Additional File 1. Supplementary figures

Figure S1. Chemical structures of the monosaccharides and gluco-oligosaccharides tested for ODH activity.

Carbon atoms involved in glycosidic bonds are numbered. D-galactose and D-mannose are epimers of D-glucose,

respectively at C4 and C2. D-xylose differs from D-glucose for the absence of the group CH»-OH at C5. D-

lactose is a disaccharide composed by D-galactose linked to D-glucose by a (1->4) glycosidic bond and D-

maltose is a disaccharide made by two units of glucose joined with an a(1-2>4) bond.
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Figure S2. Extended ODH substrate screening. To evaluate ODH activity towards all glucobiose isomers with a
reducing end, substrate screening was further extended to sophorose, gentiobiose, nigerose, kojibiose and
isomaltose, whose structures are represented within the squared boxes. The experiment was conducted as
described for obtaining the data reported in Fig. 2 of the main text. Enzyme activity, comparable to the one
observed on GLC, was only detected for gentiobiose. To exclude any possible artifacts, we verified by LC/MS

that gentiobiose was not hydrolyzed (data not shown).

120

1
| BT=2min  ®BT=5min T=3h T=19h
1
100 - '
1
1
- 80 L
o 1
(=Y 1
- 1
g 60 H
= i [
D 1 I
- 40 i
o 1
°\° 1
20 i
1 1 3
I 1
0 T P e -_—— —— ] -] e
CLTR - GLC x100 GLC Sophorose Gentiobiose Nigerose Kojibiose Isomaltose
-20
Sophorose (G2G) Gentiobiose (G6G)
OH
OH
HO Q
o ™ OH H%MO
HO 0 On
HO 0 OH o
OH OH HO
HO
OH ™OH
D-Glucose-B(1-»2)-D-glucose D-Glucose-B(1-»6)-D-glucose
Kojibiose Nigerose Isomaltose

OH
HO 0
o) HO
A0 HO o] Yo
HO OH OH
HO OH OH (e}
(o] ~ O
Hqﬁ& - 9% Ho/&‘
OH HO!
O OH OH OH

OH
D-Glucose-a(1-»2)-D-glucose D-Glucose-a(1-»3)-D-glucose D-Glucose-a(1->6)-D-glucose




Figure S3. LC-MS analysis of enzymatic products. Top panel: chromatografic separation of G3G (grey) and of
an overnight G3G/DCIP/ODH reaction (black). G3G (MW=342 g/mol) appeared as a double chromatografic
peak (peak 1) corresponding to the a- and B-anomers, as confirmed by the detection of ions having m/z values
of 341 [M-H], 387 [M+Formate -H] and 683 [2M-H] (not shown). After enzyme oxidation only (peak 2),
laminaribionic acid (MW=358 g/mol) was detected by ions having m/z values of 357 [M-H] and 715 [2M-H]
(bottom panel), while no formate adduct was detected. DCIP (MW=268 g/mol, oxidized) was also detectected at
an m/z value of 266 (and a minor peak at 268 for reduced DCIP). The chemical nature of laminaribionic acid
confirms specific enzymatic oxidation of the C1 hydroxyl of G3G reducing end, as oxidation of other G3G
hydroxyls would not result into hydrolysable enzyme products. The same enzymatic reaction (not shown) was
assessed for GLC (MW=180 g/mol), detected by ions having an m/z value of 225 [M+Formate -H], and gluconic
acid (MW=196 g/mol), detected at an m/z value of 195 [M-H] in GLC/DCIP/ODH overnight incubations, in
agreement with what we previously reported [14].
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Figure S4. Full-range enzymatic kinetics of ODH on GLC. Initial rates of DCIP reduction as a function of GLC
concentration, ranging between 0 and 3000 mM. The solid line represents a fit to the equation: v, =
(V' maxe X [SD/(K'y + [S] + [S]?/K; ) , which takes substrate inhibition into account. In the equation vy is the
initial velocity of the reaction, V', is the maximum velocity of the reaction corresponding to substrate saturation
of the enzyme, K'y is the Michaelis—Menten constant, [S] is the substrate analytical concentration and K;
corresponds to the dissociation constant for substrate binding to the enzyme. The fit is poor, suggesting that other

inhibition models should be taken into account.
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Figure S5. Comparison of ODH activity on different GLC anomers. Initial rates of DCIP reduction were
measured on a 96-well plate as described in Methods (Spectrophotometric assays for enzymatic activity), with
25 mM of either freshly dissolved a-GLC (grey empty points) or preequilibrated GLC solutions (mixtures of a-
and B-anomers, black solid points). Solid lines represent a fit to the Abssyo decrease (initial velocity), and the
error bars the standard deviation of three independent replicas of the reaction mixtures. Measurements start 3-4
minutes after dissolving a-GLC in 30° C water, accounting for the time required to: dissolve a-GLC, add it to
the reaction mixtures, dispense ODH to trigger the reaction and run data collection. Within the observed time

window, ODH activity is twice faster on preequilibrated GLC (both anomers) than on freshly dissolved a-GLC.
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Figure S6. Multiple sequence alignment of ODH with enzymes from the GOX/GDH clade. Four equally
distant genes per each previously defined subclade of the GOX/GDH clade [16] were used for Multiple Sequence
Alignment (MSA). In the preliminary Table, subclade nomenclature, coloring scheme and order are as in [16],
apart for the suggested renaming of the GDH III subclade into ODH. GOX-like and ODH-like subclades
correspond to poorly defined groups that appear to be phylogenetically close to the GOX and the ODH subclades,
respectively [16]. MSA analysis includes protein sequences from both Ascomycota (white background) and
Basidiomycota (grey), corresponding to either characterized enzymes (bold) or to hypothetical genes from
genomic data. Genes are named by their Uniprot identifier, preceded by a four letter PDB code if the three-
dimensional structure is known, and by a GOX or GDH label for assigned functions. In the MSA, ODH amino
acid sequence is in bold. The following coloring has been used to identify conserved residues involved in:
substrate binding / catalysis / FAD ring distortion (blue); SBS1 (orange), SBS2 (yellow) and SBS3 (green); GLC-
binding (H-bonds) in GOX/GDH enzymes (purple), and their loss in ODH (purple framed, golden box); G3G

and GLC binding (H-bonds and CH-r interactions) in ODH (red); and substrate-binding loop and related residues

(magenta).
Subclade Phylum | Organism
GOX_AOA1V6T4B5 Penicillium flavigenum
GOX_1CF3_P13006 ASCO Aspergillus niger
GOX_1GPE_Q9URJS8 Penicillium amagasakiense
GOX_092452 Talaromyces flavus
AOA139IH18 Pseudocercospora musae
M2ZEM9 GOX ASCO Pseudocercospora fijiensis
K2RHS81 -like Macrophomina phaseolina
R1EBO7 Neofusicoccum parvum UCRNP2
AQOA139HTBY Mycosphaerella eumusae
— AOA1Z5TBL7 ODH ASCO Hortaea werneckii EXF-2000
AOA074W657 like Aureobasidium namibiae CBS 147.97
AQOA1Y2DT19 Pseudomassariella vexata
AOAOD1DW37 Ustilago maydis 521
— AOAO081CFT4 ODH BASI | Moesziomyces antarcticus
AOA177U6A2 like DIO Tilletia caries
AQA177UVES Tilletia caries
ODH Pycnoporus cinnabarinus
AOA1B9I658 ODH BASI | Kwoniella pini CBS 10737
PBK651438 (GDH 111 DIO Armillaria solidipes
AOA067ST11 Galerina marginata CBS 339.88
AOAOL1HZMO Stemphylium lycopersici
AOA1L9P605 ASCO Aspergillus versicolor CBS 583.65
AOA1W2TMR5 Rosellinia necatrix
AOA0245237 Trichoderma reesei RUT C-30
GDH_A20M15 Aspergillus niger CBS 513.88
GDH_4YNU_B8MX95 ASCO Aspergillus flavus NRRL3357
GDH_G8E4B4 Colletotrichum gloeosporoides
GDH_G3YD20 Aspergillus niger ATCC 1015
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IMNNL----DENOVRVDAARAWLLPNY-QRSNLEILTGOMVGKVLFKQTA-————— SGPQ
IMNNV----DENOVRVDAARAWLLPSY-QRPNLEILTGOMVGKVLFKQTA-————— SGPQ

YPGFFVINAQREOLRESAREAYYLPVV-GRPNLELLDETMCORIDWENGS---G-GGDLK
YPGFFVINAQREORRESSREAYYLPIV-GRTNLELIDETMCORIDWEKSS—---D-GGDLK
YPRTRQA-INDRDVRESAASAYYEPVR-DRTNLDVLLNTSVLRIVWAEND---DADGNAI
YPRTQON-VNDQDVREDANTAYYQQVA-DRTNLDVLTNTSCLRIVWAESD--~-DADGNAI

IPNMVVP--EENONRSSPFTAYAQNQVQERNNFLILTGHRVTEIVWQETK----ERAPLV
IPNMVVT--DGSONRSSPFTAYAMHOQVEQRDNFMILTGORVTEIVWKE-====—=— GDDMI
IPNMVQP--GESONRSSPYTAYILGEPEKRGNLVILTGHRAVEIRWRNNCTSLESDRILT
IPNMVQP--DESITRASPYASWIKGTADTRPNLVILLGHRVVKLDWSSTE----EGADLV
TPNSI----GVNGQRTSAASAYYTPVQ-NRDNLTILTGTMAKNLLWDAAT----SSNLLR
TPNSI----GTNARRTSSASAYYTPVQ-GRENLTVLTGTRARNLLWGAQS----ASG-LG
TPNSMLP--GSG LRSSSATAYLTPIEQKRSNLVVLTTWRGWKTTWSSTA----RT--PT
FPNTFLP--GPGKLRSSSATIAYLSPIEFSRSNLVVLTNFRGWKLIWDPTK-——--- N--AT

TPLSINW--HDDDHRSSSIEAYYTPVENNROGWTLLIDHMATKVLFDG-T-~---NA-PLT
HPNTISW--QODSDHRSSSATAYYSPVSE-RSNLAILLOHQATKIQFDGN-=————————— K
TPLTLNW--HDDDHRSSSVEAYLSPVEGIRTNWLTLAEHQVTKINWANAG----SI-PLT
TPLTINW--HDSDHRSSSAMAYLTPVESVRTNWLTLVTHQVTKINWNT-G----GI-PLT

WPMTLNE---TGPTREDGARAFYYPVA-SRPNLHVFPNSMATRIIWDDSN---SAAAGVL
WPQTLDR---EAIVREHSARAYYYPVR-DRSNLVIF-RGRVDRVSWAETN---ES--KVL
WPQTLDR---DRINIRFDAARAYYYDIE-DRPNLTLI-KGTVKKLTWASCT---ASGQDAV
WPQTLDP---VKIIVRWDAATAFYWPVQ-DRPNLALL-NGTVSRILWKNDE---AD--VPE

YPSTIDY---TAYVREDAARAYYWPIA-SRPNLHLMLDTFVNRLVWKNGG---SQ-GNAT
YPSTLDV---DL!'VREDAARAYYFPYD-DRKNLHLLENTTANRLFWKNGS---A--EEAI
YPKTLNQ---DL! IRWDAARAYYFPYE-NRTNLKVVLNTTAKKLTWASAT---NG-TDAT
HPDTLDR---EMIVREDAARAYYWPYE-ARSNLKIISNTRANKVIWANTT---Q--GEAV
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ADGVHFQSS-KNSPVQFVKANREVLLAAGSLOSPQILELSGVGDSDVLGAAGVELKHELK
AERVHFQGC-RDCDISFVKADREVLLSAGSLOSPQILELSGVGDPDVLEAAGVPLKKAAF
ADGVYYQAD-RHSERLFAKATREVLLAAGSMQOSPOQLLELSGVGDPAILDKAGVPVRKALM
ASGIQFQQS-RSSPILTAHASRDVILAAGSMQOSPQLLELSGVGDATVLANAGIPLVKSVP
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AAGVEITSSN--GTISVIGASQEVIISAGSLKSPGILELSGIGNRDILERYNISVRVDLP
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ASGVEITAAD--GTTSVVTANKEVIISAGALVSPLLLELSGVGNPAVLSQYGIETVVELP
AVGIEVTNAY--GTET-IYADKEVILSAGALRSPAILELSGIGNPDVLNKHNIPVKVNIT
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—VGINMODQTTTTVSSRASS————————— AGAGQOGQAVFFANFTETFGDYAPQARDLLN
—VGINMODQTTTTVSSRASA————————— AGAGQOGQAVFFANFTETFGDYAPQARELLN

GVGENLQODQAQOGNIFFKKDENSTITFPATVGEEITTNYLIHATYEDILGDEAPAVQRRVN
GVGENLODQAQOGNIFFNKNSNASITFPDTVGEEIITNYLIHATYEDILGNEAASMOORVN

GVGEHLMDQANNILTFEPAPEA-——————— GFTGTTAYVAYASVADVFGDEAAAVAEEVR
GVGEHLMDQANNILTFEPAADA-——————— GFTGTTAYVAYANVTDVFGPDAPTVAEEVR
GVGAHMQEQTKNTLTYQARPGVNY —————— NGTGPPSSIVFPDAAQLLGENATTWYSTVK
GVGKHMQEQTKNSVVONAQ-EMEY —————— DGSGPPSGIAFPNVHQLLKDNSSATYDYVM
GVGKNLQEQTKNTIIYTPK-SDDF—————— EGSGPPSAIAFPNVHQLLGNKSSAVHKETL
GVGKNLQEQTKSSLYYTPI-STAW-————— NGTGPSTAIAFPNAWQLLRSNASAVYNATI
GVGKNLQDQTMTTIGSR--ANVNY-—————— AGGGPSATIAMPNIQQIMS-NSTAVRSYIT
GVGKNLQDQTMTTLGSR--ANVNY-—-———— SGGGPSAAIGMPNVNQVFS—-NATAVRSYIS
GVGKNLQEQTMSVFGASRKNGVSF—————— GGVGPSNLIAQPAAGQLFS-NATAVRSYIE
GVGANLQEQTNGVLGIPN-GTIPY--———— GGVGPGNVVAFGSVAQLMPNNVTAVRQAIE
TVGKNLQEQTONAIGAK-GNGFDP—————— DGHGPTDAIAFPNIYQVFGSQATSAVQTIQ
GVGKNLQEQTMNSVGWTPVDGFDF—————— DGRGPSDCIAYPDLLGISSSSNNDIASTIS
TVGRNLQEQTMNSLGAD-GN-VDY-————— GGSGPSDAIAYPNIYQVFGDEAAASVSKIQ
TVGKNLQEQAMSTHGAG-GNGFDE-————— GGRGPTDVIAYPNLYQIFGSNANATVSRIQ
SIGANLPDQPONGMVFSSSTNWTG==—m—m=——m— YPTFVSYLTASDLFGEELAGLAEEVR
SVGENAIDQPNTFISYSSTKNFTG-——m—=m———m IAPYVTYMTASDVFGPETQRIADEIS
GVGEYLQEQPNTALVYSGTQONVSGmm—mmmm———m FAPYATFSTAGDLFGDETPAIKASTS
GVGENLIDQSNVALTYSTKESFPGm—mmm————m YAPYATFVNATSLFGDGVEALAASTK
TVGENLQDQTNAGLGASTTPGLTG-—————————— TKTVVYPNVYDVFGNDTLAVAQSVR
TVGENLQDQFNNGMAGEGYGVLAG-—————————— ASTVTYPSISDVFGNETDSIVASLR
TVGENLQDQINNELIYSPPTNFTSTY-———- DSGVGAFVAYPSASHVFGTNESSASEELK
TVGENLQDQTNNALSWEGVDTLTG=—=—————m—m— LATFSVLPSVNQLYGDNVTALASYVK
. % . %

TKLDOQWAEETVARGG--FHNVTALKIQYENYRNWLLDE--DV-AFAELFFDTE-=—————
TKLEQWAEEAVARGG--FHNTTALLIQYENYRDWIVNH--NV-AYSELFLDTA-=——=——
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ASLGDYATMISNRINNS-LSADQILNSLKVQYEAIFDT--PV-PVVELFSGQOAI----NN
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AALPDYAATIAAQNNNA-TSAEELLPLLEIQYTSIFET--GI-TAFELLKGLEF---0QP-
AALPDYAATIASQONNNA-TSAEDLLPLLEIQHASIFDA--QI-TAFELLKGLEF---0QP-

SGLODYANSLEERSL--VANAKATHHILOQAQLDNIFNA--TDVAASEIFFTINT----TH
ETLPQYCQELQEKGL--VVNATATHTILEAQVNNLFKQ--NA-AASEVFFTVSP----GT
ANLASYAADLEAQGL--VANATATHEILRLQVANLFDQ--SE-AAAEIFFTLAAATDSAP
ASLPAYAAQLAASGS--VVNATATAQIMRLOIESLFAN--NE-PAAEVFWTIDT----AG

SNLDGWANQLLSQGH--VASKEGVLAQWRSAISLIFDQ--KA-PVVELFFDTGF----PA
SNLNAWADTLVSAGH--VASKSGLLAQWTSAVSLIFDQ--AA-PIVEMFFDTGY----PA
SNYQNWAQAAVSGGG--AVNTDGLIAQWRLOQTEVLFTD--NV-GAVEMFVDSGY ——--PN
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KSLPIWAQQIAAQTNGV-ISARAIEHRLOVOHDLIFKK--GV-TIAEILSSAS—=——=- G
ROLKOWANETAQVSSGT-MKAEDLEALFQLOQYDLIFKD--KI-TIAEILYYPG-———- ST
SOLSDYAAATVKVSNGH-MKQEDLERLYQLOFDLIVKD--KV-PIAEILFHPG-=——-— GG
SOLTAYADTVAIANGNV-TKASDLLDFFOQLOYDLIFKD--QV-PFAEVLIYIA-———— KG
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GKINFDIWNLIPFTRGSVHILSSDPYLW----QYANDPKFFMNELDLLGOAAATKLGREL
GVASFDVWDLLPFTRGYVHILDKDPYLH----HFAYDPQYFLNELDLLGOQAAATQLARNI
GKINFDLWDLIPFTRGSVHILSSDPYLW----QFANDPKFFLNEFDLLGOQAAASKLARDL
GKINFDLWDLIPFTRGSVHILSSDPYLW----QFANDPKFFLNEFDLLGOQAAASKLARDL

TTVNMEFWPLIPLSRGSCHIAGSNADLAAQEP--FIDVNWFMLEWDWDIYIASGRFVRKL
NVVNMEFWPLIPLSRGSCHIAGANADLAAEAP--FIDVNWFMLEWDWEIYIAAGRFVRKL
TRLECEVWSTLPFSRGNVHITTARPPTDGSTPALAINNNYFOQLDYDNRAQIAAARFVRNL
TRLDCEVWSTLPFSRGNVHITTAAAPTDGSTPALAINNNFFOQLDYDTRASVAAARFVRRL

NLIGIDNWNLIVLSRGSAHIRTNSTWDN—-——-- PVVNPSYFDHPLDQEFQLATQKLSRQI
GQLGIDFWNLIVLARGTAHISSNSSWDH-——-—- PIVEASYFGHPLDMMIQRETCKQSREV
ATVGADLWNLIVLARGTIHITSNNSFDL—-———— PEIEPSYFGHPLDLQLQTLATQQAAQV
OTVGADIWNLIPLARGTVHVQSDNSWDQ————— PAIDAAYFGHELDTTLQVLATRQARDV
NSYGIDIWTLLPFSRGSIRATSONPYDG—--—- ARIDPNYFGLPIDMDMQVASLRASRRV
NSYGIDLWTLLPFSRGSVRATSGNPFDA————- PRVDPNYFGLPIDMDMQVQSLRAARRV
NGFGVEMWPLLPYSRGSVHTSSASTFAK————- TIVDPRYFSVPFDMDMQVAGCRGVRRV
NDYGIELWPLLPFSRGYVHAVSADAFSN——-——-— ATVNPRYFSVPFDMDLQVASSRAARRI
—DVGHEMWPLLPFSRGNVTITSNNPFAK ————— PSVNVNYFSVDFDLTMHIAGARLSRKL
GGLGIDLWQLLPFSRGTVKITSTDPFNY-——--—- PSIDPRYFSADVDLKIQIAGLRMARKI
-TLGIDOQWQLLPFSRGTVQISTTDPFTQ-———— PAVNVNYFSVDWDLDVQIASARLSRTI
- TLGWNLLPF SRGNVKITTTDPFTQ-———— POQVTVNYYSVDFDLDVQVAGARLARKI
NQITAQLWNLLPLSRGSIHINSTDATLP——--—-—- PRIDPAFLQLPIDRYVQAAAATIRVRKY
PLVGTAFWISLPFSRGSVHIHSSDPGVY—-——-—--— PSLDPNYFAAEWDLVFQRRIAQLIFRY
EFLV'H WLLLPFSWGSVHLTSVDAINA-———- PAIDPKYFLVDFDLDVQIGLGRTAQKF
TTAISAYWDTLPFSRGSVHLSSANDINT-—--- PAINPRFLSVDFDLAVQVAVGRLATKF
SSISAQYWALMPFARGHVHIASADPTAK-———— PVINPNYYKFDWDLTSQIAVAKYVRKT
NAVSSEFWGLLPFARGNIHISSNDPTAP————- AATINPNYFMFEWDGKSQAGIAKYIRKI
-SWGAEYWGLLPFSRGSIHISQANSTAG-———-— ALINPNYFMLDYDVELQVATAKFIRSV
NSFAVEYWPLLPFSRGSVHIQSANASDY-—--—-—- PAINPNYFMFDQDAEAQVTVAQYIRKA
* . . * . *
SSAGEMKKY-YAGETIPGDNL—-—-—————— PODA--TVEQWEDYVM——————— MNFRPNWH
SNSGAMQTY-FAGETIPGDNL—-—-—————— AYDA--DLSAWTEYIP-—————- YHFRPNYH
TSQGAMKEY-FAGETLPGYNL-——————— VONA--TLSQWSDYVL——————-— ONFRPNWH
TSQGAMKEY-FAGETLPGYNL-——————— VENA--TLSQWSDYVL——————-— ONFRPNWH
FATPPLANF-TTEETQPGLDNL H
FATQPLANL-TTEETQPGYKNL H
YALPPLNGSSVLDEIAPGLATV H
YGLAPLNGSAVLDEIAPGLATV H
FNTEPLASYV-VEELEPGLDRV H
YOTEPLAQYV-KSELVPGKA-V——————— SQEG--TDEEWEQWMK H
YSTSPLAEMV-DKNILPATLP-—————————— V--TYEAWETFVK-———=——- DTHT, H
YAAEPLASMV-SGEITPGLERV-——-————— ALEA--DDAAWTEWVK-=-————— SEH H
LONSNLRSLTYNGETTPGFSLI----PDGPNSG--RYSRWRDWILGTLPNGGSGE H
LKNSHLRSLTYNGETTPGFGLI----PDGPNSG--SYAKWRAWILGTLQGGGSGE H
YOTSPVSDLFAAGEEIPGFDVSRGGIPDGPKHG--AFARWQKWIS H
LOGDAFKNISSGPENKPGFKVVP---DDSVNHG--SYATWQAWIS H

FQTSPLRSIV-TEENAPGYNEV----PENNDGG--SDEDWSNWIL
LSSPPLSDLS-TGEVIPGD-SV--—--PDNGERG--TEEDWTSWIT
LTTPPLSSLS-TGETRPGS-AV----PDNASRG--TDAAWKSWIK

FATSPLADH-ITGELSPGFETV—-=—====— PODAGWRDASWDAWIK
WGTDPVRSL-AGORLOPAVGDL—=====— PSNA--TDEALDKWIA
WNTEPVSDI-VGARVSPTDDDV=-===—=- PLNA--TDEQWAGYIS
WITAPISAV-IEARVDPNSTIL-=====- PDNA--TDAQWEDFTR
FOSAPLANI-IAEETNPGFEAV-=————— AANG--SEEDWKAWLL-=====-— TQYRSNFH
LRSAPLNKL-IAKETKPGLSEI-===—=— PATA--ADERKWVEWLK-————=—— ANYRSNFH
FGTGPFASV-AGTETTPGFDVI—-==—===— PADA--DEATWKSWAT-===—=—== KEYRSNFH
LGTAPLNSL-VGEEVSPGLDVL=-=====— PASA--SSATWTKWVK=-==—==—== ENYRTNYH
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Figure S7. Close-up view of the active site flavin. Protein and FAD carbon atoms are shown in wheat and yellow
respectively, O atoms in red, N atoms in blue. a Interactions between the isoalloxazine ring and the protein. The
isoalloxazine ring is rigidly fixed through a dense network of hydrogen bonds. Most contacts involve the protein
backbone except for Ser573, which stabilizes the cofactor also with its side chain. Ser573 is modelled in double
conformation: one conformer interacts with the flavin system, the other interacts with Asn97 side chain. Asn97
is located on the si-face of the isoalloxazine ring, while the two catalytic histidines, His528 and His571, lie on
the re-face: the orientation of their imidazole ring is due to hydrogen bonding with GIn329 and Glu414
respectively. b Residues facing the active site. Except for GIn331, most of the residues directly facing the active
site possess aromatic side chains: Tyr64, Phe416 and Trp430. Water molecules are depicted as red spheres.

Hydrogen bonds (distance < 3.2 A) are represented with a dotted line.
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Figure S8. Details of the two anomeric forms of glucose (GLC) and laminaribiose (G3G) bound to ODH active
site, a Top view (perpendicular to the isoalloxazine plane) and b side view of B-G3G in ODH-G3G; ¢ top view
and d side view of a-G3G in ODH-G3G; the protein is shown in green, the FAD cofactor in yellow, G3G in pink
(B anomer) or magenta (o anomer). e Top view and f side view of B-GLC in ODH-GLC; g top view and h side
view of B-GLC in ODH-GLC; the protein is shown in light blue, the FAD cofactor in yellow, GLC in orange (3
anomer) or gold (a0 anomer); O atoms are in red, N atoms in blue. Water molecules are depicted as red spheres.

Hydrogen bonds (distance < 3.2 A) are represented with dotted lines.
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Figure S9. PDBe Motif analysis of protein-ligand interactions in ODH-G3G, ODH-GLC and 4fGDH-LGC.
Comparison of the simplified PDBe outputs for: 1) (upper panel) - and a-LMB reducing end pyranose in ODH-
G3G (pdb: 6XUV) and gluconoactone (LGC) in 4/GDH-LGC (4YNU); ii) (lower panel) B- and a.-LMB non-
reducing end pyranose in ODH-G3G (pdb: 6XUV) and GLC2 in ODH-GLC (pdb: 6XUU). As for the reducing
end of B- and a-G3G, similar results were obtained for a- and B-GLCI1 in ODH-GLC (not shown). Colors
represent different bond types. Atom pairs, distances and eventually angles are reported. No van-der-waals

interactions have been shown, apart from two crucial ones between Tyr53 hydroxyl and LGC in A/GDH-LGC

(for more details see Additional file 2, Section 4).
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Figure S10. Surface representation of ODH substrate-binding cavity in ODH-GLC (6XUU). Four GLC
molecules bind to this region, numbered according to their proximity to the active site FAD. They seem to be
caught in the diffusion process from the bulk to the flavin system, with GLC4 and 3 binding to the funnel-shaped
opening to the solvent of ODH active site, while GLC2 and 1 bind close to the FAD cofactor within a V-shaped

tunnel. ODH surface is shown in light blue, GLC molecules in orange (C atoms) and red (O atoms) sticks.




Figure S11. External sugar-binding sites (SBSs) in ODH-GLC (6XUU). All three sites are located on the convex
face of ODH, whose surface is represented in the center and colored in light blue. SBSs are numbered according
to their proximity to the active site entrance, located on the concave face of the protein (not visible). The three
insets show the detail of ODH-ligand interactions. GLC molecules and the surrounding protein atoms are
represented as orange and light blue sticks respectively (C atoms); O atoms are in red, N atoms in blue and water
molecules are depicted as red spheres. Hydrogen bonds (distance <3 .2 A) are represented with dotted lines. The

2F-F. electron density map is also depicted for the GLC molecules and contoured at 1o.




