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Table S1. Strains used in this study.
Strains | Genotype | Source
S. enterica’
JE7088 | AmetE2702 ara-9 | Laboratory strain collection
Derivatives of JE7088
JE11685 / pPBAD24
JE12872 cobT1379::kan*
JE12893 cobT1379::kan* cobB1374::cat"
JE17824 cobT1379::kan” | pCOBT140 Laboratory strain collection
JE18113 cobT1379::kan” | pMjCobT1 This study
JE18114 cobT1379::kan* cobB1374::cat" /| This study
pMjCobT1
JE18115 cobT1379::kan* cobB1374::cat" / This study
pCOBT140
JE22263 / pCV1
JE24014 cobT1379::kan* cobB1374::cat"/ This study
pMjCobT3
JE24016 cobT1379::kan* cobB1374::cat"/ This study
pMjCobT4
JE24494 cobT1379::kan* cobB1374::cat"/ This study
pMjCobT5
JE24636 cobT1379::kan* cobB1374::cat" / This study
pSynCobT2
E. coli strains
JE21547 F- f80d lacD(lacZ)M15 A(lacZYA-argF) | Laboratory strain collection
U169 deoR recA1 endA1 hsdR17 (rK,
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mK™) phoA supE44 |- thi1 gyrA96
relA1
JE6663 C41(ADE3) F-ompT hsdSB (rB- mB") gal dcm Avidis
(ADE3)
Plasmids
pTEV5 Overexpression vector that fuses the | {Rocco, 2008 #11866}
N-terminus of the protein of interest to
a He tag, which can be removed by
rTEV protease, bla+ (ApR)
pBAD24 complementation vector, Parasap, L- {Guzman, 1995 #25015}
(+)-arabinose inducible promoter, bla+
(Ap®)
pCOBT140 S. enterica cobT" {Mattes, 2017 #26254}
pMjCobT1 MJ_RS08515 cobT" bla* (Ap®) cloned | This study
into pPBAD24
pMjCobT2 MJ_RS08515 cobT" bla* (Ap®) cloned | This study
into pTEV5
pMjCobT3 MJ_RS08515 cobT" (CobT="*A) pla* | This study
(Ap®) cloned into pBAD24
pMjCobT4 MJ_RS08515 cobT" (CobTE'S0AE3154) | Thjs study
bla* (ApF) cloned into pBAD24
pMjCobT5 MJ_RS08515 cobT" (CobTE"*%) pla* | This study
(Ap®) cloned into pBAD24
pSynCobT2 SYNWH7803 RS09275" bla* (ApF) This study
cloned into pBAD24

'All strains were derivatives of Salmonella enterica enterica sv Typhimurium LT2

Table S2. Primers used in this study.

Primer Name

Primer Sequence (5’-3’°)

Mj_1598_cobT_PIPE_f

CAG GAG GAATTC ACC ATG AGC ATA ATA GCA AT

Mj_1598 cobT_PIPE_rev
C

TTG CAT GCC TGC AGG TCG GCT TTATTC TTT ATA CCA

pBAD24-PIPE-5'

CAT GGT GAATTC CTC CTG CTA GCC CA

pBAD24-PIPE-3'

CGA CCT GCA GGC ATGCAAGCTT

Mj_1598 TEV5 PIPE_f

AAC CTG TAT TTT CAG GGC ATG AGC ATA ATA GCA AT

Mj_1598 TEV5_PIPE_rev

AGC TCG AGAATTCCATGG GCTTTATTC TTT ATA CCA

C
pTEV5-PIPE-5' CAT GGT GAATTC CTC CTG CTA GCC CA
pTEVS-Xhol-3' CGA CCT GCA GGC ATGCAAGCTT

MjCobT_sdm _E150A_F

GTCCCACCAGGAACACTCGCCCCAACAATTAATAATT

MjCobT_sdm_E150A_R

AATTATTAATTGTTGGGGCGAGTGTTCCTGGTGGGAC

MjCobT sdm E315A_F

CAGCCCCTACTCCTGCTTTTACTGAACCTTTGCA

MjCobT_sdm_E315A_R

TGCAAAGGTTCAGTAAAAGCAGGAGTAGGGGCTG

SynCobT pBAD F

NNGCTCTTCNTTCATGGTGTGGCTGCCGAGC

SynCobT pBAD R

NNGCTCTTCNTAATTACGGCGCCGGCGGACG
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Table S3. Methanogen CobT homologues

Query | M. jannaschii CobT

Homology

Methanogen Class |

Organism % ldentity % Positives E-value
Methanocaldococcus sp. FS406-22 94 97 0.0
Methanocaldococcus bathoardescens 93 97 0.0
Methanocaldococcus fervens 89 94 0.0
Methanocaldococcus fervens AG86 88 94 0.0
Methanocaldococcus vulcanius 85 92 0.0
Methanotorris igneus 73 84 0.0
Methanocaldococcus villosus 73 86 0.0
Methanotorris formicicus 70 84 0.0
Methanothermococcus okinawensis 66 81 2e-162
Methanococcus vannielii 66 79 7e-159
Methanothermococcus thermolithotrophicus 65 78 3e-158
Methanocaldococcus infernus 69 82 3e-158
Methanocaldococcus infernus ME 69 82 5e-158
Methanococcus maripaludis 62 78 5e-154
Methanococcus maripaludis C6 62 77 1e-150
Methanococcus maripaludis C7 61 75 1e-148
Methanococcus aeolicus 61 78 6e-148
Methanococcus voltae 58 73 2e-133
Methanothermus fervidus 48 64 5e-90
Methanothermobacter tenebrarum 43 61 1e-83
Methanogen Class Il

Organism % ldentity % Positives E-value
Methanocella arvoryzae 39 56 8e-65
Methanocella paludicola SANAE * 38 54 4e-64
Methanosarcina mazei 37 56 1e-61
Methanosarcina sp. MTP4 38 57 2e-61
Methanohalobium evestigatum 38 59 3e-61
Methanosarcina sp. Kolksee 36 57 4e-61
Methanosarcina thermophila 37 57 1e-60
Methanosarcina vacuolata 36 57 2e-60
Methanosarcina spelaei 37 56 2e-59
Methanosarcina flavescens 38 58 2e-59
Methanosalsum zhilinae 36 58 5e-59
Methanosarcina barkeri 36 56 2e-58
Methanosarcina horonobensis 37 55 2e-58
Methanosarcina lacustris 37 54 1e-57
Methanohalophilus halophilus 39 57 1e-57
Methanococcoides vulcani 37 57 8e-57
Methanosarcina siciliae 36 56 2e-56
Methanosarcina acetivorans 36 56 4e-56

S3



V. L. Jeter et al cyanobacteria have a CobT enzyme of archaeal origin

Methanohalophilus mahii 38 57 4e-56
Methanocella conradii 38 54 3e-55

Results from a protein homology search using NCBI BLASTP are shown. M. jannaschii CobT
coding sequence was used as the query protein to search for homologues in Methanogen Class
| (taxid: 2283794) and Methanogen Class Il (taxid:224756). The organism name is provided with
the identity (%) and similarity (% positives) to the query sequence as well as the E-value. Results
shown in bold typeface are annotated as nicotinate-nucleotide-dimethylbenzimidazole
phosphoribosyltransferases and results with an asterisk (*) are annotated as hypothetical or
putative proteins. All other hits are annotated as TIGR00303 family proteins. 20 unique results
with the highest bit scores are shown for brevity. Only hits with query coverage > 85% are included
in the table.

Table S4. Cyanobacterial CobT homologues to S. enterica LT2 CobT, B. megaterium DSM
319 CobT, and P. denitrificans ATCC 13867 CobT

Homology
Query | S. Typhimurium’ CobT % ldentity % Positives E-value
Prochlorothrix hollandica PCC 9006 38 54 6e-50
Nostoc sp. 3335mG 34 50 5e-48
Query | B. megaterium DSM 319 CobT
Prochlorothrix hollandica PCC 9006 45 61 2e-75
Nostoc sp. 3335mG 40 52 9e-60
Query | P. denitrificans ATCC 13867 CobT
Prochlorothrix hollandica PCC 9006 72 79 2e-153
Nostoc sp. 3335mG 48 61 7e-85

Homologues from a protein homology search using NCBI BLASTP are shown. S. enterica
enterica sv Typhimurium LT2 (S. Typhimurium) CobT, Bacillus megaterium DSM 319 CobT, and
Pseudomonas denitrificans ATCC 13867 CobT coding sequences were used as queries to search
for homologues in cyanobacteria (taxid:1117). The species name is provided with the identity (%)
and similarity (% positives) to the query sequence as well as the E-value. All hits were annotated
as nicotinate-nucleotide-dimethylbenzimidazole PRTase. Only hits with query coverage > 90%
are included in the table.
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Table S5. Cyanobacterial CobT homologues

Query | M. jannaschii CobT Homology
Bacterium % ldentity % Positives E-value
Synechococcus sp. PCC 8807 39 56 3e-59
Pleurocapsa minor 40 55 1e-58
Synechococcus sp. NKBG042902 38 56 4e-58
Synechococcus sp. BDU 130192 38 56 1e-57
Synechococcus sp. PCC 73109 38 55 1e-57
Crocosphaera watsonii 40 54 4e-57
Synechococcus sp. NIES-970 38 56 4e-57
Synechococcus sp. PCC 7117 38 56 5e-57
Roseofilum reptotaenium AO1-A 36 56 2e-56
Synechococcus sp. PCC 7003 37 57 3e-56
Geminocystis sp. NIES-3708 38 55 8e-56
Gloeobacter kilaueensis 34 56 3e-55
Microcystis aeruginosa 39 56 6e-55
Phormidesmis priestleyi 38 55 1e-54
Leptolyngbya frigida 37 54 1e-54
Trichodesmium erythraeum 35 56 2e-54
Lyngbya aestuarii 35 53 2e-54
Limnothrix rosea 36 54 3e-54
Cyanothece sp. PCC 7424 39 54 3e-54
Limnoraphis robusta CS-951 36 54 4e-54
Hydrococcus rivularis 39 53 7e-54
Limnoraphis robusta 36 54 8e-54
Lyngbya sp. PCC8106 34 56 1e-53
Microcystis sp. 0824 39 56 1e-53
Leptolyngbya sp. PCC 7376 35 55 2e-53
Merismopedia glauca 37 52 3e-53
Pseudanabaena sp. ABRG5-3 37 55 5e-53
Leptolyngbya sp. ‘hensonii’ 36 53 5e-53
Microcystis sp. MC19 39 55 5e-53
Cyanothece sp. CCY0110 37 53 6e-53
Cyanothece sp. BG0011 38 53 1e-52
Micorcystis sp. T1-4 39 55 1e-52
Synechocystis sp. PCC 7509 37 53 1e-52
Nostoc sp. PCC7524 37 52 5e-52
Chamaesiphon minutus 34 53 6e-52
Planktothricoides sp. SR001 34 51 9e-52
Phormidium ambiguum 36 53 1e-51
Rivularia sp. PCC 7116 34 51 1e-51
Dactylococcopis salina 37 53 2e-51
Microcystis panniformis FACHB-1757 39 55 2e-51
Chroococcidiopsis cubana 36 53 2e-51
Euhalothece sp. KZN 001 37 53 2e-51
Anabaena sp. PCC 7108 36 50 3e-51
Chroococcidiopsis thermalis 36 53 3e-51
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Calothrix sp. 336/3 37 53 3e-51
Chroococcidiopsis sp. CCALA 051 36 53 3e-51
Aphanothece hegewaldii 36 53 4e-51
Cyanobacterium sp. HL-69 36 52 5e-51
Nodosilinea nodulosa 36 53 6e-51
Cyanbacterium TDX16 36 53 7e-51
Phormidium tenue 37 55 1e-50
Cyanothece sp. PCC 8802 39 52 1e-50
Leptolyngbya sp. NIES-3755 38 54 1e-50
Oscillatoriales cyanobacterium JSC-12 37 53 1e-50
Microcystis aeruginosa PCC 9443 37 54 1e-50
Hydrocoleum sp. CS-953 35 52 1e-50
Stanieria sp. NIES-3757 36 53 2e-50
Desertifilum sp. IPPAS B-1220 34 54 2e-50
*Nostoc sp. HK-01 36 53 3e-50
Pleurocapsa sp. PCC 7319 34 52 3e-50
Leptolyngbya sp. NIES-2104 39 55 3e-50
Leptolyngbya ohadii 36 52 4e-50
Calothrix elsteri 35 53 4e-50
Aliterella atlantica 37 52 5e-50
Anabaenopsis circularis 37 52 5e-50

Results from a protein homology search using NCBI BLASTP are shown. M. jannaschii CobT

coding sequence was used as the query protein to search for homologues in cyanobacteria

(taxid:1117). The species name is provided with the identity (%) and similarity (% positives) to

the query sequence as well as the E-value. Homologues shown in bold typeface are annotated

as nicotinate-nucleotide-dimethylbenzimidazole phosphoribosyltransferases and homologues
with an asterisk (*) are annotated as hypothetical proteins. All other proteins are annotated as

TIGR00303 family proteins. Only homologues with query coverage >90% are included in the

table.
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Table S6. Thaumarchaeota CobT homologues

Query | M. jannaschii CobT Homology

Organism % ldentity % Positives E-value
Candidatus Nitrososphaera evergladensis SR1 42 60 5e-74
Candidatus Nitrososphaera gargensis Ga9.2 * 42 58 6e-73
Candidatus Nitrosocaldus islandicus 39 58 2e-69
Candidatus Nitrosocaldus cavascurensis 39 58 2e-69
Candidatus Nitrocosmicus oleophilus * 39 58 3e-69
Candidatus Nitrosoarchaeum sp. * 40 60 1e-65
Thaumarchaeota archaeon CSP1-1 * 39 59 3e-64
Thaumarchaeota archaeon SCGC AC-337_F14 39 58 7e-64
Nitrosopumilales archaeon 39 57 3e-63
Nitrosoarchaeum koreense 39 58 6e-63
Candidatus Nitrosotenius chungbukensis 38 59 5e-62
Nitrosopumilus sp. PRT-SC01 37 58 1e-61
Candidatus Nitrosopumilus salaria 37 57 2e-61
Candidatus Nitrosopumilus salaria BD31 * 37 57 3e-61
Candidatus Nitrosoarchaeum limnia 39 59 3e-61
Candidatus Nitrosopumilus adriaticus 39 58 4e-61
Candidatus Nitrosopumilus piranensis * 39 59 1e-60
Candidatus Nitrosoarchaeum limnia SFB1 * 39 59 3e-60
Thaumarchaeota archaeon N4 34 56 3e-59
Nitrosopumilus maritimus SCM1 38 58 2e-58
Candidatus Nitrosopumilus sp. NM25 35 57 2e-58
Candidatus Nitrosotenius aquarius 34 56 8e-57
Candidatus Nitrosomarinus sp. 37 56 2e-56
Nitrosopumilus sp. Nsub 37 56 1e-55
Candidatus Nitrosotenius cloacae 35 57 2e-55
Candidatus Nitrosomarinus Catalina 37 56 9e-55
Candidatus Nitrosopelagicus sp. 38 54 7e-53
Candidatus Nitrosopelagicus brevis 35 52 2e-50

Results from a protein homology search using NCBI BLASTP are shown. M. jannaschii CobT
coding sequence was used as the query protein to search for homologues in Thaumarchaeota
(taxid: 651137). The organism name is provided with the identity (%) and similarity (% positives)
to the query sequence as well as the E-value. Results shown in bold typeface are annotated as
nicotinate-nucleotide-dimethylbenzimidazole phosphoribosyltransferases and results with an
asterisk (*) are annotated as hypothetical or putative proteins. All other hits are annotated as
TIGR00303 family proteins. Only hits with query coverage > 90% are included in the table. Results
from organisms listed as “uncultured marine thaumarchaeote” were omitted from the table.
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C TiNeloeiC T C GLYYC[1eC T C T[eX\G[ely C[of ol T{eJei Clefe Chie T{efe Clefe. G Thed:Xe G[el&AT
Gi CiyelofeGAGCLYY T[HeGAGCleL; Gl Gle]eGlefe; The;Clefe; T{efe; T Chie).XeiClefe, T[e]6GA
79 8? 99 109 119 129
(6CCCGGG C CL\e Cleiy (GAACCG[ETGGCALYNECCA[E T| (6AC[ECCGGA
[CCCGGGUINGC[EGGENGC[eAC[8GC[eIC T[e|CGEINAACCGUINTGGCA[eXXe!CCA) (& T[eCC[eAC[ECCGGA]
149 159 169 179 189 19?
CTGURNTGCTGGTGCT[HGC[eMeCACCCG{&3N&CGCUNGA[EGTEyCC GLYYC T Clefele T(efs T
CTGHETGCTGGTGC T[e;GC[e):Xe) CACCCGw:Xe/CGC[e|G A [¢]C C[eiG Gly T AG[oeJeG[e]8G T
209 219 229 239
AC[EGC AGCGCGTCGEACCAC[EGCUCT([EGC[6GATGC[&
AC[EGC[eGC[eGCGCGTCGUVACCAC[8GC[eC T[eGC[EGATGC[¢
269 279 289 299 309 319 329
TGCCHICCGCG[ETGGCCGCTGCC[MCCGCT®CCEsGC Ci GTC WTGATCAGC| G|
TGCC[EICCGCGPNTGGCCGCTGCC[eCCGC T{e{CC[eGCle T[eyTAGC [¢ 6TGATCAGC[&Glk

330 340 350 360 370 380

PWGTTGC[EGAAAC Clofefefodiy Ch-¥: T{eiy CleF:YelediyGlele (C TINGG{eC T(NGCGATTGAGCCRCC[s
[€GTTGC[¢GAAAC[MATINCCGCT[eAASC T CAGGTUNGC[eGC[eC T{eGGINC T[eGCGATTGAGCC[eCCle]

240 250

ECTGCTGATTCATGG#®CCGGGyK
NACTGCTGATTCATGGECCGGG[™

399 409 419 429 439 449
TTCCC[HCAUNCTENCGETT[MGAGGCECCGCGECATGGTCCIGCGCGMTGCAT[MAGCGGTGGHNGC[&
TTCCC[eCA[8CT[eCGUINT TIWGAGGC[ECCGCGINCATGGTCCEGCGCGUNTGCATUSAGCGGTGG[&GCe

460 480 490 500 510

470
A{e/C Alel Clop:Nefofe Glefe Gh:Xo (MATGGGCCG[MAACCTGCG
AT(ep; PWCACCGPNGG[HAC[ECGPNATGGGCCGENAACCTGCG
529 539 549 559 56? 579
CAleG[ofsl Cledifefeiy T Thelelefeley NG [ECCGGGTGG[{EACCAC [EGCGCTGGCGGT[¢CT(&AC[e
NS GENC C[ECTGGT[eJ8 TGGCGGA) INCCGGGTGG[$ACCAC[EAC[EGCGCTGGCGG TEsC T{¢A C[s

590 600 610 620 630 640

PNCTINCCENGTGACCCAACT[8G T[¢ A Gk INCTGCARNCCEICCGATGGCGCT[82
[6CT[eCC[eGTGACCCAAC T[¢G TUNA G[&G GJN €CTGCA[ECC[ECCGATGGCGC T2

CGATGGACCC[®MGAGCG
CGATGGACCC[eGAGCGHY

580
ClsiyC
T[eyG]

660 670 680 690 700

650
AGCA[e TleyClefe [€GGECTGINHeEGCGAT[MGCGCCINGGCACCACEGANIRCCGCAGGCGCT,
AGCA| Glepy T{efeG PNC TGLJeGCGATUINGCGCC[EGGCACCAC[EGA[ECCGCAGGCGCT,
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719 729 739 749 759 769
Native GCTGGCGGCGGTTGG{EGATCCENTTUNCAlY CLeG Thyefeifefefe GlefofeledinG
Optimized [eJefifelelefeleXefcleh ifele T[e):NfefelGhiiyClel:) GLYeC Chyefogfefefe Tefofefediy T
779 789 799 809 819 829 839

Native GlegAT[e3:A [EATECTINC TGGC[e AGGCAGCCA[EATGGTGGCGGT[ECTGGCENC TEkGC GjX
(oj 358 FEI-T. M GUNGA[EC A6 C C[¢/A TPy C T{e|IC TGGC[EGGIGGCAGCCALATGGTGGCGG TINC TGGC[EC T[e/GC Gl

849 859 869 879 889 899
Native CL\GCGCTGCC NACACCAGCG[CAACTUCTETGCCACEG[EGT[eATGCTGGGEACCAC[EGC
(j 358 IEI-LENC[EGCGCTGCC[EGC[ECACCAGCGENCAACT[ECT[ TGCCAC[EGUNG TINAT GC TGGG{8A CCA C[8GC[e]

909 919 929 939 949 950
Native Tpyelelofey:NeIGleX 1A T C Glogifeled\G T C Alefofey.NXoJofele T T(o C T[¥AT(el . . [ofedisC ECTGCTGCTpC
Optimized Cyefefefe) Nl Cled NG A G Clegifefey\A A G Clefefer:Xefofele; . . [6AG[FNG[6A Glefegiy GleyAGlefe| Glogifefopife{egiyG[e
969 979 989 999 1009 101? 1029
Native [ECTIsGAACAGCACTT[MGG[$ATTGClegy Glefe CpwAT{efs G Thyefofe Ghigigel T Clefey:Noy:Xe
Optimized NCTEGAACAGCACTTENGGPYA T T G Clele Gg\ClefeG] (e TGCGENTTCIXeCCACAG]
1039 1049 1059 1069 1079 1089
Native T{efe; CloF:\ T{o:\ AUNTGCGEGACTTTGALYNECGGT TA[ \Gle):V:Nele GlegiyGlefepdelol Clefe Glele G
Optimized C[]eT[:\C[eF:\G A[TGCGUNGACTTTGA[X X6 CGGT TApN J\Aled:¥:Xele Tedy T[eledifele Glele; T[e]e;C
1099 1109 1119 1129 1139 1149 1159

Native (ofifeJe ol CloifefodieleJelelelol C Thelofe CleleGlepnGleyACloF:Yofelelod Yol GlodifeJokieloy.Nelele Guge T[ey\C
(j 338 LRI CEIC TGGC[ECTGCTGGCGGC[eJeTGC GG GUNG TINGAPNCACGGCAC[MCTGCTGCAGGG[ETG[EGApY

1160 1170 1180 1190 1200
Native CGATGG

AT(efe. G ThelodideloF\Glelel Clo¥:NG) ECGTCCGCC[EGC[ECCpyTAle]
Optimized [ofek:Neley\C[e;T Chyfefodifeled eCA IWCGTCCGCC[eGCleCCle TANN

Figure S1. Nucleotide differences between the native nucleotide sequence of
Synechococcus sp. WH7803 cobT and the nucleotide sequence optimized for expression
in E. coli. Changes made for optimal expression in E. coli are shown in red bold typeface.
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