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Key enzymes in butanol fermentation by a facultative
anaerobe Bacillus sp. TSH1
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1 Institute of Fine Chemical, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China
2 Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China

Abstract:  Bacillus sp. TSHI is a butanol-producing microorganism newly isolated in our laboratory; it can grow and
ferment under facultative anaerobic conditions, while sharing similar fermentation pathways and products with Clostridium
acetobutylicum. To illustrate the relationships between the products and the enzyme activities in Bacillus sp. TSH1, key
butanol- and ethanol-forming enzymes were studied, including butyraldehyde dehydrogenase, butanol dehydrogenase and
alcohol dehydrogenase. The activities of the three enzymes increased rapidly after the initiation of fermentation. Activities
of three enzymes peaked before 21 h, and simultaneously, product concentrations also began to increase gradually. The
maximum activity of alcohol dehydrogenase was 0.054 U/mg at 12 h, butyraldehyde dehydrogenase 0.035 U/mg at 21 h and
butanol dehydrogenase 0.055 U/mg at 15 h. The enzyme activities then decreased, but remained constant at a low level after
24 h, while the concentrations of butanol, acetone, and ethanol continued increasing until the end of the fermentation. The
results will attribute to the understanding of the butanol metabolic mechanism, and provide a reference for further study of

a facultative Bacillus metabolic pathway.
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KEEBERIE PEREAT TWT5E, 20 1 T BRI A
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sp. TSHI 7EMF & HHH2A 15 mL 5% 1 KB+
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Fig. 1
ODyo, pH and glucose concentration.
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Fermentation results of Bacillus sp. TSH1. (A) Syntheses of butanol, acetone and ethanol. (B) Variations of
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butanol dehydrogenase, butyraldehyde dehydrogenase

Relationships among specific activities of

and butanol concentration.
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Table 1 Comparisons of different butanol-forming strains

Butanol-forming Culture Culture Butanol Proportion of Yield (g butano/g Reference
strain conditions production (g/L)  butanol in ABE (%) glucose)
. Acultative  Corn mash 11.4 This
Bacillus sp. TSH1 anacrobic P2 137 70 0.25 work
. Corn mash
Bacillus sp. C2 GO Corn straw 11.2 65 0.11 [22]
anaerobic 2.63
hydrolysate
C. acetobutylicum  Strictly Corn mash 12.6 59 0.20 [23]
ATCC 824 anaerobic P2 14.2 ’ [24]
C. acetobutylicum  Strictly Corn mash 13.0 70 0.23 [25]
EA 2018 anaerobic P2 13.6 ’ [26]
C. beijerinckii Strictly [27]
BA 101 anaerobic MP2 AL 7 0.26 [28]

IR AFAE, FERPE Bacillus sp. TSH1 4
e T2 2 245 200tk HACEE % T 28 B0 A 175 000
L T IX 3 Tl A A P A B S AR A LA
Xif it — 2T Bacillus sp. TSH1 T BEFN Z A AL
R SRR 2 T 5EA, WX Bacillus
sp. TSH1 7E8E KPRk A4 it 7 2%

AR SCHGN £ W3t S BT FH Bl NADH, 72
CBENITF G A U, TG BDA B s, AHXT 9 h
FEINT 2.6 4% T TE SR BTS2 NADH,
TR AT B A5 He s ik B iR AE, AL
9 h BEINT 3.16 AF, T A S A A £
NADPH, 75/ BTGt C 22k Bl R A, ¢
HAb P BT S B b, AHXS 9 h BT 1.82
P o HAMAIFFE 0 0 AN Tl R 4 T T It Sl A T I
JI5t St L A AL, 3] e DA [ ) 4 i 1
ik, B A A LA KA [] 1) DV ) R il 24 s
R, HARZE R AN 2 R

M Bacillus sp. TSH1 -5 HAth AR 0B 1
AR LI, RIS S 2R B R
Bacillus sp. TSH1 9 T B S0 S T T8 B 0B )
R OR BTG 45 2R 5 LA R ARAR L, 5 U 45 2R —
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o, AU AN A2 M A, AR TR SO
H AR BLAY A T A

M Bacillus sp. TSH1 H i Z g9 L% -5 %557
FPER R BF 3 MEELE AR iR R T
(BRGNS L L TERETG N FEZ 5, B
PR AT TR RGN, 33 2 PR A A 00 1) T e A I
1Y, T i AR, PRt RS 7 S5 0 g v
BARMIE LT, P 0k BE B AE AW & o5 4%,
A SC TR A A %) LTS T, T OD (B AT LU
(& 1B), 1EARETTIR EATRZ AT 33 h, OD
{H— BEAERRE T, R LT 4 Lk B2 7E A
Wrat ke, PRI, e a SR AR R A 2 R A
TRy, PR R TR S TR 4 T A R TE 2 K
Vo FRLA, TERBEEIN, SARAEE IS AT AT L
AEFFIA R B RS K

TAh, T TR EEE, SR EER
TEER BT e B R H] 11 o/L i, 4 3z 2
T B REA KDY, N, T mE %
PE RN B DA AR AR I T BEAC I i 42 rh
B Tl P 00 7 0, A PR R AT T 5T 1Y)
P A3435]
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*x2
Table 2

FEIERIRIE R T B2 A SEEFN T B A S AT LLE R E K LR

butyraldehyde dehydrogenase as reported in the literatures

Comparisons of specific activity and measurement conditions of butanol dehydrogenase and

Butanol dehydrogenase

Butyraldehyde dehydrogenase

Specific Specific Cell lysis Centrifu_gation Reference
Coenzyme Substrate activity  Coenzyme Substrate activity procedure conditions
(U/mg)* (U/mg)*
NAD* Butanol 0.0096 NAD"  Butyraldehyde 0.018  Ultrasoni- 20 000xg, [29]
NADP" Butanol 0.014 NADP®  Butyraldehyde 0.0017 cation 20 min
French 8 000xg,
NADH Butyraldehyde  0.02 NADH  Butyryl-CoA 0.006 G 25 min [30]
NAD* Butanol 0.06 NADH  Butyryl-CoA  0.04 Ultrasoni- 10 000xg, 31]
NADP* Butanol 0.007 NADPH Butyryl-CoA  0.0048 cation 30 min
French 95 000xg,
NADPH Butyraldehyde 0.14 NADH  Butyryl-CoA 0.038 — 60 min [12]
37 000xg
NADP* Butanol 0.012 d. .d. 4L o 32
utano n n n ysozyme 30 min [32]
Ultrasoni- 10 000xg,
NADPH Butyraldehyde  0.048 NADH  Butyryl-CoA 0.18 cation 10 min [11]
i- 10 000x
NADPH  Butyraldehyde  0.055 NADH Butyryl-CoA 0035  iaason e This work
cation 10 min
% maximal values reported; n.d.: not determined.
REFERENCES [4] Walter KA, Bennett GN, Papoutsakis ET.

(1]

(2]

(3]

Jin XQ, Wang GL, He BF, et al. Research progress
and high yield strategy of acetone-butanol
fermentation. Chem Ind Eng Prog, 2007, 26(12):
1727-1732 (in Chinese).

Bk, EAE, fIukoy, S5 DB TR Y
A5t e I H o 7 S . AL T g, 2007, 26(12):
1727-1732.

Liu Y, Liu HJ, Zhang JA, et al. Mutation of CI.
beijerinckii protoplasts by “Co-+y irradiation. J
Chem Eng, 2009, 10(60): 2549—2554 (in Chinese).
XURE, X ZAE, sk, 4. “Co- y X CL
beijerinckii Ji AL JoT AR 1 R IR S AR fb T 2R 4,
2009, 10(60): 2549-2554.

Gao XF , Zhao H , Zhang GH, et al. Genome
shuffling of Clostridium acetobutylicum CICC
8012 for improved
acetone-butanol-ethanol (ABE). Curr Microbiol,
2012, 65(2): 128—132.

production of

Molecular characterization of two Clostridium
acetobutylicum ATCC 824 butanol dehydrogenase
isozyme genes. J Bacteriol, 1992, 174(22):
7149—-7158.

Petersen DJ, Welch RW, Rudolph FB, et al.
(butanol)
from Clostridium

1991,

Molecular cloning of an alcohol
dehydrogenase gene cluster
acetobutylicum ATCC 824. J Bacteriol,
173(5): 1831-1834.

Welch RW, Rudolph FB, Papoutsakis ET.
Purification  and  characterization  of  the
NADH-dependent butanol dehydrogenase from
Clostridium acetobutylicum (ATCC 824). Arch
Biochem Biophys, 1989, 273(2): 309-318.
Fontaine L, Meynial SI, Girbal L, et al. Molecular
characterization and transcriptional analysis of
adhE2, the gene encoding the NADH-dependent
aldehyde/alcohol dehydrogenase responsible for

butanol production in alcohologenic cultures of
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Clostridium  acetobutylicum ATCC 824. ] [16] Yao WB. |Introduction of Biotechnology
Bacteriol, 2002, 184(3): 821-830. Pharmaceutical. Beijing: China Medical Science
[8] Nolling J, Breton G, Omelchenko MV, et al. Press, 2003, 125—127 (in Chinese).
Genome sequence and comparative analysis of the WO, AEYEOR I e, deat: TP EBE 2R
solvent-producing bacterium Clostridium i fat, 2003, 125-127.
acetobutylicum. J Bacteriol, 2001, 183(16): [17] Girbal L, Soucaille P. Regulation of solvent
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[9] Lee J, Blaschek HP. Glucose uptake in Clostridium Biotechnol, 1998, 16 (1): 11-16.
beijerinckii NCIMB 8052 and the solvent-hyper [18] Yan RT, Zhu CX, Golemboski C. Expressing
producing mutant BA101. Appl Environ Microbiol, solvent-forming enzymes and onset of solvent
2001, 11: 5025-5031. production in batch cultures of Clostridium

[10] Chen CK, Blaschek HP. Examination of beijerinkii (Clostridium butylicum). Appl Environ
physiological and molecular factors involved in Microbiol, 1988, 54: 642—648.
enhanced solvent production by Clostridium [19] Parekh M, Formanek J, Blaschek HP. Development
beijerinckii BA101. Appl Environ Microbiol, 1999, of a cost-effective glucose-corn steep medium for
5:2269-2271. production of butanol by Clostridium beijerinckii. J

[11] Thaddeus E, Qureshi N, Blaschek HP. Production Ind Microbiol Biotechnol, 1998, 21: 187-191.
of acetone-butanol-ethanol(ABE) in a continuous [20] Petersen DIJ, Bennett GN. Enzymatic
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