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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 .  
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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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As p a r t  of a m o r e  e x t e n s i v e  s t u d y  of t h e  o n t o g e n e s i s  of 
t h e  ca rd iac  m u s c u l a t u r e ,  f reeze-c leave  s p e c i m e n s  h a v e  
been  o b t a i n e d  f r o m  h e a r t s  of e m b r y o n i c  mice  w i t h  a v i ew  
to  f ind ing  t h e  ear l ies t  s t age  a t  w h i c h  n e x u s  j u n c t i o n s  can  
be  seen,  a n d  also to  o b t a i n  i n f o r m a t i o n  on  h o w  t h e y  are  
f o rmed .  

Material  and methods. 10, 12 a n d  14 d a y s  pc  e m b r y o n i c  
h e a r t s  were  o b t a i n e d  f r o m  p r e g n a n t  mice  ( A L A S  s t ra in) .  
T h e  ven t r i c l e s  were  d i s sec ted  in a phys io log ica l  sa l t  

so lu t i on  (130 m M  NaC1, 2.7 m M  KC1, 2.2 m M  CaC12, 
l m M  NaH2PO4,  11.9 m M  N a H C O a ,  0.25 m M  MgC12, 2 g/1 
glucose) ,  tl~en i m m e r s e d  success ive ly ,  for  20 rain, w i t h  
10, 20, a n d  30% glycerol  in phys io log i ca l  sa l t  so lu t ion .  
T h e  s p e c i m e n s  were  t h e n  i m m e r s e d  for  8-10  sec in l iqu id  
F r e o n  22 cooled w i t h  l iqu id  n i t r o g e n .  F r e e z e - e t c h i n g  w a s  
ca r r i ed  o u t  u s ing  a Ba lze r  B A  360 M f reeze-e tch  device.  
F o l l o w i n g  c leavage,  s a m p l e s  were  s u b l i m a t e d  a t  - -100 ~ 
for  1 or  2 min .  Rep l i cas  were  c a r b o n - p l a t i n u m  s h a d o w e d  
a n d  e x a m i n e d  u s i n g  a S i emens  E l m i s k o p  I a or H i t a c h i  
H U  11 Cs e l ec t ron  mic roscope .  Magn i f i c a t i ons  were  
ca l i b r a t ed  u s ing  a g e r m a n i u m - s h a d o w e d  c a r b o n  repl ica  
(54,864 l ines pe r  inch).  

Fig. 1.10 dpc embryonic heart. The cIeavage plane has passed from the 
cytoplasm (C1) of one cell (1) and has followed the plasma membrane, 
revealing face EF. After passing through the membrane, the cleavage 
plane penetrates the plasma membrane of a second cell (2) revealing 
face PF of the membrane. The fracture face PFs, studded with par- 
ticles (P) distributed at random, shows linear arrays of particles 
(right black arrow) and aggregates of linear arrays (left black arrow). 
Small head arrows indicate myofilaments protruding from the cyto- 
plasm of the cell 1. Encircled arrow indicate the direction of platinum 
shadowing. • 90,000. 

Fig. 2.10 dpe embryonic heart. Fracture face PF of a myocardial cell 
displaying 2 gap junctions (arrows). The larger gap junction shows 
2 zones containing only a few particles. Close examination of the 
nexus marked by the black arrow shows the particles to be hexag- 
onally arrayed. • 72,000. 

Fig. 3. 12 dpc embryonic heart. Fracture face PF of a myocardial 
cell. The gap junction (white arrow) presents 2 'arms' formed by 
linear arrays of particles. ECS : extracellular space. • 90,000. 

Fig. 4. 14 dpc embryonic heart. The cleavage plane has broketl 
through the plasma membrane of a first celI (1) revealing face EF, 
then has passed through the plasma membrane of a second cell (2) 
revealing face PF. The edge of the fracture face EF is marked with 
black head arrows. 3 nexuses (A, B and C) are visible in a face view, 
and for 2 of them (A and C) it is possible to distinguish both faces PF 
(black arrows) and faces EF (white arrows). Face EF of the gap 
junction B has been cleaved away. Nexuses faces EF (white arrows) 
contain closely arrayed pits while faces PF (black arrows) are studded 
with particles. • 90,000. 
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Results and discussion. Freeze-cleaving spli ts  p lasma 
m e m b r a n e s  p roduc ing  2 f rac ture  faces X4,~s: face P F  
(or A) d i rec ted  t oward  the  exter ior  of the  ceil, and  face 
E F  (or B) d i rec ted  toward  the  cytoplasm1% Frac tu re  
faces P F  and E F  of embryon ic  myocard ia l  cell p l a s m a  
m e m b r a n e s  are s tudded  wi th  m a n y  6-10 n m  par t ic les  
(as measured  in replicas) d i s t r i bu t ed  a t  r a n d o m  (Figure 1). 

Thus  far the  inves t iga t ion  has shown the  earl iest  signs 
of nexus  format ion  to be a t  10 dpc. At  t h a t  t ime the  faces 
of P F  of the p lasma  m e m b r a n e s  f requen t ly  show l inear 
a r rays  of par t ic les  (consist ing of 6 to 20 particles) and  
somet imes  aggregates  made  up  of 2 or 3 rows of l inear 
a r rays  (Figure 1). Much less f requent ly ,  one can observe  
smal l  clusters  of par t ic les  in hexagona l  a r rays  w i th  a 9 -10 
n m  cen te r - to -cen te r  spacing wi th  the  cor responding  frac- 
ture  face E F  showing cor responding  ar rays  of 35-50 n m  
depressions (Figure 2). These s t ruc tures  are charac ter i s t ic  
of nexuses.  Sometimes,  nexuses  faces P F  (averaging 50 to  
90 n m  in width) ,  show, in the  cent ra l  areas, one or two 
approx ima te ly  circular zones conta in ing  only a few widely  
spaced par t ic les  (Figure 2). A t  12 dpc b o t h  l inear and  
hexagonaI  a r rays  of part icles  are found on the  faces P F  

and  b o t h  are more co mmo n  t h a n  at  10 dpc. The smal les t  
nexuses,  usually oval  or circular in form, somet imes  have  
' a rms '  formed by one or two  rows of par t ic les  (Figure 3). 
At  14 dpc, on the  f rac ture  faces PF ,  l inear a r rays  or 
par t ic les  have  become rarer,  whereas  the  hexagona l  
a r rays  are now re la t ively  numerous .  Their  size (on 
average 250 n m  in the  grea te r  length) is also larger t h a n  
at  10 and  12 dpc. The nexuses  faces E F  appear  s tudded  
wi th  smal l  pits ,  hexagona l ly  a r rayed  (Figure 4). 

The e s t ab l i shmen t  of nexuses  a t  th is  ve ry  early s tage 
suggests  t h a t  th is  t ype  of in t ima te  intercel lular  co n t ac t  
w i th  low electrical res is tance  m a y  be an i m p o r t a n t  fea ture  
in t he  d e v e l o p m e n t  of the  h e a r t  as a whole, par t i cu la r ly  
in the  e s t ab l i shmen t  of good electrical con tac t  for the  
passage of the  depolar iz ing impulse.  

14 D. BRANTON, Proc. natn. Acad. Sci., USA 55, 1048 (1966). 
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Summary. WGA receptor  sites on the  surface of Saccharomyces cerevisiae cells p r e t r ea t ed  wi th  an c~- nmnnanase  
were localized by  gold granules labelled wi th  -VVGA. The receptor  sites were found on the  bud scars, the  mo the r  cell- 
bud  junc t ion  (chitin) and the  bud,  bu t  no t  on the  m o t h e r  cell. 

Recen t ly  we have  developed a new technique  for the  
visual izat ion of cell surface receptor  sites by  scanning 
e lec t ron microscopy (SEM) using gold granules labelled 
with ant ibodies  * We repor t  here  the  localization of w h e a t  
germ ag ; ln t in in  ('vVGA) receptor  si tes on the  cells of 
Saccharomyces cerevisiae by  SEM. WGA is a lect in (MW 
26 000) whose combining  site is c o m p l e m e n t a r y  to se- 
quences  of /3- ( l~4)-N-ace ty l -D-glucosaminyl  units2, a 
which  in budd ing  yeas ts  are p r e d o m i n a n t l y  found in the  
chi t in  of the  bud  scars~-L However ,  a s ignif icant  a m o u n t  
of glucosamine is also found elsewhere in the  cell walP, 6, s 
as in the  m a n n a n  protein.  The main  cons t i tuen t s  of 
S. cerevisiae cell walls are a fl-glucan (49%) and the  
c~-mannan-protein (40%)5 whose  polysacchar ide  moie ty  
is ill the  outer  layer  of the  wall 9. The cell wall m a n n a n  is 
a t t ached  th rough  N-acetyl-f i-D-glucosamine (possibly in 
the  form of di-N-acetylchi tobiose)  to asparagine  uni ts  of 
the  p ro te in  ~~ 

\ u  receptor  sites appeared  on the  surface of yeas t  
cells only when  the  cells were f i rs t  t r ea ted  wi th  an c~- 
mannanase  known  to cleave mos t  of the  c~-(1--,2)- and  e- 
(1 ~3) - l inked  side chains  of S. cerevisiae m a n n a n  n.  

Experimental. Labelling o~ gold granules. Gold granules 
could no t  be labelled and stabiIized against  f locculat ion 
wi th  WGA 1 due to its too low molecular  weight .  W G A  
was therefore  cross-l inked to bovine se rum a lbumine  
(BSA). ~u (L ' Indus t r i e  Biologique Fran~aise,  1 mg) 
and BSA (4 mg) were dissolved in 0.005 M NaC1 (0.25ml) 
and the  solut ion was neut ra l ized  to p H  7 wi th  0.2 N 
K2CO 3. The prote ins  were cross-l inked wi th  0.25% 
g lu ta ra ldehyde  (0.05 lnl) t2. Af ter  2 h a t  25~ 0.005 M 
NaC1 (12.2 ml) was added.  

Colloidal gold granules (Sol. I) of a size sui table for 
SEM 1 (50 Am) were p repa red  according to Frens  (Sol C 
of ref. ~a). The o p t i m u m  a m o u n t  of p ro te in  necessary  to 
label 5 ml of Sol I was de t e rmined  by  adding  di lu ted  
-WGA-BSA solut ions (1 nil). Af ter  1 h a t  25 ~ too small  
an a m o u n t  of pro te in  caused agglu t ina t ion  of the  colloid, 
seen as a decrease of the  absorbance  a t  540 nm. 

Gold granules (Sol II) of a size sui table for TEM 
(5 nm) were p repared  according to FAULK and TAYLOR 14. 
The o p t i m u m  a m o u n t  of p ro te in  necessary  to label 5 ml 
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