CHEE /N BISE SMBENSHERERTUNA
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Mar. 25, 2021, 37(3): 806-815

DOI: 10.13345/j.cjb.200650 ©2021 Chin J Biotech, All rights reserved
« ZREMERAE -

BOE HMADRBERELETRER EERBRFAGHZHERAFRHAR . F
AR, EREEE, HERFTHLEFAST, TE2ARHED TR SR
Fe B AT, AR T A AR DA K E, £85 F SELE BE A IR B M8 A AL
F AL E . LRAW T BERRS AR, ARRBAEED R EDER L~
A WA A A AT B F T BT T IRABE R . AR AR E E IR 8 L 804K,
W if Ao AT A E A1 104 R . 45 E FR 47 Biotechnology Advances. E M#F (A
M IARFR) Ao (AHHAKER) Bk,

R, TERL 2R FABL EEL BOE]

I AN ERESLRE BB RS Akl RAg BN 5 AT EERFER SRS RRE,
i 200240
2 s ER) BMHAERAE, L 200233

IS, ERIE, SR, & WA ZFEETT & R TR . AEY) LAR4 4k, 2021, 37(3): 806-815.
Fan TT, Wang MY, Li J, et al. Exploration of yeast biodiversity and development of industrial applications. Chin J Biotech, 2021,
37(3): 806-815.

B B BAL - ROCEREEEFEFTARFEANGSHEDRARNEHR, LTRBFFINANRSGER
TfkAY, TREATANES ., RS, BRI A YA T SRR AYHZAKR,. EFR, FAREARR AL
ERBY BT RKEOEFER, LET SAHM, LLIT REH REARLA %7550 = oAbk H o @k,
EPRABERREAFEHAM S i S AN, AR AR MIZEABE R BFALF ZUFEHWAR,
Tt — KA R B IRAE S AN, RFEARATREONARAR B TFRE AR ERFAR. RT A8 B
FHRAEESHN, ETHEITHER, I, RF LI BBRERESRAENFEFRRFTAER SHERRSHEBRGE
Fh. SbOh, P RREAAE AT ARATR B AR @B, BT A EE TR TA KR FHRG R, FL
AR B AN S AN, SHMESRBEERCT), £ 7ANWEE. REGANBRSHERRRFHF 0B ET2E
Lo XFAFBEFAMY S HHGARIVKEATER, FARSEAF LA BEFRART RA R T RAGFRLETT
JE ., ¥ TR G T i A BB AL T AR B T A kG S AR R AT S R A T R A,

D EBE, LR, AYSHN, SRAMNT, AMHE, @it

Received: October 11, 2020; Accepted: January 5, 2021

Supported by: National Natural Science Foundation of China (No. 21978168), Natural Science Foundation of Shanghai, China (No.
19ZR1427500).

Corresponding author: Xin-Qing Zhao. Tel: +86-21-34206673; E-mail: xqzhao@sjtu.edu.cn

E %K A AR IE4S (No. 21978168), it HZARI2E3E4: (No. 19ZR1427500) #H) .

[ & H RR A ] : 2021-03-15 [ 4% HY BB AL« https://kns.cnki.net/kems/detail/11.1998.Q.20210312.1609.002.html



EEE SEBEMSHEMFRRIWNA

Exploration of yeast biodiversity and development of
industrial applications

Tingting Fan®, Muyao Wang®, Jun Li?, Fenglou Wang? Zhang Zhang?, and Xin-Qing Zhao*

1 State Key Laboratory of Microbial Metabolism, Joint International Research Laboratory of Metabolic & Developmental Sciences,
School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China
2 JALA Group. Co., Ltd., Shanghai 200233, China

Abstract: Yeast are comprised of diverse single-cell fungal species including budding yeast Saccharomyces cerevisiae and
various nonconventional yeasts. Budding yeast is well known as an important industrial microorganism, which has been
widely applied in various fields, such as biopharmaceutical and health industry, food, light industry and biofuels production. In
the recent years, various yeast strains from different ecological environments have been isolated and characterized. Novel
species have been continuously identified, and strains with diverse physiological characteristics such as stress resistance and
production of bioactive compounds were selected, which proved abundant biodiversity of natural yeast resources. Genome
mining of yeast strains, as well as multi-omics analyses (transcriptome, proteome and metabolome, etc.) can reveal diverse
genetic diversity for strain engineering. The genetic resources including genes encoding various enzymes and regulatory
proteins, promoters, and other elements, can be employed for development of robust strains. In addition to exploration of yeast
natural diversity, phenotypes that are more suitable for industrial applications can be obtained by generation of a variety of
genetic diversity through mutagenesis, laboratory adaptation, metabolic engineering, and synthetic biology design. The
optimized genetic elements can be used to efficiently improve strain performance. Exploration of yeast biodiversity and
genetic diversity can be employed to build efficient cell factories and produce biological enzymes, vaccines, various natural
products as well as other valuable products. In this review, progress on yeast diversity is summarized, and the future prospects
on efficient development and utilization of yeast biodiversity are proposed. The methods and schemes described in this review
also provide a reference for exploration of diversity of other industrial microorganisms and development of efficient strains.

Keywords: yeast, identification of novel species, biodiversity, synthetic biology, biological manufacturing, cell factory
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Fig. 1 Methods to explore yeast biodiversity and genetic diversity.

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



EEE SEBEMSHEMFRRIWNA

TR AT L s KUk A A P R RE
ANREFLSRAG, (AR L AR RERE D5A Tl
PR TE R BRI 25 T ol BLB AR, st b
WY, BRI £ A A F1 NADPH DL/ K
i 5 i B R A VA A 2 R A AT Sk PR
fEbE YB-2625 & bk E A br A B AR 4T i AR b
FURPEREM, e BAraE 3, o A0 TR
U S5 FHF R R ARE A =k 2 RE S A2

AR AR Z2 5% 3 I A AR 2 AR T
T B AT el s B LR AR T, ik e R AR 7= W A
AEEY PR R, SR AR 2y,
REEG VAR, 82 2N AF R4 2 R i
FrEARRE, B, RGBT B R
ERERE AL T, AR T SE R rT R 2 A=
TR B 8 o 491 G K] e B A 7 PR AR s 2 7 Bl e 28
2t LA A e s A R
A, FRE2EE R B R A TR L E, H
FT 2% £ R AEIRYT Bl i Ao 1 45 955 9 M A4 2E 00 i
it IS B TP B ROR % TR R Tl ik
TR R R A R R
FIBFFE R, 3R W VTR 2R B 5 2 ) RS e
FERIRYEAE R E BB o- BB IR T Ak
1, fEUe T2 S e e [ R, SEBLT
AIRELR AR, AR PR e BF A= 7 K8 v B A
FEYIESE o S T B R

42 FEEHES
—SUE R LB A R 0 A BURRAE B R
U247 AT T A P A W) BRI A

F1 AMEENABRBETIVER LHRE

wan, el vE A 4EEELE Kluyveromyces marxianus
BRI iR, T OB A Weas Ak ™ B AR
7] U NN DR S5/ e 43¢ e A EU A 7 s A B L
fif N B EC 2L Yarrowia lipolytica 42 R i F Mg A=
FEBEREEO R AT LA 2 R b, AR R
BilfbA Y. kA b ket e
F| /% £} Debaryomyces hansenii H A7 8 i1 2 2 3
JEMR 2%, RIAER L 4 mol/L M bsl K.
BR AR RS D R TR, IR R AT T A
NG, AT Az 7 K S T RO T S0 A A2 4 B2
EARHE M2, R Z AR W HEEREERA AR 47 Bt
Wik, BN, Mukherjee SU% B4 23 ANAEH ML
P B TR B R 1) 3 B T T , PT LA A 2
Bl 55% (WIV) HYFAl FA . P A 114
PR T AR BRI R 70% (WIV) 1Pl A=
K, 4% Candida bombi . Torulaspora delbrueckii
Zygosaccharomyces rouxii %, X LEE A B
TrREIRY kB, BABERITRE . £ 1
PRI i TN O E [ B i Y S 3
PSS

AR R A TR A A BUE P 2= B X
WL BT O S U A S A i e
FE T PG o B AR IR R A, AR LR
WL BEE SR A, AHR RS E R
FLAG G AERELE | IR IR IR EELE | FRIRIE B ELE
%, BAENTRA B B, R e
P B 1) A0 TR AR R AR P A LR . IR L B
524k A e i BT,

Table 1 The advantages of a few non-conventional yeast in industrial applications

Species Advantages References
Debaryomyces hansenii High osmo-tolera nce, produce lytic enzymes and fine chemicals [52]
Candida bombi Better osmotolerance and hydroxymethylfurfural tolerance [62]
Hanseniaspora uvarum Enhance wine flavor [63]
Kluyveromyces lactis Produce heterologous proteins; efficient expression and secretion of a

variety of peptides and high molecular weight proteins [64]
Kluyveromyces marxianus High temperature tolerance; capability for fermentation of mixed sugars [65]
Yarrowia lipolytica Produce organic acid, lipids and squalene [66]

% : 010-64807509

. cjb@im.ac.cn

811




812

ISSN 1000-3061 CN 11-1998/Q /¥ T Fi%#4i  Chin J Biotech

5 R¥

W T ol 8 5 B A AR e ol 0 P B AR 55
MREARMERE, B2 ER, R
R A B B, TN T 0 ok A
WO R o EEFERISRI, BT X5 AR e K-
IF A, AR 2 T AT AN RV R 1) 1 6 T PR
ITF S o BT AR A BE Z2 AR R I A Ml 17 s
HHREMLUF LT mEA

51 FEMEERIBERNA

IFL T R P P T A AR AR X I, LR
AWy A AR W S BOR T i TR
TR T APk RET 0 VRl B B 9 13 R
WHEARFIT A, R LI Bl e i e 0y B 3R AR
AL R R RN 51, 42 4 A QO VR RE A Tl 7
FUE . TRl , AR 22 A ML R AR X gt 15 el i
DRI 2 v 28 R A e WL B AL BV R T A AR
WEE

52 AILZREHEISEEEENK

W el i 0 Iz B, R R AR
A RrRASZ R o Bilhn, MAIBL &R~ I 05T T
LACA PRI EERE ) G UR 305, A4 AR T e g
PR, KB SRIN TRk L W6 BT
RV (2 55 1 R A FR AR i e ik AOF T 7 A1)
PN T REXS R B 2E A7 P A 25 b, m]
DAB A 200 S et el s P B TR PR

5.3 BBMET SREYFLIT

B i R R R ka2, KR E R
R T B A T PR T & R, TS ) A A
PR BRI B R S T2 N, R RE S R 2 G e
ARG AR T REH AR Ft s, o i f A 1
AR P HLEE R ASBIIR A, 13X LR 5 F
A BV B AR T RERE T S m .

SRS BTN BERE A IA AR R A, H
SRR Tl Y S EA A i — 298 . Kok
Vg A 1) T %o A P 0 30 2 A 0 I A AR P

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

il AU Z BRI SR 7 B i R AR A
T E A T SRS S T A B 2 R, S
A BEEE g N M55

REFERENCES

[1] Kurtzman CP, Fell JW, Boekhout T. The Yeast-a
Taxonomic Study. 5th Ed. Amsterdam: Elsevier,
2011.

[2] s, XIWR, ki, 5. 7 BRbEEE K™ R

% B I 0 F T R R BT Ak 5 B T, 2020,
46(14): 275-282.
Peng LY, Liu GL, Fei YT, et al. Research progress of
ester-producing yeast and its key enzymes for esters
synthesis. Food Fer Ind, 2020, 46(14): 275-282 (in
Chinese).

[3] Chai CY, Huang LN, Cheng H, et al. Metschnikowia
baotianmanensis f.a., sp. nov., a new yeast species
isolated from the gut of the rhinoceros beetle
Allomyrina dichotoma. Int J Syst Evol Microbiol,
2019, 69(10): 3087-3092.

[4] Ramazzotti M, Stefanini I, Di Paola M, et al.
Population genomics reveals evolution and variation
of Saccharomyces cerevisiae in the human and
insects gut. Environ Microbiol, 2019, 21(1): 50-71.

[5] Kavséek M, Strazar M, Curk T, et al. Yeast as a cell
factory: current state and perspectives. Microb Cell
Fact, 2015, 14: 94.

[6] Li AH, Yuan FX, Groenewald M, et al. 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. Stud Mycol 2020, 96: 17-140.

[7] Ke T, Zhai YC, Yan ZL, et al. Kazachstania
jinghongensis  sp. nov. and Kazachstania
menglunensis f. a., sp. nov., two yeast species
isolated from rotting wood. Int J Syst Evol
Microbiol, 2019, 69(11): 3623-3628.

[8] Gao WL, Liu KF, Yao LG, et al. Pichia nanzhaoensis
sp. nov. and Pichia paraexigua f. a., sp. nov., two
yeast species isolated from rotting wood. Int J Syst
Evol Microbiol, 2018, 68(10): 3311-3315.

[9] Avchar R, Groenewald M, Baghela A.
Wickerhamiella shivajii sp. nov., a thermotolerant



EEE SEBEMSHEMFRRIWNA

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

s

yeast isolated from distillery effluent. Int J Syst
Evol Microbiol, 2019, 69(10): 3262-3267.

Peter J, De Chiara M, Friedrich A, et al. Genome
evolution across 1 011 Saccharomyces cerevisiae
isolates. Nature, 2018, 556(7701): 339-344.

Gallone B, Steensels J, Prahl T, et al. Domestication
and divergence of Saccharomyces cerevisiae beer
yeasts. Cell, 2016, 166(6): 1397-1410.e16.

Duan SF, Han PJ, Wang QM, et al. The origin and
adaptive evolution of domesticated populations of
yeast from Far East Asia. Nat Commun, 2018, 9(1):
2690.

Zhao XQ, Xiong L, Zhang MM, et al. Towards
efficient bioethanol production from agricultural
and forestry residues: exploration of unique natural
microorganisms in combination with advanced
strain engineering. Bioresour Technol, 2016, 215:
84-91.

Cheng C, Tang RQ, Xiong L, et al. Association of
improved oxidative stress tolerance and alleviation
of glucose repression with superior xylose-
utilization capability by a natural isolate of
Saccharomyces cerevisiae. Biotechnol Biofuels,
2018, 11: 28.

Wang QM, Liu WQ, Liti G, et al. Surprisingly
diverged populations of Saccharomyces cerevisiae
in natural environments remote from human activity.
Mol Ecol, 2012, 21(22): 5404-5417.

Celinska E, Borkowska M, Biatas W, et al. Robust
signal peptides for protein secretion in Yarrowia
lipolytica: identification and characterization of
novel secretory tags. Appl Microbiol Biotechnol,
2018, 102(12): 5221-5233.

Basak S, Sahoo NG, Pavanasam AK. Genome
mining, in silico validation and phase selection of a
novel aldo-keto reductase from Candida glabrata
for biotransformation. Bioengineered, 2018, 9(1):
186-195.

Nambu-Nishida Y, Sakihama Y, Ishii J,
Selection of yeast Saccharomyces cerevisiae
promoters available for xylose -cultivation and
fermentation. J Biosci Bioeng, 2018, 125(1): 76-86.
Mukherjee V, Radecka D, Aerts G, et al. Phenotypic
landscape of non-conventional yeast species for
different stress tolerance traits desirable in

et al.

010-64807509

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

bioethanol fermentation. Biotechnol Biofuels, 2017,
10: 216.

Zhang X, Zhang XF, Li HP, et al. Atmospheric and
room temperature plasma (ARTP) as a new powerful
mutagenesis tool. Appl Microbiol Biotechnol, 2014,
98(12): 5387-5396.

Jian XJ, Guo XJ, Wang J, et al. Microbial
microdroplet culture system (MMC): An integrated
platform for automated, high-throughput microbial
cultivation and adaptive evolution. Biotechnol
Bioeng, 2020, 117(6): 1724-1737.

Zeng WZ, Guo LK, Xu S, et al. High-throughput
screening technology in industrial biotechnology.
Trends Biotechnol, 2020, 38(8): 888-906.

Lian JZ, Mishra S, Zhao HM. Recent advances in
metabolic engineering of Saccharomyces cerevisiae:
New tools and their applications. Mab Eng, 2018, 50:
85-108.

Abdel-Mawgoud AM, Markham KA, Palmer CM, et
al. Metabolic engineering in the host Yarrowia
lipolytica. Metab Eng, 2018, 50: 192-208.

Pefia DA, Gasser B, Zanghellini J, et al. Metabolic
engineering of Pichia pastoris. Metabol Eng, 2018,
50: 2-15.

Anandharaj M, Lin YJ, Rani RP, et al. Constructing
a yeast to express the largest cellulosome complex
on the cell surface. Proc Natl Acad Sci USA, 2020,
117(5): 2385-2394.

Hou J, Jiao CL, Peng B, et al. Mutation of a
regulator Ask10p improves xylose isomerase
activity through up-regulation of molecular
chaperones in Saccharomyces cerevisiae. Metab Eng,
2016, 38: 241-250.

Ma T, Shi B, Ye ZL, et al. Lipid engineering
combined with systematic metabolic engineering of
Saccharomyces cerevisiae for high-yield production
of lycopene. Metab Eng, 2019, 52: 134-142.
Srinivasan P, Smolke CD. Biosynthesis of medicinal
tropane alkaloids in yeast. Nature, 2020, 585(7826):
614-619.

Lei H, Xie BW, Gao T, et al. Yeast display platform
technology to prepare oral vaccine against lethal
H7N9 virus challenge in mice. Microb Cell Fact,
2020, 19(1): 907-932.

Deparis Q, Claes A, Foulquié-Moreno MR, et al.

. cjb@im.ac.cn

813




814

ISSN 1000-3061 CN 11-1998/Q A4 T #2244t Chin J Biotech

(32]

(33]

[34]

(35]

[36]

[37]

(38]

[39]

[40]

[41]

Engineering tolerance to industrially relevant stress
factors in yeast cell factories. FEMS Yeast Res,
2017, 17(4): fox036.

Cheng C, Zhang MM, Xue C, et al. Development of
stress tolerant Saccharomyces cerevisiae strains by
metabolic engineering: new aspects from cell
flocculation and zinc supplementation. J Biosci
Bioeng, 2017, 123(2): 141-146.

Zhang MM, Zhao XQ, Cheng C, et al. Improved
growth and ethanol fermentation of Saccharomyces
cerevisiae in the presence of acetic acid by
overexpression of SET5 and PPR1. Biotechnol J,
2015, 10(12): 1903-1911.

T, KU, fEse, 4. dRAAEEHEAKE
GRX5 $i iy B0 9% B} S BRI 1. AL T2% 41, 2015,
66(4): 1434-1439.

Fang Q, Zhang MM, Xiong L, et al. Improvement of
acetic acid tolerance of Saccharomyces cerevisiae
by overexpressing glutaredoxin encoding gene
GRX5. CIESC J, 2015, 66(4): 1434-1439 (in Chinese).
Zhang MM, Xiong L, Tang YJ, et al. Enhanced
acetic acid stress tolerance and ethanol production
in  Saccharomyces cerevisiae by modulating
expression of the de novo purine biosynthesis genes.
Biotechnol Biofuels, 2019, 12: 116.

Chen BB, Lee HL, Heng YC, et al. Synthetic
biology toolkits and applications in Saccharomyces
cerevisiae. Biotechnol Adv, 2018, 36(7): 1870-1881.
Xie ZX, Liu D, Li BZ, et al. Design and chemical
synthesis of eukaryotic chromosomes. Chem Soc
Rev, 2017, 46(23): 7191-7207.

SeAFPT, PO, A, & NTHENAG MRS E
HEWFFE . AEfvARlaf, 2019, 31(4): 364-371.

Chai Mz, Jia B, Li BZ, et al. Advances in synthetic
genome and genome rearrangement. Chin Bull Life
Sci, 2019, 31(4): 364-371 (in Chinese).

Hu YT, Zhu ZW, Gradischnig D, et al. Engineering
carboxylic acid reductase for selective synthesis of
medium-chain fatty alcohols in yeast. Proc Natl
Acad Sci USA, 2020, 117(37): 22974-22983.
Rajkumar AS, Liu GD, Bergenholm D, et al.
Engineering of synthetic, stress-responsive yeast
promoters. Nucleic Acids Res, 2016, 44(17): e136.
Abe T, Toyokawa Y, Sugimoto Y, et al
Characterization of a new Saccharomyces cerevisiae

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

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

isolated from hibiscus flower and its mutant with
L-leucine accumulation for awamori brewing. Front
Genet, 2019, 10: 490.

He QN, Yang YF, Yang SH, et al. Oleaginicity of the
yeast strain  Saccharomyces cerevisiae D5A.
Biotechnol Biofuels, 2018, 11(1): 258.

Galanie S, Thodey K, Trenchard 1J, et al. Complete
biosynthesis of opioids in yeast. Science, 2015,
349(6252): 1095-1100.

Luo XZ, Reiter MA, D’Espaux L, et al. Complete
biosynthesis of cannabinoids and their unnatural
analogues in yeast. Nature, 2019, 567(7746): 123-126.
Liu XN, Cheng J, Zhang GH, et al. Engineering
yeast for the production of breviscapine by genomic
analysis and synthetic biology approaches. Nat
Commun, 2018, 9(1): 448.

Shen B, Zhou PP, Jiao X, et al.
production of Vitamin E
Saccharomyces cerevisiae under cold-shock-triggered
temperature control. Nat Commun, 2020, 11: 5155.
Thorwall S, Schwartz C, Chartron JW, et al.
Stress-tolerant non-conventional microbes enable
next-generation chemical biosynthesis. Nat Chem
Biol, 2020, 16(2): 113-121.

Fonseca GG, Heinzle E, Wittmann C, et al. The
yeast  Kluyveromyces  marxianus and its
biotechnological  potential. ~ Appl  Microbiol
Biotechnol, 2008, 79(3): 339-354.

Gombert AK, Madeira JV Jr, Cerdan ME, et al.
Kluyveromyces marxianus as a host for heterologous
protein synthesis. Appl Microbiol Biotechnol, 2016,
100(14): 6193-6208.

Lazar Z, Liu N, Stephanopoulos G. Holistic

Fermentative
tocotrienols in

approaches in lipid production by Yarrowia
lipolytica. Trends Biotechnol, 2018, 36(11):
1157-1170.

Miller KK, Alper HS. Yarrowia lipolytica: more
than an oleaginous workhorse. Appl Microbiol
Biotechnol, 2019, 103(23/24): 9251-9262.

Breuer U, Harms H. Debaryomyces hansenii—an
extremophilic yeast with biotechnological potential.
Yeast, 2006, 23(6): 415-437.

Wagner JM, Alper HS. Synthetic biology and
molecular genetics yeasts:
Current tools and future advances. Fungal Genet

in non-conventional



EEE SEBEMSHEMFRRIWNA

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

s

Biol, 2016, 89: 126-136.

Lobs AK, Schwartz C, Thorwall S, et al. Highly
multiplexed CRISPRi repression of respiratory
functions enhances mitochondrial localized ethyl
acetate biosynthesis in Kluyveromyces marxianus.
ACS Synth Biol, 2018, 7(11): 2647-2655.
Larroude M, Rossignol T, Nicaud JM,
Synthetic biology tools for engineering Yarrowia
lipolytica. Biotechnol Adv, 2018, 36(8): 2150-2164.
Kuanyshev N, Rao CV, Dien B, et al. Domesticating
a food spoilage yeast into an organic acid-tolerant
metabolic engineering host: Lactic acid production
by engineered Zygosaccharomyces bailii.
Biotechnol Bioeng, 2020. DOI: 10.1002/bit.27576.
Cernak P, Estrela R, Poddar S, et al. Engineering
Kluyveromyces marxianus as a robust synthetic
biology platform host. mBio, 2018, 9(5): e01410-18.
Yuzbasheva EY, Scarcia P, Yuzbashev TV, et al.
Engineering Yarrowia lipolytica for the selective
and high-level production of isocitric acid through
manipulation  of dicarboxylate-
tricarboxylate carriers. Metab Eng, 2020. DOI:
10.1016/j.ymben.2020.11.001.

et al.

mitochondrial

Wang N, Chi P, Zou YW, et al. Metabolic
engineering of  Yarrowia lipolytica  for
thermoresistance and enhanced erythritol

productivity. Biotechnol Biofuels, 2020, 13: 176.

Liu H, Wang F, Deng L, et al. Genetic and
bioprocess engineering to improve squalene
production in Yarrowia lipolytica. Bioresour
Technol, 2020, 317: 123991.

Wang JP, Ledesma-Amaro R, Wei YJ, et al.
Metabolic  engineering  for increased lipid

010-64807509

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

accumulation in Yarrowia lipolytica — a review.
Bioresour Technol, 2020, 313: 123707.

Ruyters S, Mukherjee V, Verstrepen KJ, et al.
Assessing the potential of wild yeasts for bioethanol
production. J Ind Microbiol Biotechnol, 2015, 42(1):
39-48.

Guaragnella N, Chiara M, Capece A, et al. Genome
sequencing and comparative analysis of three
Hanseniaspora uvarum indigenous wine strains
reveal remarkable biotechnological potential. Front
Microbiol, 2020, 10: 3133.

Johnson EA. Biotechnology of non-Saccharomyces
yeasts — the ascomycetes. Appl Microbiol Biotechnol,
2013, 97(2): 503-517.

Nurcholis M, Lertwattanasakul N, Rodrussamee N,
et al. Integration of comprehensive data and
biotechnological tools for industrial applications of
Kluyveromyces marxianus. Appl Microbiol Biotechnol,
2020, 104(2): 475-488.

Spagnuolo M, Yaguchi A, Blenner M. Oleaginous
yeast for biofuel and oleochemical production. Curr
Opin Biotechnol, 2019, 57: 73-81.

Nielsen J. Yeast systems biology: Model organism
and cell factory. Biotechnol J, 2019, 14(9): 1800421.
De Boer CG, Vaishnav ED, Sadeh R, et al.
Deciphering eukaryotic gene-regulatory logic with
100 million random promoters. Nat Biotechnol,
2020, 38(1): 56-65.

Liu ZH, Zhang YP, Nielsen J. Synthetic biology of
yeast. Biochemistry, 2019, 58(11): 1511-1520.

Jin J, Jia B, Yuan YJ. Yeast chromosomal
engineering  to  improve  industrially-relevant
phenotypes. Curr Opin Biotechnol, 2020, 66: 165-170.

GRS AET)

. cjb@im.ac.cn

815




