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Abstract: According to the principles of development and validation for quantitative structure-activity relationship
(QSAR) proposed by Organization for Economic Cooperation and Development (OECD), a QSAR model of
bioconcentration factors in fish was built. 780 organic compounds were randomly divided into training set (624
compounds) and validation set (156 compounds) at a ratio of 4:1. The method that developed the model with 12
molecular descriptors was multiple linear regressions (MLR). The adjusted coefficient of determination (dej), the
leave-one-out cross validated coefficient () and external explained variance (Q},;) was 0.809, 0.803 and 0.732,
respectively. It is indicated that the model had satisfied goodness-of-fit, robustness and predictive ability. The appli-

cation domain of the model was characterized by the Euclidean distance, outliers were analyzed by Williams and
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mechanism was interpreted subsequently. The obtained model was able to predict the BCF of organic chemicals

within the application domain.

Keywords: organic chemicals; bioconcentration factor; QSAR
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1 # #1575 % (Materials and methods)
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WA, T A AT S IR TF 3 480 4,
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2 Z55 (Results)
2.1 QSAR R e 254

logBCF=2.137+0.061* MLOGP2+0.034* FO2[C-
Cl1]-0.312* nROH-1.282* P-117+0.323* Mor25m-0.052
* N% +0.080 * X4v-0.289 * 0-058-1.137 * LLS _

01-1387* H4v+0.071* SM12_AEA(dm)-0.269* O-057
Dygining = 624, m =12, R* =0.812, R, =0.809, Q;,
=0.803, Qj00r =0.795 ,RMSE, ... =0.612, P<0.001,
1 iguion = 156 , Rixr =0.738 | Qiyr =0.732, RMSE
=0.736 , K =0397 , K, =0.358
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Z5RBIR, Ry Qoo RMSE, . 735174 0.809
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HFN LR E A C R AN 1 B
2.2 AR R TE

N FAERERL N P, A58 R T RO L B R
BRI 2 BRI GREE LA PIRRAE 0] = E)
L S5RE A 1) A Y RROL B B R VE RO 0.192
~1.438 , PR IREAE ) 42 WL B P IR 25 N K T 1.438
A Y3 T AR
2.3 BB ST

BT Bk 2 X6 KL AT(EL A JB8 B 2 30 R N 181 3 s
b EWIIRRUETR 225 1E(-3,43) LIS A 0 2 & 1
MOBEHSGERWEE 1 iR, (&Y leverage (H
R b* B (B =3 (m+1) ), N ZILE
W) 48 25 e A TR ) BT U 3502 leverage R T 7K
fH(h* )AL A ) AR HETR 22 AT 35 75 (-3, +3) LA, Ui
WIARALEA — & W IEJRPE, ARG le-
verage {HyE I~ 0.0031 ~0.4532, 5L leverage {H T
0.0031 ~0.4532 B N k& Wik FH T AR,

validation

3 132 ( Discussion)
3.1 BRSSP R

BERY i IR AT S A R AT & L R 5 VIF
fHANFE 2 Frs , ATRIARE AL 7 IR AT, o 52
FEAFIRFF 2D XA ST 3D-MoRSE #iiffiF |



42

B F B4 A WU AR ) AR TR T R S5-I PG R A 217

® JJl|Z54E Training set
© WFAE Validation set o e

TICAE
Predicted values

o A

)
w
I
o
N

Experimental values

1 logBCF il 5B & E
Fig. 1 Fitting figure for predicted and measured
values of logBCF
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Fig. 2 Model applicability domain based on the

Euclidean distance approach
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Table 1 The outliers information of the QSAR model
FrifEgk 22
g/ EA S .
Standardized
Compound name
residuals
AT (Acrolein) 321
98 F 145 (Flumequine) 3.66
YL 702(4,4' -Methylenebis 100
(2,6-di-tertbutylphenol)) '
FH 3 K F R (Imazapic) -361
J\& AL Z5(Octachloronaphthalene) -3.86

T T T T T T
ol 10,0625 OYIIZ4E Training set
3 o K5HIF4E Validation set
=] Fo , 0°
w gl 20050
el o
&8 0 ® o 1
BE ] § °
2 o
A 2 . 1
=34
(e}
41 o )
0.0 0.1 02 03 04 05
FLFFHE

Leveraged values

B3 R EIALTE R B BR IS T E

Fig. 3 Standard residuals versus leverage values of Williams
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M S A RER AT | T 0 4 1 oA A K Ak A 9 A
K5, . P-117 AR FH “X3-P=X" 4,
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“OH” W45 ¥ 15 B, “OH” Z5 M A Rt i T Ak 24 i
A SEMKYE . J3A B b BT R A Y O 22
TERK 7 (VIF)Y/N T 3, 3 48 &5 PR AR o 2] R 1)
M My () KA CHE L Ky KT AR M, 1
K A5 K, #h R AR Z AR 1 £
AL,



218 EOR OF M Oo¥ R Fl145

R2 HTHRARENSHEZEBKRATF

Table 2 The meaning of molecule descriptors and values of variance inflation factor

FIRAT EPd Bz i Z WK T
Descriptor Meaning Block VIF
JEE IR WK S5 e R AT O FEASRAF
MLOGP2 25
Squared Moriguchi octanol-water partition coeffient Basic descriptor
JEFXF C-Cl IR RS Sy 2 B B A3 5 2D JiF XA
F02[C-CI] ) ) 1.8
Frequency of C-Cl at topological distance 2 2D atom pairs
PRI EL FEAHRAF
nROH 13
Number of hydroxyl groups Basic descriptor
o117 JEF it B X3-P=X FEAHRTF -
Atom-centred fragments X3-P=X Basic descriptor
155 25/t A I R K 3D-MoRSE filiift 4
Mor25m 12
Signal 25/weighted by mass 3D-MoRSE descriptor
N EF R E 3L FEARRAT
N% 15
Percentage of N atoms Basic descriptor
VU 3 AR 2 HEARTERREL
X4v 20
Valence connectivity index of order 4 Connectivity indices
JErrhe R B =0 FARRTT
0-058 1.8
Atom-centred fragments =O Basic descriptor
KTEEL REARTEE
LLS 01 2.6
- Drug-like indices Basic index
w SUMBGEAEAR RTINS 4 19 B A K GETAWAY #3845 )g
\ .
H autocorrelation of lag 4/weighted by van der Waals volume GETAWAY descriptor
HETT I SR ABEAE R Y 12 B B OmAL A SE) )
) IR B
SM12 AEA(dm) Spectral moment of order 12 from augmented edge adjacency 30

. . . Boundary adjacency index
matrix weighted by dipole moment

0.057 W MHIEHRIET ) OH FEA IR AT 13
Phenol/enol/carboxyl OH Basic descriptor ’

%3 BCF B QSAR FiE#ER
Table 3 Local QSAR models of BCF

XA R

LaED ThIRATE THIRFT Correlati e WIRES N3 275 3CHik
orrelation
Number of compound” ~ Number Descriptor Method Application domain Reference
coefficient R*?
FEETHRANEY Or TR R FEPIRIE N X
o . eIl x
Nonionic 13 Molecular connectivity index and 0.810 i i (2000)13)
Nonlinear regression No
239 group correction factor
FE A LTS T )
) ) H 7 P S AR o A ek e &
Persistent organic pollutants 7 L 0.808/0.771 . (2007)B%
Electronegativity distance vector Prediction variable selection No
200/36
EHFRAHED AR AT P fee /N —5fe A
o 6 ) ) 0.868/0.755 i (2009)B"
Nonionic 122/70 Quantum chemical descriptors Partial least squares Yes
RALEANEY E-RZH64L logP Z et mI J
16 0.80/0.88 o ) (2009)11
Pesticide 93/16 E-state index, logP Multiple linear regression No
EmEA LAY H B M B B AR T A e x '
5 0.937/0.902 (2010)2

Nonpolar 85/29 Electronegativity distance vector Prediction variable selection No
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2i3R3
, N HXRE RY "
asig TR FTEL S BuYs Correlai HBTT B o7 JH 488 S 3CHR
orrelation
Number of compound" Number Descriptor Method Application domain Reference
coefficient R*?
ZRPFELEANY E-RATEE M EEL P fee /N —3f¢ 7t
i : ) 0.923/0.968 ] (2012)"1
Polychlorinated biphenyls 47/10 E-state index, topological index Partial least squares No
ERAWEE IR A 7] Z e mI A
DRAGON 0.877/0.776 (2013)[*21
Halogenated 299/75 Multiple linear regression Yes
1) A IR RAIESE 2) AHCRE R ISR RR/RIESE R,
Note: 1) Number of compounds: training set/validation set; 2) Correlation coefficient R: training set R?/validation set R”.
#4 BCF ij QSAR i@ A#&E
Table 4 The universal QSAR models of BCF
% o AR R » Iof FH 4
ULyl TR AT EL R AT ) Ry o Z:7% 3CHik
. Correlation Application
Number of compound”  Number Descriptor Method ) Reference
coefficient R*? domain
I S N
290/315 5 DRAGON 0.730.72 Genetic algorithm variable v (2007)1
es
subset selection strategy
log P, max(Ea), N T AH 28 ) 4% B
376/124/142 0.765/0.774/0.739 o (2010)™
Topology Artificial neural network Yes
0.751/0.616/ RAEZTTLIEM A f
310/156/161 5 VC-logS etc. ) o ) (2013)®
0464 Optimal multiple linear regression Yes
Z eI A BT
624/156 12 DRAGON 0.809/0.738 . . . .
Multiple linear regression Yes This study

E 1) ALE YA EC IR AR AN ;2) MOCRE R NRAE R /AL RPN R,

Note: 1) Number of compounds: training set/validation set/test set; 2) Correlation coefficient R?: training set R*/validation set R*/test set R*.

3.2 FRAVLHEEL

FEI AN ET 125 BCF Y QSAR & JEFAHJE A
HIR3E T log Koy, AP 0E L K R 5T 7 BE 4
P Oy TR A R NRAS R Bt
FEEG R P T2 R AR S S 80 B0
B, ARPERAIYI AL A YA AN, .25 BCF 1Y
QSAR AVA] 43 RS | Jry el R i RS

SRy BB 2R I A A B R ) 22 ATl e —
SEFIRIAL A, X ARV R X P | (E R S
JRBR, sk 3 Frs

S R P e Rl B2 R S R NE e g 7/ L (e
N IR FE Y QSAR 5 AL, 3 4 FI| M T AR A
1 Papa /L1 5 4~ DRAGON iR 75,605 MLAH)
B 38 2o 35 L B kAR T AR R £E (GA-VSS) #E 5T
T QSAR #7 | Dearden %57 D31 Mg $OfN I 3 B/
KA L FR AL 7 SRR AT, A T M 2%
(ANN)ZES. T8 642 MEA Y QSAR £, Pi-

ira %™ 2L VCC-logS % 5 il if £ o fie {4 2 o2k
PEEIH(BMLR) J5 ¥, #57 TH & 627 MEAWn
QSAR #i# | {H H Fiy 244 FHBR i 1 5 RE 8
(RErT=

FH LLE AT AT AR A 90 i+ A 152 28 0 55 1L &
548 %, HAARIE S, W e OECD X F
QSAR UM R . UG Fafd e | T e
IR SO | REREAE TN A LA 5 AR &
L F1 QSAR BERY | 1] b 2% i PR 58 LB Ak
S,

BIAEE BT A0 £ 45 (1989-), %, TA)F, £ RN F L%
TRBLR a4 5 ABAT A
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