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Bioinformatics analysis and preparation of Mycobacterium tuberculosis dormancy associated protein
HspX and preliminary study on growth inhibition of E. coli

MA Rui' s MA Jinhua', YANG Rang”, LI Yating”, ZHAO Zhihao’, MA Guorong' (1. School of Basic
Medical Science s Ningzxia Medical University sYinchuan 750004, China ;2. School of Clinic Medical Science , Ningxia
Medical University)

Objective HspX is a highly expressed protein of Mycobacterium tuberculosis during dormancy, which has
huge effect in latent infection of the pathogenic bacteria. This study oriented in the analysis of the basic properties of
HspX protein and the effects of its encoding gene on the growth of E. coli, which serves the purpose of making its
feasibility as a candidate molecule for TB vaccine and biomarker for clinical detection of the tuberculosis.  Methods
Bioinformatics methods were applied in the analysis of the basic biochemical properties of HspX protein. The recombinant
expression vector of HspX was constructed and expressed in E. coli. The HspX protein was purified by metal chelate
chromatography and the effects of the protein and its coding gene on the growth of host bacteria E. coli-BL21(DE3) and
E. coli-DH5a were observed.  Results Bioinformatics analysis showed that HspX protein consisted of 144 amino acid
residues, with relative molecular mass of 16. 227 28 X 10° and isoelectric point of 5. 00. The protein had no signal peptide
and contained 14 phosphorylation sites.indicating that it was a hydrophilic cell wall protein. Which is soluble expressed in
escherichia coli,and the recombinant protein with the purity of 86. 9% is obtained through one-step purification by a nickel
metal chelating filler. The recombinant plasmid (pET28a-Rv2031c) significantly inhibited the growth of its expression
host strain E. coli-BL21(DE3) ,but not its clonal host strain E. coli-DH5a.  Conclusion HspX protein can inhibit the
growth of E. coli-BL21(DE3) host strain,and it may be one of the effectors of Mycobacterium tuberculosis retention in
the host.
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1.1 Ekb A d2H R KBRSz 25 A0 i
E. coli DHSa(3ERETG F) M E. coli BL2I(DED) WA
R A AL A\ #OK 3% (65 °C, 10 min/IK, 3 )
MTBH37RvCE3E 41 DNA) FlJ5#% % ik 8k pET-
28a(+) WAL HIRAT .

1.2 EZRXAMNS5ME AxyPrepTM DNA Gel
Extraction Kit il AxyPrepTM Plasmid Miniprep Kit
REES Axygen /A A ; T4 DNA Ligase, FastDigest
Xho I #1 FastDigest Nde | W H 3£ Thermo
Scientific 4y #); Anti-6 X His rabbit
antibody #ll HRP-conjugated Goat Anti-mouse 1gG )

polyclonal

T =8 2\l MR R B % R, DNA marker,
Protein marker,PVDF JEfI DAB & 0385 & W 5 4
TAEY TR ) KA BRA 7l s DNA polymerase,
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www. ncbi. nlm. nih. gov/) ##5 FE. F & HspX & Ik
2 % & 2 B {f Protpapram ( https://web.
expasy. org/protparam/) , R4 1% 8 H 4 F i 55
SR B KRS AR AR B T8 A LR 7R U P B
W5k AR 45 HspX 25 M 15 5 Bk (http: //www. cbs. dtu.
dk/services/SignalP/) , 5 i X & 11 J¥ 41 Chttps://
services. healthtech. dtu. dk/service. php? TMHMM-
2. 0) B W40 M E i Chttp://www. csbio. sjtu. edu. cn/
bioinf/Cell-PLoc-2/) , # 3 Ak | 8% FR 1k {37 &5, ( NetPhos-
3. 1-Services-DTU Health Tech) , 2 H A1 5. /E FH I’ 4%
(https://string-db. org) & FF % [& I8 1 43 #7 ( Basic
Local Alignment Search Tool, BLAST)#HX{F & .
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ik
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i 126 B A B 0 B T V% O B b 2 LB (Kan—+) WK 5 57
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Aoty Hspx M.
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LB ¥ 35 % E#EB pET-28a(+)-DH5a, pET-28a( +)-
HspX-DH5a, pET-28a ( +)-BL21 (DE3) fil pET-28a
(+)-HspX-BL21 (DE3) W #k Jf ¥ H 4% Fl 7E 5mL 1Y
LB W RR: 25,37 °C 200 r/min ¥ E B 5% 12~16
ho PR 15 35 B0 A R ) A EVREE R 0. 6, 1T
i 8 20 R X 58 B 75 £ DHbSe 5 % 3k 15 £ BL21
(DED KRS W . 44 (DAMIFEFR; (2
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ZAR A KRS 2 5%

g R

1 HspX EREAXAMRHNEYEEEST

1.1 Rv203lc AR A A A FOMELER N
NCBI % j 3k | 3545 MTBRv2031c {13 P K H: 4 i 1
HspX & H /# %] (https://www. ncbi. nlm. nih. gov/
nuccore/NC_ 000962, 37 report = genbank& from =
2278498 8.to=2278932&strand = true), A &% =,
P ProtParam 7F £k 4K {441 HspX & 1 1Y FH X 73+ it
WO 16,227 28X 10° , B SEHL 5k 5. 00, % A
20 Fprdt 144 ANEERA ., H, KL EKR (Asp) Ml
BER(Glw) & &, #3059, 0% K& M (Arg) Ml
INEIR (The) & 84510 8. 2% F 7. 6% . & fi H fa
FIER G BRI B H MY 18. 06% (26/144) , & IEHL
i AR (Arg+ Lys) f H S ¥my (20/144) , Hor+
AN Coris Hig Nigs O S JLF EBBCH 2273, Hspx
F AT R BN 4470 FE T 280 nm A W
Hh0.275, %A AR5 AT BEEE T KOl FL 3

I tR 440 P A 2 g 99 40 531 =10 h, >>20 h Ff1=>30 h,
ZEAATRRE RN A Y 0. 64, BAREEH.
R Wi EL W e K R 72. 43, MR R K M R
0.52,J@EKIEEN.
1.2 HspX B a5 K 5B R A LR E R A
{55 Ik =2 LI 4 MG 433 (Sec/ secretory) i J F1 XL
s AR (Tat/twin-arginine) 3 B 89 77 208 8 A
% 2 240 B AL SR IS AR 5 K (SPasel, SPasell 1§
SPasellD) ¥ HAIBE . Hspx & 1104 SP1/11 94 %)
P s 6 TAT motif (4050 W 45H , I L% 8 (1 6
B IR 1A) . T8 A4 b D a) 52 HUN 5 1 28 W 4%
G TMHMM v2. 0 8473 07 W % 8 1 o R 85
PR (& 1B) . Al 2 M A AR (L L7 BT LU L i
B K X >0 12 58 1R T 5 BT 50% (B
10 . 4 e HEM HspX by ok

KYEHEH

(Gram-positive): Seq

transmembrane —— insde ——  outside Position

B 8

TE « HspX 2 U 5 IR B CAD , 5 155 25 4 3 B0 (B) 4K 418 & 4 A
AR TN HspX 2 F Y SV E B K HE (O
1 Signalp v6. 0 Xf HspX Z B 1= S By
Note: Prediction of HspX protein signal peptide (A), prediction of
transmembrane domain (B), prediction of overall hydrophilicity of
HspX protein based on linear weight change model (C)
Fig. 1 Analysis of HspX protein based on Signalp V6. 0 online signal
peptide prediction software

1.3 HspX & & 20 0 & 4%, 4 K AL BB AL 4% & TR
MEAEZAER  HWE B Psrotb 78 2k 4 il
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NetPhos 3. 1 7EZ 70 Hr 10N HspX & 1 JoHE 3 1k
P s WAL A7 5 11 A 2B) , Hoh A ds 4 A & i
BERR AL A

PR TR HspX Co-di AR 3 H VR YD 7R 8 43 ¥
FEAR RE 8 10 il it 10 S0t 0 AAE M 2R PR e s U A
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W, J 38 FH R 1 T . AT RE TR e D o T AR U k
YEFH s Rv3418c, groES(10ku L JF) £ Mg-ATP 74 F
5 Cpn60 54, Wl J5 & 1 ATP; Dnak (AR 52 8 (1
70) (CHSP70) /2 HJ fig i £ 18 2 11 Rv3875, EsxA, 6ku
S A3 A BT SR AR 1 7 R T A T JE e 1 B 8 I
VL B £ 5 40w gk % B A5 3 40 R s Rv2626¢ hrpl 2
N RA A

Gpos-mPLoc: Predicting subcellular localization of Gram-
positive bacterial proteins

| Read Me | Data | Citation | Download |

Your input sequence (144aa) is:

s-mPLoc Computation Result

Query protein ocati
spIPOASB72JACR MYCTU RecName| _Cell wall.
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B

- Hspx & [0 4088 RE A7 43 B CAD L B R AL A 5 40 7 (B) . Hspx

EASRR AT N E (O
B 2 NetPhos 3.1 Flilll HspX EEMEEN N A REEERER
Note: Subcellular localization analysis of Hspx protein (A),
phosphorylation site analysis (B) ,interaction network analysis of Hspx
protein
Fig. 2 Analysis of HspX protein based on NetPhos 3. 1 online signal
peptide prediction software

2 MTBHspX EEEAFHENHMEREHLHER HspX
KR IE

2.1 B#AR Rv2031c A B 14 oo B A D) 56 30E
PCR ¥: MK 3% MTB H37Rv &8 98 5 i 35 5
B2 1.5 Yo B e W 5E i F VKR D L K BE Y 470 bp, 5
Rv 2031c 9 DNA J Bt fiil 8 K /NAHAF (] 3A) . PCR
PR R AR AR BV % B L % B W e A DHS o B 9T E
TH W PCR 30 iF , ) 55 4iF 1 i () pET28a-Rv2031c-
DH5a #4700 57, I 7 45 8 5 NCBI % 2 35 A 7 41
BLAST 4347, /8 W 58 B ] pET-28a(+) 344 1y £ [H
51 58 4 1E#i (] 3B)

Mycobacterium tuberculosis H37Rv, complete genome
Sequence ID: NC_000962.3 Length: 4411532 Number of Matches: 1

Range 1: 2278501 to 2278932 GenBan

Sore  Bgea Tdentities Gaps Strand
798 bits(432) 0.0 432/432(100%) 0/432(0%) Plus/Minus

[ Toccor e ——
iR
Shict 2278932 22re813
we o e =
Shjct 2278872 2278813
e ToccocooTe 189
B Marker  Ru2031c T T T T
Sbjct 2278812 TCC TC 2278753
2000 ue 23
T T T T
1500 Sbjct 2278752 2278693
1000 Query 244 7 TACGGTTOCTTCGTTCGE 303
T T TR
i Shict 2278092 2279833
Query 304 363
500 | I I Jil I I 111
DAOOONIR i oo
250 a
100 iR

Sbjct 2218572 T 2278513

o T
Sbjet 2278512 CGGTCCACCAAC 2278501
A B

: Hspx 8 M 4i i 36 B 9 PCR 473 DL & 5 25 15y Bi kT T H37Rv

B B 9 I0] () R 45 SR CAD 5 8O R 1 BLAST Ho X 25 5 (B)
B 3 HHERE Rv2031c 5 BREBYIIIE R ##E EH BLAST L X4 R

Note: PCR amplification of Hspx protein coding gene and
comparison of H37Rv gene sequence with Mycobacterium tuberculosis
(A) ;BLAST comparison results of database (B)

Fig. 3 Target gene Rv2031c fragment digestion verification
and database BLAST comparison results

2.2 Hspx%&¥H HYERELLALATYREE K
o A5 S I 0 B i 2 AR A A R R I R A 2 TR
PR SR e 135 S 0 R S s S A i R
A EZ MR, ABFRERE 37 °C.200 1/
min.1 mmol/L IPTG [ %, i B 2 51k
2.4.6.8.12 h, M 15% SDS-PAGE %5 %% %& i, 7F 16
X10° Ab I — R P E A TE A IPTG J5#) 8 h
F ki ak de KAR N HORE OB 5 Dy dc B 75 5 1 ) (T
4A),

N AR SR BT ER R I E S 2
MriZiaifb # 20 HspX, i fb & 114 SDS-PAGE #E I H
VK5 H BioRad #E i AR 1Y TmageLab3. 0 3453 #r .
0.5 mol/L KM — 2P 3k i W 55 41 HspX 8 [ 4l N
86. 9% (& 4B,4C), I BCA ¥ & £ 3 by Uk i W b
HHEEEMAS 1 SUBAH S 2 B EWE SN
4.90 pg/pL 1 1.70 pg/pl,

2.3 #2 HspX % & ¢ Western blot & 4 HH
B PR ) B A R R AR pET28a () 884K % 6 N A
1% (His-flag) 1F 0y 45 4 & 2 G 2 B i iy 3100 hR %
WA B 8 & [ 17 SDS-PAGE H 3k 4 #r (E
SA) 5 59 BRI AP AL SRR (His) AR 25 ) B SE B B R N
—¥31, R H Western blot ¥ [ 50 F H #5285 H 2 &
THHAFRRERH . 45 R ER, FEAHX TR
16X 10" AbA 5 5 Pk R 4541, 5 B Y HspX & A
Gy F e —B0, Ak E AR A A AR RE BN BROR R 1Y
PU A 2 R b 25 Fp. v B BT AR U (] 5B)
2.4 HspX BOALBMERME LA ARG B A
DH5a J& —F 275748 S A T8 o0 J5 ml 48 A S0 IR
DNA (%35 PR TR 2 AT B2 A% 82 9 DD I Cend AD
M4& & T TR, DNA 9 7= & T 55 35 20 il i B 7Y
(recA) W /04 A R B () 8] 5 25 21 A %, FRGIE T 4 A
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DNA ffaE M, Witk DH5o 2% 0 5k & B bR 5
PR i A7 TR, G T S R SC PR P A s 5 . AR IE T R
AR (0 FkE pET28a-DHS5 54y @ A H ki 3k K
) pET28a-Rv2031c-DH5 Fifi & P 44 A& < B [B] A E fift
R EWE A, o Z AR T B 2 5
(F 6A) . BL21(DE3) J& £ 3 P T % el i i Y o fk -
#al lacUVS 3 8 P41 T7 RNA RS REE N %
R RN AT AT BT R Bk, H Bk R Ton B ompT 25 H
Ml L & B IPTG 5 F T7 f3 30 19K 3 /9 41 PR 5L 1
AR LN TR . 5 pET28a- BL21(DE3) #
Vo A A G 35 40 R RN IPTG % S 570 41 (| 6B) .
ANiFE G H FL R 4L (B 6C), LA K A 1. Ommol/L 1
IPTG #5554 (& 6D) & A HAnHE K Rv2031c 1Y
WA ROIR A X 32 B, B A AL e S H bR Sk
Rv2031c MTE Agoo EIE T A& H AR B 12
JARLA .

89.7
1500 - '
1000 - | \.‘
|
500 29 43 | \
0 SASE A A h
i ] ||
0.00 025 0.50 075 1.00

AR ] S IPTG A i HspX B H T4 RENME .1 AR
VB IPTG 1 HspX (15535 12h B FRSORE L 2-6 4351 F%0% IPTG
PR 2.4.6.8 A 12 h By H AR 8 AR IA B (A s HspX H H VB & R
ARV AL SDS-PAGE HUK K . 1-6 43 51y K 4 fk HspX L35 . 8R4 )8
A PR T V2R W, TR AW W) 21 43, VR A% W R R A4y L DR AL 4y 1, Bk
JBL2H 53 2. L% 0. Smol/L Wk e Ji 40 HspX 3 H B9 452 23 (O

4 HspX EHEBEEMRZEESBAURBEBLESN

Note: IPTG was used to measure the recombinant expression of
HspX protein at different time points: 1 was the expression status of
HspX protein cultured without inducer IPTG for 12h, and 2-6 was the
expression level of target protein at 2h.,4h,6h,8h and 12h after IPTG
induction ( A). Results of nickel metal Chelation chromatography
(SDS-PAGE ) of HspX protein, 1-6 are the unpurified HspX
supernatant,the purity analysis of the purified nickel metal chelation
flow solution, the initial component of wash solution, the last component
of wash solution, elution component 1, elution component 2, and 0.
5mol/L imidazole elution recombinant HspX protein (C)

Fig. 4 Expression,isolation and purification of HspX recombinant
protein and protein purity analysis

pET28(a) & Lac #:9\ ¥ M Lac A HLIL, L
BEALTT X lac #E 4 F ¥ EEH = EHFRIEM. 5
IPTG FH L, FLHE & — Tl 0 46 AR e HL A 55 1 4.
ARWFGEAE Agoo TH A 0.6 X EA KWW kA H
P 25 DR A 2 3K B MR P 43 B A5 28 1 mmol/L 1Y
IPTG F1 1% (m/v=g/L) W ZLHE . I & A [ 15 (] B o
W) Agoo 1. Z5H IR & LB AL 10 K 15 A 11 1A IR
Ao [ IPTG 4B =5 (B 7A,7B) . 7] B8 J5 K Sk 3L
Vi R w05 T 9K i 3 A AR S A AT, T IPTG 22 —
FRARACH PR W A BE S R A KR B =38 ]
HFHREHNERIEE 70,

ku
140
100
75
60
45

2
»
i: @ A i
—————
e

35

R
|l -

25

{E:SDS-PAGE $1E (A): M S5 H 2> T B br . 1 25 pET28a-
Rv2031c-BL21(DE3) #8758 L .2 maifb iy HspX & H; Western
blot $iiE (B): M N # H /> T Bt brifE. 1 25 pET28a-Rv2031c-BL21
(DE3) 8 A i 1 1 5 BP0 4 & B B e B B IR S B A5, 2 S alifb
HspX 2 M5 BT AL R 5 5 B STk 2 i 5kl

B 5 E4H HspX & HH SDS-PAGE K Western blot 5 #f

Note: SDS-PAGE verification (A) : M is the protein molecular
weight standard,1 is pET28a-Rv2031¢c-BL21(DE3) ultrasonic bacteria-
breaking supernatant, 2 is purified HspX protein; Western blot
verification (B) : M was the protein molecular quality standard,1 was
pET28a-Rv2031c¢-BL21 (DE3) ultrasonic bacteria busting supernatant
and mouse anti-histidine monoclonal antibody reaction strip, 2 was
purified HspX protein and mouse anti-histidine monoclonal antibody
reaction strip

Fig. 5 SDS-PAGE and Western blot of recombinant HspX protein

g
X MTB Wk Qe H ERAE, F 3 5% ~
10 %9 MTB VAR JE e 25 1l o0 &5 1% 9 R 3, o il R 45
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Fig. 6 Effect of recombinant HspX protein and its encoding gene
on the growth state of host bacteria
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on recombinant bacteria

(DE) A KA MHIEM . PN HspX 8 H I GBS
M) £ = TR Y AR G AH B A 52 i R 3R ORI 32 AL o AN
THRE T L T8 1 B 7 S AU A 22 SR — PR
5o

(&% k]

[1] Annabel Baddeley, Marie-Christine Bartens, Anna Dean, et al.
Global Tuberculosis report 2020 M]. World health orgnization
(electronic version) .

[2] Ernst JD. Mechanisms of Mycobacterium tuberculosis immune
evasion as challenges to TB vaccine design [ ] ]. Cell Host
Microbe,2018,24(1) :34-42.

[3] World Health Organization. Global tuberculosis report 2021 EB/
OL 1. [2021-10-14 J. https://www. who. int/publications/
digital/global-tuberculosis-report-2021.

[4] Sly LM, Hingley-Wilson SM, Reiner NE, et al. Survival of
Mycobacterium tuberculosis in host macrophages involves

resistance to apoptosis dependent upon induction of antiapoptotic

Bel-2 family member Mcl-1[]]. J Immunol, 2003,170(1) ;:430-



TR R R E M FRE
Journal of Pathogen Biology

2023 4F 05 H %5 18 B4 05
May 2023, Vol. 18,No. 05

(5]

L6 ]

(7]

(8]

9]

[10]

[11]

437.

Netea, Mihai G . Training innate immunity: the changing concept
of immunological memory in innate host defence[ J]. Europ J
Clin Invest,2013,43(8) :881-884.

Kennaway CK, Benesch JL, Gohlke U, et al. Dodecameric
the Acrl
Mycobacterium tuberculosis [J]. ] Biol Chem, 2005, 280(39):

33419-33425.

structure of small heat shock protein from

Avarvand AY, Meshkat Z, Khademi F,et al. Immunogenicity of
HspX/EsxS fusion protein of Mycobacterium tuberculosis along
with ISCOMATRIX and PLUSCOM nano-adjuvants after

subcutaneous administration in animal model [ J |. Microbial

Pathogenesis,2021(2) :104842.

Verbon A, Hartskeerl RA, Schuitema A, et al. The 14000-

molecular-weight antigen of Mycobacterium tuberculosis is
related to the alpha-crystallin family of low-molecular-weight
heat shock proteins. [J]. JBacteriol,1992,174(4) :1352-1359.
Friscia G, Vordermeier HM, Pasvol G, et al. Human T cell
responses to peptide epitopes of the 16-kD antigen in tuberculosis
[J]. Clin Exp Immunol,1995.

Bothamley GH, Rudd R, Festenstein F,et al. Clinical value of

the measurement of Mycobacterium tuberculosis specific

antibody in pulmonary tuberculosis[ J]. Thorax,1992,47(4):
270-275.

Ma G,Wang P,Yang Y,et al. emPAl-assisted strategy enhances
screening and assessment of  Mycobacteriumtuberculosis
infection serological markers[J]. Microbial Biotechnol,2021,14

(4):1827-1838.

[12]

[13]

[14]

[16]

[17]

[18]

Kingston AE,Salgame PR, Mitchison NA, et al. Immunological
14-kilodalton
Mycobacterium tuberculosis H37Rv. [ ] ].
1987,55(12) :3149-3154.

Agrewala JN, Wilkinson R]. Differential regulation of Thl and
Th2 cells by p91-110 and p21-40 peptides of the 16-kD a-

activity of a recombinant  protein  of

Infect Immunity,

crystallin antigen of Mycobacterium tuberculosis[]J]. Clin Exp
Immunol,2010,114(3) :392-397.
And J,Wilkinson RJ. Influence of HLA-DR on the phenotype of
CD4" T lymphocytes specific for an epitope of the 16-kDa-
crystallin antigen of Mycobacterium tuberculosis[J]. Europ ]
Immunol,1999,29(6):1753-1761.

Yuan Y. Crane DD, Barry CE. Stationary phase-associated
protein expression in Mycobacterium tuberculosis: function of
the mycobacterial alpha-crystallin homolog. [ J]. ] Bacteriol,
1996,178(15) :4484-4492.

Serysheva I,Lee IH,Jakana J,et al. Mycobacterium tuberculosis
16-kDa antigen (Hspl6. 3) functions as an oligomeric structure
in vitro to suppress thermal aggregation[]]. ] Biological Chem,
1996,271(12):7218-7223.

Cunningham, Adam F. Mycobacterial stationary phase induced
by low oxygen tension: Cell wall thickening and. [J]. J
Bacteriol ,1998,180(4) :801-808.

Ma G, Zhou F, Gao L, et al. Improving basic and membrane
protein MS detection of the culture filtrate proteins from
Mycobacterium tuberculosis H3a7Rv by biomimetic affinity
prefractionation[ ] ]. Proteomics,2017:1600177.

(R EHY 2022-12-08 [fEEABHY 2023-02-26

1SS0S 0S0S0S 000000000000 0000000000000 0000000000000 0000000000

(k3528 70

(2]

3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

Sfaihi L, Kamoun F, Kamoun T, et al.
children : epidemiological data and outcome [J]. Tunis Med, 2014,
92(2) :141-146.

Klein DI.. Pneumococcal disease and the role of conjugate vaccines
[J]. Microb Drug Resist,1999,5(2) :147-157.

XN R AR G BR BEORE g W R SR L) ). BRI,
2022,62(2) :446-457.

Tenth WA. In epidemiology and prevention of vaccine-preventable
diseases[ M]. Washington, DC: Public Health Foundation, 2007 ;
257-270.

R NE XIS A S8, S il 48 5 BR B it 25 40 56 8 Sp_0010 4
WHE B0 BT Rt =i 0], o B R AR 9 2 2 i 2020, 15
(11):1268-1276.

J7 By . TRV A5 2 3, 4. 3L BE B il R 5% 2R T8 1= 28 1 R
4 I PR R A B2 Tt 25 4 43 A [0 ). JLRR 242 2, 2021, 27(7) « 34~
38.

i SC. il 5 4 R VR I AR 43 85 Ak I I DA R AL i Vi 3 R R T 24 1 43
BrlT]. REE%,2021,6(7) :41-43.

BEBE 2017 422019 4 8] JL 45 A A o il 2% i

R A IR G 00 995 JE I 43 A R B T 25 M A B L. R 25,

2020,17(4) :539-541.

SF P. Eukaryote-like serine/threonine kinases and phosphatases
in bacterial ] ]. Microbiol Mol Biol Rev,2011(75) :E905-E913.
Jose E, Aras K,Susana R.et al. Protein serine/threonine kinase
StkP competence in
Streptococcus pneumoniae[ J]. Infect Immun, 2004 (72) ; 2434-

Bacterial meningitis in

positively  controls  virulence and

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2437.
Lenka Saskov, Linda Nov kov, Marek Basler, et al. Eukaryotic-
type serine/threonine protein kinase Stk P is a global regulator of
gene expression in Streptococcus pneumoniae [ J |. ] Bacteriol,
2007(189) :4168-4179.

L N. .Identification of multiple substrates of the Stk P Ser/Thr
protein kinase in Streptococcus pneumoniael J]. ] Bacteriol,2010
(192) :3629-3638.

Grangeasse C. Rewiring the Pneumococcal cell cycle with serine/

threonine and tyroeine-kinases [ J]. Trends Microbiol, 2016, 24
(9):713-724.

ML H. Model for cell wall growth of Streptococcus faecalis[J].
J Bacteriol ,2007(101) :634-648.
AY5V5. ARLBBk 2% U 41 BT P29B 4H i S5 AL B B Ak KO

G RCR [ D]. 7 HER K%, 2022,

ZEUSIR L PR, Bvk S, . 4R BBk 2% R Sk 1 HUR Eg-00512

B A= A5 B2 o BT L0 ] o T JE A 2 e i L 2022, 17 (1) < 71-
74,113,

Conan C,Charles GG, Alan FC,et al. Echinococcus granulosus :
oncosphere-specific transcription of genes encoding a host-

protective antigen[ ] ]. Experimental Parasitol, 2004 (106) : 183-
186.

Lightowlers MW, Lawrence SB, Gauci CG, et al.
against hydatidosis using a defined recom binant antigen[ ] ].
Parasite Immunol,1996,18(9) :457-462.

[EmABAHEY 2022-11-22 [&EHH]

Vaccination

2023-02-12



	2023-05

