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ScNDE1 MIRQS———- LMKTVWANSSRFSLQSKSGLVKYAKNRSFHAARNLLEDKKV ILQKVAPTT 55
ScNDE2 MLPRL———- GFARTARS [HRFKMTQ | S——————- KPFFHSTEVG——KPGPQQKLSKSY 45
ScNDI1 MLSKN-———- LYS———- NKRLLTSTN TLVRFASTR 26
NcNDE2 MASTSRALGRLSAP-SMGVARLQTQAVSRLLSSAPRRAL | SESRQVAVTQQ IRRAHTETT 59
Yl MLRLRPAVRAVSVARSVALTRSLHVSVAKFN-K | EGTAPAGLPKEVKQTAGHQGHHQE IP 59
StuNDA MPWFKNL IKISKTITN 16
?ENDA1 MLWIKNLARISQTTSS 16
No

No2

Sy

Re

Sm

Av

Ec

ScNDE1 GVVAKQSFFKRTGKF——TLKALLYSALAGTAYVSYSLYREANPSTQVPQSDTFPNGSKRK 113
ScNDE2 TAVFKKWFVR—————~ GLKLTFYTTLAGTLYVSYELYKESNPPKQVPQSTAFANGLKKK 98
ScNDI1 STGVEN SGAGPTSFKTMKV | DP——————————~ QHSDKP 54
NcNDE2 PLPEPPKERRRFRKLRWLWRAPLFVSLAG | AYVGWGVYEERNPGPQVE—————- PDPSKK 113
Yl KPDENHPRRKKFHFWRSLWRLTYLSAIASLGY | GYRIYV IRNPSDQLP—————- ADPSKK 113
StuNDA QSSSYKS | TPLASPLLTQFLQFTKQYSTNDHVV————————~ GLEATKSDQKP 60
AtNDA1 SVGNVFRNPESYTLSSRFCTALQKQ-—QVTDTVQAKEDVVNALEPQRYDGLAPTKEGEKP 74
Tb MICRTSFLRKP 11
No MVASLENHQPH 11
No2 MVEALDNNPPH 11
Sy MNSPTSPRRPH 11
Re MDTH 4
Sm MQERH 5
Av MT-—H 3
Ec MTTPLK 6

P92-193-L94
ScNDE1 TLVILGSGWGSVSLLKNLDTTL——-——YNVVVVSPRNYFLFTPLLPSTPVGT IELKSIVE 168
ScNDE2 ELVILGTGWGA | SLLKKLDTSL——-——YNVTVVSPRSFFLFTPLLPSTPVGT IEMKSIVE 153
ScNDI1 NVL ILGSGWGA | SFLKHIDTKK—————YNVS| | SPRSYFLFTPLLPSAPVGTVDEKS| IE 109
NcNDE2 TLVVLGTGWGSVSLLKKLDTEH—————YNV | V| SPRNYFLFTPLLPSCTTGL |EHRS IME 168
Yl TLVVLGSGWGSVSFLKKLDTSN-———YNV | VVSPRNYFLFTPLLPSCPTGT I[EHRS IME 168
StuNDA RIVVLGSGWAGCRLMKD I DTN | —————YDVVCVSPRNHMVF TPLLASTCVGTLEFRSVAE 115
AtNDA1 RVLVLGSGWAGCRVLKGIDTS | —————YDVVCVSPRNHMVFTPLLASTCVGTLEFRSVAE 129
Tb KVVVVGTGWAGCYFVRDTKPQL——-——AELHVLSTRNHHVLTPLLPQTTTGTLEFRS ICE 66
No EVVIVGGGF GGLYAAKALAKTN—————VNVTL | DKRNFHLFQPLLYQVATGTLSPAD | SA 66
No2 KVV I VGGGF GGL YAAKALAKAK—————VDVTL | DKRNFHLFQPLLYQVATGTLSPAD I SS 66
Sy -VVIVGGGFAGLYTAKNLRRSP————-VDI TL | DKRNFHLFQPLLYQVATGSLSPAD |AS 65
Re RVVVVGGGF AGLQLAKDLKCPD————-TS| T | VDRRNHHLFQPLLYQVATTVLATSE AW 59
Sm HVVVVGGGF GGLQLVNDLKGAP—————VKVTL | DRRNHHLFQPLLYQVATTVLATSE AW 60
Av RIVIVGGGAGGVELATRLGKTMGRNFQAK | TLVDANMTHLWKPLLHEVAAGSLNST--GD 61
Ec K1V IVGGGAGGLEMATQLGHKLGRKKKAK | TLVDRNHSHLWKPLLHEVATGSLDEG—-VD 64
TIilk ok o Tokkk :

ScNDE1 PVRT | ARRS——HGEVHYYEAEAYDVDPENKT | KVKSSAKNNDYDL ———————————~ DL 213
ScNDE2 PVRS | ARRT-—PGEVHY | EAEALDVDPKAKKVMVQSVSEDEYFVS———————————~- SL 198
ScNDI1 PIVNFALKK——KGNVTYYEAEATS INPDRNTVT I KSLSAVSQLYQPENHLGLHQAEPAE| 167
NcNDE2 PIRT ILRHK——KANVKFYEAEASSVDPERKVVRVL-DTSE |RGDV————————~ VETEI 215
Yl PIRGI | RHK-——QAECQYLEADATK IDHEKR I VT IRSAVSENSKEE————————~ VIKEI 216
StuNDA PIGRIQPAVSTQPASYFFLANCNA |DFDNHMIECETVTEGVETLEAWK———————- FNV 166
AtNDA1 PISRIQPAISREPGSYYFLANCSKLDADNHEVHCETVTEGSSTLKPWK———————- FKI 180
Tb PITRIQPALAHLP-NRFSRCFVYD INFEQKRVDC | SVDNTSVGPHALVN-—————- TFDV 118
No PLRSVLSKS———KNTKVLLGEVND IDPNLQQ| | VGDKV- V 102
No2 PLRAVLSKS———KNTQVLLGEVND | DPEAQELVMGDEK 1 102
Sy PLRGVLKGQ-——KNIRVLMDKV I D I DPDKQKVVLEDHAP I 102
Re PIRALFRGR-—KDVSTLLGEVVGVDTEARVVSLKDGNA | 96
Sm PIRRLYRDR———QEVTTLLGEVAGVDM | AKEVTLAHGQS 1 97
Av ELNYVAQAK——WNNFEFQYGRMCGLDRANKR | RLAAQPAQEDRAPLPER————————~ E% 110

Ec ALSYLAHAR--NHGFQFQLGSV | DIDREAKT T AELRDEKGELLVPER-———————- Kl
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L195
ScNDE1 KYDYLVVGVGAQPNTFGTPGVYEYSSFLKE | SDAGE [RLK IMSS | EKAASLSPKDPERAR 273
ScNDE2 SYDYLVVSVGAKTTTFN|PGVYGNANFLKE | EDAGN | RMKLMKT | EQASSFPVNDPERKR 258
ScNDI1 KYDYL | SAVGAEPNTFG I PGVTDYGHFLKE IPNSLE [RRTFAANLEKANLLPKGDPERRR 227
NcNDE2 PYDMLVVGVGAENATFGIPGVREHTCFLKE | GDAQGR | RKK IMDGVETAAFKGQSQEEIDR 275
Yl PFDYLVVGVGAMSSTFG | PGVQENACFLKE |PDAQQ RRTLMDC | EKAQFE-KDPEVRKR 275
StuNDA SYDKLV IASGAHALTFGIKGVNEHATFLREVHHAQE | RRKLLLNLMLSDVPGVSEEEKRR 226
AtNDA1 AYDKLVLACGAEASTFGINGVLENA | FLREVHHAQE | RRKLLLNLMLSEVPG | GEDEKKR 240
Tb QYDKLVLAHGAQPNTFNVPGAVERACFLREVNEART | RKRLVQN IMTANLPVTSVEEKKR 178
No PYDTL | VATGAKHSYFGKDNWQELAPGLKTVEDAIEMRRR | FGAFEAAEKETDLEK-RKA 161
No2 PYDTL | VATGAKHSYFGKDNWEEFAPGLKTVEDA | EMRRR | FTAFEAAEKEKDPAK-RRA 161
Sy AYDWLVVATGVSHHYFGNDHWAALAPGLKT I EDALT IRQR | FAAFEAAEKESNPER-QQA 161
Re PYDTLVLATGARHAYFGRDEWEPFAPGLKALEDATT IRRRLLLAFEKAELEADPER-RKA 155
Sm PYDTLVLATGATHAYFGHDEWAAVAPGLKTLEDATT IRRRVL | AFEQAEVEEDTAR-RDA 156
Av EYDTLVLSVGSTTNDFGTPGAAENG | FLEGRDQAERFRRPLLSHYLRAHASNDDGH-—— 166
Ec AYDTLVMALGSTSNDFNTPGVKENCIFLDNPHQARRFHQEMLNLFLKYSANLGANG———— 169
Tkok: * o
M E246
ScNDET LLSFVVVGGGPTGVEFAAELRDYVDQDLRKWMPELSK—E |KVTLVEALPNILNMFDKYLV 332
ScNDE2 LLTFVVVGGGPTGVEFAAELQDY INGDLRKWMPDLSK-EMKV [L | EALPNILNMFDKTLI 317
ScNDI1 LLS IVVVGGGPTGVEAAGELQDYVHQDLRKFLPALAE-EVQIHLVEALP | VLNMFEKKLS 286
NcNDE2 LLHMVVVGGGPTGVEFAGELQDFFEED IKKL I PD1AD-RFRVTL I EALPNVLPSFSKQL| 334
Yl LLHTVVVGGGPTGVEFAAELQDFFEDDLRKWIPD IRD-DFKVTLVEALPNVLPSFSKKL| 334
StuNDA LLHGVVVGGGPTGVEFSGELSDF | LKDVHQRYAHVKD-Y IHVTL | EAN-EILSSFDDRLR 284
AtNDA1 LLHGVVVGGGPTGVEF SGELSDF IMKDVRQRYSHVKD-D IRVTL [EAR-DILSSFDDRLR 298
Tb LLHTVVVGGGPTGVEFSADLAEFLRDDVKN INPELVQ-FCKVTVLEAG-EVFSTFDLRVR 236
No LLTFVIVGGGPTGVELAGA | AELAYKTLQEDFRNINTSETRILLLQGGDRILPHIAPELS 221
No2 WLTFVVVGGGPTGVELAGA|AELAYKTLKEDFRNIDTTETQV ILLEGLDRILPPFAPELS 221
Sy WLTFVIVGAGPTGVELAGA | AE | AHSSLKDNFHR IDTRQAKILL | EGVDRVLPPYKPQLS 221
Re MLTFS| 1GAGPTGVEMAG | | AGLAQRTLVEEFRS IDTRSARILL | EAGPRVLPVFPEALS 215
Sm LLTFTI IGAGPTGVELAG | | AEMAHRTLPGEFRR IDTRLARVVLVEAGPR I LPAFSEELS 216
Av QVKVA | VGAGATGVELAAELRHASKELVAYGLERIPPENLS I TL | ESSPRVLAALPERIS 226
Ec KVNIAIVGGGATGVELSAELHNAVKOLHSYGYKGLTNEALNVTLVEAGERILPALPPRIS 229
: Dok ko DLl : :
'N341
ScNDET DYAQDLFKEEK | DLRLKTMVKKVDATT | TAKTGDGD——— | ENIPYGVLVWATGNAPREV 388
ScNDE2 KYAEDLFARDE | DLQVNTAVKVVEPTY IRTLANGQT——-NTD | EYGMLVWATGNEP IDF 373
ScND11 SYAQSHLENTS | KVHLRTAVAKVEEKQLLAKTKHEDGK | TEET IPYGTL IWATGNKARPV 346
NcNDE2 EYTESTFKEEK IDIMTKTMVKRVTEKTVEAE | SKPDGTREK | TLPYGLLVWATGNAVRPV 394
Yl DYTEKTFSDEK I SILTKTMVKSVDENV IRAEQTKGDGTKETLEMPYGTLVWATGNTVRPV 394
StuNDA VYATNQLTKSGVRLVRGLVQHVQPDN| | LSD—-———- GTNVPYGLLVWSTGVGPSPF 335
AtNDAT1 HYA|KQLNKSGVKLVRG | VKEVKPQKL | LDD-——————- GTEVPYGPLVWSTGVGPSSF 349
Tb EWGKRRLDALGVR | VKGNVVAVQEKEV | TKS———————- GEVFSTGLVVWSTGVGPSPL 287
No QAATTSLREFGVVVQTKTRVTSIENDIVTFKQGDE———- LQTITSKT ILWAAGVKASPM 276
No2 QEAE | SLKQLGVLVQTKTLVTNIEND I VTLKQGEE-————- VKE I ASKTVLWAAGVKASAM 276
Sy ARAQRDLEDLGVTVLTERMVTDINPEQVTVHNNGQ——-- TETIVTKTVLWGAGVRASSL 276
Re RYAEQSL [KMGVEVRTGIPVTAGNENG | Al G——————- DEFVSSRTVIWAAGVQASNA 266
Sm AYASRELEKLGVEVLTGTPVTDCTDEGVT | G———————- ESFVPSRTLVWAAGVQASPA 267
Av RSAHATLESLGVRVLVSTAVSEVTAEGVKTKD-————- DQF [PADLMVWAAGVRAPAF 278
Ec AAAHNELTKLGVRVLTQTMVTSADEGGLHTKD—————- GEY | EADLMVWAAG | KAPDF 281
: D : DIk Lk
D383 T392
ScNDE1 SKNLMTKLEEQDS-RRGLL I DNKLQLLGAK—-GS IFA1GDCT————- FHPGLFPTAQV 438
ScNDE2 SKTLMSR I PEQTN-RRGLL I NDKLELLGSE—-NS | YAIGDGCT———-, AHTGFFPTAQV 423
ScNDI1 | TDLFKK IPEQNSSKRGLAVNDFLQVKGS————NNIFA | GDN-————- AFAGLPPTAQV 395
NcNDE2 VKDLMER | PAQKDSRRGLAVNEYLVVQGT-——-RD IWAVGDC—————- AVAGYAPTAQV 443
Yl VRELMSK | PAQKGSRRGLLVNEYLVVEGT-—-EG | WALGDG—————- SATKYAPTAQV 443
StuNDA VNSLD | PK-——AKG-R1G I DEWLRVP——--SVQDVYS | GDCSGFLESTGRQVLPALAQV 386
AtNDA1 VRSLDFPK-—-DPGGR| G DENMRVP—--SVQDVFA|GDCSGYLESTGKSTLPALAQV 401
Tb TKELKVDR-——-TRQGR | SVDEHLQVLRDGVP | PDVYA|GDCA-———TNESNPLPTLAAV 339
No GKVLAERTGVECDRAGRA I VEPDLS | KGH-———QN | FVVGDLAN-FSHANGQPLPSVAPV 331
No2 GKVLAEKTGVECDRAGRV I VESDLS | KGH-———SN | FVVGDLAN-FSHQNGKPLPGVAPV 331
Sy GK| | GDRTGAELDRAGRVVVNPDLSVASF-——-DN | FVLGDLAN-YSHQGDQPLPGVAPV 331
Re ————AAWVGAEKDRAGRAVVQPDLTVGGK-——PE I F | | GDTAS-VKAADGTPVPGVAPA 317
Sm ———ARWVGADADRAGRVKVGPDLTAPHH-——PD I FV | GDTAS-V1QEDGKPVPG I APA 318
Av LKELDGLET-—-NRINQLQVRQTLQTTLD-——-DD | FAFGDCASCPQPGTDRPVPPRAQA 331
Ec LKD | GGLET-——NRINQLVVEPTLQTTRD-——-PDIYA1GDCASCPRP-EGGFVPPRAQA 333

Dokk *
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ScNDET AHQEGEYLAQYFKKAYK | DQLNWKM-——————————- THAKDDSEVARLKNQ | VKTQSQ 485
ScNDE2 AHQEGEYLAK I LDKKLQ | EQLEWDM-——————————- LNSTDETEVSRLQKEVNLRKSK 470
ScND 11 AHQEAEYLAKNFDKMAQ | PNFQKNL SSRKD KIDLLFEENN 435
NcNDE2 ASQEGNFLAGLFNNMARTEVLEQRVRELS-—-GSLNLAPGNAAE | SKE | EEHERQLRRIKD 501
Yl ASQEGSYLANLLNG | AKTEDLNNE | TNLEKQSEHTFDEQERKN | FAQLESKSRKLRRSRA 503
StuNDA AERQGKYLASLLNKVGKQGGGHANG AQNINL 417
AtNDA1 AEREGKYLANLFNVMGKAGGGRANS AKEMEL 432
Tb ASRQGVYLAKK IN-——AELAG KPF 360
No AIQEGEYVAKL IKKRLQG KT 351
No2 AKQEGEYVAALVQKRLQG QT 351
Sy AMQEAAYLSKL | PARLAEKE Q1 353
Re AKQQGKYVASVIEARRLG-T PT 338
Sm AKQQGAYVAQVIRGRLTG-S PA 339
Av AHQQASLLAKSLHRKLQEDS L 352
Ec AHQMAT CAMNN | LAQMNGKP: L 354
* 0. )
ScNDE1 |EDFKYNHKGALAY | GSDKA | ADLAVGEA--KYRLAG-SFTFLFWKSAYLAMCLSFRNRV 542
ScNDE2 LDKFNYKHMGALAY [ GSETA | ADLHMGDS——SYQLKG-MFAFLFWKSAYLAMCLS IRNRI 527
ScND 11 FKPFKYNDLGALAYLGSERA | AT IRSGKR--TFYTGGGLMTFYLWRILYLSMILSARSRL 493
NcNDE2 I KPFHYSHQGSLAY | GSEKAVADVSWFNG-——NLASGGSLTFLFWRSAYLSMCFSTRNRL 558
Yl MLPFEYSHQGSLAY | GSDRAVADLSFNFWG | MNWSSGGTMTYYFWRSAYVSMCFSMRNK | 563
StuNDA GDPFVYKHLGSMAT | GRYKALVDLRESKEAKGVSLAG-F TSFFVWRSAYLTRVVSWRNK| 476
AtNDA1 GEPFVYKHLGSMAT | GRYKALVDLRESKEGKG | SMAG-FLSWF | WRSAYLTRVVSWRNRF 491
Tb AAPFKYESLGSMVSLGTSSAVVELNGPRK-—-LDFVG-LKALFFWRSAYLS I VGSWRNRL 416
No LPAFKYNDHGSLAM| GANAAVVDL G————-1 LLKLKG-FSAWAFWLL IHIYFLIEFDSKL 404
No2 LPAFNYTDKGSLAM I GANAAVVDLG————- F IKLKG-FFAWLFWLVIHIYFLIEFDNKL 404
Sy MVPFRY IDYGSLAV | GANKAVVDL G—————- FAQFTG-LVAWMIWVWAHVYYL | EFDNKL 406
Re PSAFRYRHLGNLAT | GPNSAV | DF G—————- KIRLKG-G | AWWIWGLAHIYFLIGTRSRL 391
Sm PGPFRYRHQGSLAT | GKRAA | DF G————- RIKLRG-SLAWWIWGIAHIYFL IGTRSRF 392
Av CWS TATANHGSL | SLSSFSA | GNLMGNLT-GNVTLEG-WLARKFY | SLYRMHGMALYGTF 410
Ec KN-YQYKDHGSLVSLSNFSTVGSLMGNLTRGSMMIEG-R | ARFVY I SLYRMHQ | ALHGYF 412
® 0L I o

ScNDET LVAMDWAKVYFLGRDSS | 560
ScNDE2 L | AMDWTKVYFLGRDSSV 545
ScND 11 KVFFDWIKLAFFKRDFFKGL 513
NcNDE2 LVINDWVKSKLFGRDVSRE 577
Yl LVGIDWMKVRVFGRD | SRE 582
StuNDA YVLINWLTTLVFGRDISRI 495
AtNDA1 YVAINWLTTFVFGRDISRI 510
Tb YVIVNWLGSA | FGRDLTL INDYNDERTWLSLASEGAAREKVSRMNKVKTDGDGSNGNETT 476
No LVMIQWAWNY | TRKRGSRL | TGKESLAFANNFDDSNDTNNYSAANNRQPLNV-———-— 456
No2 VVMIQWVWNY I TRNRGARL | TGQE | HLAVN-——TVNNSGHYQPLEKRLPYNV-———-— 453
Sy | VMLQWGWNYF TRGRGARL | T-————————-—+ DTPNPQSTSTVQKELVRP——-—-—— 445
Re AVGLSWLW]FVSGHHSARLIT QKETLKDEV-———-—————— 421
Sm AVAWSWLWTYLSGQHSARL I T QKDTLREER-——————— 422
Av RTLMMMLGDRFRSSTEPRLKLH 432
Ec KTGLMMLVGS INRV I RPRLKLH 434
ScNDE1 e

ScNDE2 e

ScND 11 e

NcNDE2 e

Yl —————

StuNDA e

AtNDA1 R

&b ARSKVDLPATKKQGNE 491

o —

No2 e

Sy e

Re e

Sm e

Av —————

Ec e

Supplemental Fig. 4. Alignment of the amino acid sequences from selected Group A enzymes. The
conserved amino acid in Ndil (Pro92, Leu93, Leu94, Leul95, Thr239, Glu242, Glu 246, Asn341, Asp383, and
Thr392), are shown with a glay background. AtNDA1, Arabidopsis thaliana (NP_563783.1); Av, Azotobacter
vinelandii (AAK19737.1); Ec, Escherichia coli (CAA23586.1); NcNDE2, Neurospora crassa (XP_331372.1);
No, Nostoc sp. (BAB73083.1); No2, Nostoc sp. (BAB73084.1); Re, Rhizobium etli (AAMS54916.2); ScNDEI, S.
cerevisiae (CAA87359.1); SCNDE2, S. cerevisiae (CAA98651.1); ScNDI1, S. cerevisiae (CAA89160.1); Sm,
Sinorhizobium meliloti (CAC46658.1); StuNDA, Solanum tuberosum (CAB52796.1); Sy, Synechocystis sp.
(BAA17787.1); Tb, Trypanosoma brucei (AAM95239.1); Y1, Yarrowia lipolytica (CAAQ07265.1).




