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Summary 

Purified membranes from surface-labelled phytohemagglutinin-resistant 
(Pha R) and wild-type chinese hamster ovary cells have been analysed by 
sodium dodecyl sulphate gel electrophoresis. Gel patterns were compared for 
cells labelled via galactose oxidase and B3H4 or lactoperoxidase and radio- 
active iodide. The results suggest that  Pha R cells are altered in the carbohydra- 
te portion of a number of their membrane glycoproteins. 

Chinese hamster ovary (CHO) cells selected for resistance to the cyto- 
toxicity of the phytohemagglutinin from Phaseolus vulgaris have been shown 
to behave as authentic somatic cell mutants  [1]. Phytohemagglutinin-resistant 
(Pha R) CHO clones which bind markedly less [~2sI] phytohemagglutinin than 
"parental" or wild-type clones exhibit a high degree of cross resistance to the 
cytotoxicity of wheat germ agglutinin, Ricinus communis  agglutinin and 
Lens culinaris agglutinin (Stanley, Caillibot and Siminovitch, manuscript in 
preparation}, whereas they are 4--5 times more sensitive than wi ld-~pe clones 
to the cytotoxicity of concanavalin A [ 1 ]. These properties of Pha ~ cells 
and the fact that  the different lectins bind to specific carbohydrate configura- 
tions [2],  suggested that  the mutat ion to phytohemagglutinin resistance 
might be manifested in the carbohydrate moieties of surface membrane 
glycoproteins. In the experiments described here, we have compared the 
availability of surface galactose residues in neuraminidase-treated wild-type 
and PhaR CHO cells by sodium dodecyl sulfate gel electrophoresis of purified 
membranes labelled via galactose oxidase and B 3 H4. Similarly, the availability 
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of surface tyrosine (and histidine) residues has been investigated following 
labelling of  intact cells with lactoperoxidase and radioactive iodide. 

The isolation characterisation and nomenclature of  wild-type and Pha R 
CHO cell lines have been described in detail elsewhere [1] .  Briefly, Pro-5  is 
a proline-requiring CHO clone and Pro- Pha R 1-1 is a clone selected in a single 
step from Pro- cells plated in 12 pg/ml phytohemagglutinin.GaC Pro÷2 is a 
glycine-, adenosine- and thymidine-requiring CHO auxotroph reverted for the 
proline requirement and GaC Pro÷2 Pha R 1 is a clone selected in a single step 
from GaC Pro÷2 cells plated in 15pg/ml phytohemagglutinin. Both wild-type 
and Pha R clones retained their characteristic phenotypes  during several 
months of  cont inuous culture in the absence of specific selection conditions. 
Cells were grown in suspension culture in complete  alpha medium [ 3 ] 
containing 10% foetal calf serum to between 0.5 and 1.0 • 106 cells/ml. 

Prior to surface-labelling, the cells were washed 3 times in phosphate- 
buffered saline, pH 7.2. The procedures for surface labelling, membrane 
isolation and gel electrophoretic analysis have been described in detail in 
previous communications (Juliano and Behar-Bannelier, submit ted for publi- 
cation) [4] .  Briefly, for surface-labelling of galactose residues, 1--3 • 108 
washed cells were resuspended in 2ml phosphate-buffered saline and 
incubated 5 min at 37°C with 50 units of  Vibrio cholerae neuramindase, 
obtained from Calbio Chem. La Jolla, Calif. The cells were washed once with 
approx. 50ml phosphate-buffered saline, resuspended in 2 ml phosphate-buf- 
fered saline and incubated 5 min at 37°C with 15 units galactose oxidase, 
obtained from Sigma Chemical Co., St. Louis Miss. Following another wash 
in approx. 50 ml cold phosphate-buffered saline, the cells were incubated 
in ice with approximately lmCi sodium boro[3H] hydride, obtained from 
the Radiochemicai Centre, Amersham, U.K. (700 Ci/mol, dissolved in cold 
0.01M NaOH shortly before use). Unbound isotope was removed by washing 
4 times in 50 ml phosphate-buffered saline 1% bovine serum albumin. 
For surface-labelling of  tryosine (and histidine) residues, 1--3 • 108 washed 
cells were resuspended in 2ml phosphate-buffered saline and incubated 
5 min at 37°C with 40 pg lactoperoxidase, obtained from Calbio Chem. La 
Jolla, Calif. and 100--150 ~Ci carrier-free sodium radioiodide (12sI approx. 
17Ci/mg; 131I approx. 25Ci/mg) Radiochemical Centre, Amersham, U.K. 
Aliquots (50~1) of  10 mM H202 were added at the beginning of  the incubation 
and twice subsequently.  Unbound  isotope was removed by 4 washes in 
phosphate-buffered saline 1% bovine serum albumin. Plasma membranes 
were prepared from a homogenate  of  labelled cells by centrifugation in an 
aqueous two-phase system [ 5 ]. Membranes prepared from neuraminidase- 
treated cells labelled with galactose oxidase and B3H4 possessed 1- 2 • l 0  s 
cpm/mg protein and those from cells labelled with lactoperoxidase and 
radioactive iodine possessed 1- 5 • 10 s cpm/mg membrane protein. Purified 
membranes were solubilized in an equal volume of a solution containing 
1% dodecyl  sulfate and 0.01 M dithiothreitol,  incubated 15 min at room 
temperature,  boiled 1 min and analysed by dodecyl  sulfate gel electrophoresis 
according to the method of Fairbanks et al. [6] .  Gels were sliced and radio- 
activity counted as previously described [4] .  
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F i g . l .  D o d e c y l  sulfate gel e lectrophores is  i n  7.5% a c r y l a m i d e  of pu r i f i ed  m e m b r a n e s  from neu ramin i -  
dase - t r ea ted  wi ld- type  and Pha R CHO cells  surface-label led wi th  galactose ox idase  and B 3 H 4 . The  o rd ina t e  
is e p m  of  3H per fract ion and the abscissa is a molecu lar  weight  scale ( M r . 1 0  -3 ) obta ined  from 
measurements  wi th  marker  prote ins  ( c h y m o t r y p s i n ,  ova lbumin,  serum a l b u m i n .  ~-ga lac tos idase)  
subjected to  e lectrophores i s  in  parallel. It  should  be n o t e d  that  g lycoprote ins  n~[grate s o m e w h a t  
a n o m a l o u s l y  in d o d e c y l  sulfate gels and therefore  molecu lar  we ight  es t imates  are at best  approx imate .  
(A) Clone  P r o - 5  (w i ld - type )  and c lone  P r o - P h a R l - 1  (PhaR).  Equa l  a m o u n t s  o f  r a d i o a c t i v i t y  (26  000  
epm)  were layered  on  each gel. Most  of  the label  assoc iated wi th  Pha tt membranes  migrated with  the 
dye  marker  and is o n l y  pa r t l y  v i sua l ized  here.  (B) C lone  Ga t -P ro+2  (wi ld type)  and c lone  Gat -Pro+2  
PhaR1 (PhaR) .  Equa l  a m o u n t s  of  p r o t e i n  ( approx .  60Jug) c o n t a i n i n g  31 720  cpm for wi ld  type  and 
7 2 0 0  c p m  for Pha R respect ively  were layered on  each gel. The peaks  co-originating with  the  dye  m a r k e r  
are on ly  pa r t l y  visual ized.  The r a d i o a c t i v i t y  a t  the  or ig in  probably  represents  an aggregation artefact.  

Purified membranes from two independent Pha R clones and from 
their respective parental wild-type clones were compared by dodecyl sulfate 
gel electrophoresis following labelling of  the intact, neuraminidase-treated 
cells via galactose oxidase and B 3 H4 (Figs 1A and 1B). Although there were 
minor differences between the wild-type clones, they both exhibited a 
complex pattern of labelled glycoproteins including three broad peaks, 
ranging in apparent molecular weight from 50 - 140 • 103. By contrast, the 
gel patterns of  the independent Pha R clones differed markedly both from 
wild-type and from each other. The major glycoproteins labelled in the 
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Pro- Pha R 1-1 clone migrated together as a broad peak (Fig. 1A) whereas 
the Gat-Pro÷2 PhaR1 clone exhibited at least two major glycoprotein peaks 
(Fig. 1B). The amount  of 3H incorporated into ~ycoprote ins  of high molecu- 
lar weight was dramatically reduced in both Pha ~ clones. These labelling 
patterns were reproduced in several different  experiments. A varying and 
often quite large proportion of the label in these gels migrated with the 
dye marker and presumably consisted of tritiated glycolipids and breakdown 
products of B3H4 [4] .  Therefore, the degree of labelling of the wild-type 
and Pha R glycoproteins was compared by weighing the area under the peaks, 
which migrated with an apparent molecular weight > 20 • 103 (Figs 1A and 
1B). In both cases the area under the Pha R gel patterns was approx. 16% of 
that  found for the wild-type clones. The results suggest that many of the 
galactose-containing moieties available for enzymic labelling in wild-type CHO 
cells are no longer available in their Pha R derivatives. Also, the membranes 
of the independent  Pha R isolates appear to differ in their surface glycoproteins. 

Dodecyl sulfate gel electrophoresis of membranes from wild-type and 
Pha R cells labelled via lactoperoxidase iodination gave a different result 
(Fig. 2). In this case, Pha R membranes exhibited a complex gel pattern 
which was very similar to that  obtained from wild-type cells. However, many 
of the species labelled in Pha R membranes migrated significantly faster than 
the corresponding species (of similar size) from wild-type membranes.  This 
shift of  approx. 5% in molecular weight is significant since both types of 
membranes were electrophoresed in the same gel. The result suggests that  
Pha R and wild-type CHO cells possess similar classes of proteins and glyco- 
proteins at the cell periphery,but  that  in Pha R cells, many of the labelled 
species are altered so that  they migrate more rapidly in dodecyl sulfate gels. 
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F i g . 2 .  D o d e c y l  su l fa te  gel e l e c t r op h or e s i s  i n  5 . 6 ~  a c r y l a m i d e  of  puri f ied m e m b r a n e s  f r o m  C H O  cel l s  
l a b e l l e d  b y  l a c t o p e r o x i d a s e  a n d  r a d i o a c t i v e  i o d i d e .  Ce l l s  o f  c l o n e  P r o - 5  ( w i l d - t y p e  ) w e r e  l a b e l l e d  
w i t h  1311 a n d  ce i l s  o f  c l o n e  P r o - P h a R l - 1  ( P h a  R,  - - - -)  w e r e  l a b e l l e d  w i t h  1251. E q u a l  a m o u n t s  o f  r a d i o -  
a c t i v i t y  ( a p p r o x .  16  0 0 0  e p m )  w e r e  m i x e d  a n d  a n a l y s e d  b y  d o d e c y l  sul fate  gel e l e c t ro pho res i s  in the  
s a m e  gel .  O r d i n a t e ;  c p m  o f  125I, ( . . . .  ) c o r r e c t e d  for  overlap o f  13]I u s i n g  a s t a n d a r d  c u r v e .  T h e r e  w a s  
n o  o v e r l a p  o f  12sI in the  131I c h a n n e l ,  ( ). A b s c i s s a ;  M r - 1 0  - 3  o b t a i n e d  as  d e s c r i b e d  f o r  F i g . 1 .  
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These surface-labelling experiments have provided futher information 
on the nature of the alteration(s) at the plasma membrane of Pha R CHO 
cells. The results of galactose oxidase-B3H4 surface-labelling clearly show 
that Pha R cells possess few available ultimate and penultimate surface 
galactose residues compared with wild-type CHO cells. The glycoproteins 
which do label in Pha~membranes may represent a subset of wild-type 
glycoproteins which are not affected by the mutation to phytohemagglutinin- 
resistance. These membrane mutants therefore provide unique biological 
material for experiments designed to analyze the surface architecture of 
mammalian cells. 

By contrast, Pha R and wild-type cells label to a similar extent by 
lactoperoxidase iodination, but many of the species from Pha R membranes 
appear to migrate with a decreased molecular weight. There is evidence that 
the major surface components in CHO cells which label via the galactose 
method are also those which label via the lactoperoxidase method 
(Juliano and Behar-Bannelier, submitted for publication). Therefore, 
glycoproteins and proteins in wild-type membranes are also available for 
enzymic iodination in Pha R cells but that the glycoproteins in Pha R cells, 
being significantly less glycosylated, migrate more rapidly in dodecyl sulfate 
gels. This interpretation is supported by recent experiments in our laboratory 
which show that both Pha R clones Pro-Pha R 1-1 and Gat-Pro÷2 Pha R 1 
possess very little activity (~< 5% that present in wild-type cell extracts) of a 
specific glycosyl transferase which transfers N-acetylglucosamine (GlcNAc) 
to terminal a-mannose residues (Stanley, Narasimhan, Schachter and Simino- 
vitch, manuscript in preparation). If the phytohemagglutinin receptor in 
CHO cells is similar to that characterized from human red blood cells [7] 
a predicted consequence of this enzyme lesion would be that cell glycopro- 
teins containing the a-mannose-GlcNAc sequence would be incompletely 
glycosylated. It has recently been shown that Ricinus communis-resistant 
CHO cells also possess very low activity for the GlcNAc-transferase, absent 
in PhaRceUs and that glycoproteins in crude membrane extracts from these 
cells appear to migrate with a decreased molecular weight in dodecyl sulfate 
gels [8]. 

The availability of membrane mutants will greatly facilitate the study 
of membrane structure and function in mammalian cells. It is of interest 
that the independently isolated Pha R clones Pro-Pha R 1-1 and Gat-Pro÷2 - 
PhaR1 appear to differ in the exposure of their surface glycoproteins (Fig. 1), 
despite both having lost the activity of the same specific glycosyl transferase. 
Further comparisons such as these are now possible since a number of 
phenotypically distinct lectin-resistant cells have recently been isolated in 
our laboratory (Stanley, Caillibot and Siminovitch, manuscript in preparation). 
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