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We propose a new method for comparing the metabolic pathways with reaction structures that
include important enzymes. In this method, important “reaction structures” are extracted and a
“reaction structure profile,” which represents whether extracted reaction structures are observed in
the metabolic pathway of other organisms, is created. Distance regarding function within organisms
between species is defined using the “reaction structure profile.” By applying the proposed method
to the metabolic networks of 64 representative organisms selected from archaea, eubacteria and
eukaryote, we succeed in reconstructing a phylogenetic tree, and confirm the effectiveness of the
method.
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Fig. 1 An example of reaction structure extrac-

tion.

Bz DR EOLLERSHRE L 2 5. AR
DEBHIIRB SR T 24 PO LML >
Tkobh, BENISAZY TRV TAEY
ORBEICI T B ERBIR S E B 5) .

RP AR T oA PITITEBHI LS TRARR
BERLRYT CHEBEAVCONWIBRNEET
%. il 21X, adenine phosphoribosyltransferase
(EC:2.4.2.7) It b7 Y AR THVWON DEER
THBH, ZoBEZRKHOIIUT adenine phospho-
ribosyltransferase RZENFIERZ &3, ko
TEC:24.2.71kt MZE > TRARTHY, BEE
RERTHDIEERD. ZOL>REELRBRK
Bb 3 ABEHIIEZOBREALRY 7T 7L L
TRbEh5.

AL TR ARV = EOEH T FT7EK
JGHEE (reaction structure) EFES. S bHiZ, EE
REREEURICEELEERRCHE L LTHR
7. RiNEEmE OB % Fig. 117 T. FRXT
R ARRA Y = A 2 BEEE )/ — N T8RS T
7L ULTH|D. Fig. 1 FORBNARY = A [3EHE
HEFE (/—Ff) ORBERLTEY, BHEIER
PIZ2W ) — FRERLTWA Ty VThd. K
RTERIN TV IRISEERHH SN2 BEER
RIAHED—BITH S, ERICIT—HDEHE SR
R LEHEORISEENHEIND.

VTR OREEE A2 R B 72 DI EE A RS
PHHL, RESES 0 77 A VEERTS. RKIG
WES a7 7 AVERRDEYORE AR T =4
MCENETEERRSMEERER L THFET S
PERL, EVEROEBIFKISHES 07 74
NMETICEHENS., ZOBREZEYOSERE
ROV TITY, BEWZ F X% Y 7AW
LTI 2 ERT 5. BEFEOL2ER % Fig.
3 het o N



‘f§ reaction structure

i

reference enzyme
clustering

P o1tot.. | [ t1001... JPw)

reaction structure set ¥
l profile extraction ‘ * TiX,Vj=

Pynky [ A
xR m v
similarity calcutation H i
(Jaccard method) t ' :

R

distance matrix |l
phylogenetic tree

Fig. 2 The procedure for comparative analysis with reaction structure profile.
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Fig. 3 Example of ‘choke point’ and ‘load point’.
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Fig. 4 Example of reaction structure.
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Table 1 The 64 Organisms included in the phy-
logenetic analysis. Full scientific names were ab-
breviated into three character notation (Abbr. )
and their domain information'?) in phylogeny

were also represented. )

Abbr.  Organism
Domain: Archaea

hal Halobacterium sp.

mac Methanosarcina acetivorans
mja Methanococcus jannaschii
mma Methanosarcina mazei

mth Methanobacterium thermoautotrophicum
pab Pyrococcus abyssi

pai Pyrobaculum aerophilum

pfu Pyrococcus furiosus

pho Pyrococcus horikoshii

ss0 Sulfolobus solfataricus

sto Sulfolobus tokodaii

tac Thermoplasma acidophilum
tvo Thermoplasma volcanium
Domain:Eubacteria

aae Aquifex aerolicus

atc Agrobacterium tumefaciens C58 Cereon
atu Agrobacterium tumefaciens C58 UWash
bme Brucella melitensis

cac Clostridium acetobutylicum
cer Caulobacter crescentus

cje Campylobacter jejuni

cpe Clostridium perfringens

cte Chlorobium tepidum

dra Deinococcus radiodurans

ece Escherichia coli 0157 EDL933
ecj Escherichia coli K-12 W3110
eco Escherichia coli K-12 MG1655
ecs Escherichia coli 0157 sakai
fnu Fusobacterium nucleatum

hin Haemophilus influenzae

hpj Helicobacter pylori J99

hpy Helicobacter pylori 26695

lin Listeria innocua

lla Lactococcus lactis

Imo Listeria monocytogenes

mlo Mesorhizobium loti

nma Neisseria meningitidis serogroup A
nme Neisseria meningitidis serogroup B
oih Oceanobacillus iheyensis

pae Pseudomonas aeruginosa

pmu Pasteurella multocida

rso Ralstonia solanacearum

sam Staphylococcus aureus MW2
sau Staphylococcus aureus N315
sav Staphylococcus aureus Mu50
sco Streptomyces coelicolor

sme Sinorhizobium meliloti

spg Streptococcus pyogenes M3
spm Streptococcus pyogenes M18
spy Streptococcus pyogenes

stm Salmonella typhimurium

sty Salmonella typhi

tma Thermotoga maritima

tte Thermoanaerobacter tengcongensis
vch Vibrio cholerae

xac Xanthomonas axonopodis

Xce Xanthomonas campestris
Domain:Eukaryote

ath Arabidopsis thaliana

cel Caenorhabditis elegans

dme Drosophila melanogaster

hsa Homo sapiens

mmu Mus musculus

rno Rattus norvegicus

sce Saccharomyces cerevisiae

spo Schizosaccharomyces pombe
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