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Z-value Calculation for Metabolic Pathway Alignment Algorithm

Yu Nishimura? Yukako Tohsato' "

T Information Science & Systems Engineering,

Graduate school of Science and Engineering, Ritsumeikan University
Department of Bioscience and Bioinformatics,

College of Information Science and Engineering, Ritsumeikan University

Comparative analysis of metabolic pathways among species gives important information on evolution
and on pharmacological targets. In this paper, we propose a method to align the metabolic pathways
based on similarity by using the MACCS keys and Tanimoto coefficients, compute the Z-value. The
effectiveness of method is demonstrated by applying the method to pathway analysis of metabolic
pathways in Escherichia coli. By their results, we have found compound similarity between the purine
metabolism and the pyrimidine metabolism.

1. (IUCHIC

EENOIZRINOZ<IE, BEEMBEELT, 506 EBH %2, 3lolkesw CERY I
EHT HERBICEOBREINDG. INGDOZERIBIE, BE5RISOERYPNORIGOEE 23
ZET, HHRKEREORY VT ERRTS. ZOXDR—EORKIGRIEE R RB R/ A
A (CUF, NAT 1 888 SRR JSAY o1 285 EMERY, Bis RIS THE -
T B &, EEHESRTDHEC DN TOHREES 2O, ELOBRETEMNREDL DI
FDONNAT A EEB LN END ETEE LS.

REENSAT A BBREOH L7325 E TIEMRELERTTELEEZONTEY, HalR
FHPBRINTVWD., AR TIZORHAD 1 DTHD [)SA 7 1 B (pathway duplication) i
EHT 2. RATAMERLE, FONTEHOBENEWIHEEL TWE—EDERTHNELDHTIE
—ENAEERERB T BRHETH S (1), NATVz A EERVOERE, AT A1BES5AETICE
DEDIEERT TEENEZMETZ2EELTINDICARDLEBEZI NS, FITERETHE, 0
WA A BENRZ SO FHFEELT, SATA DT ST AL MEERTS.

NRADTADT FA4 A bFEELTE, INETIIEGTES (2] % EC (Enzyme Commission [3])
BERICEDISOOU 5 ) RMENIEIERFEMERINTERZ. LiHL, BEETFRIIOLETH,
BROKRERIZEIZININFTEaNZ EC BENRFAL THEINNE 7= < R 2 H S (enzyme
recruitment [TDAH D Z ENHMENTH O, KT ULDBBEY TN, £/-, EC BEEZHWLEIC
BOTH, ECEFVED SN TWRWRIGHHFET S Z &P EC BHFEABSETANBZTEIVIES
FZHDTHBENDREEND S [6].
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N, LEOEEREZE Y FAITEREL, IhZEAWTRISOEMEZRD, /27 o1 OFELEIC
WERT B EIEDTT IA AL RETD. LML, BELAEFETRW ONOBERS -/, F
L (1) Fr oI RFNTAEOREEE (2) TIA AL NODAATHEETH S

WX T ENSORBESEEZRET D720, BUEFy v TP T 1 OFRERTY, 1 HEEFEHRT
LIETETIA A MR U TR OFMEEZTToZ. LT, ERICKBEORBKIGT —F I
WHL, TOERMEEID-. LT, 2 BETRRETEINAVIATIA AL MOTINAY X L%k
RU, SETHERBERLOVBEEFROEVEERITT 2. BRIC4ETHERESEORELRNRD.

2. REMRIENRRAVIAICEITIBTSA A MTIVTYXA

2.1. REFHEOME

ILEHOEEROBELMEICETINRAT A DT IA VAL FFREIIDNTIRRSE, AT 1 D
TIA A RTINTYZLE, KOS AT A 2SO RFEHIRL, 2 MORISDRIID AN
ELTHEABNEEE, BEEERECE D O-HNTIA AL ROTIINITIXLAERNT, 0
BT 94 A NORAEHOREZAATERD D, ZOEET T AN, RO TR HR
REFIHTD.

F@i, jy=max{F(i-1,j-D+S(R,R;),F(i-1,/)-d,F(i,j-1)-d,0} )

2B, i=0DEEF[0,j]=0, j=0DEEF01=0&ET D, SR,R)GFEOELE, didF vy S XF
T4 THD, BRIXTHWDETIA A POT7NTY XLEXEBIICRLEZSDOEEHKETHD,
ZOEWE, RIGOELE S OBHFEENATIADT IA4 A NAATOMEREILH D, 2
T22HBIV23HICETNEDHIEEHHAT S,
2.2. RISOEBLE

AT, KEEERT2LEWOEBEXCEMUEICERL, KE2LEYOME L TEARG
OELEZERTD. LEPOBEXMOBLEERDB70HIZ, MACCS Keys [9] &WH BAEED
SEERVT, LAMOBEREZORIHBEOFREICLD 1 & 0156725 166 Ev FOEY FFIT
Hobd. TUT, L&YW X, & X, OBBIE (X, X)) %, Tanimoto REIEZANT 0 15 1 DK TH
T, IOEE, LIGEDKIFE 2 D0y MIMOBLENEL, 0IKEDIEE 220y MO
HLEMENT 27T (8],

X; Xi+1
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! i 0 ~o-P-on
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; i oH  OH
o-p=0 on )

o HO  OH
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RILA T(Xie1, Yju)
v v
o : o
- Rj f 0. o—b—o
H OH _— HO—P—0O' !
o-f=0 HO oM
oH
Y Yjs1

1 Tanimoto fREIEIC X 5 KGEOEMEORH
WX 81T, B 1SRRG R &R, HOBLAOT 2RD 256, R@OOLIICKEOHEE &4
BT B ENTNOBERIEE KD, TOFHMEEOROBELET(RR,R) &Lk

T(R,R;) = (T(X;, T) + T (X141, Y5)) 2 ()
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T(R,R) WX 0 B 1ETORERS. L L, TORHAETRIRTOREBMENEDHESE 25
2, Fry TRFVT 4 OEPRETERL. TITRRBLTIE, HENITERO D 2 KIGOHEBE
DEOFEOHZTOEUENT IR D LI, IRTORBOMERITBIFD AT I(R,R,) DIE
WRAET, &7, 2RD, REDXIITAAT SR,R) ERD, ITNERGHOBEMEST .

S(R,R)) = (TR, R;) = Tren)/ T,y (3)

mean

ZNCLD, FEHEZD BEVWELECZEOEZE DU T, SVNHAMUECEEOEEZVDY TR I &
INTES. T, PHMERAWEZLKELD, SLECRVEZERLE LTOBUECER RO iEE
RTED. ZOATAT SR,R) EFIGOBUEELLTY 1 2 AL MRIZHNS.
23 Z{EZRAWCRAOATHEREF Y vy TRFINVT 4
O—=HNTIA AL, TIA DAY IEREARZIEERATTHRERDDPT V., ZIT,
WX B TR IA LAY NAATET S5A VALY MRTESZ EICLVRBERT >/, LML, 73
AVA PRI ECATATHEL 2> TWLA, THUIBTUBEHTIENWED, 71 AV ME
TEZWMEHETIET 14 AL MEREEEEICHIET D ENTERY., KR TR INELE
T520, ZEEECZAIAT)ERNTROFIBTY 51 A MOAIT7ORMEEITS.
1. XATZADY T TTF—5 2 HfHT 5.
2. Y TUSITTF—=IMNETIA AL RRITEIZ 2000 BY 514 A MEREZIROHTI 21
OEHEVIRL, TNSDORAIOT ORI LIZRFEERD DY T 5.
3. ERERZAN, 70y b URERREEERIOEIT 5.
4. ET IA AL RAATIML, 270 27 TROZEEESENEROERREEZRANT, A
a7 EEHEOEMERREOMAGENEROERWTEET 3.
X-X,
S

X7 I5AAYRDAIT, X, RAATOT I AL FRICHTIESME, SIEAI7OT T
AAMRIZBUZERFERZET. RWITRLE Z EEERALT, 751X MEREET
5.

ZOFHREOHFT, YTV TTF—IDNSELSNZT ITA A RINENNAT A ES LI
EERICEROBNWSIAT A ZBELZHD ER-> TS, Lbl, 327U 7 F—F Ol
{LBICBERD B 2T — I NEENDAREEN D D, AR SITENSDT—F IV > T 2T F—Fn
SMOBRBERDD. LU, BEFIEITENWSZATIAIIBWTENEREIOIIRETHD,
ZTHEHEBEL TR,

3. REREER

31 EBTF—FENRRY A T—IDEE
ERTHEALUERBMRIS/NA T 21 OF—413, KEGG[10] 12 %8k S 7= KB E (Escherichia coli EK-12
MG1655)DT—F DDE, R VIGRTFERRH#< v AATEETNDHOEMNT- 007 4E 7 H Version 43). # 1
1T, ALY Y 70 KEGG 128113 ID EXvw TRERLTWS. B, {LaoEEory M
F — # 13 PubChem(http/fpubchemnchinlmnihgov) I I N TW 3 & & O SMILES i &
(http/Avww.daylight.com) D5 —4 71 5 MESA @ Fingerprint Module [11] ZHWTARL TW5. KEGG H[EL
R~ AT B 2 DOLEYHD/SAT =113, REREKERODZHEHAZTINTY XLD 1 ETHS
FATANTHEERNTEBELZ A DORNITNTEA 1 THE) . BAAITIE, reaction_main (274
INBERERRIET—F EHNT, ZTOBEREREEWI I 7L, F1 7 AN TEERANWTIXNTOLAYR
KBWTRERBENAT A ELUTRDEZG 12, kD, 858 BOD/SAT 1 2IER L=,
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map00010 Glycolysis / Gluconeogenesis map00400 Phenylalanine, tyrosine and tryptophan biosynthes
map00020 Citrate cycle (TCA cycle) map00450 Selenoamino acid metabolism

map00030 Pentose phosphate pathway map00500 Starch and sucrose metabolism
map00040 Pentose and glucuronate interconversions  map00520 Nucleotide sugars metabolism

map00051 Fructose and mannose metabolism map00530 Aminosugars metabolism

map00052 Galactose metabolism map00561 Glycerolipid metabolism

map00130 Ubiquinone biosynthesis map00620 Pyruvate metabolism

map00220 Urea cycle and metabolism of amino grour map00630 Glyoxylate and dicarboxylate metabolism
map00230 Purine metabolism map00640 Propanoate metabolism

map00240 Pyrimidine metabolism map00650 Butanoate metabolism

map00251 Glutamate metabolism map00670 One carbon pool by folate

map(00252 Alanine and aspartate metabolism map00710 Carbon fixation

map00260 Glycine, serine and threonine metabolism map00730 Thiamine metabolism

map00271 Methionine metabolism map00760 Nicotinate and nicotinamide metabolism
map00280 Valine, leucine and isoleucine degradation map(00770 Pantothenate and CoA biosynthesis
map00330 Arginine and proline metabolism map00790 Folate biosynthesis

map00340 Histidine metabolism map00860 Porphyrin and chlorophyll metabolism
map00360 Phenylalanine metabolism map00910 Nitrogen metabolism

map00362 Benzoate degradation via hydroxylation
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0.237, EIEAN 1. 242 OEVFESRESER. /2B, Y27 7% 000 FORUBTZIEICBNT, TIA VA
ME 13 DLEDT T4 VA MERIET T4 2 AL N B/8AY 11 OREDDR MRDESNTUES =9
B2 FYITTETIA AL MR ILETELE.
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4793 -Mmap00230 C00206 CO0008 CO0020 CO3794 CO0130 CO0655 C00385 CO1762

' map00240 C00458 C00063 C00075 C00015 C00105 C01103 C00295 C00337

4727 -map00230 C00360 C00206 C00008 CO0020 CO3794 CO0130 CO0B55 C00385 CO1762
' map00240 C00363 C00364 C00365 CO1346 C00015 C00105 C01103 C00295 C00337
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map00240 C00239 C00881 C00526 C00106 CO0105 C00015 C00075 C00063
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