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Figure S1 Alternate structural representations of BT3130 (A, green ribbons) and BT3965 (B,
orange ribbons). Panels, from left to right, show ribbon projections of respective enzyme-Manl
complexes (Manl and a bound Ca?* ion are drawn as enlarged cylinders and spheres respectively),
enzyme-Manl contoured as an electrostatic surface, and finally native enzyme structures coloured
according to sequence conservation using the expanded alignment shown below in Figure S3 (areas of
strong conservation are indicated by intense red shading). The location of the active site pocket is
indicated by a dark box in each model. While amino acids in both molecules are generally well
conserved, strongest similarity is observed within the inner core of the substrate binding pocket.
Sequence alignments were mapped to coordinate files using the Consurf server (Ashkenazy et al.,
2016, Landau et al., 2005).
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Asn590 %

Figure S2 Overlay (A) of Ca?* bound in the active site of BT3965-native (light green, and panel B)
and BT3965-Manl (orange, and panel C). Ca?* is aberrantly coordinated in native BT3965 (B), and
although both clear octahedral coordination geometry and an observed strong difference map peak in

Manl

the absence of a modelled ion are suggestive of Ca?* binding, B-factor analysis compared to
surrounding atoms suggests only approximately 50-60% occupancy at this site. Displacement of Ca?*
away from the ideal position for coordination and catalysis yields a dual, unnatural conformer in the
catalytic acid, Glu531. Supplementation with exogenous divalent salts and binding to Manl (C) brings
about a subtle conformational change, rotating Asn590 into the active site pocket, positioning both
Ca?* and Glu531 into the activated state.
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BT1032 - ==YDPANEPDIAYAHLFSYFKGEEWRTQKETQRLLDKYFTTKPDGIPG

BT1769 FYAKLPDHTGNVGQFSMANEPSLHVPYLYNY-AGQPWKTQKRIRQMLEKTWF RNDLMGIPG

BT1878 -ETTQADVTGLIGQYAHGNEPSHHVTYLYAL-AGRPERTQELIREIFDTQYKNKPDGLCG

BT2199 IHEIAEMVALNMGQYAHGNQPVQHALYLYDY-IGOPWKTQYHLRNVHMDKLYNSGSKGYCG

BT2629 THEMREMQVMNMGQYAHGNQPIQHMVYLYNY-SSEPWKAQYWIREIMNKLY TAGPDGYCG

BT3130 =~EQMNHNASGFVGQYAHGNEPSHHVAYLYNF - AGOPWKTOKYVSHILNTLYNNTSSGYAG

BT3527 IHEIREMQIMNMGNYAHGNQPIQHMLYMYNY-SGQPWKAQHWIREVMDKLY TPAPDGYCG

BT3773 —EGASSDITGLIGQYAHGNEPSHHIAYLYTY- AGEQWKTAEKVRF IMSDFYTDQPDGIIG

BT3784 IHEMREMQVMNMGQYAHGNQPIQHMVYLYNY - SGEPWEAQHWVRE IMDKLY TAGPDGYCG

BT3858 FYHQLPDHTGNVGQFSMANEPCLHIPYLYNY - AGQPWMTOKR I RVLLNQWF RNDLMGVPG

BT3962 IHEIREMEIANMGNYAHGNQPIQHMIYLYNY-AGEPWKAQYWLREVMNRLY FATPDGYCG

BT3963 EHNEDITEECLVGGYVHGNEPSHHVPYLYAW-TSQPWKTQYWLRE ILNKMYKNDINGLGG

BT3965 GAH-~--DIQGRIGAYWHGNEPCHHVAYLYNY-LKEPWKCQKWIRTIVDRFYGNTPDALSG

BT3990 IHEIREMTVMNMGNYAHGNQPIQHMIYLYDY - AGQPWKAQYWLRQVMDRMY TPGPDGYCG

BT3991 ~ETTSADISGLIGQYAHGNEPSHHVIHLYNY-VNRPWRTQELVDSVYRSQYANNVDGLSG

BT3994 ~EELPIFSTGMIGQYAHGNEPSHHVIYLFNA-VGQQNLTQKYVAKVMNELY KNEPAGLCG

BT4073 =  s=eeee———- WNDY YNHANE PVHFVPFLFNQ=-LDVPWYTQKWTRY ICKNAYANEKVEGIVG

BT4092 IHEMKEMELANMGQYAHGNQPIQHMPYLYCY~AGQPWKTQYWVRQIVERLYNSTEKGYPG

BT4093 memmmmees YNDAWFASGNEPSFHIPWIYNW-IGRPYKTQEI INRVLNEQY SSKIDGLPG
s 2w s s . *

BT1032 NDDTGTMSAWAIFNMIGFYPDCPGLPEYALTTPVFNKVTIRLDPKWYKENELVIESNRTG

BT1769 DEDGGGMTSFVVFSSLGFYPVTPGLPAYTIGSPLFTDAKIRL~

BT1878 NDDCGQMSAWYMFSAMGFYPVDPVSGDYVFGAPQLPKIVLHL====ADGKTFTVIAENLS

BT2199 DEDNGQTSAWYVFSAMGFYPVCPGMPEYAIGSPLFKKVTLHL~

BT2629 DEDNGQTSAWYVFSALGFYPVCPGTDEYIIGTPLFKSAKLHL-~-~-ENGKT ITIKADNNQ

BT3130 NDDCGQMSAWYVFSAMGFYPVNPADGRY T IGSPLLDECTLKL=~~-AGNKEFRTRTTRKS

BT3527 DEDNGQTSAWYVFSAMGFYPVCPGTDEYILGTPYFKQMKLHL~~~~ENGKTVTISAPNNG

BT3773 NEDCGQMSAWYLLSAMGFYQVNPSDGVFAFGSPRFKKIEVKV----RGGKVFTVEAPNNS

BT3784 DEDNGQTSAWYVFSALGFYPVCPGTDQYILGTPLFKSAKLHL~

BT3858 DEDGGGMTAFVVFSMMGFYPVTPGSPTYNIGSPVFQSAKMEV-~---GDGHYFEIIAENYA

BT3962 DEDNGQTSAWYVFTALGFYPVCPGSNEYVMGAPYFKKATITL~-~--ENGKKLEISAPKNS

BT3963 NDDCGQMSAWYLFSVMGFYPVCPGTDQYVLGAPYLPYLKLTL=~~~PNGKTLEIKAPGVS

BT3965 NDDCGQOMSAWYMFNCIGFYPVAPSSNIYNIGSPCAEAITVRM~~~~SNGKNIEMTADNWS

BT3990 DEDNGQTSAWYVFSALGFYPVCPGTDEYVMGTPLFKKATLHF ~~--ENGNS LVIDAPNNS

BT3991 NEDCGQMSAWY ILNSMGFYQVCPGKPVYSIGRPAFDKAVINL=~=~PGEKTFSIVAKNNS

BT3994 NEDCGQMSAWYVFSAMGFYPVNPV! YEIGTPLFPEMKLHL TFTVLAPKVS

BT4073 NEDVGQMSAWY ILAASGIHPSCPGNTRME ITSPVFDKVEFNLDSKYHQGKVFTI TAHNNN

BT4092 DEDQGGMSSWYILSSLGIYAVCPGTDEYVIGSPLFKKATITM: ~ENGNKFVIEAPENS

BT4093 NDDLGTMGAWYVFACIGLYPEIPGVGGFTVNTPIFSSVKVH ~KKG=--~-DIVIKGGS

1% * 1r oz wry  * * s

BT1032 SETLYINKVLLDGKKFNKYRITHDELVHGKRLIFDLK

BT1769 TDNKYIQSATLNGKEWNKSWFSHDDLMSGGKLVLVMGNKPNKTWASGAEDVPPSLEIK-~

BT1878 KEHKYVDSITLNGEPYTENTISHEDILKGGTLVYKMK

BT2199 ADRPYIRKALLNGQEFTRNYLTHDELKQGGELNLSMDSVPNQORGTOPADFPYSYSK--~

BT2629 LDNRYIKEMKVNGKSQTRNFLTHDQLIKGANIQFQMSPVPNKQRGTTEKDVPYSLSFE-~

BT3130 PEDIYIQSVTLNGKKHKDFFITHQDIMNGGTMVFEKMGKKPSGWGK =~ ———— -

BT3527 DDERYISSMTLNGEDHTENYVTHEDLMNGASI TFEMDSKPNEQRGTRETDFPYSFSNEFK

BT3773 KDNIYIQKVYLNGKPYHKSYITYDDIINGSTLKFEMGKKPAKNFGKASANRPIVLNK===

BT3784 TDNRYVKDMKVNGKAFTRNYLTHDQLLKGANIQYQMSPTPNKQRGTTEKDI PYSLSFE=-~

BT3858 PDHKY IQSATLNGTPWNKPWFSHADIQNGGRLVLOMGDKPNKKWGIASDAVPPSSESLPE

BT3962 DANRY IRSLNYNGKNYTENYLNHFDLLKGGRLVFDMDNKPNKGRGINESDF PYSFSRDNK

BT3963 DEKRYVQSLKLNGESYDEMY ITHEDILKGGVLEFKMSASPNKRRGVSVQDKPYSLTNGIN

BT3965 PKNLYVKELYVNGKKYDKSYLTYDDIRDGVKLRFVMSGKPNYKRAVSDEAVPPSISLFEK

BT3990 TENFYIDSMSFNGADHTENYLRHEDLFKGGTIKVDMSNRPNLNRGTKEEDMPYSFSKE--

BT3991 KSNKYIESVLLNGKPLDTPFFGHQDIVAGGVMEIRMTDHPTOWGVRO.

BT3994 KENIYIQSIKVDGQPYNKTYLTHEQIMSGTTVEFEMGNTPLVEVEFEEQTQ-

BT4073 TNNLYIQKALLNGKEYNKCYLDFAEIAAGGTLELFMGDKPNTEWGVLSNI~~

BT4092 KENLYIQSATLNGRLLDENY THYDDIAEGGVLEFEMGSQPNKERCTSKYAAPFSLSKE-~

BT4093 ERDIYIRSMELNGKSYESTWIDWDQLNSGATIEYRTSGKPDMEWGAK--VVPPSFP----
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Figure S3 Expanded Bt GH92 sequence alignment used to map sequence conservation in Figure S1.



