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Developmental  Studies in Drosophila. IV. Quantitative Protein 
Fly Homogenates  During Development of D. pseudoobscura 1 

D u r i n g  t he  course of a n  i n v e s t i g a t i o n  of t he  changes  in 
e lec t rophore t i c  p a t t e r n  of some enzymes  a n d  o t h e r  

p r o t e i n s  d u r i n g  t h e  d e v e l o p m e n t  of severa l  t i ssues  a n d  
whole  i nd iv idua l s  of D." pseudoobscura 2, we obse rved  
i m p o r t a n t  q u a l i t a t i v e  v a r i a t i o n s  in ce r t a in  p r o t e i n  bands .  
A t  t he  same  t i m e  i t  b e c a m e  e v i d e n t  t h a t  t he  d a t a  should  
be  ana lyzed  q u a n t i t a t i v e l y .  Such  a n  ana lys i s  was per-  
fo rmed  a n d  t he  resu l t s  o b t a i n e d  are  r epo r t ed  here.  Also 
inc luded  are new d a t a  on  f u r t h e r  d e v e l o p m e n t a l  s tages  of 
all  o rgans  s tud ied  2 a n d  on  severa l  s tages  of d e v e l o p m e n t  
of t he  b o d y  wall.  

Mater ia l  and methods. A s t a n d a r d  s t r a in  of D. pseudo- 
obscura f rom Mathe r ,  California,  was  used. T he  synchro-  
n i za t ion  me thod ,  t he  s a m p l i n g  t echn ique ,  as well  as t he  
micro-disc  e lec t rophore t i c  t e c h n i q u e  used for  th i s  s t u d y  
h a v e  been  descr ibed  in de ta i l  e lsewhere  2. 

The  microgels  (1.5 m m  in d i a m e t e r  and  a b o u t  1 cm in 
length) ,  s t a ined  w i t h  Coomassie  b r i l l i an t  blue, were 
s canned  w i t h  a d e n s i t o m e t e r  (Densieord,  model  542, 
P h o t o v o l t  Corpora t ion ,  New York,  New York) .  The  
s cann ing  was a lways  pe r fo rmed  a f te r  t h e  ' d a r k - p o i n t '  
a d j u s t m e n t  of t he  i n s t r u m e n t  on the  m o s t  i n t e n s e l y  
s t a ined  b a n d  of a n  a r b i t r a r i l y  chosen  specific gel. 

Results  and discussion. Figure  1 r ep resen t s  t he  s cann ing  
d a t a  o b t a i n e d  f rom t he  d i f fe ren t  d e v e l o p m e n t a l  s tages  
of fa t  body ,  h e m o l y m p h ,  and  sa l iva ry  g lands ;  F igure  2 
those  o b t a i n e d  f rom whole-f ly  and  b o d y - w a l l h o m o g e n a t e s .  

On t h e  figures,  t he  n u m b e r s  on  t he  o r d i n a t e  r ep re sen t  
opt ica l  dens i t i es  whi le  those  on the  abscissa  n u m b e r  
above  each  peak)  r ep resen t  t h e  b a n d s  on  a h y p o t h e t i c a l  
gel c o n t a i n i n g  all  p ro t e i n  b a n d s  of all  o rgans  a n d  devel-  
o p m e n t a l  s tages  s tud ied  (Figure  3). 

A m o n g  t he  10 p ro t e in  b a n d s  of t he  fa t  b o d y  which  show- 
ed some degree of q u a n t i t a t i v e  v a r i a t i o n  a t  one s tage or 
ano the r ,  4 could be  followed b y  t he  d e n s i t o m e t e r  (30, 45, 
50 a n d  74) ; b a n d s  45 a n d  50 seem of p a r t i c u l a r  in te res t .  

Changes in Organs and Whole- 

These  2 b a n d s  are  of low opt ica l  dens i ty  (be tween 50 and  
60) in  ear ly  l a rva l  s tages  sudden ly  increas ing  a t  t he  120 h 
s tage  to  a m a x i m u m  (be tween  90 and  100), a n d  r e m a i n i n g  
so the rea f t e r l  I t  is known,  t h a t  Drosophila f a t  body  s tores  
p ro te ins  f rom m i d - t h i r d  i n s t a r  on  a, i.e. b e tween  the  96 h 
a n d  120 h stages.  Moreover ,  severa l  a u t h o r s  4-6 h a v e  
p roved  t h a t  some of these  s to red  p ro t e ins  are h e m o l y m p h  
pro te ins .  F r o m  F igu re  1 i t  can  be  seen t h a t  these  2 
p ro t e in  b a n d s  (45 a n d  50) are p re sen t  in  t he  h e m o l y m p h  
in all  d e v e l o p m e n t a l  s tages  a n d  do no t  undergo  any  change  
in op t ica l  dens i ty .  An  in t e re s t ing  h y p o t h e s i s  would  be  
t h a t  b a n d s  45 a n d  50 of t he  f a t  b o d y  r ep resen t  s to red  
h e m o l y m p h  pro te ins .  

A m o n g  t he  9 p ro t e in  b a n d s  wh ich  show q u a n t i t a t i v e  
v a r i a t i o n s  in t he  h e m o l y m p h ,  5 could be regis tered  b y  t he  
d e n s i t o m e t e r  i.e., 30, 55-58,  85-90 (55 a n d  58 as well  as 
85 and  90 do no t  a p p e a r  as s epa ra t ed  b a n d s  on  t he  
scanning) .  A t  th i s  m o m e n t  no  e x p l a n a t i o n  can  be propos-  
ed for these  changes ;  however ,  i t  is k n o w n  t h a t  70% of 
h e m o l y m p h  p ro t e ins  are secre ted b y  t h e  fa t  b o d y  7-9. 
Since all  these  b a n d s  (except  b a n d  90) are  also p r e sen t  in 
the  e l ec t ropho reg rams  of t he  f a t  b o d y  i t  is conce ivab le  
t h a t  t h e y  are secre ted in to  t he  h e m o l y m p h  b y  th i s  organ.  

The  p ro t e in  p a t t e r n  of t he  deve lop ing  sa l iva ry  g lands  
shows t h a t  t he  maj  or p ro t e in  b a n d s  increase  progress ive ly  
in op t ica l  dens i ty  f rom the  96 h to t he  spiracle  evers ion  
stage. Th i s  is mos t  ev iden t  for b a n d s  45, 50, 63, 65 a n d  68. 

1 Supported in part by grants No. GM-16736 and No. FR-05426 from 
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R. PUTMAN Ior allowing us to use some of his equipment. 
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Fig. 1. Densitometric curves of protein patterns obtained through microelectrophoretic analysis of fat bodies, hemolymph and salivary 
glands of D. pseudoobscura at different developmental stages. Ordinate, optical density (O. D. of 20 corresponds to no band); abscissa, 
position of band in gel. 
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Fig. 2. As for Figure 1 but for whole-fly and body-wall proteins. 
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Fig. 3. Diagramatic representation of hypothetical 
microgel containing all protein bands regardless 
of developmental stage or tissue or complex of 
tissues. Numbers represent the position of each 
protein band in the gel Letters correspond to 
designations used in previous reports. 

Th i s  increase  coincides  w i t h  t he  per iod  of ac t ive  p ro t e in  
syn thes i s  w h i c h  has  been  obse rved  in o the r  D i p t e r a  5, 7. 
However ,  w i t h  t he  excep t ion  of b a n d  65, these  p r o t e in  
b a n d s  are all  p r e sen t  in  t h e  h e m o l y m p h ,  and  p a r t  of t he  
increase  in op t ica l  d e n s i t y  could be  due  to a n  u p t a k e  of 
h e m o l y m p h  p ro t e ins  7,10,11. I n  t h e  sa l iva ry  g land  b a n d s  
82 a n d  85 wh ich  a p p e a r  on ly  a t  t h e  16 h a f t e r  spiracle  
evers ion  s tage  ( jus t  a few hours  before  t he  comple t e  
h is to lys is  of t he  glands)  are  of p a r t i c u l a r  in te res t .  I t  is 
n o t  k n o w n  if these  b a n d s  co r re spond  to  newly  syn thes i zed  
p ro t e ins  or to  p ro t e in s  of h i g h  molecu la r  we igh t  wh ich  
are  be ing  b r o k e n  down.  However ,  D. pseudoobscura 
sa l iva ry  g lands  show syn thes i s  a n d  secre t ion  of m a t e r i a l  
in  t he  l u m e n  f rom 8 h a f t e r  spiracle  evers ion  on13. Addi-  
t iona l ly ,  t he  f o r m a t i o n  of some new puffs  has  been  descr ib-  
ed to  occur  v e r y  la te  in  d e v e l o p m e n t  on  t h e  p o l y t e n e  
ch romosomes  of o the r  species of Drosophila la. I l l  D. 
pseudoobscura t h e  a c t i v i t y  of two p u f f s  increases  d r a m a -  
t ica l ly  a t  14 h a f t e r  spi racle  eve r s ion  14. W h e t h e r  these  
puffs  are assoc ia ted  w i t h  t he  p r o d u c t i o n  of p r o t e i n  b a n d s  
82 and  85 r e m a i n s  u n k n o w n .  

Whole - f ly  and  body-wa l l  h o m o g e n a t e s  p resen t  d i s t i nc t  
s imi la r i t i es :  F igure  2 shows t h a t  p r o t e i n  b a n d s  63, 68, 74, 
85  and  90 of whole  flies o r ig ina te  m a i n l y  f rom t h e  in te-  
g u m e n t  since t h e y  are a p p r o x i m a t e l y  of t he  same opt ica l  
dens i t y  in t h e  h o m o g e n a t e s  of bo th .  The  slower m o v i n g  
p ro t e ins  (12, 22, 30, 45, 50, etc.) come  p a r t l y  f rom the  
body-wal l ,  b u t  p r o b a b l y  m o s t l y  f rom h e m o l y m p h  a n d  fa t  
body .  The  body-wa l l  p ro t e in s  of t he  12 h a f te r  spiracle  
evers ion  s tage are in fac t  t he  p u p a l  body-wal l  p ro t e in s  
whi le  those  of t he  p reced ing  s tages  are  those  of t he  l a rva l  
body-wal l .  P u p a l  a n d  l a r v a l  body-wa l l  p ro te ins  do no t  
differ  m u c h  in qua l i t y  b u t  t h e y  do so in q u a n t i t y .  

F r o m  our  s t u d y  of D. pseudoobscura prote ins ,  i t  becomes  
clear  t h a t  all  s tud ied  t i ssues  h a v e  a cha rac te r i s t i c  elec- 
t r o p h o r e t i c  p ro t e in  p a t t e r n .  These  p a t t e r n s  disclose b o t h  
q u a l i t a t i v e  and  q u a n t i t a t i v e  v a r i a t i o n s  f rom s tage  to  
s tage.  I n  some cases these  d e v e l o p m e n t a l  v a r i a t i o n s  can  
be  cor re la ted  w i t h  k n o w n  biological  events .  

Rdsumd. Les p ro t6 ines  pr6sentes  & dif f6rents  m o m e n t s  
de l ' on togen6se  dans  les g landes  sal ivaires,  l ' h6molymphe ,  
le corps  ad ipeux ,  la paro i  du  corps et  les ind iv idus  en t ie rs  
de Drosophila pseudoobscura on t  6t6 analys6es  grace & une  
t e c h n i q u e  nouvel le  de micro-61ectrophor6se discale. 

N. PASTEUR and  C.D. KASTRITSIS 

Department o/ Cell Biology, 
The University o/ Texas, 
Southwestern Medical School, 5323 Harry Hines Boulevard, 
Dallas (Texas 75235, USA),  79 July  1971. 

5 M.-D. MARTIN, J .  F. KINNEAR and J. A. THOMSON, Aust. J. biol. 
Sci. 22, 935 (1969). 

6 M.-D. MARTIN, J. F. KINNEAR and J. A. THOMSON, Aust. J. biol. 
Sci. 24, 291 (1971). 
J. F. KINNEAR, M.-D. MARTIN and J. A. THOMSON, Aust. J. biol. 
Sci. 24, 275 (1961). 

s G. M. PRICE, J. Insect Physiol. 12, 731 (1966). 
s G. M. PRICE and T. BOSMAN, J. Insect Physiol. 72, 741 (1966). 

10 D. DOYLE and H. LAUFER, in A Symposium o/the Tissue Culture 
Association (Wavefly Press, Baltimore 1968), vol. 3, p. 93. 

it M. J, E. HARROD and C. D. KASTRITSIS, J. Ultrastruct. Res., sub- 
mitted. 

12 M. J ,  E. HARROD a n d  C. D. KASTRITSIS, J .  U l t r a s t r u c t .  Res. ,  in 
press. 

is M. ASHBURNER, Chromosoma 2], 398 (1967). 
t4 A. J. STOCKER and C. D. KASTRITSIS, Chromosoma submitted. 


