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hoped  that,  ty, this  meatrs,  exchange  Of Scientific  lnformbion will
uhated among  thcee  having related research lntere8ts .

Naval Eegcarch  has  the  pr.ivilege  to  sponsor.

•It is
be  stim-

These  reports  are prelELnny in trature and do not constlfute prbu-
catlon in  the  conventlonel serge.    The mterlal refeEEad  to  herein whu
ordlnar'1ly be  prbllshed  ln  open gcfontlfic \11terafure  at a Later  date.
These Abstracts  are,  therefore,  to  be  oo"1dered  as  FRIVIIfflED  PERseyap
OounlenTIOwS and nut not be  referred  to without  the  rmltten  cotrsent of
the  researcher  and  then  only as  a personal  comunlcauon.

Oredlt  for  this  volirme  belongs  to  the  lnvestlgatae  who  conducted
the  reseaHrch and  gupplled  the  abstraot8.    We  appreolate  their  cooperation
and  take  pride  ln  the  high quality of the research  that the  Office  of
LT_-i-|    A______  _,_     ,              ,  ,

. ., :. . Lj
ROBERT  K.   dEENINas,   ph.b.
Blochemis try Program Director
Offloe  of Naval Reseaz.ch
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The  series  of anmal abstract reports,  viened  sequentially gives
at  least  a  partial view of  the  changes,  and  hopefully the  pl'ogress,  of
the  Biochemistry Program  of  the  Office  of Naval Research.    Not  all  the
changes  reflect  the  influence  of factors  under  the  control  of  the
Program Director.    Changes  in naval needs,  in  the  overall distribution
of responsibility for  encouragement  of baLsic  research  among  the  ]many
goverrment  agencies,  and  changes  in  the  methods ,  means  and  interests
of  the  scientific  conrmnity itself perha,ps  outweigh  the  pla,ns  for  a
particular ba,lance  among  the  several  elements  which  constitute  Bio-
chemistry.

Over  the  past  five  years,  the  trend  has  been  away from  the  type
of  ol`ganic  cheristry of biological materials  which  only after assim-
ilation  into biology and medicine  will provide  the  Navy with a return
on  its  investment.    We  have  been  seeking areas  in  which  truly basic
research,  not based  on  foregone  conclusions  as  to  what  information
would  be  generated,  may nevertheless  be  expected  to  reveal  new sci-
entific  principles,  new processes  and  new products  which  the  NaLv'y
would  find  of especial  value.    Life  processes  affect  our  effective
naval  action,  whether  thl`ough  the  influence  on  the  mental  and  mechan-
ical  perfoma.nee  of men  or  the  influence  on  equipment  and  rna,terials.
Knowledge  of  how they  operate  may provide  us  with  the  aLbi]|ty  to  con-
trol  them,  to  imitate  them or  to  avoid  their  consequences  if need be.

We  hope  that  the  readers  of  this  volume,  who--for  the  most par't
are  also  those  who' have  uritten  it--will  give  sore  thoucht  to  their
own  areas  of  competence,  asking what  there  rna,y be  in  those  areas
that  the  Navy is  particular.ly likely to need.

The  program  in  calendar  year  1968  covel'ed  stndies  in  Biochem-
istry,  rminochemistry,  and Pharmacology  (with sane rather  special
definitions  of  the  content  of these disciplines  for  the  purpose  of
limiting  the  al.ea  of  cognizance  to  the  Crm  rission).   A  short  essay
is  appended  to  each  group  of reports,  'describing  the  progra,in.    Have
we  overemchasized  anything?    Have  we  missed  anything?

Fit
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The  process  of  transforming  the  Biochemistry project  from a
program  la,rgely  oriented  towal'd  the  development  of  biochemical methods
aLnd  the  organic  chemistry of  compounds  of  potential biological  and
medical  interest  to  one  concerned  with  the  understanding,  control  and
possible  application  of  selected  life  processes  is  nearly coxplete.
The  administrative  view that  the  pro.ject  is  divisible  into  two  parts;
Marine  Biochemistry and  ifetabolic  Biochemistry,  as  it rag  presented
in pa,st  yeaLrs,  is  no  longer meaningful.    If  subdivision  is  desirable,
it might  be  more  proper.1y based  on  studies  of biological  functions
on  the  one  hand and biological  products  on  the  other,  so  fall  as  the
wcmk reported  in  this  yearts  abstracts  is  concerned.

Only three  contracts  dealing with  enzyme  stmcture-function re-
lationships  remained in the  portfolio  at  the beginning of this  fiscal
year,  and  two  of  these  were  terminated  so  early that  it res  not appro-
priate  to  includ.e  reports.    The  WBiological Substances"  which remain
of  concern are  such items  as  Ieucogenenol,  fungistatic plant products
and barnacle  cement.    "Biological Flinctions M  I`ange  from biolumines-
cence  through metabolic  aspects  of wound  healing  to  the  biochemical
effects  Of  enviromnental  faLctors.    Purposely,  there  is  considerable
overlap betmeen  the  objectives  of  this  part  of _the  progralri  and  those
described as  ininochemistry,  the  Biochemical Mechanisms  of  Toric
Environments,  and  "Pharmacologyn.    If more  than  one  intel'est  is  served,
the probabi]|ty of useful return is  all  the more  certain.

To  the  pmogram as  outlined  here  has  been  added  a  new  concern
with  the biochemical aspects  of stress ,  involving  the  establishment
of several  contracts  in  the  period which will be  reported  in next
year's  issue.    This  effort  involves  close  interaction  among  the  in-
vestigators  in  the  several  institutions  and also with I'eseal`ch in
progress  in  naval  in-house  La,boratories.    If  this  kind  of progr.am
pla.nning proves  to be  as  successfiil as  early indications  suggest,
other  central  themes  and  team  efforts  maLy be  the  keynote  in  the
futre .
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rmopERTEs   oF  InzDROGENASE

david Rittenberg
Columbia  University
New  Tor.k,  New  Tor.k

ASSISTED  BY

WORK UNIT No.  NR             108-047 CONTRACT         Noun  h259(02)

OBJECTIVES

(a)  To  investigate  effect  of mavelength  on photocherical  activation
of  00  inhibited tryql.9genase,  (b)  to  investigate  the  srfucture  of  the
activated enzyme,  (c)  to  inirestigate  the reintiusinis--5:rfe;n
and  function  in  the  deorygenated enzy]ne  i"ctivated by CO and
ceptible  to  subsequent photoactivatian,  and  (a)  to  inJestia-i;-e--rae
A_,.,,fractionation of deuteriulri in metabolic  proc6s;es .

^BSTR^CT
Contract  terminated.    No  report requested.
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ENZYMATIC   STUDIES
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Hans  Neurath
University  of  Washington
Seattle,   Washington  98105

ASSISTEDBY         K.   A.   Walsh,    R.   A.    Bradshaw,    R.   L.    Stevens,    W.   P.   Winter,
A.   Aboderin,   R.   W.   Tye,    and   G.   R.   Reeck

WORK UNIT NO.  NR      108-152                                            CoNTRACT   Nonr-477(35)

OBJECTIVES

To  determine  the  relation  between  chemical   structure,   enzymatic
function  and  phylogeny  of  proteolytic  enzymes  of  various   species,   with
particular  emphasis  on  those  of  marine  origiri.

^BSTR^CT
This  program  deals  with  comparison  of  the  well-known  proteolytic

enzymes  of  higher  animals  with  those  of  analogous   enzymes   obtained   from
marine  organisms.     The  purpose  of  these  investigations  is  to  establish
the  relationship  of  the  structure  and  function  of  enzymes,   and  the  en-
vironment  in  which  they  act.     The  following  projects  have  been  carried
out  to  this  end  during  the  period  covered  by  this  report:

1.     Chemical  structure  of  bovine  pancreatic  carboxypeptidase  A.
Chromatographic   systems  have  been  developed  to  separate  and  identify  six
different  proteins  corresponding  in  structure  and  function  to  carboxy-
peptida§e  A.     Three  of  these  differ  from  each  other  in  the  N-terminal
region,   representing  different  products  of  activation.     Each  of  these
three  forms  exists  in  two  allotypic  forms  differing  in  two  amino  acid
replacements  in  the  molecule.     All  of  these  components  have  similar
enzylnatic  properties.     The  work  on  amino  acid   sequence  of  carboxypeptidase
A  is  nearing  completion,   including  the  200  amino  acid.residue  fragment
which  previously  had  resisted  quantitative  separation  and  identification
of  the  various  enzymatic  fragments.

2.     Proteolytic  enzymes  of  the  Pacific  Spiny  Dogfish.
With  the  aid  of   local    fishermen,   a  large  supply  of  d.ogfish  pancreas
glands  (1h,000)   has  been  obtained  and  subjected  to  large-scale  separation
procedures.     It  is  anticipated  to  derive  from  these  goodly  amounts  of
chymotrypsinogen  A,   procarboxypeptidase  A  and  8,   as  well  as   trypsinogen.
The  procarboxypeptidases  and  their  corresponding  enzymes  will  be  sub-
jected  to  detailed  chemical  and  menzymatic  characterization.     Chymotryp-
sinogen  and  trypsinogen  are  currently  under  investigation.

The  protein  fractions  of  the  pancreas  of  the  African  lungfish
I)rocopterus  have  been  separated  chromatographically  and  many  of  them
identif led  enzymatically.     Continuing  work  will  be  directed  toward  the
characterization  of  some  of  these  enzymes.

Two  trypsin-like  enzymes  have  been  isolated  from  the  starfish
avasterias  trochelii.
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PLANS   FOR    FUTURE

Future  work  will  be  directed  toward  a  more  detailed  characteriza-
tion  of  the  proteolytic  enzylnes  of  marine  organisms,   particularly
those  of  the  lungfish,   starfish,   and  dogfish  in  comparison  to  those  of
mammalian  pancreas.

CURRENT  REPORTS  AND  PUBLICATIONS

(a)             R.   A.   Kenner,   K.   A.   Walsh,    and  Hans  Neurath,    ''The  reaction
of  tyrosyl  residues  of  bovine  trypsin  and  trypsinogen  with  tetranitro-
methane."     Bioch.   Biophys.   Res.   Cormun.,   in  press.

(b)      H.   Neurath,   R.   A.   Bradshaw,   L.   H.   Ericsson,   D.   R.   Babin,

:i  :;v:::I;'an:::a:icA; a¥::g'pe:::'::::tA :iiat::a:€h:::ncBg:::±a,S t=:C::::s.
(c)     P.   H.   Petra  and  H.   Neurath  (1968),   ''The  heterogeneity  of  bovine

Carb°f¥?ep±=d£:eTS¥,."T.F£?.u::::.A¥A.N:£o::rim,   R.   L.   Stevens,   R.   Haynesj

"Large  scale  preparation  of  pancreatic  proteolytic  enzylnes  and  their
zylnogens   from  the   spiny  pacific   dogfish."  Pac.   Slope  Biochem.   Conf.

(e)     W.   P.   Winter   and  H.   Neurath     (1968),   "Digestive  proteases   of
the  starfish."     Fed.   Proc.   27,   No.   2.
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NUCLEIC  ACIDS  IN  REGENERATING  WOUND  TISSUE

M.   8.   Willialnson
Loyola  Univel`sity

Hines,   Illinois

ASSISTEDBy      L.    G.    Wong

WORK  UNIT  NO.  NR 108-315 CONTRACT        Nonr   3502  (o2)

OBJECTIVES

(a)   To  investiga.te  the  factors  affecting  the  formaLtion  of  wound
tissue;  (b)  to  study  the  formation  of  RNA  in  the  cells  of  wound
tissue,   particularly  in  the  nuclei  of  this  tissue,   with  special
refer.ence  to  the   synthesis  of  collagen;  (c)  to  find  the  mechanism
which  utilizes  the  extensive  amounts  of  cystine  required  for  the
formation `of  wound  tissue.

^BSTR^CT
Because  the  half-life  of  in-RNA  in  the  cytoplasm  is  I.elatively

short,   the  distribution  of  RNA  in  the  nucleus  ha.s  been  studied.     We
halve  isolated  fractions  of  nucleaLr  RNA  from  regenerating  wound
tissue  which  have  a  rela.tively  high  G+C  /  A+U  r'a.tio.     On  the  basis
of  the  amino  acid  composition,   the  base  code  of  the  in-RNA  re-
quired  for  the  synthesis  of  both  collaLgen  chains  might  be  expected
to  have   a  G+C  /  A+U  ratio  between  1. 5   aLnd  7. 8,    as  outer  limits.  `

Most  of  the  nuclear  RNA  fractions  isolated  fr.om  wound  tissue
have  a.  ba.se  ratio  of  less  than  one.     However,   the  most  abunda.nt
RNA  fraLction  obtained  has  a  ratio  of  about  1. 5;  other  fractions  with
r'atios  up  to   6.85  have  been  found.      The  r'elative  abur}da.nee  of  these
two  fractions  is  6:1.     We  postula.te  that  the  abundant  nuclear  RNA
fr.action  is  conta.minated  with  RNA  moieties  from  other  fractions
having  a  high  G+a  / A+U  ratio.      These  relatively  crude  extr.acts
presently  are  being  fractionated  further  on  Ecteola  and  sephadex
columns.     To  obtain  a  clue  as  to  their  possible  function,   the  rate  of
formation  of  these  nuclear  RNA  sub-fractions  will  be  studied  at
differ.ent  stages  of  wound  tissue  development.      The  rate  of  3H-
ul`idine  incorporation  will  be  the  criter.ion  to  measure  the  rate  of
formation.

We  ha.ve  shown  that  half -cystine  residues  may  be  a.ssociaLted
with  proteins  by  means  of  both  peptide  and  disulfide  bonds  or
exclusively  by  a.  disulfide  linkage.     These  two  differently  bound
types  of  half -cystine  residues  can  be  distinguished  by  dialysis
against  Na2C03   aLnd  NaL2S03.      The  turnover  of  the  disulfide-bound
half-cystine  may  occur  spontaneously  by  means  of  an  exchange  re-
action,   but  i± ][i][g,   appears  to  be  controlled  enzymatically.     The
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I`ate  of  incorpol.ation  and  tul`nover  of  both  types  of  35S-cystine  has
been  determined  in  the  sub-cellular  fractions  of  r'egenerating  wound
tissue.     The  greatest  activity  of  disulfide-bound  labeled  cystine
appears  in  the  microsomal  fraction,   especially  when  collagen
synthesis  is  at  its  gr.eatest.      The  disulfide-exchange  enzyme  has
been  found  to  be  most  prevalent  in  the  microsomes.     We  postulate
a  relationship  between  the  disulfide  turnover  and  protein  synthesis.
Experiments  to  test  this  postulaLtion  are  presently  in  progress.

CURRENT    REPORTS   AND    PUBLICATIONS

Utilization  of  cystine  by  wound  tissue  proteins.     Fed.   Proc.
824   (1967).

26'

Synthesis  of  nuclea.r  RNA  in  regener.ating  wound  tissue.     Quart.   J.
Sung.   Sci.,   i,105   (1967)   (with  T.    Thachet).

H6te'roge'ne'ite  de  1'acide  ribonucl6ique  des  noyaux  c61lula.ires  au
coul`s  de  la  cicatrisation  des  plaies.     Arch.   de  Biochem. Cosm. ,
q,   No.    98,    10   (1967)   (with  T.   Thachet).

Inhibition  of  interaction  of  cystine  with  proteins  by  glutanic  acid.
Fed.   Proc., 2|    392   (1968)
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ExrmRENTAL  sTUDIEs  ON  TIE  BIOcHEmsTRy AND  BIOpHrslcs
CF  ENZYRE  M0IECUIES

Thomas  P.  Singer
Uhiversity  of  California

Sam Francisco,  California

ASSISTED  BY

WORKUNITNo.NR           108-337 CONTRACT        502h(00)

OBJECTIVES

(a)   The  mechanism  of  the  DPNII-Coenzyme  Q  reaction  in  mitochondria
and  in  soluble  enzymes,   (b)  to  establish  the  relation  of DENH-ubiquinone
reductase  to  cytochrome  I`eductas.e,  and  (c)   to  isolate,  cha.ractel.ize  and
determine  the  mechanism  of  cytoplasmic  fumarate  reducta.se.

ABSTRACT

C6ntra.ct  terminated.    No  report  requested.
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FREE  AMINO  ACIDS   AND   REIATED   SUBSTANCES   IN
MARINE  ORGANISMS

Eugene  Roberts  and  James  S.  Kittredge
City  of  Hope  ifedical  Center

Duarte ,  California

ASSISTED BY      Frank  sarinana

WORK  LINIT NO.  NR   log-458 CONTRACT     Nonr-300l(OO)

OBJECTIVES

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

^BSTR^CT

(a)    We  have  isolated  aninoalkylphogphohic  acids  from  a  planktonic
axphipodi  _Ap!gr!±±± p!±g±gi  and  from  a  mixed  net  saltple  of  phytoplankton  and
microzcxplankton.     The  2-aminoethylphosphonic  acid  phosphorus  co[ng?rised
2.9  and  3.2%,  respectively,  of  their  total  phosphorus.    We  then  examined

£:r:::£;£a¥#a=g=i:::ad=yno¥:nhe£=:rift:§32:o¥.qu:n¥;a:Tsh°re
conpounds.    The  alternative  explanation  involved  the  Synthesis  of  these
conxpounds  by  the  phytaplankton  and  assirilation  by  crustacea  into  their

:i;tou£]¥:g.w±T=se+=;3Lthineinte;f::i:tiqui::::dt=¥5hou;:p::=C:e:oi:oL";n:hat
were  stable  to  hydfolysig.    We  detected  the  synthesis  of  four'  aninophos-
phonic  acids  in  each  of  four  species  of  dinof lagellates  and  in  two  species
of  coccolithophorids.    This  work  was  repeated with  the  sane  positive
resultsi  but  in  each  instance  the  total  amount  of phosphonic  acids  synthe-
sized  was  lcw.    We  were  unable  to  detect  the  synthesis  of  a-P  corng?ounds  by
a marine  diatome,  yeast  nor  baLcteria.    In  the  manuscript  describing  these
observationgi  we  point  out  that  since  the  productivity  of  the  oceans  is  a
function  of  the  rate  of  return  of nitrate  and phosphate  to  the  euphotic
zone,  we  "st  now  re-evaluate  the  phosphorus  cycle  in  the  sea.    The  rather
large  alrounts  of  aminaphosphonic  acids  obser`Jed  in  several  phyla,  and  the
new  finding  that  they  are  produced  at  the  base  of  the  food  chain  ixply  that
this  fraction  of  the  total  phosphorus  may  be  removed  frCim  the  cycle  for  a
longer  interim than  ester phosphates.

(b)    The  resolution  of  the  problems  involved  in  the  degradation  of
labeled  2-amincethylphosphonic  acid  !2-AEP)   allcIved  us  to  localize  the  ]4C
label  incorporated  into  2-AEP  frau  a number  o£  L4C  labeled  glycolytic  inter-
nediates  which  were  likely prec`irsors.    The  analysis  of  the  data  indicate
that  either  phosphoenolpyruvate   (PEP)   or` oxaloacetate   (OAA)   (which  corpounds
are  intraconvertable  by phosphoenolpyruvate  carborykinage) ,  are  the  likely
carbon  precursors  in  the  biosynthesis  of  2-ASP  and  that  the  I-carbon  of
2-AEP  is  derived  from  the  3-carbon  of  PEP  or  onA  and  the  2-carbon  is

9
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derived  frm  the  2-carbon  of  these  coxppounds.,

(a)    During  the  course  of  the  fractionation  of  labeled  lipid
extracts  of  the.sea  anemone,  Anthopleura  =canthograrmica,  in  a  search  for
lipids  containing  the  recently  isolated  N-methyl  derivatlves  of  2-AEP,  we
observed  the  release  during hydrolysis  of  one  lipid  fraction  of  a  strongly
anionic  phosphonic  acid.    This  fragment has  now  been  tentatively  identified
as  phosphonoacetic  acid  by  its  behavior  during  electrophoregis  and  GLC.    A
further  isolate  hag  been  methylated  aLnd  gent  out  for  mass  spectral  identi-
fication.    Since  this  observation  fits  remarkably  well with  the  proposed
route  of  biogynthesis  of  2-AEP,  i.a. ,  pho§phonoacetic  acid would  be  the
expected  hydrolytic producti  by  decarborylationi  of  a  lipid  containing
phosphonapyruvatet  we  are  nChir  atterng?ting  to  detemine  the  relative  rates°£s¥:Lf932#£±:::ngfi%¥£Yfa=o¥dt±i:?a-Sir:eELgio¥::t¥andca
soluble  contaminants  fran  the  lipid  e3ctract  on  Sephadex  colum§t and
fractionation  of  the  lipid  on  DEAE  columns  followed  by  hydrolysis  and
fractlonation  of  the  products  by paper  electrophoresis  hag  resulted  in  the
desired  fractions,  but  still  containing traces  of  orthophosphate  in  the
phosphorloacetic  acid.

PLANS    FOR   FUTURE

(a)    mcanination  of  other  species  in  aLn  effort  to  obtain  a  cell-
free  sygten which  will  synthesize  C-P  conpounds   (e.g. ,  preliminary  examina-
tion  of  the  sea  harei  Ap_I_i_.!=?_ califomlca i  indicates  a  rapid  Synthesis  of
C-P  compounds) ,   (b)     Isolation  and  chaLracterization  of  the  lipid  yielding
acetophosphonic  acid  on  hydrolysis.

CuRRENT   PUBLICATIONS

(a)     RAbertg,  E.,  Simonsen,  D.  G.,  Horlguchi,  M„  and  Kittredge,
J.  S.    Transamination  of  Aminoalkylphogphonic  Ac:ids  with  Alpha  Ketoglu-
tarate.     Sclenae  159,  886-888   (1968).

(b)     Horiguchi,  M.,  Kittredge'  J.  S„  and  Roberts,  E.    Biosynthesis
of  2-Aminoethylphosphonic  Acid  in  Tetrahymena.    Biochim.  Biophys.  Acta
165,164-166   (1968).

(c)     Holdeni  J.   I.i -van  Balgooy,  J.  N.  A.i   and  Kittredgei  J.   S.
Transport  of  Aminoalkylphosphonic  Acids  in
Streptococcus faecalis.

llus plantarun  and
J.   Bacteriol.   96'   950-957   (1968).

(d)     Klttredge,.J.   S.,  Horiguchi,  M.,   and  Williams,  P.  M.     Amino-
phosphonic  Acidsi    Biosynthesis  by  Phytoplankton.    Co"p.  Biochem.  Physiol.
in  press,

(e)     Kittredge,  J.  S.,  and  Raberts,  E.    The  Carbon-Phosphorus  Bond
in  Nature.    An  invited  rev±ev  for  Science,  nunuscript  revised.
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BIOCH"ISTRY   OF  THE   LUMINESCENCE
0F  MARINE   ORGANISMS

J.   Woodland  Hastings
Harvard  University

Cambridge,  Massachusetts

ASSISTED BY   George  Mitchell.   Joan  Frledland,  chne  Gunsalus,
Margaret  Fogel,  Warren  Ifuane,  Jones  Morin,   Ruth  Schmitter

WORK UNIT NO.  NR     108-495                                            CONTRACT     N00014-67-A-0298-0001

OBJECTIVES

(a)   To  elucidate  the  molecular  mechanisms  involved  in  biolumines-
cence  a f marine  organisms  where  chemical  energy  ls  converted  to  light  in
enzymatic  reactions,   (b)   to  gain  insight  into  the  role  and  control  of  bio-
1uminescence,  and  its  special  prevalence  in  marine  forms.

^BSTR^CT

Over  the  past  years  ny  laboratory  has  concentrated  especially  on  two
groups  of  marine  organi§us,   the  bacteria  and  the  dinoflagellates.    This
year  we  successfully  initiated  work  on  Ctenophore§  and  Coelenterates.

The  biochemical  systems  responsible  for  bioluninescent  flashing  in
Mnemiopsis  ±£±±|z±  and  three  species  of  P±±±  (bicuspidata,  geniculata  and
longissima)  were  isolated  and  partially  characterized.     In  each  case  the
system  involves  a  calcium  activated  protein  having  a  M.W.   of  about  18,000.
The  active  proteins  were  isolated  by  extraction  in  0.04  M  EDTA  in  0.2  M
Trls  at  pH  10,   and  after  dialysis  are  stable  for  at  least  several  weeks.
Bioluminescence  can  be  evoked  simply  by  the  addition  of  excess  calcium.
The  light  emission  occurs  as  a  flash  having  a  duration  of  about  one  second.
The  identity  of  the  energy-yielding  chemical  step  is  obscure.    The  reac-
tion  does  not  utilize  or  depend  upon  the  presence  of  molecular  oxygen.     Al-
though  the  protein  isolated  from  Mnemiop§i§  i§  Similar  in  its  response  to
calcium  and  in  its  M.W.,   it  has  the  unusual  property  of  being  rapidly  in-
activated  by  exposure  to  light.     Such  is  not  th=  ca-se  in  Obelia
light  may  inhibit  the  ±± ]z±]zg  bioluminescent  flashing.

s!±±±±±  and  Q.   1ongissima  hydroid  stage  was  achieved

even  though
_   _  ___-    ___---_-`01

A  study  of  the  localization  of  light  emission  within  the  Obelia EE-
by  photographs   taken
_.   _1_   i      ,___        __    ,     .              1         .     ,         .`through  an  image  intensifier.    Lunin:scence  was  initiated  by  stimulating

across  the  colony  perisarc  with  fine  silver-silver  chloride  electrodes.
These  studies  show  that  the  §tolon§,   stems  and  pedicels  are  luminescent,
while  the  hydranths  and  gonangia  are  not.     The  light  emanates  from  discrete,
irregularly  spaced  spots.     Successive  pictures  show  that  the  spots  are  in
fixed  positions  along  the  coenosarc.

In  studies  with  the  bacterial  system  we  have  found  that  the  color  of
the  light-emission  in  the  ±±]z±±Eg  reaction  can  be  greatly  altered    .'  using
different  flavln§.     The  presumed  natural  substrate  is  reduced  FMN,  which  re-
sults  in  an  in  vitro  emission  peaking  at  about  490  nm,  considerably  shifted
from  the  f lu=e:EIE=E  emission  at  530  nm.     Bioluninescence  stimulated  with
reduced  iso-"N  has  its  peak  emission  at  470  rm,  but  this  cannot  be  attri-
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buted  to  the  excited  singlet  as  such,  since  f luorescence  of  iso-FMN  peaks
at  about  550  rm.    Another  flavin  of  interest  is  the  2-thio  analog,  which
though  non-fluorescent,  gives  good  bioluninescence  activity,  but  with  emis-
sion  at  530  rm.

Bioluninescence  can  be  initiated  by  flash  excitation  of  lucif erase
without  the  addition  of  flavin.     This  has  now  been  shown  to  be  due  to  a  mo-
dif led  luciferase  with  an  altered  subunit  and  a  non-covalently  bound  small
molecule;  the  latter  can  be  reversibly  removed  and  its  identity  is  present-
ly  being  investigated.    These  results  were  reported  at  the  International
Photobiology  Congress  in  August.

A  study  has  been  undertaken  of  mutants  having  lesions  in  the  lumines-
cent  system.     In  conjunction  with  this  the  in  vivo  control  of  the  synthesis
of  lucifera§e  is  being  studied,  from which a ire concluded  that  lucifer-
ase  is  an  inducible  enzyme.     These  results  were  reported  at  the  1968  Ameri-
can  Society  for  Microbiology  Meetings  in  Detroit.

Studies  on  the  soluble  and  particulate  bioluminescent  systems  of
Gonvaulax  continue  to  be  fruitful.     The  subunit  structure  of  the  soluble
luciferase  was  reported,   Showing  that  both  the  enzyme  and  its  subunit  are
active.    When  the  pH  is  lowered,   the  particles   (termed  scintillons)   emit-a
bright  short  f lash  of  light  which  closely  resembles  the  f lash  of  the  living
organism.    We  have  now  been  able  to  obtain  repeated  flashes  from  the  scin-
tillons  by  "recharging"  them  with  fresh  substrate  (1uciferin).    Flashing  is
thus  envisioned  to  involve  the  utilization  of  luciferin  in  the  scintillon
followed  by  the  exchange  of  the  product  for  fresh  substrate.

Ultrastructural  (electron  microscope)  studies  of  scintillons  are  con-
currently  being  undertaken,  and  a  more  complete  description  of  this  unusual
bioluminescent  system  can  be  expected  to  be  available  in  the  near  future.

PLANS   FOR    FUTURE

(a)  To  determine  the  molecular  species  involved  in  the  emission  of  the
Ctenophore§  and  the  way  in  which  light  inactivation  of  the  protein  occurs
(b)  To  similarly  determine  the  excited  species  in  bacterial  1uminescence
and  the  mechanism  of  the  reaction.     The  further  study  of  the  light  induced
bioluninescence  should  be  of  special  value  in  this  regard.     (c)  To  fully
characterize  the  Gonyaulax  lumlnescent  system  and  the  structure  and  role  of
the  scintillon§.

CURRENT    REPORTS   AND   PUBLICATIONS

(a)   R.  Desa  and  J.  W.  Hastings   (1968),   "The  characterization  of  scin-
tiloon§ :  bioluninescent  particles  from  the  marine  dinoflagellate,  Gonyaulax
polyedra."  J.   Gen.   Physiol.,   51,105-122

(b)   J.   W.   Hastings   (1968),   "Biolumine§cence."  An.   Rev.   Biochem.   37,
597-630

(c)  K.  Nealson,   I.  Platt  and  J.W.  Hastings   (1968),   'tsacterial  1ucifer-
ase  as  an  lnducible  enzyme."  Baeteriol.   Proc.   46

(d)  N.  Krieger  and  J.W.  Hastings   (1968) ,   ''Bioluninescence:  pH  activity
profiles  of  related  luclferase  fractions."  Science  161,   586-589

(e)   J.W.  Ha§tlngs  and  J.G.  Morin   (1968),"Calcium  activated  biolumines-
cent  proteins  from  Ctenophores   (MnemioT]sis)   and  colonial  hydroids   (Obelia)"
Biol.   Bull.   135,   422

(f)   J.G.  Morin,   G.T.   Reynolds  and  J.W.  Hastings   (1968),   "Excitatory
physiology  and  localization  of  bioluninescence  in  Obelia."  Biol.  Bull.   135,
429-430
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TIH  DEVEIDENT  OF  FUNCTIONAlj  CEIL  smAINs

S-el Graff
Columbia Univers ity
New  York,  New  Pork

ASSISTED  BY

WORKUNITNo.NR           108-517 CONTRACT                266(76)

OBJECTIVES

(a)  To  study animal  cell replication and  intermediary metabolism,
and  (b)  to utilize  animal  cell  cultur.e  systems  for  the  production  of
masses  of  epitheliaLl  cells  for  pr.ospective  post-bur.n  therapy  grafts,  for
the  production  of bone malTow cells  for  prospective  post-irl.adiation
replacement  thel`apy and  for  the  production  of  interferon.

ABSTRACT
Contract  terminated.    No  report  submitted.
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cARBOHyDRATE   BIOcHEMrsTRy  cup  ALGAE

8.   J.  D.  Meeuse
University of Washington

Seattle ,  Wa.shington

ASSISTED  BY

WORKUNITNo.NR           108-535 CONTRACT       Norm   h77(h2)

OBJECTIVES

(a)  To  study  the  chemical  nature  of  the  reserve  carbohydrates  of
the  various  groups  of  algae  and  members  of  the  phytoplankton,   (b)  to
investigate  the  biosynthesis  and  enzyma.tic  breakdown  of  these  compounds ,

i:)vatori:::a:::::t:£:a:=C±=±::::I:i:a¥a::;S#t::ngt::;y:a:p:::::t
and  mode  of  action  of  some  of  these  enzymes .

^BSTR^CT
Permission  to  onit  this  yearls  abstract  gr.anted.
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LHsOsOMEs  AND   INmAOELljul+AR  DIGESTION   IN  SEA  sTARs

sanFraq=8:8:osstfrteak5oiiege
Sam Francisco,  California

ASSISTED  BY

WORK  UNIT  NO.  NR 108-688
CONTRACT

r,-I     01     F?,,.

No001h-66-a-0317

OBJECTIVES
To  investigate  intl.acellulal.  digestion  in  the marine  invertebrate

Patiria, miniata and  to  ascertain  the  involvement  of  ]ysosomes.

ABSTRACT

15
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STUDIES  ON  PHOTOSENTHESIS AND  PHOTOTROPISM

H.   Gaff ron
Florida  State  University

ASSISTEDBY      G.   H.   Schmid,   I:.   Kessler  andG.   Harnischfeger

WORKUNITNO.NR          108-668                                      CONTRACT     NONR  464l   (00)

OBJECTIVES

Use  of instruments  acquired under the  now expired contract
NONR 988  (10)  for the  measurement of  photochemical  responses  in
pigment-sensitized  artificial  and natural  systems.

ABSTRACT

With  the  instruments  acquired under contract NONR  988  (10)  and
enumerated  in  previous  reports,  we  have  followed the  changes  of  absorp-
tion  spectra  and of  photosynthetic  capacities  in  leaves  and  algae with
different chlorophyll  contents.    The  newest results  in  the  series  of  papers
published  by Schmid  and Gaff ron  concern the  nature  of the  so-called  photo-
synthetic  unit.    The  unit  is  defined  as  the  inversion of  the  efficiency of
carbon dioxide  fixation or oxygen evolution  per chlorophyll  molecule  by
light  saturating flashes  of  short duration.    In the  present experiments,   the
flashes  were  no  longer than  40  H.sea,   and  their intensity  surpassed con-
siderably those  used years  ago  in other experiments  of this  kind.
Measurements  with  algae,   and  particularly with healthy  young  leaves  of
various  species  of tobacco,   revealed  that there  is  no  constant  chlorophyll
unit which  is  characteristic  for the  photosynthetic  apparatus  of  the  kind
discussed  since  1932  in  the  literature.    Instead,   experiments  performed
with  saturating flashes  superimposed on  a  continuous  low background
illumination revealed the  existence  of  at least five  sizes  of units,   ranging

:rpopmea3roeodttoo5boeofec[tLodreofE:¥L]smtroj::uurLaeLsepnet:tfe%2#±ucchefLcr::::3:S]ts
doubling  roughly  from  300  to  600,   1200,   2400  and  5000  chlorophyll  mole-
cules.    The  old concept of  the  unit had better be  abandoned  and  replaced
by  a  term for flash efficiency.    The  smallest unit of the  old definition
simply means  the  highest efficiency per flash ever found  in these
experiments.

CURRENT    REPORTS   AND   PUBLICATIONS

(a)   G.   H.   Schmid  (1967),   I.The  Influence  of  Different  Light  Inten-
sities  on  the Growth  of  the  Tobacco  Aurea  Mutant Su/su. "  Planta  77, 77-94.

(b)    P.   H.   Homann  and G.   H.   Schmid  (1967),   "Photosynthetic  Reac-
tions  of  Chloroplasts  with  Unusual  Structures. "  Plant  Physiol.   42,1619-32.
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(a)   a.   H.   Schmid  and  H.   Gaff ron  (1968).     "Photosynthetic  Units. "
J.   Gen.   Physiol.   52,   212-239.

(d)    T.   S.   Stuart  (1968),  "Revival of Respiration  and  Photosynthesis
in  Dried  Leaves  of  Polypodium  polypodioides",   Planta,   83,185-206.
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APPI,ICATION  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

ASS|sTEDBv             L.  A.  Ortot  E.  H.  Wein,  and    8.  I.   Hunter

WORKUNITNO.  NR   ]°8-703                                            CONTRACT      Nonr  5036   (00)  M  i

OBJECTIVES

Development of microwave instrumentation for the quantitative
determination of total electrolytes  of body fluids in vitro  and in  situ
and  application of the procedures  to problems  of water balance in man
and  studies  in marine biology and biochemistry.

^BSTR^CT
During the past year further improvements  were made in the micro-

wave electrolyte analyzer.    Sensitivity has  been increased threefold.  Size
has  been decreased progressively from  14  cu.  ft.  to I  cu.  ft.  to  0.25  cu.
ft.    Portability has  been achieved by use of a  self-contained  24  V recharg-
able battery pack and reduction of total weight to approximately 6  lbs .

It should also be noted that the microwave absorption principle of
electrolyte analyses  is  completely non-destructive and the instrument per-
mits  continuous  analyses  of flowing fluids.   Further,  this  procedure avoids
thermal and electrolytic dissociation  of the  sample and polarization of
electrodes which Prevail in conductivity analyses  as  well as  sample decien-
eration encountered in  ervoscopic analyses.  This  characteristic of micro-
wave analyses affords  unique advantages in the  several biological appli-
cations  now under consideration or  study.

Specifically,  replacement of the  conductivity cell now employed in
an available  single patient dialysate  system by the microwave analyzer
would obviate problems  of electrolytic alterations  of circulating body fluj.ds.
This  dialysate unit is  employed in  the  clinical managemeht of patients
suffering from acute or chronic renal failure or  shock of severe burns  or
other trauma.

Relevant applications  such as  the monitoring of ionic changes  in
stored whole blood and osmotic fragility of human  erythrocytes  are now
underway.    Microwave measurements
shown that incipient hemolysis  of the
efficient of total electrolyte content,
potassium from the lysis  of red blood
rocyte fragility by the present method
accurate than assays  by conventional
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on whole blood  stored at 32°C have
sample results  in an increased co-
apparently due to a liberation bound
cells.    Determination of human eryth-
has  proved far  simpler and more
techniques.    Studies  on the  effect of
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age ,  disease ,  and medications  (anticoagulants)'on erythrocyte fragility are
in various  stages of progress.

Since total electrolyte content of urine  Oacobsen, £E±,  arch.  Int.
Med. ±±fl: 83 ,1962) has  been found to have greater clinical significance, as
a criterion of kidney function ,  than  specific gravity measurement the micro-
wave procedure is being employed routinely for urinalysis in our laboratory.

PLANS    FOR    FUTURE

(a) Achievement in  size reduction of the apparatus  from 14  cu.  ft.  to
0.25  cu.  ft.  with increased portability,  sensitivity,  and stability will now
permit us to return to the original goal of this project,  namely determination
±rL±±±±±±± of body water and electrolytes  of test  subjects .  Development of this
technique would be particularly useful in making such determinations which
aITe required at frequent intervals in patients debilitated by secondary mal-
nutrition,  trauma,  or chronic diseases.  (b) Lastly,  explorations  are in pro-
gress to ascertain the feasibility of employing microwaves  of 10, 000  MC
for electrolyte analyses.   Operation at this frequency  tr-band) affords the
advantage of further miniaturization of instrumentation sample  size or area.

CURRENT    REPORTS   AND   PUBLICATIONS

(a) A.  A.  Albanese and  L.  A.  Orto  u968),  "The  Proteins  and chino
Acids. " jpL "Modern  Nutrition in  Health and  Disease. "  4th Edition  ,  twohl
and  Goodhart,  editors),  Lea and Feblger,  Philadelphia.

(b) jL`A.  Albanese,  E.  I.  Lorenze  and  L.  A.  Chio  (1968),  "Effect of
Strokes  on  Carbohydrate  Tolerance. "   Geriatrics  23:142-150,  March.

(a) A.  A.  Albanese,  A.  H.  Edelson,  I.  I.  I,orenze,  and  I:.  H.  Wein
a968) ,  "Quantitative Radiographic Survey Technique for Detection of Bone
Loss. "  Presentation at 25th tin.  Meet.  of ch.  Geriatric  Soc. ,  New Cirleans
April  25-28 ALSO:  Geriatric  Tines  2:10,  oat.  ALSO:  I.  of the ch.  Geriatric
S0ciety,_In_Pre§F±

(d) A.  A.  Albanese,  I.  I.  I.orenze,  L.  A.  Chio  and  I.  H.  Wein  (1968),''The Effect of Anabolic  Steroids  on Hypercalciuria of Corticosteroid  Therapy"
Presentation at 5th ithn.  Meet.  of the Am.  College of Clin.  Pharmacology
and  Chemotherapy,  Atlantic  City,  . May 2-4.

(e) A.  A.  Albanese,  E.  I.  Lorenze,  L.  A.  Chio and  I.  H.  Wein,   0968),"Nutritional and  Metabolic Effects  of Some  Newer Steroids  V Norbolethone. "
N.  Y.  State  I.  of  Med.  68:2392-2406,  Sept.15.

¢) A.  A.  Albanese  0968),  "Anticatabolic Applications  of Newer
chabolic  Steroids. "  Med.  Times  96:871-881,  Sept.

(g) A.  A.  Albanese,  A.  H.  Edelson  and  E.  I.  I®renze  (1969),  '.Quanti-
tative Radiographic Technique for the  Detection of Bone  I,oss. "  Exhibit at
Med.  Soc.  of State of N.  Y. ,  New York  City,  F6b.  9-13.

th) A.  A.  Albanese,  E.  J.  Iorenze,  M.  I.  Woodhull,  E.  H.  Wein,  and
L.  A.  Chto  u969),  "A Preliminary Objective Evaluation of Therapeutic Agents
for Management of Bone toss. "  6th can. Meet.  of the ,Am.  Soc.  of Clin.
Pharm.  and  Chem. ,  Atlantic City,  May I-3.                '.
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H]Dros"Hc  REssoRE  ERECTs  oN  REOREINs

A.   H.  Nishika;wa,j   R.   R.  Becker  and  R.  Y.  Morita
Oregpn  Sta.te  University
Corvallis;  Oregon  97331

ASSISTED  BY

roRKUNiTNo.  NR     108-708 CONTRACT   N0nr  NOooitJ56-C0253Ao2

OBJECTIVES

(a)  Ultimately  to  understand  the marine biosphere  in molecular
termsj   (b)  to  use  macromolecuhar  models  to  study  the  effect  of  texpera-
ture  and  hydrostatic  pressure  on  subcellular  colnponents  of  living  systens
in  the  marine biosphere.                                                                               '  I

^BSTR^CT
A  system  for  studying hydrophobic  interactions  in proteins,  the

thermlly  induced aggregation of polyvalyl ENa,sej  has been  further
``studied  under  conditions  of  slower  reaction.    The  conditions  of 0.01 M
phosphate buffer  at pH  6.4  a.nd  tempera.ture;  of .20  to  30°C  have  yielded
reaction rates  slow  enough  for  study  in a  higpi  pressure  optical  cell.
Under  these  conditions  we  ha,ve  also been  a.ble  to  make  estimates  of  the

%::=n:u:oa£::F:i::i:::=g¥:I:t±:::hE5et:ggh:g::::::::::::£.ofT¥£eEa
ned.iumj  such  that  a  clear  interpretation  is  not  yet  obta,ined.    The  Ea
ranges  from  50  kcal/mole  PVENase  at  0.01 M  salt  to  128  kca,I  at  0.I M
salt.    But  the  value  drops  to  88  kcal at  0.2 M  salt  and  rises  a.gain  to
120  kcal  at  0.6 M  salt.

pressE:iffr:E:.1giE:#5:c?eE?i8;;?iE93;fTe::::::t:::c¥:e:nshe
activation  volume, AV#,   for  PVENase  aggr.egation  under  vac.ious  conditions.
Pressures  up  to  300  ate were  used  in  these  measurements.     In  agreement
with  earlier  observa,tions  (Biochem.  Biophys.  Res.   Co]rm.   22,   262,1966) ;
the AV# decreased  with  increasing  salt  concentration  (206lnl/mole  at
0.15  M  salt  to  55  ml/mole  at  0.4 M  sa,lt) .

This  might be  explained by a  change  in  the  activity of water
brought  a,bout by  the  added.salt.    The  promotion  of  aggregation reaction
by added  salt  is  expected.  for  hydl.ophobic  interactions  and  may be    `

£::t:::Ee:t::i:E:e:f£:::iy°:oS::i:c°:n:::a::±¥::rrR?t±::e3fs¥n:££.W±ich
Ifarringtonj  Biochemistry I,  283h,  1968) .    The .change  in  activation
volume  for  the  PVENase  aggregation  as  a  function  of  ten:pera,tune  was  more
dranatic.    At  pH  6.h  and  0.15  M Na,Cl  the AV#  increased  from  210  ul/mole
at  30°C.    More  recently we  have  succeeded  in  obtaining  difference  spectra,
of  ENa,se  under  high  pressure.    Native  ENa,se  appears  to I)e  stable  to
9001)arsj  but  partially unfolded  ENase  is  further  unfolded  upon  the

20
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applica,tion  of high  pressures.    Howeyerj  this  pressure  enhancement  of
partia,1ly  unfolded  ENase  seers  to  involve  more  than  one  spectra,1ly
observa,ble  change.     There  may be  two  rea,ct,ions  taking  place  under
pressurej  one  reversible  a,nd  the  other  irreversi.ble.

PLANS   FOR    FUTURE

(a,)  Further  characterize  pressure-volume  relationships  in  the
transconformation  reactions  of biopolymers  and  in  the  association  and
dissocia.tion  rea,etions  of biologica,1  macromolecule  systems  (b)   extend
studies  to  other  biopolymer  systems  which  will  respond  to  high  pressure.

CURRENT   REPORTS   AND   PUBLICATIONS

(a.)   A.   H.   Nishika,ra,   R.  Y.  Morita„   and  R.   R.   Becker   (1968);"Effect  of  the  solvent  medium  on polyvalyl-ribonuclea,se  a,ggregrtion. "
Biochemist,ry  7j   1506-1513.

(b)  R.  Y.  Morita  (1969),   "Applica,Lion  of  hydrostatic  pressure  t8
microbial  cultures."   In  D.   W.   Ribbons  and  J.   R.  Norris   (eds.)j  Methods
in MicrolJiology,  Acad=ic  Press  (in press) .

21



SR   f`~utapi    1:.    tip     Di2     r:+-(tor

sTUDiEs    ON   AMiNE   METABOLisM    DURING   A.NAPHyLAxrs

0.    H.    Callaghan
The   Chicago   Medical    School
Chicago,Illinois      60612

ASSISTEDBY      S.    Nadackapadam   and   M.    Grossman

WORK  UNIT  NO.  NR       108-716                                               CONTRACT    N00014-57-A-0397-0001

OBJECTIVES

(a)      To   isolate   and   purify   the   ''slow   reacting   substance"   (SRS)   of
Brocklehurst,    (b)    to  determine  which   labeHed   metabolites   are   incorporated
into   SRS    (when   these  metabolites   are   inj.ected   into   immune   guinea   pigs)   as
a   means   of   identifying   the   chemical    nature  of   SRS.

^BSTR^CT

wi th  2o8V::;#:::;n:::;X:  :¥j#::c::;:.¥;I:ai:i:::::e':::a:::i::?::|':ne
hour   later.       In   a   typical    preparation,   six   animals   were   used   and   one   lung
from  each   animal   was   crushed   between   metal    blocks   chilled   to   the   tempera-
ture  of   liquid   nitrogen.      The   pool   of   frozen   lungs   served   as   a   control    to
the   other   lungs   which   were   sliced   with   a   Mcllwain   tissue-chopper   and   in-
cubated   wi.`th  ovalbumin    (I   mg/ml)    in   Tyrode-bicarbonate   solution   for   10
/m`nutes   at   37°C   with   02/C02    (95/5).

The   tissues   were   extracted   by   homogenization   in  Tyrode   and   depro-
teinized  with   zinc   sulfate   and   sodium  hydroxide.      Extracts   were   concen-
trated   and   fractionated   on   one  meter   columns   of   Sephadex   G-25  with   dis-
ti I led   water.

Absorbance   at   280  mu   of   all    fractions   was   measured   as   well   as
radioactivity,   the   latter   by   using  Triton-X-loo   in   the   scintillation
counting   fluid.

Out   of   a   series   of   small   peaks   of   optical   density,   only   a   narrow
zone  showed   radioactivit
coincident   wit.h   the
reacting  substance

One  of   the   radioactive   peaks  was   found   to  be
raction   giving   a   positive   bioassay   for   slow-

measured   by   the   contraction  of   guinea   pig
i 'eum.

The   preparations   of   SRS   described   below  were   prepared   by   the  method
of   Brocklehurst,   that   is,   the   lungs   were   per fused   with  warm  Tyrode,   and
after   challenge  with   antigen,   were   extracted   by   grinding  with   cold
ethanol    (3  ml/g)   and   sand.      Each   dried   extract  was   dissolved   in  Tyrode
and  Chr?:;::::::h::  ;:a:::;:±:fi_::::;samine,  as  above,   into  the  animals

prior   to   sacrifice,   similarly   resulted   in   the  appearance  of   radioactivity
in   the   fraction   giving   bioassay.

Extracts   from   frozen   non-challenged   immune   lung   similarly   showed
radioactivity   in   the   comparable   peak  material.      These  materials,   however,
gave   little  or   no   bioassay.
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lnJ.ection  of   40   uC/Kg   body  weight   of   Fruct-;`s:-*6i`;L~osup`ha"toe-f'4c`';n:o
batches   of   immune  animals.one   hour   prior   to   sacrifice,   resulted   in   the
appearance  of   radioactivity   in  a   larger   number   of   the   fractions   separated
on   columns   of   Sephadex   G-25.

In   these  experiments   the   results   indicated   that   a  wide  variety  of

;:::::Y!:a:;:::::a:::n:d:T:;:::::;o:e::  i::::#-3¥-::::::::T::p,::-to a
more   exclusive   labeHing   of   the   SRS.      These   data   are   consistent  with   the
known   metabol ic   pathways:

Fructose-6-P   ----- >    UDP-N-acety]-glucosamine   -->   Glycoproteins

F¥  :    \ -  ,,`,`?  ,`<~ bi     g,r,    i)I:)    Oj    L=,,

N-acetyl-mannosamine   ---- >  N-acetyl-neuraminic   acid

Hydrolysis.of   the   SRS   fraction   and   adj.acent   column   fractions   in

i;!!j:;i:;:;i:i:!#::i::;;:;i!!:i;;:!T:;i;::#:i:;::#;i;!Y!!:;:.
Acta  2±,   604,    1954)   or   the   sequence  of   ninhydrin-Dragendorff   reagent-
molybdate   indicated   that   glucosamine  and   galactosamine  were   present   in
fractions   containing   SRS.

Autoradiograms   of   the   thin-layer   chromatograms   were  obtained   by
exposing   Kodak   No-Screen   film   to   the   plates   for   4-8  weeks   prior   to   film
development,   and   glucosamine   and   galactosamine   moieties    in   SRS   were   shown

::o::X:t::f8:et:a:::i::  :;g:. re:::tr::u:::i :i;::::i::eo:r::::::s::6-
carbohydrate   in   SRS.

in..ecti:::imi:a:c;K:e:[m:::ii:::i.4:I::::;i)g:i:e:o:ig;;,::t::p::::?::::
has   shown   that   the   SRS   fraction    (derived   from   challenged   lungs)   on
Sephadex   G-25   chromatography   coincides   with   a   well-defined   peak  of   radio-
act i v i ty .

Data   from  autoradiograms   is   not   yet   available.

PLANS   FOR    FUTURE

To   study   the  metabolic   fate  of   further   radioactive   compounds   in
guinea   pig   lung   as   a   means   of   ascertaining   the   composition   of   SRS.

CURRENT    REPORTS   AND    PUBLICATIONS

Manuscripts   are   in   preparation.
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lMMUNOPHARMACOLOGICAL    STUDY    0F     INFLAMMATloN     IN    MICE

Edwin   M.    Uyeki
Department   of   Pharmacology,   University   of   Kansas   Medical   Center

Kansas   City,   Kansas

ASSISTED  BY

WORKUNITNO.  NR       108-745

D.    E.    Griswold

CONTRACT      N00014-67-C-O|66

`i    ,v ,,,,  ii/

OBJECTIVES

To   study   the   role   of   pharmacological   mediators   in   exudative   inf lam-
mation    induced   by   prior   immunizations   (hypersensi+ivity)   with   differen+
an+ i gens .

^BSTR^CT

I.     General   statement.

Using   the   paw   edema   assay   in   mice   as   an   experimental   model    for   ex-
udative   inf lammation,   we   propose   to  study   the   role   of   pharmacological
media+ors    in   exuda+ive    inf lamma+ion    induced   by   prior    immuniza+ions    (hyper-
sensitivity)   with   different   antigens.      Experimen+al  ly   we   recognize   4  types
of   paw   edema   swel  ling,   classified   on   the   basis   of   their   temporal    develop-
men+   and   wi+h   +he   use   of   selective   an+igens.      As   a   working   hypo+hesis,   we

propose   that   paw   edema   which   can   be   antigenical  ly    induced    in   mice    is   de-
pendent   on   a   proliferating   pool   of    immunocompe+en+   cel  ls   derived   from   pre-
cursor   cel  ls.      These   precursor   cel  ls   respond   to  antigenic   chal  lenge   by
producing   cel  I    populations    (ei+her   antibody-producing   cel  ls   or   cel  I-borne
cel  ls)   which   express   +heir   immunocompetence   by   +he   degree   of   paw   swel  I  ing.
Whether   these   arbitrari  ly   classif ied   types   of   paw   edema   swel  I ing   corre-
spond   to   anaphylac+ic,    immediate   and   delayed   hypersensitivi+ies   wi  11    be
one  of   the  main  objectives   of   the   proposal  .

11.      S+udies   on   pharmacological    mediators   on   mouse   and    rat   paw   edema.

Our   initial   studies   dealt   with   effects   of   various   pharmacological
media+ors   of    inf lamma+ion    in   differen+   s+rains   of   mice.      The   subs+ances
tested   for   reac+ivity   in   mouse   paw   swel  ling   are   (  I)   sero+onin   or  5-HT,
(2)    bradykinin   or   BK,    (3)    his+amine   and   carrageenin.       Following    is   a   syn-
opsis   of   our   findings   on   paw   edema    in   mice    induced   by   subplan+ar   too+pad
inj.ections   of   20  microliter  quan+ities   of   the   agents:

a.      Ha/lcR  strain   of   mice   differs   signif icantly   in   its   response   to
5-HT   as   compared   to   LAF,    and   A/He   mice.

b.
sponse  to :::Tr::da::ln

are   significantly   differen+   from   A/He   in   +heir   re-
i s+rat i on .
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c.      I:n   reLsponse   +o  suDplantar   [nj.ec+i'ons  of   high   doses   (20  micro-
grams)   of   bradykinin,   all   of   the  mice   strains   respond  wel  I,   as   indicated
by   the   3-4  mm  of   pen   clef lection   (one  mm  of   pen   clef lection   is  equivalent  to
a   volume   of   25.5   microliters   of   paw   swel  ling    in   our   ple+hsmographic  meas-
uremen+s).      However,   a+   lower  concentrations   of   BK   (viz.,   2  micrograms)
A/He   is   significantly   higher  than   al  I   other  strains.

d.     Although   differences   are  observed  with   subplantar   inj.ections   of
histamine,   all   strains   of   mice   respond   poorly  to   his+amine   inj.ections.
The   range  of   values   shown  on   the   chart   indicates   0.6-I.5  mm  of   pen   cle-
f lections.     Moreover,   the  500  microgram  quantity  of   histamine   represents
an  enomous   dose.

e.      Subplantar   inj.ec+ions   of   various  mediators   into   rat  paws   indi-
cated  that   rats   are  general ly  much  more   responsive  to  mediat'ors   than  mice.
This   investigation   provides   an(   important   baseline   for  studies`   involving
an+igenical  ly-stimulated   edema   formation   and   the   possible   relationship   of
pharmacol`ogical   mediators   to  edema   formation.

Ill.      Studies   on   immediate   response   to   subplan+ar   inj.ec+ions   of   bovine
serum   albumin    (BSA)    in   HA/lcR   mice.

The   protocol    for  the   induc+ion   period   is   +he   fol  lowing:

0721

AgAg Assay   f or
paw   edema

days

Antigen:      a)      One   mg   of   bovine   serum   albumin    (BSA)    inj.ec+ed   subscapularly
two   +imes.      b)      One   mg   of   bovine   serum   albumin   plus   Complete   Freunds   Ad-

j.uvant   (CFA)   subscapularly.

Agen+   to  elicit   paw   edema   response:      200   tig   of   BSA   in   20   uliter   amounts
inj.ected   into   footpad.

In   animals   given   BSA   with   CFA,   approximately   50¢   succumb   from   ana-

phylactic   shock,    u.sually   within   one   hour.       Instead   of   200   ugm,    if   20   ugm
are   inj.ected   in   footpads,   there   is   immedia+e   swelling.      These   animals   show
few   symptoms   of   the  shock-like   state  without   accompanying   mortalities.     At
first  glance,    it  would   appear  that  edema   resulting   from  the   lower   dose   (20
ug)   ''mirrors"   +he   primed   animal's   propensity   +o  go   into  the   shocked   s+ate
at   higher   doses.      Mr.   Griswold   is   currently   devising   experimenta`l   proce-
dures   +o   consider  +his   viewpoin+.      Experimen+s   dealing   wi+h   BSA   inj.ec+ions
without  CFA   indicated   that  the   resulting   edema   is   susceptible  to  cyclophos-
phamide,   prednisone  and,   +o  a   lesser  extent,   amethopterin.     These   studies
were   interpre+ed   as   indicating   tha+   Gel  lular   prolifera+ion   is   a   prerequi-
si+e   for  eliciting   the   paw   edema   response.     The   action   of   Cinanserin,   a
poten+   inhibi+or   of   ser`o+onin   and   histamine,   +o   partial  ly    inhibi+   paw
swel  ling   in   this   system   is   no+   understood.     More  experiments   are   needed
to  confirm  this  observation.
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BIOCHEMISTRY   AND   PHARMAC0IjoGICAI,
PROPERIIES   OF   IiEUCOGEI`\TEIN0Ij

F.   A.   H.   Rice
The  American  Univel.sity

Washington,   I).   C.

ASSISTED  BY

WORKUNITNo.NR       108   772

I`ron  cultures  of  I'enicillium

Od!     F16V

CONTRACT    N00014-67-0-0275

OBJECTIVES

To  study  the  biochemical  and  pharmacological
pl.operties  of  leucogenenol,   a  metabolic  product  isolated

±±J¥a±±±,   that  induces   a

Cr

1eucocytosis  when injected into  an-im-als

ABSTRACT

Injection  of  leucogenenol  intravenously  into  mice
caused  an  increase  in  the  number  of  myeloblasts  in  the
bone  marrow.     There  was  a  lesser  increase  in  the  inter-
mediate  forms  leading  to  and  including  the  in:atur.e  neutro-
phil.     Basophils,   megakaryocytes  and  cells  of  the  eosin-
ophil  series  were  not  affected.     There  was  also  an  increased
number  of  cells  in  mitosis.

Ihe  myeloid  and  lymphoid  tissues  of  il.radiated  mice
injected  with  leucogenenol  recovered  more  rapidly  than
uninjected  controls.

Injection  of  leucogenenol  decreased  the  latent  period
for  hemolysin  formation  in  irradiated  mice.

Ijeucogeri'cnol  affected  the  I.espiration  of  lymphoblasts
in  tissue  culture  at  a  level  of  10  to   100  molecules  per  cell

Leucogenenol  has  been  found   to  be  a  normal  constituent
of  beef  and  humari  liver.

PLANS    FOR    FUTURE

Continue  present  studies.
CURRENT  REPORTS  AND  PUBLICATloNS

(a)   F.   A.   H.   F.ice   (1966),   ''Isolation  from  Penicillium
gilmanii  of  a  substance  that  causespior+£frE#EL±-3

£ng#ELAanH:
Biol.   &  Med
Rice

leucocytosis
•   J227    189-192

and  Mel.edith

ilmanii.''     J.   A

in  rabbits.''

Barrow   (1967),    ''Chemical
determination  of  leucog'enenol  and  its  pl.oduction  by  ie_n_i-

lied
Rice

Micro
"Leucocyt-a  res5-6-nse   to   the
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injection  of  leucogenenol  in  rabbits  and  mice."    J.   Infect.
P_i£ .  ,   .1 _1_8,    76-84~     (a7-i.   A.   H.   Rice  and  J.11.   Darden   (1968),   ''Effect  of
intl.avenous  injection  of  leucogenenol  on  the  blood  cells  of
the  bone  marrow.''     J.   Infect.   Dis

(e)   F.   A.   H.   Rife

Radiation  Research

Joan  IJe
jue,   289-292

pick  and  J.   H.   Darden"Studies  of  the  action  of  leucogenenol  on  the  myeloid  and
lymphoid  tissues  of  the  sublethally  irradiated  mouse."

a   2£,  .144-157
•   H.   Rice

C)

( 1968) ,

(1969),   "Effect  of   saponin  on  the
average  size  and  distribution  of  leukocytes  in  blood  from
normal  and  irradiated  mice.''    Radiation  R

(g)   F.    A.   H.   Rice, Joan  Ijepick  and  1'
eseareh, subm.

cia  Patterson
(1969)-,   ''Effect  of  leucogeneriol-on  hemolysin  for.nation  in
the  ±f£7d±:tfi:  E:u£:6:  a=a±±=H;%:={:g±;SP, „£:€¥;rL  of  Leuco.

genenol  on  the  respil.ation  of  lymphoblasts  in  tissue  culture."
E¥hgQ=Q± __ _Exp± .   Biol.   &  Med. subm.
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PRODUCTION   OF   PHYTOALEXINS
BY  THE   0RCHIDACEAE

Joseph  Arditti
Department  of  Organismic  Biology,  University  of  California

lrvine,   California  92664

ASSISTED BV    Bri8itta  Flick

WORK  UNIT  No.  NR   108-796 CONTRACT  °NR   00014-67-0323-ooo2

OBJECTIVES

(a)  To  investigate  the  reaction  of  certain  angiosperms   (members  of
the  Orchidaceae)   following  fungal  attacks  on  infection.   (b)  Elucidate
the  nature  of  the   fungus-produced,   phytoalexin-inducing  compound(s).
(c)   Isolate  and  identify  phytoalexin(s)   produced  by  orchids.   (d)  A§sess
the  value  of  orchid  phytoalexins   in  the  treatment  of  fungal   infections
and  protection  of  material.

ABSTRACT

Orchids  are  universally  associated  with  nycorrhizal  fungi.     To
establish  successful  symbiotic  relationships  the  fungus  mu+st  be  present,
but  its  growth  controlled  to  the  extent  of  not  allowing  it  to  spread  be-
yond  a  defined  region  of  plant  cells.     Such  control  depends  on  the  ability
of  the  plant  to  produce   fungistatic  compounds,   i.   e.,   phytoalexin§.     This
in  turn  hinges  on  production  by  the  fungus  of  phytoalexin  inducers.     Some
fungi  apparently  cannot   induce  phytoalexins,   and,   if  pathogenic,   complete-
ly  parasitise  and  eventually  kill  their  hosts,  whereas  others  simply  exist
side  by  side  with  the  orchid  neither  attacking  nor  being  inhibited.     The
f irst  step  in  our  program  was  therefore  to  cross   test  several   fungi  and
orchids   for  phytoalexin  induction.

A  total  of  20  dif ferent   fungal   species   from  various  sources  were
employed,   including  some  used   in  previous   investigations  by  other  workers,
and  several   isolated  from  plants  used  in  our  experiments.     P§eudobulb
tissues   of   Cymbidium  and  Catt_1_ey±  orchids  were  employed  as   potential
sources   of  phytoalexins.     These   tis§ue§   generally  contain  deep  seated
bacteria  and  require  double  decontamination  procedures.     Pseudobulbs  were
peeled  and  exposed  for  one  hour  to  gaseous   propylene  oxide   followed  by
im[[iersion  in  saturated  calcium  hypochlorite   for  30  min.     Tissue  cylinders
and  slices  were  exposed  to  fungi  in  petri  dishes  on  potato  dextrose  agar.
All  of  the  fungi  tested  are  extremely  Slow  growing  and  each  test  or  assay
requires  about  a  four  week  period.     Of  over  forty  orchid/fungus  combina-
tions  tested  to  date,   clear  and  distinct  halos  were  observed  only  in  two
instances   (Fig.1A,18)   both  involving  Cymbidium  tissues,   but   two  separate

E±,  both  isol=E=ld  from  orchid  roots.    g±±tley±fungi  although  in  at
strains  of  Rhizoctonia

as  a  rule,   respond  clearly  to  most
least  one  instarice   fungal   inhibition  may  have  been  due  to  tissues  ar`d
their  extracts.
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Following  formation  of  halos
(Fig.   1A)   the   tissues  were  removed
and  extracted.     Even  10  days  after  re-
moval   of   the   ti§§ues   no  encroachments
of  the  fungus   into  clear  areas  could
be  noted   (Fig.18).     We   interpret   this
to  mean  that  phytoalexin(s)   release  by
the  tissues  did  occur  and  that  the
compound(s)   is   (are)   relatively  stable.
These  assumptions   are  now  being   tested
utilizing  extracts  of  the  tissues  which

Pseudobulb   slice

produced   the  halos.     Tissues  which
have  not  been  exposed  to  fungi  are  used  as   controls.

In  parallel  with  phytoalexin  induction  assays  we  have  also   invested
time   in  developing  methods   for   the  culture  of  orchid  tissues.     The  purpose
of  this   is  to  enable  us   to  isolate  and  maintain  tissue  clones  which  are
especially  suitable  for  studies,   or  a§   sources  of  phytoalexin§.     To  date
we  have  tested  approximately  75  culture  medium-tissue  combinations   and
have  established  pilot  cultures  of  root  tips  which  seem  to  grow  well,
albeit   slowly   (in  the  manner  of  all  orchids);  maintained  root  Sections
green  for   long  periods   of   time  and  are  on  the  verge  of  producing  proto-
corms   and  what  appear  to  be  normal   Seedlings   from  leaf  tips.

PLANS   FOR    FUTURE

A§  a  f irst  order  of  business  we   intend  to  repeat  our   Successful
phytoalexin  induction  tests.     This  will  be  followed  by  isolation  and  puri-
fication  of  phytoalexin(s)   and  their  inducer(s).     After  that  our  aim  is  to
investigate:     (a)   the  use  of  orchid  phytoalexins   in  treatment  and/or  pre-
vention  of  fungal   infections  and  preservations  of  materials,   (b)   the  mode
of  action  of  orchid  phytoalexin(s)   and   (c)   the  process   involved  in  their
production.     As   our  tissue  culture  methods  become  established  we  plan  to
start  utilizing  defined  tissue  clones   in  future  work.

CURRENT    REPORTS   AND   PUBLICATloNS

(a)   J.  Arditti   (1966),   "The  production  of   fungal  growth  regulating
compounds   by  orchids."     Orch.   Dig.   Sci.   Suppl.,   30   (3):   88.-90.

(b)   J.   Arditti   (1966),   ''Orchids."     Scientific  American,   214   (1):
70-78.

(a)   J.  Arditti.   "Phytoalexins."     [In  process   of  discussions  and
negotiations  with  Scientific  American. ]
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LOCALIZATION  OF A  METABOLIC  BLOCK  IN  THE  GRANULATION
TISSUE AT  PROGRESSIVE  STAGES  OF  WOUND  HEALING

Wiktor  W..   Nowinski
University of Texas  Medical  Branch

Ga,1veston,   Texas  77550

ASSISTED BY    Dr.   Shizue  Maekawa

WORKUNITNO.NR        108   810 CONTRACT     N00014-68-A-OIo5_
0001

:         ..':

OBJECTIVES

A block  in  the  Embden-Meyerhof pathwa.y at  the  height  of phospho-
fructokinase was  found  earlier  and  only little  pyruvate  is  formed.    How-
ever,   a  cornplete  Kreb's  cycle was  demonstrated,   our  objectives  there-
fore  are:  (a)  In which of the  three  components  of  granulation  tissue
(aseptic  inflammation,   fibroblasts,   connective  tissue)  the  block  occurs?
(b)  What are  the  sources  of  substrates  for  the  Kreb's  cycle,   if  so little
pyruvate  is  formed  from  glucose?

^BSTR^CT

We  devised a  special  technique,   based  on  the  Lowry  methods,
which enabled  us  to  dissect lyophylized  20pr  sections  into  four  portions
(inflammatory  part,   the  flbroblast,   the  connective  tissue  and  the  under-
lying  normal  muscle, )   Each portion was  incubated anaerobically  in a
specially  constructed  ultramicro  vessel  wi.th  glucose  as  substrate.     The
lactate  formed wa.s  estimated enzymatically with  ultramicro  techniques
that  enable  us  to  estimate  0.45  H.moles  or  less.    The  presence  of the
block was  detected  in  the  fibroblasts  and  in  the  connective  tissue,   but  not
in  the  normal  muscle which produced  lactate  at a  very high  rate.

The  activity  of phosphofructokinase  was  found  to be  considerably
higher  in muscle  than  in the  granulation  tissue.     We  alsoshowed  that
91ucosamine  has  an  inhibitory effect  on phosphofructokinase.

The  nature  and  biological  significance  of the  block has  not  yet
been  elucidated  but  we  suspect  that  it  may  be  connected  with  the  synthesis
of mucopolysacchar ide s .

PLANS   FOR    FUTURE

W;  are  at present  studying  the  steady  state  of  substrates  of the
Embden-Meyerhof pathway  in order  to have  a better  insight  into  their
synthesis  and  the  role  of alternate  pathways.     We  also  intend  to  find  out
the  source  of  the  substrates  for  the  Krebs  cycle,   i. e, , whether  glucogenic
amino acids  or  fatty acids  are  involved and  how  the  production of ATP
in  granulation  tissue  compares  with that  of the  liver.
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rmMINEscENCE  OF   BIopoLyMERs
AND  MICRcORGANIsus

R.   F.   Steiner,I.   Weinryb,   and  E.   Kirby
Naval  Medical  Research   Institute

Bethesda ,   Maryland

ASSISTEDBY      R.   Kolinski

WORK  UNITNO.  NR     108-815 CONTRACT

OBJECTIVES

(a)  To  examine  the   luminescence  of  proteins  and  model  compounds   in
order  to  correlate  the  luminescence  properties  of  proteins  with  the
microenvironments  of  the  emitting  groups,   thereby  permitting  structural
conclusions  to  be  drawn  from  the   luminescence  pattern,   (b)   to  study  the
luminescence  properties  of  viruses  in  order  to  identify  the  chief
emitting  centers  and  the  role  of  virus  structure  in  modifying  their
f luorescence  and  phosphorescence

ABSTRACT

It  has  been  demonstrated  that  transfer  of  excitation  energy  occurs
with  high  eff iciency  fron  un-1onlzed  to  ionized  tyrosine  ln  oligomers  of
tyrosine.    The  ionization  of  a  single  tyrosine  in  hexatyroslne  results
in  the  appearance  of  the  fluoregcence  and  phosphorescence  characteristic
of  ionized  tyrosine,  while  the  contribution  of  neutral  tyrosine  is  sup-
pressed.    The  transfer  appears  to  occur  at  the  Singlet   level  by  a
Forster-type  mechanism.

The  effects  of  chemical  modification  upon  the  fluorescence  and
phosphorescence  properties  of  a  series  of  tryptophan  derivaclves  have
been  examined.     The  quantum  yield  and  excited  lifetime  of  f luorescence
at  25°C  are  very  sensitive  to  any  modification  of  the  dy-carboxyl  or
cy-amlno  groups.    Acetylation,   esterl£ication,   and  peptide  bond  for[[iation
reduce  both  yield  and  lifetime.    The  ratio  of  lifetime  to  yield  is  con-
stant,   indicating  that  all  quenching  processes  are  first  order  with
respect  to  the  excited  state.     In  contrast,  at  77°K  in  a  rigid  medium,
the  differences  in  yield  and  lifetime  disappear,   indicating  that  the
non-radiative  processes  competitive  with  emission  by  the  excited  state
are  temperature-  and  viscoslty-controlled.

The  non-radiative  processes  of  interest  include  proton  quenching,
electron  transfer  from  the  excited  state,  and  "turmelling"  from  the
excited  to  the  ground  state.     The  Second  of  these,  of  which  the  first
may  be  a  special  case,  has  been  studied  ln  deal.    A  series  of  chetolcally
diverse  conpounds  which  share  the  property  of  being  eff icient  electron
scavengers  have  been  found  to  act  as  effective  quenchers  of  the  fluores-
cence  of  tryptophan  and  ocher  indole  derivatives.     It  is  believed  that
the  quenching  mechanism  involves  electron  transfer  from  the  excited
lndole  to  quencher.

A  computer  program  has  been  developed  for  analyzing  complex  phos-
phorescence  decay  curves,   greatly  enhancing  the  potentialities  of  phos-
phorescence  for  analyzing  mixtures.    At  present,  work  is  centered  about
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defining  the  resolving  power  and  lltnltatlons  of  the  method,  which  will  be
applied  to  proteins  and  vlru§es.

PLANS   FOR    FUTURE

(a)  To  examine  the  inportance  of  the  non-radiative  proces8e8
described  above  in  determining  the  luminescence  properties  of  proteing
and  to  apply  computer  analysis  to  the  coaplex  phosphorescence  decay
curves  of  proteins.

CURRENT    REPORTS   AND   PUBLICATIONS

(a)  R.   F.   Steiner   (1968),
Biochem.   Biophys.   Res.   Colrmun. ,

(b)  R.   F.   Steiner  and  R.
peptides  containing  tryptophan

(c)   I.  Weinryb  and  R.   F.
phan  and  tyroslne  derivatives."

(d)  R.   F.   Steiner  and  E.
indole  derivative9  by  electron

''Lumlnescence  of  tyrosine  ollgopeptides."
30'   502.

Kolinski   (1968) ,   "Luminescence  of  ollgo-
and  tyrosine."    Biochemistry,   7,   1014.
Steiner  (1968),  "Luminescence  of  trypto-

Biochemistry,   17,   2488.
Kirby,   "Quenching  of  the  fluorescence  of
scavengers."    In preparation.
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EFFECT   OF   LIGHT   sTIMULAIIorv   ON  T.HE   ETA   OF  RETINAL
GANGLION   CELLS

I.W.M.   Barbato  and   L.M.   Barbato
Pacific  Medical  Center

Sam  Francisco,   California

ASSISTED By    Sandra   Fonville

WORKUNITNo.  NR     108-833 CONTRACT   NOcO14-68-0391

`         OBJECTIVES

To  investigate  quantitative  and  qualitative  changes
in  the  macromolecular  constituents  of  the  nervous   system,
mainly  of  RNA,   taking  place  as  a  result  of  light  stimula-
tion  with  light  of  different  wavelength  and  intensity.

^BSTR^CT
This  work  is  just  beginning.     The  initial  period  has

:::grse¥::eshE:  ::S::€gg:€£:£:  t::Tn:g:::n:ngo:g€±3g.:::nn::a
testing  of  light  proof  boxes  adequate  for  rearing  guinea  pigs
in  total  light  deprivation  for  several  months  from  birth;
(b)   determination  of  dietary  and  environmental  requirements

3£sg:±n::in.:;g;cfeg:t±:n±±gftt£:p:5¥::1:;s€¥:rt:x5%g:geper±_
stimulation  with  monochromatic  light  to  the  experimental  ani-

¥::3t  {: 'tg:i:¥iE::  g::;;i?:5  £±:g:±3:i::]w5::pg::::::og::ic
::S¥±:at±3:)°:nEh:x;::±£:n::ic::i::±s ( f=£:3S  :€i:3±:±e5}?ht
(f )  dissection  of  retinal  ganglion  cells,   from  fixed  tissue,
in  the  c>il  chamber  under  a   standard   Zeiss   microscope  with
^l^^ r.^     ,^^.^L--^ -.I     ..£  L1_     .Lt_  _      _  _.  _1      _  -     J  .,.-        1Phase
tor;
andi

contrast  with  the  aid  of  the  deFonbrune  micromanipula-
g)   preliminary  determ]._natic>n  of  the   total  RNA  conten.t
s  base  ratios  of  isolated  retinal  ganglion  cells  bjr-tr!e

ultraviolet  `microspectrophoto
(Meth.   Cell   Phys.1:   41
of  Limulus  polyphemus;
ice     1  enti     ca    on  of

'196
i)hi

tric  techniques  of  Edstrom
;    (h)   dissection   c>f  the   `orain
ological  and  electrophysiolog-

he  central  optic  areas  corresponding
to  the  lateral  eye  of  the  Limulus  pol
ary  determinations  of  tot

Limulus .

Phemus

nerve  and  isolated  neurons  of  the  central  optic  areas  c>f  the
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PLANS   FOR    FUTURE

(a)   To  determine  the  total  RNA  content,   and  its  baseratios,   in  isolated  retinal  ganglion  cells  of  control  and
experimental  guinea  pigs  and  pigeons  reared  from  birth  in
total  light  deprivation  and  stimulated  daily  with  light  of

::f::I;RZ ::X:::::t:nan:t:n::::i::!i5:!  ::  :::::T:gen:::ons
of  the  central  optic  areas  and  lateral  eye  nerve  and  axons
in  control  and  light-stimulated  I,imiilus polyphemus .

CURRENT   REPORTS   AND   PUBLICATloNS

"RNA  6:lt=ri¥.¥£  P£:b£::efg:P±;:b£:I::68idp::t:::i;t::e;lisle
Neurons  of  the  Brain  Optic  Lobe  of  the  Limulus
West.Sect.Meeting  of  Assn.   Res.   Ophth.

(b)   I.W.M.   Barbato
Eye  Nerve  and   in  Isolate
Lobe  of  the  Limulus

i
polyphemus . "

68),   "RNA  Content  in  the  Lateral
ingle  Neurons  of  the  Brain  Optic

polyphemus."   Invest.   Ophth.   (in  press)
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STUDIES   0N   Tl`IE    BIOLOGY   0F   TIIE   BARNACLES:       A   IIISTOLOGICAL

COMPARISON   0F   TIIE   CEMENT   APPARATUS   OF   THE   CIRRIPEDIA

Dyrce   Lacombe   a a,_       a             i               t •m.`.tetihifa..I=\±,

nstitute,   Rio  de  Janeiro
and  Osborn  Laboratories  of  Marine  Sciences,   New

York  Aquarium,   Brooklyn,   t\'.Y.
ASSISTED  BY

WORKUNITNO.NR        108   83b CONTRACT     N00014-68-C-0334

OBJECTIVES

(aL)     To  clearly  describe  the  cement  apparatus  of  the  Cirri|]edia
(b)   and  to  compare  the  histological  characteristics  of  the  tissues
responsible  for  the  elaboraLtion  of  the  cement  among  various  species  of
barnacles.      (c)   To  determine  the  biochemical  pathway  of  cement   syn-
thesis  and  the  mechanism  of  adhesion.      (d)   To  isolate,   pul`ify  and
identify  the  chemical  nature  of  the  cement.

^BSTR^CT
The  cement  apparaLtus  of  the  Cirripedia  consists  of  unicellular

91and`ular 'structures  which  communicate  with  a  series  of  tubular
canals.     Cement  used  in  the  process  of  attachment,   is  elat)orated  in
the  glands  and  transported  to  the  points  of  attachment  through  the
canals.     Certain  histological   differences  in  the  cement  glands  of
the  Lepadidae  and  the  Balanidae  have  been  described  in  the  present
study  and  morphological  differences   in  the  canal   system  have  been
discussed.     The  mechanism  for  the  origin  of  the  cement  and  its   con-
duction  to  the  points  of  attachment  has  been  determined  in  ±£p±±
A-A-:  I:A ------  I     T1_  1   ______      i  !  __i  .              1        1                        T                1   ....anatifera  and  Balanus  tintinnabulum.
the  unicellul
species .

In  addition,   the  origin  of
ar  glands  and  the  canals  have  been  described  for  these

PLANS    FOR    FUTURE

Differences  in  the  location  of  the  glands  and  the  architecture
of  the  canal  system  appear  to  be  species  s|)ecific.     In  order  to
properly  describe  the  mechanism  involved  in  fouling  caused  by  these
organisms  the  cement  apparatus  of  various  s|)ecies  of  barnacles  must
be  studied  histologically,  microchemically  and  biochethically.     If  the
biosynthetic  pathway  in  the  production  of  cement  can  be  shown  to  be
similar  in  all   forms,   measures  can  be  studied  to  eliminate  fouling  by
these  organisms  using  antimetabolic  procedures.
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(a)  Dyrce  I.a.cohoe   (1968),   "Histologia.,  histoquimica  e  ultra.-
estrutura  das  glandrla.s  de  cimento  e  seus  canals  em  8.  tintinnabulun."

r1     `;-i,... :

Putlicacao  No. 017  of  the  Instituto  de  Pesquisas  da  Mfarinha,  Rio  de
Jane±?:i  #a::Lhacombe  and  v.  R.  Liguori  (1968),   ''A  histological  Com-

parison  of  the cement  apparatus  of  the  CilTipedia."    In  press

36



i-J3h,     r.u'?`r.,       {£`,:        Li;    Lfu;'         ,     w                        +,`,+i     I

jlocHENICAL  RECHANlsrs   IN  Toxlc  EIVRouRENTs

Excellent  in-house  faci]|ties  erist  in  the  NaLvy for  the  ha,ndling
of  the  toricological problems  which  arise  in  the  coi]rse  of  on-going
operations  and,  to  a  considerable  extent,  those  which ar.e  foreseeable
in  the  Hght  of  plaLnned  technology.    The  Office  of  Naval  Research  is
delighted to supply basic I.esearch efforts  clearly identifiable with
haonm naval  needs,  but  its  program planning  should  be  designed  to
explore  new fields,  to  anticipate  trouble  so  tha.t  it  can be  avoided,
and  to  provide  rational  grounds  for  planning and  design.

These  consider.ations  amount  to  specifications  for  a  type  of  box-

::::=f¥eF±::t±:fn::£o#=::e:f°fN::n=±::te¥:8t::te#E:t::::c°:e:earch
in  toricology,  investigation rust be  closely akin  to  pharmacology.    To
be  navaL1,  it rust  deal with  the  special  conditions  likely to  be  common
in  the  mval  duty stations  of  the  future;  with trypel'baric  conditions,
exotic  aLtmospheres,  self-contaLined  sealed  environments  which  may be
''conditioned"  to  perfection,  but  within which  low levels  of  unwanted
compounds  on  their way  to  the  disposal  system rmist  be  inhaled  con-
stantly over  periods  of  weeks  or  months.    To  be  ma3dma,1ly useful,  it
lllust be  possible  to rate  hazards  and  deal  with  them,  not  in  terms  of
mortalities  or  overt  illness,  but in terms  of reduction  of effective
performance  and  the  long-term  consequences  of  chronic  exposur.e.

The  re-naming  of  the  former  l'To:cicology"  program,  and  the  inclusion
of such research as  the  intermediary metabolism of  oxygen,  are  efforts
on  our  part  to  illustrate  our  desil'e  for  ITiol`e  sound  proposa]s  designed
to  serve  the  needs  outlined above.
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ADVISORY  CENTER   ON   TOXICOLOGY

National  Academy  of  Sciences
National  Research  Council

Washington,   D.C.

^SSISTED  BY

roRKUNITNo.NR       3o3  366

(``q,it   *`^    - i-~   ,LP      Sii.     ```T)'4,       :,4-?  .,,,. `    `

Cormittee  on  Toxicology

CONTRACT  Nonr   2300(29),NR303-366

OBJECTIVES

(a)  to  act  as  s  source  of  infomation  and  advice  on  toxicology

8r=::::o::b#::a:yA:::n:::::f:r:idA;¥:eNA¥:in£::r:::::;i:a¥:CG:::::y
Public  Health  Service,   Federal  Aviation  Administration;   (b)  to  act  as  a
mediuni  of  ccrmunication  between  the  sponsors  and  the  NRC  Corlmittee  on
Toxicology  and  to  provide  technical  support  to  the  Co[rmittee;   (c)  to
operate  a  system  for  storage  and  retrieval  of  toxicological  information
from  published  and  unpublished  sources  for  use  in  the  foregoing.

^BSTR^CT

(a)  A  record  total  of  eight-four  requests  for  information  and
advice  requiring  significant  effort  have  been  received  so  far  this
calendar  year  from  the  various  sponsoring  agencies.  In  addition,   there
have  been  154 minor  inquiries.    The  subject  matter  of  these  requests  for
assistance  are  more  broad  than  in  the  past  due  to  the  addition  of  two
new  sponsoring  agencies.  The  Cormittee  on  Toxicology  has  continued  to
respond  to those problems  irIVolving  policy  matters  as  well  as  those  re-
quiring  criteria  or  Standards  for  human  exposures  to  potentially  harm-
ful  materials.   (b)  The  Center  continues  to  receive  excellent  coopera-
tion  from  industrial,   academic,   and  goverrmental  organizations  and  fre-
quently  has  perfomed  a  useful  role  in  coordinating  efforts  in  the  field
of  toxicology.   (c)  The  Director  has  accepted  several  invitations  to
participate  in  symposia  and  other  scientific  meetings  of  governmental
agencies  and  professional  societies.  This  has  provided  a  mechanism  for
further  dissemination  of  inforlnation  generated  by  the  Center  and  the
Ccrmittee.

PLANS   FOR    FUTURE

The  Advisory  Center  on  Toxicology  plans   (a)  to  continue  to  provide
assistance  on  toxicological  matters  to  its  sponsoring  agencies, (b)  to
expand  its  coverage  of  domestic  and  foreign  literature, (c)  to  serve  as
a  focal  point  for  coordination  of  toxicological  research.
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ADVISORY   CENTER   0N   TOXICOLOGY
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^SstsTED  BY

National  Academy  of  Sciences
National  Research  Council

Washington,   D.C.

Director  and  Staf f

WORKUNITNO.NR        303   h50 CONTRACT     Nonr-2300(15),NR303-450

OBJECTIVES

To  provide  information  and  advice  on  the  toxicity  of  materials
of  concern  to  the  Naval  Ship  Engineering  Center.

^BSTR^CT
Information  and  comment  has  been  provided  by  the  Center  and  the

Comittee  on  Toxicology  concerning  the  toxicological  aspects  of
materials  for  use  in  aircraft,   ships,   and  submarines.

PLANS    FOR    FUTURE

To  continue  to  aid  the  Naval  Ship  Engineering  Center  by  reviewing
the  toxicological  aspects  of  proposed  and  accepted  materials  of  con-
struction  and  by  providing  liaison  to  the  Cormittee  on  Toxicology  for
problems  irvolving  human  exposure.
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CE LLUIAR ACTION OF PIIARMACODYNANIC AGENTS
UNDER HYPERBARIC CONDITIONS

Sorell L.  Schwartz
U. S.  Naval Medical Research Institute

Bethesda,  Maryland

ASSISTED BV      George K.  Haliasono

WORK  UNIT  NO.  NR 303-77h •CONTR^CT PO  7-oo36

OBJECTIVES

(a) To define the actions of drugs on cellular and subcellular systems
under the kyperbaric conditions of the NIvy's underwater operations,  a) to
study the effects of carrier gases (e.g.,  helium) in cellular and subcellular
membranes,  (c) to determine effec.ts of the hyperba.ric atmosphere on ding
absorption,  distribution,  metabolism and excretion.

ABSTRACT

The effects of the helium/oxygen atmosphere at various pressures has
been studied on the ability of isolated microsomal enzyme  systems to degrade
hexobarbital.   This liver enzyme system is responsible for the biotransforma-
tion of a large percentage of the drugs used clinically.   A 9000 x g x 20
minutes supernatant from rat liver homogenate was utilized.   Tests were made
in pressure vessels developed in this laboratory and which a,llow for the addi-
tiL7;gf°:drr;sa:g§r:::sf¥hdL;e£¥sipsba¥r:eend¥*Si::tehcseos:r±p:r:o;ir£T;I:S:¥:::u:re¥rir::¥:ieuA:=.A

in 707o/30% helium/oxygen.   Cont:rol and pressure determirrations were made
with enzyme systems prepared from the same liver homogenate.   The initial
concentration of hexobarbital was 0. 6 mM.   All samples were preincubated
for 2 minutes before the ding was added to a,llow for saturation by the atmos-
phere.   Comparisons were made by the paired t -test.   The following table
summarizes the data obtained in these studies .

Pre s sure         n                   Incubation
Time

5ATA

10 ATA

AMetabolism*
(mLLmoles/mg protein)

±SEM

1.7  ±  0.9
0.3 ±  0.5
0.8  ±  1.3
0.6 ±  1.I

-I.1  ±  1.2

2.0 ± 0.6**
1.5 ±  0.8
0.6 ±  1.0

i).2 ±  1.0
I.0 ± 0.5



20 ATA

tj'i.+'\.       i`:.CC1£      f``-t\':J       £JFL`       r,`    r        '"           ;--'~~:

1.7 ±  0.7  **
I.i ±  o.3  *ie
0.2 ±  1.3
0.4 ±  I.0
0.3 ±  0.7

*  A  Metabolism = (metabolism a.t pressure  - metal]olism a.t I ATA).
**Significant difference at a level of P=0. 05 or less between metabolism

at pressure and metabolism at 1 ATA.

An effect of pressure was noted in the early phases of biotransfor-
rnation at 10 and 20 ATA.   This effect was manifested as aLn increa.se in the
metabolism of hexobarbital under the hyperbaric conditions.   The mechanism
of this effect is unknown but may be related to a greater degree of enzyme
sa.turation during the early periods of high substrate concentration.   Such a.n
influence of pressure,  if confirmed by further studies,  has possible signi-
ficance to the use of drugs during saturation during operations,  since the
pressures studied a.re within the range of those used during such operations .

PLANS   FOR    FUTURE

(a)  These studies will be expanded to include variation  in initial
substrate concentrations and the investiga.tion of possible changes in
Michaelis-Menten kinetics.   a)  The in  vivo  effects of hyperbaric conditions
on microsornal enzyme systems will 5FslREed by exposing rats to pressures
encountered in saturation during conditions and e]ramining the a.ctivity of the
liver fractions with respect to the biotransfrornation of hexobarbital .
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Oxygen  Metabolism:  Metabolic  Implications  in  nyperbaric  Systems

Albert  H.   Soloway,   Ph.D.     Dr.   R.   L.   Stern
Professor  and  Ch®1rman  of  Medicinal  Chemistry,  Northeastern  Unlv.

Boston,   Ma88.      02115

ASSISTED BY   A.   Widman;   A.   Iannone,   N.   Spinelli

WORKUNITNO.NR        303-811                                           CONTRACT           8171

OBJECTIVES

The  basic  objective  of  this  research  i8  a  determination  of  the
mechanism by  which  oxygen  becomes  incorporated  into  biochemical
8ub8trate8  and  more  especially  aromatic  systems.     As  an  initial
approach we  have  undertaken  to  determine  whether  endo-peroxides  are
transient  intermedlater±  in  aromatic  hydrorylation  reactions,  and  if
so,   the  implications  such biologically-active  components  have  for
hyperbaric  conditions.

ABSTRACT

The  Synthetic  scheme  for  the  preparation  of  p-hydroxyi   (18o)
phenylpyruvlc  acid  has  been  perfected  a8  well  as  the method  for
purifying  this  9ubBtrate.     Thin-layer  chromatographic   (I.1.c.)
techniques  have  been  developed  for  the  separation  of  the  expected
components  following  enzymtic  conversion  of  the  substrate  to  homo-
gentisate.    Preparative  procedures  are  underway  to  permit  the
isolation  of  sufficient  product  for mass  spectrographic  analysis.
Conditions  harve  been  established  for  obtaining  suitable  spectra  with
one-ulg  Samples.     The  fragmentation  pattern  of  homogentisate  has

E::: :::;:::u::ta q;:;=::::I;nu::v:::i::a::ig:I:: :::oI!3:la::: =tth
holnogentisate  appears  to  be  entirely  feasible.    The  objective  of  this
cork will  be  to  determine  the  lability  of  the  hydroxyl  function  in

ip:LC::V::::°gy°:o=:::::rytE:e¥¥:?yI%X®::t::::rotE=:t:;:::;LT:::up
with  the  5  hydroxyl  group  in  the  product.

i
2CcOH
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be  app¥L=a::Ct::u#8:1:::1::d:u¥:¥r::eY°rk Out  the  Conditions which will

Concomitantly  we  have  undertaken  to  Study  a8  a model  system  the
possible  conversion  of  9-anthracenylalanlne  to  10-hydroxy-9-

Tall-di
The  possibility  that  such  a  transfomation  occurs,  similar  to  the

conversion  of  phenylalanine  to  tyrosine,  may  permit  the  isolation  of  an
intemediate  9,  10  peroxido-9-anthracenylalanine  in  this  biological
hydroxylation.     9-Anthracenylalanine  has  been  synthesized  and  the
preparation  of  the  two  other  components  in  this  system  ls  planned.    The
rationale  for  the  use  of  the  anthracene  analogue  i8  based  on  the  probabil-
ity  that  such  a  tr&nsannular  peroxide  would  Show  greater  stability  than
would  be  the  case  for  the  benzene  analogue.

At  a  recent  meeting  of  the  Stress  Study  Group  in  Johnsville,  results
from I)r.   Houlihan's  laboratory  were  presented,  pointing  to  the  strong
possibility  that:  oxygen  toxicity  ig  associated  with  the  metabolism  of
the  catecholariine  t:o  the  melanins.    The  following  mechanisms  are  possible
pathways  by  which  bot:h  epinephrine  and  3,4-dihydroxyphenylalamine   ®OPA)
can  be  transformed  into  the melanins.

(Insert  schene8)
(Schemes  will be  sent  upon  request)

Peroxides,   such  as  structures    7  and  8  are  presented  as  initial
intermediates  in  this  reaction  seque=ce  ana it  is  conceivable  that
under  hyperbaric  conditions  Such  transformationg  become  preferred  pathways
The  described  studies  which may  give  definitive  evidence  for  the  formation
of  peroxides  in  arolnatic  Systems  would  be  support=ive  of  this  hypothesis.

h3
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/EARLY  DETECTION  OF  TOXIC  EFFECTS  OF
ORGANIC  CHEMICALS

H.  Lal  and a.  Fuller
Department  of Pharmacology,   University  of Rhc`de  Island

Kingston,  Rhode  Island

^SSISTEDBY     H.   Shah,   S.   Purl,   A.   01shan,   J.   Zabik,   M.Ro±f-]frrm}

WORKUNITNO.  NR        303-812                                         CONTRACT  N00014-68-A-0215

OBJECTIVES

To  study the biochernical  and pharmacological  alterations  re -
sulting,  prior  to  the  appearance  of gross  pathological lesions,  from
chronic  inhalation of organic  chemicals.    Methylchloroform was  selected
for present investigation because  of its  wide-spread use  in naval
installations  and industry.

^BSTR^CT
Our previous  studies  with male  mice  demonstrated that prolonged

inhalation  of methylchloroform induced hepatic  microsomal enzymes
which are  responsible  for  the  side -chain  oxidation of hexobarbital  and
demethylation of aminopyrine.    The biochemical  changes  were  ac-
companied by the  significant  reduction in the  duration of hypnosis
induced by  short-acting barbiturates.    During the  period of this  report
these  studies  were  extended to  young male  rats.    Twenty-four hour
(time  dependent effect)  inhalation of methylchloroform  (approximately
3000  ppm;  concentraLtion dependent  effect)  significantly  reduced  the
sleeping time  of hexobarbital  and enhanced in vitro metabolism of hexo-
barbital  as  well  as  demethylation of aminopyrine  by hepatic  micro-
somal enzymes.    All  effects  were  measured 24 hours  after the termina-
tion of methylchloroform inhalation.    Demethylation of p~chloro-N-
methylaniline,   a new substrate  discovered in our  laboratory  a§  a tool
for measuring induction of hepatic  demethylase  activity,  was  not
altered by methylchloroform inhalation.    Methylchloroform inhalation
also  shortened the  duration of loss  of  righting  reflex induced by
meprobamate  or  zoxazolarnine,   and these  effects  were  not  altered by
pretreatment with morphine  (20  mg/kg,  i.p. ,   daily,  for  3  days  prior
to methylchloroform inhalation or  by adrenalectomy prior to  methyl-
chloroform exposure,  indicating no  role  of  stress  in producing these
effects.    Methylchloroform inhalation did not alter total body weight
but  significantly increased liver weight of the  exposed animals.    The
effects  of methylchloroform inhalation on hepatic  drug metabolism
were  reversible  and did not interfere  with further  development of
hepatic  microsomaLl  enzymes.

Further investigations  on methylchloroform inhalation in com-

hh
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bination with other toxic  agents  were  initiated.    It was  found that pre-
treatment with high doses  of ethionine  prolonged markedly the hexo-
barbital  sleeping time  and  reduced the  rate  of hepatic metabolism of
hexobarbital  after methylchloroform exposure.    In addition,   methyl-
chloroforrn inhala.tion  sensitized the  rats  to  the  toxic  effects  of carbon
tetrachloride  inhalation.

Measurement of behavioral effects  of methylchloroform inhalation
was  initiated.    Those  concentrations  of methylchloroform which pro-
duced  significant  altera.tion of hepatic  microsomal  enzymes  did not
affect the  learning ability or the  performance  of learned discrimina-
tive  tasks  in the  operant  conditioning  experiments.    Higher  concentra-
tions  of methylchloroform depressed the  operant behavior  marke,diy.

PLANS    FOR   FullJRE

The  future  biochemical  studies  will  attempt to localize  the  site
of methylchloroform action by investigating the  changes  in  components
of microsomal electron transport  system in the  exposed animals.    They
will  include  NADH-Cytochrome  C  Reductase  and  P-450.    Other  studies
would determine  the  biological  effects  due  to the  interaction of methyl-
chloroform inhalation with the  inhalation of other  chlorinated compounds
such  a,s  carbon tetrachloride  or  chloroform.    In addition,   the  effects
of   methylchloroform inhalation on hepatic  metabolism of drugs  will
be  studied in hyperbaric  environments  and under physical  or  psycho-
logical  stresses.

The  tests  which can be  used  clinically to  detect the  prepatho-
1ogical  effects  of methylchloroform inhalation will be  explored.

CURRENT    REPORTS   AND   PUBLICATloNS

(a)  H.   Lal  and  H.  Shah  (1967),   "Effects  of prolonged  methylchloro-
form inhalation on drug induced CNS  activity. "  Toxicol.  Appl.
Pharmacol.,10,   389.

(b)  H. Lal  and  H.   Shah  (1968),"Reduced  sleeping  time  and increased
microsomal oxidation of hexobarbital  after  methylchloroform inhaLlation
in mice. "        Pharmacologist,10,153.

(c)  H.   Lal  and H.  Shah  (in press), "  Effects  of ethionine,   dimethyl-
sulfoxide  and  route  of administration on methylchloroform-induced
alteration of barbiturate-action. "     Toxicol.  Appl.  Pharmacol.

(d)  H.   Lal,  A.  0lshan,   H.  Shah,  S.   Purl,   and a.   Fuller  (in press),
''Enhancement   of hepatic  drug-metaLbolism in  rats  after methyl-
chloroform inhalation. "  Toxicol.  Appl.   Pharmacol.
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AEROsOL BEHAVIOR IN HIGH PRESSURE
ENVIRONMENTS

R.  A.  Gussman
Bolt Beranek and Newman Inc .

Cainbridge,  Massachusetts

ASSISTED BV     E.. Ahem.and R.  C.  Wanta

WORKUNITNO.  NR       303-829 CONTRACT    N00014-68-C-0271

OBJECTIVES

(a)   To determine how the behavior of fine particles suspended in the
atmosphere of a deep submergence vessel are affected by both the coraposition
and pressures involved,  a)  to consider how aerosol removal devices are
affected by the atmosphere,  and (c)  to consider how the effects of aerosols
upon man might be altered by the composition of the a;tmosphere .

ABSTRACT

The literature has been searched for information on aerosol behavior
under high pressures .   Virtually nothing has been found which is directly
applicable to this project.   However,  a great deal of material on nuclear sub-
marines has been read and formed into an annota;ted bibliography (to be pre-
sented as paul of the final report) .   Calculations have been made detailing the
viscosity,  density,  and molecular mean free path length of the atmosphere
with increasing pressure.   Similarly,  aerosol calculations have been made
considering the rates of diffusion,  sedimentation and agglomeration as well as
the slip correction factor.   Consideration has been given to the problems of
electrostatic precipitation,  filtration,  droplet growth and evaporation.   Initia,I
findings are that electrostatic precipitation is difficult if not impossible at the
higher pressures,  filtration is only slightly affected,   the formation of liquid
aerosols from the bulk material is inhibited but particles once formed have
significantly increased lifetimes .

PLANS   FOR    FUTURE

(a)   To consider how pulmonary deposition is affected by the pressure and
composition of the atmosphere,  a)  to perform an experiment verifying the
calculations on electrostatic precipitation,  and (c)  to detail a series of
necessary experiments for future studies .

CURRENT    REPORTS   AND   PUBLICATIONS

(a)   R.  A.  Gussman (1968),  "Aerosol  behavior in  high pressure  environ-
ments."  First Quart.  Prog.  Rpt.,  Bolt Beranek and Newman Inc.,  Cambridge,
Mass.,1 Mar.-30 Apr.
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®)   R.  A.  Gussman (1968), ''Aerosol behavior in high pressure environ-
ments."   Second Quart.  Prog.  Rpt.,  Bolt Beranek and Newman Inc.,  Cambridge,
Mass.,1 May-31 Jut.

(c)   R.  A.  Gussman (1968).  "Aerosol behavior in high pressure environ-
ments."   Third Quart.  Prog.  Rpt.,  Bolt Beranek and Newman Inc.,  Cambridge,
Mass.,  1 Aug-310ct.
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In FT 1968,  a major part  of  the  ininochemistry program remained
a matter  of  investigating  the  under.FTng molecular  slmlcture,  function
and bios]7nthesis  of  the  reagents  of  irmmity.    Some  effort was  given
to biochemical accounts  of  the  effects  of  irrrmine  reactions  in part,icular
clinical s±tuatioris,  and  to  logical methods  of  therapy.    In view of  the
large  investment by other  agencies  and  the  ilTportance  of  the  subject  to
genel'al medicine  rather  than  a  specific  naval need,  we  have  resisted
passage  on  the  bandwagons  of  protein  synthesis  and  irmmosuppression  to
a  cousider'able  degree.

The  specifically naval  needs  in  irminochemistry,  as  we  see  it,
stem from the  need  for  miltiple  irmrunizatious  for  the  protection  of
globally dispersed personnel,  the  special naval  capabilities  f\or  the
stol`aLge  of pl.eserved  cells  and  tissues  and  their  application  in replace-
ment  therapy,  and  the  visionary hope  that  the  principle  of  serological
specificity may find applica.tion  in  such diverse  fields  as  the  control
of  fouling and marine  pests  as  well  as  medicine  if  an  antibody-like
capability can be built  into biologically active materials.

The  existence  of  the  naval  skin bank  capability and  fl'ozen blood

::kstod:u::::tp::::n:g:i::::=g±=e:f±nrfuFTn:;?P:::S:i±.bewshap:I:ngbe-
out  some  of the  very excellent but putlic  health  oriented work with
which  this  program has  been a;sociated  for  the  past  decade.
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MECHANISM  OF  ANTIGEN-ANTIBODY   REACTIONS   AN'D   SIMILAR  NONSPECIFIC
REACTIONS   BFTWREN   PROTEINS   ANI)   OTHER   MACROMOI.ECuljES

Felix  Haurowitz
Indiana  University,  Bloomington,  Indiana

G.  Kamat,.  Judy  Ramaley,   Isis  Nawar,  Eudora  Tharp,
ASSISTED BY   D.   Johnson,   and  M.   Dunlap

WORKUNITNo.  NR        106rg55 CONTRACT  N00014-67-A-0289-Oool

OBJECTIVES

(a)    To  obtain  more  infol`mation  concerning  the  stl`ucture  of  anti-
bodies,  and  particularly  that  of  their  combining  sitesi   (b)     to  compare
the  structure  and  other  properties  of  rabbit  antibodies  with  that  of
chickens;   (c)     to  gain  more  insight  into  the  mechanism  of  antibody  bio-
synthesis.

^BSTR^CT

Previous  experiments  had  shown  that  chicken  antibodies  against  an
acidic  antigenic  determinant.  As(=p-azophenylar.sonate) ,   and  those  formed
in  the  same  animal  against  a  basic  determinant  R4N(=p-azophenyl-N-
trimethylammonium) ,  after  digestion  by  trypsin,  yielded  the  same  peptide
maps,  and  very  similar  starch  gel  electropherogl`ams.     However,  amino  acid
analyses  revealed  important  differences  between  the  twc>  antibodies.     The
chicken  anti-As  antibodies  contained  more  serine  and  glutamic  acid  and
less  Phenylalanine  than  the  anti-R4N  antibodies.     The  amino  acid  composi-
tion  of  both  types  of  chicken  antibodies  differed  significantly  from
those  of  the  analogous  rabbit  antibodies  dil.ected  against  the  same  anti-
genic  detel`minants.     This  difference  in  the  amino  acid  compositions  shows
that  large  parts  of  the  antibody  molecule  are  not  involved  in  the  specific
combination  with  the  antigenic  determinant.    This  is  in  agreement  with
our`  earlier  conclusion  that  the  specific  combining  sites  of  the  antibody
molecules  are  small  and  combine  with  only  a  small  deter.minant  patch  on  the
surface  of  the  antigen  molecule.

Injection  of  tritiated  dinitrophenyl-bovine  serum  albunin  into  mice
I`evealed  that  the  isotopically  labelled  material  was  concentrated  chiefly
in  the  mitochondrial  fraction  of  the  spleen  and  liver.    Only  a  very  small
amount  of  protein-bound  tritium  was  found  in  the  I.ibosomal  fraction  and
the  endoplasmic  reticulum.    The  highest  specific  actiJity  was  found
shortly  after  injection  in  tbe  endoplasmic  reticulum  of  the  spleen,  later
in  the  mitochondrial  fraction.    Since  we  know  from  earlier  histological
experiments  that  the  bulk  of  the  injected  antigen  is  trapped  in  macro-
phages,  it  seems  now  that  the  mitochondria  of  these  serve  as  deposits  for
the  antigen  ol.  its  determinant  fragments.
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pLANs  ron  FUTURE

We  intend  to  extend  our  investigation  of  whole  antibody  molecules
to  that  of  their  parts  which  contain  the  specific  conbining  sites.
particularly  their  Fab  fragments  and  the  C-1  peptide  obtained  by  the
action  of  cyanogen  bromide.

CURRENT  REPORTS   AND   PUBLICATIONS

1.    F.  Haurowitz:    Struttura  e  Formazione  degli  Anticorpi  (Structure  and
Fomation  of  Antibodies) ,
61-82,   1967  (received  196

La  Ricerca  in Clinics  e Laboratorio no,4.

2.    F.  Haurowitz:     The  Evolution  of  Selective  and  Instructive  Theories

fi£!E±?°;¥,F;;9:;i;?'L8RES=i-:-r±;:8;rposia__onQtp_nL±±±±±±±
3.     F.  Haurowitz,   Immunochemistry  and  the  Biosynthesis  of  Antibodies,

Intel`science  Division  of  John  Wiley  and  Sons,  New  York,   1968.
XVII  and  301  pages.
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IMMUNOCHEMICAL  CRITERIA OF  PURITY OF  PROTEINS AND
POLYSACCHARIDES

Elvin A.  Kabat
Columbia University,  Neurological hstitute

New York,  New York

ASSISTED BY      F.  G.  Gruezo,  E.  Licerio,  K.  0.  Lloyd

roRKUNITNO.  NR        loo-loo                                       CONTRACT         Nonr  266  q3)

OBJECTIVES

iishing ;au)rityT°ofe;fo::t=se:isdtgog[y:::hc°hgr±=: ,t° Ode)Ve::Ps:edwy =enthda°mdse£:: e=:¥h-.      '
anisms of antigen-antibody combination and  (c)    to correlate structure of poly-
sa.ccharides with immunochemical specificity.

^BSTR^CT
Alkaline degradation with NaoD-NaBD4 of Lea ovarian cyst fluid obtained

from Nigeria yielded a series of oligosaccharides which made it possible to pro-
pose for the first time an overall structure for the carbohydrate moiety of the
human blood group A,  8,  H,  Lea and Leb substances  (1 ).   A most important
feature of this structure is that the two types of oligosaccharide determinants
recognized in the blood group substances are linked to a sinale galactose to form
a branched structure .   This finding raises the possibility of cooperative effects
in the interaction of these two determinants with antibody.   The ORD and CD
spectra of these oligosaccharides have been published (2).

From a consideration of amino acid analyses of purified humari antibodies
to polysaccharides which represent selected populations of vG immunoglobulin
molecules and of sequence data on Bence Jones proteins,  it could be showli that
most of the variation in amino acid composition of the antibodies originated from
the variable region of the molecules (3).   Further examination of the invariant
residues of human K,  L and mouse K Bence Jones proteins revealed a substantial
number of invariant and almost invariant glycines in the variable region while the
constant region contained no invariant glycines but did contain invariant kydro -
phobic leucines,  valines,  alanines and histidines.   The glycines were thought to
provide the flexibility needed in the varial]le region to permit the substitutions
which occur at the variable positions while the hydrophobic invariant residres
in the constant region could be involved in interaction of the heavy and light
chains  (4).
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PLANS   FOR    FUTURE

Work is continuing on the isolation and elucidation of the structures of

#=rr±o:#::c±csh:r:oden:sfercor=t:Lro:fA¥o#,P:i::g:::.Leffso:as=:anncecsyshta:r:emena
obtained and will be studied.

I.

2.

3.

4.

CURRENT  REPORTS   AND   PUBLICATIONS

Lloyd,  K.  0.  and Kabat,  E.  A.  (1968).   Immunochemical Studies  on Blood

gyr°£±L.±n¥£V±[:aats±:=:FBr[eosodanGdr::;ivL±:i;:s8fs°±±g:asnaccec:a;::epsosper:g:C=:_

:erbes°itshteanccaersb:hE:ca±:=:sa:ys,°;,h¥F7¥.BIOodGroupA,8,H,Lea,and
Lloyd,  K.  0.,  Beychok,  S.  and Kabat,  E.  A.  (1968).   Immunochemical
Sdi:hdiieos±s°=::°e°c:r:ro°£u:;i.goxs¥¥c]¥a.rig:i:I:=°::::gG¥oS:perLse±::sgg£±srtca¥caer.

Biochemistry,  7,  3762.
Kabat,  E .  A.  (1967).   Heterogeneity of Antibody to Antigenic  Determin-
ants of Polysaccharides .   Nobel Symposium 3 on Gamma Globulins,  Edited
by I.  Killander,  Almqvist and Wiksell,  Stockholm.
Kabat,  E .  A.  (1967).   Unique  Features of the Variable  Regions  of Bence
Jones Proteins and rTheir Possible  Relation to Antibody Complementarity.
Proc.  Nat.  Acad.  Sci.,   59,  613.

52



8R   riJir}>^;     DL.  bp`   DR    '``;o`      \rf   f30

NATURE  OF  CYTOTOXIC  REACTIONS  MEDIATED  BY
ANTIBODY AND  COMPLEMENT,  AND  RELATED  PHENOMENA

M.  M.   Mayer
Johns  Hopkins  University School  of Medicine

H. s.  shin,  F. A.Bfi:timm°er|:' M#aBr.y]€:fd|ust,  A. I.  Me||ors,
^SSISTEDBVE.  a.   Friedman,   F. N.Atwell,   C.  T.   Cook,   J.A.   Miller,

M.  L.   Hayden and  K.A.   Laudenslayer
WORKUNITNO.  NR      106-104                                           CONTRACT       Nonr  248(60)

OBJECTIVES

Investigation of the  cytolytic  and infla.mmatory activities  of the
complement  system.

^BSTR^CT
ecific  Purification of  C'2 We  have  developed  a method for  isolaL

tion  of  pure  C'2  by a.dsorption on'EAC'4 followed  by  elution.     The  final
product yields  a  single  band  oh disc  electrophoresis  as  jud.ged by  stain-
ing  and  assa.y for  C'2  activity.    A  single  arc  is  obtained :on immuno-
electrophoresis  with an antiserum aga.inst whole  guinea  Pig  serum.
Tests for functional purity indicate  that the  material contains  less  than
three  units  of any of the  other  eight  complement  components  in loo, 000
units  of  C'2.     The  stability at  37°C  over  a  period  of  three  hours  is  ex-
cellent  and even after  20 hours  only slight loss  ha,s  been observed.    The
final yield is  about  10%.     The  absolute  efficiency  of  specifically  purified
C'2  is  about 20%,   i. e. ,   approximately  5  molecules  of  C'2  are  needed
to  produce  one  hemolytically active  SAC'4, 2a  site.    Presumably,   the
other  4 molecules  are wasted in side  reactions.

Biolo icall Active  Fra rnents  of  C'3  and  C'5: C`3  is  cleaved by
EAC'4, 2a.    One  of 'the  products  is  a.  small fragment,   C'3a,   molecular
weight about  10, 00Q,   which is  spasmogenic  for  guinea  pig  ileum.     The
C'5  molecule  is  cleaved by EAC'4,2a, 3.    One  of the  fragments,   C'5a,
molecular  weight about  15, 000  is  spasmogenic  for  guinea  pig ileum and
chemotactic for  rabbit polymorphonuclear  leukocytes.

£±±:    Guinea  pig  serum C'6  has  been obtained in a functionally
purified  state  by column chromatography and disc  electrophoresis  on
polyacrylamide  gel.    Titra,tion data,   as  well as  kinetic  analyses  of  C'6
fixation,   are  compatible with the  assumption of a  one-step  reaction
mechanism.    Consumption of  C'6  and formation of C'6  sites  on the
cellular  precursor  intermediate  are favored by low  ionic  strength and
elevated temperature.
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CLJ2L:  Partially purified  preparations  of C'9 from guinea  pig  serum
have been obtained by chromatography on DEAF  cellulose,  hydroxyapatite
and Sephadex a-200.    Relative to  serum,  the  product has  been purified
lloo-fold with a yield  of about  23%.

Endotoxin:   Endotoxic  lipopolysaccharide  reacts with whole  guinea
pig  serum causing  destruction or  consumption of the  six terminal comple-
ment  components, .C'3  to  C'9.     There  is  no  detectable  loss  of  C'l,   C'4 and
C'2.    During this  process,   spasmogenic  and chemotactic  activities  are
generated.    The  physical properties  of these  activities  suggest that they
may be  due  to the  C'3a  and  C'5a fragments.

Cobra  Venom:   A  purified factor  isolated from cobra  venom re-
acts with guinea  pig  serum in a fashion similar to that of  endotoxic  lipo-
polysaccharide.    Complement components  C'3  to  C'9  are  consumed with-
out detectable  loss  o£  C'l,   C'4 and  C'2.    Spasmogenic  and  chemotactic
activities  are  generated,  possibly due  to the  formation of the  C'3a and
C'5a fragments.

PLANS   FOR    FUTURE

(a)  Further  studies  on the  cleavage  of  C'2  by C'la  (b)  further work
on the  cleav-age  of  C'3  by  C'4, 2a  (c)  further work  on the  cleavage  of  C'5
by C'4, 2a, 3  (d)  further  studies  on the  mechanism of  reaction of  C'6 with
the  C'4, 2a, 3, 5  complex  (e)  studies  of the  mechanism of action of  C'9
(I)  further work  on  purification  o£  C'4,   C'6,   C'7,   C'8  and   C'9.

CURRENT    REPORTS    AND   PUBLICATIONS

(a)  Shin,   H. S.   and Mayer,   M. M.   The  Third  Component  of the
Guinea  Pig Complement System.   I.  Purification and Characterization.
Biochemistry,   7:2991,   1968.

(b)  Shin,   H. S.   and Mayer,   M. M.   The  Third  Component  of the
Guinea  Pig  Complement  System.   11.   Kinetic  Study of the  Reaction  of
EAC'4, 2a with Guinea  Pig  C'3.   Enzymatic  Nature  of  C'3  Consumption,
MultiphaLsic  Character  of Fixa,tion,   and Hemolytic  Titration of  C'3.
Biochemistry,   7:2997,   1968.

(c) Shin,   H. S.   and Mayer,   M. M.   The  Third  Component  of the
Guinea  Pig  Complement System.   Ill.  Effect of Inhibitors.   Biochemistry,
7:3003,    1968.

(d)  Shin,   H.S. ,  Snyderman,   R. ,   Friedman,  E. ,  Mellors,  A. ,
and Mayer,  M. M.   Chemotactic  and Anaphylatoxic  Fragment Cleaved
from the  Fifth  Component of  Guinea  Pig  Complement.   Science,   162:361,
1968.

(e) Miller,   J. A.   and Mayer,   M. M.   On the  Cleavage  of  C'2  by
C'la:  Immunological and  Physical  Comparisons  of C'2ad and  C'2a./i.
Proc.   Soc.   Exper.   Biol.   and  Med.  ,   129:127,   1968.

(I)  Mayer,   M. M.,   Miller,   .T.A.   and Shin,   H. S.  Specifically  Purified
Guinea  Pig  C'2.    Abstract presented at  Third International Workshop,
Boston,   Mass.  ,   June  3-5,   1968.     Journal  of  Immunology,   101:813,   1968.

(g)  Shin,   H. S. ,   Pickering,   R. J. ,   Mayer,   M. M.   aLnd  Cook,   C. T.
Guinea  Pig  C'5.    Abstract presented at  Third International Workshop,
Boston,   Mass.  ,   June  3-5,   1968.   Journal  of  Immunology,   101:813,   1968.
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IRE  RECHANISM  0F  ANTIBODY  FORMATION
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Diego  Segre
University  of  Illinois, College  of Veterinary Medicine

Urbana,  Illinois

ASSISTEI) BV  W.   L.   fryers,   R.   Kerman,   and  M.   Segre

WORK UNIT NO.  NR   106-509                                             CONTRACT   Nonr-183L(37)

OBJECTIVES

(a)  To  follow  the  development  of  natural  antibodies  in mice  as  a
function  of  age,  (b)  to  ccxpare  the  antigenic  structure  of  rabbit  IgG  and
18M bearing  the  same  heavy  chain  allotype,  (c)  to  study  the  antigenic
relationship  among  avian  lysozymes.

^BSTR^CT

(a,)  The  finding  from  this  laboratory  (Science,  ±ZZ:151L,1967)  that
newborn  offspring  of  irmunologically paralyzed mice  are  more  susceptible
to  the  induction  of both  ilrmmologic  paralysis  and  immunity  to  pneuno-
coccal  polysaccharide  ty.pe  Ill  than  newborn normal  mice,  has  been
extended  to  mice  of  various  ages.    The  quantity  of  polysaccharide
required to  induce  imunity  or paralysis  in  offspl`ing  ol-  normal  mice
decreased  from birth  to  two weeks  of  age.    This  increase  in  suscepti-
bility to  irmunity and paralysis  induction was  attributed  to  the  elimina-
tion  of maternal  natural  antibodies  specific  for  the  polysaccharide.    By
3  weeks  of  age,  the  offspring  of  normal  mice  were  paralyzed  or  irmunized
with  the  sane  doses  of  polysaccharide  required  for  adult  mice.  The  doses
of polysaccharide  necessary  to  paralyze  or  irmiunize  offspring  of
paralyzed mice  remained  constant  through  2  weeks  of  age, , but  increased
during the  following 2  weeks  and  reached  adult  levels  by  the  hth week  of
age.    Adinnistration  of  one  milliliter  of normal  mouse  serum  to  offspring
of  paralyzed mice  brought  their  susceptibility  to  irmnunity  and  paralysis
to  the  level  of  that  of  offspring of  normal  mice.

(b)  Sheep  REC  sensitized with  a,  sub-hemolytic  dose  of  a,nti-sheep
BBC  IgG  of AalAb4  allotypic  specificity  did  not  hemolyze  upon  addition
of  coxplenent,  but  did hemolyze  upon  successive  treatment  with  anti-Aal
and  complement.    When  BBC  so  sensitized were  incubated  in  agar  together

.with  spleen  cells  from  an  Aa3Ab4-rabbit  which  had  been  immunized  with
AalAb4  IgG,  hemolytic,  complement-dependent  plaques  appeared  around  cells
secreting anti-Aal  antibodies.    Plaques  wel.e  specifically  inhibited by
1g bearing Aal  allotypic  specificity,    Thus,  it was  possible  to  compare
Aal  IgG with  Aal  18M  for  efficiency  of  plaque  inhibition.    The  molar
concentration  of  IgG required  to  inhibit  50¢  of  the  plaques  was  about
30-fold  smaller  than  that  of  intact  1g$4  (calculated  on  the  basis  of  the
mol.  wt.  of  the  I€P¢  subunit),  and  loo-fold  smaller  than  that  of  reduced.
and  alkylated Ism.    These  results  indicated  that  antibody produced by
single  cells  had  greater  average  affinity  for  the  Aal  allotype  of IgG,
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which was  the  &atigen used for immization,  than  for  the  cross-reacting
allotype  of IgM.    The  polymeric  nature  of  18M did  not  seem  to  be
responsible  for the  difference  in efficiency of plaque  inhibition,  since
reduced and alkylated 18M did not  inhibit  any better  than intact IgM.
As  18M,  used  in  sufficient  concentration,  Caused 100¢ plaque  inhibition,
there  was  no  evidence  of  cells  producing antibody  specific  for a  deter-
mimrfe present  only  on IgG.    All  experiments  were  done  with  a  single
batch  of irmune  spleen  cells,  which were  kept  frozen in liquid nitrogen.

(c)  Ifemolytic  plaques  have  been  obtained by plating  in  agar  spleen
cells  from mice  irmunized  against  chicken lysozyme  together with  sheep
BBC  sensitized with  the  IgG fraction of  comercial  hemolysin  covalently
linked to  chicken lysozyme.    Such plaques  were  specifically  inhibited by
soluble  chicken  lysozyme  incorporated  into  the  agar.    Nanogram amounts  of
chicken lysozyme  inhibited plaques  obtained  during the  secondary  response
to  lysozyme,  while  greater  amouuts  were  required  to  inhibit  plaques
obtained during the  primary  response.    "is  probably reflected the
greater  antigen-binding ability  of  secondary response  antibody.    Ijysozynes
frcm ring-necked pheasant  and bobwhite  quail  have been obtained,  and will
be  ccmpared with  chicken lysozyme  with  respect  to  efficiency  of  inhibi-
tion  of  anti-chicken lysozyme  plaques.

PLANS   FOR    FUTURE

(a)  The  effect  of  administration  of measured  amouuts  of purified
amti-pneunococcal polysaccharide  type  Ill  on the  susceptibility  of off-
spring of  irmmologically paralyzed mice  to  the  induction of palialysis
and  imunity will be  studied.    The  quantity  of  antibody  required to
restore  the level  of  susceptibility of  offspring of paralyzed mice  to
that  of  nomal mice  should provide  a measure  of the  natural  antibody
specific  for  the  polysaccharide  transferred from mother  to  offspring.
(b)  The  technique  of plaque  formation by  cells  secreting  antibod.ies
against protein antigens  will be  extended to  antibodies  against haptens.
me  techniq.ue will  be  used  to  explore  several  ilmmologic  phenomena,
including the  possible  e3cistence  of  single  cells  producing antibodies
of different  specificity,  the phenomenon of  allotype  suppression,  and
the  change  in binding affinity  of antibodies  produced at  different  times
during immi zation.

CURRENT    REPORTS   AND   PUBLICATloNS

(a)  D.  Segre  (1968),  "Regulation  of  Antibody  Formation."    In

:*:i:;¥;:£i:]£¥:;:#ia:§n£:den::g:n¥¥h¥:::i:tf|;riaiiT;i.lit::n£°±:nd
Irmmologic  Competence."    Journal  of  the  Am.  Med.  Vet.  Assoc. ,152,
746-750.

(a)  D.  Segre  (1968),  "Abrogation  of  Imunological  Tolerance  as  a
Model  for  Autoimmity."    |n  "In±'ectious  Blood  Diseases  of lfan and
An±mLid';D?.LYei=?;rL¥.fty=::i:idE%:.s:C::eT±;65J:S:fag;i*PThp;n:3:±L

of  FTeund' s  Adjuvant  Action with  IgG  frcm Adjuvant-Treated  Rabbits."  Fed.
Pr°C. '(:7'D:6::gre  end M.  segre  (|968),  "Hemolytic  Plaque  Formtion by

Mouse  Spleen  Cells  Producing Autibodies  to  Ovalbumin."    Immoehemistry,
5,  206-212.
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Irm4uNITy  UNDER  stress

Ignatius  Trapani
National  Jewish Hospital  of  Denver

Denver,   Colol`ado

ASSISTED  BY

WORK  UNIT No.  NR             106-599 CONTRACT       Nonr  35h5(00)

OBJECTIVES

±nan{=3o:£:ELv=::L¥te:n:±3:::#c::daT£,p*ys±:::5::::tefa:::Ee:n#:±g:€
ular  changes  which may  occur  in  antibodies  prodrced  by anima,1s  subject-
ed  to  stress.

^BSTR^CT
Contract  termirmted.    No  report  requested.
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ASSISTED  BY

WORK  UNIT  NO.  NR

STRUCTURAL  AND   Inn;ifutocHEMlcAI.  STUDIEs
ON  MYOGI]OBINS   AND  HEMOGLOBINS

M.   Z.  Ata,ssi
Depa,rtmeut  of  Chenistry
Wayn®  State  University

i}ei,,r¢tit,  Michigan    48202

|u6_620

gfi   R,::-r}.,i   D|   DP.  DR   3=   O,,   F3|,/

CONTRACT     Nonr-4564(Oo)

OBJECTIVES

(a)    To  develop  new  chemical  procedures  for  specific  modifica,tion
aLnd  cleavage  of  proteins,   (b)    to  carry  out  studies  on the  chemistry` of
]nyoglobins  and  henoglobins,  and  (c)    to  study the  correlation of  struc-
ture  of t,hese  proteins  wit,h  their antigenic  properties.

ABSTRACT
Work  previously  report,ed  has  now been  published  (1-4).    Aponyoglo-

bin haLs  been nitrated  completely  and  speclfioa.lly at  the  thr.ee  tyrogine
residues.    Nitronyoglobin  prepared  from  nitrated  aponyoglobin and  tin-
modified  f erriheme  exhibited  electrophol`etic  and  spectral  differences
but  had  conformationail  pa,rameters  identical  with  those  of  metmyoglobin X.
Nitrated  aLponyoglobin  and  nitrat,ed  metnyoglobin  possessed  lower  antigenic
reactivities  relative  to  aLponyoglobin  a.nd  to  metnyoglobin  X.    F'ragment,a
56-131  and  132-153,  obtained  by  cleavage  of  apemyoglobin  at  methionines
56  and  131,  were  also  nitrated.    Peptide  56-131  and  its  derivative  ni-
trated  at  tyrosine  103  showed  identical  rea,ctivities  with  antiser'a to
metnyoglobin X.    It,  was  therefore  concluded  t,hat,  tyrosine  103  is  not  lo-
ca,ted  in an antigenic  reactive  region  in metmyoglobin.    On  nitration of
t,yr.osines  146  and  151  the  iinibitory  activity  of  peptide  132-153  was  com-
p|etely afrolished.    The  iinibitory  activity lost  compared well  with  the
decrease  in  antigenic  r.eactivity  observed  with  nitra.ted  apomyoglobin  and

¥nt=::reda g:tE];::8::£:ni32=±;;J (:i?rated metmyoglobin did  not  react  with

are pr£::: i:nda±:8:c::3:e::gi::t±:n:e:b::i:b:i tg5:Sines  146 and 151
The  prepra,tion of  globin  complexes  with  zinc  metalloporphyrin,

protoporphyl`in  IX  and  ferriheme  dipyl.id-4-ylpropyl  eater  is  described
and  their  physicochenical  propertieg  investigated.    Reconstitution  of
hemoglobin  from  globin  and  I.esyst,hesized  heme  (i.e.  from  ferric  iron  and
protoporphyrin  IX)  gave  a  preparation having  confol`mational  parameters
and  immunochemical  behavior  identical  with  those  of  the  native  prat,ein..
Henoglobin derivative  prepared  with  protoporphyrin  IX  showed  a  great  in-
crease  in  the  Stokes  ra,dius  which  was  a.ccompanied  by  an  ethancelnerfe  of
the  antigenic  reactivity of  the derivative  (relative  to  native henoglo-
bin) .

Similar  increase  in  antigenic  reactivity wa,s  obt,alined  with  hemo-
globin  containing heme  dipyrid-4-ylpr'opyl  ester,  alt,bough  only relatively
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8118nt  changes  in  confomational  parameters  were  observed.    The  Stokes
radius  of  the henoglobin d®rivatlve  prepaLred with  zinc metalloporphyrln
vas  greatly  increased  and  reaLcted  poorly with  ant,isera  to  henoglobin  (6).

PLANS   FOR    FUTURE

{a)    To  condirme  our wor'k  on  the  development  of  new  chemical  pro-
cedures  for  specific modification  and  cleavage  of  proteins,  aLnd  {b)  to
contiune  our  investigations  on the  correlation of  structures  of hemoglobin
and nyoglobin trith their  aintigenic  properties.

CURRENT    REPORTS   AND   PUBLICATIONS

(I)   Taubmak:; i;1:=aA=a;::' s:;cziic:i;af::o:e:f±f±=;io:::::::.v:?h
ire  ti968j  829.

(2)    Atas9i,  M.  Z.  and  Sa,plin,  8.  J.     nhi"nochenistry  of  Spem Whale
ftyoglobin.    I.     The  Specific  Interaction  of  Some  Tryptic  Pep-
tides  and  of  Peptides  Containing  all  the  ReaLctive  Regions  of
the  Antigen.n    Biochemistry I,   (1968)  688.

(3)    Atassi,  M.  Z.  and  Camso,  D.  R.     "Imrminochenistry  of  Spem Thale
Mpeglobin.     11.    ModifieaLtion  of  the  Two  Tryptophan  Residues
and  Their  Hole  in the  Conformation  and  Antigen-Antibody
Reaction."    Biochenistry I;   (1968)  699.

{4)    Atassi,  M.  Z.  and  Rosenthal,  A.  R.     "Specific  Reduction  of  Carboryl
Groups  in  Peptides  aLnd  Proteins."    Biochem.  J.,  in  the  press.

{5)    Atassi,  M.   Z.     nlmmno¢henistry  of  Sperm  Whale  Myoglobin.     Ill.
Modification  of  the  Three  Tyrosine  Residues  and  Their  Role  in
the  Confomation and  Differentiation  of  Their  holes  in the
Antigenic  Reactivity."    Biocherist,ry I,   {1968)  3078.

{6)    Atassi,  M.  Z.  and  Skalski,  D.  J.     "munochemistry and  Conformation
of  Some  Artificial Huna,n Hemoglobins. "    haurochenistry,  in
the  press.

59



i,3R    ,€1nd:
i: :.fJ ;~ L~   i--DE    "  i
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Colimbia  University

New  Yol.k,   N.Y.

ASSISTED  BY

WORK UNITNo.  NR      IO8-6L6 CONTRACT   Honr  4259(11)

OBJECTIVES

To  study the blochemical  activities  of  antibodies  specific  for
rlbonucleotlde8  and rlbonucleoeides.

ABSTRACT

Studies  are  continuing  on the biological  and biochemical
properties  of  antibodies  to  ribonucleosides  and  rlbonucleotides.

Antibodies  specific  for  th3rmine  and  guanine  nucleo8ides  reacted
(±rmmochemlcally)  with denatured but  not with  native  ETA.    These  anti-
bodies  inhibited the  ability  of  calf ttrymus  ETA to  serve  as  a primer
for  ETA polymerase  extracted  from  chick  embryos.    No  inhibition  of  ETA
gynthe81s was  observed with  anti-bovine  serum  albunin  or  normal  sheep
globulin.    AntilT was  more  inhibitory than  eriti-G
9e_re_u§_,  Micrococcus

whether  Bacillus
]]rsodeiktlcus  or  calf  ttrymus  RNA preparations  were

used  as  primers.    Purified  anti-I  inhibited  the  priming of  ETA to the
same  extent,  relative to  antibody content  as  the  globulin fraction
antl-T.    The  data were  consistent with the  hypothesis  that binding  of
the  anti-nucleoside  antibodies  to  the  exposed bases  in  denatured  ETA
prevented  these  masked  regions  from  acting  as  templates  for  the  ETA
polymerage .

The  reaction  of  anti-cytidine  and  antl-ttrymidine  antibodies with
denatured  ETA preparations  varying  in  G-a  content was  studied.    If  the
ETA preparations were  denatured with  formaldehyde,  the  order  of  re-
activity with  anti-T  antibodies  coincided with  RNA base  composition,
i.e.  clo8tridun > calf  thymus>  micrococcus.    Anti-C  produced  the
expected  reaction pattern with  the  bacterial  ENA's  (microcococcus >
cloBtridium);  hchrever,  calf  ttrymus  ETA  did  not  react  as  expected.
The  deviant pattern  observed with anti-a may be  an effect  of the
formaldehyde  denaturation  since  formaldehyde  reacts with the  6-anino
group  of  cytosine,  possibly  altering  its  antigenic  identity.    Anti-C
and  anti-T  antibody were  also  tested  as  probes  for  the  detection  of
non base-paired  regions  within  native  IENA.    Such  regions  might  occur
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during  ETA transcription.    As  a model  system non base-paired  lesions
were  introduced  into  native  ETA molecules  by metnylene  blue  photo-
oxidation.    This  procedure  exposed  cytosine  residues which reacted
with anti-a  antibodies.    Anti-I  antibodies  failed  to  react with photo-
oxidized  ETA until  appl.oximately 25¢ of  the  guanines  hed been photo-
oxidized  or  the  ETA had been  subjected  to  further  denaturing  conditions.
The  I.eaction of the  antisera  indicated that the  initial photooxidative
lesions  produced  only  limited  ETA  strand  separation.

Studies  are  nctr being  initiated to  determine  the  effect  of
purified  antibodies  on  a  ETA dependent  ETA polymerase  system.

PLANS   FOR    FUTURE

Future  pleas  include  the  preparation  of  conjugates  of proteine
with  the  follcwing  nucleosides:     5-Iodouridine,   5-bl`omouridine,
6-azourldine,  and  6-mettryluridine.    These  conjugates  will be  used  to
stimulate  specific  antibody  and their  specificities will  be  examined.
Our plans  also  include  the  examination  of  their  activities  in various
biochemical  systems  dependent  on  ETA or  RNA.    Purification  of  the
various  anti-nucleoside  antibodies will be  continued.

CURRENT  REPORTS   AND   PUBLICATloNS

(a)    S.S.  Wallace,   B.F.  Erlanger  and  S.M.   Beiser  (1968),"Antibodies  specific  for  purine  and  pyrimidine  nucleosides:  effect  on
j±ffip=¥¥8ara::}±:¥F?fEr¥Aal:erJin¥°::ri.B:::;:r±?i;r£;;.
"Pyrimidine-Specific  antibodies:  reaction with  ENA's  of  differing base
compositions."    J.  Mole.  Biol.,   in  pl.ess.

61

J)



BR  Rtc,ol   f]\   rip  DRt  cii   oi   F3i,.it;

lMMUNOLOGICAL  FUNCTION  IN  SEVERE  THERMAL  INJURY

N:;TVoRrakpaJpn?:te:si?yJdeMd.icca?n€:Lsteer
New  York,  New  York

ASSISTED  By  A.  Sampath,   K.   Kano,  and  R.  Shah

WORK  UNIT NO.  NR    106-733                                             CoNTRACT    Nonr-4503  (00)

OBJECTIVES

To evaluate  specific  changes  in  the  immunological  status  of experimental
animals  following  severe  thermal  injury,  with  particular  reference  l'o  the ability  of
the  burned  host  to develop and exhibit delayed hypersensitivity and/or autoimmune-
I ike  responses .

ABSTRACT

lt has  been  suggested  that  thermal  injury  may  induce  the  formation  of  toxins,
and  that  the  release  of such  materials  into  the  host may  stimulate  antibody  responses .
A  number of  investigators  have,  however,  failed  to demonstrate  the  presence  of
either  new antigens  or antibodies  characteristic  of severe  thermal  damage.    In  the
course  of  this  study,  rabbits were  immunized with  extracts  of  burned  guinea  pig  skin
excised  from  the  donors at  various  rime  intervals after  injury,  and  the antigenic

properties  of the  specimens  were  examined  by analysis  of their  reactions  with  the
resulting  rabbit antisera .

Mple  llartley guinea  pigs were  subjected  lo  full-thickness skin  burns  by
contact with a  thermal-regulated  metal  surface  maintained at  250°C;  the anirrtals
were sacrificed at  2 hours,   1  day,  2 days,  and  6 days after  injury,  and  the  burned
skin  was  excised.    Control  skin  segments  obtained  from  normal  animals were  subjected
to  similar  Thermal   in

wasalsostudied.    T
ury  in  vitro; an additional  set  of norrnal  unburned  skin  specimens
e antigenic  preparations  were  washed  in  cold saline  solution,

and  forced  through  an  X-press  by  the  technique  of Edebo.    The  resulting  suspension
was  centrifuged at  57,348  G and  the  superrafant extract was decanted and  collected
at 4°C.    This  extract was  mixed with  equal  volumes  of complete  Freund's Adiuvant,
and  iniec+ed  intradermally  into Albino  rabbits.    Immunological-`tests  performed  in-
cluded double  diffusion  gel  precipitation,   immunoelectrophoresis,  absorption  of sera
with  burned  or  normal  skin  specimens,  and with  pooled  serum and  plasma  from  normal

guinea  pigs .
Double  diffusion  gel  precipitation  tests  using  rabbit anliserum against  burned

guinea  pig  skin  excised six  ck]ys after  iniury  yielded a  line  of precipitation against
exl.racts  of burned  skin,   but  foiled  to  react with  normal  skin  exl.ract.    Similar

precipitation  lines were  observed when an[isera  were  obtained  by  iniection  of rabbits
with  extracts  of post-op  day  2 and  post-op day  1   burned  skin  specimens .    This  "burn "
antigen was absent,  or  present  only  in  tiiace amounts  in  skin  specimens  removed with-
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in  two hours after  thermal  injury.
Absorption  experiments with  selected anlisera  indicated  that  normal  skin

exl.ract could  not absorb  out  the  reactive  principle,  but  normal  guinea  pig  plasma
completely eliminated  the activity  of such antisera .   The  "speciiiTEIrnTTTnti55FT
isolated  in  burned  skin  was absent,  however,   in  normal  guinea  pig  serum.

These  results  indicate  that,  under  the  experimental  conditions  described,
burned  skin  contains an antigenic  component which  is absent  from  normal  skin .
Detect.ion  of this antigen  is dependent upon  the  conl.inued  contact  of the  injured
I.issues with  the  living  hast.    Normal  guinea  pig  plasma  contains an antigen  similar  or
identical  to  this antigen,  but  normal  guinea  pig  serum  does  not contain  this antigen.
This  observation  strongly suggests a  relationship  between  the  detected  ''burn  antigen "
and  fibrinogen .

T  e  mechanisms whereby  in  vivo  thermal  injury causes an  unusual  concentration
of fibrinogen  or  fibrinogen-like  materials at  the  burn  site are  not clear at  present.    It
is  possible,  however,  that  this  mighl  be  a  reflection  of the  increase  in  capillary  per-
meability which  has  been  reported as a  sequela  of thermal  injury.    The  possible  rele-
vance  of this  observation  to  the  course and development of other  immune  manifesta-
tions  of I.hermal  injury  is  currently  under study.

PLANS   FOR    FUTURE

(a)   To  identify  further  the  fibrinogen-like  material  which appears at  burned
skin  sites    (b)    I.o analyze  the  possible  relevance  of  this  observation  upon  reports  of
•'toxic"  effects  of  burned  I.issues  upon  cells  in  tissue  culture  systems  (c)    lo  utilize  lhis

model  for  further  studies  of the  course clnd development  of autoimmune  rmanifesfations
of  therrria[   iniury.

CURRENT    REPORTS   AND    PUBLICATIONS

(a)   A.C.  Solowey and  F.T.  Raprport  (1967),    "Mechanisms  of tuberculin
unresponsiveness  in  burned animals. "   Surg.  For.18,  522.

to)    F.T.  Rapaport,   K.  Kano,  F.  Milgrom,   8.  Gesner,  A.C.  Soloweyand
J.M.  Converse  (1968),   ]]lmmunol6gic  sequelae  of thermal  injury."   Ann.  N.Y.  Acad.
Sci.,   ]50,1004.

(c)    P.  Casson,   8.  Gesner,  J.M.  Converse and  F.T.  Rapeport  (1968),   "Immuno
suppressive  sequelae  of  [hermal  injury. "   Surg .  For.,   ln  Press.

(d)    K.   Kano,  F.  Milgrom  and  F.T.  Rapeport  (1968),   ''Immunologic  studies  in
thermal  injury:   Antigenic  properties  of  burned guinea  pig  skin. "   Proc .  Soc .  Exp.
BioI .  &  ifed.,   i28:I i65.
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STUDIES   ON  THE  HEREI)ITART   HUMAN  GAI"A  GLOBULIN   (Gin)   GROUPS

H.   H.   Fudenberg,   M.D.
University  of  California  Sam  Francisco Medical  Center

Sam  Francisco,  California

ASSISTED  BY

WORKUNITNo.  NR       106-741 CONTRACT   Nonr   3656   (12)

OBJECTIVES

{a)  Continuing  investigation  of  all  facets  of y-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  mich  irmune
91obulin,  (b)   broad  studies  of  the  biochemical  basis  of  genetic  differ-
ence  in  v-globulins  and  antibodies  from  one  individual  to  another,   (c)
studies  of  the  biological  consequences  of  such  genetic  diversity,  and  (d)
continuing  investigations  of  the  interaction  of y-globulin with  comple-
ment .

ABSTRACT

I

A  new  passive  hemagglutination  technique  employing  isolated  v-
91obulins  and  nyelona  proteins  of  kncwn  genetic  types  coated  onto  human
group  0  cells  by  the  Crc13   method  has  been  developed.     Cells   thus  coated
have  been  successfully  used  for  Gin and  Inv  typing  of  human  sera,  eliminat-
ing  the  need  for  rare  anti-Rh  coats  of  a  given  type  for  Gin  typing  (a,b,c) .

Humn  antibodies  to  IgA  globulin  have  been  demonstrated  in  human
sera  by  the  passive  hemgglutination  method  described  above  using  as
antigens  lgA  nyeloma  proteins  coupled  to  neat  indicator  red  cells.    The
vast  majority  of  sera  containing  such  agglutinators  occur  in  patients
with  little  or  no  ser`im  IgA  and  nomial  levels  of  IgG  and/or  IgM.
Specificity  of  the  antibodies  was  shown  by  inhibition  of  agglutination.
The  antibodies  of  different  sera  appear  directed  tcward  different  anti-
genic  sites  in  the  alpha  chains.     Such  sera  may  prove  useful  in  demon-
strating  allotypic  genetically  determined  antigens  in  lgA  molecules
analogous  to  the  Gin  factors  o£  IgG  molecules  (d,e,f,g,h,i) .

Eighteen  differetit  primate  species  have  been  typed  for  Gin  factors
present  at  the  human v2b  and  v2c  loci.    Gin  factors  are  absent  in  lcwer

::3:t::;  Fv:1:: :::::r:na:a:c€::::p::::c:2ge:o::::::: :  ncanm::y , a::i::.
together  with  Gin(a)   on  h`]man  v2b  molecules.   but  in  baboon  sera  Gin(z)

i:i;::n:i:::i::::::::::::::i)[i::£:::i:i:i::i:::;;::::!!:#s:;::i:;:tand
were  detected  in  chinpanzees.    Polymorphism  for  the  factors  studied
exists  only  in  orangutans  and  chimpanzees.    The  data  show  a  close  correi
lotion  bet:ween  taxonomic  classification  and  the  evolution  of  Gin  factors.
Tryptic  peptide  lnap8  demonstrated  the  presence  of  the  ''a"  peptide  in
Gin(a+)   non-human  primate  lgG  (j,k,1) .

We  have  also  undertaken  a  phylogenetic  study  of  (1)   the  heavy  chain
antigene  which  distinguish  the  u,  v,  and a  chains;     (2)   the  kappa  and
lambda  subclass  antigens  of  all  of  the  light  polypeptide  chains  ahd  the
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X::vST€£|in¥2!f(#L)±i±:ggi::a)Lin:?d ::g  {#4)th:u::::::t::SL::::g:£s :h:he
various  Gin and  Inv  factors  which  are  as8ceiated with  the  heavy  and  light
chains  respectively.    The  cross-reactivity  o£  T,  cx  and  u,  heavy  chains  and
the  kappa  and  lambda  light  chain  antigens  of  humane  and  various  non-htiman
primates,  has  been  related  to  evolutionary  status  of  the  various  species
(m'n) .

Leukocyte9  from  9  patients  with  "acquired"  agamaglobulinemia  were
studied  in  vitro  in  a  new  Synchronized  cell  culture  system.    Synthesis  of
deoxyrib=uEIEIE  acid  (DRA)   and  rlbonucleic  acid  (RRA)   induced  by  phyto-
hemagglutinln was  measured  by  determination  of  the  degree  of  incorporation
of  labelled  precursor.     Synthesis  of  both  DRA  and  RNA  was  decreased  in  the
agarmaglobulinemic  cells.    The  presence  of  an  inhibitor  in  the  patients'
sera  could  not  be  demonstrated.    These  results  suggest  that  the  basic
defect  in  agarmaglobulinemia  is  cellular  rather  than  hunoral.    Further,
Study  of  lymphocyte8  of  asymptofbatic  parents  of  patients  with  acqtLired
agammglobulinemla  demonstrated  a  similar  defect  in  DNA  and  ETA  synthesis;
thus ,  showing  that  "acquired"  agamaglobulinemi?  is  genetically  deter-
mined.    In  the  same  system,  addition  of  minute  doses  of  hydrocortisone
equivalent  to  blood  levels  present  in  vivo  in  patients  in  therapy,  result-
ed  in  a  decrease  in  RNA  synthesis.     Hence,   the  effect  of  such  immuno-
suppressive  agents  appears  to  be  due  to  lymphocyte  replication  rather  than
to  lymphocytolysis.     Studies  of  lymphocytes  from  patients  with  various
autoirmune  diseases  have  also  been  initiated.     Other  work  on  autoimmune
disease  and  especially  the  genetic  predisposition  thereto  is  summarized
in  two  invited  review  chapters  (o,p) .

PLANS    FOR    FUTURE

(a)  To  continue  investigation  of  ''autoantibodies"  and  their  signifi-
cance  in  hullran  disease  (b)   to  find  genetic  markers  in  human  lgA  and  IgM
91obulins  analogous  to  the  Gin  factors  in  IgG  (c)   to  establish  biochemical
bases,  by  amino  and  sequence  amlysis  of  appropriate  peptides,  of  the
genetic  differences  between  garma  globuline  of  di££ering  genetic  types.

CURRENT    REPORTS   AND   PUBLICATloNS

(a)     L.   S.  Goldberg,  J.   Shuster,  M.   Stuckey  and  H.  H.   Fudenberg
(1968) ,   "Secretory  IgA:    Autoantibody  activity  in  gastric  juice."
Science,   160,   1240-1241

(b)     L.  S.  Coldberg,  J.  Shuster  and  H.  H.   Fudenberg  (1968),   "Gastric
autoirmunity  in .pernicious  anemia."    J.  Lab.  &  Clin.  Med.   (Accepted  for
Publication)

(c)     L.  S.  Goldberg  and  H.  H.   Fudenberg  (1968) ,   ''The  autoilmune
aspects  of  perrLiciou9  anemia."    Am.  J.  Ned.   (Editorial)   (Accepted  for
Publication)

(d)     K.I).  Wuepper,   L.  C.  Wegienke  and  H.  H.   Fudenberg  (1968),"I"unologlc  aspects  of  adrenocortical  insufficiency."    Am.  J.  Med.
(Submitted)

(e)     L.   Spitler,  K.  Cochr`im  and  H.11.   Fudenberg  (1968) ,   '"ycoplasma
inhibition  of  phytohemgglutinin  stimulation  of  lymphocytes."    Science,
161,   1148-1149

(I)     L.   S.  Coldberg,   E.  V.   Barnett  and  11.  H.   Fudenberg  (1968),''Selectlve  absence  of  lgA:     A  family  study."    J.  Lab.  &  Clin.  Med.,   72(2),
204-212
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(g)     H.  M.   Pretty,  H.  H.   Fudenberg,  H.  A.   Perklns  and  F.  Gerbode
(1968) ,   "Anti-v-globulin  antibodies  after  open  heart  surgery."    Blood,
XHII(2) ,   205-216

(h)     C.   Ropartz,  H.  H.   Fudenberg,  L.   Rivet,   P.-Y.   Roug8eau  and
J.  P.  Lebreton  (1967) ,   ''Un  troi8ieme  locus  particlpent  a  1®  synthese  des
vC:     L'IS£."    Rev.   Franc.   Etudes  Clin.   et  Biol.,12,   267-269

(i)     H.  H.   Fudenberg,   E.   R.   Gold,   G.   N.  Vyas  and  M.   R.  MacKenzie
(1968) ,   '"unan  antibodies  to  hunan  lgA  globulins."    Imuncohemi8try,  5,
203-212

(j)     M.   R.  MacKenzie,  L.   S.  Coldberg,  E.  V.   Barnett  and
H.  H.  Fudenberg  (1968) ,   "Serologic  heterogeneity  of  the  lgM  components  of
mixed  (monoclonal  Ion-polyclonel  Igc)   cryoglobulins."    J.  Clin.  &  Exp.
Itmunol.     (In  press)

(k)     R.  M.  Kamln,   H.   H.   Fudenberg  and  S.   D.   Douglas   (1968),   "A
genetic  defect  in  "acquired"  agamaglobulinemia."    Proc.  Nat.  Acad.   o£
Sciences,   60,   881

(1)     S.   E.   Salmon  and  H.,  H.   Fudenberg  (1968) ,   '"etabolism  of
lymphocy[es  in  plasma  cell  nyelona  and  macroglobulinemia."    Blood
(Accepted  for  Publication)
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(1968) ,   ''A  defect  in  circulating  mononuclear  phagocytes  in  chronic
granulonatous  disease  of  childhood."    J.   Irmrunol.   (Brief  Reports)
(Accepted)

(n)     H.  Huber  and  H.  H.   Fudenberg   (1968),   "Receptor  §iteg  of  human
monceytes  for  Igc."    Int.  Arch.  Allergy  &  Appl.   Imun.,  34,18

TWo  review  articles  dealing  with  various  aspects  of  the  investiga-
tion  listed  above  are  in  pre§§.

(o)     H.  H.  Fudenberg   (1968) ,   "Recent  advances   in  hulmn  biochemical
genetics."    National  Foundation  Prcoeedings.     Birth  I)efects:    Humn
Cenetlcs,  IV(6)

(p)     H.  H.   Fudenberg  and  N.   L.  Warmer  (1968),     Genetics  of  lrmuno-
91obullns  Chapter  for  Humn  Genetics  Review  -  Plemm  Press  (Invited
Review)
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Si\HTCHING  MECHANISus  FOR  TYROSIRE
METAB0IISM  IN  DEVEIOPING  CELL  SYSTEMS.      THE

EFFECT  OF  POLYSORAlj  PROTEIN  ON  IMMUNOGLOBULIN  SYNTIHSIS

E.   L.   Triplett,   R.   Herzog,  R.  Mikkelson,   P.   Russell,   S.  Benson
Univel.sity  of  California

Santa  Barbara,  California

ASSISTED BY     D.   Santomtonio,   D.   Coates

WORK  UNIT No.  NR     106   758 CONTRACTN000th-67-A-0120-ooo3

OBJECTIVES

(a)  To  study  the  mechanisms  that  determine  the  pattern  of  metab-
olism of  tyrosine  in  developing  cell  systems.   (b)  to  test  the  possibility
that  irmunoglobulin production may be  controlled,  in part,  at  the  trans-
lational  level and that  polysomal proteins  are  affectors.

^BSTR^CT

During  cellular differentiation tyrosine  utilization becomes  var-
iable  as  a  function of  cell type.    Thus  the  end-product  of  this  path-
way may be  melanin,  nonadrenaline,  ad.renaline  or  acetoacetate  and  fumarate
in  cells  of  different  developmental  fates.    Switching  in  this  pathway
couid  be  accomplished  alone  or  in  concert  at  any  of  several  positions.
One  possibility would  be  the  selective  modulation  of  enzyme  activity  at
branch  points  in  tbe  pathway.    Another  would  be  selective  production  of
enzymes  at  the  branch  points.    This  latter  alternate  could  be  accomplished
at  either the  transcriptional or  transl&tional  levels.

The  first  possibility has  been  tested  by  isolating  and  character-
izing  enzymes  at  branch  points  in  the  pathway with  a  view  toward  leaming
whetber  such  agencies  as  netabolite  modulation  (for  example  end-product
inhibition)  could  operate  as  switching  devices.    Earlier  work  was  concen-
trated  on  the  oxidases  for  DOPA,   DOPANINE  and  Tyrosine.     These  are  a  single
family  of  enzymes  each  of  which  may  oxidize  these  three  substrates.     More
recently  the  decarboxylase  for  DOPA  a.nd  Tryptophan  (again  a  single  family
of molecules  with  multiple  substrate  specificy)  was  studied.    All  avail-
able  metabolites  in  the  pathway have  been  tested  for  their  possible  roles
8.s moduhators  of  enzyme  activity,  and both  inhibitors  and  accelerators
have  been  fourid.     These  data  were  used  to  produce  a  computor  model.     The
computor  pred.icted  that  switching  could  not  be  accomplished  through
metabolite  modulation  and  that  svitchingi6:uld  be  achieved  e±]±[ by  two
agencies  acting  together-(i)  selective  variations  in the  total amount  of
active Tyrosine-Dopa-Dopamine  oxidase  (rinD  oxidase )  complex  as  a  function
of  cell type, and  (2)  selective  alterations  in the  substrate  specificity
of  this  enzyme  as  a  function  of  cell type.

We  have  begun  to  study  the  possibility  that  TDD  oxidase  may be
controlled,  in part,  at  the  transhational  level by isolating  and
characterizing  the  polysomes  that  participate  in the  synthesis  of  this
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enzyme.    Polysomes  from  skin  were  isolated  by  centrifdgation  and  treated
with  an  antibody preparation  specific  for  TDD  oxidase.    A precipitate  is
formed which  retains  the  ability to  synthesize  protein.    We  postulated  that
the  precipitate  was  an  anti-  TDD  oxidase-  TDD  oxidase  polysome  coxplex,  and
our principal efforts  in  recent  months  have  been to  establish  this  as  fact.
These  experiments  support  our  hypothesis.

First,  qnfractionated  polysomes  have  TDD  oxidase  activity  after  treat-
ment  with  trypstin.    When  whole  polysomes  are  resolved  by centrifugation
in  a  sucrose  gradient  the  enzyme  activity  is  found  in  two  positions,  at
the  top  of  the  gradient  and  at  a  position  corresponding  to  about  250  S.
This  would  correspond  to  a  polysome  carrying  7-9  ribosomes,  and  wouid  code
for  a  peptide  of  about  30,000  M.W.    TDD  oxidase  is  a  tetramer  of  about
120,000  M.W.   so  the  polysome  is  of  an  appropriate  size  for  the  enzyme.
Furthermore  rif  TDD  oxid.ase  antiserun  is  used  as  a  reagent  to  detect  TDD
oxidase  antigens  in  the  sucrose  gradient  eluant,   a  peak  of  antigeniieity
is  found  in  the  250S  region and  at  the  top  of  the  gradient.

The  most  convincing  experiment  was  to  isolate  po]i}rsomes  with  TDD-oxi-

:;::emanki:=i|ffi¥::::::::::u::::::eforA:t::1:ng::::::nstyE::e:;::e¥
(along  with  car.rieE  TDD-oxid.age)  was  used  as  antigen  for  gel  diffusion
(oFTchterlon# plate)  studies.    I'recipitin       arcs  formed,  and  after
removing  soluble  protein,  the  dried  plate  was  autoradiographed.    The
precipitin  aLrcs  were  radioactive  indicating  that  the  polysomes  were  priming
for  mD  oxid.ase  synthesis.     We  rna.y  now  use  this  technique  to  make  a
quantitative  estimate  of  TDD  oxidase  in-RNA  in various  cell  types.    If  there
is  a  lack  of  correlation between  rate  of  TDD  oxidase  production  and  amount
of  polysomes  capa.ble  of  priming  that  synthesis,  then  the  possibility may be
entertained that  s+Jitehing  occurs  at  the  translational  level.    Similar  ex-
periments  on  cells  undergoing  cellular  differentiation will hopefully give
a  correlation between  the  time  of  appearance  of  the  message  and  the  protein
that  it  codes.

Our  experiments  on the  substrate  specificty of  tyrosine  have  led  to  the
observation  that  inactive  TDD  oxidase  may be  activated  for  all  three  sub-
strates  by gentle  trypsinization  and  activated  for  Dopa alone by  irradia-
tion +rich  U.V.  light.    Titration with  mercurials  has  the  same  relative
degree  of  inhibition on  the  three  substrate  specificities.    One  observation
leads  us  to  believe  that  the  membrane  bound  formi  of  the  enzyme  has  a  sub-
strate  specificity different  from that  of the  soluble  form.    This  possibil-
ity is being  investigated  further.

Ebrlier  experiments  in this  laboratory had. established  that basic
proteins  extracted  from polysomes  have  an  inhibitory  effect  on  the  rate
of  protein  synthesis  in  cell  free  systems  containing  liver polysomes.
The  inhibition was  shoim  to  be  operative  both  to  polysome  and  S-RNA
functions.    Investigations  are  now being  conducted  to  determine  whether  or
not  polysomes  derived  from antibody producing  tissues  are  affected  similar-
ly.
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PLANS   FOR    FUTURE

(a)  Tb  make  quantitative  estimates  of  mD  oxidase  in-ETA  in  various
types  and  in cells  undergoing  cellular  differentiation.    (b)  To  produce
coxputor models  which  test  the  possibility that  switching  in the  tyrosine
pathway during  development may occur  at  the  translational  level.   (c )  To
test  further  the  idea  that  the  substrate  specificity of  TDD oxidase  may
be  altered by association with different  prosthetic  groups  -  e.g.
1ipids  and  other  membrane  components.

CURRENT   PUBLICATloNS

J.  beeson  and  E.  TTiplett  (1967)  Iocalization  and  characterization  of  rat
and  chicken  histones.     Exp.  Cell  Res.  48:  61.

P.  Reid.  and  E.  "plett  (1968)    Observations  on  the  irmune  systems-of
Micropterus  Sa]moides.     Trausp]jantation  6:   338.
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Tlm   Rot,E   oF  THE   TH¥MuS   IN  Tlm
IMMUNE   RESPONSE

William  A.   Kisken,   M.D.
University  of  Wisconsin

Madison,   Wisconsin
ASSISTED  BY

WORK UNIT NO.  NR        106-765 CONTRACT   N00014-67-A-0128-OO0l

OBJECTIVES

(a)   To  study  the  role  of  the  thymus  in  determining  the
genetic  constitution  of  antibody.   (b)   to  study  the  role  of
chronic  thymectomy  in  allograft  rejection.

ABSTRACT

In  a  previous  abstract   (1968)   we  outlined  our  reasons
for  suspecting  that  the  thymus  might  play  a  regulatory  role
in  determining  the  genetic  constitution  of  antibody.    An
experiment  to  test  this  hypothesis  was  also  outlined.     Intra-
uterine  rabbits,   in  the  23rd  day  of  gestation  are  thymectom-
ized  and  implanted  with  an  allotypically  different  thymus,
or  implanted  with  an  allotypically  dif ferent  thymus  without
being  thymectomized.     The  implanted  embryos  are  then  return-
ed  to  the  uterus  of  the  mother  to  continue  intrauterine  life
until  day  30-31  when  they  are  delivered  by  Caeserian  section.

In  this  abstract,   no  intrauterine  thymectomized  animals
have  been  studied.     Non  thymectomized  implanted  animals,
studied  8-10  weeks  after  birth,   however,   do  not  show  anti-
body  of  donor  allotype,   do  not  have  donor  cells  present   (de-
termined  by  karyotyping  male-femalepartners)   and  are  not
stimulated  into  division  by  antiallotype  sera   (performed  in
vitro).     The  donor  thymus,   however,   was  not  recovered  at  post
mortem.     The  necessity  of  recovering  the  donor  thymus  in  ord-
er  to  make  any  conclusion  is  apparent.     Further  experiments
of  this  nature  will  be  attempted  in  intrauterine  thymectomiz-
ed  rabbits.     A  second  approach  to  this  question  is  underway.
C3H  and  C57  black  mice  have  dif ferent  gamma  globulin  types
easily  identified  by  gel  diffusion  techniques.    A  small  per-
centage  of  neonatally  thymectomized  C3H  animals  do  survive
although  completely  thymectomized  and immunologically  incom-
petent  into  afJulthood.     Their  immune  capabilities  can  be
restored  by  pregnancy.     Neonatally  thymectomized  C3H  animals
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at  28  days  of  life  are  mated  with  C57  Black  animals.    After
delivery,   the  C3H  animal  is  immunized  and  the  gamma  globulin
type  is  determined.     Small  percentages  of  dif fering  gamma
globulin  types  and  the  host  animals  are  easily  detectable  in
control  studies.    To  date  only  one  animal  which  did  not  show
the  donor  gamma  globulin  type  has  been  studied.     More  animals
are  now being  prepared.

Our  second  objective  is  to  study  the  role  of  chronic
thymectomy  in  allograft  rejection.     It  has  been  noted  that
chronically  thymectomized  dogs  show  a  decreased  ability  to
respond  to  an  antigen  when  the  response  is  measured  in  mixed
leukocyte  culture.    Allo.graft  survival  rates  are  being  studi-
ed  and  compared  with  non  thymectomized  dogs  showing  similar
antigen  response  in  mixed  leukocyte  culture.

CURRENT    REPORTS   AND   PUBLICATIONS

(a)   W.A.   Kisken  and  N.A.   Swenson   (1968),    "A  technique
of  intrauterine  thymectomy  in  the  rabbit."    Surgery,   63,
No.   3,   546-548.
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AIITIGENIC ITY  OF   CONIUGATED  PEHIDES  AND
REljATED  Toxic  MoljFcunEs

Dean  D.   uratt,   Th.D.
Midwest  Resea,rch  Institute
Kansas  City,  Missouri  64110

ASSISTED BY   Mary  Cronin  and  Paul  Ma,rtin

WORKUNITNO.  NR     RE  106-782 CONTRACT   N00014-6 7-C-05|5

OBJECTIVES

(i)  To  develop  methods  for  increasing  antigenicity  of  otherwise  non-
a.ntigenic  toxins  of  animal  origin.,   (2}  To  produce  antibodies  with  strong
toxin  neutralizing  properties.

^BSTR^CT

Many  of  the  naturally  occurring  toxins  are  not  highly  antigenic  and
hence  elicit  production  of  antisera  having  very  low  neutralizing  tiber,   if
indeed,  there  are  any  antibodies  produced  at  all.     The  molecular  size  of
these  toxin  molecules,  while  not  the  only  reason  for -'1ow  antigenicity,
certainly  contributes  to  the  production  of  low  titer antisera.    A  second
and very  important  reason  for  poor  antigenicity  of  these  poisons  is  t,hat
they  usually  are  so  highly  t,oxic  it  is  impossible  to  administer  doses
large  enough  to  elicit  good  production  of  antibodies.    Therefore,   develop-
ment  of  methods  for  increasing  molecular  size  and  decreasing  toxicity  of
these  poisons  would  be  a  valuable  cont,ribution  to  prevention  of  intoxica-
tions  by  these  substances.

Two  types  of  compounds  have  been  selected  for  this  study:     (i)  pera-
lytic  shellfish  poison  (saxitoxin),  and  (2)  hypotensive  peptides,  brady-
kinin,  eledoisin,  and a  hexapeptide  closely  related  in  physiological
properties  to  eledoisin.     Bradykinin  was  used  as  a  type  compound  because
other  investigators  have  produced ant,ibodies  to  this  peptide.    Because  of
it,s  ready  availability,  the  hexapeptide  has  been most  widely  used  in  the
studies  to  da,te.

We  have  followed  two  approaches  for  increasing  the  antigenicity  of  our
t,est  compound.s.     The  first  a.pproach  was  t,o  use  finely  divided  polymethyl-
methacrylate  particles  as  adsorbents  for  the  ant,igens.     Berglund used
these  particles  as  effective  antigen  carriers  in  eliciting  antibody  pro-
duction  to  a  fibrino-peptid.e  cont,aining  14  amino  acid_s.     We  injected  ra.b-
bits  subcut,a.neous|y  wit,h  antigen-ca.rrier mixture  in  Freund's  adjuvant.
Following  a  prolonged  course  of  subcutaneous  administration  of  the  anti-
gen,  the  animals  were  finally  injected  intravenously  with  antigen-carrier
only.    We  were  una,ble  to  demonstrate  any  increase  in  antil]ody  tiber  as
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measured  by  t,he  precipitin  react,ion  a,nd  by  neutralization.     Therefore,  we
have  concluded  that  the  polymethy]methacrylate  particles  frequently  used
in  the  agglutination  test  for  rheumatoid-a.rthritis  seruni  factor  gind  em-
ployed  by  Berglund  to  enhance  antigenicity  of  a  fibrino-peptide  a.re  not  ef-
fective  as  antigen  carrier  for  the  hypot,ensive  peptides.     Experiments  we
have  carried  out  using  the  hexapeptide  and  the  plastic  particles  show  that
the  peptide  is  not  strongly  adsorbed by  the  particles.    Ihus,  we  confined
observations  we  have  made  with  antisera.

The  second  approach  to  increasing  antigenicity  is  chemical  coupling  to
a  relatively  non-antigenie  protein  molecule  or  polyamino  atcid..     Because
there  is  some  evid.ence  in the  literature  tha.t  polylysine  is  relatively  non-
antigenic,  we  used  this  polyamino  acid  a,s  carrier.     The  studies  were  car-
ried  out  initially  using  the  hexapeptide  coupled  to  polylysine  (rmr  150,000)
by  the  carbod.iimide  reaction.     The  resulting  preparation  was  used  as  anti-
gen  after  dia.1ysis  to  remove  the  unreacted  hexapeptide  and  the  reagent.
Antibodies  to  polylysine  were  produced  by  rabbits  immunized  with  the  con-
jugate  but  we  have  been  unable  to  show  the  presence  of  antibod.ies  to  the
hexapeptide  itself .

One  primary  purpose  for  carrying  ou.t  the  present  investigation  was  to
produce  ef.fective  neutralizing  antibodies  against  paralyt,ic  shellf ish  poi-
son.    Until  recently,  the  part  of  the  investigation  dealing  with  saxitoxin
was  delayed  because  of  availability  of  the  poison.     Recently,   however,  the
principal  investigator  went  to  Alaska  and  collected  sufficient  Alaska  but-
ter  clams   (Saxidomus giganteus )  to  yield  loo  lb.   of  clam  siphons  which
assay  approximately  7,000  mouse  units  per  loo  g  of  meat.     We  are  currently
isolating  saxitoxin  from  these  siphons.     The  isolated materia,i  will  then  be
used  in  coupling  to  a  large  protein  molecule  probably  homologous  serum  al-
bunen  (rabbit   serum  albumen).     The  coupled  compound  will  then  be  used  as  an
antigen.

A  second  approach  to  producing  antibodies  to  saxitoxin  is  based  upon
evidence  from  observations  by  others  that,  the  poison  is  bound  t,o  the  tissue
of  t,he  clam  siphons.     Therefore,  we  are  using  these  tissues  and  crude  ex-
tra,cts  of  the  siphons  as  antigens.    We  are  Currently  still  in  the  process
of  immunizing  the  rabbits  and  consequently  there  is,  as  yet,  no  infomation
available  about  the  level  of  a.ntibody  production.

PLANS    FOR    FUTURE

In  continuing  the  studies,  the  investigation  is  to  be  directed  com-
pletely  toward  increasing  antigenicity  of  paralytic  shellfish  poison by t,he
procedures  referred to  in  the  abstract.     These  procedures  consist  of  the
following:     (i)  chemically  coupling  the  poison  to  a  protein  molecule  as
carrier and  using  this  conjugate  as  antigen;   (2)  utilizing  the  naturally
bolmd  toxin  present  in  the  clam meat,s  as  antigen;   (5)  because  of  the  basic-
ity  of  the  toxin,  as  acidic  adsorbent  (i.e.,   ion  excha.nge  resin)  of  small
particle  size,i     0.5  micron  or  less,  may  be  tried  as  a  possible  an.tigen
carrier.
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THE   A(}TION   ANI)    INTEF`ACTION   OF   PLTRIFIED   I.YMPHOID
CdLLS   IN   TrlE   REJECTir?,N   0F   SKIN   GRAFTS

H.   Ainig   and  A.S.   Markowltz
H.kto.n   Institute,   Cook  County  Hospital

Chicago,   I111nols

ASSISTEDBv     H.    H8ul   and   N.    Bigkup

WORKUNITNo.  NR       106-813 CONTRACT     N00014-68-a-028?

OBJECTIVES
(a)   T®  a.1in®ate   the   cells  active   in   the  production

of  humoral  and  a.llular  immunity,   (b)   to  purify  and  la.ntify
various  morphologlc  .na/or  phygiologlc  cell  populatlons

::Y:::i:nin,:?et:r:?:3;i:a.ofn?:::,::|o:n::i:::i::.a:ifg::::t
populatl®nE  of  purified  cells   in  thes.  proc.Egeg.

ABSTRACT
Skin  grafting  18  an  area  in  which  both  bumor.al  and

c.llular  antlbodl.8  hav.  been  implicated.     Th.  apeclflc
rol®g   of  the  va.riou8  cell  types   in  r`ejecting  such  grafts
ig  not  a.fined.

Initial  ®ffortg  have  been  directed  towar'd  fractionating
cells   lnv®1vea  ln  the  production  of  clrculatlng  antlboalcs.
For  thlg  purpog.   the  double  aldehyd®  proc.dupe   of  stabil-
izing  erythrocyt.a  for
J.    Immun.loo:641,    1968Fa

f]giv.  h.magglutlnatlon   (Hlr`ata
hag   b®.n  add,pt,®d   to   our   system._   I   _      _-_      _  -      -_-       _ a  +,  --\*^,W.  hav.  prepared  larg.  batches  of  cells  which  hav.  b.en

a.nBitiz.a  to  h®mocyanin  or  BSA,   as  well  as   the   gulfanilat®
hlpt.n  conjugated  to  the  protein  and  c®upled  to  the  el.ythr®-
cytee   as   sulfanil&t®-a7,a-prot®1n   ®f  .ith.r  BEA  ®r  h®mo-
oyanln.     rh.f5c   sesltlz.a   c®11g   ar.  being   gtori¢d   ln  llquld
nitrogen  and  ln  this  State  ar.  stable  for  prolongca  p.rlod8
®f   time,

Since  w®   are   lnt,®rest®d   in   a.t®r`mlning   th®   antlbody-
producing  functlong   of  different  popular,ions  of  cells
maintained  ln   th.   dame   ti8su®   culture   medium,   it  Was
n.c.sBar`y   to  d®v®lop   t;he  h.molytic  plaque   t.cbniqu..
Although  th.  ala.hya.   tr.atmant  of  3rythrocyteg  is  flatlsfact-
ory  for  pap,8iv.  h.mgglutlnatlon,   it  ig  not  appllcabl.  to
t_his   .xtremely  gengltlve   technlqu..     Consequently,   the
C&rbodiimid®   a.nBitizati®n  procedure   for  coupling  pr®teins
t®  erythr®oyt.a  has  be.n  adapted  for  this  purpose.     It  b-iiF
found  that  although  she.p  .r,vthrocytes  are  not  aB   gatlg-
faotory  a8  r&bblt  Grythrocytee   for  a.nEltlzatlon  with  BSA,
comparable  r®gult€  wer`.   Obtained  when   een€,itizing  cells
from  .1th.r  gp.ol.a  with  sodium  Gulfanllate.     Thlg  hapten
has   b®¢n   c®upl®d  clir®ctly  t®  ®rythrooyt.s  without   ne.a  of
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a  prat.1n  carr`l.r.     In  orid.r  to  obtain  greater  uniformity
and  8h®rt.n  the  time  n€c.scary  f oI-pr®paratlon  of   8en8itiz.d
cell.,   a  procedure   wr&g  dev.1®p®d  for  fro.zlng  these  cells
and  m&1ntalnlng  them  ln  liquid  nltrog.n  until  needed.

Th.  tlgeu.  culture  technique  1£  belnF  utlllzed  in  an
eff art   t®  dl8c®r`n  the  ®ff.et  of  different  physlologic
®nvir®nm.nts   on  the   antibody  producing  caps.city  of  dispersed
fiple.n  c®11!.      Tn.   pr.im9,r`y   r®Ip®nse   of   rabbltg   to   Sheep
•rythrooyte.   L8  belrig  gtudled  with  thlg   gygtem.     A  -perfugl®n
chanb.r  deglgn.d  and  develop.a  by  one  of  th.   investigators
(HA)   1g   b.ing  .mployed  in   thes®ctudieg.     Aliquot8   of  media
&8  w.11  aB   oell€  have   been  removed.  at  p®rlodlc   lnterv&lg
aftcr`  ®xpla.nting  and   tefsted  for  soluble   antibodies  and  the
pl&qu®   f ormlng
d.v.loped  where
trith®ut  dlgturb
p®pul&tl®P-.

opulltlon  of  cells.     A  m®th®d  ls  being
y   the   allqu®te   o{'   e.LIB   can  b®   r®mov.a
ng  tbe  gen®I`al  mill.u  of  the  remaining

PLANS   FOR    FUTURE

(a)   To  maintain  cells   from  lm,munized  animaLls   under
different  culture  condltlon!  and  obEcl-ve  the  effect  on
Burvival,   and  the  ability   t,a  prioduce  antibcdieg,   (b)   to
d®11n.ate   th.  populati®nG   of  a.1lG  malntain®d  under  the
dlff.rent  condltlona,   (c)   t®  Study  the  lnt.ractlon  of
these   Cells  in  tn®  productl®n  ®f  clrculatir\.g  ®ntlbodieg,
(a)   t®   r®1&t.   th.se   conditions   and  c®116   to   the   rcJ®ction
Pr®Cese.

CURRENT  REPORTS  AND  PUBLICATIONS

H.   Ainis  and  N.   Biskup,     Double  Aid.hyde  Stabilization
®f  Erythr.ocyt.B   in  Pasgiv®   H.magglutinatl®n  of  H.mcicyanln
and  Azo-pr®t®lne.      Feder&tlon  Proc®.dlngs:   27;   259,   1968
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Research  in basic  biology associated with  rmval  operations  inev-
ibabljr bl`ings  contact with some  relatively unexplored  areas  whose
significance  to  naval  needs  rmst be  problematic because  they ± un-
explored.    ELny biological products  of  considerable  physiologica.1
potency exist,  some  of which may present  hazards  we  should  ant,icipate
in  our'  planning and  some  of which  ITray have  great  value  to  the  Navy  in
a  ni]froer  of  ways.    Besides  the  obvious  concel.n  with  venomous  pests
and  flesh unfit  for  consurTption,  it  is  probable  tha.t many  colxpounds
elabora,ted by o
food  and  space :o=nri
synthetic materials  enploying  similar  pl'incipa.Is.    Obviously,  a  number
of medically useful  compoimds  ranging  from  Peruvian  Bark  to  antibiotics
have  been  the  gift  of recogriition  of  the  metabolic  pel'formance  of a
wide  range  of  organisms.    In  addition,  study of  the  metabolic  synthesis
and  fate  of  pharmaLcologically potent  matel.ials  rmy be  expcted  to
provide  new insight  into  the  nature  of  some  disafoilities  and  into  log-
ical  methods  of  dealing with  them.

We  began  this  program  in  the  name  of  Toxinology,  but  find  the
field menders  a  bit  too  far  fran  the  central  theme  of  Biochemistry.
The  revision  of  the  mme  to  Pharrmcology is  intended  to  provide  a
st,atement  of  interest  in  the  same  general  class  of research  effort  as
was  represented  by the  Toxinology studies  in  the  past,  but  with  the
relegation  of a  part  of  the  interest  to  the  cognizance  of  the  oceanic
biologists  in  another  division  of  ONR.

sins  to  theil'  orm  advantage  in  the  competition  for
be  useful  as  pest  controls,  or  could  suggest
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A  STUDY   0F   IREDIATE   SENSITIZATION   0F   TISSUES   BY
ANTIGENS   AND   ANTIBODIES,   TIT   yTTj?O

George  A.   Feigen
Stan ford  University

Stan ford,   California
ASSISTEDBY    L.   Hadji,   D.   J.   Prager,   R.   A.   Pfeffer,   &   C.   8.   Nielsen

WORK  UNIT NO.  NR              305-720                                      CoNTRACT      NONR   225(46)

OBJECTIVES

(a)   to  find  improved  fractionation  procedures  f or  the  production  of
the  non-spasmogenic  principle  in  tetanus  toxin,   (b)   to  continue  studies  of
the  properties  and  mode  of  action  of  other  relea§ers:  antigen-antibody
reactions,  bacterial  toxins,  and  animal  venoms,   (c)   to  continue  studies
on  the  fractionation  and  proteolytic  behavior  of  sea  urchin  toxin.

A.   Toxins
1.   Tetanus.

ABSTRACT

A  search  f or  improved  methods  of  fractionating  .the
MEPP-rich  starting  material  to  isolate  the  non-spasmogenic  factor  in
active  f orm  resulted  in  the  f inding  that  this  condition  could  be  fulf illed
by  using  hydroxylapatite  as  the  chromatographic  adsorbent.     This  material
proved  to  have  much  greater  sample  capacity  and  a  higher  degree  of
resolution  than  Sephadex.     Six  clearly  defined  fractions  were  obtained.
The  physical  and  biological  properties  are  presently  under  s-tudy.

2.   Stre|)tolysin.   The  present  work  has  dealt  with  the  double
insult  problem,  d.e.  with  the  analysis  of  the  colnbined  toxic  and  anaphyl-
actic  reaction  of  the  sensitized  heart  challenged  with  "inactive"   (oxidized)
and  "active"   (reduced)   streptoly§in  0.     Guinea  pigs  were  actively  or
passively  sensitized  in  the  first  instance  by  subcutaneous  inoculation  of
1  mg  of  oxidized  SLO  in  complete  Freund's  adjuvant,   and  in  the  latter
instance  by  the  47t  a)dtJo  or  d7t  t)tt2?c>  exposure  to  rabbit  antibodies  produced
by  active  irmunization  with  the  same  antigen.     Challenge  of  the  actively
sensitized  whole  heart  with  0.1  mg/ml  of  inactive  toxin  produced  only
the  typical  anaphylactic  response:   increased  rate  and  amplitude  of
contraction,  AV  block,   and  a  concomitant  release  of  histamine.     The
responses  of  actively  or  passively  sensitized  atria  to  oxidized  toxin
were  also  of  the  usual  kind  we  have  described  for  atrial  anaphylaxis   (1).
The  response  consisted  of  an  increased  rate  and  force  of  beat  accompanying
the  copious  release  of  histamine  by  the  preparation.     The  character  of
the  response  changes  radically  when  sensitized  tissues  are  challenged
with  actdt)e  toxin.     In  that  case, the  initial  event  is  atreduction  in  the
force  of  atrial  contraction  which,   subsequently,   is  followed  by  the
typical  anaphylactic  increase  in  rate  and  force.    The  presence  of  atropine
selectively  blocks  the  early  depression  in  the  sensitized  atrium
challenged  with  active  toxin,  but  has  no  effect  on  the  later  inotropic
and  chronotropic  reactions  to  the  anaphylactic  component.     Pyribenzamine
has  no  influence  on  the  early  phase,  but  blocks  the  later  anaphylactic
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response.     When  both  blocking  agents  are  present  together  dur.ing  the
challenge  maneuver  only  a  slight  transient  depr`ession    is  observed  in  the
early  reaction,  but  there  is  no  secondary  anaphylactic  reaction.    This,
oxidized  streptolysin  0  elicits  the  I ormation  of  homo-  and  heterocytotropic
antibodies;   cardiac  tissues  of  guinea  pigs  sensitized  with  these  antibodies
are  not  protected  against  either  the  toxic  or  anaphylactic  actions  c}f  the
active  toxin.     The  aggravation  of  the  toxic  action  by  tissue-fixed
antibodies  makes  this  a  useful  model  f or  studies  of  the  functional
cardiac  changes  in  rheumatic  heart  disease.

3.   Sea  Urchin  Toxin.     Several  large  batches  of  kinin  were
plasma  with  SUT  or  trypsin

01   ft!J,\/

TThe  peptid-es  produced  by  this  digestion  were  recovered  by  precipitating
the  reaction  mixture  with  ethanol,  extracting  the  dried  ethariolic  residue
with  acidified  77-butanol  and  precipitating. the  butanolic  extract  with
ether.     Selected  samples  were  further  purified  by  gel  filtration  on
Sephadex  G-25  and  then  chromatographed  on  paper  along  with  synthetic
bradykinin.     Paper  chromatography  of  the  HTP-SUT  digest  gave  five  distinct
spots,   3  of  them  having  biological  (kinin)   activity;  one  of  these  corres-
ponded  in  mobility  to  authentic  bradykinin.     Pharmacologically,   the
active  product  formed  by  trypsin  seemed  to  be  almost  entirely  bradykinin-
1ike,  but  in  the  case  of  SUT  an  additional  active  material  was  present.

A`survey  of  the  esteratic  activities  of  the  3  Sephadex  fractions
and  6  hydroxylapatite  preparations  was  made  by  determining  whether  they
could  break  dovri  the  synthetic  substrates  TAME  and  ATEE.     None  of   the
preparations  attacked  TAME  and  only  three-Sephadex  I  and  hydroxylapatite  I
&  11-     attacked  ATEE.     These  experiments  exhibited  cla§sital  Michaelis

:::;::C::¥;t::;::P::t2t£:3:r£;anfoiuES::a:exc:8£?n:?a:::nrioA¥:Kin

8.   r7z  Vttz7c)  Anaphylaxis
Reverse  passive  §ensitization  of  guinea  pig  hearts  with

penicilloyl  conjugated  rabbit  T-globulin  gives  a  typical  anaphylactic
response  including  a  decrease  in  coronary  per fusion  rate  and  the  liber-
ation  of  histamine.    Direct  passive  sensitization  with  penicilloyl-
conjugated  rabbit  antiovalbumin  does  not  result  in  histamine  liberation
when  the  preparation  i§  challenged  with  the  Pen  group;   instead  Qf  deerea§-
ing  the  flow  rate  in€rease§,  although  challenge  with  ovalbumin  produces  the
usual  anaphylactic  reaction  complex.  An  experimental  analysis  of  this  prob-
len  showed  that  the  anti  Pen-RyG  incites  the  formation  of  Ti  antibodies  in
the  rabbit.    A  direct  t-est  was  made  in  which  rabbit  antiovalbumin  was
fractlonated  into, vi  and  y2  species.   On  challenge,   those  hearts  Sensitized
with  y2  antibodies  released  histamine  and  decreased  the  Coronary  flow,
Whereas  similar  tests  on  yi-sensitized  hearts  produced  no  histamine  and
increased  the  flow,  presumably  because  of  the  liberation  of  a  completely
different  mediator.

PLANS   FOR    FUTURE

(a)   to  continue  studies  on  the  isolation,  purification,  and  characterizat-
ion  of  components  from  tetanus  and  sea  urchin  toxins,   (b)   to  study  their
biochenical  and  irmunological  behavior  with  particular  ref erence  to
anaphylaxis,   (c)   to  continue  Studies  on  the  anaphylactic  selectivity  of
electrophoretically  distinct  immunoglobulins.

prepared  by  treating  heated,  acidified,  human
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CURRENT    REPORTS   AND   PUBLICATloNS

1.        Feigen,   G.   A.,   Prager,   D.   J.,   Nielsen,   C.   8.,   and  Vurek,   G.   G.,
Role  of  temperature  in  anaphylactic  sensitization  of  the  isolation
atrium  and  ileun:  A  study  of  the  variables  affecting  estimates  of
the  activation  energy,   in  The  Biochemistry fi 4£±±±± Aller_g±±
Reactions (Eds.   K.   Frank  Austen,   and  E.   L.   Becker),   Blackwells,
1968,   pp.   19-52.

2.       Reitz,   8.   A.,   Prager,   D.   J.,   and  Feigen,   G.   A.,   Cardiotoxicity  of
streptolysin` 0:  Electrophysiological  and  Pharmacological  aspects,
E9±.  EE9£.  2Z:54,1968.

3.       Feigen,   G.   A.,   Sanz,   E.,   Tomita,   J.   T.,   and  Hadji,   L.,   "Irmunological
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4.        Reitz,   8.   A.,   Prager,   D.   J.,   and  Feigen,   G.   A.,   An  analysis  of
the  toxic  actions  of  purif led  streptolysin  0  on  the  isolated  heart
and  separate  cardiac  tissues  of  the  guinea  Pig,  i.  E2EP.  !££4. .  ±2§:
1401,   1968.

5.        Feigen,   G.   A.,   Sanz,   E.,   Tomita,   J.   T.,   and  Alender,   C.   8.,
Studies  on  the  node  of  action  of  sea  urchin  toxin.     11.     Enzymatic
and  immunological  behavior, Toxicon i:17-43,   1968.

6.       Tomita,   J.   T.,   aDd  Feigen,   G.   A.,   Serological  identification  and
physical-chemical  properties  of  the  non-spasmogenic  principle   (NSP)
in  tetanus  toxin,   (in  press, Imuno ahem . )
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Bi.ophysical   and   B1.ochemi.cal    Studies   of   Marl.ne  Toxi.ns

a.    C.   Abbott
Un.i.ve[5  i_t.y    of     11  l`i.nQis

Urbana,Illinois

ASSISTEDBV    Z.    Paster,   A.    Dutta

WORK  UNIT  NO.  NR 305-743 CONTRACT
NONR   3985(02)

OBJECTIVES

(a)   To  study   naturally   occurring   toxins,    (b)   to   investigate   the
biophysics   of   excitable  membranes   and   the   effects   of   toxins   on   the
t i ssues ,

ABSTRACT

I)  |eic 4|gie.     Drs.   Dutta  and  Paster  studied  the  photo   inactiva-
tion   of   toxin   from   Prymnesium  ]2±±±!±Lm  at   a   series   of   temperatures,    in
oxygen   and   nitrogen,    in    light   and   dark.       Photooxidation   by   pigment    impur-
ities   was   demonstrated.

Nemertive  worms   are   carnivorous   with   a   proninent   proboscis   used
A   paralytic   toxin   Amphiporine   was   described

Purif ication:       Biological

to  capture   and   poison   prey.___,

by   Z.    M.    Bacz    i'n    1936..     Uhder   this   contract   Mr.    Kem   has    identif ied   this
toxin   as   a   graduate   student   under   my   supervision   and   in   coHaboration
with   Dr.    Coates   at   the   University   of    Illinois.       Isolation,   purification,
identif ication   and   synthesis    is   reported.      a)    10,000   Paranemertes   worms
were   coHected   and   extracted   in   alcohol.      b)
activity   could   be   localized   as   a   zone   on   a   thin   layer   chromatograph.
Ehrlich's   reagent    (p-dimethyl    amino   benzaldehyde)   visualized   the   zone.
Purification  was   achieved   by   sequential    chronatography  with  a   series   of
increasingly   polar   solvent   Benzene-ether,   Ether,    Ether-Chloroform,   Chlo-
roform   and   Chloroform-ethano].      Most   of   the   toxic   principle  washed   out
in   Ether   and  was   collected.      Crystals   of   the   pricrate   salt   were   prepared.
c)    Biological   Assays   were   made   using   Crayfish.      Animals   were   placed   on
their   backs.      That   fraction   not   righting   themselves   within   2   minutes   was
plotted   against   log   dose   and   median   paralytic   dose   gave   a   measure   for
biological    activity.      d)    Identification   followed   studies   on   UV,    lR,   NMR
and   Mass   Spectra.      Elemental   analysis   showed   a   conposition   of   42.66%  C,
2.98%H,18.41%N.      The   other   analyses    indicated   the   conpound   to   be   2-(3-
pyridyl)-3,4,5,6   tetrahydropyridine.      This    is   the   f irst   time   this   con-
pound   has   been   observed   as   a   natural   conpound.      The   nearest   relative   in
nature   is   a   reduction   product,   2-(3-pyridyle)-p-peridine,   called   anaba-
sine,   a   tobacco  alkaloid.

Synthesis.      The   gonpound  was   synthesized   and   proved   to  be   identical
with   the   purif ied   Paranamertes   toxin.

This   work   is    incorporated   into   the   thesis   presented   by   Mr.   Kem   for
a   Ph.D.    at   the   University   of    Illinois    1969   and    is   being   published.
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3)   Biophysica]   studies   of   excitable  membranes.      The   olfactory   nerve
of   the   garfish   has   been   successfully  used   for   heat  measurements   during
a   single  action   potential   at   O®C  which   lasts   for  more   than   i  second.
Heat   is   given   out   during   the  depolarization,   absorbed   during   the   over-
shoot   and   reabsorbed   also  during   the   f inal    repolarization.      This   is
important   in   relation   to   the  membrane   capacity   and   activation.

¢

PLANS   FOR    FUTURE

I)   Axenic   cultures   of   the   toxic  alga   Gymnodinium   breve,   have   been
obtained  with   the   antibiotic   Kanamycin.      Growth   rates   will   be   studied
with   a   variety   of   nutrients,   especiaHy   amino  acids.      This   will   enable
us   to  proceed  with   the  accumulation   of   enough   toxin   to  undertake   purifi-
cation.      2)   Studies   will   be   continued   on   the  mode   of   operation   of   toxic
substances   on   excitable  membranes.     The   research  will   be   undertaken   in
the  Allan   Hancock   Foundation,   University   of   Southern   California.
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BIOcHENISTRy Or  fHysloloGlcALH ACTlvE  mINclpus
IN  EOHINODERrs

Mbuntsfhap.GfahadE;]%gschooi
New  York,   New  York

ASSISTED  BY

WORK  UNIT No.  NR                 305-757 CONTRACT      3128(00)

OBJECTIVES

(a)  To  investigate  the  relationships  of  the  chemical  structure  of
steroid  glycosides  from echinoderm  and  their biological  activity,  and
(b)  to  elucidate  the  stmcture  of  holothurin,  a  physiologically active
glycoside  from  the  sea-cuci]froer Actinopyga  agassizi.

ABSTRACT

82

None  received.



STUDES ON THE  COAGULANT
ENZYRES OF FRESH SNAKE  VENOMS

A.L.  Copley  and B.W.  Luchini
New York Medical College

New York,  New York 10029

ASSISTED BY  J.  Bomer.,  P.. Ohlmeyer and M. T.  Schwartz

WORK UNIT NO.  NR             305  776                                 CONTRACT N00014-67-A-0449-0001

OBJECTIVES

This investigation will study venoms from various land and marine snakes
for enzymes acting directly on fibrinogen.   A major study is being made on the
coagulant enzyme of Bothrops a.trex and Bothrops jararaca.   A method of isolating
the Bothrops atrex Coagulant Enzyme from fresh whole venom frozen in liquid
nitrogen,  is being developed.   The isola.ted enzyme will be characterized chemi-
cally and some of its physiological a.ctivities win be studied.   A survey study of
various marine and terrestrial snake venoms for enzymes acting directly on
fibrinogen is planned to begin earty ¥B!i6R9A.cT

The focus of this research to date has been on the venom of Bothrops
atrox.   The Bothrops atrox Coagulant Enzyme (BacE) which acts directly on
fibrinogen by hydrolyzing a single arginyl-g|ycy| bond,  relea,sing fibrinopeptide A,
is the special object of interest.   The venom from 15 to 20 single extractions of
Bothrops atrox is pooled and shot-frozen within 30 minutes of extraction in liquid
nitrogen aN2).   These and other venoms are kept in vapor-phase storage over
lN2 until used.   The whole venom has been characterized by wet chemical, spectrcL
photometric,  immunochemical ,  electrophoretic and microbiological methods.  The
whole venom has been subjected to chromatographic separation on various ion
exchange materials,  various permeation gels and hydrorylapatite.  A third stage
of fractionation is currently under investigation.   However,  the enzyme activity
is not yet resolved into a single component.

We ha,ve confirmed that the BacE ,  like the Bothrops jara,raca coagulant
enzyme,  hydrolyses principal].y the fj.brinopeptide A bond of fibrinogen.   'The
resultant fibrin monomer will form complexes with fibrinogen.

Frequent sequela,e  of Bothropic envenoma,tion are thrombotic manifest-
ations,  such as massive thrombi in the large blood vessels,  dry gangrene or
focal necrosis.   ATiot'ner manifestation of envenomation is circulatory shock.   A
major by-product of our research on the BacE has been its development as a
definable enzymatic model for the study of the hemorheologica.1 changes character-
istic of circulatory shock.    The slow intravenous injection o±. smal1` quantities of
a BacE preparation in dogs resulted in hemodynamic changes cha,racteristic of
circulatory shock.    The quantity of enzyme injected was sufficient to cause
fibrinogen-fibrin complexes  (FFC) to form but would not clot or defibrinate the
blood.    The shear stress-shear rate measurements strongly suggested that a
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marked yield VAlue occurs after the injection due to FFC forma,tion.   In ex vivo
blond systems similar results were obtained.

While the BacE  in low concentration will form FFC,  leading to a.n increase
in blood viscosity and a resistance to blood flow,  at higher concentrations a
coagulum will form.    Thus,  the mode of the venom's toxicity may be related to
both the quantity and rate of the venom's entry into the circulation.    These studies
may provide a new rationale for the development of new ways  Of treatment of
snake bite from Bothrops atrox and jararaca,  or possibly,  by extension,  from
species of Crotalus,  Agkistrodon or other genera,  where envenomation induces
profound circulatory disturbances leading,  for instance,  as mentioned above,  to
shock,  thrombosis,  necrosis or gangrene.

PLANS   FOR    FUTURE

(a)  Continuation of fractionation studies to obtain the isolated Bothrops
atrox Coagulant Enzyme  (BacE).    (b)  Physicochemical characterization of the
isolated BacE.    (c) Kinetic and specificity studies on the isolated BacE in com-
parison to thrombin.    (d)  hvestigation of the mechanism of action of BacE on
fibrinogen.    (e) mitia.tion of a survey on coagulant enzymes of snake venoms,
other than Bothrops atrox,  which act directly on fibrinogen.

CURRENT    REPORTS   AND   PUBLICATIONS

(a)  B.W.  Luchini,  M.  Thaller and A. L.  Copley  (1968).  ''Gel permeation
chromatography for proteins. "   h: Automation in Ana.Iytical Chemistry,  Tech-
nicon Symposia,1967,   (Ed.  N.B.  Scova)  I:  301-305.
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roxlc   pRINclpLEs  oF   SEA  SNAKE  vENOMs  FROM
SOUTHEAST   ASIA  END   THE  FAR   EAST

Anthony  T.   Tu
Department  of  Biochemistry

Fo::18::::ns:a5:lg::::r855!l
^SSISTEDBY    P.   M.   Toom   and  R.    8.    Passey

WORK UNIT NO.  NR     305-780                                    coNTRACTN0001L-67-A-0299-0005

OBJECTIVES

(a)  To   isolate   the   toxic  pr.inciples  of  sea  snake  venoms,
(b)   to  determine  Chemical  properties  of  toxic  principles,
(c)   to  determine   the  role  of  enzymes   in  venom  +,oxir,ity.

ABSTRACT

drinia  schistosa   (corTimon  sea  snake)   venom  fl.om  the
Strai ca  was  I.esolved into  7  fr'actions  by  isoelec-
tl`ic  focusing.     Only  one   toxic  fraction  was  isolated.     The
isoelectric  distr.ibution  of  sea  snake  venom  was  mar.kedly
different  from  that  of  the  land  snake.    When  Af=kistrodon

:c!-Egi-:E:-8q:-;  therhodostoma (Malayan  pit  viper)  venom  was  fl.
sane  technique,

Toxicity  of
pines  was  stable

15  fractions  wel.e  obtained.
Laticauda  semifasciata venom  from  the  Philip-
over   the  pH  I.ange   of  2  to   11.     The  venom

toxicity  was  not  affected  by  iodoacetate,   however,   the  toxic-
ity  disappear.ed  when  the  venom  was   tl.eated  with  o-methyl-
isour.ea  and  i,2-cyclohexanedione.     This  maLy  suggest  that  the
histidine  residue  is  not  essential  for  toxicity  while  lysine
and  tryptophane  are   impol'tant.     Thel.efol.e,   the  venom  was
fl.actionated  and  the  toxic  fr.action  was  isolated.     Similar.
experiments  using  o-methylisourea  and  i,2-cyclohexanedione
will  be  carried.  out  on  the  isolated  toxin.

Phospholipase  A  was   isolated  from  LaLtica.uda  semif&sciata
venom  using  car.boxymethyl  cellulose  colurm  chromatography
and  sepal.ated  from  the  toxic  fr.action.     Chemical  pl.operties
of  this  enzyme  will  be  investigated.
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PLANS    FOR   FUTURE

(a)   Snake  venoms  will  be  fractionated  and  the  toxic
pr.inciples  will  be  isolated  for  additional  study.     (b)   Chem-
ical  modification  of  the  toxin  will  be  made  in  or.der  to
determine  which  amino  acid  residues  are  essential  for.  venom
toxicity.

CURRENT    REPORTS   AND   PUBLICATloNS

(a)   A.   I.   Tu  and  P.   M.   Toom   (1967),   "Hydrolysis   of
peptides  by  snake  venoms  of  Australia  and  New  Guinea."

:::::i!#;::Fj:e:l#;!i£;;i#!i;::ig!i:!¥:i::i::i:3by
snake  venoms.     a.   Snake  venom  peptidase   activities."  Expel-i-
m=Etfo£Eo:?ys=°5;:¥ogd  B±°Chemistry]   Academic   PI.ess,  New  Tor.k

(d)   A.   T.   Tu  and  S.   Ganthavor.n   (1968),   "Comparison  of
!Erfe  ±=±j± ±±=±  venoms. "   Toxicon  5,EL ife siamensis   and

207-2].1
(e)   A.   T.   Tu,    Ja   A.   Reinosa   and  Y.   Y.   Hsiao    (1968),"Peroxidative  activity  of  hemepeptides  fl.om  horse  heart

cytochrome   c."  Expepientia  2+,   219-221
(f )   A.   T.   Tu  and  8.   L.   Adams   (1968),   "Phylogenetic

fi:i:t::Es€£:sN:::EgAZ:::::=scg::f::n%f„g£:¥=#:I_S#7€2om
(g)   A.   T.    Tu,   M.   Horma   and   8.   S.   Hong    (1968),    ''Hemor'-

rhagic,  myonecr.otic,   thpombotic,   and  pl'oteolytic  activities  of
viper  venoms."   Toxicon,   in  press

(h)   A.   I.   Tu  and  a.   Friederich   (1968),   "Interaction  of
copper   ion  with  guanosine  and  I.elated  compounds."   Biochemistry,
in  press

(i)   A.   T.   Tu  and  T.   Tu   (1969),   Sea  snakes   from  Southeast
Asia  and  Far  East  and  their  venoms,   Addenduni  for  Poisonous
and  Venomous  Marine  Animals  of   the  World,   Ill,   by  8.   W.
Halstead,   U.   S.   Goverrment  Pr.inting  Office,  Washington,   D.   C.
in  pl.ess

(i)  A.   T.   Tu  and  S.   Ganthavorn   (1969),   Irmunological
pl`operties   and  neutr.alization  of  sea  snake  venoms  from  South-
east  t£;aA,.,  #.T:.a=EOE=c%=  ¥:g;e¥y{±;a;L±#E¥:::Ss  of  snake

venoms  on  mammalian  cells   in  tissue  culture."  Toxicon,   in
PI.e S S
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THE  CHARACTERIZATION  OF  CHIRONEX FI.ECKI:RI  NEMATOCYST
TOXIN

Edwj.n  C.  Webb
University of Queensland,

St Lucia,  Brisbane,  Australia

ASSISTED BV            I.P.   Grassle

WORK UNITNO.  NR      305-785/12-29-66            CONTRACT     N00014-67-a-Oho8

OBJECTIVES

(a)  To obtain pure  suspensions of undischarged nematocysts  of
g±±|g.ne,x_flec±e±,    q>). to dl -scharge nematocyst-s--t`h-ele-a-y---o-b-t'a`rii`g Ya+ sol-ution of pure tordn,   (a) to define a  satisfactory assay procedure  for testing
tordn strength,(d) to establish  chemical identity of tordn and number of
components  contained in it,   (e)  to establish the primary structure of the
chief toxin component.

^BSTR^CT

electrically milked from living Chironex
have been

Solutions  of Chironex  tordn
tentacles  (obtained from Dr I.H.  Barnes,  Cairns,  Queensland)
used to establish a  satisfactory bioassay procedure and to  study the
stability of the to3dn under different conditions .

Of a number of bioassay procedures tested,  the rat blcod pressure
preparation was  found to be the most  satisfactory method.    In rats andes-
thetized with intraperitoneal injections of urethane,  sublethal doses of
Chironex toxin injected into the tail vein produce a rapid rise in blood
pressure followed by a less  rapid return to normal.    Such  sublethal doses
can be given repetitively at  10 minute intervals,  and the  response,  as
measured by the increase in blood pressure,  can be used in a two by two
assay of standard and test solutions at two dose levels.    Lethal doses of
Chironex  toxin  (about twice the highest  sublethal dose used in the assay)
produce  somewhat larger increases in blood pressure followed by a very
rapid fall to near zero pressure.     Direct examination of the heart,  and
ECG's  recorded aft:er injection of lethal doses,  failed to show any specific
effects,  although AV block,  with auricular fibrlllation and  slow ventricular
beats,  was the  most general finding.     ECG's taken during injections of
sublethal doses  showed only slight rate changes and no changes in patterrL

The action of the to3dn on the rat appears to be central  since pithed/
anaesthetized rats respond to normal blood pressure-elevating doses with
negllglble rises in blood pressure.     Rats given light ether anaesthesia,
and then plthed,  show an intermediate response to  such a dose.    The
lethal dose of toxin for unanaesthetized,  urethane-anaesthetized,  pithed,
and urethane-anaesthetized pithed rats have been determined and appear
to be significantly different from one another.

LD5o.s  for numerous different to3dn preparations  have been deter-
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mined by injecting the to3dn intravenously into mature  male  mice.     The
method of Litchfield and Wilcoxon  (1949)  was used to evaluate these
experiments.     LD5o's have been determined on three different inbred
strains  of white mice.

Aqueous tordn  solutions  stored at 4°C  gradually lose their activity
over a period of three or four weeks.     Partial  stabilization of the torin was
obtained by dialysing it against  0. 9%  sodium chloride and almost complete
stabilization by adding  1% bovine  serum albumin after dialysis.     Addition
of calcium  (.1lM) to dialysed toxin rapidly destroyed its  activity.

It has been shown that different dilutions of torin have different
activities.     The potency ratio between  I/ZOO  and  I/40 tordn,  injected
immediately after dilution,  was  2.      I/200 dilutions were  shown to lose
activity on dilution,  the potency ratio between a  solution injected Immed-
iately upon dilution,  and one injected after 90 minutes  dilution was  I. 5.
A I/40 dilution loses activity less rapidly.

A series of dose-death-time titration curves have been established
by plotting the reciprocal mean death times  (in seconds)+£± the corres-
ponding mouse units  (where  I  mouse unit is the  calculated LD5o dilution
dose).     It is  hoped that the mean death time  for a  given dose,  determined
on a relatively small number of mice,  can be used to assay toxin  strength.

PLANS    FOR    FUTURE

(a)  to  study further the problems  of stabilizing the tordn in dil ute
solutions  so that conventional techniques of protein purification can be
used to  separate the various toxin factors  from one  another,    (b) to purify
the lethal factor(s),  and  (c) to determine the  primary structure of the lethal
factor.
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professioml  staf=±Eg::¥ %i  RIAu87855  Medical  cerfeer
Los  Angeles,  California,

ASSISTED BY        Charles  B.  Alender

WORKUNITNO.  NR        305-786

F,i3-

CONTRACT    Noooin-67-c-039i

OBJECTIVES

To  isolate  a,nd  characterize  the  venom from the  stingra,y.

ABSTRACT

ft.evious  stud.ies  have  shown tha.t  the  venom  (extra,cts  of  spine
sheaths)  from the  stingra,y,  Urobatis  hL±±±§|i,   contains  rna,ny  compo-
nents,  both  micro-and  macromolecules,   sons  of  which are  biologically
active.    Eaphasis  in the  present  study has  been placed  on the  nature
of the  toxin,  the  conditions  for  its  stability,  and the  role  of the
macromolecules  in the  production of the  deleterious  effects  of  the
whole  venom.

By means  of gel  filtration and  ion-exchange  chromatography  it  has
been possible  to  separate  active  protein  fractions  from  inactive  ones,
and to  achieve  a  ten-fold  increa,se  in the  order  of  lethallty.    The
a,ctive  fractions  obtained to  date  possess  severa,i  protein  components,
one  or  more  of  which are  responsible  for  the  lethality  in mice,  and.
which  also  produce  pain and  cardiovascular  changes  in  other  rna,Irmals.
While  lethality in mice  to  various  extracts  is  the  usual  criterion
used  for  the  a.ssessment  of a,ctivity,  it  has  been  shown that  the
fraction which  is  lethal to  mice  has  no  effect  on either the rmmmlian
or the  crustacean nerve-miscle  preparation.    The  active  fraction which
is  responsible  for the  hypotensive  crisis  is  currently under  investi-
gation.    Refinemeuts  in  chrormtographic  methodology are  a,1so  imdervay
in an attempt  to  separate  the  various  proteins  which  comprise  the
a,ctive  fraction.

Beca,use  the  active  protein fra,ction  is  unsta,ble  a,nd because  the
usual  methods  for  preparation  or  storage,  such as  lyophilization,
ammoniim  sulfate  precipitation,  etc.,  a,re  not  applicable,  a  grea,t  deal
of  effort  has  been  expended  in a,n ai]tempt  to  f ind  conditions  most
favorable  for  its  stability.    Solutions  of the  venom are  unstable.
The  prdeeins  a,re  thermolabile  and are  tota,1ly  ira,ctivated  in a  matter
of  hours  at  room temperature  and  in a  fen days  at  refrigeration
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temperatures.    Freezing,  at  least  at  -80°C,  d.ecrea.ses  the  rate  of
activity loss.    It was  also  found that  the  rate  of decay was  dependent
on the  age  of  the  spines  from which the  extra.cts  were  mde  so  that
extracts  mde  from spine  sheaths  of  freshly collected  stingrays

:ehai±=g::::rs:::ehadL±:¥z=nc?_:Song;rf:rha:xete£::tserrm±g:sf::mt=t:r±aL
AIthough the  rate  of  decay seems  to -oe  directly proportional  to  the

5:¥hi:fLa::::a8fe±:±r±tnL;:i::j:%=±::d:f°:hE°;±C::¥/::e:hero:a::emto
concentra,tion of  the  extra,cts,  nor  the  addition  of  substances  such a,s
Elm,  Duso,  cysteine  a,nd glutathione  to  the  extracts  stabilized the.
venom.    However,  the  addition  of a  small  quantity of  toluene  did  in
several  cases  appreciably slow the  ra,te  of  lethality decay.    This
decrease  in deca,y ra,te  camct be  accounted  for  entirely on the  basis
of  the  bacteriostatic  properties  of  toluene  ]2§]= £±±,  but  is  proba,biy
related to  the  iutera,ction of the  toluene with  sons  enzymic  system in
the  extract which  is  responsible  for  the  degradation of the  a,ctive
componerfes  of  the  venom.

PLANS   FOR   FUTURE

(a)    To  contime  the  study of the  factors  which  contribute  to  the
stability of  the  venom.     (b)    To  isolate  a.nd  characterize  the  .`;ia,rious
fractions  of the  venom having  deleterious  effects.
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STtpHS  OIt  TIE  SquHPIN SCOBPAERA

Findlay E.  Russell
Professioml  Staff Assn.  of  IACAJSC  Medical  Center

Los  Angeles ,  California

ASSISTED BV     Charles  8.  Alender

WORK  UNITNO.  NR     305-793 coNTR^cT  roooth-67-C -o39o

OBJECTIVES

±=:Pve£:#::i:#::#i:¥L¥3::::!i:e:i:=::::±a§f:::ehaa}!:t=::=z:nd
envenonELt ion .

^BSTR^CT

(a)    Studies  on the behavior  of  the  sculpin have  shorn that  they
do  not  use  their  venomous  dorsa,i,  veutra,1 a.nd aml  fin  spines  in the
capture  of  prey,  but  do  use  them as  defensive  weapons  against  large-
mouth  predators.    The  octopus,   Octopus bimacula,tug is  one  of  several
anirmls  which  sometimes  prey  on the  sculpin.    The  sculpin's  vienomous
spines  are  relatively  ineffectual against  octopuses  because  of the
latter's  pliability.    The  sculpin has  developed a,a evasive behavior
to  evade  octopuses  under  lnost  circumsta,noes.    This  behavior  is  in
contrast  to the  characteristic  "stand  fast"  behavior  displayed by the
sculpin to  many other  predators,  including  certain  large  fishes,
seals  and  SCUBA  divers.    The  sculpin discriminates  predatory behavior
from  other  types  of  behavior  in  octopuses,  which makes  it  seem  ].ikely
that  the ability  is  learned rather than  innate.    It appea.rs  that  the
m]rfeer  of  sculpins  in a  habitat  is  rela,ted to  the  available  space  and
the  presence  and  rmhoer  of  octopuses.    In relation to  the  sculpin
problem around a,n artificial  reef  or  a  submerged  object,  the  intro-
duction  of  octopuses  into the  new  habita,t  might  reduce  the  nuter  of
sculpins but  is  not  likely to  elimirmte  i,hem.    The  ability of  the
sculpin to  distinguish between kinds  of beha.vior  in octopuses  and the
ha;bituate  to  movements  rules  out  the  use  of  mock  octopuses  or  other
mechanical  devices  employing  movemerrt  or  form to  repel  these  fish.

(b)    The  venom  (extracts  of  dorsa,1,  vendral  or  aml  fin  spines)
contains  mny  components,  bc>th  micro-and  rmcromolecules,   some  of
which a,re  biologica,lly active.    The  deleterious  rna,nifestations  of
the  venom  (acute  hypotension,  respiratory d.istress ,  pain a,nd dea,th)
a,ppea,r  to be  due  to  the  activities  of  certain of  the  rna.cromolecules .
The  whole  venom,  a,s  well  as  fra,ctions  which have  been  obtained by
purification procedures,  are  rela.Lively unstable  at both  room and
refrigerator tempera,tures,  and to  some  extend  at  -18°C.    Activity

91



BR   Part..Jrj`=    i;. J}P`-fr#,  .  0+it   04

ca,n be  retained  for  longer  periods  of  time  at  noo°C.    These  prepar-
ations  ca,n be  more  effect`ively preserved by  lyophilization,  provided
that  the  process  is  begun  ilrmed.ia,tely after  the  extra,cts  have  been
shell  frozen.    Dthrked  losses  in  letha,1ity occur  on fractions,tion  of
the  whole  venom by gel  filtration on either  modified  dextrans  or
agarose,  and while  loss  also  occurs  when the  proteins  are  precipi-
tated out  of  solution with armoniim sulfate,  this  latter  method  ca.n
be  used  for  concerrtrating  crude  extracts.

PLANS   FOR    FUTURE

Flifq,#

(a)    To  study  certain movenerfus  of  individual  and  "schooled"
sculpius  to  and  from artificial  reefs.     (b)    To  continue  the  chemical
studies  on the  isoljation and  purif.ication of  the  toxin and  on  its
phys iopharmcologica,1  propert ies .
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THE   CHEMISTRY   OF   COEliENTERATE   TOXINS
AND   THEIR  MODE   OF   ACTION

8.I.   Shapiro
Harvard  University

Cambridge,   Mass.
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ASSISTED  BY

WORK  UNIT  NO.  NR CONTRACT    N00014-67A-0298-oo|4

OBJECTIVES

a)     Determine  site  of  mode  of  action  of  coelenterate
toxins,    b)   purify  the  toxins,     a)   compare  action  of  toxins
with  other  molecules  having  similar  effects.

ABSTRACT
The  action  of  anemone  toxin  has  been  investigated  by  ap-

plication  to  voltage-clamped  crayfish  axons.     The  toxin  irre-
versibly  and  Selectively  increases  the  time  constant  of
sodium  inactivation  without  any  effect  on  resting  sodium  or
potassium  currents,  peak  sodium  or  potassium  currents,  or  the
kinetics  of  sodium  or  potassium  activation.     The  exclusive
action  of  toxin  on  sodium  inactivation  makes  this  toxin
unique.     The  two  agents  most  similar  in  effect  to  it,   scor-
pion  toxin  and  DDT,   in  addition  reduce  and  delay  potassium
activation.

Anemone  toxin  is  unlike  DDT  in  that  it  has  no  effect  on
calcium-spiking  mechanisms,  whereas  DDT  appears  to  be  a  com-
petitive  blocker  of  calcium  spikes.

Several  anemone  toxins  have  similar  actions,  but  the  ac-
tion  of  Scyphozoan  toxins  appears  to  be  somewhat  different.

Purification  of  anemone  toxin  can  be  improved,  particu-
larly  for  batchwise  processing,  by  ammonium  sulfate  precipi-
tation.    This  is  then  followed  by  the  gel  filtration  and  ion
exchange  chromatography  previously  described  by  the  author.

CURRENT    REPORTS   AND    PUBLICATIONS

(a)     8.   Shapiro   (1968),   "Purification  of  a  toxin  from
tentacles  of  the  anemone  Codvlactis  giqantea.I.     Toxicon,   5,
253-259

(b)     8.   Shapiro   (1968),   ''A  site  of  action  of  toxin  from
the  anemone  Condvlactis  gigantea,"     Comp.   Biochem.   and
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Physiol.,   27,   519-531
(a)     T.   Narahashi,   J.   W.   Moore  and  8.   Shapiro   (1969),"Condvlactis  toxin:     Interaction  with  nerve  membrane  ionic

conductances."     Science,163,   680-681
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