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Hl. FEESIGIEHERIFS:, Alp SBHGIIM HAE I #44 ForsterJE48 5 e B 4652, IR ILIRIE AR R OVE ML, $R783 Fil
HEFE (299, 309, 319 KD £ T RIS 3 O RHLEE 5880 X 10*, 4.337X 10" L/mol 54.935 X 10* L/mol; ¥
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Abstract: Alpinetin (Alp), a main active component of Alpinia katsumadai, was used to study the mechanism underlying its
interaction with hemoglobin (BHG) by fluorescence polarization, synchronous fluorescence, 3D fluorescence and absorption
spectroscopy combined with molecular modeling technique under physiological conditions. The data from the overlapping
spectra confirmed that the interaction between Alp and BHG could be matched with the non-radioactive energy transfer
theory. Various binding constants (5.880 x 10", 4.337 x 10" and 4.935 x 10" L/mol for quenching mechanism; 3.239 x 10°,
5.225 x 10%and 7.692 x 10’ L/mol for sensitization effect) and thermodynamic parameters (A S: 182.073 J/(mol-K),
A H: 34.320 kJ/mol, A G: —20.119 (299 K), —21.940 (309 K) and —23.760 kJ/mol (319 K)) for Alp-BHG systems were
hereby obtained under different temperatures (299, 309 and 319 K) based on different action mechanisms. Molecular
docking was performed to reveal the binding of Alp moiety to the hydrophobic cavity of BHG and the acting force was
mainly a hydrophobic interaction. The low anisotropy values suggested that there was shorter relaxation time and Alp
molecules were observed in a motionally unrestricted environment introduced by BHG. The synchronous fluorescence and
absorption spectra showed that the addition of Alp impacted the microenvironment around BHG in aqueous solution. The
2D and 3D fluorescence spectroscopy of Alp-BHG system indicated that Alp strongly quenched the intrinsic fluorescence of
BHG causing a conformational change of the protein. The results indicated that the interaction between Alp and BHG was
strong, implying that Alp may be stored and transferred by BHG in some degree. In addition, the effects of common ions
on the constants of alpinetin-BHG complex were also discussed, indicating an increasing trend for binding constants in the
present of different metal ions.
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G M PRy, AT 3 BRI
PURINEE S SR S iR S, HEREIRAG, %
Atk U, EWANRCHRZ KT AlpHi 2y
WY R OE, R SEREN (ANMEAEA
(human serum albumin, HSA) ZZFMiEA&EE (bovine
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R 5 1 21 2 1 A B AR 208 AR E . 2R A2
LN — M BB KT, EEAE TR
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e AR BRI WO, R A A H AR
— JE SEBR R

ARSI R RSS2 R b & o LA
HATRTAlp 54 M4 8 [ (bovine hemoglobin, BHG)
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BHG (X7 B & 64 500) %% E Worthington
Biochemical A F]; =¥ HEZFEHLE (tristhydroxymethyl)
metyl aminomethane, Tris) -#:f8 (Tris-HCl) ZE{H¥E
EZERM A FE R AR Alp o B 5 2 R E i
Tt

1 000 mg/L&: @51 (Zn*". Fe’*. Na®. Mn",
AT ca’™) B 2% 4N 2k ARt A 0 B9 R AT A
Bt MR4EA SRS T2 7R, M1 000 mg/Lbxs#E
BB RN FER R R &8 S, FH R K C ] AR
1.0X 10 *mol/L.

B S50 FH K v — R Z& oK s W03 R 4
4fi, 3.0X10 ° mol/L BHG i Tris-HCIZE /%
(pH 7.40) P, T 4 CLRAETHE4L: 0.05 mol/L Tris-
HCIZE /. 1 000 mg/L 4@ &+ 28 18 /K i 1 5
1.0X 10> mol/L. AlpH T /K F EEAC il o
12 5 E%

RF-5301PCH MG IEIF HAHEAF; F-7000
WHNEI  HAHNYAF; BS124SH T KP4 [H
F LA A T PHSI-3F pHit Lk {E)
SB-10008/K¥# 4y Bl Z W AR AR, TU-19014
BH-RAI WO AR IE A A IR ST A F
pHs-10ATYRREETE G IL TR AR o SRI i 5
FH B 2 1 iR A 4 )

1.3 HiE
1.3.1  REEFERIINE

TERF-5301PC 7% ot ik A b gk A7 & 58 6 3k it 0l s
(1 ecmA¥E3th) , BHGIKE N3.0X10 “mol/L, HEH K
5RO R 8 55 ) NS nm, BRI K N280 nm;
FETU-1901 8458 Ab-m] W' BE T 2E 47 W' 1% 1 il e
(1 omA ) , el RV RE 1 Alpiail,  AH B A7 1
FAMES AR, FHEAIpTES K200~350 nmit [ K4 1)
BHMRBOGTE,  ARIE SCERI81TH L IF e e B e F%

132 G BRI 5 B E

TERF-5301PC e ya i L7l e (1 emAy 5%
WD, RAZOGHEE, EFBOKBA 280 nm, K4
#9348 nm, TE299. 309 KFI319 K 3 FhA [F] i i 44
TIE Alp-BHGHR R G AE,  FRAKHE SCHR[9] 11 5 4
e
133 [RB SO R S e B (i &

YITERF-5301PCH G HEAY FdE ATl E (1 emfr 9%
M), P mIRE R 5 R A 18R 4% 553 95 nm,
BOR VK 280 nm, R K 348 nm!" 1S9Ok
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(A2=60 nm) LL230 nm UK B, 290 nmy ik K
HEATINSE
1.3.4 =4S e

TEF-7000% Y664 EiEAT (1 emfy g8ib)
MR RN R S A e v B3 ON S nm, W E R K
230~325 nm. K HH K230 ~480 nmiE [ (1) = 458 0
W
1.3.5  SRAMRIOERE (1l e

FETU-1901 85 540 -1] W66 E#EAT (1 em
AT, RIRFEE — € 2 M Alp MIBHG %W,
pH 7.401) Tris-HCIZE P& W E 45 93 mL,  LLAH L7 1)
FHNZH, MEAlp-BHGHA R £E200~350 nmjis 4 1
EHMRWOETE .
1.3.6 T

M SYBYL 7.3 5 B Alp () — 4451, 5
X Tl fge A By T )20 K G E4T Tripos 1135 I B =
1, LA CRERD RARE NG #—0H
LRI EEVE AL Alp 2 1450 . BHGHI SRS (4
5 N4M4B) MBrookhaven®s [ i £ d 3k 1E, @il
kollman-all-atom L 7if ] HE BHG £ [ = 4E 45 f4) (34 RE ;. &
2% FH Surflex e FEBEALL H Alp ATBHG 73141 ELAF FH i K.
137 &JEE 1A B A H Al

SIS s KR Al mL b I AN N — E =
BHGHi# £ (3.0X 10 °mol/L) . 4> HIAS & B 1 W
(zn*", Fe'', Nat, Mn’", A", Cca’", WkSEIEH]
FN1.0X 107 mol/L) , LhpH 7.401) Tris-HCIZE % i &
R, BN Alp, BORKEEE278 nm, K S K445 nm,
SRNEET[E]3 min, W E299 KE&AF T IR G5RIE, Frissds
R R RS A

2 SRS

2.1  Alp5BHGH HAEH MR
R G Forster E4a 4 fe LB ELIL, #HRERHEE 24
WRSC TS R 26 A () e e R ST 2 (A — el E S, H
frefk Sz etk 2w, RIS AT nm, AT
DA 58 7R R G RE R SZ AR B R T2 MR A2 T T o
TR R AR e, L IEHe 2 i@ ad 43 1 IR B Al - R R
AR R AR,
EE T NED O 3 2R Rk L R, E
I 5E BHGAE 92 96 30k 9 K280 nm i & 51t i 5 Alp
O, MFRHESGEE (B, KiEaX
(1) ~ 3) I AIpEBHG LRSS &6 B 5 (0 IRk
BE2 IE) (P A
F RS

Bl = et (D

b EARERFEBACER:, ROVFERERURAS0%I 1]
I 7B B /s A RS R AR 2 18] 1 SR B /mm
FRIFE ) BIAFAEMAFAERE RS AR, RERAA AT K
SR

RE=8.8X10""K’n"*®dJ (2)

A KBRS A T (KE2/3) + n AR
FIPTHHHREL (nlX1.336) 5 @ANWICHIRID 8 i
(PHL0.118) Py TALRIIDOE RIS 5 52 4R 1 i
FeE 2 i) B AR
_EXFQ e M

Y F() AL

e F () RRICERLEB AT 175 658 5
e (1) NSZARTE P K AR I BE R 6 R4/ (L/mol) &
HHEASINEDSHS (J) KM N4.003x10 "
Cem’ * L) /mol, IGFEEER,N4.25 nm, BHGH &
FR ik 5 O 45 A Al ST+ I BB - E 96.02 nm. 4553
FW: AlpfEBHGHIZE A A1 B S5 Trphkdt 2 A1 K FE B N T
7nm, [FNHIFEH T EAIPNBHG ) T2 ) &4 TR T H
THURBER AR % (BD .

J (3

60+

© Lo.10
0 a L 0.08
% b L 0.06 =
3707 004 %
#2204 R
L 0.02
10
L 0.00
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T
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Bek/nm
Ca/Conc=11, T=296 K.
1 BHGHZEOILEH# (a) SADEKRYOLHE (b) BBHE
Fig. 1  Overlapping between the fluorescence emission spectrum of
BHG (a) (4., =278 nm) and the UV spectrum of Alp (b)

2.2 Alp5BHGHE G NI K #1525

Alp

Alp +BHG

BHG

T T T T Ijll—# 1
300 325 350 375 400 425 450 475 500
WK /mm

BHGIK % N3.0X 10 *mol/L. 1~10. Alpi&J¥ 435 43.33X 10 °,
6.67X10°° 10.00X10 % 13.33X10 %, 16.67X10 °, 20.00X10 .
23.33X10°°% 26.67X10 %, 30.00X 10 °, 33.33X10 ° mol/L, &4,

E2 Alp-BHGHZHFERRHIEHBE

Fig.2  Fluorescence spectra of Alp-BHG system
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Alp XBHG-Alpfk R 176K GGG E (E,=278 nm) .
A& 1, BHGHI & KK KA T327 nm, SIIAAlp
i, HaBE341 nm/A A Al R R S KA T
438 nm, JIABHGJR, fE438 nmf) 55 & A BRI N,
HE2m &0, FEAlpIRFEERIIE N, BHG-Alpik R[5
e R HEuE R (A, =278 nm) w1 LLFE i i B E B AE
368 nmi KAAFAE— ARG AL, XN 7EBHG 1 RFE it
KRS PEK325 nmkhk, AlpEK TBHGHI N IED ;1M
FE Alp FVRRAE 50 K A 5 i K432 nm A BHGHE B T Alp i %¢
o, HEEAREBN . 458U AlpS5BHGKRA T
MAHEAEH: HAIpMIAELE, KAETREERB S 1ABHGS
ZARAp T IAE - RS 1R, 3 BHGH %K
5511 Alp ¥ 7¢ He 3 o o

B 26 I E 3 N FRRE (2994 309,
319 KD MImtsmfE . EBHGH A & S K327 nmAb ()
PERIE, HI1EStern-Volmer® (E3) RAFEKHLIRK H
(KD, °IF R AR Alp-BHG R 2 11758 i
SO R s I8 2 PR A AU SR AT A 2R it 4% 1) A} 26 BB R AL
HEKGE (R0 BESD , ISR K R
(BKF2.0x10"°L/ (mol *s) ), FH&454 Alp-BHGHE
REIR IO (E4) , IERH Al BHGHI D Yo e K HLEE
AR,

FJF
e D N NN W

Shhro ORI

0 5 10 15 20 25 30 35
Alpi £/ (107° mol/L)

E3 Alp-BHGH R B R HLEStern-VolmerE
Fig. 3  Stern-Volmer plots of Alp-BHG systems

®1  FHEEFYE FAlpSBHGR R & % HH

Table1l Binding parameters between Alp and BHG under
different temperatures

299 5.880 10* 0.997 7 3.239%10°  0.999 0

309 433710 0.999 7 5.225X10°  0.9992

319 4.935%10" 0.997 3 7.692X10°  0.999 2

s Key AU HIRRAR F/F=1 + Kg[01=1 + Ky[0] : K T 1%
WAR V/AF=1/AF,, + (UK[QD / (1/AF, D

TEAIII G R 18438 nm A< ik, B % 5 A%
JS2 % KR DR B 2 3SR A AN R B AR A R TR A KA
(K1, E5 , w&HBERER T, KIE S8 K1E
B, gHRRY, AlpSBHGUL—X—1fi siAHEAEH, H
KA 32 it 2 (RS2 AR o

PAK/mm
BHGIKE 45.0X 10" mol/L.
Bl 4  Alp-BHGH R K Alplyssh ki
Fig.4 UV absorption spectra of Alp-BHG and Alp (inset) in
Tris buffer solution (at 299 K)
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0.00 0.05 0.10 0.15 020 025 0.30

1/AIpH E/ (10° mol/L)
2o=278 nm, pH 7.40,
5 Alp-BHGH R bl
Fig.5  Plots for sensitivity enhancement mechanisms of
Alp-BHG systems

FIH Van’t Hoff 5 2 1] 5k 13 Alp 5 BHGTE H [ #4 77 %
A, ORIEAFRE AN K (RD KRG ASHEN
182.073 J/ (mol * KD , AHAE N34.320 kJ/mol, AG{E %
HN: —20.119 (299 KD . —21.940 kJ/mol (309 K)
J—23.760 kJ/mol (319 KD , FIJAlp5BHGHIH# AL
P FRHATI: AHAE K ASTHR B e AT Ty HL ALY
BiAKAER T, X5 5 A 55 T BA0L 0 285 A — 21
2.3 Alp5BHGH HAEH 14T

BHGZ# L2 R F4 M RITMERESK, BT H
JCH— B A — AN ML RS FHM. MRSk
(10032 4 A JE O i 20 3R Pk R (0 B S A A 5 IR E 40
(147 ZH 2 1 PO P 35 P 805 R I 7 o, 7R 1 1 2 O B 7
AT SR AN T AT

BHG & BRI A AT IR R, Alp AR R .
B 6 Alp#ABHGHS FREIA #E
Fig. 6 Binding mode between Alp and BHG with only residues around
8 A in Alp being displayed
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BT LLE tH, BHG 1 I H6 7 X 35547 AH B 1) 2%
[ Alpsr -+, Alp7r T & AEBHG T HIBKEA,
HAEAAlpsr FRIUNAEFIH S, 5BHG T I 2
Tyr-35. N2 Phe-36 It B Trp-37/R§EiL, X—J7
AV Alp SBHGHE I B /K ER S, H— ATHEHAlp
T SERE S KBHGHI IR, 5 AHIF Fa i TH A 9
TR E 45 R — 3. 7 TS R Alp# 5 BHG
FEH DR B R B AKIEH, HEABREITH, 5
KW FGTH A R F SR H R 3
2.4 AlpFMIBHG 45 M1 6% R AE

9

020
B
020 =017
2016
2015
0.15F 014
i 013
= 0 5 10 15 20 25 30 35 40
E0.10+ AlpYJE/ (107 mol/L)
RE]
#0.05k
0.00 L I )
0 10 20 30 40

BHGI&J/ (10 mol/L)
AIpIRJE 40X 107° mol/L; BHGIKEZ /3518000, 333X107° 6.67X107°,
10.00X107°, 13.33X10°% 16.67X10°. 20X 10 °, 23.33X 10 °,
26.67X10°% 30.00X10°°, 3333X10"°, 36.67>X10"°. 40.00X10~° mol/L.
E7 BHGH#%NSH:E

Fig.7  Variation in the fluorescence anisotropy of BHG with increasing

Alp concentration. Inset: Variation with increasing BHG concentration

9 A V2 38 3 ) 5 5 ' A iR B B ) R PR AE 1
A, BeR R P ANy TS EM RS T AN
— e R, R — PR AL S 7 A AE ELAE AR BT R AR
B 73" BTN 299 KT, AlpllikEE N
4.0X 10" mol/LI M5 AN [F 9K FE BHG I 4% [l S A, AT
i, AlpHITELE, (EEBHGH & 1) 5118 5 48 K 3
(0.000 9~0.201 0D 5 17 LA IFT B 9 508 Alp (1994 B 17
MAZHIBHG (5.0X 10 °*mol/L) [R5 E{E, B Alp
5BHGIKE LAY K (0.0~4.0X10° mol/L) , & [A] 5
PEAEIITE0. 13 47 BA B /ME R & 1 S EAE /N T
0.4, UiBHAIpSBHGH: & MR RN, HARKIR G
AR MR NEAMMAES, &HTAlplff
15, (G BHG 1) — 2 45 g D e 21 5 it i P b
R, A RRE RN

T B P 8 A B iR I £ 72210 nm K AL,
SRREE 5 1 a- B2 e 45 R DGR BT Bt 2k 1
NABHGTE Tris KW I8 SRS 1, 7E205 nmiit
A RN, BEAIpIRFE IR R, #£322 nmil KAk H B
WS, LR E 2k, 1951322 nmiE K Ab R Alpl
REAE RSO0 o B ST T 2R Y27 T AlLp 1) SR AR WAL Sy LR g XL
W, £E208 322 nmili KA F ORI, 1E B R R
M EREE RoR: BEAIpIREERG N, AH R Alp-BHGHA R 11
WS WS i Bt K, 5 T e AL ) i K AT B K 7 R B

KRR, HAlp-BHGHE 2 1114 7% 5 Alp W i i
TWEREHE, UL EAREH: AlpSBHGHIAHEAEH
Wi T BHG ) a- 42 e 45 ¥4

—_

T T T T T T T T 1
300 325 350 375 400 425 450 475 500
WK /mm
BHGIKJE N3.0X 10~ mol/L; 1~5. Alpif £ 4)5150.0+

10.0X10°°. 20.0X10°%. 30.0X10°, 40.0X 10 °mol/L.
E 8 Alp-BHGH ZHRS TR

Fig. 8  Synchronous fluorescence spectra

625 5 Y6 o M it BAT Ak 1 TR . v e 30 v % o 2>
FEHUR TP i1, 8 I &R 1 AAN60 nm FIE
KA 20 2 e A 1S AT LA S e (o S B i 2 AR 4k, AT A
29N E X A R R RS B, B8 Alp-BHG
R FEIEZOOEIE R (ALH60 nm) , WIREEH
AlpIR LG K, Alpfe s K BHG I L 2 R ik 2 11708
FHAE 13 H B R 9 R I 240 %% (334~337 nmZd
F) o, FRHREEBERAE, F5AIprE380 nm 3 K 4b
FE A e T i B 4 K, X bt LU B BHG I 8 &R
BRIV T AL F B EA RIS, EEBHGIIM R K
AT A ME,

=
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RGP mm

9] [ A
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250 300 350 400 450 500 550 600
RSP /mm

B,

T 1 T T T T T 1
250 300 3SQ 400 450 500 550 60
WUR A /nm

B;

PHEHRE (X 10%)

T T T T T T T 1

250 300 350 400 450 500 550 600
KGR /m
A. BHGIKJ% H1.0X 10" ° mol/L; B. Alpif/% 46.67X 10" mol/Ls
NIRRT 20 37002 =448 m A v ouou ik B R
235 nmft FEROE IR AL BOR B N230 nmib R SRR
E9 BHGHAIp-BHGH R =438 EE

Fig.9 3D Fluorescence spectra of BHG and Alp-BHG system

FiAh, =R S W R A R 5 5 [ B
WOR B ARG BB O, v AR AL R AT 2Otk
JB P R (R s 1S i Fe SufE R EI9AABHGH =
Yeem v e, WA, BHGHIER KK S KA T
327 nm; [E9BAAlp-BHGHE R 1) = 4k % m 2k e e i,
BoR T HEREETE, &Rk RS EKALT327 nm K&
438 nmib, X5 HH 4RGN 4R — 8.
HE9AKKEOB, AEIEHEMAE HIMANAIpHE, —4E%
1R 2k et b T R R S T I B TR TR Y R AR T W R
A4k, UL Alp K T BHG ) P9 Y5 2 5 Ik 5% i 11 5
e, FHARBHBIKRAE, FIXIESL T HH< T /8
REBNSL.

2.5 &JRE TR Alp-BHGH R IS0

KEZMEREFIUEEARAREAR, 88X
WA — BT R FACEAER, RITEREfE L&
R IR, ATE & A s 4> s, IF
HLAT DL AR A 15 23 8] B e A 0 HE R AR, TR T o5
Koy Frigfae, REEARS FRAERKEES, K
O (R g p R e MBI Th RS T, XA BT
B RN 1) 2 o 1 — e b BT

2 HEETHENNAl-BHGHREE A HEKIR W

Table2 Binding constants K (L/mol) between Alp and BHG at 296 K
in the presence of common ions

SEETF  UAF=U/AF, + (UKQD | (I/AF,) R K/ (L/mol)
AMEF 1=0.000 848+0.262X 09999  3.239X10’
' ¥=0.001 8140.002 35X 09998  7.702X10°
Fe't 1=0.002 2740.002 4X 09999  9.458X10°
Na* ¥=0.002 03+0.002 93X 09999  6.928X10°
Mn** ¥=0.001 3740.001 96X 09997  6.990X10°
Al ¥=0.003 034+0.002 18X 0.9999 1390X 10°
Ca” Y=0.002 69+0.001 92X 0.998 1 1401 10°

HEE6 FE W SR BT, BRI H X Alp-BHGHR R 1
SEAUMAEF, AR NER2, SN LY 4R B T
HHEBREL, AL T 5 A BUE A BRI
FEfIBE K, CHEAPTRMCS TN . XEW, JLM4E
JEE TR FEER, ¥KTAlpSBHGHES, A
A REAE T BHGIIRI % .

26 A SBHG. HSA. BSABLHAREE 1 HIAH HAF

FIFHZ Feit ik (Hhinstotitiik, Koheik.
AN R A JLREUN MR IR R A
I TR AW/ S E A M EAEF CH IR 2R
P Alp 5 AN (A AR A B — Lol
FEAFEMEEAN: HSAY . BSATY, AN skE N
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