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ABSTRACT Recent studies revealed an immunoregula-
tory role of natural IgG-anti-F(ab*)2 antibodies in both
healthy individuals and patients with certain diseases. The
implication of anti-F(ab*)2 antibodies in the pathogenesis of
diseases prompted us to study the gene segment structure of
their antigen-binding domains and their binding character-
istics. cDNA was prepared from the lymphocytes of a patient
with a high IgG-anti-F(ab*)2 serum titer. Variable heavy and
light gene segments were amplified by PCR and inserted into
a phagemid surface expression vector. Single-chain antibodies
displayed on the phage surface were screened for binding to
F(ab*)2 fragments. The subsequent analysis of 95 single clones
demonstrated that they all bound specifically to F(ab*)2.
Sequence analyses of 12 clones showed that 11 were identical
and 1 contained a silent point mutation in the heavy chain and
three amino acid exchanges in the light chain. The heavy
chains belonged to the VH3 and the light chains to the Vk2 gene
family. The 11 identical light-chain genes were completely
homologous to a germ-line sequence (DPK-15). Binding as-
says showed that the single-chain antibodies bind to F(ab*)2,
but not to Fab, Fc, or intact IgG. This binding pattern was
confirmed by surface plasmon resonance studies, which re-
vealed a relatively high affinity (Ka 5 2.8 3 107 M21). The
strong binding capacity was further demonstrated by com-
petitive inhibition of the serum anti-IgG antibody’s interac-
tion with antigen. The present study defines for the first time
to our knowledge the gene segment structure of the antigen-
binding domain of two human IgG-anti-F(ab*)2 autoantibody
clones and describes the binding kinetics of the purified
monomeric fragments.

The immune response is tightly regulated by stimulatory and
suppressive mechanisms. Excessive or deficient suppression
affects the efficiency of an immune response against foreign
antigens and may contribute to the initiation of autoimmune
reactions. Much has been learned about the immunoregula-
tory role of antiidiotypic antibodies (1–3). We have focused on
the immunosuppressive role of natural IgG-anti-F(ab9)2 auto-
antibodies of idiotype-independent nature in various physio-
logical and pathological conditions (4–9). In cold agglutina-
tion, an autoimmune disease caused by anti-erythrocyte au-
toantibodies, we found a striking inverse correlation between
IgG-anti-F(ab9)2 and autoantibody production (4). Patients
with high anti-F(ab9)2 titers had low titers of the deleterious
anti-erythrocyte autoantibody and vice versa. Cell culture
experiments showed that natural anti-F(ab9)2 antibodies are
able to suppress anti-erythrocyte autoantibody-producing B

cells (5), possibly by crosslinking the membrane Ig with the Fc
receptor on the B cell membrane (10–12). It has been dem-
onstrated that anti-Ig antibodies are able to induce a state of
dormancy in malignant B cells (13–15). In patients with cold
agglutination, it appears likely that very low IgG-anti-F(ab9)2
antibody titers lead to an increase of anti-erythrocyte auto-
antibody production. IgG-anti-F(ab9)2 antibodies also were
shown to play a role in kidney graft rejection (6), the patho-
genesis of AIDS (7), and systemic lupus erythematosus (16,
17). The apparent involvement of these antibodies in the
pathogenesis of diseases prompted us to study their genetic
structure and binding characteristics.
The advent of new molecular biological techniques made it

possible to construct and engineer Ig molecules (18–22). In the
current series of experiments, the heavy and light chain
variable regions (VH and VL) genes of anti-F(ab9)2 antibodies
were cloned, sequenced, and expressed in a bacterial system.
After purification of the single-chain products, their binding
properties were analyzed by ELISA, surface plasmon reso-
nance, and competitive inhibition.

MATERIALS AND METHODS

Construction of the Phagemid Display Vector pSEX81. A
new vector for generating a phage display library of single-
chain Fv (scFv) antibodies was constructed. Briefly, pBlue-
script II SK(1) (Stratagene) was digested with PvuII, and the
resulting 2513-bp fragment was purified by gel electrophoresis.
This fragment then was ligated with a PCR product of 2247 bp
obtained after amplifying a part of the phagemid pSEX20 (23)
with the oligonucleotides 1204 (New England Biolabs) and the
pSEX primer (59-GTCGACGTTAACCGACAAACAACA-
GATAA-39). This resulted in the vector pSEX61. Finally, the
promoter PA1y04y03 (24) of pSEX61 was exchanged for the
lac wild-type promoter of the vector pBluescript II SK(1). The
correct sequence of the resulting phagemid vector pSEX81 was
confirmed by sequence analysis.
Generation of a scFv Expression Library. Peripheral blood

mononuclear cells were separated from 25 ml of blood of a
kidney graft recipient with a high anti-F(ab9)2-antibody titer.
After mRNA extraction and first-strand cDNA synthesis, the
Fv-encoding regions of g, k, and l chains were amplified by
PCR as previously described (25). The amplified light chains
were purified by agarose gel electrophoresis, digested with
MluI and NotI, and ligated into pSEX81. Electrocompetent
Escherichia coli XL-1blue cells (Stratagene) were transformed
according to the supplier’s protocol. After overnight incuba-
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tion on SOB agar plates (SOB medium contains, per liter: 20
g of tryptone, 5 g of yeast extract, and 0.5 g of NaCl; after
autoclaving add 10 ml of 1 M MgCl2 and 10 ml of 1 M MgSO4
before use) containing 100 mM glucose and 50 mgyml ampi-

cillin, the bacteria were harvested, and phagemid DNA con-
taining the light chains was prepared.
Subsequently, the heavy chains were cloned into the k and

l sublibraries by NcoIyHindIII digestion and transduced into
E. coli XL-1blue. The bacteria were plated on SOB agar plates
(100 mM glucose, 50 mgyml ampicillin, and 30 mgyml tetra-
cycline) and incubated overnight. The harvested bacteria were
used to inoculate 23YTmedium (23 yT medium contains per
liter: 17 g of tryptone, 10 g of yeast extract, and 5 g of NaCl)
containing 100 mM glucose and 50 mgyml ampicillin. After
reaching an optical density of OD600 5 1, M13KO7 helper
phages were added (multiplicity of infection 5 20).
One hour later, the bacteria were pelleted, resuspended, and

cultured in 400 ml of 23 YT (50 mgyml ampicillin and 50
mgyml kanamycin) for 5–8 h. Finally, the phages were precip-
itated and resuspended in 4ml of phage dilution buffer (10mM
TriszHCl, pH 7.5y20 mMNaCly2 mMEDTA). For the analysis
of single clones, the phage rescue was performed on a smaller
scale.
Selection of Antigen-Binding Phages. A Maxisorb Immu-

notube (Nunc) was coated overnight with human F(ab9)2 g
fragments (500 mg per tube) (Jackson ImmunoResearch),
washed, and blocked with 2% (wtyvol) skimmed milk in PBS
for 3 h. After washing, 1011 recombinant phages were added to
the tube and incubated for 2 h. The tube then was extensively
washed with 0.1% PBSyTween 20 and PBS. Finally, the phages
were eluted with 100 mM triethylamine. E. coli XL-1blue cells
were infected with the eluted phages, plated on SOB agar
plates (100 mM glucose, 50 mgyml ampicillin, 30 mgyml
tetracycline), and incubated overnight at 308C. The selection
procedure was repeated five times.
Phage-ELISA.Microtiter plates were coated overnight with

1 mg per well of F(ab9)2 g fragments or 2.5 mg per well of BSA.
After blocking with 2% (wtyvol) skimmed milk in PBS, 108
phages per well were added and incubated for 2 h at room
temperature. After 5 washings with PBSyTween 20, 100 ml of
rabbit-anti-M13 antibody (dilution 1:1000; Stratagene) was
added and incubated for 2 h at room temperature. ELISA was
developed with a monoclonal horseradish peroxidase-
conjugated goat-anti-rabbit IgG antibody (Jackson Immu-
noResearch) and the substrate 3,39,5,59- tetramethylbenzidine
(Kierkegaard & Perry Laboratories). The A was measured at
620 nm.
Sequence Analysis. Nucleotide sequencing was performed

using the dideoxy termination method with the vector pBlue-
script II SK(1) and specific primers. Subsequent sequence
analyses were performed with the HUSAR sequence analysis
program kindly provided by the German Cancer Research
Center, Heidelberg, Germany.

FIG. 1. Binding of scFv anti-F(ab9)2-expressing phages to F(ab9)2
fragments. (A) The polyclonal phage population obtained after each
selection round was tested in ELISA for binding to F(ab9)2. Negative
controls consisted of microtiter plates coated with blocking buffer or
BSA. (B) Single clones (n 5 95) with anti-F(ab9)2 activity were
generated and tested in ELISA (negative controls: A620 of blocking
buffer 5 0.079 and that of BSA 5 0.074).

FIG. 2. Sequence analysis of VH and VL chain genes of scFv anti-F(ab9)2 antibodies. Amino acid sequences are shown. FR, framework region;
CDR, complementarity-determining region; CONST., constant region.
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Production of Soluble Anti-F(ab*)2 scFv Antibodies. The
scFv2 and scFv6 antibody genes were cloned into the vector
pOPE51 (26). E. coli XL-1blueMRF9 bacteria, transformed
with either the plasmid pOPE51scFv2 or the plasmid
pOPE51scFv6, were propagated as previously described (27).
Antibody production was induced by the addition of isopropyl-
b-D-thiogalactopyranoside at a concentration of 20 mM. scFv
antibodies were isolated from solubilized periplasmic inclusion
bodies by immobilized metal affinity chromatography under
denaturing conditions, and then refolded as previously de-
scribed (26). Monomeric scFv antibodies were separated from
aggregates and dimers by size-exclusion chromatography on a
Superdex 75 HL26y60 column (Pharmacia) (26). The mono-
meric peak was concentrated using Centriplus10 (Amicon) and
dialyzed against Hepes-buffered saline (10 mMHepesy0.15 M
NaCly3.4 mM EDTAy0.001% Tween 20, pH 7.4). For ELISA
analysis, the scFv antibodies were obtained from soluble
periplasmic extracts and culture supernatants using the
pHOG21 vector under the conditions recently described by
Kipriyanov et al. (28).
ELISA Analysis of Anti-F(ab*)2 scFv Antibodies.Microtiter

plates were coated with human IgG (1.5 mg per well), F(ab9)2
(1 mg per well), Fab (1 mg per well), and Fc (0.5 mg per well)
fragments (Jackson ImmunoResearch) or BSA (2.5 mg per
well) as described above.
Various dilutions of scFv antibodies (in 100 ml) were added

followed by the stepwise addition of anti-c-myc mouse mono-
clonal antibody 9E10 (100 ml, dilution 1:4000) (Cambridge
Research Biochemicals), horseradish peroxidase-conjugated
goat-anti-mouse IgG antibody (Jackson ImmunoResearch),
and 3,39,5,59-tetramethylbenzidine substrate.
Surface Plasmon Resonance Analysis. Binding properties of

scFv were characterized by surface plasmon resonance using a
BIAcore 2000 instrument with multichannel Integrated m-Flu-
idic Cartridge (Pharmacia). Antigens diluted in 10 mM sodium
acetate buffer, pH 4.5 at a concentration of 100 mgyml F(ab9)2,
200 mgyml Fab, 67 mgyml IgG, and 200 mgyml Fc were
immobilized with a contact time of 7 min and a flow rate of 10

mlymin. The following resonance units (1000 resonance units
correspond to a surface concentration of 1 ngymm2) were
obtained: 4194 for immobilized F(ab9)2, 1671 for Fab, 7034 for
IgG, and 4050 for Fc. The negative control consisted of BSA
(154mgyml; 3792 resonance units). One channel of each sensor
chip was used after activation for injection of 10 mM sodium
acetate buffer, pH 4.5, followed by deactivation with ethanol-
amine. This channel was used to control the nonspecific
binding of scFv to the carboxymethylated dextran surface. All
surface resonance plasmon analysis measurements were car-
ried out at a flow rate of 5 mlymin in HBS at 25.58C. After each
cycle, the surface was regenerated by a single 5-ml injection of
10 mM HCl. Analyses of monomeric scFv2 and scFv6 anti-
bodies were performed at a concentration of 6.25–400 nM.
Each injected sample of recombinant antibody fragment (25
ml) was in contact with the antigen for 5 min. The dissociation
was followed for 10 min. Kinetic constants were calculated
using BIAevaluation 2.1 software (Pharmacia).
Competitive Inhibition of Serum IgG-Anti-F(ab*)2 Antibod-

ies. Microtiter plates were coated with human F(ab9)2 g-frag-
ments (Jackson ImmunoResearch) as described. The scFv
antibodies were applied in various dilutions (1:4 to 1:64)
followed by addition of the patient’s serum (dilution: 1:512).
The scFv antibodies were detected as mentioned above. Horse-
radish peroxidase-conjugated goat-anti-human IgG antibody
(Jackson ImmunoResearch) was applied for detection of se-
rum IgG-anti-F(ab9)2 antibodies. 3,39,5,59-tetramethylbenzi-
dine substrate was added, and the absorption was measured at
620 nm.

RESULTS

Generation of Antibody Gene Library. Antibody genes were
derived from the peripheral mononuclear cells of a kidney
graft recipient with a high IgG-anti-F(ab9)2 antibody titer. The
mRNA was extracted and reverse-transcribed into cDNA.
Immunoglobulin VH as well as variable light-chain k and l
regions were amplified by PCR with a specific set of primers
(25). Subsequently, the PCR products were subcloned into the
surface expression vector pSEX81.
Selection of Anti-F(ab*)2 scFv Antibody-Presenting Phages.

Specific phages were obtained by five consecutive selection
rounds performed in F(ab9)2-coated tubes. A marked increase
in the number of anti-F(ab9)2-binding phages occurred after
the third round (Fig. 1A). After the fifth round, 95 anti-F(ab9)2
single clones were selected and tested for binding activity (Fig.
1B).
VH and VL Gene Sequences. Twelve of the 95 single clones

with relatively high binding activity were sequenced (Fig. 2).
Eleven of these clones were found to have identical VH and VL
genes. One clone (scFv2) differed by a silent point mutation in
the FR1 region of the heavy chain and by three amino acid
exchanges in the VL region.
A germ-line sequence comparison (Table 1) revealed that

the light chains were almost identical to the DPK-15 germ-line
gene. The heavy chains were 88% homologous with the nearest
germ-line gene. A comparison with mutated and unmutated Ig
sequences from the European Molecular Biology Laboratory
databank and the GenBank database showed that the heavy-

FIG. 3. Binding of scFv anti-F(ab9)2 antibodies to different anti-
gens [F(ab9)2, Fab, Fc, IgG, and BSA] is analyzed by ELISA.

Table 1. V gene usage of anti-F(ab9)2 antibodies

Clone
Closest germ-line

V gene
Homology,

%
Gene
family Closest rearranged V gene

Homology,
%

Accession
no.

HC 1,3-12 DP-29 88.7 VH3 Ig H chain from a B cell tumor 89.2 Z31394
HC 2 DP-29 88.3 VH3 Ig H chain from a B cell tumor 89.4 Z31394
LC 1,3-12 DPK-15 100 Vk2 Ig k L chain from a spleen library 99.2 X72452
LC 2 DPK-15 99.3 Vk2 Ig k L chain from a spleen library 97.5 X72452

Comparison of the anti-F(ab9)2 scFv antibodies’ variable heavy (H) and light (L) chains with the V BASE (Medical Research
Council, Cambridge, U.K. CB2 2QH) the GenBank and EMBL databases.
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chain genes have the highest homology to a B cell tumor gene
(29) and the light-chain genes to a gene isolated from a human
spleen cDNA library (30). The heavy chains belong to the VH3
gene family and the light chains to the Vk2 gene family.
Binding Properties of Soluble scFv Anti-F(ab*)2 Antibodies.

Binding of the monomeric antibody clone scFv6, representa-
tive for the 11 identical clones, and clone scFv2 to F(ab9)2, Fab,
Fc, and IgG was tested in ELISA (Fig. 3). The antibodies
bound to F(ab9)2 fragments, but no significant binding to Fab,
Fc, or intact IgG was detected.
To investigate the kinetics of antigen binding, surface plas-

mon resonance analyses were performed. The BIAcore sen-
sorgrams for interaction of scFv6 and scFv2 at different
concentrations with immobilized F(ab9)2 are shown in Fig. 4A
and B. The shape of the curves reveals a slower association of
the scFv6 than of the scFv2 antibody, but similar dissociation
kinetics. The antibodies bound to F(ab9)2 but no measurable
interaction occurred with IgG, Fab, or Fc molecules (Fig. 4 C
and D). The calculated values of the association (kon) and
dissociation (koff) rate constants as well as the affinity con-
stants (Ka) are shown in Table 2. The association kinetics of
both scFv antibodies fit perfectly to the homogeneous kinetic
model provided by BIAevaluation software, indicating a sin-
gle-site interaction between the antibody and the immobilized
antigen. As already indicated by the shape of the sensorgram
curves, the scFv2 antibody binds 3 times faster to F(ab9)2 than
scFv6. In contrast, the dissociation constants for both anti-
bodies were similar. The affinity constant (Ka) of scFv2 (2.783
107 M21) was about 4 times higher than that of scFv6 (0.79 3
107 M21). These values are relatively high compared with
previously described intact anti-IgG autoantibodies of rheu-
matoid patients (31, 32). To verify whether the cloned antibody
fragments are able to inhibit the natural anti-F(ab9)2 activity,
a competitive inhibition ELISA was performed. Both anti-
F(ab9)2 scFv antibody clones inhibited the serum anti-F(ab9)2

activity, whereas an unrelated human scFv antibody did not
(Fig. 5).

DISCUSSION

The IgG-anti-F(ab9)2 antibodies analyzed in this study belong
to the large family of anti-IgG antibodies generally termed
rheumatoid factors (RFs). However, whereas classical RFs
bind to the Fc region and are an IgM isotype (33), the
antibodies described herein bind to the F(ab9)2 region and
belong to the IgG isotype. The classical RF was first described
in patients with rheumatoid arthritis (34). Later it became
evident that the same type of antibody is associated with many
other diseases, including various autoimmune conditions, viral
or parasitic infections, chronic inflammations, neoplasms, and
monoclonal gammopathies (33, 35–37). Increased anti-IgG
antibody titers also were detected during normal immune
responses to foreign antigens, in both humans and animals
(38–42). Although there is circumstantial evidence for an
immunoregulatory function of anti-IgG antibodies, their pre-
cise role in the physiological immune response or in the
pathogenesis of diseases remains to be determined.
A series of recent clinical studies performed in our labora-

tory revealed striking associations of IgG-anti-F(ab9)2 anti-
bodies with several pathological conditions (4, 6, 7). To better
understand the antibodies’ function and to define their rela-
tionship with other members of the anti-IgG antibody family,
we studied the genetic structure and binding characteristics of
recombinant IgG-anti-F(ab9)2 antibodies.
Genes encoding anti-F(ab9)2 were obtained from the cDNA

of B cells from a patient with a high anti-F(ab9)2 titer by
amplifying the variable immunoglobulin gene segments by
PCR (25). The primers were homologous to the 59 end of the
variable domain DNA and to the 59 end of the IgG CH1
constant region DNA, respectively. The amplified VH genes

FIG. 4. Comparison of BIAcore sensorgrams for the interaction between recombinant antibody fragments and immobilized antigens. Overlap
plots showing interaction of scFv2 (A) and scFv6 (B) with immobilized F(ab9)2 at different scFv concentrations. Interaction of scFv2 (C) and scFv6
(D) at 400 nM with different antigens. The association and dissociation phases of the sensorgrams are shown. The bulk effect is subtracted from
the relative response. Legends in the right of each plot show the list of scFv concentrations (A and B) or immobilized antigens (C and D) in the
order of decreasing resonance signals. RU, response units.

Table 2. Kinetic parameters for binding of scFv fragments to F(ab9)2 measured by the
BIAcore system

Antibody
fragment

kon,
M21zs21y104

koff,
s21y1024

Ka 5 konykoff,
M21y107

Keq,
M21y107

scFv2 2.47 6 0.11 8.86 6 0.24 2.78 6 0.80 2.29 6 0.63
scFv6 0.74 6 0.09 9.26 6 0.81 0.79 6 0.07 0.60 6 0.18

Association and dissociation rate constants were calculated using the homogeneous (monophasic)
kinetic model. Affinity (equilibrium association) constants were obtained directly from the ratio konykoff
as well as from steady-state measurements (Keq).
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therefore are derived from an IgG isotype similar to that
analyzed in our previous clinical and experimental studies.
The VL chains of the isolated recombinant antibodies were

almost identical with a germ-line gene sequence. The light
chain, therefore, had not been generated by antigen-driven
affinity maturation. In the case of the heavy chain, however,
there was a homology of only 88% with the closest germ-line
gene. Because of the germ-line gene polymorphism known to
exist in humans, an exact analysis of the heavy-chain muta-
tional pattern would have required sequencing of the patient’s
own germ-line genes. A computer search for homologous
mutated and unmutated immunoglobulin sequences of the
GenBank and European Molecular Biology Laboratory data-
bases revealed that the closest related VH gene is from a B cell
tumor (29). Of course, this homology has no pathophysiolog-
ical significance. Although we were not able to ascertain their
germ-line origin, our data show that all VH amino acid
sequences of the 12 selected clones are identical. Evidently,
they are derived from the same paternal gene. The homology
of the VL chains indicates that they also originate from one
common gene.
It is an interesting question whether the genes encoding

these IgG-anti-F(ab9)2 antibody fragments are related to those
of IgM anti-IgG antibodies described in patients with mono-
clonal gammopathies or rheumatoid arthritis. The VH3 gene
family, to which the antibodies described herein belong, fre-
quently encodes paraproteins with RF activity (43–47) as well
as RF of rheumatoid arthritis patients (32, 48–50) and anti-
bodies against foreign antigens (51). Indeed the VH3 family is
the largest and most heterogenous of all gene families (52).
Therefore, the simple assignment of a heavy-chain gene to this
family does not necessarily demonstrate a functional relation-
ship of the encoded antibodies with other members of the same
family. A comprehensive computer search revealed no homol-
ogy to known RF heavy-chain genes (33).
The analysis of light-chain gene sequences led us to a similar

conclusion.Most variable light-chain genes of RF belong to the
Vk3 or l family (32, 49, 53–55). The light chains of our
antibodies, however, belong to the Vk2 family, thus differing
from the classical RF. Furthermore, the antibodies demon-
strate different binding patterns. Classical RFs bind to Fc
fragments, whereas the antibodies analyzed in this study bind
with relatively high affinity to F(ab9)2, but not to Fc fragments.
The lack of relationship with other members of the anti-IgG
family is not surprising, because previous clinical studies
indicated functions of IgG anti-F(ab9)2 antibodies distinct
from those of IgM- or IgG-anti-Fc antibodies (6).

Our previous work suggested that human serum antibodies
that specifically recognize F(ab9)2 represent a group of anti-
bodies rather than a single antibody (8, 9). One antibody of this
group binds to an epitope located in the hinge region of IgG1
(8, 9). Although the recombinant antibodies described herein
do not interact with this hinge-region epitope (data not
shown), they reduce the binding of natural IgG anti-F(ab9)2
serum antibodies in competitive inhibition experiments. This
incomplete inhibition of serum antibodies supports our obser-
vation that IgG anti-F(ab9)2 antibodies represent an antibody
family, of which the antibodies described herein are members.
The binding properties of the anti-F(ab9)2 antibody frag-

ments clearly differ from those of anti-idiotypic antibodies.
Idiotypes are common to F(ab9)2, Fab, and IgG molecules.
Consequently, an anti-idiotypic antibody reacts with all three
molecules. The anti-F(ab9)2 antibodies studied by us, however,
react strongly with F(ab9)2, but not with Fab or intact IgG. The
lack of binding to intact IgG has important functional impli-
cations. Anti-IgG antibodies, including natural anti-F(ab9)2
antibodies, suppress B cells through membrane immunoglob-
ulin-mediated signaling (5, 10–12, 42). This is possible only if
the antibodies do not bind to soluble IgG of the serum, but to
membrane IgG expressed on B cells.
Alternatively, the antibodies may bind selectively to antigen-

bound IgG. This possibility is supported by previous experi-
ments in animals, demonstrating that some natural anti-IgG
antibodies preferentially bind to antigen-complexed IgG or
selectively suppress B cells whose membrane Ig is occupied by
its ligand (42, 56).
In conclusion, the present study defines the gene segment

structure of the antigen-binding domain of a human IgG
anti-F(ab9)2 autoantibody and describes the binding kinetics of
the recombinant Fv fragments. It thereby contributes to a
better understanding of the anti-F(ab9)2 antibody’s role in
physiological and pathological conditions.

We thank Roland Kontermann and Ian Tomlinson from Greg
Winter’s Laboratory (Medical Research Council, Cambridge, United
Kingdom) for kindly providing us with germ-line V gene sequences.
The oligonucleotide synthesis performed by Wolfgang Weinig and the
BIAcore measurements performed by Anne Vogt (German Cancer
Research Center) are gratefully acknowledged. We thank Christiane
Hain and Martina Finger (Institute of Immunology) for excellent
technical assistance and Monika Zewe-Welschof (German Cancer
Research Center) for support and very useful advice. M.W. was
supported by a grant of the Heidelberg Transplantation Program of
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FIG. 5. Competitive inhibition of serum IgG-anti-F(ab9)2 antibodies with scFv anti-F(ab9)2 antibodies. ELISA plates coated with F(ab9)2
g-fragments were incubated with increasing dilutions of scFv2 (A), scFv6 (B), and a human anti-digoxigenin scFv antibody (C). Serum
IgG-anti-F(ab9)2 antibodies were added at a dilution of 1:512. Negative controls consisted of PBS. Maximum binding activity of scFv2 and scFv6
was A620 5 0.983 and 0.869, respectively.
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