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Engineering and application of Komagataella phaffii
as a cell factory
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Abstract: Nowadays, engineered Komagataella phaffii plays an important role in the
biosynthesis of small molecule metabolites and protein products, showing great potential and
value in industrial productions. With the development and application of new editing tools such
as CRISPR/Cas9, it has become possible to engineer K. phaffii into a cell factory with high
polygenic efficiency. Here, the genetic manipulation techniques and objectives for engineering
K. phaffii are first summarized. Secondly, the applications of engineered K. phaffii as a cell
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factory are introduced. Meanwhile, the advantages as well as disadvantages of using engineered
K. phaffii as a cell factory are discussed and future engineering directions are prospected. This
review aims to provide a reference for further engineering K. phaffii cell factory, which is
supposed to facilitate its application in bioindustry.

Keywords: Komagataella phaffii; cell factory; gene editing; metabolic engineering; synthetic

biology
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Table 1 Comparison of different methods for transforming Komagataella phaffii

Characteristics PEG 1000 LiCl Electroporation Protoplast method
Transformation efficiency (colonies/pug DNA) 10*-10° 10*-10° 10°-10* 10*-10*

Enzyme treatment None None None Require

Special equipment None None Require None
Experimental complexity Moderate Moderate Low High

References [20] [21] [22] [20]
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Figure 1
(BioRender.com). The same below.
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Yeast genome editing mediated by CRISPR/Cas9 and CRISPR/Casl12a. Draw using BioRender
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Figure 2 CRISPRi (CRISPRa) inhibits (activates) the expression of target genes.
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Table 2 Comparison of different systems for recombinant protein production

Characteristics E. coli K. phaffii BEVS CHO
Doubling time 20—-30 min 60—120 min 1824 h 24 h
Complexity of culture Low Low High High
medium

Cost of culture medium Low Low High High

Secretory expression

Secreted into

Secreted into culture

Secreted into culture

Secreted into culture

periplasmic space medium medium medium
Expression level High Low to high Low to high Low to moderate
N-linked glycosylation X Hypermannosylation Simple Complex
O-linked glycosylation X \/ \ N
Phosphorylation X S \ \/
Acetylation x S y \/
Endotoxin \ x x x
References [48] [49] [50] [51]

CHO: Chinese hamster ovary, is the most common mammalian cell expression system.
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Table 3 Representative recombinant vaccines produced by Komagataella phaffii

Antigen Pathogen Secretory  Expression pattern Yield (mg/L) Immune mode References
expression
gp350 EBV S Methanol-induced expression 120.34 Injection [56]
EBNA1 EBV Y Methanol-induced expression 210.53 Injection [57]
NA HPAI (H5N1) Methanol-induced expression Not tested Injection [58]
VP1 EV71 S Methanol-induced expression ~500 Injection [59]
P1/3CD/3C EV71/CVA16 x Methanol-induced expression Not tested Injection [60]
HBsAg HBV X Methanol-induced expression 6 000—7 000 Injection [61]
H5HA HPAI S Methanol-induced expression 200 Intranasal instillation/ [62]

Injection

AU R AR (A AT AL e Sy s aliAk T
2o HEORMERE N A 4aiS Kex2p. Stel3p &5
FIRE BRI R, mt o (5 S BREA T T RS
AT FEE H AW T Hof s D™, &2
2L sl 0 1 43 WA 5 AR BE AR B v T DL I 8
RIEDRE, H—HEE T HIMFER R,
20 L PN I B B AR S R R E R R LY
syEsalifk, EEOREBERE NI R, K
KREAR T 43 PR Ei 2 25 1 A 2 A e R AR Y

JIEE (AR PH A B R A 2 TR, TR e A
AT B R IR DU AR GY o AR 3 T
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BiEAe, A BERE AV aEE A CHO
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WE5E 3 ] 52 R e B 08 R 8 2D 55
T ZMEHEANE™, (B AETE 2
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(N-linked glycosylation)f#-7E = H 88k H. O-i%
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Table 4 Important industrial enzymes produced by Komagataella phaffii
EC No. Name Promoter Expression pattern Yield (U/L) Codon References
optimization
EC1.1.34 Glucose oxidase Paroxi Methanol-induced 98 400 X [63]
EC1.1.3.5 Hexose oxidase Paoxi Methanol-induced 42 X [64]
EC 1.1.99.18 Cellobiose dehydrogenase Poxi Methanol-induced 7 800 X [65]
EC 1.10.3.2 Laccase Paoxi Methanol-induced 51 000 X [66]
EC1.11.1.6  Catalase Paroxi Methanol-induced 1 380 000 X [67]
EC 1.11.1.7  Peroxidase Paoxi Methanol-induced 31 000 X [68]
EC 2.3.2.13  Protein-glutamine Proxi Methanol-induced 3.91 X [69]
glutamyltransferase
EC3.1.1.1 Carboxylesteras Paoxi Methanol-induced Not tested X [70]
Pgar Constitutive 1747.5
329 (secretion)

EC3.1.1.3 Triacylglycerol lipase Paoxi Methanol-induced 20 000 X [71]
EC 3.1.1.20 Tannase Paoxi Methanol-induced 7 000 X [72]
EC 3.1.1.32  Phospholipase Al Paoxi Methanol-induced Not tested N [73]
EC3.1.1.73  Feruloyl esterase Proxi Methanol-induced 830 X [74]
EC 3.1.3.8 Phytase Proxi Methanol-induced 865 000 N [75]
EC3.14.1 Phosphodiesterase Paoxi Methanol-induced 369.81 X [76]
EC 3.2.1.1 Amylase Pgap Constitutive 68 250 X [77]
EC3.2.14 Cellulase Paoxi Methanol-induced Not tested N [78]
EC 3.2.1.6 Endo glucanase Paoxi Methanol-induced 10 017 000 y [79]
EC 3.2.1.20 o-glucosidases Paoxi Methanol-induced Not tested 1 747.5 X [80]
EC3.421.4 Trypsin Paoxi Methanol-induced 689 470 X [81]
EC 3.4.21.26 Prolyloligopeptidase Paoxi Methanol-induced 500 X [82]
EC 3.4.21.62 Subtilisin Proxi Methanol-induced 30 000 x [83]
EC 3.4.21.63 Oryzin Paoxi Methanol-induced Not tested X [84]
EC3.5.1.1 Asparaginase Paoxi Methanol-induced 85 600 X [85]
EC4.2.2.2 Pectate lyase Paoxi Methanol-induced 166 740 y [86]
EC4.2.2.10  Pectin lyase Paroxi Methanol-induced Not tested X [87]
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TR R E RO TR IRE, A
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ER IR BRI R 20 27 A A 2 T ST R R ] B
IR BT TR G B R B AR LSS, AT
SRR A, AR EAN R T LR |
NEER . CBE. REZEEREGEE M, H
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P B ) A5 TR s R T

gi b, ERRWEREANNE T C AR —
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Table 5 Metabolites produced by Komagataella phaffii

A B 1 1) M AR A TR o

b
3 BFMEART ITRMLK
& 77 18]

R T SR AR BEREAE R 0 T R i 2
B, W58 R LA T T KR A TR s A M
DUAAS 2 RE DL R 4 58 28 RIS B TR RR (B 3)
3.1 RARBFEHYE

7E DNA WU Wr 2B 2 ML F, R mets
FIERI B RE AR —E 22 57, F %8 NHEJ MidE
HR. NHEJ &% 8 R FEHLESR, HR BE
o RO B E ks i (8 4). NHE) 255
DL 252 M HR A& 5 K vk TAE =N,
AT PEA TR B A S R AR AR, LR
B R TR DA A 5 HR ORISR bk . BT,
MRECEHER B ZMEGE FE, Fn kR
NHEJ JCHEEE ] Ku70. 3 A #F HR ) Rad52
SEREI L REBR HR AL AE Mphl ST

Product Classification Knock in/Upregulated Chassis strain Yield (mg/L) References
Pyruvic acid Organic acid (S)-2-hydroxyacid oxidase GS115 57 000 [103]
Glyoxylate Organic acid catT MSP10 Not tested [104]
Nitrile hydratase activity =~ Amide NHa, NHB, P14K GS115 Not tested [105]
Riboflavin Vitamin RIB1-7 X33, GS115 175 [106]
Long-chain fatty acids Fatty acid PhtELOS, IsFAD4 GS115 Not tested [107]
Citrinin Polyketide PksCT, npgA, mpl1-7 GS115 2200 [108]
Bioethanol Alcohol BGL, EG1, CHBI1, EX1, GS115 32 600 [109]
BXYL

Dammarenediol-II Terpenoid DDS, ERG1 GS115 500 [110]
A9-tetrahydrocannabinolic Cannabinoid THCAS PichiaPink Not tested [111]
acid precursor

1'-hydroxybufuralol Beta blocker CYP2D6, CPR X-33, CBS7435 171.1 [112]
Catharanthine Vinblastine 33 genes, including SGD, GS, CANI1 2.57 [113]

precursor GO, etc.
Chondroitin sulfate A Polysaccharide  tuaD, kfoC, kfoA GS115 2 600 [114]

&: 010-64807509
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Enhanced HR/Inhibited NHEJ

The editing efficiency is improved by
inactivation of NHEJ related genes
and activation of HR related genes

atin 11111 G 11 AT

T

Selected marker

Develop genetic components

The development of new genetic
elements include promoter, terminator,
screening marker, regulatory element, etc.

Gliose
I — ATP

j Nucleotide — pyryvate ——» Lactate

7 biosymhesis e s

Modified metabolic pathway
Metabolic pathways are modified
by genome editing techniques and
metabolic engineering
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Modified N glycosylation
modification

N-glycosylation modification related
genes to change the structure of
sugar chains

Inactivated gene that encodes the
protease

In order to reduce protein degradation,
PEP4, Prbl and other genes are
inactivated to reduce protease activity

Figure 3 Proposed direction for genetic modification of Komagataella phaffii cell factory.
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