1400

PR 93 0 PR A 1) 280 24 A R O AL BT 5
m =

BRI Fh) 2 A TR S A b M B . e nT DOl kR
FIZ A T 0 AR FE 3R 254/ 70 7 BE ANBUANM, DX el e Bk B e R
PSRRI 24 (50 ) 3% 25 4R AR AR R I R IORTF T3 o SRR AL —Fh 57 75 T 4l
WRAAHAEY), BRI S A MY R 2EE, T edE. KKK
KA R SRR U A 2 P B LA R S AR . A SRR
LWFHE T 20 7 5 E AR SR B T DR E A 2/ 5
TR, FUITR G RR S5 & A B AE RS T DO IR SRS E AN 5
()25 7 1R 2R RAR AL — Pl i

RN . 9e0i . BP9k, A, B il — Ry
JFFC T pH 7.4 Fl pH 4.8 T E A S BB IRAE 15°C, 25°C, 37C AN R
AHEAEHLE . seias RER, A pH HREERUA R R SR R0 SLATHGET)
SRA), REMS AT IR R E TR KIS, JONAR G, IF R T AR
R R R, AR A R T B R /N 4 1 BIOA I 4l e N S v RE S MR TR, 4
pH=7.4 INIEJEIR 5 4 Bk B NI 4E ) 8 A - B0 AU 50t ), JF HAgE 51k
R o MBS RN A B D, OB R U s, A AR
FENEAA: 2 pH= 4.8 N B ERR S H SR AR 2B E 2 NHKER T, 5l
TR D o SR EL MR E A S R T, AR I SR AR TN % .

3 3 B S R 5 R A RO LRI T, I W) PR R 5 ek B 1 5 6 ST 1)
Wisd B . b THE 0 TSR R 29 0y TAER N GEAE . iafidfs, RIHZO00
B RPN P, [ i — R T SRR S I
HAMM TR SR B, R pH B, R T R R AL A A
i EHEERAEIOCRK, FEOAR IO HRA T AR G 7, WIRmRYS A
I3 R A4S R R . 29 pH=7.4 B 9EMR 5 AR A& A L8 hag S
it ), JF AR SR EE A o MREESS I E S TR, I AR
FNEE: 4 pH= 4.8 WP 2 W EFRBKAER T, SHEREREAT o- SR e
(U o3 i WA, AT B A 1 1 8 R AR S e
B 24 1 %201 £ 65 5.

REW: ¥PEN:; NTEEHED; W, 2O KE: B0k
1T 0657.3



Abstract

Transferrin (Tf) is a transport protein existed in biological fluids and cells widely. Tf
could deliver anticancer drugs into target cells through swallowing function of receptor,
and it is widely used to build the targeting delivery of anticancer drugs. Fulvic acid (FA)
has wide activities of biology and pharmacology with strong inhibitory effect on the HIV,
cervical cancer, ehrlich ascites carcinoma and leukemia. The studies design delivery
system of drug molecules by transferrin-mediated, so the mechanism between FA and
protein provides a new thought to design delivery system of drug molecule for Tft.

The paper investigates the interaction of FA with Tf by using fluorescence quenching,
thermodynamics, synchronous fluorescence and circular dichroism (CD) under the pH
7.4 and 4.8 at 15°C, 25°C, 37°C. The results show that FA has a strong affinity under
different pH and temperatures as a static quenching process, it releases FA in tumor cell
at low temperature. It is mainly hydrogen bonding and van der Waals force under pH 7.4.
FA reduces the Tf of a-helix structure, and make the structure of protein become more
loose at pH 7.4. It is mainly hydrophobic forces at pH 4.8. FA increases a-helix structure
of Tf, and make the structure of protein become more closely at pH 4.8.

The results of study on mechanism of FA with Tf show that the binding of FA with Tf
achieves targeted transport process. To further understand the storage and transportation
process FA in the body, it investigates the interaction of FA with HSA by using
fluorescence quenching, thermodynamics, synchronous fluorescence and CD. The results
show that FA had fluorescence quenching as static quenching process for HSA under
different pH and temperature, it is difficult to release FA. It is mainly hydrogen bonding
and van der Waals force under pH 7.4. FA increases the HSA of a-helix structure, and
make the structure of protein become more closely at pH 7.4. It is mainly hydrophobic
forces at pH 4.8. FA reduces o-helix structure of Tf, and make the structure of protein
become more loose at pH 4.8.

Figure 24; Table 20; Reference 65
Keywords: Transferrin, Human serum albumin, Fulvic acid, Fluorescence quenching,
Circular dichroism
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TARSORRRTE (P (3B, I L SO TR A I (¥ S A SRR, O TER 58
LR 19 2/ T IO U TR L 5 S
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L5 Ay FEEBRS FHEERMMARAZ

1.5.1 AR L

L S e A It Lk =T

P ICICIEFSEF AW N o SR E PO FA AR ST, I e
KT LAV A B2 /N0y S AT I ES SR R B RO, it A
W5y TG T BRI o ZIEAE T DU — R B dr, i FLIE w] RAHENT 2
S FAE SRS N A %84k, A W B S5 S ohie 2z k& HE
FEGEIEER (Trp) « BERR (Tyr) « KN (Phe) WAL MK G HEW KT
WG, X o B FR IR A A 5 Bl ] R PR 8 R AR AR AN, J A IR 980 R AE A Y
e EOREAy 280 nm B, HE TS o ) (A FRR i 2 R SR AR R 6 R %
s RGBS 295 nm i, BT R AL AEE R0 sR i P MY, T
W, 3 A T O 2 PR B A 1) % N KA 9T B 1 4 TR R LA R S 254 43 AR A
Blo [ R 1T P I N — R G JEE LU 81 (R 25 40 /N 431 RS 5 kS 7R 1
YIS S G S BE IR T B, AN T LA 20 /N a3 - B IR B AR R R R R T
FREKING . SRR IIHLE LA S A%, 8 F TG PR KA 3 Ny i A
KINENASFERKPIRE, AT IS TR K5 96531 MEAE T AR A 98k
MR GW: BB KIEH B T 5965 1 R AT RERE T 7= A5 i 7 56 8 i i
i 3, MR 9 e A I S AR [+ T LA i 4 LAt

152 FHFRAKE

[ 259 36 6 T e e A Il H 2590 /1N 1 5 R s 5 ) ) AR I A B AR I B
Wio H[E AL b 60 nm [, w53 R IREEE 9O e ALY
15 nm I, T4 SEEEURRIRIE 1 )5 9 i 1, JLrh (0 ZR BRI 2 JLT A A 5 1)
FAES SN O R & 87811 PR SN0 ¥/ 8 B SN AR - PR U (S 7 W S B2
i, i K9 R I B ERS o 38 A 0 0 2l R B Ak o AR SR 3 1K R A A BT v
JIr AR SR T 8.

1.53 B =i

[ 3% (CD) AR 2 258 5 A B G 8 OB AR 2 SR ) TN AR
% WU AP o-SR BELS#Y . - B ahitly, IXUBkE E IR B 3R (R KL A Y Th g
SERIEERE, W X e gE R TR T A ek o R A AR Y. B il



n] RSV EY) 73 FAEHORAE T IR %, 2 — i E 8 sl s iyl s s i b 24 K 4y
TRIGI e [ A AN X BE(190~240 nm), FEAAPRINEE, XK
TEFI S A AR T R R B TEULEAMX (240~300 nm),
SCHC A PR A € A 55 A B S 5, X — DXSRT AR HE <Ry O D A E A F 1)
G EBA KT 300 nmfty Dk, ALFE AT WX, 32 8 s AT HLAG S0 1 At ik (4]
IRt 1 ORI A AN IEARRIE: (DIRGIEEE ) R AL A K
F): Q) B IRAEdE: Q) ERMEFEIRE: @FMTER: G)ARHiF
ik, FEARATIDEC  (6)RHAES K3 T I 25 A 5 A2 1k R A

1.6 AE=ERARAE

HI T He 2k B A ML Bk R 1 2 A 2 8] Y FC AR —32 A4 mT LARR SR PR UM, RO ZE K
96 A 0 T O P R e AR B 1 52 AR, HUMRE 24 mT LU I AR IS B I e etk R 1/
e A 2 S IEHE RS B AN, M iniE B9 s HUie 7 8. AH ISR
TRIE T 2R O T R A N A — S BRI, (ORI 25 A F LI E AN
BRI T SR TT A A o o T e 40 B 3 1 % Bkt 2R FE R, R B Bk
HEFUREBR BT A 32 AR 1) (R S A RO X — 2B g, BP9 s i R B Al 1 A A B
PERIBLR, 607 A BTt % B A0 3 0 PR AL 17 B 24 46 R AT — € 4 AR
(7 Ity B 1 R A P T S K I S e 3t 1 S

AVRER WO E RS 2OEHEKIE M A TSR CD JElsrik, WiT T3
JER S HER B E M BN AMARTE pH A5G Rl BT AR B R AL, RIINBTSE T 4
J§ 1 5 N3G VR A LA AL, Y020 T SR IRAE AR A (s g, A LR
e A L [ i SRR T, ) R e Bk B 1 4 3 RS TR A I A8 24 A AR Bk i 1)
HERHCH
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F2E HFRRSHEKRESHEEERIEIFR

SR MER R PP E AL R — R R ALY, HA 0 FRBUN. Ak
FEwm. WPEE A2, AR N ATBORI A SR E IS PR L, AEBUIR . Y Sk
ARG, FERE. WARBUN. BRI PURRESEN I RAT 2 RGBT, SETT R
TEAN TR EIFURAG T — @ RCR . JUIAEUM IR Jy i 197 205 1R T 238 11
TSGR, OB WS RoR SRR T i, SOKBOKEE, B —E
HOAGIAER], ZOWIFFU AR P TR AR AL M 2 (kR et TR T RETE.
TURMRI GRS, RIEAF LGB I, ISR 2y BEE )
Jo S il LA R BT RS 24 2 BUARIRE A Ak 23 1, AT BT 7 38 TR 10 24 B3 1k L Atk
9o WETUAIRZ N 1 MO L Y SR 1 B S R i A 2 L2200, IR
W R 5 B 1 RO B AR FHRUARIGE T 5 O R 24 BT P B O 2 R A T

FERR A 1 B A I R By e 5 A BRI 1 R LA T Sk 20
SRHA T B S T IR AL, R B R T 2 Bk, RAARENE. W)
Befrh . JCREPE. WIRVESSILAL, FEPUR . AR RGP R RRAE A I Y R AR
AR o $E 1 25 WAt i 2R G0 v 52 AR C A 3 R0 17 307 A B AN T 2 o 5 Y ik
JERIE M2 AN EE AL, DLRCHR Bl C AR 45 1500 0 30K 20 ks S R I T8 B A P oo
PSR FELT R AENE IR R M L Pk B 1 2 A R RIE, kR 1 SRR 132
PRRESS 4 57 P YU, 3K DRI e Bkl 1 D 25 W) i S AR g v 7 SR B T R K
o JEERARZWIFRIE T 49W 70 7 HFRE A NS GIUHRIF TR M T L gk E A
YN FINRE R R AR, NI C SR R S e B s 1 AT LR F LA, AT
FIT-RN T R SRR I 25 B2 RO T R 5 et He Bkl A #E i B AR R B A — ol
BE e ATRHBOERE . 9680 ROt s. FPIOeil. Bl isdE—
ARYNFBO S SRR S Fe B R A LA S A LEIEEAT T, A8 s s IR 2510/
7RV R F1 A TLAE OB

2.1 SKIRERS

2.1.1 SRR RALER

PR P15 BB AR AT I AR LRI S B BE A S B 2 VR LR 1. B BkER 1



L5 U R AR EL A AL S BT i 22 1) S e (i I3 2.

*1 LWHM

Table 1 The chemical reagents

2y ali iy E I
RN (TDH 96-99% Sigma
A MiFEEEA (HSA)D 96-99% Sigma
W (FA) =99% R IEE A AR AT PR 2 W)
Na,HPO,-12H,0 Srirél RATHT R AT A F
NaH,PO,4-2H,0 S bral DT R A A A PR w)
NaCl rHral RAEETOL R R AT R A
T K LI i T A R 2T B2 v
AR B i s AR A )
PBS H il

2 SOSNEE

Table 2 The experimental equipments

NEEA Fikk K
PECICIHAX F-7000 EENS RN
5] i Jasco 815 HA A
RUNGCHE b= ] W, TU-1901 B et VA
A eI
B T A 1860QTP B LT 7 AR AT P2 )
HL KT BSA124S HEZ R U R A H)
B ike 100-1000 pl; 20-200 g FREREOR B0 15 4 AT PR W]

ul; 2-20 pl

ERTYISTRE HH-2 LG tatih KA
— KPR L 1?00 ul; 200 pl; 20 - RS 56 15 PR )
VeE =gl 1; cm LI A PR 2w
B Al KA ZP15UVF i R R A

2.1.2 #mtlE

DL L PBS AL (pH 4.8) = HEARFREL 0.38 g NaH,PO4-2H,0 H1 0.14625
g NaCl ZE/ %I BIN 250 ml Z8 R0, FHRBLE KRR & 255 ] pH B vl it
A 4.8.

ZEph VR PBS [WRCH] (pH 7.4) « MEAFRIE 0.117 g NaH,PO4-2H,0, 0.6265 g
Na,HPO,-12H,0, 0.073 g NaCl F& /35 I 250 ml 0, 2L KRR &
FE AL pH AN 7.4,
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FERRE AREOR IO . BRI — e R R B, Hl—e W0 PBS 2P
(pH 4.8 il pH 7.4) ke Ji B Bl 5x107™° mol/L (64K R, 7534 FIEA
B8 FERIE PR R (5 2k A BRI A7 T 4 CUKAT N .
PFRR AR ACH]: PRt WU ER, e 5t PBS i (pH 4.8
A pH 7.4) Bk Jo il B R 2x107™ mol/L [ 35 I MR AR, 79 174 BEER BRI £4
BE N (135 B MR BEBE et A7 T 4 CUKFT N o

3 WA RCIERIKIE L3R

Table 3 Chart of fluorescence quenching spectral ratio

5 FA/TRF FA TRF PBS
(R EEL) 2x10"* mol/L (ul) 5x10° mol/L (ul)  (ul)
1 0/1 0 400 1600
2 0.5/1 40 400 1560
3 1/1 80 400 1520
4 1.5/1 120 400 1480
5 2/1 160 400 1440
7 31 240 400 1360
8 3/0 240 0 1760
F 4 BT RAKIEHFEERLE
Table 4 Chart of synchronous fluorescence spectral ratio
5 FA/TRF FA TRF PBS
GREELEBD  2x10™mol/L (ul) 5x10° mol/L (ul) ~ (ul)

1 0/1 0 400 1600
2 0.5/1 40 400 1560
3 1/1 80 400 1520
4 1.5/1 120 400 1480
5 211 160 400 1440
6 2.5M1 200 400 1400
7 3/1 240 400 1360
8 3.5/ 280 400 1320
9 4/1 320 400 1280
10 4/0 320 0 1780

FrOFE % R O DU [RA B I Bk BT P BT 2mL 0045, [lE
SRS O I U BE N SER T A E PR (RO FEE B3 T NN AS [ 45 ) 5 /5 R
B, I INNZE PP PBS FRfE S 2mL, BOGHFE 12 A JE TR . YU



JGEE AR S B . PBS WM BRI 3 WE: R PG is i A
FES O ER . PBS ¥ N IL IR 4 BoE B au i s Re 5 (£, PBS
W I R I 5 Bl .

FSE—GIEMFTERLLLRE
Table 5 Chart of CD spectral ratio

%i+;  FA/TRF FA TRF PBS
GRIEZEEBD 510 mol/L (u1) 1x10° mol/L (u) W

i 0/1 0 25 775

2 0.5/1 5 2 770
1/0 10 0 990

2.1.3 LEHE

YNGR ARl pH PREEIR FE Bk 8 IR, DRI Bk 2R v R I B 2
WEEH 1.0x10° mol/L, 3%HMIF] pH FRET. AH I EE LB I\ 3 1 R,
RO RN H T, 70 B ERLEE 15°C, 25°C, 37°C M 12 h Jaidi#E A
PN 5, HF it il B2 K ORFE, WOR S5 R HEEN 5.0 nm, 434
WK 12000 nm/min, A HLE S 400 V, WV IEEIY Auto, DK R 295
nm, FKEH KN 305~700 nm.

B9 G: 3 ICE PRl pH BREEI R ER B VA, DRI R AR 1 1 B &
WIEA 1.0x10° mol/L, %A pH PREE. AHIRIHRIE LA Ve A 36 168 B
FRRAJEAEER Y 12 h 5 PG R, BOR 3K E B2 51 b a2=15
nm, 60 nm, KA K550 260~340 nm Fl 220~340 nm, R SRIBREEN 5.0
nm, FHHE K 1200 nm/min, #OR HLUE Y 400 V, TR ] Auto.

BANFOGIG . H R IR WKL ) 1.0x10° mol/L, %M 1:1 RJE L
BN T BRI S AR A G T EER N 12 h JF R Ah-n] O HE, SKTE
24 220~350 nm.

[ il Sy MIECE PR pH FREEIR k8 i, DRI R AR i i J 2%
WREH 2.5%10° mol/L, AR pH FREL. AHIFIHE ELFUHK M SR R, =
WNEDCERE 12 h )5, B OO E, SIS 500 nm/min, W R[] A

0.5 s, JRAEWMEN 5 nm, HU S R R A AEREAT I (RS ai i
4l NoBR% 5 min, FFAESZS T — EA Al NofERSVS, DAMRIESAT Rk, [

ot g 00 B R R AT, AT N 0 B R 22 b M ( NapyHPO4-12H,0+
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