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Establishment of Real-time Fluorescent Quantitative PCR Method for the
Detection of Lactic Acid Bacteria in Fermented Soybean Milk
SUN Chang, AN Bin, YANG Liu, WANG Guo-chao,FENG Shi-rong, YU Han-song, WANG Yu-hua, REN Da-yong

(School of Food Science and Engineering, Jilin Agricultural University / National Processing Laboratory for Soybean Industry and Technology, Changchun
130118, China)

Abstract: In order to detect the contents of Lactobacillus plantarum and Lactobacillus paracei in fermented soybean milk
rapidly, we established a real-time fluorescence quantitative polymerase chain reaction method. Specific primers and probes
were designed according to the conserved regions of Lactobacillus plantarum and Lactobacillus paracei, and the established
real-time fluorescence quantitative PCR method was verified for specificity, sensitivity and repeatability, and we compared it
with the national standard method. The results showed that the specificity of the primer was strong, and the specificity and
repeatability of real-time fluorescence quantitative PCR were stable. The sensitivity of Lactobacillus plantarum and
Lactobacillus paracei was 1.3 x 10 ™ and 1.0 x 107> ng- pL™", respectively. The standard curve of real-time fluorescence
quantitative PCR was established for the standard strains of Lactobacillus plantarum and Lactobacillus parmesei, and the R* was
0.994 3 and 0.999 6, respectively, indicating a good linear relationship, and the content of the two strains in fermented
soybean milk could be detected. The ratio of Lactobacillus plantarum and Lactobacillus parmesei in fermented soybean milk was
4:1. The total amount of lactic acid bacteria in fermented soybean milk was (5.5 £0.26) x 10° CFU-mL™" by real-time
fluorescence quantitative PCR, and was (5.3 +0.43) x 10° CFU - mL™" by national standard method. There was no
difference between the two methods (P > 0.05), indicating that the established real-time fluorescence quantitative PCR
method could quickly and accurately detect the contents of Lactobacillus plantarum and Lactobacillus paracei in fermented
soybean milk.

Keywords: Fermented soybean milk; Lactobacillus plantarum; Lactobacillus paracaset ; Quantitative real-time fluorescence PCR
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Table I Detection primers of L. plantarum and L. paracasei
FI AR Bl EILZE2 7 FFHI(5'-3")
Target strain Primer name Sequence(5'-3")
HYFANE L plantarum-R AGGTGTTATCCCCCGCTTCT
L. plantarum L. plantarum-F TTACATTTGAGTGAGTGGCGAACT
BT EFLATE L paracasei-F TCCGGGAACTGCTCAGC

L. paracasei L. paracasei-R TGTTTCACGAACAGGTG

Lactobacillus paracasei

B 1 PHRELEE DNA #) PCR ¥ BB R ik B

Fig. 1

Gel electrophoresis of PCR amplification of the two lactic acid bacteria strains
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2000
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1 FRZEMEZUAT IR s 2 PEIRFLATIA; 3. B DHIRFLAT A ; 4 TR ICFLAT A s 5 15 FLAT 1A 5
6 : KNMEBRITICE s 7 R IEFLAT s 8 : MW ARk T . O VST ZLMRAT I 5 10 AHWFLITIA
11 @l R LA I

1 ; Lactobacillus rhamnosus ; 2 ; Lactobacillus acidophilus ; 3 ; Lactobacillus reuteri; 4 ; Lactoba-
cillus delbrueckii; 5 : Lactobacillus sake; 6: Weissella enteritidis; 7: Lactobacillus fermentans
8 : Leuconostoc enterica; 9 : Lactobacillus shack; 10: Lactobacillus plantarum; 11 : Lactobacillus
paracaset.

B2 #RAEEKKE 10 MEZEE DNA ) PCR S B E
Fig. 2 PCR gel electrophoresis of standard strain and 10 strain lactic

acid bacteria DNA
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A : Amplification curve of specificity gene in Lactobacillus plantarum , 1 represents Lactobacillus plantarum , 2 represents
Fermented soybean milk, 3 represents Lactobacillus paracei; B: Amplification curve of specificity gene in Lactobacillus para-
cei, 1 represents Lactobacillus paracei, 2 represents fermented soybean milk, 3 represents Lactobacillus plantarum.
B3 WHkIBEIIREES PCR i 1E ik
Fig. 3 Real-time fluorescence quantitative PCR amplification curve of the

two lactic acid bacteria strains
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A: Lactobacillus plantarum standard ; B Lactobacillus paracei standard.
4 TAMRFLEREIAR M ML PCR 1SR # 2%
Fig. 4 Fluorescence PCR melting curves of standard products of the two lactic acid bacteria strains
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Table 2 Sensitivity analysis of real-time fluorescence quantitative PCR

i BEE Dilution degree

A7 T i
Target strain 1.0x10"! 1.0x1072 1.0x1073 1.0x10°* 1.0x1073 1.0x10°¢ 1.0x1077 1.0x10°8
TP FLAT IR
15/15 15/15 15/15 15/15 15/15 14/15 2/15 0/15
L. plantarum
BT B LT TR
15/15 15/15 15/15 15/15 15/15 14/15 13/15 2/15
L. paracasei
= sz = 3 16 2 o= = N ) /N N e
2.4 ELBRHEE PCR EE MR AsL10) p S i 2 Y 4 fe PCR 3k 3542 4G I 7 220 oy

3 NRMERMRIG REARIWE 5, 220d 4 WO 35, SD {EAE 0. 14 ~ 0. 56 [AURE B M AE vl 1% %0
AR Co{Ey SD{H, @i SD EFIWrEE . BA WA EZ PG, APT5T SD {8 8 Ho alHE,
IR ngk 3 Fon XM Bt E i PCR B E MR RUSEMIOLE i PCR AU AR a2 I8 RN .
MZEHA Co {EFRHEZE R 0. 21 ~ 0. 56 , AR 45 5K 5 18

®3 IERAEERNESHEEN

Table 3 Real-time fluorescence quantitative repeatability detection

CUfH = br#fE2Z(SD) Civalue * Standard deviation( SD)

[ERARE L
Target strain LOx107'  1.0x10°2  1.0x10°*> 1.0x10™* 1.0x10"° 1.0x10°® 1.0x10~7 1.0x10"8
THY R

12.23£0.28 16.56 £0.32 20.11+0.29 24.69 £0.35 28.58£0.42 32.75+0.38 36.55+0.45 38.75 +0.54

L. plantarum

AT B LT

L. paracasei

11.64 £0.39 15.56 £0.21 18.98 £0.43 22.42+0.29 25.78 +0.51 29.46 +0.29 34.26+0.47 36.46 +0.56
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Ny -3.452 5, P IR N 95. 69% (KI5A) o &t
BEFLFF R eI 2y y = -3.345 1 « +36.912,
HISERELR® =0.999 6, RH5 Ny -3.345 1§ W%
h97.41% (181 5B) , R M 25 n vhE i 2 A7 #0046

A 30
25 y=-3.4525x+37.644
20 R?=0.9943
S 15
10
5
0

¥ DB logfE Log value of copies

2 4 6 8 10

PESE RS MRS S 2% O i i PCR B9 R 8%,
Py LA B A I LA R A R AR A Y A (IR
FERH1L.3x10 I 1.0x10 " ng-pul. ™' (F£4),

x4 FRANKERRKERE NH

Table 4 Initial concentration and copy number of plasmids

HFR e W Concentration  $£ D1 % Copy number
Target strain /(ng-pL™") /(copies-pL=")
T LA B

132.08 4.5386E +10
L. plantarum
BT B FLAT B

101.99 3.2607E + 10

L. paracasei

y=-3.3451x+36.912
R?=0.9996

Ct
&

2 4 6 8 10
¥ DL E ) logfE Log value of copies

5 L. plantarum (A)F0 L. paracasei(B) # i) E E 454 Bh &
Fig. 5 Standard curve of the target gene of L. plantarum (A) and L. paracasei(B)
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I FH 37 A S A2 i PCR %, 0o P o A
WRAE J 1 2L Hh i) L A9, A% 0 SLAT o8RRI T 1 2L AT
HLLE Ry 4:1(%5)
2.7 ELAPRHEE PCR ZS5EIRERTLE
SEIT e f PCR A E R VAN & & 1 2 3L
PIFLIR T S 43 A (5.5 £0.26) x10° CFU-mL ™" f1
(5.3+0.43) x10° CFU-mL™' (& 6) , W Fh 7 =46
MZARBEA W B 257 (P >0.05) , RS FO0E
it PCR L M HER I & o

x5 IHREXEEPCRENAZBEIHIHHEKRSE
Table 5 The strain content detected with real time PCR

FAR B

Target strain

2158
Copy number

SEHE

Quantitative value

L. plantarum 10. 17 £0.27 4.5361E +07 (4.5361 +0.85)E +09

L. sparacaset  12.43 £0.04 1.0417E +07 (1.0417 +0.03)E +09

ARSI T A B KBEE IR 6 1.

A7 times dilution of fermented soybean milk; B:6 times dilution of fermented soybean milk.

6 EfEHNABEIPIRELE

Fig. 6 Total amount of lactic acid bacteria in fermented soybean milk detected

by national standard method
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FRFLAT T4 1 52 I 9€ ' 42 it PCR A& I % A, 2 #%
22 A 5 ) T SN 98 5 B PCR 7 R4 1L
By, FWISEI et B PCR i ik A
W 1 ELRERGIN 52 b i L B b i e . HRT,
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W5 O TR 5 0 8 5 /0, L% ) T 6 2L T 10 e
PEB ISR UL PRI, AT 52 i ST B RE A B
HUR I % % 5 5L PR LT R R T I LT B
JriEAAREEE L,

ARSI 3 B3R FLAT B A0 B T s SLAT
(R ST, S SEI O i PCR B3R 78 K 1%
IR AR A5 R % e  R
U, AR 5, AR A LT T A BT R LT T R R
JE R 43 5134 %) 132,08 F1101.9 ng-pl™', HEH
PR o 25 SR 5 AL g bR ik AR TR, HosiE gy
VR R, B8R I% ) i T A R g S EL
Y FURT B R E T 1 LT 1 0 Dl A, Ay o g
T T 25 R e W 5 BRI T B AR S 4, X bl v
K6 06 e S L0 TR A i R L R B 1 7 Ak L
HEREZEL,

4 & &

AT T 2 B kRO FL E LIRS
51, AN H : L. plantarum-R (5 -AGGTGT-
TATCCCCCGCTTCT-3" ), L. plantarum-F (5’ -TTA-
CATTTGAGTGAGTGGCGAACT-3" ) , Bl T E& FLAT i .
L. paracasei-F (5’ -TCCGGGAACTGCTCAGC-3’),
L. paracasei-R (5’ -TGTTTCACGAACAGGTG-3 ),
LW & 2 x ChamQ SYBR Color qPCR Master

Mix,16. 5 wL; FF519,0. 8 wl; FUFES[47,0. 8 pl;
il (DNA) ,2 wLo N 250F:95 C A4 5 min;
95 CARME S s, fEH 40 ;1R K 30 s, fE3H 40 1K
72 CHEf 40 s JEFF 40 YR, AH Y ZLAT T AR 1% 2L
FF TR SR a1 KR BE 5300 R 52 156 °C . iZ TR
PELT, R, 5 PR K I 45 2R 5 4% 48 Bl s
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