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Analysis of atom transformation patterns in enzymatic reactions
based on the comparison of chemical compound structures

Masahiro Hattori, Takuji Yamada, Min-A Oh, Susumu Goto, Minoru Kanehisa
Bioinformatics Center, Institute for Chemical Research, Kyoto University

After calculating the atom alignment between two chemical compounds, we can
elucidate three types of informative atoms through enzymatic reactions, (i) atoms
which don’t change their physicochemical properties, (ii) atoms which can be
changed by addition or deletion, and (iii) atoms which locate between two former
parts and seem to be the reaction centers. We have annotated those atom
transformation patterns for each enzymatic reaction and developed the RPAIR
database in KEGG. Based on these data, here, we analyzed the continuous chemical
reaction module along metabolic pathways and demonstrated the distribution of
such atom transformation patters found in degradation pathways.
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EC1, Oxidoreductases
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A.red + B.ox <=> A.ox + B.red
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EC2, Transferases

X
AB + C <=> A + BC
N

EC3, Hydrolases

I
v

3
AB + H20 <=> AH + BOH
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EC4, Lyases
JI J 1
AB<=>A+8B

ECS5, Isomerases

A<=>A'
EC6, Ligases
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A + B+ ATP <=> AB + AMP + PPi
T? 4+ T
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Description KEGG Bond pattern Description KEGG Bond pattern

alkane C1a R-CH3 alkyne C3a R=-C-H
C1b R-CH2-R C3b R=-C-R
C1c R-CH(-R)-R aldehyde C4a R-CH=0O
C1d R-C(-R)2-R ketone C5a R-C(=0)-R
cyclic alkane | C1x ring-CH2-ring cyclic ketone C5x ring-C(=0)-ring

C1y ring-CH(-R)-ring carboxylic acid ' C6a R-C(=0)-OH
C1z ring-C(-R)2-ring carboxylic ester  C7a R-C(=0)-O-R

alkene C2a R=CH2 C7x ring-C(=0)-O-ring
C2b R=CH-R aromatic ring C8x ring-CH=ring
C2c R=C(-R)2 C8y ring-C(-R)=ring
cyclic alkene | C2x ring-CH=ring undefined C CO

C2y ring-C(-R)=ring
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