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[ Abstract ] Objective; To study the interaction of sulfamethazine ( SMZ) with human serum albumin
(HSA). Method: The quenching mechanism, binding constants and binding sites (n) were studied using
molecular modeling, fluorescence quenching spectroscopy, three-dimensional fluorescence spectroscopy and UV-vis
absorption spectroscopy under simulative physiological conditions. Result; The experiment results obtained from
molecular modeling indicated that there were hydrogen bonds and hydrophobic interactions between SMX and HSA ;
the fluorescence quenching spectra data showed that the fluorescence intensity of HSA was quenched by the gradual
addition of SMX. The binding constants of SMX with HSA at 293, 298, 303, 308 K were calculated to be 3. 42 x
10*, 3.13 x10*, 2.63 x10*, 2. 13 x10* mol -L.7", respectively, which means that the quenching mechanism was
suggested as a static quenching. Meanwhile, corresponding numbers of binding sites (n) were calculated to be
0.99, 0.96, 0.98, 1.09, respectively. The thermodynamic parameters of the reaction, namely standard enthalpy
AH’ and entropy AS’, had been calculated to be —18.76 kJ -mol ~'and 22.80 kJ -mol ', respectively, which
suggested that the electrostatic and hydrophobic interactions were the predominant intermolecular forces in
stabilizing the SMZ-HSA complex. Experimental results obtained from the three-dimensional fluorescence

spectroscopy and UV-vis absorption spectroscopy confirmed that the secondary structure of HSA was altered in the
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presence of SMZ in aqueous solution. Conclusion: Molecular modeling and multi-spectroscopic approaches are

good methods for investigating the interaction between SMZ and HSA. They have the advantages of high speed and

high sensitivity.

[ Key words |

A MLE FEE H (HSA) 2 il & F b & iR %
(g — 7Bl 2R P B A e 1A VR R S T ) L 4
T4 245 0 6 A B AR T A 1 R — e A
RV . B BS 259 00RE EAE A i 25 Y 7
PR o3 A, T L3 52 W 25 9 16 R PN B A3 5 Rt D7
KNP B R B A R 2B 2 AT
WK T A A W 28 5 &
F1BT A4 A LA 2 A A= i Bk 2 Al 27 il R B2 o7
HIF 5 A58 B T BRI MR = —

i JHie 258 245 W) A8 £ it o B B BR N NS A B A R T
FLR AW AE U o M 2005 4R, 3k B A 3 40
7 T S T AR R B BRI DA S AR RS 2 S
M — AT R, R
HSA 2 [8] 1 HIHL I 9 BIF 5% % B g & 6 K 1Y S
5 TR A AR B R B R E (SMZ) Ak
N TP 2 25 W), e — RN PR 2 . A
SCRE SMZ A 2 452 18 1) Jo A BF 50 b 11 26 25 91 55 HSA
Z [a] B/ AL

W2y 5 8 A EAE R T A AR 2
U531 % R 9O 3% L 5 Ah T L WOt 1
A Horp R IR 42 07 1 T LA TE AR BB 89 R s
LY HEARMES S, T PR
BLAF O B LA 0 2 0B B RN K 2 W Y IS
M A8 A A B A T, A SCTE 1 ABIF 5T 45 2R Y ik
fift bR 2 7R B R D63 5 ARl L
WOt 3% X SMZ 5 HSA Z [6] /9 AH B AF A ik 17
WF5E
1w
1.1 K25 ML % HSA,SMZ( 3 [H Sigma-Aldrich
AW BRI A R ), =R R [ s
(hydroxymethyl ) -amino-methane , Tris, | {k 2% 5
] ] H AR 2 S g A Al 528 K S TR
il

FO7Pro 15 e A (v [ L ¥ 42 e HOR A R
AL B RS ETE M 270 nm g % F] 450 nm , B4k
FEE 10 nm/10 nm) , NTT-2100 & 2 45 18 & FH i 30
fE R ORI (H AR BB ) |, Tu-1901 526 5h-n] I
FEIEAL (L0 7Y 20 B AL 88 A BR 2 7)), XL, 39-YYQ
RIS WA (Jb st s I TR R A o

sulfamethazine; human serum albumin; molecular modeling; spectroscopy; interaction

2 FHiEk

Tris-HC1 ZZ ph¥% W (pH 7.40) FH§ 0. 20 mol - L~
() Tris F1 0. 10 mol - L ™" £k %2 Bt il ; HSA ¥ W ¥ JH
Tris-HC 22 i W BC ) (pH 7. 40) | JCAt & W 04 vk 2
#3.0x10°° mol-L_',ijTf 4 C F-TE T w4k,
SMZ 375 3 JFH PR e e o, A 4 WOk BE N 3.0 x 107
mol-L ™", If7E 4 C TFIR1E TS 4L ;1.0 mol-L ™" NaCl
W V8 RS T R AR AE 0.1 mol- L7,

PETCHER (BAL G 5 ) w5 B A RAR AR
SMZ fi# £ W (M FEM 0.0 x 10 ° ~10.0 x 10 "° mol -
L ) MA3 mL3.0x10 ° mol-L~" HSA ¥ f. 3¢
TR R K 284 nm, R G K 331 nm,

S YIS IRSG  k PFEK 220 ~ 600 nm, 3%
KB K 220 nm, L 5 nm/KIE N,

AN AT WG R 5 SMZ Wk BE 4 0.0 x 10 ¢ ~
10.0 x10 " mol-L ™", 2 5% 190 ~ 400 nm kb SMZ I
HSA WA W W5 A0 -7] WL SO 1

Iy TR  HSA (4 R 45 4 with R-warfarin
M Brookhaven % 11 5 $ 48 %153 217, 4 5 1h9z,
B 5 kollman-all-atom H3 fif 31 1Y HSA 19 =4k 4t
F I BRE , BT AT 23 B 00 46 235 40 415 b 49— A 2
41 Sybyl 6.9 K4 i ; 9% J5 H tripos J13% Fll Gasteiger-
marsili H i 084k 73+ (9 JLA] 2549 5 e J5 ) FlexX 2
Jr iyt SMZ 5 HSA [u] (RS RLS5 40 . T A TH R34 1
SGI FUEL T AEus kAT,

3 ZER5ITR

3.1 SMZ 5 HSA s FH il F A SGI
FUEL T {E 3 & PF Al SMZ-HSA 1A R 58 & 2 %0,
M1 Ha] DU B, SMZ A T HSA (5 /K X ; SMZ
SEMIHE 2 IR T LS Arg222 AR 2 A
SMZ #ZEtgrp ity 2 ANH 3L 5 Leu260 1 1le264 2 8] £
FEBAKAE T PS043 20 0 35 A B A i BB Dl . - 32.76
kJ-mol ™', ZEIRILHY SMZ 5 HSA 2 [i] 925 4 1R
YEH ) 22 A B K AEH .

3.2 SMZ 5 HSA M EAEH B KPLE & 2
o HSA SMZ KR Al v B 1) SMZ 5 HSA {4 W )
2eIIE . HSA By KA S (N,,) 24 331 nm,
Bt SMZ e 5 (385 K, HSA A28 6 B 90 T B g
MIREAR , O B ROE S KA 20 #%, I 331 nm 21

- 105 -



%20 B 15 H rp ] S8 O R 2R 2Rk Vol.20,No. 15
2014 4= 8 A Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2014
/ —
0.032
N N ) .030 -
W i X J By
A \/ﬁﬁ; 5 0.028
- / (8 ]
iRk () o g 00
N v o LEU-264 N
FAN X 0.024
/ va \ 0.022 -
A A’ll),'n/ {I
o N 0.020 - \
T T T T T T |
d 0.04 0.08 0.12 0.16 020 0.24
r

-G TR R 5 TR A AR - PR 28 5 O T S R 1 1
1 SMZ fl HSA fF R RS F 3T

600 —

500 4

400

= 300

200 4

100 1

300 320 340 360 380 400 420 440
A/mm

HSA ¥ BEH7 3.0 x 10 °° mol-L " ; A a ~ f Xt 17 i) SMZ ¥ B H
0.0,2.0x107%,4.0x107°,6.0x107°,8.0x10"°,
10.0 x10 ~® mol-L™"; g 2 SMZ #5063,

W H 5.0 x10 ® mol-L~';T=293 K
B2 SMZ-HSA 1K F i %5 3k S i

3] 334 nm, £ SMZ [ A4S T Try 5% 3 fff
SO G 7 = W) 5 A NS = W N ) A DB S
Be& 9, NI K T HSA N0 & R 5% FE 58 % .
3.3 G HAE G AOLSE T i
FBHE ] Scatchard J5 #1F 5 4 Fp A [RIR E T
SMZ Fil HSA Z 8] 1 45 & H BORZ5 5 o s 8L

r/D, = nK - rK (1)

Hrp r BB EEI/RE DS LY /N1 1 EE R
B D, ZUFESEY/IN G F I EE SRR BE s n SR 25 G LA
B K REE A

3 SR, 18 8 5 Vi B 0 LY Bl LR T
PR 2 B RERFEAR, AE LR PE R B AN RE T
R JEE O Y B, [R) I SMZ-HSA A & 1y Scatchard J5 2
KA E RUFM Lt X &R, LY SMZ Fl HSA Z ] H
A1 ANEEA AL, X5 TR 045G 6 55— 3
(1),

TE SMZ-HSA A Z v, il B2 Fh o 7 K H B0 5 P A1
B, X R W] SMZ F1 HSA (1% 5 56 44 K AL o #3285
PEK o

- 106 -

HSA ¥ EF 4 3.0 x 10 ~® mol-L~';
M 293 K; ® 298 K; A303 K; ¥ 308 K
3 SMZ-HSA {& Z# Scatchard 772

®1 AERET SMZ-HSA CZHNZEESHMBNFEEH

K/ x 10* AG AS AH
T/K n

Lemol ! /kJemol ' /Jemol 'K ! /kJ-mol 7!
293 3.42 0.99 -25.44 22.80 -18.76
298 3.13 0.96 -25.55
303 2.63 0.98 -25.67
308 2.13 1.09 -25.78

3.4 HAHAXRHE BT 4 F A RRE T
(293,298,303,308 K),SMZ 5 HSA 2 [i] i) 45 & %
B(AEX 4 AP [RR BT HSA JF A & AR S5 H Y
AEAE ) FEARYE Van” t Hoff J7 2R H5 5 I B A %

SEAWIE S
InK = —AH/RT + AS/R (2)
AG’ =AH" - TAS® (3)

LR e R N R EE R KR K H B R R AR
BT RREE S AH,AS FAG 23 ) 0 55 A8 0 A48 A
MARAHAE. R4 FRE T A Scatchard 7 K #
B, e X e Ty 2 S8, R 1 R A, SMZ 5
HSA IRA W) 0 8 22 S 0, 0 728 O 1B, X 3t B
SMZ 5 HSA B4 18 B2 — iR s B, Ay 4 4K
B, SMZ 5 HSA Z [l iy 45 & it #2 ] B [A) i 77 76 )L
FifE R o miEdE s — A O, R 2R AR (A h
A B KA 3 RSB AR A
3.5 Z4EtotigE Kl 4 o HSA Rl SMZ-HSA
TR ZR B = 49 6%, Qe 4 Js 6 1 J2 B A 0
(N, = N,), 0 3 B gt (n,, =2x,) "
e 2 (N, =284 nm,\,, =331 nm) B OER AR
B 1) i 0 T 22 K B T A R i W ) S e, Ry R
e eig e . i IR 4 AT HI06 2 (198 650 E RE % SMZ
A 520. 43 FRACE] 417. 64, e K& Bk K
331 nm ZLA5 %) 334 nm,3X 2 > G U I €6 52 1R R IS
RIRIRIE IR BE &Mk, h LB B4



o A i, S5 < 4 TR R 5 0 vk 45 5 T 400 R 0 A e T IE 5N L AR 1 2 (] A A LA

Park 1

Park 3

370 320 270 220 260 300 340 380420 460 500 540 580
A A

Park 1
B Park 2

Park 3

370 320 270 220 260 300 340 380 420 460 500 540 580
A A,

ex em

A. HSA ;B. SMZ-HSA ; HSA ¥ J# 3.0 x 10 “® mol-L "'
SMZ ¥ BE 43 3124 0,24 x 10 " mol-L ™" ;7 =293 K
4 HSA 5 SMZ-HSA Kk & i) = 4 3¢ S 3¢ it

AL, SMZ R 5 HSA j= A E AR HT, 75 % HSA 1y
— S RO IR MR R e AR A, X 5 SO HE KOt
JIT A4 R0 — B .

3.6 AR WL OETE NS shE LA B A
214 nm gb HSA A7 AR5 (9 WO [, 06 1) 558 32 B
SMZ (AT BEAR , I LA HSA M e e 1) 35 4 ™ A
ZIF%, M\ 214 nm AL F] 219 nm, X 2 B R UL
T SMZ 5 HSA u L= A A H AR, i HSA (9 o 83
LK KA A il TSRS R A
251 2L R 9 WO I S W Z fe, X i SMZ A
HSA 2 [a] i) AR AT IS S S K

25+

2.0

- —

1.51

~
1.0 1

0.5

0.0 -

200 220 240 260 280 300 320

A/mm
HSA ¥k % 3.0 x 10 °mol-L ™" ;a ~ f X} i SMZ ¥ Ji 43 51 K
0.0,2.0x10°°,4.0x107°,6.0x107°,8.0x10°°,
10.0 x10 ~® mol-L ™' ;7 =293 K
B 5 HSA 5 SMZ-HSA i % i £ b -] JL 0% g St i

4 gip

A SCRN o TSR e KTk | = 4o
TG g SR -1T WL WSO SR SE T SMZ 5 HSA 2
V] AR B, S B0 9 B B 2 245 5 B 1 o =2 D Y
MEAER BRET - ARAGT k. E£XAHT

PEr, 43 F X HE S0 56 45 R UL W SMZ 5 HSA 2 i) (1
Y 7 0 0 AU N g K AR 5 2O 5 O 1% IR 56
ZEIRF W] SMZ 5 HSA Z[a) m] L& A A HAE T, B
JEAS KPR FEAS B A W, IF 456 AN IR BE R 1y 28
LB AR TN Z LSS F B4
PR A, = HE 2GS BRTER Ah- 1T WO 1Y)
SRR SMZ I A 251 HSA 9 45 8 1 48
o 17T B FAUR F 48 7 1A 8 1 2540 8 ) 2 [
S A B 25 A — 2 S R X AT 25
ST R R EENR S E X,

[ &% 3Tk ]

[1] Tabassum S, Al-Asbahy W M, Afzal M

, et al
Synthesis, characterization and interaction studies of
copper based drug with human serum albumin ( HSA) .
spectroscopic and molecular docking investigations[ J]. J
Photochem Photobiol B, 2012, 114(8) :132.

[2] Samari F, Shamsipur M, Hemmateenejad B, et al.
Investigation of the interaction between amodiaquine and
human serum albumin by fluorescence spectroscopy and
molecular modeling [ J]. Eur J Med Chem, 2012, 54
(5) :255.

[3] Wang L L, WuJ, Wang Q, et al. Rapid and sensitive
determination of sulfonamide residues in milk and chicken
muscle by microfluidic chip electrophoresis[ J]. J Agric
Food Chem, 2012, 60 (7) :1613.

[4] Guo Y C, Ngom B, Le T, et al. Utilizing three

monoclonal antibodies in the development of an

immunochromatographic assay for simultaneous detection

of sulfamethazine, sulfadiazine, and sulfaquinoxaline

residues in egg and chicken muscle [ J]. Anal Chem,
2010, 82 (18) :7550.

[S] R, k&, JHEMM, . Sz mir]. 2013,
32 (3).478.

[6] A, AFWE, ERW,H. SEW-BAFhN EENS S
WA ABE-2 XA [T]. o E S 7 R e e A,
2013, 19 (11).148.

[7] Zhang Y Z, Chen X X, Dai J, et al. Spectroscopic
studies on the interaction of lanthanum ( III) 2-oxo-
propionic acid salicyloyl hydrazone complex with bovine
serum albumin[ J]. Luminescence, 2008, 23 (3) :150.

[8] Jiang H, Chen R R, Pu H L. Study on the interaction
between tabersonine and human serum albumin by optical
spectroscopy and molecular modeling methods [ J]. J

Luminescence, 2012, 132 (3) :592.
[ ST gnf AR ]

- 107 -



