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ABSTRACT

Histidine kinase CpxA, a kind of membrane protein, is a pivotal member in Cpx two-component regulatory systems,
which consist of CpxA, CpxR, and CpxP. Of those, CpxA is the most important part with the function of acting as
sensor kinase. In order to clarify the specific mechanism of CpxA in Cpx system, some experiments must be carried
out in vivo and in vitro, so the urgent problem is to express the CpxA protein in vitro. In this study, therefore, cpxA
gene from Pectobacterium carotovorum subsp. carotovorum was cloned and inserted into pET-15b plasmid, and the
recombinant plasmid (pET-15b/cpxA) transformed into BL21 (DE3). Additionally, the cpxA gene was expressed
through the induction of IPTG, under the control of lac promoter.
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INTRODUCTION

To survive, all bacteria have to adapt to the chapgnvironment through signal transduction systeamsong
which two-component regulatory systems (TCRS) lagentost important and well known (Xu, 2014). Eatthese
systems are composed of a histidine kinase (HKhéninner membrane and a cytosolic response reguBR),
resulting in a cellular response. HK and RR exckangformation via conserved phosphorylation and
dephosphorylation reactions(Jung, 2012). When tkaletects a specific signal, it first autophosplatgs and then
transfers the phosphate group to the RR, allowhegRR to act as a transcription factor to alteregexpression in
most cases(Vogt 2012). As an important member in TCRS, Cpx two-ponent regulatory systems are prevalent
in gram-negative bacteria.

The Cpx system was first discovered when mutationshe chromosomatpxA locus were found to reduce
expression of the F-plasmid conjugative pilusEscherichia coli (McEwen, 1980). Cpx systems consist of
membrane-anchored sensor kinase CpxA, cytosolpores regulator CpxR, and the accessory protei® @pxhe
periplasm (Ruiz, 2005). The Cpx system is involiedhe process of bacterial adherence, invasiortjlitgoand
other activities (Raivio, 2001). Some data suggkstat the Cpx response has an important effe¢herbacterial
virulence and pathogenicity (Humphreys, 2004; Médkrakawa, 2005).

The most important factor of the Cpx system is itireer membrane protein CpxA with its central fuantias a
sensor kinaseS@abine, 2012 CpxA consists of the input domain and the trattem domain. The cytosolic
transmitter domain is composed of kinase core (Bdymain and C-terminal CA domain) (MacRitchie, 20@8y
HAMP linker, which communicates the input domairtharansmitter domain (Fig. 1). CpxA responds teetope
stresses through autophosphorylation, likely in cmserved histidine residue, and subsequently eemsthe
phosphate groups to CpxR (Raivio, 1997). The isdl&inase core of CpxA exhibits both kinase andsphatase
activities (Yamamoto, 2005). The complexity of matunembranes complicates the analysis of theseaictionsn
situ, so these studies are commonly carried out ifiaali amphiphile systems (Levi, 2003). Therefottge urgent
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problem is to obtain the CpxA protein through tbestructed engineering bactenmevitro.
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Fig. 1. The structure of CpxA. CpxA integrate signals through the periplasmic input domain and the cytosolic transmitter domain. The
HAMP linker transmits signals from the input domain to the transmitter domain (Sabine, 2012).

Pectobacterium carotovorum subsp. carotovorum, classified previously aErwinia carotovora subsp. carotovora
(Hong, 2006), belongs to the family &kctobacterium carotovorum of plant pathogenidacteria (Yang, 2012),
which can be found worldwide in surface watersriearinvertebrates, as well as plant hosts (Molgl®. It
degrades macromolecules into small molecules witténplant cell wall, leading to maceration of filant tissue
(Kim, 2012). The bacierium can also infect a hdanpby multiple routes and caglicit diseases on leaves and
stems, as well as in tubers (Masrhi, 2010; Mold,2®ark, 2012). The disease outbreaks are gendigljered by
environmental factors such as rain or hot weatlner @an strike during tuber storage, leading tol totap loss
(Charkowski, 2009). Soft rot and blackleg of vebéta and other typical symptoms can be causeddygitdeases
(Fig. 2)(Toth, 2003). Further insight into membrapeotein CpxA in Pectobacterium carotovorum subsp.
carotovorum contributes towards distinctly understanding thke of CpxA in the Cpx system and the pathogenic
mechanism; thus, crop loss caused by the diseasebe avoided to a certain extent. Data suggebtedsbme
genes such asaroDK, caroDI (Roh, 2010)casF, andcasB (Kim, 2012) are associated with diseases, anthig t
article thecpxA gene inPectobacterium carotovorum subsp. carotovorum was reported for the first time.

Control PC1

. \ _4 -
(b)

Fig.2. (a) Phenotypes of brassica pekinensisinfected with water (Control) and Pectobacterium carotovorum subsp. carotovorum (PC1)
for 5d. (b) Phenotypesof solanum tuberosum infected with water (Control) and Pectobacterium carotovor um subsp. carotovorum
(PC1) for 5d.

@

In this research, thepxA gene inPectobacterium carotovorum subsp. carotovorum was inserted into the plasmid
vector pET-15b, the recombinant plasmid (pET-&poA) was transformed into the strain BL21 (DE3), ametigh
isopropylp-D-1-thiogalactopyranoside (IPTG) induction a laggentity of target protein CpxA is produced.

EXPERIMENTAL SECTION

Srainsand plasmid

Pectobacterium carotovorum subsp. carotovorum (PC1) DSM 30169 was purchased from Leibniz-Institute
DSMZ-German Collection of Microorganisms and CellltGres. Plasmid pET-15b was kindly provided by
professor Hunke. Competent Top10 was purchased TH&dtNGEN BIOTECH Co.,Ltd. (Beijing, China).

Main reagents

Pfu DNA polymerase (GenStar, Chin&ho | andBamH | restriction enzymes and T4 DNA polymerase (Thermo
Fisher, USA); Bacterial genome extraction kit (gan, China); Plasmid Mini Kit (Omega, USA); Agarogel
extraction kit (Transgen, China).

PCR amplification
The cpxA gene was amplified by PCR using the genomic DNR®G1 as a template. The primers (P1 and P2) were
designed with prime primer 5.0.

P1:5-CCGCTCGAGAGCTTACCGCCCTG C-3
P2:5-GCGGATCATACCGTTGATGCAATGG-3’

The Xho | and BamH | restriction sites were underlined. The primergevsynthesized by the Beijing Invitrogen
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Biotechnology Company.

According to the bacterial genome extraction kitnom, the total genome of PC1 was extractedcfi@A gene
amplification. PCR reaction (5040L) conditions were as follows: 952 mins; 951 30 sec, 58 30 sec, 72 2
mims and 30 sec, 35 cycles; and172 mins. The PCR was carried out by using the Genp PCR system 9700
(Applied Biosystms). PCR products were confirmedlLdi?%o agarose gels and recycled by the agarosexgakttion
kit ( Macherey-Nagel, Germany ).

Cloning of cpxA gene

PCR products were digested ¥ko | andBamH | and recycled by the agarose gel extractionTkie purified PCR
products were directly subcloned into the multigliening sites of pET-15b, which was also digestéth Who | and
BamH I. 5 ul digested-plasmid DNA and 3,4 digested PCR products were mixed with 1l0T4 DNA ligase
buffer and 0.5l T4 DNA ligase, overnight at 16. The 10.Qul ligation products were transformed into competent
Top10 and incubated at 37 overnight on agarose plate (containing £60mi* Ampicillin).

I dentification of recombinant expression vector

To confirm whethercpxA gene was successfully inserted into plasmid pHI-1the recombinant plasmids
(PET-15btpxA ) were digested witikho | andBamH I. According to the electrophoresis, it could béedmined that
the cpxA gene was inserted. And the recombinant plasmid® went to the Beijing Invitrogen Biotechnology
Company for sequencing.

Expression of cpxA gene

BL21(DE3) strains, each containing recombinant pids were grown over night in 50 mL Luria-BertahiB()
medium (100ug- mi* Ampicillin) at 371 and 160 rpm. The overnight culture was used tatitege (20 ml/l) LB
medium supplemented with 100g- mL™* Ampicillin. The cells were grown at 37 to OD val(80 nm) 0.4-0.6
and subsequently induced with different concertresti (0, 0.001, 0.005, 0.01, 0.05, 0.1, 0.2, 0.8, riM) of
isopropylB-D-1-thiogalactopyranoside (IPTG) and incubate@Gt and 160 rpm.

When the OD value (600 nm) reached to 2, the eedie harvested by centrifugation at4  and 10,006r 40
min. The pellets from 100 ml culture were resuspenth 10 mL buffer (50 mM Tris-HCI, 0.15 M NacCl, 20
Glycerol, pH 7.5). Then, the suspension was digdiply sonication on ice and analyzed by SDS-PAGE

RESULTS

Extraction of the total genome and PCR
The extracted genome of PC1 was detected by 1%osgayel. ThecpxA gene was cloned by PCR using the
genomic DNA of PC1 as a template, P1 and P2 asepsinThe results showed that PCR product contdi@g@ bp

(Fig. 3).
1 2 M

—— 2000 by
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Fig. 3. Cloning and identification of the cpxA in PC1. 1: PCR productsof cpxA;
2: PCR products of cpxA; M: DNA marker. The arrows show the targed fragment

I dentification of the recombinant plasmid (pET-15b/cpxA)
The recombinant plasmid (pET-18pxA) was confirmed by double-enzyme digestion (Figadd gene sequencing.
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Fig. 4. I dentification of recombinant plasmid (pET-15b/cpxA). 1: recombinant plasmid digested by BamH | and Xho |; M: DNA mar ker.
The arrows show the targed fragment

The results showed that after digestion witio | andBamH |, the recombinant plasmid (pET-186pXA) had two
fragments. The size of lower one (lane 1) was atol®72 bp and was consistent with the PCR prodiius
indicated that thecpxA gene was subcloned into pET-15b plasmid, and thmression vector was constructed
successfully.

Expression of recombinant plasmid (pET-15b) and SDS-PAGE
The cpxA gene expression was induced by IPTG (0, 0.0005)0.0.01, 0.05, 0.1, 0.2, 0.5, 1.0 mM). The amaint
CpxA protein was identified by SDS-PAGE (Fig. 5).

Fig. 5. Identification of the CpxA protein by SDS-PAGE. 1-9: the amount of CpxA protein at different concentrationsof IPTG (0, 0.001,
0.005, 0.01, 0.05,0.1,0.2,0.5, 1.0 mM); M: protein marker. Thearrows show the targed fragment.

The recombinant plasmid (pET-18p%A) was transformed into BL21 (DE3) and was inducediifferent kinds of
concentrations (0, 0.001, 0.005, 0.01, 0.05, 04,, @5, 1.0 mM) of IPTG. The protein expressiorswavestigated
by the 10% SDS-PAGE. As is shown in Fig. 5, thalltssshowed that the CpxA protein is 50.1 kD, iadiicg that
the cpxA gene was successfully expressed in BL21 (DE3).cbhimeentration of IPTG is a critical factor, coreidg

the cost and the production of the target protédagfe, 2010). So, the study was conducted witlfiexdiht

concentrations of IPTG with the aim of determinthe appropriate concentration. When the conceaotratinges
from 0 to 0.01 mM, the target gene was lowly expeels and when the concentration was equal to ateréhan
0.05 mM (0.05, 0.1, 0.2, 0.5, 1.0 mM), ttyeA gene was highly expressed. Therefore, the optmatentration of
IPTG was 0.05 mM, which resulted in the highestregpion of the target protein at a low cost.

DISCUSSION

Bacteria are equipped with two-component systemsofme with environmental changes, and auxiliarytgns
provide response to additional stimuli. The Cpx 4weonponent system is the global modulator of ceitedope
stress in Gram-negative bacteria that integrateg diferent signals and consists of the kinase A ke regulator
CpxR, and the dual function auxiliary protein Cpf#hou, 2011).CpxA is a sensor histidine kinase of a
two-component system, Cpx, which is induced by deta of envelope stresses and has been implicated
expression of key virulence regulators.

The results from the present study showed thatké& gene from PC1 was successfully inserted into & Jbb
plasmid, and the CpxA protein was expressed in BIDH3).

At present, and for the first time, CpxA proteirsHzeen obtained from PC1. Although the CpxA proteas not
crystallized, it is clear that these results lag fbundation for analyzing the structure of the £mprotein and
further research of the role of CpxA in Cpx systamd bacterial infection. Some data showed thatctlire
protein-protein interaction of CpxA and CpxP exista Escherichia coli (Fleischer, 2007), so in PC1, how does
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CpxP interact with CpxA and is the mechanism agineprotein interaction? Based on the structurthefCpxA as
a histidine kinase, how does the CpxA functionmauatokinase, a CpxR kinase, and a CpxR-P phosghéRaivio,
1999)? Further, site-substitution should be appleethe acquisition of different kinds of CpxA matgroteinin

vivo. Thus, by investigating the gain and loss of fimcbf CpxA, we can correlate the interaction & ®pxA with
CpxP and CpxR.

In conclusion, the present study revealed thacpxé gene could be highly expressed in BL21 (DES3) tbiothe
induction of IPTG, and additional studies are reeglifor further structural and functional studiesrder to clarify
the specific mechanism of CpxA in the Cpx systamd subsequently the role of Cpx response in thHgopganicity
of Pectobacterium carotovorum subsp. carotovorum.

Acknowledgments

This work received financial support from the NatibNatural Science Foundation of China (31270372100044),
SRF for ROCS, SEMthe Natural Science Foundation of Hebei Provinc0@2208019), the “100 Talent Program”
of Hebei Province (E2012100005), and the Key Rese&oundation of Hebei Human Resource Department fo
Returned Scholars (2011-02).

REFERENCES

[1] Charkowski, A.02009. Current opinion in biotechnology. 20: 178-184.

[2] Fleischer, R., Heermann, R., Jung, K., Sabiihe2007. Journal of Biological Chemistry. 282: 8583-8593.

[3] Hong, S.Y., An, C.L., Cho, K.MLee, S.M., Kim, Y.H., Kim, M.K.,Yun, H.D2006. Bioscience, biotechnology,
and biochemistry. 70: 798-807.

[4] Humphreys, S., Rowley, G., Stevenson, A., AnjiF., Woodward, M.J., Gilbert, S., Kormanec,Roperts, M.
2004. Infect Immun. 72: 4654-4661.

[5] Jung, K., Fried, L., Behr, S., Heermann,2B12. Current opinion in microbiology. 15: 118-124.

[6] Kim, M.K., An, C.L., Kang, T.H., Kim, J., Yurk.D. 2012 Activation of acasB gene encoding-glucosidase of
Pectobacterium carotovorum subsp. carotovorum LY 34. Microbiological Research.

[7] Levi, V., Rossi, J.P.F.C., Castello, P.R. GdazaFlecha, FLAnalytical biochemistry. 2003; 317: 171-179.
[8] MacRitchie, D.M., Buelow, D.R., Price, N.L., R, T.L.2008. Adv Exp Med Biol. 631: 80-110.

[9] Masrhi, M.A.A. Omar, H.M.S2010. Journal of Pure and Applied Microbiology. 4: 463-467.

[9] McEwen, J., Silverman, B980. P Natl Acad Sci USA. 77:  513-517.

[10] Mitobe-Arakawa, E., Watanabe, PDO5. J Bacteriol. 187: 107-113.

[11] Mole, B., Habibi, S., Dangl, J.L., Grant, S®10. Molecular plant-microbe interactions. 23: 1335-1344.
[12] Olaofe, O.A., Burton, S.G., Cowan, D.A., Haon, S.T2010. Biochemical Engineering Journal. 5; 19-24.
[13] Park, J.W., Lee, S.W., Balaraju,K., Kim, JEark, K.2012. Journal of Pure and Applied Microbiology. 6:
1517-1522.

[14] Raivio, T.L. Silhavy, T.J1997. Journal of Bacteriol. 179: 7724-7733.

[15] Raivio, T.L., Silhavy, T.J1999. Current opinion in microbiology. 2: 159-165.

[16] Raivio, T.L., Silhavy, T.J2001. Annu Rev Micrabiol. 55: 591-624.

[17] Roh, E., Park, T.H., Kim, M.l,, Lee, S., Ry®., Oh, C.S., Heu, S2010. Applied and environmental
microbiology. 76: 7541-7549.

[18] Ruiz, N., Silhavy, T.J2005. Curr Opin Microbiol. 8: 122-126.

[19] Sabine, H., Rebecca, K., Volker,2812. FEMS Microbiol Lett. 326: 12-22.

[20] Toth, 1.K., Bell, K.S., Holeva, M.C. Birch, R. 2003. Mol Plant athol. 4: 17-30.

[21] Vogt, S.L., Raivio, T.L2012. FEMSmicrobiology letters. 326: 2-11.

[22] Xu, L., Zhou, X., He X.2013. Cpx two-component regulatory system in Gram-riggabacteria.Acta
Microbiologica Snica. (in press).

[23] Yamamoto, K., Ishihama, £005. Molecular microbiology. 56: 215-227.

[24] Yang, Z., Zhou, X., Song, J., Fang, X., XioXg2012. International Conference on IEEE (2012), 119-122.
[25] Zhou, X., Keller, R., Volkmer, R2011. Journal of Biological Chemistry. 286(11): 9805-9814.

400



