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1.3.1 LUT 5 BSA tHEAfER M ZE i %ok
KT E S % Yu SR kI Rk sh
BT SCHAS R 5 mL SO RN Tris—HCI
ZEoP R (pH 7.4)2 970,2 920,2 870,2 820,
2 770,2720,2 670 wL, Fi43 5 M A 1.2x107 mol/L
BSA fifi 2 30 L, fJEMA—EERH 7.2x107
mol/L. LUT, % &t 4 3 mlL, #857 , fif H 2 jj 78
g5 LA 298 K Fil 310 K HE 75 45 2% 0 Hz S Xf R4,
P R (40 kH2/53 kHz) iR 56 41, 86 50 30
min, XF 6 24040 BRAE S5 E ORI K 280 nm, &
55 9% K 75 Bl 290~500 nm, 34 & EHE 2.5 nm & 5
Be4E 5.0 nm., 43000 6 ALRE S FE R 5T K 290~
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1.3.2 [P 2e R iE il e MR K S k5%
K B 18] B 4 5 38 AA=15 nm Fl AA=60 nm, ¥
KR GREE S ) E N 2.5 nm A1 5.0 nm, 7 298 K
F1 310 K 22 6 21 4b FLAE 5 7E 250~350 nm (1 [A]
i I SR A

1.3.3  LUT 5 BSA AHEAE A 5 40 —n] DLWz o'
W ST 1300, 7E 298 K M 310 Kl %E 6
ZHRE S AE IR 200~600 nm 78 FB 9 5 40 W 0 3
Ific S

1.3.4 IBUP WARF fi fism 4l =M 1.3.1
W, TEMA LUT G #% WCAT, SEIA 25 pl
7.2x107 mol/L. IBUP/WARF, 78 43 #8 27 , ¥ 't ¥ B
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1E 0 Hz B R4 ¥ # (4 nm) , 7F 40 kHz F1 53 kHz
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Fig.1 Fluorescence emission spectra of LUT binding to BSA at different ultrasonic frequencies
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Table 1 Quenching constants, binding constanta and binding sites of BSA interacting with LUT
flkHz T/K K,/L-mol™ K/L-mol™-s™ R® K,/L-mol™ R® n
0 298 9.26x10° 9.26x10" 0.9994 7.05x10¢ 0.9964 1.207
310 11.6x10° 1.16x10" 0.9997 1.44x10* 0.9917 1.024
40 298 9.22x10° 9.22x10" 0.9993 7.95%10* 0.9911 1.340
310 1.12x10* 1.12x10" 0.9980 8.89x10* 0.9929 1.235
53 298 1.10x10* 1.10x10™ 0.9989 2.61x10° 0.9830 1.214
310 1.18x10* 1.18x10™ 0.9993 1.11x10° 0.9741 1.119

TE RO (DA K, MEREGR R (2) A K, MR

B 1 B AT, A AR 0 Hz/40 kH2/53
kHz B, LUT 3 ¥ 43 19 K5 50 (K,) i T 0K H
HE 2.0x10" L/ (mol -s) , F B LUT 3 £ # & 5 K
HLHIFE T BSA & AEZE PR 16N )8 75 4R
FMEN ZE NS E OSBRI T 1, FIW LUT
5 BSA Y B 11 WEEY ., R,
LUT-BSA & & W45 & % 8K T 10° s o,
WESE A BRI E5 G547, HAE AR 53
kHz B85 & 5 8RR, 52906k SO o br 4
—,

222 #JpEME X BSA 5 LUT 454G 093 h

AT AT, B LUT 78 BSA LZE A0, T
fi# LUT-BSA 254 W =20k 3h J1 , 4 Bl T4k BSA
G LUT B2 1551 (3)Fil(4)
A3 TE R AR E S H0 3 S A ) R A 3R AL B
BT 155 BUE A5 Ak IR 45 6 128

In(Ky/K,)=AH (1/T,-1/T,)/R

AG=AH-TAS=-RTInK, (4)

A, K K——T,(298 K) .T,(310 K) B iy &4
G B R—IR ) 2 F Bl ,8.314 J/(mol -K) 5
AH—)5 728 kJ/mol ;AS I A% ]/ (mol -K);
AG—5 4 ¥ F H1 BB, kJ/mol ,

(3)

®2 LUT 5 BSAHEMERMRNEEH
Table 2 Thermodynamic constants of BSA interacting with LUT

zZ A -mol”~ A -mol”~ AS/J/mol™- K~
TkH TIK G/k) 1! H/k]) 1! S/J/mol™" - K~!
0 298 -27.659 -101.70 -248.46
310 -24.677
40 298 -30.902 -54.94 -80.65
310 -29.934
53 298 -28.232 =7.11 70.87
310 -29.082

LUT 5 BSA Z [ M &5 G ) KA 4 LT 3
FOw =X R, 24 AH Ry 5, TAS oy IE BB, #
AEAER & AL 2 AH R TAS ¥ IE{E R,
K VE IR Eh 45 G ad 72 5 24 AH A1 TAS #5°8 fifl
B, S AR S R T R EAEA P, &
2 AT AG R AH ¥R A, W] LUT-BSA & &
WIHITE B2 F R TE B CERN 5 AG Ry 7 {H Bl
R ) T v W AT BRI 3% B E — e e Y
BSA-LUT & & ¥ i B BSA F1 LUT 4 ¥ 5 £
E R R B A RS E L S AR R 0 Ha/

40 kHz I}, TAS<0, — % 245 4 BRI T S0 5 F 3
Ak Jy Y8 AR 53 kHz I, TAS>0, 324
JIR G Ty, AR E E OR s T A A
BIVER 1265
23 EFEHKE

[ 25 5 S 1l % W 2 A3k g 5L ) 1 A o 35 1) A
a3 e &7 R AR B, K 2 al & i ilae 4l
T i ¢ ' W A 349 8 T X TR 2L R i ) 96 S I A,
W 75 Ah AT BSA G5 46 748 45 TN &F i, 5 A )
T LUT 5 BSA M45521, TEIREE 298 K, M 75 4 %
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Fig.2 Synchronous fluorescence spectra of LUT binding to BSA at 0 Hz(a, b),40 kHz(c, d),53 kHz(e, f)(298 K)
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VR B O, B A O B 5 R B A LUT 5% M
BSA 45K, B8 T BSA 2r TROBUR LS54 | &
W LUT F1 BSA JE U G5l 2 BSA 1 ok
TR AL, SOOEOGIE R AT a3
25 LUT 5BSAMZEERIA

WF5% % ¥, IBUP A1 WARF #] LA/E & BSA 1
ERIE T A (Sudlow’s site [ ) FIE 25 #3301 A
(Sudlow’s site 11 )k 25 A0 2GR EN 3 2 X
PER M A, o] LA LUT &5 BSA (45 610 05,
LT W LS R T A sl 25 s A

K 4 WoRTEIRSE 298 K, ARHAAIEAMT,
PR FRIC P % T LUT 5 BSA A 1 4E H 2¢ 6t %
FEZm , nTLUE L Anic ) IBUP i WARF A9 A
TR AR LUT-BSA &5 W 93 KR A7 7E
Fric i s se 4 Ui B LUT 5 BSA (45 &0 5 A
TE 25 R I 1T A A 25 A s LA
2.6 LUT 5 BSAMIASFXIELER

43 F X6 1 5 AR A AL AT LAIE W SRR B A AE I8
A LLISIE 5 Al 6 45 SR> R Autodock vina X
LA 4B 10 RGN AR E A BT ER AR R U
HEM % AG {6 H-35.16 kJ/mol , 54 J7 24 H BU(H
FEAEZE S, WIRB RS2 S W FRRES &0+
(AN 7K ) (4 5 ), 3 26 PR 25 7 X 422 A0F 9% b 22 i
TR S arAL, 2 BSA 4548, LUT # Leu
490 3 1ok S B R Pro 492 Arg 412 Val 408,
Tyr 400, Arg 409 Ala 405 %5 5% 3 38 i i /K AH 5
YERELIE, 5456 58 9 alee — 3,

3 it

K FH 98613 1 W 5% 68 75 A 38 (0 Hz/40 kHz/
53 kHz) %F LUT 5 BSA 9% Y62 K AR ;% )
5 R A0 — R UL SO 3 4 W 3 FORE AR A 1
T LUT X} HSA = &5 (/)52 00 5 2R FHAV 1 5 ik
95 55 A o3 T R B 0 R 45 A A SR ELBR SR
T S5RFEM A AR LUT XF BSA B85 KAE
FHHEE 53 kHz #8575 Ab FRAE KRUR b, 245 4 % 8
ek, T3 B2 i SV BT KA VR S BSA
H & 456, Bl A B8PS IR 38, 228 T VR i
2 A0, I Marker 32856 Fil 43 7 X 2R 06 2
B, LUT 5 BSA %54 7 55060 F W 25 A W 1A
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Abstract

It is of great significance to explore the effect of ultrasonic treatment on the binding behavior of lutein (LUT)
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and bovine serum albumin (BSA) for the development of active molecular carrier. The interaction between LUT and BSA
at different ultrasonic frequencies (0 Hz/40 kHz/53 kHz) was analyzed by fluorescence spectroscopy and UV-visible ab-
sorption spectroscopy. The binding sites were determined by binding site competition experiment and molecular docking
technology. The results showed that LUT could quench the fluorescence of BSA at different ultrasonic frequencies, and
the quenching rate was the highest (50.6%) at 53 kHz. Meanwhile, ultrasonic treatment could enhance the hydrophobici-
ty of BSA structure, which was consistent with UV-vis absorption spectrum. Synchronous fluorescence showed that ultra-
sonic treatment made the BSA skeleton loose and the fluorescence intensity of tryptophan changed significantly at 53 kHz.
Molecular docking showed that the binding site of LUT and BSA was located between subdomain Il A and B, which
was verified by site competition experiments. In addition, thermodynamic studies and molecular docking showed that LUT
spontaneously binds to BSA mainly through hydrogen bonding and hydrophobic interaction. In conclusion, ultrasonic treat-
ment has a significant impact on the binding behavior of LUT and BSA at 53 kHz, which provides a new idea to regu-
late the interaction between protein and small molecules in food by changing the ultrasonic frequency.

Keywords lutein; fluorescence spectrum; binding site; ultrasonic treatment; bovine serum albumin



