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FEAT Ky AT AT CBE R B [k ) T EARHE F A& REGTFOI BRI B YB-2625 1A 8 £, M
EAE ARG F R YB-2625 CCX. #t—Fidit rDNA 13,8 % # N &L 697 X, v YB-2625 CCX
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Construction of mixed-sugar fermenting recombinant Saccharomyces
cerevisiae and ethanol production from Jerusalem artichoke stalk by

simultaneous saccharification and fermentation
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Abstract: [Objective] This study aimed to construct highly efficient recombinant Saccharomyces
cerevisiae strain for cellulosic bioethanol production from Jerusalem artichoke stalk (JAS). [Methods]
S. cerevisiae strain YB-2625 was selected as a host strain to construct xylose co-fermenting strain
YB-2625 CCX, after which multicopies of xylitol dehydrogenase (XDH) encoding gene were
integrated into the rDNA locus of YB-2625 CCX, and the most efficient strain named YB-73 was
obtained. Finally, ethanol production from JAS was investigated by simultaneous saccharification and
fermentation (SSF) using YB-73. [Results] YB-73 showed improved ethanol production by 13.9%
compared with that of YB-2625 CCX and the xylitol yield of YB-73 was reduced to 0.31 g/g xylose
from 0.89 g/g xylose by YB-2625 CCX when fermenting with 90 g/L glucose and 30 g/L xylose.
Meanwhile, flocculation of YB-73 was observed in the presence of xylose, and the strain also showed
high tolerance towards 5 g/L acetic acid and high temperature. The highest ethanol titer of 6.10% (V/V)
was achieved from JAS in the process of SSF using YB-73. [Conclusion] Combination of host
selection, introduction of xylose-consuming pathway and multi-copy overexpression of XDH in rDNA
locus is a rational strategy to improve cellulosic bioethanol production performance of S. cerevisiae
using JAS. This is the first report using recombinant S. cerevisiae to produce cellulosic ethanol from
JAS.

Keywords: Saccharomyces cerevisiae, TDNA locus integration, Cellulosic ethanol, Simultaneous

saccharification and fermentation, Biomass, Jerusalem artichoke stalk (JAS)
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FEPERERYCEED Y, T XDH i3k A 45 DU
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100-200 /MK DNA (tDNA)A T 5 #7605

24 N EEH L RIR T AR /&, 1DNA 5 24
Dl IR R —FP 595 DU AR i SRk =K, T
VI il i o5 2P Be e = A T bR

%j*F(Jerusalem artichoke) B A5 i Z& FiE - 454
R, ATTEARREHRIAE, O AT A R o i i
BRI (B F AR A 1 o 2 Im e R
WA LR IR S A ™ SRR S RGE . [R]20
WAL & T (SSF) P LU RUBEARET 4t = LB Az 77 )]
W, PR YR LR B A e SR
OB R B S PR AR AT 4 R B R B A 77 AR 1 G
BT PRI SSF g R rfK i AT A TR0
AT CEY, — T SRRk,
T35 T 5 BEAE R W AR P ORAIE 2 98 A BTG 1
i SSF 11 £ BER B2 TR 5 5%—10% (AR L) Tall.
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feAz =ik, SSF A A AL BRI b vk J35 30 B4
AT 30% (FREABIE)®, Jhtrbkl e Sl s vk B 27
L EBOK R K SSF BIAROT R, eAh, & 241
A UL R A R R R R 14 2 B el

A B 58 A CH R g B0 TR R )
YB-2625 fEN1E LRk, W8 TIRA W& B s AR
TEERFFRR, BF5T T rDNA 8501845355 XDH
AT 5 DRI RT A 2 T 1 1 7 ) A A R A 52 )
UEAh, SR STHCRMERES & d i o) i e i =,
17T m e B AR BRI D AL R IR 5% . ASBIE
FEN R B ET 2 R LA 7 TR AR I R A L T 3
LA T PR A
1 RS
1.1 EE. Bk &4t

KIGATFE DHSo A SE S0 2 /A7 H R
Ay BRI EE R B bR YB-2625 FH 35 E AR B 5E
R 0 (The ARS Culture Collection, USDA)Y
P TV BRI R RE Sc6525 mhingE K K% Jana
Otrubo HFZmiMe; TAVERPGEER: Sc4126 DL HE
EEWERE SPSCO1 B A SIS R A bk ; pRS425-Ghl
Gk Ky Jamie H. D. Cate ZF2imgl'™ | wekEZEte g
& pUGR A2 50 % {5

A B G & RO OB Bk R R K
PAUR-PsXR-PsXDH-ScXK (UL T fii # R
pAUR-ZQO )AL % XR Ffih3E A XYLI F1 XDH it
I CRUET Scheffersomyces stipitis JCM10742)
XYL2 V) ROK B XK Jafib B XKST CRIET
S. cerevisiae)}t: 3 N HEBIER kAR S
FCHR(131E1 7 .

BGHEREF S AV AR, AFYEE AR 31.92%,
PR TR 17.52%; 7HE-NaOH BEAFAb 5
AR RI LT g £ S 54.57%, FAHFRTE
6.54%.

1.2 FEMNSFEERF

WEFVASR ] QBS-80B HI T 2k &5, Tl pg#s

BETESE AR/ 7] ; Tomy SSX-500 f 7875 K

P, H A Tomy Digital Biology 3 Fl ; Multiskan GO
ZP66E T, Thermo Fisher Scientific FHE /AT ;
Eppendorf 5804R 5 32 R B oA, 7 I SEATE B A
ol eI, FIRARESERARAR; 251
RWERE, %HilE KoBioTech A ; mGiAH (G434
1%, & Waters 23 ) o

Phusion” & {5 ELDNA Polymerase R 14 N 4]
i W) H New England Biolabs Inc. ; #T 4E &
Aureobasidin A (AbA)IlJ H TaKaRa Biotechnology
AR TAE 2 |5 [\ 208 A & W BT 41 4 R i
(UTC-AERO)H LA JCFR /R A= R A PR ) B
AR & B LR RAEYHEARGRA
Al HAWGEG W B A TAEY TRARAF],
1.3 EFE

LB 557 55(g/L): ZE K 10, BEBRR B 5, NaCl
10, FEABEFRIEBRMIEIER 2 20, KIGFF R
T ERT RN 100 mg/L RN ER& K ; YPD Hi5R3t
M YPGal }iFR 2% SCHR[13]BCH] s YPDXS5
YPD B5FRILUNN 5 o/L AW ; Fh P53 (e/L): B
Bty 4, HEEMR 3, WA 405 KBRS
YPD40X20 (g/L): FEblfy 4, SRR 3, HZHE 40,
AKE 205 KRB FEHE YPD90X30 (g/L): BELEHS 4,
AW 3, MEE 90, AHE 30; BRINEEALRETE L
TR ] Aureobasidin A (AbA)E G418, %4
W BE 43 91K 2.5 mg/L Fl 200 mg/L!!,
1.4 rDNA L S ¥&id K% XDH HIKHIHEE

LI rDNA RRE G aG, i FIRAMER N il
(XDH)HY £+ N 24K pUGR-XYL2 (RIS 4551
JAEH DNA WL 1,0 XYL2-F-1 fil XYL2-R-1 M 1E .
S5 4) PCR 44 H B9 5K XYL2, 28 Spe 1 il Hind
I fY) )5 5 2H R BV pRS425-Ghl A5
133 XYL2 BP0 A PGK1 4 SR8 )5 5l
T CYC1 21k kL pRS425-XYL2, $R)5, LA
S1¥ XYL2-F-2 Fl XYL2-R-2 JiE. KIa514, L
pRS425-XYL2 # AR A MR, PCR ¥ 14 J5 15 3
PGK1,-XYL2-CYCI, }1 Bt; feJaff 2 EcoR V Y]
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#Fz 1 pUGR-XYL2 H kT A5
Table 1 Primers used in construction of pUGR-XYL2

GIb/EA S

Primer name

HiH DNA
Template DNA

Elk7 e 2]l

Primer sequence (5'—3")

XYL2-F-1 pAUR-ZQO1
XYL2-R-1
XYL2-F-2 PRS425-XYL2
XYL2-R-2

GGACTAGTCC ATGACTGCTAACCCTTCCT
CCCAAGCTTGGG TTACTCAGGGCCGTCAATGA
TCCCCGCGGGGACCGCGTGAGTAAGGAAATCT
TCCCCGCGGGGATAGGGCGAATTGGGTACCG

MEMRILAL IR pUGR 2K 5 Fik XYL2 F£ikA
R umiER, 153 pUGR-XYL2 #ik, Frtgatiiik
28 L P 9k
1.5 FHEEME R IFE

L YB-2625 R AT 3, SR JH L 7 0
¥ Spe 1 ZMEALRIE G UK pAUR-ZQO1 H4{L%|
YB-2625 H: K4, 28 YPD-AbA HitEEH Fl YPGal
AR AR IR, K BT AL TR YPD KR
s, $RBOCEF S #E1T PCR Bk, Kiks 91k
XYL2-F il XYL2-R (£ 1), KAFIEWREEIL T
1 YB-2625 CCX. FtiJ#4 Pac 1 BEUIZ AL 184K
pUGR-XYL2 % Z YB-2625 CCX J&Z 540,
TE GA18 Pt AT 1E , ALk 90 1> rDNA
BAEWFRE XYL2 BERWEAT, Sl sl
YB-1-YB-90, #4tFF 50 mL &.0% 9 5 mL YPD
FpFREFRIEF, 30 °C . 200 t/min 155% 24 h J5 3 000xg
B0 3 min, 3 _EIEE A 5 mL YPD90X30, 30 °C,
200 r/min & 4 d J&7 , 8 000xg 50> 3 min B _E K
DR ARARE B 1t
1.6 ZERIZEUE XDH Eg/FENE

BUG LRI BERE R IR 1 mL, 4 °C. 8 000xg
B0 S min WA, F 100 mmol/L pH 7.0 PBS i
e 2, 4°C, 8000xg B.0> 5 min YA, FIK
T2 1) Extraction buffer (100 mmol/L pH 7.0 PBS,
1 mmol/L PMSF, 0.5 mmol/L DTT, 0.5 mmol/L
EDTA)EA A ; A 1/2-2/3 RFLAY 5 mm BEES
B, MhiERiRg e D K # R 1 min, oK E¥
11 min, EX 4-5 K, 4°C. 12 000xg &.{> 10 min
FRHARE . 2 BB SCHR[3] 5 I XDH B -

1.7 EHEHRIR SRR AR LR

WA h i PR R A FP 2 50 mL YPD 1533
30 °C.150 r/min 5537 24 h J& , B 2 mL #54%% 100 mL
Fhraigedirf, TAHRISEESE 24 hy 3 000xg &5
O 3 min PEEREA, KIS TR R RN 2 5 90 g/L
FZERIR 30 g/L AKER 100 mL K BEREFRHEAY) 250 mL
=S, 30 °C. 200 r/min & EZ 60 h, FARAER
FEDIE 2 TR A 2 A R B o L AT 2 YR ST 1Y
Smy, BRR 3 AEAT, I B RS
1.8 HHEHHARSTEER AR LR

1480 °C H MR AR 7E YPD JEFR 5k — ik
Wk 24 h ISBRE, H#E ODgoo —BF #EAT
10 fE5BRRERERE, A3 BIHL 2 pL WIUA T TR LA S B
B BB T S YPD B3R 3 R 2 R N 5 /L
LRV I 9% (TR L) L BEAE Rt 254, 30 °C $5
F%, 1£ 40 h M 72 h BSOS B TE 0 AR K IR IR R
DRIRE ) TR S e 22 501, e 1 L Ase sy >R
40 °C &M TFFATHE SR, TREE 3R, 45iREA
M
1.9 WABEHFETETHEL LB

R 5 04 2 RS AR e 2SR e S
TR AL B MpRiE 2.8-3.0 MPa R
FUKZE T 4ERE 90 s, Bl , HETHIVRAE =R FT
YIRHEZFER L 10.0%7E 2.0% NaOH I 1T 110 °C
PR 1 h, FEHIEB T/KUEZ pH ik, T 45°C 4t
TS PSR 3 EREAFE 2.5 L&
TR 08 T AT TR % (R A0 A R T, AR
1.0 Lo SRASHIHMNE T ST R B, TR
BHEN 75 g, ST AIAETREE#ES 4. 8. 12 124 h #b
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ek, BREMINPIERL 50 g, FIFEE 24 h BH0A
SRR R 275 g BfEIFRTE 50 °C. 400 r/min 5%
PR P47, I AN 1 mol/L NaOH 54 pH A 4.8,
MR TAEARCN 1.0 L, BIRIAZ 8 Tk K
SAFRR 900 mL.#% 20 FPU/g sk I AL 4E %
T LA MR . TR 24 h )5, KRR HIZE 37 °C,
BRI 300 t/min, LA 0.01 vwm 38 B30 A TSR 25
A, NI 20 F IR BEEERR Y ZORIE R 4 /L, HH
Wi 3 g/L. WG LRhFREFRIEIG 1L 12 h (4RI R L) 4
Ji1TF 3 000xg 2.0 5 min, ERRIEFEGHEA KB
WE, HeAERIR AR E L 1.0 g/L. [k
RMENFE N 60 ho 4 12 h BUREI: F s S0R0R (533
(HPLC)HEATHE S A 20 Al 22 o AWEA 15507
Bk IKFRIR A B e TR B 5 R RS R ) A
W 25 5K R TP A R SR I LU, S
A PSR TR O o R R i LR RS
REX— =T R B R FE ., X E R 2 Ik,
SR HAEINNE
1.10 REEMEREBS S

RIEFE S 2 3 i R B OB AR i, BT
N A HL R 4> Bt A (300 mmx7.8 mm  Aminex
HPX-87H, Bio-Rad, Hercules, CA), #fAfE 20 uL,
P 5 mmol/L BRI SR , iR 0.5 mL/min,
TN ZE R B AR IR R 50 °C,
2 GREH
2.1 FHEHRRIME K XDH B iEHE N

DL YB-2625 Btk RAEF, # XYLI. XYL2 FlI
XKSI = AFEP T a5 7 d A 2] YB-2625
L) YPRCdeltal 5 157 5., f98IR -G RBER 4]

fERE YB-2625 CCX, £ PCR BuFuE BN IERf Y
ALT . YB-2625 CCX 7E YPD40X20 1577 3 &
6 d J5 ABEFI PR A5 93.72%, {H H AL &
ik 091 g/g AWl 4% pUGR-XYL2 #ifk
163] YB-2625 CCX 15 £, 15317 90 1> rDNA %
Atk XYL2 WAL T Gad REERIT, 15
B —BRAKEAC R 7 08 T HAB L Ak 1% 52 20 R
FEEE YB-73, XF YB-73 LA e A) b ACHH o 41 B bk
YB-2625 CCX 1) XDH MYBHE AT 7RI, 255K
B, dE it 42 D44 XDH BEE i 0.098 U/mg 14
TN 0.215 U/mg B8 H, XDH BEHE 2 XT B AR Y
2.19 i, UER] rDNA BAA R4 R 1 AMEREL )5
(R o
2.2 EHEMKEESTE ARG LR

X HF A BB AR YB-2625 . A OHE HZH T bk
YB-2625 CCX LUK YB-73 HEkRAITR AWM & B
PEREHET T HUHR(GR 2). K% 60 h B YB-73 TRI#K M
B AR 39.21 g/L, BT A ERE YB-2625
A AME B ZH B YB-2625 CCX, H 27443 )
} 34.95 g/L Fil 34.44 g/L, YB-73 BEFRANEF]FHZ
ik 52.67%, SBEFIHIZEATIA 88.15%, (EAFHE MY
J&, YB-73 (RO RE B AR L W) 4G 2 T
YB-2625 CCX Tl T 64.6%, FWidZik XDH
RN T ARBEBEAFR
2.3 YB-2625 EHRIMNE BT IR R E T

FEREERE, YB-73 HRELL YPX90X30 HIIR G
Wi e B e B AT R TR, TRV ) i ) 2R 5
G, WURTREZ S5, 72 h (Y BV 304 rp G Tl Ak
TR R BT RS BLINE 1 fis, SR +

F2 TRIEEBCEM ERER 60 h (B SHE L B2 RE LI

Table 2 Comparison of mixed-sugar fermentation in 60 h for strains with different gene modification

Ttk B FERE SR AREEHFER AR =3 AR = 1k LT
Strains Xeonsumed (g/L) Riotal (%0) Ryytose (%0) Yastitol (8/8) Puyiitol (8/L) Pron (g/L)
YB-2625 14.10+0.35 86.16+0.28 44.7+1.11 0.91+0.01 12.79+0.14 34.95+0.18
YB-2625 CCX 14.84+0.08 86.75+0.06 47.07+0.25 0.89+0.01 13.18+0.16 34.44+0.11
YB-73 16.61+0.15 88.15+0.12 52.67+0.48 0.31+0.01 5.21+0.09 39.21+0.24
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40s 50s 60s 12.0 s

1 YB-73 EIRTERBEIEDHY 72 h REEAE MR EUTIRE
TERER

Figure 1 Determination of the flocculation ability of
YB-73 at 72 h in the bioreactor

2 min BFRGEDIRE, DL RFEA R AT 2LEEE
ARSI AR 45 R, SRR M X R
TR 14 2 B A2 A PR E VRN SRS
FEOH, BREEILIA At Fe ik nT BH 5 v T R R
CE6 £ Z R0 400 F iy &g 1. ik BAg
—E BN YB-2625 HRKE T EA RUIFERES
[ 52, KB AR B R YB-2625 SRS R IR
BT BERE Scd126 1 Sc6525 LUK [ LkERHE
A 10° 10 102 103 10 B 10°

YB-2625
Sc4126
Sc6525

SPSCO01

SPSCO1 7£ 5 g/L .2 . 9% BELL K 40 °C =i A
AR T U ES . QIR 2 Bifs, YB-2625 5
WAL, 765 g/L SBRPAR FRAERK IR T
A PR %) Tl R PG I B TR AR Sc4126 Fl Se6525,
s 55 T 22 el RE SPSCO1, H. 40 °C Sl T
LEETAVERE Sc4126 Fil Sc6525, 5 [ 2 %ERTE
SPSCO1 JEA—E, ANRIBRLE 9% (KR L) BT
B E AR Z A REERAR R, PL RS R
HER, YB-2625 BFAE BRI RE R4 T — 20 Tl ]
WFSEI R 4718
24 HFRBHETELABEFCENHAR
KRR EER: YB-73 RS-0 AL PR Y
BT TR AL OB T, 25 R AL 3 s o
MR HRNEL, R REA R TP IR SR AR T
27.5% (B RFEL), SCBLT WV L R A AL
KW, TR R R AR B, K A o v i T
LT, BIS G INEAER A BEAIC, 20 24 h T,
IR TR AR SR R 60.01 /L, AWK N
11.08 g/L, {HICHHMIIA KRR YR A i, 171 %
PRE e AREREARL S, HEARIE L R IR B
RS 12 h Y, B PR T R4 6 36.73 g/L
LI, AR BEAE R Tt R P 2RI, AR

102 10 10¢* C 10° 107 10 10° 10

2 A[EBRBERE S E AR CERAN SR AT LLAR

Figure 2 Comparison of the acetic acid and thermo-tolerance of different S. cerevisiae strains

T SPARIRUCHRTR(A) . 5 g/L ZRRHHGFR 72 h (B)FI 40 °C K537 36 h (C) 4 F 45 AR A KA. BB R BRI IEOR Y 10°

107", 1072, 1073, 107*4%.

Note: Cell growth of the investigated strains at the control condition (A), with 5 g/L acetic acid supplementation for 72 h (B), and at 40 °C
for 36 h (C), respectively on agar plates was presented. Serial dilutions stand for 10°, 107, 107, 10~ and 10™ fold of the original solution,

respectively.
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=2
N
1

115.0

412.0

9.0

acetate concentration (g/L)

Glucose and ethanol concentration (g/L)
Xylose, xylitol, glycerol and

60 72 84 96
t(h)

—a— Ethanol

—eo— Glucose

—— Xylose —— Xylitol

—=— Glycerol —e— Acectate

3 WIRAERFREITESEL RS

Figure 3 Simultaneous saccharification and fermentation
of alkali-pretreated Jerusalem artichoke stalk

e Elv 24 h TR LR

Note: Time before 24 h indicates pre-hydrolysis period.

JER R TR T 81.02%. Z Tk i M Kk BT 15 3]
48 h 52k I, IFTE 48 h kB R 48.67 g/L, &
P f PBR IR 1.01 g/(Lh). 60 h AR B % 2 fefik
(2.10 g/L), K% 60 h ABERREILE] 3.74 g/L,
Rl A DR, Hd 60 h HlgRE N
219 g/L,
3 W
T 2E BB AL T S50 H 4 T A A B & I
HAGZI R R, ek aeit BT
FXFUER CPERTFRCR L, PERE R AFI0TE
FERATTEIR Sl rh BA B R KRS, in R
AEGRMIATZ 8T, A B T AR A KR
BLUFIY R R P2 YB-2625 BkkIE I H e
O B WO BRI B B TR AR ), A SR IR T BR 4 it
M2 PE e T T F5E, IR X E M B A B S 2R
Mf2Zhe )1, &S /L WP FAERK R Sk
LRI A K DA B K B — s R E R
YB-73 B A R RARLE & O R . BRI
1Y PP SRR TS 5 900 ) 0 1 K Jo 4 A 2K A W

Ttk = Gl AL, FRATIE A B YB-2625 WAKRTE LA
R R O — R YR S 0 L - AR A
Fr AT 0 B — e M2 . SCHR 2414008 =
N A ARNRIZRAZ R FLO1 R ARAS 0 A B 245¢
PERER CEN.PK113-5D BRI A XT 2 24 25 7K A v v 41
PR T LA O e TR, H U ) T R Rt P
TR BT BRI, AR SCR A BT IR A b
KPR AR ELA R A

K245 U4 XDH 3R] 5 B4 AR
ABEIHAE P, ARG 7 rDNA 37 15 245 DL 4%
4 XDH WA EI[EFEMLE R . AWK YB-73 1Y
XDH 1% FE A 05 & B RE A R R R
WIS, RN AR R R T 64.6%.
A48 02, DAFERY TDNA 248 DU A #R 551
R B 2R 8RE4e, Wk X1 XKS1
R Ao XYL 3K 5 rDNA A b e i)
AR B 14 kb F1 10 kb7, ARSI
L35 D3RR pUGR-XYL2 , W] A 55 A0 iy 1 BR A
DIRGFOIBR AR B

i ] 2 2 2 2 B 2K RN TR Ak L A 4 R AT
(ZAEMR) M EEL, DA Kluyveromyces marxianus 7K
TR, FESEREAT A i A4S B2 vk 43l o
10% (Bt ARF L) FI 8% (Bt (RFH LL )BT, & EE 30 h
LR AIIA 453 g/L, W% 0.252 g/gl,
1 1 H A48 28 O IT K B T 2 1) R S O fek
AR RIS, DR AT B AR M AR W R TR AR 2 Y
JEORE, KA RS A R A M RE IR A I HA SR
e ARty T E4 B YB-73 Htk,
FEXF PR -BRE B TAL B A A RS AR R AT T ) A b
TR mE, RS TR BER FHACHE ) 5 2 FRP e Bk
T2 AT AL LA 7=l SR Attt
S A R0 7 S T R BE RN SSF, ARIE T
S FKARRR, LR BN L SR BRI A i B
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