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Abstract ; 2-Mercaptothiazoline (2-MT) is a kind of widely used corrosion inhibitor and brightener. The residue of
2-MT in the environment is potentially harmful. To evaluate the toxicity of 2-MT at the protein level, the effects of
2-MT on catalase (CAT) were investigated by multiple spectroscopic techniques and molecular modeling. The en-
zyme activity experiment indicated that the CAT activity was inhibited by 2-MT. Molecular docking results revealed
that 2-MT bound into the CAT active site, which further led to some secondary structure and micro-environmental
changes of CAT. According to the fluorescence results, the quenching mechanism of fluorescence of CAT by 2-MT
was a static quenching procedure. The number of binding sites n, the binding constant k and the thermodynamic
parameters at different temperatures were also measured. The results indicated that 2-MT can interact with CAT to
form a complex mainly by van der Waals' interactions and hydrogen bonds. In this paper, we studied the toxic

mechanism between 2-mercaptothiazoline and protein at the molecular level, which will consequently be significant
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to learn the toxic effect of pollutants.

Keywords: 2-mercaptothiazoline; catalase; multi-spectroscopic techniques; molecular docking
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1 ##l57i% (Materials and methods)
1.1 SEERF R

b E AL CRCH 4- ) W T 35 [ Sigma 28
Bl % 1.0x10°mol - L™ YA F W, LB 7E 0~4 C 1Y
VKA ORAE . 2-5 S sk ) T 6] 245 4 [T k23 7
FBRA T, B % 1.0x10° mol - L WIS T 0~ 4
C VKA TP RAE, 0.2 mol - L™ B2 2% wh £h %5 Wi (pH
TAWER G2 i W, WA T [ 2 4 PR AR 25 R A PR
Al AR R A b Al S5 K A B Atk
1.2 W5k
1.2.1 Ak U T

T S U P T AR 4350 B 4
LS WAE 240 nm AR IROEIE Ak, 3 AL S
TP R AT LA i PR A SRR,

AA,

Inhibition rate = x 100% )

0

AA T AA JETE 2-5it ik B8 I bk 43 591 77 78 FNASAFAE
I, b 4 A A MR TE 240 nm AL 2 min PO EE Y AR
A,

1.2.2 54T WO

UV-6100 XG5 A1 AT WL 43 66 BE 1+ (i 55
TEIRAAS A B A, H 5 A0 mT ULz o 1% il
a7 REEEE R 2 nm, FFEVE R A 200 ~240 nm,
1.2.3  5Obkig

RF-5301PC 43 ¥ 2¢ 4366 B 11 (H A< Hitachi
o)) T BT 206 il & | Ok Kl 280
nm, FR R FHCBRAEN 5 nm, S H5E Y 280 ~
500 nm,

[l A IR I K 22 AN 43918 15 nm(F3 4
5 Bl h 260 ~ 340 nm) Al 60 nm(FHETEHE A 300 ~400
nm) , BOR FUESHEEE N 5 nm,
1.2.4 [ o5

MOS-450/AF-CD [B — {24 {% (3% [E Bio-Logic
NEDHRIGE CD IS E, S8 0 4 nm, FHEEH
7 200~260 nm, FAHGEE K 1 nm-2s™
1.2.5 X

AF X R B AutoDock 4.2 B 52 i%, 1 Ak
AU 43T 254 (1TGU. pdb) M Protein Data Bank %%
PR ARATS ) 2570k 1GE e Wk 7 T 119 3D 25 44 DA 1) 31l
(http://zink.docking.org/) T 2", F| ] AutoDock %k
PEPRE T 225 FEE M R 7 v (57 7R AT e 2 e, %
I AL R T K A I g R AR A i AR
Ty 7 I ST S, R LGA W35
RIAT o XA 5, S IS & R g
AR L TR S50 HT .

2 Z R 51718 (Results and discussion)
2.1 2-F BE MM MO ok AR A S T S )

25 FHE IR WA R Ko ok A A S Y 3 P 5 ) D [
10 N RT DU Y X R — 41 e B (0], Bl
2-F S W A AR VA B ) 14 Ao AR Ak S Y T 1 R R
I, T340, 2 2-%5 B 108 W b AN 77 7 1) Bif €, 1] LA
KPR, YL B I 1] XoF 2o 4 Ak Sl ) 3 PR TR R ), {H
S, Y 225 JH R WS R TR IS, % i B[R] 55 23 52 e 2ok
AALAI R TEE . X TN 3x10° mol - L™ Al 1x
10 mol - L™ (1 2-Fi FLEMR b , 24 YL 35 i ] 35 21 120
min B, & Badk 480 Ak S B4 AF XTI 1 43 3l T R 2 d
(0 min) 78.6% 1 84.3% , 1 FRATAT LLAE | 2-
50 5 W PR AR P Y B R % i B () S 2 X ot S AL i Y
TR A R
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Fig. 1 Effect of 2-MT on the activity of CAT
Note: CAT, 1.0x10°° mol-L™'; 2-MT/(10°mol-L"): A, 0; B, 3;

C, 10; pH 7.4; T=291 K. (* ) indicates significant difference from

A (without 2-MT for each incubation time), * P < 0.05(t-test), n=3.
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Fig. 2 UV-vis spectra of CAT in the presence of different

concentrations of 2-MT (vs the same concentration of 2-MT solution)

Note: CAT, 1.0x107mol-L"'; 2-MT (a-d) 0 mol-L"!,
1x10% mol-L*", 2x10 mol-L!, 3x10”° mol-L™'; T=291 K.
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R A (a) AN = 15 nm, (b) AN = 60 nm, i3 % LS, 1.0x10 7 mol - L' ;2-Fi FEBEmk ik (a~ g) 0 mol-L™',1x107° mol-L™" ,2x10°mol-L",
3x107° mol-L",4x107° mol-L™",5%10 mol-L",6%10~ mol-L"' ;pH 7.4;T = 291 K,

Fig. 3 Synchronous fluorescence spectra of CAT

Note: (a) AN = 15 nm and (b) AN = 60 nm. CAT, 1.0x107mol-L'; 2-MT (a-g) 0 mol-L"!, 1x10”° mol-L"!, 2x10mol-L"!,

3x10% mol-L™, 4x10™ mol-L™', 5107 mol-L™', 6x10° mol-L'; pH 7.4; T = 291 K.
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Fig. 4 CD spectra of CAT and 2-MT-CAT system
Note: CAT, 1x107mol-L"'; 2-MT concentrations
in CAT-2-MT system (a-b) were 0, 1x10 mol-L"".
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2—mercaptothiazoline

ILE 68 (chain 1i)
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(chain D)
SER 119 /
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5 2-SEEMMETELSHNESHE (a) MMEESHR(b) B (ELRTEEER)
Fig. 5 Binding site of 2-MT in CAT (a) and detailed illustration of the binding between 2-MT and CAT (b)
(The hydrogen bond between 2-MT and CAT is indicated by black dashed lines)
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Table 1

Effects of 2-MT on the percentage of secondary structural elements in CAT at 291 K

CAT F1 2-MT (4 EE /K LE

A AR R L5 F & Secondary structural elements in CAT

Molar ratio of CAT to 2-MT a-12iE/% o- Helix/%

B-#1%/% B-Sheet/%

¥ 40/% Turns/%  AFHUERR/% Unordered/%

1:0 19.7
1:10 19.0

31.1 233
315 23.6

25.8
259
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E6 2-ZmEmREMMmITERLRERNIBENRI
e R EE N i AL S 10107 mol - L7 5 2- 5 EEmEmEra~ g) 0 mol -L',
1%10”° mol-L™",2x10 mol-L™" ,3%10”° mol-L™' ,4x10™ mol-L",
5%107° mol-L"!,6x107° mol-L";pH 74; T = 291K,
Fig. 6 The influence of 2-MT on the fluorescence
emission spectra of CAT
Note: CAT, 1.0x10”"mol-L™"; 2-MT (a-g) 0 mol-L"',
1x10”° mol-L!, 2x10°mol-L!, 310" mol- L™, 4x10~ mol-L™!,
5%10 mol-L!, 6x10”° mol-L"'; pH 74; T = 291K.
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P 6), Bifi g 2-%i 3ok W M R ViR 52 174 386 o, 3t 41 U
(R IR B AN R, TR 2- S SR msempiont i 4 A
AR IO CHATEKNER], & Z MAFTEAH AR .
IR AT IS TE R BB IEK, A LA
Stern-Volmer J7 i — 5 HIW o R K (2RI |

%ZIJFKSV[Q]:lJquTo[Q] @
T Fy R F 53500 S AR AU A IR 1
PEICIRIE , K, oA Stern-Volmer J5 K # #5, k, R HE K
AT 7, R T IGAFAE R DO 7 - 24 75
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Fig. 7 Stern-Volmer plots for the quenching of CAT by 2-MT

at different temperatures
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BT I T e, T LT T 2263 S o s b X ot 4k &
it AR SRR i SR K T HL, Bl AR R U
KA ] 2.0x10"° L-mol™ s " FEASZIG | A ]
TR T 1Y K fEHRIZ KT 2.0x10" Lemol™ -s™, M
E—2BBUE T 2-% ok 198 e XS 1o 4 Ak S0 i 1) 7 K
FHRUNHREIEK

232 ZEAHEH
X TERSIEI /NG T R 1 BT 25 3 O
ZEA LT LGE R DL R AR S
F, -
lg (FF) =gk, + nlg[ Q] 3)

{h Ry, FAI[QIS ARQ)MIER R —B K, NG
B, n RS LR

x2 EAERET 2-mEEWM S E/4LSEHEEERR Stern-Volmer X E #
Table 2 Stern-Volmer quenching constants for the interaction of 2-MT with CAT at different
temperatures
pH T/K K, /(x10* L- mol™!-s™) K, /(x10" L+ mol” -s™) R S.D.
74 291 1.5850 1.5850 0.9935 0.0429
74 300 1.4642 1.4642 0.9939 0.0384
74 309 1.3450 1.3450 0.9922 0.0398
74 318 12291 1.2291 0.9910 0.0391

TE: RACRERHEM R REL; S.DAE Ko HAIPRIER 2 .

Note: R is the correlation coefficient; S.D. is the standard deviation for the Ky, values.
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Fig. 8 van’t Hoff plot for the binding of 2-MT to CAT
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Table 3 Binding constants and relative thermodynamic parameters of the 2-MT-CAT system

AR AS° AG°
T/K K,/(x10* mol- L") n R
/(kJI+ mol™) /(J-mol™' - K1) /(kJ+ mol™)
291 2.9700 1.1411 0.9987 -24.84
300 1.0677 1.0674 0.9973 -80.79 -192.26 -23.11
309 0.4085 0.9554 0.9955 2138
318 0.1653 0.8333 0.9946 -19.65

BIEEB T 470 % 5 (1964-), B, 31 #¥z ML A 507, £ %
BER T e A BRBT R,
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