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Bioconversion of Lignocellulose Vi¥ag:ER: XL 4

Al [E] 1L BT+ R 18 B K HE L SR BR B B B I AR A
AR, ATEY, aE ", ATH S, HEE

DUNRAE RS SR RE . DU R 610065
2 DU IR AT DL SR R AL A S S0, U RS 610065

WE: [ B ] DA SR LT 4t R A W) 500 OB A = R A Wk e, B A: = iloA |, OB
BT A AE 7™ A5 B RHE B o ) e B[] P ] oy A0 A 7 AR S8 Do A 77 A M T2 ) 2 TR G TR A
DASE B o 2 MR L A ™ s B ™, SE B i 2ok, [ ik ] 856, FIA CRISPR/Cas9
B DR G B AR AR VR 1) R TR A v S A BT R APORE AR 38 AR AW I S i SR B, R R AR A A BT R
T FICKE AW 55 A0 A A EEE A0 BE s Houk, 8k 38 by P A A R A T RE T, 2 1 T 200 TR Kt BT A
PRI FHACR s Sea, TR AH & I 50 UE B 2 DA R P B R AP RS RO A S AR 7 AR BE D o [ 4521 ]
i 3 T AR FLAT B 0 BRI R A, TR I R TR ARAS T A 1 AR B A A K A Y
15 ib—2 G AR L2 R B AR SR B RS, 3 A A PR A 5 26 W A 3 B AR VR 45 1 1 ] e R SRR
B AR, ELBAT R PO 9 R T BE 0 W R P LA B A1 B Ay i — B R 4 15 2 A 7 i Ak Ik
BT AR (0 R A B 745 AR AR T, 15 21 S R4 7 (0 T 4T B Pk KAX3-2. X FRTE A (50 g/L) i
LR (20 g/L)IR G & B T & E 72 h BF, XoF Bl Ar b RAOBE R F 2243035 21 42.1%H1 65.9%, K
BRI 64%. [ S50 ] ABEE A EE T — Bk REAT ROM) FH BT 17 710 - REKe AR Ak A B 1)
PR B R KAX3-2, NSRSl . SR PTRLAMEAC I a8 0 0 | AR R B0 S s Ak 1Y
TAEZEE T Al

KRR WO EERE, RBEEE, AKME, BTRIAME, CRISPR/Cas9, AL T 72
DR FEFF R BIAR R AR AW (cellulose) . FHAKEFIBATH7 AT 55 58 4 B A0 2= £F 4k

(lignocellulosic biomass)f b —ZSm F4: A9 44 Z (hemicellulose) L Sz i 3 F i B {4 (Ot A S0 |
EUR, RN AR A R IR I RO AR R Z Y R

EEWH: BEEARPEES(31170093)
"BIEVEE . Tel: +86-28-85990937; E-mail: tangyq@scu.edu.cn
WS HEA: 2020-07-24; fEEIEAHR: 2020-09-10; MILEHARAHA: 2020-09-22
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(Saccharomyces cerevisiae)j& R Ji £F 4 KA HE W)
F Ak Bl R AE Y 2 — , BRE = ROR 7
WS NI T T, AN TEYE A T AR AN Bz b
TS AR, e R s T TR
BT aBEACIBE I OB 2, (R R R 5L
T INTMER TLORME [R5 e 7 O . th TR
PG R AP . SRR R E R R
TR 1) 2 B AR N R AN AR T,

ARBEVE AR BT 4 2% vh 20 Tk, ik
Ji 7 ) AW Tt A 2 24 R T R A B R Y
FIHTS, U ER R R AR o AR B2 4E
R ISURHR AR IR s ABERSE , BRI b AR BE
bl O AL, AR E b S MR
T 3o AR Il S A A 38 i, (HZR I o 7R
T B FEIL I ) NADPH, 75 2 A IR A i 77 .
) FH TR TS T B W R 5T £ 4 2R DR K fR W BT A
FNBRME (ISR A R AN D B T R | R FLEESE)
FTLRRE (22 AR . D 0y BT hAR B 730 %
b, TR SRR FIANERE, AT LABE = 21 45 R it
BHOFI AR, BB SR 7 A, e &
il o AR T B L RBHG S IRBEEE AL S,
B HA s BRI RE T, HIASBE R AR F A K
FBTHAANE . R, #48 AT R JEAKE ™ A HRE H
A AR BT R AP S AOHE I D 4 1 A 5 g Y i 2
BRI PR BE B AR, AT SE AR 45 R IRk i 2R
[F) 25 HE 7 S FIARHEBE o 4 ) T BT R A AR A it
o A v B AR 10 5 5D o A A Ry AR I A TR
WleEE,  H Rl AR .

TR PR Bk v GRE3 DR 2 e 1) P i i it il L
AARBER IR ST, (BIGVEFIRCRAL, BTG E S
AT I M AREA R (XR)JEH . Lee 5™
B L& IR [ ) (Scheffersomyces  stipitis) i) A B i J5

actamicro@im.ac.cn

il B DR 5 TR I BE v, ) P o et A 4 2
NADPH,, 12 H 2H PP o B 1) AR )™ 5 A 1 2% 2
5 Pratter 55U O b 7 P R BE rh Rk T (R 22
W+ (Candida tropicalis) KWL )R CtXR FEH
AT T RO™ AW T 1) F 2H R AR T AR, TR
1t 40 g/L WIARBE A ARERE, HIYCRIEE] 100%.

PRI Bk IR JC BT PR R R R AR, AN
T B AR ELT b B AR A R A
6 FIHGH 4 DA AR IR S N, B AFTER AN
P R 5 AN T P AR A — R R S A
araAd (4t L-BTHiA TR SeAG I, AL L-BaThrqm
A LR KE) . araB (St L-FZ TR BSR4l
L-FZ B B L-A% EbE-5-B512) A1 araD (4wt L-#%
Fi A -5-WEIR-4- 22 1) S Ay Tt , ML L-AZ IR -5 -
A OR RS -5-BE R ) gm B 1Y) 3 Ry, TCHiEEZ 5
BN, 245 S BRI S B A A i g
Sedlak S5 I FF T B BTz AT AR A A2 R TR
TEMRI B TR 3k, (1 22 4RA5 1 Bl ek 1) ]
BE 1. Wang 25N b #E HAG AR 6E i &
2 TR PG T B v 5 1A 20 TR 1% BT Rz A b ik PR S Gk HE
(SR RXA RPN O E), TG T Res
A0 P R 7 2 P ) FE 2 TR R

A5 8 ] CRISPR/Cas9 K:[H 4B i AR , X
TS A 2R G PRI 7 B — A AT bR KF-7 EA TRt
P Y FUNT 18 (Lactobacillus  plantarum) ) B Fi{A
PSSR LN arad . araB. araD 1% A\ %) KF-7
FER 2 v XYL2 FEH (ScXYL2 , & B AR B i S0 it )
BLaL, FRAS BRI BTz AT A= 4 BEH 1Y) F 24 PR
PERE TR R s DL g BEAH E — 200 PR AR 22 19 B 1)
AR B A T FE R (CXYLD) % 4 31 5t K 4
PHO13 IR C0f il B A R R W TR AL Il 67 25, TR
T T BT R AC TE AR AE JURE ), 2E— 20
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ik S HER P B 37, R TE T BTRLAR A A
J1o WESEEERAT LI R 2 2T 4 2 O il A ]
MR —E = .

fiE
]

1 ARR®

1.1 e

111 SEEETAwAR. BURLKR51¥: AUE5E
TR . BORL G o3 sk 1. £ 2 F15k 3
FEon, 51 i o N 4 MER AR W BB A R A
B

1.1.2 FERFFE. YP IR L) 10 g,
IR 20 g, #ZlK 1000 mL; BalRiqrBmE— 6%
J5 55 3% 3L (YNBA20 KR Jk) . [ BE A& (yeast
nitrogen base, N A IEAR) 6.7 g, FIFi{AHE 20 g,
H4liK 1000 mL. RS FRIEAIMRIN 15 ¢ Bl
Fyo BrgRELF 121 °C Nk M KT 15 min.

1.2 BT AR g Gt 22 R JBORE K R RE AL
M #& National Center for Biotechnology
L A I T AR 0 LA BT 0 ) 2t
L- Bl 7 1A B 5 ¥ B (GenBank accession No.
CCC80517.1), L-#Z%Hi#H# ki (GenBank accession
No. CCC80519.1). L-#%HRHE-5-Wi iR -4-22 i1 574
fiff(GenBank accession No. CCC80518.1)AY LK 7
B, 75 PRI I B 1 R i S XS 3 A Sk A
AT T A, IR R A B R AT R
A E| AT TG . A S A S T A B
arad. araB. araD FEH 1) 3 P TR araA | araB.,
araD in pUG35-KanMX #J % & 4 it ki . DA
HXT7p-F Ml HXT7p-R NIE . K 5I¥¥ 18 &bk
KF-7 JEN A H Y HXT7 JHsh+, 4 Spe I -Sma |
WY Z B 264 )5 5 araB in pUG35-KanMX
JECKIfE T T4 DNA JEERERE, LT E. coli DH5a

Information |- %

*1. KMRATAEEEKR

Table 1. Main strains used in this study
Strains Genotype Source
KF-7 From protoplast fusion of Saccharomyces cerevisiae EP-1 and IR-2 [14]
KF-7-Cas9 KF-7, containing plasmid encoding Cas9 This study
KA23, KA27 KF-7, AXYL2, Prpys-arad-Teyer, Puxto-araB-Teyer, Prepi-araD-Teye This study
KA27-Cas9 KA-27, containing plasmid encoding Cas9 This study
KAX3, KAX5 KA-27, APHO13, Prpus-CtXYLI-Teye, This study
F2. AMRFFAEERN
Table 2. Main plasmids used in this study
Plasmids Characteristic Source
pUG35-KanMX Prous-Teyer, Prepi-kanMX-Trgp GenScript Co.,Ltd.
araB in pUG35-Kan-Pyxry Pyxt-araB-Teycr, Prepi-kanMX-Trgg This study
araD in pUG35-Kan-Prgp, Prepi-araD-Teyer, Prepi-kanMX-Trgg This study
araAaraD in pUG35-KanMX Prepi-araD-Teyci-Prpus-araA-Teyer, Prepi-kanMX-Trgg This study
pK-CtXR Pros-CtXYLI-Teyer, Prepi-kanMX-Treg This study
pMELI13 Amp"; 2 pm origin, kanMX, gRNA-CAN1.Y [15]

PMEL13-XYL2-gRNA
pPMEL13-PHO13-gRNA

Cas9-NAT Ampr; Cas9; NATI

Amp"; 2 um origin, kanMX, XYL2-gRNA
Amp"; 2 um origin, kanMX, PHO13-gRNA

This study
This study
[16]

http://journals.im.ac.cn/actamicrocn
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x3. AMRAAEESY

Table 3. Main primers used in this study
Primer Sequence
HXT7p-F GGACTAGTCTCGTAGGAACAATTTCGG
HXT7p-R TCCCCCGGGTTTTTGATTAAAATTAAAAAAACTT
TEF1p-F GGACTAGTACAATGCATACTTTGTACGTT
TEF1p-R TCCCCCGGGTTGTAATTAAAACTTAGATTAG

araD cassette-F
araD cassette-R
araAaraD Primer-F3

araAaraD Primer-R3

araB Primer-F3

araB Primer-R3

PHO13-CtXYLI1-F

PHO13-CtXYLI-R

TTGGCGCGCACAATGCATACTTTGTACGTTCAA

GGACTAGTTACCGGCCGCAAATTAAAG
ATCCATACACACTAAAAAGACATATTCATACTGCCTTGAGGATAGAGAACACCATTGAGCC
ATGATTACGCCAAGCG
CTCAGAAGAACACGCAGGGGCCCGAAATTGTTCCTACGAGACTAGTTCTAGCCAGCTTTTT
CGAGAACCCTTAATGGTACC
AGAAGGTTTTGGGACGCTCGAAGGCTTTAATTTGCGGCCGGTACCATTAAGGGTTCTCGAA
AAAGCTGGCTAGAACTAGTCTC
ATATAAAAAAAATCAAATGTATTGTGCATCTTGGATGCCAAAAGTTACATTTTCTTTCCTTC
GAGAACCCTTAATGGTACC
AAACCTGAATATTTTTCCTTTTCAAAAAGTAATTCTACCCCTAGATTTTGCATTGCTCCTTC
AATCAATGAATCGAAAAT
AGCCAAATCACAAAAAAAGCCTTATAGCTTGCCCTGACAAAGAATATACAACTCGGGAAA

TCAGTTCGAGTTTATCATTAT

The restriction site and the homology arm are underlined.

IRZ AN, B b 355 S RS 3 E 4 Bk
araB in pUG35-Kan-Pyxr7 o 5 51 ¥ 44 TEF 1p-F
Al TEF1p-R, [ FR[EAE LY B E M KF-7
LA TEFL J33h 1, HeAb)edhigss 2 s
Jiiki araD in pUG35-Kan-Prgp o PLBUHL araB in
pUG35-Kan-Pyuxr; A B Az, i il 51 ¥ araB
primer-F3 Fl araB primer-R3 #" 44 araB &K £ ik
HE Pyxrs-araB-Teycro VA araD in pUG35-Kan-Prgg,
ki B, 514 araD cassette-F Fl1 araD
cassette-R 414 araD FIKHE Prgpi-araD-Teyer, 97
W5 A araA in pUG35-KanMX JEHRIZ Spe 1
BssH 11 BFUalifb 5 b A7 i 4, e b ) il 45 31 2
2 JJi ki araAaraD in pUG35-KanMX . L) Ji %
araAaraD in pUG35-KanMX B, Fes|¥h
araAaraD Primer-F3 #l araAaraD Primer-R3, 3%
15 aradaraD FER FIRHE Prgpi-araD-Teyer-Prpus-

araA-Tcycio

actamicro@im.ac.cn

1.3 {# ] CRISPR/Cas9 Z& S5t g I hr i
BBk

F| I CRISPR/Cas9 & [H 4w 48 &% i1 1. B
Yeastriction http://yeastriction.tnw.tudelft.nl""> %
THE SeXYL2 FEF Y gRNA FF 81545 B 1z 5|
) XYL2-targetRNA Fw Fl1 XYL2-targetRNA Rv,
RAEME GRS B XYL2-gRNA . DL JiFi
pMELI13 AHiHR, 6006-F. 6005-R H5|H)P HaLk
PEBSE, H Dpn T BRI I UIREE A0S IR Bl
G B2 pMEL13-backbone, ¥ XYL2 1)
gRNA 5284142 pMEL13-backbone 1 f] Gibson
RN G, A RS 2 E 4L 5k
PMEL13-XYL2-gRNA . S ER #1L 4% fb vk ) 15 2 1
Pk KF-7 3 A 4t Cas9 £ 1 5L A A9 o ke
Cas9-NAT, ffi [ & 80 mg/mL /KT 2 1Y YPD20
(RS & i 20 g/L)IIARE SR B e e fb+, 3K
1% KF-7-Cas9 Witk. FIHESEREE M KF-7-Cas9
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Btk RIS A araB M aradaraD 3R] 3R HE L)
K JFRE pMEL13-XYL2-gRNA, i 175 80 mg/mL
R BT R A 100 mg/mL G418 By YPD20 [ 14 55
FRILTH AL T IFIAE, ARATEAT BT A B
RE 77 11 T 21 B Pk
1.4 f# ] CRISPR/Cas9 245+ B AW A JF B #k
F T EL A T R 22 19 B R B A D g 5 1]
CtXYLI ()i ki pK-CtXR a4 Fioki, LA
PHO13-CtXYL1-F Hl PHO13-CtXYLI-R £} 1E .
K5I, 3 CXYLT R R IEHE Prpps-CtXYL1-
Tevero f#F Yeastriction % i1 PHO13 JER
gRNA J¥ 4] PHOI13-gRNA I & /& % 1 51 4
PHO13-targetRNA Fw #l1 PHO13-targetRNA Rv,
RS 5445 /B PHO13-gRNA., ¥ PHO13-
gRNA 52k V821 pMEL13-backbone {4 Ff] Gibson
R i e, AR S TP AS B A 5
pMEL13-PHO13-gRNA., UL 1.3 F3RA5 ) HA B
PR RE ) B AR T 3, AR R ERAE
F A Cas9-NAT ki, FiA CXYLI B #KiA
HE LI K ki pMEL13-PHO13-gRNA, #£15 HA K
B4 5 B 7 1 B 2 TR A
1.5 BFITE
1.5.1  TEALSHIESR: B T80 °C LRy i vy ¥
BER PRAEFN S YPD20 PR 3E 574k |, BT 30 °C
TR REFR 20 ho FHEERN PRI — IR VE LS A TR Ak
BEAEI 100 mL YPD20 A 3R IR 500 mL
HEFEMIH, 30 °C. 140 r/min HIZEREFE 16-20 h,
152 RERWRIIETR : RIS i TR
Pl 22 £ 100 mL YNBA20 ¥ {455 7% 3L 19 300 mL #
I, 35 °C. 200 r/min NZER;FE, 45 24 h il
E MM ARG, Frdf A A U] B35 800 5
(BRETPFESMEL 2 mL HRIZEFIEIHT A YNBA20

(6 =45 h YNBA1SDS) A B 37 3 4k 2215 3%
A 16 K

1.53  RESEM: L 0.1 g i TEEBERG
TR AR EEHER] & 100 mL YP WA 8% 35 5 (40 i d)
B EE Y 2x10° A /mL) R E VR EERE Y 300 mL
HEFEIH, 35 °C. 200 r/min MIZER;FE, & W
FE ARG . B FE RN R R

1.5.4  BYMIBIEESR MR — G105
FIARAERE, RET 5 mL KFEKF ., EHRGIR
5105, A MSM300 2 i RPN TB
ASARRL A TR BE PG B2 T, b TP ARG IR0 |
30 °C 1555, WA AE KRB .

1.6 ¥k

1.6.1 ZHMIMRBEESHT: W 2 mL KEEREK, T
8000 r/min #.0> 2 min, 3 FIEFWAERR, H 2 mL
0.5 mol/L EDTA H & , #i Beid 4 54, i 11 JASCO
V-530 £E4M/A] BG4 G RETHINE 600 nm Ab (14 W
FEAE (ODsoo)

1.6.2  JRYIFI=MIMREE AT s 2 mL R BETE I
F 8000 r/min &.0> 2 min, Y& FiE,#id 0.45 pm
R T LU T S i, A R I M AR AR I . 1
SHIMADZU SI10A = 88 €3 (HPLC) 52 A
B H I EARBEEEMEE , SHIMADZU LC-20AD
[ € RNl etk kN CIE A (SR S
H#E Bk ; {1 GL Sciences GC353B S AH 1%
(GO %E £, Uk i

2 ZRMTH

2.1 PR B R B M PR

FFl CRISPER/Cas9 £ A, B BalHrAFAs /¢ it
RS B IR B BRI XYL2 A5, KR8 TEH

http://journals.im.ac.cn/actamicrocn
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WPk KA23 fil KA27, #F1F YPA20 #5584 K
(& 1), MIHTFH &Rtk KF-7, F4LE AT U]
FHBTHARE A TR . BRIPR KA27 76 LI Rz b
ki — R Y ) B SR IE R AE K 120 h BB ODgoo i5
F 15.64, BURLBERI AT 42.8%; 1 KF-7
B2 ODgoo {XR 3.77, JUF-JG3 A1) FH Bl R AF B
30X 2% W A TR BT 7 A AR 3 A8 ) 5 Al R
TEARAG T BRI RE 1. 72 Wang S5
w, TR A RAEhE R S A B R, 13
SN T AL R AR — IR N AR A BT RLE B AR K
TR SRR G . MEARRR ST, BTRATR Y
R B A WMG IS8 TABERSE . KEE™
Py A AN B 2B, R WIIEFE R BT R AR I R
bR CBE, T RS 22 T AR 240 M A A B
2.2 A BE AR RPN

PRI CRISPR/Cas9 i A 4iifith CtXR 11
LN CXYLI B3 PHOI13 5, #7545 b
FLAFVBE F1 FH 8 1 R I S5 BE ) ) TR Ak KA X3 I

N 150

“aKF-7 - KA23 -+ KA27

e 140

; — el 1

2 ==

O 2

£ Y Q

2 10} N

§

-

SIS N
_____ 0

0 24 48 72 96 120
t/h

Bl 1. BE# KF-7. KA23 f1 KA27 WHE{AHEF B RE
KIFR

Figure 1. L-arabinose consumption and growth of
KF-7, KA23 and KA27. Solid line:

L-arabinose concentration; dashed line: ODgqo.

strains

actamicro@im.ac.cn

KAXS. FRBREEE B B LT A H A AR IL )5 fE

T AR G 355 5 ) AW A D Rl 1) A
B RIS PHOI3 JIH B8 A3CHE 2 TR md i
BRI FAANE R BE S, DRI AW A8 D il 3 [ 4
&3] PHOI3 KPR 5 .

DL R TR RE KA27 Xt IR, S8 ik FE 4 T
Pk KAX3 Fl KAXS 17 ABE(50 g/L) & BEVFAT (i
I w0 B AR O (& 2) 4 RRWT, ik
IR KA27 ANREFI AR, Htk KAX3 Fl1 KAXS
fE 72 h WHYARBER I Z 05082 T 73.7%H0
86.7%, AMERERIWCA T 5 95%F1 94%(HL T-1H
FEARE) . XULI S AT CXYLI FE[F A ik HAT
RAFIATHAIRRE S, HAKERSCR &

W F3R 3 BR TR AR AT A BT A R PE
SEIy, LIRSS CLXYLI 5 BBk A4 BT 7 A b )
R w2, S50 3. nUEH,
R KA27, A CLXYLI # 2 458 Bk B9 BT iz

60 r 160
= KA27 -+ KAX3 KAXS

S0 = {50

N W
o O
./
|
|
|
I
\
|
|
|
N W
o O

¢ (Xylose)/(g/L)
oS
S
N
(==

¢ (Xylitol)/(g/L)

—
(e}
1
—_
(e}

0 24 48 72
t/h

2. BE#k KA27. KAX3 71 KAXS AHERLIER(E
EHE 0 BN RRIR)

Figure 2. Xylose conversion of strains KA27, KAX3
and KAXS5 (glucose as auxiliary carbon source). Solid
concentration, dashed line:

line: xylose xylitol

concentration.
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[ 25
—=-KA27 —+-KAX3 KAXS
20\\ 0

= : o
@ t
| 15
=] Q@
=)
£ S
£ 10
kN
3
Q 5_ 5

. .

0 24 48 =3 5

t/h

3. HEFE KA27. KAX3 1 KAXS FRL{A 48] &
AR
Figure 3. L-arabinose consumption and growth of
KA27, KAX3, and KAXS5. Solid line:

L-arabinose concentration; dashed line: ODgo.

strains

AWERI A RE ) AR KRB ) B35 TR, M2+
CtXYLI '3 ASEAS BT AF AR A I A S S R i 3=
iR ZF R
2.3 EEAHFRIE B A YAk BT AN

5 KA27 MlHe, KAX3 5 KAXS B fiff s
FRIHEAR N R W, AR RIT, 3& N Mk T
T X = BT 7 A7 8 1) AR 35 B8 4R T YL
KAX3 Fil KAX5 4 A YNBA20 {4 15 57 3 Fh 47
RAZHR YL RE TR iE 4 FR, mipise g K
PR RN, A HIEEFE 72 h Al 216 h IR Joik g
#| ODgoo BIRIGIN. %5 3 feif4H A YNBAI15DS
B IR B (BT A & 15 /L, B A& i 5 g/L),
ARKECRERIER S 5 4 %A YNBA20,
AR HRBETNA R RIS, R 2R
o, IO REESAEZ) 48 h HEAFEEAY, H ODgoo B
FagE o X ULHINGS S feTFah, 4 MOE R A B hr A
WEAE R BE I B R IR & 16 S 9IMb)s , WA
240 6 A A B AP B R 2R R BE ) A TR B ]

B0, A P DAk B TG I 4k 4R v BTy A A
FIFHRE ST o B 90 AL T 0 75 4 B8 -5 94k ) 44m Ff E
HEATXT LS, 25 R ARl 5 BT o KAX3 Fl KAXS
Az KRR I BT R AR B i e D #A BT, eSS
96 h B, YAk AT B AR BT R B %(20 g/L)
Iy R 18.7%H1 18.2%, HI4L 5 43> ik %) 1
52.7%71 46.6% , R WY1k i) 72 B 42 T+ 1 B hiAr
) A

2.4 ELAHBRUBE BRI 53 B R 7 %

B B KAX3 FI KAXS 4 R EF T 2040
Moy fE, T30 °C 557 96 ho EFEEVEHK
AR ETE S 4 DA 8 A BETTBTh A
AR TEHY, DABE Pk A0 O 2 2 A A A R i
— 25 i 1 R A Sk e A BT AR B T R . A
FATTLIE N, 72 h A BTHLAA R R 6 e
F R KAX3-2 (37.1%), Lbit B4 i 43 & /i /Y
KAX3 JIfb 4 MR (34.5%) A Frd i, 156 BH 541 i
G35 ST ) A3 T R B R AP A BE ) B
TR AR o

-+ KAX3 —o-KAXS

0 2 4 6 8 10 12 14 16
Transfer round

4. FEHURYMLTIEPRERLIX 48 h BIE KK

Figure 4. Cell growth at 48 h in each round during

repeated batch acclimation.
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(A) 25¢
-0-KA27-e-KAX3-4KAXS5
.
~ 208 Trsssge -
e = S,
& . =
il S
2 <
g \;
s 10}
ki
=
Q 5r
0 24 48 72 96
t/h
5.
Figure 5.

14 -7-KA27 -+~ KAX3 4 KAX5
12
2
10 =
//
Sl =
SE =
7
4r
2rF /’/ .-~
0 24 48 72 96
th

9N BT & AR FA G AL F5 2B AR BE B9 BT LR #E ) A (A) R AEACIKIR (B)

L-arabinose consumption (A) and growth (B) of strains and cell populations before and after the

acclimation, respectively. Solid line: after domestication; dashed line: before domestication.

F 4. BRARMEKRIBAEAEERKEERFR
Table 4. Single-cell strain growth and consumption of L-arabinose
Evaluation parameters t/h KAX3-1 KAX3-2 KAX3-3 KAX3-4 KAX5-1 KAXS5-2 KAX5-3 KAXS5-4
ODyo 0 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
24 3.53 3.72 2.47 3.67 3.71 3.63 3.61 3.67
48 5.65 6.07 5.45 5.87 6.08 5.83 5.98 6.02
72 8.12 8.73 7.79 8.61 7.85 8.38 7.84 8.17
L-arabinose 0 20.02 21.87 20.87 21.05 21.18 21.34 20.83 20.10
concentration/(g/L) 24 18.11 18.04 18.93 18.88 18.17 18.19 17.69 17.17
48 16.62 15.80 17.24 16.48 16.90 16.79 15.33 15.84
72 15.09 13.77 15.52 14.77 15.80 15.75 14.03 14.50

2.5 BATRLAARE R AKE R BN

PEB AR | T SR TR P BT A DR A
TEABERIRE ST, X KAX3-2 #EAT A FI B[ F7 4 b
TRAWEGS0 g/L ABE . 20 /L BTHiAABE & B2 5K,
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Construction of a xylose-reducing and L-arabinose-assimilating
Saccharomyces cerevisiae strain by genetic and evolutionary
engineering

Helang Huang'*, Yuzhen Diao', Baixue Yang'?, Ziyuan Xia'?, Yueqin Tang"*"

! College of Architecture and Environment, Sichuan University, Chengdu 610065, Sichuan Province, China
*Sichuan Environmental Protection Key Laboratory of Organic Waste Resource Utilization, Chengdu 610065, Sichuan Province,
China

Abstract: [Objective] In order to utilize all sugars in the raw materials and produce high value-added products, this
research aims to construct a recombinant Saccharomyces cerevisiae strain that could assimilate L-arabinose and
reduce xylose to xylitol. [Methods] Firstly, we used CRISPR/Cas9 gene editing technique to sequentially introduce
genes in L-arabinose metabolism pathway and gene of xylose reductase into the Saccharomyces cerevisiae host
strain to endow it the ability to metabolize L-arabinose and convert xylose into xylitol. Secondly, we used adaptive
evolutionary engineering method to improve L-arabinose utilization efficiency of the recombinant strain. Finally,
we verified the ability of the recombinant strain to metabolize L-arabinose and transfer xylose to xylitol by mixed
sugar fermentation. [Results] By introducing the L-arabinose metabolic pathway of Lactobacillus plantarum, the
engineered S. cerevisiae strain obtained good ability to grow on L-arabinose. After introducing the xylose reductase
gene of Candida tropicalis, the strains were able to efficiently reduce xylose to xylitol using glucose as auxiliary
carbon source, yet the utilization of L-arabinose decreased. After repeated batch acclimation with L-arabinose as the
sole carbon source, the L-arabinose utilization ability of strains restored and improved. We isolated evolved strain
KAX3-2 with good phenotype and evaluated its fermentation capacity using medium containing xylose (50 g/L)
and L-arabinose (20 g/L). After 72 h fermentation, the utilization ratio of L-arabinose and xylose reached 42.1% and
65.9%, respectively, and the yield of xylitol was 64%. [Conclusion] This study successfully constructed a
S. cerevisiae strain KAX3-2 which could utilize L-arabinose and convert xylose to xylitol efficiently as well as
provided the base for the construction of strains with higher L-arabinose utilization efficiency and xylitol yield.

Keywords: Saccharomyces cerevisiae, L-arabinose, xylose, xylitol, CRISPR/Cas9, evolutionary engineering
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