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b Strain Relevant Genes Inactivated
Nif Vnf Anf
DJ2240 nifDK vnfDGK anfDGK
DI2241 nifDK vnfDGK none
DJ2290 nifDK vnfDGK anfo

Figure S1. Depletion of traces of vanadium in solid media reverses the null diazotrophic
growth phenotype originally observed for DJ2290. (a) Strains expressing FeFe nitrogenase
were cultured on Burk’s medium using agarose as the solidifying agent; metal ions contained in
the salts used for media preparation were previously chelated using a Chelex 100 resin with the
subsequent supplementation of Fe and V. Strains were cultured on plates containing a fixed
nitrogen source (+NHs) (plate 1) or under diazotrophic conditions (-NHs) (plates 2 and 3) with or
without addition of V, as indicated. Strains were cultured for 5 days. (b) Relevant genes

inactivated in each strain. Refer to Table S1 for a complete genotypic description.
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Strain Relevant Genes Inactivated Arabinose mducflon of
anfO expression
Nif Vnf Anf

DJ2240 nifDK vnfDGK anfDGK No

DJ2241 nifDK vnfDGK none No

DJ2290 nifDK vnfDGK anfO No

DJ2621 nifDK vifDGK vnfEN none Yes

DJ2622 nifDK vnfDGK vnfE anfO Yes

Figure S2. Arabinose controlled expression of anfO reverses the null diazotrophic growth
associated with deletion of the endogenous anfO. (a) Strains expressing FeFe nitrogenase
were cultured on Burk's medium agar plates containing a fixed nitrogen source (+NHs) (plate 1)
or under different diazotrophic growth conditions (-NHs) (plates 2-5). Arabinose and V were
added to the growth media as indicated for each condition. Strains were cultured on agar plates
for 5 days. (b) Relevant genes inactivated in each strain. Refer to Table S1 for a complete
genotypic description. The important observation is that arabinose induced expression of anfO
reverses the null diazotrophic growth phenotype associated with deletion of endogenous anfO

whether V is added to the growth media.
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b
Lane Strain Relevant Genes Inactivated V added to the media
1 DJ2241 nifDK, vanfDGK none
2 DJ2290 nifDK, vnfDGK, anfO none
3 DJ2241 nifDK, vifDGK SuM Vv
4 DJ2290 nifDK, vnfDGK, anfO SuM VvV
5 DJ2381 nifDK, vafDGK, vnfEN S5uM VvV
6 DJ2411 nifDK, vanfDGK, vnfE, anfO SuM vV
7 DJ2480 nifDK, vafDGK, vnfEN, anfO SuM vV

Figure S3. SDS-PAGE of FeFe protein purified from different strains and growth conditions. (a)
DJ2241 (wild type, lane 1 and 3); DJ2290 (inactivated for AnfO, lane 2 and 4); DJ2381
(inactivated for VnfEN, lane 5); DJ2411 (pseudo-revertant, inactivated for VnfE and AnfO, lane
6), DJ2480 (inactivated for VnfEN and AnfO, lane 7) (b) Relevant genes inactivated in each strain
and growth conditions of the cells. Refer to Table S1 for a complete genotypic description.
V=sodium metavanadate (VO3™1). “Wild-type” refers to the strain having the Anf-associated
components intact. Standards located to the left of panel A indicate molecular weights in kDa.

Note that the & subunit (AnfG) is associated with the FeFe protein in all the samples analyzed.
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Clostridium akagii DSM 12554 MGKTI FIG INGATTSENE SEVIKWAISK - ENENBKV | KEWX L LKNMDE SMSHIV SEIRENIIQS T E DCRI FEIGNKVT@EIPYTIL-EK IEYN IRE | E€KPEE - FID YL ENE YK

Dysgonomonas capnocytophago:des DSM 22835 VEAWAAFWIEAEENTLP FDS SEMIYIRIEMKN S GQEIL CVCKVP L YEINRNMNEVDEIRK SHIYTIEAS GCKAFHI KL SM@IFNTIFEEELH IRVIASATIESPLA-VIMDOWRE LVR -~

Enterobacter oryzae CGMCC 1 [YNER2VFINE P QEQVAPLTAPETI TSR - DCGRMQIAQQIAFDINS SCTSIMEAFIRE QTL AMLAQMP ACRH FIMTRE VQEAPRAWF -DGLIEL TLIRQC TIEAPE P - AIDAIIAKQP - - - - == - === === —— - - —— - - — - -
Geobacter thiogenes ATCC BAA 34 (VISEWA YN TKEA | AGCHEKERIICYAIEQ- TEDSMTA I KENAL ENDL DL SIRS ENISVRIIKAATAQMDDCEV FMVQE FREL LHALLKEE FIEFRTRKS EEETL L E - QIE YWARHDRE F VAAQAALAAAGHSCSSSESHS
Methanosarcina acetivorans str. C2A [EP2VVENENQQTSSIIFEPEFIIAMMEE - DGVERKVLNR F ENQWCNAR GYAAVIRMAN GD AIIK QMGDVKVVYASE | PEIASGTF -QAAIEFDIEL VD SKVLD - VD LIIKKDML - = === == === -—-=-----—---
Phaeospirillum fulvum DSM 13234 VEWAAYINBETESVSS FDRAIESWCMEAGR - EDSGRIVEQDRIG | DFVDQP TIBAP RISAVIIRDVAARMG TCRV LML GQVTEI L PAFLQEELIEFR LIZRS E[€DLAD - QD SWIAAREAE AAEKAAKAALSPL I PLP IAPLS
Pleomorphomonas carboxyditropha SVCO-16 VIAWAVHTEAAGRPVSILY EDEVIIHMIEG - GGDRM SK | GE FAF AIPDGASHIP LWIRG LW ERVAASMRDCRT LEISGDRN@Y | YSLLGQEMEF SCRTS E[€SVDD - QAMYARRQ- - - - -~~~ SEMTAGQGASACATAA
Rhodobacter capsulatus SB1003 VU2V FMEDTEQPVSILNAPERINVIMIEG - SGDDRRLVEDWP L EPRAGGIIAAIMRAAN ERMV FAMAPCTV LEISAEVREY VYSLLQEQY[EF SMIERS TIEPVEA -MBA SNICVGE------- - EERAR--EAACCDTKP
Rhodoblastus acidophilus DSM 137 VI L VHIBARDQ | ADVRTP[ETINRIMEDN - ASGVIEIRV | D EAAF AIRSQTADIMAANKSK LINRGIVERF GAGCA FIRSGANREL VYSLLQEQ-[€FRVIIQACIEP LAALDMDAFAQRDAE LAAARENEARDRAF VAL FSSPG
Rhodomicrobium vannielii ATCC 17100 [VIEWAAYMINDDEE LTSEYKKERFRIMEG- EAKTHRT | GDIIPF ERNSADASIHP NWIRE THIETAATSFGECKV IIMSSEAR@F FYSY F -AELIEVASRKSGETVLD -AMP TNEKGE------- - RAKAEAAANCASAHEG
Rhodopseudomonas palustris CGA009 NAYIIBAEEE | TKVSDKEVIILMEEQ-HGE VIlIKVRK TIIRF AlRP DDABA ENIHA SINAAMVP E[ME DCRL FIASR S VREVVNSLLQEM-[EVQTRQSHEPLF T - IET]IARKENE RAQQSAKSAR---=-=-==-=--=--~-
Rhodospirillum rubrum ATCC 11170 MAFWDQIQVAGFFDKIPWR-EG SAGARTLKTDILVDRQEATGNS ANIHD AIINS I VAHMD ETAV FIBAKD TREL AYAL L -DDMEYRVARKS E[€GL SD - QMD LIWAQKE QALAKEAPKAAAPGCSSG
Rhodovulum viride JA756 [VIeNW2VHWED S[ER P L GLHE PERMRIMIQG- TGTGRALSS EFPFRINPR E EIRAGIMRWAIRGRLAE ENIAPCRV LIBSAE VREF AYS YL QDQLIEFHVIRKS E[€PLDG - QMAANMAEGE------- - DRI AT--EACACDSVP
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Organism

SGGoa

Clostridium akagii DSM 12554 ---QDELEFADDVKLQAVPCPVSNGKD- - ---GYIZSIBIKK | QEG--N I NYESKOWIRLEFINNNT PIFY £ WENNE SEEIE LWL DV EMMK R KNMKADVE SNVKNKVKITVSHKVCGE L
Dysgonomonas capnocytophagoides DSM 22835 I EAIKKAELCKQQNNETSP IAVGDLSK - -GOW LI VK VQEK - -NE SMNSKDINLEF FONNKIZV E [WANNE LE TEESW | EREMGNFNYKVKTE | RK--DGFCHAFVYPAG
Enterobacter oryzae CGMCC1.7012  ~ ————--—~- MEPEAVTLPPQAFVHPGAE -~ PGEIZY\SIN | AARQAGADDTHTIAK LIMN I @ LINGR E EIFTRMANNEDEVEILF AR -IMAD YHML YHSTPLD- -DGNLRVVVTKTAS

Geobacter thiogenes ATCC BAA-34 NCGGGCSS -RRPQRGAAP SAPAQPLPQP - -VPVGDSCDG YRIQIIMAE |ILKK - -DS SILINSK QVIRVEFLY S GV AIRK K NAVINEDEP BIF SN EMGK LNMTVAS E L PDS TGAGL K VMVVPMQAC
Methanosarcina acetivorans str. C2A ---ETIEKRQEEPRKFDITEFLEPGEN-=----=~~--~ RGDIESIMNMED | MFK - - F PDL TEIK KM 1@ YINK NG EEINR [MMANE IMEESTF vV TOMGAMGE EYETVNE STNRKTVRVVRAQTP
Phaeospirillum fulvum DSM 13234 LGGGCGGGSPRRRGGPAPAAD | LAQANSAL E | VGDPAE SRIZRIMBINAACLAS - - GSGLINSR ENMMIE | ¥ | GP PR SINENNEDEPERWL AE TMAGLGY | AT IDSL - - -DAGVRVTITRRDDR
Pleomorphomonas carboxyditropha SVCO-16 CASSGCGGRKAPACGPDVEVPPPKDLG-===~=-=~~-~ GGR L RVBIAAVMR Q- - L P GLINSR Ol | VI E GGAIRS EINAANEDEILERWF AARIIAQLGME YTSETLL - -GVGVVATVTRPAVQ
Rhodobacter capsulatus SB1003 EAGCGSCGSKVTAISPPPEVQAEDRPD- ~GSRIZ-IBMAATLAA- -DARHINSR SWIRGEVIIAAE PIER P18 SHIR QEIRWF AR TIRAMGMR FTEDRRE - -GALFVTVTLEKELAQ
Rhodoblastus acidophilus DSM 137 GCGAGEGGPTRKRRTPEGVDAVHTLAE---SLP----DGRLRIBINEAVFAR - - YRE ANSVDIIREE | N EARRIES SMENNEDELERTIFAAKIATLGITAE | TPR- - -GAGVRALVS PAAKS
Rhodomicrobium vannielii ATCC 17100 CNTGGCGSKGKKLVQLQPVTAAEPLIP----~ AEDLGEGHIER FBINAS ELKK - -NP L LINSRQAIM 1@ | 185 QT PIEE TIMANKEDEVEIRWFMQRIUAE LDMDAA | VTLEPPAHGVKATVTRRP GCDTSRRRAPASL SGGCA
Rhodopseudomonas palustris CGA009 ---AERRSRRRRRRQDDAGSDLDE IKP ---VLVGDDDSGHIZRMBMVR LLQD - - DP GLNSWDINE 1@ FIN TG T PEAR QIMSIRYAEDE | FIRWF SR AMR ALDNMDAE IME LP - -GLGVAA I I TPKPQAEAT
Rhodospirillum rubrum ATCC 11170 GCGSGRG--KKAECAAAPPPPPPPLPQ-------DLGKGRNRMBINGA | LAG- -DTRLINARVAMLEVIIQE K Al | SMENNEDELERTFDQEMAALGMRADPPHPRENGPGLRYV IVFAPAETAPASGEP S
Rhodovulum viride JA756 AGGCGSCGPGGLPDAAPPPVPVEDRAD---------~ GTRIZ-MBIMAAALAG - -DRRHINSV TG LNAE A PER PIIMYR VDEILEIRWF R R SRV ERDMV FTEEPRE - -GALFVTVTPKESVAP

Figure S4. Phylogenetic comparison of AnfO primary structures from a variety of diazotrophs that encode an Fe-only nitrogenase.

The AnfO primary structures of fourteen diazotrophs that encode an Fe-only nitrogenase were selected for a phylogenetic
comparison. These organisms are representatives of different phylogenetic groups and respiratory requirements (for detailed
information, see reference 33). This comparison revealed two conserved domains in AnfO separated by a non-conserved linker
domain, indicating that AnfO could be a modular protein having domains with distinct functions. Amino acid sequences alignment
was performed with Geneious 10.0.9 software (score matrix: Blosum62). Black squares indicate 100% similarity between the

sequences; dark grey indicates 80-100% similarity; light grey indicates 60-80% similarity; white indicates less than 60% similarity.



Table S1. List of Azotobacter vinalendii strains used in this work.

The list includes the detailed genotypes for each strain used in this work. S-TAG: Strep-
tag; km: kanamycin resistance cartridge; sm: spectinomycin resistance cartridge; Para:
arabinose promoter. For strains DJ2621 and DJ2622 the anfO gene whose expression is
under control of the E. coli arabinose regulatory elements was incorporated into the
scr-region of the A. vinelandii genome as previously described?’.

Strain

DJ2240
DJ2241
DJ2290
DJ2381
DJ2411
DJ2490
DJ2480
DJ2621
DJ2622

Genotype

AnifDK, AvnfDGK:
AnifDK, AvnfDGK:
AnifDK, AvnfDGK:
AnifDK, AvnfDGK:
AnifDK, AvnfDGK:
AnifDK, AvnfDGK:
AnifDK, AvnfDGK:
AnifDK, AvnfDGK:
AnifDK, AvnfDGK:

:smR, AanfDGK::kmR

:smR, anfD >TAG

:smR, AanfO, anfD STA¢

:smR, AvnfEN, anfD>TA®

:smR, AanfO, AvnfE"7>>, anfD5 A (*)
:smR, AanfO, AvnfE"®®?7, anfDSTAG (**)
:smR, AanfO, AvnfEN, anfD >TAS

:smR, Para::anfO, anfD STA¢

:smR, AanfO, Para::anfO, anfD >TAS

Relevant residues removed as a result of gene deletions are indicated as follows:

AnifDK — NifD residue 103 to NifK residue 308 are deleted.

AvnfDGK::sm®R - VnfD residue 271 and VnfK residue 202 are deleted and a streptomycin
resistance cartridge is placed in exchange.

AanfDGK - AnfD residue 204 to AnfK residue 148 are deleted and a kanamycin resistance
cartridge is placed in exchange.

AanfO - AnfO residue 179 to 224 are deleted.

AvnfEN - VnfE residue 67 to VnfN residue 414 are deleted.

(*) DJ2411 is a pseudo-revertant strain that contains a single bp frame shift "A" insertion after

vnfE nu

cleotide 755.

(**) DJ2490 is a pseudo-revertant strain that carries a one bp frame shift "G" deletion of vnfE
nucleotide 827



