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protein D)) & AR 18 £ K2 50 H A Phi
X174 L BT B A 4, 2 K 2 e 544
it 7 1 B FK 50645 & 2 H (FK506-binding protein,
FKBP)#:PPlase, fFfETHIP, f#fkXaa-Pro
(XaafQRAL = —Ph & FE IR ) = 1] JRSHE 19 9T Sz S 44
tb, FBTEA SRR, fEhir& B FIE ot
SRAE A EAT MR, SlyDIEBER
AL ([Ni-Fe]-hydrogenase) i 2 #2 Hh 7y i 5 £
A, AL TR E I 4B 45 G AL KRNI
YEH, sefeit ey, (A 2+ 1R18
Difel 5 HypB45 &, HHypB¥Nif%iz 458
PRBE S Bl TIEAT B2 i B Y 1 & R I (R A
1Bl . R B urease) 1) 4 & A LI PR rho O BR AT 28R
%, SlyD4 @ fE R ie e i ie &8 511
i A A% B b R4 T BB E MRS (E5
HEMZE, FKBPEMAZRK 2 TS LWk
o, S 5 HEAEE VRN YRR e B, N1
FAMAA S, TEMFLSh Y A b R R s
WIEAITE . (555 MM T 4% J 2 A
M, KT SlyDFEM & U1 TR T e 5T 24
fif A 4l

YOI T B 71 5 (Salmonella pathogenicity island,
SPI)Zm i P TTIAY 43 1h 2R 4t (Type 111 secretion system,
TTSS) 5 V0T Bt 2 AR EY . A A AE I P
PIRN B 75 2 FRHMB 2 5 LR W, ¥
I T TTSSEL A5 14 B Prgik B J&— k4 i S 4
U XK R4 Z (Twin-arginine translocation,
Tat) &5 — DN EH T WE B IE R, ZRS
TEAN T 07 1 [FRE A AR/, (B Secr il
EWRME, TatAEst EMWmTSNEA"",
Tat RGNS BT & 60 ) 2 I TR R
M2, @AM RS H SlyDREGE 45 G A [ Y
Tat{F S K, BT & RGO A Fe 5 P
188 A B Tat iR RE 0 K 45 25 EEE R,
Hh, AT TEXT BRI ) oo AR 58 R e S AR Y
— R IR 3 A v AR SR DL R 1 I RO

FEARE A . EOARAERITEEN
G gx BRRR, SIyDEAZS 5MEMEE T .
N Ay FAEAB RN, T REFEIA R VDT T EUR
PERIXT A FI IR EE KA AR

AT LASIyDE A N4, IWRELER R
FTRE T A SCTIRE . SCER R A AR TR T i B
HIFREAE AR, TR R TR T WslyDEE
K, 8T C50041AsIyDER KR, FF IR IK
TSlyDEMAMEMA, NIRRT TH SlyDTEBUH
PN ORI A5 7 TR R R D RE 2SR T kA

1 AR o7&

1.1 EbR SN

R IDITHC50041 . KIGFFIFE(E. coli) DHSa,
E. coli Spy372 (Apir). E. coli x7213 (Km"Aasd). E.
coli BL21 (DE3), HAFK pGMBI152 (Amp"
Sm"). JRKEFIKFORIpET2S (a). %8 EHitEFUkL
pMD-Cm" 4] i AR S5 B RAF . 7 B A pMD20-
T A FAEYICRIEVA R A
1.2 FERG)

FR&IE N YR, Tag DNARGEE, dNTPs,
DNA Marker, 57104 H fiMarker, BB/
HERBGAF A, A0 LR DNARBGAF &, B

FWHEE I TR £ 440 1 TaKaRa/A vl T4z
FiEEe) ENEB/AH] 3 o-BE S A H Sigma/A ) ; 5
4l ki) & H Novagen/s /) 5 HAYH B
YR = a1 A HT Al i o
1.3 SRS

RPEGenBank & % I R U1 T RE 4 751,
RIS s A Primer 5.086 4 S5 | 91(F61),
FH A 4 30 B 2 ) BR w5 o
14 HRIPTIECS0041Asly DERFBRAIH R

LRI TTHC50041 5 FZHDNA MR,
PCRY MslyD & . TERIIEE slyD12 . slyD34 )5
B, SRJg LIl 4tk islyD12 . slyD34 PCRy™“ %)
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#1. PCRI EMS|¥IFF
Table 1. Primers used for PCR in this study

Primer  Primer sequences (5'—3")

Amplicon size/bp Notes

slyD12-F AAGTCGACCTCGAGTGAACCGGAAGACACGATGAA
slyD12-R TTGAAAATTCCCCGGGAGCATTGGCGCAGATTGTAGCGG
slyD34-F CCGCTACAATCTGCGCCAATGCTCCCGGGGAATTTTCAA

slyD34-R AAGTCGACGCCGCTTTTTGATCGTCGT
slyDYZ-F GAGGTGAACAATGGCAATCCGTAA

slyDYZ-R ACATGAAATGGAGATGGCGAAGC

slyD-F CGGAATTCATGAAAGTAGCAAAAGACCTGG

slyD-R ~ CGCTCGAGCTTGAAAGACGACAGGGATTAA

665 Sal 1, Xho 1
complementary sequence

complementary sequence

706 Sal 1
1205 (WT)
521 (AslyD)
609 EcoR 1
Xho 1

JotsibR 1 TSOEing PCR™, ¥ MAslyD R B, Xho 1
U1 R AsTyDS Cm" B, B2 14 38 [ R R
KpGMB152, HEGHBEZIKEH R IR
C50041+F, @i [ AR SR RPEEH", 5
sty DFEA R BIK
1.5 SRRBRAERRERTE

Bl R TP T THE C50041 Asly DIk bk 55 B 4 bk
C5004 1 G AR e e TLBIR IR IG SR 58, %
WItaHeEE }910° CFU/mL, 37 °C. 180 r/mind 3%,
T hEATIORE | AE O R L AT, ARPETT
TR B T R L A R R Y A R
1.6 BRI THESIyDRIBEZRE

A RUPT T C5004 13 K 4L DNAFE AR M 4 14
slyDFEH, FofEZEpMD20-T, Wit i EREM
WA BT 5 AR5 PR SEFE B pMD-slyD, LAEcoR 1,
Xho DM pMD-slyDFIpET28 (a), HT4 DNAjE
HER AT, 5 B pET-sly DEL2H ik i
fLE. coli BL21 (DE3), A5 HHFALEKIRHE. coli
DE3 (pET-slyD) . ¥ EA R T & KIREEM
LB KRR SR, 37 cCIRG AR IE G, #%
1: 100 Lu 2 Fh TR s 37 b, 37 °CHR G 45572
h, JIAZHSE ] mmol/L IPTGIES 3%, /0 9ITE
AFE R ET, BOA 2R S, MR

actamicro@im.ac.cn

fit, #4TSDS-PAGES#r. SlyD# H2lifb HINi-
NTAHis-Bind Purification Kiti#47 .
1.7 PPlasel&H:IE

i 2 o BB AR RS IR 7 E 1T PP Tase 7 1 A
2, HR20 pL SlyDEE FHATR(Z91 ng, #7200
mmol/L Tris-HC)/NF]460 pL 154 1K 28 i
(200 mmol/L Tris-HCI, 20 nmol/L o- & 1/, pH
8.0), FAMRAIEE T4 °CIHFHS min, RJEHIA
20 L& #Y5 mmol/L suc-AAFP-pNA (& f# T &
450 mmol/L LiCIHY = L BER ), Wi > A5 |
RN, il s OGRS WA 4050
1.8 BRI TESyDE B M

M A BLAST, SMART, TMHMM,
SignalP, PHDFISWISS MODEL%: 5 1 R 7E4k 7>
PR ik, 45 G ScikaE ™, xHip R T
SlyDi#FAT ¥ 51 Je 25455387 o

2 GRAAH

2.1 BRUITHEC50041AslyDERE BRI K 5E

2.1.1 B4 A R B pGMB-AslyD/Cm " E S
W IBRIPTTHEC50041 54 DNA AR
2 AslyD12-F/R HlslyD34-F/R WG X} 5] 14 14
slyD I . TR slyD12. slyD34 7 B, K/NV5y
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55665 bpH1706 bp, i#ifSOEing PCRYFHE I F
Ui R R 7 51 3k A3 Asly D BE (BT 1-A), REA
pMD20-T, HJEHH FkipMD-AslyD, HEYIFI
P E IR (I 1-B) o K5 Cm SE R S BT, A

bp Ml 1 bp M1

FpMD-AslyDJF K Xho TSR HIPE I VIEEA7 45, Bl
Wit Sal Dl AslyD/Cm B AKYIF, TaEA
pGMBIS2fFi ki, MH#EFEM A R pGMB-
AslyD/Cm", V)% PHE IEF(E 1-0).

M2 3 4

2.7 kb
1371 bp

19.3kb
7743bp

2690bp

12.8 kb

2.5 kb

1. EABFRMRKBIpGMB-AslyD/Cm“ HIHE 5% E
Figure 1. Construction and identification of plasmid pGMB—AslyD/CmR. M1: DNA marker DL2000; M2: DNA
marker A-EcoT14; lane 1: AslyD spliced by SOEing PCR; lane 2: pMD-AslyD plasmid digested by Sal I; lane 3:
pGMB-AslyD/Cm"; lane 4: pPGMB-AslyD/Cm" digested with Sal I and Xho 1.

2.1.2 G R TTEC50041Asly DER R BRINTEE . &
WA BRI ER A T 100 g/LIERER
TENaCIEAIRLBR: Fr B i S S e, MikelR
fi L B[R 35 3%t , A H 59 0E 51 4 i ik
C50041AslyDER KR . SR AL, SERIL
REY 14 H K/NZY500 bphy B (1#12). FIHZE X 5]
Y)slyD12-FflslyD34-RY T, IESLC50041
AslyDERRAR I
2.2 BRRBRIIAERKERE

98 Y 1T C5004 1 Asly DR 26 % 5 57 £ Bk 1Y

bp M 1 2

1205 bp

—521 bp

2. BBZEITTEC50041 AslyDER LS FRFIPCRE E
Figure 2. PCR identification of C50041AslyD with
slyDYZ-F/R. M: DNA marker DL2000; lane 1: C50041
wild type; lane 2: C50041AslyD.

AR AR — 2, sly DBEDR B0 R SR AN 52 W Jig R
[ RIELNES ST

2.3 BRUTIESDRFEERZE

2.3.1 slyDEFA W 7T E 5 FEZ R BB AR : L
W RUDT TR JE 41 DN AR, PCRY G153 K
/IN609 bp sty DFEEH T 5 (E3-A), FakE ApMD20-
THAKIRG HH TR pMD-slyD, FH] K il ¥ 1E 7
(K13-B), JFikipET28 (a) 55 4H ffiki PMD-slyD4
EcoR 1. Xho I#tATHEY), MVI)5BIpET28 (a)fil H
(K slyDZ T4 DNAVEIERGEE , B4 bFRik
WE. coli BL21(DE3)/BAZ A4 i, H2H Rk ks
22U 5 8 UE S s by DEL B ) i e 28 A% ik 3 AR
pET28 (a)(&13-C),

232 BEARHMIBERERE: EAWE. coli BL21
(DE3) (pET-slyD) 37 °C{5%#2 h, JMAIPTGifE 745
1355, #idSDS-PAGE/MT, TAISIyDE K
/N2j28 kDa, FEAAAERAM LG (E4), KPIH
HE ISR, FETIEHE2. 4. /N
AR HIERIB(ES) . AR SAE 37 °C.
180 r/minZ5F T, MMAZMKREE T mmol/L IPTGIf %
6 ho
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M2 3

19300bp

6223bp

5369 bp
4254bp

1489bp

925bp
609 bp

B 3. RAZFEFRNpET-slyDRIMEREE
Figure 3. Construction and identification of recombinant expression plasmid pET-s/yD. M1: DNA marker DL2000;
M2: DNA marker A-EcoT14; lane 1: PCR amplification of s/yD gene; lane 2: pMD-slyD plasmid digested by EcoR 1
and Xho I; lane 3: pET-slyD digested with EcoR 1 and Xho 1.

kDa M 1 2 3 4 5 6 7 8 9

116.
66.2

45.

35 <28 kDa

25.

4. EHERIEFYHISDS-PAGE S #

Figure 4. SDS-PAGE analysis of SlyD expression in E. coli BL21(DE3). M: low molecular weight protein marker;
lane 1: precipitation of pET-slyD before induction; lane 2: supernatant of pET-slyD before induction; lane 3:
precipitation of pET28(a) before induction; lane 4: supernatant of pET28(a) before induction; lane 5: precipitation of
pET-slyD after induction; lane 6: supernatant of pET-s/yD after induction; lane 7: precipitation of pET28(a) after
induction; lane 8: supernatant of pET28(a) after induction; lane 9: SW.

LIE

- — illll', illllip - 25

/

!

& 5. SlyDEARIESHIEMNFZEE
Figure 5. SlyD protein induced at different times and detect with SDS-PAGE. lane 1, 3, 5, 7: precipitation of pET-
slyD induced for 0, 2, 4, 6 hours, respectively; lane 2, 4, 6, 8: supernatant of pET-sl/yD induced for 0, 2, 4, 6 hours,
respectively; M: low molecular weight protein marker.
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2.4 SlyDHJPPIaseiftk

ou-JBE B 11 it 13 17 50 G 0 i 2 o =X 45 ) T e
SRR I, U AR AW Fp-I SRR, X
FIRIASEAER , | T PPlasefE£id & il & B iz 5+
P G P 5, DR AT LG 3 74 420 2 405 nmAb
F W A {E L TR AT BE AR R I A O vk I
PPlase M fiEALIGPE . ML SR, MR UDT TR
SlyD# - HA AEYpiE P (#6)
2.5 SlyDEASHIE

3 3 A TR -5 SCHR AT, AR TTEA
SlyD#E 1 EZ 3 DI RE X R4 A, FKBPAERRH
RIS IR . > F PR D RES AN 42 8 25 &
DXIR(E 7)o 7480 IR 2k S A8 Bl 4 0 1
ZEIREEM TP AR — A AR ZS 3, 1% 25302
FIAEFKBP 1225 [ RV ERE L 254, 4y FFRIBZS
e 3k PR b B B FR M IF (Insert-in-flap)Z5 #4038 . 4@

12~ -+ SlyD
-& Control

0 40 80 120 160 200
/s

6. BAzLITESyDEH R BPPlasefELE M

Figure 6. Catalytic activity confirmed that the

Salmonella C50041 SlyD protein was biologically
active.

Sia XA TR, ZBUE S H AR . AR

AR PRI S RA ML AN Cu™
Zn" 54 R B T R IE R R AL

PEBEE B BT B R LR SE A A W

FKBP-type peptidyl-prolyl isomerase domain Metal-binding domain

1 196
IF-chaperone domain
76 120 146
p4 p3a p5b al

MEVAEKDLVVSLAYQVRIEDGVLVDESPVSAPLDYIL HGHGSLISGLETALEGHEVG
B2 a B6 a3 B9 B8

DKFDVAVGANDAYGQYDENLVQRVPKDVF MGVDELQVGMRF LAETDQGPVPVE
B7 B3 ad

ITEVEDDHVVVDGNHMLAGQNLEFNVEVVAIREATEEELAHGHVHGAHDHHHDH

Unstructured C-terminal tail

-

GEDGCCGGHGHDH GHEHGGEGCCGGGGE GGCGCH

7. BRISTIESYDEBNERSFI S
Figure 7. SlyD domain architecture and amino acid sequence.
A, R ELA LR A 2 B IO S 5 4 % 1 A
MR HFRPOLMEEE . HAT, PPlaseflf
FKBPHEEE . SEIAEH I (Cyclophilin) Ff /N
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(Parvulin) 3R F K, A6 T 0] )8 B (SurA |
FkpA. PpiD%§) ML 5i(SlyD)N . [ J& FiPPlaseH
T HA T HAB B & AR T e e 5 | B 5T
EWRE, B, YWITESurA. FkpATESRE ). Ab
B 1 3 AN U O 84S PP i 25 e
SlyDJ& B HIfF7E T 40 L )it N () PPlase, H 2RSS
R L BT PN S A AR T RS E RN AR R A VBT T
BEJRRA DANZEE ™ 4R I R I o

9 U011 STy DR Y A= 015 8.2 0 e ik
FEH I Re SRt TSR B . P A LR o M R
B, BRI TESlyDE H 5 KB . IR e
HE o AT R IR 181 55 g 2 [m] R () DR >
97%). SlyD#E [ 3% fhi FK BPAE JIK i 2 it i fz S+
MRFES AR . 0T PR D RE AN 45 i 45 5 X334
RE X IRA AL SyDHA — N 37 T 57 A4 il 7% 14
WAL Z AN Z IRES G B0, IE 2l X 2 R &
1 VAR 2 W= =y 6 R i 1 S DY =N R Y
Ao IR AP IR B E B3, Rt SlyDRER
1N SIS B TSR 1w & DK GO W) | S RV
i A SBYIRE . AR R4k SlyDE
RO PPlaselfith, RIUEN] T8R4 193X —
S5O, W H S 1 SCHERAOE A T R R A
—3*,

WA VIR AT R Sy D #E M gl i W K ERK
(Extracellular signal-regulated kinase, ERK)J|F7
TR 22 25 S g TN A T, f2iEE B
ARG SE , RBISIyDER -5 400 20w 1 B HAH
S, SlyDAE Ry —A~ 2 DA A 5 28 1 Gl R 7 it
SNEFEDIRE? E#H N NSIlyDE AT SR E A
HEEG, W =B R E S Tat R Gt i 2 4
AN, SRS e A E A EAE . IR YD
[T SlyDEE H LA E A . S5 E B A B
Wi 240 M ) B A EAEAS AT TR AT ST

TR WECRASTS ,  EB RS DR Y LR ]
BFE, X E AR, @SR
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PO, 7S TEA . ATP-REER AR 1
1 4 B AR 1 (IR 2R o S il | ik —
S PR AR A5 2R 8 S AR A i B . tmRNAEL
#EMHRNARIEL SERNAR NS, WOl 240 ik
AR BT i bR B B A R B ) B R A R —
SsrAZR S tmRNA R 45 Al LI SlyDZE 11, SlyD
YER—ADIREINL Z R, —ESHRIT]
PANOREE ARG, [FIREEAR AT — PR R
FET A AR OB T 1 [ 5 2 4 e AR A ek
PR A S W E 5 A B 5 20 T ik IR Zh BE 1 A R T
Bt ABFZEH E &k pGMBI152H EE 7 4 V0 1]
PFC50041AslyDERK N, i1t SOEing PCRE A I
T RV PR R OURE S T R YD IS
B, i ELA RT3 R G IR R bR 4R, B Cm i
AAshyD R Bty 5 i3k AR R B A
PEAANE LR, ARSI T BRICRRAG A 02 4ok
AR I RUPTTHC5004 1 Asly DERK
P, Fkaifbi) A A EHRNSlyDER, AT
JESlyDR I RERFFR AL T U7 A Pk Kl
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Deletion-mutant construction, prokaryotic expression and
characterization of peptidal-prolyl cis-trans isomerase SlyD
from Salmonella enteritidis

Rongxian Guo, Shanshan Zhu, Yang Jiao, Shumin An, Ying Xue, Xiao Fei, Shizhong
Geng, Zhiming Pan, Xinan Jiao

Key Laboratory of Zoonoses of Jiangsu Province, Co-Innovation Center for Prevention and Control of Important Animal

Infectious Diseases and Zoonoses of Jiangsu Province, Yangzhou University, Yangzhou 225009, Jiangsu Province, China

Abstract: [Objective] Salmonella enterica serovar enteritidis is an important food-borne pathogen of human and
animal. To further study the function of SlyD associated with virulence and regulation in stress responses of
Salmonella Enteritidis, we constructed slyD gene-deletion mutant, , expressed it in E. coli, and characterized the
PPlIase enzyme obtained. [Methods] The slyD gene-deletion mutant of Salmonella enteritidis C50041 was constructed
by suicide plasmid mediated homologous recombination. Salmonella enteritidis slyD prokaryotic expression vector
was carried out in E. coli, and PPlase activity of recombination SlyD was measured in protease-coupling assay with
chymotrypsin. For amino acids conservation studies, functional domain searches and secondary structure predictions,
the BLAST, SMART, TMHMM, SignalP, PHD and SWISS MODEL were used. [Results] Salmonella enteritidis
C50041 AslyD mutant strain was successfully constructed. The growth rate of s/yD-deleted strain was identified
consistent with its parent strain C50041. A soluble recombinant SlyD protein was expressed in Escherichia coli
BL21(DE3) cells and confirmed by SDS-PAGE. Catalytic activity confirmed that the SlyD protein was biologically
active. Bioinformatic analysis showed that Sa/monella Enteritidis SlyD as a multifaceted protein including three
separated domains, the FKBP type peptidal-prolyl cis-trans isomerase domain, the IF chaperone domain and the
metal-binding domain. [Conclusion] Sa/monella enteritidis C50041 AslyD mutant strain and soluble SlyD protein was

obtained, and the present study may provide a basis for further study of the role of SlyD in Salmonella enteritidis.
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