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SUMMARY

Tellurite (TeO,") resistance serves as a sclection trait of several pathogenic bacteria and 1s conferved by
various determinants including ter gene cluster fonned by 1wo assoctated panis (rerWXYZ and 1erZABCDEF).
Mechanism of tellurite resistance in microorganism is not fully understood. In bactenal cells, teluritc was
reduced to black metalhic tellurium to form a black colony The tellunte resistance operon consists of four
essential genes named 1erBCDE. The rele of indwvidual proteins an tellurite resistance operon is sl unknown,
In the present siudy, rerE gene was amphified by PCR and cloned into the expression vector pET21a(+)
resulting in pCierE. The TerE protein was successfully expressed i E. coli stran BL21 (DE3) and purified by
Ni-NTA agarose aflimty column The complementation test was perfonmed to verify biological function of
recombinant protein The pKLdeIE plasmid-the delenion of rerE gene was transformed into cells contaimng
pEterE plasmud. The growth of cells containing two plasnuds on LB media with K,TcOy and formed black
colonies indicated that biological funchon of recombinant protein was not damaged The co-expression of two
proteins 1n cells was achieved by using nwo-plasmid systems and through that we have 1dentified interactions
among tellunite resistance proteins (Ter). The interaction among TerE prolein and Ter proteins was also
identified. Results showed that TerE protein has interacted with TerB and TerD proteins. The dimeric form of
TerE proteio has been also detected  The preliminary results oflhv. mlemcnon berween protein TerE with other

essential proteins of Te® operon provide imuial s

to of tellunte resi: of

bactena.
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INTRODUCTION

Tellurium(Te) compounds have a long history as
anomicrobial and therapeutic agents. It has becn
suggested that potassium tellunite toxicity stems
from its stong oxidizing ability, which might
interfere with many cellular enzyme processes, but
an alternative suggestion is that tellurite could
replace sulfur in various cellular funcuons with
catastrophic consequences (Taylor, 1999). The
specific mechamism underlying tellurite toxicity is
not fully understood. Once inside the cell, tellurite
(Te™) is reduced, enzymatically or non-
enzymatically, to Te”. Some enzymes as nitrate
reductase (Avazeri et al, 1997), oxidases from the
electron transport chain (Trutko er al. 2000),
catalase (Calderon et al, 2006) and lately
dihydrolipoamide  dehydrogenase (Caslro et al.
2008) have been shown to be proficient in Te'" to
Te® conversion The genetic determinants of tellurite
resistance were encoded by the fer genes that have
been widely found in microbial flora, mostly within

tellunite

pathogenic microorganisms. It has been detected on
the larger conjugative plasmids of Serratia
marcescens (Whelan et al., 1995), Alcaligenes sp
(Jobling, Ritchie 1988), Klebsiella pneumoniae
(Chen er al., 2004) and was also incorporated into
the chromosome of Proteus mirabilis (Toptchicva et
al., 2003) and Escherichia coli O157:H7 (Perna et
al., 1998). The tellurie resistance determinant found
on a large conjugative plasmid pTES3, which is
isolated from uropathogenic £. colt KLS53, was
previously studied as Bunan et al. (1998),
Kormutakova et «l. (2000), Nguyen er al. (2001),
Vavrova et al. (2006), Valkova et al. (2007), This
cluster consists of two parts rerWXYZ and
terZABCDEF, but the terBCDE genes are the
essential genes required lo maintain the resistance
(Kormutakova er al, 2000). The pKLI18 plasmd,
which was prepared by in vitro clomng from pTES3
plasmid (Burian er al., 1998) containing five genes
terBCDEF, was sequenced and terBCDE genes are
essential to maintain the (ellurite resistance
(Kormutakova et al., 2000). Bioinformatic analysis
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charactenzed that fer8 encodes 151 amino acids,
1erC codes 346 smmo acids, rerD cencodes 192
anmmo acids und rerE encodes 191 amino acids. In
which  TerC  protein  was  characterized  as
transmembrane protein The role of rerf” was not
determined (Kormutakova ef al.. 2000; Valkova cf
al., 2007; Hoang et al, 2009: Valkovicova ¢f al.,
2011). In this paper. we report some additional
successful studies of — Terl? protein in £ coli
bacterial expression sysiem.

MATERIALS AND METHODS

Bacterial strains, plasmids, vectors and media

Al bacterial strams used in this study were from
collection of the Depariment of Molcculsr Biology,
Comenius  University in Bratislava,  Slovakia.
Escherichia coli cclls were cultivated overnight at
37°C in Luria-Bertam Broth (LB) mcdia, with
addition of the appropriatc  sclection  agent.
Antibacterial agent concentrations were used as:
K,TeO; (Biomark Laboratorics) in rangc 0.1 mM -

Hoang Vinh Phu et al

products was subcloned into the vector pJET
I 2/blunt resulting in pJTerE. The recombinanis
were Iransformed into E. coli sirain DHS5a. DNA
samples werc isolated and purified by QIAprep Spin
Miniprep Kit (QIAGEN, Germany). Sequence was
verificd by the automatic scquencer ABI 3100-Avan
Genctic Analyser using pJET1.2/blunt forward and
reserve primers. The obtained nucleotide sequences
were ahgned with nucleotide database, using the
BLAST tools at the National Cenire for
Biotcchnology Information (NCBI) of the United
States National institute of Health, The Nhel-BamH]
fragment  from  pJTerE was cloned mto the
cxpression vector pET2]a(+), resuling in pETerE
and aflerwards the ligation was transformed into
strain BL21(DE3).

Prcparation  of
complementary fest

The £ colr BL21(DE3) cells containmg pETerE
werc prepared as competent cells and then used to
transform a pLKdelE plasumd Transformants were
Brown on media ining Ap and Cm antibioti

(wo-plasmid  systems and

4 mM, ampicillin 100 pg/ml and chloramph
3dpg/ml for recombinant cells selection. Plasmid
construction and manipulations were carried out with
the standard laboratory £. coli strain DHSa,
controlled expression of TerE was done in host strain
E. coli BL2I(DE3) (Novagen, Germany). Vector
pJET 1.2/blunt (from Clone JET™PCR Cloning kit,
Fermentas, Lithuania) was used for PCR cloning and
vector pET2!a (+) (Novagen, Germany) was used
for expression assay. The pKLdelE (pKL18 ptasmid
with tuncated rerE gene) and pCDF duet-terE
plasmids (coding the TerE protein with N-terminal
II|s lag) were presented from the Department of

1 Biology, C i University. The
pGEX-B, pGEX-C. pGEX-D and pGEX-E plasmmds
coding for proteins TerBCDE with N-terminal GST
fusion werc our constructs in other work (Hoang
Vinh Phu, 2011).

Construction of pETerE plasmid

The gene ferE was amplified by PCR from
E.coli KL53 genomic DNA with 1wo primers E2IF
TGGCTAGCATGGCAGTTTCTCTCGTAAAAGG
CGGCA and E2IR  TCGGATCCGATGTTAACG
CCGTGCTGGG. The standard PCR procedure using
thermocycler of BioRad was 30 cycles of 94°C/30s,
50°C/30s, 72°C/45s. The PCR products werc
analyzed in 1% agarose gel, stained with ethidium
bromide and visualized on UV lamp. The PCR
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Two p ids were isolalcd to prove the presence of
both plasmlds in cells. Transformanls WETE Zrown oo
media containing 0.1 mmol.I" of K,TeQy to venfy
biological function of the protewn TerE.

Construction of two-plasmid system to idetify
protein interactions

The plasmids pSDFduet-E, pGEX-B, pGEXC,
pGEX-D and pGEX-E were used for construction of
two-plasmid  systems. £. coli BL21/pSDFduct-E
cells were prepared as competent cells to mansform
addinonally plasmids pGEX-B. pGEX-C, pGEX-D
and pGEX-E. The presence of both plasmids in
transformants was verificd on media containing Ap
and Sm antibiotics and two plasmids were isolated
From that. partners of E-B, E-C, E-D and E-E were
created.

Expression and purification of proteins

The BL21 (DE3) cells contaming expression
vectors harboring the target gene were re-inoculated
using 1 m! ovenight culture and kept growing up to
OD4gy of 0.5. One ml of culture was harvested for
preparing the non-induced sample. The expression of
the desired protein was achieved by adding IPTG
inducer at the final concentration of | mM. Cells
were further incubated on a rotary shaker at 37°C for
3h. Afier that 1 ml of the culture was collected for
preparing the induced sample. The resl W&
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harvested for purification by centrifugation at
6000 pm for 7 min. The pellet was suspended in
5 mi equilibration solution and sonicatcd from 10 to
15 times according 10 the protocol: 15 s sonicating
and 30 s cooling. The suspension was centrifuged at
6000 rpm for 7 min (o remove intact cells and debris.

ptomycin phosphate at the final con ion of
1% {(w/v) was added into collected supernatant for
precipitation of genomic DNA. The clarified crude
extract was harvested by centrifugation at 6000 rpm
for 7 min. Ni-NTA agarosc affinity column was used
for purification of the target protem. The proteins
fused with His tag were washed by wash solutions 1
(0.3M NaCl; 0.05M Phosphate buffer pH=7.6;
0.01M imidazole) and wash solution 2 (0.3M NaCl;
0.05M Phosphate buffer pH=7.6; 0.02M imidazole).
The target protein was cluted by solution contaunng
0.25M imidazole. Afier thal, the purified protein was

verified by SDS-PAGE and Western blot.

RESULTS AND DISCUSSION
Expression and purification of TerE

The protein TerC consists of 191 ammo acids
(aa) with a calculated molecular mass of 20.474 kDa
and predicted as a cytoplasmic  prolein
(Kormutakova ¢f af., 2000). It was cloned into
PET21a(+) vector to yicld C-terminally His.lagged
protein, thereby 1t has morc 27 amino acids in C-
termnnus and its molecular weight 1s 23.67 kDa (Fig.
1). Protein TerE was expressed by | mM 1IPTG (Fig
1A) and punificd with 0.25 mM of imidazole (Fig
1B). This result confirmed that terE genc has been
successfully cloned into the expression  vector
pET2la(+). The most purified prolein was in the
second elution fragment (Fig. 1B).

Figure 1. SDS-PAGE of Ihe C-terminal His.lag expressed and punfied protein TerE Above lands were description of

samples The ladder 15 unstaimng protein markers (SM0431,

M Ladder, 1 N duced: 2 Induced; 3- First

)
washed, 4 Second washed washed; 5. First elution, 6 Second elution, 7. Third elution. 8. Fourth elution.

Functional expression of TerE using two-plasmid
system

The biological function of expressed protein was
verified by pl ion test using plasmi
system (Fig. 2). The pLKdelE plasmid was created
by truncation of terE gene in plasmid pKL18 (Burian
et al, 1998) containing four essential genes (rerB,
terC, terD, terE ) of Ter operon (Kormutakova ef al,,

2000). The cells containng pLKdelE or pETerE
were not grown on medium containing no antibiotics
but K,TeO; at a low concentration. The
complementation contawing pLKdelE + pETerE
grew on this medium with black colonies as standard
tellurite resistant determinants (Fig. 2) (Taylor,
1999). This confirmed thal the presence of 27 amino
acids at C-terminus did not show a strong nfluence
on the biological function of the protein TerE.
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Aang v cnu e a,

E.coli BL21(DE3) with
pLKdaIE and pET218(+) torE

E colr XL-1 with
pLKdelE

E.coh BL21{DE3) with
PET21a(+) torE

Figure 2. Growth of E colt BL21/ pLKJelE + pETerE, XL 1/pLKdelE, BL21/pETerE on medium containing 0.1 mM of K;TeO,

and 05 mM IPTG

Interaction among Ter proteins by in vivo assay

In this case, the protein TerE fused with N-
terminal His.tag was expressed together with other
Ter protemns as TerB, or TerC, or TerD fused with
the N-terminal GST fusion. When purifying, the
protein TerE with His.tag was attached on Ni-NTA
column and captured the interacted protcins. The
samples were analyzed on SDS-PAGE and verified
by Western blot with the anti-His.tag and anti-GST
monoclonal antibodies (Fig. 3).

TerE did not interact with TerC (Fig. 3B) and
might weekly interact with TerB (Fig.3A). This
result 15 idenuical with result of Valkovicova's in
vitro  pull-down assay (still unpublished). The
proteins coded by the genes terD and terE showed
high level of scq h logy (Kor k et
al.. 2000). Otherwise, the interaction of TerE and
TerD was clearly visible and existing of the protein-
dimer TcrE to predict that TerE and TerD have
similar functions in Ter operon.

CONCLUSION

Tellurium compounds were used commonly as
antimicrobial agents prior the antibiotics era and are
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nowadays used in media for isolation of emergent
pathogens. Several different gene loci encoding
tellurite resistance were identified, but the highest
MIC is devoted Lo the so called rer genes operon.
The protein TerE was supposed to be one of the
crucial protemns providing the host cell the selective
advantage - the resistance to potassium tellurite, bot
for many pathogens this means also resistance (o
oxidalive stress and primary non-specific immune
control, as it was published in previous paper
(Valkova et al., 2007). However, the mechanism of
this resistance still remains unclear. [n this work we
reported s expression in pET system, wih
conserved biological function. The interaction of the
protein has important roles in cellular functions. The
knowledge of interactions between Ter proteins
helps us to understand the mechanisms of this
resistance. The initial results of protein-protein
interaction can be directing for next studies.
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Figure 3. SDS PAGE and weslern blot analysis of m vivo coexpressed tagged proleins SDS PAGE of His lagged TerE
protein with GST.tagged TerB (A), TerC (B). TerD (D) and TerE(E) proteins In this, the uninduced (N), nduced (1) samples
of cell expressed both tagged proteins were loaded The E11s eluate afer first elution, E2 1s eluate after second elution and S
is Unstained Protein Molecular Weight Marker (Fermentas SM0431). Western blot analysis of eluates by anti-His (C) and
ant-GST (F) monocional antibodies. The first letier of mark at the top of figure indicates partcular Ter protein which was His
tagged and was captured al column and second letler 1s examined specfic GST tagged Ter proten L s

PageRulerT| Protein ladder (F
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MO TA PROTEIN TerE - MOT PHAN CO BAN CUA YEU TO KHANG TELLURITE avi
KHUAN ESCHERICHIA COLI

HoAng Vinh Phu', Silvia Vavrova, Nguyén Thi Giang An, J4n Turila

'Trieong Pai hoc Vinh, Nghé An, Viét Nam
”Trming Dai hoc Komenski, Bratislava, Slovakia

TOM TAT

Su khang tellunte (TeO‘ ") cung cap die diém chon loc cua nhidu vi khuan gay bénh va duge quy dinh boi
nhiéu ycu 16 khang bao gom chc nhém rer gen va duge dynh dang bin Z phan hén h¢ vin nhau (lerWXYZ and
1erZABCDEF). Co ché khéng tellunte & vi sinh vit chua dugc hiéu day du. Trong té bao vi khuin, tellurite
duqc khir thanh dang nguyén 1 teku va hinh thanh cdc khudn lac mau den. Operon khang tellurite chia dyng
bon gen khang co ban duoc diit 1én 1d 1erBCDE. Vai trd cua cic protein ncng bigt trong operon khang tellurite
vin con 1a dicu bi an. Trong nghién ciru ndy, gen terE da dugce kich hoat bing PCR va dugc nhan dong vio
vector biéu hign pET2)a(+) o ra plasnid th 10 hgp pEierE. Protein TerE da duge biéu hign thanh ©cong trong
ching E. colr BLZI(DEJ) vA duge tinh sach bor cft 1 lye NI-NTA agarose. Chirc niing sinh hoc cua protein ti
16 hop di dugc Iucm chimg bing test bd sung. Plasmid pK LdeJE chira gen | terE khong hodn chinh da duge bién
nap vio trong t¢ bao chira dung plasmid pEterE Sy phat trien cia cic 1¢ bdo chira dyng 2 plasmid trén mdi
lrubng LB chira dyng K,TeO, va hinh llnnh cic khuan lac mau den ch\mg lo chirc nang sinh hoc cia protein
14i t6 hop khong bi phé va. Sy hién dong théi cia 2 proicin rong cling 1¢é bio dgt duge bai wige sir dung
h¢ lh6ng 2 pldsmld va théng qua dé chitng 16 da nhin dign duge cac |u(mg \4c giira cdc protein khing tellurite.
Su tuong téc gitra protein TerE va cic protein khing tellurite khang cing da dugc nhén dign. Ké qué thu duge
cho lhay protein TerE tuong lac v6i cc protein TerB va TerD. Dang dimer cia prmem TerE cing da dugc
phat hi¢n. Nhimg két qua ban dau vé sy wrong tac giira protein TerE véi cic protein thiét yeu khéc clia operon
khang tellunte cung cép nhimg goi ¥ ban déu dé tim hiéu co ché khang tellurite cia vi khudn.

Tir khod: Biéu hign, wong tdc protein, tinh sach. yéu 16 khdng tellurite, cdc gen khang tellurite
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