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Discriminating acidic, neutral and alkaline enzymes with
secondary structure amino acid composition

Guangya Zhang, Jiagiang Gao, and Baishan Fang
Department of Bioengineering and Biotechnology, Huagiao University, Xiamen 361021, China

Abstract: In this work, we systematically analyzed the secondary structure amino acid compositions of acidic and alkaline enzymes
and compared them with neutral ones. We found that the propensity of the individual residues to participate in secondary structures
and the consistently higher composition of neutral and tiny residues might be the general stability mechanisms for their adaptation to
pH extremes. Based on this, we presented a secondary structure amino acid composition method for extracting useful features from
sequence. The overall prediction accuracy evaluated by the 10-fold cross-validation reached 80.3%. Comparing our method with
other feature extraction methods, the improvement of the overall prediction accuracy ranged from 9.4% to 18.7%. The random forests

algorithm also outperformed other machine learning techniques with an improvement ranging from 2.7% to 21.8%.
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Table 1 Significant amino acids in acidic enzymes

Compac—Compne>1/number

Compac—Compne<—1/number

Overall  Gly(1.4), Ser (2.14), Thr(1.82)/3

Helix Ala(3.81), Gly(2.62), Leu(5.87), Ser(1.1),
Thr(3.72), Val(1.02)/6

Sheet Ala(1.79), Lys(1.35), GIn(2.61), Ser(1.12), Thr(3.61),
Trp(2.05)/6

Coil Gly(2.02), Ser(3.36), Thr(2.34)/3

Glu(-2.22), Lys(-1.5), Leu(-1.21), Arg(-1.63)/4
Asp(=1.77), Glu(-3.6), Lys(-4.52), GIn(-2.08), Arg(-1.65)/5

Cys(-1.71), Gly(~1.7), Ile(~3.28), Leu(-2.07), Val(-2.18)/5

Glu(-1.77), Lys(-2.86), Leu (-2.38)/3
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Table 2 Significant amino acids in alkaline enzymes
Compak—Compne>1/number Compak—Compne<—1/number
Overall Ala(1.26)/1 0
Helix Ala(1.89)/1 Lys(-1.18)/1
Sheet Ala(1.28), Asp(1.14), Glu(1.01), Ser(1.39), Thr(1.16)/5 Phe(-1.09), Val(-2.34)/2
Coil Gly(2.05), Pro(1.55)/2 0
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Fig. 1 Compositional differences of different kinds of amino acids. (A) Acidic subtract neutral enzymes. (B) Alkaline subtract
neutral enzymes. The upper half shows the dominance of residues in acidic (or alkaline) enzymes. Ch: charged (DEKHR); Al:
aliphatic (ILV); Ar: aromatic (FHWY); Po: polar (DERKQN); Ne: neutral (AGHPSTY); Hy: hydrophobic (CVLIMFW); Ps: positively
charged (HKR); Ng: negatively charged (DE); Ti: tiny (ACDGST); Sm: small (EHILKMNPQV); La: large (FRWY); Su: sulfur (CM);
Am: amide (NQ) residue.
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Table 3 Comparisons of machine learning techniques

Machine learning techniques ACC AUC
Decision stump 64.8 0.751
. Decision table 69.2 0.795
Bagging
REP tree 72.5 0.858
J4.8 75.0 0.867
Decision stump 58.5 0.747
Decision table 69.2 0.795
Adaboost
REP tree 70.6 0.869
J4.8 75.5 0.879
. Decision stump 74.8 0.885
Logitboost
REP tree 77.6 0.881
Decision tree J4.8 67.3 0.719
NBTree 67.9 0.786
k-nearest neighbour 69.6 0.723
naive Bayes 70.2 0.876
Bayes net 70.7 0.866
SVM (Puk) 73.8 0.74
BPNN 74.2 0.874
SVM (linear kernel) 75.0 0.784
SVM (polynomial kernel E=2) 76.9 0.832
Random forest 80.3 0.916

Puk: the Pearson VII function-based universal kernel; BPNN: back
propagation neural network; ACC: accuracy; AUC: area under ROC
curve.
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10.6%  8.3%; SVM
4.2% , Logitboost
SVM



1513

x4 BHEFEERRAENILR

Table 4 Comparisons of feature extraction methods

RF Logitboost SVM
Feature extraction methods NF
ACC AUC ACC AUC ACC AUC

Secondary structure amino acid composition 80.3 0.919 77.6 0.881 76.9 0.832 60

Composition, transition and distribution 70.9 0.813 65.8 0.749 60.8 0.699 147

SQ 70.9 0.799 62.5 0.683 61.8 0.679 240

Pseudo-amino acid composition ( Z-scales) 70.7 0.789 64.6 0.722 65.0 0.726 60

Pseudo-amino acid composition ( K-scales) 70.1 0.782 63.4 0.679 68.4 0.733 60

Amphiphilic pseudo-amino acid composition 69.8 0.783 62.9 0.711 67.1 0.746 60

Pseudo-amino acid composition ( F-scales) 69.7 0.770 67.0 0.684 66.3 0.732 60

Amino acid composition distribution 69.7 0.768 65.1 0.713 67.8 0.726 60

Pseudo-amino acid composition (T-scales) 69.5 0.767 63.2 0.660 66.1 0.712 60

Pseudo-amino acid composition (Chou) 68.5 0.768 62.3 0.666 65.8 0.726 60

Amino acid composition 68.1 0.764 63.5 0.678 68.6 0.686 20

Normalized moreau-broto autocorrelation 65.2 0.715 57.6 0.606 52.0 0.613 240

Moran autocorrelation 62.9 0.678 58.7 0.613 45.5 0.566 240

Dipeptide composition 62.7 0.741 58.5 0.558 66.9 0.715 400

Geary autocorrelation 61.6 0.659 56.6 0.539 44.2 0.577 240
SQ: sequence-order-coupling number & Quasi-sequence-order descriptors; NF: number of features.
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