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TABLE S1 
 
Spin-quantification of the signal intensity of the [3Fe4S] and Nir-B center in Re H16 dimer in 
different preparations, obtained by double integration of the spectra. 
 
 

Preparation [3Fe4S]+ a) Nir-B b) 

H16 WT  
mainly narrow signal 0.8 0.13 

1.82 0.26 

1.47 0.35 H16 WT  
mixed narrow / split signal 

1.21 0.32 
 

 

a The quantification refers to the complete [3Fe4S]+-signal (�narrow� plus �split� signal) 
b The amount of Nir-B is within the experimental error in agreement with the FTIR data 

 

 

TABLE S2 

EPR-detected paramagnetic centers in Re H16 (this work) compared with those from other [NiFe] 
hydrogenases and known or postulated magnetic interactions between these centers 
 

Organism Re H16 
 (this work)  

Rm CH34 
(39) 

Re H16 old 
work (38) 

A. aeolicus 
(62) 

A. vinosum 
(7;63;64) 

Dv Miyazaki 
F (18) 

[FeS] 
clusters 

split 
[3Fe4S]+ 

split 
[3Fe4S]+ 

split 
[3Fe4S]+ 

split 
[3Fe4S]+ 

split  
[3Fe4S]+ 

unsplit 
[3Fe4S]+ 

 coupled 
[4Fe4S]1+ 

coupled 
[4Fe4S]1+ 

coupled 
[4Fe4S]1+ 

coupled 
[4Fe4S]1+ 

coupled 
[4Fe4S]1+ 

coupled 
[4Fe4S]1+ 

paramagnetic 
Ni states 

Nir-B, Nia-C, 
Nia-L  

Nir-B, Nia-C, 
Nia-L 

Ni(III) 
(Nir-B) 

Nir-B,  
Nia-C 

Niu-A, Nir-B, 
Nia-C, Nia-L 

Niu-A, Nir-B, 
Nia-C, Nia-L 

[3Fe4S]+ + 
Xox a) 

Nir-B + 
[3Fe4S]+ - - 

[3Fe4S]+ + 
Xox b) 

- 

Very weak  
Xox a)+ Nir-B 

Nia-C/Nia-L 
+ [3Fe4S]0 - Nia-C + 

[4Fe4S]1+ 
Nia-C + 

[4Fe4S]1+ 
Nia-C + 

[4Fe4S]1+ 
magnetic 

interactions 
[3Fe4S]0 + 
[4Fe4S]1+ 

[4Fe4S]1+ + 
[4Fe4S]1+ 

[4Fe4S]1+ + 
[4Fe4S]1+ 

[4Fe4S]1+ + 
[4Fe4S]1+ 

[4Fe4S]1+ + 
[4Fe4S]1+ 

[4Fe4S]1+ + 
[4Fe4S]1+ 

       

 
a) Xox is postulated to be a proximal high potential [4Fe4S]3+ cluster or a yet unknown additional high potential 
paramagnetic species (e.g. Fe3+) in the proximity of the proximal cluster.  
b) Nir-B, or a proximal [4Fe4S]3+ cluster or an additional Fe3+ were discussed as origin of Xox. 
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Figure S1: EPR spectra of solubilized dimeric MBH. Redox potentials had been adjusted in the 
samples, prior to freezing (see main paper). 
 (a) treated with DCIP, showing more �split� [3Fe4S]+ signal, T = 20 K; (b) as isolated, showing 
superimposed narrow and �split� [3Fe4S]+ signal, T = 20 K;  (c) as isolated, T = 60 K, showing 
only Nir-B; (d) treated with mercapto-EtOH, showing reduced �split� [3Fe4S]+ signal intensities; T 
= 20 K; (e) treated with argon, T = 20 K; (f) treated with argon, T = 80 K, showing strong Nir-B 
signals. 
Signals of Nir-B are only pronounced at higher temperatures (80 K) when the additional 
paramagnetic center, which gives rise to the �split� [3Fe4S]+ signal, is reduced (trace f). 
Experimental conditions: 1 mW microwave power; microwave frequency 9.56 GHz; 1 mT 
modulation amplitude, 12.5 kHz modulation frequency. 
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Figure S2: EPR spectra of inner membrane preparations from Re H16 at T = 20 K. The signal 
intensity is normalized to the g = 6 signal at 1100 Gauss, which might result from a heme-
containing protein. 
(a) as-isolated inner membrane containing the wild-type MBH trimer 
(b) as-isolated membranes lacking MBH due to a genetic deletion of the gene hoxG for the MBH 
large subunit 
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Figure S3 FTIR spectra of the Re MBH, oxidized (as isolated) enzyme (a), the H2-reduced samples  
(1 bar H2)  (b) ,and, the corresponding difference spectra (H2-reduced minus oxidized) (c)  at pH 8. 
Definition of the symbols: Δ (red): Ni r/u-S; # (blue): Nir-B; ο: Nir/a-S; •: Niia-S (only 20% active);  
* (green): Nia-C; • (green): Nia-SR; * (red): Nia-SR�; # (yellow): Nia-SR��  
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Ral_eut_HoxK    1 -------MVETFYEVMRRQGISRRSFLKYCSLTATSLGLGPSFLPQIAHAMET-KPRTPV 
Alc_hyd_HoxK    1 -------MIETFYEVMRRQGISRRSFLKYCSLTATSLGLSPVFVPKIVHAMET-KPRTPV 
Ral_met_HoxK    1 --------METFYEIMRRKGISRRSFMKYCSLTATSLGLAPSFVPQIAHAMEN-KPRTPV 
Rho_cap_HupS    1 -----MSDIETFYDVMRRQGITRRSFMKFCSLTAAALGLGPSFVPKIAEAMET-KPRTPV 
Rhi_leg_HupS    1 -----MATAETFYDVIRRQGITRRSFTKFCSLTAASLGFGPGAATAMAEALET-KERVPV 
Bra_jap_HupS    1 ----MGAATETFYSVIRRQGITRRSFHKFCSLTATSLGLGPLAASRIANALET-KPRVPV 
Thi_ros_HupS    1 -----MPTTETYYEVMRRQGITRRSFLKFCSLTATALGLSPTFAGKIAHAMET-KPRIPV 
Aqu_aeo_HyaA    1 --------METFWEVFKRHGVSRRDFLKFATTITGLMGLAPSMVPEVVRAMET-KPRVPV 
Esc_col_HyaA    1 -----MNNEETFYQAMRRQGVTRRSFLKYCSLAATSLGLGAGMAPKIAWALEN-KPRIPV 
Esc_col_HybO    1 --------MTGDNTLIHSHGINRRDFMKLCAALAATMGLSSKAAAEMAESVTN-PQRPPV 
All_vin_HynS    1 ---------------------------------------------------------PSV 
Thi_ros_HynS    1 -MAARNPTDKTLGESLRERGVSRRGFLKFCAATASMMALPPSMAPAIAAALEQ-AKRPSV 
Des_gig_HydA    1 --------------------------MKFCTAVAVAMGMGPAFAPKVAEALTA-KKRPSV 
Des_vul_HydA    1 MKISIGLGKEGVEERLAERGVSRRDFLKFCTAIAVTMGMGPAFAPEVARALMG-PRRPSV 
Des_bac_HysS    1 ------------------MSLSRREFVKLCSAGVAGLGISQIYHPGIVHAMTEGAKKAPV 
 
                         P  P 
Ral_eut_HoxK   53 LWLHGLECTCCSESFIRSAHPLAKDVVLSMISLDYDDTLMAAAGHQAEAILEEIMTKYKG 
Alc_hyd_HoxK   53 LWLHGLECTCCSESFIRSAHPLAKDVVLSMISLDYDDTLMAAAGHQAEAILGEVMTKYKG 
Ral_met_HoxK   52 LWLHGLECTCCTEAFIRSAHPLAKDVVLSMISLDYDDTLMAAAGHQAEAILEEIMTKYKG 
Rho_cap_HupS   55 VWVHGLECTCCSESFIRSAHPLAKDVVLSMISLDYDDTLMAAAGHAAEAAFEETIAKYKG 
Rhi_leg_HupS   55 IWMHGLECTCCSESFIRSAHPLVKDVVLSMISLDYDDTIMAAAGHQAESILAETKEKYKG 
Bra_jap_HupS   56 IWMHGLECTCCSESFIRSAHPLVKDAVLSMISLDYDDTIMAAAGHQAEAILEETRAKHKG 
Thi_ros_HupS   55 VWLHGLECTCCSESFIRSAHPLVSDVILSMISLDYTILIMAAAGHQAEAILEEVRHKHAG 
Aqu_aeo_HyaA   52 LWIHGLECTCCSESFIRSATPLASDVVLSMISLEYDDTLSAAAGEAVEKHRERIIKEYWG 
Esc_col_HyaA   55 VWIHGLECTCCTESFIRSAHPLAKDVILSLISLDYDDTLMAAAGTQAEEVFEDIITQYNG 
Esc_col_HybO   52 IWIGAQECTGCTESLLRATHPTVENLVLETISLEYHEVLSAAFGHQVEENKHNALEKYKG 
All_vin_HynS    4 VWLSFQECTGCTESLTRAHAPTLEDLILDFISLDYHHTLQAASGEAAEAARLQAMDENRG 
Thi_ros_HynS   59 IWLSFQECTGCTESLTRSHAPTLEDLILDVISLDYHHTLQAAAGDAAEHAREQAMAANPG 
Des_gig_HydA   34 VYLHNAECTGCSESLLRTVDPYVDELILDVISMDYHETLMAGAGHAVEEALHEAIKG--- 
Des_vul_HydA   60 VYLHNAECTGCSESVLRAFEPYIDTLILDTLSLDYHETIMAAAGDAAEAALEQAVNSPH- 
Des_bac_HysS   43 IWVQGQGCTGCSVSLLNAVHPRIKEILLDVISLEFHPTVMASEGEMALAHMYEIAEKFNG 
 
                                                                          P 
Ral_eut_HoxK  113 NYILAVEGNPP-LNQDGMSCIIGG----------RPFIEQLKYVAKDAKAIISWGSCASW 
Alc_hyd_HoxK  113 NYILAVEGNPP-LNQDGMSCIIGG----------KPFIDQLRHVAKDAKAIISWGSCASW 
Ral_met_HoxK  112 QYILAVEGNPP-LNEDGMFCIQSG----------KPFIDKLKHVAKDAKAIIAWGSCASW 
Rho_cap_HupS  115 NYILAVEGNPP-LNEDGMFCITGG----------KPFVEKLRHAAEGAKAIISWGACASY 
Rhi_leg_HupS  115 KYILAVEGNPP-LNEGGMFCIDGG----------KPFVEKLKWMAEDAMAIIAWGACASW 
Bra_jap_HupS  116 QYILAVEGNPP-LNEGGMFCIDGG----------KPFVEKLKMMAEDAMAIIAWGACASW 
Thi_ros_HupS  115 NYILAVEGNPP-LNQDGMSCIIGG----------RPFLEQLLEMADSCKAVISWGSCASW 
Aqu_aeo_HyaA  112 NYILAVEGNPP-LGEDGMYCIIGG----------RPFVEILKESAEGAKAVIAWGSCASW 
Esc_col_HyaA  115 KYILAVEGNPP-LGEQGMFCISSG----------RPFIEKLKRAAAGASAIIAWGTCASW 
Esc_col_HybO  112 QYVLVVDGSIP-LKDNGIYCMVAG----------EPIVDHIRKAAEGAAAIIAIGSCSAW 
All_vin_HynS   64 QYLVIVDGSIPGPDANPGFSTVAG----------HSNYSILMETVEHAAAVIAVGTCAAF 
Thi_ros_HynS  119 EYLVIVDGSIPGPDSNPGYSTVAG----------HSNYAMLMETVENAAAVIAVGTCATF 
Des_gig_HydA   91 DFVCVIEGGIP-MGDGGYWGKVGR----------RNMYDICAEVAPKAKAVIAIGTCATY 
Des_vul_HydA  119 GFIAVVEGGIP-TAANGIYGKVAN----------HTMLDICSRILPKAQAVIAYGTCATF 
Des_bac_HysS  103 NFFLLVEGAIP-TAKEGRYCIVGETLDAKGHHHEVTMMELIRDLAPKSLATVAVGTCSAY 
 
                                                    P 
Ral_eut_HoxK  162 GCVQAAKPNPTQATPVHKVIT----DKPIIKVPGCPPIAEVMTG------VITYMLTFDR 
Alc_hyd_HoxK  162 GCVQAAKANPTQATPIHKVIT----DKPIIKVPGCPPIAEVMTG------VITYMLTFDR 
Ral_met_HoxK  161 GCVQAAKPNPTQATPIHKVIT----DKPIIKVPGCPPIPEVMTG------VITYMLTFDR 
Rho_cap_HupS  164 GCVQAAAPNPTQATPVHKVIT----DKPIIKVPGCPPIAEVMTG------VITYMLTFDR 
Rhi_leg_HupS  164 GCVQAAKPNPTQATPIDKVIL----DKPIIKVPGCPPIAEVMTG------VVTFITTFGK 
Bra_jap_HupS  165 GCVQAAKPNPTQATPIDKVIT----NKPIIKVPGCPPIAEVMTG------VVTFITTFGK 
Thi_ros_HupS  164 GCVQAARPNPTRATPVHEVIR----DKPVIKVPGCPPIAEVMTG------VLTYILTFDR 
Aqu_aeo_HyaA  161 GCVQAAKPNPTTAVPIDKVIK----DKPIIKVPGCPPIAEVMTG------VIMYMVLFDR 
Esc_col_HyaA  164 GCVQAARPNPTQATPIDKVIT----DKPIIKVPGCPPIPDVMSA------IITYMVTFDR 
Esc_col_HybO  161 GGVAAAGVNPTGAVSLQEVLP----GKTVINIPGCPPNPHNFLA------TVAHIITYGK 
All_vin_HynS  114 GGLPQARPNPTGAMSVMDLVR----DKPVINVPGCPPIPMVITG------VIAHYLVFGR 
Thi_ros_HynS  169 GGLPGANPNPTGAMSVMDLVK----DKPVINVSGCPPIPMVITG------VIAHYLTFGR 
Des_gig_HydA  140 GGVQAAKPNPTGTVGVNEALGKL--GVKAINIAGCPPNPMNFVG------TVVHLLT-KG 
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Des_vul_HydA  168 GGVQAAKPNPTGAKGVNDALKHL--GVKAINIAGCPPNPYNLVG------TIVYYLKNKA 
Des_bac_HysS  162 GGIPAAEGNVTGSKSVRDFFADEKIEKLLVNVPGCPPHPDWMVGTLVAAWSHVLNPTEHP 
 
                                    D  D                        D     D 
Ral_eut_HoxK  212 IPELDRQGRPKMFYSQRIHDKCYRRPHFDAGQFVEEWDDESARKGFCLYKMGCKGPTTYN 
Alc_hyd_HoxK  212 FPELDRQGRPKMFYSQRIHDKCYRRPHFDAGQFVESWDDESARKGYCLYKVGCKGPTTYN 
Ral_met_HoxK  211 IPELDRQGRPKMFYSQRIHDKCYRRPHFDAGQFVEAWDDDSARKGYCLYKVGCKGPTTYN 
Rho_cap_HupS  214 MPELDRQGRPAMFYSQRIHDKCYRRPHFDAGQFVEHWDDENARKGYCLYKMGCKGPTTYN 
Rhi_leg_HupS  214 LPELDRQGRPKMFYSQRIHDKCYRRPHFDAGQFVEEWDDEGARKGYCLYKMGCKGPTTYN 
Bra_jap_HupS  215 LPELDRQGRPKMFYSQRIHDKCYRRPHFDAGQFVEEWDDEAARKGYCLYKMGCKGPTTYN 
Thi_ros_HupS  214 LPELDRQGRPLMFYGQRIHDKCYRRPHFDAGQFVESWDDEGARRGYCLYKVGCKGPTTYN 
Aqu_aeo_HyaA  211 IPPLDSQGRPKMFYGNRIHDTCYRRSFFNAGQFVEQFDDEGAKKGWCLYKVGCRGPTTYN 
Esc_col_HyaA  214 LPDVDRMGRPLMFYGQRIHDKCYRRAHFDAGEFVQSWDDDAARKGYCLYKMGCKGPTTYN 
Esc_col_HybO  211 PPKLDDKNRPTFAYGRLIHEHCERRPHFDAGRFAKEFGDEGHREGWCLYHLGCKGPETYG 
All_vin_HynS  164 LPEVDGYGRPLAFYGQSIHDRCYRRPFYDKGLFAESFDDEGAKQGWCLYRLGCKGPTTYN 
Thi_ros_HynS  219 LPELDAYNRPMAFFGQSIHDRCYRRPFYDKGLFAKTFDDEGARLGWCLYELGCKGPTTYN 
Des_gig_HydA  191 MPELDKQGRPVMFFGETVHDNCPRLKHFEAGEFATSFGSPEAKKGYCLYELGCKGPDTYN 
Des_vul_HydA  220 APELDSLNRPTMFFGQTVHEQCPRLPHFDAGEFAPSFESEEARKGWCLYELGCKGPVTMN 
Des_bac_HysS  222 LPELDDDGRPLLFFGDNIHENCPYLDKYDNSEFAETFTKPG-----CKAELGCKGPSTYA 
 
                   M            M      M  M 
Ral_eut_HoxK  272 ACSTTRWNEGT-SFPIQSGHGCIGCSED--GFWDKGSFYDRLTGISQFG--VEANADKIG 
Alc_hyd_HoxK  272 ACSTTRWNGGT-SFPIQSGHGCIGCSED--GFWDKGSFYSRLTNIHQFG--IEANADSVG 
Ral_met_HoxK  271 ACSTVQWNEGT-SFPIKAGHGCIGCSED--GFWDKGSFYDRLTDIHAFG--IEANADQIG 
Rho_cap_HupS  274 ACSTVPLERRR-HFPIQSGHGCIGCSED--GFWDQGSFYDRLTTIKQFG--IEATADQIG 
Rhi_leg_HupS  274 ACSTVRWNGGV-SFPIQSGHGCIGCSED--GFWDNGSFYDRLTNIHQFG--IEANADKVG 
Bra_jap_HupS  275 ACSTVRWNGGV-SFPIQSGHGCIGCSED--GFWDKGSFYDRLTNIKQFG--IEKNADQIG 
Thi_ros_HupS  274 ACSTIRWNGGV-SFPIQSGHGCIGCSED--GFWDKGSFYQHVTDTHAFG--IEANADRTG 
Aqu_aeo_HyaA  271 SCGNMRWYNGL-SYPIQSGHGCIGCAEN--NFWDNGPFYERIGGIPVPG--IESKADKVG 
Esc_col_HyaA  274 ACSSTRWNDGV-SFPIQSGHGCLGCAEN--GFWDRGSFYSRVVDIPQMG--THSTADTVG 
Esc_col_HybO  271 NCSTLQFCDVGGVWPVAIGHPCYGCNEEGIGFHKGIHQLANVENQTPRSQKPDVNAKEGG 
All_vin_HynS  224 ACATMKWNDGT-SWPVEAGHPCLGCSEP--QFWDAGGFYEPVSVPLTLGPATLLGAGAAG 
Thi_ros_HynS  279 ACATMRWNDGT-SWPVEAGHPCLGCSEP--RFWDAGGFYNTVSVPTSASGVNVLAAGAAG 
Des_gig_HydA  251 NCPKQLFNQVN--WPVQAGHPCIACSEP--NFWDLYSPFYSA------------------ 
Des_vul_HydA  280 NCPKIKFNQTN--WPVDAGHPCIGCSEP--DFWDAMTPFYQN------------------ 
Des_bac_HysS  277 DCAKRRWNNGI-NWCVEN-AVCIGCVEP--DFPDGKSPFYVAE----------------- 
 
 
Ral_eut_HoxK  327 GTASVVVGAAVTAHAAASAIKRASKK---NETSGSEH------- 
Alc_hyd_HoxK  327 VTAVGVVGAATAAHAAVSAIKRARHKDAAQDTAATQK------- 
Ral_met_HoxK  326 GTAAGVVGAAVAAHAAISVAKRVRDNNARKPDASTPANH----- 
Rho_cap_HupS  329 WTATGLVGAAVAAHAAVSVLKRAQKK---NEEA----------- 
Rhi_leg_HupS  329 MTAAGVVGGAIAAHAAVTAVKRLTTK---REKADA--------- 
Bra_jap_HupS  330 MVAAGAVGAAVAAHAAVTAVKRLATK---REDADHNS------- 
Thi_ros_HupS  329 IAVATRRGAAHRAHAAVSVVKRVQQK---KEEDQS--------- 
Aqu_aeo_HyaA  326 AIAAAAAAGGAIIHGIASKIRKSGEK----EE------------ 
Esc_col_HyaA  329 LTALGVVAAAVGVHAVASAVDQRRRHNQQPTETEHQPGNEDKQA 
Esc_col_HybO  331 NVSAGAIGLLGGVVGLVAGVSVMAVRELGRQQKKDNADSRGE-- 
All_vin_HynS  281 AVVGGGLAALSRKKGRDAAATRQPVT---VDELEQKL------- 
Thi_ros_HynS  336 AIVGGAVAALAKKQTKTAVAHRQPVT---VEELEAKL------- 
Des_gig_HydA      -------------------------------------------- 
Des_vul_HydA      -------------------------------------------- 
Des_bac_HysS      -------------------------------------------- 
 
 
 
Figure S4 Amino acid sequence alignment of the small subunits of aerobic and anaerobic [NiFe] 
hydrogenases. The cysteine and histidine residues involved in coordination of the proximal (P), 
medial (M) and distal (D) iron-sulfur clusters are highlighted in red and green. Additional cysteine 
residues that are in close proximity to the proximal [4Fe4S] cluster are shown in green. The grey 
shaded signal sequences are cleaved off during the process of Tat-mediated membrane 
translocation. The blue regions are involved in the connection of the hydrogenase small subunit to 
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the membrane-integral cytochrome b. These amino acid stretches are absent in the periplasmic 
hydrogenases from Desulfovibrio/Desulfomicrobium species that interact with c-type cytochromes. 
Strain abbreviations (database accession numbers of the protein sequences are given in brackets): 
Ral_eut, Ralstonia eutropha H16 (NP_942643); Alc_hyd, Alcaligenes hydrogenophilus M50 
(P33375); Ral_met, Ralstonia metallidurans CH34 (YP_583452); Rho_cap, Rhodobacter 
capsulatus (CAA31869); Rhi_leg, Rhizobium leguminosarum (P18637); Bra_jap, Bradyrhizobium 
japonicum (P12635); Thi_ros, Thiocapsa roseopersicina (AAA27409); Aqu_aeo, Aquifex aeolicus 
VF5 (NP_213454); Esc_col, Escherichia coli K12 (NP_415491, BAE77058); All_vin, 
Allochromatium vinosum (AAU93828); Des_gig, Desulfovibrio gigas (P12943); Des_vul, 
Desulfovibrio vulgaris 'Miyazaki F' (YP_002434696); Des_bac, Desulfomicrobium baculatum 
(P13063). 
 
 


