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Abstract: Outer membrane proteins (OMPs) are embedded in the outer membrane of Gram-negative bacteria, mitochondria, and
chloroplasts. The cellular location and functional diversity of OMPs makes them an important protein class. Researches on prediction
of OMPs by bioinformatics methods can bring helpful methodologies for identifying OMPs from genomic sequences and for the
successful prediction of their secondary and tertiary structures. In this paper, three feature classes were calculated from protein
sequences: amino acid compositions, dipeptide compositions and weighted amino acid index correlation coefficients. Then, three
feature classes were combined and inputted into a support vector machine (SVM) based predictor to identify OMPs from other
folding types of proteins. The results of discrimination using several combined features including four amino acid index categories
were calculated, and the influence on discrimination accuracy using different correlation coefficients with different orders and
weights was discussed. In cross-validated tests and independent tests for identifying OMPs from a dataset of 1087 proteins belonging
to all different types of globular and membrane proteins, the method using combined features obtains an overall accuracy of 96.96%
and 97.33% respectively. And these results outperform that of other methods in the literature. Using this method, high specificities
are shown from the results of identifying OMPs in five bacterial genomes, and over 99% OMPs with known three-dimensional
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structures in the PDB database are correctly discriminated. These results indicate that the method is a powerful tool for OMPs

discrimination in genomes.
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Table 1  Scales of four types of amino acid

Amino acid Index scales

MKD-Hyd Pon-Hyd MP SFE
A 1.10 0.85 -0.06 0.67
R -5.10 0.20 0.84 -2.1
N -3.50 -0.48 -0.48 -0.6
D -3.60 -1.10 -0.80 -1.2
C 2.50 2.10 1.36 0.38
Q -3.68 -0.42 -0.73 -0.22
E -3.2 -0.79 -0.77 -0.76
G —-0.64 0 -0.41 0
H -3.20 0.22 0.49 0.64
| 4.50 3.14 1.31 1.9
L 3.80 1.99 1.21 1.9
K -4.11 -1.19 -1.18 -0.57
M 1.90 1.42 1.27 2.4
F 2.80 1.69 1.27 2.3
P -1.90 -1.14 0 1.2
S -0.50 -0.52 -0.50 0.01
T -0.70 -0.08 -0.27 0.52
W -0.46 1.76 0.88 2.6
Y -1.3 1.37 0.33 1.6
\Y 4.2 2.53 1.09 15
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Table 2 Results of 10-fold cross validated tests on the MCP1087 dataset
Overall accuracy/ % (C=10)
Features P&®
OMPs/ GPs OMPs/TMHs OMPs/non-OMPs
AA 90.34 94.43 91.53
AA+Dipe 94.43 97.09 94.66
AA+KD-Hyd ¢=80, ®=10 96.14 96.37 95.57
¢=80, ®=5 95.11 95.64 94.29
AA+Pon-Hyd
¢=80, ®=10 96.59 95.40 96.13
¢»=80, ®=5 94.55 95.40 94.57
AA+MP
¢=80, ®=10 96.48 95.16 95.76
AA+SFE ¢=80, ®=10 96.36 95.40 95.58
. ¢=80, o=1 94.43 96.85 94.84
AA+Dipe+MKD-Hyd
¢=80, ®=20 96.59 93.46 96.69
. ¢=80, ®=0.5 95.68 96.85 96.32
AA+Dipe+Pon-Hyd
¢=80, ®=20 96.48 93.95 96.96
¢=80, o=1 94.20 96.85 94.84
AA+Dipe+MP ¢=80, v=15 96.25 95.64 96.32
¢=80, ®=20 96.02 96.13 96.59
AA+Dipe+SFE ¢=80, o=1 94.20 96.85 94.84
¢=80, ®=20 96.48 94.67 96.78
=3 HE&E MCP1087 il 5] OMPs #13E OMPs B9 37 5.43%
AR S 5 R 2.30%
Table 3 Results of independent dataset tests for '
OMPs/non-OMPs discrimination on the MCP1087 dataset )
Results (C=100) SVM OMPs
Features
Sensitivity Specificity Overall OMPs
AA 8806(44/50)  89.6%(224/250)  89.33% 3 OMPs OMPs
AA+Dipe 849%(42/50)  94.8%(237/250)  93%
AA+Dipe+MKD-Hyd 0 o o ’
(0280, =20) 9296(46/50)  95.29%(238/250)  94.67% SVM
AA+Dipe+Pon-Hyd 0 o 0 ,
(¢=80, ©=20) 88%(44/50) 98%(245/250) 96.33%
AA+Dipe+MP . . 0 ’
(0280, =20) 94%(47/50)  97.6%(244/250)  97%
AA+Dipe+SFE o 0 0 97.33%
(©=80, ©=20) 94%(47/50) 989%0(245/250) 97.33% )
8.0% 4.33%,
, OMPs TMHs OMPs OMPs
, OMPs TMHs
) ) , Park
) , SVM
) SVM , 94.0%
OMPs OMPs M Garrow :
80  Ponnuswamy ,
, K OMPs,
96.96%, 94.4% 221
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Table 4 Results of 10-fold cross validated tests on the MCP977 dataset
Features o0& Overall accuracy/%(C=10)
OMPs/GPs OMPs/TMHs OMPs/non-OMPs
AA 90.40 90.76 91.91
AA+Dipe 94.43 94.72 94.26
AA+Dipe+MKD-Hyd ¢»=80, ®=20 96.96 92.74 96.41
AA+Dipe+Pon-Hyd ¢=80, ®=20 96.84 93.07 97.13
AA+Dipe+MP ¢=80, ®=20 95.82 91.75 96.12
AA+Dipe+SFE ¢=80, ®=20 96.20 91.75 95.80

*5 FEMIEM_MRISHLES TR RFVERN SFE HX REIFEHSE MCP1087 ##E &£ LiR7) OMPs/3E

OMPs B9+ & 32 X3 E M X 45 3R

Table 5 Results of 10-fold cross validated tests on the MCP1087 dataset for OMPs/non-OMPs discrimination using combined
features of amino acid composition, dipeptide composition and SFE correlation coefficients with different orders and weights

®

¢ 1 5 10 15 20 25 30 35 40

30 94.84 95.4 95.67 95.58 95.76 96.22 96.13 96.22 96.13
40 94.84 95.58 95.67 95.95 96.04 95.86 95.67 95.58 95.76
50 94.84 95.76 95.95 95.67 95.86 96.13 95.76 95.58 95.49
60 94.84 95.67 96.04 96.04 96.41 96.13 95.76 95.76 95.40
70 94.84 95.49 95.86 96.04 96.41 96.04 95.58 95.21 95.12
80 94.84 95.67 95.95 96.41 96.78 96.32 96.04 95.49 95.03
90 94.84 95.67 95.86 96.13 96.22 95.76 95.76 95.40 95.40
100 94.75 95.40 95.95 96.13 96.13 95.58 95.30 95.30 95.12
120 94.75 95.49 95.86 96.13 95.86 95.40 95.03 94.48 94.20
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Fig. 1 Influences on discrimination accuracy using OMPs
different SFE features with different orders and weights 5%, OMPs
5 1 ’ Gromiha
’ ’ OMPs,
(0=1), OMPs, OMPs
, , , 3.45%, Gromiha 3.54%,
, Escherichia coli
, , , 11
, OMPs PSORT-B 2.0 (http://db.
psort.org/), Escherichia coli OMPs
, 57 56 OMPs,
' 80 98.2% BLAST
' Escherichia coli E24377A4 ( 4755
, ) 57 OMPs ,
2.3 HEAMIRZ OMPs 80% 27
OMPs 25
OMPs, OMPs, 92.6%;
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Table 6 Results of OMPs discrimination in five bacterial genomes using combined features
Genomes Total proteins Total identified OMPs Ratio of OMPs Gromiha et al’s method
Bacillus anthracis Ames 0581 5309 140 2.64% 4.75%(252/5309)
Bacillus licheniformis DSM 13 4196 119 2.84% 3.41%(143/4196)
Clostridium tetani E88 2373 91 3.83% 4.97%(118/2373)
Escherichia coli K12 4237 193 4.56% 2.05%(87/4237)
Shigella flexneri 2a 4182 158 3.78% 2.85%(119/4182)
Overall 20297 701 3.45% 3.54%(718/20297)
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