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Table 1 Primer sequences for triplex PCR
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Primer

K J& /bp

Primer sequence Length

BC-hbIA F- GGACACGATGTTAGAGCATTTGG 995

R-GATACAGCGAGTAGTTTATTAGGGATT
KP-khe F-ACTATACAGACAGATCATTCAACC 125
R-TTAGGAGCAGTTAGAACTACAG
SCosod A F-GCGTACCAGAAGATAAACAAACT 299
R-CATTATTTACAACGAGCCATGC

11,2 &R A 58 IR BOR 85 95 2 w02
WA 73 3R (BHD 7 5 BHE A YR 28 7] 77 i
DNA Fr#fE DL 2 000 .37 3 2 [ 5 BH A RS A e
i s A SE 41 DNA $2 B0 & RARE L BHEA

[{F /NSRSl

1.1.3 EBMERE EWRMEE, ERH B
A BR A B 7 s PCR AX ¥ R 55 3 25 .0 Bl Eppen-
dorf AG 23 A} it s FR KA . AL 5t 8 — A P RHE A BR 2
F A AR R SRS L T IR VLRI IAR ) 7 s NanoDrop
OneC, Thermo Fisher Scientific 2 & 7= i .

1.2 A%

1.2.1 #37 PCR & 7k ey 5 IEFEZEROFT B .
Jiti 5 5 B AR DG B R0 7™ 5, 4 245 3K T 43 o) 4% A 31 BHI
WA R F2 2,37 “C ¥ 3% 24 h, 42 IR 20 T 35 PR 20 42 B
TR B4 D DR AN I S 41 DNA, 43000 D3
Tl ERT 0 20 7 2 R 20 DNA SR #AR , BL ddH, O R B 1
XFHR L AT BRI PCR #7319, PCR W MR % : 2 X ES
Taq Mastermix 12.5 pL, I\ TSI %45 1.25 pl
(10 pmol/L) ,DNA #i#i 1 pL, KE ddH, O 9 pl,
R FE )P : 94 °C 10 min; 94 °C 30 s,52 C 30 s,
72 °C 45 s, 4t 30 NEI ;S5 72 CEEAF 10 min,
PCR #8452 U5 ¥ PCR 7= #E4T 15 g/ L 35 i o
8 J0¢ HL UK R B S AR s WE B 45 SR AR AT

1.2.2 =ZF PCR#&MF &HeyEL
1.2.2.1 ¥ #&EMe L3 MEATIR S DNA

R X PCR B 1Y 51 4 e BE IR JOIR BE 55 01T
oAt s A € d5c A S 7 A4 28 R0 s g AR Y . B AR &R
H}:2XES Taq Mastermix 12.5 pL, 7~ [7] 4 & ¥ &
W) 3 %519, Bl DNA R G 1 pL. K ddH, O
W B ARBURN 2 25 pl, RFEJF:94 °C 10 min;
SR 94 °C 30 5,52 °C 30 .72 °C 1 min,30 PMEH;
Ja 72 °C #Eff 10 min, F3B B (50, 50.9,
52.3.54.0.56.3.58.1,59.3.60 ‘C) . & 5| ¥k JEH &
(BC-hblA KP-khe .SC-sodA 51 ¥1# B (pmol/L) ¢
MM 0.4,0.1,0.250.4,0.1,0.150.4,0.15,0.2; 0.4,
0.15,0.150.6,0.1,0.2;0.6,0.1,0.150.6,0.15,0.2;
0.6.0.15.0.1) 5 ) I 4% 14 3#F 17 4 4k, i 16 11 = &
PCR #3819 e AE B g 454
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J 43 501 LA I R 2 AT TR L € 7 2 BR AL il R e A
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BRA 7R REAR TR LR KR T DNA Sh 8 Al , i
17 = PCR ¥ #4 IV .
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AL 04 25 BR DA DR RIS O AT 10 A5 A% LU AR B
LS BB BE TR R AR B, SR AR S 9 =5 PCR 9
SRR AT RN o A 43 ol B BBORE R 2F AT L
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OneC #5850 53 6 6 BE TN 6 3 i 48 v 55 DR 4
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PHG S AR AT RN
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3 ) BB AR 2 R AT ™ €6 250 BR A L T R 5 E A I
) DNA B2 2 BRa 1 AT 1 ok, &
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1.2.3 H&KREALR 2020 4F 10 H  fEREIT X
rhth, DXCBE 5 2 3 R AR I R B 2L 5 R FLAR AL 14 £y R
T 216 28 B VB U0 7L s B R R AR R LT B TS W
FEHWE RN (—4—if) B P 5 ML k30, 57
FHT 34 I 30 mL I TRERE P, BT
KEHTF 6 h )y 92 =, [Waf A = & PCR
J5 B UGG B 4y B K 9% & 16S rDNA I J3 i 17 L FE
BE A, B RE 1 mL $2A 9 mL 9 BHI W&
B gh, 37 °C 180 r/min 3% 6 h~8 h, #£ B 40
FEZH DNAL L ddH, O S BA X8 L 3 b 40 5 1R
4 DNA BT R = 5 PCR J7 i& 46100 5 7] At
e FURE A ENR 5 ¥ 5 K T AR 1 (50 mL/L
4,37 CHEFE 24 ho o0k R FE A FR 1E
R TR i 40 0 22 PR e (0 UL R AN T 0 B 25 0, PR R 4
T3 BHI BEAS K 3% 24 h~48 h, PSS B R i h 4l
Ak B T V% 32 Fh 21 BHI AR B 5% 3. 37°C 1180 r/min
1 SR 5 A0 2, 3k O T P B AR AT 16S rDNA
PCR §" 3 45 A 00 7 A o (9 97 1 7= 9 3% 22 b ot R
AW EN Y . W 45 R AE NCBI M 3 i# 47 Blast
JF 51 EE X B 2 20 B RN
2 4
2.1 AR PCR WIESL

S3A%F 3 A DNA #E4T LI PCR ¢34 /5 , #5 FF
ZEAOFF IR LBl A v B A IC T L 7 A A BR R 4 A AR
995,425,222 bp &Y 5 H B9 54 K/ NHAF B FE
SR (B 1) L ddH, O BIPEXT B TC Y 48 454
2.2 ZEPCR&MNAEMET
2.2.1 BXEEGKAA K 3 F DNA FHFNRE S
VE R , 3 $E A [F] 9 18 QR FE (50 °C ~60 °CH #EFT
=T PCR ¥4, 45 B R W, iR Kl B 7F 52.3 °C ~
54.0 CH HIRCR BT B2 54.0 “C R e 1R KR
(K 2),
2.2.2 Fl MR E AL BUNRIE RS Y44 ot
17 = PCR i, 45 R LW BC-holA | SC-sodA |
KP-khe 51¥H 43 34 0.6,0.2,0.1 pmol/L B4~
B R i (B 3)

M.DNA #5#E DL 2 0005 1.7 {47 %5 BR 187 5 2. Jiff 58 o8 75 101 [T 5 3. W5 A
2 54.ddH, O
M.DNA Marker DL 2 000;1.S.chromogenes ;2. K. pneumoniae ; 3.B.
cereus ;4.ddH, O

B 1 AT PCRIEER

Fig.1 Results of single PCR amplication

M.DNA F5#fE DL 2 00031~ 8,38 4R BE 4 7l 24 50.50.9.52.3.54.0,

56.3.58.1,59.3.60 “C;9.ddH. O

M.DNA Marker DL 2 000; 1-8. Annealing temperatures were 50,

50.9,52.3,54.0,56.3,58.1, 59.3 and 60 °C ,respectively;9.ddH, O
B2 =EPCRENEBEHMKNL

Fig.2 Optimization of annealing temperature of the triplex PCR

M.DNA F5if DL 2 000;1~8.BC-hblA,KP-khe,SC-sodA 5| ¥ ¥

Cpmol/L) B4 2 318 0.4,0.1,0.250.4,0.1,0.150.4,0.15,0.250.4
0.15,0.150.6.,0.1,0.250.6,0.1,0.150.6,0.15,0.2;0.6,0.15,0.1;9.
ddH, O

M.DNA Marker DL 2 000;1-8.Primer concentrations (pmol/L) for
BC-hblA, KP-khe,SC-sodA were 0.4,0.1,0.2; 0.4,0.1,0.1; 0.4,
0.15,0.2; 0.4,0.15,0.1; 0.6,0.1,0.2; 0.6,0.1,0.1; 0.6,0.15,0.2;
0.6,0.15,0.1 respectively;9.ddH, O

3 ZEPCRIIMREMML

Fig.3 Optimization of primers concentration of the triplex PCR
2.2.3 #akteal SR ARG PR A ki =
# PCR Y48 5 A I L 45 5 7R D™ €07 45 Bk B
U ZF F6LAT AR 2% 5 B 11 EC T DNA Ry #5545 2 ]
PR S M R BEL T DL Al E 0L 40 DNA
HddH, O BT JE 38 A4 1 Hh AR B 1) 2% 4 (& 4)
T 1Y =8 PCR J5 B (04 SR 3 4
2.2.4  HRHM R DU RE ZE AT B L 0 6 A R
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PRIl 98 5 B A EC P BRI & I 10 F5 6 B2 7 REAE
BN, R AR AR 7 i 47 18 2% 1 47 =5 PCR [,
S5 IR T B0 IR 2 R L 60 4 R OA
Jiii 4 5 76 A1 EG TR P VR B IR R I B 2 9.9 X 10% (1.1 X
10°.1.0X10* CFU/mL(# 5),

M.DNA F5iE DL 2 0005 1~4.70 5 8 & DNA R ZF AT B il 5
S B AT B 7 R A BRI 55~ 10,43 3 R R A IR B U0 1) IR
G B0 0 4 TR A L BE BRI L AU IBEAR I B ISR 5 11.dd H O
M.DNA Marker DL 2 000; 1-4. Mixed genomic DNA of S.chromo-
genes s K. pneumoniae and B. cereus; B. cereus s K. pneumoniae s S.
chromogenes ; 5-10. E. coli s Salmonella s S. aureus s Streptococcus s C.
perfringens ,C.septicum respectively; 11.ddH; O
B4 =ZFPCRHMHRMERN
Fig.4 The specificity test of the triplex PCR

M.DNA ##fE DL 2 0003 1~ 7.4 5l J R 45 B 10° ~10° 4% LU A6
F:8.ddH, O
M.DNA Marker DL 2 000; 1-7. Mixed bacterial solutions by10°-109
times dilutions;8.ddH, O

5 Z=E PCR H&RENEBENE

Fig.5 The sensitivity test of the triplex PCR

of bacterial culture concentration

¥ = DNA 705 55 L R A 5 #6147 10 £5 R 51
i B I VR A, R AR AL 4 1 47 3% 25 AR 2547 PCR
BN S5 R 127 1 6 B RE 2F S0 RT TR L (0
BREA L il R 58 A S E DNA S KA I FR 43 5] 4
35.8.6.3.40.2 pg/pL( 6),

M.DNA #54E DL 2 000;1~6.43 31 8 R & DNA ) 10°~10° £5 L
F37.ddH,0
M. DNA Marker DL 2 000; 1-6. Mixed DNA by10°-10° times dilu-
tions;7.ddH, O
B 6 =2 PCR DNA K ERERENE

Fig.6 The sensitivity test of DNA concentration of the triplex PCR
2.2.5 RN N HES R =E PCR HIETE
A TR] B[] X 3 i B S A 3 UKL 45 R BoR 3 IR
PR T 25 SR R — B, R IZ O R A R AF W ] &
=R
2.3 HEmARERKN

N FHEE S 1 = 8 PCR J5 % FA% 50 40 18 53 25 4%
IR 7 BRI XE 14 Oyl R 2L 55 R FLAE BEAT RN, 45
IR G A0 TR 43 B 5 3R O Ik R 0 R 2 6T
TR 7 0 7 2] BR TR I 98 5 AT DT B R ol PR R 3R
Iy h 28.6% (4/14),14.3% (2/14) F1 7.1% (1/
14) , =1 PCR Jy i W5 FF 27 AT 58 L 7 € 5 4 3K 7 AN
it 98 o, B 1 A % BH PR 238 43 3l S 35,726 (5/14)
14.3% (2/14) 1 7.1% (1/14) (I 7)), Hoh s A 28 4
FER Y PCR R0 BH M 232 055 T 40 58 43 5 % BH 1 %
SRR 2y B % E 5 PCR K 7 32 B BRI 45 4 R
h87.5%.,

M.DNA #x#E DL 2 000; 1.7 & DNA;2~15. 84 316.ddH, O
M.DNA Marker DL 2 000;1.Mixed DNA;2-15.Samples;16.ddH, O
B7 HEB=E PCR&N

Fig.7 Detection of samples by triplex PCR

3 it

B A ) Az B NATTI T3 R W IR B %
Sy E R 2, KA PR R b A
IR B DL R A0 TR i 24 PR 3 S S B AR 2L s R IR YT I

HE (A5 DR A 0 ¢ B O B 0 A 5L D7 R B
B A R R B . A S 06 A A O A R R L PR
R M X3 A= 2L 7 5 LA rf R 28 JRAT B L
A TR R R i 98 A ER R 8 o5 A BOR ], L
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2 AT TR A 8 T T A ERRR I 2415 B0 B T

T AF R OB 5T ST TR X W 2R L5 R R
o T 4 00 A K T R T R A IR T T LB KR A
2 #E PCR Jy ik, D% g U &E PCR
7N R v 4 B O R AT ER R L G FLBE BRI 15 AL A
BRI B A BRI T BR BE 3 5] S 101 107,107,
10°CFU/mL iZJ5 AR AT 4 s JE TR TR A ol 1Y
FPORMEM 3 . Ashraf A SEUS ST T AL 7 608 4
BRIATEN I 9 Bl b5 208 I i 1) Z2 8 PCR J7 6,1
J7 30 AR R S M R UM 3K 81 50 pg/p L. HERAE
MEPE R HOAN Sy . R BT g ST A BA TR PCR 4
TCFLBE R | 4 0005 2 BK TR L I A 2 AT TR A IS
MFRA 0.1 pg/pls X K ¥ A TG B 1 S5 A1 A T B
0.01 pg/pl, BRI PCR 53 5% v {0 H g <7 1)
% 8 PCR U4 A T0 PCR J5 354K, Shome B R
AEDOTHEE ST () 2 PCR XA B 4 A 09 4 5 R T 4R
W) DNA EAT A6 0 B 3% Bz 7 25 3K B L 7 €0 7 2 Bk
PR I B KR T 1 B IR U R 10° CFU/mL, 54
AFF 0 TR AR R 50 A AR, 1H 32 3 AT 5 A TR VR VAR
Bl P 45 B4 B 5L 4 DNA SEAT A, =020 gty
T & R A ER T L JCFLBEER T A S B T AR
= H PCR Jri, R 73 5] Ry 5.97 X107 ,6.68X
1077 .5X10 " ng/pL, 5AWFFE 19 DNA (1) 55 A I £
A 35.8.6.3.40.2 pg/ pl. B RAHEAHIT .

AW 5E BT EE ST T BE W [R) BT A 0 A A 2 96 T
TR 0 7 265 3R RRD I % S T A IR Y = H PCR Jy
P SR PELE L R R DL & DNA ¥ B & R
JEE X3 Al 2 T R VA ) e AR N 6 43 A 9.9 X 10°
1.1X10°,1.0X 10" CFU/mL; X llfa A& AE & 19 460 5
e B8 2 TR 53 5 5 S AR LA, R R . TR R I AL
S99 T TR B A0 SR T A R 3] K P 35 A TR L 4 (R
T 780 BR DA B0 BE BR T A R DL R AT, & E
25 R DRI 10 FH A B 5 A S B O R AT A
W LA B s it O SR BBUREL R B 97 5 i . S AR BE ) 41
9S8 T TR L AS B 5 ST ) = HE PCR 7k AT DA
L2 I RV AE M BEARGHE AT PCR 3 44 1 A 75 22 48
HUABA 2 DNA B 58 40 6 7 A 00 i e) ok B A 5 1
FL 5 4 0993 JL DA A A B 8 TR I T Tk 9T S B
Az 3 A TR PR ORI 4R T A RO .
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FEEVE NS FAEE N MR R AHERRIM.R OB HmB
CHR TR i A 1 A7 L2 7] WAL BRI 430000)

W OE AT RS E 9 A (SSO) R AR IR I AW A AT A B B K gm0 A P SR AT R 4
HRE S BER, BEBEIFUE FLZREESE PCREZ R F A >R HET 20 4R A F 9 B HEH,
SRV A SS9—1~SS9—29, it E K KEEHE4h & A= Balb/c N R 29 BB AR f i 9 A AR AT 0 e A
Jh o 0h ik 2 MR AE IR T fa ik O R IR AHR, A A SSO—20.880—22, At —F T M SSO—22 W A M a1
HAT A K KA H  E D A B AN A R R, SR B FR,SS922 BAkAE 37 C34c 6 h i, AR FHE Tk
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Establishment and Application of Triplex PCR Method for Detecting

B.cereus .S .chromogenes and K.pneumoniae

HU Hui, LI Tian—mei,JIANG Yan—fen
(College of Veterinary Medicine , Northwest A& F University »Yangling s Shaanzi 712100, China)

Abstract; A triplex PCR assay was developed for detecting the hemolytic gene (hblA) of Bacillus cereus ,the su-
peroxide dismutase gene(sodA) of Staphyococcus chromogenes and the hemolytic enzyme gene (khe) of Klebsiella
pneumoniae.The results showed that the optimized annealing temperature was 54°C with the optimized concentra-
tions of BC—hbIA ,SC—sod A ,KP—khe primer pairs 0.6 pmol/L,0.2 pmol/L and 0.1 pmol/L, respectively. The
thresholds of detection of the triplex PCR assay were 35.8 pg/pL,6.3 pg/pl and 40.2 pg/pL of genomic DNA of
B.cereus ,S.chromogenes and K. pneumoniae sas well as 9.9X10* CFU/mlL,1.1X10° CFU/mL,1.0X10" CFU/mL
of bacterial cultures, respectively. The specificity test showed that E.coli , Salmonella , S.aureus ,S.treptococcus ,C.
per fringens ,C.septicum were all negative except the 3 pathogens. To detect 14 milk samples from mastitis, the
positive rates detected by the triplex PCR of B.cereus,S.chromogenes , K . pneumoniae were 35.7% (5/14),14.3%
(2/14),7.1% (1/14), respectively, whereas the positive rate of B.cereus was higher than that of isolation rate
(28.6%) s the positive coincidence rate between bacterial isolation and triplex PCR detection was 87.5%.In summa-
ry,a triplex PCR method was established for the detection of B.cereus ,S.chromogenes and K. pneumoniae that may
cause bovine mastitis in this study, which provided an alternative method for the quick detection in animal husband-
ary.
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