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Abstract

AIM: To construct fusion protein of a single-chain antibody
(scFv) against transferrin receptor (TfR) with alkaline
phosphatase (AP).

METHODS: The VH-linker-VL, namely scFv gene, was
prepared by amplifying the VH and VL genes from plasmid
pGEM-T-VH and pGEM-T-VL with splicing overlap extension
polymerase chain reaction (SOE PCR). After the ScFv gene
was modified by Sfi I and Not I, it was subcloned into the
secretory expression vector pUC19/119, and then was
transformed into E.coli TG1. The positive colonies were
screened by colony PCR and their expressions were
induced by IPTG. ScFv gene was gained by digesting ScFv
expression vector pUC19/119 with Sfi I and Not I restriction
enzymes, then subcloned into expression vector pDAP2,
followed by transformation in E.coli TG1. The positive
colonies were selected by bacterial colony PCR. The
expression of fusion protein (scFv-AP) was induced by
IPTG. Its activity was detected by enzyme immunoassay.
The molecular weights of scFv and scFv-AP were measured
by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE).

RESULTS: The product of SOE PCR formed a band of 700
bp in agarose gel electrophoresis. SDS-PAGE demonstrated
the molecular weight of scFv was 27 ku. Immunofluorescent
assay (IFA) demonstrated its reactivity with TfR. The
molecular weight of scFv-AP was 75 ku. Enzyme immunoassay
showed that scFv-AP could specifically bind to human TfR
and play AP activity.

CONCLUSION: We have successfully prepared the anti-
human TfR scFv and constructed the fusion protein of scFv
and AP. It is promising for immunological experiments.
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INTRODUCTION

Transferrin receptor (TfR) is a transmembrane glycoprotein,
which expresses on the surface of rapidly proliferative cells
and highly expresses in various tumor cells, especially in
hepatoma carcinoma cells[1]. It is associated with substance
transfer in cell cycles[2-5]. Therefore, anti-TfR antibody (Ab)
is regarded as a potential molecule for the located diagnosis
and target treatment of tumors[6-8]. In our previous studies,
the plasmid expressing VH and VL had been successfully
prepared[9]. In this paper, we prepared single chain Fv (scFv)
antibody against TfR and then constructed the fusion protein
of scFv and alkaline phosphatase (AP) by using gene
engineering technique.

MATERIALS AND METHODS

Bacterium strains and vectors
E.coli TG1 was purchased from Stratagen Corporation. Clone
vector pGEM-T was produced by Promega Co. Ltd. The
prokaryotic secretory expression vectors pUC19/119 and
pDAP2 were generously presented by Dr. RJ Kerschboumer.
The former carries a T7 RNA polymerase promoter, a
leading peptide pelB, His and c-myc markers which make
for the expression and purification of  scFv, and a termination
codon. The pelB, His and c-myc markers, and termination
codon can be cut during scFv preparation. The latter
contains AP gene and Lac promotor which switches on the
expression of fusion protein scFv-AP under the induction
of isopropyl -D-thiogalactopyanoside (IPTG). Its N-
terminal pelB leader can lead the fusion protein into the
periplasma and its hexa-histidine-tag makes it easy to be
purified via affinity chromatography[10].

Enzymes
T4 DNA ligase was purchased from USB Corporation
(Cleveland, USA), calf AP and RNase from Boerhinger-
Mannheim Biochemicals (Indianapolis, USA), endonucleases
SfiI and NotI from Jingmei Biotech Co., Ltd.



Construction of anti-TfR scFv
A primer was designed according to the complementary
sequences of FR1 region of VH, which contained cleavage
sites of  SfiI: 15560, VH2 SfiI 5’-TATGCGGCCC AGCC-
GGCCATGGC(A/C)(G/C)AG(G/A)T(T/C)CAGC-
TGCAGCA-3’; Another primer was designed according
to the sequences of FR4 of VH, which contained 2/3
sequences of  5’-terminal glycine linker [(Gly4Ser)3]: 15 561,
VH3 Linker, 5’-GGAGCCGCCGCCGCCAGAACC-
ACCACCACC(C/T)G(A/C)(T/G)GAGAC (T/A)GTGA
(G/C)-3’.

A pair of primers for VL were designed according to
the same segments, the forward primer contained 2/3
sequences of  3’-terminal glycine linker and reverse primer
contained Not I cleavage site: 15 562, VL5 Linker, 5’-
GGCGGCGGCGGCTCCGGTGGTGGTGGTTCT
(G/C)A(C/A)ATTGT(G/C)(A/C)T(G/C)ACCC-3’; and
1261K, VL Not I, 5’-CGGGCGGCCGCTTTGATT-
TCCAGC TTGGTCCC-3’.

VH gene of monoclonal antibody (McAb) was amplified
from pGEM-T-VH by PCR with primers 15 560 and
15 561. VL gene was amplified from plasmid pGEM-T-VL
with primers 15 562 and 1 261 K. VH-Linker-VL (scFv
gene) was obtained by splicing overlap extension PCR (SOE
PCR). Cleaved by Sfi I and Not I, ScFv gene was subcloned
into vector pUC19/119, which was then transformed into
competent E.coli TG1, and positive colonies were selected
by colony PCR. The expression of scFv was induced by
IPTG and its molecular weight was identified by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE).

Human TfR expressing cell line SMMC7721 at
logarithmic phase was plated into 96-well plates (2×105/well),
then IPTG induced supernatant was added to the wells
(100 L/well). After incubated for 30 min at 4 ℃, rabbit
anti-His McAb was added and indirect immunofluorescent
assay (IFA) was performed to identify the antibody activity.

Preparation and identification of anti-TfR scFv-AP fusion

protein
The plasmid pUC19/119 expressing scFv was digested by
Sfi I and Not I to produce scFv gene, then the gene was
subcloned into vector pDAP2 to construct the gene encoding
fusion protein (scFv-AP) directly. The expression vector
was transformed into E.coli TG1. Positive colonies were
screened by colony PCR, and the expression of scFv-AP
was induced by IPTG. The molecular weight was measured
by SDS-PAGE. SMMC7721 cells at 1×107/mL at logarithmic
phase were plated into 96-well plates (20 L/well),
glutaraldehyde 20 L/well was added to fix cells for 2 min.
After washed twice by PBS, IPTG induced cultural
supernatant was added to the wells (100 L/well) and
incubated at 37 ℃ for 60 min. The plate was washed thrice
by PBS, the substrate was added and then the A value was
measured at 405 nm.

RESULTS

Amplification of target gene
On agarose gel electrophoresis, SOE PCR product formed

a single band of expected size of 700 bp (Figure 1).

Figure 1  scFv gene from SOE PCR amplification. Lanes A and F: DNA
markers; lanes B-E: SOE PCR products.

Subcloning and sequencing of PCR product
After collection, purification and quantification, the SOE
PCR product was digested by SfiI and NotI, and linked with
pUC19/119. The conjugate was transformed into E.coli
TG1 on Amp+ LB plates. Ten colonies were identified from
20-30 colonies by colony PCR for selection of positive
colonies. After two positive colonies were proliferated by
culture, small quantities of plasmids were extracted and
were put through plasmid PCR. On electrophoresis, PCR
product formed a band of  700 bp (Figure 2). The plasmid
extracted from positive colonies was sequenced and
confirmed that the prepared sequence was scFv gene (VH-
Linker-VL, data not shown).

Figure 2  plasmid PCR products. A: DNA marker; B and C: PCR products.

Identification of expression product of anti-TfR scFv
The positively transformed bacteria of  scFv gene were
induced by IPTG; the bacteria were cleaved and examined
by SDS-PAGE. On the gel, a specific protein band was
displayed at 27 ku. The control bacteria did not display this
band (Figure 3). IFA showed that SMMC7721 cells reacted
with IPTG-induced cultural supernatant. Negative control
did not show membrane fluorescence as it reacted with
SMMC7721 cells. It suggested that IPTG-induced cultural
supernatant contained anti-human TfR scFv.

Preparation and identification of anti-TfR scFv-AP fusion
protein
After the plasmid pUC19/119 which carries anti-TfR scFv
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gene and vector pDAP2 was digested by SfiI and NotI,
ScFv gene was converted into vector pDAP2 with AP gene.
The conjugate was transformed into E.coli TG1 on Amp+

LB plates. Twenty to thirty colonies were obtained, 10 positive
colonies were determined by colony PCR and agarose gel
electrophoresis. The positive colonies were cultured and
proliferated, and the plasmid was extracted and underwent
plasmid PCR. Its product formed a band of  700 bp on
electrophoresis (Figure 4). It suggested that the scFv gene
had been subcloned into the vector pDAP2.

ScFv-AP gene transformed bacteria were cultured
overnight, and induced by IPTG. SDS-PAGE was performed
to determine the molecular weight of  the expression
product. On the gel, the product formed a specific protein
band of 75 ku. It is consistent with the molecular weight of
fusion protein. However, the empty bacteria did not display
the protein band at 75 ku (Figure 5). It suggested that the
fusion protein of anti-TfR scFv-AP had been successfully
constructed and expressed.

The supernatant from scFv-AP positive bacteria was
added into SMMC7721 cell coated plates, and then the
substrate of AP was added into the wells to stain. The
average A value of positive wells was 1.32, obviously higher
than that of  control wells (0.32). It suggested that IPTG
induced cultural supernatant contained the specific fusion
proteins, which had a specific binding reactivity with human
TfR and possessed the activity of AP.

DISCUSSION

In general, TfR predominantly expresses on the surfaces

of proliferative cells, especially malignant cells. Therefore,
detection of TfR is useful to diagnosis of tumors. A report
on 20 surgically resected samples of HCC showed that TfR
expressed highly in cancer tissue, whereas expressed very
low in pericancer tissues and normal tissues[11]. Its importance
for cancer diagnosis and prognostic evaluation has been
also documented in leukemia[4], lymphoma[5], pulmonary
cancer[12,13], breast cancer[14], and gastroenteric cancer[15].
There is an additional kind of transferrin receptor in serum,
termed as soluble transferrin receptor (sTfR). It is lack of
transmembrane and intracellular segment of TfR and
associated with iron metabolism. The detection of sTfR is
useful for adjuvant diagnosis of iron deficiency anemia[16].
sTfR represents a valuable quantitative assay of marrow
erythropoietic activity as well as a marker of tissue iron
deficiency[17].

Immunoassay is the major measurement method of TfR.
McAb and polyclonal serum are employed for this test.
ScFv is a small single-strand peptide that is formed by linking
VH and VL of immunoglobulin. Fv segment comprising
VH and VL is a tiny unit of an antibody molecule. ScFv
has many advantages[18,19]: (1) Its small molecule, only 1/6
of the full antibody, makes it potentially applicable in the
clinical diagnosis and treatment of both infectious diseases
and cancers due to its good penetration and rapid clearance;
(2) It can be mass-produced by fermentation in E.coli; (3)
Its single chain makes it easy to fuse with other proteins or
toxins[20]. In this paper, anti-TfR scFv was successfully
constructed and exhibited a good specificity and sensitivity.
It has potential to substitute McAb for immunoassay of
TfR, especially for the immunohistochemistry assay.

In ordinary EIA and IFA, it is necessary to label the
anti-Ab1 antibody (Ab2) with a kind of enzyme or fluorescein.
In the protocol, every batch of labeled antibody needs to
be standardized. The fusion protein for special purpose
produced by gene engineering technique can replace the
routine chemistry linking enzyme-labeled antibody and can
be mass-produced. ScFv-enzyme fusion protein can
specifically bind to the antigen and catalyze the substrate
reaction. Compared to McAb, the small size of Fv fragment
and the absence of the constant regions of the antibody
polypeptide chain suggest fewer background reactions. It
shows a unique advantage as a reagent for immunoassay
and antigen location. The application of scFv-enzyme fusion

Figure 3  SDS-PAGE of ScFv induced products. A: Negative bacteria induced
by IPTG; B: low molecular mass protein markers; C: positive bacteria induced
by IPTG.

Figure 5  SDS-PAGE of scFv-AP expressing product. A: Negative bacteria
induced by IPTG; B: low molecular mass protein markers; C: positive bacteria
induced by IPTG.

Figure 4  ScFv- pDAP2 plasmid PCR. M: DNA molecular markers; A-G: PCR
products.

A    B    C
ku

97

66
43

31

20

14

27 ku

M    A    B     C    D     E    F     G
bp

2 500

1 500

700
500

300

200
100

A    B    C
ku
97

66
43

31

20

14

75 ku

3302           ISSN 1007-9327     CN 14-1219/ R     World J Gastroenterol     June 7, 2005   Volume 11   Number 21



protein in immunological test will omit the procedure of
enzyme labeling or fluorescence labeling. For example, the
fusion protein of AP and scFv against tumor associated
antigens (e.g., CEA or AFP) can display the AP activity as
well as the binding ability to CEA or AFP. With this
detection system, the detection of CEA or AFP can be
finished in a single step. In this report, anti-TfR scFv-AP
was successfully constructed, and expressing product could
specifically bind to TfR and displayed AP activity. The use
of this detection system in immunoassay can omit the step
adding the enzyme-labeled antibody. It is promising for
immunological experiments and clinical application.
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