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OB T i o A 3 T m R 48 11/ R TR & 4 3L [H)
R E 1Y B K M U2 45 48 . X T N-lip 5 &
it 4 AR B SO 8 1 B i iR U1 J2 i 45 4
FEPER S A G = RGeEMESE . W8S N-lip 5 &
st 5 U AR 11 1) A LR G £ SRR B4R 11 £ B
Bt &)z N B H

FLE H (Lactoferrin, LO) 12 4045 T sh ¥ 3,
T, 73 7 B2y 80 ku, F AT 703 D FLRR LA,
SEHLE A 8.5, T Y R 2RO A FLAE B (R
HLR 2R 5), i RRAETERR pH Y6 FI A IE
AU AT S A A R R AR R AR AR LS
HA TSP P s 20 BoA 2 —Fh
BRI 25 W) AR LT AT ) R i SR

WS LA LE g BERLEE B, SR A O 1805 )
# N-lip, 7EAL AL N-lip il £ BC 77 09 B Al b )
AN TR) 2 R R ARG I 7 2T TR A 99 0K s BT 44/
FLERHE H (N-Lip/LE) &2 & YR AR | 22 70 R JOm
Zeta—H AL . K BRIE 3R (Fraction of stealthiness,
Fs) AdE45 , Mt N-lip 5 Lf 925 &85 FI &
S BT SR LE AN N-lip 1E AT, J5 0 )R
TEA ;2R R AMGIE 29603 | 1f 5L A2 4 21 4
i X SGFLAT S B A, o LE 5 N-lip /9
AHEAE I B 28 1 RN IR WL 03 1 J2 S5 K (R 52 )
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1 #MEFE
1.1 X ge

KGO BEIE (595% ,CAS—5 800243 -5) .
Tween—80 (CAS-"5:9005-65-6). FLEK&E 1 (>
95% ,CAS—"5:112163-33-4) . JH[EEE (CAS-% .
57-88-5) , A=W HARA BR 2 & (h i ) 5 i
R (CAS-'5 :12067-99-1) , dt 5 R B B 4 A R
N E] A e R o a pr e g
12 NFEHEF

YRE-2000A Jie % 75 &AL, E YL i L L i
T AEA A8 A BR 2N 7] ;SM—-150D 40 i i ie A% , 1 it
BB AR F: A H R 2 7 ; Nano—ZS90 3 25 06 15 5 k7
ST, 28 B IR SUAL RS A PR F] S JE M=2200FS
3 5 i T W UBE  F-27000 286/t B AR
H 37 A FR2S H] UV-2600 248 —1] UL 4 66 BE i
A R A R 7 5 Vertex 70v il HL 72 46
LAMETEAL, 36 E AL JE & 12 5 AXS D8 AD-
VANCE X ST, 181G E 5 AXS ARA
H] ; Chirascan [# — 615 , % [E Applied Photo-
physics 23 A .
1.3 RKEH*
1.3.1  N-lip Wil 28 B o500 o
1.3.1.1  N-lip Wil & R )2 0 80 il % N-
Lip!"™, e A [] () 5 it B BR IR 7 B g AIFL ] s
Tween—80, Il A 20 mL £ BEFE 8 7 I B 451 T,
KRB SNRAE T O, IR R e
KR A 40°CF X L BEATIERE 28 %, HE
& RCIB A WS, SRR A 0 g 5 IR 40 mL
1% 5 2% Wi (PBS, pH = 7.4,0.01 mol/L) /K % . 7EVK
T ORI RORE 26 10 CRLR ) 404 F 1l 41
JiL B8 R ANLTE 50% 4R M F (TAF 1s, 45 1E 1s) 3
AT AL EE 15 min, A BEIEAE PBS iy it i
W R 10 mg/mlL,
1.3.1.2  N-lip il & &1 B 12

1) E & 5 4 N-lip BP0 42 Fl Zeta—Ha,
L2 [E 2 BEIE S Tween—80 By Bimr Lk N 4:
1,855 PBS (pH = 7.4,0.01 mol/L) ) 3 7K Lt Ky
10.0 mg/mL., A5 5 M0 [ Pt o o bb 0 il 12 81,
10:1,12: 1, R A 2 40 80 6 45 N-lip, F 2h &0
ST OE R 43 BT (Dynamic light scattering
laserparticle size analyzer,DLS){l i N-lip #9-F-1%

FiFEFN Zeta—HL 7 o
2) Tween—80 7 i X} N-lip “F- YR f2 Fl Zeta—

HLAL Y SR [ i g R ] e T o LU 451 10
1,® 855 PBS(pH = 7.4,0.01 mol/L) i i /K Lt Ky
10.0 mg/mL, FF & #5515 Tween—80 H) i it Lt 43
T 4:1,5:1,6:1, R 2 o3O£ e Bk H
DLS 38 N-lip B9 FHKi 4%  Zeta—H 7 A1 PDI,
1.3.2 N-lip/Lf & & W0 I8 555 14 X L7 Bk A%
1 Zeta—FL AV 1) 52 1)
1.3.2.1  Lf ¥ Xt N-lip/Lf &2 & ¥ F ¥k 12 A
Zeta—HL L (Y 5E MR FREL— 28 T 5 (9 Lf ¥ i 2
PBS(pH = 7.4,0.01 mol/L) ' 4% 1:1(N-lip: Lf) Y
RABLEL, $ 30 i /min 14 32 B R T B VR N 10
mg/mL i N-lip 43 7% in %) 0.1,0.5,2,10,20,50,
100 mg/mL (1) Lf %W, 2 W N-lip/Lf 2541, H
DLS Mk N-lip/Lf & & ¥ (4 °F- ¥ K042 Fl Zeta—H
o
1.3.2.2 75 2% N-lip/Lf &4 917 1 i 5 i

HE &M N-lip B R EHE N 1 mg/mL,
Lf (5 5B % 4 0.1 mg/mL, 43 311R F N-lip fi% fin
LA LEFE A N-lip ¥ #h 7 X8 & N-lip/Lf
HEW, KM DLS ME &4 Y 8- R AR Ze-
ta—HL{V7
1.4 N-lip/Lf E &K RRAE
1.4.1 Zeta—tHL {7 “FHpRi4E0 4 DLS 72
S 1R 900, I B R 25 CCR I KL Zeta—Hi i
OB . KRG, N-lip/Lf 2 &% H PBS(pH =
7.4,0.01 mol/L) #5 B 100 1%, i 2 & F kb (L5l iy
AL, AUl E 3w,
1.42 BHH 7 %G8 (Transmission electron
microscope, TEM) ¥ N-lip/Lf & & ¥ % PBS(pH =
7.4,0.01 mol/L) i B 2238 Y A5 RS | B B b i I 72
i D) 1 TR L R TR T A T I 29% Tl R R VS VR 1
Ye P4, SR A TEM W2 N-lip N-lip/Lf &4
IEA ., HINanoMeasure #X {4 TEM K #4175 #7
1.43  EAh0] WL 4366 i (Ultraviolet—visible
spectrophotometry ,UV) 4% 30 Ji/min 1Y 35 F£ 535
¥ 1,2,4,5,8 mg/mL B N-lip 7> 8% 10 mL $% 1:
1 AR 2] 0.1 mg/mL B LE W, T2 B
N-lip:Lf ikl 1:1,2:1,4:1,5:1,8:1 fN-
lip/Lf 249, LhPBS 78 5t R &5 ok
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T EE TN S SR AN, D K F R 190~300
nmm]O
144 FE66HE JH PBS EXF R, 7RI R K
285 nm, & $F %3k i K 8 Bl 300~450 nm, 3 &
P2 N K SR 5% 40 5.0 nm, FAHH E A 300 nm/
min F, 8505 0GB THAE 25 CF X RE 5 i
A7) s
1.4.5 3984 B~ 57 v AR 4 21 AR 6 1 (Auten-
uated total reflectance Fourier transform infrared,
ATR-FTIR)  £L4b 3% J2& id i fic 45 T (SMART
iTR)ATR BRH 4 () 8 8 i A8 3 21 A1 S 3 ST 3845
PR T 09 N-lip/Lf & & Pk S iR 3K 2] ATR B 14
b, BBl K B BN 4000~400 em™, 3R N 4
em™ , FHKBCR 64 WK, 2 ST S 51T FTIR
e
HR A 25 14 T 21 90 B 3% 53 A7 07 3, £ FH PeakFit

Version 4.12 34Xt Lf Bef% 147 (1700~1600cm™)
FRAE W ) R RS IR T 0BT . B 45 T S 4 25
GERIXT R C R, MRPE AU AR A 5
S AR 43 2,
1.4.6 X $FA14) (Diffraction of X-rays,XRD)

TEE TR Cu Ko $EAE S R (A =1.5458
R)HEAT X GFAr gk, Wiy 4 A 5 BT A
Al e R R EEE . BRAER RS 40 kV, T
K HL I R 40 mA |, 7E 5°~60° (20) 2 [l 30 5% B 5 1)
XRD i, 2 3 0.1006 s/step.,
1.47 B _—{5%5% (Circular dichroism,CD) ¥
N-lip/Lf & &9 (R A W B 0.1 mg/mL) A 5 i
BRI E A2 0.1 em AR 200 WL B A7 98048 RE A
TE 2 42 A7 15 36 [ 260~180 nm K #E4T CD Y6 i
Mk, HAE A 3 K ,PBS s B R L il
CDNN #AEXE Lf 09— G gs M vE A7 o0 Ay

1.5 HELAEBESHF

iR E /D EE 3 W, 45RO EH +h5
W2 Fon, B¥E R A SPSS # {4k (IBM SPSS
Statistics 26) #1778 [H & J7 22 43 #T (ANOVA) , kb
PR G A8 200 )7 2K 5 17 g, P<
0.05 My ¥ . fdiHH Origin 9.0 B {4 X K ¥ k47 1F
EI 50 # o

2 #ERERH

2.1 N-lip #l & &£ HFHERE

2.1.1 JJE T B 5 @ R BT A L AS R X N-lip (1472
WiAe Zeta—HL A PDI B 520 AN [R) ARG A5/ R
Fist () T H XF N=lip (%) °F- 4 R0 42 Zeta— HL A3 Al
PDI MSZ MR AN 3% 1 o, Bl A Wl i/ R ] e 1) o 4t
Fb AN 8:1 B4 12: 1, N-lip “F- 1842 M 95.69 nm
W/NEN T 85.97 nm (& 1), ] B S A [ EE A A B i
(I AR AR ek )N S ke AP E Y K B AR
Jig ST T B sk R v, O L A 1S A R T v
R i T B WP A /N N-Tip AR, (DR 8 R
X3 F R LA BRG], A B AR/ IE [ P %) o 4 L

20 | —=— WIIE:MHEARE=8:1
—e— G I EE=10:1
—a— AR R =12:1
15F
&
<
23 10
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E
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Fig.1 Size distribution plots of Nano-liposomes

with different mass ratios of phospholipids/ cholesterol

® 1 T EIHEAS/RE E B2 5 Lb X3 40 K BE Ui B Zeta—REfi , 34250 PDI B9 %500

Table 1 The effects of different phospholipid/ cholesterol mass ratios on the Zeta—potential, average particle size

and PDI of nanoliposomes

B fig e B B (JR & b)) Zeta—® 4% /mV F ¥ k2 /mm PDI
8:1 -26.9 +2.00 95.69 + 0.308" 0.228 + 0.003¢
10:1 -42.3 £ 5.528¢ 87.90 + 0.356* 0.216 £ 0.011*
12:1 -21.5 £2.532" 85.97 + 1.672¢ 0.263 +0.031*

T« [ G AS 5] 4 R b 7 B R A 35 22 53 (P<0.05)
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M 8:1 HEHNE] 12:1,N-lip ) Zeta—Ha {57 4 X {5 M
269 mV #ANE] T 423 mV, ZJEE/NET 215
mV, — AN Zeta—HL A7 46 XF{EHE K, 40 K kL 18]
LR IO BB BN AN 75 5 R A AR R R
FEB PDI SE M 0.228 /N8 0.216 J5 15 K 5] 0.263
H¥#/NF 0.3, b AEX — 5 [l N-lip 143 5%
B, R AT LU R/ E B LG A 1011
B il 25 1) N-lip BP0 AR AT 3 /0N | Zeta—FL 7 48
XTE B K, PDI S5 /0N, ik B > 4l fig R0 JIE [ P 1) Jo ot
bR 1001 B, il £ 19 N-lip e fa e .

2.1.2 Tween 80 S5 #BENR I A FXS N-lip #-F
Ik 4% Zeta—HL {7 A1 PDI A9 52 W A [A] W i/
Tween 80 15t & b XF N-lip 19 F-#ki 12  Zeta—HL
{2 A1 PDI M52 4N 35 2 BT |, Bl % W55/ Tween 80
B L 4:1 8] 6:1,N-lip “F ¥4k 12 M 94.93
nm 3 NE] T 109.33 nm (&l 2) ,N-lip 1) Zeta—F2 {i;
B £ XHE SE N 39.33 mV SCIH/NE 3497 mV, Z )5
W #E T 46.43 mV,PDI # /N F 0.3, 7F # N5/
Tween 80 HLAE M 4:1 B, N-lip AURIAR /)N, 70

14 |—=—W/K:Tween 80=4:1

—e— % /i:Tween 80=5:1
12+ |[—*— Wl Tween 80=6:1
10+
I
m 2 8F
i 2
=L o6}
S
41
21
0 i A
1 10 100 1000 10000

FEpR A
Particle size/nm
2 FE#EAE/Tween 80 & bk B9 4K g B
#1457 B
Fig.2 Size distribution plots of Nano-liposomes

with different mass ratios of phospholipids/ Tween 80

(A 33 2 R 5 R AR R AR OG, /NVRLAR 1Y iR
MR 2 B B B A iz 2l TR O O AT
P, 1RSSR R W] R A Tween 80 (145 LU
60 4:1 W 2 B IR BB e .

x 2 FE#ERE/Tween 80 RE Lk 3T N-lip Ay Zeta—E {ir  F #1121 PDI 9% M
Table 2 The effect of different phospholipid/ Tween 80 mass ratios on the Zeta—potential, average particle size
and PDI of N-lip

% figTween 80 & 1k ) Zeta— % 42/mV

4:1 -39.33 + 1.563"
5:1 -34.97 £ 0.287°
6:1 -46.43 +0.613"

F ¥ 45 2 /nm PDI
94.93 + 0.989* 0.211 +0.007*
100.98 + 1.121° 0.204 = 0.009*
109.33 + 0.694¢ 0.236 +0.012"

TE < [ B AS TR 69 05 A B 3R At 25 M 22 57 (P<0.05)

2.2 N-lip/Lf E&WEITE K
22,1 Lf Jo o ik B X N-lip/Lf &2 & ¥ 59 ~F ¥k
1% Zeta—HL {57 Al PDI 1521 N-lip/Lf 2 591
TR LA K LE AW BfE X N—=Lip B9 R AT el g 4R A
S, UL 3, Al DLS X L 5 vk B A Al il N—
lip/Lf & & W - SR A%  Zeta—Ha {57 F1 PDI #E 47
Dt LS 30 Y Lf o a3k B A8 fL B N-lip/Lf 2 &
Yy 1) SF- 24 K7 4% e AN 100.80 nm U /NF1] 95.16 nm, 2
JEBEME] 114.70 nm (Bl 3) . KAl N-lip 5 Lf 1
S AT KYE SCHR[26]5] A T S EBRE 2 (Frac-
tion of stealthiness,Fs), HitH AT .

Fs = Dh(N-lip )/Dh(N-lip/Lf) (1)

X, Dh (N-lip)——N-lip “F 6 42 (nm) ;

Dh (N-lip/Lf)——N-lip/Lf &2 & %V ¥R 4% (nm) 5
Fs——N-lip W M2 Lf Wl E 5 Lf (A TAEH
Lf Fl N-lip =Z [6) ) AH B AR AT LG5 2 A, —
JE T LS MR 2 N-lip 21 M 5 80 N-lip/Lf £ &
Y YR AR, oy —F2 i TR E e L
2 N-lip B 52 N-lip/Lf &2 & ¥ F ¥k %
W, Fs AEXF LE A7 78 B B 5 04 /N AR AR AR i
Y Fs S 1B, 2B N-lip HAT RUE Rk, /D
TEE FIFAE S LT N=lip 38R0 5 B S Fa e 1k
ANEGEAREMEAER, X4 Fs {678 0~1 Z A},
F W] N-lip 55 2 11 3 2o S0 5 A0 g 7K 1 FH I e 2
N-lip 2RI B N-lip i Jin 2 AS 7] Jog &2t vk B 1 Lf %
WG, BEE LE S0 R A3, Fs (H e 18 RS 0




70 R il 2023 4E55 1 1)
INHITE 0~1 Z 00 (3R 3), Uil Lf WM 7E N-lip )

FO, B LE BT B 3G, Lf 7E N-lip R " —-—g;mth
EEEYIRIZ WG E)R, XAl fEE i TR 0 if;}mﬁ/;"i

5 H 0 R R A 3G, L A N=lip =[] 9 S0
TR T A KA A s, FE A Lf i E) T N-
lip BB AR X432 b L 5 o vk R 10 mg/
mL B IR BN AN BEE LE R R A gk S, Lf
AT A BN BERR BT 2 TR HEBUAE N-lip &
10, PR Fs (BN AR 3 Hn] LU 78 Lf i
W HE R 0.1 mg/mL B, N-lip/Lf E 5 Y) Zeta— {7 48
XHE A, PDL/NT 0.3, HiEfEFE HY Zeta—FL AL
AR RS 0 0 T R AN RLAR DL K N-
Lip/Lf 525 W RLAR 53 A1 ¥4 2] i 5 19 LE J5T 42 V4 3 2R
0.1 mg/mL,

—— 20 mg/mL
—<— 50 mg/mL
—— 100 mg/mL

SR
Intensity/%

6F
4+
2F
0 r N S
1 10 100 1000 10000
TR

Particle size/nm
B3 ARELREXREN N-lp/Lt EGWHREZES % E
Fig.3 The particle size distribution of N-lip/Lf

complexes with different Lf mass concentration

®3 AEREBKER L3 N-lip/Lf E&Y Zeta—RR L FHHZF PDI K% 9
Table 3 Effects of different mass concentrations of LF on zeta potential, average particle size

and PDI of N-lip/Lf complexes

L4k & R % K% /mg- mL Zeta—, 42/mV F 3 %42 /nm PDI Fs
0.1 -54.9 £ 2.276* 100.80 + 0.141" 0.213 + 0.013" 0.941
0.5 -35.9+1.132" 99.72 + 1.081" 0.233 £ 0.081°¢ 0.952
2 -39.0 +2.525" 98.53 + 0.687" 0.210 + 0.006™ 0.963
10 -38.1 +3.584" 95.16 + 0.646° 0.224 = 0.006" 0.998
20 -33.2+1.631" 108.87 + 0.602¢ 0.207 = 0.009* 0.871
50 -36.1 +£2.301" 112.20 + 0.852¢ 0.189 + 0.007¢ 0.846
100 -19.1 £ 0.556° 114.70 £ 0.572¢ 0.198 + 0.004" 0.828
R BN AS 6] A 0 b 7 B R B 3 25 5 (P<0.05) .
2.2.2 N7 A N-lip/Lf &Y Zeta—ra iz 1] .
HPRLFR I PDT B B0 S [ 3 0y 5k N=lip/Lf ol N
BAEWFE MK 4 iR N-lip/Lf B 595 N- g4
lip B K243 43 A AR HE , N=Lip 18~ Y500 42 76 % in MEG
Lf % N-lip S0 1 & N-lip )5 -2k 42 #5 7 "
B, i N-lip 40 2 Lf o b LE % b0 % N-lip op )l
9 R AR /N, A — 45 0 A N-lip A 2
Lf A THEAER, HAE N-lip 9F 20k 7248 K = 10 100 1000 10000
T i Im Ty 2Kk N-lip (#°F- #8042 | Zeta—HL 7 TR

A1 PDI (4 52 W W3 4 fr 7~ N-lip 0 Lf JE % 19
N-lip/Lf & & ¥1F %04 4 100.80 nm , Zeta—Fi {37
[ 26 %HE R 54.9 mV,PDI iy 0.213,Lf ii% il & N-
lip & B N-lip/Lf &2 & ¥ 1 ¥ ki 42y 104.73
nm , Zeta—FL {7 (1) 45 X5 {6 ) 38.2 mV,PDI 2k 0.225,
THAME LN E N-lip JE R N-lip/Lf &%)

Particle size/nm

E 4
Fig.4

AE#EMA K3 N-lip/Lf & & WHE 5 09501
Effect of different dropping methods on particle
size distribution of N-lip/Lf complexes

S H4 K7 42 1 PDI BB /N | Zeta— AV R 26 X6 B K
UERA N-lip # 2 Lf JE B N-lip/Lf 2 &9 1 1Lf
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x4 ARFHMAXX N-lip/Lf EE&Y Zeta—F L FHHIZF PDI K #2010

Table 4 Effects of different dropping methods on zeta potential ,

average particle size and PDI of N-lip/Lf complexes

i gy X, Zeta—, 45 /mV F ¥ #2 42 /nm PDI
N-lip -39.3 + 1.563* 94.93 +(0.989* 0.211 +0.007*
N-lip ## m & 1f -54.9 £2.276* 100.80 + 0.141* 0.213 +£0.013*
Lf i& /m £ N-lip -38.2 +3.615® 104.73 £ 0.974" 0.225 +0.001*

T - IR S AS TR A8 08 b 7 B R A R 3 1k 25 57 (P<0.05)

N ZE N-lip & i N-lip/Lf &4 Y1k R s
JE o
2.3 TEM 447
h T ST N-lip 1 Lf 275 & A4 T AHEAE

PLEAEHTT, JFRIES RS, *ﬁﬁ%%?ﬂ
N- hp I N-lip/Lf &2 &% 2 ASH g B % 317

E<, WA 5a s N-lip 281 2 BRAR  RiA2 50 A
?B‘Ejﬂﬂ]//j A2 90 nm,, & 5b 7R i N-lip/Lf
HEY TEM B S ERIR SR 5 N-lip A LR 42
FETHE K, 294 100 nm, 5 I3k DLS #) i 2%
— 3, FHE AT WLIR R ERE A B T — Rk A
WAL )ZE . 2% Wagner S50 8 (5 A (A I
B B AR 5, $E 0 Lf n Rl am A TR AR
B AAE W E T N-lip I T — 26
SRR 9=
2.4 UV &#F

MG TE RS A R0 WE I LE b £o SR A K

RPRGR AL T A WOA R AE A, An 2R Lf A N-lip 2 [A]
KB A A BAE L 723 in N-lip J& N-lip/Lf &
HYRIEIER 5 N-lip 5t Lf (9 % A2, E
6a 1] LAVLER B N-lip/Lf & 4 90 1 58 APl ik i 53t i

—ILf

08L ——N-lipiLf = 1:1
—— N-lip:Lf = 2:1
—— N-lipiLf = 4:1
0.6} ——N-lip:Lf = 5:1
o —— N-lip:Lf = 8:1
B S
2 2 oaf
= 2
-
02}
00
180 200 220 240 260 280 300
i3IS
Wavelength/nm

(a)
B 6 Lf.N-lip #1 N-lip/Lf & &KL 5K

(a) (b)

5 N-lip ¥ TEM E (a);;N-lip/Lf E& % & TEM & (b),
P& 4 B O 3 Rz X 45 9 B K
Fig.5 The TEM diagram of N-lip (a); The TEM image
of the N-lip/Lf complexes (b),

is an enlarged view of the corresponding area

the inset in the figure

FALE 5 N-lip Lf 4N/ B 22 5 &
B N-lip Al Lf Z [8] (A BLAE T, Bl Lf b s i
1 i 2 32 5 JR) B ol B 35 2 A A5 Ak . INIET 6b 1T LA
F il kA N-lip: Lf it tb AN 101 3 m %] 1
8 : 1,N-lip/Lf & & W 19 d5c KW Wi i AL 210 nm £
BB T 242 nm, WO B SR E N 0.235 85 m F T
0.792, FECEX A IS K W] g2 T N-lip %t
L (O AE) G2 7= A 5 i) S 380 L o £ S 1 i S T
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Table 5 The results of fitting the secondary structure of N-lip/Lf complexes with different mass ratios of Lf

and N-lip:Lf using amide I bands

H & B4 %1% T AL /% a4 %1% B4 1%
Lf 21.86 29.09 21.29 2776
N-lip:Lf (1:1) 15.46 2476 29.60 30.18
N-lip:Lf (2:1) 13.67 27.03 32.58 26.72
N-lip:Lf (4:1) 13.85 2875 35.02 2237
N-lip:Lf (5:1) 13.96 29.60 35.02 21.42
N-lip:Lf (8:1) 14.60 29.01 35.89 20.50
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The Interaction between Lactoferrin and Nanoliposomes and Its Influence on the Structure of

Phospholipid Membrane

Li Risheng, Tang Wenting, Sun Yue, Pu Chuanfen
(College of Food Science and Engineering, (Qingdao Agricultural University, (Qingdao 266109, Shandong)

Abstract In order to explore the interaction between nano—liposome (N-lip) and food protein, N-lip was prepared by
the thin film dispersion method. Lactoferrin  (Lf) was used as the model protein to evaluate the effects of the nanolipo-
some/lactoferrin - (N-lip/Lf) complex formation under different protein concentrations and dripping methods on the particle
size, Zeta—potential and polydispersity coefficient, and the stealth rate (Fs) was used to estimate the degree of binding
of N-lip and Lf. The transmission electron microscope was used to compare the morphological changes before and after
the action of lactoferrin, and the interaction between Lf and N-lip was analyzed by spectroscopy and X-ray diffraction.
The results showed that: when the phospholipid mass concentration was 10.0 mg/mL, the mass ratio of phospholipid to
cholesterol was 10:1, the mass ratio of phospholipid to Tween—-80 was 4:1, and the protein mass concentration was 0.1
mg/mL, the average particle size and the zeta potential of the N-lip/Lf complex formed were (100.80+0.141) nm and
(=54.9+£2.276) mV, respectivlely, with favourable dispersion. Transmission electron microscope observation showed that Lf
formed a light—colored wrapper around the edge of N-lip. The interaction between Lf and N-lip promoted the hydropho-
bicity of the environment where tryptophan and tyrosine residues in Lf were located, and the content of the alpha—helical
structure of Lf increased; Lf could interact with the N-lip phospholipid bilayer membrane through hydrogen bonding, van
der Waals force and hydrophobic interaction, adsorb to the surface of the phospholipid membrane and change the polar
environment of the N-lip membrane. The research results can provide a theoretical basis for the interaction between lipo-
somes and food proteins and the potential application of the former in the food industry.

Keyword nanoliposome; lactoferrin; phospholipid bilayer; interaction



