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PCR-DGGE Analysis of the Bacterial Community of Chinese
Liquor High and Medium Temperature Daqu
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Abstract: The bacterial community structure of 5 high and medium temperature Chinese liquor Daqu
were investigated using PCR-DGGE (Polymerase chain reaction-denaturing gradient gel electrophore-
sis) as a culture-independent method. DNA sequencing was proceeded to obtain the dominant bacterial
population information. The result of DGGE profile showed that Weissella cibaria, Lactobacillus hel-
veticus, L. fermentum and L. panis were commonly detected in all the five Daqu. Thermoactinomyces
sanguinis was detected only in the Jiangqu sample. Compared with culture-dependent method, DGGE
was able to detect Staphylococcus xylosus and Klebsiella oxytoca. The correlation between the craft-
work of Daqu and the bacterial community structure was obvious. The Daqu bacterial Shannon-Wiener

index decreased as the craftwork temperature of Daqu increasing. PCR-DGGE was proved to be a
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powerful tool for gaining detailed insight into the bacterial diversity of the Chinese liquor Daqu.
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Table 1 Information of Daqu samples

i R B3 5 R i JR

No. Sample Type Highest manufacture temperature (°C) Raw material
1 #ith FAORR 65 INZ
2 i/ rhis iR Hopp it 60 N
3 i/ i FUARH 55 N
4 7:2:1 s Z ARl 60 INZE R B e 7:2:1
5 7:2:1 H i Z ARl 55 INZE R B e 7:2:1
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1.1.2  Z5%: X-gal Ml IPTG W H AT AW T
2\, SYBR Green I ) H Invitrogen /A 7] . dNTPs,
Taq W, ZEHARF & [ TaKaRa /A H , PCR 3714 i
5w e T A TRAFA .

1.2 A&

1.2.1 HSETAIEINE DNA 8942 2 WL SCHk[9],
1.2.2 PCR ¥ 38&4: Jl P2, P3 314 " "gk4y
16S rRNA V3 W48 X Br g9 4% . P2: 5'-ATTACCG

CGGCTGCTGG-3"; P3: 5'-CGCCCGCCGCGCGCGG
CGGGCGGGGCGGGGGCACGGGGGGCCTACGG
GAGGCAGCAG-3' (40 1> GC ¥ F),PCR JZ i 50 uL

K Z 445 5 ul A9 10 x Buffer, 4 puL 9 25 mmol/L
ANTPs IR &, 1 U Tag DNA B4, 59
25 pmol, DNA #RA I Z)4 10 ng. PCR S F2 P
R : 94°C 4 min; 94°C 45 s, 55°C 45 s, 72°C 1 min,
30 MIEFR; 72°C 10 min, #RJ5i##4T“Reconditioning
PCR”¥ M bR 38 PCR i & 1 i 24 & W 5E DNA

5 gLt
1.2.3 HEFZE DNA 16S rRNA V3 X i 1 &

ER T4 E AR Bk (DGGE): [ 4H % DNA
16S rRNA V3 X3 4% 5 Btifi if DGGE (Bio-Rad
Dcode mutation detection system)JEA 74355 . TR M Bk
EEHE N 8%, 100%7EM:F1h 7 mol/L FRZE FI 40%
LB FH R, PCR =¥ L A45 200 ng. DGGE 2
PEARE A 20%-50%, HLE 100V, HIKIRE 60°C, H
VKEFE] 200 min. HVK5E5E )5 A SYBR green I (1 %
TAE, 1:10000)% (% 45 min, i i 5t R 815 R 5
(Bio-Rad) /I HiL Tk 45

1.2.4 Shannon-Wiener % #1458 N4 HiH
Quantity One # /4% DGGE Jig Bl #EAT3H8; # i
Tttt 2HEEREGERE . AP H R
Shannon-Wiener ZFEEF5 4L, s i DGGE Jit H 47 5k
I, pi A 1A KB IR UKE SR B LG

H=Y plnp =-3(N,/N)n(N,/N)
i=1 i=1

1.2.5 PCA ##f: i Quantity One #{}(Version
4.4.0, 3£ Bio-Rad A F)X DGGE K471,
SRIE ff F Matlab %K {4 (Version 7.0.1, % [H
MathWorks 7% &))# 47 PCA (Principal component
analysis) 73T,

1.2.6 DGGE £HIEIY. EFHT1E. . i
FALEXF: 200 SCHR8],

1.2.7 BIRREIKE TSRO FE RS R
Z PR 3 A~ DGGE Fb X 1E6ff i) BH 1 B v 6 3% I ifg
AT AEY TRARA W20 Wrs %k
pMDI19T AR 738 FH5 1 H) (s RV-M: 5'-GAGC
GGATAACAATTTCACACAGG-3', J& ¥t M13-47:
5'-CAGCACTGACCCTTTTGGGACCGC-3"), H 1y
JF#57E GenBank g E #6717 L X .

2 ZR5iT8
2.1 KHI4® DGGE 5 EE R MR Z S

K HRE S L 4 4 PCR Y 1 J5 R A5 2R — H 1 4%
7, PCR %) DGGE HLIKJE R T 5 F R M 40 B 1Y
DGGE #58C EIE (18 1), B —ZkikiE &k 1 ke
a2 B () DGGE e 8U 15 . AR B S0 AR A
[F) A B, 2%1 110 2 e J3 DU) s e 1 92 4 T )
B, SRR s, R IR E A T YA X
A e I W 7 N R WP e 3 v
TEWT I 22 5, R B 45 oA i A 52 300 o AN A ] A8 AR
SN . DGGE 3k i 245 Skl SR ali/ Nz il ok
i g/ et 7:2:0 HR R, 7:2:1
TR 4 A R i B A 1Y, (R il R Ok Skl
B /b T HARE &, FREAUR 3 4.

5 AR R T2 K 4 o 2 e Boan &l 2 s .
B &1 2 w2, S ARl rh 2/ 22 e K ot i) 4 1 2 A
AR BUR M, M MR AR il s/ TR R
it gl Nz v R 3 Attt EORE E Sh AN,
it A T2 R R, 2l 22 R i A,
22 FE 48 0o B P R i A0 B 2 A R A i
< gi/hEhEiRl < gi/hEdiRd . XFT 2,
7:2:1 W K A 2 AR BCE = T 7:2:1 P
T A o pR O AT R DA A [ ) A [ ) R o
A A i G 1 ) 40 T 2 A P R BORRAIE, HL D P T i
S T R IR T2 B B AT R R A A B AR T, B
i SRR AT B, 5 R Il il o457 200 1T 2
FEBIS = Tl B R o B A I gl il B 43K
TR, BOREECR AR R, T il BB T
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Fig. 1 DGGE profiles of bacterial 16S rRNA V3 regions of
five high and medium temperature Daqu

L i G); 20 FWeo); 30 ali/hEHiR KR (k); 40 glishE
TR 50 AN RO (B); 6: A/ bR R R
CU); 7: 7:2:1 iR R (H2); 8: 7:2:1 FPR KT GOy); 9: 7:2:1 iR
Killi(H); 100 7:2:1 Pgri Kl (L); 45 A-H X 8 4~ DGGE
Note: 1: Jiangqu surface (Temperature: 65°C); 2: Jiangqu internal
(Temperature: 65°C); 3: Pure wheat surface (Temperature: 55°C);
4: Pure wheat internal (Temperature: 55°C); 5: Pure wheat surface
(Temperature: 60°C); 6: Pure wheat internal (Temperature: 60°C);
7: 7:2:1 surface (Temperature: 55°C); 8: 7:2:1 internal (Tempera-
ture: 55°C); 9: 7:2:1 surface (Temperature: 60°C); 10: 7:2:1 inter-
nal (Temperature: 60°C); Serial number A-H corresponding to
bands excised from the DGGE gel.
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Fig. 2 Shannon-Wiener analysis of the bacteria of five high
and medium temperature Daqu
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Fig. 3 PCA analysis of the 16S rRNA V3-DGGE band
patterns in the gel of five high and medium temperature
Daqu

ML 3 A, F 5 A T2 R M AR A5 1
R I 2 e, R B R IR T2 AT B LA
S S AN TN 1R i A PR AR T, o 2 B S R AR 3 2 ek
b, SEOLHEVR S5 R W1 DO T A R
2.3 DGGE EliEREFEFRHHNTEE

AT — 20 i SR AS TR T2 K i A TR T A A AR,
DGGE LIKJE (18] 1), X H A 8 A 2R AT VIR
WIS, ERE . FEXTRIIN P (SR I3 2). DI FP4s R4
GenBank $4E FE LU e, FHBIRLRT 98%, XS
SR NRFLRRE . SIRBRE . AR . e d
IR S Z P s A R AETET 5 Aokl

S5y B G RO IR RS AR L, A5 s
AT KM LR E R 2N, 2R LR R A
ETARR T AR %4 D G H X[
1= R AP0 3 i Weissella cibaria, L. helveticus . L.
Sfermentum, 545 E.F [RUEM &% R L. panis.
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FLRR W= A AR R EREWMEYZ —, HE
=4 K FLRR, SEERE ™ A I & FLIR &
Bk, AR OB S M2/ D —ERE L TIRE
AU g i) o s, () R A R 3 ok R rh LIRS T B A
HESERIE N . AR IR A A . 4EAP S DR R ER I
A R SR Y, L. panis 1 L. fermentum "N,
R SRR e, RO HET AR . COBE . 5k
W55 L. helveticus J&PR Y & W # AR, 114 [F]
RIFLIR A RE, KEEC KA., Weissella cibaria
VAR PRSI R B0, o LA 2
R T R 75 3 g el e v L R ) B R AR TR, (HLH AR
ZRE M SAE T I R e AR P B A N
Frift— 2 Ht5E

% 2 16S rRNA V3 XEE /) PCR-DGGE VIR &7
B R 45 BB 45 #i7

Table 2 Sequencing results of the bands cut from the
16S rRNA V3 DGGE gels

Zl %> 73 AL
Band  Accession No. Closest relative Identity (%)
A EU266748 Staphylococcus 03
xylosus
B AM160650 Klebsiella oxytoca 99
C AJ251778 Thermioc.zctinomyces 08
sanguinis
D AB362617 Weissella cibaria 100
E AY323494 Lactobacillus panis 99
F AY323494 Lactobacillus panis 99
G EU4g3log  Lactobacillus 100
helveticus
u EU420175 Lactobacillus 99

fermentum
e R SR GenBank  FEXT 5 H B AGE — AN HE X
2R,

Note: The result of sequence analysis was obtained as the first
result of GenBank alignment list.

AW 5 [A) I e BT A% B8 B 3R O ik R 4 E 1Y
Staphylococcus xylosus Fl Klebsiella oxytoca. 55577
A AR R ) J& Staphylococcus xylosus, AR TE 5
R b AR AR, BHAE T — @m0 #dh £
Staphylococcus xylosus 275 W K B 1) 523 Fh 2
— U SR G B TR R MSA B 330y
BRI, WIS R I B —E 1 IR
i e 3-WEE T B Re s, HE KRR A et — 2
R, 5% B RIEER SN Klebsiella oxytoca,
L W ARTE F R T P2y B4R, Lutfu 45 7E

INEMFR TG S ERNZE, IR T HAER R A
Hr g FEUST, A3 AT R AR SR p O i JEURRH I AR
i

Falr C AUAETE T b, PSR BR 5 2T
EVE R = A Thermoactinomyces sanguinis o Jil 2% 7
e ik A7 T BRI PR L A e B i AR P
LR TERZ FUE R AL SR B 5 b, RBEXS
HEAE TR o AR v i B T RE R AT R OCIR AT .
Thermoactinomyces sanguinis J& T = I i &, =
TR T BAT SRR IR A, RS A 4
THMATE, Thermoactinomyces sanguinis HAT 8
iR )T 7 Ak O 1, PR TR A ) o L o A T
A AFEI o F T e TR DA TR TR, A A T
PR b DA R IR O o A R DA PR S5 T
PRI TR U A R B O T PSR B AR A [ £
PARE AU X P RUBR A SRS 7 A AN TR 2, SR A
AR XS o th T IRAPREZE S R e . A== T2
SERIANTA], )4 Y 0 AN [] XA 7 A R A 2
AU LT REAR R B 2R BRI 2257 o RN, WERE I
G ¥ PN a7/ D0 E0] 5 W Y B A NI 7 A )
A X AR, AT A i v 8 B A B 1) A v 20 A
Fr A — D W AR

3 GREitig

ARHWFFEUER, PCR-DGGE J&—Fh BRI P A 4L
RTINS RN R o €2 2R 7/ N R o R R 5 3 NI G B o
PCR-DGGE 731 5 Folt s it A1 it A i 40 T 4 v 25 44
45 P R WA [R] T2 Kt 20 T A I 45 48 A7 78 ] Wk 22
5t o Weissella cibaria. L. helveticus. L. fermentum
L. panis % FLMR Bl A7 78 T AR T8 K,
Thermoactinomyces sanguinis {XAF1E T = Ui 1 % Bh
Hh TR A R R T v i B T A e ) v U
VETL 25 R b A3 I o B I R f g s, R
ith 40 T 22 R TR RO R ek

5647 M, PCR-DGGE K& T XK
i AE Y Z FEPE T 5T, Bid DGGE % T
Staphylococcus xylosus . Klebsiella oxytoca “515 5t
Ty B AR E B A, [E] A s T R L
PR TR O FIRE AR o (HEE T i R R E P 9 A2 25 2
e, T BRI BN R, ERaBERRTE
598 B 5E A W) ZRE AR T sk D i F-BL . iz
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