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WE: [# éﬁl xﬂi B A X KR 69 R BB AR AT LBLR B ARG, sboh, 3T AR R
¥ F BRI AL B B AN T R 69 BRIE B2 B A AR Saccharomyces cerevisiae 2-2 BEAT R B AE AT,
%%ﬁ%i@ﬁﬁﬁ&?i T [ E ) AR TR B R E R RN RIR L B 3% F it A2 F pH 49 R 1L,
FF B pH MRS T ARG A K, AN BRI B A ARG BRG ) fe it BRAF M TR AR 2-2 e
AKX BB S288C #ATIWR A B 47, FAA %o % A2 & RS B4 X R (real-time
fluorescence quantitative polymerase chain reaction, RT-qPCR)p#7 K42 H 6945 %, KA Ak 2-2
R FAE. [4R] T NARERE 22 EATAAMNGAKRT ZBRENRK, #TERMAEK
¥, B AR 22 P H b a g A £ 69 A B PDRI5S. PDRI2 4= SURI 1% pH Mid £t T AR
F0) ERR TR, 2 X8 AR TAMET L AR S288CHR. [Lk]1AT A ARERE 2-2
R — T BT B BRI ) AR, 3T H AR 69 R T AR HATIRA AT, A A 2R H ML AT
FEREEERAR.
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Physiological characteristics of low pH tolerance of an
endophytic Saccharomyces cerevisiae strain isolated from
Usnea sp. and exploration of the underlying molecular
mechanism

WANG Muyao', ZENG Duwen', WANG Qi', LI Jun?, ZOU Yue?, ZHAO Xinging""

1 School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China
2 Research & Development Center, JALA Group Co., Shanghai 200233, China

Abstract: [Objective] To detect the physiological characteristics related to organic acid production
and low pH tolerance of the endophytic Saccharomyces cerevisiae 2-2 strain isolated from Usnea sp. in
Tibet, China, and explore the molecular mechanism. [Methods] The pH of different strains was
compared during liquid fermentation using different initial sugar concentrations, and the growth under
stress conditions was monitored. The organic acid production potential and low pH resistance
characteristics of S. cerevisiae strains were detected. Comparative genomic analysis was performed to
explore the molecular mechanism of acid production and acid tolerance of S. cerevisiae strain 2-2 by
real-time fluorescence quantitative polymerase chain reaction (RT-qPCR). [Results] S. cerevisiae 2-2
had higher acid-producing potential among the tested yeast strains, which also showed better acid
tolerance than that of the model strain S. cerevisiae strain S288C. The transcription levels of PDRI)5,
PDRI2 and SURI that affect the acid stress tolerance of S. cerevisiae in 2-2 were up-regulated or
down-regulated under acid stress conditions, but the trends of these key genes were opposite to that of
the strain S288C. [Conclusion] Endophytic S. cerevisiae 2-2 is a strain with potential in organic acid
production and shows strong tolerance to low pH. An in-depth analysis of its unique regulatory
mechanism will benefit the development of acid-producing yeast strains with improved performance.

Keywords: microorganisms of Tibetan origin; Saccharomyces cerevisiae; Usnea sp.; endophytic yeast;
mechanism of acid resistance; transcriptional regulation
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1 #RE5xF*

1.1 ##
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Table 1  Yeast strains used in this study
Strains Species Source
A01-Y-1 Saccharomyces Soil
cerevisiae
2-2 S. cerevisiae Usnea sp.
4a-1 S. cerevisiae Soil
A03-Y-10 S. cerevisiae Soil
ACO3M S. cerevisiae Soil
B02 S. cerevisiae Soil
B02-3rd-1 S. cerevisiae Soil
B02-3rd-2 S. cerevisiae Soil
H4-1 S. cerevisiae Soil
H4-2nd-1 S. cerevisiae Soil
H4-4 S. cerevisiae Soil
H4-8 S. cerevisiae Soil
Jiutu-H1 Pichia pijperi Soil
Jiutu-new2-4 S. cerevisiae Soil
SC12 S. cerevisiae Soil
SC2-1 S. cerevisiae Soil
S5288C S. cerevisiae Lab preservation
SPSCO1 S. cerevisiae Lab preservation

Y. lipolytica Polf Yarrowia lipolytica

Lab preservation

I 2= A R Ak S288C by AN 52 16 2= I A 4 {9 7K

R

1.1.2 EHxEE

Tl YPD Bi3RdE: MERR R 1%, #iA
Wi 2%, SR 2%, HR pHAH, [REREEFREEXK
W RTASMINAZEIERS 2%; &b YPD A5+
SEP AR BN 10%; FRPE A W AES
FEILA FHRER IR pH & 2.5, (M ZER £,

DL SR A TE R R85 121 °CKIA
20 min J5ff F .
1.2 B ER A B

XPRFIEAT 2 POEfb e, R LR TR A
50 mL ¥ {4 YPD 555 5E1% 250 mL #EIE i,
F30°C. 200 r/min Z5F T 555 12 he 7E50 mL
B0 5 mL YPD B R PEEMAI TR, T
30 °C. 200 r/min 24 F 5535 24 h 55 48 h J5 BUR:
SmL, HFEBURETR AL 5 B EAT pH ARSI
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1.3 BEHRBMB T M

XFEEANIEAT 2 iEA)E, Wl R,
ODgoo TE N 0.1 BRI R BAP T2 100 mL
REEFRILN) 250 mL HEIEIRH, BEASTEREEF
6, 3MH AR pH E @ 1A YPD #5555
3 A RV W A R 3R 2 . 30 °C. 200 r/min
AT IR I T AN RS A THORE, SRR
e TSI 2 ) 18] 55085 37 L 1) ODgoo .-
1.4 EREBENF

WA B RE 2-2 SIS A A Mk S288C
PEAT 2 WP s alifb ), (R e T
2UAE Ak, BTG AR E BEAR L ODegoo fELR 0.1 22
P42 T34 50 mL & YPD #5350
250 mL #EFEIH, F 30 °C. 200 r/min 54 F
3% 5-6 ho BUATE 100 mL, 7E 4 °CEKMHT
4 000 r/min Z5.0> 10 min, # F3F, FCH KR
VEULE S5 FRRTE 4 °CZF T 4 000 r/min 2.0
2min, EREEK 2 WEF LI, HBARBE
%, OCE T ks &80 CukA R, ZEIC)TM
AR AR A PR wIAGIN o X ARG e 1 T
7 # JE (coverage) . L 1 IR 2 & PE (single
nucleotide polymorphism , SNP) LA A 15 2k £if
(insertion and deletion, InDel)Z3#T .

TE E AR pH BIR YPD & IR A5 % 45 10
(TR AR 2-2 AR B BE 537 S0 mL, 7£ 4 °C
ZAF T4 2 BT 50 mL .08 i S R
OHL 4 000 r/min .0 10 min, F FiE, HLHE
IKBEBDTTE G FRRTE 4 °CAFF 4 000 r/min £
L2 min, BEERE2WIGFH L, WK
AT o

16 A% pH SR pH (2.3)7 A YPD H ik
T AR N ORI bk 2-2 AR BB 55 Uk
K A BRI T ORAE S EAT AL RNA 230
cDNA SCEEMEE, FIFHSERT 980 E 7t PCR Xf
PDRI5. PDRI2. RGDI 1 SURI HEATIERE K
PRGN, S AL T R ) kA T,
ST A L 2.

2 X504

21 FBIREBETRARER
TR BIERW pH TR, PIiE
T G Ll A [] B e 5% 5 WA () S5 A RS ) e
[ pH (EWI I K = BR PR RE Y 25 57, X HL4h
RWE 1 PR, WE 1A 55801 0L, SR Ek
TE YPD Hi 32 5L K1 48 h J5HY pH 7F 4.85-8.46
ZIa], HA Rk 2-2 & K pH A2 Rk

*2 FMEEERSASEE ALGY B RT-qPCR 514
Table 2 RT-qPCR primers for the selected genes and the reference gene ALGY

Sequences (5'—3")

Gene Primer of RT-qPCR
RGDI RGD1-gpcer-F
RGD1-gper-R
PDRIS5 pdrl5-qper-F
pdrl5-gper-R
PDR12 PDR12-gpcr-F
PDR12-gpcr-R
SURI SUR1-gpcr-F
SUR1-gpcr-R
ALGY RT-ALGY-F
RT-ALGY9-R

CTAGTGCCACAGTAAGTGCGAAGTC
AACAAAGCGTTAATTGCCACATCGG
TTTCGCATACAAGGGACACCAAGG
CCGCAATGGATACACGCTTTCTTTC
CAATCCTACGCTGCCTCCGAAG
TGACTCTCGCCATAGACTCCAACC
TAGATGACGGCTGCGAAAGGAAAC
CTAGGCACAGAACCCATGACATCG
GGAATTATTGCCTTCTGCCGTTGC
AGACCCAGTGGACAGATAGCGTAG

<l actamicro@im.ac.cn, & 010-64807516
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Figure 1

pH histogram of each strain cultured at 30 °C for 48 h in normal YPD medium. A: YPD medium,;

B: high-glucose YPD medium. Control: YPD medium without inoculation of any strains.

il B K EE A A N AR (5.36) , AT R X Bk
S288C F " MRMITE K 2 B i NI IR B Yarrowia
lipolytica Polf Tk, Xty BRNE Iy AR A iy i TR
PRt — 2D T i I A T LR (B 1B),
ALV, TEER 2-2 76 24 h N &R BRI FR A
ZHALERIEML pH A%, HEM TS A5
FEHk, pH {H T FEAIXT .3 ; 78 48 h i pH [T}
J& T AT R B KT, B PR T AT AR E 1Y
AR o % AW P i DL A ML AT 4
W, AR . T RASERIRS, K

FEHEC A, 7F 0.1-02 g/L Zlal (45 %k B
IN), BEOR G S T UEAT TR R R A AR A
b, AG AR N R E .
2.2 EERBM BT RN 25 R

M T B EEEE 2-2 SRR AGERERTE, A
WRERE 2-2 SR EERE S288C 7E T A B R 3k
DL I pH 2y 2.5 TRt e 35 R S v AR K O
RN 2 N, AN B REAE O a8 B 3R S
He KA L S A R S288C AT, (HAERRIE M
8 35 R O RO B R A RKOR  RE
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—e— S288C under no stress condition
—e—2-2 under no stress condition
—e—2-2 under low pH stress

8.0 r ~® S288C under low pH stress
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20T
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2 WEEH 22 SRAEE S288C EXiiE
S5EMERHTRE KL

Figure 2 Growth curves of S. cerevisiae 2-2 and
model strain S288C in the absence and under low
pH stress. Green and red: S288C and 2-2 under no
stress condition; dark blue and light blue: S288C
and 2-2 under low pH stress.

o DR P (R, 32 TR I 300 45 4 1 0 o 355 1z
BN, R AR AR O AR X B S288C
2.3 BEHREAFEFITER
231 £HEREBASH

WA B e 2-2 I e I i) B DR 20 $0 8l 5 A
K WEEE: S288C HEATLLXS 43 #7 . ABEEERE 2-2 55
22 FEH 4 S288¢ B X/ B4t SR W/, reads
X 2H AN 77, 95.4%(1)
reads 5% 5|00 3 B 20x, HERE 2-2
522 7% reads I LXK 4 98.3%, HUXTAFATE
mismatch A7 55 5 G XSRS H 2 He ol 0.88%.
PLEZSSRRET, MEEERE 2-2 REH 55%)7
G TG R, R AR — B R Sk

WA EWEEE 2-2 55 5L 20 S288c 1Y HLi%
1R £ A&k (single nucleotide polymorphism,
SNP) /M HT 453N 3 Bz, Horh 4 SNP 915
9 510, e SNP MK 17 104, Hfiffe 5
J 2.89%, Z&A SNP HIECH 10 926, 44
SNP HJANE0h 55 688, 426 SNP M 2% 7

<l actamicro@im.ac.cn, & 010-64807516

*3 SEFINSHREEE 2-2 B SNP SHT4ER
it

Table 3 Statistics of SNP analysis results of the
reference sequence and 2-2 from Usnea sp.

ts tv ts/tv Het Hom Het rate/% Total
49510 17104 2.89 10926 55688 0.09 66 614

ts: transitions; tv: transversions; hom: homogenous; Het:
heterogenous.

Hi) DL ) R 0.09% . SNP Ay B 8L
66 614, SNP FEZ % ¥ 4| LK 41 1 %) %
5.48, 4lify SNP PMEChAG SNP DM 5 1,
%4 SNP i Ul A% .

PSR 2-2 5525 B4 S288c¢ 1) SNP i
B R EIR, T 415 )75 (coding sequence,
CDS)IX S iy A [F] L2222 1) SNP 2y 14 454 4,
fi T CDS XY [a] L2251 SNP 24 26 899 4>,
P FHE A X SNP Sy 25 261 4>, R L RAE%L
LK TAER X2,

B ELE 2-2 52 LN S288c [ InDel
R IR B R, ZEA A A (insertion) ) InDel
FIAECN 2 788, ZEAMIBR (deletion) ¥ InDel
AN 2 485, Z%4r InDel HIMNECH 781, 4fi
4 InDel 191800 4 492, 744 InDel fE3% 7
IR H E A BUEE R 0.01%, InDel H S 4K
H 5273,

PAERERE 2-2 52 H A S288c 1Y
SNP_InDel £ &£ 45 R B, £ T CDS X
RHEFES K InDel %0 378, i T CDS X
HEEBME InDel NMECH 198, A7 T2 E]IX
i) InDel 444 4 697, InDel fRLEECH 5273, i
FRAE X ) InDel 53] T InDel A48 K43
232 EBEEH#HXEEEMNERINER

YT AN B EERE 2-2 AR FRICEELE S288C
BT TR M e sz M, SE R 2Ot i
PCR 43 B AG # 8 et 2-2 B iEHE S288C
o, PDRI5. PDRI2. RGDI. SURI"® "X 4 4>
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T8 R W TR VY I PR AR R 1 R o B iR AT
SNP J3p#fr, o SNP 2878 58 U4 LR 45 510
% 5 s, ATLESR], fEXER RTC6. HTLI .
DDR2P" I | RTC6 1#4E 5 4~ SNP, [aliHFEAE
Lg% HTLI F1 DDR2 F¢1E 5 4> SNP, {HJ&
R LGRAS o A 4 A5 TR FRAH DG 1 SE 1A
AR 85T 6 4 SNP, 43 3 AN JEIRAELE
b SCzAy . Hip, 454 Alphafold 2 RIS F TN ,

x4 BT pH 2.3 ZHTHEXMTEX pH &4
BG4 Bh B S A X E E BRI K FEL K

Table 4 Transcriptional level changes of genes
related to acid stress tolerance in the strain at pH 2.3

Gene System name  S288C (log, FC) 2-2 (log, FC)
PDRI5  YDR406W 0.42 —0.94
PDRI2  YPLO58C -0.75 —0.56

RGDI YBR260C —-0.61 0.18

SURI YPL057C 1.97 —0.46

RS WMETEEE 2-2 XEERR SNP 5K
LR

Table 5 SNP and missense mutation of key genes
in S. cerevisiae 2-2

Missense Missense
Gene  System name SNP ) ) .

mutation mutation site
RTC6 YPLI183W-A 5 1 37

HTLI YCRO20W-B 1 NO -
DDR2 YOLO052C-A 1 NO -
PDRI15 YDR406W 16 NO -
PDRI12 YPLO58C 6 3 21,73,1506

RGDI YBR260C 11 1 366
SURI YPLO57C 106 4 220, 308, 311,
315

—. none.

SURI TFAE 4 A5 RAS, oAy 3 MR SCRAL
L PTE SURL A — B A5 o- 1R TiEh

3 winEE#

AT T A5 TR T MG A B AR A 43
RN —PREE R 222, X NS — K
38 A B R BN AR R R T Ak, RIS,
FRATTAEY 1G04 1 vl % ERA TR e U
BE—E W TS B R BB A AR R R . AT
UM TN TR 2-2 R[N 4 47 RS X R
iz S288C MY FLF 4l . SNP 5 InDel HXT4%
J, RS T IR R AR SE R ALK OT R B A7
wARZEN, BAS T2, JFEn XHzm
PR VEAT GG 56 DR 47K 7 328 £ 20 A Ak BE
R, IR s R BT A B 0 AR R AR S 1 4R
M7 IR W% B R LA R H At B R AE S [ 4 2
Wi SR B P LR B T RN DLEAT T R &
B, MEREEE 2-2 B~ R, o
JEFE 48 h 5 pH ZRABAR N, HEDAT W] R 2 X
A B R FE TR LB D o (B, R R L
AR RARME, A frie— 2R A TR
A B 2 AR A T A AR X
PRUEAT SRR B BR . & BRI 26 LA o B IR
Z(RKFGR, SN ANITEER, HF—
HHRTRIZ R R LA MR B 2R, (AR E
—HHRAM SR .

i T 27 A A R R B B R DM R Y
—ANEEIEPR, PR L R RO f 1 — A
FEJy P, AR, W EEEEE 2-2 MIXET
B S288C KB AT M bEm sz P, I
HAE pH (B 2.5 B, {8RAELE 10 h PIPRHE
AXTEH, IR TR R A A MR B H
BRI Bk LR o0 Hr, MEEELE 2-2
BRI RE S288C SVAFHUE R &, (HAFFER
WINPT IR A, KR SNP Zi/F A B
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BEVERAE SRR U5

2-2 S RE S288C TEMRME 414 5 Ty
BEME TSP IS, RIAE 4 MaER
A e SR OK T AR A B TR 1 AH G B gk
PDRI5. PDRI2. RGDI. SURI W, W\EEE
2-2 TEXEFRHE pH ERFARH 2.3 Ja i st 22 4k
D5 RS, S288C HH S . MY F TR 1 £
FER LK FPE (Saccharomyces genome database,
SGD){F E., PDRI2 M550 . Ik pH T 3Rikdk
BER BRI N, ABC FIEEN, fER R
2-2 T RRYEMNA AR N A RN N A,
HEAHEWFSTiCE, PDRI2, SURIX 2 MEMAW
JE IR 90 A il B O TR R 1) W 3 TS 32 1k 2 R I
RGDI e bR J5 A% pH BT 52 M 2 B P2, 1
AR Z R ER TR, P05 a2 bk
2-2 f) PDR12 5 SURI F&N & sEAKEHMXT T
P, RGDI WKL FAARE . NIRRT E
B 2-2 MUBRVET 52 5 5 KRR IR AL 2
5 2 PR R KKV 28 728 3 A, R A DG Ay 25 1R
17 SNP Zr#fr, KIMFEH RTC6. PDRI2., RGDI
M SURI R KA T4l X978, Hivp SURTHERIAN
K AR AR K5 %) BR2H S288C K I i Al 7 #iF
P, IRTE 308-315 XL 8 MEEMR T K
AT 3AEE RAE  HEW PDRI2 F SURI #EAR
pH A 54 T T —EB A T RE 2l TiX 24
PR T A R R TR P B 1 D R AL S B AR
AR, $i3 1 A3 ONST 7y SEN T N (ED o <]
S P RE T R R B H N 2 P, R T E A 52 50
RO BT . AN, LRI REJE T AL B R
2-2 WS USRI T X 2 N EEAE H A2
PEVEE 28 SR, TS TR pH 454
T PDRI2 1 SURI SENRIK . X LW 45 R
—EFEEE MR R T AN B LR 2-2 FR PR WA it A7
PEI o> TS50, ok IS SR A S AT A B I )
2-2 MRS T 5%

<l actamicro@im.ac.cn, & 010-64807516

/NN RN UN(ESPURG RS AR G QERINE R
ARRG, HNA R ZEER LN #
A PR BTSN o AR SO P i X P B R A
SR P A B R 2-2 HEAT TFSE, RN T
HOPRR ) A2 FRARAE , WIAARER TR Y 4 1L
i, A2 A e e A, WA R/E DL
TG — R UE SR AIRER . ARRA Al HE
B 22 i A fe VR 1 TR B RN G At B A 9 1 T kR
I, A n] s & SR sE Ll
Bt

Rt £l 2308 K 3425 R 2 P 7 B4 6
E I, Rt B B K F A e A )
F 2t AR B A RA T B,

S0k

(1] B, FE563%, MR, rie, ke, £,

AESE, SR, HFHE, W, BLLWE. POk IR
YRR A9 S8 S AR BRI S IR A W
2021, 27(6): 1471-1475.
Yang YQ, Wang MY, Ye PL, Bai L, Fan TT, Wang
XQ, Ma JY, Li J, Jiang DD, Zhang Z, Zhao XQ.
Identification and physiological characteristics of yeast
strains isolated from Tibet, China. Chinese Journal of
Applied and Environmental Biology, 2021, 27(6):
1471-1475. (in Chinese)

[2] Wu ZW, Bai FY. Candida tibetensis sp. nov. and
Candida linzhiensis sp. nov., novel anamorphic,
ascomycetous yeast species from Tibet. International
Journal of Systematic and Evolutionary Microbiology,
2006, 56(Pt 5): 1153-1156.

[3] Wang QM, Boekhout T, Bai FY. Bensingtonia
rectispora sp. nov. and Bensingtonia bomiensis sp. nov.,
ballistoconidium-forming yeast species from Tibetan
plant leaves. International Journal of Systematic and
Evolutionary  Microbiology, 2012, 62(Pt 8):
2039-2044.

[4] Li AH, Yuan FX, Groenewald M, Bensch K, Yurkov
AM, Li K, Han PJ, Guo LD, Aime MC, Sampaio JP,
Jindamorakot S, Turchetti B, Inacio J, Fungsin B,
Wang QM, Bai FY. Diversity and phylogeny of
basidiomycetous yeasts from plant leaves and soil:
proposal of two new orders, three new families, eight

new genera and one hundred and seven new species.



B

FEAE | MUEW 4R, 2022, 62(11)

4163

(1]

[12]

Studies in Mycology, 2020, 96: 17-140.

WrEL, A, R, SR, EE, 2B REE
b AAE P 4k 25 53 KOG PEAE IO 98 i S . bR b 2
5Tk, 2021, 41(3): 112-124.

Yang ZY, Li J, Su J, Li HL, Zhang Z, Peng F. Research
progress on chemical constituents and activities of
genus Usnea lichens. Chemistry and Industry of Forest
Products, 2021, 41(3): 112—124. (in Chinese)

=, ARk, KORE, R, FRER, i,
FHSL T A RO TR Y AR Y AP 4 8 4 K A G 4D
WAEFBPLHRIBEFE. H ARk R 24, 2019, 54(4):
22-29.

Yuan ZW, Gu KX, Zhang TY, Shen HJ, Zhou NH, Li C,
Yin LZ. Antibacterial mechanism of usnic acid on
methicillin-resistant Staphylococcus aureus. Journal of
Gansu Agricultural University, 2019, 54(4): 22-29. (in
Chinese)

Spribille T, Tuovinen V, Resl P, Vanderpool D,
Wolinski H, Aime MC, Schneider K, Stabentheiner E,
Toome-Heller M, Thor G, Mayrhofer H, Johannesson H,
McCutcheon JP. Basidiomycete yeasts in the cortex of
ascomycete macrolichens. Science, 2016, 353(6298):
488-492.

Tuovinen V, Ekman S, Thor G, Vanderpool D, Spribille
T, Johannesson H. Two basidiomycete fungi in the
cortex of wolf lichens. Current Biology, 2019, 29(3):
476-483.e5.

Fe, k23, RME, R, 5% SR, &
W, BT, THRIREEEE Curvibasidium rogersii T8 BR
TN SR Sl B0 B O 0 B e I B T R I AL 23 i 19
R R ST AR 2R AR, 2022, 62(2): 567-578.
Bai L, Zhang AQ, Zhu YT, Wang XQ, Wang MY, Li J,
Zhang Z, Zhao XQ. First isolation and identification of
cold adaptive yeast Curvibasidium rogersii from Usnea
lichen and genome-based studies of its biological
properties. Acta Microbiologica Sinica, 2022, 62(2):
567-578. (in Chinese)

Wang Q, Li J, Yang J, Zou Y, Zhao XQ. Diversity of
endophytic bacterial and fungal microbiota associated
with the medicinal lichen Usnea longissima at high
altitudes. Frontiers 2022, 13:
958917.

Chang R, Cao W, Wang Y, Li S, Li X, Bose T, Si HL.

a new genus

in Microbiology,

Melanodevriesia, of endolichenic
oleaginous black yeast recovered from the Inner
Mongolia Region of China. Fungal Systematics and
Evolution, 2022, 9: 1-9.

Cometto A, Leavitt SD, Millanes AM, Wedin M, Grube

[14]

[15]

[18]

[19]

M, Muggia L. The yeast lichenosphere: high diversity
of basidiomycetes from the lichens Tephromela atra
and Rhizoplaca melanophthalma. Fungal Biology,
2022, 126(9): 587-608.

Da Silva MK, Da Silva AV, Fernandez PM, Montone
RC, Alves RP, De Queiroz AC, De Oliveira VM, Dos
VP, Putzke J, Rosa LH, Duarte AWF.
Extracellular hydrolytic enzymes produced by yeasts

Santos

from Antarctic lichens. Anais Da Academia Brasileira
De Ciencias, 2022, 94(suppl 1): €20210540.

Yin X, Li JH, Shin HD, Du GC, Liu L, Chen J.
Metabolic the
production of organic acids in the tricarboxylic acid

engineering in biotechnological
cycle of microorganisms: advances and prospects.
Biotechnology Advances, 2015, 33(6): 830-841.

Zhang MM, Xiong L, Tang YJ, Mehmood MA, Zhao
ZK, Bai FW, Zhao XQ. Enhanced acetic acid stress
tolerance and ethanol production in Saccharomyces
cerevisiae by modulating expression of the de novo
purine biosynthesis genes. Biotechnology for Biofuels,
2019, 12(1): 116.

Wolfger H, Mamnun YM, Kuchler K. The yeast Pdr15p
ATP-binding cassette (ABC) protein is a general stress
response factor implicated in cellular detoxification.
Journal of Biological Chemistry, 2004, 279(12):
11593-11599.

Piper P, Mahé Y, Thompson S, Pandjaitan R, Holyoak
C, Egner R, Miihlbauer M, Coote P, Kuchler K. The
pdr12 ABC transporter is required for the development
of weak organic acid resistance in yeast. The EMBO
Journal, 1998, 17(15): 4257-4265.

Gatti X, De Bettignies G, Claret S, Doignon F, Crouzet
M, Thoraval D. RGDI, encoding a RhoGAP involved
in low-pH survival, is an Msn2p/Msn4p regulated gene
in  Saccharomyces cerevisiae. Gene, 2005, 351:
159-169.

Desfarges L, Durrens P, Juguelin H, Cassagne C,
Bonneu M, Aigle M. Yeast mutants affected in viability
upon starvation have a modified phospholipid
composition. Yeast: Chichester, England, 1993, 9(3):
267-2717.

Romeo MJ, Angus-Hill ML, Sobering AK, Kamada Y,
Cairns BR, Levin DE. HTLI encodes a novel factor
that interacts with the RSC chromatin remodeling
complex in Saccharomyces cerevisiae. Molecular and
Cellular Biology, 2002, 22(23): 8165-8174.

Fleischer TC, Weaver CM, McAfee KJ, Jennings JL,

Link AJ. Systematic identification and functional

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



4164

Wang Muyao et al. | Acta Microbiologica Sinica, 2022, 62(11)

screens of uncharacterized proteins associated with
cukaryotic ribosomal complexes. Genes & Development,
2006, 20(10): 1294-1307.

Kobayashi N, McClanahan TK, Simon JR, Treger JM,
McEntee K. Structure and functional analysis of the
multistress response gene DDR2 from Saccharomyces
cerevisiae. Biochemical and Biophysical Research
Communications, 1996, 229(2): 540-547.

Andrade MA, Daruvar A, Casari G, Schneider R,
Termier M, Sander C. Characterization of new proteins
found by analysis of short open reading frames from

the full yeast genome. Yeast: Chichester, England,
1997, 13(14): 1363-1374.

VG, Zhao HM.
microorganisms for organic acid production. Journal of

Tran Engineering  robust
Industrial Microbiology and Biotechnology, 2022,
49(2): kuab067.

Mira NP, Lourengo AB, Fernandes AR, Becker JD,
Sa-Correia 1. The RIM101 pathway has a role in
Saccharomyces cerevisiae adaptive response and
resistance to propionic acid and other weak acids.

FEMS Yeast Research, 2009, 9(2): 202-216.

R, L EREMANRMEREEFREFLih ARF A GHERAS
AR, WEASIT, ANRHTHRIBRMFAL, REREFE. RITEFHE
FHE LA B Ak TS 2MA N TN A DBAFF L. LT S FRTF
KAIR . BA R TA A KA M FHE . AR A R F B . 28
Fotf ARAE T A E R 0 AFEEERE AHEATE T2, LK 00 2% B

R F R L, 1E Biotechnology Advances #= (A4 TAZFIR) FEFI B IR .
TR AR T BAE e SR A ARLET . ZRAER T LTI RBIEF G
AL, ABIRA YA R AITEF T T RFT — R R ARE.

P4 actamicro@im.ac.cn, & 010-64807516



