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Supplementary Table S1 Average parameters of the germination of multiple individual
wt and yetF spores

PS832 PS4488

s[RI Valine AGFK Valine AGFK
Tiag 203+89 | 365£16.6 |446+231 | 49.0+205
T oo 20094 | 403+169 |482+230 |538%20.90
T 347:92 | 520£167 | 636£17.6 | 745%115
AT reeace 37+14 38+11 36+12 48+16
ATy 10728 11747 154+80 | 207115
lag 088+007 |083%006 |077£007 |0.76+009
lrteass 021£005 |029£007 |029%007 |0.23%007
ger/numf 97/139 80/104 44/133 14/40

Spores were germinated and individual germination parameters were measured as described

in Methods. 7Number of spores that germinated/number of spores examined.




Supplementary Table S2 Homologs of B. subtilis yetF or 2Duf in completed genomes of Bacilli.

o . . Number of . . Number of
Bacilli spore forming species homologs to Asporogenous Bacilli species homologs to

yetF  2duf yetF  2duf |

Aeribacillus pallidus 1 1 Aerococcaceae bacterium 1 0
Alicyclobacillus acidocaldaruis 0 1 Auricoccus indicus 1 0
Amphibacillus xylanus 2 0 Brochothrix thermosphacta 1 0
Aneurinibacillus soli 0 1 Carnobacterium maltaromaticum 1 0
Anoxyacillus flavithermus 2 1 Enterococcus faecalis 1 0
Bacillus amyloliquefaciens 1 0 Gemella haemolysans 1 0
Bacillus anthracis 3 1 Jeotgalibaca dankookensis 2 0
Bacillus atrophaeus 1 0 Lactobacillus acidophilus 1 0
Bacillus cereus 5 1 Lactobacillus plantarum 1 0
Bacillus firmus 1 0 Lactobacillus reuteri_ 1 0
Bacillus halodurans 8 2 Lactobacillus rhamnosus 1 0
Bacillus licheniformis 6 0 Lactococcus lactis 1 0
Bacillus megaterium 1 0 Leuconostoc kimchii 1 0
Bacillus pumilus 1 0 Marinilactibacillus 15R 1 0
Bacillus subtilis 5 0 Melissococcus plutonius 1 0
Bacillus thuringiensis 5 1 Planococcus antarcticus 1 0
Bacillus weihenstephanensis 1 0 Salimicrobium jeotgali 1 0
Brevibacillus brevis 4 1 Salinicoccus halodurans 2 0
Cohnella candidum 5 1 Streptococcus mutans GS-5 1 0
Fictibacillus phosphorivorans 6 0 Streptococcus pneumoniae 1 0
Geobacillus kaustophilus 0 1 Vagococcus penaei 1 0
Geobacillus stearothermophilus 1 0

Halobacillus halophilus 6 1

Kyrpidia tusciae 0 2

Laceyella sacchari 1 1

Lentibacillus amyloliguefaciens 3 1

Lysinibacillus sphaericus 4 0

Novibacillus thermophilus 3 0

Oceanobacillus iheyensis 2 1

Paenibacillus polymyxa 2 1

Paenisporosarcina cavernae 3 0

Parageobacillus

thermoglucosidasius 1 1

Paraliobacillus zengyii 8 0

Solibacillus silvestris 4 0

Sporolactobacillus terrae 5 0

Sporosarcina psychrophila 3 0

Terribacillus goriensis 4 0

Thermobacillus composti 2 0

Virgibacillus halodenitrificans 3 2

Average number in ones with>1 | 3.2 1 Average number per species 1.1 0




Supplementary Table S3 Homologs of B. subtilis yetF/2Duf in Clostridia genomes.

Clostridia spore formers

Number of
homologs to

yetF

2duf

Likely Clostridia spore formers
(have gpr, spoVFA, spoVFB)

Number of
homologs to
yetF  2duf

Desulfotomaculum ruminis

Hungateiclostridium thermocellum

Intestinimonas butyriciproducens

Aminipila sp. JN-39

Asporogenous Clostridia species |

Lachnoanaerobaculum umeaense

Carboxydothermus hydrogenoformans

Lachnoclostridium phytofermentans

Dehalobacter sp. CF

Mabhella australiensis

Thermosediminibacter oceani

Moorella thermoacetica

Average humber per species

PRk
o|lo|jo|o|o

Paeniclostridium sordellii

Alkaliphilus metalliredigens 3 1 | Acetohalobium arabaticum 5 0
Ammonifex degensii 2 0 | Anoxybacter fermentans 2 0
Caldanaerobacter subterraneus 1 0 Caldicellulosiruptor saccharolyticus 1 0
Candidatus Arthromitus sp. SFB-
mouse 1 0 Carboxydocella thermautotrophica 2 0
Candidatus Desulforudis
audaxviator 1 0 Ethanoligenens harbinense 4 0
Caproiciproducens sp. NJN-50 2 0 Faecalibacterium prausnitzii 1 0
Cellulosilyticum lentocellum 1 0 Flavonifractor plautii 1 0
Clostridioides difficile 1 0 Halobacteroides halobius 6 0
Clostridium acetobutylicum 5 0 Halocella sp. SP3-1 5 0
Clostridium botulinum 2 0 Halothermothrix orenii 6 0
Clostridium perfringens 1 0 Herbinix luporum 2 0
Clostridium tetani 2 0 Natranaerobius thermophilus 2 0
Dehalobacterium formicoaceticum 1 1 Pelotomaculum thermopropionicum 2 0
Desulfallas gibsoniae 2 1 Ruminococcus albus 1 0
Desulfitobacterium hafniense 3 0 Syntrophomonas wolfei 3 0
Desulfofarcimen acetoxidans 3 0 Syntrophothermus lipocalidus 2 0
Desulfofundulus kuznetsovii 2 0 Thermincola potens 3 0
Desulfosporosinus orientis 2 1 | Average number in ones with >1 2.8 0

3 1

1 0

1 0

2 0

1 0

1 0

1 0

2 0

Pseudoclostridium
thermosuccinogenes

Ruminiclostridium cellulolyticum

Symbiobacterium thermophilum

Syntrophobotulus glycolicus

Tepidanaerobacter acetatoxydans

Thermacetogenium phaeum

Thermoanaerobacter italicus

Thermoclostridium stercorarium

Pl NPk N W

Average number in ones with >1

=
o
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Supplementary Table S4 Sequence identity between 2Duf homologs in Bacilli and Clostridia
and 2Duf encoded in spoVA2mep,

Bacilli NCBI ID Identity to 2Duf (%)
Group 1
Aeribacillus pallidus WP_066246610.1 55.2
Aneurinibacillus soli WP_096463052.1 50.9
Anoxyacillus flavithermus WP_012575624. 55.1
Bacillus anthracis WP_000018934 59.1
Bacillus cereus WP_000018922.1 60.5
Bacillus halodurans WP _010897735.1 30.5
Bacillus thuringiensis WP_000018924.1 60.8
Brevibacillus brevis WP_015892354.1 52.4
Cohnella candidum WP_123042938.1 53.1
Geobacillus kaustophilus WP 011230358 54.5
Halobacillus halophilus WP_014642772.1 57.3
Lentibacillus amyloliquefaciens WP_068440573.1 55.1
Oceanobacillus iheyensis WP_011065783.1 50.9
Parageobacillus thermoglucosidasius WP_003252282.1 55.6
Virgibacillus halodenitrificans WP_019376107.1 59.6
Group 2
Alicyclobacillus acidocaldaruis WP_041694969 48.6
Kyrpidia tusciae WP_013075904.1 38.1
Laceyella sacchari WP_102991708.1 47.9
Group 3
Paenibacillus polymyxa WP_013370894.1 39.9
Clostridia
Alkaliphilus metalliredigens WP_012065254.1 42.0
Dehalobacterium formicoaceticum WP_089611718.1 54.0
Desulfallas gibsoniae WP_006522674.1 46.5
Desulfosporosinus orientis WP_014185970.1 38.6
Desulfotomaculum ruminis WP _013842559.1 44.8
Pseudoclostridium thermosuccinogenes WP_103081847.1 39.9

Groups 1, 2 and 3 have the genomic arrangements around 2duf in B. cereus, A. acidocaldarius
and D. gibsoniae, respectively, in Figure 11A.
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Supplementary Figure S1

Germination, outgrowth, and vegetative growth from dormant spores of various strains inoculated
at ~108/ml in LB medium, incubated at 37°C and the culture’s ODsoo measured. The symbols used
are: O —PS832; @ —PS4487; and A —PS4488. A duplicate experiment found that all three strains

again gave similar results.
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Supplementary Figure S2

14C-Methylamine uptake by (A) intact and (B) decoated spores of PS832 (wt), PS4487 (ydfS) and
PS4488 (yetF) spores. “C-Methylamine uptake by spores of various strains, either intact or
decoated, was as described in Methods. Symbols used are: O — PS832; @ — PS4487; and A —

PS4488. These results were from single measurements in one experiment.
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Supplementary Figure S3

Germination of multiple individual (A,B) PS832 (wt) and (C,D) PS4488 (yetF) spores germinating
with (A,C) L-valine or (B,D) AGFK. Spores were heat-activated and germinated with L-valine or
AGFK and the germination of 16 individual spores of each strain and with each germinant were

followed as described in Methods. Arrows on one trace in panels (A) and (C) denote the times of
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Tiag, Trelease and Tiys and liag and liys were measured at Tiag and Tiys, respectively.



sspA
-35 c¢-10
CAATTTTCAGCTCCTGTATACAATTACCAAAGTTTTTCTGAATGAAGCCATGTGTTTTGACACATTCTATACTC

RBS TSC
ACAAGGAGGTGAGACACATGGCTAACA

ykjA
-35 of -10
TGTTCAGGCGATATGCACGTTCGCCTAGACACTGATGCATAGAGGGCCTGCCACGGGGCACAATAGGCTC

RBS TSC
AATATGACCAGCGGATGGAGGTAAAGATCGGTGTTATGGA

yrbG

-35 c¢-10
GACGTAAAAGCTTTGTGAAATGCAATCGGTTTTTCTTACATAAATTGATCATTTTGTTGCAACCTATAAT

RBS TSC
GAGTTGGAGGTGCATAATGGAAGAGC

Supplementary Figure S4

Likely promoter sequences for the ykjA and yrbG genes and comparison with the very strong c®-
dependent promoter sequence of sspA. The sspA, ykjA and yrbG upstream sequences include: -35
and -10 promoter sequences; a GG sequence just upstream of the putative -10 promoter sequence
for ykjA indicative of a " promoter; the ribosome binding sites (RBS) that were identified based
on the optimal B. subtilis RBS sequence (A AGGAGGTG) and the translation start codon (TSC).
The sspA promoter sequences were experimentally determined, and the promoter sequences for
ykjA and yrbG were chosen to give the best matches to consensus " and ¢© promoter sequences,

respectively (Wang et al., 2006).
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Supplementary Figure S5

Sequence alignment of B. subtilis YetF with the best YetF match in other Bacilli. Sequence
conservation is shown as a bar graph, with red bars indicating identity among YetF homologs.
Secondary-structure assignments of YetF from the crystal structure (PDB ID: 3C6F) are shown as
blue cylinders (helices) and orange arrows (P strands). Predicted secondary-structure elements by

AlphaFold for the N-terminal TM region are shown as gray cylinders (o helices).



Bsubtilis_YetF

Rcellulolyticum WP_015924636
Sglycolicus_WP_013625014
Sthermophilum_WP_011197382
Tacetatoxydans_WP_013778043
Titalicus_WP_012994581

Tphaeum WP_015049695
Tstercorarium_WP___ 015358013
Tthermosaccharolyticum WP_015312322
Adegensii_WP__015739924
Adegensii_WP_015739458
Ametalliredigens_WP_012065355
Athermocellus_WP_003516115
Cacetobutylicum_WP_010890760
Cacetobutylicum WP_010964829
Caproiciproducens_WP_128742257
Carthromitus_WP_005805303
Cbotulinum WP_011948896
Cdesulforudis_WP_012303154
Cdifficile WP_009889750
Clentocellum WP_013658886
Cperfringens_WP_003472738
Csubterraneus_WP_009611278
Ctetani_WP_035111051
Dacetoxidans_WP_015757363
Dformicoaceticum WP_089609402
Dgibsoniae_WP_006522671
Dhafniense_WP_011459753
Dkuznetsovii _AEG1 6849
Dorientis_WP_014187430
Druminis_WP_041275606
Ibutyriciproducens_WP_058117823
Lphytofermentans_WP_012198749
Lumeaense WP_111524166
Maustraliensis_WP_013780881
Mtermoacetica_WP_011391764
Psordellii_WP_055331643
Pthermosuccinogenes_WP_103079909

Bsubtilis_YetF
Rcellulolyticum_WP_015924636
Sglycolicus_WP_013625014
Sthermophilum_WP_011197382
Tacetatoxydans_WP_013778043
Titalicus_WP_012994581

Tphaeum_ WP_015049695
Tstercorarium_ WP__ 015358013
Tthermosaccharolyticum WP_015312322
Adegensii_WP__ 015739924
Adegensii_WP_015739458
Ametalliredigens_WP_012065355
Athermocellus_WP_003516115
Cacetobutylicum_WP_010890760
Cacetobutylicum WP_010964829
Caproiciproducens_WP_128742257
Carthromitus_WP_005805303
Cbotulinum WP_011948896
Cdesulforudis_WP_012303154
Cdifficile_WP_009889750
Clentocellum_ WP_013658886
Cperfringens_WP_003472738
Csubterraneus_WP_009611278
Ctetani_WP_035111051
Dacetoxidans_WP_015757363
Dformicoaceticum _WP_089609402
Dgibsoniae_WP_006522671
Dhafniense_WP_011459753
Dkuznetsovii _AEG16849
Dorientis_WP_014187430
Druminis_WP_041275606
Ibutyriciproducens_WP_058117823
Lphytofermentans_WP_012198749
Lumeaense_ WP_111524166
Maustraliensis_WP_013780881
Mtermoacetica_WP_011391764
Psordellii_WP_055331643
Pthermosuccinogenes_WP_103079909

------ MITA======TIRTIILYLVIVIIIRIMGKKQIGQLOPFELVIILMISELAAIPSQONIG-I
==MG===EVS====VVLVRSAITFFNLLILCRLLGKTQVSQLTFFEYVSGITLGSLAAELSTNLS~L
—==-MSILKDLLLHAYKSLILFMVSLTLVRLMGKRTVAQLSPFDLVFMIIMGSATIAIPLEDHD-I

—————— FFRTLILYALIVIFMRISGKQQIGQLOPYELVVAIMIADLVAIPMONKG-T
—-MTDALLYL----OMALRAVIAFLAILLIARILEKEHVGELSLYEYLTGIAIGVIAGRIATTMQ-N
—VWKTALMYLVVIVSMRLMGKRMIGELQPFEFAIAIMISELAVFPLTEGN-T
—FFRTLILYFLVVVVMRIMGKQQIGQLQPYELVVAIMIADLVAVPMONKG-I
—EILLRAVGAFLGVLFITRLVGKSQVGQLTISDYVNGIVIGSIAACLATDIK-E
—QVVWRTVLIYFVVLVMMRLMGKREIAQLSPFDFAVAIMIAEVAVLPMESLE-1
—FIRAFVLYMIVVIVMRMMGKGQIAEMQPFELVITIMIADLAATPMENTS-V

- —~VVRTLILYILVVIIMRIMGKRQIGQLQPFELVIAIMISELAAVPMODKR-I
==-MED--PLI----NTVFRSVIVYLIAMFLTRLMGRKLISQMTFFDFVMGVSMGSIITDSIVGQK-F
==MN=-=-EGL----VVIVRSIIGFFTMLIFAKILGKQQISQLTFFDYILGITIGSIAATLTTDLS~S

~FIRTVLLYAVVILAVRLMGKRQISELQTSELVVTLLISDIASIPMQDSG-Q

~LSRTIIIFVVMFFTMKMMGKRY IAQLEPYEFVVSIMIAELATLPLEDVS~-I
=VVLVRAIIGFFTLLIFARMLGRQQISQLTFFDYVLGITIGSTASTLSTDLE-S
~EIVIRAVGAFIAVILITRLVGKSQIGQLTVTDFVNGIVIGSIAAALAIDIR-S
------ LIRSIILYITVLIALRVMGKGEIAEMNCFDLVITLLIAEVASVPMENNN-I
—QAIITALGSAAALFTLSKLMGNREMSQLSMFDY INSITIGSIAAEMATCEF-T
=FIRTAILYFIVIISIRLMGKRQIGELQPYELVITLMLSDLASLPMQDTR-L
—FFRTLILYALVVVFMRISGKQQIGQLOPYELVVAIMIADLVATIPMONKG-T
=VVVIRSIIGFFSLLIFARVLGKQQVSQLTFFEYVLGITIGSTASTLSTDLS-T
------ LIRTLILYLGVVIVMRVMGKQEIGQLQPYELVIALMIADLAAIPMSNTG-V
——————— VLRTVGLLAFGFICYRLMGYRSMGDMEPTDEFVIMLVIAETLGTPLADES-L
—EIPLRALFAYLFLLLFTRINGREQISQLTYFEYVVGITIGSIAGTLTTTPE-D
—VVIVRSLIGFFSLLIFARIIGKSQISQLTFFDYVLGITIGSMAASLATDLS-S
—QILIRGIGAFLGVLVITRVVGKTQVGQLTVADFVNAIVIGSIAAAMVTDLK-E
=VVRTLILYALVIIALRLMGKREIGQLQPFELVVILMISELAAVPSENVG-V
=YVWRTVIIYFSVLVIVRLMGKREIGQLSSFDFVVAIILAELAAIPMESEK-I
-FLRTIILYLLIIAGIRLMGKRQVGELEPSELVLDLIIADLAAVPMQDFG-I
“MTII-—-——RVILSSFASIVALFFLCKFIGYRQMSOMSLEFDYINGITIGSIAAEMAT-DL-E

—=—MNAFLL---VAIKLLIGFFALVIIINISGKGNLAPSSASDQIVNYVLGGIIGGVIYNSS-V
==-MK---MIA----EIIIQTIMAFFAILIFTRLLGKQQITELTYYDYINGITFGSIAGVMATDIS-Q
==MK===FV=---—--EVFLOQTLLAFFAILIYTRILGKQQIGQLTFFEYINGITFGSIAAVLATDTAPN

~MINEIY----IVSIKSIISVSILFILTKIMGKKQISQLTLFDYVVGISIGSIAAELAINES~-I

===MLVV======— FVRTLILYAVVIVVMRLMGKRQIGELQPFELVVAILISDLAAVPMONTG-I

1
KI !.(E IT FASLLW(I;VLI YIIEFI 'II'QKMKSSRKFiEGEPN IVIRKGELQYKVMKKNKI DINQLQELLRQ
RSWPHWIGLITWAALGLLLEYITLKWRYVAKYLENEPTIVIMNGKIMEKTLKKMRFRVSDITELLRN
PLSAGLLPVIVLLLLGMTFSYITLKSEKARALICGTPTILIEKGKIIEKELVDLKYNLSDLLEQLRV
RPWPVFVGLFAWGGFTLLTQLVALKSRWMAKMLDGEPVILVYRGQILEENLRRLRMRESELAELLRS
RLTHGIFPVAITSLLNYLLAIIITKNRKVENILOGTSRILIKDGEVVVSNLKKERITITDLLVLLRE
PLLSGIIPILTLLVSQLFLSYLSMKSLRARAIICGTPTILIEKGKILTSQLOKERYNINDLLEELRV
=PLPLLLALFVFAALTYLVRYFTLKSRAVRKLLAGEPAVVIQNGKIMERTMRRMHYSTDDLLMQLRT
NILHGLLAIGVLVLCQFLLSLLSIKSLTVRTIICGRPRIVIKNGKILEKNLKKELYTINDLLEQLRM
PLLTGIIPIFTLLISQLFLSYISMKSLRGREMICGKPTVLIDKGKILTKELOQKERYNINDLLEELRV
NPWYYVFGLAIFASLTILVQYVSLIYRPARKFLLDEPTVVVHNGRILERNMARMRYNVDDLMSQLRE
PLFRGLLPLLILTVLEIGFSYLSLHSRWLRRLVYGEPQLVIWEGKVLHREMRRARYNLDDLLAQLRE
PLINGVIPILTLLSGQVIISYLSLKSTKFRGLICGKPSILIHKGRIVQSELRRLRINVNDLLEQLRS
PLINGIIPILTLLFAQITFSFIGLKSTRARAIICGRPSILIQNGKINEAELRKEMYSVNDLLEQLRI
TSISSVTALTVLSILVIITGYIHIKSLKLREIINSKPIILVDNGNIVEENMKESRITINELLMKLRE
RAWPHWVGLLTWALLGYLMEY ISTKWRYAGKYLEGEPTIVIMKGKIMEDAMKKMNFRATDIMELLRD
PLASGLIPIAALVMFEIVLSVLMLKSTKFRKLICGRPIIVINNGVVQONEMKRLRMTTEDLSEQLRQ
PLLYGIICIFTILFIEFIISQIQLKNIKLRKLFGGKSVILVKDGKFIKENLKNEKLTINDVLEDLRS
TAWSHWIGLLTWCAIGFLLOQWITLKWRYAAKYIEGEPTIVIMDGKIMEDTLRKMKYTVADVLEQLRG
PASFYFLALAVFSGLTLFLEWSTMKSRPVRKILEDEPTVVVHNGKI LETKMRNMRYHLDDLMMOLRS
PIINGVAAISGLVIMQTLISFLSLKSRKLSSFLSGKPSVLIDKGKIVYKELKKERISIDELLEQLRI
DLLKPFTAMIVFALFNILLSLLTNKSIKIRRLATGKPSILYDNGQLYYKTFAKAKMDLGEFLVQCRV
PLLLGIVPIITLLEFVKILISEIQQHSRLFEKILDGTPSIIISDGEINLEMMKKQRLTMNDILEELRS
PLVAGIIPVLTLLISQLVLSYLSMKSLRARVIICGTPTILIEKGKILTSQLOKERYNINDLLEELRV
RAWPHWVALISWAILGY IMQLITLKQRTMAKYIDGEPTIVIVNGKIMEEALKTMKYRAADILQLLRN
PLANGLVPIFGLLIAQVFISYAALKNIKFRTIVCGAPSILVKNGQLVESELRRIRYNIHDLLEQLRV
SLTNTIIAVSTLTILQILFSWTGLKSTFLLQLMDGKPIPVIQNGKILEKNMRKARVNRSDLMEELRV
PFGPGLLGMAVWTILPILTGLLVLKSVPARKIIEGEPIVVIQNGKIDEEALARQRTNLDDLMLMLRQ
RAWPHWVALITWAALGYVMEKITIKWRYAAKFLEGEPVIVVMSGKIMDDALRKNNYRISELMGLLRN
NGWYYAFGLLLFGLLTVISEYASLKYRPLRKLIEGEPTVVIHNGKILENNMKKLIYNVDDLMMQLRE
PMLSGVIPILVLLSASLTLAWISLKSEKARNIICGKPSILIDRGKISQDELRKNCYNITDLLEELRL
PIWHGIVPIATLGLLEVTFSYLTLLNRPLRKIVYGSPQVITENGKLLKHEMRSSRYNLDDLLSQLRE
PLLSGIIPILTLLSVTMVLSVLTMKSVKFRAIVCGRPSIIVENGRLNQQEMRRNRFTVDELNEELRV
NPLHALIAMAIYSVVAVALSIGTDKWLGFSRFVNGYPLVLLDNDKLLYENFKKAKIDIEEFQIQCRN
RILDFIAILCIWCILVLGLKWIKTHNVKAKQLIDGKALTIIDGGKIIVENCKKAGLSAHDVSFKLRT
RTROQHLMGLALFALLTFLMSY I SMKSRPARKLLEGEPTIVVLNGQILEDNLRKMHYNIDDLISELRQ
QTWMHFLGLTLFAFFTWLAGYAVLVSRPARKLISGEPTVVVHNGKI LEENMKKMRYNFDELAMQLRQ
SYIQGITGMTIYALFPILLSFISLKSHLARKILDGVPTILIQNGEINEKGLKKTKMNINDLIEECRL
PLVNGIIPIFTLLIAQLAMSLISLKSVKARGIICGKPSILIEKGKINESVLRREMYTINDLLEQLRS

=nl |I Conservation 30% -100%

57
57
54

124
124
121
124
127
121
126
122
121
124
124
121
121
125
124
121
121
124
124
121
123
121
121
124
121
120
126
124
124
121
122
121
122
124
124
124
125
121



Bsubtilis_YetF
Rcellulolyticum WP_015924636
Sglycolicus_WP_013625014
Sthermophilum_WP_011197382
Tacetatoxydans_WP_013778043
Titalicus_WP_012994581
Tphaeum WP_015049695
Tstercorarium_WP__ 015358013
Tthermosaccharolyticum WP_015312322
Adegensii_WP__ 015739924
Adegensii_WP_015739458
Ametalliredigens_WP_012065355
Athermocellus_WP_003516115
Cacetobutylicum WP_010890760
Cacetobutylicum WP_010964829
Caproiciproducens_WP_128742257
Carthromitus_WP_005805303
Cbotulinum WP_011948896
Cdesulforudis_WP_012303154
Cdifficile WP_009889750
Clentocellum WP_013658886
Cperfringens_WP_003472738
Csubterraneus_WP_009611278
Ctetani_WP_035111051
Dacetoxidans_WP_015757363
Dformicoaceticum WP_089609402
Dgibsoniae_WP_006522671
Dhafniense_WP_011459753
Dkuznetsovii _AEG16849
Dorientis_WP_014187430
Druminis_WP_041275606
Ibutyriciproducens_WP_058117823
Lphytofermentans_WP_012198749
Lumeaense_WP_111524166
Maustraliensis_WP_013780881
Mtermoacetica_WP_011391764
Psordellii_WP_055331643
Pthermosuccinogenes_WP_103079909

Bsubtilis_YetF
Rcellulolyticum WP_015924636
Sglycolicus_WP_013625014
Sthermophilum_WP_011197382
Tacetatoxydans_WP_013778043
Titalicus_WP_012994581

Tphaeum WP_015049695
Tstercorarium_WP__ 015358013
Tthermosaccharolyticum_ WP_015312322
Adegensii_WP__015739924
Adegensii_WP_015739458
Ametalliredigens_WP_012065355
Athermocellus_WP_003516115
Cacetobutylicum WP_010890760
Cacetobutylicum WP_010964829
Caproiciproducens_WP_128742257
Carthromitus_WP_005805303
Cbotulinum WP_011948896
Cdesulforudis_WP_012303154
Cdifficile WP_009889750
Clentocellum WP_013658886
Cperfringens_WP_003472738
Csubterraneus_WP_009611278
Ctetani_WP_035111051
Dacetoxidans_WP_015757363
Dformicoaceticum_WP_089609402
Dgibsoniae WP_006522671
Dhafniense WP_011459753
Dkuznetsovii _AEG16849
Dorientis_WP_014187430
Druminis_WP_041275606
Ibutyriciproducens_WP_058117823
Lphytofermentans_WP_012198749
Lumeaense_WP_111524166
Maustraliensis_WP_013780881
Mtermoacetica_WP_011391764
Psordellii WP_055331643
Pthermosuccinogenes_WP_103079909

—[E s> (=3)E—— (sd)>— @ 89
Mudnlalalits. N | NP
140 150 180 190

130 170
AGSFSiQEVEYAILE%NGMVSVLPKéDFDKPTNKDiQIPSKSVSL%ITLIIDGEIbRDNLKEAGVBE
KDIFDLTEVDFAITIEPNGQLSVLKKPEYQNLTPKDMY IQKKASGISSELIYDGILIEENLRQLDKDK
NNIPNIADVEYAILETNGQLSVIPKTDKRPLTPADMNIHPAYEGLPSILIMDGIVQKRNLERSNANL
QSVFHFDEVELAVLEPRGTLSVLRTADTQPVTPADLGIPASSRGLGIELVVDGEVMDONLRRLGVNR
KDVTNINEVEEAAIEPNGKLSVIKKKYMQTVTPRDLGLWSNQGIFPTLVIDGGEVIQDNLDRVGVSI
KGYPNIADVEYAILETNGSLSVIPKSDKRPVTPQDLNLTPQYEGLPLPIIIDGRIMHONMQOKAGIDM
KGVFNISDVEFAVVEPNGRLSVLLKSQKMPVTREDMQIPSQYRGISSELIVDGEVIYQNLRONNLDE
LNIQNISDVEYGILETNGQLSVVLKSQKRPVTPEDLGIETKYEGLSLDLIIDGIVITHNLKLAKLDM
MGYPNIADVEYAILETNGCLSVIPKVDKRPVTPNDLNLTPQYEGLPLPIIIDGKIIHKNMKMANVDM
KGYFNLADVEFAIVEPNGSLSVLPKSQKRPVTPEDLGLPTKYEGVPSELIVDGQIIYQONLVQONNLTE
KGYHDPSEVACAVLESSGRLSVIPRSEYRPLTRGDLGLPPVPVGPVRVLVADGEILEENLKVVGVDR
KEYLNLSDVEYAILETNGQLSIMPKPDKRGVITSDLAVAVQQEELPVTLIIDGKVNONNLKRAGYDM
KNIYNIADVEFALLETNGQLSVIPKSQKRPVSPEDLNIPTKYEGLSLDIIVDGEISHENLKLANLDV
KNIFNMADVEFAIIEIDGQLSVLPKASQKPLTPSNMNINVTSTGLTQDITIDGNILDENLYKAGLDI
KDVFDLNEVDFAITEPNGKLSVLKKPELQPVTCNDMNITKNEMGISTELIYDGILIEENLRQLNKTK
KNVESIQDVAYAIVETNGKMSVIKKPDKEQPTAGMLAVPLPDTGIETVVISDGVISDFSLQLCGKSA
GGNYDLSKIGFATILERSGKIAVIPK-NNEN========== EKVYLPTSIIIDGEIVKEGLKY INRNN
KDIFDLSKVDFAILESDGQLSVLKKPGEEPLTAKDLNIFKSKTGISRELIYDGEIVEDNLREINRDK
KGVFNIADVEFAVLEPNGEMSVQLKSQKRPVTPADLQLPTRYEGMPSELIVDGTVIEQNLIQNNLDE
QGYFNLKDVQYAILETDGNLSVVPASSYNSTPPR------, AFNHLPIPLILDGRIINKNLDIAQKDT
NDYFDLTDIQTALLEPNGKISFLPVSNKRPITGEDLNISPSQNYLVANVIIDGKIMLONLKHIGNNE
AGYLDISDIQYAIIETNGTISIIPKSACDNVKRKDLKIKESESKIPIVLFEDGRLNKKALQGMNKDE
KGYPNIADVEYAILETNGSLSVIPKSDKRPVTPKDLNITPEYEGLPLPIIIDGRIMHQONMQKAGIDL
KDIFDLKQVKFAIIEPNGQISVLKKEEYLPVTPODMNISPSPSDISIEVIYDGLIIEEHLKWFKKDK
KNIANIADVEFAILETGGKLSVIPKSQKRPLIPEDLQISTKYEGIPTTLIIDGQIMSNNLRMIKLDE
QGLSNYLDVEFAYLEPSGRFSIIRKKEVEPITPRYLG-———-! KKTSKTIMENGEIFADQLTQSGVTA
KDIFNIGDVENAIFERNGELTVQRKSQLNPVTPADLNISTLYQGLPTTLVQDGVVIENRLKEISLSK
KGIFDVSQVDFAILEPNGQLSVLOKPENLPLTPKDMNIKASSSGISSELIYDGMIVEQNLRQFKKDK
KNVFNIADVEFAVAEPNGGLSVLLKSHKQPLTPSDMQIPTKYQGIPSELIVDGVVIQONLKQONNLTE
NNMPNIADVEFAILENNGQLSVIPKTNKRPTIPDDFKISPQYEGLPLTVIMDGKLNKKNLEHYNKDI
KGYPNMEDVEYAILETSGKLSVIPRSQKRPVTPEDLGIPTPYEGLPTVLVMDGDVLEENLQKVNLTE
QGITDLSTVKYAILETNGRVSVIPYANQRPVTAEQMNLFPDDVGLPLVIINDGRLLEHNLKLRGEFNE
CGYFDITTIQTALLEPNGTVSILPKATHRPATPKDLSIKAPQDYMVFNLVLDGIMIVSNLKILDLDE
NRIYSTKDVKRAVLEQNGQLILIQSG--EENPK-- -=FPVITDGQVQSDILEVIGKDE
KDVFNLKDVKYAILEPSGNLSILONADIKPLTPKDMNISPQQOSLPSELIVDGQIIYQONLAQNNLNG
KNVFDIADVEYAIMEPDGDLSVLLKSQKRPLTPSDLKLSTKYEGVPTELIEDGEILFQNLRONHLDE
KDVFDIKDIKFAILETSGNLSIQLKSKHKPLTPEDINLKLKDKYLCVNLIIDGKILDNHLEIIGKDI
KDIYNIADVEYATLETNGQLSVLPKAQKRPLTLQDMNIPAQYEGLPLVLINDGYVSKKDLDKAGVDE

ilul...n.
160

CEI ) EDCEE>——— e (HID—
el Jdulal L.l
200 210 220 230

QWLKQELK-KKNIDKTEDVLFAEWH-KNKPLYTVTYEQSRST
NWLLNELK-KQGITDISDVFIATLN-PSGSLYIDLYNDHMTK--ITDIGDY-KG
TWLKNELN-KANL-KVNDVLIASLD-NQNHLYFQAKKS---~-~ NS
TWLMAKLK-EQGIRSPAEAFLAVVD-ADGKLYVDRYTDRVPK--SHDLSDY-PG----PN
DLMLRQLN-QKGIGRLKEVKSAWID-EDGNLSIERVTETTSK
EWLNEQLK-MWKIQNVKEVLFASLD-TNKVLTVYRKED
AWLISELA-KQGIKSPREVMLAGLD-TQGNLYVDKRQDDQRH--VVQVRDD-PG--E
DWLVGKLK-ENGWDNPRDIFYAYID-TAGNFQFQPKLKASKSRVMNTP
KWLNDQLK-MWNVNNIENIILASLD-PNKVLTVYKKE
EWLLKELE-KQGVKSLKEVLYASLD-SEGKLYIDKRQDKLEH--LTDVTDKLPG--QSGQ
EWLLRELE-KQGFREPEKVFLATLS-PQGKLFVSPKEEEEGELPN
SWLLKQTE-NEGIKGLHNVFFAFIS-SEGNFHAQEKAK
NWLNDTLS-KFGINNPKDVLLASLD-SEGKLYYQLKERRNN
DWLLSQLN-SQNIKNESEVFYAGID-NTKKLYVSKKARKNTKY
DWLFKVLE-SRGIKNVSEVFLATLN-PGGSLY IDLYKDHIKK--VLDIGDY-KG:
DWLQGVLN-GQHLQAG-EIFLMTAN-TKGDFFIVKREAPK
DWLMKQLK-ENKIKSPKDVLYAYTD-SNGTFKYQLETK
EWLKAELK-KRNIKDSSDVFLATIN=-ENNQIYIDTYKDHLKR=-=IIDIGDY=-KG====PY
EWLYRELE-KQGVRSSEEVMYASLD-SEGKLYVDLKEDAIEH--YTDITDKVPD--KIPQ
NWLMGILK-SNHIETFKDVLICVLD-ENDKIFIQNKKGD
KWLTKQLR-IHDVSDISEVFLATCD-RNNKLCVYKKLTEKMTADLLE
KWLDEKLK=SLNYPPRDKLFLVMMD-SNGKLFIQRKNQKDKEDIIL
AWLDEQLK-IWNIKSVKEVLFASLD-SNKVLTVYKKEG
KWLKKELK-KRNINDPSEVFLATMD-NTGNFYADKYNDLMKKENVTKDGTY-KG:
NWLERELA-KFGIDSHQKVLFASLD-TNGKLFWQLKSD
AELAEILE-SFHIDDLNQLESIVIT-PDGHIALTKKQQ
DWLLKKLQTEHGVNEISQVSTAQLD-TSGNLYVDLKNANPEN--KPH
KWLOKELQ-KQGIKDVSEVFFASLN-PAGSLYIDLYKDRLON--PVDIGDY-KG----PY
DWLYRELE-KQGIKSVKDVMYASLD-AEGKLYVDRKEDTMQH--VTDITDKLPG--KMPQ
QWLKKELK-KQKIHQIEDVFIASLD-SSGNLFAQEKKQPKKQKNNKKKKNPDVR
AWLKEKLA-ERGFH-PKKVLLATLN-TNGQLLIDCONDDRQK
GWLNKRLE-EHGVRAVRDVFLLSVD-EQNRVYFVPKEVGVK
DWLIKQLK-SQGYNDYHELLLVTCN-HKHEITAYKRYKKNHAS
DWLLEELK-KQGIEKYSDVFLGEYV-NNSLILTIDK
KWLMDMLA-AHDIHSIKEVAYASIDPLTKEFYVDTYKDSVPK=--NIDISDVYKG--KLE
KWLIQQLQ-AQGIQDISQVDYAVLR-SNGTLYVNTKEDDI IN--PVDITDAPESPVKTEKEEQDRP
KWLNSELD-KKGIKNTSDILLAYMD-SSKKINIYLKNKDIPITPTL
NWLKSELA-KHGISDARDVLFASLD-SSGNLFLQRKER

-PY

I Conservation 30% -100%

191
191
188
191
194
188
193
189

191
191
188
188
192
191
188
177
191
191
182
190
188
188
191
188
182
193
191
191
188
189
188
189
176
191
191
192
188

253

224



Supplementary Figure S6

Sequence alignment of B. subtilis YetF with the best YetF match in Clostridia species. Sequence
conservation is shown as a bar graph, with red bars indicating identity among YetF homologs.
Secondary-structure assignments of YetF from the crystal structure (PDB ID: 3C6F) are shown as
blue cylinders (helices) and orange arrows (P strands). Predicted secondary-structure elements by

AlphaFold for the N-terminal TM region are shown as gray cylinders (o helices).
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Supplementary Figure S7
Surface representation of a tetrameric YetF, showing conservation among best matched YetF

homologs identified in Clostridia species.
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