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Figure S1. Sequence alignment of tRNA guanine@s transglycosylase (TGT) proteins. Bacteria that do
not have queuosine biosynthesis capability, but have TGT, and not QueA (tRNA preQies S-
adenosylmethionine ribosyltransferase-isomerase (EC 2.4.99.17)), QueG or QueH (tRNA
epoxyqueuosiney reductase (EC 1.17.99.6)) (with species names in red), have non-canonical substrate
binding residues in their TGT sequence. For reference, the substrate binding pockets of the different
TGT families that have been well characterized are presented in red boxes [32]. Alignment realized
with Clustal Omega [50]. Abbreviations: Z mobilis: Zymomonas mobilis; E coli: Escherichia coli; H sapiens:
Homo sapiens; C elegans: Caenorhabditis elegans; C diphtheria: Corynebacterium diphtheria; A coleocanis:
Actinomyces coleocanis; B breve: Bifidobacterium breve.
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P37619 .SQTQRYKALFWLSLFH LLVITSS] YLULPVSI ............ JAFSF|
NP_599486 NSTFIHIQPSLYPILLALF. . .VAVFLISNITATKG. ... .VEIGP. [FFLF|
NP_148390 KLDRSVW. .PLVLAAAVF. . .SVALVSANYLSAKLFLV. .EIPGLIT. VVAYS
NP_356993 DVSLRCLAPTGGITQDKKMPYLRFTIIYVLLM .. TLVVVASNILJQYPLSGSLFGIN. . AFTYE
I T o o o e S R R e MF..NEFLWFGVLFTTYSFLIIVSIFFKKNGLFAWV LAVATIITANIQUYLKQ INIIYT
NP_212185 .KDMF. .DLSLWTGMFLFIYTALGILYRFFGKSGLFCFN LAIISTMSWIIILRN GITFL
NP 538976 ..........ccc0000eeeseee...MPAKISVLPQPSFSRLIPAILAM........cccvverennnnns . .CVAVAASNILEQYPFQH LGEVLY AFSYE
[ R o R . .NNSFWIFFAIIHFIIVLLFYKGFGKMGLFVWI . .GFATVCARILQWVKT. . . .LTABLENVMYG
NP_224426 GFLSVNELIFGFQTFSV..VVLGVFFASRGKAWLTGWL . .SLLSSIMNVFYLKQ . BSEDVYVI
NP_225239 .MNTSHRKTLVFSYLSSTF .. TLLLVLSPNLVLSSK. LILYE
NP_219643 MLNETLFVLQILVV..IGFGAFFAARNLIMLAAWA . .SLLSIIMNIFLKQ. . EVEARDVYVI
- 3 L Y . .LLANITL) KFIULPVFG .LLSVMTIFFA
NP_602787 .MRH. .NIFLWFLMLVINFSCILFAYRKFGKIGLYIWV LPISTILAYVQEVIL N o ‘o LEAI INILYA
P44908 NDQQKRRAIIWLSFFH IFITAASNYF\QIPFEITLKLTALGAANDFSFHSIWETLTFIY
NP_615596 .MKSIDY..KTQILLAVF.. IEIFG..... IVTSVELFGYlY
NP_284864 .............000000000.....MYAF.. . TAAQQQKALFWLVLFH..... o
NP_248703 ..........0evtvveuwewnen....MSAS.. .SPAAWRGTLAGLIAFH.....
L R P e . .MLALIEAWAFGVVLYLF..
NP_246828 NDQQTRRALILLSFFH. ... ittt ittt iieinennnnnn ILIIAASYLUIPFEITLPLSQLGTREDFSFHSW ITLTF
L1 7 ..MY..NEILGLVTFIATFVLMVLMYRFFGKQGLIAWV CAIGTITANIQYIKT.......
NP_386775 s .MLINRTFYLYVALM 4TFVVVASFLQYPLPGSIAGMQ
NP_462480 MTPF TUSQRIKALFWLSLFH .LLVIISSYLULPITI
NP_228418 [ .MLVNWMFLGLEYLVGV.LLVFFAIRFFGLKGMYALG . .AILVLYMRVAJLKA .
NP_228601 e .MEKSNE. .KLILLTGIF. .VSALTISNVIAGKL.
NP_232333 MNHF...TPAQQRKALGYLVLFH..... ALVIIASSYL.UIPFTI G
NP_280902 e ..VTALVTAQLTASKLLLF. ELPVSLPVTGAALVLPG ALAYA
NP_407270 MFSF...TVQQRMTALVWLSLFH..... JIVIITSSPYLEQLPIAI............ FGFHTWWEAFTF|
NP_104634 ALVVVASRHILJYQFPMQGQIGGLS...... LADLLW AFTY
consensus * *
P37619 FI.LALTVKIFAPL [RIIFAVMIPALLISYVI..SSLFYMGSW..Q...GFGALAHFNLFVA]| EEJFMINJALG| ILEVHVNRERU ..... SRRWJLEPTASRILFGNVSPRL
NP_599486 ISYVLGWVLAECYEFKSTRRAILTEFGITMLAALSFYISIWLPGASF.WEGQ...EAFEATLGLVPQ) IVLA MIVGWLLNAKVLVAIKKRTG. . EKSL{JA] LIGVVGEFVL
NP_148390 THIVELVVSEVYERRAIMAVVAA FASQIVALFLTAVAIASPPAPFSLVDQ. EEYAKVVMAGFN L IVESILVISYIVSMYHRVWARHFWKKMTG . . SRWLJL) NNLUVSQLIV
NP_356993 VARLVLTNRQFEPSVLMRVVLARFIVGVTLSFWT . ...ttt ittt i i i inn e LAVESIGTESYLIGMLLNI VNRERR AAAAAA QRW|JHEPLAGSMLGSVLISYA
NP_212184 SSYIAWYMLSEFYEEKTSKKAVYIQFISFIIFAVLTNAQIHFMSNRT.QE. NFKSLGNIFSSHP L LLISLVIRLISMLNBVYLYQLIKKKFP. . .RFLFFTNGELISGL IJT
NP_212185 SAAFSLNLMVEKYSKKEQTKSVVLSLLLNITFTIMLYFTILFNHNKLDTA. D JIHLKILFNNSTYMLTILIGTYVFFLSMYTNILLYNY@KQIKI...KSLEIIHPLERLISGYLANF
NP_538975 VAFLVNBLTNRRFEPAAINMKVVYARFVLGVVMSIWL . AI[SGSHFLVAMLM ITVD - .G FAAAMFGSVLPMI
P54163 I)gFARVLNEKY[EPAEMKAVWLEFSTLLTLTFVMQGVLLFEPA; o Q e CALBSILLIFIFSNTLMVYVYSAIRRIFP . SDRLL[LENGGERJA VS QLFMF
NP_224426 GLLTCLNYAREHYEKNDINDAMLCSWVISIAFLVLTQLHLFLIPSPN.DSSQ...EHFLALFSSTP| .VVESJLVTLIFV[@IV| lKLTFQRVFS. .KKYFAMBSTISLLFSQLIBMWI
NP_225239 LTFLISHVVNEIFEPKKINVMIFSHEFIANLLASSIVQIFMFFPVASP. .EMQ. .TAWHCLFDLSPLR. .FLLLIFIVS QLYIVLYTFFKNRTP . . NSSLELESNGEEIWISQIPRRF
NP_219643 GLSCLNCAREFW (KESTRKVIFVSWCSTLSFLILTQLHLHLKPSPG.DISQ LHYEALFAPSLEM. AISV1 TEMIVEFVEFKVIJGWAKKHSQ . . GRVFGLESACKVALSQS IpyyV
NP_294103 AVJTLRBRIHRA............ GVPAVLIAIAL. .ALAVNTVA............ LLLGTPLF IA| LANTGVYQRMIH...... RSWTRVLASNAVSVPLESV
NP_602787 KKAINTAVKIQFFSLIATTLIMQCAIHFKPLDI.SEGLAIFESVKGIFSLLPRIL [FHOVWLYHKIREFFP . EKKFIQJLENNGEJ§MLSQLIENV
P44908 AED/MIKIIFVVMFPALIVSYVI..SVLFSESKF..Q...GFESLTHFDLFVF}:§i LLVIVENRERQ. . .. . LKTWVEPTSEMTFGSMASF
NP_615596 KEITKIFVHAJJLLSLFIAVLFVFVSTGFPSSSL. YPHS .EAYNSVFSNSLi;8{ [YHWLWAINFWRQKTN . . GRCLJFENNLEJSIVSQLINST
NP_284864 SHLIWIRIIFWVMFPALLLSYVF..SVLFHNGSW. 4T. GLGALSEFNTFVG ILMIFVIINKIBRR LKAWVEPTASEYVIGNALDSL
NP_248703 ILVIARVMIPALIASYVV..SVLFQEAAF.. GFSALLEFNTFVAj:84 ILWIQV|3DRISRR SRHW[TRPVASSYILGNLLIMF
NP_558689 RAFLRAVRL.FFFQAAVAFAAWSASVLPPPEWFASRA AVVDSVIAPSAIM TVWVYIVTRWPR . .LHVLLBAYSEISVVAQVVDEL
NP_246828 AKEIMIWIIFVVMIPALVISYVI..STLFQDTQY..Q. GLNALAHFNTFVF LL| VLVNRERQ ..... LKTH. [PSSEMIFGSMAPNMF
NP_374546 RRVI\AKRAVWLEFSSTLIMIIVMQLSLHFIPAPE DHAQ KALHAIFDVVP):a1 HIMVFIISLIKKVFS.SDKTFFIMAYGERYFLSST IMA
NP_386775 PRIJMMRVVVARFAVAVVLSVLA. . ...ttt it iiieeeennnn LLIT VNFJ IRR. . .... TWEQEPLAGSLIGSALDEA
NP_462480 APLIMJRIIFAVMIPALLVSYVV..SSLFYMGAW. .GFAALANFNLFVAiM ILDVHVINRI®RQ. . . . . RW{YLEPTAERILFGNIS)L
NP_228418 FFVTLIAIVTEVY 'YREL\QKLVAV| FFAQVVFLVGMLIALGYIPSSEDWA H EHMKALFLPVWj F ARFQDF#KRTKGLFGKHL{LEDNTAWKLAQLVpEINV
NP_228601 THAVEIVSEVYEBKRTIQKMVWTFFTSLILVIYSQIAVFYPPASI .FANN. . . EAFVKVFGSTP);5i HRVWAQHFWKKITR. . GSHLELENNLERMVSQF IDAL
NP_232333 FILALTVRIF AGLIMJKIIFLVMLPALAVSYLL. .SVVFFEGQY..Q. GLAPLSEFNLFVA|;3 IHVHVNEERU AAAAA MKQWVEPTCERSLFGNALDMT
NP_280902 VT|JFASBICYAELY| RRDQVMVNVIFVMNLVLLALVYSTVRAPIAPFSGVGQ DAFATVLLSAGNM INWIVIAJHATRDRTG. . ASHLIJLENIGERYATSQI IRV
NP_407270 FIGLARYLTVRIFEAPLIMRIILSVMVPALLISYLI..SALFYQGSW. Q .GFPALTSFNLVVA[M. . ILWVQVIINRIRQ. . ... RNAWVEPTAAMFFGN I S|peyM
NP_104634 FSLVLANRRY iPAV]Y RIVFVIFMTAVVCSILV .PPFLFRHGL. .ETAADRLV e LLVTVN ...... QSWEREPILGHLVGSIFM
consensus * * * X * % * ok
P37619 AQFFIN.QWHESP......DAF........... ... MAEHWMEIALVD.CFVLISIVFFLPM VLLNMLLKRLADKSEINALQAS ....... 221
NP_599486 LJJCAI PVIG .IATAPDFINYVVVGFVWI{TLLEVILMPITHVIRWVKRREGYE.TFDA. .. ......... 250
NP_148390 V)JLSLI\.QYIIPLLSPEASR VEPVSLSTLWAMIYSQ.IILGIAVLDTFVV ILGVYLVKNYIESG.LQVQ..PRMLGIITGR 247
NP_356993 LIFFSIN. AlSFSFVGPNDAFAI ESAPLLGVFALEAPRWISWALGDLSV|VLVGLVMLLP . /JALMNTLKPMPGTVKPS 245
NP_212184 TI)JVGI VFPKQAFLNIVIFT.VIAVAGVLGTPFI [FAKYIKLEK 224
NP_212185 LVSIS NAT ........... LKFYPETKNIELTKGSLIITLIITIAIDTIFYLFINSWKKIKEA. 233
NP_538975 SFSWIDGLTGMLDSSLAEPASFLGLCVPLWASLAFCDFIV IVVMGTLMLIP. AILAIFAPTLYAVNRPSAERA 223
P54163 L} IYPADVWLHIFISTILI IFAVSLISLPYAMAKKMIPNDERSS 229
NP_224426 ..VSNLCDV..... MIFAMLVISGIVITLAIPTL@VTKAVLDRRSS. e 228
NP_225239 IVDTCILYFEMG........0oviuiiiunnnnnn LSFPQTLNIMFYS.IY ITFCVLTTPLF| LAVNTIRKFLGMP STKIANTVPL .INQP 230
NP_219643 IFSFLj.LYRL....................VANLPDV..... MMFSLLSIGTALLLASPCVALAKVFYNRLNKEE.AHF. .. .. o 228
NP_294103 LIFTLLI\.FYEDMSS........0vviiiiinnnnnnn F.EISEIIFADILA YAIAALFAFRVR.SHLQ AA 168
NP_602787 .VYPIDVMFNIFLSTIISFIVAICDTPFVJIADKMFRDKKIPE.DI...... 235
P44908 .. .MAEHWAQLGFVDYLFISLFIGIILFVPA)VVLNVILRKLQMLVTERVPA. 235
NP,615596 .ELGAVQIFYMIVPLWVLIQVGFALLDTPFV}LGVRWLAPESMDD . VTYLGESLETGPVNG 227
NP_284864 . .MAANWQGIAFVDJLFLTVCGLFFLPA VILNLLTKKLTTLQTKDAQDRPAPSLQNP 228
NP_248703 . .MAQHWVEIATVD§GV|{LSISLLLFVPL)@MLLNGILKMLPGRPQSNA 217
NP_558689 VIFISLI\.BJGP.........E..... ... VEITAGQVLVSWLQIPLEALLI}MARRYVATIKK........... 220
[P_246828 . N .MAEHWAALGFVDJLFIJLFVGIILFVPAMBVVLNFILRKIQALNAQPQVA. 235
P_374546 - SLPGTVVFEIFITT [VLISLASTVFNVPFGYIAKSFYRKGKIDK.LDQG.Y. . 234
NP_386775 . APFFVFLGANDGFAL ETAPVLGLLSADAPRWISWALGDLAVISILCGIVLLLP . /ALMSVVKPMPAVKATT. .... 212
NP_462480 AFFI I B T MAGHWMEIALVDJCFISVLISIIFFLPM@VLLNMLLKKLADKSEISPLPAS . 221
[P_228418 IFFYGL\.LTH. . .YFSLRTITVFLIWTELFEWLFDYLDTWVVVKGVGWMLNSSEPY.LQKE. ... 236
NP_228601 TIJITV| A} . .TIPGNVLVQMIFSQEVVISLIMALIDTPFVHLGVKLVSGQWTVK.EGS........ 212
NP_232333 AQFSIN. YQSS PF. .MAEHWTEIALVD@TFJLIISLGLFVPM)@VLLNYLIKKLTAVNPNFAMASAKA 223
NP_280902 TI|gVTV| WIAPVLLGVGQ PRTPAQLLALIVGQ LLIMLATAVGDTPFV)@VVAAARSRGL . .GAP...APAAD. 237
NP_407270 AFFI o 1SR 1) ) A MAAHWVEIALVDSFISLLICMLFFLPA)4 VMLNVLLKYFARQTGQPVLATER 222
NP_104634 V|JFTV| SEAFAFAGPNDSFAL .ETAPLMGVFHIEAMRWVSWALGDLSV|{LITIAVVALIP. ‘{ LLAARWSQPALAV 226
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Figure S2. Sequence alignment of COG1738 proteins. Alignment of members of the COG1738 group
realized with Clustal Omega [50], and shading with TexShade [52]. P37619: Escherichia coli K12; NP
599486: Corynebacterium glutamicum ATCC 13032; NP_148390: Aeropyrum pernix K1; NP_356993:
Agrobacterium tumefaciens C58; NP_212184: Borrelia burgdorferi B31; NP_212185: Borrelia burgdorferi B31;
NP_538975: Brucella melitensis 1 16M; P54163: Bacillus subtilis 168, NP_224426: Chlamydophila
pneumoniae CWL029; NP_225239: Chlamydophila pneumoniae CWL029; NP_219643: Chlamydia
trachomatis D/UW-3/CX; NP_294103: Deinococcus radiodurans R1; NP_602787: Fusobacterium nucleatum
ATCC 25586; P44908: Haemophilus influenza; NP_615596: Methanosarcina acetivorans C2A; NP_284864:
Neisseria meningitidis 7Z2491; NP_248703, Pseudomonas aeruginosa PAO1; NP_558689, Pyrobaculum
aerophilum IM2; NP_246828: Pasteurella multocida Pm70; NP_374546: Staphylococcus aureus N315;
NP_386775: Sinorhizobium meliloti 1021; NP_462480: Salmonella enterica LT2; NP_228418: Thermotoga
maritima MSB8; NP_228601: Thermotoga maritima MSBS8; NP_232333: Vibrio cholerae O1 N16961;
NP_280902: Halobacterium NRC-1; NP_407270: Yersinia pestis CO92; NP_104634: Mesorhizobium loti
MAFF303099.
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Figure 3. Non-specific transport of 7-cyano-7-deazaguanine (preQo). Detection of Queuosine in
tRNAAPcuc as a representative of the salvage of the Q precursors preQo and 7-aminomethyl-7-
deazaguanine (preQu). E. coli bulk tRNA was separated on an 8 M urea, 8% polyacrylamide gel
containing 0.5% 3-(acrylamido)phenylboronic acid and transferred to a nylon membrane. The
transferred tRNA was probed with a biotinylated primer, and detected by Northern blot. At long
incubation times, Q is detected in tRNAs extracted from the AqueD AyhhQ strain (carrying pBAD24),
when fed with 10 nM preQu, suggesting the presence of low-affinity transporters.



