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ABSTRACT: Human Bence Jones proteins of X type, Wh and Nei, both of which belong to subgroup 11, contain 
an asparagine-linked sugar chain. Their carbohydrate moieties were liberated as oligosaccharides by 
hydrazinolysis and labeled by reduction with NaB3H4 after N-acetylation. Structural studies of each 
oligosaccharide by sequential exoglycosidase digestion in combination with methylation analysis revealed 
that Wh X contains the mono- and disialylated oligosaccharides 
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while Nei X contains the two acidic oligosaccharides 
G a l ~ l - - 4 G l c N A c p l -  2 M a n a l  i Gal01 -4GlcNAcBl-2Manal'  

' ~Manpl -4G lcNAcp l -4GIcNAc  NeuAclN2 

These oligosaccharides are different from the oligosaccharides found in another X-type Bence Jones protein, 
S m  A, by Chandrasekaran et al. [Chandrasekaran, E. V., Mendicino, A., Garver, F. A., & Mendicino, J. 
(1981) J. Biol. Chem. 256, 1549-15551 and Garver et al. [Garver, F. A., Chang, L. S., Kiefer, C. R., 
Mendicino, J., Chandrasekaran, E. V., Isobe, T., & Osserman, E. F. (1981) Eur. J .  Biochem. 115,643-6521. 

E a c h  of the heavy chains of human immunoglobulin G 
(IgG) contains an asparagine-linked sugar chain in its Fc 
portion (Clamp et al., 1964). Although the light chains usually 
lack carbohydrate, some light chains of human myeloma 
proteins were reported to contain sugar chains (Abel et al., 
1968; Spiegelberg et al., 1970). The structure of the aspar- 
agine-linked sugar chain in Sm A, one such carbohydrate- 
containing Bence Jones protein, was elucidated as shown in 
Chart I by Chandrasekaran et al. (1981) and Garver et al. 
(1981). By comparing the fractionation patterns of oligo- 

Chart I: Proposed Structures of Sugar Chains Found in BJ 
Protein, Sm h, by Chandrasekaran et al. (1981) and Garver 
et al. (1981) 
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saccharides released from 10 different IgG myeloma proteins 
by Bio-Gel p-4 column chromatography, we found that a 
variety of oligosaccharide patterns was obtained from these 
glycoproteins (Mizuochi et 1982). The carbohydrate- 
containing Bence Jones (BJ) proteins were reported to have 
different Sugar Contents (Abel et al., 1968; Spiegelberg et al., 
1970). In view of recent reports that indicate a functional role 
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for the sugar chains in IgG (Ciccimarra et al., 1976; Huber 
et al., 1976; Nose & Wigzell, 1983), information concerning 
the structure of the sugar moieties of a range of carbohy- 
drate-containing BJ proteins is important, although the in- 
cidence of sugar-containing BJ proteins is low. 

In this paper, we report the structures of the sugar chains 
of two BJ proteins, Wh X and Nei A. The glycoproteins have 
a sugar chain in their variable regions at a different location 
from that in Sm X, although the amino acid sequences of Wh 
A, Nei A, and Sm X were classified into subgroup I1 (Garver 
& Hilschmann, 1972; Kiefer et al., 1980; Garver et al., 1981). 

EXPERIMENTAL PROCEDURES 
Carbohydrate-Containing BJ Proteins. Three carbohy- 

drate-containing BJ proteins, Sm A, Wh A, and Nei X, were 
isolated from the urine of patients with a plasma cell dyscrasia 
(monoclonal gammapathy) as described by Isobe & Osserman 
(1 974) and Garver & Hilschmann (1 972). 

Oligosaccharides. NeuAca2+6Gal~l-4GlcNAc/31-- 
2Mana l+6(NeuAca2-6Gal/31-4GlcNAc~l-2Mana 1- 
3) Manp 1 +4GlcNAc@ 1 -+4GlcNAcoT1 ( NeuAc2-Ga12. 
GlcNAc2~Man3~GlcNAc~GlcNAcoT) and NeuAca2-+- 
6Gal/3l-4GlcNAc~l-+2Mana1~6(Gal/31+4GlcNAc~1-- 
2Manal-+3)Man~l-4GlcNAc/31~4GlcNAcoT (NeuAc. 
Ga12~GlcNAc2~Man3~GlcNAc.GlcNA~OT) were obtained by 
hydrazinolysis of human transferrin (Spik et al., 1975). 
Mana 1-6 (Mana 1-3) Manpl -4GlcNAc/31-+4GlcNAcoT 
( Man3~GlcNAc~GlcNAcoT) and Man/?1-+4GlcNAcp 1-- 
4GlcNAcoT (Man.GlcNAc.GlcNAcoT) were prepared from 
NeuAc2~Ga12~GlcNAc2~Man3~GlcNAc.GlcNAcoT by sequen- 
tial digestion with sialidase, diplococcal p-galactosidase, di- 
plococcal p-N-acetylhexosaminidase, and jack bean a-man- 
nosidase. GlcNAc~l-.2Manal-6(GlcNAc/31-4)- 
(Mana 1'3) Man/31-+4GlcNAcp1-+4(Fuca 1 -+6)GlcNAcoT 
( GlcNAc~Man2~GlcNAc~Man~GlcNAc~Fuc~GlcNAcoT), 
Manal-+6(Manal-3)Man~l~4GlcNAc~l+4(Fu~a 1-- 
6)GlcNAcoT (Man3.GlcNAc.Fuc.GlcNAcoT), and Man/31-- 
4GlcNAcp 1 -+4( Fuca 1 -+6)GlcNAcoT (Man-GlcNAoFuc. 
G1cNAco.r) were prepared from a-fetoprotein purified from 
a human yolk sac tumor as previously described (Yamashita 
et al., 1983b). 

Chemicals and Enzymes. NaB3H4 (348 mCi/mmol) was 
purchased from New England Nuclear, Boston, MA, and 
NaB2H4 (98%) from Merck Co., Darmstadt, G.F.R. Ar- 
throbacter ureafaciens sialidase was purchased from Nakarai 
Chemicals, Ltd., Kyoto. @-Galactosidase and 8-N-acetyl- 
hexodaminidase were purified from the culture fluid of Di- 
plococcus pneumoniae (Glasgow et al., 1977). Another p-N- 
acetylhexosaminidase and a-mannosidase were purified from 
jack bean meal (Li & Li, 1972). Snail 0-mannosidase (Su- 
gahara et al., 1972) and Charonia lampas a-L-fucosidase 
(Nishigaki et al., 1974) were kindly supplied by Seikagaku 
Kogyo Co., Tokyo. 

Isolation of Carbohydrate Moieties of BJ Proteins. Each 
of the BJ proteins (10 mg) was heated in 0.5 mL of anhydrous 
hydrazine in a sealed tube at 100 'C for 8 h, and the released 
oligosaccharides were completely N-acetylated with acetic 
anhydride as reported previously (Takasaki et al., 1982). 
One-tenth of each oligosaccharide fraction was reduced with 
240 nmol (83 WCi) of NaB3H4 in 200 pL of 0.08 N NaOH 
at 30 O C  for 4 h. The remainder was reduced with 2 mg of 
NaB2H4 under the same conditions. The reduction products 

O H K U R A  E T  AL. 

' Subscript OT is used in this paper to indicate NaB3H4-reduced 
sugars. All sugars mentioned in this paper were of D configuration, 
except for fucose which had an L configuration. 
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.L .L J. A 

A 

(-) 0 10 20 30 (+) 

DISTANCE FROM O R l G I N ( c r n )  

FIGURE 1: Paper electrophoresis of oligosaccharides liberated from 
Wh X (A) and Nei X (B) by hyrazinolysis. After reduction with 
NaB3H4, the oligosaccharide mixtures were subjected to paper 
electrophoresis at pH 5.4. Arrows indicate the positions to which 
authentic sialyloligosaccharides migrated: (a) NeuAc.Galz. 
GlcNAc2-Man3~GlcNAc~GlcNAcoT; (b)NeuAcz.Gal,.GlcNAc2- 
Man,.GlcNAc.GlcNAcor; (BPB) bromophenol blue. 

were purified as described in a previous paper (Endo et al., 
1979). The yields of radioactive oligosaccharides from Wh 
X and Nei X were 6.99 X lo5 and 7.66 X lo5 cpm, respectively. 

Analytical Methods. Radioactivity was determined with 
a Beckman LS-7000 liquid scintillation spectrometer. Ra- 
diochromatoscanning was performed with a Packard Model 
7201 radiochromatogram scanner. Radioactivity eluted from 
Bio-Gel P-4 columns was detected with an Aloka radio liquid 
chromatograph analyzer RLC-60 1 B. Methylation analysis 
of oligosaccharides was carried out as described earlier (Endo 
et al., 1979). 

Identification of sialic acids released from Wh X and Nei 
X was performed by trimethylsilylation as follows. Two- 
hundred micrograms of Wh X and Nei X was dissovled in 0.3 
mL of 0.1 N HCl and heated at 80 "C for 1 h. The solutions 
were evaporated to dryness under reduced pressure. After 
being thoroughly dried in a desiccator over P205 in vacuo, the 
samples were trimethylsilylated at room temperature for 1 h 
and analyzed as described by Yamashita et al. (1983a). 

Descending paper chromatography was carried out in the 
solvent mixture 1-butanol/ethanol/water (4:1:1), on Whatman 
No. 3MM paper. High-voltage paper electrophoresis was 
performed in pyridine/acetic acid/water (3:1:387), pH 5.4, 
at a potential of 73 V/cm for 1.5 h. 

Sugar chains were fractionated on columns of Bio-Gel P-4 
at 55 'C (Yamashita et al., 1982) with a mixture of glucose 
oligomers as internal standards to which was added radioactive 
oligosaccharides [(5- 10) X lo4 cpm]. Two-milliliter fractions 
were collected at a flow rate of 0.3 mL/min. Internal standard 
and radioactive oligosaccharides in column effluents were 
monitored with a differential refractometer, Shodex RI Model 
SE-I1 (Showa Denko Ltd., Tokyo), and with a radio liquid 
chromatograph analyzer, Model RLC-601 B (Aloka Ltd., 
Tokyo). 

RESULTS 
Fractionation of Oligosaccharides by Paper Electrophoresis 

and Gel Permeation Chromatography. Radioactive oligo- 
saccharide fractions obtained from the two BJ proteins were 
subjected to paper electrophoresis at pH 5.4. As shown in 
Figure 1, two acidic oligosaccharide fractions were obtained 
from both samples. The mobilities of the two acidic fractions 
from Nei X were identical with two authentic oligosaccharides: 
NeuAc~Gal,~GlcNAc2~Man3~GlcNAc~GlcNAcoT and Ne- 
uAc2~Ga12~GlcNAc2~Man3~GlcNAc.GlcNAcoT, respectively 
(Figure lB), whereas those from Wh X were slightly slower 
(Figure IA). The molar ratios of fractions 1 and 2 from Wh 
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FIGURE 2: Sequential exoglycosidase digestion of fraction 1N obtained 
from Wh A. The radioactive sugars were analyzed by Bio-Gel P-4 
column chromatography. The solid arrows at the top indicate the 
elution positions of glucose oligomers (numbers indicate glucose units). 
The open arrows indicate the elution positions of authentic oligo- 
saccharides: (a) GlcNAc.Man2-GlcNAc.Man.GlcNAc.Fuc. 
GICNACOT; (b) Man3~GlcNAc~Fuc.GlcNA~oT; (c) Man-GlcNAc. 
FueGlcNAcoT. (A) Neutral fraction 1N obtained by sialidase di- 
gestion from fraction 1 in Figure 1; (B) radioactive peak in (A) digested 
with 8-galactosidase; (C) radioactive peak in (B) digested with di- 
plococcal 8-N-acetylhexosaminidase; (D) radioactive peak in (C) 
digested with jack bean 8-N-acetylhexosaminidase; (E) radioactive 
peak in (D) digested with a-mannosidase. 

X and fractions 3 and 4 from Nei X calculated on the basis 
of their radioactivities were 32:68 and 30:70, respectively. 

When the four acidic oligosaccharide fractions (each con- 
taining 1 X lo5 cpm) were incubated with 50 milliunits of 
sialidase in 50 pL of 0.1 M sodium acetate buffer, pH 5.0 at 
37 O C  for 18 h, they were completely converted to neutral 
components (data not shown). By shorter sialidase digestion, 
whereby a part of the original acidic oligosaccharides still 
remained, fractions 1 and 3 gave only neutral components, 
while fractions 2 and 4 gave one additional acidic peak with 
the same mobility as fractions 1 and 3, respectively (data not 
shown). These results indicated that the oligosaccharides in 
fractions 1 and 3 contain one sialic acid residue per molecule, 
and those in fractions 2 and 4 contain two sialic acid residues. 
All sialic acid residues released from intact Wh X and Nei X 
proteins were identified as N-acetylneuraminic acid. 

The neutral components obtained from fractions 1-4 by 
sialidase digestion were named as fractions 1N-4N, respec- 
tively. Bio-Gel P-4 (<400 mesh) column chromatography of 
the four neutral oligosaccharide fractions revealed that the two 
fractions from the same BJ proteins were the same single 
oligosaccharide, but the oligosaccharides liberated from the 
two BJ proteins were different (Figures 2A and 3A). 

Sequential Exoglycosidase Digestion of the Neutral Oli- 
gosaccharides Obtained from the BJ Proteins. In order to 
determine the anomeric configuration and the sequence of each 
monosaccharide in the four neutral oligosaccharides, radio- 
active fractions 1N-4N were subjected to sequential exo- 
glycosidase digestion, and the reaction product at each step 
was analyzed by Bio-Gel P-4 column chromatography. Since 
the same results were obtained from fractions 1N and 2N or 
fractions 3N and 4N, only the results of fractions 1N and 3N 
will be documented below. 

ELUTION VOLUME (m i )  
FIGURE 3: Sequential exoglycosidase digestion of fraction 3N obtained 
from Nei A. The radioactive sugars were analyzed by Bio-Gel P-4 
column chromatography. The solid arrows at the top are the same 
as in Figure 2, and the open urrows indicate the elution positions of 
authentic oligosaccharides: (a) Man3~GlcNAc.GlcNAcoT; (b) 
Man.GlcNAc.GlcNAcoT. (A) Neutral fraction 3N obtained by 
sialidase digestion of fraction 3 in Figure 1; (B) radioactive peak in 
(A) digested with 8-galactosidase; (C) radioactive peak in (B) digested 
with diplococcal 8-N-acetylhexosaminidase; (D) radioactive peak in 
(C) digested with a-mannosidase. 

When the radioactive 1N was incubated with diplococcal 
@-galactosidase, two galactose residues were removed (Figure 
2B). The radioactive product then released an N-acetyl- 
glucosamine residue by incubation with diplococcal p-N- 
acetylhexosaminidase and was converted to a radioactive ol- 
igosaccharide with the same mobility as authentic 
GlcNAc~Man,~GlcNAc.Man.GlcNAc-Fuc~GlcNAcoT (Figure 
2C). The radioactive oligosaccharide released two additional 
N-acetylglucosamine residues by jack bean 8-N-acetylhexos- 
aminidase digestion and was converted to a radioactive oli- 
gosaccharide with the same mobility as authentic Man3. 
G~cNAc.Fuc*G~cNAc~T (Figure 2D). The radioactive oli- 
gosaccharide then released two mannose residues on incubation 
with jack bean a-mannosidase (Figure 2E). The radioactive 
peak in Figure 2E was shown to have the structure 
Man01 +GlcNAcpl+( Fuca 1 +)GlcNAcoT by further se- 
quential digestion with @-mannosidase, jack bean p-N- 
acetylhexosaminidase, and Charonia lampas a-fucosidase 
(data not shown). 

When radioactive fraction 3N was exposed in turn to di- 
plococcal @-galactosidase and diplococcal p-N-acetylhexos- 
aminidase, two galactose residues (Figure 3B) and two N- 
acetylglucosamine residues (Figure 3C) were released, re- 
spectively. The radioactive product obtained after the p-N- 
acetylhexosaminidase digestion showed the same mobility as 
authentic Man3~GlcNAc~GlcNAcoT. The radioactive penta- 
saccharide released two mannose residues by incubation with 
jack bean a-mannosidase (Figure 3D). The radioactive peak 
in Figure 3D was identified as Manpl+GlcNAcpl-+- 
GlcNAcoT by sequential digestion with P-mannosidase and 
jack bean P-N-acetylhexosaminidase (data not shown). 

From the results of the sequential exoglycosidase digestion 
described above, the monosaccharide sequences and anomeric 
configurations of oligosaccharides 1N and 3N can be written 
as (Ga 1s 1 -+GlcNAcp 1 -Man a 1 4 )  (GlcN AcP 1 -+) - 
Manpl +GlcNAc@l+( Fuca 14)GlcNAcOT and (Gala1 4- 

GlcNAcpl-Mana l+),Manal -+G~cNAc@~+G~cNAcoT, 
respectively. 

Methylation Analysis of Oligosaccharides Obtained from 
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Table I: Methylation Analysis of Fractions A and A N  and Mannose Core Obtained from Proteins Wh X and Nei X 
molar ratioo 

Wh X Nei X 

A AN core A A N  core 
galactitol 

2,3,4,6-tetra-O-methyl- 1,5-di-O-acetyl 
2,3,4-tri-O-methyl- 1,5,6-tri-O-acetyl 

2,3,4,6-tetra-O-methyl-1,5-di-O-acetyl 
3,4,6-tri-O-methyl- 1,2,5-tri-O-acetyl 
2,4-di-O-methyl- 1,3,5,6-tetra-O-acetyI 
2-mono-0-methyl- 1,3,4,5,6-penta-O-acetyI 

fucitol 
2,3,4-tri-O-methyl-1,5-di-O-acetyl 

2-(N-methyIacetamido)-2-deoxyglucitol 
1,3,5,6-tetra-O-methyI-4-mono-O-acetyl 
1,3,5-tri-O-methyl-4,6-di-O-acetyl 
3,4,6-tri-O-methyl-1,5-di-O-acetyl 
3.6-di-O-methvl-l,4.5-tri-O-acetvl 

mannitol 

0.3 
1.9 

b 
2.0 
b 
0.9 

0.7 

b 
0.8 
0.9 
3.0 

2.1 
b 

b 
2.0 
b 
0.9 

0.9 

b 
0.8 
1 .o 
2.8 

b 
b 

2.0 
b 
1.1 
b 

1 .o 
b 
0.9 
b 
1 .o 

0.4 
1.7 

b 
2.0 
0.9 
b 

b 

0.7 
b 
b 
2.1 

2.0 
b 

b 
2.0 
0.9 
b 

b 

0.8 
b 
b 
2.9 

b 
b 

2.0 
b 
1.1 
b 

b 

0.8 
b 
b 
0.9 

"Numbers in the table were calculated by using the italic values as integers. *Less than 0.05. 

Wh X and Nei X Proteins. In order to determine the locations 
of each glycosidic linkage in the oligosaccharides, deuterium- 
labeled acidic oligosaccharide mixtures (designated as fraction 
A) obtained from Wh X and Nei X proteins and the neutral 
fractions (designated as fraction AN) obtained from them by 
exhaustive sialidase digestion were subjected to methylation 
analysis (Table I). Data obtained by methylation analysis 
of the trimannosyl cores of Wh X and Nei X proteins (corre- 
sponding to the radioactive peaks in Figure 2D and Figure 3C, 
respectively) are shown in Table I. These data and those from 
the exoglycosidase digestions indicated that the oligo- 
saccharides from Wh X and Nei X contain Manal-+6- 
(Manal-+3)Man/31+4(Fuccrl +6)GlcNAcoH and Manal -- 
6(Manal-+3)Man~l+4GlcNAc~l+4GlcNAcoH as their 
respective core structures. 

Comparison of the methylation data of fraction AN and the 
core from Wh X indicated that two a-mannosyl residues of 
the core were substituted at the C-2 position by outer chain 
moieties. Detection of 1 mol each of 3,4,6-tri-O-methyl-2- 
(N-methylacetamido)-2-deoxyglucitol and 2-mono-O- 
methylmannitol instead of 2,4-di-Omethylmannitol in fraction 
AN indicated that the oligosaccharide in this fraction contains 
the bisecting N-acetylglucosamine residue. Among the 2.8 
mol of 3,6-di-0-methyl-2-(N-methylacetamido)-2-deoxy- 
glucitol, 1 mol should be derived from the core portion. 
Therefore, the two outer chain moieties of the oligosaccharide 
should be present as the GalPl-+4GlcNAc group. This con- 
clusion accords with the evidence that all galactose residues 
were removed by diplococcal P-galactosidase (Figure 2B), 
which can cleave the Gal~l-+4GlcNAc linkage but not the 
Gal/31+3GlcNAc and Galpl-+6GlcNAc linkages (Paulson 
et al., 1978). 

Comparison of the data obtained by methylation analysis 
of fractions A and AN indicated that differences were found 
only in the amounts and kinds of galactitol derivatives. Ap- 
proximately 1.8 mol less of 2,3,4,6-tetra-O-methylgalactitol 
was detected in fraction A. The decrease of the tetra-0-methyl 
derivative was balanced by the presence of 2,3,4-tri-0- 
methylgalactitol in fraction A. These results indicated that 
the N-acetylneuraminic acid residues of the two acidic oli- 
gosaccharides in fraction A are all linked at the C-6 position 
of the terminal galactose residues. 

These findings allow us to propose structures for the sugar 
chains in Wh X protein (Figure 4), which are in complete 
agreement with the results of sequential digestion with di- 
plococcal 0-N-acetylhexosaminidase (Figure 2C) and jack bean 

8-N-acetylhexosaminidase (Figure 2D). The diplococcal en- 
zyme can release only the underlined P-N-acetylglucosamine 
residue from the following octassacharide (Yamashita et al., 
1981): 

GlcNAcBl 

GlcNAcpl-2Manal  1 
4 

GlcNAcpl-2Manal  

Comparison of the methylation data obtained from fraction 
AN and the core from Nei X protein indicated that the two 
outer chains, Gal~l+4GlcNAcpl-+, are linked at the C-2 
position of the two a-mannosyl residues of the core. The only 
differences found between fractions A and AN were in the 
galactose derivatives. Therefore, approximately 40% of the 
sugar chains in Nei X protein should be of the monodalyl 
biantennary variety while the remainder is disialyl biantennary 
in character (Figure 4). 

DISCUSSION 
Complete amino acid sequences of the variable regions of 

the three sugar-containing BJ proteins, WH A, Nei A, and Sm 
A, are shown in Figure 5 .  All these glycoproteins belong to 
subgroup I1 and have an Asn-X-Ser/Thr sequence in their 
hypervariable region. Sm X has a deletion of 81 amino acids 
in its variable region and contains an N-glycosidically linked 
sugar chain at asparagine-25 and an 0-glycosidically linked 
one at serine-21 (see Chart I). In contrast, Wh X and Nei X 
contain an N-glycosidically linked sugar chain at asparagine-93 
and have no mucin-type sugar chains. In addition, these two 
BJ proteins are about 84% homologous in their variable re- 
gions, indicating that they have probably originated from the 
same germ line (Kiefer et al., 1980). 

Two interesting findings were revealed by comparison of 
the structures of the sugar chains of the three BJ proteins. The 
first is that the desialylated carbohydrate moieties of the three 
Bence Jones proteins are quite homogeneous in contrast to 
those of whole monoclonal antibodies. Although the data were 
not given, the oligosaccharide fraction obtained from Sm X 
by hydrazinolysis was also separated into two acidic fractions 
in our laboratory. Both of the neutral oligosaccharide fractions 
obtained from the two acidic fractions by sialidase digestion 
gave a single oligosaccharide peak that behaved as 14.5 glucose 
units on the Bio-Gel P-4 column. That the structure of the 
oligosaccharide is Gal~l+4GlcNAc/31+2Mana1-+6- 
(Gal01 -+4GlcNAcPl+2Mana 1-+3)Man/31-+4GlcNAc/3l-+- 

'6,Manpl- 4 GlcNAcpl- 4Glc NAco, 
/ 
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Wh 

Nei 

sm 

Wh 
GlcNAc B 1 Fuca 1 

c c 
1. NeuAca2+6GalB1+4GlcNAc~l+2Mana 4 6 

*Man B 1 + 4 GlcNAc B 1 + 4G1 cNAcOT 
NeuAca2+6Gal B1+4GlcNAcBl+2Mana lr3 

PCAISER-ALA-LE U-THR-CLN-PRO-ALA-SER-VAL-SER-CLY-SER-PRO-CLY-CLN-SER-I LE-THR-I LE-SER-CYS-THR-CLY -THR 

PCA.~SER-ALA-LEU-THR-CLN-PRO-ALA-SER-VAL-SER-CLY-SER-PRO-CLY-CLN-SER-I LE-THR-I LE-SER-CYS-THR-CLY 

PCA-SER-ALA-LEU-THR-CLN-PRO-ALA-SER-VAL-SER-CLU-SER-PRO-CLY-CLN-SER-I LE-THR-I LE-SER-CYS-THR-CLY 

GlcNAc 1 Fuca 1 
c c 
4 6 Gal B 1 +4GlcNAc B 1 -+ 2Mana h6 

Gal B 1 +4GlcANc B 1 +2Mana v" 
3ManBl+4GlcNAc~l-+4G1cNAcOT 

2. 
NeuAc a 2-+ 6 

3. NeuAca2+6GalB1+4GlcNAc~l-+2Manak6 

NeuAca 2+6Gal B 1  +4GlcNAc B 1 -+ ZMana v' 
3ManB1+4GlcNAcB1+4G1cNAcOT 

W h  ~ S E R - A S P - V A L - C L Y - S E R - T Y R - A S N - P H E - V A L - S E R - T R P - T Y R f C L Y - C L Y - H l S ~ R O - C : Y - L Y S - A L A - P R O - L Y S - L E U ~ l L E ~  27 27a 27b 27c 2 0  30 4 

Nei SER-ASP-VAL-CLY -SER-TY R - A S N - P H E - V A L - S ~ R - T R P - T Y R ~ C L N - C L N - A S N ( -  

Sm 

50 

Nei 

C HO 80 
W h  I T H R - I L E - S E R - G L Y - L E U - G L N t A L A f O L U - A S P - C L U - A L A - A S P - T Y R - T Y R - C Y S t S E R i ~ ~ T H R - S E R ~ A ~ X - S E R - T H R -  -ARC] 

W h  

Nei 

FIGURE 5 :  Complete amino acid sequence of the variable region of Wh A, Nei A, and Sm X proteins. The data were taken from the reports 
of Garver & Hilschmann (1972), Garver et al. (1981), and Kiefer et al. (1980). 

4(Fucal+6)GlcNAcoT was confirmed by sequential exo- 
glycosidase digestion in combination with methylation analysis. 
In their investigations of the sugar chains of 10 IgG myeloma 
proteins, Mizuochi et al. (1982) found that a variety of oli- 
gosaccharide patterns was obtained from these glycoproteins 
and none of them gave a single sugar chain. They also found 
that the numbers of asparagine-linked sugar chains in one IgG 
myeloma protein molecule ranged from two to five according 
to the protein samples. As suggested by Spiegelberg et al. 
(1 970), a part of the oligosaccharide moieties of myeloma 
proteins that have more than two sugar chains is probably 
located in the variable regions of the heavy and/or light chains 
of these proteins. If the carbohydrate-containing BJ proteins 
are identical with the light chains of IgG myeloma proteins, 
the homogeneity found in their carbohydrate moieties is in 
strict contrast to the microheterogeneity always found in the 

whole IgG molecule. This may have occurred by structural 
differences between the light and the heavy chains of the IgG 
molecule. Since the molecular size of the light chain is small 
and the glycosylation site is located at the antigen binding area, 
the site may be more accessible for glycosyltransferases than 
the hinge region of the heavy chain, which has a more rigid 
molecular structure. In this context, it might be interesting 
to study the sugar chains from the variable region of the heavy 
chains to see if they share the same structure. 

The second interesting observation is that the sugar chains 
of the three BJ proteins are all different. Because of the 
similarities in the peptide moieties and the glycosylation sites 
of Wh X and Nei X, the structural differences should not be 
caused by differences in steric effects of their polypeptide 
moieties. These differences can probably be ascribed to the 
complement of glycosyltransferases in each myeloma cell, 
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which may indicate that B cells are a mixture of cells equipped 
with different sets of such enzymes. Variation in the oligo- 
saccharide patterns of IgG myeloma proteins by Mizuochi et 
al. (1 982) seems to support this possibility. If it is the case, 
IgG molecules may be classified by their sugar chain struc- 
tures, although microheterogeneity does exist in the whole IgG 
molecule. It might be worth investigating whether or not such 
a subclass of IgG functions differentially. 
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Model for Interactions of Amino Acid Side Chains with Watson-Crick Base 

and 1 -Methylcytosine Complext 
Pair of Guanine and Cytosine: Crystal Structure of 9-( 2-Carbamoylethy1)guanine 

Shigeo Fujita, Akio Takenaka, and Yoshio Sasada* 

Laboratory of Chemistry for Natural Products, Tokyo Institute of Technology, Nagatsuta. Midori-ku. Yokohama 227, Japan 
Received June 18, 1984 

ABSTRACT: As a model of interaction between the guanine-cytosine base pair and carbamoyl group, the 
crystal structure of 9-(2-carbamoylethyl)guanine-l-methylcytosine complex has been studied by X-ray 
method. The crystal data are a = 8.540 (1) A, b = 12.693 (3) A, c = 14.249 (2) A, /3 = 94.02 (1)O, space 
group P 2 , / c ,  Z = 4, d ,  = 1.50, d, = 1.49 g ~ r n - ~ ,  and R = 0.10 for 1035 reflections. The bases form a 
Watson-Crick pair, and the carbamoyl group is hydrogen bonded with O(6) of guanine and N(4) of cytosine 
in the adjacent pairs. A structural correlation has been found between the hydrogen-bonding pattern and 
the secondary structural fitting of a-helical segment with B-form DNA. 

R e c e n t  determination of the three-dimensional structures 
of DNA binding proteins has furnished a model of their 
docking or matching with double-stranded DNA (McKay & 
Steitz, 1981; Anderson et al., 1981; Pabo et al., 1982), but “fine 
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tuning” in the secondary structural fitting is still uncertain. 
In such mutual recognition, the component-component in- 
teraction should play a crucial role, and among several types 
of the interactions the hydrogen bonds may be the leading part, 
especialy when high specificity is required. 

Detailed information for these interactions would be hardly 
obtained even if structures of complex crystals between both 
biomolecules could be solved at low resolution. One approach 
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