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Screening and dominant population analysis of microbial
strains in biogas fermentation under the low temperature

KONG Wei-Tao'** HU Dong” MA Fu-Min’> JIANan’ ZHANG Cui-Mian

QI Yong-Min®  WANG Zhan-Wu***

(1. Institute of Food Science and Technology, Agricultural University of Hebeli,
Baoding, Hebei 071001, China)

(2. Institute of Genetics and Physiology of Hebei Academy of Agriculture and Forestry Sciences, Hebei Plant

Gene Transport Center, Shijiazhuang, Hebei 050051, China)
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Abstract: [Objective] To obtain the best produce methane of microbial strains, twelve biogas
slurry samples were collected from the biogas digesters in Zhangjiakou, Chengde and Handan.
[Methods] Biogas fermentation experiment were produced with different biogas slurry sam-
ples by decreasing the operating temperature form 16 °C to 5 °C. DGGE analysis was taken on
samples (HL2, ZG2, CW1, HLA, ZGB and CWB). [Results] The results showed the ZG2 with
biogas yield, gas-production rate and methane content were significantly superiority at the
same temperature stage among the inoculation treatments. In addition, DGGE chart were ob-
served that there were abundant microbial diversity and it was significantly different bands
among the dominant archaea. Through 16S rDNA cloning sequencing analysis, the dominant
archaeca were composed of Methanosarcina, Methanosaet and Methanocorpusculum in the
samples. [Conclusion] Furthermore, Methanosarcina major existed only in ZG2 and the same

dominant archaea as ZGB. In conclusions, Methanosarcina were closely related to effectively

1591

gas under low temperature condition.

Keywords: Biogas, Low temperature, PCR-DGGE, Methanogenic archaea, Clone
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AP B E RS B, Pk (Denaturing gradient gel elec-
trophoresis, DGGE)¥i A, Nl Y ZFEHEATST
FFRET T B2, BB A SR F % B TR 4
AREESE TR BEUAE W BORL SO, HTEA
IR W R TP I S il e PR B R ) 42 B A R B T
HERU AT AR I R 16S rDNA K SCPE
M5, WHIE T AR 2R A A T v 7 TP e TR
AL RN, TR 5512 ] 16S rDNA PS¢
JEFESLI DG qPCR FOR, XHRIRTE TIRE A
ZER AR T TS DGGE ., 7% BRI 41 3¢
JE 1 16S rDNA J [N 3L 25 LA LR 12 i
AR 55 IR BRI AA T3 — 2 DR TR Uk
W R R IR 2 1 HEShE ] (A SR TR
R TG T REAG I X5 (W) i A W AR B 5 0 1
FORME S, o0 . R SRR R EAH G
A YT RE RIS A O

A FT LA [ 3 DX 7= R R it P Y VA
PR FERRIR, T8 B B R R A AU UK
A 17 T ARG T L & P PE RE AR E O R U E MDA &R,
J£% 1 DGGE | B:H 5ok L PR, 430 51K
T TE AR B R G R U E W T R, D it
SETRRE 7325 KR BT SR BER -2k 3

1 RN

1.1 #7#
1.1.1 BRHEREE: 2011 4E 10 A TAIE 11 A

R1 BREMEE

), Sele At ATk O REETT . T
NG 5 LA [R) 26 B i XA 7 By St 4 P X
SRAEMGIR VAR RIFEA I REIRAES 12
B, HEAERIE 1,

1.1.2 EZRFNAMEF: Ezup HEAXREHA
DNA #hi#i0 & 0 T LA TAYA R, 40%
PGB (37.5:)IAT iR FE YR A IR
/N El, N,N-dimethylformamide - F AMRESCO
/NHl . 16S tDNA 51 YH V3 KAEFPES Y
Hi Invitrogen A W) AL, TD-TSPO4C RIS AH
Ji% 4 AT AL, Bio-Rad #E K 151 Gel DocXR,
MicroCL21R .0 L, DYY-6C KU H 3k 1L, PCR
{%. D Code DGGE %% (Bio-Rad, USA),

1.2 RWA*E

121 WEBRMRERFIER: LURENIRIENE
FIR, R L 10 LHEZS SO SOk IR0
7, FE 16 °C—5 °C i BT B B I vA R iR
5. RWITRE, HEIEESE N HG:,
I A SR TOS 5 R #4801 B B e S & 4
FE, ZJE AR AR T e B R TR AR AR S
Prp=id, AR BRI AS G, e
WSS, JHEG TR B, B Sah 5
AMRFEBY B S B . SR T4 38 R A T
W, Ykl o H2R/K (37 °O): 43508
Fe=70:15:15, BrBaRE#ItA 16 °C. 13 °C,
10°C. 7°C Fl 5 °C, MEFEHIRGE R+0.5 °C;

= KBSt A B R

Table 1 Sampling sites and the fermentation material in the original biogas digester

TR 50 TR RRER L mweenes TR P

. . . . Fermentation . . . . Fermentation
Sampling sites No. Sampling site material | Sampling sites No. Sampling site material

HLA I EL P05 2 A, &2 CPA FREEIRE S A, &2
HLB IR EPE LS A, 43 CPB PR EGE R & NN
HLC IR EPE LS A, 43 CPC PR EGE R & PN
ZGA THIR B VA £ CWA Fil 37 B3 PH S 22
ZGB TR E VAR es CWB Fil 37 B P A o=
ZGC TR E VAR es CWC Fil 37 B P A es
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AR BORIR N 8 do SRATHER IR E =
S, AT E B A e
1.2.2 #&% DNA 2B >R Ezup #1320 DNA
i1 E il PN 1| ) N (e R W a L Il VAL S E s b Rl
e R B A9 DNA #-47 LB, H 0.7%35
PEWHEE I L UK A TR o

1.2.3  16S rDNA FEZHI PCR ¥ 18: (1) {5 16S
rDNA #5149 PCR ¥ 34, RHHTE 16S rDNA
i 51 % Arch (5-CCGGTTGATCCYGCCG
GA-3")H1 Arch958R (5'-CCGGCGTTGAMTCCAA
TT-3)", LLAlifb 5 0 3 R 5 T FNE S & 19 X
iV S DNA CHBEHRETT PCR 4738, [N 2%
4:>4: 95 °C 5 min; 95 °C 30 s, 52 °C 30 s, 72 °C
1 min, 3£ 30 MEFF; 72 °C 10 min, £ 1.5%3E
BEEE RS VKA TR S VIR T, (2) WP 16S
rDNA V3 X Jy i PCR ¥ 3%, R 16S rDNA
V3 X5 ¥i 1 340F (5-CCCTACGGGGYGC
ASCAG-3) I 529R (5-TTACCGCGGCKG
CTG-3), N 1% DGGE Eig/PE%, 18 340F
1 S AIA 45 bp 1Y GC % J¢(CGCCCGGGGCG

CGCCCCGGGCGGGGCGGGGCGGGGGCACG
GGGGG)P", LA 16S rDNA & 5% PCR §™

1 R B IS = 4 A AR A T PCR 38, HLS 0 4%
:4: 95 °C 5 min; 95 °C 30's, 52 °C 30's, 72 °C
30's, 4L 35 MEFR; 72°C 10 min, £ 2.5%35 150
e VKA TR . AT o

1.2.4 HEZHAR PCR-DGGE ##i”": DGGE 5
WSk BERWE R 8%, MR E R
30%—60%. HLIKZMFH 60 °C, 80V, 10 h, A
30 pL; SRAERYGEIE TR A, fi FSER L
154 Gel DocXR #EA7HzM . BAH; {84 Quantity
One BT IRAS I MG 15087 o

1.2.5 MRBETREMNFD: K DGGE K%
5 B AR TR S A S A I L A i 2%
HWEAE TG IR I, DA RN 25 AR st A T

PCR ¥ 3. Fr W5l ¥k 340F (5'-CCC
TACGGGGYGCASCAG-3") #1 i 529R
(5'-TTACCGCGGCKGCTG-3"), PCR 1k Z Fn&cft:
5 1.2.3 )M, ¥ PCR P 34 P2 Mkt LA 78
B, salEr=4i% Invitrogen 23 TN, K A5 A
BT 15 NCBI-GenBank 08 4 o 51 Fe X, LA
Hor [R5 B = T 91 525 Tk

2 GR5AH

2.1 MWHRIRMAE E R B LA THIR

2.1.1 RFESERELE: XREM 12 MRS
37 16 °C=5 °C BB iR R ek, JE R
40 do XA [RVER i BB = SR T T 08, AT 1
SEIRAT UL, B T HCA SRR IR B e i b B
 ZG1. ZG3 Ml ZG3 R =S¥ m T H Ak
Y], Horh ZG2 55, 5 A A7
225 MR TR A G E BRI AL FEL] HL
HL2 Fil HL3 f 8 S I T oAb 384 B A
E, BrER R SRR T A X S A — A
PSE

212 FEIREMEFSEEILE: NE 2 7]
W, 7E 16 °C=5 °C Z[a], Rififs P5E I I RRAIL,
JITA AL FRZE ) 7 R AR N B R, AR
T, ZG2 WA R TE AR B B R K,

18000
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12000
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2000 r
0

FIFPPE S TFT S

The total amount of
biogas production (cm?)

Number of samples

1 EMTARERFBBRERBSABETSE
Fig. 1 Total biogas production with different biogas
slurry samples

http://journals.im.ac.cn/wswxtbcn



1594 WA Y 24 Microbiol. China

2013, Vol.40, No.9

5 HABAL PR 17 OR A BB 25 5%, 1 16 °C.
13 °C F1 10 °C =~ B By B iy 7= S 2 53 )
i 0.050 9 cm®/(cm’™d) . 0.050 9 cm®/(cm’-d) Fll
0.045 5 cm’/(cm™d), Z b A K, H#H K F
0.040 cm*/(cm™d), ST EMT 10 °C i,
ZG2 W= SRR R, 7 °C B R R
A 0.015 0 cm’/(cm’-d), &SI, S4B E
FAE 0.040 cm’/(em’d)LA ERF, I E =02 %
—RIKFEZ . I, MR E T 10 °C
iF, ZGB VE AR5 AT LU A 7 ) EEA IR =R
T

2.1.3 HIEESERYELE: WE TR M B
SR GE SR, mIE 3 AT, ERIe,
SRIABEIRBE (16 °O)FHXT A, (RIS id b7
RIS G2 ) LA 24 53 S48 E R )
B s s 3, RILH = A m AT, &

0.06
0.05
0.04
0.03
0.02
0.01

0

Rate of biogas production
[cm’/(cm?-d)]

WE— Bt s, YRR 2, WA md
Bl Z 380, 13 °C K EER B IR B R H . B A iR
FER TR, B KR fE R v 2 209, T3
SRS R Z K. ZG2 T ZG3 7E4- i
JE B B i b 1 4 T LA A A

2.2 E DNA HIIEERE 5 & 16S rDNA FEHY
PCR ¥ 1%

K F Ezup #3120 DNA #l #2205 &5 $2 U 56 b
BEZH ZG2. CWI1 1 HL2 DL R AHXT 7 B3
ZGB. CWA Fl1 HLB #fi H1 (5 DNA, H 0.7%
R EEE R LUK A TR DU (B 4A). Bl 6 A
A DNA HBEZ)h 20 kb, £54 Hbr A B FE .
DALY 5 DNA R, SR T 16S rDNA (1)
G T PCR 3, 714 1.5%35 IR WEEE
&%whu WA 4B Jif %, PCR 316 F B
K212 900 bp, 5 HAs F BelK R/ h—3,

ol6°Cml3°Col0°Cm7°Cos5°C

HL1 HL2 HL3 ZG1 ZG2 ZG3 CP1 CP2 CP3 CW1 CW2 CW3

Number of samples

B2 ARIBEMEMNTRIRE

Fig. 2 Biogas production rate under different temperatures

ole°Cel3°Cml0°Cm7°Cums5°C

Methane content (%)
N
S

HL1 HL2 HL3 ZG1 ZG2 ZG3 CP1 CP2 CP3 CW1 CW2 CW3

Number of samples

3 BREMEBMNERRS

Fig. 3 Methane content of groups under dlfferent temperatures
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A

4 &2 DNA REE 16S rDNA KB PCR #1815k B
Fig. 4 Total DNA of samples and PCR amplification of 16S rDNA segment agarose gel electrophoresis
TE: M: DL2000 marker; A: {AJEFE AL EZELE DNA HIJKZEH: B: T8 16S rDNA HBeyy 1 i k45 52
Note: M: DL2000 marker; A: Total DNA of samples agarose gel electrophoresis; B: PCR amplification of 16S rDNA using purified

DNA.

2.3 THE 16S rDNA V3 X 5 & PCR ¥ 18
YT 16S rDNA V3 [X 5 J# PCR 4 34724
HEAT T 2.5%Z BEWEEE I HL VK kil (] 5), PCR 3
R BRI R Z 200 bp, 5 HbR A BKE
FN—3, B PR BEER S Y 1S, vTH
F DGGE %M.
24 BWARLM DGGE 471
XF 6 MEEM P 16S tDNA V3 [X ) PCR

Q AV R O O O
bp A0S S

600 —
500 —
400 —
300 —
200 —

100 —

5 16SrDNAV3 X E PCR i 184 R

Fig. 5 PCR amplification of V3 region segment results
Note: M: DL2000 marker.

AT T DGGE 43, KL 6 455 AT UL, fir
DA i 1) 2 B iR 22, T TR A Y
ZHETFE, BATMEERRR, XK
B FP 25 40 22 S K (1 6) o KL 6B AT L, ZGB
CWA. ZG2 fl CW1 FEdh R & fioe ) £+
HLB Al HL2, ZGB. CWA Hil HLB 3 M4 Y
SO BRI B 25K, MLAX 3 MR
FERR, 1RG5 — M AR T T BIA
KEARE, HAMA 2G2, CW1 F1 HL2 B 5
RARPEBEATRER ML, HMHMERS
PR S (K 6B), i HH K 1 L o R & 1 2% A0 X6) TR
WELEt = A T8RS, A Quantity One #X
PEXT3RA5 1) DGGE B REHEAT 7041, AR Rk
B s A B AR L S5 18 (R 7). IR 25 R %
W, fERTA A 2G2 B PR
R B SR AU W, 5 H AL 2
I E PR ONE 6 AT LLE ) ZGB-7 %5 F1 ZG2-7
SEPIAFE 5L DGGE B3 H 7 A0 R FLA 2 1Y
ZM, M HARAE S B DGGE 18 H e 3% 007 B 1%
AR 20T, HEM 7 A TR R I B
TS HEAM R ARE A Br A H YA
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Fig. 6 Diagram of DGGE pattern and the schematic
representation from biogas slurry
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Note: A: The DGGE gel showing diversity of banding patterns

present in each pond; B: The schematic representation of the
DGGE gel.
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Fig. 7 Cluster analysis of community structure similar-
ity in different samples from biogas slurry

2.5 MBEHHIZENF

TR [ A i v 5 B 8 v ) SR A T DD
I, DA 16S tDNA V3 KA GC Feti 5]
PifkAT PCR ¥H4, SeRel )y, Wy 48 Rikfs
BLAST HoXF, &5 mE 2 irn, 5ER 8 4&
H A5 750 e B[R] R A s 04 ) 91 3580 Ja oK 5 3 oy
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% 2 DGGE I &FEFFIExt 4R

Table 2 Alignment of DGGE sequenced clone to its
most-similar NCBI-BLAST sequence

Band Closest genera Sin(l(i;)a)rity
1-7 Uncltured Methanosarcina (JQ684610.1) 99
1-18 Uncltured Methanocorpusculum (JQ772449.1) 99
2—6 Uncltured Methanosaeta (JX301662.1) 99
3—4 Uncltured Methanosaeta (JX301657.1) 99
3—13 Uncltured Methanocorpusculum (JQ772449.1) 99
4—7 Uncltured Methanosarcina (JQ684610.1) 99
5-23 Uncltured Methanosaeta (JX301657.1) 99

6—21 Uncltured Methanocorpusculum (JQ772449.1) 99

HAEY . 1-7 Fl 47 [N DIy 25 SR A R], L
AEARLEE Bz 5 1 3 0 Ol B B N & R T R ; 1-18
3-13 F 6-21 [l 2y B B A AR, HHAH
ARLRE S e 1R )3 50 2 R R e R v I, 2—6. 3—4 Al
5-23 oAb TR — O, T HCX AR B A
T HN B R e B E .
3 g

ARWFFE B R LAAS [ 3 BE PR B R A R T8 e
S EORE A, SRR A& S DGGE iR |
LR v I K e A AT B AR ARG G 1 vk, R4
MR B RIS . B, =l
SR BE & i = IRAR A, X 12 b FE
AR NI BELR B TEReIE T T IVAL, 45
RIR, ZG2 ALHRA IR & Btk Re . 1%
DGGE ElJEH AR 5 I s RS &, XTAbEE
41 7ZG2 .CW1 Fl HL2 DA S AHNE R (R0 ZGB |
CWA F1 HLB #47 T A5 F750#7 . 45 RKW], 8 5%
[mI F B 414331 5 NCBI-GenBank 7 2L/ A Y
H bt )\ & BRTH J& (Methanosarcina) . H %8k 1 &
H b 2 & J&
(Methanosaeta) 1) J5 5 AR AL BE 5 e, FLARRLEE Ry
99%. ik ZGB-7 55 2G2-7 S5 E P EE
ity P — 7 AR, H AR S AR K P Ak

(Methanocorpusculum)
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