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Figure S1. Schematic representation of the the molecular detail of uric acid recognition by
MecpH-LBD. Hydrogen bonds are shown as dotted lines and distances are indicated in A. Hydrophobic
interactions are shown as spiked arks. The amino acids that are part of the purine binding motif are

labelled in red. The Figure was generated using Ligplot (1).
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Figure S2. Phyletic distribution of purine binding dCache_1 domains. Blue dots indicate domains
found in the RefSeq database; orange dots — domains found when the search was extended to include

protein sequences from the NCBI non-redundant database. The updated taxonomy is used (2).

Margulisbacteria
Cyanobacteriota
Deinococcota
Actinobacteriota
Armatimonadota
Eremiobacterota
Dormibacterota
Chloroflexota
Firmicutes G
Firmicutes E
Firmicutes B
Firmicutes C
Firmicutes F
Firmicutes A
Firmicutes D
Fusobacteriota
Bacillota
Patescibacteria

Caldisericota
Synergistota
Bipolaricaulota
Thermotogota

Dependentiae
Spirochaetota
Deferribacterota
Campylobacterota
Aquificota
Atribacterota
Elusimicrobiota
Omnitrophota
Planctomycetota
Chlamydiota
Verrucomicrobiota
Cloacimonadota
WOR-3
Eisenbacteria
Gemmatimonadota
Latescibacterota
Zixibacteria
Fibrobacterota
Marmisomatota
KSB1
Bacteroidota
Poribacteria
Hydrogenedentota
Acidobacteriota
Nitrospinota
Methylomirabilota
Nitrospirota
Desulfobacterota
Desulfobacterota D
Bdellovibrionota
Desulfobacterota B
Myxococcota A
ngococcota
SAR324
Pseudomonadota




Figure S3. Microcalorimetric titrations of the McpH-LBD mutants that were used to derive the
dissociation constants as provided in Table 1. Proteins at 9 to 18 uM were placed into the sample
cell and titrated with 12.8 pl aliquots of 2 mM adenine made up in dialysis buffer. Upper panels: raw

titration data. Lower panels: integrated, concentration-normalized and dilution heat-corrected peak

areas and best fit using the “one—binding site model” of the MicroCal version of ORIGIN.
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Figure S4. Thermal shift assays of R10 and R13. Changes in the midpoint of protein unfolding (Tm)
in the presence of 2 mM ligand as compared to the buffer control. The following compounds were
used (from left to right): adenine, adenosine, guanine, guanosine, inosine, xanthine, uric acid, allantoin,

hypoxanthine, thymine, cytosine, purine, caffeine, theobromine and theophylline.
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Figure S5. Structure of ligands analysed in this study.
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Figure S6. Bayesian phylogenetic tree depicted in Figure 6 with proteins annotated

WP 196119247 1

WP 1101293881
pU Vernucomicrobiota R10 162028 661
A

"0LLE09LP0 A HOOW 9Ea0I



Figure S7. Multiple sequence alignment of amino acid, amine, and purine binding dCache 1
domains. Ligand-binding motifs are shown: purine motif (cyan), amine motif (green), amino acid

motif (grey). Gproteobac: Gammaproteobacteria. Extensions R1, R2 etc. mark the proteins that have

been analysed in this study (Table 2).
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AA Proteobacteria NP 252999.1 = ——-—--—m-m—mm—mo——————————— o QDG-VFTMRP-————-——-—-—— DSPMPAGYDP-
AA Cyanobacteria WP 162544314.1 = —=-——————————m——m—m——m———— SEG-QFFQWP-—=====—-—~ PSTLPEGYDP-
AA Actinobacteriota WP_187050447.1 = ——-—----------——————————————— KDG-KTLIFP--—-—-———-——— KADLPADEDP-
AA Bacteroidota WP_196119247.1 = —-----ooooooooo——————————— o EDG-SIFITP---------- IDPTMPDDYDC-
AA Thermotogota WP_114702178.1 = ——————————————————mm—m SDK-KFYIYP-————————-— DAELPEGYDP-
AA Methanobacteriota WP 056934003.1 =  ——-—=--——-—-———-—————————————— ENG-NMYLWP----------- DEPLPPDYDP-
AA Firmicutes NP 389278.2 = —o-—-moo—o—————————————————— o AKK-EMFTYP-=======——- KADFAEDYDP-
AA Desulfobacterota WP_144684422.1 = = ——-——-——--——-——-———————————— RWG-GFTYAG-—-————————— EDALPAGYDP-
AA Chloroflexota WP_116224856.1 = —————————————————————————— ENG-SFVRSH-----—-—-----— PRNEPTQYDP-
AA Halobacterota WP _004039109.1 = —=-——-———————mmmmmmmm o ENG-AFVRSY-=======-=—- ERARPTAYDP-
AA Thermoplasmatota OPX61375.1 = ——-————————————————mm ENG-AFVRAY----------- PRASPTQYDP-
AA_Spirochaetota WP_018527208.1  ——---------oooo———m———————— - RDG-VHTTGS----------~— AWNIPDDYDP-
AA singergistota WP_012869308.1 = —---—-----moo—o———o———————— o STG-KVGTGG-——————————— DWVEKPDYDA-
AA Verrucomicrobiota WP 176014353.1 =  ——-——-—————————————————m—— o VDG-VELQYP-—---—-—-—--- WSHTPLAYDP-
AA Planctomycetota MBG80894.1 -——-QETDRYAPYSWI----—-—-——-—-—— TDG--———-———-—— S———-—- TNRRDLALDYDY -
AA_Campylobacterota WP_010891944.1 = -—--------—-———————————————— NNG-KVLLSQKSND----- AKMPELRDDLDI-
AA Chrysiogenetota WP_183731730.1 = = ———————————————————————————— REG-NVTMLP----------— DDEPLPPDENM-
AA Acidobacteriota HCZ33114.1 -=-GPGARIRW-—-====—=——-—- RRLDONG-QVLSNE-=-=======——— PWTPMAYDP-
AA Deinococcota WP 184108923.1 RGGSSDAGRSLSTIETRPTRRATVIVLDERG-RIVSRR-—-——-—-——-———-——— VDTGNYDP-
AA_Thermodesulfobacteria RUM89741.1 Vom oo KGSVTHMVFQKWNGPDEPVKKWEKNVRDYDP-
AA Fibrobacterota WP_022637451.1 TH-——————————— - ——m TND-SLYIYETLHRS----GPIAAVFGAYDP-
AM Desulfobacterota WP _027185430.1 --—-—--—- FAPFAYM---——-—-——-- PGG-RPMFTY-—-——————————— LSADYNY-
AM Aproteobac McpX WP 014528895.1 --GGNADGAFTPEWSKD----—------ RNG-NIQLST-—-—=--—-—-——————-— FKAD
AM Gproteobac_PacA WP_039291840.1 --GQAPKGRYAWEVDRD-—-------—- QAG-NYAMHP-----=-—-—-—————-— LLSYLTP
AM Halobacteriota WP 011034866.1 ——AHDGTGRFVPIWNK ———————————— MNG-TASVAP-—-————-————————— LLHYDS-
AM Spirochaetota WP _015707342.1 P—AYDETGRYAPIWNK ———————————— LGG-NIDVEF--========————— LPDIDS-
AM Verrucomicrobiota WP 129046516.1 --GHDATGRY IAfWNR-—---—---——- GSG-KVIVEP-————-————————— LVDYTTE
AM Aproteobac_WP_041812266.1 --GSDASGRFLPEWNR-——-------—- GSG-TVALES---—-—-————-—-—--— LVGYDEP
AM Bacteroidota WP 092437134.1 --GHDNTGRFVSEMTKN----—---——- GSG-GFVVEP-—————————————— LVDYENE
AM Firmicutes WP 056043800.1 S—YDDDTGRFVPIIVR ———————————— QGD-KIVAYP-—=-===————————— NKNYENTI
AM Firmicutes WP_052635864.1 ——RYYEKGQFATIFVRGN ————————— LNSG-KDMYST-—-—-——-———-——— ITQEPLRDL-
AM Gproteobac_PctD WP_038403940.1 GKGYGPDGRYLPWYRG------——--- ADG-KPIVEA--—--————————- MADSIDSE
PU Gproteobac R3 WP 124259872.1 = ———m—m—mmmmmm o KTG-KYLDEN--————-———— GFSRTVQRSD-
PU Gproteobac McpH WP 047603170.1 =  ————————————————mmmmmmmm ETG-HYYNEN--—---—------ GLDRTLSRSN-
PU_Gproteobac R1 WP 219614703.1 = ——-————————————————————————— QSA-AYYNQD--—-—-—-—-—--- GFLRNLTP---
PU_Firmicutes_A R5 WP_131005693.1 = = —----------—————————————————— KTN-NYYHFN----------- GLDRNLSANN-
PU Actinobacteriota R8 WP 227113344.1  ———-————————————————————————- ESN-RYYHFN-----—-———-—— GVDRTLERDN-
PU Cyanobacteria R9 WP _198537540.1 ———-————-—-——m—mmmm oo ASR-RYYHPT--—-—-—--—-- GILKTVSPGS-
PU Gproteobac R7 WP _038903150.1 = ——————m—mm—mmmmmmm o NTH-RYYDPE-----—-—-—— KISHTLLETS-
PU_Gproteobac_R6_WP_185834821.1 = ———————————————————————————— RTG-HYYHYT----------- GILKQVSESN-
PU Verrucomicrobiota R10 WP 110129388.1 ---—---—--———-———————————————— KTL-KYYYAH--—-—--——----— GLLKTVSEDE-
PU Verrucomicrob R11 WP 162024566.1 =  —————————————mmmmmmmm ISH-NYYHAQ--—-——-—-—- GLLKEVKENE-
PU_Verrucomicrobiota R12 WP 220621668.1 --—--—-—-—-—-——-—-——————————————— KSR-NYYYWG------—-—-—— GVLKQVDENE -
PU_Campylobacterota R2 WP_107944080.1  —---—--—-—-—-—————————————————- KTL-NYYTND--—---——-—-—— KILKQLSKDN-
PU Firmicutes R13 WP 167859577.1 = ————————————————m—mmmmm VSN-RYWGEG-—-————-—-——— GTVLRTMSRSD-
PU_Firmicutes R15 WP_207952809.1 = -----------——————ommmm—mmm o MTG-SYWIEG-------—-—-- KOMSKILSQTN-
PU Firmicutes R14 WP _021170906.1 = ——————m—m——m—mmmmmmmm VTN-Q¥WEDN--—--—-—-—— KVVKPLSKTS-
PU_Gproteobac_R4_WP_199478134.1 = ———————————————————————————— KSGLEFLGYD---------- QKFFRTPLADY-

AA Proteobacteria NP 252999.1

AA Cyanobacteria WP_162544314.1
AA Actinobacteriota WP 187050447.1
AA Bacteroidota WP 196119247.1

——————— RSRPWYKDAVAA---GGLTLTEPYVDAA-TQE--LIITAATPVKA-A---GNT
——————— RKRPWYQAAASEF---GKLTLTEPYIAAS-SGE--LNITAAAPRYQ-G---GQL
——————— RORDWYQSALKQ—--KNKTIWTEPYTDQA-TNE--LVITAAKAIYDDR---DEL
——————— RTRSWYKATVNN--NEKIIWTEPYVDAGDLGN--VIVTVAKATHK-N---DSL
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AA Thermotogota WP_114702178.1 —-——----- TKRPWYVDAVKN--KGKVIITEPYLDAS-TSD--IVITVAKAVVN-N---GQI

AA Methanobacteriota WP 056934003.1 ———--—-—- RVRPWYIKAKEN---NGPSYTEP¥RDAF-TGK--WVITYSEPVYV-D---GKF
AA Firmicutes NP 389278.2 —---——— TSRPWYKLAAET--PDQVVWTEP¥KDVV-TGD--MIVTASKAILD-R---QKV
AA Desulfobacterota WP 144684422.1 —-----—- RSRPWYQTALAN--PARTSITSAYMST--TGE--PVISLMHGIQSER-—-NEL
AA Chloroflexota WP 116224856.1  ——————- RDRPWYILAKEN--PGTVMITEP¥QSLT-TSD--INVGIVTALVDQT---GEV
AA Halobacterota WP _004039109.1 —————-—- RERPWYILAKEH--PGEVMVTEP¥SSVT-TPD--VNIGTVTALLDED---GEV
AA Thermoplasmatota OPX61375.1 —----—- RERPWYQLAMET--PGEVRITDPYSAVT-TDD--VNIGIVLALMD-N---GTV
AA Spirochaetota WP_018527208.1 ——----—- RERGIWYQTAQSQ---TGPGFSDSYVDAH-TGN--LVITAARPLRDQE---GEI
AA Singergistota WP 012869308.1 ——--—-—- RKRPWYIQAVQE---DKVILTAPYVDAN-TGG--LVITVATPVKSTS---GKL
AA Verrucomicrobiota WP 176014353.1 ————-—-—- RORGWEKSAAAH--PGETCWSAPY¥ASASLDNK--LVISCSRAIQDAD---GKL
AA Planctomycetota MBG80894.1 ——----- LERDWYRVGVD----GEAGWTEP¥DGPV-FGS—-LLVTYSSPVIQ-N---GKV
AA Campylobacterota WP 010891944.1 -----—- KTKDWYQEALKT---NDIFVTPAYLDTV-LKQ--YVITYSKAIYK-D---GKI
AA Chrysiogenetota WP 183731730.1 ————-—-—- FERPWYLRATES--PGQIAWTDLYDEII-TGI--PQISAVVTVHDPE--SLEP
AA Acidobacteriota HCZ33114.1  ——————- RTRPWYLAGAAA---PAPTWTEPYAFYT-TQD--PGITYTLPVRD-T---TGL
AR Deinococcota WP 184108923.1 ——----- RTRPWYTLAVAT--PGITVWTPPYTFAS-SGQ--PGVTVARAVDA-G-—-ADG
AA Thermodesulfobacteria RUM89741.1  -----—- RKRPWERSSSSE---RRVFWS PVYRFYS-TGK--PGVTASVSWAESG--NPPR
AA Fibrobacterota WP 022637451.1 —————-—- TQRPWEAPLFES---PTKQWSEVYVNLDEKAE--LTITHMLPVFSPQ---NTL
AM Desulfobacterota WP 027185430.1 ——-—--—-—- PQADWELIPKEI---RRPIWSEPYFDEG-GGN-VVisfySIPFFREEDGRKRF
AM Aproteobac McpX WP 014528895.1  ——---—-—- YAAE¥GLAAKS-—-GKGAITQPYLAEG-TDVPTTMTEIAYPVMS-N---GRM
AM Gproteobac PacA WP_039291840.1  ------- GOGDE¥LLPOKS---QKDTLIEPYTYAY-NGVPTLETEVAAPIVS-0---GKL
AM Halobacteriota WP 011034866.1  ———-———-- SD¥¥QOLPKAT---EKDVLTEPYFYEG—---— VFMVEYVSPIMK-E---GEF
AM Spirochaetota WP 015707342.1 ————————- EDW¥ IVPKAE---RHEYITDPYPYGL-QGRTVMBASLIFPIIH-S---DKF
AM Verrucomicrobiota WP 129046516.1 —-----—- GAGDE¥LLAKHS---NQETVLEPYIYKV-AGRDVLUTELVVPVNRAD---GTF
AM Aproteobac WP_041812266.1 G--———-- SDGAN¥QTIPKRT---GHAMVVEPYSYTV-AGRKVLEVEMSVPIVE-N---GRV
AM Bacteroidota WP 092437134.1 ——————- SAAPW¥WI PMRT - - -MKEFVTEPLMY P -QGKNVYMVEFMCPI IT-N---GKF
AM Firmicutes WP _056043800.1 ——————- GDGDE¥QIPKRT---KKFALMEPYYYDI-NGERILESEFVYPILDEQ---GKF
AM Firmicutes WP 052635864.1 —---——- EISD¥¥IVPKQT---LSNVMIEPYIYEV-QGKEVLMTECSSPIVI-D---GKY
AM Gproteobac PctD WP_038403940.1 KLLPTGVRENEF¥ACPKEN---KRPCIIDPAPYEM-GGKTVMESEFNVPIMV-G---DQF
PU Gproteobac R3 WP 124259872.1 —------ ATDNWEYDFLSK--GKQLEIKLGKDKAS--SV--YNLEIDARFDV-N---GK-
PU Gproteobac McpH WP 047603170.1  —------ PKDKWEYGYIDS--GAERFINIDIDGAT--GE--LALEIDYRVEK-E---GKL
PU Gproteobac R1 WP 219614703.1 --———-- EQDAWEYGYTKS--PQDLMLSI-FRETN--GE--VKLEVNFQOLN----- GR-
PU Firmicutes A R5 WP 131005693.1 --——--- SENQWYYTFLKN--DDEYSLNVDNDEAS-NNS--ITVEVNCKIKDDN---GAT
PU Actinobacteriota R8 WP 227113344.1  ------- PENTWYFDFLDR--DEAYSLNVDNDEAT-ADE--ITMEVNARILDEQ---GST
PU Cyanobacteria R9 WP 198537540.1 —------ AQDAWEFRLRAS--ASSYEVNLDRDTAD-PSR--TTVEVNYKLLGDG---GRF
PU Gproteobac R7 WP 038903150.1 —------ PEDKWEFDIRDEKDGDPYDIEIGVDPEN-RTR--MDIEINYKVFDYS---GNF
PU Gproteobac R6 WP 185834821.1 --——-—-- PNDAWEYRVKNSAPDKNFEVNIDIDTAN-SQQ--TVVEVNYKVEDFE---NRF
PU Verrucomicrobiota R10 WP 110129388.1 ------- PRDEWYFRVREM--DEPYEINVDPDMAN-QDA--LT IEINYRVRDYA-—--GNF
PU Verrucomicrob R11 WP 162024566.1 —------- PRDAWYFKARDM--DAPYEINVDLDMAN-QDQ--MT IFINYRVFDYN-~-DNF
PU Verrucomicrobiota R12 WP _220621668.1 ---—--- PRDVWYFRVREM--EKPFEINVDIDMAN-NDA--LTVEVNYRVYDYE---GNY
PU_Campylobacterota R2 WP 107944080.1  ------- PRDSWYFDVKNG--KEVNSLNIQVSEAT--GS--LTLYVNSKVEK-D---GKF
PU Firmicutes R13 WP 167859577.1 —------ PEDAWEYANVDN--RKPIEIVLDYAIAR--GD--TFVEVNALIGG----AERA
PU Firmicutes R15 WP 207952809.1 —------ PADKWEYDSFAS--QKRMALNIDYNDSR--RD--TFVEVNVLVGD----VESP
PU Firmicutes R14 WP 021170906.1 --———-- YTDKWEYKALKS--GKKIELNIDYDSIH--NE--TFIEFNTLVGD----VRQP
PU Gproteobac R4 WP 199478134.1 --——--- PYKEFYPNFLAK--NKDYELNLQYADQK-—-—------ LYINYRSREMDPTTGKP
AA Proteobacteria NP 252999.1 LGVVGGBLSLKTLVQIINSLDF--S-GMGYAFLVSGDGKILVHP-DK----————-- EQV
AR Cyanobacteria WP 162544314.1 VGVVGSDPFSIQMLDOMLKDANL--G-DLGFLF I TDKSGKVLIHA-NQ——------—— DLI
AR Actinobacteriota WP_187050447.1 IGVLGVDISIDTLITMVNQTKF--G-ETGYTVLLDQKGSFVTHP-DK—-——-----—— EKI
AA Bacteroidota WP 196119247.1 VGVIGMBIKLKKFSNIINNIQF--G-ENGYLMLLSKKGDVYAHP-NN-—————-—---- KML
AA Thermotogota WP 114702178.1 IGVVALDFKASELANSLLSNKF--G-ENGYSYLLSSDGKTLLHV-DE-————————- EKI
AA Methanobacteriota WP 056934003.1 VGVVGIBVFVSTLMKEAMDIKL--G-KSGYIVLVNQEGLVLMHP-KE———----——— EYT
AA Firmicutes NP 389278.2 IGVASYDLKLSAIQSMVNKQKV--P-YKGFAFLADASGNLLAHP-SN—-—------—— o--
AA Desulfobacterota WP 144684422.1 VGIAGLBVSLGALTSLIQRSQI--G-ETGYVMLVQGDGVILANPRNP————————-- ETN
AA Chloroflexota WP 116224856.1 YGVIGADVTLTNLTEFISGFDV--G-HSGOLLLVNEQGAILANK-NS---------- QLL
AA Halobacterota WP 004039109.1 YGVIGADITLVNLTEYLASIES--I-GNQEMILTDRSGTILASY-NT----————-- VL
AR Thermoplasmatota OPX61375.1 YGVVGABITLVGLTDYLRQASE--V-SGRDMLLSDDRGTILAYK-QE-—————---— QLL
AA Spirochaetota WP 018527208.1 FGVLATDISLGQITEAISEYCL--G-EGGYAFLVNQEGSLLAHP-DT---------- EXA
AA Singergistota WP 012869308.1 LGVAGIDVDLKTLSDMITSYKV--F-GKGYGFLLDREGNMICHP-KS---------- EMI
AA Verrucomicrobiota WP 176014353.1 FGVLALDISVEAVIHDFISTQE--M-RRGSAFLLNDSGEI TAQE-GM-——-—————- DLL
AR Planctomycetota MBG80894.1 IGVMAADTALLPLOQRLKEEAP----EGLSTILASASGRLIAHP-NP-—------—— ALI
AA Campylobacterota WP 010891944.1 IGVLGVDIPSEDLONLVAK-————-- TPGNTFLFDQKNKIFAAT-NK-—--------- ELL
AA Chrysiogenetota WP 183731730.1 VGVMALBVSLHQLRRIVMDVEL--P-SDAELVLLDRNHQLIVSSTGK-———————————-
AR Acidobacteriota HCZ33114.1 RGVAALBFLLDDLTAQVWTAQP--T-SRSRCLVVDAQGRALVLPRDPAFETPEGRRRAFL
AR Deinococcota WP_184108923.1 TVVVGADVOLRQVASFLOGVQI--G-GHGRAFVTDAQGHVIATS-PT---WPG-—--NVT
AA Thermodesulfobacteria RUM89741.1 TVVFALDITLSQIQKFLELQDD--N-KHELLFILNPRDKFFITP------------- KYI
AA Fibrobacterota WP 022637451.1 YGAAIVDVKLGRLHAFLQEEEI--P-PGGAVYITTSEGSLLASSYKT----———-- QDTI
AM Desulfobacterota WP 027185430.1 LGVVTABISLEWLRTFIKSISI--Y-QSGYAFLLSRNGVFLSHP-ND----————-- QFI
AM Aproteobac McpX WP_014528895.1 IGVSGVBISLAALADRLSAVKP--F-GSGRVYLLSQSGKWLAAP-IP—————--——— ELL
AM Gproteobac PacA WP 039291840.1 WGVVTSHISLASLOOKINQIKP--WEGGGYAMLLSSAGKVISYP-DK—-————————- SQT
AM Halobacteriota WP 011034866.1 AGIGGVBVSLEYVDEVVSKVRT--F-DTGYAFMVSNSGVILSHPTHK-————————- DWI
AM Spirochaetota WP 015707342.1 IGIISSPIVLDKLOEMVDKVNPH-G-QEGYTEI ISHSGAVIAHP-NK—————--——— DYL



AM Verrucomicrobiota WP 129046516.1 AGVVGV.LPLETLGAEIAKVKV——G—ETGYAALVSNTGIYAAHP—RA —————————— ERL

AM Aproteobac WP_041812266.1 IGVAGIILSTDGIWSMLKTVKP——F—DSGSIHLISNDGVWAGHP—DS —————————— ERM
AM Bacteroidota WP 092437134.1 VGVTGVILSINYLQDMVVKANV——FDGHGNFDIVSHQGVFAANSGNP —————————— DEV
AM Firmicutes WP 056043800.1 LGVVGAIISLDMVQQEVEKIRP————MGGYATMITAGDSYLANGFDR —————————— ALV
AM Firmicutes WP_052635864.1 YGVVGV.IEVDFIKELVKGSEND—M—EFKDILIISSKGNIVGS——KY —————————— EMA
AM Gproteobac PctD WP _038403940.1 RGAVGAILSLAFIQDLLKRADQQLYDGAGEMALIASNGRLVAYTRDD —————————— SKL
PU Gproteobac R3 WP 124259872.1 IGVAALGLSVNELADFIRKQKI--G-NSGFVYLVSPDGAFVIHR-DA--—-—-—————-— ALA
PU Gproteobac McpH WP 047603170.1 VGVAGMGLRMTELSKLIHDFSF--G-EHGKVFLVRNDGLIQVHP-DA-—-—-—-=-—-———— AFS
PU_Gproteobac R1 WP 219614703.1 -GLAGLAKSLDSMVSMLANFRI--G-DSGEFVFMTDGSGKVKLHP-DA---—-—-—-—— ARI
PU Firmicutes A R5 WP 131005693.1 MGIIGVGLKVNSLOMLLKGYND--K-FDVVARLIDDKGFVQLAV-DK-====-=-—--- TGH
PU Actinobacteriota R8 WP 227113344.1 LAIVGVGFRMDDLKELLAGFEA--R-TDTRVRLLADDGTIRAST-DP--—————-—-—— NEN
PU Cyanobacteria R9 WP 198537540.1 LGAVGLGRSTSQLTRRIQQAER--T-NGIQVMFLDGRGRILFSP-RR-—-————-—-—--— GOA
PU_Gproteobac R7 WP _038903150.1 IGVTGVGLPVQRVTQLIETYEQ--R-YNRTIYLIDEDGDVMLHS-KA--—--—-——-—-—— FHR
PU_Gproteobac R6_WP_185834821.1 LGVIGVGLSSDAVSALVEKYQK--R-YNRHIYFINELGEVTLHG-SH-—=-==-==-—=-—-—-
PU Verrucomicrobiota R1I0 WP 110129388.1 IGATGVGLTVTKVNRLISRYEA--K-YDRQIYFVDASGNVVLRP-SN---—---—---— STM
PU Verrucomicrob R11 WP 162024566.1 IGMTGVGLTVKNVNNLISHYEA--K-YQRQIYFLNKDGEIVLRP-SN---=-—=———--— SPL
PU_Verrucomicrobiota R12 WP 220621668.1 IGAAGTGLTVNRVNALIEEYEG--R-FNREIFFVDREGNIILGP-SK----------— GRL
PU_Campylobacterota R2 WP_107944080.1 YGVSAIGMNLDDIVNLVTSKTM--G-EGSKFLMVDSSGIVKIEK-=======—-——— SDRV
PU Firmicutes R13 WP 167859577.1 LGETGVGLSLKQSAEQFQQFKY--G-DKSHLWLVDREGTIYLSD-RY-—-—————-—-—— EQA
PU Firmicutes R15 WP 207952809.1 VGVAGIGLSLKELANNFTNYKY--G-ANSNVWLVDKSGKIYLSD-RV-=—=-=-—-———-— EDI
PU_Firmicutes R14 WP 021170906.1 VAVAGVALSLGDIAKEFGSYKF--G-EHSNLWLVDKQGKIHLAD-DL---—-—-—-—— EYN
PU_Gproteobac R4 WP_199478134.1 LVVAGLAIKVDKLIDMVKQLTI--G-KSGRAMLVTDQGVIQAKG-ESP-=—=-—--— AIDLI
AA Proteobacteria NP 252999.1 MK-—-————-—--— TLSEVYPQNT---——————-—-———— PKIATG------ FSEAELHGHTRIL
AA Cyanobacteria WP_162544314.1 GK-———————- TLTDIYPGAQ--——-———-————————— VSTG-A----MQDVESADGARLL
AA Actinobacteriota WP 187050447.1 QQ=-===———-- DISKENIFKK-========-=-—-- MKGESG-=-=--- SMIEEFEGKSRIV
AA Bacteroidota WP 196119247.1 TK-===————~ NISNKEWVKT----—-—————-—-—— ILSNEKG-—--——- TDIHTWNNEKVVI
AA Thermotogota WP 114702178.1 GK-====———— SVADMDWFKQ-————-=-—-———— MINSKNKSG---—--- VIEYVYDGIKRMA
AA Methanobacteriota WP 056934003.1 NK-======- LNIYKVPELQE-—--—— LA--AELKKGKQEG-—---—-— TVIYTFEGIRRIA
AA Firmicutes NP 389278.2 GK======——- NISKDQTLQT-==========-- IASEKKG-I-=====-—- QDVNGKMV
AA Desulfobacterota WP 144684422.1 FK-——==————- KLTESGIEAF------————— RVLDKTDRG-——---— SVSLEIKGKEWLA
AA Chloroflexota WP 116224856.1 FK-===————- NVQTMLGESS-==-====——-— VEFMKEDHG--———-—----— IFTYGRNYC
AA Halobacterota WP_004039109.1 FE--====—-- DIGTVLGEQA--——-———-——-— GFFLATEEG---—-———-—-— VLVHDGRYL
AA Thermoplasmatota OPX61375.1 FT-—===———= NVSAVLGDDT—=====-=-—--— DDFLGTEQG-—======-—— RIRLENDFF
AA Spirochaetota WP _018527208.1 GT-—==————~ SLEEIDGYAEV-==—=-——-— ARGILGKGSG-ESGGRQFSTTIAGRPHII
AA Singergistota WP 012869308.1 MK======—= ENITKPSGLIT-PELAEAG---RKMISGSPG-—----— FVDYSFQGELRRT
AA Verrucomicrobiota WP 176014353.1 GQGWN---LQVDLVNLLHSEE-TQLOQLA---AEMIALNSG-—--—— CLRLPLGDTVYYV
AA Planctomycetota MBG80894.1 LS—===-—-—- DSLOSEADRTLTPELHAWV---TDIQONQQAG----FQALTSYPDDRAHWL
AA Campylobacterota WP _010891944.1 NP--—=——-—- SIDHSPVLNA--—-———-—-————— YKLNGDNN-----— FFSYKLNNEERLG
AA Chrysiogenetota WP 183731730.1 = —-—-—-—----- NYSQLSDTWQKKT-=-=-=====—==——— PDQRDRG-=————— YFSRDNSDMVFA
AA Acidobacteriota HCZ33114.1 KQ--—--—--- KGTDLLGSQA--—-——-———-—— SRMEDDAAQG-—-—-—— LPRRMTSGGQTVI
AA Deinococcota WP_184108923.1 GR-===—-- VPSLSEVADPAL----RALI---GPDGQVRPG—-—--— TREFTVDRQAYSA
AA Thermodesulfobacteria RUM89741.1 GMIIT---AAPSVSETEAAED-SVLIS----RIFQAWEKAG-—-——-—-——————————————
AA Fibrobacterota WP 022637451.1 TRSEN---GLVSLPKAMQSRH-PLLRQSATALAQKTQDKKN—-—-—-—--— SLALLIENKEIFV
AM Desulfobacterota WP_027185430.1 MR-=====--- ESIFSLAETHSSKVLRDIG---KKMVQGETG----FVRLPEFVMGEPAWL
AM Aproteobac McpX WP _014528895.1 MKEYDG-—————=——————--—--——————————————— EG-A--—-—————————————
AM Gproteobac PacA WP 039291840.1 SKAWQ-——-—-——————————————————————— GPTDNFTSS----VVQHDDAILGEQALV
AM Halobacteriota WP 011034866.1 GK======-= KDLYDFGGEEL-=-=-==———--— EKASRDIKNG-IGGHLETADPTTGKTVIL
AM Spirochaetota WP_015707342.1 GK-———————- DLEETLVEGQ-SRLQHID---EIKSAINSG---—----— EMYISTGKNEYT
AM Verrucomicrobiota WP 129046516.1 GK======——- PMKDTDPWVV=-========—— PFLGNLKKG-EAFETESFSRTLNDMTYR
AM Aproteobac WP 041812266.1 GQ--——————- PIGKSDPALD-—-————-————— AAKPAIRAG---RSFEQMSVADGQPVKQ
AM Bacteroidota WP 092437134.1 GK-===———- NILEQKNIGAE-—--—-=-=———--— DQLVDIEKG--=-=-——--— NSLTRIDNGILK
AM Firmicutes WP_056043800.1 SKPYLPLPKGESLEELKEQAL--—--——-———-———-—————————— TIMYTSDPMLGGTVMR
AM Firmicutes WP 052635864.1 YN-=—=—= QDENLKE-==========—=———-—— EILHFKQG—===-—-—= SHVEYSNGIFD
AM Gproteobac PctD WP 038403940.1 GE———————m— o
PU Gproteobac R3 WP 124259872.1 DG-====-- QHFLRDTSGFNQ-=======--~ EMVTKLLMG--QRFSSVSYSATDGERIA
PU_Gproteobac McpH WP 047603170.1 GK-—————-—-— ROLAEQLGADA--——-———-———-——— AKGVMTG-GESLRSSRFSRDGERYLA
PU_Gproteobac R1 WP _219614703.1 DR-====——- DNLTQLASGTT-—-———-———— ANLLTKQAFA-——--—— ATQAEVDGQAVIL
PU Firmicutes A R5 WP 131005693.1 EN--——--—- INFFENSSSDL---==—————— SNSKQLILNNKKEQKSFWYSSEKSKSYI
PU Actinobacteriota R8 WP 227113344.1 GH--==————-- ALFDTEEAAV-————-———————-— LSEQTRSDRTDVQDFWYRANGENGFL
PU_Cyanobacteria R9 WP _198537540.1 PP-===—===-= QLORATIAQQR-—-———-——-— LRDSLREQPRG-—--—— AFQFRQGGELIYV
PU_Gproteobac R7 WP_038903150.1 AS————————— NIHQQPGLOS-——=—=-=—=———— LATQVLTS---PGGSYRYSLNGENIFL
PU Gproteobac R6 WP 185834821.1 = —---—--- HPGFDQIQQREGLKT——=————————— LATQILTS---PSVGASYYADGQKVYL
PU Verrucomicrobiota R10 WP 110129388.1 RG------- YDSLOQEIEGLGE--=-=—————-—-—— RVADLLAG---KTDSLTYKRLGDRRIM
PU Verrucomicrob R11 WP 162024566.1 MN-====--- YOSLONIPGLND-—--——-———-——— VSTDLLAQ---ERTTLTYEREGTTYML
PU Verrucomicrobiota R12 WP 220621668.1 TT------- YGNLDAVPGLKK-——-=——-—————— DAQSLTSG--TEEQKIRYERDGKTYFL
PU Campylobacterota R2 WP 107944080.1 GK-==————- VNVKDVLGKEK-—-—----—-——-— FDVLMNKNGG---—--- VIRHEFNGTRNLITI
PU Firmicutes R13 WP 167859577.1 GT--—=————- KLNTILPGAV---SDELF---=-—-———-— AGFANTQVVTYRTAQTGTIDL
PU Firmicutes R15 WP 207952809.1 GA-———————- MISSFVPEEA---FEQML---GQLNETDSGLAKPVVLDYEDQEGKQMDL
PU Firmicutes R14 WP 021170906.1 GR-———————— LAGDFLPAEV---MQQIL---GDM---DNATARPKVLEYQDSQGRIMDL
PU Gproteobac R4 WP 199478134.1 KQ-—=----- TDIASLLQDKN-—--—————-——————————————— QVQIVEKSISGKDYYL
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AA Proteobacteria NP 252999.1

AA Cyanobacteria WP 162544314.1

AA Actinobacteriota WP_187050447.1
AA Bacteroidota WP _196119247.1

AA Thermotogota WP_114702178.1

AA Methanobacteriota WP 056934003.1
AA Firmicutes NP 389278.2

AA Desulfobacterota WP_144684422.1
AA Chloroflexota WP_116224856.1

AA Halobacterota WP _004039109.1

AA Thermoplasmatota OPX61375.1

AA Spirochaetota WP_018527208.1

AA singergistota WP_012869308.1

AA Verrucomicrobiota WP 176014353.1
AA Planctomycetota MBG80894.1

AA Campylobacterota WP_010891944.1
AA Chrysiogenetota WP 183731730.1
AA Acidobacteriota HCZ33114.1

AA Deinococcota WP 184108923.1

AA Thermodesulfobacteria RUM89741.1
AA Fibrobacterota WP_022637451.1

AM Desulfobacterota WP _027185430.1
AM Aproteobac_McpX WP _014528895.1
AM Gproteobac PacA WP 039291840.1
AM Halobacteriota WP_011034866.1

AM Spirochaetota WP _015707342.1

AM Verrucomicrobiota WP 129046516.1
AM Aproteobac WP _041812266.1

AM Bacteroidota WP_092437134.1

AM Firmicutes WP _056043800.1

AM Firmicutes WP_052635864.1

AM Gproteobac PctD WP 038403940.1
PU_Gproteobac R3 WP_124259872.1

PU Gproteobac McpH WP 047603170.1
PU_Gproteobac Rl _WP_219614703.1
PU_Firmicutes A R5 WP_131005693.1
PU_Actinobacteriota R8 WP _227113344.1
PU Cyanobacteria R9 WP 198537540.1
PU Gproteobac R7 WP 038903150.1
PU_Gproteobac R6 WP 185834821.1

PU Verrucomicrobiota R10 WP 110129388.1
PU Verrucomicrob R11 WP 162024566.1
PU Verrucomicrobiota R12 WP 220621668.1
PU_Campylobacterota R2 WP_107944080.1
PU _Firmicutes R13 WP 167859577.1

PU Firmicutes R15 WP 207952809.1
PU_Firmicutes_R14 WP 021170906.1
PU_Gproteobac R4 WP 199478134.1

AFTPI-KGLPSVTWYLALSIDKDKAYAMLSKFRVSA---—-———-—-—-—-—————-———
GFQPI-AGLPGVDWYVAMSIDKGVAFAELSDFRRSTL---=-=-—-=-——————————

GY----ATNPTTGWRIAGVMEENEVKVRASPM-——===—===——=—————————
SY----LTVPNTQWKLVGVNPIN-IDKEVSPIKNRF---———-———————————
GFSKM-—--- DNGWIFVTVALSKEVNKRATE-—-————-———————————————
GY—==-KRLSTTGWIVVATVP === === === —m———mm——mm o
VY----QTIGETGWKVGTQFDTDOLMWI SDKMNRA-——===—===——===————
EV----HTLPDLGWKLVGFIERDEVMEGFRAMMRL -~ ——=—--—==-——==-——-
IY--—-YTSPOLGWKIAAIIPI————————————————mm——mm o
IY----ITSPELGWKIGTFIPVSTIEERINESTRQTL—========—===——~~
VY----YTSTDMGWKIGTFIPNSYLASEIQES——--——==——==——————————
RT----VTLENFGWHLAMAVP -~ —— === === m o — oo oo
FFSPT--——- RSGFVLGVVFPASDLNAMVRSLAIRQ-———--——=—————-——-
GY----APVASTDWSLAVVLPEADILKQSHCIEETIATESNRLEEEFQLSTHHQ
LY----EPVQEANWSMGTATAEDDI LAPVHQQ-——===—===——=-———————-
ACTKV----—- FAYTACITESADIINKPIYKA-—-———--——————————————
SS-—--TRIPSTQWQLVLFTPRDSFYAPIDPLRN-——--———-———————————

GLSRTFSGLPGLHWKLLLSVPE - === === === m———mm e

————————— MPLDSFVKVSMDSSKWLASLRPLEQGDEA---——----FYVG-—-—
NSTP--FHKDNLHWNIVVAMPEAALMGDVRQRQRNSR-———-——--———--——-
SY----APVSNSDWSMGLVIPEAEMFQGLEGLSRE-~====—===—==———~~——
TWQPVTIGNSTEKWYLGI -~ === === === === mm——mmm oo

FYEPV----ETGDFAFVLVVPKEEMLAGVADLRER---—-—-————-——————————
VYMPIQFSSVTNPWSVAVSIPMAKILANADSIRNY-————————-—-—-————————
FGVPVRIGSSSTPWCVSITIRESEVLAGAWKLRNT-------—-—-—-—————————
LFLPVTVAGTETPWSLLVNLPLDKINAPVRELRNAT-—--=-——————-———————

———————————————————— PAGSVL-----—-==--D-———-——-——————————
AA----SYVPELNLYIVAEVPQAEILGKITQT-------—-————-——-————————
LG----LPLRDLNWTLVAEVPESEIYAQMHQA-—————-—-—-——————————————
AT----SYIPMLDWYLVAQVPEAEIYAELDKARLH------------—-——————
VC----QYIPSLKWHLVLENDFTLMIKQLHLQ-—-=-==-==———=——=————————
VS----RYLPNLDWFLVVDHDTSQLDAQMARQ-—-——--—-—-—————-——————————
RT----KRIPELNWTLVVSQPLRVPSGPLWS---=-—-—-——-———————————————
NT----RVIPEFGWKLMVEQNSG---—-—--—----—-—-—-—-—-————————————————
NS----RWVDEFQWYIIVEQKDE-—--==————————————————— F----——
NC----RYVPELDWYLIVEQSEATMMAPLRQE-----—-—---—-—-———————————
NC----RFIPELNWFLIIEQSEQELLAPIKEQ----—-—-—-—-———————————-———
NS----RWIPELNWYLMVEQSEDELLSPLRHTLL----—-——————————-—-—-———
GS----KYIPSLDWYLFGEMDEDVLLKDLHT----———==-=——————————————
IS----RPIESADLDIVFAIPRSESVPFLHKIRTNT--—-—----—-—-—-—-—-—-—-————
IS----YPLKSTDWKLLFQMRRSESVAFLDTIKLN-—-—-—=———————————————
AY----QSTATTDWKLVFQIPRSESIAILSSVK-—-—————————-——————————
GA----LWVPMLDRFIVIEVPSEQILSPIYQQ--—————-—-—————————————-—
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Figure S8. Inosine and theophylline do not alter colony morphology and c-di-GMP levels of P.
putida containing the empty plasmid pBBR1IMCS-2 START. A. Colony morphology and c-di-
GMP levels (using c-di-GMP biosensor plasmid pCdrA::gfp) in the absence and presence of
increasing inosine and theophylline concentrations. The brightness of the colony morphology images
has been adjusted to optimize visibility. B. c-di-GMP synthesis during growth in liquid cultures of P.
putida in the absence and presence of different theophylline concentrations. Experiments were
conducted under identical condition as those shown in Fig. 7, except that the strain harbored the empty

plasmid pPBBRIMCS-2 START instead of the R6 expression plasmid pPBBRIMCS-2 START R6.
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Table S1.

Structural alignment of McpH-LBD with all structures deposited in the protein data bank using the DALI (3) algorithm.

PDB Acronym Z-score Rmsd* | Identity | Species Receptor Bound ligand | Reference

ID. (A (%) family®

3LIB | mmHKI1S-Z3 19.1 2.9 15 Methanosarcina mazei HK - 4)

7PRQ | PctD 18.8 3.0 16 Pseudomonas aeruginosa CR Choline (5)

6MNI | PscC 18.6 3.1 16 Pseudomonas syringae CR Proline (6)

S5LT9 | PctB 18.4 2.8 20 P. aeruginosa CR L-Arg @)

6FU4 | TIpQ 18.3 3.2 17 P. aeruginosa CR Histamine )

3LIF rpHK1S-Z16 17.9 2.7 15 Rhodopseudomonas palustris CR - 4)

6D8V | McpX 17.8 2.9 22 Sinorhizobium meliloti CR 1,1-dimethyl- | (9)

prolinium

6PZ] | - 17.7 3.0 14 Leptospira interrogans CR - Unpublished

SERE | - 17.2 2.9 11 Desulfohalobium retbaense Stand-alone - Unpublished
sensor domain

2ZBB | DctB 17.2 3.0 12 Escherichia coli HK Malonic acid | Unpublished

3BY9 | DctB 17.2 33 13 Vibrio cholerae HK Succinic acid | (10)

3LIC soHK 1S-Z6 16.8 3.3 16 Shewanella oneidensis HK - 4)

4WY9 | Tipl 16.1 3.1 12 Campylobacter jejuni CR - an

6E0A | TlpA 16.0 3.1 12 Helicobacter pylori CR - (12)

3LID vpHK1S-Z8 15.7 3.8 12 Vibrio parahaemolyticus HK - 4

4XMQ | Tlp3 (CemL) 15.0 3.2 13 C. jejuni CR - (13)

*Rmsd, root mean square deviation

°CR, chemoreceptor; HK, histidine kinase
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Table S2. References for the lifestyle and pathogenicity of species harboring the 15 receptors studied
(Table 2).

Name Pathogenicity/characteristics Refs.
R1 Fish pathogen, mainly salmon, important economic losses (14)
R2 Human pathogen, causes inflammatory bowel disease (15)
R3 Human pathogen, causes lung infections, high mortality rate (16)
R4 Halophyte plant isolate, can promote plant growth (17)
R5 Human pathogen, at times fatal, disrupts gut microbiota (18)
R6 Human pathogen, causes life-threatening diarrheal disease (19)
R7 Plant pathogen, in particular maize and rice (20)
R8 Human pathogen, causes life-threatening bacteremia (21)
R9 N,-fixing bacterium, isolated from freshwater (22)
R10 Isolated from a marine saltern (23)
R11 Efficient degrader of fucoidan, a major algae product (24)
R12 Isolated from deep sea cold seep (25)
R13 N»-fixing isolated from orchid roots (26)
R14 Anaerobic, endospore forming bacterium, isolated from leafs (27)
R15 Isolated from agricultural soil (28)

16



Table S3. Presence of theophylline in different samples.

Sample type | Comment/reference
Plants and plant extracts

Black tea (29, 30)
Coffee (31, 32)
Chocolate (33)
Mate (34)
Other plant products like lemon, pummelo | (35)

or guaran

Bermuda grass (36)
Citrus flowers (Citrus limon, Citrus 37
maxima, Citrus paradise)

Different plants (38)
Throughout the plant kingdom (39)
Human/animals

Haliotis discus hannai (mollusc) (40)
Anopheles gambiae (insect) (41)

Human Many different tissues, cells and excretions (35)

Mouse ST000696 of https://www.metabolomicsworkbench.org
Rat ST000017 of https://www.metabolomicsworkbench.org
Baboon ST002132 of https://www.metabolomicsworkbench.org
Goat ST001968 of https://www.metabolomicsworkbench.org
Squirrel ST000724 of https://www.metabolomicsworkbench.org
Pigs (42)

Microbiomes

Nasal microbiome (43)

Cervical microbiota (44)

Gut microbiome of insects (45)

Microorganisms

Escherichia soli (46)

Staphylococcus aureus 47

Treponema pectinovorum

Project ST000692 of
https://www.metabolomicsworkbench.org

Trypanosoma brucei

(48)
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Table S4. Strains and plasmids used.

Strains and plasmids Genotype or relevant characteristics® Ref.
Strains
Escherichia coli BL21(DE3) ;;;ZZ’ ; cg;IS Z;”; ln"l’;‘l _?]S)dgzglngl)z?)ng} lacllacUV3-1 49
Pseudomonas putida KT2440 | Wild type strain (50)
Plasmids
PET28 LBD McpH Y121a | 7 * PETZSOC) dervarive contuning the DNA This study’
T L0 vt o | ST debt ot DN |
PET28 LBD McpH W140A | 7 * PETSOC) dervarive contanine the DNA This study’
T L0 vt i | ST debt o KON |
PET28 LBD McpH DIgoA | £ * PETSOC) dervarive coniainivg the DNA This study’
PP LD vt i | KT e g 5| 1
pET28 WP 219614703-LBD eKrszéiir)nEgT\i/%_(; f ;g%agé‘fig]’;“;‘ﬁi)ng a DNA fragment | .0 gy
pET28 WP 107944080-LBD ;TzaangTég’(Bf;ﬂoagi)v_ig%“é‘ég?g a DNA fragment | .oyt
pET28 WP 124259872-LBD eKrlT:éiipnI::gT\ig)_(B 4dzesri9§a7ﬁ2‘fig]’§t;‘}ig)ng a DNA fragment | .0 o dye
pET28 WP 199478134-LBD ;nclzéangTvzv%(B;:%ﬁii;%ﬁ?ﬁ?g a DNA fragment | .oyt
pET28 WP 131005693-LBD eKnToRéhangTszi}’_(B fgg;?gi;%‘?‘fg;g a DNA fragment | .0 dye
pET28 WP 185834821-LBD ;TzélangTvzv%)(B f;;%éﬁ‘fi;%“é‘g)ng a DNA fragment | 1. iy
pET28 WP 038903150-LBD eKnn;oRéﬁangTVZV%_(gs) ;;(%Vlastgv_‘i%%“;‘é‘;i;g a DNA fragment | .0 dye
pET28 WP 227113344-LBD ;T:éf;@%’@%fﬁ gﬁi‘v_ig%“é‘é‘glg a DNA fragment | 1.0 iy
pET28 WP_198537540-LBD eKnToRéhangTszi}’_(B 8‘156; %aﬁ)v_igg“;‘g;g a DNA fragment | 1.y
pET28 WP 110129388-LBD ;T:aangT\fv%’(R Slezriggaggig‘l’;?}iﬁigf a DNA fragment | 1.0 iy
pET28 WP_167859577-LBD ;TzéangTvzvﬁf_(zfgesrigvsa;;v_‘iggltf‘gg)g a DNA fragment | 1.y
pET28 WP 021170906-LBD ;T:aangT\fv%’(gg l‘ile%vga&v_ig%“(a}i{ﬁ)‘g a DNA fragment | 1.0 iy
pET28 WP 162024566-LBD ;T;ff;&g’ﬁg2d;2rif5a6ﬁ6v_‘i]°3‘§t;‘$i?)g a DNA fragment | .0 dye
pET28 WP 207952809-LBD Km®; pET28b(+) derivative containing a DNA fragment This study®

encoding WP 207952809-LBD (R15)
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Km®; pET28b(+) derivative containing a DNA fragment

pET28 WP 220621668-LBD encoding WP 220621668-LBD (R12) This study®

pBBRIMCS-2 START Km®; oriRK2 mobRK2 lacZ (52)
Km®; pPBBRIMCS-2 START derivative containing full

pBBRIMCS-2 START R6 | length coding sequence for WP_ 185834821 (R6) cloned | This study®
into Ndel/BamH sites

pCdrA::gfp© Ap®, Gm®; FleQ dependent c-di-GMP biosensor (53)

Ap, ampicillin; Km, kanamycin; Gm, gentamicin.
?Gene synthesis and plasmid construction were done by GenScript Inc.
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Table S5. Buffers used for the analysis of the recombinant proteins used in this study. Buffers were

chosen to optimize protein solubility.

Protein name

Analysis buffer

McpH-LBD

3 mM Tris, 3 mM PIPES, 3 mM MES, pH 6.0

McpH-LBD Y121A

3 mM Tris, 3 mM PIPES, 3 mM MES, pH 6.0

McpH-LBD R129A

3 mM Tris, 3 mM PIPES, 3 mM MES, pH 6.0

McpH-LBD W140A

3 mM Tris, 3 mM PIPES, 3 mM MES, pH 6.0

McpH-LBD F167A

3 mM Tris, 3 mM PIPES, 3 mM MES, pH 6.0

McpH-LBD D169A

3 mM Tris, 3 mM PIPES, 3 mM MES, pH 6.0

McpH-LBD D169N

3 mM Tris, 3 mM PIPES, 3 mM MES, pH 6.0

WP_219614703-LBD (R1)

3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NacCl, 10 % (v/v) glycerol,

pH 7.0

WP _107944080-LBD (R2) 3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NaCl, 10 % (v/v) glycerol,
pH 8.0

WP _124259872-LBD (R3) Insoluble

WP _199478134-LBD (R4)

3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NacCl, 10 % (v/v) glycerol,

pH 8.0

WP_131005693-LBD (R5) 3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NaCl, 10 % (v/v) glycerol,
pH 7.0

WP_185834821-LBD (R6) 3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NaCl, 10 % (v/v) glycerol,
pH 8.0

WP_038903150-LBD (R7) Insoluble

WP _227113344-LBD (RS)

3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NaCl, 10 % (v/v) glycerol,

1 mM B-mercaptoethanol, pH 6.0

WP _198537540-LBD (R9)

Insufficient protein expression

WP _110129388-LBD (R10)

3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NacCl, 10 % (v/v) glycerol,

1 mM B-mercaptoethanol, pH 7.0

WP_162024566-LBD (R11)

3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NaCl, 10 % (v/v) glycerol,

1 mM [B-mercaptoethanol, pH 7.0

WP 220621668-LBD (R12)

3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NacCl, 10 % (v/v) glycerol,

pH 7.5

WP _167859577-LBD (R13) | 3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NaCl, 10 % (v/v) glycerol,
pH 7.0

WP 021170906-LBD (R14) | Unfolded protein

WP _207952809-LBD (R15)

3 mM Tris, 3 mM PIPES, 3 mM MES, 150 mM NaCl, 10 % (v/v) glycerol,

pH 7.0
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Table S6. Sequences of recombinant proteins used in this study. The hexa-histidine containing extension
and mutations to alanine or asparagine are shown in bold face.

Protein name Protein sequence (including his-tag)

McpH-LBD MGSSHHHHHHSSGLVPRGSHMNRLTDRYLVDTALPASIEAIRNDIERMLG
QPLVAAADIAGNTLLRDWLAAGEDPAQAPQFIEYLTAAKQRNHAFTTLEA
STETGHYYNENGLDRTLSRSNPKDKWEYGYIDSGAERFINIDIDGATGEL
ALFIDYRVEKEGKLVGVAGMGLRMTELSKLIHDFSFGEHGKVFLVRNDGL
IQVHPDAAFSGKRQLAEQLGADAAKGVMTGGESLRSSREFSRDGERYLALG
LPLRDLNWTLVAEVPESETIYAQMHQ

McpH-LBD Y121A MGSSHHHHHHSSGLVPRGSHMNRLTDRYLVDTALPASIEATIRNDIERMLG
QPLVAAADIAGNTLLRDWLAAGEDPAQAPQFIEYLTAAKQRNHAFTTLFA
STETGHAYNENGLDRTLSRSNPKDKWEFYGYIDSGAERFINIDIDGATGEL
ALFIDYRVEKEGKLVGVAGMGLRMTELSKLIHDFSFGEHGKVEFLVRNDGL
IQVHPDAAFSGKRQLAEQLGADAAKGVMTGGESLRSSRESRDGERYLALG
LPLRDLNWTLVAEVPESETIYAQMHQ

McpH-LBD R129A MGSSHHHHHHSSGLVPRGSHMNRLTDRYLVDTALPASIEATRNDIERMLG
QPLVAAADIAGNTLLRDWLAAGEDPAQAPQFIEYLTAAKQRNHAFTTLEA
STETGHYYNENGLDATLSRSNPKDKWEFYGYIDSGAERFINIDIDGATGEL
ALFIDYRVEKEGKLVGVAGMGLRMTELSKLIHDEFSFGEHGKVEFLVRNDGL
IQVHPDAAFSGKRQLAEQLGADAAKGVMTGGESLRSSREFSRDGERYLALG
LPLRDLNWTLVAEVPESETIYAQMHQ

McpH-LBD W140A MGSSHHHHHHSSGLVPRGSHMNRLTDRYLVDTALPASIEATIRNDIERMLG
QPLVAAADIAGNTLLRDWLAAGEDPAQAPQFIEYLTAAKQRNHAFTTLFA
STETGHYYNENGLDRTLSRSNPKDKAFYGYIDSGAERFINIDIDGATGEL
ALFIDYRVEKEGKLVGVAGMGLRMTELSKLIHDFSFGEHGKVFLVRNDGL
IQVHPDAAFSGKRQLAEQLGADAAKGVMTGGESLRSSREFSRDGERYLALG
LPLRDLNWTLVAEVPESETIYAQMHQ

McpH-LBD F167A MGSSHHHHHHSSGLVPRGSHMNRLTDRYLVDTALPASIEATIRNDIERMLG
QPLVAAADIAGNTLLRDWLAAGEDPAQAPQFIEYLTAAKQRNHAFTTLEFA
STETGHYYNENGLDRTLSRSNPKDKWEYGYIDSGAERFINIDIDGATGEL
ALAIDYRVEKEGKLVGVAGMGLRMTELSKLIHDFSFGEHGKVFLVRNDGL
IQVHPDAAFSGKRQLAEQLGADAAKGVMTGGESLRSSREFSRDGERYLALG
LPLRDLNWTLVAEVPESETIYAQMHQ

McpH-LBD D169A MGSSHHHHHHSSGLVPRGSHMNRLTDRYLVDTALPASIEAIRNDIERMLG
QPLVAAADIAGNTLLRDWLAAGEDPAQAPQFIEYLTAAKQRNHAFTTLEA
STETGHYYNENGLDRTLSRSNPKDKWEFYGYIDSGAERFINIDIDGATGEL
ALFIAYRVEKEGKLVGVAGMGLRMTELSKLIHDFSFGEHGKVFLVRNDGL
IQVHPDAAFSGKRQLAEQLGADAAKGVMTGGESLRSSREFSRDGERYLALG
LPLRDLNWTLVAEVPESETIYAQMHQ

McpH-LBD D169N MGSSHHHHHHSSGLVPRGSHMNRLTDRYLVDTALPASIEATIRNDIERMLG
QPLVAAADIAGNTLLRDWLAAGEDPAQAPQFIEYLTAAKQRNHAFTTLFA
STETGHYYNENGLDRTLSRSNPKDKWEYGYIDSGAERFINIDIDGATGEL
ALFINYRVEKEGKLVGVAGMGLRMTELSKLIHDFSFGEHGKVEFLVRNDGL
IQVHPDAAFSGKRQLAEQLGADAAKGVMTGGESLRSSREFSRDGERYLALG
LPLRDLNWTLVAEVPESETIYAQMHQ

WP _219614703-LBD (R1) MGSSHHHHHHSSGLVPRGSHMORSAQQLIETRMFEQELPNLTQRIGKEIE
KDLTSVANAARQLANDREVLDWVARGMPKEQESTILIDQLKDMTAQYGLVT
ASFADRQSAAYYNQDGFLRNLTPEQDAWEFYGYTKSPODLMLSIFRETNGE
VKLEVNEFQQLNGRGLAGLAKSLDSMVSMLANFRIGDSGEFVEFMTDGSGKVK
LHPDAARIDRDNLTQLASGTTANLLTKQAFAATQAEVDGQAVILATSYIP
MLDWYLVAQVPEAEIYAELDKARLH

WP _107944080-LBD (R2) MGSSHHHHHHSSGLVPRGSHMNLYTEKVVKDELPLAVSNVAGEIGYAIDK
IINTSYOMTKNDYLLKWIDEGEPKDGLATLENYNTDLMKAFNLSTAMEVS
DKTLNYYTNDKILKQLSKDNPRDSWYFDVKNGKEVNSLNIQVSEATGSLT
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LYVNSKVEKDGKEYGVSAIGMNLDDIVNLVTSKTMGEGSKEFLMVDSSGIV
KIEKSDRVGKVNVKDVLGKEKFDVLMNKNGGVIRHENGTRNLIIGSKYIP
SLDWYLFGEMDEDVLLKDLHT

WP_124259872-LBD (R3)

MGSSHHHHHHSSGLVPRGSHMKERAREQDLPTALGEIRSEVLRQIAAPVA
LTRSLATNEYTILNWEEQGLPEQGAAAWKTYAQTLKNESHAATTIAWVSEKT
GKYLDENGFSRTVQRSDATDNWEYDFLSKGKQLEIKLGKDKASSVYNLET
DARFDVNGKIGVAALGLSVNELADFIRKQKIGNSGEFVYLVSPDGAFVIHR
DAALADGQHFLRDTSGENQEMVTKLLMGQREFSSVSYSATDGERIAAASYV
PELNLYIVAEVPQAEILGKITQT

WP _199478134-LBD (R4)

MGSSHHHHHHSSGLVPRGSHMME SDLKQLKEELLPNRLHSLSSRISEQIS
PLINASKLMTNDRFIADWVKKGADESRLPLVAEELNSIKQLSGSDSTEYV
VNMKSGLEFLGYDQKFFRTPLADYPYKEFYPNFLAKNKDYELNLQYADQK
LYINYRSREMDPTTGKPLVVAGLAIKVDKLIDMVKQLTIGKSGRAMLVTD
QOGVIQAKGESPAIDLIKQTDIASLLODKNQVQIVEKSISGKDYYLGALWV
PMLDRFIVIEVPSEQILSPIYQOQ

WP _131005693-LBD (R5)

MGSSHHHHHHSSGLVPRGSHMGYQSNTNIFKNDIEHVSTLAAEGIYYQID
KLLSEPINVSLTMANDSLLKNFLDGEKEHLNDEEFIYKLODYLNVYRNKY
SYDSVFLVSTKTNNYYHENGLDRNLSANNSENQWYYTEFLKNDDEYSLNVD
NDEASNNSITVEFVNCKIKDDNGATMGIIGVGLKVNSLOMLLKGYNDKEDV
VARLIDDKGFVQLAVDKTGHENINFFENSSSDLSNSKQLILNNKKEQKSE
WYSSEKSKSYIVCQYIPSLKWHLVLENDEFTLMIKQLHLQ

WP_185834821-LBD (R6)

MGSSHHHHHHSSGLVPRGSHMHDTLEEQINKDSLPLTSDNIYSEIQQDLT
RPIFISSLMAQDTEFVREWTLAGEQDPERIIRYLREIQRQYQTISSEFYISD
RTGHYYHYTGILKQVSESNPNDAWEYRVKNSAPDKNFEVNIDIDTANSQQ
TVVEVNYKVEDFENRFLGVIGVGLSSDAVSALVEKYQKRYNRHIYFINEL
GEVTLHGSHHPGEDQIQOREGLKTLATQILTSPSVGASYYADGQKVYLNS
RWVDEFQWYIIVEQKDEFNHD

WP_038903150-LBD (R7)

MGSSHHHHHHSSGLVPRGSHMARHSLFDEISESSLPLTSDNVYSEIQRDL
LNPIFISSLMAHDTEVKDWVLSNETDPOQAMTRYLREIDRRENTVVSFEFEVS
NNTHRYYDPEKISHTLLETSPEDKWEEFDIRDEKDGDPYDIEIGVDPENRT
RMDIFINYKVEDYSGNFIGVITGVGLPVQRVTQLIETYEQRYNRTIYLIDE
DGDVMLHSKAFHRASNIHQQOPGLOSLATQVLTSPGGSYRYSLNGENIFLN
TRVIPEFGWKLMVEQNSGPHDRQLWLTLLKN

WP 227113344-LBD (RS)

MGSSHHHHHHSSGLVPRGSHMGYQSSRAAFEKDAERTSLLAAEGAAREID
NRFAEPIDVSLAMAHDTLLADLLSAEPTRGDDEAYADAVCAYLESYREAF
GFDSVFLVSTESNRYYHEFNGVDRTLERDNPENTWYFDFLDRDEAYSLNVD
NDEATADEITMEFVNARILDEQGSTLAIVGVGFRMDDLKELLAGFEARTDT
RVRLLADDGTIRASTDPNENGHALFDTEEAAVLSEQTRSDRTDVQDEFWYR
ANGENGFLVSRYLPNLDWFLVVDHDTSQLDAQMARQF

WP_198537540-LBD (RY)

MGSSHHHHHHSSGLVPRGSHMANALAAARRQVVESTLPLTLDALSADLQQ
DEFVQPILFASAMAANTLLIDWVEQGEQPEAAVQORYLSRVQAQHGATTVEEF
VSEASRRYYHPTGILKTVSPGSAQDAWFFRLRASASSYEVNLDRDTADPS
RTTVEVNYKLLGDGGRFLGAVGLGRSTSQLTRRIQQAERTNGIQVMFLDG
RGRILEFSPRRGQAPPQLORATAQQORLRDSLREQPRGAFQFROGGELIYVR
TKRIPELNWTLVVSQPLRVPSGPLWS

WP _110129388-LBD (R10)

MGSSHHHHHHSSGLVPRGSHMVSRNNVRKTLAESTLPLTSDNVYSEIQRD
LLRPVFIASLMANDTFLRDWAIAGEKDRDAIVRYLHEIKIKYGTVSSFEV
SDKTLKYYYAHGLLKTVSEDEPRDEWYFRVREMDEPYEINVDPDMANQDA
LTIFINYRVRDYAGNFIGATGVGLTVTKVNRLISRYEAKYDRQIYEFVDAS
GNVVLRPSNSTMRGYDSLQOEIEGLGERVADLLAGKTDSLTYKRLGDRRIM
NCRYVPELDWYLIVEQSEATMMAPLRQE

WP_162024566-LBD (R11)

MGSSHHHHHHSSGLVPRGSHMRSNMRLSITESTLPLTSDNVYSEIQRDLL
RPIFISSLMANDTFLRDWALNGEVDINQITKFLHEIKVEYSTISSEFFVSD
ISHNYYHAQGLLKEVKENEPRDAWYFKARDMDAPYEINVDLDMANQDQOMT
IFINYRVEDYNDNFIGMTGVGLTVKNVNNLISHYEAKYQRQOIYFLNKDGE
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IVLRPSNSPLMNYQSLONIPGLNDVSTDLLAQERTTLTYEREGTTYMLNC
RFIPELNWELITEQSEQELLAPIKEQ

WP 220621668-LBD (R12)

MGSSHHHHHHSSGLVPRGSHMSLPLTADNIYSVIQRDLLRPIFISSMMAN
DAFLRDWTINGEVDVKOMORYLEEIRREYGTVTSEFFISEKSRNYYYWGGV
LKQVDENEPRDVWYFRVREMEKPFEINVDIDMANNDALTVEVNYRVYDYE
GNYIGAAGTGLTVNRVNALIEEYEGREFNREIFFVDREGNIILGPSKGRLT
TYGNLDAVPGLKKDAQSLTSGTEEQKIRYERDGKTYFLNSRWIPELNWYL
MV

WP_167859577-LBD (R13)

MGSSHHHHHHSSGLVPRGSHMTQREAVDKLKTKDLLHLADSIAAKVDGQTI
RKAKETSLLMAEDPNVINWVAGGERDEALGAVVGRKLTLLTSEHGYDNSF
LVSAVSNRYWGEGGTVLRTMSRSDPEDAWEFYANVDNRKPIEIVLDYATIAR
GDTEFVEVNALIGGAERALGETGVGLSLKQSAEQFQQFKYGDKSHLWLVDR
EGTIYLSDRYEQAGTKLNTILPGAVSDELFAGFANTQVVTYRTAQTGTID
LISRPIESADLDIVFAIPRSESVPFLHKIRTNT

WP_021170906-LBD (R14)

MGSSHHHHHHSSGLVPRGSHMTHNAMVDKLKNRDMLYIVQSMSEKIDGRI
ERAQETSLLLADDPTVLAWVESGGRDEAAGEIVKTKITDIGKNYDYVKAF
VASTVTNQYWEDNKVVKPLSKTSYTDKWEYKALKSGKKIELNIDYDSTIHN
ETFIFENTLVGDVRQPVAVAGVALSLGDIAKEFGSYKFGEHSNLWLVDKQ
GKIHLADDLEYNGRLAGDFLPAEVMQQILGDMDNATARPKVLEYQDSQGR
IMDLAYQSTATTDWKLVFQIPRSESTIAILSSVK

WP_207952809-LBD (R15)

MGSSHHHHHHSSGLVPRGSHMEKEVVNKLKSKDLVRIAESTASKIDGRLQ
RAQESSLTMAMDPELIEWLASGEKDQIAGAHVLOKLDNLAKGEDYSNGEI
ASRMTGSYWIEGKOMSKILSQTNPADKWEYDSFASQKRMALNIDYNDSRR
DTEFVEVNVLVGDVESPVGVAGIGLSLKELANNEFTNYKYGANSNVWLVDKS
GKIYLSDRVEDIGAMISSEVPEEAFEQMLGQLNETDSGLAKPVVLDYEDQ
EGKOMDLISYPLKSTDWKLLEQMRRSESVAFLDTIKLN
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Table S7. Data collection and refinement statistics. Statistics for the highest-resolution shell are shown in

parentheses.

Ligand Uric Acid
PDB ID 8BMV
Beam Line XALOC (ALBA)
Space group P1211
Unit cell a, b, ¢ (A) 32.581 124.322 57.201
Resolution (A) 32.15-1.95(2.02 - 1.95)
Unique reflections 31376 (3258)
Multiplicity 29(3.1)
Completeness (%) 96.01 (99.48)
/ot 13.07 (1.73)
Wilson B-factor 36.6
Rinerge (%) 5.17 (70.7)
CC(1/2 0.998 (0.678)
CC 1 (0.899)
Refinement
Ruvork/Rfiee (%) 18.27/23.12
CCwork/CCfree 0.97/0.91
No. atoms 4177

Protein 4037

Ligands 24

Solvent 116
B-factor (A?) 47.50
R.m.s deviations

Bond lengths (A) 0.009
Bond angles (°) 1.01

Ramachandran (%)

Favoured (%) 97.55

Outliers (%) 0.00
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