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Similarity Model Analysis and Implementation for Enzyme Reaction Prediction

Joo-Seong Oh' - Do-Kyun Na”~ + Chun-Goo Park” - Hyi-Thaek Ceongm
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ABSTRACT

With the beginning of the new era of bigdata, information extraction or prediction are an important research area. Here, we present the acquisition of
semi-automatically curated large-scale biological database and the prediction of enzyme reaction annotation for analyzing the pharmacological activities of
drugs. Because the xenobiotic metabolism of pharmaceutical drugs by cellular enzymes is an important aspect of pharmacology and medicine. In this study,
we apply and analyze similarity models to predict bimolecular reactions between human enzymes and their corresponding substrates. Thirteen models select
to reflect the characteristics of each cluster in the similarity model. These models compare based on sensitivity and AUC. Among the evaluation models, the
Simpson coefficient model showed the best performance in predicting the reactivity between the enzymes. The whole similarity model implement as a web
service. The proposed model can respond dynamically to the addition of reaction information, which will contribute to the shortening of new drug
development time and cost reduction.
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2.1.1 HMDB
HMDB(: Human Metabolome Database)= 1Al

A wRgE ge Bael O 4uE A3ss el
Bulo] 22 Beb4 dold, 94 deld, ¥4 48
A4S dolgg mgat dolguelst &

114,110 7] diAk=del gt e ATk, o=
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s}eha) SMILES(G:  Simplified  Molecular-Input
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2192 7]%3% A), InChl¢: International Chemical

Identifier, dlo]Ej® o]~} oA 7ML go]3}A
3171918 Bap ARZ orsslel 38k Eho HAE

A8, InChiKey (3} #4& TM] 6} 1 Hoﬂ oHHEJ
InChl 25), =24 54,
B AREE AT o
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2.1.2 BRENDA

BRENDA(: BRaunschweig ENzyme DAtabase)=
M 2e g4 AHE a1 g dolEuol AR
83,0007H¢] EA G} o9} ¥kg3E 207,000 719
Bx 3gE ARE 2T 4 524 HJEE ECC
Enzyme Commission) & & 7|50z EFHo gl
om A dide]l HeE diE AR 714
(substrate), WH§- Aol o3k dAME A A=
(product)®  9#  &}§E (inhibitor), HZEIXA
(cofactor), Al 3}¢E(activating compound), &
Z(organism) 59 AHE A|2grHI]
HRgol oigh AR AEE T3
Bel A ellA AAR YEhts
Art. ol HEE
Gl &3 T8t HAE wholyd, 95 v
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AATE] fAMEE A 2ol 28 & 4 Advk F 7§ WS T A Alele] ztelE AR YE
[91. ul7] Wil gro] Ae4E GAEs} Ak T odAE
AP A S JRAl Abele] A& AHdescriptor) 2]
S, N Xpi=1,2,0n 1) EA friel wet o] Hlole (0 DE FHwTh &
gk vl-o]z dlolEE A AHEEH] YsiAE ARst
291 SAE mE 93 WA S Abgstolof gt wiAeo R A Alg W
A BRe 2 AR A ow, Aw A g B8 T M A%e Bdae 545 9ed e
W, 4 A W 3§30z pRad R ow  FRWAS S EHeInlo)
E 1. FAID 220 54
Table 1. Similarity models and formula
Model Formula Model Formula
name name
n X+ X X ,+X
max A iB 1A B
=X d, 5= 1
Chebyshey | 945 Xia ™ i @ Taneja 8 2( 2 ) "2 )QA)GB) W
Sip=1—dyp Syp=1—dyp
DX Xy Z(maX(X X,5) — min (X, X))
Cosine Syp= (3) d. = i4%iB iANiB
VX VX Tanimote | dimax(X,, Xip)
_ ] — 2 S, r=1—d
Fuclidean dA,b’_ ZLXzA ‘X;B| (4) 4.5 4.5 (10>
Sip=1—dyp
L .
X d, ,= A T
Jeffr dip =N (X4~ Xy~ (6 | Wave A gmax(XiMB)
s S5 -1 " Hedges Syp=1—dyp
= 1—dyp ’ ’
(11)
(XiA_XL'B)Q Ya,B =
D dag= " 6 nY X Xip— 2 XD Xip
Pearson x X Pearson - - - =
Sip=1—dyp correlation \/[”ZXy:A_(EXz:A) HnEXz'B_(ZXiB) ]
coefficient | ¢ _ Yaptl
A,B 2
Sorensen = E(X +X) . X > imin (X, X, ) (13)
S, ,=1—d impson 5=
e s coefficient M min[ X, 30X
SA,B:KAB
5 S arman _ E iA,iB
Squared *E( VX7:A B VXi,B)_ ®) - Jati Pa.8 n(n -1) )
chord S, p=1—d,, correiation p+1
- - coefficient | S, 5= -
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Ag BEE ATl 93] Pearson
correlation coefficient, Simpson coefficient,
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Sip= % (16)
+1

S, =" 22 (17)
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SENSITIVITY FOR EACH SIMILARITY MODEL
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Fig. 1 Sensitivity for each similarity model

pEij %}—9] ‘(H'E‘ 2] (19)% 71—‘:]'
Spo< Pro <
T — 2
L ;(Ss,,m ko)
Z;(Ss.m@ Spa)t A
(19)

A AL W sl Aol A5 A Grel
HH-8-8l= 714 B0 U3 FAIRE AXtsta, o 7]
Moz MeHS ZAde] Y S WEAS 2
FAE AA B

583



JKIECS, vol. 13, no. 03, 579-586, 2018

3343 &4 ¢ 25

A RAS 83 do] /- gk g4 v
A& d538r] 938, U4 g59 253170 &4 ¥
606971 714 ARZHY Fde 71d dR 166715
F=o9h olg Ho 7A(true set)2 TASFATH
o2 6069719 718 ek £ty Fng
T%3817] $18l, PaDEL descriptors &3] 7zt 7]
g 1444709 £A ARE FEdT Lo
1ol AE3 FAIE ZES Java Qo= FHE}
Atk o5 niEez Hel 714 168570 sl 015
B 17bA4 w34 A gk(threshold) S #14&ke] 7+
w2 BAsqr

shute] Hel 71del gigk vk Alstel] lojA
gulo) 2= 1444709 EeshetA] dre theddh we
o] A ghol7] wiiEel, A4 A AEE A3
9] V‘er v*}': 74]"} EH”B 71450 e Aarst

i

=1

jins

Ao g ‘rr*]u— A A

J—% Fasiih 137 fAIE 2l

S A At WA Aot thger el H9lE
Zb7) wiee] 7h wheA s mEEE Agars) shlh
Aol gk A& 913 WzkEel AUC @& A
3ttt W EE AgsiA dSdE Ay Sl A
Al AT Eg AREY AE Uil HEE 2Y
T35 48 gl gk F4 23S fs deaao]
th 2 AFddAE A gl g dA ks 2A5
o AFgETh 7 AR AR oiEiA] A gk
< ek dolHE RMAEE EAYS o, uis
7b Aaehe e G40 71d7ke] oS digk 4l
E7F fAaste Aow dAnd 4 ) mEA] A
goll gk Mp=E JMgteta Wtert FHAete
PA G Zeth o o] EME A% A #ES
AAsted Fag 847 4 & vk A¥4AdE 1
g 13} 2ty WzkEel| 9lo] Pearson x? similarity 7}
7 4 ko w Jeffreys similarity, Y2 o 2

Taneja similarity =]t}

AUC 32 SAREA oy wiledel Ads 7t
sb7]  #fE Weo] ol 7]Eo® WA E(True
Positive Rate)E yFOoZ 3lal, E-o] %= (Specificity,
False Negative Rate)& x%22 3= ROCC

Receiver Operating Characteristic curve) L] 2]
U WA S et o]& RIZtEel So|wo] Aahw

584

& el A5t el A5 Bk
88 Wl Bk #E 0VEl 14019] ke 718
3, gl 19 AheFs Mgt F7beha Selwt
ya

7] Wizel A3t kel Aol Frhu By -

3k AUC= 29 29} Zt) 71
o]+ R4 Simpson coefficient =2
Cosine

Sorensen  similarity,

AUC for each similarity model

Spearman cor relation ¢ oefficient

Simpson coefficient

Pesrson correlation cosfficient

Wave Hedges similarity
Tanimoto similarity

Taneja similarity

model

Squared chord smilarity

Sorensen smilarity

Pearson X2 similarty  mm

Jeffreys similar ity

Euclidesn smilsrity
Cosine similarity

Chebyshev Linfinite simiarity

value

O3 2. ®AlE 22 E29| AUC
Fig. 2 AUC for each similarity model
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