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Adaptation of a Saccharomyces Cerevisiae strain to
lignocellulosic inhibitors by domestication

LI Xiao-juan, HUANG Rui,ZHANG Chao,LUO Bin, GONG Da-chun”

(Research Institute for New Energy, Alan G.Macdiarmid Institute of Renewable Energy,
China Three Gorges University, Yichang 443002, China)

Abstract: In order to find the strains which could reach high ethanol production as well as telerate inhibitors on the
lignocellulose acid hydrolysates. Through sequentially increasing in the concentration of inhibitory compounds in
five different acclimation media and acclimatizing 23 days, the yeast resistant to drug was obtained suitable to
produce the ethanol from the lignocellulose acid hydrolyates .When the yeast resistant to drug and the parent strain
grew in the same media which contained several inhibitory compounds 3.2g/L acetic acid,0.8g/L furfural,0.4g9/L
formic acid, the drug resistant yeast’ s maximal ethanol yield could reach 0.428g/g, up to 85.6% of theoretical
ethanol yield.Compared with drug resistant yeast,the parent strain’ s maximal ethanol production yield only could
reach 0.2469/g, up to 52.8% of theoretical ethanol yield . After 5 continuous passages, the average ability of
producing ethanol was stable.Compared with parent strain,the yeast resistant to drug had good ability to ferment
glucose and produce ethanol as well as tolerate inhibitors .
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ARSI 2 2 ad K WA Y4k, G 358 Y — Bk i 25 B
M, BEASTE & A W IR . 21 BRI 10 2 & P Rl o R
R A A 2ot P R AR TR AR I =, A
B3 1) & W RE RN = 2B RE ) p R e e .
1 Rl 57A*®
1.1 Rl 5EE

RIS Rk A A0 10g/L, SR IR Sg/L, BE R
128y 3g/L, Z 2Ry 3g/L, BUls 20g/L. HAL ;37
LA AHE 10/ L, SR Sg/ L, B2 Ay 3g/L, 2 3F
BH 3g/ L, YAk 5% 3% 3L 4 B A% 25g/L, W BER
lg/L,KH,PO,1g/L, (NH, ),SO, 0.4g/L, MgSO, - 7H,0
0.08 g/L. = 08 35 % 2k . 70 % W% 200g/L, B% B2 6
50g/L, B 3g/L, (NH, ) SO, 5g/L, MgS0,2g/L, 4
H2E B, 0.1g/L, 442 C 0.1g/L, A4 02¢/L, it
7% 80 1g/L, IIZLEE 10g/L,

20144550787 163



I{iétﬂ@f&

Science and Technology of Food Industry

UV-1100 0000 RilESRIE AR A R
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1.2 SKWHE
1.2.1 A me il WREPR R 22 vh i (PBS, pH 5.8) : i
BAPREL Na, HPO, 7.134 g, {5 it Jri FHAS AR /K 1 fidt i i B
2 100mL, FCHil Bl > 0.2mol/L M A5 M o HERH
FREL NaH, PO, 46.752¢ , %5 fiff J5 FH 75 188 7 15 it I i B
28 1000mL, FCH R N 0.3mol /L i W a5 H o
Na, HPO, F1 NaH, PO, & Tk #% 8:92 HLFRGRIT]

Mg( II) fitf & # (100 pg/mL) - AERHFKHL 0.1660g
AL TH SRR P, #642 F1) 1000mL 250, H
IR RE R Z E , 5% S FF o R A B AR 6 i 4 TR
10mL F 100mL 25 K0, I K #i f 22 20 B2, 3 2
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MISRELF W (0.03% ) - HERR{FRIBCHIZR LT 0.03000g
TG R A2 3] 100mL i, FHAK R BE 2=
ZIPE FE 2

IKAGPRIEW (1% ) - WERR FRIUK A7 IR 5.0000g 3%
THE oK BRI, Fe RS B TR A S00mL 7 i
b, HICK S R B = 208 38 2 o

NaOH ¥ #& (1mol/L) : #E#A FK HL NaOH 40.0000g
T TE K, A F) 1000mL G, 7F H 58 4
VS FH KM B R 20 B, F8 20 & o
1.2.2 5§ [a) IO 3 i 2 19 B BBOAR) T 4% 97 2k B g
— R R 25 AL 1 IR, 28°C, 1501/ min B 5
24h, W 10mL {H AL 9 R SRR 31 90mL Wil fE 1% 7
Fe A i ARUERAI A S 0.1/ L, B[ 6~12h 1
FRE S T R AR BRI A R A IR D B9 A
ZeBH S HE /N TR LR AR S AR 90% I R A5 IR
Sl , # 1k 15Smin, fiff 55 IR I h B9 B AR [ AR DUTE LR 3%
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PR E] T — LK 90mL (Y YIfL 1 IR e rh | $8 IR K 2
S8, RO R TR — A WA AL af A7 5, HE A LA
FERE, BRI SE TR LR WAk o AE YAk B R Y
TE AR, YRR SRR T B A AR S ) TR 4 A
B Y 10% I, S T3 Y B e % R L, R 4 i e 2D
BRI YLERIN (0] o b T {7 B8 AR BE T 4 1) 3 N 410 1)
TR JBE B AR A, S o 500 vk B A WA 2 AT 8 Ik
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Table 1  Concentration of inhibitory compounds in the

fermentation media used for adaptation

of Saccharomyces cerevisiae

P kRIFpE A B C D E
2 (g/L) 0.8 1.6 24 3.2 4.0
5 (g/L) 0.1 0.2 0.3 0.4 0.5
BERE (/L) 0.2 0.4 0.6 0.8 1.0
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Tt i

IR FF B A AT A WAk i R LR B RR , 55 E 2 FD
FyE LR FE L H , 28°C , 1501/ min, 5 3% 24h, B 10mL
WAL T 3 RR R 90mL Wil {1 3R 3L D b R IE A
WIZEY R 0.1 g/ L, BB 6h AR & g A ) 0
AP i O BE S AL, O B B AP BN S
SR PN =L, VR S as X R

1.2.4 T aERERE S R TR AR A0 I R 5 1 M ) EE AR
B — IR 35 0 FO 3 2o ad Yk I R WA kR, 45 B
PP B E A% IR AL, 28°C , 1500/ min, 1% 5% 24h, f5F
OD {H 2y 6.0 (12l 600nm) , &0 (5000 x g) Y AT
B2 i, FH PBS MR e — k5, RUEW A A, D
wIS A 50g/L WA BENY PBS, 43 B A& 4 10 4l 71
(PR 3.2g/L B 0.8g/L, HfR 0.4g/L) A _FiRid &
JE BB, FE 30°C K B5 3% 30 434 )5 B340 (18000 x g)
Smin 435S H BRI R, B LW RO SN0 TR
) B

1.2.5  TRERERE " L BEME e E R TR R R
T B ROV A AR B I AR AR S5 IR, LR 5 R HE & R
3.2g/L, B 0.8g/L, FiR 0.4g/L A K AT LB 1, 15
[ 6h 5 7= 2 Bt da , Xof T 255 P B 7 £ B e A g
PEFTPEHT .

1.2.6  WEEEAITM AL A ™ it 5 R 4 R 2
IR TR, I AR A IR ( LR 3.2g/ L, BERE
0.8g/L,H i 0.4g/L) ,28°C , 150r/min, 4} [ 6h I &
FES TP A AR S R O

1.3 MEFE

1.3.1 ZmEEENE  SHAEOE LS &,
R % : FID , t8,43% S5 4F : 15 2 1 1R 80°C , 1 4 2 1R %
160°C , K Z= Y8 )% 160°C , EFE R 2l AR 4 g i X
B AW,

1.3.2 /B srtbEmRme by aE. B
T P ERAEPR N 600nm T EWSCRE A,
AR I PR P B s v A ) 1 it e H O RIS T B 1 AR )
B1H,

133 EEETIE  Sree)EERiE st s 7 & &,
BURE 1mL F 25mL () FL @8 4, 435I A 0.5mL 7K 4%
BRVE W, TR 2T, F-n 3.0mL R SR 21 5 W, IR 4T, 1% H:
BT 40°C JK 46 P 10min f5HHY, M 6.0mL 1mol/L
i) NaOH ¥, 1R 2 T =18 F it & 30min, 7E 555nm
PR A IR G)E A, AR IREE B T th & T3kt
R A,

1.3.4  HIEFESREINE 530000 B I w45 0 &
o BUEE2mL F 25mL 9 L8 P, im A 1.5mL 9
DNS 1857, H B K Smin J5BUE , R HI B =
W, FHZE AR /KRG B 28 25 mL, 7F 540nm &b, 0 & 0 % %
Ao P AW 2T SR A 2 ) i

2 ZHRE5HH

2.1 tRAEHZ

2.1.1  AEYsEbadiihge AR T Zh SR A5 2 bR vE ik
2k y =2.2737x +0.0209 , R’ =0.9977
2.1.2  BEErhadidhgk AR T g
£ y =0.1592x +0.0367 ,R* =0.9983
2.1.3  AEPPERRE L AR ETI2s SR A5 2 bR dE
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Fig.3 Standard curve of glucose
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2.2.2 € [ Gk G B i R R R 1 R 2 B L O AR R

GnE S BT s, BRI R 0 Wi 2L 43S 5 IR
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Fig.4 Biomass growth during adaptation of s.cerevisiae.
Vertical solid lines mark changes in the medium( A-E)
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Fig.5 Specific glucose consumption rate( average values)

during the adaptation of s.cerevisiae
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JIES , 3] 50 v B AE £ R 3.2¢/ L BT 0.8g/L H R
0.4g/L i, ifis 25 M d5e KA Wy ey 2.7 g/ L, 111 Ji 4 B
KRV I KA W) A 0.089g/L, 7E 18h J& , it 25 17 £ 55k
PEASTE A 1, 28 Py I 5 B TR %) 18 T 171 22 12 1
Ko T HELR AR — BN TFE B, A — HE
W sk

2.3.2 Tl EERERE S AR B RR A AT B S R ARt
P 7 TS i 8 I R R 4y TRT A 8 10 i 77 ok B o &
P2 3.2g/ L, W 0.8g/L, HI R 0.4g/L i, 54 B kR A0
HIAGHE S B — B AE 22¢/L Ao Ay, Bl 25 B[R] ] 45 B8 2
TR ERA W R AR L, T AR EERE 0~72h B it
T PR R X ] 260 A 114 R FH 48 Sy i, A T8 h I A 2 A
ErmIEA 0,

2.3.3 T EEREEE S R AR TR O BE S B AR L Al
8 JIT 7 , T 25 1 B 01 J5E 4 TR7 Aok A8 410 a1l 35 i B2 Ok £ PR
3.2¢/L RIS 0.8g/L, R 0.4g/L B T 25 % B 114 B
ROBEF=1 R 107/ L, ZBEr= 48 0.428¢/ ¢, A 3| 31
WAH ) 85.6% . 1Mij JE 4 PR AR 14 I K & B 7= 1l
0.66g/L., Z, I 7= 3% 2k 0.246g/g, i 3| B it 8
52.8% , 1M ELIfH #3 BEBE 78 72h B ik 3] 5 K £ B = it
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Fig.6 Biomass growth of non—adapted strain

and drug resistant yeast in medium D
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Fig.7  Glucose of non—adapted strain

and drug resistant yeast in medium D
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Fig.8 Ethanol of non—adapted strain and

drug resistant yeast in medium D
2.3.4 b EE RS AR TR RR — S8 Ok 2 B0 LR AR
AR 2 BT, Tk W B R0 it 4 BT AR 78 900 i 57 3k BE
SR8 3.2/ L MERE 0.8g/L, iR 0.4g/L B, Tif 25 1%
BEAE LU S G TR AR T 5, & B 7 2 42 v 75 % , 2 g
1538w 3.72 %, SERF I I W iy 46 40, B W R
L7/re 0

166 o14z%07m

Tt i

K2 MRS UG R R
TEPIALIEFRRE D v R o 80 UL
Table 2 Culture parameters obtained by cultivation of

drug resistant yeast and non—adapted strain in media D

[Z73 i} 25 B 1 JEU AR P B
LA RE ST (¢/L+h) 0.149 0.0055
Ny AC ) 0.431 0.246
ERER(y/g) 0.108 0.029
F: Z B A 72 fig 51 = ( Ethanol ),/ ( Time ). & F:
(Ethanol) AR R #&A % B A2 h £ B KM, (Time) ,, AR

RAE e = £ WE Wk B2 I P T FE B I ], £ B T R =
(Ethanol) . /( Fermentable Sugar) .. 1E%: (Ethanol ), [0 %%
ARt e Sl R, (Fermentable Sugar) AR TE
TR SR BE I T I AR T FE RO AT AT O i o AR AR =
TS B P B /T AR R A B
24 MWEBS5RBERNERTEERNLE
e 9 Frow, i B B RSN Ay BE B T A
0.3976 g/ mL, JEUUH TR AR 76 AH R 19 25 78, ARt % 8%
BT 1.0257 g/ mL i 25 7 B 506 B RRAH EE
B R EcAE W de e, FE LRI R ST, 10~
60g/1. FIR L T 9% ~12% [ 8L, 17 ~102¢/L Z,
BRI T 9.3% ~28.5% ML SN | 3.5~21 /L ks
LT 0.1~2% BBt , 2 B30 i 55 X 248 o 115 5 e
PEVEAT W AR R R JRAS IS 86 b T 9 A
BN, LR 3.2¢/L BNE 0.8g/L, R 0.4g/L, AH
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Fig9 Cytomembrane Integrity of non—adapted strain
and drug resistant yeast in medium D
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N3k 3 FroR Wt BE W B 2R e SR AL AR S I, Hom 4
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Table 3 The adapted strain’ s ability
of producing ethanol evaluation

FARIEL 1 2 3 4 5
LA (/L) 1079 1070 1054 10.68  10.62
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Fig.10  Growth of drug resistant yeast
in high glucose medium
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