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1 1969 Candida boidinii  (Ogata et al., 1969)

Pichia pastoris (Komagataella phaffii)	 Ogataea polymorpha (

)

1 (

1  (Kawaguchi et al., 2011; Shiraishi et al., 2015)(

 ( )(

3 1  (Gellissen, 2000; Mattanovich et al., 

2012; Sakai et al., 1999)(

13 (

1

 (Sakai et al., 1998b)(
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Yurimoto and Sakai, 2009; 
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Yurimoto, 2009; Lin-Cereghino et al., 2006; Sasano et al., 2008; Vogl and Glieder, 2013; Oda 

et al., 2015) (

 ( 0-1)( 

 (Hartner and Glieder, 2006; Yurimoto and Sakai, 2009)(

13

 ( )  (Tuttle et al., 1993)(

( 0-0.2%

 (Kawaguchi et al., 2011)(

(

1

( 

Saccharomyces cerevisiae . Wsc

(Wsc

.

Wsc

 (Jendretzki et al., 2011)(S. cerevisiae Wsc

. ) Wsc

 (Rodicio and Heinisch, 2010)(

Wsc

Wsc

( Wsc

( 

P. pastoris .
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PpWsc1/PpWsc3  

 

 (>10%) 

S. cerevisiae 3  (Alexandre et al., 2001; Kubota et al., 

2004; Fujita et al., 2004; Fujita et al., 2006; Yoshikawa et al., 2009)(

(

 (0.01-1.0%) 1

0-0.2% 1

 (Kawaguchi et al., 2011)(

(

( 

alcohol oxidase (AOX) 

dihydroxyacetone synthase (DAS) formaldehyde dehydrogenase (FLD) formate 

dehydrogenase (FDH) 

(Sakai et al., 1996; Yurimoto et al., 2005)( .

AOX 3 AOX

2 1 (

( C. boidinii

CbROM2  (Sasano et al., 2007; 

Sasano et al., 2008)(Rom2 cell wall integrity (CWI) 

Wsc

 (Levin, 2005)( Rom2
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Wsc

- ( 

P. pastoris Wsc
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Escherichia coli DH10B (Takara, ) (E. coli

LB  (1% tryptone, 0.5% yeast extract, 0.5% NaCl) ( 

1-1 ( P. pastoris  YPD (1% yeast extract, 2% 

peptone, 2% glucose) YNB  (0.67% yeast nitrogen base without amino acids)(

YNB - (2% (wt/vol) glucose, 2% (vol/vol) glycerol, 

1% (vol/vol) methanol, 1% (vol/vol) ethanol(  (100 µg/ml) YNB

- ( 600nm  (OD600nm) (

Nash (Nash, 1953)( 

 

1-2 ( 1-3

(PpWSC1 (

EcoRI-PpWSC1-1-F/ KpnI-PpWSC1-1-R BamHI-PpWSC1-2-F/ EcoRI-PpWSC1-2-R

0.9-kb 0.8-kb DNA

( KpnI-PpWSC1-1-R/ BamHI-PpWSC1-2-F

PCR 1.7-kb (

KpnI/BamHI 1.7-kb SK-Zeor KpnI/BamHI 4.1-kb

PpWSC1 pOH100 ( PpWSC2	 PpWSC3

(EcoRI-PpWSC2-1-F/KpnI-PpWSC2-1-R

BamHI-PpWSC2-2-F/ EcoRI-PpWSC2-2-R PpWSC2 

pOH102 (EcoRI-PpWSC3-1-F / KpnI-PpWSC3-1-R

BamHI-PpWSC3-2-F/ EcoRI-PpWSC3-2-R PpWSC3

pOH102 (ARG4 PpWSC3

PstI-PpWSC3-1-F/ EcoRI-PpWSC3-1-R

BamHI-PpWSC3-2-F/ PstI-PpWSC3-2-R 
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2 EcoRI-PpWSC3-1-R/ BamHI-PpWSC3-2-F

PCR 2 (pIB1 (Sears et al., 

1998) PpHIS4 ScARG4 pSY8200

EcoRI/BamHI PCR

EcoRI/BamH PpWSC3 pOH302

(3xHA HindIII-3xHA-F/HindIII-3xHA-R

pIB1 HindIII pSY006 ( PpWSC1 PpWSC2	 

PpWSC3 ORF ACT1 ACT1

KpnI-PACTI-F/PACTI-(PpWSC1)-R EcoRI-PACTI-F/ PACTI-(PpWSC2)-F

EcoRI-PACTI-F/ PACTI-(PpWSC3)-R DNA (

PpWSC1 PpWSC2 PpWSC3 ORF (PACTI)-PpWSC1-F / SphI-PpWsc1-R

(PACTI)-PpWSC2-F/SphI-(PACTI)-PpWSC2-R (PACTI)-PpWSC3-F/SphI-(PACTI)-PpWSC3-R

DNA ( ACT1

ORF PCR (

KpnI/SphI pSY006 ( pOH202 pOH203 pOH204

(pOH202 KpnI/SphI 1.9-kb PACT1-PpWSC1 pNT205 

(Tamura et al., 2010) pOH303 (pOH203

XmaI-PACTI-F/SphI-(PACTI)-PpWSC3-R PpACT1 promoter

PpWSC3 ORF XmaI SphI pNT205

pOH304 (PpROM2 ORF KpnI-PpROM2-F/ 

SphI-PpROM2-R ( PCR KpnI SphI

pSY006 pOH207 (pOH202 pOH203 Rom2

PpWSC1 PpWSC3 PpWSC1-310-316d-R/ 

PpWSC1-310-316d-F PpWsc3-359-365d-F/ PpWsc3-359-365d-R inverse 

PCR pOH205 pOH206

(PpWSC1 pOH202

PpWSC1-Y53A-F, PpWSC1-Y53A-R, PpWSC1-Y53F-F, PpWSC1-Y53F-R, 
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PpWSC1-C46,50A-F, PpWSC1-C46,50A-R, PpWSC1-C64,66A-F, PpWSC1-C64,66A-R, 

PpWSC1-C82,86A-F, PpWSC1-C82,86A-R inverse PCR

( PpWsc1 pOH208, pOH209, pOH210, 

pOH211, pOH212 ( 

PpWSC1, PpWSC2, PpWSC3

pOH100, pOH101, pOH102 EcoRI P. pastoris

(PpWSC1PpWSC3

PpWSC3 pOH302 PstI OH1101 (

PCR ( 

 

lysis buffer [50 mM Tris-HCl pH 7.5, 50 mM NaCl, 0.1 mM EDTA, 0.1% 

Triton-X100, 10% (vol/vol) glycerol, 1 mM phenylmethylsulfonyl fluoride, EDTA-free 

complete protease inhibitor cocktail (Roche Diagnostics, Basel, Switzerland)] 

Multi-Beads Shocker ( ) ( 10,000 x g 5

4˚C  sample buffer (125 mM Tris-HCl pH 6.8, 4% SDS, 20% 

glycerol, a dash of bromophenol blue, 10% 2-mercaptoethanol) 5

( 12% SDS-PAGE

 (ATTO, ) PVDF (

TBS-T 1000 anti-HA (F7; Santa Cruz 

Biotech, Dallas, TX) anti-beta actin (Abcam, Cambridge, UK) anti-AOX

( TBS-T TBS-T

10,000 anti-mouse-HRP (Merck Millipore, Darmstadt, Germany) 1

( Western Lightning (Perkin-Elmer Life Science, Waltham, MA) 

Light Capture system (ATTO) ( 
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P. pastoris 5 ml YPD 28˚C 30 µl

5 ml YPD  28˚C 5 ( 1,500 

rpm 5 5 ml 3 YPD

28˚C 3 37˚C 30 (

IX81  (Olympus, ) (

charged coupled device (CCD) camera (SenSys; PhotoMetrics, Tucson, AZ) 

MetaMorph software (Universal Imaging, West Chester, PA) ( 

 

RNA PCR 

YPD (

OD600nm 0.1 (

OD600nm 1.0 1 2 4 28˚C (

4˚C 1 10,000 x g (RNeasy Mini Kit 

(QIAGEN, Hilden, Germany) total RNA ( RLT buffer 

(QIAGEN, Hilden, Germany) Multi-Beads Shocker (

DNA total RNA DNase I (RNase-Free DNase Set, QIAGEN, 

Hilden, Germany) ( 1 µg total RNA Random Primer 

(Promega, Fitchburg, WI) ReverTra Ace (Toyobo, Osaka, Japan) 

( ReverTra Ace (. 

PCR (qRT-PCR) Light Cycler Instrument (Roche Diagnostics, Basel, Switzerland) 

(PCR SYBR Premix Ex Taq (Takara) 1-3

GAP1 AOX1 DAS1 FLD1 FDH1 ( Light Cycler software Version 

4.1 ( 
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 1-1.  

�Strain  Genotype  Reference  

PPY12 arg4 his4� Sakai et al. (1998)�

OH1101 PPY12, Ppwsc1∆::Zeor This study 

OH1201 PPY12, Ppwsc3∆::Zeor This study 

OH1301 PPY12, Ppwsc2∆::Zeor This study 

OH1401 OH1101, Ppwsc3∆::ARG4 This study 

OH1402 PH1401, his4::HIS4 This study 

OH1403 OH1401, his4::(PACT1PpWSC1-3xHA) This study 

OH1404 OH1401, his4::(PACT1PpWSC3-3xHA) This study 

OH1405 OH1401, his4::(PACT1PpWSC1(310-316∆)-3xHA) This study 

OH1406 OH1401, his4::(PACT1PpWSC3(359-365∆)-3xHA) This study 

OH1407 OH1401, his4::(PpROM2-3xHA) This study 

OH1408 OH1401, his4::(PACT1PpWSC1(Y53A)-3xHA) This study 

OH1409 OH1401, his4::(PACT1PpWSC1(Y53F)-3xHA) This study 

OH1410 OH1401, his4::(PACT1PpWSC1(C46,50A)-3xHA) This study 

OH1411 OH1401, his4::(PACT1PpWSC1(C64,66A)-3xHA) This study 

OH1412 OH1401, his4::(PACT1PpWSC1(C82,86A)-3xHA) This study 

OH1104 OH1101, arg4::(PACT1PpWSC1-YFP, ARG4) This study 

OH1105 OH1101, arg4::(PACT1PpWSC1-YFP, ARG4), his4::HIS4 This study 

OH1202 OH1201, arg4::(PACT1PpWSC3-YFP, ARG4) This study 

OH1203 OH1201, arg4::(PACT1PpWSC3-YFP, ARG4), his4::HIS4 This study 

GS115 his4 Cregg et al. (1985) 

OH2001 GS115, his4::HIS4 This study 

OH2101 GS115, Ppwsc1∆::Zeor This study 

OH2201 GS115, Ppwsc2∆::Zeor This study 

OH2301 GS115, Ppwsc3∆::Zeor This study 

OH2103 OH2101, his4::HIS4 This study 

OH2104 OH2101, his4::(PACT1PpWSC1-3xHA) This study 

OH2105 OH2101, his4::(PACT1PpWSC3-3xHA) This study 

OH2106 OH2101, his4::(PACT1PpWSC2-3xHA) This study 

OH2107 OH2101, his4::(PpROM2-3xHA) This study 

OH2202 OH2201, his4::(PpROM2-3xHA) This study 

OH2302 OH2201, his4::(PpROM2-3xHA) This study 

OH2002 GS115, his4::(PpROM2-3xHA) This study 
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Designation  DNA Sequence 

EcoRI-PpWSC1-1-F 5'-TTCAGTTGAGCTTCGTCCTGGGAATTCCTTGGATATGCCGG

ACTCTTC-3' 

KpnI-PpWSC1-1-R 5'-GGGGTACCAATTGCAGCCAGGGCTAATA-3' 

BamHI-PpWSC1-2-F 5'-CGGGATCCCTGTAGGCGGTGTTGTTGGT-3' 

EcoRI-PpWSC1-2-R 5'-GAAGAGTCCGGCATATCCAAGGAATTCCCAGGACGAAGCTC

AACTGAA-3' 

EcoRI-PpWSC2-1-F 5'-TGACTGAATAGCTAGCATCCTTGGGAATTCCGTTGCACTTGC

ATTTTGGTG-3' 

KpnI-PpWSC2-1-R 5'-GGGGTACCGCGAAGGAATCCGAACAATA-3' 

BamHI-PpWSC2-2-F 5'-CGGGATCCCTTCTGTTGCAGAAAGAGACGA-3' 

EcoRI-PpWSC2-2-R 5'-CACCAAAATGCAAGTGCAACGGAATTCCCAAGGATGCTAGC

TATTCAGTCA-3' 

EcoRI-PpWSC3-1-F 5'-TACTGCGGGAGTTCAGAATTTTGGAATTCCACCTCCATAACG

ACCAAACG-3' 

KpnI-PpWSC3-1-R 5'-GGGGTACCCCGCATTCCTCCCTACAATA-3' 

BamHI-PpWSC3-2-F 5'-CGGGATCCGGTTTCATTAAGGCCGAACA-3' 

EcoRI-PpWSC3-2-R 5'-CGTTTGGTCGTTATGGAGGTGGAATTCCAAAATTCTGAACTC

CCGCAGTA-3' 

HindII-3xHA-F 5'-CCCAAGCTTTCTAGATCTATCTTTTACCCATACGATG-3' 

HindII-3xHA-R 5'-CCAAGCTTTTACTGAGCAGCGTAATCTGGA-3' 

KpnI-PACTI-F 5'-GGGGTACCTCGCTGGTAATCCCGGCT-3' 

XmaI-PACTI-F 5'-TCCCCCCGGGTCGCTGGTAATCCCGGCT-3' 

PACTI-(PpWSC1)-R 5'-AGGGCTAATATTCGTAATCTCAACATTGTATTGATGAATTTC

TTTTACTAAACTGT-3' 

(PACTI)-PpWSC1-F 5'-ACAGTTTAGTAAAAGAAATTCATCAATACAATGTTGAGATT

ACGAATATTAGCCCT -3' 

SphI-PpWSC1-R 5'-ACATGCATGCAGCATCATCAGGATTTGCTACC-3' 

(PACTI)-PpWSC2-F 5'-ACAGTTTAGTAAAAGAAATTCATCAATACAATGTTGATGCT

ACTGAAGCTGC -3' 

SphI-(PACTI)-PpWSC2-R 5'-ACATGCATGCAGTTGTTCCGAATGAATTTTCA-3' 

PACTI-(PpWSC2)-R 5'-GCAGCTTCAGTAGCATCAACATTGTATTGATGAATTTCTTTT

ACTAAACTGT-3' 

 

3
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 1-2. 1	  

Designation  DNA Sequence 

(PACTI)-PpWSC3-F 5'-ACAGTTTAGTAAAAGAAATTCATCAATACAATGACCAAGTTTA

TATTGATATTGGC -3' 

SphI-(PACTI)-PpWSC3-

R 5'-ACATGCATGCAACTTCATCATCTGTGGGGTT-3' 

PACTI-(PpWSC3)-R 5'-GCCAATATCAATATAAACTTGGTCATTGTATTGATGAATTTCTT

TTACTAAACTGT-3' 

EcoRI-PACT1-F 5'-CGGAATTCTCGCTGGTAATCCCGGCT-3' 

PstI-PpWSC3-1-F 5'-TACTGCGGGAGTTCAGAATTTTCTGCAGACCTCCATAACGACC

AAACG-3' 

EcoRI-PpWSC3-1-R 5'-CGGAATTCCCGCATTCCTCCCTACAATA-3' 

BamHI-PpWSC3-2-F 5'-CGGGATCCGGTTTCATTAAGGCCGAACA-3' 

PstI-PpWSC3-2-R 5'-CGTTTGGTCGTTATGGAGGTCTGCAGAAAATTCTGAACTCCCG

CAGTA-3' 

KpnI-PpROM2-F 5'-CGGGGTACCAACCCAAGTGAACCAACAGC-3' 

SphI-PpROM2-R 5'-GACATGCATGCTTCATTGACGTTCTTCAATTTCTT-3' 

PpWSC1-310-316d-R 5'-CACCTTCCTGGAGTAATCTGCTTCATC-3' 

PpWSC1-310-316d-F 5'-GATGCTGCATGCAAGCTTTCTAGA-3' 

PpWSC2-359-365d-F 5'-TGGTGGAAACCCCACAGATGATGAA-3' 

PpWSC2-359-365d-R 5'-GTGGGGTTTCCACCAAGACCTGGAGA-3' 

PpWSC1-Y53A-F 5'-GCCAACGCAGATTTTTTTGCTTTAACTGAGGGT-3' 

PpWSC1-Y53A-R 5'-AAAATCTGCGTTGGCACAAGTCTTTGCACATTC-3' 

PpWSC1-Y53F-F 5'-GCCAACTTCGATTTTTTTGCTTTAACTGAGGGT-3' 

PpWSC1-Y53F-R 5'-AAAATCGAAGTTGGCACAAGTCTTTGCACATTC-3' 

PpWSC1-C46,50A-F 5'-GCTGCAAAGACTGCTGCCAACTACGATT-3' 

PpWSC1-C46,50A-R 5'-TTCACCTGAACTTTGATATACGTATTC-3' 

PpWSC1-C64,66A-F 5'-GCTTATGCTGGGTCTTCTGCCTCTTCAT-3' 

PpWSC1-C64,66A-R 5'-TTTGTTACCCTCAGTTAAAGCAAA-3' 

PpWSC1-C82,86A-F 5'-GCTACCGTTCCTGCTGTCGGA-3' 

PpWSC1-C82,86A-R 5'-CTCATCGGAGGTATCTTCATCC-3' 

�

3
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 1-2. 1	  

Designation  DNA Sequence 

RT-AOX1-F 5'-AGGGCTTCTGAGTCCCAAGG-3' 

RT-AOX1-R 5'-AGCAGAGTCGGAACGACGAC-3' 

RT-DAS1-F 5'-TTGCGTATGGCTGCTCTTCA-3' 

RT-DAS1-R 5'-GGGTTGGACCATCTTCACCA-3' 

RT-FLD1-F 5'-CACGCTTTCTGGTGCAGATG-3' 

RT-FLD1-R 5'-ATCCCCAACCTTCACGGACT-3' 

RT-FDH1-F 5'-GCACATTCCTGACGCTGATG-3' 

RT-FDH1-R 5'-GACACCAGCAACGACCAACA-3' 

RT-GAP1-F 5'-CCACCGGTGTTTTCACCACT-3' 

RT-GAP1-R 5'-CACCGACAACGAACATTGGA-3' 
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 1-3.  

�Designation  Discription Reference 

SK+Zeor Zeor Yano et al. (2009) 

pOH100 ∆Ppwsc1::Zeor This study 

pOH101 ∆Ppwsc3::Zeor This study 

pOH102 ∆Ppwsc2::Zeor This study 

pIB1 HIS4 Sears et al. (1998) 

pOH202 PACT1PpWSC1-3xHA HIS4 This study 

pOH203 PACT1PpWSC3-3xHA HIS4 This study 

pOH204 PACT1PpWSC2-3xHA HIS4 This study 

pOH205 PACT1PpWSC1(310-316∆)-3xHA HIS4 This study 

pOH206 PACT1PpWSC3(359-365∆)-3xHA HIS4 This study 

pOH207 PpROM2-3xHA HIS4 This study 

pOH208 PACT1PpWSC1(Y53A)-3xHA HIS4 This study 

pOH209 PACT1PpWSC1(Y53F)-3xHA HIS4 This study 

pOH210 PACT1PpWSC1(C46,50A)-3xHA HIS4 This study 

pOH211 PACT1PpWSC1(C64,66A)-3xHA HIS4 This study 

pOH212 PACT1PpWSC1(C82,86A)-3xHA HIS4 This study 

pNT204 pIB1ARG4 Tamura et al. (2010) 

pNT205 YFP-pIB1ARG4 Tamura et al. (2010) 

pOH302 ∆Ppwsc3::ARG4 This study 

pOH303 PACTIPpWsc1-YFP ARG4 This study 

pOH304 PACTIPpWsc3-YFP ARG4 This study 

pSY006 3xHA-pIB1  This study 
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PpWsc1 PpWsc3  

Wsc P. pastoris

( PpWSC1 (XP_002492900.1) PpWSC2 

(XP_002490546.1) PpWSC3 (XP_002490545.1) (PpWsc1 PpWsc2 PpWsc3

318 381 372 33.4 kDa 44.1 

kD 38.6 kDa (S. cerevisiae Wsc1 (ScWsc1)  PpWsc1

62.7%  28.4% PpWsc2 62.5% 27.9% PpWsc3 

67.4% 27.4% (Wsc

cysteine-rich  (CRD) serine/threonine rich  (STR) Rom2

 (TMD) 3 PpWsc

PpWsc1          ---MLRLRILALAAIFMTVEAYKLQGCFEDLPS--SFSFANEYVYQSSGECAKTCAN--Y 53
PpWsc2          --MLMLLKLLSILICLRHVIALTYTGCYPSSQLEQSFFFQSSTSLQTIELCSGACSS--R 56
PpWsc3          ---MTKFILILALVSRVFAATYNYYGCFASSSVN-SLTSRGTYQFQSTSYCREECGD--T 54
ScWsc1          MRPNKTSLLLALLSILSQANAYEYVNCFSSLPS--DFSKADSYNWQSSSHCNSECSAKGA 58
                        ::        . :    .*: .     .:   .    *:   *   *.    

PpWsc1          DFFALTEGNKCYCGSSASSLADEDTSDECTVPCVGYPQEICGGDDDAYTVYSMSDSFVLG 113
PpWsc2          LYLALINGTECYCSDSFAVESER--SIECEVRCAGNTTQTCGGTFSFQVFLHEDLANSIS 114
PpWsc3          DVAAMSGGNACFCGSSVPSSSDKVSESFCNEPCDGYPLEICGGTNYLSVYVNEDADDDDD 114
ScWsc1          SYFALYNHSECYCG-DTNPSGSESTSSSCNTYCFGYSSEMCGGED-AYSVYQLDSDTNSN 116
                   *:   . *:*. .    ...  .  *   * * . : ***          .     .

PpWsc1          SSGSSGSSSSSSSRTSSQSTSSSSR------TSSSTSSTTDTTSSSSVATTSAASN---- 163
PpWsc2          SSASTSEYPSTTLPSDSNDTSTISDGSYLFLEGSSTLLTTAGVQNFTFSLSSSSSPQ--- 171
PpWsc3          DDDDDDETTSSTSSTSSSSSSSSSS------STSSTTSTSSFTSRTSSSLTTASSTS--- 165
ScWsc1          SISSSDSSTESTSASSSTTSSTTSS------TTSTTSSTTSSTTSSMASSSTVQNSPEST 170
                .  . .. ..::  :.*  :*: *         *:*  *:  .     : ::  .     

PpWsc1          ----------------SDESTSVQMYTSVVTHSGSDPVTSVVY-------------VTSV 194
PpWsc2          -------TFFSWNTLANITSSSEDSSEWSETTSIESQVAETVAPAVPAANEATQVNTVDT 224
PpWsc3          --------SSSSSSSSTNSPSPTSSASSSTTSSSSSQQVSVIIVTTSAERSGSVEVVTTV 217
ScWsc1          QAAASISTSQSSSTVTSESSLTSDTLATSSTSSQSQDATSIIYSTTFHTEGGSTIFVTNT 230
                                .  . . .      * * ..  .. :              .. .

PpWsc1          STPS--AESSGNSGGGS---------------NRGALIGGAVGGVVGALIIFSLAFFFTW 237
PpWsc2          SSDELQSSSQFIPTPSPSSATASYIENNGQVLSTGAIVGISVGCSSLLVLFVVICYFVRR 284
PpWsc3          ITALDNSQETGSSSSSNSDSTANRGSNSGSSLSKGAIAGTVIGSVIGGVLIIVALAFWWW 277
ScWsc1          ITAS--AQNSGSATGTAGSDSTSGSKTHKKKANVGAIVGGVVGGVVGAVAIALCILLIVR 288
                 :    :..   .                   . **: *  :*     : :     :   

PpWsc1          RRIHNNKSD---------LSSSSTIDAIYDEAKKRNPKLA-TNPFEDPNQEYTDHQMNPV 287
PpWsc2          RRNIKSAQLP-----EDESSVAERDDYVSEFVRNYVQNYHQNGSILSSSSQSVISSLDTN 339
PpWsc3          RRRKSDIES------DLEADNEKKEAAVSDFVRSYAVPPS-HVAVTDPSTENDQVSLRPN 330
ScWsc1          HINMKREQDRMEKEYQEAIKPVEYPDKLYASSFSSNHGPS-SGSFEEEHTKG-QTDINPF 346
                :   .  .           .  .    :     .         .. .   :    .: . 

PpWsc1          ALGRRRLSEGSLADEADYSRK------VLRVANPDDA-------- 318
PpWsc2          STGPFGSGQVRRFDQDDDFEDERE---VLRIINPDNTSENSFGTT 381
PpWsc3          NALTRRFSHGSLPDVTQDSYDPSPGLGGLRIINPDNPTDDEV--- 372
ScWsc1          DDSRRISNGTFINGGPGGKNN------VLTVVNPDEAD------- 378
                       .     .      .       * : ***:.        

STR

STR

TMDSTR

Rom2-interacting site

CRD

CRD

 1-1. PpWsc1, PpWsc2, PpWsc3  
CLUSTALW PpWsc1, PpWsc2, PpWsc3, S. cerevisiae Wsc1 (ScWsc1) 

	 CRD: cysteine rich domain STR: serine/threonine rich region  TMD: 
	  8 TMD
	  ScWsc1 Rom2  (Rom2-interacting site) 
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 ( 1-1)(Zeocin 1 - PpWSC1	 PpWSC2	 PpWSC3

(PpWSC1

 (Ppwsc1∆ ) PpWSC2

 (Ppwsc2∆ ) PpWSC3  (Ppwsc3∆ )  (

1-2A)(  

PpWSC1 -

AOX (AOX1	 AOX2) DAS (DAS1	 DAS2)

FLD1	 FDH1 qRT-PCR (

0.001% 0.01% 0.1% 1%

3 YNB  (0% ) 28˚C 2

(0% 3 0.001%

1 Ppwsc1∆ ( 0.01%

0.1% 1% Ppwsc1∆ .

 ( 1-3A)( Ppwsc2∆ Ppwsc3∆ .

 ( )( Ppwsc2∆ 3 Ppwsc3 . PpWsc1

 

Ppwsc1∆Ppwsc3∆ .

 ( 1-3B)( . AOX	 DAS	 FLD1	 FDH1
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1  ( 1-2B)(PpWsc1 PpWsc2 3 PpWsc3

 Ppwsc1∆ ACT1

PpWSC1	 PpWSC2	 PpWSC3 C 3xHA

(  ( 1-2C)(

3xHA PpWsc1 PpWsc2 PpWsc3 36 kDa 44 kDa, 42 kDa 

S. cerevisiae

-  (Lodder et al., 1999)(3xHA

PpWsc1  Ppwsc1  (
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-3. Ppwsc1∆ Ppwsc1∆Ppwsc3∆ 1  
(A)  (	 ) Ppwsc1∆  (	 ) 1  
(B)  (	 ) Ppwsc1∆Ppwsc3∆  (	 ) 1  
(C) PpWSC AOX
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PpWsc3

 

PpWsc1 PpWsc3 Ppwsc1∆Ppwsc3∆ ACT1

PpWSC1 PpWSC3

AOX DAS  ( 1-4)(PpWSC1 AOX DAS

0.025% 0.05% (

PpWSC3 0.25% (  PpWsc1

PpWsc3

( 

 

PpWsc1 PpWsc3 Congo red  

PpWsc1 ScWsc1 ScWsc1

 (37˚C) - Congo red

 (Verna et al., 1997; Serrano et al., 2006)( Ppwsc1 	 Ppwsc2∆ Ppwsc3∆

37˚C 28˚C Congo red

( 1-5A PpWSC1

Congo red

( Ppwsc2∆

Ppwsc3∆ 37˚C Congo red 1 (

DAS�AOX 

1-4. Ppwsc1∆Ppwsc3∆ PpWSC1	 PpWSC3  
             PpWSC1  ( )	 PpWSC3  ( ) 
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PpWsc2 - (

PpWSC1 Ppwsc1∆Ppwsc3∆

PpWSC3  ( 1-5)( P. pastoris

. PpWsc1

PpWsc3

( 

PpWsc1  

PpWsc1

( PpWsc1

(PpWsc1 CRD

. 3

(Wsc

N CRD 3 O-

STR ( Wsc

 (Dupres et al., 2009)(

 

(Metz et al., 2004; Metz et al., 2006)(PpWsc1 CRD

(CRD 53
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P
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�
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 (Y53) PpWsc1  ( 1-6)( 3

PpWsc1

 ( )(PpWsc1(Y53A) AOX DAS

40%  ( 1-6A )(

 ( 1-6B)( PpWsc1(Y53F)

 ( 1-6B)

 ( 1-6A )(PpWsc1

 ( 1-6C)( Y53A Y53F

- (

PpWsc1

( 3

Wsc CRD

(Dupres et al., 2011; Heinisch et al., 2010)(PpWsc1 CRD ScWsc1

(

PpWsc1 (C46,50A)  PpWsc1 (C64,66A) PpWsc1 (C82,86A) 

 ( 1-7B) 37˚C ( 1-7B)(
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CRD  (C82 C86)

 (Y40 Y53 Y65 Y89) 

- ( PpWsc1 CRD

 (Lodder et al., 1999; Heinisch et al., 

2010)( 

  

PpWsc1 /PpWsc3  
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(PpWsc1

- ( PpWsc1

37˚C . PpWsc3
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1-8B  ( )( 
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PpRom2-3xHA  ( 1-9A)( PpRom2 Ppwsc1∆

.

. ( . S. cerevisiae

Wsc1 . Rom2  (Vay et al., 2004)(
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PpWsc1(310-316∆)-3xHA 3 PpWsc3(359-365∆)-3xHA Ppwsc1∆Ppwsc3∆

(  ( )(

 ( 1-9B)(

0.01% PpWsc1(310-316∆)-3xHA PpWsc3(359-365∆)-3xHA

AOX DAS PpWsc1 PpWsc3  ( 1-9B

)(0.1% PpWsc3(359-365∆)-3xHA PpWsc3

 ( 1-9B )( 0.01% PpWsc1

PpWsc3 0.1% PpWsc3 ( 1-9C

PpWsc1(310-316∆)-3xHA PpWsc3(359-365∆)-3xHA

PpWsc1 PpWsc3 (

PpWsc1 /PpWsc3 PpRom2

(  

PpWsc1 3 PpWsc3 PpRom2

(Ppwsc1∆Ppwsc3∆ PpWSC1

PpWsc1(310-316∆)-3xHA PpWsc3 3  PpWsc3(359-365∆) 1

 ( 1-9D)(PpRom2 Ppwsc1∆ 37˚C

Ppwsc1∆Ppwsc3∆  ( 1-9E)(

PpWsc1-PpRom S. cerevisiae P. pastoris

( 

 

PpWsc1-YFP PpWsc3-YFP

 

PpWsc1 PpWsc3  (YFP) 

(28˚C PpWsc1-YFP 37˚C

30 ( PpWsc1-YFP

 ( 1-10)(37˚C PpWsc1-YFP

3 ( PpWsc1
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S. cerevisiae . ScWsc1

 (Delley and 

Hall, 1999)( PpWsc3-YFP

(  

PpWsc1-YFP PpWsc3-YFP

 ( 1-10)(  PpWsc1-YFP PpWsc3-YFP
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.
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(

( .

Wsc P. pastoris .

3 (  

Wsc 10%

 (Jendretzki et al., 2011) 

PpWsc1 PpWsc3 0.01-1%

( PpWsc1 PpWsc3 0.001-1.0%

 ( 1-3)(

 

(Kawaguchi et al., 2011)( PpWsc1  (0.01-0.05%) PpWsc3

 (0.1-0.5%)  ( 1-4)(

PpWsc1 PpWsc3

(

P. pastoris

- ( PpWsc1 PpWsc3

PpRom2 -  ( 1-9)( PpWsc1

PpWsc3

- ( Ppwsc1∆

.  (

)(Ppwsc1∆ . 18

AOX FLD
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 ( )( Ppwsc1∆ AOX FLD

70% (  Ppwsc1∆ .

AOX FLD 1

(PpWsc3 PpWsc1 1 PpWSC1

1

PpWsc1 (  

Wsc )

Wsc

1 (PpWsc

- ( 3

(

(

37˚C . 28˚C  ( )(2

PpWsc3

(3  PpWsc-YFP

( . PpWsc1-YFP

( PpWsc1-YFP

( . PpWsc1 S. 

cerevisiae (

PpWsc1-YFP (

PpWsc3

 ( 1-10)(

( 

- PpWsc1 PpWsc1

. - ( PpWsc1 

Y53A
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1 ( PpWsc1 Y53F

1 ( PpWsc

PpRom2

- (

( 

. PpWsc1 PpWsc3 3

(Ppwsc3∆ 28˚C -

37˚C ( .  (Rodicio and 

Heinisch, 2010) PpWSC3 Ppwsc1∆Ppwsc3∆

. 1  ( 1-5B) PpWsc3

( PpWsc1

PpWsc3

-  ( 1-8)(  

. Wsc

(

3 Wsc

( 
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 (Hartner and Glieder, 2006; Yurimoto and 

Sakai, 2009)(

 ( )(

 (Tuttle et al., 1993)(

( .

1

1  (Koch et al., 2016)(

PpWsc1

1

3 ( 

.

(

CoA

(

PpWsc1 /PpWsc3

(  
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Escherichia coli DH10B (Takara, ) (E. coli

LB  (1% tryptone, 0.5% yeast extract, 0.5% NaCl) ( 

2-1 (P. pastoris YPD  (1% yeast extract  

2% peptone, 2% glucose) YNB  (0.67% yeast nitrogen base without amino 

acids)(YNB - (2% (wt/vol) glucose 2% (vol/vol) 

glycerol 1% (vol/vol) methanol 1% (vol/vol) ethanol

0.5% methanol 0.5% ethanol(  (100 µg/ml) YNB

- ( 600nm  (OD600nm) ( 

 

2-2 ( 2-3

(PpADH2 (PpADH2-1-F/ 

PpADH2-1-R PpADH2-2-F/PpADH2-2-R DNA PpAHD2-Zeo-F 

/PpADH2-Zeo-R SK+Zeor PpADH2-1-F/ 

PpADH2-2-R PCR

( TOPO TA cloning  (Thermo Fisher Scientific, Waltham, MA) 

pCR2.1 pSN100 ( PpALD4	 PpACS1

(EcoRI-PpWSC2-1-F/KpnI-PpWSC2-1-R

BamHI-PpWSC2-2-F/ EcoRI-PpWSC2-2-R PpWSC2

pOH102 (PpALD4-1-F/ PpALD4-R PpALD4-2-F/ 

PpALD4-2-R PpALD4-Zeo-F/ PpALD4-Zeo-R

PpALD4 pSN200 (PpACS1-1-F/ PpACS1-1-R PpACS1-2-F/ 

PpACS1-2-R PpACS1-Zeo-F/ PpACS1-Zeo-R

PpACS1 pSN201 ( 

KpnI-PpACS1-F/ SphI-PpACS1-R DNA
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KpnI/SphI pSY004 ( pSN400 (

pOH202 pOH203 pOH204 (pOH202 KpnI/SphI 1.9-kb

PACT1-PpWSC1  pNT205 (Tamura et al., 2010) pOH303 ( 

PpADH2	 PpALD4	 PpACS1

pSN100 pOH200 pOH201 SacI/XhoI BamHI/SpeI BamHI/XhoI

( 

 

pREMI-Z

 (Mukaiyama et al., 2002)(pREMI-Z BamHI YSP1

(

LED illuminator FAS-Digi (

, ) GFP

( EcoRI

( FW-SEQ

RV-SEQ ( 

 

P. pastoris 5 ml YPD 28˚C 30 µl

5 ml SD 28˚C 12 ( 1,500 rpm 

5 5 ml )

28˚C ( IX81  

(Olympus, ) ( charged coupled device (CCD) camera (SenSys; 

PhotoMetrics, Tucson, AZ) MetaMorph software (Universal Imaging, West Chester, 

PA) ( 
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RNA PCR 

YPD (

OD600nm 0.1 ( )

OD600nm 1.0 2 28˚C (

4˚C 1 10,000 x g (RNeasy Mini Kit 

(QIAGEN, Hilden, Germany) total RNA ( RLT buffer 

(QIAGEN, Hilden, Germany) Multi-Beads Shocker (

DNA total RNA DNase I (RNase-Free DNase Set, QIAGEN, 

Hilden, Germany) ( 1 µg total RNA Random Primer 

(Promega, Fitchburg, WI) ReverTra Ace (Toyobo, ) (

ReverTra Ace (. 

PCR (qRT-PCR) Light Cycler Instrument (Roche Diagnostics, Basel, Switzerland) 

(PCR SYBR Premix Ex Taq (Takara) 2-3

GAP1 AOX1 DAS1 FLD1 FDH1 ( Light Cycler software Version 

4.1 ( 

 
 2-1.  

Strain Genotype Reference 

YSP1 arg4 Wiemer et al. (1996) 

SN1001 YSP1, Ppadh2Δ::Zeor This study 

SN1002 YSP1, Ppald4Δ::Zeor This study 

SN1003 YSP1, Ppacs1Δ::Zeor This study 

SN1100 YSP1, arg4::ARG4 This study 

SN1101 SN1001, arg4::ARG4 This study 

SN1102 SN1002, arg4::ARG4 This study 

SN1103 SN1003, arg4::ARG4 This study 

SN1500 PPY12, his4::(PACS1PpACS1-CFP) This study 

SN1500 PPY12, his4::(PACS1PpACS1-CFP), arg4::ARG4 This study 
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 2-2.  

Designation  DNA Sequence 

PpADH2-1-F 5'-CCCGAGCTCCAAATTGCACGACCAGAGTG-3' 

PpADH2-1-R 5'-TTTGAAGCTATGGTGTGTGGGCAATAGGCAGGGTGAAAGGA-3' 

PpAHD2-Zeo-F 5'-TCCTTTCACCCTGCCTATTGCCCACACACCATAGCTTCAAA -3' 

PpADH2-Zeo-R 5'-CCACAACGGTTTGATCACAGAGCTTGCAAATTAAAGCCTTCG -3' 

PpADH2-2-F 5'-CGAAGGCTTTAATTTGCAAGCTCTGTGATCAAACCGTTGTGG-3' 

PpADH2-2-R 5'-CCGCTCGAGATGGTACCCAGGCAAAGAGA-3' 

PpALD4-1-F 5'-CGGGATCCTGTCAGTTCCAGACCAGCAG-3' 

PpALD4-R 5'-TTTGAAGCTATGGTGTGTGGGTTGGGCAAGGAAAAATCAAG-3' 

PpALD4-Zeo-F 5'-CTTGATTTTTCCTTGCCCAACCCACACACCATAGCTTCAAA -3' 

PpALD4-Zeo-R 5'-TCGTTGTAGGTGTTGACCCAAGCTTGCAAATTAAAGCCTTCG -3' 

PpALD4-2-F 5'-CGAAGGCTTTAATTTGCAAGCTTGGGTCAACACCTACAACGA-3' 

PpALD4-2-R 5'-GACTAGTTCCTCGTCCTCGACAAAGTT-3' 

PpACS1-1-F 5'-AACTGCAGGCTCAGCGGTTATGTTGGTT-3' 

PpACS1-1-R 5'-TTTGAAGCTATGGTGTGTGGGACGAGCGTCAGTGAAAGGAG-3' 

PpACS1-Zeo-F 5'-CTCCTTTCACTGACGCTCGTCCCACACACCATAGCTTCAAA -3' 

PpACS1-Zeo-R 5'-ATGGTCCAATCTCTTTTCTGACAAGCTTGCAAATTAAAGCCTTCG -3' 

PpACS1-2-F 5'-CGAAGGCTTTAATTTGCAAGCTTGTCAGAAAAGAGATTGGACCAT-3' 

PpACS1-2-R 5'-GACTAGTCAAAACCTTTTGATCATACTGTGG-3' 

KpnI-PpACS1-F 5'-GGGGTACCCAGCAAAATCATCTGGCTCA-3' 

SphI-PpACS1-R 5'-ACATGCATGCTTTGCGGGCATCCCTTTTAA-3' 

RT-AOX1-F 5'-AGGGCTTCTGAGTCCCAAGG-3' 

RT-AOX1-R 5'-AGCAGAGTCGGAACGACGAC-3' 

RT-DAS1-F 5'-TTGCGTATGGCTGCTCTTCA-3' 

RT-DAS1-R 5'-GGGTTGGACCATCTTCACCA-3' 

RT-FLD1-F 5'-CACGCTTTCTGGTGCAGATG-3' 

RT-FLD1-R 5'-ATCCCCAACCTTCACGGACT-3' 

RT-FDH1-F 5'-GCACATTCCTGACGCTGATG-3' 

RT-FDH1-R 5'-GACACCAGCAACGACCAACA-3' 

RT-ACT1-F 5'-TCCGTATGGATCGGTGGTTC-3' 

RT-ACT1-R 5'-TTGAGGTGCACAATGGATGG-3' 

RT-GAP1-F 5'-CCACCGGTGTTTTCACCACT-3' 

RT-GAP1-R 5'-CACCGACAACGAACATTGGA-3' 

FW-SEQ  5'-GTGGAACGAAAACTCACGTTAAGGGAT-3' 

RV-SEQ  5'-GAGTAAAAAAGGAGTACAAACATTTTGAAGCTATGGTG -3' 
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 2-3.  

Designation  Discription Reference 

pSN100 ΔPpadh2::Zeor This study 

pSN200 ΔPpald4::Zeor This study 

pSN201 ΔPpacs1::Zeor This study 

pSN400 PPpACS1PpACS1-CFP HIS4 This study 

pNT204 pIB1 ARG4 Tamura et al. (2010) 

pSY004 pIB1 CFP HIS4 Yamashita et al. (2009) 

SK+Zeor Zeor Yano et al. (2009) 

pREMI-Z Zeor Mukaiyama et al. (2002) 
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AOX1
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GFP

 ( 2-1)(

2

pREMI-Z PpADH2 

(PAS_chr2-1_0472) PpALD4 (PAS_chr2-1_0853) 

( 

2-1. 
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 ( ) 
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PpAld4 P. pastoris . .
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PpAcs1 (

CoA PpAdh2 PpAld4 PpAcs1

( 

PpADH2�PpALD4�PpACS1 	 
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3 CoA
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.
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 (Takeshige et al., 1992)(
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 (Zaffagnini and Martens, 2016)( 
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2013)( .
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PpAtg30  (Farre et al., 2008)(

PpWsc1 PpAtg30

( 
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Escherichia coli DH10B (Takara, ) (E. coli

LB  (1% tryptone, 0.5% yeast extract, 0.5% NaCl) ( 

     3-1 ( P. pastoris  YPD  (1% yeast 

extract, 2% peptone, 2% glucose) YNB  (0.67% yeast nitrogen base without 

amino acids)(YNB - (2% (wt/vol) glucose 2% 

(vol/vol) glycerol 1% (vol/vol) methanol 1% (vol/vol) ethanol(  (100 µg/ml) 

YNB - ( 600nm  (OD600nm) 

( 

 

3-2 ( 3-3

(PpATG11 (

EcoRI-PpATG11-1-F/ PpATG11-1-R PpATG11-2-F/BamHI-PpATG11-2-R

DNA PpATG11-BSD-F/PpATG11-BSD-R

pPIC6A (Thermo Fisher Scientific, Waltham, MA) 

EcoRI-PpATG11-1-F/ BamHI-PpATG11-2-R

PCR ( EcoRI/BamHI

pUC19 (Takara, ) pIS100 (PpATG30

(HindIII-PpATG30-1F/ PpATG30-1R

PpATG30-2F/ PstI-PpATG30-2R DNA

PpATG30-BSD-F/PpATG30-BSD-R

Zeocin SK-Zeor Blasticidin

pPIC6A

HindIII-PpATG30-1F/ PstI-PpATG30-2R

PCR ( KpnI/PstI pIB1 (Sears et al., 1998) 
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pOH104 pOH105 (PpMPK1

(NotI-PpMPK1-1-F/KpnI-PpMPK1-1-R SacI-PpMPK1-2-F/ 

NotI-PpMPK1-2-R DNA (

KpnI-PpMPK1-1-R/SacI-PpMPK1-2-F

PCR ( KpnI/SacI SK-Zeor

PpMPK1 pIS101 ( PpRLM1	 PpSWI4

(NotI-PpRLM1-1-F/KpnI-PpRLM1-1-R

SacI-PpRLM1-2-F / NotI-PpRLM1-2-R PpRLM1

pOH103 (NotI-PpSWI4-1-F /�KpnI-PpSWI4-1-R SacI-PpSWI4-2-F 

/ NotI-PpSWI4-2-R PpSWI4

pOH106 (PpATG30 XhoI-PpATG30-subclo-F/�

SphI-PpATG30-subclo-R DNA ( XhoI/SphI

pSY006 (Ohsawa et al., 2017) pRN001 (KpnI-PACTI-F/ 

SpeI-PpWSC1-subclo-R KpnI-PACTI-F/ SpeI-PpWSC1(310-316∆)-R

pOH202 (Ohsawa et al., 2017) 

KpnI/SpeI pNT206 (Tamura et al., 2013) pOH213

pOH214 (XmaI-MPK1-F/(YFP)-PpMPK1-R (PpMPK1)-YFP-F/BamHI-YFP-R

DNA pNT205 (Tamura et al., 2013) (

XmaI-MPK1-F/BamHI-YFP-R

PCR ( XmaI/BamHI pNT204 (Tamura et al., 

2013) pIS001 (PpMPK1 pIS001

PpMPK1(T188AY190F)-F/PpMPK1(T188AY190F)-R

inverse PCR pIS002 ( 

PpWSC1 pOH100 EcoRI (

PpATG11 pIS100 EcoRI/BamHI (

PpATG30 pOH104 pOH105 HindIII/PstI

(PpMPK1	 PpRLM1 PpSWI4 pIS101 pOH103
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pOH106 NotI ( P. pastoris

( PCR

( 

 

lysis buffer [50 mM Tris-HCl pH 8.0, 1 mM PMSF, 1 mM EDTA, 

EDTA-free complete protease inhibitor cocktail (Roche diagnostics), phosphatase inhibitor 

PhosSTOP (Roche diagnostics)] Multi-Beads Shocker ( , ) 

( 10,000 x g 5 4˚C  sample buffer (125 

mM Tris-HCl pH 6.8, 4% SDS, 20% glycerol, bromophenol blue, 10% 2-mercaptoethanol) 

5 ( 12% SDS-PAGE

 (ATTO, ) PVDF

( TBS-T 1000

anti-HA (F7; Santa Cruz Biotech, Dallas, TX) anti-beta actin (Abcam, Cambridge, UK) 

( TBS-T TBS-T

10,000 anti-mouse-HRP (Merck Millipore, Darmstadt, Germany) 

1 ( Western Lightning (Perkin-Elmer Life Science, 

Waltham, MA) Light Capture system (ATTO) ( 

 

Pex11-YFP  

2 OD 1 ml solution I (0.2 N NaOH, 0.5% (v/v) 

2-mercaptoethanol) - 10 (0.1 ml TCA  (100% 

(w/v)) - ( 20,000 x g 4 °C 5

1 ml - (

20,000 x g 4 °C 5 1 (

80 µL sample buffer -

65˚C 10 ( 20,000 x g	 1
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10 µL SDS-PAGE ( anti-GFP antibody (JL-8; 

Takara, ) TBS-T 1000 (  

 

P. pastoris 5 ml YPD 28˚C 30 µl

5 ml YPD  28˚C5 ( 1,500 rpm 

5 0.93 µg/ml FM4-64 

(Molecular Probes, Eugene, OR) 5 ml 24

IX81  (Olympus, ) (

charged coupled device (CCD) camera (SenSys; PhotoMetrics, Tucson, AZ) 

MetaMorph software (Universal Imaging, West Chester, PA) ( 

 

10,000 x g 2 2 µl

( Porapak Q (Agilent technologies, Santa Clara, CA)

120 180 180

( 
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 3-1.  

�Strain  Genotype  Reference  

PPY12 arg4 his4 (parental strain) Sakai et al. (1998) 

OH2002 GS115, his4::(PACT1PpATG30-3xHA) This study 

IS10020 GS115, PAOX1CFP-SKL::HIS4 This study 

IS17020 IS10020, Ppatg30::BSD This study 

IS20000 PPY12, PPEX11PpPEX11-YFP::ARG4 This study 

IS20009 IS20000, his4::HIS4 PPEX11PpPEX11-YFP::ARG4 This study 

IS20110 PPY12, Ppatg11:: BSD, PATG30PpATG30-3xHA:: HIS4 This study 

IS20111 IS20110, arg4::ARG4 This study 

IS22110 IS20110, Ppmpk1::Zeor This study 

IS22111 IS22110, arg4::ARG4 This study 

IS22112 IS22110, PMPK1PpMPK1-YFP::ARG4 This study 

IS22113 IS22110, PMPK1PpMPK1(TAYF)-YFP::ARG4 This study 

IS23110 IS20110, Pprlm1::Zeor This study 

IS23111 IS23110, arg4::ARG4 This study 

IS23116 IS20110, Ppswi4::Zeor This study 

IS23116 IS23116, arg4::ARG4 This study 

IS24110 IS20110, Ppwsc1::Zeor This study 

IS24111 IS24110, arg4::ARG4 This study 

IS24112 IS24110, PACT1PpWSC1-5xFLAG::ARG4 This study 

IS24113 IS24110, PACT1PpWSC1(310-315∆)-5xFLAG::ARG4 This study 

IS27009 IS2009, Ppatg30::Zeor This study 

IS27009 IS2009, Ppwsc1::Zeor This study 
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Designation  DNA Sequence 

PpATG11-BSD-F 5'-GGATCTCAACAAACTGCGGTAGCCCACACACCATAGCTTC-3' 

PpATG11-BSD-R 5'-CAGTCCATCGATCTCCGTTTTTGTAATAGAACAAGAAAAATGA

AACTGA-3' 

EcoRI-PpATG11-1-F 5'-CGGAATTCAACGCAACACAAGTCCTTCC-3' 

PpATG11-1-R 5'-GAAGCTATGGTGTGTGGGCTACCGCAGTTTGTTGAGATCC-3' 

PpATG11-2-F 5'-TCAGTTTCATTTTTCTTGTTCTATTACAAAAACGGAGATCGATG

GACTG-3' 

BamHI-PpATG11-2-R 5'-CGGGATCCGGAGACGACACCACATTGAA-3' 

HindIII-PpATG30-1F 5'-CCCAAGCTTTGCCATTTAGCTCCCTGATT-3' 

PpATG30-1R 5'-GAAGCTATGGTGTGTGGGCTATATTCTTGCTCGGCATCGT-3' 

PpATG30-2F 5'-CGAAGGCTTTAATTTGCAAGCTCCAATTCCCAGTCCACATCT-3' 

PstI-PpATG30-2R 5'-TGCACTGCAGTGCCAAGTCTGACTCCCTTT-3' 

PpATG30-BSD-F 5'-ACGATGCCGAGCAAGAATATAGCCCACACACCATAGCTTC-3' 

PpATG30-BSD-R 5'-AGATGTGGACTGGGAATTGGAGCTTGCAAATTAAAGCCTTCG-3' 

NotI-PpMPK1-1-F 5'-CGATTATTTCTTCGGTGCCTGCGGCCGCCCTGAAGAGGGGAAA

GAAGG-3' 

KpnI-PpMPK1-1-R 5'-GGGGTACCCACCTTTTTGATGGCCACTT-3' 

SacI-PpMPK1-2-F 5'-CCCGAGCTCCGGATTGGATCGGTATGGTA-3' 

NotI-PpMPK1-2-R 5'-CCTTCTTTCCCCTCTTCAGGGCGGCCGCAGGCACCGAAGAAAT

AATCG-3' 

NotI-PpRLM1-1-F 5'-ATTGCCAGAAAGCAACGTCTGCGGCCGCAACTCATCAGGCGTG

CTTTT-3' 

KpnI-PpRLM1-1-R 5'-GGGGTACCAAAGCCCAGCTTTCCTCTTC-3' 

SacI-PpRLM1-2-F 5'-CCCGAGCTCCGAGATTTCCAAGCAGTGTG-3' 

NotI-PpRLM1-2-R 5'-AAAAGCACGCCTGATGAGTTGCGGCCGCAGACGTTGCTTTCTG

GCAAT-3' 

NotI-PpSWI4-1-F 5'-GAGTGGACGTCAGCATTTCAGCGGCCGCGGAGCATCGAGTGTG

TTGTG-3' 

KpnI-PpSWI4-1-R 5'-GGGGTACCACCTCCTTGGATCCTCTGGT-3' 

SacI-PpSWI4-2-F 5'-CCCGAGCTCCGCATGAAGCTGGTAAATGA-3' 

NotI-PpSWI4-2-R 5'-CACAACACACTCGATGCTCCGCGGCCGCTGAAATGCTGACGTC

CACTC-3' 

�

3
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 3-2. 1	  

Designation  DNA Sequence 

XhoI-PpATG30-subclo-F 5'-CCGCTCGAGGGCGATGAGAGGAAGCATTA-3' 

SphI-PpATG30-subclo-R 5'-ACATGCATGCTAAAATCTCCTGTTTGAGCTTTGA-3' 

KpnI-PACTI-F 5'-GGGGTACCTCGCTGGTAATCCCGGCT-3' 

SpeI-PpWSC1-subclo-R 5'-GGACTAGTAGCATCATCAGGATTTGCTACC-3' 

SpeI-PpWSC1(310-316∆)-R 5'-GGACTAGTAGCATCCACCTTCCTGGAGTAATCTGCT-3' 

XmaI-MPK1-F 5'-TTCCCCCCGGGTCGAGAAAACGCAAACTCTG-3' 

(YFP)-PpMPK1-R 
5'-CATGCCTGCAGCTCGAGCTGTGTACCATACCGATCCAATC

-3' 

(PpMPK1)-YFP-F 
5'-GATTGGATCGGTATGGTACACAGCTCGAGCTGCAGGCAT

G-3' 

BamHI-YFP-R 5'-CGCGGATCCTTACTTGTACAGCTCGTCCATGC-3' 

PpMPK1(T188AY190F)-F 5'-TTTCTTGCTGAATTTGTTGCTACCAGGTGGTAT-3' 

PpMPK1(T188AY190F)-R 5'-AGCAACAAATTCAGCAAGAAAGCCAGCATTCTT-3' 

 
 3-3.  

�Designation  Discription Reference 

pIS100 ΔPpatg11::Bsdr This study 

pOH105 ∆Ppatg30::Zeor This study 

pOH104 ΔPpatg30::Bsdr This study 

pOH100 ∆Ppwsc1::Zeor Ohsawa et al. (2017) 

pIS101 ΔPpmpk1::Zeor This study 

pOH103 ∆Pprlm1::Zeor This study 

pOH106 ∆Ppswi4::Zeor This study 

pRN001 PATG30PpATG30-3xHA HIS4 This study 

pOH213 PACT1PpWSC1-5xFLAG ARG4 This study 

pOH214 PACT1PpWSC1(310-316∆)-5xFLAG ARG4 This study 

pIS001 PMPK1PpMPK1-YFP ARG4 This study 

pIS002 PMPK1PpMPK1(TAYF)-YFP ARG4 This study 

pYA006 PAOX1CFP-SKL HIS4 Ano et al. (2005) 

pNT206 pIB1 5xFLAG ARG4 Tamura et al. (2013) 

pSY006 pIB1 3xHA HIS4 Ohsawa et al. (2017) 
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PpWsc1 PpAtg30  

. Wsc

PpWsc1

( PpWsc1

PpAtg30 -

. ( PpAtg30

PpATG11  (Ppatg11∆) PpWSC1  

(Ppwsc1∆Ppatg11∆) PpAtg30 (

PpAtg30 SDS-PAGE

. 1  (Farre 

et al., 2008)( . PpAtg30

36  ( 3-1A)(

0.5% Ppwsc1∆Ppatg11∆ 24

0.15%

 ( 3-1A)( 1.0% .

24 0.6% PpAtg30

 ( 3-1A, B)( PpWsc1

PpAtg30 3 ( PpWsc1

PpRom2 PpWsc1(310-316∆) 

Ppwsc1∆Ppatg11∆ PpAtg30 - (

PpWsc1-3xHA PpAtg30

 ( 3-1C)( PpWsc1(310-316∆)-3xHA (

PpWsc1 PpRom2 PpAtg30

( 
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PpMpk1 PpAtg30  

Wsc MAP

PpMPK1 (XP_002493131.1) P. pastoris (PpMpk1

PpAtg30 (Ppmpk1∆ 

Ppatg11∆ . PpAtg30 24

 ( 3-2)( PpMpk1-YFP PpAtg30
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PpMpk1(TAYF)-YFP
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