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ABSTRACT

Thymidine kinase 1 is a central enzyme in synthesis of DNA precursors. In this
study, Listeria monocytogenes thymidine kinase 1(LM TK1) gene was cloned into
E. coli to determine the optimum conditions for expression and purification of
LMTK1 enzyme. In addition, the enzyme’s ability to activate some nucleoside

analogues in bacteria and its effects on these bacteria were also assessed. E. coli

BL21 (DE3) were transformed with pET expression vector carrying LM Tk1 gene.
Expressed TK1 enzyme was purified using affinity chromatography with Ni-
sepharose IMAC resin. The ability of the TK1 gene product for increasing
susceptibility of Tkl-deficient E. coli toward nucleoside analogues was
investigated. LM Tk1 gene cloning and expression in E. coli was successful. Results
showed that the optimal induction time was at 4 hours. with specific activity of
307.668 u/mg. TK1 enzyme was readily purified and its molecular weight was 25
KDa. Tkl-deficient E. coli host showed variable sensitivity toward various
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nucleoside analogues.

Introduction

Listeria monocytogenes is a small gram-positive rod
bacterium. It is a major cause of food-borne listeriosis in
humans. All strains of L. monocytogenes possess various
pathogenic potential, as some strains are very virulent,

whereas others are non-infectious agents. (1.2]
Accordingly, regarding food safety and public health,
evaluating the pathogenic potential of L. monocytogenes is

of great importance.[3]

Thymidine kinase is a member of the deoxyribonucleoside
kinases family. During the S phase of the cell cycle,
thymidine kinase is up-regulated and its presence in cells
indicates strong cell proliferation and is therefore
considered to be an important marker of tumour

proliferation.[4'5] Gram negative bacteria (GNB) possess
only one TK1, while GPB have many TK1. On the other

hand, four essential dNKs are found in mammals.[6]
Identification of virulent strains can be achieved through
Thymidine kinases (TKs) that is found in prokaryotes,
eukaryotes and different viruses. It can be found in nearly
all living organisms as it plays a crucial role in thymidine

salvage pathway. (71 TK” catalyzes the irreversible
phosphorylation of deoxythymidine monophosphate

(dTMP) to deoxythymidine diphosphate (dTDP).[S] E.
coli’s thymidine kinase was the first bacterial TK to be
purified and characterized. E. coli-TK plays an important
role in phosphorylation of deoxythymidine (dThd),
deoxyuridine (dUrd) and some 5’-halogenated dUrd
analogues. ATP and dGTP were classified as phosphate
donors whereas dTTP were considered as feedback-

inhibitor.[9] There are several probable factors that could
be attributed to the variation between classes and orders
regarding the presence of the gene. Such factors may
include genetic distance, host and environmental factors,
and nucleotide metabolism. Additional studies are
required to expand our understanding of the reasons
behind the presence or absence of TK1 gene in bacteria.

The objectives of the present work are to produce LM TK1
in large quantity via cloning LM TK1 gene in E. colj,
purification of TK1 enzyme using affinity chromatography
and to study the activation and lethal effect of some
nucleoside analogues on bacteria.

MATERIALS AND METHODS

Extraction of genomic DNA from L. monocytogenes
Genomic DNA from the growth cultures was extracted and
purified by using the manufacturer’s protocol (Geneaid
"Presto”, Korea). The integrity of genomic DNA was
confirmed by running DNA samples on 1% agarose gel for
one hour at 70 volts.

Amplification of tk1 gene by PCR

The nucleotide sequence of L. monocytogenes tk1 gene was
obtained from the NCBI website. The primers F: 5-
TACCGTGTCAATAAAAAGGTT-3 and R:5-
AATAAAATAACCACCTAACCGT were designed to amplify
full length 576 bp of tk1 gene.

PCR reaction was carried out to amplify the gene by mixing
10 pl 10x thermopol buffer, 5pl of 2uM primer (forward),
Sul of 2uM primer (reverse), 1pl of 10 mM dNTP, 1pul
template ,0.5 U vent polymerase and 27.5 pl of DNase-
RNAse free deionized distilled water. The reaction mixture
was cycled through the following temperature profile 94
°C 5min, 35 cycles of ( 94 °C 45 sec., 58 °C 45 sec., 72 °C
1min.) and 72 °C 10min. PCR product was analysed by
applying sample to 1.5 % agarose gel and run at 70 V for
one hour in an 1X TAE buffer and subsequently gel was
documented with gel doc. PCR-product was purified on a
spin column using Illustra GFX PCR DNA and gel band
purification kit from GE.Healthcare.

Cloning of tk1 gene

The purified PCR-product (TK1 gene) was cloned using
Champion PET Directional TOPO Expression Kit. E. coli
Top10 competent cells were transformed with TOPO
cloning reaction following standard molecular biology
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[10] Stimulation of nucleoside analogues are activated by procedures.[ ]
bacterial-BDRK in a species-specific manner. [11]
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Competent cells were plated onto nutrient agar containing
0.1 mg/ml ampicillin and incubated overnight at 37 °C.
Positive clones were identified using colony PCR with
primers annealing to the TOPO vectors cloning site. Single
colonies were incubated overnight in LB media containing
0.1 mg/ml ampicillin. Plasmid preparation was made
using Fermentas GeneJet Plasmid miniprep kit according
to the manufacturer’s protocol. Plasmid samples were
sequenced by Eurofins MWG operons, Germany.

Expression of TK 1 in E. coli

The plasmid containing the TKI gene from L.
monocytogenes and a C-terminal 6X histidine tag sequence
was introduced to E. coli-BL21 star (DE3) cells (from
Invitrogen) via transformation. E. coli BL21 star (DE3)
cells were incubated to grow to an 0D600=0.5-0.7 at 37°C
and then inducted for 0 - 6 h at 25°C with 100 mM IPTG.
Cells were harvested by centrifugation and the pellets
were frozen at -80°C. The cell pellet was re-suspended in
lysis buffer ((Tris/HCI, pH 7.5, 500 mM NacCl, 0.1% Triton
X-100 and 10% glycerol) with EDTA-free complete
inhibitor cocktail (Roche diagnostics, Denmark) and
disrupted by running the suspension twice through a
French Press (1000 psi using a SLM Aminco French press
from SLM Instrument). The lysate was centrifugated at
13000 rpm using rotor JA-25.50 at 4 °C for thirty minutes
and the supernatant was filtered by using 0.45pm
Millipore filter. Purification was carried out using affinity
chromatography on AKTA Explorer 100 systems (GE
Healthcare) with column consisting of Ni sepharose high
nickel charged IMAC resin. Purity of protein was estimated
with SDS-polyacrylamide gel electrophoresis whereas
total protein concentration was determined by Bradford

method using (BSA) as a standard.[13]

Estimation of enzyme activity
The activity of the purified Tkl enzyme was estimated

according to Stedt et. al. [14]

Minimal inhibitory concentration (MIC)

Minimal inhibitory concentration was determined using
nucleoside analogue - containing media and a kinase
deficient E. coli cells transformed with pET expression
vectors with and without insert of LM tdk 1 gene as

described previously [14],

Results and Discussion

L. monocytogenes tk1 genes were amplified from genomic
DNA successfully and cloned into pET expression vectors.
This was confirmed by Colony PCR. The recombinant pET
vector containing LM tdkl gene was successfully
transformed into E. coli BL21. After transformation, the
cells were grown in ampicillin containing LB agar medium
to confirm transformation.

The LM TK1 gene was over expressed to produce tdkl
protein by adding IPTG as an inducer for different periods
0-6 h. Results showed that the optimal induction time was
at 4h with specific activity of 307.668 u/mg, while
induction at (0, 1, 2, 3, 5, 6 ) were ( 37.0, 18.56, 258.67,
147.98, 245. 30, 274.66 u/ mg) respectively.

The protein was purified readily by using affinity
chromatography containing nickel column. SDS-PAGE
technique was effective for assessing both the purity and
the molecular weight of the proteins. The molecular
weight of purified recombinant protein was 25 KDa. Unlike
previous studies that used P-GEX -2T expression vector to
produce recombinant TK 1, in this study LM TK1 was
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cloned as his-tagged fusion protein into a pET vector
which was then used to transform E. coli -TK- deficient
hosts aiming to produce considerable amount of high
purity protein appropriate for crystallization. The reason
behind using pET vector for expressing the TK1 gene is
that the expression is under the control of bacteriophage
T7 RNA polymerase promoter which is a strong promoter

that produces high level of transcription in E. coli [14],
According to the previous studies, bacterial TK1
expression by using P-GEX, which contain the weak tac
promoter, resulted in lower amounts of recombinant

protein compared to that of pET[15' 16], Although tk1 gene
expression by using pET vectors gives high target proteins
amount, the recombinant protein produced was less
soluble and had a greater tendency to precipitate. A
previous study attempted expressing human TK1 using
different pET vectors in several E. coli hosts had resulted
in obtaining only insoluble protein with poor yield and

activity [17] On the other hand, in this study LMtk1 was
purified successfully with reasonable level of purity. There
are several benefits for selecting affinity chromatography
for protein purification over other techniques. Affinity
chromatography consists of a single step purification with
high selectivity and binding capacity for the desired
proteins. Furthermore, the purification process is robust

and easy to conduct [18] Several earlier studies have been
performed to purify GST-tagged bacterial TK1 using
affinity chromatography.

The LM tdkl gene has been introduced into the TdK1-
defficient E. coli strain then the host cells were subjected
to a variety of nucleoside analogues (2,2-difluoro-
deoxycytidine (gemcitabine,dFdC), 5-fluoro-deoxyuridine
(5F-dU) and 3-azido-thymidine (AZT)) to test their effect .
The sensitivity of bacteria toward these analogues was
expressed as LD 100 which defined as the lowest
concentration of the tested analogue that completely
inhibits the bacterial growth. The MIC values in E. coli that
has been transformed with pET vector that does not have
the tdk1 gene (as a control) were very low on dFdC 2 pM,
while transformed bacteria with pET-tk1 gene showed
LD100 at 0.8 pM. Treatment with 5F-dU resulted in 16 pM
of LD 100 in control and 2 pM. Finally, the LD 100 of (AZT)
exposure was more than 100 pM in control and at 0.5 pM
in transformed bacteria. Nucleoside analogues operate as
antimetabolites due to their structural similarities to
nucleosides. In which the analogues are phosphorylated
by the same enzymes involved in salvage pathways of
nucleosides and then incorporated as building blocks of

the newly synthesized DNA strands [19,20], Clinically,
nucleoside analogues are very important compounds that
can be used as antiviral and anticancer drugs. In fact, the
nucleoside analogues mechanism of action that are
activated have been described according to cancer

research [21], Initially, nucleoside analogues enter plasma
membrane of cells by nucleoside transporter. After
entering the cell, the nucleoside analogues go through
multiple phosphorylation steps (diphosphorylated or
triphosphorylated performed by NMPKs and NDPKs,
respectively, that of cellular of viral origin) transforming

into their active form [21]. The activated nucleoside
analogues toxicity is executed by binding to the elongating
DNA chain during DNA replication leading to the
termination of the replication process. In addition,
activated mono-, di- or triphosphorylated nucleosides may
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actas inhibitors of human or viral enzymes such as DNA or

RNA polymerases

[22]
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