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Supplementary Figure S1: L-Phenylalanine and L-Tyrosine catabolism. The enzyme responsible for
each step (indicated by an arrow) is shown in italics on the left and the corresponding inborn error of
metabolism is shown in bold on the right. The step blocked by Nitisinone is indicated by a red cross.
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Supplementary Figure S2: Phylogenetic tree of PAL/TAL from fungi. The top part in colour consist of
sequences from Basidiomycota and the bottom part in black consists of sequences from Ascomycota,
which were used as outgroup to root the tree. Branches within the Basidiomycota are coloured
according to subdivision: Agaricomycotina (blue), Ustilagomycotina (grey) and Pucciniomycotina
(green). Bootstrap values shown are based on 1000 replicates.
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Supplementary Figure S3: Alignment of RgPAL and all ancestral enzymes. Grey: alanine-serine-glycine
triad that forms catalytic moiety MIO, cyan: all tryptophans.
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Supplementary Figure S4: Activity screen of all enzymes. All screens were performed with 10 mM
substrate in a 50 mM Tris-HCIl, 125 mM NaCl buffer (pH 8.5) at 37 °C. Enzyme in buffer without
substrate was used as a control. a) Activity screen with substrate L-Phe. b) Activity screen with
substrate L-Tyr. The results of these activity screens were only used as an indication of which enzymes
to characterize in kinetic studies.
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Supplementary Figure S5: Kinetic analyses of RgPAL, TcPAL and ancestral PAL/TAL with L-Phe and L-
Tyr. All kinetic assays were performed in a 50 mM Tris-HCI buffer at pH 9.2 in 37 °C. Error bars show
standard deviations with n=3.
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Supplementary Figure S6: Melting curves established by nanoDSF. The ratio of intrinsic tryptophan
fluorescence at 350 over 330 nm was monitored while heating the samples with 1 degree per minute
from 20 °C to 90 °C (top part of figure). The melting temperature is determined as the maximum of the
first derivative of the ratio (bottom part of figure).
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Supplementary Figure S7: Analysis of thermostability for RgPAL, TcPAL, MEGA_A1 and MEGA_AS3 by
circular dichroism spectroscopy. CD spectra were measured from 200-260 nm at one-degree intervals
from 20-90 °C. Spectra are shown for every five-degree interval from 20-75 °C, since no additional
changes were observed at higher temperatures and due to spectral overlap.
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Supplementary Figure S8: Proteolytic stability. a) SDS-PAGE analysis of samples over time in samples
+/- pepsin (top) and +/- trypsin (bottom). The band that represents PAL/TAL is indicated with a red
arrow and disappeared completely in all pepsin samples. Pepsin is indicated by a black arrow. In
samples with trypsin the PAL/TAL band becomes fainter over time, whereas other smaller bands
appear (most likely degradation products). Due to the lower concentration of trypsin and a lower
amount of protein loaded onto the gel, it is not visible on SDS-PAGE. All six gel images were cropped
around the edges for display. The SeeBlue Plus2 pre-stained molecular weight marker is shown in all
gels, however, the lowest band is missing from the MEGA_A1 trypsin gels because the program was
run too long. Differences in band intensities for the +/- pepsin samples are likely due to inconsistent
sampling (quantification of activity loss was based on kinetic measurements, see below). b) Activity
analysis of RgPAL and MEGA_A1 samples with trypsin over time, using L-Tyr as a substrate. Activity
was lost completely after 20 hours. The sample taken after 50 minutes was only analyzed on SDS-PAGE
because the temperature in the sample had not been adjusted to 37 °C for activity measurements and
could not be included.
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4|—£LXP_O18272209.1_phenylalanine_ammoniaIyase_Rhodotorua_torulodes
AP_0168274290 1_hypothetical_protein_Rhodotorula_graminis

1
! ORYT75067 1_LAspartaselike_protein_Leucosporidium_creatinivorum
1 SCVB8727.1_BQ2448_848_Microbotryum_intermedium
—11 E05048.1_phenylalanine_ammonialyase_Microbotryum_lychnidisdioicae

0 795903 1_BZ3501_Microbotryum_saponariae

AP_014565919.1_hypothetical_protein_Mixia_osmundae
1 1 AP_014181513 1_Phenylalanine_ammanialyase_Trichosparon_asahii_var _asahil
1 1 PAL_Trichosporon_cutaneum

AP_018276715.1_phenylalanine_ammonialyase_Cutaneotrichosporon_oleaginosum

XP_007411966.1_hypothetical_protein_Melampsora_laricipopulina
1 0AVI5049 1_phenylalanine_ammonialyase_Puccinia_trticina
1 099 KMES3553 1_phenylalanine_ammonialyase_Puccinia_striiformis
: PLW10147.1_hypothetical_protein_Puccinia_coronata
XP_025380973.1_putative_Pal1phenylalanine_ammonialyase_Acaromyces_ingoldii
XP_007876038.1_hypothetical_protein_Anthracocystis_flocculosa
CDI51020.1_phenylalanine_ammonialyase_Melanopsichium_pennsylvanicum
AP_0113868045.1_Phenylalanine_ammonialyase_Ustilago_maydis
IDWIZT735.1 hypothetical protein_Sporisorium_scitamineum
pea S111413t26_1_Sporisorium_reilianum_probable_Pal1Phenylalanine_ammonialyase
07‘?7012190228 1_phenylalanine_ammonialyase_Pseudozyma_hubeiensis
— XP_016294702 1_putative_phenylalanine_ammonialyase_Kalmanozyma_brasiliensis
T563330.1_phenylalanine_ammonialyase_Moesziomyces_aphidis
XP_014659902 1_phenylalanine_ammonialyase_Moesziomyces_antarcticus
CF53739.1_probable_phenylalanine_ammonialyase_lstilago_hordei
SAMT2733 1_probable_phenylalanine_ammonialyase_Ustilago_bromivora

KDQ20054 1_hypothetical_protein_Botryobasidium_botryosum
1 K1034005 1_hypothetical_protein_Tulasnella_calospora
0.7 1 CEL58547.1_Phenylalanine_ammonialyase_0S_Amanita_muscaria_Rhizoctonia_solani
KEP55622 1_phenylalanine_ammonialyase_Rhizoctonia_solani

KDQ28077.1_hypothetical_protein_Pleurotus_ostreatus

AP_001830572 2_phenylalanine_ammonium_lyase_Coprinopsis_cinerea_okayama
AHD25301.1_phenylalanine_ammonia_lyase_Flammulina_velutipes
KI¥73137 1_phenylalanine_ammonialyase_Cylindrobasidium_torrendii
BAQ49780.1_phenylalanine_ammonialyase_Tricholoma_matsutake
KMNZ74386.1_Phenylalanine_ammonialyase_Termitomyces_sp.
RDB24836.1_Phenylalanine_ammonialyase_Hypsizygus_marmoreus
PEK 74186 1_phenylalanine_ammonialyase_Armillaria_solidipes
ESK92064.1_phenylalanine_ammonium_lyase_Moniliophthora_roreri
KIKB9061.1_hypothetical_protein_Gymnopus_luxurians
AHH55203 1_phenylalanine_ammoania_lyase_Pleurotus_eryngii
KIK09276.1_hypothetical_protein_Laccaria_amethystina
KDR75707.1_hypothetical_protein_Galerina_marginata
PPQB8445.1_hypothetical_protein_Psilocybe_cyanescens
KIM40278 1_hypothetical_protein_Hebeloma_cylindrosporum
PPQBE2931.1_hypothetical_protein_Panaeolus_cyanescens

KZT23553 1_phenylalanine_ammonialyase_MNeolentinus_lepideus
AP_007866123.1_phenylalanine_ammonium_lyase_Glogophyllum_trabeum
AP_024338426 1_hypothetical_protein_Postia_placenta
KZT01457 1_phenylalanine_ammonialyase_L astiporus_sulphureus
EPT02559.1_hypothetical_protein_Fomitopsis_pinicola
KZTT72322 1_phenylalanine_ammonialyase_Dasdalea_qguercina
1O.JTO1949.1_Pheny\alanine_ammonialyaSe_Trametes_pubescens
AP_008043251 1_phenylalanine_ammonialyase_Trametes_versicolor
CDOT7048 1_hypothetical_protein_Trametes_cinnabarina
0SCY99844 1_phenylalanine_ammonialyase_Trametes_coccinea
RDX49247 1_phenylalanine_ammonialyase_Polyporus_brumalis
PIL33415 1_hypothetical_protein._Ganoderma_sinense
XP_007369707.1_phenylalanine_ammonialyase_Dichomitus_squalens
PSRT73761.1_hypothetical_protein_ PHLCEN_Phlebia_centrifuga

KIP11236 1_hypothetical_protein_Phlebiopsis_gigantea
AGRET_11562T0_Phanerochaete_chrysosporium_phenylalanine_ammonialyase
XP_007401001.1_hypothetical_protein_Phanerochaste_camosa

XP_015411800.1_phenylalanine_ammonialyase_Aspergillus_nomius_NRRL_13137
4‘1—: CEL01084.1_Putative_Phenylalanine_ammonialyase_Aspergillus_calidoustus
XP_002378052.1_phenylalanine_ammonialyase_Asperqillus_flavus_NRRL3357

1 >

Supplementary Figure S9: Consensus tree from three chains in BAli-Phy. Three independent Markov
Chain Monte Carlo chains were run in BAIli-Phy? version 3.3 with the same set of sequences used to
construct the Maximum Likelihood (ML) tree, yet in full length. Only two minor differences occur with
respect to the ML tree - all within the clade of Agaricomycotina. The part in which the ancestors were
reconstructed has high posterior probabilities.
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