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i E: AARRT hiah — A F HAE A RM LB FZ23-T B0 MR, @5 LB & & 5%
BF23-T 8545, HFRAM6-7692,3-T —82 3% 51849.6 g/L. st E#ATHFMAHL AL T
S I 454168 tDNA F 5 547, teatet £ &0, @ #R6-75 Bacillus subtilis strain BIHB33248 40
MWik99%., EmMA N X F LR TREFRAAALR, HEG %4 Bacillus subtilis 6-7. 45525
FIRFELIF o su e 2R B4k, B, IR Bacillus subtilis 6-74 72,3-T B3 LA RAF4) T ok v
FARAE.
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Screening and Identification of a Strain Producing
2,3-Butanediol from Glucose as Substrate
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Abstract: Most strains with capability of producing 2,3-butanediol (2,3-BDO) from glucose were iso-
lated from different natural environment samples. The Strain 6-7 with high capability of producing
2,3-BDO was screened from the isolated strains and the production of 2,3-BDO reached 49.6 g/L. In
addition to general morphological and biochemical characteristics, the strain 6-7 was identified by
16S rDNA sequence and systematic analysis. The results showed that 16S rDNA sequence of strain 6-7
had similarity of 99% with Bacillus subtilis strain BIHB332, suggesting that the strain 6-7 is one of
Bacillus subtilis species. It is an environmentally friendly strain and Bacillus subtilis is generally re-
garded as safe microorganism used for industrial production. This strain showed the potential applica-

tion in the future.
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2,3-T T, L34 M2,3-Butanediol, &5 N
2,3-BDO, Z—FFAEH! ), Fnt et —F
A T RURP RIS 25 R, Tz N T2 .
e TR L IR b1 A 16 R & P P S e =
ARSI T 2,3- T BN Tk Ak A 7, H
W AR, SYIREER . B 2,3-T =
P A Ak A TR LA SN A PR IRAN L JEOREFRI T % 8 S T
2R AL A, R K B IR B R A Ok
H, WAL EEBASEA SN, Wik, ARtk
Yy o B e A 72 2,3- T LRI A AR kAT T &
N FHZ T 5 T AT &7, Olson il Johnson F1]
FER TR RI(A. aerogenes)4266 /L 1 %M Ak
97 g/L 192,3-T M4 /L W3- THI; Yu
N Saddler F T4 7% T AA R E (K. preumoniae) A
226 g/L BRI BEAS B 2,3- T TR 3-05 5 T 4
113 g/LI*1,

ARSI BT X LR AR IR, TR T 2,3 T
TR R AP A28, XA 2,3- T R e A —
RO-THEAT TR A 4 E KI5 R BRI IFoT
1 MRS G%

1.1 SEEHH

.11 RESVFH®IKER: LR H &Y
BT BT AR

112 FFEC. R E S8R (L) A
20, MEREFF S, IR 10, SUk4N 10, 1 x 10° Pa KT
15 min; FHTE 53 (g/L): BEREFY 5, AN
10, Ak%h 10, 3K 18, 1 x 10° Pa K 15 min; #}
TR S 5 (g/L): BEREFY 5, BEEAMR 10, S A4
10, Bifg 18, 1 x 10° Pa K 15 min; 2,3-T " BEA
BERE R R (g/L): WM 150, Bk 6, JRE 2, B
K8 5, pH 6.0, 1 x 10° Pa K& 15 min,

1.1.3 iRk F: 2,3-T E(2,3-butanediol ) AR FE I [
Sigma (USA) 7~ Al, + 75 % 2 = B 3 8 fb iz
(CTAB) Il H Sangon, ¥ B M (Lysozyme) Il H
SeebioBiotechnology, & 1 K (Proteinase K)IJ H
MerckKGaA (Germany), PMD18-T # /&l f TaKaRa
(Japan), fHFLIERE NFLAR 0.22 pm, W [ F AR
KM REA IR T o HAai ¥ o = 4y B el

1.2 KWHE

1.2.1 E#FEES: (1) ER R KRR
FORE S T B AR SR 5T 37°C 150 r/min £ K 3 421

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

F& 10 h, BOR[RM R R BIR A 8 95 . PRI VR
TEF- MR 4 B 15 97 4 B AT R 4R 4y 8, 37°C #55%
1-2 d, Bk, FFil i pR PR T R fRes 5= 5, 1R
I, (2) =AM R R IR R b PR Ak
RN RIRhF R S, KRR XU, # 5%t
A KRBT, SRIGHE T 37°C. 150 r/min Z&1F
TIRGEFE 96 ho WUR KRR, B0, B LA
g Rl
1.2.2 2,3-T ZEEEMANAZE": 2,3-T e
PRSI >R FHAS0AH €05 - T 3 156 R AL (GC-MIS) Azl - B
2 mL FiEW, 2 mL 2R CEHATAEHL, R)E R
FAAAH 3% -5 B A A (GC-MS) % /8 2 BUR 2 15
A 2,3-T AT A5k R i i
TRPEFEE B 56 1E 60°C FARME 1 min, SRJ5 LA
6°C/min i FH i BUR T+ 90°C Ff45-45 2 min, )5 LA
30°C/min fYFHEHFTF 2 180°C, fHIE 2 min, #HEE
FHEEE R 250°C, dEFEE R 1 uL, B WELEAR,
AN 1.2 mL/min, R0 #HEE N 240°C,

TraceMS % &M EIZ& iR, &A# T,
FF TG E N 30-500 amu, R EFHLTE A 200 pA,
HLFBE RN 70 eV, i % 2 o NIST2003 %)% .
123 23-TZEBEESHAZF SORMH
3% (HPLCO) A /2 : i 55 144 HitE Sugarpakl
(6.5 mmid x 300 mm); FEi: 85°C; WishAH: 4K,
TR 0.4 mL/min; #EFEE R 10 pL; KES: ~2ZPT
A5 o
1.2.4 S KEEMNE: e b K&z
2, L 600 nm &b R
1.3 EHBIEE
1.3.1 BEHEASE. £BEMSE": BRI (FiL
YNTR R Ge % E T ) T 50 B R 8 g O T R AT TR AR
Y5,
1.3.2 E[FH DNA BYI2E: R SDS-EEARFK 2
fife, oS ek = LRk B (CTAB) I VE 240 A 7
M2, FHTEK O EDIE RIS DNA,
1.3.3  16S rDNA H9¥ #8: (i HH417E 16S rDNA 138
EEIL b

W5 ¥ F: 5-AGAGTTTGATCCTGGCTCA
G-3';

51 4% R: 5-CTACGGCTACCTTGTTACG
A-3',
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RN AR Z: BUDNA Al 1 uL, 10 x PCR Z&
W S uL, 519 1 uL, dNTPs 4 uL, Tag DNA R4 i
1 pl, SR NARFRK 50 uL, TEFFZ%L: 94°C 5 min;
94°C 1 min, 56°C 2 min, 72°C 2 min, 30 MEH; 72°C
10 min, B HE =8 10 pL 1 0.8%Bh IS A AE i i, ik
K, Goldview et 2RAMT T WM 455 .
1.3.4 PCREHIB=ES 16S rDNA K5 E K [E
RIELLE . RS T RGN & 2lifk PCR 97
Har=w), HLUKEE . Kralifb 5 Y PCR Y38 r= ) i 4
F| pMDI18-T #fk I, $44k E. coli IM109, LK
R PUPER L, A5 IPESERE . 16S rDNA W i
Mg AR T AE W BB A PR |58 i, f Iy 45 R AE
NCBI # BLAST J5%2i% GenBank JE 58E1EC H
5 9347 O3 4007 . I LA Neighbor-joining 3 H)

T RGEHAH
2 HRE5WR

2.1 HHETHIE

M E SR I B G 106 RR 4 & BER FH HPLC
R, #5207 42 PRARYSFI A A0 A WA 2,3-T
TR TE AR R 1R R EE AR 2,3- T R
RE IR AR 225, JHor B v TP &5 St 7K,
KD

I TR E B 4 Bk 2,3- T TSR AR R
BBk, YT TSEE:, A HPLC 2 4% ik & T
Wb 2,3-T ZEER & &, TR EE R R, Hoh g
TR 6-T MR 2,3- T S i ih 49.6 g/L, 4
Fhne 2 Frs

R1 BERVIGHLS
Table 1 The result of screening

2,3-T Wtk F 2,3- T RES P AREL i AR AN T 20 LG
2,3-BDO production levels 2,3-BDO concentration (g/L) Strains Percentage of all strains (%)
7K High level >30 2 4.76
BE /K Relatively high level 20-30 2 4.76
457K Middle level 1020 9 21.43
H126 05 T 7KF Lower-middle level 5-10 19 4524
/K Low level 0-5 10 23.81

x2 EREGBER

Table 2 Results of the second screening strain

WS 2,3-T ZE i JE IR AR
Strain number 2,3-BDO (g/L) Molar conversion rate (%)
6-7 49.60 66.14
6-8 33.77 45.03
3-10 27.61 36.81
2-5 21.83 29.11

22 I ABEHHR

Y BRE 6-7 ZERhFHE R 56 37°C 150 r/min 42
IREGFE 7 h, DL S%MHERN & 43 8 Fh 2454 50 mL
KWEREFREEY) 250 mL =i, 150 r/min, 37°C &
1% 96 h, M@ R 2,3-T B &, Hik 6-7
ARMEME 1R, YEERERFRE DA K
10 h B AR K SR B B R MH, 10 h 5 AR S A ARSI
FRE 6-7 7= 2,3-T ZREAREMZ A 2 iR, ki
72 h i 2,3-T A PRk B A KA .
2.3 23-T ZEEEMEN

SR A A3 - T 5% 6 H A (GC-MS) oF %5 5 7™
Vb REEH 2,3- Tl &RME 3-6 i Kl

3 N LAZIR R IEFI 2,3- T FEkrkE GC-MS &
Wk, B4 CHWRE 6-7 BB LW L TRFEIS Y
GC-MS i, K5 WTER 4 v 3.37 min i &5 1945
R, B 6 RNE 4 3.5 min @K IZEHE . WE 3 1
K 4 /TLIE H, 7E 3.37 min Al 3.5 min 40 ¥4 4 R i
B, VAR RS PRI RS A 2,3- T EE, il
Kl 5 FIE 6 451 AT LA e, AR &a 2,3-
T,

¢ (h)

1 Efk 6-7 £k
Fig. 1 Growth culture of the strain 6-7
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Fig. 2 Time courses of the 2,3-BDO production from glu-
cose by strain 6-7

24 23-TZEEE=HN

KA HPLC KM kR 6-7 ARl 2,3-T
B S, AERIE 7. 8 i /7 N 2,3-T
PrkE HPLC EIE(FTH] 2,3- T ZBEARFELiiE > 99%,
R A TR N T TR TR G ), 1 8 Sk R
A CIR LR RS H S ) HPLC [#3E ,
25 EMERE
251 BEFPFERESFEE: Wk 6-7
B SR b 37°C K555 24 h S0 TS AR 2 mm,
ANFEW, WEEEE, Y, B8N, ALR6AKE
%, WA HUNEER, WS PR ARG TR
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Fig.3 GC-MS chromatogram of 2,3-BDO standard sample
33.0:350.0>
6 £
=
«
5 F =
(9}
g
4t E
) o~
£ 3
g3 ¢ ‘
@)
2 b8 - -
< (=) B
N < E
D n
1 po 2
Ny é
o
. )
3 4 5 7 8 9 10 11
¢ (min)

4 ZFEEE GC-MS Bt
Fig. 4 GC-MS chromatogram of extraction liquid
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Search Spectrum 1A

100% E 3.368 min, Scan: 142, 33.0:350.0>, lon: NA, RIC: 3.425e+9, BC

449
1.663e+9
75% F
50% |
25% E
0% l' al =
Maich s 2, 3-Butanediol (CAS)
100% BP 45.0 (999=100%)4424 in CAS No. 513-85-9, C4H1002, MW 90
0 E
45.0 OH
75% E 999 : :
50% E HO
25% F
0% J ]
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R.Match: 914, F.Match: 914 Acquired range  m/z

5 4 1 3.37 min FEEER
Fig. 5 3.37 min analysis result of extraction liquid chromatogram

Search  Spectrum 1A 3.501 min, Scan: 157, 33.0:350.0>, lon: NA, RIC: 1.133¢+9, BC

100% F
449
75% E 7.395e+8
50% E
25% E
0% bl
Match 2, 3-Butanediol [S-(R*,R*)]-
BP 45.01(999=100%) 14667 in CAS No. 19132-06-0, C4H1002, MW 90
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0, E
206 OoH
25% E
0% bwd diy . . . . . .
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R.Match: 971, F.Match: 971 Acquired range  m/z
Ele6 & 4% 3.5min fBFELER
Fig. 6 3.5 min analysis result of extraction liquid chromatogram
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Fig.7 HPLC chromatogram of 2,3-BDO standard sample Fig. 8 HPLC chromatogram of fermentation broth
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Jifd 2355 5 B 8% (Hitachi H-7000, Honshu, Japan)Wl%%,

0 S AT AR BOR AT AR, K/ANAS—, (0.3-2.2) pm x
(1.2-7.0) um, A 274, HABEZEE T ILE 9,
g

q{

!q. S

:2_-,
B9 67 EMKERERBEBEFELMARBRE
(x 30000)

Fig. 9 Electron micrographs of the strain 6-7 (x 30000)

2.5.2 HIRAERAFAE: XHZ B bR T R AR F AR A
FRIESE, Z5RIE 3. SR (IARRAHEETF
W) (5 8 RROXIA, B ZE AR TR P, BRIPR 6-7 Sk
B DR TR A AR IR B A — B

2.5.3 E# 16S rDNA RN RS FEE: L
Rk 6-7 40 DNA, LLEHSIY F. R 9784wtk
(1 16S rDNA #53H B2y 900 bp, /=¥ Be&

FIFH BLAST 43k 261741 5 356 H F Z A W15 B
HUD(NCBD)UR RS DNA JFRAIE T LT, FR2 i &
S (E 10), 25 R EHHY Bacillus subtilis
strain BIHB332 ARl de =, 15 99% L) I, &P FIHE
GenBank $fi 5565 HM242217, H5 HAw 44
N Bacillus subtilis 6-7,

R3 EK6-THEBELNER

Table 3 Physiological and biochemical characters of
the strain 6-7

FRAIE SR RPN FEAE R L A

Characterization Result Characterization Result

LR R .,

Gram staining Starch hydrolysis

BTRLAF . EAWRR .

Arabinose Protein test

K . AR N

Sucrose Aerobic test

Sl . A .

Fructose Oxidase

Sk . MRREREIR N

Lactose Nitrate reduction test

YN N V-P il 55 N

Xylose V-P test

Hi# B L Wk N

Glucose Gelatin hydrolysis

% . MPRK B

Maltose MP test

R L Ew .

Mannitol Mobility

W+ BAME 0 FAE.

Note: +: Positive; —: Negative.

Bacillus subtilis 6-7 (HM242217)

Bacillus subtilis BIHB332 (FJ859701.1)

Bacillus subtilis str. 168 (AL009126.3)

Bacillus licheniformis ATCC 14580 (CP000002.3)

Bacillus pumilus SAFR-032 (CP000813.1)

gl I o I R A 3BT B4R 2 R Be i) DNA P51,
98
98
93
99

100

o
—

0.005

Bacillus megaterium DSM319 (CP001982.1)

Bacillus weihenstephanensis KBAB4 (CP000903.1)

Bacillus thuringiensis BMB171 (CP001903.1)

Bacillus cereus ATCC 10987 (AE017194.1)

10 =¥k 6-7 B9 16S rDNA £ A I RAK L B #t

Fig. 10 Phylogenetic tree derived from 16S rDNA gene sequence of strain 6-7
Note: Numbers at nodes present bootstrap percentages (based on 1000 samplings). The numbers in parentheses are accession numbers of

sequences in GenBank. Bar: 0.005 sequence divergence.
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FUHT, WUEY) R BEEA2,3- T Ry [
WAMIFFE A 2 —, TR LA 5 7 10 TG = S
FEB A 32, AR R 2% 14 28 i BH 45 R ] o 3 10 TR T
(Klebsiella sp. LN145)%208 g/L74 %5 B 5% 1 N
84.0 g/L 2,3-T “EEAI0.5 /L 3-FAR T, 2,3-T &
(1 BE IR AL SRR FHE K 1991% 2, (e TR EC B
=S AT B A FE B v, BRI T H Tl Ak
N

AN SLIG T S AT ) 57 2,3- T /W Bacillus sub-
tilis 6-T/EM LB MR, BA R Tl v
Ho REHBMAR P23-T ™5 Wk
Klebsiella sp. LN145AH LA —E 200 . 12 R i e
SR XTEEFR AL . R A R AR AT ok A
e TR Ty 0 7 R e IR 5 R A R i O,
WA PR ZH 538 35 X} Bacillus subtilis 6-7 K BEr=2,3-
T RS ATIACR SE AN, EN
AP At B ZE AR R0 43 0 A B A U A
R, HEAL . MRS IR E o, RATRAE
Bacillus subtilis 6-7J 1% 72,3- T —F Q& 12
SEM RN AT ki . ZE ETIR, TEtRe-T
192,3-T .l B R KA T2 0], #H5C TAE
BT

2 % X M
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