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Interaction of Bovine Serum Albumin with Naringenin and Its Effect
on the Stability of Naringenin

SHI Kaixin', LILi', GUO Yan"", GUO Yilin', TONG Jinchang', LIU Boping”*", XU Jianguo""

(1.College of Food Science, Shanxi Normal University, Taiyuan 030031, China;
2.College of Materials and Energy, South China Agricultural University, Guangzhou 510630, China;
3.Key Laboratory for Bio-based Materials and Energy of Ministry of Education,
South China Agricultural University, Guangzhou 510630, China)

Abstract: To investigate the interaction mechanism between bovine serum albumin (BSA) and naringenin (Nar), as well as
the impact on the stability of Nar, multi-spectroscopic techniques were initially utilized to study the quenching mechanism,
binding constant, and binding site of the BSA-Nar complex. Subsequently, molecular dynamics simulations were conducted
to explore the binding free energy, key residues, binding modes, and interactions. Finally, Nar/BSA nanoparticles (Nar/BSA
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NPs) were prepared, and the antioxidant activity and in vitro release properties were examined. The findings indicated that

Nar could quench the intrinsic fluorescence of BSA through a static quenching mechanism. The BSA-Nar complex was

primarily formed via hydrogen bonding and hydrophobic interactions, with a binding constant of 1.7x10* L/mol and a

binding free energy of -14.78 kcal/mol. The secondary structure of BSA was altered, with the a-helix content decreasing
from 79.39% to 77.67%. There was approximately one binding site between BSA and Nar, and Nar binds to site | of BSA.
Key residues Arg208, Ala212, Leu326, and Gly327 significantly contributed to the binding. Furthermore, after six days of
storage, when the concentration was 40 pg/mL, the DPPH free radical scavenging rates of Nar/BSA NPs and Nar were

11.42% and 9.30%, respectively. Following 61 hours of simulated gastric fluid digestion, the release rates of Nar/BSA NPs

and Nar were 62% and 79%, respectively. The corresponding release rates in simulated intestinal fluids were 86% and 89%,

respectively. These results demonstrate that BSA can stably bind with Nar, and the antioxidant activity of Nar is

significantly enhanced upon encapsulation with BSA. Additionally, the release rates of Nar in simulated gastric and

intestinal fluids are slowed when encapsulated within BSA.
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(Nar/BSA NPs), #4858 BSA X} Nar P8 4bid M Fi
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1 Nar i 501G, IR R i BSA Wy 1
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17.5.20 x10° mol/L., 7E 298, 304. 310 K #& & &1
FHERE 40 min, {1 FO8 B/ GG THE R4S
AR 300~500 nm X 8] (G A S VO, B
KPR 280 nm, Bk TR SIAREEISN S nm, B35
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T N PESEAL IE A (D) X B A 742 0E, FEE AR IE
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Hr, Foo 5 Fo,, A AERTERTG B2 GBS
Ao 5 A, 53R B TR S AT X R 5 Nar
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i 108 s,
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EAEFMES G EUK ) S S0 550 (n):
F,-F

A (3

Ig = 1gK,+nlg[Q]

1.2.3 BISPHEEENE B BSA RS54
MY Nar R FRSTIRG, AR T BSA WEh 5%
107° mol/L, Nar #& FF Jy 2x107° mol/L. 7E = Iif &1
F##E 15 min, {4 Edinburgh FLS1000 £ 4/
PHEIEHEAN (PL ) 1E SR AR 5 T B D Gl R R 1)
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#2008 1.2.2, 18 298 K IRE T, fiFH Fo8 2&5t435t
FEEETHOSERE AL (AA=2,,— 2. )N 15 Fil 60 nm B
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R 750 V, FES OGS IR T PBS & R Y
Felael
1.2.5 =4SN ¥ BSA - S5AFIAFR
f Nar IS TR G, (SR R BSA MRE R 1%
10°° mol/L, Nar ¥&J&E & 0, 12.5, 17.5, 22.5%10° mol/
L. 298 K #'& 40 min J&, i ] F98 51643 6 GEE
THAFRE SR = 4TS . PR AR SRS
FEl¥I 2 200~400 nm, & BTGB 5 nm, 34
SR SRR AE ST B4 10 nm AT 5 nm, 3925 K 800 V,

=R 4 3000 nm/min"'*,
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2.0x107° mol/L) . R FH F98 B4t e 534
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WD G, PR RN SHREE M S nm, 25K

750 V, BEAOCIEFNER T PBS LR ) OGS -

KA )T EET B R,
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Hor, FyORF, 43 002 SR U I AT in a5
A BSA-Nar 1R GRS GIRE
1.2.7 B AENE  F BSA SRS A AL
Nar W Fe 50 1R A, A AR = b BSA MRl 0.75%
10°° mol/L, Nar ¥#RJ& A 0. 6 F1 15 x107° mol/L, =i
HE 40 min, FEHE AL T, 2R Jasco J-815
5] e GRESG O SR AR SR B g7 gk
IS 190~400 nm, HFF#MEIBE A 0.5 nm. = HH
B/ 100 nm/min. #FFSGIEEFI% T PBS 22 bk
T OGS, WREE R 15%10°° mol/L Nar BYGISAE A %ok
8. F|FH Dichr-Web M 4ik 17 SELCON3 F2 7 43
B, FHSFI5R LB IR IR 2R 158. BSA 2 45H a1
BE. p-P18. B-HA0 . TORNIEI & &
1.2.8 4rFXF#E i HH AutoDock Vina # A4 #E47
4 F X8z, BSA 19 A 4544 (PDB ID: 4OR0) T %,
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BSA 5 Nar #9437 [Bl4Z A%, FIH VMD 1.9.3 155
Nar-BSA A Z 1 &5 A R,

1.2.10 g&HHEGEITR SRS T I5aM-3/K2%
= R M FHE (molecular mechanics Poisson-Boltzmann
surface area, MM-PBSA ) }13% Nar-BSA & R 45 &
FHHAE(AG)PY, M 50~100 ns 7L REE 500
WIS T AG, Ax0nF:

AG = Geompiex = (Gprotein + Giigana) = (6)
AG = AE, + AG,, — TAS )
AEyy = AE 4, + AE,, A (8)
AG,, = AE,; + AEs, X (9
AG = AE,,, + AE,, + AE;, + AEg, A (10)

HH, Geomplexs Gprotein 1 Giigana 739714 Nar-BSA |

BSA Fil Nar 119 H H B85 AG N AAEE G HE(AEyy)
BRIMLES G RE(AG,,) A BT (—TAS) Z 15 AEy
g JU AR A T AR FH BE (AE, ) AT FE AH T 4E FH Rk
(AE,,) Z Fl; AG,,, 0] 53 fitt R M PG 14 A i aE
(AEpp) FHAEM 714k F FHAE(AEg, ) s TAS J2 A8
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XF 454 A BB BEAT /i, B BE i /)N T —1 keal/mol
FABR A Ay SR L
1.2.11 Nar/BSA NPs [J#l4  F BSA # T ZE1RK,
i H:Hk B >l 0.4x107° mol/L, Z @ F 800 r/min % /7
it 2 h DMEFE /K ik. H Nar 7 T I0K B, 1595
HeJH A 2.4%107° mol/L ¥ o LIMARILL 5:1 % Nar
WL 2 mL/min #EETH A BSA K, 4k SEE 145
FE 3 h, B.052] R (10000 r/min, 15 min), JigZ&
2= 201, —20 °C Wi 12 h, LSBT 24 h 15
#| Nar/BSA NPsP', DIEFHLEL 5:1 A TJC/K L BE,
HABPEES Nar/BSA NPs A{[A], #il45 BSA ghfivk:
(BSA NPs),
1.2.12 #ZE S5 aERANE 4 5 mg Nar/BSA
NPs % T 2818 7K, iRJiE 30 s =58 %R, AR
A 10:1 B 212 TR AN JC 7K 2 BEHR BRI R B, A8
7720 min, W E 30 s A 3K, E.0MH 5] LER
(10000 r/min, 15 min) 2, TR Eram e &g, e
289 nm ARG, FCAARHERTZL (y=0.0768x+0.0263,
R*=0.9953) 1154 Nar & Pk Bl an
A ADFA(12) FiR:
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25 e (me) =
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X AaD
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(%) = Nar/BSA NPs ' Nar E/JEEXIOO

WITE NN Nar (151 &
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1.2.13 K2 | SrEL R B Zeta AL I E Kt
Nar/BSA NPs 1 BSA NPs % T-2818K, %45 i &
A 100 pg/mL A 43 ECHE, 18 FH Zeta sizer Nano ZSE
o BEASCIE SRR S A S RIS TS B R L, ) Zeta
IS94 HAHALIMAE Zeta HEHIP),

1.2.14 fHHEMZI456EE #F 1 mg Nar/BSA NPs Fil
BSA NPs 5 100 mg /R{LEFARIR G, BHE G757
WS I R AU alads I A, o A L 2 LA MG
{LIE SR 4000~400 cm ' X [A]FYLTAMGIE . FFGIREL
A 32 UK, AP HER N 4 em !, BESOGIRE FNER IR AL AR
T FOGIERY

1.2.15 PrafbiEEpI 2 KL i3S = Nar 1 Nar/
BSA NPs % T 2& 7K, R HE 1 min, @ 1 HEFE 2 h,
12000 r/min E5.0> 15 min, 528 {5 . MiBEZEAFE M
Wb Nar S EAHE], JBF BSA NPs B % 182 . #F
Nar. Nar/BSA NPs. BSA NPs IS fiffr T B 2248
Hr, FIRAT 6 do A3 24 h U R T [ 3t
TR IR T P R AZR B T S RE T U , RS A7 B TR Y
Nar fl Nar/BSA NPs 40 8 b6 PEP 20, BAAR 2P
% B 100 uL AE5AR (40 pg/mL) 5 100 uL DPPH
R FEOTIRG, RGN 30 min, 7F 517 nm A2
' I A0 (13)1H455 DPPH F FHFEVE RS
A —(A-Ay)

DPPH H H1 £ R 3 (%) = [ <

}X100

=X (13D

Horp, A, SRR OGRS ;s A Sy % REZH Y
FGRE; Ay NAS L IOGRE

B 100 pL BESRARR (25 ng/mL)5 100 uL ABTS
R FESTR A, OGN, 6 min, 78 734 nm A 52 T
SR, HAHAZN(14) 15 ABTS H H3EH R %
A —(A, - Ao)]

A

ABTS F I (%) = [ <100

x4

o, A, RESHA IO GRE s A AT BEZH 14 I
T Ay A A

#5180 L FESLAER (1 mg/mL) 5 30 uL FRAP
TAEWR FE IR A, 37 °C #EG 2 % 30 min, | &
593 nm AL, 2B TR ERE T A Fe I 22 BE R
B4 (mmol/L) /N,
1.2.16 ARSMEITEILILSS  SRHESEAIUEI T Nar
1 Nar/BSA NPs [ARSMEITE L IC I, K 2.0 g
LAY T 7.0 mL 12 mol/L 512, A 2.5% iR
80, ZEIH /K EARZE 1 L LI #5540 B W (pH=1.2) .
[ 6.8 g Wil —E4F 1 0.89 g NaOH Al A 2.5% 0t
& 80, FEME/KELZE 1 L, fli pH N 6.8 LIS FIFLI
W% Wi o ¥ Nar Al Nar/BSA NPs( ¥ 2 mg Nar) 4
BT 2 mL 37 °C B BT, BT Mw i 8000~
14000 Da FYENTLS, BT 458 212 T 50 mL A5
FUE WG, A 37 °C 23S IR%#% (100 r/min) 3
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A7 61 h ARSMEFITE AL S5, B EURE 1 mL, Ff57 2
D FE AR S AR A S AR T A A .
EEHN PG EETIIE 289 nm AR YW GRE, fRAH |
Jarm bR 28T Nar &, 2iPBcRiHa s
KPR,
V.2 C+CY, y

Horp, B o B RBECR (%) 5 V, S PBS Y B i
AR (mL) s V, BN TSR EL (mL) s C, M5 i IR
AR RO AR (mg/mL) 5 my,,,, A EANKI
izl MF R (mg); n A E R PBS YU
1.3 BRI

T A S A IR, G R DL BE R 22 R
7o FIFH Origin 2018 FAAEE, FIH] SPSS 25.0 4K
PEFATIT 255307, P<0.05 Fon2E2 57 35 .
2 HERESH
2.1 EHNAT RS S A

BSA 1524 A] W IR G TE 280 nm [ 3T 47 4%
A IS0, 2205 BSA % 75 e S SR A A 1 L %
B (r-r' BRE) r= A, UNEE 2R (tyrosine, Tyr) . (L& 1L
(tryptophan, Trp) FIZKAN 2 (Phenylalanine, Phe ),
38 33 53 T 58 A GG AR AE W AL IAE i RN B AR Ak AT
LLT fi# Nar X BSA R FEM . BSA 5AN[RHBEE
Nar (1) 524 W OG5 an &l 1 s o i &1 AT,
Nar WIS T 322 nm &b, BfiZ5 Nar ¥ BERG I,

E.(%) = 100 A (15

2.07

—

1.51

1.0

WGz

0.5

0
260 280 300 320 340 360 380
P (nm)
K1 Nar 5 BSA FHEAFHREINSEE
Fig.1 UV spectrum of the interaction between Nar and BSA
H: a—g FRIRA W Nar B9 A 0~9x107° mol/L, h R
R Nar i (9x107° mol/L) .

BSA F£ 280 nm Ab (g RRAE I WBC 04 58 B 384 i 3P Bl 4
LrRs, W BSA-Nar E WL . —H L&
{15 BSA S5 T-HF R, PRI 2% 7 e 2 iR 2% %
Hisfe, XUTNFTEER K80 4 Pty 20540 055 1 2E
FAH EAE AT 2504 035 8 A 58 M S 0ds (g e (i
AN K AR, AT SR 5 2 25
22 RAAES

TSR T 2R e G S E AN
HAEFVIESE . BSA WNTEDSGIEZER Trp. Tyr.
Phe y7 A=, 43 5 Z W 2406 W AH BAE TR KB,
T 298, 304, 310 K {EE T, BSA 5 AEHREE Nar 1y
WNIRZECCIEINE 2 Bt . HE 2 AT A, BSA 1E
340 nm A — MR DG A ST, 9¢ 56T E RE Nar
W PEEIE AW T B, JT53 5 AERE 8. 4 FIl 7 nm £1%8 .
2B Nar 5 BSA &4 TAHHHEAEM, 8 BSA =/KMH
W, 554 Ea R —2 . B S s T AY
B 5415 A & A RIDSEERE, KBRS e T
OIS 77 PR P 2 G0 B TR
23 BERNBISEEEHSH

T Nar n] LIFEK BSA BINTEZEG, PRI
KMLEIHEAT T 5081 PRKBLE—E R shsF K
TSR, BIH 5 85 BT G AR KGR Z a1 il
fHx, mHENEHEZSYHIE RS EPY, Nar 5
BSA #H H /E JH 1) Stern-Volmer £k @& 3 Fr 8 o
B 3 AIAN, FETI M R, [Q] 5 F/F, SR 4etAH
K, R RHLH S sl s 7S P KSR, RN[F)
IREETR, Nar 5 BSA MHEAEFHMPE KB, 4565
BOMEE GBI 1 fras. i3 1 nl A, Bk
298 K fitf, K, {E°A 4.13x10* L/mol, H Bt 5% 1T+
1E TR, (HARE AN 38 . SR, =R TR
K B R TR R B AP KR 42 (2.0%10™ L/mol) B,
2B Nar 7K BSA FUHLHI RS 78K

SRAARGTH AT 2RI T Nar 5 BSA BISE &5
LK, FNEE G R n, A3 R R R R AN, S5 5 0
2 1. 3R 1 Al50, AR Nar 5 BSA Y K, I
n B 43515 0.17x10° L/mol(0.92) . 1.47x10° L/mol
(1.13)F1 3.65x10° L/mol(1.20), FHH Nar 5 BSA =2
AR 1 DS G . SN SEPY iBFsT =B,

(C) 2500,
T=304 K T=310K
a 2000 | a
f 1500 f
B
51000
K
¥ 500 -
01

(A) 2500 (B) 2500
T=298 K

20001 a 20001

i 15001 f i 15001
= =

B 1000/ 5 10001

R 500] B 500]

0_ _— ssassasasane: 0_

300 350 400 450 500 300 350

A (nm)

K (nm)

300 350 400 450 500
F (nm)

400 450 500

K2 298 K(A). 304 K(B), 310 K(C) FAIFRHE Nar 5 BSA HEAFE DL
Fig.2 Fluorescence spectra of the interaction between different concentrations of Nar and BSA at 298 K (A), 304 K (B) and 310 K (C)
LE: a—i FRRA T Nar (¥R EE 0~20x107° mol/Ls; x /R R LR Nar 7 (2x107° mol/L) .
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Table 1 Quenching constant, binding constant and number of binding sites between Nar and BSA
T(K) K, (x10* L/mol) K, (x10" L/mol/s) R? K,(x10° L/mol) n R
298 4.13+0.03 4.13+0.03 0.98+0.01 0.17+0.02 0.92+0.01 0.98+0.00
304 4.10+0.03 4.140.03 0.94+0.01 1.47+0.41 1.1340.08 0.91+0.01
310 4.000.02 4.000.02 0.930.00 3.65+1.12 1.20+0.04 0.95+0.00
(A) 2.41 = 298K IEEJLTFES. .0 M LR ILER 2, k2
‘%E AIAEN, A AEX/NT 1.3, LB IR Bl5 R4, 1EAh,
>0 Aﬂ,;f\ BSA i 7 {EM 6.45 ns, LA Nar J5#) 7 {5} 6.08 ns,
_— am BTN B i 3, B 2/r~10%0, iy
- e A Nar 72K BSA SOHLA A 255K, 35 1590k
12 Bre S SeiLE A
08 T " - " % %2 Nar Ml BSA-Nar (W76 A eI 241
[Q1(x10° mol/L) Table 2 Fluorescence life time decay parameters of Nar
(B) 0.6 and BSA-Nar
. g(?%g B nms) ohs) £ £ <ohs) g
e 0] g BSA  6.1956 23.7479 0.9854 0.0146 645186358 1.0757
:‘; _ __%::_z_-:,:::'" BSA-Nar 50177 7.1379 0501 0499  6.0756798 0.9777
2 06 m--IgTe
2.5 RIHRAALED
-1.24 [F] 25 2 Y60 i v FH 2Rk F—4iE Nar X} BSA B9 Tyr
B = 5 s P (A2=15 nm) Fll Trp(A1=60 nm) FHIREERIRZMHET,
1g[Q] Bl 5 AT, B3 Nar WBEHG AN, Tyr A0 Trp 200G &
Kl 3 RIERET Nar X} BSA 268K Stern-Volmer A ASTRVRR BE R K, 220 Nar 456 7€ Tyr f1 Trp [
(A) FXT 45 & (B) T A, Tyr A Trp BYRFAEN A 53501 A A= dERL N

Fig.3 Stern-Volmer diagram (A) and double-log diagram (B)
of fluorescence quenching of BSA by Nar at different
temperatures

298 K i T T B S5 4R ML R S S
K 5.74x10% L/mol, /N T A W 55 4% %, Ui W] Nar 5
BSA ZHIMES A SRR 158558
2.4 BYESPERASE ST

B[R] A3 B GEE v SR IGIER KL . B
5 ZmWah G B oS R (o) i i AR k3R
FFAEBIAFE AL, TFRAE B2 G A (B R b A
PERHLHIRT, AnlE 4 iz, BSA BIRFE 5335 6
il 5L XLFE By A, H Nar %7 BSA JGHEHISE I A K,

1000 N . BSA-Nar
A':_?'s; - BSA
8001 TR .
% IRF
S Gy
= 400- S
i) .
200 i
0 s
0 10 20 30 40

s 1E] (ns)
4 BSA, Nar Fll BSA-Nar B2 gE0s 2k
Fig.4 Fluorescence decay curves of BSA, Nar and BSA-Nar
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Fig.5 Synchronous fluorescence spectra of the interaction
between Nar and BSA

1 a—j FARIRATT Nar B9 K 0~22.5%x107° mol/L,
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BOSEKPERESE . AHEE T Tyr, RIY)E Nar % Trp HI5¢
SEHE R FEREE K, U8 Nar 5 BSA 19454 FHEIT
Trp, iX SEAHGEAEC X wy R 2235 AUE S AR
HAEFIWIFE S RIS
2.6 ZHEVSAIESHR

YR CTEREAZ R RAE Tyr 1 Trp JE 114
B AP B 6 S AR MR EE Nar J5 BSA
M = 4E2ti% . 3R 3 BSA 5 AR Nar i
B RSP RRES B . B 6 AR 3 AT, g
a( Ay =Aopn) MERFIR I, 15 1 Dy BSA FORMIESE 60
Wl (A, =285 nm, 1., =352 nm), FZLZ B Trp Fl Tyr
FIYGIEARAIE . B Nar WREEIGIIN, 2 CNISIGSR 2 %
W5, H & SR W B &R TR RS (3 nm),
Ui BH Nar 5 BSA FHEAEFHEAE T Tyr F1 Trp J&l [

# 3 BSA Fil Nar-BSA [ =HE5LEREA B

Table 3 Characteristic parameters of BSA and Nar-BSA
obtained from 3D fluorescence experiments

Nar(pmol/L) 3 Vel DR
arpme N [j'ex/;“em(nm/nm)] * i

0 a 400/400 8360

1 285/352 1839

s a 400/400 9935

: 1 285/354 955.5

s a 400/400 9951

’ 1 285/357 806.7

a 400/400 10000

225 1 285/355 631
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(C) 20000 e j 2000
T

e

= 4000

5

i 2000

0
400

TAEE IR, R SR R R A AR, 124
2L BIE TSGR AND OGS 4l
27 HBENSSH

BSA EEAPHANEARGE S 5, — AL T 45
FAE A PN T, 55— DR IS FIR TIIA 9157
AT AR MR 1 25 43 5 R 5 45 -5 7E BSA 19
P75 DRI AT Lo S T %8 Nar 78 BSA B4 &
A5, S ARG V8 S5 P CIRE T AT T 05
SEASLEs . AR 7 AT BEE ARG B AR, 18
TEMRBI B IR TR 82%, MiAH %I T R3] 93%,
FEEZ R, M54 BSA 5 Nar f9AHE AR LFJC
THAEH . X FTIAEEMAXT BSA 5 Nar &5 44
M) 5e o TAR IS 25 o F LHEWT, Nar 7] BESS & 7E
KL G ALK L5 Bl S TIIE
2.8 EZ@iEoth

(5] (0,35 32 ] DA B A T B P T R A .
FHIE 8 AT, BSA a9 — % 7E 208 nm F11 220 nm
Kb B AR PR, S o-IRBE AV RRAE RSN AR R R
1 Nar X UG LA TCRE ), {0 S 200550 B ) 55 . 48
SELCON3 755 iff5 BSA 454y & 45 51
W 4. R 4 A, BSA 19 2 45+ 4 Bk
K 79.39% a-1RJiE, 0.20% -7, 5.59% L-55 i Fl
14.82% JFCHLIEfl o AR E S 0.15%107° mol/L
%) Nar Ji7, a-B2HE . -8 . B-F& A ICHLIN G th &
AR 77.67%. 0.77%. 5.97% Fll 15.50%. LA
BSA 11 a-$8EHR 35578 p-HTE . B-E FH AN TCHLIN
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Fig.6 Three-dimensional fluorescence spectra of the interaction between Nar and BSA
1:: A~D 23520 Nar ¥R FEN 0, 12,5, 17.5. 22.5 umol/L Ay il
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Fig.8 Circular dichroism spectra of the interaction between Nar
and BSA

1 a—c BRIR AW Nar AU EE N 0~1.5%107 mol/L; x Ky
Nar FJB 5%
# 4 BSA 5 Nar tHEAEHR S5/ &7

Table 4 Secondary structure content of the interaction between

BSA and Nar
e o = (o o,y JCHLIIE
E47 (x10° mol/L) a-1BE (%) B-ITE(%) B-5ifh (%) (%)
0 79.39 0.20 5.59 14.82
Nar 6 77.81 0.77 6.05 15.37
15 77.67 0.77 5.97 15.50

i, Nar 5 BSA 45— ERE 8 T BSA KIN
TRV 2K, 3X 5 EE SR A iR A R
2.9 RMSD ##f

RMSD Fi Sz WSl i o 2 4500 S 0T iR i 42

5.0 — Nar-BSA
45 —BSA

4.0

<35 ‘ i

230 )

225 f'! MM
2.0 MWW W

1.5}
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“a MM .
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i (ns)

Kl 9 BSA Fl Nar-BSA 1A ZTEELLIFEH H) RMSD

Fig.9 RMSD of the BSA and Nar-BSA systems during
simulations
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Nar-BSA 1 R 1E 53T 8l 1 2F AL B v i B e 1 o
FEHL 5 Nar-BSA 14 & #H [6] 19 5% 3L 1155 BSA R &
RMSD, 4558 ULE 9, & 9 Al A, Nar-BSA 4 & 119
RMSD {H FAfHEFE 2.5 A, 1] BSA A% 5~55 ns
i RMSD H % s 7E 3.4 AT, 55~70 ns Y RMSD
{EE5ik 4 A, AL AT W, Nar-BSA [t BSA R FE 5
A, MTHESEN S Nar 2545425 T BSA 45 HEa e E
2.10 RMSF &4

RMSF EZHFRAEFE AAZ 00T M, e
FLFER R IL AP BIFE . RMSF #K, BSA Mk
iR, ;222 BSA Wit . & 10 7T %1, BSA 5 Nar-
BSA & 22 RMSF 1H 1% 28 1k & 25 0], (B 3 (K ok
% Nar-BSA £ & i) RMSF {E/NT BSA & %, sk
3 Glu229 1 RMSF {H 43512 1.53 AF1 2.76 A, 5
RMSD Z55R—34,
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Fig.10 RMSF of the BSA and Nar-BSA systems during

simulations

211 FHEBEHESH

255 A R BRI S 2 W 2 B 455 0k
70 EEFE bR o AWTFE R MM-PBSA Jrikitf
BT Nar-BSA & F 50~100 ns FaE2PIEH AG, 445
“H—14.78 kcal/mol, WK T BSA-Que AR 22151, {50
EEYhT LA K IE M H. Nar 5 BSA BI45 & 551
Benm . AN, XA EAE B Re b DTk R T TR
AT o AE a0t A1 AEnonpotar.sora 77 51 A 21.68+
3.44 F1—36.46=1.12 kcal/mol, ¥t B s AEA% M EA 7
FTLEG, MEEREA R TG . E T E— 24y
fitt N AE  +AEpg Fl AE . +AEg,, 53 %1 h —15.61,
37.29. —33.01 F1-3.45 kcal/mol, i BH T FERE/E H BE
FEHEC RS LA R TE56 . Fral/EHERA R T
545, (B PR FIALRERRTH . Nar-BSA (R R A0FH
FE/EFHBEIRF BSA-Que 1A R, X185 Nar g5+
2 FRIA T RSk U, SRR AR AR
J& Nar 5 BSA g8&d i F220Kk3h ] .
212 AN

B 454 A AR i LAAS BT Nar 45 4 e gk
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VEF I 5% 3, AR SCOF B & 518k /N T —1 keal/mol 1
FRELA Ry SCERFRELIS, A 11 nI A, e FRIL N
Arg208. Ala212, Leu326 f1 Gly327. H: ¥ Leu326
HIRER TTHRER S, H—1.67 kcal/mol., Arg208. Ala212
1 Gly327 WY BB STHR 4351 —1.31. —1.42 F1-1.09
keal/mol, i Nar &5 & 7675 F IR & 3L R Trp213 [
IT, BOAIE T [RIEDEO 6 CIESEH . Val215 Fl Leu330
Z 57T Nar 454, fig & 518k 43 51 7 —0.84 F1-0.89
kcal/mol,

TR
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Fig.12 Average contact numbers between BSA and Nar
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BT R4 HT Nar 5 BSA Z[EIBIAHEAEN, &5
THA T Nar-BSA I R AESrF 80 ) 24 BT F v &
HEAE R, SRR AR tEr 22 EH
F1¥4, Nar () 04 [T 5 S5 M L% Thr231 JERK
Sk, AN 86.16%., Nar 1 O3 JE TS5 a5t
iz Glu353 iy OE1 F1 OE2 JR F4r Bl T 5 A &R
S 40.52% Fil 35.34% 1) & . Nar 5 BSA 45 &
P2 UL 13, Nar #5835 Leu326., Val215, Glu353,
Lys211 F1 Thr231 #4 ] 6% 61 B, H + Leu326
Val215 5 Nar JERL T E%MEUKAHEAEH . BLBHE
NS KA I AE 2 4ERF Nar-BSA &5k
THER T -

13 Nar-BSA {RRM45 A
Fig.13 Binding mode of the Nar-BSA system
T U ANE AR AR I 30 2R ak FR (0 2k

215 HHAE, BHE. FEM Zeta BALDT

G E A BRI g B L B AR i
THEPR. Nar/BSA NPs 4352 87.13%, = T-K
TG AR - B YRR i A R Nar/BSA
NPs 2k 2540 41.27 mg/g, 5 AR & -1 5
BRENXT 2598 R M 02 I LA A 24 (43.4 mg/g)*. UL
B BSA J& 11 #k Nar 19 R 45244, A BSA fiif Nar
e R IR TR AT B

BSA NPs Fll Nar/BSA NPs [ 5F #0045 . 438
FEOM Zeta AN UNFR 5 s . BSA NPs “FEpkife
S 126.13+5.87 nm, JIIA Nar J& 94K ik 10k 42 N
582.73+98.91 nm, X ] EJ& KA Nar &5 454115 BSA
G /K XI5 5, 2 T HRL A 9 02, L HETR 0N 0],
Hoor RSHAR B, S R B RIAR 3 A0 (5 501,

75 BSANPs fil Nar/BSA NPs [°F-BIRi4% | 43R KR Zeta HLAL
Table 5 Average particle size, polydispersity index and Zeta potential of BSA NPs and Nar /BSA NPs

FEH SEHRAR (nm) ITIEREL ZetafL i (mV)
BSA NPs 126.13+5.87° 0.28+0.04* —64.64+15.72°
Nar/BSA NPs 582.73+98.91° 0.61+0.13° —28.92+3.24*

A FNG S EERIR R BE 22 57 03, P<0.05,
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53 AR RO RoRLAR /N 5] . Nar/BSA NPs (A) 25 e Nar/BSA
FI53HEZREN 0.6120.13 , BEHA AN KBRS A1 hy 44 < 2 TN
%) . Nar/BSA NPs [1Y Zeta Hi i/ /—28.92+3.24 mV, o lii\i\
Y XHEHEE 30 mV, BEWIH 419 Nar/BSA NPs Fasi " I ——y
PRSI, 3355 T TR A B 7K RT3 E10 I \\;/—%kg
2.16 HEMLIIMEE £ s
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14 9T . BSA IR GE W IO 3 940 M 14 1 3 R
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Al REZH FTEEMBE/KHEE/EASSET BSA S
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Fig.14 FTIR spectra of Nar, BSA NPs and Nar/BSA NPs
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