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ABSTRACT

Allergen specific IgE response is the major cause of
immediate hypersensitivity. However the number of IgE-
producing B cells and the amount of IgE, especially the
specific IgE, are so low, it greatly impedes the study of
the allergic-specifc antibody responses. Here we report
the construction of a normal human IgE combinatorial li-
brary. The repertoire of IgE VH genes and of x# genes were
separately amplified from normal human peripheral blood
lymphocytes through RT-PCR, and were then constructed
to form the phage surface display human Fab(IgEVH) li-
brary. A plant protein allergen, trichosanthin(TCS), was
used to affinity-enrich and to screen the anti-TCS phage
HuFab clones from the library. Human IgE(Fab) to TCS
were detected.

Key words: Phage antibody library, human IgE(Fab),
human anti-trichosanthin IgFE.

INTRODUCTION

IgE is the major mediator of immediate hypersensitivity. Analysis of the V region
of allergen-specific IgE is of primary importance for the understanding of allergic
responses. The cross-reactivity frequently shown in allergic responses also points to
the importance of the study of the antigen recognition structure of IgE molecules|],
2]. However, the amount of IgE is very low in serum. Even under the condition
of allergy, when IgE concentration is significantly increased, the level is still around
ng-ug/ml[3], while the IgG1 in serum attains mg/ml[4]. Since the amount of serum
IgE, especially the antigen-specific IgE, is so low, it greatly impedes the study of
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IgE V genes and antigen-specific IgE repertoire. And the study of IgE responses in
human is even more difficult.

The advent of antibody library technology provides an efficient approach to study
the molecular profile of in-vivo antibody responses[5], especially the recently deve-
loped phage antibody library technology shows more advantages[6, 7]. We intend to
use the phage antibody library technology to study allergen-specific IgE responses
in human, since it can circumvent the restrictions in studying human responses,
and provides us the possibility of studying the structural characteristics of the V
region of minute amount of human IgE and the mechanism of IgE recognition of
allergen. The study of allergen-specific IgE with antibody library technology has
not been reported. In human peripheral blood, the percentages of IgE-producing B
cells frequently only account for 0.001%-0.01%[8]. Because of the great limitation of
cell sources, the establishment of an efficient method to amplify IgE V region genes
is of key importance. In this paper, starting from normal human peripheral blood
lymphocytes, we amplify the Ve and « genes through RT-PCR and then constructed
them to form the phage surface display human Fab (Ve ) antibody library. A plant
protein allergen, trichosanthin(TCS)[9], was used to affinity-enrich and to screen out
the anti-TCS HulgE(Fab) clones.

MATERIALS AND METHODS

Human peripheral blood lymphocytes
The human peripheral blood lymphocytes were separated through Ficoll gradient from the nor-

mal human blood samples provided by Shanghai Blood Center.

Plasmids and bacterial strains
Vector pHEN1[10], Plasmid pSWIFab(D1.3) and the E. coli strain TG1 were all kindly provided

by Dr. G.Winter, MRC, Cambridge. Helper phage M13-VCS was from our laboratory.

Primers
Human Ce primer was designed according to constant region gene of human ¢ chain, corre-
sponding to position 646-679 bp.

HuC ¢FOR: 5'-GCTGAAGGTTTTGTTGTCGACCCAGTCTGTGGA-3'
VKBACK:5'-GACATTGAGCTCACCCAS?ETCCA-?
VHBACK: 5'-AGGT(G/C)S(X:/IG)A(A/G)CTGCAG(C/G)AGTC(T/A)GG-3'
HuCKFORNot: 5'-GACTTGGGGCCGCA(E;SAt(I}TCTCCCCTGTTGAAGCTCTT—3'
JHFOR:5‘-TGAGGAGACGGT23§;}CCGTGGTCCCTTGGCCCCAG-3'
JKFOR:5'-GTTTGATCT)((Z‘}?;E;(E;I{TGGTGCC-S

o
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Reverse VK: 5' -GGAGACTGGGTGAGCTCAATGTC-3'
Sacl
Reverse JH: 5' -GGGACCACGGTCACCCGTCTCCTAC-3'
BstEII

Extraction of total RNA and synthesis of cDNA

Total RNA was extracted from 5X 10" lymphocytes according to Chomczynski[11]. The first
strand of cDNA was synthesized by primer extention either with light chain constant region primer

HuCKFORNot or with ¢ chain constant region primer HuCe FOR.

PCR amplification

By using xchain ¢cDNA as template and HuCKFORNot and VKBACK as primers, the PCR
amplification reactions were performed under the following conditions: 94°C for 1 min, 57°C for
1.5 min, 72°C for 1.5 min, and cycling for 40 times.

Nested PCR was adopted for the amplification of Vé: The first round amplification was run with
¢ chain ¢cDNA as template and HuCe FOR and VHBACK as primers. The PCR was first run for 5
cycles at 94°C for 45 sec, 45C for 1 min, and 72°C for 1 min, and then the annealing temperature
was raised to 55°C and then PCR was further run another 35 cycles. The PCR products were
precipitated with ethanol and dissolved in 15 ul water.

The second round of amplication was performed with the first round PCR products as template
and JHFOR and VHBACK as primers. The reaction volume was 50 ul, including 5 ul of the first
round PCR products. The PCR was run for 40 cycles at 94°C for 45 sec, 55°C for 45 sec, and 72C
for 1 min.

Reconstruction of vector

The human CH1 fragment, Fablinker, and some restriction enzyme sites were introduced into
vector pHEN1 as Fig 1. The plasmid pSW1Fab(D1.3) was used as template. With Reverse JH and
Reverse VK as primers, HuCHI-Fab linker around 450 bp was obtained through PCR amplification.
T4 DNA polymerase was used to fill in the recessed end. The fragments were recovered through 2 %
low melting point agarose gel electrophoresis. Vector pHEN1 was digested with Sacl, filled in the re-
cessed end by T4 DNA polymerase, and dephosphorylated by CIAP. The purified HuCH1-Fab linker
fragments were then cloned into pHEN1 and the vector pHEN (HuCHI-linker) was thus constructed.

Construction of phage antibody library
Construction of Ve library:

The Ve PCR products were digested with Pstl and BstEII. Fragments around 350 bp were
gel-purified through 2% low melting point agarose gel, and cloned into PstI and BstEII sites of

vector pHEN(HuCH]l-linker), the vectors were used to transform E.coli TG1 according to Inoye's
method[12].

Construction of Fab library:

The « chain PCR products were digested with Sacl and Notl, gel-purified, and then ligated to
Sacl and Notl digested vector containing the V& gene library, thus forming the Fab library. The
ligation products were used to transform E.coli XL1-Blue.

Screening of anti-TCS phage-antibody

After the E.coli were transformed with the Fab library, the cultures were added with 3 ml of
SOC medium, and shaked at 37°C for 1 h. Then 10 ml S B-50 ug/ml Amp-10 ug/ml Tet were
added. The cultures were shaked at 37C for 1 h. 100 ml S B-100 ug/ml Amp-20 pug/ml Tet were
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further added, shaking at 37°C for another h. After that, helper phages M13-VCS (10" p.f.u.)
were added. The bacteria were further cultured for 1 h without shaking, and then kanamycin was
added to 70 pg/ml. The cultures were shaked for 18-20 h. The released phages were precipitated
with 20% PEG-2.5 M NaC1 for 3 times and then suspended in 3 ml of PBS-1% BSA.

1acZ pels B pel B 1acZ pel B gl
—.—[ [D1.3vH | HucH I—LQNVKI HuCK |— ‘Q‘E&E{WWW_

pSW1Fab(D1.3) pHENT
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pHEN(HuCH1-linker)

Fig 1. Construction of Vector pHEN (HuCHI-linker)

To PVC tube, TCS (Jin-San Pharmaceutical Factory) was coated at 4°C Cover night.The phage
suspension was added to the blocked TCS-coated PVC tubes and put in room temperature for
2 h. Then the tubes were thoroughly washed with PBS, PBS-0.1% Tween 20, and further PBS
sequentially. 0.8 ml of 100 mM triethylamine was used to elute the bound phage particles. The
eluates were neutralized with 0.4 ml of 1.0 M Tris-HC1 (pH 7.4). The eluted phages were used
to transfect 10 ml freshly prepared XL1-Blue(O.Dsw = 0.8) at standstill for 45 min. Then 20 ml
S B-50 ug/ml Amp-10 pg/ml Tet were added, and the cultures were shaked at 37°C for 1 h. The
above procedures, amplification-antigen adsorption-elution, were repeated for 3 times. And the
eluted phages were used to infect E coli XL1-Blue plated on 2YT-Amp-Tet plate.

Phage-ELISA screening

48 clones randomly selected from the colonies which had gone through four rounds of enrichment
were inoculated respectively into 3 ml LB medium containing 100 pg/ml Amp and cultured at 37C
to O.Deoo = 0.4. Helper phages were added according to the ratio of bacteria : phage= 20:1. They
were continued to be cultured for 1 h, and then kanamycin (70 pg/ml) was added. They were
further cultured for 18 h. The phage particles were collected through precipitation with PEG and
NaCl for 2 times, and suspended in 200 x1 PBS-1% BSA.

The ELISA plate was coated with TCS and blocked with PBS-1% BSA. The phage suspension
was added, and incubated at 37°C for 1 h. Then the plate was washed with PBS-Tween and rabbit
anti-M13 antiserum (prepared in our lab) was added. The plate was further incubated at 37C for
1 h. After washing peroxidase labeled goat anti-rabbit Ig antibodies (Bio Rad) were added. After
incubation at 37°C for 1 h, the substrate TMB-H:0: was added.
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For the competitive binding inhibition ELISA assay, the positive phage clones detected by ELISA
were first suspended in PBS-3% BSA containing 1 mg/ml TCS or TT (tetanus toxoid, Shanghai
Biological Products Institute) at room temperature for 2 h, and then ELISA was carried out as
above. The Inhibition Percentage (%) was calculated as follows,

OD value with inhibitor
Inhibition Percentage (%) = ( 1- ) X 100%
OD value without inhibitor

RESULTS

PCR amplification

The x genes were amplified through RT-PCR. The specifically amplified 650 bp
band can be seen in Fig 2. As for the ¢ chain genes, after the first round amplifi-
cation, the band of Fd gene fragments with the predicted size did not shown after
electrophoresis. Only after the second round amplification, the specifically amplified
350 bp band of Ve was shown. While in case of the first round amplification with
VHBACK- HulgFOR or VHBACK-Hulg MFOR as primers and cDNA synthesized
by human Ce¢ primer as template, after two rounds of amplification the predicted
350 bp band could not be seen. It thus indicated that the Ve fragments obtained
were not resulted from the contamination of VH genes from other Ig classes.

M1 2 3

872bp —
603bp —
310bp ~—

Fig 2. Results of PCR amplification of an- Fig 3. Results of amplification of Ve genes

tibody gene fragments

M. Phix 174 RF DNA/Haelll,

1. Hu x chain; 2. Hu Ve ;

3. Nested PCR products (VH-
BACK and HulgGFOR used as
primers in first round); 4. Nested
PCR products (VHBACK and
HulgMFOR used as primers in first
round); 5. Hue Fd

through RT-PCR from different
amount of RNA

M. Phix 174 RF DNA/HaellI; 1- 3.
Ve PCR products generated from
RNA of 10". (1) 10% (2) 10%

(3) human PBL.
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Fig 3 shows the results of the amplification of V¢ fragments from different quan-
tity of RNA corresponding to RNA from different numbers of cells. It can be seen

that from 10° - 10 cell RNA the Ve gene fragments could all be amplified.

The reconstruction of vector

The PCR amplified fragments, HuCH1-Fab linker, were inserted into vector
pHEN1. The pHEN(HuCH1-linker) clones with sense insertion were obtained, since
fragments around 450 bp could be detected after digestion with either Pstl and Sacl
or Xhol and BstEII, but not with Pstl and BstEII or Xhol and Sacl (Fig 4).

5.15kb .
Fig 4. Identification of pHEN(HuCHI-linker) by 3.53kb -

enzyme digestion

M. A/HindIII, EcoRI

1. pHEN(HuCHI-linker)/PstI, Sacl

2. pHEN(HuCH]l-linker)/PstI, BstEII
3. pHEN(HuCH]l-linker)/BstEII, Xhol
4. pHEN(HuCH]l-linker)/Xhol, Sacl

The construction of Ve library

The obtained Ve gene fragments were cloned to pHEN(HuCH1-linker) and was
thus established the humanVe library. The capacity of the library was 2 X 10°.
Using vectors from Ve library as templates and VHBACK and JHFOR as primers,
through PCR amplification the 350 bp band could be shown. Furthermore through
digestion of the vectors of the library with Pstl and BstEII, fragments of around
350 bp could be cut out (data not shown). It indicates that the constructed library
contains Ve genes.

The construction of phage HuFab(Ve) library

The vectors of Ve library were digested with Sacl and NotI and recovered through
0.8 % low melting point agarose gel electrophoresis. The recovered products were
ligated with ¥ gene PCR products digested with Sacl and NotlI and they were used
to transform XL1-Blue, and was thus established the phage HuFab(Ve) Library.
The capacity of this library was 5X10°. Seven clones were randomly selected and
amplified with VHBACK and JKFOR primers. All of them were of 1.2 Kb (Fig 5).
It indicated that the Fab genes were inserted.

The Screening of anti-TCS human Fab(Ve) clones

Through 4 rounds of antigen adsorption-elution-amplification, 48 phage clones
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were selected. After purification with PEG the phage antibody clones were subjected
to ELISA assay. Two anti-TCS clones were detected (Tab 1). The two clones show
higher binding value to TCS, though not very significant. Perhaps it is due to the
library being constructed from normal but not TCS-immunized human lymphocytes.

One clone was further analyzed with competitve binding inhibition assay. From
Fig 6 , it can be seen the binding could be significantly inhibited by soluble TCS. It
thus signified the antigen specificity of the clone selected.

Tab 1. Antigen binding activity of phage
HulgE-Fab clones

Clones 0D450 (X+ SD)
n=4

1 0.381 £ 0.028

2 0.348 + 0.021

Control 0.178 £ 0.019

pHEN(HuCH1-linker)

70% -
§! 60% -
5 50% - oTT |
& mTCS
& 40% - (TS|
g
1.2kb - 2 30% A
2
-EE 20% A
b
10% 1 [
0% - T
Fig 5. PCR identification of phage HulgE- Fig 6. Antigen specificity of the human
Fab library phage HulgE-Fab 1 clone by com-
petitive binding inhibition assay
DISCUSSION

Since the number of IgE-B cells in the peripheral blood lymphocytes is very small,
hence the percentage of ¢ chain mRNA in the total RNA is also extremely small. It
is the reason why we adopted nested PCR during amplification of Ve gene. That is
using IgE constant region 3' end primer and V region 5' end primer during the first
round amplification, and then using JH region primer and V region 5' end primer
in the second round amplification. In this way we could get sufficient amount of Ve
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gene fragments to construct IgE library, and it also has the advantage of avoiding
non-specific amplification.

The light chain genes and the heavy chain genes are randomly assembled together
during the construction of the antibody library. Therefore the study of the antigen-
specific IgE profile in the present antibody library technology may not reflect the
original Ve-Vk pairing in the in-vivo IgE repertoire. However, the Vx of light chain
in the Fab screened out from the library is at least to be able to combine with the
Ve to form the antigen specific combining site. In this sense the x chain in Fab may
also reflect the characteristics of the VL used in anti-TCS IgE.

During amplification of Ve genes, five normal human blood samples from the
blood center have been tried. Only in one of them, the amplified fragments could
be satisfactorily obtained. We wonder whether the IgE level was higher in that
person. However, in the Blood Center all donors have been carefully examined
before qualified blood samples are drawn. It may be due to other reasons that we
have not realized yet, either technically or physiologically.

Due to the small capacity of human Ve repertoire, in order to offer more light
chains to combine with Fd fragments containing Ve . During the construction of the
library, we first cloned the Ve genes. In this way we will be able to use a scanty
amount of Ve fragments to construct as possible the biggest library.

For specific amplification of ¢ genes from human peripheral blood, if it is required
to separate or enrich the small number of IgE-B cells first and then to extract
RNA from the isolated B cells to perform RT-PCR, it would be a a difficult and
laborious task. Here we have directly amplified Ve fragments from total RNA of
PBL lymphocytes and have tried to amplify Ve from different amount of RNA. Our
results showed that it is possible to amplify even from RNA of 10° cells. Our present
results indicate that now it would be possible to study IgE V region with even small
quantity of clinical samples.

Our results also point to the possible presence of IgE-B cells to TCS in normal
human peripheral blood lymphocytes. The structural characteristics of their V re-
gions and the immunological significance of their existence need further investigation.
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