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FErE Wt — R R R A AR R AR
T EENEX,

1 A %

1.1 ##
111 & AR E BRI A N5 FIR AR
J R AR T S P VA A
112 FERXFIEE QS HE L DNA 4k
Rl T A TR (L) R A RAT ], Tag
DNA R4A i (TaKaRa) , F R . LR . NFR . TR . 5+
%R . % BR % A8 FE; Thermal PCR Y ( Applied
Biosystems ) ,DYY-5 7 B ykAX (AL BT 78 — XA ),
450 BISAH (4,35 4 ( Varian) , DM500 %358 5624 i
155 (Leica) .
1L.1.3 EEHFFRE: (1) FEHFECKE™ R
IS IRAL, o/ L) 1O AR 8. 00, B IR 1. 50, B
ik — &4 0. 40, HiBRER 0. 50 ,-L/KBREREE 0. 05, &4k
Bk 0.01, S f0EE 0. 10, 54045 0. 10, BEREF 1. 50, 54
B4 3. 00, L-2E B4 2 0. 50, INZ8 48K = 1 L, (2)
i AR Ky 9% . W R SR A TR N 0.1%
(W/V) R EL A8 R S 1.7% (W/V) B BEIR
(3) Ui e VR A B SR 5 AE B ARG SR AL IR N 0. 1%
(W/V) B ERLLHR R ] (4) WK R B R 5 7
EEBFIEBINA 1L 7% (W/V) BI3IE, (5) TR
KRR FEIE (g/ L) M B R 10,0, 42N 5.0, %4
LN 5.0, P PETE R 2.0, 281K 1 L, 35 17.0,
V8 pH fH 7.4 - 7.6, (6) W& /K fit 15 3% %
(/L) AR 5.0, W 120.0, 648K 1 L,
pH7.2 -7.4, (7)WEREER IR (g/L) " B IR
A 4.0, BARBRREE 0.2, &AL 0.2, BEHEE
0.2 4 10. 0,315 18.0,0. 04% 5 FF 15 L 35 K5 V45 W
20 mL,#HpH7.0 - 7.2, (WEELIEHIZHE  D-AKE D-
EEUE FUBE PR RN H RS
1.2 RIBEZEBFRAFENS BEFE

BURIRAE S | mL M TE R 4 CF
BN 18 d A4, IR AR B R K DL 10 £58 B
Rl 1077 W H 100 WL 7E 0 1 [ R RS 7 5L 44
SIURA B ORI 4 CRMRIRRE AR IR, Kk
7 d Ja, PREUE B4 R E T, L s A s,
TR S R 4 CH % 7 d PEHATIRAE, HEfT
PRITR R IR % S S B A M T A 8

1.3 5 EHE#k DNA BI3REUK 16S rRNA £7F

STE MR IRE 0Dy M 0. 8 Z247, AN LA
2 DNA 23857 G H2 HOE DNA | RU4H B % 5 i
519 (7F :5'-CAGAGTTTGATCCTGGCT-3' Fl 1540R
5'-AGGAGGTGATCCAGCCGCA-3") #£4T PCR ¥,
PCR JZ W& £ A 25 pl:5 x buffer (with Mg®*)2.5
wL,dNTPs( 4% 2.5 mmol/L) 1 pL, Taq fif 0.2 L, 5|
¥1(10 pmol/L) 4% 0.5 pL, MIAGE/K E 25 pL, PCR
FE 5294 °C 4 min;94 °C 45 5,55 C 45 5,72 °C
1 min,30 MEH;72 C 1 min, PCR P44 T4E
YRR (L) e A BRA "I, Dy 45 R 7E
GenBank #% 2 54 2 7 BLAST ICISX"J',@EY*H{[J@%
750, I H MEGA 5.1 #fF, i Clustal W # 17
alignment , %X J&5 | Neighbour-Joining 73 #7771 %3647 43
T ARG 5rHr, F 34T 1000 IR bootstrap Ft 1127 i
5 MERGEREN T RREKE .
1.4 HEEREZESERRE
1.4.1 #ER BRI 1o 55 DA AR 3 AME & e E 5%
BT 4 CRRRIGFRA SR 10 d JFUEE, 5%
BB A B0 UL R B AT R, MM A
B AR B TN A IR, S BAE
1.4.2 R SERHKLE 155 28 TR R A 07 2 [5 14
Bk, T 4 CHMNRE AR 10 d, TERT
JE IR 3 95 2 T L N 4% BB K , ISR =5,
WEOL, A=A R B g FA A 2 B
1.4.3  SEMKBRIRDE R o0 2 BRI 200E K K i 5
FAk b, T4 CHMRIRIEFRAARE IR 10 d, SR 5 F Al
W INAESE IR 2 L AR R B BRI L, AT
% J B LD R A R €z DT R D0 Sk PR 5 2 T v S LTS
SR, W BIE
1.4.4  BARSHRALIRDE - F 702 B bR R H 2 A i
AWK R SR 3 764 CHEFE 14 d J5 WLEE
WA O . AT ACIRG A B, 5 00 R B
1.5 #1% pH EX S BEHRE KB F N

e o] [ 44 A e 55 22 3 e, FH 1 mol/L 3R R J &
FALENIE WA T pH (H 4 5.0.5.5.6.0.6.5.7.0,
7.5.8.0.9.0, KE 5 Mo B 05w B 2
100 951 A T TA] pH (E 1) AR & BERG 57 3 ||
TE4 CHiF%, W H R AN O, A ARy &
IR/ S Sl
1.6 HBEREKRIEFREENNE

W B DR AR T TR ) 4 1 A I ™ R 4 T %
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FREE b BT 0.4 .10.15 .20 .25 .30 .35 °C &A%+
TREFR 2 d JE, AR S AN s B A Pk
JRIGER (VFA) By & &, 8 il r= TR IR . P A Ab
PEE S 3 R HBOFHIE,
1.7 SHEBEENELZBEERTHN VFA £
1.7.1 LB RINLIE. B R KE 4 C K0
T HATIRAR R T (R IR IR R SR ) 10 d, BB
ARBORAR AT 1 mL BCF R, 0.5 mL 9
PRI, P o R O S AR A T o Bk (pHB - 9) il
ST E A B R LR T 80 C/Ks LZ& T+, I N,
N — —H3E 2 b e 3 T L1 1) 3% v v AR A I
2 2 mL; MR U H L SR A A AR RN A BT
B BEEAT VEA B HIBR AL, 7 & 30 min f5 FHSAH
EIENE VEA 158
1.7.2 BEMEEEEHRILIE. 5B wHKE 4 C &0
AT R AR R T (& IR R [ AR BE 3R ) 10 d
PRI [R) 45 35 3 — ) Ok, B 50 mL B B30 58
o INZE IR /K 2] 40 mL, B3 24 h, B0 BT mL B
THWRIE] 1. 7. 1 J7 3 b B R AORH (6 1130 5
1.7.3 i & . Varian 450-GC < 4H {0 1% 1Y,
30 m x0. 32 mm 52CB P A i%4E  FID Rl 2%,
TEAT IR R R R R B 50 °C, PR+ 2 min, DA
24 C/minfFHE B R 2 230 C, £ FF 9 min, K
LR 240 C KRR 260 °C . AR,
WA 1 mL/min; JEEEE 1 pl,
1.8 RIBBSEMEBEFTSETWL

KH5 LT HRAE R RLLUR B, #i BEHE K 7
WAL R B B DL FERHT = SR FF (i
W 2. 1) AW B, KW (TS) W E N
10% " RRIBRCH B R, IR R 2 4Ok
B2 A FIXTHRAL B) 434 3 ARG E, {504l A

A 15% R TR AE I A 500 19 73 2 i
e R A2 8 7 TR 40 T 5 AR TR TR X R B Ohy
A 16% F R T8, A8 0 B, oMb 2% R 29 A0
), CRESLILL A Bk BRI A 4 CIRIR G FRAE Y,
BRSO, it R B 98 d(3k 14 )
BeJl P AR B I [R] i 284k

2 HERFapHr

2.1 RBEEEFBRARENSBS5IHIE

R IRAT: ot g FE B R, P 7 2 1 4 B 7 B
TP i | AR AR B 7% ) Bl 2 20 0 722 (5 P8l f) R/ )
IR R TR BE J1 . PRIk 3 MRAZ (Al EAREUR
PR AT PR T O VR A 3 0 Ak TP B IR, B 2 AJAS Mk
MRANTA (M Bk FI-8 \FI-15) . WK FJ-8 BivE 2 7L 3
@, BT, 100, 2 2 B S5 s AT 25 0 JEAT |5 A5 22
YL B, PR FI-15 R 7% 2 H 6, &,
W NG HEST s MMTE A R ERTE , BB A XA 5
2= Rt g B
2.2 4YESEMR 16S rRNA £7E

Z 7 JE, a5 R F A R GenBank (B 5 Hh
KR065416 11 KRO65417) , 531 K /N3 50 1411 bp
F11423 bp, FHILE NCBI L #k17 BLAST T, YEHL
T B RE, TR MEGA 5.1 b MR RG AT
B T) o IEEXT S ROE TR, Ak FI-8 580
Pseudomonas extremorientalis( AF405328 ) FAHLIP: ik
98.9% , Hitk FJ-15 5 Shewanella sp. (GQ869649) [
FIPETS 98% . F35h, N R Gtk EF FI8 5
Pseudomonas extremorientalis ( AF405328 ) TE [ —4r 32
I H. Bootstrap value % F 99, Ui B H: 5 Pseudomonas
extremorientalis( AF405328 ) A 18 = W AR, FJ-15

991 FI-8 (KR065416)
Pseudomonas extremorientalis” (AF405328)

\_‘ Pseudomonas sp. (AJ417370)
95 | Pseudomonas fluorescens (KP126778)

— FJ-15 (KR065417)

—
0.01

100 [Shewanella sp. (GQ869649)

B 1. EF 16S rRNA ¥ 5170 Neighbor-Joining E M R 5 X & 1
Figure 1. Phylogenetic tree based on 16S rRNA sequences and Neighbor-joining analysis. FJ-8 and FJ-15

are experimental strains. Number in parentheses represent the sequences’ accession number in GenBank.

The number at each branch points is the percentage supported by bootstrap. Bootstrap = 1000. Bar, 1%

sequence divergence.
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5 Shewanella sp. ( GQ869649) 7E [7] — 43 3 I, H
Bootstrdp value 5T 100, I, FEAIH RAE K E 7
K b, of W bR RIS ¥ E

extremorientalis , fif 15 %4 "N Pseudomonas extremorientalis
FJ-8 ;4 B % FJ-15 Y% A Shewanella sp. , iy 45 N
Shewanella sp. FJ-15,
2.3 SEERIAREEE

PR FJ-8 1 FJ-15 XF 7 Fobl (A8 D-AOE
D-2PFUBE LB 2 2500 R A H R ) 25 O FH
(] s ] LK fife v by AR A B BB, e ot S A AU iU
ZER L R BE . UL bR FI-8 1 FJ-15 Xk
TUEM AR BT B AT B A AE T TR AE 7 ol 53531
VR ME—BRIE ARG 75 EA K R,
2.4 )% pH EX S BEAREKIZMN

4 CTHEFR 10 d Ja  IL kA FEREG pH -
YRR R, AT TS A ECS RIS pH HRY R,
R s (18 2) B R Bkt pH (i e sl AR 25

ﬂﬁn#ﬁkéﬁik PPk FJ-8 Fil FJ-15 5l pH 7

7.0 IiAy . IBARKEES RS B pH (EVE 26, 5 -
7.5, LH—E’J pH PR IE 438 4 0 18 Hh A0 IR 7
R IRANTE WA, N 2 b a] U 78
pH5 -9 JE N, TRRERRE A= 1<, 0] 7™ 192 40 T T 52
pH YL FITR5E .

30

i Pseudomonas

25

20

Number of colonies/(x10%/mL)

45 5.5 6.5 7.5 85 9.5
pH

B 2. #% pH EX S BERE KB

Figure 2. Effect of original pH on growth of the two strains.

2.5 HEEMREFREENNE
PPE FJ-8 Fl FJ-15 FE RN FIRE TR 3R 2 d )5,

REERITR A E 3G 72 3D VEA & A2k n &l 3
JIE7 o AN [ 3 B2 5 i TR PR 1) 7 i ik, I A U
(T PR e 2 e B A W N e L TR R A
PR FI-8 1£ 15 CI PR i 2 ik 2. 52 ¢/L, 1M FJ-
15 7520 CH - fRuE % A5 2. 58 ¢/L, 154 CHf,
AR FI-8 Al FI-15 (19 77 IR 1 43 5 4 1. 44 o/L I

1.08 g/L, #£0 —15 CIX [N, Rtk FJ-8 ;=g i bl 5
TR B MERA N T B AR FJ-15 78 4 =20 C X[y &

ZRPERG N, SR L S TR FI-8 2R (HAEO -4 C)™
MR R AR AN

301

VFA content/(g/L)

0 5 10 15 20 25 30 35
7C

BE3. SBEEKRTRENSRENXR

Figure 3. Effect of temperature on acid-producing abilities of the two

strains.

2.6 DEEKREABTBREFENNIT SN

PR FI-8 Fll FJ-15 TR AS A TN [ 44 4 e o)
HVEA B (05 00 5 45 AN 4 e, MR A
AILLE Y AR TR A BV VEA IR R AR ]
FHXT & A A AR, AR FI-8 7241 VFA ﬁlﬁ‘
BAEWR  ORMFLER, TIRANIR S &85,
PR FJ-15 7240 VFA Bk Egﬁa@a\zmﬁﬂ@a,
A R R 10 PP IR 7 [ 285 R A e e vh = A
VFA 1220 8K, 78 [ 385 A e v & i ik 31 20% , i
TERASTT AR . PIRR Y8 IR 5 R
A XX A AR ST B K R BR R PR A SR
[F], AT BE2 TR v AR B f b b e 2
FIH R T BRI S, Wbk FI-8 7= A1 L IR AN
TRRZ AR VEAs 1 37% LA b itk FI-15 P24
IR AN T BR 2 15 B VEA B L) 5 3K 65% , 7
4 CREE10 d, PR FI-8 WA KB &% 5 VFAs &

IKE] 2593 me/L, MM I FE FI-15 WGEE] T 2687 mg/L;

T 1285 2 I 5 WA i A L, TR B -8 RO A e
TRYERERS N T 44% ,HERE FI-15 WK & B = IR BE &
T 23.8% ., BEMACKT, £ R FNFLIR I LA AE X 45
L EE R O ILFLR =, WX &R E , B
SRR FI-8 TEWRR A I LR A AL AR 5 2 L A &
FERSAE (33% —40% ) (B 4a %t & AR 2 TH T 20%
(792 mg/1—660 mg/L) , PHER B L BE B AN T
J& , FERORRMFLR LR R TR, & A /D
(PSR , (EEA RGN 2] R AN S TG
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(A) (B) Formic acid
0%
Lactic acid - . .
Formic acid -
25% / 31% Lac3t1; /ac1d
° Acetic acid
Butyric acid e 46%
4% (
Propionic ﬁ (
acid U .
7% Acetic acid Butyric acid Propionic acid
339, 19% 0
©) D)
Formic acid Formic acid
o o R § 18% Lactic acid 7% 20%
00
{ [_Acetic acid
Butyric acid g 'Acetic acid 28%
2% 40% Butyric acid Propionic acid
21%
Propionic acid 0
3%
Eld4. RERFHTRKE VFA BZK
Figure 4. The variation of components of VFA in different condition of the two strains. A; Components of
VFA in liquid fermentation of FJ-8; B: Components of VFA in liquid fermentation of FJ-15; C.
Components of VFA in solid fermentation of FJ-8; D: Components of VFA in solid fermentation of FJ-15.
2.7 REBSEURBETSETH 50 ¢
ER A A FO6H IR BRI 4 °C AR B 77 S N
. e e F ——
FEN, Te s i AR, 3 i 3 A R 2 4E E - B
— AN TN \ S 30+t
ZERANE 5 Fras o AEBEA BN R B B el LR 3
AR R R S e b 2 A S g 207
o
FE35 IR E 5 KA =i, 7 A 43 mL X £ 10f
BEAL B ik FI A K 0 B 49 d W (i 0 | | | | |
0 20 40 60 80 100

RIS HESS T 2 A B, 5 K=o ik 5 4
A HH39 mL, XU IRE A A A B 1% KR
FETRANTE RS 2] T — % W VE R, T REJE MR T /Ny
THYLER B TE B, 0 5 0 an e A e 4t 77 2
B IEY) R GE FLAY pH PR 4 T IR R R A
BT 4 IR i O 0 Y A T R 7 R AN R T T
VFAs W1, LR B & fe A e i (L5 R 2. 6) , B A
FHEMBFMETEIN™E, EREERSE S W
Af, B0 20 A LU X B4 B & i 16 mL, 2 T
59% |, i KSR PSR X IEAL B i 4 mL, R
BT 10.3% AT RADCA R 03 7 i 7 IR 41 B
REMEHE = G IR A5 1 R VR A = 1, IR B RE A% 42

t/d

Es5 BArFrssrErEi
Figure 5. Temporal change of gas production in treatment group

(A) and control group (B).

IR EE AR FE AT AL R B 56 v, AR 5
X R EFT TaEE (R 1) o WNEERATL
F IR A (Y S A H B2 B[R] B
SEEE TX A B, KB 42 d B, 54 A
FEXT BRZ B 1972 S22 126 mL, Bl P i 22
JUTARFEAAE . X AT RE S T e R & e ad A2
WA AT AR, B IR Y AR B 2, 5 i TR
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R W e rp SE S R A 7 T AR, (A
PR, Al LLGE T B9 5 3 ™ R TR 5 T il S ik

TR A0 TR A AR Y S s, OF
PRI B =

R BUABEFSEXRER

Table 1. The production of total biogas in simulated fermentation

The volume of biogas/mlL *

G.

roup 0d 7d 14 d 21 d 28 d 35d 42 d 49 d 56 d 63 d 70 d 84 d 91d 98 d
A 0 15 48 105 198 327 435 549 642 717 771 810 831 843
B 0 6 27 66 129 210 309 426 522 594 645 675 699 717

# ;The sum of three parallel experiments; A treatment group; B: control group.

3 it

HRREHENE MY RIS R A= B
PR A= FRGE PR 2 ] A AR, UM B 25, 5 AH
R 7 B A PR VA S (VR UK X
MNEIRMRGAE T BPIRAS . A5 38 3 %k IR
FH VR 43 A TR R 7 I 240 1 A T 7 R 1 B 1)
WFoE &P, bk FJ-8 78 4 CHHFRUR L B0 dnl pes:
& VFAs 2593 mg/L, H b & 1R 792 mg/L, 3 IR
889 mg/L, H 2 575 mg/L, A & A4 /D EHER M T
M2 ; RIAK FI-15 76 4 C TR LI 10 d W] 774
VFAs 2687 mg/L, H. W 2 R 966 mg/L, FL R
1116 mg/L, T & 605 mg/L, ¥ A ¥ I H H AR 1

HATAZIA 3 F B A9 A BGE 1, 4390 R
LA TR R skl LA AR R R DL A &
Yok IR e A G i, b D) R SRR
B YA ) A BRI FR AN B
B = O TR MM A R T B i, 2 E 4k
ST KT U8 R 4 B Y R AU LR TR PR ZRA1,
TE16 C KB 10 d, LRI & A E] 1125.6 mg/L,
HA G R E & 37 C, MASHESE o 43 85 19 B bk FJ-8
PR EGE IR 15 °C B Pk FI-15 PERR A9 Bl T
JER20 C, BEfTE4 CEAMFTFARE10 d LR S
I S A LR R ZR-1 7E 16 C
KWE 10 d FIE, 7= AR B LRS00 792 mg/ 1 1 966
mg/L, &R FEF A RNTBR LB K
BLFE37 CTFERET d, LR NFRF S T TR E Yy
SKENR A, A0 900 3. 41 1. 11 F10.91 g/L, X /4%
LUASHIFGE Hh 0 T PR TR 1 7 R v AR 2, (& AR
FFE B 322 H A A P At 7 F P ARt i 44 1)
L HERGE TR AT, JUHIE 4 C T AR IR

et AR IR T W BR AR A R — 2B IR
AWFFE . BRI 06 25 3, 55 % IR AR EL, &b
AP RAR T T 59% , [ I OB AL R 5 T
10.3% , X AJRES PITE K (FI-8 Fl FJ-15) REGETEAIR
T (4 °C) &M R 5 m B LR A Ak, HE A 1)
IR A TENT TP B B4 i 0 L R R Ak S S R L
SEBEE SR A DR AR 7 e TR R A4S T R A IR 4
A, LIS HE LL S RRIE N R B 7 F
wieh Ekk FI-8 Fl FJ-15 B R R R TR S R
A

SR, WSTHDLUR BB P~ S ik, BR8] 1 e k™
AEHEA 43 mL, AR EN 1.54 mL/(L-d),
TR SR A W b B IR A N, & R R
20 C, RN 10% A E =K FE R 0.136
mL/(mL-d) ;%J\é&ﬁ?%m] AT 16 =5 °C 1Y P& IR A5
PIE R KB, 76 16 C A L= K %N 0.0509
ml/(mL-d) , i 7E 5 C B & L= SR 25 4 0.001
mL/(mL-d), EﬁﬂTéﬁ%ﬁ%m]%fﬁE@ﬁ%‘lEXﬁszﬁ
Jot B9 7 e 6 0 A8 AR K, 1 e L 7T LA i 2
R R BE R e i, FEARAER 4 C AT
S ARF AR, T RE S 7R B & WA 2 b B e 1
M= e LT 8, T —2 TAEK s —2 583
4 CHM TR 5= B e AE T2 iy 48
1k, IR B 7E 4 °C 0 R &,

4 &k

ARG A St AR LR MR B XY TR R
M 3 B A% 2 7 P AR AR R BR 4 T Pseudomonas
extremorientalis FJ-8 Fl Shewanella sp. FJ-15,3iX Ptk
B ALBERS A TE Ry AR , T HL AL i
FHYE. ENTRY RIS IR 502 15 C A 20 °C, {HAE
4 CHWAREE 10 d, 7] 4350 7 4 5L VFAs 2593 mg/L
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H12687 mg/L, H b 4351 &% £ 1R 792 mg/L il 966
mg/L, 7£5 L BRI Bt 2 b il 41 0 sk,
PR, SN IR H, gL R R R A
(i) Bsf [ P AT g 2 59% 32 T AR 19 B A % ok E AR
TRAAE T L T IR A8 T, B8 v DR Ak 22 FNE <
PR IRE T AT RE A A R TR N F (B

5% Xk
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Isolation, identification and characterization of acid-
producing strains from psychrotolerant biogas fermentation

Yongqing Wan', Wei Zhang"?, Mandlaa', Ruihua Tian', Ruigang Wang',
Kaihong Duan'”

'College of Life Science, Inner Mongolia Agricultural University, Huhhot 010018, Inner Mongolia Autonomous Region
China
*The Spirit Jinyu Biological Pharmaceutical Co. , Ltd. , Huhhot 010030, Inner Mongolia Autonomous Region, China

Abstract ; [ Objective | The aim of this study was to screen acid-producing strains from the broth of psychrotolerant biogas
fermentation and evaluate the acid-producing character of them. [ Methods] Acid-producing strains were isolated by a
medium with methyl red at 4 °C in Petri dishes and identified by morphology observation and 16S rRNA sequencing.
Moreover, the ability of hydrolysis of starch, fermentation of carbohydrates, liquefaction of gelatin and production of
catalase were studied. [ Results | Two acid-producing strains (FJ-8 and FJ-15) were isolated. The result of the 16S TRNA
phylogenetic tree shows that FJ-8 and FJ-15 belong to Pseudomonas sp. and Shewanella sp. , respectively. Both FJ-8 and
FJ-15 could hydrolyze starch, liquidize gelatin and produce catalase. The optimum temperature for acid-producing of FJ-8
and FJ-15 is 15 °C and 20 °C, respectively. After 10 days cultivation at 4 °C, the concentration of acetic acid was 792
mg/ L. and 966 mg/L of FJ-8 and FJ-15 , respectively. [ Conclusion ] The selected strains, FJ-8 and FJ-15, have the
potential to produce acids at low temperature.

Keywords: acid-producing, identification, volatile fatty acid, low temperature, biogas fermentation
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