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WE KR5S A R I T WO K% R A7 2 A48 B 4 22 (40 kHz/30 min #= 50 kHz/30 min) %+ 4k & 8 (CGA) 5 4 f i
b &G (BSA)MER 69 % eh, 38 3d 38 A S K3 Rk oA CGA *F BSA 89 % B 2E RAE A il i B 4 48 b kg o444 CCA B
BSA B& & B& (Tyr) & A& 5 & &8 (Trp) KR IR B 69 T AL & # 2 CGA *F BSA # % 49 3% #7 ;32 A Stern—Volmer 7 #2  Acharya
FRERFPIRTHEAIFR TR EEFH ARES I AIRTEEMESNSTAER S, AR LXK (WARF) .
% 5 (IBU) ¥ & @ AR 3e 4 R F) b 2 A4 5 A) A 9h kg m 2 BSA M Z BRI RRI A F M E e Hrm, SR AW . £
A 5 F 53 kHz 8 ,CGA *F BSA #9 & AR AR R A B, 2542 CCA-BSA LM MmE A A — =L, txf
CGA 5 BSA MG HIGRIEN M ALK ER LA AEE, MAERARFRENSRORE RAKE SV Z 0 TR
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KEIR FhFaka; RREK,; RBERAE,; FRKER; BI-TILBOKAEE

XEHS 1009-7848(2022)03-0129-10

2k JiL 12 (Chlorogenic acid,CGA) J& Hi il HE iz
(Caffeic acid)5 2= JE IR (Quinic acid) & W A= 5% 1
AiTIR , S AE )R TE AT S W i 7 A Y — b
KINEEMEY CCA JB T Y I, & —MA
BB EALT], EFE R R ) I AT i
fiir AR AE ol h S A X B Y, CGA i A
PO EE ORI IR I ot Fe TR i B &5 A 0 3 12
bR 17 Z R R WS AL, A ST R ] A R IR
J7 TR A R, Gk A AR RS v, B ET, CGA
VR KRG VE 3 | iR £ il ST ATE 9 R e

NGV 5 TS RS, MY
S LS FAE AT, X AR S EER —
2 4 L7 25 F1 (Bovine serum albumin, BSA)
BA Ry esve MAee v, HS AN H &
I (Human serum albumin, HSA)E. 7 76% i) 2%
g [e) M | 3T A R F 22 i 506 AR Sl HSA YRR
HAY, BSA fE N EH E 2 E M, e 5 AMEME RN
UEPE/NGT T LR e MESS 6 . BSA 1 3 TRl SS
ey 38 (T, T, T ) 208G, 554 235 ) Sl AT iy I 235 4 3 A
B A, BRSO CER AL g K PR S L BSA
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RE 8 25 AN FH Az i 45 Fh oy 8, Hod S 25 0 35 TTA
FIIA 2 ECARSS & A E 24 ST, BEAh,BSA
B AR BRCRT F A O s i g T iz E oY
Yao ZF1O5E 3 2638 FI X LA 1 CGA 7T fE i
w5 CAIE L &Rk /> Cd* 5 BSA (41 5 AEH
25

£ i T B BN RE A AR I AR T £
FiE FROCER I HLHRE B a1y a5 O H R IR
AR ST, H AT AN A R AR T
Ty he -t BT i 52 ma 2 [ 9 A5 i RO S, AR
K, BRI A R 2R 5RO PR A BB R R
BARA TJo IR S5 s A Ry — oy 8 1 42
A BRSO B AR R e AR IR R IR e A
RN b R AR KPR R B
< U 8 75 Ak AT DA B0 1 2 ) S
020 BRI X T P I Ak B A P RS £
(45 6 AF F 052 e v i 2 F 9% . ASBIFSE B 7E 38 2
£ 6T E A AT IR AL FR AT CGA 5 BSA 45451
FH ()52 i

1 #RERE
1.1 #HRSH

BSA (99% ), 4t 3 A R EFH A R A | ;CGA
(98%) . Aii%7% (Ibuprofen,IBU 98%) . fE7kHk
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(Warfarin, WARF 98%),/E T A% T # ( L) A
BN F] 5 JCoK O B R A 4N KPR %5 R 43 AT
gl R K BT

12 UB{5iE%

F-7000 % 64366 BT, H A B 57 @ H R
/N ) FE20K 5280 % pH i1 ML104 H 7 K F | #f
R —FER 20 (L) ARAE;UV-2700 %
Hh=H] WOt Ar ot BT, H A SHIMADZU 2\ #l ;
Milli-Q Reference %Ak AL, 7 [ #K oe %5 21
AHRRAF
1.3 Fik
1.3.1 HWMECH  BSA FH/KHCH Bk BE 4 1.2
107 mol/L i) 4% £ Wi, CGA J¢ FHJG K £ B ft-F-
R BE 1 B 3.6x107° mol/L 9 iff 4 T (5 12 AN Al R 3k
fith 45 W 19 20% ) ,6.0x107 mol/L ) WARF #1 IBU
fith 25 W RIARE LA K A 590, 0.2 mol/L B4 5l iR 2% b i
(pH 4.0) . M BEf A 80 SRR W AE pH it I
PAARE, LRI E T 4 CORFEIRAT .

1.3.2 CGA 5 BSA 45 W96l HEmA £ HL
2970,2 945,2 920,2 895,2 870,2 845,2 820,
2 795 pl. PBS ZZ i W B 1~8 45 1y 250
A 30 pL 1.2x107 mol/L ) BSA #5 1 i&
W, B ETERAEOETIA 3.6x10° mol/L. CGA
PRUEVE IR 3 mL, RIS . LR
6 41,155 AWy, 3 i & T 25 °CF1 37 CF i
30 min, 424 A0 i OB AL RE S o0 B 2l
S 40 kHz F1 53 kHz &b FE 30 min , B4 HF 5 4k 22
A JFR BE T BN 30 min,, AR UCINAE FTSEHL 300 pl
E i T A v A BE L (0 L 3 VR, 4 2 B 2 mL KR
F @M T H# (R R . B L K 280
nm, B & CM R 2.5 nm, KGN S nm, M 5E
290~450 nm K5 EIEIE IR D 5% .

1.3.3  CGA 5 BSA i 5 WRILIEIE  # s
Jc i) S b BRIA] 1.3.2 1, 3 R ST K 215 nm,
200~350 nm Ay 30 A A AT L 00 g 2R
] L SO IE IR IC 5% KB 260 nm, 200~
350 nm Ak A A Y L D0 g 2E R Y [
LI It %

1.3.4 CGA 5 BSA Z5 G0 bhoy HER 5 L2
945,2920,2 895,2 870,2 845,2 820,2 795,2 770
wL PBS ZZ thi A1 30 wL 1.2x107 mol/L fi BSA

PRUES I E] 1~8 S5 MBS0 T BBl A 25
pl 7.2x10* mol/. WARF f##5 W, s ¥R RS
FER B 15 min J5 , #IMA 3.6x107° mol/LCGA FrifE
BEWE 3mL, RS ET 25 Cx W 30 min, Fik
B EC P2, Herh— 7R 8 A R 40 kHz T R
N 30 min, 75 — Ak LE A SR T RV 30 min, %
JE R DA 280 nm, R EE R 2.5 nm , & SOGHE
N5 nm, M 5E 290~450 nm B FEEIEIE IR, B
P Ab B RLR I WARF B AL 5 59 9¢ Y663 5k
it Ay it B L2 il 1 IR B CGA MR AR i R s
bric¥#el IBU J5EE LR P IE

1.3.5 CGA 5 BSA 45 & 19458 4b—n] WL i35 #
anBCHl ] 1.3.2 1 RaRRE SR 3 A, —dE T
25 CR L 30 min, 53 A1 W5 20 43 ) 7 68 7 A R Ry
40,53 kHz FALHE 30 min, B2 BREAE e E 5 nm, Bk
25 BB 0.5 nm, P 5E 250~500 nm 1 5 4053 - 1k
fridsg,

1.3.6 it R ER 3%k, FRER
Hx x5, KA Origin V9.0 &, >R SAS 8.0 4k
{4 (SAS Institute Inc.,NC, 3 [F ) A — % 2k 1 A5 AU
(GLM) #4777 225381 . AP+ [ 2 3 4G 9 1 ok iff
Bl B 2 5 B 25K P<0.05,

2 HZREGH
21 BFELEI CGA 5 BSA Rt & G ik
e

BEICETETE Iz A AR SO X
RFNEY AT KM, BSA & A Y 2 5 1R 5k 56 7T LU
FEL 0 8 ST 52 B, R OGR4 1 i AR R A
WS RE 7= A= D o e Trp 9% ) i 7= A
2 S $5e AR IR 1 Wl A R LA ) K i 4
P AR AL AR 5 U IR K IR 4R 43 IR AE B
FH (AN et 7% 78 U R A5 O il 8 2 2K i 2 2%
G YT ) 2 B PECR w,

BT AT, R RO PR AN TR, CGA X
BSA HE KR ATE . CGA 7E 340 nm 72 47 5
T BSA & G5 10 v B AR M AR, R TR S A
PG R T Y 35 JC B B AR 4R B CGA YR EE Y
Thim , BSA W28 SR BEREAL, IR I | it
WICGA B AL 261 ot b PE 1 5% , CGA-BSA
BEWRW T BSA Y =45, 25 °C 40 kHz



228 H3M

RERLENZRRE F iR aZESMEANH R

131

Af, DA (L 4 A R 7 2 AT TR TR AR 5 (L 53 kHz 1) 0
i FI% (P<0.05). 37 °C .40 kHz i} ,CGA 5
BSA 1EH G 8922 ik B2 A B F %, {8 53 kHz AR
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22 BEAEX CGA 5 BSA BT %X HiGH
A

[ 20 5¢ S ot 18 FH R A5 28 11 55 e 1A AH
HAFHAH A R A, 3208 I s R (Ty-
rosine, Tyr) 5% 3 5 {8 2 % (Tryptophan , Trp ) 5% J& %)

AERETBEHEI CGA 5 BSA fERARI AL

Effect of ultrasonic frequency on fluorescence spectra of CGA and BSA at different temperature

8

FEIEHREN YR A R B I 2E AL BEE Y
15 nm 1 60 nm I, [6) 25556 A1 4350 2 44 Tyr #0
Trp F e H R AEFE B9,
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5 Tyr 9565 B BIFEAR , W S A TE A8 AL | HLI%
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Fig.2 Effect of ultrasonic frequency on synchronous fluorescence spectra of CGA and BSA at 25 C
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Fig.3 Effect of ultrasonic frequency on synchronous fluorescence spectra of CGA and BSA at 37 C

2.3 WRIERMIE
A SCH R R K HLEE H Stern—Volmer J7 2
(1)1 Acharya 772 (2) K 2EATHE AR

%O:HK(,TO[Q]:HKW[Q]

Ig(L0~D)=lgK nlg] O] (2)

K F——R A CGA Bf BSA 1 5¢ )t %
{8 ; F——fN A CGA J& BSA %€ Y66 H ; [Q]—

(1)

CGA B FE ,mol/L;7o——2 73 1 F- ¥ 75 4 s,
BSA 1 70 2920 107 s K——4 ¥ 53 F 1 8 Kk
R B, L/ (mol -s) ; K,——Stern =Volmer 7 K #
0, L/mol; K, Acharya %5 & # %, L/mol ,

H13% 1 AJ1,CGA 5 BSA 1EH M IO R
H K, KT 107 L/ (mol -s) , 18 KT d5e KB 27 K 1)
KM, B0 CGA 5 BSA B T 44 91 H i &
PR P Z AR F S WAE ] TNk 2 555 £
Wy S W o 5 I A R AR R RS R KA
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PRI I 465 SR 0T & 5 T — o I, BERE S 0R G T
CGA XF T BSA BUME R H L K, H5K ;25 “Ciit, 28
AN S 455 ALK, B R TR (P<0.05) , 1B
AL E CCGA 5 BSA MI45 4, 37 °C .40 kHz

B, 45 6 0 B0 K, AR M = A PR AT BTt K, {3 53
kHz B2 SCREAR | 156 B 8 5 Ab 3R 0 — @ R, e
Mm%t CGA 5 BSA W44 r=AmMGivER .

&1 CGAS5BSAHEERAMRAEBEREH

Table 1 Fluorescence quenching constants of BSA by CGA
flkHz T/K K. /L-mol™ K/L-mol™-s™ R? K/L-mol™ R? n
- 298 6.98x10* 6.98x10" 0.9971 4.88x10° 0.9979 1.1891
310 7.44x10* 7.44x10" 0.9935 3.03x10° 0.9971 1.3584
40 298 7.25x10* 7.25%10" 0.9977 1.29x10° 0.9933 1.2767
310 7.63x10* 7.63x10" 0.9919 3.24x10° 0.9984 1.3637
53 298 8.69x10* 8.69x10" 0.9915 2.29x10° 0.9917 1.3180
310 8.65x10* 8.65x10" 0.9922 1.60x10° 0.9972 1.2844

2.4 MAHEMR

A TS /N 1 2 EAE T 288
ARy SRR H A EAE A S B K A BV
B MR Van's Hoff 5 2 (3) FlFA I 22 5 72 (4)
A ST R R B KG AE AH AT E R AR AG R
15 AS, I H B 40,53 kHz 4b BRS B(E i 78
TR

1 1
Y/ (-
NS 3)
K, R
AG=AH-TAS=-RTInK (4)

XK K o T .T, 456 % 8 AG——
WA W B M BE L kJ/mol; AH f& A% kJ/mol ;
AS A2 ,J/(mol - K) . 4 AS Fl AH ¥JKF 0

i, 4y FIRVEH 1 s KM EAER 24 AH =0,
AS>0 B, Ry A EAE T ;24 AS F1 AH /T 0
FisF U] Sy S P Y A AR 1)

M2 2 Al ,25 ChF, R AH<0,AG<0,
AS<0, UiM CGA 5 BSA (4 FH i A 2 — > ik
b FESE IR B RETHE I A R BOAR N, A
FA O BIE 5 HE W G i 437 TRD O o &0k Rl
PR TE R AH AG FTAS B398/ | i it A 0 b
R TR A I T, F R RO Ak B T A AR
e T 37 CIF, W ) AH>0,AG<0,AS>0, it
2ol R R — A3 N B R R AR R, R R
M RERRAS, 1EH 1 MK A EAE ], 7 AR AR
A, SN J W2 AT P A R B 2 AR

*2 CCGAS5BSANHEIERMANEEH

Table 2 Thermodynamic constants of the interactions between CGA and BSA

fkHz T/K AG/kJ - mol™ AH/kJ - mol™ AS/J-mol™- K™
- 298 -32.45 116.9 501.1
310 -38.46 501.1
40 298 -34.86 58.94 314.8
310 -38.64 314.8
53 298 -36.28 -22.95 -44.74
310 -36.82 -44.74

25 HENRWHR

WARF A1 IBU fiE5 BSA #9715 Il A (Sudlow’s
site D)FIF4 M A (Sudlow’s site I1)%F5F 45400 18
i LR KA HEWT CGA 15 BSA IS5 0L

H1 4 AR T, BRI P A S B0 K
FEEAR, P ) B oK B8 75 b BT CGA 5 BSA
MEAERMS A SETHTAMFERIIA Z
], i & 5 AR AT AT, 40 kHz B i AARIEY S
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Fig4 Effects of WARF and IBU on fluorescence spectra of CGA and BSA
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Fig.5 Effects of WARF and IBU on fluorescence spectra of CGA and BSA under 40 kHz ultrasonic treatment

2.6 BEAEI CGA 5 BSA £ LiErIm
SO -] W WOETE T Z TR R E R R
{14 45 #4742 A FIRT 5 3 1 B B AR S 5 0 I JE i, 2
i 4 8 ST Trp A1 Tyr 5% 5 J] LA 722 16 R B
FEE H S B R BAE TR A 2T H, CGA 5
BSA B SN T2 A i R L — 4
B — 2 25 R 1 4 F HoaT LAl — 2 i Re o, X R
ST LA 3 2% A1 DI 3% ke F 50 L7 ) 1) 45 4 R e M

Hoketk

HIEL 6 AT, 25 C, 5L I AL 1L
B CCA WL TH i WO BE(E IS K, 1ERFSIEK
L EIGR RN B Z W 51 e Bl A5
K HE KGR 5 8 R A AR, shaAE K A
ST IR A, AR 26 ) B 5
AW 1 AR AR SR FRRIESE T CGA 5
BSA 9 AH B AR e i aod e A e AL S B . R
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Effect of Ultrasonic Treatment on the Binding of Chlorogenic Acid to Bovine Serum Albumine

Fan Jinbo, Ma Ao, Min Shuang, Xing Li, Lii Changxin, Li Jianrong”
(College of Food Science and Technology, Bohai University; Food Safety Key Lab of Liaoning Province; National &
Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology for Fresh Agricultural
and Aquatic Products, Jinzhou 121013, Liaoning)

Abstract The paper uses fluorescence spectroscopy and ultraviolet—visible absorption spectroscopy to study the effect of
ultrasonic treatment (40 kHz /30 min, 50 kHz /30 min) on the binding of chlorogenic acid (CGA) and bovine serum al-
bumin (BSA). Analyze the fluorescence quenching effect of CGA on BSA by fluorescence emission spectroscopy; analyze
the microenvironmental changes of BSA tyrosine (Tyr) and tryptophan (Trp) residues after CGA binding by synchronous
fluorescence spectroscopy to determine the effect of CGA on the conformation of BSA; use mathematical equations such
as Stern—Volmer equation and Acharya equation to calculate its quenching constant, binding constant, and number of
binding sites; then use warfarin (WARF) and ibuprofen (ibuprofen, IBU) two protein markers to determine the binding
site; and use ultraviolet spectroscopy to measure the changes in BSA conformation to compare the effects of different ul-
trasonic frequencies. The results showed that CGA had the most significant fluorescence quenching effect on BSA at the
ultrasonic frequency of 53 kHz, and the conformation of CGA-BSA complex could be changed by ultrasonic treatment to
some extent, and the combination of CGA and BSA could be enhanced to some extent, but the reaction force type
would not be changed. The results of this study will provide a useful reference for the effect of sonication on the binding
of protein and ligand.

Keywords bovine serum albumin (BSA); chlorogenic acid (CGA); ultrasonic treatment; fluorescence quenching method;

UV-vis absorption spectroscopy (UV-vis)



