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Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough (5-Proteobacteria)
Desulfonauticus submarinus strain DSM 15269 (8-Proteobacteria)
Campylobacter rectus strain ATCC 33238 (¢-Proteobacteria)

Sutterella wadsworthensis (B-Proteobacteria)
Thermodesulfovibrio yellowstonii DSM 11347 (Nitrospira)
Sporomusa ovata (Bacillota; Negativicutes)
Syntrophomonas zehnderi OL4 (Bacillota; Clostridia)

Dehalobacter sp. TBBPA1 (Bacillota; Clostridia)

lll.) Sequence alignments and annotations

a.)

b.)

LSUs

SSUs


https://www.ncbi.nlm.nih.gov/nuccore/CP012543

IV.) Structure models and possible implications for in vivo maturation
1.) DdH of Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough (3-Proteobacteria)
2.) HydA of Campylobacter rectus strain ATCC 33238 (¢-Proteobacteria)

3.) HydA of Sporomusa ovata (Bacillota; Negativicutes)

4.) Dehalobacter sp. TBBPA1 (Bacillota; Clostridia)

I. Phylogeny and putative origin of periplasmic M2-type [FeFe]-hydrogenases

1. Succession and short intergenic segment between LSU and SSU genes

The genome of Desulfovibrio vulgaris encodes two [FeFe]-hydrogenases in close
distance from each other, one heterodimeric and the other one monomeric (DdHydA-
v (GenBank: AAS96248.1) (see SI2 section Il.1). The genes of 2Fey subcluster maturases
HydF, HydE and HydG are located nearby. The heterodimeric DdHydAB which is encoded
by the consecutive genes LSU and SSU, is known to be translocated into the periplasm.’
The N-terminus of the SSU clearly carries a canonical Tat (twin-arginine translocation)
transporter signal, which is required for the translocation of a fully maturated enzyme to
the periplasm.? It usually consists of the motif S/T-RRxFLK (n-region), being followed by
a hydrophobic region (h-region) and a signal peptidase recognition site similar to A-x-A
(C- region) for cleavage after transport.® This Tat-transporter signal is lacking in the
monomeric MS3-type [FeFe]-hydrogenase DdHydA-y and in all 2Fey maturases,
suggesting their location and functional purpose being confined to the cytoplasm. The
consecutive genes for the LSU and SSU of DdHydAB are separated by merely 11
nucleotides (between the stop codon (TAG) of the ORF encoding the LSU and the start
codon (ATG) of the SSU gene). In between there is a characteristic Shine-Dalgarno (SD)
sequence with a spacer of 7 nucleotides (nt) relative to the start codon of the LSU, being
within the usual range of 5-10 nt.

Interestingly, the separation into LSU and SSU as well as the close genomic succession
of both genes seems to be a general feature of [FeFe]-hydrogenases that exhibit a Tat-
transporter signal. To support the hypothesis that this genetic constellation is
characteristic for periplasmic [FeFe]-hydrogenases, we collected and compared
genomic and polypeptide sequence data for further heterodimeric [FeFe]-hydrogenases
of subtype M2 (Supplementary Information 2; section Il). Just as for DdHydAB", the 7
further cases that were examined in more detail, show the consecutive genes for LSU and
SSU with only a short segment in between that includes a typical Shine-Dalgarno
sequence (analyzed via RBS Calculator?) which is consistent with a strong ribosome
retention after LSU translation and an immediate reinitiation of translation at the SSU
gene (section 11.2-8). This conserved configuration enables a near-stoichiometric co-
expression of LSU and SSU, rendering the translation of the SSU gene strongly dependent


https://www.ncbi.nlm.nih.gov/nuccore/CP012543

on a preceding translation of the upstream LSU gene. In all cases only the SSU sequence
carries a characteristic Tat transporter signal, suggesting that the strict co-expression of
both subunits may serve the purpose of limiting the SSU fraction that is independently
translocated to the periplasm.

2. How rapid maturation can be accomplished in vivo in the cytoplasmic pre-state

According to a signal peptide screening via the online prediction platform SignalP6 °, neither
of the three H-cluster maturases (Hyd-E,-G and -F) carries any signal peptide for a
translocation into the periplasmic space (section IlI-1c), suggesting that the biosynthesis and
transfer of the 2Fen precursor from loaded-HydF to “apo”-hydrogenase already occurs within
the cytoplasm and thus prior to the enzyme’s export into the periplasm. Furthermore, peptide
segments of both subunits are required for the stable closure of the H-cluster binding site after
2Fen-cofactor insertion. LSU and SSU of DdHydAB therefore must be assembled in the
cytoplasm to enable the export of the fully maturated enzyme.

The large subunit (LSU) of DdHydAB originally carries a carboxy-terminal extension of 24 aa
that is missing in the final holoenzyme which can be isolated from the periplasm?®, suggesting
it to be removed as soon as the enzyme enters the periplasmic space. However, only the
polypeptide sequence of the small subunit (SSU) provides a typical N-terminal leader peptide
for the twin-arginine translocation (Tat) pathway required for exporting fully folded and
cofactor-containing protein into the periplasm before this 38 aa long segment is likewise
proteolytically removed (section Il-1c and Fig. SI2-2).”

In vivo, the uptake of the 2Fen-precursor accordingly happens in the presence of both the N-
terminal SSU-Tat-leader and the extended C-terminus of the LSU. In silico modelling
experiments done with the Al-ML-tool Boltz-2 suggest that the termini that are lacking under
the conditions of in vitro maturation investigated here, likely form alpha-helices which interact
at a crossing point (see structures of the 5 best Boltz-2 @ models in section 1V, Fig. SI2-3(1)).
During in vivo maturation, this contact site to the C-terminus of the LSU may affect the
dynamics of lock reconfiguration in the SSU by providing the right balance between stability
and flexibility needed to effectively support a fast lockage of the H-cluster binding site.
Subunit-fusion likely attains a similar stabilization effect during 2Feu-binding site lockage
under the conditions of in vitro maturation.

The observation that the SSU of periplasmic [FeFe]-hydrogenases has evolved to provide a Tat
transporter signal at its N-terminus and thus basically right at the start of the lock element
that reconfigures after 2Fey insertion and binding site closure, while neither the LSU nor any
2Fey maturase carries such a signal may suggest the following hypothetical regulatory

concept:

1.) After the concerted LSU- and SSU-gene expression, heterodimerization of LSU and SSU
occurs in the cytosol, preventing an independent export of the SSU.

2.) H-cluster maturation and holo-enzyme formation happens in the cytosol as none of
the maturases carries a corresponding signal peptide that would suggest them to be
likewise exported into the periplasm.



3.) To prevent the futile export of the heterodimer in its inactive apo-state, the Tat-
transporter system may only recognize the Tat signal on the SSU if both 2Fen cofactor
insertion and binding site closure have successfully occurred. To enable this
conditional export, the Tat-signal may be inaccessible prior to cofactor insertion.

4.) Asthe N-terminal peptide segment of the SSU and the C-terminal extension of the LSU
are likely to interact they may very well provide the necessary support for the lock-
element to effectively reconfigure. The structural rearrangement connected to the
final lockage of the occupied binding site could in turn affect the structural features of
the SSU’s N-terminus, leading to the exposure of the formerly obstructed Tat-
translocase signal. This would finally allow the export of the dimeric [FeFe]-
hydrogenase only in its fully maturated holo-state. Albeit rather speculative, this
hypothesis would offer a plausible explanation for the fact that the separation of the
H-domain into LSU and SSU seems to be highly specific for periplasmic M2-type [FeFe]-
hydrogenases.

3. Origin and distribution of heterodimeric M2 type [FeFe]-hydrogenases

To gain further insight into the distribution and origin of the heterodimeric M2-type [FeFe]-
hydrogenases a phylogenetic tree was generated based on a multiple sequence alignment of
48 proteins, comprising 22 monomeric M2-type [FeFe]-hydrogenases that show no indication
of a periplasmic location (i.e., they lack Sec or Tat-translocase signal peptides) and 26 LSU
subunits of heterodimeric [FeFe]-hydrogenases. The corresponding genotypes of the latter
group all show the characteristic LSU-SSU gene arrangement with short intergenic regions
that carry the SD sequence (see below), and the N-termini of their SSUs provide a typical Tat
translocase signal peptide (sections 11.2-8). Nearly all heterodimeric M2-type [FeFe]-
hydrogenases can be assigned to gram-negative species, including B-, y-, and 6-Proteobacteria
(the latter including DdHydAB), as well as Nitrospira and Negativicutes. The class of
Negativicutes represents a gram-negative subgroup within the otherwise gram-positive
phylum of Bacillota (section I, Fig. SI2-1a). As exemplified for the [FeFe]-hydrogenases of
Campylobacter rectus and Sporomusa ovata, which belong to the branches of e-
Proteobacteria and Negativicutes, the heterodimeric M2-subtype here seems to adopt a
similar cytoplasmic pre-state with extensions on both subunits likely to interact during binding
site closure (section IV, Figs. SI2-2 and SI2-3(2+3)). The periplasmic heterodimeric [FeFe]-
hydrogenases appear to have a monophyletic origin. Mapping organisms that encode
periplasmic M2-type [FeFe]-hydrogenases onto a 16S rRNA phylogram, relative to organisms
that lack this heterodimeric type, suggests an origin in a phylogenetic branch that includes the
aforementioned clades, in addition to the gram-positive Bacillota -most of which appear to
have lost this subtype- and Cyanobacteria, which lack [FeFe]-hydrogenases in general (section
I, Fig. SI2-1b). Species of the genera Dehalobacter, Thermosynthropha, and Syntrophomonas,
which belong to the majority of gram-positive Bacillota, represent the only exceptions. They
still possess the heterodimeric subtype including the N-terminal Tat-translocase signal peptide
in the SSU. However, in contrast to other representatives of the M2 subtype, their LSU



isoforms appear to lack the characteristic C-terminal extension. As exemplified for the
corresponding enzyme of Dehalobater sp. TBBPA1 in these cases the Tat-transporter signal
peptide of the SSU seems to adopt a complex fold that may invoke similar structural flexibility
features at the terminus of the lock element as assumed for the other cases with interacting
extensions from both subunits (section IV, Fig. SI2-3(4)). These enzymes seem to be exported
into the thin periplasmic space below the significantly thicker cell wall of gram-positive
bacteria but may be too large (>50kDa) to permeate through the multiple peptidoglycan layers
into the external medium and thus may still be an integral part of the periplasmic metabolism.



I.) Phylogeny and putative origin of periplasmic M2-type [FeFe]-hydrogenases
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Fig. S2-1| Tracing the origin of periplasmic M2-type [FeFe]-hydrogenases.

(a) From a multiple sequence alignment of 22 monomeric [FeFe]-hydrogenases and the LSU sequences of 26
heterodimeric [FeFe]-hydrogenases a phylogenetic tree based on the maximum parsimony algorithm was
generated suggesting a monophyletic origin for the heterodimeric M2-subtype. The evolutionary history was inferred
using the Maximum Parsimony method. Tree #1 out of 2 most parsimonious trees (length = 5088) is shown. The
consistency index is 0.577126, the retention index is 0.632542, and the composite index is 0.372837 for all sites
and 0.365056 for parsimony-informative sites. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (50 replicates) are shown next to the branches.® The MP tree was obtained
using the Subtree-Pruning-Regrafting (SPR) algorithm (pg. 126 in ref. [10]) with search level 1 in which the initial
trees were obtained by the random addition of sequences (10 replicates). The analysis involved 48 amino acid
sequences. There was a total of 641 positions in the final dataset. Evolutionary analyses were conducted in MEGA
X." The peach colored box marks those species that exhibit a heterodimeric M2-type [FeFe]-hydrogenase (b) A
phylogenetic 16S RNA tree depicting the relationships among the major eubacterial phyla, illustrates that according
to the distribution of species that provide heterodimeric M2-type [FeFe]-hydrogenases, the origin of this subtype
may be located at the bottom of a branch that splits into Bacillota, Cyanobacteria, Nitrospira and Proteobacteria.

Il.) Annotated Genomic and Polypeptide Sequences

For each of the 8 exemplary heterodimeric M2-type [FeFe]-hydrogenases the following is presented:

a.) The genomic section covering the successive genes for LSU and SSU,

b.) An annotated zoomed view on the short intergenic section between LSU and SSU

c.) The annotated polypeptide sequences of LSU and SSU along with the results of SignalP6
predictions for the presence of potential leader signals

d.) For Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough (aka Nitratidesulfovibrio vulgaris)
the polypeptide sequence and SignalP6 analyses of the likewise encoded monomeric [FeFe]-
hydrogenase HydA-y and the SignalP6 anlysis of maturases HydE, G and F have been added
to section Il.1c.
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Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough (8-Proteobacteria)

GenBank: AE017285.1
GenBank Graphics

a.)1832483-1836204 Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough, complete genome

1121

1281

1441

1601

1761

1921

2081

2241

2401

2721

2881

3041

3201

3681

atgagccgta ccgtcatgga gegcatcgaa tatgagatge agtgcatagg

tgttcgeagt

tcaaggecgt aggaagccac g acgtcaaggt cgccgtggty cacggggeca
. .DdHydAB-L.
vk

a

aatacatgge ctgecccgge ggctgegtet gtggeggegg teageccgtc atgeecggeg tgotcgaage catggaccge accaccacce gectttacge gggectgaag NN iR R Y R Y L P BT E e X

RB-LS

k r 1 ama s ank a -
DAHydAB-SSU >>>
m

cctgegteac

gcegttgeeg cegtcaagea gatcaaggac tacatgcttg accgcatcaa cggegtctac ggggeggatg

i n

caaggctete acgacctgct gcacacgcac tggttcgaca agt.

gcccaacceg cgtgetteeg tecgtaccee tacgaatage gecagaacgt atacggaagg cataaacgca catccgtgat gecggaaccg cctgeggega gggectcttg gectgaccte

ctgecccacg atctcatgac acgaagacac ttaaagtaat acattactgt tttcgtgaag cotgtecctt gt

aacgtcagea

te

acccgectge caagggtcat ctcatgecag atgtcgegea tggtgtagge gacttcgetc ttgeggtcge cataccgggt gtgcagcaga cggtgagaca aattcgaaca ggge a aggaatgatt
et e e e e e et DdHyd-Gamma .

g r t h

gcgactgeeg cgegectgeg

c ttegaccteg
Gamma. . .

tgcaagaacc gectcgacca totgecggge agecttgage ccatgcacca cggegacctt cacggaaccg ttaccctcac caagegggac
e e e e e et et DdHyd-Gamma

g h v vavk vsg nge g1

agcacatggt agaccgtacg cagtgecgec tecattacce cgectgtegt accgaagatg acagecgece

gccaaggeac tgctgaggeg agegtgtggt cgagacatge ggoaggatgt tg

g c g agp s rtt s v h p

atgacgaggt

ttteggggte gtagagatag tcgatgacac getccacgte gtecegtcca gecaatgece

agggcatcga

cccacgaatt gtgccacatc ctgcaacteg cagtctccat gacgggegea ggetgegeag tcatggteat cagcagtteg acctgtagee
< Gamma

g v f qgavd g e c¢cdg hrac aac dhd
tegtacagga ggtgacaatc

tgcggecegg tcgaccagac

t v i a e k d r w i e

cggttcacac cggacttect tgecattgat gaacgegtte at

DdHyd-Gamma <<

pec rve k gon f an m

b.)Segment between Stop codon of LSU and ATG of SSU including SD*Sequience
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c.)Polypeptide sequences and SignalP-analysis for LSU and SSU

>DdHydAB-LSU (GenBank:AAS96246.1)

MSRTVMERIEYEMHTPDPKADPDKLHFVQIDEAKCIGCDTCSQYCPTAAIFGEMGEPHSIPHIEACINCGQCLTHCPENAIYE
AQSWVPEVEKKLKDGKVKCIAMPAPAVRYALGDAFGMPVGSVTTGKMLAALQKLGFAHCWDTEFTADVT IWEEGSEFVERLTK
KSDMPLPQFTSCCPGWQKYAETYYPELLPHFSTCKSPIGMNGALAKTYGAERMKYDPKQVYTVSIMPCIAKKYEGLRPELKSS
GMRDIDATLTTRELAYMIKKAGIDFAKLPDGKRDSLMGESTGGATIFGVTGGVMEAALRFAYEAVTGKKPDSWDFKAVRGLDG


https://www.ncbi.nlm.nih.gov/nuccore/AE017285.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/AE017285.1?report=graph
https://www.ncbi.nlm.nih.gov/protein/46449596
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>DdHydAB-SSU (GenBank:AAS96247.1)
MOIASITRRGFLKVACVITGAALIGIRMTGKAVAJ AVKQIKDYMLDRINGVYGADAKFPVRASQDNTQVKALYKSYLEKPLGH
KSHDLLHTHWFDKSKGVKELTTAGKLPNPRASEFEGPYPYE
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>DdHydA-y (GenBank: AAS96248.1)
MNAFINGKEVRCEPGRTILEAARENGHFIPTLCELADIGHAPGTCRVCLVEIWRDKEAGPQIVTSCTTPVEEGMRIFTRTPEV

RRMORLOVELLLADHDHDCAACARHGDCELQDVAQEFVGLTGTRHHFPDYARSRTRDVSSPSVVRDMGKCIRCLRCVAVCRNVQ
GVDALVVTGNGIGTEIGLRHNRSQSASDCVGCGQCTLVCPVGALAGRDDVERVIDYLYDPEIVTVFQFAPAVRVGLGEEFGLP
PGSSVEGQVPTALRLLGADVVLDTNFAADLVIMEEGTELLOQRLRGGAKLPLFTSCCPGWVNFAEKHLPDILPHVSTTRSPQQC
LGALAKTYLARTMNVAPERMRVVSLMPCTAKKEEAARPEFRRDGVRDVDAVLTTREFARLLRREGIDLAGLEPSPCDDPLMGR
ATGAAVIFGTTGGVMEAALRTVYHVLNGKELAPVELHALRGYENVREAVVPLGEGNGSVKVAVVHGLKAARQMVEAVLAGKAD
HVFVEVMACPGGCMDGGGQPRSKRAYNPNAQARRAALFSLDAENALRQSHNNPLIGKVYESFLGEPCSNLSHRLLHTRYGDRK
SEVAYTMRDIWHEMTLGRRVRGDSD
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2.)Desulfonauticus submarinus strain DSM 15269 (3-Proteobacteria)

GenBank: FNIN01000009.1
GenBank Graphics

a.) 47152-48857 Desulfonauticus submarinus strain DSM 15269 genome assembly,
contig: Ga0070487-109, whole genome shotgun sequence
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b.)Segment between Stop codon of LSU and ATG of SSU including SD*Séquience
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c.) Polypeptide sequences and SignalP-analysis for LSU and SSU

>DS-LSU (GenBank: SDN85747.1)
MAACRVKEKPKVLPVDLSAIIPEKEGTMRKMEDVIYLNNAPHHEEPDNIYFVQVDPTKCQGCGECEEHCATGAIQSINEEGIH
QVLSPSACMNCGQCLANCPYGAIYEGVSFVDEVFEKLRDPETVVVSMPAPAVRYALGECFGYSPGTYVGGKMHAALRKLGFDY
IWDNEFAADLTIMEEGTELIERIKHPSKDKPLPQFTSCCPGWVKFCESFYPDLLPYLSTCKSPIGMLSALAKTYGAHQTHTPG
QKIYTVSIMPCIAKKYEGLRPEMADSGFRDIDATINTRELAYMIKKAGIDFRSLPSQDPDPVLGMSTGAATIFGTSGGVMEAA
LRLAYEVLSGQKLTKPDIKIVRTHEGIKAADIKIPKFGTIKVAVASGLKNAAKLCEEVRAGKSPYHFIEIMACPGGCVNGGGQ
PLDPSIREEASLFKRMIAKINKRYKGRKPTIS


https://www.ncbi.nlm.nih.gov/nuccore/FNIN01000009.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/FNIN01000009.1?report=graph

TAT

Sequence ] Lipoprotein  TAT Lipoprotein  Pilin-like

Prediction: Other Signal signal signal signal signal
Protein Peptide peptide peptide peptide peptide
type Other (Sec/SPl)  (Sec/SPIl) (Tat/SPI)  (Tat/SPII) (Sec/SPII)
Likelihood 1 0 0 0 0 0

Download: PNG / EPS [ Tabular
SignalP 6.0 prediction: Sequence
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Protein sequence

>DS-SSU (GenBank: SDN85790.1)
MKRIVTISRRSFLKTAGIAVGYMVLGENLTKQAVAATMEFIGLRQKSVYEADSKVYKIRKSQENPMIKKIYDKKHGFLHEGPC
GHMSHRLLHTNYYDRSARVKALEEKGVKLAI

TAT
Sequence ) ) Lipoprotein  TAT Lipoprotein  Pilin-like
Prediction: TAT signal peptide (Tat/SPI) Signal signal signal signal signal
Cleavage site between pos. 35 and 36. Protein Peptide peptide peptide peptide peptide
Probability 0.843821 type Other (Sec/SPI) (Sec/SPIl) (Tat/SPI) (Tat/SPII) (Sec/sPIIl)
Likelihood 0 0 0 0.9837 0.0162 0

Download: PNG / EPS [ Tabular
SignalP 6.0 prediction: Sequence
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Protein sequence

3.) Campylobacter rectus strain ATCC 33238 (c—Proteobacteria)

GenBank:CP012543.1
GenBank Graphics

a. )14991 01-1500812 Campylobacter rectus strain ATCC 33238,complete genome

atgettagty totatasgat casaacttte ectecggege oteattcaag gggeggggea getgatttty aaggtactta tagaaaaggc gaattacgcg gtattataag aatagatcaa gatagetgtg tcggatgega tacctgtege tocttttgec
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m 1 s vy k I k t f

161 ctacagatgc catagacgge tctctcggag aatagatcaa aatttatgcg tagcctgtgg acagtgoctc at t cgtttgeegt cat at tttg tcgatgaggt tatgcaaaag cttgacgacg aaaagacctt

p t d a d g s g a ho ok

a n c a ¢ g qc nc p f oa e g m s v e v om g k 1 e k

321 tgtegtaget caccettege ctgeggttag gutttctitg gotgaagaat teggtggaaa acceggagaa

g kpge 1 tv nkm yonaf eka

a h p p

481 gaaggaaccg agctaattaa aaagataaaa tattggctac tcggegaacy tagtcatgat tt ttt tecttt catttt gctgetgtee g

e g t e kK k I k y w g e r s h d e h s h h p p h f

641 tetegggege aaaatetecg atacaaatgg gegggectet tgotaaaace tgggeggeta aattegtttg ggataaagat ccgcgcgata tttacgtage tacggttact
LS

961 agaggctacg ataaggatct

1121  tecctet gactacg: tegaact agtagcegta gtaaacggtg cttcaagaaa tEt atctt atattactaa agatagcaac agatatcact tcatagaggt gatgaactgc ccgggcggat gogtaaacgg



https://www.ncbi.nlm.nih.gov/nuccore/CP012543
https://www.ncbi.nlm.nih.gov/nuccore/CP012543.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/CP012543.1?report=graph
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b.)Segment between Stop codon of LSU and ATG of SSU including SD-sequence

LCELELLIREREEENT aga_tatcaattta tagaaaaacc tgtaggaaaa
1l p 1 p 1 k a - k d k k - d I n 1 - k n 1 - e
c r f r - k 1 k r I r n e I s I y r k t c r k
t a a s v k s 1 k g - e m r y q £ I e k p v g k

c.)Polypeptide sequences and SignalP-analysis for LSU and SSU

>CR-LSU
MLSVYKIKTFPPAPNSRGGEADFEGTYRKGELRGIIRIDQDSCVGCDTCRSFCPTDAIDGSLGVAHKIDONLCVACGQCLINC
PFAVIEQMSFVDEVMQKLDDEKTEFVVAHPSPAVRVSLAEEFGGKPGELTVNKMYNAFEKAGENMYDVNFAADQTILEEGTELT
KKIKYWLLGERSHDLEHVSHHPFPHFTSCCPAWVRNAEIFHPELIPHISGAKSPIQMGGPLAKTWAAKFVWDKDPRDIYVATV
TPCTAKIYEASRPEFNSAYEYLKERGEIPADTKSFPDIDATLTARDIAEILRKKGINPLEMSDEYPEKTMNVYTGGGTIEFGNS
GGVMEAALRTAYFLLSGQELKDPDLTPVRGYDKDLTEAVIPIPLKDYDGKTLELKVAVVNGASRNLNTILKHITKDSNRYHFET
EVMNCPGGCVNGGGQPVHAMGTSWLHSLLPLPLKA

TAT
Sequence

o Lipoprotein TAT Lipoprotein Pilin-like
Prediction: Other Signal signal signal signal signal
Protein Peptide peptide peptide peptide peptide
type Other (Sec/SPI) (SeciSPIl) (Tat/SPI)  (Tat/SPII) (Sec/SPIIl)
Likelihood 1 0 0 0 0 0
Download: PNG [ EPS [ Tabular
SignalP 6.0 prediction: Sequence
1.0 OTHER
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Protein sequence
>CR-SSU

MRYQFTEKPVGKIFSRRDFLKVSGVLTSITATSGYAITDIIKRRKSYIAMRQEGLYKDDKRCODKKLIGSHQNPSCAQCYADL
NTEPMGEVAEKLLHTSAYFDRKNLILKGASHA



Sequence
Prediction: TAT signal peptide (Tat/SPI)

Cleavage site between pos. 38 and 39.

Probability 0.299688

TAT

RN 0c
RDFLKVSGVLTSIIAISGYAITDI| IKRRKSY | AMRQEGLYKDDKRCQDKKLIGS

Lipoprotein  TAT Lipoprotein Pilin-like
Signal signal signal signal signal
Protein Peptide peptide peptide peptide peptide
type Other (Sec/SPl)  (Sec/SPIl) (Tat/SPI)  (Tat/SPII) (Sec/SPIN)
elihood 0.1619 0.0084 0.0026 0.6716 0.1544 0.0011
Download: PNG / EPS [ Tabular
SignalP 6.0 prediction: Sequence
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= Tat/SPIn
—— Tat/SPI RR
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Protein sequence

4.)Sutterella wadsworthensis (B—Proteobacteria)

GenBank: ATCF01000038.1

GenBank Graphics

a.)5259-7004 Sutterella wadsworthensis HGA0223 acAgX-supercont1.3.C38, whole genome
shotgun sequence
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SW-SSU

b.)Segment between Stop codon of LSU and ATG of SSU including SD*Sequence

gcccaccaca ccgcttccec tgcgegtcta att_ttctcaaaa aaatgttctc tcaaaactat tcctacgcgg
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https://www.ncbi.nlm.nih.gov/nuccore/ATCF01000038.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/ATCF01000038.1?report=graph

c.)Polypeptide sequences and SignalP-analysis for LSU and SSU

>SW-LSU (GenBank: EPD97437.1)
MFKDTMTIHTFGPGENAYGQONGGAYEGNLRKGELRGI ITHINKDHCVGCDTCRKFCPTDAIKGGLGAKHESIDDACLYCGQCLV

ACPFNAIEQMSEFVDEVERVLDAKDRIVVAQPSPAVRVSICEEFGGEPGELSTEQMVNALEALGCVTYDCNSSADQTIIEEGTE
FVKKVQYWVLGERGPEVDEQGKHPFPHFTSCCPGWVKYAETYAADMLPHLSTAKSPLOMGGTLAKTWAAKHILKCDPRKVYFEV
SMTPCTAKIFEASRPEMNTAWRWLIEHKEIPANTPSFQDIDASLTARDLAELFRRKGINPLLMPKTRKRDSETHPLEVYSGAG
TIFGCSGGVMEAALRTAYFALAGKELDNKDIEVVRGHNNAIIEATIPVPVKELGGKIFEVRVCVVNGCNQGIAEVLHRVRVDK
NRYHFIEVMNCPGGCVNGGGQPVQPVGTSWLKPTTPLPLRV

TAT
Sequence ] Lipoprotein  TAT Lipoprotein  Pilin-like
Prediction: Other Signal signal signal signal signal
Protein Peptide peptide peptide peptide peptide
type Other (Sec/SPI)  (Sec/SPII) (Tat/SPI)  (Tat/SPII) (Sec/SPII)
Likelihood 1 0 0 0 0 0
Download: PNG / EPS [ Tabular
SignalP 6.0 prediction: Sequence
104 OTHER
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Probability
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Protein sequence

>SW-SSU(GenBank: EPD97438.1)
MESQNYSYAERPAALILGRRGFLKVSGLCIGAAVVCGWAIGDMVSRRSSIILARQAGLYQDDKLCQAMGLASSHNNPVVMSVY
KTMKAKPVDHTMHELLHTHFYSRSMLAMTEAAHV

TAT
Sequence i , Lipoprotein  TAT Lipoprotein  Pilin-like
Prediction: TAT signal peptide (Tat/SPI) signal signal signal signal signal
Cleavage site between pos. 41 and 42. Protein Peptide peptide peptide peptide peptide
Probability 0.550727 type Other  (Sec/SPI)  (Sec/SPII) (Tat/'SPI)  (Tat/SPI) (Sec/SPIN)
Likelihood 0.0058 0.0001 0.0001 0.8534 0.1406 0

Download: PNG / EPS | Tabular

SignalP 6.0 prediction: Sequence
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5.) Thermodesulfovibrio yellowstonii DSM 11347 (Nitrospira)

GenBank: CP001147
GenBank Graphics

.1

a.)1657329-1655609 Thermodesulfovibrio yellowstonii DSM 11347, complete genome

atggtaagaa aagtaaacac attcaagggt aacggtgcag tgaagtcaca

t t aqgaataatc aaaatcaacg agggtaattg tgttggctgt

catacctgta goagtgttty tectgeagga geagtaaaag

161 getecttegy agcattgace ttg:

tg tatcaactgt ggteagtgee tgettasctg tecttttggt gcagttgaac agatgagett tgttgatgtg gtaatggcaa

ctgagaatat ttt tt ggagtaatgc

641 ttattcccta cotttett

1121

1281

1441

1601

b.)Segment between Stop codon of LSU and ATG of SSU including SD=sSequence

tcttgtaaaa aactttga-caaact atgaaaatca gaaagcttac aagaaggtct tttctaaaat

s ¢ k k
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LSU SSU

c.)Polypeptide sequences and SignalP-analysis for LSU and SSU

>TY-LSU (GenBank:

ACI20377.1)

MVRKVNTFKGNGAVKSQTGTYRAGELRGIIKINEGNCVGCHTCSSVCPAGAVKGSFGDKHSIDLDKCINCGQCLLNCPFGAVE
OMSFVDVVMAKLKDKKTKVVAIIAPAVRVAIGEEFGAEPGTLTVGRLWAALEKAGFLIYDNNFAADQTILEEGTELLAKVAAH
AGLKQLPVELWGKKITLDIKEFSHHPLPQFTSCCPAWVRYVEVEFYPKLIPYLSSAKSPQOMAGATAKTYGAKLWGAKPENIFT
VGVMPCTAKIFEASRPEFDSAGKYLKKSGMRDVDAVLTTRDLAELLKRMNIDPMKMSEDASRKPEMFKEYSGGATIFGTSGGV
MEAAVRFAFHVLSGQEPQAMSPKWDFEGVRGFTKPVVSATIPVPLREEYQKAFGTKELQVKVCVVNGIGTDAAHLKPIVEEVL
AGKSPYHFIEVMNCPGGCINGGGQPVHPIELSLLDQLEYSLVKNFEGGKL

Sequence
Prediction: Other

TAT
Lipoprotein TAT Lipoprotein
Signal signal signal signal
Protein Peptide peptide peptide peptide
type Other (Sec/SPl)  (Sec/SPII) (Tat/SPI)  (Tat/SPII)
Likelihood 1 0 0 0 0

Download: PNG / EPS [ Tabular
SignalP 6.0 prediction: Sequence
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Protein sequence


https://www.ncbi.nlm.nih.gov/nuccore/CP001147.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/CP001147.1?report=graph

>TY-SSU (GenBank: ACI21316.1)
MKIRKLTRRSFLKLAGAGIISLSFTKPSFAGDTAEKNFFETKVGKERLKLIKARQSGQYKDDVISREKFKMAASHENPMIKRE
YSEFAHHPLSEVSEALLHTHYKARV

TAT
Sequence ) ) Lipoprotein  TAT Lipoprotein  Pilin-like
Prediction: TAT signal peptide (Tat/SPI) signal signal signal signal signal
Cleavage site between pos. 30 and 31. Protein Peptide peptide peptide peptide peptide
Probability 0.855254 type Other (Sec/SPl) (Sec/SPIl) (Tat/SPI) (Tat/SPII) (Sec/SPIIl)
Likelihood 0.0001 0.0001 0.0001 0.9643 0.0355 0
Download: PNG [ EPS [ Tabular
SignalP 6.0 prediction: Sequence
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Protein sequence

6.) Sporomusa ovata (Bacillota; Negativicutes)

GenBank: CTRP01000003.1
GenBank Graphics

>217261-218844 Sporomusa ovata isolate Sporomusa ovata strain An4 genome assembly,
contig: SPAN4DRAFT-scaffold-2, whole genome shotgun sequence
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https://www.ncbi.nlm.nih.gov/nuccore/CTRP01000003.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/CTRP01000003.1?report=graph

b.)Segment between Stop codon of LSU and ATG of SSU including SD*Séquience

1 ccgtactacc ttggtca_qaaca caatggcgca ttatgattat gtagaaaagg
Py Vv 1l g h k e g t g w r i m 1 m - k r
r t t 1 v i r r e h n g a 1 - 1 c r k
v 1 P W s - g g n t m a h v d vy v e k
LSU SSuU

c.)Polypeptide sequences and SignalP-analysis for LSU and SSU

>SO-LSU

MKGFQSQEVTRIIEIDSKTCKGCDSCKAFCPTDAIEGKYGAVHKINSEKCISCGQCLINCPEFGAPKDTVDVVDQVIDKLKNKK
LTVVATIAPAVRVAIGEEFGMEPGSLITEKMYGAMKQAGFKVLDTVFTADQTIMEEGMELIAKIRHYALGEPTEHHLGPLPQF
TSCCPAWVRYAELYYPEVLPNMSSAKSPMMMAGALGKTYGAKEVWKVNPEDIFMVGVMPCTAKKFEASRPEFKSASEYWKTQG
RSGSYPDIDVVLTTRDLARLLKKLNIDIRTVAEFTDKDNPLAQYSGAGTIFANTGGVMEAALRTAYFVITGKELDVLEFKPVR

GLKGVKEASVTMVDAKTGKEVTLKVAVAHGTKENVKPLLEEVKAGKSPYHFIEIMNCPAGCVNGGGQPINPMGTSWLDKAKAV
LPWS

TAT
Sequence Lipoprotein TAT Lipoprotein Pilin-like
Prediction: Other . . . . .
Signal signal signal signal signal
Protein Peptide peptide peptide peptide peptide
type Other (Sec/SPl)  (Sec/SPII) (Tat/SPI) (Tat/SPII) (Sec/SPII)
Likelihood 1 0 0 0 0 0

Downlead: PNG [ EPS | Tabular

SignalP 6.0 prediction: Sequence
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Protein sequence

>S0O-SSU

MAHYDYVEKAVKVSRREFIGIVGVAGAILWTGAYVATDLVQODRTKY IKLRAQGIYNDDVKAKVRQSHNNQAVTDVYKKFAQNP
LSNLAEELFHTKYVDRTKLV

TAT
Sequence Lipoprotein  TAT Lipoprotein  Pilin-like
Prediction: Other . . . . .
Signal signal signal signal signal
Protein Peptide peptide peptide peptide peptide
type Other (Sec/SPI)  (Sec/SPIl) (Tat/SPI)  (Tat/SPI) (Sec/SPIN)
Likelihood 08212 0.0829 0.0151 0.0419 0.0162 0.0227

Downlead: PNG / EPS [ Tabular

SignalP 6.0 prediction: Sequence
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7.) Syntrophomonas zehnderi OL4 (Bacillota, Clostridia)

GenBank: CGIH01000013.1
FASTA Graphics
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b.)Segment between Stop codon of LSU and ATG of SSU including SD¥sSequence

cgccgcgata tgtat@_gggatg taaatgagta tttttagaga
r r d m y - e r g m - m s i £ «r
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c.)Polypeptide sequences and SignalP-analysis for LSU and SSU

>SZ-LSU
MEEGNGLSTATLANTGIIQVTKKCKSCDHCTSICPTGAIHGKLGOQKHHIDPKLCINCGQCLINCPFGAITDTSMVKEVKKALA
DPSKYVVVQEAPAVRVALGEEFGMDPGTNVKGKMYASLRKLGFDKVYDTEFAADLTIMEEGTELIHRVFKAVGAPGYESSGPL
POFTSCCPAWIKYAEDHYPATILPNLSSAKSPQOMFGAVAKTYVAEKLGVKPADMVSVSVMPCTAKKYECNRPEMIASGYQDVD
YVITTRELADMIKEKGIDENSLPNEEADRLVGASTGAATIFGVTGGVMEAALRTAYELLSGQSLGKVEFKSVRGQKPIREATV
EIPIKDLGTTLPVKVCVVTGTKYVGRVIEDVLAGRSSYHFIEVMNCPGGCINGGGQPIRRDMY


https://www.ncbi.nlm.nih.gov/nuccore/CGIH01000013.1?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/CGIH01000013.1?report=graph

TAT

Sequence Lipoprotein TAT Lipoprotein Pilin-like
Prediction: Other . . . . .
Signal signal signal signal signal
Protein Peptide peptide peptide peptide peptide
type Other (Sec/SPI) (Sec/SPIl) (TatiSPI)  (Tat/SPII) (Sec/SPIIN)
Likelihood 1 0 0 0 0 0

Download: PNG | EPS [ Tabular

SignalP 6.0 prediction: Sequence
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>SZ-SSU
MSIFREKGTEFTRRQFFKGSGMLAATIVISGVFAKFGYDAWA ASDAYIEKRISGLYTLDEKMAIRKSHONPEILQIYKDFLSP
GEVKPVSEKAHHLLHTKYGQDIPELIKELHAHQHDAA

TAT
Sequence , Lipoprotein  TAT Lipoprotein  Pilin-like
Prediction: TAT signal peptide (Tat/SPI) . . . . .
Signal signal signal signal signal
Cleavage site between pos. 41 and 42 Protein Peptide peptide peptide peptide peptide
Probability 0.822816 type Other  (Sec/SPl)  (Sec/SPIl) (Tat/SPI) (Tat/SPII) (Sec/SPIIN)
Likelihood 0.0001 0.0001 0 09741 0.0257 0
Download: PNG [ EPS [ Tabular
SignalP 6.0 prediction: Sequence
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8.) Dehalobacter sp. TBBPA1

GenBank: CP162385.1
FASTA Graphics

a.) 213918-215482| Dehalobacter sp. TBBPA1 chromosome, complete genome.

1 atgagttcat tatacgccga aaaaattatt caaatatctg atcgetgeeg gtcctgtgat cattgtactt
s s q s dr c r = d b

aactaggcga acagcactac attgaccata ataaatgctt aaattgeggg cagtgtctga
k h i d h c 1 ncg qecl

atttgataaa gtttacgata cggagtttac
g £ d k vy d

F

481 tttacaagct getgoccgge ttgggtaaaa tatgcoggaag ataattacce gaaaatattg coccatgtgt cttcagcaaa atctccgcag caaatgttcg gegetgtage aaagacatat ttgectcaaa aattgaatat tgaacccgec gatatttttt
fts ccp awvk yae y p h v s s a k g a v a y 1 p g k1 n iepa di f
G a a a r g - nomor k t r ky cpomec g g n r s k c s a - grh iclk n=-41i 1 np p i £ f


https://www.ncbi.nlm.nih.gov/nuccore/CP162385.1?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/CP162385.1?report=graph

641 gtgtttcggt catgccttgt accgctaaaa aatacgaatg cagecgtccg gaaatgatca geageggtta ccaggatgtt aatgetgtcc tgactacgeg ggaattggec caactaatta aagaagecgg gatcgatttt gacagtctge ctgaggaage
c v s e ¢ g v g d ttoroe a e a g idf ds 1 p e

v om p y s rp em i s s noa v 1 1 a 1 i k

801 tgcggattct ttcgtgggac agtccacagg cgcggegaca atattcggtg ctaccggagg tgttatggaa geggegttge gtacggegta tgaactgtta ageggtcagt ctctggaaca aattgatttt aaagetgtge gtggtctaag tccggtaaga
aads fvg qs y a at i fg atg gvme aal rta yell sgag s le gid©€ kav rgl s pv

961 gaagctacgg tttcgattce gataaaaget ctgggtggtg cggttctgec ggtaaaagtg gegatcgtaa caggaactaa acatgtggec tcgctcattg aagatgtctt agegggacge agtaattatc attttattga agtcatgaat tgtccgggeg
eat vsi pika 1lgg avl pvkv aiv tgt khva s 1 i edv 1lagr sny h£fi e v c p g

1121 gatgcattaa cggcggegga caaccgatce gecgggatge ttaaatag. tagag: gggatggcta ttttttacga gaaagatggg attaatagge ggcagttttt
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1281 gctgecg gtttatattc gttagatgaa aagatgacta tccgcaaatc acacgaaaat tcggaagttt tgcaattata caaagacttt ctotctcegg
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1441 gagaggtgaa gccgetcage tcgacttccc atcatttget geataccaag tatggcaagg aagttacgge ttatattgaa gaattaaagg atgagagtge cggtaaggaa aaagttgett cttaa
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b.)Segment between Stop codon of LSU and ATG of SSU including SD*Séquience

1 caaccgatcc gccgggatgc ttaaatagaa aatagaga_aac gggatggcta ttttttacga
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c.)Polypeptide sequences and SignalP-analysis for LSU and SSU

>D-LSU (protein-id: XDG72785.1)
MSSLYAEKIIQISDRCRSCDHCTSVCPSGAIAGKLGEQHYIDHNKCLNCGQCLINCPAEIIKDLSMAEEVKAALANPKKEVIV
QTAPSVRVALGEEFGKAPGYNAKGKMFASLRKLGEFDKVYDTEFTADLTIMEEGSELINRVFKAVGQPGYETSGPLPQFTSCCP
AWVKYAEDNYPKILPHVSSAKSPQOMFGAVAKTYLPQKLNIEPADIFCVSVMPCTAKKYECSRPEMISSGYQDVNAVLTTREL
AQLIKEAGIDFDSLPEEAADSEFVGQSTGAATIFGATGGVMEAALRTAYELLSGQSLEQIDFKAVRGLSPVREATVSIPIKALG
GAVLPVKVAIVTGTKHVASLIEDVLAGRSNYHFIEVMNCPGGCINGGGQPIRRDA

TAT
Sequence Lipoprotein TAT Lipoprotein Pilin-like
Prediction: Other " . " . .
Signal signal signal signal signal
Protein Peptide peptide peptide peptide peptide
type Other (Sec/SPI)  (Sec/SPIl) (Tat/SPI) (Tat/SPII) (Sec/SPIIN)
Likelihood 1 0 0 0 0 0
Download: PNG [ EPS [ Tabular
SignalP 6.0 prediction: Sequence
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Protein sequence



>D-SSU(protein-id: XDG72786.1)

MAIFYEKDGINRRQFLKGAGAVIIAAAFPGIFTKIGLG, RTHKSTEYIAQRAAGLYSLDEKMT IRKSHENSEVLQLYKDFLSP
GEVKPLSSTSHHLLHTKYGKEVTAYIEELKDESAGKEKVAS

TAT
Sequence ) Lipoprotein  TAT Lipoprotein  Pilin-like
Prediction: TAT signal peptide (Tat/SPI) . . . N .
Signal signal signal signal signal
Cleavage site between pos. 38 and 29. Protein Peptide peptide peptide peptide peptide
Probability 0.470870 type Other  (Sec/SPI)  (Sec/SPI) (Tat/SPI)  (Tat/SPII) (Sec/SPII)
Likelihood 0.0023 0.0001 0.0001 0.8739 0.1236 0

Download: PNG / EPS | Tabular

SignalP 6.0 prediction: Sequence
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lll.) Sequence alignments of all large and small subunits

(a) Alignment large subunits (LSUs)

DdH-LSU 1 MSRTVMERIEYEMHTPDPKADPDKLH FVOiDEAK - SEpHIEART] ENEEYEA
DS-LSU 1 -MAACRVKEKPKVLPVDLSAIIPEKE@TMRI DVIYLNNAPHHEEPDNIYFVQVDPT IQVLSPS Y YEG
TY-LSU 1 MVR---KVNTF----- KGNGAVKSQT@TYRA INEGN] SEDL-DKET [VEQ—
CR-LSU 1 -MLSVYKIKTFPPAPNSRGGEAD-FEBTYRKG DQODS| KEDO-NLEV. AviEQ-
SW-LSU 1 MFKDTMTIHTFGPGENAYGQONGGAYE@NLRKGE----LRG-—-——-—---— - IESID-DAGLY| INARRE Q-
SO-LSU 1 MK@-FQSQE----VTR-—-—————————| INS-EKE@IS PKDT
5Z-LSU 1 MEEGNGLSTATLAN HEDP-KLET] GATD-
Dsp-LSU 1 MSSLYA YEDH-NKEL) IAET@KD-
DdH-LSU A VERLTKKS----

DS-LSU BERIKHPSKDK-

TY-LSU [KBKKTK] LAKVAAHAGLKQLPVELWEKKITLDIKEFSHH-—
CR-LSU DBEKTE - EXKIKYWLLEER- SHDLEHVSHH--
SW-LSU VKKVQYWVLEER-GPEVDEQGKH-~
SO-LSU KIRHYAL) PTEHHLG
5Z-LSU HRV-FKA'

Dsp-LSU NRV-FKA

DdH-LSU ERM-KYDEKQVYT|

DS-LSU HQT-HTPGOKEYT] TIN E
TY-LSU A K- LWGA! E'D) [KYLKKSG— ——M

CR-LSU KFVWDKD] FNSAYEYLKERGEIPADTKSFP

SW-LSU KHILKCD| MNTAWRWLIEHKEIPANTPSFQ)

SO-LSU FKBASEYWKTQG----RSGSYP

SZ-LSU v -----YQ

Dsp-LSU

DdH_LSU yMIRK FAKLBDGKR:

DS-LSU YMIKK. FRSLBS—

TY-LSU ELLERMNEBPMKMSE

CR-LSU

SW-LSU

SO-LSU RLLEKLN]

SZ-LSU DMIKEK

Dsp-LSU OLIKE

DdH_LSU

DS-LSU

TY-LSU N| IGTDAAHLKPI

CR-LSU Nj SRNLNT———ILKHITKDSN'

SW-LSU NECNQGIAE---VLH, RVD N

SO-LSU HET E———NVKPLL E

5Z-LSU TETRYVG —RVI

Dsp-LSU TETRHEVA----SLI]

(b) Alignment small subunits (SSUs)

h-region | c-region |

DdH-SSU 1 ------

DS-SSU ] ————————-MRRIV-TISRRSFLKTAGIAVGYMVLGFNLT---KQAVAA-————————

TY-SSU 1 --

CR-SSU 1 ---MRYQFIERPVGKIFSRRDFLKVSGVLTSIIAISGY--—--——

SW-SSU 1 MFSQNYSYAERPAALIL

SO-SSU 1 --MAHYDY --AVKVSRREFIGIVGVAGAILWTGAY-—-—————

Sz SSU 1 ----MSIF - ——GTFTRROFFKGSGMLAATIVISGVFAKFGYDAWAA - ———————

Dsp-SSU 1 ----MAIFYEK---DGINRROFLKGAGAVIIAAAFPGIFT---KIGLGR-----—

DdH-SSU 60 -- TQVKALMKSYLE-—-— HWEFDKSKGVKELTTAGKLPNPRASEFEGPYPYE
DS-SSU 59 MIKKIMDKKHGFLHEG] INYY----DRSARVKALEEKGVKLAI-------—
TY-SSU 67 MIKRFMSEFAHH-——- He——YKARV-————————mmmm e
CR-SSU 64 SCAQCMADL----NTE| S—AYFDRKNLILKGASHA-——————————————
SW-SSU 67 VVMS TM----KA H-—-FYSRSMLAMTEAAHV-——————————————
SO-SSU 64 -- QAVTD KFAQ----N| K—YV——-DRTKLV-—————————mmm o —
S7Z SSU 64 -- EILQIMKDFLSPGEVKBVSEKAHH K---YGQDIPELIKELH---AHQHDAA-----—
Dsp-SSU 64 -----| ENSEVLQLMKDFLSPGEVKBLSSTS K---YGKEVTAYIEELKDESAGKEKVAS-----

Fig.SI2-2| Multiple sequence alignments with large (a) and small subunits (b) of characteristic periplasmic [FeFe]-
hydrogenases. Sequence elements which contribute to the stable H-cluster binding site closure mechanism upon 2Fey insertion
are indicated in blue (Plug), pink (Lid) and red (Lock). Hydrophobic residues in the terminal extensions of LSU and SSU, which
according to modelling data contribute to hydrophobic interactions between both extensions (see Fig.S2.3), are indicated in bold
letters on gray background. DdH: Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough; CR: Campylobacter rectus strain
ATCC 33238; SW: Sutterella wadsworthensis; TY: Thermodesulfovibrio yellowstonii DSM 11347; DS: Desulfonauticus submarinus
strain DSM 15269


https://www.ncbi.nlm.nih.gov/nuccore/CP012543
https://www.ncbi.nlm.nih.gov/nuccore/CP012543

IV.) Exemplary structure models for heterodimeric M2-type [FeFe]-hydrogenases

1.) Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough (3-Proteobacteria)

LR %
0N b
~ )

e,

MSRTVMERIEYEMHTPDPKADPDKLHFVQIDEAKCIGCDTCSQYCPTAAIFGEM
GEPHSIPHIEACINCGQCLTHCPENAIYEAQSWVPEVEKKLKDGKVKCIAMPAPA
VRYALGDAFGMPVGSVTTGKMLAALQKLGFAHCWDTEFTADVTIWEEGSEFVER
LTKKSDMPLPQFTSCCPGWQKYAETYYPELLPHFSTCKSPIGMNGALAKTYGAER
MKYDPKQVYTVSIMPCIAKKYEGLRPELKSSGMRDIDATLTTRELAYMIKKAGIDFA
KLPDGKRDSLMGESTGGATIFGVTGGVMEAALRFAYEAVTGKKPDSWDFKAVRG
LDGIKEATVNVGGTDVKVAVVHGAKRFKQVCDDVKAGKSPYHFIEYMACPGGCV
CGGGQPVMPGVLEA-&MDR'ITI'R AG KKR AMASANKAl

DdH-SSU

[MQ AS TRRGFLK AC TTGAA G RMTGKAVAA+VKQIKDYMLDRINGVYG
ADAKFPVRASQDNTQVKALYKSYLEKPLGHKSHDLLHTHWFDKSKGVKELTTA
GKLPNPRASEFEGPYPYE

LSU with C-terminalextension
SSU with N-terminalleader including TAT-consensus motif ([/SRRXFLK) and Sec avoidance motif (AXA)

2.) Campylobacter rectus strain ATCC 33238 (¢-Proteobacteria)

MLSVYKIKTFPPAPNSRGGEADFEGTYRKGELRGIIRIDQDSCVGCDTCRSFCPTD
AIDGSLGVAHKIDQNLCVACGQCLINCPFAVIEQMSFVDEVMQKLDDEKTFVVAHP
SPAVRVSLAEEFGGKPGELTVNKMYNAFEKAGFNMYDVNFAADQTILEEGTELIKKI
KYWLLGERSHDLEHVSHHPFPHFTSCCPAWVRNAEIFHPELIPHISGAKSPIQMGG
PLAKTWAAKFVWDKDPRDIYVATVTPCTAKIYEASRPEFNSAYEYLKERGEIPADTK
SFPDIDATLTARDIAEILRKKGINPLEMSDEYPEKTMNVYTGGGTIFGNSGGVMEAA
LRTAYFLLSGQELKDPDLTPVRGYDKDLTEAVIPIPLKDYDGKTLELKVAVVNGASR
NLNTILKHITKDSNRYHFIEVMNCPGGCVNGGGQPVHAMGT  LHS P P KA

CR-SSU

MR Q EKP GKI SG''TS A SGYAITDIIKRRKSYIAMRQEGLYKDD
KRCQDKKLIGSHQNPSCAQCYADLNTEPMGEVAEKLLHTSAYFDRKNLILKGASHA



https://www.ncbi.nlm.nih.gov/nuccore/CP012543

3.) Sporomusa ovata (Bacillota; Negativicutes)

SO-LSU

MKGFQSQEVTRIIEIDSKTCKGCDSCKAFCPTDAIEGKYGAVHKINSEKCISCGQCLINC
PFGAPKDTVDVVDQVIDKLKNKKLTVVATIAPAVRVAIGEEFGMEPGSLITEKMYGAMK
QAGFKVLDTVFTADQTIMEEGMELIAKIRHYALGEPTEHHLGPLPQFTSCCPAWVRYAE
LYYPEVLPNMSSAKSPMMMAGALGKTYGAKEVWKVNPEDIFMVGVMPCTAKKFEASR
PEFKSASEYWKTQGRSGSYPDIDVVLTTRDLARLLKKLNIDIRTVAEFTDKDNPLAQYS
GAGTIFANTGGVMEAALRTAYFVITGKELDVLEFKPVRGLKGVKEASVTMVDAKTGKEV
TLKVAVAHGTKENVKPLLEEVKAGKSPYHFIEIMNCPAGCVNGGGQPINPMGTS | ' DK
AKA P S

SO-SSU

MAHYDYVEKA KVSRREZIG 'GVAGA | TGA JATDLVQDRTKYIKLRAQGIYNDDV
KAKVRQSHNNQAVTDVYKKFAQNPLSNLAEELFHTKYVDRTKLY

4.) Dehalobacter sp TBBPA1 (Bacillota; Clostridia)

MSSLYAEKIIQISDRCRSCDHCTSVCPSGAIAGKLGEQHYIDHNKCLNCGQCLINCPAEIIKD
LSMAEEVKAALANPKKFVIVQTAPSVRVALGEEFGKAPGYNAKGKMFASLRKLGFDKVYD
TEFTADLTIMEEGSELINRVFKAVGQPGYETSGPLPQFTSCCPAWVKYAEDNYPKILPHVS
SAKSPQQMFGAVAKTYLPQKLNIEPADIFCVSVMPCTAKKYECSRPEMISSGYQDVNAVLT
TRELAQLIKEAGIDFDSLPEEAADSFVGQSTGAATIFGATGGVMEAALRTAYELLSGQSLEQ
IDFKAVRGLSPVREATVSIPIKALGGAVLPVKVAIVTGTKHVASLIEDVLAGRSNYHFIEVMN
CPGGCINGGGQPIRRDA

sSsu
Al YEKDG NRRQ"KGAGA [/AAA PG| TK GG |RTHKSTEYIAQRAAGLYSLDEKMTI
RKSHENSEVLQLYKDFLSPGEVKPLSSTSHHLLHTKYGKEVTAYIEELKDESAGKEKVAS

Fig.SI2-3| Five plausible structure models of the assembled DdHydABWT protein (1) and other heterodimeric
M2-Type [FeFe]-hydrogenases (2-4) in their cytoplasmic pre-state with paired full-length LSU (blue) and SSU
(red) subunits that include interacting N-terminal (brown) or C-terminal (blue) extensions prior to their translocation
into the periplasm. Analogous to the function of the inserted peptide linkers in DdH-variants L2-L4, the structural
configuration of the N-terminal segment preceding the lock-element in the native enzymatic pre-state may provide
the balanced structural support needed for a rapid reconfiguration and closure of the H-cluster binding site after
2Fen insertion during in vivo maturation. Modelling was done applying the diffusion-based generative model Boltz-
2 8 (for details about the modelling data see Supplementary Data File A). (b) Zoomed view on the hydrophobic



interactions at inter- or intra-molecular crossing points along the extensions at corresponding large and small
subunits. Polypeptide positions involved in these interactions are indicated as yellow letters in the corresponding
sequences of SSU and LSU. The N-terminal part that cover the Tat-leader segment of the respective SSU sequence
are marked by a brown background color, while the background of the likely C-terminal extension in the original
LSU polypeptides is shown in blue. Amino acid positions involved in the Tat-transporter interaction are indicated by
a green background color and a thin arrow marks the location of the cleavage site after the translocation step as
indicated by SignalP6.
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