CH /A BES % RREIESFRFEANE BL TRORERL RN
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Dec. 25, 2023, 39(12): 4939-4949

DOI: 10.13345/j.¢jb.230473 ©2023 Chin J Biotech, All rights reserved

- MY REEEIHEA -

HRERMEEEF R R AL E BL I EFEi#x
RIEREEYZEEST

iR, =T, EEE, XA, KA, EEk, B, T
Pt R B TR B . ISR AL 028042

Mrnlfe, Moy, dlkas, XK, K3E, UM, AT, T A RBURHERA ZERFTFEE MR BL WA MR RE
KAL) EWE A HT[I]. AW LRE2E4R, 2023, 39(12): 4939-4949.
CHEN Yunjiao, HE Yunjiang, MENG Qinglei, LIU Zhilin, ZHANG Xin, JIA Zelin, CUI Jiayu, WANG Xueli. Prokaryotic

expression and biological activities of the hemolysin BL subunit of a pathogenic Bacillus cereus of cattle origin[J]. Chinese
Journal of Biotechnology, 2023, 39(12): 4939-4949.

B E: MAEFRAAABRTIEEIRMET, oH/) 2, B - AK. RE QR FRATH
BEHEALRRNENE T, XABEAZ THEFOFARKAEN LT, AR TEHNRFoH
ABEARFZGENEWRA B TATHBHFRFARRREAAZNGE, KRBT R AL R %
Fipd & BL Z R A FUREK, A RABEQIHITT bAoA M FE RGN, FRERENR,
4R B A F I R R BL T A A RZ AL 2 AT R IR B b, 2R BOR MR AEF 78
R ZEMZE BL WA B ok, it RAF6 2 B REABST N REA — 26 R BRI . KAF
REZAETEME BL LR, AR T FREBEEEF AT AL BLOADFEN, AFRTH
it — B FHAE F AT H S BL &) SR AE R AU A 2 AR 2R R B PSR AR F J0AT 1 R 40 AR
My kBT T A,

K MHEF AR, 4; BhZX BLEA; REKE

WEHIH : WZh AR X H R R A 4(2021LHMS03008); P % 1l H A X B R B R 3 AR L 45 2% £ 22 R A8 F 78 Ti
H(GXKY22003)

This work was supported by the Inner Mongolia Autonomous Region Natural Science Foundation (2021LHMS03008) and the
Multi-disciplinary Research Project of Basic Research Foundation of Universities Directly under Inner Mongolia Autonomous
Region (GXKY22003).

*Corresponding author. E-mail: wangx19577@aliyun.com

Received: 2023-06-28; Accepted: 2023-09-18; Published online: 2023-10-17



4940 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

Prokaryotic expression and biological activities of the
hemolysin BL subunit of a pathogenic Bacillus cereus of
cattle origin

CHEN Yunjiao, HE Yunjiang, MENG Qinglei, LIU Zhilin, ZHANG Xin, JIA Zelin,
CUI Jiayu, WANG Xueli’

College of Animal Science and Technology, Inner Mongolia Minzu University, Tongliao 028042,
Inner Mongolia, China

Abstract: Bacillus cereus belongs to Gram-positive bacteria, which is widely distributed in
nature and shows certain pathogenicity. Different B. cereus strains carry different subsets of
virulence factors, which directly determine the difference in their pathogenicity. It is therefore
important to study the distribution of virulence factors and the biological activity of specific
toxins for precise prevention and control of B. cereus infection. In this study, the hemolysin BL
triayl was expressed, purified, and characterized. The results showed that the bovine pathogenic
B. cereus hemolysin BL could be expressed and purified in the prokaryotic expression system,
and the bovine pathogenic B. cereus hemolysin BL showed hemolysis, cytotoxicity, good
immunogenicity and certain immune protection in mice. In this study, the recombinant
expression of hemolysin BL triayl was achieved, and the biological activity of hemolysin BL of
bovine pathogenic ceroid spore was investigated. This study may facilitate further investigating
the pathogenic mechanism of B. cereus hemolysin BL and developing a detection method for
bovine pathogenic B. cereus disease.

Keywords: Bacillus cereus; cattle; hemolysin BL subunit; prokaryotic expression
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Ml CytK %5, X HIEDUE T B. cereus BUii /1 22
5+ o HiHp Hbl J&—Fh == %2 iy HbIB . HbIL1 Al HbIL2
X 3 AN AR Y B 2R KT, il hbICL hblD
BRI gt A SRR 2 0 L1, L2 #1 hblA
SRR 4SS/ B 4, X g Fn &
Tl s A St it EL AT 3 ol R A M s R IR A
e 4= IHEURYE B. cereus Hbl A A 427 06 %ot
TR HBOREAIL G AT 1200 A f 2R

HTi, T B. cereus 5| £ R 1 BF
HEAME, BHLSHALNEZIYLHE
ST A BIL I AR PR S R N BB . ST Y
W5 R, B. cereus WIAKTERE Iy THIAAAE 0 3 2%
SRR e R AT R T T B B T B0
PR R S R T A 56 7 1 BT R EOm AL il — A
ARG . APFFAH ] pCold JEZRIL RS
PR T AT DR IE A IEBOWTE B, cereus HbIB.
HbIL1 i HbIL2 #E IR RIBE R . RIBHE RS
7S5 A H rHbIB, rHbIL1 F1 rHbIL2 & [,
FEXFF R E AP T T Al AL AR o A W2 0 P )
fl,  LUA i — 4 7R AR IR EURYE B, cereus
Hbl 2 2 A4 F ML A S A R A6y 5 24
SEHRIE IR

1 #eE5FiE

1.1 EHREEEHY

Ftk: 4 UEB0WRME B. cereus AN 525 2= 4y
B UE . ZHEMRTE GenBank F & KPS
S5 OP028902, H [ 538 o A= 1) T A PR 9 H o0 2
55 CGMCC No.17626.

SLE Y. 30 H6-8 R HENE R W/,
W A 3L 7 A A AR B 43 A BR A R [ 56 5
YAz PR TR S SCXK(14)2020-0001], Sh#ss
IS F P 58t ROGER 24 s D4 5 R 22 5
SN, Sh ISP B S AR SRS
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IMUN20190301,
1.2 EFZERXH
4xProtein SDS PAGE Loading Buffer .

ProteoGuard™ EDTA-Free Protease Inhibitor
Cocktail IJ H TaKaRa /A ); BeyoECL Plus #H

4k 2% & Yt:(enhanced chemiluminescence, ECL)
WA & A B RAEWHEARGIRAE ; &
i -l S W i W e B R O =0
(horseradish peroxidase, HRP)Fric i FHT /) B
IgG I [ 1 1% 4- ¥ (BOSTER); His-Tag (27ES)
Mouse mAb #2366 Il H Cellsignal .
1.3 FEZFTEHARE
1.3.1  hblA. hbID. hblC EF#&J PCR # 1§ XK
e

1L SnapGene 4.3.6 BAFEITILIF 5 KT
Y11 in-fusion FEFESIY), il primer-BLAST
koG, A A TAEY) TR () IRG A IR
AWA . B. cereus #ETRE IR RIGH, S5 UL
B4, {8 A TaKaRa MiniBEST Bacteria Genomic
DNA Extraction Kit Ver.3.0 #47 B. cereus £ JE& A
ZH DNA Hy#2HL, UL B. cereus =% [ 41 DNA
Btk , G LR 3 25519183 hblA, hbID &
hblC J& [ (55 1), SRy : 94 °CHZEHE: 4 min;
94 °C7E 0.5 min, 55 °CiR K 0.5 min, 72 °CHEfif
1.5 min, 3% 30 ME; 72 °CHEfH 7 min, P17
DNA ZEEHEEEIE HL UK 3B I T [ iAo DI i
TTHEEM %€ , hblA LR 66.5 ng/uL, hblD iy
e Ky 72.2 ng/uL ., hblC ¥ K 60.1 ng/uL.
IR PCR =Wyt A T 2
132 [RizFiEHAEE

i R I HT B R R 7 38 RS i 47 rHbIB |
rHbIL1 F1 rHbIL2 fY A% 3RIE , E#E pColdIZ {4
43544k hblA. hblD 1 hblC 3[R 3% 42,
315 8 41 Jfi ki pColdI-hblA . pColdI-hbID FI
pColdI-hblC,
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&1 ¥t hblA. hbiD. hblC EREBI5|4)
Table 1

Primers for amplifying the hblA, hblD, and hblC genes

Gene name  Primer name  Primer sequence (5'—3’) Size (bp)

hblA hblA-F GGCATATGGAGCTCGGTACCAGTGAAATTGAACAAACGAACAATG 1071
hblA-R GCAGGTCGACAAGCTTCTATTTTTGTGGAGTAACAGTTTCC

hblD hblD-F GGCATATGGAGCTCGGTACCCAAGAAACGACCGCTCAAGA 1167
hblD-R GCAGGTCGACAAGCTTCTACTCCTGTTTAAAAGCAATATCT

hblC hblC-F GGCATATGGAGCTCGGTACCGAAACTCAACAGGAAGGCATGG 1260
hblC-R GCAGGTCGACAAGCTTTTAAAATTTATATACTTGTTCTTC

The underlined parts are the homologous arm sequence of the target gene and the pColdl vector, and the bold parts are the

restriction sites Kpn I or Hind 1.

14 FHEEAWMIFSRIERGWL

22 BL21 B2 YA pColdIZi & iy 5
Wi, HGEOE S T 2 A e Ak, I H
W, Y TRR AR BUSOR TR S, &
LR IRERY S 5 Hm 11 B AR
£ T80 °C#

U 3 BRI RR T R E . B R
TR FRIRTE T 50 pL BRAEFIF] 5 mL LB W)
PR B F: 3 [N 55 & (ampicillin, Amp)Bith],
1E 37 °C. 170 r/min F¥;3%. REFiat b &0E
1 h 52 — YK TR %) ODgoo fEL, LA W I 400 ff A K
THOL. 4 ODeoo [HIEE 0.6 B, K 1A i s e 7%
F| 15 °C¥ /K P& 41 30 min, #RJ5 10 Hirpin A2
WeBEH 0.5 mmol/L 1) 57 P4 3&-B-D- 1 - A1 2L
Nk, R B (isopropyl-B-D-1-thiogalactopyranoside,
IPTG)F A EHEARIL, JFE 15 °ClEl
PR T EaA S35 24 ho BERGSHS , MR
HEATEE AR RIS PR A AT . PR S A A sl s
ST, ST IRE AT LUK, MUK S S U e
(35-75 kDa)fL i, Wisk & (ol S bt 4 =
WA B. cereus FHPE MY, HRP ARicH-FEHL
N IgG W H G, 4 ECL B, WELMAR4:

SDS-PAGE #AE AN + {7 FH 48 fise b 8 e il ik
MG, WA RE , WEER & T KR
o ARG MR . RBREERI IS, TEFES
FE AR AR FIRE S o AE 80 V H R B YK 30 min,
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fEARAERSA R T RE, AFRSHER
120 V. HR¥E Marker (RGO, 00 LKA
Mo HIKEEHE, B PAGE 1@ A% il e ik ye(a
Wrhgets 1 h, RIEFRYEM . A K%
W, BRI @R T I AR B S, TR
I A% 2 58K %F PAGE #E4T UG 10 s 5030 .

AifbEEUTT . A 3 mL AR 30 pL
BRI E A, A | mg/mL ¥R,
FEVK i 30 mine 7K SRR . 4 °CE
> 30 min, WeAE BIEFEUEE, B 20 pL i
17 K 1 mL 50% BeyoGold His-tag Purification
Resin &.0 10 s, FEAEAFM . A 500 uL Z4EHK
HEEE IO 10s JFFl. TR 2 UOPHEE.
W ST E AR L S B RTR AT
4 °CHFE 1 he PRI I SEERGR G, 4 °Ci
A 1 h JFRASHE T, 20 uL W2ER -
PERE 5 U, BRI 800 uL YR I [ SR
o BRRPERE G 20 pL VAR BB AE . YRR EA
7, BRMA 500 pL PERGEIT B ARG . BRK
VRS HL 20 pL VRO A7 . B PR EBAAR S
4xProtein SDS PAGE Loading Buffer 157 il i
AR
1.5 rHbl EEMENFEFRESR
1.5.1 rHbl EEH)FIMES R

il O BAT B 4T FL A% AE I B P Al A BCFT
fL. ¥ rHbIB, rHbIL1, rHbIL2 i HE A
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Y L (rHbIB:rHbIL1 &y 1:1; rHbIB:rHbIL2 W
1:1; rHbIL1:HbIL2 & 1:1; rHbIB:rHbIL1:HbIL2
M LLEDIRGTEALLY, [FEHES, PBS XTHE ., H
TRAIRT 3-6 h 7, WIERIFi i m gl 1,
1.5.2 rHbl EARMBBES A

¥ rHbIB. rHbIL1., rHbIL2 & F14% M A A
He 45 (rHbIB:rHbIL1 4 1:1;rHbIB:rHbIL2 Ky 1:1;
rHbIL1:HbIL2 4 1:1;rHbIB:rHbIL1:HbIL2 A 1:1:1)
WK TR 96 FLANARE TRt (B3L 100 L), B
JE HFLAIA 100 uL Vero 42 (10* 41
37°C. 5% CO, 1555 24 h Ji7, M5E Ho4n o s
DA ) S - 240 B 9 e 2 ) ot e T 5R A Jfe Eom of
¢ ¥ (median inhibitory concentration, 1Csq), LA
E AR R B RN,
1.53 rHbl EEMRERES TR INRER
WHEXE

B30 Ho6-8 R E W /N, ¥ rHbIB.
rHbIL1, rHbIL2 L% rHbl (3 FieE 4175 14 I
111 PRBIE A )5 Al s i 3 24 HUNEUA
N, FAy 6 HU/NRR SRR KBTI, Bk
eI s IR 50 pg 590 IRSE AR ST, sk
B s I8 20 pg 59 RASEAERNRS),
PEE I R R L 20 e 1 RnsR G
9 7 d J5 W SR ML 433 LA rHbIB . rHbIL 1 .rHbIL2

T2 rHol ZEARNRGEAE

LK rHbl (3 FhEi 41 2 PR 8 o At
/NEBHE LT 9 — 3T, HRP-TFH/N 1gG o8 —
P, o FH a] 42 Jig I A 58 W B 2 (enzyme  linked
immunosorbent assay, ELISA)EKNZ AT, PIN>2.1
BN, LA 1 R 8 B R s T

A PR B 4 B. cereus G PBS ¥ R Pk &
3K, il AR . e S A PR K
97N BRRIST I Js T 5 2 A% BOEOAE W R ) TR T
W, WEIH R NRA TR Z )50
S EIPANY = W TN BN NI AN = 1) 772 R
HlVEA DI R, b B AR AL .

2 BERGAM

2.1 ERRIESHEEE
2.1.1 hblA, hbiD. hblC £EH#) PCR ¥ #E &
)=

5K, hblA, hblD, hblC JEPRHI B T
K/NZIH 1.1, 1.2, 1.3 kb (IECHT, SHIAA/N
— %, BRI, 25REN, HRERES
B. cereus ATCC 14579 (NZ_CP034551.1)f{ 5 A
JEANARIPEIR ] T 99%.
2.1.2 FERZFTIEHEEIE

DNA I g WHEE R UK 45 R KW, pColdl
AR 4, LT RN 4.8 kb I 5541 .

Table 2 Program of mouse immunization using the rHbl protein

Mouse Primary immunization First booster immunization Second booster Third booster

number immunization immunization

1-6 rHbIB (50 png) rHbIB (20 png) rHbIB (20 pg) rHbIB (20 pg)
Subcutaneous injection Subcutaneous injection Subcutaneous injection Subcutaneous injection

7-12 rHbIL1 (50 pg) rHbIL1 (20 pg) rHbIL1 (20 pg) rHbIL1 (20 pg)
Subcutaneous injection Subcutaneous injection Subcutaneous injection Subcutaneous injection

13-18 rHbIL2 (50 pg) rHbIL2 (20 pg) rHbIL2 (20 pg) rHbIL2 (20 pg)
Subcutaneous injection Subcutaneous injection Subcutaneous injection Subcutaneous injection

19-24 rHbl (50 ng) rHbl (20 pg) rHbl (20 pg) rHbl (20 pg)
Subcutaneous injection Subcutaneous injection Subcutaneous injection Subcutaneous injection

25-30 Normal saline control Normal saline control Normal saline control Normal saline control

Subcutaneous injection

Subcutaneous injection

Subcutaneous injection

Subcutaneous injection

&: 010-64807509
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BE IR HL Ik 45 S 7R, pColdI-hblA | pColdI-hbID .
pColdI-hblC ki 4 Kpn I Hind TIRR 1 4
il LY, 43 ERZ R 4.4 kb 1 1.0kb 4.4 kb
FI 1.1 kb DA K 4.4 kb F1 1.2 kb (IS, WIAEIE
527 pColdI-hblA . pColdI-hbID . pColdI-hblC
AL R
22 EHEAWMIESFTIERAK
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w
~
W
N

ST 290 4.4 kb 1 1.0 kb 4.4 kb 1 1.1 kb,
4.4 kb 1 1.2 kb DL} 4.8 kb K/, E2H
B 4> 9444 9 BL21-rHbIB. BL21-rHbIL1 FI
BL21-rHbIL2,

HLK S R anE 1 R, EAEAAEREBR
PR A B s AR
20 mmol/L PRI BEIATR Hi%AT B I IRk
UL H RO 5SS RIF; & 250 mmol/L
WK A 114 6 JE Y P RT LA B B B B s

L I 1 O 1 W 1 1
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Figure 1

Purification of the His-tagged recombinant proteins rHblB, rHbIL1, and rHbIL2. A: rHbIB. B:

rHbIL1. C: rHbIL2. M: Protein marker; 1: Expression strains (BL21-rHblB, BL21-rHbIL1, and BL21-rHbIL2)
lysate supernatant; 2: The sample flow through the liquid; 3—7: Washing solution (20 mmol/L imidazole) 1-5
times; 8—14: Elution solution (250 mmol/L imidazole) was eluted 1—7 times.
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L BRTH LRSS 2 IR BEL R A D R Ak,
JE SR A R B v s BEE VRGBS I, B
EAGRBEEC EEHR . S5REN, FIH
BiRE4lifk T rHbIB. rHbIL1, rHbIL2 4t 3 Fh &
HEM . sl EAE TR 5P His Prikm
B. cereus FHM4: L3 v (B 2).
2.3 rHbl EEHHAEYZFIE N
2.3.1 rHbl EFRBF MM

PBS Xf B ZH .rHbIB F1 rHbIL1 H ] 7 F 4
rHbIB 1 rHbIL2 L[] FH4H . rHbIL1 F1 rHbIL2
JEFERAL, 37 °CEE 3-6 h Bk HBLA
MBS, SEA 595 B Ao (] A A M BT T i B 42
rHbIB. rHbIL1 Fl rHbIL2 Fh[EERZH, KIFEE
Lh a3 T a5, W& 1ERERn,
VMR EHAE K, 3hIFikElR R, 25 K
BREEAREAE R, 45508, JA tHbl =4
SrLFERES, A SBARENY:, EEWFE
ST A A S B LS (A 3).,
2.3.2 rHbl EHHMME T

ZER BN, B rHbl =4 508 B % Vero
LAY 1Cso 1% BEREIR B 28, A2 504 F st %o
A TC (A 4). DA 25 RRW, HA rHbIB,
rHbIL1 1 rHbIL2 3 [F] 4/ F i A H A 40 i #: 1
2.3.3 rHbl EAMERFEER/NRRIE
Rp

gER N, rHbl B 3 N0 3 o A 4 g 5

st AR 5 A1 S 3 St /0 BB P I35 1 8 2 40 o2

M 1 2 3

75 kDa
-E B. cereus positive sera

His-tag

El 2 ZEZZEA@HDIB. rHbIL1. rHbIL2)4 k5
ERETEE

Figure 2 Western blotting analysis of purified
recombinant proteins (rHbIB, rHbIL1, and rHbIL2).
M: Protein marker; 1: rHblB; 2: rHbIL1; 3: rHbIL2.

1% 51200 (&1 5). id s 1 B0EE)a B/ BUIRES, 42
PEE K TR A/, EBCEE 2 h A B
HEE . B8 | S EaER, 1R
BEJ 10 h NAAETs . i B SRR/,
TERTI A RAAER , [BAE 8 h JR#ERIEA T K,
YRI T s I FRETE 1 BRI R 4R R
BB IR MR R, BT IR . A HER
IK AP 5 BORE A 5 R BCRE X R AR EE o LA
FHNE OGO LR
A RN, UM R, REE
S IEREIRAE s IS AR BE, 132 NA RAEAH
MR, RO . W, SR P ik
ACFFANMIAAE . LRI OS5 IR AELLAE SR 0 X
SRR LA IRAE | T2 5 A N TE )
RARLZLANMG, it ¥ (o] B0 98, R i 40

B+L1 B+L2

E 3 rHbl BYBAMmM Y

L1+L2

B+L1+L2 PBS

Figure 3 The hemolysis of rHbl. B: rHblB; L1: rHbIL1; L2: rHbIL2. The same below.
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Figure 4 The cytotoxicity of the rHbI protein.

60 000 -

40 000 |-

20 000 -

Positive serum titer

rHblB  rHbIL1 rHbIL2 B+LI+L2

5 rHbIB. rHbIL1. rHbIL2 HiiLiE B HTAR N
Figure 5 Antibody titers of anti-rHbIB, -rHbIL1,
and rHbIL2 antiserum.
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BN SN 1B BT EZ S 3= X A /N 1T =
20 40 60 44058, B. cereus K 52 £ fi7 1t Al
W SN T T 2 B EAL . B. cereus B T8N
KA EIREIRYLSL, W RENE YL A s>
KA BT BIR 2524 B, cereus A EE R 2 bk
EHBURME RSN R, HiX S 1A %R
AR E A E R ARG S, SR
) 5l # 5 2 5 HAh B 1 R 2 18] v] R A7 AE D[R]
RN, T EURE R B AR A B EXE LT B
HIIEL IS 4 71 B. cereus#i % 5 & ML YL AH &
Horb 3 FOZRES A ZEFLAY % B2 &« hbl . Nhe
I CytK; 55 —Fh 2 g 5 SO it g X 2 2260
XL HE R H TE Y Y B. cereus i &
Jarede, HHEE P imE EERAmIEA NG &
FEVE AT MK i 25 A A0F J0) 5 MK v 5 36 2 DI AR 56
Xk RO H B YR ST N, R
BEASZIS YR EYIE 15 min 3] 6 h 4 H BLEER,
I B S g A T R 2 SRR L X I 5 IR B
RITIN

R4 B. cereus 1R EPEREHLHCH
BZutsr, HHSB LMY 25w
o A = AE AR AT 2 . AR 5
W3Rk R G A IR EUW T B. cereus Y Hbl B %
AT T SR . SDS-PAGE M, 3 Fh
LA A TR R R R R
¥, Western blotting 43 HTUESE T 3 FhE 2
R His A2 ¥ EA RIFHRIBKE,
MG S A b B8 T R . SEE A AR oA T Bk
PR RIKRG, AWFRLGE%5IE T HbILB
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Histopathological changes of mice upon rHbl challenge (400%). Each row represents the

pathological section of heart liver, spleen, lung, kidney and intestinal tract in different treatment groups.

RIERFHATEHAE IR, Jessberger FFEH
R R HARENIG SR 2 CE T C i 530k
I R AR T alifl, ERE AR TR R
Py IR SRR ik, AT R AR
/i Y B. cereus I #E R LR E A WA L
Wi 5 B2 g 25 2R, RO BN 0 X A M B I
M AT EEYEVE o FETF R AE Y 05 P AR Y
o, BIESE T EAE T BA R . R
PR b, e ARE XS /N A — 2 PR
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