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A New Amino Acid Descriptor SVHEHS and Its Application in QSAR of Bioactive Peptides
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(1.School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China; 2. College of Information Engineering, Shanghai Maritime University, Shanghai 200135, China)

Abstract: Totally 457 physicochemical variables of 20 kinds of natural amino acids were classified according to hydrophobic
properties, electronic characteristics, hydrogen bonds contributions and steric properties, and analyzed by principal component
analysis (PCA). A new amino acid structure descriptor, SVHEHS, was achieved. The descriptor was used to characterize the
structures of a series of ACE inhibitory dipeptides and bitter dipeptides. A multiple linear regression (MLR) model was
established on the basis of bioactivity. The correlation coefficients (R?), cross-validation correlation coefficients (Q%.00) and root
mean square errors (RMSE) for the models established for ACE inhibitory dipeptides and bitter dipeptides were 0.936, 0.854,
0.259, and 0.949, 0.886, 0.136, respectively. External validation was also conducted to validate the prediction capability of the
models. The results showed that the models obtained with the descriptor had good fitting and prediction capability and
consequently could be used for QSAR studies.

Key words: amino acid descriptor; quantitative structure activity relationship; principal component analysis; multiple
linear regression
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G5 LAY PRI O R 4 SR ST A S B
QSAR HLA H 5 A (e — L8l i, PR AW I 52 0% 2 FF
PEALE A3 0T 73 45 K HEAT 18] AT 2801 AR AE 2 QSAR BIFFTI
. 75 2 BRI € BRI ROR R BETTH, 5 3k R H 20
20 K ) S 1R B 1) 65 4 25 B A 22 IR A 2 46
Ko HHT O AR (1) 2 L R R L IR A5 A7 Z-scalest®l,
ISA-ECIUI, MSW-scores!?, T-valuest®, MHDVE!, ST-
scalel®l, V0O ERURI G-scalel'@%, Z-scales f& M 29 4>
S50 W 7 () A 2 B0 O g A R B TR A R
FEW Je B4y T 15 K PE . SEAR KN R g P 0 IS A-
ECI & 4y T B 20 & A A 2 1R AE 2 T
B K P RO B AR I 4 S s MS-WHIM 2 1 36 4Nk
TS HOT 2 B0 73 M43 2 10 32 BERAE Sy 1 i 3
KM P B MHDV ik 77 ol & AR R 72 [0 (1)
BRE O B =8 TE 0. XU H IR 7 # Rk Th M ik
Ty Z IR R 45k, RS2 T 2 ko TR B sk
SR, i i — 20 58 3 X B S HUl e AT S dE
2 K0 45 H A5 B A & E S R A .

ARSI AR FIRAE ST AR Al b, i s 20 Ff
RARGILIR I 457 FNE TS HL, TGk e,
PERFAE . SV DURR AN SRR AR HEAT 3 38, AT 4
AT E 5 p T (PCA), 192 ) 2 Bk R R Ak 45 7
iR ¥ SVHEHS(scores vector of hydrophobic, electronic,
hydrogen bonds and steric properties). JHi% i 44 %5 i
Bk Z#:1k i(angiotensin | converting enzyme, ACE)
O R R KR SIREAT R AL, &2 u bl

(multiple linear regression, MLR)EAR, FRAGE U2
g .

1 FRHES5FE

11 SVHEHS i & @ v K K7 51 R AIE

MAA index s AERISL I A 20 Fha SRR 1K 457 AN
b S 5 5, AR SR IR S5 A M5 R OB K . H
ML SUBE TR M Or ARG AR L 4 2K 8. b sk S
119 4~ WitES 25 A, BT SH 5 A RS
$308 A S lxt 4 S UL ST T 43 BT LL S
ok JiL s 50 R O g R A R o BT BT R A
BNE A IR 2. 4. 2. 5 AN E A AT 4 B AR R
U E A HE 75.93%. 76.15%. 77.15% Fi1 74.56% ) /7
750 MIMIA IR 13 o023 plisyr L4 NS R AL A J5G
KRR 2K 2 H0A S R, BT RATT X 13 /N 32 iesy
B raEBTRIREEREE, FRZEGTREN
SVHEHS. H 1 SVHEHS 1~2 R 2 LM i mi AK YL
fE, SVHEHS 3~6 AR FEm M R E, SVHEHS
7~8 R A B N v Pk S 8 F1E, SVHEHS 9~13
REEIER A SARRFAE . 3 1 TRk 20 iR AR E LR 1)
SVHEHS fi. &N &6 k] A4t L 2 SE R ik v 71
SVHEHS B4 KERIE. —A ko Frrfg#) 13 X
2=26 M, HAn NMEEREENK, HL—%75)
SZERITT ] 13 X n AN SVHEHS A8 £ E. R4 bt H
SPSS 18.0 # A58 .

R1 20 RARERN SVHEHS R
Table 1 SVHEHS descriptors for 20 natural amino acids

PN 1343 51t SVHEHS
IR

1 2 3 4 5 6 7 8 9 10 11 12 13

Ala 065 —5.37 —161 —1.82 —0.46 044 —1.89 0 2.53 9.12 991 —08 —4
Arg  —11.92 6.82 2.82 4.48 —4.08 —0.22 4.29 0.05 —0.35 388 —5.45 1.8 6.41
Asn  —826 —0.55 236 —0.28 0.15 0.03 169 —019 —1137 —099 —285 —503 1.89
Asp —956 —0.88 6.78  —2.49 2.45 0.26 121 —0.15 —12.37 521 —271 —119 —207
Cys 708 —4.93 0.47 2.48 3.63 —059 —165 1.54 203 —924 —327 —55 —1081
GIn —8.41 1.03 1.05 0.32 —0.44 1 1.88 082 —0.95 53 —4.69 099 —0.35
Glu —961 0.43 377 —456 —0.69 0.64 1.38 124 —257 1603 —0.98 127 —387
Gly —246 —721 —1.4 —4 —2.17 0.37 —21 —074 —18.02 —6.73 10 —7.69 2.82
His —3.21 1.47 1.67 242 —0.99 — 141 0.42 0.14 2.14 029 —766 —3.62 —064
lle 1246  —0.57 —379 —144 —0.52 062 —1.08 —073 1353 —541 5.26 4.05 1.36
Leu 1127 —0.36 —33 —127 —0.26 09 —101 —1.75 12.1 4,57 10.13 1.3 1.18
Lys —10.97 3.46 0.56 2.01 — 451 0.36 213 —162 —273 10.16  —2.99 0.33 6.87
Met 749 —0.88 —1.24 1.05 1.46 1.08 —097 —1.06 1335 309 —333 —1.81 —4.09
Phe 12.35 2.81 —0.94 2.4 2.35 043 —136 —027 11.09 —4.08 —0.9 0.38 0.7
Pro —1.97 —13 —176 —1.08 0.39 —64 —162 175 —184 —585 —214 148 —4.45
Ser —542 —362 073 —0.49 0.98 —021 —012 0.68 —10.47 —2.03 47 —18 0.95
Thr —312 —247 —0.05 0.02 0.26 —0.07 0.17 007 —337 —417 3.58 0.19 0.68
Trp 10.99 8.5 —1.93 2.28 1.83 151 —022 —1.38 984 —452 —105 —144 —0.09
Tyr 3.73 6.32 —0.92 1.56 1.25 0.72 0.24 1.3 265 —955 —539 0.93 6.59
Val 888 —271 —3.26 —16 —0.62 0.54 — 1.4 03 1134 —51 9.27 2.86 0.93




28 2012, Vol. 33, No. 07 Bail= SIERRWESE
12 MLR Z R 70 B 4iF &2 58 ACE il ik 75 R EE M KM 57+ HE

KH 2 e8Pk [l H 7 vE AT QSAR #A%E, [R5
PN (B2 5 FEAULA R D (R 1] U1 2R 250 (R2) R J A it 22
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2 HRESW
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F 58 A~ ACE il — JIKU-WE N FEA(R 2), H 2 Ik
¥ SVHEHS X} ACE #1ilill —kif41T QSAR #F5¢, ki
PEAEH 19(1/1Cs0) Koo Ik v 1) A A 22 3 R Bk 55 )
SVHEHS i i fF kAT w2 Bk . G EUCL b 29 ANRFEA
TERMGEMN T EBER(£ 2), 294 kst —
A 29 47 26 HI 1) 5 A IR B, OB AR 1 g SR
Z I PERIAG T ik, i LOO-CV A 56 A M e
PES T AE Ty . L4 29 AR T BB A 40 0E .
AT ACE AR R B R S S R A, 3 U
AT EERE2.

Table 2 Sequences of 58 ACE inhibitory dipeptides and observed and
calculated activities

Pk el fRHE || RS ko WA ANHE
1 VW 5.80 5.32 30 KG 2.49 2.62
2 wa 5.70 5.40 31 FG 2.43 2.70
3 Y 5.43 4,74 32 Gs» 2.42 2.47
4 AW?2 5.00 4.87 33 GV 2.34 2.38
5 RW 4.80 5.26 34 MG 2.32 2.54
6 VY2 4.66 4.66 35 GK 2.27 3.45
7 GW 4.52 4.64 36 GE* 2.27 3.45
8 VFA 4.28 3.54 37 GT 2.24 2.32
9 AY 4.06 4.21 38 wGA 2.23 2.63
10 1pa 3.89 3.97 39 HG 2.20 2.41
11 RP 3.74 3.84 40 GQ* 2.15 3.56
12 AFA 3.72 3.09 41 GG 2.14 2.04
13 GY 3.68 3.98 42 QG* 2.13 2.34
14 APA 3.64 3.44 43 SG 2.07 2.15
15 RF 3.64 3.48 44 LG* 2.06 2.75
16 VP4 3.38 3.90 45 GD 2.04 2.03
17 GP 3.35 3.22 46 TGA 2.00 2.32
18 GF2 3.20 2.86 47 EG 2.00 2.14
19 IF 3.03 3.62 48 DG 1.85 1.97
20 VG2 2.96 2.72 49 PG 1.77 1.70
21 IG 2.92 2.79 50 LA% 3.51 3.31
22 GI» 2.92 2.42 51 KA 3.42 3.18
23 GM 2.85 2.66 52 RA% 3.34 3.22
24 GA* 2.70 2.60 53 YA 3.34 3.31
25 YG 2.70 2.60 54 AA 3.21 2.83
26 GLA 2.70 2.75 55 FR 3.04 3.18
27 AG 2.60 2.27 56 HLA 2.49 2.55
28 GH* 2.51 2.17 57 DA 2.42 2.53
29 GR 2.49 2.52 58 EA% 2.00 2.70

e ACH T .

67 Re=0936
5F RMSE = 0.259 :
| Qoo =0.854 .
a4 "o 4
1 -
0 1 2 3 4 5 6
pURILELER

Bl 1 ACE #HlKF3E HE 000 ELA B R R A
Correlation plot for the calculated and predicted activities of
ACE inhibitors

Fig.1
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J1, REHECK. RMSE /N WY 407 B2 )il 4 ;
AT SR UEAH I 2R BOF A8 560 AH 5% 28 20T A5 28 ) ot
BET. I 1 AT LLE Y, @SN ACE 0 JRAS 2 o)
AHE AU, 5 AN BE ) H A o ACE ) Ik 2 —
ALK QSAR BEFE IR, CATWFFU#E R AIA A
®FF(Z-scale, GRID, ISA-ECI %) M &iit J7iE(PLS.
SMR. MLR Z8)BEATREAHORHST,  E o &R sk 3 o,
XF LA AN B A OC R A8 IR AR OC FR H & 3 T IR
WRZERIN, AT (R R AP S T RE O AR T
HABAEA (BT R2 Qoo HEUIEIY RMSE fH, W% 3),
YOI R A7 ST BRI T SE R, T UL RO 24
PR IREAT € AR R IT .
#3 ACE Ml ZRki QSAR BN Lh

Table 3 Comparison among QSAR model for ACE inhibitory dipeptides

Fs HIRTT  BUNE B R? Q%o RMSE

1 Z-scalel*s! PLS 2 0.770 nd nd

2 GRID® PLS 1 0.744 nd 0.50
3 ISA-ECI128] PLS 2 0.700 nd nd

4 MS-WHIM2 PLS 3 0.657 0.541 nd

5 MS-WHIM2 PLS 3 0.708 0.637 0.54
6 MHDVE! PCR 19 0.878 0.753 0.35
7 MEEVT7 MLR 10 0.711 0.475 0.34
8 MEEVIT MLR 3 0.649 0.570 0.37
9 MEEVPI MLR 10 0.773 0.588 0.33
10 MEEV?<7] MLR 3 0.735 0.677 0.32
11 VSTVbell PLS 1 0.789 0.767 0.46
12 SSIA-AM1¥1  PLS 1 0.769 0.699 0.49
13 SSIA-PM3l PLS 4 0.789 0.773 0.47
14 SSIA-HFI PLS 2 0.797 0.760 0.46
15 SSIA-DFTI PLS 2 0.734 0.678 0.52
16 SZOTTR PLS 2 0.878 0.753 0.33
17 T-scalel?! PLS 2 0.845 0.786 0.39
18 VSW2 PLS 2 0.868 0.784 0.37
19 VSwiz PLSd 1 0.861 0.835 0.38

8

20 SVHEHS MLR 0.936 0.854 0.259

e nd. B WE; b.H SMR(stepwise multivariate regression)-MLR J7i%
FESLIOAE AL, ¢ B AT 47 AMEA: dRH T SMR k. FIF.

SBERHEYE AR B2 (P > 0.1) 5w &, ACE i1k
TR (y) BA AR A 5 (1) TR .

y =3.114 + 0.026Ss + 0.0455:: + 0.235S:5 — 0.261S:s +
0.37551 + 0.393S2: — 0.068S2: — 0.169S2 (1)

JHorhr, S1~Sus RIR N Uiy FEFR TR AL I PE T, Sia~
Se6 i C iR FEHIME T (— X N TF S1~Sis) o LI Hn
HEAGAR (9] U5 R B /N AT AT, ACE F IR s 4 =
BE Sis, Sy Sa RIEMK, 5 S B, JREN
J IS 52 C Aty Z SEFR AR L M T g, R B A T
Wk« B K B DA B S AR 5 R R s e, G e s K TR
TEPERI S O IE N, WA C i K PE & IR R AR I
FRE TGP s ST S RS E S m  RN, I
BN I 5T 45 2 AR AT

22 R TIKI E A RO RS

TRAE N — Rk K AZ, BB 1B AT WL Z 24
BTG . BEFCR I, R 5 7R 2 R Al
AL S ER— RAVR AR, ZdEHEA G EA
2 AR T 58 K. 48 AN IR K2 QSAR WFFT 5 Uk
FERTFA RE MG MAFEA . F SCHRFRE 1) 48 ANk ik
(K 4)F A Z IR, Xk KT QSAR W
o IR RN IERR T SVHEHS FiiR £ HEAT 5 i
W, Horh 24 ANKH T EBIAI(ER 4), X224 AR
UGS 24 4T 26 FIM S5 KRR AT BE, OB 1) 4t
SR Z e M Ra ST vk, i LOO-CV R B AR A
FOGETE S TGE Ty . Ho4x 24 AR R RL A 38 560 E
FH 7 () o R RS TR R AR BE AR, 3 P PR A
FTH AR 4 Fior . WEVE(E R 1g(1/1Cso) Rm o

R4 A8 NEWR KT R FE SR 5 T AE

Table 4 Sequences of 48 bitter dipeptides and observed and calculated

activities
75 Jik WA v | P9 B WEAE ASTHME
1 GV 1.13 1.50 25 ] 2.26 2.50
2 GL 1.68 1.66 26 P2 2.40 2.18
3 Gl 1.70 1.79 27 w 3.05 2.66
4 GP2 1.35 1.47 28 IN# 1.49 1.33
5 GF 1.80 1.82 29 ID 1.37 1.38
6 GwA 1.89 1.95 30 Q4 1.49 1.58
7 GY 1.77 1.62 31 IE 1.37 1.51
8 AV2 1.16 1.29 32 K2 1.65 1.55
9 AL 1.70 1.45 33 IS 1.49 1.41
10 AF2 1.72 1.61 34 T2 1.49 1.63
11 VG 1.19 0.91 35 PA 1.32 1.28
12 VA2 1.16 1.34 36 pLA 2.22 2.02
13 \"AY 1.71 1.92 37 Pl 2.33 2.15
14 A\ 2.00 2.08 38 py2 1.80 1.98
15 LG 1.72 1.2 39 PF 2.80 2.18
16 LA 1.72 1.63 40 FG» 1.77 1.81
17 LL 2.35 2.37 41 FL 2.87 2.98
18 LF2 2.75 2.53 42 Fp2 2.70 2.79
19 LW 3.40 2.67 43 FF 3.10 3.14
20 LY2 2.46 2.37 44 Fy» 3.13 2.94
21 IG 1.68 1.20 45 WE 1.56 2.68
22 1A% 1.68 1.63 46 ww2 3.60 3.83
23 [\ 2.05 2.21 47 YL 2.40 3.48
24 LA 2.26 2.37 48 SLA 1.49 1.54
W ACHT I,

4.0 1 Re=0.949
35 RMSE=0136
30 Qu.=0886
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Fig.2 Correlation plot for the calculated and predicted activities of
bitter dipeptides
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B2 mTA, R KT AR R2 R Q2ueo 4331
~h0.949 F10.886, RMSE 4 0.136, #MMIIEFIAH K R
$h 0.543, T LA HYEE ST 055 R R R R X B A B
Pt 100 FOL A R0 P9 T B8 T B A, H AR I O e ) A
1R,

#5 HERZIKH QSARBEMTLL
Table 5 Comparison among QSAR models for bitter dipeptides

75 HIR T @R ERAE R Q%0  RMSE
1 Z-scalelts! PLS 2 0.824 nd 0.26
2 GRIDE! PLS 1 nd 0.780 nd
3 ISA-ECIU! PLS 2 0.847 nd nd
4 MS-WHIM@ PLS 3 0.704 0.633 nd
5  MS-WHIM2 PLS 3 0.754 0710 0.32
6 MHDY7 PVR 10 0.919 0.864  0.18
7 MEE VeI MLR 10 0.711 0475  0.34
8 MEE\V®LLT MLR 3 0.649 0570  0.37
9 MEEV?b<lt7] MLR 10 0.773 0.588  0.33
10 MEEV MLR 3 0.735 0.677 0.32
11 SSIA-AM109 PLS 1 0.850 0.837 0.25
12 SSIA-PM3u PLS 4 0.888 0.829 0.22
13 SSIA-HFu! PLS 2 0.844 0798  0.25
14 SSIA-DFTI! PLS 2 0.856 0741 0.4
15 SZOTTI0 PLS 2 0.908 0.736  0.20
16 Vswiza PLS 2 0.868 0.696 0.24
17 Vswiza PLSd 2 0.873 0751  0.23
18 SVHEHS MLR 6 0.949 0.886  0.136

Pz 5 OV I SCHRRGE A LL A, &5 R WIsR 5
Fs e R LGS ANBE R A OC R B A8 B UEAH ¢ R 4L
R T7 R 22 RN, AT AR T A O Ge vk R AL
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