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GLYCOSYLATION OF A VH RESIDUE OF 

A MONOCLONAL ANTIBODY AGAINST a(l-6) DEXTRAN 

INCREASES ITS AFFINITY FOR ANTIGEN 

Bv SUSAN C. WALLICK, ELVIN A. KABAT, AND SHERIE L. MORRISON 

From the Departments of Microbiology, Genetics and Development, and Neurology, and 
the Cancer/ Institute for Cancer Research, Columbia University College of Physicians and Surgeons, 

New York, New York 10032 

lmmunochemical characterization of antibodies against a(1 --+ 6) dextran has given 
insights into the size and shape of the antibody-combinin g site and the nature of 
the interaction between antibodies and antigen. We are now attempting to correlate 
the immunochem ical properties of the antidextran antibodies with their primary 
structure. In the course of these studies cDNAs from three monoclonal anti-a(l --+ 6) 
dextran hybridoma cell lines, 14.6b.l , 5.54 1 and 19.22 .1 (1, 2), were cloned , and the 
nucleotide sequences of their V H and V L regions were determined (3) (Table 1). All 
synthesize an identical K light chain with the V K-OX1 germline gene ( 4) rearranged 
to the J K2 segment; the heavy cha ins differ by only one or two am ino ac ids in their 
complementarity-determining regions (CDRs)2

. When compared with 14.6b.l , 5.54 
and 19.22 .1 have an identical Thr--+ Asn amino acid change at position 60 in VH ; 
5.54 has an additional change (Ser --+ Gly) at position 31 in CDRl. The changes 
in heavy cha in sequence result in 5.54 and 19.22 .1 having a 10-fold or greate r reduc
tion in their binding constants for both polymeric dextran and isom altoheptaose 
(IM7) when compared with 14.6b.l (Table 1). 

The Thr--+ Asn change in 5.54 and 19.22 .1 leads to the loss of a potenti al N-linked 
glycosylation site (Asn5s -Tyr5g -Thr60) present in 14.6b.l. The purpose of this study 
was to determine whether this potential N- linked glycosylation site is used and if 
so, whether the addition of carbohydrate (C HO) to CDR2 affects the binding con
stant for dextran. It is difficult to demonstrate glycosylat ion of V H in the original 
hybridoma antibodies since both l gA and IgM isotypes are glycosylated within their 
C1-11 domains and CHO present in Fd could be linked to either VH or C1-1. There
fore, we have transferred the three V 1-1 regions to the human l gG4 con stant region, 
which is devoid of CHO in its C1-1 1 domain. In this report we demonstrate the pres
ence of carbohydrate within the V 1-1 of 14.6b.l. Comparison of the associat ion con
stants for aglycosylated tunicamycin (Tm)-treated and -untreated antibodies shows 

This work was supported in pa rt by grants Al -19042, CA-16858, CA-22736, and CA-13696 (to the Cancer 
Center) from the Nat iona l Inst itu tes of Health , and by grant DBM-860-0778 from the National Science 
Foundation. Address correspondence to Dr. She ri c L. M orri son, Department of M icrob iology, 540 M o
lecul ar Biology Institute, Un ive rsity of Californi a a t Los Angeles, Los Angeles, CA 90024. 

1 The 5.54 mAb was designated as 5.54.4.24.1 by Newman and Kaba t (2). 
1 Abbreviations used in this paper. CDR, complementa rit y-determinin g region; C HO, carbohydrate; 

IM7 , isomaltoheptaose; Staph A, Staphylococcus aureus protein A; Tm , tuni camycin . 
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TABLE I 

lmmunochemical Properties of Hybridoma Antibodies Specific for Dextran B512 

H ybridoma Mouse strain Jso type 

14. 6b . l, BALB/c lgA,k 
5.54** C 57BL/6 IgA,k 
19.22. 1, BALB/c lgM ,k 

Site size K.l 

mllg 
6 4.43 X 

6 I . 78 X 

8 .87 X 

105 

104 

103 

liter/mole 
5. 76 X 104 

3. 02 X J03 

6.46 X 103 

• M ax imum number of a ( I -+ 6)-linked glucose residues that fit the antibody combinin g site. 
Determined by affinit y ge l electrophores is according to the method described by T akeo and Kabat ( I 7). 
Association constants of antidex tran combining sites with isomaltoheptaose (1M 7). 
According to Akolkar et a l. (3). 
According to Sharon et al. ( I). 

•• According to Newman e t al. (2); designated as 5 .54. 4. 24. 1 by Newman ct al. 

H eavy C hain amino acid changes 
vs. J4 .6b. 1 prototypell 

CDR! C DR2 CDR3 

3 1 Ser --+ Gly 60 Thr --+ Asn 
60 Thr --+ Asn 

These sequence data have been submitted to the EMBL/GenBank Data Libra ri es under access ion number Y00809. 
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the presence of CHO increases the aKa of 14.6b.l for dextran . The effect on 
is unique to the carbohydrate present in V H , since absence of CHO from 

H2 does not change the aKa for dextran. Lastl y, we have demonstrated that the 
HO in V H is more exposed than in CH2. 

Materials and Methods 

Cell Lines. 5.54 is a mouse hybridoma cell line synthesi zing a C57 BL/6 IgA, K antibody 
·fie for a ( I -+ 6) dextran. D3 is a spontaneous heavy chain-loss variant of 5.54 that syn
zes only the K light chain charac teristi c of the antidextran hybridomas . The D 3 light 
n variant cell line was isolated by Dr. P. N . Akolka r (Columbia University, NY). Cell 

were grown in lscove's Modified Dulbecco's medium (IMDM) (Gibco Laboratories, 
Island , NY) supplemented with 3- 5% FC S (H yclone Laboratories, Logan , U T ). 

Gene Transfection. G ene transfection was by protoplast fu sion using the method of Oi et 
(5) and modified as described by Tan et al. (6). Transfectant culture supernatants were 

for antibody production and dextran binding by ELISA (7). D extran B512 was prepared 
Leuconostoc mesenteroides strain B512 cultures by Dr. L. M atsuuchi as described (8). H orse

radish peroxidase affinity purified goat anti-human IgG antibody was purchased from Sigma 
Chemical Co. (St. Loui s, MO). D3 recipient transfccted cells from positi ve wells were sub
cloned once in soft agarose (9), and clones tha t stained heavi est with rabbit anti-human IgG 
Fe antiserum (Cooper Biomedical, Inc., M alvern , PA) were chosen for furth er analysis. 

Biosy nthetic Radiolabeling and Papain Digestion. Transfectant cells were labeled in the presence 
of 15 ~tCi/ml of [35S]Met or 100 ~tC i/ml o-[ 14C] glucosamine hydrochloride as described (10). 

Secretions from the cell s were di gested with papa in (Sigma C hemical Co.) at 1:100 enzyme/ 
protein ratio for 4 h at 3rC. The reaction was stopped by addition ofi odoace tamide to 0.03 
M. The Fe fraction and undi gested antibody protein were precipita ted by incubation with 
IgG-Sorb (Enzyme Center, M alden, MA). Fab was precipitated from the supern atant using 
rabbit anti-human Fab (prepared by Letiti a A. Wims, Columbia Uni versit y, NY) or by in 
solubilized dex tran (Sephadex G 75) . Samples were reduced with 2-M E (0.15 M ) and ana
lyzed using 5% SDS-PAGE (5) . 

Inhibition of Glycosylation. Tm at a concentra tion of 8 ~t g/ml (Boehringer M annheim Bio
chemicals, Indianapolis, IN) was used to inhibi t N-linked glycosyla tion. Cells we re biosyn
thetically labeled for 3 h with [35S]Met in the presence of Tm as described above. After 
pretreatment, secre ted Ig in the culture supernatant was di scarded, the cells were washed 
twice with IMDM , fresh Tm and [35S]Met added , and treatment continued overni ght at 
37°C . Removal of C HO from Ig was verified by immunoprec ipi tat ion of the secreted anti 
body and analysi s by SDS-PAGE. 

Determination of the Antibody Protein Concentration in Culture Supernatants. Antibodies in cultu re 
supernatants diluted into BBS (0 .02 M bora te-buffered 0.75 % saline, pH 8.3) were bound 
to polystyrene microtiter wells (Corning Glass Works, Corning, NY) for 3 h at 37 °C . After 
blockin g any unreacted sites with 1% BSA/PBS/0.05 % Tween 20 for 1 h at room tempera
ture, the ELISA pla tes we re washed with PBS/0.05% Tween 20 three times, PBS once, and 
then bound Ig was quantita ted by reaction with horse radish perox idase-labeled ant i-human 
lgG antibody and compared with a human IgG stand ard of known concentration. Assay 
results have been reproduced at least three times. Direc t binding of antibody to microtiter 
plates was a more reprodu cible method than binding supern atants to plates sensiti zed with 
anti-human IgG antiserum , for reasons that are not clear. 

Determination of the Apparent Association Constants of Aglycosylated Con A- adsorbed or - untreated 
Transfectoma Antibody Against Dextran B512. Apparent binding constants were determined using 
the method of Nieto et al. (11 ). In brief, the association constant for an antibody is defin ed 
as the reciprocal free ligand concentration necessary for occupying one half of the antibody
~ombining sites. If a fi xed amoun t of antibody is reacted with an increasing amount of free 
hgand on a pla te coa ted with anti gen , the reciprocal of the free li gand concentrati on th at 
causes 50 % inhibition of binding to the plate is considered to be a fun ction of the intrinsic 
K. and is designa ted as the apparent affini ty constant (aK.). The aKa is calcula ted from the 
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