
Mechanistic Insights into Ferredoxin-NADP(H)-Reductase
Catalysis Involving the Conserved Glutamate in the Active

Site

Verónica I. Dumit,1,2,+ Timm Essigke,1,+ Néstor Cortez,2
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Table 1: Partial Charges of the flavin isoalloxazine ring.

Atom FAD FADH. FADH2 FAD.−

N1 -0.744883 -0.792492 -0.752827 -0.778810
HN1 0.000000 0.000000 0.459134 0.000000
C2 0.979264 0.996910 0.967921 0.980265
O2 -0.701395 -0.738142 -0.719930 -0.807856
N3 -0.729075 -0.741433 -0.729028 -0.761840
H3 0.413039 0.408825 0.413084 0.402695
C4 0.723433 0.748511 0.744274 0.724561
O4 -0.635995 -0.678005 -0.683674 -0.743137
C4X 0.214096 -0.182070 -0.234883 0.077900
N5 -0.601790 -0.272552 -0.419799 -0.775444
HN5 0.000000 0.352647 0.332867 0.000000
C5X 0.495945 0.210617 0.239268 0.542325
C6 -0.352594 -0.332772 -0.398402 -0.395594
H6 0.176242 0.187306 0.187098 0.141026
C7 0.127757 0.114925 0.110814 0.097311
C8 0.069069 0.073721 0.022091 0.000077
C9 -0.249185 -0.290764 -0.310631 -0.271688
H9 0.194324 0.191728 0.192713 0.180241
C9A -0.046423 0.108567 0.090894 -0.105126
N10 -0.011589 -0.155388 -0.221859 0.017271
C10 0.351818 0.513896 0.467344 0.288310
C7M -0.149784 -0.172592 -0.142909 -0.099306
H7M1 0.059883 0.066580 0.051825 0.035933
H7M2 0.065753 0.064723 0.048772 0.046150
H7M3 0.059979 0.066603 0.052026 0.036059
C8M -0.136753 -0.166658 -0.128109 -0.108192
H8M1 0.071014 0.068870 0.047390 0.048917
H8M2 0.071414 0.069429 0.048386 0.048696
H8M3 0.051215 0.058372 0.042280 0.035073
C1’ 0.230208 0.215778 0.214766 0.144412
H11’ 0.002521 0.002430 0.004553 -0.000113
H12’ 0.002521 0.002430 0.004553 -0.000113
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Table 2: Partial Charges of the iron-sulfur cluster.

Atom ox red
FE1 0.820000 0.963000
FE2 0.797000 0.952000
S1 -0.637000 -0.864000
S2 -0.590000 -0.852000
1CB -0.048000 -0.036000
1HB1 0.041000 0.017000
1HB2 0.013000 -0.059000
1SG -0.593000 -0.752000
2CB -0.003000 0.016000
2HB1 0.037000 0.019000
2HB2 0.007000 -0.085000
2SG -0.661000 -0.801000
3CB -0.052000 -0.149000
3HB1 0.034000 0.059000
3HB2 0.041000 0.023000
3SG -0.636000 -0.725000
4CB 0.058000 -0.038000
4HB1 0.040000 0.094000
4HB2 -0.039000 -0.057000
4SG -0.629000 -0.725000
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Table 3: Protonation ∆GTR,7 and energy contributions, ∆∆GBorn, ∆∆Gback, ∆Ginter
TR,7 of

Glu312 in different steps of the reaction cycle, calculated at pH 7.0 (kcal/mol). In case of
the flavin the three forms are FAD (ox), FADH� (se) and FADH2 (red), in case of NADP(H) the
two forms are NADP+ (ox) and NADPH (red). Structures were modeled based on PDB entry
1gaw for the intermediates without Fd bound and based on PDB entry 1gaq for intermediates
with Fd. The major difference in the FNR structure between the two PDB entries is a different
rotamer of Glu312. Therefore, the calculations without Fd were also done with PDB entry 1gaq
with Fd deleted (intermediates marked by *).

FNR complex Intermediate
Flavin NADP(H) Fd ∆GTR,7 ∆∆GBorn ∆∆Gback ∆Ginter

TR,7 Figure 4
ox 2.8 -2.2 0.7 0.6 I
se 3.1 -2.2 1.0 0.6
red 2.5 -2.2 0.4 0.6
ox ox 4.9 -2.2 2.8 0.7 II
se ox 5.3 -2.2 3.2 0.7 V
red ox 4.7 -2.2 2.5 0.7 VIIIb
ox red 2.8 -2.2 0.7 0.7 IX
se red 3.2 -2.2 1.1 0.7

FN
R

w
ith

ou
tF

d
bo

un
d

red red 2.6 -2.2 0.5 0.7
ox -1.4 -7.0 1.1 0.8 I*
se -0.6 -7.0 1.9 0.8
red -1.6 -7.0 0.9 0.8
ox ox 3.3 -7.2 6.0 0.8 II*
se ox 4.1 -7.2 6.8 0.8 V*
red ox 3.1 -7.2 5.8 0.9 VIIIb*
ox red -0.3 -7.2 2.3 0.9 IX*
se red 0.5 -7.2 3.2 0.9
red red -0.5 -7.2 2.2 0.9
ox ox ox -0.3 -11.2 5.9 1.3
se ox ox 1.0 -11.2 7.1 1.4 IV
red ox ox -1.0 -11.2 5.2 1.3 VII
ox red ox -5.9 -11.2 0.2 1.4 VIIIa
se red ox -4.8 -11.2 1.3 1.4
red red ox -6.6 -11.2 -0.5 1.4
ox ox red -2.5 -11.2 3.6 1.4 III
se ox red -1.3 -11.2 4.7 1.4 VI
red ox red -3.2 -11.2 2.9 1.4
ox red red -8.1 -11.2 -2.1 1.6
se red red -6.9 -11.2 -1.0 1.6

FN
R

w
ith

Fd
bo

un
d

red red red -8.7 -11.2 -2.8 1.6
ox ox -6.6 -11.1 -0.5 1.3
se ox -5.4 -11.1 0.7 1.3
red ox -7.2 -11.1 -1.1 1.3
ox red -8.7 -11.1 -2.7 1.4
se red -7.5 -11.1 -1.6 1.4
red red -9.3 -11.1 -3.3 1.5
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Alignment of Bacterial FNRs

Oceanicaulis_alexandrii ..............................
Maricaulis_maris ..............................
Mesorhizobium_loti ..............................
Mesorhizobium_sp. ..............................
Aurantimonas_sp. ..............................
Fulvimarina_pelagi ..............................
Bartonella_quintana ..............................
Bartonella_henselae ..............................
Bartonella_tribocorum ..............................
Bartonella_bacilliformis ..............................
Hoeflea_phototrophica ..............................
Sinorhizobium_meliloti ..............................
Sinorhizobium_medicae ..............................
Agrobacterium_tumefaciens ..............................
Rhizobium_leguminosarum MEWNAFNSSPICNICLASDSSSDETGSATA
Rhizobium_etli ..............................
Stappia_aggregata ..............................
Hyphomonas_neptunium ..............................
Rhodobacter_sphaeroides ..............................
Paracoccus_denitrificans ..............................
Rhodobacter_capsulatus ..............................
Jannaschia_sp. .............................M
Loktanella_vestfoldensis ........................MGHDEH
Dinoroseobacter_shibae ..........................MNKP
Phaeobacter_gallaeciensis ...........................MDP
Silicibacter_sp. .............................M
Sagittula_stellata ...........................MDT
Oceanicola_batsensis ..........................MARD
Roseovarius_sp. ............................MN
Roseobacter_denitrificans ..............................
Roseobacter_litoralis ..............................
Roseovarius_nubinhibens ..............................
Silicibacter_pomeroyi ..............................
Sulfitobacter_sp. ..............................
Oceanibulbus_indolifex ..............................
Rhodobacterales_bacterium ..............................
Oceanicola_granulosus ..............................
Burkholderia_dolosa ..............................
Burkholderia_multivorans ..............................
Burkholderia_cenocepacia ..............................
Burkholderia_ambifaria ..............................
Burkholderia_vietnamiensis ..............................
Burkholderia_ubonensis ..............................
Burkholderia_thailandensis ..............................
Burkholderia_pseudomallei ..............................
Burkholderia_oklahomensis ..............................
Hahella_chejuensis ..............................
Reinekea_sp. ..............................
Pseudomonas_putida ..............................
Pseudomonas_entomophila ..............................
Pseudomonas_fluorescens ..............................
Pseudomonas_mendocina ..............................
Ralstonia_eutropha .......MHIPEIPRWRCRLRLRRPQACVK
Cupriavidus_taiwanensis ..............................
Methylobacterium_radiotolerans ..............................
Methylobacterium_extorquens ..............................
Methylobacterium_nodulans ..............................
Xanthobacter_autotrophicus ..............................
Brucella_melitensis ..............................
Brucella_ovis ..............................
Brucella_suis ..............................
Ochrobactrum_anthropi ..............................
Psychrobacter_arcticus ..............................
Psychrobacter_cryohalolentis ..............................
Psychrobacter_sp. ..............................
Caulobacter_crescentus ..............................
consensus
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10.
Oceanicaulis_alexandrii MAM...................GAFTEETV
Maricaulis_maris MTMTATAP....AKKNAVSAKPGPFTVETV
Mesorhizobium_loti MNTTSAFN..TAGARPLQFPIPANVYAETV
Mesorhizobium_sp. MSTAALQN..VEAADKLEFPIPAGVYAERV
Aurantimonas_sp. MSSLAQQ...PEHSPEPAFPIPAGVFAETV
Fulvimarina_pelagi MSSVAEK...TAET..ESFPIPANVFAETV
Bartonella_quintana MNTPATHVQSNINSVSSSFPIPENVFALTV
Bartonella_henselae MNTSASNVQSNISSVASDFPIPENVFALTV
Bartonella_tribocorum MNTSATNVPSNISSVA.DFPIPANVFALTV
Bartonella_bacilliformis MSTSIPNVKADISSTASNFPIPENVFTLTV
Hoeflea_phototrophica MNQIVR.....PTSNAGSYEIPAGVFAETV
Sinorhizobium_meliloti MNAPAK.......KEDFAVQAPAGVFAETV
Sinorhizobium_medicae MNAPAK.......KEDFAVQAPAGVFVETV
Agrobacterium_tumefaciens MNAPAK.......TEDFAIKIPDGVYAETV
Rhizobium_leguminosarum MNAPAK.......TEDFASSIPAGVYAETV
Rhizobium_etli MNAPAK.......TEDFASSIPAGVYAETV
Stappia_aggregata MNVLAK.......PADLEAAAPAGAFVEEV
Hyphomonas_neptunium MKVN.................PNGPTEETV
Rhodobacter_sphaeroides ......MNQ.......NAAIVKTLPDAQTV
Paracoccus_denitrificans MTLDLSVDI.......AAKPAKTLPDAQTV
Rhodobacter_capsulatus ..TTVNETT.......PIAPAKVLPDAQTV
Jannaschia_sp. MTEQTPVTQTD...AAPVKATPTLPDAQTV
Loktanella_vestfoldensis MTEQSPVNH......ASAKIVPQLPDMQTV
Dinoroseobacter_shibae TDVMSTVTD......ATPIKVPTLPDAQTV
Phaeobacter_gallaeciensis MNEMTPVTEAATDPK.PAKAVPALPDAQTV
Silicibacter_sp. MNEITPVSEPVTEAAAPAKAKPALPDAQTV
Sagittula_stellata MTEMTPVTDATAAATAPAKK..AVPDAQTV
Oceanicola_batsensis DMTEATVTE......QAIPKVPTLPDAQTV
Roseovarius_sp. EMTAVTQAT......AKAPKTLAIPDAQIV
Roseobacter_denitrificans MTEHAPVNK......EAATKVPTLPDAQTV
Roseobacter_litoralis MTEQATVNK......ETATKVPTLPDAQTV
Roseovarius_nubinhibens MNEIADVTD.....ASPIKAKPALPDAQKV
Silicibacter_pomeroyi MTEMRPVTE......AAAIKAPTLPDSQTV
Sulfitobacter_sp. MTEQNVVTQ......TDAKPVPTLPDAQTV
Oceanibulbus_indolifex MTEQTKVNQ......TAAKPVPTLPDAQSV
Rhodobacterales_bacterium MTEQNPVNT......ENAKPVKALPDAQIV
Oceanicola_granulosus MTEQSTVTQ......ADARPVKALPDAQIV
Burkholderia_dolosa ...................MSK..FDTATV
Burkholderia_multivorans ...................MSK..YDTAIV
Burkholderia_cenocepacia ...................MSK..YDTATV
Burkholderia_ambifaria ...................MSK..YDTATV
Burkholderia_vietnamiensis ...................MSK..YDTATV
Burkholderia_ubonensis ...................MSK..YDTATV
Burkholderia_thailandensis ...................MSK..FDTATV
Burkholderia_pseudomallei ...................MSK..FDTATV
Burkholderia_oklahomensis ...................MSK..FDTATV
Hahella_chejuensis ...................MSG..MRKETV
Reinekea_sp. ...................MANT.LRKETV
Pseudomonas_putida ...................MSN..MNHERV
Pseudomonas_entomophila ...................MSN..MNHERV
Pseudomonas_fluorescens ...................MSN..MNHERV
Pseudomonas_mendocina ...MPRNRVFRRPILEEVIMSN..MNVERV
Ralstonia_eutropha ILPAVFGAASCRCIPR.FAMSN..LNQQSI
Cupriavidus_taiwanensis ..........MRCIPR.LAMSN..LNQQSI
Methylobacterium_radiotolerans ...................MSK..FHEARV
Methylobacterium_extorquens ...................MSK..YNEERV
Methylobacterium_nodulans ...................MSN..FNEERV
Xanthobacter_autotrophicus MWPSPFRARSGACRDRILKMSN..FNEETV
Brucella_melitensis ..................MSSN..FNQETV
Brucella_ovis ..................MSSN..FNQETV
Brucella_suis ..................MSSN..FNQETV
Ochrobactrum_anthropi ..................MSSN..FNQETV
Psychrobacter_arcticus ...................MSK..LRTETV
Psychrobacter_cryohalolentis ...................MSK..LRTETV
Psychrobacter_sp. ...................MSK..FHTETV
Caulobacter_crescentus ...................MKEAPYFVEKV
consensus
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20. 30. 40.
Oceanicaulis_alexandrii IAVRHYTDRLFSFRVTRPQSFRFRSGEFVM
Maricaulis_maris LSVTHYTDRLFHFRITRPDAFRFRSGEFIM
Mesorhizobium_loti VSVKHYTDRLFSFRITRPQSLRFRSGEFVM
Mesorhizobium_sp. VAVKHYTDRLFSFRITRPQTFRFRSGEFVM
Aurantimonas_sp. TKVTHYTDSLFAFRITRPQSFRFRSGEFVM
Fulvimarina_pelagi TSVTHYTDRLFAFRMTRPQSFRFRSGEFVM
Bartonella_quintana QEVYHYTDHLFKFRLNRPESFRFRSGEFVM
Bartonella_henselae QEVYHYTDRLFKFRLNRPESFRFRSGEFVM
Bartonella_tribocorum QEVCHYTDRLFKFRLNRPESFRFRSGEFVM
Bartonella_bacilliformis QEVCHYTDRLFKFRLNRPNNFRFRSGEFIM
Hoeflea_phototrophica TSVQHYTDRLFKIRITRPASFRFRSGEFVM
Sinorhizobium_meliloti TSVEHYTDRLFRFRMTRPQEFRFRSGEFAM
Sinorhizobium_medicae TSVEHYTDRLFRFRMTRPKEFRFRSGEFAM
Agrobacterium_tumefaciens LSVEHYTDHLFRFRMTRPAGFRFRSGEFAM
Rhizobium_leguminosarum LSVTHYTDRLFRFTMTRPQGFRFRSGEFAM
Rhizobium_etli LAVTHYTDRLFRFTMTRPQGFRFRSGEFAM
Stappia_aggregata KFVQHYTDRLFRFRMTRPASFRFRSGEFVM
Hyphomonas_neptunium LSVEHYTDRLFRFRLTRPQSFRFRTGEFVM
Rhodobacter_sphaeroides TSVQHWTDRLFSFRVTRPQSLRFRSGEFVM
Paracoccus_denitrificans TSVRHWTDRLFSFRVTRPASLRFRSGEFVM
Rhodobacter_capsulatus TSVRHWTDTLFSFRVTRPQTLRFRSGEFVM
Jannaschia_sp. TEVKHYTDRLFSFRCTRPASLRFRSGEFVM
Loktanella_vestfoldensis TEVKHYTDRLFSFRVTRPASLRFRSGEFVM
Dinoroseobacter_shibae LSVKHWTDRLFSFRVTRPQTLRFRSGEFVM
Phaeobacter_gallaeciensis TEVKHWTDRLFSFKVTRPASLRFRSGEFVM
Silicibacter_sp. TQVKHWTDRLFSFRCTRPASLRFRSGEFVM
Sagittula_stellata TEVRHWTDRLFSFRCTRPASLRFRSGEFVM
Oceanicola_batsensis THVKHWTDRLFSFRCTRPASLRFRSGEFVM
Roseovarius_sp. TQVTHWTDRLFSFRVTRPASLRFRSGEFVM
Roseobacter_denitrificans TAVQHYTDRLFSFRVTRPASLRFRSGEFVM
Roseobacter_litoralis TAVQHYTDRLFSFRVTRPASLRFRSGEFVM
Roseovarius_nubinhibens TEVTHWTDRLFSFRVTRPASLRFRSGEFVM
Silicibacter_pomeroyi TQVKHWTDRLFSFRVTRPASLRFRSGEFVM
Sulfitobacter_sp. TSVKHWTDRLFSFRVTRPASLRFRSGEFVM
Oceanibulbus_indolifex TSVTHWTDQLFSFRVSRPASLRFRSGEFVM
Rhodobacterales_bacterium TSVTHWTDTLFSFRVTRPKSLRFRSGEFVM
Oceanicola_granulosus TEVRHYTDRLFSFRVSRPASLRFRSGEFVM
Burkholderia_dolosa QSVHHWTDTLFSFTCTREPSLRFNNGEFTM
Burkholderia_multivorans QSVHHWTDTLFSFTCTREPSLRFNNGEFTM
Burkholderia_cenocepacia QSVHHWTDTLFSFTCTREASLRFNNGEFTM
Burkholderia_ambifaria QSVHHWTDTLFSFTCTREPSLRFNNGEFTM
Burkholderia_vietnamiensis QSVHHWTDTLFSFTCSREPSLRFNNGEFTM
Burkholderia_ubonensis QSVHHWTDTLFSFTCTREPSLRFNNGEFTM
Burkholderia_thailandensis LSVHHWTDTLFSFTCTRDQGLRFNNGEFTM
Burkholderia_pseudomallei LSVHHWTDTLFSFTCTRDQALRFNNGEFTM
Burkholderia_oklahomensis LSVHHWTDTLFSFTCTRDQALRFNNGEFTM
Hahella_chejuensis TSVRHWNDTLFSFTTSRDPSFRFKNGHFIM
Reinekea_sp. TEVHHWNESLFSFKTTRDMGFRFKNGHFVM
Pseudomonas_putida LSVHHWNDTLFSFKCTRDPGLRFENGQFVM
Pseudomonas_entomophila LSVHHWNDTLFSFKCTRDPGLRFENGQFVM
Pseudomonas_fluorescens LSVHHWNDTLFSFKCTRDPGLRFENGQFVM
Pseudomonas_mendocina LSVHHWNDTLFSFKCTRDPGLRFENGQFVM
Ralstonia_eutropha LSVHHWTDTLFSFTCTRDPGFRFENGQFAM
Cupriavidus_taiwanensis LSVHHWTDTLFSFTCTRDPGFRFENGQFAM
Methylobacterium_radiotolerans LSVHHWTDTLFSFRTTRDPAFRFRNGEFTM
Methylobacterium_extorquens LSVHHWTDTLFSFRTTRDPSFRFRNGEFTM
Methylobacterium_nodulans LSVHHWTDTLFSFRTTRDPSFRFRNGEFTM
Xanthobacter_autotrophicus TSVHHWTDTLFSFTCTRDPGLRFLNGQFTM
Brucella_melitensis TDIHHWTDTLFSFRTTRDPGFRFQSGQFIM
Brucella_ovis TDIHHWTDTLFSFRTTRDPGFRFQSGQFIM
Brucella_suis TDIHHWTDTLFSFRTTRDPGFRFQSGQFIM
Ochrobactrum_anthropi TDIHHWTDTLFSFRTTRDPGFRFQSGQFIM
Psychrobacter_arcticus TEVHHWNDALFSIKTTRDDGLRFRNGEFAM
Psychrobacter_cryohalolentis TEVHHWNDALFSIKTTRDDGLRFRNGEFAM
Psychrobacter_sp. TYVHHWNDSLFTIKTTRDAGLRFRNGEFAM
Caulobacter_crescentus LWVKHWTDRLFSFAITRPASFRFRSGEFVM
consensus * ** * ** * * *
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50. 60.
Oceanicaulis_alexandrii IGL.MVDG......KPLLRAYSIASPSWDE
Maricaulis_maris IGLPKEDG......KPLLRAYSLASPFWDE
Mesorhizobium_loti IGLPNAE.......KPVFRAYSVASPAWDE
Mesorhizobium_sp. IGLPNAE.......KPVFRAYSIASPAWDE
Aurantimonas_sp. IGLPNAA.......KPVYRAYSIASPAWDE
Fulvimarina_pelagi IGLPNAE.......KPVYRAYSIASPAWDE
Bartonella_quintana IGLPNAE.......KPIYRAYSIASPFWDE
Bartonella_henselae IGLPNAE.......KPIYRAYSIASPFWDE
Bartonella_tribocorum IGLPNAE.......KPIYRAYSIASPFWDE
Bartonella_bacilliformis IGLPNAE.......KPVYRAYSIASPFWDE
Hoeflea_phototrophica IGLPNAE.......KPVFRAYSIASPSWDE
Sinorhizobium_meliloti IGLMVGD.......KPVYRAYSIASPAWDE
Sinorhizobium_medicae IGLMVGD.......KPIYRAYSIASPAWDE
Agrobacterium_tumefaciens IGLMVGE.......KPIYRAYSIASPAWDE
Rhizobium_leguminosarum IGLMVEG.......KPVFRAYSIASPAWAE
Rhizobium_etli IGLMVEG.......KPVFRAYSIASPAWAE
Stappia_aggregata IGLMIDS.......KPLYRAYSIASPAWDE
Hyphomonas_neptunium IGLPKEDG......KPLLRAYSIASPAWDE
Rhodobacter_sphaeroides IGLLDE......RGKPIMRAYSIASPNWDE
Paracoccus_denitrificans IGLPDD......NGKPILRAYSIASPNWDE
Rhodobacter_capsulatus IGLLDD......NGKPIMRAYSIASPAWDE
Jannaschia_sp. IGLMGEPHPETGKQKPLLRAYSIASPSWDE
Loktanella_vestfoldensis IGLMGDEDPETGKRKPIMRAYSIASPSWDE
Dinoroseobacter_shibae IGLMGDPDPKTGKQKPLLRAYSIASPSWDE
Phaeobacter_gallaeciensis IGLMNDPDPKTGKVKPLLRAYSIASPSWDE
Silicibacter_sp. IGLMGDPDPKTGKQKPLLRAYSIASPSWDE
Sagittula_stellata IGLMQT.DPKSGKEKPLLRAYSIASPSWDE
Oceanicola_batsensis IGLMG....DTG..RPLLRAYSIASPSWDE
Roseovarius_sp. IGLMQT.DEKTGKEKPLLRAYSIASPSWDD
Roseobacter_denitrificans IGLMGDPDPKTGKQKPLLRAYSIASPSWDD
Roseobacter_litoralis IGLMGDPDPKTGKQKPLMRAYSIASPSWDD
Roseovarius_nubinhibens IGLMGDPHPETGKQKPLLRAYSIASPSWDE
Silicibacter_pomeroyi IGLLGD......NGKPLLRAYSIASPAWDE
Sulfitobacter_sp. IGLMGDPHPETGKQKPLLRAYSIASPSWDE
Oceanibulbus_indolifex IGLMGDPHPETGKQKPLLRAYSIASPAWDD
Rhodobacterales_bacterium IGLLKD......DGRPLLRAYSIASPSWDE
Oceanicola_granulosus IGLMGD......NGKPLLRAYSIASPSWDD
Burkholderia_dolosa VGL......EVD.GKPLTRAYSIVSPNYEE
Burkholderia_multivorans VGL......EVD.GKPLARAYSIVSPNYEE
Burkholderia_cenocepacia VGL......EVD.GKPLARAYSIVSPNYEE
Burkholderia_ambifaria VGL......EVD.GKPLARAYSIVSPNYEE
Burkholderia_vietnamiensis VGL......EVD.GKPLARAYSIVSPNYED
Burkholderia_ubonensis VGL......EVD.GKPLARAYSIVSPNYEE
Burkholderia_thailandensis VGL......EVD.GKPLTRAYSIVSPNYEE
Burkholderia_pseudomallei VGL......EVD.GKPLTRAYSIVSPNYEE
Burkholderia_oklahomensis VGL......EVD.GKPLTRAYSIVSPNYEE
Hahella_chejuensis IGL......EQDSGRPLMRAYSIASANYEE
Reinekea_sp. IGL......EKDDGRPLMRAYSIASANYEE
Pseudomonas_putida IGL......QQDNGRPLMRAYSIASPNWEE
Pseudomonas_entomophila IGL......QQDSGRPLMRAYSIASPNWEE
Pseudomonas_fluorescens IGL......QQPNGRPLMRAYSIASPNWEE
Pseudomonas_mendocina IGL......QQDNGRPLMRAYSIASPNWEE
Ralstonia_eutropha VGL......EVN.GRPLLRAYSIASANYEE
Cupriavidus_taiwanensis VGL......EVN.GRPLLRAYSIASANYEE
Methylobacterium_radiotolerans IGL......EVE.GRPLLRAYSVVSANYED
Methylobacterium_extorquens IGI......EVE.GRPLLRAYSVVSANYEE
Methylobacterium_nodulans IGL......KSD.GKPLLRAYSVVSANYED
Xanthobacter_autotrophicus IGL......KVD.GKPLLRAYSMASANYEP
Brucella_melitensis MGL......EVN.GKPLTRAYSIASSLYED
Brucella_ovis MGL......EVN.GKPLTRAYSIASSLYED
Brucella_suis MGL......EVN.GKPLTRAYSIASSLYED
Ochrobactrum_anthropi MGL......EVN.GKPLTRAYSIASSLYED
Psychrobacter_arcticus IGL......VVD.GKPLLRAYSIASPNYEE
Psychrobacter_cryohalolentis IGL......VVD.GKPLLRAYSIASPNYEE
Psychrobacter_sp. IGI......MVD.GKPLMRAYSIASPNYEE
Caulobacter_crescentus IGLPPRE..ELGEKKPILRAYSIGSPSFAE
consensus * * **** *
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70. 80. 90.
Oceanicaulis_alexandrii ELDFYSIKVPDGPLTSQLQHIEPGDTILMG
Maricaulis_maris ALDFYSIKVPDGPLTSRLQHIKQGDEVLLG
Mesorhizobium_loti ELEFFSIKVPDGPLTSELQKIQVGDTVIMR
Mesorhizobium_sp. ELEFFSIKVPDGPLTQHLQKITPGDIVLMR
Aurantimonas_sp. ELEFFSIKVANGPLTEHLQKIQVGDTVLMR
Fulvimarina_pelagi EIEFFSIKVPGGPLTEHLQKIQEGDTVLMR
Bartonella_quintana QLEFFSIKVPGGSLTEHLQKIKIGDTVLMR
Bartonella_henselae QLEFFSIKVPGGPLTEHLQKIKIGDTVLMR
Bartonella_tribocorum QLEFFSIKVPGGPLTEHLQKIKIGDTVLMR
Bartonella_bacilliformis QLEFFSIKVPGGPLTEHLQKIKIGDTVLMR
Hoeflea_phototrophica EIEFYSIKVPGGPLTEHLQKIVPGDTLLMR
Sinorhizobium_meliloti ELEFFSIKVPDGPLTSHLQGIKPGDQVLMR
Sinorhizobium_medicae ELEFFSIKVPDGPLTSHLQGIKPGDQVLMR
Agrobacterium_tumefaciens ELEFFSIKVPDGPLTSRLQAIKPGDTVLMR
Rhizobium_leguminosarum ELEFFSIKVPDGPLTSHLQAIKPGDQVLMR
Rhizobium_etli ELEFFSIKVPDGPLTSHLQAIKPGDQVLMR
Stappia_aggregata ELEFFSIKVPDGPLTSHLQKIQPGDAVLMK
Hyphomonas_neptunium ELEFYSIKVPDGPLTSRLQKIQPGDKVLLG
Rhodobacter_sphaeroides ELEFYSIKVPDGPLTSRLQHIQPGDQIILR
Paracoccus_denitrificans ELEFYSIKVPDGPLTSRLQNIQPGDQIILR
Rhodobacter_capsulatus ELEFYSIKVPDGPLTSRLQHIKVGEQIILR
Jannaschia_sp. ELEFYSIKVPDGPLTSRLQHIQPGEQIILR
Loktanella_vestfoldensis ELEFYSIKVQDGPLTSKLQHIQPGDGLILR
Dinoroseobacter_shibae ELEFYSIKVPDGPLTSRLQHIQPGEQIILR
Phaeobacter_gallaeciensis EMEFYSIKVQDGPLTSRLQHIKVGDEIILR
Silicibacter_sp. EMEFYSIKVQDGPLTSKLQHIKVGDEIILR
Sagittula_stellata ELEFYSIKVQDGPLTSRLQHIQPGDEIVLR
Oceanicola_batsensis ELEFYSIKVQDGPLTSRLQHLAVGDEIILR
Roseovarius_sp. ELEFYSIKVQDGPLTSRLQHIEVGDEIILR
Roseobacter_denitrificans ELEFYSIKVPDGPLTSRLQHIQVGDEIILR
Roseobacter_litoralis ELEFYSIKVQDGPLTSRLQHIQVGDEIILR
Roseovarius_nubinhibens ELEFYSIKVQDGPLTSKLQHIQPGDEIILR
Silicibacter_pomeroyi ELEFYSIKVQDGPLTSKLQHIQPGDEIILR
Sulfitobacter_sp. ELEFYSIKVQDGPLTSKLQHIQPGDQIILR
Oceanibulbus_indolifex ELEFYSIKVQDGPLTSKLQHIQPGDQIILR
Rhodobacterales_bacterium ELEFYSIKVQDGPLTSRLQHLKVGDELILR
Oceanicola_granulosus ELEFYSIKVPDGPLTSKLQHIQPGDQIILR
Burkholderia_dolosa HLEFFSIKVQDGPLTSRLQHLKVGDKVLIG
Burkholderia_multivorans HLEFFSIKVQDGPLTSRLQHLKVGDTVLIG
Burkholderia_cenocepacia HLEFFSIKVQDGPLTSRLQHLKVGDTVLIG
Burkholderia_ambifaria HLEFFSIKVQNGPLTSRLQHLKVGDSVLIG
Burkholderia_vietnamiensis HLEFFSIKVQDGPLTSRLQHLKVGDTVLIG
Burkholderia_ubonensis HLEFFSIKVQNGPLTSRLQHLKVGDTVLIG
Burkholderia_thailandensis HLEFFSIKVQNGPLTSRLQHLKIGDPVLIG
Burkholderia_pseudomallei HLEFFSIKVQNGPLTSRLQHLKVGDPVLIG
Burkholderia_oklahomensis HLEFFSIKVQNGPLTSRLQHLKVGDAVLIG
Hahella_chejuensis ELEFFSIKVPDGPLTSRLQKISVGDEIIMS
Reinekea_sp. ELEFFSIKVPDGPLTSRLQKIQVGDEIVVG
Pseudomonas_putida HLEFFSIKVPDGPLTSQLQHLKEGDEIIIS
Pseudomonas_entomophila HLEFFSIKVPDGPLTSQLQHLKEGDEIIIS
Pseudomonas_fluorescens HLEFFSIKVPDGPLTSQLQHLKEGDEIIIS
Pseudomonas_mendocina HLEFFSIKVPDGPLTSQLQHLKEGDEIIIS
Ralstonia_eutropha TLEFFSIKVPDGPLTSRLQHLREGDQIFVG
Cupriavidus_taiwanensis TLEFFSIKVPDGPLTSRLQHLREGDQIYVG
Methylobacterium_radiotolerans ELEFFSIKVPDGPLTSKLQHLKVGDPIIVG
Methylobacterium_extorquens ELEFFSIKVPNGPLTSKLQHLKVGDPIMIG
Methylobacterium_nodulans ELEFFSIKVPNGPLTSKLQHLKVGDPIIVS
Xanthobacter_autotrophicus DLQFFSIKVQNGPLTSRLQHLKVGDKLLVG
Brucella_melitensis GLEFFSIKVPNGPLTSKLQHLKKGDQIIVS
Brucella_ovis GLEFFSIKVPNGPLTSKLQHLKKGDQIIVS
Brucella_suis GLEFFSIKVPNGPLTSKLQHLKKGDQIIVS
Ochrobactrum_anthropi GLEFFSIKVPNGPLTSKLQHLKVGDQIILS
Psychrobacter_arcticus HLEFFSIKVQDGPLTSRLQHIKVGDELLVS
Psychrobacter_cryohalolentis HLEFFSIKVQDGPLTSRLQHIKVGDELLVS
Psychrobacter_sp. HLEFFSIKVQDGPLTSRLQHIKVGDELIIS
Caulobacter_crescentus ELEFFSIKVPDGPLTSRLQLIQEGDEILLG
consensus * **** * ** ** *
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100. 110. 120.
Oceanicaulis_alexandrii KKSVGTLVLDALEPGKRLYLLSTGTGIAPF
Maricaulis_maris RKPTGTLVLDALKPGKRLYMISTGTGIAPF
Mesorhizobium_loti QKSTGTLVVDALTPAKRLFMISTGTGIAPF
Mesorhizobium_sp. QKSTGTLVNDALTPAKRLYMISTGTGIAPF
Aurantimonas_sp. KKPTGTLVHDALKPGKRLFLFSTGTGIAPF
Fulvimarina_pelagi KKPTGTLVHDALIPGKRLFLFSTGTGIAPF
Bartonella_quintana KKSTGTLVLDALIPGKRLYLLSTGTGVAPF
Bartonella_henselae KKSTGTLVLDALIPGKRLYLLSTGTGVAPF
Bartonella_tribocorum KKSTGTLVLDALIPGKRLYLLSTGTGVAPF
Bartonella_bacilliformis KKSTGTLVLDALIPGKRLYLLSTGTGVAPF
Hoeflea_phototrophica KKPTGTLVLDALVPGKRLYMFSTGTGIAPF
Sinorhizobium_meliloti KKPTGTLVLDALVPGRRLYMFSTGTGIAPF
Sinorhizobium_medicae KKPTGTLVLDALVPGRRLYMFSTGTGIAPF
Agrobacterium_tumefaciens KKPTGTLVLDALTPGRRLYMFSTGTGIAPF
Rhizobium_leguminosarum KKPTGTLVLDALTPGRRLYMFSTGTGIAPF
Rhizobium_etli KKPTGTLVLDALTPGRRLYMFSTGTGVAPF
Stappia_aggregata KKPTGTLVNDALIPGKRVYMFSTGTGIAPF
Hyphomonas_neptunium RKPTGTLVLDALTPGKRLYMFSTGTGFAPF
Rhodobacter_sphaeroides PKPVGTLVLDALLPGKRIWFLATGTGIAPF
Paracoccus_denitrificans PKPVGTLVLDALLPGKRMWFLATGTGIAPF
Rhodobacter_capsulatus PKPVGTLVIDALLPGKRLWFLATGTGIAPF
Jannaschia_sp. PKPVGTLVHDALLPGKRLWFFATGTGFAPF
Loktanella_vestfoldensis PKPVGTLVHDALLPGKRLWFFATGTGFAPF
Dinoroseobacter_shibae PKPVGTLVHDALLPGKRIWFFATGTGFAPF
Phaeobacter_gallaeciensis PKPVGTLVHDALIPGKRIWFFATGTGFAPF
Silicibacter_sp. PKPVGTLVHDALLPGKRIWFFATGTGFAPF
Sagittula_stellata PKPVGTLVHDALLPGKRIWFFATGTGFAPF
Oceanicola_batsensis PKPVGTLVHDALLPGKRIWFFATGTGFAPF
Roseovarius_sp. PKPVGTLVHDALLPGKRIWFFATGTGFAPF
Roseobacter_denitrificans PKPVGTLVHDALLPGKRIWFFATGTGFAPF
Roseobacter_litoralis PKPVGTLVHDALLPGKRIWFFATGTGFAPF
Roseovarius_nubinhibens PKPVGTLVHDALLPGKRLWFFATGTGFAPF
Silicibacter_pomeroyi PKPVGTLVHDALLPGKRIWFFATGTGFAPF
Sulfitobacter_sp. PKPVGTLVHDALLPGKRLWLFATGTGFAPF
Oceanibulbus_indolifex PKPVGTLVHDALLPGNRLWMFATGTGFAPF
Rhodobacterales_bacterium PKPVGTLVHDALTPGKRLWFFATGTGFAPF
Oceanicola_granulosus PKPVGTLVHDALLPGKRLYFFSTGTGFAPF
Burkholderia_dolosa KKPTGTLVVDNLLPGKTLWLLSTGTGLAPF
Burkholderia_multivorans KKPTGTLVVDNLLPGKTLWLLSTGTGLAPF
Burkholderia_cenocepacia KKPTGTLIADNLLPGKTLWMLSTGTGLAPF
Burkholderia_ambifaria KKPTGTLVADNLLPGKTLWMLSTGTGLAPF
Burkholderia_vietnamiensis KKPTGTLVADNLLPGKTLWMLSTGTGLAPF
Burkholderia_ubonensis KKPTGTLVADNLLPGKTLWMLSTGTGLAPF
Burkholderia_thailandensis KKPTGTLVADNLLPGKTLWLLSTGTGLAPF
Burkholderia_pseudomallei KKPTGTLVADNLLPGKTLWLLSTGTGLAPF
Burkholderia_oklahomensis KKPTGTLVADNLLPGKTLWLLSTGTGLAPF
Hahella_chejuensis RKPTGTLVVDHLLPGRNLYLISTGTGLAPF
Reinekea_sp. SKPTGTLIVDNLLPGRNLYMISTGTGLAPF
Pseudomonas_putida KKPTGTLVLDDLNPGKHLYLLSTGTGLAPF
Pseudomonas_entomophila KKPTGTLVLDDLNPGKHLYLLSTGTGLAPF
Pseudomonas_fluorescens KKPTGTLVLDDLNPGKHLYLLSTGTGLAPF
Pseudomonas_mendocina KKPTGTLVLDDLNPGKHLYLLSTGTGLAPF
Ralstonia_eutropha KKPTGTLLVDNLLPGKTLWLLATGTGLAPF
Cupriavidus_taiwanensis KKPTGTLLVDNLLPGKTLWLLATGTGLAPF
Methylobacterium_radiotolerans KKPTGTLVLDNLLPGRHLYLLGTGTGLAPF
Methylobacterium_extorquens KKPTGTLVLDNLLPGKNLYLLGTGTGLAPF
Methylobacterium_nodulans RKATGTLVLDNLLPGRHLYLLGTGTGLAPF
Xanthobacter_autotrophicus RKPTGTLVQDSLLPGKRLYLLSTGTGLAPF
Brucella_melitensis KKPVGTLLYDNLKPGKHLWLLSTGTGLAPF
Brucella_ovis KKPVGTLLYDNLKPGKHLWLLSTGTGLAPF
Brucella_suis KKPVGTLLYDNLKPGKHLWLLSTGTGLAPF
Ochrobactrum_anthropi KKPVGTLLYDNLKPGKNLWLLSTGTGLAPF
Psychrobacter_arcticus KKPTGTLVLDDLLPGKNLYMLSTGTGVAPF
Psychrobacter_cryohalolentis KKPTGTLVLDDLLPGKNLYMLSTGTGVAPF
Psychrobacter_sp. KKPTGTLVVDDLLPGKNLYMLSTGTGLAPF
Caulobacter_crescentus KKPTGTLVLDAVRPGKRLFLFGTGTGLAPW
consensus * *** * * **** **
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130. 140. 150.
Oceanicaulis_alexandrii ASVIRDPETYERFDQVILTHTCREVAELTY
Maricaulis_maris ASLIRDPETYEKFDQVILTHTCREAAELTY
Mesorhizobium_loti ASLLRDPDTYEKFDQLILTHTCRDNAELTY
Mesorhizobium_sp. ASLIRDPETYEKFEQVILTHTCRDVAELTY
Aurantimonas_sp. ASVIRDPETYEKFDQVILTQTCRGNAELAY
Fulvimarina_pelagi ASVIRDPETYEKFDQVILTQTCREDSELEY
Bartonella_quintana ASLIRDPETYEKFSEVVLIQTTRERDELTY
Bartonella_henselae ASLIRDPETYEKFSEVVLIQTTRECDELNY
Bartonella_tribocorum ASLIRDPDTYEKFSEVILIQTTREKNELTY
Bartonella_bacilliformis ASLIRDPETYEKFSQVVLIQTTRECNELTY
Hoeflea_phototrophica ASLVRDPETYDKFEEVILTHTCRDADELQY
Sinorhizobium_meliloti ASLIRDPETFEKFEEVILTHTCRDVAELKY
Sinorhizobium_medicae ASLIRDPETFEKFEEVILTHTCRDVAELKY
Agrobacterium_tumefaciens ASLIRDPETYEKFEEVILTHTCRDVAELKY
Rhizobium_leguminosarum ASLIRDPETYEKFEEVILTHTTRDVAELKY
Rhizobium_etli ASLIRDPETYEKFEEVILTHTTRDVAELKY
Stappia_aggregata ASLIRDPDTYEKFDQVILTHTCREVAELKY
Hyphomonas_neptunium ASLVRDPDTYERYDEVIVTHTCRDVDELIY
Rhodobacter_sphaeroides ASLMRDPETYERYEQVIMMHTCREQAELEY
Paracoccus_denitrificans ASLMRDPETYERYEQVVMMHTCRTADELAY
Rhodobacter_capsulatus ASLMREPEAYEKFDEVIMMHACRTVAELEY
Jannaschia_sp. ASLLREPQTYEDYDEIIITHTCREVGELTY
Loktanella_vestfoldensis ASLLREPQTYEDYDEIIITHTCRELGELTY
Dinoroseobacter_shibae ASLLREPQTYEDYDEVIITHTCREAGELDY
Phaeobacter_gallaeciensis ASLLREPETYEKFDEVIITHTCREAGELTY
Silicibacter_sp. ASLLREPQTYEDYDEVIITHTCREVGELTY
Sagittula_stellata ASLLREPQTYEDYDEVIITHTCREAAELHY
Oceanicola_batsensis ASLLRDPQTYEDYDEVIITHTCREVGELAY
Roseovarius_sp. ASLLRDPQTYSDYDEVIITHTCRELGELQY
Roseobacter_denitrificans ASLLRDPQTYEDYDEVIITHTCREVGELKY
Roseobacter_litoralis ASLLRDPQTYEDYDEVIITHTCREVGELQY
Roseovarius_nubinhibens ASLLREPQTYHDYDEVIITHTCRGADELKY
Silicibacter_pomeroyi ASLLREPQTYEDYDEVIITHTCREVAELEY
Sulfitobacter_sp. ASLLREPETYEKFDQIIMTHTTRDVAELDY
Oceanibulbus_indolifex ASLLREPETYEKFDEVIVTHTCRDVAELEY
Rhodobacterales_bacterium ASLLRDPETYERFDQVIVTHTCRDVAELEY
Oceanicola_granulosus ASLLRDPETYEAYDEVIVTHTCRDVAELEY
Burkholderia_dolosa MSIIRDPEIYDRFDKVVLTHTCRLKGELAY
Burkholderia_multivorans MSIIRDPDIYDRFEKVVLTHTCRLKGELAY
Burkholderia_cenocepacia MSIIRDPDIYDRFDKVILTHTCRLKGELAY
Burkholderia_ambifaria MSIIRDPDIYDRFDKVILTHTCRLKGELAY
Burkholderia_vietnamiensis MSIIRDPDIYERFDKVILTHTCRLKGELAY
Burkholderia_ubonensis MSIIRDPDIYERFDKVILTHTCRLKGELAY
Burkholderia_thailandensis MSIIRDPDIYERFDKVVLTHTCRLKGELAY
Burkholderia_pseudomallei MSIIRDPDIYERFEKVVLTHTCRLKGELAY
Burkholderia_oklahomensis MSIIRDPDIYERFDKVILTHTCRLKGELAY
Hahella_chejuensis MSIIKDPETYERFDKVILTHGVRYVSELAY
Reinekea_sp. MSVIKDPEVYEQYDKVILTHGVRTVDELAY
Pseudomonas_putida MSVIQDPETYERFEKVILVHGVRYVNEVAY
Pseudomonas_entomophila MSVIQDPETYERFEKVILVHGVRYVNEVAY
Pseudomonas_fluorescens MSVIQDPETYERFEKVILVHGVRYVNEVAY
Pseudomonas_mendocina MSVIQDPETYERFEKVILVHGVRYVNEVAY
Ralstonia_eutropha LSIIRDPEVYERYDKVVLTHTCRFVEELAY
Cupriavidus_taiwanensis LSIIRDPDVYERYDRVVLTHTCRFVEELAY
Methylobacterium_radiotolerans LSIIKDPETYDRFEKVVLVHGCRQVQELAY
Methylobacterium_extorquens LSIIKDPETYDRFEKVVLVHGCRQVQELAY
Methylobacterium_nodulans LSIIKDPETYERFEKVVLVHGCRQVQELAY
Xanthobacter_autotrophicus LSVVKDPEAYERFEKVILIHGTRTVAELAY
Brucella_melitensis LSIIRDLEVYERFEKVILVHGVRQVAELAY
Brucella_ovis LSIIRDLEVYERFEKVILVHGVRQVAELAY
Brucella_suis LSIIRDLEVYERFEKVILVHGVRQVAELAY
Ochrobactrum_anthropi LSIIRDLEAYERFEKIILVHGVRQVAELAY
Psychrobacter_arcticus LALARDPEVYERFEKVILVHGVRGVSDLAY
Psychrobacter_cryohalolentis LALARDPEVYERFEKVILVHGVRGISDLAY
Psychrobacter_sp. LSLSRDPEVYEKFDKIILCHGVRKVEDLAY
Caulobacter_crescentus LSVARDPDAYSRFERVIVAHGVREVKELAY
consensus * *
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160. 170. 180.
Oceanicaulis_alexandrii GKELVETVREDPLVGEFVG....DKLVYYP
Maricaulis_maris GNELVAAVKDDELIGEFAR....EKLVHFA
Mesorhizobium_loti GQELVAALESDPLIGELTTG...R.VTLYN
Mesorhizobium_sp. GEELVAATREDPLIGEFTLG...R.LHHFT
Aurantimonas_sp. GRELVETSKADELMSEFIGD...K.LIFHA
Fulvimarina_pelagi GRQLVDHMKTDELMQEVVGE...KELLFHA
Bartonella_quintana AKDLVDSLQQDPLIGEYV.....KQLKFYP
Bartonella_henselae AKDLVVSLQQDPLIGEYA.....PQLKFYP
Bartonella_tribocorum AKDLVCSLQQDPLIGTYA.....QQLKFYP
Bartonella_bacilliformis AKDLVASLQQDSLIGEYA.....QQLMFYP
Hoeflea_phototrophica GMDLVRECREDPLVGEFAG....DRLKHYA
Sinorhizobium_meliloti GFDLVDEIRNHEFLNEIVG....DKLRHYA
Sinorhizobium_medicae GFDLVDEIRNHEFLNEVVG....NKLRHYA
Agrobacterium_tumefaciens GFDLVEEIRNHEFLNEIVG....DKLKHYA
Rhizobium_leguminosarum GFDLVEEIQNDELLKEVVG....DKLRHYA
Rhizobium_etli GFDLVHEIQNDELLKEVVG....DKLRHYA
Stappia_aggregata GEDLVQETINDPLIGEFAK....DKLVHYT
Hyphomonas_neptunium SRTLIDSLHNDPLVGEMVE....GKLKLYT
Rhodobacter_sphaeroides GRQLVESLKDDPLIGEMVG....DKLLYYP
Paracoccus_denitrificans GRELVENLRHDPLLGELYGEEFASRLLYYP
Rhodobacter_capsulatus GRQLVEALQEDPLIGELVEG....KLKYYP
Jannaschia_sp. GRDLIAALQHDELLNEVIGDGFWKKIKYYP
Loktanella_vestfoldensis GRDLIEGLKTDELLNEVIGDGFWKKIKYYP
Dinoroseobacter_shibae GREVIESLKTDELLNEVIGDGFWKKIKYYP
Phaeobacter_gallaeciensis GRELIESLKDDELLNEVIGEGFWKKIKYYP
Silicibacter_sp. GRELIESLKEDELLNEVIGEGFWKKIKYYP
Sagittula_stellata GAELIEGLKTDELLNEVIGEGFWKKIKYYP
Oceanicola_batsensis GAELIDGIRKDELLNELIGADNLSKLRYYP
Roseovarius_sp. GADLIESIRNDEMLAELIGEGFADKLRYYP
Roseobacter_denitrificans GADLIESIKADELLNELIGEDNLKKLRYYP
Roseobacter_litoralis GADLIESIKADELLNELIGEDYLKKLRYYP
Roseovarius_nubinhibens GAALIDSIRNDEMLAELIGEGFADKIRYYP
Silicibacter_pomeroyi GRQLIEEIRQDELLAELMGEGFADKIRYYP
Sulfitobacter_sp. GRTLVESLADDPLIGEMIG....DKLVYYP
Oceanibulbus_indolifex GRQLIEGLKSDELMQELIGTENLAKIRYYP
Rhodobacterales_bacterium GRQLVENLADDPLIGEFIG....NKLTYYP
Oceanicola_granulosus GRTLIDNLRADEMMQELLG.DGLDKLRYYP
Burkholderia_dolosa MDYIKHDLPGHEYLGDIIK....EKLVYYP
Burkholderia_multivorans MDYIKHDLPGHEYLGDIIK....EKLVYYP
Burkholderia_cenocepacia MDYIKHDLPGHEYLGDIIK....EKLVYYP
Burkholderia_ambifaria MDYIKHDLPGHEYLGDIIK....EKLVYYP
Burkholderia_vietnamiensis MDYIKHDLPGHEYLGDIIK....EKLVYYP
Burkholderia_ubonensis MDYIKHDLPGHEYLGDIIK....EKLVYYP
Burkholderia_thailandensis MDYIKHDLPGHEYLGEVIR....EKLVYYP
Burkholderia_pseudomallei MDYIKHDLPGHEYLGDVIR....EKLVYYP
Burkholderia_oklahomensis MDFIKHDLPGHEYLGDVIR....EKLVYYP
Hahella_chejuensis QELIRDELPQNEFFGELVQ....EKLIYYP
Reinekea_sp. QDLIRDELPTNEYFGDLVR....EKLIYYP
Pseudomonas_putida REFITEHLPQNEFFGESVR....DKLIYYP
Pseudomonas_entomophila REFITEHLPQNEFFGESVR....DKLIYYP
Pseudomonas_fluorescens REFITEHLPQNEFFGEALR....DKLIYYP
Pseudomonas_mendocina REFITEHLPRNEFFGDALK....EKLIYYP
Ralstonia_eutropha RELIQEHLPQHEHLGDLVR....EKLVYFP
Cupriavidus_taiwanensis RELIQEHLPQHEHLGEMVR....EKLVYFP
Methylobacterium_radiotolerans GETITEALPNHEFLGEMIA....AQLVYYP
Methylobacterium_extorquens GETITETLPKHEFLGEMIA....NQLIYYP
Methylobacterium_nodulans GETITQDLPNHELIGEMVR....TQLIYYP
Xanthobacter_autotrophicus DEFLTKELPNHEFLGDEVR....NKLIYYP
Brucella_melitensis TDFISNELPQDEFLGEMVK....NQLIYYP
Brucella_ovis TDFISNELPQDEFLGEMVK....NQLIYYP
Brucella_suis TDFISNELPQDEFLGEMVK....NQLIYYP
Ochrobactrum_anthropi TDFIANELPQDEFLGEMVK....NQLIYYP
Psychrobacter_arcticus RDMFENELPNDEIFGEDFR....KKFIYYP
Psychrobacter_cryohalolentis RDMFENELPNDEIFGEDFR....KKFIYYP
Psychrobacter_sp. REMFEETLPNDELFGEWYR....EKFIYYP
Caulobacter_crescentus RDLFTQEIFDDPLVGDEAR....AQLTYYP
consensus
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190. 200. 210.
Oceanicaulis_alexandrii SVTREEFERKGRITQLMDDGVIYEELGIPP
Maricaulis_maris SVTREEGPIKGRVTDMIESGELFERLGVPP
Mesorhizobium_loti STTREESARMGRITALIGSGKFYADLGIDK
Mesorhizobium_sp. STTREASDHVGRITTLVENGKLFQALGTEP
Aurantimonas_sp. SATRDGETRGHRITTLIENGKLFEDLAIAP
Fulvimarina_pelagi TATQKGEVTGDRVTKLIENGKLFIDLAIAP
Bartonella_quintana MTTRESSKHMGRITTVMESGAFFETTGLPK
Bartonella_henselae MTTRESSEHMGRITTVMESGAFFEMTGLPK
Bartonella_tribocorum MTTRESSEHMGRITTVMESGCFFETTGLPK
Bartonella_bacilliformis MTTREPSEHMGRITTVMKSGAFFEETGLPK
Hoeflea_phototrophica TCTRETYPFMGRITDLMASGKLFTDLGLPP
Sinorhizobium_meliloti TVTREEYPFKGRITDLMTNGKFFADLGLPP
Sinorhizobium_medicae TVTREDYSYKGRITDLMNNGKFFADLGLQP
Agrobacterium_tumefaciens TVTREDYPFKGRITTLIENGKLFADLGVPA
Rhizobium_leguminosarum TVTREDFEYRGRITDLISSGKLFTDLGVPP
Rhizobium_etli TVTREDFAYRGRITDLISSGKLFTDLGVPP
Stappia_aggregata SVTREDFPRQGRITDLIKSGKLFEDLGVPP
Hyphomonas_neptunium TTTREHYEHMGRITTLIENGKLFEDLGVPP
Rhodobacter_sphaeroides TTTRETSDRMGRITDNLSSGKVFEDLGVPK
Paracoccus_denitrificans TTTREETPYMGRITDNLTSGKVFADLNLPP
Rhodobacter_capsulatus TTTREEFHHMGRITDNLASGKVFEDLGIAP
Jannaschia_sp. TTTREESPKMGRITDLMRSGEAFSDLGVAP
Loktanella_vestfoldensis TTTREDSPKMGRITDLMRSGEAFSDLGVPV
Dinoroseobacter_shibae TTTREQSPKMGRITDLMKSGECFSDLDVPV
Phaeobacter_gallaeciensis TTTREESAKMGRITDLMRSGEAFADLGVPP
Silicibacter_sp. TTTREESAKMGRITDLMRSGEAFADLGVPP
Sagittula_stellata TTTREESPKMGRITDLMRSGEAFRDLGVDP
Oceanicola_batsensis TTTREESPRMGRITDRMRSGEVFTDLGVEP
Roseovarius_sp. TTTREESPKMGRITDLMRSGEVFADLGVAP
Roseobacter_denitrificans TTTREESPKMGRITDLMRSGDVFADLGVAP
Roseobacter_litoralis TTTREESPKMGRITDLMRSGDVFADLGVSP
Roseovarius_nubinhibens TTTREESPKMGRITDLLRKGEVFEDLGIDP
Silicibacter_pomeroyi TTTREESPRMGRITELLKDGTVFADLGIDG
Sulfitobacter_sp. TTTREQSPKMGRITNLLQDGTVFKDLGIDG
Oceanibulbus_indolifex TTTREESPKMGRITNLLQDGSVFKDLGVPQ
Rhodobacterales_bacterium TTTREESPKMGRITTLLSDGTVFNDLGIET
Oceanicola_granulosus TTTREESPKMGRITTLIESAELFADLGVPA
Burkholderia_dolosa TVTREAFDNEGRITDLIASGKLFTDLGVA.
Burkholderia_multivorans TVTREAFDNEGRITDLIASGKLFTDLGVA.
Burkholderia_cenocepacia TVTREAFDNEGRITDLIATGKLFTDLGVP.
Burkholderia_ambifaria TVTREAFDNEGRITDLIATGKLFTDLGVP.
Burkholderia_vietnamiensis TVTREAFDNEGRITDLIATGKLFTDLGVA.
Burkholderia_ubonensis TVTREEFENEGRITDLISTGKLFADLDVP.
Burkholderia_thailandensis TVTREEFENEGRITDLIASGKLFADLDVP.
Burkholderia_pseudomallei TVTREEFENEGRITDLIASGKLFTDLDVP.
Burkholderia_oklahomensis TVTREEFENEGRITDLISSGKLFTDLDVP.
Hahella_chejuensis TVTREDYPTQGRITDLMESGKLFSDLGLP.
Reinekea_sp. TVTRESYENMGRLTELMENGKLFSDIGLP.
Pseudomonas_putida TVTREPFENQGRLTDLMRSGKLFSDIGLP.
Pseudomonas_entomophila TVTREPFENQGRLTDLMRSGKLFSDIGLP.
Pseudomonas_fluorescens TVTREPFENQGRLTDLMRSGKLFSDIGLP.
Pseudomonas_mendocina TVTREPFENQGRLTDLMRSGKLFADIGLP.
Ralstonia_eutropha TVTREEFDNRGRITDLIASGELFERLGVE.
Cupriavidus_taiwanensis TVTREEFDNRGRITDLIASGELFERLDMA.
Methylobacterium_radiotolerans TVTREPFRNRGRITDLMVSGKLFEDIGLP.
Methylobacterium_extorquens TVTREPFRNRGRITDLMTSGKLFEDIGLP.
Methylobacterium_nodulans TVTREPFRNRGRITDLITSGKLFEDVGLP.
Xanthobacter_autotrophicus TVTREPFRNQGRITDLITSGKLFADLGLP.
Brucella_melitensis TVTREPYKNRGRLTDLIRSGQLFKDVGLP.
Brucella_ovis TVTREPYKTRGRLTDLIRSGQLFKDVGLP.
Brucella_suis TVTREPYKNRGRLTDLIRSGQLFKDVGLP.
Ochrobactrum_anthropi TVTREPYKNRGRLTDLIRSGQLFTDIGLP.
Psychrobacter_arcticus TVTREEFRNTGRITDLMKSGKFFEDIGLP.
Psychrobacter_cryohalolentis TVTREEFRNTGRITDLMKSGKFFEDIGLP.
Psychrobacter_sp. TVTREDFRNTGRITDLMRSGKLYEDIGLP.
Caulobacter_crescentus TVTREAFERQGRFTDLITSGKLFQDLGIEG
consensus * * *
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220. 230.
Oceanicaulis_alexandrii ...LNPETDRVMICGSMDMLESCKQRCE.Q
Maricaulis_maris ...LDPESDRVMICGSEGLLRDVKQICL.D
Mesorhizobium_loti ...LNPETDRIMICGSMHMLKDVKELAE.S
Mesorhizobium_sp. ...FNPANDRIMICGSMAMLKDVKALAE.K
Aurantimonas_sp. ...LNPETDRAMICGSMAMLKDTEALLE.A
Fulvimarina_pelagi ...LDPANDRAMICGSMAMLKDTEKLLQ.E
Bartonella_quintana ...IHSNEDRVMICGSMAMLKDCARMCE.S
Bartonella_henselae ...IHADEDRVMICGSMAMLKDCARMCE.V
Bartonella_tribocorum ...IHPDEDRVMICGSMAMLKDCARMCE.S
Bartonella_bacilliformis ...INSDEDRVMICGSIEMIKDCAAMCE.D
Hoeflea_phototrophica ...LSPETDRGMICGSMEMLKDTRAALE.G
Sinorhizobium_meliloti ...LDPEIDRGMICGSTAMLKDTKEILE.A
Sinorhizobium_medicae ...LDPVIDRGMICGSTAMLKDTKEILE.A
Agrobacterium_tumefaciens ...LDPAIDRGMICGSSAMLKDTKELLE.K
Rhizobium_leguminosarum ...LDPAIDRGMICGSSAMLKDTKELLE.K
Rhizobium_etli ...LDPAIDRGMICGSSAMLKDTKELLE.K
Stappia_aggregata ...LDPAVDRGMICGSMDMLKDTKALLE.E
Hyphomonas_neptunium ...LDPATDRAMICGSMEMIQDVKALML.K
Rhodobacter_sphaeroides ...MNLEEDRAMVCGSLQFNLDVKTVLE.S
Paracoccus_denitrificans ...MDAANDRAMICGSLAFNTDVKTVLE.G
Rhodobacter_capsulatus ...MNPETDRAMVCGSLAFNVDVMKVLE.S
Jannaschia_sp. ...LNAETDRAMICGNLAFNLELKDMFE.D
Loktanella_vestfoldensis ...LSPGTDRAMICGNLAFNLELKEMLE.S
Dinoroseobacter_shibae ...LCPETDRAMICGNLAFNLELKDMLE.S
Phaeobacter_gallaeciensis ...LNPESDRAMICGNLAFNLELKDLFENT
Silicibacter_sp. ...LNPESDRAMICGNLAFNLELKDLFENT
Sagittula_stellata ...INPDTDRAMICGNLAFNLELKAMLE.E
Oceanicola_batsensis ...ISPENDRAMVCGNLAFNLEIKELLE.G
Roseovarius_sp. ...LSPETDRAMVCGNLAFNLEIKDMLE.G
Roseobacter_denitrificans ...MSPETDRAMVCGNLAFNLEIKDLLE.G
Roseobacter_litoralis ...MSPETDRAMVCGNLAFNLEIKDLLE.G
Roseovarius_nubinhibens ...IAPEHDRAMICGNLAFNLELKDLLE.E
Silicibacter_pomeroyi ..GIKAETDRAMVCGSLAFNHDIKAILE.G
Sulfitobacter_sp. ...ISADTDRGMVCGSLEFNKDIKDVLE.G
Oceanibulbus_indolifex ...INATHDRAMVCGSLGFNKDIMEILE.G
Rhodobacterales_bacterium ...ITADTDRAMVCGSMGLNNDIKEILE.G
Oceanicola_granulosus ...LDPATDRAMVCGSLEFNKDIKALLE.A
Burkholderia_dolosa .P.FSPENDRVMLCGSTAMLKDTTALLK.E
Burkholderia_multivorans .P.FSPENDRVMLCGSTAMLKDTTALLK.Q
Burkholderia_cenocepacia .A.FSPENDRVMLCGSTAMLKDTTELLK.Q
Burkholderia_ambifaria .A.FSPENDRVMLCGSTAMLKDTTDLLK.Q
Burkholderia_vietnamiensis .P.FSPEHDRVMLCGSTAMLKDTTDLLK.Q
Burkholderia_ubonensis .P.FSPEHDRVMLCGSTAMLKDTTDLLK.Q
Burkholderia_thailandensis .P.FSPEHDRVMLCGSTAMLKDTTELLK.K
Burkholderia_pseudomallei .P.FSPERDRVMLCGSTAMLKDTTELLK.K
Burkholderia_oklahomensis .P.FSPEHDRVMLCGSTAMLKDTVELLK.K
Hahella_chejuensis .A.MDPEHDRFMVCGSPSMLKDTCSILD.S
Reinekea_sp. .D.MDPEHDRFMICGSPSMLKDTCKILD.A
Pseudomonas_putida .P.INPQDDRAMICGSPSMLDETSEVLD.S
Pseudomonas_entomophila .P.INPQDDRAMICGSPSMLDETSEVLD.S
Pseudomonas_fluorescens .P.INPQDDRAMICGSPSMLDETSEVLD.S
Pseudomonas_mendocina .P.INPQDDRAMICGSPSMLDETSAVLD.S
Ralstonia_eutropha .P.FSLENDRIMLCGSPDMLKDVRAILE.E
Cupriavidus_taiwanensis .P.FSTENDRIMLCGSPDMLKDVRAILE.A
Methylobacterium_radiotolerans .P.MSIEADRFMLCGSPDMIRDTRELLT.S
Methylobacterium_extorquens .N.MSIENDRFMLCGSPEMIKDTREMLT.S
Methylobacterium_nodulans .P.MTIEADRFMLCGSPDMIRDTRELLS.S
Xanthobacter_autotrophicus .V.ISPEEDRLMLCGSPQMLKDVVDLLE.S
Brucella_melitensis .E.FNHEDDRMMLCGSPEMLAETKQILE.E
Brucella_ovis .E.FNHEDDRMMLCGSPEMLAETKQILE.E
Brucella_suis .E.FNHEDDRMMLCGSPEMLAETKQILE.E
Ochrobactrum_anthropi .E.FNHDDDRMMLCGSPEMLAETKQILE.E
Psychrobacter_arcticus .P.MNKEDDRVLICGSMPFNAEVSAILD.D
Psychrobacter_cryohalolentis .P.MNKEDDRVLICGSMPFNAEVSAILN.D
Psychrobacter_sp. .P.INKEDDRVMICGSMPFNADISEILD.A
Caulobacter_crescentus DR.FDPENDRAMLCGSMAMIKDTAALLE.A
consensus ** **
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240. 250.
Oceanicaulis_alexandrii AGLK.EGSNARPAQYVVEKSFVG...
Maricaulis_maris RNFV.EGSNAAPADFVVEKAFVAT..
Mesorhizobium_loti LGFQ.EGSLSHPATFVVERAFVG...
Mesorhizobium_sp. AGLK.EGSNAEPADFVVERAFVG...
Aurantimonas_sp. RGFE.EGANNKPGTFVVERAFVD...
Fulvimarina_pelagi RGFE.EGANNAPGTYVVERAFVD...
Bartonella_quintana FGLV.EGANNAPATYVVERAFVG...
Bartonella_henselae FGLV.EGANNAPATYVVERAFVG...
Bartonella_tribocorum FGLV.EGANNAPATYVVERAFVE...
Bartonella_bacilliformis FGLV.EGANNAPATYVVERAFVG...
Hoeflea_phototrophica FGLE.EGANNRPSTFVVERAFVG...
Sinorhizobium_meliloti AGLT.EGANNKPAEFVIERAFVG...
Sinorhizobium_medicae AGLT.EGANNKPAEFVIERAFVG...
Agrobacterium_tumefaciens AGLN.EGANNKPAEFVIERAFVG...
Rhizobium_leguminosarum GGLN.EGANSKPAEFVIERAFVG...
Rhizobium_etli AGLN.EGANSKPAEFVIERAFVG...
Stappia_aggregata AGLT.EGANNKPAEFVVERAFVG...
Hyphomonas_neptunium AGLT.EGSNAAPAEFVIEKAFAG...
Rhodobacter_sphaeroides FGLR.EGANSEPLQYVVEKAFVGDGI
Paracoccus_denitrificans FGLR.EGANSDPKEFVVEKAFVGDGI
Rhodobacter_capsulatus YGLR.EGANSEPREFVVEKAFVGEGI
Jannaschia_sp. YGLE.EGANSKPAHYVVEKAFLD...
Loktanella_vestfoldensis YGLN.EGANSNPQQYVVEKAFLD...
Dinoroseobacter_shibae YGLE.EGANSKPAHYVVEKAFLD...
Phaeobacter_gallaeciensis YGLE.EGANSKPAHFVVEKAFLD...
Silicibacter_sp. YGLE.EGANSKPAHFVVEKAFLD...
Sagittula_stellata YGLE.EGANSDPKQYVVEKAFLD...
Oceanicola_batsensis YGLR.EGANSDPKEYVVEKAFVD...
Roseovarius_sp. YGLR.EGANSDPKEYVVEKAFLD...
Roseobacter_denitrificans YGLE.EGANSKPAQYVVEKAFLD...
Roseobacter_litoralis YGLE.EGANSKPAQYVVEKAFLD...
Roseovarius_nubinhibens FGLK.EGANSDPQTYVVEKAFLD...
Silicibacter_pomeroyi FGLT.EGANSDPREFVIEKAFVG...
Sulfitobacter_sp. FGLE.EGANSDPKHYVVEKAFVG...
Oceanibulbus_indolifex FGLT.EGANSDPQHFVVEKAFVG...
Rhodobacterales_bacterium FGLR.EGANSDPAEYVVEKAFVG...
Oceanicola_granulosus HGLR.EGANSDPAEFVVEKAFVG...
Burkholderia_dolosa AGLV.EGKNSAPGHYVIERAFVD...
Burkholderia_multivorans AGLV.EGKNNAPGHYVIERAFVD...
Burkholderia_cenocepacia AGLV.EGKNSAPGHYVIERAFVD...
Burkholderia_ambifaria AGLV.EGKNSAPGHYVIERAFVD...
Burkholderia_vietnamiensis AGLV.EGKNSAPGHYVIERAFVD...
Burkholderia_ubonensis AGLV.EGKNSAPGHYVIERAFVD...
Burkholderia_thailandensis AGLV.EGKNSAPGHYVIERAFVD...
Burkholderia_pseudomallei AGLV.EGKNSAPGHYVIERAFVD...
Burkholderia_oklahomensis AGLV.EGKNSAPGHYVIERAFVD...
Hahella_chejuensis RGFT.EARQGDLGHYVIERAFVES..
Reinekea_sp. RGFK.EAKQGELGHYVIERAFVES..
Pseudomonas_putida FGLKISPRMREPGDYLIERAFVEK..
Pseudomonas_entomophila FGLKISPRMREPGDYLIERAFVEK..
Pseudomonas_fluorescens FGLKISARMREPGDYLIERAFVEK..
Pseudomonas_mendocina FGLKISPRMREPGDYLIERAFVEK..
Ralstonia_eutropha RGFA.EGNMSHPGHFVLEKAFVG...
Cupriavidus_taiwanensis RGFA.EGNMSHPGHFVLEKAFVG...
Methylobacterium_radiotolerans RGYE.EGNHGEAGHYVIEKAFVEK..
Methylobacterium_extorquens LGYE.EGNHGEAAHYVIEKAFVEK..
Methylobacterium_nodulans RGYI.EGNHGEAGHYVIEKAFVEK..
Xanthobacter_autotrophicus RGFA.EGSQSAPGHYVIEKAFVER..
Brucella_melitensis RGFT.EGSQSEPGEFVIEKAFVEK..
Brucella_ovis RGFT.EGSQSEPGEFVIEKAFVEK..
Brucella_suis RGFT.EGSQSEPGEFVIEKAFVKK..
Ochrobactrum_anthropi RGFK.EGSQSEAGHYVIEKAFVEK..
Psychrobacter_arcticus FGLTVSPRMGVQADYAVERAFVG...
Psychrobacter_cryohalolentis FGLTVSPRMGVQADYAVERAFVG...
Psychrobacter_sp. AGLTVSPRMGVPADYVVERAFVG...
Caulobacter_crescentus QGLK.EGSNAEPGDFVIERAFVG...
consensus * *
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Alignment of Plant FNRs

10. 20. 30.
Nostoc_commune ..MLERMYNQGAVEGAANTELG.SRIFLYEVVGLR
Nostoc_punctiforme ......MYNQGAVEGAANIELG.SRIFVYEVVGLR
Anabaena ...................................
Nodularia_spumigena ..MLERMYNQGAVEGAANRELG.SRVFVYEVVGLR
Arthrospira_platensis ......MYSPTGTGVAMRTGAA.GRIFVFEVEGMR
Lyngbya_sp. ......MYSPSGSGVATKTGAN.SRVFVFEVEGMR
Trichodesmium_erythraeum MMEKQIMKTDMRLGVKTNTEYS.NRTFVYEVEGLR
Acaryochloris_marina ...................................
Thermosynechococcus_elongatus ......MYN........ATNSR.SRMFRYEVVGLR
Synechocystis_sp. ......MYSPGYVATSSRQSDAGNRLFVYEVIGLS
Synechococcus_sp. ......MYGITSTANSTGNQSYANRLFIYEVVGLG
Cyanothece_sp. ......MYSPSLVANSGGSSNNDNRLFVYEVVGLA
Microcystis_aeruginosa ......MYSPSTLAG........NRLFVYEVAGLN
Crocosphaera_watsonii ......MYSSALGATSGQTTAYGSRMFVYEVVGLS
Paulinella_chromatophora ...........MRVTTASYRQSDTRTFTLVVVGLS
Prochlorococcus_marinus ................MAFNQTEVVLGGIAHIPLV
Capsicum_annuum .........................MATAVTAAVS
Nicotiana_tobaccum .........................MATAVSAAVS
Pisum_sativum .........................MAAAVTAAVS
Arabidopsis_thaliana .........................MSAAISAAVS
Spinacia_oleracea ...................................
Oryza_sativa .........................MAAVNTVSS.
Triticum_aestivum .........................MAAQLTAAL.
Zea .........................MAAVTAAAVS
Zea_mays .........................MATVMAAAV.
Cyanidium_caldarium .........................MFAFLPSVAS
Cyanophora_paradoxa .........................MAFVASVPVF
consensus

40. 50. 60.
Nostoc_commune QSEETDQTNYPIRKSGSVFIRVP.....YNRMNQE
Nostoc_punctiforme QGEETDQTNYPIRKSGSVFIRVP.....YNRMNQE
Anabaena ...................................
Nodularia_spumigena QNEETDQTNYPIRKSGSVFIRVP.....YNRMNQE
Arthrospira_platensis QGQNTDNFNYPIRRSGTVYLTVP.....YERMNQE
Lyngbya_sp. QGGDSDKFTYPIRRSGRVSITVP.....YERMNQE
Trichodesmium_erythraeum QSQTAGELNNPIRRSGTVYITVP.....YSRMNQE
Acaryochloris_marina ...................MEKP.....FDRLKKD
Thermosynechococcus_elongatus QTAETEKTNYAIRNSGSQFFNVP.....YDRMNQF
Synechocystis_sp. QSTMTDGLDYPIRRSGSTFITVP.....LKRMNQE
Synechococcus_sp. GDGRNE..NSLVRKSGTTFITVP.....YARMNQE
Cyanothece_sp. KNGNTDNLNYPVRQGGSVFITVP.....YGRMNQE
Microcystis_aeruginosa QNDNTDSLDYSIRQSGSVFFTVP.....YSRMNQE
Crocosphaera_watsonii QNTDNDSLDYPIRRSGSVFITVP.....YGRMNQE
Paulinella_chromatophora IG.........KQRQAEKHFTVP.....FSQLQAF
Prochlorococcus_marinus IG.........AFYIVKALFYRG.....QDGELAP
Capsicum_annuum ...LPSSKSTSFPTRTSIISPEK....INFNKVPL
Nicotiana_tobaccum ...LPSSKSTSFSSRTSIISTDK....INFNKVPL
Pisum_sativum ...LPYSNSTSLPIRTSIVAPER....LVFKKVSL
Arabidopsis_thaliana ...LPSSKSSSLLTKISSVSPQR....IFLKKSTV
Spinacia_oleracea ...................................
Oryza_sativa ...LPCSKAGAAVAGGAPR.PST..CSVFYPPRCW
Triticum_aestivum ...PSYSPATTKAAAGGSS.PSS..HFLAYPSRPR
Zea LPSSSSSPAAAKAKASASASPSSPCGHLQFPRRHG
Zea_mays ...SSFPSSSAVVAKASPASPCA.....APHFRPR
Cyanidium_caldarium .....YRLQGVHAHGTCSVLGGK............
Cyanophora_paradoxa AN..ASGLKTEAKVCQKPALKNS.....FFRGEEV
consensus
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70. 80.
Nostoc_commune MRRITRLGGTIVSIQPATALQP........VNGKA
Nostoc_punctiforme MRRITRLGGTIVSIQPITALEP........VNGKA
Anabaena ...................................
Nodularia_spumigena MRRITRLGGKIVSIQAVSTLEQ........LNGKV
Arthrospira_platensis MRRLSKMGAKIVNIYPAGETPP........VRTQA
Lyngbya_sp. MRRISRLGGRIVNIRPCNGNPS........AQSSA
Trichodesmium_erythraeum MRRITGMGGKILSIKTLNEHSE........ANSQK
Acaryochloris_marina LRNFAKAGAKMVNIDVPEVEEK........PIIAE
Thermosynechococcus_elongatus MQQITRWGGKIVSIQPLNGTVA........PLAAT
Synechocystis_sp. MRRITRMGGKIVSIKPLEGDSPLPHTEGIAKPSQS
Synechococcus_sp. MQRITKLGGKIVSIRPAED..........AAQIVS
Cyanothece_sp. MRRLTRMGAKIVSIKPLNGEIP........LQMTA
Microcystis_aeruginosa MRRITRLGGRIVSIKPFNGIAP........VATVS
Crocosphaera_watsonii MRRISRMGGRIVSIQPVDAETP........LKSTS
Paulinella_chromatophora VKLITSRGGKIKAVISSSDTNP.............
Prochlorococcus_marinus FSFSYRQAAQRKSSSTTTSTEK.............
Capsicum_annuum YYRNVSGGSKLVTIRAQVTTEA.............
Nicotiana_tobaccum YYRNVSGGSRLVSIRAQVTTEA.............
Pisum_sativum NNVSISG..RVGTIRAQVTTEA.............
Arabidopsis_thaliana CYR......RVVSVKAQVTTDTT............
Spinacia_oleracea ...................................
Oryza_sativa SKRSSGNGVRAQASTTETTAAPA............
Triticum_aestivum NVR...NGVRAQVSTTEPTAEPA............
Zea GPR..AVRLRVQVSTTET...AE............
Zea_mays AVR...AAIRAQASAVEAP................
Cyanidium_caldarium .......ELRLLPSRVGCR................
Cyanophora_paradoxa TSR...SFFASQAVSAKPATTFE............
consensus

90. 100. 110. 120.
Nostoc_commune SLGNATSEVSELATSGETANTEGNGKATPVN....
Nostoc_punctiforme SFGNATSVVSELAKSGETANSEGNGKATPVN....
Anabaena ...................................
Nodularia_spumigena SHESAEHKEESLVTSDKAANTEGNGKATPVANSEV
Arthrospira_platensis APENGQQSQSSGTQTP...................
Lyngbya_sp. TSGNGLQSQQSGEQKK...................
Trichodesmium_erythraeum T....KTKQKTKPMTE...................
Acaryochloris_marina P.....APEAPVAPPQ...................
Thermosynechococcus_elongatus T........EPAANNG...................
Synechocystis_sp. EGSGSEAVANPAPESNKT.................
Synechococcus_sp. EGQSSAQASAQSPMASST.................
Cyanothece_sp. S....QPTQQATKETEKGK................
Microcystis_aeruginosa SASTPQPIAQSSPVPEQTK................
Crocosphaera_watsonii NGSSTAKVAQP.QASNQTE................
Paulinella_chromatophora .......RSESIRIPA...................
Prochlorococcus_marinus .......PD..........................
Capsicum_annuum ...................................
Nicotiana_tobaccum ...................................
Pisum_sativum ...................................
Arabidopsis_thaliana ...................................
Spinacia_oleracea ...................................
Oryza_sativa ...................................
Triticum_aestivum ...................................
Zea ...................................
Zea_mays ...................................
Cyanidium_caldarium ...................................
Cyanophora_paradoxa ...................................
consensus
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130. 140.
Nostoc_commune ....AHSAEEQNK..DKKGNTMTQAKAKKDHGDVP
Nostoc_punctiforme ....AHSAEEQNK..DKKGNTMTQAKAKKDHGDVP
Anabaena ......................TQAKAK..HADVP
Nodularia_spumigena KGFAKPPAEDQLKKKDKKGNTMTQAKAKK.GADVP
Arthrospira_platensis ....................TMTQAKAKT...DIP
Lyngbya_sp. ....................PMTQAKAHT...DVP
Trichodesmium_erythraeum ....................AKPRRSEKK...SVP
Acaryochloris_marina ....................SAKKAKKKD...DIP
Thermosynechococcus_elongatus ....................AAPVKEKKV...DIP
Synechocystis_sp. .....................MTTTPKEKKADDIP
Synechococcus_sp. .....................KIVHPKTTDTS.VP
Cyanothece_sp. .....................SMTQAKAKAKGDIP
Microcystis_aeruginosa .....................KKAMTQAKEKTDIP
Crocosphaera_watsonii .....................KKRKSMTQAKTKIP
Paulinella_chromatophora ....................TVTTSPAKPAHHDVP
Prochlorococcus_marinus ......................TKSP..PAQTAIP
Capsicum_annuum ...................PAKVEKISKKQDEGVV
Nicotiana_tobaccum ...................PAKVEKISKKQDEGVI
Pisum_sativum ...................PAKVVKHSKKQDENIV
Arabidopsis_thaliana ................EAPPVKVVKESKKQEEGIV
Spinacia_oleracea ...................................
Oryza_sativa ................AEVTTKVEKVSKKQVDGVV
Triticum_aestivum ................PAAPAKPVKISKKQDEGVV
Zea ................AEPVKKLEKVSKKQEEGLV
Zea_mays ..................ATAKAKKESKKQEEGVV
Cyanidium_caldarium ...................RGSATLHMVAAEKKVP
Cyanophora_paradoxa ................VDTTIRAQAVDAKKKGDIP
consensus

150. 160. 170. 180.
Nostoc_commune VNTYRPNAPFIGKVISNEPLVKEGGIGIVQHLKFD
Nostoc_punctiforme VNTYRPNAPFIGKVISNEPLVKEGGIGIVQHLKFD
Anabaena VNLYRPNAPFIGKVISNEPLVKEGGIGIVQHIKFD
Nodularia_spumigena VNIYRPNAPFVGKCISNEPLVKEDGIGIVQHLKFD
Arthrospira_platensis VNIYKPKNPYIGKCLSNEELVREGGTGTVRHLIFD
Lyngbya_sp. INIYKPKTPFTGKCLSSKELVQEGGEGTVRHLTFD
Trichodesmium_erythraeum VNTYRPKNPFIGKCLSTAELVNEGGEGTVRHLVFD
Acaryochloris_marina VNIYRPKTPFVGKCLSNEALVREGGEGRVQHLMFD
Thermosynechococcus_elongatus VNIYRPNNPCIGKVISNEELVREGGEGTVKHIIFD
Synechocystis_sp. VNIYRPKTPYIGKVLENYPLVREGAIGTVQHLTFD
Synechococcus_sp. VNIYRPKTPFLGKCIENYELVDEGGSGTVRHVTFD
Cyanothece_sp. VNIYRPNSPFIGKCVENYPLVGEGGSGIVQHLTFD
Microcystis_aeruginosa VNIYRPNQPFIGKCIENYALVDEGGIGIVQHVTFD
Crocosphaera_watsonii TNIYRQKSPYVGKCIENYALVAEGGSGIVQHVTFD
Paulinella_chromatophora VNLYKPKDPFVSTVIDNYSLLSPGAIGRVNHITFD
Prochlorococcus_marinus INLYKPKAPFEGTVLENYSLVKEGAVGRVNHITFD
Capsicum_annuum VNKFRPKEPYIGRCLLNTKITGDDAPGETWHMVFS
Nicotiana_tobaccum VNKFRPKEPYVGRCLLNTKITGDDAPGETWHMVFS
Pisum_sativum VNKFKPKEPYVGRCLLNTKITGDDAPGETWHMVFS
Arabidopsis_thaliana VNKFKPKNPYTGRCLLNTKITGDDAPGETWHIVFT
Spinacia_oleracea ...................................
Oryza_sativa TNKYRPKEPYTGRCLLNTRITGDDAPGETWHMVFS
Triticum_aestivum TNKYRPKEPYVGRCLLNTRLTGDNAPGETWHMVFS
Zea TNKYKPKEPYVGRCLLNTRITGDQAPGETWHMVFS
Zea_mays TNLYKPKEPYVGRCLLNTKITGDDAPGETWHMVFS
Cyanidium_caldarium VNLFKPSSPLVGTCIYNKKIVGDDAPGDTCHVIIH
Cyanophora_paradoxa LNLFRPANPYIGKCIYNERIVGEGAPGETKHIIFT
consensus
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190. 200. 210.
Nostoc_commune LSGSN..LKYIEGQSIGIIPPGLDKNGKPEKLRLY
Nostoc_punctiforme LSGGD..LKYIEGQSIGIIPPGLDKNGKPEKLRLY
Anabaena LTGGN..LKYIEGQSIGIIPPGVDKNGKPEKLRLY
Nodularia_spumigena LSGGD..LKYVEGQSIGIIPPGVDKNGKPEKLRLY
Arthrospira_platensis ISGGD..LRYLEGQSIGIIPPGTDNNGKPHKLRLY
Lyngbya_sp. LSGGD..LRYLEGQSIGIIPPGTDANGKPHKLRLY
Trichodesmium_erythraeum LSGSD..LHYLEGQSIGIIPPGKDAKGKAHKLRLY
Acaryochloris_marina LSEGD..LRYIEGQSIGIIPAGTDANGKPHKLRLY
Thermosynechococcus_elongatus ISGTE..LRYLEGQSIGIIPAGTDANGKPHKLRLY
Synechocystis_sp. LSAGD..LRYLEGQSIGIIPPGEDDKGKPHKLRLY
Synechococcus_sp. ISEGD..LRYLEGQSIGIIPPGEDKNGKPHKLRLY
Cyanothece_sp. LSGGD..LHYVEGQSIGIIPPGTDDKGKPHKLRLY
Microcystis_aeruginosa LSGSD..LRYLEGQSIGIIPPGTDANGKPHKLRLY
Crocosphaera_watsonii ISGGD..LHYLEGQSLAIIPPGTDAKGKPHKSRLY
Paulinella_chromatophora LSGGN..LRYVEGQSIGIIPDGTDVNGKPHKLRLY
Prochlorococcus_marinus LAGSDPHLSYVEGQSIGIIPAGTDANGKPHKLRLY
Capsicum_annuum TEGEIP...YREGQSIGVIADGVDANGKPHKLRLY
Nicotiana_tobaccum TEGEVP...YREGQSIGVIADGVDANGKPHKLRLY
Pisum_sativum TEGEVP...YREGQSIGIVPDGIDKNGKPHKLRLY
Arabidopsis_thaliana TEGEVP...YREGQSIGVIPEGIDKNGKPHKLRLY
Spinacia_oleracea ..........REGQSVGVIPDGEDKNGKPHKLRLY
Oryza_sativa TDGEIP...YREGQSIGVIPDGIDKNGKPHKLRLY
Triticum_aestivum TEGEVP...YREGQSIGVIADGEDKNGKPHKLRLY
Zea TEGEVP...YREGQSIGVIADGEDKNGKPHKLRLY
Zea_mays TEGKIP...YREGQSIGVIADGVDKNGKPHKVRLY
Cyanidium_caldarium HDGKLP...YLEGQSVGIIPEGTDDKGRPHKLRLY
Cyanophora_paradoxa HEGKVP...YLEGQSIGIIPPGTDKDGKPHKLRLY
consensus **** * * * * ***

220. 230. 240. 250.
Nostoc_commune SIASTRHGDDVDDKTVSLCVRQLEYKHPETSETVY
Nostoc_punctiforme SIASTRHGDDVDDKTVSLCVRQLEYKHPETGETVY
Anabaena SIASTRHGDDVDDKTISLCVRQLEYKHPESGETVY
Nodularia_spumigena SIASTRHGDDVDDKTVSLCVRQLEYKHPETGETVY
Arthrospira_platensis SIASTRHGDHVDDKTVSLCVRQLEYKHPETGETVY
Lyngbya_sp. SIASTRHGDNLDEKTVSLCVRQLEYKHPETGDTVY
Trichodesmium_erythraeum SIASTRHGDHLNDQTVSLCVRRLEYNHPETGERIY
Acaryochloris_marina SIASTRHGDRVDDKTISLCVRQLEYDHPETGERVY
Thermosynechococcus_elongatus SIASTRHGDFQDDKTVSLCVRRLEYKDKETGETIY
Synechocystis_sp. SIASTRHGDFGDDKTVSLCVRQLEYQN.EAGETVQ
Synechococcus_sp. SIASTRHGDMEDNKTVSLCVRQLEYQDPESGETVY
Cyanothece_sp. SIASTRHGDKKDDKTVSLCVRQLEYEHPETKETVY
Microcystis_aeruginosa SIASTRHGDKLDDKTVSLCVRQLEYQHPETKETVY
Crocosphaera_watsonii SIASTRHGDKVDDKTISLCVRQLEYEHPETKETVY
Paulinella_chromatophora SIASSRHGDNLQGNTISLCVRQLQYEK..DGETIN
Prochlorococcus_marinus SIASTRHGDNLEGKTVSLCVRQLQYEL..DGKTID
Capsicum_annuum SIASSALGDFGDSKTVSLCVKRLVYTN.DKGEEVK
Nicotiana_tobaccum STASSALGDFGDSKTVSLCVKRLVYTN.DKGEEVK
Pisum_sativum SIASSAIGDFGDSKTVSLCVKRLVYTN.DAGEVVK
Arabidopsis_thaliana SIASSAIGDFGDSKTVSLCVKRLVYTN.DGGEIVK
Spinacia_oleracea SIASSALGDFGDAKSVSLCVKRLIYTN.DAGETIK
Oryza_sativa SIASSAIGDFADSKTVSLCVKRLVYTN.DQGEIVK
Triticum_aestivum SIASSALGDFGDSKTVSLCVKRLVYTN.DAGEVVK
Zea SIASSALGDFGDSKTVSLCVKRLVYTN.DQGEVVK
Zea_mays SIASSAIGDFGDSKTVSLCVKRLIYTN.DAGEIVK
Cyanidium_caldarium SIASTAAGDFGDYKTLSLVVKRLVYTN.EKGEEVR
Cyanophora_paradoxa SIASTRHGDFGDDKTVSLSVKRLEYTD.ANGNLVK
consensus * ** ** ** * * *
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260. 270. 280.
Nostoc_commune GVCSTHLCFLKPG.EEVKITGPVGKEMLLPNDPDA
Nostoc_punctiforme GVCSTHLCFLKPG.EEVKITGPVGKEMLLPNDPDA
Anabaena GVCSTYLTHIEPG.SEVKITGPVGKEMLLPDDPEA
Nodularia_spumigena GVCSTHLTQLEVG.AEVKITGPVGKEMLLPEDPEA
Arthrospira_platensis GVCSTYLCNLEAG.ADVAITGPVGKEMLLPEDEDA
Lyngbya_sp. GVCSSFLCNIKEG.DDVSITGPVGKEMLLPDDEDA
Trichodesmium_erythraeum GVCSSYLCGMEEG.ADVAITGPVGKEMLLPDDEDA
Acaryochloris_marina GVCSKHLCDMQPG.DDVKITGPVGKEMLLPDDPEA
Thermosynechococcus_elongatus GVCSSYLNQLQPG.DEVKITGPVGKEMLLSDDPEA
Synechocystis_sp. GVCSTYLCNIKEG.DDIAITGPVGKEMLLPPDEDA
Synechococcus_sp. GVCSTYLCNLPVGTDDVKITGPVGKEMLLPDDEDA
Cyanothece_sp. GVCSTYLCHLEVG.ADVAITGPVGKEMLLPEDEDA
Microcystis_aeruginosa GVCSTHLCNVEVG.ADVAITGPVGKEMLLPGDEDA
Crocosphaera_watsonii GVCSTYLCNLEVG.ADVAMWGPVGKEMLLPDEEDA
Paulinella_chromatophora GVCSTFLCDIKPG.AKTKMTGPVGKEMLLPADEMA
Prochlorococcus_marinus GVCSTYLCDIKPG.AKTKITGPVGKEMLLPDDEEA
Capsicum_annuum GVCSNFLCDLKPG.ADVKITGPVGKEMLMPKDPNA
Nicotiana_tobaccum GVCSNFLCDLKPG.AEVKITGPVGKEMLMPKDPNA
Pisum_sativum GVCSNFLCDLKPG.SEVKITGPVGKEMLMPKDPNA
Arabidopsis_thaliana GVCSNFLCDLKPG.DEAKITGPVGKEMLMPKDPNA
Spinacia_oleracea GVCSNFLCDLKPG.AEVKLTGPVGKEMLMPKDPNA
Oryza_sativa GVCSNFLCDLKPG.SDVKITGPVGKEMLMPKDPNA
Triticum_aestivum GVCSNFLCDLKPG.SEVKITGPVGKKMLMPKDPNA
Zea GVCSNFLCDLKPG.AEVKITGPVGKEMLMPKDPNA
Zea_mays GVCSNFLCDLQPG.DNVQITGPVGKEMLMPKDPNA
Cyanidium_caldarium GVCSNFLNDIKPG.EPIKMTGPVGKEMLMPDDPNA
Cyanophora_paradoxa GVCSNYLCDLKPG.DEVMITGPVGTTMLMPEDQSA
consensus **** * * **** ** *

290. 300. 310. 320.
Nostoc_commune NVIMMATGTGIAPMRAYLWRQFKDAERAANPEYQF
Nostoc_punctiforme NVIMMATGTGIAPMRAYLWRQFKDAERAANPEYQF
Anabaena NVIMLATGTGIAPMRTYLWRMFKDAERAANPEYQF
Nodularia_spumigena KVIMMATGTGIAPMRAYLWRMFKDAERAANPEYQF
Arthrospira_platensis TIIMMATGTGIAPFRAFLWRIFK....EQHEDYKF
Lyngbya_sp. TIIMMATGTGIAPFRAFIWRMFKE..REQNPDYQF
Trichodesmium_erythraeum TIIMIATGTGIAPYRAFLWRMFKE..REQNPDYQF
Acaryochloris_marina NIIMMGTGTGIAPFRAYLWRMFK....EKHDDYKF
Thermosynechococcus_elongatus TIIMLATGTGIAPFRAFLWRMFK....ENNPDYQF
Synechocystis_sp. NIVMLATGTGIAPFRAFLWRMFK....EQHEDYKF
Synechococcus_sp. TVVMLATGTGIAPFRAFLWRMFK....EQHEDYKF
Cyanothece_sp. NIIMLATGTGIAPFRAFLWRMFK....EQHEDYKF
Microcystis_aeruginosa TIIMMATGTGIAPFRAFLWRMFK....EQHEDYKF
Crocosphaera_watsonii NIIMLATGTGIAPFRSFLWRMFF....ENNPEYKF
Paulinella_chromatophora NVIMLATGTGIAPMRTYLRRMFEPGERSKNPEYQF
Prochlorococcus_marinus NVIMLATGTGIAPMRAYLRRMFEPTERSKN.GWKF
Capsicum_annuum TVIMLGTGTGIAPFRSFLWKMFF....EKHDDYKF
Nicotiana_tobaccum TVIMLATGTGIAPFRSFLWKMFF....EKHEDYKF
Pisum_sativum TVIMLGTGTGIAPFRSFLWKMFF....EKHEDYQF
Arabidopsis_thaliana TIIMLGTGTGIAPFRSFLWKMFF....EEHEDYKF
Spinacia_oleracea TIIMLGTGTGIAPFRSFLWKMFF....EKHDDYKF
Oryza_sativa TIIMLGTGTGIAPFRSFLWKMFF....EEHDDYKF
Triticum_aestivum TIIMLATGTGIAPFRSFLWKMFF....EEHEDYKF
Zea TIIMLATGTGIAPFRSFLWKMFF....EEHEDYKY
Zea_mays TIIMLATGTGIAPFRSFLWKMFF....EKHDDYKF
Cyanidium_caldarium TIIMLATGTGIAPFRAFMRKAFV....EKHADYQF
Cyanophora_paradoxa TIIMLATGTGIAPFRSFLRRMFE....ETHADYKF
consensus * ******* * *
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330. 340. 350.
Nostoc_commune KGFSWLIFGVPTTPNLLYKEELEEIQQKYPDNFRL
Nostoc_punctiforme KGFSWLIFGVPTTPNLLYKEELEEIQQKYPENFRL
Anabaena KGFSWLVFGVPTTPNILYKEELEEIQQKYPDNFRL
Nodularia_spumigena KGFSWLIFGVPTTPNILYKEELEQMQEKYPDNFRL
Arthrospira_platensis KGLAWLFFGIPYSPNILYQQELEELQQQFPENFRL
Lyngbya_sp. KGLAWLFFGCAYTPNILYKEELEELQRQFPDNFRV
Trichodesmium_erythraeum KGLAWLFFGCPYTPNILYKEELEELQREFPDNFRL
Acaryochloris_marina KGLAWLFFGVAYTPNILYKEELEELQSQYPDNFRL
Thermosynechococcus_elongatus KGLAWLFFGVAYTANILYKDELEAIQAQYPDHFRL
Synechocystis_sp. KGLAWLIFGIPKSENILYKDDLEKMAAEFPDNFRL
Synechococcus_sp. KGKAWLIFGVPYTANILYKDDFEKMAAENPDNFRL
Cyanothece_sp. KGLAWLIFGVPYSANILYKEDLEEIEKTYPDNFRL
Microcystis_aeruginosa KGLAWLIFGVPKTANILYQEELEKIAAEFPDNFRL
Crocosphaera_watsonii KGKSWLIFGVPYSANVLYKDQLEEIQTKYPDNFDL
Paulinella_chromatophora RGKAWLFMGAPTTANLLYDDDFNRYQSEFPENFRY
Prochlorococcus_marinus RGKAWLFMGAPYTANLLYDEDFERYLREFPDNFIY
Capsicum_annuum NGLAWLFLGVPTSSSLLYKEEFEKMKEKAPENFRL
Nicotiana_tobaccum NGTAWLFLGVPTSSSLLYKEEFEKMKEKAPENFRL
Pisum_sativum NGLAWLFLGVPTSSSLLYKEEFEKMKEKAPEXFRL
Arabidopsis_thaliana NGLAWLFLGVPTSSSLLYKEEFEKMKEKNPDNFRL
Spinacia_oleracea NGLAWLFLGVPTSSSLLYKEEFEKMKEKAPDNFRL
Oryza_sativa NGLAWLFLGVPTSSTLLYREEFERMKEIAPERFRL
Triticum_aestivum NGLAWLFLGVPTSDTLLYKEEFEKMVEIGGENFRL
Zea TGLAWLFLGVPTSDTLLYKEELEKMKEMAPDNFRL
Zea_mays NGLGWLFLGVPTSSSLLYKEEFGKMKERAPENFRV
Cyanidium_caldarium KGKMILYLGVPTSSSLLYRDELEEMKANFPDQVEL
Cyanophora_paradoxa NGLAWLFLGVPTSSTLLYREELEKMQKANPNNFRL
consensus * * * **

360. 370. 380. 390.
Nostoc_commune TAAISREQKNPQGGRMYIQDRVAEHADELWQLIKN
Nostoc_punctiforme TAAISREQKNPQGGRMYIQDRVAEHADELWQLIKN
Anabaena TYAISREQKNPQGGRMYIQDRVAEHADQLWQLIKN
Nodularia_spumigena TCAISREQKNPQGGRMYIQDRVAEHADELWQLIKE
Arthrospira_platensis TLAISREQQNPEGGKMYIQDRIKENADQLWELIQK
Lyngbya_sp. TYAVSREQKNKDGGKMYIQHRIQENADELWQLNQK
Trichodesmium_erythraeum TYAISREQKNKDGGKMYIQHRIQENAEELWQLIQK
Acaryochloris_marina TYAISREQKAADGSKMYIQSRIAEHADELWELVQK
Thermosynechococcus_elongatus TYAISREQKTPDGGKMYIQGRIAEHADEIWQLLQK
Synechocystis_sp. TYAISREQQNAEGGRMYIQHRVAENAEELWNLMQN
Synechococcus_sp. TYAISREQKTADGGKVYVQSRVSEYADELFEMIQK
Cyanothece_sp. TYAISREQKNAEGGRMYIQHRVGEYAEELWKLMQN
Microcystis_aeruginosa TYAISREQQNPQGGRMYIQHRVAEHADEIWNLLQS
Crocosphaera_watsonii TYAISREQKNSEGGRMYIQHRVAEQAEKLWTMLQD
Paulinella_chromatophora TKAISREQQNTSGGRMYIQDRVTEHADEIFGMIED
Prochlorococcus_marinus TKAISREQQNPKGGRMYIQDRVMEYADQIFKMIEN
Capsicum_annuum DFAVSREQTNEKGEKMYIQTRMAQYAEELWTLLKK
Nicotiana_tobaccum DFAVSREQTNEKGEKMYIQTRMAQYAEELWTLLQK
Pisum_sativum DFAVSREQVXDKGEXMYIXTRMAQYAXELWELLKK
Arabidopsis_thaliana DFAVSREQTNEKGEKMYIQTRMAEYAEELWELLKK
Spinacia_oleracea DFAVSREQTNEKGEKMYIQTRMAQYAVELWEMLKK
Oryza_sativa DFAVSREQTNAAGEKMYIQTRMAEYKDELWELLKK
Triticum_aestivum DFAVSREQTNAAGEKMYIQTRMAEYKEELWEMLKK
Zea DFAVSREQTNAAGEKMYIQTRMAEYKEELWELLKK
Zea_mays DYAVSREQTNAAGERMYIQTRMAEYKEELWELLKK
Cyanidium_caldarium HYAISREMKNKQGGRYYLQDSMAERGEEIWQLLRK
Cyanophora_paradoxa DYAISREQTDSKGEKMYIQNRIAEYANEFWNMIQK
consensus * *** * *
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400. 410. 420.
Nostoc_commune EKTHTYICGLRGMEEGIDAALTAAAVKEGVTWSVY
Nostoc_punctiforme EKTHTYICGLRGMEEGIDAALTAAAAKEGVTWSDY
Anabaena QKTHTYICGLRGMEEGIDAALSAAAAKEGVTWSDY
Nodularia_spumigena EKTHTYICGLRGMEGGIDEALTAAAAKEGVVWSDY
Arthrospira_platensis PNTHTYICGLKGMEGGIDEGMSAAAGKFDVDWSDY
Lyngbya_sp. PNTHTYICGLKGMEGGIDEGMSAAASKFGADWSEF
Trichodesmium_erythraeum PNAHTYICGLKGMEDGIDEGMSAVTGQFDIDWGDY
Acaryochloris_marina ENTHTYICGLKGMEGGIDEGMSAAAAKHGVDWSEY
Thermosynechococcus_elongatus KNTHVYMCGLRGMEPGIDEAMTAAAAKNGADWQEF
Synechocystis_sp. PKTHTYMCGLKGMEPGIDEAFTALAEQNGKEWTTF
Synechococcus_sp. PNTHVYMCGLKGMQPPIDETFTAEAEKRGLNWEEM
Cyanothece_sp. PKTHTYMCGLKGMEDGIDQALGAMAAQNGADWSEF
Microcystis_aeruginosa PKTHAYMCGLKGMEDGIDDAISGAAAKNGADWSVY
Crocosphaera_watsonii PKTHLYMCGLKGMESGLEEGLRDFASKQGVEWPDF
Paulinella_chromatophora SRTHVYMCGLRGMEPGIDQAMTAAAQAKGFNWAEL
Prochlorococcus_marinus PKTHVYMCGLKGMEPGIDEAMTAAATAKGIDWSEL
Capsicum_annuum DNTFVYMCGLKGMEQGIDDIMSSLAAKEGIDWADY
Nicotiana_tobaccum DNTFIYMCGLKGMEQGIDEIMSALAERDGIVWADY
Pisum_sativum DXTFVYMCGLKGMEKGIDDIMVSLAAKDGIDWIEY
Arabidopsis_thaliana DNTFVYMCGLKGMEKGIDDIMVSLAAKDGIDWLEY
Spinacia_oleracea DNTYVYMCGLKGMEKGIDDIMVSLAAAEGIDWIEY
Oryza_sativa DNTYVYMCGLKGMEKGIDDIMIDLAAKDGIDWLDY
Triticum_aestivum DNTYVYMCGLKGMEKGIDDIMVDLAAKDGIDWIDY
Zea DNTYVYMCGLKGMEKGIDDIMLDLAAKDGINWLDY
Zea_mays DNTYVYMCGLKGMEKGIDDIMVSLAEKDGIDWFDY
Cyanidium_caldarium DNTYVYMCGLKGMDSGIDSFMTDLAAKDGVNWADF
Cyanophora_paradoxa PNTFVYMCGLRGMEDGIQQCMEDIAKANGTTWDAV
consensus * *** ** *

430. 440.
Nostoc_commune QK.ELKKAGRWHVETY
Nostoc_punctiforme QK.QLKKAGRWHVETY
Anabaena QK.DLKKAGRWHVETY
Nodularia_spumigena QK.QLKKAHRWHVETY
Arthrospira_platensis QK.QLKKKHRWHVETY
Lyngbya_sp. QK.QLKKDHRWHVETY
Trichodesmium_erythraeum QK.KLKKEGRWHVETY
Acaryochloris_marina QR.TLKKAHRWHVETY
Thermosynechococcus_elongatus LKGTLKKEGRWHVETY
Synechocystis_sp. QR.EMKKEHRWHVETY
Synechococcus_sp. RR.SMKKEHRWHVEVY
Cyanothece_sp. QK.QMKKEHRWHVETY
Microcystis_aeruginosa QK.QLKKEHRWHVETY
Crocosphaera_watsonii VK.QLKKEHRWHVEVY
Paulinella_chromatophora RP.QLKKAERWHVETY
Prochlorococcus_marinus RP.QLKKAHRWHVETY
Capsicum_annuum KK.QLKKAEQWNVEVY
Nicotiana_tobaccum KK.QLKKAEQWNVEVY
Pisum_sativum KR.TLKKAEQWNVEVY
Arabidopsis_thaliana KK.QLKRSEQWNVEVY
Spinacia_oleracea KR.QLKKAEQWNVEVY
Oryza_sativa KK.QLKKSEQWNVEVY
Triticum_aestivum KK.QLKKAEQWNVEVY
Zea KK.QLKKSEQWNVEVY
Zea_mays KK.QLKRGDQWNVEVY
Cyanidium_caldarium KK.QLKQQHRYNVEVY
Cyanophora_paradoxa VK.GLKKEKRWHVETY
consensus * ** *
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Calculation of Standard Apparent Hydride Transfer Energy

The calculation of the apparent redox potentials of NADP and FAD is done as described in

CRC Handbook of Chemistry and Physics, David R. Lide Ed., 85th edition, 2004-2005, page

7-9, ”Standard Transformed Gibbs Energy of Formation For Imortant Biochemical Species” by

Petr Vanysek.

E
′◦ = − 1

nF

(
∆fG

′◦(red) − ∆fG
′◦(ox)

)
with n = 2 for two electron reductions and F = 9.6485 · 104Cmol−1. For I = 100 mM, pH

7.0, 298.15 K and 100 kPa the values of 1255.17 kJ/mol (FAD ox), 1297.43 kJ/mol (FAD red),

1008.7 kJ/mol (NADP ox) and 1070.97 kJ/mol (NADP red) are given. Using the above equa-

tion, standard apparent reduction potentials of E ′◦(FAD) = −219.00mV and E
′◦(NADP ) =

−322.69mV can be obtained. Thus, the hydride transfer from FAD to NADP in aqueous solu-

tion is ∆E
′◦ = 104mV which corresponds to an energy of 2.4kcal/mol.
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