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An approach to function prediction of metabolites
by clustering the 3D-chemical structural similarity
based network

Nobutaka Wakamatsu

Abstract
Secondary metabolites are small molecules generated mainly by plants and microorganisms.
They are used for survival strategies such as ultra violet protection, insect repellent and
pollinator attractant. Since these metabolites have diverse biological activities, humans have
used them for various purposes such as medicines, flavor and recreational drugs etc. Recently,
a large number of metabolites’ molecular structures are determined by advanced molecular
analysis methods. These structural data are accumulated in the databases. However, there are
few metabolites whose biological activity was determined. In this thesis, we constructed a
metabolite network from three dimensional structure information of metabolites. Next,
clustering of metabolite network was performed to construct the relationship between
molecular structure and biological activity. Finally, we predicted unknown biological activities
of metabolites using data set containing 50,037 molecular structure information of
metabolites and relationship between 3,210 metabolites and 155 biological activities. The

accuracy of our method was about 73%.
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cp = 1/(0.67*3) = 0497 < 0.5
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25

@

BYDRy b7 —2I2BNTES S/ — FH 0
28 |58, wody bT— 2o NTHEBAITS.
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23 AK2:F,GH, Eﬁnﬁﬁ‘@ @
®—® 2 ©

® ®.
@ ® 77193(H1§bﬂﬂ#)

dy =2/3 = 067<08

p = 1/(0.6?“3) =0.497 <05

AR
BYOIy 7 —2IBINTES /S — FHRn
(25) |iga. o3y b T— 2D T HRRAITS.

27 AZ2:F,GH,

27A4%1:AB.CD
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BINTED ) — FAG < ntb, 45 ARIE
(26) | mzLcr5242mnry SEERT .

25242 F,GH,
25 A%3:EF

® ®y0
NG

@@E
0]

BUDFy b T—0 0Ty VERE /S — FELE
kb,

27A4%1:AB.CD
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27A%1:ABCD
2FAH%2:FGH|

7 FAZIEF
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®" @ S

BYUDFy FT—20E2TO/ — FEHZIOD
(28) |sga. &/ — FoaRfr >y — FERET 2.

#52Z4%1:ABCD
25242 F,GH,
25 A%3:EF

(0]

© @ y3ass

dy=1

BYOxy b= br—FOBE, —FD

(29) | mama ko, EERERET S,

2352421 F,GH|
25 A%3EF

27A4%1:ABCD

1]

®—©-

73R4
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i/ — FOBEEFSTRILEGS. 7724

B0 | vy rmp s EmERERET 5.
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23A%2:FGH,|
77AZ3EF

©®/ z 7ﬁf4l(B1%guﬁ) 2 7 22 4(DEHEF)
ds=1/1=1>0. dy=2/3 = 067 <08
p=1/(1*2) = 0.5 >= 0.5 BhMRH cp=1/(0.67%3) = 0.497 = 0.5
—iBhNRTEE —BINARF]
BE/ —FOBEEL 7 728LD Y v 7 HM EYDFy hT7—2I2B0T, AWHEARY
B | 2cmursma. srrncenersrEds. |G |52 0, — FoBmsRyET,
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S524%2:F,GH,| 235 Z%2 1 F,GH|I
7IRK3EF @ @ 53223 EF @@
ORAEONS | @ /® .\ o "
® ESEPCIlEGERC
= . !
25 2 2 4(DiEHNES) @ @ 7IREL e
)'@ ds=3/3=1>08
BN ep=2/(1*3) = 0.67 >= 05
—B AR E
BHDAy b7 —27IZBINTES S/ — FAn BYUDFy b7 —2I2BNTES/ — FHiAGW
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25242 F,GH,
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EhnfEAH

R & 5 2 24(AEHE)
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cp =2/(0.875%5) = 0.46 < 0.5
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235242 F,GH,|
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R & 5 2 2 4(FiEhnes)
d; =6/9 = 067 <08
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2-4 7 5 A& kYRR O B O #EEHE 72 Sl (Step 3)

R Ay b7 =0 oB o787 7 221kt LT 155 FEEOAEYENE &
D BAFRIC O W CTHERHY 72 BT 2 1T - 72 FEE O VNG 2 R o REI 3B E I
EFToTnB 7722 EEINT 2010, IRERGE [27 7221 LAEYEE1
DN IZBEE A 2w |, SRS (29 2% 1 LAaYEE 1 13AEICEEL
TW3 ] EVIREELETCD I 7 RE, &TOEYEEICH L TfT 5, DPClusO
LV BONEE I TREZET— 22y MicEEND 155 HOEYEEDM @
p %KD 72, p EOEIREICITERM M %2 iz, BRI Z w7 pfED
R A2 (D) IR T,

< (D) E’X_’f )

p=1-) e t—i7 (4)

N
=0 C

ZCTFiE3Ay PV =7 NTREDEVEEZ FFoR@Y O ER L, N34
v b= HORBIOREET L, Clk7 7 2 X NORMIOEER L, ki3
7 5 X XN TRE D IS E O R DRCE T,

TDLE. A ITARICKHLC Ry F Y — 2 NICHEN B & EYNENE L OBE
IT5 Z L1 X b False Positive(&5M) 23K X & 7 3 4 BV ORER4E U 5
WREMED D 2, Z DT, p HICEIS 21> < 22> DRIEICK L T False Discovery
Rate(FDR) 255 L. 2@ FDR Z#&HE & L Tl p fEORIE 2 #IR L 72,

2-5 HEYRNEHESERM O R OGN FHI(Step 4)
BERBREEZES 7 I 2 2-AEEO T oh s, 7T 2 Z2NOREY
D 40% LA LG T AAEYIEE R o T\Wb 7 7 A X-EYEERT 2ER L.
ZD7TAZNICHEIET 2HERMORBY & 7 7 2 216 T 2 WGt &
S 2 2 eic X v, Vst ¥l Z1T 5,

14



2-6 THIFE DR O FHfh

AWIFEICE T 2 4 2D Step 2> b 75 HIEWTHFEO FRIREE OMER % 1T -
72 Step2 @ DPClusO # 54T L 72%&. Step3 ® p iz K@D 2HiicAH Yy b7 —7
WIZIFET 2B OB D 5 B 10% % 7 v X LIER L, B RA
DHDELTRKI, ZOEFICKY p HOFHREFFC, & v F 7 =27 NTRIED
AEVREEZ FE OB F & 7 7 2 2N CREE O EYNEM: % R o R £ 23
INEK 725, 2D XS Ay PY — 7 NOEEHHRZ IS L 7 IREE T M7
ZIT\V. 7V X LIGERL 28R L, AYiEEEZ 1 2 THIELL T
HIHER7270 1. 1 2B IEL PHITE o7z b 02 A7 & LCEIY 3T
7eo 1 DBV EBDOEYENZ R OHE. 2D 9B D 1D THIEL K Tl
TE72hb 1 2237 LCHOVYTE, 7V XLIGERLZEEREAMD D
DELTRoTw YD b, AWEE L AREGEBEEZR> 27 7 A 2N
ICEENTVEHDDORETAITOAFHEERE > 72 b 0% TR & L 72,
ZDXS 7T v X LGER EETHL FHRE ML 10 [FE VR L, &7l
G D % & 7 TG EE & L 72,

2-7 EYREERE O BEREOHTHE

AVEE S BN O AR o . 2o oGP T B T
WMOFER % IS 2 2 & CHEYREEMOBREZFH~2, 7—%X &y F D4EY)
B ORED 2 5 10% % 7 v X LIGER L CHEERIM E LTy, AR5
DIFFEICE Y T o o REYOEMETH 21T 5, Zhic XY iEEBLA o EY)
X BT HIORI R 215 T BV OAKR O EYETE L Tl X 2P
T DR %ETT 5.
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3. BRLEE
3-1. RFEYOLFREEBELEICE SO AY VT -7 DEE

R#EA v V7 — 7 #WEE T 2572910, KNApSAcK Core 7 — X N — 25 515
517z 50,037 o I O 7 FREE O ik 2 T, RSO BE R a7
FRH L, ConTREOBEUEX a7 0B COMPLIG # v/, %
DFEHR. 1,251,739,702 tEORGERLUE X 2 7 235 b iz, & D & I
ER a7 95%LA ExBfEE LCREV~T % 177,179 h#EIR L 72, BfEL 7% 5
TSR (%) LA E OSSR 2 R o R = T B0 ER % X 3 1ITR T,
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BERUE(%)
X 3. #FEIEL L DGR 2 o REY ~ 7 B D ER
HHEERAUE (%) ZBfE & L 7= & & o BELL b O RE R 2 £72 (U ~

TOEE Ty b Lz, 70%LL EoWEMHELE % o RE~= 7 1% 81,984,992
. 80% LA _E DR EFEE % R oY~ 7 1% 14,374,757 {F. 90% LA E D #EE
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FEMLEE % Feo 3 ~ 7 1% 1,379,238 FR1ETE L 720 AR T I 5 T o BB
95% % [#fii & L ¢ COMPLIG iC & Y 136 L7z LS R 2k 0.00014% TH 3
177,179 #HO P~ T 2 I L 7=,

SR LUE 23 95% LA o B~ T D hds b, YRS RS ARE D Y
[F LR ~T ZHY Brv7o, 2 DfEHR, 10,773 fEo 3 %2 & T~
T A 22,482 MLFER E N7z,

N DREYRTLONRBY Ay VT -2 BWE L, 2ORY VT —72
TIEAREYIE 7 — P e LCRBE S h, BEELEL 95%LL EoREY, — FIF
Tz yycohring, BonGEYA Y VT — 2 oEl 2 X 4 IR,

E4.%ﬁéhtﬁ%%%vk7—7®ﬂﬁ
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R# A v + 7 — 27 on[#{kix Cytoscape (P. Shannon et al, 2003)i X b 17
27 BoNTZAY P T =230 E0RDBYDERRDDTIERL, ERDOED
Ioricmgrnlzry v 7 =277 o7,

3-2. AV V7= bD7 T XXMM

I A Y V7 =220 72202 To72, 2DV TAXY v IITE,
AT —2272XY v 77T X4 DPClusO Zv7z, DPClusO %4
Yy P NOEEEDOHY %7 7 AL LTHMHT 27T YV XLTH S,
CORFWA Y P =27 BT EDFHEES U T2 RE@Y 7 7228 L
TEedHN%, DPClusO % T 5D %7 A — X i3d;, = 0.9, cp, = 0.51C
HE LT, ZORE, Ay V7 — 2 A THREICEET 2R#HIE L LD~
7 7 AZH 8,047 hf5ohiz, TOWRRTA Y MY — 7 NITHHET 5 Vs
(X 153 HEE, R 1% 9740 fE%H 7 - 72,

3-3. 7 7 A% LAYREYER OBtk DMTETHY 2 R

Bohzgrs 722l <, F—oEYiEEsFoREWrEEICEE -
720 TARXRTHDIPE) DRMERT H-DICERMOIMICL VKT T A X-4W)
IGTER D p-value kD72, DL E JHoNE T T RAX804THHoZENE N
(R LTS TE 153 HE & oBEE 2RI T 6 2 L itk b, ThICK Y BEH
e o MERFAET 2 AHEED H % 729, FDR(E#EHE q-value) # 85 L 72, FDR
DEHICIZ, 7 72X -EYEERT 24,296 Xt D p-value % FH\> 7=, p-value @
025 1 &% 0.001 XYY < 1,000 DXENICHEIL 72, TDL %D p-value
TEeDUTAX-EEERT OHEO - EK 5 IR, ZNEhoXHICE
WCT T VYELILY TAR-EYNEW®E~T Ay v b LEESA. 24296 #F
(24,296/1000) D 27 7 A X -EWREHERT NS 2 & 1Ch b, 2D L0 b, p-
value 28 0 2> 5 0.001 @ XN 2 HBIGEDO L 24.296 14(24,296 X 0.001) &
HEE XN B, [AFRICL T p-value 28 0 2> 5 0.002 o X[ I 2 5 ME O£ X
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48.592(24,296 X0.002) TH %, p-value < 0.001 ® & ¥ ® FDR | Benjamini-
Hochberg i (Benjamini et al, 1995)1C X © 7.21 x 1073 & #£5E X 4172, p-value <
0.002 ® & ¥ (IFDR = 0.10 X 1072 T» Y , p-value < 0.003 ® & % |[XFDR = 0.11 X
1072, 7572, KWL TIE FDR 22 0.05 Kiii & 72 % 27 7 A X -AEWREHE~T, T
bbb 0.046 Kiii® p-value ZFiD 27 7 XX -EYREESRT % 22,428 SHER L
7z,

Lty

A0 FDR = 7.21 x 1073

— — -3
2500 ¥ (q = 24.296 / 3369 = 7.21 X 1073)

FDR = 24296 x 2 / (3369 + 1372) = 0.10 X 102
(q = 24.296 / 1372 = 1.77 x 1072)

3000

2500 FDR = 24296 x 3 / (3369 + 1372 + 1706) = 0.11 x 1072

(q=24.296 /1706 = 1.42 x 1072)
2000

1500 ¥
1000
500 ‘
0
o
o o
S S

5. p-value DX & D7 7 R & - LWk~ T O HIRSERE
p-value Z 0 2*5 0.001 T &ICXYIY, 025 0.1 £TD p-value ZFi> 2 7
A R -EYEE O HBRE 2R T,

L0 EELRHERICEDCOEETMZIT 5 72012, FDRICX VERINE Y
T ARX-EYREERT O h 6 X HICT — & OIERE1T 5 72, FDRICH D &R
AN FRAZ-EYEERT DS B, 77 2 ZIHIGT 2 AP % R0 G
Wiz 7 A ZND 40% A L% 5D 27— 2% ERL 72, Iz, 77 A% 1H
AWER Flavor” L HEICBGRLTEL ., o2 7 2% 112 12 oREY 14 %
NTOBEEEEZ D, COBA. 77 AKX LICAEYELE Flavor” & £ 5 A
25 EEM LS IR TOIIDRIRE N, 4 BT AL 2 924 1 LAY
P Flavor” & 3R ABIRHE . L GRIRS R, COX 5 AT — XA T -
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Tofti R, 13,855 th D 7 7 A & -AEWTEMERT B FHIRE R & L GEIRE e,

3-4. HEPREMEDRA OREY) O TEHTH

fFo 417z 13,855 fFD 7 7 A X AW T — 2 5 DIGET M E2 (T2 72, 2D
720, 77 AZXNOTEEERIRAMONRE Y L 7 7 2 2 KON T b
PR O RHEATT 24T o 720 SHEAHT ol %2 280 2 & | 52 R o (3
8 THAH LG TES R M O 4 HEH 2 B, 2 IRXFA XD 1207 T AKX ]
EAYNENE Flavor A BEICEAR L Tz, ZOEA, 772X 1LICEENDIE
MRS RN D B 4 FEEE A EYNETE Flavor’ 2o & FHldh 3, 2ok HicL
TIHEMET I 21T o 72455, 6,480 1F D IHTE KA O RV D EVIEE % T 5 2
ZEMTE, 2o oREWIE. 149 BEHOEYNEE L E 2T b,
KNApSAcK 7 — &% X — 22> LS L 72 7 — & N0 Wit o HISRSEEE & il
TR I 1T 2 EWETE D B 2 I L 72z, KNApSACK 7 — X R — 2N DE
YREVEO BB 2 B 6 1T, E7z. THIKERICEH T 2 WG IHEBSEE
X 7 1IR3,
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KNApSAcK 7 — & N — Z NIC & WAEEE ¢ B3 2 915112 12 Anticancer(447
F), Antifungal(420 #4), Antibacterial(447 f), Toxic(293 f), Antioxidant(264
), Cytotoxic(262 fF) 3R b7z, 72, FHIFERICH W TRRICE W cHB
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-5. FHRIFEORE © F¥Hfi

ARW5EIC BT 2 EETHITFE O PR E DR 21T o 7z, Step2 @ DPClusO
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ICHAES BIETEBERI DR 2,130 fED 5 B 213 % 7 v XA LITEIR L, i
WRRAMO DD L LTHRozy ZOXIITLTH Y b7 — 27 NOEMEERZ K
O L7 REECTIEW TR Z /T o7z, 7 v X LIGER L 28 L <, Y
HrE1OTHELL FHIHEZARS 1.1 2B IELL PHITE R o726 0%
AaT7 e LTHY YT, 7V XLGERLEEERRAOS D& L Tifio T
WBIREMID S b EYEE L AEELRBERER RO I A ZNICEENLT VS
OO TR AT DEFHEEH 272 b D2 FHIKEL Lz, 2OT v X LE
R FHKEORE % 10 BIfE VR L 2#EHR, FETHRE X 71.934%7 -
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BAfRICOWTIR T, VRSB ORI D 5 B 10% % 3E R L TiEtERA
LT, s R OIEET M 21T o 72, R 1 IZEERE o P23
RO EYETE L RIS TR IC X 2 PRI Z 9, £ 1 Offtlhix, EPERER
DR D AR D AEYRENE %2 R 3, BiflIE, HECR T Tw 2 YNGR EE RO
R I L TPl E N2 VGt 2 R, 7272 LA "Real” O H1 Xt 1< R~
I NS RAEYNENE 2 AR o T 2 Y DB 2 IR 3. RN D IR GET 1L HMEH
ORI N TV EYNEES2 FHIT 2 2 L 23 TE 2 BE %R T, "Real " F LA D F
W OEUE X, Hitlh iR X 2 BEYNETEZ FEo It L <. o &4 YE
HERFH I NZREERT, —HlzZT 5 L. 11THDEYEM: Allelopathic %
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Allelopathic % ARFF oY) 5 fFicnt L <, A&k Allelopathic 23 7l X
7oA 5 1R 72 o 72 (R WEBIT) . & D & & EYiEE Allelopathic 2§52 & ¥
HE N7 50D 5 B [FIRFIC D EY)ETE CTH % Allergenic, Anticancer,
Anticholinesterase 7z & % fff€ ;> & 1 [0 FHl & 7z, Antidiabetic, Antifungal,
Antihepatotoxic 72 & Z fff &> & 2 [0 F#Hl X L7z, Antibacterial, Anti-
inflammatory, Other cardiovascular agent 7z & Z fifg o & 3 FHIT Nz &
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Antidepressant
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Antineoplastic
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Nonessential amino acid

Nutrient

Odor
Pollinator attractant

Muscle relaxant
Mutagenic
Neurotoxic
Pediculicidal
Phototoxic
Phytoalexin
Phytotoxic
Pigment
Piscicidal
Pneumotoxic
Repellent
UV shield
Vitamin

Laxative
Other digestive organ agent

Other cardiovascular agent
Other genitourinary agent
Other health agent
Oviposition attractant
Sedative

Teratogenic

Toxic

Tumorigenic
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Allelopathic
Allergenic
Analgesic
Anesthetic
Anthelmintic
Antiallergic
Anti-anxiety
Antiarrhythmic
Antiarthritic
Antiasthmatic
Antibacterial
Anticancer
Anticholinergic
Anticholinesterase
Anticonvulsant
Antidepressant
Antidiabetic
Antidote
Antiedemic
Antifertility
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Antigout
Antihepatotoxic
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Antihypertensive
Anti-inflammatory
Antileishmanial
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Antimicrobial
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Antineoplastic
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= Antiviral
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Antidepressant
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Antiprotozoal
Antipsychotic
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