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R1. FAEEPCRKR
Table 1. Real-time PCR system

Reaction system Volume/pL Final concentration
2xSG Fast qPCR Master Mix (High Rox) 10.0 1x

Primer F (10 pmol/L) 0.5 200 nmol/L

Primer R (10 pmol/L) 0.5 200 nmol/L

ddH,0 7.0 6

Template (cDNA) 2.0 <20 ng

F2. EFREBEEKEFAEREE
Table 2. Culture of K. phaffii and sample characteristics

Strains Carbon source Description Sample name
GS115/pPIC9K-PLA2 Glycerol Sampling at the end of glycerol fed-batch phase P
GS115/pPIC9K-PLA2 Methanol Sampling at 48 h after methanol induction PLM
(A) 600 _ - 14 (B) kDa
—— Total extracellular protein 11 3
500 F ~* QP o =
. =l
05 972 — H
400 - 108 2
: 196 & 66.4 —
S 300t toa 2 '
{02 § 44.3 —
200 [ =
400 B
- 29.0 —
100 F 102 2 20.1 — PLA,
1 1 1 1 1 1 —0.4
0 10 20 30 40 50 143 — W

t/h

1. EFBEESMARIEENE. RINBERRETHA)FMLEREERRKE SDS-PAGE [E(B)
Figure 1. Changes in biomass, total extracellular protein concentration (A) and SDS-PAGE analysis (B) during
batch fermentation in K. phaffii. M: molecular weight marker; lane 1: methanol induction for O hour; lane 2:
methanol induction for 24 hours ; lane 3: methanol induction for 40 hours ; lane 4: methanol induction for 48 hours.
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2.2 PCR 3 4
PCR PCR  RNA-Seq
(Cr) 2.3
PCR C .
T K. phaffii GS115/pPIC9K-PLA2
RNA-Se
a 5225
FPKM Actin
( ) 857 1
( 1-2)
89 KEGG
(Cr Actin—CrMethanol)
Foldchange (QPCR) = € Actn=C; GlyeerD) ) 76.7%
KEGG pathway
FPKM(Methanol
Foldchange (RNA -Seq) = ( ) 2)
FPKM(Glycerol) ( 2
PCR RNA-Seq DNA
% 3. WHEE PCR3IYTIE
Table 3. A list of quantitative PCR primers
Target Primers (5'—3") Target Primers (5'—3")
HSP42F AAGCACTCAAGGAGGAAGGC ITR2F CGCCAAAGTCATCGGCAAAA
HSP42R ACTGTGATTCAGGAGCTGGC ITR2R TTGATCCTGGGATGATGGCG
PAS chr2-1 _0854F GGGTCAAAGAGAAACAAACGGA RPP1BF GCCAAAGGTTTGGAAGGCAA
PAS chr2-1 _0854R GGGTCAAAGAGAAACAAACGGA RPPIBR GTTCTCCTCTTCGGCCTCCT
HSP78F AAAATGACGGGTGTTCCGGT RPP1AF GCTTTATCATACGCCGCCCT
HSP78R TGACTGCATCGGCAACTGAA RPPIAR TAACGTCAGCCTTGGTGGTC
HSP82F TGGGTGTCCATGAAGACAGC RPL10F CCAGGTGTTCACTGGCATTT
HSP82R TCTGGTGCTCTGGCATTCTG RPL10R TAAATAGGGGGAAGAAGTTTCA
HSP104F TTCCAGTGTGGTTGGGCAAT CPR6F GGTTAACCAGTTACCGGCCT
HSP104R TTCCAGTGTGGTTGGGCAAT CPR6R TCACAGCAAACAGCCGATCT
Fz 4. TEEE RNA-Seq FIRR K EE PCR KIFLER
Table 4. Verification of RNA-Seq data by QPCR
Gene name Fold change (QPCR) Fold change (RNA-Seq)
HSP42 9.811679 7.075784
PP7435 CHR3-0854 32.256100 7.247684
HSP84 12.393400 8.619475
HSP82 9.626424 9.308960
HSP104 9.126110 9.954715
ITR2 12.248220 10.769280
RPPIB 0.488524 0.306753
RPPIA 0.302289 0.233974
RPLI10 0.063219 0.059403
CPR6 15.215820 15.579320
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2. EFEBEAEHMBEFMREEIZMNT KEGG pathway A E K HX KEGG pathway ZEHBAEERE T
Figure 2. Heat map of KEGG pathway with gene number and enrichment factor in K. phaffii in the comparison of
glycerol and methanol conditions. Gene number: The number of genes enriched in the pathway; Rich factor: The ratio
of the number of genes enriched in the pathway to the number of all the annotation genes of the pathway. 1: Ribosome;
2: Ribosome biogenesis in eukaryotes; 3: DNA replication; 4: Peroxisome; 5: Sulfur metabolism; 6: Methane metabolism;
7: Base excision repair; 8: Valine, leucine and isoleucine biosynthesis; 9: Pyrimidine metabolism; 10: Purine metabolism;
11: Pantothenate and CoA biosynthesis; 12: Riboflavin metabolism; 13: 2-Oxocarboxylic acid metabolism; 14: Tyrosine
metabolism; 15: Sphingolipid metabolism; 16: Thiamine metabolism; 17: Cysteine and methionine metabolism; 18: Carbon
metabolism; 19: Phenylalanine metabolism; 20: Biosynthesis of amino acids; 21: Fatty acid elongation; 22: Pentose
and glucuronate interconversions; 23: Fatty acid degradation; 24: Tryptophan metabolism; 25: Butanoate metabolism;
26: Vitamin B6 metabolism; 27: Selenocompound metabolism; 28: Histidine metabolism; 29: Glutathione metabolism;
30: Glyoxylate and dicarboxylate metabolism; 31: RNA polymerase; 32: beta-Alanine metabolism; 33: Ascorbate and
aldarate metabolism; 34: Valine, leucine and isoleucine degradation; 35: Galactose metabolism; 36: Arginine and proline
metabolism; 37: Biosynthesis of unsaturated fatty acids; 38: ABC transporters; 39: Phenylalanine, tyrosine and tryptophan
biosynthesis; 40: Glycerolipid metabolism; 41: Mismatch repair; 42: Glycolysis/Gluconeogenesis; 43: Porphyrin and
chlorophyll metabolism; 44: Fatty acid metabolism; 45: Fructose and mannose metabolism; 46: Alanine, aspartate and
glutamate metabolism; 47: Non-homologous end-joining; 48: One carbon pool by folate; 49: Nucleotide excision repair;
50: Pyruvate metabolism; 51: Homologous recombination; 52: Steroid biosynthesis; 53: Meiosis-yeast; 54: Taurine and
hypotaurine metabolism; 55: Degradation of aromatic compounds; 56: Glycerophospholipid metabolism; 57: Propanoate
metabolism; 58: Lysine biosynthesis; 59: Nitrogen metabolism; 60: Amino sugar and nucleotide sugar metabolism; 61: Cell
cycle-yeast; 62: Inositol phosphate metabolism; 63: Cyanoamino acid metabolism; 64: Ubiquinone and other
terpenoid-quinone biosynthesis; 65: Fatty acid biosynthesis; 66: Lysine degradation; 67: Glycine, serine and threonine
metabolism; 68: Pentose phosphate pathway; 69: Phosphatidylinositol signaling system; 70: Starch and sucrose
metabolism; 71: Terpenoid backbone biosynthesis; 72: Sulfur relay system; 73: Aminoacyl-tRNA biosynthesis; 74: Protein
export; 75: Phagosome; 76: Nicotinate and nicotinamide metabolism; 77: Regulation of autophagy; 78: mRNA
surveillance pathway; 79: Citrate cycle (TCA cycle); 80: N-Glycan biosynthesis; 81: Oxidative phosphorylation; 82: RNA
degradation; 83: RNA transport; 84: Endocytosis; 85: Basal transcription factors; 86: Protein processing in endoplasmic
reticulum; 87: Ubiquitin mediated proteolysis; 88: Spliceosome.
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Figure 3. Differentially expressed genes of MUT pathway and pentose phosphate pathway in K. phaffii. Part 1
Canonical MUT pathway; Part 2: ROS defense; Part 3: Dissimilative branch of the MUT pathway; Part 4: Pentose
phosphate pathway; Part 5: Assimilative branch of the MUT pathway. Red: Significant up-regulated gene; Green:
Significant down-regulated gene; Black: No significant change gene. Fold change: FPKM (Methanol)/FPKM
(Glycerol); P-value: Enrichment analysis of P value (<0.05).
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Table 5. The foldchange of the significant differentially expressed genes involved in methanol metabolism genes in

5.

EFRBEREFSSHMERFERHEREREY

the comparison of methanol and glycerol cultivation in K. phaffii

Gene ID Gene name Description Fold change P value

PAS_chr3_0834 DAS2 Transketolase, similar to TkI2p 200.85 2.89E-15

PAS_chr3_0832 DASI Transketolase, similar to Tk12p 131.60 6.12E-12

PAS chr4 0821 AOXI Alcohol oxidase 1 24.59 0.000124

PAS_chr2-2 0177 SHB17 Putative protein of unknown function 22.32 2.55E-06

PAS chr3 0932 FDHI NAD-dependent formate dehydrogenase, may protect cells 21.71 0.000236
from exogenous formate

PAS chr3 0867 FGHI Non-essential intracellular esterase that can function as an 11.55 0.001231
S-formylglutathione hydrolase

PAS chr3 1028 FLDI S-(hydroxymethyl)glutathione dehydrogenase 9.32 0.007054

PAS chr3 0403 ACS2 acetate-CoA ligase 8.11 2.97E-06

PAS chr4 0416 AGXI Alanine:glyoxylate aminotransferase (AGT), catalyzes the 5.06 0.011088
synthesis of glycine from glyoxylate

PAS chr3 0841 DAK?2 Dihydroxyacetone kinase, required for detoxification of 4.06 0.126775
dihydroxyacetone (DHA)

PAS chr3 0868 FBPI Fructose-1,6-bisphosphatase, key regulatory enzyme in the 3.56 0.095237
gluconeogenesis pathway

PAS chr2-1 0657 SER3 3-phosphoglycerate dehydrogenase, catalyzes the first step in ~ 3.25 0.005038
serine and glycine biosynthesis

PAS chr4 0152 A0X2 Alcohol oxidase 2 2.03 0.256310

PAS chr4 0415 SHM?2 Cytosolic serine hydroxymethyltransferase 1.38 0.552604

PAS chr4 0285 SER2 Phosphoserine phosphatase of the phosphoglycerate pathway, 1.21 0.637429
involved in serine and glycine biosynthes

PAS chrl-1 0427 YOR283W Hypothetical protein 1.19 0.661960

PAS chr3 0566 SERI 3-phosphoserine aminotransferase -1.23 0.615148

PAS chr4 0587 SHM1 Mitochondrial serine hydroxymethyltransferase —-1.40 0.584437

PAS chrl-4 0047 PFK2 Beta subunit of heterooctameric phosphofructokinase involved —1.64 0.460753
in glycolysis

PAS chr2-1 0402 PFK1 Alpha subunit of heterooctameric phosphofructokinase involved —1.74 0.415801
in glycolysis

PAS chr3 0693 GPM3 Tetrameric phosphoglycerate mutase -2.14 0.056185

PAS chr3 0826 GPM1I Tetrameric phosphoglycerate mutase -2.45 0.143465

PAS chrl-1 0072 FBAI-1 Fructose 1,6-bisphosphate aldolase, required for glycolysis —2.55 0.252666
and gluconeogenesis

PAS chr3 0082 ENO1 Enolase I, a phosphopyruvate hydratase that catalyzes the —3.89 0.109996
conversion of 2-phosphoglycerate to phosph

PAS chr2-1 0767 ACS1 Acetate-CoA ligase -5.58 0.060806

Fold change: FPKM (PLM)/FPKM (P).
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% 6.

ERBEGRESSESHBERIELYBAEEEREREREN

Table 6. The foldchange of the significant differentially expressed genes involved in peroxisome in the comparison

of methanol and glycerol cultivation in K. phaffii

Gene ID Gene name Description Fold change P value

PAS chrl-4 0547 PMP20 Peroxiredoxin 156.94 1.14442E-12

PAS chr3 0099 PMP47 Peroxisome membrane protein 47 17.60 7.84274E-05

PAS chr2-2 0207 PEXI13 Integral peroxisomal membrane protein required for 6.16 0.00308638
translocation of peroxisomal matrix proteins

PAS chr4 0416 PAS chr4d 0416 Alanine: glyoxylate aminotransferase (AGT) 5.06 0.01107180

PAS chr3 0043 PEX2 RING-finger peroxin and E3 ubiquitin ligase 4.35 0.00815035

PAS chr2-1 0230 MRPI Mitochondrial ribosomal protein of the small subunit ~ 3.52 0.00246982

PAS chr4 0788 RSM26 Mitochondrial ribosomal protein of the small subunit 2.96 0.01130610

PAS chr4 0759 PEXI12 C3HC4-type RING-finger peroxin and E3 ubiquitin  2.84 0.03105350
ligase

PAS chr2-1_0580 IDP] Cytosolic NADP-specific isocitrate dehydrogenase -3.02 0.02428140

PAS chr2-2 0272 PXA2 Subunit of a heterodimeric peroxisomal ATP-binding -3.28 0.02075670
cassette transporter complex (Pxalp-Pxa2p)

PAS chrl-4 0071 SOD?2 Mitochondrial manganese superoxide dismutase -3.85 0.02331130
PAS chr3 0975 SPS19 Peroxisomal 2,4-dienoyl-CoA reductase, auxiliary —4.87 0.00745497
enzyme of fatty acid beta-oxidation
PAS chr4 0352 FAA2 Medium chain fatty acyl-CoA synthetase, activates —5.60 0.02847880

imported fatty acids
PAS chr2-1 0502 PAS chr2-1 0502 Thiol-specific peroxiredoxin —7.58 0.00236159
PAS chr3 0069 CAT?2 Carnitine acetyl-CoA transferase present in both —10.85 0.00112011
mitochondria and peroxisomes
PAS chr1-4 0074 YAT1 Outer mitochondrial carnitine acetyltransferase -18.24 0.00042053
Fold change: FPKM (PLM)/FPKM (P).
( 3-Part 4) [19] 3
o] (NADPH) (ZWF1 SOL3
-6- PGDI)
(ZWF1) (SOL3) (ZWF1 ZWF1/SOL3
(PDGI) ZWF1 SOL3) [17-18]
3
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®7. EHMMPERMEGTERRSHBRIEREERERREY

Table 7. The foldchange of the significant differentially expressed genes involved in pentose phosphate pathway

in the comparison of methanol and glycerol cultivation in K. phaffii
Gene ID Gene name  Description Fold change P value
PAS chr2-2 0338 TALI-2 Transaldolase 52.52 1.96476E-11
PAS chr4 0213 RKI1 Ribose-5-phosphate ketol-isomerase 14.46 8.71245E-06
PAS chr3_0441 RPE2 D-ribulose-5-phosphate 3-epimerase 3.86 0.0105208
PAS chr3 0868 FBPI Fructose-1,6-bisphosphatase 3.55 0.0951730
PAS chr2-1 0771 PGM3 Phosphoribomutase 3.18 0.0221160
PAS chr4 0212 RKII-2 Ribose-5-phosphate ketol-isomerase 1.75 0.3453440
PAS chrl-1_0006 PRSI 5-phospho-ribosyl-1(alpha)-pyrophosphate synthetase 1.56 0.2902980
PAS chrl-4 0669 YDR248C Putative gluconokinase 1.37 0.5827380
PAS chr3 0062 PRS3 S-phospho-ribosyl-1(alpha)-pyrophosphate synthetase 1.08 0.8577890
PAS chr2-1 0308 ZWF1 Glucose-6-phosphate dehydrogenase (G6PD) -1.11 0.8872530
PAS chr2-2 0174 PRSS S-phospho-ribosyl-1(alpha)-pyrophosphate synthetase -1.13 0.7540340
PAS chrl-1_0436 PRS4 5-phospho-ribosyl-1(alpha)-pyrophosphate -1.19 0.6699240

synthetaseheteromultimeric complexes

PAS_chr3_0604 RBKI Putative ribokinase -1.22 0.6286320
PAS chr3 1126 SOL3 6-phosphogluconolactonase -1.30 0.5544950
PAS chrl-1 0277 SOLI Protein with a possible role in tRNA export -1.31 0.5186960
PAS chrl-4 0047 PFK2 Beta subunit of heterooctameric phosphofructokinase —-1.64 0.4606660
PAS chr2-1 0402 PFK1 Alpha subunit of heterooctameric phosphofructokinase -1.74 0.4157120
PAS_chr3 0277 PDGI 6-phosphogluconate dehydrogenase (decarboxylating) -1.96 0.4571960
PAS chrl-4 0264 PGM2 Phosphoglucomutase —2.42 0.2047380
PAS_chrl-1_0072 FBAI-1 Fructose 1,6-bisphosphate aldolase —2.54 0.2525790
PAS chr2-2 0337 TALI-1 Transaldolase -2.69 0.1738280
PAS chr3 0456 PGII Glycolytic enzyme phosphoglucose isomerase -2.94 0.1027780
PAS chrl-4 0150 TKLI Transketolase -3.40 0.0888672

Fold change: FPKM (PLM)/FPKM (P).
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Figure 4. Differentially expressed genes of citric acid cycle and glyoxylate in K. phaffii. Red: Significant
up-regulated gene; Green: Significant down-regulated gene; Black: No significant change gene. Fold change: FPKM

(PLM)/FPKM (P); P value: Enrichment analysis of P value (<0.05).

actamicro@im.ac.cn



,2018, 58(1)

103

(PCKI)
GAP GAP
TPI1 GAP  DHAP
[23]
FDP

Almeida ¥

[10]

[18]

GAP

PGK1

Northern blot

PGK1
PGK1 2
PGK1
PGK1
TCA
TCA (
-CoA )
3.86
3.03
(25]
3 TCA
TCA
[26]
TCA TCA
2.4.4

(4C02)

(IDPI)

TCA

TCA

(MLS)

ICL  MLS
13.55 6.54

(Succinate)

(ICLI)

()

(SFCI Mitochondrial succinate-fumarate transporter)

TCA
SFCI 8.51
(27] SFCI TCA
TCA
ICLI
[27]
( ADH2 MLS CIT2
ICLI )
[28]
ICL  MLS
2.4.5
[29]
mRNA
(SRP) SRP
SRP (KAR2)
Kar2p 70
ER
(ERAD) (301
KAR?2 Irel HACI

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



104 Yingzheng Wang et al. | Acta Microbiologica Sinica, 2018, 58(1)

[31]

KAR2 UPR (29
UPR [3233] UPR
KAR2 (ERAD) ERAD
590 ( 5) (HRD3 DERI  SEC61)P"
KAR2 (HSP104) AAAATP (CDC48)P!
HRD3 DERI  SEC6I
1.1 1.2 1.9
UPR UPR HSPI04  CDC48
Ribosome
mRNA @9 -« -

Lectin associated
SRP —

- 08
KAR2(5.90) 5y O
GLCI CALI MNSI @
LHSI __GLCL , _MNSIT 2,
SILI GLCII @Q-&) EROI @ Yy

SECI3
SEC31
SRP receptor protein "; Y Correctly Folded @ SHL23

Protein SILI

. LHS1
recongnition | 7% (5.90)

chaperones | g 7;
JEMI(4.15)

Retrotranslocation
KAR2(5.90) PAS chrl-4_0130(6.26)
2 A ER Lumen

v P l P .
C Attenuating protein synthesis ) HAC1 mRNA splicing !

PAS chr2-1 0546

C e HRDI
Cytoplasm Ubiquitin ligase HRD3
. complex | x-/ R2(5.90)
] ; DERI

' UBX2

ERAD factors ER chaperones Nucleus SHP1
UBC7
CUE3
CUE>
CDC48
NPL4
UFDI

YDJI1(4.85)
~—_ -

protein folding enzymes
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Figure 5. Differentially expressed genes involved in protein processing in endoplasmic reticulum in K. phaffii.
Red: Significant up-regulated gene; Green: Significant down-regulated gene; Black: No significant change gene.
Fold change: FPKM (PLM)/FPKM (P); P value: Enrichment analysis of P value (<0.05).
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Transcriptome analysis of recombinant Komagataella phaffii
with methanol induced expression of phospholipase A,

Yingzheng Wang, Xiaowei Yu', Yan Xu’

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu Province, China

Abstract: [Objectives] In order to study the mechanism of heterologous protein expression in Komagataella
phaffii, transcriptomics technology was used to study the profile of differentially expressed genes in the
recombinant K. phaffii during the methanol-induced expression of phospholipase A,. [Methods] We used RNA
sequencing (RNA-seq) technology to analyze the differentially expressed genes in the recombinant K. phaffii
expressing phospholipase A, between glycerol and methanol cultivation condition. [Results] In total 5225
transcripts were identified in the recombinant K. phaffii. Compared between glycerol and methanol cultivation
condition, 857 genes were significant differentially expressed. According to KEGG (Kyoto Encyclopedia of Genes
and Genomes) analysis, the differentially expressed genes were mostly related to ribosome composition, methanol
metabolism, pentose phosphate pathway, citric acid cycle, glyoxylic acid cycle and protein processing process.
[Conclusions] A global effect on the metabolism was observed when changing the carbon source from glycerol to
methanol for the induction of heterologous protein. Our results provide rich information for further in-depth studies
of the mechanism of protein expression in K. phaffii.

Keywords: Komagataella phaffii, transcriptome, methanol induce, glycerol culture, metabolic mechanism
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