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Table I. Nucleolar volumes in replicating and nonreplicating hepa- 
tocyte nuclei of growing untreated rats 

Labeled nuclei (%) Volume of mmlei (bml a) per nucleus 
Unlabeled Labeled 

1.6 4.3 -L 0.78 7.0 ~ 1.0 
2.0 4.3 ~: 0.84 6.7 ~: 0.78 

Each of 2 rats (55 g) was given 100 [xCi of 3H-thymidine in the tail 
vein and portions of liver were removed after 1 h. Nucleolar volumes 
were estimated after radioautography from measurements of 200 
unlabeled arid 30 labeled nuclei and standard deviations arc shown. 

Table II. Nucleolar volunms in replicating and nonreplicating hepa- 
tocyte nuclei of stimulated rats 

Infusate Labeled nuclei (%) Volume of nucleoli (bin1 a) 
per nucleus 
Unlabeled Labeled 

NaCl 0.1 4.3 ~ 0.83 
TK solution 16 6.6 =c 1.0 8.4 ~ 1.6 

24 6.8 :~ 1.3 8.6 • 1.1 

2 rats (150 g) were infused in the tail vein for 3 h (3.3 Inl/h) with the 
TK solution 6 (100 b~g of 3, 3', 5-triiodo-L-thyronine, 5 p.mol of dibu- 
tyryl cyclic AMP, 10 mg of theophylline, 300 nag of amino acids, 
and 100 U.S.P. milts of heparin). At 22 h fronl the start  of infusion, 
each animal was given 200 btCi of aH-thymidine and liver samples 
were taken 1 h later. The control animal was infused with 0.15 M 
NaC1. Nucleolar volumes were estimated after radioautography from 
measurements of 200 unlabeled and 100 labeled nuclei and standard 
deviations are shown. 

6 j .  SNORT, K. TSUKADA, W. A. RUDERT and I. LIEBERMAN, J. biol. 
Cheln. 250, 3602 (1975). 

t h e  nuc le i ,  a n d  v i s u a l i z a t i o n  of  t h e  n u c l e o l i  w a s  n o t  
o b s t r u c t e d .  T h e  n u m b e r  of  g r a i n s  a r o u n d  l a b e l e d  n u c l e i  
r a n g e d  f r o m  12 t o  27 a n d  u n l a b e l e d  n u c l e i  h a d  n o  g r a in s .  
N u c l e o l i  w e r e  s t a i n e d  a f t e r  r a d i o a u t o g r a p h y  b y  f l o o d i n g  
t h e  s l ides  w i t h  0 . 0 0 5 %  a z u r e  B in  0.01 M s o d i u m  
c i t r a t e - 0 . 0 1  M s o d i u m  p h o s p h a t e  b u f f e r ,  p H  5.5, a n d  
a l l o w i n g  t h e  s t a i n  to  e v a p o r a t e  a t  55~ N u c l e o l a r  
m e a s u r e m e n t s  w e r e  m a d e  a t  a m a g n i f i c a t i o n  of  2500 d ia -  
m e t e r s  as  d e s c r i b e d  before4 .  

Results and discussion. T a b l e  I s h o w s  t h e  r e s u l t s  t h a t  
we re  o b t a i n e d  w i t h  2 u n t r e a t e d ,  g r o w i n g  r a t s .  A b o u t  2 %  
of  t h e  h e p a t o c y t e  n u c l e i  w e r e  l a b e l e d  w i t h  a H - t h y m i d i n e  
a n d  t i le  v o l u m e  of  n u c l e o l a r  m a t e r i a l  in  t h e  l abe l ed  
n u c l e i  w a s  1 . 5 - t i m e s  g r e a t e r  t h a n  in  t h e  u n I a b e l e d  nuc l e i  
( r e p r e s e n t i n g  a b o u t  a 2 0 %  i n c r e a s e  in  d i a m e t e r ) .  T h e  
T a b l e  does  n o t  s h o w  t h a t  t h e  a v e r a g e  n u m b e r  of  n u c l e o l i  
p e r  l a b e l e d  a n d  u n l a b e l e d  n u c l e u s  w a s  t h e  s a m e ,  2.5. 
T h e s e  o b s e r v a t i o n s  a t e  c o n s i s t e n t  w i t h  a r e l a t i o n s h i p  
b e t w e e n  t h e  r e g u l a t i o n  of  s o m e  n u c l e o l a r  f u n c t i o n  a n d  
t h e  c o n t r o l  of  l i ve r  D N A  f o r m a t i o n .  

T h e  r e s u l t s  of  T a b l e  I do n o t  e x c l u d e  t i le  p o s s i b i l i t y  
t h a t  n u c l e o l a r  e n l a r g e m e n t  in  t h e  u n t r e a t e d  a n i m a l s  
t o o k  p lace ,  n o t  p r e r e p l i c a t i v e l y ,  b u t  o n l y  a f t e r  t h e  n u c l e i  
h a d  e n t e r e d  t h e  S p e r i o d .  T h i s ,  h o w e v e r ,  w o u l d  s e e m  to  
be  u n l i k e l y  s i n c e  h y p e r t r o p h y  b e g i n s  i m m e d i a t e l y  a n d  is 
a l r e a d y  m a x i m a l  a t  t h e  t i m e  of  D N A  s y n t h e s i s  in  p a r t i a l l y  
h e p a t e c t o m i z e d  a n i m a l s  ~ a n d  in  u n o p e r a t e d  r a t s  t h a t  
h a v e  b e e n  g i v e n  b i o c h e m i c a l s  to  i n d u c e  h e p a t i c  D N A  
s y n t h e s i s  4. 

T h e  q u e s t i o n  w a s  a lso  a s k e d  w h e t h e r  n u c l e o l a r  en -  
l a r g e m e n t  is a s u f f i c i e n t  c h a n g e  to  e n s u r e  t h a t  t h e  p a r e n -  
c h y m a l  l i ve r  cel l  c a n  f o r m  D N A .  M a t u r e  r a t s  (150 g) 
w e r e  i n f u s e d  w i t h  a m i x t u r e  of  b i o c h e m i c a l s  ( T K  so lu-  
t i o n  6) t h a t  c a u s e s  n u c l e o l a r  e n l a r g e m e n t  in t h e  l iver  4 
a n d  i n d u c e s  h e p a t i c  D N A  s y n t h e s i s  4,6. T h e  a n i m a l s  were  
t h e n  l a b e l e d  w i t h  a H - t h y m i d i n e  a n d  n u c l e o l a r  v o l u m e s  
we re  c o m p a r e d  in  r e p l i c a t i n g  a n d  n o n r e p l i c a t i n g  h e p a -  
t o c y t e  nuc le i .  I t  c a n  be  s e e n  f r o m  T a b l e  I I  t h a t  e v e n  
n o n r e p l i c a t i n g  n u c l e i  c o n t a i n e d  h y p e r t r o p h i e d  nuc l eo l i  
a l t h o u g h  e n l a r g e m e n t  w a s  m o r e  p r o n o u n c e d  in  t h e  re-  
p l i c a t i n g  n u c l e i .  

Sterility in Tsetse Flies (Glossina morsitans Westwood) Caused by Loss of Symbionts 

G. N o o o ~  ~ 

[nstitut /r dngewandte Zoologic der Universitiit Bonn, A n  der [mmenburg 1, D-53 Bonn 1 (German Federal Republic, 
BRD),  9 February 1976. 

Summary. T s e t s e  f l ies  f ed  o n  b l o o d  c o n t a i n i n g  o x y t e t r a c y c l i n e ,  s u l p h a q u i n o x a l i n e  o r  l y s o z y m e  do  n o t  r e p r o d u c e .  I t  
c o u l d  be  p r o v e d  t h a t  p r i m a r i l y  t h e  s y m b i o n t s  in  f l ies  a r e  d a m a g e d ,  w h i c h  s e c o n d a r i l y  l e a d s  t o  s t e r i l i t y .  

S ince  c e r t a i n  b a c t e r i a l  i n f e c t i o n s  c a u s e  h i g h  m o r t a l i t y  
in  t s e t s e  f l y  co lon i e s  (G. morsitans VVestw.),  w h e n ' f e d  
t h r o u g h  a r t i f i c i a l  m e m b r a n e s ,  d i f f e r e n t  a n t i b i o t i c s  we re  
a p p l i e d .  O x y t e t r a c y c l i n e  w a s  f o u n d  to  be  m o s t  e f f ec t i ve .  
H o w e v e r ,  f e c u n d i t y  of  t h e  co l on i e s  a l so  d r o p p e d  d r a s t i -  
c a l l y  2. S i m i l a r l y ,  G. austeni N e w s t .  f ed  u p o n  r a b b i t s ,  
w h o s e  d i e t  c o n t a i n e d  a c o c c i d i o s t a t ,  s u l p h a q u i n o x a l i n e  
a n d  p y r i m e t h a m i n e ,  s h o w e d  a m a r k e d  fa l i  in  f e c u n d i t y a .  

I n  b o t h  cases ,  i t  c a n  be  s u g g e s t e d  t h a t  p r i m a r i l y  t h e  
s y m b i o n t s  in  f l ies  a r e  d a m a g e d  w h i c h  s e c o n d a r i l y  l e a d s  
to  s t e r i l i t y .  T h i s  a s s u m p t i o n  is a l so  s u p p o r t e d  b y  ea r l i e r  
i n v e s t i g a t i o n s ,  w h e r e  t h e  p r o d u c t i o n  of  s y m b i o n t - f r e e  
G. morsitans w a s  a s s o c i a t e d  w i t h  loss  of  f e m a l e  f e r t i l i t y  4. 
S ince  t h e  a n t i b i o t i c s  we re  a p p l i e d  t h r o u g h  i .m .  i n j e c t i o n  
to  r a b b i t s ,  n o t h i ' n g  c o u l d  be  s a i d  a b o u t  t h e  p r e c i s e  
u p t a k e  of  a n t i b i o t i c s  b y  t h e  flies. 

To  e l u c i d a t e  t h e  p r o b l e m ,  t s e t s e  f l ies  we re  t r e a t e d  w i t h  
o x y t e t r a c y c l i n e ,  s u l p h a q u i n o x a l i n e  a n d  l y s o z y m e  in  3 
d i f f e r e n t  e x p e r i m e n t s .  T h e  s y m b i o n t s ,  l o c a t e d  in  a 
m y c e t o m e  in  t h e  a n t e r i o r  p a r t  of  t h e  m i d g u t  were  
c o n t r o l l e d  w i t h  h i s t o l o g i c a l  a n d  m i c r o b i o l o g i c a l  t e c h -  

1 I thank Dr. A. M. JORDAN, Tsetse Research Laboratory at Bristol, 
for providing hie with pupae of G. morsitans, Dr. H. WE2Z~L, 
International Atomic Energy Authority, Vienna, for providing 
antibiotictreated flies and the Gesellschaft fiir Strahlen und Um- 
weltforschung, Mtinchen, for financial support. 

2 H. WETZEL and B. BAUER, Symposium on the Sterility Principle 
for Insect Control, Innsbruck, 22.-26.7.1974. 
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niques. Excised  myce tomes  were e i ther  smeared  wi th  a 
needle on a microscope slide and  s ta ined wi th  Giemsa 
fluid, or f ixed in t3ouin fluid, mic ro tomed  into 7 ~zm 
sect ions and s ta ined wi th  Mal lory s ta in  for microscopic 
examina t ion .  Mycetomes,  d issected under  sterile 0.5% 
NaCl-solution,  were incuba ted  in cul tures  of Lacto- 
bacillus plantarum and Streptococcus /aecalis. The tes t  
bac ter ia  were inocula ted  in v i t amin  assay media  con- 
ta in ing  all necessary  g rowth  factors  exep t  pa to then ic  
acid and folic acid for L. plantarum and S. /aecalis 
respect ively.  By  microbiological  asgay, i t  was found t h a t  
the  symbion t s  produce  these  and  o ther  v i t amins  of the  
B-group 5. 

At  the  i n t e rna t i ona l  Atomic  Ene rgy  Author i ty ,  
Vienna,  t se tse  flies were  fed on d i f ib r ina ted  horse  blood 
mixed  wi th  25 ppm,  250 p p m  and 2500 p p m  of oxy- 
te t racyc l ine  th rough  a s i l i cone-membrane  and were sent  
for fu r ther  invest igat ion.  While  there  was no difference in 
longevi ty  af ter  t r e a t m e n t  wi th  25 p p m  dosage as com- 
pared to  the  normal  flies, h igher  concen t ra t ions  always 
caused increased mor ta l i ty .  LDg0 for 250 p p m  was 18 
days,  while t h a t  for 2500 p p m  was 3 days.  No offspring 
were produced  in all 3 groups of flies. Microscopical 
examina t ion  proved  t h a t  the  symbion t s  were severely 
damaged  in all the  cases. 

A second group of t se tse  flies was fed daily on rabb i t s  
t h a t  were t r ea ted  wi th  the  coccidiosta t  Sulka (Pharma-  
zeutisches "vVerk Cuxhaven) ,  conta in ing  su lphaquino-  
xaline in a final concen t ra t ion  of 75 ppm.  After  1 and 2 
week periods, symbion t s  in the  flies were examined  and 

found to  show signs of des t ruct ion.  Microbiological assay 
of the  myce tomes  revealed dras t ica l ly  low a m o u n t s  of 
p a n t o t h e n i c  acid and folic acid. 

In  a p resen t  research-program on the  significance of 
symbiosis  in t se tse  flies, lysozyme was appl ied oral ly to 
e l iminate  the  symbionts .  I t  was possible to reduce the  
dosage of lysozyme so t h a t  longevi ty  of the  flies was not  
affected,  ye t  fer t i l i ty  was comple te ly  e l iminated.  De- 
s t ruc t ion  of the  symbion t s  could be p roved  b o t h  by  
microscopical  and  microbiological  tests .  

F r o m  these  results ,  i t  can be concluded t h a t  symbion t s  
p lay  an i m p o r t a n t  r61e in tse tse  fly reproduct ion .  I t  is 
in te res t ing  t h a t  oxy te t racyc l ine  does no t  effect  any 
follicle larger t h a n  abou t  1/4 of its ma tu re  size 2. Recen t ly  
descr ibed r icket ts ia- l ike  symblon t s  located  in the  ovaries 
of t se tse  flies 6, t h a t  m a y  also be effected by  bacter ic ide 
drugs,  have  no t  been examined  in th is  invest igat ion.  
P re l iminary  s tudies  on the  significance of endosymbios is  
in t se tse  flies show t h a t  the  symbion t s  provide  the i r  hosts  
wi th  cer ta in  v i t amins  of the  B-group 5. In  mosqui toes ,  
where  en d o s y mb i o n t s  are absent ,  the  reac t ion  of sulpha-  
quinoxal ine  was an tagonized  by  s imul taneous  admin is t ra -  
t ion of p -aminobenzoic  ac id7  In  the  cu r r en t  expe r imen t s  
wi th  aposymbio t ic  t se tse  flies, it  was possible pa r t l y  to 
compensa t e  tile loss of symbion t s  by  diets  supp lemen ted  
wi th  d i f ferent  B-v i tamins .  

5 G. NOGGE, Verb. dt. zool. Ges. 7975, 159 (1975). 
6 p. E. PEI~I. and D. J. SOUTHERN, Experientia 31, 650 (1975). 
7 D. VENTERS, Trans. R. Soc. trop. Med. Hyg. 65, 24 (1971). 
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Summary. Using the  f reeze-etch technique,  nexuses  have  been shown to exist  a t  a ve ry  early s tage in developing mouse 
hear t s  (10 dpc). At  this  t ime t h e y  are rare, b u t  become more progress ively  f r equen t  and extens ive  a t  12 and 14 dpc. 
Special a r r angemen t s  of par t ic les  progress ively  observed on the  f rac ture  faces P F  (linear arrays,  small  associated groups 
of l inear arrays,  t hen  hexagona l  ar rays  wi th  ' a rms '  formed by  l inear  clusters) suggest  t h a t  in ontogenes is  t he  gap 
junct ions  m a y  be bui l t  up by  successive aggregat ion  of the  linear ar rays  of part icles .  

Nexus - type  junc t ions  or gap junct ions ,  bel ieved to be 
the  sites of low intercel lular  electrical res is tance s , are 
c o m m o n  and somet imes  ex tens ive  in ma tu re  m a m m a l i a n  
and avian  cardiac muscula ture ,  par t icu lar ly  in Purk in je  
fibres. The s t ruc tu re  has been  descr ibed in detai l  by  
McNu'rT 4 and  McNuTT and  WEINSTEIN 5'6 using bo th  
th in  sect ions and freeze-cleave prepara t ions .  However ,  
these  junct ions  are rare  in early embryon ic  cardiac muscle, 
a l though  MUIR 7 observed a few nexuses  in the  14-day 
pos t  co i tum (dpc) ra t  embryon ic  myocard ium.  PAGER'S s, 9 
observa t ions  conf i rm the  s tudies  of MuIRv, and in addi-  
t ion she found ' con tac t  po in t s '  (contacts  ponctuels)  
be tween  cardiocyte  m e m b r a n e s  a t  the  l l t h  day  of the  
embryonic  life in the  rat .  In  embryonic  mouse hear t ,  tile 
earl iest  s tage a t  which  gap junc t ions  have  thus  far been 
repor ted  is 13-days pos t  fer t i l izat ion ~~ In  chick em- 
bryonic  hear t ,  SPIRAl2 found close opposi t ions  (a 4 nm 
gap) be tween  cells and  f reeze-etch s tudies  1~ have  also 
d e m o n s t r a t e d  small  nexuses  in chickcn myocytes .  In  
addi t ion,  gap junc t ions  have  been  observed in the  9- 
week h u m a n  fetal  ven t r icu la r  cardiac  muscle 4. 
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