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Screening of Clostridium strains through ribosome
engineering for improved butanol production

Lijie Chen, Guanglai Shang, Wenjie Yuan, Youduo Wu, and Fengwu Bai
School of Life Science and Biotechnology, Dalian University of Technology, Dalian 116024, Liaoning, China

Abstract: We used ribosome engineering technology, with which antibiotic-resistant strains are resulted from mutations
on microbial ribosome, to screen a high butanol-producing Clostridium strain. A novel mutant strain S3 with high butanol
production and tolerance was obtained from the original Clostridium acetobutylicum L7 with the presence of mutagen of
streptomycin. Butanol of 12.48 g/L and ethanol of 1.70 g/L were achieved in S3, 11.2% and 50%, respectively higher than
the parent strain. The conversion rate of glucose to butanol increased from 0.19 to 0.22, and fermentation time was 9 h
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shorter. This caused an increase in butanol productivity by 30.5%, reaching 0.24 g/(L-h). The mutant butanol tolerance was

increased from 12 g/L to 14 g/L, the viscosity of fermentation broth was dramatically decreased to 4 mPa/s, 60% lower than

the parent strain. In addition, the genetic stability of mutant strain S3 was also favorable. These results demonstrate that

ribosome engineering technology may be a promising process for developing high butanol-producing strains.

Keywords: ribosome engineering, Clostridium acetobutylicum, butanol fermentation, butanol tolerance, streptomycin

TEAEN— RO B A kRt B Hpl R
bk RERERE R . SR . 4 &AL,
SR BUEERL, T BT R IR
g, CZRMREENTIZeE, Bl TRARE
o, TEER PR AR AR, XK T RS0 B
A, BT AP M, e e T R
BETE a2 FB 2z P, My &g
Al RUEYIREAR R BOCHEEMEN . TRk
I B P 3 7 TR AR T A9 R TR 1) 0 5 A
RmATR S, HA RIFEA R M
NP, IR — Rk e T R R AR
B 7R M ORT R o T BE AR B X R BE R bR
C. acetobutylicum HAMRKMTEM:. 4T EERE
KF] 10~11 /L B, WAL R Z B sm 2 g, Jf
RAEBETM T PR B A B TR R A
L TR AT T R A T 52 A1 o 2 T R
E A ER D

R RV 20 W i AT 2 B A i) T 4
s, S5 M RIS 8h | AR A B R I AH G
R VAR S 1 5 A4 7 B 5 W P 0 AR
BRI TR AR R LR R R R R WA E
Py o Rt ] AR MR IAR 2 2 (R 1
Ml tRNA) 5IAREDE, AR RS, B
FIARH =Rk, AR & i AE 42
E AR, W R AEE.
RRFR . FIREREFHAERALHMAEY, (I

WWEAR A R 57 o OB TR HOR B B 115
AROR, BT EEH TR S A A
FeA 2t sz A g 410910 Rurosawa 2 IRIAS #E
25 MIAT B Bacillus subtilis 168 i % AL 1115
HERF R EATRE, H: a-amylase Fl protease J= & H#2
BT 20%~30% ., Hosokawa Z50"2IN] S 51 {5 2 fifg
i Pseudomonas putida KH146-2 #7555 2 . F
HE R K& R PR, s 2lmbiE R
GAFKRXT 4-FRFER R T TR 52 R B e R R T
1 0.8% 2= 5 5% .

SHAWME RO, BRI TR RS
7, iRk, TR E Rk, el
MMBtAERY, 55 RZFDRHORBLF, 1B
Wy, PO AR TR 5 A B A i A
2 BopE A TR T C. acetobutylicum F9i%748
e, DA T B i H TR A i0E . ST,
A SCH Rt R AR OR (0 B R A AR
C. acetobutylicum L7, IR = i T B
PR, Mg T B AR SE PRI, I S 2L a
FETAEBEE HeAili

1 MuE5F#

1.1 ##
1.1.1 Efp

A 52w Y AL PR A B N R T B AR

Clostridium acetobutylicum L7,

cjb@im.ac.cn



1050 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech September 25,2012 Vol.28 No.9

112 HEHE

TEALEEFREE (g/L): FAIHE 20, 198 1 30,
TR 10,

KRR (g/L): Hi%HE 70, CH;COONH,
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C. acetobutylicum L7
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4
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_| Picking the single colony then culturing
for 20 h in culture medium

Culturing for 72 h
in fermentation medium
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Obtaining the strains with
production increased by 10%

Fig. 1 Schematic diagram of screening for high butanol-yield strain by ribosome engineering.
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T ORHR TARHOR T BE BT RAS Y 6 BR 1A, X
P AR R BESCE, KRB S3 MKk BEtEREfcka e,
EERNE 2, WEPATLIEH, 485K, S3 1)
T RS RichaE , ol dERELE 11.8 g/L
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Fig. 2 The growth of C. acetobutylicum L7 on streptomycin plates with different concentrations. (A) 0 mg/L
streptomycin. (B) 10 mg/L streptomycin. (C) 40 mg/L streptomycin. (D) 50 mg/L streptomycin.

Fx1 #EKIIERT C. acetobutylicum L7 BYTF ik L

Table 1  The high butanol-producing Clostridium strains by ribosome engineering

Strain Parent strain S3 S9

S13 S16 S26 S28

Butanol (g/L)  10.65+0.08 12.00+0.10

11.73+0.08

11.72+0.11 11.86+0.06 11.90+0.10 11.7840.04
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*2 S3ItERIAEM
Table 2 The genetic stability of S3

Strain Passage times Butanol (g/L) Total solvent (g/L) Butanol/total solvent
Parent strain 10.65+0.08 17.39+0.06 0.61
S3 1 12.00+0.10 18.90+0.08 0.63
S3 2 11.54+0.06 18.61+0.08 0.62
S3 3 11.824+0.05 18.70+0.09 0.63
S3 4 11.83+0.05 18.67+0.10 0.63
S3 5 11.7540.05 18.81+0.08 0.62
A 6 +OD620 —0—pH ——Glucose 770 B 6 _°_0D62() —o—pH +G1ucose- 70
5 60 5 460
| 50
s 4 50 5 24 S
3 402 8 40 2
8 30 S g 30 8
£ S T2 S
a2 20 = 20
1 10 1 10
0 1 1 1 1 1 1 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Culture time (h) Culture time (h)
3 JR¥AE (A) #1S3(B) B ODgy. pH R F%HE R Z
Fig. 3 Time course of ODg,, pH and residual sugars by C. acetobutylicum L7 (A) and S3 strain (B).
—— Acetone ——Butanol ——Ethanol —— Acetone ——Butanol —— Ethanol
——Total solvent ——Acetate ——Butyrate ——Total solvent ——Acetate = —— Butyrate
A 2] - B 21
18 18 -
~ )
= L 5 15+
§ 12 + g 12 +
Z o ot
=y
6 + 6 L
3+ 3L
n ! S = n ; ittt
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Culture time (h) Culture time (h)

4 JRIAE (A) 1S3 (B) HIRBEEFATIRBHE ML
Fig. 4 Time course of solvents and acids production by C. acetobutylicum L7 (A) and S3 strain (B).
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=500
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5 JRIAE S3 #Y ORP %k

Fig. 5 Time course of ORP by C. acetobutylicum L7
and S3 strain. ORP: oxidoreduction potential.
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NAD(P)H 7K F 5 B AR AR5 A1 571 7= A8 %
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BrBEMERRSE (—490 mVOIRETR) fFAE—E 1Y Tk
P, £ %) C. acetobutylicum #4T ORP 45 LI =5
PR MR & TV i RO 9 A 36 Y, 28 F ] ORP
AR TSR AR, BRI S, &
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Table 3 The comparison of S3 with C. acetobutylicum L7

Total sugar Maximal Total
Stains fermented biomass A:g/tf;le B(ug/?)o ! E;[gjlf)o L solvent A/B/E YB“(‘;“/‘:;)S“E“
(g/L) (OD¢20 ) (g/L)
I;f:airlllt 58.6+0.28 3.19+£0.08 6.11+£0.06 11.224+0.04 1.13£0.06 18.46+0.04 0.33/0.61/0.06 0.19
S3 57.5+£0.28 3.18+0.03  6.07+£0.01 12.48+0.03 1.70+0.07 20.25+0.11 0.30/0.62/0.08 0.22

C. acetobutylicum & P4 3 Fhigs il . NI
(A). THBE (B) FIZE: (B). KEEZEL, A, B,
E = H B —MAE3 0 61 1 547 .3 3 i i,
S3 FFAR Y A/B/E HBIMIZEA K, AR
Hh T A 14 7 5 AR R e K A= ) i OD g AR AH ]
e e S3 A B T BERN B LE SRR TR 55, 43 Sl 4
B 11.2% (1.26 g/L). 50% (0.57 g/L), WNEIFH%E
RN, BRI 9.7% (1.79 g/L); T H/H
AR AR 0.19 - F] 0.22, S3 K lgd
WA 52 h, AALCIREATE D 9 h, K IEFRIAGEAL,
M= T A, Uil] S3 T RERYA: P 883
B, iKE 0.24 g/(Lh), MR 30.5%; It
S3 TER B AL, ML AR Z R,
HApka i st m ., AT RERR SRS,
AR A EE I S PR ARIRI . S3 5 RUA TR
A HLER A E ISR 55 2.70 g/L. 2.89 g/L, #H
ZEANK ;. ZHSER = AR, T S3 YT
5 ORI AR T 1.83 g/L, AT LA
S3 T S ZREARHNE A AT R R A T ARk
AT BES SRR, T R A A B
AR AN CHERG , EAE EOCHE; AR
R R S PR, R AR TR Y
L, AT N TR e

TEERBESG ], R TR A A R T AR —
SEHABY T, BlnGJE . oL wik A
PAERNER . 20 BIRE, B REA —
SEMTREYE, 52 TR R RER R L BUE A, Jf
B R R R AE R, R RO, RRECR
BRI FHAAGBRAL, AR TIE2 TAEM AT,
HEINIR /> B BOMERE . X S3 & BEM (R KG EDE T
B, IR B JF AR TE Y 10 mPas J/NE]
4mPa-s, FEIET 60% ; BOKHE TR 8 Mk
T AERYJIT, DT80 R T BLAS
2.4 S35 C. acetobutylicum L7 89 T EEfit 14

A e i A 7 HE W RIS 1 T L 1-
PEESE , EAR = W38 2 0 A A AR R B 5%
YER, SempiRA R, TRERRED, T RER
KYE (BT ) MR E A iR, T
ife, HoEEMERUR S, ATP, 25,
WElE . RNA | AR, BIRE G R E KT
pH., 50 Jf P T A RO R e B 1 ds i S 4ge,
BT ARRIET- D TR R B AR T
R DT RV R, RIS B 3 B AR
HoxE S3 /YT EMMAEREAT 1755, WAl 6 B A
TEET (0.6.12, 14 g/L), C. acetobutylicum
L7 5 S3 WA E RS
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15 |
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=
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0.0
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Fig. 6  Growth profiles of C. acetobutylicum L7 and S3 challenged with different concentration of butanol. (A) 0 g/L
butanol. (B) 6 g/L butanol. (C) 12 g/L butanol. (D) 14 g/L butanol.

MERRILVE ), i T EER AL T, S3
AR 9 TR LG T, [R) I [E] A ODgyo — ELHR
R K, RO BRI T BEM 32 07 o IR IR R AE
12 /L T, BEYIREB4ERAH, H K ODeyo
H1.39; ZJE R T B AZ AR, B KEIET,
TERIN 14 g/L TESKEET, S3 WK ODgyo 2218
Hom, ERON 1AL TR R ICEAE , ODeno
— BN, A5 S3 AT A2 Uk BE LU AR TR
SR 14 g/L F112 g/Ls
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THEEXF C. acetobutylicum (35 2 4E FIAH 24 ™
H, T MR, R S3 A K RAT,
K ODgro %4 2.43. 2.46; &A THEMBHT,
JRIRTR S S3 AR Z B RN, AR TSR
1%, R ODgy #RARREILS] 2.4; FFH 4 FhTEE
WRER, i BLIE G S A B (B B 4, 43R
J74A 12h, 12h, 6h, 0; S315h, 15h, 9h,
6 ho TEMSZ TEEMRBRIEET (IR 12 g/L,
S3 14 g/L), ODgy HAEHIFHE] 1.40, LG T MMk
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