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Abstract: [Objective] To investigate the impacts of the amino acid residues at position
253 (glutamine, Q) and 254 (isoleucine, I) in the B8 sheet of the D3 domain of listeriolysin O
(LLO) on the biological functions of Listeria monocytogenes. [Methods] We constructed the
mutant proteins LLOgqzs3a and LLOpssa and the mutant strains hlygrssa and hlypsia by
homologous recombination. After the expression and purification, the mutant proteins
examined for the hemolytic activity. Furthermore, the growth, adhesion, invasion, intracellular
migration, and proliferation were compared between the mutant strains hlygas;a and hlysaa.
[Results] After the mutation of the corresponding sites, LLO proteins could be expressed
normally. However, the mutant proteins and strains lost hemolytic activity at pH 6.5, and the
hemolytic activities of LLOpssa and hlypssa were restored at pH 5.5. The mutant strains
showed no significant differences in extracellular growth, adhesion, and intracellular
proliferation compared with the wild-type strain. However, the invasion and intercellular
migration of the mutant strains were significantly lower than that of the wild-type strain.
[Conclusion] The mutations of Q253A and 1254A in LLO cause the loss of hemolytic activity
at pH 6.5 and a reduction in the bacterial infection, the specific mechanisms of which remain to
be explored. This study establishes a foundation for deeply understanding the impact of LLO
structure on the biological function of L. monocytogenes and holds significance for the
construction of point-mutated strains of L. monocytogenes.
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B A MBS AR 2 KR O (Listeria
monocytogenes, LM), i FR S 2= ke e, & —
P32 AFTE T A SRR BE 2% P VR
WA, ATLATELIE . K. Y. i A
UNGIF R (I R R IR e R S o SN
0. ZE USRI AR 2L, wlEl
EIMCMAE . MR . B ILI = F 2, X
FER A GK 20%—30%PT . BRI 2 3 e T RE 06 7
4-45 °CHTREE A, Jodad AR R 5
BT AR AP, I, VKA AR VR A AT
ORI W R R A AR R L .
Ab, AN HAG W R T R A B, BEAS
FERRYE B HP A7 TS A

HAE A AR S LR O (listeriolysin O,
LLO), &—Fi hly JEHEREEHNILEFEE, &
T[] AR 1 375 4 Jf 2R (cholesterol-dependent
cytolysins, CDCs) K . LLO =7 # Al kiR
T A T R DG BV Y, JHL A 7 2 B W R
FBE, AR A B A R D o AN BTG E , R
MEEEE S, RPN AER M FEE I HTZ
—B31 LLO W) N K HA & S IRAmR®P) . &
AR (E) . ZZA RO M E R (T)H PEST &
§, % PEST J¥4Inl LAY LLO &M, H
F2 A A 1 B R AL AE A R -
it s EE AR, 2Bk PEST ¥4I LLO
APRELEN Y, XA R, (S EUR
WA TR R SO RE T TR

LLO P IEA R, ffs LLO-A A
LLO-B., LLO-A J& LLO AyiGtEw sy, 452
TR AN ; LLO-B WIfESN LLO (Zh#y
WAy, FEEA TS I E A EAE A, e
AL FIERGALIA . LLO-A AT LIS i ix 26 £L i
SN O T N2 D N 1 @ S e i
LLO A7 A2 B 2 U e T8 X0 1 = 240 52 e )
FEHRZ =", AN, LLO HA 4 45

WODI-DHAL R, HH D1 & T PEST &
G, D4 L& T IHE A S . LLOgoss «
LLOpss fiiF D3 X B8 #1&F, i D3 X5 DI
DX B LA BLAMAE XA G823 7 ] 4%k . LLO B4R
SR ATRE R E R, H D3 XHfiARIE
i’k HB1 5 HB2 MfiEdr & FMERLER T3 LLO
RGP W, A5 ot Rk 4l ik
LLOqs;a Fl LLOpsas RAEE T, FIHFJEELA
IR hlygossa FIT hlyissa Z2A88E, Fll 4%
UG RIS AR AR I G M, DA SR 5878
PRIV A2 he T, itk — AR5 LLO 45t
Xof BRI 2 HIT AR DA A 2 D) R 1) 2 M) B St

1 MRETE

1.1 FEREHHE

ABEFE R R )5 R IR AR pET-30a, i
7R 27 W ORI pKRSVT B 28 U oK T
EGD-e (WT)F1 Ahly (¢ LLO J& 53 2= ke i
R BRZEFLEE 1), KT DHSa il Rosetta,
ANWiE bR A Caco-2, /N B &T 4k 40 i
L929, /NRFZE RN RAW264.7 1 1774 1
A S8 = {547 ; 2xPhanta Max Master Mix .
Green Taq Mix, FLi#HMEREEYIRIE A R
2wl BRI VI Nde 1. Xho 1. BamH I Al
Pst I, NEB w5 JoNTE R BRSO &
RIAAFH AL ) A R A 6.0 A (brain
and heart infusion broth, BHI)fll LB 1%k,
OXOID ] ; RPMI 1640 (Roswell Park Memorial
Institute 1640) . DMEM (Dulbecco’s Modified
Eagle Medium, DMEM)4H 15553 | IfL375 (fetal
bovine serum, FBS) Fl i i (0.25% Trypsin-
EDTA), ThermoFisher Scientific; JG i It £F 4
AR, AR DUMAE R A R A A s RIR
HRMEER, HERHLT AR B A R

/AT
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1.2 SIYIRItS5 &K

Hi4lE NCBI 2 if) B3 2= Wi 14 (GenBank %
SES O NC_003210.1) (9 hly FERHE P, FH
SnapGene #4435l ¥5E31 hly F B9 ¥E51 4
LLO-Nde I-Fwd/LLO-Xho I-Rev #l hly-BamH I-
Fwd/hly-Pst I-Rev ., 58 A5 p 5 41 R 1 4 8 5|
¥ M13-Fwd/M13-Rev, [k zk AH) g 1) 45
EGY) T7T-Fwd/T7-Rev, &M 519 hlygssa-
Fwd/hlygssa-Rev . hlypsia-Fwd/hlypssa-Rev LA 55,
RAZUED| Y] A-Fwd/D-Rev, I ILE 1,
1.3 EHFRRE

SEALREE ERMLE RN, LI
B AR BT AR Bk EGD-e (WT) WA, 4351
5% LLO-Nde I-Fwd/LLO-Xho I-Rev #1 hly-
BamH I-Fwd/hly-Pst 1-Rev, i#iid PCR § 1 hly
LAY ORF Xk, # FiRgRAG 2 A~ H R B
aifb)5, 43915 pET-30a 244 Nde I 1 Xho I
BRI N EIEE . 5 pKSVT #4AH] BamH T Al
Pst T FRfIMENUIEGEAEFYIAL R 2 h, Kalifk)s
FIEEYI =Y FH T4 DNA &4 4 °CiEREL R

*1 AARASIY

Table 1 Primers used in this study

H % ES Y T7-Fwd/T7-Rev, iiid PCR HiiF
pET-30a-LLO A JFAZ R IR TR ; {48 51
Y M13-Fwd/M13-Rev i@l PCR Bk pKSV7-
hly S2H ZERR B0k 5 K S8 (L IE 1 1) F 41 Bk ik 25
BUIHA BRA Y H AR A RS wl#E4T DNA ¥ .
B0 FE IE 0 A9 pET-30a-LLO J5 4% 2 1k Ji Kz Al
pKSV7-hly 21 28 ¥ Bk A A, A a2
AR 51 W hlygessa-Fwd/hlygossa-Rev . hlyiassa-
Fwd/hlypssa-Rev ik PCR $i R#JE pET-30a-
LLOqs3a~ PET-30a-LLOyssa HL2H A% F3K BUkE
1 pKSV7-hlygassa. pKSV7-hlypssa 2 ZFHR T
R JE HE AT I, f I F OE # A pET-30a-
LLOqos3a Fl pET-30a-LLOpssn Ji 4% 35 i A 43
WA 44 pSL3989. pSL3990 (&l 1A); pKSV7-
hlyg2ssas PKSV7-hlyipsaa B R TR a4
“h pSL3983 . pSL3984 (&l 1B).
1.3.1 [F#KRIE LLO REEHEAHFK
535K pSL3989 il pSL3990 #ftfk % 5k
FIRFAZ SN Rosetta, BrEfbr=isfi +&F
HEE R (50 pg/mL)fY LB [EIAREFREL, 37 °Cife

Primers Sequences (5'—3")

LLO-Nde I-Fwd
LLO-Xho I-Rev

CCCATATGATGAAAAAAATAATGCTAGTTTTTATTACACTTATATTAGTTAGTCTACC
CCCTCGAGTTATTCGATTGGATTATCTACTTTATTACTATATTTCGGATAAAGC

hly-BamH I-Fwd CGCGGATCCATGAAAAAAATAATGCTAGTTTTTATTACACTTATATTAGTTAGTCTACC

hly-Pst I-Rev

M13-Fwd TGTAAAACGACGGCCAGT
MI13-Rev CAGGAAACAGCTATGACC
T7-Fwd TAATACGACTCACTATAGGG
T7-Rev ATTTAGGTGACACTATAGAA

thQZS3A_FWd
thQZS3A'ReV

hlypssa-Fwd

hlypsia-Rev

A-Fwd CGCAGTAAATACATTAGTGGAAAGATGG
D-Rev GACAGATTTTCCGCTTACGGC

GGCTGCAGTTATTCGATTGGATTATCTACTTTATTACTATATTTCGGATAAAGC

GTCATTAGTTTTAAAGCAATTTACTATAACGTGAATGTTAATGAACCTAC
GTAGGTTCATTAACATTCACGTTATAGTAAATTGCTTTAAAACTAATGAC
GTCATTAGTTTTAAACAAGCTTACTATAACGTGAATGTTAATGAACCTAC
GTAGGTTCATTAACATTCACGTTATAGTAAGCTTGTTTAAAACTAATGAC

The protective bases are set to italic; The restriction enzyme sites are underlined.
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Kigt 12-24 h, BRECE T B V% S AR e 5]
Y A-Fwd/D-Rev #17HM% 1L PCR 5

A

Nde 1

pET-30a-LLO

iE, PCR %7 FEAY hly D s RAR %3R5

PR VR A Jim S 2 B

Replace

Insert T
fragment

Nde 1

Nde 1 (5 698)-Xho 1(462)

Insert
Nde 1 (4)-Xho 1 (1 599)

Nde |
]
LLO
1606 bp
205 8191 207 408

4 4 2y mp

Im 0s06

prfA plcA | l
regulatory region
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|BamH | Pst 1
|

I T

hly
1 606 bp

4 | oy Ep
prfA plcAl ‘I o

ramalatam: raminn

1 [E#&%3RI1E LLO REFZBEHRN(A) K BIEFHHE hly {32383 E 40 Bk (B) R H 2 SRR
Figure 1 Expression of LLO mutant protein in prokaryotes (A) and construction strategy of recombinant
plasmids for mutagenesis of hly locus in Listeria monocytogenes (B).

1.3.2 BRIZSHERE hly SRTEHBF WE RS 24-48 h, PRECRREEIF] pKSVT %
591K pSL3983 Ml pSL3984 HLFLIL =S B4 MI3-Fwd/MI13-Rev ik FHIESE LT .

PR S AN D, R IRATT & ML T B T S AR BHI WA R

HE R Q25 pg/mL) BHI ARG FRIE, 1630 °C b 7540942 °C. 200 t/min), {&5-10

<l actamicro@im.ac.cn, 010-64807516
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G SEHIRRE A ; WS ET 30 CIyirkn
BHI WAR: g dkrp, B TIEARETR, 62 15—
20 {5, FIH pKSV7 %€ 514 M13-Fwd/M13-
Rev MR UEES Y A-Fwd/D-Rev it PCR
YRR, e th R A R Y . L
7 126 00 TR o DR 2 SR, A R AR S
5% A-Fwd/D-Rev 4 PCR |5 ¥4 8-k 25
Dy, BRI P %2 IR hly LR 28 A8k 4y
B2 M hlygassa F1 hlYizssac
14 LLO RRTEAMERESRIENE
B4t

FRHL LLOqga2s3a+ LLOpsas HLIRVE 2 5 mL 1%
R R (50 pg/mL)AY LB AR R 37 3k o,
37 °C. 200 r/min ¥552d %, KH, % 1:100 %%
#2200 mL 5 RIFE R (50 pg/mL)H LB K
BEFRIErp KB SR, il ODgoo 5% 0.6, AL
WeE 8~ 1 mmol/L IPTG, 4 °C. 150 r/min 5%
8. WH, 4°C. 5000 r/min &[> 15 min I§
FETHIK, 2250 mmol/L PBS VM 3 WG E &,
AR (TR 200-300 W, A 5 s 15 7 s)iiRk
30 min J5EERETR, 4 °C. 12 000 r/min &0
10 min U B3 IR R B3 HERTE 4 °C.
100 r/min 5 FEEK WH, ¥E5E80m
BNFRERS BT, FEAWREIREMA
30, 50. 100 mmol/L BRMEVEMGZE A, Ham
A 300 mmol/L BKMRIEEE LLO S HEM.
LLO mRAE L BCA WF&MEWwE)R,
BGH 2 A LB 4xLoading buffer il i
Western blotting # 4, #47 SDS-PAGE, #uilll
aifb T, FAREORERE I TEIE, HiE
JE R IR 11 AL AR T80 °Crk
b . Zadaifb k15309 LLO MR E A
it %A LLOqas3a Al LLOpsano
1.5 LLO SxRTLEAMRKLTHR hlygssa F1
hlyissa BYA MIE MM E

BOF LR 1M 1 mL BT 2 mL EP 4%

F1, 4 °C, 1 000 t/min &> 10 min, - 3NN
A 1 mL EREAFEKBRESLME, K
B0 10 min, 3 3. KNG R AR HEL
KL 1:20 VEAT, TE AR 2 2 021 240 - A 3
KB (5% SRBC-0.9% NaClh)f#fH., LLO &
GRASFE T MG YD« ] BCA 2] G0l e 2
HE, 3% H pH 6.5 5 10 mmol/L PBS
5 pH 5.5 1 10 mmol/L PBS ¥ 2K 14k & # #%
% 35 nmol/L. fE“U"R! 96 fLAH, ZHE—44L
JIA 200 pL FBAFE AW, 5 2-11 fLh oy
WA pH 6.5 #l pH 5.5 [ 100 uL 10 mmol/L
PBS, M5 1 LI 100 pL & FRMAZIEE 3 4
fL, IRAJEFERE 100 pL 2= F—AFL, ki
ST HRRBEZES 11 ML, BF 37 CHFEAP
9% 10 min, [8ASLEFEEBINA 5% SRBC-
0.9% NaCl, JlA 37 °CE:Fe4f b &85 30 min
J&, 4°C. 1000 r/min .0 3 min, WZHL 150 pL
I EE 96 FLtRH, ME ODsso, DA 10 mmol/L
PBS (pH 6.5 5 pH 5.5)F A X, 1%
Triton X-100 YEABHPEXTEE . 28728 KE hlygassa
hlyiosen LG PEDSE . BRBURREVEIEE 5 mL
BHI 1, 37 °C, 200 t/min £;3E%E ODgo 2K
0.6, B 1 mL B#, 4 000 r/min &.[> 5 min, Y&
£ B 0.22 pm R B8RS UES, B 200 pL
A“URL 96 FLARES 1 LA, JEA 10 mmol/L
PBS (pH 6.5 8% pH 5.5) 7 iELLf5 LR 2
11 AL, mESLFEERFIA 5% SRBC-0.9%
NaCl, BRIRS], HET 37 CHEHFEHMTHE
30 min, JSZE[R] LLO g 5878 8 ¥ i M
—5, DIEFA KR WT R BHE X IR, i g fk
Ahly FER RS IR . 10 525 R 91{# F GraphPad
Prism 9.0 2l %5 i th 4%
1.6 ALz

PRECEY A=tk WT . S PR Ahly. 2848 bk
hlyoo3an A1 hlysea BRI 7% $2FP 2 5 mL BHI )
R, 37 °C. 200 r/min }iFRid0 . K

http://journals.im.ac.cn/actamicrocn
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H, Bl 1 mL %, 4 000 r/min &.0> 5 min, 3
i, A 10 mmol/L PBS Tk, Ji#e W
ODgoo 2 0.6, K% 1:100 %HZE 12 mL
BHI J AR5 35354, 37 °C, 200 r/min 555 12 h,
2 h B 200 pL MIE ODgooo T 3845 5 I8
GraphPad Prism 9.0 2 il 40 B Hh £k .
1.7 ABA_LERE4AA Caco-2 FHMHME IR LG
HEA 10%88 4 113 (FBS)H RPMI 1640
AN MG FR HE T Caco-2 ANMMIEATHIML, HE N
2x10°/4L, BT 37 °C. &H 5% CO, 1%
IR . A AR B AE MR WT L Bl fk
Ahly | ZR7AERE hlyogossa « hlyissa B 6 2
ODgoo M 0.6, F% FE I YL &7 %1 (multiplicity of
infections, MOI)=10 J&4% Caco-2 Zifil., Zhlf.
M Y Caco-2 42 30 min Ji5, F 10 mmol/L
PBS WEEAN 3 ¥k, FFH 1 mL FCHil4F ) 246%
% (0.25% Trypsin-EDTA FI7i74 ddH,0 ##ZHE{K
T 14 IRAEMERDWAT R AN, #ifes &
WG, 7€ BHI BEARFREE B A7 St
. AMfz: Caco-2 AHMIAEAN ARG 1.5 h )5,
P2 By 50 pg/mL &K T £ (F 5 IS )
AbFR 1.5 h, FFH 10 mmol/L PBS JE ¥ 41
3 WK, RS T S S A A I A TR R,
10 puL JE7E BHI [A 4435 9% 5 34T st it
B, HEWATE, Bl4NE 37 CH 3R, b
3% 12 h, ICHEGIRIHH GraphPad Prism 9.0
o2l s
1.8 NERAKAFLELRAR 1929 =X I
AN IR 540 ODgoo 3 ELIF 1.7 Jrikitttr
e, L929 AR R 5x10° AL, i B
MOI=10 J&4x 1929 Zififl. YL S5 AR A EEAKF
PERIEFR, 445, B 15 min R5—
W &Y 1 h )5 10 mmol/L PBS ¥E% 4N
3K, ALY N 50 pg/mL KK E(ERI
ASNEDAREL 1 h 5, PRGN 3 K, BUEIIARE

<l actamicro@im.ac.cn, & 010-64807516

10 pg/mL JRKFERLIRER 0.7% MR i3
Wi DMEM (7 10% FBS)4HM 3255, H5ilg
BEE , s R EE T 37 °C. 5% CO,
YN FRAA TP B 5% 48 ho BEALINA 600 L H %
VSRS BT 37 °CREFRAN 2 h, THEEBUE,
I ddH,O #hefLtle, AEFLIIA 600 pL 0.5%%%
A R EE S min J5 ] 10 mmol/L PBS #iijk
b, FEXCT RS T HEMRIER . A Image J
Geitos BEACE M E A4S, 81 GraphPad Prism 9.0
23
1.9 /NREZEEMA RAW264.7 F1 J774
A IS

Y M35 IR 5 AT ODgoo X B [F] 1.7 J7ikiEA T
BEVE, RAW264.7 4NAEFT J774 4N A4 R
2x10° A~/ 4L, ¥ B MOI=0.2 4 Bl J& 4
RAW264.7., 1774 4. BG4l 30 min )5,
A 10 mmol/L PBS PB4 3 ¥k, AR
ZUHANNE, IR BSE BHI AR TR, e
1 h J5F 10 mmol/L PBS #%4iffd 3 ¥, nA
ZRIEN 50 pg/mL PRRE R (LBRMEANE )L
Ff 1 h, 10 mmol/L PBS V4NN 3 ¥k, fMA
DMEM IG5 B4 r 24557 % 2. 5 Al 8 h 4303
fif B, BE S AT B SR . T GraphPad
Prism 9.0 St 11345 2 PR 55 H- 24 il Bl 1A
1.10 HIEHeIt

A GraphPad Prism 9.0 X}, H
Hons R P>0.05, *FR P<0.05, **FER
P<0.01, ***3/5 P<0.001, ****FR P<0.000 1.

2 BER540

2.1 EIEZHMEE hly EESRTHRNER
%A LLO EERREMMESEELR

) R E A A 20K hly 25 253 (4%
Wi Q FI%E 254 (it 2lR 1 RAR M N AR
A, FIF PCR §H4H1 DNA PR 5 e %
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ARSI . AN 2 PR, RS RARKES 1Y)
A-Fwd/D-Rev DA AR R AR 1S 1 557 R/
2550 500 bp, DIEFARR WT 1EABHMEXTIE, Bk
PR Ahly VERBIPEXTIE; RS R AL ET Y A-
Fwd/D-Rev DISU%EL LLO 1 S 528 MR
PIEHIZCH R/ NA R 500 bp, DL LLO E AR
IREE A BETEXT R . FFls DNA U7 B,
WP EE AR, RV AIEAITRER hly B[R fi5e48
PRANEAZ #0K LLO 25 11 2 MA i .
2.2 LLO RELFAWFRIESHA

MR R R IR E AR )G, 7 PTG
W NI TR A RS, MR maifb s 3k
F3AHE LLO A8 M. Kl 3 s, % 2-4
VKB 4> BEHH 30, 50 A1 100 mmol/L BfwkE
JI 2% 2R BTSRRI RORE i, 35 510 JKIE SRR
ffi ] 300 mmol/L BRMRILEER) LLO s A8
. £ SDS-PAGE B naifb/5ii T4 7-10 ik
T LLOgs;a (l 3A)HI LLOpssa (B 3B)2E4E

up
750
500
250

BRI —, AT RmAN 572 kDa, &
HAR/NSHUEER—5, & BCA HAWENE
A EANE R E 20 2 mg/mL, DL 45
Y, LLO RAEIFRIA Saifiis), nH
TR ST A
2.3 BEMKSERRMEMLLER

Al lbE LLO MR ZEEH 11 LLOgas;a Al
LLOpssa. hly FE[H S 5848 FR hlygassa A1 hlyiasaa
TE pH 6.5 Fl pH 5.5 AU MG . S5 R 4 B
7N, LLO M2 H LLOggs3a A1 LLOpsap VA
PRI 2 TR TR L R A RR h|YQ253A$ﬂ h|YI254AT£ pH
6.5 HIZRMET, WIMIETES R (5 4A, 4B);
2 pH [ ZE 5.5 B, LLO S RZEHH LLOpssa
IS GEAZRE hlypsea TR HIMLIEE, LLO 5848
1 LLOqossa FIALTRASKE hlygossa A5 JCHS LT
M(El 4C. 4D), KW hly JEHESE 253 (2 AR
fird Q HLER 254 (L2 ZEMRALA 1 X LLO AW
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Figure 2

Identification of hlygys;a and hlypssa mutant strains in Listeria monocytogenes with hly locus

mutation (A) and prokaryotic strains expressing LLOq2s34 and LLOpssa mutant proteins (B) by PCR.

kba 1 2 3 4 5 6 78 9 10
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3 SDS-PAGE %£7E LLOgq:s3a (A)F LLOpsys (B)REEH

Figure 3

Identification of LLOgq;s34 (A) and LLOjzs544 (B) mutant proteins by SDS-PAGE. A: Lane 1 is the

protein marker; Lane 2—4 are the samples of LLOq,s34 mutant protein eluted with 30, 50 and 100 mmol/L
imidazole, respectively; Lane 5—10 are the samples of LLOg2s3a mutant proteins eluted with 300 mmol/L
imidazole. B: Lane 1 is the protein marker; Lane 2—4 are the samples of LLO;544 mutant proteins eluted
with 30, 50 and 100 mmol/L imidazole, respectively; Lane 5—10 are the samples of LLOj;544 mutant proteins
eluted with 300 mmol/L imidazole.
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Figure 4 Hemolytic activity of LLO, LLOgs3a and LLOpssa mutant proteins, WT, Ahly, hlyg,ssa and
hly;pssa mutant strains at pH 6.5 and 5.5. A: Hemolytic activity of LLO, LLOg2s3a and LLOjps44 mutant
proteins at pH 6.5. B: Hemolytic activity of WT, Ahly, hlyqg,s3a and hlypssa mutant strains at pH 6.5. C:
Hemolytic activity of LLO, LLOg2s34 and LLOy;s544 mutant proteins at pH 5.5. D: Hemolytic activity of WT,
Ahly, hlyqgssa and hlypssa mutant strains at pH 5.5. Data are expressed as means=SD of three independent
experiments.
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Figure 5 Growth ability of WT, Ahly, hlygs;a and hlypssa mutant strains at 37 °C (A), and analysis of
adhesion (B) and invasion (C) of WT, Ahly, hlyg,s3a and hlyjpssa mutant strains in Caco-2 cells. Data are

expressed as means=SD of three independent experiments. ns: P>0.05, **: P<0.01;

P<0.000 1.
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Figure 6 Plaque sizes and numbers formed by Ahly, hlygossa and hlyjysaa mutant strains in L929 fibroblast cell
as a percentage of the plaque size and number formed by WT strain. A: Plaque assay performed in the L.929
fibroblast cell monolayers infected by WT, Ahly, hlyqg,s3a and hlypsaa mutant strains. B: The plaque sizes of WT,
Ahly, hlyqgossa and hlypssaa mutant strains were indicated as a percentage of those formed by WT. C: The plaque
number of WT, Ahly, hlyg,s3a and hlyp;sss mutant strains were indicated as a percentage of those formed by WT.
The mutant strain Ahly, which is completely unable to spread during cell infection, was taken as a reference
negative control. Data are expressed as means=SD of three independent experiments. **: P<0.01, ***: P<0.001,

*xdk: P<0.000 1.
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Figure 7 Analysis of proliferation ability of WT, Ahly, hlyg,s3a and hlyppssa mutant strains in RAW264.7 (A)
and J774 (B) macrophages. Data are expressed as means+SD of three independent experiments.
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