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Abstract: The bacterial populations in Xiaoqu of soybean-flavor liquor were used as the study object in this paper, and the technical
parameters related to DNA extraction, polymerase chain reaction (PCR) amplification, denaturing gradient gel electrophoresis (DGGE) time,
and staining protoco for PCR-DGGE analysis were compared and optimized: The results revealed that among four DNA extraction methods (kit,
cetyltrimethylammonium bromide (CTAB), sodium dodecyl sulfate (SDS), and SDS-CTAB), the SDS-CTAB method produced the highest
DNA yield with a low protein content and.good integrity. Despite the slightly complicated steps, SDS-CTAB was better than other methods.
After optimization was achieved using the uniform design method, the optimal PCR conditions were as follows: annealing temperature of 50°C,
primer concentration of 0.4 pmol/L,and 2.5 nL(34 ng) of template DNA. Under these optimal conditions, the clearest bands were obtained, the
yield of products was the highest, and the DNA bands in the corresponding DGGE analysis exhibited the best diversity and abundance. The
performance of 'DGGE with different run times was compared using time-travel experiments, and the results showed that when the
electrophoresis was conducted for nine hours using a denaturing gradient concentration range of 30%~60% at 85 V and a temperature of 60 C,
the DNA bands on the DGGE gel were sufficiently separated with an appropriate distribution. Additionally, it was found that silver staining was
better than Goldview: staining. In"summary, a PCR-DGGE method to analyze the microorganisms in Xiaoqu of soybean-flavor liquor was
preliminarily established.
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PCR 1% (Eppendorf);,» DGGE %4t (Bio-Rad),
HLIKX(BIO-RAD); =i AR LML (Eppendorf) .
1.1.3 EZiKH

(1) TALFRZEMK PBS: 0.0577 mol/L Na,HPO,,
0.0423 mol/L NaH,PO,;

(2)/CTAB #h#2: 2%CTAB- 5 mol/L NaCl. 1
mol/L Tris-HCL-(pH 8.0). 0.5 mol/LEDTA. 2% PVP;

(3) SDS Z4f#: 0.1 mol/L NaCl, 0.05 mol/L
Tris-HCI, 10.1 mol/L EDTA, 1% SDS, 2% PVP;

(4) CTAB/NaCl 24f#ti: 0.7 mol/L NaCl, 10%
CTAB;
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(6 5% AT e P fg e P2 (AT s I ke - 0 A s T
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Table 1 Uniform design for the optimization of PCR conditions
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1 50 04 25
2 53 0.8 2.0
3 56 0.2 15
4 59 0.6 1.0
5 62 1.0 3
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Fig.1 Result of total DNA extracted using four methods
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J5 i DNA 5% LK 2.

LA TERCR I, AR AR DNA; SDS %
H1 CTAB J:4RHUH Y DNA it ks ta, UEA
JRAR LB TS, KRR, PR
{E7E 50-55 Z i, BONHR, HHIKZHAHENS,
JEEEH PCR ¥ 50 75 2 I E S A RS 2y 45
SDS-CTAB 25 G242 ) DNA 2, Bk
KRB RIS, WETHAIIEN 64.49, BymT Hih—
N5

M3 -, SDS-CTAB 4 575 B AR D BT EH,
FERTBAE, (R Al 5 i SR B 2RIk B 4l
LA L . S RS ) SDS-CTAB &5 474k
BUB A DNA Rl

72 2 % DNA £HHIIEmEFR

Table 2 Peak areas of DNA bands
7 ik KA &k SDS % CTAB % SDS-CTAB %
BT 1 2 3 4 5 6 7 8
o 0 0 48.81 53.09 57.07 51.04 66.68 62.30
P 0 50.95 54.06 64.49

2.2 PCR JUpi A8 X B 3 oy £ 1t

EESHEARIREE  5I0IRIE S B KIRFEE AR,
L SDS-CTAB vA$2H 1521 (1) DNA B, #4T PCR
BIE R SEEE . PCR P24 ) B R W Bk i 2787
7~ RS 5 A RS H AR 1 12k Se
BT 2. 3. 4 XA IKEREA IR Rt SR AR,
ghR (R 3) BoRilit 1 v 10619, B AT AN
o

2 PCR AL RERIKE
Fig.2 Electrophoresis image after PCR optimization
7Z: M 2 2000 DNA lander, 1~5 vkii45) 4 5256 1~5, 49
PCR %R, CK ARZAMALH) PCR 4R,
XF 5 MR PCR 473 73T DGGE HLJK,
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L5 3, AR% PCR ILALHIFRAL CK, PCR ik
FESS, T2 DGGE 45 Rok i ANEMT, HEAT LK
TR, W5 1. 3. 4 WHIKKENES, 1B
B, Haalie 1 sft. ihE &I 2 M
(Shannon)f&%. F & (Simpson) FEEULE 4. L6
12 REESRECN 2,94, F5 RN %140 26,
75 5 A . Ao R R, IR
B 1 XN PCR SF A scflt, BIARKUREE )9 50 C, 5l
WIHREE 9 0.4 pmol/L, #54R 2.5 uL (27 34 ng).
#< 3 & PCR &HHIIEEF
Table 3 Peak areas of PCR bands

sl 1 2 3 4 5 CK

¥mAin i 10619 50.7 7823 63.49 0 17.95

7 4 DGGE $E4ENE ZAFMHEH
Table 4 Diversity indexes of DGGE fingerprints

55 Simpson 454k Shannon #54&
CK 11 217
1 26 294
2 8 1.56
3 21 2.67
4 18 243
5 4 1.16
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Fig.3 DGGE images after PCR optimization
7E: Jkif CK: K% PCR #Abed DGGE #5%, wkid 1~5:
HARE 4l 1~5.

2.3 DGGE 7 w42 14 4 B 58 FiX Fe. ik 8] X

et 7 R
2.3.1 DGGE w.ikhf ] é94k.1k
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BRIGRS L b, SR i (R FL KN TR AT —IVBREES ™ ik
PS5 R AN 1E 4 Frs

4 5 6 7 8 9 10h

[& 4 AN[=] DGGE FEjkAs 8] ) e Sk T itk
Fig.4 Electrophoresis image of DGGE with different
electrophoresis times

W, I A fh 2R T ROFLBR . ARSEE
3o FUKIN [A]7E 4~8 h WIS R 820 TT, R
ZE; MIKE] 9 h Iy, S ARAAE R, 2RI,
10 h IFKGE N S RFEILIRES, 2 (0557 i LB
bho B, RGP IR AEEHIE 9 h A
it

232 F&FEek

¥ DGGE LUK B ) LUK I 43 Sl iR A7 ER e A
Goldview #yft, ZCERHIWIE 5. MWERE HE, G
B RIBOR EA T Goldview, A EREEM, 4t
TG 2R, RREUERR, ETRGS IRt E
S IR 458 .

af Yeid

b Goldview 4 {17
Bl 5 $RFBERN Goldview Feta BKEE
Fig.5 Electrophoresisimages after AQNO;and Goldview staining
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3.1 DNA i PCR-DGGE 2l Ei#E, ANFIH)
TFAE S B R R, WA IR . CTAB 7%
F BRI CTAB TE = bR N B & 2R IR AU
s, SmMFEATARE SR LR, AERYE
BEULRE DNA, TR TIRE AE ), 5
ANWTE AT N BB ST - SDS A& —FhRH S 13K 1
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PRI DNA, 2 H TR0 b S0 B S5 A BN B0
(IR o S 28 P VS U AE ST E It T S BT AL
WY KBRS R R, ARG 2 DA FR
W], S K EARMK, DNA $RBCIER Rk, AHE7TH
SDS-CTAB 2541 BT it P2 HLT DNA Jii &A1
R m, W|ARERTE, BT, ohEEZ
SDS #m T AMEH=R, 5 CTAB 456 5 ifh 1k
BT IIRESE L T A R AN BRI S AR RE R R
DNA, FIHER B TFE S R R R i .

3.2 PCR Jx3HBELAR A5 400k BE LA e — 3 1 Le Al
X} PCR YIS 22 s iR, 5 AN 514 SR (1)
ReFHEAR, BKEEHRE— N RERZRZ —. X
Iy SCHRHEAT B a5 R, IR &= 405 DNA
1~4 L (5% 10~50ng) , SIS 0.2~0.4 pmol/L,
B KIRE N 49~60 CIM, SHTEREIFIXTEEZ, X%
FE%F PCR 5 W 115 A WIS 52 I, 7EVES s A= T 9T
TR L. AR RS St BNk
J&, PCRKZFIUMRHEN 2.5 uL, #id DNA Hik
PG K P L e o2 34 ng, 3B KIRE N 50 C,
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ARG IES AT Y tts,  BRARAFAE — SEIR LA B )
L, AERCRIAEAL T Goldview #effi:, SYBR green |
SEHTTIY R AR N, (HSANE &, RO
e — L,

34 LiE BRI, AHIFST AR Y (i O il 2
ERBEAN R, 5% PCR-DGGE 4341772 DNA £
B, PCR ¥4, DGGE HLJKH [ RIS Yy to 5555 8
BT, FHRARE ARSI AL, e
WP RN T SR N DAY PCR-DGGE AR
I ATITiE, N E SRR B RIS A= P 2 A
AT BRI AR A MR S5 MBS AR R R
R DL B AT e R B (B IE R E
F IR SR AR S

BH K

(11 F8 R EBEDY I 2 R TR R[] 2k
1%,2012,20(5):572-580
GUO Liang-dong. Progress of microbial species diversity
research in China [J]. Biodiversity Science, 2012, 20(5):
572-580

[2] Merlin W Ariefdjohan, Dennis A Savaiano,Cindy H Nakatsu.
Comparison of DNA extraction kits for PCR-DGGE analysis
of human intestinal microbial communities from fecal
specimens [J]. Nutrition Journal, 2010, 9(23): 1-8

[3] Luc® Gonzdez-Arenzana,Rosa Ldpez ,Pilar Santamar &,et al.

Dynamics of lactic acid bacteria populations in Rioja wines
by PCR-DGGE, comparison with culture-dependent methods
[J]. Applied Microbial and Cell Physiology, 2013, 97:
6931-6941
[4] Xiaowei Zheng, Zheng Yan, Beizhong Han, et al. Complex
fermentation

microbiota of a Chinese "Fen" liquor

starter(Fen-Daqu),revealed by  culture-dependent  and
culture-independent methods [J]. Food Microbiology, 2012,

31:293-300

312

(5]

(6]

[7]

8l

(9]

[10]

[11]

[12]

[13]

Yibao Gao,
Characterization and comparison of microbial community of
different typical Chinese liquor Daqu by PCR-DGGE [J].
Applied Microbiology, 2011, 53: 134-140

2 RN AR VR S 7 Y AR XA ) R 0. RS o
2004, 121(1):24-27

LI Da-he. Discussion on the formation of the specific style of

Haiyan Wang, Qingwen Fan, et al

soybean-flavor liquor [J]. Ligquor-making & Technology,
2004, 121(1): 24-27

AR A R N DA I A B B S R EE T
\1,2002,28(10):10-12

XU Cheng-yong. Isolation of microbes from xiaoqu for
chi-flavor type of Chinese spirits [J]. Food and Fermentation
Industries, 2002, 28(10): 10-12

= IR B R e X S B - AR M B B LUK R (PCR-
DGGE) fFFtH E il Rl -h i E e 45 H[D]. To i
FR%,2010

GAO Yi-bao. Investigation of microbial community of
Chain
Reaction-Denaturing Gradient Gel Electrophoresis [D]. Wuxi:

Chinese  liguor Daqu by  Polymerase
Jiangnan University, 2010

Jia Zheng, Ru Liang, Ligiang Zhang, et al. Characterization
of microbial communities in strong aromatic liquor
fermentation pit muds of different ages assessed by combined
DGGE and PLFA analyses [J]. Food Research International,
2013, 54(1): 660-666

Haiyan Wang, Xiaojun Zhang, Liping Zhao, et al. Analysis
and comparison of the bacterial community in fermented
grains during the fermentation for two different styles of
Chinese liquor [J]. Journal of Industrial Microbiology &
Biotechnology, 2008, 35: 603-609

Xiaomao Xiong, Yuanliang Hu, Nanfeng Yan, et al.
PCR-DGGE analysis of the microbial communities in three
different Chinese "Baiyunbian" liquor fermentation starters
[J]. Journal of Microbiology and Miotechnology, 2014, 24(8):
1088-1095

Jae-Hyung Ahna, Yoo-Jeong Kima, Taesung Kim, et al.
Quantitative improvement of 16S rDNA DGGE analysis for
soil bacterial communityusing real-time PCR [J]. Journal of
Microbiological Methods, 2009, 78: 216-222
SRAUEE AR P G B [ A 9R 2 T Busubtilis S12
77 DU R RE LG R £ 5 FBIL ][9], 65 ot 55 A DR 41,2014,
33(1):8-15

WU Jian-feng,
tetramethylpyrazine produced with B.subtilis S12 under the

XU Yan. Formation mechanism of



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

[14]

fermention condition simulated bacterial Qu preparation used
for Chinese liquor brewing [J]. Journal of Food Science and
Biotechnology, 2014, 33(1): 8-15

Muyzer G, De Waal E C, Uitterlinde A G. Profiling of
complex microbial populations by denaturing gradient gel
electrophoresis analysis of polymerase chain
reaction-amplified genes coding for 16S rRNA [J]. Applied

and Environmental Microbiology, 1993, 59(3): 695-700

[15] Wenxue Zhang, Zongwei Qiao, Shigematsu T, et al. Analysis

of the bacterial community in Zaopei during production of
Chinese Luzhou-flavor liquor [J]. Journal of the Institute of
Brewing and Distilling, 2005, 111(2): 215-222

313



