£ 0 L B ¥ W EHE | RARBUZRARI XEtR5RE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Aug. 25, 2024, 40(8): 2747-2760
DOI: 10.13345/j.cjb.240163 ©2024 Chin J Biotech, All rights reserved

JERERFELFA -
REFER PTEHFZERBEEDARFEALR . TR R T @A TLAE D
FWRAEMFRARENY, BA S REFEF ML) GHREETH, R
FIRFHN - R EF S TR T LEEHN . RHRASHMMmELTER, LB
%ﬁﬁﬂAmAL%l%a%ﬂiﬂAoﬁ)%sﬁa%ﬂiﬁA BRE
SEHFE AR TRM, RELSFRERABDRMETRAF 8§ ARE, £E NS
K EXF3I0RE, PIHIZREAEF 1023,

AAHBECEmARI] EtRERE

ERE S, TEEY, KEFL FET, RHEAT

1 FERE BT S YA T S A TR S A YR IR AT T R B 5 A S %
Jb5t 100101
2 FEBREARBERY, JEET 100049

TR, ras), RAET, 26, R, RAAFEA 0400 T B dk R 5 R[], &9 TR 2R, 2024, 40(8):
2747-2760.

WANG Shuxian, FANG Jiayu, ZHANG Yanping, LI Yin, ZHU Taicheng. Progress and perspectives of natural cell factories for
chemical production from methanol[J]. Chinese Journal of Biotechnology, 2024, 40(8): 2747-2760.

W E. YERAALT LRI, MRIKERFTRESFHE, BIAARZT—REDFEGE O
Atz —, BIAME GG MED WIC T K FEIL AT S QR A G E AN B EAT LR
HE, AXBRBEARFTE®BL, sMIERARTEMBL XK FEMR L 477 iR, itk
TRAFEMRL) GEN AP RFIEK, 28T EFRB LIPSt ARTEE @0 T 34T
BAER R, Ft—FRETTHRAMEST R, ARRRRTEMIL] Y BEERET TI769
B R R

KR VB, A RAFTE@RI; SREWF; hFnt >

WRITE . B E SR RI(2021YFC2103500, 2018YFA0901400);  [E 58 [ S8R5 4:(32270058, 31970039)

This work was supported by the National Key Research and Development Program of China (2021YFC2103500,
2018YFA0901400) and the National Natural Science Foundation of China (32270058, 31970039).

*Corresponding authors. E-mail: LI Yin, yli@im.ac.cn; ZHU Taicheng, zhutc@im.ac.cn

Received: 2024-02-28; Accepted: 2024-05-09; Published online: 2024-05-13



2748 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

Progress and perspectives of natural cell factories for
chemical production from methanol

WANG Shuxian'?, FANG Jiayu"?, ZHANG Yanping', LI Yin'", ZHU Taicheng"’

1 State Key Laboratory of Microbial Resources, Department of Microbial Physiological & Metabolic Engineering,
Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
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Abstract: Methanol has been considered one of the most important alternative carbon sources
for the next-generation biomanufacturing due to its low price, mature production processes, and
potential sustainability. Constructing microbial cell factories for methanol to chemical
biotransformation has become a research hotspot in the green biomanufacturing industry.
Focusing on the microorganisms that can naturally use methanol, we compare them with
non-natural cell factories for chemical production from methanol. We discuss the key issues and
challenges associated with natural cell factories for chemical production from methanol,
summarize recent research progress surrounding these issues, and propose possible solutions to
these challenges. This review helps to generate feasible guidelines and research strategies for
the modification of natural cell factories for efficient methanol to chemical production in the
future.

Keywords: methanol; biotransformation; natural methylotrophic cell factories; synthetic biology;
chemical production
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Table 1 Chemicals produced by natural methanol cell factories

Strains Products Titer (g/L) Carbon sources Culture methods References

Pichia pastoris Malic acid 2.8 Methanol, yeast extract Fermentor [22]

Pichia pastoris Fatty acid 23.4 Methanol Fermentor [23]

Pichia pastoris Chondroitin sulfate 2.1 Methanol Fermentor [4]

Pichia pastoris 6-methylsalicylic 2.2 Methanol Fermentor [24]
acid

Pichia pastoris B-alanine 5.6 Methanol, yeast extract, peptone  Fermentor [19]

Ogataea polymorpha Lactate 3.8 Methanol Shake flask [25]

Ogataea polymorpha Fatty alcohol 3.6 Methanol Fermentor [26]

Ogataea polymorpha Malic acid 13.2 Methanol, yeast extract Fermentor [27]

Bacillus methanolicus L-glutamic acid 69.0 Methanol Fermentor [20]

Bacillus methanolicus L-lysine 65.0 Methanol Fermentor [20]

Methylorubrum Mevalonate 2.7 Methanol Fermentor [28]

extorquens

Methylorubrum o-humulene 1.6 Methanol Fermentor [29]

extorquens

Methylorubrum Polyhydroxybutyrate 149.0 Methanol Fermentor [21]

extorquens

22 RASERAPEMBI SR

Table 2 Comparison of parameters between non-natural and natural methanol cell factories

Natural/Synthetic Natural methanol cell factories Non-natural methanol cell factories

Bacteria/Yeast Bacteria Yeast Bacteria Yeast

Specific growth rate  0.090 0-0.408 083! 0.150 0-0.190 0F*2331 0,082 o4 0.000 4-0.051 0B+

(h")

Cell yield 0.35013% 0.380-0.425836¢37 0.14814 -

(g/2)

Product titer 0.40—149.0012%-3%] 0.75-48.2012%3% 0.23—1.66!174% 0.26-0.9203441

(g/L)

Product yield 0.031-0.3601242] 0.025-0.2300%41 - 0.148-0.2508441

(g/2)

Product productivity — 0.006 6-2.780 0%*21 0,007 8-0.156 01*>**1 0.001 6-0.083 0['74"] 0.003 6-0.009 61°+4!

(g/(L-h))

Methanol uptake rate  0.078-9.7901%44] 0.178-1.400234! 0.036-0.0531'+!7 0.014-0.0655441

(g/(L-h))

Methanol tolerance  0.30-2.0012%46! 15617 0.47—1.2001440 0.94141]

(mol/L)

Genetic manipulation Homologous Homologous Homologous Homologous
recombination, recombination, recombination, episomal recombination, episomal

episomal vectors

CRISPR-Cas9

vectors, CRISPR-Cas9

vectors, CRISPR-Cas9

—: No data.
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