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Figure S1. The SDS-PAGE profiles of Arabidopsis PGDH used in this study. Equal amounts of the proteins
(1 pg each) were loaded into each lane. (A) PGDH1, PGDH2, and PGDH3. (B) PGDH1 wild type (WT) and
Cys-substituted mutants (C102S and C86S/C102S).
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TAAASSSTAV RSPLPSAT LVSCSTG--- SKPTILVAEK LGDAGIKLLE DVANVDCSYN MTPEELNIKI
——————— MAF SSSCSSVKAV FI VKLTATSAAL KT TE PKPRILVTEK LGEAGVNLLR EFGDVDCSYD LSPEDLKKKV
SLNLSSIFSS VF--PIRQRR RITLVTSSSS GKPTILVTEK LGQAGIDLLK LSLEELCTKI
T LSEAGLAVLR MSPAELLAKV
LLRLPLRAAR RGRLSAAAAA LGAAGLELLR L
RGRLFLACRV LGDAGLELLR L
SA--SSTILF I SWKTQLASTS AFGISGVSLR QFV LGEAGLNLLK LSPEELCTKI
——————— LONSLL s§ LSFLHASS-N SSSLKLFHSV SASFSPSNSS S---TICNVI KTVESADIS- I PKPTILVSEK LGEAGLDLLR LSPQDLCAKT
SWKTRIGSSS VFAVAALSPR RDQR---QYP REVIFS---- LGEAGVDLLK L
ISKQSITLK- I NPSISPNSQL SLSSKLSVTP SISLFSHNPL RRLTPAASQK KF' DAGLDLLK LTPEELCTKI
——————— MAT SAKTSSIFSS VAQNQPKKLS LFHENNNTSL CYFVRKSS-S KNLINLSLKK SKHLNSVVTK NALNTNTIDL TRPMILVSEK LGEAGLSVLR EFGDVDCLYD LTPEDLCNKI
T SSLSLISTN- --KLPTFSPL FIVLFAS--- LGEAGINLLK PDELCTKT
——————— MAS SSTKPISTPP FTTTISSSSQ PST---RSSL L T PISLKLSHSR SRSLSIKNAT KTIESAETSR TKPTILVSEK LGEAGLELLR LSQEDLCKKI
————— KPTSL VVFATVL--- LGKAGLELLK LSPEELCTKI
TARSSTCIGT KQE----CHL VL LGAAGIELLE KVAVVDCSYN LSQEDLCAKI
TAGSATIVGA oL FVSKAGVY LGAAGIELLE KMAVVDCSYN LSQEDLCAKV
——————— MAM TQK----SQG FQTSSSLIAK GITTICTLPK SRSLAVKAVV DILA LGEGGLDLLR LTNDELCEKT
——————— MAT TAGLTMAVNV KEMLOSVTGL RQQ----AQC NNQLLASRVS LHKNS--LET RRQPVCSRRH DILA LGDGGLDILR KVSNVDCIYN LTNEELCAKI
PSRACSVSSL ASFQSLSA ve SASTEIVGKP LGEAGLELLK KI: LSQEELCAKT
GSTAGIDLLR RSCNVELAYD LTPEELCAKA
AWSLADRAVR AVY; L L LTQEELCAKV
IDQAGIDILS LKPAELIETT
----MIGRIC GSSIPVARWL IDQVGLDILS LSPSELAQIT
IDQVGIDILK LSEAETIDIV
SLCDALIVRS GRAGVGIDNV DL TAAAEHGIAL KRNKY 1 VGKTLAVLGF AKGLGMRVIA HAIGVDLVSF
AESDALIVRS GRAGVGIDNV AL ADASTKAGKW ERSKY 1 VGKTLAVMGF AKGLGMTVIS RALGVDLVSF
SLCDALIVRS GRAGVGIDNV AL LTAMARNIAQ ADASIKAGKW TRNKYVGVSL VGKTLAVLGF ARGLGMHVIT RAIGVELVSF
AQFDALIVRS GRAGVGIDNV AL L ADAALKAGKW QRTKY 1 VGKTLAVMGF AKGLGMHVIA RAIGAELVSF
PLCDALIVRS GRAGVGIDNV AL LTAMSRNIAQ RNKY L VGKTIAILGF AKGLGMHVIA HAIGVELVSM
GRAGVGIDNV VAAAEHATAL L RNKY L VGKTLAIMGF AKGLGMDIIS RAIGVDLVSF
SLCDALIVRS 1P GRAGVGIDNV AL LTAMARNIAQ LRNKY 1 VGKTLAVMGF AKGLGMHVIA RAIGVELVSF
SLCDALIVRS GRAGVGIDNV TAAAEHGIAL L LRSKY 1 VGKTLAVMGF AKGLGMHVIA RAIGVDLVSF
SLCDALIVRS GRAGVGIDNV AL LTAMARNIAQ LRNKY 1 VGKTLAVMGF AKGLGMHVIA RAIGVELVSF
SLCDALIVRS GRAGVGIDNV AL L KRNKY 1 VGKKLAVMGF AKGLGMHVIA RAIGVELVSF
TQYDALIVRS GRAGVGIDNV TAAAEHGIAL L RSKY L VGKTLAIMGF AKGLGMHVIA
SLCDALIVRS GRAGVGIDNV TAAAEHGIAL L RNKY 1 VGKTLAVMGF AKGLGMHVIA RAIGVELVSF
ASCDALIVRS GTK-VTRQVF GRAGVGIDNV L RNKY 1 VGKTLAVMGF AKGLGMQVIA RAIGVELVSF
SLCDALIVRS GRAGVGIDNV DL TAAAEHGIAL LTAMARNIAQ RSKY L VGKTLAVIGF AKGLGMHVIA RAIGVDLLTF
SDCDALIVRS GRAGVGIDNV AL L VDKTLAVMGF AKGLGMHVVA
AECDALIVRS GRAGVGIDNV L L VDKTLAVMGF AKGLGMTVVA KALGVELVSF
SNYDALIVRS 9 GRAGVGIDNV AL L ERSKY 1, VDKTLAVMGF AKGLGMHVIS RAIGVELVSF
SDYDALIVRS ATK-VTRKVF EA GRAGVGIDNV AL L ERNKY 1, VDKTLAVMGF AKGLGMHVIS RAIGVELVSF
SLCDALIVRS GRAGVGIDNV TAAAEHGIAL LTALARNVAQ KRNKY 1, VDKTLAVMGF AKGLGMQVIA RAIGVELVSF
PELDALIVRS IF LAAAEHGTAL LCAMARNIPQ ADAAMKSGRW DRSSFLGTSL AGKTLAVYGF AKGLGMLVLA
SLVDALIVRS AL LCAMARNIPQ ADASMKAGSW DRSAYVGTSL AGKTIAVYGF ARGLGLTVVA
GEYDALMIRS GTR-VTQEIT EAG-TQLKIT TAAAEHALAM MLSLSRHIPD ANASVKRGEW DRKTFVGAEV YKKTLGVVGL GKIGSHVASV AKAMGMKLLA YDPFISTERA EQLGCQLVDL
T EAG-QKLRIT TAAAEHTLAM MLSLSRHIPD ANASTKSGGW DRKSFVGTEV YKKTLGVVGL GKIGSHVATV AKAMGMKLLA YDPFISAERA EQIGARLVEL
PEYDAIMLRS II QAG-SQLKIT 1 DI TAAAEHALAM MMALARHIPD ANKSVKESKW ERKQFIGTEV YKKTLGVVGL GKIGSHVAGV AKAMGMKLLA YDPFISQERA DQIGCTLVDL
DEALATADFI SLHMPLTPTT SKILNDETFA KMKKGVRIVN VARGGVIDED ALVRALDAGI VAQAALDVET -K EAQEGVAIET EL MVSAEVLTEL KPYVVLAEKL
DQAISTADFV IN VARGGVIDED ALVRALDAGI VAQAALDVFC ~RLIQHENVT EAQEGVAIET EL MVAPEVLSEL TPYIVLAEKL
EVAISTADFI SLHLPLTAAT SKMMNDVTFA MMKKGVRIVN VARGGVIDEE ALLRALDSGI VAQAALDVET -KLVLHESVT EAQEGVSIEV AEAVIGALRG ELAATAVNAP MVPLEVLREL K L
DEAIGRADFI SLHMPLTPAT SKVFNDESFS RMKNGVRIIN VARGGVIDED ALVRALDSGK VAQAALDVET ~KLVLHENVT EAQEGVAIET EL APYVSLAEKL
T KMKKGVRIIN VARGGVIDED ALVRALDSGI VAQAALDVET -KLVLHENVT EAQEGVATEI AEAVIGALKG ELAASAVNAP MVPAEVLSEL APYVVLAEKL
DEAISTADFT NMKKGVRIIN ALLRALDNGT VSQAALDVET -K T AEAVLGALKG EL MVPAEVLSEL SPYVILAEKL
DEALASADFI SLHMPLTPAT KKILNDETFA KMKKGVRIVN VARGGVIDEE ALVRALDAGI VAQAALDVET -KLIQHENVT EAQEGVAIEV EL MVPAEVLSEL KPYVVLAEKL
EQATATADFV IN VARGGVIDED ALVRALDSGI VAQAALDVET -K EAQEGVAIET EL MVPPEVLSEL APYVVLAEKL
DEATASADFI SLHMPLTSAT KKVLNDETFA KMKKGVRIVN VARGGVIDED ALVRALDAGI VAQAALDVET -KLIQHENVT EAQEGVAIET EL MVPAEVLSEL KPFVELAEKL
T KMKKGVMIVN VARGGVIDED ALVRALDSGI VAQAALDVET -KLIQHERVT EAQEGVAIEI AEAVIGALNG ELAATAVNAP MVPAEVLIEL KPYVELAEKL
DQAISTADFV VARGGVIDED ALIRALDTGI VAQAALDVES -K EAQEGVAIET EL MVPAEVLSEL APYIQLAEKL
DEALATADFI SLHMPLTPAT AKILNDETFV KMKKGVRIVN VARGGVIDED ALVRALDAGI VAQAALDVET -K EAQEGVAIET EL MVPAEVLTEL KPFVELAEKL
DQAISTADFI SLHMPLTPST EKVFNDDTFA KVKTGVRIIN VARGGVIDED ALVRALDSGK VAQAALDVET -K EAQEGVAIET EL MVPAEVLSEL APYVVLAEKL
EEATSTADFI SLHMPLTPAT SKIFNDQAFS RMKKGVRIVN VARGGVIDEE ALVRALDSGI VAQAALDVET ~RLVLHENVT EAQEGVATEV AEAVIGALKG ELAATAVNAP MVTAEVLTEL APFVTLSEKL
EEALATADFI SLHMPLTPTT DKIFNDESFG KCKKGVRIIN VARGGVIDEP ALVRALDAGI VAQAALDVET -A T T AEAVAGALAG E MVPAEVITEL APYVSLAERL
DEALAAADFI SLHMPLTPTT DKIFNDESFG KCKKGVRIVN VARGGVIDEP ALVRALDAGI VAQAALDVET -A T T AEAVAGALAG EL MVPAEVITEL APYVTLAERL
T DKIFNDDTFK VARGGVIDEE ALLRAIDSGV VAQAALDVET WA T AEAVAGALAG EL MVPAEVITEL APYVTLAEKL
T R VARGAVIDEE ALLRALDSGI VAQAALDVFA FA T T AEAVAGALAG DL MVPAEVIAEL TPYVVLAEKL
T KCKKGVRIVN VARGGVIDEE ALVRALDSGI VAQAALDVET ~KLIQHENVV T EL MVPAEVLAEL SPYVTLAERL
DVALSSADFH T 'R RIRPGSRIIN LAHGGVIDEG ALLGALEARV VVQAALDVFL HPLICRPDVI C A MVPLELLEEL QPYMALAEGL
H N GVIDEA ALLRALESKQ VAQAALDVFL 1 C EAVVDALAG NL MVPAETLREL QPYIVLAEGL
DLLFQQADYI TLHIPKTPET THLINAATLA KMKPTARIIN CARGGIIDEA ALATATKEGK IGGAALDVYE 1L EAQUNVAIDV AEQIRDVLLG LPARSAVNIP GLSPDILEEL KPYMQLAETL
DILFQEADYI TLHIPKTPET ANLINAETLA KMKPTTRIIN CARGGVINEQ ALADATAAGK IGGAALDVYD PLRALGKNLI L AEQIRDVLLG P GLYPDILEKL RPYLQLAETL
DLLFSEADFI TLHIPKTPET ANLINAETLA KMKPTARIIN CSRGGIIDEE ALVTATETAQ IGGAALDVFA QEPLG-ES-- RLREFS-NVI L AEQTRDVLLG L IP GL PYLKLAETL
GsG: T TKGIIEPISD VYVNLVNADF TAKQRGLRLS EERVLLDG-S PESPLETITV QL SSLSE-SGEV PHLTKVGSFE IT L
G GKG-VQSIRV TKGIIEPISD SYVNLVNADF IAKQKGLRIS PEYPVDSIQV QI T ST PHLTCVGSFG 1L
TG GS IKGITEPISS VFINLVNSDY TAKQRGVKIS PENPIEYITV RI: SALSE-SGET PSLTKVGLFG T L
ESGGIKGVKV TKGIVEPVSS TF IT AEAPLESIQV RL GAISD-GGDT PHLTVVGPYE T LCRQIDQPGM
GGG-IKSVKV TKGLIEPISS VFVNLVNADF TAKQRGVRIT EERILLDG-S PETPIDYIQV HI: SAISE-SGET PHLTKVGSFQ IL
GRLVVQLVAG GSG-IKGVKI TKGIIEPISS AFVNIVNADY VAKQRGLRIS EERILLDG-S PEIPIDSIQV HL GALSD-EGDT PHLTLVGPFS IL
SG- TKGLIEPISS VFINLVNADF TAKQRGLRIA EERILLDG-S PESPVEFIQV QI SAISD-SGET PHLTKVGSFE IT L
GRLAVQLVTG GSG-IQNVKV VYKSARDPDS LDTRLLRAMV TKGIIEPISD TIINLVNADF SAKQKGLRIS EERVIVDS-S PEYPVESIQV OT: SALSE-NGNI SI PHLTRVGSFS IL
SG- TKGLIEPISS AFVNLVNADF TAKQRGLRIA EERSLLNG-S PESPLEFIRV QI T PHLTKVGSFE IT L
GRLAIQLVAG TKGLIEPISS TFVNLVNADF TAKQRGLRIT EERVLLDG-S PESPLESIQV QI SAISD-SGET PHLIKVGSFE IT L
GSG-IQTIKV TKGIIEPISD MHINLVNADF IT HENPTHSLQI QT STISE-KGDI SIEGKVKDGI PHLTRVGSFA 1T L
GSG TKGLIEPISS VF IS EERILLDG-S oI SAISE-TGET PHLTRVGSFE IT L
GSG-IKSAKV TKGIIEPISD SFINLVNADF 1 PEFPIHSIQV QL T ST PHLTRVGSFS 1L
GSG-VQSVKV TKGLIEPTAS VYINLVNADF TAKQRGLRII EERFLLDG-S oI TAISD-SGET PHLTKVGSFG L
GAG-VKQVKV TKGLIEPVSS AFINLVNADY I TEVPLQSISV MI: T PYLSRVGSFS 54
GAG-VKQVKV TKGLIEPVSS AFINLVNADY VAKQRGLKIS EERQPTDG-A IEVPLETITV TI: SAISG-NGST PYLSKVGDFG IT L
GAG-VKQVKV TKGLIEPVSS AFINLVNADY I T SATGDLTRST PHLSKVGNEN 1T E
GRLTVQLVSG SAG-VKQVKV VYKSSRDDGD LDTRLLRART SKGLIEPVSD AIINLVNAD' I T 1 PHLSKVGNFS T
TKGLIEPVSS AFINLVNADF IAKQRGLRIS VEVPLESIEV RI T PHLSKVGGFS IT L
I ks ARVNYVNADL L I ~-QVLSSMSV A T Y PFLTKIGNFD VELAMGGSVL LTRQRDQPGI
KGG-FGDIAT ks L IT EVSIRAGGDG TSEVLISMSV A VASSLPFPSG MCVGLAGPGE
-SQPLVVAAL - ERVNYVNASI EAKERGIRVI ---ALLGDKE THLTDVDGFP INVPPSKYML FTLHRDMPGI
GNLLSQVAGG RLE---QLTV RLQGELAAQQ -SQPIVVAAL -KGLLTQALR ERVNYVNAMI EAKERGIRIT ---ALLGDGE TRITNVDEFP VNVPPSRYML FTRHRDMPGI
RI NSQPLVVAAI -KGLLSQALR ERVNYVNAAT EAKERGIRVI ---ALLSNGE TRITDVDEFP INVPPNNYML FTLHRDMPGI
IGTVGSILGE SNVNVNFMSV GRIAPRKQAT MAIGVDDIPS KETLKKIGEI PAVEEFVFLK L------
IGQVGNILGE QNVNVNFMSV GRTVLRKQAT MAIGVDEEPD NKTLERIGGV SATEEFVFLK
IGKVASILGD ENVNVSFMSV GRIAPGKQAV MAIGVDEQPS KETLKKIGDI PATEEFVFLK
IGKVGNILGQ TNVNISFMSV GRTFRGKQAT MAIGVDEEPD KETLEHIGHI PATEEFVFLE
IGAVGSVLGE ENVNVSEMSV GRI. MAIGVDEEPK KSTLTKIGEI PATEEFVFLK
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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.



Figure S3. Three-dimensional structure model of Arabidopsis PGDH. The model was obtained as a homo-
tetrameric form, but one chain is shown. For PGDHI1, four Cys residues are shown by the orange spheres.
For PGDH2 and PGDH3, only Cys residues common to PGDHI are shown in the same way.
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Figure S4. Overall mass spectra of PGDHI1 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 uM) was incubated with Trx-f1, Trx-m1,
Trx-x, or Trx-y2 (0.1 uM each) in the absence of DTT for 30 min. PGDHI1 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.





