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An Electron Microscope Study of the Anal Organs 

I n  a p rev ious  s t u d y  GLOOR and  CH~i~I d e m o n s t r a t e d  
t he  occurrence  ot a pa i r  of ana l  o rgans  loca ted  v e n t r a l l y  a t  
t he  pos te r io r  end  of Drosophila larvae.  W h e n  t he  l a rvae  
were br ie f ly  i m m e r s e d  in a 0 .5% AgNO 8 so lu t ion  a n d  
sho r t l y  exposed to  l ight ,  two  s y m m e t r i c a l  d a r k - b r o w n  
colored p la tes  could be  observed,  due  to t he  depos i t ion  
of s i lver  granules  in  t he  cut ic le  a n d  t h e  h y p o d e r m a l  ceils. 
Otherwise  i t  is d i f f icul t  to  no t ice  these  p la t e s  because  of 
t h e i r  s imi la r  a p p e a r a n c e  as t he  s u r r o u n d i n g  b o d y  par t s .  
F r o m  the i r  phys io logica l  ana lyses  GLOOR a n d  CHE~ 
conc luded  t h a t  these  o rgans  abso rb  inorgan ic  ions such  as 
chlor ide  a n d  sod ium f rom the  h y p o t o n i c  media .  

The  ana l  o rgans  are  also of i n t e r e s t  in  v iew of t he i r  
possible  s ignif icance in t he  l e tha l  m u t a t i o n  l(3)tr. As 
po in t e d  b y  H A D O R N  ~ a n d  CHIgN a t he  eno rmous  accumu-  
l a t ion  of b o d y  fluid in  t he  m u t a n t  l a rvae  could causa l ly  
be r e l a t ed  to  a d i s t u r b a n c e  of the  o smoregu la to ry  mecha-  
nism.  I n  fact ,  t h e  osmot ic  c o n c e n t r a t i o n  of t he  h e m o l y m p h  
of ltr l a rvae  has  been  found  to be  on ly  a b o u t  5 0 - 6 0 %  of 
t h a t  of t he  wild t y p e  (BauGGER, unpub l i shed) .  For  th i s  
r eason  we carr ied  ou t  a de ta i l ed  s t u d y  of t he  f ine s t r u c t u r e  
of these  organs,  and  the i r  func t iona l -morpho log ica l  rela-  
t ionsh ips  be tween  t he  wi ld  t y p e  and  t he  l e tha l  homozy -  
gores were compared .  The  de ta i led  resu l t s  of th i s  s t u d y  
will  be  p u b l i s h e d  later .  

Drosophila melanogaster l a rvae  of b o t h  geno types  were 
raiged on  s t a n d a r d  m e d i u m  a t  25 ~ A t  t he  desi red s tage 

of Drosophila Larvae 

t h e  l a rvae  were i m m e r s e d  for 1 h in  e i the r  d is t i l led  w a t e r  
or h y p e r t o n i c  so lu t ions  c o n t a i n i n g  1.5 to  10% NaC1. 
An ima l s  r e m o v e d  d i rec t ly  f rom t h e  cu l tu re  m e d i u m  served  
as controls .  The  pos te r io r  t ip  of each  careful ly  washed  
l a rva  was cu t  in  a d rop  of f i xa t ive  c o n t a i n i n g  3.2% 
acrole in  an d  1.7% g l u t a r a l d e h y d e  in cacody la t e  buf fe r  
(0.5 M,  p H  7.2). Af te r  1 h a t  4~ t h e  piece was w a s h e d  
for 3-4  h in cacody la te  buffer  whose  osmot ic  c o n c e n t r a t i o n  
was ad ju s t ed  w i t h  a 10% sucrose solut ion.  Fo l lowing  this ,  
i t  was  pos t - f ixed  in buf fe red  1% OsO 4 for  2-3  h a t  r oom 
t e m p e r a t u r e ,  w a s h e d  aga in  for 5-6  h, d e h y d r a t e d  in 
g raded  a lcohol  series a n d  e m b e d d e d  in ara ld i te .  S e c t i o n s  
were cu t  w i t h  a P o r t e r - B l u m  m i c r o t o m e  a n d  m o u n t e d  
on c a r b o n - c o a t e d  copper  grids.  The  sect ions  were t h e n  
s t a ined  in s a t u r a t e d  70 % alcohol  so lu t ion  of u r a n y l  a ce t a t e  
an d  lead c i t ra te  (R~YNOLDS4). A H i t a c h i  HS-8  e lec t ron  
microscope was used for obse rva t ion .  

Fo r  s cann ing  e lec t ron  mic roscopy  whole  l a rvae  were 
f ixed on  a slide w i t h  scotch  tape,  i m m e d i a t e l y  f rozen in 
l iquid  n i t rogen  ( - -196~ and lyophi l ized  for 12 h.  

1 H. GLOOR and P. S. CHEN, Rev. suisse Zool. 57, 570 (1950). 
2 E. HADORN, Developmental Genetics and Lethal Factors (Methuen, 

London 1961). 
s p. S. CHEN, Biochemical Aspects in Insect Development (Karger, 

Basel 1971). 
4 E. S. REYNOLDS, J. Cell Biol. 77, 208 (i963). 

Fig. 1. Scanning electron micrograph (SEM) showing the posterior- 
ventral view of a symmetrical pair of anal organs of a 6-day-old ltr 
larva. • 640. 

Fig. 2. Porous appearance of the cutieular surface of the anal organ 
(SEM), • 
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S u b s e q u e n t  to  coa t ing  w i t h  gold these  were s tud ied  w i th  
a surface  scann ing  e lec t ron  microscope  (Cambr idge  Stereo-  
scan  $4). 

F igu re  I is a s c a n n i n g  e lec t ron  m i c r o g r a p h  of t h e  two  
s y m m e t r i c a l  ana l  o rgans  of a ful ly  g r o w n / t r - l a r v a  u n d e r  
n o r m a l  cu l tu re  condi t ion .  As can  be  seen, t h e  two organs  
nea r ly  c o n t a c t  each  o the r  pos te r io r  to  t h e  anus ,  b u t  are 
wide ly  s epa ra t ed  an t e r i o r  to  it. I n  t i le c en t r a l  p a r t  of 
e ach  o rgan  the re  is a t r a n s v e r s e  s l i t - l ike depression.  Our  
exper ience  showed t h a t  b o t h  o rgans  a p p e a r  d i s t i nc t l y  
e l eva t ed  in  a h y p o t o n i c  m e d i u m  (dist i l led water)  an d  
become  more  f l a t t e n e d  in a m e d i u m  of h i g h  sa l in i ty  
(5 .85-10% NaC1). Th i s  ind ica tes  t h a t  t he re  is an  increase  
of t he  surface  a rea  w i t h  an  increas ing  d e m a n d  of ions f rom 
the  e n v i r o n m e n t .  

U n d e r  h i g h  m a g n i f i c a t i o n  i t  h a s  been  found  t h a t  t h e  
cu t i cu la r  surface  of t he  ana l  organs,  in  c o n t r a s t  to  t h e  
s u r r o u n d i n g  cu t i cu la r  pa r t s ,  has  a porous  a p p e a r a n c e  
(Figure 2). However ,  our  de ta i led  ana lys i s  of t he  sect ions  
revea led  no  pore  f o r m a t i o n  in t he  ana l  o rgans  and  t h e i r  
porous  a p p e a r a n c e  is in  fac t  due  to  infold ings  of t h e  
epicuticle .  Such  an  a r r a n g e m e n t  obv ious ly  leads to  a 
f u r t h e r  increase  of t h e  surface  a rea  of t h e  ove r ly ing  
cut ic le  to  fac i l i t a te  ionic abso rp t ion .  

In  a g r e e m e n t  w i t h  t he  ear l ier  f ind ing  of GLOOR an d  
CHe~ 1, t he  p r e sen t  e lec t ron  microscopic  o b s e r v a t i o n  of 
t h i n  sect ions  (500 to  700 ~)  also showed  t h a t  in  t he  ana l  
o rgan  region t he  cut ic le  is t h i n n e r  and  t he  h y p o d e r m a l  
ceils are m u c h  larger  t h a n  those  in t he  r e m a i n i n g  b o d y  

Fig. 3. Transmission electron micrograph of a cross section of a 
hypodermal cell ill the anal organ of a mature wild-type larva. 
C, cutieula; PM, plasma membrane; M, mitontodria; V, vacuole. 
• 16,300. 

par t s .  E a c h  o rgan  is s epa ra t ed  f rom tile n e i g h b o u r i n g  
exoske le ton  b y  a cu t i cu l in  layer .  Sec t ions  f rom an ima l s  
b r ie f ly  t r e a t e d  w i t h  AgNOa so lu t ion  d e m o n s t r a t e d  t h a t  
t h e  s i lver  g ranules  were f i r s t  loca ted  in  t h e  epicut ic le  
an d  l a t e r  m o v e d  in to  t h e  endocut ic le .  

As i l l u s t r a t ed  in F igure  3, on  t h e  cu t i cu l a r  surface  t h e  
p l a s m a  m e m b r a n e  of t h e  h y p o d e r m a l  ceils forms n u m e r o u s  
folds wh ich  are o r i en ted  pe rpend icu l a r  to  t h e  cuticle.  
B e t w e e n  t h e  folds in t e r space  of v a r y i n g  sizes can  of ten  
be  observed.  I n  con t ras t ,  t i le  p l a s m a  m e m b r a n e  on the  
basa l  surface  appea r s  qui te  smoo th .  I n  t h e  c y t o p l a s m  of 
t h e  h y p o d e r m a l  ceils t he re  are numerous ,  r a n d o m l y  
d i s t r i b u t e d  m i t o c h o n d r i a .  U n d e r  n o r m a l  cond i t ion  these  
r a re ly  lie b e t w een  t h e  folds of t h e  p l a s m a  m e m b r a n e  
(see F igure  3). T h e  cells h a v e  a s ingle large, Usually ovoid  
nucleus.  F ree  r ibosomes  are a b u n d a n t ,  b u t  endop lasmic  
r e t i c u l u m  is sparse.  Vacuoles  occur  more  f r e q u e n t l y  in  t h e  
cy top l a smic  region nea r  t h e  ap ica l  folds, f rom which  t h e y  
seem to be  cons t r ic ted .  These  organel les  also a p p e a r  
s ca t t e r ed  in t h e  cen t r a l  a n d  basa l  region of t h e  cell. Mi- 
c ro tubu les  w h i c h  r u n  t h r o u g h o u t  t h e  c y t o p l a s m  show 
of ten  d i rec t  connec t ions  to  sma l l  r o u n d e d  vacuoles.  T h e  
l a t t e r  a re  also v is ib le  b e t w e e n  t h e  infold ings  of t h e  p l a s m a  
m e m b r a n e  on t h e  cu t i cu la r  surface.  Lysomes  a re  ra re  a n d  
h a v e  occas ional ly  myel in - l ike  inclusions.  Glycogen h a s  
been  ident i f ied  bu t ,  pecu l ia r  enough,  Golgi  ma te r i a l  is 
v e r y  r a re ly  not iced.  

Of special  in t e res t  is t h e  p r o f o u n d  a l t e r a t i o n  in t h e  f ine 
s t r u c t u r e  of h y p o d e r m a l  cells b y  expos ing  t h e  l a rvae  to  
solut ions  of d i f fe ren t  sal ini t ies .  I l l  a h y p o t o n i c  m e d i u m  
(dist i l led water )  t h e  folds of t h e  p l a s m a  m e m b r a n e  on  t h e  
cu t i cu la r  surface become  inc reased  a n d  p e n e t r a t e  more  
deep ly  in to  t i le cell. Tile n u m b e r  of m i t o c h o n d r i a  is also 
increased a n d  m a n y  of t h e m  are  loca ted  b e t w een  t h e  
ap ica l  folds, whereas  th i s  h a s  r a re ly  been  seen in l a rvae  
r e m o v e d  d i rec t ly  f rom t h e  cu l tu re  m e d i u m  (Figure  3). 

A n  en t i r e ly  oppos i te  p i c tu re  was found  in a n i m a l s  
t r e a t e d  for 1 h in  a h y p e r t o n i c  so lu t ion  con ta in ing  1.5% 
NaC1. The  folds of t h e  p l a s m a  m e m b r a n e  become  sho r t e r  
a n d  fewer in  n u m b e r  a n d  a s sume  a n  i r regu la r  a r range-  
men t .  B y  increas ing  t h e  sa l in i ty  to  5 .85% t h e  folds can  
nea r ly  be  no  more  recognized.  T h e  m i t o c h o n d r i a  are 
g rea t ly  reduced  an d  none  is v i s ib le  b e t w e e n  t h e  folds. 
M a n y  of these  a p p e a r  even  vacuol ized.  Vacuoles  of 
he t e rogeneous  sizes w i t h  va r ious  inclus ions ,  inc lud ing  
vesicles 0.05-0.1 ~ m  in d iamete r ,  become  increas ing ly  
numerous .  F u r t h e r m o r e ,  mu l t i~es i cu la r  bod ies ,  un iden-  
t i f ied  e lec t ron  dens i ty  a n d  l ame l l a t e  s t ruc tu res  h a v e  been  
observed.  

I n  general ,  ou r  resul t s  d e m o n s t r a t e  t h a t  t h e  u l t r a s t ruc -  
tu re  of t h e  ana l  organs  in Drosophila l a rvae  bears  a g rea t  
s imi l a r i t y  to  t h a t  of t h e  ana l  pap i l lae  in  t h e  mosqu i to  
l a rvae  ~, 6. T h e  ion u p t a k e  process  t h r o u g h  t h e  ana l  organs  
can  obv ious ly  be  effected b y  v a r y i n g  t h e  surface area  of 
t h e  p l a s m a  m e m b r a n e  on  t h e  cu t i cu la r  surface  of t h e  
h y p o d e r m a l  cells. T h e  m a r k e d  increase  ill t h e  n u m b e r  of 
m i t o c h o n d r i a  as well  as t h e  m i g r a t i o n  of these  organel les  
in to  t h e  in t e r space  b e t w e e n  t h e  folds are also in agree- 
m e n t  w i t h  t h e  v iew t h a t  t h e  ionic a b s o r p t i o n  m u s t  be a n  
en e rg y -co n s u mi n g  process.  

C o n t r a r y  to  our  expec ta t ion ,  we h a v e  so far  found  no  
de tec t ab le  dif ference in t h e  f ine s t r u c t u r e  of t h e  ana l  
organs  b e t w een  t h e  wild t y p e  a n d  t h e  ltr la rvae .  I f  o smot ic  
r egu la t ion  is rea l ly  i nvohred  in t h e  t e tha l  m u t a t i o n ,  t h e  
effect  m u s t  occur  a t  some o the r  levels.  A more  de ta i l ed  
analys is  of t h e  func t iona l  aspec t  of t he se  organs  would  
p rove  to  be  prof i tab le .  

5 ]~. COPELAND, J. Cell Biol. 23, 253 (1964). 
6 1~. S. SOHAL and E. COPELAND, J .  Insect  Physiol. 72, 429 (1966). 
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Zusammen/assung. E l e k t r o n e n m i k r o s k o p i s c h e  U n t e r -  
s u c h u n g e n  des A n a l o r g a n s  bet  D r o s o p h i l a l a r v e n  zeigten,  
dass  die cu t i cu la re  OberflS.che dieses Organs  d u r c h  E in -  
s t i i l pungen  der  E p i c u t i c u l a  ve rgr6sse r t  wird.  Die a n  die 
Cut icula  a n g r e n z e n d e  P l a s m a m e m b r a n  der  H y p o d e r m i s -  
zellen b i lde t  zah l re iche  F a l t u n g e n .  Je  n a c h  der  Sa l in i t~ t  
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A c c u m u l a t i o n  of R i b o n u c l e o p r o t e i n  S t r u c t u r e s  in C h r o n i c a l l y  V i r u s - I n f e c t e d  Cells  

A line of H E p 2  cells chron ica l ly  in fec ted  w i t h  t ick-  
b o r n e  encepha l i t i s  ( the s t r a i n  Sofyin) has  been  o b t a i n e d  
w h i c h  was des igna ted  H E p 2 - S o t  1. Th i s  cu l tu re  is charac-  
t e r i zed  b y  a r e t a r d e d  cell g rowth ,  t he  res i s t ance  to  super-  
in fec t ion  a n d  t h e  release in to  t h e  m e d i u m  of infec t ious  
m a t e r i a l  in  a low c o n c e n t r a t i o n  s. W e  descr ibe  in  t h i s  
p a p e r  v i rus-speci f ic  s t r u c t u r e s  revea led  in t h i s  sys tem.  

E x p e r i m e n t s  were c o n d u c t e d  w i t h  t he  H E p 2 - S o I  cell 
line, w h i c h  w i t h i n  13 years ,  ha s  u n d e r g o n e  about .  400 
passages.  In 5 to  7 days  a f t e r  r e i m p l a n t a t i o n  in to  m e d i u m  
199 w i t h  10% b o v i n e  serum,  a m o n o l a y e r  was formed,  
wh ich  was used for t h e  s tudy .  A c t o n o m y c i n  D (5 ~g/ml)  
was  a d d e d  for i n h i b i t i o n  of t he  syn thes i s  of cel lular  R N A  : 
in  t he  con t ro l  non - in fec t ed  H E p 2  cul ture ,  t h e  R N A  
syn thes i s  was  i n h i b i t e d  to  97 - 99%.  Newly  syn thes i zed  
v i r a l  IRNA in t he  H E p  2-Sof cells was label led  b y  in t roduc -  
t i on  of ~t-I u r id ine  (5 LzCi/ml, specific a c t i v i t y  1.5 Ci /mmole) ,  
2 h a f t e r  t h e  an t ib io t i c s  h a d  been  added,  for 5 to  6 h. A t  
t he  end  of th i s  pe r iod  t he  cu l tu re  was r ap i d l y  chi l led and  
w a s h e d  w i t h  t h e  cold H a n k s '  solut ion.  T he  cells were 
col lected m e c h a n i c a l l y  in to  S T E  buffer  (Tris t tC1 0 . 0 1 M  
p H  7.4, NaC1 0.1M, E D T A  0.001M),  w a s h e d  in a cen t r i -  
fuge  (1200 x g, 10 rain),  r e suspended  in R S B  (Tris HC1 
0 . 0 1 M  p H  7.4, NaC1 0 .01M,  MgC12 0 .0015M),  t h e  cells 
were d i s r u p t e d  in a Dounce  homogenizer ,  t h e  nuclei  were 
r e m o v e d  b y  c e n t r i f u g a t i o n  (1200 •  10 min)  a n d  cell 
h o m o g e n a t e s  t h u s  o b t a i n e d  were s tudied .  

F igure  1 p re sen t s  s e d i m e n t o g r a m s  of virus-specif ic  
s t r u c t u r e s  r evea led  in sucrose dens i t y  g rad ien ts .  I t  is seen 
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Fig. 1. Sedilnentigrams of homogenates of HEp2-Sof cells after 
centrifugation in sucrose density gradients 15/60 % in a rotor SW 27.1 
of a Spinco L3 centrifuge at 22,500 rpm for i h 45 min. Conditions of 
the experiment are described in the text. A) non-treated cell homo- 
genate; B) treated with 0.5% NP40 and 0.03M EDTA. The position 
of the marker peak of p3s Sendai virus labelted ribonucleoprotein is 
shown by arrows. 

t h a t  these  s t ruc tu re s  s e d i m e n t  w i t h  t he  f r ac t ion  of mi to -  
c h o n d r i a  and  m e m b r a n e s  a n d  are s epa ra t ed  f rom t h e m  b y  
t he  t r e a t m e n t  of t he  cell h o m o g e n a t e s  w i t h  a non- ionic  
d e t e r g e n t  (NP40'), be ing  non- sens i t i ve  to  t he  E D T A  
t r e a t m e n t .  There fore  these  s t r u c t u r e s  are t r ue  r ibo-  
nuc leopro te ins ,  b u t  no t  po lyr ibosomes .  Two types  of 
r i bonuc leopro te ins  are revea led  accord ing  to  t h e i r  sedi- 
m e n t a t i o n  proper t ies ,  h a v i n g  t he  s e d i m e n t a t i o n  coeffi- 
c ients  180 S and  140 S. I t  is wor thwh i l e  to  no te  t h a i  Senda i  
v i rus  r ibonuc leopro te in ,  l abe l led  w i t h  pa~, was  used as a 
marke r ,  whose  s e d i m e n t a t i o n  coeff ic ient  is k n o w n  to  be  
210S a. I n  t h e  g iven  cond i t ions  of cen t r i fuga t ion ,  t h e  
f r ac t ion  of m i t o c h o n d r i a  a n d  m e m b r a n e s  occupies  a n  
equ i l i b r ium pos i t ion  t h a t  cor responds  to  f r ac t ion  w i t h  t h e  
dens i ty  1.18 g/ml,  i.e. 50% sucrose, whi le  t h e  s t r u c t u r e s  
w i t h  t he  dens i t y  more  t h a n  1.24 g /ml  (60% sucrose) 
s e d i m e n t  a n d  do no t  occupy  t h e  equ i l ib r ium posi t ion.  

To d e t e r m i n e  t h e  b u o y a n t  dens i t y  of r i b o n u e l e o p r o t e i n  
s t ruc tures ,  b o t h  peaks  w i t h  t h e  s e d i m e n t a t i o n  coeff icients  
180 and  140 S were collected,  f ixed in 8% f o r m a l d e h y d e  
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Fig. 2. Density distribution of ribonucleoproteins after equilibrium 
centrifugation in Caesium chloride density gradients in a SW50 rotor 
of a Spinco L3 centrifuge at 45,000 rpm for 3 h. A) sucrose gradient 
fractions that contain 180S ribonucleoprotein; B) sucrose gradient 
fractions that contain 140 S ribonucleoprotein. 
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