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ABSTRACT A human AV (Mcg) and a human MI (Vil)
myeloma protein have identical sequences in their first hy-
pervariable segments although they differ at 21 positions
throughout the variable region. If a different structural gene
is responsible for each subgroup, the findings favor insertion
of information for the hypervariable or complementarity-de-
termining segments.

The three hypervariable segments of the variable regions of
light (1) and of the heavy (2, 3) chains of human and mouse
immunoglobulins have been delineated from a statistical ex-
amination of sequences aligned for maximum homology and
postulated to be the complementarity-determining residues
(1, 2) of antibody combining sites. They comprise positions
24-34, 50-56, and 89-97 of the light chains with insertions
of up to six residues 27A to 27F and up to four residues 97A
to 97D (in the case of rabbit immunoglobulins) in the light
chains, and positions 31-35, 50-65, and 95-102 in heavy
chains, with possible insertions of two residues 35A and 35B,
of three residues as 52A, 52B, 52C and as 82A, 82B, 82C
(outside the hypervariable segments), and of up to eight resi-
dues 100A to 100H in the heavy chains. Affinity labeling
studies of various antibodies and myeloma globulins have
shown residues in all six hypervariable segments to be la-
beled (4). Moreover, x-ray diffraction studies of several
groups have established the three-dimensional structure of
the variable regions of a Bence Jones light chain dimer Mcg
(5), of two Fab’ fragments, McPC 603 (6) and Newm (7),
and of an Fv dimer REI (8). The Bence Jones dimer bound a
number of low-molecular-weight substances. One of the
Fab’ fragments was specific for phosphorylcholine and the
other for a hydroxy derivative of vitamin K. No binding ac-
tivity has been found for REIL In all three instances, the
binding sites were formed by the hypervariable segments.
However, the second hypervariable segment of the light
chain in McPC 603 was shielded from the site by an inser-
tion of six residues in the first hypervariable region, and that
in Newm was removed from the site by a deletion of seven
residues from position 55 to 61. The fourth region in the
heavy chain showing hypervariability (2, 9), especially at
positions 84 and 86, was not part of the combining site (10).
It has been suggested that hypervariable segments are re-
sponsible for conferring idiotypic specificity (1, 10, 11). We
shall refer to the three hypervariable regions of each chain
making up the binding site as the complementarity-deter-
mining regions or segments.

Recently, we have begun to accumulate and store all
available amino-acid sequences of immunoglobulin variable

Abbreviation: PCA, pyrrolidone carboxylic acid.

regions in the Prophet System (12). The stored data contain
95 completed first, 65 second, and 66 third complementar-
ity-determining segments of 310 light chains, and 39 first, 25
second, and 21 third complementarity-determining seg-
ments of 133 heavy chains. It therefore became possible to
look for similarities and differences in these segments in the
various light and heavy chains.

Weigert and coworkers (13) previously noted that mouse
lambda light chains were extremely restricted in sequence
variability over the entire variable region, and thus many of
their hypervariable segments were identical. Two mouse
kappa light chains (14, 15) had identical sequences except
for two differences in the first and one in the third comple-
mentarity-determining regions. Capra and Kunkel (16)
found the antibodies in two cases of hypergammaglobuli-
nemic purpura to have identical sequences from the NHy-
terminus through the first hypervariable segment. Similarly,
three mouse kappa chains (17-19) of myeloma globulins
binding phosphorylcholine were identical through residue
835. Their corresponding heavy chains as well as four other
phosphorylcholine-binding mouse myeloma proteins are also
identical through residue 36 including the first hypervaria-
ble segment, except for a Leu-Val replacement at position 4
in one of them. Two other human kappa chains were identi-
cal through residue 40 except for a Ser-Ala replacement at

- position 22 (9), and were identical to a third which has been
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sequenced up to residue 35 (20). Wang and his colleagues
(21, 22) have shown in a patient with myeloma IgG2« and a
macroglobulin IgM« protein, that the light chains of both
were identical for the NH,-terminal 37 residues, as were the
variable regions of the heavy chains up to residue 34. The
complementarity-determining segments showing such simi-
larities were of the same subgroups, and thus can provide no
insight as to whether the hypervariable segments are of sep-
arate genetic origin from the rest of the variable region (1).
Excluding such cases of nearly identical variable regions,
Capra and Kehoe (23) have sequenced two heavy chains
from different patients which showed cross idiotypic speci-
ficity and were both IgM and anti-IgG, and noted that their
second and third hypervariable segments were identical and
the first hypervariable segments differed only by one resi-
due, while there were seven amino-acid substitutions in the
other parts of the variable region. Margolies et al. (24) noted
that three rabbit kappa chains from antibodies for strepto-
coccal group C carbohydrate-4135 (25), for pneumococcal
type VIII carbohydrate-3115 and for Micrococcus lysodeik-
ticus-120 (24, 26) have the same second hypervariable seg-
ment Arg-Ala-Ser-Thr-Leu-Ala-Ser, and postulated that it
might not be complementarity-determining. However, three
type III antipneumococcal antibodies, BS-1, K-25, and 3381
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Table 1. Sequences of the variable regions of the two human AIl and two human AV immunoglobulin light chains

Posi- 1. 2. 3. 4. Posi- 1. 2. 3. 4. Posi- 1. 2. 3. 4.
tion Vil Nei Bo Mcg tion Vil Nei Bo Mcg tion Vil Nei Bo Mcg
1 His PCA PCA PCA 35 Trp Trp Trp Trp 75 Ile' Ile Val Val
2 Ser Ser Ser Ser 36 Phe Tyr Tyr Tyr 76 Ser Ser Ser Ser
3 Ala Ala - Ala Ala 37 Gln Gln Gln Gln 77 Gly Gly Gly Gly
4 Leu Leu Leu Leu 38 Gln Gln Gln Gln 78 Leu Leu Leu Leu
5 Thr  Thr Thr Thr 39 His Asn His His 79 Gln Gln  Arg Gln
6 Gln Gln Gln Gln 40 Pro Pro Pro Ala 80 Ala Val Ala Ala
7 Pro Pro Pro Pro 41 Gly Gly Gly Gly 81 Glu Glu Glu Glu
8 Ala Ala Pro Pro 42 Thr Lys Arg Lys 82 Asp Asp Asp Asp
9 Ser Ser Ser Ser 43 Ala Ala Ala Ala 83 Glu Glu Glu Glu
10 — — — — 44 Pro Pro Pro Pro 84 Ala Ala Ala Ala
11 Val  Val Ala Ala 45 Lys Lys Lys Lys 85 Asp Asp Asp Asp
12 Ser Ser Ser Ser 46 Leu Leu Leu Val 86 Tyr Tyr Tyr Tyr
13 Gly Gly Gly Gly- 47 Ite Met Val Ile 87 Tyr Tyr Tyr Tyr
14 Ser Ser Ser Ser 48 Ile Ile Ile Ile 88 Cys Cys Cys Cys
15 Leu Pro Pro Leu 49 Ser Tyr Phe Tyr 89 Ser Cys Ser Ser
.16 Gly Gly Gly Gly 50] Glu Glu Glu Glu 90 Ser Ser Ser Ser
17 Gln Gin Gln Gln 51 Val Gly Val Val 91 Tyr Tyr Tyr Tyr
18 Ser Ser Ser Ser 52 Arg Asn Ser Asn 92 Thr Ala  Val Glu
19 Ile Ile Val Val 53 Asn Lys Gly Lys 93 Ser Gly Asp Gly
20 Thr Thr Thr Thr - 54 Arg Arg Arg Arg 94 Ser Asx Asn Ser
21 Ile Ile Ile Ile 55 Pro Pro Pro Pro 95 Asn Ser Asn  Asp
22 Ser Ser. Ser Ser |56 Ser Ser Ser Ser 96 Ser Thr  Asn Asn
23 Cys Cys Cys Cys 57 Gly Gly Gly Gly 97 Val Arg Phe Phe
24 Thr Thr Thr Thr 58 Val Val Val Val 97A Val Val Val Val
25 Gly: Gly Gly Gly 59 Ser Ser Pro Pro 97B — — — -
26 Thr Thr Thr Thr 60 Asp Asn Asp Asp 97C — — — —
27 Ser Thr Ser Ser 61 Arg Arg Arg Arg 97D — — — —_
27A - - — — 62 Phe Phe Phe Phe 98 Phe Phe Phe Phe
27B — — — — 63 Ser Ser Ser Ser 99 Gly Gly Gly Gly
27C — — — — 64 Gly Gly Gly Gly 100 Gly Gly Gly Thr
27D Ser Ser Ser Ser 65 Ser Ser Ser Ser 101 Gly Gly Gly Gly
27E Asp Asp Asp Asp 66 Lys Lys Lys Lys 102 Thr Thr Thr Thr
27F Val Val Val Val 67 Ser Ser Ser Ser 103 Lys Arg Lys Lys
28 Gly Gly Gly - Gly 68 Ala Gly Asp Gly 104 Leu Val Leu Val
29 Gly Ser Asp Gly 69 Asn Lys Asn Asn 105 Thr Thr Thr Thr
30 Tyr Tyr Asn Tyr 70 Thr Thr Thr Thr 106 Val Val Val Val
31 Asn  Asn Lys Asn 71 Ala Ala Ala Ala 106A Leu Leu Leu Leu
32 Tyr  Phe Tyr Tyr 72 Ser Ser Ser Ser 107 Gly Ser Arg Gly
33 Val Val Val Val 73 Leu Leu Leu Leu
34 Ser Ser Ser Ser 74 Thr Thr Thr Thr

(24,27), have a Lys substitution for Arg at position 50 but are
otherwise identical to the second hypervariable segment of
41835, 3315, and 120; there are many differences in the rest
of the variable region.

From our collected data, it was observed that the first hy-
pervariable segment of the two human lambda light chains
Vil (28) and Mcg (29) which belong to MI (e.g., Nei) and AV
(e.g., Bo) subgroups, respectively, are identical, though the
rest of their variable regions differ by 21 amino-acid-resi-
dues (Table 1). Two human V,I light chains, Ag (30) and Ni
(81), have the same sequence of Asp-Ala-Ser-Asn-Leu-Glu-
Thr for their second hypervariable segment, while their first
and third complementarity-determining segments are dif-
ferent.

Fett and Deutsch (29) noted the similarity of the variable
region of Mcg to the MI as well as the AV subgroup, 81% of
the residues being identical to Vil (AIL; Al in their nomencla-
ture) and to Bo (AV; AIV in their nomenclature), but con-

cluded from a comparison of the first 20 residues with vari-
ous other AI and AV subgroup sequences that there was a
closer resemblance to the latter. Since the two Bence Jones
proteins Vil and Mcg came from different parts of the world
and if they are indeed in different subgroups, the identity of
the first hypervariable segments would be consistent with an
insertional mechanism for incorporation of complementar-
ity-determining segments (1, 9, 32).

Comparing the two I sequences, Vil and Nei, and the
two AV sequences, Bo and Mcg, with one another (Table 1),
one finds 20 to 31 differences in residues between their vari-
able regions (Table 2). Bo and Mcg show the lowest number
of differences, 20, as compared with 21 to 31 for the others.
If the same comparisons are made for the nonhypervariable
regions, Bo and Mcg show only 11 differences while the oth-
ers range from 14 to 17. This would tend to support the con-
clusion that Bo and Mcg are in the same subgroup and differ
from Vil and Nei. Indeed, in the first 23 amino-acid resi-
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Table 2. Triangular matrices for sequence differences in
the variable regions of the four human A myeloma proteins

Total variable regions

Vil Nei Bo Mcg
0 27 24 21 Vil
0 31 26 Nei
0 20 Bo
0 Mcg
Nonhypervariable region
Vil Nei Bo Mcg
0 14(20) 14(18) 14(15) Vil
0 17(22) 16(19) Nei
0 11(14) Bo
0 Mcg
Complementarity-determining segments
Vil Nei Bo Mcg
0 13(7) 10(6) 7(6) Vil
0 14(9) 10(7) Nei
0 9(6) Bo
0 Mcg
First complementarity-determining segment
Vil Nei Bo Mcg
0 3(3). 3(3) 0(3) Vil
0 5(4) 3(83) Nei
0 3(3) Bo
0 Mcg
Second complementarity-determining segment
Vil Nei Bo Mcg
0 3(2) 2(1) 2(1) Vil
0 3(2) 1(2) Nei
0 2(1) Bo
0 Mcg
Third complementarity-determining segment
Vil Nei Bo Mcg
0 7(2) 5(2) 5(2) Vil
0 6(3) 6(2) Nei
0 4(2) Bo
0 Mcg

See text for explanation of values in parentheses.

dues, the usual basis of subgroup classification, Bo and Mcg
differ only by a Leu-Pro substitution at position 15, while
Vil and Nei differ by a His-PCA (pyrrolidone carboxylic
acid) difference at position 1 and a Leu-Pro substitution at
position 15. However, Vil and Nei differ from Bo and Mcg
by Ala-Pro, Val-Ala, and Ile-Val substitutions at positions 8,
11, and 19.

When one examines the hypervariable segments (Table
2), one notes that Vil and Mcg show only seven differences
while the other pairs range from 9 to 14. In the first comple-
mentarity-determining segment, Vil and Mcg are identical
for all 14 positions, while other pairs show three and one
shows five differences. In the second hypervariable segment,
pairs involving Vil, Bo, and- Mcg all show two differences
while the Mcg-Nei pair shows but one difference, and the
Nei-Vil and Nei-Bo pairs show three differences. In the
third complementarity-determining segment, Bo-Mcg
shows four differences, Vil-Mcg and Vil-Bo five differences
and the other pairs six or seven differences.

In the first hypervariable segment, comparisons of Vil-Bo
as well as Bo-Mcg show them to differ at positions 29, 30,
and 31; the Vil-Nei and Nei-Mcg pairs differ at positions
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27, 29, and 32, while Nei and Bo show five differences at po-
sitions 27, 29, 30, 31, and 32.

In the second hypervariable region Vll Bo, and Mcg dif-
fer at positions 52 and 53. The Vil-Nei and Nei-Bo pairs
each differ at positions 51, 52, and 53, while Nei and Mcg
differ only at position 51.

In the third hypervariable region Bo and Mcg differ at
position 92, 93, 94, and 95; Bo and Vil at 92, 93, 94, 96, and
97; Mcg and Vil at 92, 93, 95, 96, and 97; Bo and Nei at 89,
92, 93, 95, 96; Mcg and Nei at 89, 92, 94, 95, 96, and 97.

Thus the differences among proteins in each of the com-
plementarity-determining regions appear to be independent
of subgroup.

Values in parentheses (Table 2) show results to be expect-
ed if the 21 differences were distributed randomly among
the 111 residues of the variable region. In the first hypervar-
iable region one would expect almost three differences (14/
111 X 21 = 2.6) between Vil and Mcg, while none were
found. All values in Table 2 for each of the three hypervar-
iable segments show a greater variation than expected or are
close to expected. The Vil-Mcg identity in the first hyper-
variable region is thus quite striking.

Since the Mcg dimer is known to bind a variety of low-
molecular-weight substances, it would be of interest to ex-
amine Vil as well as an Mcg-Vil dimer for binding proper-
ties. One would also like to know whether they would exhib-
it cross idiotypic specificity. Available x-ray studies show
that the first complementarity-determining segment of the
light chain contributes substantially to the binding site (10).

A similar comparison between two human V,I llght
chains, Ag and Ni, shows 23 differences, 12 of which are in
the nonhypervariable regions. Ten of the remaining 11 are
in the first hypervariable segment with an insertion of four
residues at positions 27A, 27B, 27C, 27D and differences at
28, 29, 31, 32, and 34, while their second hypervariable seg-
ments are identical, and their third hypervariable segments
differ only by one residue at position 96.

As additional sequences of other myeloma globulins and
antibodies become available, one should be able to select and
study differences and similarities in antibody and idiotypic
specificities in terms of sequenes of complementarity-deter-
mining regions.
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