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Interactions of Astaxanthin Optical Isomers with Bovine Serum Albumin
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Abstract: The mechanisms underlying the interaction between the two optical isomers of astaxanthin (AST) and
bovine serum albumin (BSA) were investigated based on multiple spectroscopic, surface plasmon resonance, and molecular
docking analyses. Both AST isomers were found to bind to BSA at the junction of subdomains IIA and IIIA, in the absence of
any significant effects on protein conformation. The two isomers had similar binding affinities [4.17 x 107 mol/L for (35,3’S)-
AST and 3.91 x 107 mol/L for (3R,3’R)-AST for] and kinetic binding processes (slow binding, slow dissociation) for BSA.
However, at higher concentrations (0.35~1.78 umol/L), the highest binding response values obtained for (35,3°S)-AST were
higher than those for (3R,3’R)-AST. In addition, the change in enthalpy (AH) for the interactions between (35, 3°S)-AST and
(3R, 3’R)-AST and BSA were —175.09 and —149.42 kJ/mol, respectively, and the corresponding changes in entropy (AS) were
-502.72 and —417.65 J/(mol-K). The negative values obtained for AH and AS indicate that hydrogen bonds and van der Waals
forces were the main forces underlying the AST-BSA interactions. Molecular docking analysis revealed that (35,3°S)-AST
formed 2.0 A and 2.7 A hydrogen bonds with the Lys504 and Thr190 residues in BSA, respectively, whereas (3R,3’R)-AST

E[BE S

R JA A BRI A5 R 2R S A S A 5 A4 S 2 1 R EL AR [T AR R, 2024,40(4):84-94.

ZHENG Qinsheng, ZHOU Lesong, ZHANG Junlin, et al. Interactions of astaxanthin optical isomers with bovine serum
albumin [J]. Modern Food Science and Technology, 2024, 40(4): 84-94.

s B ER: 2023-04-09

E&UH: ERAAMZEESTHE (32172195 "HEEERRZEESLTHE (2021A1515012158)

fEEEN: FBRE (1998-), B, EIEMRE, ARAE: RRUFRINEMRM, E-mail: 844175689@qq.com
BIREE: XUBEEE (1980-), %, tH+, %, #AKAE: BERUFERIIEM RS, E-mail: liuxj@scau.edu.cn

84




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.4

formed a 2.9 A hydrogen bond with the Arg435 residue. Our findings in this study contribute to elucidating the mechanisms

associated with the binding of AST optical isomers to BSA, and will provide important theoretical guidance for the potential

pharmacokinetics of AST isomers in blood circulation.
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Fig.1 Molecular structure of AST optical isomers
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Fig.2 High performance liquid chromatogram of (35,3°S)-
AST (a), 3R,3’R)-AST (b) and their chiral identification (c)
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Fig.3 Intrinsic fluorescence emission spectroscopy of BSA

interacting with (35,3’5)-AST (a) and (3R,3’R)-AST (b)
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Fig.4 Stern-Volmer plot of BSA interacting with (35,3°S)-AST
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Table 2 Number of binding sites and binding constants of

interaction between AST isomers and BSA
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Fig.5 Double logarithmic plots of BSA interacting with
(35,3°S)-AST (a) and (3R,3’R)-AST (b)
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Fig.6 Sensing diagram of immobilized BSA interacting with

(35,3°S)-AST (a) and (3R,3’R)-AST) (b)
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% 3 ASTRMFEEBSAHEERRNESEREH.
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Table 3 Association rate constant, dissociation rate constant

and equilibrium constants values of AST isomers interacting

with BSA
AST [x10° Lk/a(/mors)] (x1(])€'d3/1/s) (x10§ fliol/L)
f;”;‘ 4.76 +0.53" 2.00 +0.32° 4.17+0.21°
f;’;ﬁ 3.27=0.10° 1.28 +0.05° 3.91£0.02"

E: AR EFRE (av b) AT ARRMAE AST Z 8] 4
BEREMREF, P<0.05.

XPEGRL B R Tk AR B 45 R, RBLUR
A1 SPR (10° L/mol) 15 %] 1) 4% & 5% Al 714 N TFES
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Ab, SPR & T LA [ B A 21 BSA e & 5E 2 11 4
HAERAEE", Huknl I, SPR KA M4 A B A
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PR BEL. B IFES SZR T4 R 2,
{HIXANJ7IE AT E N SPR RIS BhIGIEF B, JFH'&
AT LSRRI e A BAE RS ., WnE A
LA MHEAEH 15, Xt OB DL SEIR S
FIIAE

23 WAHESEBERFIEMTEASH
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Kl AST SR T B2 UA A 1 45 & 80 5 BSA
RAEMEAER, FEMIESH ERIBZER. 1
Ab, OIS HOR AW AR D1 E AR .
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fIMER T (4) F(5) 4081 12 2.2 5+ IFES
LA RA T

JE A AT e AST 5 BSA #H EH./E FI 144 28 AH
4% 91N -175.09 F1 -149.42 kJ/mol, 4§ 4% AS 43 %

N —-502.72 F1 -417.65 J/(mol-'K) (£ 4) . AST 374k
SERIR YY) RBLAE I AH FTAS, RKPIRE S
BSA KASEG M FEEAM EAEH 1 2 A A G a4
NP, X5 Z RIS &K -BSA M EAEH KR
E—FP PR AR IR R R IR 3 B R AST &
A RAMEE R, MRS ERIFAS
B EEAN HAE ] )RR, IXAEHE R AR I AT
T A R 45 REPY . R Wk, A AST thAq e
AST B H /N AH F1AS B —H LS ZER.

24 WFE R MRS SO R R

DA TR, BSA 5/ FRRSS &1 1 2
BLR AL TG A (A 1) FATT A (A 11D
(AR 7K s P 5 T WS A 56 = AR 985 25 0 Sl 7 o T
T g 780 P A0 RT b3 438 3 79 o e, A 38 4767 2
54+ SIS (Site Marker Experiments, SME) , i
TR (3) SRAFEAFLENL 5 TS S PR T AST-BSA
& g, DA R & AST AR 7E BSA L1
ZEADLR

g ank s pron, A JEAAE AST 5 BSA
() 45 & W B0y ) 9 8.14x10° F1 8.53%10° L/mol.
MmN W SE S 5, 2 @ ANA e AST I 45 AR
B oy B BE AR & 0.55%10° A1 0.14x10° L/mol. {EN
NAi &S5 Ja, 2 e R AT Jie AST ) 45 & 8 400 5l
4 0.54x10° A1 0.57x10° L/mol. 1] LA FI|i5] Mk 3%
AT IS SR AFE S AST R 45 &% B
FHREAK (P<0.05) , XANILR R A TEF YR
ez BSA 5 AST mfEM4E&. kA,
R INAT I 55 R e 36 S LE P Rl AST S5 4 4 v (1 &5
HE B RO B35 E . AT A e
FVATJE AST [ 45 4 7 55 38 0 T 0 25 # 3k 1T A A
I A 28] A8 Fhb, 76 Li 262U 4 i T 78 o
WARDABLR G5 R, 5 R o] fe 2 2 B AST KEE4S
H4 (1) 50 o

& 4 ASTRMESBSAHEIERAMNRNZESH

Table 4 Thermodynamic parameters of AST isomers interacting with BSA

AST BE /K AH/ (kJ/mol) AS/[J/(mol-K)] AG/ (kJ/mol)
] 303 ~22.72 £0.02*
% AST ~175.09 +77.80°" ~502.72 + 256.68" .
310 -19.37 = 1.81™
i 303 , , ~22.88 +0.19™
%% AST ~149.42 + 52.40° ~417.65 + 172.23" ,
310 ~19.95 £ 1.02™

E: RARAKRBFH (A. B) RT-HRMAE AST (RFRE) XA HGESEHEZRF, P<0.05; RARDEFHE (a. b) &7

FEAMAE AST (MRFIRE) ZRALEEEMZF, P<0.05.
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®5 RHEMUXBPASTRAESBSABEEANEAEY
Table 5 Binding constants for the interaction of BSA with

AST isomers in competitive experiments

AST TEMR K,/ (x 10° L/mol) R
(=4) 8.14+0.07" 0.94
£ 7% AST A -5 0.54+0.17" 0.97
ek EF 0.55 +0.40° 0.94
o (=é) 8.53 £0.65" 0.94
43 AST A -5 0.57 +0.09" 0.94
k& F 0.14 +0.06" 0.97

E: ARAKREBEFH (A. B) A TFHEME AST ( RF
FE4YT) LR HEEDEMEF, P<0.05.

2.5 SFERFRMEIFE B & G E R

AR (FFAlRMEEER) 2SR EY
i, EREMARE B & FT MR RN AL, R
BT/ FRIGIEAR . L, NrF 5 E AR AR
YERAMY 2> 5 8 A RUAE S & D AR b 45k, T B
S FC R s 2 A B T R I R Y. T
RIT AST St M i %t BSA S5t i), KA 1 IH =
3% (Circular Dichroism, CD) Hl [d] 27 %% ¢ ) it
(Synchronous Fluorescence Emission Spectra, SFES)

BEAT W 5E . CD A LATE 190~260 nm % & B #5243

BT BSA 1 45t &, SR wE 7 fsK 6 Fiow.
K %R BSA 1] CD Ot i 43 7l 7€ 209 nm 1 221 nm
B I o- SRR 7S, MRAT IS B g
N 56.83% a- 12 1iE. 8.63% p- B 13.70% p- #
FAR 22.27% TR G, B BSA 1) =45 &
FJE a- WRHER . MO\ A1 A e AST J&, BSA
) CD ¥ AL R %, o B2 E 2 531 4% N 56.80%
H157.23%. SR R & &I &AW EL
(P>0.05), &M AST k5 BSA M4 G AL
BB MUR R A s X — S5 A BT BSA 4k
HIFRE AR

10+
&
EOOf
~ 205 210 215 220 225
op
ar -10F
8 —BSA
20k \ — BSA+/EJiEAST
: ——BSA+£JigAST
_30 1 1 1 1
200 220 240 260

#K /nm
B 7 BEMIRFEAST AR BSARCD g
Fig.7 CD spectra of BSA in the absence and presence

of AST isomers

R 6 FEMAGFEEASTRUERBSAN —REMESE

Table 6 Secondary structure content of BSA in the presence and absence of AST isomers

A% - ¥25% /% B- A &% B- 5 1% FLHLI - %

BSA 56.83 +0.75% 8.63+0.12" 13.70 £ 0.20" 22.27+0.25"

BSA+ £7% AST 56.80 = 0.00* 8.65+0.05" 13.70 £ 0.00* 22.30 £ 0.00*

BSA+ #7% AST 57.23+0.57* 8.57+0.12" 13.60 £0.10* 22.03+0.15"

Z: ARREFH (A, B) ATREAGIAALEREREZRF, P<0.05.
a5 a0t} EWST{(}”““’VU— 7x10¢ b o} HHEAST(umolL) | 7. 104
s 4L N 4 —_ 4 . R o~
E 1.8x10 - 6x10 E E 1.8x10 l — 6x10 E
e 1.5x10° F 15x10* S e 1.5%10° 15x10* &
0 1.2x10% 14x10* \? 0 1.2x104 ’ 14x10* \?
3 3 3 3
% 9.0x10° 43x10* i% % 9.0x10° | 13x10* i%
= 6.0x10° | 12x104 = = 6.0x10° | 12x10* =
K 3.0x10° F 11x10* # 3.0x10° \ 11x104 #K
O'O—l 1 1 1 1 1_0'0 OO—I/ 1 1 - 1 1 1_0'0
280 300 320 340 360 380 280 300 320 340 360 380

WK /nm

A /nm

& 8 AZHEAST (a) FIHHEAST (b) 5BSAHEEAMES LKL
Fig.8 Synchronous fluorescence emission spectroscopy of BSA interacting with (35,3’5)-AST (a) and (3R,3’R)-AST (b)
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x 7 ASTRMESBSAM S FIiEEASH
Table 7 Binding parameters of BSA with AST isomers obtained by molecular docking

agp BE AW/ A8 AR R B BRARA stst g  -CDOCKER/ (kcal/mol)
(kcal/mol) SRR dAkMER S AsttemA A fe®  MAHAL
Lys114, Argl85, Val423,
ki o Glud24, Serd28, Argd3s, I};fggg 3133913’ Lys504 2.0 700 6343
AST : Tyrd51, Leud54, Ile455, Leus0s {16522’ Thr190 2.7 : '
Argd58, Lys523, Thr526 ’
Lys114, Argl85, Thr190, Leul89, Alal93,
S Thr419, Val423, Glu424, Prod20, Lysd31.
-8.9 Serd28, Tyr451, Leud54, Arg435s 2.9 -58.58 60.23
AST Arg458, Leu505,
1le455, Lys504, Lys523, 11657
Thr526

\

& 9 AHEAST (a) FAHHEAST (b) EBSAEEERND FIEERRITLESHT (el d)
Fig.9 Molecular docking results of BSA interacting with (35,3’S)-AST (a) as well as (3R,3’R)-AST (b) and comparative analysis (c, d)
Z: Bafb VP ARIFAHSBLERNE L, FASANETHZ B IEFARBRAF A EAER J . sTGHTE ¢

Fao d ¥ £4% AST Aot 3% AST * 5 6438 &, 53 h ¥, G nsk &,

X SFES, bl i i KRS KA E 1) & 1L
AT DL Bl A e B I R R SR 1 AR AL, DAESR
W 5L AST AR XS BSA TR BE I 520 . 24k Al
RS I K B 18] g AL T g O 15 BE 60 nm B, A LA
53 BIFRAG Tyr 3% Trp 5% 3E IAOA BE 5 B2 St F K
SR BSA, Tyr Hl Trp 85 KK 5% 4 43 53l £E 300 FH
340 nm (¥ 8) . BEF L liEFI4 e AST M, Tyr
A Trp M KRS KA RAEM BB, 30
AST-BSA #H B AEH A2 243 BSA A5, ik
A )L, CD 1 SFES —#(K #] AST 5 BSA HAHHAE
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ARSI B MARE AR N 2.4 5] LS5
— NG PLHIERE, B AST %A 454 % BSA &R
BK 4, PR X 8 (0 R RIS /N

26 NEFRFMEEFME AR ANENL &

97 ¥ %F # (Molecular Docking, MD) 1] L Fii ]
NG5 8 S A BRI B I TR I 25
B, BETH#—2 T AST 51k 5 BSA 2 8145
HHU. %7 BoRENE AST. £ AST 5 BSA {145
& E HBEY N -89 keal/mol, 2B —# BH A ()45
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G ). B 9 BvR, AR B AST 7
Pk BB A8, —H 441 BSA =4
ERPIR A FAL, I B 5 BSA G54 R AR 1126
RUONE VoA g KA EAER 7. 1IX 555 2.2~2.4
TR TS BN —5, RS2t T i1
THE. BORA A e AST 16 3k J7 T B oA AL
SO, (BRI B A K TR I & 2 5
Hor 72 JiE AST 5 Lys504- Thr190 7R FEF K 2.0 AL
2.7 A FESE, TATE AST 5 Argd3s RIS RGK N
20 A IS, AL, BRI AST SEAK FR A HR 8
AR B R S E AR Y B, T X AN E Re ]
X AST 4 & 2 EEEH

FE M AT e AST 5 BSA LRI 45 & H e
— U W B AT 22 R A A A I ST AR I R
P, X RSB AT LU AST 2> T 25 g &0
Ji T RAAERE . AST SEAKR AR I 45 44 22 775 T P iy
WA, BT AST KL MR T el
EREMGE AR, FEIEG AN T R
B E HEE T AR IR R B A E I 4 A DAY,
WAk, GEA A AL TT B R R AR R A (Trps Tyr M
Phe) [MAF1ENT M0 T LR E P M B K5
MR, SR 4y X B A5 UK AST-BSA [ HAER
SRR P A B — A Tyr 5k 3E, X AF] TR
AST AR AR SEAR LR -
3 g

AW 588 i IFES. SFES. SME. CD. SPR #l
MD J7 V55T T AST SEAR S #7R 5 BSA [ AH HAE
F. SME KB AST F 44 (1) 45 & A i3 A0 T BSA
TSR IT A R A (A8 4L, AH R IS A A7 LS
H AST Sk BAG ARMAR EAE ) (e
16771) FghA KM )y, 1X{E IFES F1 SPR H 43 3] 1
IER]. SPR IS B AST-BSA 145 & 5 112248 % Bl
NIBEL . BAREVIRAS, AJE AST HI5 45 5 b
H = T4 Ji€ AST. IFES 945 ik s /o e AST A
HEALK AH 1 AS, MD flgE R 5 i szis 4t
HAEREMFERE, FRIERIL AST AR FHIARTES
BAH MK LRI & ZE R 4, CD Al SFES
—HUIEH AST 5 BSA WA EAE A S AR
R K. M2, JERATiE AST X BSA (1)
SEA WA B SIARIE R, (B7E IR m 45 A B
IN%SHMERBERN LSS ER . REHEAE
2506 Bh T 188 AST Sk R Mk 5 BSA 45 &
ML, FEA AST SR RTE M iR A6 3R HH B TE 1 254830

SR A EE I S E.
BE Lk
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