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The dynamics of bacteria community diversity during the fermentation process of

traditional soybean paste

GE Jingping' ™" ,CHAI Yangyang'”, CHEN Li'*, PING Wenxiang'*
1 College of Life Sciences, Heilongjiang University, Harbin 150080, China
2 Key Laboratory of Microbiology, Harbin 150080, China

Abstract: Soybean paste, soy sauce, preserved bean curd and lobster sauce are the four traditional fermentation foods in
China. Microorganisms, especially bacterial varieties play an active role during the process of soybean paste fermentation.

The bacteria are closely related to the flavor and quality of the soybean paste. In the fermentation of traditional soybean
paste, monitoring different stages of the fermentation process and the dynamics of bacteria diversity, as well as controlling
the bacteria succession will provide a theoretical basis for strain selection and improvement of the process for industrial
production. At present, denaturing gradient gel electrophoresis ( DGGE) is widely accepted as a molecular biology tool for
studying complex microbial community and behavior. In this study, we used the natural fermented soybean paste as
material , extracted bacteria genomic DNA , amplified the V3 region of 16STRNA genes by PCR, and analyzed the dynamics
of bacteria community structure and the dominant population during the fermentation of soybean paste using DGGE.

Our results showed that the V3 region of 16StDNA of the complex microbial community in the fermentation of
traditional soybean paste were around 230 bp, containing 19 different gel bands. Sequencing of the DGGE bands revealed
the 19 microorganisms, which are Aeromonas, Weissella viridescens, Staphylococcus xylosus, Lactobacillus brevis, Aeromonas
media, Staphylococcus saprophyticus, Leuconostoc lactis, Listeria grayi, Bacillus subtilis, Staphylococcus succinu, Bacillus
Sfirmus , Tetragenococcus halophilus and six unculturable bacteria. This result clearly reflects the diversity of the bacteria in
the fermentation process. Through monitoring the abundance value and degree of dominance during the fermentation

process, we found the growth of some initial populations and depression of other initial populations, in addition to the
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growth and evolution of some subpopulations. The application of PCR-DGGE method in the detection of bacteria diversity
has led to valuable information. In addition, the succession of bacteria population displayed the following pattern in the
fermentation process based on the Shannon-Weiner index, i. e. , the variation of the bacteria population showed “low-high-
low” pattern, while the dominant bacteria population showed a succession pattern from D8 ( Uncultured Staphylococcus sp. ,
Accession Number FJ542940. 1) to D18 ( Uncultured bacterium, Accession Number EU873643. 1) and then to D6
( Staphylococcus saprophyticus , Accession Number EU855228.1). At the initial and final stages of the fermentation process,
unculturable bacteria population were dominant population, the succession speed was rapid at the initial stage of
fermentation. The diversity index of the bacteria population reached peak values at 42 d and 56 d in the fermentation, which
were 3.77 and 3. 65, respectively. These results have provided important knowledge towards understanding the dynamic

changes of bacteria populations in the soybean paste fermentation.

Key Words: denaturing gradient gel electrophoresis ( DGGE ); 16SrDNA; soybean paste fermentation; bacteria

population succession

TR R E W R R B B B 2 R R W DRI E A WIS G N R AN R B A
VIt ZREPE R R Sh A AR TR AR A VR A, 2 R AR T RRHEF , ALt R AN SE 3 Tl Ak A 7= G ¥
AOERTS AR . ) FH A P 2 ¥ i FEL 3K ( Denaturing gradient gel electrophoresis , DGGE) J7 ¥ #4713 A= W) 22 k1
(DR W B 2 A AR E P A S R T B BT RS S Bk
it A v B R W R Bh A M S5 Dy e

HiT, B MM AR WL DCCE Wil %40 53 & B B E W vg (0 sh A 0 HiRGE . A SCME G &3 K AN [
W B R AR R IRBUR-S R AN SE N 2H DNA, LA PCR ¥71% 16SrRNA JEH 8 V3 X3, ] DGGE 5 AR 705
FIYEE PCR ¥ 187, M ARAS A% Gt 2 R AN [R) o BB E e 2 FE (5 2 .

1 #R5RH*
1.1 SZEkK

FEMCREE T 5555 /R TR B o 0PI BOR AR (BT A T Be A S R BERT B ) o T R T B B MR AP R
(HI52R)2 3 cm) RIS HB GRS HOFAL) 45 100 g A K B a8 RHI R, BT E S7 B 4 °C vRAR PR
EEEETIEREE 1| R RERE BR 7 d BURE 1 IR A SEE R BRI Y 80 d, MR AR 12 IR, SRJG HEATR
B RTER B , B BOBUR A i 200 g ZE A A KR IS W SR . BCRT S S B 4 C UK IR, i 2
RIEBBLRERG 14 d BURE 1 IR AT S R IIZ00 60 d, HoREE S K,

1.2 LRIk
1.2.1 FEAL AL

FREL 6 ¢ MR EFEAN, ] 30 mL 0.1 mol/L WREhZE Mk (pH {H 7. 0) B, INAILIEER , IR 4 7200 IR
5 min,200 r/min B0 5 min, WEE L3 DUREE R RS 3 K, i RS L35 7000 v/ min &3 2.0 5 min, 7
VE IR DITE , RIS A
1.2.2 34 DNA R ECR4i{L

FFAE 5t 43X 4 AR W AR AT B2 ) 56 DR 2 4 O] 6 B IO Ach BERE St ) A PR R R A, RSB AT 1% B

W RE I R VKR
1.2.3 JE[H4 DNA ) PCR $" 4%

SR FH AN 8 FH 5 | 00388 B R4 16S vDNA V3 X, HB #5140 510 1. F338GC:5'-CGCCC GCCGC
GCGCG GCGGG CGGGG CGGGG GCACG GGGGG ACTCC TACGG GAGGC AGCAG-3'; R518: 5'-ATTAC
CGCGG CTGCT GG-3', 50 wL PCR AR R .50 ng iR 5 pmol 1EJZ 514,50 wmol/L dNTP .5 ul 10xPCR
buffer (MgCl,) \2.5U ExTaqg DNA &, TR 4K AMSTH] 50 pL, N FRT N .95 CHUAEM: 5 min, 94 C A8 M
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30s,55 CiB K 1 min,72 CHEH 40 5,35 MEH,72 CHEM 7 min, PCR SO HI= I 1% i b e g e vk ki
1.2.4 ARPEBL BB UK (DGGE ) 43 #T

K FH DGGE- 2401 HL ¥k R G b AT AR Sh 43 M, IR W FE S 6. 5% () TR s Ik e ( VA0 s 1k Mg = U TR s G i
=37.5:1) ,BHFIEF R 40% —70% (5.7 mol/L MY FRZE H1 32% M2 85+ H BER IR G 4) ,60 C 150 V 5%
PETFHLIK 9 h AR YLt DGGE #8808 FH Gel-Pro Analyzer 4.5 #4347, [l DGGE 4 0% . ¥
SERPLZ R GenBank IR T EHE P, 76 GenBank HFiEA 7[RIV F 41 HLXT, JXF DGGE 48 S0 &3 M1 74 2524 4%
Bro PPAGTAE Y 2 R AR R A G B
2 GRS
2.1 EHEKRBEREG AN SR L] DNA § 3

DIANTA] e P s A A4 7 I PRI 4 DNA A, SR FH R 225540 7R RN ol 4 TRT 7Y 16S vRNA JE[H v, X8 519
(F338GC I R518) HEATH 1% 76514 F338 19 53U GC I3 i 4™ 14 o Wi i 2> B R . TR ] & B ) 3
LT 5L DNA 28 PCR 97385 4045 T A & BRI A0 A9 16SrRNA D V3 X H AR W (K 1), LLREEO d

Y SRR S AE R XS R 2 B e s H PRSI, A5 21 ) DNA R 24 230 bp,
bp M 1 2 3 4 5 6 7 8 10 bp M 11 12 13 14 15 16 17
2000 3 2000
1000 e
750 750
500 500

250
100

250
100

230

1 PCR ¥ #8&A RAEREIH R AE 16S rDNA #9 V3 X =4 ik E
Fig.1 Electrophoresis graph of the amplified 16S rDNA fragments from soybean paste samples
M. DI2000 Marker; 1: 0d; 2: 7d; 3: 14d; 4:21d; 5: 28d; 6: 35d; 7: 42d; 8. 49d; 9: 56d; 10: 63d; 11:70d;12: 77d; 13 84d; 14: 98d;
15. 112d; 16 126d; 17 140d

2.2 DGGE 75434
i1t Gel-Pro Analyzer 4.5 1% 3 & WA RIS BLAY 17 MFE A TH A0 16S t1DNA V3 X/ DGGE 840 K]
TEHEATIKIE ST, LA 2 19 R (1 2) , IR SEATIN R, 45 R R BT (3R 1) P90 R 1) B KR TE

12 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17
Dl S - —
| AR ¢ 5. | LN I'.I{II.*I =] e | H I P . | [BC e
D2 —8% ; Smen fmamed [0 | (e DGl el ] (S | SaEe| ] ES
DT i - = = L EEaRE R N 8 B
il SIS = Tt G || [ (e (| N
[ 0 F & | ISHEN [N [Um| (MmN 0D DEE| [EE ) BN S| ouN
EIEEEMEmTET RS TTTE
FEagEREMTETLESS S S
EExE= *I‘h*”ﬁ*gl 3
1 i ! I . | - i r, g B | : E
E Bt IR B - (E (REARE S i
a8 38 = [ RE NIRRT N g
L o Ol = 3 i LR (R ISR L] LS ¥
- = . g e « .
’ e A | 1 2
D16— Y | -
=41 ::':- I % = | ‘
D17— * L ; i & A L Fs‘ s 4 w34
DIs— = i [ 4| |- -i"lé % é ‘ FA *
DI9—i i 2 | ] | |y - EdP,

2 16S rDNA V3 F B PCR F=##) DGGE [&if
Fig.2 DGGE profile of the amplified 16S rDNA fragments from soybean paste samples
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240 bp ZeAy, HAWAHIOAE RS Bl A v R A B B R A B, BR D18 AHAE A 94% , D16 AHAUNE N
95% 4k, Ho s & A 2 AL PE B 7E 97% UL I, DGGE 2%y L 4 45 5 LR, DI J& — bk <05 i 1 U
(Aeromonas) W2 , & 5 7] & 00 B R AR A 100% 5 D2 R 2 4B 3T [C B ( Weissella viridescens ) , FHALIE:
H100% ;D3 Ry ARMEE BRI ( Staphylococcus xylosus) , AN 99% ;D4 MEGFLFTF I ( Lactobacillus brevis) , A
U4 100% ;D5 A H [E) S5 TR ( Aeromonas media ) , MALYE A 99% ; D6 R JiF A= 14 4 %5 1 ( Staphylococeus
saprophyticus ) , FRIYE R 100% ;D7 NFLEHERER T ( Leuconostoc lactis) , #HRIYER 99% ;D8 , D12, D14 ,D16, D18,
D19 S RAI G T ; D9 h—PRA& T ([Q) 2R (X)) & (Listeria grayi) , ALK 100% ;D10 hy Al 5 25 4l
P ( Bacillus subtilis) , AR 99% ;D11 R —#R 4 BR 1 ( Staphylococcus succinu ) , FIPE R 100% ;D13 N
—BR AT ZEFAT B ( Bacillus firmus) , FUYE R 97% ;D15 F1 D17 A gER PUEEBR T ( Tetragenococcus Halophilus) |
FRRIE S5 100% F199%

F1 19 £F3H) BLAST 4R
Table 1 BLAST results of the sequenced 19 sequences
NCBI B4 2 v B AR R T2

5 FrEI . . . I HHIE % Bk Accession
Band name Sequence size(bp) The strains which have the highest identity Similarity Number
from NCBI
D1 238 Aeromonas sp. 100 FJ464580. 1
D2 241 Weissella viridescens 100 EU621989. 1
D3 235 Staphylococcus xylosus 99 FJ155342. 1
D4 215 Lactobacillus brevis. 100 FJ532366. 1
D5 244 Aeromonas media. 99 FJ464580. 1
D6 243 Staphylococeus saprophyticus 99 EU855228. 1
D7 243 Leuconostoc lactis 99 FJ215667. 1
D8 250 Uncultured Staphylococcus sp. 100 FJ542940. 1
D9 243 Listeria grayi 100 EU545979. 1
D10 242 Bacillus subtilis 99 FJ609728. 1
D11 232 Staphylococcus succinus 100 FJ155339.1
D12 237 Uncultured bacterium 100 FJ557205.1
D13 244 Bacillus firmus 97 EU368002. 1
D14 244 Uncultured Oceanobacillus sp. 97 EU862162. 1
D15 241 Tetragenococcus halophilus 100 EU689054. 1
D16 244 Uncultured Bacillaceae bacterium 95 EU862155.1
D17 237 Tetragenococcus halophilus 99 EU689058. 1
D18 245 Uncultured bacterium 94 EU873643. 1
D19 216 Uncultured Clostridium sp. 100 AY883100. 1

2.3 X DGGE Eli A &24 0 Hr
2.3.1 DGGE Bl F

£ DGGE & h o B i A 0 22 BEPE I B4, — A il A = B8 AR s AN i i 0 8 10 2 5 i, 7 — 8
BE b R M T REVE PR W i 2R B it Gel-Pro Analyzer 4.5 B{FxF 5.3 & BEAS RN BER) 17 4
FEa AR 16S tDNA V3 XY DGGE $8 S8 EIE#A TIKIE 74T, 25 MUK E ) FFEaE 3 Fos .,

P K BB BE (FE S 1—12) RS E R B Ak, w9 (RS 1,2) FBE(E 9 (RBP4 Bl
J39 %) FHE BT (FER 9) ARG U e, UEBHAEIZIY B, A0 TR R EFR St 30 T 284k, 7R AR & T I B (R
13—17) W1 (FESL 13) BU=EREMEN 14 (B E0E R 14 4%) , 25 (FEAh 14,15,16,17) EEEH— H 4 HR7E 1
Ao

N AR R RN i B, A0 TR AR T, O S TR 1S I, % O s R I (RE A 7
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Fig. 3 Richness value( Rs) of bacterial community from soybean paste samples in 17 periods

8.9) I FEAIAN P ZAE M AR AN K . 1536 [ A & TR B I 2 2% T B A 38 & IR M0, Al ol 2R 1 T B, P 34
B/ BEVR VU, A A B A TR 2 TSI I | A 2 et b ) D SN REA BTN | R
F AT 5 HEA AR & TR B 32 % T 01 () 20 TR 22 R AR AN T, BT 25 ) AR A LA AR 5 76 R A R e I B A
TR B IE BN R A, A0 TR AR T R e s D B R R S

FE 55 BB R B WA AE A FPE I T, A B R E B 1 . AR AEVE 21 T B0 00 B A R A
P& AP R SRR A i B A Y B A
2.3.2  ZHW DGGE F3E 415 WO R S50 34

DGGE f84 EIE th 4 B AR R 5 A B R G4 5500 AR AR R BCE AR OC . A R 7 3 1Y) 4541 1 60
TR, IS N A AR 12 AR A R G B 1 2 5 A T B 1) 2%ty 6o 8, DU o A 7R 2 AR S R e b 1 8k i

P BE S i — 45t I 06 T (a2 R A B AR I TR 7 408, 5% 4 B O B R L T AU e
PR R YRR AR I AR ARG O . — R TPOR R S5l AR BEAEAN [R]  ZEAS TR it v ] — 7K P
AT BT , W Gel-Pro Analyzer 4.5 #4517 ASFE G &SR OEE S5 #E 7401
OYMT EER R (£ 2)  FE S R B R A0 R R R R IS B AR L A L

FER AR K BRI, D4, D8, D10 ( D4 A4 FLFFE, D8 AN AT B5 75 AN B , D10 A B 2EAOAT 1R ) B0 A X ol
VLA 2 s HF A TR R TR F2 & T, D5 D6 (DS i (BB TR, D6k Ji A MR 44 14T ) 1 TR BF B 3 22 T [
PR R TR I o DI 34 1) T R T A 5 B I % 7 AR R TR, DS D6 T AR ESca: BT o 1) LU 814 9 T I, D18, D19
(D18,D19 AT HEFE AT ) WRFECE A T LTt AR R BE Rl 9 = & e, D4 DS (D7 (D7 7L B #R 2k
B ) B A R UL 2 s T AR R IEAIS, D4 J97 o4 1) BB i S B, D7 B RERICE A I BT, D6 il e ¢
LA TRHE

E— A RSB B, 18I Z 257 5 TRl — Kkl o HAth 20 A L R R RO 2 22— SR B DL ARG, D33
Wiz A5 5 R — DK I8 rh A A AH LU R A /D 7 8 A IR 1 [ A IR B BRI AR 2 T B B, Bt it [1]
PR, G A LA R AR A, LA 5 WO R R Al e A R () A5 1 7, (ER AR (R T 5 4%
ORI A O, i SUETH A OC, BT ML BEE S WOGEEE I AN 58 4 — 3, WO EE R AR A — i SR i
i P SR L A B A5
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x2 1T MHERNBEESKBE

Table 2 The absorbance and the degree of dominance of bacterial community from soybean paste samples in 17 periods

i R WL % AW % IR % AR %
Samples The maximum absorbance The minimum absorbance The highest dominance The lowest dominance
1 D8,12. 60 D6,9.75 D8,24.73 D6,0.03
2 D8,14.32 D3,11.39 D11,18.22 D4,5.22
3 D8,12.10 D14,6.51 D8,18.37 D6,5.61
4 D8,12.12 D17,4.78 D12,15.79 D16,0.90
5 D8,11.45 D16,5.25 D12,16.49 D14,1.34
6 D5,13.56 D16,3.99 D3,24.38 D19,0. 14
7 D17,9.38 D1,4.84 D17,14.80 D8,1.79
8 D5,14.93 D17,4.81 D3,26.01 D17,0.82
9 D11,8.45 D19,3.30 D8,15.26 D19,0.31
10 D18,12.15 DI12,4.62 D19,18.78 D9,0.96
11 D18,16.36 D9,6.86 D18,28.85 DI1,1.24
12 D18,12.10 D9,5.03 D18,19.42 DI11,0.32
13 D4,10.89 D14,4.90 D5,20. 44 D7,2.11
14 D7,15.99 D10,4.62 D7,33.72 DI1,1.09
15 D5,16.58 D18,6.02 D6,45.01 D18,1.07
16 D6,15.17 D15,4.71 D8,21.52 D15,0.37
17 D6,12. 83 D13 ,4.06 D6,15.38 D10,0.44

2.3.3 4 DGGE EIEAA I ZFE T 5L

ZREAREEE G R IR A Z RGO, ZFETEFR RO R AR R WL SRR S 1 20 R
B 22 S AR IR e 34 A0 BE I e AR 5, AN ) s 1) 5035 TR it o 200 7 1) 2 PR PR B 26 3

HH 2R 3 AT DL [EA & I B B 1 R R I 1) 2 AR PR R 450 3. 06, TE BV A & B Y B A R I, 2
FEMEFE B — EAERAE 3.3—3.7 28], 7E K EETT 4G 42 d F1 56 d B, ZREMEFS SR SRS i 4351k 3.77 A
3.65 , 7ELTE 70 d B ZHEPEFE A IR 2. 90 , 76 [ & I i B & AR, ZREVERE BOUT R 3. 10, A A 8T
Y TRIFP B 7= A, TR 2 e B B 11 32 T B 2 AR R B0 3. 28, 76 & T 98 d B ZREPEFS Bl 3] 2. 52 Al
2.29 , TE R & BERY B & TEAC I, AR PR PR A — EL4ERRAE 3. 0—3. 1 Z 0], Ui AAE B e Fh o =2

*3 EELZE 17 M AEBBENHERA Shannon-Weiner 1541

Table 3 Shannon-Weiner indexes of soybean paste samples in 17 periods samples

ViSE =3 Shannon-Weiner 5 %4{ VS 53 Shannon-Weiner 5 %%
Lane number Shannon-Weiner indexe Lane number Shannon-Weiner indexe
1 2.81 10 3.33
2 3.06 11 2.90
3 3.17 12 3.10
4 3.34 13 3.28
5 3.35 14 2.52
6 3.18 15 2.29
7 3.77 16 3.01
8 3.01 17 3.13
9 3.65

3 g

L S W R MR T 22 R R ) S ELAE P AL R P 0N O, 7 s A T e ) o o I B U A e
SRR AR BEAR I, W S B R Y o B BER A AFLRR BT BEE DESE MR A, AT 38 YA
7R A R R AR T TR AR R TS A MR S S B R A AT TR
it afutr h TGS 3 BA — R MEVE R B, 75 8019 20 B SRR 2R fE— e B I
S A PRV RO BOAE AL NI, S JLAR SR , AT IR 22308 PCR-DGGE H AR A 1 £ il 1 B A= )
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2538 A E = 324

T A R B A2 Ak

ARSCHIJER AT PCR-DGGE A ) e B 2 b by X A% 4 523 v 40 1 19 TR R E 5 0 S s 72 A ad e kAT 1 o
B G5 R R TR VAR ) 30 1 = S T P 300 R A i T 0, M ) 0 38 S BR F  Js ,  C BRAIT TR T, R
BEAT AT ER A, L FUAF A, v B =B T, T AR P 2 R A, LI R R A% R (IR 20T Re (1) T, A R 28 AT
PR, AT BRI, WA ZE AT B, gk U AEER A A1 6 PR FTRE IR AN, X e/ R B B3 R e A b A T 1 22
B TRV, 12 8 1D 550 57 50 0 4 B M A A0 35« 25U T 7 364
B 3 FhANER , 43002 B ERTE 765 ( Pediococcus spp. ) HEYIFLFT A ( Lactobacillus plantarum 710) | 2 T 1
(Bacillus) , AW FWH LG BT LT THE T8, o B i 6 ML (BU R4 ) o el IF
FIFH PCR-DGGE J5 ¥ 547 3 & Wit A b A T 22 FE A I, mT LA AT T8R4 S A (945 B

S G TR AT R SRR IR R R . lim 2 RIH PCR-DGGE AN KI5 #
AN 2RI 5 SR T DUE A e T SR ) R g (BT TR AT LR (H 2
A SO AN AN AF R SATF AN E 5 Bk Se LRI RS i 50 B T 5350 7 SN

SR RS P AN AR B T — 8 P FLAE . AN Shannon-Weiner $850E | 41 04 b 1 2 FE 1k 2 0 1%-
AR AR AR [ DL T R ) U R A2 4L, B D8 —D18—D6, i LAY AN T & — LER T 15 57
AR, 32 Z BTIFE o BT & B ]t
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