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BEIHEFF =AY SYBR Green | HIE= PCR FIARIENL

FRE", AR, BR, E&R&ET, &, MWE’, KE, KE
(1. b Rk K Rde AR SR, FALRE 071000)
(2. FTAL ARSI R IE, AL Roe ' 5 R E, AiaFRE 050091)

TE: AT GenBank #2449 B AEAFH 49 16S rRNA #RF A-7]%3+ PCR 3144, #1A SYBR Green I 5 &2 ¥ PCR H AR #5 —# bk
B R MER FLH) S P BAEATE 69 k. ARSI L) SYBR Green 1328 PCR ik tt 3 #k#) 484 H VA & 18 #hIAE BIABATH 24T 4%
FREARD, JF RE IR EL TN, ZR T, AT 54 EA RIFa4 bk, S84 R 640 PCR ST 5 W
BHT, IR BT | S8 4756 F 4 B 3|4 ZJR AR, 87T it IR AR o 4% 69 b et A BErR AR 45 b8 3. AR SYBR Greenl 32 £ % PCR
i) R HEAT I 7 6947 o A8 XML RAF, R2=0.9968, st #I#EATHE BT RN, RAKAH R X 75 CFUML. #IH %7 7T &
ML S AL T EES PORAEATR, ARLEW, 25 E22 8005, BEREERE, ERATRILASGZ 4N,

FHEF: FAEAHE; SYBRGreenl; S0 2 per; #4&M): BRI
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Establishment of Real-time Fluorescence Quantitative PCR for

Gluconobacter using SYBR Green |

LI Yue-hua'?, ZHOU Wei'?, YANG Lan? ZHANG Jing-jing?, WANG Shuang®, LI1U Tao’, ZHANG Yan?,
ZHANG Wei'
(1. Agricultural University of Hebei,College of Food Science and Technology, Baoding 071000, China)
(2.Hebei Food Inspection and Research Institute, Hebei Food Safety Key Laboratory, Shijiazhuang 050091, China)

Abstract: PCR primer was designed according to 16S rRNA conserved sequence of Gluconobacter fromthe GenBank, and a rapid and
sensitive fluorescence quantitative PCR using SYBR Green I for Gluconobacter detection in fermented dairy products was established. The
established method was then used for the specific detection of apanel of three Gluconobacter strains and 18 non-Gluconobacter strains, with the
reliability of the results verified by agarose gel electrophoresis. The results showed that the primers were highly specific. M elting curve analysis
of the PCR amplification product showed tha primer dimers were present in the amplification product. However, nonspecific amplification
could be excluded usingthe peak time of the melting curve. The standard curve based on Gluconobacter detection using the established method
had good comrelation (R? =0.9968). T he minimal detection limit was 75 CFU/mL in the sensitivity test. The established method also successfully
detected Gluconobacter in five artificially contaminated samples. These results indicated that the SYBR Green I fluorescence quantitative PCR
method used herein exhibited high sensitivity and was easy to use Therefore, this method is suitable for the qualitative detection of
Gluconobacter strains in fermented dairy products.

Key words: Gluconobacter; SYBR Green I; real-time quantitative poly merase chain reaction; detection; yogurt

Hi AT B B (Gluconobacter) & —#E 3 2% FC B 14,
Aot ira, AWENIE. nlisshEoniEsh s A 2
T FRIARIE o R0 BRAT 1T I8 (RIS AR P2 B R, LT
Wiiks HEA: 2014-08-20
EEWH: Witd | EREITRImE (PT2014030)
fE& & A% (1989-), &, MM, MRFBE: BEMEDHEN
Szl
BIEE: K& (1979-), B, L, RESRLTIET, MARAE: |
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ERI Y, HATR A A KR (Acetobacter) #§
SRS IR B B R ERT A 2 s, Ttk
AN LI N LRIV RED TS5 T A AL A b A R AT
IR IR, R, FE . RS b TEAT
A B ZRIN . WA R R RS 54K C
(PURILIR) SORMESIBE G R FERIGIREIR. L1l
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S —AEE BRI RY, AT
WAEE TR R R, BHEACR IR, FAT,
B AT T I [ AT £ (R TR 2, S BT )
RIRFEREP. AN, IR IRGE ST, RS Y
T L HH RT3 8 R B, At A 0 L ) ot AR Y
JEEEP, BRI pH, SRR ML, FIERTL
FLARKES . H BN AT SR A 7T AR R TR
FURF PR 25 0 e FE L (R 7, TR L AR 7= it
& HHEIREAT B 5 G R IR Fe B D . Rk, T
Rt BB AT Tk U B

SER 26— A iEEE % M(real-time PCR), 11996
fEHi2EE Applied Biosystems A ] i, f&F&7E PCR
RIARZR IR CEE ], BE PGS A KR R
S IS PCR AR, St faid i o i 2% AR Jn 5
WA BT A, iR 6K,  QRT-PCR
A4 NGRS BRETEAS bric =R, BT ERER S
G| VbR iC S E B, itk Bot, AR TR,
AW TR FHGRER Tt PCR. YeRIZE AR T ekl
SYBR Green I AJfix AXUE DNA /N H, 5 DNAZ
ARBRNMES, Ty g m, oriEmA
A% BB e a ™, HAT, SYBR Green 1 SR,
PCR J7 AEAE k™2 st 2 A7
2N Z N

AP FERT IR AT 1 B SR r X g 51, R
F SYBR Green I 56k 1 — i Husuasmil b i+
(R TTIE  FERTI 7V R St A0 R U 64T 7 VPARY
LT SR b il AR AR HEASADURE i )
HIPEFTE, 54h ARSI AN 3 h
AISERARTIN, 50 B s AR R, KRR T
REIETE] o X FRR ALK AL P AR, BTy o
FH 8 8% PRAE AT 20 ARG 0 PR L A = Jek v F T B AT
B, PR RIS, B KB BRI BT R A R
ety KTl ARk o

1 MREEE

11 FoH

1.1.1 2 EGKH)

HL ARG KB B8, ROETTAR T AR s B
A8 #%0, Bio-Rad A Fl; HE TAEG, 75382,
A BGKA, AERTHTAN—AXER) 5 3K15 & s Es O
ML, SIGMA; MIR254 AULIRIE RS 75/, HA =V
M2tk MS3IRIEIRAIAY, IKAAF]; ABI7300 5
I PCRAY, RENHAM RGAH] .

Y P FERI2H DNA $REGRAI &, HilgA T A T

FER AR SSE BRA H]; SYBR Premix Ex Tag(RR420Q)
I TAKARA A 7]; 10 X PCR buffer. dNTPs . MgCl, .

Taq DNA ploymerase, J4H FifEA4 T A THREA R

S BRA .
112 &

AHTFUHTH 21 PRFRIEE HE L AEYw
DRBUAE B o Ca AT [ S o A=) i o ORGP
X 21 MREELAS 3 HIMEATE . 3 AR AL AT R AT 15 BR
ARBEERIR , PR ERGN S S TR R 1o

1 SCLUFT AER

Table 1 Bacterial strains usedin this study

AHET AL AR I HA
CGMCC1.0637 FACTAEATH 28 C, B4
CGMCC1.3748 B FAEATE 28 C, H%

CICC10357 B EREATEA 28 C, &

CICC21682 BEALBEAT ) 30 C, B4

CICC22519 BS AL BEAT B 30 C, BA

CICC21683 S AL BEAT ) 30 C, B4

CICC21482 M Kr 1 KE 36 C, FMREA

CICC10420 AR TKHA 37 C, FkMREA

CICC21560 PR AT 36 C, FMREA

CICC21534 KA KE 36 C, JMREA

CICC21600 EHEFEHRA 37 C, FkMREA

Clcce24 REEILATA 37 C

CICC6076 A FAEATE 37 C, R&

CICC6223 ok AR 37 C

CICC6077 BERIATE 37 C, R&A

CICC6069 ZLUSHEATE 37 C, R&

CICC21633 B3 A ) 37 C, FMREA

CICC10389 K3 KE 37 C, FMREA

CICC21617 PR TNE] 30 C, HMRE

CICC10041 AL SFIOATE 30 C, FMREA

CICC21699 I Mi#Mm XIF RAKE 26 C, FRHREA

1.1.3 424 DNA #9323

VAT B T BRSO s T TR
WitkEsFRdEdr, 28 C, 200 r/min #RPKRE 9% 48 ho %
FASPART B0 AT TR T I A FRAD VS R A
£ 7.5X 10" CFU/mL.

K F Ezup A 3040 B 2L M2 DNA 7] kiR
BB AL FTBEAT T4 O R ZH DINA, - 218 33 B 533k 474
1, WAREUR R 20 DNAGETEAE-20 “C#% .

1.1.4 3|4kt

GG RGESCHR, FFXTHIBEATE GenBank H 16S
rRNA. (X73820) fFER], SRR PR ER S 51,
Fl Primer 5.0 #£47 PCR 5|#¥it. FxF 5140t 17
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BLAST 47, s 33 —4ls e i st 5149, H b
Wi 51%N 5" -ACGCGCAGAACCTTACCA-3’ , il
51 %75 5 -TGACGTCATCCCCACCTTC-3 ,
10 H W BOK/INA 220 bp.

12 77

1.2.1 AF KK PCR R AR %

20 uL ¥ QRT-PCR A& 41 ~: 10 uL SYBR Premix
Ex Taq(tL4% DNATaq . Mg®*. dNTP. SYBR Green
| A1 Buffer), 10 umoV/L 1514 F 1 B % 0.4 uL, DNA
FERR 2 pL, K B ZETRK R 2 2 20 uLe

SSFERF: 95 CTiAEE 1 min; 95 'C 5s, 61 C
31s, P48 40 MG,

VAR L HIVEFE?: 95 'C 15s; 60 'C 60s;
PEIRIEIIRKIRSE 0.5 °C, JHIFIA 95 CHHE IR/ N .

X BT EIE, LRSS el b B S %
PAEABE R 2R S “S” T, HIE 7t PCR B
R
1.2.2 PCR R4k %

PCR JxVfAk %&: 10xEasyTaq buffer 2.5 pL, 1.0
mmol/L MgSO4, 0.4 mmol/L dNTPs, 10 M | R 5]
Y% 1 W, 2.5 U EasyTaq DNA polymerase, 2 pL
1) DNA BRI F K R KA 2 25 Pl R B AR R

PCR [ NAEfY: 95 CHIAM:, 5min; 94 ‘CAZ
P, 45s; 56 CiB:k, 45s; 72 ‘CiEf#, 45s. HHfT
30 MEFR, 72°CJE4E#H 10 min, PCR SN FE4 5 L,
5 1 L ) 6xdoading buffer B120384, AT 2063815k
PRI YK, WE LIRS,

1.2.3  #3Haem

3 1 IR AR TR IR PR Uk 141 DNA
HHT QRT-PCR I, HrlldestE. FH¥ A S8
SEFEIEAT 2% IR R K, SRE R R A AT
SEMES
1.2.4 - QRT-PCR #&k Z 1M

R R 7% AT AT AT PRI BE B, FH KR B K
B 7.5%10" CFU/ML Rk £ 7.5 CFUML, %
7 5925 4 B A AT B R LR 4H DNA, 4 il
QRT-PCR 13 3@ PCR 474, e QRT-PCR J7
L RIS 53538 PCR 4T L, %F QRT-PCR J7
2 R EAT Vs DAAS R AR (1) BEAE SRS St A
b, DAY 3G FE R 9O E 5 1) CE AP AR Hill b v
M2E, % QRT-PCR Ay MIAH LT V- o
1.2.5 QRT-PCR 7 ikt 41+ i )

V0 S T B BR Y AR PR T R K B, G
PR ARV EEAT N 05 G T B, ARG Uit
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DNA, % Lidik #4798 PCR Aill, JEIF:A K

P4 iz & Ct{EH s R

2 HEREHH
2.1 RN

600 Delta Rn vs Cycle
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Delta Rn/ K
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0
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1 EWEIT ESERRLE 8 POR 5 AR
Fig.l Specificity of real-time quantitative fluorescence PCR for
detecting Gluconobacter

60000 Dissociation Curve

50000
40000
30000
20000
10000 ‘

0.00 e ~ 1

| 1 1 1 1 1 |
1000065 70 75 80 85 9 95

Temperature / C

2 SYBR Green | SCAE & PCR 5 fiRNZ%:

T T T 1

Derivative
T

T

Fig.2 Melting curves for SYBR Green I-based real-time

guantitative PCR
M 1234567 8910111213 141516 17 18 19 20 21

[l 3 5|45 St Ik ZER
Fig.3 Results of primer specificity tests by agarose gel
electrophoresis
721 M-100bp DNA ladder marker;1- & 4t 3 & #2547 &
(CGMCCL.0637 ), 2-#FE ##EHFH (CGMCC1.3748); 3-H &4
A& (CICCL0357); 4-BALEEATHL (CICC21682 ), 5-BAILEEAT
B 2(CICC22519)6-B4 L ESAT 3 (CICC21683 ), 7-# X3V MK ;
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8-RAME IV MKE; 9-BMMATH; 108 KEWKE; 11-2%
ERABRE; 12-RABIUTFHE; 13HMIEATH; 1424 dtsk
H; 151K IUATH; 16-ZDULSUATH; 17- £ 385044 a1 18-
KA K ; 19-805 @il E; 2046453 leAT 5 21-0- st
KA RAKHE .

FH 21 BRUE R IR 7Y B ek, ¥ 1 3R HH 3
PRATAEAT B SR “S” Mk, Hlw NRHtEY
W th 2k, AR 18 MRS AA T, JERE W

“S” Mhd:, WA AR EARRE Y . SO E
& PCR it 26 2 3280, —PRAPEATEE B Tm
9 87.2 ‘C~87.5 C, HAMBH PRI AERE Stk 41 Vs th
2 Tm{H N 76 C~77 C. ZELAmd, AW B
51 Wy A SRR

W2 PCR 414 25 01 1 P44 T kA, 4n
3PN, SHRENEFT AT %, KN 220 bp
A, MARENER RSy Sy, UE SRR R 1
AN VER SN AR S, 45 3R QRT-PCR 43 #fr
—3, KB QRT-PCR J5ifF itk HSL ] 4E

22 RN

800 Delta Rn vs Cycle
700 |
600 -
500 |
400 |
300 |
200 |
100 -
0
-100 M L L

Delta Rn/ K

Cycle Number

4 FEHEFTESERTIE POR HYRENE
Fig4 Sensitivity of real-time florescence PCR for cetecting
Gluconobacter

M 1 2 3 4 5 6 7 8

5 EINEITE POR 1R 8E
Fig.5 Sensitivity of PCR for detecting Gluconabacter
iE: M-100bp DNA ladder marker; 1.negative control; 2. 7.5

x 108 CFU/mL; 3.7.5x 10°CFU/mL; 4. 7.5 x 10* CFU/mL; 5.7.5
x 10 CFU/mL; 6.7.5x 102CFU/mL; 7. 7.5 x 10* CFU/mL; 8.7.5
x 10° CFU/mL.

FH R8T AREAT BRTR PR R S T BT VAUl DNA i3 AT 5K
B2 PCR Y . 45 RN 4 i, HNEAT B IREE N
7.5x10" cfu/mL I 5% 615 54 “SHh Lk, MiRREE A
7.5x10° cfuimL I TGSk, W] QRT-PCR (17
fE 75 cfulmbL. &5 KRB, 4l M-k A
7.5x10° cfulmL I, 38 PCR ASFE Ha H (46
HR U Jy 7.5500°cfu /mL. frbL, SEI%6% PCR
N EAT TR RS PCR 7741 10 £

36 Standard Curve

32r

28

24+

Ct

20

Log CO
& 6 SCETRHE POR iRt 2k

Fig.6 Standard curve for real-time florescence PCR
2.3 QRT-PCR #y#7 #h %

) FH 7 (T EFT 7 QRT-PCR [N AR RN 7 A
10 (5 BRERRRE I 2 Sbm S AT R, S ST R P
5 Ct {ixf Mok &1 € EAnE 2 (] 6). 455 o,
B A BRI ARAE IZR Y Ct B BERIREE 2 TRl 4t 5%
ZREIF. H R=0998, #1%EJy - 34114, #WIE N
36.0338 , kM FEAN Ct=-3.411X+36.034. 475K
BrAE SR, AT AR Ct B RIS AHNY (RE S

2.4 ANTI5 48 mAe

800 - Delta Rn vs Cycle

700 |
600 |
500
400
300
200 |
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0
=100 S
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Fig.7 Evaluation of real-time quantitative florescence PCR with

artificially contaminated samples
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FAATR ) QRT-PCR J7i2:%f N Ti5 44 2
FHER Y. 3 PR FLUCKEREATR I, %5t PCR () Ct &
HRE 2 e mi S 0K 5. SR TR, 20
Wi CtAE 251y 15.38 F1 14.72; 3 FPRFLICEH Ct
B2 5N 13.67. 13.49 F114.02. 54 N Ligguteih )
SEIUPAPE L, 25 RERH, AFFE YL PCR &
A BRI N

3 g

3.1 PRI 3 M2 B AT M A 3R S R
17z — B NATIHE 9K SRS 7 AR R RS A
8 L A A B R JE o AR BT R AT BT 1)
TFYIE R IER AR B TR, B AR RS AR R o
P L AR = Al ok EOR i Ok, BRIk, g sr—F
IS A5 AR5 ER G W L AR AT B 1100 77 1o R AL
FE A A B .
3.2 AWFFESLAISYBR Green | ¥4kHER )t PCR Y
Ji BT GBI T HRN BT DNA SR TE 1/NA X 35
b, RIS FRFHRIEE T, ARSI e
Je R S H 1), BRI ek s PCR AT AT
fa] PCR 43811 S A R 24w, HARX THRENE K519
PRICTER A ENETE T A 4 %57 T AR RS, 31Xt
PR AL R L, SR, SYBR Green I RE54E
= DNA BUEESE A (Re T B T~ 2R dBR T A B
G5O M= ReES, X2 SYBR Green
[ %)t PCR VA1) R Bk, (HAT DUd I T T (1)
S0 PEACIR I FEFN 23 HT VA 2 R DR R X
— .
3.3 Wil mEN SR T @ PCR ALK E
LR [H1%-Fh PCR B #E 2 0C L1, JuH 2 SYBR
Green [ Jekl22¢ 0k PCR HAR. 1ok, Witsl ¥ 2
EECEE RS E A B SRE S P E e v, ]
AL Primer-BLAST BEATAr BTG UE; HK, 1B KiRE
BT PCR S S48 R -+ 7 B 2L, AT B
ZOEE 61 C NBOEIB KGR HJa, BTt iE
BREW DTG VIR, 5l AR SR
i M LR AR R, BRI ARAZE L 75 CHEA
FEAE BNV N S 1) Rk, B 2 R 76 CHY
AR BN IRV B R 5 ) — SR AR
3.4 AHF5EHISYBR Green | %)% PCR J7 250 R,
(0T BEAT BREAT TR, —20 5€ B PCR 4 3955 P2 ks
Wy, fAI(E R, ST RSN A R R 5 AR A
X5 Y. B SrRbRE IR ARDCMERTIL 0.99 L E, R
U T5CFUIML, Jiid 5538 PCR L EL, iF
ST T VEAS IR BEAT R R R R, I H TR
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PRSI HH N T35 G B 7L ) s R R A B o 2 BT
AT S SL R AT B SYBR Green 1 %% PCR Al
Jiid, AT LA SR BT i, RS R, AR
o R R, AT RA R BRFL Ak IR E SR A )
2 1] (PRSI 75 2L
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