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u n d e r  phase  c o n t r a s t  microscope.  I n  t he  con t ro l  cu l tu res  
t he  m e d i u m  was s u b s t i t u t e d  w i t h  2 ml  of H a n k s  B S S  a t  
t he  same t e m p e r a t u r e  and  p H  b u t  w i t h o u t  d i p h t h e r i a  
toxin .  

Results. T h e  lower d i p h t h e r i a  t o x i n  c o n c e n t r a t i o n s  (0.6 
Lf /ml)  were u n a b l e  to  p roduce  a n y  effect  on  t he  cells. 

The  cells t r e a t e d  for 15 m i n  w i t h  1.2 L f /ml  t o x i n  con- 
c e n t r a t i o n  show a m i t o c h o n d r i a l  ' t h i c k e n i n g '  (Figure 2). 
The  mi tochondr i a ,  on  t he  o t h e r  h a n d ,  do n o t  show a n y  
difference of op t ica l  d e n s i t y  in  t he i r  s t ruc tu re .  W i t h  th i s  

Fig. 2. A chicken embryo heart cell 15 min after the inoculum with 
diphtheria toxin (1.2 Lf/ml). Note the 'thickened' mitoehondria (sm). 

Phase contrast microscope. • 1000. 

t ox in  concen t r a t i on ,  t h e  f i rs t  genera l ized  cel lular  i n j u r y  
develops  on ly  a f t e r  120 mi n  a f t e r  t o x i n  i nocu lum as a 
v a c u o l a r  degenera t ion .  T h e  h ighe r  c o n c e n t r a t i o n s  of tox in  
(6.0 a n d  12.0) h a v e  a s imi lar  ac t ion  b u t  t h e i r  swell ing 
effect  is more  ev iden t ,  w i t h  c lear  differences  in  op t ica l  
d en s i t y  of swollen mi tochondr i a .  Owing to these  dilu- 
t ions ,  t h e  ' t h i c k e n i n g '  a n d  swell ing effect  is a l r e ad y  com- 
p le ted  15 mi n  a f t e r  t o x i n  inoculum.  F u r t h e r  o b s e r v a t i o n s  
(30, 60, an d  120 rain) do no t  show a n  increas ing  swell ing 
effect. 

Discussion. T h e  ear l ie r  effect  of d i p h t h e r i a  t o x i n  on  
ch icken  e m b r y o  h e a r t  cells cu l tu red  in v i t ro  is a mi to-  
chondr i a l  swelling. I t  is comple te  15 m i n  a f t e r  tox in  
i nocu lum:  th i s  effect  is n e v e r  c o m m o n  e i the r  to  all  cells 
or to  all  m i t o c h o n d r i a  of the  same  cell. T h e  swelling, once 
ev ident ,  does n o t  deve lop  a n y  f u r t h e r  w i t h  t ime :  i t  is t he  
same,  for  each  t o x i n  concen t r a t i on ,  a t  15 rain  as a t  2 h. 
The  m i t o c h o n d r i a l  swell ing is, w i t h i n  cer ta in  l imits,  sensi- 
t i ve  to  t o x i n  c o n c e n t r a t i o n s :  i t  is h i g h es t  for 6.0 an d  12.0 
L f /ml  t o x i n  concen t r a t i ons ,  w i t h o u t  differences b e t w een  
these  condi t ions .  The  c y t o p a t h i c  effect, wh ich  appea r s  
a f te r  1 h w i t h  h ighe r  t o x i n  concen t ra t ions ,  is c o m p a r a b l e  
to  t h a t  o b t a i n e d  b y  o t h e r  a u t h o r s  a in  t h e  H e L a  cells 
s t ra in .  

The  m i t o c h o n d r i a l  swell ing can  be  r e l a t ed  to a me ta -  
bolic lesion. Th i s  p h e n o m e n o n  is now u n d e r  s t u d y  f rom 
t h e  morpho log ica l  a n d  b iochemica l  v iewpoin t .  

Riassunto. L ' a u t o r e  h a  preso in  cons ideraz ione  l ' e f fe t to  
della tos s ina  d i f te r ica  in  var ie  concen t r az ion i  sulle cellule 
di cuore  di e m b r i o n e  di  pollo co l t iva te  in  vi t ro.  L ' e f fe t to  
sa l ien te  consis te  in  u n  effe t to  r igonf ian te ,  assai  precoce, 
sui mi tocondr i .  Ogni  a l t ro  effe t to  c i topa t ico  ~ p ih  t a rd ivo .  
L ' a u t o r e  p r o s p e t t a  l ' ipo tes i  che il r i gon f i amen to  mi to-  
condr ia le  sia cor re la to  a lesione b ioch imica  del  m e t a b o -  
l ismo energet ico.  
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Fig. 3. A chicken embryo heart cell 30 min after inoculum with diph- 
theria toxin (6.0 Lf/ml). The swollen mitochondria (with clear dif- 
ferences in their optical density) are evident (sm, swollen mito- 

chondria). Phase contrast microscope, x 1000. 
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Histochemical  Studies of Nucleolus and 
Nucleolar Extrusions in Insect Oogenesis  

Nucleo la r  ex t rus ions  in t he  c y t o p l a s m  h a v e  now been  
obse rved  in  d i f fe ren t  t y p e s  of cells of wide ly  d i f fe ren t  
g roups  of an imals ,  p a r t i c u l a r l y  in  oogenesis,  a n d  m o s t l y  
w i t h  l igh t  mic roscopy  l& R e c e n t  e l ec t ron  microscope 
s tud ies  ill oogenesisl  c o m b i n e d  w i t h  cy tochemica l  s tud ies  
of oocyte  organel les  w i t h  l igh t  microscopy,  h a v e  also m a d e  
Valuable  c o n t r i b u t i o n s  to  our  u n d e r s t a n d i n g  of the  f ine 
s t r u c t u r e  a n d  t he  chemica l  compos i t i on  of t he  emissions,  
a n d  t h e i r  role in  yo lk  format ion3 ,  4. 

Indeed ,  s t u d e n t s  of e lec t ron  mic roscopy  h a v e  shown  
the  a c t u a l  p a t h w a y s  in t he  nuc lea r  m e m b r a n e  t h r o u g h  

which  m u t u a l  exchange  of m a t e r i a l  t akes  place b e t w een  the  
nuc leus  an d  t h e  c y t o p l a s m  (see rev iew b y  WISCHNITZER 5). 

W i t h  t h e  discover ies  of CASPERSSON 6 an d  BRACHET ~, 
b y  two en t i r e ly  d i f fe ren t  t echn iques ,  t h a t  t h e  nucleolus  
is the  s i te  of R N A  in d i f fe ren t  t ypes  of cells an d  t h a t  R N A  

i C. P. RAVEN, Oogenesis: the Storage o] Developmental In]ormation 
(Pergamon Press, London 1961). 
V. NATH, Proc. Camb. Phil. Soc. biol. Sei. 7, 148 (1924). 
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plays  a n  i m p o r t a n t  p a r t  in p ro t e in  syn thes i s ,  t he  nucleo-  
lus and  the  nuc leo la r  emiss ions  h a v e  ga ined  cons iderab le  
impor t ance .  The  p r e s en t  s t u d y  covers  t he  h i s t ochemica l  
s tud ies  of nucleolus  a n d  nuc leo la r  ex t rus ions  in t he  egg 
cells of Periplaneta americana, A cheta domesticus, Locusta 
migratoria, Chrotogonus sp. and  Dysdercus cingulatus. The  
o v a r y  of t he  f i rs t  four  species is of t he  pano i s t i c  type ,  
while  t h a t  of t h e  las t  is of t he  t e lo t roph ic  type .  M e t h y l  
g r e e n / p y r o n i n  G t e c h n i q u e  8 was emp loyed  for R N A  
de tec t ion ;  a n d  S u d a n  b l ack  ace tone  9 a n d  b r o m p h e n o l  
b lue  1~ t echn iques  were employed  for b o u n d  l ipids  a n d  
p ro t e ins  respect ive ly .  

I0#  

Fig. 1. L.S. of oocyte of Dysdercus cingulatus, showing nucleoli in the 
nucleus and nucleolar extrusions in ooplasm by Methyl green py- 

ronin G technique. 

Fig. 2. T.S. of oocyte of Locusta migratoria, showing perinuclear ring 
of nucleolar extrusions by acetone Sudan black technique. 

I n  Periplaneta americana 11,1~ a n d  Dysdercus cingu- 
latus13 t he  ea r ly  oocyte  con t a in s  a big r o u n d e d  nucleolus  
in  t he  nuc leus  w i t h  v e r y  l i t t le  cy top lasm.  D u r i n g  pro-  
phase  t he  single nucleolus  d iv ides  in to  s econda ry  nucleol i  
a n d  t h e n  t e r t i a r y  nucleoli ,  t h e  l a t t e r  come ou t  in  t he  
oop lasm t h r o u g h  t he  nuc lea r  m e m b r a n e .  The  nuc leo la r  
ex t rus ions  are p r e sen t  t h r o u g h o u t  t he  nuc l eop la sm a n d  
ooplasm in ea r ly  oocytes  (Figure 1), l a t e r  t h e y  m o v e  to  
t he  p e r i p h e r y  of t he  ooplasm.  The  nucleolus  a n d  nuc leo la r  
ex t rus ions  in ea r ly  oocytes  are s t rong ly  pos i t ive  for  pro-  
te ins  a n d  R N A ,  b u t  do n o t  c o n t a i n  b o u n d  lipids.  L a t e r  on  
in t i le g r o w t h  phase ,  b o u n d  l ipids also deve lop  ill t h e  
nucleolus  a n d  nuc leo la r  ex t rus ions .  I n  P. americana a n d  
L. migratoria t h e  nucleolus  in  ea r ly  s tages  is h o m o g e n e o u s  
b u t  l a t e r  becomes  vacuo la t ed ,  whi le  in  D. cingulatus and  
Chrotogonus sp. i t  s t a ins  un i formly .  

I n  t he  o t h e r  t h r ee  species, viz. Acheta domesticus, 
Chrotogonus sp. and  Locusta migratoria, a pe r inuc l ea r  r ing  
of fine nuc leo la r  ex t ru s ions  is fo rmed  (Figure  2). The  
nucleolus  and  t he  f ine g ranu les  of the  pe r inuc lea r  r ing  are 
pos i t ive  for RNA,  pro te ins ,  and  b o u n d  lipids. 

The  nuc leop la sm in t he  an ima l s  s tud ied  is m o d e r a t e l y  
pos i t ive  for pro te ins .  I n  P. americana and  D. cingulatus 
(Figure 1), t he  nucIeopIasm reac ts  n e g a t i v e l y  for  R N A  
and  b o u n d  l ipids while  in  the  r e m a i n i n g  th r ee  species, 
viz. A. domesticus, L. migratoria (Figure  2), a n d  Chroto- 
gonus, t h e  nuc leop la sm is pos i t ive  for R N A  a n d  b o u n d  
lipids. The  ooplasm reac t s  pos i t ive ly  for p ro t e in s  in  al l  t h e  
five species, b u t  n e g a t i v e l y  for b o u n d  l ipids excep t  in  
Chrotogonus sp. The  c o n t e n t s  of the  oop lasm in ea r ly  
s tages  of all  t h e  five species are r ich  in RNA,  excep t  in  
P. americana in which  R N A  develops  later .  D u r i n g  vi te l -  
logenesis t he  R N A  c o n t e n t  of t he  nuc leo la r  ex t ru s ions  
decreases.  

There  is c lear  ev idence  t h a t  messenger  R N A  comes  ou t  
f rom the  nuc leus  to  the  c y t o p l a s m  in the  form of nuc leo la r  
ex t rus ions  14. The  ex t rus ions  m a y  be in the  fo rm of big 
granules  as in  Periplaneta and  Dysdercus (cf. Lithobius ~ 
and  Saccocirrus15), or v e r y  fine granules  as in  Acheta 
and  Chrotogonus (cf. Crayf i sh  a, Palaemon and  Paratel- 
phusal~). In  A. domesticus and  Chrotogonus sp. the  nucleo-  
lar  ex t rus ions  of the  pe r inuc lea r  r ing  do no t  m ig ra t e  in to  
the  genera l  oop lasm b u t  j u s t  d i s appea r  in s i tu ;  n e v e r t h e -  
less, t he  genera l  ooplasm is s t rong ly  py ron inoph i l .  

Zusammen/assung. K e r n a u s s t o s s u n g e n  in der  Oozyte  
v o n  Periplaneta americana, Dysdercus cingulatus u n d  
Locusta migratoria s ind grobkOrnig,  w ~ h r e n d  sic in  A cheta 
domesticus u n d  Chrotogonus sp. besonde r s  rein sind.  K e r n  
u n d  K e r n a u s s t o s s u n g e n  erweisen sich ftir RNS,  P r o t e i n e  
u n d  L ipopro t e ine  posi t iv .  
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