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Probing the core domain and kinase activity of Salmonella effector protein SteC

ZHANG Min,DAI Yuanji, XIE Rongxian, WANG Shuhan, WANG Weiwei,JIA Haihong, LI Cuiling,
SONG Nannan, LI Bingqing, YUE Yingying (Department of Pathogen Biology »School of Clinical and Basic
Medicine s Shandong First Medical University & Shandong Academy of Medical Sciences Jinan 250000,China) *™*

Objective The Salmonella typhimurium effector protein SteC is a protein secreted by the Salmonella
Type I secretion system with serine/threonine kinase activity, playing an important role in protein phosphorylation
modification. However, the mechanism of SteC catalyzed phosphorylation is still unclear. This study analyzed the
composition of the core structural domain of SteC and constructed a prokaryotic expression system to understand the
characteristics of the expressed protein and determine its enzyme activity, laying the foundation for revealing the
mechanism of SteC as a Salmonella kinase catalyzing phosphorylation. Mothads Based on bioinformatics analysis and
liquid chromatography-mass spectrometry (LLC-MS) analysis techniques,a prokaryotic expression system for SteC protein
was constructed using gene cloning technology to express the target protein. The full-length protein SteC-{l and C-
terminal protein SteC-C were purified using Ni*" affinity chromatography column. Using protease lysis method, purified
SteC-C protein was digested with different concentrations of trypsin,and stable expression regions were selected for LC-
MS and DNAstar software peptide sequence identification and comparison to determine the core domain of SteC protein.
Subsequently, a prokaryotic expression system for the core domain was constructed to explore the protein’s

characteristics. Use Phos-tag gel to validate the enzyme activity of the SteC core domain protein to determine whether the
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core region of SteC is active.  Results Successfully constructed the SteC-fl and SteC-C prokaryotic expression systems
and obtained the target protein, but the yield of SteC-fl protein was low. Therefore, SteC-C was chosen to use protease
lysis to determine the stable expression region of SteC. Using LM-MS method and DNAstar software to analyze the core
structural domain of SteC (227aa-305aa) and successfully construct the prokaryotic expression system of Stecs,;s:. The
expressed SteCyyr 405 protein was purified by Ni*" affinity chromatography and analyzed. Its stability was higher than that
of SteC-fl and Ste C-C terminus,but its solubility was poor; Enzymatic activity validation of SteC,,; ;,; protein using Phos-
tag composite gel showed that this domain has weak self-phosphorylation function. Conclusion Successfully
constructed prokaryotic expression systems for different regions of Salmonella typhimurium effector protein SteC (SteC-
fl, SteC-C, SteC,y7505 ). Using LM-MS to determine the core structural domain of SteC as 227aa-305aa, bioinformatics
analysis shows that SteC,,; 5; contains PKc_ Like conserved domain, with a stability coefficient of 29. 23, is a stable
protein. After purification by Ni*™ affinity chromatography.SteC,,; 4 has poor solubility and meets the expected stability;

Phos tag gel has been verified to have weak self-phosphorylation function,laying a foundation for studying the mechanism

Jun. 2023, Vol. 18,No. 06 e 651 -

of phosphate transfer catalyzed by SteC protein.

QG | SteC; Protein phosphorylation; Protein kinase; Core structure domain; Salmonella typhimurium
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Table 1 The online websites of Bioinformatics analysis

4 41k i
Website Function
https://www. uniprot, org/ RIETR T 5
http://www. expasy. org/ cgi-bin/ protparam FEA TR TS BT
http://www. cbs. dtu. dk/services/NetPhos/ EA= IR e A
https://www. ncbi. nlm. nih. gov/cdd B AR ST 45 ) T
https://drug. ai. tencent. com/cn o R

£ 2 PCR¥ES| 4

Table 2 Primers used in PCR amplification

F1F51(5"-3" FH i
Application

EIEEA S

Segment Sequences of primer

SteC 1-F ATAGGATCCATGCCGTTTAC
e ATTTCAGATCG

P SteC HH 4K
SteC 1-R ATACTCGAGTTATTTTTTT
Stel AATTCATCCTTTAATACC
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1 SteC FEH C i
ATACTCGAGTTATTTTTTT

SteC 2R AATTCATCCTTTAATACC
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2115 B . SteC 227-F.5'-ATAGGATCCATGAATA
TTCGCATGCGTGAT-3";SteC 305-R:5-ATACTC

TTCGATA-3',

2.7 SteC & @ B 7& W IE B R 3 FEE R L Tk
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it SR 235 5L L HEWN LA E A7 AT BB SteC 2RI [ BERR
A7 s, T At Wl 2 A A6 25 P 9% PKALINSR, PKC,
CKII S8 mgwim . UL L ABEMAOi sifA 8 M T
C S AL 45 M B, 45 A SteC-C = 24546 T 45 51 73 Hr
R T402.,Y412.T445 A0 F C S A s (E 40, o] GETE
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Table 3 The amino acids composition of SteC-C protein

o wit wron R e g

acid Number Frequency acids Number  Frequency
R Ala 19 7.2 RER Leu 19 7.2
WER  Arg 15 5.7 WER  Lys 20 7.6
RABERE  Asn 15 5.7 PHZM  Met 6 2.3
REHE®  Asp 20 7.6 RINAMR  Phe 8 3.0
AR Cys 1 0.4 IfEm  Pro 8§ 3.0
AHEBRE Gl 12 4.5 2 E W Ser 17 6.4
BER Glu 24 9.1 SAR Thr 10 3.8
HaEm Gly 16 6.1 i 2 R Tyr 9 3.4
AR His 6 2.3 ETEAN Val 20 7.6
SRER Ile 19 7.2 o H R Try 0 0.0

B 1 SteC-fl EARTFEMITE S

Fig.1 Conservative domain analysis of SteC-fl protein

N¥ 45 I8/N domain

B2 SteC fl EAK =KL
Fig. 2 Prediction of tertiary structure of SteC fl protein
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NetPhos 3.1a: predicted phosphorylation sites in sp Q82PS7 STEC SALTY
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B 3 SteC EEBERM AL AT
Fig. 3 Prediction of phosphorylation sites of SteC protein

C¥i/C—terminus

B 4 SteC-C =KL
Fig. 4 Prediction of tertiary structure of SteC-C protein

M DNAF#EY 1~3 SteC-fl PCR ¥ 4.5 SteC-C PCR
7]
5 SteC-fl & SteC-C EH PCR # 4 R
M DNA marker 1-3 SteC-fl PCR product 4-5 SteC-C PCR
product
Fig. 5 PCR amplification result of SteC-fl gene and SteC-Cgene
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control
Fig. 6 Test results of SteC-fl expression strains
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Fig.7 Test results of SteC-C expression strains
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Crude extraction S  Protein of
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Fig. 8 SDS-PAGE electrophoresis results of SteC-fl His
labeled fusion protein
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EOIEFA LM-MS/MS % & Ik B s 5L 7 51, 45
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FERECN 29. 23R EH D), HIES 0 h & PKe_
like ZE M4 (JE 13) .

20211123 1698f1-mut9 no tag 001
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%) M SDI SD2 SD3 SD4 SDS SD6 SD7 SD8

= -

M EASTHERME  SDI-SDS  BEEEN IR &N 7-14 %
B9 SteC-fl ERENEENU R BIKER
M Protein marker SDI1-SD8 Eluting protein 7-14 tubes bygel
chromatography column
Fig.9 Purification results and electrophoresis results of SteC-fl
by gel chromatography column
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A ZRIR T 1 W 1B RE I 2R T e SR HE His ARZS Rl A 2R [ e
10 SteC-C His #r & #l & & B i SDS-PAGE Bk £ R
M  Protein marker Ce  Crude extraction S  Protein of
crushed supernatantfl Flow through e Elution
Fig. 10 SDS-PAGE electrophoresis results of SteC-C His

labeled fusion protein

20211204 1698C MUTS no tag SD meigieguoye Mi(

18.36

) j
N Crogin v s wpa R =
0 : W ] ) = )n

M EHSTREERME SDI-6 BEKEHHEBER 11-16 4
B 11 SteC-C EARKENHMAURBIXER
M Protein marker SDI1-6
gel chromatography column

Eluting protein 11-16  tubes by

Fig. 11 Purification results and electrophoresis results of SteC-C
by gel chromatography column
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R R 2.2 f1 2.3, Wil 14 frs , SteC227-305PCR
PR 1 V0 B B BRI HL VK S 8 5 R/ 9,09 X107,
AT K/, 4 IPTG iR KA 5T SDS-PAGE
FLUK AR AT B ME R A MR IT #2503 S bk A7 )%
(L 15) , Iy TE A 9 TR R 1 48 R SteCosrges o« 7 KERFR
FEE WM IPTG KRS 5 B & (R8I T
Ni* " #E4lifk , 4l 1 SteCoyya0s 2 SDS-PAGE H 3K 43
B AT o 1 22 B4 SRR, B AR 8 PRI T SteC-1 FI
SteC-C (& 16) . 5 A AT
F4 SeCBAROCRHBEEREFIIRLLE

Table 4 Identification results of amino acid sequences
in the core region of SteC proteins by LS-MS/MS

P =S L RN VA ol L2 N R ]
Positions in o 1R %k

iINEE e gl

Annotated Sequence

Master Protein PMFs
K.DVTVLVSK. Y 306-313 13
K. IPVNER. G 256-262 146
K. IGSGSYGTVYR. L 238-248 148
K. VDVNSPEHR. N 266-274 297
K. YLNMANDDK. N 284-292 76
K. YLNMANDDKNFSR. S 284-296 108
R.NCHPDR. V 273-280 38
R. LHDDFVVK. I 249-256 132
g. SAIMNINGK. D 297-305 25
S.AIMNINGKDV'I‘VI,VSK. Y 297313 3
R. MRDIEK. N 230-235 13
R. QLEEQIK. A 384-390 8

Mr(x10%) M 1 2 3 4 5 6 7 8 9

i%g—‘”‘

55—

40

S — s
10 4 Bl

M HEASTHERE 1~8 KK 2.1.1/3.1/9.1/27.1/81.
1/243.1/729 mg/mL JEE ARG =Y 9 KREUIX R
12 SteC-C REZE B EEYI T
M  Protein marker 1-8 Enzymatic digestion with trypsin
different concentrations(2,1,1/3,1/9,1/27,1/81,1/243,1/729 mg/
mL) 9 Control group

Fig. 12 SteC-C protein cleavage experiment

B 13 SteC EBZOEMEH S

Fig. 13  Analysis of SteC protein core domain
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SR R T

bp M 1 2 3

1000
750

500

200
100

M DNA#REH 1~3 SteCyyry0; PCR =
14 SteC,,, ;s B FE PCR F G 4R
M  DNA marker 1-3  SteC,,; 5,; PCR product
Fig. 14 PCR amplification result of SteC,,, 5,5 gene

0 -

M EHSTREARME 1~3 SteCyppqp: RIXEK 4 X
15 SteC,,,3s RIEEHREELER

M  Protein marker 1-3  SteC227-305 expression strain 4

Control

Fig. 15 Identification results of SteC,,; ;)5 expressing strain
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