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A& 3 A =

o UniProt2 Al AE4 Z2AEqA 34 | a@id Ad 9 75 HH g
AHrEA M= & 5 Ae volEMeol 2] A4S/ A MEE A5
HFetes Tld IS 3283 13 enzyme sequences AA 3B, F7ME
¢k 1000e] 7)) o]/¢-& ©E Databaseol| A 33

o ZH ¥ enzyme sequenced] Tk o]Fo] i HFste] EC numberz= A2l st=
H}4LS 3P Protein sequenceS Database3d}str] 9sle] GenomeNet, Uniprot
Databases &-83l & DatabaseE T3+

o GenomeNet Hlo|E|H|o]~5 Ag3le] &4 oS T3] 24 &ho Ug a4W
Z(EC numben}t FA# HZ(GO number)E A= (Crawling)sr. 7+=3%+ dlo]EHl
olzof gk BA= 19 150 A g

=
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Pathway : 220
Reaction: 1479 (191 Naturally reacted)

e
in orm o8 Enzyme : 972 (Remove Duplicate)

Class Number
Reaction 78 | MesH Tree
eterocycic Compounds| 34
‘ = . - ‘ Carboxylic Acids 30
Sulfur Compounds | 14
None

17

- 174 searchedin enzyme name
E Yt
infor:'zrzrant:;n m - 177 searched in enzyme EC number
- 358 searchedin GO number

Additional
Information

Hydrocarbon2t 50]A] CHA] BHE H|O[E{H] O] A

% BRENDA ms.” w

Pathway : 73
Reaction : 616
Enzyme : 401 (53 Missing)

Whole enzyme database (sequence)
+ GO :146

* Unreviewed : 120

* Reviewed : 1979

<19 15 753 dHolgHolx AA A5 A

O Pipeline 7+
o AA R&YstaA 3= pipelines AzH3kslES (18 16)

o 723} DatabaseE E3&}a] Bioremediation®@ tjRYEL MWLy 95ty 7|=9)
toolsE A3

o Validation & w] AF&3F #3= 7]& Databaseo] &Ao] Aty d#HA #F =
NCBIoll complete genome sequence’} S=%Ho 3= 9F S XA AL

A

o Ao <QkA], complete genome sequenceE annotation 3d}7]9)sle] prokka<t
bakta 5 7}A] toolsE &332

o annotation ¥ complete genome sequence®} Databaseo]| 1= enzyme sequence
FAEE 3R1817] 915ke] DIAMOND-blastE ©] 83k &
o HF Q9oF 2 3Pl = Pipelined} HEo] AF&3F software, process 5= A

gete] 1Ho® YA+

p—

: ot}
Pathway informati additional
z

Process
Software

Database collection
Bioremediation rel
Input I8 ated genomic isla
(-gbk + .faa) nds
output
A
gbk
fasta e faa
Prokka IslandViewerd DIAMOND-blastp
fasta fasta
Alien Hunter

_ searching

eggNOG-mapper

<2 16> A3} Genomic island o= vfo] =gl
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o Gene cluster mapping 2 3¢} =& R 1% gene clustere} ¥l 3RS (& 5)

<% 5> Blast Z7}= %3 mapping3l 3-Phenylpropionate 4t gene cluster

Query definition Gene name Query ID  |E-value
BMIABBIL_00347 3-(3-hydroxy-phenyl)propionate/3-hydroxycinnamic acid hydroxylase MhpA Query_338 [2.50E-18
BMIABBIL_00348 2,3-dihydroxyphenylpropionate/2,3-dihydroxicinnamic acid 1,2-dioxygenase MhpB Query_339 [8.90E-183
BMIABBIL_00349 2-hydroxy-6-oxononadienedioate/2-hydroxy-6-oxononatrienedioate hydrolase MhpC Query_340 [1.80E-89
BMIABBIL_00350 2-keto-4-pentenoate hydratase MhpD Query_341 (4.80E-153
BMIABBIL_00351 Acetaldehyde dehydrogenase Query_342 |5.70E-137
BMIABBIL_00352 4-hydroxy-2-oxovalerate aldolase MhpE Query_343 [9.20E-194

() AFZ=2AE2-1: A3 #P &4 HolEHolx 7=

F e

SR BEFIES

EXR FATFE 9

rt
e

o MA, F&HA AT = A= dlolHHol 27t ==, o7 J| Ho]Eu]| o] 2o

A o3 RS 957

I, o5 sz mol Hol MoE FAT

o Cytochrome P450 ©r¥ido] tidh Alg= HHe} s S dy F354-8st= 7

Aol i3t InChl, InChIKeym SMILES ol thdt HH7} Hadh o]& 47|

.
T3

&3l Protein, Compound ## ©lo]|Hu|o] 25 ZA}, B4

Find your protein

PDB UniProt

=1

A

C ChEMBL

A7t de £ 9ES THFLA T,

o ofW| it A|A e} B e 77t dyple] Ud, 9
]

7)
2 o]&< descriptore ©]&3te HFEIF A4S
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o olufj, Bz} FZ%+= RDKitS AML31A} P oH, o]l ] A +=%, InChl
Key, SMILES, InChle] A X E o} go]g ML TA3H

S T
* Sequence (2)
PDB - Ligand (3) Input: Un-k amino acid
* InChikey (4) Output : i interaction of ligand
P - —
Uni-prot RG]
. + Ligand (3) PDB+Uni-prot
(rev'ewe‘ﬂ * InChikey(4) (dataset) Model
? *  Catalytic activity h
(s) j 3
* Sequence + Ligand
b |
'
%
=
_— =
Uni-prot [t
« Sequence
(trembl)

<29 18> Hol8 AAE RAE

O =24 24

. 71E CPl % =9 F BACPI: W3} sige o] AYEE Fe AL v
gk olxl 7 A7 ol A& Frolgta Wi BACPIO A Agtsles 2dE o]
A BF EAQ CPl 45288 =31 Regression EA¢) 28 55 o =3}
Molecular Atom features Atom features
graph Graph NCNCCSGC NCNCCSC
Convolution " .
N ;ﬂ Module | q
T Pairwise Affinity
Isractionily L LK X Prediction
sequence >EE§EJE; F#‘pgg::a
MHSWERLAVLV. MHSWERL MHSWERL
Residue features Residue features
¥
mEm_mm o
n 0 o
T EHE Predicted
Predicted pairwise binding affinity
non-covalent interactions
<213 19> BACPI Workfolw
o A o] & JhEd diE HIEA SgE P odid HolHERYH IAEH EAS
GAsr g AelnClE WS Po] Be HolHzRE 549 vasly AA
Al & AEstal HA Y CPIE FE3517] Hal ol& AH83D CPl =S 9%
83 gdelyd 7]¥ke] EX embeddingS Ab-gstela &
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Encoded Embedding Embedded (length of es, dim)-
; > GNN ) —
smiles layer input

(length of es, dim)

(size of vocab, out_dim)

(length of es, dim)
Adjacency

matrix of mol

= Loss

(length of es, length of es)

E -
ncod_ed Embedding | | Embedded CNN X {lengthof es, dim)- __|
protein layer input Zb

{size of vocab, out_dim) (length of ep, dim} ( lengthofes ,
length of ep)

(length of ep, dim)

£ |22l oa (|52 1l < 22 1))

<a9 20> Compound-Protein Interaction ¢j& = ojo)|tje] A|z}ts}

o Embedding ¥ Hlo|HE IR 35S & uw = GNN(Graph Neural Network)<-
Z&3h GNN2 gz AH AL + v AWz, A o4, 4 &4, 1
2z Pl Me g 2Pl 220, GNN2| 4] Ho] o] o] AZol o3 A
gHEg= A, o]& dFol ™ GNNo| compound Hl°lEE tF=d] #3tst
= E A o] &3 compound & RIS FHI A Q.

K

Ae & T A= o
o 123l Proteing 4 sl WHOoZE CNNS 83 AF<). Protein o]
2o A9o= sequence® o] £l 7] W ol graphuloEE X glsts WA
g Hgd & ¢le. o] SequenceS Image matrix 8 AL&3 AE =S 831
sequenceE One-hot encoding< &3l embedding st A gjsteil &

o o]=A 7 embedding W g algorithme %3] %9 feature mapS 714

3 threshold 2 %A 3te] Compound-Protein Interaction <&& 9|3 =d-g )
g Alg4.

) AFZ2AE2-2 . ET2F &3 7IsiEL 95 7l AT

o AlF Z2AE Jo|A st PE Fo ZEAHAEE ZTRAE A 34
gk A AA dSolv A Zp2E ddd FHVE @ol glo] AlF Z2AE
2014 Zep2E Fell Aol Hig dFo =z FU AlF ATE IS A=

O ®Heoly +3

o 7]¥& PMBD (Plastics Microbial Biodegradation Database)®} PAZy (The
Plastics-Active Enzyme Database) Hlo|EjH]o] 29| AR =& HAste =53
OF Fhd g HARE FUF FEHAS

o TR P =i 278 °
JE o/ p-hydrolase &

loss A3 =x3ste] Ad APdS T3l %
g1 (29 2D
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a4 2D E22HHE ol 3 A

o F71AQ1 dHolH S 8, FHE 47FY FHAES ol gt Ad 7Rk
pattern %< $3 multi-sequence alignment @ HMM pattern extractZ 2 A3}

71€ <= Holefulo] 2= TrEMBLOA blast, HMMER % HHblitsE F3
AFA Ol < TAAdES = (¥ 22

+  Literature™M &50 QEIR oig

o < TEMBL DE®** Uniclust DBE *#74
N <> NCBI
D BLAST
literature =
BLAST
| . Positive | | e
E’ PMBD | Dataset g CD-HIT & e =
AP + COHIT gerer

= | Pazy Y o gyrem Positive

HHBlits
+ PMBD/ PﬂE}' (= =118 Ql‘q_z!:
= Literature® USRIl QFFHL GRE
= Literature $%5 S8 @ KOOy oeky
. =HMMER

HMMER * HMMER
* Hnblits
= MSA & HHsoar chE i‘t o ER
= Plastics povoe =

<a¥ 22> HolHAE T4 thgt AA dHole =3 U

o LED (The Lipase Engineering Database)oll =H =] 1= o/ B -hydrolase &4
9] core datasetoll 4] positive dataset?} &L FAAEES At CD-HIT =
1#9S %3 non-redundant negative datasetS A3t

o HEld RES st - 7S] AsiA, Eelivbse et "EE Ay - R &
AES o] 83} training set¥} validation seto. & FA% T3k, FH3 HolHELS
ASFd TAE WAstr] AshA oln] B3 HofolA FUI HITWASE ik
4 EAE AT =S Fason ol E T AEE 735 A e

O dolg A o

o ZEfxE AR JA tEA #"He] ¢# 3 dlolHE 7]¥ One-Hot-Encoding
< 53 deoly dAEE AT

c SAR Bepay AR Eae 49 deizl dEel A7) wRel Az Aol
A H Be JHE Poloksis A WA
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n
=

o wehA] Jing, XiaoyangZ} W33 =&, Xu, Yuting 7} &3xES =&,
213t amino acid 2] encoding W& #Fa1ske] 197019] encoding WS
A=l B3zl Holy, sEo] Ao
o7 @Wo] AME3}E= One-Hot-EncodingS At
S wEtd ZRAEAE 7|E ALEIH
S ggate] gy =d Holy HAAYS

N

E4sE YR 2L dlEs A2
7] Protein Sequence Encoding %

ol MY Aol ol 3ol 3l
Protein Sequence Encoding¢] 1978 ~71®

SRS

ml

_
——
s T
r Homology
£ searching
=|ll literature — | L ]
v e

|, Positive | Database
Dataset [Nr.Uniprot...]

O |-

o
5

PAZy - v Except positive
i — — dataset,o/B-
- o hydrolase

L({

Positive Negative

Optimization

<3¥ 23> Heolg AAZ H gl didt AW U&

o Eebey YR Ha Rde F 2OAR ARG 194 mde ZgxE Ay
Bo Eh clfo] M2 o|WEF, 207 mue Behsy ARs EaW RRE
S o B A2 S 4HE HolHE BRY

o Tty AR a4 BF 2dS Protein sequenceE FH{sle] B g4E B
d 2 Embedding Layer, Classification Model, 2712 8] F4 02 o] Fo{ A

o (lassitifcation model®] ¢ < 371A WHES A}%é}‘}i%ﬂ, RandomForest,

BRNNQ| 74§ =EFol| A A}&3F hyperparameters 5
CNN2] 749 DeepECe} FL3 Tx5 7IR 2L A3 2, encoding WY Oﬂ Hﬂr

2} Convolutional Layer #x& ©hZA ALE3HA &
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<F6> 29 AE3 HE4 29 CNN, BRNN o tigt 107 Genesoll dig A3}

o Five Bit Six Bit Hhekobotichy Bomm Tanaka Miyazawa Michletti
Srening ing Encoding Ecoding 5 Sheraga Energies Potentials
0

0994084 0994513 0.5¢ 0996227 0948641 0979336 0910915 0951816 0956443 0996828 0995370 0911601 0691675 0988082 0900797 0923776 0985510

0873684 0811111 00 0122807 0851064 0534247 0471429 0139130 0851064 0804469 0824176 0679012 0544218 0106195  0.853211 0636943

wFisoe 0886422 0837007 0333333 0333333 0402168 0867283 0646556 0607242 0411418 0867283 0831957 0847047 0741762 0333333 0652892 0392780 0851967 0713305

AUC 0845066 0747664 050 050 0808197 0779731 0739347 0773386 0756409 0770471 0837863 0873875 0748521 0828175 0859642 0806825 0789505  0.804939

BRNN waofisoe 0628205  0.679012 00 00 0606452 0569536 0628205 0513889 0482270 0619355 0592105 0592105 0578947 0601307 0610390  0.632911 050 0402958

wFisor 0707485 0741762 0333333 0333333 0691581 0667515 0707485 0633705 0613957 0701619 0683734 0683734 0673608 0689745 0695706 0709126 0623312 0565438

o CNN, BRNN¢] Grid Search & &3} Batch size = 8, 16, 32, Learning Rate = le-4,
16—5, le-6 &2 },‘—_-jxc‘,] 6‘]—3}3’_, E]]O]Eﬂ‘— 61-/\ 742 Jﬂ7]_ 8112 ?__'_ 01_0:1 GOP}}H

o mdo] Axpox & 4 9l%e] Z+ encoding o uwhet AVt HE AE el &
F o, AESAA HRE Wo| T 9= PAM250, Blosum629t 2-& encoding
o] AUt £L& ALE sy

o Learning Curve?] ZA$ d5HE e o gEo 28 A+= AL B F 9o
o, A%S Ea) Yo} S Learning ratex= le-5, Batch size: 16°0] A3k A
o2 AHUS

Train Val Test Loss Train Val Test Loss Train Val Test Loss

040 | — trapni
[ I

zScales PCScores Meiler
parameters

<19 24> Learning rate le-5, Batch size 162] Hyperparameterel] thd CNN2] Learning Curve

-

Q) AFZ2AE 3 : AAHA G LdAH9Y ndE T84 A £
O "AE A 4

o GEUE vIEHIE U GIFAMFEHEIA] Aol A iH%l% @F=°]7] (Sanionia
uncmata) 7} A= A9l rhizospheredl dEsls Fo EYCZRE vAE
< 58 s43¥ 5. 16s rRNA vlA FH2E &8st F 58S AP, 7t
A 77k FAa3A o Pseudomonas fluorescens CCM 2115 strain ©] £A)|3t= A
o= gld (O 25

X
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<9 25> P fluarescens Ant019] 24 84 As} 2 165 AT

o FAAAFANA EET mA=Y FHA HEHE glstr] s A FAA 24
sk, v IPAAEFSHEAE  (National Center for Biotechnology
Information, NCBD o] AAFAA AHARE T2 Fo| A, Rapid prokaryotic
genome annotation (Prokka)?} Gene ontology annotation in InterPro tool
(Functional Domatin Prediction)= A}&3}le] annotationS Fdg. AAFHA 24
< TAA 85t FAHAAGAA Y FA HEH EAS A V2ASE ST
T AN P AEAFHAA ASE V|EoE ABAGH LAAGAA TAEHE=
nAEES 1A HHS EA57] g Hla 24 HolHE 31 € F dA=
Aol & FAA WA Y 24

o YA oS VIO R FAAA LHA A B H = bacteria o HAFA

A AL AHEst] FAA AR Y 24 st
o NCBI-Biosample databaseollX] HAXGo 2= ddstes Aoz, 55, 4=,
Atet, AeETE AASIARLL, LA G dFete FHCEE, 9T, strA YA,

= %%8 A8 A=

o Z¥Zre] A me} FElE PAEEY AFHAA Ades TR, I FolA
complete genome, chromosome level®] 4] ARTHE XAHste] A WAFHA}
AE AGEE =9+ A WA F34 412 CARD-RGI softwareE AH8-3+3aL

A oNA 12070, LGAGNA 2607712 AEE AAFHAE AHSIA= (& D)

<X 7> ARG 492 A7
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Clean Env. (Non-anthropogenic area) Polluted Env. (Anthropogenic area)
. i Hydro- Waste— . Agri— Aqua— .
Antarctic Arctic Desert Sewage Livestock Hospital
thermal vent water culture culture

Complete

level/total 33/180 48/526 | 30/863 9/79% 15/903 38/576 78/552 4/977 51/201 75/998
assembly

Total 120/2,364 260/4,007

.

EEEEE:

L
A F7ol w
BGNA dHHez
T AN+

Clean Area

0% 75 | T —— 7 i I'I.

W Desert B Arctic Antarctic Hydrothermal vent

Polluted Area

i I! i | il ]1; d

W Wastewater ® Sewage Hospital Livestack

<2¥ 26> 45F2 YA & ARG AF A

U-1L 54 89 3F 7 W&

O HAHY sde T 49 24
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1) 4713 AT i
E 2713} CHst AEsta
staf Ay &5t MNE™S Hlo] e HlH o) B g
- oA=Z 7} USA (Nevada) o7 7| B University of Nevada, Las
= (=Al) Vegas
4l sl 7| R P 27|zt 210501~220831
2 x| E?_lIE-_i Assistant Professor of 8_4:_-73 7|?_'|.‘) (210826~220430)
Computer Science
. #448 B PAR A TG B
A AgAd B4 BF
o Ej'%?l% LY A3t #A 54 %%Cgfﬂtg_fg{orxrﬁi 1P4Z§O£ﬂ gk dole 3 Z
Tgg eoH AT =
Cytochrome P450 §4 5 FA|Z a8 &E 7] LA,
o] &40 HTH 7= AP FE AXe AL
FAAZS 3= DNA, E40 TATEH QA ofu| it
gde) 2, aea 7|d9 4o FF FAY dHEH=
e AYES AAES U, 49 $EsY o s
FAE HEIA T
Data set& WF=7] 918 HolEHHo] =& AM
PDB, UniProt, ChEMBL 52| Hlo]EjH|o]~E HAsla o] F
FEIRY | wow Ruw 239 ¥ 4 d=Es =9
= 1A& Qlugslry] Yk oz ‘RDKit® & AASF o,
i SRt AA o2 A AB PPe wA,
2 InChl KeyZ dlo|g& F&3stal SMILEZ ®&3s3 o,
LF77F A7IA =Hof o]& InChiZ ulH7| = &
Negative datags TH&7] 91k ®et =AL
£3], grelglol #2 CYPol tigh Weto g *Journal of
biological chemistry’ A'd-& Agslsom, o] Z oA
E0E =E& B3 HoHE Rov|Z &
@A, 9telglol f8 CYPE o5& ¢1ds2 =4
ATFE 7] W&o, PYE CYPE of$2: Hxo dugEs
e T As
7|ci=z 3t 7143 @i do] 58S HAIVMAE AL Ad7HIL A=
Skel FAjolm g, o 7] g =88 = o S
JAHFH wAE7IA] 22 HolEAls o83l & dugsE
Mol $83 & F I
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2) 4EOo| nHAT e
o|& o] CH=t AEdetw
stat Ay g 3-8t} NEHS Hlo] @ HlH|o|E)-g3-F
J;;:l- Etgﬁ; I. U.S.A (Nevada) m}747| 2 | University of Nevada, Las Vegas
Q o 27| wineon Rene P B | s gizg) g 210501~220831
o :-Il_ : S — ~
WEE Assistant Professor of (1_1-|'7_:|7|7J') (210826~220422)
Computer Science
xF _
e #4745 B YR fAA TG BA
HAEH| SAAs nAAE dS
o]
ZZMNELY IRAE Q] P 43
U
Ashdd vAE Fo] FAe B4s 8l Asktd Adel 3
H dloJefulo] 2~} Uniprot-g 3 A2 dloJEjn|o]~S 753519
a1, @A Gene dustere} A FHA B4 & F JEF ©
o|EjH|o] o] EMi-S HAsH
k=] =5 3}7] 93 Pipeline s 7=3192.
dﬂéOﬂ A3} 317] 25ke] Annotation toolsS WIwWdI A, HFZ O
2 Prokka$} Baktas A-8-3+
=qQ 23 A ER ezl 95E ©]83te Pipelines §3 #4-& Xl8)s}
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o] wj&o SMILE®= Hl&fFa%s Hethl= 7 EA7F So7H
g0l U FAE delE v FHoY, tE m=Rde AAEE
o

3 ol FEES AASL AR e. 1y, A= 7Y
data setol A o] BF=e T FE& AA AL o TR AHA
g s ety olES AlASHA ¥ oE WHE 3
A &
SMILES 7|&4 o2 ZAE-S PAdstel 2ol Aaix AT,
SIRMES ¢l Wboly wAIS=H o] F A7l it 2
& 3B ololn 23X 2 ExdR PAHV|E 3 ol5e R
A o) v, 43, 7157t Zpol7k Aduete St 88 H = 4
T AREE garg]El

b BE aYERR b g3Ee Yol
meh 23 AgE EAUe 98

HEM « Canonical Smiles in RDKit in Hem
+ C=Ccle(C)c2ce3nc(ccdnc(ceS[nH]c(cc1[n-]2)c(C)c5C=C)C(C)= C4CCC(=0)0)C(CCC(=O)[O-])=C3C.[Fe+2]

« Isomeric Smiles in RDKit in Hem
+ C=Ccle(C)c2ce3nc(ccdnc(ce5e(C=C)e(C)e(cc [n-]2)[nH]5)C(C)= C4CCC(=0)0)C(CCC(=0)[O-])=C3C.[Fe+2]

« OpenEye in PDB in Hem
*+ Cc1c2n3c(c1CCC(=0)0)C=CAC(=C(C5=[N]4[Fe]36[N]7=C(C=C8N6C(=C5)C(=C8C)C=C)C(=C(CT=C2)C)C=
C)C)CCC(=0)0

« OpenEye with stereo in PDB in Hem
* None

18, PDBJS} 7H7] g2 Zgag@lo g
3ke1s SMILE #7149
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o] A2 Zt7] thE o] Ho] 2o A tﬂOlEi Foek d¥, HdA
237 ojee HEo|d7] W T ttE W o R nChiZ AL
3l7]&2 3t InChl: 45219 IUPAC HH el 3}st E4o A2
Hrg Al zglo]7] witol] &9 Aol 4] S Aol AZE.

[ T B

— Bl

9. RDKitS ARE3sl7] 2 A d

&) datasetoll = positive data¥t =4S ¥ negative A ZHE
dataZ7} A &=, 53], deglo} & CYPAl ot Foz& ¢l
= 714& s ‘ﬂ“ﬂ‘)] %‘1049‘. g5} "4‘3.4} HRH O 1= T of| X

v}
ol
ol
32
o
Ol
M

DO
—_
—
=
15

Journal name Amount Journal's full name L.F.
1 J Biol Chem 211 Journal of Bialogical Chemistry 5.486
2 Arch Biochem Biophys 169 Archives of Biochemistry and Biophysics 4.013
3 Biochemistry 143 Biochemistry 3.162
4 Appl Microbiol Biotechnol 119 Applied Microbiology and Biotechnology 353
] Mutat Res 115 Mutation Research 5.657
6  Biochem Biophys Res Commun 108 Biochemical and Biophysical Research Communications  3.322
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O Gene clustere} Pathway A& (23)

@ DNA seq Gene cluster
Pathway )
P
Compound = C (C1, C2}
Protein = P (P1, P2)

Pathway
Organizing
(database)

8

3

°
2

3

3

3
3

v
New pathway prediction
using gene cluster

3
3

2
s

P11
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=
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9. Pathway$} Gene cluster
O A Z-& Database =
- 71EA Y9 EAH o =Z plasticsel]l thdF datawt 7FA 2 9o
Agrdola, HolHe & F=
- Biocatalysis/Biodegradation Databases= 2197]2] pathway *
R} 150370 9] reactione] EZgEF o Yo (1H)

eawag  Biocatalysis/Biodegradation Database

+|[[Goto the Panway

713, Biocatalysis/biodegradation Database
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- ¢| Database& pathway, enzyme, compound® classg& Y-
o] A2 3249 Databases T35S (% D).

ol o] B H| o] &

reaction_from reaction_to
oA 3-Hydroxy-5-methylhex-4-enoyl-CoA

NCIB 5867
NCIB 9867
s

1

70
70
70
70
70
70

KE707
KF707
KF707
KF707 cis2, 3-dihydroxy-4*chlorobiphenyl

cis-1,2-Dihydroxy-1, % o161 1,2-dihydrox

-dihydronaphth

- Complete genome sequence=+%-E] pathway A EE 7]Hto
= Biosynthetic gene clusterg 37| £|3ll, EAWAG-BBD
Databaseol 1+ A X(Pathway, Enzyme, Bacteria,
Compound, Reaction, EC number)E crawlingslal datas
frameel 93 A3}

- 9 Database®] 3= enzyme sequence+ Databaseol| $)
A kot mME FRsteE FAHS IS A=

- X3k enzyme sequences A 3517, F7F= ¢F 1000
7l oS & Databaseol A F3 FY

- g1XE enzyme sequenced] tHE o]Eo] Ai E3sto

EC number2% Az sles #AH S 3

T=H HolgHHol 2~ FAE the IdAA YEHE

Pathway : 220
Pathway 2y
eha:'w'ah_g“ Reaction: 1479 (191 Natural.ly reacted)
. e - Enzyme : 972 (Remove Duplicate)
Reaction

CEX LR

- 174 searched in enzyme name
- 177 searched in enzyme EC number
- 358 searched in GO number

Enzyme
information

Additional
liiient e | £ BRENDA |

W

a%. 753 dolEldolx §A
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O 71&dT 3% &4

- 7]& pathway$} gene cluster #d Ao s A2 st
= (& 3)

- dA RYPstH 1 k= Bioremediation ¥ computational
approach+= glom 2 &xA| Bioinformaticsold MLZ 713
2ol dAFHI e oz oAb T™  pathwaye} gene
cluster & 7o )3l computational approachE A &3}
oo
=]

X J|EET @

=T Target Input Output Model

Geoffrey etal., (2019) |gene cluster complete genome sequence o] 5%l gene cluster bilSTM

Abdur et al., (2020) metabolic pathway synthetic dataset. experimental Dataset || 5% AJ 34 a7 logistic regression
Alexander et al., (2020) |biosynthetic space Protein ol &5 gene cluster SVM classifiers

1-radius subgraph

Baranwal etal., (2020) [metabolic pathway sletazo] g B
il o T T

ol &g AP Graph convolution

Unsupervised feature learning

Rahmanetal., (2021) [metabolic pathway Heterogeneous information network of

59484

o

using Skip-gram

Allison etal., (2021) Biosynthetic gene cluster [Matrix (BGCO] Z 3%l Protein) N 22 BGCot &Hais Protein Machlr?e X IearrTlng (train
classification algorithm)

Snorre etal., (2021) metabolic pathway BGC annotation CHA] AAE A obA - (Pipeline)

- Bioremediation ## 3 gene cluster, pathwaye= Eil7} &
o] o}y k31, computational approachg! =&o] A
LERETAZ D8

- 201935 E 2021d R 3¥E gene clustere} pathway &
o= =% 53 #H- datae] Fejel Input, Output
datas 32592

O Pipeline 7+
- AA A3staAt sk pipelined A3 (18)

(Database ) % BRENDA || Process

Software

|

| | B | | e

Genomic istands . sec
- Input -
(.gbk + .faa)

gbk
5 faa
IslandViewer4 DIAMOND-blastp
fasta fasta
PGAP Alien Hunter
faa
eggNOG-mapper

a9, =39 Pipeline

= Vil -




- =3} DatabaseE %3} Bioremediation Te m|AYE
Adstr] #ske] 71E9] toolsE AME-3F =

- Validation & wj A}83F #5+ 7|= Databasee] &4<]
ATt LEY  FF  F NCBIo| complete genome
sequence’t 5EEHAUE 9T ARSI

- EXof kA, complete genome sequenceE annotation 3}
7] $13}] prokka®} BaktaSF 7}A toolsE &-83}3 <

Stage 1 : Prodigal analysis

o

Input

Prodigal identifies the coordinates of candidate genes,
but does not describe the putative gene product.

2: trad 1l
Stage s adiiional way a large database of known sequences, usually at a protein sequence level,

and transfer the annotation of the best significant match

The traditional way to predict what a gene codes for is to compare it with ’

BLAST+ blastp (optional user-provided set of annotated proteins)

. BLAST+ (Using all bacterial protein in UniProt and all protein in RefSeq)

. hmmscan from HMMER 3.1 (Using database such as HMM profile database, Pfam,
and TIGRFAMS)

. If no matches can be found, label as ‘hypothetical protein’

W

=

Output

a3, AHL-F annotation tools £4 ¥4

- H T Bu¥ Genomic islands¥4 reviews=®<S 3] #d
Zz27 % AR FS AEd ze a8 73 (17)

Legend Comparative methods
sensitive (0-1) (if closely-related Composition based methods
precise (0-1) genomes available)
not assessed/unable to assess
*  draft and complete genomes {
italics dynamic visualization available: available: not available:
gbk, embl, ffn, ptt, gbk, embl, ffn, ptt, fna
and/or rnt and/or mt
Za =l
PIPS IslandPath-DIMOB
e DarkHorse GlHunter  Lmm
_— II of 5] thfAcc SVM-AGP Islander |
= [ IslandViewer APl EGID GI-SVM -
Command Centroid SigHunt -
Input S line SIGI-HMM GC-profile
- IGI-CRF IGIPT
Request 28R Wn-SVM INDeGenlUS
PAI-IDA MISD [
Cre=7} AlienHunter
GIPSy GIST MTGlpick % [
Graphical
r:zerca GlDetector ZislandExplorer Wl
interface Colombo MSGIP L |
Design-Island
IslandViewer % | IslandViewer % | 10 MTGIpick *
VRprofile * 1l VRprofile * Wl VRprofile * 1
Webserver PIPS PAI-Finder ZislandExplorer
IslandPick PredictBias GC-profile
MobilomeFinder IGIPT

Figure 2. Summary of GI predictor characteristics with a multi-entry decision table. GI predictors were classified according to their interface and the requirement
Sensitivity (recall) and precision are color coded using a gradient from low-to-high as assessed using the comparative genomics data set. Methods that were n
assessed (comparative genomics) or that we were unable to assess are shown in white.

I3 =294 Bud B4 Z239 f2ES AE A= 2AF 89

- Hydrocarbon 3] Genomic islands ¥4 3] Alien
hunter$} IslandPath& °]-83te] #4335, ZF case study
B2 Genomic islandsE #4138t T2 %73 ()

- IX -




E. Genomic islands ¥4 23} (Case study)

Species. Pathway Islandpath-DIMOB Alien Hunter
Aromatoleum aromaticum EbN1 Ethylbenzene {anaerobic) 19 97
Bacillus sp. OxB-1 Limonene, Testosterane, EFGPINE 8 87

[iferene , Testosterone  MERGHINE , Nienthol (anacrobic) , Bjclohexane , Benzoate (
Deinococcus radioduransR1 ) alpha-Pinene, (anaerobic), Syringate , 2,4,6-Trinitrotolue| 2 15
ne (anaerobic) , Osmium Reduction, m-Cresol , m-Xylene
Escherichia coli C600 [iFGHERE, Testosterane, ININEHINE, MSAthol (anaerobic), Eyclohexans 19 66
lifiGhene, Testosterone , INIGBINE , Menthol (anaerobic) , Bydiohexans , Benzoate (
Escherichia coli K-12 anaerobic), alpha-Pinene , Ethylbenzene (anaerobic} , Syringate, 2,4,6-Trinitrotolue| 15 73
ne (anaerobic) , Osmium Reduction, m-Cresol , m-Xylene, o-Xylene
Sulfurospirillum barnesii SES-3 [iFBAERE. Testosterane, IIENINE, MERtha (anaerobic) a 86
ifionene , Testosterone , NERBBINE , MISAROI (anaerobic) , Byclohexane , Benzoate (
. ic), alpha-Pinene, (anaerobic), Syringate, 2,4,6-Trinitrotolue
Thanemaronatica iz ne (anaerobic) , Osmium Reduction, m-Cresol , m-Xylene, o-Xylene , p-Xylene, Tolu| B "
ene, Pyridoxine, Anthracene (fungal) , Isoniazid

- annotation ¥ complete genome sequence<} Databaseol] )

= enzyme sequence FAIEES FRlEr]  $5H]
DIAMOND-blastE ©]-&3tH = (%)

¥. DIAMOND-blastp 23}

Gls_tool  Bacteria_|l Location results pident length  mismatch gapopen gstart qend sstart send evalue bitscore

P GCA_0000 KMBEICPM_04528]174910~176833 Q46444]E128 219 544 295 19 161 623 78 572 403E-12 655
P GCA_0002 FEIGHCAE_01056{1023659~1025084 005204/E157 229 336 211 13 127 LR 178 483 348E-05 424
P GCA_0008 CGKIGFMB_02885/2857868~2858819 Q97I56]|E268 238 286 181 8 9 283 7 266 1.05E-17 79
L4 GCA_0008 CGKIGFMB_02885/2857868~2858819 A4IT42|E268 242 285 179 8 9 283 6 263 1.02e-17 79
P GCA_0002 FEIGHCAE_01056{1023659~1025084 P42974|E157 244 356 213 16 125 458 179 500 140E-04 404
P GCA_0002 FEIGHCAE_01050]1018816~1019530 EOX9CT7[E214 246 118 86 2 15 130 453 569 1.95e-04 385
P GCA_0008 CGKIGFMB_02870]2839519~2840521 Q02972|E170 248 n 213 1" 19 310 27 335 141E-24 99
P GCA_0008 CGKIGFMB_032473150297~3151893 Q9DOK2|E321 248 525 309 21 19 514 48 515 4.28E-23 99
P GCA_0008 CGKIGFMB_02875/2845960~2847145 QIKWL3|E143 249 177 14 3 6 181 3 161 474E-11 59.7
P GCA 0008 CGKIGFMB_03243|3146079~ 3147045 QISTE4|E23T 254 244 179 3 58 299 109 351 147E-28 110
P GCA_0030 CNNGEBIO_00405]414559~414949 EOX9CT7|E068 256 17 85 2 7 123 452 566 3.28E-09 50.1
L GCA_0030 NBLBEJPE_03270|3429345~3429789 17CA98|E214 265 13 80 1 30 142 13 222 2.59E-07 4.7
P GCA_0033 NEABLLGL_00887|933146~933590 17CA98[E214 265 13 80 1 30 142 13 222 2.59e-07 447
P GCA_0098 DMAOBAEL_02638|2758563~2759007 I7CA98|E214 265 13 80 1 30 142 13 222 2.59E-07 47
Lid GCA_0002 FEIGHCAE_01057|1025070~1025433 POAT03(E240 268 112 82 0 1 12 1 112 394E-13 57.8
P GCA 0030 NBLBEJPE_00876/|947014~947647 17CA98|E214 268 149 103 2 53 201 74 216 1.26E-14 66.6
P GCA_0033 NEABLLGL_03215|3357015~3357648 17CA98[E214 268 149 103 2 53 201 74 216  1.26E-14 66.6
P GCA_0098 DMAOBAEL_00615|642312~642945 I7CA98|E214 268 149 103 2 53 201 74 216 126E-14 66.6
P GCA_0008 CGKIGFMB_03246]3148549~ 3150283 T2G6Z9|E239 269 30 162 13 10 270 26 308 1.56E-07 504
P GCA_0000 KMBEICPM_04561]206903~208067 P07857|E331 273 388 252 12 3 370 10 387 241E-25 103
P GCA_0030 NBLBEJPE_00613(664106~665015 Q79EMBIE181 274 248 163 6 9 245 16 257 3.22E-13 65.5
P GCA 0033 NEABLLGL 03437|3583417~3584326 Q79EMB|E181 274 248 163 6 9 245 16 257 322E-13 65.5
P GCA 0008 CGKIGFMB_02861|2828579~2829008 032472|e052 215 131 90 3 9 139 7 132 121E-11 55.1
P GCA_0000 KMBEICPM_04561|206903~208067 062742|E331 277 382 247 12 9 370 16 388 6.02E-25 102

- Gene cluster mapping Z3¢} 7€ =T EilE gene
cluster¢} Bl a3} S ()

¥. Blast A3}E %3] mapping ¢ 3-Phenylpropionate <J4 gene cluster

Query definition Gene name Query ID  |E-value
BMIABBIL_00347 3-(3-hydroxy-phenyl)propionate/3-hydroxycinnamic acid hydroxylase MhpA Query_338 |2.50E-18
BMIABBIL_00348 2,3-dihydroxyphenylpropionate/2,3-dihydroxicinnamic acid 1,2-dioxygenase MhpB Query_339 [8.90E-183
BMIABBIL_00349 2-hydroxy-6-oxononadienedioate/2-hydroxy-6-oxononatrienedioate hydrolase ~ [MhpC Query_340 [1.80E-89
BMIABBIL_00350 2-keto-4-pentenoate hydratase MhpD Query_341 |4.80E-153
BMIABBIL_00351 Acetaldehyde dehydrogenase Query_342 [5.70E-137
BMIABBIL_00352 4-hydroxy-2-oxovalerate aldolase MhpE Query_343 [9.20E-194

BlastZ2 39} =& HRE §3ste] Hydrocarbon #3 Genomic
islandsE ol =3t Al ZH3} st AL AP T S
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Mehg Eob dEtMo=z Mat|s YROIX|T B[O Ol 52
88 H/ 251 20| §Y 89 dEsld E= €7 €%t
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HE 2 59 240 =328, W7l M| gX| E= Sk
g SHae 22 SStAEHM XY ”FH0| B2 Z20M A
sAE| D, ofof Mmat B2 F90] TRED AKX 7|EQ FI
PHo= Xgietd SioM Od=S A7l A2 e OfF
ooHjek 3 A = e Z2[FS &2 1% OIStE Hot|=
AL Od=o| FHH AEY 7|2 LEo0= =5t OHY
SchAE MdEofo| et MEe HFtLE R RUA =0 A
oHAQl CIOIHE Ee. SEtAEo| Rt ALY U= W
= bOd=s0| 2nE0: 0 ME FHN A et CHAF O
LIS0i|l tieh =4, 7TAtof Ciiet G|o& 7t Oja|g

ofoff e, SckAE dEofof A0 A= OjE=2 JE
A A FHAS, d2oi HFALSO| et §2&5 45t O
£ H2 /st S8ZF E& HOIHgsH= A0l 0] Zofe a4
of ZRotety EhEhet
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St Aetetel Hhg2 S I EZE 2olote 4Hd, 27HK 2 &
F7t 7tsotH, &35 ZtxEd =2 EE20ME=  Proteases,
Esterase, Glicosidase &1t 22 o/B-hydrolase A€ 2AF0| F
detZ St= ALE MU0 MU AE XSt Tt
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22.1. 7|& HO|EHH[O] &

- Plastics Microbial Biodegradation Database (PMBD)

S E dEoiof 2HE OO|HH|0| A= AA|ZERA O A
Plastics Microbial Biodegradation Database (PMBD, & 2)0|
TSRO, 9400 7iX|o| ScEtAE-D[Y=E 2#H Y, Sat
AEH WESH7E dJE 7959 [ITXR O HES=
TrEMBL ST XHH[O|EHH|O[20 EZot 80000152 J|HXA,
Sequence alignment tooldt Convolutional neural network 7|gt
o| 0% toolS LHAS.

SCtAEel OidE dEsio et §EE =2V {3,
‘Biodegradation’, ‘Bioremediation’, 'Depolymerization’, ‘Enzyme’
52| keyword ZAMZ &3l National Center for Biotechnology
Information (NCBI) Cl|O|E{H|O|A0fA S2tAE 280 CHet
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[ Proteases
Micioorganisms g Ennm.niﬂmﬁhid Esterases ’V A-B+H,0-AH+B-0H
Plamentou A L Glicosidases |
i
* e T ATO+BH, - AOTETHD
P e (Manoaxygenases)
. e [ Ouygenases A+0-~AO, Simplified
Glycalpidsirhamnalipids, factels r bt e L (Dioxygenases) o on
trehaloliptds, spahorilipids) Biosurfactant f,l \ - seciution ] mechanism
Lippeptite and lpogeotein |- sacretion o ’ . ‘;%? (B,HO and HO
Falfy acids, phospholipids - 4 3 r are the electrons
Polymaric bigsurfactants, ¢lc. | P e ,fmnlm'] ,_‘*"‘n‘ =MHBD acceplors)
ﬁﬁ 4 peroxidase)
J | Enzymatic oxidation | Oidases [ '“-‘Of—ﬁ'“H1MEk
(idoreductases)
i Laccase} | M+ p-AHO _onndlllon;
{nabstratel — a o
'uo-doquuﬁhm
) ] L Dehydrogenases | AH+B-A48H,
I L
dogradstion degrada
1 1
'
Micrabisl Biomat Wicrobial Sornars
€0, €0,
WO Ho

cHms

}
Tachniques for evaluation of
plastsc additive blo-degradation:
TLC, HPLLE, GC-MS, e1c.

Pasameters

% Bodegradation « I€,1¢,1 = 100

= Ranorval wificlency = 1- €,/ 0 160
Atinicial time to.inC= bt + 0 €,

Fuald-lifw (1, ) of crganopeitant biodegradation

B = RSk
Sy AwEel Fepsy o 2y U opd RaE |8 N
YEE ZHoll 8 FEES 2502 Fxoiyg. I3,
UniProt CIOJEIH|O[A0N Xtso= FM0| FE = MES
S Sk! 2 xS

o
o|gsl &= 80000 T2l RFTA= Mz Ze2tAE dE
SOl 2to] EO{A=X|0f| CHet S EX7F A0, O] HOolH
£ 0|8% CNNZIHt tool EEDH false positiveE E0|& F&0]
Ciet n&o| giof =52 AF0= ALESHX| X} SHAS.

>

PMBD: a Plastics Microbial Biodegradation Database
# Home & Confirmed = Predicted & Downloads

Orginsl sevel
PMBD: a Comprehensive Plastics Microbial
e Blodegradation Database
- ornced E -
| avences Zriciang Gan' and Houjin Zhang
— T—

L

%Y. PMBD o] €] #]o] X
- The Plastics-Active Enzyme database (PAZy)

PAZy= CT1IFd & ZHE GHO[HHO|AZA, THHEO O
ZHO| O MU= OIO|HHO|AQ. EEtAE0| XMooz H
=X fon, H2nES S AE ABY + gt B2
HEe =z O[4E 3 =4 Zsf oo 7|AH Xe|, uvEo| 2
of & s0| MdAF et Fsh7t ElCtl F=&Fst= 20| &
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3. PMBDOA dHol¥ =9 Flow chart.

- Gan, Zhigiang, and Houjin Zhang. “PMBD: a comprehensive plastics microbial
biodegradation database.” Database 2019 (2019).

1.1. PMBD®] HloJE] 9] Al

- AFseA HMMS 53 HolE $52 17|59 HsrE 53 gES Alst
I 7F SIAE el mE AAE FES T3l Protein SequenceE A343%H

- AT o]FA AHE dlojEle AESHA @31, THeF Machine Learning, Deep
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1.3. Negative Data

- The Lipase Engineering Database(LED)2] Core ©l|o]E{E AR8-5lo] Negative Dataset
< TR

- Positive Dataset®} 1003HA1E IX|s= Hlo|HE AAF & CD-HITE F3l 100594
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- ZEkg AES| 849 tgE2A dgoe] &R vlo|E= 7]¥ One-Hot-Encoding &
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- m2bA Jing, Xiaoyang7} st =&, Xu, Yuting 7} &S =8, F M9 =&
st Amino Acid ¢ Encoding ®41S #asted 19701¢] Encoding S 7t
B

- Jing, Xiaoyang, et al. “Amino acid encoding methods for protein sequences: a

comprehensive review and assessment.” IEEE/ACM transactions on computational
biology and bioinformatics 17.6 (2019): 1918-1931.

- Xu, Yuting, et al. “Deep dive into machine learning models for protein
engineering.” Journal of chemical information and modeling 60.6 (2020): 2773-2790.
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and organ segmentation using deep neural networks.“

Intelligent Systems 35.12 (2020): 1987-2008.
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e e

Wang, Han, et al. “DeepEC: An error correction framework for dose prediction

International Journal of

Input Embedding layer Convolution and 1-max pooling layers Fully connected layers Output
r ] T
From embedding matrix Activation value 128 Activation maps
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r iH > UX+bbReLU->E—»
0 /99
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21 Amino acids —— P.J ‘ Filter | .CNN ‘ 4 g ) enzyme?
A ACDEFGH | KLMNPQRSTVWXY (@x21) g ) Yes
L - o ]-sWx+bsRelU-»g 00 | OO i
R um--mm- @ EC numbers up to third-level
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5 G —— Filter o ECNN-Z ) t Third-} !ev:‘; Elt;’rl;.umber
z /; 1] v | @x21) M EC: 27 3 Phedic Sub-subclass
[ o > H Yes |EC27.17
£ L v
s Y a 7
2y - bb o | B EC numbers up to fourthlevel Class Subelass
I u ot -,
: . 128:013..0::3.,5 i Selegrczrio: v .
o
] . »Wx+b-» RelU-»8 (985 = 128) lCNN LY X ‘Foum\ Lelzllsgdgumber __Noj
Embedding matrix (1,000 x 21) L EC:2.7.1.202
s Filter 8 EC27.39 Yes v .
v (16x21) v | = s beerla number
Yes onsistent numbers No|
128 Different filters ™ predicted by CNN-2 and CNN-3?
for each size of filter oo, 0o EC:2.7.1.202
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» dHol8 45 - Cytochrome P450 ©iidol thgl A|f2 gHe} s dhadst 4
s2-gsh= 7]&ol g InChl, InChiKeym SMILES 5l thdt A E7} a3k ol&
7] 98l thfek Protein, Compound & HoJEjHo]2~F AL 4 9 39

- PDB(Protein Data Bank) : PDB= PDB ¢}7lo]Hol|A AgAoz AAGH 3D 7+ L
AlphaFold DB 2! ModelArchive2] CSM(Computed Structure Models)oll thgh &34, A]zf
st g BAS 9 AAx D =FE AlFste A W wse] FAE 7FsShA she
tloleuo] 24l PDBE &8st &8t 724 #S Algshe o 5419 #H=t
oA BAE = 7] wiite] AR HAFH CYP 84 HEE A7]of F43h

- UniProt : UniProt2 @& A4 9 7|5 ARE Algske AA Hae 138 F
3 Parg, HA¥Hoz AF 9 Swiss-ProtS HF3R= dolEuo) A, whlA
A1g 3} Interactions XHol= Compoundel] thek X7} o] 9l7] ol CYP &4
E 7192 5ol Adek dolguol2~4d. 1831, TrEMBL-2 UniProtol| A s
e dlo|Euo] 22, Swiss-Prot& 71¥Fo 2 Computer-annotated TH#2 AQ g)o]
EjHo]~e. o] AFZ dolHE 7o R 3 HAFEPHES 58 Asdd +
Aol & dlolE7] wiEel $AEE F3l YA similarity g5 A3l HolHE F=
sl7]ol ek

- PubChem : PubCheme A48/ A28 4 Q= 53t 4ue gL AP Hu 7
mo] goleulo] 2], o]F, BA, Tx B Jlg AUASE feEAL PN
S S 9 BelH B4, BRI B4, o L 54 AR
§ 5o ARE U 5 oY) wel ARslE A4 =0 F9) CYP
710l 228
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- ChEMBL : ChEMBLS oF=3 fARE 54E 717 AAl 24 B4 o5 FaEolE
dlojEj#lo] Q). Genome BHEE FIZARQ] Alefo g WMYsh=t] =g°| HES 3}
4, A& 24 9 Genome HolEE A AlFstr] wiEol 2+ sequencert

compound Hlo]E1E 53t3h= InChl, InChiKey,SMILES 52 HRE 7)o 24

ol

1

Find your protein

UniProt

C ChEMBL R

PubChem ChEMBL

2% 1 CYPElolE] 508 918 AHgE HlojElmo] 2

o TlojE A

- S5 Hely AA

Ax, 19 dolHEe tigk adAl AgE 98] Python Wi zlelB ]l
PandasE AH8-E1512. Pandas®E Python ZE1#j% ol 7|¥lo g F29 w1
ZAEsn At AFES] 48 QF &2 HolE B4 9 x2& £9) oS g
alo] 4313 Hlo|E|ES DataFrame o8 W3kt 5 dlo|EE Agdh 1 Wios
Pandas W wWl4=21 DataFrame.duplicated), DataFrame.drop_duplicatesOE &-8-3F.

- Human Negative data 7}

B IAE AYshaA A7HA A e 7P 2 A4 Cytochrome P450 ©hii2
I A 71d HRE JAT, B4 ohildEy B 7)de AdEA| &a, 4] A
AshA Fethe W89 dlolE= A X3k ol #Hste] g7t e R ol
U= Bacteria le]E]7} obd Human vlo|ElE FSste] B tal, Human dlo]EjH]o] 2
o= binding2 3kA|9F Activatione fithal A@A o2 755 Human Inactivate ©]o]
ElZ 2 4= %S (PubChem, Cytochrome panel assay with activity outcomes.). ©}
2}A] Bacteria negative datas A& = Uth= 78-S Al$] Human negative ©o]E]
E T old &8 kAol BY A FF dF 29 <5 HolHE AR
A= <.
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BIOASSAY RECORD

Cytochrome panel assay with activity outcomes

PubChem AID 1851

Source National Center for Advancing Translational Sciences (NCATS)
External ID Cytochrome panel assay

Tested Substances A an7.143) A Active (11.082) [\ Inactive (15,105) | Data Table
Tested Compounds QO anaese0) ) Active 10833) () Inactive (14,566)

Version 12 v || Revision History

Status Live

Modify Deposit
2009-07-14  2009-07-08

Dates

Please note that the bioassay record (AID 1851) is presented as provided to PubChem by the source(depositor). When possible, links to additional information have been provided by
PubChem.

» PubChem

19 2 PubChem, Cytochrome panel assay with activity outcomes

- Compound < - > Proteing Yel+= DataFrame A4

T dolHE AA ke BAE AX ERAR oA Holguol~ 75
< ¢J8l DataFrames S3l 833} 3. DataFrame®| Colum ©2= 7} Ho|HE &
& 4 = ID, 7+ CYPol tigt Sequence, 3% SequenceE 7HA= whil ol tigh 7|
2S5 Y= 32 InChl, InChIKey, 18]35 SMILES 3#t& 7|92 3 DataFrame
< Aok

 Compound-Protein Interaction & =& 1+

- Title: Compound-protein interaction prediction with end-to-end learning of neural
networks for graphs and sequences.
Objective: ¥ =#29] H3i+= 33hE 2 @z Oigh end-to-end representation
k&S 3skal representations S8ste] el thaliAe GNNS, Thiide] of
3l 4= CNN= AR&3}] Protein Compound Interaction &]&& 7§wksh

- Title: A multi-objective neural network for predicting compound-protein
interactions and affinities.
Objective: £ &=ollAs 7P 23gdel AREE 4 &7 9 22 982 o
WA shghHE 1he) A ?45}5% k= b E80] A9 3D FxskE dlo]ge 2
Z3= 3 1A A3 ARBlo] glon g B =RoxE o]2ld HAE 2R 1w

it Fshke 7= e 2ds *Mohx} g YA SEE 9 9o 1Ak A9
S Yo mdsla CPl 2 =S 453

- Title: BACPL: a bi-directional attention neural network for compound-protein
interaction and binding affinity prediction.
Objective: 2 =Fojx= CPl dj=o 2 thilds) 315HE 7ke] Ag=E 2k

e
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2 BF EAQ CPl A&4-8S o =3}al Regression ¥4 23 55 o =3

Molecular Atom features Atom features
graph Graph NCNCCSC NCNCCSOC
Convolution . M
Module

(]

Pairwise
Interaction

Affinity
Prediction

Prediction
Protein CNN Module lq E b H B | Module = j s T "
e ——es 1 1 FEEE - EEEL)

MHSWERLAVLV.. MHSWERL
Residue features

MHSWERL
Residue features

& i
L 4
HH o
H o H Predicted
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1% 3. BACPI Workfolw

- Title: DeepCPl: A deep learning-based framework for large-scale in silico drug
screening. Genomics.

Objective: & 3=RollAlE @Al o4 7k thifw WEA 3518 3 B2 bl
HeRE e 59 BAsbIE AskuclE WEe ehle] Be dolH e
E49) vestn AHHe FAS AL wlAe] CPIE FE3) 93l ol8 AHg
) CPL oIS 9% 43 9 2hd slue] 54 Quige ALgsieln @

»  Compound-Protein Interaction <& =2 ofo]t]o]

Encoded Embedding Embedded (length of es, dim)-
; > GNN ) —
smiles layer input
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(size of vocab, out_dim)
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Adjacency
matrix of mol I Loss

(length of es, length of es)

E -
ncod_ed Embedding | | Embedded CNN X {lengthof es, dim)- __|
protein layer input Zb
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€= a2+ (|2320 1]
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1% 4. Compound-Protein Interaction ]2 =g ofo]t]o] AJz}s}

- B Aol A= Compound-Protein Interaction &S 93+ WHo=Z Compounde}t
Proteing w= udste] h<53lal Features FE3to] B&S G122 oS s
HHH-S Aekst )74 Compound: GNN, Protein& CNNO.2 8153k Compounds=
Az IDTEE o FX 7] wliel o] EAS 1/}13}% T A& HolH FE=
Graph Fei7} 305 Graphv #AG F54-83 2 33220 /Mds o-7]d
Agtsly BAgt A4S 713 2308 Wees) slr)ol] go]dk Graph structureS
matrix2 8= YHO 2= Adjacency matrix®} Feature MatrixZ} {1+=tl graph
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9] Z} node9} edge #FoE compoundE Embedding & 4+ 9JL-
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1 L o
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13 5. Adjacency matrix2} Feature Matrix

- Embedding ¥ dlo|HE 7HA1L gk5& = GNN(Graph Neural Network)-& &
83k GNN& = 2 488 Ao R A Hd, A Ed, Jg=
o x19] o= AQdoll 229 GNNO| 34l-& o] o] xae] Ao of3 Aot
= A, olZ @535 GNNe| Compound HlolEHE thF=d Zghsith= AL
& 9dE @A o]5 B3 Compound 915 REES FAT A,

- I8]3 Proteing o = o ZE ONNS 88 AE<l. Protein HoE %
2 7d-Foll= SequenceE o] Fo|A Q17| wiitol| GraphtlolElE A esh= WEAH
AP + 92 oo Sequence= Image matrixdE AFESH AHES 85
SequenceE- One-hot encoding< %3f embedding sked *2lslaL & Sequence ©]
olElE A dlolEZ A3l RNNoJY [STM 28 dojxg] dael&e Azshr|
AT, AA] sequences= Ao Aol AgshA| gtk e AT Z sequence
AH4e] EAS 2] . CNN(Convolution Neural Network)e- A L3i=
Image A gloll & o]|A|qt o]& &-83}7] 28l SequenceE Image matrix= wHE
gk olo] AgE wle} B Aol A= CNNS 53 Protein sequence &S & A g

.

- o]&A] Z} Embedding ¥ *2] Alogorithme 53 &9 feature map2 714
31 threshold #+& A3l Compound-Protein Interaction |2 913+ =4S 7|
& A
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ox
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Data processing, Data analysis, Deep learning,
Compound-Protein Interaction
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T2ME ZE 1 M-(ZX]4N)
= SEx| A st nfsk7|sogtofst it st
o8 e L RG-S
st} 2% atet MEHS | Mafel 1xMsy
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A | TE=L 7 7| 2 University of Nevada
2| ey oz soimyjzt|  210501~220430
x| Eol=d Sy @}z717h o (211001~220429)
= =T f124(211001~211212)
1Y s
Z2HEH =3 ml A= HluAT
AHAFLFH AAAA oAl vYE fAA HE B
A SOl Bt 34 vAE FAA B4, FAAA g dig AFAGH @A G
rTen=s Mg fRA e R
L ZARAG] &5 EL A4sks vIAE £8 34 9 A /734 4 (Whoe
genome sequencing, WGS)
o HEUE HENIE W ESAIEHEIAl 2l A" Esel7)  (Samonia
uncinatd) 7Y AAeH= A9 rhizosphereol] dl@shs o] EQoZHE nYES
8 A=
o = EfollA EEg vAEe] A9 16s rRNA v 22 &85l F 548
834931, Pseudomonas fuorescens CCM 2115 strain 08 FAo] 453,
o Bg|dl @l Pseudomonas fuorescens Ant0l strain numberS H-oq3k
= o Aol A B rES] F1A HEs gRlsh] A8 A A BAS 2
=2 ata, v TYPYEFSHRANE (National Center for Biotechnology Information,
’gl NCB) ol 74734 Ang 52 5 3l
é oL o Rapid prokaryotic genome annotation (Prokka)®} Gene ontology annotation in
i L7E=| },_'i_ o InterPro tool (Functional Domatin Prediction)-& AR&3}e] annotation2 Z1a83t (CDS:

5,616 7H, tRNA : 69 7H, rRNA : 19 7}
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Figure 1. Circular map of Pseudomonas fluorescens Ant0l isolated from
Antaractic rhizosphere

2. Pseudomonas fluorescens 479 thet AlE-8

o Pseudomonas sp. © &= 42 A P aauginosa, P ostutzer, P putida, P,
syringae, P. fluorescens complex 2 #7531, ZF complex w}t}h subgroup 02 #-5+
A= EAS zhar e P fuorescens complex Wl P fuorescens  subgroup-3
z3ksle] 16%F ool S zh= #E BV 2

o WEbA, 165 rRNA REo 2= e & A4S skt ojawol s A ATolA,
o] Housekeeping genes wHA-RIAIE ARSgE Multilocus sequence  typing
(MLSD) #2492 AREst Als 249 AgEE 3, £ dFolAe ol& WiA|n}
st AlewAE Agstaarsh

2-1. 16s 1RNA vlAFAAE &83 T 54 2 ASEA

o Pseudomonas genus WOl &3h= 5ol tlsl, reference 16s rRNA sequences
NCBI databaseollX] +=310a1, ©]= %3l Phylogenetic analysisE 138}5S. 2 A
TFolA B3t #5F= P fluorescens complex ol &3k= Aog "EF o), 16
RNA ke 2= subgroups AT 4= Ql= sAIdo] EA1E:

Figure 2. Phylogenetic tree using 16s rRNA sequence of Pseudomonas Sp.

2-2. Multilocus Sequence Typing (MLST) £49-& 3t Sequence type 31 2 ASE4]

o T TS ATEAS st MLST 498 A=sH S, 7 g Akg
T3 Y= ‘PubMLST’ (2010, BMC Bioinformatics)Zh= MLST 4] tool2 AR&-3}o]
sequence typeS 2A-E A=SE B AfoM B3 P Auorescens Ant0l o] 735
100% YXsk= sequence type °] $le= A= FRIEA, 7P 77 sequence
type & 2HoZ FRIFAS. PubMLST ol AA-F2A19} sequence type AERE 5

23lo] AJE-2 sequence type numbers W Fol S

AAH-.
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o MLST #2Jol] Al8-= Housekeeping gene : ileS, gyrB, rpoB, recA, rpoD, gInS, nuoD
Z 6719 FAAE 7Zo 7 gAEd o, P fuorescens Ant0l #5ollAE= gyrB
HAAR= AEEHA 2ok, 5719 A B3 sequence type #40] =AU

Nearest Sequence Type: 22
Locus Identity | Coverage | Alignment Length Allele Length Gaps Allele
ileS 97283 100 552 552 0 ileS_39*
ayrB 0 0 0 0 0 Nohitfound
rpoB 98.742 100 477 477 0  rpoB_80*
recA 97.701 100 435 435 0 ' recA_22*
rpoD 98.75 100 480 480 0  rpoD_22*
glnS 96.806 100 501 501 0 glnS_22*
nuoD 96.699 99.806 515 516 0 7 nuoD_22*

Table 1. MLST result and the nearest sequence type of 2 fluorescens Ant01

2-3. A% 734 A4E vnE T3 ASE4 (Average Nudeotide Identity, AND

o MLST #4] 9o H4 FHAE E83 AlSEAS 288tk £49& complete
genome level 2 assembly 7} &858 P fluorescens straine] ARE-E1 o™, Kostas
lab (2016, Peer] Preprints)ollA] Al &-8= ANl matrix analysis toolS ARSI 2
L cdadedl &3k strain®t 95% ©]/de] similarity indexE Hol= Oz Hof, 7
P, fluorescens species ol 3= 212 SRIH. SFA|RF P fuorescens reference
T2 ezl SBW25 9F PRO8 strain = 242}t 87%, 85% <] identitys Hol= 2=

Hol Ze F YAE dA7AE Wt diid o= A B8 As I F Q)
=

o ANl 48 EafjA B Aox B3 P Auorescens Ant0l strain o] SHZIQ1
strain numberg Fo8l7] TES A7IAE TFFES Efsta ks Zlo] FRls
A, TR zsle] AAHRTR= o fA B9 T8 34 XskE Bl
2] 3 gddol IR ks AME 58 A FF A f34A4 vla

A4 ATE B34, AEERE =09 Wl Axkeh A
FaPsle], FAAHNA Bl P fuorescens Ant0l 57} opportunisti
o 29| 7FsAS At

@]
B
=
g

oo & @
o, SEPEs s o et oo . o 2

S SSTESSr 8 TRTe LS 00 @B [
CFP I PEFEEG FFEP S P I L FETETE S g 2 y [

T B B B
779 83 84 64 84

2 /{ 300,85,
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Figare 3. ANl matrix (left) and phylogenetric tree (right) of 2 fluorescens group
strains including Ant01 (marked in red box as named consensus)

3. A% A FX ) Pathway £4
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Orthology relationship & Z¥= protein sequence database?! EggNOG$} pipelineS- A}
g3f] AAEA Ao protein coding genes ol thEk functional annotation & X133
Sk EggNOG description “dllAl  ‘COG1020, Non-ribosonal peptide synthetase
modules and related proteins® & annotation F$lal, ©]E 7|Wke 2 KEGG database
E g8l B35S wl,  Arthrofactin-type cyclic lipopeptide synthetase B,
ofaB/arfB’ (KEGG number, K15659) 2 SRI%3UE wetA B A5 T3lA d=l
A BE3y P fluorescens T} cydlic lipopeptide-type 3341 anthrofactin < $F
k= pathway€ Ztal, Al AEE AL v $H 2249 u|E 71

3-1 Reactome pathway analysis (2022, Nudleic Acid Research)

o AE-812 pathway database?] ‘Reactome DB’ WollA] blastS SafiA A=, A%t
A4 GBS ARESt] AxZE A2, Reactome Well protein coding region &
UniprotKB database oA blastE %34 reactome W] protein annotationS Z13Y
39s. 4 23 RHOH GTPase cycle (Reactome ID : R-DDI-9013407), Methylation
(Reactome 1D : Reactome 1D : (Reactome ID : R-DDI-156581), Cobalamin (Cbl,
vitamin B12) transport and metabolism (Reactome ID : R-DDI-196741), Sulfur amino
acid metabolism (Reactome ID: R-DDI-1614635) % 47§¢] Reactomeo] E<1%4S.
702] Reactome WollA FEZ o T ¥HAE= w2 Methionine synthase (Uniprot
ID: Q54P92) & tlo] &S pathwayol dedsh= thlag oAk,

3-2. KEGG pathway analysis (2021, Nucleic Acid Research)

o EggNog mappers %3l 42 target ortholog sequenceE AF83te] KEGG
database WA KEGG pathwayE  &<lsk  Pathway #4 Z3}
arthrofactin-type cyclic lipopeptide synthetase B (orthology number: K15659)
A9 AAPAZIT FAEHAS. ©l= metabolism protein family %, polyketide
biosynthesis pawthway (KO number: 01008) ol ¥#ojst= a4l dhlz = s
2 AZtE, A5 FAEE BE Ve o] EAR

3-3. AntiSMASH-metabolic pathway analysis (2021, Nucleic Acid Research)

o P fluorescens Ant0l o] A Aol Z=A5k= antibiotics and secondary
metabolite biosynthesis gene clusterE &R13}7] a4 AntiSMASH v,6.0 softwareE-
ARSEFAS. 68%2] sequence identity &  “viscosin biosynthetic gene cluster from
Pseudomonas fluorescens SBW25° pathway (2,788,013-2,831,449)7 LAEAS. F H
A2 =A o=H gene custer= 60% <] sequence identity 2, ‘tolaasin I
biosynthetic gene cluster from Pseudomonas costanting’ pathway (1-69,124)7} w3
H. o] d==+= compound 2= tolaasin I, F 7} &A%k tolaasin 2 toxin ©] o
%o = lipoleptide classoll 43k ©]&= KEGG pattwaye} FARE o= Z3ls HojZo)
wigl, P fuorescens Ant01ell non-ribosomal peptide (NRP) synthesis o] ¥Fo =
lipopeptide synthesis pathway7} 912 o2 Az,

4, B §AR & AZEY OIS AMR] Peudomonas fuarescens Ant0l 7591 T3k
A4 54

4-1. o5 F-AA F$] (Mobile gene element, MGE) <&

o A WAL YA IARE spedes(F) EE= strain AlojollA o]Eo] 7FsT)
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E = ohtel 991 IAE AE9t AeAS. HekA ofE
R FRA R dZe BAA W olER Al UASRA EE E9Ae)
=

A Ao oo B9 FAAE TSI BUHIT 5 e

o ISFinder (2000, J Comput Bio) blast tool-S ARE3}d, P fluorescens Ant01 5= Ujol|
EAJsh= insertion sequence (S & 21, IS 71 sk AES 1S B3lA, &

e} = == = < o
B =9 s 4 o U

:ﬁ';;;‘::fﬂ‘l’i’g:;:g 1S Family Group Origin ?;:;; E.value
I1SPsy24 153 153 442 3e-120
ISPa42 Tn3 214 1e-51
ISPsy13 1S3 1S3 210 2e-50
ISPput9 1566 190 2e-44
1SPsful 155 1S5 176 Je-40
I1SPa126 153 1S3 i5E 3e-34
ISPssy 1S5 1S5 137 Je-28
ISPa127 183 1S3 133 4e-27
ISPsy45 1S5 IS5 127 2e-25
15222 1S3 1S3 127 2e-25
I1SShes11 Tn3 107 2e-19
18Slo2 1S3 1S3 Shewanella loihica 97.6 2e-16

Table 2. Insertion sequence of P, fluorescens Ant01 (Score > 97)
4-2. Genomic island analysis (IslandViewer 4)3-2. Reactome analysis (Omicsbox)
o Genomic island = 8 kb o]’ Ao]e] genomic region® & HZ {7} o]F5S 3
% AoR A= At 9] 23k BE QY =9 A WA kel B
AgRIAEo] ol2g WA o2 o]Fgh Genomic island w45 S3lA S EUelA
S8 P fuorescens Ant0l #5794 A= 3] AOA 2 A U ==
QAL EAE Ttk o]F FElA AAAHOE FHEEE SA YA
o] A ¥ HAA 5ol itk v EF ARE 24T = IS Zoz VuE.

o BAMof]&= IslandViewer 4 (2017, Nucleic Acids Research) AZE o7} A8,

r{

——— ) 0
sl T 500k -
% Prediction  Gene
// '\ s Nome  Accnum Produet
1 anoR 1 Nome  ranscriptional activator protein
[ ] pip_2 None Proline iminopeptidase
Glutathione transport system
1 9=IC None  permease protein Gsic:
putative D, D-dipeptide transport
1 g Nore  J\ stem permease protein DdpC
Oligopeptide transport ATP-binding
1 opex None  protein OppD
Vitamin B12 import ATP-binding
] bub 2 Nome  iieinBtud
1 gsiB None  Glutathione-binding protein GsiB
1 yeiK None putative oxidoreductase YciK
e
1913 1914M 1915M 1916M 1917M 1918M 1519M

Hgure 4. Peptide modification and transport related genomic island (IslandViewer 4)
5—9A A 2 A A 734 siE £ -opportunistic pathogen 71s/43 41
5-1 BYA A $-4A} (Virulence Factor, VE) o= (2022, Nucleic Acids)

HelAelat glo|Eujo] 22l “Virulence Factor Database, VFDB’® oA Algsh= £41
tool 91 ‘VFanalzer’ & E3l4 A3 534 Aol SA1eh= HYJAA CHYA &
AP A5= 7FssiA shH, VEDB “doll S-E5 )= speciese} HluEH S 4-3)9k
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VEDB “ollXl P fluorescens %Yy obd, WA 52 483 P aerygmosa, 2=
WAl w2 gelrl P grngae PGPB R 4ElR P putidn #EEC)
reference genome “doll E2Aek= BMALJIAEH vl #40] 7Fsdh w4 A, &
5,616 702 CDS A & 144702 WA A IR FAA} AESHR, 1 5 P
aeryginosa == P syrngae 77 1E O 2RE FHd AR FAHE HAE)
A WA= S 3l At o]FA %A+ (mobile gene element) #41-S A A

§3hd

FUAAT} Fel@ 5 Belo] s slo 7.

VFclass Virulence factors Related genes |P. Ant01 P. P. inosa P, putida P. syringae
Adh LPS O-antigen (P. aeruginosa) Undetermined | 01798, 01801 X [+ X X
€TEN®  [Type IV pili twitching motility related proteins| chpD, chpE | 02990, 02991 | = o X X
Biosurfactant | Rhamnolipid biosynthesis rhia 05261 A [¢] X X
Iron uptake Pyoverdine pvdF, pvd) 03213, 03216 Fay [+] X X
Hep secretion island-1 encoded type VI |,y tormined | 05602, 05603 a o X X

: secretion system (H-T6SS)
Secretion system P. aeruginosa TTSS porD, pscN | 03439, 03429 X o X X
P. syringae TTSS hreN, hrev | 00756, 00754 | X X X o
’ 00210, 00211

Protease Alkaline protease aprA 00212, 02775 [s] o X o]

Table 3. Comparative analysis of virulence factor between Pseudomonas spp.

5-2. A3A] WA #-34A (Antibiotic Resistance Gene, ARG) <=

oA WA AZAF dlojElmle] Q] ‘Comprehensive Antibiotic Resistance gene
Database, CARD’ (2020, Nucleic Acids) oA AlFsh= #24] tool ¢! ‘Antibiotic
Resistance Gene Identifier, RGl® € &34 A& A dellx A WA F12k
£ dSE T Us IBA TF A W8 T1E el mE BR Ads A A

ok mEb ARAGH @A o= —fﬂ% Xlg"%oﬂf‘i WAERE P fuorescens Ol

Al dEEs A WAkl g AR HRHEAS s

% Length of
RGI Detection AMR Drug Resistance % Identity of Reference
Criteria ARO Term SNP Criteria Gene Family Class Mechanism Matching Region Sequence
’ glycopeptide astde
Strict vanG protein homolog | t-nce gene glycopeptide antibiotic antibiotic target 37.47 104.30
model i alteration
cluster, Van ligase
ATP-binding
cassette (ABC)
antibiotic efflux fluoroquinolone
pump, major antibiotic, cephalosporin,
i ) fadiitator - glyojcyline, pena, SRR
= Pseudomonas protein homolog  superfamiy (MFS)  tetracycine antiiotic o e 3
aeruginosa soxR model antibiotic efflux rifamycin antibiotic, e
pump, resistance-  phenicol antibiotic,
nodulation-cell disinfecting agents and
division (RND) antiseptics
antibiotic efflux
pump
resistance-
; nodulation-cell fluoroquinolone
Strct adef protein homolog gy (RND) antibiotic, tetracycline antibiotic efflux 2347 977
. antibiotic efflux antibiotic
pump
resistance-
i nodulation-cell fluoroquinolone
strct adef protein homolog | 1o (RND) antibiotic, tetracycline antibiotic efflux 67.1 100.00
el antibiotic efflux antibiotic
pump
major faciitator
Strict £y e prowimhomoleg | uperiami (NS | Gl il | i eike: 2.49 101.38
baumannii AbaQ model antibiotic efflux
pump

Table 4 ARG prediction results of P fluorescens Ant0l using Resistance Gene
Identifier (CARD-RGD software

5-2. 3AAG 2R Follxe] A W FRA dE 24

o A QPSS V|FOo R ARG QPR YoM BEAE= bacteria o HAF-AA
ML ARgste] A WAL s A4S alstaalsh

o NCBI-Biosample databasecllx] ‘=] 873" & 7|9==2 A5t A4 wlo]
HE T8 A8AY dldshs o2 55, v, AL @978 A%
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ol

1R, LAl sfdele S oRE, oH sAE, 7 9A, TS

217), wpAERe 2 WS MAsHE

o Z}Zte] A et wEjE mAEESS] WAARAA AES S, I FolA
complete genome, chromosome level2] 8] HETES Adslo] YA WA
A AYEE =%+ A W8 Fdx #2442 CARD-RGL softwares AH&-3H3A

I, AAAYGANA 12070, 2LAAHelA 26070] AEE HAAFHAE ARSI

Clean Env. (Non-anthropogenic area) Polluted Env. (Anthropogenic area)
. . R Waste— . Agri- Aqua- Hospita
Antarctic Arctic Desert thermal Sewage Livestock
water culture culture 1
vent

Complete
level,
evel/ @ 33180 | 48/526 | 30/863 | 9/795 | 15/003 | 38576 | 78/552 | 4077 | 51201 | 75/008

by
Total 120/2,364 260/4,007

Table 4. ARG prediction results using bacteria whole genome assembly deposited NCH
database. The clean and polluted area is separated by the standard of antibiotics
pollution,

Clean Area

| T 1T | T ’|_!| . m '

®mDesert @ Arctic Antarctic Hydrothermal vent

Polluted Area

W b AL D W |

® Wastewater = Sewage Haospital Livestock

Figuire 5 ARG prediction results are quantified with 45 types of antibiotics
dlassification.
6. A WA AR dSa wE 213 H AF

o FAA Eeldt o] YA WA i EFF AR EAS FRlsk] sl thek
gk 9] Al tigh 244 == WAdS Disk diffusion assay A< Sl &<l

3l (Ampicillin, chloramphenicol, — Spectinomycin, = Tobramycin,  Streptomycin,
Gentamycin, Vancomycin, Paromomycin, Sisomicin, Apramycin, Kanamycin, Amikacin,
Meropenem, Tebipenem, Doripenem, Biapenem, Imipenem, Tetracyclin).
o SAYoA WHEE rAES] A9 teFet Al gk o] Holur] Wi
of, YA ol AthRlo g wEHI T} 2o Zog Felo] F
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o PAYIA| =Zol ik
SAGlA EE3t
WGS) o] ==~

Doripenem

Biapenem
11 mm (at 10 ug)

17 mm (at 10 ug)

Tebipenem
15 mm (at 10 ug)

Meropenem
16 mm (at 10 ug)

Figure 6. Tt 72 &A1 tigk 2= (AR& 384 - Ampidilllin, Kanamycin,
Chloramphenicol, Streptomycin, Vancomycin, Amikacin, Gentamicin, Paromomycin,
Sisomicin, Biapenem, Doripenem, Meropenem, Tebipenem

Imipenem
8 mm (at 10 ug)

Figure 7. Imipenem 334 WAL Bol= Pseudomonas fluorescens Ant0l
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