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W OIS &4 RAHME L 2L AN ISR 5T+ KT (rhaponticin, RT) H5E&E A4 [BSA (bovine
serum albumin)-BLF (bovine lactoferrin)] HIAH FLAEA, 204 HAHEAE 2 ma R 7. %615 Siae R, 4% RT
PeRIRAE A RN IR, &ARAN R KRR KRR, K RT SHEAMRA L HFESEHEIER,
A AR R 52 T 2E P 2 4y R R A ADAE AR F RS TR 4 B B A F IR EAE R IR . AR AR B
R HIABER T (loy) KEEFIELM RT-IEAEARA 2 FAN AR BB SN R . &R E 4
ARSI R, 249 RT HIREEARANME OERERG, EORHAFSHSEARSF - RUEHRE
Tk, X TEMAR, MEEBNREEZRAE . EERA B HEYE AR TR LA mEAR S 7=
LG, WESWHIAR, MEERRE, ZmaFH 28 HREARR. 76t 5a i el ol REA—3,
AIAHEFE RT 5 BSA-BLF & H 4 AH OAE IR R 5% .
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Abstract: The binding of rhaponticin to bovine serum albumin (BSA)-bovine lactoferrin (BLF) and the
factors that affect BSA-BLF interaction have been studied by fluorescence spectroscopy and Fourier transform
infrared spectroscopy. In the fluorescence experiment, RT quenched the fluorescence intensity of mixed
proteome and the maximum emission wavelength of BSA, BLF and BSA-BLF proteins system. RT caused
obvious red-shift fluorescence for an interaction between RT and proteome. The interaction between RT and
proteome was impacted by single-component protein molecular interactions and the interaction between RT-BSA
and RT-BLF, the microenvironment of solutions were the factors impacting the interactions between RT and
proteome, which impacted quantitative expression of the general environment micro environmental factors.
In the Fourier transform infrared spectroscopy, the secondary conformation of protein molecules of single
component in the protein group were changed, and the difference of the molecules * structure was responsible for
the differences in the molecular conformation changes. The molecules’ interaction in the single-component
protein affected secondary conformation of the proteins’ molecule. The proteins’ concentration ratio and the

interaction were different in degree of molecular conformational change. These data demonstrates an example
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of combination of fluorescence spectrum experiment with Fourier transform infrared spectroscopy in the study of

protein structura.

Key words: rhaponticin; bovine serum albumin; bovine lactoferrin; overall microenvironmental influence

factor; secondary conformation
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Ul (BSA-BLF) 52 1)(RT)HIM HAE B % .
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Figure 1 The fluorescence emission spectra of bovine serum albumin (BSA, A), bovine lactoferrin (BLF, B) and BLF-BSA system

(C) in the absence and presence of rhaponticin (RT).

XEXZZSZ nm, iem:ZSO*SOO nm. CBSA—CBLF— 10 HmOl‘Lil, CBSA-BLF— 10 HmOl‘Lil,

crr (mmol-L™), 1 to 16: 0, 0.40, 0.80, 1.00, 1.20, 1.60, 2.04, 2.48, 2.88, 3.32, 4.20, 4.60, 5.04, 5.48, 5.92, 6.36

M 1 7740, BSA. BLF } BSA-BLF & [ fi4l
7E 341, 336 f1 339 nm FHREM LR FTIE, FEE
RT ¥R FE38 /i, BSA. BLF & BSA-BLF & A Ji 4111 5%
FEII WA R P K, I L A PEE AR R 1 9 O
KILE, 8 RT 4375 BSA. BLF /& BSA-BLF
F R R A T A EAFH oRT 5 BSABLF /2 BSA-BLF
A 5T A A ELARE 2t d RO I 0 7 B W R A0S,
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(c=10 umol-L™") 5 RT M EAEH G HIHLE FAE, NN
RT 435 585 BSA (c=5 pmol-L™"). BLF (c=
5 umol-L™") MIEAEHM F 2 A, it i BSA-
BLF-RT & &L FH5SLhr F AR/, 7T LL R
RT-BSA-BLF 1 % 7, BSA 5 BLF #H H.1F 1 % ¢ 6 5%
NS . B 1C N RT 5 BSA-BLF (cgsa/cpir=>5/5)
IR HAE R 2861, HARHEI BSA-BLF 5 RT
HAEH M PGSR, BAH——F . ],
BSA-BLF1A % (¢=10 pmol-L™") 5 RT A HAEH 5
SR FAEASE T HE FAE, Ui FAETIFE,
AHEAGLEPE AT VE R B, i8] RT 588 0 R 40 AH BAR
Fi5% BLF-BSA. BSA-BSA & BLF-BLF X [a] ffJ#H H
TEFSER R

WOEM AR AW S p— R A BAEH K, R4
S0 R TR FHAS R BES 7 R R A 3R A3 B HL N 24—
AR S RS R LTS E A R4
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&R, HETMEAE B 25 & A A BAE A
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2 ZTHA4Y (BSA-BLF) REEHRS FEINEER
fER

HORAKNE F{EEFZHERPEORS T
] (A ER) HEAEA R, i BSA-BLF
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Figure 2 The theoretical and reality fluorescence intensity of
different concentrations of BSA (m), BLF (e) and BSA-BLF (%)
system in the absence of RT. The cgsaand cprr range from 1-10
umol-L™', respectively; the total concentration of BSA-BLF is 10
pumol-L™" (broken lines stand for the theoretical fluorescence
intensity without overall microenvironmental influence)
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EFA, HOF SR AWK, BSA HTE M “RHi
PE” AE R B BN, TERIRER AN G R A — .
BSA-BLF & R SR F A8 B D0 AE /), 5 A
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A EAEH, 3P F AR G IRE (R /) o
MEEE 2 RI, EAST F EAESE (BHFsEsk
) B HEARE T ESE (B ELE ) W
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H S AH ELAE FEROK . o8 7 2k B R TR B0 B K
FEE AR AR 5% 6 2K R B 52 e, AR SO — AN S H——
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X1 U 2B 2 EE VO IR ADIRE T H ik
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Figure 3 The plot of BSA/BLF/BSA-BLF protein fluorescence

reduction (AF) vs [QJ[P] (A: cesa=5 pmol-L™; B: cpr=5
umol-L™";C: [Pl;=cpsa+cprr=10 pmol-L ™, cpsa/cprr=1)

AF

i 'K BSA/BLF/BSA-BLF [5G (HAth ik
f) BSA. BLF FIAf & & b () BSA-BLF %t T B&{H
AF 5[QV[PIRZEEA——5T K 3), RT #KE[Q]
5 BSA/BLF/BSA-BLF #KFZE[PILL{E5 BSA/BLF/
BSA-BLF %t Rl AF (AF=F,—F) 3 RIFHLk
Pk R, B3 HIRIE (slope, S) MR LFE Y RT
WSS TEOWKE (QVIP1=1, [QV[P]<3.5) i, RT
SFXEABE G RN TR RE. T, S REE &
Bt RT 4r F1E— E WLV E N 5 BSA/BLF/BSA-BLF
& Z A EAF I FEFE . BSA/BLF/BSA-BLF 1 &1 S
EMF TR 1.

Table 1 The average fluorescence reduction (AF) of per RT
molecule acting on the per BSA/BLF/BSA-BLF fluorescence
emitter

RT-BSA/BLF/BSA-BLF solution

system/pmol- L™ Slope R
1 BSA-RT 4.07 0.9856
3 BSA-RT 21.84 0.990 7
5 BSA-RT 51.33 0.997 8
7 BSA-RT 75.40 0.994 4
9 BSA-RT 93.33 0.9890
10 BSA-RT 111.06 0.990 3
1 BLF-RT 7.30 0.999 9
3 BLF-RT 14.43 0.997 2
5 BLF-RT 28.84 0.9855
7 BLF-RT 46.39 0.976 6
9 BLF-RT 59.74 0.9739
10 BLE-RT 60.28 0.967 6
1 BSA-BLF (cgsa/cprr=1 : 9)-RT 67.81 0.967 9
1 BSA-BLF (cgsa/cpLr=3 : 7)-RT 79.41 0.992 2
1 BSA-BLF (cgsa/cpLr=5 : 5)-RT 93.49 09711
1 BSA-BLF (cgsa/cgLr=7 : 3)-RT 86.71 0.988 7
1 BSA-BLF (cgsa/cgr=9 : 1)-RT 97.45 0.9859

W38 RT £ —@WREJEHE ((QV[P]<3.5)
5 BSA/BLF/BSA-BLF & & KA HAEFFEE, X BSA/
BLF/BSA-BLF-RT tHEAEAA RN S A5 EARK
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Figure 4 The trend curve of the slope of the RT-BSA (m)/BLF

(®)/BSA-BLF (%) system’s average fluorescence reduction ( AF).

The cgsa and cpir range from 1 to 10 pmol-Lfl, and the total
concentration of BSA-BLF is 10 pmol L™

K 4 b2k 4y KOs B9 FE 16 BSA-BLF 1 S {1 2
WL 4 AR E S S ERInAE .
1, BSA-BLF (cpsa/caie=1: 9, Ciom=10 pmol-L™") 44
A-RT M EAE L S {2 Sgsarr (1 pmol-L7") 5

Spiprt (O pmol-L™Yy Z 1. K4 45aF 1 /W, XT
BSA-BLF /A& (KELL N 1:9.3:7F15:5 =45z
59), Sebr SMEER SE & HARMA SRR S{E
i S EIK. %8 RT-BSA-BLF 1k & h1, BSA % i ik i
NS/ —EM BLF BElE] “f#E” {fEH, BSA 5
BLF A BAF 5% BLF 5 BLF FIAHEAEH, {§ BLF
REMEAE IR BE R ST i 43k, ANIfi G )T RT X BLF
(52 e KAER, A RT %t BLF 4 (K52 Fw 847 °F
By e R BREAT BT I n, K BE E VR A B G T ALk
ZH BLF IRFELLBIRG R, SEBREALSF35 580 T B fE
S s tEFRACAE S metmio ML S, BSA 7E =k E
ARMIFAIER, 22 BLF X mikE FRELE—
) BSA 4 FAEE G BSA FIFEH “fR%R” 1EH .
R, BEERAEEOER RS BSA WK HFIHE 2,
HIAVSIE S mw LEEFRME S wnMS MO — 28,

DL ESZIGRyE R B RT SEARAZ WIEAES
AHEAEH, 1ZAH BAE 52 8 S5 4 R A R A
T2 (8] B AH EAE R AN [ o 2 1 )5 43 1 2 18] A A B
TERMREm . BEEARA+TEAR S T4 AR,
FEWROABE 5 RT-V A 85 A i 20 2 W) A BLAE L AE
TEZ 5o
4 RT X BSA-BLF &R RA KR ZRERIIF N

IR RT 5 BSA-BLF [¥1AH B AE H ML, FIH #
S AR AL AN GG 3 — 2408 RT /EH T BSA-BLF
o R R o R R AR R M 4T RT 5
BSA. BLF fl BSA-BLF # HAEH ) FT-IR 3 (HAth
TRA LB E A RAR IR WAL, Ba——4H), I
Kl s.

TR TSN CIE Rea8 Sl “ iy 7 iU
B, X SE I {E RE % & M B 0 o IRCRE 45 M 1 AR
A2 S e ST AR 4 21 A0 ' 1 T D s R E AR
R R R AR . BRT, WA A
A RS A SR A AT P A R A T (1. 600~1 700
em ) FIEERE LA (1500~1600 cm )™, W 14

0.09F BLF

Absorbance
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Figure 5 The FT-IR spectra and difference spectra of BSA/BLF/BSA-BLF in absence and presence of RT. (a) FT-IR spectra of apo
protein(s); (b) FT-IR difference spectra [(protein(s) +RT solution) —(RT solution)] in buffer solution in the region of 1 300—1700 cm .
(the total concentration of protein or proteome 0.9 mmol ‘L' and the ¢gr=0.9 mmol-L™")
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LT AN EIE AL (ZI7E 1651 em™") B B &
R T Ik EE E C=0 5 NH Frél A Bt i 4555 .
P 11 5 20 AN (I AL (Z7E 1543 em™) TR
WL 5 20T AR EE | C-N B4 A0 N-H 81
iz sh!. AT B R R IR 1N ARG 11
[R5 T3 2,

ME 5 1k 2 wlH, RT BINAfE BSA BEf% 1
IR AN 1 651.04 F25h3] 1 652.97 cm™!, BLF M
1651.04 #5013 1647.19 cm™', #i#] RT 5 BSA A1 BLF
37 C=0 JEHUR M BAER . RT B EAH
RV G A A R G 1 A e E, Ui TE
BSA-BLF 1k &, H1F BSA 5 BLF (K40 HAFF LK
BSA-BSA 5 BLF-BLF fJAH B AF R 5520, {ff RT A
HE5HSTF A C=0 HEHFEH. BLF Tl I
5 [ F1 BSA-BLF (1 :9) HIIEALAHTF, BSA 4T
P Jie 11 717 f 6 467 AN 3L 4% J L4 BSA-BLF 44 & (1)l —
B, X2 BSA RSB H 5 AE — 2 1) BLF 401,
f§f BLF 7EW W BN 43 #%, 1M RT 2xfR5%6X% BSA
Ji 10 AR 2, AT 550 BSA W% 11 77 i) e o
HA2JU4H BSA-BLF & R A —. fr T BSA-BLF
(1:9) ZAMREEAFRMAKREIMAN RT J&, Bk
11 7 W 35 R AR 7 s B AR A 2 R — B, X 10 B
RT 5&EARHAS FHHE C-N #M N-H #5 K%
TAER, RT X} BSA 4 W&k C-N A N-H 815
kT BLF 40 T. K2, RT I {EE AR AE R
I3 NS A X 25 R A T % . RT S5IRAHE
ERA A EAE IR, EORAF S EORY
T IX A G35 RAE T4k, S F AR, 751
XA RARAFEE 22 57 B {2

T L 73 AT 4 S5 A S AR e 4T AR Ol 1 I R e
WAL, RERSTVELN TR BB TAELI o TAEH
BTG A G AR 1, R 1 AR R AR ST
TRAE R A SN LR T Al SE ek, DN T e
ORI/ W TR C s B g S il e e R AL R R A

FIVESE R, N2 . KSR A6
SR EBBH AT, JEFERBE 1 ARk
BE IV — D RN ZA T8, FFIRHSAT
e Fy e i B, P i RS R, R BT BSA
ST RSN Sy . BRI AR B T
(1 600~1700 cm™") g )7 )& O 2 bb g a2 1
1610~1640 cm™' H -4 &; 1650~1658 cm ' A o-
B2HE; 1658~1695 cm™ ' N p-ie s, P 6 FiZ 3 435
RN S BB AN A F A5 G
JR(4L) R FR AT SR i 2R 0L A SRS LA R R
FIR () 1R R g asmdisr 3k, Hodh Hoph bl g
HEAMMMER A B SR 6 2L, BE——5IH.
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Figure 6 The curve-fit amide I region with secondary structure
determination of free BSA/BLF/BSA-BLF and RT-BSA/BLF/
BSA-BLF system in buffer in the region of 1 600—1 700 cm .
The total concentration of BSA/BLF/BSA-BLF =0.9 mmol-L"’
and the concentration of RT =0.9 mmol-L™"

M 6 FIZE 3 AT LASRAFAE N RT | 5 BSA/BLF
RAKRRN ZHMEHES . WT BSA 44F, A
RT J& (BIAH) RT 7 FH5&E A K EAHSE), BSA
M a5 AT B BN 22.82% T E 27.88%,
B-EE AT RN 27.54% F+ =B 28.76%, 1M1 o-MRNE &

Table 2 The peak positions of protein(s) in amide I and amide II regions

C-N stretch coupled with N-H bending mode peak position of protein(s)/cm ~

Protein(s) system

1 1

C=0 stretch peak position of protein(s)/cm

Without RT With RT Without RT With RT
BSA 1 543.03 1 546.89 1 651.04 1652.97
BLF 1 544.96 1 546.89 1651.04 1647.19
BSA-BLF (1 : 9)-RT 1 544.96 1 544.96 1651.04 1651.04
BSA-BLF (3 : 7)-RT 1543.03 1 544.96 1651.04 1651.04
BSA-BLF (5 : 5)-RT 1 543.03 1 544.96 1 651.04 1651.04
BSA-BLF (7 : 3)-RT 1 543.03 1 544.96 1 651.04 1651.04
BSA-BLF (9 : 1)-RT 1 543.03 1 544.96 1 651.04 1651.04
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Table 3 The effect of RT on the assignments of the secondary
structure of BSA/BLF/BSA-BLF system before and after the
treatment of RT

Secondary structure composition of protein(s)/%

Protein(s) system

p-Sheet a-Helix S-Turn
BSA 22.82 49.63 27.54
BSA-RT 27.88 43.36 28.76
BLF 21.61 19.56 58.83
BLF-RT 45.34 8.60 46.05
BSA-BLF (1:9) 24.28 42.02 33.70
BSA-BLF (1 : 9)-RT 24.06 35.78 40.16
BSA-BLF 3:7) 18.32 43.38 38.30
BSA-BLF (3 : 7)-RT 31.01 33.82 35.17
BSA-BLF (5:5) 20.45 45.99 33.56
BSA-BLF (5 : 5)-RT 55.86 26.78 17.36
BSA-BLF (7 : 3) 22.77 47.68 29.55
BSA-BLF (7 : 3)-RT 30.21 30.90 38.89
BSA-BLF (9:1) 26.35 50.03 23.61
BSA-BLF (9 : 1)-RT 24.96 40.28 34.75

M 49.63% FF4%] 43.36%. XfT BLF, RT KN
BLF — & -4 & & & b, - AN a-i8Tie &
BT, H BLF {9 a-12 e 2 M 19.56 T %2
8.60%. XT BSA F1 BLF 4+ F, RT KA REf
o ZREERTR o iR e S B IEAK, W] BSA il BLF
53T 1 NI S5 M a2, 43 B AR 1) IR RE 5 M BN
RT 2 B S nFask, % H RT % BLF 52095 5 8 3%,
WAL UL RT X BLF [ “&7J&” Re/)Hiag, 4iieths
DL LR — .

MK 6 FiZk 3 AT LAk RT fEH T BSA-BLF 14
RUTERAEARR ZHEMM B, WEE RN,
BSA-BLF (1 :9) #& &4 B4R BLF T (5 tefpl oK, {Hit
RARE I AR BSA B 45/,
5 BLF B =R 2 K 73BTl /2 BSA HI4L
AN IS5 e BLF 55 H BSA {6 A& A3 lA
AP EINEL Rk, R BSA-BLF (1:9) A%
o BSA 5 EUAR /D, 3 BICAE I WA 2 ) BSA WAL
SN S R TTERE A . B, R BT
o-WETE 45 R R B [ 5 ) AR SR SRR, — MR
I - B2 e A B 2 M — AN E AR bR AT I . RT
I BSA-BLF 1A R o-02 e & & P, Ui 8
RT BEWIRGE A RN MK METE, REE
PR REBARRIME R B fEIRG B4R BSA-BLF
(1:9) #| BSA-BLF (9: 1), INA RT J&, a-i8jes &
I FEARAE 3 51 N 4.24% 9.56% 19.21%- 16.78% Fll
9.75%. 24 BSA 7f BSA-BLF 1A &L MK (1 : 9.
3:7) W, BLF 2D SR E A7 /21 BSA 322275

W 20 AR, BTbL RT ERESEHT BSA 4
T B% BSA & ENIFEE, BSA £X4r H1 % BLF
IR EAE R, i RT [FKAEHT BSA #1 BLE,
X /& RT 1§ BSA-BLF (5 : 5) K& 2450 a-12jiE
SENEREZHFEERR. SR, % BSA-BLF &
ZH BSA SEMIL N, RT FE/EHT BSA, X
3 EE#E BSA 5 BLF 7 FER AR AR R IRE
FEfséim (7 3.9 0 1), a-i8lE 5 & N EHE A BSA-
BLF (5:5) [ a- #8205 & MR EE. WWILERT 5
REE O AN TAER SRS, EOiH P pH
o3 B 43 F 1) 04 R B R s e 2 A 4
G, WA, A EAEFAE, AT S
TR EATH .

e

A AR G R R Z 8 A 5 431 A A B4R
X259 (RT)-45 E o 2040 BAE R sg e, By 7 st
T IV FH A S S T AR o i T R AT
AN, BT —E MERIRER TR, YIS T
B4 (BSA-BLF £ R) 5244 (RT) M HAEA
HIHTTT5 . N T BAG R B 5ok 7 AR AR (B
T MAE R A AR X 25— 1 B 2 AH B
YEF B 52 m, a8 P& 58 6 N I AR A AR, 4R T
— NS H lom, VA Tom Z5 5 1 B TR 5248 A0 00 %t 2454
WA A BAER R, B TR R o
REAN T s 2 £ ARV B8 T B S A R W A 2
PEPER . HORESL TR E 5 T-RT AR5 BSA-
BLF Vi & 8 H L 2H-RT A BAE 260 AR R, Oy
RV B B (R AR R 5 RT AR ELAE F 158 YL 4T
NEEA . T4, SR A SO E ST AL AR il FLAR 5y
Hr RT %} BSA/BLF/BSA-BLF & & & (414K 52 — 2 45
AL, a3E— RS T 58 SEI6 R HE W IR T
&7 RT 5 BSA-BLF & & AHEAEH BIHLE] . A TAE
UL BSA 5 BLF B4 47 i SR & 8 H AR R AL E A
R, FFRIBGEARAS A EER, RISH
SRAAVIENRER L, BRNELZHEAMR
5 250 0 A BAE F B FT SR AL A1 R A S 58 U v,
KRS REE LA N E AR A5 25 B AEH RN
R RS %
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