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ETESFRAENAE. HE5kE

IRFE #E EAR RK B4 REE
(RO R A Bb 2B R ARM 450002)

B E: Ay ERAo BT, MR T 1E T 5 5132 —4 T TERMR A m
BB C2. VA 7% 2 RB R A RALE A (ABA. TEE. LB, ABE) 27 17.17 g/L, £+ THE
11.2 g/L, & 65.2%; X ERBAFBR(EABERES 25 gL)FREFEH 3.64 ¢/L, L+ TE
2,63 g/L, & 723%. BEF. ABAMARZALTAREANZAMRAF Z K045 F0ATE (Bacillus),
5 B. vallismortis. B. atrophaeus #= B. mojavensis &% X% % L.

XHEIR: TERA®, 2Bk, FRMFE

Screening and Identification of a Bacillus Strain
Producing Butanol

WANG Feng-Qin XIE Hui CHU Le-Ran YUAN Huan XU Zhao SONG An-Dong’

(College of Life Science, Henan Agricultural University, Zhengzhou, Henan 450002, China)

Abstract: A facultative anaerobic butanol producing bacteria named C2 was isolated from soil planted with
rehmanniae. C2 could produce 17.17 g/L total solvent (acetone, butanol and ethanol, ABE) in a 7% corn
mash and the butanol yield reached 11.2 g/ amounting to 65.2% of the total solvent. Using corn straw
hydrolysate as raw material (total sugar 25 g/L), 3.64 g/L total solvent was produced, among which 72.3%
was butanol, reached to 2.63 g/L. According to the analysis of morphology, physiological and biochemcal
characteristics and 16S rDNA sequence, this bacteria strain was identified as Bacillus sp., and was most re-

lated to B. vallismortis, B. Atrophaeus and B. mojavensis.

Keywords: Butanol fermentation, Screening, Identification, Bacillus
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Pt 2 WE I 2R T BEELA RAF R e Ge, (115

EE£WEB.: WEAHET HREEES No. 2009B180010)
*BWAEE: Tel: 86-371-63558810; DX: songl666@126.com
i BHA: 2009-06-15; #EZ AH#: 2009-08-25
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H i BE 2517 N R T B Ok B R SR A
Clostridium acetobutylicum . C. beijerinckii . C.
saccharoperbutylacetonicum Fl C. saccharobutylicum
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REL /D, A M) A A 2218, B R i
P ep= A R T P T L A LR A A AR
PRAAR S REAR . PRI AR, (A ik BE AR B AR (T
Pt e i — e A I 12-13 /L) AR BF5E 5 78 DA 135
Hh g O O HE R A P TR R e A R,
T T e e R P g 8 R R AR R T RN BE BT 5 4R AL 5 5
) TR R

1 MRS

1.1 HIEAE R W AR P ) 48
1.2 E#h: NE T B4R 1E (Clostridium acetobutyli-
cum) 8016, W4 FI i [ & i Tl & BERF 5T B -
1.3 EHFHE
1.3.1 EHEEFE: DREHE,
132 HBEaLIEsFE: KH,PO, 0.5 g/L, K,HPO,
0.5 g/L, FeSO47H,0 0.01 g/L, MgS0O, 0.2 g/L, NaCl
0.01 g/L, FEMHM S g/L, Hi%H 30 g/L, Bl 20 g/L,
1000 mL £/ 7K, 0.7 x 10° Pa K 15 min!*,
1.3.3 EWEFEG% EKBR): 2 F KN E AL
RWIIR, P28 S KT, AWHHE, 210 min, Kl
B SRR B R R A 18 mm x 180 mmixt 4
(12 mL/37), 1 x 10° Pa’K 30 min,
1.3.4 REEIEFE: (1) 1%L KB BH kil
1.3.3, (2) FEFPHEALIR: KRS FFOME AL W (75 =
25 g/L), 0.1 g/L BEFHZ T, 0.7 x 10° Pa K# 15 min
Ja A Z 5 BEBR 1Y 10 mL/L stock solution(ZH i i,
43 WLSCHR[1]) o

T KAEFEREAL R A & FREUKYIE 100 B E
KAEFFHY 100 g T 1000 mL (9 =AM, A 0.5%
W 600 mL, RPN MR H2MREE T
1x10° Pa KiF 1 h, BHEZEIIGH 2 mol/L Y
NaOH il pH % 4.8, JFUIN 3 mL £ 4 R B (A fig
B 4500 TU/mL)A1 0.5 mL A S5 EF (A BEFRL
43000 TU/mL), 48°CHEfk 48 h, g4 H .
14 EH#HSE
141 FEHEEF: RSB EYEEM 5% L KRB
17 Tl A W AR B %, BAR T 15 WSOk [S].
142 DB K EOKRBEFRRAEHERBEE TR
fi oy B i R 5O, 37°C iR B WE KL, 1
PRV A 2 B 5 R PR KB R R S b A i 42
PUH(100°C B8 45 s)fL0HE 5 . WE 1k,
143 S0 FIELITEF L 10% 00 350 it 4 2|
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B T% T KRB I L o B OKAE AL Y = F
POBRAT 130 mL, 2% aEr 100 mL), T 37°ClEIRFE
T E R 72 h S TR E I E
1.5 EMEE
150 ABENKE: 2 (FULNERALETF
ity e,
152 RBEXRBWR: (1) FEIRF): Tug DNA BE&
fif . ANTP FIEE i [P 4l A7) e [ RARA AL R
AIRATH . (2) DNA $2HU7 2% W 3CHR[7]. (3) 16S
DNA 51#): IER514: 5-AGAGTTTGATCCTGG
CTCAGAACGAACGCT-3', HJFFIXI N F E. coli %
8-37 WHILAE; JIn5|¥: 5S-TACGGCTACCTTGT
TACGACTTCACCCC-3', HJFFIX N T E. coli %
1479-1506 Bl A7 E . AW A PR A IR A
"G M., (4) PCR WK% 10 x Reaction Buffer
5.0 uL, dNTPs (10 mol/L) 1.0 pL, iE 3%
(35 pmol/L) 0.5 pL, /1A 5| ¥)(35 pmol/L) 0.5 pL,
Tag B4 (5 U/uL) 0.5 uL, #iHt DNA (50 ng/uL)
2.0 uL, #Mn#E4liK 2 50 pL PCR ¥ B4 F2 5 : 94°C
3 min; 94°C 45 s, 59.5°C 45 s, 72°C 75 s, 30 MEFF;
72°C 10 min, B ARHEE I FEL DK A I3 3 7= ) v Be K
JE i, 2Bk R Sk f5 2 At st e K b A B
KA IR v BT .
1.5.3  H4EALIE: K0T 71575 2 GenBank H13k
R0 S LR AT A RN JE P 91 28 Clustal X 741 L
Xt , % J TREECONW i () 4 43 3% (Neighbor-
joining) 1T R G kK B W I E, B B {H (Bootstrap)
1000,
1.6 MEFHE

i Agilent A (15 40N 2 5 770 4H 1 o (i A
DB-FFAP (30 m x 0.32 mm x 1 pm); Kil#§: FID
(250°C); HEREIRFE: 200°C; FEiR: 60°C; AX:
25 mL/min; &A: 40 mL/min; %5X: 45 mL/min; P
by S TEE,

JBHEIN RE R A DNS 3481

2 #R540h
21 0%

it TR R R R R . el
) TORE AT LK % B OKRIE 7™ T B i) Tl bk, JH: b I
C2. C3. L3MfL E KRB RIHE S ik, ik £ K2
)7 O T PR B 7S
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1 FTEERRLCERBERILBEEMNERGERKX
7 8016, L3. C2. C3)

Fig. 1 Liquefaction of corn mash by butanol producing
strains (from left to right : 8016, L3, C2, C3)

22 E7%

C2. C3 M L3 KEEF KB N . T BN £ %
MZERILE 1, R 1 ATLUE W, 3 MR & /™41
FESEE T 10 g/L, HTEHRAIH AT 60%, 54
SCHR EHGE R TR D OBE=3 161 1 (M/M/M)
1 E] e C2 BRI R = iR, 5% 13.82 ¢/L,
PR T R R 2, 1KF 8.33 g/L.

W C2 Wbk LS AL 50 1055 8016 7
A ] AR e DR S5 AF T 2R AT EOR BB RS AR Ak i K
FEXT ARG (R 2)0 B3R 2 ATLLE Y, KR E KB
iF, 8016 AYEATN =~ 16.54 g/L, T RGN
65%; C2 MEFEM™ 8N 1717 g/L, T B
66% o K BEFAKFEFEHEAI T, 8016 1Y S/~ 1

4.15 g/L, TEEHHI A 70%; C2 M BIEHR =& N
3.64 g/L, TELLHIN 72%, F£I C2 FIHE KB
MIRE 142 8016 4f, 1 C2 ML A EF1 A
8016 o WK P & A A A R o) AR SR 3 1 38 v 1Y
TR

23 HMEE

2.3.1 BEERA: ¥ 8016 FIl C2 HkRA IIF BIA A
FHBET L, AT 37°C Kig% 24 h, HEE
TEEIE 2, & 2 o1, AT, 8016 K34
W%, WK 6, HAZ 1.9mm, i C2 B
WEOR, KW, Mk, REER, HA 2.7 mm,
& B A MR R SRS T 22 B 1 8 I 3 8016,

232 BEIREA: C2 WM G M, 7
AR EAEKS 18 h A4 TR M,
AR, SR ER SRR EANY, WA
KA 3),

233 HEIBAAFAE: AR LSRR 3)FE
B, BT H ELL R BE R R C2 Fil 8016 45 R A
[) A, Al 1Tk A AR L A AR AL Y A B A Ak
FRAE, B2 R A AR, nT [ a1 )
BEA S B

234 RHEEABFWR: X C2HE A 16S iDNA #E17
PCR ¥4 . JF5IME, HEHKE N 1359 bp 1Y 16S
rDNA #4335, Xt C2 B bk S M 56 S o fk
) 168 rDNA JF3I AT LY, I ERFE L F W

*1 HOBERABERBSRAE. TEMZEILR

Table 1 Production of acetone, butanol and ethanol by the isolates with corn mash as raw material
Tk PR L TR S T
Strain Acetone (g/L) Ethanol (g/L) Butanol (g/L) ABE (g/L) Butanol proportion (%)
L3 3.64 0.78 6.65 11.07 60.07
C2 4.78 0.71 8.33 13.82 60.27
C3 431 0.80 7.83 12.95 60.46

*2 CQQENRESREMTERE 8016 TEAEBER LK

Table 2 ABE production of C2 compared with that of C. acetobutylicum 8016

bk By PR L TE S 3% S
Strain Medium Acetone Ethanol Butanol ABE Residue sugar Sugar utilization rate
(g/L) (g/L) (g/L) (g/L) (g/L) (%)
2016 Corn mash 5.11 0.73 10.70 16.54 1.38 94.5
Corn straw hydrlyzate 1.03 0.21 2.91 4.15 4.29 71.5
. Corn mash 5.19 0.78 11.20 17.17 1.26 95.0
Corn straw hydrlyzate 0.77 0.24 2.63 3.64 5.39 71.7
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2 CE)MAET EHRE 8016(H)MEERE
Fig.2 Colony morphology of C2 (left) and C. acetobutylicum 8016 (right)
(#l 4), thiE 4 vTLUE H C2 HMkIE T2 E, 5
B. vallismortis DSM111031" | B. atrophaeus JCM9070"
F1 B. mojavensis IFO1571" (i T[]l — 4R G & & WA
3, AR 99%.

3 Wit

BT A T ™ AR T 2 e M R AR B RR
FHFFE, FEA Clostridium acetobutylicum . C.
beijerinckii . C. saccharoperbutylacetonicum F1 C.

saccharobutylicum 4 MF?71, Kanysi 1 Dulky 5%

B3 C2ERFAEEHR
Fig. 3 Spore staining of C2

F3 C2FNAENTERARE 8016 AYE IR A (V45 1E TS TR A K, % A4
Table 3 The physiological and biochemical characterics T
of C2 and C. acetobutylicum 8016 B2 T EAR R A K 5E 42 23 H P, O’Brien #l
%:“ﬁ' _ 3016 I Mortris ¥ ZWF5E T 85X C. acetobutylicum
Characteristics .
Gram staining A N AR, KBV C. acetobutylicum 555X,
Spore staining + ?ﬁ%ﬂ%ﬂzﬁﬁﬁg, HEMAR E‘J(iﬁfﬁﬁjﬂ~%ﬁi§,
Ammonia Secretion + + HEAE Y FEE R T, DNA. RNA MIEH{ RS
BHSS * - BLAE AE, RIS BRI B R e IR AR Kk
o ' ’ Rt o, YR B R A, 7 Y A
ndole
ol : ' R 2B R e 45 00 WA, T B
Catalase + + %fﬂgfziﬁﬁﬂgﬁﬁi, éﬁiﬂ@é§$@%}ﬁ?%pl%)ﬁ$uﬁ
Fluorescein - - B, AHMLTE 1R A A4l Ry, [RIET, R A AR TE S
B Producing * * B VI RS o1 A RS IR BR3¢
o ; § REEE PO RAE I, TR RS 1 R s 1, falf
ellulose _ _
e . ) DR S LR 0051 o 2 50,
Fructose + + U T A R R e RIS R A T AT 2 A 1T
Carbon source  Xylose + + PR] bt v T 7 A AT T AR R 0 R B v T Y
Lactose aF F %éﬁ%ﬁﬁz—[“”o
e ' ' ARBIFSE BV B A5 — bk T DA T B R
altose
Ethanol 4k _ ﬁ%@ﬂ:%(BaCi”us SP~): Eﬁ%%ﬁ%%*ﬁiﬂu ﬁi@‘
T T A, RN R BT T T L B G, Y
Note: +: Positive reaction; —: Negative reaction. %%E N %ﬁfﬁ T@%"‘Zi@%ﬁ% T iﬁ% E’\Jrﬂﬁlﬁ{)ﬁ o
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B. atrophaeus JCM9070" (AB021181)

B. mojavensis IFO15717 (AB021191)

Bacillus sp. C2 (GQ268962 )

D

Lha

Lailia NICOTNN1760T (YENGARN
SUOLILIS INCUU1L /07 (AUVULA0)

amyloliquefaciens ATCC233507 (X60605)
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C. saccharobutylicum P262 (U16147)
C. saccharopherbutylacetonicum ATCC270217
(U16122)

B4 QEMRESFANERRFARARHEXSHEKNARELXEN
Fig. 4 The phylogenetic tree of C2 and the related reference strains of Basillus
and Clostridium based on the partial sequence of 16S rDNA
Note: Bootstrap confidence levels greater than 50% are indicated at the internodes. GenBank accession numbers are shown in the parentheses.

Bar = 10% nucleotide divergence.
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