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Parabiosis Between Grasshopper Embryos (Schistocerca gregaria Ffrskal; Acridoidea, Insecta) 

Parabios is  on insects  has f requent ly  been  carried out  
in pos t embryon ic  stages, chiefly to s tudy  the  local isat ion 
and  funct ions  of the  ho rmona l  centres l -3:  

There  are no previous  reports ,  to  our knowledge,  of 
parabios is  be tween  insect  embryos .  This  pe rhaps  is due  
to t he  fact  t h a t  the  eggs have  a th ick  shel l  and para-  
b ion ts  can only be ob ta ined  and  made  to grow prov ided  
an adegna te  in vi t ro  exp lan ta t ion  t echn ique  of t h e  em- 
bryos  has been achieved.  In  recen t  years,  several  research  
workers  4-1~ have  succeeded in ob ta in ing  the  in vi t ro  
d e v e l o p m e n t  of insect  embryos .  

By  modi fy ing  MUELLER'S 5 technique,  we successfully 
exp lan ted  in v i t ro  and  reared pa rab ion t s  a lmos t  up to 
the  s tage of the  hatching.  

Material and methods. Eggs of Schistocerca gregaria, 
bred  and reared in our Ins t i tu te ,  were used, t ak ing  t h e m  
out  a t  t he  required deve lopmen ta l  s tage f rom those under-  
going normal  deve lopmen t  in sand-fi l led tubes.  

The embryos ,  a t  the  same deve lopmen ta l  stage, were 
r emoved  f rom the i r  shells in a sterile Hoyle  saline solu- 
t ion.  U n d e r  a dissect ing microscope,  the  embryos ,  com- 
p le te ly  immersed  in the  saline solution, were cut  by  
means  of very  fine scissors f rom the  head  to the  t e rmina l  
segments  of the  a b d o m e n  along the  dorsal  midline.  2 em- 
bryos  are t h e n  p laced  back  to back,  the  edges of the  
incisions of b o t h  embryos  were again cut,  this  t ime  
joint ly ,  in such a way  as to weld t h e m  together .  

The pa rab ion t s  were placed in a few drops  of saline 
solut ion on the  cover of a Pe t r i  d ish  which was then  
tu rned  upside down on the  conta iner  so t h a t  the  embryos  
could develop in a hanging  drop, according to MUELLER'S 
t echn ique  5. 

The pa rab ion t s  develop even when  placed on the  bot-  
t o m  of the  Pe t r i  dish, if adequa te ly  covered by  the  saline 
solution.  The Pe t r i  dishes, so prepared ,  were placed in 
hermet ica l ly  sealed plast ic  conta iners  equipped wi th  2 
taps  t h ro u g h  which t h e y  could be oxygena ted  every  
24 h. The conta iners  were t h e n  kep t  in a t h e r m o s t a t  a t  
30~ The saline solut ion was changed every  3 days.  

A more  eff icient  d e v e l o p m e n t  of t h e  pa rab ion t s  was 
ob ta ined  by  exp lan ta t ion  in Pe t r i  dishes as before b u t  
using the  same chorion f rom which t h e y  had been 
ex t r ac t ed  as a suppor t .  

For  histological  examina t ion  the  pa rab ion t s  were f ixed 
in alcoholic Bouin ' s  fluid, and paraff in  embedded .  Sec- 
t ions 7 am thick were then  s ta ined wi th  hema lum and  
eosin. 

Results. Back- to-back  parabios is  was achieved be tween  
embryos  a t  var ious stages,  b u t  only af ter  t hey  had  at  
least  comple ted  blastokinesis ,  a t  abou t  the  stage 22 
according the  deve lopmenta l  s tages es tabl ished by  MIc- 
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Cross-sections of parabionts explanted in 
vitro for 8 days from stage 22 23. Lateral 
sides of sections correspond to the ventral 
side of each embryo, the mediari Iines are 
the fusion's lines. Section at the level of: 
1. the head; 2. of the stomodea; 3. of the 
terminal part of the stomodea; 4. of the first 
adbominal segments with mesenteron; 5. of 
more caudM abdominal segments at the end 
of mesenteron; 6. of the last abdominal 
seglnetlts with the proctodea, br, brain; 
stom, stomodaeum; gca, gastric caeca; 
pr0c, proctodaeum; ment, mesenteron; mal, 
malpighian tubules; g ng, ganglion of the 
ventral nerve cord; con, connectives of the 
ventral nerve cord. 
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CIARELL111, a t  wh ich  per iod  t he  e m b r y o  occupies  less 
t h a n  ha l f  t he  shell. The  e m b r y o s  t hus  sealed t o g e t h e r  
beg in  to  grow in l eng th  a n d  in some cases succeed in 
a l m o s t  comple t e ly  engulf ing t he  yolk;  d e v e l o p m e n t  and  
d i f f e r en t a t i on  p r o c e e d  regula r ly  up  to  t h e  s tage j u s t  p r io r  
to  ha t ch ing .  

The  i n t e g u m e n t  of one  i nd iv idua l  is in  c o n t i n u i t y  w i t h  
t h a t  of i ts  p a r t n e r ;  in  mos t  cases be t w een  t he  i n t e g u m e n t  
a n d  t he  m e s e n t e r o n  the re  is a c o n t i n u i t y  of the  hemo-  
coele a n d  also of t he  mesode rmic  der iva tes ,  m o s t l y  repre-  
s en t ed  b y  fa t  bodies.  T he  2 gangl ia  chains ,  w h i c h  are 
fu l ly  d i f f e r en t i a t ed  in t h e i r  n e r v e  sinuses,  as well  as t he  
m u s c u l a t u r e  and  t he  fa t  bodies  of t h e  v e n t r a l  zone of 
t he  2 embryos ,  are comple te  a n d  dupl ica ted ,  as could be  
foreseeen in b a c k - t o - b a c k  parabios is .  

N o  b ra in  fusion was obse rved  (Figure 1), wh ich  m a y  
be  a c c o u n t e d  for  b y  the  fac t  t h a t  a t  t he  t i m e  of ope ra t ion  
t he  cephal ic  regions O f b o t h  e m b r y o s  are wide ly  s epa ra t ed  
b y  yo lk  a n d  on ly  d raw near ,  a l m o s t  c o n t a c t i n g  one 
ano the r ,  a f t e r  yo lk  engu l fmen t .  By  t h i s  t i m e  d i f fe ren ta-  
t i on  of t he  b r a i n  a n d  of the  c o m p o u n d  eyes has  a l r eady  
t a k e n  place. 

S t o m o d e a  and  p roc todea  (Figures 2 a n d  6) are a lways  
dup l ica ted ,  1 for each  embryo .  The  i n d i v i d u a l i t y  of t he  
2 s t o m o d e a  pers is ts  up  to  t he  in i t ia l  s tage  of t he  forma-  
t ion  of t h e  ceca r u d i m e n t s  (Figure  3). A t  t h i s  level  the  
s t o m o d e a l  t u b e s  of b o t h  e m b r y o s  s t r a i g h t e n  out,  each 
one fo rming  a single cel lular  l a m i n a  a d h e r i n g  to  t he  yo lk  
mass .  The  edges of b o t h  l am i nae  weld t o g e t h e r ;  t h u s  a 
s ingle m i d - g u t  (Figure 4) is fo rmed  ou t  of fusion of t he  
i n t e s t i n a l  walls  of t he  2 embryos .  

The  p r o c t o d e a  of b o t h  p a r a b i o n t s  also r e m a i n  double  
up  to  t he  levels where  t he  m a l p i g h i a n  tubu le s  are formed.  
A t  t h i s  level  t he  p roc todea  s t r e t ch  o u t  in to  a cel lular  
shee t  (Figure  5) wh ich  comes  to lean aga ins t  t he  yolk. 
The  la teral ,  or be t t e r ,  dorsa l  edges t h e n  seal t oge the r  to  
form a s ingle t u b e  encas ing  t h e  yolk. The  yo lk  of b o t h  
e m b r y o s  is t h u s  fused in to  a single mass  sur r~uacled , f rom 
t h e  s t o m o d e a l  to  t he  p roc todea l  region, b y  :~ s i  lgle en to -  
mesode rmic  wal l  de r ived  f rom t h e  2 embryos .  

I n  mos t  cases b o t h  the  h e a r t  a n d  mesode rmic  r u d i m e n t s  
of t he  dorsa l  region are  lacking,  because  nea r ly  always,  
in t he  course of p a r a b i o t i c  procedures ,  these  r u d i m e n t s  
are cu t  away.  I n  t he  m a j o r i t y  of cases the  gonad  pr i -  
m o r d i a  are r e t a i n e d  and  show up d i s t i nc t l y  in t he  para -  
b ionts .  

The  gonads  of t he  2 e m b r y o s  come closer t o g e t h e r  and,  
in  cases where  the  gonads  are of d i f fe ren t  sex, t he  h is to-  
logical  fea tures  e x h i b i t e d  b y  t he  tes t i s  r u d i m e n t  m a k e  
i t  r esemble  a n  ovary .  To c lar i fy  th i s  po in t ,  f u r t h e r  experi-  
m e n t s  are in  progress.  

W e  wished these  in i t ia l  resu l t s  to  be  known  because  
t he  t e c h n i q u e  of pa rab ios i s  be tween  g ra s shoppe r  e m b r y o s  
could  be  a useful  tool  in  t ack l ing  va r ious  embryolog ica l  
and  physio logica l  p rob l ems  concern ing  the  d e v e l o p m e n t  
of insec t  embryos12. 

Riassunto. Essendo  s t a t a  messa  a p u n t o  u n a  t ecn ica  
di esp ian to  in v i t ro  di embr ion i  di Schistocerca gregaria 
si ~ r iusci t i  ad  o t t ene re  lo sv i luppo  fino a quas i  la schiusa  
di p a r a b i o n t i  uni t i  dorso-dorso a s t ad i  sub i to  dopo la 
blas tocinesi .  Si ~ os se rva ta  s a l d a t u r a  e conf inu i t~  del- 
l ' ep idermide .  Gli  abbozz i  delle p a r t i  ven t r a l i  dei para -  
b i o n t i  si s v i l u p p a n o  e d i f fe renz iano  in m a n i e r a  auto-  
n o m a ;  solo l ' i n t e s t i no  medio  r i su l t a  unico.  
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C y t o k i n i n - L i k e  A c t i v i t y  in S e a  W a t e r  f r o m  the  Fucus-Ascophyllum Z o n e  

N a t u r a l l y  occur r ing  cy tok in ins  h a v e  been  e x t r a c t e d  
f rom unice l lu la r  algae 1, red  algae ~ a n d  b r o w n  algae2, 3. 
The  p re sen t  r e p o r t  deals w i t h  the  presence  of cy tok in in -  
l ike  a c t i v i t y  in  sea w a t e r  s u r r o u n d i n g  t he  l i t t o r a l  algae in 
t he  Fucus-Ascophyl lum zone. Sea w a t e r  f rom th i s  zone 
is k n o w n  to  s u p p o r t  g rowth  of severa l  a lgae in cu l tu re  
m u c h  b e t t e r  t h a n  sea w a t e r  off-shore 4, 5. 

Sea w a t e r  was col lected d u r i n g  April ,  May  a n d  Oc tober  
f rom the  Swedish  west  coast ,  f i l tered a n d  deep frozen 
u n t i l  used. The  p H  of t he  sea w a t e r  was  ad ju s t ed  to  7 .5-  
8.0 and  900 m l  of th i s  sea w a t e r  was  e x t r a c t e d  w i t h  150 ml  
e t h y l  ace t a t e  for 15-20 h a t  130~ in a n  a p p a r a t u s  con- 
s t r u c t e d  for l iqu id- l iquid  e x t r a c t i o n  of pressed  apple-  
ju ices  6. The  e t h y l  ace t a t e  was  red is t i l l ed  pr io r  to  use. 
Af te r  r e m o v i n g  t h e  e thy l  a ce t a t e  in ~ r o t a r y  evapora to r ,  
t he  res idue  was dissolved in a s m a l l  vo lume  of abso lu te  
e t h a n o l  a n d  re -evapora ted .  Th i s  d r y  res idue was s tored  in 
a des icca to r  un t i l  f u r t h e r  use. 

Fo r  t h e  c y t o k i n i n  assay  cal lus cu l tu res  i so la ted  f rom 
s t e m  segmen t s  of Nicotiana tabacum var .  Al ida  were used. 
T h e  f resh we igh t  of each  piece of i nocu lum was a b o u t  
10 mg. E r l e n m e y e r  f lasks (100 ml) were used w i t h  50 ml  

of aga r  m e d i u m  7 w i t h  3 pieces of i n o c u l u m  in each.  The  
cu l tu res  were i n c u b a t e d  for 5 weeks a t  30~ in  diffuse 
l igh t  f rom 2 f luorescen t  t ubes  (Osram F l u o r a l u x  40 W/77).  
A t  t he  end  of t he  i n c u b a t i o n  period,  f resh  and  d ry  weights  
of t he  cMlus t i ssues  were de t e rmined .  I n  add i t i on  shoots  
and  bud l ike  p ro jec t ions  were coun t ed  a n d  e x a m i n e d  
microscopical ly .  The  m e d i u m  c o n t a i n e d  3 • 10 -~ M 
indole-3-acet ic  acid, and  t he  sea -wa te r  e x t r a c t  was  sub- 
s t i t u t e d  for a c y t o k i n i n  excep t  in  1 con t ro l  group,  where  
5 • 10 .7 M 6 - ( m e t h y l - 2 - b u t e n - l - y l a m i n o ) - p u r i n  (2 iP  s) 
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