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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 Alygrssa and hlypssa 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 4lygrs;a and hlypsaa.
[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 LLOmpssa and Alypssa 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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O U M XSG A A B KR I (Listeria
monocytogenes, LM), RiFREAIERIIERR, 22—
T IZAFTE T B AR PR EE i 25 2% P M YR i
WAFER, ATRAELHE. Ok, Y. s XA
PR fE et BB AR DR A
20, ZEU R T AN 2k, Alsl
EIMCMLAE . MR AR . BRJLI - S 2 g, 3
FEETTIE 20%-30%") B 2 17 KR 1 B % 7
4-45 °CHOTRLE T AT, JUILE AR R IR FR s
PEATAE R D, G, UKFE R VR A A A7
T B AR R R A AR R R L .
Gh, A T H A R AT A R, RE R
PR B W A 16 A

FIE AR MR O (listeriolysin O,
LLO), Z—FH hly HEHEHRmEABIEGEER, 8
T 1 [ PR3 4 5 241 M 2R (cholesterol-dependent
cytolysins, CDCs) K i LLO =74 Ak i
A I A B O BEEAVE T, H A 3 e i 20 A e
JE, e i B G 2 Ah o R AR RO TS5, 2R
MEwE Sy, SRS EN FEGE TN T2
—B3 LLO M N KU RA & S EmRe) . &
MR (E). 2% S)M I M (T) PEST J¥
4\, % PEST J¥ 4 W] LAY LLO & FidtE, I
AR PR el £ 1 B R A A 2 R - T
Rigfe s B R . 28 PEST F5IRY LLO
ARAETEMLN, XS AN Ry B RG oR , (H S 2R
A TRE TR O RE T R

LLO i M EE 4N, 4 LLO-A #I
LLO-B. LLO-A /& LLO Mift: sy, F2
ATTHIRAIIENRE; LLO-B WIMESN LLO 4t
WA, FEATTHMERAHEAEN, MMNTE
AR RIS I AL . LLO-A AT A3 2 i 26 £
HEN AN, B DR A e BT, R B T,
LLO Y fF a2 BRI 2R 30T R T 0 1 202 i i)
FEEHGIZ T, S5, LLO H A 4 45

HDI-DAHLL AL, Hrf DI & T PEST J¢
G, D4 A& T IHE PR A S . LLOgoss «

LLOpss i F D3 X B8 1 & A, 1M D3 X5 DI
DX B LA B AMAE XA G823 - ] 4k . LLO B4R
HAUES TR REE R, H D3 Xl AR
fiedR HB1 5 HB2 HYff4T & MRE A FE LLO
JE U, AR B 5T a2 3K 41k
LLOqps3a A1 LLOpssa 2878 &EH, I FRJEE L]
IR hlygossa FIl hlynsaa Z378RE, Kl 4%
MR E VMR SRR MG, DL RS RS
PRI AE IR )1, il —2PR5E LLO 45
Xof BALHE 2R SRR T AR ) T RE R 2 e B Bl

1 MRETE

1.1 FZERWE
ARG SR A% R I EAR pET-30a, i
g 7 2 48 oL A pKSVT, B 2 i R 1R
EGD-e (WT)H1 Ahly (k25 LLO J5 534 2= 1 1Al
R BRZEFLEE 1), KMWHF T DHSa Fil Rosetta,
ANWiE R Caco-2, /) BRG &F 4 41 iy
L929, /NRFAZE VRN RAW264.7 1 J774 1
AN S8 = (547 ; 2xPhanta Max Master Mix .
Green Taq Mix, Gl MEREE YR A R
Awls BRI Y Nde 1. Xho 1. BamH 1l
Pst 1, NEB A w]; JONTER FOR BRI &,
RIRAEABE AEE) AR A A5 ilic N 7 (brain
and heart infusion broth, BHI)fll LB 1%k,
OXOID /A r]; RPMI 1640 (Roswell Park Memorial
Institute 1640) ., DMEM (Dulbecco’s Modified
Eagle Medium, DMEM)4ffi}5 775 | I (fetal
bovine serum, FBS) Fll Jif B (0.25% Trypsin-
EDTA), ThermoFisher Scientific; JGp It £F 4
AR, r AR YR A R A E s RIR
HBRMATR, BT AR R A R

/AT
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1.2 S5 &K

Hi4lE NCBI 2 if) 54 25 i 14 (GenBank %
SES O NC_003210.1) 0 hly FEH P, FIH
SnapGene #4451t hly R B P Y514
LLO-Nde I-Fwd/LLO-Xho I-Rev il hly-BamH 1-
Fwd/hly-Pst I-Rev., s 5878 PR 41 JBokr (1) 48 02 5 |
¥ M13-Fwd/M13-Rev, [ FEikzk A #1148
EGNY TT-Fwd/T7-Rev. ESREZY) hlygssa-
Fwd/hlygossa-Rev . hlypsaa-Fwd/hlypsia-Rev LIS,
GASMET M) A-Fwd/D-Rev, 51T 0% 1.
1.3 EHRMEE

SEALREE ERMLE RN, LI
B AR T BT 4R bk EGD-e (WT) WA, 439
5|%) LLO-Nde 1-Fwd/LLO-Xho 1-Rev Fl hly-
BamH 1-Fwd/hly-Pst 1-Rev, @il PCR "3 hly
FEH ) ORF Xk, #f FiRTRAFM 2 AN H A B
aifb)5, 4395 pET-30a &M Nde 1H1 Xho 1
BRI NI . 5 pKSVT #AAH] BamH 1 Al
Pst 1 BRIITEN VIGO0 EE 2 h, Faifb)s
FIBEYI =8 ] T4 DNA B30 4 °CIERR .

F1 AWHRANSY

Table 1 Primers used in this study

F % E S T7-Fwd/T7-Rev, it PCR HiiF
pET-30a-LLO 2 e A% R BBk ; i %2 51
¥ M13-Fwd/M13-Rev ifiid PCR HK:E pKSV7-
hly B ZFRRITURE ; P BE LI A 1) 41 Ok % 22
BUIHA BRA Y H AR A RS wl#E4T DNA ¥ .
W TE 6 B9 pET-30a-LLO 5 A% % 3K J kL Fl
pKSV7-hly FEZERTORAE MBI, FIH &%
A 5l W hlygsia-Fwd/hlygessa-Rev | hlypsaa-
Fwd/hlypssa-Rev i3 PCR i R#y%: pET-30a-
LLOqs3a~ PET-30a-LLOypssa HL2H A% F3K BUkE
1 pKSV7-hlygassa. pKSV7-hlypsia B ZFR I
R JE HE AT I, fF I F OE # # pET-30a-
LLOqos3a Fl pET-30a-LLOpssn Ji 4% 35 i A 43
WA 44 pSL3989. pSL3990 (&l 1A); pKSV7-
hlygassa PKSV7-hlyiysaa T54H ZERR TR 43 5] i 44
“h pSL3983 . pSL3984 (&l 1B).
1.3.1 FE#ZKRIELLO REEQEARK
I35 pSL3989 HI pSL3990 #uihAk % 5%
FIRFZ SN Rosetta, Bty =g & F
AREE R (50 pg/mL)AY LB AR FREL, 37 °CHfrE

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

hlsz53A-FWd
hlyQ253A-R€V
hlyppssa-Fwd

hlypssa-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.

<l actamicro@im.ac.cn, & 010-64807516
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Wi 1224 h, PREBCE TR RS RAEKES]  §FE, PCR KE WA hly FD SRR FZR L
¥l A-Fwd/D-Rev #E17BHPERE4L T PCR I8 MR NIG 28 26601

A Xho 1

pET-30a-LLO
6831 bp

Insert T
fragment

Replace Insert
Nde 1 (5 698)—Xho 1 (462)

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

Nde 1

Nde 1 Xho 1

|
7 )

LLO
1 606 bp

pET-30a
5844 bp

Amplify 205 819 ... 207 408 using:

PCR |1 1 O-Nde 1-Fwd
LLO-Xho I-Rev

205 819! 1207 408

4 4 mp mp

prfA plcA| |

regulatory region Im 0s06

Sequence
5590 bp

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



1224

FENG Yuchao et al. | Acta Microbiologica Sinica, 2024, 64(4)

BamH 1

pKSV7-hly
8651 bp

Insert
fragment Replace

Bam HI (7 067)~Pst 1 (16)

BamH I\Pst I

Insert
BamH 1 (4)-Pst 1 (1 604)

BamH 1 Pst1
hly
1 606 bp

Amplity 205 817 ... 207 411 using:

PCR | i1y BamH 1-Fwd
hly-Pst I-Rev

205 817" 1207 411

4 @ up Emy
prfA plcAl
regulatory region

Sequence
5590 bp

\
Im 0s06

1 FE#FiE LLO REELEHRK(A)RPIBFIFE hly (5 R TEHRK(B)AIHE R

Figure 1

Expression of LLO mutant protein in prokaryotes (A) and construction strategy of recombinant

plasmids for mutagenesis of Aly locus in Listeria monocytogenes (B).

1.3.2 HIETHEE by 5 RTEHE K

A3 5HF pSL3983 Fll pSL3984 Hifk Ak & it
SRR IR Z A, AR T
AR F (25 pg/mL)Y BHI BAREFREE, 7E 30 °C

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

FRE T IE 24-48 h, PRKHURRTEHH pKSV7 %
EBI M13-Fwd/M13-Rev i 1% FHME#E AL+

PR A+ 8 T 5 &SR 09 BHI WA 5= 5
o, LR EEFR(42 °C. 200 r/min), 1% 5-10
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G SEHIRRE A ; WS E T 30 CIPitkn
BHI WK g dkrp, B TEARETR, 62 15—
20 fRJ5E, FIA pKSV7 %€ 514 M13-Fwd/M13-
Rev FIE AU ES Y A-Fwd/D-Rev it PCR
YRR, e th R A R . L
7 16 00 TR 9 S DR 2 AR, A S AR S
5% A-Fwd/D-Rev 4 PCR ¥4 8-k %
DY, B P %2 BRI hly LR 282 R4y
B4R hlygassa Tl hlynsaac
14 LLO SRXRTEHMEMKIESRIERSE
SEaR

FRHL LLOqga2s3a+ LLOpsas HLIRVE 2 5 mL 1%
R & (50 pg/mL)AY LB AR 37 3k o,
37 °C. 200 r/min ¥55230 %, KH, % 1:100 %%
#2200 mL 5 RIRE R (50 pg/mL) LB K
BEFRHEP YT REESR, il ODgoo 153 0.6, IIAZ
WE 8~ 1 mmol/L IPTG, 4 °C. 150 r/min 5%
8. WH, 4°C. 5000 r/min &[> 15 min I§
FETHIK, 250 mmol/L PBS VEM 3 WG H &,
AR (TR 200-300 W, A 5 s 15 7 )ik
30 min J5 ARG, 4 °C. 12 000 r/min 5.0
10 min BB BIEER BiE 5T 4 °C.
100 r/min 55 FEEHR . WH, ¥45E80m
BENFRERS BT, AR IA
30, 50. 100 mmol/L BRMEVEMGZEE T, Haim
A 300 mmol/L BEKMEILEE LLO MREAHEM .
LLO mRAE L BCA W &MEWE)N,
BGH 2 A4 BN A 4xLoading buffer il i
Western blotting # 4, #17 SDS-PAGE, iilll
aifb T, FAAECOREIRE T, HiE
JE B E PRI 11 AL H MR T80 °Cik
. gtk LLO SREEN
T %A LLOqas3a Al LLOpsano
1.5 LLO fSXTEBRELTHR hlygrssa 1
hlyissa B9 L& T4 ZE

BOHTEECH 4R 1 1| mL HT 2 mL EP %

F1, 4 °C, 1 000 t/min &.0> 10 min, # 3NN
A 1 mL EREAFEHKRRESHME, K
B0 10 min, 3 B3 KNI AIC R AR HEL
KL 1:20 VEAT, TE AR 2 2 I 21 240 - A 3
KB (5% SRBC-0.9% NaCl)f#fH. LLO &
GRASTE T MG D« ] BCA 3205 G0l e 2
H R, 3 %H pH 6.5 5 10 mmol/L PBS
5 pH 5.5 1 10 mmol/L PBS ¥ & ¥k & i B8
% 35 nmol/L. fE“U”R! 96 fLAH, ZHE—44L
JA 200 pL FRAF IR I, 565 2-11 FLp sy
WA pH 6.5 #l pH 5.5 [ 100 uL 10 mmol/L
PBS, M5 1 MFLEL 100 pL & FBMAFILS 3 4
fL, IREEEE 100 uL 2= F—N1L, o
SEASHRRRBEZELSS 11 ML, BT 37 °CHFRA
4% 10 min, [ 8ALEFEBINA 5% SRBC-
0.9% NaCl, JtA 37 °CH:F#AH HHFEEF7 30 min
J&, 4°C. 1000 r/min .0 3 min, WZHL 150 pL
EWEEIR 96 fLARH, MIE ODsso, LA 10 mmol/L
PBS (pH 6.5 B pH 5.5)F A X, 1%
Triton X-100 YEABHPEXTRE . 28A8KE hlygassa
hlynsaa VEIMLTEPEM A . PRECHR A IEHEZE 5 mL
BHI 1, 37 °C, 200 t/min £i3E%E ODgo 2K
0.6, B 1 mL B#, 4 000 r/min &.0> 5 min, Y&
£ FIEMHUH 0.22 pm 2 UERSIUES, B 200 pL fin
AU 96 FLARES 1 LA, JEA 10 mmol/L
PBS (pH 6.5 8% pH 5.5 i LB 25
11 AL, mESLFEERFIA 5% SRBC-0.9%
NaCl, BRIRS], BET 37 CHEHFEHMTHE
30 min, J5ZE[F] LLO 55878 & F % IS PR
— 5, DIEFA KR WT 1B B XS IR, Bl pk
Ahly VERBHPEXTRE . 12545 5 F-(4 1 GraphPad
Prism 9.0 2l 5 i th £&
1.6 HKHZ%NE

PRBCEF AR WT . SRR Ahly . RAZBR
hlyqossa FIl hlypsaa PR TEVE AP 2 5 mL BHI )
i FER, 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, FHi%E WK
ODgoo & 0.6, KR 1:100 %HZE 12 mL
BHI AR5 375597, 37 °C., 200 r/min 555 12 h,
2 h B 200 pL ME ODgooo 03845 5 FF158
GraphPad Prism 9.0 2 il 40 2B Hh £k .
1.7 A _LEREYME Caco-2 FHMR KIS
A 10%884- 113 (FBS)H RPMI 1640
MG F2 FE X Caco-2 AMMIEATHIM, HEH
2x10°/4L, HET 37 °C. &H 5% CO, 1%
SR . Ay AR B AE MR WT L Bl Bk
Ahly . RAEKR hlygossa« hlyiossa B8R UK R 2
ODgoo M 0.6, F% PRI YL 57 %1 (multiplicity of
infections, MOI)=10 J&#% Caco-2 Zifil., Zhlf:
AT Y Caco-2 49 30 min Ji7, F 10 mmol/L
PBS VRN 3 Wk, JFH 1 mL FCHlLr 2 i
#(0.25% Trypsin-EDTA FI7i4 ddH,0 %Ak
U 14 RS MERDWAT R AN, #ifes &
WG, 7€ BHI AR FREE B A7 St
. AMz: Caco-2 AHMIAEAN ARG 1.5 h )5,
g A g 50 pg/mL PR E R (EBRIAMNE)
AbFR 1.5 h, FFH 10 mmol/L PBS ¥t 41 i
3 WK, Bl S T 2 S A A T R TR R, B
10 puL JE7E BHI [8f3% 9% 5 B AT st it
B, HREWATE, Bl4NE 37 CRi IR, b
7% 12 h, IEHEGIRIHAH GraphPad Prism 9.0
ol s
1.8 /INEARALEMAE 1929 T HHA LS
AN TR 5 AN ODegoo B EIF) 1.7 ikttt
e, 1929 AUMHCE R 5x10° N/l i Bd
MOI=10 J&%% 1929 Zififl. YL S5 AR f B AKF
PSRRI, 445, B 15 min RE—
W Y 1 h 5] 10 mmol/L PBS V40
3, AT N 50 ng/mL KRR (I
SNEDAREL 1 h 5, PRGN 3 K, BUEinAE

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

10 pg/mL PRREE KLU R 0.7% K% S g
Wi DMEM (7 10% FBS)4HMu 3555, Fmifig
BE)E , AR AR B E T 37 °C. 5% CO,
YN FRAA TP B FE 48 ho BEALINA 600 L H %
VSR BT 37 °CRiFRAN 2 h, FHHEBUE,
A ddH,O #efLtle, AEFLIIA 600 pL 0.5%%%
Fn YA 5 min J5H 10 mmol/L PBS Mk
b, FEXCT RS T HEM RIS .. A Image J
Giits R M EAS, 81 GraphPad Prism 9.0
il e
1.9 /NMREZEEMAE RAW264.7 F1 J774
HEIE IR I

Y3 FE ST ODgoo X E W] 1.7 J7 k36T
BEVE, RAW264.7 4NAEHT J774 4 R4 R
2x10° A4~/ fL, % B MOI=0.2 4 %I Jk Y
RAW264.7. J774 4. BUL4ifl 30 min J5,
A 10 mmol/L PBS VB4 3 K, INAZ#HIK
ZURANNG, R BSRE BHI BEHARSRIE, By
1 h 5/ 10 mmol/L PBS ¥E&40AE 3 ¥k, A
ZREEN 50 pg/mL PR R (LBRMEANE )L
FE 1 h. 10 mmol/L PBS ¥Ei&4NM 3 K, JA
DMEM 5533297 2 2. 5 F 8 h 43l
fift B, BE S HEAT AR il . ffi ] GraphPad
Prism 9.0 St 1345 4 56 H0OT- 221 il 14 .
1.10 ¥iEFT

A GraphPad Prism 9.0 X}t o, H
Fons FRon P>0.05, *FR/R P<0.05, **EIN
P<0.01, ***37R P<0.001, ****F5R P<0.000 1,

2 BER540

21 BETHSE by BEESKXTHIE
¥%FRiE LLO EHRRXTHMUESEEER

L R E AR 20K hly 5 253 (LA
Wi Q FI%E 254 (it IR 1 RN E IR
A, FIFH PCR 341 DNA PR 5 e 2%
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ARSI . A0 2 FiR, S RARKES 1Y)
A-Fwd/D-Rev DA AR R AR 1S 1 557 R/
2550 500 bp, DIEFARR WT 1EABHTEXTIE, Bk
Pk Ahly fERIPEXTRE; HLS KRR ES Y A-
Fwd/D-Rev PUFAZFRIE LLO 2 A A ARV AR
PISHIZCH R/ NG 500 bp, DL LLO E AR
KB A BHTEXT R . FEat DNA U7 i giiE,
WP EE AR, RV AIEAITRER hly BN g5
PRANERZ A LLO B S S MRA A
22 LLO RTEERMFRIESHAL
MR R R IRE AR )G, 1 PTG
W NI TR A RS, MR Al sk
FFAHOC LLO SR8 . WKl 3 fis, 27 2-4
VKB 4> WEAHH 30, 50 A1 100 mmol/L BwEE
JIh 2% B BTSRRI HRE i, 25 510 JKIE SRR
ffiF 300 mmol/L BKMENTAER) LLO R4
. %4 SDS-PAGE & /R&ifbJ5fi 5 7-10 ik
I LLOqgas;a (Bl 3A)HI LLOpssa (K] 3B)RAE
A
bp
750

500
250

2 PCR WEBIETEFE hly AR
Figure 2

EAFWR—, TREYZN 572 kDa, &
HR/NSHUEER—5, & BCA HAWENE
N EAHN R E 20 2 mg/mL, DL E45R
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Identification of Alygs;a and hlypssa mutant strains in Listeria monocytogenes with hly locus

mutation (A) and prokaryotic strains expressing LLOqas34 and LLOpssa mutant proteins (B) by PCR.
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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, LLOqss3a and LLOpssa mutant proteins, WT, Ahly, hilygissa and
hlyssa mutant strains at pH 6.5 and 5.5. A: Hemolytic activity of LLO, LLOgq;s3s4 and LLOjs44 mutant
proteins at pH 6.5. B: Hemolytic activity of WT, Ahly, hlyqissa and hiypssa 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, hlygassa and hlypsia 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, hlygssa and hlypssa mutant strains at 37 °C (A), and analysis of
adhesion (B) and invasion (C) of WT, Ahly, hlyqissa and hiypssa mutant strains in Caco-2 cells. Data are
expressed as means£SD of three independent experiments. ns: P>0.05, **: P<0.01; ***: P<0.001; ****;
P<0.000 1.
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Figure 6 Plaque sizes and numbers formed by Ahly, hlygassa and hlypsaa 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 1.929
fibroblast cell monolayers infected by WT, Ahly, hlyqs3a and hlypsaa mutant strains. B: The plaque sizes of WT,
Ahly, hlyqgyssa and hlypsaa mutant strains were indicated as a percentage of those formed by WT. C: The plaque
number of WT, Ahly, hlyqss3a and hlypssa mutant strains were indicated as a percentage of those formed by WT.
The mutant strain AAly, 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,

*xd%k: P<0.000 1.
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Figure 7 Analysis of proliferation ability of WT, Ahly, hlyqissa 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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