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hemolysis-associated gene ygxC from Bacillus subtilis
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Abstract; [Objective] The study was done to identify the hemolysis-associated gene yqaxC from Bacil-

lus subtilis. [Method) A hemolysis-associated gene yqaC was amplified from the genomic DNA of B. subti-

lis by PCR. GST fusion expression vectors were constructed and fusion proteins were expressed in Esche-

richia coli.5% sheep blood agar plates were used to measure the hemolytic activity of the expressed soluble

fusion protein. In addition, the transcription of yqxC was studied by RT-PCR. [Result] The soluble fusion

protein GST-YqxC showed strong hemolyitc activity on sheep blood agar plates and ygxC was indeed tran-

scribed in B. subtilis. [Conclusion] YqxC encoded by yqxC in B. subtilis had the strong hemolyitc activity

and ygxC was transcribed in B. subtilis. Therefore we infered that ygxC is possibly one of the hemolysin

genes responsible for hemolysis in B. subtilis.
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1.1 EHERM

Rl REZEFUAT 1R 224 ¢l e R R IG 240l 43t 5 1A
¥k E. coli IM109. BL21 (DE3) plysS. JE 1% % ik # 1k
PGEX-4T-1, th BT 4 Al 73 1A= W) 2 5 52 30 28
1 FElE 2R pMDI18-T simple I { TaKaRa /A7),
1.2 EFEiHA

BERE MR & OMEGA 23 5] 77 i 5 UKL/
$ B & BRI N ) VEx Tag B T4 DNA %
Bl IPTG MIE N5 % R W A TaKaRa 28w ;
Pt GST 4 e H BR-S-#6 3% i) A 2% BLA0. 5 B e 4
Fhr/h R TgG-HRP G o S AL W) - 20 3 b 5
B Rt 22 A AR AT BR A W] 51l b s S G AR R
B R B A A PR W A
L3 YqxC HEMIEBFE D

B Protparam ¥4 Chttp://www. ex-
pasy. ch/tools/protparam. htmD) 43 #7125 /1 i (¥ 32 4k
PR A0 A L R R FRUE RS S8 JE AT Plam Che-
tp://pfam. sanger. ac. uk/) X} & A YqxC ) 454
SRR AT 5 B 5 e U5 AL BLASTP(NCBD M non-re-
dundant databases 13k 45 [6] 5 & (4, 3f 18 1 Clust-
alX (1. ) BAFHEAT P 5 2 H LK.
L4 yqxC EEKRE

DIRG S 28 fAF T 224 L9 20 DNA D A, &
PRI DNA (1942 02 BOCik [ 14 09 7 ik i AT . L4
BW PO B Y yqaC B2H 42K PCR 514, JF
16 FWEDIW 5 51 A BamH T 7 85 CF R340
TSI 5 gl Sal T 45 CFRIZHN) . FF5I
S BB 5'-TC GGATCCATGACGTCAAAG-
AAAGAAC-3"; F 514 5'-CTGTCGACTTAT-
TCCGGTACATC TGC-3", PCR M & (25 L)
M AR (200 ng/pl) 2.0 pL,dNTP Mixture (2.5
mmol/L) 3.5 L, 10 XEx Tag Buffer 2. 5 uL,Ex
Taq i (5 U/pl) 1.0 pl, F, T 51 ¥ (10

pmol/pL) % 1 pL.ddH, O b & 25 pL, PCR [
M :95 CA8 4 5 min; 94 °C 1 min,52 °C 50 5,72
C 1 min, fFH 35 %372 “CHEff 10 min; 4 “CARFE,
SR A UG 10 g/ 1 By B W e g vl vk S i 4 48 7
Yy, 7 ) 28 e Il AR AR 6 Il e 44 IS i A o 1 R R
pMDI18-T simple, 8K J5 5% fb A K7 AT % TM109, &
R B R DU TR B e R 42 R YE PCR TR
2] JFiki pMDI18-T simple-yqaC 13U V) % 5 )5 3%
b5 oS G AR B R A A PR w1 T
1.5 ygxC EREMIEZFKIER SDSPAGE 47 #f

PL BamH I il Sal 1 , %84k pGEX-4T-1 f14:
W ¥ 1F 0 09 8 41 50k pMDI18-T simple-ygxC X fiff
Ul ik, I sl fb i U1 7= 4 . L T4 DNA % 42 il i%
Fe N 20 R S L A K AT T TMIL09 J8% 52 745 2
M, A TFAMYEE EMmE. iRk mER
BL21(DE3)plysS, f 0.2,0.4,0.6,0.8,1.0,2.0
mmol/L{) IPTG 4 B 7E 37,28,18 C#H 7k S E
S22 e YA LB N7 D O O 7 )l (O
&Y Tk pGEX-4T-1-ygxC ) BL21(DE3) plysS LA
12 000 r/min & > 10 min, PBS (# 8 2% v i, pH
8. ) E &L UK A AR, T 4 °C.12 000
r/min B0 20 min; 43I T E R AR DT TE L
17 SDS-PAGE Hiik .
1.6  ygxC BEETAMRIEZHWHE Western blot £E

N LUK ) R B 2 TR AT A R LUK RS
10 Y BERG WA 1 by G AR B85 2 06 Wt B 05 7
(1 2 5000 MYHL GST A5 B i BE PR % LT &
2 h PRI A ARFR B0 2 00 s WA B (1 ¢ 500)
BT/ IgG-HRP 15 F 1 h; BB G A &
FEER IR R (DAB) Ji 4 W RN il b 0, 57) 5 76 W5 = ool
TR 2 4 25 1 AH I 19 2540 IR AR I B I
1.7 MEEARNBLEERD

PR Rl G 2 GST-YqxC 28 7 #r 48 vk 44
Z A BT R S 50 me/mL 5N 2 24T AL
14 B AH5 5 V0 48 2 1 1 BRE 7 AR /INFL P L 37 °C
¥:9: 16 ho4 CHUE 30 min J5UELLE 0. LIRSS
fiti C(50 mg/mL) Jy BH ¥ X} B8, D) & 25 Jioki pGEX-
4T-1 4 BL21(DE3) plysS Z# 4 b3 g 4 % B8
1.8 ygaC EWMEFMITHE 224 FFHEFRH RT-PCR

i

Ll TRIzol reagent 2B & 5 RNA, SR 55 B
RNA i 4 ¢cDNA Synthesis Kit ¥ 5% 5 il ¢cDNA,
MG ygxC FH & F RT-PCR 5141, L5149 5'-
TATTAGTGGAAAGAGGGCT-3', FiE ol ¥ 5'-
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GCCTTCCTGTCCCTCTCC-3", [mlbt, LAt %% S
(9 5 RNA #5347 PCR 3 84, 1 g B M X B
PCR Jz Ji & & (25 pL) N :cDNA 1.0 pL.dNTP
Mixture (2.5 mmol/L) 3.5 uL,10 Xt Taq Buffer
2.5 pL.r Tag (5 U/pl) 1.0 uL, B FH#514
(10 pmol/pl) % 1 pl,ddH,O %M 25 pL, PCR
W FRE R :95 ‘CASPE 5 min; 94 °C 1 min,56 ‘C 50
$,72 °C 1 min.JE¥ 35 ¥ ;72 “CIEA 10 min;4 C {4
fFo VL 10 g/L BB A 5 I e vk A I 4™ 165 7= 10, R 5
FH e a1 a5 & 2 Ak Js )

2 AR5

AN HE R AL 3 1 BT R 31 27 kus BROE AR LT
8.28.J& THa € # 1 s Plam I 45 2R W75 . YqxC M
556 2 51 ALESERR N S4 ZEH L 5 62 & 245 (U
FER N Fus] 53k, 2 BLASTP 44 A0 U1 1 R
RGN TE yqeC 5L D S 5 7 4 5 /N 2
JAFFE ATCC 7061 M MLER A A 76 20 i —BhE A
86 20 AL, 555k 1 5 B 2F J AT I ATCC 14579
P ILE ARF 71000 —BCrE A 84 M. 5
K A BRI AR str. Ames BIIEIMZE A KT 70%
) — SO 84 20 A AYE L 5 95 = 4 ZF AT I sero-
var konkukian str. 97-27 M ZE A WA 70% 19
—E A 83 % WA M. FH ClustalX 33X 5 4~

2.1 YqxCHIEWMEBEZESH

H— R LU R LI 1,

F A Protparam %4 1 i n] 51, YgxC i 281

Fig. 1

RS Bacillus subtilis MSAKKERVDVLLVERGLIETREKAKRA IMAGLYVYANEMRLDKPGEKTPHD
HW/ANFTATE  Bacillus pumilus MSAKKERVDVLLVERGLIETREKAKRATMAGLVYANEMRLDKPGEKIPQD
WEREZEHATE  Bacillus cereus MSVKKERVDVLLVERGLIETREKAKRATMAGLVYANEMRLDKPGEKISQD
HREE&HHHMYE  Bacillus thuringiensis  MTSKKERLDVLLVERGLAETREKAKRAIMAGIVYSNENRLDKPGEKIDRD
REFMFE  Bacillus anthracis MTSKKERLDVLLVEQGLMETREKAKRAIMAGIVYSNENRLDKPGEKTARD
¥ skokokok o kk sk ok ok
WEZFEHAFFE  Bacillus subtilis TEITVKGQVMPYVSRGGYKLEKALETFHLDLQDKVMIDIGSSTGGFTDCA
WANFEWITE Bacillus pumilus TEITVKGQVMPYVSRGGYKLEKALETFHLDLQDKVMIDIGSSTGGFTDCA
TR Bacillus cereus TEITVKGQVMPYVSRGGYKLEKALETFHLDLQDKVMIDIGSSTGGFTDCA
HBu&HMFFE  Bacillus thuringiensis  LPLTVKGNPLRYVSRGGLKLEKALKEFPVSVKDKIMIDIGSSTGGFTDCA
WRIEZFAAF B  Bacillus anthracis TPLTVKGNPLKYVSRGGLKLEKALKEFDLTVEGKLLIDIGSSTGGFTDCA
kel 1 dkekslololok skselololok 1 k1 1, ko sekoliokokaskokokokakokok
FREFEWATE  Bacillus subtilis LQNGAKLSYALDVGYNQLAWKLRQDERVVVMERTNFRYVTPADLERGLPQ
S/ANGFWATE  Bacillus pumilus LQNGAKLSYALDVGYNQLAWKLRQDERVVVMERTNFRYVTPADLERGLPQ
I ZF P AT B Bacillus cereus LQNGAKLSYALDVGYNQLAWKLRQDERVVVMERTNFRYVTPADLERGLPQ
Ho&FEMITHE  Bacillus thuringiensis  LONGAKQSYAVDVGYNQLAWKLRQDERVVVMERTNFRYATPADFTKGMPE
REFHNFE  Bacillus anthracis LQNGAVKSYAVDVGYNQLAWKLRQDDRY IVMERTNFRHSVPADFTDGLPE
skl kkok ok Tookkk: Rk
MEF AT Bacillus subtilis FASIDVSFISLKLILPVLKTMLMPNGDVAALIKPQFEAGREQVGKKGIVR
S/NZEWAFE  Bacillus pumilus FASIDVSFISLKLILPVLKTMLMPNGDVAAL IKPQFEAGREQVGKKGIVR
R ETATE  Bacillus cereus FASIDVSFISLKLILPVLKTMLMPNGDVAALIKPQFEAGREQVGKKGIVR
BE&HFEWIFE  Bacillus thuringiensis ~ FATIDVSFISLRLILPVLRTLLVPGSDCMALVKPQFEAGRESVGKKGIVR
REFRIE  Bacillus anthracis VASIDVSFISLKLILPALKHILVPGGDCIALVKPQFEAGRELVGKKGIVR
Lk okkolololok ol ke TRk |k kek DRollolokiolk ekl
FEFWME  Bacillus subtilis DRKVHEAVVEMIVDFAIKEGYDVEGLTFSPITGGDGNIEFLIHLKWHGER
SNHERATE  Bacillus pumilus DRKVHEAVVEMIVDFAIKEGYDVEGLTFSPITGGDGNIEFL IHLKWHGER
WEREFTUATE  Bacillus cereus DRKVHEAVVEMIVEFALKEGYDVEGLTFSPITGGDGNTEFLTHLKWHGER
HoeHWIFH  Bacillus thuringiensis  DPKVHADVLKRMISFSAAEGYICKGLSFSPITGGDGNIEFLLHLHWPGEG
REFTITE  Bacillus anthracis EPSVHLGVLEEMNEFAAKEGYDVKDVSFSPTTGGDGNTEFLLHLKLHPDQ
DoLEE kD ok Gk 1 o ekieiolsiolekkiok Dok
WEFEWAE  Bacillus subtilis ENGENHSPVSVEQVV TEAHDVLKQKGKGE————
HAFAFE Bacillus pumilus ENGENHSPVSVEQVVTEAHDVLKQKGKGE———
I B 2R FRAT B Bacillus cereus ENGENHSPISIEQVVTEAHEVLKQKGKGE———~
HoEFEWITFHE  Bacillus thuringiensis  QEGQELPEEEIMRVVEEAH-—————————
R 7 AT B Bacillus anthracis EENEALPVSELEKIVKEAHSILKEKKNSPEPADT
SRk 1ok kkok

1 RV REZFAUFT B 224 YaxC 5 H Al 4 Bhd o i 2% A ZERR P 91 Y L
o RN B IE TR AR LR a3 5 3 R A R e B A A 0L

Alignment of the amino acid sequences of B. subtilis 224 YqxC with other four bacterial hemolysins

Identical, highly similar and similar amino acids have been indicated by *“

VI RN TN )
LI

and “. ”,respectively
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2.2 yxCEEMWPCRYEESHRNNEE

P 1G 77 W) 22 3 B o0 R I H VKR T S R, K
JER 846 bp, 5 1 K /NAHAF (B 2), 84 ik
pMDI18-T simple-ygxrC 2 BamH 1 1 Sal 1 1]
Ja KRB R. BT 2 692 bp /9 pMDIS-T
simple 2% Fl 846 bp [ yqaC K 454 (|8 3) 5 8
BORLI 7 45 R R WL yqaC FE P 31 5 GenBank
L HGE M5 A — B CE S50 AL009126)

1000 bp

750bp 846 bp

2 M ZFAUAT R 224 yqarC 2N PCR ¥ 45 R
M. DL2000 DNA Marker; 1. yqrC 38 5 PCR §" 8 =4y
Fig. 2 PCR amplification of the ygxC gene
from B. subtilis 224
M. DL2000 DNA Marker; 1. PCR amplified

fragments of the ygxC gene

Ml 1 M2

4361bp

2692bp
2322bp

846 bp

Kl 3 F4Fk pMDIS-T simple-yqaC 1)
X U] % 78 45 3R
MI1. DL2000 DNA Marker; M2. A-Hind [l digest DNA Marker;
1. pMD18-T simple-yqxC 4 BamH | Fl Sal | 3§ ) 45
Fig. 3 Identification of the recombinant plasmid pMD18-T
simple-ygaC by double restriction digestion
M1. DL2000 DNA Marker; M2. »-Hind [l digest DNA Marker;
1. pMD18-T simple-yqxC digested with the restriction
enzymes BamH | and Sal |

2.3 yexCERAREFYHNAEERE
W s R EW, Y IPTG X E R 1. 0
mmol/L J& & K 18 CHt. iS4 &EH GST-

YqxC (57 kw) REWSLARTEHEIE AR, HR B &
B (F 4), Western blot 45 gt — 2 iE 5L, YaxC Fht
BEAFEEAME TR AEEE AR E 5.,

97 ku
66 ku
45ku

K 4 Fhé &M GST-YaxC B SDS-PAGE 43#r
M. 643 F Bt 2 Marker; 1. KL /S pGEX-4T-1;
2. IPTG i 519 pGEX-4T-1;3. K& FHEF M pGEX-4T-1-yqxC;
4. IPTG i FMEE M ;5. IPTG 35 1 L3
6. IPTG ¥ T J5 M L3
Fig. 4 SDS-PAGE analysis of the fusion protein GST-YqxC
M. Low molecular weight Marker;
1. Uninduced cell lysates of pGEX-4T-1-harboring E. coli;

2. IPTG-induced cell lysates of pGEX-4T-1-harboring E. coli;
3. Uninduced cell lysates of pGEX-4T-1-yqxC-harboring E. coli;
4—6. IPTG-treated cell lysates of pGEX-4T-1-yqaC-
harboring E. coli. +4,5,and 6 indicate whole-cell lysates,

soluble fractions,and insoluble fractions,respectively

120ku  ~——
85ku C—
60 k
U — - 57 ku
40 ku -

22ku p—

&5 MRS R ELG 1 GST-YqxC iy
Western blot 43 #r
M. Fil Y¢ % [ Marker; 1. IPTG ¥ F#) pGEX-4T-1;
2.IPTG ¥ F 1 pGEX-4T-1-yqxC 41l s 24 fif ¥y b 35 e
Fig. 5 Western blot analysis of the soluble
fusion protein GST-YqxC
M. Prestained protein Marker;
1. IPTG-induced cell lysates of pGEX-4T-1-harboring E. coli;
2. Soluble fractions of IPTG-treated cell lysates of
PGEX-4T-1-ygxC-harboring E. coli
2.4 RBEZEARBMLEE®RN
Xt A A R pGEX-AT-1-yqaC Je 25 JF ki
pGEX-4T-1 ff§ BL21 (DE3) plysS 37 4 74 i 5,
O W T VR AR R e A 7 T BT LR S R AR
G805 V0 4 A LA A il P AR N FL L 37 C KR 3R 16
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h,4 “CHtE 30 min /5 W& B, BHYEXT HE 55 B A5 B8
C M yqxC /NFLJE LA B W A3 I3 5 B0, i 25 TR
B pGEX-4T-1 /INFLJE e 284k (& 6) .

K 6 flaE A GST-YaxC 1Y% i 6 P
A IPTG %5300 pGEX-4T-1-yqxC 42274 5
B.IPTG i 5 pGEX-4T-1 40 s 4 fif ¥y CBIA4 X D) 5
C. Wi NG B CCPRE X IR

Detection of hemolytic activity of the

Fig. 6
fusion protein GST-YqxC
A. Lysates of IPTG-induced E. coli BL.21 cells harboring
pGEX-4T-1-yqxC;B. Lysates of IPTG-induced E. coli BL21 cells
harboring pGEX-4T-1(negative control) ;

C. Sphingomyelinase C(positive control)

2.5 yqxC EWMEFHETE 224 PHFERSH

K RT-PCR., DLUKE 5 0% 51 4 76 A 5 2F 64T B8
224 5 RNA 5% 5 15 19 cDNA R AR, 15 5 M
HiP 3T vgaeC ) F B (728 bp) 5 DL 5 5% i 1) 5
RNA {08 cDNA 1E AR, A 938 > 9 b 3 (&
7) s DA HERS 39 5% S5 i AE o A7 76 5 9 4 DNA 5 3
Al RE, M P45 2R S yqaC PP A 58 42— 2.

M 1 2

750 bp 728 bp

500 bp

B 7 yqxC TEAN B AT A 224 ¥ St RT-PCR A6 Il
M. DL2000 DNA Marker; 1. ## 28 {0 FF 1 224 yqaC
SN # RT-PCR 780 s 2. AL T8 2R FUFT 7 224
S RNA SHBARY 1Y yqarC e B CFIHE XTI
Fig. 7 Transcription analysis of ygxC in
B. subtilis 224 by RT-PCR
M. DL2000 DNA Marker; 1. RT-PCR-amplified fragments
of the ygrC gene from B. subtilis 22432. Results of the PCR
amplification of the yqaC gene from B. subtilis 224 by using the total

RNA sample directly as the template (negative control)

33w

oI 2R R — R h e LA W A W RE S B AL A
MAFHFREAN LR, WRIBBELENLSEH. 5
0 1 235 5 T 2K AL B s HL R 0 5 | R A A S
IS TAD , B 9 1 3R 25y R A 1 8 R KR (Re-
peats in toxin family, RTX) FI#7% B 7% P4 E & s 45 &
MMV R 15 (Family of thiol-activated, cholester-
ol-binding cytolysin) 2 4~ K K . A W 35 % H
Plam #AF, XF yqaC B 2 5 19 85 1 45 0 k47
T LA R BRI AR Fs] & S4 55, X 2
Tl 2k by duf £ R 06 rRNA H 38 5 B8 il P A7 78 1 A 5t
SEE B AR RS I i 3R BE N (AN ey AD S B ) B v
IR A AE Frs] Jo SA 25430, H T, ©UESE tlyA
DK g T 0 7 ) S U IR . BE S BUAL 40 M Y 2L
figg o1 PR T YaxC R T IR FE .

A 1256 308 3 A S D R A A R B e B AR Gk
T N i GST frid Rl A & 1 GST-YgxC,
T I E A A 0 D) BE DR O A A 5 O X 3R
KA R AL AT B R AT RE 2 L LA BA TR =S
T & i AT IE Rk, TR A A
GST-YqxC 7E48 3 i BEAR V- Az b 7 H 05 14 3% i
T 1 X R W] yqeC B D AT 8 55 4l 52 27 04T 18 5|
() — R B A7 56 A O RES ™ T I RE S A

TEAWFFEH, RT-PCR 45 UL T yqxC HE A
TE A B 25 FLAF T8 v K AR B s BH R A HLOE B R L
AV LS PR R B S BE e L I — 2 TAER
il 2 YqxC 10 2 50 b ik, DLk 2 H A b L 2
JEFT TR B35 F2 W h R AR AE 5 03 Ab B T M el A 4
R Sl R B KR LU E yqaC FE R AE
ity B 2F AL A 2 S A BR 55 , DA MUK [R] 2 T IE
S yqarC KL PR 5 Ak 2 AT B I A AH S

M2 ARHIEIESE T yqaeC K [ 40 i 2 1 A B0
RIS L35 o T EL B R FG R R 2 A R b R R
X TAENHE— LT yqaeC HE K 5 4 55 25 JL AT
RLI I AR R DGk S Il %) 43 HILERBE 5 1 BEA

(5% k]
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