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Abbreviations:

IMAC, immobilized metal affinity chromatography

KaPOx, pyranose oxidase from Kitasatospora aureofaciens

MtCarA, FAD-dependent C-glycoside 3-oxidase from Microbacterium trichothecenolyticum
PcPOx, pyranose oxidase from Phanerochaete chrysosporium

PsPOx, pyranose oxidase from Pseudarthrobacter siccitolerans

ScPOx, pyranose oxidase from Streptomyces canus

SDS-PAGE, sodium dodecyl sulfate—polyacrylamide gel electrophoresis

SEC, size exclusion chromatography

SEC-LS, Size-exclusion chromatography-light scattering

TmPOx, pyranose oxidase from Trametes multicolor
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Figure Si. Multiple sequence alignment of the bacterial dimeric KaPOx (UniProt
A0A1E7NAU4) [12], monomeric ScPOx (UniProt Ao0A117Q443) [11], PsPOx (UniProt
A0A024H8G7)[14] and MtCarA (UniProt AOAOM2HFA3) [10] and fungal tetrameric TmPOx
(UniProt Q7ZA32)[18]. Mutants designed in this study are included in the alignment
(KaPOx_xal, KaPOx_xalh, ScPOx_al, ScPOx_alh). Important structural and catalytical
features such as oligomerization motifs, substrate loop and catalytic dyad are annotated with
boxes. The amino acid region T367-L384 (KaPOx numbering) and the glucose binding
residues D369 and Y373 are highlighter with yellow and red colour, respectively in both
KaPOx and KaPOx_xalh.



Table S1. Amino acid sequences of wild type enzymes KaPOx and ScPOx and variants
KaPOx_xal, KaPOx_xalh, ScPOx_al and ScPOx_alh. Structurally important segments and
motifs are labelled as following: oligomerization loop, arm domain, ,

and

Protein Amino acid sequence

KaPOx MITRYTDTLVVGSGPVGATFARTLVESGREVLMVDAGAQLSPRPGEHLKNAYIYQHNT]
VGGMGTHWTGATPRHHPVLERYDGISDQEWDGLYGEAER
LLRVSAREFDFSIRQHLVTEALRREFSELPDGYQVQSLPLAARRRRDNPRMVHWTGVDTVLGDLADGHPLFSLLPQHLCT
RLVLDRDGTRIAYAEVRDLNRSETVRVVADNYVVAAGAVLAPQLLHASGIRPAALGRYLTEHPMAFCQVILLKDLVEQARTD
QRFGGQVARHTTLFPDDDLPIPVDDPEPNVWIPVSEGRPWHAQITRDAFHYGDVPPHVDGRLIVDLRWFGIVEPRPDNRV
TFSDTRTDVMGMPQPTFEYALSPQDAERQHAMMAEMMRAATALGGFLPGSEPRFTAPGLPLHIAGTIRMGDDPQSSVVD
TDSRVWGLENLYLGGNGVIPTGTACNPTLTSVAMALKAAHHLAGSREARERRRTGADEVLAVRS

ScPOx MTHTPRTDVLIVGSGIMGSLVARLLRRSDPALHITMADGGSPIGGVPGRHLHDLDDPDLWSRYNEKVATGIQGMYTGAEVV
RDVAGSLPDLTPGMFHALAFGEDAEAMPQAALAWNAGGMGVHWTAATPWPAGDEVFDFGDPDAWAADLDTARRLLAVT
PAPIGPTKVGELVLDVLRRRYGGTGPADRAPQPMPMAVTPTPSGPMPRTAPGTIFPPLAQGGDPAFTLLTGTLVTALVRDA
GRVTGARLRRVADGTESELSADTVVVCADALRTPQLLYASGIRPEALGRHLNEHAFVTARVLLDLDREGLDPDALPLPRPG
EFSTDSLWLPCNGPSQPFHGQIMNRTYVDGAGRPLAHSVGLSLYVPVESRPQNRLVFSPGETDLAGLPRIRVEFGYSETD
RALIRRALDEVRSVAEEFGPFDPATESTVLPPGSSLHLTGTVRAGVTDDGTGVCDPDGRVWGFDNLYLAGNGVVPTPMAA
NVTLTGAVTAVRTARAVTART

KaPOx_xal MITRYTDTLVVGSGPVGATFARTLVESGREVLMVDAGAQLSPRPGEHLKNAYIYQHNTPDLWSRYNEKVATGIQGMYTGA
EVVRDVAGSLPDLAVGGMGTHWTGATPRHHPVLERYDGISDQEWDGLYGEAERLLRVSAREFDFSIRQHLVTEALRREFS
ELPDGYQVQSLPLAARRRRDNPRMVHWTGVDTVLGDLADGHPLFSLLPQHLCTRLVLDRDGTRIAYAEVRDLNRSETVRV
VADNYVVAAGAVLAPQLLHASGIRPAALGRYLTEHPMAFCQVILLKDLVEQARTDQRFGGQVARHTTLFPDDDLPIPVDDPE
PNVWIPVSEGRPWHAQITRDAFHYGDVPPHVDGRLIVDLRWFGIVEPRPDNRVTFSDTRTDVMGMPQPTFEYALSPQDAE
RQHAMMAEMMRAATALGGFLPGSEPRFTAPGLPLHIAGTIRMGDDPQSSVVDTDSRVWGLENLYLGGNGVIPTGTACNPT
LTSVAMALKAAHHLAGSREARERRRTGADEVLAVRS

KaPOx_xalh MITRYTDTLVVGSGPVGATFARTLVESGREVLMVDAGAQLSPRPGEHLKNAYIYQHNTPDLWSRYNEKVATGIQGMYTGA
EVVRDVAGSLPDLAVGGMGTHWTGATPRHHPVLERYDGISDQEWDGLYGEAERLLRVSAREFDFSIRQHLVTEALRREFS
ELPDGYQVQSLPLAARRRRDNPRMVHWTGVDTVLGDLADGHPLFSLLPQHLCTRLVLDRDGTRIAYAEVRDLNRSETVRV
VADNYVVAAGAVLAPQLLHASGIRPAALGRYLTEHPMAFCQVILDLDREGLDPDALPLPRPVDDPEPNVWIPVSEGRPWHA
QITRDAFHYGDVPPHVDGRLIVDLRWFGIVEPRPDNRVTFSDTRTDVMGMPQPTFEYALSPQDAERQHAMMAEMMRAAT
ALGGFLPGSEPRFTAPGLPLHIAGTIRMGDDPQSSVVDTDSRVWGLENLYLGGNGVIPTGTACNPTLTSVAMALKAAHHLA
GSREARERRRTGADEVLAVRS

ScPOx_al MTHTPRTDVLIVGSGIMGSLVARLLRRSDPALHITMADGGSPIGGVPGRHLHDLDD|
TPGMFHALAFGEDAEAMPQAALAWNAGGMGVHWTAATPWPAGD
EVFDFGDPDAWAADLDTARRLLAVTPAPIGPTKVGELVLDVLRRRYGGTGPADRAPQPMPMAVTPTPSGPMPRTAPGTIF
PPLAQGGDPAFTLLTGTLVTALVRDAGRVTGARLRRVADGTESELSADTVVVCADALRTPQLLYASGIRPEALGRHLNEHA
FVTARVLLDLDREGLDPDALPLPRPGEFSTDSLWLPCNGPSQPFHGQIMNRTYVDGAGRPLAHSVGLSLYVPVESRPQNR
LVFSPGETDLAGLPRIRVEFGYSETDRALIRRALDEVRSVAEEFGPFDPATESTVLPPGSSLHLTGTVRAGVTDDGTGVCDP
DGRVWGFDNLYLAGNGVVPTPMAANVTLTGAVTAVRTARAVTART

ScPOx_alh MTHTPRTDVLIVGSGIMGSLVARLLRRSDPALHITMADGGSPIGGVPGRHLHDLDD|
TPGMFHALAFGEDAEAMPQAALAWNAGGMGVHWTAATPWPAGD
EVFDFGDPDAWAADLDTARRLLAVTPAPIGPTKVGELVLDVLRRRYGGTGPADRAPQPMPMAVTPTPSGPMPRTAPGTIF
PPLAQGGDPAFTLLTGTLVTALVRDAGRVTGARLRRVADGTESELSADTVVVCADALRTPQLLYASGIRPEALGRHLNEHA
FVTARVLLLKDLVEQARTDQRFGGQVARHTTLFPDDDLPIPGEFSTDSLWLPCNGPSQPFHGQIMNRTYVDGAGRPLAHS
VGLSLYVPVESRPQNRLVFSPGETDLAGLPRIRVEFGYSETDRALIRRALDEVRSVAEEFGPFDPATESTVLPPGSSLHLTG
TVRAGVTDDGTGVCDPDGRVWGFDNLYLAGNGVVPTPMAANVTLTGAVTAVRTARAVTART



My/kDa 1 2 " My/kDa 1 2 My /kDa 1 2
'
250 250 250
150 150 150
100 & 100 100
75 — 75 — 75 —
0 WP 0 e 0 T
37 37
37
25 .- 25
25 .. 20
20
20
- 15 15

Figure S2. SDS-PAGE of pure KaPOx_xal and KaPOx_xalh in comparison with a protein
ladder (BioRad, Precision Plus Protein Standard (All Blue Standards)). a. KaPOx_xal variant
after purification with IMAC. 1 — protein ladder, 2 — KaPOx_xal. b. KaPOx_ xalh variant after
purification with IMAC. 1 — protein ladder, 2 — KaPOx_xalh. ¢. KaPOx_xalh variant after
purification with SEC. 1 — protein ladder, 2 — KaPOx_xalh. Replicates not applicable. Lanes 1

and 2 in Figure S2C are spliced together.
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Figure S3. SEC-LS chromatograms of pure KaPOx_xal and KaPOx_xalh showing molecular
weight of 61 and 57 kDa, which corresponds to monomeric state of the two mentioned variants.

Replicates not applicable.
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Figure S4. a. SEC-LS chromatograms of a KaPOx_xalh sample after purification in
concentrations of 2, 5 and 11 mg/mL showing a molecular weight of 57 kDa, which corresponds
to a monomeric state of the protein. b. Zooming in to the SEC-LS chromatograms of

KaPOx_xalh of different concentrations. Replicates not applicable.



KaPOx_xal
0.7 -

0.6
0.5

0.4 -

0.3 A

Absorbance

392 nm/

3000M" cm” o1

0.2 4 2600 M~ cm”’

0.1

0.0 T T T T T
250 300 350 400 450 500

Wavelength/ nm

KaPOx_xalh
0.24 -

0.22 -

391 nm/
15000M " cm”

0.20 - 452 nm/

11.280M " em”

0.18 A

0.16 -

Absorbance

0.14 -

0.12

0.10 -

0.08 T T T T T
250 300 350 400 450 500

Wavelength/ nm

Figure S5. UV/Vis absorption spectra (300-500 nm) of KaPOx_ xal and KaPOx_ xalh protein
samples after purification. Lambda maxima and associated extinction coefficients for the

curve between 350 and 500 nm are shown. Replicates not applicable.



Table S2. Biochemical properties of the wild type KaPOx and its variants KaPOx_xal and

KaPOx_xalh, together with information on overexpression as well as thermostability and

oligomeric state (from Figure S3).

Molecular E. coli Yield per h bil
i - i ermostabilit i i
Protein Nu_mber.of weight of expression Induction 1L 77 Yy Oligomeric
amino acids monomer/ . system culture/ (T.) state
strain
kDa mg
Lactose, . .
KaPOx 556 61.2 T7 Express 20 h, 20°C 13.3 53 Dimer
Lactose,
KaPOx_xal 531 58.7 T7 Express 20 h, 18°C 4.8 42 Monomer
Lactose,
KaPOx_xalh 515 56.9 T7 Express 20 h, 18°C 0.5 42 Monomer
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Table S3. Structures of substrate that were oxidzed during the initial screening.

Substrate Structure
OH
D-glucose HO O
HO
OH
OH
D-xylose

Isoorientin

Isovitexin

Phlorizin
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Figure S6. Michaelis-Menten curves for the variants KaPOx_xal and KaPOx_xalh. Raw data
are represented with a black dot, accompanied by the fitting of the data to the Michaelis-
Menten function represented by a black line. The measurements were performed in triplicates
and at 30°Cin 50 mM Tris-HCI, pH=7.5. Data points shown are the mean of three independent

measurements + standard deviation.
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Figure S7. Error estimates in A of each amino acid in RoseTTAFold [24] models of ScPOx
and its variants. The structures are colored as a spectrum from blue to red, blue being lower
error estimates. The added N57-Y117 oligomerization loop and arm domain (ScPOx_al and
ScPOx_alh numbering) (black box) show high error estimates, and also not in a conformation

to form dimers.
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Table S4. Putative glucose binding residues in KaPOx and the KaPOx_ xalh variant based on
structural alignment of the wild-type KaPOx AlphaFold structure to the fungal PcPOx
containing 3-deoxy-3-fluoro-D-glucose (PDB 4MIG) [25] and ScPOx. Residues in italics have

a different orientation in structural models compared to PcPOx and wild-type KaPOx.

Residue in PcPOx Residue in KaPOx Residue in KaPOx_xalh Residue in ScPOXx
Q454 Q365 Q322 Q342
D458 D369 D326 R346
Y462 Y373 Y330 D350
A551 P462 P419 S436
H553 H464 H421 H438
N596 N507 N464 N482
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Figure S8. AlphaFold [29] models of KaPOx and its variants, colored in rainbow colors from
red to blue (high to low) according to the pLDDT (reliability score) assigned to each amino
acid, and pLDDT scores plotted against the amino acid numbers for each variant. The

substrate recognition loop is marked by a red rectangle, the oligomerization loop/insertion-1

domain with a green rectangle in all plots.
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Figure S9. Comparison of the hydrophobic tetramerization surfaces of TmPOx (PDB 1TT0)
[20] and a wild-type KaPOx model [12]. Tetramerization occurs through the hydrophobic
surface near the hydrophobic patch and on the hydrophobic side of the arm domain in TmPOx.

Both these regions are more hydrophilic in KaPOx in comparison.
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Table S5. List of primers used in this study to re-clone ScPOx_ al and ScPOx_ alh.

Primer Purpose Sequence (5- 3")

pD441_F Forward primer to linearize pD441 plasmid TGACAGCTCGTACCAAGCTTTAATT
between the Smal and Hindlll restriction GGTTGTAACACTGACCCCTATTTG
site TTTATTTTTCTAAATACATTCAAATA

TGTATCC

pD441_R Reverse primer to linearize pD441 plasmid CCCGGGCCCCTGGAACAG
between the Smal and Hindlll restriction
site

pNIC F Forward primer to linearize pNIC-CTHO GCAGAGAACCTCTACTTC
plasmid between the Aflll restriction site
and TEV site

pNIC_R Reverse primer to linearize pNIC-CTHO AGTATATCTCCTTCTTAAGGTTAAA
plasmid between the Aflll restriction site c
and TEV site

pD441_alh_F  Forward primer to amplify the scpox_alh TTCTGTTCCAGGGGCCCGGGATGA
gene from pET-21a and re-clone to pD441 CCCATACCCCGCGC

pD441_alh_R  Reverse primer to amplify the scpox_alh AAGCTTGGTACGAGCTGTCAC
gene from pET-21a and re-clone to pD441

pNIC alh_F Forward primer to amplify the scpox_alh CCTTAAGAAGGAGATATACTATGA
gene from pET-21a and re-clone to pNIC- CCCATACCCCGCGC
CTHO

pNIC_alh_R Reverse primer to amplify the scpox_alh TGGAAGTAGAGGTTCTCTGCGGTA
gene from pET-21a and re-clone to pNIC- CGAGCTGTCACTGCAC
CTHO

pNIC al F Forward primer to amplify the scpox_al CCTTAAGAAGGAGATATACTATGA
gene from pET-21a and re-clone to pNIC- CCCATACCCCGCGTAC
CTHO

pNIC_al R Reverse primer to amplify the scpox_al TGGAAGTAGAGGTTCTCTGCGGTA

gene from pET-21a and re-clone to pNIC-
CTHO

CGGGCGGTCACTGC
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