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mFENSE R R A S5 ), JEY EBEIBIE R
T AN M AR S5 — e e B O T o o
Ik 3% B A T S AR T RS TR
B, — i AR KRR B A T 2= 0 R v
1% O (LLO) ™,

LLO YEJREALEEZ, J& 1R [ A o 1 o
WS 2R (CDC) AN, REMS 151 = 200 Hf 5 L[] st iy e
gE4y, T ERL 30 nm BFL, DL AR R
PEATRE B2 B AN LLO A 3R
FRHE L E247. D208 Fll D320 # i pH 14 I8 as i
A3 ILXT FEREE pH (EAS LA S 8Usk, LLO £ pH (&
AINF T BRI, 7€ pH b 5.5 B M e
SRS LLO fEh—Fh 2Rl T, BRI
T AN N 2R A S s s, R A
AfUML R B 1 ERK L2 IR 1L, LU KA S48
AR N R I A4 L L LLO X4t it th HLAT
WIERBETE, b T 4EREMI N AR ROREE, T Rr A
LLO 1138 A B 1 75 2 32 3] — s FR A LA B 1 4
JHf0J5 B 2 45 1T 52 0 4 P A6 A . Deecatur 5538 12 H X
LLO 5 PFO (Perfringolysin Q)& L) ¥ 5%, %
B LLO # F & B R s 5 PEAAAE 26 SRR
X 26 NMESERITHE O A SR I AR (P) A 2R
(B). 22%R(S)FMINEPR(T), JHHEkar4 R PEST
Fedl . TEEAZANTh PEST ¥4 3 5 & FlHA
N FE ARG P, BEairrRIZE T
ST LLO & (TGP, 4k, LLO iy PEST J¥
G K I AAEAE Z TR LE BRI s, AUFE S44.
$48 Al T51, 4R LLO & 75i@ ik PEST FE4l i H:
2 FIRBERR AL A7 8 B I MR T A S
B WAL 43 F LI i A A5 00 o R b AR i 50K
LLO %1 PEST ¥4 I 3 MEAERER I 5
AR AN AR BT PEST P81 780k, 430 #F LLO
B E MR I 5027 9 76 2 e 1 B e fioh
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1) ERK1/2 R Akt B vh () A W7 T e o ASBFIE
MR AEH I LLOapest « LLOsua « LLOsgea Hi
LLOrsia W EAF LLO AHY A% s, i
PEST J¥ 4l B FH AR LLO ARG
o DRt — LB, FHAH LLO RH A
M Caco-2 45 4 REMTE ERKL/2 BYBERR L. B
FERW] LLO ByRHELS M PEST 741X T 4%
AR R R RE ) R LG AR TR, %S
A S P S5t 5 AN 52 Wi 2 ST R T A JR G i 3 I OB
LLO 4t ERKL2 BRI LA, XXt T
— B IRAWIIE LLO 1EZ= 1 B A W A4 1k S AL
H R ER A )2 IR Mo TR A B

1 AAey ik
11 #he

111 AR, BRI X5 B R A
HAITR T EGD-e IR #T A DH50 Rosetta,

K AARSLIGAAT)E . EGD-e AR T T3t TN O
1= A7 (Brain Heart Infusion, BHI), DH5a &
PRTF B4R F A% (Luria-Bertani, LB), 37 °C #&
W IRE . Bk pSL270 il pET30a(+) )3k [ 4
112 EERH . BHI BRI H Oxoid A+ ;

LB RiFe ey H By TR TR R H; SLI8
Fi I LRRBR S N DI B NEB 23w 5 R HER
4T 2% phanta max master mix 4 [ 5 57 i e A=
IR AR/ ; T4 DNA ligase g 1 Thermo
Fisher Scientific /Al ; PCR F=# Ik B 4fifk i
FEMW B gAY RHECA BRA A 5 BORLHR
EA & B KA R A BR A H]; BCA S
B2 =GR & B m RAEYHAR A\l ERKL2,
p-ERK1/2 il p-actin B g fEHIAIN A CST Al ;

HRP #7ic — il [ Sigma-Aldrich A wl . R £
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(50 mg/mL)fi % T—20 °C, £ LB B3k K%
E W E N 50 pg/mlL .

1.1.3 5F|¥: X FEA R pSL1553 (&,
It AR EGD-e Bk &REH A, Bit—XF
AT g6k PEST Jp 5L hlyapest BFFE 514
514, XFF & hlysasa - hlyssga AT hlyrsia 575 5 hi
R, ISCI = E A 1Y hly 341335 ik
pSL270 Syt , Wit R RZES YK PEST 4
X[ 3> Kokt G JE R 07 15 S44. S48 I T51 4T
ERIAR 4y A B SRR A AT S P 2
19340 H 0 JH 4 MR AR )RR A RS RS A
YIF A W3 1.

1.2 Ji#k hlyAPEST ZE4 kit B A vt

M NCBI 3R hly 3 [ 551 (&% &5
NC_003210.1) F#3+5 A #| Vector NTI ¥/,
il 1 Vector NT1HER %11 hlyAPEST JE K | Bt 95
¥ pSL1553-fwd (Nde I)Fl1 pSL1553-rev (Xho ). LA
EGD-e mktk, K54 pSL1553-fwd (Nde 1)F
pSL1553-rev (Xho )M BLIE2 4% EGD-e Jt: A
My 15 5] hlyAPEST K:[H ., 3K #0K 5k
PET30a(+) & PCR 411 H i K i Bt 4 Nde |
Xho | SUEFYIIFLEAb I , I Ta 3% R &‘L%F
AL B RHFT I DHSo JEZ 41 H, B PCR

i 30 75 1) 7 A E 2 R (AR 0 S 3 = M e A 4 N
PSL1553) Ay FZH B, £ 5 B6 ik 1 i B BT A
T T —PEAEKE
1.3 hlysua- hlysia FI hlyrs;a 52578 BORL A EEFI
i 1%

PLSEI 2 BT #235 hly FL4L ok pSL270 At
M, 35l R E R 519 EGD-e LLOsua-fwd,
EGD-e LLOgua-rev. EGD-e LLOgga-fwd. EGD-e
LLOgga-rev . EGD-e LLOrsa-fwd # EGD-e
LLOqsia-rev X} hly I 3 M fi S44, S48 F1 T51
Gy HER TR R AR . #4521 PCR ¥ Dpn |
AE B 3 h 5 AT A I Ak 2 R i DHS50 /245
BANME R, SR I E S SR BURR T —
BEARIK,

14 LLO HEAHEH K PEST FIIRTEAFEEE
k5

DN 85 SR T A ) R A R R A TR
KA Rosetta /Ssz 5400, F LB i3s3t
37 °C 7% & ODgyo M 0.6, fIA IPTG 16 °C 55
12 h i KERIEHWEN, SO0RERAEIFE
£ 50 mmol/L PBS & it , X HEA 7 PRk e
R i VAR 5 MRS BRI SR 4 °C 454 6 h,

x1 AREETASY
Tablel. Primersused in this study

Primers Sequences (5'—3')

Products

pSL1553-fwd (Nde I)
pSL 1553-rev (Xho I)
EGD-e LLOgya-fwd
EGD-e LLOgyp-rev
EGD-e LLOgyga-fwd
EGD-e LL Ogga-rev
EGD-e LLOqs14-fwd
EGD-e LLOy51a-rev

CGCCATATGGAAATCGATAAGTATATACAAGGATTGGATTAC
CCGCTCGAGTTCGATTGGATTATCTACTTTATTACTATATTTCG
GGCACCACCAGCAGCTCCGCCTGCAAG
CTTGCAGGCGGAGCTGCTGGTGGTGCC
CAGCATCTCCGCCTGCAGCTCCTAAGACGCC
GGCGTCTTAGGAGCTGCAGGCGGAGATGCTG
TCCGCCTGCAAGTCCTAAGGCGCCAATCGAAAA
TTTTCGATTGGCGCCTTAGGACTTGCAGGCGGA

hlypest (1410 bp)

hlysssa (1515 bp)

hlyrs1a (1515 bp)

The restriction enzyme sites are underlined.

http://journals.im.ac.cn/actamicrocn



352

Tiantian Maet a. | Acta Microbiologica Snica, 2020, 60(2)

i/ 30 mmol/L WKL 2 4 1 A1 300 mmol/L
KRR AR H A 1. BCA 55 £l 5 4l Ak i 85 1
WG, T SDS-PAGE ¥l FHIRIEEM ik
ikafifk LLO A& . fFefa iy m 3
JEEAE AT J i 2k A, (s (SR ek B2, )
0.22 umol/L JE#R L JEBR R I E T 4 °C ¥ M.
1.5 LLO K PEST otk XA 1 L 40
ke

43 ) % pH 7.4 1 5.5 (7% 5% 45 - L 2T 21
RIS 2 ng/ul (92 R o #4051 1000 r/min,
4 °C &> 10 min, 3 EIEMAA0M)ZE . AL
KRR ERLAHM, 1000 r/min, 4 °C Bl
10 min, 37 FIEIFEE FiR BT 2 Uk, K21 40 A
AEFRER KDL 1:20 TRAT, BOll L 5% 2 - I 21244
ffl-A= K BIR . 4 PR BRAL B BT R S
EAERBIRS, BT 37 °C RN Y
30 min, HF SR IRA K 12000 r/min B0
1min, HCEF 200 pL finA 96 fLik ', ] ODssoo
1.6 Western blotting 828245 2 X 4i il ERK 1/2
BEBREN

Caco-2 4L 1x10° A~/mL Bl T 12 FLIR

(A) (B)

bp bp
15000
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7500
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2500 1
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250 250

I AGFR BB A I BR B O 2 1 L 5 nmol /L
WESAMMIRG, & THFEDRE 30 min, £
PRAUAREE SR, FH PBS ViV 3 URJm 248 4 i I F I
££, 12000 r/min, 4 °C &.[» 10 min, EBRIE,
iRl MR - 7 9525 7 R 4 = N S TR R 3
G I LA B AR R A5 FE 5L B K& B min JEBEES
PR ET T SDS-PAGE i Rl T4 L i B &2
PVDF i -, F 5%t AR5 H# PVDF st FA 1h,
TBST ¥ 3 i J5 40wl 4% el in A ERK1/2,
p-ERK1/2 I B-actin By pEHLIA)T 4 °CIF T LK,
Pk 3 EMA HRP FRiCH (AP Eht
BOARZEEE 1 h, 5 FIHRR R G IT ot
EE

2 SR

2.1 hlyapesr B4 BB R H 2L

DL A TR 1 EGD-e KR4 WA, Bl
Wz 1 prR, @it PCR P 315 5] hlyapest 2 A
Bro 455 E 1-A 1 B R, PCR YRR A
BeRK 228 1400 bp, SEHIAY hlyapest JE R AU
(1410 bp) M4, PCR ¥ 3a7=4F1 5k pET30a(+)

g
W

M

& 1. PEST FHIEHRKNAME
Construction of PEST sequence recombinant plasmids. A-B: hly PEST sequence deletion PCR
amplification and verification; C: amino acid mutations PCR amplification; M: DNA marker.

Figure 1.
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ZWY) . WSS, $5 A DH5a JEZASANM, WA
TERIRERN LB Pk b, SR repEs PCR
Bk e SR BUTOR A 2 mI R, W FPEE SRS E 0 hly
AT, A AS PEST 41, iHH B4 Fok
S, #3F E LR pSL1553.

2.2 hlysua~ hlysisa Tl hlyrsia 5 58738 BB B 2

DL pSL270 At , 519Nk 1 s, @it
PCR ¥ #4453 hlyssa. hlysiga F1 hlyrsia B9 5 %
AR A Ok S5 R AN El 1-C R, PCR 38 g
KA BEy°h 1500 bp, 5 B AT 43 1K B
(1515 bp)tHMI 4. ¥ PCR 7=# /] Dpn | 2= H 3t
fbJaaifh, Pk A DH50 &2 54100, %
i FHRIERMN LB i b, PRBCA v pe s
3% 12 h JE $EBUSOR 6 A /LY, FOX 25 R R
BLINAGE] 345 AR k.

23 BMUKBEHAEH LLOspest LLOswua
LLOggga Al LLO7s1a

B YLk pSL1553 K 3 A~ i 28 A8 Uk 43 )
PO A KT I Rosetta J8sz 40 fdHb ,
IPTG i S IRk, R, BB %R
{14 T 21 2 T DA TR R P R Rl 1 ke . ARAS B
AWM, KBRFCEMZEN)E, sifbf3sE
ZHEE T LLOpest. LLOssn. LLOsyga F1 LLOrsiac
HAE AR NENTAME, 17 SDS-PAGE, 45
RWE 2-A Fn, SEAEHAEN LLO FAFXS I,
A B 8 B AR
2.4 PEST P3R5 8 B MG

pH 55 fl 74 45T, A LLO EHEI A
PEXS I, PBS ZH A O B PR XS IR 45 OR &
LLOapest. LLOssa . LLOggga Al LLOrsia $JHAT 42
W R A MPLS . WK 2-B FiR, pH 5.5 B T

(LT AN AN AR 4B i, pH 7.4 IRBE T I 2rdn
Ay W weE, B pH 5.5 i A3 L 15 4 pH 7.4 15}
MR . WKl 2-C fizn, 7E pH 5.5 F1 7.4 54T,
LLOnapest LLOsusn . LLOssgn Fll LLOrs1a 1 HATFNI
LLO MY MG, UiRH PEST J3 41k 5l 58
AEFEATEIR LLO F RS 2 5k

25 LLO Ky PEST FF3IRAH HHRET | A2 40
ERK 12 BifR{b R X

MR LLO R 54+t ERKL/2
ER AL, (X PEST F4I1) S44, S48 Fil
T5L AT 94 5 & A 520 LLO 25 v 1 4
JEL ) B R Ak v AR, TR UG ) P 28 AR 2 11 4 )
Caco-2 4 il #E1 79 7 I F FH Western blotting il
A ERKL/2 BRIk K- 25 R LB, 52 H
IXFH, LLO Ko 2R P 4 RE T E 4 il ERK1/2
E AR, P LLO PEST 41 & H: 3 NETE
MBS AL S A A ERKL/2 25 1 B2
b, WA 3.

3 ik

P 2 R RE o 2 AT W P A A A
FUMFL SN A R, FRWIAEAE T IR E R AR
H, BERE R NALEER LLO ZEERIE, TEPIRhal
HBEIREE(PICA I PIcB)A L RIZ 5T, /i & il 2
WA bR 1S R AR, IR R,
SRR R X R O A BARACA A A K
IEEIFORAP B B 2 1 R e R AT R A
X B, LLO Ao AE AR 1 M 3 %
(CDC)Z iy — BY VR HE T SCHVE . WAL P A
CDC , fuffik A/ MR E TSR O,
DIEAFR R BYIRIE R O, il S Sk BK iR A i 2 BR A
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2. EZHZEH LLOspests LLOguas LLOgugas LLOrsia B SDS-PAGE St RiAILEE S
Figure 2. SDS-PAGE analysis of recombinant proteins LLO, LLOapest, LLOsgsn, LLOssga, LLOts14 and

hemolytic activity analysis. A: SDS-PAGE analysis of LLO and variants purification; M: Protein marker.

B: Hemolysis of proteins at different pH environment. C: Hemolytic activity analysis. ns. no significant level; *:
P<0.05.

(A) (B)

& > & o 5 ERK1/2 £ p-ERK1/2
X O 0\3@ oF o o = 0.8 2 08¢
¥ Y Y Y < <
< 0.6r S 0.6F
T e ] S
| | 2 04 % 04
p-ERK1/2 = —— o .
5 02 < 021
BrACHN | m— s— — — — — 2 h
& 00- S 3 00 N
S ol R Nt a4 = N P AT
VARSI S & GRS

3. EY LLO RERTMHERRIEMM ERK L2 BERLKTE 2
Figure 3. Analysis of cellular ERK1/2 phosphorylation level. A: Western blotting analysis of ERK1/2 and
p-ERK1/2 protein expression in Caco-2 cells incubated with LLO and variants; B: The gray scale analysis results of
proteins expression; ns: no significant level.
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Vs L R A AL MM BEER B A BEER AV R, 1
A LLO #ifb AR R /ER, Hifth CDC 3
VT R B A NS 15 1 A i 24 . IRk,
PRI LLO AN aiidsfe M . dEfrdti i N2k
AT T2 B R AL 2B G E 2

e, LLO HAM pH & fRiF A i
TSR, RS AR . A,
i FHAth CDC HFAfELE PEST F£/351, 8 LLO
1) PEST J@ 4 I A S BRI 111K O(SLO)AY KR
Ui xR SLO YL M B2, Mk PEST 41
X LLO W& MR AR U h B2, R4 PEST ¥
G 58 AR SRR A OC, (HE AR R
LLO iy PEST BEFF 81 AR R i & 1 Bk e v
WS ARSI FE 35 PEST 4x#Bik sk LA & PEST f
G =AM s SR B T, AR pH R A 58
E RIS E, K PEST FHIERMESEMET
X LLO R4Mgs Il BE T WA 520 . 1 PEST J351
FITEIR LR LRI S44, 18 MAPK g i 5
B—&R5r, HEA W LLO X F1E £ b 40
ERK /2 & [ AL I - B4 PEST Xf F LLO
A G BN A4 L ik Chen 51T
FRMAK LLO — B G5, Bl B M5
%, TEkZ PEST FEJF 4R LLO K41
FESEHE EP T U R AR R 1 2(AP2) 41
5y Ap2a2 ME— L HIIFE R SF A B T I A 7R ]
(A BE R, i LLO My PEST J¥31REMsE it
Ap2a2 BHIE B 5, B LLO i@l PEST J¥41iH
1 4 EL P A ML LA D DR e R R . 3 A
X —WFE R 2 /N B cDNA S, b2
TRV b O P IR R B Y, MR
KA T il — IR R WA

LLO 5 FIAE I [ B i i 2 AL 3R S 2 1

EE O AR R R AR A, RIS R
SRR WA IR A A S RS, CA i
FERWNZE A 5 E 16 T 40 BUB T i 7 40 i
W Ca P . KM, AT (4 ERK £
NI Z 605 o6 iR R E N IR W RETE
L P g e A Y, X R A AT R B
Ml A A B A AT LLO BR ERK L2
i b OCHR A AT RE R AR HAE, HATIZAEE IR
TEE— IR

4 %@

AT A IR RIX T HHAR AL EA
LLOpest LLOsga. LLOssgn Fil LLOys14, TESEAE
PEST [y 8tk 8548 J5 , 76 pH 5.5 F1 7.4 2544 T,
LLO ¥ MG PEAZ 520, Uil] PEST Jy 41k 5k
ZRAFFAFEM LLO MR RIS . H PEST 751
3 METEMBEER LA AR LLO $%iG
ERKL/2 iRk, 45 Ry ik — R R 2 e o
Yt PEST 4% LLO &AM I e T
TE 53 F- BT B9 JE it

Z % 3 W
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Roles of the PEST-like sequence of Listeriolysin O from Listeria
monocytogenes in activating ERK 1/2 phosphorylation

Tiantian Ma’, Yi Hang®, Qi Tao, Xiasorong Yu, Yiran Zhu, Houhui Song,
Changyong Cheng’

College of Animal Science and Technology, College of Veterinary Medicine of Zhejiang A & F University, Hangzhou 311300,
Zhgjiang Province, China

Abstract: [Objective] The determinant virulence factor Listeriolysin O (LLO) of Listeria monocytogenes, a
foodborne pathogen, contains a unique N-terminal amino acid sequence that is absent in other cytolysins and was
previously referred as the PEST-like sequence (containing three putative phosphorylation sites, $44, S48, and T51).
We here, therefore, aimed to explore the biological roles of the PEST-like sequence in LLO-induced ERK1/2
kinases phosphorylation in human epithelial cells (Caco-2). [Methods] The plasmid for expressing the recombinant
LLO was constructed and transformed into E. coli Rosetta, and the his-tagged soluble protein was purified using the
nickel-chelated affinity column chromatography. The LLO variants (LLOapest, LLOsaa, LLOsyga, and LLOrs14)
were then obtained by using the site-directed mutagenesis strategy and expressed as above for LLO. The hemolytic
activity for these recombinant proteins was assessed by lysis the erythrocytes, and moreover, effects of LLO or its
variants on ERK1/2 kinases phosphorylation in Caco-2 cells was detected by using the Western blotting method.
[Results] The results in the present study showed that the recombinant LLO, as well as the four LLO variants were
able to lysis the erythrocytes at pH 5.5 and pH 7.4, suggesting that the PEST-like sequence was not required for the
pore-forming activity of LLO. Besides, treatment of the LLO or its variants at the cytolytic concentration of
5nmol/L could significantly induce ERK1/2 kinases phosphorylation in Caco-2 cells. [Conclusion] Our data
collectively showed that the PEST-like sequence was not necessary for the LLO-mediated perforation ability on
host membranes and not required for the LLO-triggered ERK1/2 signaling, which laid the foundation for further
exploration of the potential roles of this motif during L. monocytogenes infection.

Keywords: Listeria monocytogenes, Listeriolysin O, the PEST-like sequence, pore-forming activity, ERK1/2
kinases phosphorylation
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