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Abstract : Background: Thioredoxins ("TRX") are ubiquitous 12-kDa oxidoreductase enzyme containing a
dithiol-disulfide active site facilitating the reduction of other proteins by cysteine thiol-disulfide exchange. When
thioredoxin levels are elevated there is increased cell growth and resistance to the normal mechanism of
programmed cell death. An increase in thioredoxin levels seen in many human primary cancers compared to
normal tissue appears to contribute to increased cancer cell growth and resistance to chemotherapy.
Mechanisms by which thioredoxin increases cell growth include an increased supply of reducing equivalents for
DNA synthesis, activation of transcription factors that regulate cell growth, and an increase in the sensitivity of
cells to other cytokines and growth factors thereby thioredoxin offers a target for the development of drugs to
treat and prevent cancer.

Aim: To characterize - molecular cloning, expression, purification and bioassay of the most potent redox
protein in carcinogenesis.

Research methodology: The expression of thioredoxin (Trx) in human lung adenocarcinoma epithelial cells
(A549) was studied by cDNA isolation using RT PCR and it was cloned into pRSET A vector at Ndel and
BamHL1 site (restriction sites) and then transformed in E.coli GJ1158/BL21 DE3. The cells were cultured in
mass and lysed so as to generate recombinant thioredoxin, then purified to obtain a single band of appropriate
molecular weight in SDS PAGE analysis. The gene sequence was confirmed by DNA sequencing and the protein
by western blot using anti-thioredoxin antibody. The biological activity of recombinant thioredoxin was tested
by insulin reduction assay.

Results: The biological activity of recombinant thioredoxin was studied by monitoring the dithiol-disulphide
oxidoreductase activity that catalyzes reduction of insulin disulphides by dithiothreitol spectrophotometrically
at 650 nm at 25°C as turbidity formation from the precipitation of the free insulin f§ chain.
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. Introduction

Thioredoxins is a 12KDa ubiquitous regulatory protein, which functions in maintaining cellular redox
homeostasis and cell survival and is highly expressed in many cancers. The oxidative or hypoxic stress of the
tumor environment resulting from abnormal angiogenesis causes unstable oxygen delivery which is known to
up-regulate the expression of thioredoxin. During carcinogenesis, tumor cells often become more resistant to
hypoxia or oxidative stress-induced apoptosis and most studies on tumor oxygenation have focused on these two
tumor environments [1]. However, recent investigations suggest that the redox status within tumor cells
determine cell survival and proliferation. Thioredoxin is known to have important roles in both these cellular
responses and several studies implicate thioredoxin as a contributor to cancer progression [2].

Thioredoxins are enzymes belonging to the family of pyridine nucleotide-disulfide oxidoreductases
which have a conserved CXXC a Cys-Gly-Pro-Cys redox catalytic site where the second cysteine being
selenocysteine essential for activity as the truncated protein is inactive [3] and the active site of the enzyme is a
selenenylsulfide/selenolthiol generated from the COOH-terminal sequence [4]. In an oncogenic perspective,
thioredoxin has been shown to regulate p53 expression and facilitate p53-dependent induction of p21 [5]. It
regulates the expression of transcriptional factors such as TF111C, nuclear factor-kB, Jun/Fos, and AP-1
through redox control of these proteins, thus influencing their binding to DNA [6-8].Trx also promotes cell
proliferation, and in transfection experiments, it has been shown to increase the growth rate and colony
formation of nonmalignant and malignant cells [9]

Il.  Research Methodology:

Restriction enzymes and T4 DNA ligase obtained from New England Biolabs Beverley, USA. Taq
DNApolymerase, Hybond nitrocellulose membranes were purchased from Amersham pharmacia biotech,
Birmingham, UK. Primers used in this study were synthesized in Microsynth, Switzerland and Bangalore Genei,
Bangalore, India. Large scale purification of plasmids and mini preparation kits and medias were purchased
from QIAGEN, Germany. Anti Thioredoxin antibodies were purchased from Santacruz Biotechnolog, UK and
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PRSET A vector, E.coli strain BL21 DE3 and GJ1158 (expression hosts) and DH5a(maintenance host), were
purchased from Invitrogen Corporation, Sandiego, USA.
This study was approved by the Institutional ethical committee of the Sree Balaji Medical College and Hospital.

CONSTRUCTION OF THE CLONE.

RT-PCR was carried out and the thioredoxin gene was isolated from human adenocarcinoma epithelial
cell lines (A549) and amplified using the designed forward and reverse primers (TrxF/TrxR) with Ndel and
BamH1 restriction sites.

Table 1: Primers designed for human Thioredoxin.
Primer Primer Sequence Restriction enzyme

TRXF Nde |
5’GGGTTTCATATGGTGAAGCAGATCGAGAGCAAG3’

TRXR 5’CGCGGATCCGACTAATTCATTAATGGTGGCTTC3’ Bam HI

The amplified gene was ligated and cloned into pRSET A vector as per manufacturer's protocol. Positive clones
were selected by lysate PCR and sequenced in BIOSERV and confirmed by DNA sequencing.
Figl: Construction of the Thioredoxin gene
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Expression Of Protein In E.Coli

The vector pRSET A based on T7 RNA polymerase was employed in the present study to express the
recombinant construct in IPTG inducible BL21 (DE3) and salt inducible T7 expression host, GJ1158. The
isolated thioredoxin gene was inserted into the multiple cloning sites and ampicillin resistant sequence was used
for clonal selection. The protein expression was optimized and purified by chromatography using DEAE
sepharose column and confirmed by western blot. The bioactivity was checked by Insulin reduction assay.

Fig 2: Expressed and purified Thioredoxin protein
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I11.  Results:

Thioredoxin which is encoded by 300 bp gene was amplified using gene specific primers containing
Ndel and BamH1 restriction sites in the forward and reverse primers respectively. The purified amplicons were
ligated with the linearized vectors (pRSET A) using T4 DNA ligase following restriction digestion by Ndel and
BamH1 restriction enzymes. The ligation products were then transformed into DH5a and the recombinants were
screened by PCR and the clones were confirmed by restriction digestion. The constructs were then transformed
and expressed in various E.coli strains such as BL21 (DE3) and GJ1158 and their expression profile was
analyzed in SDS-PAGE.

Various parameters like growth temperature, optical density, host strain, inducer concentration etc were
altered and maximum protein expression was obtained from E.coli strain GJ1158 at a temperature of 30°C at 0.6
optical density. Large quantities of protein generated was purified by column chromatography .The purified
protein was confirmed by western blot using anti-thioredoxin antibodies.

Bioassay for Thioredoxin-Insulin Reduction Assay

Thioredoxin was shown to catalyze the reduction of insulin disulfides by dithiothreitol. An assay was
developed which measures the rate of insulin reduction spectrophotometrically at 650 nm at 25°C as turbidity
formation from the precipitation of the free insulin B chain. The implication of the dithiol-disulfide
oxidoreductase activity of thioredoxin for the regulation of enzyme activities by thiol oxidation-reduction
control is used in this assay [10].

Insulin Reduction Assay.

Table 2: Insulin reduction assay of recombinant Thioredoxin.

Time Bl B2 Positive control Purified protien
0 0.043 0.040 0.076 0.045
5 0.043 0.040 0.078 0-049
10 0.043 0-040 0.085 0.051
15 0.043 0.040 0.093 0.055
20 0.043 0.040 0.101 0.059
25 0.044 0.042 0.105 0.066
30 0.043 0.041 0.110 0.075
35 0.044 0.042 0.120 0.106
40 0.043 0.041 0.127 0.114
45 0.043 0.041 0.139 0.122
50 0.043 0.041 0.151 0.127
55 0.043 0.041 0.155 0.141
60 0.043 0.041 0.158 0.145
65 0.043 0.041 0.168 0.152
70 0.043 0.041 0.170 0.161
75 0.043 0.042 0.171 0.170
80 0.044 0.042 0.173 0.178
85 0.044 0.042 0.175 0.180
90 0.044 0.042 0.178 0.182
95 0.044 0.042 0.179 0.184

100 0.044 0.042 0.184 0.187

105 0.044 0.042 0.186 0.191

110 0.044 0.042 0.187 0.194

0.25
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Figure3: Insulin reduction assay by Thioredoxin.
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IV.  Discussion.

Thioredoxin has an active functional role in promoting cancer cell growth and that its increased
expression is not just a consequence of cancer progression. Thioredoxin is over expressed in many cancers and
is considered as one of the enhancers of cancer cell growth, either through the direct stimulation of cancer cell
growth or through the inhibition of cancer cell apoptosis. A recent in vivo study further highlights its importance
in promoting cancer cell growth. When two human lung carcinoma cell lines, expressing either high or low
Thioredoxin levels, were injected subcutaneously into SCID mice the extent of tumor growth correlated with the
levels of Thioredoxin expressed by the injected cells [11].  High levels of Thioredoxin expression have also
been correlated with highly invasive and metastatic tumor activity both in vitro and in vivo [12]. Thioredoxin
was shown to stimulate cell invasion in these cells and to promote overall matrix metalloproteinase (MMP)
activity by preferentially inhibiting the MMP inhibitors. An in vivo study using mice injected with two human
carcinoma cell lines expressing either high or low levels implicates Thioredoxin as an enhancer of tumors
metastasis [13]. Tumor metastases were evident in the lung of mice injected with the higher Thioredoxin
expressing cell line. Similarly, expression studies have also shown the highest levels of Thioredoxin expression
in the most aggressive tumors isolated from patients diagnosed with breast, melanoma, thyroid, prostate or
colorectal cancer [14].

Expression of Thioredoxin also results in patients developing resistance to chemotherapeutics [15] by
scavenging intracellular toxic oxidants generated by various anticancer agent [16] which suggests that
Thioredoxin not only has an active role in cancer growth but also in cancer progression, through inhibition of
apoptosis, stimulation of metastatic and invasive activity and through the involvement of chemotherapy
resistance in cancer cells.

Considering the varied of roles for Thioredoxin in malignancy, it is ideal to explore the detailed
involvement of thioredoxin in various aspects of carcinogenesis that could possibly serve as a potential targets
in handling one of the most leading cause of death, the cancer[17] .
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