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Metabolic engineering for the efficient co-utilization of
glucose and xylose

WANG Qian"?, GAO Jiaoqi?, ZHOU Yongjin"**

1 Division of Biotechnology, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023,
Liaoning, China
2 Dalian Key Laboratory of Energy Biotechnology, Dalian 116023, Liaoning, China

Abstract: Microbial production of chemicals from renewable biomass has emerged as a crucial
route for sustainable bio-manufacturing. Lignocellulose with a renewable property and wide sources
is supposed to be a promising feedstock for the second-generation biorefinery. The efficient
co-utilization of mixed sugars from lignocellulosic hydrolysates represents one of the key
challenges in reducing the production cost. However, most microorganisms prefer glucose over
xylose due to carbon catabolite repression, which constrains the efficiency of lignocellulosic
conversion. Therefore, developing the microbial platforms capable of simultaneously utilizing
glucose and xylose is paramount for economically viable industrial-scale production. This article
reviews the key strategies and studies of metabolic engineering for promoting efficient
co-utilization of glucose and xylose by microorganisms. The representative strategies include
relieving glucose repression, enhancing xylose transport, constructing xylose metabolic pathways,

and directed evolution.

Keywords: microorganisms; lignocellulose; biorefinery; xylose; metabolic engineering
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BRI RIRBAEYA 200 45Fh, FEALFEANH |
R B TR R 220K FL T o FL b B RE R AW SLRE I
AR R N, F AR TR
1% £} (Scheffer somyces stipites). b 7 iy o 6 4k i
£} (Kluyveromyces marxianus) . 7= it fi% 22 % £
(Candida utilis) 1 #j %5 4 fix £ W% £ (Candida
lusitaniae)Zz1%

WEEY R TR AR T sE o R AHE, &
TR REETE B T AR AR &R (A 1),
AR S5 W) FEAS [R) 8 sl A A 4 P s el AN (] 1 il 2
AR AR . TEATE T, AR A4 A3E B xylA
F IR g ) A B S 46 Tl (xylose isomerase, XI)EL
B ARl 12 K 2 B R R ) T B AR AR
J5i [ (xylose reductase, XR)F1 A B 5 A &
(xylitol dehydrogenase, XDH) W & fii 4k 1%, 7¢
XR-XDH i#feHh, FiiPi e iy i 1 NADPH
HIIEAER NADH 77 4F o ZE4H TR ARk T
A HBE 4> BIAE XYLB F1 XKSL 5 [K G i ) A F b
P (xylulose kinase, XK)Ek T TE B A il ¥ -5-
1 12 J5 i A B R 13 i 42 (pentose  phosphate
pathway, PPP)!'*' i F XR-XDH i& 12 #Y
NADPH H1 NADH F0Ui A 5~ (i 45, i P b 47
T AP R 2GR R 2B, M2 T,
XL A R, RISz 3] 1 80 210 5800,
H SRR B AL RORAL, BRI Tl T,
Br T _LIRSERIA 2 A0 MR TRERR A 0 A
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R Z A, RIRFETE AR BE IR i AR e A R
W R A iR 42, PR b KB A AL i 48 (xylose
oxidation pathways, XOPs)!'"! ix#tkizh, K
PR el i XYLB 35 D] 4 A 18 A 158 T 4L
R D-KBENTER, 2R)5 D-ARPENESTE XYLC %
R 4w Y D- AR P T B (xylonolactonase, XLA)
FIfEAL N B B & KfE A D-RBERR R, 5
D-ANHRRIE S XYLD HED i) D-AHRR B K
fif(xylonate dehydratase, XD )t fb i 7K 4= i, 2-fili -
3-WAA-D-ARBHER . Z )5, XOPs 43 3 2 4ciifz
7 D R R AN £ B 1Y) Dahms 3842180 4 o-
i % R IX) Weimberg #2171, X BB A% Ay HE A
Bl A i DR AE R 22 850 A TR DA R — S 24 T T L
A RN R Bk, X XT M
XR-XDH #4258 22", 1ii XOPs &
M7 T AR KA P Rl & AR B[R] i A
HARBEF A Z a5 XOPs 1EAFH i 12 ]
BEEA R 1Y,

AR E Y P AR E L BEE#  (BEmden-
Meyerhof-Parnas, EMP; Entner-Doudoroff, ED)i&
2, AU PN R BRI R S A A
Ja 3 A = B BR 11 P4 (tricarboxylic acid cycle,
TCA). EMP 5% ED i&%2H 8 H T s 2L 8 T2
PR Y A AR S R, R XR . XTI
Weimberg 1% # 5 1 %M 1) EMP 5 ED #4841
A, WHEAARE-HA LR e ) TR
PR(E 1),

2 HEHEWHIRL K EMCCREY
K-

ACHREE W 5 4 26 W AT T A BT 4 SR
Prrfr, CCR RN AT R T Sl MR
AR . CCR ad i 42 Ryl 9 15 [H 752
i 4 A AT G i, AR R AT 2 R A
FE, B Ey, oA 2 il H
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Figure 1 The metabolic pathway for co-utilizing glucose and xylose in microorganisms. ED pathway:
Entner-doudoroff pathway; EMP pathway: Emden-meyerhof-parnas pathway; PK pathway: Phosphoketolase
pathway; XI pathway: Xylose isomerase pathway; XR-XDH pathway: Xylose reductase-xylitol dehydrogenase
pathway; PPP: Pentose phosphate pathway; TCA: Tricarboxylic acid cycle; DHAP: Dihydroxyacetone
phosphate; KDPG: 2-keto-3-deoxy-6-phosphogluconate; PEP: Phosphoenolpyruvate; ATP: Aadenosine
triphosphate; ADP: Adenosine diphosphate; NAD: Nicotinamide adenine dinucleotide, oxidized form; NADH:
Nicotinamide adenine dinucleotide, reduced form; NADP': Nicotinamide adenine dinucleotide phosphate,
oxidized form; NADPH: Nicotinamide adenine dinucleotide phosphate, reduced form; GLK: Glucokinase;
ZWF: Glucose-6-phosphate dehydrogenase; PGL: 6-phosphogluconolactonase; EDD: Phosphogluconate
dehydratase; EDA: Bifunctional 4-hydroxy-2-oxoglutarate aldolase; PTS: Phosphotransferase system; PGI:
Phosphoglucose isomerase; PFK: Phosphofructokinase; FBP: Fructose-1,6-bisphosphatase; TPI1: Triosephosphate
isomerase 1; GAPA: Glyceraldehyde-3-phosphate dehydrogenase; PGK: Phosphoglycerate kinase; PGM:
Phosphoglycerate mutase; ENO: Enolase; PYKA: Pyruvate kinase II; PYKF: Pyruvate kinase I; PDHA: Pyruvate
dehydrogenase E1 component subunit alpha; PDHB: Pyruvate dehydrogenase E1 component subunit beta;
XFP: Xylulose-5-phosphate phosphoketolase; XYLA: Xylose isomerase; XKSL: Xylulose kinase; XYL1: Xylose
reductase, XYL2: Xylitol dehydrogenase; XYLB: Xylose dehydrogenase; XYLC: Xylono-1,5-lactonase; XYLD:
Xylonate dehydratase; YAGE: 2-keto-3-deoxyxylonate aldolase; XYLX: 2-keto-3-deoxyxylonate dehydratase;
CIT: Citrate synthase; ACOL: Aconitate hydratase; IDH: Isocitrate dehydrogenase; KGD: a-ketoglutarate
dehydrogenase; SDH: Succinate dehydrogenase; FUM: Fumarate hydratase; MDH: Fumarate hydratase.
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IRAR LA R PRI R 1T /45 11 (protein kinase A,
PR A )3 A %] 4 2 AR 02 T IR 45 12 W5 A
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R A T P 2 W e S P TR S RS Bl R
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ACHE | I 18 A S £ 4l 28 A ) S K S R o A
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Fik S 5K WIRI A FE SEBE F AZFL
SR DA K i CUOME iz B ) HXSL LA, B
[Fi) B 42 T TR T ke X 4 2 B AT AR )
AZF1 FI HXSL A py R #f Fe ik il iE— 24 0
FEOERE ST, MRS 20%-40%",

SR, 1 CCR 50N ({5 3 [ AN el 4
2 H 2 T 8L 22 1) 52 2% EL A A A8 A E A TR
SR FH BAL— SR W G 12 A DR A 2 A R A e s
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1 Gxs1PY, 53X 2 A2 K U 7E OB 2 R B
i) S cerevisiae HEHE T I ARERFIH . R
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Xt A (e 32 T A3 8 TR E DY, sk,
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RIALHE N326H . C-AR ¥ . 1171F Al M40V
S5 22978 R U 0 A A AT R 7 e VAR A
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EBY.VW4000 HANEI iz 52 m > KAl B
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H3) THED TR R RET S cerevisiae
i AR, BHFNEMYE Gal2 LIS
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BETEAN T P B9850 o A TR TP AR 2 FIRE S AR b
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(adenosine triphosphate binding cassette, ABC)¥%
1B RGN/ P B R e 18 RS . RIGHT
FEFIH ABC 51z RGEXT AW TS 541
EZRGE AN E LR R ARESS & RO W
— MR IiE 1 (adenosine triphosphate, ATP)/K fif#r=
AR RE IR BT S o R L UDT TR A AN
SR T TR0 A (1) 5% 1 D0 2 3 3o o/ PH 2 -
BRI iz R 5 IR s A 58 i, JF il Na®
R E A6 88 B85 - H S 4R B o SR TTREIR 40 it A K T
6 B W A B8 T R I AT A e A 2 A A AR o A R
WG a ik, @t B NIZE, % T Arak FIR
B ABC %1z 5 1 (AraFGH), 75347 Bl A Bz
SEOLT, Fst a5 T araC (L1561 &%
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(D223Y) MY mi RASHE— LI s T AR is, X
— R IEIE TR AR R AR 45 G
AU AR A A KRR I 1Y B 3 Sk, R AR
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DU FH 8 i 2 B 22500, R B i i
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KANGFEH R, 5] AT ABC BIAWi2 24
7 Z. mobilis £ 18 MR A H 4 BEAF-7E B B0 AR
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3.2 EMEEIRE
321 ETFEHURFREENREDREIRE
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ik ok U5 F ML KE ik 62 78 (Neurospora crassa)
NcXR 2t (R, i 55 2 7 vk o AR T 4 4 B X
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Wi-6-WE IR Ul ), Jadd Rk R T 2R v & 4k
1% £ (Kluyveromyces lactis) i) NADP i % p-1
TR T -3- ik 2 JIid &L 1§ (glyceraldehyde-3-phosphate
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S cerevisiae KAM-3X H; 7£ XDH #]H] NAD"
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AR R =R IE I, JF Bz A
A T AEARR, R RE R, PRADE S
cerevisiae 1141k C. crescentus i xylD ,xyl X . xylA
IS~ S - NI £ (Corynebacterium
glutamicum)i¥) ksaD, JIf-#iBk FRA2 JE[H, g
TR EERERT Weimberg il 1%, T ARAF4E R
AKARFEYF AT, @ AE B. subtilis HHE| AR
Weimberg i&f%, TEHAHIERIGIHES v-RAE
1% (y-polyglutamic acid, y-PGA)& MG 215,
FAEE AR T FEEE B. subtilis PX43 5K
ANESEFYEEA AL , v-PGA MR T 6 £5°,
AL, FIFHAREFE 28 3176 Weimberg #1245
% B L 7 (Pseudomonas putida) H , fi H:H.
& TRHARRRE T, e mi il R E
DU R0 s T A TR, A A 1 R [m] 20 1) i 4
BERAKHIIERE P putida SEM42, % E Rk
3R ER AV RE 1155 2 et

Dahms %425 Weimberg iAEAH1L, AN[A] =24k
J& 2-Mil -3- i S A B PR (2-keto-3-deoxyxylonate ,
Kdx) 75 A B A0 T A= BN I R TG 0 & e o 3
11 7E S cerevisiae 13 ik Dahms i%4%, ffFid %
ik C. crescentus (1 xylB #l1 xylD LA & E. coli H
Y yagE =% yjhH Fil aldA, fifi S cerevisiae T #E A HE
% A FH K B A4 7= 2 B R (150 mg/L) il 2 — P
(14 mg/L)™, # E. coli H1f) EMP Fl PPP 5¢ 4%k
T, FECHEE I 05 T s is, WERER T
SEATAREHE R A R B 5] AARKE Dahms 372 215
FRPk, B ALY NIRRT R, A
TCA B, X—I BB T = FhAE IR A
L-B &R, A2 TR amia s &Y, LUK
K4 S 3 7875 E. coli H Dahms @& A2 4T
WAL, RIS T REAE R AN G R FLIR - 5

B<: cjb@im.ac.cn
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IRILRY A TR,
322 ETIESUEFEEFRNMEYKETIE
br T BRI RS, KEHUEZ Y
—UEEL R XT iR 1R B AR AL S A
B, 32 B AL - 52 G e EAA R A N
TPk I ABE SR i — B ) XT s TR s
AE K B T B YL BT AR B A
P PR XI i, JRla MR A XT &
AR EA R, FFAREARER A YA
N6 18 % B DR 2H SO R i 8 HY Y Ru-xylA 7R
S cerevisiae FUJREMERE, FFEHAAS A
e, DA TEA 2 MRAH Ru-xylA (K11T/D220V)
AR, EEIETERS I 68%°). WFFE A B
Thfe s HE D 41 2 T HL S Ll R0 A
T AR S A, A% R S XYSCL
TE S cerevisiae TR IB G, FHARMAER L
ABE N ME—R A KT Ak, BEE AT
REMERE, ERAKBIRS T, b KRR
248, 466 B AT A RS, IR
T EFT S cerevisiae FHT BUARE A4 B, A1)
FRFT 238 A A AL XTs M98 S cerevisiae
CRDS5HS 1E /U5 B UE U AL JL A R A AT A
TS T 85.95 /L F194.76 g/L i
= g Y ARSI =K SR IE T Piromyces sp. I
Lachnoclogtridium phytofermentans [ PspXI 7l
LpXI 7£ Z X DL# 2 EE (Ogataea polymor pha) T. 72
EHE R, i TR XYL3 s, ST
MR A, RGEGE O. polymorpha,
sRAb T AKERIE S5 80% , SCI A A 5 AR
[FALRIA, JFE 9 O BEAHES A 1 NADPH
MIAER; , B TR O A T YRR R
F 3-¥2 FE N R (3-hydroxypropionic acid, 3-HP)H
REEARERAYHRRT-G; Hr, %k XYL3
FEAR B AR 20y 1 2 45 e 2 Ve ™ 1k
bh, TEEAE B (Mucor circineloides) 5K ZH Hhs

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

RIT X1k, dAE M. crcindloides Hr i # ik
i XTI 19 XYLA Figith XK f) XKSL KA,
ST AR AR AL R0,
TELAAKE Jy i I 0% A= W5 b 3 i LA 2Tk
g A AL RO . INERBR R A L
WEHiE A Wb & A —F CO,, IR
ANBESERFAL A L Wil ot o TEAHE A A BEIR 52
fild i (phosphoketolase, PK)iR4EH, ZWthiHE A
JEH PK AL 2E, bR 1 285l oA TR R R S
AR CTRAHE A 77 A i 2%, s & PK&
T2 A B E AT A2 0 A B B A5 R A P
S cerevisiae ¥ ARWEMAR LR 4E R Ak R LY
i AEH, NADH W-FEALBR & T ABEFI AT,
DAL b S 058 20 2K Wl 2 e T 5 il P £ B IOt S Pl i 1A
LEA KIRWEBR L TN , 76 S. cerevisiae TMB3001¢
PR ETIRENE PK iR12, RRUZIER S cerevisiae
TR B B R AR DY K s
E. coli H A0 -3 - W B2 22 o] S AL g , -5 1 A SR
PK &%, 5| Sk i 2 AN SRR 7, FH
Wr WA BGE T, [RIHINGE O BERIE A 15 L,
PEHET R =R 3- R IE TIRIEFHEP),
323 ETHEXEEENREDREIRE
AL XTI 8¢ XR/XDH #4254k J A Fi -
S-TIR e, R A3 A TR - S - R i F A\ W 2 G W3R
AT, BRI AR 24 D- AR
PG RO B A, BIiZE R
HP R ST TG T X ACH ) A R R Ak 2 S P
IR, B ORI A7 %) S S PR 5 o 322
f, $5 4% M -5- W% BR 5+ #4) i (ribose-5-phosphate
isomerase, Rki). 4% il 4 -5- W% R 2= ] 5% 44 i
(ribulose-5-phosphate epimerase, Rpe) . %% il fi5: i}
(transketolase, Tkl), #%EE5 M (transaldolase, Tal)
TR EBHAAES . PPP S AL 43 2 I (RKIL,
RPEL. TKL1 il TAL1)fEZ%ik XR-XDH &% XI [
S cerevisiae MRS FILRIE, AT E A
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PMRTEARE R A AERAB O . HAKTIT &, ZEARBER
FTHEH S cerevisiae TMB3050 H ¥4 X1 55 PPP
MRS, R BgAGFEEA AE E AR R 7
UFEIN, KB TAL. TKL. RKI Fil RPE i1
T ARERIFI, AR AR A AE K HE L R TR
B 30 755, Ah, FEFRIK XIS cerevisiae
i, SR R AR TET K. marxianus B9 RKI1,

TALL Fl TKLL BER S, & BRAKE A FH 2 %) B R
PRI 1.87 £, JF H &GS OV &M, TR
S cerevisiae YK246 [ £ [ 5™ & RE 9% ik 3
1.03 g/(L-h)P°. S Ak, PPP HAG o
EACEE I, R EA IR T PPP ik
Ak 27 i TR A s B o 50 R B b -7 - IR
(sedoheptulose-7-phosphate, S7P) Ry 1 2 2 fif 4k

Wy e ORI A BE R e — > S B M, (AR
B — T s R ik S cerevisiae RYBEIR
MowEAr, EARMKAME T STP IR, MK
BRI AR S 4E T 31.0 mg/L 1Y shinorine,
BN BT L 3R 2 5L R (my cosporine-
like amino acid, MAA), HABIhRE, T52 LU
S7P fE MDA A RTIARLT . BR T S cerevisiae
DLAL, 95 il R SO i A i AL TR SR g, @
BRI T 0 KM A B AR 8 R v
TE E. coli Hhviod 2 iR il R IO 1 4% 56 DX R Rl B b
B 3L, {2k NADPH RIfLR;, M i
FRTE T ORBEmE R 5 BB R A L,
NADPH 5 T R A B RS K g ) Hh A 7 R
PEELE A T 13.3%°7(3% 1),

x1 HEESAREXFARHEILIERRSS
Table 1 Summary of metabolic engineering strategies for co-utilization of glucose and xylose
Strategy Modified strains Gene/protein modification  Substrates References
Eliminate CCR E. coli JH15 ptsG D-glucose and D-xylose  [25]
effects E. coli BuT-8-PDH ptsG, glf (Z. mobilis) D-glucose and D-xylose  [26]
E. coli IS5-dI ptsG, crp Corncob hydrolysates [98]
S cerevisae CBP.CR2 MIG1 D-glucose and D-xylose  [99]
K. marxianus YZB194 PGI1, XYL2, KU70, GPD1 D-glucose and D-xylose  [100]
S cerevisiae CDT1, GH1-1(N. crassa) D-glucose, cellobiose and [35]
DA24-16-BT3 D-xylose
E. coli CLGAS cep94A Cellobiose and D-xylose [37]
B. coagulans NLO1 celA, celB, celC, celR, celX, Cellobiose and D-xylose [38]
pbgl
Transmembrane S cerevisae TMB Gxf1 and Gxsl D-glucose and D-xylose  [50]
transport of xylose 3201
S cerevisae TMB3403 Gxfl, Sutl and At5g59250 D-glucose and D-xylose  [54]
S cerevisiae CiGXS1 transporter D-xylose [55]
EBY.VW4000
S cerevisaeD452-2  araE, XYL1 D-xylose [56]
S cerevisiae XlaA D-xylose [57]
EBY.VW4000
E. coli HQ304 AraE, GalABC, AraFGH D-glucose and D-xylose  [61]
(ABC transporter)
E. coli JU15 fgh, gatC D-xylose [62]
Z. mobilis XylE (H" symporter), D-glucose and D-xylose  [63]
XylFGH (ABC transporter)
2k

&: 010-64807509
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Ex3))

Strategy Modified strains

Gene/protein modification

Substrates References

Xylose metabolism  Redox S cerevisae HX57D

XR, XDH and XK

D-glucose and D-xylose  [66]

pathway pathways (S dtipitis)
K. marxianus ITIPE453t XR (native strain) D-glucose and D-xylose  [68]
A. pullulan CBS XR, XDH (Spathaspora D-glucose and D-xylose  [69]
110374 passalidarum)
C. tropicalisLNG2 XR (N. crassa) D-glucose and D-xylose  [70]
S cerevisiae SX2MYT  XRMYTand XDH (P. tipitis) D-glucose and D-xylose  [75]
XK (native strain)
P. stipitis XR (NADPH-dependent) D-xylose [76]
S cerevisiae H2684 XR, XDH and XK D-glucose and D-xylose  [77]
(P. tipitis), ZWF1, GAPDH
(NADP dependent)
S cerevisae KAM-3X noxE (L. lactis) D-xylose [78]
S cerevisae TMB4590 xylD, xylX and xylA D-xylose [79]
(C. crescentu), kasD
(C. glutamicum)
B. subtilisPX43 Pgs D-glucose and D-xylose  [80]
P. putida 8EM42 xylX, xylA, xylB, xylC, xyID D-glucose and D-xylose  [81]
S cerevisiae H4311 xylB and xylD D-xylose [82]
(C. crescentus), agE/yjhH
and aldA (E. coli)
E. coli GX1xMA xdh, xyl, yjhH and yjhG D-glucose and D-xylose  [11]
E. coli X171d xlyB and xlyC (C. crescentu) D-glucose and D-xylose  [83]
Non-redox S cerevisiae CRDSHS  Xis corncob hydrolysates [88]
pathways  O. polymorpha PspXI (Piromyces sp.), D-glucose and D-xylose  [89]
LpXI (L. phytofermentans),
XYL3
M. circinelloides XI and XK D-xylose [90]
S cerevisae Acdh (E. histolytica), D-xylose [92]
TMB3001c xfp (B. lactis) and pta
(B. subtilis)
E. coli xfp, pta D-xylose [93]
Pentose S. cerevisiae TMB3050 XK, TAL, TKL, RKI, RPE  D-xylose [95]
phosphate S cerevisiae YK246 RKI1, TAL1 and TKL1 D-glucose and D-xylose  [96]
pathways (K. marxianus)
S cerevisiae TAL1, STB5 and TKL1 D-glucose and D-xylose  [97]
E.coli W3110 2wf, gnd, pfkA, pfkB, pgi corncob hydrolysates [98]

3.3 IFEMKRETIIE
331 ERMIRE#HEERENKEIIE

SR S o AR T AR AR A A FE 4 TR AR AR 8
FARKE, (B2 2200 25 R R R E e, PRt ey
KA M A B AR AT SR & — A PR R by

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

T SO R FRPEACE TR SR BR A, — R B A
AR Z HH, ARob R AR,

TEMTF 50T, BT RN AS I R Gk e ny Ak T
&, AR R aE N Pk 52 5 = i {k (adaptive
laboratory evolution, ALE), & = AMEF) FH 1) —



E | AEREMAES YA AR IERRER

Tl DL T A 800 ) SRt o AT R R b TR 3R 2 A
HACHN, VF 2 WSS AR 0 A Qi A
PR R AT LUE 3 ALE 360 ik — 25 i k0%,

5% N B3 SR FH 22 P i 728 5 W A1 240 27 R A
LAWY, WIEIERAM Y | Fordlr . EH
Fd s AT A D e 2R, AR RS
PRIRE A , DT B8 o F 2 0 7 [ 25 0 A A8 B R R
BE T B R PR BE , FF48 s s ABE [R] b i it A%
3R AR B A T AR IR 2 T R
BEAC I A BRI e B DR 4 Bl B A DA 3 5 AR
Wi R A O o

BT 5T B R P 2 DR 2 R R R 3 7 P 52

#2 ALE RS

S ek, FF R T [RIB R R BT 2F 4 25 A oK
i) HH T AR ) 45 28 TRE B - % E. coli
o LR B S B RE DR [dhA L B 5 R 340 55 it i A
frdA FITN i R H R 2L f G L X pfiB B, [
FRF K5 P I 1% 156 16 i TR pdh 14 18 3l - 4 o
TR T - 3- T R 5 T 3k ) gapA W B 1, IR &
E. coli TR 1l N PE S i = kb s fEA
R L 0.01/h RS T M A A A 1 1E
ISR 7 d, RIGTES A ABER BN A2
10 d, FRAEARMEMR B0 B B SR P B0 41 d, i
fLJ5 B #k E. coli SCD78 BEMEAE 36 h PN R A #E
10 g/L (I A BERUARRY, HSCH T i & ;

WEVBBEMAELF AOMRITR

Table 2 Recent studies on engineering co-utilization of glucose and xylose by ALE

Organism/Strain ALE method

Results/Outcome References

E. coli B with deletion of IdhA,
frdA and pflB and replacement of
pdh with gapA, followed by
deletion of of ptsG

At a dilution rate of 0.01/h, constant
cultivation of glucose and xylose was
conducted for 7 days, followed by

Adapted strain E. coli SCD78 exhibited [103]
simultaneous consumption of 10 g/L
glucose and xylose within 36 h, coupled

subculturing on xylose-containing agar with high ethanol yield

plates for 10 days, and subsequent

serial passaging for 41 days in a xylose

concentration gradient medium
Culture was serially transferred 5 times Adapted strain E. coli JK32E

E. coli MG1655 with deletion of
ptsH and IdhA and replacement of
pflB with pdc and adhB from Z.
mobilis

on 10 g/L glucose, then 5 times on a
mixture of 6 g/L glucose and 4 g/L

[106]
demonstrated enhanced co-utilization of
glucose and xylose, ultimately yielding

xylose, before finally being transferred high concentrations of ethanol

to a medium containing 10 g/L glucose following the introduction of plasmid

and 5% ethanol
Z. mobilis with the RsXI from
R. flaviceps and xylB from E. coli

Z. mobilisZW658 carries genes

associated with xylose metabolism increasing concentrations of xylose
from 3% to 10% (50 transfers),
followed by single colony isolations,

from E. coli within its genome

for over 200 d in total
S cerevisiae PWY2353 with
integrated xylose transport and
metabolism, with GRE3
overexpression and PHO13

the sole carbon source

deletion

Culture was transferred 38 times in a
medium containing 50 g/L xylose

Serial transfers of culture with

12 times transfers with 2% D-xylose as The evolved strain S cerevisiae

carrying Z. mobilis pdc and adhB
Adapted strain Z. mobilis 8b-S38
exhibited significantly increased rates

[104]

of xylose consumption and ethanol
production

The evolved strain AD50 demonstrated [107]
a 1.65-fold increase in xylose uptake

rate, enabling efficient co-utilization of
glucose and xylose and leading to high
ethanol production

[105]
PWY2353ev34b exhibits significantly
enhanced growth in a culture medium
containing D-xylose, with a 110%

increase in isobutanol production

&: 010-64807509
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FEAFRHABIEEY, TCA TEHRENA . FFRA
KR RIER /52 8 1 B B, X mT REFERE N
1) T RE A A S A b R AR Y, R
Z. mobilis EA 1 1, FCH T 5 ALE fHZS
B INTE R T RESETE = v BT e 3O FH 1 2 A
FIABEH) TFEH Z mobilis 8b-S38, % bkl
S A ¥ Mg HE A i (Reticulitermes flaviceps) it A
SFEEIER RsXI FI2K H E. coli B xylB, E&AT
50 g/L ABHIREFRILPELL AT T 38 IRIIEARES
I G5 8b-S38 TEA[FAMHIRE (50150 g/L)
TRABHFEH R T R, JF H OB &=
2R T 60%-140%; XL R TR F T —1X
I 4 AR (next generation sequencing, NGS)f#)
DK 2 B ¥ F RNA-Seq 55 s 42058 M, 78
AMERFER P, Z mobilis 8b-S38 H it 4y 1
1BEE T ATP AR 3 TG . W pR iR ol T
B AR . HEB BRI T R SR Y R 7 A2 A
FEROKF BRI XL AT RE
B F 4R IEH A A A AR 1, B2 An i
TR RE R, H B  FREE Y,
ALE 4% k35 S cerevisiae X AME 1 1] FH fig
71, LA 2% D-ARME R —fcil, 2ol 12 IRIEAR,
Y TRAE S D-AH I 55 77 S b AR K I 25 i
Xof AL B RR A T4 i D 2H B, AR R TR I
G TR, RILT 2 MARATIRRAE , Al T
CCR4 il TIFL JE[H b, (HEEREM R A 5
FERT 23%F 14%; (HA MR, XEIEH
18 2 BT SCHRHGE TR RN S D-ARBE 1 F)
FHAH G o Bt X6 5 T tads A mh i 1Y) ek /K 7
PEAT O, RS TR ER ST
110%"%), MBI B T3 2.
332 RBEABETIE

B WA 2 ARG TR ST 2 AR A Pk
REHRE T B IR R IIRE, R o= a8 f e
b2 i B R AR ) B AR T R S AR T
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ZH TR PR P S 5 A5 A ek R TR 2 Y 2 A L
P T, S 35O PN RB A o3 T R A, S 1T 5 e 24
LA T AR bR = A O TR A
S PR G SR R EROR , HaE i 7E
[Fi] — 555 3% 44 & v [] B 555 55 o o sl g A A 1 e
Yy, B B SRR REE , SCEUR R Rh 22 (R P
R AME S 5c i, AR B o X B 1 1R
B R T8 i LRGSR Y 2 A PR R A i
RUONE | FHE DR 7% LA BRI [ %) by <5 (o i A2 1) 4
JR R R AR A BEREA B4 E 4
e 25 AR T 3, {52 2 i R v ] 7 0 o e i e
R Y, AR il R RGN Eifa g ia
17, TEUERTE EACE TR | PEAEE B L3R
5 D KR )R 45 D T EAT S A
IR A SRR A e
ZEERFEMRDLS., RIARIAEAER, ffoei
SR AN R )AL ) PR A2 B AT AR A B )
TEN T Z R R, 8l 7EAS [F] A i 2 2
FERAMER AT R ISR, & AL T LA R
BHER MDA FI R CCR, TSI
ZPEFIARE R R B A ] o BART S, A B O3 i
fRBEAZ ) E. coli-E. coli £B53R 1A Rt & T
A A AR R BT 42 L E. coli A1 H I FHACKE ()
THEE E. coli LY 180, 3 i ] & 4 Wi A edl =2 (8]
FIHEFP EL B, A RO T e o AR v, FEdE
R e 2B T X A - AR BHR S ) (i L
2: )AL R F (100 g/L SR 98%), H4: 7
46 g/L LB, 5 LY180 HEE IR L BE™
(36 g/L)M A W e e R R
(Pachysolen tannophilus)Jz: A& % F1| Fi A B ™ 2,
I RIRIERE 15 Z. mobilis CCT 4494 #i1 P. tannophilus
CCT 1891 FATIR B A WE, LAFFREFL /K i 1)
RIEY, et Z mobilis CCT 4494, finid
THEERI, INMZEME CCR. 5SS
FEAH G, SRR R ) W= 1 = (11.32 g/L),
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I F R e R 77.59%!1,

2ol A R O A S AR AL T i
ORGSR o REEARNE AR LB
[7) i TR, IR 11 kI [ A0 A0 o 2 i R AR
AT LR 52 2= i ARt A L
T AEA SR EE 7 1Y E. coli-P. putida 3tk
FR AT T T 5 P K I 17 B2 (medium
chain length polyhydroxyalkanoates, mcl-PHAs)
i) P. putida KT2440 FlFEER T ptsG. manZ, envR

I atpFH K:[Hf) E. coli E4HF . P. putida
KT2440 F| #2585 LA K E. coli TR /I 2,
1R FITIG i 1R K & )i mel-PHAs, 1 E. coli T #2
AR [va) ) T A T 248 A1) A 2 4, PRt RAAIR
TR Z B A K T4 . 78 - AR B
AR ISR R Y mel-PHASs =i 230,
MEEBRA L AE R KRS T 0.469 /L 1Y
mel-PHAs! . Fil AU B A TR IR L5 F 1A &R
PN 2B A TR 5 ) B g S8 T HoA
WAE =S R A, Bl 2 iR ALt
BMERR . 4R R OVRINE T R

A, TR TR LR SR B I8 8 3 R A ) B K
i 0 1) B 1 SR IR T T A= 30 % 4 2 W R A 1 Bz
fh U120 A S cerevisiae Y5 5 P. tipitis
CBS6054 JLEiFRIKR T, LIKRZG I st B A A
FL LT YR IR IR AR, 2 AW TR R I A
96 h, FALEREN 27.4 g/L, FPHREF|HIE
BN 85.1%; 12 1. 25 B Si it fuff e e JEE AR T AR 2 Y
AR IR BE T A A 0T 2T 4 25 61 R A6 T4k B -5 )
FHRCHRIRE, X F A LT 4 R 0 ob i+
ST E R

4 REERE

Tl e 8 YR P 0 2 AR A B A T
REAIFFE 3 Ji I B T R o R 2 b Qi
AR, ARG LN G | Qs B AN T 3
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TR TB, Cd s 1 RUZE R s A iR A
GRS, AT S BT b3k T ik VR ) e
AR AN, ok, — SR R A PR T
PSR EEST, AR MRS | 20 R R L A,
SRR ARG A A R 42 1 TR A3
HET 5 LR R R S

SRIMT, T I AFAE— SE Pk RN R 1Y
)8, B 5, H A i o P e R A A R A
FasEME P PR DA R 7 1 55y T AT SR A AR
Sk Zs E) o FLUR, o AR B 4 R A
A, AR I AE R 52 22 i st ] e T I 2 X
AR AR AR B IR X o HeAh, B WA Tl
Az et B AT BB AZ B AR B 5 D R
VERAER R g, B as 22—k T2
SRR f R R R P R 324 o

A RIS AT LABE 22 3 LR LA D7 1
(1) WA Y 7E 5 2 IR IR A 20 1Y
PR MLE] , 8 i R G R e A A 2 T B
5 7R S D T PRI, A TR s AL fE 4
HEERE R (2) TREB A K iR A TR
HoAR, 40 CRISPR-Cas9 ZRGHIN . & Ak
Y T HTE &5, LNt v kAl g e 1h iy st
JERIZR . (3) IR Pyt 47 24 25 7K MV Ay i
ZHE, FERB A R AL R AR, 4R
AW R R SR RIRE AR AR 77 A . 28 BT,
XoF B A4 0 A A 2 W R A 178 e I 2 R FE T
(AT 55 K A TT R 52 RE U R A Ak T8k ) %
PRAL T S B R AR SRR
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