)
E13507% 75 T B2

, 5515 4% 455 W) 2020 4F 10
Eco-Environmental . .
Knowledge Web Asian Journal of Ecotoxicology Vol. 13, No.5 Oct. 2020

DOI:10.7524/AJE.1673-5897.20191017002

JE A SR, A ST R RTRUE DU B S PR A CoMFA BUAIT]. A AT 324 42,2020, 15(5): 327-332

Tang Z Q, Feng C J. CoMFA model for acute toxicity of nitroaromatic compounds to Tetrahymena pyriformis [J]. Asian Journal of Ecotoxicology, 2020,
15(5): 327-332 (in Chinese)

HEFEXHELERSESER CoMFA #E
ERag?, BREY

NI RERM ¥ TR SR, %N 221018
2. MR B, 4R 0 221151
%5 HEA . 2019-10-17 FHBH:2019-11-04

FEE . BISE 45 P EEDS FRXT RUE DU R e SoPEFE R 00 2 B0 AR B2 57X (pICs, )Y = 4- 78 B A RLOC R (3D-QSAR), 4
T L5y T 13553 T (CoMFA) 7 i 7 I 4542 1Y 3D-QSAR #EAY A E R EU(RY )N 0932, 38 LRHIE R E(Q )N 0.738 , WA
RUEA RAFMAHSCE e MBI AR ) . AR (S AR AR L3 X pIC, (H I BTRRRAR KN 39.0% F161.0% , 3T CoM-
FA 55 3878 T 2.3 0 b5 67 v IR 52 I i 2 07 S W BT DU sl 2 MR g M ) R R 3R

SRR AT RO MU L 2R LB T b = 4 e i RUE R

MEHS: 1673-5897(2020)5-327-06 RESES: X1715 XEARIRAEG: A

CoMFA Model for Acute Toxicity of Nitroaromatic Compounds to Tetra-
hymena pyriformis

Tang Zigiang'?, Feng Changjun"”

1. School of Material and Chemical Engineering, Xuzhou University of Technology, Xuzhou 221018, China
2. Xuzhou Technical Institute, Xuzhou 221151, China

Received 17 October 2019 accepted 4 November 2019

Abstract: Three-dimensional (3D) quantitative structure-activity relationships (QSAR) of acute toxicity (indicating
by the negative logarithm of median growth-inhibition concentration (pIC,)) of 45 nitroaromatic compounds to Tetra-
hymena pyriformis were studied in this paper. The 3D-QSAR model of training set is established based on compara-
tive molecular force field analysis (COMFA), and its judgment coefficient (R*) and cross-validation coefficient (Q")
are 0932 and 0.738, which shows that the model has good correlation, stability and prediction ability. In this model,
the contributions of the steric and electrostatic fields to the pICs, value were 39.0% and 61.0%, respectively. Based
on the CoMFA equipotential diagram, it was revealed that the negative groups bonded at the 2 and 3 positions were
the main factors affecting the acute toxicity of nitroaromatic hydrocarbons to Tetrahymena pyriformis.

Keywords : nitroaromatic compound; Tetrahymena pyriformis, acute toxicity; comparative molecular field analysis;

three dimensional quantitative structure-activity relationship
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o3 B R4 2 D W o BRAR M T R AR R i
AT R AR R B ER ROV R N B, R, 4544 5
P Z BLEA NFER R, DB BT DARIE,
SRIE W B2 45 #4136 4 AH OC ¢ 2R (quantitative struc-
ture-activity relationship, QSAR), 4 451112 Wi b i
a1 RAFAY QSAR AL W] A ML YL ) A BE BRI DE
fhERHES A5 B, LAREAR 53 53 1 I3k 28 1 A 20 3
Pt

HHES RF ISt R B 2 HAE e,
MELAREfR R e s s gy, PRIl X 2RI a W — H 4
R A SO R DY e O 36 IR PR R AR AP ey A [
A S IRBERAP I AL 5 e A4 5, i
WIS Ak B E Wt | 1 35 28 S0 M =
== AEUOUR i AR 7 5 A L D e X AL U R
(Tetrahymena pyriformis)f P57 M (DL 2 504 K4
] J3E 1) 67 B (pICq ) A ) ; ) 57 A5 T RN B
SRR T N TR R I 28 7 vk 45 45 B 205 ke xt
ROV DU S EE MY R 45 QSAR AL, 4 L AE"

DU SR T T 36 R 5L 05 0 ALY U ik 2
PEREPERY N T2 P 2558 ; Liao 45 DL =242 B
Ji - B AE F 2% & 3 1) (three-dimensional holograph-
ic vector of atomic interaction field, 3D-HoVAIF)J7 %
HENE T B 45 Bl R DT R0 AU I 5 e S M R
f) QSAR ARl JXLEMTSE L QSAR Y —4ET5 1%,
HLBH = 4 BEH 2806 22 (3D-QSAR) J5 iE 1
WBA W S T e Ry 73z 0 B3 53 7 J1 39 43 A i
(comparative molecular force field analysis, CoMFA),
I, 235 L CoMFA Jr iy 1 45 Fhig 55 ket
BT DU S b B pIC, H" Y 3D-QSAR A,
ASB 7 iF 25 55 K o Jol LS A4 37 R o 3 0 A1
AVEFEERY R PR AR YRR A 20 TP

1 ##EKIE ( Data source)

45 P 5L 5 R X ALY I B Y 2otk B, DA
IC,, 3R, SCHR[14145 L pICy, . fHEETY 200 1Y
FLRSER I pICy, HINFE 1 PR,

*1 WEFRMNHFEMEIMSM pIC, &
Table 1 The molecular structures and pICs, value of acute toxicity of nitroaromatic compounds

K TR G

No. Nitroaromatic compounds PICsocxy " PICsoea. APICs)
01 i H5E Nitrobenzene 0.14 0.07 0.07
02* 4-H ZLRS L 4-Methylnitrobenzene 0.17 0.51 -034
03 3-FRAHHEAE 3-Fluoronitrobenzene 020 046 -026
04 2-F ALK 2-Fluoronitrobenzene 023 0.60 -037
05 4-5R i %EZE 4-Fluoronitrobenzene 025 029 -0.04
06 2.6-FF A FELIR 2,6-Dimethylnitroben 030 040 -0.10
07%* 4-TRAHFIE 4-Bromonitrobenzene 038 0.54 -0.16
08 4-Z FEREFHEIR 4-Ethylnitrobenzene 043 043 0.00
09 4 i %7K 4-Chloronitrobenzene 043 048 -0.05
10 2 3-F HAHHEEIK 2 3-Dimethylnitrobenzene 0.56 0.52 0.04
11 2.4-H IEREHETE 3 4-Dimethylnitrobenzene 0.59 0.55 0.04
12% 2-F A H7K 2-Chloronitrobenzene 0.68 0.61 0.07
13 3G -2-H Bl HETL 3-Chloro-2-methylnitrobenzene 0.68 0.65 0.03
14 3-5-4-FAHFETR 3-Chloro-4-fluoronitrobenzene 0.80 0.90 -0.10
15 5-F-2-H HAEHIR 5-Chloro-2-methylitrobenzene 0.82 0.72 0.10
16 3-& i3 3-Chloronitrobenzene 0.84 0.68 0.16
17* 2-RfilEEPK 2-Bromonitrobenzene 0.86 0.60 026
18 2.4,6-=H HA4FEA 2 4,6-Trimethylnitrobenzene 0.86 093 -0.07
19 6-F1 3E-1,3- A5 FE2K 6-Methyl-1,3-dinitrobenzene 0.87 128 -041
20 1,3-_fi§F& 7K 1,3-Dinitrobenzene 0.89 1.07 -0.18
21 2 A4- & MFEZE 2 4-Dichloronitrobenzene 099 1.05 -0.06
22% 23- & m3EIK 2,3 -Dichloronitrobenzene 1.07 1.16 -0.09
23 2,5- A AL 2,5-Dichloronitrobenzene 1.13 1.01 0.12
24 3,5- " FAMH#A 3,5-Dichloronitrobenzene 1.13 122 -0.09
25 3 4-"&MFEZE 3 4-Dichloronitrobenzene 1.16 1.10 0.06
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ri: Nitr:ifmjztfjli;jfunds pICSOSXp- e PICspcar, APICso)
26 3-IRAHHEZE 3-Bromonitrobenzene 122 0.77 045

27%* 1,2-—fifFE7K 1,2-Dinitrobenzene 125 140 -0.15
28 1.4-"fi3LA 1 4-Dinitrobenzene 130 124 0.06
29 2.,5- " RAHFIE 2,5-Dibromonitrobenzene 137 097 040
30 2.4,6- =5 HHFIK 2.4,6-Trichloronitrobenzene 143 1.39 0.04
31 23,5,6-=5FHFEIK 2,3,5,6-Tetrachloronitrobenzene 147 1.69 -022

32% 23 4- =& MK 2,3 4-Trichloronitrobenzene 151 161 -0.10
33 2.4.5-=F MK 2.4,5-Trichloronitrobenzene 1.53 147 0.06
34 1-3-24- "R FEE 2 4-Dinitrofluorobenzene 171 1.70 0.01
35 23.4,5-PUGAS I 2.3 4,5-Tetrachloronitrobenzene 1.78 202 -024
36 2.3,4.6-DUEASHIE 2,3 4,6-Tetrafluoronitrobenzene 187 181 0.06

37% 23 A- =AY HA 2.3 4-Trifluoronitrobenzene 1.89 130 059
38 45 1,3-fi§ 57K 4-Chloro-1,3-dinitrobenzene 198 159 039
39 2,5-Z 9 -2.4-_H4 A 1,5-Difluoro-2,4-dinitrobenzene 2.03 201 0.02
40 2.4,6-=5-13-"flFEIE 2.4,6-Trichloro-1,3-dinitrobenzene 2.19 2.08 0.11
41 12-25-4,5- 4% 1 2-Dichloro-4,5-dinitrobenzene 221 242 -021
42% 4-71-13-"f8FEIE 4-Bromo-1,3-dinitrobenzene 231 1.54 0.77
43 3,5-"&-12-" 43 3,5-Dichloro-1,2-dinitrobenzene 242 240 0.02
44 TLHAHFEFE Pentafluoronitrobenzene 243 237 0.06
45 23.,5.6-DU5-1,4-"fl %K, 2,3,5,6-Tetrachloro-1,4-dinitrobenzene ~ 2.74 2.66 0.08

TE: pICsg AR AN R B Y SO KU 5 exp FR I AE, cal ZOR T * b thiX A 20 7

Note: pICy, is the negative logarithmic value of half growth inhibition concentration; Exp. indicates the experimental value and cal. indicates the calculat-

ed value; * indicates test set molecules.

2  E#& 7% (Modeling method)

fili 1] Tripos 23 ) 5 B ALAS Sybylx2.1.1 73 T4
PR TE B 45 P 58057 J2 1 % BT D i L 2k
FEERY) 3D-QSAR J 4T Ko 37, CoMFA A
2.1 LEWIREEMZ I E L&

— R o A B AR RE A G A AR i
%, el Sybylx2.1.1 B4 ) Sketch Mole-
cule B 45 ASAY EL 05 12 o0 F U BRI = 42
[ 2544 , 4R 5 3 Minimize £, EHL Tripos 1147,
B Gasteiger-Huckel Hifaf , LA HEAT FIr 47 231 #9 73
T2, AR BUH N B AR RE A 52, JF DA A
Mo TR ENEWEEES,

45 DR IR P MR R ST B G
501 B BERCAY T 2.7 12,17 .22 .27 32 37 .42 FlI
45 SFiRAE (test set), Hirt,45 5 MBI T R T
36 3 FAE R I 25 4E (training set), IR 45 S A
53F. 1E CoMFA WF5E i, Frig ik 7 + & 48 Sk
YNSRI T o R R T A T 2R I
TRESE T, WRUEFTA 501U i — 8ok fif
53 [RIAH B E A i 22 5/, DAXERYE I

JIEE U 2B pICs, [ER KM 2,3.,4,5-PUSHAH JE A
TR IL 3R i H Align Database 15 2R 4351
XNGERMIAE T UES . IAENES
EInE 1 psBAE &G B 5K AR, 8L
B, 1 AT, AR IR R AR E Y,
B RFNEGHER,
2.2 CoMFA HLAUfy 5T

K H Tripos A5 J15 , XTIl 248 TN 5 1) &
G JE B A AR 55 L 14 3744 37 (steric, St) Fl
i, 3 (electrostatic, E1) 37 GE(ESEAT T8, >R H f B¢
/N3 ¥ (partial least squares, PLS) 5 & #F 17 4
FEUS1 g — B % — B B ¥ (leave-one-out,
LOO) T LA 28 X BiiE, B LA pICy, A K AE 4, g
S F AR A 1558 I UE R A Q) e A
BN, DL Q@ B (Y F ek 5 Wi ae T, @ >
0.5 MAEAL A HA 95% Mnl {5 B2 & pL & AH ¢
MRt <5% o BRI A4k & P08 (m) 5 728 S 2 (HD
BAEEE) Z WA HEAZ L (Sv), HAW L Sy
=5 WAL A A A] BE B A geit 2 L H SR
P2 88 20 AR SUIRAIE Y [T 438, A5 2] 3E
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A& SURAIF A E FRBUR) AT FRIER 22(S, ) RSt Jr
ZH(F, —BIAK, HIE RZE(R)>0.80 BT FE RS
Y, A R LA a8 P & JE R View
CoMFA b | DL = 4 4 44 (51 B0 S e+ 57 44 37 F
XL &Y pICy, B TBTRK

3 R 511t (Results and discussion)
3.1 CoMFA 1 3D-QSAR &7

YIZREEN CoMFA BLHY . 38 LI UEFE /3 @ =
0.738>0.5, N=5,Sv=m/N=7.2>5 , W R 54 1R
S A T 8 7 AR AEEPE ; AR A2 I IE R 3 b R =
0932>0.8, R 2Bt S 6e 2 ) B A R 4 AH ¢
PETE 95% B EMAKTE T IR CoMFA FEHL
Flfi Al K F, . (5,30)=2.53, WM& 1 F 4K
8240, /&Il FHE 2.53 19 32 fif =z £, T B T gAY
HUIMISE, AL S, k0201, UK 2Z(HAS
=pICqy,.i—PICs i =2.74-0.14 =2.60) ) 7.7% , <
10% , ULFHASAEAE B9 5 050 I I 25 A A A 250 o)
DR ALt 43 F 14 pIC,, HEAT 0, DAAS: 46 H: 3 0 i
1o MHREE R pIC,, FUMIME QR 1 vz, 55 A0 N 52
ISRV G T340 220 0.28 , BRI
S HA B TN R
3.2 CoMFA %34 K]

& 2(a) NN ZREE L) pIC,, Fem T 45 50
R A CoMFA A5 (it = 24 57 R A i A A 1], o

@

a0 X IR R I KRB IR R TR S L &
SR, TN ST AR B R T R
PR, LR R 2 8] 4 A il AL FERS Y 2.3
A6 (iR 3 A gl ARFUA RS, A Ak &
IRy pICy, FHi . BN, ZERS LR 2 3 F1 6 Ay 3 4~
frE b BRSPS pIC, & TR
AR, 23717 SR T 12 5,26 558 T 16 5,29
ST 23 5, MT I, 2) ok B X
B, 3% AT RE R 7R B L 10 i A B 5 ) AR AR L
BT U 5 Hh A P A s 2 A 1) 2 BN AN A A 45 ]
fRH

1 JIGEH=4EEAE
Fig. 1 The three dimensional view of all the aligned

molecules in training set

2 CoMFA R KIS (a) SFEFEIA (D) EHE
{E: CoMFA 3R B 1 H18 50t
Fig.2 CoMFA contour maps for (a) steric field and (b) electrostatic field

Note: CoMFA stands for comparative molecular force field analysis.



545 4

JE SRR R HE T IR X B DU I R 2ot B (Y CoMFA 331

&l 2(b)A 45 553 JE Bl i e 35 o3 A 181
DX 3 A 1 R AT T P A R T A G T I A R
ZLA DX BRI F R 5 | T B FAL AT 1) 5 AT X3 PR AR
FH #5371 25 1) G A1 AT R (O — B 0 DX T i
FEfy 2 3 00, HAE AR 2 3 7 EAYBRIR T 20 (X
WAL RPN 2 .3 7 2 18] LA K 3G 3 v
() 2 AL IR AR B INTERS R
2 38 2 AN E b S M R s A IS B
A G 2 PERETE pIC, A5 T (1 HL P 5 59 ) B
R/, 3134 58T 21 5 37 ST 32 5,

YIRS AR AR L 3 X pIC,, (E 1Y BT
HRFAR IR 39.0% 1 61.0% , 7 BH i L 3700 T 374K
Y, Hop ity E2O0 R R MR
o PRI L% A i B B (—F —CD &, 2R 35 1
AE HLfar S 3, B i TR DU s e A N il R 1 T A
AWK 1 ) R SR A (ANl A 67 FEL A 1) 20 2
2 RN 2 LA ), AT 52 e BT IO S | (%) T R A= B )
e, FECEY TR, JAh, ORI LR s B ]
PR &R B IR R B X Tk, —
23 (A BHANGE K AE T, Her ) B IRABR R AR
Gy K A RRR | R VAR - i A4 e A T
PR s = EN D RS TS
VI = OB R v () AR AL R IA e
TR (AQy) A TR AR = LB RE, TR,
ARG G ZHA L,

25 bR AT AE SRR

(1)ZET CoMFA J7 kb5 it 3 75 I %o AL DU s
W2 pIC,, HAY =4EE RIRBOCHR . N=5,Sv
=72,Q*=0.738 ,R*=0.932, F=82 .40, ./~ K If- A A
Kotk B AT BE

Q)T CoMFA A5 1 (1) = o S5 A0 e - i e R
TR D R X AT U R R 2Pk B M pIC,, (YR
Wi, B TR BRI 2 30 b S AR B A K G 17
H FE P (A1—F . —C1 25)F) T2 vk it s

BREERN . B KE01954—), 5,5+ #, T 2K H
© A RHEF
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