
Supplementary Table S1. Primers used in this study. 

Primers used to construct protein expression vectors 
AmtriPGDH1-F             AAAGCTTTGACTAGTGCGAAGCCCACGGTTTTGGTGGCGGAGAAG 
AmtriPGDH1-R            CGGGCTTATGCGGCCCTACAAGTTGAGGAAAACAAACTCTTCAAC 

AhPGDH-F             CAAAGCTTTGACTAGTGCAAAAGTTTTAGTTTCAGACTCTGTGGATC 
AhPGDH-R             CGGGCTTATGCGGCCTTAGAGTTTAATGGTGTAAGCATCACGAATCCC 

OsPGDH1-F             AAGCTCTTCAAAGCTTTGACTAGTGCCGTACCGGGGAAGCCGAC 
OsPGDH1-R             CGGGCTTATGCGGCCCTAGAGCTTGAGGAAAAC 

OsPGDH2-F             AAGCTCTTCAAAGCTTTGACTAGTGCGCTGTGGCCGAAGCCG 
OsPGDH2-R             CGGGCTTATGCGGCCTCATAGCTCGAGGAAGAC 

OsPGDH3-F             AAAGCTTTGACTAGTGGAAGGCCGACGGTGCTTGTGACGGAGAAG 
OsPGDH3-R             CGGGCTTATGCGGCCCTAAAGCTTAATAAAGACAAACTCCTCAAC 

PpPGDH2-F             AAAGCTTTGACTAGTAACCCTGATCTTGCTACCGTCTTGG 
PpPGDH2-R             CGGGCTATGCGGCCTCAAAGCCGAAGAAACACCA 

PpPGDH3-F             AAAGCTTTGACTAGTTCTGTAGCGAAGCCCACCGTGTTGG 
PpPGDH3-R             CGGGCTTATGCGGCCTTACAGTTTGAGGAATACAAACTCC 

PpPGDH4-F             AAAGCTTTGACTAGTAACCCCGATCTTGCCACTGTTCTCG 
PpPGDH4-R             CGGGCTTATGCGGCCTCACAACTTCAAAAATACC 

Primers used to construct complementation vectors 
AmtriPGDH1-F             AGGAAACAGACCATGGCGAAGCCCACGGTTTTGGTGGCGGAGAAG 
AmtriPGDH1-R            CTAGAGGATCCCCGGCTACAAGTTGAGGAAAACAAACTCTTCAAC 

OsPGDH1-F             AGGAAACAGACCATGGCCGTACCGGGGAAGCCGACGGTGCTCGTGG 
OsPGDH1-R             CTAGAGGATCCCCGGCTAGAGCTTGAGGAAAACGAATTCTTCAATCG 

OsPGDH2-F             AGGAAACAGACCATGGCGCTGTGGCCGAAGCCGGCGGTGCTGGTGG 
OsPGDH2-R             CTAGAGGATCCCCGGTCATAGCTCGAGGAAGACGAACTCCTCGATCG 

OsPGDH3-F             AGGAAACAGACCATGGGAAGGCCGACGGTGCTTGTGACGGAGAAG 
OsPGDH3-R             CTAGAGGATCCCCGGCTAAAGCTTAATAAAGACAAACTCCTCAAC 

PpPGDH2-F             AGGAAACAGACCATGAACCCTGATCTTGCTACCGTCTTGGTGTCTG 
PpPGDH2-R             CTAGAGGATCCCCGGTCAAAGCCGAAGAAACACCAGCTCTTCAATCG 

PpPGDH3-F             AGGAAACAGACCATGTCTGTAGCGAAGCCCACCGTGTTGGTAGCTG 
PpPGDH3-R             CTAGAGGATCCCCGGTTACAGTTTGAGGAATACAAACTCCTCCACGGC 

PpPGDH4-F             AGGAAACAGACCATGAACCCCGATCTTGCCACTGTTCTCGTGGC 
PpPGDH4-R             CTAGAGGATCCCCGGTCACAACTTCAAAAATACCAATTCACCAATGG 
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Primers used for site-directed mutagenesis experiments 
AtPGDH1-N556A-F GGAGAGTCTAATGTCGCTGTTAACTTCATGAGC 
AtPGDH1-N556A-R GCTCATGAAGTTAACAGCGACATTAGACTCTCC 
 
AtPGDH1-D538A-F CTGTGCAGGCAGGTGGCTCAACCTGGTATGATC 
AtPGDH1-D538A-R GATCATACCAGGTTGAGCCACCTGCCTGCACAG 
 
AtPGDH1-Q536A-F ATCATACTGTGCAGGGCTGTGGATCAACCTGGT 
AtPGDH1-Q536A-R ACCAGGTTGATCCACAGCCCTGCACAGTATGAT 
 
Primer sequences are written in the 5′ to 3′ direction. Underlined, double-underlined, and bold sequences 
denote pPAL7 vector sequence, pTV118N vector sequence, and mutated codon sequences of AtPGDH1 
for N556, D538, and Q536, respectively.  
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Figure S1. Complementation of a PGDH-defective E. coli mutant with PGDH cDNAs. E. coli strain 
JW2880 (TG1ΔserA::KmFRT) was transformed with the expression vector pTV118N carrying PGDH 
cDNAs (PpPGDH1, PpPGDH2, PpPGDH3, and PpPGDH4 from P. patens; OsPGDH1, OsPGDH2, 
and OsPGDH3 from O. sativa; AmtriPGDH1 and AmtriPGDH2 from A. trichopoda) or with the empty 
pTV118N as negative control. PGDHs without the transit peptide were used. The transformed E. coli 
were cultured on M9 minimal medium agar plates with or without L-serine.
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Figure S2. SDS-PAGE analysis of the recombinant PGDHs. The purified recombinant PGDH proteins 
were subjected to SDS-PAGE analysis (right lane) along with a molecular weight marker (left lane) and 
were stained with Coomassie Brilliant Blue. The theoretical molecular weight of PGDHs without the 
transit peptide are shown in parentheses.
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Figure S3. Michaelis-Menten plot and kinetic parameters of AhPGDH. (A) Specific　activities at 
various concentrations of 3-PGA (left) and NAD+ (right) are shown. Data are presented as　the means 
and standard error from two technical replicates, using enzymes purified from two independent batches 
of cells (n = 4). (B) Kinetic parameters of AhPGDH. The apparent Michaelis　constants (Kmapp) were 
calculated from Fig. S3A. Standard errors (SE) are shown.

Vmax (µmol/min/mg)
AhPGDH; 19.27 ± 0.59



                           1       10        20        30        40        50   

AtPGDH1   ...........................MSATAAASSSIAVATNSLRNVTLSSRSPLPSAISVAFPSRGRNTLQRRLVLVS
AtPGDH2   .....................MAFSSSCSSVKAVNSRWTSPSPSPSSRFAVLPAFLHRRYATSVKLTAISAALKTVEQTT
AtPGDH3   .......................................MATSLNLSSIFSSSSRLVTTPSSVFPIRQR...RRIILVTS
OsPGDH1   ................................MAAPSQTTATTTHHRVLLPSHHHHRAVPPSLLRLPLRAARRGRLSAAA
OsPGDH2   ..........................MATAAAASRAALSRPHAAAAAARASPAAGARVTLPRRRSVRSAVISSSASAAAV
OsPGDH3   ...........................MALAPPLCHLLAAPPPSTSAAADAAHDHAGALAPHRRASPLRRRGRLFLACRV
PpPGDH1   METASMAATAGSATIVGAKLAVNYGVSQRREPQLSSRVSLGRNSVFVSKAGVYSRGPNVGSRRVGASKRVVAVNSAAAAS
PpPGDH2   .....MATIAGLTMAVNVKEMLQSVTGLRQQAQCNNQLLASRVSLHKNSLETRR...QPVCSRRHSVVMNVTTTHS....
PpPGDH3   .....MATTARSSTCIGTTMAVRSGVAQKQECHLASRVSFGRNSVLASRAGVSGRVVNVGVRWVGAVKVMAVN.......
PpPGDH4   .....MAMVMGKSMTANAKHTLQFAPSSTQKSQGKHRLLASSVAFQTSSSLIAKGTTTICTLPKSRSLAVKAVVTN....
AmtriPGDH1 ...........................MAASSSKLLSSPSFRGIGRERIAASASNLRPSPSLLVRGRERVSLSGQLGIGS
AmtriPGDH2 ...............................MASSNAKPLLTPPISRRLPSLQLSYLSLKQCQNPRPSLASASFLGQPLK
MpPGDH    .........MAATSAVAAVVAGALGAVPQRTDLAAAAAVPSRACSVSSLASFQSLSASCKTARSARAVSKKVGGRQ....
AhPGDH    ................................................................................
MtPGDH    ................................................................................

                    60        70        80        90       100       110        

AtPGDH1                             L            L     V          L       DAL VRS T V   V CSTGDG...............SKPTI VAEKLGDAGIKL EDVAN DCSYNMTPEE NIKISLC   I   G K GRE F
AtPGDH2                             L            L     V          L       DAL VRS T V   V LTEDNRFSTVGSDSDEYNPTLPKPRI VTEKLGEAGVNL REFGD DCSYDLSPED KKKVAES   I   G K TRE F
AtPGDH3                             L            L     V          L       DAL VRS T V   V SSSGGG...............GKPTI VTEKLGQAGIDL KKYAN DCSYDLSLEE CTKISLC   I   G K GRD F
OsPGDH1                             L            L     V          L       DAL VRS T V   V AAAAPAASTAAPSEPAAGAVPGKPTV VAEKLGAAGLEL RGFAN DCSYGLSPEE RAKIPLC   I   G K GRD F
OsPGDH2                             L            L     V          L       DAL VRS T V   V AASEPAAGRVTLGAGTDGALWPKPAV VAEKLSEAGLAV RGFAD ECAYGMSPAE LAKVAQF   I   G K TRE L
OsPGDH3                             L            L     V          L       DAL VRS T V   V PAAAPSARGVAAEAAAG.....RPTV VTEKLGDAGLEL RRFAN DCAYELTAEE RAKVSLV   V   A R TRE F
PpPGDH1                             L            L     V          L       DAL VRS T V   V SSSSSSSAVAVPTSSDGQKSVAKPTV VAEKLGAAGIEL EKMAV DCSYNLSQED CAKVAEC   I   G K TRE F
PpPGDH2                             L            L     V          L       DAL VRS T V   V ..SSPAVTQTLSEQSNQSRNPDLATV VSEKLGDGGLDI RKVSN DCIYNLTNEE CAKISDY   I   A K TRK F
PpPGDH3                             L            L     V          L       DAL VRS T V   V ...SASTAAASPTATKNEKSVAKPTV VAEKLGAAGIEL EKVAV DCSYNLSQED CAKISDC   I   G K TRE F
PpPGDH4                             L            L     V          L       DAL VRS T V   V ..SSATVSKTPTEEAVKTRNPDLATV VAEKLGEGGLDL RKVSN DALYNLTNDE CEKISNY   I   A K TRK F
AmtriPGDH1                           L            L     V          L       DAL VRS T V   V SILRHGNPRTLASSQVRASLEAKPTV VAEKLGEAGLEL RSFAN DCSYNLTQEE CTKISLC   I   G K TRE F
AmtriPGDH2                           L            L     V          L       DAL VRS T V   V SSISRVVSLSKRRDLTVKASDSKPTV VSEKLGEAGLEV RSFAN DCSYNLTPED CSKISLC   I   G K NRE F
MpPGDH                              L            L     V          L       DAL VRS T V   V .IVCSVAAPSTSPRSASTEIVGKPTV VAEKLGEAGLEL KKIAN DCSYNLSQEE CAKISLC   I   G K TRE F
AhPGDH                              L            L     V          L       DAL VRS T V   V ......................MAKV VSDSVDQAGIDI SQVAQ DVKTKLSPEE VATIPEY   M   G K TEE I
MtPGDH                              L            L     V          L       DAL VRS T V   V ...................MVSLPVV IADKLAPSTVAA GDQVE RWVDGPDRDK LAAVPEA   L   A T DAE L

120       130       140       150       160       170       180       190        

AtPGDH1         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   ESSHGR KVVG     I  V LS   EF CL   A TA TIA    GIALMAAMA NVAQADASVKAGE K NKYV VSL
AtPGDH2         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EAAKGR KVVG     I  V LQ   EH CL   A TA TVA    GIALLASMA NVAQADASIKAGK E SKYV VSL
AtPGDH3         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   ESSRGR KVVG     I  V LA   EY CL   A TA TVA    GIALLTAMA NIAQADASIKAGK T NKYV VSL
OsPGDH1         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EASGGR RVVG     I  V LA   EH CL   A TA TVA    GIALLTAMS NIAQADASLKAGK Q NKYV VSL
OsPGDH2         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EAGRGR RVVG     I  V LQ   EA CL   A TA TVA    GIALLASMA NVSQADAALKAGK Q TKYV VSL
OsPGDH3         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EAARGR RVVG     I  V LQ   EA CL   A TA TVA    AIALLAAMA NVAQADASLKAGK Q NKYV VSL
PpPGDH1         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EASKGR KVVG     I  V LQ   EV CL   A TA TVA    GISLLTAMA NVAQASASMKAGK Q NKWV VSL
PpPGDH2         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EASKGK KVVG     I  V LE   EL CL   A TA TVA    GIALLTAMA NVAPSDSSMKSGK E NKYV VSL
PpPGDH3         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EASKGR KVVG     I  V LQ   EV CL   A TA TVA    GIALLTAMA NVAQASASMKAGK Q NKWV VSL
PpPGDH4         L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   QASNGR KVVG     I  V LD   EL CL   A TA TVA    GIALLTAMA NAAPADASMKSGK E SKYV VSL
AmtriPGDH1       L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   ESSRGR RVVG     I  V LS   EH CL   A NA TVA    GIALVAAMA NIAQADASMKSGK Q NKYV VSL
AmtriPGDH2       L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EASKGR KVVG     I  V LQ   EC VL   A TA TVA    GIALMVAMA NVAQSDASMKLGK Q NKYV VSL
MpPGDH          L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EASNGR KVVG     I  V LQ   EV CL   A TA TIA    GIALLTALA NVAQASASMKAGE K NKYV VSL
AhPGDH          L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   EAGN.Q KIIG     V  I VP   RR IM   S EG TIA    ALAMMLSLS HIPEANQSVKEKK E KNFI SEV
MtPGDH          L    RAGVG DN D  AAT  G  VVN P  N   AAEH         R             W R    G   AAAP.K KIVA     L  V VD   AR VL   A TS IHS    ALALLLAAS QIPAADASLREHT K SSFS TEI

200       210       220       230       240       250       260       270        

AtPGDH1     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VG  LAVL F KV TE  RRAKGL MRVIAH  YAPAD  HAIGVDLVSFDEALAT  FISL M L PT SKILNDETFA
AtPGDH2     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VG  LAVM F KV TE  RRAKGL MTVISH  YAPAD  RALGVDLVSFDQAIST  FVSL M L PA KKVFNDETFS
AtPGDH3     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VG  LAVL F KV SE  RRARGL MHVITH  YAPAD  RAIGVELVSFEVAIST  FISL L L AA SKMMNDVTFA
OsPGDH1     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VG  IAIL F KV SE  RRAKGL MHVIAH  YASAD  HAIGVELVSMEDALTT  FISL M L PA NKMLNDETFA
OsPGDH2     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VG  LAVM F KV SE  RRAKGL MHVIAH  YAPAD  RAIGAELVSFDEAIGR  FISL M L PA SKVFNDESFS
OsPGDH3     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VG  LAIM F KV SE  RRAKGL MDIISH  YAPVD  RAIGVDLVSFDEAIST  FISL M L PS AKLFDDETFA
PpPGDH1     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VD  LAVM F KV SE  RRAKGL MTVVAH  YASAE  KALGVELVSFDEALAA  FISL M L PT DKIFNDESFG
PpPGDH2     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VD  LAVM F KV SE  RKAKGL MHVISH  YASAD  RAIGVELVSFDDALAR  FISL M L PT KKVFNDDTFR
PpPGDH3     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VD  LAVM F KV SE  RRAKGL MHVVAY  YASAE  KAVGVELVNFEEALAT  FISL M L PT DKIFNDESFG
PpPGDH4     KT    G G  G  VA      G      DP     RA                AD    H P T  T          VD  LAVM F KV SE  RKAKGL MHVISH  YASAD  RAIGVELVSFDEALAR  FISL M L PT DKIFNDDTFK
AmtriPGDH1   KT    G G  G  VA      G      DP     RA                AD    H P T  T          VG  LAVL F KV TE  RRAKGL MNVIAH  YAPAD  RAIGVELVTFDEAISR  FISL M L PA SKILNDETFA
AmtriPGDH2   KT    G G  G  VA      G      DP     RA                AD    H P T  T          VG  LAVM F KV SE  RRAKGL MHVVAH  YAPAD  RAIAVDMVTFDQAIST  FISL M L PS KKVFNDETFG
MpPGDH      KT    G G  G  VA      G      DP     RA                AD    H P T  T          VD  LAVM F KV SE  RRAKGL MQVIAH  YAPAD  RAIGVELVSFDEALQR  FISL M L PS DKCFNDESFA
AhPGDH      KT    G G  G  VA      G      DP     RA                AD    H P T  T          YK  LGVV L KI SH  TVARAM MKLLAY  FISAE  EQLGCRLVDLDIIFTE  YITL I R PE ENLINAEALA
MtPGDH      KT    G G  G  VA      G      DP     RA                AD    H P T  T          FG  VGVV L RI QL  QRIAAF AYVVAY  YVSPA  AQLGIELLSLDDLLAR  FISV L K PE AGLIDKEALA

280       290       300       310       320          330       340       350     

AtPGDH1     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KM KGVRIV VA  GVI  D  VR LDA IVAQ A    TK  PAKDS...KLVQHERVTV        M   EGVAIEI
AtPGDH2     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KM KGVRLI VA  GVI  D  VR LDA IVAQ A    CE  PSKDS...RLIQHENVTV        K   EGVAIEI
AtPGDH3     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       MM KGVRIV VA  GVI  E  LR LDS IVAQ A    TV  PVKDN...KLVLHESVTA        M   EGVSIEV
OsPGDH1     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KM KGVRII VA  GVI  D  VR LDS IVAQ A    TK  PAPDS...KLVLHENVTV        V   EGVAIEI
OsPGDH2     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       RM NGVRII VA  GVI  D  VR LDS KVAQ A    TE  PAKDS...KLVLHENVTV        V   EGVAIEI
OsPGDH3     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       NM KGVRII VA  GVV  D  LR LDN TVSQ A    TE  PPKDS...KLVHHEHVTV        S   EGVALEI
PpPGDH1     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KC KGVRIV VA  GVI  P  VR LDA IVAQ A    TV  PKEGD...ALVNHENVIV        M   EGVAVEI
PpPGDH2     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KC KGVRLV VA  AVI  E  LR LDS IVAQ A    AV  PKGGDSSFALVQHKNVIA        V   EGVALEI
PpPGDH3     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KC KGVRII VA  GVI  P  VR LDA IVAQ A    TV  PPEGD...ALVNHENVIV        M   EGVAVEI
PpPGDH4     K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KC KGVRLV VA  GVI  E  LR IDS VVAQ A    TT  PKEGDSSWALVQHKNVTA        V   EGVAVEI
AmtriPGDH1   K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KM KGTRIV VA  GVI  E  LR LDT IVAQ A    TE  PPKDS...KLVQHENVIV        A   EGVAIEI
AmtriPGDH2   K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KM KGARII VA  GVI  E  VR LDN IVAQ A    TE  PPKEN...KLIQHERVTV        M   EGVAIEI
MpPGDH      K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KC KGVRIV VA  GVI  E  VR LDS IVAQ A    TV  PAKDD...KLIQHENVVV        M   EGVAVEI
AhPGDH      K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KM PTTRII CS  GVI  E  AT VEN TIGG A    AE  LGESK...LREVGSNIVL        E   TNVAVDV
MtPGDH      K      N  RG   DE AL  A   G    A LDVF  EP                  TPHLGAST EAQ       KT PGVIIV AA  GLV  A  AD ITG HVRA G    AT  CTDSP....LFELAQVVV        A   DRAGTDV

R51 (R108)

R132 (R190)W130 (W188)

G149, 151, 154 (G207, 209, 212) D172 (D230)

R233 (R291) H280 (H339)



   440       450       460       470        480       490        500       510  

AtPGDH1     G            VN    A   G                                                      TK IIEPISDVYVNL  ADFT KQR LRLSEERVLLDG.SPESPLETITVQLSNVESKFASSLSE.SGEVKVEGKVKDGV
AtPGDH2     G            VN    A   G                                                      TK IIEPISDSYVNL  ADFI KQK LRISEERMVVDS.SPEYPVDSIQVQILNVESNFAGAVSD.AGDISIEGKVKYGV
AtPGDH3     G            VN    A   G                                                      IK IIEPISSVFINL  SDYI KQR VKISEERMVLDG.SPENPIEYITVRIANVESRFASALSE.SGEIKVEGRVKQGV
OsPGDH1     G            VN    A   G                                                      TK LIEPISSVFVNL  ADFT KQR VRITEERILLDG.SPETPIDYIQVHIAHVESKFPSAISE.SGEITVEGKVKDGI
OsPGDH2     G            VN    A   G                                                      TK IVEPVSSTFVNL  ADYT KQR LRITEERVSHESPAAEAPLESIQVRLSHVQSKFAGAISD.GGDIVLEGRVKYGV
OsPGDH3     G            VN    A   G                                                      TK IIEPISSAFVNI  ADYV KQR LRISEERILLDG.SPEIPIDSIQVHLANVESKFAGALSD.EGDIRVEGEVKDGK
PpPGDH1     G            VN    A   G                                                      TK LIEPVSSAFINL  ADYV KQR LKISEERQPTDG.AIEVPLETITVTIAGVKSKFASAISG.NGSITLEGKVKDGV
PpPGDH2     G            VN    A   G                                                      SK LIEPVSDAIINL  ADYV KQR LKISEEREPADG.ESGVPLESVSVTIQDVESKFASARGDHSRSITLEGKVKDGV
PpPGDH3     G            VN    A   G                                                      TK LIEPVSSAFINL  ADYV KQR LKISEERQPTDG.AIEVPLQSISVMISGVESKFASSES..NGAITLEGKVKDGV
PpPGDH4     G            VN    A   G                                                      TK LIEPVSSAFINL  ADYV KQR LKISEEREASVS.AAGAPLESVSVTIADVDSKFASATGDLTRSITLEGKVKDGV
AmtriPGDH1   G            VN    A   G                                                      TK LIEPISNVFVNL  ADFT KQR LRITEERILLDG.SPESPLEFIQVQIANVESKFASAISE.AGEIKVEGRVKDGI
AmtriPGDH2   G            VN    A   G                                                      TK IIEPISSSFINL  ADFS KQR LRISEERIVHDG.SPAEPLGSIRVQISGVGSRFASAVTD.SGEVSVEGRVKDGV
MpPGDH      G            VN    A   G                                                      TK LIEPVSSAFINL  ADFI KQR LRISEERRPSDG.AVEVPLESIEVRISKVDSRFNTAMSS..GDITLVGTVKGGV
AhPGDH      G            VN    A   G                                                      LK LLSQALRERVNY  ASIE KER IRVIETKDASVH......DYSGSLRLEATGSLGEHSVTG........ALLSDQE
MtPGDH      G            VN    A   G                                                      LR LFSAVIEDAVTF  APAL AER VTAEICKASESP.NHRSVVDVRAVGADGSVVTVSGTLYG...........PQLS
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AtPGDH1                            D PG  G     LG   VN              A      D              PHLTKVGSFEVDVTLEGSIILCRQV Q  MI TVGSI  ESN  VNFMSVGRIAPRKQ IMAIGV DIPSKETLKKIGEI
AtPGDH2                            D PG  G     LG   VN              A      D              PHLTCVGSFGVDVSLEGNLILCRQV Q  MI QVGNI  EQN  VNFMSVGRTVLRKQ IMAIGV EEPDNKTLERIGGV
AtPGDH3                            D PG  G     LG   VN              A      D              PSLTKVGLFGVDVSLEGSVILCRQV Q  MI KVASI  DEN  VSFMSVGRIAPGKQ VMAIGV EQPSKETLKKIGDI
OsPGDH1                            D PG  G     LG   VN              A      D              PHLTKVGSFQVDVSLEGSLILCRQV Q  MI AVGSV  EEN  VSFMSVGRIAPRKH VMAIGV EEPKKSTLTKIGEI
OsPGDH2                            D PG  G     LG   VN              A      D              PHLTVVGPYEVDVSLEGNLILCRQI Q  MI KVGNI  QTN  ISFMSVGRTFRGKQ IMAIGV EEPDKETLEHIGHI
OsPGDH3                            D PG  G     LG   VN              A      D              PHLTLVGPFSVDVSLEGNLILCRQV Q  II KVGSI  KMN  VNFMSVGRTAPGKQ IMAIGV EEPEKEALKLIGDI
PpPGDH1                            D PG  G     LG   VN              A      D              PYLSKVGDFGVDVSLEDSIILCRQV Q  MI KVGSI  QEN  ISFMSVGRKSPRQH VMAIGV EEPSKVTLQKLGDI
PpPGDH2                            D PG  G     LG   VN              A      D              PHLSKVGNFSVDVSLDGNVILYRQV Q  MI KVGSI  EDN  ISFMSVGRTLRGQA IVAIGT EDVSDATIQKLKEL
PpPGDH3                            D PG  G     LG   VN              A      D              PYLSRVGSFSVDVSLEGSIILYRQV Q  MI KVGSI  EEN  ISFMSVGRKSPREH VMAIGV EEPSKATLQKLGDI
PpPGDH4                            D PG  G     LG   VN              A      D              PHLSKVGNFNVDVSLEGSIIFYRQV Q  MI KVGSI  EEN  IAFMSVGRTLRGLD IVAIGT EDLSKATIQKLADI
AmtriPGDH1                          D PG  G     LG   VN              A      D              PHLTKVGSFEVDVSLEGSLILCRQV Q  MI RVGSI  EEN  VSFMSVGRIAPRKH VMAIGV EEPNKETLKKIGEI
AmtriPGDH2                          D PG  G     LG   VN              A      D              PHLTSVGSFDVDVSLEGNLILCRQV Q  MI RVGNI  EDN  VNFMSVGRTVRGKK IMAIGV EEPGKKTLRLIGEV
MpPGDH                             D PG  G     LG   VN              A      D              PHLSKVGGFSVDVSLEGSIILCRQV Q  MI KVGNF  EQN  ISFMSVGRDSPRKQ VMAIGV DVPSKEVLTKIGQI
AhPGDH                             D PG  G     LG   VN              A      D              MRITNVDGFPINVPPNNYMLFTLHR M  II KIGSL  GFN  IASMQVGRKIVRGD VMVLSI DPLPEGVLDEIMKV
MtPGDH                             D PG  G     LG   VN              A      D              QKIVQINGRHFDLRAQGINLIIHYV R  AL KIGTL  TAG  IQAAQLSEDAEGPG TILLRL QDVPDDVRTAIAAA

     600                                                                        

AtPGDH1             L                                                                     PAVEEFVFLK .                                                                    
AtPGDH2             L                                                                     SAIEEFVFLK .                                                                    
AtPGDH3             L                                                                     PAIEEFVFLK .                                                                    
OsPGDH1             L                                                                     PAIEEFVFLK .                                                                    
OsPGDH2             L                                                                     PAIEEFVFLE .                                                                    
OsPGDH3             L                                                                     PSVEEFVFIK .                                                                    
PpPGDH1             L                                                                     PAVEEFVFLK .                                                                    
PpPGDH2             L                                                                     PAIEELVFLR .                                                                    
PpPGDH3             L                                                                     PAVEEFVFLK .                                                                    
PpPGDH4             L                                                                     PAIGELVFLK .                                                                    
AmtriPGDH1           L                                                                     PAVEEFVFLN .                                                                    
AmtriPGDH2           L                                                                     PAIEEFVFLK .                                                                    
MpPGDH              L                                                                     SAIEEFVFLK .                                                                    
AhPGDH              L                                                                     PGIRDAYTIK .                                                                    
MtPGDH              L                                                                     VDAYKLEVVD S                                                                    

 

Y461 (Q536) D463 (D538) N481 (N556)

ACT domain
Key residues for serine binding
in MtPGDH

ASB domain

Figure S4. Multiple sequence alignments of full-length amino acid sequences of PGDH isozymes. The 
full-length amino acid sequences of PGDHs from A. thaliana (AtPGDHs), O. sativa (OsPGDHs), A. 
trichopoda (AmtriPGDHs), P. patens (PpPGDHs), M. polymorpha (MpPGDH), A. halophytica 
(AhPGDH), and M. tuberculosis (MtPGDH) are shown. Isozymes regulated by all six effector amino 
acids are highlighted by red font and pink shading. The predicted transit peptides are underlined. The 
predicted ASB domains and ACT domains are surrounded by blue and green rectangles, respectively. 
Green triangles, red triangles and red pentagon with number represent key residues for serine binding, 
substrate binding and active site histidine in MtPGDH,  respectively.  Correspound residues on 
AtPGDH1 are also shown in parentheses.

  360       370       380       390       400        410       420       430    

AtPGDH1   AE     L G     AVN             P   L   LG                                         AVVGA N ELAAT   APMVSAEVLTELK YVV AEK  RLAVQLVAGGSG.VKNAKITYASARATDDLDTRLLRAMI
AtPGDH2   AE     L G     AVN             P   L   LG                                         AVAGA K ELSAT   APMVAPEVLSELT YIV AEK  RLAVQLASGGKG.VQSIRVVYRSARDRDDLDTRLLRAMI
AtPGDH3   AE     L G     AVN             P   L   LG                                         AVIGA R ELAAT   APMVPLEVLRELK YVV AEK  RLAVQLVTGGSG.VNAVKVTYASSRAPDDLDTRLLRAMV
OsPGDH1   AE     L G     AVN             P   L   LG                                         AVIGA K ELAAS   APMVPAEVLSELA YVV AEK  RLAVQLVAGGGG.IKSVKVTYASARAPDDLDTRLLRAMI
OsPGDH2   AE     L G     AVN             P   L   LG                                         AVVGA R ELAAT   APMVPAEVMSELA YVS AEK  KLAVQLVAGESGGIKGVKVVYTTARGPDDLDTRLLRAMV
OsPGDH3   AE     L G     AVN             P   L   LG                                         AVLGA K ELAAT   APMVPAEVLSELS YVI AEK  RLVVQLVAGGSG.IKGVKIGYSSSRDPDDLDTRVLRAMV
PpPGDH1   AE     L G     AVN             P   L   LG                                         AVAGA A ELSAT   APMVPAEVITELA YVT AER  RLAVQLVSGGAG.VKQVKVVYRSARADDDLDTRLLRAMI
PpPGDH2   AE     L G     AVN             P   L   LG                                         AVAGA A DLAAT   APMVPAEVIAELT YVV AEK  RLTVQLVSGSAG.VKQVKVVYKSSRDDGDLDTRLLRARI
PpPGDH3   AE     L G     AVN             P   L   LG                                         AVAGA A ELSAT   APMVPAEVITELA YVS AER  RLAVQLVSGGAG.VKQVKVVYRSARADDDLDTRLLRAMI
PpPGDH4   AE     L G     AVN             P   L   LG                                         AVAGA A ELAAT   APMVPAEVITELA YVT AEK  RLAVQLVSGGAG.VKQVKVVYRSARDDGDLDTRLLRAMI
AmtriPGDH1 AE     L G     AVN             P   L   LG                                         AVVGA K ELAST   APMVPAEILSELA FVV AEK  RLAVQLVAGGSG.VKSVKVTYASARAPDDLDTRVLRAMI
AmtriPGDH2 AE     L G     AVN             P   L   LG                                         AVVGA K ELAST   APMVPAEVLTELA YVV AEK  RLAVQLVAGGSG.VKQVKVIYTTSRNPDDLDTRLLRAMV
MpPGDH    AE     L G     AVN             P   L   LG                                         AVVGA Q ELAAT   APMVPAEVLAELS YVT AER  RLAVQLVSGGAG.VKDVKVTYTSSRADDDLDTRLLRAMI
AhPGDH    AE     L G     AVN             P   L   LG                                         QIRDV L LPARS   IPGLNPDVLEQLR FLQ AET  NLVSQLAG...GRVEQLNVRLQG..ELTDSQSQPIVIAA
MtPGDH    AE     L G     AVN             P   L   LG                                         SVRLA A EFVPD   VGGG..VVNEEVA WLD VRK  .....VLAGVLSDELPVSLSVQVRGELAAEEVEVLRLSA
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Figure S5. Phylogenetic tree of PGDHs across multiple plant lineages. Amino acid sequences of 
PGDHs from eudicots, monocots, basal angiosperms, gymnosperms, lycophyte, bryophytes, 
charophyte, chlorophyte, cyanobacterium, and actinobacterium were obtained from databases 
(Supplementary Table S2). Red and blue letters indicate the isozymes sensitive to six effector amino 
acids and those insensitive or sensitive to some effectors, respectively. Posterior probabilities   are 
indicated at the nodes. Bar indicates substitutions per site.
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