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I NTRODUCTION

For the first time in some years, it is possible to present this
volume as a fair approximation of the actual on-going program. There has
been a period of transition during which the inclusion of many reports on
contracts already terminated and the omission of reports of work just
started made the whole less than representative for the year.

Due to changing needs for basic research in the foreseeable shape of
naval operations and to changing aspects of government support for basic
research, it is appropriate for ONR to contribute less to the development
of the science of biochemistry and more to those aspects of biochemical
investigation which promise to serve primarily the man aboard ship. We
remain that Naval agency charged with the task of finding out things no
one anticipated a need for on the basis of past experience. But what is
needed is a knowledge of biological factors which might affect naval
operations, the possible methods of controlling them, avoiding their
limiting effects or taking advantage of their useful characteristics, and
possibly of imitating nature's methods of dealing with the marine

environment.

The emerging program is intended to foster the exploration of areas
of ignorance which are of prime concern to the Navy. The biochemically
related disciplines which may serve this purpose, at least for the moment,
are considered to be five in number: marine biochemistry; metabolic bio-
chemistry; immunochemistry; toxicology, and toxinology. The following ab-
stracts have been grouped into these five categories. The key thought in
reading them should be: "Do these subelements in the Branch program rep-
resent an optimal effort to explore the biochemical aspects of marine life
and naval life?" To the reader who is himself a member of the team, the
answer may be helpful in planning his future research, making it as pro-
ductive as possible of useful information. We hope that it may also
stimulate comments on the neglect of certain areas which may be ripe for
exploration, or the existence of redundancies in the present effort, as
judged by those most expert in the field.

The thinking which has gone into the selection of each of the five
subdivisions of the FY 67 Branch program is described at the beginning of
each of the five groups of abstracts. A few of the abstracts still deal
with work which was completed during the year or will soon terminate, but
we feel that the general trend of current ONR interest in Biochemistry is

perceptible in the material here presented.

! 1



MARINE BIOCHEMISTRY

The sea is living tissue, having a physiological fluid matrix, living
cells, a metabolism, and undoubtedly wastes and by-products produced by
the living elements and having their influence on other cells. The Navy
has operated first from a platform resting on this tissue, then as an en-
capsulated body within the tissue itself. With Sealab and Scuba diving,
the duties of naval personnel make them similar to invaders--hopefully
saprophytic--of a blood stream. We need to know how the normal elements
in this environment operate a.nd how they may affect invaders. Since we
are concerned with basic research, we need to learn all we can about this
environment and its biochemical effects if only to say with assurance,
"that fact is negligible," rather than "we suppose that fact is
negligible!"

The sea also offers a library of information to the biologist in the
form of a great variety and a wide evolutionary range of successful organ-
isms. It is a promising field for new exploration with the expectation of
getting new insights into complex biological performances by man and other
descendants of the marine life, as well as of new biological products use-
ful to mankind in general and to the Navy in par, cular. There is cer-
tainly no reason to neglect this opportur.-ty fo. making a valuable contri-
bution to science and humanity as a by-product of navy-oriented basic
research.

2
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STUDIES OF PROTEOLYTIC ENZYMES

Hans Neurath
University of Washington
Seattle, Washington 98011

ASSISTED BY K. A. Walsh, L. H. Ericsson, D. R. Babin, J. H. Freisheim,
A. G. Lacko, W. P. Winter

WORK UNIT NO. NR 108-152 CONTRACT NONR-477(35)

OBJECTIVES

To determine the relation between the chemical structure and
enzymatic functions of proteolytic enzymes aAd to elucidate their phylo-
genetic relationships.

ABSTRACT

In continuation of the work previously reported, the following in-
vestigations have been carried out in the past year:

1. Chemical structure of bovine pancreatic carboxypeptidase A - The
determination of the complete amino acid sequence of this protein, contain-
ing 307 amino acid residues in a single chain, is the ultimate goal of this
investigation, which is now in its third year. It is hoped that this goal
will be reached sometime in 1967.

We have previously reported 'tt an amino acid replacement occurs
in the carboxyl terminal region of carboxypeptidase. Investigation of
the enzymes obtained from 14 individual pancreas glands has provided evi-

dence that these variations are due to allelomorphism, the distribution
following the genetic laws. By means of a pancreatic fistula, pancreatic
juice has been collected from individual animals, one of them containing
the pure "leucine" enzyme and the other one the pure "valine" trait. These
two enzymes are identical in enzymatic function, but differ considerably
in their conformational stability.

2. The activation of procarboxypeptidas. A - By means of succinyl-
ation with succinic anhydride, disaggregation of bovine pancreatic car-
boxypeptidase A has been achieved and the imediate precursor of carboxy-
peptidase, succinyl fraction I, has been isolated. The mechanism of the
conversion of succinyl fraction I to succinyl carboxypeptidase has been
investigated in detail. Chemica! modification (with acetylimidazole) and
metal replacements have provided evidence that certain aspects of the
active site, presumably concerned with substrate binding, are preexistent
in the precursor. These studies have provided for the first time a system
for the investigation of the formation of bovine carboxypeptidase A from
its immediate precursor.

3. Isolation and mechanism of activation of procarboxypeptidase A
from dogfish pancreas - Procarboxypeptidase A occurs in this tissue in a
monomolecular form rather than as a trimolecular aggregate as in the case
of the bovine. The enzyme precursor has boon isolated, purified and

3
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-: Lerized by amino acid analysis, end groups, and molecular weil-2, and
the mechanism of activation has been investigated. Activation is accom-
panied by a decrease in molecular weight from 41,000 to 36,500. The active
enzyme, dogfish carboxypeptidase A, is likewise being characterized by
amino acid analysis, by enzymatic specificity. The effects of modification
by chemical reagents (acetylimidazole) and by metal replacement have been
found to be analogous to that of the bovine enzyme.

4. Proteolyti. enzymes of the starfish (Evasterias Troschelii) -
,,e search for a phylogenetic pLugenitor of Lrypsin dnrt other serine
proteases has been extended in a preliminary investigation to the peloric
ceca of the starfish. It has been found that this tissue contains proteo-
lytic digestive enzymes, active toward casein, hemoglobin and toward syn-
thetic substrates for trypsin and chymotrypsin respectively. These investi-
gations are now being extended to a more definitive characterization of the
trypsin-and chymotrypsin-like enzymes of this tissue.

PLANS FOR FUTURE
In future work, the amino acid sequence of bovine pancreatic car-

boxypeptLidase will be completed. Present investigations on the bovine and
dogfish pancreatic enzymes will be continued, as will be the investigations
on the proteolytic enzymes of the peloric ceca of the starfish.

CURRENT REPORTS AND PUBLICATIONS
a) James W. Prahl and Hans Neurath

Pancreatic Enzymes of the Spiny Pacific Dogfish I. Cationic Chymotrypsin-
ogen and Chymotrypsin.
Biochemistry 5, 2131 (1966).

b) James W. Prahl and Hans Neurath
Pancreatic Enzymes of the Spiny Pacific Dogfish II. Procarboxypeptidase
B and Carboxypeptidase B
Biochemistry 5 (1966), in press.

c) Kennecn A. Walsh, Lowell H. Ericsson and H. Neurath
Bovine Carboxypeptidase A Variants Resulting From Alielomorphism
Proc. Nat. Acad. Sci. 56, No. 4 (1966).

d) Hans Neurath and James"H. Freisheim
Activation of Procarboxype tidase A
Fed. Proc. 25, No. 2 (1966).
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EXPERIMENTAL STUDIES ON ThE BIOCHEMISTRY

AND BIOPHYSICS OF ENZYME MOLECULES

Thomas P. SingerUniversity of Caifomia ISan Franclsco, Californa

ASSISTED BY J. .,thy, H. Mersmann.. J. Satach, H. Tisuale, P. r7ini

WORK UWIT W4O. MR 108-337 CONTRACT Nor-5024 (00)

OBJECTIVES

(a) The mechanism of the DrNH-Coenzyme Q reaction in mitochondria and
in soluble ,nzyrmes, (b) to establish the relation of DPNH-ubquinone reductase to
cytochrome reductase, (c) to isolate, characterize and determine the mechanism of
action of cytop!asmic fumarate reductases.

ABSTRACT

(a) By mec ns of the specific inhibitors of DPNH oxidation by CoQ, such as
rotenone, this reaction has been compared in mitochondria and intact particles with
soluble preparations. Certain clear-cut differences have been found (boti- quanti-
tative and qualitative) which suggests that the reaction as it occurs in soluble flavo-
protein preparations is probably not at the same site as the physiological event in
mitochondria. A specific inhibitor for the reaction has been isolated from mito-
chondria of heart muscle, which abolishes DPNH oxidation by CoQI0 at exceed-
ingly low concentrations: it is of high molecular weight, protein in nature,although
it appears to be heat stable, and lipid free. This inhibitor is effective only at much
higher concentrations in abolishing the DPNH-CoQ reaction in phosphorylating
particles. Further, the physiological event is strictly lipid dependent, whereas the
reaction in soluble purified preparations is independent of lipids.

(b) The oxidation of long-chain CoQ homologues has been studied in heat-
acid-ethanol extracts of ETPH (DPNH-ubiquinone reductase) and of ETP (DPNH-
cytochrome c reductase). No difference could be detected either in reaction rates
or in inhibiiion by rotenone or amytal. These data and other systematic comparison
previously published from this laboratory suggest that the two preparations do not
differ in a discernible manner.

The highly purified, soluble DPNH dehydrogenase isolated in this laboratory
has been quantitatively converted into a low-molecular weight flavoprotein, with
the same high activity toward CoQ 10 as shown by genuine DPNH-ubiquinone reduc-
tase. The pareni enzyme has no such activity and is not inhibited by rotenone or
amytal; the transformation product is inhibitor sensitive, however. This suggests
that the DPNH-CoQ reaction observed in soluble preparations is the result of a
conformation change incurred during the extraction procedure.

(c) Fumarate reductase from yeast cytoplasm has been obtained in highly puri-
fied Form and shown to be a copper-FAD enzyme, the first genuine copper flavo-
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protein hitherto described. It occurs in the form of several isoenzymes differing in
charge and in some catalytic properties; the molecular weight 's 62,000 to 64,000.
There is also another species present with a molecular weight of one-half this value.
All these forms appear to be under the same genetic control, but are independent in
biosynthetic mechanism fromt mitochondrial succinate dehydrogenase in the some cail.

PLANS FOR FUTURE
(a) To isolate and chqracterize the new inhibitor of CoQ reductuse from mito-

chondria, (b) to determine the site of rotenone bindine in the respiratory chain,
(c) to study the role of fun-orate reductases in adaptation to low 0 2 tension, and
(ai) to explore the pmsibility of using marine or~anisms in the study of succinate dehy-
drogenoses and fum-crate reductases as dominant factors in 6e adaptation of organisms
to varying 02 tension.

CURRENT REPORTS AND P'UBLICATIONS
(a) Fumarate Reductase, Succinate and NADII Dehydrogenase of Yeast:

Properties and Biosynthesis, T. P. Singer, Eugenio Rocco, E. B. Kearney in
International Symposium on Flavins and Flavoprote'ns (Ed. by E. S later), 'Elsevier
Press, A m AMai-Vr.9-77 16)

(b) On the Diversity of -SH Groups in DPNH Dehydrogenase and their Tenta-
tive Localization, Harry Mersmann, James Luthy, and Thomas P. Singer, Biochem.
Bilophys. Res. Communs. , 25, 43 (1966).

1cTrnsbrmatior, of-6PNH Dehydrogenase into DPNHi-C-oQ Reductase,
Thomas P. Singer, J. Salach and H. Tisdale, Abstracts, Vilth International
Congress of Biochemistry, Tokyo, August, l9677i Tprss.

(d) Conversion of DPNH Dehydrogenase to DPNH-Ubiquinone Reductase,
Thomas P. Singer, J. Salach, and P. Bader, Feder.jtion Proc. , 26 (1967) in press.

(e) Fumarate Reductase - a Copper Fla'o~piroFf_ 4isda1e, J. Hciuber, and
J. Prager, Fe deration Proc., 26.(1907) inpress.

(Q) Respiratory t inied Dehydrogenases, Thomas P. Singer, in Biological
Oxidations ,(Thomas P. Singer, Ed.), J. Wiley and Sons, Inc. , in press.
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I
BIOCH4ISTRY OF MARIlE ORGANISS

Tsoo E. King
Oregon State University

Corvallis, Oregon

AS ISTED BY

WORK UNIT NO. MR 1o8-4)2 CONTRACT Non,-128 (06)

OBJECTIVES

(a) To cozpare oxidative metabolism of marine organisms with that
in well studied systems such as cardiac tissue, (b) to "cross reconsti-
tute" the respiratory chain by components from marine organisms with
those from manzalian heart, and (c) to search for new methodology for
studying oxidative metabolism.

ABSTRACT

A new artificial electron acceptor has been found for the determi-
nation of flavin-linked dehydrogenases. This acceptor is Wurster's blue
(W), a semiquinone of tetramethyl-p-phenylenediamine (TMPD). To our

knowledge, this is the first time of using a free radical as an acceptor
for a practical purpose. WE is active for those enzymes with flavin as
a prosthetic group, such as succinate dehydrogenase, DPUH dehydrogenases,
glucose oxidase, lactate dehydrogenase (flavin-linked), D-amino acid
oxidase, L-amino acid oxidase, lipoic dehydrogenase, TPUH cytochrome c
reductase, aldehyde oxidase, xanthine oxidase (from several species),-
etc. It is inactive for lactate dehydrogenase (DPN-linked), alcohol dehy-
drogenase, galactose oxidase (Cu-linked), uricase (Cu-linked), glucose-6-
phosphate dehydrogenase, etc.

ReconstitutioL of the succinate oxidase system by using the com-
ponents obtained by sequential fragmentation of succinate oxidase of
cardiac muscle has been successfully demonstrated. One of the reconsti-
tution systems for sucninate oxidase is made from soluble succinate
dehydrogenase and a dehydrogenase-free particle. The latter particle
contains all other respiratory components such as cytochromes and is pre-
pared by alkali-treatment of the Keilin-Hartree heart muscle preparation.
However, the succinate dehydrogenase prepared from bay mussel (Mtilus
edulis) does not react with the dehydrogenase-free particle in contrast
to the "interchangeability" of three mammalian species studied.

Recently the mechanism of the alkali (pH 9-10) action on cardiac
succinate oxidase has been clarified. The succinate dehydrogenase pro-
tein is found to be dissociated from the particulate succinate oxidase
(the heart muscle preparation) by alkali treatment. The dissociation
occurs at the same rate as the inactivation of succinate oxidase. Data
from numerous kinetic experiments (ref. J) indicate that the original site
for binding of the dehydrogenaae to the particle is available to link

i _ _ _ ......... 7
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active succinate dehydrogenase in the reconstitution of the succinate
oxidase system derived from umamelian heart. The failure to use J~t~lus
succinate dehydrogenase for the reconstitution suggests that the struc-
ture or configuration of the invertebrate dehydrogenase may differ from
that of the mamelian enzyme.

Others are detailed in publications.

CURRENT REPORTS AND PUBLICATIONS

(a) K. S. Nickel, D. F. Wilson, R. L. Howard and T. E. King
(1964), "The effect of aging of the heart-muscle preparation on its
riboflavin-5-phosphate content." Biochim. Biophys. Acta, 81, 597-599

(b) T. E. King, K. S. Nickel and D. R. Jensen (1964), "Iron,
copper, cytochrome and lipid contents of heart muscle preparation and
heart mitochondria." J. Biol. Chem., 239, 1989-1994

(c) D. F. Wilson and T. E. King (1964), "The determination of the
acid-nonextractable flavin in mitochondrial preparations from heart mxs-
cle." J. Biol. Chem., 239, 2683-2690

(d) S. Takemori and T. E. King (1964), "Reconstitution of respir-
atory chain enzyme systems. XIII. Sequential fragmentation of succinate
oxidase: Preparation and properties of succinate-cytochrome c reductase
and the cytochrome b-c particle." J. Biol. Chem*, 239, 35416-3558

(e) T. E. King and S. Takemori (1964), "Reconstitution of respir-
atory chain enzyme systems. XIV. Reconstitution of succinate-cytocbrcme
c reductase from soluble succinate dehydrogenase and the cytochrome b_-S1
particle." J. Biol. Chem., 239, 3559-3569

(f) D. F. Wilson and T. E. King (1964), "Reconstitution of respir-
atory chain enzyme systems. XV. Reconstitution of succinate oxidase using
soluble succinate dehydrogenase and a 'cyanide particle'." Bicchlm.
Biophys. Acta, 92, 173-175

(g) M. Kuboyama and T. E. King (1964), "Reconstitution of cyto-
chrome oxidase from cytochrome a and hematin a." Biochime Biophys. Act&,
92, 618-621

(h) S. Takemori and T. E. King (1965), "Effect of alkali and boro-
hydride on cardiac cytochrome oxidase. Formation of Schiff base." J.
Biol. Chem.., 240, 504-513

(i) P. W. Caerino and T. E. King (1966), "Studies on cytochrome
oxidase. II. A reaction of cyanide with cytochrme oxidase in soluble and
particulate forms." J. Biol. Chem., 241, 970-979

(j) D. F. Wilson and T. E. King (1966), "Reconstitution of respir-
atory chain enzyme system. XVI. The effect of alkali on the succinate
oxidase system." Biochim. Biophys. Acts (in the press)

8
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SUFR NALA

Raymond F. Jones

Stato University of New York
Long Island, New York

ASSISTED BY

WORK UNIT 1NO. MR -iO8-U.8 CONTRACT Nonr 4.716(00)

OBJECTIVES

This is an investigation of the sulfur metabolism of red algae.
Objectives this year included isotopic studies of the synthesis and meta-.
bolic significance of taurine in Z2r=du cruentum. Studies on the
extra cel-lular polysaccharide and other cillw- materials oontinue with
emphasis on the factors regulating synthesis and excretion of such
compounds.

ABSTRACT
None received.



FREE AMINO ACIDS AND RELATED SUBSTANCES IN MARINE ORGANISMS

Eugene Roberts and J. S. Kittredge
Department of Biochemistry
City of Hope Medical Center

Duarte, California
ASISTED BY Masaaki loriguchi

WORK UNIT NO. HR 108-458 CONTRACT Nonr-3001(00)

OBJECTIVES

(a) An investigation of the amino acids and related substances in
marine organisms, (b) the detection, isolation and characterization of
phosphonic acids, (c) the investigation of the mechanism of biosynthesis
and metabolism of compounds containing covalent C-P bonds.

ABSTRACT

During a survey of the "free" amino acids of marine invertebr.Ktes,
the extracts of some 400 tissues of a taxonomically diverse collection of
organisms were examined. Several unique compounds were detected. Two of
these, from the sea anemone, Anthopleura elegantissima, were isolated
and proved to be 2-aminoethylphosphonic acid (2-AEPF and its glycerol
ester. Analogy suggested the possible occurrence of 2-amino-3-phosphono-
propionic acid. This compound was detected in the zoanthid, Zoanthus
sociatus, and its biosynthesis from orthophosphate was demonstrated in
the ciliate, Tetrahymena pyriformis. A limited survey of twenty species
of Coelenterates was conducted to determine the distribution of these
two aminophosphonic acids. This survey demonstrated not only the wide
distribution of these compounds but revealed the presence of five new
aminophosphonic acids.

(a) Two of the new phosphonic acids which were detected have been
isolated from six kilograms of the sea anemone, Anthopleura xanthogramica.
The structure of these compounds, N-methyl-2-aminoeithylphosphonic acid and
N,N,N-trimethyl-2-aminoethylphosphonic acid betaine (trimethyl 2-phosphono-
ethylamuonium hydroxide inner salt), has been established by comparing
the IR and NMR spectra with those of the synthetic compounds. A small
amount of the N,N-dimethyl-2-aminoethylphosphonic acid was detected during
the isolation. We have now established the biological occurrence of the
phosphonic acid analogs of the three major nitroginous constituents of
phospholipids.

(b) A strongly basic phosphonic acid was detected during the above
isolation. We have now isolated a few milligrams of this compound in
crystalline form.

(c) We have isolated 2-AEP from a marine amphipod, A !

thus establishing the presence of this phosphonic acid in anoTeor pyum.
(d) A survey of marine micro-organisms and phytoplankton for the

ability to synthesize 2-AEP demonstrated that three species of dino-
flagellates and one coccolithophore can synthesize 2-AEP from ortho-

10
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phosphate, while a marine diatome, two yeasts and a bacteria gave no
evidence of producing these compounds. Since the dinoflagellates form a
major part of the base of the food chain in the oceans, this observation
indicates the large part that C-P compounds must play in the metabolism of
m.arine animals.

(e) Utilizing a copper chelate resin, we were unable to detect 2-AEP
in four 25-gallon samples of sea water.

(f) No 2-AEP was detected in two marine sediment samples.
(g) Since 2-AEP is the phosphonic analog of taurine, we investigated

the possibility that it might have a similar role in the emulsifier in
crab gastric juice. We could not detect 2-AEP in the isolate emulsifier
nor could we detect synthesis of 2-AEP but we found five other phosphonic
acids.

(h) We found that the pulmonate gastropod, Helix pomata synthesizes
2-AEP and that 5.35% of the total phosphorus occurs in this compound.

(i) The unique synthesis of cysteic acid by chick embryos gggested
a possible parallel route to phosphonoalanine. The injection of P04
yielded no C-P compounds.

(j) Incubation of Tetrahyena homogenates with P2p-ATP did not result
in any incorporation into EP. Examination of the extracts for reduced
oxyphosphorus acids did not yield evidence for reduction.

(k) The possibility that the biosynthetic route to the C-P bond may
involve reduce 4phosphorus and an a-$ insertion into serine was investigated.
Incubation of C-serine in four buffers containing reduced phosphorus
compounds yielded no incorporation into C-P compounds.

PLANS FOR FUTURE

(a) We are proceeding with the exploration of the mechanism of
biosynthesis of the C-P bond along two routes, the search for the carbon
precursor and the investigation of the reduction of orthophosphate.

(b) We are examining the transamination of aminophosphonic acids in
a number of tissues.

(c) We have succeeded in converting 2-AEP to its trimethyl.ylil
derivative and soon should have a rapid CLC assay method to accelerate our
biosynthetic investigations.

(d) In order to investigate the physiological consequences of the
incorporation of 2-AEP into mammalian membrane lipids, we have synthesized
130 g of 2-AEP.

CURRENT REPORTS AND PUBLICATIONS

J. S. Kittredge, A. F. Isbell and R, R. Hughes (1966), "Isolation
and Characterization of the N-methyl Derivatives of 2-Aminoethylphosphonic
Acid from the Sea Anemone, Anthopleura xanthoglrarica." Biochemistry
(in press).
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BIOCHEMISTRY OF THE LUMINESCENCE
OF MARINE ORGANISMS

J. Woodland Hastings
Harvard University

Cambridge, Massachusetts

ASSSTED BYQ.H.Gibson,H.Clemencon, J.Massa,M.Vergin & J.Friedland

WORK UNIT NO. HR 108-495 CONTRACTNooo14-67-A-0298-0001

OBJECTIVES

The study of basic biochemical mechanisms involved in
the creation of excited states in bioluminescent reactions
and its relationship to cellular function.

ABSTRACT

Two distinctly different systems from marine organisms
are under study: (1) The bacterial reaction, in which reduced
FMN is oxidized by a soluble system with the concomitant
emission of blue-green (490 mp) light; and (2) the marine
dinoflagellate (Gonyaulax polyedra) in which emission occurs
as a short flash from a sedimentable particle when the pH is
rapidly lowered from pH 8 to pH 5.7. This particle has been
termed the scintillon, and it is associated with a birhombo-
hedral guanine crystal.

In the bacterial reaction we have undertaken a study of
the enzyme, which has a molecular weight of about 60,000. It
is composed of subunits, probably four, on the basis of amino
acid composition. Subunits have not yet been isolated, but
they may be detected by centrifugation. Their existence may
also be inferred from the kinetics of reactivation of enzyme
treated with 8M guanidine HC1, which is dependent on protein
concentration. The enzyme contains per subunit, two free-SH
groups, one tryptophane, but no disulfides. The loss of

enzyme activity by reaction withPMB or other-SH reagents is
reversible. All activity is lost in high concentrations of
urea or guanidine HCl, and virtually 100% may be recovered.
No information concerning the emitting molecule was obtained.
ORD studies indicate a helix content of about 32%.

It has been shown that bacterial bioluminescence may
actually be initiated by light and additional studies have
been concerned with this, particularly with regard to the
role of oxygen. Oxygen has been found to be essential, so
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that discrete chemical steps involving the entry of oxygen
must be involved in the light-induced pathway.

Studies with scintillons have been directed towards elu-
cidating its structure and composition. Its association with
a guanine crystal has been something of a stumbling block,
since the scintillon is not a guanine crystal as such. The
hypothesis that the scintillon is a guanine crystal with some
additional material associated with it has been supported by
measurements of its sedimentation constant (S. = 20,000) and
by direct visualization of the flash in the image intensifier.
In the latter a photon hield of about 500 per particle has
been obtained, a value which is close to that obtained for the
average yield in the basis of the number of guanine crystals.
Work on the chemical nature of the added component is in pro-
gress. PLANS FOR FUTURE

(a) To complete the study of the structure of bacterial lucif-
erase and elucidate the enzyme intermediates involved in the
reaction. (b) To determine the chemical composition of the
components of the scintillon and define the nature of the
light emitting system.

CURRENT REPORTS AND PUBLICATIONS

(a) Hastings, J. W., Gibson, Q. H., and Greenwood, C., Evi-
dence for high energy storage intermediates in bio-
luminescence, Photochemistry and Photobiology, 4
1227-1241 (1965).

(b) Gibson, Q. H., Hastings, J. W., Weber, G., Duane, W., and
Massa, J., The interaction of flavin mononucleotide
with an enzyme system from Photobacterium fischeri,
in "Flavins and flavoproteins" (E. C. Slater, Editor),
Elsevier Publishing Co, Amsterdam (1966).

(c) Hastings, J. W., Vergin, M., and De Sa, R., Scintillons:
The biochemistry of dinoflagellate bioluminescence,
in "Bioluminescence in Progress" (F. H. Johnson and
Y. Haneda, Editors), Princeton University Press (1966).

(d) Hastings, J. W., Gibson, 0. H., Friedland J., and Spudich,
J., Molecular mechanisms in bacterial bioluminescence:
On energy storage intermediates and the role of alde-
hyde in the reaction, in "Bioluminescence in Progress"
(F. H. Johnson and Y. Haneda, Editors), Princeton
University Press (1966).

(e) Gibson, Q. H., and Hastings, J. W., Light-initiated bio-
luminescence in Progress" (F. H. Johnson and Y.
Haneda, Editors), Princeton University Press (1966).

(f) Hastings, J. W., and Reynolds, G. T., The preparation and
standardization by different methods of liquid light
sources, in "Bioluminescence in Progress" (F. H.

t13



Johnson and Y. Haneda, Editors), Princeton University
Press (1966).

(g) Hastings, J. W., The chemistry of bioluminescence, in
"Recent Advances in Bioenergetics", Vol. I., (D. R.
Sanadi, Editor), Academic Press, New York (1966).

(h) Reynolds, George T., Hastings, J. W., Sato, H. and Sweeney,
A. R. The identity and photon yield of scintillons
of Gonyaulax polyedra. Biol. Bull 131 403 (1966).

(i) Hastings, J. W. and Gibson, 0. H. The role of oxygen in
light induced bioluminescence. J. Biol. Chem. (in
press, Jan., 1967).
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CARBOPYDRATF BTOCIrMTSTRY Ov ALGAE

B.J.D. Meeuse
University of Washington
Seattle, Washiriton 98105

ASSISTED BY Patricia J. Ynanp, Dennis M. Olason and Marten Snel

TASK NO. HR 108-535 CONTRACT Nonr L77(42)

OBJECTIVES

(a) To study the chemical nature of the reserve carbohydrates of
the various groups of alrgae and members of the phvtoplankton, (b) to in-
vestigate the biosvnthesis and enzymatic breakdown of these compounds,
(c) to establish the spectrum of carbohydrate-splitting enzymes present in
various invertebrates feeding on algae, (d) to study the nature and mode
of action of some of these enzymes.

ABSTRACT

A beginning has been made with the study of the reserve material
of a marine Dinoflagellare, Thecadinium spec., an organism that could be
grown in seawater fortified with Provasoli's enrichment medium. Granules
of the reserve product, in its native state, could be Isolated With a higF
degree of purity, Preliminary tests show that they are composed of a
glucan which Is predominantly a-l:4-11nked, lilke starch; they also dis-
play a blue iodine-reaction. In addition, a number of bluegreen and red
algae were screened for the presence of trehalose. This sugar, common in
the aninal kingdom (Insect musclel), shows a rather "spotty"distrlbution
in plants: it is frequently found in veasts, molds ('qeurospora) and mush-
rooms, buc to the best of our knowledge the only group of terrestrial
green plants accumulAting trehalose in appreciable nuantities are the
Selaginellas which include the famous resurrection nlants of South Ame n
deserts. The sugar hAs been reported in freshwater red alpae and in some
bluegreens (Rivularia, Calothrix) and seems to be one of the main products
of photosynthesis in the coralline red algae, as demonstrated by a group
of workers in Halifax, Nova Scotia. The synthesis of trehalose has been
elucidated only in yeast, where uridine diphosphate glucose (UK.) is
involved.
(b) A beginning has been made with the study of trehalose - and starch
synthesis in red algae. In collaboration with Dr. T. Akazawa of Nagoya
University, tests were made for the presence of AnPr. - starch synthetase
in (or on) starch granules isolated from Constontinea. In higher plants,
it has been found that the enzyme is very tightly associated with the iy-
lose-fraction of starch, hence it tends to remain with the starch-granules
when methods of fractionnated centrifugation are applied. Plants with
"glutinous" starch (which lacks amylosel) form an exception, in that the
ADP,-starch synthetase here tends to remain in the soluble fraction. It
mtay be significant that no activity was found In the rownstantinga starch
granules, which according to our earlier studies are composed only of
soylopectin (like glutinous starch). However. more experiments are
needed. In connection with this, methods for growing various red algae
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on a fairly large scale in converted, illuminated refrigerators, have been
developed, following the lead of Dr. Pichard Vorris and Dr. John West.
(c) Previous studies on the spectrum of carbohydrate-splittinR enzymes
present in the digestive juices of marine invertebrates were expanded,
with special emphasis on a comparison of Cryptocbiton stelleri with
Katharina, a closely related form which has different feeding habits
and may ob6in most of its food (diatoms?) by scraping off rocks. So far,
no striking differences have been found.
(d) The bulk of our efforts has been directed towards purification and
characterizaton of the alpha-amvlase in the suear-eland of Crvptochiton
stelleri. The specific activitv of the purified amvlase represented a
10-fold increase over the original juice, while no appreciable activity
towards laminarin and maltose remained. Evidence was obtained for the
presence and essentiality of Ca in the enzyme molecule. Sulfhvdrvl Rroup
inhibitors had no noticeable effect on its activity. The essentiality of
zinc could not yet be established beyond doubt. Amvlose was brokcn down
to maltose and glucose, while in the early stages of breakdown of amvlo-
pectin maltotetraose seemed to Predominate. Totato B-limit dextrin was
hydrolized to an extent of 567. Tn many of its features, Crvprochiton
amylase thus resembles mammalian salivary amvlase. Comparisn of sugar
gland juice and a phosphate buffer extract of Crvptochlton's hepatopan-
creas for activity towards amylopectin, laminarin and raltose (respective-
ly) shows that the activity ratios are roughly the same for the two fluids.
This provides some evidence for the opinion that the alpha-amvlase, in
this case, is produced by the animal itself and not by svmhiotic micro-
organisms living in the sugar gland fluid.

PLANS FOR FUTURE

(a) To study the biosynthesis of floridean starch in selected members
of the Rhodophvceae (red algae), more specifically to investigate the
possible participation in this process of ADM-starch svnthetase, (b)
to establish the chemical nature of te reserve product of certain Dino-
flagellates such as Thecadinium and Amphidinium, (c) to investigate
occurrence, roie, and biosVnthesis of the disaccharide trehalose in
certain red and blueereen algae, (d) to continue the investigation on
the nature and the mode of action of the alpha-smvlase of Crvntochiton
stellert , (MO -A n d --d ) .

CURRENT REPORTS AND PUBLICATIONS

'. Snel (1966), "A study of the aavlase found in the swgar-gland of
chi t=n tellrl (diiedif) (Polvplacophora, Mollusca)." Master

of Science Thesis, University of Washintton, Seattle.

1

16

P .



OWARATIV CARBADRT M MISM

OF MARn )mLUSCS.

H. 1. Nak~da

University of California
Santa Barbara, California

ASSISTED BY R. Bennett, Jr.

WORK UNIT NO. NR 108-642 CONTRACT Nonr u'222(08)

OBJECTIVES

(a) To examine the carbohydrate metabolism of several species of
mollscs to determine the extent of commn pathways such as glycolysis
avii the pentose phosphate pathway, (b) to learn whether or not unique
metabolic sequences play an important role in the life of these animals.

ABSTRACT

Using 1 ifferentially labeled sugars and comparing the
quantity of I 02 expired, we have tentatively determined that the
molluscs, Mytilus californianus and Haliotus rufescens utilizes
both the Emibden-geyerhof-Parnas Pathway rad the Pentose phosphate
pathway. The presence of these pathways have been confirmed in
crude cell free preparations by demonstrating the presence of key
enzymes of both pathways in both organisms. The pattern of enzyme
activities indicate that the operation of glycolysis may differ
considerably in molluscs as compared to higher animals. Enzymes of
triose phosphate metabolism are limiting whereas *glycerophosphate
dehydrogenases were very high. Phosphofructokinase appears to be
controlled allesterically by ATP and AMP and cyclic- 3;5'AMP.

Plans for the Future
(a) Determine the pathway for (-glycerophosphate metabolism

in molluscs. (b) Determine whether the carbohydrate metabolic
pattern found in the above two molluscs is a general property of all
molluscs. (c) Examine the ways by which such organisms control their
metabolic rate. (d) Assay for enzymes of galactose metabolism-
especially those leading towards galactogen formation.

Current Reports and Publications
a) R. Bennett, Jr. and H. I. Nakada, "Coarative Carbohydrate

metabolism of Molluscs". Pacific Slope Biochemical Conference 1966.
b) Two papers presently in preparation.
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LSSNSAND IRnWUELLUIAR DIGESTIONIN SEA STARS

George S. Araki
San francisco State College

Francisco, California

ASSSTED BY J. Baker

WORK UEI NO. MR 1o8.68 CONTRACT N014-66-C0317

OBJECTIVES

To investigate intracellular digestion in the marine invertebrate
Patirla miniata and to ascertain the involvemcnt of ysosomes.

ABSTRACT

Lysosomee are recently found intracellular constituents, bound by
a membrane, an housing a variety of acid hydrolases, prominently, acid
phosphatase. Heterophagic digestion as described by De Duve is based on
fusion of primry lysosomes with phagosoes. Thus far, only a few mamma-
lian cell types and protozoans bear out this hypothesis. The present
investigation is directed at testing the sea star intestinal tract, which
is characterized by intracellular digestion, for the heterophagic diges-
tion hypothesis.

Initial results indicate relatively large vacuoles in epithelial
cells of the intestival and pyloric caeca of the sea star. These vacuoles
are absent from the cardiac stomac. Positive acid phosphatase activity
as determined histochemically by the azo-coupling technique is localized
within the same vacuoles, thus suggesting the possibility that these are
heterophagic vacuoles. It is not yet clear whether other enzymes are
also localized within these vacuoles. Azoalbumin and other- pigmented
substances accumulate in the vacuoles. Primary lysosomes, however, have
not been demonstrated yet.

PLANS FOR FUTURE

a) to continue characterization of the vacuoles histochemically,
b) to isolate the vacuoles by differential centrifugation and character-
ize their enzymatic components biochemically, and c) to trace protein
digestion within vacuoles.
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APPLICATION OF MICROWAVE ABSORPTION AT 3000 MC
FOR THE DETERMINATION OF ELECTROLYTE CONTENT OF SOLUTIONS

A. A. Albanese
The Winifred Masterson Burke Relief Foundation

White Plains, New York

ASSISTED BY L. A. Orto, E. H. Wein, and M. E. Rosenquest

WORK UNIT NO. MR 108-703 CONTRACT Nonr 5036(00)

OBJECTIVES

(a) To quantitate and correlate electrolyte and non-electrolyte
content of biological fluids in man; (b) to evaluate applications of this
analytical principle to problems of marine biology and biochemistry.

ABSTRACT

Determinations of total electrolyte content of various sea water
samples by the microwave procedure were continued. In general, the
observed values of open sea waters tested were in good agreement with
the published data of Wolf (Wolf, A. V., "Aqueous Solutions and Body
Fluids," Hoeber Medical Division, Harper & Row, New York, N.Y. ,1966).
Shore waters showed considerable variations from the norm. It has be-
come apparent from these observations that a flow type cell and minia-
turization of the microwave apparatus Is needed in order to realize the
full practical potential of this method. A practical cell for continuous
measurements has been designed, and development of a compact micro-
wave unit is in progress. It is expected that the new unit will permit a
two- to three-times reduction in sample size.

The method has also been applied to studies in man on the effects
of various hormones on total urinary electrolyte output and its relation-
ship to total nitrogen and calcium excretion. In this manner, some here-
tofore unsuspected electrolyte imbalances Induced by adrenal substances
have been uncovered--namely, the fact that steroid induced calcium loss-
es are compensated by the retention of sodium and potassium.

19
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PLANS FOR FU7URE

(a) Complete development, standardization, and calibration of a

compact and mobile microwave apparatus; (b) application of the new unit
to problems of marine biology, e.g., correlation of total electrolyte con-

tent to density of micro-organlsms; (c) extension of studies on the appli-

cation of microwave absorption techniques to problems of human metabo-

lism and electrolyte changes in blood preserved by freezing.

CURRENT REPORTS AND PUBLICATIONS

(a) A. A. Albanese (1966), "Clinical techniques for evaluating
parenteral feeding." Presentation at a Postgraduate Course on Animal and
Clinical Pharmacologic Techniques in Drug Evaluation. Hahnemann Medi-
cal College and Hospital, Philadelphia, Part I, January 24-28.

(b) A. A. Albanese (1966), "Clinical techniques for evaluating
anabolic agents." Presentation at a Postgraduate Course on Animal and
Clinical Pharmacologic Techniques in Drug Evaluation. Hahnemann Medi-
cal College and Hospital, Philadelphia, Part II, May 16-20.

c) A. A. Albanese (1966), "Effect of exercise on nutritional re-
quirements." Presentation at Gordon Research Food and Nutrition Con-
ference, New London, New Hampshire, July 18-22.

Cd) A. A. Albanese and L. A. Orto (In press), "Urinary excretion
of amino acids," in "Newer Methods of Nutritional Biochemistry," Vol.
3 (A. A. Albanese, editor), Academic Press, New York.

(e) A. A. Albanese, E. J. Lorenze, and L. A. Orto (1966), "Carbo-
hydrate tolerance in mature adults." Presentation at the 19th Annual
Meeting of the Gerontological Society, New York, N. Y., Nov. 3-6.

) A. A. Albanese and L. A. Orto (In press), "Dietary proteins
and nitrogen balance," in "Studies on Nutrition Problems" (E. Turchetto,
editor), Artl Grafiche Emiliane, Bologna, Italy.
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HYISO6TATIC PRESSURE EFFECTS ON MOACRCHOLECULES

A. H. Nishikawa, R. R. Becker and R. Y. Morita
Oregon State University

Corvallis, Oregon

ASSISTED BY

WORK UNIT NO. MR 108-708 CONTRACT N00014-66-Co253-AO2

OBJECTIVES

(a) To ultimately understand the marine biosphere in molecular
terms, (b) to use macromolecular models to study the effects of
temperature and hydrostatic pressure on subcellil.r components of
living systems in the marine biosphere.

ABSTRACT

Polyvalyl-ribonuclease (PVRNase) made by reacting bovine pancreatic
ribonuclease A with N-carboxy-anhydrides of valine has been chosen as
the model system for studying the effects of hydrostatic pressure and
temperature on protein-protein interactions. This choice was suggested
by earlier observations in this laboratory that certain polyvalyl
derivatives undergo thermal aggregation at moderate temperatures
(about 300 - 400 C) compared to the unmodified enzyme (little aggregation
seen even at 990C). Studies of the PVRNase system in a high pressure
optical cell had revealed that the aggregation has associated with it
an unusually high volume of activation (AV* = 250 ml/mole). This was
ascribed to the hydrophobic nature of the intermolecular aide-chain
interactions of the added valine peptides in PVRNase. In addition an
increase in the ionic strength of the solution was found to have a
significant lowering effect on the AV*. This indicated that the alpha-
amino termini of the added valine chains could not be neglected in
considering the forces involved in these aggregation reactions.

In efforts to purify PVRNase for subsequent studies, gel filtration
(Bio-Gel P-30, a polyacrylamide gel) was tried. Two fractions were
obtained which corresponded to monomeric PVRNase and aggregates of
PVRNase. This separation on the basis of molecular size however, did
not rule out contamination of monomeric PVRlase by high molecular weight
valine peptides. Hence, we resorted to column chromatography on
phospho-cellulose following the general approach reported by Anfinsen
et al., JBC 237, 1825 (1962).

A preparation of PVRNase (derignated P5) was selected for studies
at normal atmospheric pressure on the nature of the thermal aggregation.
Amino acid analysis and dinitrophenylation indicated that P5 contained
9 added valine chains with an average length of 2.5 valines per chain.
With yeast RA as the substrate, enzymatic assay of PS showed 63% of
the activity of unmodified RNMse.
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Thermal aggregation studies were performed in a Cary 14 Spectro-
photometer with theraostated cuvette holders held at 390C. The actual
temperature of the solution inside the cuvette was monitored with a
Y.S.I. thermistor thermometer which was coupled to a recorder to plot
change of temperature with time. Aggregation was measured by a change
in absorbance at 320 mu.

The reaction order, n, for the aggregation was found to be about
1.7 at pH 7.40 and 7.93, both at 390C.

The rate of aggregation increased monotonically with ionic strength
from zero to 0.6 M NaCi.

In a study of pH effects, no aggregation was observed from pH 3.5
to pH 6.2 in 0.05 M buffers. In phosphate buffers a wide peak in the
aggregation rate was observed from pH 6.2 to 8.0 with a maximum rate
noted at pH 7.1. It was further observed that in TRIS buffers the
pH-rate profile was shifted to pH 7.2-8.3 with a new maximum at pH 7.7
or 7.8

A marked effect of specific polyvalent anion binding on the thermal
aggregation of PVRNase has been noted. The interaction of PVRNase with
these anions apparently affects the conformation of the added polyvalyl
chains. Difference spectral techniques are being used to study the
ccformation of PVRNase relative to native RNase.

PLANS FOR FUTURE

(a) To elucidate the nature and magnitude of the anion-affected
conformation of PVRNase (b) a systemic study of the response of PVRNase
to high hydrostatic pressure (c) a systematic analysis of hydrophobic
interactions and their behavior under hydrostatic pressure.

CURRENT REPORTS AND PUBLICATIONS

(a) A. H. Nishikawa, R. R. Becker and R. Y. Morita (1967),
"Studies on the Thermal Aggregation of Polyvalyl-RNAse", submitted
to Fed. Proc.
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A STUDY OF ORGANIC MATERIALS FOUND IN THE UPPER 60 MICRONS
OF THE SEA SURFACE AND THEIR RELATIONSHIPS TO SURFACE FILMS

George W. Harvey
University of California, San Diego

La Jolla,. California 92037

ASSISTED BY

WORK UNIT NO. MR, 108-739 CONTRACT N 00014-67-A-0109-0006

OBJECTIVES
(a) To determine the kinds of particulate materials found in the 60 micron

layer and to investigate their relationships with the adsorption of natural surfact-
ants in fresh surface samples, (b) to observe the seasonal variations of populations
of microorganisms and to relate these to ripple damping, surface tension, relat-
ive chlorophyll and protein concentrations, turbidity, wind velocity, salinity and
light intensity, (c) to compare the 60 micron layers from Klamath Lake, Oregon,
San Vicente Lake, Calif., and Concepcion Bay, Baja California, with that from
La Jolla Bay, Calif. ABSTRACT

Samples Gbtained by means of a newly devised surface collector indicate
larger amounts of organic materials In the thin 60 micron surface layer of the
sea than in the water at a depth of 10 cm. These organic materials include
living nannoplankton organisms, structural components of disintegrated organ -
isms surface-active substances, chlorophyll and carotenoid pigments. Large
populations of little known or undescribed microorganisms that fluctuate widely,
apparently under seasonal influence, were found in this layer. Some of these
organisms appear to be characteristic of the 60 micron layer. Similar organ-
isms were found both in La Jolla Bay and Klamath Lake, Oregon. The sizes
and kinds of population and presence of red tides and bioluminescence are
correlated with turbidity, chlorophyll and tryptone content and time of day.

PLANS FOR FUTURE

(a) To identify and characterize the quantitately Important micro-
organisms and the associated surface active materials of the 60 micron surface
layer.

(b) To assess the role of microphysical oceanographic factors, light
intensity and other seasonal conditions in the sea surface environment.
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CURRENT REPORTS AND PUBLICATIONS
(a) G. W. Harvey (1965), "A Study of Plankton Organisms and OrganicMaterials in the Upper 60 Microns of the Sea Surface and their Relationshipsto Surface Films. " Applied Oceanography Group Technical Report No. U-621,25 pp.
(b) 'licrolayer Collection from the Sea Surface: A New Method andInitial Results, " Limnol. and Oceanog. , 11 (4): 608-613,1966.(c) G. W. Harvey (1966), "A Law Velocity Plankton Siphon. " AppliedOceanography Group, Scripps Institution of Oceanograhly, 2 pp. Limnologyand Oceanography, 11 (4).(d) G. W. Harvey and M. B. Harvey, "A Rapid, Simplified MicrofmltrationMethod for Nannoplankton," in preparation.(e) G. W. Harvey, "A Ripple Tank for the Simultaneous Measurement ofSurface Tension and Damping," in preparation.(f) G. W. Harvey, "Neuston and Organic Films at the Sea Surface," Inpreparation.

(g) G. W. Harvey, "A Rapid, Simplified Method for the FluorometricEstimation of Chlorophyll a, "in preparation.
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AN INVESTIGATION OF THE NUCLEIC ACIDS IN
GRIFFITHSIA GLOBULIFERA

Maimon Nasatir
The University of Toledo

Toledo, Ohio

ASSISTED BY A. E. Brooks, P. C. Maloney, R. L. Kornblith, V. L. Giordano

WORK UNIT NO. MR 108-759 CONTRACT Nonr 3070(04)

OBJECTIYES

(a) To develop a method of isolating high molecular weight DNA
from red algae and (b) to determine the constancy of the base ratios of
DNA throughout the life cycle of an organism.

ABSTRACT

A method has been developed for the isolation of nuclei from red
algae. A DNase has been described from Griffithsia alobulifera. A
modification of Marmurs method has been used to isolate the DNA from
several species of algae. The base ratio of the DNA has been charac-
terized by density gradient centrifugation and by the characteristics
of its hyperchromic shift when heated.

PLANS FOR FUTURE

To try to grow Griffithsia in sterile culture so that the DNA
can be labeled with isotopic markers. This will enable us to attempt a
hybridization experiment in order to determine the similarities in the
DNA throughout the life cycle.

CURRENT REPORTS AND PUBLICATIONS

(a) P.C. Maloney, A.E. Brooks, V.L. Biordano, R.L. Korublith
and M. Nasatir, (1965) "Determination of G-C content of DNA from
Grifitheig alobglifera', Biological Bulletin, Vol. 129, No. 2, 414-415

(b) A.. Brooks, P.C. Maloney, Z.L. Korublith, V.L. Giordano and
M. Nasatir, (1965) "Isolation of nuclei from red algae' Biological I
Bulletin, Vol. 129, No. 2, 400-401

(c) A.I. Brooks and M. Naeatir, (in press) "ne DNA of a sewen
chromosome strain of AstreghaMene !ieinrculL

(d) A.B. Brooks and H. Natir, (in press) 'DA of the arina
red alga, Griffithus &I1lle Il
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M ETABOLIC BIOCHEMISTRY

It is not enough to say, "Other agencies are supporting work in this
field." The information gleaned from study of cancer may be applicable to
the control of the proliferation of organisms responsible for fouling, and
it can happen that busy investigators engaged in cancer research will not
have the time nor interest to explore thoroughly aspects of new avenues of
renearch which have specifically naval connotations. With this in mind,
we must retain a certain amount of interest in studies which may appear
superficially to be in the fields of public health or general science. It
is also desirable to retain as much as possible of the on-going research,
began when the program was less specifically Naval in its objectives and
now reaching the harvest time. The group of studies reported here are
largely continuations, but we hola open the possibility of considering new
research which could not possibly be called "Marine Biochemistry," but
which promises to generate new information especially useful to the Navy.
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THE ROLE OF ENERGY PRODUCTION AND ENERGY REQUIREMENTS

IN THE PROCESS OF WOUND HEALING IN GRANULATION

T. G. Blocker, Jr.
University of Texas Medical Branch

ASSISTED BY W. W. Nowinski and J. P. G. Williams

WORK UNIT NO. MR 106-198 CONTRACT N. ONR. 1598 (05)

OBJECTIVES

To investigate the role of glycogen and mechanism of its forma-
tion in epitheliun, and its relation to the energy metabolism in wound
epithelium.

ABSTRACT

Full thickness wounds are produced in rats and mice either by
a simple incision or by the total removal of a small piece of skin, in
mice the wounds are produced on the dorsal surface immediately
posterior to the neck, the wounds in rats - being simple incistons,
were made inore posteriorly. After different time intervals the edge
of the wound is removed and either quick frosen in freon cooled with
liquid nitrogen or fixed in cold acetic acid - alcohol. Sections are
prepared either from paraffin embedded material or in a cryostat.
The sections are stained with the periodic-acid-schiff reaction using
diastase as a control. Granular P.A. S. positive material which could
be removed with diastase was identified as gi, cogen.

Glycogen could be detected from 12 hrs. postoperatively until the
wound was fully healed and it was found In nearly all of the cells of the
migrating portion of the epidermis. Contrary to others, glycogen has
been observed in cells of the basal layer, however glycogen has never
been found in cells undergoing mitosis:-- it is broken down prior to
metaphase. Cell reproduction is not necessary for the migrations of the
epithelium nor for the productlon of glycogen as both of these phenome-
non are observed In animals which had boon treated with 5-fluorouracil-
an inhibitor of thymidylate synthetase. Epithelial glycogen is extremely
stable and Is found in large quantities in the wound epithelium after
adrenalectomy and after tihe njection of Epinephrine. When the liver
store of glycogen was depleted by starvation the glycogen acumulated in
the regenerating epidermis was similar to that seen in the normally fed
control animals.

Glycogen rapidly disappears from the epidermis after the wound
has become completely covered with a continuous keratinised epithelial
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sheet. Glycogen is not entirely restricted to the migrating epidermis
covering the wound but after an injury can be demonstrated in a gradient
extending approximately 1 mm into the 'old' epidermis. The edge of the
old epidermis, -- identified by the proximity of hair follicles, the
presence of keratin and granulation tissue, often shows cellular
hypertrophy.

Since glycogen is found in cells of the hair follicles and sweat
glands it might be suggested that these cells or their products contribute
to the glycogen accumulation. It was of interest therefore to examine
an essentially hairless mammal in this regard. The opportunity arose
to examine sevteral dolphins (Tursiops truncarta) shortly after death.
These animals had small abrasions; these areas and pieces of normal
skin were examined histochemically for the presence of glycogen. No
glycogen was found in the normal epidermis but in the epithelium of the
wound area glycogen was demonstrable. Since glycogen occurs in the
wound epithel.urn of a mammal which has only one cell type in the epi-
dermis, other types of cell cannot be implicated in the origin of this
material.

Glycogen cannoc be demonstrated in the normal uninjured epider-
mis by histochemical staining method, however after injury large
amounts of this product can be observed in the migrating epithelium. It
is clearly an anomaly that an energy storage material should be found in
more active cells but not in their less active analogues. A few theories
have been produced to account for this, they all depend on some
unidentified breakdown in the normal carbohydrate pathway. We have
constructed a new hypothesis which suggests that normal glycolysis
energy productio, from glucose is not interfered with and that the
accumulation of glycogen is of no direct significance to the cell or the
organism but is bound to a common pathway w'th a mechanism that i
essential for tissue repair. This hypothesis delineates the precise
biochemical steps involved. The hypothesis accounts for all of the
existing data but the crucial test can only be made when adequate
techniques are developed. The necessary techniques, both ultramicro-
chemical and isotopic, are in process of being worked out. If the
hypothesis is proved correct it is expected to have significance in
several different areas, e.g. cell biology, biochemistry, pharmacology
and physiology.

CURRENT IEPOR rS AND PUaLICATIONS

(a). Williams, J.P.G.. Glycogen in the epidermis of the
dolplAn Tursiots t uncarta , sent to Comparative Physiology and
Biochemistry (ready for publicution)
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NUCLEIC ACIDS IN REGENERATING
WOUND TISSUE

M. B. Williamson
Loyola University, School of Medicine

Chicago, linois

ASSISTEDBY T. C. Thachet

WORK UNIT NO. ,nt i08-315 CONTRACT Nonr-3502 (02)

OSJECTIVES

(a) To study the metabolism of RNA in regenerating wound
tissue; (b) to isolate the m -RNA in the nucleus of wound tissue
cells which is involved in collagen monomer formation; (c) to in-
vestigate the conditions which affect the rate of protein synthesis ir
regenerating wound tissue.

ABSTRACT

Nuclear RNA found in wound tissue at various stages of
formation has been separated into a large number of fractions (1).
From wound tissue which has developed for 8 days (a time when
fibroblasts are the most prevalent type of cell in this tiqsue (2) and,
presumably, collagen synthesis is at or near a peak), we have iso-
lated i2 RNA fractions from the cellular nuclei, nine of which are
distinct on the basis of purine and pyrimidine composition. Further
characterization of these RNA fractions has been carried out by
studying their rate of formation.

The rate of synthesis and turnover of nuclear RNA has been
followed in the wound tissue of rats on the 8th day after wounding
by administration of tritiated-uridine and removal of the tissue at
short intervals thereafter. The different s-RNA fractions are
formed and leave the nucleus very rapidly. Since these fractions
represent only a small part of the total nuclear RNA and are usu-
ally contaminated with some m-RNA, it is difficult to assess the
fate of these RNA molecules with confidence.

Five distinct fractions of m-RNA can be identified on the
basis of base composition. Undoubtedly, each of th.se fractions is
a mixture. Two types of m-RNA fractions are identifiablE accord-
ing to the size of the molecule. The two smaller-sized m-RNA
fractions are formed relatively slowly and turn cver slowly. The
m-RNA molecules in ihe other fractions are larger and are synthe-
sized between 3-8 times as rapidly. The turnover of theie heavier
m-RNA molecules is also more rapid. One of these m-RNA
fractions in particular is formed and turned over very considerably
more rapidly than any other RNA fraction. It is postulated from
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this and other evidence that the m-RNA involved in the synthesis of
the monmeric precursor of collagen is probably to be found in this
fraction.

Several fractions of essentially identical base composition have
been isolated. Because these are thought to be the largest RNA
molecules in the nuclei, it has been presumed that they consist
mainly of ribosomal and polysomal RNA, contaminated with some
amount of m-RNA. From the rate of synthesis of 'the RNA in these
fractions, it has been deduced that one fraction is the principal one
synthesized and that the others are derived from this one by some
auxilliary process.

PLANS FOR FUTUR E

(a) To study the effect of the various nuclear RNA fractions
from wound tissue on the rate of incorporation of labeled amino acids
with particular reference to the synthesis of collagenous and non-
collagenous proteins

(b) To further purify and characterize the nuclear RNA
fractions

CURRENT REPORTS AND PUBLICATIONS

(1) Williamson, M.B., and Thachet, T. C., Arch. de Biochim.,
_0, in press (1967)

(2) Williamson, M.B., and Beuret, L. J., unpublished data
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PROPERTIES OF EDROGMZNSE

David Rittenberg
Colubia -University
Nw York, New York

ASSISTED BY

WORK WNIT NO. MR 108-047 CONTRACT Nonr 4259(02"

OBJECTIVES
1. To investigate effect of' wavelength on photochomlcal activation

of 00 inhibited hydrogenase.
2. To investigate the struicture of the activated enzyme.
3. To investigate the relationships betwee- structure and function

in the deoq7genated enzyme inactivated by 00 and not susceptible to subse-
quent photoactivatiori.

4. To investigate the fractionation of deuterium in metabolic
processes,

ABSTRACT
None received.
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THE DEVELOPMENT OF FUNCTIONAL CELL STRAINS

Samuel Graff, Ph.D.
Dept. of Biochemistry, Columbia University

New York, New York

ASSTED BY Robert Kassel, Ph.D.

WORK UNIT NO. HR 108-517 CONTRACT Nonr-266(76)

OBJECTIVES

(1) To study animal cell replication and intermediary metabolism,
(2) To utilize animal cell culture systems for the production of

masses of epithelial cells for prospective post-burn therapy grafts, for
the production of bone marrow cells for prospective post-irradiation re-
placement therapy, and for the production of interferon.

ABSTRACT

Established animal cell strains, which can be sub-cultured in-
definitely, propagate in suspension to population density maxima of about
3 to 4xlO cells per ml at doubling times of 24 to 36 hours under appro-
priate conditions.

Apparatus, embodying semi-automatic control of PH and nutrient
supply, and capable of upscaling for mass production of cells, has been
constructed. Two general types of suspension systems are in operation,
one, the cytogenerator, the logarithimically increasing population is
retained until harvested. In practice, an aliquot fraction of the volume,
calculated from the doubling time, is harvested daily for use. In th .

other, a chemostat without conventional nutrient limitation, and under
logarithmic growth, the progeny is harvested by overflow at the doubling
rate. In the chemostat a true thermodynamic steady state is established
under appropriate conditions. This steady-state is exquisitely sensitive
to environmental alterations. Thus, a change in proliferative function
in response to PH change or to the addition of a chemical compound is
reflected in oscillations of measured parameters such as cell concentra-
tion or DNA or RNA synthetic capacity. Thus, the chemostat facilitates
studies on metabolic and replicative mechanisms. Glycolysis, for example,
has been shown to be a detoxication reaction countering excessive glucose
flux.

The capacity to produce large quantities of viable cells opens up
the possibility of establishing cell 5anks fortherapeutic application,
on the one hand, and the employment of mass cultures of living cells as
functional reactors for the production of useful chemical products,
species-specific substances especially, on the other. The production
and study of mouse cells for these purposes, the essential preliminary
to the production of human cells, is in progress. Thus, masses of L929
mouse fibroblasts, grown in suspension and harvested daily, are under
experimental clinical trial as topical burn dressings. It is anticipated
that antigenic sloughing of topically applied cells will not take place
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until wound healing has commenced.
: ~.:. The efficacy of cultured mouse bone marrow cells which replicate

in suspension after initial changes in cell type distribution to yield a
preponderance of blast cells, is under study at Oak Ridge under Dr.
Charles Congdon. Antigenic complications are not improbable, but already
it appears that lymphocytes can be eliminated from the cultures by
suitable manipulation of PH and oxygen tension. It has been observed that
marrow explants from three-day old mice are not antigenic.

Preliminary studies on human cells for the several above purposes
is in progress, but full scile operations must await the outcome of the
experimental applications of the mouse systems.

PLANS FOR FUTURE

1. To continue studies in termediary metabolism of cells, as, for
example, the mechanism of hormone action at cellular bulls.

2. To improve and upscale the culture systems.
3. To establish human epithelial cell banks.
4. To establish human bone marrow banks.
5. To produce human interferon.
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PROPERTIES OF NUCLEIC ACIDS IN RELATION
TO BRAIN FUNCTION

H.R. Mahler and Walter J. Moore
Department of Chemistry, Indiana University

Blooming ton, Indiana

ASSSTEDBY M.K. Campbell, R. Thompson, S. Tewari, W.R. Berterman, A.
Campagnoni, G. Dutton, B.J. Remus and K. von Hungen

WORK UNIT NO. MR 108-633 CONTRACT Nonr-908( 20)

OBJECTIVES

The main objective is to establish whether ribonucleic acid (RNA)in
brain fulfills a discrete function in memory and learning. To this end we
have studied a) the isolation and characterization of the RNAs of rat
brain, b) RNA synthesis in isolated brain nuclei, c) ribonucleoprotein
particles from rat brain cortex and d) the kinetics of RNA and protein
turnover in rat cortex.

ABSTRACT

a) About 80% of total rat brain RNA is ribosoma! with two components
showing S2o,w = 17 and 28S, while 20% is soluble RNA with s = 4S. Base
ratios A:U:G:C for these three fractions are 19.5:21.1:30.6:28.7; 18.6:
18.7:31.3:31.4 and 18.1:17.5:3.3:31.1. They are therefore remarkably
similar, and especially the two ribosomal species are closely complemen-
tary to rat DNA. RNA isolated from purified cortex nuclei on sucrose
sedimentation shows peaks in the 4, 16, 28 and 45S regions with relative
"mounts of about 2:4:6:1 respectively. RNA from rat cortex pulsed with
14C-orotate shows two specific activity peaks on MAK column ch-3matography,
one in the region between soluble RNA and 18S ribosomal RNA, the other
beyond the 28S ribosomal RNA.

b) Nuclei capable of catalyzing an active incorporation of radio-
active nucleoside triphosphates into an acid-insoluble polymer have been
isolated by a procedure modified from that of Widnell and Tata (Biochem. J.
2, 313 (1964)]. Two different incorporation systems can be distinguished
depending on incubation conditions.

System A requires the simultaneous presence of all four nucleoside
triphosphates and is inhibited by actinomycin D, pancreatic RNase, RNase Ti
and DNase. It differs from most other DNA-dependent, polynucleotide syn-
thesizing systems whether microbial or animal by its absolute requirements
for spermidine, MgC12 (MnC12 is inhibitory), KC1 (NaCl shows no activity)
and the ATP-generating system. Incorporation is linear for 10 minutes and
accounts for 2-4% of the total radioactivity added or appkoximately 2
iumoles. The product appears to be degraded to a heterogeneous mixture of
various size classes when examined by density gradient centrifugation in
sucrose; upon chromatography on MAK columns it is eluted in the "high sale'
region.

System B incorporates CTP exclusively. It is stimulated only 20 per
cent by the addition of KC1 or spermidine. Rate and extent of incorporatin
is about half that of system A and is resistant to actinomycin D, pancreati

It ase, lNase T1 and Diase. The presence of any combination or permutation

34



of the remaining three bases has no effect on incorporation. Tentatively
the product has been identified as a poly C homopolymec of low molecular
weight.

c) Ribosomes were isolated by means of differential centrifugation of
a deoxyclolate-treated post-mitochondria supernatant. The particle popu-
lation obtained by this method consists mainly of 60S subunits and 80S
monosomes with some dimeric and trimeric aggregates. All particles are
highly active in catalyzing the incorporation of amino acids into polypep-
tide linkage.

Polyribosomes were isolated from rat cortex by a modification of the
method described by Bont et al (Biochem. J. 2, 15c,1965). The resulting
population consists of polymeric aggregates to the extent of 80% or better.
The sow values of the first six members determined in the analytical
ultracentrifuge are 76, 118 148, 178 and 238S respectively. Sucrose den-
sity gradient analysis and electron microscopy support the assignmekit of s
values. The particles are highly active in protein synthesis in vitro; in
vivo pulses of labeled amino acids show incorporation of nascent protein
predominantly into the largest members of the population. Therefore the
system probably reflects the situation obtaining in cortex with relatively
little degradation during isolation.

d) We have attempted to obtain a gross overall picture of macromole-
cular metabolism in rat cortex by following the uptake and loss of labelled

RNA and protein precursors (14C-orotate and 3H-leucine) in several subcel-
lular brain fractions. The labeled compounds were injected intraventri-
cularly into a number of rats, which were then sacrificed after various
lengths of time for determination of distribution of label in various sub-
cellular fractions obtained by differential certrifugation. We dr&w the
following inferences from the data obtained so far: (1) Synaptic vesicles
have a long half-life, which impli 2s either that they are transported to
the nerve endings by slow axoplasmic flow or that they are reutilized after
releasing transmitter at the synapses. (2) Mitochondria turn over at a
much sloder rate than any of the other subcellular structures, which fact
is consistent with the theory that they reproduce semiautonomously and that
their half-life approaches that of the cell as a whole. (3) Ribosomes de-
cay as entities, since the ribosomal protein and RNA have the same half-
life. (4) Myelin does noc become labeled, indicating that myelin synthesis
in adult rat brain is extremely slow. (5) Except for nuclei, which have a
complicated labeling pattern, the RNA turnover rate is nearly the same for
all the fractions - probably because we are detecting RNA that is prodomi-
nantly ribosomal in all the fractions.

PLANS FOR FUTURE

The work on nuclear and messenger RNA synthesis in vivo and in vitro
and the characterization of these species is to be continued, as are the
turnover experiments. We also plan to explore the feasability of correlat-
ing RNA synthesis in neurons directly with brain function.

CURRENT REPORTS AND PUBLICATIONS
PAPERS PUBLISHED: a) Mahler, H.R., Moore, W.J.,and Thompeon,.J.,Isolation
and Characterization of RNA from Cerebral Cortex of Rat, J. Biol. Chem.241,
1283 (19), b) Campbell, .K., Hahler,.LR., Moore,W.3.,and Tewari, S.,
Protein Synthesis Systems from Rat Brain, Biochemistry 1, 1174 (19).
PAPERS SUBMITTED: a) CampagnoniA. and Mahler, H.R., Isolation and Proper-
ties of Polyribosomes from Cerebral Cortex, Biochemistry.
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STUDIES ON AMINE METABOLISM DURING ANAPHYLAXIS

0. H. Callaghan
The Chicago Medical School

710 South Wolcott Avenue
Chicago, Illinois 60612

ASSISTED BY C. L. Petts and S. Nadackapadam

WORK UNIT NO. MR 108-716 CONTRACT NO )xh-67-A-0397-O001

OBJECTIVES

(a) To document the changes in amine content of guinea pig lung
before and after antigenic challenge (b) to study amine substances of a
peptide-like nature which cause contractions of guinea pig ileum (c) to
determine the relationship of these materials to the "slow-reacting
substance" of Brocklehurst.

ABSTRACT

A general method has been developed for the determination of amines
in tissues. The method relies on the procedure, developed by other
authors, of preparing fluorescent "dansyl" derivatives by reaction with
dimethylaminonaphthalene sulfonyl chloride (DNS-Cl). Slices of lung from
ovalbumin-sensitive guinea pigs were incubated with ovalbumin (1 mg/ml)
in Tyrode solution for 10 minutes at 37*C. In addition to control slices
(without ovalbumin) zero-time control lung was obtained by crushing fresh-
ly-exciped lung between metal blocks chilled to the temperature of liquid
nitrogen. All tissues were extracted by homogenization and deproteiniza-
tion with zinc sulfate and sodium hydroxide.

Dansyl derivatives were extracted with chloroform from the super-
natant before and after acidification to pH 2. The derivatives were
separated both by chromatography and high-voltage electrophoresis and
measured quantitatively on the paper by fluorometric scanning. The
results showed that the intracellular concentration of histamine declined
upon incubation and this deiine was increased by ovalbumin.

Studies with 2-(ring C) histamine indicated that about 20% of the
histamine which disappeared had been methylated by the imidazole methyl-
transferae. The remainder appears to be lost by oxidation; this is in-
ferred from the non-disappearance of histemine under anaerobic conditions.
A dansyl-peptide which accumulated in the tissue after antigenic challenge
was isolated by chromatography on columns of Sephadex G-25. This separa-
tion led the author to large scale fractionations of peptides from lung
supernatants using 1 metre columns of Sephadex G-25. The individual pep-
tide fraction3 were re-purified on columns of Biogel P-4 and lyophilized.
A coaparison of the peptides obtained from zero-time (frozen) lung and
lung slicea after 10 minutes challenge with ovalbumin indicated that cer-
tain peptide fractions decrease in weight while others increase. The
possibility that there is enzymic interconversion of these peptides is
being studied.

None of the peptides from the zero-time preparations caused contrac-
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tions of guinea-pig ileum, but a peptide which accumul'Ated in the 10-
minute extract caused a slow sustained Lmtraction apparently similar to
the action of olwo-reacting substance (SRS-A).

Amino acid analyses indicated that the peptide contained neither
histamine nor histidine. Peziodate estimations indicated 2-3% (N/v) of
carbohydrate in glucose equivalents. After hydrolysis (1 hour at l0O*C

in 1 N HCl) chromatography for sugars indicated the presence of hexos-
amines and n-acetyl hexosamines. W. G. Smith (Nature 209, 1251, 1966) has
reported that SRS-A contains carbohydrate. Attempts are being made to
further purify the writer's peptide material in order to determine the
effectiveness of the peptide and carbohydrate moieties in the bio-assay.

Of the peptides thus far investigated, none appear to contain
significant amounts of histamine or histidine.

PLANS FOR FUTURE

(a) To ascertain whether mines from guinea pig lung can be con-
verted by various enzyme preparations (esterases, proteolytic enzymes,
etc.) into biologically active materials giving positive bio-assays on
either the guinea pig ileum ("slow-reacting" contractions) or the skir
(vaso-active response) (b) to perform further purification and chemical
analysis on biologically active sub tances from guinea-pig lung (c) to
investigate uptake of radioactive ZC-histidine into subcellular frac-
tions of guinea pig lung.

CURRENT REPORTS AND PUSLICATIONS

Callaghan, 0. H.(1965), "Alterations in mine content, including
Histamine, of Guinea Pig lung slices during antigenic stimulation; a
possible histidine precursor." Fed. Proc. 24, 2475A.
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110MUNOCUIKICAL STUDIES-ON
MAMMAL IAN liOMOTRASPLANTS
Franklin L. Ashley# N. D.
Department of Surgery

UCLA Center for the Hesilth Sciences

ASSISTDBY Los Angeles, Cali.fornia 90024

WORK MOT NO. MR, 108-7L2 CONTRACT Monr-233(86)

OBJECTIS

(a) to study the effect of various thymus fractions o0A
the saturation of lymphocytes in immature ratso (b) to
investigate the histocaspatibILcy antigens derived from
thymus, spleen, skin, and livero (c) to evaluate the
effects of spleen, thywaus and skin extracts on homograft
tolerance.

ABSTRAC~f

Our previous iu7estigaclions have indicated that strong
histocompatibility antigens in the thymus are similar immuno-
logically to those in the epidermis. The major effecte
of either thiymus or epidermal antibody on neonatal rats is
to decrease the growth rate, interfere with the development
of the thymus and the saturation of the immunologic system
generally, including the spleen, and to impair the growth
and development of normal epidermis. Anti-epidermal anti-
body is nearly as potent as antithymus antibody in impairing
the growth and normal development of the thymus. The
specific spectrum of histocompatibility antigens shared by
these two types of tissues are under intensive investigation,
utilizing column guadient chrouatography under a variety
of conditions. As these fractions are isolated and charac-
terized they will be utilised to determine their ability
to induce the production of antibody which impairs the
previously described biologic functions. Those fractions
which show the highest degree of activity will be studied
is an effort to decrease the homograft reaction and to
determine the specificity of such decreases. Our studies iu
the past year have indicated that homologous cross absorbed
autithymus and anti-epidermal antibody are promising in this
respect. Antispleen antibody differs significantly from
either of the two previously mentioned antibody preparations
in that there is no diminution In growth rate in neonatal
rate, nrL -.-ou* interference with the development of the
bymus or epidermis. Thus It appears that the antibodies

produced &&&Last the homologous spleen do not have the same

spectrm. or concentration of histocoupatibility antigens
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present in the previously described two tissues. It is of
I interest, however# that specific honologous antispleen

antibody is uore effective in prolonging homosraft survival
than either the &nti-epideruis or antithyaus antibody.

CURRENT REPORTS AND PUBLICATIONS

Ashley, Franklin L., Joues, Joyc*, and Henderson, T.:
lVmunological Studies on the Histocompatihility Antigeus
of Romologous Rat Tissues. To be presented to the American
Association of Plastic Surgeons, Toronto, Hay, 1967.
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CHIU ERUA MTABOLISM

dwin M. Uyeki
Kansas University Medical CoWnter

Kansas rity, Kpnsav

AUSTED BY

W=5 NoT No. H 108-7L5 W",ucT Nooo-67-c-0166

OBJECTIVES

We propse to atudj' the posibility of oltevid dzug uetabolim in nioe
that have bae protected from lethal x.-iadiaton by the injection of
foreign hSOOmpIetic tisSUe (&timaa). The liver is the major siJt for
drug detwoation. Recent ezperiments have indicated that v.-irradiation
sup reee the a&3tiy of the host to respond to a diug-med t.ed stim-
lation of vicroecal drug-aetabolizing enzymes. epatomegly z a. oonsis-
tent fi=11ng in alloeneic and mnogensei radiation o* eroas. An Lportzi
question to be resolved is whether the hepatmeg0a. reflects a return of
the functional Capacity of x.irradiated animals protected with foreign
hmopoletie tismes. We would also M±1e to izwestipte the effects of
various antmietotic and antitior agent. on drug metabolizing enzmes
the microeeual fraction.

ABSTRACT

Contfat has not been in force long eough for progre to be reported.
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THE EFFECT CF LEUCOGENENOL ON ANIMAi.S 3BJECTED
TO X-RAY RADIATION

F. A. H. Rice
The American University

Washington, D. C.

ASSISTED BY

WORK UNIT NO. MR. 1O8-72 CONTRACT N00014-67-C-0275

OBJECTIVES

To study the effect of "Leucogenenol" on the production and distri-
bution of blood cells in animals subjected to X-ray irradiation.

ABSTRACT

A compound that induce. - leucocytosis in animals has been isolated
from the culture medium (Czapek-Dox) of P. gilmanii. It has been named
"Leucogenenol". Preliminary experiments have shown that when Leucogenen-
ol is injected i.v. into mice (O.4y/mouse) 48 hours after irradiation
with 400 rads, the mice show a fourfold increase in total white cell
count over that of the controls at the end of approximately a week.

PLANS FOR FUTURE

To study the action of Leucogenenol on the production and distri-
bution of white blood cells in irradiated mice as a function of the
quantity, time or times of injection and the amount of irradiation.

CURRENT REPORTS AND PUBLICATIONS
(a) F. A. H. Rice (1966), "Isolation from P. gilmanii of a sub-

stance that causes leucocytosis in rabbits." Proc. of Soc. for Eptl.
Biol. & Med., 2 189.
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I MMUNO C HEMI S TR Y

The description of interests given as a prelude to the sections on
Marine Biochemistry and Metabolic Biochemistry is applicable throughout the
program. The section of imrunochemistry differs more in the tools used to
serve those interests thin in the reason for support. The phenomenon of
serological specificity is a matter which may affect naval operations in a
number of ways. Because vaccines are spcific, a recruit must be given a
great number of "shots" instead of one t., protect him against whole classes
of bacteria, agrlInst families of -iruses or perhaps against a wide variety
of toxins. Because of specificity, the technical capability for storing
and applying blood and tissue banks for the treatment of injuries and
disease must wait until the problems of rejection of alien proteinaceous
material has been solved to be useful. Within the scope of comparative
serology lies a great promise of rapid and accurate classification of
organisms which might be used br the Navy in a variety of contexts. Hence,
we have retained a program devoted to the establishment of the basic facts
about one aspect of biochemistry--the nature and consequences of the immune
response.
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MECHANISM OF ANTIGEN-ANTIBODY REACTIONS AND SIMILAR NONSPECIFIC
REACTIONS BETWEEN PROTEINS AND OTHER MACRCMOLECULES

Felix Haurowitz
Indiana University, Bloomington, Indiana

G. Vidaver, M. A. Lopez, N. &zkan; K. L. Knight,
ASMSTED BY Mary C. Tay, G. Kamat, Linda Longerich

WORK UNIT NO. MR 106-035 CONTRACT Noorlhi-67-A-O289-O(Oa

OBJECTIYES

(a) To study antibodies produced in two different animal species in
response to the same antigen and to compare them; (b) to study particu-
larly antibodies of the chicken and compare them with antibodies produced
in the rabbit; and (c) to gain by these and other methods more insight
into the mechanism of antibody formation.

ABSTRACT

Continuing last years experiments with doubly labelled BSA (bovine
serum albumin) to which we coupled equivalent amounts of As(=azopheny-
larsonate) and R4N(=azophenyl-N-trimethylammonium chloride), we isolated
from the blood serum of rabbits injected with this antigen three types of
antibodies (anti-As, anti-R4N ane anti-BSA). Starch gel electrophoresis
of the reduced and alkylated antibodies revealed in all three instances
the presence of 8-10 different L-chains and at least 2 different H-chains.
However, the migration rate of these chains was very similar in all three
types of antibodies. Similarly, we found that trypsin digests of anti-As
and anti-R4N gave almost identical peptide maps. We were not able to find
any consistent difference between the finger-prints of anti-As and anti-
R4N, nor any significant difference in column chromatography of tbc
tryptic digests (1,2). The lack of a clear difference between the maps of
the two anti-haptens suggests that each of the combining sites might be
heterogeneous and, therefore, does not show up in the peptide maps. The
spots found in these maps are, evidently, caused by peptides from those
parts of the L and H chains which are common to all anti-As or anti-R4N
molecules. Preliminary experiments in chicken gave similar results. We
conclude from these results that complementariness of the combining site
to the homologous hapten can be obtained by various amino acid sequences
and that we have to abandon the idea of uniform, well-defined combining
sites in an aLtibody directed against a chemically defined hapten. Two
lectures on antibodies which the principal investigator delivered on
invitation of the German Gesellschaft fuer physiologische Chemie have been
published in English (3, 4), one delivered at the University of Marburg
was published in German (5). Dr. G. Vidaver continued his work on the
migration of glycine into pigeon red cells against a concentration
gradient and described two models of carriers; each of these occurs in two
alternate states which differ from each other either by allosteric trans-
ition or by hydrogen bonding (6).
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PLANS FOR FUTURE

(a) Analysis of antibodies formed in chicken after the injection of
the doubly labelled As-R4N-BSA azoproteins used earlier for the injection
into rabbits (see above) and comparison with rabbit antibodies formed
against the same antigen; (b) Further examination of y-globulins and
antibodies in irradiated and splenectomized animals to find out whether
some of the L chain bands are those of 7-globulins formed in the spleen;
(c) Examination of the fragments I and II found in papain digests of most
antibodies and 7-globulins, and determination of the ratio "fragment I:
fragment IV in the antibodies directed against the azophenylarsonate anion
and the azophenyl-N-trimethylammonium cation.

CURRENT REPORTS AND PUBLICATIONS

1. K. L. Knight, E. F. Gold. M. A. Lopez and F. Haurowitz: Heterogeneity
of Hapten Specific Antibodies, Federation Proceedings, vol. 25, page
678, no. 2760.

2. Katherine L. Knight, Miguel Angel Lopez and F. Haurowitz: Comparison
of Two Hapten-Specific Rabbit Antibodies, J. Biol. Chem., 241, 2286-
2292, 1966.

3. F. Haurowitz: Structure and Formation of Antibodies (Mosbach
Colloquium no. 15, held 1964, published 1966, p. 232-240.

4. F. Haurowitz: The Role of the Antigen in Antibody Formation (15th
Mosbach Symposium on Biol. Chem., held 1964, published 1966,
p. 240-254).

5. F. Haurowitz: Struktur und Bildung der Antikoerper (Behringwerke-
Mitteilungen, 45, p. 37-55, 1966; Discussion p. 56-70).

6. George A. Vidaver: Inhibition of Parallel Flux and Augmentation of
Counter Flux Shown by Transport Models Not Involving A Mobile Carrier,
J. Theoret. Biol., 10, 301-3o6, 1966.
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IMMUNOCHEMICAL CRITERIA OF PURITY OF PROTEINS
AND POLYSACCHARIDES

Elvin A. Kabat
Columbia University, Neurological Institute

New York, New York

ASSISTED BY M. Darner, F. Gruezo, M. E. Kaplan, E. Licerio, K. 0. Lloyd,
C. Moreno.

WORK UNIT NO. MR 106-0lX CONTRACT Nonr 266 (13)

OBJECTIVES

(a) To evaluate existing methods and to develop new methods for estab-
lishing purity of proteins and polysaccharides, (b) to study fundamental mech-
anisms of antigen antibody combination and (c) to correlate structure of poly-
saccharides with immunochemical specificity.

ABSTRACT

Work previously referred to as in press has been published (1 - 5). Studies
are cintinuing on the isolation of oligosaccharides from A, B and H substances
by the alkaline bordiydride method. In addition an Lea substance from human
ovarian cyst fluid is being studied. Very few of the oligosaccharide fractions
isolated appear to contain fucose. The A, B and H oligosaccharides with one
fucose described in the last report and containing the unsaturated reduced residue,
R, CH 2OH-CHOH-CH=CH-CHOH-CH 2OH have been subjected to a cis-hydroxy-
lation which converts them to the hexitols. In each case as well as with the
oligosaccharide GNAc-R gas chromatography showed the presence of glucitol,
mannitol and iditol. R can exist in the erythro or D-threo forms and the cis -
hydroxylation wwld convert the former to glucitol and the latter to a mixture of
mannitol plus iditol as was established with authentic samples of these two com-
pounds. The findings establish that each of the A, B and H oligosaccharides is a
mixture, some molecules being terminated by the erythro and others by the D-
threo form of R (6).

Purified human anti-A from single individuals has been obtained by absorp-
tion on insoluble polyleucyl-A substances and elutlon with N-acetyl-D-galacto-
samine. The anti-A consisted of a mixture of yG, yM and yA immunoglobulins.
The yM and yG anti-A were separated by density gradient centrifugation. Inhibi-

tion studies with oligosaccharides with the yG anti-A showed the reduced A penta-
saccharide to be the best inhibitor with an A trisaccharide next and N-acetyl-D-
galactosamine poorest indicating the participation of all sugars in reaction with
the combining pite. With the yM anti-A, all three compounds were equally
effective as Lihibitars on a molar basis indicating that some yM antibodies may
have combining sites complementary to units as small as a monosaccharide (7).
Reviews on the naw re of an antigenic determinant (8) and on structure and
heterogeneity of antibodies (5) have been published.
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PLANS FOR FUTURE

Studies on the amino acid composition of human antidextran from various
individuals are under way. Efforts are continuing to study the various kinds of
human anti-A and anti-B antibodies. The isolation of oligosaccharides continues
and studies are in progress to develop a new method of degrading blood group
substances which will not degrade those sequences of the molecules which are
destroyed by sodium-hydroxide - sodium borohydride. Studies on the optical
rotatory dispersion of oligosaccharides are continuing.

CURRENT REPORTS AND PUBLICATIONS"

1. Beychok, S. and Kabat, E. A. (1965). Optical Activity and Conformation of
Carbohydrates. I. Optical Rotatory Dispersion Studies on Immunochemically
Reactive Amino Sugars and Their Glycosides, Milk Oligosaccharides, Oligo-
saccharides of Glucose and Blood Group Substances. Biochemistry, 4, 2565.

2. Torii, M., Kabat, E. A. and Weigel, H. (1966). Immunochemical Studies on
Dextrans. IV. Further characterization of the determinant groups on various
dextrans involve - in their reactions with the homologous human antidextrans.
J. Immunol., 96, 797.

3. Lloyd, K. 0., Kabat, E. A., Layug, E. J. and Gruezo, F. (1966). Immuno-
chemical Studies on Blood Groups. XXXIV. Structures of Some Oligosacchar-
ides Produced-by Alkaline Degradation of Blood Group A, B and H Substances.
Biochemistry, 5, 1489.

4. Lloyd, K. 0., Kabat, E. A. and Rosenfield, R. E. (1966). Immunochemical
Studies on Blood Groups. XXXV. The Activity of Fucose -Containing Oligo -
saccharides Isolated from Blood Group A, E and H Substances by Alkaline
Degradation. Biochemistry, 5, 1502.

5. Kabat, E. A. (1966). Structure and Heterogeneity of Antibodies. Acta Hemat-
ologica, 36, 198.

6. Lloyd, K. 0. and Kabat, E. A. Immunochemical Studies on Blood Groups.
XXXVI. The nature of the unsaturated residue in some oligosaccharides pro-
duced by the action of sodium hydroxide - sodium borohydride on Blood Group
A, B and H substances. In press.

7. Kaplan, M. E. and Kabat, E. A. (1966). Studies on Human Antibodies. IV.
Purification and properties of anti-A and anti-B obtained by absorption and
elution from insoluble blood group substances. J. Exp. Med., 123, 1061.

8. Kabat, E. A. (1966). The Nature of an Antigenic Determinant. J. Immunol.
97, 1.
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NATURE OF CYTOTOXIC REACTIONS MEDIATED BY ANTI-
BODY AND COMPLEMENT, AND RELATED PHENOMENA

M. M. MAYER
Johns Hopkins University School of Medicine

Baltimore, Maryland
H. S. Shin, F. A. Rommel, M. B. Goldlust, F. N. Atwell,

ASSISTED BY C. T. Cook, J. A. Miller, M. L. Hayden and K. A. Lauden-
slayer

WORK UNIT NO. MR 106-104 CONTRACT Nonr 248(60)

OBJECTIVES

Investigation of the mechanism of destruction of mammalian cells
by complement.

ABSTRACT

C'3c: We have developed a procedure for isoiationci C'3c from
guinea pig se rum by isoelectric precipitation, chromatography on DEAE
and CM cellulose and by zone electrophoresis on Pevikon. The overall
yield iE about 5 to 7%. The final product is pure as judged by DEAE and
CM cellulose chromatography, as well as hydroxylapatite chromatogra-
phy, immunoelectrophoresis and disc electrophoresis. The sedimenta-
tion coefficient is 7. 5S, and the molecular weight, by sedimentation-
equilibrium analysis, is 180, 000.

The dose-response curve of its reaction with EAC14, Za is con-
cave to the abscissa. Kinetic data conform with the postulated enzy-
matic action of C'4, Za. Each hemolytically active C'2 molecule, as
assayed by Borsos' method, produces at least eight hemolytically active
C'3c sites. Various aromatic compounds, including N-acetyl-L-tyrosyl-
ethylester (ATEe), epinephrine and phloridzin, inhibit C'3c uptake by
cells, but do not block C'3c destruction by C'4, 2a. ATEe also inhibits
the subsequent reactions with C|3b and C'3e.

C'3b: This factor has been partially purified by chromatography
on DEAE and CM cellulose and by zone electrophoresis on Pevikon.

Disc electraphoresis of the present product shows two minor bands in
addition to the major band which carries C'3b activity.

.Q&: We have continued studies of the cleavage of C'Z by C1la in
the fluid phase. Careful attempts to separate the cleavage products,
C'2a and C'2i, by chromatographr on Sephadex G100 have failed. We sus-
oect this indicates that C'2 (MW = 130, 000) is cleaved into two equal,
or nearly equal, fragments. If so, our previous estimate of 81, 000 for
the molecular weight of C'2a would have to be revised to about 65, 000.
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C'4, C'2, C'3e, C'3f, C13a and C'3d: Work on chromatographic
separation of these factor0 frcm guinea pig serum is proceeding, but no
significant results can be reported a% this time.

PLANS FOR FUTURE

(a) Further work on the cleavage of C12 by C'la (b) studies of the
chemical changes of C'3c produced by enzymatic action of C'4, 2a (c)
initial exploration of chemical changes in C'3b during its reaction with
C'4, 2a, 3c (d) further wbrk on purification of C'4, C'2, C'3b, C'3e,
C'3f, C13a and C'3d.

CURRENT REPORTS AND PUBLICATIONS

(a) G. Sitomer, R. M. Stroud and M. M. Mayer (1966), "Rever-
sible Adsorption of C12 by EAC'4: Role of Mg++, Enumeration of Compe-
tent SAC'4, Two-Step Nature of C'2a Fixation and Estimation of its
Efficiency." Immunochemistry, 3, 57-69.

(b) R. M. Stroud, M. M. Mayer, J. A, Miller and A, T. McKen-
z.e (1966), "C'2ad, An Inactive Derivative of C'2 Released During Decay
of EAC'4,2a. " Immunochemistry, 3, 163-176.

(c) H. S. Shin and M. M. Mayer (1967), "Guinea Pig C'3c: Puri-
fication, Reaction Mechanism and Effect of Inhibitors." Submitted to
Federation Meetings, April.
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THE Me C2ISM OF ANTIBODY FORMATION

Diego Segre
University of Illinois, College of Veterinary W4dicine

Urbana, Illinoia

ASSISTED BY W. L. Myers, D. Dave, R. Kerman and M. Segre

WORK UNIT NO. MR 106-509 CONTRACT Nonr-183&(37)

OBJECTIVES

(a) To attempt restoration of thymectomized mice by immunoglobulin
G, (b) to study the dose-response for immunity and tolerance to pneumo-
coccal polysaccharide in offspring of mice tolerant to the polysaccharide,
(c) to devise techniques for the enumeration of cells producing anti-
bodies to a protein antigen.

ABSTRACT

(a) Miller (Science, 144: 1514, 1964) reported that a humoral
factor secreted by the thymus was able to prevent impairment of the
immunologic functions and the wasting syndrome which are observed in
neonatally thymectomized mice. On the basis of our previous work
(J. Immunol., 82: 782, 1962; ibid., 89: 790, 1962; Am. J. Vet. Res.,
?J: 413, 196j-we advanced the hypothsis that the thymic humoral
factor may be natural antibody globulin. Strain C57BL/6J mice which
had been thymectomized at birth were treated with weekly injections of
immunoglobulin 0 derived from rabbit thymus or serum or were left un-
treated. Although many of the imunologic effects of thymectomy failed
to appear, approximately 50% of the untreated nice died by week 10 and
were found to have depletion of splenic lymphocyte* upon histologic
examination. The treated mice all survived and were found to have normal
splenic architecture. This finding supports the concept that the thymic
humoral factor is antibody globulin.

(b) The model of antibody formation proposed by Eisen and Karush
(Nature, 20e: 677, 196) postulates that. iuimnologic tolerance results
from the formation, In excess antigen, of triJolecular complexes of two
molecules of antigen with one of the corresponding natural antibody. The
trimolecular complexes would not be immunogenic and would be degraded and
eliminated. Immunity would result when the ratio of the concentrations
of antigen and specific natural antibody are such that bimole%:ular com-
plees are formed. Thus, the outcome vf antigenic exposure, In term of
tolerance or imunIty, would be regulated by the relative concentrations
of antigen and antibody. On the basis of this model, we predicted that
the doses of antigen required to induce tolerance end Immunity in nice
newly born of tolerant mothers abould be smaller than the comrespondIng
doses for normal neaorn mice. This follows from tbe assumtlon that the
concentration of natural antibody specific for the tolerated antigen
should be maller in the offspring of tolerant mothers than In normal
nborn mice, since tbh formr would not acquire maternal antibodies of
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that specificity. The experimentally determined minimal doses required
to induce tolerance to pneumococcal polyseaccharide type III were the
following: normal adult mice, 5 jig; normal newborn mice, 0.5 pg; newborn
mice from tolerant mothers, 0.05 9g. Similarly, the following minimal
doses were required to imunize: normal adult mice, 0.5 i.g; normal new-
born mice, 0.05 99; newborn mice from tolerant mothers, 0.005 g.

(c) Antibody plaques have been obtained with erythrocytic antigens

and with polysaccharides and haptens coupled to erythrocytes. Plaque
formation by cells producing antibodies to proteins has not been reported.
Spleen cells from mice i amunized with rabbit i noglobulin G ere plated
in gar contalning sheep erythrocytes enswii th immunoglobulin G
derived from commercial rabbit anti-sheep hemolysin The sensitizing
globulin was diluted so that addition of complement did not result in
glrect hemolysis. After incubation and addition of complement, hemolytic

plaques appeared around those mouse spleen cells which released anti-
rabbit globulin antibody.

PLANS FOR FUTURE

(a) Restcration of thymectomized mice by immunoglobulin G will be
attempted using C H mice. Both neonatally thymectomized mice and thymec-
tomized adult, x-irradiaed mice will be used. Tests for immunologic
competence will include the ability to reject allogeneic tumor trans-
plants. Imunoglobulin G of rabbit and mouse origin will be used.
(b) The effects of graded doses of passively administered anti-pneumo-
coccal polysaccharide serum on the dose of antigen required to induce
tolerance or izmunity in mice will be studied. (c) The primary and

secondary responses of mice to rabbit i4nunoglobulin G will be investi-
gated using the plaque formation technique.

CURRENT REPORTS AND PUBLICATIONS

(a) D. Segre, F. E. Hemphill and W. L. Myers (1966) "Termination
of imnunologic tolerance by antigen-antibody complexes." Fed. Proc. 25,
488.

(b) D. Segre (1966) "Swine in immunologic research." In Swine in
Biomdical esearb L. K. Bustad and R. 0. McClellan, eds., Frasy_n7 -
tug W...eate I aisinton, np. 263-271.

(c) F. 1. Hmphill, D. Segre and W. L. Myers (1966) "Termination
of immunologic tolerance in mice by antigen-antibody complexes." Proc.
Soc. FUp. Biol. Md., 123, 265-2Tl.

(d) F. K. Hemphill (1966) "Termination of immunologic tolerance
in mice by antigen-antibody complexes." M. S. Thesis, University of 131.

(e) D. 8egre and M. Se.re (1967) "Plaque formation by mouse
spleen cells producing antibodies against rabbit immunolobulin G." Fed.
Proc., 26 in ress).

() W. L. fters and D. Se.re (1967) "Effects of imunoglobulin G
on splenic lymphocyte depletion in mice tbymectomized at birth." Fed.
Proc., 26 in press).

(g) D. Segre (1967) "Acquisition of iunologic competence by
young animals." Proc. XVIII World Veterinary Congress, Paris (in press).
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BIOCHEMICAL AND PHYSIOLOGICAL FACTORS
OF THE IMUNE RESPONSE

I.L. Trapani
National Jewish Hospital at Denver
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ASSISTED BY D.H. Campbell, C. Pierce and T. Nuts

WORK UNIT NO. NR. 106-599 CONTRACT Nour 3545(00)

OBJECTIVES

(a) To investigate biochemical and physiological factors involved

in antibody synthesis and decay, (b) to investigate further molecular
changes which may occur in antibodies produced by animals subjected to
stress.

ABSTRACT

Our studies of the interrelationships of environmental stress and
endocrine imbalance on the immune response have been continued during
the past year.

The late spring and simmer months were devoted primarily to further
experiments on the effect of high altitude on the Imune response. Groups
of rabbits and guinea pigs were acclimatised at either 10,600 ft (Echo
Lake Laboratory) or 14,150 ft (Suit Laboratory, Mt. Evans) and then im-
munized with bovine serum albumin. Multiple blood samples have been col-
lected from these animals after primary, secondary and tertiary immuniza-
tions. Analysis of these serum for precipitating and hemaglutinating
antibodies are in progress. 2-marcaptoethanol treatment of the serums is
also being done to determine if qualitative changes in antibodies are
present as a result of the stress situation.

Even though tuiies have been directed primarily toward the investl-
gation of antibody formation under conditions of environmental stress end
endocrine imbalance, we have not lost eight of our interest in the basir
cellular events which occur during antibody synthesis. It is our hope
that our work will not only have some possible practical application but
also will provide information at a more fundamental level. To this and,
we have re-azamined some of our earlier experiments on the affect of pre-
treatmnt with homologous gima-globulin on the subsequent production of
antibody. The study of antibody formation in animals subjected to stress
may shod light on the basic control of antibody synthesis including pos-
sible feedback mechanisms. Our preliminary experiments ha, shown that
the level of precipitating antibody is decreased in animals immived
after pretreatment with homologous Smms-globulin, and that em animals
produce antibody detectable only by tecblques employing I1 3 1 -labeled
antigen. Another set of partiments Is undrway to imetigate further
the role of feedback mechanisms in the control of antibody formation.
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PLANS FOR FUTURE

The long range plans of this research are Lo investigate in de-
tail the molecular basis of changes which occur in Lhe immune response
of animals subjected to stress. Increased emphasis is to be placed on
studies of the distribution of antibodies among various fractions of
serum obtained from stressed animals. It ia anticipated that informa-
tion will be obtained relating to differences in the immunological and
physico-chemical properties of antibodies produced by stressed animals.

It is hoped that a clearer understanding of the immunochemical
events at a molecular level will enable us to explain better the over-
all immune response. To this end, we have taken up again our experi-
ments relating to the feedback control mechanisms of iuw.noglobulin
synthesis, If it can be shown that the influence of stress and/or en-
docrines act on the immunological mechanism in a particular way, as
evidenced by molecular changes which can be distinguished, perhaps it
may be possible to circumvent or overcome in part an adverse situation
and its effect on the host-parasite relationship.

CURRENT REPORTS ANO PUBLICATIONS

1. "Altitude, temperature and the immune response", I.L. Trapani,
Symposia ca Environmental Physiology, Fed. Proc., 25:1254-1253,
1966.

2. "The immne response at high altitude", I.L. Trapani, Proc.
Fourth Intl. Bimetorology Coug., Rutgers Univ., Now Jersey,
August, 1966 (Abstr.)

3. ruo manuscripts in final preparation.
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STRUCTURAL AND IMAMUNOCHEMICAL STUDIES
ON MYOGLOBI NS AND HEMOGLOBINS

M.Z, At assi

State University of New York at Buffalo
Buffalo, New York

ASSISTED BY D. Caruso and D. Tarlowski

WORK UNIT NO. MR. l6-620 CONTRACT Nonr-4564(00)

uBJECTIVES

(a) To carry out studies on the chemistry of hemoglobins and myoglo-
bins, (b) to study correlation of structure of these proteins with their

antigenic properties, and (c) to develop new chemical procedures for speci-
fic modification and cleavage of proteins,

ABSTRACT

In a previous abstract we reported our results on the role of the
amino groups and C-terminal of sperm whale myoglobin in the antigen-anti-
body reaction. These results have now been published (a). We have also
reported our treatment on the significance of the amino acid composition
of hemoglobins and myoglobins in relation to their structure, function and
evolution. This work has appeared recently (b). Infrared spectral analy-
sis of the apoproteins of some hemoglobins and myoglobins has also been
published (c).

Our work on the periodate oxidation of proteins, and in particular
of myoglobin, was continued in order to find theconditions under which the
reagent acted with specificity. This was achieved by oxidation of apomyo-
globin with a two molar excess of per iodate (pH 5.09 00, 2hr) which resul-
ted In the modification of 1.66 residues of methionine. Metmyoglobin pre-
pared from this modified apoprotein was identical with nat.'e metmyoglobin
spectrally, electrophoretically and immunochemically. It wc concluded
that the rE'thionines at positions 55 and 131 were not essential parts of
antigenic sites in sperm whale metmyogl-obin (d).

Cur search for a new specific reagent for the modification of amino
groups in proteins andfor which the extent of modification could be deter-
mined by amino acid analysis has been successful. The extent of reaction
of Mb with 3,3-tetramethyleneglutaric anhydride (TGA) was measured by
determining the loss of lysine and the equivalent appearance of 3,3-tetra-
methylenegiutarimidolysine in the hydrolysate at various time-intervals.
Of the 19 lysine residues in Mb, three did not react with TGA, Also, the
N-terminal valine did not react, Reaction of the lysine residues In Mb
with TGA will give rise to 3,3-tetramethyleneglutaryl-lysine which will
cyclize In acid to 393-tetramethylrenglutarimiodolysine. The cyclization
would account for tho stability of the derivative to acid hydrolysis and
for Its appearance on the analyzer after phenylalanine. Slight spectral
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changes were observed on mudification of Mb. Electrophoretic changes were
great since the derivative was negative throughout the range pH 6-8.8. The
derivative did not react with antisera to native Mb. The loss of antigenic
reactivity is probably due to the combined effect of conformational distur-
bance and of charge reversal of the amino groups (e).

We have recently developed a chemical method for the specific cleav-
age of tryptophyl peptide bonds, The procedure was applied to apqmyoglobin.
Asa first step, the protein was oxidized with 60-70 molar excess of perio-
date for 7 hr at pH 5.0 and 0o This was followed by mild acid hydrolysis
(0.1 t!-HCI9 250 for 24 hr). Fragments obtained by cleavage of the protein
at the tryptophan sites were separated by gel filtration on appropriate grades
of Sephadex and identified by amino acid and N-terminal analysis, With this
procedure, 92-94% cleavage was obtained at tryptophan No. 7 and 17-22% clea-
vage at tryptophan No. 14 in sperm whale apomyoglobin (f).

The preparation and characterization of Mn, Fe, Co, Ni, Cu and Zn
metal loporphyrins were carried out. Ferriheme was also esterified with4-
pyridine-propanol and the derivative characterized as the diestero Complexes
of these various prophyrins, as well as protoporphyrin IX, with sperm whale
apomyoglobin were formed and the resulting artificial myoglobins character-
ized. Very little complex-formation was obtained with Ni2+, Co3+ and Mn

3+

metal loporphyrins and apomyoglobin. Myoglobin prepared with Cu2+ metallopor-
phyrin was immunochemically identical with native Mb. All other aftificial
myoglobins were less reactive to varying degrees. The changes in antigen
reactivities were attributed to conformational reorganization caused by the
different coordination tendencies of the various metals or by the modifica-
tion of the side chains of the heme group (g).

PLANS FOR FUTURE

(a) To continue our investigations on tne correlation of structures
of-hemoglobin and of myoglobin with their antigenic properties, More spe-
cif ical ly modified derivatives will be prepared, characterized, and their
chemical and irnmunochemical properties investigated, and (b) to continue
studies on the primary structure of finback whale myoglobin.

CURkMT REPORTS AND PUBLICATIONS

(a) Atassi, M.Z. (1966) "The role ot the amino groups and C-terminal
of sperm whale myoglobin in the antigen-antibody reaction." Nature, 209, 1209

(b) Atassi, M.Z. (1966)-"Significance of the amino acid composition
of proteins I. Composition of hemoglobinsand myoglobins in relation to their
structure, function and evolution." J, Theoret, Biol., 11, 227

(c) Atassi, MZ, and Cccciotti, L,R. (1966) "Infrared spectral analy-
sis of the apoproteinsof some hemoglobins and myoglobins." Nature, 209, 1211

(d) Atassi, M.Zo (1967) "Periodate oxidation of sperm-whale myoglo-
bin and the role of the methionines in the antigen-antibody reaction."
Blochem. Jo, in press

(e) Atassi, M,Z. (1967) "Reaction of myoglobin with 3,3-tetramethyl-
eneglutaric anhydride." Blochem. J. in press

(f) Atassi, M.Z. (1967) "Specific cleavage of tryptophyl peptide bonds
in sperm-whale myoglobin with perlodate," Arch, Blochem. Biophys., In press.

(g) Atassit M.Z. (1967) "Preparatlon, characterizationand Immunochem-

istry of sperm-whale myoglobins prepared with various modified and metallo-
porphyrins." Blochem. J., in press

/54

4,-



BIOCHACCAL PROPERTIES OF ANTIBODIES TO PURINE
AND PYIDINE RIBOWJEDTIDES

Bernard F. Erlanger, Ph.D.
Columbia University

New York, N.Y.

ASSISTED BY

WORK UNIT NO. NR i06-646 CONTRACT Xonr 4259(11)

OBJECTIVES

To study the biochemical activities of antibodies specific for ribo-
nucleotides and ribonucleosides.

ABSTRACT

During the past year, it has become feasible to prepare protein con-
jugates of the following dinucleoside phosphates:* CpC, CpA, CpU, ApC, ApA,
ApU, ApG, UpA. The new antigens have yielkad antiboies specific for the
dinucleoside phosphate detenminant groups. The antibodies precipitate with
heat denatured DFA under conditions in which anti-mononucleoside antibody
required DNA denatured in the presence of formaldehyde. Although pre-
cipitation with RNA has not been observed, the latter was able to inhibit
the precipitin reaction between antibody and DNA.

Fluoresceinated antinucleoside globulins were shown to react with the
nuclei of L cells. The r-ttern of nuclear fluorescence was similar to the
distribution of nuclear t \. Nuclear fluorescence occurred only in cells
harvested during the period of maximum DNA synthesis as measured by the up-
take of thymidine. This correlates with the previously demonstrated sped-
ficity of the antibodies for denatured DNA.

Attempts to study the effect of salt precipitated globulin preparations
in various biochemical systems were complicated jy the side reactions in.
duced by salts and by impurities in these preparations. It was therefore
decided to prepare specifically purified antibodies. This was accomplished
by the specific precipitation of antibody with homologous antigen followed
by solubilization with hapten. The antibody was then isolated from the
supernatant solution by precipitation of the antizen using sodium sulfate
and subsequent dialysis, The specifically purifioa Antibodies ae now
being tested in a number of bioheacal systems.

*Abbreviationst All dinucleoside phosphates are 3'--5' A represents
adenosine or adelyl; C, ftdine or cytidylyl, etc. For examples ApC -
aderwlyl 31-5 t1tdins.

* .* ,,: ,. ; i



PLANS FOR FUTURE

(a) Study of biochunical. ptroprties specificaflly pmrified antinucleo.-
side antibody, and -(b) to study their effects on viable cells.

CURRENT REPORTS AND PUBLICATIONS

(1) S.M. Baser and B.F. &-langer, "Antibodies which React with
Nucleic Acids " Symposium on Macro-molecules and Cancer, in Cancer Research,
L, 2012 (1W)

(2) llam J. Klein, Jr., Son M. Beiser and Bernard F. Erlanger,
"Nuclear luorescenoe Wploying Antimoleoside lmnguobuline," J. hp.Mod.. U9 61 (196)
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COM4PARATIVE STUDIES ON TIM DhUflGWLUriI
OF MA.RINE FISHES

B. W. Papermaster
University of California

Berkeley, California

ASSISTED BY Anita A. Suran and Mary H. Tarail

WORK UNIT NO. NR. 106-665' CONTRACT Nonr-3656(24)

OBJECTIVES

(a) Elucidation of the structure of elasmobranch antibody polypep-
tide chains by physical chemical criteria, and selected N-terminal and
C-terminal amino acid sequences, (b) to establish the evolution of the
structural gene classes coding for imnunoglobulin heavy chains in the
teleost fishes, (c) to study possible homologyr of structure of inverte-
brate antibody-like proteins which have been shown to be active in
agglutination of mnmalian red blood cells and certain bacteria with
vertebrate immunoglobulins.

ABSTRACT

Our studies have continued on structure of elasmobranch immuno-
globul.Ins. Antibodies have been produced in the leopard shark after pro-
longed Immnunization with a bacterial virus (T2 phage of Fl. coli) and hemo-
cyanin isolated from ?'bgathurs, crenulata. The studies repog here su-

maize the structural evidenceoibtained at the present tim that these
proteins are imunoglobulins and further describe the structural basis
for antibody activity in them. (1) The leopard shark (Triakis semifasci-
ata) responded to continuing antigenic challenges by produRcon?74_
size classes of inmunoglobulins, an early appearing 17.34S macroglobulin
which was supplemented by increasing amounats of a 6.78 globulin after 3
to 6 months of immuization. Both globulin fractions acted as neutra-
lizing antibodies to a viral antigen (T2 c03i phage). However, the shark
antibodies appeared at a much slower rite = fflarly induced anti-
bodies In the mouse. (2) The leopard shark was found to produce precipi-
tating ant 'bodies, both 178 and 78, to hemocyanin. This is the first
report of precipitating antibodies in elasmbranch fishes. (:3) Each

ioglobulin was purifitid by aso (by eel filtration) and charge (MAE3
cellulose %:hrmtography) and verified for purity both by its migration
as a single band in accrylamid. gel electrophoresis and antiganic analysis
in Ouchterlony tests ant~ imunoelectrophoresis. (34) xucroprecipitin tests
using 1125 labelled heinocymnin antigen produced precipitin curves for
both ia ogobulno. The two curves were of the same shape and showed
the sam zone of equivalence. However, when coupared on a weight basis,
the 17S imunoglobulin was 3 to 34 times effective as the 78 globulin in
precipitating the 1125 labelled hemocyanin. the amout of antigen pro-
cipItAted was of the som order of manitude as a rabbit antiserum, against
hemocyanin. However, the general amunt of antibody activity was between
3 and 10 fold less than the rabbit antibody on a weight basis. (5) By
available chemical and antigenic criteria, the 178 Olbui pp""s
to be a pentamer of the 7S protein. caqlete f~sion of bands In Ouchter-
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lony diffusion plates was always found. The isolated heavy chains were

also identical in Ouchterlony analysis. The apparent identity of heavy
chains from thi two immuncglobulin fractions has been noted for other

elasmobranchs by Clem and Small, and Marchalonis and. Edelman.

PLANS FOR FUTURE

We propose to continue and expand our studies on immunoglobulins
of lower vertebrates in the following ways: (1) T, ;utablish the re-
lationship between the heavy polypeptide chains of th 17S and 7S immuno-
globulins of Triakis semi-fasciata by investigation of the N-terminal
and C-terminal amino acid sequences and selected peptide sequences. We
will also compare peptide elution profiles from an ion exchange resin.
(2) Continue a search in the teleost fishes for the first appearance
of antigenicly different heavy chain classes and when found, the degree
of structural similarity in the heavy chains will be studied. (3) In-
vestigation will proceed on certain invertebrate proteins which are

known to participate in antibody-like reactions. In particular we have

a 7S globulin from the keyhole limpet (Megathura crenulata) and struct-

ural studies are being perfor med to decide whether this protein resem'e -

les vertebrate immunoglobulins in any way. From these studies we hope

to derive sufficient data to help us decide between various alternatives

on current theories of the evolution of mmunmoglobulin polypepbides

and to compare the structural informatioi with the acctunulating infor-

mation on mammalian immunoglobulins.

CURRENT REPORTS AND PUBLICATIONS

(a) B. W. Papermaster (1965), "An immunoglobulin fraction from

the leopard shark." Fed. Proc., 24, 504: abstract.

(b) B. W. Papermaster (1966), "Genetic considerations of immuno-

globulin evolution in vertebrates." Phylogeny of Imnunity, Chap. 12,

pp. .18-124; University of Florida Press.
(c) A. A. Suran, M. L. Tarail, and B. W. Papermaster, "Studies

on elasmobranch irmunoglobulins." (Submitted for publication).
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COM PARAT IVE MMUNOCHEMISTRY

Robert E. Feeney
University of California

Davis, California

ASSISTED BY F. C. Greene and C. 0, Ouchida

WORK UNIT MO. MR 106-7±2 CONTRACT NO-001.67-A-03e -0001

OBJECTIVES

To study inmunochemical properties of homologous proteins.

ABSTRACT

This project employs (a) homologous proteins from mamalian and
fish blood sere, mammalian milks, and avian egg whites and (b) chem-
ically modified or derived preparations from these proteins. The
project, presently only in the introductory phases, concerns the
effects of variation in structure of these protein antigens on the
physical chemical parameters of the antigen-antibody interactions.

Proteins initially studied on this project are one avian (dmestic
eaicken) egg white lysozyme, avian (domestic chicken and Adelie penguin)
egg'iihite ovomucoids and a trypsin inhibitor from lima beans. Rabbit
antiboidiks against these four antigens have been prepared. Prelim-
inary results vith lysozyme indicates an antigenic valeacy of approx-
imately 2.5, ai.compared to values of 2 and 4 in the literature. This
indicates a molecUiar weight for the complex of approximately 500,000 g.
Attempts are nou bai:' made to determine the molecular veight of such
a complex by conventional physical methods.

We have shown that the ovomucoids lose their Inhibitory capacity
against proteolytic enzymes after scission with mercaptoethanol and
carbosymethylation, but that they retain their inhibitory capacities
after scission of the two utethionines with cyanogen bromide. Chemically
modified preparations of both chicken and penguin owmacoods are bein8
prepared for the studies with the ovomucolds.
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PLANS FOR FUTURE

To study:

- (a) chicken lysozyme and-chicken and Adelie penguin ovomucoids
and chemically modified derivatives thereof.

(b) chicken and penguin ovotransferrins and human serum transferrin
(c) trypsin inhibitor from lima beans.

CURRENT REPORTS AND PUBLICATIONS
(These on other projects. This project only just begun)

(a) Feeney, R. E., and 4. K. Komatsu (1966), The Transferrins ii'
"Structure and Bonding,"'Vol. L: Springer-Verlag, New York, Inc., P.
149-206.
(b) Feeney, R. E., D. T. Osuga, S. B. Lind, and H. T. Miller (1966),
"The Egg-White Proteins of the Adelie Penguin." Comp. Biochem. Physiol
18, 121-130.
(c) Feinstein, Gad, and R. E. Feeney (1966), "Interaction of Inactive
Derivatives of Chymotrypsin and Trypsin with Protein Inhibitors." J.
Biol. Chaem., 241, 5183-5189.
(4) Feinatein, Gad, D. T. Osuga, and R. K. Feeney (1966), "The Mechanism
of Inhibition of Trypsin by Ovomucoids."1 Biochem. Biophys. Res. Comm.,
24, 495-499.
(a) Miller, H. T., and R. K. Feeney (1966), "The Physical and Chemical
Properties of an Immaunologically Cross-Reacting Protein from Avian Egg
Whites." Biochemistry, 5, 952-958.
(f) Simlot, N. N., and R. E. Feeney (1966), "Relative Reactivities of
Chemically Modified Turkey Ovomucoids." Arch. Biochem. Biophys., 113,
64-71.
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SISXS ON TEM RA.TZS AND TYPES OF PREIN
SYMTHESIZED TN1 BIOLDGICAL SYSTEMU

E. L. Triplett
tkhiversity of California, Santa Barbara

Santa Barbara, California

ASSISTED BY M. Masson, L. Mitller, A. Crowder, R. Glenn

WORK UNIT NO. NR. 106-758 CONTRACT Nonr-035(05)

OBJECTIVES

To study mechanisms that control the rates and types of proteins
synthesized in biological system; (a) The phylogeny of the Luzue
system, (b) the role of basic proteins on the rates of protein synthesis
in cell-free systems.

ABSTRACT

Workers in other labs have shown that: (1) Hela. cell imtaphase
ribosomes, (2) sea urchin egg polysomes and (3) Ascaris fertilized egg
polysoms are incapable of supporting in vitro protein 'synthesis. Treat-
ment of the proceeding preparations wiM trypsin enabled them to support
protein synthesis.

As trypsin selectively attacks lysine and arginine linkages, which
are in high concentration in histones, it was suggested that histone was
attached to the polyams thereby inhibiting protein synthesis at the
translational level. This suggestion was the first speculation that
histones might act at the translational level in addition to their readily
observed effectsaon transcription.

IWe have recently shown that histoness ribosoml proteins and lyso-
yMe (aul soluble in IN1801) inhibit a rat liver cell-free protein son-

thesizing system. Tb. site of inhibition appears to be MN. S-DN
charging Is Inhibited to the following etent (dependent an basic protein
coscentratmon): histow - 80%# ribosal protein-0%, lysosym - 2%.
Distons Is 4~-5 time sam. effective in Inhibition than the other two basic
protein which awe about the s.

TM: Inhibition by basic proteins on polysones (again dependent an
U otin concetraition) is a tbllows: histum - 35%. ribosml protelta -
v~,lsoym - 147%. Riston. Is about three time don effective then the

other two.
Basic p-otein Inhibited polysoms cannot be reactivatedwth trypein

at concentrations consiferably lower then that used by other invostiators.
"k. tMypei conentration used, 5 uicrogrem/a&., caused considerable
damp. to the polpos (60670% inhibition) without apparently attaching
the basic protein.

Tkus, or- observations of translational inhibition by basiL proteins
Is apprently not the sam phfAxmfb as that postulated for bela set..
*ha" cells, urchin eggs and Aecais sygotes.
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The antibody forming system is not common to all forms of life.
There is no definitive evidence in invertebrates an the hagfish, a
primitive vertebrate, of an 1iune response comparable to that of other
vertebrates. All other vertebrates exhibit a strong response to exposure
to antigen in the form of specific antibody production. Evidence is be-
ginning to accumulate indicating that antibody specificity resides
primarily in unique amino acid sequences o? different antibody molecules.
If this is true, then a very large number of genes must be involved in
the immune system. It seems very unlikely that such complex machinery
should have arisen de-novo so abruptly during evolution. It seems more
reasonable to postuat--that the immune system arose through the modifi-
cation of existing systems. If this were true then one might hope to
find some indications of the nature of phylogenetic precursor molecules
in the antibodies of existing forms. For example, if the precursors were
a family of enzymes, then one might find catalytic properties still
remaining in antibody molecules.

This possibility has been tested by examining the antibodies of
hyperimmne sera for a large number of enzymic activities on acrylamides
gels using histochemical methods of characterization. Antisera and anti-
gens were electrophoresed before and after combination. A disappearance
of enzyme bands found on the gama-globulin reg4.on of antisera after
antigen-antibody precipitation would indicate the presence of molecules
with both antibody and enzymic activity. Loss of enzyme activity was
observed in the antibody-precipitated serum only when assayed for alpha
naphthol acetate esteraae activity.

Decomplementation of the antisera resulted in the loss of the
same band of esterase activity which was lost when antibody was treated
with antigen. Thus it was apparent that the esterase enzyme activity lost
upon precipitation with antigen resided in complement rather than anti-
body. In saary it was not possible to associate enzyme activity with
the antibodies used in the study.
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IMMUNOLOGICAL FUNCTION IN SEVERE THERMAL INJURY

J.M. Converse and F. T. Rapaport
New York University Medical Center

New York, New York

ASSISTED BY P. Casson, K. Kano, A. Fukuda and A. C. Solowey

WORK UNIT NO. MR 106-733 CONTRACT monr h503(00)

OBJECTIVES

(a) To evaluate specific changes in the immune state of experimental animals
and human subjects following severe thermal injury, with particular reference
to the ability of the burned host to develop and exhibit delayed hypersensitivity
and autoimmune-type responses.

ABSTRACT

Previous studies in this laboratory indicate that thermal injury induces a
marked inhibition in the ability of tuberculin sensitive guinea pigs to respond to
intradermal challenge with tuberculin. This effect is most marked during the first
and second weeks, but persists as long as five weeks after burning. In addition, it
has been determined that thoracic duct lymph obtained from severely burned rats
contains a hemagglutinin specific for rat erythrocytes. This hemagglutinating
factor has been identified as a gamma globulin, and may constitute an immune
response to altered autologous tissues. Such studies have currently been extended
to burned guinea pigs. The working hypothesis has been that the release of altered
autologous tissue constituents from the burn site might play a role in the develop-
ment of a variety of alterations in immunological responsi.ieness. Previous reports
by Milgrom and Witebsky that rabbits immunized with denatured autologous gamma
globulin produce antibodies against gamma globulins of some foreign species were
particularly suggestive in this regard. The present communication describes a
heterophile-like and an antiglobulin antibody response in guinea pigs after
repeated exposure to thermal injury.

In the course of this study, 39 guinea pigs received 20% body surface area
burns by application of a thermal -regulated metal surface maintained at 2500C.
After the first injury,27 of these animals received five additional full-thickness
skin burns of one square centimeter area, applied at weekly intervals. Baseline and
serial sera were obtained from these animals and from control donors. They were
tested against erythrocytes of various species (man, ox, sheep, pig, rabbit, guinea
pig, rat and mouse). In addition, an attempt was made to detect heterophile anti-
body (anti-human gamma globulin) by the latex slide and sensitized human cell
hemagglutination tests. Twenty-two of 27 animals had rising serum titers of anti-
rat erythrocyte agglutinins. Ten guinea pigs also showed significant anti-human
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gamma globulin antibody responses. The heterophile agent was sensitive to Mercapto-
ethanol, while the antiglobulin factor was resistant to Mercaptoenthnol. Both
factors are presumably antibodies, and may constitute a response to repeated challenge
of the host with denatured autologous tissue antigens released from the burned sites.
These observations lend further support to the probability that thermal injury is
associated with sensitization of the host to a variety of altered autologous tissue
constituents.

PLANS FOR FUTURE

(A) Continued study of mechanisms whereby cellular immLcological
responses are inhibited in the course of thermal injury.

(B) Characterization of the heterophile anti-rat erythrocyte and anti-
human gamma globulin antibody responses demonstrated after thermal
injury in the guinea pig.

(C) Search for similar immunological responses in other mammalian
species, including man.

CURRENT REPORTS AND PUBLICATIONS

Rapaport, F.T., and Converse, J.M., Alterations in Immunological Responsiveness
Associated with Severe Thermal Injury. Research in Burns, A. B.Wallace
and A.W.Wilkinson, Eds., E.S.Livingston, Ltd., Edinburgh, 1966, p.4 07.

Rapaport, F.T., and Converse, J.M., Inhibition of Tuberculin Sensitivity by Thermal
Injury. Fed. Proc., 25:549, 1966.

Kano, K., Milgrom, F., Witebsky, E., and Rapaport, F.T. Immunologic Responses to
Thermal Injury. Fed. Proc., 25:731, 1966.

Canon, P., Solowey, A.C., Converse, J.M., and Rapoport, F.T., The Delayed
Hypersensitivity Status of Burned Patients. Surg. Forum, 1966, 17:198.

Kano, K., Milgrom, F., Witebsky, E., and Rapaport, F.T., Immunological Studies
of Thermal Injury. H emagglutinating Factor in the Lymph of Burned Rats.
Proc. Soc. Exp. Biology & Medicine.

Rapaport, F.T., Kano, K., Milgrom, F., Gesner, B., Solowey, A. C., Cason, P.,
Silverman, H.I., and Converse, J. M. Immunologic Sequelae of Thermal
Injury. Ann. N. Y. Acad. Science, 1966, In Press.

Rapoport, F.T, Kano, K., and Milgrom, F., Autolmmune Response to Thermal Injury.
Bull. N.Y.Acad. Medicine, 1966 i In Press.

Kano, K., Milgrom, F., Witebsky, F., and Rapaport, F.T. Immunologic Studies in
Thermal Injury: Heterophile and Anti-Globulin Factors in Sera of Burned
Guinea Pip. Nature, 1966, In Prem.
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- STUDIES ON THE HEREDITARY HUMAN GAMMA GOL~iALLN (GO) GROUPS

H.H. Fudenberg, M.D.

University of California San Francisco Medical Center
Sai Francisco, California

ASSISTED BY

WORK UNIT NO. HR 106-741 CONTRACT Nonr 3656 (12)

OBJECTIVES

(a) Continuing investigation of all facets of 7-globulin, including
chemical structure, genetically determined antigenic properties, regula-
tion of quantitative aspects of its synthesis and qualitative aberrations
in various disease states associated with too little or too much immune
globulin, (b) broad studies of the biochemical basis of genetic difference
in 7-globulins and antibodies from one individual to another, (c) studies
of the biological consequences of such genetic diversity, and (d) continu-
ing investigations of the interaction of 7-globulin with complement.

ABSTRACT

Sera obtained at various intervals after open heart surgery have
been collected in 56 individuals. Three had antibodies directed to y-
globulin in the control specimen. 26 had anti-7-globulin antibodies.
These were identified as specific for one or another of the known Gm fact-
ors in 19 instances. In the remaining 9 patients the specificity was not
directed toward any known Gm factor, but presumably defines new hered,.tary
antigenic determinants. One such factor, Gm(20), has been delineated and
shown to be genetically determined by appropriate family studies. Studies
are underway to define the additional seven factors. One of these factors,
tentatively termed "San Francisco 1" is of special interest since it seems
to be inherited independently of the known Gm factors. In view of the much
more frequent antigenicity of the Gm(a) factor as compared to other Gm
factors, studies of the biochemical basis for Gm(a) molecules as opposed to
"non-a" appeared warranted. Peptide mapping studies were performed of Fc

fragments of 72 myeloma proteins. All Gm(a+) myelomas contained one pep-
tide that was absent in all Gm(a-) myelomas. However, all Gm(a-) myelomas
contained a different peptide spot which was absent in the Gm(a+) myelomas.
Elution of the relevant peptide spot from the peptide maps and amino acid
analysis of the peptides showed that the Gm(a) peptide and the "non-a"
peptide each contained five amino acids, three of them common to both (ly-
sine, threonine, and glutamic acid). However, the non-a peptide is charac-
terized by a methionine and an additional glutamic acid; the Gm(a) peptide
is characterized by a residue of aspartic acid and one of leucine, both
missing in the Gm(a+) myelomas.

Studies were also continued on the biologic "antigenicity" of the
Gm(a) factor, Infusion of large amounts (1000 ml) of Gm(a-) plasma into a I
hemophiliac with high titer anti-Gm(a) caused no biologic effects. Infu-

sion of the same amount of Gm(a+) plasma into the same donor on the next
day produced an iumediate fall in titer (128-01 within 1/2 hr) and pro-
duced severe adverse biologic reactions consisting of generalized urticaria

and pruritis, tachycardia, abdominal pain, headache, tachypnea, nausea, and
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emesis. (Absence of demonstrable antibodies to red cell, platelet, and
leucocyte antigens in the patient studied does indeed strongly suggest
that the observed biologic effects were due to anti-Gm reactions with ho-
mologous antigen. The incidence of anti-Gm antibodies in a control hospi- I
tal population with repeated turltiple transfusions was 4%.

Studies dealing with genetic aberration in human 7-globulin have been
proceeding well. Addition of tetanus toxoid to sensitized lymphocytes
from normal subjects and patients with "secondary" acquired agammaglobulin-
emia resulted in an increased incorporation of tritiated uridine into RNA,
and this increase was sustained for 48 to 72 hrs in vitro. In contrast,
the quantity of H3-uridine incorporated into the RNA of lymphocytes from
patients with "primary" acquired agamaglobulinemia resulted in a decrease
after 48 hrs of exposure to specific antigen. Lymphocytes from patients
with primary aganmaglobulinemia were also distinguished by their subnormal
and poorly sustained response to phytohemagglutinin and to rabbit anti-
serum to lymphocytes. These data suggest that the defect in primary
agammaglobulinemia involved, either as a primary phenomenon or as a secon-
dary event, an abnormality of quantitative RMA synthesis or of RNA stabil-
ity in the circulating lymphocyte.

The C2M content of normal, pathological and cord sera was estimated
by an antibody-agar radial diffusion procedure (employing pure a2M stand-
ards) which gives highly reproducible results (100 + 2.2%). A significant
difference (P 0.05) was observed between the serum c2M levels of normal
Caucasian men (265 + 55 mg/100 ml) and women (335 + 57 mg/100 ml). The
serum concentrations of q2M was greatly increased In agammaglobulinemia,
ataxia telangiectasia, and in the newborn (who had normal levels of 7-
globulin but who is synthesizing very little). Values were significantly
decreased in multiple myeloma and in macroglobulinemia. The data suggest
that cr2M may play an important part in regulating 7-globulin synthesis.
Further evaluation on the interaction of human 7-globulin molecules with
complement was carried out. Human 72a, 72b, and 7A myeloma proteins and
7G, 7A, and 7M globulins from normal individuals and from Waldenstrom
macroglobulinemia were aggregated by coupling with bis-diazotized benzi-
dine, and both untreated and aggregated proteins were studied for comple-
ment fixing properties and skin reactivity in normal guinea pigs. Neither
untreated nor aggregated 7A-globulins have either activity. The other
itumunoglobulins, e.g., 72a, 72b, 72c, and 7M induced C'-fixing properties
upon aggregation. The results were confirmed by C'-fixation tests. The
aggregated 72b and 72c globulins induced increased permeability of guinea
pig skin capillaries, whereas aggregated 72a and 7M globulins did not.
These activities of aggregated 7-globulins were independent of types of
light chains and of the presence of Gm factors (a),(b), and (f). The re-
sults indicated that the heavy chain structure which is essential for C'-
fixation is different from those involved in fixation of the 7-globulin
molecules to guinea pig tissues for passive sensitization.

PLANS FOR FUTURE

Continuation of broad studies of the biochemical basis of genetic
differences in 7-globulins and antibodies from one individual to another,
investigation of all facets of 7-globulin, namely, chemical structure,
genetically determined antigenic properties, regulation of quantitative
aspects of its synthesis and its aberrations in various disease states,
and conditions characterised by abnormal 7-globulin and abnormal anti-
bodies. We also plan to continue to utilize the fingerprinting technique
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to explain the serologic heterogeneity of the group of Gm(b) factors and
to study differences in the primary structure of the y-globulins of Cauca-
sians and non-Caucasians. We hope further to document the biologic impli-
cation of G-anti-Gm interaction by further studies of these genetic fact-

ors in families of infants with "transitional" hypogamnaglobulinemia, and
to document the biologic role of Gm-anti-Gm interaction in producing plas-
ma transfusion reactions. We will continue our attempts to produce preci-
pitating reagents for Gm typing by immunization of primates, thus circum-
venting the laborious inhibition of agglutination method in current use
for typing 7-globulins for their various genetic factors. Further family
studies in patients with various diseases of immunologic aberration and
their first degree relatives are being continued.

CURRENT REPORTS AND PUBLICATIONS

1. Pretty, H., Fudenberg, H. and Perkins, H.: Isoantibodies following
open heart surgery (submitted).

2. Klemperer, M.R., Holbrook, E.R. and Fudenberg, H.H.: Gm(20), a new
hereditary 7-globulin factor. Amer. J. Human Genetics 18:433-437,
1966.

3. Ropartz, C., Rivat, L., Rousseau, P.-Y., Fudenberg, H.H., Molter, R.
and Salmon, C.: Seven new human serum factors presumably supported
by the 7-globulins. Vox San&. 1:99, 1966.

4. Ropartz, C., Fudenberg, H.H., Rivat, L., Rousseau, P.-Y. and Lebreton,
J.P.: A third locus participating in the synthesis of 7G-globulin:
SF 1. (submitted).

5. Frangione, B., Franklin, E.C., Fudenberg, H.H. and Koshland, M.:
Structural studies of human 7G myeloma proteins of different antigen-
ic subgroups and genetic specificities. J. Exper. Med. 124:715-732,
1966.

6. Stiehm, E.R., Vaerman, J.-P. and Fudenberg, H.H.: Plasma infusion in
immunologic deficiency states: Metabolic and therapeutic studies.
Blood (in press).

7. James, K., Fudenberg, H.H., Epstein, W. and Shuster, J.: A unique
diagnostic paraprotein in lichen myxedematosus. Clin. Exper. Immunol.
(in press).

8. Brown, P., Wuepper, K. and Fudenberg, H.H.: Occult nontropica sprue
and associated atrophic gastritis stimulating Addisonian pernizious
anemia, with special reference to immunologic diagnostic studies.
Acta Med. Scand. 179:344, 1966.

9. Wuepper, K.D. and Fudenberg, H.H.: Moniliasis, "autoimmune" polyendo-
crinopathy and immunologic family study. Clin. Exper. Immunol. (in
press).

10. Weigle, W.O. and Fudenberg, H.H.: Specificity of immunological tol-
erance induced in the rabbit to genetic determinants of human 7G
globulin. Int. Arch. Allergy 29:28, 1966.

11. Cline, M.J. and Fudenberg, H.H.: Defective RNA synthesis in lympho-
cytes from patients with primary agmmaglobulinemia. Science 150:
1131, 1965.

12. Stiehm, E.R. and Fudenberg, H.H.: Clinical and immunologic features
of dysgammaglobulinemia type I. Amer. J. Md. 40:805, 1966.

13. Stiehm, L.R. and Fudenberg, H.H.: Serum levels of immune globulins
in health and disease: A survey. Pediatrics 37:715, 1966.

14. Eostein, W.L., Fudenberg, U.H., Reed, W.B., Roder. 1. and Sedgvick,
R.P.: Immunologic studies in ataxia-telangiectasia. I. Delayed
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THE THYMIC INFLUENCE ON THE IMMUNE RESPONSE

William A. Kisken
University of Wisconsin

Madison, Wisconsin

CONSULTANT Oliver Smithies

WORK UNIT NO. WR 106-765 CONTRACT NooOl-67-A-O128-OOO1

OBJECTIVES
The objective is to determine the relative contribution of thymo-

cytes, thymic humoral factor and thymus subcellular particles to the ini-
tiation and restoration of immune competence. (a) Is subcellular mater-
ial derived from thymic lymphocytes able and necessary to reconstitute the
immunologic reponse In the neonatally thymectomized mouse? (b) What is
the immunologic competence and what is the anatomical status of lymphoid
orsans of animals thymectomized in utero at different timeSbefore birth?
(c) What ace the effects of various experimental replacements in animals
thymectomized before or after birth?

ABSTRACT

At present, our first aim is to develop a refined quantitative as-
say system for thymic function. Our preliminary results in developing
such an assay are promising but too premature to be detailed here after
only four months of work.

A surgical technique has been developed in which the thymus of an
intra-uterine rabbit fetus in the 23-24th day of gestation is removed.
The fetus is returned to the uterus where it continues intra-uterine life
until normal birth takes place at the 30-31st day. Although the thymus
is lymphoid at day 24, there are no recognizable lymphoid elements in the
peripheral tissues. With more experience we hope to be able to remove
the thymus before it becomes lymphoid. At present, too few animals have
been carried through this procedure for any reportable results.
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TOXICOLOGY

New research capabilities are opening avenues of investigation of
toxicological problems vith speific naval interest. In the following group
of studies, some are dictated by the stated needs of other agenciesj others
reflect the noed for more studies on the toxicologioal effects of materials
under the special circumstances created by present and future naval teeh-
noloer. Of particular interest to us at this time are the biochemical
aspects of svbolinical, chronic toxio actions and means of recognizing and
evaluating the consequences of such exposure. The peculiar results of
factors such as pressure, exotic stmospheras and absorption through the skin
wich may be expected to operate on an increasing number of naval personnel
must also be evaluated in order to establish the proper methods of treatment
and protection as the navy moves into more intimate association with the sea.

i,
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ADVISORY CENTER ON TOXICOLOGY

National Academy of Sciences

National Research Council
Washington, D. C.

Director and Staff

TAS( NO. HR 303-366 CONTRACTNonr 2300(29)

OBJECTIVES

(a) To provide information and toxicological evaluations on problems

as requested by the sponsors: Army, Navy, Air Force, Atomic Energy Commis-
sion, National Aeronautics and Space Administration* U.S. Coast Guard, and

Air Pollution Division of the U.S. Public Health Service; (b) to compile
and code for retrieval published and unpublished toxicity data as a basis
for replies by the staff to questions and in support of the activities of
the Committee on Toxicology; (c) to assist in the dissemination and coordi-

nation of information on toxicology research projects.
ABSTRACT

(a) The number of requests for toxicity reports has continued to in-
crease this year. In addition to problems involving air contaminants in
confined spaces there have been many questions concerning the ingestion of
materials as water contaminants. Replies to these inquiries b-ve been
submitted to the requesting organizations. Those problems involving
acceptable concentrations for human exposures or emergency exposure limits
have been referred to the Committee on Toxicology along with supporting
data from the Center; (b) the compilation of toxicity data is being con-
tinued and expanded; (c) the efforts to keep track of toxicological re-
search ;rojects being conducted in federal laboratories have mat with some
success and will be continued. Personal contact with the investigators
appears to be an effective procedure in this regard.

PLANS FOR FUTURE

The Advisory Center on Toxicology intends to (a) collect, interpret,
and maintain a comprehensive file of toxicological data from published
and unpublished sources; (b) to provide Lnformation and advice on problems
involving toxicology which are referred to the Center by the Sponsoring
Agencies; (c) to assist In the coordination of research projects in the
field of toxicology; (d) to provide assistance to the NA8-NRC Cmmittee
an Toxicology in connection with their recomnondatione for exposure levels
and policy fmtters.

)
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ADVISORY CENTER ON TOXICOLOGY

National Academy of Sciences
National Research Council

ASSSTE YWasingto, D. C.

Director and Staff
TASK MD. MR 303-450O CONTRACT Nonr-2300 (15)

OBJECTIVES
To evaluate the toxicity of materials in submarine atmospheres.

ABSTRACT

Numerous materials have been evaluated by the Center for their
potential health hazard when used aboard ships or in submarines. The
Committee on Toxicology was assisted in Its recent review and revision
of this list of recowmanded concentrations of air contaminants for
nuclear submarines.

PLANS FOR FUTRE

To continue to assist the Naval Ship Engineering Center by eval-
uating materials of construction and operation.



DETECTION OF TOXIC AGENTS IN THE
ATMOSPHERE BY NEGATIVE ION ANALYSIS

Robert W. Crowe
Franklin GNO Corporation
West Palm Beach, Florida

ASUSTED BY Robert C. Kindel and Roger F. Wernlund

WORKUNITNO.NR. 303-710 CONTItAC' Nonr-4977(00)

OBJECTIyES

(a) To design and construct pulsed ion drift chamber, and asso-
ciated electronics, to measure and analyze negative ion currents in air
resulting from objectionable contaminants, (b) to test the feasibility of

the technique for detecting certain candidate contaminants, including
Sarin, and (c) to improve the sensitivity of the instrument by employing
more sophisticated electronic signal detection equipment.

ABSTRACT

As mentioned in the abstract for 1965, we had developed and
successfully calibrated an instrument which should provide a novel

method for detecting the presence of certain contaminants at low con-
centrations in atmospheric air. Shortly thereafter, two candidate chem-
icals (dimethyl hydrogen phosphite, and trimethyl phosphite) were
suggested by NRL as an aid in ascertaining the feasibility of the method.
Both could be detected at concentrations of less than I part in 106.

Mr. George Fielding of NRL personally transported a sample of

highly diluted Sarin to our facilities for examination. Within two days,
adaptors had been installed to allow a continuous flow of Sarin mixed with
air at i part in 106 into our drift chamber. A negative ion peak was
clearly observable when Sarin was added at the above concentration. To
avoid an error due to the presence of O Z in air, the same test was made
using pure N2 as the diluting medium. Tbe results were essentially the
same.

Following acceptance of the above evidence, Phase 11 of the pro-
gram was initiated. This requires that feasibility be established for
reducing the equipment to a portable instrument. Thus far, we have
successfully employed electronic circuits to produce a repetitive pulse
of ultraviolet light for generating attaching electrons in the drift chamber.
Synchronous Integration techniques, synchromsed to the ultraviolet pulse
are now being used to increase the siglW-to-noise ratio. Satisfactory
completion of this effort should result in a significant increase in the
detection sensitivity of the instrument.
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PLANS FOR FUTIJRE

(a) To verify sensitivity improvement achieved by electronic
pulsing and synchronous detection techniques, (b) to test equipment with
candidate contaminants examined previously, and (c) to prepare the
design of a portable instrument based on the above information.

CURRENT REPORTS AND PUBLICATIONS

Robert W. Crowe, "Investigation of Electron Attachment
Characteristics of Specific Candidate Materials in Atmospheric Air,
Phase I Technical Summary Report - Contract Nonr-4977(00),
August 15, 1966.
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STUDIES RELATED TO AN EARLY DETECTION OF TOXIC EFFECTS
OF ORGANIC COMPOUNDS

Hlarbans Lal
The University of Kansas

Lawrence, Kansas

ASSISTED BY Hasmukh Shah and Susan Minor

WORK UNIT NO. NR 303-723 CONTRACT N00014-66-C0006

OBJECTIVES

To investigate some biochemical or pharmacological effects which
are produced by the chronic inhalation of certain organic chemical com-
pounds prior to the occurence of any gross pathological damage. Methyl-
chloroform was selected for the initial study because of its use as a
solvent and degreaser in the Naval instillations.

ABSTRACT

Nice and rats of specified strain were exposed to methylchloroform
air mixtures in a continuous flow inhalation chamber. After the exposure
for various lengths of time, they were placed in their home cages for a
specified period before testing. The exposed as well as the control
animals were divided into two gr aps. One group was tested for the loss
of the righting reflex after an injection of hexobarbital. The other
group was sacrificed by decapitation to dissect out the livers for bio-
chemical investigation. The supernatant fraction containing microsomes
and soluble constituents of the livers was inc.bated with the appropriate
substrates to measure its enzymatic activity in vitro.

Continuous inhaL'tion of methychloroform for 24 hr. in mice or 36
hr. in rats reduced the duration of barbiturate hypnosis significantly
(38-64Z reduction in 24 hr. exposed mice, P 4.0.005). Discontinuous
exposure (4 hr. daily) for the same number of total hours, however, was
ineffective. Both male and female animals were susceptible. The effect
was optimum at 24 hr. but could still be detected even at 48 hr. after
the exposure was discontinued. The effev:t was always reproducible when
2000 ppm of methylchloroform were used; lower concentrations produced
variable results. The exposure in the same chamber to air not containirg
methylchloroform was ineffective. Post exposure study of the body weight
and organ pathology did not reveal any difference from he coptrols.

In a search for a biochemical basis of the methychloroform-induced
changes in the pharmacological response of the animals, drug metaboliz-
ing ability of their microsomal enzymes was measured. Oxidation of hexo-
barbital, N-demethylation of aminopyrine and reduction of p-nitrobenzoic
acid by the microsomal preparations from the methylchloroform-exposed
animals did not differ from those of the controls.

N
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From the studies, it ws concluded that th. reduction of barbitu-
rate hypnosis in the usthylebloroform exposed anisals was xet due to the
altered ability of their microsomal enzyme to metabolize drugs.

PLANS FOR FUTURE

The future experisients are planned to study (1) the effect of dis- '
continuous exposures to methylchloroform on barbiturate hypnosis, (2)
sensitivity of uthychloroform exposed animials to drugs other than bar-
biturates, (3) effect of methylchloroform inhalation on the convulsive
threshold, and (4) biochemical mechanism other than microsoml involve-
ment to account for the altered pharmacological responses of the exposed
animals.

CURRENT REPORTS ANO PUBLICATIONS

H. Lal end H. Shah (1967), "Effects of prolonged methylchloroform
inhalation on the drug induced CNS activity." Paper presented at the
scientific meeting of the Society of Toxicology, 1967. Abstract in
Toxicol. Appl. Pharmacol., (in press).
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IMV RONNEWJ2A EFFECT OF TERM COWM ~L
I)PSECTICIDES

•J J. M. Barnes and D. G. Shaheen
Hazleton Laboratories, Inc.

Falls Church, Virginia

ASSTEDBY H. J. Paulin

WORK UNIT MO. m 303-729 CONTACT NoI-67-0-0224

OBJECIVES

To determine the residues of certain termite control insecticides
in the environment of a dependent's housing development at a naval
installation.

ABSTRACT

This project is an expansion of an earlier program in which
relatively limited sampling under winter conditions was conducted.
The current program was initiated to obtain samples of the environment
during a warm season, so that an increased array of flora, fana,
soils, and water can be collected and analyzed for insecticide residues.

PLANS FOR FUTURe

Insecticide residue analyses, now in progress, will be completed
and results will be presented in a Phase II final report.

CURRENT REPORTS AND PUBLICATIONS

J. M. Barnes and D. G. Shaheen (1966), "A study of the environmen-
tal effects of termite control insecticides." Final Report, Phase I,
ONR Contract No. Nonr-516(0O), 36 pages.
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Sorel.1 L. Schwartz
U.S. Naval Yledtes Research Institute

Bethesda, Maryland

ASSSTED BY George K. Hanasono

WORK UNIT NO. NR 303-TT4 CONTRACT PO T-0036

OBJICTIYES

(a) To define the actions of drugs on cellular and subeellular
systems under the hyperbaric conditions of the Navy's underwater
operations, (b) to study the effects of carrier gases (e.g., helium)
in cellular and subcellular membranes, (c) to determine effects of
the hyperbaric atuosphere on drug absorption, distribution, metabolism
and excretion.

ABSTRACT

The program was commenced in August 1966 and much time has been
spent in the "tooling up" phase as well as developing methodology.
Initial Investigative efforts have been in the direction of the effects
of helium and helium/oxygen mixtures at ambient pressure. In this re-
gard, the effects of the gas mixtures on microsoml drug metabolizing
systems has been screened using hexobarbital sleeping time In mice as
the indicator. Preliminary results have indicated that there Is no
significant difference In the sleeping time when compared in atmos-
pheres of air, 100% oxygenj helium/oxygen, 79%/21% and helium/oxygen,
T0W/O. These results must be substantiated by further experimentation
using the above technique and using in vitro microsomal enzyme system.

The effects of helium on lysosml mmbrane stability are also
being studied. Hepatic lysosomes of the rat are stud!ed using a cen-
trifugal fraction which comes down between 650-g x 20 minutes and
15,000-g x 20 minutes from 0.25 X sicrose. This fraction was incubated
at 37 In unbuffered sucrose in atmospheres of air or 100% helium at
ambient pressure. There was no statistically significant difference
between the two atmospheres when the kinetics of acid phosphatase re-
lease were studied between 30 and 180 minutes. This was Rlso true
when total accessibility of acid phosphatase was studied. These results
vwere Interesting In view of the fact that, in vivo, hypoxia results in
Increased lability of lysobomes.

PLANS FOR FUTURE
(a) ffects, of pressure on microscmal enzyme system (b) the ab.

sorption distribution and biological half-life of Isotopically labeled
d"s (a$ effects of steroids on stability of lysosomal mambranes under
pressure (d) effects of anti-inflamatory and antihistainle agents
on capillary permsability under pressure.
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ACUTE INTRAVENOUS SJDY OF OTTO L II IN ESUS MONKEYS

W. B. Coate
Hazleton Laboratories, Inc.

Falls Church, Virginia

AISTED BY D. Butts and K. Woolbert

WORK UNIT NO. NR, 303-787 CONTRACT N0001-67-O-0306

OBJECTIVES
To study the effects on visually discriminated avoidance behavior

in rhesus monkeys produced by various intravenous dosage levels of
OTTO Fuel II.

ABSTRACT
Two or four rhesus monkeys per dosage level, previously trained

in a visual discrimination under shock avoidance contingencies, were
tested for from two to four hours postinjection of OTTO Fuel II as
well as for one hour preinjection and, on the previous day, for four
hours following equal volumes of normal saline administered intra-
venously. Observations of phamacotoxic signs were made on these
monkeys hile restrained in plastic primate chairs and on two other
monkeys while in their cages at each of the three highest dosage levels
tested and at 0.41 ml/kg.

The results with OTTO Fuel II (behavioral testing) were as follows:

Dom Level N Effectml/kg

0.004 4 3-No effect; 1 slight effect (6 missed avoidance
responses out of 100-trials)

0.007 4 4-No effect
0.04i 2 2-No effect
0.13 2 2-Marked effect followed by complete incapacitation

within four hours
0.153 2 2-Complete incapacitation within two hours (one death)

Complete incapacitation vas indicated by five successive failures
to terminate the five second escape shocks.

The four animals at the two highest levels ere treated there-
peutially with 0.5 mi/kg of a 4% solution of methylene blue soon after
complete incapacitation vas observed. Three animle recovered, one
died Immediately thereafter.
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Two caged monkeys were treated with the antidote after 0.153 ml/kg
of OTT) Fuel In had produced prostration at four hours, and both recovered.
Tvo animaes given 0.4I ml/kg of -the OTTO Fuel died, one within eight
minutes, the other after 2-3/4 hours. Neither were given the antidote.

In general, the signs produced by OTTO Fuel II were dose related
and followed the pattern of nitrate poisoning: Mydriasis accompenied
by occasional momentary miosis, eyelid ptois, decreased motor activity,
ataxia, decreased sensitivity to touch and pain stimuli, depressed
pIpillary light reflex, appearance of blindness, prostration, vasodilation,
salivation, protruding tongue, irregular breathing, retching, and
occasional tremors and sub-convulsive movements. The signs seen at
0.O1 .l/kg were mydriasis, retching, decreased activity, and vasocon-
striction lasting less than one hour; all the signs listed were seen
at 0.153 ml/kg in at least one monkey. On the basis of the degree of
effects observed at this dose, including one death out of four monkeys
tested, it is estimated that the LD s ' approximately 0.15 ml/kg;
however, since the antidote was successfully administered to three of
these four monkeys, it is possible that the LD50 is somewhat lower than
this.

PLANS FOR FUTURE

To determine the effects of a 90-day continuous exposure to vapor-
ized OTIO Fuel II (at a concentration to be selected) on the visual
discrimination performance of rhesus monkeys.

° 1'
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* . T OZINOLOG!

The distinction between to~dooo and toxinolo&7 Is of fairly recent
origin and iP.a very logioal one. What has been said about Marine No-
ohesuis6; becomes of critical importance when the materials elaborated by
the normal living elements in the se are harmful or even deadly. A study

- of the touinm produced by a wide variety of organism, from viorobes to
mamalamay range from the applied research likely to be needed for

suvia manuals to the very basic studies which may be the soil in wich
new Ideas for medication and for the understanding of physiological.
processes may develop.

I.4
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A STUDY OF IMMEDIATE SENSITIZATION OF TISSUES BY
ANTIGENS AND ANTIBODIES, IN VITRO

George A. Feigen
Stanford University
Stanford, California

ASSISTED BY Joseph T. Tomita, E. Sanz, Denis J. Prager, & Bruce Reitz

WORK UNIT NO. HR. 305-720 COHTRACT NONR 225(46)

OBJECTIVES

(a) To characterize the peripherally active principle in tetanus toxin,
(b) to continue studies on its mode of action, and (c) to continue stadies on
the properties and mode of action of other "releasers": antigen-antibody
complexes, sea urchin toxin, streptolysin. (d) To work on sensitization
with anti-ragweed and with certain modified protein antigens.

ABSTRACT
TOXINS. Tetanus toxin: Previous work had shown that treatment

of crude tetanus toxin by combined ammonium sulfate fractionation and
cerebroside-ganglioside adsorption sequences resulted in a product which
had little lethal toxicity and a great deal of peripheral electrophysiological
potency. Concurrent immunochemical and ultracentrifugal characteriza-
tion showed that this preparation had a Svedberg coefficient of 4S and that
it gave 7 lines in immunolectrophoresis as compared with over 20 lines
in the starting material. In order to show that lethal activity in turn could
be concentrated independently of Mepp activity, a second set of fractiona-
tions was made by repeated precipitation of the parent material with meth-
anol at low temperatures. That product had over 6 times the lethal poten-
cy of the crude toxin but nearly 100. 000 times less Mepp potency. Immuno-
chemical and ultracentrifugal analysis showed that this preparation con-
slated of entirely TS molecules and that it gave only a single line in immuno-
electrophoresls and therefore that it was a single antigen. This demon-
strated that Mepp activity and lethal activity were owed to different mole-
cules which could be separated by selective fractionation procedures.
Isolation of the Mspp activity as a single antigenic determinant was effec-
ted by chromatography of the most potent Mepp preparation on Sephadex
0-200. Bioassay of this component showed that it possessed only Mepp
stimulating activity but was entirely lacking in lethal activity.

: Purified preparation of groups A and C streptolysln 0In the r c ate cause changes in the mechanical and electrical be-

havior of the isolated tria ot the gines pig. The active &gf hM been

Identedas streptolysin 0 by experiments which show the material to be
heat denaturable, blocked by ant-streptolysin 0 and by choleterol, and
inactivated by oxidation and treatment with acid. Orwupe A and C appear
to have equivalent cardloic effects as related to their bemolytic poten-
CeO. In the apoaneonsly beatin& isolated atria, challenge with strep-
tolyia 0is followed by a decrease In rate and stregth of contractiona
well a an lncreaae in the rate of repolarisation of the trial action poten-
t"a The degre of response and the lag time i dependen upon the doe
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of toxin. Electrophysiological, pharmacological, and kinetic evidence sug-
gest that these changes are the effect of release of acetylcholine from the
atria after challenge with streptolysin 0.

Sea Urchin Toxin: Studies on the pharmacological effects of sea ur-
chin toxin show that te toxicity to isolated tissues is owed to the release
of histamine (identified chemically as such) and also to the formation of
certain non-histamine-like materials, similar to bradykinin. Enzymolog-
ical experiments show that the incubation of plasma with toxin produces a
dialyzable material which chemically and pharmacologically is distinct
from histamine, substrates--A study of various substrates indicated
that y-globulin, and serum albumin were ineffective but that Cohn frac-
tions HI-O and IV-I, which contain a high proportion of -globulins were
effective in the reaction, enzymes -- Previous pharmaco6ogical studies
showed that the fraction precipitated with 65% saturated ammonium sulfate
was the most potent. This was also found to be the case in experiments
with substrates.

ANAPHYLAXIS. Ragweed: Immediate in vitro sensitization was
achieved by perfusing isolated guinea pig hearts and incubating guinea pig
guts with rabbit anti-ragweed. Tests with the dialyzable product of the
hydrolyzate of the ragweed antigen showed that it could produce an inhibi-
tion of the ragweed-anti-ragweed anaphylactic response as a function of the
concentration of the inhibitor present before the sensitized tissue was
challenged with the whole antigen. Thus far it has not proved possible to
sensitize guinea pig tissue with anti-ragweed of human origin.

Cardiac Anaphylaxis: Present studies deal with the kinetics of
anaphylactic histamine release from guinea pig atria rendered sensitive
to ovalbumin by active immunization, passive in vivo transfer, and pass-
ive in vitro sensitization with specific rabbit tibody. Experiments with
tissues Trom both actively and pas-ively sensitized animals indicate that

the effective temperature range fur the anaphylactic release of histamine
is from 24 to 449C with an optimum temperature of 39. 60C. The time-
course of histamine release was determined for actively sensitized atria
at 27 and 316C. In both cases, histamine output reached a maximum value
1. 5 minutes after challenge and was 90% complete within 4 minutes. To-
tal output at the higher temperature was about four times greater than at
the lower one. Estimations of total tissue histamine content reveal that
the right atrium contains 40% more histamine per gram of dry tissue
than does the left atrium.

PLANS FOR FUTUE

pjg: (a) To produce sufficient quantities of the purified Mepp-
stimulaUi factor for detailed physical-chemical characterization (b)
To continue isolation of sea urchin toxin by column chromatography. ()
To continue work on the mode of action of streptolysin by pharmacological
and active transport experiments. (d) To identify reaction products of
toxin-substrate reactions.

ITo V/tro ll..: (a) To study the Inhibitors of sensitisation.(b) To study condition Mff tin the lfe span of the *esyme responsibl
for histamine release. (c) To study sensitization and aplais with
chemically modified protein antigens.

OIUENT NEORTS AND FUSUCATO
1. Parsons, R.L.. W.W. Hltmenn. & G.A. Fe10 "The Mode of Action
of Tetanus Toxin oan the Neuromuscular Junction. Am. J. Plysiol. In:
1, 1966.
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2. Pasn . , W. W. Hofmann, G. A. Feigen "The Presynaptic
Effects of Potassium Ion on the Mammalian Neuromuscular Junction,"

Ntunrs 208:590, 1966.

3. Feigen . A n .B Nielsen "Passive Sensitization in o
Effect of Antibody Concentration on the Lag Period and Velociit7
Science 154:676. 1966.

4. Feigen, G. A.,* J. T. Tomita, and R. L. Parsons "Physicochemical
and Serological Properties of Nonspasmogenic Fraction in Tetanus Toxin,"
Fed. Proc. 25:307. 1966.

5. Hofmann. W. W. . R. L. Parsons, and G. A. Feigen "Effect of Temp-
erature and Druigs on Mammalian Motor Nerve Terminals, " Am. J.
Physiol. 211:135, 1966.

6. Feigen. G. A.,* E. Sanz, and C. B. Alender "Studies on the Mode of
Action of Sea Urchin Toxin. L Conditions Affecting Release of Histam'ine
and Other Agents from Isolated Tissues," Toxicon 4:161, 1966.
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BIOPHYSICAL AND BIOCHEMICAL STUDIES ON ELECTRICAL
ORGANS AND MUSCLE MEMBRANES

Professor 3ernard C. Abbott
University of Illinois

Urbana, Illinois

A38STED BY

WOhK MT 1N0. MR. 305-7413 CONTRAC MONR 3985 (02)

OBJECTIVES

(a) To purify the toxins from uncellular red tide organisms, (b) to
study their mode of action on cellular tissue, (c) to elucidate composi-
tion and metabolic origins of these compounds.

ABSTRACT

Studies have been made on the toxins from three organisms, all of
which bloo, to produce high mortalities of fish. The main studies during
this yea: have been made on the Chrysomomad Prymnesum parvum, which is a
small flagellate. It lives over a range of salinities from fresh up to
sea water but is toxic only at the lower salinity ranges. The toxins
studied are intracellular and are isolated by spinning cells off from
a culture, lyophilising and purifying the precipitate.

The toxins have both hmolytic and neurotoxic actions and our
efforts have been directed towards separating the two components and
showing that these actions ame due to separate substances. A variety
of techntiquaes have been used, the most successfui being the use of
Sephadex columns and paper chromatography. The teat for hinolysis has
been iabbit red blood cells, while for neurotoxic action two tests have
been employed. One is the death time for small fish and the other is
the block of the frog rectus abdaminus musc le. A contracture Is induced
by the toxin, and after this effect has been washed away, the acetyl -
cholsineresponse remains inhibited. It has been shown with a Sephadex.
column that all hemolytic activity is eluted early in the sequence Aft".-
as so significant neurotoxic activity appears until much later. Further
studies on the humlytic fractions have failed to demonstrate more thea

* oe component separable on a paper cbomatopapbi with a solvent mixture:
?he spot shows IN fluorescence and a positive Wdriz reaction.

Both factors, bmalytic and amrotoxic ame inactivated by light,
* and attomts an contiln to characterize these propertes. Neasure-

mats at vurious tempeature and In the presence of nitrogen or oxygen
indicate that heat inactivation of the bemolytic factor in solution is
significant at room t~aten, but that the nsaurotouic factor is more
stable. Ther Is so marked peek of absorption In the visible range
alhoo asoton~ show several ka. No reasonable explanation

of heinctiatonbyvisible lig been obtained.
The action of the anetoxic factor on acslee has bea tther



studied. Its action on the frog rectus is two fold. The first action
is a contracture and our results throw doubt on earlier studies on this
toxin. Our results show that the toxin has a double effect on many
muscles but that the two actions are not similar. In the frog heart,
the plateau is eliminated before the action potential is blocked and it
can be inhibited by atropine. In intestinal muscle, the early contrac-

ture also can be blocked by atropine but the block to acetylcholine can
not be reduced. A contracture also develops in the frog rectus muscle but
we have been unable to interfere with this effect except by repeated washes.

Experiments on the toxin from the Red Tide organism, Gymnodinium breve
and on the Lyophylised extracts from a blue-green alga which caused mass
mortality of fishes in areas of New Hampshire this summer, have been dir-
ected to locating the site of action of the toxins. The evidence accumula-
ted suggests that the dinoflagelate toxin acts by depolarizing the endplate
region. When appliesd to a vertebrate nerve muscle preparation, intense
fibrillation occured and miniature endplate potentials increased at first
and then disappeared. Nerve-muscle block occured well before blockage of
either nerve or muscle. The most dramatic result was on the small fibers
in the cockroach abdominal nerve cord. Immediately on application of the
toxin the small fibers discharged about 200 impulses per second continuous-
ly although discharges of the large fibers were unaffected. The prelimin-
ary measurements on the blue-green alga show that this toxin is very potent
and blocks nerve and muscle conduction rapidly without depolarization.

Studies begun under this contract on the biophysical properties of
excitable membranes have continued without financial support. Measure-
sent of the heat production during action potentials in the rabbit
vagus nerve at low temperatures have shown that heat is liberated on the
depolarizing phase of the action potential and that heat is reabsorbed
during repolarization. Some further studies are being carried out on
this nerve, but it appears that such more information will be obtained
from the olfactory nerve of the gar fish. Gasser showed that this nerve
is very suitable for heat measurements. The action potential lasts
nearly 30 msec at 20* C and propagation is slow. A suitable theropile
has been constructed for heat measurements and experiments are in
progress.

PLAMS FOR FUTURE

The toxins from three toxic organisms are grown in pure culture
and are harvested at suitable periods of growth. Studies will be made
of their mode of action on excitable mbranes using especially the
pmse. gap method for voltage clamping. Concurrent studies will be
made on hemolytic actions of the toxins and separation studies will be
carried out.

CUOINT TORTS AND PUBLICATKS

In prepazation:

3) The ode of action of the toxin from Gy&modtmu breve

2) iAght inactivation of the toxic fractions in Prymesium parvi.
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SSJ.D. Ch 1cy

SDepartment of Chemistr, The Mount Sinai Hospital

New Yorks New York
ASSSTED BY Carlo pjosei

WORK UNIT NO. MR 305r75 CTRACT Nonr 3128 (Co)

OBJECTIVES

(a) To elucidate the chemical structures of the components of

holothurin, (b) to correlate its various pharmacological and

surfactant properties with the particular chemical and configura-
tional fbatures of the molecule.

ABSTRACT

Holothurin, a family of physiologically active saponins, isolated
from the sea-cucumber Actinopyga agassi i are triterpenoid steroids
combined with a carbohydrate moiety of 2A sugars and generally
exist as sulfate esters. Pbur groups A, Bs C, D chromatographically
h- geneous) have been separated, analy ed chenicaJly, and examined
fur their pharmacological and pbysiological effects. The groups are
distinguished from each other by differences in the number and nature
of their sugar componentst and in the presence or absence of a 8l-
fate moiety. The individual members within the group differ with
respect to their steroid components.

Holothurin A, the principal component (65-75 9/e ), C 4 0 iSNa
(Av.emj. form.), on strong acid hydrolysis yields one nol. of sulfuric

aoids onosaccharides, ylose, glucose, 3--thylglucose, and

quinovose, and a water-insoluble mixture of holothurinogenine
deoribed below). Enszynmatic hydrolysis ielded 3-0-Wthylgluoosyl-
gloos6 and quinovosyl-34Ometbylglucoe (?). Periodats ozidation re-
bulted in the destruction of quinovose only. These results established
the sequence (starting with glucose attached to the steroid) glucose-
3-O-athYlgluoose, and possibly quinovos, as the last mmber of the
chain. Mild non-aqueous acid hydrolysis gave one mole of sulfurio
acid and a g]yooslde with the 4 sugars. The latter oxidised with per-
iodic acid and then hydrolysed gave neither xylose nor quinovoee.
The sulfate miety Is therefore attached to the '1ose.

Holothurin D (15 "/ ) contains no sulfate and gives on acid
hydrolysis the sam sugare and holothurinogenin mixture as holo-
thurin A. Holotburin D is desulfated heblotmrin A.

Holothairin B (540 "/.) contains zylose, quinovose, and sulfuric
acid. Its agrlycom correspond to those from holothurin As, but

differ In their relative proportions.Holothurin C (5 ".) contains zxyloee qunovose, and glucose.

acd.It alyomscorepodtothsefrm ooturn86 u



Two of Use principal ganins, holothurinogsnhas I mand II more epazm-
tdand their utruotures elucidated copletely. Rolothurinageaft Is

CsiA 40g, in the tstmclio triterpens 3D,174#0 Ar~hydnig'.4 25-
Hoaotamminogsniu Tr is the i7-d..aw hrivativ. of ioohrlcnn 1.
Of *the. remining udzture -of hcaotaurinotenins 69a6) at least one-half
Nori dim to countain teme amUlaa portion as holoturimpgnin I,
but diffored as to the nature of their side-chains.

Nlothurin As Bp 0,9 and D do niot contain the. conftuated dione
sstem, an1 holotminogenins do. 111ld, non-aueous acid hydrolysis of
helothurin A cleaved the. sugas and sulfatt. moety and furnished the
mncajugated aglycota precursors of tm. holot wrinagenims. A oaqpari-
son by 1.J.3 and I.LR spectra, of holothurin A, the holotniurnogenims
and the. latter's Imdiate precursors suggests that significant indift-
cations of thm. aglycam mity of Intact holothurin ensue after strong
acid hydrolyis.

The. nourotudiity of holotburin was studied in collaboratlon ith
Dr. 8.L. Friess of the National hwl 11dia Center, Bethesda, Md.
Oertan of its hatures are unique: the action resmbles that of oholin-
esters". but is In contrast Irreversible and an au-or-none eftt
Its irreversibLe inhibition of twitch resome may be iargely negated
by prelncubation ith xaLL concet'tom of representative antichoiWx-
*uterasq& wprtv experluents employing the pmvified subfractions
bolothurin As B, C.9 Ds and demulftted holotblawn hav pointed up tme
stringent struotural requirements of synaptic receptors susceptible
to holotmarin attack. The bemolytio action of ho~othurin is 20..25 times
stroWe than that of the a sta'a at hmoly~tic sapofIn of plant origin.
Nolotburin ills a fifty' pound sharkc In dilution of 1x~oolooo within
ca. one hour.

PLANS FOR FUTURE

To extend our biochemical studies to related, uncharacterlued,
physiologically active principles In achinoderms.

CURRENT REPORTS AND PUBLICATIONS

(a) J. D. Chaley T. Mssetti and L. Bobotjca (1966), wriTh Holo-
tbmrlzo$nir.# Tetrahedrons 22, 1857-886~

W)S.L. Frioes .L. Durant, J. D. Manley and T. Mametti (1965),
M'8w structural requiroments undrlying holotlmrin A Interactions
with synaptic ohmmoroptrs." Nlochern. Pbatcole il4# 1237-24~7.
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AFLATOXINS IN MAIALIAN CELL SYSTEMS

R. A. Chung
Tuskegee Institute
Tuskegee Institute, Alabama 36088

ASSISTED BY E. W. Adams, R. W. Brown

WORK UNIT NO. HR. 305-779 CONTRACT N0001 -67-C-02;2

OBJECTIVES

The proposed investigation aims at obtaining information on the
influence of aflatoxins ons

1. The RA and protein synthesis in different cellular organelles and
on the time-course of liA, RNA and protein synthesis, in a few
selected mammalian cells differing in their amino acid metabolic
patterns;

2. The three RNA compoents, ABSTRACT
(28S9 18S and 4-6S). Aflatoxins in Mammalian Cell Systems

Aflatoxins are metabolites of some strains of Asoerqillus flaws.
They comprise a group of structurally related coumarin derivatives which
have been discovered as contaminants of certain lots of animal feed in-
gredients by virtue of their hepatoxic properties. Asp~erllus f
commonly invades grains and seeds, stored with moisture contents in equi-
librium with relative humidities of 85-89% producing compounds toxic to
animals. Not only might aflatoxins cause great loss among domestic animals
and marine animals but they might present a potential public health hazard
which might arise from contamination of the food supply. Furthermore,
aflatoxins have exhibited potential carcinogenic properties in rats and in
rainbow trouts. Although some of the biochemical alterations caused by
aflatoxins have been studied in a number of biological systems, compara-
tively little is known about the primary biological effects of aflatoxins.
The biological effects on cell growth, cell morphology, mitotic division
and OKA synthesis in cultured human embryonic lung cells have been re-
viewed recently. Within a few hours DNA synthesis and mitosis were
suppressed. In addition, it has been found that low concentrations of
various groundnut samples destroyed cultured calf-kidney cells and that
the toxicant inhibited the incorporation of C-14 leucine into protein in
various liver preparations. The interpretation of these biological effects
is limited and therefore it is proposed in this study to investigate the
biological effects of aflatoxin on sub-cellular metabolism in mammalian
cells on established cell lines. A recent study of the amino acid
metabolism of sixteen mammalian cells of specific genotype in our labora-
tories has resulted in the finding that the level of C-14 (from glucosej
incorporation into amino acids by these cells differ from cell strain to
cell strain. These cells, therefore, would provide varied 1n yja blo-
logical systems to elaborate on the sequence of events resulting from
the presence of aflatoxins.
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These studies would provide important implications for prevention
oia~least moderation of the action of aflatoxin.

PLANS FOR FUTURE

To obtain information on the influence of aflatoxins on (1) the
FMA and protein syntheisis in different cellular organelles and on the
time-cour'se of DN4A, RNA and protein synthesis, in a few selected
mmali1an cells differing in their amino acid metabolic patterns, and
(t2) the three RNA components (28$, 18S, and 4-6S).

ChugR. .,R.CURRENT REPORTS AND PUBLICATIONS

Chuny R A. R.W. Brown, L. H. Beacham, and-I-Lo Huang. Amino Acid
Metabolism of Different Mammalian Cell Lines. Cana . Bichm
Idsl145-ll57 (1966).
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TOXI PRICIPES O SE SNAE VNOMSFRO

SOTHAS ASAADTEFRES

AnhoyT.T

ASSSOTHEAS ABI p.I THE FARm EASTAam

WORK UNIT NO. MR. 305..780 CONTRACT NOO1-67-A-0220-OOO2.

OBJECTIVES

(a) To isolate the toxi~c principles of sea snake venom, (b) to
determine whether toxi~c principles are enzymatic or non-enzymatic,
(c) to determine chemical properties of toxic principles, and (d) to
neutralize toxicity with chemical compounds.

ABSTRACT

Venoms of sea snakes, Laticauda colubrina, and L. setifasciata,

collected in Formosa, were tested for their possible proteolytic

Viperidae, sea snake (Hydrophiidae) venoms did not hydrolyze the
synthetic substrates, 2..toluenes-,±.fonyl-L..arginine methyl ester and
N-beuzoyl-L-arginine ethyl ester. This was quite similar to Elapidae
venoms which also did not hydrolyze these substrates. Specific
substra~tes for chymotrypsin such as N-acetyl-L-tyrosine ethyl ester
and N-benzoyl-L-tyrosine ethyl ester were not hydrolyzed by venoms of
any terrestrial snakes or by sea snake venoms. The venom of
L. colubrina coagulated fibrinogen to fibrin-like material; however,
t. se-mifasciata venom had fibrinolytic action

PLANS FOR FUTURE

Sea snake venoms will be collected in Southeast Asia and the
Far East and the chemical properties associated with the toxi~c
principles will be investigated.

CURRENT REPORTS AND PUBLICATIONS

(a) A. T. Tu, 0. P. James, and A. Chua (1965), "Some bichemical
evidence in support of the classification of venomus snakes." Toxioon,

(b) A. T. Tu and R. B. Passey (1965), "Effect of Na a na a atz'a
venom on oytochrome c oxidase, ascorbic acid oxiddase, pro dame, ~
catalase." 'Tbxdcon, 3, 25-31

(0) A. T. Twa, A. Chua, and G. P. James (1965), OPeptidase
activities of snake venoms." oup. &oohem. Ptiysiol., 15, 317-523

(d) A. T. TN, 0. P. James, and A. Chua (1965), NProteolyti
activity of snake venoms." Toxicol. Appi. Pharmacol. * 7, 501
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(e) A. T. Tui and R. B. Passqy (1966), *Snake venous and
Oatalase CAn ps"i'oidas activities. " Toxifton 3, 3017-308(f ) A. T. Tia, A. Chua, and 0. P. Jmies (1966), oproteolyti
enzye activities In a variety of snake voeu." Toxicol. Appl.

- - Pharmaool., 8, 218-223
(g) A. T. ti, R. P. Passaq, and T. Tu (1966), "proteolytic

enzyme activities of snake venous.ff Tohdicon, 4i, 59-60
(h) A. T. Tu, P. M. Tocis, and D. Murdock ('1966). "Chemical

differences in the venoms of genetically different snakes." Animal
* Toxins, Pergamon Press, Oxford. Ekglund, Elited by F. E. Russell,

12 pages, in press
* (i) A. T. TU and A. Chua (1966), NAcid and alkaline

phosphomonoeterase activities in swake venous." Coup. Biochem.
PbYsiol., 17. 297-3D7

(J) A. T. TU and J. A. Reinosa (1966), "The interaction of
silver ion with guanosine, guanosine inonopbosphate and related
compounds, determination of possible sites~ of couplexing."
B.ochemictry, 5, 3375-3383
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