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[(HE] BRI E (phloretin) 5 A ML A A (HSA) B9FEFHHLEI . J5 ik AR BAET R 2L iS5
phloretin 15 HSA 2 [A) (e JE A0, THE 3 2 IR 946 2 0 B0 465 45 G40 BB 6 MBS %5 . 5« Phloretin A HSA % 19 18
VTR, B AR ML . 1 298,303,313 K T, phloretin 5 HSA 454 % ¥4 % 4 1.518 1 x 10°,9. 441 2 x 10*,5.417 8 x
10* Lomol =", 25 & (4588 n T ALK 1548 J7 2% 53 1 %6 9] phloretin 55 HSA [0 45 45 1 M B K 45 H 5 R4 Forster I 5 41 fiE 7 5% 2 30
WK = HEE G B 4. 27 nm; [A12E 56 1% B phloretin X§ HSA #5252 W # /5 4 )& 8 F 19 /- A <2 52 1 phloretin 5 HSA
LS ARES . B PO RS A TR MR B 5 A ILTE A& A A N, B A R POk, =805 & S5 .
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[ Abstract |
albumin ( HSA ).

Objective; To study the mechanism of interaction between phloretin and human serum
Method: The binding constant, binding site and binding distance was investigated by
fluorescence spectrometry. Result; Phloretin could induce an endogenous fluorescence quenching of HSA under a
mechanism of static quenching. The binding constants were determined to be 1.518 1 x 10° (298 K), 9. 441 2 x
10" (303 K) and 5.417 8 x 10* (313 K) L - mol™', respectively. The binding site (n) was about 1. The
thermodynamic parameters suggested that the interaction forces between phloretin and HSA were mainly hydrophobic
force. According to forster nonradiation energy transfer mechanism, the binding distance was estimated to be 4. 27
nm. The results obtained from synchronous fluorescence spectra showed that phloretin had only a slight influence on
the HSA conformation. The common ions could affect the binding constant of phloretin-HSA complex. Conclusion ;
Fluorometric analysis is a good method for the study on phloretin-HSA binding reaction. It has the advantages of
high speed and high sensitivity.
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KRB R B S M e b, BAR 2 B A i R R
phloretin BATHT A PURAE BT R KAt Mg 55 2E 7
ik, A I 1 & [ (human serum albumin,
HSA) 2 NI b 5 i DI RE L A, e AR N &
BN TS G ER, BA B s R A
LR VA e Z R 25 ) D RE o ERAUA: BRAR AT T B 2y
Y5 HSA BYAHEAE T, A AR LR A 5 A 245 200
L T EL R i R LY £ B 45 Al B T R HL AT
TR o ARSI, SNk i T
phloretin 5 HSA [y #H & AE H L], 15 2] T phloretin
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Y5 HSA AHBAE F (0 7 8 B0 45 6 H B 45 6 4
WSS A IS RAE AT = S 8 e T A EAEH
JIZER, R F 2B 9 1% ¥k WF 58 T phloretin Xif
HSA Fy G (520 , Jf % %2 T 42 J& 25 F XT phloretin 5
HSA 45 & /652, k1 B phloretin 75 442 P 9 5
AR R T LA 2 AR R AL R T S
WA
1 UE5EHF

F-4500 5 et Bk (H A, HL A A,
UV-2550 5 4h-07 WA ea B ( H A, Bt dl ),
SO1A #8908 b AER K W (IR 2R 28 R R 2 (U e
ARRAFD)

LT A T HSA(99% |, Sigma A H]) , FRICA
I H R A BCH AL 1.5 x 1077 mol - L™ bRl , B T
VKA 4 C14-4% . phloretin (95% , -t 5% 2% 3¢ 52 BH 4
A BN ), W FR L phloretin i i i 5.0 x 10~
mol - L™ AR 1fEE W BR 22 i (pH 7.40) ;7K —
WFENR K, HoA 3500 ¥ R 43 4l
2 FHik

HERH RS I — 2 AR FL 1Y phloretin 47 #fE % WK T 10
mL LA T A 1.0 mL HSA F5#E % ,2.0 mL
B-R 2% Wi W, LA ZR AR K 8 75 2 %), 16 iR K 7 30
min, Pk 285 nm MR K BOR FUR S REE Yl 5
nm , 5 IR — 2 DK TEFE N HSA 9786 & 561,
HSA 7E phloretin /E F F B2 618 JKOE1E , 7] 456 66
T (AN = 15,60 nm) K 5P OGTE
3 #REiTie
3.1 Phloretin X} HSA {7665 K 6% & i
PR (0 B TR T TR % R T B T ke ik T & S A ok
MINIRDE G . TETEE S F T, 0 — R0 & T R vk
HSA 5 R [a) ¥ B phloretin 3% WK #E 4T 26 & , 45
WE 1 fifs . AL, HSA 7£ 340 nm &b 47 5558 (1) 7¢
Jt, B phloretin ¥ B ¥ 3% fin , 340 nm Fff 3T ) 2€ 6
5 B BT R K, B phloretin 5 HSA &4 T
FHEAEH .
3.2 BEEHRRMLGI KA K F R E 5l HSA
I TN JEL DK T R A5 2 25 5 KR 25 0 K W b

400 -
300/

'
K200 b \\

100 fi7

e }%;_.._:
0 R r——— |

300 350 400 450 500
A/nm

[ 1 Phloretin X HSA f355 3 38 T 3t ik (298 K)

Bl PR IR IR NG 53 - 22 18] PR 1 97 HICH il
B BOCW B G 5 1 B4, Ho K B 1
Stern-Volmer 72" .

F()/F:1+K,,T()[QJ:1+K\,[Q] (1)

K Fy FLF 53508 K A FIT A phloretin fif
HSA B2 o BE K, A X3 4 3 A8 1R 74 2K R
WH(L-mol ™"~ s™") s v, JOHE I Bt 5€ 56 43 1 Y F
Y4 s K., 2h Stern-Volmer 28 K # 3 (L-mol ") ; 4=
YIRS T oA FF K2 10 7

RSP K R T G 5 56 W B AR A i A=
BT — BRI G Y, T BTG W) SO 9 R e 5
MG, w5 Kt A7 G Lineweaver-Bruk XU{2]
Borm

(Fy-F) '=F;"+K, +F;'[Q]"" (2)

s K IG5 56 W) T i 45 6w R,
PRAE Lineweaver-Bruk J4 ¥ %, B I FZ 09 T & 3h
AR b B G O T S R BB =2 9L/ H I
AW R KR

FieAa g 7 2 43 S0 2 R EE 298,303,313 K 4K
R KO, 52X (1) £F HSA 228 K i
Stern-Volmer £, i 20 (2) 7 XUE Bt £k, 15 2 £&
PE T 77 R b AH OG22 8 (), vl T34 B0 KO AL
(K, BEEGHE(K,) BRILE L,

14 1AL BRI G  phloretin 5 HSA {1
PR IR 60 B (K,) BRIk, B K J K T & 28
R TR X WK 5 T K, KA (2 x 10 L+
mol ™! +s ™) s B AR B K,y BSELFE Y T 5 1060/ 299

®1 BRREEH

Stern-Volmer

Lineweaver-Bruk

K, /mol-s ™! K,/Lemol ~!es ™! r K /Lemol ™ r
298 1.140 2 x 10° 1.140 2 x 10" 0.999 8 1.090 2 x 10° 0.999 8
303 1.067 1 x 10° 1.067 1 x 10" 0.999 6 1.008 9 x 10° 0.999 6
313 8.280 0 x 10* 8.280 0 x 10" 0.997 4 4.891 0 x10* 0.999 6
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W] phloretin X§ HSA (2 0 KA IZ BN A HE K, 1M 42 B
phloretin 5 HSA Z [A]JE W T FC 45 9 0 5 & 0 7 28
BR
3.3 Phloretin 5 HSA {42 /MR B TE S AMR K
DT SR A N 2 A A 1A G — T SR RO T
phloretin 5 HSA A1 5 {F H] 19 ¢ 4 OG5 WA 2,
Hi 1 2 AT, HSA £ 277.0 nm F 45 — 3 W% i 0, 24
Jin A phloretin J& , W% Y& 5% & B phloretin ¥ £ (1 35 i
B IG 0R , JF H O HSA g R W ol A A= T B IR A0 B
(M 277 nm 840 %) 284 nm) , #F— L UEH] T HSA
5 E ¥ Kot 7k phloretin 5 HSA JE 52 & ¥y i
SR M AREER T,
3.4 Phloretin 5 HSA By 45 & W B4 & vV S
BOR TR, PRE SRR A KR ATA
ZEL R ) SR
Ig[ (F, - F)/F] =1gK, +nlg[ Q] (3)
e lgl (Fo = F)/F 13 1g[ Q JTE P, AR 4 A0

0251

0.20 L

L ) . L L )
250 300 350 400 450 500
Amm

[ 2 Phloretin Xt HSA &) 48 5M % U S i (298 K)

RERTRG AN K, Flon, SR WER 2, k2 0]
1, phloretin 5 HSA M9 &5 & (5 %5 n #5238 1, Ui HA
phloretin 5 HSA A JE i — 45 & L sl 456 W 4
K, 5K (78 10" Bt g 1) |, O LB 2 T 19 775
iy /1N , 26 W] phloretin 5 HSA 2 i) 45 5258 19 45 &
A, AT LABE A s i AR AT

R2 BB GEMURENANESY

T/K K, /L+mol ™ n r

AH, /k]-mol ™! A,S,/J-mol "K'

|||||

298 1.518 1 x10° 1.0255 0.999 6

303 9.441 2 x 10* 0.991 0 0.999 6

313 5.417 8 x10* 0.979 5 0.996 9

53.28 -29.56 277.99
-28.39

-27.01

3.5 Phloretin 5 HSA 254 2 W #4220 5 AR
M oy E R A4 S e AR ) R
JIFIEE K AE R o 24 B AR AN R, S Y K AR
AH,AS AT Ay o B Ry e A el i B
phloretin 5 HSA AHE. A I 9 # g 2 sR B0, &5 2R WL
2, M 2 50, phloretin 5 HSA A1 5 AF 89 i
TR 2 — AN W A 3880 e R . M Ross 2570 RL4E
A R 15 /N o A O 28 B AR g s B
ZE it ArH, >0, ArS, >0, 8] LU3EM phloretin Xt
HSA Z 8] 6 FH 1 2 DL K VR FE R 32
3.6 [IALZOLEHE AN =15,60 nm #[F] 20 98606
T30 G R A R AR BE RN 8 2 IR AR Y O I HE
fiEY S [ 5 HSA ¥ B 3% 7 54 il phloretin ¢ ¥
e AN = 15 nm 1 AN = 60 nm [6] & 2¢ )%
(1’ 3),

P P 3 n) g, i 2 TR Ak R A 0, 1R A B ) e R
S WA TEA QR FF A AL, UL W phloretin (4 1T AR i
R B LN 0 B R AR R M OR B R N B
b, (R R 5k 1) 52 O 0 IR LU I = BR AR A
YLH] HSA 9 7¢ 0% = 0 & R 5k Ak i 5Tk,
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B3 FEHRekiE
phloretin 5 HSA ()45 & {7 £ 0 8258 T (0 2 R 5% 3
3.7 phloretin #1 HSA fEFHIE B i1 & MR 3§ Forster



T, A5 2T MR AR B S AL 1 EE R AR R BIL R T

T4 - B T 4 O A R TR T LR /N 4y
T HEE B 5 &R 9Ot Bk A 22 18] 1 BB B R
N2 03 R R TR B AR S IS, BURE
PGP RE R B ROR E 5 SRR -2 AR T iy R
BrERRA

E=1/[1+(r/R))°] (4)

RE R HE RS R (E) 2 50% Wil S BEBS R, (48
FREE RS )

R =8.8x10 " (K'n*® ,J) (5)

b, K O A R 32 44 & IR BIL 43 A 78 3] [
Ton R TAYT HHE B, @), R GRS R
LT AR R BT 5 2 AR R O i —F
=
I ZFD(L)igA(?)

S F,(v)Av

FD(v) RUATE o Z o + do 35008 B8 N 098 E
PR E DO R E T — kR 1, e, (v) N ZARTE
(7) i85

E=1-F/F, (7)

HEASE] E K R n 338 2 W0 52 6 3% 2R 1 AL 4y
JOR AT R, A s

HSA #9526 36 % Al phloretin f9 W% 4 5 3% WL ]
4, K 615 SR 3 o3 F R N R TE it = (6)
KABEEM J(v) =5.07 x107",

(6)

400
40.09
300}
{0.06
i, 200¢ <
10.03
100+
0 .00
¢ psa =1.5x10 ®mol-L ™" s¢ oy =1.5 %10 ®mol-L ™!

4 HSA HZE ki 5 phloretin f) I ¢ i

RS SRR I PR A A B2 A 45 T B
SR HIME K =273, n 37 515 BOBUK FA HLAF
Pifin =1.336,@, =0. 118" 2 E AR B A K
(5)k%% R, =3.21 nm, P phloretin 5 HSA % )&
IR BTG 2 6 B 38 43 =0 (7) 15 A5 2 g 8 7%
BRE E=0.154, 25X (4)3K15 phloretin {8 2 ik
FRILIEIE RS r =4. 27 nm, i}t 87 phloretin 5 HSA J&
BESEIT (r <7 nm) , H 255 02 il oF J5 58 5 58 1 5 7%

1M AR A 2 1 B A SO K

3.8 @mETTI AVERNEAHZRMESGE
TR, IXSTTRILF 2S5 & M A ariE sh . A5 R
TCR SRR FPLE], AT IR Z) T i oT R
TEAE YA A BRI RE . L, BFSE T AL Fe’T
Mg®*,Ca’" 4 Ffi 4 J& B T X phloretin-HSA 2545 {&
MSE 25 ILF 3. PR 3 AT, Mg i A AR
1 phloretin 5 HSA 455 % %, ol B8 s U2 A= i 1
Mg " -HSA &4 T Mg’ " -HSA & Wy I8 1 235
Wi HSA ARG 5, JE M52 Wi phloretin 19 5 55 € 1, 1)
#] T phloretin 5 HSA 454, T A’ Fe’" ,Ca’"
AT phloretin 5 HSA [ 25 & ¥ &, J5t A a]
e R AT Fe'',Ca’ " 1E phloretin 5 HSA 43+ Z [il]
EH] TR TN R B T R AR H
JE T phloretin-M"* -HSA Z &9,

®3 €£BETF phloretin-HSA Kk R4 & EE BN (298 K)

System K,/L-mol ! n r

HSA + phloretin 0.987 0 x10° 0.9890  0.997 2
HSA + phloretin + Mg** 6.458 0 x 10* 0.9518 0.9742
HSA + phloretin + Al** 2.179 2 x 10° 1.038 6 0.987 1
HSA + phloretin + Ca®* 5.654 6 x 10° 1.3443  0.9754
HSA + phloretin + Fe* * 4.986 5 x10° 1.3309  0.969 8

4 ip
phloretin X HSA W28 YC A7 £ R KAE R, H2% 06

PR SRS i TIE A2 5 W 5 | kS A i A5 0 K, HL

RAET T WRAERSRER R . RG2S 8

SR KA E 3 Z A 7R B K A EAE H 5 [R]

AP W] phloretin B A XS HSA fY#4 5252

We 5 /0N 5 42 B B9 7 YA FE 23 B2 ) phloretin 5 HSA 1y

Ziahed .
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R B ik i/ PR S AQPA |9 2R 3k 55 i K i (1 56 2

F A4 oA BBA T R LA Hss k' &R
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[(FE] BB RN R i/ 75 VK i oK Gl 3 2R -4 (AQP4) A K P Msh S 5 &KEZ R CR,
FiE:50 K SD KB, BEL 2 AR F AR A A 6,12,24 48 h i Sl il / P BRI ZH , Western blot 353U 22 AQP4 [ 3% 35, T8 & &
FEMIE K. SR ST AR A, B A B i A0 i 3 K SR AQPA (1 3 3K K S Wil 2 B[] B HE RS AN BB 8, B4 7F 24 h
K 3] g i 0 5 12 ~ 24 W] [R] B % K i G N (P <0.01) , LA K AQP4 ik K- Tt 1= ,48 h B W95 YR A T o T 1 ) i
KRR APQ4 (1R IK KT 2% I [B] s Z [H] 22 S AN L 35 0 SR T Spearman AR G 43 7 45 5 7, i & K 5 F AQP4 3% 3K 7K - AR ¢
PR (P <0.05) o Z5if « Bl Hili Bk i /-F- 98 13 5 Il 25 7K &2 0 AQPA 3R 3K 7K1 28 A M8 4 FE AR — B, I 3 52 I R TE A OGPk
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