
998 Speeialia EXPERIENTIA 32/8 

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). 
1.~ D. BRANTON, A. Rev. Plant Physiol. 20, 209 (1969). 
16 D. BRANTON, S. BULLIVANT, N. B. GILULA, ~([. J. KARNOVSKY, 

H. MOOR, K. MI2HLETHALER, D. H. NORTnCOTE, L. PACHER, B. 
SATIR, P. SATIN, V. SPETH, L. A. STAEHLIN, R. L. STEERIE and 
R. S. WEINSTEIN, Science ~90, 54 (1975}. 

Loca l i za t ion  of W h e a t  G e r m  A g g l u t i n i n  Rece ptor  S i tes  on  Yeas t  Cells  by S c a n n i n g  Elec tron  M i c r o -  
s c o p y  

M. HORISBERGER an d  JACQUELINE t~OSSEr* 

Research Department, Nestld Products Technical Assistance Co. Ltd., Case postale 88, CH-1814 La Tour-de-Peilz (Swit- 
zerland), 8 March 7976. 

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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of Sol I I  w a s  d e t e r m i n e d  b y  a d d i n g  d i lu ted  \ V G A - B S A  
so lu t ions  (0.5 ml) un t i l  t he  colloid could  no  longer  be  
f loccu la ted  b y  10% NaCI  (0.5 ml).  

Sol I a n d  I [  (100 ml) we re  label led w i t h  a 10% excess  
of W G A - B S A  a n d  C o n c a n a v a l i n  A us ing  p r o c e d u r e s  de- 
sc r ibed  p r e v i o u s I y  ~, 14. The  m a r k e r s  were  f ina l ly  s u s p e n d -  
ed in T r i s - b u f f e r e d  saline,  p H  7.0 (10 ml) c o n t a i n i n g  

0.001 M M g  +2 and  Ca+~ Mn+2 a n d  0.5 m g  C a r b o w a x  20-M 
(Union  Carb ide  Chemica l s  Co.) f i l tered w i t h  a Mil l ipore 
f i l ter  (0.45 ~zm pore  size) (Buffer  A). T h e  W G A  gold col- 
loids were  s h o w n  to  h a v e  r e t a i n e d  t he i r  a c t i v i t y  as  ch i t in  
(Fluka)  a n d  h u m a n  e r y t h r o c y t e s  were  read i ly  m a r k e d .  
D u e  to  t he i r  size t h e y  m a r k  on ly  cell su r face  r e c e p t o r  
si tes.  

Fig. 1 and 2. ct-lKannanase treated S. cerevisiae cells marked with WGA. The cells in buffer A (A~50 .... 0.55, 0.9 ml) were incubated for 3 h 
with WGA (Sol I, A530 i11, 8.6, 0.1 inl). The cells were centrifuged at 2000 rpm (1 rain) and washed with buffer A (2 • ). The bud scars (single 
arrow), the mother cell-bud junction (double arrow) and the bud wall are marked. Figure 1: • 5,200, Figure 2: • 8,500. 

Figure 3. S. cerevisiae cells marked with Con A (SoI I) using similar conditions to those of Figures 1 and 2. The marker was homogeneously 
distributed on all cells. • 6,000. 

Figure 4. A group of a-mannanase treated S. cerevisiae cells incubated with Con A (Sol I). As expected, label was much reduced. • 3,750. 

Figure 5. S. cerevisiae bud scars marked with WGA. Bud scars (A65 o ..... 0.4, 0.05 ml) were incubated for 3 h with WGA (Sol II) (As~ 0 ,,n~ 
3.6. 0.2 ml) in buffer A (0.75 ml). The bud scars were centrifuged at 3000 rpm (2 rain) and washed with buffer A (2 • ). The WGA receptor 
sites (chitin) appear on the ring structure. • 36,000. 

Figure 6. A control experiment. Bud scars were incubated as in the Legend of Figure 5 in the presence of penta-acetyI chitopentaose (2 mg/ml). 
No label was observed. • 36,000. 
The cells were examined after critical poiut drying, in a Cambridge S 4-10 Stereoscan as described previously 1. Bud scars were examined 
after negative staining with a ~?hillips EM 300 electron microscope as described by BAZ3ER et aI. s. 
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Preparation o/yeast  cells and bud scars. S. cerevisiae was 
grown and  pref ixed wi th  g lu ta ra ldehyde  as descr ibed 
previously  1. The cells were suspended  in ei ther  Buffer  A 
or in 0.05 M p h o s p h a t e  buffer,  p H  6.8 (2 ml, A~50nm 5.0) 
t h a t  con ta ined  0.2 ~mole CaC12, 0.1 mg BSA and Arthro- 
bacter ~-mannanase  11 (0.0027 unitl~). The suspensions 
were incuba ted  for 20 h a t  25 ~ The a m o u n t  of mannose  
released in the  s u p e r n a t a n t  cor responded  to 12% of the  
cell 's to ta l  sugars~% 

Bud scars were p repa red  f rom S. cerevisiae celi wa[Is 
by  the  act ion of a /~-(1-+3)glucanase as descr ibed pre-  
viously 5 and suspended  in water .  

Results and discussion. I n t a c t  S. cerevisiae cells could 
no t  be marked  wi th  W G A  (Sol I) indica t ing  t h a t  W G A  
receptor  si tes were no t  exposed on the  cell surface. How-  
ever, when  the  cells were t r ea t ed  wi th  the  ~-mannanase ,  
~VGA receptor  sites were located on the  bud  and bud  
scars b u t  no t  on the  m o t h e r  cell (Figures 1 and 2). The 
receptor  sites could have  been  a t t r i bu t ed  ei ther  to chit in,  
chi t in  oligomers, the  N-acetyl-D-glucosamine l ink of the  
m a n n a n - p r o t e i n  or glycolipids conta in ing  d i -N-acetyl  
chi tobiose which  have  been found in m e m b r a n e  prepara-  
tionsl~. The var ious  possibili t ies were tes ted  agains t  the  
fcfllowing in format ions :  Chi t in  has  been shown to  be 
p resen t  only in the  bud scars ~. In  control  exper iments ,  
W G A  mark ing  was not  only to ta l ly  inhib i ted  by pen ta -  
acetyl  ch i topen taose  is (2 mg/ml) b u t  also by  the  mann an -  
p ro te in  (2 mg/ml) p repa red  enzymat ica l ly  by  act ion of a 
fi(1-+3) glucanase on the  cell walls 19 indicat ing t h a t  in 
solut ion the  W G A  marker  reac ted  wi th  the  m a n n a n -  
protein.  As W G A  is specific for d iacetyl  chi tobiose or 
h igher  chi t in  oligomers 2~ th is  conf i rmed t h a t  the  man-  
nan-p ro te in  Iink is a d iace ty l  chi tobiose (or a higher  
oligomer) ~0 and  t h a t  the  pro te in  moie ty  mus t  lie deep in 
the  cell wall  ~ since in tac t  ceils were no t  marked.  However ,  

it is doub t fu l  t h a t  the  WGA receptor  sites found on the  
bud  are located in the  mannan-p ro t e in ,  since bo th  bud  
and  mo t h e r  cells were homogeneous ly  marked  wi th  
ConA (Sol I) which  reacts  wi th  the  side chains  of m a n n a n  
(Figure 3). W h e n  the  side chains  were r emo v ed  wi th  the  
~-mannanase ,  mark ing  was d iminished  (Figure 4). Gly- 
colipids conta in ing  diacetyl  chi tobiose  47 could no t  be 
localized by  W G A  on S. cerevisiae protoplas ts ,  a l though  
m e m b r a n e  m a n n a n  was well marked  wi th  ConA ~, There-  
fore the  na tu re  of the  W G A  recep tor  si tes on the  bud  
(Figure 1) is still  unknown.  

Bud  scars p repared  enzymat ica l ly  conta in  chi t in  and 
m a n n a n  5. They  showed W G K  recep to r  sites main ly  on 
the  ring s t ruc tu re  when  examined  by  t ransmiss ion  elec- 
t ron  microscopy  (Figure 5). No label was observed when  
pen ta -ace ty l  ch i topen taose  (2 mg/ml) was p resen t  in the  
labelling mix tu re  (Figure 6). Unde r  t he  same condit ions,  
mark ing  of m a n n a n  wi th  ConA (Sol II) was weaker.  
Therefore  t he  W G A  receptor  sites on the  bud  scars m u s t  
be a t t r i b u t e d  to chit in.  This is fu r the r  suppor t ed  by  the  
fact  t h a t  chi t in  synthes is  begins a t  the  onset  of budding  ~,2 
which  is shown by  the  *vVGA mark ing  at  the  mo t h e r  cell- 
bud  junc t ion  (Figure 1, double  arrows)*.  
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Summary.  The chromosomes  of t he  Chilean frog Rhinoderma ru/um are descr ibed for the  first  t ime.  This chromosome 
set  is compared  wi th  the  ka ryo type  of R. darwinii. The impor tance  of the  karyological  da ta  appl ied to the  phy logeny  
and sys temat ics  of this  genus are discussed. A t en t a t i ve  hypo thes i s  of karyological  evolut ion of Rhinoderma is given. 

A m o n g s t  f logs of the  super fami ly  Bufonoidea  ~, 
famil iar  s t a tus  and phylogene t ic  re la t ionships  of Rhino- 
derma are controvers ia l  4-6. The frogs of th is  genus, 
endemic  of the  cool and humid  forest  of Southern  Chile, 
have  a unique  life h i s to ry  among  the  Anuran- t adpo les  
d e v e l o p m e n t  in the  male  vocal  sacs. In  recen t  years,  
karyological  d a t a  have  been an i m p o r t a n t  tool for phylo-  
genetic and  sys temat ics  studies.  F r o m  this  po in t  of v i e w ,  
some au thors  ~,s s tud ied  tile ch romosomes  of Rhino- 
derma darwinii and  concluded t h a t  the  genus belongs 
to the  fami ly  Lep todac ty l idae  and  shows karyological  
affinit ies wi th  the  Te lmatob inae  speciesT. 

Unt i l  recent ly ,  only  one species of 7~hinoderma was 
known  (R. darwinii); however ,  FORMAS e t  al. 9 added  
ano the r  species (R. ru/um) to t he  genus d e m o s t r a t i n g  
the  t rue  iden t i t y  of the  en igmat ic  Chilean frog Heminectes 
ru/us Phi l ippi  1902. The 2 species are d i f ferent  in morphol -  
ogy of the  feet  and  deve lopmen ta l  pa t t e rns .  

In  th is  paper ,  the  ch romosomes  of R. ru/um are 
descr ibed for the  first  t ime.  This ch romosomal  set  is 
compared  wi th  the  k a r y o t y p e  of R. darwinii, which  is 

here redescr ibed.  The impor tance  of the  karyological  d a t a  
appl ied to the  phy logeny  and sys t emat i c s  of 7~hinoderma 
are discussed. A t e n t a t i v e  hypo thes i s  of karyological  
evolut ion of Rhinoderma is given. 

The frogs used in this  s t u d y  inc luded:  8 males and 
12 females of R. darwinii f rom the  v ic in i ty  of Valdivia 
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