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This report records for the first time double-label freeze-etch electron microscopy of cells in culture. On L6 
rat myoblasts, receptors for wheat germ agglutinin and concanavalin A were found distributed together in 
irregular granular microclusters of cell surface material up to 60 nm in diameter. Simultaneous localization 
of two different receptor families to such small regions using colloidal gold and ferritin to differentiate 
between lectin markers proved difficult in our hands. We were able to achieve the desired result using native 
concanavalin A and ferritin-conjugated wheat germ agglutinin, whose shadowed diameters are measurably 
different. 

Analysis of the arrangement, rearrangement, and 
functmnal lnteractton of receptors at the eucaryote 
cell surface continues to be a central problem m 
the fields of blochenustry and cell bmlogy Indeed 
w~th the progress that has been made m isolation 
and analysis of individual blomolecules, lack of 
detaded reformation regarding their topography m 
the membrane is one of the factors most severely 
hmltmg further advances. We have experimented 
with deep etclung of freeze-fractured preparations 
as a means of direct sample wsuahzatlon for corre- 
lation with other physical data The techmque of 
fractunng specimens at very low temperature is of 
course well known for its umque abdlty to demon- 
strate extensive regmns of cell membrane hydro- 
phobic interiors However, the subsequent etclung 
step that exposes membrane surfaces has been 
uuhzed rarely except on erythrocytes [1-6] The 
latter s~tuation results from techmcal difficulties 
involved m extending the approach to cultured 
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cells and tissues We recently reported a method 
for applying freeze-etch electron rmcroscopy to 
cells m culture [7] The cell hne studied was the rat 
myoblast, whose differentiation and fusion to form 
myotubes is thought to be accompamed by slgmfl- 
cant interactions revolving glycohpids and /or  gly- 
coprotems (Ref 8 and references therein) To our 
knowledge tins represents the only apphcauon of 
the technique to monolayer cell cultures. We de- 
scribed characteristic rinsed irregular patches 
20-60 nm m &ameter occupying 50~ of the cell 
surface These pronunent glycx~alyx features ex- 
tend at least 10-20 nm above adjacent membrane 
regions and seem to represent the extracellular 
portions of clustered groups of glycoprotems We 
record here the tdentlficatmn relaUve to one 
another of two receptor famthes amongst the gly- 
cocalyx surface features described above 

The topograpluc arrangement of receptors at 
the myoblast surface has been considered by 
several groups m past using lectms Sawyer and 
Akeson [9] recorded a pattern of diffuse fluores- 
cence (umform labelling) when they employed flu- 
orescent-labelled wheat germ agglutlmn or con- 
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c a n a v a h n  A to m a r k  the cell surface O n  the o ther  
h a n d  Schlessmger  et  al [10] found  that  f luorescent  
p h o t o b l e a c h m g  of  labe l led  c o n c a n a v a h n  A b o u n d  
to the L6 m y o b l a s t  surface gave cor re la t ion  t imes 
for  in tegra l  g lycopro tems  cons is ten t  w~th re- 
s t r ic ted  mot ion ,  and  have p r o p o s e d  as a basis  for  
t ins the exastence o f  g lycopro t em clusters  F luores -  

cence resonance  energy t ransfer  be tween  label led  
c o n c a n a v a h n  A molecules  at the m y o b l a s t  surface 
has  also been  suggested to m & c a t e  the exastence 
of  g lycop ro t em recep to r  rmcroclusters  [11] Here  
we show tha t  these p rewous  cons idera t ions  can  be 
& r e c t l y  tested,  and  that  receptors  for  bo th  lec tms 
are  m fact  o rgamzed  in to  mlcroclus ters  at  the 
m y o b l a s t  surface The  two recep tor  farmlles are 
t opograp luca l ly  mangled, a l though appa ren t l y  no t  
to ta l ly  homogeneous ly  

Exper imen ta l  deta i l s  of  the t echmque  used have 
been  given elsewhere [7], and  are  summar ized  m 
the cap t ion  to F ig  1 F tg  1A shows the uppe r  
surface appea rance  of  myob la s t s  wtth b o u n d  fer- 

Fig 1 Dlstnbutton of receptors that brad wheat germ ag- 
glutmm L6 myoblasts were seeded into Lmbro plate wells 
contmmng gold electron rmcroscope grads coated with rat tml 
collagen They were grown to subconfluency on the grids m 
Alpha mo&fled Eagle's medmm with Earle's salts, supple- 
mented with 10% horse serum Cells were washed twice by 
gently replacing the bathmg medmm wath phosphate-buffered 
sahne, and then fixed with fresh 2 5-4% glutaraldehyde for 60 
wan at 22°C prior to any mampulauon or lectm addmon 
After treatment, gold grids w~th cells attached were quenched, 
mounted m a Pfennmger devace, and fractured as described by 
Pfenmnger and Randerer [14] Subsequent etching was for 10 
wan at -105°C prior to platinum shadowing (A) Preftxed 
myoblast incubated with ferntm-conjugated wheat germ ag- 
gluttmn (075 mg/ml) for 15 nun at 22°C A portion of an 
upper (outer) cell surface is shown at × 106400, and ferntm/ 
lectln conjugate ~s seen as spherical partxcles 14 nm in &ameter 
occurnng m small clusters (examples circled) associated wath 
glycocalyx prominences (B) Appearance of the upper surface 
of a snmlar prefixed cell wathout added lectm at the same 
rnagmficatlon Irregular clumps of glycocalyx material up to 60 
nm across (examples ctrcled) protrude 10-20 nm from their 
surroundings, and the fracture face (membrane hydrophob~c 
interior) displays typical lntramembranous particles Arrows 
mthcate the fracture face/etch face junction (C) Low magmfi- 
cauon vaew (×42000) of the fractured lower membrane of a 
cell, demonstrating ~ts close attachment to supporting flbnllar 
collagen matrix elements The latter are seen m the central 
right hand poruon of 1C, and arrows mark the locauon of one 
such element beneath the fractured membrane I, ice, F, frac- 
ture face, E, etch face Shadow &rectlon from bottom to top of 
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n u n - c o n j u g a t e d  whea t  ge rm agglu t lnm mark ing  a 

fami ly  of  receptors  b e a n n g  termanal N-ace ty lg lu-  
cosanune  or  N - a c e t y l n e u r a n u m c  acid  [12] amongs t  
the  in t r ins ic  g lycocalyx surface features  Fe r r l tm  
appea r s  as spher ica l  par t ic les  14 n m  m d iamete r  
(uncor rec ted  for  shadow tinckness)  As  we re- 
p o r t e d  p rewous ly  [7], the a r rangement  of  these 
par t ic les  m & c a t e s  locahza t ton  of  receptors  for 
whea t  germ agglu t lmn m df f fuse ly-d t s tnbu ted  rm- 
croclusters  assocmted with  the r insed glycocalyx 
p rormnences  A typical  surface regton f rom a cell 
w~thout a d d e d  lectm appears  for  compar i son  m 
F ig  1B The cells shown were thorough ly  pref ixed  
w~th 2 5 -4% g lu ta ra ldehyde  p r io r  to lec tm ad-  
&t ton ,  however,  very smula r  resul ts  were o b t a m e d  
w~th unf ixed cells incuba ted  w~th the same lec tm 
for up to 15 m m  Lec tm b ind ing  was p reven ted  by  
low concen t ra t tons  of  the minb~tory sugar, N- 
acetyl-D-glucosarmne No te  in F ig  1C that  f ibri ls  
of  the suppor t ing  col lagen mat r ix  deeply  rodent  
the lower membrane ,  consis tent  with the presence 
there  of  col lagen b ind ing  pro te ins  

Recep to r s  m a r k e d  in the  myob las t  by  the te t ra-  
va lent  lectm, wheat  germ agglut tmn,  are var ious  
g lycopro tems  and  p r o b a b l y  to a lesser extent  gly- 
cosp inngohp lds  [13] A very dif ferent  farmly of 
g lyc op ro t e ms ,  b e a n n g  t e rmina l  mannose ,  ts 
m a r k e d  by  concanavahn  A [8] W e  have taken the 
same f e m t m - c o n j u g a t e d  lectm app roach  to tins 
la t te r  group of  receptors ,  and  the typical  resul t  is 
shown in Fig.  2 Once  again  a diffusely &s t r lbu ted  
a r r ay  of  rmcroclusters  is p icked  out  locahzed to 
g lycocalyx p r o m m e n c e s  Sanwal  and  co-workers  
[8] have conc luded  on the basis  of  mu tan t  selec- 
t ion,  that  a subset  of  the concanavahn  A - b i n d i n g  
g lycopro tems  is ins t rumenta l  to  the myob la s t  re- 

cogmt ton  and  fusion process  No te  that  m unf ixed 
cells (F tg  2B) receptors  for the te t ravalent  con-  
canavahn  A are s lgmficant ly  rea r ranged  into  
pa tches  af ter  a 15 nun  l n c u b a u o n  with lec tm 
However  even m tins case the pa tch  s~ze ~s be low 
the 200-400  n m  resolu t ion  hml t  of  hght  rm- 
croscopy,  hence using d~rect f luorescent  s tmmng 
techmques  the pa t t e rn  of  lec tm b l n d m g  to unf ixed 
cells would  a p p e a r  u m f o r m  and  diffuse, as has 
indeed  been  recorded  b y  others  [9-11]  Lec tm 
b ind ing  was p reven ted  by  the presence of  the 
a p p r o p r i a t e  minb l to ry  sugar  (30 m M  a-methyl -D-  
mannos lde )  
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F:g 2 Distribution of receptors that brad concanavalm A (A) Prefixed cells were incubated with ferntm-conjugated concanavahn A 
(EY Laboratories, San Mateo, CA, 0 75 m g / m l )  (B) Cells were fixed immediately after incubation with femtm-conjugated  
concanavahn A (1 m g / m l )  (C) Prefixed cells were incubated with native concanavahn A (0 5 m g / m l )  In each case incubation time 
was 15 nun  at 22 ° C Ferrl tm particles are seen as precise spheres 14 n m  m diameter (typical clustered groups c:rcled m A, B) There 
is evidence of early patctung m the unfixed cells Nattve lectm ~ves  rise to granular  deposits of 5 - 6  n m  particles when shadowed with 

plat inum (examples circled) Symbols and sample preparation as in Fig 1 Magnification × 106400 Bar ~s 200 n m  
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There  r emains  the  quesnon  of  how the recep to r  
farmly charac te r ized  by  b l n & n g  of  wheat  ge rm 
agg lu t lnm Is d i s t r ibu ted  relat ive to receptors  for  
c o n c a n a v a h n  A Cer ta in ly ,  as d e m o n s t r a t e d  above,  
they  bo th  fol low the &s tnbu taon  of  visible glyco- 
ca lyx  surface p rominences  W e  have found  that  
na t ive  c o n c a n a v a l m  A itself  is r ecogmzable  as a 
spher ica l  par t ic le  5 - 6  n m  in d i ame te r  (uncor rec ted  
for  shadow t inckness)  aga ins t  the  cell surface gly- 
cocalyx  features  Yet  ~t ~s smal ler  than  fer r l tm 
hence  i t  is poss ib le  to pe r fo rm  doub le  label  exper i -  
men t s  in winch the two popu la t i ons  of  receptors  
are  s imul taneous ly  labe l led  with nat ive  con- 

c a n a v a h n  A and  f e rn tm-con juga t ed  wheat  germ 
a g g l u t m m  Fig  2C i l lustrates  the  a ppe a ra nc e  of  
n a t w e  concanava lm  A b o u n d  to the  myob las t  e tch 
face It  is not  as well resolved as fe rn tm,  and  
would  be  diff icul t  to quan t l t a t e  unambiguous ly  
agains t  the in t r ins ic  g lycocalyx features  However  
the d i s t r ibu t ion  is the same as that  seen for ~ts 
f e r r l tm-con juga ted  coun te rpa r t  m F~g 2A 

Resul ts  of  doub le  label  exper iments  c a r n e d  out  
unde r  v a n o u s  condi t ions  were examined  to test 
the re la twe  a r r angemen t  of  the two recep tor  famt-  
hes F ig  3A shows the typical  pa t t e rn  ob t a ined  
when bo th  recep tor  fa imhes  (m g lu ta ra ldehyde-  

Fig 3 Myoblasts double labelled with concanavahn A and wheat germ agglutmm Prefixed (A) and unfixed (B) cells after 15 nun 
s~multaneous exposure at 22°C to native concanavalm A (0 125 mg/ml) plus fernnn-conjugated wheat germ agglutlmn (0 75 
mg/ml) Some receptor patclung ~s present on the surface of cells fixed only after lectm incubation, and more lecun is bound m the 
latter case 14 nm femnn particles and 5-6 nm concanavalm A particles occur in close proxmuty to one another (c~rcled) but are not 

umformly mternungled Symbols and sample preparanon as m Fig 1 Magmficatlon × 106400 Bar is 200 nm 
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fixed cells) are labelled simultaneously using na- 
tive concanavahn A and ferrltm-conjugated wheat 
germ agglutinm (Large) Ferntm-conjugated wheat 
germ agglutlnm and (smaller) native concanavahn 
A occur together associated with the raised glyco- 
calyx patches It is clear that their receptors occur 
in very close proxmuty to one another within the 
raised patches since the marker molecules are in 
direct contact I t  does seem though that the 
arrangement of wheat germ agglutamn receptors 
relative to concanavahn A receptors is not totally 
random the two lectms tend to exast in small 
groups rather than homogeneously mixed (which 
may reflect the presence of multiple binding sites 
on a given glycoprotem, grouped receptors, a n d / o r  
positive cooperatlwty m the binding event) The 
same experiment performed on unfixed cells is 
shown in Fig 3B" there is considerably more 
lectln binding to unfixed cells, as we noted previ- 
ously for wheat germ agglutmm in the absence of 
other lectlns [7] The above general observaUons 
&d not depend upon relative lectm concentration 
or the order of lectm addition 

In order to simultaneously label two receptor 
families at the cell surface, it is necessary to 
employ two mutually distract marker molecules 
Roth and Binder [15] solved this problem m a thin 
sectiomng study of cultured eplthehal cells by 
using one lectm covalently attached to colloidal 
gold and a second lectln conjugated to fe rn tm 
(peroxadase was also tested) These workers ob- 
tained highly satisfactory results, but did note that 
stenc interference between the go ld / l ec tm and 
f e rn tm/ l ec t ln  markers at the spatially constrained 
cell surface could be a major hmitatlon to marker 
binding and hence to the result obtained It  has 
been demonstrated that, even in single label ex- 
periments, colloidal gold conjugation can restrict 
lectm access to surface receptors, especially when 
using larger gold particles [16] Colloidal gold has 
not been reported previously m double-label 
freeze-etclung, although freeze-etch micrographs 
of colloidal gold-hehx pomatla lectln bound to 
erythrocytes have been pubhshed [17] Use of na- 
tive lectlns in double label experiments has certain 
potential advantages over use of conjugated de- 
rivatives Firstly there is the stability, convenience, 
and unperturbed nature of the native species (the 
latter permitting direct comparison to other types 

of mvesUgaUon with the same lectm) Perhaps 
more importantly, the smaller size of lectlns 
without attached markers should permat labelling 
of receptors with mlmmal  stenc interference Un- 
fortunately, ldenuflcatlon of a given surface 
shadow m a u g h t  cluster as concanavahn A vs 
ferntm-wheat  germ agglutlmn is often difficult 
Hence we have experimented with the ferntm- 
labelled lectms of Figs 1, 2, in various combina- 
tions and orders of ad&tion [6,17], with con- 
canavahn A-colloidal gold and wheat germ ag- 
glutlmn-colloldal gold (both from Polysciences, 
Warnngton,  PA) In our hands ttus was less satis- 
factory than the approach demonstrated in Fig 3 
for simultaneous freeze-etch identification of re- 
ceptor famahes in small surface patches For one 
tlung the techmque of freeze-etch replica cleamng 
removes much of the colloidal gold from the rep- 
lica [6], so that one is left with the problem of 
visually differentiating 14 nm fern tm shadows 
from 20 nm colloidal gold shadows This problem 
was not slgmhcanfly easier in particle clusters 
than that of chfferentlatang 6 nm concanavahn A 
from 14 nm fern tm shadows Furthermore the 
problem was compounded by the fact that even at 
the lughest lectm-conjugate concentrations possi- 
ble (and 2 -3  h incubation times) we were unable 
to obtain the lugh sLmultaneoUS membrane densi- 
ties of bound lectm that were easily obtainable 
with native lectm, and l-agh density was necessary 
in deciding whether a gtven granular patch of 
surface material possessed both receptor farmhes 
The overall impression was consistent with the 
results obtained using wheat germ agglutlmn-fer- 
r l tm and native concanavalln A 

Tlus research was supported by a grant from 
the Medical Research Council of Canada 
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