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The Fab gene of anti-CD98 heavy chain (h.c.) monoclonal antibody (mAb) HBJ127 was cloned and
expressed as a recombinant Fab (rFab) fragment by means of a phage display system. The variable
heavy and light chain genes of HBJ127 were found to be derived from VOx-1 and 1gVk8-30 germ-
line, respectively. Extensive somatic mutation was found in the heavy chain complementarity deter-
mining region 2. rFab fragment was purified homogeneously from crude bacterial lysates by Ni-
chelate chromatography in a yield of 71.4 ug from 100 ml of culture. rFab fragment was reactive
with the cell surface of CD98-positive cells irrespective of tissues of origin, but not with CD98-neg-
ative cells. The recognition site of the rFab fragment was identical to that of mAb since the binding
of rFab fragment to Hel aS, cells was completely inhibited by pretreatment with an excess of mAb.
The relative affinity values of rFab fragment and mAb were found to be 0.11x108 and 0.35x108
M- respectively. Three-fold lower affinity of rFab fragment may be due to the difference of
valency of the antibody preparation. Cell growth inhibition in vitro by rFab fragment preincubated
with anti-Fab suggests that the rFab fragment produced by cloned gene-bearing Escherichia coli
was identical to the Fab part of HBJ127 mAb. These results show that a small fragment with
antigen binding activity similar to that of the parent mAb can easily be prepared by using a phage
display system. To our knowledge, this is a first report of the production of anti-CD98 h.c. rFab

fragment.
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CD98/GP125 is a heterodimeric protein with a relative
molecular mass of 125-kDa consisting of a glycosylated
85-kDa heavy chain (h.c.) and a non-glycosylated 40-kDa
light chain (I.c.), which are disulfide-linked.Y CD98 was
identified originally as a cell surface antigen associated
with lymphocyte activation defined by the 4F2 mono-
clonal antibody (mAb),? and is expressed in proliferating
normal tissues>™ and in almost all tumor cells.>%" These
findings suggest that CD98 is involved functionally in
lymphocyte activation, cell proliferation and malignant
transformation. In fact, a mAb against CD98 inhibited
tumor cell growth”? and lymphocyte proliferation.® Fur-
thermore, we have recently demonstrated that CD98 h.c.
cDNA-transfected murine fibroblasts showed various malig-
nant phenotypes.®~%

The clinical application of mAbs for diagnosis and ther-
apy in human cancer has been a very active area of
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research. mAbs both alone and conjugated to isotopes,
toxins, or anti-cancer drugs have been employed for clini-
cal trials. The cell surface antigens expressed predomi-
nantly on tumor cells are suitable targets for antibody
tumor therapy. Unlike typical receptor-type oncoproteins,
such as members of the erbB/epidermal growth factor
receptor family with a restricted tumor distribution,?
CD98 is overexpressed on the cell surface of almost all
tumor cells irrespective of tissue of origin. Therefore, anti-
CD98 h.c. mAbs would be promising for tumor immuno-
therapy. However, a drawback with the use of mAbs in the
treatment of human diseases is their immunogenicity and
the consequent elicitation of human anti-mouse antibodies
following their repeated injection into patients.

Small fragments with the antigen binding activity, such
as F(ab'), and Fab would be preferable for clinical use
because of their reduced immunogenicity and better phar-
macokinetic properties’™® compared with whole antibody.
To prepare the small fragments of anti-CD98 h.c. mAb
applicable for tumor imaging and targeting, we employed
the phage display system for cloning of mAb genes and
expression of recombinant Fab (rFab) fragment. Antibody
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phage display***® is a recently developed recombinant
DNA technology for preparing recombinant antibody frag-
ments from various immune sources, e.g. bone marrow
cells, lymph node cells, peripheral blood lymphocytes,
spleen cells, and hybridoma cells. It has been reported that
recombinant human mAb fragments against viral patho-
gens'®~9 and autoantigens,®®-?® and recombinant murine
mAb fragments against various tumor-associated anti-
gens®* 29 were successfully isolated by means of the phage
display system. In this study, among the anti-CD98 h.c.
mAbs, we selected HBJ127%"9 as a starting materia
because it showed not only antigen binding activity, but
also characteristic bioactivity including an inhibitory effect
on cell growth® and lymphocyte proliferation.? The
phage display cloning of HBJ127 genes, molecular struc-
tural characterization of the cloned genes, and determina-
tion of the antigen binding activity and specificity of the
rFab fragment expressed in the Escherichia coli (E. coli)
are described here. To our knowledge, this is the first
report regarding the production of anti-human CD98 h.c.
rFab fragment.

MATERIALS AND METHODS

Cell culture HBJ127 (1gG,, K)-producing hybridoma cells
were cultured in RPMI11640 medium supplemented with
100 U/ml of penicillin G, 100 ug/ml of streptomycin, 2
mM glutamine, and 10% heat-inactivated fetal bovine

Table .

serum (FBS). Human carcinoma (ca.) cell lines, HelaS,
(cervix ca), T24 (bladder ca), MDA-MB-453 (breast
ca), MCF-7 (gastric ca), LSLM4 (colon ca), Int407
human fetal kidney, ACHN (renal ca), KNS human
glioma and SV-T2 (SV40-transformed BALB/3T3 mouse
fibroblastic cells) were cultured in minimum essential
medium (MEM) with the additives mentioned above. Peer
human leukemic cells were cultured in the medium used
for hybridoma culture. All cell lines were maintained at
37°C in a humidified 5% CO, atmosphere.

Phage display cloning of immunoglobulin genes The
construction of a Fab phage display combinatoria library
from hybridoma cells was performed as previously
described.?® Briefly, total RNA of hybridoma cells
(1x107) was extracted with an RNeasy Mini Kit (Qiagen,
Tokyo). First-strand cDNA was then synthesized with a
primer of oligo(dT),s using an AMV reverse transcriptase
first-strand cDNA synthesis kit (Life Sciences, St. Peters-
burg, FL). PCR amplifications of the heavy chain (HC) Fd
region and whole K light chain (LC) were performed with
the GeneAmp 2400 PCR system (Perkin-Elmer, Norwalk,
CN) using the family-specific variable region and isotype-
specific constant region primers designed based on the
Kabat database®® (Table 1). Gel-purified PCR products
were double-digested with restriction enzymes (Spel / Xhol
for HC and Sacl/Xbal for LC, respectively. All enzymes
were purchased from Roche Diagnostics, Tokyo), and then
ligated sequentialy into the phage display vector pComb3

PCR Primers Used for Amplification of Mouse 1gG,, k Genes

(a) Primers used for amplification of heavy chain Fd region

forward primer

IA+1B 5'-SAG GTG CAG CTK CTC GAG TCA GGA CCT RGC-3'
A 5-SAG GTY CAG CTG CTC GAG TCT GGA SCT GAG-3
1B 5'-CAG GTC CAR CTG CTC GAG YCT GGG GCT GAG-3
Inc 5-GAG GTT CAG CTG CTC GAG TCT GKG GCW GAG-3
3A 5-GAR GTG AAG GTG CTC GAG TCT GGR GGA GGC-3
3B+3C 5-GAR GTG AAG CTT CTC GAG TCT GGA GGW GGC-3'
3D 5-GAR GTG CAG CTG CTC GAG GGK GGG GGA GGA-3

reverse primer

1gG1 5'-CGC GCG ACT AGT ACC ACA ATC CCT GGG CAC AAT TTT-3

(b) Primers used for amplification of whole light chain

forward primer

ki 5'-GCG CGC GAG CTC GAC RTT GTG ATG WCA CAG TCT CCA TCCTYC-3
kil 5-GCG CGC GAG CTC GAT RTT KTG ATG ACC CAR ACT CCA CTC TCC-3
kil 5'-GCG CGC GAG CTC GAC ATT GTG CTG ACM CAR TCT CCW GCT TCC-3'
kv 5-GCG CGC GAG CTC SAA AWT GTK CTC ACC CAG TCT CCA GCA ATC-3
kv 5'-GCG CGC GAG CTC GAY ATY CAG ATG ACM CAG WCT MCA TCC TCC-3
kVI 5'-GCG CGC GAG CTC CAA ATT GTK CTC WCC CAG TCT CCA GCA ATC-3

reverse primer

K 5'-GCG CGC TAT CTA GAA TTA ACA CTC ATT CCT GTT GAA GCT CTT-3

Underlined is the introduced restriction site for cloning of the PCR product into pComb3.
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(provided by Dr. Dennis R. Burton, The Scripps Research
Institute, La Jolla, CA).?2” The constructed combinatorial
library was electroporated into XL1-Blue cells (Strata-
gene, La Jolla, CA) with an E.coli pulser (Bio-Rad, Rich-
mond, CA), then streaked onto LB agar plates containing
100 pg/ml of carbenicillin and 100 mM glucose. Single
colonies were cultured in Super broth (SB) with 50 pg/ml
of carbenicillin, and Fab-displayed phage (Fab-phage)
clones were rescued by infection with VCSM13 helper
phage (Stratagene). The Fab-phage clones from overnight
culture were then examined for their binding activity to
the corresponding antigen by indirect immunofluorescence
assay as described below. The identity of the positive
clones was determined by BstNI (New England BioLab,
Beverly, MA) fingerprinting.? The sequences of the
cloned genes were confirmed by DNA sequencing using a
373A automated DNA sequencer (Perkin-Elmer). The
primers SeqT, (5'-ATT AAC CCT CAC TAA AG-3) and
KEF (5-GAA TTC TAA ACT AGC TAG TTC G-3),
both hybridizing to the (-)-strand, were used for sequenc-
ing variable heavy (V,) and variable light (V,) domains,
respectively.

Expression and purification of rFab fragment The
plasmid DNA of a positive clone was reengineered for
rFab expression,’®2? and electroporated into XL-1 Blue
cells. Single colonies were cultured in SB with 50 ug/ml
of carbenicillin and 20 mM MgCl, at 37°C until an Ay,
of 1.0 was reached. Isopropyl B-D-thiogalactopyranoside
(IPTG) (Roche Diagnostics) was then added at a final con-
centration of 1 mM and the culture was continued over-
night at 30°C. The bacterial cells pelleted by centrifuga-
tion were resuspended in phosphate-buffered saline (PBS)
containing 0.2 mM phenylmethylsulfonyl fluoride (PMSF)
(Roche Diagnostics) and lysed by freeze-thawing four
times. Debris was pelleted by centrifugation and the rFab
fragment was finally obtained as a cleared supernatant.
Purification of rFab fragment from supernatant was carried
out under non-denaturing conditions using a Ni-NTA spin
kit (Qiagen) according to the manufacturer’s instructions.
The purity of the rFab preparation was checked by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) on a 12.5% gel under non-reducing condition.
The rFab band was then visualized by a Coomassie Brilliant
Blue staining of the gel. The rFab concentration was deter-
mined by measuring absorbance at 280 nm.
Immunological assays The reactivity and specificity of
rFab fragment against the CD98-positive and -negative
cells were determined by an indirect immunofluorescence
assay. Subconfluent cultures of HelaS, (CD98*), MDA-
MB-453 (CD98*), and SV-T2 (CD98") cells on Lab-Tek
chamber dlides (Nalgenunc International, Tokyo) were
fixed with 4% (v/v) formalin-PBS. For unfixed cell stain-
ing, HeLaS, and MDA-MB-453 cells were detached from
the culture flask with trypsin-EDTA (GIBCO-BRL,

rFab Fragment against CD98 Oncoprotein

Lifetech Oriental, Tokyo), then washed once with PBS,
and suspended in 100 ul of PBS (1x10° in each assay).
Anti-c-erbB-2 rFab fragment was used as a negative con-
trol for testing the specificity of HBJ127 rFab fragment.
The fixed or unfixed cells were successively treated with
5% (v/v) norma rabbit sera (Jackson ImmunoResearch,
West Grove, PA) in PBS (NRS-PBS), rFab fragment (10
ug/ml in NRS-PBS), and FITC-labeled rabbit anti-mouse
19G F(ab'), (Jackson ImmunoResearch) (1:300 diluted in
NRS-PBS). The samples were examined with a confocal
laser microscope (LSM410, Carl Zeiss Japan, Tokyo).

For testing the identity of the recognition site of rFab
fragment and mAb, freshly prepared Fab-phage (10" pfu)
was reacted with the formalin-fixed HelLaS, cells pre-
treated with 10 ug/ml of HBJ127 mAb. The bound Fab-
phage was detected with rabbit anti-M13 (Stratagene)
(2:500 in NRS-PBS) followed by FITC-labeled goat anti-
rabbit 1gG (Jackson ImmunoResearch) (1:300 in NRS-
PBS). The samples were examined with LSM410 confocal
laser microscope.

The relative affinity of rFab and mAb was determined
by flow cytometry as previously described.® Hel aS, cells
(2x10°%) were treated with rFab fragment or mAb that was
seridly diluted from 100 to 0.01 pg/ml in bovine serum
albumin (BSA)-PBS and incubated on ice for 1 h. After
washing three times with ice-cold PBS, the cells were
treated with FITC-labeled rabbit anti-mouse 1gG F(ab'),
(1:100 in BSA-PBYS). The cells were then incubated on ice
for 1 h and washed three times with ice-cold PBS. The
mean fluorescence intensity (MFI) of each sample was
determined with a FACScan flow cytometer (Becton Dic-
kinson, Sunnyvale, CA). A haf of the minimum molar
concentration that showed the peak MFI was considered
as the dissociation constant (K,). The affinity constant
(K,) was then calculated as the reciprocal of the K, value.

The reactivity of rFab fragment against a panel of cul-
tured human cell lines (see the cell culture section) was
determined by flow cytometry. The cells in suspension
were successively treated on ice with each rFab fragment
(10 pg/ml in BSA-PBS), and FITC-labeled rabbit anti-
mouse 1gG F(ab'"), (1:300 diluted in BSA-PBS). The MFI
of individual cells was determined with a FACScan flow
cytometer.

Cell growth inhibition assay The cell growth-inhibitory
activity of rFab fragment was tested by using Hel aS, and
MDA-MB-453 cells. The cells were seeded into flat-bot-
tomed 96-well culture plates at 1x10* cells per well in
triplicate, and cultured for 24 h at 37°C. rFab fragment
alone or preincubated with a half-equimolar amount of
rabbit anti-mouse 1gG F(ab'), at a final rFab concentration
of 50 ug/ml was then added and the cells were incubated
for 72 h a 37°C. The same concentration of mAb was
used as a positive control. The cells were incubated with
Alamar Blue (Cosmo Bio, Tokyo) for the last 3 h of cul-
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Fig. 1. Deduced amino acid sequences of V, and V, domains of HBJ127 with the closest known germline. (A) V,, sequences, (B) V,

sequences.

ture to measure the cell growth activity. The absorbances of
the solution at 570 and 595 nm were measured with a
Model 550 Microplate Reader (Bio-Rad) in the dual-wave-
length measurement mode.

RESULTS

Phage display cloning of HBJ127 genes The antibody
HC Fd and LC genes were amplified by PCR with the
primer sets shown in Table | using cDNA synthesized
from total RNA of HBJ127-producing hybridoma cells.
Amplification of the HBJ127 HC gene segment was
achieved with the single primer set of IA+IB-1gGl. On
the other hand, the LC gene was amplified with the primer
sets kl-, klll-, and kV-k. The multiple amplification was
due to the sequence similarity of the ki, klll, and kV prim-
ers, and the kV primer was actually used for amplification,
based on sequencing of the cloned LC gene segment. The

kDa
203

118

Fig. 2. Purification of HBJ127 rFab fragment from lysates by
Ni-chelate chromatography. rFab fragment was purified from
crude bacteria lysates by Ni-NTA spin kit, then the purity was
checked by 129% SDS-PAGE under a non-reducing condition fol-
lowed by Coomassie Brilliant Blue staining as described in
“Materials and Methods.” M, molecular weight marker; lane 1,
bacteria lysates; 2, non-adsorbed fraction; 3, 20 mM imidazole
wash fraction; 4, 250 mM imidazole eluate fraction. The arrow
indicates the migrating position of rFab fragment.
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amplified products were then pooled, gel-purified, and
digested with restriction enzymes corresponding to the
cloning sites. The combinatorial antibody library con-
structed by successive insertion of each LC and HC frag-
ment into the phage display vector pComb3 contained
1x10° transformants. A total of 50 single colonies from
the library were separately cultured, then the helper phage-
rescued Fab-phage clones were tested for binding to the
corresponding antigen by indirect immunofluorescence
assay using formaldehyde-fixed Hel aS, cells. All positive
clones in the library were found to be identical by BstNI
fingerprinting analysis (data not shown).

To elucidate the molecular structural characteristics of
antigen-binding sites in HBJ127, the V, and V, domains
of the selected clone were sequenced and analyzed. The
deduced amino acid sequences together with the derived
germ-line genes are shown in Fig. 1. HBJ127 V, was
found to be a member of the mouse VH2 family, while V|
belongs to the mouse VK8 group | subgroup. The Ig
BLAST andysis (http://www.nchi.nlm.nih.gov/igblast/)
revealed that HBJ127 V,, and V, were derived from the
germline genes of VOx-1 (82.5% homology) and IgVk8-30
(89.1% homology), respectively. The marked sequence
difference (eight out of 16 residues) between the HC com-
plementarity determining region (CDR) 2 and the corre-
sponding region of the germline gene suggests that
extensive somatic mutation had occurred in this region.
Expression and purification of HBJ127 rFab frag-
ment rFab fragment produced from the clones reengi-
neered for rFab expression was recovered from the
periplasm of IPTG-induced packed cells by freeze-thaw-
ing. The rFab fragment was then affinity-purified by Ni-
chelate chromatography from the crude lysates, since we
used the modified version of pComb3 (pComb3 #AP3/
3H2) designed to express the hexa histidine tag next to the
C terminal end of the HC insert. A single band of approxi-
mately 50-kDa with the definitive antigen binding activity
was detected in the eluate fraction by SDS-PAGE after
Coomassie Brilliant Blue staining (Fig. 2). The yield of
the purified rFab fragment was 71.4 ug from 100 ml of
culture.



Characterization of HBJ127 rFab fragment The anti-
gen binding activity and specificity of the rFab fragment
were evaluated by means of an indirect immunofluores-
cence assay. The rFab fragment reacted mainly with the
cell membrane fraction rather than the intracellular frac-
tion of the fixed HeLaS, and MDA-MB-453 cells (Fig. 3,
A and B). The staining pattern of the corresponding
unfixed cells showed that the rFab fragment could bind to
the surface of living cells (Fig. 3, D and E). The binding
of the rFab fragment to HelLaS, and MDA-MB-453 cells

rFab Fragment against CD98 Oncoprotein

was CD98-specific reaction since the fragment showed no
reactivity to CD98-negative SV-T2 mouse fibroblastic
cells (Fig. 3C) and rFab fragment directed to the c-erbB-2
product (manuscript in preparation) showed no reactivity
to the antigen-negative Hel aS, cells (Fig. 3F). The recog-
nition sites of rFab and mAb were found to be identical
since the binding of Fab-phage to Hel aS, cells was com-
pletely inhibited by the pretreatment of mAb (Fig. 4A).
Fab-phage (Fig. 4B) and mAb (Fig. 4C) aone each
showed the definitive reactivity to HelL aS, cells. The rela-

Fig. 3. Indirect immunofluorescence staining with HBJ127 rFab fragment in CD98-positive and -negative cultured cell lines. A and B,
rFab fragment staining of fixed and unfixed HelaS, cells (CD98*); C, rFab fragment staining of fixed SV-T2 cells (CD987); D and E,
rFab fragment staining of fixed and unfixed MDA-MB-453 cells (CD98*); F, rFab fragment against c-erbB-2 product staining of fixed
Hel aS, cells (c-erbB-27).

- e e it S
ot ] 3 o K] ki -
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Fig. 4. Inhibition of HBJ127 rFab-displayed phage binding to HelLaS; cells by HBJ127 mAb. rFab-phage was reacted with HelLaS,
cells pretreated with mAb, then bound rFab-phage was detected by rabbit anti-M 13 followed by FITC-goat anti-rabhbit 1gG as described
in “Materials and Methods.” A, rFab-phage staining of mAb-pretreated HelaS, cells; B, rFab-phage staining of HelaS, cells, C, mAb
staining of Hel.aS, cells.
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Fig. 5. Reactivity of HBJ127 rFab fragment against a panel of cultured human cell lines. Unfixed cells were reacted with rFab frag-
ment, then analyzed for mean fluorescence intensity with a FACScan flow cytometer as described in “Materials and Methods.”

150

100

50 +

% Cell growth

B

Medium HBJ127 rFab

HBJ127 mAb

rFab + anti-Fab anti-Fab only

Treatment of the cells

Fig. 6. Effect of HBJ127 rFab fragment on in vitro cell growth of HelaS, and MDA-MB-453 cells. Cells (1x10%) were cultured with
rFab fragment (HBJ127 rFab), mAb (HBJ127 mAb), rFab fragment pretreated with rabbit anti-mouse 1gG F(ab'), (rFab+ anti-Fab), and
rabbit anti-mouse 1gG F(ab'), (anti-Fab only), respectively, for 72 h at 37°C. The cell growth activity was then evaluated by Alamar
Blue assay as described in “Materials and Methods.” B HelaS,, 0 MDA-MB-453.

tive affinity of rFab fragment and mAb was then deter-
mined by flow cytometry. The calculated affinity constants
of rFab fragment and mAb were 0.11x108 and 0.35%10°®
M™%, respectively. Although the apparent affinity of the
rFab fragment was approximately three-fold lower than
that of mADb, their affinity may be considered in the same
range if the valency of each antibody preparation is taken
into consideration. The reactivity of rFab fragment against
a panel of human culture cell lines was determined by
flow cytometry (Fig. 5). rFab fragment showed definite
reactivity against all tested cell lines irrespective of tissue
of origin. Thisis consistent with the notion that all cycling
cell lines express CD98 h.c. on their cell surface.™”
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Cell growth-inhibitory activity of HBJ127 rFab frag-
ment HBJ127 mAb shows growth-inhibitory activity
against antigen-expressing cells in vitro.® rFab fragment
was then examined for activity to inhibit cell growth using
HelLaS, and MDA-MB-453 cells, both of which express a
moderate amount of CD98 h.c. protein on their cell sur-
face. Although rFab fragment alone showed no growth-
inhibitory activity against the tested cell lines, rFab frag-
ment preincubated with rabbit anti-mouse 1gG F(ab'),
showed cell growth-inhibitory activity to the same extent
as whole mAb (Fig. 6). This implies that the rFab frag-
ment produced by cloned gene-bearing E. coli was actu-
aly identical to the Fab part of HBJ127 mAb, and the



binding of HBJ127 mAb to the epitope followed by cross-
linking of the antigen is indispensable for eliciting the cell
growth-inhibitory activity.

DISCUSSION

In this report, we describe the cloning of a post-rear-
ranged antibody cDNA and expression of Fab genes to
afford a recombinant protein from anti-CD98 h.c. mAD,
HBJ127-producing hybridoma cells by using a phage dis-
play system. Recently, phage display cloning has become
a general strategy for preparing recombinant antibodies
originating from humans,*?® mice* % and other spe-
cies. 30 Antibody genes are expressed as the Fab or sin-
gle chain Fv (scFv) form using suitable vectors and
cloning systems. We used the pComb3 system reported by
Barbas et al.?? This system was optimized for expression
of antibody genes in the Fab form and for the targeting of
recombinant proteins to the periplasmic space of host cells
by the pelB leader sequence. The HC Fd and LC frag-
ments are thought to associate by the formation of a disul-
fide bond in the periplasmic space under reducing
conditions. The expressed rFab fragment is therefore more
natural than the scFv produced by combining the V,, and
V, domains using a polypeptide linker, and possesses the
origina mAb specificity. The recombinant proteins are
generaly produced as cytoplasmic inclusion bodies in the
host cells. Refolding of recombinant proteins by dissociat-
ing reagents, such as urea, would be necessary, but a
decrease in the antigen-binding activity can be anticipated.
Specifically designed systems should be employed for the
detection of the antigen-bound scFv fragments. On the
other hand, rFab fragments produced with the pComb3
system can easily be recovered by sonication or freeze-
thawing of host cells with a minimum loss of antigen
binding activity because the recombinant proteins are
accumulated in the periplasmic space of the host cells.
Commercially available secondary antibody, e.g. anti-
mouse 1gG F(ab'"),, can be used for the detection of anti-
gen-bound rFab fragments. For these reasons, the pComb3
system used in this study may be better suited for the clon-
ing and expression of mAb genes than the scFv production
systems.

The V,, domain of an antibody is known to play a major
role in antigen recognition and binding.*® %Y Somatic muta-
tions in V segments during B cell maturation are indis-
pensable for rearranged antibodies to obtain high spec-
ificity and affinity.*>%® HCDRS3 located at the junction of
V-D-J segments is also thought to be important for anti-
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