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i E. 4RI FP—FEZHRREES ML ABE AR OIS ZXE F LA
S50 Rt @ aE BLAE PR B4 &SP Sepharose Big Bead [8 & -F 3% BT & Superdex 200 %t fix &
Wi dr ik ARG ST RAKRFILGEEORES LENH 94.71%. #tdm PR T KAt
LE G TARGHm., B3 2 TaBEHOENEHINNISEORTHBEAT3.1C. B
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FLERHE A (lactoferrin, LF) B8z HE AR K
Hh—RhEkas SRR B, EEAAE T LY i) 25
Fpob b anFLTE GH B S, LF 1951
BAHR 78 ku'' P LF 1 — G SR B — ) £ ik
ZERL R 2 700 A EIERRALK . AFEF A FLER
IR T 9 BAT AR 00 R U g g ity
DL B2 EA B-Ir B4t £ ( >70% ) , —HUiTE
H BT AR IR P A2 & 5, B o-iR iR K2 T
B-ITBLEM ) FHAE R H A SE R L T B R A
X R 02 AT AR L5 48 A BROTR i (N-RE R G- ) e
1) DU Py — B MR e e 5 o | B AR A B 4
e AFLP L &R 2 ~4 mg/mL, 7L
HH 0.01 ~0.35 mg/mL"7 ) Hoif 4= LF (bovine
lactoferrin ,bLF ) F1 A\ LF ( human lactoferrin, hLF ) %
FR 5 R PEE 69% , 34 16 A Wi 1t A B AL o
Jo 5 T8 B R WAL . PR, A= LR A
AR AR LR AR A DGR I Y A 2 T
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Roche 72 &l 5 TRV BE A, H SRR s Bk i, Teis, + —
BRI IR AN, i B E% , TEMED , H &R, IR B s, 14
WL F 3% [ Bio-Rad A ; B-#ii ik &, £ Sigma
ONFE L E HEEE G-250, D s R-250, Am-
resco Al 3 SP Sepharose Big Bead , HiLoad 16/60 Su-
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perdex 200 prep grade, 3£ [E GE 723 H].

AKTK-100 # & [ 2lifbi%, 5 H GE /A#]; TGL
-16LG AIE.OHL, 1 m B RVRH AR A BRA ] 5 RL-
PHR1-4 B2 VR THEAL, 72 [ Marin Christ 23 7 ;
164-5050 HY 3K AN, 5&[F Bio-Rad /A 7] ;76S/07421 Y
BERE LS AN , S5 Bio-Rad 2y 7] ; DK —S26 U iy,
TRV S, b TR % S 1 A A PR W\ 5 STA 449C
R 2ZH Y, % E NETZSCH A+ ;] -815 Y
B {8, JASCO H A/ 6/ ).

1.2 7%
1.2.1 SLEashik
1.2, 1.1 4FLEEa b2

P EE 4= 3L T 6 000 1/min 5500 15 min RS
BRI FLH 1 mol/L Z R pH A E 4.6, i & 30
min Ji 6 000 r/min Z5.0> 15 min, WEBE.OE I EE
TR A LA A 0. 45 wm F10. 22 pm AGTEART IE | 435
BRVEAE 4 CHEAT. AR A& SR sl b 505,
1.2.1.2  FHETcHZENaifk

FE B e 4 R B B 1 28 45 2 #7 SP Sepharose
Big Bead (1.6 x50 em) #E474lifk. %5 H] 50 mmol/L
pH 84 7. 1 BYBERREh (PBS) ¥4 W V-7 ( 2% Wi
A). ZBPIEW B & 1 mol/L NaCl A4 2% mhia W
A SRAW BB U, Je R & A 20% B (1R
BVRWBE M 400 mL, -4 100% B ¥R 400 mL, ¥k
B E 2 mL/min, 7F 280 nm R BRI 2E (. 4K P8
SDS-PAGE ffi & LF Frelg. WA B g pe i
2o BT 10 ku B I E 45
1.2.1.3  {&FHEHZENr 4tk

W 1.2, 1.2 PORCEERY LF WRAF R 2 0. 22 um fisE
UK A Superdex 200( 1. 6 em x 60 ¢cm ) #E—2L46
k. BEEEAE S 2% v 20 mmol/L 1) PBS( pH {4
7. 6) BEAT -l R AR E SR HEATURAR , Tk 0. 25
mL/min,280 nm A5l ZE . R SDS-PAGE 1
SE LF T - e R W & F LE 4o
KA 10 ku BB TR 4 I LS VR TG
1.2.2 &g #Ha®

KH 4 FHAOIRSEL, 735178 63 C 4035 30 min ;72
~75 CALPE 20 5;85 C AL 10 min; 95 C AL BE 10
min. XFFLEREE FIHEA T LA [R5 B B A Ab B SR 5
KR — 4433 ( circular dichroism spectrum , CD) I
FEM ) o-12 A B-7& B9 & 1 (far-UV-CD spectra,
WK 190 ~250 nm) .
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1.2.4 SDS-PAGE

O3S IR 12 % SR B, W 40 it R FH 5% it
7S , TE Bio-Rad A F] Y Mini-Protein 1T 7Y Fg, Ji Fli
PEATELTK , We e B sk R 80V H 32T 30 min, 43
BT R A 100 V HLEIEFT 80 min' '

1.2.5 E2T7#EHEHk

Bralifb )5 i LF ] 0.01 mol/L PBS (pH {H N
7.6) B 0. 1 g/mL . HU 10 pL FF 5 W
TEAHI T B B TR, 3% 8o
F RPN A EERMREEE R 30 ~
100 °C SR TR , FHRH R K 5 °C/min' > 7",
PEATECE I S AL BEAS EI] DSC R 28, 14 1 5 5% By Y
T RE R AR R BT 1) 0 T A 45 1 T AR R R
PSR P P FAe: BfE LF AR PR
1.2.6 H=&i%

5] — 45633 (optical circular dichroism, CD) f)
DR AF FH Jasco J -815 B[R — (4 6342, R FH 0. 01
mol/L W2 £h 28 wh ¥ ( pH {H 4 7.6) Bt il e & N
0.25 mg/mL i LF £, B 0. 4 mL 248 R340 R AY
LE T 0.1 em YeA& WA A 3 b @ L K
o DUV ot VA A ) O AR R A R 28 1, 3 ) U K
FEl 190 ~250 nm , $34#i# % 50 nm/min , R ETE] 0.5 s,
IR 25 °C , £EFF 0. 05 nm WCAEBHR 1%
1.2.7 %it5¥A%LH

BdER A Origin 8. 0 A1 H 4 K, R
K2D2 34 (http: // www. ogic. ca/projects/k2d2) 1
B - B-H R, A SR RN Rk
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Ze ik ik BH S 1 22 460 JZ 41 SP Sepharose Big Bead
Rl E et 2, W 1. mIE 1 ATRUE 2 A4
S FIVEBLE 2350 B 20% B G2 g WA 100%
B S R DRI, o i S EAT SDS-PAGE g
E H I g, S E R IKE DL 2. i 2 "TLUE
W 1 rhAREE R 0 2 BN, AR/ Ny i IX
AT AR UAEAE. LF M5 T & R 78 ku'' 7
PRI a] LA B LF 0 2 W /T3 h (78 +2) ku
fitn. Bpuge 2 $EAT R UEUR AR, T Superdex 200 #E
Rt — LAl
2.1.2 Superdex 200 %t fix &7 440

[ 2 Hrig 2 2235 Superdex 200 #1252 2
AN DL 3. WO HEA T FEL DK AN A 2 A ] 4
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T, 0] Dl o 22 3 3 & 07 (differential scan
calorimeter, DSC ) #17 &. & 6 SZFLEEE FH Y DSC
K. A PR R T 7 73.1 °CLF T
— AN U (AR RN ) | BIARRIRE R 73,1 C.

ARG R LF f9 DSC E3E K S2 bt 7= v
AL EE S5, B B MRS EL 62 ~ 65 °C I ik 21
30 min 72 °C NP H 10 s 85 °C HNFALFE 10 min
95 CJin#ALL 3 10 min.
2.3 AAENAGEL ZREHIMN

BEATT R T o2 TE R B-AT S A5
] DE R CD G kAl B =gk 2 A IX B
(190 ~240 nm) , FZA: (0 A 2 % | ik — I K i
) CD & & TAY RS FEEMENER. ¥
CD i+ 200 ~ 230 m HA B IR o- 1R BESS 14 1Y
W o-BRBEA S CD 3 FE 222,208 nm Ah 2 17
W 7 190 nm fHEA —1EWE. B-ITSH4H CD %,
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KA T RSVFIILTHS 222 nm Kb 945 — 17 5 (1 16 TE
A T2, WA 8080/ , oML Mt e e 9.
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TR FA 1 LU A58 2 00N, B- A7 2 14 L 31028 A0 3 .
B- Ir&4i ML o- BRESS S N Ay, A Bl 1
HES S BERG I 3 U B B A Ak B TR (1
o- BRIER QBN B- PrERMAR, LF BT
TEHI A PRI, 2 T HEA N K LF S E
JB o35 AR PR A S ] 3 .

#1 FYEARR RS
Tab. 1

Components of secondary structure

of lactoferrin

A E R/ %
PUSLyIE

oI iE B-Ir&

RALHE (a) 56.26 5.69

65 °C4:FH 30 min (b) 40.9 8.76

72 CAEH 10 s (¢) 40.9 8.76

85 CALBE 10 min (d) 39.37 11.52

95 °CALHE 10 min (e) 27. 46 17.04

3 & i

ABFFEAGE] T — P LUHT 28 208 OB FL kR
Faifedris. AL IR | B R 15 2 FLIE
M. SRJ51T SP Sepharose Big Bead &1 32 #i)2
Hr Al Superdex 200 BRI HEEHT , TS M 4, LA
VRT3 5 I & 15 3 LR, 4Gl 94.71%. SP
Sepharose Big Bead & 1 32 #t )2 81 H % 0.2 mol/L
NaCl Al 1 mol/L NaCl FJ PBS ZZ il A7 16 B LMt
WIE N 2 mL/min. Superdex 200 %t f% )2 T It 3 R
0.25 mL/min, FRERN 2 mL, FREARE Y 13. 6 mg/mL.
35 BH B - S E BT IR A 45 1 O A AR 3
HIJK4E LF,LF 4GRE200 94.71% .

it DSC A5 AR L b FL 8k AR AR R IR
73.1°C. BEEPRAC PRI R RS I, FLERE AR g%
LIRS, - BRRESS K Y LU 3% 28 0 ) , B-HT
B LB AL RN, o- BRBER GB ALy B S
M. LF 8B 1 KA G S B34, et
FEAS RN FLRE ARG T R BE T —E i3IS
FE).
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Purification and Effect of Heat Treatment
on Molecular Characteristics of Lactoferrin

LIU Meng, DU Ming", KONG Ying-ying, ZHANG Lan-wei
(School of Food Science and Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract; Lactoferrin is a kind of key basic proteins in bovine milk, which has attracted more and more
research attentions. In the present study, lactoferrin was isolated from fresh bovine milk by defatting and
casein-removing treatments, subsequently purified by SP Sepharose Big Bead ion exchange chromatogra-
phy, Superdex 200 gel chromatography, and ultrafiltration The purified form of lactoferrin was obtained
with the purity of 94. 71% . The denaturation temperature of lactoferrin was determined to be 73. 1 C by
differential scanning calorimetry. Circular dichroism studies on the influence of heat treatment (63 C 30
min,72 ~75 C 20 5,85 °C 10 min,95 C 10 min) on the secondary structure of lactoferrin showed that
the a-helix conformation of lactoferrin was gradually transformed to B-sheet conformation with the increase
of the treatment temperature, indicating that the protein molecules became better ordered and more com-

pact with significantly increased trends of protein denaturation.
Key words: bovine milk; lactoferrin; purification; heat treatment; circular dichroism
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