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Figure S1. The SDS-PAGE profiles of Arabidopsis PGDH used in this study. Equal amounts of the proteins 
(1 μg each) were loaded into each lane. (A) PGDH1, PGDH2, and PGDH3. (B) PGDH1 wild type (WT) and 
Cys-substituted mutants (C102S and C86S/C102S).



Arabi PGD   --------DG SKPTILVAEK LGDAGIKLLE DVANVDCSYN MTPEELNIKI 
Arabi PGD   YNP-----TL PKPRILVTEK LGEAGVNLLR EFGDVDCSYD LSPEDLKKKV 
Arabi PGD   ---------G GKPTILVTEK LGQAGIDLLK KYANVDCSYD LSLEELCTKI 
oryza PGD   --------LW PKPAVLVAEK LSEAGLAVLR GFADVECAYG MSPAELLAKV 
oryza PGD   --------VP GKPTVLVAEK LGAAGLELLR GFANVDCSYG LSPEELRAKI 
Oryza PGD   ---------- -RPTVLVTEK LGDAGLELLR RFANVDCAYE LTAEELRAKV 
tabacco P   --------MD AKPTVLVAEK LGEAGLNLLK EFANVDCSYN LSPEELCTKI 
tabacco P   ARDLDGVVSI PKPTILVSEK LGEAGLDLLR SFGNVDCSYD LSPQDLCAKI 
tabacco P   --------MG AKPTVLVAEK LGEAGVDLLK EFADVDCSYN LSPEELRNKI 
SoPGDH1     --------VD AKPTVLVAEK LGDAGLDLLK SFANVDCSYN LTPEELCTKI 
SoPGDH2     TGE-----KQ TRPMILVSEK LGEAGLSVLR EFGDVDCLYD LTPEDLCNKI 
PtPGDH1     --------LN SKPTVLVAEK LGEAGINLLK DFANVDCSYN LSPDELCTKI 
PtPGDH2     VGGQDADSQE TKPTILVSEK LGEAGLELLR SFGDVDCSYD LSQEDLCKKI 
PtPGDH3     --------AD PKPTVLVAEK LGKAGLELLK TFANVDCSYN LSPEELCTKI 
PpPGDH1     TKNEKSVAKP ---TVLVAEK LGAAGIELLE KVAVVDCSYN LSQEDLCAKI 
PpPGDH2     SDGQKSVAKP ---TVLVAEK LGAAGIELLE KMAVVDCSYN LSQEDLCAKV 
PpPGDH3     TEEAVKTRNP DLATVLVAEK LGEGGLDLLR KVSNVDALYN LTNDELCEKI 
PpPGDH4     SEQSNQSRNP DLATVLVSEK LGDGGLDILR KVSNVDCIYN LTNEELCAKI 
Mp PGDH     SASTEIVGKP ---TVLVAEK LGEAGLELLK KIANVDCSYN LSQEELCAKI 
VcPGDH      ---------- ---------K GSTAGIDLLR RSCNVELAYD LTPEELCAKA 
chlamy PG   ---------- --ATVLVTEK LGDAGLDRLR LTCNVETAYG LTQEELCAKV 
Anabaena    ---------- -MSKVLVSDP IDQAGIDILS QVATVDVKTG LKPAELIEII 
Synechoco   ---------- -MPKVLVSDP IDQVGLDILS QVAQVDVKTG LSPSELAQII 
synecho P   ---------- -MAKVLVSDS IDQVGIDILK QVAQVDVKTG LSEAEIIDIV 
        
      
Arabi PGD   VGKTLAVLGF GKVGTEVARR AKGLGMRVIA HDPYAPADRA HAIGVDLVSF 
Arabi PGD   VGKTLAVMGF GKVGTEVARR AKGLGMTVIS HDPYAPADRA RALGVDLVSF 
Arabi PGD   VGKTLAVLGF GKVGSEVARR ARGLGMHVIT HDPYAPADRA RAIGVELVSF 
oryza PGD   VGKTLAVMGF GKVGSEVARR AKGLGMHVIA HDPYAPADRA RAIGAELVSF 
oryza PGD   VGKTIAILGF GKVGSEVARR AKGLGMHVIA HDPYASADRA HAIGVELVSM 
Oryza PGD   VGKTLAIMGF GKVGSEVARR AKGLGMDIIS HDPYAPVDRA RAIGVDLVSF 
tabacco P   VGKTLAVMGF GKVGSEVARR AKGLGMHVIA HDPYAPADRA RAIGVELVSF 
tabacco P   VGKTLAVMGF GKVGSEVARR AKGLGMHVIA HDPYAPADRA RAIGVDLVSF 
tabacco P   VGKTLAVMGF GKVGSEVARR AKGLGMHVIA HDPYAPADRA RAIGVELVSF 
SoPGDH1     VGKKLAVMGF GKVGTEVARR AKGLGMHVIA HDPYAPADRA RAIGVELVSF 
SoPGDH2     VGKTLAIMGF GKVGSEVARR AKGLGMHVIA HDPYAPADRA RAVGVELVSF 
PtPGDH1     VGKTLAVMGF GKVGSEVARR AKGLGMHVIA HDPYAPADRA RAIGVELVSF 
PtPGDH2     VGKTLAVMGF GKVGSEVARR AKGLGMQVIA HDPYAPADRA RAIGVELVSF 
PtPGDH3     VGKTLAVIGF GKVGSEVARR AKGLGMHVIA HDPYAPADRA RAIGVDLLTF 
PpPGDH1     VDKTLAVMGF GKVGSEVARR AKGLGMHVVA YDPYASAERA KAVGVELVNF 
PpPGDH2     VDKTLAVMGF GKVGSEVARR AKGLGMTVVA HDPYASAERA KALGVELVSF 
PpPGDH3     VDKTLAVMGF GKVGSEVARK AKGLGMHVIS HDPYASADRA RAIGVELVSF 
PpPGDH4     VDKTLAVMGF GKVGSEVARK AKGLGMHVIS HDPYASADRA RAIGVELVSF 
Mp PGDH     VDKTLAVMGF GKVGSEVARR AKGLGMQVIA HDPYAPADRA RAIGVELVSF 
VcPGDH      AGKTLAVYGF GKVGSEVARR AKGLGMLVLA YDPYTSNEKA AAQGVQLVSF 
chlamy PG   AGKTIAVYGF GKVGSEVSRR ARGLGLTVVA YDPYASAEKA AAQGVQLVTF 
Anabaena    YKKTLGVVGL GKIGSHVASV AKAMGMKLLA YDPFISTERA EQLGCQLVDL 
Synechoco   YKKTLGVVGL GKIGSHVATV AKAMGMKLLA YDPFISAERA EQIGARLVEL 
synecho P   YKKTLGVVGL GKIGSHVAGV AKAMGMKLLA YDPFISQERA DQIGCTLVDL 
        
       
Arabi PGD   EAQEGVAIEI AEAVVGALNG ELAATAVNAP MVSAEVLTEL KPYVVLAEKL 
Arabi PGD   EAQEGVAIEI AEAVAGALKG ELSATAVNAP MVAPEVLSEL TPYIVLAEKL 
Arabi PGD   EAQEGVSIEV AEAVIGALRG ELAATAVNAP MVPLEVLREL KPYVVLAEKL 
oryza PGD   EAQEGVAIEI AEAVVGALRG ELAATAVNAP MVPAEVMSEL APYVSLAEKL 
oryza PGD   EAQEGVAIEI AEAVIGALKG ELAASAVNAP MVPAEVLSEL APYVVLAEKL 
Oryza PGD   EAQEGVALEI AEAVLGALKG ELAATAVNAP MVPAEVLSEL SPYVILAEKL 
tabacco P   EAQEGVAIEV AEAVVGALKG ELSATAVNAP MVPAEVLSEL KPYVVLAEKL 
tabacco P   EAQEGVAIEI AEAVVGALNG ELSATAVNAP MVPPEVLSEL APYVVLAEKL 
tabacco P   EAQEGVAIEI AEAVVGALKG ELAATAVNAP MVPAEVLSEL KPFVELAEKL 
SoPGDH1     EAQEGVAIEI AEAVIGALNG ELAATAVNAP MVPAEVLIEL KPYVELAEKL 
SoPGDH2     EAQEGVAIEI AEAVTGALKG ELSATAVNAP MVPAEVLSEL APYIQLAEKL 
PtPGDH1     EAQEGVAIEI AEAVVGALKG ELASTAVNAP MVPAEVLTEL KPFVELAEKL 
PtPGDH2     EAQEGVAIEI AEAVVGALQG ELAATAVNAP MVPAEVLSEL APYVVLAEKL 
PtPGDH3     EAQEGVAIEV AEAVIGALKG ELAATAVNAP MVTAEVLTEL APFVTLSEKL 
PpPGDH1     EAQEGVAVEI AEAVAGALAG ELSATAVNAP MVPAEVITEL APYVSLAERL 
PpPGDH2     EAQEGVAVEI AEAVAGALAG ELSATAVNAP MVPAEVITEL APYVTLAERL 
PpPGDH3     EAQEGVAVEI AEAVAGALAG ELAATAVNAP MVPAEVITEL APYVTLAEKL 
PpPGDH4     EAQEGVALEI AEAVAGALAG DLAATAVNAP MVPAEVIAEL TPYVVLAEKL 
Mp PGDH     EAQEGVAVEI AEAVVGALQG ELAATAVNAP MVPAEVLAEL SPYVTLAERL 
VcPGDH      EAQEGVATEV VEAVMEALAG RPCSNAVNAP MVPLELLEEL QPYMALAEGL 
chlamy PG   EAQEGVALEV VEAVVDALAG NLSVNAVNAP MVPAEILREL QPYIVLAEGL 
Anabaena    EAQVNVAIDV AEQIRDVLLG LPARSAVNIP GLSPDILEEL KPYMQLAETL 
Synechoco   EAQVNVAVDV AEQIRDVLLG LPARSAVNIP GLYPDILEKL RPYLQLAETL 
synecho P   EAQVNVAVDV AEQIRDVLLG LPARSAVNIP GLTPDVMEKL RPYLKLAETL 
        
        
Arabi PGD   SSLSE-SGEV KVEGKVKDGV PHLTKVGSFE VDVTLEGSII LCRQVDQPGM 
Arabi PGD   GAVSD-AGDI SIEGKVKYGV PHLTCVGSFG VDVSLEGNLI LCRQVDQPGM 
Arabi PGD   SALSE-SGEI KVEGRVKQGV PSLTKVGLFG VDVSLEGSVI LCRQVDQPGM 
oryza PGD   GAISD-GGDI VLEGRVKYGV PHLTVVGPYE VDVSLEGNLI LCRQIDQPGM 
oryza PGD   SAISE-SGEI TVEGKVKDGI PHLTKVGSFQ VDVSLEGSLI LCRQVDQPGM 
Oryza PGD   GALSD-EGDI RVEGEVKDGK PHLTLVGPFS VDVSLEGNLI LCRQVDQPGI 
tabacco P   SAISD-SGEI RVEGRVKDGV PHLTKVGSFE VDVSLEGSII LCSQVDQPGM 
tabacco P   SALSE-NGNI SIEGKVKYGV PHLTRVGSFS VDVSLEGNLI LCKQVDQPGM 
tabacco P   SAVSD-SGEI RVEGRVKDGI PHLTKVGSFE VDVSLEGSII LCRQVDQPGM 
SoPGDH1     SAISD-SGEI RLEGRVKDGI PHLIKVGSFE VDVSLEGSII LCRQVDQPGM 
SoPGDH2     STISE-KGDI SIEGKVKDGI PHLTRVGSFA VDVSLEGNII LCRQVDQPGM 
PtPGDH1     SAISE-TGEI KVEGRVKDGI PHLTRVGSFE VDVSLEGSII LCRQVDQPGM 
PtPGDH2     SGVSE-GGDI SIEGRVKYGK PHLTRVGSFS VDVSLEGNLI LCRQVDQPGM 
PtPGDH3     TAISD-SGEI KVEGRVKDGK PHLTKVGSFG VDVSMEGSLV LCRQVDQPGM 
PpPGDH1     SSES--NGAI TLEGKVKDGV PYLSRVGSFS VDVSLEGSII LYRQVDQPGM 
PpPGDH2     SAISG-NGSI TLEGKVKDGV PYLSKVGDFG VDVSLEDSII LCRQVDQPGM 
PpPGDH3     SATGDLTRSI TLEGKVKDGV PHLSKVGNFN VDVSLEGSII FYRQVDQPGM 
PpPGDH4     SARGDHSRSI TLEGKVKDGV PHLSKVGNFS VDVSLDGNVI LYRQVDQPGM 
Mp PGDH     TAMS--SGDI TLVGTVKGGV PHLSKVGGFS VDVSLEGSII LCRQVDQPGM 
VcPGDH      AAVDR-TQRI YVEGKVAGGQ PFLTKIGNFD VELAMGGSVL LTRQRDQPGI 
chlamy PG   AAVDS-GNTY GRWAEAPWSK AGVGGQHDAE VASSLPFPSG MCVGLAGPGE 
Anabaena    HSVTG----- ---ALLGDKE IHLTDVDGFP INVPPSKYML FTLHRDMPGI 
Synechoco   HRVMG----- ---ALLGDGE IRITNVDEFP VNVPPSRYML FTRHRDMPGI 
synecho P   HSATG----- ---ALLSNGE IRITDVDEFP INVPPNNYML FTLHRDMPGI 

Arabi PGD   SSRSPLPSAI SVAFPSRGRN TLQR---RLV LVSCSTG--- ---------- 
Arabi PGD   VKLTAISAAL KTVEQTTLTE DNR------F STVGSD---- -------SDE 
Arabi PGD   VF--PIRQRR RIILVTSSSS GG-------- ---------- ---------- 
oryza PGD   PRRRSVRSAV ISSSASAAAV AASEPAAGRV TLGAGTDGA- ---------- 
oryza PGD   LLRLPLRAAR RGRLSAAAAA AAPAASTAAP SEPAAGA--- ---------- 
Oryza PGD   PHRRASPLRR RGRLFLACRV PAAAPSARGV AAEAAAG--- ---------- 
tabacco P   SWKTQLASTS AFGISGVSLR RRSS---SHR QFVVFS---- ---------- 
tabacco P   SSSLKLFHSV SASFSPSNSS S---TICNVI KTVESADIS- -------FSN 
tabacco P   SWKTRIGSSS VFAVAALSPR RDQR---QYP RFVIFS---- ---------- 
SoPGDH1     SLSSKLSVTP SISLFSHNPL RRLTPAASQK KFTVSAS--- ---------- 
SoPGDH2     KNLINLSLKK SKHLNSVVTK NALNTNTIDL STTTKEPSVG -------SNG 
PtPGDH1     SSLSLISTN- --KLPTFSPL HTSS--RRQR FIVLFAS--- ---------- 
PtPGDH2     PISLKLSHSR NSFLNSHSSS SRSLSIKNAT KTIESAETSR -------VSK 
PtPGDH3     SWKHSFPSPF TTANCTRRQD RKAY----RF VVFATVL--- ---------- 
PpPGDH1     VLASRAGVSG RVVNVGVRWV GAVK-VMAVN SASTAAAS-- -------PTA 
PpPGDH2     VFVSKAGVYS RGPNVGSRRV GASKRVVAVN SAAAASSSSS SSSAVAVPTS 
PpPGDH3     FQTSSSLIAK GTTTICTLPK SRSLAVKAVV TNSSATVS-- -------KTP 
PpPGDH4     LHKNS--LET RRQPVCSRRH SVVMNVTTTH S-SSPAVT-- -------QTL 
Mp PGDH     ASFQSLSASC KTARSARAVS KKVGGRQIVC SVAAPSTS-- --------PR 
VcPGDH      ---------- ---------- ---------- ---------- ---------- 
chlamy PG   AWSLADRAVR RSAAAARRPA AGRRCCARVE AVYATHR--- ---------- 
Anabaena    ---------- ---------- ---------- ---------- ---------- 
Synechoco   ----MIGRIC GSSIPVARWL T--------- ---------- ---------- 
synecho P   ---------- ---------- ---------- ---------- ----------

        
Arabi PGD   LVVNAPTANT IAAAEHGIAL MAAMARNVAQ ADASVKAGEW KRNKYVGVSL 
Arabi PGD   LVVNAPTANT VAAAEHGIAL LASMARNVAQ ADASIKAGKW ERSKYVGVSL 
Arabi PGD   LVVNAPTANT VAAAEHGIAL LTAMARNIAQ ADASIKAGKW TRNKYVGVSL 
oryza PGD   LVVNAPTANT VAAAEHGIAL LASMARNVSQ ADAALKAGKW QRTKYVGVSL 
oryza PGD   LVVNAPTANT VAAAEHGIAL LTAMSRNIAQ ADASLKAGKW QRNKYVGVSL 
Oryza PGD   LVVNAPTANT VAAAEHAIAL LAAMARNVAQ ADASLKAGKW QRNKYVGVSL 
tabacco P   LVVNAPTANT VAAAEHGIAL LTAMARNIAQ ADASVKAGKW LRNKYVGVSL 
tabacco P   LVVNAPTANT IAAAEHGIAL LTSMARNVAQ ADASMKAGKW LRSKYVGVSL 
tabacco P   LVVNAPTANT VAAAEHGIAL LTAMARNIAQ ADASVKAGKW LRNKYVGVSL 
SoPGDH1     LVVNAPTANT VAAAEHGIAL LTAMSRNVAQ ADASVKAGEW KRNKYVGVSL 
SoPGDH2     LVVNAPTANT IAAAEHGIAL LTSMARNVAQ ADASMKAGKW GRSKYVGVSL 
PtPGDH1     LVVNAPTANT IAAAEHGIAL LAAMARNVAQ ADASVKAGKW QRNKYVGVSL 
PtPGDH2     LVVNAPTANT VAAAEHGIAL LAAMARNVAQ ADASMKAGQW QRNKYVGVSL 
PtPGDH3     LVVNAPTANT IAAAEHGIAL LTAMARNIAQ ADASLKAGKW QRSKYVGVSL 
PpPGDH1     LVVNAPTANT VAAAEHGIAL LTAMARNVAQ ASASMKAGKW QRNKWVGVSL 
PpPGDH2     LVVNAPTANT VAAAEHGISL LTAMARNVAQ ASASMKAGKW QRNKWVGVSL 
PpPGDH3     LVVNAPTANT VAAAEHGIAL LTAMARNAAP ADASMKSGKW ERSKYVGVSL 
PpPGDH4     LVVNAPTANT VAAAEHGIAL LTAMARNVAP SDSSMKSGKW ERNKYVGVSL 
Mp PGDH     LVVNAPTANT IAAAEHGIAL LTALARNVAQ ASASMKAGEW KRNKYVGVSL 
VcPGDH      LVVNAPTANT LAAAEHGIAL LCAMARNIPQ ADAAMKSGRW DRSSFLGTSL 
chlamy PG   LVVNAPTANT VAAAEHGIAL LCAMARNIPQ ADASMKAGSW DRSAYVGTSL 
Anabaena    VVVNSPEGNT IAAAEHALAM MLSLSRHIPD ANASVKRGEW DRKTFVGAEV 
Synechoco   VVVNSPEGNT IAAAEHTLAM MLSLSRHIPD ANASTKSGGW DRKSFVGTEV 
synecho P   VVVNSPEGNT IAAAEHALAM MMALARHIPD ANKSVKESKW ERKQFIGTEV 
        
        
Arabi PGD   ALVRALDAGI VAQAALDVFT KEPPAKDS-- -KLVQHERVT VTPHLGASTM 
Arabi PGD   ALVRALDAGI VAQAALDVFC EEPPSKDS-- -RLIQHENVT VTPHLGASTK 
Arabi PGD   ALLRALDSGI VAQAALDVFT VEPPVKDN-- -KLVLHESVT ATPHLGASTM 
oryza PGD   ALVRALDSGK VAQAALDVFT EEPPAKDS-- -KLVLHENVT VTPHLGASTV 
oryza PGD   ALVRALDSGI VAQAALDVFT KEPPAPDS-- -KLVLHENVT VTPHLGASTV 
Oryza PGD   ALLRALDNGT VSQAALDVFT EEPPPKDS-- -KLVHHEHVT VTPHLGASTS 
tabacco P   ALVRALDAGI VAQAALDVFT VEPPPKDS-- -KLIQHENVT ATPHLGASTM 
tabacco P   ALVRALDSGI VAQAALDVFT VEPPPKDS-- -KLVQHENVT VTPHLGASTK 
tabacco P   ALVRALDAGI VAQAALDVFT VEPPSKDS-- -KLIQHENVT ATPHLGASTM 
SoPGDH1     ALVRALDSGI VAQAALDVFT QEPPAKDS-- -KLIQHERVT ATPHLGASTM 
SoPGDH2     ALIRALDTGI VAQAALDVFS EEPPSKDS-- -KLVQHQNVT VTPHLGASTK 
PtPGDH1     ALVRALDAGI VAQAALDVFT VEPPPQDS-- -KLVQHERVT VTPHLGASTM 
PtPGDH2     ALVRALDSGK VAQAALDVFT EEPPPKDS-- -KLVQHERVT VTPHLGASTK 
PtPGDH3     ALVRALDSGI VAQAALDVFT EEPPPKDS-- -RLVLHENVT VTPHLGASTT 
PpPGDH1     ALVRALDAGI VAQAALDVFT VEPPPEGD-- -ALVNHENVI VTPHLGASTM 
PpPGDH2     ALVRALDAGI VAQAALDVFT VEPPKEGD-- -ALVNHENVI VTPHLGASTM 
PpPGDH3     ALLRAIDSGV VAQAALDVFT TEPPKEGDSS WALVQHKNVT ATPHLGASTV 
PpPGDH4     ALLRALDSGI VAQAALDVFA VEPPKGGDSS FALVQHKNVI ATPHLGASTV 
Mp PGDH     ALVRALDSGI VAQAALDVFT VEPPAKDD-- -KLIQHENVV VTPHLGASTM 
VcPGDH      ALLGALEARV VVQAALDVFL KEPPDFED-- HPLICRPDVI CTPHLGASTL 
chlamy PG   ALLRALESKQ VAQAALDVFL EEPPSFEN-- HPLVHRPDVI CTPHLGASTT 
Anabaena    ALATAIKEGK IGGAALDVYE SEPLG-ES-- ELRSLGKDLI LTPHLGASTS 
Synechoco   ALADAIAAGK IGGAALDVYD QEPLQADS-- PLRALGKNLI LTPHLGASTT 
synecho P   ALVTAIETAQ IGGAALDVFA QEPLG-ES-- RLREFS-NVI LTPHLGASTE 
        
        
Arabi PGD   VYVNLVNADF TAKQRGLRLS EERVLLDG-S PESPLETITV QLSNVESKFA 
Arabi PGD   SYVNLVNADF IAKQKGLRIS EERMVVDS-S PEYPVDSIQV QILNVESNFA 
Arabi PGD   VFINLVNSDY IAKQRGVKIS EERMVLDG-S PENPIEYITV RIANVESRFA 
oryza PGD   TFVNLVNADY TAKQRGLRIT EERVSHESPA AEAPLESIQV RLSHVQSKFA 
oryza PGD   VFVNLVNADF TAKQRGVRIT EERILLDG-S PETPIDYIQV HIAHVESKFP 
Oryza PGD   AFVNIVNADY VAKQRGLRIS EERILLDG-S PEIPIDSIQV HLANVESKFA 
tabacco P   VFINLVNADF TAKQRGLRIA EERILLDG-S PESPVEFIQV QIANVESKFA 
tabacco P   TIINLVNADF SAKQKGLRIS EERVIVDS-S PEYPVESIQV QISNVQSRFA 
tabacco P   AFVNLVNADF TAKQRGLRIA EERSLLNG-S PESPLEFIRV QIANVESKFA 
SoPGDH1     TFVNLVNADF TAKQRGLRIT EERVLLDG-S PESPLESIQV QIANVESKFA 
SoPGDH2     MHINLVNADF TAKQKGLRIT EERVSADS-S HENPIHSLQI QIPNVQSKFE 
PtPGDH1     VFVNLVNADF SAKQRGLRIS EERILLDG-S PESPLDFIQV QIANVESKFA 
PtPGDH2     SFINLVNADF TAKQKGLRIS EERVVVDT-S PEFPIHSIQV QLSNVDSKFG 
PtPGDH3     VYINLVNADF TAKQRGLRII EERFLLDG-S PENPLEFIQV QIANVESKFA 
PpPGDH1     AFINLVNADY VAKQRGLKIS EERQPTDG-A IEVPLQSISV MISGVESKFA 
PpPGDH2     AFINLVNADY VAKQRGLKIS EERQPTDG-A IEVPLETITV TIAGVKSKFA 
PpPGDH3     AFINLVNADY VAKQRGLKIS EEREASVS-A AGAPLESVSV TIADVDSKFA 
PpPGDH4     AIINLVNADY VAKQRGLKIS EEREPADG-E SGVPLESVSV TIQDVESKFA 
Mp PGDH     AFINLVNADF IAKQRGLRIS EERRPSDG-A VEVPLESIEV RISKVDSRFN 
VcPGDH      ARVNYVNADL LARNRDLKIT EVHVRSGDGG --QVLSSMSV ALGTSDSRFS 
chlamy PG   SKVNLVNADL LARNRGLRIT EVSIRAGGDG TSEVLTSMSV ALGTADSKFS 
Anabaena    ERVNYVNASI EAKERGIRVI ETR---DA-S AR-DYAG-SL HLEATGTLGT 
Synechoco   ERVNYVNAMI EAKERGIRII ETR---DE-S VRDDYAGGSL QLVATGSNGE 
synecho P   ERVNYVNAAI EAKERGIRVI ETK---DA-S VR-DYSG-SL HLKATGTMGE 
        

        
Arabi PGD   PAVEEFVFLK L------
Arabi PGD   SAIEEFVFLK L------
Arabi PGD   PAIEEFVFLK L------
oryza PGD   PAIEEFVFLE L------
oryza PGD   PAIEEFVFLK L------
Oryza PGD   PSVEEFVFIK L------
tabacco P   PAIQEFVYLK L------
tabacco P   SAIEEFVFLK L------
tabacco P   PAVEEFVYLK L------
SoPGDH1     PAIEEFVFLK S------
SoPGDH2     QAVEEFVFLK L------
PtPGDH1     PAVEEFVFLK L------
PtPGDH2     PAIEEFVFLK L------
PtPGDH3     PAVEEFVFLK L------
PpPGDH1     PAVEEFVFLK L------
PpPGDH2     PAVEEFVFLK L------
PpPGDH3     PAIGELVFLK L------
PpPGDH4     PAIEELVFLR L------
Mp PGDH     SAIEEFVFLK L------
VcPGDH      PGVMEVTVFK EAVSPQV
chlamy PG   KGVIEVTIFK EVAPPQR
Anabaena    PGIRDAYTVT L------
Synechoco   AGISDAYTVV L------
synecho P   AGIRDAYTVK L------

Arabi PGD   -------MSA TAAASSSIAV ATN------- ---------- ---SLRNVTL 
Arabi PGD   -------MAF SSSCSSVKAV NSRWTSPSPS PSSRFAVLPA FLHRRYAT-S 
Arabi PGD   -------MAT SLNLSSIFSS SSR------- ---------- ---LVTTPSS 
oryza PGD   -------MAT AAAASRAALS RPHAAAAAAR ---------A SPAAGARVTL 
oryza PGD   MAAPSQTTAT TTHHRVLLPS HHH------- ---------- ---HRAVPPS 
Oryza PGD   -------MAL APPLCHLLAA PPPSTSAAAD ---------A AHDH-AGALA 
tabacco P   -------MAA SA--SSTILF SSK------- ---------- ----SSRDSI 
tabacco P   -------MAS TPSPRTATTT LQNSLLSSSS SSVNHNKPSN LSFLHASS-N 
tabacco P   -------MAA SA--SSTLNF STK------- ---------- ----PSHTSL 
SoPGDH1     -------MAA AS--SASTAL ISKQSITLK- ------NRYI NPSISPNSQL 
SoPGDH2     -------MAT SAKTSSIFSS VAQNQPKKLS LFHENNNTSL CYFVRKSS-S 
PtPGDH1     -------MAA TTPTAASNLL ITK------- ---------- -------KNL 
PtPGDH2     -------MAS SSTKPISTPP FTTTISSSSQ PST---RSSL LSFLRNTTPT 
PtPGDH3     -------MVT TS--SLNLVF TPT------- ---------- -----KPTSL 
PpPGDH1     -------MAT TARSSTCIGT TMAVRSGVAQ KQE----CHL ASRVSFGRNS 
PpPGDH2     --METASMAA TAGSATIVGA KLAVNYGVSQ RRE----PQL SSRVSLGRNS 
PpPGDH3     -------MAM VMGKSMTANA KHTLQFAPSS TQK----SQG KHRLLASSVA 
PpPGDH4     -------MAT IAGLTMAVNV KEMLQSVTGL RQQ----AQC NNQLLASRVS 
Mp PGDH     ------MAAT SAVAAVVAGA LGAVPQRTDL AAA----AAV PSRACSVSSL 
VcPGDH      ---------- ---------- ---------- ---------- ---------- 
chlamy PG   ---------- ---------- ---------- ---------- ---------M 
Anabaena    ---------- ---------- ---------- ---------- ---------- 
Synechoco   ---------- ---------- ---------- ---------- ---------- 
synecho P   ---------- ---------- ---------- ---------- ---------- 

        
Arabi PGD   SLCDALIVRS GTK-VGREVF ESSHGRLKVV GRAGVGIDNV DLSAATEFGC 
Arabi PGD   AESDALIVRS GTK-VTREVF EAAKGRLKVV GRAGVGIDNV DLQAATEHGC 
Arabi PGD   SLCDALIVRS GTK-VGRDVF ESSRGRLKVV GRAGVGIDNV DLAAATEYGC 
oryza PGD   AQFDALIVRS GTK-VTREVL EAGRGRLRVV GRAGVGIDNV DLQAATEAGC 
oryza PGD   PLCDALIVRS GTK-VGRDVF EASGGRLRVV GRAGVGIDNV DLAAATEHGC 
Oryza PGD   SLVDALVVRS ATR-VTREVF EAARGRLRVV GRAGVGIDNV DLQAATEAGC 
tabacco P   SLCDALIVRS GTK-VSREIF ESSGGRLKVV GRAGVGIDNV DLAAATEHGC 
tabacco P   SLCDALIVRS GTK-VTREVF EAAQGRLKVV GRAGVGIDNV DLQAATEFGC 
tabacco P   SLCDALIVRS GTK-VSREVF ESSGGRLKVV GRAGVGIDNV DLAAATEHGC 
SoPGDH1     SLCDALIVRS GTK-VTREVF ESSGGRLKVV GRAGVGIDNV DLGAATEHGC 
SoPGDH2     TQYDALIVRS GTK-VNRAVF EAAKGGLKVV GRAGVGIDNV DLQAATEYGS 
PtPGDH1     SLCDALIVRS GTK-VSREVF ESSGGRLKVV GRAGVGIDNV DLAAATEHGC 
PtPGDH2     ASCDALIVRS GTK-VTRQVF EAAKGKLKVV GRAGVGIDNV DLQAATEFGC 
PtPGDH3     SLCDALIVRS GTK-VTREVF ERSGGRLKVV GRAGVGIDNV DLSAATEHGC 
PpPGDH1     SDCDALIVRS GTK-VTREVF EASKGRLKVV GRAGVGIDNV DLQAATEVGC 
PpPGDH2     AECDALIVRS GTK-VTREVF EASKGRLKVV GRAGVGIDNV DLQAATEVGC 
PpPGDH3     SNYDALIVRS ATK-VTRKVF QASNGRLKVV GRAGVGIDNV DLDAATELGC 
PpPGDH4     SDYDALIVRS ATK-VTRKVF EASKGKLKVV GRAGVGIDNV DLEAATELGC 
Mp PGDH     SLCDALIVRS GTK-VTREVF EASNGRLKVV GRAGVGIDNV DLQAATEVGC 
VcPGDH      PELDALIVRS GTK-VTRAIF EASRGRLKVV GRAGVGVDHV DLTAATEYGC 
chlamy PG   SLVDALIVRS GTKRVTRAVF EASHGRLKVV GRAGVGVDNV DLAAATEAGC 
Anabaena    GEYDALMIRS GTR-VTQEII EAG-TQLKII GRAGVGVDNV DVPAATRKGI 
Synechoco   GEYDALMLRS GTR-VTAEVI EAG-QKLRII GRAGVGVDNV DVPAATRRGI 
synecho P   PEYDAIMLRS ATK-VTEKII QAG-SQLKII GRAGVGVDNI DVPAATRQGI 
        
        
Arabi PGD   DEALATADFI SLHMPLTPTT SKILNDETFA KMKKGVRIVN VARGGVIDED 
Arabi PGD   DQAISTADFV SLHMPLTPAT KKVFNDETFS KMKKGVRLIN VARGGVIDED 
Arabi PGD   EVAISTADFI SLHLPLTAAT SKMMNDVTFA MMKKGVRIVN VARGGVIDEE 
oryza PGD   DEAIGRADFI SLHMPLTPAT SKVFNDESFS RMKNGVRIIN VARGGVIDED 
oryza PGD   EDALTTADFI SLHMPLTPAT NKMLNDETFA KMKKGVRIIN VARGGVIDED 
Oryza PGD   DEAISTADFI SLHMPLTPST AKLFDDETFA NMKKGVRIIN VARGGVVDED 
tabacco P   DEALASADFI SLHMPLTPAT KKILNDETFA KMKKGVRIVN VARGGVIDEE 
tabacco P   EQAIATADFV SLHMPLTPAT KKVFNDDTFA KMKKGVRLIN VARGGVIDED 
tabacco P   DEAIASADFI SLHMPLTSAT KKVLNDETFA KMKKGVRIVN VARGGVIDED 
SoPGDH1     DDALATADFI SLHMPLTSAT TKVLNDETFA KMKKGVMIVN VARGGVIDED 
SoPGDH2     DQAISTADFV SLHMPLTPAT KKVFNDTTFS KMKKGVRLVN VARGGVIDED 
PtPGDH1     DEALATADFI SLHMPLTPAT AKILNDETFV KMKKGVRIVN VARGGVIDED 
PtPGDH2     DQAISTADFI SLHMPLTPST EKVFNDDTFA KVKTGVRIIN VARGGVIDED 
PtPGDH3     EEAISIADFI SLHMPLTPAT SKIFNDQAFS RMKKGVRIVN VARGGVIDEE 
PpPGDH1     EEALATADFI SLHMPLTPTT DKIFNDESFG KCKKGVRIIN VARGGVIDEP 
PpPGDH2     DEALAAADFI SLHMPLTPTT DKIFNDESFG KCKKGVRIVN VARGGVIDEP 
PpPGDH3     DEALARADFI SLHMPLTPTT DKIFNDDTFK KCKKGVRLVN VARGGVIDEE 
PpPGDH4     DDALARADFI SLHMPLTPTT KKVFNDDTFR KCKKGVRLVN VARGAVIDEE 
Mp PGDH     DEALQRADFI SLHMPLTPST DKCFNDESFA KCKKGVRIVN VARGGVIDEE 
VcPGDH      DVALSSADFH SLHMPLTPIT KGMFGEYAFR RIRPGSRIIN LAHGGVIDEG 
chlamy PG   DEALQVADFH TLHMPLTPGT KGLFNDSAFA RMKRGARIIN VARGGVIDEA 
Anabaena    DLLFQQADYI TLHIPKTPET THLINAATLA KMKPTARIIN CARGGIIDEA 
Synechoco   DILFQEADYI TLHIPKTPET ANLINAETLA KMKPTTRIIN CARGGVINEQ 
synecho P   DLLFSEADFI TLHIPKTPET ANLINAETLA KMKPTARIIN CSRGGIIDEE 
        
        
Arabi PGD   GRLAVQLVAG GSG-VKNAKI TYASARATDD LDTRLLRAMI TKGIIEPISD 
Arabi PGD   GRLAVQLASG GKG-VQSIRV VYRSARDRDD LDTRLLRAMI TKGIIEPISD 
Arabi PGD   GRLAVQLVTG GSG-VNAVKV TYASSRAPDD LDTRLLRAMV IKGIIEPISS 
oryza PGD   GKLAVQLVAG ESGGIKGVKV VYTTARGPDD LDTRLLRAMV TKGIVEPVSS 
oryza PGD   GRLAVQLVAG GGG-IKSVKV TYASARAPDD LDTRLLRAMI TKGLIEPISS 
Oryza PGD   GRLVVQLVAG GSG-IKGVKI GYSSSRDPDD LDTRVLRAMV TKGIIEPISS 
tabacco P   GRLAVQLVAG GSG-VKSVKV TYGSARAPDD LDTRLLRAMI TKGLIEPISS 
tabacco P   GRLAVQLVTG GSG-IQNVKV VYKSARDPDS LDTRLLRAMV TKGIIEPISD 
tabacco P   GRLAVQLVAG GSG-VKSVKV TYGSARAPDD LDTRLLRAMI TKGLIEPISS 
SoPGDH1     GRLAIQLVAG GSG-VKSVKV SYATSRAPDD LDTRLLRAMI TKGLIEPISS 
SoPGDH2     GRLAVQLVAG GSG-IQTIKV SYRSARGPDD LDTRLLRAMI TKGIIEPISD 
PtPGDH1     GRLAVQLVSG GSG-VKDVKV TYASARAPDD LDTRVLRAMI TKGLIEPISS 
PtPGDH2     GRLAVQLVAG GSG-IKSAKV VYRSSRDPDD LDTRLLRAMI TKGIIEPISD 
PtPGDH3     GRLAAQLVAG GSG-VQSVKV TYASARGPDD LDTRLLRAMI TKGLIEPIAS 
PpPGDH1     GRLAVQLVSG GAG-VKQVKV VYRSARADDD LDTRLLRAMI TKGLIEPVSS 
PpPGDH2     GRLAVQLVSG GAG-VKQVKV VYRSARADDD LDTRLLRAMI TKGLIEPVSS 
PpPGDH3     GRLAVQLVSG GAG-VKQVKV VYRSARDDGD LDTRLLRAMI TKGLIEPVSS 
PpPGDH4     GRLTVQLVSG SAG-VKQVKV VYKSSRDDGD LDTRLLRARI SKGLIEPVSD 
Mp PGDH     GRLAVQLVSG GAG-VKDVKV TYTSSRADDD LDTRLLRAMI TKGLIEPVSS 
VcPGDH      GRAAVGLV-G DRG-FADLAI TYSSPRG-DD LDSRLLRAMV IKGVLEGTTT 
chlamy PG   GRAAVGLG-G KGG-FGDIAI TYSSPRG-DD LDTRLLRAMV IKGVLEETTT 
Anabaena    GNLVGQLVGG RVE---TLNV TLQGDLATNK -SQPLVVAAL -KGLLYQALR 
Synechoco   GNLLSQVAGG RLE---QLTV RLQGELAAQQ -SQPIVVAAL -KGLLTQALR 
synecho P   GTLVGQLAGG RID---RLTV CLQGDLAEYT NSQPLVVAAI -KGLLSQALR 
        

       
Arabi PGD   IGTVGSILGE SNVNVNFMSV GRIAPRKQAI MAIGVDDIPS KETLKKIGEI 
Arabi PGD   IGQVGNILGE QNVNVNFMSV GRTVLRKQAI MAIGVDEEPD NKTLERIGGV 
Arabi PGD   IGKVASILGD ENVNVSFMSV GRIAPGKQAV MAIGVDEQPS KETLKKIGDI 
oryza PGD   IGKVGNILGQ TNVNISFMSV GRTFRGKQAI MAIGVDEEPD KETLEHIGHI 
oryza PGD   IGAVGSVLGE ENVNVSFMSV GRIAPRKHAV MAIGVDEEPK KSTLTKIGEI 
Oryza PGD   IGKVGSILGK MNVNVNFMSV GRTAPGKQAI MAIGVDEEPE KEALKLIGDI 
tabacco P   IGKVGSVLGE ENVNVSFMSV GRIAPRKQAV MAIGVDEQPS KESLKRIGEI 
tabacco P   IGQVGNILGE SNVNVSFMSV GRTVRRKQAI MAIGVDEEPN KDTQKKIGEV 
tabacco P   IGKVGSILSE ENVNVSFMSV GRVAPRKHAV MAIGVDEQPS KESLKRIGEI 
SoPGDH1     IGRVGSVLGE ENVNVSFMSV GRLAPRTHAV MAIGVDEPPS SQVMKRIGEI 
SoPGDH2     IGKVGNILAD NNVNVNFMSV GRTSKKHKAI MAIGVDEEPQ EDALSKIGQV 
PtPGDH1     IGKVGSVLGG QNVNVSFMSV GRIAPRKQAV MAIGVDEQPS KETLKKIGDI 
PtPGDH2     IGQVGNILGE QNVNVSFMSV GRTVQRRKAI MAIGVDEEPN QETLKKIGEV 
PtPGDH3     IGSVGNILGE ENVNVNFMSV GRIAPRKQAV MIIGVDEEPS KEALKRIGEI 
PpPGDH1     IGKVGSILGE ENVNISFMSV GRKSPREHAV MAIGVDEEPS KATLQKLGDI 
PpPGDH2     IGKVGSILGQ ENVNISFMSV GRKSPRQHAV MAIGVDEEPS KVTLQKLGDI 
PpPGDH3     IGKVGSILGE ENVNIAFMSV GRTLRGLDAI VAIGTDEDLS KATIQKLADI 
PpPGDH4     IGKVGSILGE DNVNISFMSV GRTLRGQAAI VAIGTDEDVS DATIQKLKEL 
Mp PGDH     IGKVGNFLGE QNVNISFMSV GRDSPRKQAV MAIGVDDVPS KEVLTKIGQI 
VcPGDH      VGGVGMLLAK DQVNISFMTV CRTAKHREAI MAIGIDSEPS LETLAAITEV 
chlamy PG   GGRPRDGRGG EGQTTPFMTV SRTAKDGEAI MAIGIDSEPS PATLEEITRV 
Anabaena    IGKLGSLLGS FNVNIASMQV GRKIVRGDAV MALSIDDPLP DGILNEIKKV 
Synechoco   IGKIGSLLGS FNVNIASMQV GRRIVRGDAV MVLSLDDPLP EGILAEITKV 
synecho P   IGKIGSLLGS FNVNIASMQV GRKIVRGDAI MALSLDDPLP DGLLSEITKV 
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Figure S2. Alignment of PGDH amino acid sequences in photosynthetic organisms. PGDH from Arabidopsis 
thaliana, Oryza sativa, Nicotiana tabacum, Spinacia oleracea, Populus thrichocarpa, Physcomitrella patens, 
Marchantia polymorpha, Volvox carteri, Chlamydomonas reinhardtii, Anabaena sp. PCC 7108, Synechococcus 
elongatus sp. PCC 7942, and Synechocystis sp. PCC 6803 are shown. An arrow indicates the predicted cleaved 
site of the transit peptide. Asterisks indicate the redox-active Cys residues revealed in this study.
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Figure S3. Three-dimensional structure model of Arabidopsis PGDH. The model was obtained as a homo-
tetrameric form, but one chain is shown. For PGDH1, four Cys residues are shown by the orange spheres. 
For PGDH2 and PGDH3, only Cys residues common to PGDH1 are shown in the same way.



1000 1500 2000 2500 3000 3500

m/z

Control

+ DTT

1324.7:
V226 - R237

1703.0:
A303 - K319

1994.0:
V518 - R535

2278.2:
G437 - K457 2555.3:

V468 - K491

Figure S4. Overall mass spectra of PGDH1 tryptic peptides. Before the Cys alkylation and following in-gel 
digestion with trypsin, the protein sample was incubated in the absence (control) or presence of 10 mM DTT. 
The masses of several major peaks are shown with the corresponding peptides.
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Figure S5. Enzyme activity measurement of PGDH1. PGDH1 (1.2 μM) was incubated with Trx-f1, Trx-m1, 
Trx-x, or Trx-y2 (0.1 μM each) in the absence of DTT for 30 min. PGDH1 activity was then monitored. Each 
activity is expressed as the relative value. Data are shown as the mean ± SD (n = 3–4). Statistical analyses 
were performed using the Tukey-Kramer multiple comparison test, but significant difference was not observed 
(denoted as same letters, P > 0.05).
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Figure S6. Specificity of PGDH antibody. The indicated amount of recombinant PGDH1, PGDH2, or PGDH3 
protein was subjected to SDS-PAGE, followed by immunoblotting analysis using a PGDH antibody.




