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In  order  to compare  the  e lectrophoret ic  mobil i t ies  of 
the  prote in  fract ions f rom different  species on the  same 
gel, the  split-gel t echnique  was used ~7 A small  piece of 
cellulose aceta te  foil was inser ted into the  upper  surface 
of the  sample gel to p reven t  the  mix ing  of prote in  samples 
applied to the  same gel. The e lect rophoret ic  condi t ions  
were otherwise the  same as s ta ted  above.  

Results and discussion. As i l lustrated by  the  electro- 
pherograms in F igure  1, the  prote in  pa t te rns  of para-  
gonial  proteins  in the  different  species differ grea t ly  in 
bo th  the  numbers  and concent ra t ions  of ind iv idual  bands.  
Str iking differences in the  anodal  mobil i t ies  of the  major  
bands  are par t icu lar ly  evident .  The  age of the  flies em- 
ployed for analysis var ied  f rom 10 to 23 days pos t  
emergence.  There  is a progressive accumula t ion  of secre- 
t ion in the  paragonial  glands when the  males are p reven ted  
f rom mat ing.  However ,  our experience showed t h a t  this  
accumula t ion  has  no effect  on the  prote in  pat tern .  We  
es t imated  t h a t  in the  paragonial  glands of flies aged 10- 
15 days the  secretory proteins  account  for approx ima te ly  
3/4 of the  to t a l  soluble prote in  18. This  means  tha t  the  
e lect rophoret ic  pa t te rns  shown in Figure  1 represent  
mos t ly  the  secretory proteins,  including the  needle-like 
'crysta ls '  19 and the ' f i lamentous  bodies '  20, 2~ secreted by  
the  g landular  cells. By  using 10~o SDS-gels  VON WYL 12 
es t imated  t h a t  the  paragonia l  proteins  in D. melanogaster 
have  molecular  weights  f rom 12,000 to 120,000. Al though  
corresponding da ta  for the  o ther  species are no t  available,  
t h e y  are p robab ly  wi th in  the  same range. 

In  order  to de te rmine  the  e lect rophoret ic  mobil i t ies  
under  more comparable  condit ions we employed the  spli t-  
gel me thod  by  using the  prote in  pa t t e rn  of D. melano- 
gaster as a s tandard.  In  each e lect rophoret ic  run, the  
paragonia l  ex t rac t  f rom one species and t h a t  f rom D. 
melanogaster were absorbed on to the same gel wi thout ,  
however ,  the  two samples being mixed.  Since in this  
procedure  only half  as m u c h  prote in  could be appl ied to 
the  gel, the  compar ison had to be l imi ted to the  ma jo r  
bands.  The  results are summar ized  in the  d iagram in 
Figure  2. As can be seen, the  e lc t rophoret ic  pa t t e rn  of 
D. simulans shows the  greates t  similari.ty to t h a t  of D. 
melanogaster. F r o m  a to ta l  of 7 bands of D. simulans 
detec ted  on the  split-gel 4 have  ident ical  mobil i t ies  as 
bands 2, 5, 6 and 8 in D. melanogaster. On the  other  hand,  

no t  a single band in D. ananassae shows such an ident i ty ,  
though  this species, as D. simulans and D. melanogaster, 
also belongs to the  melanogasler group of the  subgenus 
Sophophora. Among  the  remaining species only D. sub- 
obscurct, virilis, americana and nigromelanica each exhibi t  
one band wi th  the  same anodal  migra t ion  as band 6 or 7 
in D. melanogaster. F r o m  these results i t  m a y  be concluded 
t h a t  there  is no correlat ion be tween  the s imilar i ty  of the  
paragonial  prote in  pa t te rns  and the  t axonomic  relat ion-  
ships of the  Drosophila species examined  in this s tudy.  
Admi t ted ly ,  e lectrophoret ic  mobi l i ty  itself is no proof for 
the  iden t i ty  of the proteins. For  a definite conclusion 
more crucial  evidence f rom two-dimens ional  gel electro- 
phoresis or immunoelect rophores is  is needed. 

W i t h  regard to the  funct ions of the  paragonial  proteins 
no definite informat ion  is available.  Many  suggestions 
have  been made,  wi thout ,  however,  convincing experi-  
men ta l  support .  The secretions of the  paragonia l  glands 
are considered to p lay  a role in the  transfer,  s torage and 
ut i l izat ion of the  sperm (references in FOWLER a). They  
m a y  also influence the  behavior  and reproduc t ive  phys-  
iology of the  female following copulation.  Transplanta-  
t ion of the paragonial  gland or inject ion .of its secretion 
into virgin females resulted in a dis t inct  increase in egg 
deposi t ion 2~. A similar response of the  host  females fol- 
lowing t ransp lan ta t ion  of these g l ands  f rom different  
species has also been repor ted  ~3. The s t imula t ion  of such 
heterologous t ransplants  is, however ,  difficult  to be 
unders tood in v iew of the  high species-specificity of the  
prote in  pat terns ,  assuming, of course, t h a t  some protein 
component(s)  in the  paragonial  secretion serves indeed as 
a t r igger  to s t imula te  fecundity.  A meaningful  discussion 
about  the  funct ions of the  paragonia l  proteins mus t  awai t  
future  exper iments  wi th  purif ied prepara t ions  of indivi-  
dual  proteins.  
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Summary. Remova l  of embryo  axis before germinat ion  marked ly  prevents  the  deve lopment  as well as subsequent  
decline in F lax  coty ledon isocitritase. Cycloheximide inhibi ted the  deve lopment  and decline of the  enzyme in in tac t  
cotyledons bu t  p reven ted  only tile former  in excised co ty ledons .  

I t  is well known t h a t  m a n y  events  t h a t  occur in the  
cotyledons of germina t ing  seeds are t r iggered and con- 
t rol led by  embryo  axis. Numerous  co ty ledonary  enzyme 
act ivi t ies  ei ther  fail to develop or develop only par t ia l ly  
if the  embryo  axis is excized early during germinat ion,  
and one or more auxins or cytokinins  usual ly  subs t i tu te  
fo r  the  axis ~, 8. Maximal  deve lopment  of isocitr i tase in 
squash cotyledons also requires the  presence of embryo  
axis and benzyladenine  replaces in pa r t  this require-  
Inent  ~. However ,  despite the  s trong evidence indicat ing 
the  impor tance  of bo th  synthesis  and degradat ion  in 
main tenance  of cellular enzyme levels in animat  5 and 

p lan t  systems ~, no a t t empt s  appear  to have  been made  
to inves t igate  the  role of embryo  axis, or substances 
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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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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  


