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Developmental Studies in Drosophila.  X. Developmental Electrophoretic Pattern of Salivary Gland 
Unspecific Proteins in D. pal l id ipennis  ~ 

A microdisc  e lec t rophore t i c  ana lys i s  of Drosophila pseu- 
doobscura sa l iva ry  g lands  revea led  i m p o r t a n t  q u a l i t a t i v e  
a n d  q u a n t i t a t i v e  v a r i a t i o n s  in unspecif ic  p ro t e in s  dur ing  
l a rva l  and  ear ly  p u p a l  d e v e l o p m e n t  of t h a t  insec t  2-4. 
Since a c o m p a r a b l e  s t u d y  is no t  ava i l ab le  for  a n y  o the r  
Drosophila species or even  a n y  o the r  Dip te ra ,  I chose to  
ca r ry  ou t  a n  iden t ica l  i nves t i ga t i on  w i t h  Drosophila pal- 
lidipennis, a species phy logene t i ca l ly  r e m o t e  f rom D. 
pseudoobscura. 

Materials and methods. A Drosophila pallidipennis s tock  
f rom B u c a r a m a n g a ,  Colombia  (s t ra in  17 of PASTEI:R a n d  
KASTRITSISh, or U n i v e r s i t y  of Texas  a t  A u s t i n  s tock  No. 
H 191.48) was used. The  s y n c h r o n i z a t i o n  of t he  flies, t he  
sample  t e c h n i q u e  a n d  t he  microdisc  e lec t rophore t i c  t ech-  
n ique  h a v e  been  descr ibed  in de ta i l s  b y  PASTEUR a n d  
KASTRITSIS 2 

Two larval stages were studied, i.e. 135 h and 160 h 
af te r  ha tch ing .  U n d e r  t he  e x p e r i m e n t a l  condi t ions ,  t h e  
l a rvae  leave t he  n u t r i t i v e  m e d i u m  t o  crawl  a long  t he  sides 
of t he  con ta ine r s  b e t w e e n  120 a n d  i30  h a f te r  h a t c h i n g  
f rom the  egg; these  l a rvae  are those  of t he  125 h stage. The  
l a rvae  of t he  160 h s tage  can  be  cons idered  as be ing  a t  or 
nea r  t he  p o i n t  of eve r t i ng  t h e i r  spiracles  ; spiracle  evers ion 
(SE) occurs a t  160 h on  t he  average.  

The  ear ly  p u p a l  d e v e l o p m e n t a l  s tages  were t i m e d  in re- 
ference to  spiracle  evers ion  (direct ly  obse rved  u n d e r  a 
d issec t ing  microscope).  T h e y  inc luded  t he  s tages  of spi- 
racle  evers ion  (SE), 4 h, 10-16 h and  20 h a f te r  SE. 

Results and discussion. The  F igure  r ep resen t s  t h e  de- 
v e l o p m e n t a l  v a r i a t i o n s  in  unspecif ic  p ro t e in s  (s ta ined  w i t h  
Coomassie  b r i l l i an t  blue) wh ich  occurs  du r ing  t he  develop-  

m e n t  of t he  s a l iva ry  glands.  Fo r  purposes  of compar i son ,  
the  d rawings  of t he  unspecif ic  p ro t e in s  c o n t a i n e d  in he-  
m o l y m p h ,  f a t  b o d y  and  whole-f ly  were included.  

Severa l  p ro t e in  b a n d s  d i sp layed  q u a n t i t a t i v e  v a r i a t i o n s  
d u r i n g  deve lopmen t ,  b u t  such  v a r i a t i o n s  wi l l -not  be  con- 
s idered f u r t h e r  ( a l though  t h e y  h a v e  been  t e n t a t i v e l y  re- 
p r e sen t ed  on  t he  d r awing  b y  d i f fe ren t  symbols)  because  of 
lack of d e n s i t o m e t r i c  da ta .  

F r o m  t h e  Figure,  i t  can  be  obse rved  t h a t  a t o t a l  of 27 
unspeci f ic  p ro t e in  b a n d s  could be  de t ec t ed  a t  some s tage  
of t he  d e v e l o p m e n t  of t he  s a l iva ry  glands.  A m o n g  these,  
13 d i sp lay  stage(s)  specif ic i ty:  70, 73, 15, 27, 30, 33, 50, 
54, 58, 66, 76, 85 a n d  93. Only  those  t h a t  seem of p a r t i c u -  
lar  i n t e r e s t  will  be  discussed. 

The  p ro t e in  b a n d  86 is p r e sen t  a t  t he  125 a n d  160 h 
stages,  i.e. a t  s tages  w h e n  t h e  s a l iva ry  g lands  are k n o w n  to  
be  ac t ive ly  syn thes i z ing  t he  glue p ro t e in s  which  will be  re- 
leased a t  p u p a r i u m  format ion .  A p ro t e in  b a n d  p r e s e n t i n g  
a s imi la r  d e v e l o p m e n t a l  b e h a v i o r  was also de tec ted  in D. 
pseudoobscura 2,a. The  glue syn thes ized  b y  t h e  s a l iva ry  

1 Supported in part by grants No. GM-16 736-03 and No. FR-05 
426-09 from the U.S. Department of Health, Education and Wel- 
fare, The author was a holder of a University of Texas predoctoral 
fellowship during the course of this investigation. 
N. PASTEUR and C. D. KASTRITSlS, Devl Biol. 26, 525 (1971). 
N. P AST~IJR and C. D. KASTRITSlS, Experientia 28, 215 (1972). 

4 L. H. THROCKMORTON, Univ. Texas Publ. 6205, 207 (1962). 
G. PASTEUR and C. D. KASTRITSlS, Can. J. Genet. Cytol. 13, 29 
(1971). 
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]glectropboretic pattern of unspecific proteins of Drosophila pallid@ennis. Hemolymph, fat body and whole-body eleetrophoretic pattern draw- 
ings represent a composite of the pattern obtained at the different developmental stages studied; the interrupted lines designate the protein 
hands showing variations during development. The numbers under the drawings for the salivary glands designate the different developmental 
stages: i, I25 h; 2, 160 h; 3, spiracle eversion (SE) ; 4, 4 h after SE ; 5, 20 h after SE. The slanted numbers on the left side of the drawings de- 
signate an arbitrary scale according to which the different protein bands have been designated. I ,  intensely stained; ~ ,  moderately stained 
and ~ ,  faintly stained protein bands. 
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g lands  is k n o w n  to  be  r ich  in m u c o p r o t e i n s  wh ich  are large 
molecules  genera l ly  u n a b l e  to  e n t e r  an  a c r y l a m i d e  gel of 
the  c o n c e n t r a t i o n  used here  (7%).  On t h e  o the r  h a n d ,  t h e  
glue also c o n t a i n s  p ro t e in s  of smal le r  sizeK T he  D. palli- 
dipennis p ro t e in  b a n d  86 as well  as t he  e q u i v a l e n t  D. 
pseudoobscura p ro t e in  b a n d  (band  55) p r o b a b l y  be long  to 
t h i s  ca tegory .  

The  p ro t e in  b a n d s  50 a n d  58 which  a p p e a r  a t  t he  160 h 
s tage  could be  u n d e r  ecdysone  control .  B u t  whi le  b a n d  58 
is specific of t h i s  s tage  a n d  m a y  h a v e  a f u n c t i o n  r e l a t ed  to  
glue secret ion,  b a n d  50 is also p r e s en t  a t  t he  20 h a f t e r  SE 
s tage and  m i g h t  be  r e l a t ed  to  m o l t i n g  (pupar ia l  m o l t  a t  
160 h and  p u p a l  m o l t  a r o u n d  20 h a f t e r  SE).  I d e n t i c a l  be- 
hav io r s  were obse rved  for none  of t he  D. pseudoobscura 
p ro t e in  bands .  

A v e r y  i n t e r e s t i ng  o b s e r v a t i o n  is t h a t  new p r o t e i n  b a n d s  
a p p e a r  a t  t he  20 h a f t e r  SE  stage,  i.e. a few hour s  before  
the  comple t e  h is to lys is  of the  s a l iva ry  glands.  2 p r o t e in  
b a n d s  were n e v e r  p r e sen t  before  th i s  stage,  i.e. b a n d s  76 
a n d  93. T h a t  2 comple t e ly  new p ro t e ins  also a p p e a r  a t  a n  
iden t ica l  d e v e l o p m e n t a l  s tage  in D. pseudoobscura sa l iva ry  
g lands  3,~, b a n d s  82' and  85", is s t r icking.  In  b o t h  cases 
these  2 b a n d s  were no t  de tec ted  in o t h e r  t issues ; t he re fo re  
t h e y  are  p r o b a b l y  t i ssue  specific. F u r t h e r  i n v e s t i g a t i o n  is 
u n d o u b t e d l y  needed  in o rder  to  d e t e r m i n e  w h e t h e r  these  
p ro t e in s  are syn thes i zed  de  novo  a t  th i s  s tage  or come  f rom 
p ro t e ins  of h i g h  molecu la r  we igh t  which  h a v e  been  par -  
t i a l ty  degraded .  Th i s  coutd  be  of p a r t i c u l a r  i m p o r t a n c  e for 
poss ib le  co r r e l a t i on  w i t h  puf f ing  p a t t e r n s ,  t he  s t u d y  of 
wh ich  has  shown  the  f o r m a t i o n  of new puffs  v e r y  la te  in  
t he  d e v e l o p m e n t  of t he  s a l iva ry  g lands  8, 9. 

The  s t u d y  of t h e  d e v e l o p m e n t M  p a t t e r n  of unspecif ic  
p ro t e in s  of t he  s a l iva ry  g lands  of Drosophila pallidzpennis 

has  t h u s  conf i rmed  severa l  obse rva t i ons  m a d e  w i t h  Dro- 
sophila pseudoobscura, i.e. t h e  d i s a p p e a r a n c e  of ce r t a in  
p ro t e in  c o m p o n e n t s  a t  t h e  t i m e  of spi racle  evers ion  a n d  
t h e  a p p e a r a n c e  of new such  c o m p o n e n t s  a few hour s  be-  
fore t h e  comple te  h is to loys is  of t he  s a l iva ry  glands.  These  
obse rva t ions  sugges t  t h a t  such  p h e n o m e n a  m a y  t a k e  place  
t h r o u g h o u t  t he  genus  Drosophila 10. 

Rdsumd. Les pro t6 ines  pr6sen tes  dans  les g landes  sali- 
va i res  de Drosophila pallidipennis on t  6t6 analys6es  grace  

une  t e c h n i q u e  de micro61ectrophor6se discMe. L e s  va-  
r i a t ions  observ4es  p e n d a n t  le d 6 v e l o p p e m e n t  de la l a rve  
e t  de la  j eune  p u p e  on t  6t6 compar6es  avec  celles de Dro- 
sophila pseudoobscura. I1 semble  que  ce r ta ines  v a r i a t i o n s  
so ien t  le r4su l ta t  de p h 6 n o m 6 n e s  c o m m u n s  ~ t o u t e s  les 
esp4ces du  genre  Drosophila. 
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Constant Oxygen Enhancement  Ratio During the Mitotic Cell Cycle in X-rayed Drosophila melano- 
gaster Embryos  

W i t h  a v a r i e t y  of cell types ,  a s t rong  s t a g e - d e p e n d e n t  
v a r i a t i o n  of t h e  r a d i o s e n s i t i v i t y  d u r i n g  mi tos i s  or meiosis  
is observed .  This  was  d e m o n s t r a t e d  b y  W0RGLER for t he  
mi to t i c  s tages  of t he  ea r ly  c leavage  d iv i s ions  in  Drosophila 
melanogaster (WORGLER, ULRICH a n d  SCHNEIDER-MIN- 
DER1). He used an  egg col lec t ion t e c h n i q u e  (WORGLER, 
ULRICI~ a n d  SPRING ~) wh ich  al lows t he  o b t a i n i n g  of 
samples  w i t h  a m p l e  n u m b e r s  of eggs w i t h i n  3 inin.  These  
s amp le s  were exposed  to X - r a y s  a t  va r ious  t imes  a f t e r  
col lect ion.  Fo r  convenience ,  t h e  ceils in samples ,  w h i c h  
are  older  t h a n  15 m i n  a n d  w h i c h  in  fac t  are  ea r ly  embryos ,  
are  st i l l  cal led 'eggs' .  

A cyclic v a r i a t i o n  of t h e  r a d i o s e n s i t i v i t y  w i t h  age (see 
also F igure  1) was  observed .  The  c r i t e r ion  used to  m easu re  
t he  r a d i o s e n s i t i v i t y  was t h e  p e r c e n t a g e  of e m b r y o n i c  
l e t h a l i t y  ( = n m n b e r  of eggs f rom w h i c h  no l a rvae  h a t c h e d /  
n u m b e r  of eggs i r rad ia ted) .  Cytological  ana lys i s  showed  
t h a t  t he  r ad io r e s i s t a n t  ceils are  in in t e r - /p ro -phase ,  
the  m o s t  sens i t ive  cells in  ana - / t e lophase .  R e c e n t l y  LEUT- 
I~OLD ~ i r r a d i a t e d  c leavage  s tages  o b t a i n e d  f rom s tocks  
w i t h  va r i ab l e  c h r o m o s o m e  number s .  He  found  t h a t  rad io-  
s ens i t i v i t y  is pos i t i ve ly  co r re l a t ed  w i t h  t he  a m o u n t  of 
c h r o m o s o m a l  m a t e r i a l  i r r a d i a t e d  pe r  c leavage  nucleus.  
Th i s  ind ica tes  t h a t  e m b r y o n i c  l e t h a l i t y  is t he  consequence  
of r a d i a t i o n - i n d u c e d  c h r o m o s o m e  lesions. MATTER 
p o s t u l a t e d  t h a t  p a r t  of t he  s t a g e - d e p e n d e n t  changes  in  
s ens i t i v i t y  resu l t s  f rom a v a r i a t i o n  in t he  c o n c e n t r a t i o n  of 
free S H  groups  w i t h i n  t he  chromosomes .  The  basis  of t he  
r e m a i n i n g  v a r i a t i o n  is n o t  ye t  clear.  

Fo r  some cell t ypes  i t  is k n o w n  t h a t  t he  oxygen  con- 
s u m p t i o n  changes  f rom s tage  to  s tage d u r i n g  t he  cell 
cycle (for r ev iew see MAZlAS). I t  was shown  b y  KIHLMAN G 
t h a t  ac t ive  r e sp i r a t ion  decreases  t he  oxygen  c o n c e n t r a t i o n  
w i t h i n  t he  cell nuc leus  c o m p a r e d  to t he  oxygen  concen t r a -  
t i on  p r e sen t  ou ts ide  t he  cell. S t a g e - d e p e n d e n t  v a r i a t i o n s  
in t he  r e s p i r a t o r y  a c t i v i t y  could the re fore  lead to  v a r i a b l e  
oxygen  c o n c e n t r a t i o n s  in  t he  r ad iosens i t i ve  s t r u c t u r e s  
d u r i n g  the  cell cycle. There fore  in  e x p e r i m e n t s  in  which  
exposu re  to  X - r a y s  is pe r fo rmed  in a n o r m M  ai r  env i ron -  
m e n t  a t  leas t  p a r t  of t he  s ens i t i v i t y  di f ferences  be tween  
s tages  m i g h t  resu l t  f rom v a r i a t i o n  in  t h e  oxygen  c o n t e n t  
w i t h i n  t h e  rad iosens i t ive  s t ruc tures .  Assuming  t h i s  hypo-  
thes is  to  be  t r ue  for Drosophila eggs, for wh ich  t h e  rad io-  
sens i t ive  s t r u c t u r e s  d u r i n g  c leavage  are chromosomes ,  we 
p red ic t  t h a t  t h e  r e l a t i ve  rad iosens i t iv i t i e s  of d i f fe ren t  
mi to t i c  s tages  shou ld  differ, d e p e n d i n g  on  w h e t h e r  rad ia -  
t ion  is g iven  u n d e r  oxic or anoxic  condi t ions .  Consequen t ly  
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