP was a decrease in tone and phosphorylase a content
which appeared to be secondary to the decrease in cytosolic Ca®*. Other effectors of cGMP in
aortic smooth muscle produced similar changes in Ca** and Ca?*-dependent pr . The mechanisms
by which cCMP lowered cell Ca?* in response to ANP 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 effects of cGMP-dependent protein kinase (cGPK) on Ca**ATPase from
cultured smooth muscle cells. Ca?*ATPase was stimulated up to #-fold by 0.02 uM cGPX and 2-fold by
calmodulin. The inclusion of both calmodulin and cGPK in the assay resulted in an additive
stimulation of Ca**ATPase activity suggesting that this enzyme may be regulated by a dual mechanism.
Stimulation of Ca**ATPase by cGPK was observed at all Ca?* concentrations (10~° to 10™* M), and
kinetic analysis revealed that cGPK increased the Vpay for ATP hydrolysis from 8 to 18.1 nmol Py
formed/min/mg while the Ky for ATP remained unchanged by cGPK. Cyclic AMP-dependent protein kinase
and protein kinase C were either ineffective or less efective than the cGPK in stimulating
Ca**ATPase. These results suggest a possible mechanism of action for cGMP in mediating ANP
relaxation through activation of a Ca**ATPase and subsequent Ca®* eflux from the cell. (Supported
by Grants from NSF and NIH.)
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presence of cosplex-type csrbohydrste chains. Total chesical deglycosylation shove
® core protein of Nr=32,000. The covalent occupation of the receptor with R-AHPIA
leads to & persistent activation, seen ss a persistent reduction of cANP levels of
isoleted adipocytes. The snalysis of this sctivation with e wodel of
pharsecological agonisa suggests the presence of spere receptora. Spere reoceptors
are aleo suggested <from e comparison of direct binding and response data,
indicsting that the occupation of S5X of the receptors leads to a 30X reduction of
CANP levels. These data suggest that the A, receptor is activeted according to the
ococupstion theory. A large aemount of spare receptors exists for the reduction of
CANP-levels in isolated adipocytes.
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5 17 CHARACTERIZATION OF STRUCTURE ARD ACTIVATION OF A, ADENOSIME RECEPTORS BY
} AGONIST PHOTOAFFINITY LABELLING. Nartin J. Lohse, Kerl-Norbert Klotx and Ulrich
i Schvsbe. Pharsekclogisches Institut der Universitit Heidelberg, FRG.

{ A, adenosine receptors vhich wsediste en inhibition of adenylate cyclase by
3 sdenceine have baen photoaffinity labelled vith R-2-szido-N*-p-hydroxyphenyliso-
¢ propyledenosine (R-AHPIA). The label identifies & Nr=335,000 protein es the binding
H subunit of the A, receptor. The electrophoretic sobility of this bend ia altered by
; trestuent vith neurasinidase but not wvwith other gl id ggesting the
&

A

8 SPECIFIC BINDING SITES FOR ATRIAL NATRIURETIC PEPTIDE IN HUMAN BRAIN,

Fiona Lysll, Tony J. Balmforth and James J. Morton.
MRC Blood Pressuyre Unit, Western Infirmary, Glasgow, G11 6NT, Scotland.

Specific binding sites for atrial natriuretic peptide have been identified in a membrane
preparation obtained from cultures of the human astrocytoma cell line G-CCM. Scatcherd 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 physiologicel receptor. HPLC showed that there was significant breakdown
of the radiolabelled ANP even at 0°C,

Neither angiotensin Il 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 1
(rat) > ANP fragment (1-11 rat).

Our preliminary deta also suggests that ANP 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 astroglla 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 AMP ARD CYCLIC GMP STIMULATION IN PRIMARY CULTURES OF CEREBELLAR GRANULE CELLS.
A. Novelli and R. C. Henneberry, 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 neurotransaitters.
Inositol phospholipid turnover, calcjum influx, and guanylate cyclase activation follow stimulation
by excitatory amino acids in these neurons. We now report that the calcium fonophore 423187
stimulated ¢cGMP synthesis in a calcium-dependent manner; furthermore, a 3;_{01(! geater responge was
seen when 1 =M MgCl, was also present. Other divalent catioms such as Mn , and catt
also sodulated cCMP synthesis, baut to varying degrees. Although glutamate and kainate stronmgly
stimulated cGMP production, they had a negligible effect on cAMP synthesis in cultures enriched for
neurons. Nowever, 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
additfon of kainate was due to kainate-induced release of adenosine, the adenosine anslogue
cyclohexyladenosine strongly stimulated cAMP synthesis in mixed cultures but had very little effect
in cultures enriched for neurons. Veratrine, which stimulates cGMP production as strongly as kainate,
d1d not elevate cAMP levels in these mixed cultures. These results suggest that (1) elevation of
cAMP levels in response to kainate in mixed cultures is due to the release from neurons of adenosine
which then acts at an receptor on astrocytes; and (2) the increase in cGMP levels is not
sufficient to promote the release of adenosine.




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

Alpha,-adrenergic regeptors (a,AR) inhibit adenylate cyclase and interact with l1igands in a manner
that s ;egulated by Na . Na sefisitivity of o - 1gand interactions is retained in digitoning
solubilized preparations of porcine brain: a. affinjty tor agonists s decreased 20-fold by Na
with an EC., of 3mM and a cation selectivity 6f Na >L1 >>K'; Na~ increases ..ZAR affinity for antago-
njsts two-?ﬂld with a similar potency and selectivity for monovalent cations. Interestingly, both
H™ and amiloride analogs also influencg a - 1igand interactions in an allosteric manner, raiging
the possibility that the effects of Na y relate to our observation that o can actifvate Na /H
exchange in the NG108-15 neuroblagtopa x glioma cell 1ine and that uZAR - prOvoked platelet secretion
occurs via a pathway involving Na /H exchange.

u@k purified to a specific gctivity of - 1400 pmol/mg protein using yohimbjne - agarose chromato-
grapfly retain the effects of Na on :zk - 1igand interactions. Similarly, Na effects are retained
after further purification to >6800 1 a, AR/mg protein using wheat germ agglutiniin agarose chroma-
tography (A homogegeous o preparation 1d contain ~ 16,000 pmoi/mg protein.) The djta suggest
that either the Na' regulltory site is on the o binding subunit or that a distinct Na regulatory
component is co-purifying with the a,AR. If th& latter interpretatfon s true, then the component
can be isolated and characterized by virtue of its co-purification with porcine brain nzAR.

2 HETEROGENEITY OF THE ALPHA) RECEPTOR ASSOCIATED WITH VASCULAR SMOOTH MUSCLE: EVIDENCE FROM
FUNCTIONAL AND LIGAND BINDING STUDIES. M. T. Piascik, N. W. Pedi K. A. King and M.
Babich, Department of Pharmacology, University of Keatuc [ nter, Lexington, Ken
ave examined the alpha) receptor associated with rabhif. 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 3 quadratic rather than a sigmoid 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 thag other agonists
was studied in receptor binding studies. In microsomes prepared from frozen acrta, [3H]prazosin bound
to a single class of sites (Kp=150.817.7 pM; Byy,=168239 fmol/mg, and this site exhibited the charac-
teristics of an alphay receptor. In microsomes prepared from frozen aorta, aorta shipped in serum on
jce (Pel-Freeze Biol.) or aorta from animals killed in our laboratory, metaraminol bound to two sites
or affinity states (estimates from fresh tissve: Ky~ 0.52 uM, KL ~ 25.7 uM; Ry ~ 24.1% R ~ 76%).
Similarly, norepinephrine bound to two classes of sites in the three microsomal preparations (Ky ~
0.02 M, Ki ~ 3.67 uM; Ry ~ 50.7%, Ry ~ 49.2%). 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 alpha) receptor. Furthermore, metaraminol and norepinephrine
fnteract with both classes of sites while epinephrine interacts with only one of these sites.

22 EFFECTS OF HORMONE-INDUCED DESENSITIZATION ON THE HYDRODYNAMIC PROPERTIES OF GONADOTROPIN
RECEPTORS FROM A MURINE LEYDIG TUMOR CELL LINE. R. Victor Rebois and Roy M. Bradley, Membrame
Biochemietry Seotion, Developmental & Metabolic Neurology Branch, NINCDS, NWIH, Betheeda MD 20892.
The hydrodynamic properttes of gonadotropin receptors (GR) from the murine Leydig tumor cell
line, MLTC-1, were studied. Sucrose density gradient sedimentation in Hy0 and D,0, and gel filtra-
tion chromatography were used to estimate the molecular weight of the detergent-solubilized hormone-
receptor complex. [!251]-human chorionic gonadotropin (hCG) was bound to MLTC-1 cells and the hC6-
receptor complex (hCG-GR) solubilized in Triton X-100. hC6 was bound under conditions that allow
(37°C) or prevent (0°C) hC6-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
i 210 kDa whereas the estimated molecular weight of “"desensitized” hCG-GR was 160 kDa. Deglycosylated
: hCG (DGNhCE) is an antagonist that binds with high affinfty to 6R, but fafls to stimulate adenylate
cyclase or cause desensitization. [1251]-DGhCG was bound to MLTC-1 cells at 37°C and DGhCG-GR solu-
¢ bilized in Triton X-100. 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 6R and solubilized with sodfum dodecy!-
sulfate (SDS) the estimated molecular weight was similar to that determined by SDS-polyacrylamide
gel electrophoresis, and only half that of the Triton X-100 solubilized "control® h(G-GR.




B CALMODULIN STIMULATED PARTICULATE GUANYLATE CYCLASE IN CRAYFISH.

W. Riediger and D. Sedlmeier; Universitdt Bonn, Institut FfirZoophysiologie, Endeni-
cher Allee 11-13, 5300 Bonn 1, FRG.

Guanylate cyclases (£.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 particulste guanylate
cyclase from crayfish hepatopancreas membranes was investigated with reapect to its

dependence on Csz* and calmodulin. The enzyme was almost completely blocked by EGTA
and full activity was regained by the addition of Caz". 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:"+ and calmodulin-dependent enzyme.

24 SEPARATION OF LYMPHOCYTE CYCLIC NUCLEOTIDE PHOSPHODIESTERASES BY ION EXCHANGE HIGH PRESSURE
LIQUID CHROMATOGRAPHY, Steven Robicsek, James B. Polson, J ph J. Krz ki, 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 Immunology, 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 (PDE) 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
Temove plstelets. After Dounce homogenization, 0.75 to 1.0 ml volumes of supernatant extract (from 1.5
to 2 X 10° cells) were injected into the HPLC system. Using a linear gradient of 0 to 1M RaCl over a
period of 1 hr and a 1 ml/min flow rate, cyclic GMP hydrolyzing activity eluted about 20 mins after
injection (corresponding to approximately 0.3M NaCl). Cyclic AMP hydrolyzing activity eluted in a
broad peak between 22 and 30 mins (0.38 to 0.48M NaCl). 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, J. Iamunol. 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
D) ~AGONISTS (e.g. SKF 38393-A) OR -ANTAGONISTS (e.g., SCH 23390). M. Schorderet, School of Pharmacy,
Lausanne and Department of Pharmacology, CMU, CH 1211 Geneva 4, Switzerland.

Homogenates of rabbit retina were used to study the effect of new dopamine D;~agonists and
-antagonists on the generation of cAMP in absence or presence of dopamine (DA) or of various agents
acting on the Ny regulatory protein and/or on the catalytic site of adenylate cyclase (NaF, GTP,
forakolin). SKF 38393-A was found to stimulate cAMP generation in a dose-dependent manner and to be
more potent than DA (EDgq = 0.1 uM compared to 1 uM for DA). Maximal effects were already obtained
at 1 uM. However, SKF 38393~A was less efficacious than DA (respectively 160 X and 210 X stimulation
over controle). The SKF-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 D;-receptors. On the other hand, the agonist
actions of DA or SKF 38393-A were inhibited by & new D)-receptor antagonist, SCH 23390, in a dose-
dependent manner. Other studies with various drugs (including new D,-receptors-agonists, e.g. LY
171555 or RU 24926, and classical D-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. SEVERNE!, A. IJZERMAN2, V. NERME3, T. ABRAHAMSSON3, H. TIMMERMANZ, G. VAUQUELIN!,

IInat. of Mol. Biol., Free Univ. of Brussels (VUB), 65 Paardenstraat, B-1640 St.-Genesius-Rode,
Belgium, 2Dept. of Pharmacochem., Free University, De Boelelaan 1083, 1081HV Amsterdam, Netherlands,
Ipept. of Pharmacol. and Biochem., Hissle Cardiovascular Res. Lab., $-3183 Milndal, Sweden

The 87-adrenergic receptors of bovine trapezius muscle membranes demonstrate tight agonist binding
resulting from the formation of R.R.Ns complexes. Preincubation of the membranes with (-)-iso-
proterenol (followed by washing) causes a time- and concentration-dependent decrease in the number of
(-)-(%)—dihydroalprenolol binding sites to a plateau value of 4!.5 X. This decrease is quasi-
irreversible under radioligand binding conditioms but is readily reversed in the presence of GTP.
The isoproterenol/(-)~(3H)-dihydroalprenclol 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 cowputerized 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-1 DOPAMINE RECEPTOR FROM RAT STRIATUM.

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.M NaCl. Pretreatment of the membranes with a D-1 specific agonist (SK § F R-38393), inclusion of
crede 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, (1251)SCH 23982,
bound to a single class of sites with a Ky of 1.8 nM and a Bg,, of 1.65 pmol/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-1 dopamine receptor.

28 CHARACTERIZATION OF s-ADRENERGIC RECEPTORS FROM ISOPROTERENOL-DESENSITIZED TURKEY
ERYTHROCYTES. J. M. Stadel, R. Rebar, S. T. Crooke. Smith K1fne and French Labs., Phila., Pa. 19101
Preincubation of turkey erythrocytes (TE) with 10-6M fsoproterenc) (1S0) resulted in a 50-60%

decrease in agonist stimulated adenylate cyclase activity. Desensitization was accompanied by 1)
reased mobi11ty of g-adrenergic receptor (BAR) proteins, specifically photoaffinity labeled with
1-p-azidobenzylcarazolol {IPABC), as determined by SDS-polyacrylamide gel electrophoresis

(SDS-PAGE) and 2} a 2-3 fold increase in phosphate incorporation into BAR {Stade) et al, PNAS,

80:3137, 1983). Limited-digestion peptide maps of IPABC-labeled BAR from control and desensitized TE

showed different sensftivitfes 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 5M urea was included
during SDS-PAGE. Using a Yow crosslinked polyacrylamide gel (Dreyfuss et al., Mol. Cell. Biol.,

4:415, 1984) the 42,000M, BAR protein was resolved into a doublet compared to the single 38,000M,

BAR protein of control. Appearance of the doublet was agonist dependent since fncubation of TE with

dibutyrylcAMP (5mM) did not promote formation of the doublet but decreassg agonist st!m‘laied
adenylate cyclase activity 40-50%. Exposure of TE for 20 hr at 37°C to 9<P4 labeis BAR. S<P-BAR
was Earth!‘ly purified by affinity chromatography over alprenolol-Sepharose. The 42,000M, protein
of 3 P-ng from 1S0-desensitized TE also revealed a doublet on SDS-PAGE. Limited-digest peptide
maps of JCP-BAR from 1SO-gesensitized TE using papain identified a unique peptide {2800M.) absent
in control. This unique J<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 ACTIVATION OF ALPHA ADRENOCEPTORS AND THE cGMP RESPONSE IN MDUSE HEART. Y. Williemoz, M. Verosky,
Dept. of Anesthesiology, Col. of Physicians & Surgeons, Columbia Unjv., New York, NY, 10032, U.S.A.
It was previously shown that stimulation of alpha adrenoceptors increases oQMP content in the heart. In an
attempt to characterize the alpha adrenocoeptor assoclated with this effect, mice were given i.p. alpha adren-
ergic agonists and antagonists with different alpha-2/alpha-1 activity ratioes and were sacrificed by microwave
radiation at an optimal time after treatment. Cyclic GF was measured in myocardial tissus by radioimsuno—
assay. Oxymetazoline (OX), St-91 [(2,6-diethylphenylamine)-2-imidazoline], phenylephrine (PE) and methoxsaine
(ME) increased myocardial cGMP content. Their dose-response curves were parallel (slope: 801 + 54, 858 & 78,
8T ¢ 53 for OX, St-91, PE, resp.) and the order of potency corresponded to their affinity for the alpha-2
adrenoceptor; the dose of agonist required to increase cGMP by 500 fmole/mg protein (ED, ") from a ocontrol
value of 169 ¢ 13 was 0.94 + 0.08, 1.19 £ 0.11, ¥.96 ¢ 0.07 and > 12 ymole/kg, resp. for d. St-91, PE and ME.
The alpha-2 adrenergic antagonists yohimbine and rauwolscine (5 and 0.2 mg/kg, resp.) inhibited the increase in
CGMP induced by equieffective doses of all fowr agonists by 50 to 608. In oontrast, the alpha-1 adrenergic
antagonists prazosin and corynanthine (1 and 2.5 mg/kg, resp.) inhibited the cG¥P response to PE and ME, phenyl-
ethylamine derivatives, but did not affect that to OX and St-91, imidazoline derivatives. Furthermore, the cOMP
response to St-91 was not altered by chemical sympathectamy; the slopes of the dose-response curves were 958
+ 78 and 924 ¢ 85 and the ED, _, were 1.19 £ 0.11 and 1.28 £ 0.11 \mole/kg in mice with intact adrenergic nerve
endings and treated with 6-hydroxydopamine, resp. The results suggest that the increase in myocardial cGMP
content induced by the imidazoline derivatives may be related to activation of alpha-2 adrenoceptors distal, at
least in part, to the adrenergic nerve endings while the response to the phenylethylamines may include both an
alpha~-1 and an alpha-2 mediated component, the latter determining the potency of the agonist.

30 EVIDENCE POR TWO DIFFERENT STIMULATORY ADENYLATE CYCLASE COUPLING MECHANISMS IN RAT
RENAL PAPILLA.
Elizabeth A. Woodcock. Monash University Department of Medicine, and Medical Research Centre, Prince
Henry's Hospital, St. Kilda Road, Melbourne. 3004. Australia.

Adenylate cyclase (AC) activity in renal papillary membranes was stimulated by both vasopressin
{VP) and the adenosine agonist 5'-K-ethylcarboxamidoadenosine (NECA). The two stimulations
interacted differently with other AC-stimulatory factors. Treatment of papillary tubules with
cholera toxin increased AC activity from 4.5 $ 1.5 to 110t 9.1 (SE, n=5) pmol/min/mg protein.
Maximally effective concentrations of VP increased activity in control preparations to 10.3 ¢ 2.8 (an
increase of 5.8 % 1.3) and in cholera toxin treated preparations to 138.9 t 14.5 (an increase of 28.9
t 5.4, n=5; p<.01). Pertussis toxin increased activity to 9.1 t 3.0. The response to VP was
enhanced to 12.6 1 3.9 (n=5; p<.01 relative to control tubules). Addition of the two toxins together
produced a greater than additive stimulation of AC to 145 % 36. Maximum increase in activity caused
by VP was 48 % 13 (n=5; p<.01). 1In contrast AC stimulation by NECA was additive with stimulations by
the two toxins, separately and in coabination. The NECA 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 g-subunits
of MW's 46,600 % 450 (SE, n=6) and 41,500 % 480 (SR, n=6) as identified on SDS-polyacrylamide gel
electrophoresis following cholera toxin labeling.

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

3 CHARACTERIZATION OF THE GLUTAMATE~INDUCED STIMULATION OF PHOSPHOINOSITIDE
METABOLISM IN HIPPOCAMPAL SLICES OF THE ADULT RAT

P.A. Baumann and P.C. Waldmeier, Research Department, Pharmaceuticals Division,

CIBA-GEIGY Ltd., CH-~4082 Basle, Switzerland

In hippocampal slices o£3 the adult male rat glutamate (glu) dose-dependently
increased the formation of “H~inositol-l-~phosphate (3 to S fold at 5 mM). This effect
appeared to be specific, since it was still present when a,~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 Pl~-turnover is of the quisqualate
type. Of the selective exitatory amino acid agonists quisqualate and AMPA (a-amino-3-~
hydroxy-5-methylisoxazole~4~propionic acid) were most effective (quisqualate beeing
approx. equipotent with glu). The effects of NMDA and kainate were weaker. Ibotenate
also proved to very potently induce Pl-turnover (7-~fold at 1 mM). The effect of
carbachol was additive to those of noradrenaline and histamine suggesting that the
involved receptors do not belong to the same PI-metabolic unit, On the other hand,
glu~induced Pl~turnover was not additive to that induced by carbachol, noradrenaline
and histamine. Therefore, the glu receptors may occur linked to common Pl~metabolic
units in combination with other receptor types.
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32 B~-ADRENERGIC RECEPTOR KINASE: ROLE IN MEDIATING HORMONE INDUCKL DESENSITIZATION.
J.L. Benovic, ¥. Mayor, Jr., R.H, Strasser, C. Staniszewski, K.L. Somers, M.G. Caron and

R.J. Lefkowitz. Uuke Univ. Med. Ctr., Durham, NC and NIH, Bethesda, MD

The actions of many hormones and drugs which act through the adenylate cyclase system, as well as
many other systems, are ultimately blunted by desensitization. Agonist~specific or homologous desen~
sitization has been extensively characterized using the B-adrenergic receptor-coupled adenylate
cyclase system. Homologous desensitization is cAMP-independent and intimately associated with phos-
phorylation ot the B~receptor. We have identified a novel protein kinase, termed the s-adrenergic
receptor kinage (BABK), which specifically phosphorylates only the sgonist-occupied form of the
receptor. B-agonists induce an ~ 10 fold increase in f-receptor phosphorylation which can be
completely blocked by B-antagonists. Moreover, partial agonists sppear to induce only s submaximal
increase in receptor phosphorylation. Receptor phosphorylated by GARK has a greatly diminished
ability (v 80X) to interact with N_ suggesting that phosphorylation can directly uncouple receptor snd
N_. BARK has been purified to ho-S;eneity from bovine cerebral cortex via sequential chromatography
of gel permeation, ion exchange and hydroxylapatite columne and appears to consist of s single poly-
peptide chain of M_ ~ 80,000, BARK does not phosphorylate general kinase substrates such as casein
snd histones; howeVer, rhodopsin, the retinal receptor for light, serves as a good substrate for BARK
in & light (agonist) dependent fashion. Furthermore, rhodopsin kinsse, which is involived in
regulating c¢GMP phosphodiesterase activation by rhodopsin in the visual transduction system, can
phosphorylate the B-receptor in a totally sgonist dependent fashion. Thus the mechanisms wnich
regulate these disparate signaling systems appear to be quite similar.

13 PROTEIN KINASE A AND C CATALYZE PHOSPHORYLATION OF 62- and u‘—ADRERGIc RECEPTORS,
M. Bouvier, L.M.F. Leeb-Lundberg, J.L. Benovic, M.G. Caron and R.J. Lefkowite,

Duke University Hedical Center, Durhas, NC

Phosphorylation of the 8,-adrenergic receptor (82-Al) and of the o,-adrenergic receptor (a.-AR) is
associated with dcumttiulinn of their respective transmission Plth}lyt. This study was th*refore
undertaken to explore and document the ability of protein kinase A (PKA) and C (PKC) to directly
phosphorylate the purified B,~ and a,-AR. Both the catalytic subunit of PKA and the PKC, purified
from bovine heart and pig thin rup*ctivcly. were able to phosphorylate the affinity purified hamster
lung 8,-AR (1 mol and 0.4 mol phosphate/mol receptor respectively). The addition of a 8,-AR agonist,
hoprolcrcnol (20 uM), to the phosphorylation mixture increased the rate but not the extént of phos-
phorylation of the 8.-AR by PKA but not by PKC. Phosphopeptide separation, by reverse phase HPLC, of
the trypsinized recc%tor previously phosphorylated by either kinase revealed identical peptide map
profiles suggesting similar sites of phosphorylation for the two kinases. The a -AR purified from
DDT, smooth muscle cells could also be phosphorylated by the two kinsses (3 mol PO, /mol PKC, 1 mol
PO ’nl PXA). 1In contrast with the 8_-AR the addition of an oy agonist, nonpinepﬁrine (100 uM),
increased the rate but not the extent of phosphorylation of the a,-AR by the PRC only. The phospho-
peptide map ot the trypsinized a,-AR phosphorylated by PKC drultitl..lly differed from the map obtained
for the receptor phosphorylated *y PKA. Therefore the B,-AR and the o,-AR are both substrates for PKA
and PKC. However, agonist occupancy of the receptors fl%iliutes thei% phosphorylation only by the
protein kinsse coupled to their own transemission pathway. "Feedback" and "cross systea" phosphory-
lation may represent distinct and differently regulated mechanisms of receptor modulation.

34 ADENYLATE CYCLASE OF PERMEABILI2ED REFRACTORY C6-28 CELLS REVEAL DIFFERENCES IN WETEROLOGOUS
DESENSITIZATION INOUCED BY ISOPROTERENOL OR DIBUTYRYL CYCLIC AMP.
Brooker, Department of Biochemistry, Georgetown University Medical Center, Weshington, D.C. 20007.

The adenylate cyclese of permesbilized cells is stimulated wore then 100 fold by isoproterenol (150) or forskolin
and responds in a menner snelogous to whole cells (J.Cyc.Mucleo.Protein Phos.Res., 11,113-122,1986). C€6-28 cells
were grown in 15mm plastic cell culture wells and cyclic AMP determined in whole cells or adenylate cyclase
activity determined after incubation of permeabilized cells with 10 Wt 1SO, 0.1 oM ATP and 1 WM GTP. In intsct
cells preincubeted with 10 UM 1S0 or 1mM dibutyryl cyclic AMP for & hrs, the 30 min IS0 rechallenge response in
whole cells wes 1.5% and 12X of the control response respectively. The cyclase activity from cells preincubated
with IS0 was 24X of control. In contrast, permeabilized cell cyclese from cells mede refractory by dibutyryl
cyclic AP was 94X of control activity and thus permeabilized adenytate cyclase wss not refractory. The subsequent
1S0 rechallenge resporse fn whole cells was greater if the protein synthesis inhibitor, cycloheximide (CH) (5
ug/mt) wes included during the induction of refractoriness with 150 (12X of the control response vs 1.5% without
CN) or dibutyryl cyclic AW (85X of the control response vs 12X without CH). While Cit did not totally prevent }SO
induced refractoriness, the subsequent 1SO response wes increased 8 fold by CH. CN almost completely prevented
dibutyryl cyclic AW induced refractoriness in whole cells. The protective effect of CH on ISC induced
refractoriness was evident in permesdbilized cyclesse sssays from f{soproternol and €N treated cells (24X of the
control response va 12% without CH). These experiments demonstrate that 150 induced refractoriness causes # protein

ynthesis dep stable change in hormone stimulated adenylate cyclase associated with the cell membrane. In
contrast, dibutyryl cyclic AW induced refractoriness to 1SO is almost totslly dependent upon protein synthesis and
the refractoriness is lost upon permeabilization of the cells, suggesting that the refractoriness induced by
dibutyryl cyclic AW s mediated by factors which are locsely sssocisted with the cell membrane and are lost during
permasbilization of the cells. Supported by NIN Grant 28940,
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3 B lysphooyte antigen receptors (mig) BSF1 receptors and Ia tranduce signals by distineot
but interactive second msssenger cescades. J.C. Cambier, K.M. Newell, L.B. Justement, Z.Z. Chen,
M.J. Kleamz, J.T. Ransom and L.K. Harris. Division of Immunology, National Jewish Center for
Immunology, Denver, CO 80206

Quiesclent B lysphooytes stimulated with antigen or surrogate anti-immunoglobulin (Ig)
antibodies, or B cell stimulatory factor 1 (BSF1) undergo a rapld increase in expression of genes
encoding c-fos, c-myc, and MHC class II wmolecules. Ligands which bind type II major
histocompatibility antigens (Ia) antagonize signaling via both mlg and BSF1 receptors and also
block lipopolysacchoride induced B cell mitogenesis. We report findings which indicate that B ce}}
antigen receptors (mIg) transduce signals via activation of polyphosphoinositide hydrolysis, Ca
mobilization, protein kinase C translocation to the plassa membrane, and membrane depolarization.
BSF1 receptor utilize a cascade involving phosphorylation of a 44,000 Da membrane protein, possibly
the BSF1 receptor, but none of the above mentioned PIP2 hydrolysis attendant events. Ia molecules
appear to transduce signals utilizing a 8 adrenergic-type mechanisms involving activation of
adenylate cyclass, elevation of cellular CAMP levels and translocation of protein kinase C to the
nuclear fraction. The biologic effects (including PKC translocation) of mIa ligation are mimicked
by elevation CAMP using db~CAMP, 8br-CAMP, forskolln, PGEZ and Cholera toxin, Results suggest a
novel wmechanism by which al, and 8 adrenergic signal transduction cascades may interact
antagonistically, which involves competition for the cellular pool of proteln kinase C. Research
supported by PHS grants Al 20519 and AL 21768.

36 RELATIONSHIP OF OPIATE RECEPTOR BINDING SITES AMD OPIATE-INHIBITED ADENYLATE CYCLASE IN
BRAIN MEMBRANES. S.R. Childers, P. Nijssen and J. Harris, Dept. of Pharwmacology, Univ.
of Florida College of Med., GaTnesville, FL 32610.

Adenylate cyclase appears to be coupled to delta opfate receptors in NG108-15 cells, but the phar-
llcolo?ica'l nature of the adenylate cyclase-1inked opiate receptor in mammalian brain has yet to be
established. To determine the relationship between high affinity oplate receptor binding sites and
adenylate cyclase in brain, we assayed mesmbranes after treatment with cg&l;ts that block high affinity
oplate a?onfst Mndwﬂ. chubs:'on of uﬂng‘e's with phospholipase A ( ng/m1) inhibited 93-100%
of the binding of [H)-DAGD, [?H]-DSTLE and [IH]-EKC to mu, delta, and kappa sites, respectively.
However, adenylate cyclase in treated membranes was stil) inhibited by D-Ala enk; moreover, the D-Ala
enk inhibition curve was not affected by phospholipase treatment. To obtain more specific receptor
blockade, membranes were incubated with irreversible opiates, then washed to remove reversibly-acting
dru?s; control membranes contained equal concentrations of naloxone to control for washing. Incu-
bation with the frreversible antagonists naloxone azine and beta-FNA, and the {irreversible agonist
p-nftro-phenyl-oxymorphone, did not affect adenylate cyclase inhibition curves, but blocked high
affinity receptor binding by 75-100%. Imcubation with beta-CNA (10 M), which blocked binding by
95-100%, shifted the adenylate cyclase dose response curve for D-Ala-enk by approximately 10-fold.
These results indicate an tfrreversible loss in adenylate cyclase-linked receptors by beta-CNA, but
not by other irreversible opiates, and suggest that opiate receptors linked to !del\yhte cyclase in
brain do not correspond to any of the sites labeled with nM concentrations of [SH]-agonists.

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

37 PHOSPHORYLATION OF THE 8-ADRENERGIC RECEPTOR IN LYMPROMA 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.0. Box 20334,
Houston, Texas, 77225, USA.

Treatment of $S49 WT lymphoma cells with phorbol 12-myristate, l3-acetate (PMA) caused a 3-5 fold
increase in the K,.. for epinephrine (epi) stimulation of adenylate cyclase (AC) with no change in
B-adrenergic receptor (8R) levels or any evidence of internalization. It also resulted in a 60-80%
loss of GppNHp inhibition of AC. The increased Kyc¢, which resulted in considerable inhibition of
epi stimulation of AC, closely resembled the increased Kgcr induced by epl treatment of cells. Low
free Mg+ (<1.0 mM) vas required to observe these inhibitory effects of PMA reflecting about a 6-fold
increase in the K, . for Mg** stimulation of AC. To test the hypothesis that the PMA~induced inhibi-
tion of epi stimulation of AC involved protein kinase C (PXC)-mediated phosphorylation of the B8R,
cyc” cells were labeled with [321’]1’0 and then treated with either 0.5 uM PMA or 1.0 uM epi for S
min. Incorporation of the 32P into the 8R was determined following purification of the BR by alpren-
olol affinity chromatography, SDS-PAGE and autoradiography. The mobility of the purified BR on SDS~
PAGE vas identified by photolabeling with [1251]) fodoazidobenzylpindolol (IABP). The M, of control
and PMA-treated SR was 65 kDal. PMA caused a significant increase in the phosphorylation of the BR
which e ded that induced by epi by about 2-fold. There was no significant phosphorylation of
the BR in untreated cells; thus, the PMA-induced phosphorylation could not be expressed as a fold
increase over control. Our results suggested that PMA activation of PKC could result in phosphory-
lation and desensitization of the BR. However, analysis of the functions of the purified receptor
following intact cell phosphorylation will be necessary before any firm conclusions can be drawn.
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38 ROLE OF PERTUSSIS TOXIN (PT) SENSITIVE GTP BINDING PROTEINS IS THR REGULATION OF FRTL-S
RAT THYNOID CELLS. Dsniels GCorda and Leonard D. Xohn, LBM, WIDDK, WIH, Bethesds, NMD. 20892
PT-sensitive GTP binding proteins regulate cAMP dependent and independent mechsnisms leading to
the iodination of thyroglobulin and the formation of thyroid hormones. The inhibitory regulatory
protein of the sdenylste cyclase, Wy, is present in FRTL-S cells, as shown by PT induced ADP
ribosylation of a AOK protein identified as oy of N;. Pretreatment of FRTL-5 cells with TSH
(1 h) as well as PT (18 h) causes the disappesrance of ay. This can be demonstcated by the
loss of 40K substrate available for PT induced ADP ribosylation in the sembrane preparstions. PT
and TSH individually stimulate cAMP sccumulation in FRTL-5 cells; however when PT is added to TSH
stimulated cells, a small decrease of the cAMP level is observed. In contrast the PT sand TSH
effects are additive to forskolin and cholers toxin stimulation of adenylate cyclsss. Coordinate
TSH modulation of PT induced ADP ribosylation snd cAMP accumulation, suggests & role for ¥y in the
TSH stimulstion of adenylate cyclase sctivity. Both TSH and a; adrenergic sgents utilize the
IPy-Ca**-arachidonic acid signal system to regulate iodide efflux in cells chronically exposed
to TSH; these cells have a desensitized adenylate cyclase response to TSH but maximal iodide uptake.
Pretreatment of FRTL-5 cells with 10-10 M PT for 4 h inhibits the increase in iodide efflux induced
by norepinophrine (¥E). Under these conditions there iz no effect of PT on NE induced increase in
IPy or cytosolic Ca** but there is complete inhibition of arachidonic acid relesse. There is no
effoct of PT on the ability of TSH to increase sny of these activities. Therefore, although both
TSH and WE use the IPy-Ca**.arachidonic acid signal system, the coupling of ay sdrenergic,
but not TSH receptor to phospholipase A; is mediated by a PT sensitive GTP binding protein.

DIPHTHERIA TOXIN AND CYCLOHEXIMIDE PREVENT CATECHOLAMINE DESENSITIZATION OF A43Y CELLS.

Mariadele QDeBernardi and Gary Brooker, Depsrtment of Biochemistry, Georgetown University Wedical Center,
Washington, D.C. 20007,

Our laboratory has previcusly shown in C4-28 rat sstrocytoms cells that inhibitors of RMA and protein synthesis cen
reduce or prevent catecholamine refractoriness. Thus our working hypothesis is that induction of protein
synthesis, after stimulation of cyctic AMP sccumutation in C6-28 cells, produces an inhibitory protein which
inhibits subsequent catecholamine stimulstion of sdenylate cyclase. Monolayer cultures of AL31 cells, s humen
epidermoid carcinoms cell line, responded to 10 ut {soproterenol (1S0), increasing intracellular cyclic AW up to
1000 fold above basal after 30 minutes depending upon passage rumber. Basasl values renged from 9-35 pmol/mg
protein.  After 4 hours of IS0 pretreatment the cells became desensitized to subsequent 150 tr .
Cycloheximide co-incubation with IS0 during this first & hour incubstion prevented the decline in cyclic AW, and
erhanced, more than seven fold, the accumulation of cyclic AMP sfter a subsequent 30 minute rechallenge with 1SO.
Diphtheria toxin, which inhibits protein synthesis by ADP-ribosylation of elongation factor Il was found to prevent
catecholamine refractoriness in A431 cells. A431 cells were intoxicated with 1 ng/ml of the toxin for 24 hours.
Protein synthesis was inhibited more than 83X however the cells were still viable since they excluded the vital
stain, trypsn blue. These toxin trested cells still responded well to ISO yielding 9108 pmol/mg protein in 30
minutes compared to control cells which produced 11,292. After & hours of 1SO trestment, in control cells cyclic
AMP had declined to 2158, and strikingly, in diphtheria toxin treated cells, cyclic AMP was 6286 thus demonstrating
the protective effect of diphtheris toxin upon catecholamine desensitization. Supported by MIN Grant No. 28940

40 DIFFERENTIAL COUPLING OF MJSCARINIC RECEPTORS TO HYDROLYSIS OF PHOSPROINOSITIDES IN
GUINEA~PIG CORTEX AND PAROTID GLAND, !Bk B, ZKeen M, Nahorski S. lDept of Pharmacol and
Biochem, AB Hissle, S-43! 83 MBlindal, Sweden. 2pept of Pharmacol and Med Ther, Univ of Leicester, UK.

Muscarinic receptor activation induces a rapid hydrolysis of phosphoinositides in several tissues
and sllows examination of the relationship between agonist receptor occupancy and phosphoinositide
responge. In the present experiments, guinea-pig parotid gland and cerebral cortex were labeled with
3-H-myoinositol or 3-H-N-methylscopolamine and stimulated with the full agonist carbachol and the
partial agonist oxotremorine in the presence of 5wM of Li*.

Carbachol showed a 10-fold lower ECgg-value (3.7uM) and oxotremorine s 3-fold higher iatrinsic
activity (40X) in the parotid gland than in the cortex, suggesting possible differences in receptor
coupling to the phosphoinositide response in the two tissues. This possibility was examined by
incudbating parotid gland and cerebral cortex slices with the alkylating agent benzylcholine mustard,
0.1uM, in order to inactivate muscarinic receptors. Reduction in specific muscarinic 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 suppression of the maximal response. In ceredral cortex, however, only
a decrease in the maximal response vas 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 GTP (100uM), corresponds well with the estimated
agonist poteacy regarding hydrolysis of phosphoinositides in the benzylcholine treated slices.

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




4 P,~PURINERGIC RECEPTORS MEDIATE INOSITOL PHOSPHATE AND PROSTACYCLIN
RMATION IN BOVINE ADRERAL MEDULLARY ENDOTHELIAL CELLS. &, Porsbexg. G.
Peuerstein, E. Shohami and H. Pollard, LCBG, NIDDK, NIH, Bethesda, MD 20892.

Adrenal medullary endothelial cells are closely juxtaposed to adrenal chromaffin
cells but the nature of their interaction is for the most part unkmown. Since high
concentrations of products released from chromaffin cells certainly bathe the
endothelial cells, we reasoned that these products may affect endothelial cell
metabolism. We have found that one component secreted from chromaffin cells, ATP,
stimulates inositol phospholipid metaboliss and prostacyclin formation in cultured
adrenal medullary endothelial cells. Within 15 sec after the addition of 1 =M ATP,
inositol trisphosphate (IP3) and inositol bisphosphate (IP3) levels peak at greater
than twice control levels.  Balf maximal stimulation occurs” at about 30 uM ATP if IP
and IP, are measured at 15 sec. ADP is almost as potent and efficacious as ATP bua
AMP and adenosine have no effect. Other nucleotides such as GTP, CTP, TTP and UTP
are less effective in stimulating inositol phoephate production. ATP also more than
doubles prostacyclin formation with half-maximal effects occurring at about 20 uM
ATP. The nucleotide specificity for prostacyclin formation is similar to that for
inositol phosphate production. We hypothesize that ATP released from chromaffin
cells interacts with P,-purinergic receptors on endothelial cells and stimulates the
formation of prostacyclin xia the generation of the second messenger IP; and the
subsequent increase in [Ca*");,. Prostacyclin-induced vasodilation of the adrenal
medulla may enhance the distrib&'uon of chromaffin cell products to target organs.

42 GTP-INDEPENDBNT STIMULATION OF RABBIT HEART ADENYLATE CYCLASE BY ISOPROTERENOL
S.E. Hording ond P. Harris, The Cordiothoracic Institute, 2 B t Street, London, WIN 20X, U.K.

Isoproterancl stimulates adenylate cyclase activity of rabbit heart sarcolemmal preparations by the same proportion
(x2) whether or not GTP is added to the amay medium. This GTP-independent stimulation by isoproterencl requires
the presence of physiological concentrations of ATP in the omoy medium. Lowering ATP from 5 to 0.5mM almost
completely abolished stimulotion by 0. 1mM isoproterenol, while basal cyclase activity was unaffected. Reduction of
ATP concentrotion from 5 to 0.5mM decreased activation by 10 M GppNHp from x15 to x9 but had no effect on
stimulation by 200mM KCi (x5). GTP-independent stimulation by isoproterenol was similar with ATP from equine
muscle (Sigma), ATP gynthesised from adenosine (Sigma), special quality ATP(BCL) or commercial ATP further purified
in our laboratory. ATP does not therefore appeor to be a source of contaminating GTP, No ATP regenerating system
waos present in the experiments because of possible GTP ination of the reog From experiments where 3H-
GTP was added fo the initial rabbit heort homogenate, it was estimated that the sarcolemmal preporation would
contributeabout 0. 1nM free GTP to the final assoy medium. Greoter than 10nM added GTP was necessary to mimmick
the effect on isoproterencl stimulation of raising ATPfrom 0.5 to 5mM. The concentration of GDP in cardiac tissue is
lower than that of GTP, and GDP is sasily removed from cordiac sorcolemma by washing. it is therefore unlikely that
transphosphorylatinn of GDP to GTP by ATP and nucleoside diphosphate kinase could produce sufficient GTP to
account for the effects observed. GTP displaced GppiNHp when the two were added to the sarcol emmal preparation
simultaneously. ATP did not displace GppNHp under the same conditions. We conclude that the effect of ATP on
isoprotereno! stimulation may be mediated by o site separate from that at which GTP acts.

43 RAT PAROTID ADENYLATE CYCLASE CATALYST ACTMITY DESENSITRZATION IS COUNTERACTED 8Y FORSKOLIN.
Jefirey F. Hurper, Depts imtemal Medicine and Pharmscology, University of Texas Medical School, Houston, TX 77225.
Desensilized adenyiste cyciase (AC) reflects intact cell desensitization to isoproterencl (INE), both in its development end its
counteraction by 1 LM but not 0.1 LIM forskolin, Only 5327% (n=12) of control activity to stimulation by INE is retained in tissue
desensitized by INE prior to membrane preparstion (p<0.01). 7315% of normal response (p<.025) is retained in desensitized tissue to
stimulation by 100 1M forskolin plus 30 mM MnCly. Forskolin therefore doesnt counteract d Rization in broken cells. Forskoli
does counteract de Rization development when included with isoproterencl during initial intact cell incubation with the agonist.
Membranes prepared afier tissue incubetion in which 1 LiM forskolin is included with INE during the desensitizing incubation contain
wmm(mm.mh‘mmmmmmp.mumwhcm.onunmm.dmmt
counteract subsequent AC desensitization (p>0.1 vs. control and p<0.05 difflerent from effect of 1 LM forskolin), in agresment with
intact celf cyclic AMP accumulation studies (Harper, JCNPPR 9,401-414, 1984). AC desensitization is maintained in solbilized
preparations. Parolid slices were desensitized to INE, then membranes tresled with CHAPS. The solublized AC retained its
desensitization to 100 LM forskolin stimutation during this process, showing reduction to 81£8% of control (p<.025, n=18). These dats

produces concomitant secretion desensitization. C-Amylase secretion was measured continually on-ine to determine secretion rate.
With continual stimulation by 2.4 nM INE the secretion rate peaks, then declines 30 that within 60 min basal secretion rate prevails
despite continued INE stimulation. Forskofin counteracts this ion Rization ially i distely, ring s abillty to
do 8o for cyclic AMP desensitization. Other experiments show that secretion stimulated inkially by forskolin plus INE is maintained
significantly longer (140 £ 20 min decline time to half of the peak, n=3) than with INE alone (17 £ 2 min, n=4). Forskolin thus also
delays secretion desensitization to INE. There is a Close correlation between cyciic AMP and secretion desensitization not only during
development but also with forskolin's ability to ok itization. Supported by grants from NiH and CFF.
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44 MECHANISM OF EMNHANCED ISOPROTERENOL-STIMULATED CAMP ACCUMULATION IN ADIPOCYTES EXPOSED
CHRONICALLY TO AN INHIBITORY A, RECEPTOR AGONIST. BB Hoffwan, JM Thomas, H Chang and GM Reaven.
Stanford University and VA Medical Center, Palo Alto, CA.

Adipocytes contain A, receptors which inhibit 1ipolysis by suppressing intrascellular cAMP
scoumulation. We have found that rata become tolerant to the antilipolytic effects of the A,
agonist phenylisopropyladenosine (PIA) during 6 days of continuous infusion, Tolerance in
sdipocytes isolated from PIA-infused rats 1s likely explained by the 10 fold greater
isoproterenol-stimulated cAMP acousulation in these cells than in controla (J. Clin. Invest, in
preas). The present studies examine the mechanisam for the enhanced steady-state cAMP gccu-ulauon
in response to isoproterencl. Isoproterenol-stimulated oANP production rate (pmol/10° cells/min)
was increased in cells from PIA-infused rats: 291+¢13 vs 77416 in controls, Ilsoproterencl-
stimulated adenylate cyclase activity was increased 2 fold in wmembranes from treated cgells. Also,
the cAMP degredation rate was decpeased in cells from PIA-infused rats (0.18 +.03 min ~') compared
with controls (0.3% ¢ .03 min ~'). The ability of PIA, PGE, and nicotinic acid to suppress
isoproterenol-stimulated cAMP accumulation was examined. While these agonists each inhidbited cAMP
scoumulation >95% in both groups, ECc,'s were increased 100 fold (PIA), 10 fold (PGE,) and 3 fold
(nicotinic acid) in cells from PIA-inTused rats. These results indicate that prolonged exposure of
adipocytes to PIA leads to greater isoproterenol-stimulated cANP accumulation due to enhanced
production and decreased metaboliss of cAMP. Also, these cells are heterologously desensitized to
receptor-sediated cAMF inhidition but the largest change occured at A, receptora. Some of the
results have anslodgies to adaptations to narcotics that occur in nerve cells,

—

s MODULATION OF ADENYLATE CYCLASE ACTIVITY IN NCB-20 CELLS BY THE PROTEIN KINASE C
ACTIVATOR, PHORBAL-12-MYRISTATE-13-ACETATE. Elizabeth B. Hcllingsworth and John W. Daly,
Laboratory of Biloorganic Chemistry, NIH, Bethesda, MD, 20892

The activation of protein kinase C through the addition of phorbal esters, such as phorbal-12-
myristate-13-acetate (PMA) 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 PMA occurs within 5 minutes and is still apparent at 45 minutes. This occurs in a
co ration dependent with an EC50 for PMA of 3 x 10-8M. Accumulations of cyclic AMP that
are elicfited by prostaglandin E,, vasoactive intestinal peptide or 2-chloroadenosine are decreased
in the presence of PMA. Relpon‘e- to a prostaglandin-forskolin combination are also reduced

by PMA. But accumulations of cyclic AMP that are elicited by forskolin in the absence of a receptor
agonist are unaffected by the presence of PMA for the first 10 minutes. After 10 minutes the
accumulation of cyclic AMP elicited by forskolin alone decreases steadily to a value about 50%

of the maximal level attained at about 5 minutes. PMA completely prevents the decline in the
forskolin response. Inhibition of cyclic AMP generation by dopamine is not diminished by PMA
suggesting the receptor-input through the inhibitory (N{) guanylnucleotide binding protein

is still functional after PMA treatment. The inhibition of receptor-mediated responses by PMA may
:::r;::::bz‘?rotein kinase C-mediated enh of d itization, although other mechanisms

46 ALPHA2~ADRENERGIC RECEPTORS ACTIVATE Nat/it+ EXCHANGE IN NEUROBIASTOMA X GLICMA CELLS.
Lori L. Isom and Lee E. Limbird, Vanderbilt University, Nashville, Ternessee.
f;ea még;\k)mmofa( tion of rei:mmlbﬂmdwh?;biu:l
o through a protein . Y many systams, physiologi
effects elicitédty o cannot in cAMP, ing the existence of

that E the :n\ latelet ac::;ahe M:t.idylimsitol-hydml A2 vi
a on a phospholipase via a
invol Na Y, order ultimately, h&

hybrid cells us: tive probe 2,7-biscarboyethyl-5 (6)-carboxyfl .
intracellular pH (pHi) of NG108-15 cells in HOD3-free medium is reduced lication
of acetate, the recovery of pHj to its resting value is blocked by the removal of extracellular Nat,
bymaﬂitimofmuuln'u*mdbymmm . The recovery of pHj exhibits an
ionic selectivity of Na* > Li* > K*, with no recovery cbserved in 1: lucamine . data
indicate that the regulation of pHj in NG108-15 cells under these exper: conditions is due
primarily to the functioning of a Nat/H* antiporter.

m+/n¥m1ntmos-

15 cells is acoeslerated a2AR. Thus, (l)-epinephrine, but not
(d) ~epinephrine, elicits an intracellular Muamzatubwwmmmmuum
or 1. The a2AR agonists norepinephrine, clonidine and UX-14304 also cause alkalinization of
NG 5 cells, whereas i mmlmmmm.mﬂm the effect of a2AR
agnists to ze the ior of NGL cells is blocked by the manipulations zed above
to block Nat exchange. These data indicate that o in NG108-15 cells activate Nat, exchange ,
and further suggest that the acceleration of Na*/H' may be a mechaniam cawron to o2AR in
many cellular systems.
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47 PHOSPHATIDYLINOSITOL HYDROLYSIS IN PERMEABILIZED EMBRYONIC CHICK HEART CELLS. Lipda G.
Jones and Joan Heller Brown. Department of Medicine, U.C. San Diego, La Jolla, CA 92093

We have shown that stimulatfon 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 cod%les receptor stimulation to Pl hydrolysis 1in the
chick heart cell, we developed a saponin-permeabilized cel) preparation. The extent of permeabilfza-
tion was assessed by trypan blue exclusion and the release of lactate dehydrogenase. In the permea-
bilized cell preparation GTP§S alone was found to increase the accumulation of IP, IP, and IP.,
suggesting that a polyphosphatidylinositol phospholipase C was activated. This effect was ;ound to Be
specific for guanine nucleotides, as Gpp(NHYp and GTP were also effective while App(NH)p was not. The
response to GTPES occurred in a dose-dependent fashion with half-maximal stimulation obtained at 1 uM
GTP¥S. GTPSS 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 GTS, in the permeabilized cell preparation. Muscarinic receptor binding studies
demonstrated the same number of receptgrs on permeabilized as on intact cells. In addition, carbachol
was found to effectively compete for [ HINMS 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 PI
response to hormone may reflect an uncoupling of receptor stimulation to PI hydrolysis due to the
saponin treatment. That GTPES 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 Hosey. Dept. of Biol. 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 phosphorylation. 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 peptide3!hich migrated on NaDodSO4 gels
with an apparent M_ of 79,000. When receptors were purified from ““P-bathed hearts, a single major
phosphopeptide eluted from the affinity column and comigrated on NaDodSO, 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.G. Laychock, Department of
Pharmacology and Toxicology, Medical College of Virginia, Richmond, Virgiaia i§%§§.

Dynaaic chanﬁfs in GLU in isolated islets were determined by quantitation of the formation of
3420 from D-[5-3H]zlucose. The addition of 8-bromo (Br)-cGMP (0.02~2 mM) or monobutyryl-cGMP to
the islets during a linear phase of glucose utilization resulted in concentration- and time-depen-
dent fncreases in GLU. The effects of Br-GMP occurred within 5 min with 10 mM glucose. Stimulatory
effects of Br-cGYP were observed in the presence of cycloheximide. Analogues of cAMP, cIMP, or
5'-GMP did not mimic the effects of Br-cGMP. Insulin release from islets incubated in the absence
of glucose was not changed by addition of Br-coMP (2 mM), however, glucose (10 amM)-stimulated
insulin release was potentiated by Br-cGMP. Br-cGMP did not alter 1iasulin secretion in reaponse
to glyceraldehyde or 2-ketoisocaproic acid. Islet beta cells are regulated by alpha-2 adrenergic
receptors, and GLU and 1insulin release were inhibited in {slets incubated with clonidine or
epinephrine; yohimbine antagonized this effect. Br-cGMP increased GLU and insulin release in
clonidine~ or catecholamine-treated iaslets. Carbamylcholine, which stimulates ¢GMP productiom in
islets, reversed the inhibition of GLU by clonidine, and 3-isobutyl-l-methylxanthine eunhanced the
stimulatory response to carbamylcholine. Carbamylcholine alone did not alter GLU. Ia conclusion,
GLU in the islet is modulated by cGMP. Alterations in GLU probably mediate the effects of c¢GMP on
insulin release. In addition, cGMP aatagonizes the inhibitory effects of alpha-2 adrenergic
receptor agonisa on GLU and insulin release. Supported by NIH grant AM25705.
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50 DESENSITIZATION AND PHOSPHORYLATION OF o,-ADRENERGIC RECEPTORS COUPLED TO INOSITOL
PHOSPHOLIPID METABOLISM. L.M.F. Leeb-Lm‘ldbeg. S. Cotecchia, M.G. Caron and
R.J. Lefkowitz. Duke Univ. Med. Ctr., Durham, N.C.

Norepinephrine (NE) acting through a -adrenergic receptors (a,AR) influence cells via inositol
phospholipid hydrolysis and generation $f the two second neuengi.n inositol trisphosphate and
diacylglycerol. Continuous exposure of DDT, MF-2 gmooth muscle cells to Nzﬁewlt- in a dramatic
attenuation of a AR function as measured by NE-stimulated incorporation of P, into phosphatidyl-
inositol and pho‘phaudic acid. 1In addition, NE exposure red the ber o ible cell
3,rflce o, AR as assayed by [“H]prazosin binding to intact cells at 4°C. Purification of a AR from

P-lubelld cells desensitized with NE yields the phosphorylated M_ 80K ligand binding pephde. The
time courses of receptor phosphorylation and attenuvation of receptSr number and receptor function are
very comparable being half-maximal within 1-2 ain. The tumor-promoting esters (PE) (Leeb-Lundberg et
al., P.N.A.S. 82, 5651-5655, 1985) and the vasoactive peptide bradykinin also induce degensitization
and phosphorylation of clAR. 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 f%on cells treated with NE, PE and bradykinin. The various agents induce phosphorylation on
serine and threonine. These results indicate that desensitization of a AR is paralleled by an
increase in phosphorylation at specific gites in the M_ 80K ulAR peptidl. ulAR agonists, in
addition, promote a decrease in accessible cell ,grfacg olAR teceptors. Thus, phosphorylation of
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 IN 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 monocytes in response to fMet~Leu-Phe was inhibited by ADO.

Comparison of the potency order of ADO analogues with published data suggested that ADO acts on

the stimulatory receptor for adenylate cyclase. Since elevations of cAMP inhibit superoxide

release, we determined cAMP content of ADO treated cells, and the effect of stimulation by fMet-—

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/lb—6 monocytes

A. fMet-Leu-Phe, 1 min. 1.3 + 0.2
B. Adenosine, 3 wmin. 0.4 + 0.3
Sum of A and B 1.7 + 0.4

C. Adenosine, 3 min; fMet-Leu-Phe
added after 2 min of adenosine S5+ 0.7
C/(A + B) 2.2 + 0.3
Stimulation of monocytes with fMet-Leu-Phe increased cAMP. This was previously shown for neutro-
phils, in which the rise in cAMP was attributed to inhibition of phosphodiesterase (PDE), 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.
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52 A GTP-BINDING PROTEIN MEDIATES SOMATOSTATIN INHIBITION OF CALCIUM CURRENT. Deborah
L. Lewis, Aberto Luini, and Forrest F. Weight. NIAAA, Rockville, MD 20852 and NIMH, NIH, Bethesda, MD 20892.
Somatostatin inhibits the vottage-dependent calcium current measured by the whole-cell patch-clamp technique, in the
neurosecretory pituitary cell ine AtT-20/D16-16. We tested the involvement of guanine nucleotide-binding proteins, G proteins. in the
signal transduction mechanism between the somatostatin receptor and the voltage-gated calcium channel.

The patch-clamp method was used to record the calcium cumrent in the whole-cell voka -clan? mode. The extracetiular sokstion
contained: 150mM TEA-CI, 0.8mM MgClp, 5.4mM KCi, 10mM CaCl,, 10mM HEPES/CsOH (pH 7.4), and 1uM tetrodotoxin with an

osmolarity of 340 Ikg. The i lular patch pipette solution contained: 120mM CsCl, 11mM EGTA, 2mM TEA-CI. 2mM MgCl,,
10mM HEPES/CsOH (pH 7.4), 4mM MgATP, 20mM creatine phosphate, and 50 U/mil creatine kinase with an osmolarity of 318
mosmolkg. The nonhydrolyzable GTP analog, guanosine 5'-{3-O-thiojtriphosphate (GTPYS), was added to the patch pipette solution at a
concentration of 100uM. Some patch pipettes had an additional 100uM cAMP and 1mM IBMX. Celis were voltage clamped to a holding
potentiai of -80mV and stepped to +10mV, the peak of the current-voltage relationship for calcium current. All recording was al room
temperature, 20-22°C. Somatostatin was applied via a macropipette lowered into the recording bath near the surface of the cell under
study. The macropipette was withdrawn from the bath 1o terminate somatostatin application.

Pertussis toxin treatment (100ng/mi, overnight), which blocks the function of the GTP-binding proteins Gi and Go, completely
abolished the action of somatostatin on calcium current. Intraceliular application ot 100uM GTPYS via the patch pipette renendered
irreversible the somatostatin-induced inhibition of calcium current. In addition, GTPYS alone caused a slow dedline in the calcium current
amplitude over 500 5. When calcium current was inhibited by GTPYS (alone or with somatostatin), there was little or no response of
caicium current to subsequent application of somatostatin. The affect of somatostatin on caicium current was not akered by intraceilular
application of CAMP (100uM) and IBMX (1mM) alone or in the presence of GTPYS. The results suggest that the somatostatin receplor is
coupled to a GTP-binding protein which mediates inhibition of voltage-dependent calcium channels in a cCAMP-independent manner.




53 INCREASED CYCLIC NUCLEOTIDE SYNTHESIS IN MONOCYTES FROM PATIENTS WITH ATOPIC DERMATITLS MAY EE RELATED TO
ABNORMAL GTP-BINDING PROTEINS. R. Llowd, S.C. Chen, J.M. Hanifin. Oregon Health Scierces University, Rortland,

Oregen 97201,

Mononucleer leukocytes (ML) from patients with atopic derwatitis (AD) have higher tawal adenylate cyclase (AC) activity
but a blunted respanse to a variety of hommes including beta-adrenergic agonists and prostaglandins. Phosphoinositide
(PI) pathwily abncrwalities include incremsed incorporetion of tritiated inositol into phosphoinositides in AD Mis. The
signal trenaduction system involving GTP-binding proteins is associated with both AC and PI pathmays, and may be the

site of a camon defect in AD. We tested AC activity of ML mambranes with GTP and Gpp{Mi)p, as non=horwonal stimilators,
to probe for a defect in the AC receptor-coupling system. MALs were isolated fram periphersl blood on Hypaque/Ficoll
gradients, ard monocytes separeted fyam platelets and lymphocytes by adherence, Madvenss were prepared by freeze-fracture
of cells, Dounce homogenization, centrifugation at 45,000g and resuspension of the pellet by sonication. Mambrenes were
a-?;wedmmmxutyw&mm-smmmmmmmmmmmmcydm. Forsolin (FX) and
Mn™" were used as catalytic-unit activatars. Basal AC activity of monocyve membranes of norwals wes 0.22 + 0.09 (S.E.M.)
ol cAMP/rg. protein /Ximin., compared to 0.60 + 0.08 mol in AD monocytes (n=6,p<0.025). Stimulating with Gpp(NHip IO'EM
caused a net increase of 2.42 + 0.68 Mol cAP in normal membrenes and 4.67 + 0.44 ol in AD preparations, i.e., a 2-fold
greater increase in AD compared to norml AC activity. FX also caused a grester increase in AC activity in AD monocytes.
The greater cAMP production by AD monocytes in respanse to the GIP analog suggests that the defective regulation of

CAMP synthesis may involve cne or both G proteins, with an increased stimilatory (Gs) effect and/or less inhibitory

(G} influence on AC catalysis.

54 ADENYLATE CYCLASE (AC) OF DIFFERENTIATED PREADIPOCYTES IN PRIMARY CULTURE: RELATIVE
LACK OF Ni MAY CETERMINE THE DIFFERENCE FROM ADIPOCYTES OF PROSTAGLANDIN €) (PGE)) AND
CATECHOLAMINE RESPONSES

2.0, LU, M.A. PIREYRO, J. KIRKLAND, Z.H. LI, and R.I. GREGERMAN, Gerontology Res. Ctr., NIA,
NIH, F.S.K. Med. Ctr., Baltimore, MD 21224

Preadipocytes derived from the stromal-vascular fraction of collagenase digested perirenal fat
pads of Fisher 344 rats grow in o-MEM containing 10% FCS to confluence and accumulate lipid by
12 days. The cells show AC activity stimulated by GTP, Gpp(NHM)p, Nsf and forskolin, but response
to isoproterenol and epinephrine is minimal (1.88 + .75 x basal, n = 12, and 2.06 + .75 x basal,
n = 10, respectively). In contrast, GTP-dependent activation of AC by FGE; (10-M) s 7.55 ¢
1.11 x basal {n = 8). This activation occurs even in the presence of 140 mM Na*, a condition
which leads to PGEj 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}. Pertussis toxin
labelling of Ny with 52P-NAD (25 uM) shows about 25% of the Nj 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:Ng may also relate to failure of activation by
catecholamines.

55 DOWN REGULATION OF INTERLEUKIN 1 (IL 1) RECEPTOR EXPRESSION BY IL 1 AND FATE OF INTERNALIZED
1251-LABELED IL 1-# IN HUMAN LARGE GRANULAR LYMPHOCYTE CELL LINE. Kouji Matsushims and
Joost J. Oppenheim. Laboratory of Molecular Immunorequlation, Biological Response modifiers Program,
Division of Cancer Treatment, NCI, NIH, Frederick Cancer Research Facility, Frederick, MD 21701

The regulation of interleukin 1 (IL 1) receptor expression on a human large granular lvmphocyte cell
1ine, YT, and fate of internalized 1291-labeled IL 1-8 (1251-IL 1-3) were studied. YT cells respond
exogenously added IL )] by expressing high affiafity IL 2 receptors, and do not produce IL 1. In
addition, YT cells constitutively express about 7 x 103 w1 receptor per cell with a KD of ~10-10y,
Neither IL 2, phorbol myristic acid, nor lipopolysaccharide affected the total binding of 1251~IL
1-8 by YT cells., In contrast, the capacity of YT cells to bind !251~IL 1-8 when incubated at 37°C
for 3 to 16 hr with a low dose of purified IL 1-8 (~6 U/ml) was reduced by >R80Z. The binding
capability of YT cells recovered by 16 hr after removal of IL 1-f. Acid treatment of YT cells to
remove bound 12311-8 showed that 50% of the 1251-TL 1-8 bound to cells could no longer be recovered
after 30 min at 37°C and and this increased to AN after 3 hr at 37°C. Fractionation of cell extracts
on Percoll gradient further showed that after receptor binding on plasma membranes, 1251~1L 1-8 could
be successively recovered from intracellular sites associasted with some membranous organelles
{d=1.037), with an intermediate density organelle (d=1.050), and to finally end with the lysosomal
cell fractions (d=1.05 to 1.0R) at about 3 hr at 37°C. Only ~ 5% of internslized 1251-1L 1-p was
released {nto culture media by 6 hr of incubation at 37°C. This observation suggests that the low
nuaber of detectible receptors for IL 1 on many cell types may be attributable to persistent down-
regulation by low levels of exogeneous IL 1.

.

]

{

PPN apcy . . g

R T (T TN e T T




56 UNCOUPLING OF THE MITOGENIC RESPONSE OF INSULIN ANR 1GP-1 STIHHLATIUN ON DII'FEEERTIATED b
HUMAN %—SYSY NEUROBLASTOMA CELLS. M.E.K. Mattsson , G. Enberg .bS. Gammeltoft , K. Hall
and S. Pihlman, Department 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 andlsgll division in SHR~SY5Y neuroblastoma cells.
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-SYSY cells express insulin, IGF-1 and IGF-II receptors. The molecular weights of the insulin/IGF-1
receptors and the IGF-1I receptor were 130 kD and 250 kD, respectively. The biologically active
phorbol ester 12-O-tetradecanoyl-phorbol-l13-acetate (TPA) induces growth inhibition, morphological and
functional differentiation in SH-SY5Y cells. The mitogenic respoase (induction of ornithine decarbo~
xylase activity and “H-thymidine incorporation) to insulin and IGP-I is lost in cells treated by TPA
for 4 days. However, TPA-treated cells still bind insulin end IGF-I. In contrast, the IGF-II binding
disappears, during TPA treatment. The insulin and IGF-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 3 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 decreasc cellular
ATP levels, but lowered cANMP accumulation stimulated by isoproterenol, histamine, and
prostaglandin Ej1, 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 datas 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 clevate hormone-stimulated cAMP accumulation in intact cells.

58 ACTIVATION OF FAT CELL ADENYLATE CYCLASE BY PROTEIN KINASE C.
S. Naghshineh, M. Noguchi, K.P. Huang, and C. Londos, NIDDK, NIH, Bethesda, MD 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 adi{pocyte membranes.
Cyclase stimulation occurs over 100 to 1000 mU/ml of C-kinase activity, requires 1-10 uM calcium,
but does not require exogenous phospholipid. C-kinase innhivitors, such as chlorpromazine, palml-
toyl carnitine, and polymyxin B inhibit selectively adenylate cyclase which s activated by
C-kinase and calcium. Depending on assay conditions, 10 nM 12-0-tetradecanoylphorbol-i3-acetate
(TPA) either enhances or {s 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~kinase is seen both in the presence and absence of exogenous GTP and in membranes from cells that
have been treated with pertussis toxin, suggesting that the kinase effect does not result from an
action on the GTP-binding, inhibitory regulatory component (Nj) of the cyclase system. Similarly,
treatment with cholera toxin does not alter adenylate cyclase stimulation by C-kinase. Finally,
the kinase effect {s seen in the presence of non-phosphorylating ATP analogs, such as AppNHp and
AppCHop, 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 phosphorylation of, adenylate cyclase.
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DEXAMETHASONE AND SODIUM BUTYRATE MODULATE COMPONENTS OF THE 6-ADRENERGIC
RECEPTOR-ADENYLATE CYCLASE COMPLEX IN 3T3-L1 PREADIPOCYTES. WM.T. Nakada, J.M, Stadel, X.S.
Poksay, S.T. Crooke. Smith Kline & French Labs, Philadelphia, PA 19101,

In mouse 3T3-L1 preadipocytes, the glucocorticofd dexamethasone (dex) effects a switch in
s-adrenergic receptor (sAR) subtype expression from am t0 82AR and increases total aAR

number. These effects are dose and time dependent, ability of other steroids to cause the
subtype switch correlates with their glucocorticoid activ;ﬂt‘. Compounds most effective in
regulating sAR are also the most potent competitors for [*H]-dex binding to the 3T3-L1
glucocorticoid receptor. RNA synthesis, protein synthesis, and N-1inked glycosylation appear to
be required for the dex-induced sAR 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 sAR subtype and number. Butyrate's effects are
dose and time dependent. Other short chafn acids are not as effective as butyrate {n altering
sAR. Cyclohexamide inhibits butyrate's effects on sAR, suggesting that protein synthesis {s
required, The combined effect of dex and butyrate fn requlating sAR 1s greater than additive
su?gest‘lng that these two compounds may be acting through different mechanisms. Butyrate, and to
2 Tesser extent dex, promote a 2-3 fold increase in labeling of Gg and G using cholera toxin
and pertussis toxin respectively. These data suggest that both butyrate and dex coordinately
regulate components of the sAR-adenylate cyclase complex in 3T3-L1 preadipocytes.

60 THE BINDING OF [3H])FORSKOLIN TO PROTEINS SOLUBILIZED FROM BOVINE BRAIN MEMBRANES.
C.A. Nelson and K.B. Seamon Center for Drugs and Biologics/FDA Bethesda MD 20892

The binding of JH-forskolin (JH-FSK) to proteins solubilized from bovine brain membranes was studied
using a precipitation assay. The K; for 3H-FSK binding to solubilized proteins was 14 nM 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.
3H-FSK bound to proteins solubilized from preactivated membranes with a Bmax of 106 fmol/mg protein.
Solubilized proteins from non-preactivated membranes had a Bmax of only 38 fmol/mg protein which was
increased to 94 fwol/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 3H~FSK was coincident with the activation of adenylate cyclase via the
guanine nucleotide binding protein. 3H~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 cyclase and the 3H-FSK binding site have similar molecular weights and may be the
same complex.

61 SPONTANEOUS COUPLING OF THE B-ADRENERGIC RECEPTOR TO Ng IN CARDIAC MEMBRANES

V. Nerme, Y. Severne, T. Abrahamseon, G. Vauquelin. Department of Pharmacology and Biochemistry,
Hissle Cardiovascular Resesrch Laboratories, S-431 83 MSIndal, Sweden and Institute of Molecular
Biology, Free University of Brussels, 65 Paardenstraat, B-1640, St. Cenesius-Rode, Belgium

The alkylating reagent N-ethylualeimide (NEM) does not affect the number of pg-adremergic
receptors in membranes from turkey erythrocytes, S49 lymphoma cells and rat lung. However, in the
presence of B-agonist, NEM provokes a decresse in the receptor number by 50 to 65%. This has been
ascribed to the ability of NEM to alkylate a sulfhydryl group which becomes exposed at the surface of
the adenylate cyclase stimulatory protein N_, upon interscting with the agonist-occupied receptor.

In the present study, we show that NEM alone can cause a time and tration dep
decrease in the g-receptor number by approximately 20% (at 0.1 mM NEM) {n cardisc membranes from
reserpinized cat, rat and guinea pig. The noradrenaline concentration is less then 0.1 nX in these
preparations. The NEM~wmediated decrease occurs also fu the asbseace of Hg’H' but is effectively
prevented and even reversed by GTP. Our dats are compatible with a model in which part of the
g-adrenergic receptor population (20%) are sble to undergo agonist independent coupling to l!. in
cardiac mesbranes.
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. 62 RELATIONSHIP BETWEEN B-ADRENOCEPTOR REGULATION AND B-ADRENERGIC RESPONSIVENESS IN HEPA-

R TOCYTES. M. Refsnes, D. Sandn and T. Christoffersen. Department of Pharmacology, University of

: Oslo, P.0.Box 1057 Blindern, 0316 Oslo 3, Norway.

¢ Mechanisms regulating the responsiveness of the adenylate cyclase (AC) to catecholamine stimula-

: tion were studied in cultured rat hepatocytes. These cells acquire a several-fold increase in the
B-adrenergic responsiveness when plated as monolayer cultures. Cozparison of the emergence of iso-
proterenol (ISO)-sensitive AC and binding of [}2°r] iodocyanopindolol (12°1cYP) showed roughly
parallel rises after the plating. The increase in 1251cyp binding (starting at ~ | h after plating)
slightly preceded the rigse in ISO response, but the response thereaftev rose steeply and transitorily
(~2 h - 5 h) exceeded the increase in binding. Pertussis toxin (IAP) added at O h increased the
ISO~gsensitive AC activity measured at 7 h and 24 h, without affecting the number of 12571cYp binding
sites; this effect was non-selective, since the glucagon-sensitive activity was similarly potentiated
by IAP. Addition of ISO (10 uM) 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 B-adrenoceptors. Removal of IS0

[ led to resensitization of the AC, which was rapid and protein synthesis-indspendent after a brief

i (10 min) desensitization, or slow and cycloheximide-sensitive after prolonged (4 h) P e to the

' agonist. In both cases an up-requlation of the 1257¢yYp binding parallsled the recovery from refrac-

* toriness. Glucagon desensitized (partly) the AC to ISO and glucagon, with no effect on 1251cyp

———— . — ——

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

: 63 DIFFERENTIAL INBIBITION, BY METHACHOLINE (MECH) AND HISTAMINE (HIS), OF
ISOPROTERENOL (ISC)-INDUCED PROTEIN KINASE (PK) ACTIVATION AND RELAXATION OF
' TRACHEAL SMOOTH MUSCLE (TSM), G.A. Rinard, T.J. Torphy, and A.M. Puckett,
\ Emory Univ., Atlanta, GA & Smith, Kline & Prench, Phila, PA.
Maximally effective doses of MECH and HIS contract canine TSM to the same force
per cross sectional area. We used functionally equivalent contractile doses
(RC 3’ RC_,., EC } of MECH & HIS to precontract TSM prior to ISO relaxation
doca-rn 8.. .1881... MECH was a stronger functional antagonist than HIS.
Maximal (EC ) MECH prevented ISO relaxation and inhibjited PK activation.
Equivalent ﬁ?g contractions were readily relaxed by IS0 and PK activation was
not inhibited. Increasing doses of HIS gave IS0 EC 0 values of 1.6 nM, 2.8 nM
5.5 nM in cervical TSM and 6.3 nM, 10 nM & 12.6 nM 13 thoracic TSM. Increasing
{ doses of MECH gave ISO EC o values of 2.5 nM, 20 nM & no relaxation in cervical
, TSM and 25 nM, 251 nM & relaxation in thoracic TSM. We suggest that
methacholine has an effect to inhibit beta adrenergic 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
relaxes the complete range of HIS-induced contractions but as increasing doses
of MECH increase the force of contraction, ISO is increasingly ineffective in
relaxing MECH-induced contractions in canine tracheal smooth muscle.
Supported by NIH, HL-32770.

A-MSH binding and subsequent activation of adenylabe cyclase is dependent on concentrations of
extracellular calcium in the micromolar range. This effect can be shown both in the intact cell
and in a plasma membrane preperation derived thereof, using an EGTA buffer system. In oontrast,
stimilation of adenylate cyclase by prostaglandin , forskolin, or OGIPIS is calcium-
insensitive. Calcium eppeers to increase the binding affinity of A-MSH to its receptor by a
factor of 20 (from 400 to 20 nM), without affecting maximal hormone . Hormone-:
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) M elimination of calcium by excees EGTA. Howover, above sstursting concentrstions of A-MSH
‘ ; (>200 M) hormone binding and gtimulation of adenylate cyclase becomes calcium-independent.

Under physiological concentrations of hoamone and calcium, binding of S-MSH is entirely calcium-
deperdent. While calcium pramotes A-MSH binding, GTP and its stable nuclectids snalogs lead to
a reduction both in affinity (2-fold) snd maximel binding (65%). Guanocsine mucleotids effects
are evident in both a time- end concentration-dependent mamner. Howewver, these effects appear
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65 THE GUANINE NUCLEOTIDE BINDING PROTEIN lo CO-PURTFIES WITH THE D, DOPAMINE RECEPTOR OF
ANTERIOR PITUITARY. S.E. Stﬂo!hl. J.L. Benovic, N, Amlaiky, n.zvmuaty. A.M. Spiegel

and M.G. Caron. Duke Univ. Mad. Ctr., m, N.C. and NIADDK, NI1H, Bethasda, MD

The D, dopamine receptor (D R) of the anterior pituitary gland sedistes the dopaminergic inhibition
of prohstm release. Many 11&00 of evidence suggest this process may be mediated through both
adenylate cyclase and phosphoinositide wetabolism. D,R purified by affinity chromatography on CMOS
Sepharose (spiperone derivative) appears to be functifSnally coupled to s guanine nucleotide regulatory
protein (N) as evidenced by the presence of agonist high affinity binding to the partially purified
DR after re-insartion hltos hospholipid vesicles. The endogenous N protein is s substrate for
pzrt\uul toxin yielding a -ADP ribosylated product of M 3'239'000 on SDS-PAGE, which co-migrates
with brain N ., Peptide maps generated using elastase of thé ““p-aDP ribosylated endogenous N protein,
N,, X and t¥ansducin, revealed strong homology with brain N . Imsunoblotting of the partially puri-
thd B.R with RV3 (an N_ specific antibody) and CWé (an N osecific antibody) showed crossreactivity
only vith RV3, TPunctiofal interaction between the DR ai thssendo;enou. N_ was demonstrated by an
agonist promoted 2-3 fold stimulation in GTPase acu;ity or ["“S]CTPYS Mndgng. Associstion of
endogenous N with D,R was increased by agonist pretreatment and decreased by guanine nucleotides.
These result$ suggesf a specific associstion and preferential coupling of N with the DR of pitu-
itary. Reconstitution of agonist stimulated CTPase activity could be obtaifed using pu;ificd brain R
and partially purified resolved D,R. These results constitute the first documentation of am °
endogenous association of N_with“a receptor systes. Further evaluation of this system mey elucidate
the processes determining the specificity of the association of N proteins with receptor systems.

6 DIFFERENTTAL_ EFFECTS OF PERTUSSIS TOXIN AND PHORBOL ESTERS ON SIGNAL TRANSDUCTION VIA THE
CHEMOATTRACTANT RECEPTOR-N PROTEIN-PHOSPHOLIPASE C SYSTEM OF HUMAN NEUTROPHILS. mﬂ_gs_p‘_jmj_;b and
Ralph Snyderman, Howard Hughes Medical Institute, Duke University Medical Center, Durham, NC 27710.

Treatment of PMNs with pertussis toxin (PT) inhibits inosito]l trisphosphate (IP3) generation
induced by the chemoattractant fMet-Leu-Phe {fMLP), indicating that its receptors activate a phospho-
lipase C (PLC) via a PT-sensitive N protefn. FMLP-induced IP3 production is also inhibited by phorbo)
myris;g;:e acetate (PMA). Receptor interaction with the N protein can be measured as fMLP-stimulated
GTPIE35S] binding to membranes. This stimulated binding is absent in membranes from PT-treated PMNs,
but remains in membranes from PMA-treated cells. Phosphatidylinositol 4,5-bisphosphate (PIPZ)
hydrolysis via PLC can be activated in isolated plasma membranes at low concentrations of Ca®t (M)
with either fMLP plus GTP or GTPYS alone. Membranes from PT-treated PMNs degrade PIP2 upon exposure
to GTPYS, but not fMLP plus GTP. Membranes from PHA-treatsd PMNs do not hydrolyze PIP2 when incubated
with GTPiS. but do degrade PIP, in the presence of 1 mM Cac*, Therefore, PMA-treatment does not
directly inactivate PLC. Incubation of PMNs with phorbol dibutyrate, but not an inactive ester,
4-w-phorbo) didecanoate, causes a similar loss of GTP¥S-activated PIP, 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. 1In 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 diacylglycero] produced upon receptor occupancy may provide a negative feedback
signal for chemoattractant receptors.

67 GTP MONULATION OF THE MEMRRANE-POIND AIFNYLATZ CYCTASE (AC) MSITTVITY TN RA™ THYPOID TPITH®
LIAL CEILS INFECTED RY RAS GRNES PXPRESSING VIPUS. -
A. Spina,A.Di Donato,F. Valente,f.Illiano- IIT Cattedra di thimica Riologica,l Facolta' di Medicina e
Chirurgia,Napoli,Ttalia; M.D.BerTInglerl A.Fusco,M.Crieco-Centro di ®"ndocrinologia e fnoologia Sperime
ntale del ONR- II Facolta' di Medicina e Chirurgia, Napoli, Italia. -
We are studying the influence on the merbrane bound AC activity of the ras-genes expressing virus in-
fection in a Fisher rat thyroid differentiated epithelial cell line (PC-13), which maintains in vitro
the typical markers of thyroid differentiation . After infection by Harvey murine sarcoma virus carry-
ing V-ras Ha, PC-CL3 cells change their morphology and hecame indipendent from TSH for the growth but
they are not tumorigenic. We have found that the hasal activity in PC=(T.3 cells is very low (.46 pmol
es cAP/min/mg protein), whereas it is 10 times higher in PC—CL3 Ha MSP cells. The stimulation of the
AC catalytic subunit by Mn2* is equally efficient in control as well as in infected cells, vhereas the
modulation by GrP-binding protein either in the presence of Gpp(NH)p or NaF is impaired in the infect-
ed cslls. We have carried out kinetic studies in the presence of increasing concentrations of Gpp (NH)p.
ts indicate that in both cell gystems the maximal stimilation occurs at 10~5 ™ cpp
ing nucleotide concentration by 100 times doesn't allow the infected cells to get a

of the basal activity to an extent comparable to that one ohtained in control cells. These
results exclude that the less efficient Gpp(NH)p modulation in the infectad cells can he due to a com—
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68 FLUORIDE ION AS A PROBE FOR THE GUANINE-~NUCLEOTIDE BINDING PROTEIN INVOLVED (N 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 mM sodium fluoride was found to be associated with
phosphoinositide turnover as monitored by the accumulation of inositol t-phosphate (IP. ), inositol
1,4-bisphosphate (IP,), and inositol 1,4,5-trisphosphate (IP.). Fluoride-induced phosphoinositide
degradation was charficterized by a 5 to 10 min lag period after which inositol phosphate levels
increased and remained elevated over a 25 min time interval in lithiumtreated 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, formyimethionyl-Teucyl-phenylalanine, 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-
speci fic phosphodiesterase. The differential inhibitor effects suggest that ADP-ribosylation 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 TRISPHOSPHATE IN
PAROTID ACINAR CELLS. H. Sugiya 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 neurotransaitter widely distributed in the mammalfan centrsl and
peripheral nervous systems. The parotid gland is considered a target organ of SP, aud the receptor
is coupled to stimulation of inositol phospholipid metabolism and initiates secretion. After
prolonged incubation of target zells with hormones or neurotransaitters, the cellular responses
are often blunted or desensitized. We have evaluated desenaitization of the SP-induced formationm
of inositol trisphosphate (IP3) in rat psrotid acinar cells. Results were as follows: (1) Exposure
of parotid cells to $P (0.1’.!) vhich were prelabelled with [3H]inositol caused a rapid increase
in IP3 from 2 sec up to 1 min, after which the level of IP3 reached a plateau. (2) Methacholine
(Mec, 0.1 mM) caused a sustained increase in IP3 from 2 sec up to 5 min. (3) The response to SP
and Mec applied simultaneously was not greater than the response of either agouist given slone.
(4) After the level of IP3 reached a plateau in the presence of SP, addition of Mec induced a
further increase in IP3 but a second addition of SP had no effect. (5) After exposure to SP for
5 min, although cells were washed and resuspended in fresh medium, desensitization of the
SP-induced formation of IP3 remained; desensitization did mot occur in cells pre-exposed to Mec.
(6) Following prolonged incubation in fresh mediuam, gradual resensitization occurred, and during
this process there was a good correlation between the SP-induced formation of IP3 and [JH]-sP
binding sites. These results suggest that desensitization of the SP-induced formation of IP3
results from homologous down-regulation of SP receptors. (Supported by NIH Grant DE-05764).

70 PROTEIN KINASE C PREVENTS INHIBITION OF ADENYLATE CYCLASE IN NG 108-15 CELLS
B, TOOQUE - RHONE-POULENC SANTE - Cancer Research Department - 13, quai Jules Guesde
94400 VITRY SUR SEINE - FRANCE

The adenylate cyclase of NG 108-15 membranes is stimulated and inhibited, respectively, by PGE
and opiates acting via the stimulating (Ns) and inhibitory (Ni) guanine nucleotide~binding regula.l.ory
proteins.

GTP-dependent Dalamid induced inhibition of basal, I’GI:‘.1 and Forskolin stimulated activities were
reduced in membrane of TPA-pretreated NG 108-15.

To substantiate thia observation we studied whether addition of purified protein kinase C to NG
108-15 membranes causes similar changes in regulation of adenylate cyclase activity as cbserved in
membranes of TPA pretreated NG 108-15 cells. Hormonal inhibition of the NG 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 NG 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 cyclase, We found
that kinase C also affects Bradykinin induced inhibition of cyclase. 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.
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n A PERTUSSIS/CHOLERATOXIN-SENSITIVE N PROTEIN MEDIATES CHEMOATTRACTANT RECEPTOR SIGMAL
TRANSDUCTION, Margrith Verghese, Ronald J. Uhing and Ralph Snyderman, Howard Hughes Med.
Inst,, Div, Rheum. and llllunoi.. Dept. Med., Duke Unty, Med. Ctr., Durham, N.C. 27710.

Affinities of chemoattractant receptors (CTX-R] on phagocytic leukocytes are regulated by GOP and
GTP. These receptors are not coupled to adenylate cyclase but utflize a guanine nucleotide
regulatory (N) protefn to activate phospholfpase C and subsequent biological responses. Since
pertussis toxin (PT) ribosylates a 40-41 kD protein in leukocytes and thereby inhibits their
activation by chemoattractants, it had been assumed that CTX-R are coupled to Nj. We now report
that human pelymorphonuclear leukocytes (PMNs), monocytes, and the myeloid HL-60 and U937 cell
lines, but not erythrocytes nor bovine brain centafn a ca. 40 kD protein which is a substrate for
ADP ribosylatton By choleratoxin (CT)}., In contrast to Ng, ribosylatfon of the 40 kD substrate by CT
is inhibited By GDP or 6TP. The 40 kD CT substrate, termed No for chemotaxis-related N protein,
comigrates with the ca. 40 kD PT substrate in one-dimensfonal ge) electrophoresis, Hept*lamine-
sepharose chrgntography of cholate-solubilized HL-60 membranes prelabelled with CT and 32P-NAD show
that a 40 kD 32p-labelled protefn comigrates with the major peak of GTPyS-binding activity. This
peak is partfally resolved from the 43 kD (Ns) protein labelled under the same conditions. A 40 kD
PT substrate also coelutes with the 6TPyS-binding activity suggesting that Nc is a single protein
which is a substrate for PT and CT. Additionally, treatment of intact PMNs with PT or CT reduced
GTP regulated high affinity binding of formylpeptide chemoattractants 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 N. regulates chemoattractant receptor signal transduction.

72 NAD INHTETTS WHILE AppNHp AND GppNip STIMUIATE PHOSPHOLIPASE C IN ‘THE CYIOSOL OF WHITE
ADIFOCYTES. R.J.E. Wojcikiewicz, D. Bojanic, L.5. Bradham and J.N. Fain.
Department of Biochemistry, Uni ty of Tennesses, Mewphis; Memphis, ™ 38163.

Mmg:u rat white adipocytes cantain phospholipase C activities which can be
assayed using PIP,, PIP, or PI as msubstrates. Two major cbeservations have been
made concerning these activities. First, S5'-adenylylimidodi, te (AppNHp) or
5'~guanylylimidodiphosphate (GppNHp) stimulate the hydrolysis of PIP, with identical
potency and efficacy. Second, NAD, NADP, or adenceine 5'-diphospharibose, but ot nicotinamide,

Identification of the muclectide cosponents of phospholipase
lack of guanine nucleotide specificity. Finally, the inhibitary effects of NAD may provide a clue
as to how the activity of cytosolic phospholipase C is tonically myppressed in the cell.

7
3 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 (Naunyn-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-Adrenoceptors 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: EC50 CAMP = 58 & 11 nM; Kd receptor binding = 1,040
1 400 nM; n= 17 ) indicating a receptor reserve of 50-70%. Membranes: After lysis of the cells, the
agonist competition fsotherms for the radioligand became biphasic. The GTP-sensitive high affinity
component showed Kd-values not different from the EC50 of cAMP accumulation in intact cells. The
portion of this component ( 33 4 5 % ) 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, DMSO, desferoxamine) do not inhibit GC
activation. In the pulmonary artery, micromolar concentrations of HZO elicit increases in tissue
cycle GMP levels that are closely associated with decreases in force 1i 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 0, tension. (Funded by USPHS HL 31069)

75 PROTEOLYTIC ACTIVATION OF MENBRANE-BOUND PROTEIN KINASE C BY TRYPSIN-LIKE PROTEASE.
Hirohei 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 has been well established that phosphorylation of ribosomal protein S6 1is increased in
response to growth-promoting stimuli. In an attempt to identify the cAMP- and Ca2+-independent S6
kinase, 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 cAMP~ and Ca 2*-1ndependent
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 menmbrane with a buffer containing Triton X-100, proenzyme was detected and showed
Caz"—phoapholipid dependency in Hi 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 proteaase discovered by Tanaka et al. {(J. Biocl. Chem. 261,
2610-2615 (1986)). Another experiment showed that proteolytic activation of protein kinase C is
stimulated in the presence of salt such as NaCl. 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 PHOSPHORYLATION OF THE CATALYTIC UNIT OF ADENYLATE CYCLASE BY CYCLIC AMP-DEPENDENT PROTEIN
KINASE AND PROTEIN KINASE C. T. Yoshimasa, M. Bouvier, J.L. Benovic, N. Amlaiky,
R.J. Lefkowitz and M.G. Caron. Duke Univ. Med. Ctr., Durham, NC 27710
Regulation of the responsiveness of 8-adrenergic receptor-coupled adenylate cyclase (C) systewms

such as in some forms of desensitization to hormones or during the general sensitization observed
after treatment of some cells with phorbol esters sight 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 (YKA) and protein kinase C (PKC) and investigated vhether such phosphory-
lation regulates the tunction of _the enzyme. ¢ was purified from bovine caudate 17,000 fold to a
specific activity of 1.5 umol.mg™ .min by Lubrol PX solubilization, forskolin-Sepharose and vheat
germ agglutinin-egerose chromatography. C preparations contained a single polypeptide of M_ 160,000
revealed by radiolodination, SDS-PAGE and autoradiography. The M_ 160,000 band correlated deil with
enzymatic activity on gel permeation HPLC. The pure C couid be Feconstituted with the purified
8,-adrenergic receptor and the stimuiatory guanine nucleotide regulatory protein (N ) to form a

rmone-stimulated adenylate cyciase system. PKA and PKC were able to phosphoryliaté C in a stoichio-
wmetric fashion (0.8 mol Pu,/mol C). Ability of control and phosphorylated C to couple to N_ was
compared. When controi and phosphorylated C were reconstituted with N » the Gpp(NE)p stimulfted
activity of PKA phospnorylated C was reduced by 2% while that of P!C'pnocphoryl-tcd C was enhanced
by ~19% relative to control values. These results suggest that hormone sensitive adenylate cyclase
systems might ve regulated both by feeaback inhibition and by “cross talk" from the pnosphatidyl-
inositol pathway through cAMP-and PKC-dependent phosphorylation of C, respectively.




7 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 IR7, 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 cyc\asze activity, the maximal stimulation between 50-80% was observed at 3.5
U/ml. The inclusion of Ca’* and phosphatidyl serine did not enhance the percent stimulation of
adenylate cyclase by C-kinase, 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-kinase 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
cAMP-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 MRC and QWF).

8 GUANINE NUCLEOTIDE REGULATION OF RECEPTOR BINDING AND IP3 FORMATION. D.L.Aub and T.E.Cote
Dept. of Pharmacology, USUHS, Bethesda, MD 20814~4793. A novel GTP binding protein has been suggested
to couple those receptors which stimulate PIP2 hydrolysis to phospholipase C. In 7315c cell lysates
GIPYS and Gpp(NH)p, nonhydrolyzable analogs of GTP, stimulated a time and dose dependent formation of
IP3 in the absence of agonist. GIPYS 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 formation,as evidenced by a rightward shift in the GTPyS tration resp curve, suggesting
that a GTPase activity may be associated with guanine nucleotide regulation of PIP2 turmover. 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 c tration dependent r with a half-maximal potency of 0.092 UM and 1 uM 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 oM, respectively). Therefore, pertussis toxin does not inter-
fere with the interaction between the TRH receptor and its guanine nucleotide binding protein. GTPYS
appears to decrease specific Me-TRH binding by decreasing the affinity of the TRH receptor for its
1igand without altering the number of binding sites (control: Kd = 2 nM, Bmax = 26 fmol/mg protein;
10-7 M GTP S: Kd = 7.3 oM, Bmax = 26 fmol/mg protein). These results indicate that a guanine
nucleotide binding protein may be involved in both the regulation of TRH binding and subsequent
stimulation of IP3 formatiom.

79 EVIDENCE FOR AN ALTERED ADENYLATE CYCLASE CATALYTIC UNIT IN A PATIENT WITH MULTIPLE
HORMONE RESISTANCE. D. Barrett, A. Spiegel, M. Wax, P.B. Molinoff, R.W. Downs,
Medical College of Virginia, Richmond, Virginia 23298

Deficiency of Gg is the putative lesion in pseudohypoparathyroidism Type Ia (PHP la). 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 ome such patient (A-PHP)
generate 50-70% less cAMP in response to parathyroid hormone, isoproterenol or prostaglandin Ej, 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 1125.j0dopindolol binding in the absence of GTP defines a population of high affinity binding sites
in 4 control and A-PHP fibroblast membranes which represent 8-adrenergic receptors coupled to Ns. No
significant difference is apparent between the percent of receptors in this ternary complex state for
A-PHP (4315%) vs the average of controls (53:13%).

Stimulation of A-PHP fibroblast membranes with fluoride ion (10 mM) and GTPyS (100 uM) produces
only 27:5% and 3316% of control adenylate cyclase activity respectively. Direct stimulation of cata-
lytic unit with manganese ion (Mn~2 4 M) is 3616% of controls and stimulation with Mn-2 plus for-
skolin (100 uM) 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.
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80 DETECTION OF NOVEL GTP-BINDING PROTEINS ON NITROCELLULOSE BLOTS OF MEMBRANE PROTEINS
SEPARATED BY SDS-PAGE. R.P. Bhullar and R.J. HRaslam. Dept. of Biochemistry, MoMaster University,
Hamilton, Ontario, Canada L8N 325.

Human and rabbit platelets were lysed by freesing and thawing and the membrane fraotion isolated.
Membrane protein was precipitated with trichloroacetioc acid, dissclved in Lasmmli buffer and analysed
by SDS-PAGE. Resolved polypeptides were then transferred electrophoretically to nitrocellulose and
the blots incubated for 30 min at 20°C with 0.5 nM (a-32P)GTP in buffer containing 50 mM Tris-HC1,
pH 7.5, and 0.35 Tween 20 (0.2 4Ci/ml), After washing in buffer without [32PIGTP, the blots were
dried and bound 32P detected by sutoradiography. Major labelled bands wers observed corresponding
to proteins of 27 kDa and 2% kDa. Additional minor bands were detected in the 23-26 kDa range.
Addition of 1 mM PMSF, 0.2 mM leupeptin and 5 =M EDTA during preparation of the mesbranes had no
effect on the pattern of labelling observed. 3DS released the 32p from the blots, indicating
non-covalent binding of [32PJOTP. Binding of [32P1GTP was specific in that it was prevemted by
simultaneous addition of 0.5 uM GIP or GTPYS or by 10 uM GDP, but was unaffected by 50 uM ATP or
10 uM GMP. No GTP-binding protein was detected in the platelet soluble fraction. Human and rabbit
red cell ghosts contained the 27 kDa but not the 20 kDa GTP-binding protein. Analysis of rat tissues
by the blotting teohnique demonstrated high concentrations of 27 kDa and 26 kDa GTP-binding proteins
in brain, lesser amounts of 27 kDa protein in adrenal and lung tissue and small amounts of 27 kDa
protein in liver, kidney, spleen, heart and skeletal muscle. The results demonstrate the existence
of a nev family of GTP-binding proteins distributed widely in mammalian tissues.

Supported by the Medical Research Council of Canads and the Heart and Stroke Foundation of Oatario.

81 NUCLBEOTIDE ACTIVATION OF RAT BRAIN FHOSPHOLIFPASE C. L.S. Budham, M.A. Wallace, R.J.H.
Wojcikxiewicz, D. Bojanic and J.N. Fain. Department of Biochemistry, University of
Ternessee, Mamphis; Mesphis, TN 38163,

Fhospholipase C activity was isolated from brain membranes by cholate extraction followed by
at 100,000 x g for 1 hr., The solubilized enZyme catalyzed the breakdown of
4

lincsitol (PI) wder our assay . activity did not require the
addition of divalent cations but was increased in the presence of 3 =M sodiim
Hydrolysis of PIP, and PIP was stimlated by 5'-guanylyl- with half maximal
activation at a muilectide Y 10 uM. Nucleotide activation was
inhibited by either 1 mM Ca“" or 1 WM . These data suggyest a role for mcleotides in the
of phospholipase C in Whether requlation is mediated by a
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LOCALIZATION OF G-PROTEIN mRNAS (Ta,T8,Gs,Gi) IN BOVINE RETINA BY IN
SITU HYBRIDIZATION HISTOCHEMISTRY: M.R. Brann, Laboratory of Cell Biology, NIMH, Metabolic Diseases
ha@mmmpbo(mm_wmdsmdmme{aimqom_mu a diversity of neurons which synthesize distinct
neurctransmiters and neurotransmitter receptors. Recent evidence indicates that the response of rods to light, and the response
of receptors to neurotransmitters are mediated by a family of closely related G-proteins. We prepared synthetic 48 base
ohgodeoxymnlepndepobuwﬁ:chmcomplgmy(othewbhshed sequences of mMRNAs encoding the alpha (Ta) and
beta (TP) n_bnnm of transducin, the G-protein of rods; the alpha subunits of Gs and Gi, the G-proteins associated with
neurotransmitter control of adenylate cyclase. These probes were used for localization of mRNAs in bovine retina by in sin
hybridization nistry as previously described (Brann and Yon.:t‘f. FEBS Letters &986 200:275).
mRNAs encoding Tax and TP were present within rods, there both of As were present in the outer

nuclear.lxyet'(‘l?iouofmdnuclei both mRNAs were most abundant in the rod inner segments, and neither mRNA was
present in the rod outer scgments. Ta mRNA was not present in the inner layers of the retina. On the other hand, mRNAs
encoding Gi and Gs were most abundant in the inner layers of the retina, and both of the mRNAs were most abundant in
mlmeeﬂsmdmmemnpclurhyer. Gi mRNA was also present in the outer nuclear layer, suggesting rods express

Ta and Gi. These results illustrate the utility of in sine hybridization histochemistry in the study of the expression of
mRNAs encoding G-proteins by individual neurons within the retina.




© 83 HUMAN cONA CLONES FOR FOUR SPECIES OF Guy mRMA AND FOR Gay mRNA.

T Tl o 3 3 ap e

Bray, P., Carter, A., Simons, C., Guo, V. Puckett, C., Kamholtz, J., Spilegel, A., and
Nirenberg, M. NIH, Bethesda, MD.

A Agtll ocDNA lidbrary prepared from human basal ganglia was screened with 3 oligodeoxynucleotide
probes for reccombinants coding for a subunits of G signal transducing proteins. Fourteen of the
575,000 recombinant clones screened formed hybrids with 2 or 3 prodes. Nucleotide sesquences of two
clonea, BG-4 and BG-21-2, are highly homologous to bovine brain a; cDNA (Nukada, T. et. al., FEBS
Letters 197, 305, 1986). The nucleotide sequences of both strands of BG-4 ay cDNA were deterained.
The sequence begins at the 14th nucleotide residus of the bovine a; coding sequence and enda at
1261 in the 3' untranslated region. Nucleotide sequences of 11 clones are highly homologous to the
sequence of bovine ay (Nukada, T. et al., FEBS Letters 195, 220, 1986; Robishaw, J. et al.,
Proc. Natl. Acad. Sci. USA 83, 1251, 1986). Both atrands of BG-3 oy CDNA were sequenced
completely. The first nucleotide residue corresponds to the 3ith residue of the bovine a4 coding
sequence and the last, 1278, in the 3'-untranslated region. cDNA clones for 3 additional specles
of ay WRANA were obtained that differ in the region coding for amino acid residues 71-37; ag-l
(clones BG-1, HB-2, BG-8, and BG-21-5) code for the same amino acid residues, 71-87, that are
present in bovine 07; ag-2, (BG-3) contains 3 additional bases which code for Ser T, ag-3 (BG-6,
BG~20) contain Asp!! in place of Glu?! and lacks residues 72-86; and ay-4 (BG-13, BG-21-1) contain
AspTl in place of Glu?!, lack ag-1 restdues 72-86 and contains 3 additional bases which code for a
serine following Glull. Hybridization of cloned cDNA to total RNA followed by digestion with S,
nuclease revealed multiple forms of ag mRNA. We propose that the X4 species of ay mRNA are formed
by alternative splicing of an ag RNA transcript.

84 MULTI-SITE MODULATION OF HORMONE-SENSITIVE ADENYLATE CYCLASE BY PHORBOL ESTERS/C-KINASE IN
S49 LYMPHOMA CELLS. LL Brunton, LA Speizer, JR Kanter, MJ Watson and JD Bell. UCSD, La Jolla, CA
12-0-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 (INE) and PGE] with no detectable reduction in g-receptor density; 2)
attenuation of functional coupling of hormone receptor and transducer protein (Gs). The magnitude
of this effect is agonist-specific and {s exaggerated by lowering experimental temperature to 27°C,
where TPA inhibits the maximum response to PGE] by 50% and the response to INE by 25%; 3) TPA
enhances GYP-dependent AC activity. This enhancement seems to involve a GTP-binding protein since
ephances 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 Gg, suggesting the involvement of the inhibitory GTP-binding
protein, Gi. Blockade of G{ activity by high concentrations of Mg*+ (1100 mM) or Mn++ (>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
Gl by guanine nucleotide. Appropriate analog specificity, binding of [3M]phorbo) dibutyrate (Kp =
31 aM; Bmax = 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 activatfon of protein kinase C. (Supported by
NSF PCM 81-10116, NIH HL 17682, RCDA HL 00935 and a PMA fellowship to JD Bell)
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86 DESENSITIZATION IS VERY EXTENSIVE IN AN S49 MOUSE LYMPHOMA VARIANT WITH LOW PDE ACTIVITY.
R. W, Butcher, R. Barber, and T. Goka. University of Texas Craduate School of Biomedical
Sciences, Laboratorles of Cyclic Nucleotide Research, P.0. Box 20334, Houston, Texas 77225.

A variant of $49 cultured lymphoma cells (Blr) deficient in cAMP depeundent protein kinase activity
and with low phosphodiesterase (PDE) activities has been isolated and partially characterized by
Bourne et al. (J. Cell. Physiol. 85: 611-620). This lov PDE activity in Blr cells made the variant an
attractive one for detailed studies of intracellular cAMP metaboliss. We have found that, as expected
from the low phosphodiesterase activity previously reported, the cAMP turmover rate in Blr cells is
relatively slow (ti = 18-23 min at 37°C). Further, cAMP levels in unstimulated cells ranged from
about 1X to 5Z of cellular ATP (i.e., 20-100uM or 100-500 pmol/mg 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 turmover 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 is 0.035
% 0.004/min. The turnover values were used to determine precise levels of adenylate cyclase activity
throughout the time course of epinephrine stimulation. Desensitizagion 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 Blr cells is
manifested by an experimentally demonstrable left shift of the EC5g. Conversely, $49 WT cells re-
sponded to desensitization such that EC50 was shifted to the right. We hypothesize that these phenocu-
ena may, at least {n part, be secondary to the differences in the speed and extent of desensitization
in the two cell types.

7
8 PSEUDOHY POPARATHYROIDISM TYPE Ia - DECREASED TRANSCRIPTION OF MULTIPLE FOMMS OF G, a:
A. Carter, C. Bardin, R. Collins, P. Bray*, C. Simons, and A. Spiegel, Metabolic Diseases Braach,
NIDDK, and "!.nboutory of Biochemical Genetics, NHLBI, NIH, Bethesda, MD

Pseudohypoparathyroidiss (PHP) Type 1a is a genetic disorder characterized by target orgen
resistance to wultiple hormones acting via stimulation of cAMP. Several laboratories have
demoanstrated that plasma membranes from subjects with PHP la have decreased activity of the
stimulatory gusnine mucleotide binding protein (G,) associsted with adenylate cyclase. Cholera-
toxin labeling of the g subunit of G4 is also reduced in plasws mesmbranes from subjects with PHP
Ia. Using bovine and human cDNA probes for Gs~a we have performed Northern blot and Sl analysis of
total RNA extracted from fibroblasts of normal and PHP individuals. Of 5 patients studied, four
show decressed steady-state levels of G,-a mRNA. G,-a mRNA exists in at least two forms (long and
short), differing by approximately 45 bp. These are not distinguished by Northern blot
hybridization but can be distinguished by S1 nuclease protection assay. 51 analysis indicates that
both long and short forms are decreased in subjects with PHP. Moreover, there appears to be no
significant change in the ratio of long to short forms in PHP compared with normal individuals. It
appears likely that in some cases of PHP Type Ia, the genetic lesion affects some component of the
transcription of multiple forms of the G -a subunit.

88 The Effects of MgCl,, By,, and the Cyclic GMP-Dependent Phosphodiesterase on the
Rhodops in-promoted GTPase of T nsdulfn. R. Cerione, M. Lakonishok, R. Somers, and A. Spiegel.
Cornell U., Ithaca, NY 14853, NIH, Bethesda, MD 20205.

The GTPase cycle of the retinal nucleotide regulatory protein, transducin (TD), has been
examined after reconstituting the pure components of the phototransduction system into lipid
vesicles. Transducin, alone, has 1ittle or no GiPase activity; however, the addition of TD to
1ipid vesicles containing RHO results in the activation of multiple TD molecules (per molecule of
RHO) and a significant GTPase (= 1 mol Pi released per min. per mol TD). Dose response curves
for the effects of MgCl, on the RHO-stimulated GTPase are complex and include both stimulatory
and 1inhibitory phases. “Other salts such as KC1 only partially mimic the stimulatory phase,
suggesting that the effects by MgCl, reflect specific interactions between the divalent metal and
TD and/or RHO. The addition of tl?e pure By, complex to RHO/TD vesicles can also increase the
RHO-stimulated GTPase activity. This stim{ation is dependent on both [MgCl,] and [By,] and
appears to reflect the promotion by By, of the RHO-a, GDP interactions which ot:Gur at the outset

of each new GTPase cycle. The inclusidn of the pure cyclic GMP-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 GMP, or its
8-bromo-analog. Overall the results obtained from these studies now suggest 1) subunit
dissociation of TD must occur within the time frame of the activation-deactivation cycle of this
protein and 2) the interaction of the effector enzyme (PDE) with TD has no significant effect on
the rate of deactivation (GTPase) of TD.




89 TDENTIFICATION OF A COMSERVED DOMAIN AMONG CYCLIC WUCLROTIDR PHOSPHODIESTERASKS FROM
DIVERSE SPRCI®S. H. Charbonneau, N. Beier®, K.A. Walsh, and J.A. Baavo*. Departments of
Biochemistry and *Pharmacology, University of Washington, Seattle, WA 98195. Multiple forms of
cyclic nucleotide phosphodieaterase (PDE) differing in apparent molecular weight, substrate
spacificity, immunologic 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 PDE isozymes, we have determined the partial amino acid
sequences of two bovine isozymes, the 61 KDa calmodulin-dependent PDE and the cGMP-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. Sass, J. Field, J. Nikawas, T. Toda, and M. Wigler,
Proc. Natl. Acad. Sci. USA, manuscript submitted) and the Drosophila dunce* gene (C.-N. Chen, S.
Denome, and 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 41% sequence identity between the domains of the dunce’ gene product and the calmodulin-dependent
PDE. Tha 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 mRNA
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 RBEGULATION OF ROS cGMP PDE BY RHODOPSIN PHOSPRORYLATION AND 48K PROTEIN, Deborsh A,
Fox, James L. Miller, and Burtom J. Litman, Department of Biochemistry, University of
Virginias, 8chool of Medicine, Charlottesviile, Va. 22908.

Rhodopsin species coutsiming 0, 2 aund >4 (high) phosphates per rhodopsin (P/R) were purified and
reconstituted into phosphatidylcholine vesicles. These vesicle preparations were used to
investigate the light-dependent sctivation of the rod outer segment cGMP phosphodiesterase (PDE) in
the abseuce and presence of purified 48:d protein (48K). In the sbseoce of 48K, a graded reduction
in the maximum velocity (V-. ) of light-stimuleted PDE activity was observed with increasing
rhodopsin phosphorylation. hc .nbhibition of PDE Vaay V48 greatest follovwing lov fractional
rhodopein bleaches and became less prolounced at higher i!‘lctionll rhodopsin bleaches. Following
bleaches of 0.01 and IX, the ¥ of the POE ia the bigh P/R vesicles was reduced by 85% and 30
respectively, relative to the B?]l control vesicles. Phosphorylation alone had no significant
effect on the lifetime of the active rhodopsin apecies (Rho%) ( T .((1/e) ~ &400sec).

The effect of adding 48K to the asssy mixture was iavestigeted at several bleach levels. The
molar ratios of 48K:Rho* ranged between 20:1 and 2:1. Addition of 48K did not change T ¢¢ for 0 P/R
vesicles, however, it did produce a slight reduction in the PDEV___. In contrast, 7, for high
P/R vesicle samples was reduced by "85 in the presence of 48K (from >400sec to <70sec), whereas,
the V, was reduced by an additionsl 20% beyond that produced by phosphorylation in the absence of
48K (8.1'! bleach). When ATP wvas included in the reaction mixture, there vas no further effect on
Toff OF Vour These results demonstrate that rhodopsin phosphorylation is & necessary requirement

£07 48K to sffect PIE Veax 08 Togeg of Rho*  Supported by NI grant EY00548.

9 Cr(I11) GUANINE NUCLEOTIDE COMPLEXES AS PROBES FOR GTP-BINDING IN BOVINE TRANSOUCIN.
Syzanne E. Frey and Yee-Kin Ho, Oepartment of Biological Chemistry, University of
I11inois at Chicago, Health Sciences Center, Chicago, I11inois 60612.

We have synthesized Cr(11I)-B,y bidentate 6TP and Gpp(NH)p compiexes to probe the GTP binding
activities of transducin. Cr(III)-6TP at ten-fold higher concentration of Mg-GTP promoted the
1ight-activation of the PDE. The hydrolysis of the bound GTP as monitored by the decrease of the
activated PDE activity indicated that both complexes were hydolyzed at the same rate. However,
using [y-32P)Cr(II1)-GTP as substrate, it was shown that Cr{III)-GTP was degraded five times
slower than MgGTP in the photo-activating cycle. Unlike the transducin-Mg-6TP which dissoctated
from the rhodopsin membrane, the transducin-Cr(I1I)-6TP complexes were found tightly associated
with the photolyzed rhodopsin. The different Cr(III[)-GTP hydrolysis rates could be explained in
the following terms. In the radioactive tracer assay, the lack of free photg;yzed—rhodopsin for
repeated activation of transducin could lead to a slower hydrolysis of the [2€P)Cr(I1II)-GTP.
However, in the PDE assay the membrane bound POE only interacts with the membrane-associated
transductn-Mg-GTP or -Cr(111)-6TP complexes for its activation. The measure of the decrease of
the PDE 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(111)-6pp(NH)p complex were separated by reverse phase HPLC. All isomers were found capable in
activating the POE. No significant stereospecificity of the Cr(I1I1) -Gpp(NH)p complexes was observed.




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 UniversTtat Heldelberg, 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 Gy, purified from bovine retinas and brain, respectively. Several polyclonal
antisera against tge alpha subunits of bovine Gy and Go did not react with the 40 kDal neutrophil
protein on immunoblots. CW 6, a polyclonal antiserum reactive against bovine G; 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. Gilllesple 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 comes, while the bulk of_the PDE activity (peak II) is
derived from rods (Hurwitz et al., J. Biol. Chem., 260:568, 1985). [ H)cGMP binding to PDE 1is sub-
stantially greater in peak I than in peak II. Scatchard analysis of peak I binding indicated a
single class of binding sites, with = 12 nM. The maximal binding (Bmax) was 10.1 pmoles cGMP
bound per unit of PDE activity. ScatcChard plots of peak II cGMP binding wWere curved; analysis of the
data, assuming two noninteracting classes of binding sites, indicated values of 16 and 234 nM. The
B for peak II per unit activity was 10- to 20-fold less than for peak I. Peak I c¢GMP binding was
stifulated 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 forws of photo-
receptor phosphodiesterase.

94 NEURAL REGULATION OF ADENYLATE CYCLASE IN RAT BROWN ADIPOSE TISSUE. J.G. Granneman.
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 sdenylate cyclase to norepineph-
rine and fluoride. We are examining the molecular basis of the increase in adenylate cyclase
rs&ponlivenen and have found that exposing rats to 4°C for 3 days increased cholera toxin-catalyzed
{”“P]-ADP ribosylation of the stimulatory regulatory protein of adenylate cyclase (G.) 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 G, 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 G,. 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 NIN
grant AM 37006.




98 POSSIBLE MECHANISM FOR INTRANEURONAL REGULATION OF ADENYLATE CYCLASE: NUCLEOTIDE TRANSFER
BETWEEN GTP-BINDING PROTEINS., Shinichi Hatta, Marietta M, Marcus, Yuko Hatta and Mark M. Rasenick
Department of Physiology and Biophysics, University of Illinois College of Medicine. Chicago, IL
60680

P3-azidoanilido-P!-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 32P AAGTP bound to the inhibitory, 40 KDa
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 Mgt+ is required for AAGTP binding to GNi and for the transfer of AAGTP
between GNi and GNs, it is not required for AAGTP binding to GNs. The phenomenon of AAGTP transfer
between GNi and GNs as well as the existence of a novel 22 KDa 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, Greti Aguilera, and Kevin J. Catt, NICHD, NIH, Bethesda, MD 20892
We examined the effects of pertussis toxin (PT) on glomerulosa cell responses to angiotensin II
(AII) and somatostatin (SRIF), which respectively stimulate and inhibit aldosterone production by
the adrenal gland. Both hormones inhibit cAMP 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 1 nM AIL. However, PT effects on the stimulation of steroid
production by AII 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 beu”sto deglinc.
and this response was blocked by the toxin. In studies with radiolabeled ligands, I-Tyr -SRIF
binding to penea&%ized 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 speciﬁcallyﬂ;imlated by AII, and this activity was found to be refractory to PT pretreatment.
Studies with [““P]NAD xevealed 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 o subunit of N .
These results are consiatent with a model in which low concentrations of AIl (< 10 nM) couple the
ALl receptor to a PI-insensitive guanine nucleotide binding protein (N ) that activates polyphos-
phoinositide hydrolysis and stimulates steroid production. Furthemtg, SRIF or high concentra-
tions (> 10 nM) of AII activate N, and cause partial inhibition of the aldosterone response eli-
cited by physiological ALl concentrations.

97 N-PROTEIN-MEDIATED INMIBITORY EFFECT OF OPIATES ON VOLTAGE-DEPENDENT CALCIUM CHANNELS IN
NEUROBLASTOMA X GLIOMA HYBRIDS, J.Hescheler, W.Rosenthal, W.Trautwein, and G.Schultz.
II. Physiologisches Institut, Universitdt des Saarlandes, D-6650 Homburg/Sasr, F.R.G., and Institut
fir Pharmakologie, Freie Universitat Berlin, D-1000 Berlin 33, F.R.G.

In neuroblastoma x gliomas hybrid cells (108CC15, NxG cells), opiates and qz-adrencrglc ajonists
cause adenylate cyclase inhibition, presumsbly via N ., the inhibitory N—prot&in. N, and N_, an-
other Nprotein with unknown function, ars substrates o‘ B. pertussis toxin (PT) in NxG cellS. Ef-
fects of opiates and -adrenergic agonists on voltage~dependent calcium chcgr:els were studied in
difh(z'cntiatgd NxG cells, using the whole cell clamp technique with 10.8 WM Ba“" as charge carrier.
D-Ala®,D-Leu”-enkephalin (DADLE) concentration-dependently reduced the calcium current (I. ).
Maximal and almost complete inhibition of I vas seen with 1 M DADLE, whose effect was halt-m Ri-
mal betweaen 10 and 100 WM. Morphine (10-100 ﬂﬂ) and adrenaline (10-100 uM) plus propranolol (10 pM)
had smaller inhibitory effects on IC , carbachol (10-100 M) was without effect. The DADLE ef fect
was repidly reversed by washing or Ey sddition of naloxons (10 wM). Intracellular spplication of
GTPyS (10-100 M) through the patch electrode mimicked the DADLE effect. The effect of DADLE but not
that of GTP*S was blocked by sbout 90% by pretreatment with PT (200 ng/ml) for seversl hours. The
DADLE ef fec onl in PT-treated cells was restored by intracellular spplication of N and N
purified from porcERo brain; the d=subunit of N_was more potent than N in restoring Qhe DA
effect on I. . These data indicate that PT-—sensftive N-proteins, most likely N_, are involved in
func tional E&pling of opiate receptors to voltage-dependent neuronal calcium chanfels.
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98 ACTIVATION OF PHOSPHOLIPASE C IN RABBIT PLATELET MEMBRANRS BY GTPYS OR BY THROMBIN AMD GTP.

L_l._lmxm._mux__m_m.!. Dept. of Pathology, McMaster Univ., Hamilton, Ont., Canada.
Rabbit platelets were labelled with [3H]linositol and lysed by freezing and thawing in 100 mM KCl,

25 mM Hepes (pH 7.4), 2.5 mM EGTA, 1 mM MGATP and 0.5 sM Mg2*p..,. The membrane fraction was washed
twice at 4°C in this medium minus XCl and vas finally resuspended in medium with ECl. Samples were
incubated for 10 min at 25°C. Addition of CaCly to give 0.1 uM Ca2*prgq led to the formation of
[38)inositol monophosphate (IP) and bisphosphate (IPp) in a ratio of about 1:5. PFurther addition of
10 uM GTPYS increased IP about 3-fold and IP, about 5-fold. Little (3H)1nos1tol trisphosphate
(IP3) accumulated (<108 of IP;), even when unlabelled IP3; was added. GTPYS was ineffective in the
absence of Ca2*. Half-maximal effects were observed with 0.3 uM GTPyS. Measuresment of the 3H in
sembrane phosphatidylinositol (PI), phosphatidylinositol 4-phosphate (PIP) and phosphatidylinositol
§,5-bisphosphate (PIP;) gave initial ratios of 9:3:1 and demonstrated a 30% inorease in PIP, in
control incubations. Addition of 10 UM GTPYS prevented this increase in PIP, and led to a 20%
decrease in PIP. QTP (1-100 LM) also increased IP, formation but only to the level observed with
0.2 yM GTPyS. Thrombin (2 units/ml) induced only small increases in IP; in the absence of added GTP
but, in the presence of 210 .M GTP increased IP and IP, to the same extent as 10 .M GTPYS. Synergisa
was also obsarved between thrombin and 0.1 yM GTPyS. PIP was again the major source of IP,; little
IP3 was formed. The effects of thrombin in the presence or absence of GTP and of GTPYS were
inhibited by 400 M GDPSS. The results indicate that a G-protein mediates the activation of
phospholipase C by thrombin in the platelet and suggest that PIP is s major substrate of this ensyme.
Supported by the Mediocal Research Council of Canada and the Heart and Stroke Foundation of Ontario.

99 THE By SUBUNITS OF TRANSDUCIN ACTIVATE AND THE o SUBUNIT INHIBITS PHOSPHOLIPASE Az.
C,L, Jelsema and J. Axelrod, NIMH, Bethesda MD 20892.

Transducin (Td), the major GTP-binding protein (G protein) of the retina, has been demonstrated

to couple photoexcitation of rhodopsin to activation of phospholipase Aﬁ’ép ) in rod outer segments
(ROS) of bovine retina (Jelsema, Fed. Proc. 45, 1560), as measured by lfberatfon of arachidonate from
phosphatidylcholine in in vitro assays of Pl.:ge Loss of Td from dark-adapted ROS membranes was
accompanied by loss of 1ight-activated reas addition of purified T™d to Td-depleted ROS
partially restored the light-stimulated activity, Addition of GTPyS, which mimics the light-
induced dissociation of Td into subunits, also increased activation associated with the addition
of exogenous Td to Td-depleted ROS. Pertussis toxin pretreatment of Td, which prevents subunit
dissociation, also prevented P activation by Td. These results indicate a requirement for subunit
dissociation in the Td-mediated Sctivation of . To examine the role of the individual Td subunits
in modulation of Putté, purified Td was obtained Gre-extraction of purified, light-activated ROS and
the,g and subunitf were separated by two different methods following activation of pure Td with

Al ', Mg'', and F17, The isolated subunits were then added to either Td-depleted, dark-adapted ROS
or to soluble snake venom mim Addition of the isolated a or By subunits, prepared by either
method, were each found to stimulate the activity of both Td-depleted ROS and the soluble enzyme.
The activation associated with the By subuni€s, 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
stimilation observed with the individual subunits, This inhibition was prevented by addition of GTPYS
and enhanced by pretreatment with pertuseis toxin, These results suggest a stimulatory role for the 8y
subunits of Td and an inhibitory role for the ¢ subunit in the modulation of PLA,.

100 IMMUNOCYTOCHEMICAL 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 immunoprecipitation, 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 immunoadscrption and quantitatively
recovered in the pellet. Immunolocalization in rat brair 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 vegions.
Immunoblot analysis of whole cerebellum after such treatment indicated a decrease of > 75 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.




10 CHARACTERIZATION OF N~PROTEIN SUBUNITS 8Y TWO-DIMENSIONAL GEL ELECTROPHORESIS (2D~PAGE) .
D. Koesling, M. Pallest, C. Kleuss and W. Rosenthsl.
Institut fir Pharmskologie, Freie Universitét Berlin, D-1000 Berlin 33, F.RG.

In human neutrophil leukocytes (PMNs), pertussis toxin (PT)-sensitive N-proteins are involved in
tr ansmembr anous signalling betwsen the receptor for chemotsctic peptides and various effector systems
including phospholipase C (PLC). The PT-sensitivity of the PMN N-protein involved in PLC stimulation
is in contrast to other tissues where PLC is eppsrently regulsted by a PT~insenasitive N-protein. We
compared the PT subtrates igzuﬂ;rmu of PMNs, human erythrocytes (R8Cs) end human platelets. Mem-
branes were incubsted with ““P-NAD and PT and consequently analyzed by 20-PAGE. Radiolabelled pro-
teins were visuslized by sutoradiography. In all 3 tissues, a major PT substrate of 40 kDa and a pl
value of about 5.3 was identified. Only in PMN membrsnes, a second major PT substrate of 40 kDs with
a pl value of sbout 5.4 was observed. Compared to the more ascidic substrate, Lubrol PX and 8y-—complex
overproportionally incressed incorporation of radioactivity into the PMN-specific peptide. We con-
clude that PMN membranes contain a cell-specific PT-sensitive N-protein. - We slso used Z2D-PAGE for
the characterization of N-protein B-subunits. B-Subunits were detected by immunoblotting, using an
antiserum against transducin (YD), which recognized sll TD subunits and cross—rescted with the 36 kDa
B-subunit of N, N and N _. N-proteins purified from porcine brain end crude cholate extracts
of brain and REC membianes wede tested. In preparations of purified N, or N_ and in the crude ex-
tracts from both tissues, two immunoreactive peptides of 36 kDa were idcntgfiod which differed in
their pI values by 0.15 pH units, The occurence of different 36 kDa 8-subunits may be explained by
posttranslational modification.

102 PROTEIN KINASES AND PROTEIN PHOSPHATASES AS REGULATORY ENZYMES POR CALCIUM TRANSPORT
IN CARDIAC SARCOPLASMIC RETICULUM. E.G. Kranias, B.A. Davis and J. Di Salvo, Univ.
of Cincinnati College of Medicine, Cincinnati, OH  45267~0575.

Calcium transport by cardiac sarcoplasmic reticulum (SR) appears to be regulated through phosphory—
lation of phospholamban, a 24,000 dalton polymeric gtoteoliptd. Phospholamban 1s phoaphorylsted by
cAMP-dependent protein kinase and by an endogenous Cal*.calmodulin(CAM)-dependent protein kinase which
is regulated by calcium concentrations similar to those occurring intracellularly during contraction
and relaxation of the cardiac wuscle. Phosphorylation of phospholamban by cAMP-dependent or by Ca2*-
CAM-dependent protein kinase is assoclated with increased rates of calcium transport, which reflects
an increased affinity of the transport protein for calcium. Phosphorylation of phospholamban by cAMP-
dependent and Ca2t.CAN-dependent protein kinases occurs in an independent manner. The stimulatory
effects of the two protein kinases on the calcium pump may be reversed by an endogenous protein
phoaphatase activity. Dephosphorylation of phospholamban results in a reduction of the stimulation on
calcium transport produced by the protein kinases. Rephosphorylation of phospholamben by protetin
kinases causes full recovery of the stisulation on calcfum transport and reversal of the effects
mediated by the protein phosphatase. The phospholamban protein phosphatase may be solubilized from
cardiac SR meabranes by Triton X-100 and subsequently purified by chromatography on Mono Q HR 5/5 and
polylysine agarose columns. When subjected to sucrose density centrifugation the SR protein phospha-
tase appears to have a My of 46,000. These findings indicate that the calcium pump in cardiac SR is
under reversible regulation by protein kinase(s) and protein phosphatase(s). Such regulation may
represent an ilmportant countrol mechanism for the wyocardium. (Supported by NIH granta HL 26057, HL
22619 and HL 20196).

103 INSULIN-DEPENDENT PHOSPHORYLATION OF G PROTEINS IN PHOSPHOLIPID VESICLES by J.
Krupinski, M. Lakonishok, J. Benovic, and R, Cerfone, Cornell U., Ithaca, NY 14853, Duke U,,
urham, NC 27710.

We have investigated the involvement of GTP binding proteins (6 proteins) in insulin action by
co-reconstituting tyrosine agarose-purified, or insulin-sepharose purified, insulin receptors and
6 proteins into phospholipid vesicles. When pertussis toxin sensitive G protefns from bovine
bratn (6, and G ) are used in the co-reconstitution, an insulin-stimulated phosphorylation of the
a («n1 and o ) afld v subunits of the heterotrimeric 6 proteins results. Under optimal conditions
this phosphsrylation is equal in extent to the insulin-stimulated 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 {nvolvement of another
kinase which s present in the tyrosine agarose preparations. The insulin-promoted
phosphorylation of the G proteins requires their co-insertion with insulin receptors into lipid
vesfcles, i.e. little or no phosphorylation occurs when these proteins are simply mixed in
detergent solution. Moreover, the insulin-promoted phosphorylation appears to be specific for 6
or G_; other heterotrimeric GTP binding proteins such as (is or transducin are poor substitutes d
the Jesicles. The G proteins cause an enhancement of the’insulfn-stimulated autophosphorylation
of the purified receptor. This enhancewent is in part a refiection of an fncreased incorporation
of the insulin receptor into 1fpid vesicles (induced by the G proteins). Taken together, these
studies pmv’iﬁ evidence for the interactions of GTP binding proteins with the insulin receptor
in a Yipid milieu,




104 EFFECT OF PERTUSSIS TOXIN ON THE PHOSPHODIESTERATIC CLEAVAGE OF THE POLYPHOSPHOINOSITIDES
BY GUANOSINE 5'-O-THIOTRIPHOSPHATE AND THROMBIN IN PERMEABILIZED HUMAN PLATELETS. Eduardo G.
Lapetina. Department of Molecular Biology, The Welloome Research Laboratoriea, Burroughs

Welicome Co., Research Triangle Park, North Carolina 17709, U.S.A.

Permeabilization of human platelets with 15 to 25 ug/ml saponin allows ADP-ribosylation by
pertussis toxin of the aj-subunit of G; (Nj), a guanine nucleotide-binding regulatory protein. We
have used the same assay conditions to determine phospholipase C in permeabilized platelets.
Guanosine 5'-0-thiotriphosphate (GTPyS) activated phospholipase C in permeabilized platelets whose
inositol phospholipids were prelabeled with [3H]inositol. Phospholipase C activity was measured by
{3H]polyphosphoinositide decreases and formation of [3H])inositol bisphosphate and [3H)inositol
trisphosphate. Prostacyclin, cyclic AMP or pretreatment of permeabilized platelets with pertussis
toxin did not alter this effect under conditions in which the aj-subunit uwas 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, surpriaingly, this
action was enhanced by enhanced by pertussis toxin pretreatment. This indicates that inactivation
of Gy-protein facilitates the action of thrombin on phospholipase C.

108 STIMULATION OF HUMAN PLATELETS WITH TRYPSIN, THROMBIN AND COLLAGEN INHIBIT THE PERTUSSIS
TOXIN-INDUCED ADP-RIBOSYLATION OF A 41,000 DALTON PROTEIN. Eduardo G. Lapetina, Bryan Reep, and
Xwen-Jen Chang. Molecular Biology Departsent, Burroughs Wellcome Co., Research Triangle Park, NC
27709

Permeabilization of human platelets with 15-25 ug/ml saponin allows the determination of the
ADP-ribosylation of a 41,000 dalton protein by pertussis toxin. The ADP-ribosylated protein is
present in the particulate fraction. ADP-ribosylation of the 41,000 dalton protein increases for
20 min; 1t is not affected by indomethacin, prostacyclin, and 1,2-diacylglycerols, and is inhibited
by 1 mM Cac" and phorbol esters. The stimulation of platelets with TPCK-trypsin, thrombin or
collagen before saponin addition precludes subsequent pertussis toxin-induced ADP-ribosylation of
the X1,000 dalton protein. The effect of TPCK- trypsin and thrombin 1s blocked by protease
inhibitors such as soybean trypsin inhibitor and leupeptin. TPCK-trypsin proteolytically cleaves
the ADP-ribosylated 41000 dalton protein to an ADP-ribosylated fragment slightly smaller than 20000
dalton. The results suggest that a modification of a guanine nucleotide-binding regulatory protein
is associated with the action of TPCK-trypsin, thrombin and collagen on platelet activation.

106 . G PROTEINS MEDIATE MULTIPLE INHIBITORY ACTIONS OF SOMATOSTATIN IN ATT-20 CELLS.
Luini. A, Axelrod, J. and Lewis, D. NIAA, Rockville, MD 20852 and NIMH, Bethesda, MD 20892,
Opl.nes.GABA,nmadmmling, lchplmemdwnmoguﬁnaﬂmonmﬂminhibhmmiwwh«mmc
ugaemq.'l'omdythemec_hmgm acponofmmn,theuseofnmyclomloenline(MT-ZO) amenable to
biochemical and electrophysiological studies, has been advantageous. AtT-20 cell secrete ACTH in response 1o an intracellular
mdmmmmmm«wmw(ﬁimmmmmmm
of somatostatin. Here, we show two of somatostatin, both involving a G protein. One is the
g 1 ; In whole cell patch clamp experiments, somatostatin reduced the voltage-
dependent calcium current. The intracellular free calcium concentrations (measured by the Quin-2 technique) were also reduced.
Treatment of the cells with _wxin,whmhAD.Pnbuyhmtl!eGTPbindinngGimdﬂqubypluumbly
inactivating them, the action of somatostatin on both calcium cument and intracellular free caicium. Intracellular
application of the nonh; .lynbhgmmemchoqdemmms,whkhhemiblymivm%gmm,chngedme
somatostatin effect on calcium current from a reversible to an irreversible inhibition. Intracellular GTPS alone caused a very
sbm‘:‘mhhibnimofukmmmm The cffect of GTPS on the inhibition of calcium current by somatostatin was
not by the intracellular application of cCAMP and IBMX. These results suggest that a GTP-binding protein is directly
Whhmmm-mmdmeAmmmmh

their effect on cytosolic calcium. This acﬁonofmnsuinwanotcbangedbylu:y vl of AMP ;nrilns
¢ concentrations snalogs i
was mmmm.lncdl:npumhkudwhhdlﬁm mmwamh;mdbymom:




107 IMMUNOLOGICAL IDENTIFICATION OF THE MAJOR PLATELET LOW Km cAMP PHOSPHODIESTERASE: A TARGET
FOR ANTI-THROMBOTIC AGENTS AND cAMP-DEPENDENT PHOSPHORYLATION. C.H. Macphee, S.A. Harrison, D.H.
Reifsnyder, 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 et. al., Mol. Pharmacol. 29, 506-514, 1986). This enzyme has been designated
a8 cGMP-inhibited PDE since low concentrations of cGMP inhibit (Ki=60nM) cAMP hydrelysis. Western
blot and enzyme activity analyses, using mouse antiserum and monoclonal antibodies, indicated that
more than 90X of the total low Km cAMP PDE activity in bovine and human platelets resided in a single
110KkDa peptide which was immunologically 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 80KDa and 60KDa fragments. In addition, several known PDE
inhibitor compounds which have been found useful in inhibiting platelet aggregation also inhibited
the platelet low Km cAMP PDE with pctencies very similar to their anti-thrombotic effects. Cilosta-
mide, Ro 15-2041, milrinone, papaverine, IEMX, and theophylline inhibited the 110KDa platelet enzyme
with I.C.5q values of 0.04, 0.13, 0.46,1.4, 2.6, and 110uM, respectively. Since both the heart and
platelet igom. PDE can be phosphorylated in vitro by cAMP-dependent kinase we attempted to phos-
phorylate the enzyme in fresh intact human platelets prelabelled with[32P]-PO,. Specific immunoad-
sorbtion of the platelet PDE using solid-phase antibody reagent demonstrated that PGE;, an agent
which elevates platelet cytosolic cAMP levels, promoted the rapid (<1Min.) and dose-dependent phos-
phorylation of the 110KDa 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 cholate extracts
of bovine brain membranes by sequential DEAE-Sephacel, Ultrogel QSA-N, heptylanine-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 3% and 36 kilodalton peptides that were immunologically and electro-
phoretically indistinquishable from the A% subunita of known GTP-binding proteins. The purified
protein specifically bound 17.2 nmol of ““S-GTPYS per mg protein with high affinity (Kd = 15 aM),
i.e. one mole of GTPYS was bound per mole of native protein, assuming an Mr of 67,000. The protein
is not a subatrate for ADP-ribosylation by either pertussis or cholera toxins. The protein puri-
fied from brain comigrated on SDS-polyacrylamide gels with the CTP-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 BINDING PROTEIN, o4, AND OF A NOVEL G PROTEIN, gn. T. Michell,
J.W, Winslowl, J.A. Smith?, J.G. Seidman3 and E.J. Neerl, lCardiovascular Division,
Brigham and Women's Hospital; Z2Dept. Molecular Biology and Pathology, Massachusetts General Hospital;
and Depts. of lMedicine, zPathology and 3Genetlca, Harvard Medical School, Boston, Massachusetts.
Signal transduction by receptors in biological membranes is modulated by a family of related GTP
binding proteins (G proteins). A 41 kDa G protein, 4, is implicated in signal transduction by recep-
tors coupled to adenylate cyclase fnhibition and by receptors which modulate Ca** flux and phospho-
inositide metabolism. We have determined the amino acid sequence of peptides isolated from the 44
protein and from a related 39 kDa protein, ap» both proteins purified from bovine brain. The amino
acid sequences of these peptides show homology with one another, and show 75% sequence identity with
the reported sequences of the G protein transducin (at). Based upon this striking sequence homology,
we used the cDNA for 5t to screen a bovine pituitary lidrary, at low hybridization stringency, and
we have isolated and charactertized a ¢DNA clone which encodes ai+ The deduced amino acid sequence
of the 31 clone demonstrates marked homology to several other GTP binding proteins. Southern blot
analyais of the cloned 53 ¢DNA 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 G protetn, gh, 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 G protein supergene family, with multiple G pro-
teins of similar overall structural and mechanistic properties likely to be identified as products
of distinct genes.
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110 MEMBRANE FLUIDITY GOVERNS THE RECONSTITUTION OF GTP SENSITIVE ADENYLATE CYCLASE ACTIVITY.
Dianne L. Newton and Werner A. Klee, Laboratory of Molecular Biology, NIMH, 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 composition. Adenylate cyclase was purified from rat brain membranes by
a combination of forskolin or calmodulin-agarose and wheat germ agglutinin-agarose affinity chromato-
graphy. The GIP-binding regulatory proteins were purified from rabbit liver and bovine brain by
published procedures (Sternweis et al., J. Biol., Chem, 266, 11517 (1981); Milligan and Klee, J. Biol.
Chem. 260, 2057 (1985). Reconstitution into phospholipld vesicles was accomplished by dialysis. GIP
insensItIve stimulation of adenylate cyclase by Gs 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 Gs is enhanced by aluminum fluoride and is inhibited by Gi and the By sub-
unit of transducin. Thus, the activity of Gy 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 Gy and Gj activities when lipids of greater fluidity are used in the reconstitution. Thus,
dimyristoylphosphatidyl choline (DMPC) and lecithins containing fatty acid moleties of 10 and 12
carbons in length support Gg and Gy activities which are stimulated by GTP analogues. Addition of
cholesterol, which is expected to decrease the fluidity of the Cy9-Ciy 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 Gg when the Cq2 lecithin is used. Thus,
the GppNHp sensitive activity of Gg requires a highly fluid membrane environment, whereas the activity
of the GDP-Gg complex is optimal with lipids of intermediate fluidity.

m BINDING SITES FOR [3H)FORSKOLIN IN MEMBRANES FROM RAT HEART, LUNG, KIDNEY AND LIVER:

Their Regulation by GppNHp. K.B. Seamon and C.A. Nelson Center for Drugs and Biologics

FDA Bethesda, MD 20892

A survey of the characteristics of 3H-forskolin (3H-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 K of 20 nM and are increased up to 4-fold in the presence of
GppNHp. 3H-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 GppNHp. Similarly, binding
sites for 3H-FSK were detected in meambranes 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 3H-FSK binding in heart, lung, and kidney were 34 nM, 29 nM, and 15 nM, respectively
which is similar to values reported for membranes from rat brain and human platelets. In contrast,
liver membranes had a Ky value of 329 nM for 3R-FSK binding. This low affinity binding of 3H-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 “H-FSK binding sites in all tissues except for
liver. It was determined by HPLC chromatography that no degradation of the 3H-FsK ligand occurred
during incubations in any of the tigsues studied. Current evidence indicates that the formation of
the high affinity binding site for JH-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.

12 GUANINE NUCLEOTIDES STIMULATE NADPH OXIDASE IN PLASMA MEMBRANES OF HUMAN NEUTROPHILS :
EVIDENCE FOR AN INVOLVEMENT OF A GUANINE NUCLEOTIDE-BINDING PROTEIN, R. Seifert, W. Rosen-
thal, and G. Schultz. Pharmakologisches Institut, Freie Universitét 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 oxidase (NO) in intact human neutrophils. The
effect of FMLP involves a pertussis toxin(PT)-sensitive 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-catalyzed 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 cytosol, rachidgnic acid
(AA, 10 - 200 M, peak at 50 M) 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 and PMA
did not ectivate NO. Addition of the stable GTP analogs, GTPyS (10 yM) end GppNHp (100 M), or NaF
(10mM), which activate N-proteins, prior to or with AA, enhanced NO activity up to 4-fold. The GTP
analogs were without ef fect when added several minutes after AA. GDPBS inhibited the effect of GTPyS.
In membranes from PT-trested neutrophils, the effects of GTPyS and GppNHp were not changed. Removal
of cytosolic ATP by hexokinase and glucose suppressed the stimulatory effect of AA but not that of
GTPYS . As trans-fatty acids are not known 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 N0 i{s regulated by an N-protein, independent of activation of
PK-C or elevation of cytoplasmic calcium.
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ns3 ADENYLATE CYCLASE-LINKED STIMULATGRY (Ry) AND INHIBITORY (Rg) RECEPTORS AND ASSOCIATED
GTP-BINDING PROTEINS REGULATE INSULIN-STIMULATED PROCESSES IN RAT ADIPOCYTES BY cAMP-INDEPENDENT
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 cyclase, are
either stimulatory (Rs) or inhibitory (R{), and regulated by their respective GTP-binding com-
plexes, Ny or Nj. In the absence of insulin ligands for Ry (eg. 1soproterenol, ACTH) and Ry recep-
tors (eg. adenoaine, PGE;) control lipolysis exclusively by modulating CAMP ooncentration and
cAMP-dependent protein kinase (A-kinase) activity. However, in the presence of insulin, ligands
for Ry and R; receptors are shown to control several processes by mechanisms unrelated to cAMP or
A-kinase activity. For example, Ry ligands increase and Ry 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 R; ligands and decreased by Rg ligands. In the absence of Ry oOr Ry
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-
tussis toxin eliminates R; effects on transport. Thus, these cAMP-independent actions of Rq and Ry
ligands on the glucose tranaporter are mediated by the Ng and N; proteins, respectively. Moreover,
the entire receptor package, both Rg and Ry, that is linked to adenylate cyclase is linked also to
these cAMP-independent pro . It ts concluded that adenylate cyclase is but one of a number of
proteins which {s regulated by a common RgNg°RyNj package in the adipocyte plasma membrane.

4 INSULIN REGULATION OF LIPOLYSIS AND PARTICULATE LOW Ky cAMP PHOSPHODIESTERASE (PDE)

ACTIVITY IN RAT ADIPOCYTES. Carolyn J. Smith and Vincent C. Manganiello. Laboratory of Cellular
Metabolism, NHLBI, NIH, Bethesda, MD, 20892

Lipolysis and particulate "low K," cAMP PDE were studied under conditions “defined" by incubation
of adipocytes with adenosine (Ado) or adenosine deaminase (ADA) without or with NMo-phenylisopropyl-
adenosine (PIA). ADA increased both lipolysis and particulate (not soluble) PDE activity (K act ™
«02 U/ml), with maximal effects at 0.5~1 U/ml. PIA inhibited ADA~stimulated lipolysis and PDE (Kj
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 %~ 1 nM) than Ado or ADA + PIA (K act ~ 15 nM).
Maximal lipolysis with ADA alone was 65% that with Iso. Maximal Iso increased PDE activity by ~ 190%
with either Ado or ADA + PIA (K act a 4 nM), but only increased PDE activity by ~ 20% with ADA which
itgself increased PDE activity by ~ 165%. Insulin (Ins) inhibited lipolysis stimulated by Iso + Ado (K
~10 pM) and increased PDE activity ~ 165% with Ado (K act ~ 17 pM). With Ado, maximal Ins and Iso to~
gether increased PDE to a greater extent than either alone. 1Ins inhibited lipolysis stimulated by ADA
alone, but effects of ADA and Ins on PDE were not > ADA alone. With ADA, Ins increased PDE in the
presence of PIA, PGE}, and nicotinic acid, agonists which activate N] - coupled receptors and inhibited
ADA stimulation of lipolysis and PDE, With ADA plus low Iso (< 10 nM) insulin alone inhibited lipoly-
sis; at higher Iso, > 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 PDE as well as hormone sensitive lipasse, In addition they
suggest a possible role for Nj-activation in the regulation of particulate cAMP PDE by insulin.

115

DISTINCT PROPERTIES OF PURIFIED KIDNEY HIBH AFFINITY CYCLIC AMP(cA) PHOBPHODIESTERASE (Type
Iv PDE) 8.J. Strada, C.-C. Shen and N.J. Thompson, Dept. Phare., U.of So. Alabama, NMobile, AL 36488,

High aftinity fores of cA PDE érom rat heart, kidney and liver tissues were compared to a dog

kidney enzyae purified to a 350-fald higher specific activity than previously reported (Biochem.18:
5228, 1979). Type IV kidney PDE is separated fros a 60 kD binding protein identified with polyclonal
antisera raised against the enzyme coaplexed with the binding protein which appeared hosgeneous by
classical criteria. Purification has been lsproved by including Affi-gel blue chrosatography between
DEAE fractionation and 8200 gel filtration. The enzyee bdinds avidly to Affi-gel blue allowing
resoval of contasinants rapidly and in large quantity. The fold purification of the eniyae ¢ros
kidney homogenates is 4000. The Ka of the high specific activity enzyme(1.6 uM) and pharmacological
specificity are the same as those previously reported. The saxisum velocity of the enzyse is B8-20
ueoles/min/ag in various preparations. 101 SDS gels show ca. 80% of the protein at 81 k0O, with
contasinats evident at &3, 47, 34 and 32 kD. DEAE-cellulose fractionation of rat tissue supernatants
resolves Type IV activities from other enzyae foras. These activities can be distinguished by c6
inhibition of cA hydrolysis and by pharmacological specificity. Heart is predosinantly cB inhibited,
liver contains both cB8 inhibited and non-inhibited Type IV activities, whereas kidney contains soley
non-c8 inhibited activity. Al) cB inhibited activities are sarkedly inhibited by cilostanide and
ailrinone whilet kidney-like forms are auch eore sensitive to inhibition by 80-45442, These studies
indicate that an activity siailar to that puritied fros dog kidney exists in other tissues and that
Type IV anzyae activities can be distinguished on the basis of their sensitivities to inhibition by
¢B and dy pharsacological agents. This research is supported by &M 33538,




116 ONTOCENY OF GUANINE NUCLEOTIDE AND IONIC REBGULATORY PFACTORS OF OPIOID RECEPTORS.
M. Sztics, G.M. Ostting, J.W. Spain snd C.J. Coscia, E.A. Doisy Department of Biochemistry, St. Louis
University School of Medicine, 1402 S. Grand Blvd., St. Louis, MO 63104,

Having established differentisl ontogeny for u and § opioid receptors in rat brain, we have
examined their regulation by mono- and divalent cations snd 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 system, The binding of
SH-DADLE (in the presence of 10 nM DAGO) was most sensitive to divnleg! cations duriu‘ﬁghe figge
week postnatsl with increases over control values as high as 100X by Mn , and 70X by Mg  or Ca .
In contrast, u binding (messured with 1 nM SH-DAGO) was inhibited by cations and the effect did not
H change during development. GTP, Gpp(NH)p, and GDP inhibited u by 40-60Z and 6 binding by 15-30%, an

effect that again remained constant throughout development. Ns ’lubntlntinlly increased the potency
of GNs in all ages. The inpjbition of binding by Gpp(NH)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 [*?P]NAD in the presence of pertus~
sis 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 1s required to assess whether they are functionally coupled to u/é opioid receptors in
neonates.

nz CORRELATION OF VANADATE/GLUTATHIONE (V/BSN) ACTIVATION AND CYCLIC 6MP(cB) INHIBITION OF
RABBIT LIVER PARTICULATE MNIBH AFFINITY CYCLIC AMP(cA) PHOSPHODIESTERASE (TYPE IV PDE}. N.J.
Thospsan, B.N. Tan and 8.J. Strada, Dept. Phars., U.50.Alabams, Wobjle, AL 34408.

We previously reported activation of particulate Type IV PDE activity in rat adipocytes
(Souness et al., JCNPPR 10:483,1985) by a cosplex of sodius vanadate and glutathione (V/BBH).
Similarly, the maximus velocity of high affinity liver particulate activity (Ke=0.7) is increased
(2001 sbove basal) by vanadyl ion complexed with glutathione (1:12). Other eleaents capable of the
V-1V valence transition states with 68H, eg., tungsten, tantalliue and niobium will stubstitute
for vanadiua. Mixtures of 88H and manganese, chrosius or solybdenus are {nactive. CL-~cysteine,
cysteic acid, cysteamine or N-acetyl-cysteine, but not cystasine, cystine, hoasocysteine or
taurine, can substitute for BSH. These results indicate the critical role of the -84 as an
electron donor in the coeplex activation., Particulate c6 PDE hydrolysis (Ka=12 uM) is not affected
by V/BSH, however, the sensitivity of Type 1V PDE to c8 inhibition is increased 20-fold by V/B8H
activation. Type 1V PDE tnéluenced by these effectors is solubilized with 0.2X Triton X-100 but
not by 0.4N NaCl or hypotonic lysis. Differential centrifugation shows effector localized to light
aicrososal  meabranes. c@ inhibits both basal and V/G8H activated entyse activity to the sase
extent, suggesting an effect on the sase entyse activity, In addition, drug fahibition profiles
af c8 inhibited and V/B8H activated activity are parallel, These data suggest that V/88H
complexes in vitro eimic insulin sctivation of Type IV PDE in intact cells. Further, both agents
atfect the cB inhibited fore of high aéfinity inr hepatic sesbranss, perhaps via an oxidatfon-
reduction sschanise. Research supported by USPH8 grant 8N 33338.

ns DEDUCED AMINO ACID SEQUENCE OF A cDNA CLONE FOR BOVINE G,: POTENTIAL CHOLERAGEN 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*, H.~F. Kung**, J. Moss*, and M.
Vaughan¥. *National 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. G, is a GNP which interacts functionally with rhodopsin and muscarinic receptors, but is
apparently not involved in regulation of adenylate cyclase. G, is similar to other GNPs in that it is
a heterotrimer of a, B, and y subunits. A cDNA clone (AG09, ~1.7 kb in length) was isolated from a
bovine retinal Agtl0 cDNA library using oligonucleotide probes complementary to sequences found in two
¢DNA clones for the alpha subunit of transducin (Angus et al. (1986) Proc. Natl. Acad. Sci. USA in
press). A comparison of amino acid sequences of tryptic fragments from bovine brain Gog With the
deduced amino acid sequences for AG09 revealed complete identity, consistent with the conclusion that
this clone was derived from a Gooq mRNA. Analysis of nucleotide and deduced amino acid sequences of
AG09 also revealed significant structural similarities to the a subunits of bovine Gy, G, and G;
fnd rat brain Gog. MG09 encodes for an amino acid sequence highly homologous to the region surround-
ing the arginine that is the choleragen ADP-ribosylation site in Gyy, and for a carboxy terminal
sequence which contains the cysteine modified by pertussis toxin. The levels of Goa mRNA determined
by Northern analysis were consistent with the observed tissue distribution of the Goa protein. AG09
exhibits characteristics indistinguishable from those observed for Gou and demonstrates substantial
similarities to the alpha subunits of bovine Gy, G, and G; and to rat brain Gy




ns INSULIN STIMULATION OF ADIPOCYTE CYCLIC AMP PHOSPHODIESTERASE IS INDEPENDENT OF
PERTUSSIS OR CHOLERA TOXIN SENSITIVE INTERMEDIATES. Heather W. Weber, Kirstem Day, Fu-Zon Chung
and M. Michael Appleman, Molecular Biology, University of Southern Cslifornia, Los Angeles, CA.

Insulin can rapidly reduce cyclic AMP levels in isolated rat adipocytes due to & glucose~
independent stimulation of the degrsdative enzyme cyclic AMP phosphodiesterase. Adenylate cyclase
activity is stimulated by P-adrenergic agents and inhibited by adenosine agonists. Action of these
stimulatory and inhibitory agonists is mediated by GIP~binding proteilns (l and N,, respectively).
It has been suggested that these or related proteins msay be involved in tlu insul n action on the
CcAMP 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. Pertussis toxin specifically modifies N;, so that adenylate cyclase
activity 1is no longer inhibited by adenosine agoniasts. Using p.!‘tullil toxin-trested adipocytes,
it can be shown that insulin can etill activste the phosphodiesterase. Cholers toxin msodifies N,
so that adenylate cyclase activity is fully stimulated. Treatment of adipocytes with cholera toxin
does not alter the ability of insulin to stimulate cAMP phosphodiesterase activity. Trestment of
adipocytes with either toxin causes an increase in the cAMP phosphodiesterase activity over the
control. The ability of isoproterenol to stimulate this enzyme is i{nhibited by either toxin
treatment, While these results indicate that in adipocytes the stimulation of CcAMP
phosphodiesterase by isoproterenol may involve the adenylate cyclase regulatory subunits, the
regulation of cAMP phosphodiesterase by ingulin ts independent of N_ or N « Supported by American
Diabetes Assoc., So. Cal. Affil., the Ray Fdn. and the USC Faculty !nnovutlon Fund.

120 SFECIES DIFFERENCES IN VENTRIQRAR LOW K , CYQLIC AMP PHOSPHODIESTERASE AND THE IN VIVO CARDIOTONIC RESPONSE TO
C1-914. Ronald E. Weishaar, Dianne C. l&:bylarz-Sixpr,%bett P. Steffen, and Dale B. Evans. Warner-Lambert/Parke-Davis Pharm.
Res., Am Arbor, MI 48105.

Multiple molecular forms of phosphodiesterase (PUE) were isolated fram guinea pig (GP), hamster (H), rat (R), and rhesus
monkey (RM) left ventricular muscle, and the inhibitory effects of CI-914 and other selective inhibitors on each form of PIE
were evaluated. In addition, the relationship between in vitro imhibition of the lowK cyclic AMP-specific form of PDE (PDE
I11) by CI-914, and the in vivo cardiotonic response ro > C1-914 was also determined. ‘l‘hme molecular forme of PDE were isolated
from each species. PIE 1 is stimlated by calmodulin/calcium and, fn the GP, H, and RM, hydrolyzes both cyclic AP and cyclic
Qf (K =1.0 uM). PIE II also hydrolyzes both cyclic AP and cyclic G (K =20-30 ). In addition, the cyclic AP hydrolytic
activlg'y PLE 11 is stimulated by low concentrations of cyclic Q. PDE IIImselectively hydrolyzes cyclic AMP (K =0.5-1.5 ).
MB 22,948 (a selective PDE I inhibitor), AR-L 57 (a selective PDE 11 inhibitor) amd theophylline (a nonTselective PDE
inhibitor) exerted a comparable inhibitory profile on PDE I, PDE 1I, PUE 1II in all four species. C1-914 exerted a potent and
selective inhibitory effect on P and RM left ventricle PDE II1 (IC_.=8.2 and 5.0 uM, respectively), but only modestly
inhibited PDE II1 from H and R left ventricle (IC_.=180 and 110 uM, respectively). CI-914 also exerted a greater in vivo
positive inotropic effect in the RY than in H and R”(m =30 wgm/kg, i.v. for RM, with little or no effect in the H i or R).
Although C1-914 potently inhibited GP left ventricular PIE,III CI-914 exerted only a modest in vivo positive inotropic effect
in the GP. These results demonstrate that i) species differences exist regarding the tnhibitory effect of CI-916 on left
ventricle PDE III, and {i) for the ®, H and R, but not for the GP, these differences are predictive of the in viw
cardiotonic effect of CI~914. The lack of correlation in the GP implies the link between irhibition of left ventricular PIE
II1 and increased contractility does not apply to all species. One possible explanation for his lack of correlaion may be a
different extracellular localization for PDE III in the GP compared to the ”M.

12) PURIFICATION OF MEMBRANE-ASSOCIATED CBMP-STIMULATED CYCLIC NUCLEOTIDE PHOSPHDDIESTERASE
(TYPE 11 PDE) FROM RABBIT BRAIN, W.E. Whalin, B.J. Strada and W.J. Thoapson. Departsent of
Pharaaccology, University of South Alabams College of Medicine, Maobile, AL 346488,

Rabbit brain Type 11 PDE has been purified to near homogeneity. Activity of cortex
hosogenates seasured as the hydrolysis of 5 uM [3HI-cANP in the presence of 2 uM cBMP is greater
than 75% particulate. This activity or cBMP hydralysis at 40 uM substrate can be solubilized with
Triton X-100, but not with high ionic strength buffers indicating an integral wsesbrane nature.
Cyclic BMP acitivation of cAMP hydrolysis is lost by detergent solubilization. However, cleavage
o the enzyse from the 13,000 x g particulate fraction by TPCK-trypsin proteclysis (11600} retains
full cBMP regulation. The enzyee was purified with a 3500 fold tncrease in specific activity froa
the particulate fraction using DE 32 anion-exchange chrosatography, epoxy-Sepharose-cBMP affinity
chrosatography and Ssphacryl 8200 qel filtration, Particulate Type II PDE has an apparent native
size of 240 kD, 8% acrylaside gel electrophoresis under denaturing conditions shows a major
protein band at 110 kD. Minor dands of 36 and 36 kD are svident. Positive homotropic cooperative
kinetic bdehavior of the enzyme is observed with either cAMP or cBMP as substrate, Extrapolated

: saxiaue velocities are 122 U/aq and (94 U/ag for cAMP and cGMP substrates, respectively.
\ Substrate contentrations required to achieve half-maximal velocities are 28 uM for cAMP and 14 ul
for c6MP. The Kact for cGMP stisulation of cANP hydrolysis at 5 uM substrate is 0.4 uM and saximal
stinulation (3 #o0ld) is achieved with 2 uN c8MP. Purified Type I! PDE cleaved froms rabbit brain
particulate fractions shows many properties similar to other Type I] PDE activities purified froa
cytosolic heart,liver and adrena. tissues sources. This research was supported by USPHS &M 33538.
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122 REACTIVE SULFHYDRYL GROUPS OF THE 39 kDa GUANINE NUCLEOTIDE BINDING PROTEIN (a3g9) FROM
BOVINE BRAIN. J.W. Winalow, J. Bradley, J.A. Saith, E. Neer, Cardiovascular Division,
Brigham and Women's Hospital; Dept. Molecular Bioclogy and Pathology, Massachusetts General Hospital;
and Depts. Medicine and Pathology, Harvard Medical Scheol, Boston, Massachusetts.

The guanine nucleotide binding proteins which mediate hormonal inhibition of adenylate cyclase as
well as hormonal regulation of other membrane functions are o, £, Y heterotrimers which are struc-
turally homologous to each other. In brain, the predominant guanine nucleotide-binding component is
a 39 kDa protein whose phystological role is as yet unknown.

We have used N-ethylmaleimide to define functionally tmportant sulfhydryl groups on a39. Three
cysteine rasidues in the molecule are reactive in unliganded a39., Alkylation of two of these is
reduced when GTPYS 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 transducin 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 assoclation of o with the £.v subunits nor does it inhibit
GTPase activity. The two GTPYS-sensitive cysteines are at positions equivalent to 139 and 286 of the
transducin asubunit. Alkylation of these residues inhibits GTPase activity. Neither of these GTPYS-
senaitive cysteines are in those regfons of a39 which are highly hemclogous 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 in the two tranaducina. 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
KINASE AND PROTEIN KINASE C by Y. Zick and R. Sagi-Eisenberg, Department of Chemical Immunology, The
Weizmann Institute of Science, Rehovot, Israel, and M. Pines, P. Gierschick, and A. Spiegel, Section
of Molecular Pathophysiology, Metabolic Diseases Branch, Bethesda, MD,

The GDP-bound a-subunit of transducia 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. Holotransducin is poorly phosphorylsted 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 G-proteins function. In particular, the findings that certain G-proteins serve as substrates for
both the insulin receptor kinase and protein kinase C implicate G-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 287-180 ON RECONSTITUTED SINGLE
CHANNELS FROM PURIFIED MUSCLE TRANSVERSE TUBULES. Hubert Affolter and Roberto Coronado,
Department of Physiology, Yale University, New Haven, CT 9651¢, and Department of Physiology
and Molecular Biophysics, Baylor College of Medicine, Houston, TX 77630.

The charged dibhydropyridine derivative PN 2@7-186 (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 D898 (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 207-18¢ 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 207-18¢ blockade can be explained by the fact that the long
spacer -(Clglio - 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 RO1-GM-
32824.




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

Dihydropyridines, calcium ions and agents that promote cyclic AMP-dependent protein
phosphorylstion all modulate the same class of voltage-activated Ca channels that have a conductance
near 23 pS in 90mM Ba2+, activate at voltages more positive than -20 mV, and do not ipactivate at
<40 aV, We have studied the modulation of those channels by BAY K 8644 (BAY K) in cell-free
meabrane patches from 2 sammalian cell line (GH3)., The cytoplasmic sides of the patches were
bathed in a sinimel CsCl solution that contained 40 mM HEPES (pH 7.2), 5 mM ECTA (pCa 8) and 0.1 aM
leupeptin, a protease inhibitor, and were voltage clamped to -40 mV. The Ca channels in such
patches quickly stop responding to membrane depolarization unless ATP-Mg and the catalytic subunit
(CS) of cyclic AMP depemndent protein kinase are added to the cytoplasmic side of the patch
(Armstrong & Eckert, 1985, J. Gen. Physiol. 86:25a). BAY K alone (0.1 - 10,4M) 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 incresse in the mean lifetime
of the open channel during depolarizing steps to 0 mV. However, if intact cells were exposed to BAY
K before the patches were excised, BAY K not only modified Ca channel gating, it substantislly
delayed the loss of activity in the minimal solution. Since BAY K only modulates Ca channel gating
when it is applied {in the pr 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—dependent Ca ch 1ls in the ab of ATP has only been
achieved in the presence of BAY K. (Supported by USPHS NS-8364 to Roger Eckert.)

126 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 neuronsl 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-
dent modulation of K* channel activity could be the mechanisa of spike broadening resulting in greater
Ca’" entry and, therefore, peptide release, we have examined the effect of K' channel blockers, tetra—
ethylammonium (TEA) and 4-aminopyridine (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 CaClz at 37°C, and stimulated with 600 negative square wave pulses of 0.5 ms and -3V at various
frequencies. While neither agent effected basal release as measured by RIA, both enhanced electri-
cally evoked VP release, Compared with coantrol (n=14), 4AP (100wM, 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 x* channel inactivation by 4AP and TEA leads to a prolonged delay in
rectification of membrane potential allowing for more Ca 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 Mn.=160,000, 36,000 and 30,000 on
non-reducing SDS-PAGE), which cosediment with specifically bound 3H—n1trend:pine in sucrose
density gradient centrifugation fractions, were used to immunize rabbits. Antibodies monospecific
for the 160,000, 36,000, or 30,000 M, proteins were obtained by affinity purification against
immobilized essentlally homogeneous preparations of each protein., A igtll 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 Ca2* channels fused with B-galactosidase.
Twenty positive plaques were detected with antibody HK-6, which recognizes the 160,000 My,
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, antfbody 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 ACCha2 cDNA bound only to the
160,000 M, a-subunit, but not antibodies from 9 other fusion proteins. In addition, we have
screened for recombinants producing fusion proteins that contain the 30,000 M. subunit of the
caleium channel with affinity purified antibody HK-2. Twenty nine of the 850,000 recombinant phage
plaques screened were positive. Further work 1s needed to confirm the identity of the putative
clones for voltage-sensitive calcium channel subunits.
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128 CYCLIC-AMP-MEDIATED, NOREPINEPHRINE-INDUCED SODIUM ION INFLUX IN ISOLATED
BROWN ADIPOCYTES. Easamonn Counolly, Department of Metabolic Ressarch, The WVenner-Gren
Institute, Biologihus F3, University of gtockholn, 8-106 91, Stockholm, Sweden.

To examjne the involvement of Na ions in adrenergic responses in brown fat, an assay to
measure Na influx i.ngp isolsted brown adipocytes was developed, which involved short (5-30 sec)
incubations with 22Na’, folloved by a two-step centrifugation recovery procedure. Using this
method, a clear, norepinephrine-~mediated accum ‘of intracellular 22Na  was demonstrated, which
vas enh.nce‘g "J the addition of ouabain (the Na /K -ATPase inhibjror), was unot inhibited by amil-
oride (a Na /H exchange blocker) and could not be mimicked by the total removal of oxygen from
the medium. This dose-dependent response to norepinephrine (EC_., 250 nM) could be completely
blocked by propranmolol (beta-blocker), but not by prazosin (alpha -blocker). The response was
cAMP-medisted since both chcophylnnc (a pho.phodhltetaoc+1nh1b1tor5 and forskolin (an adenylate
cyclase activator) could induce Na influx. However, the Na influx was not linked to other known
cAMP-stinulated cellular responses, such as fatty acid mobflizaton, mitochondrial uncoupling o
elevated respiration, since neither added free fatty acid substrates nor FCCP could induce the Na
entry. Furthermore, t:gtal respiratory inhibition with rotenone was unable to, affect the norepi-
nephrine-stimulated Na influx. Could this beta-stimulated, cAMP-dependent Na ion entry be (one
of) the signalling factor(s) initisting DNA replication, protein synthesis and tissue recruitment in the
chronically beta-stimulated brown fat of animals facing increased thermogenic demands?

129 mmmnawmmm,mmmmmsmm—au
MEMBRAMES. Ayus Corcia, Benjamin Rivnay and Isrsel Pecht, Depts. of Mambrane Reeearch
and Chemical Immurology, The Weizmann tute of Science, Rehowot 76100, Istael.

A transient rise in cytosolic free Ca'“ oocurs in mest cells and basophils upon specific
aggregation of their Fc, receptors (Fc.R) and leads to degranulation. We have shown, in model
membranes, that ion chamnel activity can be induced by aggregating Fc R and that this channel
activity can be attained by reconstituting, into 1lipid bilayers, two components isolated from
wenmbranes of rat basophilic leukemia cells (1line REL-2ZH3). Theee oconponents are the Fc R com-
plex and the cramolyn binding protein (CBP). To axamine these channels' cation specificity, we
have studied conductance and open-time characteristics of micropipette supported bilayers
exposed to solutions containing: 1) only CaCl, (100 mM) or 2) only NaCl (0,5 M) on both sides of
the membranes (i.e. symmetric conditions) and 3) NaCl (150 mM) on both sides and a calcium gra-
dient namely, 1.8 mM CaCl, in the bath and ~ 0.1 M in the pipette interior. Under these condi-
tions, two populations of antigen-induced charmels are cbeerved: one, acoounting for ~90% of all
the events, has a amall conductance (4-5 in symmetrical Ca; 8 pS in symmetrical Na and 3 pS
mﬁnmofﬁ‘nc:gradiertl,mca’q)ecific(mlpomtialmwmu\the
gradient) but allows pessage of Na® when it is the only cation present. The second population,
5-10% ci*tho evagta, has a higher conductance (10-12 pS/25 pS/21 pS) and allows the passage of
both Ca“” and Na™ with a clear preference for the former (reversal potential 16 aV). Both types
of events have short open~times, appear mainly isolsted and with relatively long periods of non-
Wmﬁemm,uﬂmulblodmdbymlyn. Thus antigen—induced
Ca“"-specific channels are activated in this reconstituted system.

130 RESERPINES: A NEW CLASS OF COMPETITIVE LIGANDS FOR THE BATRACHOTOXIN-BINDING SITE ON
SODIUM CHANNELS. C.R. Creveling, M.E. Bell, R. del la Cruz, D. Rossignol* and J.W. Daly.
LBC, NIDDK, NIH, Bethesda, Maryland 20892 and Dupont Exptl. Station, Wilmingcon, DE 19898%,

The steroidal alkaloid, batrachotoxin (BTX), and an equipotent, benzoate analog (BTX-B) wodify
the properties of voltage-dependent sod{um channels by binding specifically with high affinity to a
single site associated with the channel. High affinity binding of [3H]BTX-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 [3H]BTX—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 1s due to an allosteric change in the site. The ¢ qQ e 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
[38]BTX-B in the presence of local anesthetics. The dissociation rate for [3H)BTX from sodium
channels in synaptoneurosomes from guinea pig cerebral cortex has a T = 31.2 min. measured in
;:.Iiw p;elence of excess unlabeled BTX-B. Unlike the action of local arlxéezathetics. true competitive
ac:::v :c’l ::c: as veratridine or aconitine, do not increase the T /2 for [3H)BTX-B beyond the rate
e “t n'{x-s alone. By this criteria, reserpine is a trué Competitive ligand for the [3H]-
stract rnl lfxg site (l(i = 1.2 uM). A structure-activity study of a series of reserpines defines some
o BTX‘-‘B‘ ve“::u::: eBsential to binding to the [3H]BTX-B site. Analysis of favored conformations

» ratridine, aconitine, and reserpine suggest that these competitive ligands have certain

structural elements in common, including a triad of oxygens, which when matched for these four
phenyl ring of the aryl ester function in each compound.

compounds produce similar alignments of the




™ CONTROL OF PrH SECRETION IS MEDIATED THROUGH CALCIUM CHANNELS VIA A G-FROTEIN: L.A.
Pitspatrick, M.L. Brandi, and G.D. Aurbach, Metabolic Diseases Branch, National Institute of
Diabetas and Digestive and Kidney Diseases, National Institutes of Heslth, Bethesda, MD 20892

Calcium negatively regulates parathyroid hormone (PTH) secretion through mechanisms yet to be
alucidated. Pertussis toxin which inactivates a guanine mucleotide regulatory protein, blocks
the calcium ivhibition of PTH release. We tested voltage sensitive calcium chamnel agonists and
antagonists to evaluate the role of calcium chamels in PrH secretion. Maitotoxin (calcium
channel sctivator) iochibited PTH release with maximml effect at 5 ng/ml. Enantiomers of the
dihydropyridines (-)202-791 and (+)202-791 (Sandos) were incubated with dispersed bovine
parathyroid cells. PTH was assayed in the cell supermates by mid-region radioimminocsssay.
Calcium chamel agounist +202-791 (10711-10&) caused a dose-dependent inhibition of PTH
release. Similar effects were found with the agonist Bay K 8644. Pre-treatment of cells with
pertussis toxin blocked the agonist inhibition and catalyzed ADP-ribosylation of a 40 kDs
protein in a time-dependent mammer in parathyroid cell mesbranes. Calcium chamnel antagonists (-
202-791 and to a lesser extent nifedipine and verapamil) stimulated PTH release. We conclude:
1) calciuvm inhibition of PTH release is blocked by pertussis taxin; 2) calcium chamnel agonists
inhibit while calcium channel antagonists stimulate PIH release; 3) calcium chamnels are
involved in PTE regulatiom; 4) a G-protein is interposed between the calcium chaunel 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 30OkDa, 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 PN200/110(PN) complex or + DTT. cA-kinase phosphorylated preferen-
tially the 142kDa band (.82 mol phosphate/mol peptide) whereas the 56 kDa peptide was phosphorylated
only in substoichiometric amounts. PN bound at 4 C to one site with app.K and B 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 37% incompletely and stimulat-
ed it at IBOC, whereas (+)D inhibited PN binding at all temperatures tested.D-cis-DIL stimulated the
binding of PN only above 16°C (app. EC_.=1.4uM at 37°C). The purified CCBR was incorporated into phos-
pholipid bilayer membranes. When a poténtial gradient was applied across the membranes single channel
openings occurred spontaneously (single channel conductance 20pS}. 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: 1.The purified CCBR contains at least dif-
ferent sites for dihydropyridines and phenylalkylamines. 2.It can be reconstituted to a functional Ca
channel, which retains the principal regulating, biochemical and pharmacological properties of mem-
brane bound l-type Ca channels.
Physiologisch Chemie, Universitit 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 SYNAPTONEUROSOMES.
F. Gusovsky 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 [“H]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'liotoxin
B, but not the response to BTX or VI. The potencies of BTX and VT in causing phosphoinositide
breakd are ¢ t with their potencles for activation of sodium channels. Activation of
voltage-cdependent 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+ ap 200 uM completely blocks BTX and scorpion ven ind d phosphoinositide breakdown. At
this concentration Cd“" does not reduce phosphoinositide breakdown induced by monensin, carbamyl-
choline or the calcium ionophore ifonomycin. However, responses to norepinephrine and histamine are
significantly reduced in the presence of Cd2*. 2zn?* at 200 uM induces a smaller inhibition of BTX
response than that caused by Cd2+, Other divalent cations, Ni2+ and Sn2* at 200 uM do not affect
the BTX response. Thus, BTX-induced phosphoinositide breakdown may ianvolve Cd2*-gensitive sodium
channels and activation of calcium channels has a minimal role in the response to BTX and other
sodium channel agents.




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 RECFPTORS 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) Cs 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'-0-(2-thiodiphosphate), or by pretreatment with
Bordatella pertussis toxin (PTX, Holz et al., Nature 319: 670-672, 1986). We now demonstrate that
receptors with similsr 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 suthenticated by HPLC) from DRG cell cultures by
46+5% and 31453, respectively (mean + s.e.m., n=81 cultures). The action of NE wes blocked by 10 u¥
yohimbine but not 10 uM prazosin or 10 uM proprsnolol, 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 spinsl antinociceptive actions of alpha-2 and GABA-B receptor agonists

136 IN VITRO AND IN SITU PHOSRHORYLATION OF A PRQTEIN ASSUCIATED WITH VOLTAGE-DEPENDENT
CALCTUM CHANNELS FROM SKELETAU MUSCLE. M. Marlene Hosey, Christy Cooper, Cliff 0'Callahan, Mark
Borsotto, and Michele Lazdunski. Dept. of Biol. Chem. & Structure, The Chicago Medical School,
3333 Green Bay Road, N. Chicago, IL 60064 and Centre de Biochemie, Universite de Nice, Nice, France.

The Egosphorylation 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 ;Etact rabbit diaphragms. Exposure of T-tubule membranes in vitro
to either cAMP-dependent or a Ca“" /caimodulin-dependent protein kinase resulted in phosphorylation
of a protein with properties similar to the major component of the skeletal muscle calcium channel.
The molecular weight of the phosphoprotein was 140 KDa 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
ei&ger or both protein kinases yielded a single phosphopeptide of approximately 5,400 daitons. The
Ca“" -dependent phosphatase calcineurin dephosphorylated the 140-160 kDa protein that had been pre-
viously phosphorylated by either protein kinase. 1In situ experiments were 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 muigle. The results suygest 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.,
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137 DIFFERENTIAL REGULATION OF Nat/Ht EXCHANGE ACTIVITY BY PROTEIN KINASE C. G.A. Jamjieson, 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 Nat/Ht exchange. In
HSWP cells, TPA pretreatment substantfally inhibits mitogen-stimulated inositol phosphate release and
Nat {nflux (half-maximal effect at 1-2 nM TPA). In digitonin-permeabilized HSWP cells, maximal release
of inositol phosphates (or release of 45Ca 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 releasé of inositol phosphates and the subsequent release of 45Ca from non-mitochondrial
stores. In WI-38 cells, TPA treatment stimulates Nat 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 functfon of TPA on Nat influx (i.e. the inhibitory effect in HSWP cells and
the stimulatory 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 Nat 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 Nat/ut
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 GM-28359 and RCDA AM-01182 (MLV) and 5T32 GM-07151 (LLM)).

138 POSSIBLE INVOLVEMENT CF PHOSPHORYLATION/DEPHOSPHORYLATION MECHANISMS IN THE
REGULATION OF EPITHELIAL Na* CHANNELS. David S, Lester, Carol Asher and Haim Garty. Dept. of Membrane
Research, The Weizmann Institute of Science, Rehovot, Israel.

Recent studies indicate that epithelial Na* channels are down-regulated by a Ca2* —dependent proces:
[H.Garty and C.Asher (1986) J.Biol.Chem. 261:7400). Channel mediated flux is low in membranes from Ca<*
102 M)~ preincubated cells, and high in membranes derived from EGTA-preincubated cells. Involvement of a2+
- dependent protein kinases in this process was excluded on the basis of the following results: (1) Incubating
cells with rbol ester had no effect on the Cac* inhibition constant. (2) Trapping purified protein kinase

» ATP, Ca* and phorbol ester in the isolated vesicles did not mimic the inhibition induced by incupating
whole cells with Ca<* (3) The calmodulin irhibitor, triflmrogeraune, had no effect om transport in the
presence or absence of Caz’.muninary data indicate that Ca<* inhibition of transport may act via a
ptgsphat.asc mediated pathway. Investigation of membrane-associated phosphatases indicated the presence of two
Ca®* —dependent phosphatases: (1) a Ca2* -activated, calmodul in-independent, vanadate-insensitive pNPPase,
(11) a Ca®* - innibited (ICgy ~0.5uM), vanadate~sensitive pNPPase. In addition, we observed Ca* —dependent
dephosphorylation of a membfanal 51 XD phosphoprotein 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 cAMP —dependent protein kinase. Preincubation of whole bladders with 8Br—cAMP was shown to dowble
the channel mediated fluxes in EGTA-activated vesicles. Conditions of preincupation (Ca2* or EGTA) also
affected the potency of membranes to phosphorylate histone fragment 2b, a pecific cAMP-dependent protein
kinase substrate. [Supported by NIH grant AM36328 and {S-Israel BSF grant 84-00066].

139 cAMP-SENSITIVE Ca2+-DEPENDENT K+ CHANNELS IN PATCH CLAMP STUDIES OF
SHEEP GONADOTROPHS.
*, W.T. Mason, and S.K. Sikdar. AFRC Institute of Animal Physiology, Cambridge, UK.

Single K+ channels of large conductance (~100 pS) were observed in patch clamp studies on dispersed,
cultured gonadotrophs from sheep pars tuberalis as described by Mason and Waring? after treatment with
GnRH (160 nM) or A23187 (10 uM) (pipette solution, 125 mM K+ 5 mM Ca2+; bath solution, 130 mM
Nat*, 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+. Ina
particular example, 10 mM dbcAMP reduced channel open probability from 0.56 to 0.33 (restored in 8
min). 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.
'Neuroendocrinology 43,205 (1986). *Permanent address: Wellington Clinical School, New Zealand.
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140 TRH AND THE QALCIUM CHAMNEL AGONIST BAY K 8644 SYNERGISTICALLY ELEVMIE FROLACTIN SECRETION
PROM PERIFUSED ANTERIOR PITUITARY CELLS. Jonathap A. Pachter, Greg J. Law, Howard
Rasmussen, and Priscilla S, Danniee, Yale Univergity Schoal of Medicine, New BHaen, CT 06510.

TRH (thyrotropin releasing hormone) stimulates prolactin secretion from anterior pituitary
lactotroghs by a nedm;‘_whidl is thought to imwalve stimulation of phosphoinositide metabolism
and opening of membrane channels to cause elevation of cytoplasmic calcium levels (Rebecchi et
al., J. Biol. Chem, 258, 227). In perifusion, TRH (1 uM) elicited a rapid 11.5-fold stimulation of
pralactin secretion from isclated rat anterior pituitary cells which decayed to a sustained level
only 2-fald above basal secretion within 6 minutea, The calcium channel agonist BAY K 8644 (1 uM)
also stimulated prolactin secretion (7-fold over basal) with a similar decay. When added
simultaneocusly, TRH and BAY K 8644 were synergistic in the stimulation of prolactin secretion. When
BAY K 8644 was added during the low sustained phase of TRH-mediated stimulation, its effect on
prolactin secretion was approximately twice as large as its effect on previously untreated cella
In contrast to the synergism between TRH and BAY K 8644, the calcium ionophore A23187 (20 uM)
stimulated no additional pralactin secretion when added simultaneously with 1 yM TR Furthermore,
AZ3187 was no more efficacious when added during the low sustained phase of TRH-stimulated secretion
than it was when added to untreated cells. These results indicate that although the prolactin
response to TRH is transient, TRH also produces a sustaineg increase in the sensitivity of the
praolactin secretory response to subsequent stimulation of Ga<t chanmels. The ferential effects
of BAY K 8644 and A23187 suggest that TRH inczeﬂses the responsiveness of Ca“’ channels or the
responsiveness of prolactin secretion to Ca influxes, rather than increasing cellular
responsiveness to a general rise in cytoplasmic concentration.

b CYCLIC AMP-MEDIATED PHOSPHORYLATION OF VOLTAGE SENSITIVE SODIUM CHANNELS IN
PRIMARY CULTURES OF RAT BRAIN CELLS. §. Rossi¢ & W.A. Catterall, Dept. of Pharmacology, University of
Washington, Seattle, WA 98195. The a subunit of the rat brain voltage-sensitive Na channel is phosphorylated by
cAMP-dependent protein kinase in purified preparations and in synaptogomes (Costa et al, J. Biol. Chem. 257, 7918, 1982;
259, 8210, 1984). We are studying phosphorylation of Na channels in primary culture of rat brain cells. In back-
phosphorylation studies, cells were treated with drugs to increase intracellular cAMP, solubilized, and Na channels isolated by
immunoprecigimion. Purified Na channels were then phosphorylated by the catalytic subunit of cAMP-dependent i
kinase with 32P-ATP to incorporate 32P into available cAMP-dependent phosphorylation sites. The amount of 32P
incorporated is inversely proportional to the extent of endogenous phosphorylation. Incubation of cells with forskolin, 8-Br-
cAMP, or isobutylmethylxanthine inhibited subsequent incorporation of 32P into isolated Na channels, indicating that
treatment of cells with these drugs had increased endogenous phorylation. To examine the magnitude of basal Na channel
phosphorylation and the extent of stimulation, the amount of 32P incorporated into Na channels from control and stimulated
cells was compared to that from matched samples which had been dephosphorylated with calcineurin. Na channels from
control cells incorporated 2-foid more 32P after dephosphorylation, indicating that cAMP-dependent phosphorylation sites on
Na channels are approximately 50% phosphorylated in the basal state. Na channels from forskolin-treated cells incorporated
5-fold more 32P after dephosphorylation, indicating that sites are approximately 80% phosphorylated after stimulation. When
cells were metabolically labeled with 32P 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%. Thus, Na channels in rat brain cells in
primary culture are phosphorylated, and the extent of phosphorylation can be modified in a cAMP-dependent manner.

1482 VOLTAGE-GATED CALCIUM ENTRY INTO PARAMECIUM LINKED TO cGMP INCREASE.
Joachim E. Schultz, Pharmazeutisches Institut, 7400 Tiibingen, 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 umolar concentrations of calcium. The EDyg
of 9 uM calcium is not affected by the presence of 1 mM barium. Barium ions were us
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
mutantgs with reduced (’PAWN’) or exaggerated (‘DANCER’) calcium currents. Addition of
barium to pawns did not stimulate cGMP 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 cGMP production, i.e. an elec-
trical signal is converted and amplified to a biochemical one. The physiological role
of cGMP in Paramecium is currently under investigation.




143 RECONSTITUTION OF ISOPROTERENOL STIMULATED ADEMYLATE CYCLASE ACTIVITY AND MOVEL ELECTROPHYSIOLOGICAL
RESPOMSES 1N XEMOPUS LAEVIS OOCYTES AFTER MICROINJECTION OF RAT ASTROCYTOMA C6-28 mRMA.
snd Gary Brooker, Department of Biochemistry, Georgetown University Medical Center, Washington,
0.C. 20007.

Ve have purified sRNA from the ret astrocytoms C6-28 cell Lline, which exhibits high levels of beta
adrenergic receptor (BAR) mediated adenylate cyclase activity. Microinjection of this sRNA into Xenopus leevis
oocytes ylelded evidence of C4-28 BAR ®mRNA transtation and functionsl fintegration into the oocyte mesbrane.
Surgically removed ovarien oocytes sre encapsulated by follicle cells shich exhibit BAR coupled adenylate cyclase
sctivity. This complicated our use of such ovarian oocytes for demonstrstion of new receptor synthesis following
the injection of 9 sRNA. A hod was developed to completely remove the follicle cetls from the ovarian
oocytes. The efficacy of the procedure was confirmed morphologically by transmission etectron wicroscopy,
biochemically because the oocytes were free of BAR coupled cyclase activity and electrophysiologically because they
no longer hyperpolarized in response to isoprotersnol. Microinjection of mRMA purified from log phase C6 cells
into oocytes followed by defollfculation resulted in the reconstitution of receptor mediated adenylate cyclese
activity in oocyte mssbranes previously devoid of such activity. Transmesbrane electricsl potentials were measured
in ovarian and defolliculated oocytes before and after the fnjection of the sRNA. \While ovarian oocytes were
hyperpolarized by isoproterenol, defolliculated ococytes were unresponsive. In defolliculated oocytes which hed been
injected with C6-28 mRNA, & novel depolarizing response to isoproterenol wes cbserved suggesting that in sddition
to incorporation of beta receptor coupled cyclase ectivity, the C6-28 mRNA directed the oocyte to synthesize sn ion
channel which could be activated by iscproterencl. Supported by NIN Grant No. 28%%0.

144 MECHANISMS OF INTERACTION OF VASOPRESSIN (VP) AND CRF ON PYTUITARY ADENYLATE CYCLASE.
A.B. Abou-Ssura, J.P. Harwood, K.J. Catt, G. Aguilera, NICHD, NIH, Bethesda, MD 20892

The synergistic action of VP and corticotropin releasing factor (CRF) on cAMP production involves
inhibition of phosphodiesterase and stimulation of adenylate cyclase (AC) by VP, an action which is
mimicked by the protein kinase C (PKC) activator, PMA. To determine the mechanisms by which VP
potentiates CRF action we analyzed the interactions of PMA, VP and pertussis toxin (PT) with CRF
upon cellular cAMP and adenylate cyclase (AC) activities in cultured rat anterior pituitary cells.
VP or PMA (0.01-100 nM) alone did not alter cellular cAMP content, but markedly incressed up to
9-fold the effect of 10 nM CRF on cAMP with ED., values of 1 nM VP and 1.7 nM PMA. With increasing
CRF concentrations, 10 nM VP or PMA increased égc maximum cAMP productigzpvithout altering the ED
for CRF (1 nM). Measurement of AC in pituitary homogenates using [a-" P]ATP showed a paradoxici?
inhibitory effect of VP but not of PMA on basal and CRF-stimulated AC activity, suggesting that the
VP receptor is caypled to an inhibitory guanyl nucleotide binding protein. However, in intact
cells, following [“H]adenine labeling of endogenous ATP pools, measurement of AC in the presence of
phosphodiesterase inhibitors showed no effect of VP and PMA alone, but a 2-fold potentiation of the
effect of CRF. Similar to PMA, PT potentiated the effect of CRF on cAMP and ACTH secretion, an
effect which vas 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 system: 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 CRF-activated AC system.

145 ISOLATION OF A CHD CELL LINE WITH INCREASED cAMP OEPENDENT PROTEIN KINASE ACTIVITY.
Irene Abraham, John Hui and Judy Mayo. Cell Biology Department, The Upjohn Company, Kalamazoo,

Through the selection of revertants from a Chinese Hamster ovary (CHO) cell Tine 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 efther the mutant or wildtype cell. The original dominant
mutant was isolated on the basis of its resistance to the growth inhibitory effects of cAMP
(Gottesman et 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 lTow amounts of PK F type 1I. Wildtype cells have both PK A
type 1 and PX 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 antf-mitotic drugs such as vinblastine,
colcemid and colchicine, as well as other drugs such as puromycin. We have used this charactertstic
of drug sensitivity to {solate 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 colcemid. One of the revertants, 11564 R3, has an fincreased total PK A
activity as compared to either the mutant, transfectant or wildtype cells. The increase in activity
co-elutes with PK A type | after DEAE-Sephacel chromatography. This revertant is even more
sensitive to the growth inhibitory effects of cAMP than is the wildtype, which is consistent with
its having a higher level of PK A. WNe are currently studying the genetic basis of this revertant.
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DYNORPHIN A INHIBITS BSO PROTEIN PHOSPHORYIATION AND PROTEIN KINASE C ACTIVITY. .
Dept. of Fharsacology, Medical (ollege of Pernsylvania,
, PA 19129,

Fhiladelphia
Dynoxphin A ) is a potent cpioid receptor agonist that is highly selective for the kappa-
ampefw.s‘hul_m?imlmofmmmtmbymlamudmu

synaptosceal system, Dyn

with a potency appraximately equal to ACTH-(1-24). This inhibition was not reversed by the

specitic antagonist, arlll:m, even at 100 uM. Furthermore, the nonopioid Dyn fragment,
A

Dyn, like ACTH-(1-24), irhibited the calcium—dependent, phospholipid-stimulated kinase C activity.
Theee results suggest that inhibition of protein kinase C activity and inhibition of BS50
phoephorylation are possible mechanisms by which Dyn exhibits its nonopioid effects.

:(:7 PHOSPHORYLATION OF TYROSINE HYDROXVLASE PURIFIED FROM RAT STRIATUM BY CALCIUM, CALMODULIN-DEPENDENT PROTEIN
NASE 11

— JL Kikinson, NN Riditand, C.X. Sdworer, R.T. Kuczenski, and T.R. Soderling. Howard Hughes Medical Institute,
Vanderb1Tt Unversity, Nasiwille, W 37232

Phosphorylation of purified rat striatal tyrosine hydroxylase by purified calcium, calmodulin-dependent protein kinase 11
has been irvestigated. The calcium and calmodulin-dependent phosphorylation was additive to the phosphorylation catalyzed by
the cAMP-dependent protein kinase, suggesting different sites of phosphorylation. Reverse phase high performance 1iquid
chrosatography of tryptic éﬂh-pqm&s derived from tyrosine hydraxylase established that these two kinases
phosphorylate different primary sites. Limited tryptic digestion sequentially reduced the subunit M. fram 62,000 Da to
59,000 Da and finally to 57,000 Ds which resulted in the loss of the site phosphorylated by the CaM-dependent protein kinase

not the site phosphorylated by the cAMP-dependent protein kinase. Analysis of partfal acid hydrolysates of
~labeled tyrosine hydroxylase indicated that serine was the only residue phosphorylated by efther kinase.

Phosphorylation by the o¥P-dependent protein kinase directly activated tyrosine hydroxylase by decreasing the Ky for the
cofactor 6-methyltetralydropterin. Phosphorylation of the prirary site by Q“._(.CM)M protein kinase 11 little
divect kinetic effect. Mowever, tyrosine hydroxylase phosphorylated by the Ca*'(CAM)-dependent protein kinase 11 vas
activated 2-fold ky addition of a partially-purified activator protein. This heat-labile activator protein increasad Vimax
without affecting the Ky, for the cofactor. The activator protein had no effect on nonphosphorylated tyrosine hydroxylase or
on tyrosine hydroxylase phosphorylated by the cAMP-dependent protein kinase. The effect of phosphorylation of the activator
protein on its ability to activate tyrosine hydroxylase has also been investigated.

148 BOTH cAMP-DEPENDENT PROTEIN KINASE ISOZYMES MEDIATE PHOSPHORYLASE ACTIVATION. S.J. Beebe,
P.F. Blackmore, T.D. Chrisman, and J.D. Corbin. Howard Hughes Medical Institute, Dept.

Molecular Physiology and Biophysics, Vanderbilt Medical School, Nashville, TN 37232

The effects of cAMP analogs on phosphorylase activation in the absence and presence of insulin or
EGTA were studied in intact cells. Because type I and type II {sozymes of cAMP-dependent protein
kinase (PK) differ in each of the two cooperative intrasubunit cAMP binding sites, it is possible to
cause a synergistic activation of one or the other PK fsozyme by using isozyme-directed analog pairs.
In bovine neutrophils (80-85%/0 type 1), rat adipocytes (> 959/0 type 1) and rat hepatocytes
(type I « type II), type I-directed and type II-directed analog pairs caused a synergism of phospho-
rylase activation in proportion to the relative ratios of the isozymes present fn the cells. How-
ever, these typical responses could be modified. The extent of synergism in hepatocytes and
neutrophils with both i;ozyne-directed prirs was greater when cells were preincubated with EGTA to
reduce intracellular Ca?*.” [n one series of hepatocyte experiments, prefncubation with 1 nM
insulin, which Yowers elevated cAMP levels, was required to demonstrate synergism with type II
pafrs, while responses to type I pairs were unaffected. When typical hepatocyte preparations were
prefncubated with 10 pM glucagon, so that phosphorylase was slightly activated and then returned to
the basal level, synergism was observed only with type I pairs, n contrast with the usual
response. These results do not reveal specific fgnctions for the two PK fsozywes, but indichte that
previous hormone stimulation and intracellular Cac* levels may modify the isozyme responses for
phosphorylase activation.
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149 IMMUNOLOGICAL OIFFERENCES IN TYPE IIA AND TYPE IIB FORMS OF THE TYPE II REGULATORY SUBUNIT
S.J. Beebe, ¥.S. Sheorain, S. R. Cordle, L. Wolfe, and J.D. Corbin. Howard Hughes Medical
Institute, Molecular Physiology and BiopRysics, Vanderbilt Medical School, Nashville, TN 37232
The type II regulatory subunit (RII) of the cAMP-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 immunological difference between RIIA and RIIB, several polyclonal
antfbodies directed against RII were purified from the serum of rabbits or guinea pigs and
characterized by enzyme-linked immunosorbant 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 RII or rabbit skeletal
muscle RII detected both RIIA and RIIB forms. MNone 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.

150 MODULATION OF ENZYMIC ACTIVITY OF 3-HYDROXY-3-METHYLGLUTARYL COENZYME A (HMG-CoA)
REDUCTASE BY MULTIPLE PROTEIN KINASES INVOLVING REVEKSIBLE PHOSPHORYLATION. Z.H. BEG,

J.A. Stonik and H.B. Brewer, Jr., Molecular Disease Branch, NHLBI, NIH, Bethesda, MD 20892.

HMG-CoA reductase is the rate limiting enzyme that regulates the synthesis of cholesterol and
other polyisoprenoids. Proteolysis of the native {nsoluble 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 concouitagily inactivate both native and soluble purified
HMG-CoA reductase. Incubati 9 of phosphorylated ~“P-HMG-CoA reductase with phosphatase was
asgsociated with the loss of ~ P and reactivation of inactive enzyme. Maximal phosphorylation of
purified HMG-CoA reductase by two kinases }gvolved the introduction of approximately one mol of
PO, /mol of native enzyme (MW 100,000). Ca“ , calmodulin-dependent kinase is able to
phosphorylate two different sites in the HMG-CoA reductase molecule. The elucidation of multiple
kinase systems for the modulation of HMG-CoA reductase by covalent phosphorylation provides new
ingights into the molecular mechanisms involved in the short-term regulation of cholesterol
synthesis.

151 PROTEIN PHOSPHORYLATYON 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 objectives of this study
are to determine the phorphorylation substrates of PMA, EGF, FGF, and forskolin 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
~ shown in the figure. The protein substrates identified
MOLECULAR WFYZHT (k Dalton) in these studies may play a role in regulation of glial

90 80 70 S0 40 30 25 20 growth. Three of these, PMA, EGF and FGF, stimulate
FACTOR astrocyte growth though the former two act primarily
PMA * % * * through different kinases. The 25K protein is induced
EGF * * * by all three of these factors but not by forskolin sug-
Forskolin * * LI gesting this protein may have a function in glial
FGF L * % growth regulation but phosphorylation is distal to the

primary effect of the receptor kinase.
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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

5 ALTERED SUBCELLULAR 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. BHT
treatment lowers pulmonary cytosolic Ca*t-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 DEAE column chromatography the amount of calpein activity from BHT-
treated mice remains lower than the corresponding peak from control mice. Decreased calpain activity
occurs 1 day following BHT administration, is maximally low level at 4-7 dayse, 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, exhibditing
changes at s 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 dissoclation from
the holoenzyme. Rather, there appears to be increased R-subunit proteoclysis associated with the
membrane fraction of BHT treated mouse lung tissue homogenates. Additionally, increased Ca**-indepen-
dent proteolytic activity was observed in the particulate fraction of lung extracts after BHT treat-
ment., This protease is inhibited by calpastatin, leupeptin and E-64, which are known to inhibit
cairlln. 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
RCDA CA00939.)

164 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-PKL. 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 that 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.
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155 EXPRESSION AND MUTAGENESIS OF THE TYPE I REGULATORY SUBUNIT OF cAMP-DEPENDENT PROTEIN
KINASE. José Bubis, Lakshmi D. Saraswat, and Susan Taylor. Department of Chemistry,
University of California, San Diego. La Jolla, CA 92093,

A cINA clone containing the complete coding sequence of the bovine type I regulatory subunit (rl) of
cAMP dependent protein kinase has been 11855“ into the expression vector, pUC7. The expressed R-subunit
was visualized by photolsbeling with 8-N.{7“P]cAMP following electrotransfer from SDS-polyacrylamide
gels to nitrocellulose or by in-unoblottgng using anti-R' serum antibodies. The expressed R-subunit was
functionally indistinguishable from Rl purified from porcine skeletal muscle even though the expressed
R-subunit represents a fusion protein that contains 10 additional amino acids at the NH,-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 mutagenesis 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-NjcAMP which leads
to nearly stoichiometric 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 ylelds 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 binding sites in the mutant, in contrast to

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

(Supported by Public Health Service Grant GM 34921).

156 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, NIH, 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 $-100 proteins, glial fibrous acidic protein, and
to some extent, glycerol phosphate dehydrogenase (GPDH), 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-advenergic 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 algo tried to localize the site at which the inhi-~
biton is mediated. In C6 cells DG 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 lmM and 0.03
units/ml, respectively. The forskolin respounse, which is distal to the receptor, was inhibited 502
when cells were incubated with phospholipase C at 0.02 units/ml and 40X when incubated with phorbol
12,13, myristate acetate at 20 nM. The attenuated response to these agonists was not due to elevated
phosphodiesterase levels. From these studfes 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 PHOSPHORYLAT|ON: ACTIONS OF NEUROTENSIN. Scott T. Caln and
Charles B. Nemeroff, Departmsnts of Psychiatry and Pharmacology, Duke University Medical Center,
Durham, N. C., 27710,

The brain-gut tridecapeptide, neurotensin (NT) (pGlu-Leu-Tyr-Giu-Asn-Lys-Pro~Arg-Arg-Pro-Tyr—
Ile=tou=0H) Is heterogeneously distributed In +the brain. NT has many of the properties of a
neurotransmitter/neuromodulator such 8s synaptosomal iocallzation, calclum-dependent release and
spacific, saturable, high affinity binding to brain mesbranes. However, details of the processes
underiylng transduction of <the NT signal are sparse. Therefore, In view of its ubliqulitous
regufatory role In ceiifular function, we have Initlated a series of studies designed to elucidate
the role of protein phosphorylation/dephosphoryiation In medlating the coupiing of NT receptor
binding and function,

We have reported that after phosphorylation of rat caudate nucleus synaptosomes with 500 uM ATP,
NT alters the amount of phosphate Incorporated Into a TCA-precipitatable protein fractlon (Caln and
Nemeroff, N.Y. Acad., Scl., In press). We have now studied the effects of NT (1.8 uM) on calcium
(0.5 mM)-stimulated phosphorylation In synaptosomal membranes alone and synaptosomal mesbranes
reconstituted with synaptosomal cytosol. NT caused no significant chenge In the magnitude of
calcium-stimilated phosphorylation In either fraction. In synqﬁg;ooul wmowbranes, Ca” alone
stimulated phosphoryletion 2228 while in ination with NI, Ca® stimlation was 203§ of
basal . In the reconstityted fraction, Ca“ -stimulated phosphorylation was 295§ of contro!l vs.
3128 In combination with NV, Work s in progress +to determine and characterize Individual
phosphoproteins which are responsive to NT. Supported by NIMH-39415 and NIMH-15177-09.




158 ROLE OF PROSTAGLANDINS IN THE INTERCELLULAR MODULATION OF PROTEIN PHOSPHORYLATION IN THE
LIVER.

Eric Casteleijn, Johan Kuiper, Theo J.C. van Berkel and Johan F. Koster, Dept. of Biochemistry I,

Erasmus University, P.0O.Box 1738, 3000 DR Rotterdam, The Netherlands,

In different liver cell types, the hormonal control of protein phosphorylation and its role in inter~
cellular communication was studied. Different rat liver cell types i.e. parenchymal, Kupffer and endo-
thelial cells were isolated (1). After 4 h incubation, media with Kupffer or endothelial cell secre-
tory products were collected. In parenchymal cells loaded with 32?04, a 5 min challenge with condi-
tioned media from Kupffer or endothelial cells resulted in a decreased phosphorylation state of a
Mw 67000 phosphoprotein and an increased phosphorylation state of a Mw 45000 phosphoprotein. These
changes could also be brought about by prostaglandins E; and Ej, both known to be produced by non-
parenchymal 1iﬁr cells. Non-parenchymal cell media and prostaglandins By, E; and D, also decreased
the amount of ~““P detected in a Mw 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 Kupffer and endo-
thelial cells, leading to the concept of cellular coumunication in hormonal signal transduction.

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

’

159 AUTOPHOSPHORYLATION SITES AND THE Ca*-INDEPENDENT ACTIVITY (F Ca2*{CALMIDULIN)-DEPENDENT PROTEIN KINASE 11

- R.J. Coloran, TH. N X, ng, cal N ecuTar Biology
Bfoghysics, V2 {1t University, Nastwille, N 37232,

ncubation of (Calmodul in)-dependent protein kinase 11 purified from rabbit 1iver with Ca2*, calmodslin (CaM),
(Y*P)ATP and magresium acetate leads to the incorporation of phosphate into both 5TkDa and 53Da subunits of the enzywe to
similar extents. The maximm fncorporation observed wes 3-4 moles phosphate / sole protein kinase. During this fncubation
the kinase is cowerted from its native - and CaM-dependent form, to a form which exhibits as much_as 709/ of the
maximm activity even in the presence of excess EGTA. Several 11nes of evidence indicate that this Ca2*-independent form is
generated by autophosphorylation of the kinase (Schworer et al., 1986 J. Biol. Cham "in press”).

We were interested in identifying specific autophosphoryTation sites that might be responsible for this transition. The
waximlly phosphorylated kinase was subjected to SIS-polyacrylamide gel electrophoresis to fsolate the two subunits,
Following extraction of the protein from the gel, each subunft was suhjected to tryptic digestion followed by reverse-phase
HAL. Four mjor phosphopeptides were detected in digests of the 5IkDa subunit. Tryptic phosphopeptides with fdentical
retention times were also observed in digests of the 53Da subunft and an addftional phosphopeptide was also present in these
digests. Generation of the Ca2*-independent form of the kinase was essentially camplete within 1 min, when approximately 1
mle phosphate / mole kinase was incorporated. Maximm phosphate incorporation wes achieved only after an additional 15 min
of incubation. Examination of the time course of appearance of 2P.peptides in each subunit revealed that phosphorylation
of one of the peptides found in digests of both subunits was esselﬁa1¥9mlete by 1 min, a time that corvelated closely
with the observed change in enzyme activity. Appesrance of the other 3p_peptides occured over a much Tonger time
interval. These data suggest that this ane repidly autophosphorylated site may be very faportant in transition of the kinase
to the Ca2*-independent fom. (Supported fn part by NIH Grant AMI7808. )

160 A UNIFYING MODEL FOR THE ROLE OF RETINOIDS AND THEIR RECEPTORS AS DIRECT KINASE
CONTROL FACTORS IN VISION AND CYTODIFFERENTIATION. F.O. Cope. Southern Research Institute,
Birmingham, AL 35255-5305, U.S.A.

Retinoids, including retinoic acid, have been shown to have strong antitumorigenic potential in vivo,
particularly when the tumor model system is dependent upon the activation protein kinase C (PK-C). We 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 apo-forms are substrates for the
kinase; 2) that retinoids can induce a translocation of PK-C in neural cells; 3) that retinoids can inhibit BK-C in
vivo; and 4) that holo-form retinoid receptors affect the affinity of PK-C for its ligands (Ca’ and
phosphatidylserine) and vice versa. Based on these data and others, we will present a unifying model for retinoid
funetion in vision and cytodifferentiation which accounts for the antagonistic function of retinoids to PK-C in the
cell cycle and also demonstrate that this antagonism is the basis for the retinaldehyde and retinol/PK-C/Ca® -
dependent dark adaptation in the visual cycle. This model also suggests that the chromophore, rhodopsin, evolved
not only because of Schiff base potential bu},,also because of the ability of retinaldehyde to regulste PK-C and the
concomitant translocation of PK-C with Ca“".

Likewise, the other retinoids, retinol and retinoic acid (the reduced and oxidized products of retinaldehyde,
respectively), as well as their holo~receptors function to modulate PK-C activity as this activity is
not in cell cycle and cytodifferentiation. (This research is supported by NIH Grants CA34968 and CA40894.)




161
Pharmacology and Therapeutics, Univergity of Calgary. Calgary, Alberta T2N 4N1.

PROPERTIES OF PROTEIN KINASE C FROM AORTA. K.R. Dell and D.L. Severson, Department of

The objective of our work is to purify the Ca®*- and phospholipid-dependent protein kinase (kinase
C) from the media of aortas because kinase C may have a role in the proliferation of smooth muscle
cells 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-32P]ATP into lysine-rich histone or chicken gizzard vinculin, a cyto-
skeletal protein that is a physlological substrate for kinase C. With vinculin as substrate,
specific activities of 66~267 pmol P; 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
amol/min/mg were measured. The enzyme was both phosphatidylserine (PS)- and Caz+-dependen: with
both gubstrates, The K, for PS in the gzeaence of CaZ* was 20 ug/ml and enzyme activity increased
over the concentration range of 10-6-10=% M Cca2*. The addition of diolein (3.2 ug/ml% increased
enzyme activity 3,4-fold at 10-7 M ca?t with histone; the diolein effect at 103 M Ca’t was less.
Using vinculin as substrate, diolein increased kinase C activity 1l,5-fold at 10-7 M ca?+, Ia con-
clusion, kinase C from bovine aorta phosphorylated the physiological aubstrate vinculin in a PS- and
Ca2+-dependent manner, The addition of diclein further stimulated this phosphorylation. Platelet-
derived growth factor (PDGF) stimulates the metabolism of phosphatidylinositol and the production of
diacylglycerol. This suggests & 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 CAIMODULIN ANTAGONIST: COMPARISON OF METH 1S
P.R.M. Dobson, §.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 (CaM) 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 CaM "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 3H-CaM binding and CaM-dependent phosphodiesterase assays. The binding assay utilized rat
brain synaptosomal membranes(BBA 714 84-92 1982). The CaM-dependent phosphodiestrase (PDE) was
prepared from pig brain (Adv. Cyclic Nucl. Res. 10 69-92 1979). Assay of known CaM 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 50t (at 50 uM).
Of the 32 active compounds, 24 were subjected to the CaM-dependent PDE 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 (ie 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 CaM antagonists. The binding assay is simpler, however, the PDE assay can ildentify PDE
inhibitors in addition to CaM antagonists.

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

The measurement of cycllic 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) yleld varying results dependent upon the quality of the paper. In both cases, background
32p-ATP lies within the range of 350-1000 cpm per 106 cpm 32p-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 radiocactivity 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 contajin-
ing the anion exchange resin, AG1-X8, and eluted with 30 § acetic acid. The effluent is passed
directly into vials for liquid scinti{llation counting. Residual ATP ls retained on the anton
exchange resin, but at least 95 % of the Kemptide is eluted. Background levels of ATP are routinely
10 cpm per 106 cpm 32p-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 ACTIVATION OF PROTEIN KINASE C INCREASES MULTIDRUG RESISTANCE IN HUMAN MCP-7 BREAST CANCER
CELLS. R. L. Pine, J. Patel, J. Carmichael, K. H. Cowan and B. A. Chabner. WNational Cancer
Institute and National Institute of Nental Health, Bethesda, Maryland 20852.

Multidrug resistance (MDR) in mammalian cancer cells can occur after exposure to a single drug from
a natural product source such as 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 alsc are known to inhibit protein kinase C (PKC) and calmodulin-associated kinases. 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 32p_ATP phosphorylation assay. PKC activity
was increased 7-fold in some resistant MCP~7 breast cancer lines. Activation of PKC by phorbol esters
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
registance in these cells, while it increased intracellular drug accumulation of VCR and ADR. These
erxperiments indicate that PKC activation is associated with the MOR phenotype via decreased accumulation
and that verapamil may be reversing resistance by unknown mechanisas.

165 A COMPARATIVE ANAL YSIS OF PROTEIN KINASE -C ACTIVATORS

Garland, L.G., Dawson, J., Bonser, 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 celiular responses
through the same "receptor” un protein kinase-C (PKC), but such responses have not been rigorously
compared. We have studied superoxide (O,) production by HL60 granulocytes stimulated by 1,2dihexa-
noyl-sn-glycerol (DiHex), phorbol dibutyrete (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 DiHex was only 45% %? thgt produced by PMA or PDBu. This is not due to poor
cell penetration since DiHex displaced 100% of “H-PDBu bound specifically by intact HL6&0 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
antagonised O, production stimulated by PDBu. In such interaction experiments, DiHex blocked PDBu
responses, bug not competitively, Therefore, we conclude that DiHex has two properties in HL6&0
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-reeponse curves for HL6G0
degranulation activated by DiHex.

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

GENERATION IN HL-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 O day DMSO HL-60 cells, phor-
bol 12-myristate, 13-acetate (PMA) induced phosphorylation in the 100,000xg supernatant of protein
pp29 (Mr=28,600) and to a lesser extent protein pp76 (Mr=76,300). With increased time of DMSO incu-
bation, PMA-induced phosphorylation of pp212 (Mr=211,800), ppl34 (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 anfon formation.
Both responses increased markedly between days 2 & 4 of DMSO exposure. Morphological characteriza-
tion of cells during DHSO induced differentiation using Wright Giemsa staining revealed that these
increases in phorbol diester responses were probahly 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 phorbol diester derivatives for protein phosphorylation was also correlated
to their ability to increase superoxide anfon generation. Thus, we propose that phorbol diester-in-
duced phosphorylation of pp212, ppl34, and pp76, (but not pp29) may nlay a role {n mediating the
functional response of phorbol dfester-induced superoxide anion generation. (funded by NIH ES03572)




167 EFFECT OF 8-BLOCKADE ON SKELETAL MUSCLE GLYCOGENOLYSIS AND CYCLIC AMP DURING EXERCISE.
A.H. Goldfarb and J. DiVetta. Exercise Science Laboratory, University of Maryland,
College Park, Maryland 20742.

Twenty-eight, male Sprague-Dawley rats (200-250 gms) were randomly assigned to either a resting-
saline (RS), a resting-propranolol (RP), an exercise-saline (ES) or am 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 min on a motorized rodent treadmill. Adminis-
tration of propranolol (6 mg/kg) did nmot alter resting values for glycogenm or cyclic AMP in R, W, or
S skeletal muscle. The acute exercise resulted in a 40X and 42% decrease in glycogen in KR and §
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 (RS = 6.53 + .38, RP = 6.19 + .29 mg/gm).
The acute exercise significantly increased cyclic AMP in R (RS = 302.8 + 16.3, ES = 481.6 + 30.8
pMol/mg wet weight), W (RS = 268.3 + 21.3, BES = 430.9 + 25.4 pMol/mg wet weight), and S (RS = 304.8
+ 24.6, ES = 510.8 + 33.9 pMol/mg wet weight). Beta-blockade prevented the exercise-induced increase
in cyclic AMP in both W (EP = 291.4 *+ 29.6 pMol/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 pMol/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 THE MR 43,000 POLYPEPTIDE, v;, OF ACHR-ENRICHED MEMBRANES IS A PROTEIN 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, Vj, Va2, and Vy which can be separated by 2-dimensional electrophoresis. V; is a membrane-
bound polypeptide having a pI between 7.0 and 7.4 which copurifies with the AChR. Immunochemical
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
kinage activity. Our results suggest that V, may be a protein kinase. We have used monoclonal anti-
bodg (mcAb) to V) to address this question. AChR-enriched membranes were covalently labeled with
[a-32P]JATP. When these membranes were solubilized and immunoprecipitated with anti-v; mcAb, we found
a covalently labeled polypeptide of Mr 43,000 on autoradiograms of SDS gels which was not present when
control IgG was used. Therefore, Vi is an ATP binding protein.

In order to demonstrate that the ATP binding protein precipitated by the mcAb is a protein kinase
we show that protein kinase activity is also precipitated from solution by mcAb. pH 11 extract is
neutralized and incubated with either mcAb or control mouse IgG and Staph. Aureus 18 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-V; mcAb shows no phosphorylation activity. In
contrast, protein kinase activity is observed in the pH 11 extract incubated with control mouse IgG.
Therefore, the mcAb must have precipitated the protein kinase and we can conclude that vy is a protein
kinase. Since there is only one ATP binding protein present in AChR-enriched membranes, v; is probably
the receptor kinase which phosphorylates the AChR.

169 Ca**. CAMIDULIN-DEPENDENT PROTEIN KINASE 1T AND Ca** PHOSPHIL IPID-DEPENDENT PROTEIN KINASE ACTIVITIES IN RAT
TISSUES ASSAVEDY Wl TH'A SYRTRETIC PEPTIE. Y. Heshimoto and T.R. SoderTing, Foward Hughes Wed. Inst,, and Dept. of Folecular

oTogy cs, e, W 3147

Rat tissue levels of Ca**. calmodulin-dependent protedn kinase II (protein kinase II) and Ca**. phospho) {pid-dependent.
protein kinase (protein kinase C) were selectively assayed using the synthetic peptide syntide-2 as sibstrate. The sequence
of yntide-2 (pro-leu-ala-arg-thr-leu-ser-val-ala-gly-leu-pro-gly-lys-lys) is hamwlogas to phosphorylation site 2 in glycogen
gmthase. The relative Waax/Km ratics of the known Ca**-dependent protein kinases for gmtide-2 were determined to be as
follows: protein kinase II, 100; protein kinase C, 22; phosphorylase kinase, 2; myosin 11ght chain kinase, 0.05. Lewvels of
protein kinase II were highest fn cerebrum (3.35 unfts/g tissue) and spleen (0.85 units/g) and Towest in testis (0.06 units/g)
and kidney (0.04 units/g). Protein kinase II activity was localized predowinantly in the 100,0009 particulate fraction of
cerebrum and testis; in the ytosolic fraction of heart, Viver, adrenal, and kidney; and about equally distributed between the
particulate and cytolic fractions in splesn and lung. On the other hand, protein kinase C was highest in cerebrum (0.56
units/g) and spleen, (0.47 wnits/g), and the mjority of activity was present in the cytosolic fraction for all tissues
measured exept for cerebrum and testis in which the kinase activity was equal in both fractions. Lastly, the ratfos of
protein kinase I1 to protein kinase C were different in various rat tissues and between the particulate and cytosolic
fractions. These results suggest somewhat different functions for these two Ca**-regulated, miltifunctional protein
kinases. (Supported in part by NIH grant AM17808.)




170 MOLECULAR CLONING OF THE CAMP-DEPENDENT PROTEIN KINASE FROM LLC-PK; CELLS
B.A.Hemmings, M.Schwarz, S.R.Adavani, D.A.Jans, I.Nowak, M.0.Showers” and
R.A.Maurer”, Friedrich Miescher-Institut, P.0.Box 2543, CH-4002 Basel,
Switzerland, "Dept. of Physiology & Biophysics, University of lowa, IA, USA

The cAMP-dependent protein kinase (cAMP-PK) is thought to play an intagral role in
the regulatjon of transcription of specific genes. In the porcine kidney cell line
LLC~PK), elevation of cAMP mediated by the hormone calcitonin leads to a 100-fold in-
crease of the rate of tranacription 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-PK); cell line. Using
the Agt 11 system, cDNAs were isolated for both the porcine Ry and Ryy using a bovine
Ry ¢DNA and antibody to bovine Ryr, respectively. The LLC-PK; cDNA library was also
screened using a bovine c¢cDNA for the C subunit and two distinct cDNAs were isolated
for the porcine C subunit. DNA seguence analysis confirmed the existence of two mRNA
apecies (Cyq and C,) 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 Ry, Ryy and Ca/p 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) IN DIFFERENT BRAIN AREAS STUDIED BY TWO~DIMENSIONAL
m GEL ELECTROPHORESIS (2DE). W.E. Heydorn, J. Patel, G.J. Creed and D.M. Jacobowitz, FDA,
Rockville, MD 20857 and Laboratory of Clinicsl Science, NIMH, Bethesda, MD 20892.

The distribution of PP was studied in 7 brain aress: caudate nucleus (CN), olfactory tubercle
(0T), prefrontal cortex (PRE), hippocampus (HIP), habenula (HAB), arcuate-median eminence (ARC-ME)
and ventromedial nucleus (VMN). Under basal conditiong, approximately 40 phosphoproteins could be
seen, with 12 being visible on silver-stained 2D gels of rat brain. Three distinct regional differ-
ences vere 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, pl 4.9-5.4 consistently phosphorylated only in the
CN and the ARC-ME. In the presence of Ca/calmodulin, the phosphorylation of 3 acidic proteins
(pl < 5.0) was markedly elevated in all 7 brain areas examined, Cyclic AMP produced an increase in
the phosphorylation of & number of different proteins. The 94 kDa protein showed a marked increase
in phosphorylation only in the CN and OT. Cyclic AMP also stimulated the phosphorylation of a
poorly focusing 83 kDa protein in the CN, OT and, to a lesser degree, in the NIP, HAB 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
IITb was phosphorylated in the presence of cAMP in all 7 brain areas studied. Finally, 2 PP of MW
45-46 kDa, pl 5.5 that were not apparent under basal conditiong 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 AMP Las region-specific effects on the phosphorylation of
individual proteins, and 3) These effects can easily be visualized using 2DE.

112 INHIBITION BY CALMODULIN ANTAGONISTS, H-7 AND H-8 OF FORMYL PEPTIDE, LEUKOTRIENE By,
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 roles 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
(FLY), H-;. H-7, and H-8. Al} five agents inhibited 0y production stimulated by f-nle-leu-phe
(FNLLP), leukotriene Bg (LTB4), phorbol-12,13-dibutyrate (POB) and sn-1,2-dioctanoylglycerol. Fhe
order of potency was TFP > FLU > W-7 = H-7 > H-8, The jnhibition by TFP and FLU could be partially
reversed by ths addition of ImM Ca*l to medium with Ca*2 < 10 uM, TFP, FLU and W-7 partially
enhanced 45Ca*¢ efflux, W-7 enhanced 45Ca*Z efflux to a similar extent as that achieved with FNLLP.
FNLLP-stimulated aSCa*é effiux in the presence of FLU or TFP was diminished to the same extent which
FLU or TFP enhanced 45Ca*Z efflux resulting in the same total net 45Ca*2 efflux. The normally
short-1ived phosphatidyl inositol (PI) turnover stimulated by either FNLLP or LTB4 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, W-7 enhanced the
incorporation of 32Pi into the phospholipids of the PI cycle, W-7 also stimulated a weak and short-
Tived "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 LTB4 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 Pl turnover. This work was supported in part by HL-33953.




173 PROPERTIES OF THE ENDOGENOUS TRIMERIC FORM OF A-KINASE PRESENT IN RAT OVARIAN EXTRACTS. M.
Hunzicker-Dunn, L. Lynch and R.C. Eketrom, Dept. Molec. 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 Il enzyme: a tetrameric form
composed of a regulatory (R) subunit dimer and 2 catalytic (C) subunit monomers; and an apparent tri-
meric form (Hunzicker-Dunn et al., J Blollghem 260:13360,1985). The apparent trimeric A-kinase was
, stimulated by cAMP, contained authentic R*~ and exhibited a § (6.08+ 0.19, n=19) lower than that
* of the tetramer (7.5:0.19, n=19). The purpose of the following s¥udies was to confirm the MW of the
apparent trimeric A-kinase and to establish ite subunit composition (as R2C or RC,). To determine ite
MW, autophosphorylated tetrameric and apparent trimeric holoenzymes were aepnrates 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 5-300.MW estimates from gel filtration
¢ were 245000 and 195000, respectively, for the tetrameric and trimffic forms. To determine the subunit
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 equa}IC activity, were compnredI
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 R,C 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 ch. Supported by NIH HD 11356 to MHD.

174 PHOSPHORYLATION AND DEPHOSPHORYLATION IN LEISHMANIA 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 [32P]-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-?2P]-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
[32P]-1abelled 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 Leptosphaeria michotii has been shown to be dependent on a rever-
' sible phosphorylating process. Asparaginase has been isolated as a purified protein complex, which
» possessed autophosphorylating and autodephosphorylating capacities (1)(2).

. A protein kinass was present in f:hi?i complex, as demonstrated by time course of Ms*-dependent phos-~
4 phorylation by [y- 2pIATP, whereas [a-32PJATP 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 protein

. kinase activity synchronous with the rhythm of asparaginase activity waé obssrved.

f Autodephosphorylation of asparaginase complex was controlled by a Mgc*-Zn*-dependent protein al-

% kaline phosphatase (active at pH from 7 to 9), Mr 60 000, phosphorylable, wh}ch could hydrolyze non

P protein pagsphoesteg . In the time course of asparaginase activity cycle, Zn¢* addition in the presen-
;- ce of [y-¢PIATP-Mg¢*, stimulated depggsphory'lation of the protein complex when asparaginase activity
& is decreasing, whereas it stimulated °<P incorporation when asparaginase activity is increasing.

¥ Opposite effects of protein phosphatase activation on asparaginase activity, together with the

32 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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K-252a; A POTENT, NEW INHIBITOR OF PROTEIN KINASES FROM MICROBIAL ORIGIN

H. Kase, K, Iwahashi, Y. Matsuda, S. Nakanishi and K. Yamada
Tokyo Research Laboratories, Kyowa Hakko Kogyo Co., Ltd.
Machida-shi, Tokyo, Japan

K-252a(1), a novel compound isolated from the culture broth of Nocardiopsis, sp., 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 uM, 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-252a in competitive manners.
The compound also inhibited calwodulin, but its effect (ICsq; 2.9 M)

was much less than that on protein kinases. ¥-252¢, the aglicon of 0
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 L
thrombin, platelet activating factor, and phorbol myristate acetate. HC H
These newly developed compounds should facilitate studies on the HICOCO w
physiological roles of protein kinases. o+
177 THE RELATIONSHIP BEIWEEN PHORBOL ESTER - STIMULATED LYSOSOMAL ENZYME RELEASE AND PROTEIN

PHOSPHORYLATION IN HUMAN MONOCYTES. Barbara A. Kelly and Richard A. Carchman, 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 (EC50=53 nM) increase in NAGA secretion over a tested range of 0.1 nM to 1 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 hLad 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 by 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 INHIBITS ADENYLATE CYCLASE ACTIVITY AND cAMP PRODUCTION Azra 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 WM. 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 by
gonadotropin caused maximal testosterone production, while with comparable incresses 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 gignificantly decreased adenylate cyclase activation by GTP and
luteinizing hormone. This inhibitory action, was prevented by preincubating the cells and membranes
with pertussis toxin before sddition 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-
partmentalization during hormonal stimulation of steroidogenesis. Second, we have demongtrated a
novel, high-affinity inhibitory action of F upon adenylate cyclase activity and cAMP generation, an
effect 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.




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 (PMA); in contrast, our typical cloned helper T cell
lines, exemplified by L2, do not proliferate in response to PMA. A number of recent reports have
suggested that translocation of protein kinase C (PKC) from the cytosol to the microsomal 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 Cat+, phospholipid-dependent kinase

. activity (PKC activity) from the cytosol to the membrane occurs after a ten minute PMA 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 PKC activity occurs after PMA treatment in a T cell line,
L2, that does not proliferate in response to PMA. The level of PKC activity found in the membrane
after PMA treatment, however, differs between the two cell lines: only 15-25% of the PKC activity
found in the cytosol of untreated L3 cells is translocated to the membrane of PMA-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 PMA-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 PMA-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 cAMP-DEPENDENT PROTEIN KINASES: A HETEROGENEOUS ENZYME
V. Kinzel, A. Hotz, N, Koenig, W. Pyerin and J. Reed, German Cancer Research Center,

Institute of Experimental Pathology, Im Neuenheimer Feld 280, D-6900 Heidelberg 1, FRG

Electrophoretically homogeneous preparations of catalytic subunit (C) of cAMP-dependent protein
kinase (type I and I1) from striated muscle of different species (rat, rabbit, cattle) can be separ-
sted by catfon exchange chromatography into 2 major stable forms designated C, and Cg (according to
their elution). They may be expressed simultaneocusly in the tissue. Both forms differ by approx. 0.5
units in their isoelectric values. No differences between Cj and Cp were detectable by a number of
criteria including (i) phosphate content, (i1) kinetic behaviour, (11i) interaction with regulatory
subunit type I and II (in cooperation with F. Hofwann, Homburg, FRG), (iv) heat stable inhibitor.
However, the protease specific for native C (E. Alhanaty et al., PNAS 78, 3492) cuts Cp consistently
faster than C,, & phenomenon which is enhanced in both cases by the substrate Kemptide (in coopera-
tion with S. Shaltiel, Rehovot, lsrael). Circular dichroic (CD) measurements using Blue Dextran as a
sensor for the nucleotide binding site (J. Reed, V. Kinzel, Biochemistry 23, 968) exhibit a differ-
ential induced CD spectrum of C, and Cy on binding of Kemptide thus indicating that the forms differ
in the conformational regsponse of their ATP-binding site to substrate binding. The introduction of a
high resolution isoelectric focusing system revealed that C, as well as Cy conslsts of 2 msjor isoe-
lectric variants (4pR £ 0.1 units) and of 1-2 minor variants. Whether these forms are products of
different genes (M.D. Uhler et al., PNAS 83, 1300) or/and posttranslational wodification(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.N., Mutzel,R., de Gunzburg,J. and Véron,M. - Unité de Biochimie
TelTuTaire - 28, rue du Docteur Roux - 75724 Paris Cedex 15, France

Dictyostelium discoideum contains only one type of cAMP-dependent protein kinase (cAK)
which is ﬁigﬁ;y deveTopmentally regulated. The enzyme composed of regulatory {R) and catalytic (C)
subunits is organized as an inactive (RC) dimer at the difference of the RZC complex found in other
organisms. Moreover, the R monomer contains only one cAMP binding site Mstead of the two found
in mammalian R.

cDNA clones encoding the R subunit of the Dictyostelium cAK were isolated by immunoscree-
ning of a cONA library constructed in the expression vec)for Xgt11. 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 Dictyostelium 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 pro%e‘ln {CAP) from E.coli and to the corresponding domains in the mammalian
R subunits. -
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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 kinsse C (PKC), prepared from rat brain using DEAE 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 iess than 500 ng.

In crude preparations from rat brain, and in cell

extracts from CHO, GH3, C6 and S$49 cells the antibody recognizes the 82 kD protein as well as
several lower molecular weight proteins, presumed to be proteolytic products of PKC. The immune

sera immunoprecipitates autophosphorylated and

[35S)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
MULTIFUNCTIONAL Ca2+/CALMODULIN DEPEN-
DENT KINASE AFTER AUTOPHOSPHORYLATION.
By Liilian L. Lou and Howard Schulman. Department of
Pharmacology, Stanford University School of Medicine,
Stanford, CA 94305.

ATP modulates the effect of autophosphorylation on the
activity of the rat brain Ca2+/calmodulin-dependent protein
kinase. At low, but saturating, levels of ATP (<20 M)
autophosphorylation inhibits activity towards exogenous
substrates by 75%. By contrast, at high (and more
physiological) levels of ATP (500 pM) autophosphorylation
converts the kinase to a form which is autonomous of Ca2+
and calmodulin. Aside from serving as a phosphate donor
during catalysis, ATP appears to regulate the site(s) which
become autophosphorylated and thereby modulates the dual
effects of autophosphorylation. Complete autonomy is
generated at a threshold level of autophosphorylation which
is 10-20% of maximal phosphate incorporation. Once the
threshold is reached, additional autophosphorylation occurs

independent of the presence of Ca2+ and calmodulin.
Despite this independence from control by Ca2+ and
calmodulin, the autophosphorylation is modified in a
qualitiative way by the presence of these agents.
Ca2¢/calmodulin regulate the site(s) of this additional self-
phosphorylation by the autonomous kinase. Furthermore,
they regulate the effect of this autophosphorylation on
substrate phosphorylation. In the absence of
Ca2+/calmodulin, additional autophosphorylation (beyond
threshold) inhibits kinase activity towards exogenous
substrates; in the presence of Ca?*/calmodulin, no inhibition
is seen. Extending the initial phosphate incorporation
beyond the threshold, prior to removal of Ca2+/ in,
will protect the enzyme from this subsequent inhibition by
autophosphorylation. ATP and Ca2*/calmodulin regulate
the sites of autophosphorylation which may cause distinct
modifications in protein conformation and thereby elicit the
profound changes in the functional characteristics of the
Ca2+/calmodulin-dependent protein kinase.

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 zona glomerulosa
regions. Fresh bovine adrenal glands were sectioned using a freezing microtome. Frozen sections

(60 um) were then extracted overnight in 1% SDS,
SDS-PAGE followed by transfer to nitrocellulose.

Extracts from individual sections were separated by
Protein blotting using a monospecific antisera

directed against the cGS-PDE indicated that most of this isozyme was localized to the outermost 1.5mm
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.




185 PHOSPHOTYROSINE IN PROTEINS: CHEMICAL AND IMMUNOLOGICAL IDENTIFICATION AND ISOLATION
" OF PHOSPHOTYROSYL PROTEINS. T. M. Martensen, Laboratory of Blocheaistry, NHLBI, NIH, Bethesda,
' Maryland 20892.
Proteins which contain phosphotyrosine (Tyr-P) residues can be i{dentified and purified by
{ utilizing the chemical and immunological properties of the Tyr~P woiety. The stability of Tyr~P
to basic conditions which cleave most ser/thr phosphoryl bonds euabled the analysis of cellular
phosphoproteins after Na dodecyl SO; gel electrophoresis. Analyses were simplified using a nylon
- electroblot of the gel which is stable to 1 hr incubation in 1 N NaOH at 65°C. Autoradiograms of
nylon blots before and after base treatment were performed on 32p-1abeled phosphoproteins of
" normal and retrovirus (Rous, Kirsten, and Moloney) transformed fibroblasts. Conditions for
optimal labeling of cellular proteins were studied by protein tyrosine kinase activity measure-
ments using poly gluztyr. Differences in base resistant phosphoprotein patterns could be seea
for each transformed cell line. Confirmatfion that certain base resistant phosphoproteins
contained Tyr-P was achieved by immunostaining with affinity-purified sheep anti-Tyr-P antibodies
(Ab). These Ab served as useful reagents to study Tyr-P proteins since they inhibit their
dephoaphorylation by phosphatases, and precipitate them in the presence of rabbit anti<sheep IgG
Ab., Tyr~P protein was immobilized when wixed with anti*Tyr-P Ab and incubated with immobilized
protein A sepharose rabbit antivsheep 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. Bae, L. Schaake and A.R. Hand. National
Institute of Dental Research, NIH, Bethesda, MD.

Hormonally regulated protein secretion from the parotid gland i{s mediated by cyclic AMP. Stimulation
by norepinephrine or its pharmacologic analogs involves changes in protein phosphorylation
cAMP-dependent protein kinase (cAPK) and an intracellular redistribution of its subunits (Mednieks
and Hand, Eur. J. Cell Biol., 28, 264, 1982). Biochemical findings indicate that cAPK subunits are
present in the nucleus, cytoplasm and gecretory 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 (cAPK)
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 hybridoma reagent (MAb BBl) fmmunoprecipitated photoaffinity labeled bovine
RII, a photoaffinity labeled ( 40 Xdal) fragment from both cAPK 1 and cAPK II preparations, but not
rabbit muscle RI. Immunogold localization using MAb BBl 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 proteims of
several hormonally responsive cell types, their physiologic function, however, is not known.

187 GANGLIOSIDE INRIBITION OF CELLULAR EVENTS INDUCED BY PHORBOL ESTERS: PROTEIN KINASE C AS A
POTENTIAL TARGET FOR GANGLIOSIDE MODULATION. _W,D. Merritt, C. Drogula and J.M. Bailey. Dept. of
Biochemistry, 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 (PMA),
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 Igp for IL-2 and PMA-induced growth
were similar. Polysialogangliosides and ganglio series glycolipids were potent inhibitors, while
other neutrsl glycolipids were ineffective. PMA inhibited IL-2-induced proliferation, and ganglioside
and PMA inhibition of IL-2-induced growth was additive. To examine ganglioside modulation of other

; Pprotein kinase C-mediated T-cell events, the influence of gangliosides on imduction of the IL-2

, receptor in JURKAT acute T—lymphocygic leukemia cells treated with PMA was studied. Receptor

; expression, measured by binding of “H-anti-Tac antibody, was decpressed in a dose-dependent mamner by
; mixed brain ganglfosides, with no effect on cell viabflity. To examine the potential for direct

» ganglioside modulation of PKC as a8 mechanism for these effects, the influence of gangliosides on the
binding of “H-phorbol-12,13-dibutyrate to JURKAT cells was tested. A dose and time-dependent inhibi-
tion of binding was observed when cells were pretreated with gangliogides, whereas slight inhibition
was observed if gangliosides were present only in the binding assay. These studies indicate that
cellylar events linked to activation of protein kinase C are particularly sensitive to the inhibitory
effects of ganglicsides and suggest this enzyme 1s a primary target for ganglioside modulation.

P .




188 THE DISTRIBUTION OF THE MULTIFUNCTIONAL CALMODULIN-DEPENDENT PROTEIN KINASE IN VARIOUS
TISSUES AND THE SUBSTRATE FOR THE BRAIN ENZYME.

E. Miyamoto, K. FMuk B. Y o, E. Tanaka and T. lvasa,
Department of Pharmacology, Kumamoto University Medical School, Kumamoto 860, JAPAN.

We have purified a msltifunctionsl calmodulin-dependent protein kinase (CaM-kinagse) from the
braip vhich has a high molecular weight of about 560,000 (J. Neurochea. 39, 1607-1617, 1982). In
contrast to muscle myosin light chain kinase, the enzyme had the multiple substrate specificity.

Ve have prepared hybridoma cells that produce monoclonal antibody against CaM-kinase from rat
brsin. The monoclonal antibody was of the IgM clsss of imsunoglobulins 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 wvith the Ca?*, calmodulin-dependent phosphodiesterase, calcineurin and other calmodulin-
binding proteins from the brain. The analysis of various tissues by immunoblotting showed the
pr of § eactive proteins with Mr. 52,000 in the spleen, stomach, pancreas, lung and
adipose tigsue and with Mr., 55,000 in the skeletal muscle and heart.

The endogenous substrate in the brain was examined. We found that CaM-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 incresse in actin-sctivated Mg-
ATPase activity. The results suggest that brain myosin is regulated by brain CaM-kinase in a similar
manner to ssooth muscle except for the phosphorylation of the heavy chain.

189 MONOCLONAL ANTIBODIES TO PROTEIN KINASE C
D. Mochly-Rosen and *D.E. Koshland, Jr.,
iversity of California, San Francisco, Department of Neurology
"’Univeuity of California, Berkeley, Department of Biochemistry

The phospholipid and calcium dapendent protein kinase C autophosphorylates both on
the catalytic and the regulatory domains. The autophosphorylation incr 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 frag 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 incr 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 (NGF) OR FORSKOLIN REDUCES Caz"'/CALK)DULIN-DEPmENT 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. & Physfol. Sci., Univ. Chicago, Chicago, I1 60637.

CaM 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, PNAS 82, 7939
1985). A number of recent studies have shown that treatment of PC 12 cellg with NGF or forekolin
leads to a decrease in the CaM-depend phosphorylation of 100k in cytosolic extracts. The effect
of NGF on the phosphorylation of 100k was observed after 1 hour, the effect was maximal (30X of
control) after 12 hours, and the effect began to reverse after 24 hours. The effect of forskolin
vas o e rapid, the maximal effect was greater (5-10% of comtrol), 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 NGF and forskolin was to reduce the activity of CaM 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 NGF or forskolin on CaM kinase III was stable
following extraction of the enzyme from PC 12 cells. These results suggest, therefore, that the
effect of NGF or forskolin is to lower the total amount of CaM kinase III per se, not to alter its
activity. Similar results were obtained with NG108-15 and NCB20 cells, two other neural cell lines.
(Supported by AM-20595 (HCP)).




G

19 GONADOTROPIN RELEASING HORMONE INDUCES THE PHOSPHORYLATION OF SPECIFIC PITUITARY PROTEINS:
DIRECT INVOLVEMENT OF PROTEIN KINASE C. John Nestor, Jr. and Berta Strulovici, Institutes of
Bioorganic 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-RY action by a) testing the ability of potent Gu-RH analogs to induce
selective phoaphorylation of protein substrates in intact rat pituitary cells, and b) quantitating
the number of (’H] PDBu binding sites in the cytosol and particulate fraction of pituitary cells
upon stimulation with Gn-RH agonists. Exposure of 32p_jabeled rat pituitary cells to PMA (10-™M) ot
diCs (5x10-°M) or Gn~RH (10~’M) or a "superagonist"-RS 94991, followed by SDS-Page and sutoradio-
graphy, induced phosphorylation of a 42-kDa, a 37-kDa, ll-kDa and 10-kDa proteins. Preincubation with
potent Gn-RH antagonists (RS 29226 or RS 68439) for one hour followed by Gn-RH (10 =min, 10-*M)
prevented the Gn-RH effect in a dose dependent manner, vhile leaving the effect of PMA or diC, intact.
"Down-regulation” of PKC or preincubation with H-7, a PKC 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 (PMA or diCs) or through endogenous production of diacylglycerols
(Gn-RH and RS 94991). By assessing the ability of various Gn-RH analogs to promote the translocation
of PKC from the cytosol to the particulate fraction of the pituitary cells, the following rank of
potency was observed: RS 94991 > Gn-RH > {Gly?] LH-RH > [His?] 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/FSH secretion.

192
DIRECT STIMULATION OF PROTEIN KINASE C BY ARACH IDONATE IS ASSOCIATED WITH PLATELET ACTIVA-

TION. Masakatsu Nishikawa., *Hiroyoshi Hidaka., **Robert S. Adelstein and Shigeru
Shirakawa Dept. of Internal Med.Il and *Dept. of Pharmacol.,Mie University School of Med.
2-174 Edobashi Tsu Mie 514 JAPAN & **M4LBI,NIM Bethesda MD 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. AR also
stimulated the endogenous phosphorylation of 40,000-dalton and 20,000-dalton proteins in the cytosol
(100,000g supernatant) of human platelets. The addition of H-7, an inhibitor of protein kinase C, in-
hibited AA-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 AA
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/ml1) was inhibited by aspirin,
whereas that induced by high levels of AA(10-50ug/mi) 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 AA is different from that induced by low levels
of AA and that the ability of AA to directly activate protein kinase C may account for the activation
of platelets by high levels of AA.

193 EXISTENCE OF THREE ISOZYMES OF PROTEIN KINASE C WITH CLOSELY RELATED PRIMARY STRUCTURES.

Shigeo OHNO, Masaki INAGAKI®, Hiroshi KAWASAKI, Shinobu IMAJOH, Kyoko KUBO, Hisayuki YOKOKURA®,
Takashi SAKOH®, Hiroyoshi HIDAKA* 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,
Tsu, 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 lysylendopeptidase 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 cDNA clonees 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” enzyme can be explained by assuming that the preparation is a mixture of
these isozymes.

Exiatence of multiple protein kinase C species raises the possibility that these isozymes share
different functional roles in signal transduction and cell proliferation.




194 DIFFERENT CaZ+ REQUIREMENT FOR THE PHOSPHORYLATION OF Hy HISTONE AND ENDOGENOUS PROTEINS
BY THYROID PROTEIN KINASE C.
B. Omri, M.F. Breton and M. Pavliovic-Hournac. Unité 96 INSERM ~ 94275 Le Kremlin-Bicdtre Cedex (F).

Thyroid protein kinase C (PKc) from cytosols of porcine and rat glands was characterized by using
histone Hi or endogenous proteins as substrates. Enzyme from both species had similar kinetic and
chromatographic properties and phosphorylated the same substrates (18 KDa, 22-25 KDa and 32-36 KDa
proteins). However, it was found that Cal* requirement for the activation of the PKc greatly differed,
depending whether Hy or endogenous proteins served as substrates. While for the phosphorylation of Hy
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 Ca2+ 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 Cal+,
modifications were observed in the zone of 32-36 KDa proteins. However, calcium alone without phospho-
tipids, did not have any effect on the phosphorylation 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 roted
in the region of 32-36 KDa ; their Pi range was frgm 5-7.5.

In conclusion, a very low concentration of Cac*, if any, was sufficient for the activation of the
PKc and phosphorylation of a large number of endogenous substrates. Higher Cal* concentrations induced
the phosphorylation of additional proteins. It could be that modulations of Cal+ concentration play a
role in the selection of protein substrates that are phosphorylated by the PKc.

195 RAPID ACTIVATION OF CALMODULIN-KINASE III IN MITOGEN-STIMULATED HUMAN FIBROBLASTS.
H.C. Palfrey, A.C. Nairn#*, J. Kuchibhotla, L.L. Muldoon and M. Villereal. Dept. of Pharma-
col. & Physiol. Sci., Univ. of Chicago, 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-PK III) in mammalfan tissues that preferentially phosphorylates an abundant Mr 100,000
cytosolic protein (100K). Polyclonal antibodies have now been used to precipitate 100K from prelabel-
led quiescent human fibroblasts stimulated with a variety of growth factors and other agents. Human
lung (WI38) or foreskin (HSWP) fibroblasts were serum-deprived for 4-36h prior to labelling for lh in
Pi-free medium with 0.2 wCi/ml 321’1. Mitogens were then added for various times, cells solubilized
with detergent and 100K immunoprecipitated. 32P incorporation into 100K wae quantitated by SDS-PAGE
and counting of gel slices. Serum (10%) led to a 5-10 fold increase in 100K labelling within 1 min but
by 5 min 32p incorporation had retumed to baseline, Similar effects were obtained with lys-bradykinin
or vasopressin (100nM). 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 100K 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 TFP (50uM), TMB-8 (50uM) and W-13 (100uM) all reduced growth factor effects
on 100K phosphorylation. A23187 (10uM) led to a slower increase in 100K 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).

196 GOLD COMP S MAY ALTER TRANSDUCTION OF INFLAM!:ATORY SIGNAI&S AT THE LEVEL OF PROTEIN
KINASE ¢. J.E. Parente, M.D. ‘l‘yers,1 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 chemotactic 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 X. Membrane-associated PKC 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 ester 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, YDepartment of Biochemistry, McMaster University, Hamilton, Ontario, Canada.




197 MULTI-SITE PHORBOL ESTER REGULATION OF GH, CELL ADENYLATE CYCLASE
Lawrence A. Quillisw, Pauline R.M. Dobson and B.L. Brown, Departwent of Human Metabolism & Clinical
Biochemistry, University of Sheffield Medical School, Beech Hill Road, Sheffield S10 2RX, UK.

Ve have recently demonstrated that a phorbol ester (PDBu) stimulates cyclic AMP production in GHj
pituitary tumour cells, even after pretreatment with cholera or pertussis toxins (1). We now report
that this effect persists in GHy cell membrane preparations and is enhanced by a cytosolic factor
which can be translocated to the membrane by preincubation of cells with PDBu.

In addition to this stimulatory effect, PDBu attentuated VIP-stimulated cyclic AMP production in
intact cells (1). We now show that in addition to decreasing the maximal VIP resp , PDBu a
small right shift {n the VIP dose response curve. These observstions cennot be repested in broken
cell preparations snd preliminary studies suggest that meximum VIP-receptor binding is not affected by
PDBu.

After preincubation of cells with oxotremortae (oxo) which inhibits adenylate cyclase via Ry
receptors, PDBu caused s 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 attenusting VIP stimulated adenylate cyclase in s pertussis toxin
resistant fashion, PDBu can also resist inhibition of the enzyme through Nj. C-kinase medifated
phosphorylation of Ny could explafn sll 3 observations, however, these effects may be regulated
individually.

(1) LA Quilliam et al (1985) BBRC 129 898-903.

198 PHOSPHORYLATION-DEPHOSPHORYLATION OF A SYNAPTOSOMAL PROTEIN OF 96,000 (P96).
P.J. Robinson and W. Lovenberg. Merrell Dow Research Institute, 20110 E. Galbraith Road,
Cincinnati, OH 45215. 12

When intact synaptosomes from rat brain are incubated with Pi‘ a protgin of molecular mass
96,000 (termed P96) becomes lasbeled. Upon depolarization with 41 mM K P96 1s 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 activatiop of protein kinaae C (PKC). Dephosphorylation of P96 was fully reversible
when the increased K was returned to 4.7 aM, and & total of 5 cycles of phosphorylation-dephos-
phorylation were achieved. Dephosphorylation of P96 was dependent on extracellular calciua, but
when intracellular calcium was raised, without activating the calcium channel, dephosphorylation
did mot occur. Thus P96 dephosphorylstion was not dependeat 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 calcium-dependent protein kinases since stimulation also
occurred 1a the pr of fluph ine, which tnhibits these enzymes. The priurszproteln kinase
that phosphorylates P96 appears to be PKC. In lysed synaptosomes labeled with [Y-""PJATP a 96,000
dalton protein was phosphorylated only in the presence of calcius 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 fumction.

199 A NOVEL INHIBITOR OF MLCK, ML-9, PRODUCES VASCULAR RELAXATION
M. Saitoh and H. H'ngkn, Dept, of Pharmacology, Mie University School of Medicine, Mie 514, Japan.
Two types of Ca -dependent protein phosphorylation are established major general ggchanisms by
which intracellular events are controlled by external stimuli, One is catalyzed by Ca” -calmodulin
dependent protein kﬂase, myosin light chain kinase (MLCK). The other species of Ca” -dependent
protein kinase is Ca“ -activated, phospholipid-dependent protein kinase (protein kinase 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 MLCK 1s obligatory for the stimulation of myosin ATPase
in both smooth muscle and nonmuscle tissues, a prerequisite for tension development., “Calwmodulim
antagonists” have been used as pharmacological tools to elucidate the function of Ca” -calmodulin
dependent MLCK 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. I-(5-chloro-
naphthalenesulfonyl)-lﬂ—hexahydro-l,b-dlazepine2‘!1.-9). which is a newly synthesized compound, was
found to exhibit the same Ki value for both Ca” -calmodulin dependent and independ 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 MLCK. Kinetic analysis revealed that ML-9 was a competitive
inhibitor vs. ATP and noncompetitive imhibitor vs. MLC in the catalytic reaction. These results
suggest that ML-9 bind at the active center of MLCK resulting in inhibition of the catalytic activity
of MLCK. Potent vaso-relaxing effect of ML-9 on rabbit vascular strips as well as saponin treated
skinned vascular fibre was discussed in the relation to the in vivo inhibition of MLCK by ML-9,
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200 MENADIONE ALTERS FUNCTIONAL RESPONSE AND PROTEIN PHOSPHORYLATION EVENTS IN RESTING AND
STIMULATED HUMAN NEUTROPHILS. M. P. Shakarjian and R. A. Carchman. Department of Pharmacology and
Toxicology, Medical College of Virginia/VCU, Richmond, VA 23298,

Menadione, a derivative of the natural vitamins K, has antineoplastic and antiinfiammatory properties.

Its profound biochemical effects upon resting and stimulated neutrophils make these cells a Tikely
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 (PMA) stimulated neutrophils, menadione significantly reduced the rate and
magnitude of 02~ generation. The release of 07~ induced by formylated peptide (fmip) 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 32.
phosphate incorporation into endogenous protein substrates with apparent molecular weights of 58K and
62K, Moreover, menadione enhanced protein phosphorylation in neutrophils stimulated by PMA, fmlp, or
ionophore. 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 $6 KINASE ACTIVITY OF ASTROCYTES STIMULATED BY INSULIN, IGF1, 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 qrouin S6. This activation is observed as early as five minutes after insulin addition to
the culture medium snd it is maximal by 60 m‘lnut’s. Concentration-response curve shows an activation
increasing from 107 M to a maximal value at 10-/ M of insulin. In cytosolic extracts from cells
treated with fnsulin, the cyclic AMP dependent protein kinase activity, protein kinase C activity
and protein kinase actfvities 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 fon
exchange chromatography.

Exposure of astrocytes to tumour promoter phorbol ester (TPA 10-7 M) 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 AMP 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 Maeta, Haruhisa Tsukamoto, Kazuyoshi Azuma, Masao Takeda,
Department of Biochemistry, Hiroshims University School of Medicine, Kasumi, Minami-ku, Hiroshima
734, Japan.

Three distinct forms (I, III, 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, III and IV were estimated from Stokes radii and s;,,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 a;B:6, for I, a;B,vy for III and o;B8; for IV. a, B, Y and § migrated as 34kDa,
63kDa, 53kDa and 74kDa bands respectively. The treatment with 80% ethanol converted I, I1I and IV
into Mr = 31,000 forms (34kDa bands) which had essentially the same physical 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 (a;B;) in physical and catalytic
properties, indicating that I, III and IV have a common subunit structure of a;B,. Specific activity
(units/mg) of a;Bi6), a;8,Y), ®,B; and a were 400, 5000, 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 B suppressed these phosphatase activities of a, and y
stimulated P-H2B histone phosphatase activity of a;B; but inhibited the phosphorylase phosphatase
activity. & was assumed to suppress strongly these phosphatase activities of @)8;,. 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, Hokkaide 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 “H~NMR 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. Ca“" exchange zgtes
were estimated to be about 300-500 sec™l in the N-domain and 3-10 sec ! in the C-domain, Ca2®
binding were measured using flow-dialysis method. The two low affinigx 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 bindin&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 signals. Our
results suggest that Ca * first binds to the C-domain and the Ca2*-saturated C-domain anchors it to
the target proteins. N-domain then quickly respond to a small change in the Ca concentration,
working directly in the ca? 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‘ -
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 THE ATP,Mg-DEPENDENT PROTEIN PHOSPHATASE ACTIVATOR (F,) AS A MYELIN
BASIC PROTEIN KINASE IN THE BRAIN, Shiaw-Der Yang, National Tsing Hua eniveraity.
Hsinchu, Taiwan, Republic of China.

The activating factor ¥, of the ATP.Mg-dependent protein phosphatase F M was purified to near
homogeneity from pig btain‘by a procedure involving chromatography on phoSphocellulose.
phogvitin~Sepharose 4B and Blue Sepharose CL 6B. A specific myelin basic protein (MBP) kinase was
found to co~purify with F, in constant ratio throughout purification. It also proved impossible to
separate the two activitieés on non-denaturing gel electrophoresis and 5-20% sucrose density gradient
ultracentrifugation. Kinetic study indicated that MBP, presumably a substrate for F,, could compete
with F M for F, and thereby prevent the F -mediated activation of the F M activity. "All the results
taken Gogether demonstrate that MBP kinasé and F, are localized on the Same protein. This, together
with the data that F,, by activating the AI?.ngaependent phosphatase, promotes the dephosphorylation
of MBP phoaphotylataé by F, itself, suggests the evidence for a protein bearing two opposing
activities involved in the regulacion of brain functions. Moreover, since F, was tightly associated
with the purified brain myelin membrane, the results further support the notion that F, may well be an
endogenous protein kinase responsible for the cyclic phosphorylation-dephosphorylation of the central
nervous system myelin.

2042 IDENTIFICATION OF THE ATP.Mg-DEPENDENT PROTEIN PHOSPHATASE ACTIVATOR F

AS A MYELIN BASIC PROTEIN KINASE IN THE BRAIN A

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 from pig brain., A specific myelin basic protein kiflase was found
to co-purify with F, in constant ratio throughout purification. It also proved impo-
ssible to separate éhe 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 F,, could compete with F_ M for F, and thereby
prevent the F,-mediated activation of“the F_M activity. All the results taken toge-
ther demonstrite that MBP kinase and F, are®localized on the same protein. This, to-
gether with the data that F,, by activéting the F M activity, promotes the dephos-
phorylation of MBP phosphorQlated by F, itself, stggests evidence for a protein bear
ing two opposing activities involved iff the regulation of brain functions. Since F
was tightly associated with the purified intact brain myelin membrane, the results
further support the notion that F, is an endogenous protein kinase responsible for
the cyclic phosphotylation-dephosehorylation of the central nervous system myelin.
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205 PHOSPHORYLATION OF BRANCHED-CHAIN 2-OXOACID DEHYDROGENASE COMPLEX IN ISOLATED ADIPOCYTES

by S.J. Yeaman & S.M.A. Jones (Department of Biochemistry, University of Newcastle upon Tyue, 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 the 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 comstants 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 methionine. 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-RIBOSYLATION OF ON-MUSCLE ACTIN BY BOTULINUM C2 TOXIN:
K. Aktories, M. Birmann, M. Laux, P. Presek, K.H. Rauner and B. Schering. Rudolf-Buchheim-Institut
fiir Pharmakologie, D-6300 Giessen, F.R.G.

Botulinum C2 toxin (BtaxC2), which causes hypotonic effects, increase in vascular permeability and
gut secretion, mono-ADP-ribosylates a 43 kDa protein in various cell types including human platelets,
549 lymphama cells, neurcblastoma x glioma hybrid cells and chick embryo cells (CEC). We identified
the toxin substrate protein as actin by means of peptide mapping, immunoprecipitation and immmoblot-
ting. Half-maximal and meximal ADP-ribosylation of platelet actin was found at 0.1 and 3 ug/ml BtoxC2.
The Ky value of the ADP ribosylation reaction for NAD was about 1 uM. The ADP-ribosylated actin bound
to DNase sepharose matrix and was eluted by guanidine~HCl (3 M) or formamide (40 %). Purified plate-
let and liver G-actin and much less platelet and liver F-actin, but not skeletal muscle F- or G-actin
were ADR-ribosylated by BtoxC2. Phalloidin blocked the toxin induced ADP-ribosylation. Toxin-cata-
lyzed ADP-ribosylation of purified actin decreased the viscosity of polymerized actin and prevented
the formation of the typical microfilament network. BtoxC2 pretreatment of intact cells largely re-
duced the ADP-ribosylaticn of the protein substrate in lysed cell preparations. Furthermore, in 32p-
loaded CEC, BtoxC2 induced the labelling of actin. Treatment of CEC with BtoxC2 caused cell roundings
in a time and concentration dependent manner, which correlated with the toxin-catalyzed ADP-ribosy-
lation of actin. The findings indicate that actin is the pathophysiological substrate of BtoxC2 and
suggest a fundamental role of actin in the pathogenetical mechanism of BtaxC2. BtoxC2 appears to be
an important tool to study physiological processes which involve non-muscle actin.

Supported by the Deutsche Forschungsgemeinschaft.

207 ENERGY UTILIZATION IN SIGNAL TRANSDUCTION. R. Dean Astumian and P.B. Chock,
Laboratory of Biochemistry, NHLBI, NIH, Bethesda, MD 20892.

Inter- and intracellular communication 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 & 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.,
"gtaaping” haaism) are sh to contradict simple thermodynamic principles.

The key enzymes responsible for directly mediating communicstion between the cell and 1its
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 chewical
gradients of various substances to effect transmembrane information transfer and signal amplifi-
cation.




208
INTERRELATIONSHIPS OF CYCLIC AMP(cA) AND CALCIUM(Ca2+) [N SECRETABOBUE INDUCED
STIMULATION OF ACID SECRETION IN RAT PARIETAL CELLS ENRICHED BY CENTRIFUBAL ELUTRIATION. E.B.
Black, §.J. Strada and N.J). Thospson, Departesent of Pharsacology, University of South Alabama
Caollege of Medicine, Mobile, AL 36688
Secretagogue stisulation of acid secretion and the possible interrelationships of Ca2+ and
cA in the ~egulation of stismulus~sacretion coupling has been studied in enriched parietal cell
(PC) populations using a newly developed centrifugal elutriation procedure for rat gastric
sucosal cell fractionation. The PC fraction is 60-80% pure as judged by light aicroscopy and
FACS analysis and greater than 951 viabile as detersined by trypan blue dye exclusion.
Comparative studies of the rates of cA accusulation in PC using forskolin (F), isoproterenol
{lso) and histamine (K) and hydrogen ion production asasured indirectly with 14C-aminopyrine
accuaulation (AP) show similar esaximal secretory rates despite widely varient cA accusulation
rates. The calsoldulin antagonists, fenoctimine (Fn) and triflucperazine (TFP}, inhibit AP
fnduced by all three agonists. Both agents also inhibited carbachol (C) induced AP accuaulation
(Ki = 60 a). Further studies utilizing the calcium sensitive, fluorescent indicators Quin 2 or
Fura 2 show that C increases intracellular Ca+¢ froms 930 aN to 2295 nM with a transient duration
of 1.3 to 2 ein. Studies of H action with Fura 2 indicate lesser involveaent of Ca2¢ than those
of C whereas neither F nor Iso appear ta modify Ca2¢ levels in rat parietal cells. These results
suggest & possible interrelationship of both Ca++ and cR in H,F and lso and L induced acid
secretion. This research is supported by USPHS grant 33538,

209 ADENYLATE CYCLASE AS A PROBE OF THE RELATIONSHIP BETWEEN THE EFFECTS OF ETHANOL ON THE
PHYSICAL AND FUNCTIONAL PROPERTIES OF THE MEMBRANE. D.C. Bode 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 (DPH). The 8-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
FTuidity), 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 prasence 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 2 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 i) 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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N CLONED c¢DNA FOR SPECIES OF RNA THAT ARE REGULATED BY CYCLIC AMP IN NG108-15
NEUROBLASTOMA~GLIOMA HYBRID CELLS.
M. Y. Glovanni, 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 abflity
of the cells to form synapses in vitro with muscle cells. A cDNA library, prepared froam poly A*
RNA obtained from differentiated NG10B-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* 32P-DNA probe than D~ 32P-DNA. These colonies
comprise < 13 of the colonles screened. Some colonies also were found with more D™ 32P-DNA
nybridized than D* 32p-DNA. Cloned DNA in most colonies hybridized with approximately the same
amounts of D* and D~ 32p-DNA. Different concentrations of cytoplasmic poly A* RNA from D* or D~
cells were applied to filters and hybridized with cloned 32p-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 NG1U8-15 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. Ome 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 crp* 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 wmutations 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 glutamine 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 crp* strain-specific sensitivity to glucose-mediated repression of g-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.

23 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 EC 0 of
100 nM. GTP stimulated basal activity 2-fold with an ECgq of 300 nM. In the presence of 8&)1.

GTP was able to further activate adenylate cyclase. Hit?n increasing concentrations of CaM, however,
the ECgq for GTP was decreased 5~fold. In the presence of only 90 nM CaM, the Ecso for CTP 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 less than the concentration required to
maximally activate basal adenylate cyclase activity. The ECgqy for CaM in increasing the GTP
sensitivity and maximal response of the adenylate cyclase to DA is 13 nM as compared to a~ !-:(':5

of 100 nM in activation of basal adenylate cyclase activity. These data support the concept O

a dual regulatory role for CaM in the activation of adenylate cyclase activity. Supported by

NIMH 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 1.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 u«fter sequential treatment with 10 nM insulinm (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 t 7, mean ¥ SEM, vs. 31 t 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 mesbrane
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 *+ | vs. 13.0 * 25 mM). Incubation of intact cells in the presence of
the adenylate cyclase inhibitor adenosine stimulates plasma membrane glucose transport activity com-
pared to that in the absgence 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 PDE: PROBLEMS IN EVALUATING POTENCY OF INHIBITORS.
T. KARIYA and R.C. DAGE, MERRELL DOW RESEARCH INSTITUTE, CINCINNAT1, OH 45215, U.S.A.

During evaluation of newly synthesized compounds for cardiotonic 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 PDE could explain
our observations. Dog heart and femoral arteries were homogenized with a Polytron and the PDEs were
fractionated into Types 1, 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 PDE,
the IC50 of both enoximone and IBMX was 4 UM at a substrate concentration of 0.5 uM cAMP. At the
same substrate concentration, the IC50 of enoximone for vascular Type IV PDE varied greatly (5 uM -
>100 uM) from preparation to preparation, whereas inhibition by IBMX was relatively uniform (4 MM -
7 pyM). 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, Michiyoshi 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 (total cholesterol: 2.2 mmol/l). CAMP accumulation was enhanced in response to
isoproterenol 10~ M5 as compared to control cells, and this enhancement was still detectable in the
presence of IBMX 1077 M, a potent inhibitor of phosphodiesterase. Application of propranolol 1074 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. B-receptor assays showed an increased Bysy 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 (PKC) 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, PKC has been implicated in growth and differentiation (eg. PMA-induced differentfation of
HL-60 cells), secretion [eg. PMA-induced secretion of lactoferrin and vitamin Bl2-binding protein
from neutrophils (PMN)], and PMA activation of the PMN oxidative burst. Long-chain bases (sphin-
ganine and sphingosine) were recently found to be potent inhibitors of PKC in a micelle-reconstituted
system [Hannun et al. (1986) J. Biol. Chem. in press]. We have tested long-chain bases as inhibitors
of the above cellular functions and documented their wutility in testing PKC-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 retincate-induced
differentiation. (2) Long-chain bases block activation of the oxidative burst not only by PMA, but
also by other agonists (diacylglycerol, FMLP, A23187, arachidonate, and opsonized zymosan);
inhibition occurs at the same .concentration for all agonists, {implying the same site of inhibition;
sphinganine coapetition for [SH]-phorbol dibutyrate binding to PMN strongly implicates PKC as the
site of inhibition. (3) Neutrophil specific granule secretion appears to be regulated by PKC, while
azurophilic graanule secretion is not. Long-chain bases block secretion, of specific- but not
azurophilic-granule markers. (4) Agonist-induced phosphorylations of various PMN and HL-60 proteins
are blocked by sphinganine. In addition, these inhibitors appear to be specific; agonist-induced
calcium transients, calmodulin-dependent processes, and cAMP-dependent processes were not affected.
Thus, long-chain bases are naturally occurring inhibitors of PK-C which may function as physiologic
negative regulators of this enzyme. [Supported by NIH grants AM27373, CA22294, and GM 33369].

28 ORGANELLE SYNESIS HYPOTHESIS OF SIGNAL TRANSDUCTION
AN. 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 diacylglycerol (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
Tiver 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 phosphatidyiserine. A
strong prima-facie case is advanced for organelle synesis in signal transduction coupied 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,
nucteus, and endoplasmic reticulum, respectively.

219 UBIQUITIN-ANTIBODIES BIOCK HIGH AFFINITY CHOLINE UPTAKE AT EXTRACELIUIAR SITES IN RAT
ERAIN SYNAPTOSCMES. E. M. Meyer, C. West and V. Chau, Depts. of Pharmacology, Biochemistry,
Anatomy ard Cell Biology, Univ. Florida School of Medicine, Gainesville, FL 32610

Sodiumdependent {’H]~choline uptake and coupled [°H)-acetylcholine synthesis were irhibited in
rat cernvbral cortical synaptosames in a dose-(1-10 ug/ml) and time-dependent manner affinity-
purified antibodies directed against ubiquitin (anti-Ub). Neither sodium-independert [3H]-choline
uptake nor [3H)]-acetylcholine release was affected by up to 10 ug/ml anti-Ub, indicating that the
cholinergic terminals were not depolarized by the anti~Ub. Binding of anti-Ub to the synaptosome
preparation, as measured with [usll-pzvtein A, was saturable and occurred over the same
concertration range (1-10 ug/ml) at which uptake~inhibition was cbserved. Although preimmme IgG
bound to the synaptosame preparation to a greater extent and was apparently not readily saturable,
this fortuitous binding was without effect on high affinity choline uptake and conversion to
acetylcholine. The results suggest that a ubiquitin-protein conjugate is closely associated, on
the synaptosamal surface, with the sodiumdependent choline transport system.




220 CYTIOYLATE 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 SA2 BPP, U.K.

Although the existence of phosphodiesterases capable of cyclic CMP 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 ['“C}~ and [*?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, CDP, cytidine 2'-aspartyl-3’',5'~
cyclic monophosphate, cytidine 2'-glutamyl-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 may 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 3',5'-CYCLIC MONOPHOSPHATE 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 labelied
compounds are produced from [*2P]- or {1“C]-CTP during conventional assays for cytidine cyclase and
are also immunoreactive with antisera raised against cyclic CMP. Knowledge of their structures has
permitted development of (a) a single colum composed of two separate tiers of ion-exchanger which
separates cyclic CMP from these contaminants to form the basis of an assay for cytidylate cyclase,
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 radioimmunoassay.

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 mammalian 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 BIOSYNTHESIS IN CHROMAFFIN AND NEUROBLASTOMA CELLS: REGULATION BY CYCLIC AMP,
PROTEIN KINASE C AND CALCIIM. Rebecca M. Pruss, Lee E. Eiden and James A. Waschek. Laboratory of Cell
Biology, NIMH, Bethesda, MD, 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 mRNA. 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. Afyar, P. Nambi, G. Gessner and S.T, Crooke, Mol. Pharm., SK&F Labs., Phila., Pa. 19101

Rat aortic smooth muscle cells (A-10) contain vasopressin receptors of V1 subtype. Incubation of
these cells with vasopressin (AVP) resulted in an (a) {inhibitfon of {soproterenol-stimulated cAMP
accumulation and (b) stimulation of phosphatidylinositol turnover. In an attempt to delineate the
mechanism of AYP 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 with3H 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 vapadate, an inhibitor of
phosphatase to test its effects on AVP-mediated responses. Pretreatment of5H inositol-labeled cells
with vanadate resulted in an increase of AVP-stimulated nositol di- and tr{s 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 fnosftol di- and tris-phosphates was observed even in the absence of LiCl.
Yanadate pretreatment had 1ittle effect on3H AVP binding to intact celis or on the AVP-induced
inhibition of isoproterenol-stimulated cAMP accumulation. These data suggest that vanadate may be
exerting its effect by inhibiting inositol di and tris phosphatases.

224 LIGAND-STIMULATED PRODUCTION, METABOLISM, AND RECEPTOR BINDING OF INOSITOL TRISPHOSPHATE
DURING THE STEROIDOGENIC ACTION OF ANGIOTENSIN II. Tamag Balla, Gaetan Guillemette,
Albert J. Baukal and Kevin J. Catt, NICHD, NIH, Bethesda, MD 20892
Angiotensin 1% (AII) exerts its steroidogenic effects through calcium-mobilizing receptors that
promote the generation and actions of inositol trisphosphate (ins-P,) via phoapholigase-c-cacalyud
breakdown of polyphosphoinositides. In rat adrenal glomerulosa cells labeled with [“Hjimositol, All
caused rapid (< 3 sec) breakdown of both PIP and PIP, with concomitant formation of inositol phos-
phates. In addition to rapid and prominent formation of ins-P,, two isomers of both ins-P. and
ins-P were detected by HPLC. Ins~1,4,5-P, showed only a slight ‘and transient rise with a peak at
about 5 sec, whereas ins-1,3,4-P, increaded steadily over 60 sec. Significant increases in ins-P
and ins-4-P at 2.5 sec, with no ghange in ins-1-P during the first 60 sec, revealed that ins-1,4,5~
P, is rapidly metabolized through 1ns-1,6-P2 with accumulation of ins-4-P, and that PI breakdown is
ngt an early response to AIl. The progressive formation over 20 min of ins-1,3,4-P,, ins—l,b-Pz,
and ins-4-P, all enhanced in the presence of lithium, was indicative of continued3 breakdown of
polyphosphoinositides. Specific and high affinity (Kd ~ 1 nM) binding sites with low capacity (n
100 fwol/mg prot) for ins-1,4,5~P. were demonstrated in bovine adrenal cortex and shown to be
diatinct from the degradative en:ygc ina-P,~5'-phosphatase. The rapid kinetics of association and
dissociation of ins~P, at these sites are Consistent with its early and transient elevation during
All stimulation, and with its binding to receptors through which calcium is wobilized 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 AIIL, and that %ns-4-? production provides an
index of sustained polyphosphoinositide hydrolysis during AIl 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 V. Crooke, Dept. of Mol. Pharm., Smith
KTine and French Laboratories, Philadelphia, Pa. 19101.

Manoalide is a nonsteroida) sesterterpenoid isolated from sponge. Manoalide exhibits analgesic
and anti-inflammatory activity in mouse models (Jacobs et al.,Tetrahedron 41:981). Investigations on
the mechanism of action for manoalide revealed that 1t was a potent inhibitor of venom phospholipase
A2 (PLA2), exhibiting IC50 values of 0.12, 0.7 and 1.9 uM for bee, rattlesnake and cobra venom
PLAz,respectively. However, intracellular PLA2's assayed in cytosolic and membrane fractions
from several mammalian tissues were less sensitive to inactivation by manocalide, exhibiting ICgp of
30 uM or greater. Cytosolic proteins, BSA, and poly-L-lysine protected purified bee venom PLA2
from inactivation by manoalide, while free amino acids did not protect purified PLA2. Investigations
on other intracellular targets for manoalide revealed that Pl-specific phospholipase C (PLC) was more
sensitive to 1nactivation by manoalide than PLA2(ICggo= 1.5 and 30 uM, respectively).

A PI-specific PLC purified from guinea pig uterus (Mr = 64,000) also exhibited an IC?O of 1.5 uM.
Manoalide inhibited, in a concentration dependent manner, the synthesis of inositol-l-phosphate from

DDTMF-2 cells stimulated with norepinephrine (ICgg = 2.0 uM). These results suggest that the
anti-inflammatory 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 METABOLISM IN INSULIN SECRETING
CELLS. T.J. Biden & C.B. Wollheim. Institut de Biochimie Clinique, Univ. of Geneva, Switzerland.

Inositol 1,4,5-trisphosphate (Ins 1,4,5-P3) acts as a second messenger to mobilize intracellular
Ca?* stores during the muscarinic 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 RIMmSF cells prelabelled with 3H-inosito] now shows that cholinergic stimulation
in Caz*—depleted medium markedly increased the ratio of Ins 1,4,5-P3 to Ins 1,3,4-P3 + Ins-Pg,
relative to cells stimulated in Ca‘* containing medium. Ins 1,4,5-P3 kinase activity assayed in a
cytosolic fraction was stimulated 2§ fold by raising Ca2+ from 10-7-10-5M (ECgq approx. B0OnM). In
contrast, 1,4,5-P3-phosphomonoesterase activity was not Cal¢-dependent. Moreover, the kinase dis-
played a Ky for Ins 1,4,5-P3 of 1.5uM, rather than 30uM for the phosphomonoesterase. These results
suggest that the rise in Cal+ 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 CaZ*-dependent, transient
production of Ins 1,4,5-P3 which was not secondary to neurotransmitter release. This CaZ+-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-P3 by the nutrient stimulus glucose.

227 IDENTIFICATION OF A NUCLBOTIDE-SENSITIVE PFHOSPHOLIPASE C IN LIVER PIASMA MEMBRANES.
D. Bojanic, M.A. Wallace, R.J.H. Wojcikiewicz, L.S. Bradham and J.N. Fain, Dept. of
Biochemistry, University of Tennessee, Memphis, TN 38163.

The hydrolysis of exogenous [>H]phosphatidylinositol 4,5-bisphosphate ([JH]PIP,) to
incaitol by rat hepatic plassa mesbranes was imestigated. In the absence of decxycho-
late (DOC), phospholipase C activity was not readily detected. DOC produced a dose dependent
increase in activity wp to 2mM after which the rate of hydrolysis decreased. GppNip (100uM)
stimated the DOC activated enzyme by 30 - 50% above bssal. This stimilation was not specific
for mmw;mmmmwmm.MMdmmmly
apparent with (“H]PIP, as substrate; little or no effects were observed on
(“H)phoephatidylinositol  4-phosphate or (°H]phosphatidylinogitol hydrolysis. Phospholipase C
hﬁapﬂqﬂnofs.s'ﬂ.o for both basal and GppMNHp-stimulated activities. Time courses of
[“H]PIP, breakdown were linear up to 10 min of incubation and hydrolysis was temperature
dependent with cptimal muclectide stimilation baing cheerved at 37°C. The main product of
[“H]PIP, hydrolysis was identified as inositol 1,4,5-trisphosphate. No added calcim was

for activition of phospholipase C but activity was blocked by inclusion of 1mM BGTA in
the incubation. Magnesiua partially inhibited inositol phosphate formation whereas all monovalent
cations tested were stimulatory. These results provide further evidence for muclectide regulation
of phospholipase C. However, the lack of muclectide specificity suggests that this enzyme may not

be regulated solely by guanine miclectides.

228 STIMULATION OF Gl-- S TRANSITION OF Ca2+.DEPRIVED SERUM--"IMULATED RAT LIVER EPITHELIAL
CELLS BY INOSITOL 1,4,5-TRISPHOSPHATE AND PROTEIN KINASE C. Alton L. Boynton and Jean Zwiller.
Cancer Research Center of Hawaii, 1236 Lauhala St., Honolulu, HI 98313,

Hydrolysis of phosphatidyl inositol 4,5-bisphosphate with the production of diacylglycerol (DAG)
and inositol 1,4,5-trisphosphate (IP3) appears to be a major signal transduction pathway invoived 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 IP3-
degendent protein kinase recently discovered in our laboratory. We have identified two extracellular

s +_dependent stages of the Gl phase of the cell cycle of TS1B rat liver epithelial cells. Both

. protein kinase C and IP3-dependent (via IP3 dependent protein kinase) events are required for these
cell cycle transitions because both protein kinase C activators (TPA, OAG, DiCg) and the IP3-dependent
. protein kinase activator (IP3) must be added to serum-stimulated, Caé*-deprived TS1B cells for
successful GO-- Gl and G1-- S transition. An alteration of this membrane based signal trangduction
smechanism is indicated by the fact that neoplastic cells no longer require extracellular Calt for
¢G0-- G]l and G1-- S transition and also are able to maintain elevated levels of protein kinase C in

i Ca2*-deficient medium while their non-neoplastic counterparts cannot. Supported by NIH/NCI grant
§no. 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, KI 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 (IP3). Recent results
from our laboratory suggest that the function of both these second messengers is required for GO-- Gl
and Gl-- S transition of serum-stimulated TS1B rat liver cells. DG is known to stimulate protein
kinase € activity in conjunction with Cal+ and Bgosphatidyl-serine. IP3 has been demonstrated to
stimulate the increase of intracellular free Ca‘” by releasina the fon from presumably the endoplasmic
reticulum. We describe here an IP3-dependent phosphotransferase activity which we have putatively
termed protein kinase 1. Protein kinase I is extracted from TS51B rat liver cells or from rat brain.
Small quantities of protein kinase I are present in the 100,000xq supernatant of EGTA extracted cells
and larger quantities are present in the detergent-extracted 100,000xg pellet. At present we can
only speculate as to the function of protein kinase 1. One obvious role may be in the mechanism of
intracellular Cal+ 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 ! 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 being investigated. Supported by
NIH/NCI grant no. CA39745.

230
A MASS MEASUREMENT OF INOSITOL(1,4,5)TRISPHOSPHATE IN CHEMOATTRACTANT-STIMULATED RABBIT
NEUTROPHILS. Peter G. Bradford and Ronald P. Rubin, Medical College of VA, Richmond, VA 23298.
Previous studies from our laboratory using 32P-Ins(1,4,5)P3 demonstrated the presence of a
specific intracellular receptor for this second messenger. In the preseat study, Ins(1,4,5)P3
conteat of fMet-Leu-Phe stimulated rabbit oneutrophils was deterained. Two independent assays of
Ins(1,4,5)P3 mass were performed using ether—washed TCA-extracts derived from 3H—1nositol-labe1ed,
fMet-Leu-Phe-stimulated cells. Ins(1,4,5)P3 content of the extracts was assayed both by the
ability of inositol phosphates in the extracts to displace 3 P-Ins(1,4,5)P3 from its intracellular
receptor and to release sequestered 45Ca2*+ from nonmitochondrial stores of saponin-permeabilized
cells. The relative proportions of 3H—Ina(1,3,6)P3, 3H—Ina(1,k,5)P3 and 3H-Ina(1,3,4,5)?4 in a
series of extracts derived from cells stimulated for various times (58 - 5 min) were determined by
HPLC. The relative capacity of each fractioan to coampete with 32P-Ins(1,4,S)P3 at its receptor and
to release sequestered “’Ca from permeablilized cells coincided perfectly with the content of
radioactive 3H—Ins(1,6,5)P3 in the fraction and not with the content of either “H-Ins(1,3,4)P3 or
3H—Ins(1,3,6,5)?4. Since these assays are selective for Ins(1,4,5)P3 and are measures of mass,
the amount of Ins(1,4,5)P3 formed in cells can be deteramined., Thus, the Ins(1,4,5)P3 coatent in
neutrophils was found to rise from a basal value of 0.02 pmol/106 cells to a peak value of 0.40
pmol/100 cells after 10 sec stinulssion and to return to baseline by 2 mia. This study confirms
the physiological relevance of the 2P-Ins(1,b,5)P3 binding site and for the first time measures
the mass of Ins(l,4,5)P3 formed in stimulated cells.

231 STUDIES ON THE INTERACTIONS BETWEEN THE CALCIUM MOBILIZATION AND CYCLIC AMP PATHWAYS IN
GUINEA-PIG HEPATQOCYTES.

G.M. Burgess., R.K. Dooley., J.S. McKinney., E. Ngnberg* and J.W. Putney, Jr, Division of Cellular
Pharmacology, Medical College of Virginia, VA 23298 and *Wenner Gren Institute, Biologihus F3,
Univergity of Stockholm, S-106 91, Sweden.

The adenilate cyclase activating hormone isoproterenol (50nM) which, when given alone had no
effect on 86Rb or 45Ca efflux, potentiated the effects of angiotensin (1-50nM) on 86pp efflux and
45Ca efflux from guinea-pig hepatocytes. This effect occurred in the presence or absence of
extracellular CaZ¥, and required the simultameous presence of both isoproterenol and angiotensin.
Neither the Ca-ionophore A23187, nor 4-J phorbol dibutyrate, separately or together, could substitute
for angiotensin (cAMP can substitute for isoproterenol). The effects of isoproterencl were greatest
with submaximal concentrations of anglotensin, while maximal concentrations of angiotensin were
affected 1ittle. Isoproterenol did not substantially increase the formation of [ZH]inositol
trisphosphate, or alter the ratio of isomers, {3¥)1inositol 1,4,5-trisphosphate and [3H]1inositol
1,3,4-trisphosphate, formed in response to angiotensin, suggesting that isoproterenol acts by
increasing the sensitivity of the endoplasmic reticulum to the CaZ+-releasing action of inositol
1,4,5-trisphosphate. Isoproterenol also enhanced the phase of Ca2t mobilisation involving calt
entry which is consistent with the previously proposed functional linkage between receptor-regulated
Ca?t release and Cal* entry. (Supported in part by N.I.H. grant #AM-32823).




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 Pl 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 a;-adrenergic and PGF,a-induced PI hydrol-
ysis in aortas from CLP rats. We also discovered 40-60% {p < 0.05) reductions in hepatic a-
adrenergic and [Arg®]-vasopressin receptors. Silver-stained two-dimensional gels of liver plasma
membranes disclosed no evidence of gross proteolysis. Finally, we found no changes in cardiac
g-adrenergic or dihydropyridine receptors or in brain opiatergic or serotonergic receptors. These
findings suggest that hepatic and vascular PI metablism and Pl-coupled receptors are selectively
attenuated in sepsis and that these alterations contribute to the pathogenesis of septic shock.
Thisswork \gg; 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, NIMM, Bethesda, MD 20892 & 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 ammonium 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 43Xa*2,
CBP were detected by autoradiography. Five proteins were consistently detected in rat cortex. Two
of these, calmodulin (CaM) 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 proteiﬂs were visualized in the 20% fraction and one each in the 80%,
1002 and $~100 fractions. The protein (M_ 27,500, pl 5.2) found in the 80X fraction shows an
intense binding of calcium similar to thE 8 subunit of Cn. Ite 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, CaM 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.B. Cubitt, P.R.M. Dobson and B.L. Brown. Department of Human Metabolism & Clinical
Biocheaistry, University of Sheffield, Sheffield, U.K.

The importance of inositol 1,4,5-trisphosphate Ins (1,4,5) Py as a second messenger mediating
the actions of many hormones and neurotransmitters e now established. The recent discovery (1) of a
Ins (1,4,5) Py-3-kinase has, however, cowplicated previous ideas of the net,bolin of this
important molecule and lead to a search for a role of this pathway. When [’H]-Ine (1,4,5) P3 (°
uM; 1 Ci/mM Amershams) was added to a neuroblastoma hybrid (NCB-20) supernatant in a buffer
approximating to the intracellular ionic composition (XCl 110 mM, NaCl 10 =M, MgCl, 200 uM, ATP 200
M, EGTA 1 mM, HEPES 25 aM pH 7.6 at 37°C). Some Ins (1,4,5) Py was phosphorylated to Ins
(1,3,4,5) Py (5%) (as determined by HPLC), while the bulk of Ins (1,4,5) P3 was dephosphorylated
to IP;, IP) and Ins, Raising the concentration of sodium (compensated for by potassium)
increased the amounts of 1P, formed dose dependently. The effect was maximal at 50 mM Na while
changing the concentration of sodium from 2 mM to 20 aM enhanced the activity of the kinase 3 fold.
Previous studies (1) have demonstrated that the IP3-3-kinsse may be activated by the alkalinisstion
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 fons resulting from activation of the sodium
hydrogen antiport system. Estimates (2) of the resting sodium concentration suggest a value of 8 =M,
whilst upon alkalinisation this may rise as high as 26 mM. This is coneistent with the view that
changes in sodium ion concentration may be fmportant in regulating the activity of the 1Py kinase
and raises the possibility that sodium may be important in regulating the activities of other enzymes
1. R.F. Irvine et &1 Nature 320,631-634 (1986) 2. M.L. Villereal J.Cell Phys.111:163-170 (1982).
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235 SEPARATION OF MULTIPLE ISOMERS OF INOSITOL PHOSPHATES FORMED IN GHj CELLS, Nicholas M,
Dean and James D, Moyer, Laboratory of Biological Chemistry, OCT, DTP, NCI, Bethesda, MD 20892

High performance 1iquid chromatography (HPLC) separations have been deveioped to resolve inositol
phosphates, One set of conditions separates isomers of inositol monophosphate (IP), inositol bis-
phosphate (IP;) and inosito)l trisphosphate (IP3), another IPs, IPg and IPg. The separations were
used to investigate the thyrotropin releasing hormone (YRH) stimu?ated prgduction of inositol phos-
phates in a rat pituitary tumor (GHy) cell line. In cells labeled with [“H}inositol and treated
with 1ithium, radiolabetled componengs identified as I(1)P, I(2)P, I(4)P, I(1,4)Pp, 1(1,3,4)P3,
1(1,4,5)P3, IP4, IPg and IPg are present as are multiple unidentified I[Py peaks. Low levels of
glycerophosphoinosito) are also found, however no glycerophosphoinositol phosphate, glycerophospho-
inositol bisphosphate or inositol(1,2)cyclic.monophosphate are present, Subsequent to stimulation
with TRH both 1(1)P and I{4)P increase, the increase in 1(4)P preceding that of I(1)P; l(l,A)Pg and
an unknown IPp increase; and both I(1,3,4)P3 and I(1,4,5)P3 increase, the increase in 1(1,4,5)P3
being rapid and transient while the increase in I{1,3,4)P3 is slower and more sustained. The most
rapidly appearing inositol phosphates produced subsequent to TRH stimulation are 1(1,4)P7 and
1(1,4,5)P3. No I{1)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, Jobn
J. Murray, and Ralph Snyderman, Howard Hughes Medical Institute, Duke Univ, Wed. Ctr,,
Durham, N.C. 27710,

Stimulation of PMN chemoattractant (CMT) receptors for N-formy! peptides (f-met-leu-phe}, platelet
activating factor (PAF) and leukotriene B4 (LTB4§ utflize a common transduction pathway that results
in the rapid elevation of cytoplasmic Ca2* levels, and in production of inosito] trisphosphate (1P3).
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 Rinet?cs of their production following PMN activation. Inosito)
phosphates were TCA extracted from 3H-myo-fnosftol labelled PMN and separated by H.P.L.C. by anion
exchange. In unstimulated cells, c.p.m. in the 1,4,5 IP3 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 IP3 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 3H-myo-
inositol labelled PMNs, only the 1,4,5 isomer was produced in response to Cal* 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 G. 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 [PtdIns (4,5)P,], is proposed as the link between membrane receptor activation and mobilization
of Ca?+ from intracellular sites in hormone secreting cells. The location of IPy-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 5~10um 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-GT), 0.21; succinate
dehydrogenase (SD), 0.28umol/h/mg protein. Following sonicatfon vesicles (0.17 ¢ 0.04um 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 “5Ca®+ accumulation was shown in this preparation (410 t 24 (6) pmol/mg protein at
150nM free Ca?+) and was inhibited by vanadate (100uM). Half maximal Ca?+ release occurred with
0.5uM IP,, maximal release with SuM IPy, tis 12 seconds. With concurrent use of [y>?P] ATP to label
phosphoinositides, Gpp(NH)p effected PtdIns(4,5)P, hydrolysis and release of Ca2+ (half maximal Ca3+
release, 50uM, t)% 20 seconds). GTP was without effect on PtdIns(4,5)P, hydrolysis but effected
release of Ca®+ (half maximal Ca3+ release, 5uM, tl 75 seconds) indicative of a separate release
wechanism. 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?+ in the
sub-plasma membrane region.




238 ACTIVATION OF CALCIUM CHANNELS IN ENDOPLASMIC RETICULUM (ER) BY GUANINE NUCLEOTIDES
AND INOSITOL 1,4,5-TRISPHOSPHATE (IP3).

Dept. Biological Chemistry, University of Maryland School of Medicine, Baltimore, MD 21201.

A highly sensitive and specific guanine nucleotide regulatory mechanisa has been observed to
directly control Ca2t efflux from ER within cultured neuronal and ssooth muscle cell lines.
Using saponin permeabilized cells and microsomal sesbrane vesicles from N1E~115 neurcblastosa
cells, studies have revealed release of loaded Caz* in response to both IP3 and guanine nucleotides.
Thus, GTP activates a repid and substantial release of Ca2* with an ECgg of 0.8 uMM; in contrast,
mM levels of ITP, CTP, ATP, UTP, GIP, 2'3'-cGMP, 3'5'-cGNP, and guanosine are ineffective.
Neither GTPYS nor GppNHp effect relesase, however, GTPyS (but not GppNHp) blocks the action of
GTP. GDP effects full but delayed Ca2t release, but only after its conversion to GTP via nucleoside
diphosphokinase activity: thus the effects of GDP are prevented by addition of ADP. In fact
GOP is a potent competitive inhibitor of GTP-mediated Ca2t release with K¢=3 uff. The results
suggest that a specific GTPase controls opening of a Ca2t channel in ER, activation of which
is dependent on the cytosolic GTP:GDP ratio. GTP has no effects on release of Ca?t accusulated
within mitochondria or plasma mesbrane vesicles. GTP appears to induce Ca2t release from the
same specific subcompartsent of ER targeted by IP3. Distinctions in the action of the two agents
with respect to tesperature-dependence and GDP-reversiblity suggest they initially activate
separate mechanisms. However, the permissive effects of PEG on both GTP and IPj-mediated Ca2* re-
lease from microsomal vesicles and the common nature of the Ca2* pool involved suggest coupling
between the actions of IP3 and GTP. (Supported by NIH grant N519304 and NSF grant DCB-8510225).

239 MECHANISMS OF AGONIST-STIMULATED INOSITOL(1,3,4,5)P3 FORMATION IN LIVER. C. A. Hansen,
R. Johanson, and J. R. Williamson, University of Pennsylvania, Dept. of Biochemistry & Biophysics,
Philadelphia, PA 19104 USA

Ins(1,4,5)P3 can efther be dephosphorylated to Ins(1,4)P; by a 5-phosphatase or phosphorylated to
Ins(1,3,4,5)P4 by a soluble ATP-dependent Ins(1,4,5)P3 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)P; formation was examined using [3H]-myoinositol prelabeled hepatocytes with the
[3#]-1nositol phosphates being analyzed by HPLC. Vasopressin (20 nM) resulted in the greatest in-
crease in both Ins(1,3,4,5)P4 and Ins(1,4,5)P3. The relationship of Ins(1,3,4,5)P, accumulation to
that of Ins(1,4,5)P3 suggested that the IP3 kinase was saturated with Ins(1,4,5)P3. Accumulation of
inositol phosphates with maximal phenylephrine (10uM) was 20% of that with VP. However, the Ins(1,3,
4,5)P4 levels were linearly related to the Ins(1,4,5)P3 levels, indicating the IP3 kinase was not
saturated. EGF (100 nM) and glucagon (10 nM) both caused small but statistically significant accum-
vlations 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, glucagon,
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 G-protein). Alternately, however, the small in-
creases in Ins(1,4,5)P3 and Ins(1,3,4,5)P4 with glucagon and EGF could result from inhibition of
the 5'phosphatase, thus diverting basal flux through phospholipase C predominantly to Ins(1,3,4,5)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 MOBILIZATION AND INOSITOL 1,4,5-TRISPHOSPHATE PORMATION IN H-35
HEPATOMA CELLS. D.A. Horstman, K.A. Teanes and J.W. Putney, Jr., Division of Cellular
Pharmacology, Medical College of Virginia, Virginia Commonwealth Uaiversity, Richmond, Virginia
23298,

Addition of ATP (but not epinephrine, angiotensin II, vasopressin, or platelet-activating
factor) to H-35 hepatoma celk:l whose cellular lipids have been pre-labsiled with [3H]inositol,
causes a rapid increase in [JH]inositol ttilphosghate. The formation of inositol trisphosphate
isomers was examined. Control cells contained [ H](1,4,5)IP3 but no detectable [3H](1,3,4)IP3.
On stimulation with ATP (300.M) [3H](1,4,5)IP3 levels were incressed more than three-fold and a
roughly equi\'gle{t amount of [3H](1,3,4)IP3 was formed. Ian H-35 cells pre-incubated in the
presence of 45Calt, ATP causes a similarly rapid release of #3CaZ*, 43Ca* efflux was transtent,
maximal within 30 sec and back to basal levels 3 ain after the initial application of ATP. The
transience of this respounse presumably reflects the finite size of the ATP-sensitive CaZt pool.
The concentration-effect relationships for 1inositol trisphosphate formation and Calt efflux are
. similar to those reported previously for differentiated hepatocytes. These results demonstrate
that at least one of the Ca‘t-mobilizing receptors normally found on hepatocytes is functionally
retained in the H-35 hepatoma cell 1line and thus could provide a useful model for the study of
these receptor mechanisms in liver. (Supported by NIH Grant #AM-32823).
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PHOSPHORYLATION OF THE 47,000 DALTON PROTEIN AND PHOSPHOINOSITIDES TURNOVER ARE INVOLVED IN

24 ABNORMAL PLATELET ACTIVATION IN SPONTANEOUSLY HYPERTENSIVE RATS. Huzoor-Akbar and
Khursheed Anwer. Program in Physioclogy and Pharmacology, The Ohio University, Athens, OH 45701, USA.

In this study platelets from spontaneocusly hypertensive (SHR) and normotensive (Wistar Kyoto, WKY)
rats were used to investigate the factors responsible for abnormal platelet aggregation (PA) in hyper-
tension. Thrombin (0.04 - 0.05 U/ml) induced two- to three-fold increased PA in SHR than in WKY.
Incubation of ("P)-—PO. 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 (58X, 70Z, 1051 and
110%) than in WKY platelets (15X, 29%, 46% and 58%). The effect of thrombin on incorporation of
(*2P)~POy into platelet phosphatidic acid was examined as an index of phosphoinositides (PIms) turn-
over. Thrombin (0.05 U/ml) caused a four-fold increase in phosphatidic acid production in SHR plate-
lets (85%) than in WKY platelets (21X) fn 15 seconds. The extent of serotonin secretion (SS) and
thromboxane A; (TXA;) synthesis induced by 0.04 - 0.05 U/ml of thrombin was similar in WKY and SHR
platelets. Aspirin (500 uM) inhibited thrombin (0.05 U/wl) induced TXA, synthesis by >75Z but did not
affect PA or SS in WKY or SHR platelets. Thrombin (0.1 - 0.3 U/ml) produced significantly larger
amounts of TXA; in SHR than in WKY 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 Ha, did not induce PA in WKY or SHR platelets. These find-
ings lead us to suggest that increased turnover of PIns and increased phosphorylation of P47 and not
the increased TXA, synthesis is responsible for abnormal platelet activation in SHR. (Supported in
part by the COHC #84-1, #86-01-A and the Ohio University College of Osteopathic Medicine.)

242 CALCTUM MODULATION OF TNOSITOL 1,4,5-TRISPHOSPHATE- BUT NOT OF GTP-INDUCED CALCIUM RELEASE
FROM NG108-15 MICROSOMES., Thierry JEAN and Claude B. KLEE

The mechanism of calcium release induced by inositol 1,4,5-trisphosphate IPj 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 sctive in both IPj 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 (t ;,-90 seconds) as compared to that produced by 1Py
(t1£10 seconds). ii) GTP released calcium only in the presence of polyethyleneglycol whereas the
fusogene had no effect on IP3-induccd 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 IP3., IPj-induced calcium release was maximum at 1076M free calcium and was undedectable at
2x10™°M 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 sn important self-regulatory mechanism and may permit the uncoupling
of the IPy 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 Az INHIBITORS. Marti Jett and Carl R. Alving, 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 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 loager occurred as PI, was
found as either products of phospholipase (93%, free fatty acids and phosphatidylcholine) or
phospholipase C (7%, diglycerides). Uptake of 1iposomal 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 70Z. Inhibitors of lipoxygenase formation, such as indomethacin, did
not alter the uptake or cytotoxicity induced by plant PI. Quinacrine, an inhibitor of phospholipase
A,, decreased the uptake of the PI containing liposomes to 50% of that seen in the presence or
agsence of any other inhibitor. Although quinacrine %s itself toxic to cells, at low concentrations
of quinacrine, plant PI did not show the same degree of cytotoxicity as in the absence of
quinacrine. Procaine and lidocaine, also inhibitors of phospholipase Ay, 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.




244 THE ROLE OF GTP AND INOSITOL TRISPHOSPRATE IN MEDIATING C12+ RELEASE FROM LIVER
MICROSOMES. 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.

Inosftol trisphosphate (IP3) can release Calt from liver microsomes only when GTP and polyethylene-
glycol (PEG) are present in the incubation medium [c.f. Dawson, A. P. (1985) FEBS Lett. 185: 147].
Under some conditions CTP itself can release Calt. However, the C52+ releasing effect of GTP can
be selectively removed by decreasing the amount of Ca2+ gequestered into the microsomal vesicles
without affecting the ab111t¥ of the nucleotide to render the microsomes sensitive to IP3. The
ability of GTP to release Ca‘t 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 355-GTPyS to microsomal membranes
was unaffected by IPy or PEG. Similarly, GTP and PEG did not significantly affect 32P-IPy 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 hydrolysig. In subcellular fractioms this
process is promoted by PEG and regulated by the intravesicular Ca + content and cytosolic factors.
Supported by JDF Career Development Award (SKJ) and NIH grants AM-34804 (SKJ) and AM-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. Downlng 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- (ECg5¢=0.79 + 0.12nM) and time-dependent
manner. Time course studies showed that significant amounts of [3 H]InsP3j were
formed as early as 15 sec indicating that an initial CCK-B(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 efféct. Benzotript, a sgecific CCK receptor antagonist, competitively
inhibited CCK-8(S)-induced [’H]InsP formation with a Kj value of 12.75 + 1.55
uM. 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 CCK-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. Cabanié, A. Esanu, C. Demerlé 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 celis (S M C) cultured from
guinea-pig up to 4th passage. The cells were labeled with 45 Ca+ + (2 u 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 H1 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 Ht 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 effiux. 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:
1- Hist activates H1 receptors to mediate a release of Ca+ + from internal stores.
E 2- CiC acts as a H1 antagonist. Its enantiomers have opposite effects.




247 PROTEIN KINASE C STIMULATES INGSITOL TRISPHOSPHATE DEPHOSPHORYLATION. Luis M. Molina y
Vedia and Eduardo G. Lapetina. Molecular Biology Department, Burroughs Wellcome Co.,Research
Triangle Park, NC 27709

Inositol trisphosphate (IP3) is formed in response to specific agonists that cause activation of
phospholipase C d degradation of phosphatidylinositol bisphosphate. 1P3 is a second measenger
that releases Ca from the dense bular system to the cytosol ?‘ stimulated platelets. Our
preaer? 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 1P3-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,diacylglycercl (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 1P3 degradation.

248 MEASUREMENT OF INTRACELLULAR Caz+ IN SINGLE SMOOTH MUSCLE CELLS. J. R. Monck, E. E. Reynolds
and J. R. Williamgson, Univ. of Pennsylvania School of Medicine, Dept. of Biochemistry and Biophysics,
Philadelphia, PA 19104 USA.

The newly developed Ca2+ indicator Fura2 has been employed to study hormone-induced CaZ* changes
in single cells using videomicroscopy and image analysis. Al0 Smooth muscle cells, derived from rat
thoracic aorta, responded to maximal concentrations of vasopressin with a single, large increase in
free Ca+ which decayed over 5-10 min. However, at low vasopressin concentrations (0.2, 0.5 nM)
there were two distinct peaks cf Ca2*. 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 CaZ+ transient was recorded with a population of cells
in a fluorometer, using a monolayer of cells grown on ACLAR, Furthermore, the rise time for the
transient in the monclayer was considerably 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 Ca’t, the second phase was abolished, but the first phase was
unchanged. Extracellular CoZ+ (2 mM) also greatly reduced the second phase. These data indicate
that the initial peak is due to mobilization of intracellular Ca* and the second phase to influx
of extracellular Ca2+, The observation that the second phase does not become apparent until the
initial phase has large1¥ decayed raises the interesting possibility that influx of extracellular
ca?* 1s mediated by a Ca?t and IP3-independent mechanism, 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 GaRH-induced elevation of intracellular [Cal*] required for LH secretion results from the mo-
bilization of calcium from intracellular pools as well as by external Cal+ entry via voltage-sensitive
calcium channels (J. Biol. Chem. 261, 9105). Certain products of phosphoinositide metabolism, viz.
inositol-1,4,5-trisphosphate (IP3) and arachidonic acid, have been proposed to mediate changes in
cytoplasmic calcium levels. HPLC characterization of gonadotioph phosphoinositides and inositol poly-
phosphates (IPs) has provided unequivocal evidence that phospholipase C-catalyzed hydrolysis of phos-
phatidylinositol-4,5-bisphosphate (PIP2) to IP3 and diglyceride (DG) is a selective, primary event in
GoRH action. Two novel findings were that gonadotrophs contain "higher" IPs, identiffed by dual-label
analysis as IP4, IP5 and IPg, which increase in response to GnRH, and that inositol-4-monophosphate
(I-4-P) rather than the expected I-1-P is the chief intermediate of IP catabolism in gonadotrophs.

The DG resulting from GnRH-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, DG, phorbol ester, nordihydroguaiaretic acid and retinal suggest
that AA (or its metabolites) may participate mainly in the early secretory response to GnRH, while
PKC may regulate later events of GnRH action. The demonstrated changes in 1Py and higher IFs, and the
effecte of DG and AA on LH secretion substantiate the hypothesis that these intermediates represent
intracellular signals in the calcium- and protein kinase-dependent secretory mechanisms of GnRH
action.




250 CHARACTERIZAT*ON OF A POLYETHYLENE GLYCOL STIMULATED HIGH AFFINITY MICROSOMAL GTPase.

C. V. Niechitta, S. K. Josepn, and J. R. Williamson, University of Pennsylvania, Dept. of Biochemisgtry
and Biophysics, Philadelphia, PA 19104 USA.

Recent studies of the CaZ+ transport properties of the microsomal fraction of rat liver have shown
that GTP, in the presence of polyethyleme glycol (PEG), will stimulate the release of sequestered cal+
(Dawson et al., 1986, Biochem. J. 234:311). In this system PEG (3Xw:v) is necessary to sllow Ca2* relecase
in response to GTP as well as to inositol 1,4,5-trisphosphate (IP3). In order to investigate possible
mechanigms responsible for the PEG requirement, the effects of PEC on microsomal GTPase activity were
determined. When assayed in the presence of 0.25 uM GIP, ATP, AppNHp, and an ATP regenerating system PEC
stimuilated the rate of GTP hydrolysis by 40 to 70%. This effect was dependent on the PEG concentration;
maximal effects were observed at 3Z(w:v) PEC. GTP hydrolysis was inhibited at PEG concentrations above
5X2(w:v). The stimulation by PEG of microsomal GTP hydrolysis was only observed at GTP concentrations
of 0.01 to 5uM. At GTP concentrations above 5uM the rate of GTP hydrolysis was identical in the presence
and absence of PEG, PEG-stimulated GTP hydrolysis was inhibited by the nonhydrolyzable GTP analogs
GTPYS and GppNHp. Complete inhibition was observed with equimolar concentrations of GTPYS. GCppNHp was
approximately one order of magnitude less effective than GTPyS. A similar semnsitivity to GTP analogs
was observed for the GTP-sensitive Cal* release syatem. Inhibition of basal GTPase activity required far
grester concentrations of the GTP analogs (10-5M). Neither IP3 nor IP; 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.

51
2 USE OP TRITIATED MYO-INOSITOL IN STUDIES OF PHOSPHATIDYLINOSITOL METABOLISM: FACTORS

AFFECTING SENSITIVITY AND THE SELECTION OF OPTIMUM CONDITIONS FOR EXPRRIMENTS.

Kenneth G Oldham, Amersham International, Cardiff, Wales.

. Receptor-stimulated phospholipase C-mediated hydrolysis of PtdIns 4,5-P. results in the forma-~

‘ tion of two second messengers: diacylglycerol, which exerts its effect by activating protein kinase
i C; and Ins(1,4,5)P, which acts by mobilising calcium from cellular stores. Tritiated myo-inositol
| is increasingly bezn 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 [ H)inositol 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 lncotporated in such experi-
ments, These attempts have often involved the use of high specific activity [ H)inositol 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
ajimed at minimising blanks, and to the use of high radioactive concentrations.

252 LPS INDUCES FORMATION OF MYOINOSITOL TRISPHOSPHATE (IP3) IN MURINE PERITONEAL MACROPHAGES.
V. Prpict, J.E. Weiel*, S$.D. Somers*, B. Herman*, and 0.0. ‘Adams*X, Depts. of *Pathology and
mvcroi;wlogy-lmunology, pDUMC, 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 IP? generation with simfilar
dose-dependency, but with a more transient time course. Lipid A (10ug/ml) mobilized intracellular
Ca** in Quin 2-loaded macrophages. This effect peaked at 30-45 sec, rising from approximately 200
nM basa)l 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 (10ug/m1) rising from 90 nM
basal to 336 nM at 30 sec. Stimulation of macrophages by these agonists shows, in addition to I-
1,3,4-P3, the formation of another isomer of 1P3 whose phosphate position is unknown, as a
degradative pathway of 1-1.4.5-53, Either LPS or Lipid A, when added to macrophages prelabeled to a
high specific activity with H3?¢PO4, can stimulate the enhanced phosphorylation of protein species
at 103, 67, 33, and 28 kD minimally detectable at 15 min. Previous observations have shown that PMA
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.
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253 MUSCARINE-STIMULATED INOSITOL TRISPHOSPHATE FORMATION AND CALCIUM MOBILIZATION IN PCl2
CELLS. C.S. Rabe, #®E. Delorme and F.F. Weight, NIAAA, Hockville, MD 20852 and #Dept.

Pharmacol., Georgetown U., Washington, DC 20007

The neurosecretory cell line, PCl was used to examine the effect of muscarine on inositol tris-
phosphate (IP,) and intracellular Ca“", lg:z*li, levels. 1IP; was assayed as described by Berridge
et al. (Biochem J. 212:473, 1983) and [Ca=']; was measured using Quin 2 as described by Teien et al.
TFature 295:;68 1982, Exposure of PC12 cells to muscarine produced rapid increases in both cellular
IP, and [Ca 'li. Maximal increases in both phenomena were observed within 30 sec and levels remained
elevated for several min. Threshold stimulation of IR, and [Ca ]i occurred between 1 and 10 uM mus-
carine and both events increased with concentration through 3 mM. "Both the increase in IPy and
](:4:2\’)i obtained at 300 uM muscarine were totally inhibited by atropine (100 nM) but were unaffected
by curare (10 uM). Neither the increase in IP3 or l@ali vas affected by nifedipine (1 uM), an
inhibitor of voltage-dependent Ca“’ influx, suggesting that elevation of [Ca li was not due to Ca?*
influx through voltage-activated ca2* channels. In nd%ition, 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 45cq 2+ uptake into the PCl2 cells, whereas 300 uM muscarine
produced no detectable increase in Sca2t uptake. These observations suggest that the increussd
[Ca )i observed upon stimulation of the celis with muscarine may be due to mobi%}zstion of Ca®* from
an intracellular site. However, the ability of muscarine to elevate IP, and [Ca li vere partially
dependent on the presence of extracellular Ca2*, Incubation of the cells in Ca2*-free medium reduced
both the basal and muscarine-stimulated levels of IP, and [Ca<'|,. Thus, extracellular Ca<' may modu~
late the level of [Ca ‘I:.k and in turn modulate the a%ilit.y of muscarine to elevate IP, and [Ca ’]i.

254 TWO FORMS OF PHOSPHATIDYLINOSITOL~SPECIFIC PHOSPHOLIPASE C FROM BOVINE BRAIN: PROTEIN
KINASE C PHOSPHORYLATES THE 145XDa POLYPEPTIDE.

Sie Geo Rhee*, Key Seung Cho®, Kee-Young Lee®, Sung Ho Ryu® and Kuo-Ping Huang**
*Laboratory of Biochemistry, NHLBI, **Endocrinology and Reproduction Branch, NICHHD

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-II on a HPLC-DEAE column and purified
PLC-II near homogeneity. Upon analysis of PLC-II on SDS-PAGE, a single band of My=145,000 was
observed. When the same sample was subjected to native gradient polyacrylamide gel, four bands, one
major band of My=200,000 and three minor bands with My corresponding to different oligomeric states
of the 200KDa protein, were visible. Western blot experiments using anti~PLC-II antibody indicated
that PLC~I might be derived from PLC-II by proteolytic cleavage. Multiple forms of brain PLC
enzymes described in literature might be therefore, attributed to the oligomerization and proteolysis
of PLC-II. PLC-I and PLC-II hydrolyzed both phosphatidylinositol (PI) and phosphatidyiinositol 4,5-
diphosphate {PIP3). Both activities were stimulated by Cat+. However, the presence of Ca*t was
not an absolute requirement for the hydrolysis of PIP; while PI hydrolysis at neutral pH required
Catt,

Protein kinase C phosphorylates PLC-II in a Ca*t and phospholipid dependent manner. The physio-
logical meaning of this phosphorylation is not known yet.

255 INCREASED POST-RECEPTOR RESPONSE AS A MECHANISM FOR INCHEASING ADRENERGIC
SENSITIVITY: T™HE EFFECT OF ESTROGEN ON ALPHA-1 MEDIATED INOSITOL TRIPHOSPHATE PRODUCTION IN
UTERINE SMOOIH MUSCLE R. Kirk Riemer, Alan Goldfien, and James M. Roberts, Reproductive
Endocrinology Center, University of California, San Francisco, CA 94143

Estrogen increases alpha-1 adrenergic sensitivity fo. rabbit uterine contraction
independent of effects on alpha-1 receptor concentration. Muscarinic cholinergic sensitivity
and receptor concentration is unaffected by estrogen treatment. We asked whether the
post-receptor response to alphs-1 adrenergic stimulation, inositol triphosphate (IP3)
production, was increased by estrogen. Since muscarinic stimulation is also coupled to IP3
production in rabbit uterus, we compared the effects of estrogen on both adrenergic and
cholinergic mediated IP3 production. Tritiated myoinositol was wused to label the
phosphatidylinositol pool in minced uterine tissue. We found that estrogen increased maximal
IP3 production in response to 100 uM norepinephrine from 138+11 to 264+19 pervent of control,
P<0.05 (n = 6, 11, ovariectamized control and estrogen treated, respectively). Cholinergic
response to 1 nM carbachol was not changed by estrogen treatment: 195+17 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 IP3 and contractile response demonstrates that the IP3 response
mediated by different receptors can be independently modified by a nuclear active hormone.




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 5HT,, a;-adrenergic, and PGFja receptors activate
phosphoinositide (PI1) 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 [3H]-phosphatidy)inositol
(PL) and [3H)-phosphatidylinositol-4,5-biphosphate (PIP,). Activity for both substrates was
increased by CaCl, and abolished by EGTA (1 mM), although the PL-specific phospholipase C wgs
activated to a greater extent by uM Ca++. Both activities were inhibited by mM Mg++. The
PIP,-specific activity was increased by Gpp(NH)p and GTPyS, and to a lesser extent by GTP. Guanine
nucleotide-stimylated activity showed an absolute requirement for Ca++. The PL-specific activity was
not altered by guanine nucleotides. These results suggest that two PI-specific phospholipase Cs
exist in vascular tissue. Both may be activated by Ca++ and inhibited by Mg++. Only the
PIP,-specific enzyme is coupled to a guanine nucleotide regulatory protein as previously 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-IMMUNOGLOBULIN INDUCED CALCIUM SIGNALLING AND B CELL

ACTIVATION. TL Rothstein, DL Kolber, ER Simons and TR Baeker. Departments of Medicine, Microbiology
and Biochemistry, Boston University Medical Center, Boston, MA 02118.

Phorbol esters inhibit B cell proliferation induced through interaction with surface
immnoglobulin, although phorbol esters co-stimulate B cells with calcium ionophore. The inhibitory
effect of phorbol dibutyrate (PDB} on B cell stimulation was evaluated using a medel 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-
chaiasin responsiveness appears to be mediated by Ca++ (J Immunol 136:749), the effect of PDB on the
anti-Ig induced rise in intracellular Ca++ was evaluated (using the Ca++ sensitive fluorescent dye,
Indo-1AM). 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 pharbol esters inhibit B cell activation by interferring
with the elevated levels of intracellular Ca++ produced by cross-linking of surface immunocglobulin
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
INVOLVEMENT OF Caz* AND CALMODULIN IN MORPHOGENESIS OF Candida albicans

Bipasha Gupta Roy and Asis Datta, Jawaharlal Nehru University, New Delhi~i10067, ~“DIA.

Candida albicans, an opportunistic human pathogen, exists in yeast and mycelial forms
through an intermedjate germ tube. Investigations carried out in our laboratory demonstrate
that though N-acetylglucosamine can induce germ tube as well as N-acetylglucosamine 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 1nzhxological membrane also inhibits the germ tube
formation and this can be reversed by Ca~ . This result suggests the involvement of the
calctum binding protein, celmodulin, in morphogenesis of Candida albicans. Further investi-
gations into the molecular mechanisms involved in germination induced by N-acetylglucosamine
trevealed that there is a progressive increase in the rate of protein phosphorylation.
However, TFP brought back the rate almost to yeast phase level by alsoc 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.
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259 IMPAIRED PHOSPHOINOSITIDE-MEDIATED SIGNALING IN HEPATOCYTES OF CONTINUOUSLY ENDOTOXEMIC
RATS: PARTIAL SIMULATION OF THE EFFECT BY A PHORBOL ESTER. J.A. Spitzer and E.R. deTurco
Louiaiana State Univ. Med. Ctr., New Orleans, LA.

Rats were infused 1.v. with a non-lethal dose (0.1 mg/100g body wt./day) of E. coli endotoxin (ET)
or saline via implanted osmotic minipumps (Fish, R.E. & Spitzer, J.A. Circ. Shock 132 135-149, 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 sec) in terms of phosphatidyl inositol 4,5~
bisphosphate (PIPz) and phosphatidyl inositol-4phosphate (PIP) breakd was inhibited by 40% as com-
pared to saline-infused contyols. Subsequent resynthesis of PIP, and PIP was also impaired., The
ability of VP to stimulate ~°P incorporation intc phosphatidyl inositol (P1) was markedly depressed
from 160 to 130%. This endotoxemia-induced perturbation in phosphoinositide metabolism elicit,g by
the activation of VP receptors 18 associated with concomitant impairment in cytosolic free [Ca” ] and
glycogen phosphorylase a activation (Deaciuc, I.V. and Spitzer, J.A., Am. J. Physiol. In press).
fusion 1.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
at some of the pathophysiologic effects ob-

Iin-

due to ET-infusion. The results support the concept
served in endotoxemia may be brought about in part through activation of protein kinase C. (Supported
by NIH grants GM32654 and GM30312).
260
THE INOSITOL TRIS/TETRAKIS PATHWAY IN GUINEA-PIG HEPATOCYTES. K.A. Tennes and J.W.

Putney, Jr., Divisioun of Cellular Pharmacology, Medical College of Virginia, Virginia
Commonwealth University Richmond, Virginia 23298.

Inouitol(l,b,S)triupholpbnts-ii-klmse activity was identified in permeabilized guinea-pig hepa-
tocytes. The coanversion of [3H)(1,4,5)IP3 to M}(1,3,4,5)IP4 occurred rapidly and was detected
as early as 5 sec, whereas a significant increase in [§H](1,3,6)1p occurred only after a definite
lag period. Incubation of permeabilized hepatocytes with 3 P)(1,3,4,5)IP; resulted in the
formation of [32P](1,3,4)IP3, no [32P)(1,4,5)IP3 was produced. The half-time of hydrolysis of
{32p](¢1,3,4,5)Ip4 of approximately 1 ain was increased to 3 min by 2,3 bisphosphoglyceric acid.
Similarly, the rate of production of [32p](1,3,4)IP3 from the [32P]tetrakisphosphate was reduced
by 233 bisphosphoglyceric acid. In the absence of ATP there was no conversion of [H](1,4,5)IP3
to [IH]Q1,3,4,5)IP; or [FH](1,3,4)1P;, vhicl} elininates the possibility that the (?‘Hl(l.a,k)uo-er
occurs as a result of isomerization of {7H}(1,4,5)IP3. The results of this study dewonstrate
that the origin of the (1,3,4)isomer of inositol trisphosphate in isolated hepatocytes is IP4
and that (1,4,5)IP3 1s rapidly converted to this tetrakisphosphate. The ability of 2,3
bisphosphoglyceric acid, an inhibitor of 5'-phosphomonoesterase, to {inhibit the breakdown of
(1,3,4,5)IP4 suggests that the enzyme which removes the 5'-phosphate from (1,4,5)IP3 also acts to
convert the tetrakisphosphate to (1,3,4)IP3. It is not known 1if the role of the (1,4,5)IP3-kinase
is solely to remove (1,4,5)IP3 or whether it also prod 4 1gers. (Supported by NIH
grant #AM-32823).

261 GTP-DEPENDENT ACTIVATION OF THE INS(1,4,5)P3-—SENSITIVE CALCIUM RELEASE
SYSTEM IN PERMEABILIZED HEPATOCYTES. , 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 Ca‘‘ concentration. After a steady-state
level of ca‘t uptake had been achieved in the presence of ATP, the addition of 1.5 uM
Ins(1,4,5)P; caused a maximal release of about 30% of the sequestered Ca + The
remaining Ca?* could all be released by ionomycin. Pretreatment of the perneabiliied
cells with GTP (50 uM) for 3 min resulted in a 2-fold increase in the amount of Ca +
released by 195(1,4,5)9 with an equivalent decrease 5" the residual ionomycin-
releasable ca‘*t pool. &TP alone did not cause any Ca *+ release and did not alter
steady-state ca?? uptake. The potentiation of Ins(1,4,5)P,~induced Ca * release by
GTP was half-maximal at 5uM and maximal at S0uM GTP and dia not involve a shift in
the sensitivity_to Ins(1,4,5)P;. Non-hydrolyzable GTP analogues such as GTP-¥-S had
no effect on ca?t release by 1Ins(1,4,5)P, but were potent in g}ockinq the effects of
GTP. Experiments using vanadate_to inhigit the ATP-driven Ca uptake pump indlcgted
that GTP acts directly on the ca2t release system. Although GTP did not cause Ca +
release in the absence of Ins(1,§45)9 under normal conditions, it was found that GTP
alone could cause substantial Ca reiease in permeabilized hepatocytes which had
been washed to remove cytosolic and loosely associated membrane components. The data
presented here degonstrate the existence of a multicomponent system capable of
modulating the Ca’t mobjilization response to the second messenger Ins(1,4,5)P,.
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262 CALCIUM REGULATION IN BOVINE SPERMATOZOA. Srinivasan Vijaysraghavan, David Triebwasser
and Dale D, Hoskins. Oregon Regional Primate Research Center, Beavertom, 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 abilitv of sperm to accumulate calcium declined during maturstion. 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 oM (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=11). These results, along with those using 45cal+,
suggested that calcium uptake in bovine sperm occurred only at the midpiece 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 fahibition of calcium uptake. Pre-
incubation with BSP or CF eliminated the biphasic response and CF by itgelf 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-pilece 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.
Walaas, S.I. (1,2) and R.S. Horn (1), (1) Institute of Medical Biochemistry, Univer-
sity oé Gslo, 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-dependent protein 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 phosphorylated 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. X.A. Albert and A.C. Nairn, The
Rockefeller University for the gift of purified protein kinases.

264 MULTISITE PHOSPHORYLATION OF A 15 KILODALTON SARCOLEMMA PROTEOLIPID, CATA-
LYZED BY CAMP-DEPENDENT AND CALCIUM/PHOSPHOLIPID-DEPENDENT PROTEIN KINASE.
Walaas, O. (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.
Rat sarcolemma containg a major 15 kDa proteclipid which can be phosphorylated in
vitro both by cAMP- and calcium/phospholipid-dependent protein kinases (see abstract
.I. Walaas and R.S. Horn, this meeting). The present study has characterized the
phosphorylation of this proteolipid in more detafl. 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 sarcolemma-localized and the extracted 15 kDa phosphoprotein could be
electrofocused in urea-containing geis, with an apparent pi of 5.9. Thermolytic
digests showed a minimum of two phoaphorylation sites in the protein, which were in-
dependently phosphorylated on serine residues by cAMP- and calcium/phospholipid-
dependent protein kinases, respectively. This sarcolemma proteolipid may thus be a
target for distinct protein phosphorylation systems in intact skeletal muscle.

£%. We thank drs. K.A. Albert and A.C. Nairn, The Rockefeller University, for the gift
2% of purified protein kinases.
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265 GUANYL-NUCLECTIDE INDUCED LEYDIG CELL MEMBRANE PHOSPHORYLATION A CALCIUM DEPENDENT
EVENT: IMPLICATIONS FOR HORMONE ACTIVATED ADENYLATE CYCLASE Christine Winters and
Maria L. Dufau, Mol. Endo. Section, ERRB, NICHD, NIH, Betheada, MD 20892
Rapid membrane events in the gonadotropin activated Leu!.; cell include GTP-induced phosphory-
lation of a 44,500 Mr protein. This pholphoryl-tl% is Ca modulated, being increased at low (nM)
but hmibiud at high (uM) concentration of free Ca . Adenylate cyclase ‘activlty is also effected
by Ca in a similar biphasic manner. At gubmaximal levels of GTP (10 M), LH increases membrane
phosphorylation by 30X over control levels. This event is cAMP independent, and is also induced
by the phospholipids, phosphatidylserine (PS) and phosphatidylinositol (PI) and is enhanced by Ca
but not the addition of diacylglycerols or phorbol esters.  Phosphoaminoacid analysis demonstrated
sn increase in ~ P incorporation in phosphoserine. The Ca  effects on sdenylate cyclase activity
are associated with changes in the ber of enzyme units activated by the hormone with no changes
in the apparent affinity, as reflected in the ED,.. and IC.. of activation and fanactivation by the
hormone. These results indicate that a Ca dopa&ent kinigo system exists in the purified Leydig
cell wembrane. me wolecular weight of the substrate, the nuclsotide requirement, and the similar
modulation by Ca  of cyclase and phosphorylation, suggest that these events could influence the
hormonal dependent G. subunit-mediated interactions in the plasma membrane.

266 NUCLEOTIDE-REGULATED DEGRADATION OF EXOGENOUSLY ANDED PHOSPHOINOSITIDES BY MEMBRANES
AND CYTOSOL Rul.H. Woicikiewicz, M.A. Wallace, D. Bojanic, L.S. Bradham and

J.N. Fain, Depertment of Biochemistry, University f , Magphis; Mexphis, T™N 38163
Wa have ﬂnmipancmivitisotmg:lcyml a variety of
tissues using [H]—phgspmtidynmsiatol 4,5-bisphoephate (“H=-PIP,), [(“H]-phosphatidyl-
cell mambrana

) (°H]-phosphatidylincsitol (3h-pf).
at .

inositol 4-phosphate _(°H-PIP
preparations degraded JH-PIP, and H-PIP similar rates. Degradation of ~JH-PI was much

less rapid. The water soluble products of these reactions were incsitol 1,4,W,
ince 1,4-D: and inocsitol 1-phosphate respectively. Hydrolysis of PIP, but
not PIP or Huuld-naud%_(ﬂ?, GTPys and GprpNep = 5-10uM). Other nucleo~
tides, e.g. ApnNHp, also stimulated PIP, breakiown. Appitp GppiEp were equipotent and

Mﬂusﬂdﬁgzuot!gxhllti!naﬁm(l of control). In contrast to membranes,
GH 0811 cytosol degraded “H-PIP,, “H-PIP and PI at similar rates. Again, though,
only SH-PIP, degradation vas itive.  Muclectide-stimilated JH-PIP, degrada-
ualmam“mqmlmtmmmm,mm,mmmnm.
NADT  (1mM) inhibited basal 3H-PIP. degradation in membrane and cytosol preparations from
mmmmwmo?. This inhibition was by eithar Appip or Gppid
(100uM). ‘These data show that degradation of ewgencusly added PIP, by a phospholipase C
is regulated by muclectides. Whether the mxclectide effects on phospholipase C activity are
direct or mediated by a discrete mxleotide-bimding protein is currently under investigation.

267 SITE SELECTIVE cAMP ARALOGS IN THE REGULATION OF CELL PROLIFERATION AND TRANSPORMATION
1.S. Cho—Chungl,T. Clairl,P. Tagliaferril,s. Allyl,D. Katsaros! and R.K. Robins?;lNational
Cancer Institute, Bethesds, MD 20892, and “Nucleic Acid Res.Inst., ICN Pharm. Costa Mesa,CA 92626.
Sixteen site-selective cAMP analogs were used to study the sechanism of reverse transformation of
the Ha-Mu-SV transformed NIH 3T3 clone 13-38-4 cells. Treatment with combinations of analogs sllowed
the study of:(1)involvement of the cAMP receptor in growth comtrol,(2) cooperativity of Site 1 and
Site 2 binding,and (3) the use of lower analog concentrations with the combinstions showing eynergism
of action. These cAMP analogs modified at either the C-8 position (Site-1 selective) or the C-6
position (Site-2 selective) were tested. The growth inhibitory potency for the individual analogs
correlated better with their known K, for protein kinase rather than with their known lipophilicity
that sessures the ability of the analog to penetrate the cell membrane. Both growth inhibitfion and
morphological changes were enh d synergistically by C-6 and C-8 anslog combinations. The syner-
gism of both processes by ub snalogs when cowbined with 8-thio derivatives far exceeded that by N6
analogs in combination with 8~smino derivatives suggesting a response of t 11 protein kinase.
Purther, within a few hours sfter cANP analog treatment, the ratio of the R I/l canp receptor pro-
teins markedly increased, especially in the cell nucleus, and this increase in the RII/RI ratio was
inversely related to a decresase in p2l protein expression.

It is concluded that the observed synergisa of growth inhibition and phenotypic reversion is due to
the binding of cAMP anslogs to both intrachain sites of the cAMP receptor proteins and thus the cAMP
receptor is most likely the cellular effector msdisting cAMP regulation of the reverse transformation
processes.
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268 CYC' IC AMP AS A CO-INDUCER OF HORMONE DEPENDENT GENE EXPRESSION
Piotr Chomczynski, Elisabeth Bone snd Leonard Kohn
Laboratory of Biochemistry and Metabolism NIDDK, NIH, Bethesda, MD.

The induction of thyroglobulin (Tg) gene expressfon by TSH fs 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 cyciic AMP and TSH in the activation of
the Tg gene. Evidence is presented here that a similar cooperation of cyciic 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 Tg mRNA accumulation was observed when cyclic AMP or cho-
Tera 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 accumylation 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-
vigus 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 EPIDERMAL GROWTH FACTOR BINDING AND PROCESSING IN ISOLATED INTACT RAT HEPATO-
CYTeS. 1.P. Gladhaug and T. Christoffersen. Department of Pharmacology, University of Oslo,
P.0.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 (Kq 21 pM)
and 165,000 low affinity sites (Kg 0.62 nM) as determined by Scatchard analysis. Incubation at 37°C
(45 min) increased the number of surface receptors per cell to about 260,000. This increase was
cycloheximide-gensitive and selective for the low-affinity receptors. During 5 h incubation at 379C
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 BGF showed that the number of inter-
nalized EGF molecules exceeded the decrease in surface-binding 6 times. The ratic between internali-
zed NGF and the decrease in surface binding was temperature-dependent, being reduced to a one-to-one
stoichiometry at 109C. After down-regulation (80%) induced by 5 nM unlabeled EGF the surface EGF
receptors did not recover during subsequent incubation (2 h) at 37°C. However, the remaining surface
receptors internalized EGF 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 EGF 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. Gutierrez, G.R.
Mundy, R. Derynck, E.L. Hewlett, and M.S. Katz. Univ. of Texas Health Science Center and 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
TGFa and EGP on the PTH-responsive AC of clonal osteoblast-like ost; coma cells (UMR-108), AC of UMR-
108 cells incubated for 4§hr+TGFa or EGF was assayed in inwact cells after incorporation of [°Hl-edenine by
measuring production of m'cAMg rom ["H] ATP. Recombinant TGFa and EGF each produced concentration-
dependent inhibition of PTH (4x20™° M)-responsive AC, with maximal inhibition of 38-44% at 3.0ng/mL Half-
maximal inhibition occurred at p.07rg/ml TGFa and 1, m{ml EGF. TGFa and EGF also inhibited beta adrene:
agonist (isoproterenol, Iso; 10 U g M)-stimulated AC of UMR-108 cells by 32%, but neither growth factor aff
enzyme response to PGE, (10 ~M) or basal activity. Nonreceptor-mediated activation of AC by forskolin (10 'M)
and cholera toxin (lw/m6 was inhibited 19% by TGFa and EGF. Pertussis toxin (PT; 100ng/m]) augmented PTH-
stimulated AC, sting modulation of PTH response by a functional inhibitory guanine nucleotide-binding
regulatory protein (N,). However, PT had no effect on TGPa inhibition of PTH response. Treatment of UMR-106
cells with cycloheximide (1-51g/mD, an inhibitor of protein synthesis, decreased the degree of TGFa inhibition of
PTH- and Iso-stimulated AC to 10-18%. In conclusion, TGFa and EGF selectively impair PTH- and beta
adrenergic-responsive AC of osteoblast-like cells (UMR-108) by actions which 1) may be exerted at the receptor
for stimulatory egonist and also at nonreceptor comp ts excluding N,, and 2) may require protein synthesis. In
addition, inhibition of PTH responsiveness of osteoblasts by growth ct&m conceivably explains why solid tumors
secreting both PTH-like factors and growth factors may be associated with decreased bone formation.




2n 1S THE ANTIAGGREGATORY EFFECT OF AD6 CORRELATED WITH INHIBITION OF CYCLIC NUCLEOTIDE
PHOSPHODIESTERASES?
G. Rakim, D. Fiorentini, A. Palasca, M. Prosdocimi and C.A. Rossi

T —— . : : 3
Institute of Biochemistry, University of Bologna, Bologna and Fidia Neurobiological Research
Laboratories, Abano Terme, 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 GMP remains contro-
versial. AD (G-mnochloro-3~beta-diethylminoethyl-b-chyl-thhoxycarbonyluthoxy coumarin) has been
shown to b? a poverful inhibitor of human platelet aggregation in vitro induced by a variety of differ
ent ltxml} (Prosdocimi et al., Naunyn-Schmjedeberg Arch. Pharmacol. (1986) 332, 305). An investigatiom
on the inhibitocy effect of AD¢ upon phosphodiesterases (PDE) from human platelets is reported.

A cyclic GMP specific PDE and & cyclic AMP specific PDE have been prepared by ion—exchange chromatogra
?hy og a platelet extract. Cyclic GMP PDE is selectively inhibited by AD6 (Ki=0.2 wM); cyclic AMP PDE
is quite less 5gnuitive to AD. ( IC. > 1.2 mM at 1 pM cAMP). In fact AD_, at a concentration (0.1 wM)
which strongly inhibits place?et aggregation, has no effect on cAMP levgh in platelets.

The effegt of AD, has been algo investigated on a calcium~calmodulin sensitive PDE partially purified
from bovine brain; the drug has a poor inhibitory effect on the stimulated enzyme.

Our results suggest that the antiaggregatory effect of AD, is not related to cAMP PDE, while some role
for ?’cllc GMP could be involved. Studies on the effects of AD6 on cyclic GMP content in platelets are
now in progress.

Supported by MPI grants.

272 EXPRESSION OF c~fos AND c-myc mRNA TN GROWTH STIMULATION OF PORCINE THYROID FOLLICLE CELLS
IN CULTURE: N.-E. Heldin and B. Westermark, Dept. of Pathology, University Hospital,
University of Uppsala, Sweden.

The proto-oncogenes c-fos and c-myc are believed to be involved in normal growth control. The
growth requlation of the thyroid gland is rather camplex. Thyrotropin (TSH) was until a few years ago
generally accepted as the only requlator of thyroid growth. In porcine thyroid cells in culture epi-
dermal growth factor (BGF) 5,5 the most potent mitogen, but also high concentrations of iodide stimu-
lates the incorporation of “H-thymidine. TSH is not a growth pramoting agent for these cells although
it increases their functional capacity. The abject of the present investigation was to study the
expression of c-fos and c-myc MRNA in thyroid follicle cells after growth stimulation.

Addition of 10 ng/ml of BGF resulted in a transient increase in the c-fos mRNA (2.2 kb) level with
a peak reached after 30 minutes. Enhanced c-myc mRNA (2.4 kb) expression was observed after 30 min.,
with a maximm after 2 hours and remained at a high level during the 24 h investigated.

TSH (10 mbU/ml)_| no stimulatory effect on the c-fos and c-myc mRNA expression.

Addition of 10 "M of iodide (KI) enhanced the expression of c~myc mRNA but not c-fos mRNA. The
increagse was observed 6 h after stimulation, i.e. 4-5 h later than after an PGF-stimulation.

Our results show that an increased c-myc and c-fos (only with BGF) expression are early events in
the prereplicative phase of porcine thyroid follicle cells, whether stimulated by a polypeptide growth
factor (BGF) or an ion (iodide). The growth pramoting 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-myc
expression in iodide-treated cells compared to cells exposed to BGF, is not unexpected.

273
RELATIONSHIP BETWEEN THE pp60Y~S" PHOSPHORYLATION SITE AND THE INNIBITOR-2 BINDING SITE
OF PROTEIN PHOSPHATASE 1 INVOLVED IN THE FORMATION OF THE MgATP-DEPENDENT PROTEIN PHOSPHATASE.
T7.S. Ingebritsen and J.W. Johansen, Department of Pharmacology, University of Colorado Medical
School, Denver, CO 80262.

Protein phosphatase 1 is regulated through the phosphorylation and dephosphorylation of three heat
stable inhibitor proteins, inhibitor-1, {nhibitor-2 and DARPP-32. Prolonged incubation of protein
phosphatase 1 with inhibitor-2 leads to the inactivation of the protetn phosphatase due to a change
in the conformation of the enzyme. This fnactivation can be reversed by phosphorylation of
inhibitor-2 on a threonine by glycogen synthase kinase 3 (6SK-3 :"grotein phosphatase 1 1s also
regulated throu%v’m direct phosphorylation of the enzyme by pp60 . the protein product of the
Src oncogene. phorylation of the protein phosmt'ggrpsults in a Yoss of activity due to a
TWrease in affinity for substrate proteins. The phosphorylation site has been localized
to a, _\“11. protease-sensitive domain (Mr<4,000). Protein phosphatase 1 s not a substrate for
g‘o when 1t is complexed with inhibitor=2 to form the MgATP-dependent protein phosphatase.

is result is observed both before and after activation of the protein phosphatase b¥,§§$‘@- This
indicates that the presence of bound inhibitor-2 1imits the access of pp60 _$he
phosphorylation site presumably via steric hinderance and suggests that the pp60
phosphorylation site is either closely associated with or is part of the inhibitor-2 binding site
involved in the formation of the MgATP-dependent protein phosphatase.




274 TRANSFORMING GBOWTH PACTOB-$ REGULATES POLLICLE-STIMULATING RORMONE-INDUCED GRANULOSA
CELL DEVELOPMENT THROUGH cAMP-DEPENDENT AND cAMP-INDEPENDENT MECEANISMS. Michael Knecht,

Pei Yeng, and Kevin Catt, ERRB/NICHD/NIH, Bethesds, MD 20892

Ovarian granulosa cells from diethylstilbestrol-implanted immature rats respond to follicle-
stimulating hormone (FSH) with several hundred-fold increases in steroidogenesis and polypeptide
hormone receptor axpression. These stimulatory effects of FSH are dependent upon the activation of
adenylste cyclase and ars reproduced by cAMP-inducing ligands, while removal of cAMP results in the
regression of granulosa cells. Transforming growth factor-f (TGF-B) had & bifunctional effect on
FSH-induced cAMP production during & 72 h culture. The growth factor (16 pM) enhanced ths effects
of 2.5-10 ng FSH/ml by 2 to 3-fold, but suppressed responses to FSH levels over 25 ng/ml by 50X,
The actions of TGP~ were rati dependent over the range of 0.8 to 80 pM, with maximsl
effects at 16 pM of the growth factor. TGF-8 alone had no effect upon cAMP formation or cellular
growth, In contrast to its bifunctional effects on FSR action, TGF-f did not alter choleragen- or
forskolin-induced cAMP production. Thus, the growth factor may wodify FSH receptor content or
coupling of the FSH raceptoricyclase system. TGF- also altered the actions of exogenous cAMP,
since it enhanced the effects of 8-bromo-cAMP, choleragen, and forskolin on the expression of both
luteinizing hormone and EGF receptors by 2-fold. These results indicate that TGF-8 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 cell.

278 BINDING OF 2~CHLOROADENOSINE TO BOVINE SPERMATOZOA. Ling, Xias-Yang, S. Vijayaraghavan,
and D. D. Hoskina, 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 mechanism by which adenosine and a number of analogs initiate motility in
immotile, 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
desminase inhibitors and competitive substrates markedly stimulates motility in submotile
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 0° for 2.5 hrs, assoclated constants are: Kq, 10 uM and Bmax, 3.15 x 1072
wH/10° 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-Cl-Ad may bind to
an adenosine uptake site and that binding is unrelated to motility injtiation. Binding to
sperm plasma membranes requires the presence of protease inhibitors during membrane isolatfon.
High specific binding (802) to head plasma membranes has been found but activities have been
low and variable. Supported by NIH grant HD18737.

276 CALMODULIN IN BLDOD AND SALIVA AND ITS ASSOCIATION WITH CPIDERMAL GROWTH FACTOR (EGF).
S. Mac Nsil, R. Dewson, C. H, Barton. L. Hanford, M. McGurk, R. Metcalfe and D. S. Munro
Department of Medicine, Clinical Sciences Centre, Northern General Hospital, Sheffield S5 7AU, U.K.

We have previously reported that calmodulin activity in human serum ariginates from the platelet
which specifically releases biochemically-identifisble calmodulin in response to thrombin st imulation
(Mac Na.l et al. Bioscience Reports, 4, 643-650). As extracellular calmodulin cen stimulate cell
division in cultured cells (Mac Neil et al. J. Invest. Dermatal. 83, 15-19, 1984) we are inveatigating
a possible extracellular role for calwodulin. Levels of serum calmodulin (20 volunteers) ranged from
27 to 12208 ng/ml (X of 297 t+ 70 SEM) and plasme levels from 10 to 286 ng/ml (12 volunteers,

X of 135 ¢+ 30). Release of calmodulin from platelets (which contained up to 15 ug of calmodulin per
mg of platelet protein) was associsted with the release of other plstelet products - EGF was released
in all experiments where celmodulin wes relessed and neither was released when platelet relesse was
prevented. Investigating @ possible sssociation between calmodulin and EGF we next examined saliva
and found EGF levels of 2-7 ng/ml and calmodulin activity of 0.2 to 4ug/ml. Oral surgery elevates

EGF secretion in narmal individuals. 8oth EGF and calmodulin secretion were similarly elevated (by
100% p < 0.05 for both) 28 hr post-surgery. The correlstion between the rate of EGF secretion and the
rate of calmodulin secretion was r = 0.82 (based on 26 selivary samples from 7 patients).
Approximately 80 moles of calmodulin were secreted per mole of EGF. The calmodulin activity in salive
is recognised by calmodulin entibody end satisfies several other criteria for authentic calmodulin.
We suggest that the high levels of calmodulin ectivity in blood and saliva associsted with st least
one other growth factor (EGF) merits further investigation of en extracellular role for calmodulin.




277 HONOCLONAL ANTIBODIES AGAINST TYPE I1 RAT BRAIN PROTEIN KINASE C, Hiroki Nakabayashi and
Kuo~-Ping Huang, NICHD, NIH, Bethesda, MD 20892

Three isozymic forms of rat brain protein kinase C had been purified to near homogeneity. These
enzymes vers designated type I, II, and III protein kinase C based on their elution profile from
hydroxylapatite column in an order of increasing phosphate buffer concentration. All threa ilo:y”-
have the same molecular weight of 82,000, undergo futophocphotyuuan in the presence ¢ Ca“ ',
phosphatidylserine 2(;s) , and diolein (DG), and bind [“H]lphorbol-12,13~dibutyrate (PDBu) dependent on
the presence of Ca” and PS. Three monoclonal antibodies (8/1, 10/10, and 25/3) of the IgG, class
had been prepared sgainst the type I1 rat brain protein kinase C. All these antibodies Pre-
cipitated the type 1I isozyme in a dose-depend r but did neither to type I nor type III
isozywe. The imsune complpxes of type 11 isozyme and the antibodies retain all the kinase ziccivil:y.
which 1is dependent on Ca“ /PS and further stimulated by DG. The concentrations of Cs and PS
required for half-maxisal kinase activity were not influenced by the presence of antibodies. The
inicial rate and final extent of protein kinase C autophosphorylation, however, were reduced by the
addition of the sntibodies. The concentration of PS required for half-maximal PDBu 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 50%. Imsunoblot analysis of
the trypsin-degraded protein kinase C revealed that all thras wonoclonal antibodies recognized the
33-38-KDa fragment, the PS/PDBu-binding domain, but not the 45-48-KDa fragment, the kinase catalytic
domain, of the enzyme. Theee results indicate that the PS/PDBu-binding domain of the type II
protein kinase 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 ISOZYMIC FORMS OF PROTEIN
KINASE C IN RAT BRAIN. Tasuyoshl Yoshida, Freesia Huang, Hiroki Nakabsyashi, and
Kuo-Ping Huang, NICHD, NIH, Betheada, MD 20892,

Polyclonal antibodies against rat brain PKC vwere raised in goat. These antibodies can neutralize
completely the purified rat brain PKC as well as the total PKC activity in the crude brain homoge-
nate. The antibodies also recognize the same enzywe from other rat tissues. Neuronal tissues and
lymphoid organs were found to be highly enriched in PKC, while lung, kidney, liver, heart, and
skeletal muscle contsined relatively low level of this kinage. Wa have also characterized three
isozymic forms of PKC from rat brain. Monospecific antibodies against type I, II, and LLL {sozymes
were prepared by specific sbsorption of polyclonal antibodies to each type of isozyme previously
electrophoretically transferred to nitrocellulose membrane. Each monospecific antibody preparation
recognized preferentially its own asntigen by immunoblotting. These antibodies were used to type the
presence of {sozyamic forms of PKC in the various regions of rat brain and to determine the express-
ion of these isozymes during brain development. The type 1 isozyme was found to be eanriched in
cerebellum, the type I1 isoxymse in cerebral cortex, thalamus, and corpus callosum, and the type III
isozyme in olfactory bulb. During brain development the type 1 enzyme was very low in the fetus and
rats wicthin one-week of age. At least & 3-5-fold increase in the type I enzyme was observed between
one-and two-week of age and remsined constant thereafter up to six-week 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 isorymes are enriched in distinct regions of rat brain and the expression of these
isozymes is developmentally controlled.

279 PROTEOLYTIC DEGRADATION OF PROTEIN KINASE C IN THE PHORBOL ESTER-INDUCED INTERLEUKIN-2
SECRETING THYMOMA CELLS. Freesis Huang, Prince Arors, Edgsr Hanna, and Kuo-Ping Huang,

NICHD, NIH, Bethesda, MD 20892

Phorbol l2-myristate 13-acetate (PMA) induces the Interleukin-2 (I1-2) production in wmouse
thymoma cells of ELA, though the mechanism of action is not known. The effects of PMA on EL&
protein kinase C (PKC) were studied by using polyclonal antibodies raised against rat brain PKC.
These antibodies inhibited PKC activity completely and detected an 82-KDa protein by immunoblot
analysis in both crude homogenate snd partially purified kinase prepsration. PMA at 10ng/ml elicie~
ed a time—dependent loss of PKC (82 KDa) protein from the soluble fraction (earliest time tested was
2 min); an early rise (peak at 5 min) and subsequent loss of PKC from the particulate fraction wvas
also observed. Consequently, PKC in the whole howmogenate disappeared gradually (>50% loss ia 30
min). These effects were dose-dependent snd were not caused by the inactive analog, 4-o phorbol.
With continuous presence of PMA, PKC remained very lov. However, removal of PMA from the medium
caused the reappearance of PKC after 24 hr, and the newly synthesized PKC was mainly located in the
soluble fraction. These PMA effects were tested on a cloned line of EL4 (IEL4) which was knowm to
be uaresponsive to PMA-induced I1-2 production. At the same concentration (10ng/ml), PMA also
induced a fast and time-dependent translocation of PKC from the soluble to the particulate fraction
of IEL4. However, the degradation of membrane associsted PKC was greatly retarded; up to 30 min the
82-KDa protein remsined high and there was no change of PKC in the whole homogenate. These results
suggested that translocation and degredation of PKC were early events of the PMA-induced I11-2
production; the retardation of PKC degrsdation resulted in the failure of L1-2 production in IEL4,
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280 cAMP REGULATES THE TRASCRIPTIONAL ACTIVITY OF M-MulV LTR
N. llnjnl. H, P.nz, and Y.$. Cho-Chung 1; lygtional Cancer Institute, NIR, Bethesda, MD
20892; zbopz. of Molecular Biology and Biochemistry, University of California, Irvime, CA, 92717,
Site 1~ and Site 2- selective analogs in coabination synergistically produced growth inhibition
and phenotypic reversion of Ha-MuSV-tranaformed NIH/3T3 clone 13-3B-4 cells ( P.Tagliaferri, st.al.
B8iochem. Biophys. Res. Commun. 130, 1193-1200, 1985). In this reverse trsnsformation process, the
increase of the ratio of the lu/fl cAMP receptor proteins , especially at the cell nucleus was found
to be a primary event sud this iacresse in the RIT/RI raeio wae inversely related to the suppression
of p2l ras protein expression. In this work we investigated whether the cAMP analog effect on the p21
ras protein suppression ia 13-3B-4 cells could be at the level of LTR expression.The effect of cAMP
on the trascriptional activities of the wild type and deleted M-MuLV LTRs was assessed by fusion of
the LTR to the bacterial CAT gene followed by transient expression assays in NIH/3T3 cells.
Treatment of NIH/3T3 cells containing the wild Type LTR for 24 hr with the Site-2 analog, Né-butyryl
cAMP (25um)+ the Site~l analog, 8-thiomathyl-cAMP (Spll) rasulted ia over 80% iahibition of the CAT
expression ; the ssme inhibition was also obtained with each of these analogs or with other analogs
singly but at 10-100 fold higher concentrations. A seriea of deletions of the tandemly repeated
enhancer sequences (-194 to =150 bp) decreased the promoter activity and abolished the cAMP analog
effect on the CAT expression. Deletions of the sequences below the tandem repeats between the
Xba 1 site and CAAT box (=150 to -120), however, decreased the promoter activity only without
affecting the cAMP inhibitory effect on the CAT expression.
These results suggest that cAMP in mammalian cells regulates gene expression at specific sequences.

281 CYCLIC AMP INCREASES THE mRNA LEVELS FOR THE REGULATORY SUBUNIT (R~Ilgq) OF TYPE II CAMP-
DEPENDENT PROTEIN KINASE IN RAT SERTCLI CELLS. O. @ven!/2, W, Eskild?, H, Attramadall.Z,

I.P. Gladhaug3, F.0. Levy2, G. KnutsenZ, J.S. Richards?, V. Hansson?, and T. Jahnsent 2,

TInstitute of Pathology, Rikshospitalet, Oslo, Norway; <Institute of Medical Biochemistry, University

of Oslo, Norway; SInstitute of Pharmacology, University of Oslo, Norway;4Department of Cell Biology,

Baylor College of Medicine, Houston, Texas.

Testicular function is dependent on FSH/CAMP stimulation of Sertoli cells. All effects of cAMP are
supposed to be mediated via cAMP-dependent protein kinases. The present study was undertaken in
order to investigate FSH/cAMP regulation of R-1Igq in rat Sertoli cells. Total RNA was extracted
fram rat testes of different ages (5-100 days) and from rat Sertoli cell cultures after stimulation
with FSH or dibutyryl-cAMP (db—-cAMP) . Messenger RNA for R-IIg5y was quantitated by Northern analyses
using 20 ag of total RNA and a nick-translated rat R-IIgq cINA probe. Two mRNA species for R-IIsy
(1.8 kb and 3.2 kb) were detected in rat testes. The mRNA levels for R-Ilgy in rat testes
from day 5 to day 15, showed high levels until day 25 after which it gradually decreased. Sertoli
cell cultures from immature rat testes stimulated with db-cAMP (0.1-1.0 mM) and FSH (750 ng/ml) for
48hrs showed a 10-50 fold increase in R-1I5y mRNA. The elevated levels were due to an increase in
the 3.2 kb mR¥A for R-IIgj. No increase in R-IIg5q was obeerved when primary hepatocytes were
incubated for 48hrs in presence of 1 nM db-cAMP. These results show that FSH and cAMP in
cultured Sertoli cells cause a cell-gpecific increase in mRNA for R-IIgy and that this may
represent an important self-amplifying mechanism for FSH and cAMP action on Sertoli cells.

282 INHIBITORY EFFECT OF A RAS ONCOGENE ON PLATELET-DERIVED GROWTH FACTOR
(PDGF)-STIMULATED PHOSPHOINOSITIDE HYDROLY3IS IN MURINE FIBROBLASTS. i
Robm Hoebel, and Efraim Racker. Section of Biochemistry, Molecular and Cell Biology, Cornell University, Ithaca, NY 14853.

We have investigated the influence of a ras oncogene (Land e al. (1983) Natare 304, 596) on PDGF-stimulated
phosphatidylinositol (PT) metabolism in Rat-1 and NTH 3T3 fibroblasts. incubation of {*Hlinositol-labeled Rat-1 cells with purified
human PDGF (5 ng/mi) resulted in 2- to 3-fold increases in {*H]IP, levels within 90 s and, in the presence of 25 mM Liv, a 4-fold
increase in the level of [PH]IP, after 30 min. In contrast, incubation of EJ-ras-transfected Rat-] cells (R1-EJ2 line) with PDGF
resulted in little or no accumulation of either (*H)IP or PHIIP,. This Iack of response was not due to an absence of PDGF receptors
since the mmber of specific ['I]PDGF binding sites on R1-EJ2 cells was at least 80% of that on Rat-1 celis. In serum-free media the
basal rates of PI turnover (i.c., the kinetics of {SH]IP, accumulation in the presence of Li+) in Rat-1 snd R1-EJ2 cells were similar.

Whereas PDGF stimulated P1 turnover only in the parental Rat-1 cells, both the parental and EJ-ras-transfected cell lines were
stimulated approximately 2-fold by thrombin (250 ng/mi) and 4- to 5-fold by 5% plasma-derived serum (PDS). In the presence of
PDS, the rate of PI turnover in R1-EJ2 cells was similar to that in PDGF-stimulated Rat-1 cells. PDGF also induced a marked
stimulation of P1 metabolism in NTH 3T3 cells, but not in v-Ha-ras-transfected or Kirsten murine sarcoma virus-transformed 3T3
cell lines. On the other hand, NTH 3T3 cells that were transfected with v-src responded to PDGF to a similar extent as the parental
cells. Using NTH 3T3 cells tranafected with an expression vector containing a8 glacocorticoid-sensgitive mouse mammary tumor virus
LTR-linked v-Ha-ras gene, the induction of p21+Hem with 2 yM dexametbasone for 26 h was associated with a 91% reduction in
PDGF-stimulated [*H]inositol incorporation into PI; dexamethasone decreased the PDGF stimulation by about 40% in control 3T3
cells. These results suggest that a ras oncogene product, p21, may exert an inhibitory effect on the PDGF activation of
phospboinositide hydrolysis. (Supported by Americsn Cancer Society grant PF-2683 and NTH grant CA-08964).
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CYCLIC NUCLEOTIDE PHOSPHODIESTERASE GENE. Gregory Podgorski, Jakob
Franke, Marie-Lise Lacombe, and Richard Kessin, Dept. of Anatomy and Cell Biology,
College of Physicians and Surgeons, Columbia University, 630 W 168th St, New York,
New York, 10032.

We have cloned a cyclic nucleotide phosphodiesterase gene which codes for a
developmentally regulated glycoprotein secreted by Dictyostelium discoideum. The
organisa uses cAMP as a chemoattractant during aggregation the enzyme is part of
the systema vwhich controls the levels of extracellular cAMP. The complete segquence
of the phosphodiesterase has been determined from overlapping cDNA clones; the cDNA
codes for a protein of 51,000 daltons. The genomic sequence has also been
determined and except for a small 5' intron is identical to the cDNA sequence. The
gene exists as a single copy in the genome and has no homology with other known |
cyclic nucleotide binding proteins. During the growth phase of the Dictyostelium
life cycle, the mRNA 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 =RNA is proportional to the amount of ensyme secreted. [
Mutants which lack phosphodiesterase activity, but which do not appear to be
defective in other functions, have greatly reduced levels of transcript.
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PROTEINS RELATED TO THE PROTO-ONCOGENE PROTEIN KINASES fes, abl, src and erb-B IN THE RAT
STRIATUM AND HIPPOCAMPUS: A DEVELOPMENTAL PROFILE. R. Simantov, W.M. Cowon and H.
Nim;rzwa.a 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 rofe 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 fes, abl, src and erb-B protein kinases
during the development of two well defined brain structures, the striatum and the hippocampus. Sequence
directed monoclonal antibodies recognizing a specific portion of the above mentioned proto-oncogenes were
used to identify the proteins in embryonic, newborn, adult and aged rats. The immunoreactive proteins were
onalyzed on Western blois and visualized with 123)-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 erl respectively.
The antibody against fes, however, recognizes a |50K protein in the adult but not embryonic striatum.
Similarly, an antibody to the src kinase detects much higher levels of a 60K protein in the adult tissves as
compared to the embryos. E‘conjuncﬁon with recent findings concerning the tyrosine-protein kinase
activity of the c-src in cultured striatal cells ond during development (Simontov et al., Neuroscience
Abstrccts, 1986), experiments indicate that several proto-oncogene related protein kinases are
developmentally regulated in the brain.

285 GANGLIOSIDES AS BIMODAL REGULATORS OF CELL AROWTH by Sarah Spiegel, Section on Membrane

Biochemistry, Developmental and Metabolic Neurological Branch, NINCDS, Bethesda, MD

Gangliosides, sialic acid containing glycosphingolipids have been implicated in the regulatfon
of cell growth, based on the dramatic changes in ganglioside composition during oncogenic transform-
ation, cell cycle, and density-dependent growth inhibitfon. To directly examine potential functions
for endogenous ?angl fosides, we have recently developed a new approach (1). The B subunit of
cholera toxin (B), which binds exclusively to several molecules of gangliosides GM1 on the cell
surface, was used as a ganglioside-specific probe to induce cel) proliferatfon. 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 1ymphocytes {n.
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. 1In distinct contrast to its effects on
quiescent cells, B fnhibited the growth of transformed 373 cells as well as rapidly dividing normal
373 cells. Thus, we were able to demonstrate a bimodal response to B by the same cells just by
varying their state of growth. Transformed 3T3 cells have less GM1 than normal 3T3 cells and it has
been reported that levels of surface gangliosides fncrease as normal 373 cells reach confluency.
Thus, the bimodel response to B may be related to the amount of surface GMI being occupied. Our
findfngs suggest that endogenous ganglfosides may play a role as membrane transducers of both
positive and negative signals that regulate cell growth. (1) Spiegel, § et al (1985) Science 230, 1285
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286 COMPARATIVE CHMARACTERIZATION OF RECEPTOR AND WON-RECEPTOR ASSOCIATED PROTEIN TYROSINE
KINASES. Ashok K. Srivastava, Clinical Research Institute of Montreal, 110 Pine Avenue West,

Montreal, (Quebec), H2W TR7, CANADA

By using poly (glu: Tyr; #:1) as 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 froa rat lung. The two
PTK's phosphorylated poly (glu: Tyr; 4:1) very effectively with apparent Km values of 0.3 ag/ml
for insulin receptor-PTK and 0.3 mg/ml for non-receptor-PTK. ATP was the preferred phosphoryl
donor for both PTX's (Km = 150 uM), however, in the case of non-receptor PTK, GTP was able to
partially replace ATP. ATP analogues, AMP-PNP and ATP-Y-S inhibited the activities of both
enzymes. Receptor .PTK ahqued more activity in presence of Mg? whereas nyn-receptor PTK
required either pg’ or Mn? for activity although higher concentrations of Mg? were needed as
compared to Mn! . Para hydroxy-mercurobenzoate (PHMB), a SH~-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 5' adenosine (FSBA) and bioflavoncid
quercetin. NaCl also inhibited both kinases, although, non-receptor PTK was more sensitive to
inhibition by NaCl. Autophosphorylation resulted in the activation of both the kinases. These
data indicate that there are only few but significant differences in the characteristics of
receptor and non-receptor assoclated PTK's. (Supported by Medical Research Council of Canada).

287 SITE SELECTIVE cAMP ANALOGS ALTER THE cAMP RECEPTOR RATIO (RII/RI) awD PRODUCE GROWTH
INRIBITION AND MORPHOLOGICAL CHANGE IN SEVERAL HUMAN BREAST AND COLON CANCER CELL LIMES.
P. Tagliaferril, D. Katsaros!,R.K. Robins2, T. Clair! and Y.S. Cho-Chung!; ! Mational Cancer
Institute,Bethesda, MD 20892, and 2mucletc Acids Res. Instit., ICN Pharm. Corp. Costa Mesa, CA 92626.
The growth regulatory effect of site selective cAMP analogs, vhich have been shown to be many
fold more active in protein kinase activation than previously studied derivatives, was investigated
in seven breast and three colon human cancer cell lines. The regulatory subunit of the cAMP dependent
protein kinase contains two intrachain binding sites, Site 1 and Site 2. cAMP analogs which bind to
one of the two sites are known as Site l-selective (C-2 and C-8 substituted anaslogs) and Site 2-
selective (C-6 substituted analogs). Thirty five analogs, C-2, C~6,and C-8 monosubstituted, or C-2 +
C-8 disubstituted, or C-6 + C-8 disubstituted, were tested for their growth regulatory affect on the
breast cancer lines MCP-7, MCF-7ras, T-47D, MDA-MB-231, ZR-75-1 , BT-20 and HBL 100, and the colon
cancer lines LE-174T, WIDr, and HT-29. At uM coucentrations most of the analogs caused appreciable
growth inhibitfon of all ten cell lines., The greatest inhibition was observed when using analogs
containing a chlorine stom at the C-8 position: 8-Cl-cAMP and I‘-phonyl-!—thi 1phenyl-cAMP, at
50uM, caused 70-80% growth inhibition of all ten cell lines. The C-~6 analog, NO-benzyl-cAMP, was the
next most potent inhibitor, causing 50-60% growth tohibition at 50 pM. Growth inhibition was accompa-
nled by a change in cell morphology an increase in the cAMP receptor ratio (RII/RI) as measured
by photoaffinity incorporation of [3 P]-8N4cAMP fnto the cell lysates , followed by SDS-PAGE and
sutoradiography. The site selective cAMP analogs are potent fahibitors of the growth of human cencer
cells and can serve to elucidate the mechanisms of cell growth regulation.

288 FUNGTION OF THE CYR1 AND RAS2 GENES IN YEAST

Isao Uno, Takehiro Oshima*, Hiroshi Mitsuzawa and Tatsuo Ishikawa;Institute of Applied Microbiology,
University of Tokyo, Bunkyo-ku, Tokyo 113, Japan;*Suntory Institute for Biomedical Research,
Shimamoto-cho, Osaka 618, Japan

Regulatory roles of cAMP in yeast, Saccha ces cerevistae, have been studied by isolatfon of
mutants requiring cAMP and their suppressors. ¥E cyr] mutants possessed no detectable Tevels of
adenylate cyclase activity and cAMP, and the growth of cells carrying the cyrl! mutation was arrested
at the Gl phase of cell cycle in the absence of cAMP. On the other hand, _5. cerevisiae contains two
closely related, but distinct genes, RAS] and RAS2. The ras2 mutants produced a Tow level of cAMP,
and growth of these mutants were suppressed by the bcyl mutation which suppressed the cyrl mutation.
The relationship between the cyrl and ras2 mutations of yeast in production of cAMP was studied.
Cloned CYR] and RAS2 genes were expressed in S. cerevisiae and Escherichia colf cells. The products
of the CYRT and RASZ genes were reconstituted GIP-dependent adenylate cyclase In vivo and in vitro.
To determine the catlytic domain of the CYR] gene product and the domain interacting with RASZ gene
product, several kinds of truncated CYR1 gene were made. Further certain promoters and initiation
codon were connected to the truncated genes adjusted to thefr frame. Genetical and biochemical
analyses of transformants carrying these genes revealed that the catalytic domain of the CYR) product
was coded by the 3'-terminal 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-dependent adenylate
cyclaseiis1comosed of catalytic and regulatory proteins encoded by the CYR1 and RAS2 genes,
respectively.
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