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Spectral Study on the Effect of Glutathione on the Interaction between Butylated Hydroxytoluene and Bovine Serum
Albumin WU Yu-tong ,WANG Jun-gian,ZHAO Gang" ( College of Chemistry and Materials Engineering, Bohai University, Jinzhou
121013, China)

Abstract ; Butylated hydroxytoluene ( BHT) is a synthetic phenolic antioxidant, and also a potential endocrine disruptor. The
binding mechanism of BHT to bovine serum albumin ( BSA) and the effect of glutathione ( GSH) on the interaction were
investigated by fluorescence spectroscopy, UV spectroscopy and time-resolved fluorescence spectroscopy. BHT formed stable
complex with BSA mainly through hydrophobic interaction (K, =1. 11x10* L/mol) ,and changed the secondary structure of BSA.
However, GSH changed the binding forces of BHT and BSA (K, =2. 11x10° L/mol) ,reduced the binding constants,inhibited the
binding , increased the binding distance of them,and weakened the changes of BSA secondary structure by BHT in some extent.
Fortunately , BHT' s ability to scavenge 2, 2-diphenyl-1-pyridine hydrazyl ( DPPH) free radicals remained unaffected by GSH
coexistence.
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YIRS BB, 3 ok B B AE 25 1 5 25 W A
HAER, LABK 1 H ik DNA %52 S Ak 4, 4
Fitp e oh e, UL L5 B DNA &40 i an,
GSH FENFREH B4 551, LA B Lk e B 15 350 4 1Y)
feE " GSH B UEW T LI ZE 3,47, 5- = Jb
BEA I F HSA (2541 GSH 7E M il BHT %t
TR ERUFF IR /N BRI 11 S e B AR FH O T R 45
FEMEA" ARSCNGE AR S5 AER T
BSA ¥4 4 52 0 &5 J5 T, X LU 5% T GSH % BHT
F BSA g5 G i BRI sEm, kT A B 2 bt A0 )
SA I THEHLEI LA K b A0 75 i) & B8 0 4%
PRAESE

1 SEIEBSY
1.1 FEERSEH

F-380 FIGEG 0 e NG RETF (R s AR B 4
By A BRZS D) 5 UV-2800 7128 4h-AT WL 43 Y66 B i
( b 7% 5 4 F Bl AU AR A R A H] ) 5 FLS1000
RIRRASFBES T T (e 6 % T 28U A R
) o

A= IMLYE F R (BSA, L R ERHE A TR 2
Al THRABFR I H 2K (BHT, K H K% k223857
J7) s AR R (GSH, ke = 25 B4 A IR A
A1, 1- R FE2- = i LK B ( DPPH) 4275 AR
BI(WAR) A& 55 (IBU) ( EigERTHr T A fb B4
R A BRA w1 ) 5 i R ¥ o0 A vl
1.2 SEEE
1.2.1  ZEOGREAIE

BHT 5 BSA WJAHEAER - ] Tris-HCL 2% opi
# (0.2 mol/L, pH 7.40,0. 15 mol/L NaCl) Fi i
1.0x10™° mol/L BSA YA , /3 WI7E 298 303 310 K
B3 MR, 1.0x107° mol/L BHT ¥ I % £
T E BSA VAW 6 YK, BRIR 10 L, METEEIEE,

GSH Xf BHT 5 BSA AHE 1 F B 521 . 43 531)
£ 298,303,310 K {& T, 1.0x10™ mol/L
BSA %A1 3. 0x10™° mol/L GSH VAT 76 4MR4T
FH 1. 0x107° mol/L BHT ¥ ¥RZE£ETH & 6 K, BRIk
10 pL, M 2566 HE, A, =280 nm, A, =300 ~
500 nm, R FIR S H4E FEBE Y4 5 nm, ] BHT
FESIOR WA TN & A A IR BE (A, R AL,
FRAEAZ (1) " XA 25 BE (F,,) it T1E
IE BRI IEDOCIRBE (F,,,) , ATHBR N UEZE Y
R

Frp = Fyp X et (1)

1.2.2  SAMEER I E

BHT 5 BSA WAHEAEH . A 1. 0107 mol/L
BHT VA 1% 227 7€ 1. 0x 107 mol/L BSA J& K 6
W AR 10 L, 1 5E 2RAMETE

GSH X} BHT 5 BSA #HEAEFAISZM 4 1. 0x
107° mol/L BSA ¥ A1 3. 0x107° mol/L GSH ¥
FEAMRA), 1. 0107 mol/L BHT 4 ¥ 1% 4170 &
6 W, BFR 10 L, M 5E 2403k, DL Tris-HCl 22
VA VRN R I e B Y BHT A2 1L, 78 200 ~ 300
nm I Bl I SR
1.2.3  =HEOeig iz

A3 5E 1.0 107 mol/L BSA ¥AW; 1. 0x
107° mol/L BSA ¥ 1 3. 0x107° mol/L GSH ¥
TREVAW; LA S 1.0x 107 mol/L BSA ¥ .3. 0
107 mol/L GSH ¥ 11 1. 0x10™° mol/L BHT &
WIR G W) = 42O, WOk K 200 ~
500 nm, 33 5 nm; & G K 200 ~ 550 nm, 3 &
2 nm,
1.2.4 B HRE GRS 1l e

A3 1.0%x 1075 mol/L BSA ¥AWi; 1. 0x
107° mol/L BSA ¥ 11 3. 010> mol/L GSH ¥
TRGVAW; LA S 1.0x107° mol/L BSA ¥ .3. 0
107 mol/L GSH YA 11 1. 0x10™* mol/L BHT &
IR G MR B TR] BSOS . WOk R &
SR A3 0% B R 295 350 nm, AR E
SRTEHRE  THEE BSA 2864w, I FH A (EITAN
Ph .
1.2.5 i Hsad st

4 1.0x 107 mol/L BSA ¥ Al 1.0x 107
mol/ L i 75/ A L MRS W 78 40 1R 2T, PR 1. 0%
107 mol/L BHT ¥ ELLTH & 6 K, IR 10 pL,
BRI 280 nm, & K 300 ~500 nm , i g2
g,
1.2.6 DPPH H M IE75FRCE

FHIGK Z BERCH] 1.0x 107 mol/L DPPH #
W ,4 CROGHEAE , BB § %, 4% 3 mL DPPH
95 OR A # O RS BHT ¥ W 5% BHT-GSH
(n(BHT) :n(GSH)= 1:1) % RIRA 447, EE
1% 30 min,c5% 517 nm Ak By e e g ) o

2 #R5ite
2.1 POUREKIE

DI E ST BHT 5 BSA B AH T AE
FHMLE, 1 o8 T BHT %F BSA 2¢ 6 G3E iy 4
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Fig.1 Effect of GSH on fluorescence spectra of

PEK 15.5% , 3 H %4 6 nm (R, X ULHH BHT
5 BSA KB TAHIEAEM, IF Bk 5 & S iR sk 20
IEEHME U NS SR, 24 GSH A7 7E RS, BHT
X BSA BYZBEIERIR/NE 10. 2% , (i B s/ E
2 nm, %W GSH 23506 BHT X BSA HIZEEHK
DL RS S BHT Xt BSA SEREEMR I () B0
BHT XJ BSA 12 S K AL AT fig A i A5 0
K(EEWIE ) SEhBHEK (4r FhliE) . R4
Stern-Volmer 72 (2) "7,
Fo/F =1 +k7[Q] =1+Kg[0Q] (2)
i F,( 5 BHT fEH AT BSA B2 650 IE)  F
(5 BHT YEFJG BSA BIZEGHEE ) (7, ( BSA F3
DI ) A Q (BHT ¥ JE ) 115 Stern-Volmer 4
TEHEL Koy FIXUGF B ST KR H B kBT
1, —OkUL IR BT B A WA SO
FREPERRAG , Koy W/ ; T 80 25 80 2K 5 43 7 filf 43 3%
FHR, Ko RS BHT 5 BSA 1Y K 1
B B2 ) e T Ul 9 EL &, >2. 0%10™ 1/ (mol +s)
(ECRXT SA A Foe b HICRIE 1 43 % 80) , R WHIE
A% BHT-BSA & & W) # S HE K J& BSA %R K
MFEZRHE, =R FR T, GSH fiff BHT 5 BSA

BSA and BHT YEFIRY Ko, [EV8/N  (H 5 KA BEAE
%1 BHT 5 BSA MHEARH M H %
Tab.1 Interaction constants of BHT and BSA
K Ksy/ ky/ AH/ AS/ AG/
(Lemol™") (Lemol™'-s71) (L-mol™") (kJ-mol™!) (Jomol™'-K™!) (kJemol™")

298 9.85x10° 1.64x10" 1.11x10* 1.01 -23.23
BHT-BSA 303 7.38x103 1.23x10"2 2.01x10* 1.09 64.21 293. 45 -24.70

310 5.37x103 8.95x10"! 3.08x10* 1. 16 -26.75

298 5.58x10° 9.30x10" 2.11x10° 0.91 -19.05
BHT-(BSA-GSH) 303  4.99x10° 8.32x10" 1.41x10° 0.88 -73.55 -182.87 -18. 14

310 4.59x10° 7.65%x10" 6. 77x10% 0.81 -16. 86

2.2 GEEHEBUMES G AL
BHT 5 BSA W45 G H K, MZ55 7 5% n
AT LR RO B0 R (3) 1155
log[ (Fy = F)/F] = nlog[ Q] + logK, (3)
BHT 5 BSA () K, Fl n {H (£ 1) %18 10°
L/mol .1, % W] BHT 7F BSA i — 45 4& 05 |,
DI B SE S AT R E A, 4
GSH f£17ERT , BHT 5 BSA Y K, BT 09 TF & i
I/NE 107 ~10° L/mol , B GSH HI55 T BHT 5
BSA HJZ54 B GSH T RERHAS T BHT 5 BSA Z
AR EAE R, — e w K, (EB R I 45 4 2%
705, 3X 7] BERERR A BHT AN p P AR,
RN LA R T GSH % BHT &5 BSA 4%

ARAHIER, rTRES P BHT A9ARIH, i A
L SUEZ Y-
2.3 HIIESECRIEH e
BHT 5 BSA 254 MAE ) AT LUAR HE #4 ) 2%
SHIFF S AR/ IMEEWT, 1 Van't Hoff 772 (4) Al
ANI(S) PR AE AR AR AS A HEE AG, L
1,
InK,, = AH/RT + AS/R (4)
AG = AH - TAS (5)
AH>0 AS>0 AG<0,7 W BHT 5 BSA + %
Wit EKVER A RTEE G, SR AMNEMY) 5
H5EARMHEERAERS RZMMIER T, W
FHHRE , BHT HA MREM S 5 BSA B
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Sk, P, BHT 5 BSA (9454 ] RE S B K Fll 4
HILFEVE 25 R, 24 GSH fA7ER), AH 5 AS
PR fp i, FLJE AT g j& GSH 5 BHT 324+ 5
BSA 945 407 5, 5 BHT 5 BSA BYAM B AEH
J1vsEs sk s BHT Fl GSH 2 [l A BAE R, %
T BHT 5 BSA 9454 773 GSH Jnjal 7 BHT Xf
BSA P A e A8, 520 T BHT &5 BSA MI/ER
A, GSH 15 5 BSA WA G AR 1k, (B 4252 T
BHT 5 BSA (454 FIAHEAEH
2.4 ReitEE RS RIE FHHE B

BHT 5 BSA 9 1E FBE 2 0] IAR$E Forster JE
RATRE R AL, T BSA A BHT Z 0] )
i EHPT J RERERBACE E GRS R,
VERIBEES r 1) T35 2, BHT 5 BSA 1% r<7 nm, 3
B AT W RE & 4= T M BSA F| BHT O RE R 55,
24 GSH fE{EMT, BSA 5 BHT Z A /Y E B8/, r
{HIE K, W] GSH 4 K T BHT 5 BSA Z [a] ()45
AR, B T A WA B AR, X T et 2
GSH U8/ T BHT %} BSA 2GR K AL B JRL A

2 BSA 5 BHTYEHM J.E.R, . B
Tab.2 Values of J,E,R,,r of BSA and BHT

&R J/(em® mol™)  E/% Ry/nm  r/nm
BHT-BSA 8.38x107" 3.44 2.38 4. 15
BHT-( BSA-GSH) 8.37x107" 2.19 2.38 4.48
2.5 BHT Xf BSA R AE L) K GSH Y520
2.5.1  HHNRYOLIE

SHMRIBOETE AT F R 5T BHT XF BSA #%:

B E . BSA 7E 210,278 nm P AN 7 AiF W% Wi 06
(L 2) 205 S B T BSA BRBE R 52 DL IR BE Y
ek BSA 7E 210 nm A9 558 W i | e
BERE BHT ¥ B (% 34 Jn i /N, 24 BHT ¥k &4
1.96 x 107 mol/L I}, BSA #y W 6 BE Ja /N T
17. 5% , - FEBEA 3 nm 2082, W BHT 55 BSA
Y IKEE LS ) e AE , H R R £ 2 BHT-BSA B &
WIIIE I, 3% — 258 I BHT WO 3% 5 BHT-BSA
HAEYWMBOETE 22 5 Ed e IS EIE, 24
GSH 7A€, M [ #e B i BHT i BSA 1M % B
WNT 7. 6%, It HEA KA BB WA B 3 Ui B
GSH A fiE£x 47l BHT f BSA 2k 4544 iy ek 72
BSA 7£ 278 nm Kb R W IR 55 , AR BE N ERIMETE
R E] BHT X BSA A M i 2 i
2.5.2  =HEVOOLIE

= YEB 61 AT H T ik — 2 WF 5T BHT X
BSA MR LA . BSA KB H AN FRAE 7 04
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13.1.,16.3.19. 6x107® mol/L;cqgy =3. 0x107% mol/L

a.BHT-BSA ;b. BHT-( BSA-GSH)

B 2 GSH X BSA 5 BHT 2843 id 52 i

Fig.2

Effect of GSH on ultraviolet spectra of
BSA and BHT

WE1(A, /A, =275/344 nm) ;W 2( A, /A, =240/342 nm)
a.BSA ;b.BSA-BHT; c.BHT-( BSA-GSH)
3 GSH X} BSA 5 BHT =458 661 14 5

Fig.3 Effect of GSH on three-dimensional fluorescence

spectra of BSA and BHT
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U 1 FIEYER K 249 35. 3% , Wi H% 4 nm; I 2 5%
N KLY 34.9% 1% 2 nm, Ui BHT 55 BSA
P 2R 235 FE) N 3 TR A R TR 5 B A . 24 GSH
FEAERT , BHT A28 K U 1 Fli 2 A5 e B, {3
BECHE R Ry B 2 13, 5% F1 20. 1% , H A
KA, 2B GSH HI 55 BHT XF BSA 22544
AN FEFR IR IE OB R UL | X 5 R A9 6t
TE LR —3K
2.6 HHEFHEZOLIE

B[] 43 B9 6% 2 T 00 € BHT X BSA
POLF A Y Wi 4 R, BHT {#f BSA
B¢ 7 i AN 6. 37 ns JB/NN 5,95 ns, 1M filA
GSH J& , BSA B9t LAE M % 6. 14 ns, MA
GSH HIJ& , BSA 96w B AR 4L FRR B T GSH
HAAMH BHT 5 BSA 45A&H1ER .

3000¢ :‘tg «BSA

2500} HES « BHT-BSA
#5000k Y + BHT-(BSA-GSH)
& R
ﬁ 15001 : E
= 1000} 5

500} i '

Ji L \\
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RHFF i /ns

Bl 4 GSH X BSA 5 BHT I 43 BE9 Gk 15 i
Fig.4 Effect of GSH on time-resolved fluorescence
spectra of BSA and BHT

2.7 fifegr

BSA B 1L A LA V2538 (7 5 T R 5
1) ATRAZE A R ZBBR ™) BRI 1% SR H
BT T AL T APRic . i SO0 2
(3) T AR AR MO A 3 25 A7 A6 B, BHT 5 BSA
1) K, 4359 6.08x10 5. 06x 10* L/mol , A] WL Af
HEIF WEFALT BHT 5 BSA i) K, {H, %8 BHT
g Rl — L e 455 BSA, Bl BHT 454
FE BSA Wi 11,
2.8 BHT %f DPPH A7 kR

BHT X} DPPH [ th 5 1937 bR 6E 71 6B 05 S Bk
BHT Pt A fLRE 1., mE S vl UL, 4 GSH f77¢
B, BHT {5 B% DPPH [ i 5E (19 58 1 AN 2 FEAR H B
HHE, R GSH A{UAN MK BHT M E b
e, I HEA PEBT AR TER Y

3 #Hig
GSH x5 BHT 5 BSA 454, T HEEMAE
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S o O
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2 10
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Fig.5 Effect of GSH on DPPH radical scavenging
by BHT
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