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Construction of microbial cell factories for synthesizing
value-added chemicals with xylose

WANG Tong, LU Liangyu, SHEN Xiaolin, SUN Xinxiao, WANG Jia', YUAN Qipeng

State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology,
Beijing 100029, China

Abstract: Lignocellulose is the most abundant renewable resource on earth. Constructing
microbial cell factories for synthesizing value-added chemicals with lignocellulose is the key to
realize green biomanufacturing. Xylose is the second most fermentable sugar in lignocellulose
after glucose. Building microbial cell factories that can efficiently metabolize xylose is of great
significance to achieve full utilization of lignocellulose. However, the lower metabolism
efficiency of xylose than that of glucose in most microorganisms limits the application of xylose.
In recent years, the deepening understanding of microbial metabolic mechanisms and the
continuous advancement of synthetic biology have greatly improved the efficiency of microbial
metabolism of xylose and expanded the spectrum of xylose-derived products. This article
introduces several xylose metabolic pathways that exist in the nature and the derived products,
summarizes the strategies for constructing recombinant strains that can co-utilize xylose and
glucose, and reviews the research progress in the application of lignocellulose hydrolysates in
the synthesis of target products. Finally, this article discusses the current technical bottlenecks
and prospects the future development directions in this field.

Keywords: lignocellulose; xylose metabolism; co-utilization of glucose and xylose; synthetic
biology
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FHI R, FRBEAR ISR AR RREAT,
FORFEFF el H HEE S & £ & AR TREF 4%
SRR TR AR BN 1800 4217
Rz FE MR (TYBER 30%-50%).
YR (TYREM 20%—40%) LA TE (T
Wy B 15%—25%) = T 40 AA ), 3 s % YA
R, m AT EATS KR A R R 4 2=
Ry JECRIAR B M AN T A H BRI
A B FEAAE G A A TR, T ELX SR
Hbr A EEE L, RS, AREAR
BRI LFAE R0 EE Yy, o5 AR AR 4 R KR
PR 30%—40%1, LI RIR Y A Y&
I (A2 it HL A e v I e B AN B RN ) R 114 )3
RS SR, MHECFREENT 2R, ™
A AR AR B B AR AR B IS ORGSR
PG H A B S, RBCE bR S EAL . AR R
R 7= LR A SR TR, M R BR ] T A T £F
NGt L &

AR, A A LA T A TR
Mg —2 R R, AR A ARSI R A
2 TRRIETE, WEMADNIE T FHA
WG 1 B I AL & I BUS TAR K ik . A
SCEVES T H TR B AR SIUE P GRS
AR AR =, 2R3 T AR 5 4 L
F TR B RR A SRS, 1He T RUE Y B
FAR 3 21 2 R OK iR 0 6 i B AR 7™ 0 1) fee o i0F
&, e, ASCAHT T A AR AR B
Pk, BT AW LRI, AL
ARE ] JEARL AT A = P R 2 | SR I 2T 4
R R R MRS S5

1 BE AN RE
EA NI, CA MDA

PR BUARIE , £ 75 AW I8 i - AW I i 2 il
(xylose reductase and xylitol dehydrogenase, XR-XDH)
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WA FIANE 544 i (xylose isomerase, X1)i&4E,
1-T FR %% i i 12 4% (ribulose  1-phosphate, R1P)j&
R 1-BEER A E ¥ (xylulose-1-phosphatem, X1P)
12, Weimberg (WMB)i& 12l Dahms &12(& 1)
AR, R 3k S A A AR G i e B i
b b S TR R i e .

1.1 XR-XDH & &EH XI i&1&

XR-XDH @A XI A2 R AL Ge i fe: 1
M) 2 AR HEE . Hrp, XR-XDH &4
FEAFAE T — e 2R FL i A B b o AW et
XR B ARERE . KI5, ABEEED; XDH 4k
HAEBE A BB B (xylulokinase, XK K5 A
i W 3t R £k A S A - 515 iR (xylose-5-phosphate,
X5P), i A W R 3B i 12 (pentose phosphate
pathway, PPP)ik442 2 5 4ulifi Ak K 5=y =2,
Promdonkoy Z£1Plid # ik XR-XDH, XK. AHE:
SRR B I (EXT7 )RR T BE s M 56
A IEDR s PHOL3 JE R (2 A X il i e
MM, AeRr XSP A AREDIE) I GRE3 HEH (4
AR NADPH (8 VERE A 5 ), A 1
DIAKE NG . 0] A A% 48.4 mg/L 5T 5 (A R
l%+E):(Saccharomyces cerevisiae) T2 Fk . AR
FH XR-XDH &4 Re s A A A= 77 B A2 i
{HAK#i NADPH f XR F{#5i NAD ) XDH Firid
B R -2 il ™ E 52 XR-XDH i A2 AL
Ko FERPRAEIRE LT, XR Fl XDH X AS[A
BIR T i i il 530 NAD Bt~ 5 NADH 337,
MNTIT BRI R T P XR-XDH # 42
HIEE N O a8, Suzuki 28N & 5 T AL
SEWE ks XDH, (i H AT NADP A4 - LASE
B PN R S B O (TP G ey =Y NN [T =
B} (Kluyveromyces marxianus) DMB13 fEfig i
KA O, CEERmFATIL 0.402 g/g.
JfBIH, Songdech ZEl' R HE T S T BE S P A AR,
DAIABE R ME—iR G T 14.8 g/L 5 TR
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Overview of different xylose assimilation pathways. XI: Xylose isomerase; XR: Xylose reductase;

XDH (orange): Xylitol dehydrogenase; X1K: Xylulose-1-kinase; DHAP: Dihydroxyacetone phosphate; XPA:
Xylulose-1-phosphate; DTE: D-tagatose epimerase; R1K: Ribulose-1-kinase; RPA: Ribulose-1-phosphate
aldolase; XDH (red): Xylose dehydrogenase; XL: Xylonolactonase; XD: Xylonate dehydratase; KdxD:

2-keto-3-deoxy-D-xylonate  dehydratase;
2-keto-3-deoxyxylonate aldolase.

X1 &% FEAFTE T KM 1# (Escherichia
col i )FF At , 2 F XUEEABEAC S AR IS S
28 XK A A BB BERR 1A= i X5P, 548t PPP
S5 H LR, Qiu & IFEA = -3l
TR P RS B TR AR P B 1A XTI AR, B 43 S R 1dh
(GifiS L-FLIRIE ) A1 1dhD (4if% D-FLERAE A
i), TEm BRI FA T 97.3 g/L 1 D-3L
FRFN 130.8 /L 1) L-¥LIR. XTI it e i K 1
KBS BB B A B ff P XR-XDH i&
BRI PR AR, SR, BRI XT iR
2 BRI B T B AR R R R E kA
AR, Ry A2 40 M o s ) 5 ) AR B
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DPDH:

2,5-dioxopentanoate  dehydrogenase; ~ DAL:

B 15 Ak T B . Temer 25 PO B im % £ o
3o 263Kk 4 15 P9 B2 AT B (Propionibacterium) XTI )
FE DR 5 G K g A TR 4 5 48 GroEL-GroES
EAEYNIEH, EAEET XS A SIS,
I H R Pl A M AL e e B, PR RN
0.44 g/g. LN, R, B ETB
WHEMS IR R XT BTGP, Seike 250V 1d 5 4
PCR A FRALZAEFRAT XTTOVVIA e ik, K
A R 3 A BRI 1.7 o
1.2 RIPEEFM X1P &R

RIP BALH X1P A5 12 LUK B A Y
HE IR — FE TN I (dihydroxyacetone phosphate,
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DHAP) I B FE (I ARBEACI &R . PifhiRe sy
W C5 HEERM N C2 I C3 /N1, A A
&K, B QLAY EEIRRE,

RIP & 2 F FH D- 85 48 i 22 ] 5= 44 il
(D-tagatose 3-epimerase, DTE)¥f A il bl 22 ] 57
¥ A6 A R AZ TR OBE L B S A% TR OB -1- 3 G
(ribulose-1-kinase, RI1K)¥f 2 ER M 6 iR 1k 2 i
RI1P, |- R A2 A 185 47 i (ribulose-1-phosphate
aldolase, RPA)KF R1P 2%}y DHAP #l1Z s
RIP &2 0 2970 # £ ¥ (ethylene glycol,
EG)HI Z IR (glycolic acid, GA)FY %A -
Pereira 252 I7E KT I Ak B xyl B 3 K] (4 A5
K A B BELIT T R AR ARBEAC T E AR, FIA
RIP iBARACHANE , 1 35 aldA JE K (4 s
TN S AK SRR ALY GA, dE G R
glcD 3 [N (4t & TR S8 AL il 5L GIeD)BH 1E
GA Wi, BT 44 g/L GA, RIEN
0.44 g/g; A T ¥ EZE 2 T A{A DHAP 1) F]H
R, Peraira ZPVE L BERR AL EAR T BIA L
WEWR 55 1% 1845, DHAP 1@ ad Hr O BRACIS A =
FR R (tricarboxylic acid, TCAYER G, H LERR
R CTERR , IFE LR I )t i A 1]
TAERL GA, ZEH A ARG M T 40 g/L
GA, I 0.52 g/g.

5 RIP &#AE, X1P @25 AKBRETE
A i K - 1- 18 il (xylulose-1-kinase, X1K)1E H
BERRACA L X1P, A 1-BRMR A i W 1 4 iy
(xylulose-1-phosphate aldolase, XPA)¥ 24 i
& DHAP I Z BRI X1P st Bk L m
Mg . & 5 Ak 5 s —E B . Cam
FPE N R E TP EIA XIP BEMET
GA TFERME, FAABERT A 4.3 g/L GA,
X1P AR Al g 5] A SN EVE B R A L C2 1k
A% . Uranukul ZE e FRl R 5] A X1P 38
BHIERES A EG ML= FkE, FIHARES

&: 010-64807509

T 4.05 g/L EG.
1.3 WMB iZ12#1 Dahms &

5 ERARBEARW R AW R R, RA
B A %1 1 (Caulobacter crescentus)i) WMB &
I 5 FhlEMEAL R ARE SR, B e R
i &0 (xylose dehydrogenase, XDH)¥ A M 48
R D-ARBE MR, D-AWH PR 4 A PN 15k it
(xylonolactonase, XL)/Kf# N D- KB, $&H
D- AR FE AR 5t 7K i (xylonate dehydratase,
XD)MIFEH T AR 2-F-3-Ii S AR R, 4
1 2- i -3- i 4 -D- A Bl R 7K i (2-keto-3-
deoxy-D-xylonate dehydratase, KdxD)/F F 4 il
2,5- "SRR s B JEpE 2,5- AR I =
(2,5-dioxopentanoate dehydrogenase, DPDH) &,
A B o-F S R s AR o R Y
R BT IR, R — 255 i TCA fE R
MG W mak . HA &R, Brisseler
4 e 2% 54 B B IR FF H (Corynebacterium
glutamicum)H ik WMB &4 fd HRE % F A
WA, HE—Mad o~ R TR AR A
T 7.92 g/L o-Bil/ 18, N HAHIFE#, Zhao
LPWE KA R s WMB #12, 151 A o-fi
PR T e ) y-2 T IR A GRS y-
TR ikF] 3.95 g/L

TEABL L 1 (Pseudomonas) & B Dahms
AR T 2- 8 -3- 3t 4 AW T 47 il (2-keto-3-
deoxyxyloaldolase, DAL)¥ WMB 4% [a] {4
2- i) -3 - J5t A~ D- AW TR 2L 17 Ay TN T IR Ff L TEE
Jei AT A G L GARY). Dahms %72
SN C5 BRALR C3 F C2 /N F i, b
= C2 hEWMEYE RN EZERZ —.
Cabulong %554 Dahms 4% 5 2 R 55 % AH 25
B VRVENIRY), BT 457 g/L O
fi2(0.46 g/g). Wang Z:BE R AF# 5 A Dahms
AR It Rk FucO K&K (4 fih NADH s i i

B<: cjb@im.ac.cn



2700 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

WG ¥ CEERE AL EG, A HbRNEE & B
A F] 72 g/L AR AE N ] WMB & 12 Fil Dahms
WA E ARG W R R, LR R AROR
B TR 1 R o R R 4 ™ R ) A4 i ) A K R
YRR o T I AR R A FL R, Cabulong
AP R R Bh T T7 BN B35 Y tac JE B TR
055 xdh (S A ACHE i S0 ) Y 2R3k, DR AR B
R, 96 h J5 EG ;=& 7.72 g/L, K E|BE "
) 95%.
1.4 AKREREEEHHE
AR R Z ], AR AR 5 HA
A= R 85 73 22 18] AN S 0 37 A7 A T 2 A B G
R0, U0 Dahms 342 A X1P R REAE i GA,
BT & 128 10 7= ) de 88 S 3k A R AR
e Bk, [F—Fb G WA AT & 2 5 RE
BE B MARG B AR A7 AT a4
fE i BOA I T AE R AR S R I, 38 R 2 A
U RIS, BV A EoAE AR A H B

BB A T S — R m .
WMAKEZ WMB &84 B o- i 1% — 15 TR
RO HBA R, Bz G il & M5
A FIBE F1E8 25 AL XT A2 i o % — 2
FTEAIRE | BRICRAR A BREG , B4 B L 4
fitf A (350K . Wang 2501 7E KM B P 3R
ik XLk hn o el A ran, JIFphmR
K WMB 42 5 F He ML N A4 ol e R i it
N, RIS IA ol R NP R IR A
WagAE, AT 602 mg/L R _FR, Huepophfdif
XI #&4:(104 mg/L)Fl WMB #42(209 mg/L)& i
I TR B PR AR R o Xia 2B F A B XR-XDH
IR AR AL e B A B SR . (H S R R OR
AR, RBURSCRAN R AT A
FORSCAEER . R WA -1,5- B R F2 Ak Bt/ 48
Tt TR0 8 T A W ORI o B P — A B L [
BN COBEG IR, BRI M 0.324 g/g £
£ 0.336 g/g (3R 1),

x1 FAABEARNKHEEEREMER~Y

Table 1  Utilizing different xylose assimilation pathways to produce various target products
Host Substrate ~ Target compound Titer (g/L) Pathway
Saccharomyces cerevisiae Xylose Isobutanol 0.05 XR-XDH pathway!'*
Kluyveromyces marxianus Xylose Ethanol 0.40" XR-XDH pathway!'>
Saccharomyces cerevisiae Xylose Isobutanol 14.80 XR-XDH pathway!'®
Escherichia coli Xylose D-lactate 97.30 XI pathway!'”?
Escherichia coli Xylose D-lactate 130.80 XI pathway!'®)
Saccharomyces cerevisiae Xylose Ethanol 0.44" XI pathway”
Escherichia Xylose GA 44.00 R1P pathway!*))
Escherichia Xylose GA 430 X1P pathway?®*
Saccharomyces cerevisiae Xylose EG 4.05 X1P pathway!*”
Corynebacterium glutamicum  Xylose a-ketoglutarate 7.92 WMB pathway*”?
Escherichia coli Xylose y-aminobutyric acid 3.95 WMB pathway!?®!
Escherichia coli Xylose Glyoxylic acid 4.57 Dahms pathway?”
Bacillus subtilis Xylose EG 72.00 Dahms pathway!®!
Escherichia coli Xylose EG 7.72 Dahms pathway?”
Escherichia coli Xylose Glutarate 0.60 XI pathway and WMB pathway!**

* represents g/g.

http://journals.im.ac.cn/cjben
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2 BAEAAFNRATEE S AE
EFERENE R

TR W 5 08 3R R AR AT IR AR AT H %7
B, HESD A AR M AR ) R AR R
WA = m A . RS -, RERE
FE T FF AR W L) P o 25 W R AR A Al T
FEAEWS, DISCEURREFAE 2R 5 sr R
21 HEBECERASGXLUEEE-KEL
FIA

AL KT R S CE W Z FOBERT, BT
SHARSCIHFE R NE, #E AR5 A SR TH
FEFLME . BThiAAME . AORE S AR, Bk
fER A I 3 1 %500 (carbon  catabolite repression,
CCR)PO AHH Y % 12 T it 2 1) 5 s 38 [ 7
XyIR (F1 xylR ZfiE)F1 cAMP-CRP F 4 247
BB R P A ER, WA EEEA
EIIBC® (i ptsG #ifid)ii#E cAMP, Mg 2>
cAMP-CRP E & WML, il T AW iz
AT o P ot 1 IR i 7 0 B IR 5% X T R 4t
(phosphotransferase system, PTS), REW5HI) 557
AW CCR 5 53l B, 18052 T AE Wy %o 4 26 Wl 1Y)
T ECRUR 3, AT 38 380 28 26 W - A W 1)
(14 E 1 a0 Zhu 2P 5RO B AT 1 ptsG 3L,
P T B8 LA P o 2 0 A AR 2B 7 B IR 3k
RIT PR, Fehtik 43 g/L; dE— i b iz s
ABERIBC L, BEIARRI B = 3] 107 g/Lo W]
MR SR M, Li SRR KB AT B ptsG 3 PR 5 Bt
WA BEAMARE RN, WE T 455 W PkiR
(4-hydroxymandelic acid, 4-HMA): 7= [ £k ,
4-HMA JHEE N 111 g/L, 5B FH 3 285 1 al
ABEVE R ME—BR IR Y B RRAR LG, 77 5 530l 42
T 48.6%F1 35.3%. fi¥R PTS FR 4 2 5B 4
BEFAE LA A T Bez—. R, PTS
ARG ARG R A ps s A, B

&: 010-64807509

AR K A8 AR P AR o X n] DLaE R
galP (4t ELE & 1) Zmglf (2 20 b
B2 A E AR () I 1 RS 92 R gk ke R
Saini 25 R KA FFIE ptsG Ailid ik Zmglf 3
DT L 2 M RO A i A 7™ 2.6 /L IE T BE,
BT 5K B FRIE = R Y 32% . Wei Z6HE TR K
I FF T OB TR XyIR, Bid A3 CCR
[y XyIR®ZIOPOS B T xyl A (i AHE A4
fiff) . xylB Fl xylFGH (4ifh ATP (i VEANE L 12
B )G % R AR BRI A= 7= T 29.16 /L
4-3% I 57 22 50 R (4-hydroxyisoleucine, 4-HIL),
FEEN 0.91 g/(L-h). xylR B IEER T 324 4k
P, R Z BT R REN g, araC ikt iy B R
BESEPTTIRT AraC BRSNS AL SR T xyIR
(23  Kim 2525 i @i bk araC 564, 2Bk CCR,
B EE T REFI ARSI A WAL ™ 4.8 g/L K
R %) R T A 2 A8 TR R o

I B 2 A R A A A T a1 v R
Wi 055 12 AR AR S R 1 Rk KF-, DA
PR AR BB AA % . 40 Wang 45
i 2 A R GRS 5 R s AR xylF
(A AME 32 25 11 Xy IF) Rl xyl A S PR S B0 LA
FH A 2 B AUAOBE A2 77 T 24 900 mg/L H BEfR . Li
S 1t 3k araE (Y b OB RS 1B 1) R
Xyl AB S BRAS ZA FR P FF DA LR FH A B - AR, I
Fyzdt 1,3-P0 (1, 3-propanediol, 1,3-PDO)Y& ik
2, iR 1,3-PDO M5E S i AR B, B T 98.2 g/L
1,3-PDO. Su ZE I mim et iRl PHOL13 3t
DA I 26 0k RE e 1z ABE ELAS RERE o B A B A0 5 1
A Gal2™ o LU BUA AR ACIL A, 72 S L
KRR AT 903 mg/L JEHE MK,

B T el PTS RS0 AT B AR FRHUA 14
SRR DGR DR SRR MG, 3 N ME S I = HE AR HR
(adaptive laboratory evolution, ALE)&E%%
- A ) A O T2 K3 1. Ling

B<: cjb@im.ac.cn
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SFUIESR IR XTIRAR 1 SLAR 5 17 (Pseudomonas
putida) KT2440 )il ALE, i i ) #5 47
Xyl EAPVASSY [ 585 1 QP478, 1A Rk A5 Fl
FHAZEIE AR AR I A 7 R R (mucoconic
acid, MA), ALy LREEBREEB 427 33.7 /L
MA. Li Y Bam et mik b, MRAR
PR 8 Y A i AR SR s R T, 3R is
X ABERIE SRR ). MR IR I A
BEFNABE VR B2 AR R, AR 2 Y 5 02
T HEERE
22 FEHBEFFRILUABE-AEHR
FIA

TE k% FH A 25 TR AR RN & P ACH T Pk iy 3
BE IR R A [l e D A A il 72 X & Ak
Zif CCR, 1M H.BEHF 5 A4 04 A W) i B S B
b, K R 2 RS AT AR D, DT
PRALAERARIR G40, US4 . AR
R AR Y B PR B . Zhang ZEV O BIREE T
FIFABEG B 3-Mi & 7F B2 (3-dehydroshikimic
acid, DHS) Tk 1A 3 % Bl 5% 1k DHS & )
MA FBRBE B PR R A TS 3724677 T 850 mg/L
MA ., ¥ FH R —5E W, Seo 251Ny T LA 26 b
G S T )V 25 TR R R AW SR IS )
A7 T AT A PITEAR, TERIEA A E T R
FRREG T MR Tl 77 it ik 392 mg/L (B 2),
Joj FH 8% F5 5 AR I8 Ge % [R] B 2 7 P A B G4 -
Flores %P0y @ 1 ) 4 25 0 A 7= 2 i Fn )
ARWEA P B LB A R . AR A
W AR O B R e Y W R G FR B (pyruvate
decarboxylase, PDC)fUilf i Z R 1 73+ CO,,
BT & # £ AU (alcohol dehydrogenase, Adh)
SeAb Ry B 5 I AR ARE I T AR DU 1 2 e
AP IRAR T CO, SRR I =N i R PEP
T T TR M T PN ) % 4R ¥4 I8 (phosphoenolpyruvate
carboxykinase, Pck)J/EF T A OE Tt L 18, iF

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

— ARG, WS CO, B, Wi
RN R 11 SRR AR T 2.7 g/l SR
2.7 g/L BE3ARREY,
23 WMETITRBEEXMEEE-KHE
HF A

AT 842 1T (parallel metabolic pathway
engineering, PMPE)t /2 5 34 26 4 Fl A BE 3L 7]
WA ROTEZ — ZIr kR IR T
RIS, o — il & T BAR =2 A4,
1M o — R & A AE 4, DLk 20K 4 i
A KA Y6 B REAERR O B 0. A
Fujiwara 250 F 2 ZLBE S 175 Wi/ 40 B 80 2
48 (GalP/Glk RGN TE PTS R 48 LIS iR
CCR %0 ; 11 fi Bk pykA Fl pykF 3 B (2 5 14
P % 4 ) , - PEP i ] TCA I 34 (1) % A2 BELIBT
AT S BRE 25 B U T B T R IR AR AT A
P MA; Bt 5] A Dahms B ARG A
TCA T3, HTHMA, N HZR A LUE
77 4.09 g/L MA (& 3). [IFEHE, Wu Z5E0P2TF]
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Figure 2 Constructing an Escherichia coli co-culture system to produce isobutyl butyrate. Gray arrow
indicates knockout genes; Red arrow indicates overexpressed genes; Bs: Bacillus subtilis; Ec: Escherichia
coli; Li: Lactococcus lactis; Ca: Clostridium acetobutylicum; Td: Treponema denticola; alsS encoding
acetolactate synthase; ilvC encoding ketol-acid reductoisomerase; ilvD encoding dihydroxy-acid dehydratase;
kivD encoding a-ketoisovalerate decarboxylase; yghD encoding alcohol dehydrogenase; Saat/cat* encoding
alcohol acyltransferase; atoB encoding acetyl-CoA acetyltransferase; hbd encoding hydroxybutyryl-CoA
dehydrogenase; crt encoding 3-hydroxybutyryl-CoA dehydratase; ter encoding crotonyl-CoA dehydratase.
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Figure 3 Parallel metabolic pathway engineering strategy. Gray indicates knockout genes; PPP: Pentose
phosphate pathway; TCA cycle: Tricarboxylic acid cycle; ptsH, ptsl encoding phosphotransferase system;
pykA, pykF encoding pyruvate kinase; GalP: Galactose:H(+) symporter; GLK: Glucokinase; XylFGH:
D-xylose transporter.
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Table 2 Glucose-xylose co-utilization strategies involved in this article

Host Substrate Target compound  Titer (g/L) Strategies
Escherichia coli Glucose and xylose  Succinate 107.00  Knockout ptsG genel”!
Escherichia coli Glucose and xylose ~ 4-HMA 1.11  Knockout ptsG genel*®!
Escherichia coli Glucose and xylose  n-butanol 2.60  Knockout ptsG gene;

Overexpress Zmglf genel*”!
Escherichia coli Glucose and xylose ~ 4-HIL 29.20  Overexpress XyIRRIZICP363S mytantsl4!!
Escherichia coli Glucose and xylose  Xylitol 4.80  Knockout araC gene!*?
Escherichia coli Glucose and xylose  methyl ketone 0.90  Knockout pgi gene;downregulation of CRP!M
Escherichia coli Glucose and xylose  1,3-PDO 98.20  Overexpress araE, xylA, xylB genel**!
Pseudomonas putida  Glucose and xylose ~MA 33.70  ALE, overexpress XylE**?V/A4%Y mytants(*%)
KT2440
Escherichia coli Glucose and xylose ~MA 0.85  Co-culturel*®
Escherichia coli Glucose and xylose  Isobutyl butyrate 0.39  Co-culture!*”
Escherichia coli Glucose and xylose  Ethanol 2.70  Co-culture, CO, fixation™®”

Succinate 2.70

Escherichia coli Glucose and xylose ~MA 4.09  Glucose for growth, xylose for production®"
Escherichia coli Glucose and xylose ~ Trehalose 5.55  Glucose for growth, xylose for productiont
Escherichia coli Glucose and xylose  1,4-BDO 12.00  xylose for growth, glucose for productiont®™

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