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Study on the interaction of pentachlorothiophenol with Chinese rare minnow transthyretin. ZHAO Song-shan, ZHANG
Jia-wei, ZHANG Zheng, LIU Hui-hui, YANG Xian-hai" (School of Environmental and Biological Engineering, Nanjing University
of Science and Technology, Nanjing 210094, China). China Environmental Science, 2026,46(3): 1638~1645

Abstract: In this study, the pentachlorothiophenol (PCTP) and Chinese rare minnow (Gobiocypris rarus) transthyretin were selected
as the objects of study. We determined the potential binding affinity data of pentachlorothiophenol on Chinese rare minnow
transthyretin, revealed the underlying molecular recognition mechanism between pentachlorothiophenol and the protein, and derived
the binary classification models for distinguishing whether a given substance was a potential Chinese rare minnow transthyretin
disruptor or not by using the Chinese rare minnow transthyretin disrupting data measured in this study and previous studies. The
experimental results indicated that the observed water solubility value of pentachlorothiophenol was (0.636 + 0.0871) mg/L (25°C).
The relative competing potency of pentachlorothiophenol with 3,3',5,5'-Tetraiodo-L-thyronine (T,) binding to Chinese rare minnow
transthyretin (logRP) was (0.0200 + 0.0533), implying that pentachlorothiophenol was a high potency Chinese rare minnow
transthyretin disruptor. The molecular simulation results documented that the binding interaction between pentachlorothiophenol and
Chinese rare minnow transthyretin was controlled by the halogen hydrogen bond, halogen bond, and hydrophobic interactions. In the
modelling, three optimum binary classification models (i.e. k nearest neighbour model, random forest model, decision tree model)
were successfully developed. The statistical parameters (e.g. predictive accuracy (Q)) values of those optimum models were 1,
highlighting that those optimum models had great classification performance. Finally, the tool named “TTR Profiler” that used to
identify potential transthyretin disruptors was updated by integrating the newly developed optimum models, which means that the
application domain of the related models in the new tool covered the thiophenols.

Key words: pentachlorothiophenol; endocrine disrupting effects; Chinese rare minnow transthyretin; mechanism of action; predictive
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Table 1 Basic information of compounds and their Chinese rare minnow transthyretin disrupting data
s L CAS %5 SMILES fi4 R

1 3,3, 5~ AL H IR R R 006893-02-3 NC(Cc2ee(I)e(Oclcec(O)e(I)el)e(I)e2)C(0)=0 A(0.0946)
2 3,3',5,5" POl —L—FF i i e 000051-48-9  0=C(0)C(N)CC1=CC(I)=C(OC2=CCI)=C(C(I)=C2)0)CI)=C1 A(0)

3 N-(1,3- IR TI)-N-ZEHEN K 000793-24-8 CC(C)CC(C)Neleee(cel)Ne2eeeee2 I

2-((4- 38240 B k) -5-CREE LR IR O
4 2754428-18-5 0=C2C=C(NC(C)CC(C)C)C(=0)C=C2(Nclcceeel) I
2,5~ J-1,4-

5 2B BRI e 000136-95-8 NC(=Nc(clcee2)e2)S1 I

6 2-FR IR I e e 000934-34-9 0=C(Nc(cleee2)e2)S1 I

7 1,3- KA 000102-06-7 N=C(Nc(cceel)el)Ne(eeee2)e2 1

8 1,3- 2K Mk 000102-07-8 O=C(Nc(cceel)cl)Ne(ceee2)e2 1

9 4-FR R oK% 000122-37-2 clece(cel)Ne2eee(ce2)O I

10 2,4,6- =4 HE]-1,3,5- =% 003089-11-0 O(CN(c(ne(nc IN(COC)COC)N(COC)COC)n1)COC)C I

11 3,5~ -2 LK 002631-77-8 C(=0)cle(O)c(Iee(c I A(-0.558)
12 2,6~ - 1.4- 2K 019643-45-9 0=C1C(=CC(=0)C=C1Br)Br A(-0.285)
13 2,6- A~ 1.4-2K] 000697-91-6 0=C1C(=CC(=0)C=CICI)CI A(-0.308)
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S|
s WIFATR CAS %5 SMILES {4 R
14 IR 002553-71-1  0=S1(=0)OC(c2clcccc2)(clec(Br)c(c(c1)ClO)clee(Br)c(c(c1)CHO  A(-2.16)
15 2-IR-6- 4R FE Ay 020294-55-7 N(=0)(=0)clce(Br)e(c(c1)C)O A(0.399)
16 2,5~ - 1.4- K 001633-14-3 C1=C(C(=0)C=C(C1=0)Br)Br A(-0.211)
17 2,6~ -4~ 5L 2K Iy 000305-85-1 C1=C(C=C(C(=C11)O))[N+](=0)[0-] A(0.675)
18 3,5~ A4 FR AL R 001948-40-9 C1=C(C=C(C(=C11)O))C=0 A(-0.0213)
19 DU SR 000118-75-2 C1(=C(C(=0)C(=C(C1=0)CHCI)CI)CI A(0.272)
20 3- I HE-2- R HE 2 004920-77-8 CC1=C(C(=CC=C1)0)[N+](=0)[0-] A(-2.59)
21 2,6- 5 A 014151-65-6 C(C)(C)(clee(Che(e(c1)CHO)elcee(cel)O A(-0.29)
22 N- G AR 2% 000086-30-6 C1=CC=C(C=C1)N(C2=CC=CC=C2)N=0 I
23 4-W-2,6- T HH 001139-52-2 CC(C)(C)C1=CC(=CC(=C10)C(C)(C)C)Br I
24 4-1E T3 000104-40-5 CCCCCCCCCC1=CC=CC=C10 A(-1.33)
25 A O LR 027619-97-2  C(CS(=0)(=0)0)C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F A(-2.1)
26 SRILE R e T 951659-40-8 C1C(=CC(=0)01)N(CC2=CN=C(C=C2)CI)CC(F)F I
27 LAEELUN 105827-78-9 CICN(C(=EN)N[N+](=0)[0-])CC2=CN=C(C=C2)CI 1
28 Je 4 H 000099-76-3 COC(=0)C1=CC=C(C=C1)0 I
29 EX RS 000101-20-2 C1=CC(=CC=CINC(=0)NC2=CC(=C(C=C2)CI)CI)CI I
30 ABOR IR T N HR 000085-68-7 CCCCOC(=0)C1=CC=CC=C1C(=0)0CC2=CC=CC=C2 I
31 =AUk 003380-34-5 C1=CC(=C(C=C1C1)0)0C2=C(C=C(C=C2)CI)CI A(-0.363)
32 2,4,6- =& K 000088-06-2 Ocle(ce(ccI CHCI)CI A(-0.0475)
33 2,4,6- = JRK) 000118-79-6 Ocle(cc(cclBr)Br)Br A(0.244)
34 2,4,6- =T 000609-23-4 Ocle(ce(cclDDI A(0.442)
35 2,6~ —IR-4-FURN; 005324-13-0 Brelee(Clyee(Br)c10 A(0.123)
36 2,6~ R4~ TR 000099-28-5 N(=0)(=0)clcc(c(O)c(Br)cl)Br A(0.414)
37 3,5~ CIR-4-FRFEOR HA R 002973-77-5 0=Cclcc(Br)c(O)e(Br)cl A(-0.277)
38 3,5~ HUKW IR 000320-72-9 0=C(0)c1c(0)e(ce(Cl)cl)Cl A(-0.972)
39 3-IR-5-FUKM TR 004068-58-0 0=C(0)clc(0)c(Br)ee(Cl)cl A(-0.928)
40 3,5 EUKMIR 003147-55-5 0=C(0)clc(O)c(ce(Br)cl)Br A(-0.8)
41 3,5- CIR-4- PR IR HIR 003337-62-0 0=C(0)clce(c(O)c(Br)cl)Br A(-2.38)
42 2,6 R4 LK) 002432-14-6 Ocle(Br)ee(C)eclBr A(-0.54)
43 3,5~ ZIR-4-FRILIR LT 002887-72-1 Ocle(Br)ee(C(=0)C)cclBr A(0.0322)
44 3,5~ R4 PR FEIR N 001689-84-5 Ocle(Br)cc(C#N)cclBr A(0.133)
45 2,6~ iR 4-F LK) 000609-21-2 Ocle(ce(N)eelBr)Br A(-1.13)
46 3,5~ R4 IR IE =R R 035852-57-4 C(F)(F)(F)clce(Br)e(O)e(Br)cl A(0.405)
47 3,5 R4 PR HOK R F 041727-47-3 Ocle(Br)ec(C(=0)OC)cclBr A(0.288)
48 2,3,5- =K R 000088-82-4 cle(ee(c(c1C(=0)0)DDI A(-1.72)
49 3,5~ ZIRTEIGTRAN 5k 078824-10-9 cle(e(c(cc1S(0)(0)0)Br)N)Br A(-2.42)
50 N-WRSHE — 2% 000055-18-5 N(CC)([NH+]0)CC I
51 T 003252-43-5 C(C#N)(Br)Br I
52 AN 000079-43-6 C(=0)(C(CHCI)O I
53 2-IR Lt 000683-57-8 C(=0)(CBr)N I
54 R 000075-27-4 C(CI)(CDBr I
55 ZHLBIKRED 016086-14-9 C(C(CHCI(0)O I
56 AR HIR = LI 000084-66-2 cl(c(cecc1)C(=0)OCC)C(=0)0CC I
57 IR = (2- A L H5H) MR 000115-96-8 0=P(OCCCI)(0OCCCHOCCCI I
58 2,4,6- =S R 024207-66-7 cl(c(c(ce(c1)CHCNHS)CI A(-1.17)
59 TLFERBR Y 000133-49-3 cl(c(c(c(c(c1CHCHCHCHS)CI A(0.0200)
60 3,5~ A4 FRIEIEN 001891-95-8 C1=C(C=C(C(=C1CO)CI)C#N A(-1.58)
61 3,5~ “Rl-4-FRIEIE N 001689-83-4 C1=C(C=C(C(=C1D)O))C#N A(-0.0907)
Vo ARIL) 590 A 5 VR TR AR E PR B A5 BT A A5 AR R &5 5 4 (logRP)H.
2 #ER5iHE 2R By e BE (Comg/L) 1 2% & R :4=(10.7+0.590) C+
(1.47£1.02) (R*=0.991). W72 4 L i s, TR /K
21 TAURBIR KRR REIIE 4 RVERAE 48h PUIEACIS R0 AR b 211 1

R T AORBR AR 2 A3 B TR () 5 TSl T SR ) 10 95 i 152 O (0.636+0.0871) mg/L( Bl
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2.25x10 °mol/L). 35 [® ¥ ¢ F il & & B 2% 7 &
(CompTox Chemicals Dashboard v2.5.3, https://comptox.
epa.gov/dashboard/chemical/properties/DTXSID3044540)
B H ) SRR B K R TRINE A T 6.17x10°~
1.10x10 °mol/L. [, 3414 3.85x10 *mol/L, i HA At
SO 5 AT AT A — S
2.2 HECREN S H bR SRR s R
3,355 -L-VUt ORI R e« Ak &4
Fis A il i3 R IR 35 B 0 AH A T PR AH X ¢ i
JEAE R 2 Fros. ALE ORG-S WA s Ok
JIR 3 B B 45 A B 20 R FE (ICs0) 4 (403+38.0)
nmol/L.1f 3,3°,5,5° L VUL FUIR IR R 2 R 1) 1Cso {H
Sh(422+33.1) nmol/L.3% X 1 TH543 2 1) F 5 2R 19
logRP 1H 41(0.0200+0.0533).

MR G5 45 g 390 FhRE(R 1ogRP>-1.26 4 (8 45
B8 11;-2.26<logRP<-1.26 A 254k &g ) 11
AR T A R 002 R IR £ A
BE I HIT5 ). LRI logRP {800 %, i WA
TSR Wy 5 A fi) 6552 FOR IR R R ISR AL
5 HR R 2% T4 #H24((403+38.0) nmol/L vs (422+33.1)
nmol/L), 3 & MK A5 1HE N A4 Y (1) SR 19 e 5 H
RIRZE Ty WS AR B OG5 S R SE 4 B
ke, HE 1M 5 e AR AR ORI 35 T I P B ds T
g U] TR BRI nT BE & T8 T AR A i i
N N RS e G W a A Bl R 7 Y AN
AU 7T &5 S o, O R By 5 s HUR IR 32 2R
HAHEAE T logRP B 4(0.133+0.0393),tH & T
S5 B T A AR MR 25 SR i W, U R
Ty ) 4 7 i R N o FOR IR 3% B L 3 A s TR
T ), 5 Bk 20 T VR N AR P ARG B 7 LR 7R L
SURBR I X A WA TS TE (1) A 70 WA TR

AW 2 1K 53 41 3 Ry o, B 2,4,6- — SRR
My 3,5~ -4 PRI 3,5- -4 YR ORI
] ICso 73 5 4 (6208+868),(16215+3867),(520+129)
nmol/L, H X W AH X 45 4 #(logRP)E 73 71 4 (-1.17+
0.0696). (~1.58+0.109). (-0.0907+ 0.113). )\ [ik%H
HRE S AR UER 2,4,6- = R A AL 3,5 fll
—4-FR IR 8 T A FRAT i 18 R IR R B A
A BE I TS Y 3,5 AR 4R IL R B T
HAZE AT S G 6 075 4.

IR 45 2R B, FL SRR Y 5 W i s FROPR I

o M o)

FEAMSERDIT 2,4,6- = SURGREY, WX T4
T AU 5, L S M AT il s FFOR R R BRI
SR 5 0 s R e T B AR ;3,5 -4k
Ffi S F A s HORAR R R A SR AR T 3,5+
A4 RN, UL R T T A R SR AL R 5, 3L
L5 FiAT iy e FFOAR R B R AN 5 2 7
e SRAAR G, BRI R T S U AT B LY 5 B
Vo5 AT i i FROR IR 3 B & 5 UL OB A,
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Fig.2 Fluorescence displacement curve of model compounds
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AHRN 15%. 2018 b HE ARG 7T 5 85 8 R
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TE R B, 2 B 1 S B e 2 0 SRR A T AR Lt
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M 22%, H B B B T B R e, 36 B 1=
AR 45 G R R TR TR AR L s i S B T
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Fig.3 Binding mode of pentachlorothiophenol at the ligand

binding domain of Chinese rare minnow transthyretin and

hydrophobic interaction
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Table 2  Statistical parameters of the optimal binary classification models
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VE: kT SR AL G AE 2 5L algorithm = auto, n_neighbors = 3, p = 1, weights = distance; BEHLARMAT SCHEFE S H: criterion = gini; class_weight=

balanced; max_depth = 3; max_features = auto; min_samples_leaf = 1; min_samples_split = 2; n_estimators = 200; random_state = 38; ¥R MK
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Fig.4 Application domain of decision tree models
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