afX £

Synthetic Biology Journal 2022,3):1150-1173 2022 5 % 3% % 6 33 | waw.synbioj.com

S N B DOI: 10.12211/2096-8280.2022-039
R TR IR

L 30 PR R IR T B A0 R 1) TR A A e

ANE, REZ, KWW, EEH, hL8E, EHREF, EZ#
(EABTITAFAEY IR, AMRNBETIBREREEALRE, L& 200237

BE: MRNMEYREEEELNEE . FEEYFIENERTe .. BB REREERNEARAR
EABEFTRNESMBZE T ZAKENNAE . MIEA—M T REEARESY, HErJLIERMR RER
ZAIRBRFAME—IRIR, (EEMAR—UEEBEENEDZRNL TG EFR, BESHREMRARMEDTIZRA
MRIERRE, ESRERESRENTECSISHRBNIES, HEST =SANMHERE, (BT B/ EKRER
KEMFR . AEIATEREESREMENLKENNBAINR, NERRIIZAR, ERFRXEE . B TESE
EHENEB T RSN TSR NN PR, D& T EREEhEMEDRAR . iRttt HEERA
FAMENEUARIEIISHRBR . FIEME, H—2@F 7 E7REEEF CRISPR N SHIERRE L.
ERRGNEMRALRIT, METEEEARANECEYSRILENNE, Foth T EESShRn AR
B, &E, WEERBREEREMRTRREA RS RN AT TEE.

Xigial: SerlEs; REME, REEARAES; @1, SHENERS

hESES: Q81  NBMFERE: A

Rewiring and application of Pichia pastoris chassis cell
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(State Key Laboratory of Bioreactor Engineering, School of Biotechnology, East China University of Science and Technology,
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Abstract: Microbial chassis hosts are important platforms for green and sustainable biomanufacturing. Pichia pastoris has
served as a preferred chassis for heterologous protein expression and fermentation production, which is attributed to its
numerous advantages in expression capacity, post-translational modification, high cell density culture, and extracellular
product purification. Moreover, as an industrial methylotrophic yeast, P. pastoris effectively utilizes cheap and widely
sourced methanol as the sole carbon source, making it a potential biotransformation platform for C1 compounds. Recently,
scientists have endowed this nonconventional yeast as an efficient microbial cell factory for biosynthesis of small molecule
products beyond its traditional role of a protein expression workhorse. The growing of synthetic biology and
biopharmaceutical technology has promoted the rapid development on the genetic rewiring of P. pastoris chassis host. A
series of engineering strategies have been developed to break the restrictions and bottlenecks of P. pastoris in both academic
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and industrial applications. This allowed the updated chassis versions adapting to diversified application scenarios. In this
review, we briefly introduce the advances and current status of P. pastoris. We describe the development and application of
this chassis from the genetic manipulation technology, regulation of gene expression, and metabolic engineering. We
summarize the establishment and characterization of synthetic biological techniques, regulatory parts and devices, novel
expression platform, and bioconversion system in P pastoris. We emphasize the CRISPR-mediated gene editing,
transcription regulation, rewiring of natural transcription system, and the design of artificial biosystems. Then the production
of glycoprotein and the synthesis of natural products based on alcohols are concisely summarized. Also, the advantages and
limitations of this host in practical application are analyzed and discussed. Finally, we propose the research directions for
further updating versions of P, pastoris and provide a perspective on their future application scenarios.
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Fig. 2 Rewiring and engineering design of transcription regulation system in Pichia pastoris'

24-28, 40,59, 78, 82, 88, 94-103, 108-115]

URS—upstream regulatory sequence; CP—core promoter; AD—activation domain; RD—repression domain;
DBP—DNA binding protein; BS—binding site; ER—estradiol receptor; BE—f-estradiol
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Fig.3 The N-glycosylation and N-glycan engineering in Pichia pastoris'
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Fig. 4 Metabolic pathways of different carbon sources and synthesis of various natural products based on in
Pichia pastoris[”'”' 60, 82, 171-184, 199- 203]

DHA—dihydroxyacetone; GAP—glyceraldehyde-3-phosphate; XuSP—xylulose 5-phosphate; DHAP—dihydroxyacetone phosphate;
XuMP cycle—xylulose monophosphate cycle; Aox—alcohol oxidase; Cat—catalase; Das—dihydroxyacetone synthase;
Dak—dihydroxyacetone kinase; Tpi—triosephosphate isomerase; Fld—formaldehyde dehydrogenase; Fgh—S-formylglutathione hydrolase;
Fdh—formate dehydrogenase; Pdh—Pyruvate dehydrogenase; Pdc—pyruvate decarboxylase; Adh—alcohol dehydrogenase;
Ald—acetaldehyde dehydrogenase; Acs—acetyl-CoA synthetase; Acc—acetyl-CoA carboxylase; Fas—fatty acid synthetase;

—» indicate enzyme catalyzed reaction; == indicate the shuttle of metabolites between extracellular and intracellular or between different organelles;

- indicate a multistep metabolic pathway.
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Tab. 3 Production of natural products in Pichia pastoris
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