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Introduction

The human immune system is designed to secrete specific anti-
bodies to protect bodies from being attacked by foreign toxic 
molecules, viruses and microorganisms. However, some of the 
secreted immunoglobulin may act against the body itself, thus 
causing a variety of autoimmune disorders, including allergies 
and asthma. Of the four types of allergy (I–IV), type I affects 
almost 25% of the population worldwide,1 and is typically medi-
ated by immunoglobulin (Ig) E through the following mecha-
nisms: the IgE Fc region binds to a Fc receptor (FcεRI) on mast 
cells in tissue or basophils in the blood and stimulates those cells 
to release various biological active mediators (histamine and leu-
kotrienes), causing allergic reactions such as asthma and edema. 

Studies of the allergic response mechanism suggest that it is 
possible to prevent or treat allergy diseases by blocking the bind-
ing of IgE to its Fc receptor on mast cells and basophils.2 In the 
past decade, considerable efforts have been made to identify com-
petitors to specifically inhibit the interaction between IgE and 
FcεRI.3 These include comprehensive screening of engineered 
proteins, peptides and nucleic acids,4-6 creation of autoantibody 
responses against the IgE receptor binding site7,8 or generation 
of anti-IgE antibodies.9 Highly specific anti-IgE antibodies that 
are capable of selectively blocking the IgE-FcεRI interaction have 
proven to be effective agents for treating allergic illnesses. The 
humanized monoclonal anti-IgE omalizumab is approved for the 
treatment of patients with moderate-to-severe allergic diseases in 
the US, European Union and other countries.10,11 
We generated a human anti-IgE antibody by screening a library 
constructed from patients.12 Here, we describe functional expres-
sion of the antibody as a single-chain variable fragment (scFv) 
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in the periplasm of E. coli and demonstrate its affinity and anti-
gen specificity. To our knowledge, this is the first report of the 
production of a functional, human anti-IgE scFv in E. coli. Our 
results provide a potential candidate for further development in 
medical applications. 

Results

The human origin of the anti-IgE scFv was confirmed by DNA 
sequencing (Fig. 1). It also reveals that V

H
1 and Vk1 are used 

to form the antigen binding site
.
 A number of point mutations 

are identified (Fig. 1A), which might be introduced by somatic 
maturation in vivo or polymerase chain reaction (PCR) cloning 
in vitro.

RosettaTM (DE3) was used to express the scFv fragment in 
the periplasm and a (His)

6
 tag was engineered at the c-termi-

nus for detection and purification purposes (Fig. 1B). We have 
shown that, after induction, a protein of the expected size was 
obtained from the soluble fraction of E. coli by Ni purification 
under native conditions (Fig. 2), while no corresponding band 
was detected in the control bacteria (without the induction; 
Fig. 2A, Lane 1). Analysis by western blotting using anti-(His)

6
 

antibody detected the attached c-terminal (His)
6
-tag (Fig. 2B), 

demonstrating the successful expression of soluble anti-IgE scFv 
in E. coli.

The binding property of the bacterially-synthesised anti-IgE 
scFv after purification was analysed by ELISA on human IgE-
coated wells. This showed that while the binding to IgE coated 
wells was strongly detected in a series of 2-fold titration, no signal 
was produced on BSA-coated wells (Fig. 3A), which confirmed 
that the scFv bound specifically to the human IgE molecule.
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the treatment of patients with allergic asthma. Apart from appli-
cations as therapeutics, highly specific anti-IgE antibodies could 
be valuable reagents for both in vitro and in vivo detection of 
IgE levels in the blood, e.g., for diagnostics of defined allergen 
specificities.14-16

As described in this report, we generated a functional human 
anti-IgE antibody fragment. To our knowledge, this is the first 
time that a human anti-IgE scFv with high affinity and specificity 
to the Fc region has been produced. The scFv can be functionally 
expressed in E. coli (Fig. 2), providing a useful screening system 
for further improvement of this antibody through molecular evo-
lution. The high affinity (86 nM) of the scFv may also allow for 
the direct exploitation of its potential for medical applications. 
For example, it could be used for probing the free IgE molecule 
level in serum either in vivo or in vitro, or its capacity (either 
alone or as a fusion partner) for neutralizing/blocking free IgE 
binding to soluble and membrane FcεRI could be evaluated for 
therapeutic potential. Alternatively, conjugation of the scFv with 
a toxin that would lead to elimination of IgE-producing cells in 
vivo could be examined for possible development.

Material and Methods

Molecular biology reagents. Bacterial strain RosettaTM (DE3) 
and plasmid PET-22b were from our department’s collection. 
Primers were synthesised from Invitrogen. Restriction enzymes 
were purchased from TAKARA, China. Taq DNA polymerase 
was from Qiagen. Human IgE was from CHEMICO, China. 

To examine whether the scFv specifically recognise the Fc 
region of IgE, a competitive inhibition ELISA was performed in 
which various amount of free Fc was included to inhibit the inter-
action between the scFv and IgE-coated wells. The results showed 
a linear inhibition, i.e., the binding of scFv to IgE decreased in 
proportion to the increase in the Fc concentration (Fig. 3B). Our 
result demonstrated the specificity of the scFv to the Fc region.

scFv affinity was also determined by using Biacore. The bind-
ing kinetics of scFv to the immobilised human IgE molecule are 
shown in Figure 4. Based on the Ka of 1.69 x 104 M-1s-1 and Kd of 
1.46 x 10-3 s-1 determined by Biacore analysis, the scFv K

D
 (Kd/

Ka) was 8.6 x 10-8 M or 86 nM.

Discussion

Interaction between the Fc region of human IgE and its recep-
tor FcεRI on mast cells and basophils plays important roles in 
initiating allergic responses. A structural study has revealed the 
IgE-Fc/FcεRI complex at the atomic level.13 Since IgE molecule 
is well-known as the main mediator responsible for allergic reac-
tions, the identification of inhibitors capable of neutralising or 
blocking IgE interactions with the receptor FcεRI could poten-
tially be developed for treatment of the diseases. Although pep-
tides, nucleic acids and small molecules are used as inhibitors, 
antibodies were proven to be the most effective tools for blocking 
the specific IgE-Fc/FcεRI interaction.9 Omalizumab (Xolair®), 
which was directed at the FcεRI-binding site of the human IgE,9,10 
was the first humanized monoclonal antibody drug approved for 

Figure 1. (A) DNA and amino acid sequence of the human anti-IgE scFv. IGHV1-2*02 and IGKV1D-12*02 germline sequences are also shown for com-
parison. Complementarity determining regions (CDRs) are indicated. Residues different to the germline sequences are shown while the identical resi-
dues are marked by -. (B) A diagram showing the essential elements of the construct for E. coli expression. T7: T7 promoter; Pel B: the leader sequence, 
scFv: single-chain antibody fragment. The (His)6-tag and transcription and translation termination region are also indicated.
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7.4) according to the manufacturer’s instruction. Prior to affin-
ity purification, the solution was centrifuged at 16,000x g for  
30 min. For the use of Ni column, 20 mL of the solution was 
added to 1 mL Ni Sepharose 6 Fast Flow which was pre-equil-
ibrated with the binding buffer. After washing with 10 column 
volumes of the binding buffer supplemented with 50 mM imid-
azole, the scFv was eluted with 5 column volumes of 50 mM 
sodium phosphate buffer containing 500 mM NaCl and 500 
mM imidazole, pH 7.4. The eluted protein was stored at 4°C or 
directly used for analysis (see below).

Tetramethylbenzidine (TMB) substrate and 
HRP-linked anti-(His)

6
 antibody were purchased 

from Sigma (Cat.# A7058-1). CM5 Chips, N-[3-
dimethylaminopropyl]-N9-Ethylcarb-odiimide 
[EDC], N-hydroxysuccinimide [NHS], 5 M 
ethanolamine HCl pH 8.5 and Ni sepharoseTM 
6 Fast Flow were from GE Healthcare. Amicon 
Ultra-15 (Centrifugal Filter Units-10,000 NMW) 
was from Millpore.

DNA construction. Primer HuIgE/B (GCC 
GGC GAT GGC CAT GGA GGT GCA GCT 
GGT GCA GTC TGG) and HuAb/F (GCG 
AAT TCT TAG CAG CCA CCC AGG TGA 
TGG TGA TGG TGA TGA GAT GGT GCA 
GCC ACA G) were designed to amplify the sin-
gle-chain anti-IgE.12 The restriction enzyme sites 
Msc I and EcoR I are underlined. A hexahistidine 
(His)

6
-tag (indicated by italics) was introduced 

at the c-terminus of scFv for detection and puri-
fication purposes. The PCR fragment generated 
using the two primers was digested by Msc I and 
EcoR I, followed by ligation into plasmid PET 
22b which contains a pelB leader sequence in the 
front of the scFv for directing the protein into 
the periplasm of E. coli. The ligation mixture was 
used to transform E. coli RosettaTM (DE3) and the 
resultant clones were screened for the presence of 
the insert scFv by colony PCR. The correct clone 
was confirmed by DNA sequencing.

E. coli expression and extraction of the scFv. 
RosettaTM (DE3) carrying the scFv plasmid was 
grown in 5–10 mL (for a small scale) or 1–2 liter 
(for a large scale) 2x YT medium containing  
50 μg/mL ampicillin, 34 μg/mL chlorampheni-
col and 0.5% glucose at 37°C overnight. After 
centrifugation at 1,300x g for 10 min, the bac-
terial pellet was re-suspended in ½ the origi-
nal volume of a fresh 2x YT media containing  
100 μg/mL ampicillin, 34 μg/mL chlorampheni-
col and 0.5 mM IPTG. Induction was carried out 
at 28°C for 4–6 h. After centrifugation at 1,300x 
g for 10 min, the pellet was collected and used 
immediately (see below) or stored at -20°C.

To prepare the periplasmic extract, the pellet 
from 10 mL culture was washed with 1 mL wash-
ing buffer containing 20% (w/v) sucrose, 300 mM Tris-HCl (pH 
8.0) and 1 mM EDTA. After centrifugation at 1,300x g for 10 
min, the pellet was rapidly mixed with 1 ml ice-cold 0.5 mM 
MgCl

2
 and incubated on ice for 10 min with a periodic shaking. 

The supernatant was then recovered as the periplasmic fraction 
by centrifugation at 16,000x g, 4°C for 10 min. The procedure 
can be scaled up with a proportional increase of the volumes.

Affinity purification of scFv. The periplasmic fraction was 
subjected to Amicon Ultra -15 concentriful filter devices to 
exchange with a binding buffer (50 mM sodium phosphate 
buffer containing 500 mM NaCl and 20 mM imidazole, pH 

Figure 2. scFv expression in E. coli. (A) Coomassie blue stain. Lane 1, un-induced total cell 
(prior to IPTG induction); lane 2, induced total cell (at time of the harvest); Lane 3, peri-
plasmic extract; Lane 4, flow through mixture from Ni-sepharose column; Lane 5, washes; 
Lane 6, elution from Ni-sepharose column. (B) Western blotting of (A) using anti-His 
antibody as the probe. The samples are in the same order as in (A). The scFv is indicated 
by arrows. M: the standard markers (KDa).
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Figure 3. ELISA analysis. (A) Binding of scFv on IgE coated wells. The amount of scFv used in the dilution was shown as uM. (B) Competitive inhibition 
assay.

ELISA. 96-well polystyrene microti-
ter plates were coated with 100 μL of 
human IgE at a concentration of 1 μg/
mL in PBS. After overnight at 4°C, the 
wells were blocked with 100 μL 3% BSA 
in PBS at 37°C for 1 h. The scFv (either 

purified or non-purified) was then added 
to the wells and incubated at 37°C for 
further 1 h. After three washes with the 
washing buffer (PBS containing 0.05% 
Tween 20), a HRP-linked anti-(His)

6
 

antibody in 1:4,000 dilution in PBS, 1% 

BSA was added and the wells were incu-
bated at 37°C for 1 h. Finally, the wells 
were washed three times with the wash-
ing buffer before the color development, 
which was performed by detecting the 
HRP activity using tetramethylbenzidine 

Figure 4. Biacore analysis. The scFv was injected at various concentrations as indicated by different lines.
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response units (RU). A Biacore 3000 (GE healthcare) was used 
to measure the kinetics of scFv over the immobilised human IgE 
on the chip. Purified scFv were diluted in a series of 2 fold in 10 
mM HEPES, 150 mM NaCl, 3 mM EDTA and 0.05% Tween 
20. Samples of 6 different concentrations and assay controls were 
individually injected sequentially through the IgE coated chip at 
the rate of 20 μl/min. Biacore data were collected and analyzed 
by using the BiaEvaluation v. 4.1.
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(TMB) substrate and H
2
O

2
 in citrate buffer pH 5.0. The color 

reaction was stopped with 1 M HCl and optical density read at 
450 nm. Competitive ELISA was carried out as described using 
free Fc as the inhibitor.17 In brief, fixed concentration of scFv 
(0.16 ug/mL) was mixed with serial dilutions of Fc at concentra-
tions ranging from 1.28 nM to 167 nM. After 30 min incuba-
tion, the mixtures were transferred to the IgE-coated wells and 
then follow the procedure described above Bound and free scFv 
molecules were calculated as the percentage using the reading at 
OD

450
.

Biacore analysis. Human IgE at the concentration of 4 ug/ml 
was covalently immobilized through free amines to a carboxy-
methylated sensor chip with a surface density of 4,000 to 5,000 


