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Table 1 Results of fold recognition on the test set a.

Fold type Number in LIFCA  Number in Astral1.65(95%) I t, f f Sensitivity Specificity Mmcc
a 12 1 11 12 12 9193 0 6 100.00% 99.93% 0.82
a2l 54 109 90 9 095 19 7 82.57% 99.92% 0.87
a3l 40 52 49 9151 3 8 94.23% 99.91% 0.90
a3?2 11 64 61 9147 3 0 95.31% 100.00% 0.98
a3 3 69 97 93 9 094 4 20 95.88% 99.78% 0.89
a3 4 13 19 17 9192 2 0 89.47% 100.00% 0.95
a3s 39 83 82 9126 1 2 98.80% 99.98% 0.98
a39 11 20 20 9184 0 7 100.00% 99.92% 0.86
a4l 34 57 57 9134 0 20 100.00% 99.78% 0.86
a4 11 14 32 31 9179 1 0 96.88% 100.00% 0.98
a4 12 9 24 23 9129 1 58 95.83% 99.37% 0.52
a4 13 12 53 53 9154 0 4 100.00% 99.96% 0.96
a4 14 22 46 46 9165 0 0 100.00% 100.00% 1.00
a43 14 30 26 9178 4 3 86.67% 99.97% 0.88
a4 4 16 34 34 9177 0 0 100.00% 100.00% 1.00
ads 17 28 28 9179 0 4 100.00% 99.96% 0.94
a4 6 14 28 23 9 181 5 2 82.14% 99.98% 0.87
ad49 21 29 26 9175 3 7 89.66% 99.92% 0.84
a 61 10 13 13 9198 0 0 100.00% 100.00% 1.00
a 63 24 87 87 9123 0 1 100.00% 99.99% 0.99
a’7?2 14 29 29 9182 0 0 100.00% 100.00% 1.00
b 12 3 24 60 60 9145 0 6 100.00% 99.93% 0.95
b 53 56 113 110 9 095 3 3 97.35% 99.97% 0.97
b56 13 23 23 9183 0 5 100.00% 99.95% 0.91
b59 68 117 111 9 090 6 4 94.87% 99.96% 0.96
b 6 11 10 15 15 9194 0 2 100.00% 99.98% 0.94
b 6 14 20 40 40 9171 0 0 100.00% 100.00% 1.00

b 65 28 47 47 9162 0 2 100.00% 99.98% 0.98

b 71 154 330 307 8 881 23 0 93.03% 100.00% 0.96
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Fold type Number in LIFCA  Number in Astrall.65(95%) i, L, | f Sensitivity Specificity mcc
b 81 40 83 83 9126 0 2 100.00% 99.98% 0.99
b 8 14 21 36 36 9149 0 26 100.00% 99.72% 0.76
b 87 99 193 190 9011 3 7 98.45% 99.92% 0.97
b 88 32 63 63 9139 0 9 100.00% 99.90% 0.93
b9 1 52 514 514 8676 0 21 100.00% 99.76% 0.98
b92 24 45 44 9162 1 4 97.78% 99.96% 0.95
c413 27 45 45 9162 0 4 100.00% 99.96% 0.96
c4?2 27 57 53 9150 4 4 92.98% 99.96% 0.93
c47 12 19 19 9192 0 0 100.00% 100.00% 1.00
c 511 11 19 18 9184 1 8 94.74% 99.91% 0.81
c5 12 30 47 46 9145 1 19 97.87% 99.79% 0.83
c 516 101 151 118 9019 33 41 78.15% 99.55% 0.76
c523 16 34 32 9168 2 9 94.12% 99.90% 0.86
c 524 37 73 73 9130 0 8 100.00% 99.91% 0.95
c 525 14 16 16 9195 0 0 100.00% 100.00% 1.00
c 528 97 160 156 9038 4 13 97.50% 99.86% 0.95
c53 12 20 20 9163 0 28 100.00% 99.70% 0.64
c 613 10 14 14 9192 0 5 100.00% 99.95% 0.86
c 6 14 15 24 21 9184 3 3 87.50% 99.97% 0.87
c 6 34 79 138 133 9038 5 35 96.38% 99.61% 0.87
c 713 34 53 53 9158 0 0 100.00% 100.00% 1.00
c 722 26 38 34 9169 4 4 89.47% 99.96% 0.89
c 78 12 17 17 9194 0 0 100.00% 100.00% 1.00
c 813 156 307 284 8 874 23 30 92.51% 99.66% 0.91
Total(53) 1826 3857 Average 96.42% 99.91% 0.91
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Table 2 Results of fold recognition on the independent test set b.

Test set Sample number Correctly classified 0%

Independent test set b 2 035 1922 94.45
Samples not involving family divided 1859 1781 95.80
Samples involving family divided 176 141 80.11
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Table 3 Results of fold recognition based on different method and different database

Method Database Average sensitivity Average specificity Mcc

HMME24 LIFCA 90.36% 99.99% 0.95

Functional domain composition” LIFCA 96.42% 99.91% 0.91
Functional domain composition? LIFCA 94.91% 99.97% 0.95
Functional domain composition? SCOP 95.44% 99.99% 0.97
AutoSCOP!™! SCOP 93.36% 98.13% N/A

D Functional domain composition: The result based on test set a.

? Functional domain composition: The result based on a part of samples in independent test set b, which do not involving family divided.
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Protein Fold Recognition by Functional Domain Composition*

YAN Jin-Li, CHEN Zhi-Wei, XU Hai-Song, LI Xiao-Qin™
(Bioengineering Center, Beijing University of Technology, Beijing 100124, China)

Abstract Research of protein 3D structures plays a key role in molecular biology, cell biology, biomedicine, and
drug design. The protein fold type reflects the topological pattern of the structure's core. Fold recognition is an
important method in protein sequence-structure research. On the 53 fold types which have more than 10 samples in
LIFCA were selected. The functional domain composition is introduced to predict the fold types of a protein or a
domain. After testing 9 211 proteins with less than 95% sequence identity from the Astral 1.65 database, the
average sensitivity, specificity and Matthew's correlation coefficient (MCC) of the 53 fold types were found to be
96.42%, 99.91% and 0.91, respectively. The result indicates that using the functional domain composition to
represent a protein is very promising for protein fold recognition. And though based on simple classification rules,
LIFCA can concentrate the functional features of proteins, reflecting the corresponding relation between structure
and function.
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