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Can isotype switch modulate antigen-binding
affinity and influence clonal selection?
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Four different monoclonal Ig (MIg) (IgA1 ‹ , IgG1 ‹ , IgG2 ‹ and IgG4 ‹ ) displaying anti-tubulin
activity were detected in the serum from a lymphoma patient. The complete sequence of
three of these MIg showed identical VH and VL domains and the presence of mutations com-
patible with an antigen-driven process. Surprisingly, despite complete homology in their var-
iable domains, IgA1 ‹ , IgG1 ‹ , or their Fab fragments bound to a common motif recognized in
g tubulin, with significant differences in affinity (IgA1 ‹ 1.52×10–8 M, and IgG1 ‹ 2.09×10–7 M).

To substantiate these results, the VH and VL domains from IgA1 ‹ were cloned and introduced
into expression vectors containing the constant ‹ exon and either the ? or the + 1 constant
exon, and complete recombinant IgM ‹ and IgG1 ‹ were obtained. Like the IgA1 ‹ , the IgM ‹
construction bound to the tubulin epitope with consistent affinity (7.7×10–9 M), whereas the
IgG1 ‹ construction displayed a significantly lower affinity (3.28×10–7 M). These results pro-
vide definitive evidence that isotype can influence binding affinity to antigen and suggest
that malignant transformation occurred at the germinal center once the mutational process
was achieved and the switch process was still active.
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1 Introduction

Immunoglobulins (Ig) are heterodimeric proteins com-
posed of two heavy (H) and two light (L) chains. Each H
and L chain contains a variable domain, which defines
the antigen-binding site of the antibody, and a constant
domain, which is assumed to play effector functions
without intervening in the antigen-binding specificity of
the antibody. Multisequence comparisons of variable
domains have shown that each variable domain contains
three regions of extensive sequence variability, termed
complementary determining regions (CDR), and four
regions of relative sequence stability, termed framework
regions (FR). The three L chain CDR and the three H
chain CDR are juxtaposed to form the antigen-binding
site of the antibody, as classically defined. In turn the FR
create a scaffold that surrounds, supports, and influ-
ences the conformation and structure of the CDR [1–4].

There are five major classes of H constant domains in
a mammalian genome ( ? , ˇ , + , 4 and § ). B cells are
endowed with the ability to switch from one set of con-
stant domains to another [1]. This class switch allows the
B cell to change the effector function of the antibody that
it produces, while maintaining the antigen specificity of
the original antibody [5]. The sequence and structure of
the antigen-binding site can be altered through a pro-
cess of somatic hypermutation that is targeted at the V
domain, leading to a change in the binding affinity and
specificity of the antibody [2, 3, 6, 7]. Both processes,
class switching and somatic hypermutation of the vari-
able domains, occur in the germinal center, where B cells
undergo antigen selection and affinity maturation of their
antibodies. However, except antibody multimerization
leading to increased functional affinity, it is usually
assumed that the constant domains do not play a role in
the maturation of antigen-antibody interactions.

Molecular studies of Ig gene rearrangements in B cell
tumors provides better understanding of the malignant
transformation process, by allowing definition of the site
where malignant transformation has occurred and
assessing the role played by antigenic stimulation. We
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Table 1. Characteristics of MIg from patient PER

MIg Molecular
mass (kDa)

Serum level
mg/ml

Ig (H+L)
(pI)

L chains
(pI)

Binding to
anti-id 9B11

IgG1 ‹ PER 150 5.7 8.9 8.5 +

IgG2 ‹ PER 150 5.7 7.9 8.5 +

IgG4 ‹ PER 150 2.4 6.5 8.5 +

IgA1 ‹ PER 160
330

10
30

4.9 8.5 +

have previously described [8, 9] the presence of four
different clonally related monoclonal Ig (MIg) with
anti-tubulin activity (IgA1 ‹ PER, IgG1 ‹ PER, IgG2 ‹ PER and
IgG4 ‹ PER) in a single individual suffering from an immuno-
cytic lymphoma, and shown that two of these human
monoclonal Ig (IgA1 ‹ and IgG1 ‹ ), sharing identical vari-
able H and L sequences but expressing different isoty-
pes, bound tubulin with significantly different affinities
(2.85×10–8 M for IgA1 ‹ PER and 1.02×10–6 M for IgG1 ‹ PER)
[9]. Since this difference was also observed at the Fab
level, we have hypothesized that the CH1 domain could
play a role in modulating the binding affinity of these anti-
bodies. To provide definitive evidence of this phenome-
non in the present work, we have: (1) cloned the VH and
VL domains of the IgA1 and transfected them into
expression vectors where the VH domain was associated
with the human + 1 or ? isotypes and the VL domain with
the human ‹ constant domain; (2) expressed complete
recombinant IgM ‹ and Ig ‹ antibodies by transfecting VH

and VL constructions into the X-63 myeloma line, (3)
mapped a C-terminal epitope recognized by these anti-
bodies in g tubulin, and (4) measured affinity constants of
the interaction between these molecules and the syn-
thetic peptide containing the epitope. Our results provide
definitive evidence that the CH1 domain can play an
important role in the antigen-antibody interaction, and
suggest that malignant transformation of this clone prob-
ably occurred at the level of the germinal center at a
moment when the somatic mutation process was
achieved and the switch process was still active. They
also provide original evidence for an unusual antigen-
selection mechanism, since predominance of the § 1
clone in this patient is probably explained by the CH1
domain playing a role in structuring the antigen-binding
site into a more kinetically competent form.

2 Results

2.1 Characteristics of the four MIg present in
serum PER

The total quantity of IgA1 in serum of the patient (PER)
was 40 mg/ml (30 mg of dimer and 10 mg of monomer),
whereas total IgG was 13.8 mg/ml (roughly 5.7 mg
IgG1PER, 5.7 mg IgG2PER and 2.4 mg IgG4PER). Isoelectric
points of pH 8.9, 7.9 and 6.5 were found for IgG1PER,
IgG2PER and IgG4PER, respectively, whereas for both
IgA1PER monomer and dimer this value was of 4.9. In
addition, the previously described murine monoclonal
IgG1 ‹ anti-idiotypic antibody 3.2/9B11 [8], was found to
bind a private idiotope located in the ‹ chains of the four
MIg (Table 1). We have previously reported that IgA1 ‹ PER

and IgG1 ‹ PER bound to tubulin with significantly different
affinities (2.85×10–8 M for IgA1 ‹ PER, 1.02×10–6 M for
IgG1 ‹ ) when studied by surface plasmon resonance
measurements. Interestingly, despite this difference in
the binding to tubulin, affinity studies of IgA1 ‹ PER and
IgG1 ‹ PER against anti-idiotypic antibody 3.2/9B11 car-
ried out by plasmon resonance did not show significant
differences between these two antibodies. Dissoci-
ation constants were KD =0.99×10–9 M (kASS =2.60×105

M–1s–1 and kDISS =2.57×10–4 s–1) for IgA1 ‹ PER, and
KD =1.09×10–9 M (kASS =3.11×105 M–1s–1 and kDISS =
3.39×10–4 s–1) for IgG1 ‹ PER.

Amino acid and nucleotide sequences were determined
for IgA1 ‹ PER, IgG1 ‹ PER and IgG2 ‹ PER, and were found to
be identical at the variable regions (Fig. 1; Gene Bank
accession nos: AF184762; AF184763; AF184764;
AF184765; AF184766; AF184767). In addition, when
compared to their germinal counterparts they displayed
numerous somatic mutations, predominating in CDR
regions and leading to an important change in the hydro-
pathicity profile, compatible with an antigen-driven pro-
cess (Fig. 2A, B).
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Fig. 1. Determination of VH (A) and VL (B) nucleotide and amino acid sequences from IgA1 ‹ PER, IgG1 ‹ PER and IgG2 ‹ PER. For VH

sequences nucleotide and amino acid sequences were obtained. Since nucleotide sequencing does not allow to assign the VL

corresponding to each isotype, VL sequences were determined by amino acid sequence from purified IgA1 ‹ PER, IgG1 ‹ PER and
IgG1 ‹ PER. Nucleotide sequence and amino acid identities are, respectively, indicated by dots and dashes. Replacements are
depicted by the letters beneath the germ-line counterpart; CDR1, 2 and 3 are indicated.

2.2 Definition of the epitope recognized on g
tubulin by PER antibodies

In a previous study, Houdayer et al. [8] demonstrated,
after limited enzymatic proteolysis of purified tubulin,
that IgA1 ‹ PER recognized C-terminal peptides of tubulin.
For a better definition of the epitope recognized on tubu-
lin by this antibody, we amplified and expressed a com-
plete g tubulin chain, as well as a C-terminal fragment
described in Sect. 4. Results of these experiments are
depicted in Fig. 3A. It is shown that IgA1 ‹ PER recognizes
the complete (lane 3) and C-terminal fragments of the
g tubulin chain (lane 1).

To further define the epitope recognized by these anti-
bodies, we sequenced the 450-bp C-terminal fragment
from g tubulin (data not shown) recognized by both
IgA1 ‹ PER and commercial anti- g tubulin antibody. On the
basis of sequence data and using a peptide structure
program, we designed eight tentative immunogenic pep-
tides of 15 amino acids each corresponding to the C-
terminal region of g tubulin. Fig. 3B depicts the results of
these experiments. IgA1 ‹ PER (lane A) and commercial
anti- g tubulin antibody (lane B) both bound to peptide 7.
However, IgA1 ‹ PER was also found to bind to peptide 8.
On the basis of these results, overlapping peptides were
synthesized and tested for reactivity with these two
monoclonal antibodies. As shown in Fig. 3C, IgA1 ‹ PER
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Fig. 2. Hopp and Woods hydropathicity plot of VHPER and
V ‹ PER. Comparison of the VH (A) and VL (B) amino acid
sequence of IgA1 ‹ PER with their germinal counterparts [9]
show the presence of high numbers of replacement muta-
tions predominating in the VH CDR2 region and VL CDR1,
which induce important changes in the Hopp and Woods
hydropathicity plot.

Fig. 3. Mapping of g -tubulin epitope. (A) Western blot experi-
ments comparing the reactivities of anti-tubulin antibodies
with the different expressed g tubulin fragments: binding of
IgA1 ‹ PER with the expressed C-terminal peptide derived from
the 450-bp C-terminal fragment of g tubulin (lane 1) and the
absence of binding with the control derived from the same
bacteria not induced by IPTG (lane 2), or with brain tubulin
(lane 3). Lane 4 represents the binding of commercial anti- g
tubulin antibody to the 450-bp C-terminal fragment of g
tubulin. (B) Both IgA1 ‹ PER (lane A) and commercial anti- g -
tubulin antibody (lane B) bind to peptide 7; IgA1 ‹ PER also
binds to peptide 8 (lane A). (C) IgA1 ‹ PER recognizes a
TAEEEEDFGE motif (lane A), whereas commercial anti- g
tubulin binds to a QDATAEEEED motif (lane C).

recognized a TAEEEEDFGE peptide number 6 (lane A) in
the C-terminal region of g tubulin. In contrast, commer-
cial anti- g tubulin bound to peptides 4 and 5 (lane C)
located immediately upstream of the g tubulin chain
(Fig. 3C). The same epitope was also recognized by
IgG1 ‹ . Interestingly, a closely related acidic motif was
present in the C-terminal region of § tubulin, which could
explain recognition of both § and g tubulin by these anti-
bodies.

2.3 Construction of two recombinant IgG1 ‹ and
IgM ‹ transfectomes containing the heavy
and light variable domains of IgA1 ‹ PER

Our previous results showed that IgA1 ‹ PER and IgG1 ‹ PER,
sharing identical VH and VL domains but expressing dif-
ferent constant regions, bound tubulin with significant
differences in affinity [9]. The observation that even Fab
fragments from these antibodies reproduced differences
in binding excluded a role for Fc interactions (including
dimerization) and suggested that structural differences in
the CH1 domain accounted for the differences in the
affinity constants.

To obtain definitive evidence, we cloned the VH and VL

domains of IgA1 ‹ PER and expressed them associated to
human ? and + 1 heavy chain constant domains and
human ‹ chain domains. The expression vectors for
human ? (pRTM1 ? -PER), + 1 (pcDNA1 + 1-PER) and ‹

(pSV ‹ -PER) chains were constructed and co-transfected
into the X63 cell line [10, 11]. Transfected clones were
selected on the basis of their resistance to neomycin,
and supernatants were tested by ELISA and Western
blot (data not shown) for secretion of complete IgM ‹ and
IgG1 ‹ . Tranfectomas secreting complete human IgM ‹
and IgG1 ‹ were expanded; culture supernatants were
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Table 2. Equilibrium and kinetic constants for serum (S) and
recombinant (R) MIgPER binding to synthetic peptide

kDISS (s–1) kASS (M–1s–1) KD (M)

IgA1-PER (S) 3.00×10–4 1.98×104 1.52×10–8

IgG1-PER (S) 6.32×10–4 3.02×103 2.09×10–7

IgG1-PER (R) 8.99×10–4 2.74×103 3.28×10–7

IgM ‹ PER (R) 4.23×10–4 5.50×104 7.70×10–9

concentrated and purified by affinity chromatography. As
analyzed by gel filtration HPLC, secreted IgG1 ‹ corre-
sponded to monomeric and IgM ‹ corresponded to pen-
tameric molecules (data not shown).

2.4 Affinity and kinetic constants determination
by surface plasmon resonance

To investigate the role of the isotype in the binding to
tubulin, we tested the binding affinity against the peptide
motif of serum monomeric IgA1 ‹ PER, serum IgG1 ‹ PER and
recombinant IgM ‹ PER, and IgG1 ‹ PER against the
TAEEEEDFGE peptide motif by surface plasmon reso-
nance. Affinity constants were 1.52×10–8 M for serum
IgA1 ‹ PER, 2.09×10–7 M for serum IgG1 ‹ PER, whereas it
was, respectively of 7.7×10–9 M for recombinant IgM ‹ PER

and of 3.28×10–7 M for recombinant IgG1 ‹ PER (Table 2).
Although the BIAcore system takes into account the
valency of the molecule to calculate affinity constants,
the possibility exists that the density of the peptide in the
surface is so high that it allows multipoint binding. We
examined this last eventuality by studying affinity con-
stants on Sensor Chips with decreasing concentrations
of the peptide. Results showed a decrease in bound IgM
to the Sensor chip consistent with a decrease in peptide
density, without revealing differences in affinity constants
(data not shown).

3 Discussion

In this work we have cloned the V ‹ domain and the VH

domain of the PER IgA1 ‹ anti-tubulin antibody and
transfected them into expression vectors allowing the
expression of the V ‹ and VH domains from IgA1 ‹ PER

associated to + 1 and ? CH regions. Next, we have
obtained the expression of the complete antibody by
transfecting H and L chain constructions into the X-63
myeloma line. A C-terminal epitope recognized on tubu-
lin by IgA1 ‹ PER could be defined for g tubulin. A motif
close to this epitope also exists in § tubulin. Finally, we
demonstrated that the recombinant antibodies resulting

from the association of the VH from IgA1 ‹ PER with + 1 and
? CH domains bind this epitope with significantly different

affinities.

These results provide additional evidence indicating that
changes of the isotype can significantly influence the
binding affinity interactions of the antigen-antibody com-
plex. Our previous work, indicating that Fab fragments
from these antibodies reproduce differences in binding,
suggests that structural differences in the CH1 domain
underlie the differences in the affinity constants, and thus
the differences in antigen binding.

It has long been assumed that the constant domains do
not play a role in the maturation of antigen-antibody
interactions. Indeed, Fab are pseudosymetric dimers
where VH contacts with CH1, whereas no contact is
observed between VL and CL [12]. Although crystallo-
graphic studies have shown that amino acids ensuring
the link between Fv and CH1 and CL are flexible and allow
spatial arrangements facilitating binding of epitopes by
Fab, there is controversy concerning the possibility that
elbow bending could facilitate signal transduction from
the antigen-binding site to the Fc domain [13–16]. How-
ever, recent work has demonstrated that changes in the
CH domains can affect the functional affinity and speci-
ficity of antibody, through a complex mechanism involv-
ing antibody flexibility and cooperative interactions in the
case of antibodies bound to multivalent antigen [17, 18].
Schneider et al. [19] showed that segmental flexibility is
controlled by the CH1 domain and hinge regions of anti-
bodies, and Horgan et al. [20] reported that removal of
the hinge region of an IgG4 resulted in a gain of relative
affinity that approximated to that observed with the
same antibody expressing an IgG1 isotype. Concerning
the functional activity of antibodies, Cavacini et al. [21]
found that antibody isotype can strongly influence virion
neutralization of HIV-1 virus. One difficulty in substantiat-
ing this using standard crystallography may arise from
the fact that the role of molecular mobile components in
the interaction with another molecule may not be fully
captured by this method [22].

The observed differences in antigen-binding affinities for
antibodies with identical VH/VL domains may arise in part
from multivalent antigen binding (isotype-dependent
avidity), since IgM and IgA have a larger number of
antigen-binding sites than the IgG subclasses. However,
multivalency cannot explain our observations, since we
have carried out our BIAcore studies with monomeric
IgA1 ‹ PER isolated from the 0.030 M fraction and also
IgA1 ‹ PER Fab fragments. Both monomeric IgA1 ‹ PER and
its Fab fragments displayed comparable binding affini-
ties for tubulin [9] and significant affinity differences
when compared to IgG1 ‹ PER ([9] and present work). From

Eur. J. Immunol. 2000. 30: 3387–3395 Isotype switch can modulate antigen-binding affinity of Ig 3391



Fig. 4. Model of VH-CH1 interface. Schematic model of the
VH-CH1 interface. The backbone models are shown for IgG1
(in blue) and IgA1 (in red). Note the different conformation of
a CH1 loop (indicated with arrows) that is directly involved in
VH-CH1 contacts.

a structural point of view, two possible hypothesis spring
to mind: (1) conformational signaling through the elbow
angle, and (2) distinct antigen-binding sites in each iso-
type. The second hypothesis appears less plausible,
since it implies that the high-affinity binding sites in the
IgA and IgM molecules are not defined by the CDR of the
variable domains from the light and heavy chains (other-
wise, IgG should also bind the antigen with high affinity).
Instead, we favor a mechanism by which specific differ-
ences in the CH1 domains could impose structural and/
or kinetic constraints on the antigen-binding site through
the extended contacts at the VH/CH1 interface. Some
structural evidence is compatible with this mechanism.
In their comparisons of murine CH1 domains from five
different isotypes, Sheriff et al. [23] noted that the IgA
CH1 domain displays significant conformational changes
and specific insertions/deletions with respect to IgG
subclasses. We have constructed a model of the VH-CH1
interface of IgA1 and IgG1, using crystallographic data
derived from homologous proteins. It is found that one of
the CH1 loops directly involved in VH-CH1 contacts dis-
plays a significantly different conformation for each iso-
type (Fig. 4). Such a different pattern of contacts could
affect the relative orientation of the variable domains,
which in turn might modulate antigen-antibody affinity.

Although, there is a consistent body of evidences on
antigen-antibody interactions, demonstrating that the
high-affinity antigen-binding sites are defined by the
CDR of the variable domains, the results presented in

this work provide evidence favoring the hypothesis that
specific CH1 differences can allosterically affect the
antigen-combining site of an antibody. Whatever the fre-
quency with which this phenomenon may occur, these
results favor the view that affinity maturation of this par-
ticular tumoral clone could be achieved through class
switching in the absence of further somatic mutations,
probably because the CH1 domain plays a role in struc-
turing the antigen-binding site into a more kinetically
competent form.

The mutation profile observed for the PER clone is com-
patible with a selective process driven by the antigen.
Although in this work we have studied the pentameric
soluble form of recombinant IgM and membrane IgM is
monomeric, it can be hypothesized that the ? isotype
allows good binding to the antigen. At this stage this
clone may have been positively selected during the
switch process.

Since all the four different clones isolated from PER ( + 1,
+ 2, + 4 and § 1) shared identical VH and VL sequences, it
can be assumed that malignant transformation occurred
once the mutational process was achieved, as previously
reported in chronic lymphocytic leukemia B cells [24]. It
is plausible to assume that the malignant transformation
probably took place at the moment when the switch pro-
cess was still active and probably rescued the three IgG
clones, which, owing to the low affinity of their binding to
tubulin, should in normal conditions be negatively
selected. In contrast, the § 1 clone predominated proba-
bly because the CH1 domain of IgA allows the B cell
receptor to establish higher affinity interactions with the
antigen.

4 Materials and methods

4.1 Purification of MIg

Patient PER, affected by an immunocytic lymphoma
expressed four different clonally related MIg in his serum [8].
MIgPER were purified from serum by ammonium sulfate pre-
cipitation, followed by anionic-exchange chromatography
on a DEAE-Sepharose column. Two different IgG of the + 1
and + 2 subclasses were eluted from the DEAE-Sepharose at
the same molarity (0.005 M), and were further isolated by
cationic-exchange chromatography on a CM-Sepharose
column. IgG4 ‹ PER, monomeric and dimeric IgA1 ‹ PER were
eluted in the 0.015 M, 0.03 M and 0.05 M fractions, respec-
tively. Purity, homogeneity and Mr of the IgG1 ‹ PER and
IgA1 ‹ PER fractions were then assessed by ELISA and by
HPLC, as described [8]. The isoelectric charge (pI) of the dif-
ferent MIg was measured by IEF.
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4.2 VH and VL nucleotide sequence of IgA1 ‹ PER, IgG1 ‹ PER

and IgG2 ‹ PER

4.2.1 cDNA preparation

RNA was isolated from 106 PBMC by the guanidinium
thiocyanate-phenol-chloroform method [9]. cDNA synthesis
was performed in a 20- ? l reaction volume at 37°C for 60 min
using an oligo(dT) primer 15-mer (Boehringer, Mannheim,
Germany), 200 U Moloney murine leukemia virus reverse
transcriptase (Gibco, BRL, Bethesda, MD), 40 U RNase
inhibitor (Boehringer) and 0.5 mM of each deoxyribonucleo-
tide.

4.2.2 VH and VL nucleotide sequence determination

PCR amplification was carried out from 1 ? g of single-
stranded cDNA, using Taq DNA polymerase (Cetus, Perkin
Elmer, Emeryville, CA). According to the amino acid
sequence the 5’primer used for VH gene amplification was
designed to anneal to the leader region of VH3 family (5’ LH3
foward: GTA TCG ATG GAG TTT GGG CTG AGC TGG), and
antisense oligonucleotides specific to CH1 domain of C §
region, hinge of + 1 and + 2 regions were used, respectively,
as 3’ primers (3’ C § -reverse: ATC TGG CTG GGT GCT GCA
GAG GCT; 3’ hinge + 1: GGC ACG GTG GGC ATG TGT GAG
and 3’ hinge + 2: TGG GCA CGG TGG GCA CTC GAC). The
5’ primer used for V

‹
II gene amplification was designed to

anneal specifically to the framework 1 (FR1) region of this ‹ L
chain family (5’ V

‹
II-foward: CTA GAG TCG ACG ATA TTG

TGA TGA CTC AGT CTC C), and in 3’, the consensus C
‹

primer (3’ C
‹
-reverse: CAG ATG GCG GGA AGA TG) was

used. In all cases, 30 cycles of amplification were carried
out. VH and VL cloning and sequencing were carried out as
previously reported [9].

4.3 Amino acid sequence determination

Since nucleotide sequencing does not allow the assignment
of the VL corresponding to each isotype, VL and VH

sequences were determined by amino acid sequence
followed by mass spectroscopy analysis from purified
IgA1 ‹ PER, IgG1 ‹ PER and IgG2 ‹ PER, as reported previously [9].

4.4 Construction of two recombinant IgG1 ‹ and IgM ‹
expressing lines displaying IgA1 ‹ PER VH and V

‹

domains

4.4.1 PBMC and genomic DNA isolation

Genomic DNA was isolated from patients’ IgA ‹ expressing
lymphocytes [9].

4.4.2 Construction of ¢ chain expressing vector
(pRTM1 ¢ -PER)

Genomic DNA was amplified using a 5’ primer annealing to
the leader region (5´LH3-ClaI: ATG CAT CGA TAA TCA CCA
TGG AGT TTG GGC TGA GCT GG) and 3´consensus primer
annealing to JH region (JH-SalI: TGT GTC GAC TCA CCT
GAG GAG ACG GTG ACC AGG G) primers. The amplified
fragment was cloned in a pKS plasmid and sequenced to
discard Taq infidelities and to confirm identity with original
PER sequence. Next, it was cloned into a plasmid contain-
ing ? constant exons (pRTM1) kindly provided by T. Kipps
[10, 25].

4.4.3 Construction of q 1 chain expressing vector
(pcDNA1 q 1-PER)

An LH-JH fragment was obtained by PCR amplification from
pRTM1 ? -PER plasmid by using 5’ leader specific LH3 HindIII
(TGC AAG CTT ATC ACC ATG GAG TTT GGG CTG) and 3’
JH-XhoI (GAG CTC GAG ACT CAC CTG AGG AGA CGG
TGA CC). Following a cloning step as above mentioned,
nucleotide sequence was confirmed and the restriction frag-
ment was ligated into the pcDNA1 + 1 vector kindly provided
by L. Silberstein [26].

4.4.4 Construction of ‹ chain expressing vector (pSV ‹ -
PER)

An L ‹ -J ‹ PER fragment was obtained by genomic DNA
amplification with 5’ leader specific L ‹ II-ClaI (CAT ATC GAT
TTC TCA CAA TGA GGC TCC CTG CTC AGC) and 3’ J ‹ 5-
NotI (AGA GCG GCC GCA AAT GCT TAC GTT TAA TCT CCA
GTC GTG TCC C) primers. A fragment containing a con-
firmed V ‹ sequence was ligated into pSV ‹ vector [10].

4.4.5 Construction of IgG1 ‹ PER and IgM ‹ PER secreting
transfectomas

Both H and L chain expression vectors were transfected into
the non-secreting murine myeloma P3X63Ag8.653 cell line
by electroporation. Briefly, 5×106 X-63 cells in RPMI medium
without FCS were co-electroporated with 10 ? g of linearized
DNA from pRTM1 ? -PER or pcDNA1 + 1-PER and pSV ‹ -PER,
using a 250 V/1,500 ? F pulse in an EasyJect+ device (Euro-
gentec, Belgium). Transfected cells were cultured in RPMI
medium containing 20% FCS, selected with neomycin
(G418, Gibco, France) at 1 mg/ml final concentration, and
then, cloned by limit dilution. Expression of complete engi-
neered IgM ‹ PER and IgG1 ‹ PER molecules was analyzed by
Western blot and ELISA, as previously reported [10]. Purifi-
cation of recombinant IgM and IgG molecules was pro-
ceeded by affinity chromatography on an activated anti-
human ‹ CNBr immunoadsorbent.
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4.5 Cloning and expression of I tubulin fragments

The complete g -tubulin chain was amplified from murine
cDNA, following sequence data from Villasante et al. [26] by:
a 5’ HindIII (GAC AAG CTT ATG AGG GAA ATC GTG CAC
ATC CAG GCC GG) and a Not1 (CTT GCG GCC GCG GCC
TCC TCT TCT GCC TCC TCT CCG AAA TCC) in 3’. In addi-
tion the 450-bp C-terminal fragment was amplified using: a
5’ HindIII (GAC AAG CTT GAT GCC AAG AAC ATG ATG GCC
G) and a Not1 (CTT GCG GCC GCG GCC TCC TCT TCT
GCC TCC TCT CCG AAA TCC) in 3’. Amplified DNA frag-
ments were cloned into the pET-22b(+) (Novagen, R&D Sys-
tem, Europe Ltd., Abington, GB) vector and transformation
was carried out on NovaBlue (DE3) competent cells (Nova-
gen, R&D System). Transformed clones were selected and
expanded. Protein expression was induced by IPTG and the
produced peptides were tested by Western blot for reactivity
with IgA1 ‹ PER and with a commercial anti- g tubulin monoclo-
nal antibody (Sigma-Aldrich chimie, St Quentin Fallavier,
France). Blots were developed using the enhanced chemilu-
minescence detection system (ECL-Amersham International
plc, GB) [27].

4.6 Peptides

Solid-phase synthesis of peptides was performed using
SPOTs technology (Genosys Biotechnologies, Cambridge-
shire, GB) on derived cellulose membranes and subse-
quently assayed for immunological reactivity [28].
Sequences of peptides are depicted in Fig. 4.

4.7 Affinity and kinetic constants determination by
surface plasmon resonance

Equilibrium and kinetic constants for the interactions were
determined by the BIAcoreTM system (Pharmacia Biosensor
AB Uppsala, Sweden). Immobilization of proteins via primary
amines to the Sensor Chip CM5 was performed using an
amine coupling kit. Activation of the carboxymethylated
dextran matrix was obtained by injecting a mixture of N-
ethyl-N’-(dimethyl-aminopropyl) carbodiimide (EDC) and N-
hydroxysuccinimide (NHS). A biotinylated-peptide: Biot-Q-
19-E (biotinyl QQYQDATAEEEEDFGEEAE) was synthesized
(Neosystem Laboratoire, Strasbourg, France) for affinity
measurements. Immobilization of biotinylated peptide was
achieved using a Sensor Chip SA containing streptavidin
covalently coupled to a carboxymethylated dextran surface.
Kinetic rate constants (kASS and kDISS) as well as apparent
equilibrium affinity constants (KD = kDISS/kASS) were deter-
mined using BialogueTM Kinetics Evaluation software [29].
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