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Table S1. Amino acid oxidases (AAOs) from microbial sources. Marine microorganisms are shown in bold. * cofactor and/or activity attributed for high similarity with
LodA. ND, not determined. NA, not accessible. LAAOs, L-amino acid oxidases. DAAQOs, D-amino acid oxidases. LASPOs, L-aspartate oxidases. CTQ,
cysteine tryptophilquinone.

Microorganism Activity (Main Substrate) Cofactor Oligomeric Structure/Mass Various Accession Reference
(Enzyme Name) Molecular Number
AAOs with Quinone Cofactor (LodA-Like Proteins)
Marinomonas Homotetramer (80.9 x 4 kDa). Antimicrobial. Biofilms
mediterranea MMB-1 L-Lysine e-oxidase (L-Lys) CTQ Crystal structure solved, PDB dispersion. Extracellular AAY33849 [1,2]
(LodA) ID: 2YMW
Marinomonas
mediterranea MMB-1 Glycine oxidase (Gly) CTQ 76.2 kDa Other substrates: Gly ethyl - 790914 [3,4]
(GoxA) ester
I: :Z’f:t‘zl:;rz"gl’;’;; L-Lysine e-oxidase (L-Lys) *CTQ 110 kDa Antlmirs‘;]j:sli'oliomms Q7X018 [5,6]
Chro;ﬁobacterium ND ND ND Antimic.robial.. Biofilms AAQ60932 (6]
violaceum dispersion
Caulobacter crescentus ND ND ND Antlmlc.roblal.. Biofilms NP_419374 [6]
dispersion
Pseudoalteromonas
flavipulchra JG1 * L-Lysine e-oxidase (* L-Lys) *CTQ 77 kDa Antimicrobial. pI = 4.6 AFB71049 [7]
(PfaP)
Pseudoalteromonas Broad spectrum oxidase Antimicrobial. pI =9.4. It
flavipulchra C2 (L-Lys > L-Met > L-Glu > L-Leu > L- ND 60 kDa contains a 9-residues peptide NA [8]

GIn > L-Tyr > L-Phe)

similar to AlpP
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Broad spectrum oxidase

Pseudoalteromonas . \ -1 Gln>1-Leu > L-Phe > - ND Oligomer (110 kDa) Antimicrobial NA [9]
luteoviolacea
Glu > L-Trp)
Antimicrobial. pI =3.6. It
Rheinheimera aquatica * L-Lysine e-oxidase (L-Lys) * CTQ Monomer (71 kDa) contains a 19-resiudes NA [10]
GR5 peptide similar to AlpP and
LodA
DAAOs
Rubrobacter D-Amino acid oxidase (neutral Thermostable. pH
xylanophilus (RxDAO) and basic D-aa) FAD Monomer (24,1 kDa) opt =7.5-10. T® opt I=) 65 °C BAP18969 (1]
Arthrobacter D-Amino acid oxidase (neutral
protophormiae . FAD Homodimer (34.6 x 2 kDa) pl=4.2. pH opt=6.5-8.5 AAP70489 [12]
and hydrophobic D-aa)
(ApDAO)
Rhodosporidium Homodimer (40 x 2 kDa).
toruloides (RgDAO) D-Amino acid oxidase FAD Crystal structure solved, PDB P80324 [13]
ID: 1COL
Fusarium solani D-Amino acid oxidase FAD 40 kDa Oxidizes Cephalosporin C P24552 [14]
LASPOs
NAD* biosynthesis. Inhibited
Bacillus subtilis 168 L-Aspartate oxidase (L-Asp) FAD Monome(;[_)llr?gigi‘;ﬂ‘bnum byf;;l;(;?:p;g?;ie f;f:;a;e’ NP_390665 [15]
D-Asp
Moézgi;_z[();g;;chigls}z:lum NAD* biosynthesis. Inhibited
Escherichia coli K12 L-Aspartate oxidase (L-Asp) FAD by iminoaspartate, succinate P10902 [16,17]
structure solved, PDB ID:
KNP and fumarate. pI =5.6
Pymcoccgfr flsm‘ikoshll L-Aspartate oxidase (L-Asp) FAD Homotrimer (51,925 x 3 kDa) OPEES?OTSJ‘;?:':I;I:O c 057765 [18]
Monomer (53.6 kDa). Crystal ) .
Sulfolobus tokodaii L-Aspartate oxidase (L-Asp) FAD structure solved, PDB ID Othel;);lib_s’;r; tg;. ;; _;ésn' T WP_O11509792 [19,20]

2E5V)
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Broad spectrum oxidase (L-Leu >

Pseudoalteromonas L-Lys>L-Tys>L-Asn>L-Gln > FAD 60 kDa Homology with LASPOs AJZ73816 [21]
sp. B3 L-Met > L-cystine > L-Arg > L-Trp >
L-Glu)
Fungal AAOs
Broad spectrum oxidase (L-His >
Neurospora crassa aminobutyric > L—.canavamne ” FAD ND L-aa catabolism CAD21325 [22,23]
L-Tyr > D, L-Ornithine > D, L-Phe >
L-Leu)
Broad spectrum oxidase (L-His >
. .- .
Aspergillus nidulans aminobutyric . L’canavamne ” FAD ND L-aa catabolism AAT84085 [24]
L-Tyr > D, L-ornithine > D, L-Phe >
L-Leu)
B i -Phe, L- - lism. Ni
Laccaria bicolor 238N Droad spectrum oxidase (L-Phe, 1 FAD ND L-aa catabolism. Nitrogen 1\ 3975 [25,26]
His, L-Met, L-Leu, and L-Lys) mineralization. pI = 6.2
Hebeloma Broad spectrum oxidase (L-Glu > L-aa catabolism. Nitrogen
. L-GIn > L-Ornitina > L-Asn > L- FAD 70 and 140 kDa mineralization. pI = 6.2. pH ADMS80414 [25,26]
cylindrosporum .
Leu > L-His > L-Phe) opt="7-8
. ) Broad spectrum oxidase (L-Tyr >
Asp ergzlllbislgu migatus L-Phe > L-Pro > L-Ser > L-Leu/L- ND ND Non active on D-aa ND [27]
Ala >1-Asp)
Anti 1. Othy
Trichoderma viride Homodimer (55 x 2 kDa). substgigfoéiniiﬁinf> L
L-Lysine a-oxidase (L-Lys) FAD Crystal structure solved, PDB ) BARS88116 [28,29]
(LysOX) ID: 3X0V Arg>L-Phe. pI=4.2. pH
) opt =4.5-10. T2 opt = 50 °C
Trichoderma harzianum  Broad spectrum oxidase (L-Phe > FAD Monomer-Dimer equilibrium Biocontrol agent. ADD91592 [30,31]

ETS 323

L-Lys > L-Glu > L-Ala)

(63.5 kDa)

Extracellular. pH opt=7
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L-Lys biosensor. Other

Saccharomyces cerevisiae L-Lysine oxidase (L-Lys) ND ND substrates: L-Arg, L-Asn. pH NA [32]
opt=7,5. T2 opt =30 °C
L-Tryptophan oxidase (L-Trp and Other substrates: L -Phe and
Coprinus sp. SF-1 (Tod) yprophan 0xic P FAD 68 KDa L-Tyr. T* opt = 35-43 °C. pH NA 33]
derivatives)
opt=7
Other enzymes with AAO activity
. . Homotetramer (42 x 4 kDa). ] .
Bacillus subilis 168 Glycine oxidase (Gly) FAD  Crystal structure solved, PDB  iner Substrates: Sarcosine, ), o [34,35]
(GoxB) N-ethyl-Gly, D-Pro, D-Ala
ID: ING4
Geobacillus Other substrates: Sarcosine,
kaustophilus HTA426 Glycine oxidase (Gly) FAD Homotetramer (42 x 4 kDa) N-ethyl-Gly, D-Pro, D-Ala. BAD74908 [36]
(GoxK) Thermostable
Other substrates: L-Pro,
Bacillus sp. B-0618 . . . Monomer (43.8 kDa). Crystal N-ethyl-Gly, N-methyl-DL-
FAD BAA 7 7
(MSox) Sarcosine oxidase (sarcosine) structure solved, PDB ID: 2A89 Ala, N-methyl-D L-Val, 0396 [37,38]
N-methyl-L-Leu
Streptococcus Antioxidant and microbial
Ami i 43 kDa. 1 ition. Oth :
oligofermentans mmoafcetone oxidase FAD 3 kDa. Crystal structure competition. Other substrates ACA52024 [39-41]
(aminoacteone) solved, PDB ID: 4CNK L-Asp > L-Trp > L-Lys > L-
(SoAAO)
Ile > L-Arg > L-Apn > L-GIn
Broad spectrum oxidase (all the Homodimer (53 x 2 kDa). 3 _
Rhoéo SC’KZCZ;ZOS%QCMS proteinogenic aa except Gly, FAD Crystal structure solved, PDB Pl _,;4,;8' pE ggtoe8—9. AAL14831 [42,43]
L-Thr and L-Pro) ID: 2JB2 °p
1=4.8. pH opt =8-85.
Rhodococcus sp. AIU Broad spectrum oxidase (L-Ala> Nptermiiall)hocr)rlljolo8 8\:v5ith
P Noa-Z-L-Lys > L-His > L-Tyr > L- FAD Homodimer (51 x 2 kDa) &y NA [44,45]
Z-35-1 ornithine > L-Gln) Rhodococcus opacus DSM
43250 LAO.
Rhodococcus sp. AIU Broad spectrum oxidase (L-Ala > Pﬁ ’Z)ei;s;f'}igo(;it , ifit}?
p: L-GIn > Na-Z-1-Lys> L-rn > L- FAD Homodimer (52,5%2 kDa) &Y NA [45]
LAB-3 Aro > 1-Phe > L-Met > L-L. Rhodococcus opacus DSM
8 e>1-Met>1-Lys) 43250 LAO.

54



Table S1. Cont.

Broad spectrum oxidase (L-Leu >

Other substrates: D-isomers.

Bacillus carotarum 2Pfa L-Lys > 1-Arg > L-Met > L-Asn) FAD Homodimer (54x2 kDa) pl = 4.8. pH opt = 8-85 NA [46]
Cellulomonas cellulans Broad spectrum oxidase (all the
AMS proteinogenic aa except Gly, L-Pro FAD 55 kDa Extracellular. pH opt=6,5-7,5 NA [47]
and L-Thr)
Corunebacterium s Broad spectrum oxidase (all the
4 A20 P- proteinogenic aa except L-Asp, ND 130-140 kDa L-aa catabolism NA [48]
L-Thr, L-Pro and Gly)
Morganella morganii ~ Droad spectrum oxidase (L-Leu > FAD ND T? opt = 35-43 °C NA [49]
3 3 L-Phe > L-Trp > L-Met > L-Tyr) p
Hexamer azBzy2 [(42 + 17 +10) L-Glu biosensor.
Streptomyces sp. X-119-6 L-Glutamate oxidase (L-Glu) FAD x 2 kDa]. Crystal structure Extracellular. pH opt=7. T® BAB93449 [50-52]
solved, PDB ID: 2E1M opt =58 °C
) . ) . pl=6.2. pH opt = 6.5-8. T*
Streptomyces endus L-Glutamate oxidase (L-Glu) FAD Dimer (45 x 2 KDa) opt = 3045 °C NA [53]
Streptomyces platensis . Heterotrimer of 78 kDa (39, 19 .
NTU3304 L-Glutamate oxidase (L-Glu) FAD and 16 kDa) L-Glu biosensor AAK15071 [54]
Streptomyces violascens L-Glutamate oxidase (L-Glu) FAD Monomer (60 kDa) Other substrates: L-GIn NA [55]
. Tetramer o232
Streptomyces sp. Z-11-6 L-Glutamate oxidase (L-Glu) FAD [(25 +22.5) x 2 kDal Extracellular NA [56]
Pseudomonas sp. AIU L-Lvsine Homodimer (54.5 x 2 kDa). Other substrates:
213 P . oxidase/mono}c’)x enase (L-Lys) FAD Crystal structure solved, PDB L-Ornithine > L-Arg. Induced BAO51829 [57,58]
Y8 ¥ ID: 3WEQ by L-Lys. pl = 4.6. pH opt = 7
Pseudomonas sp. P-501 L-Phenylalanine oxidase Heterodimer a2 [(10 + 60) x N?e tthfi SIiIl(]?:IiZE:;iS;Li:;Fer>;};e
(PA O)p. (deaminating and FAD 2 kDa]. Crystal structure is mainly oxygenate dp:'an dL BAD66877 [59-61]
decarboxylating) (L-Phe) solved, PDB ID: 3AY] Met is mainly oxidized
Pseudomonas savastanoi Tryptophan 2-monooxygenase FAD 62 kDa Biosynthesis of indoleacetic EFWS7519 [62]

(TMO)

(L-Trp)

acid
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Ralstonia solanacearum

L-Tryptophan monooxygenase

Heterodimer azf3:

Other substrates: L-Tyr, L-
Trp, L-Met and L-Phe. L-Phe
and L-Tyr are mainly

FAD oxygenated. L-Met is mainly NA [63]
PT -T .2 +64.5) x 2 kDal.
(PTMO) (L-Trp) [(9.2+64.5) x 2 kDa] oxidized. L-Trp is both
oxygenated and oxidized.
Homology with PAO
i -T h i iolacein bi hesis. pH
C'hron'zobacte.rzum L-Tryptophan .0x1<.iase FAD 48 KDa Violacein biosynthesis. p Q953V1 [64]
violacium (VioA) (L-Trp and derivatives) opt=9,25
Lechevalicria L-Tryptophan oxidase
aerocolonigenes ATCC © Trypang derivatives) FAD Homodimer (54 x 2 kDa) Rebeccamycin biosynthesis BAC15750 [65]
39243 (RebO) p
Streptomyces sp. TP L-Tryptophan oxidase Staurosporine biosynthesis.
eptomy p- yptop . FAD Homodimer (57x2 kDa) L-Trp biosensor. No activity BAC55210 [66]
A0274 (StaO) (L-Trp and derivatives)
on other L-aa. pH opt =7-8
Aquimarina sp. Broad spectrum oxidase Algicide and antimicrobial.
antisso-27 (L-Leu > L-Ile > L-Met > L-Val) ND 190 kDa pl=94 NA [67]
Synechococcus elongatus . . .
PCC 6301 and PCC Basic L-aa ox%da.se (L-Arg >L-Lys> FAD 50 kDa Cat.abohsr.n of Arg. CAAS8452 [68,69]
L-ornithine > L-His) Periplasmic. pI= 8,5
7942
Synechococcus cedrorum  Basic L-aa oxidase (L-Arg > L-Lys > . :
PCC 6908 L-ornithine > L-His) FAD Homodimer (49 x 2 kDa) pl=8.5 NA [69]
Chlmﬁydomc.).nas Broad. spectrgm oxidase (all the FAD Oligomer o3« L-aa catabolism. Periplasmic EDP07010 [70]
reinhardtii proteinogenic aa except L-Cys) [(66 +135) x X kDa].
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Table S2. Representative amino acid oxidases (AAOs) from animals. Marine organisms are shown in bold. ND, not determined.

Organism . . . Oligomeric Structure . Accession
A f Ref
(Enzyme Name) ctivity (Main Substrate) Cofactor /Mass Molecular Various Number eference
Gastropods
Aplysia . . . .
-L - A 1. Def
californica t-Lysine and L-arginine FAD Monomer (60 kDa) ntimicrobial. Defence Q6IWZ0 [71]
. oxidase (L-Lys, L-Arg) against predators
(Escapin)
Aplysia kurodai L-Lysine and L-arginine . .
.. . FAD Homotetramer (85 x 4 kDa) Antimicrobial BAA11867 [72,73]
(Aplysianin A) oxidase (L-Lys, L-Arg)
Aplysia Antimicrobial. It shares
I,’ Yt L-Lysine and L-arginine 85% amino acid sequence
californica ) FAD Homotetramer (85 x 4 kDa) |, . . . NP_001191524 [74]
. oxidase (L-Lys, L-Arg) identity with Aplysianin
(Aplysianin A) A from A. kurodai
. , Broad spectrum oxidase (L-
AC’(’fg}:’:Cﬁ ;lm Met>-Leu>L-Trp>L-Lys>1-  FAD 56 kDa Antimicrobial CAA45871 [75,76]
Arg > L-Phe >1-Cys > L-Asn)
Vertebrates
Sebastes . . . Antimicrobial. Innate
schlegelii (SSAP) L-Lysine oxidase (L-Lys) FAD Homodimer (53 x 2 kDa) immunity of fish skin BAF43314 [77]
Danio rerio ND FAD ND Predicted LAAO XP_009289996  NCBI
(Isoform X1)
Aromatic and hydrophobic .
. Bothrops amino acids oxidase (L-Met > Homodimer (56 x 2 kDa). Antimicrobial. Present in
jararacussu L-Leu> L-Phe > [-Ile > L-Tr FAD Crystal structure solved, the snake venom AAR31182 [78]
(BjsuLAAO) P PDB ID: 4e0v

> L-Tyr)
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Crotalus durissus

Aromatic and hydrophobic

Antimicrobial. Present in

CUmManensis ) . . FAD Monomer (55 kDa) K9N7B7 [79]
(CdcLAAO) amino acids oxidase the snake venom

Hor(r;i Z&;;f)iens Aro(Lmi;t}il(; in:ir;ﬁpaiici ¥;i?ase FAD 70 kDa Regulatsc;rs;)ef IIilmmune Q96RQY (80,81]
Hgg ;ﬁfg; ’ (D?ﬁzﬁgfﬁig.ﬁfaéfy) FAD Homodimer (39.4 x 2 kDa) Invg;‘t’:soilri‘szser NP_001908 82]
Hamo s pAsparae oxidse 08 g
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