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Spectroscopic Method Combined with Molecular Docking Technique
to Study the Interaction of Limonin with Bovine Serum Albumin

LIANG Xinfu"**, DONG Qingliang™*
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2.Food Engineering College, Beibu Gulf University, Qinzhou 535000, China;
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in Beibu Gulf, Qinzhou 535000, China)

Abstract: In order to study the interaction between limonin (LM) and bovine serum albumin (BSA), in this paper, the
interaction mechanism between LM and BSA was explored by ultraviolet (UV) spectroscopy, fluorescence spectroscopy
and molecular docking technology. The results showed that LM could significantly quench the endogenous fluorescence of
BSA, displaying a static quenching type. In addition, LM formed a binding site with BSA by hydrogen bonding and van der
Waals forces, demonstrating a spontaneous interaction mechanism. Meanwhile, UV spectroscopy and synchronous
fluorescence spectroscopy showed that the interaction between LM and BSA could increase the hydrophobicity of tyrosine
(Tyr) and tryptophan (Trp) residue microenvironment on BSA. Through competition site experiments and molecular
docking, it was found that the binding site between LM and BSA was near site I, and LM could form hydrogen bonds with
Trp-213 on BSA, and there were van der Waals forces between LM and Tyr-340/451 residues.

Key words: limonin; bovine serum albumin; interaction; fluorescence spectrum; molecular docking
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FrBE T 2= (Limonin, LM) ZR 8RR 4 5 AH PN TS 5%
RS NER, & FEAAE T ZEFHFH Rutaceae ) S HE}
(Meliaceae Juss.) Z5AHY B PUEA =05251b-&59, [A]
B 2 AR ) h AR — . LM 4544
TEG 4,4,8- = H FE-17-mKmR 22 (S5 MAARIE B 2R, JHrp
C-3.C-4, C-7. C-16 Fl C-17 i&EAH & KB EHEH,
C-14 1 C-15 i ¥ A | BV, H a5+ an & 1
iR RigshPln IRUFFER], LM HA ZRh A= 3%
PEDIRE, AnPTIEE . PUREE . PrEfb. PUIBRE. EUETHE
4. PrAEE | EE ROGE EIRAER), (B2 LM /K is
eIt H H G5 ) 2 MBS R 52 i A A A IR R BE B9
B, ORI T LM 1 iE—2B R AT % . HAT
KF LM oY R P EA RS MU L, (HE
FAE AR N ANy iz K 555 AH SR TR (1 i AH B4R
FHIWFTER L

o
)

BT AP R S

Fig.1 Structure of limonin

ALYE F1 3 (Human serum albumin, HSA ) &
I P ZThBEFRHE R 1, BENT 4 A/ N5t
W HAZE 2 B AMTFZLSAEBROAL, SR ARSI 5E
BEEAKREAZ —, 4107 A E A (Bovine serum
albumin, BSA) 7E/7FSI MG SR 5 HSA HA A
PEPEFARRIPE, HARTETEE . IRBUASIK . wfekar,
ES[1x 55 3 P N VA NS s s /) DD TR (I = = RE R 5wt
Sl BSA B3 ANEIPEgE A T ~T0) A4 A%, B4
ZE R IR AL B 2 LR A R B, HI A g5 44 S 4k
A FIMMA FKES A 455005 Sudlow’s sites

LIS B | RARP24 (y r 2 R S D/ el i R = ) s = e
/N A B AR A BB T B, TR T AU
BRI E AR, 53 F R R WIE 09 A B
/NP AEAERAYUGI BT . R, ASs2ény i
AR L DG CIETER LU By T X R AR SRS
LM 5 BSA ZE YA HEAEMALS, BB T 7 i LM
TENR N UMAT %32 | 534 SO BRAETE DL, [RIETERE
FaEE LM 1R Rk 2 A o SR L ER i Bl
1 #RERFE
1.1 MRIEEE

BSA (&l =98 %, [IRARIIHR) . HRihkMR (sl =

98 %) g MR IR FR A 7] LM (4
BE=98 %) . MK N (4 =98 %) iRk}
FABRAF]; —H LA (DMSO) | BRS8N . B
iz —E4M o AR, A s MRAEARRHE I A FIR
NI

DF-101S £ In#mE i Flds A
YRR T BA RS 7l HH-4 BUR AR HH
FAL #5134 FR 2N 73 Evolution 201 %8R- AT UL 43
YT Lumina BIZEGIHGETT  SEETEER K
HIRAFE]
1.2 XWFHEE
1.2.1 W BEdHl B BSAW T PBSZE M &
(0.01 mol/L, pH7.4) 1, L) HJE 2l 1<107° mol/L 1Y
BSA i1 B LM % T DMSO 1, B il sl ik B A
1x107° mol/L A LM A7, B TAS OB EH -
PBS & s Bl E R 5107 mol/L FYLEIEAFNAT
VSO AUR; i A R A E X OR T S R .
1.2.2 2GRN  SHZEHAET WF5E 0k, IR
Ikt . AEMIZEL 3 mL PBS 2P 1 1 mL BSA
G BT S mL A IR, SR INA LM s
W, T PBS L2 oAb 2 = 5 mL IR G4, ek
VR A& W BSA W EEH S 2x107° mol/L, LM B i
BESY SR 0, 4x107° | 8x107° | 12x107° | 16x107° |
20x107° mol/L, KR4 W E T 298 K /K iE4R v .
30 min, fif FHEL 40T WGH- G RE T T 504G
FH, SNSRI 200~400 nm, FECEIFE S 1 nm.,
1.2.3 ZOEENE  FERHIES 1.2.2 —3 KR
EWET 298, 304, 310 K /KB 30 min, 2%
A CEEITT RIS EOE B AN T R PR 280 nm,
PMT FEJER 500 V, AR SHIR4ETEREYS A 5 nm,
FIETEREI N 300~450 nm.
1.2.4 FIWr G RIER SECVER R vl 4 Ay i
VRN R A, P ST IR 81 IR S5 5
P Z B AN & DG A SRS T A4, (8 L2 60 B
55, T A TEEME R AR, IR TSR, E64
R MY 55, VIR BO 43 T B T AT KR FR T
KRN R A = (A B R, S S B s, AR
Sy FESIAS S e v s, AR R, MR H A
RS FHEN, s R RS, K B ST . N
T i LM Xt BSA 25 6V K 288, m] L5l o
Stern-Volmer J7 #2® 2520 (1) THE K H Ho 28 1k,
DL HYAR RIS

F

FO = 1+KqT0[Q]: 1+Ks\'[Q]

K. Fy A1 F 43510 J6 LM AT LM A7 7E Bt
BSA BYZIGHRIE s K K AR H F (L/(mol-s) )5
7y NBENCIFAT, TEBEA VERFNIELL T, BSA Y56
FFATEN 107 55 [Q] I LM FYHEIE (mol/L); K, M
KHHEL(L/mol) -

A (D
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R, % GRES S 0TSRRI S R 5L HE A AT AR 39 -

1.2.5 455 WE LGOS TTR RIAXCHEOT#E
AFR(2) 35 LM F BSA A EAE RS &3 8 K,
(L/mol) FNgs-GAvi s 5L n

& (2

lg(F°l§ F) ~ IgK, +nlg[Q]

1.2.6 IR BURYE R AW ST EREH, /N T
HEAREAAE AN EEZ/EA T ERE S, #i
FEAER T JEAEAEAE AR ) A KA BAE A,
T AR YE Van’t Hoff J7 2 (3) A1 J1 22030 (4) &
LM 5 BSA FHEAEFMERS 255 AR BEAE 125

AH AS
ana——ﬁ-i-? ﬁ (3)
AG = AH-TAS 2 4

X . AHSH 45 AE ( kI/mol) 5 AS N i A

(J/(mol'K) ); AG & H FHEE (kJ/mol); T il 3
(K); R AHARS AR EL, 8.314 J/(mol K)o
1.2.7 FZEZHEME  FEMHES 1.22 —38 K5
PG W E T 298 K /KIS 30 min, 28565)
SIS EOLE IR PMT HJEXR 500 V, #%
N SRR BE TEFE TN 5 nm, SR DK S R HHE K
22(AA) 2R 15 nm B, 378 FE A 250~350 nm; Ak
WK 5 2B K220 60 nm B, 39354~ 300~400 nm.
1.2.8 Segeha i Ssc  a bRl S 1.2.2 —34,
SRIGHHIRGWCE T 298 K /KR IV 30 min, 7€
FAT N CEETT S HOL B AT : PR VKA 295 nm,
PMT HLJEH 500 V, BRI A S HGE TEEE IR 5 nm,
FHHITEE M 300~450 nm'' ', b.HZ 1 mL BSA i
WE T 5 mL AR I, el A 20 pL e/
IS IR T IR N S SV ERN 1.2.2 —3, %
HEI R PNIR ZE 6T I S0 2 12 AR R 1 N TR R
FEIEFFFIH AT () I IZ IR R Y K, (E 1,
1.2.9 437XHE LM 5 BSA 5 T5H42H Autodock
4.2 BAFHEAT . LM 1 = 4ES5H) ) Pubchem 25045 %2
(https://pubchem.ncbi.nlm.nih.gov/) FF 3R UL, H. g4
flifbFE Autodock FAFBRINELR I TIHIRAERL PDBQT
SCE . BSA SRARZE R A PDB %435 JZE (https:/www.
resb.org/) R HL, H: ID 2. 4FSS, JofdiJH PyMol k{4
X BSA SbIRSE I AT R BRA% 55T FIUK 531, SR IG5
{#iF Autodock 4.2 FA4-X] BSA BEATIIER T, iTE
L ff L R T SR IR A L PDBQT U, 7E
Autodock 4.2 #AF1 Grid IR AT N A 25 FH H
IS PEAL A BB XTHERT, B BSA BENIYE, LM R
Z M, @13 Genetic Algorithm Parameters 34 5 3E47
Sy XHEAE R, MRS A A BRI &2,
i PyMol ZA4% 8 P S5 32 AR AH EAE R 1508,
1.3 #HIELIE

F| FH %54 b FR K AF Origin 2021 Fl1 Excel 2016
AT EAR G T M B R 43 F- X e a5 R v AL

PyMol {41 Discovery Studio %f4.
2 BR5HH
2.1 EIMEES R

BSA 53 TSR S BOLOAEE 28 1k, A
T SECEE S MO G A8 AL, AR IO GRS 2T R
SR, BSA FEEAMIKO TS R P
FRAEM Acids, i 208 nm [ 3T A58 ZU 4R AE % AL I4e F2.
Bk BSA M9 IKEE B 445 8, 1M 278 nm B} T A9 4R AE K
Mg J2 i BSA B9 % 2 iR ( Tyrosine, Tyr) Fl & & L
(Tryptophan, Trp) ZE#R IEL A IR non BRIE =AU
LM 7EE /MBS -, AXHE 200 nm BTG A i
W Ui, T e S BB S HH B AE 210 nm B 3T, HOFE
210 nm & & W 9% 1, SR FH v 240 AE (2 35 1 X
LM #ATE A PraE"s 1, REHE LM 5 BSA A8
HAEFH 09 AN WG s 45 R an 1 2 o, B
LM ¥R B F AN TS 1, BSA FRARE W7 A 4 50 3 328 17
Wohn, R LM 5 BSA &4 TAIEAEA; M BSA fF
fiE W WA g & A 41 F% (208-213 nm, 278-280 nm) ,
T REEBKMER LM 5 BSA R/AAHEAEE, 555
BSA ¥j% k47540, BSA | Tyr 3R HEH Trp 5% 3L JE
PRI AR B b P T B, B/ PR o T 3235020, P gE R
W, BhASHE KA | 1 T O AR, i s
D IIRASE ) L 5 sl e A TN S NIy e s ES 28 2 3
LM %f BSA MG RE RS TR o

WOz
[\

5
| T
0

ol _

200 250 3(I)0 3éO 4(I)0
P (nm)
K2 LM 5 BSA AR SIMEIOERE
Fig.2 UV absorption spectra of the interaction between

LM and BSA
TE: 0~5 20 AR & LM HE o 0., 4x107°, 8x107°, 12x10°°,
16x107°, 20x107° mol/L, & 3~ 5 [,

22 RAAESR

YOO GIERAR B ) I N H T E M-/ N R
&2z [EAH EAE RS, T BSA 43T g T
ZEGRERST SR E Trp A1 Tyr 25221, 298 304, 310 K
BF, AR EE R LM 5 BSA AHEAEH A NS0
FEHNE 3 s, BSA 7E 342 nm AN SRZINZE G R 5T
W, B LM WL AT N, BSA 12 Gom BEZ T
R A 31 H L 308 #2 (342-337 nm) , iX E£H] LM 5
BSA KA&AHIAEHRIE BSA BN IRDECKR A K,
I H- 320 BSA MRS KA e AR, 256 H 8 Bl iR
PR RRALR, B /K PR 5, X 5 AT SR /MG 45 R —
B S IS BT R R A BRI DA R T
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ZEATFHREUPY 725 BSA AHEAEFIRFIE b & 4
TAHM PIEZE AR, Ak, SRR T dsm
[6] — ¥ E A9 LM X BSA AU KRB A[E, 24 FH &
LM ZRINHEE 7 8x107° mol/L B, 298 K R B VR K
S 44%. 304 K T IJIBEEKER 34%. 310 K T AYEEK
HR 27%, RIAMRBEREETHS AR T LM 5 BSA 1)
Ve YA

=H = o

A 6000

4000

2000

PEEHRE (a.u.)

O I I

300 350 400 450
# K (nm)

B 6000

4000

FOCHRE (au.)

2000

O I I
300 350 400 450
K (nm)

C 6000

4000

(a.u.)

FOLIRIE

2000

T

O 1 1
300 350 400 450
A (nm)

L4r = 298K
« 304K
4310K

0 4 8 12 16 20 24
[Q] (10~ mol/L)
K3 AFEET LM 5 BSA AHEAE BTSN (A, 298 K;
B, 304 K; C, 310 K) S H: Stern-Volmer [ifiZk (D)
Fig.3 Fluorescence spectra of the interaction between LM and
BSA at different temperatures (A, 298 K; B, 304 K; C, 310 K)
and their Stern-Volmer curves (D)

2.2.1 PG RIERI ST AFREET LM 5
BSA #H HAEFHBY Stern-Volmer fi £k 10 1Kl 3D A7,
e ih &y 2 2k, RV K55 LM 59 A a] 42 filf
BSA 175650 B I 511K, P itk nT 497 25 4l Wi gz 251
LM 5 BSA Z[a] AFAE—FpLE A I5AIP) ) R [RR
T LM 5 BSA A EAEH M7 IR 3 B PR
BN 1 R, ANEEE T i K BT 2500004
W) K3 F B KA HCFas il %) Bl 45 445 KT R B EK 2.0
10" L/(mol-s)™, 3 H R & 12 5 19 T8, K, B #ikE
fi%, R LM 5 BSA 2 [8] 1 B K G e S i S K,
BN K59 LM 5 K41 BSA JER TR EM S8 .

F£1 AFEHEET LM 5 BSA AHHAE BT I 2855
VETRHEL

Table 1 Quenching rate constants and quenching constants of
the interaction between LM and BSA at different temperatures
T(K) K ( 10" L'mol"-s™") K, (10° L'mol™) R
298 5.652 5.652 0.9918
304 4.622 4.622 0.9915
310 3.420 3.420 0.9901

222 LEH RS GO TR, 24 K,

ML FEIFE 10°~107 L-mol ' B}, REI/INFH) i 58

HZ MR TR S5 & 15 4 K, 1970 FIAE 10°~
10* L-mol™" B, RHI/N3F4) o1 5 3K 1 Z A AEAIR

PR AERLE S P, i 2 nT A, REEE T LM
5 BSA 1y K, #J7E 10°~10* L-mol ' Z [6], &I LM
5 BSA Z HIEIETENSES 1. BEEIRIE T,

K, BEZREAR, 0 LM 5 BSA Z[a]FasE sz it e
PR, FYRIESE LM 5 BSA ZJa] VI G R s
VER . MAFRET, LM 5 BSA i n HE%T 1,
FRPIF Z A — a5 005, B LM 5 BSA #HH.
ERIE R BIE-E N 1:1 B HeAh, 45507 5 n {H
B TR T R, SRS A R T R

Mg EE RS, S S AR THE AT LM X BSA
PR AR —3

F2 AREEET LM 5 BSA 454w EU LS G5,

Table 2 Binding constants and binding sites of LM and BSA
at different temperatures

T(K) K,(10° L-mol™) n R
298 9.007 1.053 0.9944
304 6.823 1.039 0.9948
310 5.739 1.004 0.9894

2.2.3 IEPEROWIAIVER 1258 poR R, v
DIARPE S5 AT HAEAG . JAZEAH FIRAEAS BRI
HW /Ny T S8 LS G B N S 2]
AR 1, 2MAG /INT I}, FRIIZES G o
F &85 MAH FIAS 2R TR, FEAEH IR N
BRKAE AR, 24AH FIAS H/NF2Z20t, B4R
R AR EAE S AEP, R 3 HTAL LM 5
BSA Z[EIHAG ¥I/NFZ, I HAH FIAS 35 /NF
Z, KU LM 5 BSA Z ML G A KW, 8561
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R, % GRES S 0TSRRI S R 5L HE A AT AR 41 -

RN, JupEE T A S g Sl b iy
FEAEHTI.

3 AFRE T LM 5 BSA H ARS8
Table 3 Thermodynamic parameters of the interaction between
LM and BSA at different temperatures

T(K) AH(kJ-mol ™) AS(J-mol"-K™") AG(kJ-mol™)
298 —22.49
304 -28.94 -21.62 -22.36
310 -22.23

2.2.4 [FEEZOGGIESHT  RIEZOGG1E A AT TS

AT b, 52 B/ NG~ 2385 6 X6 2 1 o B R R R LA I 1Y

S, Hod Al=15 nm A AA=60 nm B}, 43 5 £~
Tyr Fil Trp #RFEMIFFIE(F B EY &l 4 AT 51, BSA
) Tyr Fil Trp 5% 5L 53 5I7E 302, 343 nm Ab A K
FRAE U, BEE LM BIINA, BSA A Tyr F1 Trp
FRILDECIA Je AR, I H A RAFIE S A2 A 5

L, 2B LM DR 34 BSA 9 Tyr il Trp
FRILJE IO BE e PR 4, Bk Mk T, AR £

ST . NIRZE G CIEEE IS 2. AL, B LM
BER TR, Trp SRILDE GV KL L Tyr 4RIV
VERZICHEIS, WA HIWT LM 330 BSA RAETECTER
) B R AT B Trp ARIELMIZCE A TR,

280 300 320 340

Wk (nm)

B 6000

34000 -

&

Y

b

) 2000 r

K

0 I I I
320 340 360

Pk (nm)

K4 LMY BSA #HEAEHIMRELSO %
Fig.4 Synchronous fluorescence spectrum of the interaction
between LM and BSA
H: A f83 A4=15 nm, B {3 A1=60 nm.

2.3 ZHEASIRE S

WrFEFREH, BSA U85 G078 sites T &4 Trp
FRILFN Tyr #RIL, Mg & sites T H HE&FH Tyr
FRAELNTI R I S 280 nm B, BSA 1119 Trp

A Tyr FRICITG A, WAEFCR B 295 nm B,
A Trp FRIEWEBL, R AT X — 45, e
[FIBC% TR LM XF BSA 1Y PN TR GG, BEm)
W LM 5 BSA 45 G008 HIE 5CA) mT 4,
MR WK S 295 nm B, BEE LM ¥R BE i T,
BSA (W2 R BB, I L BLERE, FIRiH W)
P ERELE e — . HE 5(B)A[A, LM 53¢
BSA kAKX, BT LM T3 BSA 19 Trp
FRICKAEVER, I HAIE AW LM 5 BSA HHEAEH
FOLE S i TE sites T BT,

A 3000
2500
2000
1500

1000

YR (an.)

500 |

0 1 1 1 1 1
320 340 360 380 400 420
1K (nm)

B 15

Ll

0 4 20 24

1-(Fy/F)

Q (107 mol/L)

Fls kIR 295 nm T LM 5 BSA M EAERZOE GRS
(A) BRI AT LM X BSA AR A% BL(B)
Fig.5 Fluorescence spectra of the interaction between LM and
BSA at an excitation wavelength of 295 nm (A) and the
quenching rate of LM on BSA at different excitation
wavelengths (B)

T 3 — IR UE LM 5 BSA A9 &5 A S AE
sites T BRFIT, %8 FHZE YCIRET HE AR ANAT 15 27 04T 58
TE, Horp AR AR AT LA S 85507 4 sites T Fe 5 PESE &,
IG5 545500 &, sites 1T HRSEPELE S0,
2 4 ALGN, INAGECEREHBIEMG , IR R K,
6.173x10° L-mol ', MiJINAZECEREN M 15 I 5, 14
ZI K, M 9.013x10° L-mol ™', FHHZECIREH LM
X LM 5 BSA 9 AH B AE ARk sE2m, Bl LM

T4 POUBE NG BIRR GG WA

Table 4 Effect of fluorescent probe on binding constants
of the binding system

DCIRE K,(10° L'mol ) R
251 9.007 0.9944
AR 6.173 0.9883
ik ¥ 9.013 0.9906
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5 BSA WILEEN S FE sites T T,
24 SFXEERSH

Sy TR AR AT AR AN GIE R IO 2, BB H
WL FEAT AN P/IN T 5 R A i 25 A Rt
FFERIH, 4308 R 4h & BE B AIG, K75
IINGY T 22 [R) B 4 A R B Y, X R gl R R
LM 5 BSA i IN45 & e~ —5.36 ki/mol, 3
LM "] DL 5 BSA &% 454G . i2 H PyMol k14 &
Discovery Studio X EBAREE G RE T 195-F X445
Rt frar Ak, A 6 AT, LM | A9 kg R
BSA 9 Trp-213 T T —AE LA, LM 76 C-7

ISR ERER A C-19 LAEJET5 BSA LAY
Lys-294. Glu-443 JE % T P355 i &5 LM 5

BSA 1Y Arg-194. Lys-221 Fl1 Tyr-340/451 %5 9 4~
FRELZ [MIAFAEYEfERE Ty, RFJEfE e i A=Y

T LM 5 BSA MAHEAEH, X S5 RTTH 1245 Brdds
R—, WA, B A LM EES BSA Y Arg-
217. Val-342, Pro-446. Cys-447 M Asp-450 %55k 5k
ZIAJE % Alkyl 4 . Pi-Alkyl 4 . Pi-Anion 4845, H
71 Trp-213. Tyr-340/451 S558FLN T BSA LSV
BITA v, BRArFX 345 RS- viE ] LM 5 BSA i1
G ENLT sites T BT,

T aE 2o
CYS PRO

B:347 B:dd6 B317
y B34z
p 4~
N <3
N
@ ©
Interactions

mivan der Waals m Pi-anion
i Conventional Hydrogen bond = Alkyl
Z1Carbon hydrogen bond = Pi-alkyl

K6 LM 15 BSA 453 (A) K5 a3 2D M EAEHI(B)
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