


Figure S1. The growth phenotypes of M. alpina grown on medium containing glucose
(A), phenylalanine (B), phenylacetate (C), phenylalanine and p-chlorophenylalanine (D),
tyrosine (E), or glucose and phenylalanine (F) as the carbon source. The data shown are

the results of three independent experiments.
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Fig. S2. SDS-polyacrylamide gel electrophoresis. The protein patterns are: (A) PAH-1;

(B) PAH-2; (C) DHPR; (D) PCD; Proteins were denatured at 100°C for 5 min in 0.1%

SDS and 1% 2-mercaptoehanol before being loaded in a 5% (wt/vol) stacking gel and

separated in a 12% (l) or 15% (ll) (wt/vol) separation gel. The gel was stained with

coomassie bright blue R250. The molecular weight markers from GE Healthcare are

indicated at each side of the panel.
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Figure S3. HPLC chromatographs of the reaction products: Tyrosine standard (A);

Phenylalanine standard (B); Blank reaction (C); PAH-1 reaction (D); PAH-2 reaction (E).
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Figure S4. The purified DHPR protein shows DHPR enzyme activity. The open round
circle (o) indicates the addition of a recombinant protein and the open square (D)
indicates no addition of protein. The data shown are the averages of three independent

experiments.
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Fig. S5. Multiple amino acid sequence alignment of amino acid hydroxylases from fungi,
animal, protist, plant and bacteria. Multiple alignments were performed with the
ClustalW program using the BioEdit sequence alignment software. The corresponding
nucleotide sequences encoding M. alpina PAH has been deposited in the
GenBank/EMBL database with Accession No. (JN982953 and JN982954). Accession
numbers for the other PAH protein sequences above are: Rhizopus_oryzae
(RO3G_07757.1), Spizellomyces punctatus (SPPG_07026T0), Allomyces macrogynus
(AMAG_15797T0), Phycomyces blakesleeanus (Jgi|Phybl2|161646), Homo sapiens
(AAH26251.1), Mus musculus (CAA36205.1), Rattus norvegicus
(AAA41843.1),Drosophila melanogaster (AAA69513.1), Anopheles gambiae
(EAA10731.4]), Chlamydomonas reinhardtii (HQ003816.1), Physcomitrella patens
(HQO003815.1), Pinus taeda (HQ003814.1),Dictyostelium discoideum (EAL67992.1),
Caenorhabditis elegans (CAA91286.1), Mesorhizobium loti (BAB51399.1),
Chromobacterium violaceum (AAA23115.1), Caulobacter crescentus (AAK23591.1),
Colwellia Psychrerythraea (150261591), Vibrio cholerae (AAF96726.1), Ralstonia
solanacearum (CAD17143.1), and Pseudomonas aeruginosa (AAA25936.1). Accession
numbers for the TPH protein sequences above are: Homo sapiens (AAA67050.1), Mus
musculus (AAA63401.1), Gallus gallus (AAC60036.1), and Drosophila melanogaster
(AAF47444.1). Accession numbers for the TH protein sequences above are: Homo
sapiens (AAI04968.1), Mus musculus (AAA40434.1), Gallus gallus (CAB62388.1), and

Drosophila melanogaster (CAA53802.1).
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Fig. S6. Phylogenetic tree of amino acid hydroxylases from different organisms (PAH:

Phenylalanine hydroxylase; TPH: Tryptophan hydroxylase; TH: Tyrosine hydroxylase).
The tree was constructed using the neighbor-joining method with CLUSTAL W NJPLOT.

The horizontal branch length is proportional to the amino acid substitution rate per site.



The numbers represent the frequencies with which the tree topology presented here was

replicated after 1000 bootstrap iterations.
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35,416 v, TU . 268 SANID_OB18STO | ANID 08188 | Aspergillus nidulans FGSC A1 GIP cyelohydrolase 1 (tLength 00685 lthod: Composi ol i adus m
3.5.4.16 o, T0 i 268 OATU503110 | Asperillus Tunigatus GTP cyclohydralase 1 (translation) (335 oa) Lenath 7,005 x adjst m
35416 owm.TU i 268 i [Phehe1 | 32514 guh2. 3. 518 Length = rect = 50068 etk adjust oy
5.4.16 v, TU . 268 5Pa_0_1000] chru2 SCA [Putative GTP cyelohydrolase | Length L 00E-83 Mothod: Conposi tional matrix adjust aon
55,416 o, 1. 1 268 JBCIT 07979 i sinere GF ycloyirolase 1 Grantation Glanah - - s hod: Composiiona] matrix adjust.  dentities = 16/213 (604 146/203 B0
554,16 evm. 10 1 268 2466 0915810 e srisen 1015 I ycloirolase 1 Granlalenets - = s od: Compositional matrix adjust.  Identities = 112/220 (61% 142/220 Bit

553.5.4.16 o, TU 1 268 5SIT 96 enotiors oI  pclvirolase (runslatiLenth 1 00E-S1 Nothod: Conpositiona] matrix adjust o

565.5.4.16 cvm, 1. 1 265 VDAG 0501970 Verticl 1om dabl e ¥ T ctemrotoee T G Lonth - = 2L00E-1 Nothod: Copositiona] mtrix adjust 62

573.5.4.16 e, 10 . 568 SCMG-OIOITS | CVAG-010I0 | Crypococeun eoforman it 1 6T aclohyrolasonkth L.00E-81 Nethod: Compositional matrix adjust oon

535,416 o, T0 1 268 SSPACITAS 1.1 %5 13 panke 9724 o1 7.00E-81 Nethod: Compositional metrix adjust 61t

595.5.4.16 evm. 10 1 265 AMAG_ 1135010 | AMAG 11330 | Allomyees macrogynus ATCC 38327 610 cyclohydrolase 1Length = €= 9L00E-81 Nothod: Compositional matrix adJust a7

603.5.4.16 eum, 10 . 268 SAWG_LU237T0 | AMAG 14237 | Allomyces macrogynus ATCC 38121 GTP cyclabydrolase 1Length L 00E-80 Mothod: Conpositiona] matrix adjust B

615.5.4.16 cvm. 1. 1 265 NMAG 1257070 | AMAG 12570 | Allomyees macrogynus ATCC 38327 GIP cvelobydrolase ILength = ject = 2.00E-50 Notho: Compositional matrix adjust 61h

625.5.4.16 e 10 1 265 >AMAG_1517510 | AMAG 15175 | Allomyees macrogynus ACC 38327 GTP cyclohydrolase 1Length = €= 2.00E-80 Mothod: Compositional matrix adjust 00

613.5.1.16 oo, 10 1 268 50rT19.957 | Candida Albicans sc5311 assenbly 21 orr19. 3957 (1ranslation) (277 Lenath 3.00E-80 Nethod: Conpositional metrix adjus. oo

615.5.4.16 cvm. 1. 1 268 FCST_OGT00 | FGSG 05851 | Fusariua graninearus conserved hpothetical protein (tLength = €T S8 Nochod: Comositional mrrix it dntivies - 15/215 (674 1457215 o7

653.5.4.16 cm. T . SYGRZETC FOL2 SGDID: 5000003499, Chr VII from 1025741-1025010, reverse conplenent, Length 9.0t ositional matrix adjust 7/216 (634 137/216 6

663.5.1.16 cvn, 10 i 268 Lo 7160 st Genenisel_fumn. C 20875 Lensth 2 00871 merix adjust 28/182 (0% 125/152 o0

675.5.4.16 evm. 10 i ONCUT 07956 | NCUOTTTA | Neurospora crassa GTP eyelohydrolase [ (translation) (18Length = = Lo matrix adjust /177 (108 125/177 0

683.5.4.16 cum, 10 . 268 YSNOT 11256 | S\0G 11256 | Stagonospora nodorum GCHIPAYRL GTP cyelobydrolase 1 (Length o0k matrix adjust. /178 (118 120/178 m

695.5.4.16 cvm. 1. 1 268 Aoo000100055 | spergihs oryae Unlowm Granstation” (23 a0 Lengih = €= 200661 othod: Comositional matrix adjust 1219 o 112/190 0

554,16 evm. 10 1 L7210 | CCIG 14672 | Coprinus cinerous okayamaT#130 GTP cyclohydrolase | Length = = 2.00E-62 Nothod: Coaposi tional matrix adjust 32/271 (184 132/ e

705.5.4.16 e, 0 1 205 6T 0022 | C166.05522 | Claeeomton oo hyvatnetcal sratcin (hrnsiaeon Lensth 6.00E-62 Nethor: Compositional matrix adjust 8T 8 105175 o

25,5416 com, . 1 265 W0 SDISTD | MGG G5OGS | Nosmaporthe arisen T0-15 GTP cxclarolose 1 (cransloLensth = = Botrix adjust 103/203 (504 103/203 00

33.5.4.16 oo, 10 . 268 PANG 0134310 | PAG 04343 brasiliensis Pho1 G metrix adjust. s

T43.5.4.16 e, 10 1 208 WOSHG | Unctlgo sl trsothetica protein (irmaloton) @21 o0 Lengih trix adjust i

755.5.4.16 evm. 10 i 268 SCIGT_10779 | CKG 10779 m hypothetical protein similar to GTlength = 121 Score = - djust - Y

63.5.4.16 oo, 10 . 508 R00T 02001 | WG 02003 | vaape aysae IF crerohyrerase T hramatior> (0Loneth 2 matrix adjust. e

775.5.4.16 com. . 1 265 JBCIT 02106 | BCIG 02106 | Botrytis cinerea GIP cyelohydrolase 1 (cranslation) Length = = motrix adjust n

554,16 evm. 10 i 268 AUIFISTIO | Aspergillus fumigatus GIP eyclohydralase I precursor (translation) Length = - ix adjust e

942,312 e, 10 3 18 SPFG 0N | STRG 0TS | Slselomycos pintatus DA RLLT &prruro-tetrsLenth rix adjust o

504,203 12 oo, T. 3 146 SRO3T 01822 | RO3G 04523 | Rhizopus orvzac hypothetical protein (translation) (17Lensth = - Botrix adjust - sm

81420312 e, 10 3 146 5 i [Phybl 2| 132802 estExt_Gener se Plus. € 80027 Lengih - matrix adjust. e

242,312 o, T 3 AIAG 03379 | Allomsces macrogynus ATCC 38327 6-pyruvos] tetrahydr Length = = Botrix adjust - 2

85420512 e 10 s BIEG 08161 | Batrachochytrive dendrobiatidis 6-pyruvoy] tetrabydrobi Length = - ix adjust - an

142,312 cm. T0. s 3 AUAG 04651 | Allonyces macrogvius ATCC 38927 6-pvruvor] tetrahvdr Lensth motrix adjust iz

5 111 15t e, . I 9800 nesh b 218 45 17371 COY.CO € oyt Lengih = Botrix adjust iz

86111 15t e, 10 P SPPG 07801 | Soizel lomyces punctatus DAY BRII7 sepiapterin rocucLencth = - matrix adjust. 276 an

87111 Isicwn, 0 I BIEG 0119 mmnmmum mmmmmh  conterved Iothetical. Lenth rix adjust 12 o 1112 360

88 111 15 e 10 i 262 ROST 12510 | ROIG 12511 | Rhizopus nthetical protein (translation) (18Length = - ix adjust an

89111 15t e, 10 I 552 T G233 | 53060338 | Sssomosors.nodorm heprbetical potein (ranehat onteresh - 0 - matrix adjust. 260

0 11,115t cvm, . I 292 PTRT G514 | FIRG 08141 | Penobors titlct-repenti short chuin dbyiropenaseLerath = € = motrix adjust 20

91 11,1 15t evm. T p 262 5011166837 | Candida Albicans 55311 assonbly 21 orf19.6897 (translation) (251 Length = € - ix adjust 200

92111 I5icwm, 0 I 252 TAG GO | 1A G138 | esondan copious Wal shot- hein mvmm-mumh - € - rix adjust 20

93 11,115t cvm, . I 262 5009012000012 | Asperi1Lus orviac Unknown (translation) (251 Lengih = € = Botrix adjust m

Q11 i P 2 ¥ 110360 SOOIDISO000L 75 Ch X rom 22562132071, reverse comlenant, Uieneth € matrix adjust. ann

95111 Isicvn, 0 I 262 SCHGT 06529 | CHG_ 06529 | Chaetonius globosum hypathetical protein (iranslation) Lenath : metrix adjust s

96 11,1 150 evm. 10 i 282 PG QISSTIO | PG DISST | Paracoceidisides brailensis P01 short-cinin dhviLeneth = - matrix adjust 208

97111 i I 262 SHCIT 09610 | BCIG 09610 | Botrytis cinerea hypothetical protein sisilar to short Length matrix adjust. 21

9 11,115t cvm. . I 262 50r110.5194, 1 | Candida Albicans se5311 asseably 21 orf1 5191, 1 Hmm\nnmﬂ (Length = : = motrix adjust os = 62/262 (23%) 62/262 3

99 1111 15¢ewn. TU h 2 e/l alloLength = - motrix adjust.  Ldentities = 59/235 (220) 53/235 b

100 11,115 cvn, T0 I ih metrix adjust 07278 (2 P

101 1,11 15 v, . I Length = ‘ = Botrix adjust 20

10211115 e, T P t-chain dehydrogenal.ensth matrix adjust. 250

103 11,115 cvn, T0 I C VIRUSSC SGID:SO00001171, 1085, rovere complenet, Leneth metrix adjust 300

104 11,1 15 evm. 10 b 2 i Phybl2 61319 Phybl 1. fgeneshP ps. 3941 wth = € - trix adjust 200

106 1.14.16. v, TU 48 RO 07756, | KO 07757 | Mhisopus orszac hypathetical protein (iranslation) mn»mh matrix adjust. o

106 1. 14, 16. s, . 1 444 jgi [PhybI2 161646  fgoneshl pi. 1 % 731 Lengih = = Botrix adjust B

107 1116, v TU.seatfold00l12 260 1 1016, s (141 letters) 441 559G 0702670 | SFEG 0702 | Spizellomyces punctatus DA BRI phenylalanine ydLensth - - ix adjust 2

108 114,16 . TU. scalfold00L12. 263 1, 14,16 1.a (441 lecters) 441 03T 12091 | RO 12092 | Ruizoous orvzae hooothetical protein (translation) GeLensih metrix adjust e

10 1. 14,16, v, TU.seaf fold00112. 263 114,16, 1a (141 letters) 444 >AWG 1579770 | AUAG 15797 | Allomyees mcrogymus ATCC 38 - = Botrix adjust s

110 114,16, esm. TU. scaffold00112 263 1 14.16.1.a (144 lotters) 441 >MG 1436910 | AAG 14369 | Allomvees macrogvnus ATCC - - matrix adjust. o0

T1L 16, s, TU. seafTold00112.263 1. 10,16, 1.a (141 lotters) 141 BDET 00193 | BDEG 00192 | Batrachochytrius dendrobatidis phenylalanin rix adjust o7

112 114,16, v, 10, seaf fol 00112, 265 1. 14.16. 1o letters) | 44IDET 00101 | BGC 00190 | Batrachuchtrive denizobatids conserved thetcal Leneth - adjust an

11311416, evm. TU scafTold00112. 263 1. 1416, 1 a lotters) Allomscos macrogynus ATCC 38121 mitochondrial intern Length = d - matrix adjust. a5

114 114,16, v, TU. scaf fold00320.72 1. 14,16.1 b Lotiers) mm(w orszac hypothetical protein (translation) (13Lensth = = motrix adjust m

116 1. 14,16, v, TU. scaf fold00320.72 1. 14,16, 1 b lntiers) 45 bl o st e 1% 701 Length = - trix adjust o

116 1. 14,16, evn, TU. scaf Fold00320.72 114, 16.1 b e A ——— BRI phenlalanine bydensth - - trix adjust 62

117 114,16, v, TU. seaf fold00320.72 1 14,16, 1 b etters) 109 RT 12001 | RO 12092 | Misopes arvene hpothetical mrotetn ramsinons (RLenath - = Botrix adjust e

118 114,16, o TU lotters) AU 1670770 | ARG 15107 | Allccs mcrosumus AICC 9521 shars 4l anive -t Lensih 1 00E-149 Nethod: Compositional matrix adjust o0

119 114,16, v, T0 etiers) S AU LRG0 | AUKG 1589 | Nomeon ancrosmmie ATCC ISET phenlolenioe- i hvdrLeneth - = LLODE-119 Nothod: Compositions] macrix adjust 0

120 114,16, v, TU.scaf fold00S20.72 1, 14,16, 1 b Iotters) 445 SBOET 00193 | BUEG 00192 | Batrachochytrius dendrobatidis shenylalanine-1-hydroxs Length = = 200690 Nothod: Compositional matrix adjust. 6y

12111416, evm. TU scafold00320.72 114,161 b lotters) 5 JWOET 00194 | BDEG 0019 | Batrachochytrius dondrobatidis conserved hypothetical Length .00E-30 Nothod: Conpositional matrix adjust o

122 1. 14, 16. v, 10, seaf fol d0032 10161 5 lotters) 445 )G ISSTTTO | AVAG 15877 | Allomsees macrogynus ATCC 38327 mitochondrial internLensih = 0.5 bit 197 Expect = 2.00E-11 Nothod: Compositional matrix adjust i

Genome sequences of Candida albicans(1), Rhizopus oryzae(16), Aspergillus fumigatus
Af293(19), Ashbya gossypii (Eremothecium gossypii) ATCC 10895(4), Aspergillus
nidulans FGSC A4(8), Aspergillus niger CBS 513.88(20), Aspergillus oryzae RIB40(17),
Botryotinia fuckeliana B05.10, Candida glabrata CBS138(5), Cryptococcus neoformans
JEC21 (Filobasidiella neoformans JEC21)(15), Debaryomyces hansenii CBS767(5),
Encephalitozoon cuniculi GB-M1(12), Fusarium graminearum (Gibberella zeae PH-
1)v(2), Kluyveromyces lactis NRRL Y-1140(5), Kluyveromyces waltii NCYC 2644(13),

Laccaria bicolor S238N-H82(18), Malassezia globosa CBS 7966(24), Magnaporthe



grisea 70-15(3), Neurospora crassa OR74A(7), Neosartorya fischeri NRRL 181,
Podospora anserina DSM 980(6), Phanerochaete chrysosporium, Pichia stipitis CBS
6054(10), Saccharomyces bayanus(14), Saccharomyces cerevisiae S288C(9),
Saccharomyces mikatae(14), Saccharomyces paradoxus(14), Schizosaccharomyces
pombe 972h(23), Sclerotinia sclerotiorum 1980 UF-70, Ustilago maydis 521(11),
Yarrowia  lipolytica  CLIB122(5), Schizosaccharomyces cryophilus  OY?26,
Schizosaccharomyces japonicus yFS275 and Schizosaccharomyces octosporus
ATCC4206 (21), and Vanderwaltozyma polyspora DSM 70294(22) were published.
Genome sequences of Nectria haematococca MPVI (Fusarium solani) (Joint Genome
Institute), Trichoderma atroviride P1 (Joint Genome Institute), Trichoderma virens Gv29-
8 (Joint Genome Institute), Batrachochytrium dendrobatidis JAMS81 (Joint Genome
Institute), Mucor circinelloides (Joint Genome Institute), Trichoderma reese QMo6a (Joint
Genome Institute), Neosartorya fischeri NRRL 181 (Broad Institute), and Phytophthora

infestans T30-4 (Broad Institute) were downloaded from the corresponding websites.



Table. S2. The status of fatty acids in M. alpina and A. oryza grown on PAH inhibitor

: a
medium
a SAFA MUFA
Bl §
< = & Q
o o = @
o =3 0 = -
g N o o 3 <
o —~ = s} — — [} N &) — — S o 2
(O] o= = g = 8 ) o O
B = & e B A *® 5 [ B » D - S e] 9 % B
C(g. = S S} S S S =3 = = ) 2 g = 0, 38,
-+ i 8
Inhibitor 5302 24.1=13 | 24%0.0 [I85ELI| 87£0.6 | 05£0.1 | 14202 | 29£0.1 0.1£0.0 [242%1.4 [ 238212 04201 | 0.8%0.1 0.2£0.0
(M. alpina)
Inhibitor+Tyrosine | 5102 242%12 22401 | 197509 | 7.9¢03 | 05+0.1 | 1.6x02 | 4.2£02 01200 | 24.9+1.3 | 24512 | 04%0.1 | 0.740.1 0.120.0
(M. alpina)
Control 6.6+0.2 355515 | 13£0.0 | 162£L5 [ 110208 [ 0.6£0.1 | 13201 | 1.9£0.1 0.1£0.0 [ 117+ 18 [ 114216 [ 03200 | 03200 02£0.0
(M. alpina)
Inhibitor 7.0£0.2 116502 | 04£0.0 [ 118+03 [154205[ 04200 | 04£0.0 | 22%0.1 03200 | 207510 [ 206210 0.1200 | 0.1200
(A. oryzae)
Control 7.3+0.3 11.2£0.2 0.4£0.0 11.7£0.2 | 148£0.8 | 0.4£0.0 | 0.4+0.0 | 2.1£0.1 0.3£0.0 [21.2+1.2 [ 21.1+£1.2| 0.1£0.0 [ 0.1£0.0
(A. oryzae)
o6 PUFA ®3 PUFA
(<)
e — -
c — ) o ) ) €2 ) ) ) ) )
& 2 @ = 2 e o b i & £
B N N =] w A = 9] (%3 = (93 =
(=)} [O8)
Inhibitor 18.8x1.2 0.7£0.1 20.81+0.8 0.1+0.0
(M. alpina)
Inhibitor+Tyrosine | 191+0.9 [ 0.6+0.1 18.1£0.7 0.1:0.0
(M. alpina)
Control 20.8+1.7( 0.8%0.1 33.9+2.1 0.1+0.0
(M. alpina)
Inhibitor 46723 0.1£0.0 15501
(A. oryzae)
Control 47.0£2.0( 0.1+0.0 1.54+0.1
(A. oryzae)

*Molar percent of each fatty acid in day 6 mycelia. 14:0 myristic acid (tetradecanoic acid),

14:1 myristoleic acid (tetradecenoic acid), 16:0 palmitic acid (hexadecanoic acid), 16:1

palmitoleic acid (hexadecenoic acid), 18:0 stearic acid (octadecanoic acid), 18:1 oleic

acid (9Z-octadecenoic acid ) and vaccenic acid (11Z-octadecenoic acid), 18:2 linoleic

acid (octadecadienoic acid), 18:3 a-linolenic acid (9Z,12Z,15Zoctadecatrienoic acid) and

y-linolenic acid (6Z,9Z,12Z-octadecatrienoic acid), 20:0 arachidic acid (eicosanoic acid),

20:1 gondoic acid (eicosenoic acid), 20:2 (Eicosadienoic acid), 20:3 dihomo-y-linolenic

acid (eicosatrienoic acid), 20:4 arachidonic acid (eicosatetraenoic acid), 20:5 EPA

(eicosapentaenoic acid), 22:0 behenic acid (docosanoic acid), 22:1 erucic acid




(docosenoic acid), 22:5 DPA (docosapentaenoic acid), 22:6 DHA (docosahexaenoic
acid), 24:0 lignoceric acid (tetracosanoic acid), 24:1 nervonic acid (tetracosenoic acid),
24:5 (tetracosapentaenoic acid), and 24:6 (tetracosahexaenoic acid). The data shown are

the averages of three independent experiments.
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