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WOE RS, OO AR B g, WA ORI =450k
k5 03 7 S 2 A 40 v I T AR R R 2F LT AR T (BSAD Z IR A B AE A . R iE R . 4 Stern-
Volmer J7 B4 5] 298, 303 F1 308 K il BE N 09 3 A8 5 61 G 4 40 K, RIS ICH 4, GEW] BSA 5 %)%
B R (FAD AR AR U R PR DK B G W AP0 K 5 R I AR AR 1+ 315 th I 245 6 A2 i B #B7E 1 B, FA 5 BSA fk
RAABEAE A 1 15 FIUH#E SR KIS EOT A = AR T %3580 B4 AH<0, B4 AS<<0,
RgEe. FA 5 BSA Z £ ZEM ) h A s REAEEL T AG<o, WHIEMIR A RSE. R
Forster’s (- B AR M fe e B e, RIS G FE R »—6. 340 nm, £ W] BSA 5§ FA Z [ /£ E AL 50 5T
REREHERS . 0 PRI ZE R W] FA 5 BSA ZREMZ GEN I B A QAN EET), Wi — % Z B £
e RVEM 1, 28 j 3L RAE M FA 5 BSA B RE S & . M X FA 5 BSA M EAE A5 5b — 7T WLk
OB TS5 1. &R I BSA e R R A TR IH B L, 2 FA {ff BSA B Z R &5 & B A . il i
5% FA 5 BSA M1 HAEFIY RS20, /53] FA fff BSA Hil € &8 (Trp) 48 55 Ji il 1 fOR BE AR M3 3,
KPS . FROK PR R, f BSAMERFRMR LA T —ERERRE. B FA S BSA MEAENKN=
AEOLIE . 1 1(peak 1) 514 2(peak 2) Wi KA PP IEE Z A T 208, IEW] FA 5 BSA &4 T AR EAE
FH . FA fii BSA JH B A BE AU 34 K BK PR/ . SRR 0, BSA SR g k£ 24k . &5 R
ST, AR A RS A B AR RIR R T o 88 (o Helix) W20 2. 3% . B-37 & (B-sheet) 1§
fn 7. 7% . R-%E £ (B-Turn) B4 A1 0. 6 %6 F1 JG KL I 45 44 (Random coil) & &> 1. 2%, B-3r B (B-sheet) & &3 i
FCOAWIR, SRA UL T FA fff BSA 45# kA T .
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B HLRR (fulvic acid, FA) Jy Ji§ AR h il —Flr, H 458
PEERZTEEIE,, BAA KB, T DR
JE— R R AR B e AT R, e S 2 45 AT B R B R
H, U1 Winkler John™ %5 T 53 8% J Af fR % T 12 4 5% o B IR
W5 19 97 %% ; Jayasooriya Rajapaksha Gedara Prasad Tharan-
) 45 9 4 AT R ST L9 S 995 4L 7 5

MEZET- S AL (3 A R RSP Y 3% P o0 i R
B, A i 2 o R L 2 R I 3K B OB R RS B2 W)
T AP RN R EZER ., 4 1 18 [ (bovine serum al-
bumin, BSA) 5 A M3 H & HFE 454 125, BSA B4 5 3k
BT R RR A, X SR S A BSA B ORI N T 5
HEEMEERAWIEEE, FA S FaHhmesa 24
AR R IR AR IE . WL 2 A I B 2
P18 5 35 P A FAE T . ASBIF ST B R FA 8 2 W T R B A Sk
Xt F ST FA 25958 AR 1R 4Rt —E 8 2% . [lehE
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WA SE FA 5 BSA M EAE AT AR T WXt FA #1558 A X
TH A A DI RERY R A e (A

1 SEHsy

1.1 =57

A% . 764y 6Ot B i (LS55, % PerkinElmer 2
Al s BAM-TT LT 21 40 3 606 B i (CARY 5000, AGILENT
TECHNOLOGIES £ BR 2\ 7)) 5 8 — 4% {¢ (Chirascan plus.,
B RPN FD . R FAEEZ=98%) (BB E T R
AR BRA FD s BSAHEFE=>98%) (I i 4 BBl B 4 BR
INEDD s =R 34 3 B B¢ (tris hydroxymethyl aminometh-
ane, Tris, J3#raf) CRE G R 44 TAFFR A
1.2 BRES

S EE R pH 7.40, ¥JE K 0.1 mol « L™ i Tris-HCI
ZEWVEWR . 0.5 mol » L™ Y NaCl %W+ 5X107° mol « L'
BSA i & . HERH RS I BSA i & W5 AV EE 2 0.5 mol «
L 'NaCl % 20 mL, | pH 7. 40 [y Tris-HCl ZZW B R ES
% 100 mL, fHEEEES 5X10° mol « L' {4~ 174 H 4 5
VW FCRIVREES 1.5X10 7 mol « L' Y B M BR VAW .
TRV U PR BB T AR 24 WK 0. 049 3 g, FEAF IR IR )5 o 2%
F 100 mL, f3EEEH 1.5X 10 ° mol « L' 1% & i # R ¥

W o
1.3 Fik
1.3.1 WM ERFEEET FA-BSA & % % k&

B9 3 10 mL b, 2 BB BUE i BSA Fl FA, 745
N BSAWREES 5X10 " mol « L', FA ¥ B AR i 4K
WoHO, 0.6, 1.2, 1.8, 2.4, 3.0, 3.6, 4.2 i1 4.8) X 107"
mol « L', $£4] 5 ##'E 20 min J5 AR IR/KBH . ¥IRE 5
i E A 298, 303 A1 308 K, FEAS[F] A T Jm#A 20 min J5 B
s AZO G BT AT I & . B SO IEUR B K 280 nm,
PeSEFE R 10 nm, SAFHEE 1 500 nm » min™ ', R HFEK
290~550 nm, 5 A X R 9 5 VB (A .

1.3.2 @& FA-BSA # B % % % k%

L9 3 10 mL b8 . 43 B HUE i BSA Rl FA, 75 5]
Ho 8 N BSAJREES 5X10 " mol « L', FA ¥ B2 MK F
kK0, 0.6, 1.2, 1.8, 2.4, 3.0, 3.6, 4.2 Fll 4.8) X
107 mol « L', BHESIERE . £ 70T R 55 6 ¥
R 280 nm, PRAETEREYY N 9 nm, HAHE 1 500 nm -
min AT, 2 BFHRE A2=15 nm Fl AA=60 nm T {k
ESINIEP S i
1.3.3 T FA-BSA =4 % 5% %48

BT S 10 mL W6, - I IUGE & BSA Al FA, 14
BN E N WA EE . BSA 2 2.5X10 7 mol « L',
FAJy 3.0X107° mol » L™', &AM, £ =495k
PR P 200 nm, FRAETEE 7.0 nm KT, RERSEK
200~500 nm, HEHEEH 1 500 nm « min~ ', 43 & 40
H RSP ARG R 5 nm B9 = 4E56 560615 .

1.3.4 M FA-BSA # % 5h-+T Lk SOk b #
4y MBS BUE & BSA 1 FA & I8, 24518 N BSA

WREA 51077 mol « L1, FA ¥k B2 AR 2 i 4K I (O,
0.6, 1.2, 1.8, 2.4, 3.0, 3.6, 4.2 Fl 4.8) X 10" mol -
LY, B m A e el . I 5840 43 060 BE 3 49 4 58 Ab-T Lk
OGRS HEPEA 190~450 nm, P BEFE 1 nm 59 444 F
i S8 Hh-n] IR IO

1.3.5 % FA-BSA #4365

B3 32 10 mL WA, 40 5B HUE & BSA Fil FA, 153 3
=R EBEREE N BSA B 5X10 " mol « L7'; FAN 5
X10 "mol « L™'; BSA 5 5X10 " mol « L', FA Jy 5 X
10" mol « L', BEGRSFH#ERW . L5005 O0H KL K
K 280 nm, PRAEFEHE 8. 0 nm FAFT . FAHBAS I E A 290~
550 nm, & & HHEE 500 nm « min~ ', JUl HIF5H FA
FA-BSA (26061 . TR 5500 66 B A Hi K 190~450
nm, ZEPAKEIE 1 nm 44T, WIS FA B %5
AL OGS
1.3.6 & FA-BSA { = & #

B2 32 10 mL WA, 40 5B BUE & BSA Fil FA, 153 3
PR E g . BSAMRE Jy 1X10 7 mol + ™15 BSAMREN 1
X10 " mol « L', FAMYRE K 4X10 ° mol « L', & %
AR WA T L D 180 ~ 260 nm, Bk 4% T8 B 8.0 nm, W 7]
0.5 s, i TrissHCI/E RZ 1, id 5% BSA 5 FA-BSA & & 1)
B — 3
L.3.7 & F 3534t 4

{fi FfJ ChemDraw Professional 15. 1 {2 FA )4+
ZE R, EECEE [ B 2 RCSB Protein Data Bank(http://
www. rcsh. org/bdb/home/home. do) 1 BSA Sk 44+, {5
O T XHHEIR A Accelrys Discovery Studio 3. 5 #4743 F X 4%
AL

2 HERSHE

2.1 TFA 5 BSA fERRIZEAER S

BT BSA S FEABAR(Tyr) ., &R (Trp) . EHN
TR (Phe) 55 2 LR 5% BL 68 (15 BSA 4 7 HA R 20 7
P, FAVEIRIMA BSA WG, WP KM, Bl 1
(a b, o) JETEWR 4 32 298, 303 H1 308 K F, BSA 5K [l
W FA W™ AR R 5EO6 0 B AR LI 0. i &l 1 40 b 0k
o RT T, Ok B 280 nm, BSA e KRG Hy 346 nm., [l
% FA VWA EZ N, BSA %5t a8 B 2 A A T I, & Bk
o B 5 RAIVE G W B ucAE, FILTT 3 H FA X BSA =4 9%
JEHERAERT Wi KA EAE
2.2 FAS5BSAHEMERAMREERESR

PR LR R s S B ASTE R, Sl AT TR K
FA 5968 & &40 T BSA 2 8] M 5w 48 , {1 1526 S 0 J3E b
ik, AN 3] BSA W5 56 I ik A8 v # A 78 I &
HETFOMFERKSFRBRALRNH ST EGY . 15
T, E AT T AR LAY, U R Stern-
Volmer Jy B2 47 4b B A 4] W7 456 2K 28 Y

F,/JF=14+K«[Ql =1+ K,z [Q] (D

KO, FABFIRERPER, Fo AAMA FA BB K R
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CEENE o

MIFECEE s FoRIMA FA B WRERRMZO0EE ;s [QIA
B R K FA IR AW T . Koy M B R H, K, N3
B I HERTEE v N HHIGN FA RFLER, 2047
F Ty, @HEBE 107° s, ULQI Nk, Fo/F
YN, VE 298, 303 Fi 308 K I B T %Kk & Y Stern-Volmer
Mk, JFUABRRTREGMERE. WE 1,

B3 1A%, 7F 298, 303 Ml 308 K Fil&53 K, 4
I8 R e K Y BRGSO B 2.0 X 10 L - L
s, UEWA FA 3 %05 o i 25 0 KOk MK BSA Y 56 6 98
LK B0(E 298, 303 F1 308 K T A9 % {8 b 25 15 B T v Tii
FEA, JEIE R FA 5 BSAEAH &K,

mol

1

corny (1—9): (0, 0.6, 1.2, 1.8, 2.4, 3.0, 3.6, 4.2, 4.8)X10 * mol + L

AERET BSA-FA R R EER KR XL 5 HIEE
(a): 298 K; (b): 303 K; (c¢): 308 K; csay =5X10 "mol « L1

1; pH 7. 40

Fig. 1 Fluorescence emission spectra of BSA-FA interaction system under different temperature
(a): 298 K; (b): 303 K; (¢): 308 K; cpsay =5X10 " mol « L3

crny (1—9): (0, 0.6, 1.2, 1.8, 2.4, 3.0, 3.6, 4.2, 4.8)X10 *mol « L

's pH 7. 40

% 1 Stern— Volmer &£ HFRURBERXRY
Table 1 Stern-Volmer linear equations and correlation coefficients
T/ . KRR K Ksv/ K,/ Ka/ ERE R Ka/
S -Vol 28 3 ¥
g~ OternVolmer &HE)E (L + mol 1) (L mol !+ 5] (L« mol 1) BB n (L« mol 1)
298 y=4.008x+0.957 6 0.996 9 4.008X 10" 4.008X 10" 4.710X10° 1. 033 4.710X10°
303 y=3.653x+0.950 1 0.995 5 3. 653X 10" 3.653X10'2 4.382X10° 1. 037 4.382X10°
308 y=3.181x+0.968 8 0.996 9 3.181Xx10* 3.181 10" 3.532X10° 1. 025 3.532X10°
2.3 FAEBAWREBERANEAERSEEGMNRE In(K;/K,) = AH(1/T, —1/T»)/R 4
CUEW] FA 5 BSA A AR T #0990 7 K 36 10 O i 25 0 AG = AH — TAS =— RTInK, (5

K V) 25 U B2 2R 3 2 RN A &R
lg[(F, — F)/F] = 1gK, + nlg[ Q] (2)
K (2, Ky i FAFI BSA WZ5AH 40 n 2 FA 5 BSA 1
iGN AEE Fo WA FA B RHA R PEOEMmE: F oA
A FA S5 R W26 EE . Lh 1g[(Fo — F)/FIMEAE
FP AR, DL gl QMM VE A i A bR M P, B 2R R R B h
SN, WA FBKy BB TR, AR
Lo N1, = MRETEGHE K #BE K, 456008
B 1 MEE. WEM] FA 5 BSA 454 1%k . FLiZik & A B 48
RS E G R 1 18, (R, 45 A 8 SO b6 % 15
B E TN Ka (298 K)>>K, (303 K)>K, (308 K), 5
WK BRI B A AL A — 3, #E— B IER] T FA 5 BSA &
R KBTI R B,
2.4 FASBSAWHEEANANZSHEMEEERD
25/ F 55 R R B 22 R A AN [ £ A AR
MR BB AW, MHEAER IR E 82 A S8, GiKIE
M1, B sl s iEdE Jy, it Van’t Hoff AR 315715
B VAR R BIRAE AS 54578 AH, Van’t Hoff 23X 5
B A 30 B AR A s (3)— K (5)
InK 5 AH/RT 4 AS/R

3

KRG P, AG SN T 1 0 A B g Ka B4 &
B R FEEIRSMEEEH (B R=8.314 ]+ mol ' - K); T Hik
R, B3R GIRF AH=—33.48 KJ » mol ™',
AS=—40.78 ] « mol ™! « K Hl AG=—20. 95 kJ * mol ! (298
K), —21.12 kJ = mol ' (303 K), —20.92 kJ - mol ' (308
K) . H 4 Ross™ Hig A[ 41, FA 5 BSA R RH IS B8
AH<C0, AS<CO B ZR i & Z 18] (4 V8 F 0 Sk &0 A S 7
1 AG<TO R [ &N, TR B 7 S5 A i #A  h
(AH<<0),
2.5 FASBAGKRESESHITE

4 B8 Forster A Ak 48 5 B B 55 B AL EI0O Y, % ik
AR UTREAR

EZl*F/Fo:Rg/(Rﬁu‘."ﬁ) (6)
R =8.8X 10" (kg ' J) )
T = D1Fp(eaQOA A/ D) Fp () A (&

H(6)—3@) . F R7E BSA 5 FA KRRt FA 55 BSA ¥ &
FeJg 1+ 10 BSA M2 L. Fo 7 RA HE R BSA #f il
FHIYDEOLIREE . r 5 BSA 5 FA ZRIME G HE: R N E=
500 I (il SRR RS 5 &° S AR A I e LT, BOT-A4 A 2/3;5
n A B T 5 48 B, BOKFA ALY R -39 E 13365 o
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BSA 152t it F 7= 4, WA E IR (Trp) R Bt F 7= % o=
0.15; J J BSA WFOGRHGHE 5 FA AR IO 15 ] 19 56
WEZRIr: FoOR BSATERK XA FOEIRE ; ea QO RH
Z i FALEW A A AR FE RO R

BSA 192 66 2k 5 FA M2 5MRBOG IS i i B &
FEIWLIE 2, B2 EEHSUW] FA 5 BSA Z A7 16 47 3 e
R, RIEREO—RN O R/ IARESHG J=2.021 X
', E=18.30%, R, =4.79 nm, r=
6.340 nm, 5L, FA 5 BSA M BEAEHAMGE G r<
7 nm, [AJF} 0.5 R,<<r<<1.5R,, iE# FA 5 BSA 2z [a| £ 7E 3k

107" em® » mol » L

B2 BSAHREERGHKIE(a)S FAR
EOMRIIE (D HEERE
Overlapping of the fluorescence emission spectra (a) of

BSA and with the absorption spectra (b) of FA

Fig. 2

cpsn) =Ccray =5.0X 1077 mol « L1

LERIN: 5 o
2.6 FA 5 BSA 9 FxtiEiEl

ST R R T L 0 M T M BSA 4> T 45 M
BRI FA 5 BSA M EAERE R P ER I 288 . FIH &7
XS0 b FA 5 BSA A B /R AT & 09 47 1 X 2
KL, & 3 iR . & 3Ca) F(b) Hr, BSA 7 fA 45 by 5L 81
LR H FA 2350 F BSA B9iGdE b . FA 5 BSA 456 07 5
23 BSA 454 38 [l B(Subdomain [[[ B)site [ & . Kik—#
M FA 5 BSA fHEAEH WA, 51 H FA 4546 6 5 K
XoF 25 G R R A A Ok BH B ) S SRR AR 3L . DLIET 3(o) . Bl 3(o)
i, FA 5 BSA (& 3 R 5k 3k 2 [ £7 7y 1848 J (Van der
waals) By 4. HIS534, GLN579, LEU582, LYS535.
LEU531, THR578, PHE508, PHE553, GLY571 #i
PRO572. FA 5 GLU503 fil THR507 4 % B2 5% 3 = ] W &
£ 4E i /1 (Conventional Hydrogen Bond), FA 5 GLU503 &
WK R 5.45 A, FA 55 THR507 R4t K 0 3.19 A, FA
5 BSA ft PHE501, VAL575 #il PHE506 4 3t B 5% 35 = 6] 17
e A ) T 4ilf 4% 1 F 77 (Unfavorable Bump), FA 5 PHE501
KN 4.69 A, FA 55 VALSTS AF FREfA K M 3. 64 A,
FA 5 PHE506 &% H 5.34 A, FA 5 BSA o PHE506 il
LEU574 5% 54776 8 K VE FH 1 (A Piralkyl 5 Pi-Pi Stacked J&
K AEAE) . FA 55 PHES06 # K 4. 60 A, FA 5 LEU574 B
AR K 6.26 A, FiRZ5 RIEW] T FA 55 BSA M H
TERIM B R4 A&, R T BSA 45 M A 5 1 AR
1.

B 3 FA-BSA 5 FX#ELER
(a) : FA-BSA 73 T XHEBYIE 5 (b) . FA-BSA 73 7 X AU K5 (o)« FA-BSA & B MR 5% JEHY 2D, 3D /R &
Fig. 3 The molecular docking result of FA with BSA

(a): Molecular docking simulation of FA and BSA; (b) . Streamer shape molecular docking model diagram of FA and BSA;

(c¢): 2D and 3D schematic diagram of amion residues of FA and BSA

2.7 FA 3t BSA Z R & /MM
2.7.1 FA 5 BSA A8 5 4E R 64 % sh-+T JU B M k%

FHE AN G AT IR ZE FA X BSA B85 Mk 28, Bl B
SHET . 43 E BSA R FA 5 BSA A & (128 47T 0L ik
Jeitk, WL 4. B 4 AT, MR Y 5 A I LE 280 nm £
AP, B FAWREER ARG R, e KIRIIELLH T 3 nm,
SIHTA N T FA 5 BSA G X KA T H FHEBL FA %
PUE SR T YOE R RS, B4 TG, MIBOBH M
AEREI/INT L i BSA JE Bl A8 30 BT 4% 1 4 K. B K BRI
FKPERE R, IEB] FA fili BSA ) 88540 &£ T 8,

2.7.2 FA 5 BSAMEZMERMRA T & kLiEHH

7] 25 9 5t 1% AT LB B S ke 1 B P JB 2 2R R % 2 ) R A
B AL, X R IBEAT T I 25 900, WK 5. H
5 R %1, 78 BSA PV ERTFABMIEOL T, BE FA WKRE
BEREM T, & 5 () A= 15 nm F XF 3 % AE 1Y B 4 iR
(Tyr) 5 5 [F] 25 9 6605 I e R R Tl R A e ke A 78, g
BITCUA B ARk, DGR B K BB RS 5 M 5 (b)) Ad=
60 nm I Xf i RAE MY & 2B (Trp) 5% 3 7] 25 5¢ 606 1% 19 5 K
RIFWERLAF T 3 nm, HPOGH KRR, X Uil FA ffi
BSA w8 2 iR (Trp) 55 45 J) Hl 09 G 90 B AR M 1 o, ol /K ok
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CEENE o

WEES, oK PEROUE, (F15 BSA MR B T — & R I
5, EB] FA fEFILE BSA @R (Trp) 583 L, {f BSA (1)
.y A e o)

B 4 FA-BSA 1€ R 5 3 B9 22 5h IR U St i
casay =5X 107" mol « L715 epay (1—9): (0, 0.6, 1.2, 1.8, 2.4,
3.0, 3.6, 4.2, 4.8)X10 " mol « L™'; pH 7.40; T=298 K
Fig. 4 UV-Visible absorption spectroscopy
of FA-BSA interaction system
csny =5X107" mol « L™ cpay (1—9): (0, 0.6, 1.2, 1.8, 2.4,
3.0, 3.6, 4.2, 4.8)X10 *mol « L™ '; pH 7.40; T=298 K

Bl 5 FA-BSAERGRHES R NKIEE
cpsa) =5X 107" mol « L™t ¢pay (1--9): (0, 0.6, 1.2, 1.8, 2.4,
3.0, 3.6, 4.2, 4.8)X10 *mol « L '; pH 7.40; T=298 K; (a):
AA=15 nm, (b): AX=60 nm

Fig. 5 Synchronous fluorescence spectrogram

of FA-BSA interaction system

csay =5X 10 Yy ocora (1—9): (0, 0.6, 1.2, 1.8, 2.4,
3.0, 3.6, 4.2, 4.8)X10 * mol « L™'; pH 7.40; T=298 K; (a):
AA=15 nm, (b): AX=60 nm

"mol + L

2.7.3 FA 5 BSA 8 ZAE R 69 = 4 3% % b5 4
h it —# 5T FA 5 BSA (f45 & %t BSA 7= A4 45 ¥ K 15

OABE R, XA R HEAT = e 50 e, WK 6. K
7., A 6. 7 A[ A, & 1(peak 1) 51& 2 (peak 2) )% 6 5m
JEHR K A TR B Y ARG L P 05 A o KR B A A ey
HMTaABIE, W 1(peak DERRKEHFWHEKIELHE T 1 nm,
1§ 2(peak 2)F KRR P KIELLHE T 4 nm, JEW] FA 5 BSA
RAETMHEIERM, FA M BSA J5 B 58 (9 M3 K. sk H
W RAKPESE R, i BSA B R kKA. K 6Ca,
b). B 7Ca, b, BEIIE AR MKIE a(peak a) . 1§ b(peak
b)) FR 2 B R BRI W (Aex = Aem ) 5 2 B BE W7 IRAR A0 1, 05 2
BRI (2hex = Aem ) » I 1 RAEME Z R (Tyo) Al
AR (Trp) B A, 1 2 3 N 2 kB Q454 ., RAE BSA 1 —
G, Y BSA BRI A FA B, T 0 (0 45 A S 8K
Aex/Aem s )53 WM peak 1(280/343, 271.8), peak 2(225/
340, 664.3), W 1 5% 2 MUOLIRBELL A 12 2. 445 HmMA
FA WIS . FA 5 BSA AHILAE FI 1K 5 09 P 2 56 W 45 4 2 5
(Aex/Aem s F) N peak 1(280/344, 220.5), peak 2(225/344,
503.9), g 1 5 2 (YHIERBELLO 15 2. 28, MAUE 1 FTig 2
(958 0 B EAT 00T - A FA JE RS . BSA ) i A1 1 56 0
peak a Fl peak b %6 1Y 78 B 8 & A B R R, 3B BSA
5 FA RAMEAERG . BSA B4 FREHMIN, BO ST
SN ArEL, BIVR A AR SRAE . #E T2 BRI AR Bl . 9
FEVS . UE—2 R FA ff BSA B9 908 M e A T B s .

6 BSABRBHZHIELEE (a)FIETLE(b)
cpsay =2.5X10 " mol « L1 pH 7.40; T=298 K
Fig. 6 Three-dimensional fluorescence spectrum

and contour map of BSA
cpsny) =2.5X10 " mol « L5 pH 7.40; T=298 K

7 FA-BSA BB ZHFARIEE (a) MEFLE (D)
cpsa) =2.5X107 " mol « L™1;
cray =3.0X10"° mol « L™ '; pH 7.40; T=298 K
Fig. 7 Three-dimensional fluorescence spectrum
and contour map of FA-BSA
cpsm =2.5X1077 mol « L1

cra)=3.0X10"°mol » L5 pH 7.40; T=298 K

2.7.4 FA L BSAAZAEAGE=EXESH
Bk — W5 FA Xt BSA ¥4/ 2, 45371 5% BSA
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5 FAWE 1: 0 f 1 4 (RRME i E, WE S, MWE
8 T 15 BSA f£ 208 nm Ab A1 224 nm &b H B A fa 0, gt
7 BSA 1 oI HE (o Helix) 45 H4) (0 457 0 06 . #7157 — (0 3% 5
A CDNN setup v2. 1 ¥4, # 4 A 3hit 5145 BSA 5 FA-
BSA M HAEFR R AFRAE 5/ W & W {d. 7€ BSA 5 FA
WREEL 1 2 0 1= 4 KRR, o IBHE Al 22. 250 F &
19.9% . B~ & 5 bb Hh1 25. 8 %0 189 Z 33.55% . B-#% M1 4 LL i

8 BSA 1 FA-BSA R ZBE — &%

(a): capsmy =1.0X 107> mol « L™ (b): csay =1.0X10° mol »
L' cray=4.0X10 °mol « L™ '; T=298 K; pH 7. 40
Fig. 8 The circular dichroism spectra of BSA
and FA-BSA interaction system
(a): cpspy =1.0X107° mol « L™1; (b): ¢psay =1.0X107° mol -+
L', cray=4.0X10 " mol « L'y T=298 K; pH 7. 40

References

17.8500 4 & 18.45%, JC RN 25 44 (5 b i 34. 8% [ &
33.6% . R A RIEM MR, FA 5 BSA k4 T H
HAEM, FABUZET BSA JH B M5, ff BSA i) 945
KT AR

3 45 &

R APDOCNTEE . S . B @k . =450
Jeilk ik . RO k5 2 T R B T B A AR S
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Abstract In this paper, the interaction between fulvic acid (FA) and bovine serum albumin (BSA) was studied by fluorescence
spectroscopy, ultraviolet spectroscopy, circular dichroism, synchronous fluorescence spectroscopy, three-dimensional
fluorescence spectroscopy and molecular docking simulation in the simulated physiological environment. In the fluorescence
spectroscopy study, the dynamic fluorescence quenching rate constant K, and quenching constant at 298, 303 and 308 K are
calculated by the Stern-Volmer equation, which proves that the quenching process of the interaction between BSA and FA is
static quenching. At the same time, according to the calculated binding sites n, the interaction ratio between FA and BSA is 1 ¢
1. The thermodynamic parameters at three temperatures are calculated by static quenching double logarithm equation. enthalpy
change AH<CO0, entropy change AS<CO0, it is concluded that the main interaction force between FA and BSA is hydrogen bond
and van der Waals force, AG<C0, indicating that the interaction process is spontaneous. Based on Forster’s dipole-dipole non-
radiative energy transfer theory, the binding distance rang 6.340 nm is calculated, indicating a non-radiative energy transfer
between BSA and FA. The molecular docking simulation results show that the binding force between FA and BSA residues is
hydrogen bond and van der Waals force, and there is a hydrophobic force between them. The interaction of multiple forces makes
FA and BSA combine stably. Through the UV-Vis absorption spectrum analysis of the interaction between FA and BSA. it is
found that the maximum absorption peak of BSA has an obvious red-shift, indicating that FA changes the secondary structure of
BSA. By studying the synchronous fluorescence spectrum of the interaction between FA and BSA, it was found that FA
enhanced the polarity of the microenvironment around the tryptophan (Trp) residue in BSA, weakened its hydrophobicity and
enhanced its hydrophilicity, which changed the protein conformation of BSA to a certain extent. Through the study of the three-
dimensional fluorescence spectrum of the interaction between FA and BSA, the maximum emission wavelengths of peak 1 (peak
1) and peak 2 (peak 2) were red-shifted, which proved that FA interacted with BSA. FA increased the polarity of the
environment around BSA, decreased its hydrophobicity, increased its hydrophilicity, and changed the protein conformation of
BSA. Finally, circular dichroism was used for analysis, and the software was used to calculate that under the experimental
interaction system, a-helix (o-Helix) decreased by 2. 3% , B-sheet increased by 7. 7% , 8-Turn increased by 0. 6%, and irregular
structure (Random coil) content decreased by 1. 2%. The content of B-sheet increased most obviously, which strongly indicated
that FA changed the structure of BSA.
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