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Abstract: [Background] Inositol is a member of the vitamin B group and has been widely used in
the fields of food, medicine, and feed. Microbial fermentation is considered as the most promising
method for inositol production, while the inositol produced by Escherichia coli is restricted for food
and medicine uses. As a GRAS (generally recognized as safe) strain, Komagataella phaffii has been
employed as a robust host for producing heterologous proteins. K. phaffii possesses a native
synthetic pathway of inositol and thus has great potential to be modified as a cell factory for the
efficient production of inositol. [Objective] To reduce the by-products and enhance the inositol
production via metabolic engineering of K. phaffii. [Methods] With the inositol-producing K.
phaffii strain which was previously constructed in our lab as the starting strain, we identified the
genes involved in the synthesis of arabitol, ribitol, and mannose. Through deletion of the key genes
for synthesis and control of the glucose concentration in the fermentation, we decreased the
production of by-products. The co-utilization of glycerol and glucose was achieved in the
inositol-producing K. phaffii strain by overexpression of glycerol transporter, glycerol kinase, and
glycerol-3-phosphate dehydrogenase, and a recombinant strain Z10 was obtained. Furthermore,
inositol production was improved by optimization of the fermentation conditions. [Results] The
inositol production of the recombinant strain Z10 under the optimal conditions reached 36.7 g/L, the
highest titer reported to date by a yeast cell factory. The by-products of Z10 was reduced by 63.1%
compared with that of the starting strain. [Conclusion] An effective strategy was established in K.
phaffii for decreasing the production of arabitol, ribitol, and mannose. Through the co-utilization of
glycerol and glucose and the optimization of fermentation conditions, the inositol production was
increased. The findings of this study provide a reference to the application of K. phaffii for the
efficient production of inositol and other high-value bioactive substances.

Keywords: inositol; Komagataella phaffii; cell factory; metabolic engineering; high-density
fermentation
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Table 1  Strains and plasmids used in this work
R/ B HH SRR R
Strains/Plasmids Relevant characteristic Sources
Strains
Escherichia coli Trans1-T1 Commercial host for cloning, F 80 (lacZ) AM15AlacX74hsdR TransGen
(ry, m ") ArecA1398endA1tonA Biotech
K. phaffii JQ08 K. phaffii GS115, Pgap-IPS APpITR1::ScIPS-Pyyx -ECIMP, [16]
APpITR2, Apfk2, Pguri-pgi, Pguri-2wf, Pguri-pfkl
K. phaffii Z01 K. phaffii JQ08, A0019 This study
K. phaffii Z02 K. phaffii JQ08, AO775 This study
K. phaffii Z03 K. phaffii JQ08, A0249 This study
K. phaffii Z04 K. phaffii JQ08, A0368 This study
K. phaffii Z05 K. phaffii JQ08, A0490 This study
K. phaffii Z06 K. phaffii JQ08, AO776 This study
K. phaffii Z07 K. phaffii JQ08, A0754-0988 This study
K. phaffii Z08 K. phaffii JQ08, Pgyr;-1115 This study
K. phaffii Z09 K. phaffii Z01, A0O754-0988 This study
K. phaffii Z10 K. phaffii Z09, gut1-Pyyx;-gut2, Pgap-gt2 This study
Plasmids
pT3-MazF-ZeoR The mother vector for constructing genome editing plasmid [16]
pT3-MazF-ZeoR-gutl-gut2 pT3-MazF-ZeoR derivative for gutl-Pyyx;-gut2 integration [27]
pT3-MazF-ZeoR-gt2 pT3-MazF-ZeoR derivative for Pgap-0t2 integration [27]
pT3-MazF-ZeoR-A0019 pT3-MazF-ZeoR derivative for PAS chr2-2 0019 gene deletion This study
pT3-MazF-ZeoR-AQ775 pT3-MazF-ZeoR derivative for PAS chr2-1_0775 gene deletion This study
pT3-MazF-ZeoR-A0249 pT3-MazF-ZeoR derivative for PAS chr2-1_0249 gene deletion This study
pT3-MazF-ZeoR-A0368 pT3-MazF-ZeoR derivative for PAS chr4 0368 gene deletion This study
pT3-MazF-ZeoR-A0490 pT3-MazF-ZeoR derivative for PAS chrl-1 0490 gene deletion This study
pT3-MazF-ZeoR-AQ776 pT3-MazF-ZeoR derivative for PAS chr2-1 0776 gene deletion This study
pT3-MazF-ZeoR-A0754-0988 pT3-MazF-ZeoR derivative for PAS chr4 0754 and PAS chr4 0988 This study
genes deletion
pT3-MazF-ZeoR-1115 pT3-MazF-ZeoR derivative for replacing the promoter of This study

PAS chr3 1115 gene with Pgyr;

Yeastern /A F; [HER R .
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RID) M HEE 2N Al ) Hi-Plex Ca kE; /3606
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1.1.4 1EHFE
KIGFFREEFE R LB B350k, YeoRmehka
MR IR H BMGY (buffered glycerol-complex

medium) 3 7R 5L, FE DR S 48 o FE o 0 328 BH M5
Ak 70 R RS S 3R kUYL LB A BMGY (1)

BARREFRRLAN N 20 g/L Bifgky ., Heanmstk4E
T A T R0 = 2% T I A I B O I B 7
(g/L): WEMR A8 1.2, WEMR A% 18.0, #i
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Table 2 Primers used in this work

k7 P 1975

Primer name Primer sequence (5'—3’)

0775-up-F GGCCGCCATGGCGGCCGCGGCCACCTAGGATTTTTGAAAGAAATCTAAG
0775-up-R GGGCGATCCAATCGAATTCAATGACATGTAATTGGCAAGGATATTAG

0775-small-F CTAGGGCGATCCCAATCGAAGAGCAATGTCGGGGGCATTC

0775-small-R GGTTGAAGAGTTGAAGAGTTAATGACATGTAATTGGCAAGGATATTAG
0775-down-F CTTGCCAATTACATGTCATTAACTCTTCAACTCTTCAACCAGAATC

0775-down-R GGCGGCCGCGAATTCACTAGTCCATACTCAGTGCTACGAGAAATG

0775-test-F CTCCTTGAGATCTACCCAAAAAGG

0775-test-R CGAGTAGCGAACTGGGGATTAG

0249-up-F CGGCCGCCATGGCGGCCGCGGCTAATAATGGAGTCATCTTCCGGAAAC
0249-up-R GGGCGATCCAATCGAATTCTATCAACTTGAAGGAAAGGAGAATGAAG
0249-small-F CAAGCTAGGGCGATCCCAATCGCTTACAAACGAAATGGCACC

0249-small-R GTTAGAGAGAAGAAAAGACATTATTTTATCAACTTGAAGGAAAGGAGAATGAAG
0249-down-F CTTTCCTTCAAGTTGATAAAATAATGTCTTTTCTTCTCTCTAACAAGATTAG
0249-down-R GCAGGCGGCCGCGAATTCACTAGTTCTCTGTCATATCATAAATTGTTCCACC
0249-test-F CTCTTAGTGGGCTCGGAGTAG

0249-test-R CGATATATGGGATGTGTGAGGAC

0368-up-F CCCGGCCGCCATGGCGGCCGCGGATCGGATATAAGTGGTTGGATAAACG
0368-up-R CAAGGGCGATCCAATCGAATTCGTTTAATGAAAGAGGAAAGAATTGTCC
0368-small-F GCAAGCTAGGGCGATCCCAATCTACAAAAATCTTTAGCTCTAGAAATAGAAGC
0368-small-R CCGTGTAGTTTTTGAAGTGTAAATTGGCTGTTTAATGAAAGAGGAAAGAATTGTC
0368-down-F GGACAATTCTTTCCTCTTTCATTAAACAGCCAATTTACACTTCAAAAACTACAC
0368-down-R GCAGGCGGCCGCGAATTCACTAGTAGCTCTTTCTACCCCATTTGG

0368-test-F CAACTTAACAGTGTTGGAGATTCG

0368-test-R GGCATAACAATTCAAGTATACACTGC

0490-up-F GCATGCTCCCGGCCGCCATGGCGGCCGCGGCCTGTTCAAGCGTTTTTCTTTACAC
0490-up-R TGTTAGATCAAGGGCGATCCAATCGAATTCGTTGGATAATAGTGAGTGTAATGAAGCG
0490-small-F CTTTAATTTGCAAGCTAGGGCGATCCCAATCTATTAATGGCGGGGCAGAATGC
0490-small-R CAATTTTATTATTATATATGTCTCCGTGTTGGATAATAGTGAGTGTAATGAAGCG
0490-down-F CTTCATTACACTCACTATTATCCAACACGGAGACATATATAATAATAAAATTGTAAGGTTC
0490-down-R GACCTGCAGGCGGCCGCGAATTCACTAGTATAAAGTTCTGGATTTACGCGTTTGGC
0490-test-F GTGATCTTGATGAAGGCAAAGAC

0490-test-R GTTTATCTTTCAGCCTAGCTACGCC

0776-up-F GGCCGCCATGGCGGCCGCGGAACTTCATTTAGACAGTGACATACTCG

0776-up-R GGGCGATCCAATCGAATTCCTGTAATCTATGAATCTTTAGGACGAAG

0776-small-F CAAGCTAGGGCGATCCCAATCACATCCGAACACCTTCTGGAC

0776-small-R CACTGATTGCTCTTCTTCTTCTGTAATCTATGAATCTTTAGGACGAAG
0776-down-F CTAAAGATTCATAGATTACAGAAGAAGAAGAGCAATCAGTGTGTAAATG
0776-down-R GGCCGCGAATTCACTAGTATATTGTCAATCTTTTAAAATTTGGATTCCTG
0776-test-F CTAAACTGCAGGTTTGACTATATGCTTG

0776-test-R GCGAACTTATTTAGTCATTTCATGTGC

(GE3)
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(Zi#k 2)

EIR/EAN

Primer name
0754-0988-up-F
0754-0988-up-R
0754-0988-small-F
0754-0988-small-R
0754-0988-down-F
0754-0988-down-R
0754-0988-test-F
0754-0988-test-R

3149551

Primer sequence (5'—3’)
GCCGCCATGGCGGCCGCGGGTCCACCTTTAACGTTTTAGACTAC
GATCAAGGGCGATCCAATCGAATTCTTTGGGTAAGGGAAAGGGAAG
CAAGCTAGGGCGATCCCAATCTCTTTTTCTTTTCATTTCTGGAGACTTTAACC
CCCTGCTCAATGTTGCTCTTTTTGGGTAAGGGAAAGGGAAGG
CCTTCCCTTTCCCTTACCCAAAAAGAGCAACATTGAGCAGGG
GCGGCCGCGAATTCACTAGTATAGAAAGACACGAACCAATTTGG
CACTGCCATAAACAACGAGAGG

CTCAAAAGAGAACTACTAGGCGG

1115-up-F GCATGCTCCCGGCCGCCATGGCGGCCGCGGGAGCACCCTGCAACTGAGATG
1115-up-R CAAGGGCGATCCAATCGAATTCGAAAATGTTCTTTCCTTGTTATTAAGG
1115-small-F CAAGCTAGGGCGATCCCAATCTGTGAAATTGAGAACTTCTTTAG
1115-small-R CGTGTTTGATTCCGTCCATGCATCTCAAGTGAAAATGTTCTTTCCTTGTTATTAAG
1115-down-F CCACAGATATATCTACTATAATGTCGTACAGACTATTTCAAATCG

1115-down-R CGACCTGCAGGCGGCCGCGAATTCACTAGTTCTCTGGTCTCATTTTTTGC
1115-test-F GACACACGGTGTTGGACTTTTTG

1115-test-R GTCGACTCGAGTATTTAACAAGAC

0019-up-F GGCCGCCATGGCGGCCGCGGCTTCAAGAACTGGACTCCGG

0019-up-R CAAGGGCGATCCAATCGAATTCTTAATGGGGAGTGTGGGATAATAGTTG
0019-small-F CAAGCTAGGGCGATCCCAATCTATTAACTTTCTTTTCTTTTTTCCATCGCG
0019-small-R GTAGAAAAATAATGAACGGCTCTTAATGGGGAGTGTGGGATAATAGTTG
0019-down-F CAACTATTATCCCACACTCCCCATTAAGAGCCGTTCATTATTTTTCTACATG
0019-down-R GCAGGCGGCCGCGAATTCACTAGTTGCAGAAGGTAAGGTTGGGAAAG
0019-test-F GAGCTGATTGACTTGCGGC

0019-test-R GAATATCAGGACCAGGATAGTAGG

FREE 6.5, BRERER 5.0, BiFRES 0.5, Hilh 50.0,
F KOH J745 pH{E /7 5.0, 121 °CKF 21 min,
1o R T A TR AN T 4.4 mL/L SR LR R
PTMI,
1.2 &
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BA e B e ey 1y kO, ik an R . PLEE
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H PCR 4 38 AL R A _E 3 (Arm 1) AR i (Arm2)
£ 1 000 bp [FIWERE B, DA K F Ui [R5 3 v
FHIFI ) 200 bp %65 B Br(Arm1-200), i ##R
B UK . Mgt s, Faife s n R B
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Arm1-200-Arm2 G F B B Arml M
Arm1-200-Arm2 3 52 [ 5 55 20 355 65 43 ) o P
F|JF kL pT3-MazF-ZeoR 1 Sac 1T #1 Spe I H{i;
Mb, RRN SR LR AR TR, R TR
R AR e ok, A B R s% 5 B A
B B D R o OB A 45 R Be Arm1-200 FIR
Wl R Arm2 22 [H]
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FIIH Not T BRI Py U7 B2 v Ak I 8] 4
Jo KL 8 2ok L5 L AR VR B R DR T B 20 i
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FE AT R BRI S |9 3% 2)P%, K BH
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A, B O S FRIRE TR ¥5 PCR I
WE, WAPUEESL R R GO B, Kl
FA) R DR Rl 53 /e A/ 4 2 TR PR ST,
123 #EiABS LB ENILE

FEM R A LR : A ORAF T80 °CHYE
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FLfi), £ 30°C. 200 r/min 5 F 1555 120 h,
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FHF I 3R = ek . A AL B AR I K
M 3 P47

1o R R WA LI . IR & I L
st 7 S e e ) TR R R A v 2 B R . e — 2
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200 r/min FEFELEAE R I . B G
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PEAT KW, I AN E K ¥ pH. K BT
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10 pLo BARRAE S 5A 3 A PATHE,
IR A 3 AT EE . e, BT
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600 nm A0 E G RE(E .
1.2.5 ZHitoh

i S5 SPSS 19 Mk, R
Z J7 22/ M7 (one-way analysis of variance,
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AT 2 LA, IEEE SR DL B (B 3 (B s o 1
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Figure 1 Biosynthesis pathway of inositol in Komagataella phaffii. Green arrows indicate the inositol
synthesis pathway; Blue arrows indicate the glycerol catabolic pathway; Scissors and red arrows indicate
gene deletion or attenuation. gt2: Glycerol transporter 2 gene; gutl: Glycerol kinase gene; gut2:
Glycerol-3-phosphate dehydrogenase gene; ipS: Inositol-3-phosphate synthase gene; imp: Inositol
monophosphatase gene; pgi: Glucose-6-phosphate isomerase gene; zwf: Glucose-6-phosphate dehydrogenase
gene; pfkl: o-subunit of heterooctameric phosphofructokinase gene; pfk2: B-subunit of heterooctameric
phosphofructokinase gene; PpITRL: Inositol transporter 1 gene; PpITR2: Inositol transporter 2 gene; 1115:
Mannose-6-phosphate isomerase gene; 0019: Ribitol dehydrogenase gene; 0754 and 0988: Arabitol
dehydrogenase gene.
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Figure 5 Fermentation profiles of recombinant strain Z09. A: Wet cell weight. B: Production of inositol,
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Figure 7 Optimization of fermentation conditions for recombinant strain Z10. A: Effects of carbon source
ratio and yeast powder addition on the fermentation profiles of Z10. B: Effects of carbon source ratio and

yeast powder addition on the growth profile of Z10.
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