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WE Wt E A% EE hag B F w00k F 770 & B TR X3, 4T i KA S e g T
fE R A FAFIE. AR T REFHATHEEE O %D ERH hag B4 F 7], RIEFELE T H| X
i+ &KX 54 Bfho f2 Bfhi, IHATH MK ER PCR FFMAM, W4, KA W54 Bthi 20 B35 5
FATH K & PCR 4557 A I 77 3 30 4 2 2 7 SR A U IR, XE 15 AMESURE 5 S AT A0 U 3 3¢ P
PP REFHUAEN G EHATEEON LR LT, % 5155 By B3 3F 4T 1 hag % B K % 1213 bp,
B, SHEFHATE hag E RN 13%—15%, 702 E PCR 7 %t K58 ¥ FAT & &
PC004 Fr PCO24 th &l IR 451 4 17.3x10° #1 19.7x10° CFU/ml, EHIH SN LR B 5, 15 MER
HAN T AN, R EARE T REFRATE NS R AT RE L R AT E AN

BRI, BREREE., REES, TN ZE LR NR SRR

XHEiA

hESES S917  XEHFIRFE A

% A TR (Probiotics) £ 7K = 32 58 H 19 b FH % 32 =
L, AURT RAMGE KR R KA S A K, iRRES
3 o AR A S P e e v i L g Mo e, B o
E R AR (T H 4, 2011; Dalmin et al, 2001;
Wang et al, 2005; Sakata, 1990). ZEfEAF T (Bacillus)
YENA TR E P EEMA, e 22 KRR E
Bk, oAb IR G 2F ST 5 (Bacillus firmus) 75 48 i 4 i
71 . BT BELE A 1E % 7 (White Spot Syndrome Virus,
WSSV IR YL 75 AT 2 A (XA S5, 2012; P4,
2012), PEKZRIEE ST B EE K B T R A )
Pt il 5 4R AT % O A3 AR B P PR R 5 2
FFHE, PC004 435 H v [ X+ iR (Fenneropenaeus chinensis)
FRIHIR ; PC024 43 25 H X R E , BIAR TR 3% WSSV
R BA M HIE S, 2012),

t E AR A E AR TN, T EE &t

R3EFHATHE; WEE G hag £H; £X PCR; XX ¥ & PCR
XERS 2095-9869(2015)03-0068-06

BT 1R 2 25 AR TR ARG ™ i, DR R S 1) 25 2 TR ARG I 47
AR VEA S BRAE PSR | Wi 5 A T s 2 DA S 2 e A
K7 i T SR BB E R TR XA £ B
PSRRI AR D HRIE , Z2HURE T AR R
HOE RO, TR R A 16S tDNA ¥ sk
16S-23S rDNA /753 Hr 777k . 16S tDNA J¥ 51 534
CZH TR JE . FhATEY % % (Amann et al,
1995; Woese, 1987), Tfii 16S—23S rDNA 437 7 1 il 4
BUX A TEAS « M AT A0 BAT, Ak 40 T ol AT
7K 2328 5 F 1976 F) T E.(Jensen et al, 1993), AL
B SERT T B, R ZEFAT I 16S-23S rDNA
6] X (ISR)VTEAE L M (E 245, 2013), JHHG R R
EARTEMERE  FLTR0MHA (DNA B4 % e th i g
BB L W) RS 4, FE AN PR | 5 S v I
A REVE A B kT ik, WEARMEAE S PR A r= v o

* N g AT RH L I 4 27 70 H (201103034) . B A 7l 5 AR R R (CARS-47) . IWARA 8 1L iR TR R T 48 2%
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PRI, FFRET X REE Rk B AR S R T i+ A 22

Y11 B #E 2R 1 FE [ (hag) B & PR ST X R AT AR X
AR A SR 43 2 AR IE 2 — (A 55, 2008; SR8
Z% 2010; Asano et al, 2001), Asano Z£(2001){&K#E hag
LR 60 BiAl B 25 AT 181 (B. subtilis) 73 9 P-4
2 AT AR XAk R T AR R AR T (Clostridium
chauvoei)#4% S MK (Kojima et al, 2001), AT
SR IR 5 ZE AT B ME B A 10 hag SRR, ST BT XX
PR A R A8 LR S R O 7 2%, K SR AR %) 7 M AR
FHAR A R A I T B

1 wRS
1.1 Bk

IR SR ZE AT B B PC004 1 PC024 Sk v [ 7K 7
BF AR5 Bt 0 2K = BIF 5 T 165 7K 3% 5 A 00 95 9 42 ol
5T E T 2010 4F 5 H S IR, A
BEAIATEE (B, subtilis) . & /NZEAAT 1 (B. pumilus) .
M A 25 0 AF (B, licheniformis) . I FE 4 46 FF 14 (B.
cereus). 149 ZF 4T i (B. baekryungensis) . ¥ 5 &
(Vibrio alginolyticus) } A< 5 56 2 {77 I B ik . T 2013
S, BT EMERY KRR

1.2 HHEIEFHE gDNA BIHI&

FERD IR GE ZEHIAF I PCO04 1 PC024 . A5 H 2771
FRGE L 20 /NZEROAT B | AR ZE AT B L AR ZE AT 1A
FAHZEAMFT P . WS T 2216 WRAARKE 55 L (e ik
5g, MRS 1 g, FeSO, 0.01 g, 7K 1 L), 37°C
180 r/min R AIEFE. B 6 ml FIK 10000xg
(HITACHI Centrifuge CT15E)&.0> 2 min, 35 FIHK,
WCAETE AR . e IR AN L P 40 DNA 2 U] & (AR,
CHO) A B AT 40 3 4] DNA RYREL, &
NanoDrop 2000c #4174 B BE A, 1E8 PCR 3™
PR

1.3 BEFMATE hag BE AT EX A EE

KM B ZEAFT I hag SEY 34 Bhag 514
(Asano et al, 2001), LTk PC024 gDNA Mk, §~
B X5 ZF AT hag #8450 R Bto 25 wl PCR KWK FR
N 1xEx Taq Buffer (7% Mg®"). 0.2 mmol/L dNTP, 7|
Y145 10 pmol. 0.625 U Ex Tag DNA %4l (TaKaRa,
KiE). i DNA 25 30 ng, VR : 94°CHiAEPE
10 min; 94°C 50s, 45.2°C 1 min, 72°C 1 min, 35
AMES; 72°C 10 min,

PCR =12 1% Bils Wi ik, i Zymoclean
BEE DNA [BIGR] & (Zymo, SEEDHEIKAZRR, 5
pMDI18-T wwfEzk ik 118491544 T E. coli DH5a
A7 A ANl (TaKaRa, Ki%E)H, FHM 7EfE 2 PCR Kk
Ja ik il TAYIA BRA /T .

1.4 BEFARTFEHER PCR &M

AR 5 B 0 75 2 1 IR SR ZF AT B hag SRR
] A A2 X JE 5], F Primer Premier 5 %%t 5 |4
(32 1) &L PCR KN R 5 ZEA0FT 8 PCO04 1 PC024,
AR AT R /N IR . MO 2 AOAT 7 L A
AT I . R RAT IR R BN R 55 8 R T4
L, ARSI S R e

o5 — 2R AN G 1% BfhoF/BfhoR ., 50 ul 1A & 5
1xEx Taq Buffer (% Mg”"). 0.2 mmol/L ANTP., 5|4
% 10 pmol. 1.25 U Ex Taq DNA B4/ . #i4 DNA
2530 ng, ¥ : 94°C 10 min; 94°C 50s, 59°C 20s,
72°C 20's, fEFR%C20; 72°C 10 min,

S5 BRG] BfhiF/BfhiR . BHCR S —
PCR =¥ 10 {55 100 f5H B . 50 pl (KR 1xEx
Taq Buffer (% Mg®"). 0.2 mmol/L dNTP ., 5|#14% 10 pmol .
1.25 U Ex Taq DNA R&H8 . MR PCR 79 1 pl, 2
J¥: 94°C 5 min; 94°C 50s, 59°C 20s, 72°C 20 s,
PGS 205 72°C 5 min, PEAT 4%I N HEEEC FLIK o

*1 AHEHPFAANSY
Tab.1 Primers used in this study

519 hgdl JFA5 AL E3
Primers Sequences (5'—3") GenBank Number Primer site Source
Bhag-F ATG AGA ATT AAC CAC AAT AT 545-564 nt

M26948 Asano et al, 2001
Bhag-R GTT GGT TTG CTT GAG CAA GC 1408—1427 nt
BfhoF CAT TTG ACG GAA CTA CAG GA 868—887 nt
BfhoR CAG CGC TTC CAT CTG CAC G KC683536 1038—1056 nt pNIE
BthiF GCT GCT GGG CCA GGAACAG 906—924 nt This study
BthiR TGC TTC TTT GCG AAC ACC 969-986 nt
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1.5 ZIFEZFMIFEH FQ-PCR #&illl /5%

1.5.1 'RIZFIAAFE Y FQ-PCR 4 ik it
TRCE5 % 10 TR A FH ot 33K 500 A0t 58 400 T A R RS R A T
10 fE5BR ERR S, T BRI EER 107 R 1Y R R
(M £ <40 CFU/ul) #5iH , 2K QuantiFast SYBR Green
PCR Master Mix 37 £ (Qiagen, fEENJEITH 1, 20 ul
R Z % 2xSYBR Green Mix 10 pl, Bfhi 514(10 mmol/L)
% 0.5 pl MR 1 pl, FQ-PCR #:1J% ] BIO-RAD CFX
ARG T, BIREBE RS 62.5-70.5C, MM
F 3h A R RS, ¥E¥E 63.1°C . 65.7°C. 69.2°C 34
MRS, BFIXE: 95°C 5min; 95°C 105,
RK20s, THH 40 1K,

FRPEFE SO FE 3 R KGR BT AR 45 2R, i &

IR GRS, IR IR N T 9O i PCR A
IR ZE AT R B bR PCO04 F1 PCO24 . A B ZEfIAT
DAL J/NEEAORT I . Hb A SR AT B . AR ZE AT TR
20 2 AT T 45 o B B4R A Bfho PCR ™4 100
fHER RS, 2 AR dH,O, BIYEXT IR Jy i e o
W o BRI E A TAT .
152 '"B3&FIOAFE FQ-PCR Aam M ILay 72 I
3 ZE AT B AR PC024 Fll PCO04 3 17 1% 7 1 K
MR EE A 540 R 1) £(1x107-2x107 CFU/ml),
A3 EAT 10 F5 R EER R, L 10771077 AR BB 1
PCR 54 . FEAALBRALR B 3 AT, KR AR Y
AR FIR 1.5.1,

1.6 HEHIF M FQ-PCR il

A S 55 % v e BB 5 ZE AT B A 11 AR 2
FOAT B . 1 RRVE B0 B DA S 58 2R AT B PCOO4 2R 17
PoR¥EFE, WRIEIRE, 13 BRIERRBENLLAL A T ifEK
IR A), SRR 15 MBI S, £ RE i ] TR A Rh
25 B SREYIRHIN, KRR 20 ml, KR
ZEHUFT R IEAT 10 f5BRBERRE, B 107 '—10 ° AR BT
1l VEM AR, 2l bnife th 4 o #F Al A B 1 pl B
VEMAN, RS ELL 4R 3 AN F4T, Bfhi 514,
PEAT FQ-PCR A&, PHAA:XT BEAIH A Bfho PCR =4
100 f5R9FR YD , 25 AR dHLO, R R R2JFI] 1.5.1,

2 #R

21 BEFATHEEEAVEXHREE

K Bhag 51919 1445 5] K5k ZE AU FF 1 hag 3% [
£ 1213 bp, 5 NCBI £#is ZEHEAT X, 45K W,
550 B ZE T R T B AR 13%—-15%, A

U DX 37 T #E B 2 () N-dm Al C-um PR sr X, RH
hag & K AT A8 XN H25 @ gy e, aT AR 4 rh ) n] A2 [X
JF 9B T 0 58 2 AT PR A4 4R S A 5 4

R ZEHIFT I hag FEF A A SE B0 = 2 28
GenBank $4# %, Accession No. KC683536,

22 EXPCRERMENLELR

M 5 ZF FUAT B hag 2 R A% IR e 1 1563 9 %o
5141, 439 4519 Bfho NS4 Bfhi (3% 1), R
Wik PCR K2 8 HRIGIEANET . SS9y 38
B R/ 189 bp, WHIHIHIY HE K/ K 81 bp, £
3 PCR 23 DR 45 5 (B DR, B R5R 2R
FF T PC024 F1 PCO04 777E 81 bp 381, 1 A& 1
TCE A A L AT 1 25 F0L AT R 28 2 A B 1) o
FG B B G B R ), RS I 4 A B, I ]
SEERL R SR ZE AT B AR S AR, AR T R
JAI R 2 he

Bl I 2R AT B 19 20 PCR Ff S PR AG (Step 1T)

Fig.1 Step II of the nested PCR detection for B. firmus

M: 20 bp DNA marker (TaKaRa); 1 Fl 2: PC024 il PC004;
3: JENGEAAATR; 4. RRRIEFAERE; 5. HUOKEAFTE;
6: MEREZEMUATRR; 7. FSMZEAUATRR; 8: VA MONE;

9: AP
M: DL20 bp DNA marker, 1 and 2: PC024 and PC004,
3-8: B. pumilus, B. subtilis, B. licheniformis,

B. cereus, B. baekryungensis, and V. alginolyticus,
respectively; 9: Blank control

2.3 FQ-PCR#EZMHEMER

KA E R PCR X 8 RRANEJEATKEM . Bfhi
B IR RS EETE 63.1°CHI 65.7°CH, HiA ZE AT
L/ INZEAORT TR IR B 2E AT TR A B3 2R 7E 33 N6
WU IR A TS mirE 69.2°CHY, HAA BHMXT
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HERIT U ik 25 A0 AT B 4 ) 38 il 2 s B T, (R
FREAR T DR . LA %I, A BRI 66.5 CHE N
1B KR AT E f PCRAGIN K25 5 s (81 2),
PHEXT HRZH Cq b 13, ISR ZEFFF 1 PCO04 Il PC024
) Cq 439k 28 F1 29, HARA2H LUK 2 0 B2 A
40 MIER N TCA LY 1

600 ......................................... T 7':

sool T

0 10 20 30 40
EIEL Cycles

B 2 W5 ZEAFT I FQ-PCR 44 k4Gl
Fig.2 FQ-PCR detection for B. firmus
A, B. BHPEXIIRZAL; C, D. RSB ZFIAFF F R A% PCO04; E, F.
U5 ZE LR B R PCO24; G MR ZFAOAT B H. ¥ I,
LI K L M: G5 REFEF I . SR EAFTE . 4
ZEAOFT I . /N T RN ZS N IR
A, B. Positive control; C, D. B. firmus PC004; E, F. B. firmus
PC024; G. B. licheniformis; H. V. alginolyticus; I, J, K, L, and

M: B. subtilis, B. cereus, B. baekryungensis, B. pumilus, and
negative control, respectively

2.4 ZEIEZFHAFE FQ-PCR WRMlR#E

DIIRBRZEHIFT R TRE PCO04 (MREE 1.73%10° CFU/ml)
1 PC024 (MEFE 1.97x10° CFU/mI ) i B 14 18 W Ry
FEMR, Z3HT FQ-PCR ARG INBR .

ZE 0 R (8 3-A), W5 ZEAIFT 1H PC004 Y 10—
107> Fis B8 B 20 O\ 22 B A7 e BE AR R B Cg {24

600
500

o 400

[S3

~

i 300

#2001

1001

0_.

0 10 20 30 40
HEIREL Cycles

FEARAE, 5 107 F1 1077 B B8 B 4 AS T4k S 52 BB
107 s BERELTA IS TA S0 34, 17 107 AR R
A VAT S, Bl RS 10°4%)515%] FQ-PCR
RrMIR , 20 B W 4l R VR 4 17.3%10% CFU/ml,
UESEZEALFT B PC024 AYAGIN 45 S (&13-B) 1072
107" iR 4 (O 22 2047 R BE AR IR B AIR) ) C (1 28
FEARE, 10 AR BB 414 ATl Ca (B shPEAs K,
ERG AT Ay BHA: T 1077 7 88 88 LRSI Ay B o DAL v
U5 ZE AT B PCO24 B TR R 8 10° 7% J AGH i 13k 214G
TBR, A0 e B R 19.7x10* CFU/ml,
HAS N ZS IR A 3%y 38

25 HmEMER

FEXFH 5 09 15 AL i 1 SE e A,
1,2, 6.8, 9, 11, 133 7 AN BLEMY 1,
A 8 A MBI, USSR —E RIEPRAEI 2T
SRS PR 20 v RS ZE AT D 1Y) i, S5 LR 2.

3 itig

A PCR B qPCR il )7 v 22 S 4 s Ji
TR ST 1 o AW HEST T T 12 ) 2 A= 1A I i
ZEFFT R R A FE RN PCR FNEOEE
PCR R A, X T £ Az o 0 FH 9 224438 .
RCFEVEMY | 7= i S5 A 0 A B B A 25 DR 00 e AT 45 0
HAHEMNE.

MPEHE R S N, C-Ufrsy KA ) )
ARIX, AT AR X3 31 AT AR Sk 40 B 4328 B4R 3 (Asano et al,
200 1) FHARE S PG I A B IX R I 45, 2010), "R ZE
FOLRT TR RIS 0 2500 PR A A3 A A 6 R (i 2 45,

600->b'iﬂjﬂgl ............. ...............
Amplification :

0 10 20 30 40
HEIREL Cycles

Bl 3 IR IR 1Y FQ-PCR Ao I ik FR# &
Fig.3 Detection limit of FQ-PCR for B. firmus

A. RIRZEFIFFIE PCO04; B. 'RiRZEMFTFIE PCO24
A. B. firmus PC004; B. B. firmus PC024
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F2 157 #H&KFQ-PCRIENMEELER
Tab.2 The results FQ-PCR detection of 15 bioflocs (Mean+SD)

Fedhdi's B firmus &4 |FEMZS  B. firmus &4
Sample B. firmus number | Sample B. firmus number
Number (CFU/ml) Number (CFU/ml)

1 6.80x10°+9.00x10* 9 4.27x10*+3.30x10°

2 4.75x10°£2.50x10*| 10 -

3 - 11 1.35x107+5.00x10°
4 - 12 -

5 - 13 1.55%x10%+2.50x10°
6 1.53x10%8.75x10° 14 -

7 - 15 -

8 1.9x10*+8.00%10°

— BAMEZE SR Negative

2013), UL, FIFAL R ZEHFT A Bhag 5140 02 ro b
3 T SR ZE AT hag 3 R A4 41 (1213 bp),
HA S A RS A [ AT AR X, IR 58 2R AT IR hag
FE R[] W AR X5 80 5 LA 2R FAT P A AE i 2 5
X Ry ) 12 5 PR S 37 1 i 2 AR TR A S P AR I T ik
PEE T Ao

ST AR RA rDNA HEFT 40 8 % 5E F14r 251
Jri, 4N 16S rDNA J¥ 5434k Al 16S-23S rDNA [H]
X ArHT, FERT AR HLF5 B0 A 5 Xt e, R
T8 P AR A A o A PR A I T 3 o T AR AR S AR Al
SR ZFHAF IR PCO24 R 2R 11 4w A L PR v i) DX 3 i 11
T—xEX51Y, IHHENX PCR T T X R ZE1
FFR AR SRR I . A, RIS Bihi i &7
TEXHZ A FQ-PCR A 771 o 3 W Fh 5 34 m 52
PRI B8R AT TR A R R S PR A

AWFFEIMIR T FQ-PCR 2 X} U 5k 25 AT 18 1) 46
TURE TR 8 5 24 A0 AT T () ARG 00 PR e e el , 430l A
17.3x10° 1 19.7x10° CFU/ml. % B2 B e B i
127 1 AR T L S B 40 T ARG

AHIFGE LA By 22 AT ot Ry R A7 S B A et A
15 MR RAE 3 AR, (B8 2 - THER
BB Ae i, A A RE P R 2R AT R AR D
ZEAUFF R R K P SR T 25 AR TR, (H 22 R R 24
FFEa (IR 5, 2007), "BomZEHIFF AR L, %
S5 5k — I SUABAT , UBH 271k AT LR T SEBRAE
ARSI

Hifh: AXREIER ZEAATARBET £
WEAMR, X, MTRAELR LA T T H,

A B R TR RS B
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Establishment of Specific Detection Methods by Nested PCR
and gqPCR for Bacillus firmus Based on the hag Gene

XU Yanfen'?, WANG Hailiang', CHEN Datian'?, SONG Xiaoling'?, HUANG Jie'**"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Shanghai Ocean University, Shanghai  201306;
3. National Laboratory for Marine Science and Technology, Qingdao 266071)

Abstract Hag, a Flagellin coding gene, has conserved domains on the ends and a central domain that
is highly variable in the length and the sequence, and hence has been used as a molecular marker in
bacterial classification and identification. In this study, the hag gene was amplified from Bacillus firmus
with the primer set Bhag, which was designed based on the conserved regions of the hag gene of B.
subtilis and other bacteria. Two primer sets, Bfho and Bfhi, were designed based on the obtained sequence
of hag of B. firmus and were used in the nested PCR for the species-specific detection of B. firmus.
Furthermore we developed another specific detection method using fluorescent quantification PCR based
on the inner primer set Bfhi, and tested the detection limit. Some simulated samples were tested with this
FQ-PCR method and in the positive samples the concentrations of B. firmus were determined with the
same method. The sequence of hag cloned from B. firmus had 1213 bp and was only 13%—15% similar to
that of B. subtilis according to NCBI BLAST, and most differences existed in the variable region. The
detection limits of the FQ-PCR method were 17.3x10° CFU/ml and 19.7x10° CFU/ml for B. firmus
strains PC004 and PC024 respectively. In 15 simulated samples, 7 were detected positive with the
FQ-PCR method, and the concentrations of B. firmus in the samples were determined as well. The
detection methods developed in our study have technical advantages such as high specificity, time-saving,
and high sensitivity, and thus may become valuable tools in the practical application.

Key words Bacillus firmus; Flagellin; hag gene; Nested PCR; Fluorescent quantitative PCR
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