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Figure 1. An illustrative scheme of the procedure of TFS
generation.
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Figure 2. TFS of dopamine that was characterized by the sum of atomic mass numbers.
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Euclidean Distance
20 most similar compounds:
rank No. ID value

1 549 DOPAMIHCL 0.000 *
2 553 DOPAMINE 0.000 *
H 3 538 DEOXYADRE 5.385
4 539 DIMEDOPNN 6.325 *
H 5 557 ACDOPAMIN 7.348
6 961 DHOACET34 8.544
Hz 7 544  MEDOPAMIB 8.602 *
10 8 962 ISOVANILL 9.695
9 3456 ALCLOFOLA 9.849
H 10 2232 DOPAMSUL3 9.899
H 11 1477 HEPTYLRES  10.050
H 12 542 RACEPINEP  10.488
H 13 2238 ADRENAASC  10.488

14 1039 NBF027 10.536

14
15 2231 ADRENSUL3  10.583
16 3411 VANITHIOZ 10.724
17 547 DIETDOPAM  10.909 *
H 18 541 METHYLADR  10.954
19 957 ANISATEPA  11.000

20 965 SALICYMME  11.180

Figure 3. Result of structural similarity searching for a query of dopamine by TFS method. (Twenty most similar
compounds found by Euclidean distance). The asterisk in the table shows that the compound is dopaminergic

active.
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Table 1. Results of similar structure search for dopamine by different similarity functions.

Tanimoto Coefficient Tanimoto Coefficient (Binary)
20 most similar compounds: 20 most similar compounds:

rank No. D value rank No. 1D value

1 549 DOPAMIHCL 1.000 * 1 549 DOPAMIHCL 1.000 *
2 553 DOPAMINE 1.000 * 2 553 DOPAMINE 1.000 *
3 538 DEOXYADRE 0.934 3 554 OXIDOPAMI 0.958

4 539 DIMEDOPNN 0.919 * 4 2074 HOTESTO6B 0.900

5 557  ACDOPAMIN 0.890 5 148 NAIN 0.885

6 544 MEDOPAMIB 0.872 * 6 893 STRONGYL2 0.885

7 961 DHOACET34 0.855 7 1316 DOMOPREDN 0.885

8 542 RACEPINEP 0.826 8 3264 NO0500 0.885 *
9 2238 ADRENAASC 0.826 9 3265 NAXAGOHCL 0.885 *
10 962 ISOVANILL 0.818 10 91 PD129289 0.882
11 1477 HEPTYLRES 0.818 11 1319 RIMEXOLON 0.882
12 2231 ADRENSUL3 0.818 12 1660 BREFONALO 0.882
13 3456 ALCLOFOLA 0.815 13 2982 RS82856 0.882
14 541 METHYLADR 0.814 14 538 DEOXYADRE 0.878
15 3411 VANITHIOZ 0.804 15 3478 PIRIBEMES 0.878
16 2232 DOPAMSUL3 0.802 16 301 TINCTORAM 0.868
17 547 DIETDOPAM 0.799 * 17 1310 BETULINAT 0.868
18 2915 HOMEMEXIL 0.773 18 1315 DEPRODONP 0.868
19 1039 NBF027 0.769 19 1509 KATONATE 0.868
20 728 LEVODOPA 0.760 * | 20 1994 MORDANBR1 0.868

Cosine Coefficient Correlation Coefficient
20 most similar compounds: 20 most similar compounds:
rank No. 1D value rank No. D value
1 549 DOPAMIHCL 1.000 * 1 549 DOPAMIHCL 1.000 *
2 553 DOPAMINE 1.000 * 2 553 DOPAMINE 1.000 *
3 539 DIMEDOPNN 0.968 * 3 539 DIMEDOPNN 0.946 *
4 538 DEOXYADRE 0.967 4 538 DEOXYADRE 0.944
5 544  MEDOPAMIB 0.962 * 5 544 MEDOPAMIB 0.942 *
6 2787 SKF89615 0.951 * 6 2787 SKF89615 0.920 *
7 557  ACDOPAMIN 0.951 7 542 RACEPINEP 0.919
8 542 RACEPINEP 0.948 8 2238 ADRENAASC 0.919
9 2238 ADRENAASC 0.948 9 557 ACDOPAMIN 0.916
10 541 METHYLADR 0.944 10 541 METHYLADR 0.906
11 396 FEPENTOLA 0.939 11 2788 SKF89626 0.900 *
12 2231 ADRENSUL3 0.936 12 396 FEPENTOLA 0.899
13 2788 SKFB89626 0.936 * | 13 2231 ADRENSUL3 0.891
14 961 DHOACET34 0.931 14 961 DHOACET34 0.889
15 3536 E4101 0.921 * 15 3536 E4101 0.878 *
16 148 NAIN 0.920 16 2825 VESTITOL 0.875
17 2825 VESTITOL 0.920 17 944 BUCAFFEAT 0.869
18 1477 HEPTYLRES 0.919 18 943 ETCAFFEAT 0.867
19 3411 VANITHIOZ 0.919 19 17 ERBSTATIN 0.865
20 944  BUCAFFEAT 0.916 20 1477 HEPTYLRES 0.863

* Asterisk shows that the compound is dopaminergic active.

Table 2. The rate of structures shared by the searching
results with different measurement functions.

Sp T8 Te & S
Sp | 1.00 0.15 090 0.65 0.60
Ts 1.00 0.15 0.20 0.15
Tc 1.00 0.65 0.55
S 1.00 0.80
S 1.00
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Figure 4. Twenty most similar structures obtained by
Tanimoto coefficient (T¢).
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Figure 5. Twenty most similar structures obtained by co-
sine coefficient (&).
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Figure 6. Twenty most similar structures obtained by cor-
relation coefficient (binary, Sp).
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Figure 7. Twenty most similar structures obtained by
Tanimoto coefficient (binary, Tg).
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Chemical Data Mining Based on Structural Similarity

Yoshimasa TAKAHASHI*, Satoshi FUJISHIMA and Hiroaki KATO

Dept. of Knowledge-based Information Engineering, Toyohashi University of Technology
1-1 Hibarigaoka, Tenpaku-cho, Toyohashi, Aichi 441-8580, Japan
*e-mail: taka@mis.tutkie.tut.ac.jp

This paper describes an approach to chemical data mining based on the quantitative evaluation of struc-
tural similarity. The topological fragment spectrum (TFS) method reported by the authors was used for de-
scribing a chemical structure by numerical representation. The TFS is based on enumeration and numerical
characterization of all possible substructures derived from the chemical structures. The TFS was applied to
similar structure searching with over 3,600 drugs extracted from the World Drug Index. All the spectra were
characterized for fragments having five or less bonds. Five different similarity (or dissimilarity) functions
were investigated for their suitability for similarity searching with the TFS. Computational trial of similar
structure searching on the database suggested that the present approach is successfully applicable to chemical
and pharmaceutical data mining based on the evaluation of structural similarity of drug molecules.

Keywords: Data mining, Structural similarity, Drug design, TFS, Chemical database
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