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Abstract; On the basis of the comparative molecular field analysis (CoMFA) method, we established three dimen-
sional quantitative relationships (3D-QSAR) between the molecular structures and their inhibitory effects on algae
activity (pl) of twenty chlorinated phenolic compounds. The predicting models were built using sixteen compounds
in the training set, and those were verified by using the test set of five compounds (containing template molecule).
The coefficients of the cross-validation (Q?) and non cross-validation (R*) for COMFA model were 0.915 and
0.963, respectively. The results showed that the stability of the model was strong and its predictability was good.
The contributions of the steric and electrostatic fields in the model were 48.4% and 51.6%, respectively. It shows
that the main factor to impact on p/ was the charge distributions of substituted groups, followed by hydrophobic
factor and steric hindrance of substituted groups.

Keywords: chlorinated phenolic compound; Dunaliella salina; inhibitory algae activity; comparative molecular

field analysis; three dimensional quantitative structure-activity relationship

E TR 451107 FE 58 1 S0 % T E 42 (2016028)
YEE BN HE HRA963-), T, 24 8z, W9 7 1 A A 385 , E-mail: tzq63 @163.com
* @ W 4E3& ( Corresponding author) , E-mail: fengcj@xzit.edu.cn



4 4

JB AR BURIEER LA P BTG PE ) CoMFA #Hi#1 193

BRI AL B R A L Tl R E B — 2
i ABRZHEA Bk, Hrh PR 55 4 R 21k
B0 5 IR BE O 4P Jm 4 A 0 S 45 il A BIL TS
W, 7 FIBAR A S W s s b O Se da il Y
AOEGRNY . R, ORI 2k A W A Y i
PEFOIN G RS AATROCHE . AF9E R, & 4540 -1 1
& & ( quantitative structure-activity relationship,
QSAR)* LT A & ¥y A= W) B My T 2 AR
BRSSP — A U, RS IR Rk
T EAF TS AR 2 A5 W0 RO TR B 5 X 8 4R
SRR A A S He MR BOT IR R AR B 2 Ak
BRI TR s B — WL ie"™ DLt e 5 2w
FARIAW H A A Py ) (a2 35 1 5 BE ST E™ LUBT
AR 48 R AR A IO SR I S A5 W R A Hh A A
[CERE (Dunaliella salina) {40 1 15 £ ; Serge 25! LA
AT BV T AP o e e, B
BT R 45 R (HAR R BR T 2D-QSAR if
5%, AXLL 3D-QSAR J7 ik g AR B 254k

AN T v A EC AR 4 B 53 P (p DY AR
IR SR B V) SOV 25 K PR 2 4R L R A
HEAERT 2 FHLEE,

1 ##E3KiE ( Data source)
20 AR B 20 A P R I A R TG
(96 h)FF2- B il e B L 1C,, " Ffn . % B Ak 2e
s H RS B R B TG R L A
pl =-1g(dCy) 9]
pI{ERIE T SCHR[15], SAORM IS 0+ 1 LA L5 1y
FepI B W2 1,

2 E#E 7% (Modeling method)

A3 3D-QSAR 73 #r S 37 CoMFA £ 71 4% i
HH Tripos 23 &l i UAS Sybylx2.1.1 43 F#= UL 5K A
S8, 1 F A B H A1 45 SYBYL , Sketch , Minimize |
Database-alignment Pk &2 CoMFA ) QSAR J7 ik %5,
A IS ER R 48 B SR S 1A

®1 SREBES FHEHSIEEE(p)

Table 1 The structures and inhibitory effect on algae activity (p/) of chlorinated phenolic compounds
No. SARFEB  Chlorinated phenolic compounds P, " pl,
1 2 Phenol -030 -0237
2 2-5 AW 2-Chlorophenol 031 -0.029
3 3-@W  3-Chlorophenol 049 0.562
4-54% 8  4-Chlorophenol 0.63 0.647
5 23-" 5Kl 23-Dichlorophenol 0.88 0917
6* 24-"4 KB 24-Dichlorophenol 1.14 0872
7 2,5- "4 2KE  2,5-Dichlorophenol 0.95 0.895
8 2,6- "5 AH  2,6-Dichlorophenol 025 0204
9% 34-" &AW 34-Dichlorophenol 135 1414
10 3,5- &7 3,5-Dichlorophenol 139 1491
11 234-=FKW 2,3 4-Trichlorophenol 1.65 1.655
12 235-=FA&M 2,3,5-Trichlorophenol 1.69 1.682
13* 23,6-=& KW 23,6-Trichlorophenol 0.58 0.898
14 24,6-=5FEB 24,6-Trichlorophenol 0.67 1014
15 24,5-=& M 2,4,5-Trichlorophenol 1.73 1.635
16 34,5-=4 %M 3.4,5-Trichlorophenol 2.15 2203
17 234,5-P0AH  2,3.4,5-Tetrachlorophenol 241 2437
18 234.6-PUEAE  2,3.4,6-Tetrachlorophenol 185 1881
19% 23.56-PAE  2,3.,5,6-Tetrachlorophenol 1.90 1923
20% A KW Pentachlorophenol 291 2.623

T R,

Note: * indicates test set.
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2.1 LEWREMZHE X FE

O3 TG PR G 0 1 2 S 57 A AX 3D-QSAR A
R SRR — RO TR
RELRE M S, i H Sybylx2. 1.1 4 iy
Sketch molecule B AEH 4 20 AR 25+
ROR) b = 4EZ5 4, 38 i Minimize ik L Tripos
7135, N Gasteiger-Huckel Hi iy, ¥ i K % AR IR %
(Max. Iterations) 5E A& 1 000, ¥ Gradient FFAK%]
0.005 ; £ 75 K Powell BE T 6 B ¥ 14 Wi S50BR FE B0
021 kJ-mol™ -nm™, LA 5¢ MU A A2 43 F
15 1204, IF LU AR e S| A I o T
A YA RS,

BEHLEERLIT T 6.9 13 (19 A1 20 S I 34 (Test
set), Horp 20 5 m it gy 1, AR 1 A e T iy
F 45T 16 D43 FAE R I ZR4E (Training set), 7R 7% 20
SRR 4> T, 7E CoMFA WFFEH, il B Al 4 1 &

BAaME L AYEEERY S, FHNERETA
G I & G 7k, BVORAIE BT A 43 B ) i — 2
P A8 0 6] A B 5 2 B A0 3 7 AR Ml 25 e/, R
SCUAHE R 0 A g 42 32 H Align data-
base BHL 5 XTI 2R B KR AT B AL ISk
EMSHEEMTOHLENS B SE 1A, i)
TUAEE),

2.2 CoMFA FAI ) HENy

PN & & 808 5 8257 CoMFA Fi8 R
H Tripos A J1 35, % & & 43+ J8 Bl A4~ A L
M ST AR (steric, St) M EHE ) (electrostatic, E) T LT
W e A (Cut off {H) M 125.5 kJ-mol™, HA
TSH R RGN . TEHEA T I e/ N 3fe i (par-
tial least squares, PLS) AT/ H) , B 5k FHiZ — 5
Bk (leave-one-out, LOO) T LA 28 L HIE, PAFR2E X
WUERH(Q) PR A WM BU(N) . BILLGE TG b
Q M AR BN BE )7, P >0.5 MBIAY A4 HA
95% AT BERY BT S ML A E I T BEME /N T 5%
Fh R A YR (m) S 7 R RU(N) Z R
REFEARLL” LSV RO, Sy XU .

Sv = m/N @)

HAEWE Sv=5 M8, A nl e BA %1 &
SC RR Pk R A AR AR ME R REAR H I A R A
TEHERT LA 43 Hr , 45 203 38 CRHIE A REU(RY) 5t
WP, )5k View CoMFA #ile | DL = 4
SR EDUL I i ST AR I AR L 3 X5 AE B ) pI B BT
fik , 2 L 5E K 3D-QSAR A

3 ZR 5178 (Results and discussion)
3.1 CoMFA 1 3D-QSAR #i7

YIZRFER) CoMFA BN frid (1) 38 LI IR
B @ =091550.5, LA KA E MBI N=2, Sv =
m/N=8>5 3% R IR ELA AR b 1) 0000 g ) 5 A ik
P£.Q2) AEACUEGUEHR 5> : R =0.963>0.8 , B/~ K 474Ul
A TE 95% KT, IR 4 CoMFA BRI F
I FHEA F,05(2,13)=3.88 , ZARAI) F=169.137 it
KT 3.88, LEABIAI Y AR i 5 [ AR s % VM G, H
HEirtaErt, M4 R 3D-QSAR H5: KU Xt
DR A H 43110 pT B4 0, LA KG: 56 H: 36 00
MRRAER pl TRINAE W55 1, 540 B SE Il LA )
A R S B R AP TINEE S, Ak K&
1 A S5 -5 PR DG IR .

pl,,= 1.003pI,- 0.006 3)

AL R =0.958, 5YIZEEM R =0.963 IF
WA, R4 CoMFA #5571 iy fa fit vk 5 B4
(1% T B
3.2 CoMFA %53 &]

2 45 0T DAUINZR AR i 098 3% M e v 14 43 1
20 AR K CoMFA #5754 it = 4k S5 34 & | 43+ J& 1]
AR B R HtR R 26 S 2846 A 0 04 7 R U
SLM ST AR AR L I TR e, B 2(a)
AT 1) ST AR FH 43 A T G v 8 3R 7R TE 322 X8
B RBURIEIABUR B T4 S Ak 5 o e s e | 2
0 DX IR Bl /N ST A BH AT 2 i I sE e L (AR
B A — /N (6 ISR R IR 3 4 (2 18]
LBk e A 55 5 mT LA 2200 LS 0 35 36 R s,
SEARI RS (R A3 A 0] AL, TE ARSI 3.4 A S 1 3 A4S
P I ARTAE RS, A B TS B e &
FE AR A0AE 6 A = SBU R I Y R S S
b 16 SALE Y (3,4,5- = AR W) BY 40 3 1% TE &
K,pl =215, XUTE 3 A PUSER R B 1 [R5 5
17 S-S 1(2,3,4,5- DU 528 1) 19 30 9500 P
K ,pl =241, HRX2 A3 .4 F50H3
AN B I R P R A

&1 2(b) R A A Ja BBl 0 e i 37 2 A, (A 3R0R
FETZIX 38388 K A I W P R 10 & 0 1 1 4R
1R SRANA — /N HRE 8 DO AE R IR 1.2 37 22 [R],
AT DL Z W SLXT A s PR s, 21 A X IR R T I A
A B F s A SE DL A s A A, i g A
()43 A AT FEREAS PR IR 3 4 A S 19 3 AN E L
AR 21 40 X B o, DL AE X SE 7 B BB A
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HLPESRE I, A Bl T R e SR DS Al S W G 0 i
PRI, e =SB, 16 516 & P B0 s il 1 i K
AP 17 SALE i s is i ok, o8
X2 AT 3.4 F15 B 3 AMLE A TR R
IR TAFAE

1 JIHENES

Fig. 1 3D view of all the aligned molecules in training set

(@) (b)

E2 &S FHHSH( CoMFA) R ETE
(k7 (0)# Y.
Fig. 2 The comparative molecular field analysis (CoMFA)
contour maps

Note: (a) steric field; (b) electrostatic field.

YRR 3D-QSAR FELRI L 1 37 {37 il
%t pI B BRIk 91k 48 4% F1 51.6% , B AR
FARS S F B ST —Mont i 23 (814 FHLK 5
IKAVEFE el 3 2o U A, SCaik[15]
HRIE - A AR AL B Wy 0 A TG R 3 77 A FE e A Bk
IR, — b A g A A A AR DY I
SAA W s K PE EA DG ; 02k G Wik A4 N
VE by ¥ 725 5 AR o VR 2 AR 5 A AR 9 i b
AVER, B, R BB CLilk £ g K
B A BB, (T =4 DUSR B 1 R 20 S
&, Z BT LA 16 17 S PEaRsm , Je R R HA R 43 24
Rp s 7 BE, TR ERRAK, SEAAIMG , By
RSN B, 3 4 A0S 7 A B E i A SR
T SRR BN S 55 SR (A 6 4 k45 T i
MIBCEEE . F AT UL, AR SO 9% 45 51 5 S0k [15]

GEBI N —E, 5 CRR15] A, A SCEA 2 S
B — IR LA W o 20 B Y R RS 4 T K
A 56, 10 5 GUE T B kb 407 B B As [ BHAT 6
HEA AN P ECEEAE T, BR T I F2 3 5 AR Y i &
HrAN A5 3 4 A0S 7 b A 6 3k U T S AR
R TiE 57 B 55 S B VAR O

25 FFR . (1)R 1] CoMFA 77 5B 5% 8 A% 28 1
AL AT Ak E o 5 00 M ) = 4 e A EOG
2 AGEEE 0] (5 B R AR TN Y 3D-QSAR FEAL,
N =2,5v=8,Q°= 0915,R = 0963, F=169.137,

Q)T HE CoMFA A5 = 2 2530 R 50 U b i B 17
YNGREE ST FIDBETE TE A 25 57, FERIMAE A IR 3 |
4 15 A bR A ACRRBK I B i SR ST, R
T TR
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