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Improvement of Ethanol Fermentation by Expression of Trichoderma reesei bgl 1l
Gene and Disruption of GPD1 in Saccharomyces cerevisiae”
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Abstract: Based on homologous recombination, [-glucosidase gene bgi {l from T. reesei was inlegrated 1o the
chromosomal DNA of industrial Saccharomyces cerevisiae and the key enzyme gene coding glycerol-3-phosphate de-
hydrogenase (GPD1) of the glycerol anabolic pathway was disrupted contemporaneously, and recombinats were
screened through increasing G418 concemtration. It was shown that cellobiose utility capability of recombinant
S. cerevisize CG1 was increased evidently, glycerol productivity was decreased, and the bgl il gene was expressed
stabilized in the host cell. No impact on the cell character was appeared after introduced extrinsic gene, but the
cells were flocculate when growing. When compared with parent industrial S. eerevisize Y in very high gravity
{ VHG) ethanol fermentation from com powder, ethanol productivity was increased, glycerol productivity was de-
creased, and the cellobiose in the broth was decreased obviously detected by HPLC analysis.
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KYFETRE ., BUMST MO BA R RMATRIRENS, S8 _ WHFAIE
BESTES B, 4 EHRBENRN TS, T8 p-H&MITFRm (EC3.2.1.21) fXK
R TR B-l, 4 EHE, BIKRYFEATEHERE®, AT AT LR
B AR

ERNOBR D, RITHETRETAREMETEHERAS (T reesei) [ B-
WEETREE bel | BB TEUERS W303-1A BT H" . 2 0AFLUE
BT EERIRME, SR TRRSHA, TS T lEYS RN T
TR T PR AT R E ST, LT MR 4 Y& B B R
B0,

1 #EERZE

1.1 @A

FRE ol X BERERE ( Saccharomyces cerevisiae) Y YR BHARERE; KBHE
78 EEHE IM109, kL pSKsymOKm fI A K Z4#; HHANK pYX-BCL AN R ZE
MR, RLIFEREN pYX212 Ak, ERERREBNSABATRRAEZN B-HHETE
BERLEH belll , HOIEPAZELARITERESE S. cerevisiee W303-1A HRERER L - HERTRE
B! '

1.2 #EHE, TAEMDKH

1.2.1 53k LB #53nd: BRERHS 10g, BLERY Sg, #8105, EFELL,
pH 7.0, FERMEARMA 100 pg/mL X FEEM S0 pg/mL FREE, EFEERE
Wl 5% 3hE. AT XRBIFEER.

YEPD #5375 BE O 20g, BAFHIY 105, HHEE 20g, EAEZEIL, pH B
R BUEREESREREM L SR HNE, ATEREESR. #0200 ug/mL G418 (Sigma) H
FTEAH FHMHE,

YNBC 53¢ h: B EE (AEEEMR) 6.7, FH_FE 20z, FERO0.12g, B
FHARO. 12, HEMO. 12, RESO. 12, EFZE 1L,

1.2.2 THEMZHS: BIEPEEEEE (CIAP) ., T4 DNA %8R W N U8 Hindl
S R EAY TREAF =4 A-EcoT14 | DNA marker, Pyrobest B§# F5 (TAKARA)
EMTRAE,; KRB & 57 E QIAGEN /=& ; PCR ~YaibifHl&ah LEdH Gt
BEAYBARF =0, FHREEN Signa A7) 5; EX (KBREE) WTEXHED
¥RB0y, B, iS40 BIF, EHTE64.76%; iR o-JEHEE (2,000 wmL) ¥
FESREREMTEARAT, H{LE (100,000 wml) WTXHEHXBEYIEES
FRA®]: HAR & & B3 0 o,

L3 lIBERBENEHERHERE

HTHREEAH DNA FB, M8 pYX212 8iKFFF, & TPIRETH LWME
RS T RIS, HELTHSIWN S WESIAKE N S4bp MR TR 3-8
MHMEER (GPD1) EFEAE (51MTRHRRED) . FFk.

Pl: 5’-AACTTAACTTCCGGCCACTTGAATGCTGGTAGAAAGAGAAGTTCCTCTTCTGTT
AACGGGAGCGTAATGGTGATGGAA-3;

P2: 5°-TAATTCTTCAATCATGTCCGGCAGGTTCTTCATTGGGTAGTTGTTGTAAACGAT
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GAGATATCATGCGTAGTCAGGCAC-3",

B pYX-BGL-OKm R4, PCR §FHEBRF: 96C 5 min; 94C 25 s, 56C
1.5 min, 68°C 5 min #4735 MEHIG, B 72°C L 10 min,

H4 T DNA KF L% KA PCR 35, LIEA TR 64K DNA HiER, 314 P3.
5 -CCGGAATTCATGTTGCCCAAGGACTTTCAGTGGG-3" H1 P4: 5 -CCCTTCGAAATTT
CCCCTTTGAAGAAGCATCAGG3 P I K4 1.5 kb i bgl I A K B, T HBF Y.
95C 5 min; 94°C 1 min, 64.3C 1 min, 72°C 1 min, 30 /M&EH; B 729C %44 10 min,
L4 BBRELERF

B3R (4] #47,
L5 BEakiR

Bk [S] #17,
L6 BAREBIE

R 1: 2 RK I, RRBEEAR L EH#T,
1.7 ZEERN

ERBrAE 5, HMSERNTH HPLC #77, SRR hZERERARE
HEREE™ . REOFBNRTEENEE3, S-OHEKEmE#TY,
1.3 BEBRSHR

MR RFPE R YEPD SE3R 25, 30C 157 20h, MAMETRES, HMEER
%,

2 58

2.1 ERERETIRESBEGE FNES

FRERRE—FREARNVENE, SO —FESEER (AEBEREBR) . %K
BB R RIAREE R X G418 A hitk, BFFEh KA N B BRI %
BHT, '

FIRFItE IR HindII 45 R ARE A W7 MR pSKsymQKm FHITF, BEEIM, 3k
18 OKm B; ARSIV VI RERG U1 3F X ML L4 Ol pYX-BGL, @it T4 DNA
HHEMH OKm H Bt 5 pYX-BGL #%#%, $#1L E. coli IM109, Ll Amp™-Kan' {4 LB AR 75
%, 83T HEARMK pYX-BGL-OKm, OKm K WHGEALE bl I FilF (E 1, 2),

1 2 3 12

kb
9.8

83
kb

32

L3
1.0

E1 E4FEE pYX-BGL:: OKm BRI B2 gpdl’:: (P,-bgl [ -OKm) i PCR 4
1 ADNA /EcoT14, 2 Hindlll G E A GE , 1 ADNA /EcoT14, 2 PCR =8
3 EcoRI, Hindlll B EHARR
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PIEARE pYX-BGL-QKm Jitl, Eid PCR kP #4183 GPD1 ;. (Pyppy-bglll-
Km), SRIGH# 84k GPD1 .0 (P~ bglll-Km) F#H B, WE AL S. cerevisiae Y, LI
200 pg/mL G418 ff) YEPD SEAR fE e A T
2.2 EATFHRIE

ESCAB Mk BHIR EAKENERLVNE I BRBEEES, WEH
S. cerevisiae CG1, CG2, CG3 %, ML S. cerevisiae CG1 [ EBIZH DNA 4E 8, R H
P16 bel T 49514, i PCR JrEs Ty 18, SR EFHIIY 8 5 1.5kb 1y bl 1 H
H%&% (B 3), ¥ S. cerevisiae CG1 ¥4 ZF YNBC Hi i th, 30C, 200 o/min 3} 5%
24h, 48h, LIFFEEERENNIR, WE R ODy, S. cerevisice CG1 REB AR HF]
HEgE—mik (H4), S EAdEH#TH L ER,

1 2 3
1.0r

09

Sor|

06}
0.5

kb

1.5

0 4 8 1.2
i -
B3 PCREIEEAT B 4 S. cerevisice CG1 &AM FI HILF 48 —WERE S
2.3 {&KgEH. MERNNBFES

S. cerevisize CG1 ¥5H:7E YEPD 21 , 30CIE5%, 8 24b ¥, FEEFT 7
64 YNBC 35383, 30°C ., 200 o/min #5355 48h, WE ODg {8, HEEXTME—RR IR AR A
BB, LREFEW, 22110 KEES, CCl 7 YNBC P KN FHFES,

S. cerevisiae CG1 Fll S. cerevisiae Y $54% T YEPD #5355, 30C ., 200 /min #R %3
F2h )5, BEERZE 24h, BEHTEOFUEES, BHFBEPRSHESERER, CCl
HREGE I EARK.

W ENE, EFALE, COl IRM /NS ERERZRTREEER, {HCGl
AR BREAR TSR, IHRAREFEH—FHIR.

2.4 AEXRH
2.4.1 BRIRE: 7500 mL =AM P, R 100 g TXHHEH, HTRBHEHEER
BE, ABEH 10,000 /min B.0, B LEBRSFTEMNE, BEXRER (F1) AF,
HHWABAREA N, BREHESN, HhegE), 4 _RaB2E WL,
B S B,

®1 BEABRUIEXRBARRRESAMEZBOBRR S ST

It~ms assayed S. cerevisine Y 8. cerevisiae CG1

Alcohol concentration {v/v,% ) 14.64 (1.33) 15.39 (1.19)

Glycerol concentration (mg/L) : 5560.78 (443) 5456.32 (367)
Cellobiose concentration (mg/L) 876.54 (46.2) 97.23 (16.5)
Rudimental sugars (mg/mlL) 23.3 (1.32) 18.1 (1.43)
Rudimental reductive sugars ( mg/mL) 4.0 (0.37) 1.9 (0.54)

T SENTEEENI HERRTIHE, BSABEATEELSD (N=3)
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2.4.2 30L ZRF@ELAK: fE30L 2 AIAMH# (MILAFET) +, WMAT kg BXK
¥, & 1L6 THmAKHER, #EMaEE, KBIETS 12 h BEES IR, MR,
AESHNBROTERE, BHIE. SH_BIE. BEF (E5).

3.5 1250
3.0
{200
~ 2.5 =
g £
220} 1150 E
Eu— Yoo
=1
LF)
E 10 | £
=
50 &
05 |
0 s s : 0
0 20 40 60 20

t/h

S SRR 30L KR TNORREINN REPAS it
—— S, cerevisiae Y BEFE%EL, 8 5. cerevisiae CG1 BESREL,

-4 S, cerevisiae Y BEREFEM, —— S cerevisiae CG1 FERE AR
ME S w18, EARSHRAEENERMEAN, SIASRERE, £RRE
BARELR, BARSMERARBENIFRA R, B THEEFa4 A RE
i, HBB P REREE R AARER, REREHESRABRAS (R2), HAR
ARMREGIINE, BRTRHERN, HmEsRWL, SE" BB EFR L, RE
FEREMK, XY, ETVERESROE I A _BBENFLABERE, &
MARHENRIEE - & WA g AR E, %A RH AR e A%

FRABSHAMAE TR, WEWHRBEE,
F2 8. cerevisine CG1 L BT K RBEREBNBANS TH

Strains 8. eerevisiae Y S. cerevisiae CG1
Alcohol concentration (v/v,% ) 13.81 (1.21} 14.26 (1.69)
Glycerol concentration (mg/L) 8342 (308) 8296 (147)
Cellobiose concentration ( mg/L) 1363 (121) 196 (34)
Rudimental sugars (mg/mL) 23.5 (2.1) 21.8 (0.48)
Rudimental reductive sugars ( mg/mL) 5.7 (0.78) 4.9 (0.91)

3 Wit

AGEME G AP S, MRAENMBREAME T M REESE, &
BEREK DNA L5 A B-RIG R A RIFRE R, (HEERRAE &, F
B, B TR R B A WA e AT A EMP &2, 4 1 T YiimE
QATEENEREN, 8, RS BNEEN, REREREHhgRXEsER
CPD1 BBk, ERAHBMIBM ST N IERETR, RTERIEAZEMN
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NADH fExti8fn, MABIEPHEEMEEIRREETE, BESHRABRE,
AEEFETY, HAMWER Y

MERE RS, L - Wi RN bl AMER LA FrESIH
MERHWA SR CEMEEN 6PD1, BEIMELT S. cerevisice CG1 7F 500 mL =FiR
130 L ZEEREABA A XN TR R BR, Hmd B ARRMIE, BRmHE
BERR, TEERPAE HREEERE, RUARKREESEAREE 7
— & T 4 T REAGANE TR, IR ST R TV BRI B R A R R 4T 4 K EE 2R EE,
Hdg g, P RAZTRBERTITH, WRE TGRS0 ER
FATEE, FRFARERHTERERL,

& EF X W
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