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Abstract: The production of energy via fermentation is an important method to develop the renewable
energy sources. Due to adverse environmental factors such as higher temperature, higher osmotic pressure
and solvent toxicity in the process of industrial production, the physiological functions of producing
strains were often changed, then reducing biotransformation efficiency. Therefore, obtaining excellent
strains with higher yield and higher solvent resistance is of great significance for the current ethanol and
butanol industrial fermentation. In this paper, we propose to discuss the ethanol and butanol producing
strains, and the current breeding methods for improving ethanol and butanol fermentation performance
were systematically reviewed. The opportunities and challenges in the production process of ethanol and
butanol were also discussed.
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A AL THOR A HEA R HE S it R 22 Tk
JERIARIE B )1 Z— , SR REE AT REIRT SR A A
W N B A0 B DR AR i BE TSR S R, RE IR G
HLZ M B 5 B[R, A A7 BT R AT i A
A PREE 75 Qe A AN A/ L R, & i T P AR fiE
BB LA R E B O A BRILR AR Y B REA R
RURBE . il RARAUR B0 OOR BRI, BAw
R IR ST AR AR . P, AR O
B A BT P BARAC i, 5B TR T
P 7 AR N T AT R AT SR R S
(B T8 ] SR E B IR B S0, o T
TR 1 B AR R 22—

SHA T R BRI, AR OB T B R ™
Wy AL, N A A =l A R e R R
PR AR, AT BOR LT Pk 1 Fe 7= 2 M
it BARETARE U LB T2 MG B HoR
S5 B, AR A LI R B B MO S 4 R A AL
FT RS T —E RIBFEHEE B T B
BN AR

H—Jiihn, ARG kR R, YOS T
W14 K IR SIS ) T 5 B o B B ORE, Aok
INAE | EER L OBEEESE, AR BERE T AN A
K AR R, RGO/ 0 IR
A PR TT R BUAE 7= AR SN DL e 5 N i 55
[ i, JT R A BRI AR LT 4 | ek
EHATEY OB T R A O A A I RE I
SUSATF I IS 22— , SR TTTZT A /K A A okl 55 %
TR BN A7 AE , B T R RR X RN R 1
IR, P, BRI R A 7 T RAT) S 5 e A
PRI BORAS B GBI AR B AR B 2
77 BRI AEAFAE R AL | WREE /N | )™ G
TR AR A Rk . I, AT E R, 4l
SAHR S TR E R L AR AT R R AR A
O R ERREIH 7 A SONE B PR & 2 41
FEMBEARNE, RENH TIEFRED OIS T
LR 7 TR R R TR 3 0 B, 0 A LR R &
P Ll Py P A S T B

1 HHEMEAR

L1 fREEMEA

FIFAL G A2 T Btk IO A8 AR 24 il
T TR E TN —, MG T R
R 1o Horp, PR AR E AR LU 557548 (n
B-IE, y-Stek . EEANEYRCHE UL, HE S
J DNA HEKra s & FACHRI R 7 A4, k3155
AEH R H 0, BAERAER R SRV RS
T Ak 272175 28 W) L 2 A <8 175 28 ) 2 Bk 1) I i S5 K
(nitroso-guanidin, NTG)fz A WL, 5P HLEAEHH
Ee, A2 An AL BER ke Ar , i i) Y
ARSI AR, Z2 03RS R, (Bl Tk
SRR R ZAEAE— 0 (BRI Ve, R I il
JFH S 7™ % TS S B AR AR L]
1.2 #FHEMIBIFTHEAR
121 REBTRIEAN

BRI IR KB I AN 8
TIa, RN — ] A e i R U 4, H
R g T 48 AR Fe m ek p Y, ki
20 tH42 90 R LRA M FE LM, HETHRY
AW AAR AR T, AT VR D075 A8 U5 5 | A AT
LR F00 , WIS T B R AR YR b
Hiiz o 5 R AR S R AR I AR R] , (REE
AR R 3E ) e i e B S R A Y iR b Y
Y e RBTIE 5 DNA #EWTZE, [l SRR REAT 1Y
AETE . Ui S A = PR RO, S A A
AYAH B AR R 5 2, FEs A8 B vh ik nl el 5 |k
TR EA . RS 2 E I K 5
AR R R B, AR TR T ARk
I A7 TE RE S TTOAR S sl it A% e 3800, AT 3 i s A=
Yy 240 e R B A I A AN R R 408 4 S ) ke, 7
R P LI, BEE TE AR S A3, %)
THAREEAWOINEGR , FFfLIR &R —E WA G, &
B B TR Y T, 77 AR N Y AR ) o K
AR B Vi1 S O 1 - B L e D il N
H'. Ar'. C%, TEXELIEFHRBL N BT
Hs M) 2 o Liu 2% Clostridium beijerinckii
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Table 1 Some traditional mutagenesis breeding techniques and its effects

BHAETE (73 ARG R S22 30k
Methods Strains Mutagenesis effects References
“Co-y 4% T FREBE CICC1960 AR KRR T 140% [4]

9Co-y irradiation Pichia stipites CICC1960 The ethanol production was 140% higher than the parent strain

“Co-y 41 FEIC IR TR S L R BRI T 85.41% R 81.46%  [5]

Co-y irradiation Clostridium beijerinckii

Butanol and total solvent concentration increased by 85.41%

and 81.46% compared with the parent strain

=i B e R R AR R T 25.7%A1 42.9% [6]

The ethanol concentration and productivity were 25.7%

and 42.9% higher than the parent strain

X RFEFF KA P BB TR AR 5 T 14% [7]

Sugar, which obtained from corn stalk hydrolysate,

utilization was increased by 14%

SHMBEAL P B NR1

Ultraviolet Saccharomyces cerevisiae NR1
OB FRICHRE 8052

Ultraviolet Clostridium beijerinckii 8052
LR £ TR TR T B

Ethyl methyl sulfone  Saccharomyces cerevisiae

LI R EREER T 17.3% [8]

Ethanol production increased by 17.3% compared

to the parent strain

FA LT £ Wi
Ethyl methyl sulfone

FERMRTE 4259
Clostridium beijerinckii 4259

[ g ) P 22 KA T P ) R A O 2 1 [9]

The hexose and pentose in which collected form wheat

bran hydrolysate were simultaneously utilized in
butanol fermentation.

DIZIEES! B T AR 1 PIC4BK
Nitrosoguanidine Clostridium acetobutylicum
(NTG) PJC4BK

TR R R R R R T 44.5%1 30.5% (10]
The butanol and total solvent concentration increased by
44.5% and 30.5% compared with the parent strain

D64 HEAT N F o ABARAR IR, FRAS A 248 T
PR NT642, FE5r#t R e FE P AT 774k 15.4 g/L T BE
1223 g/L SR, FEAT A2 3% (R T
M, TR A2 R R AR (T BN A2 N T 2%)
il =
122 EEFRIER

B U HT T E A HORL T, AR A
FEAAWR . —EFHS A HPAAAERH HORL R
TR R R D AR iR 4y A R
TR AR . SIESIE AN, HE T
PR AR H % R AR, 5 DNA #5145 LA
WUEEWTZE N F, TAET A DNA /A28 8IH, DNA
XU T 2R B o ™ E A 5 2 R, LA 3 B A 2
PPk K7 (B 52 A2 AR A 52 DNA R Br 518 il
255, BHATANRAE S, T S 304t B e el ™ A=
AR S  by—yh, EETR REA  A
S LA 305 PR 2R St e Tl e A AR AL R 3, BP0 A 16 %
BT AR B3 NS TR RS T R, U
TE = SR 5 AR i AT AT R R R i AR R A

ZEASTE R RS INTY, HOE L E R TR 2R
16067 1206+ 365 18 ok 12064 A
PIAREA T b . Tk REPERFSY C B TR
Saccharomyces cerevisiae CICC1308 ) DNA {5
TEOLET B, C B FHRIATIS & =i #1) DNA XL
BEWrS, RIET 5 R — RN AV B E R, T
BB 5] e T SO R A 2 e R A T 7 A 28
AR Y SR . Matuo 25PN PO
TR BN CCo-y B X Saccharomyces cerevisiae
URA3 MRS B, PO s 7 R BRI S 1
SR G AR R CCo-y A 10 155
123 BEEERSFEFKFT

5B AR PRI, 2 K I s A
BEARRY L. SRS FRITEARRMLE, W
& % I 45 5 T-1A (atmospheric and room temperature
plasma, ARTP)IFAZH AR LR TR BRI AS R
Gt TR 1 LS AR A B A A 1 e
XA AR, KR T AN AT R P2
[ B A AT A B, ARTP 7578 4 AR 7E AR 15t 4 4 it
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SER R, B A% DNA R RMERALH, H
Hilk SOS B4 fx Jy i U, T SOS &4 & —Fhitiin
WimE s, B R oA E O S AE
A S HAN A B R AR R P2 Zhang 260
WL XT L ARTP, 545 4-fil§ e msmbk-1-52 464 . N-
FF LN il 22 -N- 0 il I 4 i DN $53 40 3 %
GRARIIN K I R, ARTP 175 S 98748 Z8 830 15
FH A FE A I

ARIREH K ARTP B2 ARX) Clostridium
acetobutylicum FEATYEASREFE, FRAF 1 578 T4 Bk
ARTI18 KEEEE M =4 11.3 o/L THE, ik
HHREER T 31%, [FIIF2878 ik ART18 RELAAKSE
WE R ME—J ), TELAL REEA RIS, el =k
12.9 /L T AN 20.7 g/L MyEHIET,
124 FAFET

YRy — i R B AR IR, SO e —FOR R
AR 1 S8 B T R SR, B T AT B S
Y RER | 5 S AR AN, 8 TT 3 L A4
7 A AR R [ A WA 50y, T R T AR R G R A
P, BRI AR 5 R AL M TR T
fift, AP 388 42 57 (A A R, SOt o i BRI 7
A SETE AR, BN A AR R, TR A
ROy Fit AL o I B 15 R Gedd AR v LR A=
A I T 1 s

HEMBEMEARMEL, #MOGHES BA R
. A RAR AL MR T, R E
ek HLAT T R A R 5K 2 B PO 1 A 5T
EEHN | 5% M He-Ne 06X Candida albicans W5
i i 2 BR , He-Ne 306175 5 10 4H At 1E 28748 %67 53
48.62%, LT EIMEI 6.62% KA AR 1
20.44%, [FAF He-Ne 614 S A (1 2875 B #k
HN-3 2Bt A58 Al ik 5] 18.49 g/L F10.38 g/g,
WIFR RIS R Z .
1.3 ENMLE =L

iE WPk SE B = i fk (adaptive laboratory
evolution, ALE)ZF8ilid4h k8% 71, MARMA:
W A K 578 5 B v R R — P i R BB,

TS 456 1T 7 B A6 1T S B0 58 240 TR MR 1 2 M) Y I,
WS AL, ALE RAIFER R A A
AACER S T AR 1 i e SRR B AR BRI, TR B H
TN RARRAS 72 A i B2,

Shui 2 P s IS NP ARG T — Bk AT HE
40 °C £MF FIEH 4K Saccharomyces cerevisiae,
H AW b R TR R 1 0.3%-0.5% (HAREL).
Matsusako 2P gk Synechocystis sp. PCC6803
XS A2 PR AR A [l R, I S T R e B R
JIHATE ML, RIS I IRAS BARRRT 45 Fh 234 4
e, [ A L P I B s A B R
IRT RN, PRI FEH LR mepd . hik43 J envD 1)
i AT RE S B AR TR LA SR I 52 PR Y S A
14 E&EFT

TEMAEY B R AR, S i HOR BT R
PRI LR R P S8 A2 T bk, (H R B o A A A 578
TR B By A R ST AN A ) R PRI, TESEPR
A, W REEAHEERARE, FIH
AR 22 [a) ) W [R50 /R A b R — 75 A8 PR I B , 3R A5
BN FEE R AR

btE TR R R AR A S, BT Bt i in £
Fefb, KL, T R%F=EXN TEAHERNZELS
T R RREIFIAT T — & it it g, 2 AF
PR IR F-52 4537578 f% 9 5 UL . Pattanakittivorakul 250
NAAS BT IR Saccharomyces cerevisiae, F|
FHE AN S IR R LR 0T R BARRE T2 A b B
PARHI ALK So8TE100-265 XM & £ FRifit %
PERL L FR R, 76 40 °C 5 1F T R E T4 62.5 g/L
LI, AREAR A N B FRIEAK NTG ZA415
AFALPR Clostridium beijerinckii L175 J&, 3RASHI%E
R MUT3 R EEVERERA AR 5, 76 DO A IR
YIitkAT R BB A] PR AR 15.1 o/L T A 22.1 /L M
L B R TR IR T 34.8%H 48.3%% . B
SR G B PR R 548 LA T R34, (H Tk
Z AR L S I I TR, B TR AR
R RRR A K E HAE, el i A r i A8 5 A
R G R RIR = A SR O
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2 BREVIBAB A
21 EREANAE

1998 4 Stemmer 7EARSN A5 21 AR (DNA
shuffling) & A I, #& 7 3% 2H 2 457K (genome
shuffling), % & P AR —FPET XL F S A
Ay RO BT TR T s AR 4
R X 0 R B AR R AR A T
ARG, LIRSS WA R | S m U™
PyrE g B R Jett SR L R 4 i 4 4
KN Pichia stipitis 1155 5 B AC U} 3k (R 5% 5% 31
Saccharomyces cerevisiae "', 3R15 W) 4% 38 1 bR
SP2-18 X & i R AR BRI Al A 5] 34%, 5
R IR S8 4 AN BER FHACHE A AR LL , IR A T
WERN . Li WL NTG 48 4 B 1
Clostridium acetobutylicum GXO01 F1 Lactobacillus
mucosae M26 N Hi & AT MRS , 28 4 FeIK
SRS, DA S FE R GS4-3 TEM IS
PE RS SE PESAT BT 71, 7E 0tk B A v ml
A2 20.1 g/L THE, TEASA65]0.23 g/g, Sk
FRRA L3052 5 T 23.3% 01 40%.
22 ERFBEHRE

LR 2H G A AR AR A X R E DNA R B
PR RN R L DASIE B B AR e DAL 1) g g — ol
AR T B, S A REORM L, RN 4 % 45
BOR PG BEALIF AL 1 A H R T, A7
KA 55 T IS o B I A e 25 e v AR IR s 4 T
HAIFEA, FEH K- F i DNA 751 € [0 2
WA T IRAT ST HAR SR Zhang SO St
P B F FE RN 90 A% PR 1§ (transcription activator-
like effector nucleases, TALENs)$% RKEAt I, it
Mt 7 — ARl S R B AL A WS B 7 TATA
HE L2 GC MER) 207 i 2 [X 2H 25 4 57 R (TALENS-
assisted multiplex editing, TAME). Gan %%
TAME AKX} Saccharomyces cerevisiae #£473&[H
ki, WL L m B R e A5, A5 RY
i 55 95 28 2 T bk ScYOO1T Kz it /2y ik 78 2% 7 ik

ScYO033T, fEMINIMME 25 1F T £ Bt A bk RER A
BIAR AR ES T 1.2 f5A0 1.3 £, Xu 2510 i i
K% Clostridium acetobutylicum ATCC55025
cac3319 FEWN 5 , AR FF IR APk HKKO T BEi 52
PR R, AR AR 18.2 g/L TR,
2.3 Rt

P TRy — 1 13 o i e 2 AR i A2 ok
PR H AR T ST R R B — AT A
PSR , 3253 o) 22 5L DR o 20 F AR G 20 A A it o 2%
AT AR T Sk, SEER A XS H AR =10 & ik
s R B AR A R EE 1 R AR TR A
A, N 4 X A it P AR AR A G 0 2% S i i b T R G 40
Br, R R BT LM s | AR A SOV S, PR
FHARE o T2 AR A Tis 4 0% o Caspeta %505
T X TR iy T 5 A8 TR P 4 PR AL N e A R B, 28748
BIPRA Z B O s A T AT IR Z SR 5,
S BEA ATP 45 OB DG R 95 DLECT 3, LA
Mok A, A AACE TR AR XY Saccharomyces
cerevisiae JJH [ A GRS A T 00GE , A0 T AR
RTE 42 °C I, #AHHHFER AR EORA AR & T
300%. Zhang Z5PVR3RE Clostridium tyrobutyricum
FEMERI R, 4 Clostridium acetobutylicum H 25
TERE AR AR 3 FhIERE (serA | serB. scrK)
Ko BEWE A BRSO A B R A Clostridium
tyrobutyricum J5 KB, 5 AR SE 2 A GEFI
FERERBEMILL, TRERHE Ct(Aack)-pscrBAK A
HRET A=A 14.8-18.8 /L THE, H THEES ik
3| 94%.
24 EREMF

B A AT UL TR 3 B R
it , NTTAF - He- 2R G041 B2 42 D7 it o) 40 A gk A 7
A o) i O R R AR AR . RURT B AR
H G AN AETE N A i RGN E <58 =k
W AR A phov 4 P 1 s B R
Thermus thermophiles HB8 #\J% & H Julf FBAlp-
groes-SLM5t A Saccharomyces cerevisiae J&, IR
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P30 TR S.c-Gro ES 7E 42 °C 244 F iy 4t A7
TGS IRE X HRZH Y 3 A, [RIINE R4 A il kK-
B AR ERREIRT 37.6%, WHRITEAE I B
o Wen S5 b4 12 B N U5 0E R 1 T 0
(fermentation regulating element, FRE)TF A E. coli
e, R T AN ET A RO R TR R A
I % L R B R (Fdh) Y5 FREqne 13 1641 A1
CIETE 2/l Y O o Ny [1§ 725 Sl DG KA S S
T, R R BT 774 10.0 g/L T, BAR
UTAFE A A AR )~ BOR T 1 40 M e 8T 19 2E
i AT R D SPNE G e S AT N o I
TETEBS o PR, S er (g R B A= 40 2 B AR ) e
S FITAT WIS 3 e 2 i DR S ] et
3 HEBERE

B Z A BR R G AW E R A=)
e s N = B i vl /NI S s UNE | BB e |
SE AR, FMOr A E T ER . &
RN A A SCRGE R T Y F A ) B i
ARIEAEY) S T B A P R RO . Ho,
MUE R BRI 0 M BE AR | W]
B, R T Tl A AR R AR IO R TR A AT AL
F-B, BRI WAAAEE B H A RS M 5 10k D] S
BEAR N ZH BRI T EHIREEE A i =
ROE e 7%, (R bR 2 LASE IR 155 0
Hlt T TR RS L T 5B 2% AUIHLEAS
T, R Tl AR AR T B S  BR it 2 51
1 T RAS B AN T, 7 AL B A AR I [R]
K AT H B TR 1 91 18 , AT MBI R 1) 98742 143
J26 R R R R AR UG R TR, R AR TR
JIT SRR R XE DG o A S BV i 5 B RO AR
455, AREBH R AR R ARr H .

H—Ji L Y AR S T R R A AR
$, BRI CEEE A AR A P, (B S5k
P IR LTS T I 2 3 22 PR, A S | IR
R mRAEE, R IR, B AT ALAR
JUATTTISRBESE . (1) ¥ KRB R, 4iasil
e O ek, A AR A R E , LA

WA Z ™ Ry Rk (2) AT
FE BB AR A HOR , i Fakwbk A B s 2
PERIOCHEIA, FE AR BRI TR R RN B[R], A2
YR (3) T ACHTRIRROT T A AT, it
Fey e v K S DRURR D A e 2%, 3 i e R SIS A
REJ), R BRI IR AR . 27 e
FERBE R AR R, MR M 28 454, 3
A1 2R AR A , RS A o T FLIE SE B R B ik
s B E e
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