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ABSTRACT Examination of the sequences of the first
complementarity-determining segments of the light chains of
two IgM cold agglutinins against blood group I, four monoclonal
IgM antibodies against IgG proteins, and of three Bence Jones
proteins provides clues for predicting which residues contribute
to antibody specificity and indicates that these predictions may
be tested by evaluating recovery of antibody activity and
specificity when various light chains are recombined with ho-
mologous and heterologous heavy chains.

The verification, by x-ray crystallographic studies of Fab'
fragments (1, 2), Bence Jones proteins (3, 4), and Fv fragments
(5, 6) (see also ref. 7) and by affinity labeling (8), of the pre-
diction (9, 10) that the hypervariable regions are the comple-
mentarity-determining segments and form the antibody-
combining site has substantially simplified the problem of un-
derstanding the nature of immunological specificity (11). Thus,
the noncomplementarity-determining segments of the light
chain of the variable region (VL) and the heavy chain of the
variable region (VH) form a three-dimensional framework of
twisted fl-sheets so oriented spatially as to position the com-
plementarity-determining segments at the tip of the molecule
available for reacting with the antigenic determinant (1-7). It
becomes possible therefore to correlate antibody specificity with
sequence data on the complementarity-determining segments
as such data become available and also to predict structures of
other combining sites by inserting sequences of complemen-
tarity-determining segments when these have been determined
for antibodies of known specificities. Thus, using the structure
of the Fab' fragment of the phosphocholine-binding myeloma
protein McPC603 (2, 7), a model was constructed of a com-
bining site for an antibody to the type III capsular polysac-
charide of the pneumococcus (12) and for an antibody site
complementary to 2,4-dinitrophenyl (13); the validity of these
models may ultimately be decided by x-ray crystallography.

As more sequence data become available, the role of indi-
vidual residues in antibody-combining sites may be evaluated.
By use of a data bank (14) of variable region sequences aligned
for maximum homology and stored in the PROPHET computer
system (15), a statistical analysis of the occurrence in comple-
mentarity-determining segments of pairs of residues more
frequently than expected by chance permitted the recognition
of two contacting residues Tyr 33 and Glu 35 in the first com-
plementarity-determining segment of the heavy chain of
phosphocholine-binding mouse myeloma proteins, the as-
signment of a structural role to Met 34, and the recognition of
the probable contribution of Phe 32 to the orientation of Tyr
33 (16). The sequence Phe-Tyr-Met-Glu has not been found in
any other protein tabulated (14, 17-19) and has been seen only

Abbreviations: VL and VH, variable regions of the light and heavy
chain, respectively.
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in phosphocholine-binding mouse myeloma proteins and only
at positions 32 to 35 of the H chain (14). A human phospho-
choline-binding myeloma (20) had the sequence Phe-Tyr-
Met-Asp at positions 32 to 35 (21).

As more sequences of complementarity-determining seg-
ments are accumulated, similarities and differences may pro-
vide insights bearing on antibody specificity. While cross-
idiotypic specificities (22, 23) provide important clues to
structural similarities in complementarity-determining seg-
ments, the lack of insight into what an idiotypic determinant
is in terms of sequence seriously hampers interpretations.

Identical first complementarity-determining segments in a
VxII and a VAV human light chain (24), despite 21 amino acid
differences elsewhere in their variable regions, has been de-
scribed. In addition, a Vj and a VJIII§, light chains of two IgM
with anti-IgG specificity and cross-idiotypic specificity were
found to have identical third complementarity-determining
segments (25). The finding that the heavy chain of a monoclonal
IgM with antibody specificity against blood group I yielded an
anti-idiotopic serum that reacted equally well with the isolated
light and heavy chains (26), if ultimately supported by identical
sequences in one or more complementarity-determining seg-
ments of each of these chains, would contribute substantially
to the understanding of the structural basis of idiotypic speci-
ficity.
From the data bank we have examined the first comple-

mentarity-determining segments of human VK chains with
respect to their antibody specificities.

Table 1 lists the data obtained and their sources. Three IgM
agglutinins, DRE, a cold agglutinin with anti-blood group I
activity, and two non-cold agglutinins, GLO and SIE, with
anti-gamma globulin activity, have identical first comple-
mentarity-determining segments of 12 residues. The two
anti-gamma globulins show cross-idiotypic specificity belonging
to the Wa group (32). The anti-blood group I agglutinin is
known to be specific for oligosaccharide structures involving
D-galactose and N-acetyl-D-glucosamine (33 34); the specifi-
cities of the antigamma globulins are not known, but are not
directed toward the carbohydrate determinants since they still
react with IgG treated to destroy carbohydrate (H. G. Kunkel,
personal communication). Moreover, protein LAY reacted with
IgG but did not react with IgA, both of which contain similarly
linked oligosaccharide chains (35).
Two additional proteins, IKE and TAK, differ from DRE,

GLO, and SIE at position 30, assuming position 27 of TAK to
be Gln (footnotea, Table 1). IKE, a Bence Jones protein without
known antibody specificity, has Asn instead of Ser, while in
TAK, another IgM cold agglutinin with anti-I specificity, the
residue has not been identified but is either Gly or Trp (28).
§ Called VI in ref. 25.
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Table 1. Sequences of the first hypervariable region of human VK III light chainsa

Residue

Protein 24 25 26 27 27a 28 29 30 31 32 33 34 Antibody activity Ref.

DRE Arg Ala Ser Gln Ser Val Ser Ser Ser Tyr Leu Ala Anti-blood group I; IgM cold
agglutinin 27, 28

GLO Anti-human IgG; IgM Wa idiotype 23
SIE Anti-human IgG; IgM Wa idiotype 23
TAK Glxb IC Anti-blood group I; IgM cold

agglutinin 28
IKE Asn Bence Jones protein; no known

antibody activity 23
TI Asn Phe Bence Jones protein; no known

antibody activity 29
WIL Asn Met Bence Jones protein; no known

antibody activity 31
pOMd He Asn Anti-IgGl; IgM Po idiotype 25
VK I
LAY Gln Asn Asn Ala ( )e Asn Anti-human IgG1 and anti-human

IgG3; IgM Po idiotype 25, 31

a All residues are the same as those in DRE except as indicated.
b The sequences of 22 VKIII proteins have been determined: 16 have Gln, 5 have Glx, and 1 has Ser. Capra et al. (27) have Gln for residue 27;
Gergely et al. (28) determined it only as Glx.

c Gly or Trp are considered to be the only possibilities (28).
d The sequence originally reported (31) has been revised.
e Deletion.

Three proteins TI, WIL, and POM differ from DRE, GLO,
and SIE by two amino acid residues. The first two are Bence
Jones proteins without known antibody activity having Asn at
position 30 like IKE but having Phe and Met, respectively, at
position 32. The third POM, an IgM with anti-IgGl specificity
(31), differs in idiotypic specificity from GLO and SIE and has
Ile at position 28 instead of Val and Asn at position 30.
The last protein, LAY, has a VjT light chain, belongs to the

Po group in idiotypic specificity, and is an IgM but differs from
POM in showing both anti-IgG1 and anti-IgG3 specificity (31,
35).

These data permit certain testable predictions to be made.
(i) The complete sequences of the variable regions of both
chains of LAY and POM, as established by Klapper and Capra
(25) have shown that the heavy chains each have identical
second and third complementarity-determining segments and
that the light chains are identical in their third and in residues
50 through 54 of their second complementarity-determining
segment but differ at positions 55 and 56, which were consid-
ered (9) as part of the second complementarity-determining
segment. LAY and POM differ by only one residue in the first
complementarity-determining segment of their heavy chains
having Ala and Ser, respectively, at position 31; the first com-
plementarity-determining segments of their light chains differ
at six positions (Table 1) and, in addition, that of LAY is one
residue shorter.

Since these are the only differences in complementarity-
determining segments, they must be responsible for the dif-
ference in specificity, LAY reacting equally well with IgGl and
IgG3 while POM is more specific for IgGl. Moreover, since
their heavy chains differ by only one residue, the bulk of the
specificity difference probably resides in their light chains.
Chain recombinations with these two proteins to evaluate the
effects of antibody specificity would be of interest.

(ii) The three Bence Jones proteins IKE, TI, and WIL most
probably do not come from Waldenstrom IgM with anti-IgG
activity or from cold agglutinins with anti-I specificity since
light chains from such proteins almost never occur in urine as

Bence Jones proteins. Thus the finding that TI and WIL differ
at positions 28 and 32 and that IKE differs only at position 28
from POM implicates the Ile at position 28 as an important
contacting residue of the anti-IgGl site, with this position and
the substitutions at other positions in LAY making for the dif-
ferences in specificity. The effect of recombining the heavy
chains of LAY and POM with the three Bence Jones proteins
on antibody and idiotypic specificity would also contribute
insights into the role of various residues on specificity.

These sequences may also be correlated with the x-ray
structure of protein REI, a VJT Bence Jones protein dimer with
one less residue in the first complementarity-determining
segment than all of the chains in Table 1, the extra residue being
listed as 27a. Examination of the REI structure (5) indicates that
residues 24, 25, 26, and 33 cannot be contacting residues for
antigen in the combining site; the side chain of 24 points in the
opposite direction, residues 25 and 26 are shielded from the site
by other residues, and residue 33 points toward the interior of
the molecule. In the second complementarity-determining
segment, residues 54 and 56 also cannot be contacting antigens
because the side chain of residue 54 points in the opposite di-
rection and residue 56 is at some distance from the site. Thus,
based on the REI model, the binding residues of POM could be
Gln 27, Ile 28, Ser 29, Ser 30, Ser 31, Tyr 32 and Ala 34, and Ala
55. The extra residue at 27a might cause rearrangement of some
adjacent residues but it is noteworthy that, in addition to residue
27a, LAY differs from POM at positions 28, 29, 30, 34, and 55.
Thus, these positions plus position 31 in the heavy chain must
be responsible for the difference binding specificity for the IgG
subgroups.
The light chains of the two IgM proteins GLO and SIE with

anti-IgG specificity are identical in first complementarity-
determining segments to the IgM cold agglutinin DRE with
anti-I specificity and differ only at position 30 from the second
anti-I protein TAK. It is unlikely that anti-I specificity, which
in one instance (34) has been shown to recognize at least the
DGalfll - 4DGlcNAcgl - 6 structure, involves predominantly
the first complementarity-determining segment, since this
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segment is implicated in the specificity differences between
LAY and POM. Although complete sequences are not available,
recombination experiments (see ref. 36) with the heavy chains
of the anti-I proteins and the various light chains might also
contribute to defining the contribution of the various comple-
mentarity-determining segments to blood group I specifici-
ty.
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