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1. Introduction 

Cell membrane structure has attracted increasing 
attention since its participation in cell growth, differen- 
tiation and metabolism was first demonstrated. 
Selective labelling of the outer cell surface with 
chemical probes (for review see [1]) or with enzymes 
[2-4]  has proved one of the most rewarding 
approaches. This technique is based on the assump- 
tion that labelled molecules are membrane components 
exposed on the outer surface of the cell. Their correla- 
tion with the protein molecules that cross the lipid 
bilayer, however, is often difficult [5,6]. In the same 
way, attempts to show a correlation between surface 
antigens or lectin receptors and visibile intramem- 
brane particles by freeze-etching of nucleated cell 
membranes have proved unsuccesful in many 
instances [7,8], though this technique has been 
satisfactory in red cells. 

The presence of a coat on the cell surface has long 
been known; it has also been suggested that proteins 
foreign to the cell, though adsorbed to its surface, 
may take part in its formation [9]. For this reason, 
plasma membrane labelling of cells grown in vitro 
usually requires careful washings, and controls for the 
presence of serum proteins of the culture medium 
adsorbed on the surface [10-12] .  

Using trinitrobenzene sulphonate (TNBS) as probe, 
however, we found that a significant amount of the 
labelled proteins are serum derivatives tightly bound 
to the membrane surface in the case of hamster 
fibroblasts cultured with calf serum. These components 
are polypeptides whose molecular weight differs 
from that of SDS polyacrilamide electrophoretically 
demonstrable fresh serum proteins, though they 
cross-react with the latter immunologically. 

This implies that, when probe labelling of cell 
surface proteins is performed, the non-identity in 
acrylamide gel electrophoresis between labelled bands 
solubilized from cells and bands displayed by probe- 
labelled native serum components is not a proper 
control to exclude surface adsorbtion. 

Fibroblasts belonging to the BHK-C 13/21 line were 
cultured in Eagle MEM with 10% calf serum and plated 
after resuspension by treatment with 0.25% trypsin 
at room temperature for 1-2 rain. Subconfluent 
monolayers were carefully washed three times with 
Earle solution and labelled with TNBS as already 
described [13-15] .  Under the conditions used, 
96% of the bound probe was observed on the outer 
surface of the plasma membrane, where it formed a 
covalent bond mainly with the e-amino groups of 
exposed proteins. 

We had previously shown this selective labelling 
with a variety of techniques, including immuno- 
fluorescence with anti-probe antibodies, subcellular 
fractionation and comparison of molecules labelled 
with TNBS or surface 12Slodination with lactoper- 
oxidase [13-15] .  After labelling, cells were solubilized 
with SDS and the TNP-labelled surface proteins 
were purified from unlabelled components by affinity 
chromatography through a column of insoluble anti- 
dinitrophenyl (DNP) antibodies (table 1). These 
cross-react with TNP-labelled proteins and are pre- 
ferred to anti-TNP antibodies because the high 
affinity of rabbit antibodies for their specific nitro- 
phenylated ligands prevent elution of TNP-proteins 
except under very strong conditions. Surface TNP- 
proteins were eluted from the immunoadsorbent 
with 10 mM DNP-glycine, or by boiling Sepharose 
bead aliquots in SDS-mercaptoethanol. Their SDS- 
polyacrylamide gel electrophoretic pattern was 
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Table 1 
Affinity chromatography purification of solubilized membrane proteins after selective cell surface labelling with TNBS 

Membrane proteins Preadsorbed on Adsorbed on CPM applied CPM bound % of specific 
solubilized from binding c 

a Unlabelled cells - IgG-Sepharose a 4.25 × 107 0.2 × 10 + 0 
b Unlabelled cells - anti DNP-Sepharose 4.1 x 107 0.2 × 10 + 0 
c TNP-labelled cells - anti DNP-Sepharose 5.1 × 10 + 2.6 × 10 + 4.6 
d Unlabelled cells - anti CWS-Sepharose 4.8 × 107 2.6 × 106 4.9 
e TNP-labelled cells antiCWS-Sepharose b anti DNP-Sepharose 4.1 × 107 1.1 × 10 ~ 2.4 

a Non-immune rabbit IgG coupled to Sepharose 4B by cyanogen bromide [191. 
bCWS: calf whole serum 
CCPM bound by the antibody-Sepharose column after subtraction of the CPM bound by the IgG-Sepharose. 

Carefully washed BHK fibroblasts were labelled with 5 mM TNBS for 10 min at 37°C in Earle's solution buffered to pH 7.4. 
Cells were removed with a rubber policeman and solubilized in 1% SDS. After reduction with ~-mercaptoethnaol, 50 mM 
dithiotreitol for 3 h at 0°C in nitrogen atmosphere and alkylation with twofold molar excess of iodoacetic acid, samples were 
centrifuged at 150 000g for 1 h. After dialysis against 50 mM Tris-HCl pH 8.0, 0.25 M NaCI, 0.05% sodium desoxycholate, 
proteins were labelled with 12Sl by chloramine T Is and chromatographed trough the Sepharose-antibody column. Non-specific 
binding sites were presaturated with excess cold membrane proteins solubilized from unrelated ceils. 

compared  with  that  obtained wi th  calf  serum 

proteins.  No significant corre la t ion be tween  the 

bands was noted .  An addit ional  cont ro l  was, however ,  

made  by ch romatography  o f  proteins  solubil ized 

f rom the cells wi th  SDS on an immunoadso rben t  
consisting o f  ant i-calf  serum ant ibodies  l inked to 

Sepharose. As can be seen in table 1, a significant 

percentage o f  proteins  was specifically bound  by the 

immunoadsorben t .  Abou t  40% of  these were TNP 

labelled (cf. the  result o f  exper iment  c and e). Elut ion 

o f  the immunoadso rben t  wi th  S D S - m e r c a p t o e t h a n o l  

at 100°C permi t ted  pur i f ica t ion o f  the serum com- 

ponents  bound  to  the cell surface and their  com- 

parison with  fresh calf  serum proteins  in SDS-poly- 

acrylamide gel electrophoresis .  

Fig.1 A points  to substantial  non- ident i ty  o f  the 

pat terns as far as the molecular  weight  o f  their  

respective peaks is concerned.  Serum proteins  bound  

to the cell surface migrated to the gel area separating 

polypept ides  wi th  a mol.  wt. o f  less than 60 000. 

No significant radioact ivi ty  peaks were found in this 

area, even when  increasing calf  serum concent ra t ions  

were run. This suggest that  the bound  componen t s  

on the fibroblasts surface are fragments o f  larger 

proteins,  though the possibili ty that  they  are the 

result o f  selective adsorpt ion of  polypept ides  present  

in the serum in low concent ra t ion  cannot  be ruled o u t  

Such polypept ides  may  be bound to the plasma 

membrane  by in teract ion with the polar  heads o f  the 

phospholipids,  or  direct ly  to the proteins exposed 

Table 2 
Binding of solubilized membrane proteins to Sepharose-bound serum 

Sample CPM × 10 -+ applied CPM × 10 -6 bound to: 
IgG-Sepharose a Calf Serum-Sepharose -b 

Bovine Serum Albumine 50.5 0.15 (0.2%) 0.17 (0.3%) 
Solubilized Membrane 64.0 0.29 (0.4%) 6.40 (10%) 
proteins 

aNon immune rabbit lgG coupled to sepharose+ 
bSerum proteins bound to Sepharose via specific rabbit anti calf serum antibodies covalently linked to 

the beads. 

Membrane proteins were solubilized from BHK ceils, ~2Sl labelled and chromatographed through 
Sepharose columns as described in the legend to table 1. 
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Fig.l. SDS-polyacrylamide gel electrophoresis of BHK surface 
components. All samples, included calf serum, were solubilized, 
reduced, alkylated and labelled with 12sI or ~31I as described 
in the legend to table 1. After being heated in 5% SDS, 0.1% 
/3-mercaptoethanol at 100°C for 3 min, samples were electro- 
phoresed in 12% (A) or 9% (B and C) acrylamide cilindrical 
gels as described in detail elsewhere [ 15 ]. ~2s I and t 31 l- 
labelled samples were co-electrophoresed in the same gel. 
Gels were sliced in 2 mm sections and the amount of each 
isotope was measured in each slice. (A) Patterns of serum 
components bound and eluted from the anti calf serum 
immunoadsorbent: (o) surface bound serum (SBS); (e) calf 
whole serum (CWS). (B) Control pattern of the material 
solubilized from unlabelled cells non-specifically bound to 
the anti-DNP immunoadsorbent. (C) BHK surface proteins 
selectively labelled with TNBS and then purified by the anti- 
DNP Sepharose column after being 'cleaned' by chromato- 
graphy through the anti calf serum inrmunoadsorbent (e). 
Open circles (o) show cell surface bound serum polipeptides 
eluted from the latter column. 

on the surface. The second possibili ty is suggested 
by the results shown in table 2. It will be seen that the 

solubilized membrane  proteins themselves display a 
certain aff ini ty for calf serum bound  to Sepharose via 
specific antibodies.  

Serum polypeptides b o u n d  to the cells surface can 
in any case be removed from TNP-labelled membrane  
proteins by  affinity chromatography on an immuno-  

adsorbent  consisting of  anti  calf serum antibodies.  
This leads to a further simplification of  the electro- 

phoretic pat ter  of  the ' t rue '  membrane  proteins 
exposed on the cell surface (fig.1 C), which is clearly 

different  to that for the polypept ides  derived from 
the serum. The biological significance of  these surface 
b o u n d  serum polypeptides,  if any,  is obscure. In all 
events the presence of  serum-derived componen ts  on 
the plasma membrane  must  be borne  in mind when 
investigating the structure or ant igen composi t ion of  

the outer  surface of  cul tured cells. Serum components  

are, in fact, potent ia l  targets for lectins (P.M.C., 
unpubl ished) ,  ant ibodies  [16] ,  or sensitized lympho-  
cytes [17] ,  in addi t ion to surface probes. 
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