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W h e n  th i s  cell ha s  come  to  t he  end  of one  d iv i s ion  cycle, 
we shou ld  obse rve  2 d a u g h t e r  cells w i t h  a f i rs t -cycle  
midd le  l amel l a  b e t w e e n  t h e m ,  a second-cyc le  l amel la  a t  
one  end,  a n d  a n  (x + 1) th-cycle  l ame l l a  a t  t h e  o ther .  Th i s  
hypo the s i s ,  f u r t h e r  deve loped ,  will  l ead  us  to  a r ib  or  
c o l u m n  of  4 cells a t  t h e  fo l lowing d iv i s ion  cycle  (Figure  3). 

These  e x p e c t a t i o n s  were  c o n f i r m e d  b y  t h e  s t u d y  of 
4-cell g roups  f rom a r i b  m e r i s t e m  (F igure  2), w h i c h  
shows  t h a t  t h e  midd le  l amel l a  c an  be  d i s t i ngu i shed  b y  
t h e i r  morpho log ica l  cha rac t e r i s t i c s  u p  to  a n  age of 3 or 4 
cycles. 

These  resu l t s  show t h a t  t h e  m i d d l e  lamel la  evo lve  b y  
th i cken ing ,  dec reas ing  in e lec t ronic  dens i ty ,  a n d  a s s u m i n g  
a more  a n d  more  r ec t i l inea r  form.  T h e  s u p p l y  of m a t e r i a l  
for  t h e  m a t r i x  of t h e  wal l  is e n s u r e d  b y  t he  c o n t r i b u t i o n  
m a d e  b y  Golgi  vesicles,  a n d  t h e  d i m i n i s h i ng  e lec t ronic  
d e n s i t y  of t h e  wal l  sugges t s  t h a t  i t  gets  a p r o p o r t i o n a t e  
inc rease  in  cel lulose m a t t e r  in  r e l a t i on  to  t h e  o r ig ina l  
pec t ic  c o m p o n e n t s .  T h e  v a r i o u s  cha rac t e r i s t i c s  to  be  ob-  

se rved  in t h e  t r a n s v e r s e  walls  enab le  us  to  d i s t i ngu i sh  t he  
s is ter  cells w i t h  ease, a n d  even  t he  4 cells wh ich  one 
m o t h e r  cell m u s t  p roduce  in 2 d iv i s ion  cycles. 

Resumen. L a  lSmina  m e d i a  que  s e p a r a  t r a n s v e r s a l -  
m e n t e  a l a s  c61ulas del  m e r i s t e m o  r ad ica l  en  c o l u m n a  se 
desarrol la ,  ell v i r t u d  del  a p o r t e  de  pequef ias  ves icu las  del 
a p a r a t o  de Golgi, i n c r e m e n t a n d o  su espesor  desde  0,1-0, 2 
h a s t a  0,4-0,5 #. Las  ca rac te r i s t i cas  morfo l6gicas  de  es tas  
pa redes  t r a n s v e r s a l e s  p e r m i t e n  d i s t ingu i r  f~c i lmente  las 
c61ulas h e r m a n a s  y h a s t a  las 4 c61ulas que  se o r ig inan  de  
1 c61ula m a d r e  en  2 ciclos de divis i6n.  
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Content and Synthes is  of 7 -Aminobutyr ie  Acid in the Larval Brain of Drosophila melanogaster 

I n  o u r  p r ev ious  s tud ies  we r epo r t ed  t h e  occur rence  of 
y - a m i n o b u t y r i c  acid in  Drosophila melanogaster ~,~. I t s  
p resence  h a s  b e e n  also r eco rded  in severa l  o t h e r  insects ,  
i nc lud ing  t h e  c o r n m e a l  m o t h  (Ephestia ki2hniella) 3, t h e  
h o n e y b e e  (Apis melli/ica) 4 a n d  t h e  house f ly  (Musca 
domestica) ~. F r o m  a n u m b e r  of i nves t i ga t i ons  i t  is f u r t h e r  
k n o w n  t h a t  t h i s  a m i n o  acid is cha rac t e r i s t i c  of t h e  c e n t r a l  
n e r v o u s  s y s t e m  of va r ious  i n v e r t e b r a t e s  a n d  v e r t e b r a t e s  6. 
Decarboxylases ,  wh ich  c o n v e r t  g lu t amic  acid to  y -amino-  
b u t y r i c  acid,  h a v e  been  d e m o n s t r a t e d  in t h e  m a m m a l i a n  
a n d  ch ick  b r a i n  7-n.  I t  is sugges ted  t h a t  y - a m i n o b u t y r i c  
acid m a y  poss ib ly  p l ay  a role in  t h e  t r a n s m i s s i o n  of t he  
ac t ion  of i n h i b i t o r y  n e u r o n s  12, 23 I n  o rde r  to  o b t a i n  in-  
f o r m a t i o n  a b o u t  t he  neurophys io log ica l  s igni f icance  of 
t h i s  a m i n o  acid in insects ,  e x p e r i m e n t s  h a v e  b e e n  ca r r ied  
o u t  b y  us  t o  d e t e r m i n e  i t s  c o n t e n t  a n d  syn thes i s  in  t h e  
l a r v a l  b r a i n  of Drosophila. 

L a r v a e  of t he  wild t y p e  (Sevelen) of D. melanogaster 
were ra i sed  on  t he  s t a n d a r d  suga r - co rn  m e a l - a g a r - y e a s t  
m e d i u m  a t  25°C. Sho r t l y  before  p u p a t i o n  a b o u t  150 
b r a i n s  (2 hemi sphe re s  p lus  v e n t r a l  gangl ion)  were d issected  
o u t  i n d i v i d u a l l y  in a d rop  of R inge r ' s  so lu t ion  u n d e r  a 
b i n o c u l a r  microscope.  These  were col lec ted  in 80% m e t h -  
ano l  a n d  h o m o g e n i z e d  in a glass mic rohomogen ize r .  Af t e r  
cen t r i fug ing ,  t h e  s u p e r n a t a n t  so lu t ion  was  t r a n s f e r r e d  to  a 
VVha tman  No. 1 f i l te r  p a p e r  (24 × 46 cm) for  t w o - d i m e n -  
s ional  c h r o m a t o g r a p h y ,  us ing  70% n - p r o p a n o l  as t h e  
f i rs t  so lven t  (ascending)  a n d  w a t e r - s a t u r a t e d  p h e n o l  as  t h e  
second so lven t  (descending) .  T he  op t ica l  dens i t y  of each  
n i n h y d r i n - p o s i t i v e  spo t  on  t h e  c h r o m a t o g r a m  was de te r -  
m i n e d  acco rd ing  to  p rocedures  descr ibed  p rev ious ly  2,. Fo r  
compar i son ,  e x t r a c t s  of 15 whole  l a rvae  of t h e  co r respond-  
ing age were also p r e p a r e d  a n d  t h e  c o n t e n t  of i nd iv idua l  
s u b s t a n c e s  was a n a l y s e d  b y  t he  same  m e t h o d .  

T h e  d a t a  expressed  in p e r c e n t a g e  of t he  t o t a l  n in-  
h y d r i n - p o s i t i v e  c o m p o n e n t s  are  s u m m a r i z e d  in t h e  Table .  
As c a n  b e  seen, t h e  r e l a t i ve  c o n c e n t r a t i o n  of y -amino-  
b u t y r i c  ac id  is a t  l eas t  2 t i m e s  h ighe r  in  t h e  b r a i n  t h a n  in 
t h e  whole  l a rva .  I t s  c o n t e n t  in  t h e  b r a i n  ha s  been  de te r -  
m i n e d  to  be  1.23 #M/g  wet  weight .  S imi la r ly  t he  b r a i n  
e x t r a c t  con t a in s  s ign i f i can t ly  more  a spa r t i c  acid,  g l u t a m i c  
acid a n d  t a u r i n e  t h a n  t h e  en t i r e  l a r v a  ex t r ac t .  I t  is of 

i n t e r e s t  to  no t i ce  t h a t ,  w i t h  t h e  e x c e p t i o n  of t au r ine ,  al l  
t he se  a m i n o  acids  m a y  se rve  as  t r a n s m i t t i n g  s u b s t a n c e s  in  
t h e  c e n t r a l  n e r v o u s  s y s t e m  of b o t h  m a m m a l s  a n d  o t h e r  
i n v e r t e b r a t e s  t2-13. T h e  f u n c t i o n  of t a u r i n e  is u n k n o w n ,  
b u t  a cco rd ing  to  FLOREV 2, th i s  c o m p o u n d  is also cha rac -  
t e r i s t i c  of t h e  n e r v o u s  t issue.  F r o m  d a t a  p r e s e n t e d  in t he  
Table ,  i t  is f u r t h e r  e v i d e n t  t h a t  t h e  r e l a t i ve  c o n t e n t s  of 
g lu t amine ,  t y ro s ine  a n d  t y ro s ine  p h o s p h a t e  are  d i s t i n c t l y  
h i g h e r  in  t he  whole  l a r v a  t h a n  in  t h e  b ra in .  Our  p r ev ious  
o b s e r v a t i o n s  showed  t h a t  g l u t a m i n e  der ives  la rgely  f r o m  
the  h a e m o l y m p h ,  whereas  t y ros ine  a n d  t y ro s ine  p h o s p h a t e  
a re  i n v o l v e d  in  t h e  s y n t h e s i s  of c u t i c u l a r  p r o t e i n s  a n d  t h e  
t a n n i n g  r e a c t i o n  15. Thus ,  t h e i r  u n e q u a l  d i s t r i b u t i o n  ap -  
pea r s  u n d e r s t a n d a b l e .  

I n  o rde r  to  t e s t  t h e  s y n t h e s i s  a c t i v i t y  of ~ - a m i n o b u t y r i c  
acid in b r a i n  h o m o g e n a t e s ,  t he  fol lowing in  v i t r o  s tud ies  
were  ca r r i ed  out .  B r a i n s  of 25 ful ly  g rown  l a r v a e  were  
d i ssec ted  o u t  in  a d rop  of ice-cold R i n g e r ' s  so lu t ion  a n d  
h o m o g e n i z e d  in a sma l l  v o l u m e  of s o d i u m - p o t a s s i u m -  
p h o s p h a t e  buf fe r  (0 .067M, p H  7,65). The  h o m o g e n a t e  
was  t h e n  d i lu ted  to  200 #1 w i t h  t he  p h o s p h a t e  buf fe r  in  a 
m i c r o p i p e t t e  a n d  t r a n s f e r r e d  to  a n  i n c u b a t i o n  tube .  As 
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Relative concentration (% total} of free ninhydrin-positive compo- 
nents in the brain and the whole larva of Drosophila (M = mean, S ~= 
standard error, No = number of determinations). 

Ninhydrin-positive Brain Whole larva 
components 

No. M=~=S No. M 4 - S  

~-Alanine 11 25.3 4- 0.73 8 20.7 i 1.57 
fl-Alanine - - 8 1.9 4- 0.14 
7-Aminobutyrie acid 11 2.6 4- 0.37 6 1.2 4- 0.16 
Arginine - - 8 2.2 4- 0.30 
Aspartic acid - 11 5.2 + 0.54 8 1.5 ~ 0.1 t 
Asparagine - - 8 1.4 ~ 0.32 
Glutamic acid • 11 28.9 ± 0.67 8 11.8 ~ 0.69 
Glutamine • 11 11.1 -t- 0.52 8 17.8 ± 0.77 
Glycine 11 2.7 i 0.25 8 3.3 4- 0.12 
Histidine - - 8 1.6 4- 0.24 
Leueine/isoleucine 8 2.1 4- 0.36 8 3.1 4- 0.19 
Lysine 11 3.7 4- 0.39 8 5.4 4- 1.29 
Phosphoethanolamine 1t 2.7 -t- 0.46 8 1.6 4- 0.20 
Proline 2 0.7 ± 0.10 8 0.7 4- 0.06 
Serine 11 3.3 4- 0.34 8 2.8 4- 0.11 
Taurine ~ 10 1.8 -4- 0.21 8 0.3 4- 0.04 
Threonine 11 2.7 4- 0.20 8 3.6 4- 0.56 
Tyrosine • 11 1.4 q- 0.22 8 4.2 4- 0.29 
Tyrosine phosphate ~ 11 2.2 -I- 0.27 8 9.4 :~: 0.78 
Valine/Methionine 10 2.0 4- 0.27 8 3.2 4- 0.31 
Unknown 11 4.0 4- 0.49 8 2.8 4- 0.25 

Differences in the relative distribution of these compounds have 
been shown to be statistically significant at 1% level. 
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Fig. I. Effect of pH on the synthesis of y-aminobutyrie acid. Ordi- 
nate: radioactivity in counts per minute (epm) of 7-aminobutyric 
acid. Abscissa: pH of Na-K-phosphate buffer. 
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Fig.2. Formation of y-aminobutyrie acid from C14(U)-glutamie acid. 
Ordinate: increase in the radioactivity (epm) of 7-aminobutyrie acid. 
Abscissa: incubation time in minutes. The in vitro experiments were 
carried out at either pH 7.5 and 25°C ( - - o - - )  or pH 7.65 and 38°C 
( - , - 1 .  

coenzyme  10 #1 of py r idoxa l  p h o s p h a t e  (0.14 × 10-aM) 
were added.  Af te r  a few rain of t e m p e r a t u r e  equi l ibr ium 
in t he  wa te r  ba th ,  10 pl of cold g lu tamic  acid (0.05M) and  
2 #1 of C14(U)-glutamic acid (2.5 /~c/id, specific ac t iv i ty  
130 mc/mM, the  Rad iochemica l  Centre,  Amersham,  Eng-  
land) were  again added.  The  reac t ing  m i x t u r e  was kep t  a t  
25 ° or 38°C wi th  c o n s t a n t  shaking.  A t  in te rva l s  of 10-30 
min  samples  of 10 ~1 were  d r a w n  for the  d e t e r m i n a t i o n  of 
7 -aminobu ty r i c  acid product ion .  E a c h  sample  was de- 
pro te in ized  by  add ing  20 pl  of abso lu te  e thanol .  Subse- 
q u e n t  to  cent r i fugat ion ,  25 /A of the  s u p e r n a t a n t  was  
mixed  wi th  5/,1 of au then t i c  7 -aminobu ty r i c  acid (0.004 M) 
as carrier,  and  t h e n  appl ied  to a "Whatman No. 3 MM 
fi l ter  p a p e r  (37 x 41 cm). 

The  separa t ion  of the  amino  acids was done  by  e i ther  
one-d imens iona l  h igh  vol tage  e lec t rophores is  w i th  8% 
formic acid as the  buffer  (2300-2700 V), or a combina t i on  
of e lec t rophores is  and  pape r  c h r o m a t o g r a p h y  wi th  70% 
n-p ropano l  as the  runn ing  solvent .  Af te r  deve lop ing  the  
n inhyd r in  color a t  60°C, the  7 - aminobu ty r i c  acid spo t  on 
the  p a p e r  was  located,  cu t  ou t  and  the  r ad ioac t iv i ty  
measured  in a windowless  gas flow c o u n t e r  (Nuclear  
Chicago). 

For  es tab l i sh ing  the  p H  o p t i m u m  of the  e n z y me  act iv i ty ,  
e x p e r i m e n t s  were pe r fo rmed  by  incuba t ing  the  bra in  
h o m o g e n a t e  in buffer  solut ions  ranging  f rom p H  6.65 to  
7.95. The  values  of r ad ioac t iv i ty  in 7 -aminobu ty r i c  acid 
a f te r  an incuba t ion  per iod of 10 min  are  p l o t t e d  in F igure  1. 
I t  is clear t h a t  there  are 2 ac t iv i ty  max ima ,  one a t  a b o u t  
p H  6.9 and  a n o t h e r  one a t  abou t  p H  7.65. The p ic tu re  
bears  a r emarkab l e  s imi lar i ty  to  t h a t  found  for t h e  bra in  
of the  honeybee  by  FRONTALI 5. 

The average  progress ive  curves  for 7 -aminobu ty r i c  acid 
syn thes i s  a t  p H  7.5 and  p H  7.65 f rom 4 paral lel  exper i -  
m e n t s  are dep ic ted  in F igure  2. The  increase  in radioac-  
t i v i t y  of the  reac t ion  p r o d u c t  is a p p a r e n t l y  ve ry  rap id  and  
reaches  a p la teau  a l ready  at  10-20 min a f te r  the  begin- 
n ing of incubat ion .  The init ial  ra te  of syn thes i s  a t  38°C 
and  p H  7.65 has  been  e s t ima ted  to  be 22.1 t~M]g (wet 
weight) /h .  

Since the  only  subs t r a t e  used in our  in v i t ro  e x p e r i m e n t s  
was  g lu tamic  acid, i t  seems tha t ,  s imilar  to  t h a t  a l ready  
r epo r t ed  for t he  m a m m a l i a n  bra in  TM, glutamic  acid de- 
ca rboxylase  is involved in the  enzyme  reac t ion  descr ibed  
here. However ,  based on her  manomet r i c  m e a s u r e m e n t s  of 
CO, p roduc t ion  FRONTALI s pos tu la ted  the  possible  exis t -  
ence of an  a l t e rna t ive  mechan i sm of 7 - aminobu ty r i c  acid 
format ion .  A more  de ta i led  analysis  of pur i f ied  e n z y m e  
p repa ra t ions  would be desirable  to  give a c lear-cut  answer.  
In  any  case, the  p re sen t  resul ts  d e m o n s t r a t e d  clearly t h a t  
ac t ive  syn thes i s  of 7 -aminobu ty r i c  acid takes  place in the  
larval  ne rvous  sys t em of Drosophila 1~. 

Zusamrnen/assung. P a p i e r c h r o m a t o g r a p h i s c h e  U n t e r -  
suchungen  an  ve rpuppungs re i f en  La rven  y o n  Drosophila 
melanogaster zeigten, dass  der  re la t ive  Gehal t  an 7-Amino-  
but tersAure  im Gehirn  rund  zweimal  h6her  ist als in der  
ganzen Larve.  Mit tels  I s o t o p e n t e c h n i k  wurde  eine akt ive  
Syn these  der  7-Aminobut tersS.ure  im H i r n h o m o g e n a t  
nachgewiesen.  
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