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Metabolic pathway alignment based on similarity
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In many of the chemical reactions in living cells, enzymes act as catalysts in the conversion of
certain compounds (substrates) into other comopunds (productes). As the product of a reaction is
used as the substrate of other reactions, metabolic pathway is formed. Comparative analyses of the
metabolic pathways among species give important information on evolution and on pharmacological
targets. In this paper, we propose a method to align the metabolic pathways based on similarity
between chemical structures. To measure the chemical similarity, we formalized a scoreing system
by using the MACCS keys and the Tanimoto coefficients. The effectiveness of our method is demon-
strated by applying the method to pathway analyses of metabolic pathways in Fscherichia coli. By
their result, we have found compound similarity between the fructose and mannose biosynthesis
and the galactose biosynthese.
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procedure PathwayAlignment
input: p1 = r11712...T1m, P2 = T21T22...T2n}
output: Falx 7 IA AV, TIA AV DZXAT;
for ¢ := 0 to m do M[:,0] :=0;
for j := 0 to n do M|0,4] :=0;
maz ;= 0; imaz = 0} jmaz 1= 0;
for i :=1 tom do
for j:=1tondo
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if moz > L[i, j] then
maz = L[i, j]; imaz = %} jmaz = 4
g = ’imaz; J = jmaz;
align.py = “7; align.ps =
while (M[z, j]! = 0)
if M[z,]] = M[’i -1,j— 1] + S(T‘]i,'l‘zj) then
align_py DFHEIC ri; ZI800;
align.ps DFEFIC o5 #IBH0;
i:=1i—-1;
J=j-1
else if Mli,j} = M[i — 1,] + d then
align.pr DFTEIC v Z38M0;
align._p, DFETREIC “ #3Bhn;
fr=1—1;
else M[i,j] = M[i,j— 1] +d
align_p; DFEEIC «” =38h0;
align_ps DFERIC ro; ZIBNN;
J=j-1
endwhile
return align_p:, align_pz, max;

ws,
3

B2 RAT 2 ADTSAAY FTIVIY X

9% AERETOREE®RS EEF vy DR
FINT4dZZFNEFNNI T ol Drd5. A
WETEd=-1TELE.

BT SAAY ML, CCTRELEWAD
TEWBT A A MBS, a—hV7 T4 A
RTE, fTRIM TAITH0 ERBEPHFSE
LT, BLAa7AEVER EES L 5 R
CEMICIRB. U—ALT SA AV N eRb B
G, M EAB LIS, BROVEXEEL
TEDEDhSEE L ST EIEERT LT, 3
T AEHET SA A RNERDBTENTES.
ZOTNIAY ALER 2IERT. TIAA R
ROBBEEIERIR O(mn) L7553, NRAVZAH
aF vy el HEOKISEET. Frvy 7D
REVTFAEdIE -1 ELT=



TIARAYDAATE, AJORSERE%
AR RBIEERTTHREL LS EWVIHED
HB. FTT, AETRTIAAVIDAAT
Z, WOBENETSA A NETE L DR,
HEBROTSA AV DARAT ET 5.

3 ERLER
3.1 RERTF—2ENRATIATF—ZOMER

KEGG (2006 4E 10 H Version 40.0) IC B4R
NI KIGHE (Escherichia coli K-12 MG1655) O
TR EHNTEBICER 21772, %535, KEGG
DT—2CE, (LAPOBERXDOL Y FHF—
ZEFHELEV. FTC, MESA @ Fingerprint
Module{11] ZHWz. Thid{bEHosEo
SMILES #di% (http://www.daylight.com) O
F— 25 MACCS key D166 ¥ FD 55 164
Ev b ERERTBY—IVTHB. ThEHNT
KEGG D{tAY)E PubChem (http://pubchem.
ncbi.nlm.nih.gov/) TO SMILES 7—X &%
EH, 20 SMILES 7~4h5 164 v hDEy
ol — & R L T2,

[JUCAH~y TICEFEET 2 ZDba&Wi D/ A
vk, BREREOT7IVIYU X LR TCHIE
TBHCEHTES [12]]13]. KIFR T, SEREK
RO SEHMET IV XLO—FETH B ZA
DALIEERWT, @iy FTe0TRTO
{EAYID ISR 2 A5 RDTz. 1 DODRGHIZTN
TES 1 CEMIFUCEIEL. CcnekE, W
HENFEERED, K ATP T ED{LEYER
HUTEMFEMCIEL < RWREE & 2 TTHEED
HB[12]13]. ThETEZRINETZH®, K
3Tl KEGG J10 reaction_main S FEEN 3,
TRCORIET — R 5 EBRRIEDHFZELD H
LleRS T — 2RV, s, AkECR#E~ Y
TOREHEEZHARIIFACEKRE 5 LAAS
ONZLELT RSO, £ 1ICRTHEY
WCHNT 7 37 ORE Y 7 [14] KRRE U TR A H
HU. ZORER 15444 OSRT A BEENTE.
3.2 FTSAAVMEREESR

KIGEH SED H Uiz 15444 DR = A %
W, Ry TOSENRE B IR 2 D08
ATz AR UTT A A M Reftolz. 1l
BT TCRETETIA AV CORATIZZFDT
FAAVMETEISS, BREICENT I A X

>V MERB, RO LA e BATRER L. E e,
IRAY 2 ABBEELUINSAT 2 AR/LDT 54 X
YEFDAOATHRELEDRTV. FCT, Ritv
THREEZL 2D0AT 2 ADT 54 A O
R, ZOMEBDT A AV FDAITH, 0.95
PEEEa7 S5 A4 A MERERD, T34 A

MEAICEHUE.

BoNETSA A OBRKEIRS Lol 7
DHTREISLES4DTTA AV MEREE 2
IORY. EFOATRHHEBOTSA AV
Aa7THB. G~y 71D, K@~y 7on
MrERL, E1OR#~y TREMEEEBTE
BTES.

BONKT ARV MERDS B, BRETTA A
PREPEWT AR MERDZATIE, 0.968
THy, IVI b~V /) —ADEEHINA
TxAk, HF7 F—ADEEENSAT A DT
FARAR VP EERST (K 358).

K 3HT, (LAMCIZZO4R & KEGG 1Kk
U R{EAMES, G, RI6EE EC B3,
KEGGICBI 2 IGEBZF-IVTT L. KIS
DRHDAEIT, EEICEC D Z5RIEDHEIE
FHHLUTWS. 74 A2 M THGORN S
DHAEDEIIPREHITHU, ZORIKED
mUAayzRLUk.

&b, 2hoDAUOBBEELIEWICX
CELOLTWaBZ LW MERTES. £z, k(7]
TRUEECEBEIL T I AV MERORE
BE—HMEHELTED, TOB8MCBELT, 2%
TAERNMBONEE VA S, HEDSENERED
T, ECHES [3.1.3.22) BMEO S THNIKIGE,
[2.7.1.69] BEIO M T SR, EWICZFOR
EEEDMUT VD BB EINTES.

3.3 RET3RISOEERA7OFE

AHI T, KRR TRET 2 RIGHEOHELUA D
7L, ST [T TREINE ECEBICHE D LH
A7 EOREFEEFANT.

ECEBIEIC AT, [1L1.1.3] & [1.1.24]
LW S ECHEESN I NN SN RIGr & re B
HBLE, TOLEOEEI 1.1 LEZ S G
R [7) 2). IBEORBICE £N1 5 MI6EE
n, TRTCOREOEE m &35,

7
E(ry,r) = —logza “4)



£ 1 KRICAVWEAE~ Yy L 37 @8y X

ATy 7ID__ @iV 7% LAV ADEN: Vi

MAP00010 Glycolysis / Gluconeogenesis MAP00400 Phenylalanine, tyrosine and tryptophan biosynthesis
MAP00020 Citrate cycle (TCA cycle) MAP00450 Selenoamino acid metabolism

MAPOD030 Pentose phosphate pathway MAP00500 Starch and sucrose metabolism
MAP00040 Pentose and glucuronate interconversions MAP00520 Nucleotide sugars metabolism

MAPO00051 Fructose and mannose metabolism MAP00530 Aminosugars metabolism

MAP00052 Galactose metabolism MATP00561 Glycerolipid metabolism

MAP00130 Ubiquinone biosynthesis MAPO00620 Pyruvate metabolism
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Fructose and mannose metabolism (MAPQOOS51)
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