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synthesized therein,  on disappearence of enzyme act iv-  
ities from cotyledons.  The  aim of this inves t iga t ion  was 
to s tudy  the  influence of embryo  axis on isocitr i tase 
format ion  and subsequent  disappearance f rom these 
cotyledons.  

F l ax  seeds were surface sterilized before germinat ion.  
The in tac t  Or embryo  axis excised seeds were germina ted  
at  30 ~ in sterile petr i  dishes lined wi th  fi l ter paper  and 
conta ining suitable quant i t ies  of water .  A t  the  t ime  
indicated,  ~hey were immersed  in 10 .3 M cycloheximide  
(Calbiochem; USA)  for 8 h. Isoci tr i tase ac t i v i t y  in the  
cotyledons was de termined  by  the combined procedures  
o f  C A R P E N T E R  and BEEVERS 7 and ROCHE et al. s. Pro te in  
concent ra t ion  was determined as described by  LOWRY 
et  al. 9. 

F l ax  cotyledons,  e i ther  of the  in tac t  seedlings or ex- 
cised f rom the  embryo  axis, develop isocitr i tase wi th  
ac t iv i ty  peak on 3rd day  of germinat ion  (Figure A and 
t3). However ,  as compared  wi th  the  in tac t  cotyledons,  
the  excised cotyledons develop only 50% act ivi ty ,  and 
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Effect of cycloheximide on germination induced changes of isocitrit- 
ase in intact (A) and excised flax cotyledons (13). The arrows indicate 
the time of cycloheximide treatment. Each value represents the 
mean of at least 3 separate determinations. 

loss of enzyme ac t iv i ty  f rom these cotyledons is marked ly  
slow. PE~:NER and ASHTON 3 have  likewise demons t ra ted  
an inhibi t ion ill the  format ion  and subsequent  decline 
of protease ac t iv i ty  in excised squash cotyledons and 
have  a t t r ibu ted  this to a lack of supply  of a factor  
required for the  synthesis  of the  protease inhibitor.  As 
ev ident  f rom the  Figure, while cycloheximide  p reven ted  
the  deve lopment  of isocitri tase bo th  in in tac t  and excised 
cotyledons,  suggesting de novo synthesis,  decline of only  
the  former  was inhibited.  Similar  da t a  has been inter-  
pre ted  to favour  the  existence of specific degrading en- 
zyme 10 or inac t iva t ing  protein 11. Thus, the  cycloheximide  
sensitive, rapid ly  tu rn ing  over, specific inac t iva t ing  sy- 
s tem responsible for the  accelerated decline of isocitritase, 
whether  a degrading enzyme or inac t iva t ing  protein,  
appears  to be absent  f rom excised cotyledons.  Presum-  
ably, the  slow decline of isocitr i tase in excised cotyledons 
is due to the lack of such inac t iva t ion  mechanism. 

Dur ing germinat ion  of several  oil-rich seeds, isocitr i tase 
is detectable  only dur ing conversion of fats to carbohy-  
drates;  and i t  is in teres t ing to note  t h a t  a specific in- 
ac t iva t ion  mechanism exists for this enzyme in flax 
cotyledons,  which seems to be regulated by  embryo  axis. 
Obviously  in cells wi th  long cell cycles, like those of the  
cotyledons,  i t  is advan tageous  to have  the  abi l i ty  specif- 
ical ly to des t roy  unwanted  proteins in response to the  
environment .  Hormona l  regulat ion of prote in  levels v ia  
al tered synthesis and inac t iva t ion  has been demons t ra ted  
in animal  systems 12,13, bu t  no such da ta  appears  to be 
avai lable  in plants.  The present  s tudy  indicates t ha t  em- 
bryo axis, p resumably  by  substances synthesized by  it, 
influences no t  only the  deve lopment  bu t  accelerates 
decline of isocitr i tase in cotyledons.  We  failed, however,  
to observe any effect of indoleacetic acid, gibberellic 
acid, benzyladenine  and kinet in  on decline of isocitritase, 
a l though the  la t te r  2 compounds  s t imula te  isocitr i tase 
deve lopment  (data no t  given). Fu r the r  studies to ident i fy  
the  factor(s) responsible for accelerated decline of iso- 
ci tr i tase are in progress. 
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O c t o p a m i n e ,  D o p a m i n e  and N o r a d r e n a l i n e  Content  of  the  Bra in  of the  Locus t ,  Schistocerca gregaria 
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Summary. The octopamine,  dopamine  and noradrenal ine  con ten t  of the  brain of the  locust, Schistocerca gregaria has 
been determined using sensit ive rad iochemica l -enzymat ic  assays. Octopamine  and dopamine  are present  in high con- 
centrat ion bu t  the noradrenal ine  con ten t  is only  1/25 tha t  of octopamine.  Both  reserpine and fusaric acid (a dopamine-  
/Lhydroxylase inhibitor) produce a significant  deplet ion of the  oc topamine  stores. 

Dopamine  has long been recognized as the  major  
ca techolamine  ill insects;  noradrenal ine  is present  only  
in small  amounts  2-5. His tochemical  studies using the  
technique  of FALC~ and HI~LARP have  demons t ra ted  t h a t  
catecholamilleS and 5 -hydroxy t ryp tamine  (5-HT) occur 
in t raneuronal ly  in the  insect central  nervous sys tem s,s. 
The u l t ras t ruc tura l  localizat ion of catecholamines  in 

small  granular  vesicles in insects has also been describ- 
ed 7-0. Dopamine  has been applied iontophore t ica l ly  to 
single neurons in the  insect bra in  where i t  inhibi ts  spon- 
taneously  act ive  neuronsl~ 

Octopamine,  the  phenolic analogue of noradrenal ine,  
is also a ma jo r  amine in the  insect centra l  nervous  
sys tem 11. I t  is also found in the  nervous  sys tems of var ious  
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Table I. 0ctopamine, dopamine and noradrenaline in the locust brain 

Region 0etopamine (~g/g) Dopamine (~zg/g) Noradrenaline (~zg/g) 

Brain 2.43 4- 0.45 (8)" 0.87 4- 0.36 (5) 0.11 -t- 0.03 (3) 
Opticlobes 3.91 ~ 0.40 (3) 0.66 4- 0.13 (4) -- 
Brainminus opticlobes 0.86 4- 0.12 (3) 0.77 4- 0.16 (4) -- 

�9 IVlean 4- SEN[. Number of determinations in parentheses. 

o ther  i nve r t eb ra t e s  including molluscs,  c rus taceans  and  
annel ids  and, in small  amounts ,  in m a m m a l i a n  nervous  
sys tems  t~. In  the  mollusc, Aplysia,  single neurons  wi th  a 
h igh  endogenous  oc topamine  c o n t e n t  have  been  ident i -  
fied ~a as well as neurons  w i t h  specific oc topamine  
receptors  1~. I n  t he  cockroach  ven t ra l  nerve  cord oc top-  
amine  has  a s t imu la to ry  effect  on glycogenolysis,  med i a t ed  
via  a cyclic AMP- induced  phosphory lase  ac t iva t ion  ~, ~s. 
Cockroach ven t r a l  ne rve  cord conta ins  specific oc top-  
amine-sensi t ive ,  dopamine-sens i t ive  and  5-HT-sensi t ive  
adeny la t e  cyclases~L The func t ion  of oc topamine  is still  
unknown  a l though  i t  is possible t h a t  is has  some role in 
neuromuscu la r  transmission~S-~~ There  is also good 
evidence t h a t  oc topamine  is t he  t r a n s m i t t e r  a t  the  firefly 
l an te rn  ~. 

In  th is  com m un ica t i on  I r epd r t  the  d i s t r ibu t ion  of 
oc topamine  and  the  ca techo lamines  in the  bra in  of t he  
locust,  Schistocerca gregaria t oge the r  w i th  the  effects of 
reserpine  and  the  dopamine- f l -hydroxylase  inhibi tor ,  
fusaric acid ~ on the  levels of oc topamine .  The purpose  of 
th is  inves t iga t ion  was to  de t e rmine  the  levels of b o t h  the  
catechol ic  and  phenol ic  amines  in the  bra in  of a single 
species as a basis  for fu r the r  work  on monoamine  me ta -  
bol ism in insects.  

Adul t  deser t  locusts  (Schistocerca gregaria) were 
ob ta ined  f rom Dr. J. E. PHILLIPS, Un ive r s i t y  of Br i t i sh  
Columbia.  Brains  (supraoesophageal  ganglia) were  re- 
m o v e d  and  frozen on d ry  ice. For  octopara~ne de t e rmina -  
t ions,  ind iv idua l  bra ins  were homogen ized  in 20 volumes  
of 0.02 M Tris-HC1 buffer ,  p H  8.6 conta in ing  1 m M  
pargyl ine  (Abbo t t  Laborator ies) ,  h ea t ed  to  95~ for 
3 min and  cent r i fuged 10,000 •  for 5 min.  50 ~zl a l iquots  
were t h e n  assayed for oc topamine  and  pheny le thano l -  
amine  s imul taneous ly  using a r ad iochemica l -enzymat ic  
assay descr ibed elsewhere e~ In  t he  assay,  pa r t i a l ly  
purif ied p h e n y l e t h a n o l a m i n e - N - m e t h y l  t ransferase  (Miles 
Laborator ies)  ca ta lyzes  the  t r ans fe r  of a l l -me thy l  groups  
f rom ~H-methy l -S-adenosy lmeth ion ine  (all-SAM, New 
Eng land  Nuclear ,  S.A. 12.6 Ci/mmole) to  oc topamine  and 
pheny le thano lamine .  1 ng of DL-P-octopamine (Sigma) 
and  1 ng of p h e n y l e t h a n o l a m i n e  were added  to  bra in  

Table II. Effect of reserpine and fusaric acid on oetopamine levels in 
the locust central nervous system 

Octopamine (~xg/g 4- SEN:, N) 

Control Reserpine �9 Fusaric acid ~ 

1.82 ~ 0.02 (3) 0.26 • 0.07 (4) 0.44~ 0.07 (4) 

~After 7 days, with injections of 30 vg/g Serpasil (Ciba) on days 1 
and 3. Controls received 30 ~zl of distilled water. ~ 18 h after injection 
of 100 ~xg/g fusaric acid in 30 ~zl of distilled water. Injections were 
made into the ventral abdominal haemocoel using a micrometer 
syringe (Gilmont Instruments Inc., Great Neck, N.Y.). 

homogena t e s  as in te rna l  s t andards .  50 ~zl of the  Tris-HC1 
buffer  solut ion was processed in paral lel  as a blank.  The 
a u t h e n t i c i t y  of t he  N-aH-me thy l -oc topamine  (~H-syne- 
phrine) fo rmed  in the  assay was checked b y  ch roma to -  
graphic  separa t ion  in 5 d i f ferent  so lvent  sys tems  on th in  
layers of silica gel (E as t man  Kodak ,  No.6061) as descr ibed 
previous ly  ~~ P h e n y l e t h a n o l a m i n e  w a s  no t  de tec ted ,  
thus  conf i rming  earlier  observa t ions  in which  dansy l  
der iva t ives  of p h e n y l e t h a n o l a m i n e  were puri f ied b y  TLC 
followed b y  ident i f ica t ion  in a h igh  resolut ion mass  
spec t rome te r  (RoBERTSON, PHILIPS, WU and  DYCK, 
unpub l i shed  observat ions) .  The sens i t iv i ty  of the  enzyme  
assay  (twice blank) as used was 2.5 ng/g  t issue for oc top-  
amine  and 10 ng/g  for pheny le thano lamine .  

D o p ami n e  and  noradrena l ine  were assayed  using the  
ca techo l -o -methy l  t rans fe rase  m e t h o d  descr ibed by  
CUELLO, HILEY and  IVERSEN ~a. Bra in  t issue f rom 4 
insects  was homogen ized  in 5 or 10 volumes  of cold 0.1 N 
perchlor ic  acid and cent r i fuged a t  10,000 •  for 5 rain. 
10 ~zl a l iquots  of t he  s u p e r n a t a n t  were t h e n  assayed for 
dopamine  and  noradrena l ine  using ca techo l -o -methy l  
t ransferase  (Miles Laborator ies)  to  ca ta lyze  the  t r ans fe r  
of ~H-labeled m e t h y l  groups f rom al l -SAM to d o p ami ne  
and  noradrenal ine .  The 3 -aH-me thoxy ty ramine  a n d  aH- 
n o r m e t a n e p h r i n e  formed were sepa ra ted  by  pape r  chro-  
m a t o g r a p h y .  The sens i t iv i ty  of the  assay was 30 ng/g  for 
dopamine  and  50 ng/g  for noradrenal ine .  
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The  o c t o p a m i n e ,  d o p a m i n e  and  n o r a d r e n a l i n e  c o n t e n t  
of locus t  b r a in  and  regions is shown in Tab le  I. O c t o p a m i n e  
a n d  d o p a m i n e  are p r e s en t  in  s u b s t a n t i a l  q u a n t i t i e s  b u t  
no rad rena l i ne  is ba re ly  de tec tab le .  The  o c t o p a m i n e  
va lues  are s imi lar  to  those  r epo r t ed  for cockroach  b r a i n  u 
a n d  t he  d o p a m i n e  and  n o r a d r e n a l i n e  va lues  compa re  
f a v o u r a b l y  w i t h  those  o b t a i n e d  for locus t  b r a i n  us ing  
f luor imet r ic  m e t h o d s  5. O c t o p a m i n e  is c o n c e n t r a t e d  in t he  
opt ic  lobes of t he  b r a i n  while  d o p a m i n e  is more  u n i f o r m l y  
d i s t r i bu t ed  be tween  t he  opt ic  lobes and  t he  r e m a i n d e r  
of t he  bra in .  The  o p t i c  lobes c o n s t i t u t e  a b o u t  hal f  the  

w e i g h t  of a 4 m g  locust  b ra in .  Tab le  I I  shows t he  effect  of 
reserp ine  (60 ag/g) a nd  fusar ic  acid (100 ~zg/g) on  t he  
o c t o p a m i n e  levels in  t he  locust  cen t r a l  ne rvous  sys t em 
(bra in  and  v e n t r a l  ne rve  cord). B o t h  reserp ine  a n d  t h e  
d o p a m i n e  f l -hydroxylase  i n h i b i t o r  cause  a s ign i f ican t  
decrease  in t he  level  of o c t o p a m i n e  in t he  ne r vous  sys tem.  
These  t r e a t m e n t s  also p roduce  a large decrease  in loco- 
m o t o r y  ac t iv i ty .  Rese rp ine  is k n o w n  to reduce  d o p a m i n e  
c o n t e n t  in the  cockroach  brainS.  The  fac t  t h a t  i n h i b i t i o n  
of d o p a m i n e  ~ -hydroxy lase  leads to  a decrease  in oc top-  
a m i n e  levels adds  we igh t  to  t he  sugges t ion  t h a t  oc top-  
amine  is syn thes ized  f rom t y r a m i n e  which  has  also been  
d e m o n s t r a t e d  in the  locus t  c en t r a l  ne r vous  s y s t e m  24 
( and  ROBERTSON', PHILIPS, W~: and  DYcx,  u n p u b l i s h e d  
observa t ions ) .  Locus t  b r a i n  h o m o g e n a t e s  can  deca rboxy-  
la te  ty ros ine  a n d  D O P A  (3, 4 -d ihydroxypheny la lan ine )2~  
and  t h e y  also e x h i b i t  t y ros ine  h y d r o x y l a s e  a n d  d o p a m i n e  
f l -hydroxylase  act ivi ty2% In  v iew of t he  h i g h  levels of 
o c t o p a m i n e  and  d o p a m i n e  a n d  t he  low n o r a d r e n a l i n e  
c o n t e n t  in t he  insec t  bra in ,  i t  would  a p p e a r  t h a t  d i s t i nc t  
ca t echo lamine rg i c  and  oc topamine rg i c  sys tems  are pre-  

sent .  The  oc topamine rg i c  s y s t e m  would  be  cha rac t e r i zed  
b y  t h e  enzymes  ty ros ine  deca rboxy lase  a n d  d o p a m i n e  
/%hydroxylase  a n d  the  dopamine rg i c  s y s t e m  b y  t h e  
enzymes  ty ros ine  h y d r o x y l a s e  a n d  D O P A  decarboxylase .  
S imi lar  oc topamine rg i c  a n d  dopamine rg i c  sys tems  h a v e  
been  p roposed  and  la rge ly  s u b s t a n t i a t e d  for a n o t h e r  
a r t h r o p o d ,  the  lobs te r  is. 

The  role of o c t o p a m i n e  in the  insec t  cen t r a l  ne rvous  
sys tem,  as in  o the r  ne rvous  sys tems,  r e m a i n s  obscure.  Th i s  
r e p o r t  d e m o n s t r a t e s  t h a t  insec t  n e r v o u s  t i ssue  con ta ins  
large a m o u n t s  of b o t h  o c t o p a m i n e  a n d  d o p a m i n e  and ,  a t  
l eas t  on  t he  basis  of t he  v e r y  l o w  con ten t ,  re lega tes  
n o r a d r e n a l i n e  to a lesser role in t he  func t i on ing  of insec t  
n e u r o n a l  sys tems.  I t  has  been  proposed  t h a t  t h e  effects  
of ce r t a in  n e u r o t r a n s m i t t e r s  such  as oc topamine ,  dop-  
amine ,  n o r a d r e n a l i n e  and  5 -HT m a y  be m e d i a t e d  b y  
cyclic A M P  Which is fo rmed  i n t r a n e u r o n a l l y  b y  t he  m e m -  
b r a n e - b o u n d  enzyme,  a d e n y l a t e  cyclase27. The  presence  
of o c t o p a m i n e  and  dopamine ,  t o g e t h e r  w i t h  specific 
oc topamine -  a n d  dopamine - sens i t i ve  a d e n y l a t e  cyclases 
in t h e  insec t  cen t r a l  ne rvous  s y s t e m  suggests  t h a t  these  
amines  m a y  fulfill  a n e u r o t r a n s m i t t e r  role. 

24 H. A, ROBERTSOI, f, Studies on the distribution and biosynthesis of 
octopamine in the insect nervous system, Abstr. Commun. 5th 
Int. M]eet. Int. Soe. Neuroch~m., Barcelona (1975). 

25 g .  g .  IVfURDOCK, R. A. WIRTZ a n d  G. KOHLER, Biochem.  J. 732, 
681 (1973). 

~6.C.E. SE~RIS and P. KARLSON, Pharmae. Rev. /8, 89 (1966). 
�9 2~ p. GREENGARD, J. A. NATtIANSON and J. W. KEBABIAN, in 

Frontiers in Catecholamines and Research (Eds. E. USDIN and S. 
SI'r Pergamon, New York and London 1973), p. 377. 

Isolation of Sodium-Complex ing  Polypeptides from Mammal ian  Blood and Cardiac Muscle 

I~{. J. HICKLING 1, J. A. BARCLAY 2, S. J. WIIITE 8 and K. WHITE ~ 

Department of Science, College o/Education, Henwick Grove, Worcester W R2 6 A t  (England); Department o/Physiology, 
The University, Birmingham (England); and The Computer Centre, The University, Birmingham (England), 
21 November 1975. 

Summary. Two d i s t inc t  po lypep t ides  h a v e  been  i so la ted  f rom r a t  h e a r t  and  ox blood. T h e y  are b o t h  found  to be  ef- 
fect ive  in fo rming  complexes  w i t h  sod ium ions, and  i t  is sugges ted  t h a t  t h e y  m a y  h a v e  a func t ion  in s tab i l iz ing  sod ium 
ion ac t iv i ty .  

I n  connec t ion  w i t h  the  obse rva t ions  of LAIcO et  al. 5 
t h a t  t issues con t a in  cons iderab le  a m o u n t s  of smal l  mo-  
lecular  we igh t  polypept ides ,  t he  fol lowing e x p e r i m e n t a l  
f indings  m a y  be of in te res t .  

Fol lowing the  d e m o n s t r a t i o n  of osmot ica l ly  i nac t ive  
sod ium ions in t he  per fused  r a t  h e a r t  6, we i n s t i t u t e d  a 
search  for  those  c o n s t i t u e n t s  respons ib le  for depress ing  
t he  a c t i v i t y  of sod ium ions in card iac  muscle.  On t he  
bas i s  of p rev ious  work  7, s, i t  was  ev i den t  t h a t  i t  ~vould be  
necessa ry  io  look b e y o n d  s imple  me tabo l i c  i n t e r m e d i a t e s  
for t he  a g e n t  required,  and  we therefore  s o u g h t  o the r  
c o n s t i t u e n t s  of cardiac  muscle  w h i c h  h a d  t he  requ i red  
p roper ty .  

E x t r a c t s  of r a t  h e a r t  were f r a c t i o n a t e d  b y  passage  
t h r o u g h  S e p h a d e x  columns,  us ing  a d i lu te  a q u e o u s  solu-  
t ion  of sod ium chlor ide  as e luant .  B y  t he  use of a f lame 
p h o t o m e t e r  in con j unc t i on  w i th  a sod ium- respons ive  
glass electrode,  f rac t ions  were Iocated wh ich  h a d  the  
p r o p e r t y  of depress ing  t he  a c t i v i t y  of sod ium ions be low 
the  level to  be expec ted  for t h a t  ionic s t r eng th .  

The  inves t iga t ion  b y  these  t echn iques  was e x t e n d e d  to 
m a m m a l i a n  blood, wh ich  was found  to be  a more  con-  
v e n i e n t  source of larger  q u a n t i t i e s  of sod ium-complex ing  
agent .  The  subs t ances  isola ted f rom these  ac t ive  f rac t ions  
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