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Antibodies having light (L) chains encoded by the kII-A2 variable region gene segment predominate in the
human response to the Haemophilus influenzae type b polysaccharide (Hib PS). To determine whether the
closely related homologue of the A2 gene, the kII-A18 gene, has the potential to contribute to the repertoire,
we examined Hib PS binding to a series of recombinant Fab fragments having either A2 or A18 L chains
isolated from a Hib PS-vaccinated adult. The ability to bind Hib PS resided exclusively with those Fab
fragments having A2 and containing an insertional arginine at the variable-joining junction. Thus, despite the
sequence similarity between A2 and A18, only A2 contributes to the canonical Hib PS paratope.

Variable (V) regions of human immunoglobulin kappa light
(L) chains are encoded by two homologous clusters of gene
segments on chromosome 2. The cluster most proximal to the
k-constant locus contains 40 genes with all but 2 in the same
transcriptional orientation as the k-constant locus. The distal
cluster consists of 36 genes in the opposite transcriptional
orientation. This second cluster of k-variable (Vk) genes ap-
parently arose through duplication of most of the proximal
region (5). The two clusters are separated by 850 kb, and
together they contain about 41 functional k L-chain genes
(reviewed in references 3 and 8).

As a result of the origin and organization of the Vk locus,
most Vk genes exist as homologous pairs. The kII A2c/A18b V
gene homologues differ at three bases within the coding region
and can therefore be differentiated at the level of expression.
This difference offers a unique opportunity to examine the
contribution made by two recently divergent V genes to a
protective human antibody response. Antibodies specific for
the capsular polysaccharide (PS) of the human pathogen Hae-
mophilus influenzae type b (Hib) commonly utilize V regions
encoded by alleles of the A2 gene. These antibodies express an
L-chain-associated idiotype known as HibId-1 (13) and are the
predominant species in a majority of individuals following vac-
cination. Anti-Hib PS antibodies utilizing the A2 L chain have
been isolated from serum (21) and hybridomas (1) and by
phage display (18). In the present study, we sought to deter-
mine if, following vaccination, an individual known to express
both A2 and A18 gene products utilizes A18 in the generation
of antibodies specific for Hib PS.

Both A2 and A18 L-chain gene products express the HibId-1
idiotype. HibId-1 expression is independent of kappa joining
region (Jk) usage and heavy (H)-chain association. In a previ-
ous study, human B cells expressing A2 and A18 L chains were
isolated from an adult immunized 5 days previously with Hib
PS, and RNA from these cells was used to construct an ex-
pression library in pComb 3. A HibId-11, Hib PS-specific Fab
fragment designated Sol10 was isolated from this library and
has been described previously (18). To generate the backcross
library utilized in the present study, the H-chain fragment from

Sol10 was ligated into an L-chain library containing both A2
and A18 L chains isolated from the same immunized donor.
Forty clones were selected, screened for Fab fragment produc-
tion by a capture enzyme-linked immunosorbent assay
(ELISA), and assayed for Hib PS binding by a modified Farr
assay (18). The sequence of the L-chain insert was then deter-
mined. The data are summarized in Table 1. The 40 clones
analyzed in this study (representing 26 unique sequences) are
all products of either the A2c or A18b Vk gene. Hib PS binding
clearly segregates with those Fab fragments utilizing A2c. Fur-
thermore, Hib PS binding within the A2c population is re-
stricted to those Fab fragments whose L chains express a non-
templated insertional arginine residue at the variable-joining
(V-J) junction. All but one Hib PS-binding A2 rearrangement
utilize Jk1. The frequencies of mutations for the Hib PS-bind-
ing and nonbinding groups were similar.

Since the binding potential of the A2 L chain is highly biased
towards those rearrangements containing an insertional argi-
nine and Jk1, the question arose as to whether an A18 gene
product would, if present with the same CDR-3 configuration,
produce an L chain with the ability to bind Hib PS. To address
this question, a Fab fragment whose A18 L chain had an
arginine insertional residue was constructed by mutagenesis
with unique-site elimination (4). The template plasmid en-
coded an A18b/proline/Jk1 L chain isolated in this laboratory.
This L chain was paired with the Sol10 H-chain fragment
described above, and the ability of the resultant Fab fragment
(designated A18R) to bind Hib PS was determined. Figure 1
shows the relative abilities of BC35 (A2/R/Jk1), BC14 (A2/R/
Jk3), and A18R (A18/R/Jk1) to bind radiolabeled Hib PS.
Under permissive binding conditions, where the Fab fragments
were polymerized with a polyclonal anti-kappa chain antibody
(Fig. 1A), all three Fab fragments bound Hib PS, but with
marked differences in avidity. BC35 required an approximately
6-fold-lower concentration of Fab fragments to achieve 50%
binding than did the naturally occurring BC14 and about a
20-fold-lower concentration than did A18R. When Fab frag-
ment dimers were produced by using a monoclonal anti-kappa
chain antibody (Fig. 1B), the relative ranking of BC35 and
BC14 was maintained, but the A18R Fab fragment required
'35-fold more antibody than did BC35 to achieve 50% bind-
ing. Under monovalent conditions (i.e., no facilitating antibody
[Fig. 1C]) avidity differences between BC35 and BC14 were
more apparent (about 14-fold), and binding by A18R was only
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slightly above the background level at the maximum concen-
tration tested.

The availability of an anti-HibId-1 reagent allows A2 utili-
zation to be examined in large numbers of samples. This re-
agent has been extensively utilized in characterizing the Hib
PS-specific repertoire that develops in response to different
vaccine formulations and in different age groups (6, 11, 12, 15).
The sequence originally reported for A18a, the A2 homologue,

contained a point mutation in the codon for residue 88 (where
a conserved cysteine is located) that converted it to a stop
codon (9). Since this L chain is not expressed, it cannot con-
tribute to the HibId-11 anti-Hib PS response. Atkinson et al.
and Juul et al. (2, 7) have, however, recently described other
alleles of A18 which lack this mutation and are therefore
potentially functional genes. We have demonstrated that A18b
is functionally expressed in peripheral blood and is recognized

FIG. 1. Binding of radiolabeled Hib PS by BC35 (■), BC14 (Œ), and A18R (F) under polyvalent (A), bivalent (B), and monovalent (C) conditions.

TABLE 1. L-chain CDR3 region and Hib PS binding of Fab clones

Germ line Clone VLa
Residue at position:

Jk Hib PS bindingc Mutations
(M, R)d

95ab 96 97

A18b M Q G I H L P
BC1 - - - - - - - P T Jk4 2 (142) 1, 1
BC2 - - - - - - - P Y I Jk2 2 (170) 3, 1
BC6 - - - - - - - L T Jk4 2 (90) 1, 0
BC13 - - S - - - I T Jk5 2 (71) 2, 1
BC16 - - - - - - - I T Jk3 2 (90) 4, 2
BC17 - - - - F P - L T Jk4 2 (130) 10, 5
BC19 - - - - - - - W T Jk1 2 (90) 11, 6
BC26 - - - - - - L T Jk4 2 (142) 2, 1
BC30 - - - - Y - - P T Jk4 2 (118) 5, 2
BC32 - - - - - - - I T Jk3 2 (99) 2, 1
BC36 - - - - - P - Y T Jk2 2 (217) 3, 1

A2c M Q S I Q L P
BC7 - - - - - P - L T Jk4 2 (130 1, 1
BC9 - - - - - - - Y T Jk2 2 (65) 2, 1
BC29 - - - V - F - R T Jk1 2 (217) 7, 4
BC31 - - - - - - - L T Jk4 2 (118) 0, 0
BC3 - - - - - F - R W T Jk1 1 7, 5
BC5 - - - - - - - R W T Jk1 1 3, 0
BC8 - - - - - H - R W T Jk1 1 4, 2
BC10 - - - - - - - R W T Jk1 1 7, 3
BC12 - - - - - - - R W T Jk1 1 6, 2
BC14 - - T - - - - R F T Jk3 1 3, 1
BC15 - - - - - - - R W T Jk1 1 5, 1
BC24 - - - - - - - R W T Jk1 1 4, 0
BC33 - - - - - F - R W T Jk1 1 9, 5
BC34 - - - - - - - R W T Jk1 1 9, 4
BC35 - - - - - - - R W T Jk1 1 6, 0

a Amino acid residues 89 to 95 of VL. Residues 89 to 95 of the respective germ line-encoded proteins are shown for comparison. A dash indicates identity with the
germ line.

b Junctional residue not encoded by either the 39 Vk gene segment or the 59 Jk segment.
c All clones listed as negative bound #20% of the added counts per minute under polyvalent conditions at the maximum concentration tested (shown in micrograms

per milliliter).
d Total number of base changes (M) and amino acid replacements (R) compared to the germ line-encoded sequence over the entire V region. Purified phagemid

DNA from each clone was sequenced directly with Sequenase version 2.0 (U.S. Biochemical Corp., Cleveland, Ohio).
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by the HibId-1-specific monoclonal antibody LuC9 (17). The
A18b and A2c gene products differ at 1 residue in CDR2 (L2)
and 2 residues in CDR3 (L3). The functional A18b allele has
been found in all populations examined so far, although its
prevalence varies in different ethnic groups (2, 7). Since A18b
gene products are also HibId-11, the idiotypic analysis of Hib
PS-specific antibodies described above cannot discern between
A2 and A18 use.

This report demonstrates that, at least in the individual we
studied, the VkII A18b gene does not pair with the canonical
VH26 VH to contribute to the Hib PS repertoire. Since mul-
tiple nonbinding A18b rearrangements were isolated, it is un-
likely that our methodology is biased in favor of A2. It is
possible that our sample size was not large enough to detect all
A18 rearrangements. However, 73% of the A2 rearrangements
bound Hib PS, and based on Jk and junctional arginine codon
use, this represents at least four independent rearrangement
events. In addition, the nonbinding A2 and A18 isolates con-
tain examples of all possible Jk regions. These findings suggest
that the A2c/A18b repertoire isolated from this individual con-
stitutes a representative sample. We tested only a single VH
region and cannot, therefore, discount the possibility that the
A18b L chains described here would bind Hib PS if they were
paired with some other VH region. If they would, this should
manifest itself as a bias in the observed A18 rearrangements,
such as the clear bias towards A2/R/Jk1 rearrangements that
we observed in the A2 isolates. No such bias towards a partic-
ular A18 rearrangement was found. Further, when the original
expression library made from this individual was affinity se-
lected on Hib PS, only Fab fragments utilizing the A2 L chain
were isolated (18). It is possible that A18 could contribute to
the Hib PS repertoire in individuals expressing allelic variants
of A18 or in individuals lacking A2. The frequency of individ-
uals homozygous for the deletion of the distal portion of the
kappa locus (i.e., haplotype 11) has been estimated to be about
0.6% of the general population (19), and these individuals
would, by definition, lack the A2 gene. One such individual has
been analyzed, and HibId-11 antibodies specific for Hib PS
were not detected (20). It is not known whether this individual
expressed A18.

By analogy to A2, the most likely A18 rearrangement to
participate in Hib PS binding would be A18 paired with Jk1
with an arginine residue inserted at the V-J junction. We
constructed such an L chain and showed that under certain
conditions of polymerization it forms a Hib PS-binding Fab
fragment when paired with the Sol10 H chain. It is not known
whether the affinity of this binding site for Hib PS is sufficient
for B-cell triggering when it is present as the antigen-specific
receptor on a B cell. Although the BC14 (A2c/R/Jk3) clone
isolated in this study binds Hib PS with a lower affinity than do
A2c/R/Jk1 isolates, it is assumed to have arisen as a result of
immunization. Therefore, the affinity of BC14 places a limit on
the receptor affinity required for signaling. As can be seen in
Fig. 1, A18R bound Hib PS less efficiently than did BC14 under
valency conditions most similar to those present on the cell
surface. There remains the possibility, as mentioned before,
that A18R, when paired with another H chain, would bind Hib
PS with the same affinity as the A2c/R/Jk1 clones. The fact that
no A18b L chain with a junctional arginine was isolated from
this vaccinated individual leads us to believe that this is not the
case.

In this study we have also demonstrated the strong concor-
dance of an arginine at the V-J junction of A2c rearrangements
with Hib PS binding. This residue has been reported previously
to be present in both A2 and non-A2 (10, 16) L chains of Hib
PS-specific antibodies. We have recently shown that there is no

absolute structural requirement for an arginine at this position
(14). Its dominance may result from selection pressure shaping
the Hib PS-specific repertoire of adults. It may be that the
increased length of L3 is more predictive of binding potential
than is the residue at position 95a. The predominance of Jk1 in
the Hib PS-binding clones suggests that the tryptophan at
position 96 is important, as it is the only residue that varies
between the Jk segments within the CDR. Whether the poor
binding of BC14 to Hib PS is due to its utilization of Jk3, its
deviation from germ line at residue 91, or a combination of the
two is unknown.

Taken together, the apparent requirement for an insertional
arginine, the bias towards Jk1 use, and the fact that two of the
three amino acid differences between A2c and A18b are in L3
suggest that the ability of the VH26-A2 canonical pair to bind
Hib PS is highly dependent on the primary sequence of the
L-chain CDR3. Mutation and modeling studies currently un-
der way will further define the role of the junctional arginine in
the binding of these Fab fragments to Hib PS. Our findings
also suggest that the formation of the Hib PS-specific paratope
most commonly utilized by both infants and adults depends on
a rearrangement event involving the distal region of the kappa
locus.

Nucleotide sequence accession numbers. The sequences re-
ferred to in this report have been deposited in GenBank with
the following accession numbers: U70027 (BC1), U70028
(BC2), AF049691 (BC3), AF049692 (BC5), AF049682 (BC6),
AF049687 (BC7), AF049693 (BC8), AF049688 (BC9),
AF049694 (BC10), AF049695 (BC12), AF049683 (BC13),
AF049696 (BC14), AF049697 (BC15), U70029 (BC16),
AF049684 (BC17), AF049685 (BC19), AF049698 (BC24),
U70031 (BC26), AF049689 (BC29), U70032 (BC30),
AF049690 (BC31), AF049686 (BC32), AF049699 (BC33),
AF049700 (BC34), AF049701 (BC35), and U70030 (BC36).
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