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EHRI =

SRR ATE-KAEEE PCRIZFZITPRIFEEN 5 #HEAAE
mEBAENEISNA
BRAY DES FED EMFY

1 VLR R T EARAE W E S LR L4 8 214122
2 VIR RS TR 109 B8 214122

B EISYFIIAAEAABAESTRF LY MANZ —, 5SS A2 EmmE,
FERMNIAAAATAR BT EARS AN EHAMANFEAETEZEZL.M8 4]
#a—FEMKFLETELN 5 AHIAFEHZH KN ERBRNMAE-KAELE PCR (propidium
monoazide-quantitative PCR, PMA-qPCR)#& M| 7 ik FF4RT L& A, [7 %] AAEHIATEH . L
I, BIATEH. ERIFAFTRIAATHFLAERR FFILG SHIAFEA BAFE®R, K
HFimiksEF I A T % RZE PCR (QPCRE M, o4& RIE L A4 (PMA) 22 &4, W2
PMA-qPCR A2 ik 6945 bk . RAE AT 5%, /s A PMA-qPCR 542 M B BRE A2 & 5 AP 5L
HANZAHK. [£R] PMA RELE LM A RE 20 pmol/L F A2 15 min & ¥ K 15 min, b
B ST 47 A 5B P 99.89%49 5L DNA ¥ 38, Z 5 k4 M &, RBEMIRR SHIITFE,; KEXE
3%, R™>0.98; RAE &, HRMEA 10102 CFUML; FEMSF, CAARF AT 1%; 54
A EF AR F ST F L), P>0.05. AR ZFEEMNZET S HIAFAGETAK, KINLBE
FATE . TR E 42T E 2T 2 IATH (S &1L 59%-89%), & Cde B BRE F SULATH AF
Hn AR Ay, (458 2569 PMA-qPCR & 695 bhik . JEHMARM 5 A IATR a0F B4, AHMBATAE
T P SUAT ) 49 5% B 4R AR A AR EL AT & A2 R 9T 3% Fx(viable but nonculturable, VBNC)JK % ¢4 SLAF H 42
BT TR FE,

XiiE: ILHE, 8, RR0BMAEL&, FHREZ S PCR, EH ik
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Quantitative PCR combined with propidium monoazide treatment
for real-time and rapid determination of five viable Lactobacillus
DUAN Liang-Jie'? SHA Yu-Ting? LUOYi'? XIA Xiao-Le

1 Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi,
Jiangsu 214122, China
2 School of Biotechnology, Jiangnan University, Wuxi, Jiangsu 214122, China

Abstract: [Background] Lactobacillus is commonly found in fermented foods which associated with food
quality and safety. Quantifying the real-time dynamic and tracking the composition of viable Lactobacillus
is substantial to explore metabolic function in fermentation and even intestinal microorganism system.
[Objective] To establish and employ a real-time and rapid approach to detect 5 kinds of viable
Lactobacillus at species level by quantitative PCR combined with propidium monoazide (PMA) treatment,
and then assess its applicability. [Methods] Using Lactobacillu plantarum, Lactobacillus fermentum,
Lactobacillus brevis, Lactobacillus acidophilus and Lactobacillus casei which are the common
Lactobacillus strains in fermented foods as the target, the specific primers for quantitative PCR (qPCR)
analysis were searched and screened. We also optimized PMA conditions and ascertained the specificity,
sensitivity and reliability of the method. Then 5 kinds of viable Lactobacillus during Chinese rice wine
fermentation were quantified by PMA-qPCR. [Results] The optimal process included that 20 pmol/L PMA
for 15 min incubation followed by 15 min photoactivation can eliminate 99.89% amplified signal of
non-viable bacteria. This method exhibited good specificity to accurately identify 5 kinds of Lactobacillus,
and possessed strong linear relationship (R*>0.98) and high sensitivity (limit of detection=10"%-
10’2 CFU/mL) and the variation coefficients of C4 values were less than 1%. Additionally, it had no
statistically significant (P>0.05) difference compared with plate count. Furthermore, the PMA-qPCR
method was applied during Chinese rice wine fermentation, indicating that Lactobacillus fermentum,
Lactobacillus casei and Lactobacillus brevis were the dominant Lactobacillus (59%—89%), which was
consistent with known Lactobacillus composition in Chinese rice wine brewing system. [Conclusion] The
established PMA-qPCR method could quickly and accurately quantify 5 kinds of viable Lactobacillus,
which provided a feasible approach on tracking the real-time composition of viable Lactobacillus and
detecting viable but nonculturable Lactobacillus in samples.

Keywords: Lactobacillus, Viable bacteria, Propidium monoazide, Quantitative PCR, Real-time and rapid
detection
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AT R & (Lactobacillus) j&— 28 H % [ FHME A
B, TAME TR R, B, B .
HHES A AR oy T o & Bt R A2k
AP Bl N A I A A AR . — 7 T L
FRF=A AR . KSNhE . y-23E T IREY R
MR G381 Bt A KR RO A T g s 9 —
T LA PR B R A AR I R a4
M FEEMAE =z —PY SREBEBEEM—E, %
T HAT 5 I RCEIRES , TZLFF IR & BRAR R (2
AR R 0.59%65.17%)5) . F 5 Y FLFF T RE

Ve S R R AL R A, B2 T B
FREO RS BT, (R, A AT LA TR R B ) R
b R T B it R B ST RIS B0, JE A U LA T4
(1% S P T B SORS T A TR B8 it P4 2 2 il i 7 B ke
BEE b BT R HR BAT B X

HATE A T AR AT SR Ay
Ao BRI - B JBE 22 251 43 7 (terminal-
restriction fragment length polymorphism, T-RFLP)™
NS NG D7 K6 (phospholipid fatty acid, PLFA)!,
5 it PCR (quantitative PCR, qPCR)! 145 Z Fhf:
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BEFR R FUAF BRI )5 . Hoh, 9968 & PCR &2 —
FhIE TS | A A= i, IRIHEHEL
AP . R RS AR TR 2 N T AR
AR BRGNP (AL S8 qPCR BERED 7%
DNA, XAEPHFEE DNA, Jou:X MG
FeAM, [ sk eyt i PCR (reverse transcription
qPCR, RT-qPCR)H: SR AENS 1A BRI 16 B AU RCR
fHR RNA 5 [ i SR A IS BT 24 P it
YRR . B A IR N BE (propidium monoazide,
PMA)Z—FE DLITE kL, REREZE B A0 T4l i/
FEH5 43 A0 B P 200 M Sl AR, FE s GRS T BB
5 DNA JE i i A 0o S AN AT 306 b 16 1
DNA, PFHIEFEAHAL/BE ALY DNA #47 PCR
P03 PMA 54 qPCR MY BEGS RS H
FROEYIRIE L, wHEATE . Pk RS
S, BUOh TR IR S LR RS B R Ry
W, R4 PMA B4 qPCR 7EMUA:YNE B th e
Az R AU B R A Bk PMA B BURK
JEATINO R R G4 U A AR E B PMA
ACER R, DAARAS B A v A0 TG I 4 3R

AMFFE LR B R ILEY) S FhELAF A B bR
PRRE, OGRS B SR R LA R S Y, T
PMA-qPCR Al , #57 —Fh S skl 5 Ao a]
FUFF BTG PR AR AR S i, I L T g
HEFR . 2y AR S LA R ) E LR
(18 A 7K S 1) S5 B 3 R ORIl AT — 2 1 2
M E.
1 RS
11w
1.1.1  #EiEHER

S FH R PR R 4 B YT S
TR T 25 FURE S %S0k 4].
112 FEAFFNUERERE

B R BLAEE(PMA), Biotium 2] ; 4B IEH
2 DNA #2BUGR 5 £ (TaKaRa MiniBEST Bacteria
Genomic DNA Extraction Kit), F4Y TF(RIE)E
FR/AT]; DNA $2HUA5] £ (Fast DNA® Spin Kit for

Soil), MP Biomedicals 7 7] ; ChamQ Universal SYBR
qPCR Master Mix, g 5L iaMERE AR YIRS A AT BR 2>
Hl, 650 W R E AT, OSRAM /Awl; SEIR9OEE R
FERY 1L, Bio-Rad AH]; MR S5EMASHIL,
FEBR G RBHE A . MRS i FR %L, LR
FREATBRA T ; MSA BiFii(e/L): R 1.0,
EMME 10.0, HEEREEE 10.0, 54k8N 75.0, pH 7.4;
GY HiFRdh(g/L): Hi%aHE 10.0, BEEHZIW 10.0,
pH F4%; LB Hi373k(g/L): EHHA K 10.0, BEEEE 5.0,
k4 10.0, pH A%,
113 BEHREERFAR

LY/ A (Lactobacillus
ACBC271 Wy [ P i ol A2 My T Ao, S LA I
(Lactobacillus brevis) ATCC367 Fl 2 (G i FR AT 1
(Acetobacter pasteurianus) ATCC33445 I H 3¢ & 7
FhEg O, REERZLIF I (Lactobacillus acidophilus)
CICC20244 FNFLF i (Lactobacillus sp.) CICC6251
8 B b L A P R DR b L, AR A% BR T
(Staphylococcus xylosus) CGMCC1.8382 i) [ H [
A YRR R F L s KIFF IR (Escherichia
coliy IM109 i A 52 5 =< $2 43t 5 1 [ I PR AT 1
(Acetobacter pasteurianus) CICIM B7003 435 H it
W), REFNFE Lactobacillus fermentum), T
& ., #F B (Lactobacillus casei) . 4 Fk FL T
(Lactobacillus sp.)F1 10 BRI ¥R TH (Enterococcus spp.)
O3B F TR, 4 BRZFHUAF IR (Bacillus spp.)
OyES H SRR LU RIS S R, R
TRAERGIRH MRS PGSR 37 °C B R, K
W ATER PR MSA R553k 37 °C #rERi %, BER
FFER ] GY K5373E 30 °C. 180 r/min R H:FE, #F
TOFFAE AR R ] LB 35373 37 °C 180 r/min
Tz sige.
1.2 &
1.2.1  Z[X%H DNA BY$2EX

EY LR IR Y S 4] DNA 4% 88 TaKaRa
MiniBEST Bacteria Genomic DNA Extraction Kit =
At G AT R IR, B L TR A AR ) BE PR 2

plantarum)
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DNA ## 1 Fast DNA® Spin Kit for Soil /= /{#iiH] 45
PEEL. FTA N4 DNA it R 5 8 AU
W2 59 B f5 B 20 °C PR
1.2.2 PMA &I 514k

2% Gobert 5 I EHIVEMESERLAT I, H
T B FUFF R TE MRS 5553555 37 °C #rE 8555
24 h &, G A B K VA TR B 2 10* CFU/mL,
VERMIE R HERGC A V4. BB BEZE 107 CFU/mL 1y
FWT 90 °C /K 15 min Gl PGSR %A
W), TERIEREIEIC A D7, BUERTEH RS
FERE IR G AE A REIAE &, AR —3, il
Jy V4+D7,,

TERFIURE S T IIA PMA, TSR N 5|
10, 20, 30. 50 pmol/L, 43 HIFERRMEFREE SN 5.
10, 15, 20, 25, 30 min, ZRJS7E 650 W R4 F
HESF 5. 10, 15, 20, 25, 30 min (FEME T UK |,
FREITE 20 cm)/5, . 12 000 r/min 5.0 2 min
HF s A, g qPCR A H X FE I
DNA il %, HHE AT

(%) = a1 =

L_x100
Cvap7: FFINEESRZ PMA AP IR M,

V4+D7 — “V4

%1 qPCR3|#
Table 1 Primers used for qPCR analysis

CFU/mL; Cys: V4 R HE , CFU/mL; C;:
TR Ah 2 PMA ARPRJS AR, CFU/mL.
1.2.3  SI¥3RERR 45 1AL

P 5 1 N R R SCRR ARG, 5 1R 5
FAEAE R WE 1, 5194 T AY TR
AT BRA Fl A . Tk NCBI £ % . RDP $idie
J£ F1  TestPrime (https:/www.arb-silva.de/search/
testprime/) i & 51 ¥ ¥¢ 5 M, SR )5 Oligo 7
(Molecular Biology Insights, USA) . silico PCR
(http://insilico.ehu.es/PCR/) #1 Serial Cloner 2.6
(serialbasics.free.fr/Serial-Cloner.heml)# il PCR Ff
SN 3. LA 1.1.3 F Y 28 BRANE N HARE
PR, $RBOLHE G T qPCR SREHIES | PHE Rk
1.2.4 qPCR F7ERIEAL

qPCR W& % : ChamQ Universal SYBR qPCR
Master Mix 10 pL, . Ti#5[4#(10 pmol/L)£
0.4 uL, DNA 7 1.5 pL, TRIBGEKANEART R
20 pL,

qPCR JZ i 14: 95 °C 3 min; 95 °C 10 s, 60 °C
30 s (REEDOL), 3k 39 AR, TEFRES S AR
fiethZe o tr, BT R 65 °C BATHREE 95 °C,
THIR 0.5 °C I —IRFOLIE S, FRRAMIFEE 5 5.

FS  SImARK 519751 FIAR Bk K e =P UN

No. Primers name  Primers sequence (5'—3") Target strains Size (bp) References

1 LactoF TGGAAACAGRTGCTAATACCG Lactobacillus 233 [18]
LactoR GTCCATTGTGGAAGATTCCC

2 LPrecAF GTGGTGCGGTCGATATTTTAGTT Lactobacillus 108 [19]
LPrecAR TCAGCCGCGCTTGTAACC plantarum

3 LFermF GCACCTGATTGATTTTGGTCG Lactobacillus 103 [20]
LFermR GGTATTAGCATCTGTTTCCAAATG fermentum

4 s-Lbre-F ATTTTGTTTGAAAGGTGGCTTCGG Lactobacillus brevis 289 [21]
s-Lbre-R ACCCTTGAACAGTTACTCTCAAAGG

5 Acidfor AGCGAGCTGAACCAACAGAT Lactobacillus 227 [22]
Acidrev AGGCCGTTACCCTACCAACT acidophilus

6 LcaseF GCACCGAGATTCAACATGG Lactobacillus casei 117 [18]
LcaseR GGTTCTTGGATYTATGCGGTATTAG

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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1.2.5 FRAEMZAET

FUFFHI7E MRS Figedkrh 37 °C &SR 24 h
Jr R AR RO E SRR B, TR JC R A B
KR 2-4 SR 1.2.1 (bR B i
YIFEN 4] DNA DL 10 586 B UEF PR B, alad qPCR
WZEXTRL ) Co fH, HES7 B TE R (log1oCFU/mL)
CoHZ AL, Hiid AR E=107""-1 115
PHEReR, Hrb s bRl Zeny s,
1.2.6 qPCR FA/AMEE ML R ESFRITEE
BT EE

F 18 1.1.3 177 2005 1L 5 R FLAF A (Lactobacillus
plantarum, Lactobacillus fermentum, Lactobacillus
brevis , Lactobacillus acidophilus , Lactobacillus
casei), IO A BER KT RAERRE , 1RO
R AS AAY T R PMA-qPCR A6 v e 1, T
53, T CERZR 5 R B, Xk i e
HATVRMY o TRl PSP ARG Bl 5 LA i
i, A ECREAS ¢ AT H PRGN A
SERMES, PHEZOER TR,
1.2.7 PMA-qPCR ;£ 78 8B AR IS A B9 S A

BT K eI 28 TC A A R K V% 2—4 IR G
B, EEHE S 1.2.2 MUEWAiRE R R —
], RIE ML PMA AFRA A TAb B, H iR

A

100+ =2

HH
H

HH

95}

90+t

85t

Inhibition ratio (%)

—HH

80

5 10 20 30 50
PMA concentration (umol/L)

1 PMA fRLER
Figure 1 Results of PMA treatment

1.2.1 BT3RO AE AR 241 DNA, i
Kl 5 FhFUAT TR 916 PR A
1.3 HIESHH

AR EE 3 WK, BARE R LA Habr
HE22 R I Excel 2016 118 PMA-qPCR H 4 1
SEH I SRR CV. PMA-qPCR R 5-F-#i it
RS W3 X ] — R A AR 00 25 2R 11 S 25 1 22 SR AT
i Origin 8.0 MYECXITFEAS ¢ K230 58 A o

2 HRE46
2.1 PMA 3B E&HRIML

W 1A s, TR PMA (5 pmol/L) L £86E
T 84.83%MYEH DNA ¥4, [H% PMA ¥
g, %@ﬁﬂ%ﬂﬂ%ﬂ?ﬁ#ﬂ%—m, s
T % 20 pmol/L F, 99.84%M%EH DNA 5 PMA
RO IO 3, Bl PMA W INA T2
FIEINACTE N A, Ft PMA fefEAb PRV R
20 pmol/L. & 1B Fizs, PMA HAAHN <A
F 40 BB B RE JT, IS0 & s (R B 38 m I AS 2 08
PMA 25375 1 T 20 At A B S MRS 2R, S 4 A
SEILARE IR, PRI RS R BRI E A 15 min, b
B PMA XIFER DNA BYIHI 5551 T 99.89%; 4
WG E] 3514 5 min F1 10 min B, ZE[ DNA 5

qPCR

Incubation RY] Photoactivation

100 t

95

90/

60

Inhibition ratio (%)

55

50

{E: A: PMA WREEXSUR DNA B3 Be W07 IR (] ARG (5] XL DNA (45

Note: A: Inhibiting effect of PMA concentration on DNA of non-viable bacteria; B: Inhibiting effect of incubation and photoactivation time

on DNA of non-viable bacteria.
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PMA ZEEAWBIIR, T34 41.76%F1 7.09% 5L 1H
DNA K5 PMA Z55 388 PCR 97 15RE T ; B
SERFEENE] 15 min 5, 99.84%MISEIE DNA
PMA i, SR F T R0 A6 RTINS s Rl ot
IHE] (4R SR, PMA XFAEH DNA (3] R A
dksk BTF, I 15 min ARESGE RS FAEE DNA
EReAIVEL NI PEy Wi i
22 Sl¥tEEM

W DEEH RS 1P ARRE SRS, S 2P gPCR 14
oA iR s, i NCBIL RDP s
JEEFN TestPrime KR UEH] T 5 [9/BERE ARSI, E—
Hdnt qPCR S5 [ A TR, 255 L
% 2. SINTRCEGOCRECEMBREIRAT I . ZHOFF R
MKIGFFRES 6 XTFLFFRES PRI TEIME gPCR
iR, VISR 4 BRFUAT TR0 DN S0 A T i

Fz 2 qPCR 5|4¥45 540
Table 2 Specificity tests of primers for gPCR

PERIAY 4 Bk Lactobacillus sp.t5 10 ¥k Enterococcus spp.
VER 5 BRI RGO RO TR, X5 [0E
e AT — IR, 4R B AT R G
(LPrecAF/LPrecAR) . % B L #F 1 51 # (LFermF/
LFermR) ., JHFLFTTE5 [4)(s-Lbre-F/s-Lbre-R) . FERRFLFT
B 51 ¥ (Acidfor/Acidrev) F1 1 & FLFT 5 51 9 (LeaseF/
LeaseR)E A B MRk, R BAnAwrs =ik
55, IR —  (HSHG R UL T 16S rRNA Jk
R AFUAT RS | 2)(LactoF/LactoR)AMYAE S 10 £
FUFFRSES S, WieS 8 PRIAEKIES &RINY HE
5o EKEIE AR —F, SEAEEARIE
MR EER, (£ 16S TRNA B[R A AR
PEB S fdi15 5T 16S rRNA BB HOFFTHIES |
Yook st X o N8, s son 51 HadE T
Jorssk v B e g DA U TR ) T A

[ L3 Koo SRz e il
Species Strains Amounts  Specificity tests
LactoF/ LPrecAF/ LFermF/ s-Lbre-F/ Acidfor/ LcaseF/
LactoR LPrecAR LFermR s-Lbre-R Acidrev LcaseR
Lactobacillus ACBC271 1 ais it = = = =
plantarum
Lactobacillus ATCC367 1 + = = i = =
brevis
Lactobacillus Laboratory 1 + - + - - -
fermentum strain
Lactobacillus CICC20244 1 + = = = s =
acidophilus
Lactobacillus Laboratory 1 i = = = = Ak
casei strain
Lactobacillus sp. Laboratory 4 ais = = = = =
strain
Lactobacillus sp. CICC6251 1 + = = = = =
Enterococcus Laboratory 10 8/10° = = = = =
Spp. strain
Acetobacter CICIM B7003 1 = = = = = =
pasteurianus
Acetobacter ATCC33445 1 = = = = = =
pasteurianus
Bacillus spp. Laboratory 4 - - - - - -
strain
Staphylococcus  CGMCC1.8382 1 = = = = = =
xylosus

Escherichia coli  IM109 1 = =

T+ PIPEDIGSER; — BIPEYIGSER; 0 10 RRIEHA 8 BRARDLH FITEY 34y

Note: +: The positive amplification result; —: The negative amplification result; *: 8 of the 10 strains showed positive amplification results.
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2.3 PMA-qPCR #5/fE 2% K 4 PR

W 2 figk 3 fiR, qPCR ¥ 3(5S C H 5T
75 W B R EUE (logoCFU/mL) 22 8] B R AT i 2%
PERR(R>0.98), ALY AR 5540, ¥R
BE] T 90%—-103%. Fall FR (limit of detection, LOD)
it A3 ¢y (LOD)=Cy (NTC)-3""Bieit44, ARIFFL
FFEBIRIIBRLE 104102 CFU/mL Z[al#5h, H
RS FUAT R IR A, M 10" CFU/mML, HA &
T AR . R PR TR ARG I BR AR X s v, iR
T 10** CFU/mL. PMA-qPCR ¥ 1RE 5 il 4 it Fit b

AT A B AR E R AL R B, R B

?El = [14] .
2.4 PMA-qPCR #&i5% B AT S ITE

PRI 1.2.6 B9 19 EAE PMA-qPCR A6 FLAT
B ek, 455 3A FR, C ERAR S
RECINF 1%, RULELEMREEREIN, %7

HA R ERE . KEIEMTE 10°-10° CFU/mL
TN, PMA-qPCR 5 FA 0L AT 1A R LT
W& R IES I e BIRCA B T 22 5 (P>0.05)
(Lactobacillus fermentum >} 10° CFU/mL i} Fl
Lactobacillus BE7M) (Kl 3B) o 24k 5 i & B LA )
SRR 10> CFU/mL i, PMA-gPCR 146
R H B AIR (P<0.05), Uk, HAGIISh
AT A RO I 45 SR A T ] — B R (3R 4) - T
B2 FLAT e 2 A 45 R B T LA 16S rRNA
B PR Ay R DA IX Sl e A I ) SR BR P, XS 168
rRNA BERTEAFZUAF AN 4] DNA i85 DU
A L8 DR E A Y2 00 = BE T
i PSR DR I B SR S, SCHER[24) 3R Wi At
rrnDB (4 %€ (https://rrndb.umms.med.umich.edu/) A]
DU FR 41 I B0 16S rRNA FEDR#% D1 %, dhm
B IEAR L HE DUE

A B C
30
30 25 |
) 25 g 25 =
- 20 07 15t
y=—3.574 5x+44.269" y=-3.273 6x+41.953 y=—3.465 9x+39.702
R=0.984 1 57 R=09905 ol R=0991
4 5 6 7 8 3 4 6 7 8 9 3 4 5 6 7 8
Log,,CFU/mL Log,,CFU/mL Log,,CFU/mL
D E F
35 30 | ’s
30 | 5 |
.25t - > 20
D SEIN ©
207 15 ¢
15 | y=—3.575 4x+43.941 15 [3=-3.369 3x+38.401 y=-3.518 7x+43.071
10 R=0.9847 10 F R*=0.999 3 10 b R*=0.999 4
2 3 4 5 6 7 8 2 3 5 6 7 8 5 6 7 8 9
Log,,CFU/mL Log,,CFU/mL Log,,CFU/mL

2 FEZAFEE PMA-qPCR #Rof i 2%

Figure 2 Standard curves of Lactobacillus constructed by PMA-qPCR
H: A: FUFER; B: MWFUTE; C: KEEFUFE; D: EIE; E: WBRRIUTHE; F: THRITE.

Note: A: Lactobacillus; B: Lactobacillus plantarum; C: Lactobacillus fermentum; D: Lactobacillus brevis; E: Lactobacillus acidophilus; F:

Lactobacillus casei.
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%3 AREZFLATE PMA-qPCR R #3502 R A2 PR
Table 3 The amplification efficiency and detection limit of
PMA-qPCR for Lactobacillus

2.5 PMA-qPCR ¥ 3% 75 2B BR & B9 Nz A
P — P 2R AR A KRR, B

Bk —— SR K R R RV AE R T RS P i A=
2] + g8 2 S, S ST v .
Species Efficiency (%) z:)“g“t (‘;;Se/’zf;"“ Y, JCHSEAER A EAI LA R A & A —
10
Lactobacillus 90.4 26 TEMERE A ST fd A7 471 PMA-qPCR Al 7E
Lactobacillus plantarum 102.1 2.1 ﬁ‘ﬂ(—T‘LXﬂ‘Eﬂﬁﬁﬁdﬁﬁﬁ%qj 5 ﬂ‘fv’[ﬁ:%ﬂ/‘] {ﬁ%ﬁ?
Lactobacillus fermentum — 94.3 3.2 TEERN, WA 4 s, BEEAKEERRLER:, &
Lactobacillus brevis 90.4 2.9 T R A P A AT S N 1.2 10° CFU/mL %
L j ] ] ) 1. 3 SN 22 B B LY
actobacillus acidophilus ~ 90.6 8 {Qﬂ}%ﬂfﬁﬁ 1.1x1 05 CFU/mL, 5%3@% T 5 3
Lactobacillus casei 92.4 2.9 S 4 Sl e A L e =
AR B FURF B & B AR R TR, A FLAT
A B
1.5 . [ = o
=x10° CFU/mL ® x10* CFU/mL 051l v o : ¢
12| 4¥10° CFUmLvx10° CFU/mL L T L.
' <107 CFU/mL«x10* CFU/mL
R e R 0.08 ¢ .
@ 0.9 < az) v :
< b . £ 0.08
ST . . i 005 mm - -
$ « 0.04 | .
03l ’ M M ux10° CFU/mLe x10* CFU/mL 4
' v 3 0.02 | 4x10° CFU/mLv x10° CFU/mL
ool 1 'f. s #:10" CFUML <10 CFUML 4
\ \ o M S S oA MW
) oﬂx&“ P RO W\w‘“ a0 e \ OQV\‘\“ \)Oc\\w
ol . Al 0 of ' Al A0
U Ve v VRV
E 3 PMA-qPCR 3:897] S 144
Figure 3 Reliability of PMA-qPCR
Fe A BRFRYG B: BEMRLR
Note: A: Variation coefficients; B: Significance test.
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Table 4 Quantification of 5 kinds of viable Lactobacillus by PMA-qPCR and plate count
Bl S LogiCFU/mL
Species Type 21 242 2 3 44 21 5
Group 1 Group 2 Group 3 Group 4 Group 5
Lactobacillus Plate count 4.27+0.04 8.27+0.04 7.27+0.04 6.27+0.04 5.27+0.04
plantarum PMA-qPCR 4.25+0.11 8.32+0.12 7.27+0.10 6.21+0.09 5.27+0.14
Lactobacillus Plate count 7.51£0.11 6.51£0.11 5.5140.11 4.5140.11 3.5140.11
fermentum PMA-qPCR 7.35+0.01 6.44+0.04 5.4540.00 4.50+0.01 3.65+0.04
Lactobacillus casei Plate count 5.54+0.07 4.54+0.07 8.54+0.07 7.54+0.07 6.54+0.07
PMA-qPCR 5.46+0.03 4.53+0.04 8.42+0.01 7.51£0.12 6.48+0.09
Lactobacillus brevis ~ Plate count 7.16+0.01 6.16+0.01 5.16+0.01 4.16+0.01 8.16+0.01
PMA-qPCR 7.1940.10 6.10£0.09 5.17£0.09 4.13£0.13 8.19+0.08
Lactobacillus Plate count 5.40+0.03 4.40+0.03 3.40+0.03 7.40+0.03 6.40+0.03
acidophilus PMA-gPCR 5.37+0.01 4.43+0.03 3.44+0.01 7.38+0.08 6.36+0.15
Lactobacillus Plate count 7.67+0.07 8.28+0.04 8.56+0.06 7.79+£0.04 8.18+0.01
PMA-qPCR 7.83+0.11 8.65+0.12 8.86+0.02 8.45+0.03 8.36+0.07
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P T AR S RN R R R A E (17.3~
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B A U B 1 75 ek FR AR B A TR o 1] ) A28 K 7
AW, AR ILAEZURF AR TP &7 BN BT
RIS 18 RET, TR ZLFF i A ZUAF TR 4351 5 L
33.76%F1 27.93% . FAYIFUAT AR FNVERRFLAT P 7E 2y
Pt i f rp B AR o i, (IR 7RSS 3
KA 4 REA 10*° CFU/mL #1 10*° CFU/mL, i
e A s 18] 5 ) S R T AR PR . F SRR
AL A3 B K R 7 B & R O B T
58 RRFLFF P, T AP A R B 34 HOR R
ANEE, HAEEFEHE. Yu &H ] PCR-DGGE 7
PO T BRSSP AN R 2R, RBLK
FEFUAF IR« S SUAT R AR 2L B A e R i AR
TR AT B Y R RO ARSI A SR AL . Ly
R PMA-qPCR A T 21 f #75 Hh A 4 LA
W& &, KT B (1-5 R FLAT w0 & i
2524 10**-10*° CFU/mL, BJ5 HA R g F I 22
107 CFU/mL (30 d), FI R LS R - i U R E 2
10° CFU/mL (45 )", SAHFIE4E R HA —E 2%
5o MRAEIAEE R T2 MR T RE 3 8 LA & i
R Ak 22 57 0 EE A
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Figure 4 Quantitative analysis of 5 kinds of Lactobacillus
during Chinese rice wine fermentation by PMA-qPCR
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X TR R IR T B AR . AR ek
5 IE PMA %55 /SLA0 ML P BLAl, SE R4
Ml RE G2 A5 B VBNC MRS EHIL PMA IR A,
AT T I A R E R N — s ar IR e
PMA Xof 4 JEE A9 32 2 A ARG R A, JEHRA T —
S i S A A5 ) A T, PMLA S LA 3 3 20 5
DNA Z54 o B fifk PMA Ab B0 4 1F a8 R e
PP CANME SEH R AN . — W AN 2, — el 2, FR )
REAE I 5 PMA X ZE T 200 o/ FEEA0 1 4 e 200 o J2 142
BVED PG IR . ABFTE AT X 5 RhFLAF R
AL TG PMA VB | W5 7 B (] A B Sas a) 78
Y 34 EESE, AT T 99.89% 5L R DNA
P, GRS R ERR T A, B
TN F R KA 1 A0S A8 A 22 18] B F A5 K
FEAhER A RSN R IAT RER I PMA AbFR A AT 3K
P AFMAYIXTT PMA BUEE AT 2%, Lai
SIS S BB AT S min B4 /0E] 15 min B
B E 1N PMA X Lactobacillus gasseri FET A4
R AKX Lactobacillus salivarius FIAN PR
J, AT BE A PR A LA TR 200 A R ) 22 S 3
M. Lv SR A BFEE PMA e | 5007 & s E] Al
WESGHS [A] 3G, PMA X Lactobacillus plantarum 5t
PR SRR e, IR BRSSO EE/RT ]
ARSI AP S k3 PMA SFPE TR R IR, 5
A SO GESE AL o AR B8 AN [l kA R BBUAS [W] 7Y
PMA #bFR )5 2 B FRAG B M B A 45 SR U

KT REBAEFNAKE b XA AR AT, FRATT
KR SO R s e, B0tk it 1 5 X ke Sk )
519 . H: 4 X} (LFermF/LFermR ,s-Lbre-F/s-Lbre-R .
Acidfor/Acidrev, LcaseF/LcaseR)ZF:TF 16S rRNA
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