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Effect of differential expression of transaldolase gene on xylose
fermentation and acetic acid tolerance of Saccharomyces cerevisiae
strain
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Abstract: [Objective] Xylose fermentation is crucial in lignocellulosic ethanol production. Acetic
acid generated during pretreatment process seriously inhibits xylose fermentation of yeast strain.
The effect of differential expression of transaldolase gene (TALI), one key gene in oxidative
pentose phosphate pathway (PPP), on xylose utilization as well as acetic acid tolerance of
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genetically engineered xylose-fermenting strain NAPX37 was studied. [Methods] The promoter of
TALI gene (Prar;) of the strain NAPX37 was separately replaced with three promoters, Prpps,
Paup1 and Pyp, through homologous recombination. By subsequent sporulation, spore segregation
and mating, three homozygotes in which Prar; were replaced with Prpys, Pagp or Py were
constructed. The fermentation capacity and acetic acid tolerance of the three homozygotes and the
original strain NAPX37 were compared through batch fermentation using xylose or the mixture of
glucose and xylose as carbon source. [Results] Three promoters, Prpus, Papp; and Pygs, increased
the transcription level of TALI gene differentially, which not only improved xylose consumption
rate and acetic acid tolerance significantly, but also improved glucose consumption rate under the
condition of 60 mmol/L of acetic acid. When xylose was used as sole carbon source without acetic
acid or when mixed sugar was used, the strain with Payp;-controlled TALI gene showed better
fermentation results than strains with Prpys- or Pygy-controlled TALI gene, indicating the
expression level of Paypi-controlled TALI gene was most appropriate. When xylose was used as
sole carbon source under the condition of 30 mmol/L of acetic acid, the strain with Pygj4-controlled
TALI gene showed best fermentation results among all strains, indicating the most suitable
expression level of Pygy-controlled TALI gene. [Conclusion] Three promoters, Prpys, Pagp; and
Pusu, overexpressed TALI gene, which improved xylose fermentation rate and acetic acid
tolerance of strain NAPX37 differentially. However, the fermentation condition affected the level

of improvement.
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Table 1 Characteristics of Saccharomyces cerevisiae
strains and plasmids

BERR AN TR -7 HeI
Strains and plasmids Genotype Reference
Strains
NAPX37 MATa/MATa, [13]
Prari-TAL1/Prar-TAL1
NAPX37 TDH3p MATa/MATa., This
PTAL1-TAL1/PTDH3-TAL1 study
NAPX37 AHP1p MATa/MATa, This
PTALI-TAL]/PAHpj—TALI Sl'lldy
NAPX37 UBI4p MATa/MATo, This
PTALI-TALI/PUBM-TAL] study
NAPX37 MATa, Prpus-TALI This
TDH3p-B(a) study
NAPX37 MATa, Prpu3z-TALI This
TDH3p-O(a) study
NAPX37 MATa, PAHPI-TALI This
AHPI1p-B(a) study
NAPX37 MATo, Paupi-TAL1 This
AHP1p-O(a) study
NAPX37 MATa, Pypry-TAL1 This
UBI4p-B(a) study
NAPX37 MATa, Pypiy-TAL1 This
UBI4p-O(a) study
NAPX37 MATa/MATa, This
TDH3p-4 PTDH3-TAL1/PTDH3-TAL1 study
NAPX37 MATa/MATa., This
AHPlp-4 PAH}J]-TAL]/PAHP]-TAL] study
NAPX37 UBI4p-3 MATa/MATa, This
PUBM‘ TALI/PUB14—TALI Sl'lldy

Plasmids

pBlu-LTKTL-TDH3 TDH3 promoter, loxP-Prg [14]

kanMX -T; TEF“IOXP
pBlu-LTKTL-AHP1 AHPI promoter, loxP-Prer  This

kanMX-Trgr-loxP study
pBlu-LTKTL-UBI4  UBI4 promoter, loxP-Prg- This

kanMX-Trgp-loxP study
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1.3 #LRZEEA B2

R IRE—HF 2% YPD B3 Bibfk
24 h JE B BRAAR, BEFI 24T 100 mL 5% YPD k5%
Fhy 500 mL =AM, 160 r/min, 30 °C $EPRTH
BEF% 16 ho U 10 mL FUE SRR (FUG IR 10%3%F)
HERNEREA 90 mL & RERE IR, 5k 5 ¢ IR R IARSERD
FBEA 100 mL A BERE SR AT 300 mL —fIEH (50 g
AL M), BT 35°C /KB, 200 r/min 7
TITRFEIAT R I o He T B R B B AR S I AR [
W TR o 8 BT IURE BT AR . T . A WE I K
1.4 B#RE3TF R ERIREUE Bk M2

FH BR 2 8 Y B EcoR 1 W V) J5i ki pBlu-
LTKTL-TDH3", [EU loxP-Prpe-kanMX-Trpp-loxP
H B, H5H EcoR 1 ZLIEALSE AL pBluescript 11
KS(+)!" % $(Ligation high ver.2, Toyobo, Japan),
WL loxP-Prgp-kanMX-Trgp-loxP B JFRL pBlu-
LTKTL.,

DItk NAPX37 (LM, 43051
¥ Xt  ScAHPI-Spe I -F/ScAHP1-Not | -R Al
ScUBI4-Spe | -F/ScUBI4-Not [ -R #"3#4 t J3 5 1
Panpi A1 Pugs 1 Bt, H Spe 1 Fl Not 1 47 XU
FEN R BE o B Pappr A1 Pupe Fr B3 00lE B 3 i
#i pBlu-LTKTL b4k ik pBlu-LTKTL-AHP1 #
pBlu-LTKTL- UBI4.

DL & % pBlu-LTKTL-TDH3 . pBlu-LTKTL-
AHP1 #1 pBlu-LTKTL-UBI4 Nfitz, FIFH5H%F
TALI1-loxP/TAL1-TDH3p . TAL1-loxP/TAL1-AHP1p
il TALI-loxP/TAL1-UBI4p K & {# i Prime
STARHS DNA Polymerase [ 549 T FE (K& A R
ANENYHE, Ay RIS R BE loxP-Prgr-kanMX-Trgp-
loxP-Prpyz «  loxP-Prgr-kanMX-Trgp-loxP-Pyp;
loxP-Prgp-kanMX-Trgp-loxP-Pygiso F|H Sanprep #
3 PCR W4 iGh) &[4 T AW TR (L) AT BR
N HE] 6 PCR Pk A 5 4liAk 5 T R A 551k
1.5 B

A PEG/LiAc Jr i Vil i BE loxP-Prep-

kanMX-Trgp-loxP-Prpgs «  loxP-Prge-kanMX-Treg-
loxP-P4pp; M loxP-Prgr-kanMX-Trgp-loxP-Pyg, [F
V5 H B NAPX3T (LR E, ¥ Pran, J2 80
FRWA Prous. Paupr A1 Pupy A8+ $EEUEAL
T4 DNA, H 5% % F-TAL1-UP800/
R-TAL1-DOWN200 #17 PCR 434, #fiIA Hbx B
B FABOIE . B B B AR H bR r
AP 3 000 bp () PCR 724, F 10% YPDX
FE 35 °C 554 N HEFTHER R I, i 1 R AR R R
PHHFEHCRL, 2= R &S %L1
1.6 SFiE TALI EEMAE S FEKRAIIRE

B T H s i B SRS TAL T DR 0 )5 3
T, PARMFEAT IR AEF o B RS T
(R AR G PSS LRI A F - % 1.5 HRAs Y
AL FIEr PR SR B8R 2-3 d ), PREURIA
FHU A= (1 U/uL)AbBE 20 min, FH BERE RS
(Singer MSM300 System, Singer Instruments, UK)
PR35 2 d, Tk EA G418 Ptk
PR 5 BRI B AR T R AC L , 52 B G418
PUPEERRAOPES, I 10% YPDX gtk kB2,
510 2 TEVE BEAL T3 10 MATa F MATao BARSIR T RE
¥ MATa T MATo FAAERTE BE [F] B 2200 3] 2%
YPDA BAREEFEH T 30 °C #5586, FIHH b i
ERGHBOEE I A RR A, Big5 2 d, FAR
P30 55 AR AR 5 o AR AR, SRR 4T,
5% F-TAL1-UP800/R-TAL1-DOWN200 k47
PCR §"34, #iAE®m hai&+. M 10% YPDX
HATHER T, ik K T RE DL 75 Y 25+ T Ak
17 &%RIE TALI EESE FEMKB LB
EMR

e 2 HATHEIR O FE R T, PR T AR
NAPX37 fl TAL1 Ji 8143 9 B35 Y Prpws P anes
F1 Pupw JA BT 10465 F W AR & BERE I 22 2,
FRAE I o B— 25 NIt R BE R 2 Kk, B
YA
1.8 AR RKESH

WA BRI, A Yeast RNAiso Kit 71 &5
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Table 2 Batch fermentation condition (35 °C, 200 r/min)

BRI LRIt et
pH Fermentation Acetic acid Inoculation
medium (mmol/L) quantity
5.0 4% YPX 0, 30, 60 Preculture 10%
5.0 4% YPX 0, 30, 60 50 g wet cells/L
5.0 10% YPDX 0, 30, 60 Preculture 10%
4.0 4% YPX 0, 30, 60 Preculture 10%
4.0 10% YPDX 0, 30, 60 Preculture 10%

(AR TARCRE)ABRA A JHRBUS RNA, FIH
PrimeScript ™ RT reagent kit with gDNA eraser jtF|
E[FAEY TR ORE)A BRA W) 1T U 566 i
cDNA. LI cDNA Wbz, ffiffikl& SYBR®
Premix Ex Taq' ™ 11 [FA8 TRECRE) A BRA ]
it & 92 5 B PCR AR R, BT 514 4% 3110,

{8 ] Eco™ real-time PCR system (Illumina, USA)
HEATSER R/ PCR RN, #%#F ACTI 1EAS L
U DL ACTT 5Kk 1 3HEE TALT LR R
X s K AT bR NAPX37 SE K 2H DNA J st ,
2y % M 5l ¥ X% P-TALIF/P-TALIR Al
P-ACT1F/P-TALIR ¥4 TALI 1 ACTI A F Bt
I3RS pMD-19 [ A TRE(CKIE)A BRA A
AT, MR P-TALL #1 P-ACT1, T
£ i PCR A2k,
1.9 HAE

FRANMT B Fon R B R R AR L, R
FTHRse . BUREER 5 mL, B0 0k
IEWORE A, HZE KRR 3 R, B HE T
105 °C Pyt P R EEEFFRE . F 0.45 pm 1Y
VERERLVE IR, F TR . CEERIAKEEE

%3 PCRIE|¥IREFF

Table 3 PCR primers and sequences

519

Primers

I ¥ 5

Base sequences (5'—3")

ScAHP1-Spel-F
ScAHP1-NotI-R
ScUBI4-Spel-F

ScUBI4-NotI-R

GGACTAGTGGCCTGAATTCTCTTTTATGAG
TTGCGGCCGCAAGTTTTGTTGTGGTTATTGGT
GGACTAGTGGCCTGAATTCATTGAGATCCT

TTGCGGCCGCAATCAGTCCTCGCAATATTTTC
AACAATCTAATTAAATCGAAAACAAGAACCGAAACGCGAAGGCCGCCAGCTGAA

TALI1-loxP GCTTCG

TGTTAGCAACCTTTTGTTTCTTTTGAGCTGGTTCAGACATTTTGTTTGTTTATGTGT

TALI-TDH3p’ GTTTATTCG

TGTTAGCAACCTTTTGTTTCTTTTGAGCTGGTTCAGACATGTTTTGTTGTGGTTATT

TAL1-AHPlp® TG

TGTTAGCAACCTTTTGTTTCTTTTGAGCTGGTTCAGACATAATCTATTAGTTAAAG

TAL1-UBI4p

TAAAGTGGG
F-TAL1-800 CTCTCAACCTGACTACAGAG
R-TAL1-200 GCAACATCGATCAACTTGGC
P-TAL1F ATGTCTGAACCAGCTCAAAAGAAAC
P-TALIR TTAAGCGGTAACTTTCTTTTCAATCAAG
RT-TALI1F GACACTGGTGATTTCGGCTCT
RT-TALIR TGGCGTAAGTTGGTTGCTTG
P-ACTI1F GAAATGCAAACCGCTGCTCA
P-ACTIR GAACCACCAATCCAGACGGA
RT-ACT1F AAACCGCTGCTCAATCTTCTTC
RT-ACTIR TGGGGCTCTGAATCTTTCGT

T T AR R RIL BRI S [ I AT 4.

Note: : Underlined sequences are sequences for homologous recombination.
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FIH LC-10AD VP %0 AH (3% {¥ (Shimadzu,
Japan) 43 M7 A W A0 A5 7 OB de U, R B oA
RF-10Ax., H&M 150 °C, #HEHN 65 °C; FH
SCL-10A VP =R AH (23542 (Shimadzu, Japan)il]
FEARBERE VR E , KR & RID-10A, HEN
35 °C, 0.05 mmol/L H,SO, YENEE I, W N
0.6 mL/min, #|H GC 353B < H {4 1% 1% (GL
sciences, Japan)ill & Z BErue B S N AR
JNAR, AARMERERA, EME MR, PRy
50 °C, VEGTaRFIRIER I R R 180 °C,
2 GREH
21 ARBIFIEHTERIE TALI EERNES
FEEREKEE

gk S A B AR R 3 i B loxP-Prer-
kanMX-Trgp-loxP-Prpys «  loxP-Prgg-kanMX-Trgp-
loxP-P4p; 1 loxP-Prgp-kanMX-Trpp-loxP-Pyg S
A TAEARIER TREFFE NAPX37 H. FIF 10%
YPDX 4 T4 U & [ 7 1 HH A B RN A AE R
AR B 4L T NAPX37 TDH3p. NAPX37
AHP1p fl NAPX37 UBI4p. F|H PCR #fiik 3 #kf%
b B ATEOL, SR ILE 1. ATRVEH,
3 BREEAL Y95 H 3 000 bp F 1 000 bp 25747

1 2 3 M bp

5000
3000
2000
1500
1 000
750

500

250
100

MR B, B~k g 7401 RS
TRk B B ARG 2+, i — B Ak AR
TALI FERBJE 81T Pravio

I3 5¥ Ak ¥ NAPX37 TDH3p. NAPX37
AHP1p Fl NAPX37 UBI4p 75/~ T35 FR LR 5%
PRBCRA 63557, MTREGEAE T 100 mg/L G418 1Y
2% YPD H53r3E BA: KA R R UES TR A AR, 3R
US43 91 MATa T MATa 9547 BARE 807 A
BERPALEIRTE R o R 10% YPDX B4 73R K& 1
o3 B ARAT K PR RE AL 75 1 B A5 (R e B NAPX37
TDH3p-B (a). NAPX37 TDH3p-O (a). NAPX37
AHP1p-B (a). NAPX37 AHPIp-O (a). NAPX37
UBI4p-B (a)Fl NAPX37 UBI4p-O ().

BE R —Jash 71, A5 MATa R
MATo [ BAERIEA TAC PO ARAT A R B bR, A it
R TR 18 1 A Ik RE AL 75 1 e e 3K TAL T HE IR 1Y)
Hikk NAPX37 TDH3p-4. NAPX37 AHPIp-4 Fl
NAPX37 UBI4p-3. FIF PCR #iik TALI 3:[H )5 5
FIXEENL, Z5RAE 1. aTRUE, A 3 bR AF
REPHEH 3 000 bp ZEAT 771, 16 BH TR B
NAPX37 TDH3p-4. NAPX37 AHP1p-4 #l NAPX37
UBI4p-3 ¥h4liG+, ENPWEREAR A TALI
FEDRI Y 3 3o A0k B AR S B 4

bp M 4 5 6

5000

3000
2000
1500

1000
750

500

250
100

1 #|F PCR#IA TALI EE BT BIirBasFEHRIEFR
Figure 1 Check of replacement of TAL1 promotor with Pypys, Poyp; and Pygy promotors by PCR amplification
Note: 1: NAPX37 TDH3p; 2: NAPX37 AHP1p; 3: NAPX37 UBIl4p; 4: NAPX37 TDH3p-4; 5: NAPX37 AHP1p-4; 6: NAPX37 UBI4p-3;

M: Marker DL5000.

http://journals.im.ac.cn/wswxtbcn
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22 TALI ERAFRZREEMREEREERIER
EEEAKYE RS B % RERI 20T
UARBIEAR—HRBEEHT, AR FIE
# TALI BERFRIEMIRERDSLBE BRI Z 1%
RERYEZME: DAFT 4% ARBHN YPX AR 3E,
T LIRURFE . pH R R 2 T 0 5200
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Dry cell weight (g/L)

MR 10% RIS IR . W46 pH 5.0 I, %
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4, TR, EABRIMCIRAMT (B 2A. B),
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w2, SWEAARTER 24 h BYAHER B E 5
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Figure 2 Comparison of xylose fermenting and acetate tolerant capacity of Z4L1 gene overexpressed strains and their
parent strain at pH 5.0 with different acetate concentrations using xylose as sole carbon source
. > NAPX37; -o—: NAPX37 TDH3p-4; -A—: NAPX37 AHPlp-4; —o—: NAPX37 UBl4p-3. 524k. i TE . ZEIRIT; mik. K
BEAHE | AHHERE. AL B: Ommol/L ZfZ; C. D: 30 mmolL Zf2; E. F: 60 mmol/L ZFfR; AMEEHFT 2 YRy R BETLE 1 FXfE.
Note: -~ NAPX37; -o—: NAPX37 TDH3p-4; -A—= NAPX37 AHPlp-4; -o= NAPX37 UBI4p-3. Full line: Dry cell weight, ethanol

concentration; Dot line: Xylose concentration, xylitol concentration. A, B: 0 mmol/L acetic acid; C, D: 30 mmol/L acetic acid; E, F:
60 mmol/L acetic acid; Data are means of two independent fermentation experiments.
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Bk 1.146. 1.122. 0.972 F10.777 g/(L°h). 4 ¥k
PRTE 24 h I CEEMR BN 7351 1030 9.7, 8.7
M 7.7 g/Lo RFEEFEBRMR, CFRES.
5 & B Bk NAPX37 A b, ¥k NAPX37
TDH3p-4. NAPX37 AHP1p-4 il NAPX37 UBI4p-3
A IR 2R 53 3 55 T 20 44% . 47%F1 25%,
O A R IR R T 35% . 44%F11 33% (3 4).
XPRIE 24 h SRS HT T TALL FEDR R 571
O, Z5RFRYW, Prons. Paupt 1 Pupu JA 8 FANA]
TR & T TALL R SR KF-(1.9-3.5 1%,
2 5), AT LLAH 3RS s F¥ M aRiE T T4L1 BEIA,
AT 5 T TR AR B AR %, bR T % ik
B, LTRSS, BIR Prpus Al Pusw o
B TALLD W55 58K FE ST Pape B8 F(GE
5), 1H Pappi JA sl T TALT 552 K07 24)
B R FANE K e T o WA KRR AN 2, B i %]
DIEH, S5EE NAPX37 fHE, B35k T4L1 R
1) 3 PR A BISCR SR R T 30%-50%,  [A]H
R R, 2.2%—6.1%., %45 R%H], &
Fik TALT FERRIR LS & T ARSI, (HA]
4R R T AKERR A 8, AT O RECR AN
[TE

TEVRAN 30 mmol/L Z B2 214 F(# 2C. D), 5
TR, £ AR AR R BT
R, Rk TALL FEFRY 3 MRE RS & AR )
ZRWERE, SHAEK NAPX37 ML, EHk

NAPX37 TDH3p-4. NAPX37 AHP1p-4 #l NAPX37
UBI4p-3 KR 24 h AYACHEFIFH B3R5 38 T
2 52%. 7% 73%, AR GE AR B T
49% ., 45%F1 69% (£ 4). £ 3 M sh T TALI
LR IR R, Fkk NAPX37 UBI4p-3 f4 A& i i
R 78 30 mmol/L R, HA 8 sh 7
il TALT 0% 5K V-ERA TR, Pupis Ja 8l F-45 4l
TALI WK TFRER 0.7 24 5), (HE
NAPX37 UBI4p-3 % Wi 25 1 {L T NAPX37
TDH3p-4 il NAPX37 AHPlp-4, £UTEH L5
PFF, Pusw 8 8 T8 TALT BER ) F A TR Huas
il , 2ok e e IR 2 AR AP TR Xk A ) A1) 3k
Z Hikk NAPX37 UBI4p-3 7E 30 mmol/L 2.8 5514
T B AW I S A RN 2 T A R Y T T R
NAPX37 TER LR FRIZEE, R Pupy
Jadh TR R IA TALL R0 bk B T A2
30 mmol/L ZFRINAET]. HILLIRFIAHLL, 76
30 mmol/L ZFRAIE T, & WK AR T
K, TS EECREIG N . & TR B CBEBCE N TC LR
KR 0.3 AR EIEGE 0.4, UL LRI
WD T ARBEREM LR, 18 T OREMICE, 1
30 mmol/L Z &% T, Hikk NAPX37 UBI4p-3 [
ABEBLCR AN & FAMRAE, IR TRk NAPX37
TDH3p-4 #il NAPX37 AHPlp-4, £HITEA LR
A, MLIT Prons 1 Paupt JABIF, Pupu A s+
il TALT FER W FR 080 TAHERE LR

£S5 pHS5.0 EHETUREDM—GEAEE 24 h iFRER TALI EF B F KL ®

Table S Transcription level of 4L gene after 24 h-fermentation with different acetate concentrations using xylose as
sole carbon source®

s W BRHEE Concentration of acetic acid added
Strains 0 mmol/L 30 mmol/L 60 mmol/L
NAPX37 0.393+0.050 0.239+0.024 0.100+0.036
NAPX37 TDH3p-4 1.291+0.002 1.081+0.158 1.077+0.046
NAPX37 AHP1p-4 0.760+0.018 0.556+0.137 0.529+0.005
NAPX37 UBI4p-3 1.356+0.233 0.748+0.044 0.714+0.144

Tt RRERERG LR BRI K P=TALL W% DUEUACTI B9¥8 DA, B2 kT S50 (1 -S4 (L +hr o 22

Note: *: Expressional level of TALI=Copies of TAL1/Copies of ACTI, data are averages of two separate experiments=s.
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M Z RN ) 60 mmol/L i, 4% T Ak Y
ARBEF R — 2 B . T A B kR TALT %% 5%
KA E— 2 FEAK, {2 Prons. Paupr 1 Pupu JA 81 F
Pl TALT W% SEACTEAE & F R AR GR 5)-
R R IR TALT FERG 3 ¥REERRBI TALT 5 5%
KEA B ES, (HREEE R H R, Bk
IR TALT LAY 3 BRTEAR AN H & B AR 19 22 52 4TS L
WHR(E 2B, F). ML TH LR, MRk T4LI
LD 3 R BRI ABE ) FH S 26 A 2 Tt A it
AR E T 30%—43%F1 45%61%. 5 LRI E N
30 mmol/L 58, WiaRik TALL JEAY 3 BRIE
BRIAIY 22 52456718 o 55 S FRMRFE 4 30 mmol/L 2544
Ry ZE FAT L, BRE AR NAPX37 UBI4p-3 4EH5 A1
30 mmol/L ZMRAIE N AHIRIMC RSN, Hofth 3 BRE#E
ABEBER R — 20 TR o Bk BE 1) B /b TR
PR R . XF OBRCR, 3 MRk TALL &
PR 4K (0.333-0.349) i 35 8 T HY R R #£(0.308),
[A]IRF 3 MR #eih TALT FER A B RR AN & B Rk a9 28
TR —FE, 3 BRmFRIE TALI R ER
FESCRAR T 30 mmol/L LR 554 T W ZBEICE , 5
RRESTRORAMH TR OERCREGEE 4), [HR
RFERI ZEWCRALT 30 mmol/L ZRR &AM Ty
R (R FTE LR A T 1) L FE R IEAS A
[l DA LZ5RERM, &SRB TALT FEIXT AR =
W LR T B LB R A

£ 3 NCRWEFMET, Wk NAPX37
UBl4p-3 MR HAHE 3 bRwitk 12 24, A
I HE#E NAPX37 UBI4p-3 HYEAN7 B A B ABEF FH
ORI = T 3 RREAR , 1T AU FEANE Ay i
— IR Z5ME T, Pupw o s P80 TALT W55 5T L
8 2B = TR AR AR I R %

B 50 g IBEIA/L . 9046 pH N 5.0 1),
4 WEMRTEARF SRR BRI T I RS LR, 3
PRk TALI R BEMRILT & E k(R TR
RER, BdERih). & 3 NCmRENT, 3 %
FRIE TALI FERM R 22578 R B2, Fik
NAPX37 UBl4p-3 ) L BEHFE R L BESCER A

P HEREN 10%MATE IR IE T 1Y L Red

I, 4 PRERABHHAERE R B &R, LM
0. 30 F1 60 mmol/L 414, KEEHT 8 h 3 #ki
Fik TALIT FE DR TR PR 1 AR T AE 2 2R 43 1) 38 31 29
4.55 .4.34 13.53 g/(L-h), ifi i R E AR 4.16
3.91 F12.96 g/(L-h), 50 g MEHEMA/L M5 HAHk e
JEARA AN = AR FE R Y B RN, IR TE
PRIGABE VA FE A 25 5 T 6k TALT BRI e
#k MT8-1X/TAL" 1 MT8-1X/TAL-psH!®!

FERI R 10% M ETRE TR W) 4h pH Ay 4.0 1,
TEASWRE SR AT | KBS A il Y F2 B B o
T pH 2 5.0 M BLCHE TRl A, B R o).
3 PR Ris TALT HE DK 0 TR R B ACHE &2 15 e 1 At
Z CRPEREI L T I R Wbk NAPX37, {HZ 3
PRSI IR TALT DR () TRTRR 8] A AR 2 IR RE 1 19 2
SN

DL EZE SRR, DURKE A ME—BRIERT, J0ieH
T OTRAFAER ORI S 2 mik 2l . pH 22 5.0 i
JE 4.0, BRhiEmis Rk, 3 MR RIE TALT FEHT
PRI AR 234 5 T R B MR NAPX37, 168
IR TALT 3 AT DIAG R0 AR oo B AR A 114 )
PR, 3 bREndeis TALL B Ay B Rk ] 4 22 S
R TSR 5 o AR e e R PR AR ) 22 5 A B, v
Fh RIS 22 58508 pH 5.0 5040 R bk A 22 5% 1 pH
40 ©FE, LTLMRALEFRMT, W NAPX37
AHP1p-4 Fl NAPX37 TDH3p-4 [ AHEFI| FH 8 545
PPk NAPX37 UBI4p-3 5, 1M #E 30 mmol/L £ R %%
T, Bk NAPX37 UBI4p-3 FAWEFI| JT 8 < 1 i
P FE bk NAPX37 AHP1p-4 1 NAPX37 TDH3p-4,
BIER TALL SR B KA ) F AN L B
Pusi ) 8 FHE ) TALT %% 5540 LS 25 48 o Ay 1
RFITARER 2, MRS TALI BN, fET R
T, BT HMER CBICR, (0 L BRAFAE
IR AR Y C BEWSCR AR 2, 7E 60 mmol/L Z R 541
TR TR Rk, B, ik TAL1 JEF AL
i 15 TR R T R VR BB R AR TR e A 1Y 2
198
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222 LIEERMAREEARE, FERRB3FiEH
TAL1 ERAFR X IRBEE T A B KR CEETT 2 M EERY
g : DL EAAREFAKER 10% YPDX M & BER:
I, FHEET LR pH X KR BERISZ M

16 pH 5.0 . LR E 4 0 F11 30 mmol/L 5544 F,
3 MR #iE TALT ZEH B & NAPX37 TDH3p-4 .
NAPX37 AHP1p-4 #il NAPX37 UBI4p-3 [ K 2fE
TIXIMEA T R Rk NAPX37, 18 3 M mi 235 TALI
JH DR] A TR R %) 0 260 B RN A W T FERE I I 3 2
o M RRHE I F] 60 mmol/L B, 4 BRE KA
AR ZR (R TRIEEE, SRRy, M4
Al R BT, A3 BRI P A A1) FH 3 e 1
DAAKEAE Ay — i 58 s 1 A 1) FH % LIRS
LIRITEIL, Witk NAPX37 UBI4p-3 S, R 5
KR 24 h IPARBERIFHEEE y 1.12 g/(L-h), BIR
1 T AKE R BBRIR AT 4 0.96 g/(L-h). FEAHIR Y
PR TSN IR A WH A i A8 v B R A
FRR BT B RAN R BRI 2 2 1, WRILE
FI AT R AR R E, bR 7 AHEFI R

pH 4.0 Z50F T By K B R &l 3 Fk 6 s .
TEARBINTRETED T (B 3A, B), 4 #RIEHRFE 8 h
R S8 W24, Wik TALT JEDY 3 RRIERRAE
48 h Z N FIFH S8 AME , 7 & B bR NAPX37 7E 48 h
HHASR A 240 7 g/L IR A DM FE . K BERT 24 h,
FIFE NAPX37 AHP1p-4 [AME R F R 2 gk
AR F L, HR & NAPX37 TDH3p-4 F1 NAPX37
UBI4p-3, dJa & & Wk NAPX37 (% 6).
EIARRE o —flR, NIRRT B,
Prous Paupr Ml Pupu B 8+ ANE R EE MR = T
TALI JERMEG %GR 7), Panpr S8 8 FH8H] TALI
KRN T Proms M Pupu AT 5 kKK
NAPX37 #H I, B #k NAPX37 TDH3p-4 Fl NAPX37
AHPlp-4 WIARWEEERF SRS &, Rk NAPX37
UBI4p-3 Fifi%; 3 #Rm#iE TALI LR £
B R AR T B R FE bR, P Ak NAPX37
UBI4p-3 M ZBISCR S 3 PabE TP i s i, 5 L EAIR
PIAHERE AR A ¢
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£ 30 mmol/L ZFRAFAEA T (K 3C. D), 4 ¥k
PRIMRTE 8 h NI FH S A0S , X AHE (1) ) FH i 41K
TIOTRFAE T AN 2 R BEHT 24 h,
¥k NAPX37 AHP1p-4 1 NAPX37 TDH3p-4 A A
FIIFH 20 2 B A TR = T R NAPX37
UBI4p-3 Fil R HE Rk NAPX37, MHTHT Papp F
Proms JB s FHEH] TALT R R KRB MRIG T Puss
A TRk, SO T SR,
Prous A1 Pups B4 TAL1 RR A5 K EHE T
FEo WRBESS T, Panpt 1 Prpus (TALT FER 5%
SEIKEHEE 0.7)H Pup AN A ARG 8 &
(R 7)o LORFAN, & WK AR I 1%
I L EECR T 5, KB SR INAAE A AT LR
&,

£ 60 mmol/L ZRAFAES&1F N (E 3E. F), K
W) FH 2 21 7™ SR [ RhA 2 A P A2 310 5%
o Prows P8 HIA) TALL & R4S Sf oK — 2 K,
B 3 AN S0 TALL B2 %% S KEAT = T
R BRR(EE 7)o SERUS N AT KT Pappy ¥ 19 TALL
LR B FE SRRV B, fEREE S h s, HiZ
Wi A F 4, H AP E#k NAPX37 TDH3p-4 #I
NAPX37 AHP1p-4 45/, HR &k NAPX37
UBI4p-3, T LBtk NAPX37 I WA MR Z .
ZEERFEM, BAR AR T PPP iR A TALT %
Ik, ERIE TALL SRS T kA # 24
BRI R 7E 60 mmol/L ZFR5AF R, BT A Hitk
AR RS2 2™ Sl 2 3 #RE RIS T4LI
W) AR U T R B RR . BBk NAPX37
AHP1p-4 AR B B A XSRS = o 5 30 mmol/L
LRAAFARLL , 25 TR B AR IS 3 E— 2L BT
LR E— R R . 4 FREFFRIY ZFEICR A 3
0.48 /47, TifE 30 mmol/L 414 F KA 0.45 £ 47,
TELLREM TN 041 A4, T 10%
YPDX WEHL T, LFEEE AL LR, R
FZ 60 mmol/L ZRAHF T, BRI AT LK R Y
FEFESE T PR BRI L FEICR LRV K
&, OEECRER S B
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Figure 3 Comparison of fermenting and acetate tolerant capacity of TAL1 gene overexpressed strains and their parent
strain at pH 4.0 with different concentration of acetate using glucose and xylose as carbon sources
. > NAPX37; -0 NAPX37 TDH3p-4; -A— NAPX37 AHPlp-4; —o— NAPX37 UBI4p-3. 24k, HZgMikc)E . Rk E;
FELk: AWEAREE . AWEREE. A B: 0 mmol/L Z%; C. D: 30 mmol/L Z/iR; E. F: 60 mmol/L Z/&; B EiifT 2 kaksr
RS T B
Note: <= NAPX37; -0~ NAPX37 TDH3p-4; A~ NAPX37 AHP1p-4; -o—= NAPX37 UBI4p-3. Full line: Glucose concentration, ethanol

concentration; Dot line: Xylose concentration, xylitol concentration. A, B: 0 mmol/L acetic acid; C, D: 30 mmol/L acetic acid; E, F:
60 mmol/L acetic acid; Data are means of two independent fermentation experiments.
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7 pH4.0 ZHETEEREMAELLEE 24 h FEEH TALI EE R FRKT HLE

Table 7 Transcription level of TALI gene after 24 h-fermentation with different concentration of acetate using

glucose and xylose as carbon sources at pH 4.0*

itk NI FRHE Concentration of acetic acid added (mmol/L)

Strains 0 30 60
NAPX37 0.481+0.059 0.249+0.045 0.223+0.015
NAPX37 TDH3p-4 1.300+0.050 0.667+0.054 0.389+0.125
NAPX37 AHP1p-4 0.715+0.080 0.690+0.099 0.684+0.289
NAPX37 UBI4p-3 1.498+0.062 0.338+0.115 0.338+0.016

Tt FRREREEGIEE M R KTP=TALL ¥ DUEVACT 0¥ LB, BRI Uk 57 S50 (- S5 (o 25
Note: *: Expressional level of TALI=Copies of TALI/Copies of ACTI, data are averages of two separate experiments =s.

DL 2SRRI, DU G BRI AR RO TR 50 R ke
U8 K TR, TG TC LR AT AR B £ FR R 2 i 1 2
ik, pH & 5.0 it 2 4.0, 3 PR £k TALT FEHTH
PRI AR FH 544 8 F 1 & TR MR NAPX37, 1t HH
IR TALT RN AT DUAG SO AR o R AR TE TR BB 2%
T XEABER RIS 78 3 NCRRAE T, witk
NAPX37 AHP1p-4 il NAPX37 TDH3p-4 () AKEF
FHH R T # bk NAPX37 UBI4p-3, KTERA
VRS T, Pampt 1 Prons Ji 8 T4 TALT 3
DRI 2% 35 1T DA A0CHR w8 DAk 1) A W R R 36 i 2 TR
it 521 o 76 LR FE A 60 mmol/L Fisf 4 2 4 0 1 A
5L, Paup Ml Prpms JA 851 TALL LR
IR TR, T DA A58 g TR A ) 4 25 1) T
A
3 4

AT Prons. Paupr M1 Pupi Ji 87854
i £ 5L [ T AR B NAPX37 ) TALL 2R i3 56
T Pravi, AT B FURARAR S BCA T 4l G
T, FHEET AEAME A ME— Rl IR FE B (R 25 W R
AW AR T, AN RUS sl 7401 FER R
TR TR & T AR RN 52 2, B E 1 s . 45 R 3%
B, Prous. Panpi A1 Pupm Ji 8N [A)FE B2 3R 15
T TALI BRI 3ESKF, $&im 1 AR AR i 1)
FHBR DL I 52 TR RE T, IRl Bt 5 T PR AE
15 TR R 25 I DX 2 ) T G R i U )
RN A shFH A TAL L LR A 5% 30 2R
IR o TCIE S AR IR A PG OL T, R sh 1

Pract ZEMI Y TALT FEPRRIEACPHRBAR ,, ZIRITS
Il TALL FEDR B 5E sokF- i — 2 T R SIRYT
Panp: B FEEMIM TALL FEDR %S S5 K 52 i AH
XFEE/IN, XS Pupia Ja B4 6 TALL FED 5%
RIS T2 R ARBAFTESRMET , SRX
Prons Jo s P00 TALT FEDH A0 %% s 52 A G 4
N TEIRA BSOS , SR B AEAEN 52 25 PRI Prpms
Jash MR TALD BER R SRKY . RN
30 mmol/L 451K, ol Bl MR i 5% sk /K F- R 23
TP AT AR BRI A, ] TALL HE DR 0% 5%
IKAFEAE 0.7 A2 A7 AT LR AT AR R T 5 1) AR ) T
A

2 XM
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