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W E: BT BAARE Clostridium tyrobutyricum ST VAR R F B 48 . A¥E. 4 4. MBS § AR IAT 5 BRLA B2,
TRRBFMATRALR, R—HELSTARARALER FIELBE LT TROGAN, KB TRAREA CRAB 4L
BRAATHRAMEA LR RMER T, TRRERTERAB SN S, LHBRABTAY. 55K FRRT AT
REAN TR AR R —— CBLOBAEE A BB R (h). KR TETERAREB RS ) LA KRR A &
BhEG A CBE A B R A B (pra) AR R TFRA pIMPL (B EHMER (em). HFEME K4 pUCIO AR EMIEH
I L H MR K pUCI9-EPT. @it w45t LG ABTBRRE ¥, AR LFE ik TR L KF4F, #@iE PCR Bk
K, FAFOREAREEARL ptatk thl Bk, EAFTEHBEA RN EEY, RERTREERA 047, RFAREKT
34%, TEAFEH 005, RIFARTHET 29%.
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Abstract: Clostridium tyrobutyricum is suitable for simultaneous saccharification and fermentation of lignocellulosic. It can
produce butyric acid, acetic acid as its main fermentation products from a wide variety of carbohydrates such as glucose, xylose,
cellobiose and arabinose. In order to decrease acetic acid content and increase butyric acid content in C. tyrobutyricum, we
replaced genes on the acetic acid fermentation pathway with genes on the butyric acid fermentation pathway. Three genes were
selected. They were acetyl-CoA acetylrtansfers gene (¢4/) which is the key enzyme gene associated with acetic acid fermentation
pathway from Clostridium acetobutylicum, erythromycin gene (em) from plasmid pIMP1 and phosphotransacetylase gene (pta)
which is the key enzyme gene associated with butyric acid fermentation pathway from C. tyrobutyricum. We fused these genes
with pUC19 to construct nonreplicative integrated plasmids pUC19-EPT. Then we transformed pUC19-EPT into C. tyrobutyricum
through electroporation. The recombinant transformants grown on plates containing erythromycin were validated by PCR. A
mutant whose pta gene was displaced by 4/ gene on the chromosome was selected. In the fermentation from glucose, the mutant’s
yield of butyric acid is 0.47, increased by 34% compared with wild type; and the yield of acetic acid is 0.05, decreased by 29%
compared with wild type.
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BTRHE KRR (CGM) H, 37°C. REIHFE
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T 50 pg/mL FZL8E (Erythromycin),
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Fig. 1 Metabolic pathway of C. tyrobutyricum. 1: acetyl-CoA
acetyltransferase (th/ gene); 2: phosphotransacetylase (pta gene).
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Table 1 Bacterial strains and plasmids

Strains/plasmids Characteristics Sources/references
Strains

C. tyrobutyricum

ATCC 25755 Em® ATCC

ME pta Em’ Mutant from gene

disruption; this study

C. acetobutylicum

ATCC 824 ATCC

E. coli

ToplOF’ recAl Ap’ Invitrogen
Plasmids

pUCI19 Ap' Invitrogen

e

pUC19-EPT Ap" Em' This study

pta: phosphotransacetylase gene deleted; Ap": ampicillin resistant;
Em": erythromycin resistant; recAl: homologous recombination
abolished. pUCI19-EPT are the nonreplicative integrational
plasmids.
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1.2 WTEBEREERKSAES T

PR T R AR 1 SRR VR B T CGM IR IR 5
F3TCIREM T H BRI 24 h 5, % 5% MM it
TR CGM RS Fe 5, T 37°CIREM
TEEIEIE, B 4 h ZAGHOE, R A KA
Ol R T R A A A B DA SO B P ) oA AL
MR i, AR IR SEIR B MERG v B, B ROR Y
TTFATSE S, BARMEE . 4B PkH 3 4SBT VK T
SR CGM WM H: 3 SR 1 57 24 b il &5 F 1 By 57
W, A 5% W FR K 5 R T 10
Iy SR BUR B 1) COM WA RS SR B8R 7%, LIP3
e,

ARG 600 nm R R BOGIH R R, KR
HBR A A AR S Rl 3,5- 3K R (DNS)
@R E , AR S Rk M ARSI . KT
SRR IR PLIRIG %, HARRE L R I AR
TRIHFE | g WA A U A PLRR & . AR 1% 73 A7
R YITEWE

i # 5 k) TRACE GC; fi4Eh . Agilent
DB-624 AN, 30 mx0.32 mm; JEEEIT ). S/SL
AL KSR FID Rl a8 s #0300 Noo PIRRRT
WIURIRSE 40°C, 2 min; 10°C/min JHiE; RAIRE
210°C, 2 min, FID JiJ¥ : 220°C . 2463 : 1.5 mL/s.
AN, FiL# N 30 mL/min, &/H#E N 35 mL/min,
2SS 350 mL/min; #EEESY . Hahdbk:, A4
Ui, RN 0.5 ul,

1.3 ER BB EREE
1.3.1  HA 45

DLEE T RRIR B JE 40 DNA Wi, PCR 44
5 CRARUI IR A8 5 S Bl —— B IR % £ W JE il 5L 19
B pta; VATHTE T BERR LR 20 DNA AEidk, PCR
PS5 T RAERE CH I —C B LW Cod #:Fs
S thl; DL pIMP1 AR, PCR P G 21 B 2 I A
em o PEARAFIY 25 FE R B4 T #0A M Topra
T-thl, T-em #AK, RSB R FIAE ., AHFFE T
M51YF 5 L% 2,

1.3.2  pUCI9-EPT }9#4#

B EcoR 1 Fl Xba 1 XU V) 4H 24K T-pta,

B2y 610 bp Y DNA F B, ZhifbisE$k 3 24 [FFEAL
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R pUCT9 A, F9#EAL pUCIOP; #5235 H Sal T M1
Sph 1 X 2H 254K T-ehl, R /N2) 1880 bp FY)
DNA Fr B, glifbJ5 & He 4 R FE AL B pUCTIP 2k,
FE R pUCI9PT; ficfe sl Sph 1 Al Aar 115325 .
fitg ) 8 2 24K T-em, [FICK /N2 1000 bp 1) DNA J
B, aifb e A AR AL B pUCIOPT 4044, #y st
i pUCI19-EPT., Bk B EEan 14 2.
14 BTEREKRERB

BB T B T A T & 40 mmol/L DL-H &R
1) CGM K Fe Bk, i A K 2 OD =1.2 IR 4 A .
S FTRSETKA TR Ve 2 Ik, FEFHTIKYZ () SMP

x2 AWRFAAIY

Table 2 Primers used in this study

. A Restriction

Primers Sequences (5'-3") Purpose . o sites

ptal CAAGAATTCGACTCCTG EcoR I
ATAAGGCGAATAAGATA (piin prg

a2 GACTCTAGAGTCCTATTG &°1°¢ Xbal

p CTTCCGCTTTT’ a
TATGTCGACATGAGTAA

st GGCAATAAATCC Sall

Obtain thl

TCAGCATGCACTGCATT 8¢ne

thi 2 AGCCTCATAATC Sphl
AAGGAATTCACCGTGTG

Eml EcoR |
CTCTACGACCA Obtain em

Emd GAGGACGTCTCACAAAA 8°n° dar I
AATAGGTACACGAAAA a
AAGCGGAAGCAATAGGA

PI9THLI CTC Validate

transform
P19THLY égCTCACTCATTAGGCAC ants

2 ESEHIMERK pUCI9-EPT BYY)IR EiE

Fig. 2 Physical map of nonreplicative integrational plasmids
pUCI19-EPT. The directions of each gene are shown by arrows;
pta: the middle sequence of pta gene; ¢hl: the full thl gene; amp:
ampicillin resistance gene; em: erythromycin resistance gene;
ori: the origin of replication in E. coli.
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HLFE 22 vP U (BERE 270 mmol/L, MgCl, 1 mmol/L,
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WX ATV R A2 4 mm RUBFERR T, UK Bk
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TCLT R R PUE, A E G TR S5 K T R Y o
2 A A T N N g Al G N EARE A I S
e A fE e ek LR T R LB &
PRI SEA TR0 o SR 5 SR U AR AT 1 5% b 711 3
K41 DNA, #474H5¢ PCR ik
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PR IS L LA B R B 0 o AR LI 3,

ERW], A LR R R IG TR K
JEEB, FERUE IR IR KIREE A7, TEfe e s
REIRK, KEER S0h ih, KREEFEYILEEA
e THREKEBREZN (5£0.09) gL, LIRZN
(1+0.07) g/L. Z5ERIMEYIHFE, THEAN: BT
PR R LS G, TIRIFEN (0.3540.02) g/g,
LRI Ty (0.07£0.004) g/g., HAMHT KB+
BUEAPLR, MRARRME pH (H TR, HRERKZE
T, AT R B R, KR A B SR
MAE R R IR R 1 9% [ AR FR 40 K o A% 15

T REF A A HURRET, & BB A AR R R 2 e 7 4
A—ERE (A 4. KBS, KEERPIFOH%
WA, M TRRANF 2N (6.56+0.1) g/L, LRI
RN (1.34+£0.06) g/L, THMS% (0.33+0.03) g/g,
ZTRA5#(0.07+0.005) g/g.
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PRI UMY i 8 % T 5 35 v 18 2 T e T 65 17
2.2 EFEBRIIK pUCI-EPT RIME 5181

) B B T R AR TR R TR R T AR T ik A 4
DNA D)}z Jiiki PIMP1, Jf LABS T W2 #2 1 2 K 2H DNA
RSN, BETHAHRL G 9, it PCR ¥ Hg H AL A
Bk pta, ffi pta LS EcoR 1 N5, TUFS Xba 1 A
A AR T BEAR T SE R 41 DNA AR, B2 R
5149, @it PCR ¥ 34 HIYSERA thl, {F thi LU

A 401 125
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ST T N =
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3 BTEMEBEE CGM IEFETMEARIER
Fig. 3 Fermentation of C. tyrobutyricum in CGM. (A) Growth
and substrate consumption of C. tyrobutyricum. (B) Application

of fermentation production of C. tyrobutyricum. o: growth
curve; m: substrate consumption curve; A: butyric acid; A:
acetic acid.
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4 MTEHREE CGM-CaCO; EFHEFMERIER
Fig.4 Fermentations of C. tyrobutyricum in CGM-CaCOj3. (A)
Growth and substrate consumption of C. tyrobutyricum. (B)
Application of fermentation production of C. tyrobutyricum. o:
growth curve; m: substrate consumption curve; /\: butyric acid;
A acetic acid.

Sal 1755, NUESE Sph 1A LABORL PIMP1 S
M, WIHARISI4, @it PCR 38 H A9 EEA em1 fili
eml LU E EcoR 1S, TUFE Aatll S, ¥
TIESE BT AR A5 B IE A

X HEDR B pta 4T EcoR 1 . Xba 1 XU ik
H, difbfs 54T pUCLY MiE, W E
IR pUCIOP; SRIG XL BE thl 4T Sal T .
Sph 1 WY, 4k )5 5 2 [FREAL 3G pUCTOP AHIZE ,
M H 4 FORL pUCIOPT; RFEEN H B em #EAT
EcoR 1 | AatN 530 U FE , 4lifl 5 5 28 R R Ab B
f) pUCI9PT Al , #4 lyF2H JFoki pUC19-EPT.

PRHCE 2 ok pUC19-EPT, LA MAMR, FHAH
B 51 M1 E4T PCR ¥, PCR P=HI28 1% B s hiie
JBEHL UK 43 B o pra FEH R Be i) PCR P24 292k 600 bp,
thl #9% 1880 bp, em #°4 1000 bp, 5HUHHK/
—3 (& 5). MF R H T 5 E#
23 EHEHRMFESEE

AT EE R Pt Bk e S CGM Em”
PTG 35, BEEAIR AL 4 DNA, DI 4
DNA J#5AR , #4550 pUC19-EPT 1 thl 3 P 3
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WIS H#ET PCR U718, R R/NR 2 kb 1 B
(Il 6). XF PCR =AM FFUERT, 2 kb K/ B
Hh AL & SRR thi HE IR (1880 bp) . B thl BEH B pra
J B 55 g o A [ R DX 98k AR i 2 R B G A
b, HEATT AN (8 7). Rz T i 4
R T R TE ME,

24 EHHEMEBELXDH

VA 5 A R R I 5% W HeFh i e
2% WMAERER) CGM h, RAFEHIG SR, &I
B, R RI B AR A A R ARG L R BRSO AR
T o . SR 8,

SRR, SUPATHAHLL, AL A EUE
KM AoE e e] 5 B AR Rl (Hl T T R™
R HAREYREA T, TR, JR%kE
PR R AR KR IR GG L, RRE T IR
KA, TRRAEEGERLAE 40 h 4715 -3,

5 FE4HFEHK pUCI9-EPT B PCR 384

Fig. 5 Identification of recombinational plasmid pUC19-EPT
by PCR. M: DNA marker; 1-3: PCR products of plasmid
pUC19-EPT; 1: em; 2: pta; 3: thi.

6 pUCI19-EPT LIRS TIIE

Fig. 6 Identification of the transformant obtained by transfer
pUCI19-EPT into C. tyrobutyricum through electroporation. M:
DNA marker; 1: PCR products.
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Fig. 7 Single crossover of plasmid pUC19-EPT containing pta
gene with the chromosome.
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Fig. 8 Fermentations of wild type and recombination C. tyrobutyricum. (A) Growth curves of wild type and recombination C.
tyrobutyricum. (B) Utilization of carbon sources by wild type and recombination C. tyrobutyricum. (C) Butyric acid output of wild
type and recombination C. tyrobutyricum. (D) Acetic acid output of wild type and recombination C. tyrobutyricum. o: wild type;

m: ME.
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Table 3 Comparison of organic acid yield from different
strains

Butyrate yield Acetate yield

Strains Sources
(g/g) (g/g)
Wild type 0.352+0.013 0.07240.003  ATCC 25755
ME 0.471+0.021 0.051+0.004 This study
PTA-Em 0.38+0.03 0.058+0.004 Zhu!'?!
3 &

YEREERAA TR, SR TR K=
JEH K, 2006 4E2EK T By ik %] 30 000 M, KK
BERRERM, WA bR = o — A R BT MR
AN BTSRRI ZBEAR BAF 4 2 4 T RF
JE Al e R LR

i TR DA T AR A A0 . AKE | 272
BT R SE Z PR AT TR R T, X AE— e R b
it T TR T 2T 4k 2 R D WA K i AR b s A
ANFESY I ) L T R A A T ot R IR R 4 &
i 1 s BT 8D TR e e i T sl 2 .

AR TAESHT T 1 T BRAR T AE A AR A5, I 2
XA LA A T AR PR R e 8K pUCT9-EPT,
B G 0 A T R AR T, 38 it [) VR R 4 i T R AR 1A
Qe fk I pra FEREA K A PIE T AR Y thi
B, S R AR A 1 v G I TR e 2 T I
B (pra) WIFRE, IF8EmE T RRACH R 2 OG5 il
RN (thl) BYFR . [RIIEXF B A B A L B AT
KT, RIS EA R, HTRERN
0.47 g/lg, SHPERALL, $INT 34%, LRIGRN
0.05 g/lg, HHFAERALL, T T 29% . KL%
AR RRAIARAT R T TR A Ak T A8 7 1 Ay R o 47 4 2 T
AL R IR AL TR ISR
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