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B O KBEOABANRRKRG fF AT AW SR F B2 eg s, 30 Fk, @Rt
Foid g VEGE TR, RHFRG T 1% OB L B A H—BR B B4 Saccharomyces cerevisiae 9 AAE X4t 58
Jr. Bt, FRAEBRIBBEEYARAELEFNFRGHRTESRIT. ARRIL, BIBEESAAREFF £ 4
AR, EHFAFRKMAGFERNI EZR. SHAHEAL, KERMTL T @EEKRZIHE Crabtree-negative
RHFAE, Jo A TRAGABBE AR IR E MR Y T AR S| LA Rl & A RS8R g o T L BLARBE A A At R g
FRMF, XA AT RFBRR CBIEE A HATIRG T 35 = M6 H 2E R, b * BB B B AR KR 12 5
G HA . RBERBFAE VA BAARAE A BB BT Sty e T MR F 5 Mt T mizid, P ABEAE
ZRRAERFATE B AENERT A AEFPEABRRRFR T QRAITT EEHRZ.
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Progress in studies on production of chemicals from xylose
by Saccharomyces cerevisiae

Ming Wang*, Tao Luan’, Jianzhi Zhao'? Hongxing Li'? and Xiaoming Bao"?

1 State Key Laboratory of Biobased Material and Green Papermaking, School of Bioengineering, Qilu University of Technology (Shandong
Academy of Sciences), Jinan 250353, Shandong, China

2 State Key Laboratory of Microbial Technology, School of Life Science, Shandong University, Qingdao 266237, Shandong, China
Abstract: Effective utilization of xylose is a basis for economic production of biofuels or chemicals from lignocellulose
biomass. Over the past 30 years, through metabolic engineering, evolutionary engineering and other strategies, the metabolic
capacity of xylose of the traditional ethanol-producing microorganism Saccharomyces cerevisiae has been significantly
improved. In recent years, the reported results showed that the transcriptome and metabolome profiles between xylose and
glucose metabolism existed significant difference in recombinant yeast strains. Compared with glucose, the overall process of
xylose metabolism exhibits Crabtree-negative characteristics, including the limited glycolytic pathway activity, which reduces
the metabolic flux of pyruvate to ethanol, and the enhanced cytosolic acetyl-CoA synthesis and respiratory energy metabolism.
These traits are helpful to achieve efficient synthesis of downstream products using pyruvate or acetyl-CoA as precursors. This
review provides a detailed overview on the modification and optimization of xylose metabolic pathways in S. cerevisiae, the
characteristics of xylose metabolism, and the construction of cell factories for production of chemicals using xylose as a
carbon source. Meanwhile, the existed difficulties and challenges, and future studies on biosynthesis of bulk chemicals using
xylose as an important carbon source are proposed.

Keywords: xylose, acetyl-CoA, pyruvate, metabolic engineering, Saccharomyces cerevisiae
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Table 1 Examples of production of biofuels and chemicals in S. cerevisiae using xylose as carbon source

Performance on  Performance on

Chemical Xylose pathway Metabolic engineering approach Reference
xylose glucose
1-hexadecanol S. stipitis ARPD3, Overexpression of ACC1, T. fed-batch: 1.20 fed-batch: [15]
XR-XDH-XK alba FAR and Y. lipolytica ACL g/L, 0.08 g/g >1.11g/L,
xylose <0.01g/g glucose
Squalene S. stipitis Overexpression of tHMG1 and ERG10 (149.50+4.50) mg/L (18.70+ [16]
XR-XDH-XK fed-batch: 1.00) mg/L
532.00 mg/L
Amorphadiene S. stipitis Overexpression of tHMG1, ERG10 and A. (254.30+6.20) mg/L  (120.20+ [16]
XR-XDH-XK  annua ADS, Down-regulation of ERG9 4.30) mg/L
Lactic acid S. stipitis Overexpression of R. ryzae LDH 0.69 g/g xylose 0.22 g/g glucose [17]
XR-XDH-XK
3-hydroxypropionic S. stipitis Overexpression of PYC1, PYC2, (1.84+0.23) g/L (1.00+0.06) g/L [18]
acid XR-XDH-XK  Triboleum
(evolution) castanium panD and E. coli ydfG
(NADPH-dependent dehydrogenase)
poly-3-D- S. stipitis Overexpression of PPP genes and C.  131.00 mg/L [57]
hydroxybutyrate XR-XDH-XK  necator PhaA, PhaC1 and A. vinosum PhaB
S. stipites Overexpression of PPP genes and C.  252.00 mg/L [57]
mtXR-XDH-XK necator PhaA, PhaC1 and A. vinosum PhaB
S. stipitis Overexpression of PPP genes and C.  101.70 mg/L [77]
XR-XDH-XK necator PhaA, PhaCl and PhaB
Isobutanol S. stipitis ABAT1, AALD6, APHO13 (2.05+0.21) g/L  (1.07+£0.01) g/L [71]
XR-XDH-XK  Overexpression of ILV2, ILV3 and fed-batch: 3.10+
ILV5, Mitochondrial overexpression of 0.18 g/L
L. lactis Kivd and AdhARE!
S. stipitis Overexpression of ILV2, ILV3 and ILV5, (872.00+6.80) mg/L (156.00+ [75]
XR-XDH-XK  Mitochondrial overexpression of L. fed-batch: 2.60 g/L 2.10) mg/L
lactis Kivd and AdhARE!
p-coumaric acid S. stipitis AARO10, Apdc5, expressed E. coli Batch: (242.00+  (5.35+0.32) mg/L [76]
XR-XDH-XK  aroL and Flavobacterium johnsoniae  5.00) mg/L
(evolution) TAL, overexpressed feedback-resistant
ARO4 and ARO7
2,3-Butanediol S. stipitis Apdcl, Apdc5, mtMTH1 fed-batch: [78]
XR-XDH-XK  Overexpression of BDH1, B. subtilis  43.60 g/L
AlsS and AlsD
S. stipitis Apdcl, Apdc5, mtMTH1 fed-batch: [79]
XR-XDH-XK  Overexpression of BDH1, B. subtilis  96.80 g/L
mtXR AlsS, AlsD, L. lactis NoxE and C.

tropicalis PDC1

JI B B2 7 o — T D) 2 TR A R TG B
FALG Y LB A ], Feng 25010 Guo 451
WFSR T LR PR T LA ) 2 W sl A A Al 155
NRIWIEE . E5E, WEFEE TERRTG Bk rp il 255 55 4
59 Tyto alba I BEAfiE A i8R (Fatty acyl-CoA
reductase , FAR) . W IF & Bt #ifE A &1L
(Acetyl-CoA carboxylase, ACC1) LA KK J5 T g
HR [C 2 B Yarrowia lipolytica 4 #7185 ik 2 i fifs

&: 010-64807509

(ATP-dependent citrate lyase, ACL), [q]B} bRk
Ba AP R ER ¥ RPD3, DLk R
HIA BTG A R . AR5, BFEEH AR
it EUFRY XR-XDH @25 | A FiR bk, il
Bl TR AR b X AR I & 42 A TR Ak LA 4
= A AT RE T o DAAKE Jy o — i, it
ISR T PP AR B 1) 7 2 L 2 Ry B4
T 81%, 1 0.019/g #2m%) 0.08 g/g. M5

=

cjb@im.ac.cn
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J&, ARBHAFAERT A0 PN TCA FEFR I & 5 F =
Pt T P E PR B IR IR, 5] AR ST
B IR 5L Wk A2 240 TR A BRILZSL,
AT, T A T DL 2R B Snflp
FEA B AR, Snflp AT LA R 8 ACCL ik i
ik B A R, AR RS A RIBIFE, TR
BRI U BR ER IR, oE— 288 i £ ot
ARIRLR, T s H AR i 9,
32 LUUAMRER ARIASHRENE (BF) &£

N T PR 248 i o e A R o 8 b ) i e )
TP o AWEA I B FEPG % 1 41 L B2 A 2 B Crabtree-
negative HYHFAL, X TR 75 PR R AN 23 R Bt [0]
CWEE N, AN IR A AR A PLER (BF) 251k
BRI G AR T AR VRN AR
BG40, - IR (3-hydroxypropionic
acid, 3-HP) FIFLERS Z TRk EREY . ¥
BFEOAR A R A L i B A2 77 o1 3-HP ZE WG
i, Kildegaard 25 M9 Yo S8 3-HP & g2
FIAAMER B B EE b, AE T LA B-INE RN
Hh ) 1A 28 5 2D A AR S R PN T R 1) 3-HP 1Y iR
B, FEZ 5 MK YRR R LB (Pyruvate
carboxylase, PYC1., PYC2). i T AL 25 ufT
Bacillus cereus [1) B-PN 2 2 - P4 [ i 22 5 i 75 iy
(B-alanine-pyruvate aminotransferase, BCcBAPAT) .
S5 T Triboleum castaneum fY K & %14 1-1 52 it
(Aspartate 1-decarboxylas, TcPAND) LK k5T
E. coli f NADPH {fith B 3-8 Sk N 1R i L g
(NADPH-dependent 3-hydroxypropionate dehydrogenase,
EcYdfG). i ZH RPN I B AR AR A5 7F T 19 3HP
FRARIAF] (1.84+0.23) g/L, M A A1 R
T 85%. Iy —Fl LAY BR A A5 LAk A I —3FL
M2, FLIR— M FLRR A ™, (A7E R W b b
EIMRMRR, KRR pH {EEOR MR, 520w
AR, ATTRELAS 147 B i ik — 20 3
T FLRR A, PRI BBk RE A% T 52 SRR pH {H,
PRI A A Oy o PRARL () PR AE 7 B AU bk . Turner

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

ST ORI PG 19 SR8 PP L3 % 1A IR T
KAHEF Rhizopus oryzae AYFLER M & (Lactate
dehydrogenase, LDH), AWM T AR~ 5N
0.6 g/g, AMAMEAMETH 3MF, BIHESM
LR T . BRI S AR AR AR
R SRR TR A A, B R T A A i
AW A Crabtree-negative fUCIHAFE, IHET
TN AR B FR B (Pyruvate decarboxylase, PDC) i
PR, B M N N B RR FR 2R . 53 4h, PYC Al LDH
X TR R %) 35 A HT 8 T PDC, gk — 2 P i
SRR LORA ST A

PR LR ki b TCA TR IE % i 5 1 %
SRACH o BRI I R AEA QT AR I, DY R R Fh
R R s TCA PRI & I g1
9, T H AR ARGV B 2 s TR A A e, iXoh
VB R et A= R S T B AR W BB T 3
O AL B g TR R 2 L TR R 1 S A R,
BETR, 28 N TR R AN SR A BGRR S L T
A SR, AU 2S5 5 T A o Bk 17 &
L RIRIF BRI R m 7 L A R
Al RS T4 M 402 R G i (ZRRiiA) FIRE fi
(A T) 9 RN X 18] [l A g 7274 Lane 207
255 T BA B 40 BT 8 728 2 AL B AR
HkRIZR A, 3% 2 BEFLER & (Acetolactate
synthase, 1LV2). iR if )5 A4 (Ketol-acid
reductoisomerase , ILV5) . — ¥ B2 Jii /K Bf
(Dihydroxyacid dehydratase , 1LV3) . [ i & /i
(Alcohol dehydrogenase, AdhAREY K Sk 5 T 7.2
FLERE Lactococcus lactis 1) ol 5 1R i SR i
(a-ketoisovalerate decarboxylase, Kivd), %%
W5 T A B 6 38 i AR 4R vp 21 [F]— S W DX i)
] B 38 20 I AR AR B TCA 15 28 w8 16 PERRAE
WS T IR P R R E T 2.6 g/L. Zhang T
KT AR TR 58 WK S5 TG W o B o A4
H, BRILZ AL, W AR BATL (4Rf 2k 2
BEGILIRYE E ) . ALD6 (Zfith it e I L) AN
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PHO13 (4t tE iR REg) i — bz,
R ZEA R T AR KR B 4, 1A% 3.1 gL
33 FEEKRULEY

J5 BIGEAC S WAE NG R o TR (14N
RESURLAIARZE . S FRGADRRAS IR . OR A £t A
2590) B SR OB T B b AR M B
R T kG A A R R SR AR Y Crabtree BN, D
AT B 22 10 i i A 1) A ) o RN O 7 TR R IR
(AAAD) 77 ¥, Gheorghe 281 vk LI AKE g i —
B A B A RS RRAT A I A ER, BR THEAR
BER BB RS | AKIET E. coli [UZF BRI
I (Shikimate kinaseIl , aroL) #1 Zj [X &% T &
Flavobacterium johnsoniae > 5 i) % 2 ik ff 2 Jit
(Tyrosine ammonia-lyase, TAL), [F]R}id R iEHT %
Tt R DAHP 5 B 1 7 32 R 58 748 Wi 1o 7 A R 2
BETR ¥R A (0 SN 5 LA R Bk ARO10 1 PDCS LA
WD R P I . ARAS Y 2H PRI B TR S A
HAIWE (5.35 mo/L) AT, ARBERM
T 20 AR A TR AR AR, (E AR R B A
PR T 45 £, KF T 242 mg/L. F St CEEE B
7N OO B F SRR AR A G RE R 9 3, - H
WP A FHARAS B3 8, X6 AR P 2= R AR R A B R
WA o 2 A 20 P ) A A o [ ERE AR A 383
20 L AT R A T AN S A A, AR Wit 4
1o LA K B S 08 1 i A Qg S A R T e A S
PR o
3.4 fFERYE)E

ARBEACE AR A 5 | 2 (8 TR T B 40 P A
P28 A R EHE, X P RE SN HE LA S W E AE
BUAREE A RIS Flan, AT BRI
05T LA S LIRSS AL G, EATTLAARBE A k5
B, SR, FAREHER T AR
2R R 5 AR T R TR Ty
Mo PRENANE HARE G P06 i F v x4 5 1Y)
TR, B, FEFm A = &
B CH L, TR LAAKE R A R R AL T R

&: 010-64807509

(Polyhydroxybutyrate, PHB) Ayid#td, HF
XR-XDH AR AR XR A4 PR 38 5 i 4
NADPH, XDH {4 NAD®, i PHB )& M5
FR i NAD", XR-XDH & 42 4# B 7 fi -4 A —
IR AN A AR AP, NTTTSEN T PHB
MR, 15 PHB Bk 101.7 mg/Ll™,
3 12 278 NADH HR Y (1) 2 T £ AT it A\ 30 i
(AVAAR) FiI NADH {4 XR 748, what 1A
FAFMHOIL, BEHE PHB 7% 360 mg/L®",
FIRERY, 76 2,3- T [ (2,3-butanediol, 2,3-BD)
AR, @ XR AR AE, IR
A HL TR R S AL ] ) NADH 77242 NAD”,
13 2,3-BD FE AN Ak J5 I A 77 A B T %
WA B R BN B4 K S8 7O o g PR A S A ) LA
Ab, ARBEACH AR b TR AR 3 A
R BER w6 i i Ok R R . Hor, ik
AR T W W TR Ak Ay A T AR - 5 - Bt R 1) A TR AR T il
(Xylulose kinase, XK) J&ICHERRH T &, FERRIE
P Bk i Rk XK JE 4 7 ABARI s . SR,
J& BTSRRI FR T A IR S5 R T ™
PR R o BF5E s PPP i iy Ak LBy
Bt NS (Transketolase, TKL). %% Wi
(Transketolase, TAL). 5-f &A% i 4 22 0] S5 #) ik
(Ribulose phosphate epimerase, RPE) #1 5-ff iR #%
filil ¥ S #4 i (Ribulose phosphate isomerase, RKI)
MRk, HE— B T AR IR, Bk,
Jry T A B A A — R EdR AR
R, ERAR GRS HiR Y6 sogis
) e A3 e LA R e B 3 T i 2 S B ) v 7 Y
RRAS o X 24 L 52 % A ) 285 118 4 Jy o 428 2 il e |
R 0] R BB iz —, AN, R G R A s i
VSN ARVl 1 E DU & AW R ERe v fke e
WFFEHRIA , Gor2 & — Pt e fire 55 R 5 S dTs (R 1
"] 5 RAPL I GCR1 JE UK & (8 T il e i i 42
R ZHCE SRR o B R B2k I AT 3
TR 1R 32 A2 1 S5 S R0 200 L X 41 07 38 P 1K

. cjb@im.ac.cn
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P, MNTIHE S T TR AR A A FI FH 5 A0 40 A A=
FLON g R A i P R RO 0 5B S —
BEMARYG, a0 AR IR 25 i G e
RYHEEF R, P8 E T Cyc8 12K 1% 15 4 5
CORHFEIZ 1 (HXTs) Fah R, E42 & b
s AR [FIET, W ARWE R s SR L T A RIS
7USY A JE 0, 2R M N AR R R ()
fEALSE LRy, TR R DIRERR T 52 A B85 52
Wi, #PEJE1EHE (Post-translational modification,
PTM) it R m IR HER R, PTM &
R A AR T2 AR E LS, FE
kR . WAL . ML B R, PTM fE
% 38 3o TS PR A Y, S WA E AL . 5
BIRAMEAEN . R REE XY DNA 454
RET SR =, T HAB M 2 11 5T 48T 1Y ) e RN
R, BRIz Ah, BHCIEHE SR R Qs
AR HE 25 T - Sato SEWFSE K B Fe-S FEFIE 5
e A EAH A, % T 1SUL, Ssk2 Al
IRA2 S8 p, 3 3o Wi S o (R4 7 B g 2 5 3
FRERA R MY N R 2 R BE VG HOGL i 4% . Il
PRA S5 AR A ST i B AR, 53
Ah, Wu 255 18R\ cCAMP BERR — 1 ik R A 2
KB AR RS, E—E A B TR
T R AR QI R BN, BRI 3 20 4
R EER, ERERT . BB RS K
BEACUHF 5 55 5 TH 48 2 15 38 173 o A S0HE AR
o R AR A AR 2 R 0, Hoxt
HA AR A=Y o2 A . 75 Bl
B W58 A 1, SRR ROk IR 2 4 R PR 4
T 2 R TR R AR AR LS
oAb an f s AR M 4, PR AE K 5 G
B, HR K PR M = T A M A T Y g

4 REERE

VE R AR 2T 4 3 I A ) ot b SR T A
AR TR R AR, AR AT e R A A s BRI

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

27 it ORI 2 B SR A AT 06 . AR AR
ein . W AR T URSRAR IR SO Bl Sy T
FER T ORE LR, B TR RCE.
B2, AWERF A A A — L i o 5, LA
RORIRARK T2 0], AR MBFFE TAER A
LU r I . 56, X THH AP
XR-XDH A2k Ul , AR DL A5 TR
XRIXDH {1 Le 451 981 55 B¢ 51 A SIS v, 4% 38
FEAE A T, A A R ME . T —
D71, A AR A Ak NADH 1 F
A, DR AN P AT RE AR S SR B ) S5 BB
MR (N2 ERER B COy) A LAA WL & 5™
o R XIS, 8RR B 2 S S M
EATAR SR 2 il 249% 38 18 AR W e AL 303 1 B 22 [
o MR LB T . SRR R IR E
il DA R B AR S s T, R
XA MR AR . R, TR 3 i RS I B AR
ARG R, I 2 28 48 38 s 52 AR Wy
M ER Y Z WY R s ik i . N H
JT R JE B A B R N AR AR 5 S Ak AN 1) 3
FE . Z R IR Z IR PR IR A DL SR MR 7 ) Y
T} 52 M e S5 PR 45 SR ik — 20 3R 5 H AR W Y
FEREBFRL Ak AR AR A TR, dn
N SRR RS I AF B R (Atmospheric
and room temperature plasma, ARTP) 48 . Jt[H
MRS, 50 il o O L SR S 1R B 15 3 = v e
AR, FE R A TR R ERAR, 128
AR A R T, 2R AR TR GE
e A PR B2 A e 40 i A A PR RE

BRILZ AL, AL 4E 3R B A1) L FE b 20 i
TR T3 Ah — A~ T 2 TR A O 45 A 0 o 40 %) T 52
PE o ARJTEF 4 2 Kl B v A 1y 25 R 4
WLTR . S-RFEP IR (HMF) | BRI A 2655
3 A A [R) A BT 2 ) 210 B AR A R R A 7
oL 10 4R B, AR 2 3RS S QnAH 0G4
A3 Sl TR R B A 45, B sk IR IR A )
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B R AR FIE BT, AR SR AN BE LS AL |
WENEEAC TR A RN HE A, Ca—EfRE
AR T TR I A X B ) PR 2 SR
X SE PRSI AR AR R B R — bR, S
A X ZHM G R 2 RET AR S35k, B
FERBL, WRRTESR R 2k B R, 2k A (O
HOEARE) AUHACR PR R . Wiy, WEz
ol 410 S Ay it 52 v ELBE A o RO o 4 Wl A A
e G U ELAE 2 i B TR PR AR TRET HE R e 42
Ny V€ S A1 7 S

B, BEE LR TG AP B Bt
HEE, WA BIE . B RER TR AN
T A ) folc A 0 200 M T ) e 28y et o e
H, DUTE R R AT A AR B 4 4 3 A W T ) vy
(EF AL AT B
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