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Abstract: In this study, patial least squares (PLS) method was used to build a quantitative structure-activity relationship (QSAR) model
for anti-rheumatoid immune activity of peptides. First, based.-on the bioactivity-related non-bonding effects (such as electrostatic, steric, and
hydrophobic interactions) of each aom, the amino acids descriptor best suited for Q SAR model of immune activity of peptides was selected to
construct @ QSAR model for a 47-peptide data set. The results showed that Z-scales amino descriptor achieved multiple-position and
multivariate quantitative structure description for amino acid residues and was the most suitable for describing physicochemical properties of
anti-rheumatoid immune-active peptides. Using the Zscales descriptor, the model built on principle component analysis and PLS showed good
reliability and predictive ability, with multiple correlation coefficient of 0.986, root mean square error (RMSE) of 0.253, leave-one-out
cross-validation correlation coefficient of 0.893, and external validation coefficient of 0.971. Based on the structure-activity relationship of
immune-active peptides, this study provides new opportunities for screening and design of new tolerogens for rheumatoid arthritis, thus
providinganew approach for the development innovative functional food products.
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Table 1 Observed and calculated values of the sequences of anti-rheumatoid immune active peptides and theiractivities

2.1 | A A A x40 K ROE 1

. A
P& 3 1R
Z-scales MSWHIM C4r& ISA-ECI

1 AGFKAEQGPKGEP 7.68 7.68 7.67 7.44 7.61
2 AGFKGEQGPKGAP 7.62 7.50 7.54 7.25 7.64
3 AGFKGEQGPKAEP 7.40 7.40 7.42 7.23 7.41
4 AAFKGEQGPKGEP 7.28 7.25 7.48 7.34 7.332
5 AGFKGEQAPKGEP 7.19 7.22 7.1 6.86 7.35
6 AGFKGEAGPKGEP 6.94 6.94 6.98 6.72 6.8
7 AGFKGEQGPKGEP 6.74 6.63 6.89 6.54 6.77
8 AKFYRAPTAFGSG 6.70 6.80 6.82 6.82 6.65
9 PGVKGHRGYPGLD 6.43 6.56 6.41 6.7 6.4
10 PGIAGFKGEQGPK 6.40 6.33 6.01 6.38 6.42
11 GPFKGARGPPGPT 6.34 6.28 6.16 6.74 6.22
12 SGFQGLPGPPGPP 6.34 6.32 6.17 6.59 6.25
13 AGYKGEQGPKGEP 6.27 6.40 6.15 6.1 6.26
14 QGFQGNPGEPGEP 6.22 6.31 6.19 6.58 6.33
15 TKLTYAAAVQAAL 6.15 6.06 5.95 6.32 6.11
16 EGMRFAKGYISGY 6.00 5.89 5.71 6.27 5.94
17 PGVKGESGSPGEN 5.72 5.85 5.81 5.58 5.67
18 AKFYRDPTAFGSG 5.70 5.77 5.94 5.83 5.68
19 AGFAGEQGPKGEP 5.69 5.69 5.54 5.87 5.69
20 QGARGQPGVMGFP 5.62 5.49 5.4 5.56 5.53
21 KAMLQAMAILTGG 5.54 5.53 5.39 5.44 5.6
22 PGIAGAPGFPGAR 5.50 5.73 5.39 5.63 5.43
23 VEIRAEGNSRFTY 5.30 5.21 5.28 5.05 5.45
24 SSFSQARDSQAQS 5.26 5.20 5.2 5.2 5.3
25 AGVQGAPGPAGEE 5.06 4.81 5.13 4,94 5.01
26 GPVSGPM GPRGPP 5.04 4.82 5.13 5.09 5.18
27 PGVMGFPGPKGAN 5.03 5.14 5.06 5.01 4.98
28 EGMRFDKGYISGY 5.00 4.86 4.88 4.67 51
29 FGLQLALTEGMRF 5.00 5.02 5.11 4.88 4.9
30 QYMRADQAAGGLR 4.82 4,92 4,78 4,94 4.7
31 AGFKGEQGPKGEP 4,74 4.86 4.86 4.89 4,74
32 PGLRGLPGKDGET 4.47 4.39 4.42 4.46 4.72
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33  AGFKGEQGPKGEP 435 451 4.45 457 45
34  DGIAGPKGPPGER 4.32 4.28 435 4.08 411
35  AGFKGEQGPKGEP  4.10 4.29 4.2 4.36 4.15
36  AGFKGAQGPKGEP 590 5.79 5.71 5.97 5.88
37  FGLQLELTEGMRF 4.30 451 472 4.19 4.26
38  AGFKGDQGPKGEP 565 5.42 5.46 5.61 5.7
39  AGFKGEQGAKGEP  6.11 6.01 5.9 6.03 6.09
40 KAMLQDMAILTGG  5.22 5.11 5.07 5.01 5.44
41  AGFKGEQGPAGEP 7.1 7.23 7.07 7.26 6.96
42 QYMRAAQAAGGLR  6.00 6.11 5.99 6.07 5.62
43  AGFKGEQGPKGEA  6.37 6.31 6.5 6.37 6.47
44 SSFSQDRDSQAQS 5.16 4.97 5.1 4.96 533
45  TKLTYDEAVQAAL  5.00 5.00 5.13 5.2 5.09
46  AGFKGEQGPKGEP  6.85 6.73 7 6.64 6.88
47  AGFKGEQGPKGEP  6.74 6.63 6:89 6.55 6.77

& 2 TEREBRIER I IERE M %2 TE MR E EABEEERIFNT

Table 2 Effect of different amino acid descriptors on building QS AR models for anti-rheumatoid immune active peptides

No. Descriptors Model A* R%um® Q%Loo° RMSE! = Q%xt®

1 z-scale PLS 2 0.986 0.893 0.253 0.971
2 M S-WHIM PLS 3 0.987 0.881 0.277 0.949
3 ISA-ECI PLS 4 0.99 0.913 0.425 0.965
4 C #rJE PLS 3 0.954 0.783 0.328 0.967

E: a8, ARTEASHG b, RemATHARAK: ¢ QLook T XXIMEMK A4; d, RMSERTH THRE; e Qeak sk
I IE R H o

3 20 HRAEEERR Z-scales HHIARF AsnN 3.22 145 0.84

Table 3 Z-scales structure descriptor of 20 kinds of natural GInQ 2.18 0.53 -1.14

amino acids Asp D 3.64 1.13 2.36
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