Supplementary Information

Broadening the biocatalytic toolbox —
Screening and expression of new
unspecific peroxygenases

Sebastian Bormann', Harald Kellner?, Johanna Hermes', Robert Herzog2, René Ulrich?, Christiane Liers?,
Roland Ulber*, Martin Hofrichter?, Dirk Holtmann'*>

! Industrial Biotechnology, DECHEMA Research Institute, Theodor-Heuss-Allee 25, 60486 Frankfurt am

Main, Germany

2 Technische Universitit Dresden, International Institute Zittau, Chair of Environmental Biotechnology,
Markt 23, 02763 Zittau, Germany

3 Institute of Bioprocess Engineering and Pharmaceutical Technology, Technische Hochschule
Mittelhessen, Wiesenstralle 14, 35390 GieBen, Germany

* Institute of Bioprocess Engineering, University of Kaiserslautern, Gottlieb-Daimler-Strasse 49, 67663,

Kaiserslautern, Germany

> Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Research Division
Bioresources, Ohlebergsweg 12, 35392, Giessen, Germany



Supplementary Results
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(d) rMgaUPO
SI Figure S1: Screening of supernatant of P. pastoris clones transformed with UPO expression plasmids for activity using
ABTS (m) and NBD () assays after cultivation in deep well plates for 94 h. The activity was determined by means of an
endpoint measurement after 30 min of reaction time. rMgaUPO (d) exemplarily depicts a screening yielding no active clones.
Clones chosen for subsequent larger scale production were: rCabUPO 1, clone 11, rCabUPO 2, clone 16, r4niUPO, clone 15.
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SI Figure S2: Production of recombinant UPOs with P. pastoris X33 in a bioreactor. Phases of the glycerol and methanol
(fed)-batch process are indicated. A double bar marks the starvation phase preceding the methanol fed-batch. Cultivation was
monitored by measurement of ODgoo () and enzyme production by determination of the ABTS activity (m). The drop in OD
at 40 h for rCabUPO 1 was the result of losses of culture broth due to overpressure in the reactor. The loss of culture broth was
compensated by aseptical addition of fresh medium, which lead to this drop in cell density.
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SI Figure S3: Purification of UPOs by hydrophobic interaction chromatography (HIC) using an ammonium sulfate
gradient from 1 M to 0 M as indicated by the reduction in conductivity (—). Absorption was determined at 280 nm (—)
and heme-specific absorption at 420 nm (—).
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SI Figure S4: SDS-PAGE analysis of pooled fractions after HIC purification. Lanes: M PageRuler Prestained (ThermoFisher),
1 rAniUPO, 2 rCabUPO 1 peak 2.4 CV 3 rCabUPO 1 peak 2.9 CV 4 rCabUPO 2
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SI Figure S5: Purification of UPOs by size exclusion chromatography. Absorption was determined online (280 nm —, 420
nm —) and offline (280 nm m, 420 nm m).
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SI Figure S6: Absorption spectra of purified proteins.
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SI Figure S7: Determination of the pH-optimum of rCabUPO 1 (A), rCabUPO 2 (m) and r4AniUPO (e) using ABTS as
a substrate. An activity of 100% corresponds to the highest activity measured for each individual enzyme.
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SI Figure S8: Determination of the pH-optimum of rCabUPO 1 (A), rCabUPO 2 (m) and r4niUPO (e) using NBD as
a substrate. An activity of 100% corresponds to the highest activity measured for each individual enzyme.

Relative activity (%)

Relative activity (%)
3

0 E————————
5.2 5.6 6.0 6.4 6.8 7.2 76 8.0

PH ()

SI Figure S9: Determination of the pH-optimum of rCabUPO 1 (A), rCabUPO 2 (m) and r4niUPO (®) using veratryl alcohol
as a substrate. An activity of 100% corresponds to the highest activity measured for each individual enzyme.



SI Figure S10: VA-dockingsimulation results for 4niUPO (upper pictures) and MroUPO (lower pictures). Each picture on the
left is a top-down view from the proteins surface into the substrate access channel. Pictures to the right are the respective
bottom-up view. VA in magenta as sticks surrounded by its approximated SES. Heme as sticks; carbon = green, nitrogen =
blue, iron = brown.



SI Table S1: Primers used for the construction of pPpB1-based UPO expression plasmids.

Target Primer (5'-33) ™
°C
pPpB1 tcaagaggatgtcagaatgc
CGTTTCGaataattagttgttttttgatcttctcaag 60
AniUPO aagatcaaaaaacaactaattatt CGAAACGATGaagaccaccaccc
ggcattctgacatcctcttgaT TAgccacgecagga 62
AveUPO aagatcaaaaaacaactaattatt CGAAACGATGaagacccctatcct
ggcattctgacatcctettgaTTA gttatcggaatccttgac 59
CelUPO aagatcaaaaaacaactaattatt CGAAACGATGcgcaccagectg
ggcattctgacatcctcttgaTTAgaagccgaagtggg 62
KdeUPO aagatcaaaaaacaactaattatt CGAAACGATGaagttcgccacce
ggcattctgacatcctcttgaT TAgccgaagatctecge 62
MfUPO aagatcaaaaaacaactaattatt CGAAACGATGaagaacctcctctce
ggcattctgacatcctcttgaT TAcacatcagggagcetg 61
MgaUPO aagatcaaaaaacaactaattatt CGAAACGATGcagctcaagetga
ggcattctgacatectettgaTTAatggaagacgatgccg 62
CabC27 aagatcaaaaaacaactaattatt CGAAACGATGatcagccagagcttc
ggcattctgacatcctcttgaTTAcagcetggecgtag 62
CabC32 aagatcaaaaaacaactaattatt CGAAACGATGgtgagcaagece
ggcattctgacatcctcttgaT TAcagetggecgtaag 62
ThaUPO1 aagatcaaaaaacaactaattatt CGAAACGATGaagtacctgcetcage
ggcattctgacatcctettgaTTAggegecgatctg 62
ThaUPO2 aagatcaaaaaacaactaattatt CGAAACGATGectgctgtccaac
ggcattctgacatcctcttgaT T Aatcctcggagaacttctg 60




DNA-Sequences of UPO genes

UPO from Aspergillus niger (AniUPO)

ATGaagaccaccaccctcctgtgecctecgeccgecgctcectcacccaggctaacgectteccctcagecagggcecge
ccctcatcctcecteeccttggtcecceccececcecggecctaacgatgtgegegectecttgecccatgectgaacaccece
tggccaaccatggctacctgccccacaacggcaaggacatcaccgagcagcacaccatcaacgecctgtac
aacgccctcecggcatcgaggaggagctcgcecgtctacctgcaccaggaggccgtgaccaccaaccccgcccece
taacgccaccaccttctcectcaacgatctgagecgeccatgacatecctggagcatgatgecteecctgtecece
gccaggacgccttcttcggcgataaccatgacttcaaccagaccatcttcgatgagaccecgcectectactgg
accagccccatcatcgacgtcaagcaggccgceccctgageccgeccaggcectecgtgttaacaccagcatggcecac
caaccccaactacaccatgtccgagctgggcaactcecttctectacggcgagaccgceccgectacatecateg
tcctcggcgacaaggagaagggcctcecgtgaaccgcteccecgecgtggagtacctgttcgagaacgagecgectyg
cctctcgacctgggctggtccecgtgccaaggagaacatcaccttecgacgacctgteccaccatgetgcageg
catcatcaacgccaccggcggcgagtccgagttcgaccgtgagctggccaagcgecggcggegttcatgtgg
gctcctggcgtggcTAA

UPO from Aspergillus versicolor (AveUPO)

ATGaagacccctatcctgtcececctggeccgtgggectggecggttgtgetgtegettaccctgagtacctcecga
gggccgcagcgagtggcaggcccaagagtggatcgeccctggecctgacgattecccgecggeccttgeecctg
gcctcaacaccctggccaaccatggctacctgectecgcaacggcaccggcatcaccctcgacatecctgaag
gatgccatgctcgagggcttcaacatcgagcatagcgatgccgagctectgttcacccaggccatceccgeac
ctcccecctaactggcectctcaccecctcecagettcgacctecgecgatctgggecgecatggecatecctecgagecatyg
atatctccctctceccececgeteccgacgectacttcecgecgatecctaaccecttcaacgagaccgtectgggecgag
accgccagctacttcaccacccccatgatcaccgtggaccagctggccaaggeccgcatgggeecgtcetege
tacctccaagaagtccaaccccgagttcgagectgagectggctggeccgatggecttcagectggggecgagtgeg
ccagcttcttcgagatcatggccgatggcaccaccggcaccgtcgataagaagtacatcgagtactggtte
cgcaacgagcgcatgcctaccgagatcggctggcagecgeccgcaacaccaccatgcagggcagcgagcgeccg
caagtactccaacctgctgcaggaggccgccggcgtcaaggattceccgataacTAA

UPO from Chaetomium globosum (CglUPO)

ATGcgcaccagcctgcectcecceccecgecctggectgetgtgtececctgtgectggeecggettecgatacctgggecce
ccctggtceccctacgacgtceccgtggtceccecctgecccatgectgaacaccctcaccaaccatggettetteccte
acgatggccaggatatcgaccgcgagaccaccgagaacgccctgttcgatgeccctceccatgtcaacaagacce
ctggccagcttcctgttcgacttcecgceccctgaccaccaaccctatcgccaacagcaccaccttcagectgaa
cgacctgggcaaccataacgtcctggagcacgacgcctceccctgagecgecgctgacgcttaccacggcagcg
tcctggcecttcaaccacaccatcttcgaggagaccaagtectactggaccgatgagaccgtgaccctcaag
atggccgccgatgcccgctactaccgcatcaagagctcccaggccaccaaccctacctaccagatgagega
gctcggcgacgccttcacctacggcgagtcecgecgectacgtegtectecttcggecgacaaggagageccaga
ccgtgccceccgcectcectgggtcgagtggectgttcgagaaggagcagctgceccccagcacctgggectggaagege
cctgctacctceccttcgagctgaacgatctggataagttcatggeccecctcatccagaactacacccaggagat
cgaggagccctcctgcgagagccgcaagcagcgcecgtaagectecgeggecctteccacttecggettcTAA

UPO from Kretzschmaria deusta (KdeUPQ)

ATGaagttcgccaccctcectcettcecceccecegecgtegtecteggegetgettgeccttacggecaccttcecteccece
tgagaagcccaccgacacccgcggegtgtgecctatgctgaacgecctggceccaaccatggettecteecte
gcgatggccgcgacatcaccgagaaccagaccgtgaccgceccctcaacgacgccctgaacctcacccectgac
ttcggccagttcctcttcaccgecgeccgectcectccaaccctaagectaacgeccaccaccttcaacctega



tcacctggaccgccacgacctcttcgagcatgacggcagecctgageccgccaggacgcectactteggecagt
ggtcccgcttcaacgccaccgtgtggaactggaccatgcagtactacaccggecgatgtgectcgacgtceccag
atgatcgccaacagccgcgcccagcecgcgceccatgagaagcaacctgaccaaccceccgagtacaagetgteegt
cgtgggctacgacttcagcgtcgccgagaacgccgceccatcecctcagcatecctecggecgataaggtcacccaga
cctgccctaaggtgttcgeccgattacctecttcectccaaggaggagectgecctacteccgtcggectggaagaag
tccgagctceccectatctcececctgcaggatctgatcaccaccttccacgacatcgagectggeccaccgecttecee
cgcccctcectcectectgacaactecggecgagatcecttcecggeTAA

UPO from Marasmius fiardii (MfiUPO)

ATGaagaacctcctcteccecctgatcttcatcgeccgtegecgtcaccgecteccaccgactectcaggtggactg
gtccagccaccgctggcaggcccectggtectteccgatacccgeggeccttgececcggtectcaacaccctgg
ccaaccatggcttcctcecctecgcaacggeccgcaacatctceccatccecccatgatectgcaggecggecatgag
ggctaccacatcgagccctceccatcecctgaccatcgceccgccaaggtgggectgctgaccagecctagecgatcea
gcccaccaccttcectcececctcgaggacatcaaggecccacggcecgtcatcgagecatgatgeccagectecteeccgec
aggatatcgccctgggcgataacgtccacttcaacgagaccatcttcagcaccctggtcaacagcaaccct
cgctccgatgtgtacaacaccaccagcgccggccaggtcectceccaggectegtetggectgatagectgaagaa
caaccctaacgtgaccaacaccgatctgaccgatgtcatccgecggecgeccgagagegecttectaccteteceg
tcatgggcgaccctatccagggcgtcecgecccctaagaagttcgtgcagatecttetteccgecgaggagecgectg
cccatcgaggagggttggaagcgcaccaacatcagcatcaccctcaacgtecgtcggecgecctegtecgataa
gaccttcgaggccgatcctgcecctgggagectaccggcaacaactgeccctggcatceccagetececctgatgtgT
AA

UPO from Mycena galopus (MgaUPO)

ATGcagctcaagctgagctccecctgatcgtecgeccagegtegtgectegtcggcaaggtcaacgectacgecge
ccccecgctggceccatgagttcatcgeccccaccagcaccgaccagecgeteececcttgeccecggtcectcaacaccee
tcgccaaccatggctacctgcecctcgcaccggcgccaacttcaccgtgacccagatcatggatgeccgeecte
gccggcttcaacgtcaactgggatgccatcctecgtggeccgccaagttecggectgectcageggegetgacge
caccaccttcgagaccatgtccctcggeccectggecctgcacaacctecgtcgagcacgacgecteccatet
cccgcaacgacttcggccccgacggcaccggtgacaacgtgcacttcaacgagaccaccttcecteccacccetg
gccaacgccaaccccggcaaggattactacgatcecctgtcagecgeccggegecgteccagcacgctagactgge
tcactccgtcgccaccaaccctaacgtcaccaacacccagaaggagttcaagetgecgcagecgcgagtecg
ccctgtacctcagcatcttcggcgaccecctcaccggcatcgeccagcaaggagttegtgcagatettette
cgcgaggagcgcctccceccttecgeccgagggttggtccaagecccaccaccctgatcgacagetceccaccectega
tcccatcggcaacatcatccagaacgccagcgactggaccgagacccagtectgcgagectetegtecteg
gctccggcatcgtcttceccatTAA

UPO 1 from Candolleomyces aberdarensis (CabUPO 1)

ATGatcagccagagcttcgtgtcecctgaccgtgectgectgectcggectecgtcaacctgageccecgecttege
cttcccccagtacggcectcececctggecggtectcectecgececgtgatctgaacgtectcatececctecgectgaacyg
aggtcgatcctcccaccccectceccecggecctcectegettacaacggcaccaagctegtccatgacgatgeccac
cccttcaaggcccccgagcagggtgatatccgeggeccttgeccecggectgaacaccttggeccaaccatgg
ctacctccctcataacggcgtcecgceccacccecctagceccagatcatcgaggecgtccaggagggecttcaacatgg
agcatgccaccgccctgttcecgtcacctacgcecgceccacctcgtggacggcaacctecgtgaccgatctgetce
tccatcggcgagaagaccggcctgaccggcecctggatcectececgetectgeccategtgggeggecttgaacac
ccatgccgtcttcgagggcgacgcectccatgaccecgecgecgacttettettecggecgataaccataacttea
accagaccctgttcgaccagttcgtggacttcagcaaccgcttcggecggecggecttctacaactacaccgtg
gccgccgagcectgegcecttccagegtatccaggagagcatcgccaccaaccctcagttcetecttecatcecteccece
ccgcttcecttcaccgcectacgccgagagcacctteecctgtcaacttettecgtggacggeccgcagcaccgaga



agaagctcgacatggaggccgccacctcecttcatccgecgacggcaagtacecctcaggacttceccatecgegece
gcccagceccttcectceccaccgagggtatcgatatecgtggectceccecgeccacccectgtggeccctggtgaaaaccyg
cgacggcaaaatcaacaactacgtccccgaccctacctceccgecgacttcectceccaccttetgectgectgtaca
ccaacttcgtgaaccagaccatcggcggcctctaccctaaccccaccggegtgcectecgecgcaacctgate
aagaacctccgcttcttctacagcggcatcgeccgatgeccggectgcgaggagctecttececctacggecaget
gTAA

UPO 2 from Candolleomyces aberdarensis (CabUPO 2)

ATGgtgagcaagcccttcgececctectgaccacctacctgectgatecctgggecaccctecteccaccteectege
cttccccggectceccaggtcecctaaccgegecttgetgegecgeccaggagggtggtggttecccagggtggeg
gcagctccgagcagggtgtggaccctcecctcecctectececcggecctecttecttcaccggcaccaagectegte
aacgatgccgatcacccttggcagcceccctgecgcgagggcgatatccgeggtcecttgeccecggectcaacac
cctggccagccacggttacctgcceccgecgacggtgtcgeccacccecctgcectcaaatcatcaccgeccacccagg
agggcttcaacttcgagaacaacgccgccatcgtcgceccacctacctgggeccatctecctcaacggcaacctg
gtgaccgatctgctgtccatcggcggcgccacccctaagaccggcecctectecteecgececectgetecatge
tggcggtctcaacgtgcatggcaccttcgagggcgacgccggcatgaccecgcecgectgatgagttectteggeg
acaaccacagcttcaaccagaccctgttcgacaagttcgtggacttcagcaaccgctacggcggecggcette
tacaacctcaccgtcgccggcgagcectceccgctacagecgtatccaggacagcatcgecaccaaccctgagtt
ccagttcaagaacgtgcgcttcatcaccgcctacggcgagaccgtcecttececctatcaacctgttegtggatyg
gccgcgtgaccaccgaccgcaagctgtccatggaggatgeccgeccagcatecttecgegatatgegettecect
gatgacttccaccgctccgecgtceccctgectccaacgagggtgeccgaccaggtectecgecgeccatecttg
ggtgcctggcggtaacgccgacaaccaggtgaacaactacgtcgaggatcctgacagcgecgacttcaccecce
acctctgccgcecctgtacgagttcgtggtgggctceccgtgcaggagctctaccccaaccctaccggecatectg
cgccgcaacctgatcaagaacctccattactggtggaccggecgtcaacgtcgecttecggecggectgecgatga
gctcttcceccecttacggccagctgThAA

UPO 1 from Trichoderma harzianum (ThaUPO 1)

ATGaagtacctgctcagcctggtcgeccatcagcaccctgagcaacatcggecgecgeccagcectgectggatcet
ccctcctcectettecgatcecectacgatcecctaagttcgacgactggcageccgcecggecctgacgatagecgtyg
gtccttgccecctggcectgaacagcectggccaaccacggcttceccteccecccatagecggcaagaacatcaccecatce
atcgatctcctcecgcecggcecgectacctgggectecggtgttagecctgagatcteccategtggtgggecgecge
cgagctcatcaagagctaccgcctcgceccgcecttcgatctccacgagectctccaaccacggettcategate
atgattgctccctctecccgecgeccgacatcggcgacggtaacaacaacgacttcaacgagaccatctggagce
gtgcctctggaggtcctgatgaactacaccatcatcacccecctgaggccatcggegecgetecgetetgeteg
tgacctgttcgacatcgcccacaaccctaaccagcagtgcggecgeccgcectceccatcgecatecggtgeteteg
agaacggcctgctcatccagtccctgggecggcaagectgagectcgagtgggtecgetccatcttcgagecag
cagcgcatccctaccaacctgggcecttccgecccaageccategtectcaacaacgecgtgggegtegecac
cgtcggcttggaaagcctgctgtcecccageccaacctgaccgatctectgggcagegtecgtgatcaagacce
ctgccgacctgctggccgaggtgttcecctgtcaaggagtacaacctcacctacatcecctecgaggtectggge
ctggccggcttceccecctgctgtggatctgtecttectcaccggectacaagaaggeccatccagatecggegecTA
A

UPO 2 from Trichoderma harzianum (ThaUPO 2)

ATGctgctgtccaacgtcttctecttcecgecgtgttecgecaccgeccgectacgectectgtgcaggteccagceca
gtggatgcctcccggeccccgacgatageccgecggtecttgtcccatgetcaacaccectcecgecaaccatgget
acctcccccactccggcecgceccatatcagecctteccagatcgaggatgecttcaccaacttectcaacatce
gaggccggcttcgceccgceccgcecgctaaggacttcgccaaggecctggggcaacgataccttecgatectcecgatga
tctgaacacccctgatatcctccagcacatcgccagectgacccgecgacgactacacctececcgcaaccecte



acctcaagcctaacttcctceccgcatcgagecgectgatgtceccgatagecctacctecttcatcgacgtegac
tccatcgccaagacccgcectceccgecgtcgagagcgagtccacccectaacgecctecteccaagaaccagatgaa
cgccgccctcecttcgaggecgcecatggtgectggtcatgatgteccgaccactcecececctgacgecgagttcaacce
cccceccectgtececgectaccagggcecctaaggatecgecatcececgegectggttecgagcaggagegcecttecctacce
gagttcggctggcagcctagcgcecccgcaccatcaagctcgeccgatctgaacceccgecatcaacggecatcecat
caagtccatggagcgccaggacaagagcggccgcgtcgctcagaagttctccgaggatTAA



