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second-generation ethanol and other bio-chemicals using lignocellulose biomass as raw materials is efficient hexose and
pentose utilization. Saccharomyces cerevisiae, the traditional ethanol producer, is an attractive chassis cell due to its
robustness towards harsh environmental conditions and inherent advantages. But S. cerevisiae cannot utilize pentose. The
precision construction of suitable strains for second-generation bio-ethanol production has been taken for more than three
decades based on the principle of metabolic engineering and synthetic biology. The resulting strains have improved
significantly co-fermentation of glucose and xylose. Recently, much attentions have been focused on sugar transport, which is
one of the limiting but formerly ignored step for ethanol production from both glucose and xylose, to get the desired state that
different sugars could efficiently delivered by their individual specific transporters. In this paper, the progress on sugar
transporters of S. cerevisiae was reviewed, and the research status of xylose and/or L-arabinose metabolic engineering in S.

cerevisiae were also presented.

Keywords: sugar transporter, pentose, metabolic engineering, lignocellulosic bioethanol, budding yeast
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Fig. 1 The structural diagram of pentose transportersin
S. cerevisiae.
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Table 1 Highly-active and specific xylose tranporter mutantsin S. cerevisiae

Transporter Original species Mutants Glucose inhibition References
Gxsl Candida intermedia V38F, L39I, FA0M Unsolved [49]
Rgt2 Scheffer somyces stipitis 138F, F4A0M Unsolved [49]
Hxt7 Saccharomyces cerevisiae V39l, F40M, D340M Unsolved [49]
Hxt11 S. cerevisiae The eleven mutants of N366 Partially solved
(N366A, N366C, N366D, N366F, N366G, N366l, [25]
N366L, N366M, N366S, N366T, N366V)
AN25 Neurospora crassa AN25-R4.18 Partially solved 3]
(T63A, S280G, Y453C, A94T, E235G, F332S, 1299T)
Gxsl C. intermedia Gxsl-FIVFH497* Partially solved (58]
(N326H, 1171l, M40V, and so on)
Gal2 S. cerevisiae N376F Solved [32]
Hxt36 S. cerevisiae N367F Solved [55]
Mgt05196 Meyerozyma guilliermondii N360F Solved [26]

*just a part of the gene name in the original paper™®.

&: 010-64807509

B<: cjb@im.ac.cn



1548 ISSN 1000-3061 CN 11-1998/Q A:# T #&2%4k Chin JBiotech

14 BERBEES L-MAAEREZEENAR

HEP A TR PR PR AT DL A PR A O s R
F1 Gal2p. Hxt9p 1 Hxt10p HEHL L-Fhias
Forpr, X L-BUr AR bl s v R 1 2 Gal2p.
Wisselink 2:°V 1o fi bk GAL2 JEIH, il i b e 2k
1E L-BThifabl EryA e s, Mo —MmEEiEm] 1
Gal2p 1%z Dy e B ek A L-FaThr o i
T 2 . Becker 25 1OM A i 4 192817 g it
BER B RIE T NIER) GAL2 JL[H 5 B 58 1 B AR Xt
L-BrTh AP B 0 W i g o At e

SRR L-BTRAR WS 4% 0z 28 11 AT DR il 4 4
BEOYBE L, A A5 e BRI B L-BThnfron
HIRE ST . 125 M1k, AMTEAEZ R RIR L-BTHiff
PR MRS th R BL T 24 L-Blhi At iz &
1B AR HE T LB R S RE RIS
., Verho %\ B3 B % £F Ambrosiozyma
monospora MR T 2 AN A ERIE EEEE L-Bdr
bz iz R I L-BaT il & — ek s H o bl
J& , RARATH T L-Fal i AF 0 i) L T8 R IR 24>
Wi i B, AE PRI ) OO i 2 B 11 RO AT PR
(hxt null, EBY.VWA4000)“Irf 143 B 1 L-Bifir
AbiizaeJy, ©f1/2 S stipitis i AraTp.
A. thaliana ] Stp2p. K. marxianus ] KmAXT1p,
P. guilliermondii ) PgAXT1p . Mgt05860p .
Mgt05293p il Mgt04891p. N. crassa [ LAT-1, fZ
IR fuftE Trichosporon cutaneum (¥ Tctlp, T.
reesei () Stplp W #5822 i Myceliophthora
thermophila i) MtLAT-1126:505962]

L- B 7 A Wi 5% 12 28 11 B D B A s 58 A X4
o THEKRK G Z ZREHERZ — AR
M T AT T2 L-Flhi AR b e ia 2 1 S i
AL A A TR G RR . 7R mr AL g w] LA
ORI L-BTHLAA BRIk BSWIAP 1 St fif
L BRI RZE A L-B R IS 2 Gal2p,
kR AT L-BRr v Ry aE g, 2T e 2o o
Rl AN, BIAT T RRTE L) L-BThiqf

http://journals.im.ac.cn/cjbcn

B Ay e — B I B Y AR KRS IR e iz B I
. AR REN, Gazp M5 —EREIX
IR SE K I G-GIF-X X X-G™ 1 2 # 3z L-Bilfiff
WS X, K48 F Gal2p (F85S) 1l L) ip &4
15 L-BURL Ao FIAR B s 200 %, I 7T LR A i 2
ez i o4
2 REMTABERRGERBIENFR
21 EREBEMAERHIEZNHAR

AR JEF 4 3R ) AW S e B e AR 3 v
A JoT 27 4 25 A W) o Ry DR AR A 7 2
PER) — DB i . ELAR XA S8 2 A 7 AT PRI
WERE S cerevisiae 1M 75 , i S fift TR w2 Al . AHEAN
L-Bry iz A0 e A T i e) 0, (B H A = S i e
B TR FE AR IR B RS R o 30 Z24F0k,
PTG P B A A A G TR D AR T A A AR 4 A
Y. OE R AR A AR R8T o BRIk
F R B = S ACARE AR E B A AR
AR ANE . B ARKHAEEE (Xylose reductase,
XR) 5 AKMEEENL A B (Xylitol dehydrogenase,
XDH) 4 8 XR-XDH &A%, 24 AL B B
AT AR AR, (H PR R 06 i A AL
A 1) 58 1 L8] O - PEAS [R) - 25 5 i s 4 P 4
HIE ST , 3 R S AR 1 25 v ] 7 4 1 AR
2, MELAPR s it A2 . BORTT R T KA 1
FREGBFSE , (X — B B AR A R AR 1087
0 JG 5 i Tl L — 20 58 I AWE 3 A B 5 b 1) el
ABE S X1 (Xylose isomerase) @42, ik
Ry R TR BRI R AR A R, (H
FIE T TR PG P B v g 375 1 98 3K ) AW S A il 5 LA 7
AT TR R, HF 2003 44
Wl T B, BhJE, (A AR L £E N S Jil
SEARIE TS, Bk EREE ST TG AR
AR A 0 L ZH R R AT AR AR, (AR A .
@ N AR AT s A O . AW A6 A AT

Wi, T2 5 o iR I B & 12 (Pentose phosphate



TS S/ARERSRELEEAR C6/C5 I KIARERE 1549

pathway, PPP) ik A Z Bk EE FAMHEE . A%
VR A AN IR TR AR, 591655 S0k
2 R REVR T AE Ty i g TOAT09 7072 S dp e | Bk g
T P DG T s O B B M2 PR, PR T B b A
WX ABE 2 B S BE e, 1S 2 RU%
F 2T A= 7 TR T RR R A A 1) FHAEDIR 22 AR
WA ST M — B E AT DT,
AR SCE XS AH W T HE ST T A . @iF b TR
(AR BPE Bl o T A AR AR ot £F 4 R Ak
PRI AR A A B A R AT AR DA
Yreg ot BEISIAPUKSR AN 2, DRITT, AR AE AR B
sM A ST SEAT RS M AR IR A, Rk
— 24 i AR AR BB 1 B i 4 it 32 o 3 ak f
A R, FLRS = A3 B g i) - 10188873
(@) AN 17 7 W i A 300 5 P T 3 R 1Ml R
FRRE I TR T B PR R B FR BRI T TR AR &) T15%
FIWFRELE R, ARRIE PRS0l A 2R 7= 2
2, Wb, e ERFE g R e ARG i
SHR PP TR B T PR RR IS S B e, A )
{14 T 21 PR R TR T £ 2 B K F i, R (LR A
0.40-0.48 g/g (Total sugar) Z |15 HorpiAk
PR 8 2 255 TG R0 0 B i P o HL A IS AR
PRI R %8 v 1) A% 1A BT A T R TR A A G
AN, LT PNl T ——RETE BRI
PR P S AR A AR BE A Ru-X1 (G i 5L 1A
Ru-xylA T4+ B 22 3L R4, ZL 201110042170.2,
US 8,586,336 B2, EP 2679686) M /7 7% i kH
BRI AL — s E 1 Mgtos196pMT, % i
FLANM AT — R B R IR A s, R E
— o e 08 ] A e e R AN 1 T TR R TR
R LFL, MR GBE AL BERT, 29 16 h BEATHE/S
RiFR b R AT 94.5% AN, Z W Rk
FIHLEAF R 93%L) b R H R IZ bR
HARGT B A AR R 2D L R TR RE ), R
BEFER (2 12 h) B, RBERTHFER 77.6%. 1EM
Tl A o 27 4t 38 AL K fift il (R TR oAk 34 1) R OK

&: 010-64807509

FEFF /K i SECS 1Y A R £ 19T Ak B B4 /N 22 5 FF
WARER I SPPR) H L HA I R A R IERE T . Rl
AT A, UIRENRIEEERNFET,
SPPR 1, 18 h B #k RV A #E S 238 AHE , £ SECS
W, 24 40 h i FE 90%LA LAY AKE, 2 EEfS R IR
B PG 2 B 80%L ST

22 BRIEES L-FH{AEKEH TENHR

AEXT ARG AR, BRI i B L-BrThrfrps
WG HER B BT TS A Je o [RE M, R SRTAR
WA L-BTHipbE vl aa a1, 75 284
A A Y P AR LB RLTRE D) G A i 72 5 |
AFRE B EE Y, AR B rh sy LBl b b
Rz

L-Baf P A b5 30 2 S- B R A 1 o v ] = 4
A EARS, AR e X — B E R
P 418 B R T 5 AR A Zeis T,
L-Bihi {4tk 5l (Arabinose reductase, AR). L-
B[ A AR - 4- i AU (L-arabinitol 4-dehydrogenase,
LAD). L-APiHH A (L-xylulose reductase,
LXR). AKEEE S (D-xylitol dehydrogenase,
XDH) FIAKRAIE L EE (Xylulokinase, XK), Hh
FE 4 A EAIR IR SN, 25 5 i R AR IR A
TR AN R LB R AFDRE ) i i
b 3ANEESE L, B L-Balhi A4 S 44 %  (L-arabinose
isomerase, Al). L-#Z [k EF (L-ribulokinase,
RK) F1 L-# Wi b5 -5- % MR -4- 2% ] 5+ 14 [
(L-ribulose-5-P-4-epimerase, RPE). ' Al §y1%
P TR R e o A ST BRI AP s 42 1 06
BRI S, AR APk — 2 5 4R
L-Bi R as S A it AL SR 448 DU s AL R I
WhEAR B IR PR L-Balhr A4 5 A0 T ¢ e
M iZ 1 Gal2p, 4G L-BUhifrms i —nk
PR M AL A R, 0 R i T TR TR R TR
PR L-BaIRr AR i ACIHBE 7, L-Bal R om 5 K L T
¥E34 % 753 0.61 g/(h-gDCW) (Dry cell weight).,
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23 MREBRE=fEEAHERNEE

FEATFIAAR BTLF AL R 5okt 5 A By e Rk
R A AT . ACBERN L- Bl AP L & B T AR
DA R P0G 1 BRI ) R VB R, SEBR T 4F 4 3%
JEURR ARG Ak . AR H RO TF = & TR 1
B TREMRAEWHREI AL, M2t RETR
FHMRP LA, EREERE L AL RCR AL

T ECIE 19 L-F R ropl ) ih A& A2 b g
TARWER) XR-XDH #ia{Cih%& 12, Bettiga 25177
FERRE R P 5] Az e, AT DA = Hk
EGTAEFN L =Bl AFDp i) A PR ARG . 7 26 M E
SR, RS ACHE A L-Baf 57 15 (14 b E K 4y
724 0.08 g/(h-gDCW) F1 0.02 g/(h-gDCW), [
3% 5% 0.35 g/(g Pentose), 1A HIIEE 1) 68%.
Mz, Bera %A S AR XR-XDH ik
BRI B RS TR AR T, IR T L-FAT R Af B - 4-
i (LAD) F1 L-AKEIFEIAEEE (ALK), 43
] 7 ) =5 T Ik . K arhumaa 2591 Sanchez
2 U A B - B A4 0 B 1R 3 A A
XR-XDH ¥R A& R 5] AR EERE, pbk
W AT DURL A = 0%, (AR (XR) Wl T L-
BTREAF AR 1) £ B ARG AR 3 o, T3 ) =4 L -
PLAABERE 72 o R T SR 20T L-BThiAFRD)
RS2 XR 5, Wisselink 25824 411 L-
BT R A1 A ) G AR T 3 48 AR B S A9 i (Xylose
isomerase, XI) 3Rk, &HES LR YH
AR R R (XR-XDH & 1%), 153 4L 5] FH %
W AW L-BaTRiqom po S s bR, Sk
M 2 TP 3k 5] 0.43g/g (Total sugar), ikF|HEiE
1B 84%, H BA Bl ™ 4 A it F By oL A1 b e )
MR, PR AE N RIS, s
P RRXT 30 g/L A AR . 15 g/L ABEFT 15 g/L L-Fi
LB AL % 2R ] )N 60 h [k 35 h, {H 2 F5fS
B A o AS TR K 20 TR 1) BT AP B ) 4R 4
PR FIAB A XR-XDH 5 XI U ie 3k,
AT T =R R Bk BSWAXAS, ABEFI L-Buff
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FBE A I FE A AR T, SBR[ 2B AT, i EL
AR ACHRCR A SZ 0 R T PR
W RE =AU T AR AR ST R

3 WinGRE

ey v A8 A TR AR T 2T 4 2R AW AL 1) TR T
B AR R TR R, RATY4ER OB S
I A RS A5 F 22— o RS 1 B 1) i 2 M) P
JiARsE, H TR BEAHIABE A L-Bal i 4,
EBEAC RE TR R it — A v o e is 381
JE AR A LB AP e A TR 1 B 4 i 2R A 4l
A —A0, AR BRI P OB A K P B )
Wz — X i R 3Z B A AR 0 R S
PPy e v AR P TSCOHRE Py o L PR P B B R L SO
AT B0 WP SRS 32 BE ) AR A i i
EH. 250k, e EHGE T 28N
TR S DR D REVE R IR B S an s 1, 0 IR
iz iy TR LRSS TR R b, BUR T
— R i T s P R 2 R A A
P, LRI B SE R A BRG], R AT 58 TAR
W — PR . AT, BERS T RER
ARG AR L — Vs n, (HAERER
PRI B e, A AR AT I o T A
P I R SR TSR Mt — PR R e T
[ B iz 3 0 OB R e s i vE s, R R e
PR i R ) X — AT B, (HRIB IS R
B, U A R VR P TS v i e e s R
RTERI B R 6 PR 1k o BUAE AT 40 1 DA
¥ein E ISR R fR AT, (ELTRPS 1 B o e 0k g O
PRz 3 I LSS AR IR AL i ANTE A L An ] S i
A I £ TSR 3 1 0 R A A R R A A T T
BT — MRS, o —Se A R ST R, 3RA
SIS TE R AR RN L-PaI R L — MRk is R R
ARY-, SEBU AREATRR OB B A, R A
PP 57 BE A7 4 3R O AR AR . HES UL A 7
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PERE A H AR

PR P B AU S B MU K W,
S8 JIUHD 2 Bl A AORE B9 = ROBE IR AL . BR T s 35
T, AT eI TORE M N AR R A R
RPAPEETE, RO 1 B R AL A i 2 Hi
RE) o Jm il 2t — Pl AU TR RS A W)
SRS = A AE R AR CBeR, AR
S v R RO iy TS AR A R B i 2
FETERAME . B BT WIER A, BRI L-
BRIz P B o 3 1 A AR SR A 4 8 i T
AR EF i 3 O BEA: 7™ FRPG F B TMb TAT A 1) 32 75
O 5 8 4% A

Ig
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