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Applied method of widening KrevelenPlot
for exhaustive analysis of metabolite

Kaori Matsuda

Abstract

The Krevelen plot is a two dimensional (2D) scatter plot which was developed for studying
coal’s structure and chemical composition. The objective of this work is to make possible visual
comparison of reaction paths of various metabolites by extended Krevelen plots. In metabolomics
the exhaustive analysis of metabolites and their relations with genes is very important. Precise
chemical analysis of metabolites is possible by advanced mass spectrometry etc. However, still
a lot of things are unknown about the metabolites in the context of metabolic pathways. It is
useful to classify the well-known metabolites according to features of the structure and reaction
pathways for the identification of unknown metabolites. According to earlier studies, the
Krevelen plot can present a broad overview of metabolic pathways. Most metabolites can be
represented in a Krevelen plot on the basis of the ratio of the major elements (e.g. H/C, O/C
etc.) and thus their classification i.e. type and structural features can be understood. However, if
a Krevelen plot is extended from 2D to 3D new groups or subgroups could be identified.
Accordingly, in this study we try to apprehend more features of metabolites which might be a
type of functional group, or type of reaction, chemical species, and so on, by enhanced Krevelen
plots. Using it, We investigate the coordinates which follows a specific pattern by the structure
and species of metabolites, and vectors which follows a specific pattern by the reaction of
metabolites and enzymes. Moreover, we show that it can reveal the perspective by visual
comparison of the reaction path of well-known metabolic pathways. At the end, according to the
result of the survey we indicate that we can classify the coordinates and the vectors which imply
a specific species. Results of this analysis can be applied to the estimation of chemical species
from high-resolution molecular mass spectrum.

Keywords:
Metabolite, Classification of metabolic and enzyme response, Chemolnformatics
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& 3-2-1-2 PE7R KrevelenPlot Ol €

E T =5 FKT AU
N/C | CITHEALTWD NDER N &G TeiiED% D
S/C | CIZHEA LTV D S DR S ZaLEEDL D
P/C | CIZREEG LTS P DI P &G LEED %D
N/O | NIZHEALTWD 0 DR N &0 DFEEDRIR (~T a8t ERER)
S/0 | SITHEAGLTWD 0 DEH S & 0DFEA DR (~T rERERER)
P/0 | PIZHEA LTV D 0 DI P L 0DOfEDOME (~T B HRERE)
O/H | 0IZHEA LTS HDkER 0 & HoREADRER (FXE, M - S 0RE)
NH | NIZHEALTWD H Ok N & HoREEGORMGR (FEE, i - B ORE)
S/H | SIZKEALTWD HOWE S & HORG OBk (R, HE - B O FRE)
3+ 3-2-1-3 $E3E KrevelenPlot D&+
X Y 7 U
1| o/ H/C N/C | N & &t O REH ORE
2 | o/c H/C S/C | S ZETREE DR HE DRFE
3] o/ H/C P/C | P A ETBIED R DORE
4 | N/H H/C N/C | N Z2EEeE s L EieioHfE
5| S/H H/C S/C | S B ETAEIEITHED Lo HRREOHETE
6 0/H H/C 0/C | 0 Z# B ICHA LI BRERDOHEE
7 0/C N/0 N/C | N& ODFAEDRR (~T ek B LHEFEORE
8 | 0/C S/0 S/C | S&0DFREDMR (~T rE/HRERL) CEEONT
9 0/C P/0 P/C | P& ODFEEDORER (~T 0/ Bhelh) LHEORE
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3.2.2 KrevelenPlot IZ XA S DRk

KrevelenPlot LIZMEMMEZ 7' vy 42 LFHHIC Ko THEEEREIAN 70 5 2 & 23
FATHIE TR EN TV D, £ 2 TETUERIMD KrevelenPlot (ZEEA DO GEHYIE 2 1K
Tl ey M5 Z L TRIEECELIN D PRI OW T 5, £723.2. 13T
FREE L 72 DG 2 MW T2 356 O RS E O Z & OFF B 72 FEAEFEIEIZ DU T
HEHT D,

(1) REEDREERI RIS DIERRD 77

KrevelenPlot |% X #2% 0/C, Y#li23 H/C TH D25, JEAERE Lo & OFEKIZ 7 7 b
SNLHINTETOFME ORISR DA EZ H OB TE 5B 2605,
LR DMEFEUNITCHEBIRES>TEBY, CLBITIHRKRKADETHRFLEHBATE D, 1T
X2 TOMRBWENL C IeFEMN 2 DL i > THRIED BRI A BT 5, C Itk H 2
DOLUEHER D56 RR3OOFF L, ot & nffG2 1 DT D0 sp2 IRAKHIE £ 4
CH_HMAPHLILET 2 ODEF, ofic 1 DL niid 2 DD sp IBHLEZ LT
L_HAEETIE L OORFERATE D, 2EV., CITHT 2 HOREERAZRT Y AT
2 DITEARBICED LS RAEENLVDEHERITE 5, H OSSR L
YERARTH D) BHEIZ. Z< O CuREnfaffiea (—EiE) THEZR 78R
DIEE LB A DND, £, HOFREBPFRANC D (v [l N TH D) HWE
FVEREE D L IS (CEES —EmEER) 20 EE 2 b b (K3-2-2-1),
TCHROMEFEEREBEN C uFEE 2 DULFS2ZL2BET L&, kD
KrevelenPlot @ X #if, Y #i & $12 0.0~3.0 OHFFHIZIF & A ELTONRBHENEH T
XHEEZOND, ZOEHAN TR E OFEIC L > THEEZEM N FEH U, JH#
MBI L > TR X ZOMEPIERTE 5, ETIERD KrevelenPlot @ X #il (0/C), Y
il (H/C) I2BWT, 08K E HILRDOLPIT LY 4 180 OFEIEFEBIZ 2T, £hZth
DFEAEH L7, IRICZOREICEET 2B E ofEZ A+ 5, #3-2-2-112
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JAEASE R

DR L %4 T 2 E OB 2 U ORT, 72X 3-2-2-2 (T PEAEaHIE

DoyBfE = R~ T,
i
H—C—H
' KrevelenPlot
i T
HIC=4 3 L
H H
H,C—C—C—CH,
H, |25 H/C=3
HIC=25 | ,
6 Hzc/m:i
%15 .
-
H 1
\c:c/u >
F o,
L "los
HiC=2 |~ H—C—C—H
H
T H- J.\'::v
I W o 05 1 15 2 25 3 ]
=N H™ \\['7 “H
H/C=0.8 X(0/C) H
H/C=1

X 3-2-2-1V BEE & EEDHBEE

# 3-2-2-1 REWEOWFIC X 2 EEFEE DO 7HE (RERAR KrevelenPlot)

HELRR O RF 1 (P A TE D REE DFELH

(@) |04, 1% fafnfE S (—EES) BE0 iy
EHILDOFER D720 27a4 K

b |0£. 1% fafnfEe (—EES) BE0 BB
EHILORE G Z N

(c) |04, HA Rgfufses (& - ZH\EES) "W | 7R/ A F
EHELOREG DI X /v

(d 0%, 0D Rfafnfss (CF - ZEHEE) BZn | 2L
EHILOREG LN
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| B&E (R—COOH)| #E (C,(H,0),) |

KrevelenPlot

27a4K | 3 o

~—

C[?j \ @o:4 ) (®0:s )
AN el

H: /N HD

1 1.5 2 2.5 3
X(0/C)

B 3-2-2-2 REiEEls & AV (KRR KrevelenPlot)

REIE ORI BT 2 K52 LU T IR [7],
1. J8E (JEWGme)

RFEDEBRIHES LIS 2 5D, BB B (-CO0H) ASAKRIRICHE A LTV
%, FRNENIER . A ERINENIER . FRERNENIEE D 3 DIZ KBS LD, faffiE g,
AEAFINERGE DS EEIZ 2 < B E AL D DIt L, FrBRIENIER T FITHAED . Fr
I I Z & £ TV D,
1) gafnfghfe

RFE-IRFED _HEIEAD RN S O, BEURFER LOMERISIZ LY Al Sh

Hich, RFEEIL L6 1D 18 B D BLDORELUN,

i) 0

CHy — lclz— OH

La73

2) EafnffE g
PRFE-IRFED "HREE N 1 DL EO b0, THHEEA 1 OTHIUE, 1R
FAFNENIEE, —EAE D 2 DU EThIEZ MR EmENE L L5 £
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FHOFEBAITIILL FIR TR S A B D,

1 At g R G R
LAl g
1)

1 iR G R

2 A BN g i

3) FFERNENIER

—CH=CH—CH=CH— (3:1% 2 E{S)

—CH=CH—CH2—CH=CH— (JEJt1%& 2 BHHES)

Wm

VAV NP Vg 4

Wm
V) —)Vig

Boyipher 7 u7a Uik Ex ERETHHDONRL,

1)

. BEE

(zfﬂwfaxﬂvﬂmﬁxfmm

SN I

EAEEL LT CMH0, 20— FEORYE FrF T T RELIIARY b

Fexsr b Thd, TV FREEZLOLDET V=R 7 ihka

ObDET = AL, WERMEZR T, 5 BRMiEEZ 77/ — A, 6 B

MEZ T /) —A L LTHEIND,

i i
i) ] CHZOHO H Ho—¢
! Ho—CH -0 OH
OH H
OH H
OH OH OH H
H OH H OH
aD-7Navrs ) —=x B-D-7NnazZ )—A

A7 aA RN

HAMEL LT~ Ry a2 720 L UEKREREDL, KRAT

0 A ROFERERIL 18 775 29 il (Cy~Cy) TdH D, A, B, CERITI 7 m~

TV UBRBEMAELIZLDOTH D,
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YA M=/ e NV B At ey B N PR = ¢ S

TRE UK AFE L, EEQAFIEEEZ AT D, REEFEDND OHEARESEIX
8D END, Cg: TA NT »estrane, Cy: 7 > R A X androstane,

Cy : 7 L7 pregnane, Cy : H/VH L cardane, C,, : =7 cholane, Cy :
I LA X cholestane, Cy: T/LT AKX : ergostane, Cy: AT 4 T < AKX
~ stigmastane T 5, BIITIL D DRIEZRT,
i)

=2 FZ v (C18) TR A& (C19) TV TF v (021)

L x&Z L (C27) )L AH L (C28)
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AT 4 T~ AK L (C29)

4. ¥/ 8
RIREFPHESNHEEY - AR KOGERS THEFICRE R IN—T
ELTHbND, AFL UL INVR=VEERIEIC SRR oI E RS2 &
BARY 7 F R polyketide E#FFI I, Z < ITBRARV 7 F & LTHET D,
L FHEEIZ L > TEDICEEN D, HEEIIHNITRT,
1) X2 ¥'% /  benzoquinone, HAERME
2) F 7 b / > naphthoquinone, MEgIE
3) 7Y b7 %/ anthraquinone, 3 BgtE
4) JMEREX /  extended quinine, ZERME
5) 7 =7 K7% /  phenanthraquinone, 3 Egf

1) 0
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5.

7R A N

EARMEL LT 7 z=rn~vy (CG—C—C) BEZFROHEBRILEM T,
ERRDFUIRL i U, M EROREER —FEFERL TV D, I7 LF
—1EH, FURIEIEA. PUBBHEMN 2 E2 R RABERR R Sh TR . FEA
Aoy LCHER LD OLAHET D, o, MWHEICH T HEHIR & L
TRt Sh7ebDbH D, KRG (A, B, CE&) HO CEROBEHEDOEN
IZE - T, 10 FfEHICESND, 7 TR flavone, 7 T 7R/ —/L flavonol,
7 7 N/ v flavanone, /1 /b 3 chalcone, Y& Kma 7 J K/ — )b
dihydroflavonol, A Y 7 7R isoflavone, #—1 > aurone, BA 27 > |k
27 = ¥ leucoanthocyanidin (flavan-3, 4-diol) , 7 F /X >3- F — /L

flavan-3-ol, 7 v b7 =3 anthocyanidin Toh 5, &% HIZRT,

1)
o4 g
0
TN
g 94
5' : O
0 0
Jiva e Ra7IR/)—v AT TR

o
o
) O

0
o | O
0 OH

A—nr oA ary h T =Yy TTR-3-F— )L




e
=
OH

TR T =Y

(2) ‘B REFEIC L BIERED 57

KrevelenPlot #JLiE9 52 & T C, H, 0 LIADITRIZOWVWTORMLIBIETE %,
ZZ T, ~7rg#E (N, P, S) OFABICLIEEEOENE R DO, kD
KrevelenPlot LlZ~T it &G EME & & W E & LB Tori &
B9 % Z LT, AR DBES 272 EORED 5N D 0 ERGEET D, LR BT
PN £ PRSI R iR, T O ENREET D 2 & THEIEEICER LT 0 T
HOHWIHITLEOHHZED Z & a2rT, 2K VR L TV D ERREDOFEEORE
MBI D EER D,

F7o, # 3-2-1-3 TEF LI2HEIE KrevelenPlot & VN TAT 1 03 O & (T JFEAE ek
OYEET D HERR Lo, Y BT SRS o 7o B AL S AU Z O mERHEA LT
VMBS D B HIREIRE TE 5,

X B IZHERE KrevelenPlot ZHWTT —4 T I NAIEZ /T TERITH Z LT, 3K
WSO SRS DIRIIE I DT — 4 L RIRA DT — 2 ORMPMG & BT 5, Zhiz kv 3K
P& U TR O AT D HEE AR B DR ANE A TV D R E ORI & | 55
T BIFFET 2 R B 5 i ECREEIC OV TORT,
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3.2.3KrevelenPlot IZX A R LD EAL

FATHFZE TITACEHE % KrevelenPlot TEBLT 2 LGB L VA HETE 5
ELTEY, FUMGIZE > TELIEREWE OXTIIRE O EICH D Lk~ 5
NTCW5, ¥59E L7~ KrevelenPlot Z WA 72 8 U CTHEA 7N G 2 54 5

(1) FRFHR D E

KrevelenPlot LICTHEHBISZHIK Z & T RUSREN ED X 5 ICRB SN0 &%
B U7z, £7. BMOLFWED 5 HREEE A U BN E L L T b 0%
RIS K> TERIE LT T &R L, ISR R C~T &2 7 Vv—Tfk LTz, 7V
— 7ML LTeREOE Z L IR 6N D R AR T 5 (K3-2-3-1), £z, 2.2. 2 THTHE
U7 R O FROREE RS L RS LTRSS IZ DWW TS 5,

RWTCEER S ZNT ED XY ITRBLSN D02 BB 5, BERIISOSORSHIZ K
STHERRDTONTEHINT ECEFZF>TW5DH, ECHESVFE L7 V—7ThiiX
[l Ui 2 filiied~ %5 728, KrevelenPlot CEER S AE KT LRI Z b,

KrevelenPlot

. /g

+CH3

295 3

X 3-2-3-1 R DEEH
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LUFICE S TGRS ORHEIC O W TS 2, B, TORISHRE 2T 5720
(WSS SOSOFIEICIE CTRIES D, BOE R & ROSORHZ % 3-2-3-1 1T5R 7,

# 3-2-3-1 R RO

LR X Y Y/ REUE

1| Z(0/H) 0/C H/C 0/H CH3

2 | Z(0/H) 0/C H/C 0/H OH

3 | z(o/m) 0/C H/C 0/H C2H20

4 | Z(0/H) 0/C H/C 0/H C3H203
5 | z(o/0) 0/C H/C 0/H C6H1003
6 | z(0/H) 0/C H/C 0/H C6H1004
7 | Z(0/H) 0/C H/C 0/H C7H40

8 | z(o/H) 0/C H/C 0/H H2

9 | Z(N/H) 0/C H/C N/H CYHION
10 | Z(N/H) 0/C H/C N/H CHON

11 | Z(N/H) N/C H/C N/H NH

12 | Z(N/0) 0/C H/C N/O COHION
13 | Z(N/0) 0/C H/C N/O CHON

14 | Z(N/O) N/C H/C N/O NH

15 | Z(P/0) 0/C H/C P/0 H206P2
16 | Z(P/0) 0/C H/C P/0 H304P
17 | 2(P/0) 0/C H/C P/0 HO3P

18 | 2(P/0) 0/C H/C P/0 HO4P

19 | Z(s/H) 0/C H/C S/H 04S
20 | 2(s/0) 0/C H/C S/0 04S

(2) W LR

EC ZED 1 HTRIISOFEEAIET, Z07-% EC HE5O 1 #1H M F UBESENIGE
KrevelenPlot _EIZHEITIZR U2 R_"TZ ENTFREND, +Z CHEEMISOEED
5,
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3.2.4 BEFIOAH BRI KB REIE

B L-NEZEEMOMREYE R L OFOAEABRBICEAT 5 Z & THRAEL -,
KrevelenPlot TR DKL Z MG L 723 LB E ORISR 2 6N D ERT,

FS5RIAMFEERK 1

B 3-2-4-1 & D KrevelenPlot THOERB
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AT T Ry 3
4.1 KrevelenPlot IZ & A{%#HVE O£ B

R E DAL B JEFEZ KO T KrevelenPlot Z il L, IS EZ X7 hLT
KRS L7 07T Lk Java ICX - THFE LTz, 7ok, Bk o bz, AEHmEZ
Tuy b5 ETREMEOMBEBROREAEETE L)L LT

T LI DOWTLLTIZE T,
2D KrevelenPlot : Java (1.6.0) -+ JFreeChart(1.0.11)%*V
3D Krevelenplot : Graph—-R (2. 60) *

(1) 7' Z 7l Java 7 L— AU —7  (2) FEMEKEER, 7V —Y 7 b

M A-1-1 ICAFEEDOT — 2 &7 1y s LIl rd, 2 ORO LRI Z & 4-1-1 12

Y,

(x, v) = { (0 OFpEL/C OFEE) , M OFEKEL/C D) |

KrevelenPlot

H/C range
o o =~
o

025 030 035 040 045 050 055 060 065 070 075 080 08 090 095 1.00
O/Crange

0.00 0.05 0.10 0.15 0.20

KNApSAcK @® KEGG drug ® KEGG compound @KEGG reaction
B 4-1-1 KrevelenPlot iz & 2t &5 DERBL

BN FH TR LTI E T L A R 6y, FPEOEMIZ 0 c#E2 o
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TCED VELL G T DMt & 70D, 2D X ) Mkt 2 Fr b P EITH E D Ao
T, BERORBYWEORKEIZIE BT 2 b0, MR~ TR L ETiciE
KNapSAcK 72 E% < OREWEN A bN 5, K 2-1-1-1 TRLZ L S IZ, EHEITW
SONDHFEMEIZ L > THELN TS, AT A RThIUE A7 UEER, ¥/ v
(X7 EF NV CoA 3Rk, 7R A RIZT Ik, 7AhaAf FiZ7 2/ BERTH
Do HFEMEDOFEENRON TN LT DEEOEBGE L ISEE D LEXHND, K411
\ZPERFHPR 2 7R T,

£ 411 /7 —X OBEERHEH

X(0/C) Y (H/C)
min max min max
1 KNApSAcK 0.00 3.33 0. 00 3.50
2 KEGG drug 0.00 31.99 0.00 4. 00
3 KEGG reaction 0. 00 4.50 0.00 4. 00
4 KEGG compound 0. 00 4.50 0.00 4. 00
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4 FEEOLFEE DT —Z RX— A L 0BG LI b s . ok RcE £ 5ot

4.1.1 T—RDKHHE

#ETORFR LR FME O LR Lz, FHREZR A-1-1-11T587,

£ 4111 RBWEOTRBI D%

KNA p KEGG KEGG KEGG
SAcK drug compound reaction
a | T (4] 24, 820 3,725 11,507 4, 150
b | CxET (4] 24, 807 3, 643 11, 355 4,083
¢ | b/a (%] 99. 95 97. 80 98. 68 98. 37
SIvE = KrevelenPlot CHENTRIAEZ2T — & [%] (%)
KNA p KEGG KEGG KEGG
SAcK drug compound reaction
1 C 100 100 100 100
2 H 100 100 100 100
3 0 97. 48 92. 29 93.91 96. 55
4 N 11.55 57. 10 29. 80 29. 22
5 S 2.94 24. 27 10. 52 10. 80
6 Cl 0.05 0.01 1.88 0.12
7 p 1. 10 2.08 9. 49 1.88
8 Br 0. 02 0. 00 0.03 0. 00
9 I 0.00 1.73 0.17 0.22

(*) Y EzeatT —&ZMELbXx100

cHlDIEY | CHFBITET —HXIZBNT BRI AFIET D720 C B ahO kLT
% KrevelenPlot TIZIEFT R THOTFT —F H#RITE D, 7o C LRSI 2% LFE O
fEtba B D &, Hon#k, 0 mHRIL 2%LL EOLEMIHFET D, £ > T KrevelenPlot
TRBHES T — 2 D 2% ERFR DA OEEEICEIND Z EDBHRTE -, £
JGH# CTIX KEGG drug D NI, 1 JuHRDIEIELAERSL > TEWAY, ZAUFAEBREMERR
NENEE A Hil1H 9~ 5 7o O D N AN 7L FHEMIC L2 b D EB X Hivd, KEGG compound T
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P JEHEDFLEL DS O OITERR, ATP 72 & OAMFENCKED | RKEME L& Eh T
WHTZHEBZBILD,

X FEAEAE, Y R EZ & A N7 T ATER LT, BEIZ N TN OEE O, it
ZDOEEAFAET 57 — 2 ke Uiz, K4-1-1-1, F4-1-1-2 (TR T,

X(0/C) value

100 - [EE— ezl
90 1)

30

70 | SRS

50

40 1)

5 : : : i : i : i i

U.EYU 025 0530 075 100 1.25 150 175 200 225 250 275 300 325 350 375 4.00

B crug Breaction P compound  knapsack:
All Data
Xpolor Histogram{OQ/C)

240 ........................................................................... 100%

220 .......................................................................................................... 0%

200 .......................................................................................

20%

1804}

1604 70%
E 1 - G0% “:F
g 120 e R R e B 50% o
=] =

1004f | 0%

01|

30%

60|

40 hmms B m e b e a1 20%

ol ENEEERANNERSRERER,e 0 | 10%

] 0%

O = 07 7)== LU0 W00 = 00 000N Chi O i

LN LN LS LN LN L0 QU CL gILno LS Lo L
OO0 000000000 00 00000 Cr mir

CILND LN O LNOLNo LU0 CIun QU QLN oL o oo
O OO O =0 D00 07 == URLn wOD == 00 00T i)

0] P O] O] 0 P P CUC PO CC O O T T

X(0/C)

|l All Data - Curnulative |

B 4-1-1-1 X(O/C)BhD 1
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Y(H/C) value

0 !
0.00 025 U.FU 075 100 125 150 175 200 |2.25 250 275 200 325 350 3V5 400

B drug Breaction U compound  lnapsack:

All Data

Ypolor Histogram(H/C)

180
1604
1404

JUERIER

2 LNO LN NS LN SN OILn O LR S L O Lne Lo L)t [V ) Tiplam ]Vl IV p Lo TV o TF g L W Jom T L W g Lo T o
(=Tl b O T I Tarioto g TplTeRrelte] ol Sy ale ula Ve o T b R [=] 0 E 7 O == WL DD - GO 00T ChiD

[al| o[t [Tl Vil Dl ot Haut Lot Dt [ ot Tt [t [ ol T}

[=l=lelele]elslolele olelele]ebelelelele byl ly)

Y(H/C)

|l All Data = Curnulative |

B 4-1-1-2 Y(H/C)BhD 3 1

T =R L VERITEENR LN EBEZ LN, WTNOT =2 b T = Z G A
T2 EBEDOZVEIEIEFR TEA 2R LR > TV D, X EEIEEELE 0. 0~1. 45 OFFHIZ, ¥
JEREELE 0. 50~2. 15 OFIPHIZEF LTV D Z ENBHEE T 5 DHEEMHIFIIC
DR DR — N2 TL B, To& 2I1E, Y=1.0, 2.0 L7 biE0T — 24
BNHEN>THR, Y=1.01ZH:C=1:1, Y=2.0/ZH:C=2:1%FK7, [X3-2-2-1
THARLZEY | VIS Lo TEBVHBITE D, Y=1.0 2.0 (W DIEHEEFETH Y
I HLEIE DA BN D, CILHRNL < HEE L T D REE Tl &0 R et
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FEAEOFAIZL Y YEPSEEEOM A D D THET D LB 2 b D, OfHIZBEIL T
IXCIEHRIC0 ERZNEATHICHERELLE LT, ~TaiReE L TREEIC0 LENE
ENDEEITR D, X JEIEMHEND 0 LRI CIED 1. 45 [5FRE £ T L 7 Db/
%L B EDDL T EBRDND, CILFEOME OB WXL Y #EFRER, 0:C=3:1 (X :
0/C=3.0) EWOEHIY 52T FTHHH, EFRIZIT0:C=1:2 (X:0/C=0.5) Lk
TETOT—ZDORINKREN, 2O END 0 ZEFLERELECAT B BBOKAE D/ ¥

— NIt E 25,
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4.1.2 KrevelenPlot OyL5E —¥RITL—

ERD KrevelenPlot THRILLIZLEDFEEDR Y &L BHEDORE 24 Lz, iR
IZHY 9 2 RSP A 0.0~3.0 & TL 0.1 K Z EIZEF L, xy PO — R~~~
ZVERR L7 (X 4-1-2-1), $BIEH— DT DT — X FEL T D EE 2 KT,

B (ZOPREXENCAFAET 27 — 2 8 27 — 2 480 X100

(FLAE| : 28 0.00 ~1.9 2 20 43E], 1.9 EH 1.9 £ L7=)
KNApSAcK KEGG drug

~ Y(#/0)

KEGG reaction

X 4-1-2-1 R E D46 & HBBE (X O/C. Y I HIC)
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Yl (H/C) HHTIEEDT—2 bRRREIZIA 0/ L TW5H28, Xl (0/C) J5ET
1% KEGG drug DRSNSV, Fiz, TXTOT—F THIBEL T X=0.0~9.5, Y=
0.8~1. 7 OHEIPH CHEFEDEMEN L,

SWotfbT5 Z & CHMEDEL YD 2 E ORI TE 220 d0& L, i&xg e LT
FFERDPE L BEEARBWREZFEON, S, P2V, £4-1-2-1 122 =—7 2R 2 45
L7l 2z iz oD o =— 27 IR O 2 R L, 7o, HHROBENFEz R

T, FITEOFEELE R LR 4-1-1-1 26— 5k LI TR,
BEINER © ((3D D =— 7 A — 9D Do =— 7 2o 3%) /3D D = =— 7 7p458%) %100

£ 4-1-2-1 BEEDI=—I RE—U 5

7 KNApSAcK KEGG drug KEGG compound KEGG reaction
| s | B I | PR % | fREC| %
1 - 5,230 - 1,971 - 3,773 - | 1,667 -
2| N/C 6, 203 18.60 | 2,766 | 40.33 | 5,072 | 34.43 1,986 19. 14
3| s/C 5, 488 4.93 | 2,349 19.18 | 4,341 15.05| 1,785 7. 08
4| P/C 5, 281 0.98 | 2,003 1.62 | 3,928 4.11 1,738 4. 26
# 4-1-1-1 2 b —ERikcR:
TLE KrevelenPlot CHEATFIAEZ2T — 4 [%] (%)
KNA p KEGG KEGG KEGG
SAcK drug compound reaction
1 C 100 100 100 100
2 N 11.55 57.10 29. 80 29. 22
3 S 2.94 24.27 10. 52 10. 80
4 p 1. 10 2.08 9.49 1. 88

FA-1-2-1 ol b K JBEEZ BET 2 OIXN/C #ili A V72K & B L 72, KNApSAcK
TIEN & S OFFELL, WINEL b4 ETH L (FFRETESR) . LROFELOK
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33



BENTEY, TOBRILIBEL GBS D LB HND,

SIZTOWTIE (BUAEFTZZ M) KEGG compound, KEGG reaction ODFF{EELIZHI 10%
EIFIER U Th DA%, BEINERIE KEGG compound 234 15%1Z%F L, KEGG reaction 1347 7%
& 1/2 & 725 T % KEGG compound |3/ < ARHR DI FME BB I N TND T2,
TR BRHRO 1 RREE R ERS EEUMEDZEEEZREL L TNDLEEZEILN
%o, —77 KEGG reaction |F4EG ., REMISRT & UTHRIE S ILIAbFE Z Ik L T
WHT2D, FRFFE DL FREE IR > TWD 2L 2R L TWDH LB DLILD,

PIZoWTIE (BT T2 2 M) KEGG compound, KEGG reaction MDFFAEELITHI 9% &
K 2% EBRERHDHOICH L, BMFKITHK 4% EED B, P NG EN DG TA~T
HERE L THRMEICP BRLND LA, RFEEICERE L LT P03 ENKET 256
D 2HY TIRTHHATE D, ZHRECZ LW DOREREEZZ BN,

LEDZ &0t N/CHhZ W 3 Rt b S K BEIE A BT 5 Z L bhroTe, F
7z, 0/C, N/C, S/C, P/C OWNIEREDOKEDEREL RT I LENTELHEEXLND
T, RN & T D NEIWEIC X o> THIOM AT % 4. 1. 3 HTHF L,

34



4.1.3 KrevelenPlot O$ERE —ifili—

# 3-2-1-3 R LT-HHOMAEEZHEE LT, Wb Z il mic KE L BT 5 X9

MHMET LA TEFR LT, 3WILD KrevelenPlot Z[X 4-1-3-1 725X 4-1-3-12 |27,

# 3-2-1-3 $EEE KrevelenPlot DD & ¥

X Y A R RHK

1 0/C H/c N/C | N & & e iE DO REE A% OREE

2 0/C 1/C S/C | S #ELHEEDREH DR E

3 0/C H/C P/C | P 2GR DRV HE OFFE

4 | N/H H/C N/C | Nz G THEICHEa LB R OHEE

5 S/H H/C S/C | SEETHEEICHES LI EREDH T

6 0/H H/C 0/C | 0 2B EEICHE LT BiREOHEE

7 0/C N/0O N/C | N&EODEBEDOBR (~T R/ B CREORE

8 | 0/C S/0 S/C | S & 0DKEDMEE (~T v HRERE) LREHORE
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Appendix(2) K& B BB KRR D LB
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Appendix(3) AR
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Appendix(4) B35 K

EC Bt CR#S & DSRUST) ST Bt 1% Bt
1 L-histidinol + 2 NAD+ = L-histidine + 2 el
1.1.1.23 | NADH + 2 H+ C6H11N30 CEHIN302 (H20)
2 (R)-mevalonate + CoA + 2 NADP+ = el
(S) -3-hydroxy—3-methylglutaryl-CoA + 2 C27H44NT7020 (CoA)
1.1.1.34 | NADPH + 2 H+ C6H1204 P3S
2 (R)-mevalonate + CoA + 2 NAD+ = Gyl
3-hydroxy—-3-methylglutaryl-CoA + 2 NADH C27H44N7020 (CoA)
1.1.1.88 | + 2 H+ C6H1204 P3S
3 (1R, 2S) -1-hydroxybutane—1, 2, 4-tricarbo iR
xylate + NAD+ = 2—-oxoadipate + CO2 + NADH (CH202)
1.1.1.87 | + H+ CTH1007 C6HB805
3 1.1.1.28 isocitrate + NAD+ = 2-oxoglutarate + CO2 il
6 + NADH C6H807 C5H405 (CH402)
4 (R)-3, 3-dimethylmalate ~ + NAD+ = e
1.1.1.84 | 3-methyl-2-oxobutanoate + C02 + NADH C6H1005 ChH703 (CH302)
5 it
1.1.1.20 | inosine 5 -phosphate + NAD+ + H20 = | C10H15N4014 (H205P2
5 xanthosine 5 —phosphate + NADH + H+ P3 C10H13N409P | )
6 e
1.1.1.24 | N-acetyl-D-glucosamine + NAD+ = | C17TH27N3017 (C9H13N
0 N-acetyl-D-glucosaminate + NADH + H+ P2 C8H14NO07 2010P2)
7 pll
(HAN201
5p2)
1.1.1.24 C17H25N3018 | itk
7 codeine + NADP+ = codeinone + NADPH + H+ | C18H21NO3 P2 ©
8 1.1.1.11 | D-ribose + NADP+ + H20 = D-ribonate + A EfE (H)
5 NADPH + H+ C5H1005 C5H906 < (0)
. B
1.1.1.18 | dTDP-D-galactose + 2 NADP+ + H20 = | C16H26N2016 | C16H24N2017 (H2)
6 dTDP-D-galacturonate + 2 NADPH + 2 H+ P2 P2 141 (0)
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i B

10
.13 | GDP-D-mannose + 2 NAD+ + H20 = | C16H25N5016 | C16H20N5017 (H5)
GDP-D-mannuronate + 2 NADH + 2 H+ P2 P2 £+0(0)
B i
.38 (S)-malate + NAD+ = pyruvate + C02 + NADH | C4H605 C3H403 (CH202)
11 e
.39 (S)-malate + NAD+ = pyruvate + C02 + NADH | C4H605 C3H403 (CH202)
1 (S)-malate + NADP+ = pyruvate + C02 + e
.40 | NADPH C4H605 C3H403 (CH202)
N e
.83 (R) -malate + NAD+ = pyruvate + C02 + NADH | C4H605 C3H403 (CH202)
19 isocitrate + NADP+ = 2-oxoglutarate + C02 iRz
.42 | + NADPH C6H807 C5H405 (CH402)
13 oxalosuccinate + NADP+ = 2-oxoglutarate iRz
.42 | + C02 + NADPH C6H607 C5H405 (CH202)
" e
.20 | inosine 5 —phosphate + NAD+ + H20 = | C10H15N4014 (H205P2
xanthosine 5 —phosphate + NADH + H+ P3 C10H13N409P | )
15 £
(C02)
D-glycerate + NAD(P)+ + (02 = B B
.92 | 2-hydroxy—3-oxosuccinate + NAD(P)H + 2 H+ | C3H604 C4H406 (H2)
16 1 (0)
UDP-glucose + 2 NAD+ + H20 = | C15H24N2017 | C15H22N2018 | Wi  Hff
.22 | UDP—glucuronate + 2 NADH + 2 H+ P2 P2 (H2)
17 tartrate + NAD+ = oxaloglycolate + NADH f~1hn
.93 | + Ht C4H606 C4H405 (H20)
18 £
(06P)
3-phospho—-D-glycerate + NAD+ = o e
.95 | 3—-phosphonooxypyruvate + NADH + H+ C5H120 C3H507P (C2HT)
18 2-hydroxyglutarate + NAD+ = i
.95 | 2-oxoglutarate + NADH + H+ C5H805 C5H405 (H4)
19 6—phospho—-D-gluconate + NADP+ = o B
.44 | D-ribulose 5-phosphate + CO2 + NADPH C6H13010P CbH1108P (CH202)
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# 0-3-3-1 798K/ A4 ROEARKIL
No S il St EC B TEAR
@® 1 C30H42N7017P3S | C15H1204 2.3.1.74 T VIR
2 C15H1204 C15H1204 5.5.1.6 Bt (GFNY7—8)
3 C15H1204 C15H1205 1.14.11.9 [i:3(e
4 | C15H1205 C17H1406 — 7 F It
5 C15H1205 C15H1005 1.14.11.23 | Mk (H, ikl k27 v 1b)
6 C15H1204 C15H1004 L14.11.22 | Mk (H, ikl k27 v 1b)
7 C15H1204 C16H1404 — AF kL
@ 1 C30H42N7018P3S | C15H1204 2.3.1.74 7N R
2 C15H1204 C15H1204 5.5.1.6 Bt (TN 7 —E)
3 C15H1204 C15H1205 1.14.11.9 13[4
4 | C15H1205 C15H1405 1.1.1.219 T
5 C15H1205 C15H1206 1.14.13.21 | @&t
6 C15H1204 C15H1205 — ik
7 C15H1205 C15H1205 5.5.1.6 B GFNY7—8)
8 C15H1204 C15H1004 — el (M, Bk L 27 v Ab)
9 C15H1204 C15H1205 1.14.13.21 | @&t
10 | C15H1205 C15H1206 1.14.11.9 [1:3(d
11 | C15H1205 C15H1206 1.14.13. 21 feft.
12 | C15H1206 C15H1406 1.1.1.219 T
13 | C15H1405 C15H1205 — [i22(a
14 | C15H1406 C15H1206 — [i72(4
® 1 C16H1607 C30H42N7018P3S | 2.3.1.133 V22
2 C16H1608 C16H1607 1.14.13.36 T VIR
3 C30H42N7019P3S | C16H1608 2.3.1.133 1314
4 | C30H42N7019P3S | C30H42N7018P3S | 1.14.13.- [i23(e
5 C16H1808 C30H42N7018P3S | 2.3.1.133 T VAN
6 C16H1809 C16H1808 1.14.13.36 e ft.
7 C30H42N7019P3S | C16H1809 2.3.1.133 T VAN
8 C31H44N7019P3S | C30H42N7019P3S | 2.1.1.68 AF VIR (A F L)
2.1.1. 104
@1 |1 C15H1205 C30H42N7018P3S | 2.3.1.74 7V EEER
2 C15H1205 C21H22010 2.4.1.~ 6 RAEFR I DI
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3 C15H1205 C20H2005 — T e DA
4 C20H2005 C21H2205 2.1.1.- ATFNEERR (X FAL)
5 C15H1205 C15H1205 5.5.1.6 Bt (FNY7—8)
6 C15H1205 C21H22010 — 6 RHEFEFE DL
7 C21H22010 C21H20011 1.21.3.6 ISPV
@2 |1 C15H1205 C21H22010 2.4.1.185 6 PRMEFREE DR
2 C21H22010 C27H32014 2.4.1.236 6 BAEFRIE DI
3 C15H1205 C16H1406 — A TF Ak L OmL
4 C16H1406 C22H24011 2.4.1.185 6 RBEFR A DR
5 C22H24011 C28H34015 2.4.1.236 6 RIEFR I DR
6 | C15H1205 C15H1405 1.1.1.219 T
7 C15H1205 C21H22010 — 6 [RIEFR I DIRE
8 C21H22010 C21H20010 — Eefl (M, BBl L 2 7 v Ak
9 C15H1205 C15H1005 1.14.11.22 fef (H, Bk L 27 w5 o Ab)
10 | C15H1205 C15H1206 1. 14.13. 21 e ft.
11 | C15H1205 C15H1207 1.14.13.88 feft (2 557)
12 | C15H1005 C15H1006 1.14.13.21 | @&t
13 | C15H1005 C15H1007 1.14.13.88 fefk (2 55¢)
@3 |1 C15H1205 C15H1206 1.14.11.9 [1:3(d
2 C15H1206 C15H1406 1.1.1.219 Bt ( br—-T7ba—)
3 C15H1406 C15H1206 1.14.11.19 Wk, (T a—L—4 k)
4 C15H1406 C15H1105 1.14.11. 19 Bt Bk+T7a7lr—N
)
5 C15H1406 C15H1405 1.17.1.3 ‘ot (W)
6 C15H1105 C15H1405 1.3.1.77 wot (ZEMAOBRZ)
7 C15H1206 C15H1006 1.14.11.23 | Bk (ZEMEE)
8 C15H1206 C15H1207 1.14.13.21 feft.
9 C15H1206 C15H1208 1.14.13.88 fefb (2 537)
10 | C15H1006 C15H1007 1. 14.13. 21 b,
&1 |1 C30H42N7019P3S | C15H1206 2.3.1.74 7V EEER
2 C15H1206 C21H22011 — 6 BAEFRIE DI
3 C21H22011 C21H20011 1.21.3.6 fRfbds L Ok
4 C21H22011 C21H20012 1.21.3.6 ik (250F) BILOBAK
5 C15H1206 C15H1206 — Bk
6 | C15H1206 C16H1406 — AF Ik
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®-2 C15H1206 C15H1207 1.14.11.9 23[9
C15H1206 C15H1006 1.14.11.22 | b (ZEMEE)
1.1.1.219 W (b= Tra—L)
C15H1206 C15H1406
1.1.1.234
C15H1206 C15H1207 1.14.13.88 | F1k
C15H1206 C16H1406 — AF AL
®-3 C15H1207 C15H1407 1.1.1.219 Bt ( br—T7ba—i)
C15H1407 C15H1207 1.14.11.19 | 8L (RvBr—-vra7iny)
L14.11.19 | & (BAKk+>7m7 -~
C15H1407 C15H1106
)
C15H1407 C15H1406 1.17.1.3 ‘ot (BAK)
C15H1106 C15H1406 1.3.1.77 feft, (FLa—n—ir k)
C15H1207 C15H1208 1.14.13.88 | Fa1k
C15H1207 C15H1007 1.14.11.23 et (ZERA)
®-1 C31H44N7019P3S | C16H1406 2.3.1.74 T VR
C16H1406 C16H1406 — Bk
®-2 C15H1207 C15H1007 1.14.11.22 fefb (ZEHES)
C15H1207 C15H1208 1.14.11.9 o (X =T ra—))
®-3 C15H1208 C15H1008 1.14.11.23 el (ZEHEE)
C15H1208 C15H1408 1.1.1.219 B (F hr—=Tra—)
C15H1408 C15H1107 1.14.11.19 et (ZEHEA)
C15H1107 C15H1407 1.3.1.77 BIL (RoBr—vrurihy)
C15H1408 C15H1407 1.17.1.3 ‘ot (BAK)
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