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Prokaryotic expression and bioactivity identification of
hemolysin from Listeria monocytogenes
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Abstract: Designing the primers of A4ly gene by biological software, amplifying the Aly gene from Lis-
teria monocytogenes by PCR and constructing the gene into prokaryotic expression vector PET28a(+),
then transforming the gene into E. coli BL21and expressing optimally; purifying the recombinant prod-
uct LLO by nickel affinity chromatography, testing the immunogenicity by Western blotting and the
hemolytic activity by hemolytic assay. It was demonstrated by agarose gel electrophoresis that the
cloned &ly gene was 1 590 bp in length and the protein sequence got about 99% homology with that
published in GenBank. SDS-PAGE indicated that the molecular weight was about 58 kD and the opti-
mal expression condition was induced for 6 h with 0.1 mmol/L IPTG at the temprature of 28 °C. The
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result of Western blotting showed the recombinant protein LLO had immunogenicity. The hemolytic

assay showed the product had the hemolytic activity, with the hemolytic titre of 1:1 024. These results

would provide basis for the further studies on the development of monoclonal antibody against Listeria

monocytogenes and the establishment of the dection methods.
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TR TR R AL AE B AR TR S Listeria mono-
cytogenes LM, HHRZEHIER L. ivanovii . T w28
st L. innocua . WURIZEWEEE L. welshimeri |
VUIRZEWIRE B L. seeligeri . A% RZEHTHRFEA L. grayi.
BRCZEIRF I L. murrayi 7 A FR, Forp B 2 gy
PRI Q2 e R O B, SO B 28 ke o ]
IR AR . ORE . T Mo A LI g 5
PRI o AN SR A e P 2 e A AR R R R e, O
FUE, RAER RIS 33%. AR TAEHLI(WHO)E #
HA R i B IR s B 2R TR R R
st A BB TS e S B RO T 2 — 1, T
T 4 S %) B 2 T R0 AT 1 A I 1 02 T X 0% 7
B E MR Z —,

LM (8 ) EE i pled. hly. mpl. actd i
pleB X 5 ANFEPR AR EEHFECUPR LM 80005 1,
B Lip T-DFFgERs Hor aly & LM #9775 )
PR, BT oh 58 kD 4 M i %
FH(LLO), & LM 5y £ S W71, A
FEXF LM 1Y hly FER A7 ik, 4% A8 KB AT ia

TRk, ARG BATIR LIS PER 4 LLO, it —2b
WFFE LM B sd B BT iR K HAG I 5 i i S B350 T
Bt

1 MBEHA

1.1 E#k. RAESIH

S AT R A TE AR RN S [ LR 1, 518 b
W TAEY) TR R A A
1.2 EFZERKF

R PE P VI BamH 1 . BRGIPERYIEE Xho T |
T4 DNA %GR4T RKEFEY TRARAH,
Tag DNA B4 . ANTPs I3 T TOYOBO /A 7, DNA
marker JiJ T Axygene A H), I Marker T
Fermentas 7~ A, ¥ 8 FF MEHH W T GE
Healthcare /A A .
1.3 EBiEZHTS R A F4H DNA BIIEE

HULM H#R AT 30 mL TSB-YE 55353, 37 °C
PTG HES% 24 ho 0T DNA (148 0% 4R 86 A 0 A
) DNA #2350 S Ui W 5 2817 .

F1 KWAAMER. REKESHY

Table 1 Bacterial strains, plasmids and primers used in this study

Etk . RS FA LA SRR AR
Strains, plasmids and primers Phenotypes and related characters Sources
LS
Strains
L. monocytogenes (No. CMCC54002) IR 1/2b B, 58 B0 T~ ZR LR Wit o T At
E. coli DH5a deoR, recA, endA, hsdR, supE, thi, gyrA, relA ARE AT
E. coli BL21 F, ompT, hsdS, gal, dem AR E AT
TR
Plasmids
pMDI18-T Simple Vector T 8K, lacZ, Amp” KiEFAEY LEARA A
PET28a(+) Kan', T7.tag, his.tag, lacl A R
Gk

Primers (5'—3")
Li#51% Forward primer
F¥#514) Reverse primer

CGGGAATTCATGAATATGAAAAAAGCAACTATC
CTTCTCGAGTTATACGCGACCGAAGCCAACT

(FRIZH BamH 1 YA A5)
(FRIZH Xho T BEHIH L)
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1.4 hly EFH PCR &K %k

B AR HEE R DNA RS T PCR §73 &
Z M50 uL, Hif H,0 4 36.5 ul, 10xZZ w5 ul,
25 pmol/L dNTPs 5 uL, L¥i#5 14 . FiiEs144% 1 uL,
Taq T 0.5 pL, #ik DNA 1 uL. B 2544 4 95 °C
5 min; 94 °C 1 min, 55 °C 30's, 72 °C 90 s, 35 ME;
72 °C 10 min, # PCR ¥ [lik)5, 5 pMDI8-T
16 °C 4K, EH W54 E. coli DH5a, I
Axygen 2>\ 1Y TR B2 0 &l B Bk, 547 PCR
YE . BamH 1/Xho 1 XU S8 Sy 2856 o
1.5 FiEHKIE

H R M IR B ) FE 2 BORL RN PET28a(+) B A
WA BamH 1 . Xho 1 XUEHYI, 4lifk RIS T4
DNA 442 14 144 7 PET28a(+)-hly 20 3k Fk,
HAEPEEAL E. coli BL21, 28 RIRE 21 LB 1
IR, PRk o VR S USORL I I T S
1.6 EHREWIFSTIEFZFHML
1.6.1 FFIRERME A 55 0 0 0% 54 IR
WA T RIBE R LB AR L, I8 F 37 °ClHii
BHRM PR AR, RBCRAFEIE R T S mL
2xYT B35 (% 50 mg/L Kan®")H1, 37 °C . 220 r/min
Rigead e, MWt - B 1 mL, $F0F 100 mL
2xYT $:35Eh, 37 °C. 220 r/min ¥535 2 h 245, &
ODgyo=0.5 B}, A IPTG LMK 0.5 mmol/L,
Iy BIAE 28 °C. 30 °C. 37 °C F, 150 r/min 555 8 h,
PSP WE T SDS-PAGE HL 3k 73T o
1.6.2 IPTGIESKE ML : P fif 7 i b HL
1 mL, 8T 100 mL 2xYT ;55 5, 37 °C.
220 r/min ¥ 3% 2 h ZE 47, & ODge=0.5 i, 435l
B TR & 9 B %) TIPTG: 0.1, 0.25, 0.5, 0.75.
1.0 mmol/L, 28 °C. 150 r/min ¥53% 8 h, ¥iHS ™
Y1347 SDS-PAGE Hi 3K /3T o
1.6.3 FSEERMEL: MOFHEE EB P E 1 mL, £
BT 100 mL 2xYT #5572 3EH, 37 °C. 220 r/min K557
2h Efi, & ODgpp=0.5 B, ALK 0.1 mmol/L
) IPTG, 28 °C. 150 r/min }53%, k% 1 h W4 1 mL
AR, #15F =Yt SDS-PAGE HLIK /347 .
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1.7 ZHEEA LLO Mo B4

WIRZB ARG, 8 500 r/min B5.0> 20 min,
WA TTHE . UIIE R 6 mol/L Ehm N i, iduk)s Ak
4528 vh (500 mmol/L NaCl, 20 mmol/L Tris,
20 mmol/L BKME, 4 mol/L JR K, pH 8.0) i (45 &5
FREMBENHE . PR 80, 500 mmol/L B W
150 B BLUE R, WACHE 45 B BRI R o 5 25 B B e it
W17 SDS-PAGE HLIKZMHT, 4lifb)a HIAH R B ik
=R
1.8 HIEENIE AT

4aifbi) LLO #E 4 SDS-PAGE J5, Wi R
PVDF [ b, HI 5%BNEH k£, 435I BT LM
1) Z2 B T4 R AR 2 LR VE —$T, IR T
AALYIERIC R PR 1gG i, IR
(DAB)A W3R4T 25 11 B3 23 AT
1.9 FRIEFYIRAILE D

B 100 pL 0.9%4: ¥4k 2 EP &, FRHL
100 pL JHAEHLER K W B nY 4l AL S 1L 3R LLO
(100 mg/L)M 2 £ % Sebh BERG S, R I A SRR FRY
1% F- 20 B, 37 °C i E 60 min, 4 °C 30 min,
g1 5 AR BRER KRR AERT . BAPEXTHE . 1000 r/min
B0 10 min, BBV, FHERAMHGEE T E 75 0%
£ 540 nm IO EE(E .

2 iR

2.1 hly EER PCR #1845 R

PG 1% BEWEEE S VKR, W52 3]
1 600 bp ZE47 WY 3 B, 5 hly LT BOR /N
— %A 1),

bp M 1
3000

2000
1500

1000

1 hily EE#) PCR 4 18 == 4 B 5k B

Fig. 1 Agarose gel electrophoresis of PCR amplification
product

Note: M: DNA marker DL3000; 1: PCR product of Aly.
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2.2 pMDI18-T-hly BYES1 & E

2 FURLZE PCR Y88 AT LAY 3 1 1 600 bp 247
FB., A BamH 1. Xho 1 HRFYIXKELER G
N, EAFRLK/NAN 4 500 bp, ] BamH 1 Al
Xho 1 XEFIFRTE 2 900 bp Fl 1 600 bp A F BE, HESE
hly C IR T 8k (B 2), &y %E, HIF
515 GenBank )3 51H 99% 1 R I 14 .

bp M 1 2 3

2000

1000

E 2 pMDI8-T-hly B9EEHN L E
Fig. 2 Identification of recombinant plasmid pMD18-T-hly
Note: M: DNA marker DL2000; 1: Recombinant plasmid
pMD18-T-hly digested with BamH I; 2: Recombinant plasmid
pMDI18-T-hly digested with Xho [; 3: Recombinant plasmid
pMD18-T-hly digested with BamH 1 and Xho 1.
2.3 PET28a(+)-hly RiEFRAIHIMERLEE
PET28a(+)-hly 43| BamH 1 . Xho | HififF)
JEHRIRAFZY 7 000 bp H7=4), H BamH 1 Kl Xho 1
BT A] 3545 5 400 bp F1 1 600 bp HI7=4 (K 3), 4
W7 & 0 HAZ AT R JT 911 5 GenBank 1751 H 99%IH)
[FlJRE, e AR HIA 100%[F I, EW]
hly FER B S Ehid A PET28a(+)F A5 14 ,

bp M 1 2 3

B3 PET28a(+)-hly BIEEYI & E

Fig. 3 Identification of recombinant plasmid PET28a(+)-hly
Note: M: DNA marker 1 kb; 1: Recombinant plasmid PET28a(+)-
hly digested with BamH I; 2: Recombinant plasmid PET28a(+)-
hly digested with BamH [ and Xho [; 3: Recombinant plasmid
PET28a(+)-hly digested with Xho 1.

24 EHFRFSREFHHML

SDS-PAGE 45 %:(K 4. 5. 6)% M, H4H LLO J&
Wik B e ofb 282 28 °C. 0.1 mmol/L IPTG.
%S 6 h,

e
Bl 4 SDS-PAGE 3 #iREFFIEE I LLO Rik AN
Fig. 4 SDS-PAGE analysis of the expression of LLO at
different temperature

Note: M: Protein marker; 1: Expression of LLO at 37 °C; 2: Ex-
pression of LLO at 28 °C; 3: Expression of LLO at 30 °C.

kD M 1 2 3 4 5 6

116
66

45
35

25

18
14

5 SDS-PAGE £ [ IPTG K & ¥f LLO ik A #2M
Fig. 5 SDS-PAGE analysis of the expression of LLO with
different IPTG concentration

Note: M: Protein marker; 1: Expression of LLO in blank bacte-
ria; 2: Expression of LLO with 0.1 mmol/L IPTG; 3: Expres-
sion of LLO with 0.25 mmol/L IPTG; 4: Expression of LLO with
0.5 mmol/L IPTG; 5: Expression of LLO with 0.75 mmol/L IPTG;
6: Expression of LLO with 1.0 mmol/L IPTG.
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6 SDS-PAGE 9 #1 R [EE S8 8] 3 LLO K&
Fig. 6 SDS-PAGE analysis of the expression of LLO with
different induction time

Note: M: Protein marker; 1: Expression of LLO in non-induced
bacteria; 2: Expression of LLO with 2 h; 3: Expression of LLO with
3 h; 4: Expression of LLO with 4 h; 5: Expression of LLO with 5 h;
6: Expression of LLO with 6 h; 7: Expression of LLO with 7 h.

2.5 FRIAFZYIH) Western blotting & &

Western blotting %5 5 (& 7)@./" LLO fig &
Anti-his FPLEEA, MAE AW KBS =YIEES
Anti-his HUIARLE A, W] LLO ¢ BL21 FREIEHE
ik, LLO 5/hEPL LM Mg 44, UEHHEA
B o
2.6 TiIEFEHIRBMFEEEE

S (B Q) UEM E 4 K ikny LLO A
FRAVE IS MY LLO S20 40 i B 1:1 1R 2)
B, L IR B LU K S 21 A 5 ), L I R A

1.60 r
1.40 r
1.20
1.00
0.80

ODsy

0.60
0.40 r
020

0.00

Bl 7 Western blotting £ 7F LLO

Fig. 7 Western blotting of LLO

Note: M: Prestained protein marker; 1: LLO with anti-his antibody;
2: Blank bacteria with anti-his antibody; 3: LLO with polyclonal
antibody of LM.

911 024, HABSRMEY G, it — L5
BEE T A
3 Wik

LLO /& h LM F¢A7 8 I hR-E L hly i
SR, JE LM W EEE Y, LM ERYE
YA, WAL ST AN A /N, LM it
O3 WA 1ML 28 (LLO) I fiff A W (AR SS9k ik o Wt 4 v 119
AEPIE, AT, Chaudhari SR, 7K
4= CRIEYE LM J5, 7-10 d B 84T LLO $idk, 78
TR 70 d TSR AEREAE PT RSN 9 KO . FEDLIAR A F
WEE R, FEME . Bk . MBI Y il & IR R
&, Kalorey ZIUm4iE LLO APLla, FIA %
ELISA 0 4= 15 b i) LLO ik, SUsdE fs skt

Dilution ratio

B8 LLOAMEMEE
Fig. 8 Hemolytic assay of LLO
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ik 100%. EAT, EPRASRESEANTE 2R RE
HIE MR (LLO), W7 7 LLO f¥[a]4% ELISA K
J7i, AR JRIZ T AR I Bl 4 i3 B2 B AR ]
o AR A LLO Myrasrdeos ELISA 1]
PR ARG AR, (HAOE TR WARGE . & 2B
BIEPSE NB A% T LLO $ht, HI4 R HT 52605
RGN FAE 1991 AR50 A EIAMY 223 LM B 5%
i alifb A RN R A BT, AKAS 3 PRAE
PO LLO ¥ il iS4t . 1 #RAEID I LLO 52140
A2 A ) BB LA B 2 A RE AT il 5 At 41 B R 25 45 11
Hprl9, 1999 4E Erdenlig 2 AMEREAS 2 T H A
il LLO ¥ AR I i S sa BT, I F T 256 B o i
2= TR TR E o BUR R . A SLERX LM B #E )
PR FEH hly ST T IRA% R IA AT HA s ik I
MG PE A I (LLO), A LM 455k B e B R Y
il 5 B HLAGH I % 1 ST B e T S

2 % XM
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