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B E: AIAALHEIAE (gTME) ¥ AAHEKET sptls MR EF LG AL, MERTE., $RELAREES
AEBA pYX212 Lk, BRERARNACNT AR ARG BRA BB YPHA99 F, 245 5 693% F1 4 b 3RAT & 2UF) R AHE 51
ELBAEAR HEOREHFEHAAK. SRFOTABRETT T AR, ZARRBIRIT G F) B RBEFELBEAR
EAH AAE. £ 30°C, 200 r/min, K E 96 hBF, 50 g/L AMEA= R Z4E G FI A F A 94.0%A 98.9%, TBE = F A 32.4%Fe
31.6%, RABARCEFFH 443%; SABEFRTHEARZI 111 REKB, AMEFRR HEAAESFH 91.7%HF
85.9%, L%~ %A 26%. AAEEEH 4 FHAK.

X 44K IHE (gTME) , TUBEE, A, LA

gTME for Construction of Recombinant Yeast Co-fermenting
Xylose and Glucose
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Abstract: Global transcription machinery engineering (eTME) was employed to engineer xylose metabolism. Mutation of the
transcription factor gene Spt15 was introduced by error-prone PCR, followed by screening on media using xylose as the sole carbon
source. One recombinant strain growing well on such media was chosen for further research. This strain showed modest growth rates
in the media containing 50 g/L xylose or glucose at the condition of 30°C, 200 r/min, 96 h, 94.0% and 98.9% of xylose and glucose
were consumed, with the ethanol yield were 32.4% and 31.6%, respectively. The control strain had the ethanol yield of 44.3% under
the glucose concentration of 50 g/L. When the carbon source was 50 g/L glucose/xylose (1:1), the utilization ratio of xylose and
glucose was 91.7% and 85.9%, with the ethanol yield was 26%. Xylose was eventually exhausted. Concentration of the by-product
xylitol was very low.
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A5 TR YRR 50%. ARREF4E R K
Vb R A ORI A . ORBE . T EERE . R ELbE
Fpafra g, Horh 2y 2/3 g NRBE, 13 Tk
WP 783 R FH A S5 2T 4k 2 TR} v 1) AW & 1 A4 7
CWE, REfd Lm0 P e A e E3E I 25%.

TR 75 P £k (S. cerevisiae) & ELAZ A= W, 4 i B
JE TR R, R W RO BT 2 4 2R K A v B
P 7 i 2 5w B BEAEAIR pHL A IR kA
PR R WA A A G, BT R S e
ARG BETS Y, HAHSC T B AR B . PRI Bk 4
AT B e, JEis 4R 1A 5T s ) Y B
Ay, aIR G B s m T B, B
Hla5e 3% 1 7r TR HoR, 0 R 7 3 D # 4E
A2 A . JE O R RS B U 2 H
PR . RIS T B A AT LA AR (4 & i i,
{2 K SR RS I B L AN 33K G, DX It AN RE
BRI A WS K T HE 7 LT

PAER, ENAMT 205 H # O T ae AR
T TURRE RSB 4 = R0 SR B A, S
PEALFE T 5 1H . — 2R ER R S e AR A
1) PR A T A0 B A Y, O S T A S A B 1
G 0 —JOR AL N AR T B A 44 A b
A5 DA A Jo s 3] RS T B 2 b, AT R4S —Fh ]
PLUATR 5 0 A TR 7 £ Tt i R DR AR A H R A
114 i 2 DA (S 7 32 MR TR R v ot i SRk sl B 5 A B
A S 1Y D B LA Gl BE 3 1 1 20 B 1)
AR IAE 2R A, DR Ok Ay S 15 58] 1) B 4 TR PR R BB A
B feA ™

DAL T AT DA Ay a8 B DR sl J LA 5 PR 1) el s
SRR B R B e BCE DR, HUR U T A Y JR R
JUAF, B ERT BT Y T A M P 25 A8 4 -
M R GE, Mk L ARy B SO TE A L B B 0 AR Y
TAEEARRBE AN RMEE R, IFRA A
BEAHT R T By 52 Z ) R, R I AT DATE P B TR A B
AW e e OB SN EL W= AT Wl (i e | i L P o
AHOCIEDRURE, 4 H A B8 A K ST b I AR 9 A 35
BRI

4 Jmy % 5% AL T F2 (Global transcription
machinery engineering, gTME)$; AR IF &1 i FL A T2
TR 7 1 0 4 JRy B sy R 42 TR ol A S R 4R 0 AR
S M AR DT el A8 BEHR bR R IR R B o R

ik, gTME Jr s B RE RS B A K AT 38 1 o 5 7
FERRE BERE TP A TFID 455 R T 23N E
HE. TFII D i TBP(TATA %54 % 1)#i+ LA TBP
HHSEH F(TAF AT, 555 R T sptlS J@ T s
WHEAYTY, &—Fh TATA 454 &E M, 5 RNA ¥
Gl I S JURh BE ARG 5% K 7455 J5 T LU SR A ik
DR 2H v o B8 46 K 2500 mRNA JE[H B 0 2 25 fdi A
KL BTk, AR FIE T BT 2B A2
BE T

HIRFHA gTME J5 o 4 i st R 7 sptlS Bl
PLRAR I vi b ik, MRS AR I o o 58 A8 BE IR % 452
F A MIASF TPL KRB FEIK pYX212 |, BER
PRIEFEAL AR R AR ERG BEEE YPH499 H, &
b R B SR B IR AR AT T B A e A, AR F
SRR AR 3 Az e A B R0 0 2 A 1 TR G e B T4
bk IEXTRIS R EA WS T THIL MR . % E
2 TR 1 ) A i 8 X 2 A ) — 2 T 2 A R e R
BEGE T RAF SR

1 MR &

1.1 ##y
111 A

KIGFFH Escherichia coli DHSa, [ 7 /%
16 ¥ B #k & Saccharomyces cerevisiae YPH499 .
BY4742( F 25 % Stratagene 23 +]), BEEEF LA
pYX212 A LI & R AF
1.1.2  BFFRBEFIGITRFF

KIHHFE E. coli T LB 35555, VN 50 pg/mL
HONHER, MEEEH YPAD BEFRIERE R, LIK
W Sy P — B AR s 10 P B A Ak

JEA S FRIE(YPAD) g/L: BEREHY 10, &1 20,
HWEME 20, IREMSHEEZE ( L-ademine hemisulfat
salt) 0.075. FfideliIRIt o/L: A& LR EERE A E
(YNB)6.7, b5 & IR A (R WEE)1.3, A b
20, BifE# 20,

RIEREFEL g/L: REEAR 20, BEEHH 10, AR
WREE P ABEFIAHE . A BEAIR SRR LR 1:1),
1.1.3  ##

SC A BRI M VI W B NEB A+,
pGEM-T vector System1 A Promega 2y ) A4 7=, JE[H
20 DNA $2 B & At nt RAR A wl A7, B ik
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A BORREURN & . Taq RAEM . T4 EHH
b BRI A Al R, AR hiAE R . dNTP
Mixture . dTTP & A T AEY) TR |l 477,
Genemorphll Random Mutagenesis Kit & % [H
Stratagene 72y W A2 77 o K F A1 A W 2 0L 3R
(Invitrogen) ¥ BR S w58 i Hoer il Ry ot 4t
12 KWHZE
1.2.1  JRAEAES. cerevisiae BYATA2 FAIH G HIR

KL R AL 4] DNA $E BT S
1.2.2  [HHIHPA sptls #9718 R 753 4% PCR ZL/A
JEE

MR ATFY sptl 5 JF40(5 B3t PCR 5141,
Sl¥ AT : SPT15 Sense: 5-TCGAGTGCTAGCAAA

ATGGCCGATGAGGAACGTTTAAAGG-3' F SPT15
Anti: 5'-CTAGCGGTCGACTCACATTTTTCTAAATTC
ACTTAGCACA-3',

PUARAS Y sptl5 J KA AR A TAS TR sptl5 ik
1 54t PCR(Genemorphll Random Mutagenesis Kit).
1.2.3 KA HMENT Zlk pYX212-T 152

SERIAN T ¥:P, EcoR V Y] pY X212 W F-K
Ui M 4% Taq BEHN ATTP 72°C ¥R 435 45 min,
TaKaRa i [FIWCRH & B 264k ki DNA %7 ; T4 3%
el 16°C A%, 57 & M DNAS 2] pY X212-T
It R B .
1.2.4  HHIRPGHRABIENTERE, BRIBELEF 1
R HFEFE 16 F 19T

4 spt15 JEH 5 4% PCR = W4 1.0%35 I H eI
UKol Bl EH S pYX212-T 16°C iE#:,
W B2 7 W I R 9 U OV fb A R T T YPHA499,
YNB (A 75 bR g e ) A 15 5% 56 0 6 15 21 11 68 B VR %
b7, BBl YPX WIARRFRILPRSR, Kl
Y% PCR, FVE PCR FH 1.0% Bh A Bl 68 s i Tk
YETE .
1.3 EEREEE YPH499-3 A BRI RERHR

AT PH I A T ERIE I RE YPHA499-3 H2 0T
20 mL YNB(/A /R BERE)AHEE 77 3E, 30°C, 200 r/min
Ak 24 ho KT ALB TP FHE 10%(V/V) R 55
AHAERT 100 mL KRS FR AR 500 mL — i
W B RBOE YRS 7E 600 nm N E WEOG BE A,
TEPEAE X EAE A ) T R 23 51 32 0 21 100 mL 50 g/L
AR, 100 g/L ABE, 150 g/L AHE . 50 /L #5258 |
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100 g/L 74505 . 150 /L %0 . 50 g/L 1AK% . 100 g/L
RAHE . 150 g/L IRA MR BEREFR 3, 30°C 200 r/min
PRAK T, Mg £ FER &

KREERFE L2 0.45 um BERREF4EER L 38, K
B AW L R P R TR i I
DIONEX(Ultimate 3000) /= &30 AH 235 13, A I %%
Shodex RI-101, Chromeleon version 6.80 T AEu, {4
& H:~ Lichrospher-NH, £ (VL DU EHE A FR A 7))
o3 S Bl 30°C, WA N 2 G 7K =80:
20(V/V), Ji# A 1.0 mL/min.

SEERI: 1 CEEEG & (KRB AEWH AR A
B WD), SR S 2k

PRIV B ODgoo M5, 1 ODg9=0.367 g T B {4
JLOKRHE), 0.410 g T-BA/LCEZIE, 0.355 ¢ Tk
/LOR A

2 BR5W®

2.1 sptls EFEREERHE S PCR EREEREIL
DL S. cerevisiae BY4742 Ay K:[K4H DNA HHEHg,

FIHE 895 4T PCRF 0, PCR P2 H UKk A6
1E 0.75 kb AAEA—MHBEAHE 1), HIERFESrEY
BRI R

bp
2000

1000
750

500

250

1 sptls EFEMRRE
Fig. 1 PCR products of spt15 gene
1: PCR products; M: DNA marker DL2000

4 PCR =Wz aliAb [nl i 5 R ve 2R pGM-T i%
B, BRTEYIREAC KRR E. coli DHSe,F 5 (A BE
e s BE MG A7, BRREUR R A Neo T Nol T Xt
I, WK =) A PCR P2y 3 AHI R (K 2).
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JECRLI 45 SRR IS 1Y sptl5 A IERA, FIRER A
FR IR R 9 [R] R APE 100%, 25 15 [REE 100%.

1 M

2000

1000
750
500

250

B 2 Ncol & Not I EgtJ] pGM-T-sptl

Fig. 2 Identification of pGM-T-spt15 by digested with
Nco I and Not |
1: pGM-T-spt15 digested with Nco I and Not I; M: DNA marker
DL2000

| Genemorphll Random Mutagenesis Kit L)
spt15 MALARHET T 5) 4 PCR,ZHLIKIIIE 5 4 PCR -
Y155 PCR W REAHH R (I 3).

1 23 4 5678 910111213141516 M

B3 [ sptl5 iREHI5HEE PCR
Fig. 3 Error-prone PCR with different spt15 concentrations
1~16: Error-prone PCR products with different spt15 concentration;
M: DL2000 marker

2.2 EEBEFRIEHIK pYX212-sptl5 BRI
EARE R 5 ik

TE 4 Foki pGM-spt15 |4 PCR 474, gt
R HL K [T 4tk . A1 TADNA % 32 K sptl5 it
KA pYX212-T 4%, A sptl5 1y E 41 ik
pPYX212-sptl5, pYX212-sptl5 4k A BEF] A B
TP % BF YPHA499, YNB(AS &5 FR W5 I ) AW 15 55 it
e . 15 IR AE A A ME— IR IR A B IR AR K

) EE ZE PG 1 B YPH499-3([#] 4).

2.3 EHIRERS ARSI

2.3.1 AJal B X YPHA9-3 4= K 1952 i
YPH499-3 7E 50 g/L. 100 g/L. 150 g/L AW .

A BERN B IR A RO & HE AR AN 1:1)

ARG R 5L b B3R B R AR R, Il R R B

FHN, OD fHA PR, fA1EE —& IR 4,

ABE VR O RIS A, SRR R () 5)e

4 TRIZHHEHER

Fig. 4 Colony on the screening plate

451 0-50 g/L xylose —# 100 g/L xylose -k 150 g/L xylose

-0~ 50 g/L glucose - 100 g/L glucose
—4- 150 g/L glucose

r EA

0 17 28 37 45 59 67 78 87
1(h)

501 —— 50 g/L mixed sugar —@— 100 g/L mixed sugar,

 —&— 150 g/L mixed sugar

#(h)

5 YPH499-3 ERRIKE AEM AR HEIZFHE LU
&Tﬂ:&fﬁtb =) *Finﬁi(b)aqﬂjlﬁjﬁ*i
Fig. 5 Time courses of YPH499-3 in the ferment media
with different concentrations of xylose and glucose (a), and
different concentrations of mixed sugar

232 ANAVEEAYE. #EHX YPHA99-3 [

TE R T 96 h B I AS B A9 F1 %42 94.0%(50 g/L
AHE), 90.0%(100 g/L AHk),82.0%(150 g/L AK¥),
98.9%(50 g/L %43 B), 97.1%(100 g/L # % k),
95.9%(150 g/L H#jZH), 91.7%(50 g/L RS Hih A A
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H), 85.9%(50 g/L IS YA, 80.8%(100 g/L
IR BRI ARE, 90.3%(100 g/L R4 K 1345
B5), 92.0%(150 g/L B HE P AN, 92.1%(150 g/L
TR AR B ), AR RN AR S 38 1k 3
80%LL E(EERILE 6. 7). TAKHEE = HAR A (KR
96 h, HA 10%ANM . 15% AN I 2 A WEfE,
390k 2.81 g/L. 2.45 g/L).

1601
140 |
120+
100
80
60
40+
20

Sugar concentration(g/L)

>
*

—— -
T al

B

o
0 1 L L L Ml = TN '
0 12 17 37 55 87 109

t(h)

—o—100 g/LL xylose —#—150 g/L xylose
-»- -150 g/L glucose

—x=— 50 g/L xylose
—o =50 g/L glucose —=# - 100 g/L glucose -

6 YPH499-3 £ AR HEIRE 15 & EY FI A
Fig. 6 Utilization of xylose and glucose in ferment media of
different sugar concentrations by YPH499-3

a

@ 80

z o

&

= 40

51

=1 Q)

s 20 "-x.._,__-_f‘~_

5 TN\ TR
= 0 1 1 L ] 1 1 ]
\ 0 12 17 37 55 87 109

t(h)
=7t 25 g/L (xylose in mixed sugar) —ll— 50 g/L (xylose in mixed sugar)

—k— 75 g/L (xylose in mixed sugar) = = =25 g/L (glucose in mixed sugar)
- =% = 50 g/L (xylose in mixed sugar) - <3 - 75 g/L (xylose in mixed sugar)

7 YPH499-3 EARRIRESHKEEFRETHFA
Fig. 7 Utilization of xylose and glucose in ferment media of
different mixed sugar concentrations by YPH499-3

2.3.3 YPH499-3 K LKL i 1

JR IR T FR YPH499 I EE 40 1R Ak YPH499-3 1E
50 g/L ARG M . A IR G A WS 8 20 4 T ik
Feoh 1185555, 30°C 200 r/min B9 25144 F & 1 96 h
JER R R INE 1 PR, X AR YPH499,
FHA R YPH499-3 BEARLTFHb A FHANE ™ 2 B, HIL
;e T T R AR R R A, XS
SCHRAGE A K —3, Wi 7R T A H 4108 19 Ak
BRE TIRKM A, EEHE—L R
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*1 EHESMRBERBRFMHE TR
Table 1 Comparison of the ethanol yield with the
recombinant yeast and control yeast

Ethanol mass

Carbon source Ethanol

Strain Ag/L) con(/:(egil/tIrjtion Yield/%
YPHA499 50(glucose) 22.15 443
YPH499-3 50(glucose) 15.8 31.6
YPH499-3 50(xylose) 16.2 324
YPH499-3 50(mixed sugar) 13.0 26.0

3 ik

HE R R A9 e AR TRt A5 AR 3 i B A 251
IRV b o T A S s 2 R PR S 3 R 4 v i R A —
AT, SR Y RTUFIE T A5 . g TME 19775 R AR
TR R E A e ST 7 A R, SRRk
A TR SRS Z R I — Fopr 25, R i T
SRR I NE AR B, AR AL S A R
Blio W ARVFMUEVE 2 R i A R G 2k, [FR
REAR 2% 5 7 n] 21| B SR AR 11 o MIT WF58 /AL 06 4F4i)
HELWMIFH ¢ TME J ik AR sk A+ sptl5 &%
A TR R, DA T 398 I e 5 X 2, s 00 6 2685 0 10 T
ZReST, PR T AW SR RSOR . B
4 Je e ST AL AR A N RV 1 R A AR 14
W RETRATIE 45 1, AN AR DLAGE

AR5 E KA g TME J5 345 21 B 300R) FH A B
I S K T A B N 2 OB Y R R B TR 40 Ak
YPH499-3 ., Jf-Xt 3545 (0 B 240 iR AR A T T W1 5E
T Ao G 2% A A R A AR A 1) R AW 9 I e A
FHIENE . 50 g/L ARBERFHZRIKF] 94.2%, 50 g/L i
ZIER 3 94.8%, MAHEFI# 205 LA BT it L 1:1 7R
G R, AW A 2505 AR 2253 50 91.7% i
85.9%, I H AW & AR /D o A4 gt H i) i L R
BERE 2 T ABE AL & B AHE R A4 O . X
2 T 1A 3 A i 5 X 12 T ) — A R A R N R
BEE T AP SEA

FIF gTME Hi AW # A B EERE R, $2m e
XFARBE I R TERE I 7E LS FIE ATy, JF HE &M
A EA A, e T IR A S T R EER
W RN 5 7 G TER RE T, X S R R AR ) T R
AP AC T I C BE B T — 2 L Sl . (A2,
H AT 45 B4 F 2 T PR I 3 S B i R Ak A 7 iR
A KB 2205, A9 ORI 0 OO . O [R5 IR
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