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Heterogeneous Ultrastructure o f  t h e  Granules of 

R e l a t i v e l y  few p a p e r s  conce rn ing  t h e  u l t r a s t r u c t u r a l  
s tud ies  of c y t o p l a s m i c  mucop ro t e i c  g ranu les  of s a l i va ry  
g l and  cells in  l a r v a  of Drosophila h a v e  b e e n  pub l i shed .  
T h e y  r e p o r t  d i f fe r ing  appea rances .  GAY 1 d e m o n s t r a t e d  
t h e  secre t ion  of t he  g ranu les  in  a reas  de l im i t ed  b y  con-  
cen t r i c  p l a t e s  of endop l a smic  r e t i cu lum.  SWIFT * obse rved  
t h a t  some granu les  are  c o n t a i n e d  in  p a r t  b y  a f l a t  shee t  
of a Golgi  type .  N e i t h e r  GAY n o r  SWIFT discussed  t h e  
s t r u c t u r e  of t h e  granule .  I t  was  f o u n d  in  Drosophila 
hydeiS, 4 t h a t  in  t he  d i s t a l  reg ion  of t h e  g l a n d  some 
granu les  show ' pe r iphe ra l  hol lows '  t h a t ,  w h e n  seen w i t h  
a m e m b r a n e ,  f o rm  a vacuole ,  whi le  o the r s  show g r a n u l a r  
s t ruc tu re ,  a t t r i b u t e d  b y  t h e  a u t h o r  to  t h e  a c c u m u l a t i o n  
of sma l l  granules .  RITZKI 6 in Drosophila rnelanogaster 
found  t h a t  t h e  g ranu les  are  de l im i t ed  b y  a m e m b r a n e  
a n d  h a v e  a f ib r i l l a ry  s t ruc tu re .  Th i s  p a p e r  r epo r t s  t h e  
f i nd ing  t h a t  these  g ranu les  h a v e  a h e t e r o g e n e o u s  u l t r a -  
s t r u c t u r e  n o t  p rev ious ly  descr ibed.  

Methods. S a l i v a r y  g l ands  in  t h e  second  ha l f  of t h i r d  
i n s t a r  l a r v a  of wi ld  t y p e  Drosophila melanogaster were  
e x t r a c t e d  in  Mil lonig buf fe r  a n d  f ixed in  2 .5% g lu ta ra l -  
d e h y d e  in Mil lonig buf fe r  for  24 h. Af te r  w a s h i n g  in 
dis t i l led  w a t e r  for  30 m i n  t h e y  were  s t a i n e d  w i t h  a m -  
m o n i a c a l  s i lver  c a r b o n a t e  for  30 min ,  w a s h e d  a g a i n  a n d  
p u t  in  1% f o r m a l d e h y d e  for 30 m i n  6. T h e y  were  d e h y -  
d r a t e d  a n d  e m b e d d e d  in  Epon .  The  S iemens  E l m i s k o p  
I A  e lec t ron  mic roscope  was  used.  

Results. T h e  m u c o p r o t e i n  g ranu les  a re  he t e rogeneous  
(Figures  1 a n d  3). Th i s  morpho log ica l  h e t e r o g e n e i t y  
cor re la tes  w i t h  t h e  d i f fe ren t  d i spos i t ion  of t h e  m e t a l  of 
t h e  s ta in .  Two  t y p e s  of a reas  a re  seen, a r b i t r a r e l y  cal led 
a rea  I a n d  a rea  I I .  I n  a rea  I (Figure  1) t h e  s i lver  is seen 
on  a f i l a m e n t o u s  s t ruc tu re ,  f o rming  sma l l  a n d  m e d i u m  
sized gra ins  w h i c h  are  usua l ly  massed  t o g e t h e r  f o r m i n g  

Drosophila Salivary Glands 

dense  a c c u m u l a t i o n s  (large size grains) .  I n  a rea  I I  
(Figures  1 a n d  4) s i lver  g ra ins  are  c lear ly  seen w h e n  
mag n i f i c a t i o n s  of × 15,000 or g r ea t e r  are  used ;  t h e  m e t a l  
is t h e n  seen as f ine g ra ins  w h i c h  a p p e a r  to  be  jo ined  to  
a s t r u c t u r e  a p p a r e n t l y  a r r a n g e d  in li~aear fashion .  F u r t h e r -  
more ,  t h e  e lec t ron ic  d e n s i t y  of t h e  s u b s t r a t e  of a rea  I I  
is d i f f e ren t  f rom t h a t  of t h e  s u b s t r a t e  of a rea  I (F igure  4). 
T h e  r a t i o  of t h e  2 areas  a n d  t h e i r  d i spos i t ion  al low us  
to  speak  of 2 k inds  of sec re to ry  granules .  I n  t h e  f i r s t  
k ind ,  R g ranu le  (Figure  3), a rea  I c o n t a i n s  islets  of a rea  I I .  
These  sma l l  islets  are  se ldom marg ina l ,  t h e y  are  fre- 
q u e n t l y  s e p a r a t e d  f rom t h e  a rea  I b y  a space  of less 
e lec t ron ic  dens i ty .  

I n  t h e  second k i n d  of sec re to ry  granules ,  S g ranu le  
(Figure  1), t h e  a rea  I I  regions  are  l a rger  a n d  fewer  in  
n u m b e r  t h a n  in t h e  p r ev ious  k i n d  of granules .  T h e y  are  
u sua l ly  m a r g i n a l  (F igures  1 a n d  3). T h e  n u m b e r  of t he se  
a reas  pe r  g ranu le  is sma l l  a n d  one  f r e q u e n t l y  f inds  
g ranu les  w i t h  on ly  1 or  2 of t he se  areas.  I n  some granu les  
t h e  a rea  I I  was  seen to  cross f rom one  b o r d e r  to  t h e  
o t h e r  (Figure  1). 

One  f r e q u e n t l y  obse rves  g ranu les  in  d i f f e ren t  s t ages  of 
d i s i n t e g r a t i o n  n e a r  t h e  l u m e n  (Figure  2). T h e  l u m e n  
seems to  be  occupied  b y  t h e  s ame  t y p e  of m a t e r i a l  t h a t  
fo rms  t h e  g ranu les  (Figure  2). 
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Fig. 1. In the center S granule, there are 2 marginal areas II (II). In the upper left portion of the photo, another S granule shows 
the area II crossing from one border to the other. × 19,000. 
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Discussion. While  the  appea rance  of t he  granules  
shown  by  BERENDES ~' t differs  f rom ours, t he  ' pe r iphera l  
hol lows '  or 'vacuoles '  could r ep re sen t  our  area  II .  In  t h e  
p ic tu re  of  RITZKI ~ the re  is a more  e lec t ron  dense  area  
t h a t  t h e  a u t h o r  does n o t  discuss,  t h a t  also resembles  
t he  a rea  II .  We  a t t r i b u t e  the  c la r i ty  of our  images  to  
t he  f ixer  used and  to  t he  use of silver in alkal ine solution,  
which,  w i t h o u t  o the r  s ta ins  used for con t ras t ,  al lows one 

to  observe  subcel lular  regions wi th  less ar tefacts .  The  
d i f fe ren t  d ispos i t ion  of t h e  si lver  - small ,  m e d i u m  and  
large size gra ins  - is i n t e rp re t ed  as a consequence  of 
regional  spi r i l iza t ion of t he  subs t ra te .  The  R and  S 
granules  could be d i f fe ren t  in origin or could r ep resen t  
d i f fe rent  sec t ions  of t he  same t y p e  of granules.  

The  chemical  n a t u r e  of the  granules  (high c o n t e n t  of 
lysine and  arg in ine  and  no t r y p t o p h a n e  ~) po in t s  to a 

Fig. 2. Arrows point to disintegrating granules near the lumert {L). 
× 13,000. 
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Fig. 4. Area I (I) and area II (II) of an S granule. Note the different 
electron density between the substrate of both areas. Area II shows 
the fine silver grains in a definite linear order with both straight 
and curved variants. Area I acts as a control for area IL x 40,000. 

compos i t ion  s imi lar  to  t he  basic prote ins .  HORN and  
WARD 8 sugges t  t h a t  the re  are histories in t he  c y t o p l a s m  
of these  ceils because  of t he  s t rong ly  pos i t ive  alkal ine 
fas t -green  a n d  Sakaguch i  react ions .  BLACK et  al. 9,1° 
have  p roved  t h a t  t he  f o r m a l d e h y d e - a m m o n i a c a l  si lver-  
f o r m a l d e h y d e  t e c h n i q u e  s ta ins  h i s tones  a t  opt ical  level. 
F r o m  t h e  p rev ious  w o r k  ju s t  d iscussed and  our  p r e s en t  
f indings,  i t  is no t  illogical t o  infer  t h a t  t h e  si lver  seen 
in t h e  granules  is, in p a r t  if no t  exclusively,  a t t a c h e d  to  
t he  basic p ro te ins  n-13. 

Resumen. Apl icando  la tecn ica  de g lu tara ldehido-  
c a r b o n a t o  de p l a t a  amoniaca l - fo rmaldeh ido ,  se ha  demos-  
t r ado  la he t e rogenea  u l t r ae s t ruc tu ra  de los granulos  
c i top lasmat i cos  en las celulas de la g landula  salival  de 
la rvas  de Drosophila melanogaster. Los granulos  con t ienen  
dos  areas  que  dif ieren en dens idad  e lect ronica  y en la 
d isposic ion del me ta l  del  co loran te  usado.  Se sugiere la 
pos ib i l idad  que  la p l a t a  se une  a las p ro te inas  basicas.  
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Fig. 3. 2 R granules (R) and 1 S granule (S). × 13,000. 
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