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i ENSE R DR A 53071, 5 R R IR
TN Ak 05— e S B R PR N T S
Yk 30 B0 15 2 ST R TR B
B, — i FEAEAR KRR AR T 2 AR T i
1% O (LLO)**H,

LLO YEJREALEEZ, J& TR [ W st 1 it o
WS (CDCs)Z M5, REMS 51 = 240 B 5 L[] st iy e
g4, TR ERL 30 nm (9FL, DLERBh AT
PEATRE B2 B AN LLO FE R 3 AR
MRHE L E247 . D208 Il D320 LAY pH 1218 aS
FF X FIREE pH (AR A AR 4 808k, LLO 76 pH A
NF 7 B RIS, 7E pH A 5.5 BRI M
SRS LLO fE N —Fh IRl N T, RESH
T TE AN N 2R S s s, AR 4
H A 5 2 (1 ERKL/2 RIBERRILDS 2, LKA S 75 &=
A Az A E RS {1 LLO X4 th i A
WAEMBEPE, A T AEREM N AR ROIREE, 2 A
LLO 58 L 1 7 32 30— BRI LA B 1 448
U I3 B A2 458 T 552 W 40 B A= A . Decatur 2538 33 b X
LLO 5 PFO (Perfringolysin O)& JLi2)¥ 512, %
B LLO 2 B i S PEAAAE 26 N EAEIR
X 26 NMEIEIR T A E T A LRI AR (P) A &R
(E). Z% M (S)FI 2 (T), HH A4k PEST
e, TEEL MR PEST 41 38 5755 A BHA
N FIE ARG P, B OB KB
ST LLO 2R (i& MR, tb4h, LLO fY PEST J¥
G K I Z AT BERR L7 A, (36 S44.
S48 I T51, 4R LLO 2 idLl PEST JF4IJLH:
2 FIRBERR AL AL 0 B SRR A 1 S 20 S
B FLVAE 0 4 T i A5 0 o BRAS F 58
LLO #& 1 PEST J¥41 I 3 MYEAEBERR ALAL A E A1
AR NN AR BT PEST JF8HEA 72k , 404 LLO
B IS AR I 58 1% 5 4 A 25 0 TR g ik
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1) ERK1/2 BEfR Ak il fE b i AR 2= Dh g o A9
P2 A8 8 H LLOapest « LLOsasa . LLOggga Fil
LLOvsia WWHEHA M LLO AHYH A% MG, 1B
PEST J¥ iR sk RASIEAGE M LLO Y RS 5L 1%
Mo Rt —4 B, B4l LLO M RAFE il
L Caco-2 4l f5 RIS ERKL/2 Mtk o
W] LLO W CEEZE Rl PEST Pl Xt T4 5%
E MR RRe ) LIS IR AR T, Hax4s
A 55 P A5 2R AN 5 M 24 T R T A DR R T T A AR
LLO /% ERK1/2 BRI A i 8, XX F
— R ABIFFE LLO TEZE TR B DA W Ak S 1L )
TR A 2E D RE Koy TR R L

1 »oRAer &

1.1 #e

111 PEMR. BOBLAIREFRAM: 50 AW bk
AR AL T EGD-e MK DHSa Rosetta,
K AARLIGVRATE . EGD-e PR ZEHA T Ki0
= A7 (Brain Heart Infusion, BHI), DH5a [
PR B4 50T % (Luria-Bertani, LB), 37 °C ¥
W FR . JBokE pSL270 il pET30a(+)#5k [ 4
112 FERHF: BHI 8 E Oxoid 23 ;
LB B3 /Bl s TAY TRARA A ; L5
B LR BRI PE N DTG B NEB Al SRR
& 2x phanta max master mix W H Fg 5 i MERRAE
YR A RN A3 T4 DNA ligase 1§ H Thermo
Fisher Scientific 22 w]; PCR P24y [nl i alifk it
F G B e A RHECA R A A 5 BURLEE
AW B R AR A BR A F]; BCA HE K
B2 R S A 3 KPR A F] S ERKL/2,
p-ERK1/2 FI B-actin Hye LA A CST A H];
HRP #ric 3l A Sigma-Aldrich 235, RIKE %
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(50 mg/mL)fif £ F—20 °C, 7E LB Bs3adtrh R %
FE M E N 50 pg/mL,

1.1.3 B9 X FEAFK pSL1553 I,
JF B ) EGD-e BRPk S, #it—Xxf
TP 3G BK PEST JF AL hlyspest 0947 51
1810 X F % hlysaaa. hlysssa FI hlyrsia 2878 KL
i, DS EC AN hly 4 3%k R
pSL270 Skt , Wit mRAZES YK PEST 4
XA 3 A OCHE Z FE MR o7 A S44. S48 Fl T51 #EAT
TE MRS, 43 AT B S AR A . ARG T B Y
5 10 X5 v M 6 R A MR A R W5 R,
YIF oI LR 1,

1.2 J5 hlyAPEST 41 ki fa 2 AIimik

M NCBI F AR HC hly 554 (& %5
NC_003210.1) F#J:5 A Vector NTI 4+,
1t Vector NTIER {4153 hiyAPEST & A /Bt 5|
#) pSL1553-fwd (Nde 1)F1 pSL1553-rev (Xho 1), LA
EGD-e WHR, K54 pSL1553-fwd (Nde I)Fil
pSL1553-rev (Xho )M AT EGD-e LA
AP 15 2] hlyAPEST JE[N o 8 8 FORE
PET30a(+) 2 PCR ¥4 1Y) H Y 2E A - B8 Nde | #11

Xho | XUEFY)H-alifbfe , I T, 3% 420 &‘L%F
AL 2 KIAFFE DHSo B2 &40, @ik PCR

i Ve A5 247 A A TR (IR P8 250 = MLE v 4
pSL1553) H H 2 TR, 25 5 56 Tk 1 4 i HE U AL
AT F—EAEE

1.3 hlysssas hlysssa F hlyrsia 5 ZEZE FRLHE EEF
Ui

PLSER O 3RI5 hly A TR pSL270 A
M, Sl R E R 514 EGD-e LLOsua-fwd .
EGD-e LLOgua-rev. EGD-e LLOgsga-fwd. EGD-e
LLOssa-rev . EGD-e LLOrsia-fwd #1 EGD-e
LLOqrsia-rev X§ hly | 3 M S44, S48 #1 T51
Sy AHET TR R AR . AR B PCR 1A Dpn |
A0 3 h 5 BEA T AEA T A 2 K AT T DHS o 852
AU, 2 56 UE IE A S SR BUTOR R TR —
BHEARIK,

14 LLO BHBEHK PEST FIIRBEHIEME
rH4ik

W ) P 45 R TE A 1) 0 SR R 28 A8 T R e A
KIFHAT# Rosetta 25419, F LB B33t
37 °C }3: % ODgoo 4 0.6, MILA IPTG 16 °C iR
12 h iR ERIEAMED, SOBEREIFE
T 50 mmol/L PBS & ik, X HopkA 7 P Al e
W Jo VAR DU R BRI SR 4 °C 455 6 h,

x1 FABTASIY

Table 1.

Primers used in this study

Primers Sequences (5'—3")

Products

pSL1553-fwd (Nde I)
pSL1553-rev (Xho 1)
EGD-e LLOggsa-fwd
EGD-e LLOgysa-rev
EGD-e LLOggga-fwd
EGD-e LLOggga-rev
EGD-e LLOs5;a-fwd
EGD-e LLO51a-rev

CGCCATATGGAAATCGATAAGTATATACAAGGATTGGATTAC
CCGCTCGAGTTCGATTGGATTATCTACTTTATTACTATATTTCG
GGCACCACCAGCAGCTCCGCCTGCAAG
CTTGCAGGCGGAGCTGCTGGTGGTGCC
CAGCATCTCCGCCTGCAGCTCCTAAGACGCC
GGCGTCTTAGGAGCTGCAGGCGGAGATGCTG
TCCGCCTGCAAGTCCTAAGGCGCCAATCGAAAA
TTTTCGATTGGCGCCTTAGGACTTGCAGGCGGA

hlyspest (1410 bp)

hlysssa (1515 bp)

hlysssa (1515 bp)

hlyTsia (1515 bp)

The restriction enzyme sites are underlined.

http://journals.im.ac.cn/actamicrocn
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i/ 30 mmol/L BKMEPENEZEE I F1 300 mmol/L
IR AR H A 1. BCA 57 £l s 4l Ak i 25 11
WIE S, #6147 SDS-PAGE ¥, JHEFEM I
kgl LLO A1 M, R/ alifbE I E
FREIZ AT F i Y ke i, (P s (SRS vk B2, ]
0.22 pmol/L JE#R i JEBR R I E T 4 °C 1M
15 LLO Hy PEST Fp3lihik K RARTE H LI 40
LS A

43545 pH 7.4 F11 5.5 BYF 5% 48 2F I 21 4
RIS 2 ng/uL B3 AR R 43 5 1M 1000 r/min
4 °C #.0> 10 min, 3 EIHAA400)2 . InAZEH
HhAKBRBRELZLAYE, 1000 r/min, 4 °C .0
10 min, 7+ FiEIFEE BB 2 I KL g A
A FRERK DL 1:20 YT, ROl 5% r 4 A M 214
ffl-A: R KB . 4 BRI BRI PR S P AR
HHEERBIRS, #8T 37 °C KRN RN
30 min. KNSR AIR -G 12000 r/min B0
1 min, HCEJF 200 pL finA 96 £LikH, W ODssoo
1.6 Western blotting #2825 25 H %) 41 il ERK 1/2
B AR

Caco-2 Ziffd LA 1x10° AM/mL 5 FEAl T 12 FLIR

(A) (B)

x5 .6 AN %
P B S 5 8
NN N N N N
Qco\)&\/

TR B R BT TR A PR A7 B T LA 5 nmol/L
WESAMIRS, BETHFMADRET 30 min, £
PRANAREEFRM, F PBS Yl 3 YU 247 4 i Il
£, 12000 r/min, 4 °C .0> 10 min, ZBRILHE,
Kl FIE R PR BT R E AR, SR AR
B I 5 AR R A AE 5 WK E 5 min SRR
W FE M iETT SDS-PAGE JG Al TR IR =
PVDF Jii |, F 5%l Wik PVDF fsdtiA 1 h,
TBST ¥ 3 i Jm 40wl 4% el in A ERK1/2 .
p-ERK1/2 FiI B-actin B FCFEHUAST 4 °C BEH 7K
Ve 3 S MA HRP ARic i —Ht (Ehi sl ot
BO4RZEEE 1 h, 5o IR R Gtk It ot
R

2 BERFAA

2.1 hly,pest A BRI 2L

DL A A ) EGD-e SEI 4 WA, B
W 1 fiR, @it PCR #3458 hlyapest ZEK
B, 25540 1-A F1 B fiizs, PCR ¥ AYSEIN
BrKEZ)R 1400 bp, SEHIY hlyspest L
(1410 bp)tH¥I4, PCR 4 34~ Akl pET30a(+)
s O
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2000

1000
750

500

250
100

bp bp M < < T R R
15000
10000 2000
7500
5000
2500
1000 'ggg
500
250 250
1. PEST FHIEHRRHIE
Figure 1.

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.
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ZWEY] . WHES ., ¥ A DHSo BREZASAUM, WA
THRIERE LB A b, PhHURITEZ: PCR
Bk PR EUBOREIE 2 Iy, P2 2R 5 E R0 hly
FEHIELXT, B S PEST 741, 5B E 4l ik
PRy, 13 3 E L kL pSL1553.

2.2 hlysuas hlysssa F1 hlyrsia 52838 BB R 22

DL pSL270 Stitl, 51¥ansk 1 o, @i
PCR ¥ 34435 hlysasa. hlyssga Fil hlyrsia A5 5
AR A Ok S5 R N 1-C ity , PCR 34 iy g
A B2y 1500 bp, 5 B AT 53K 1K B
(1515 bp)MIW) 4. #% PCR =¥ Dpn | 2 H1 %t
fbJaaifth, PO A DHSo B2 541010, %
fi FHRIERM LB i b, PRI v ey
I 12 h e BEBUBRLE 2 /1T, B S5 AR R
BLINAFE] 3 AN 5EAE ik
23 IR/ EHEH LLOspest~ LLOssax
LLOsgsa 1 LLO7s14

W T TR pSLL553 K 3 Ak 287 T 43 il
POEE AL AR AT Rosetta JESZ 540 e, {5 F
IPTG PRI 3Ris . MR, RS BrE ik
(1 2 20 2 A TR AR B B SRR B R R . RS A R
HEAMEES, SBHEMZENE, sifkf3s)E
ZHEE T LLOgpest. LLOsua. LLOsgga A1 LLOrs1a0
HAE BT IS, #17 SDS-PAGE, %5
R 2-A PR, SEAEHEN LLO 44X 1,
B4 B 8 B R T4
2.4 PEST P37 558 H ¥ TG 4 Hr

pH 5.5 f1 7.4 J:55 F, LI LLO HHEH M
PEXT B, PBS ZHAE b BT XT B . 45 R L
LLOupest+ LLOgsasn LLOsuga A1 LLO7s10 BJE A
WA MG . fnE 2-B ffzs, pH 55 HIE T

£ 20 M 20 L B 43 i, pH 7.4 BREE TR BY£12H
R 5w, B pH 5.5 B A9 & P48 pH 7.4 B
MRS . &l 2-C Fow, #E pH 5.5 fil 7.4 544 F,
LLOxpest+ LLOsasa LLOS48A$H LLOTslAﬁJﬁﬁﬁl
LLO MY AP MG M, $iA] PEST ¥ 41k 558
AT LLO AR 16 1

25 LLO Ky PEST FAIRAEHYRETI R4
ERK1/2 Bk %

AR RY LLO REMSE AN+ ERKL/2
E R AR, (BXF PEST 511 S44., S48 Al
T51 (LSS T A 5 J 5 LLO 2 Pk i =40
if ) B R A v AR L R U R AR B 1 43 B
Caco-2 4 i#E7 799 75 I FI F Western blotting il
i ERKL/2 BEFRfL AR S5 EB, S5H
XS H, LLO LR 8 1 R B4 i ERK1/2
EAWRRL, FW LLO PEST ¥4 M 3 Ml
HIBERRALAL ST A 4T ERKL/2 & H I BER
b, W 3.

3 it

P A A A 3o L A T 10 1 R P 1L
LA R, BRI U5 R e
b, BRE LB R LLO A, (EPR
IR IEE(PICA A1 PIB)FYZLRI 2 5 F | A 5 g s
ST R R AR, R P22,
B 2 R B PO 2 ) B A R
FREGIEARAR B 53 1 S B A R, 1
R, LLO A g I B 4 R 3 ¢
(CDC)Z Ml — BV 4 T S M T T 2 BT A
CDC 1, fudfiok [ PSR E LS Z O,
PR R RIS R O, IS HEBR I 0 I S BR
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Figure 2. SDS-PAGE analysis of recombinant proteins LLO, LLOppgst, LLOsgsa, LLOssga, LLOrs514 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.
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3. EHALLO RERTMHERHEMM ERKL2 BELLK TS
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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Ve I R AR [ AR BB A B BRI IR L K, R
A LLO # b AT ER e E R, HiAth CDC 3
VT IR B AN 15 i fE A i 2. IR,
PRI LLO AN 2iidsfe F M . dekedti i N2k
A IR T2 s R R AL 22 G E

TG, LLO HAM pH R (R uF AR i
HE R, IR E AR R . S4h,
i FHAth CDC T AfEE PEST #3541, {8 LLO
(%) PEST P8I ASEBR A 1L 2 O(SLO) Y= HR
Ui PR SLO MOZMM 221228, (M ik PEST %41
X LLO WGP AR U A B2, R PEST ¥
G 58 A RHA SRR A G, (HE AR R
LLO 1y PEST #7414 R0 2 11 ik s 122
ARWFFE RSP Fe ik PEST A fBik 2k DL K PEST ¥
G =AM SR B AL T, AR pH A 58
ASE TR ML, K PEST FAIEMMSMET
Xf LLO IARSNE i BE S Ws AT 5200, 11 PEST Jy 51 e
MBERR (LR LR B S44, 1R MAPK A i 4
H—&B4, FHBEA R LLO X F 15 £ b Rz 4i iy
ERK1/2 & AWML IS . A4 PEST X7 LLO
REA G EREMNAEYE L7 L Chen S5 HF
FRMAK LLO — H Al S5, Bl BV A s
FIHS, miEk= PEST #ER41Y LLO K43 PR B
FERRE P, TS DR R R 1 2(AP2) 4L
53 Ap2a2 ME— IR 2 S8 A B THA 1
FAERNE R, M LLO Y PEST FFolagagid@id
Ap2a2 BHIE RS, {2 LLO ilat PEST 3414
1 4 L P A ML 1 LR D B R B . 9 A
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Roles of the PEST-like sequence of Listeriolysin O from Listeria
monocytogenes in activating ERK1/2 phosphorylation

Tiantian Ma”, Yi Hang®, Qi Tao, Xiaorong Yu, Yiran Zhu, Houhui Song,
Changyong Cheng”

College of Animal Science and Technology, College of Veterinary Medicine of Zhejiang A & F University, Hangzhou 311300,
Zhejiang 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, S44, 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 (LLOapgst, LLOsg4a, LLOsgga, and LLO1s14)
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
5 nmol/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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