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M E. KRR ALFERG T FRAT HRIKE G K LFP20 Z 3 A R Ak, § /£ i3 51
REZFAKR—BEMERBAERN LR, ERRAEFREZOEREKR, MR HHEENTH
NP R E (MIC) B i e bk o 47 25 R AR, # 5Lk & & Bk LFP-20 & H % R Bk LF2A (LF-1 #e
LF3 st K WATH ELY KA KRG EDINTKE 2R ECNARAAALNIRE Y LA K
B &1 LFP-20 2+ 5 #F3X 36 i 4k 69 MIC % 64 ~128 pg/mL, &k B Ak LF-1 4= LF-3 #) MIC 4K T
2 ~4 45 B R AK LR2A 375 A X W AR A R AR G, 125 o B4R ; 5 R Ak LF-1 #9 4%
BEWA IS 12/ 4.32.64.128 F7 256 pg/mL B 6975 e 4L B 532 5 (P <0.05) , WST-1
F= LDH FA4m] 4 A 370 8 Bk 3T A9 JE do 3 4% 4w e, (PBMC) 32 78 69 %5 v B tm fie - b 45 2 R W,
LF2A LF-1 #= LF-3 2t PBMC 3% 74 69 % v LA 7] 4R 8 ; 5 LFP-20 #4816 ,25 ~200 pwg/mL 4
LF-1 %35 7 PBMC #37 (P <0.05) ,42 /& 400 pg/mL 3 & T #p 474 T PBMC # 3 54
(P <0.05) ;200 #2400 pg/mL LF-1 4 73 PBMC #9 5LB i &8 (LDH) B4 B 5 2 2 581 5
(P <0.05), 48 25 ~50 pg/mL & & T 2p s LDH # 3 B A BA& A8 A (P <0.05) . *t2m f g 241
AR A 5025 B AR 4 png/mL 49 7 BBk LE-3 3& X 5 AF 8 2m I B 69 = AR A AR R 9 238 3% | o 4
A & AR g LFP-20 F» LF2A x¥ 40 ) 40 o I 69 X AR AL AE A AL T LF-3, d73b 7 4, % B Ak LF-3
HRAFHILH IR GARLFP20 8357 2 ~4 4, Bin htf Afmio a3 X A L E3E;
LF-3 7 3 18 & 2 B 5 0 - ARACAE A B3R K AF 1) 4m R JBE v 5 L -F i, e aml 2 2m B 2 44 A3 A
AREEBERAERGERZZ —,

KB BB RO REER SR mieskt

FESZES.S816.7 X ERFRIRAD : A XEHE.1006-267X(2011)02-0241-09
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), Strem VB 5T & B, ¥ Licin B 4 2 R ¥
H A ) s S R AR S A Tip S5, X R AT
TR R 4 B €00 4 4 BR BRI P B T 1 P R R . AT
Xt FLER SR 1 K B BF 5 AR X 450, Strgm 21 47
LA A B 15 A8 IR 1) 4% 7L R M Ik LE-
cin P15 [ BERHAT BB G P . Chen %51 5 it
B R OGRS AL AR 1 N 8 (86 L 43
BT, R BT M FLER AR IR N i 5 EC Al 2L kR
JURTes BE [RIVR A4 3 3, % Hdiin 44 4 Lfcin Py {22 6
() Lfcin P 20 X KB 187 4 B €65 45 BR 1A Al 6
SRR B B NS A T Lfcin B 20 fi1 Lfcin H 20
Z I BB, A 5E P03 8 X 4 7L 8k 8 I LFP-
20 (Lfcin P 20) {4 T2l K, WF 5% 2 56 R B 4 ) L
PUTR TGP | 2T 40 B v i % DA R A% 40 B 7 P A R
e, DA R SR 4 2L 4k B 1 R St b 4R A5 B TR
TP i R A AT 7 P /N B e R TR IR, Sk A
JFHHE R TR Oy v A 7= Bt v R4 R AR R A9 e T A
M, R BFX LEP-20 K FLpse 5K 1) 2% TR HIL ) i 700
R

1 #MR57FE
1.1 R

A 2% G R B Escherichia coli ATCC25922
Salmonella choleraesuis CMCC50020 | Salmonella ty-

phimurium CMCC50013 F1# > [& fH 1 Staphylo-
coccus aureus ATCC25923 H AN 3L 56 = A% 17, i IR
438 Staphylococcus epidermidis C621 1 T 40 ig
MM Ak 43 #7189 Escherichia coli UB1005 A Han-
cock fH+-4HmE | —70 CHEAREGF T 1.5% Him%
HRAE T H . RPMI 1640 5555 G4 103G (FBS)
I [ Gibco /> &, Ficoll-Paque™ PREMIUM It [
GE Healthcare /A F] , MH (R 7 15 7% 5 . BUIR 3  ©
DIFCO 7\ w], WST-1 325 | 4 g B 4 45 DU 12k 541 &
[ FLA2 M & B (LDH ) #9377 & 1 W 3 Roche 24
A, 9O IR EE DISC, (5) g A Invitrogen 24 ],
fief 14) £t RN MLV PR AR B R
1.2 BREKWIZITREN

MR8 C a8 i 4% 7L 26 2 11 Bk LEP-20 J7 51, %
552 A RIS 17 B9 Cys £y Ala™ BF5E Cys
TE LEP-20 $7T B 6 Pk rh A #E i 4R HT 5 4% 565 9 o7 Fn s
18 fii iy Tle &4 fy Trp, LL3G I 05 7 % 2 2L W2 Trp
S O TR HEAT 55 2 RIS 17 v B JE TR A
9 (LA 18 o 2 JE R 1Y B 4, AF 5% Ala il Trp Xf
T Bk TR K LEP20 % ¥ §T B 0% M A0 52
LFP-20 Jz Holt RJIK (3R 1) o AR AR AL (Bt ) A7 FR
23 FSR ] F-moc 32 [ AH 5 B, 28 /5 R00H AR €03 46
k., 4l £ 2 95% , MALDI-TOF MS %l 43 + &
(£1).

®1 NEKNEERFT
Table 1 Amino acid sequence of antimicrobial peptides

ey i 5]l By T I 5E 71
Name Sequence Theoretical MW Observed MW
LFP-20 KCRQWQSKIRRTNPIFCIRR 2 590.10 2 590. 05
LF2A KARQWQSKIRRTNPIFAIRR 2 525.97 2 526.00
LF-1 KCRQWQSKWRRTNPIFCWRR 2 736.20 2 736.24
LF-3 KARQWQSKWRRTNPIFAWRR 2 672.10 2 672.12

1.3 J/ERENE

FFLEREE F K LEP-20 f Hipk R R LF2A [ LF-
1.LF-3 89 /M & % ( minimum inhibitory con-
centration, MIC ) 5% FH it iz BE e . K1
2 BT MH P3RS 12 ~ 18 h, $E I
BATHTEHRN T MH R 35 37 4k 37 °C 180 t/min 3
BOGFR o B 55 3% 2 0B A B TR VR RR B & 2
10° ~7 x10° CFU/mL(OD, ., =0.5) ; FHIC# 718
KA T IR E ] A e s R v B 20 A% A it 2 A, -
HEAT ZR G0 XA R, A5 38 B e VA B R A DR 10 A%

) 22 B R BT TR IR 5 ] TC I 1Y 96 FLER N MR8 77
ey 1~ 11 LB 90 WL Fi R 4 1Y TR 2 M
12 L 100 pL MH W85 585551 ~ 10 fLiZE— A
10 WL AH ¥R FE BRI B R, 5 11 FLAA 10 L
TR 28 18 KA A 20 TR A M X B AL 5 oF 85 IR A T
37 CHFAE P IRRIEE 24 h JF LR, MIC HI
“hy BB BHL L 20 B A A 18 e/ VAT T IR R 3
1.4 BmERNE

NELAN A K A & il 554% 40 g ( peripheral blood
mononuclear cell, PBMC) f{) /) & % I Ficoll-Paque
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PREMIUM 201 U ] F 4 . TR PUBEE il UwT
fif NI, PR T ¢ 1 A EBln A 37 C T Y RP-
MI 1640 3553 M BT IR AT IS, 9218 i 28 6 B 1
1/2 {&F1 1Y Ficoll-Paque™ PREMIUM 43 &5 W& & Ifil
1450 r/ming.0> 20 min; B.0 )5, H ET T 2 2
(FLO At i)z ) Bk A% 40 M, 55 )i )2 0 2140 7l ;
FEEPAZ AN L R 2 B0 e, 3 SRR
37 CHi#k PBS ik 2 ¥k ,4 CTF 1 600 r/min .05
10 minf5 140 A s LA 2 s L e,
T 2 3R FR R 37 CHizh PBS,1 000 ~1 500 r/min
2500 10 min, 5 H] PBS w1 & H .

BU A JIRORE 1240 ML A i i P AR 9 2 3l 09
WU HEAT . FH PBS KT 4 B A L A0 R
1% B2 90 pL finZ 96 fLAN G SRR A AL s Wi
JURAE B WA T 2 A5 2R 90 5 B, e v VAR B85 Ay e v 1 DU
WREE Y 10 % HU10 WL 0 B BRI 28 A 1 2144
ML, TR i B FRFL (HIA 10wl 1% Triton
X-100) F7s FIXFRRFL(IIA 10 pL PBS) , BN i
3ASTATIL B R E T 37 C,5% CO, Hgrfis
Fr24 hy B RS, 35 FE AR 1 500 1/min B0
20 min, W HX FiE 2 —FFRiE Y 96 fLIG SRR,
FHBEHRASCIN E 25 FLAE 414 nm T ARG RE s AN RV E
PUTRT T A 2T 200 b 1% 35 1t % R R AN R =08 41
IS M (% ) =100 x (355 fL OD,, ,, — 25 XS
HEFL ODyyy o )/ (FHEEXT BRFL OD,yy , — 25 FAXT HRAL
OD, ) o SESRHE S 3 K, HOFHIME
1.5 A5ME i ik B 40 f HE 58 2R 43 4

U AT A PBMC ¥ 58 (9 5% 10 2 B WST-1 i
FIUL I B 1T, ¥ B aife iy PBMC H & 10%
FBS ) RPMI 1640 £ # & # B % 2 x 10°/mL,
90 pL/FLIEFZE 96 FLIEFRMR, B F 37 C,5% CO,
FEFEAA T E SR 2 h BUT AR A W R R
10 fERFIMR EE J5 , B 10 L It 25555 2 h J5 14540
FOFL A [T 34 28 P 6 BRFL (A 10 WL 41 i 8%
FHU ) A Triton X-100 X BRFL , BN 2= /2D 3 -
L Ak 2 B F 37 C,5% CO, #3546 i
EH55% 24 h J5, 9] Triton X-100 X} HEFL A A 23k
JER 2% Triton X-100, 3 HES W 45 RFTIR ), 4k 22
Kig% 15 min; £ FLIMA 10 pL 4 Jif 3% 5 7% WST-1
Ja AR AN S T 37 C,5% CO, KiFiff b E
Wigiha, 90 fLIEFME TR & LR GRS
1 min ; FEFHRCIN 2 25 FLAE 450 nm R AYIEOG R, R
FULR 20 A BT S A PBMC 3455 119 5210 - 21

JXEFE R (% ) =100 x (iR 4 fL OD,y, ,,, — Triton-X
100 fL OD,5 ,, )/ (%5 FIXF B L. OD,5 ,,, — Triton-X
100 £l OD,5 ) o SEHGEE 3 K, BCOFI1E
1.6 RS HESH

Y e EEPE S A He LDH K U 77 & d B R A 7 45
fE. $or e 4lifb iy PBMC HI & 1% FBS ) RPMI
1640 3 MBS 2 x 10°/mL, 100 L/ L4 Fh 41
Muks b, BT 37 C,5% CO, 40 34 % 72
2 W, A 10 L R b ik 28 249 2 53531 oy 400
200,100 F1 50 pg/mL, &AHE i EE 3 A FATAL,
[F) o35 T o0t AL 40 B ) & B it LDH. L1248
e KB LDH fL s ai e gk 2L 8 F 37 € ,5% CO,
(1) 2 Jf 355 A Th 85 5% 24 b n] S RORBSlilC LDH L in
AL 0. 2% Triton X-100, 3§ RS AT IR
A ARSEEEFE 15 min B FESE R S ,2 000 r/min B0
10 min, % 50 pL 40fE [ 1% 2% PR 96 FLK 7
M, IR S, 5 ~ 25 C % 7 ik 5 37 30 min,
7 25 FLAE 490 nm B W B 5 BT B K XS PBMC
AL T 205 (% ) =100 x (55 L OD,0) oy —
H A BEIAL OD g o )/ (B R BEHLAL ODyog ey — H A
FEHLAL ODyog o) o SEEREH A 3 UK, HOF-IME
1.7 ¢ARREERL D

L DA AR R T TRT 240 s i A P FH 2 AR
AP R BUSHI R ABHR E. coli UB1005 FIZH AR
PR DO YLk DISC, (5) , i 48 & HiE 1y Oy
AT B RO FREY E. coli UBL005 #5455
Brf ) MH P73 3%3E,37 TF 200 o/min {83 52
Wikl ~3 hE 0D, =0.5,3 000 r/min #5385
0010 min, iNZ% Wik (5 mmol/L HEPES |5 mmol/L %
05, pH 7. 4) W RARUTIETR &) )5 850, AR R 22 v
WEIEANMLE OD,, ., =0. 05 ; £ L 1 B B8 o
AL B 0.8 wmol/L i DiSC, (5) G 1Ak , % I
WEOCREGIEE 1~ 1.5 hy I AZHREE S 200 mmol/L
1) KCI i fEM , % B OC 2 % W% F 15 ~ 30 min; B
FIREEW 2 mL RO T A g AR,
7E 622 nm R OGIK (670 nm & GG K (10 nm
BREE T8 B 25 T e ORI R 100 s, A REI BT
PAIK 2 200 B R P it Wk B8, R e D' B, B &2 9k
SR B NG 5 F N AT TR RS 2 G BE 1 A8 1k ok
J52 AL 24 TRT 248 L B3 5 1 P AR A
1.8 HEAE

K HH SPSS 13. 0 Gt % B s kA7 A 1 5 43
B, G5 R DM £ ArifE 22387, LA P <0.05 S 22
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SAEGIFEE L, 1. LF-3 X} JL A 85 22 B BH PR B A 22 G FH 1 B 0
MIC 35 2, 5 LFP-20 4%, LF2A % 5 Fhid 6 i
2 # B PR AGHT 16 PE A #2155 ol BOBK LF-1 \LF-3 Xf 5 Ff

2.1 EILBFEAR LFP-20 K H M R AKMEEE
WFLBRE H K LFP-20 Jz Hoglt B JIK LF2A | LF-

BRYG T RO BUA S YRS T 2 ~ 4 £, LE3 (05074
TP

R2 LFP20 REM RSN NNERE

Table 2 In vitro minimum inhibitory concentrations of LFP-20 and its analogs

/MR HE MIC/ (pg/mL)

ﬁjjje E. coli S. choleraesuis S. typhimurium S. aureus S. epidermidis
ATCC 25922 CMCC 50020 CMCC 50013 ATCC 25923 C621
LFP-20 64 128 64 64 128
LF2A 64 128 64 64 >256
LF-1 32 64 32 32 32
LF-3 16 32 64 32 64
2.2 BIGKEERLIP20 BEMRAMALAME  WA BEERR(P>0.05),
7 m{EF
N[ ¥ JE 1) LFP-20 \LF2A | LF-1 il LF-3 %f A o
STANMIAO VA AR AP 1 B7s 4 FOCH IR . & 18 .
{1 TR B2 3 T 2 T s B LEP20 pyzee 2 gl | ot
HLFAEAE, 76 256 wg/mL IXFALTANAIIRIL £ 12f SLF3
2. 42% MR K LE2A XEA S AIE IR TF 2 | i
R Ik LFP-20, 7F 4 ~ 128 pg/mL I 25 F B % (P < E 2 E
0.05) 51 5 LFP20 fIIE, LF-L @044 52~ 5% of g) il
0 y

256 pg/mL Bf & 2 F+ & (P < 0.05), 7 4 ~
16 wg/mLEA I, (H2ZE R AR E (P >0.05);
5 LFP-20 AL, LE-3 #Y% A HI AR A 7] 3 B2 1) 1Y
AFAL AR —5Y,8 F1 16 wg/mL [ LE-3 % Ifil 2% 5 %
fK(P<0.05) ,7F 4 wg/mL F132 ~256 pwg/mL i}
A F AN (P >0.05)
2.3 ¥EISFEHQA LFP20 B EX B3 A PB-
MC 185 R 50

IRl He BF LFP-20 LF2A  LF-1 il LE-3 %} A
PBMC #4758 sz W& 2., SR Ik LFP-20 AH 1L,
ST KT 200 wg/mL Yy LE2A LF-1 fi LE-3 #J
A {23 PBMC 471 ,25 ~ 100 pg/mL ) LE-1 %} PB-
MC ¥ F BA B ER#FA/EH (P <0.05),{H
400 wg/mLiY) LE-1 ) 5 A% T PBMC fi4 14751 %
(P <0.05) ;14,400 pg/mL ) LE2A %t PBMC f
WIWA — MM EEN, B2 A% (P>
0.05) ; 78 A6 I f1Y ¥ 3 [N (25 ~ 400 pg/mL) ,
LF-3 X§ PBMC H47# i 52 1 5500 ik LEP-20 A L1

256 128 64

Peptide concentration/(pg/mL)

* TR EHRTPE(P<0.05), FKIE, Asterisk means
significant difference (P <0.05). The same as below.

1 AEIREEIHEBR LFP-20 K Hi R k5t
PNEAR: ol h
Fig.1 The percentage hemolysis of porcine lactoferricin
LFP-20 and its analogs at different concentrations to

human erythrocyte

2.4 BIFEARRENRKIT A PBMC B4
s

FHH AL LDH B 3 I 22 AS W] ¥ B LEP-20
LF2A LF-1 LE-3 % \ PBMC ({4 a5 25 5 an &l 3
FFR o 4 BT AT PBMC (14 248 JHo 25 247 I vk B 1)
FHE G s SERIK LEP-20 A7 H,25 F1 50 pg/mL
[ LE-1 & 2 F& A T % PBMC 19 40 Jifd 25 M (P <
0.05) ,{H7E 200 #1400 pg/mL [, %F PBMC (¥4
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FM: B 25 F LEP-20 (P <0.05) ;400 pg/mL LE-3
%} PBMC [ 40 Mo 7 vt B 2 T (P <0.05) , Wi fE
25 ~200 pg/mL i N, LE-3 % PBMC 14 i 244
5 LFP-20 ML A BE 2R (P >0.05),

o LFP-20
BLE2A
OLF-1
BLF-3

2001 —3 /o —
180
160
140t
1201
100+ TFE
801
60r| fi
A0 1| E
20| f
0

25 50 100 200 400
AR Peptide concentration /(pug/mL)

ZHMIIETEZR Cell proliferation rate/%

2 AEREBEILEL K LFP-20 K H B XY
A PBMC H5E 1 0
Fig.2 Effects of porcine lactoferricin LFP-20 and
its analogs at different concentrations on the

proliferation of human PBMC

e 450« o LFP-20
> 40F 5
& o LF2A
= g 35¢
R 8 30t A o LF-1
m e
= & 25 o LF-3
¥ g 20}
- < =
= S 15f
(]
35 wf .
A 5t [
2 & & L Lk P 13 5
400 200 100 50 25

k¥ Peptide concentration/(pg/mL)

3 AREREEILBZFRR LFP-20 B EX R k3
A PBMC K ZEfa 14
Fig.3 The cytotoxicity of porcine lactoferricin LFP-20 and
its analogs at different concentrations to
human PBMC

2.5 FEIHBAREEYR KX K E AR
ERUWAER ST

AR B LFP-20 \LF2A (LF-1 \LF-3 X} E. coli
UBL005 £ Jitd i 14 25 B A A 0 UL I 40 e 4R £
DiSC, (5) &—Fhili A — Y (Cy ) b e # FH
THRL, BEfE RAT AR AL A A L, BT 5 o7 2k
AR T )2 E. coli UB1005 J2: 4 i 51 175 B¢
P ke o TR 2 A e , LA i 5 P A A 2 o i KCL Y
YRR T 4 AR , i DISC, (5) BB R A1
240 AT AR ML P 5 G, v R B2 19 DiSC, (5) A AR

PERAGE R PN HAMNRBT I IR 40 M pss L =
BT )2 (A5 2 B A A R R AR T L, Ak
WALAEHT, DiSC, (5) # B il 21 28 v i b & HL 98k,
AT DGR 55, BV AT ] W B R 200 i B 2
RAVE RS . B 4 25 SRRV 4 png/mL ) LFP-
20 S 41 & 40 B LT %A B AR, T LE2A
LF-1 | LF-3 W45 5¢ 58 B AN Wi 7 5, LE-3 X 40 B
AR B 25 B AR A fe 5 A 8,16 1 32 pwg/mL
B, 4 e BRT JIR X 4 TR 200 R P 114 2 A Ak A T B A
HKAPILER 8 116 wg/mL (1) LFP-20 Al LE-1 %41
AR A 2R AR VR AR 22 T8 L, 1T LE-3 (% A Ak A
FHIBA 5 5 155 1 3 FIK; 78 32 weg/mL i, LF-3 X
201 T 200 P P 2 A AP T B i, LF-1 YR 2, LF2A 1y
FHARAE R, B AT AR AR LFP-20

3 T i

P pE IR DL 8 ) B A BB R A AR
A 3 A e BT R R BB R 25
SR R AR BT B R T A 56 56 Te e, A7 Se 4t 147 BV
KA — 2 B, XTI BRI A ) R FE = AR K
Vi RIS, A P B 2 6T A% 40 1 348 i A ) B
AR EEME . DRI, A B v O M R A KRR AR
HEARE P R 43 F R i B Y, R B RTPUE
JKZG W T & e s RN 75 ST AE o WIS R0, Bk
E HLfar BB DA R S M P P KT
TP DA G Y T M 5T, BT IR S (9 13T K
2 J2: [l 58 35 X6 3 LA 1 S5 %) e A8 B8 A& i o A7
(9 AR 5T AL LK B 1 ik LFP-20 Oy 45
W, @it Fealh 2 4> Cys—Ala. 2 4> lle—Trp Y&
e, VAT 4 A8 FE R AR 3 1 R I R ok T 5% Ala A1l
Trp X 48 LA A 11 AT 181 3% M L 3 1l A FH DA Bt &
% A L B A S [ R %o G 3 2 1 D 40 T 40 i
FL 3 T B - 3 T & FE T B A R L R4 T T
I

AW B FLAR R IR LEP-20 25 2 37 FI%H
17 fi; Cys & Ala 5 (LE2A) , H X} 5 Ffl 56 B
RIGPLBE TG R & F B 35481k, Bl Cys JE R &5
i) LEP-20 77 b 16 14 1) 55 240 0, Ala 3% #8255 Hobt
WG, (HAE 4 ~ 128 pg/mL Il N 2 PR T
HXP LT AR A o E Wu 250 06 2 Frodr
g e IR PT IR AR bactenecin 437 24E H) YA 5% v &
BB 2 A Cys T B i S e (45 45 (8]
LSRR INBAS R M IS, B TR O 2% G B R
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HATRGF e, M KT M 7 A0 B A%
FEYD T QTR A5 55 2% [Q TP TR A B TR 5 PR TR 2K 5 8 2
A~ Cys H2 4~ Ala 535 Ser {UB, 2 R & BT # Ak
Bac 2A Fil Bac 2S 3575 T £k 7k bactenecin B 5 fY)

>

S
=

——32 pg/mL LF-1
——32 pg/mL LF-3

—— 32 pg/mL LEP-20

—&— 32 pg/mL LE2A

201

PR Fluorescence intensity/AU
—
wn

0 100 200 300 400 500 600
8] Time /s

301
—e— 8 pg/mL LF-1

25f ——8 ug/mL LF-3
20F  —— 8 pg/mL LFP-20

| A SwemL LF2A

101

PSEIRE Fluorescence intensity/AU

o £ J
WOV et I s W I,
0 100 200 300 400 500 600

HtE) Time /s

PR o 3 WE AR K U .

Data are representative of three independent experiments.

PURETE . SARFEIFEIEXT Cys B, PURR T 1R 1Y
ASACTIA AR ) , 158 BSR40 1R JIK A 470 BT 335 P AN A
5 B— 7 R A B R AT O, T s Fh B8P0 B IR0
5 AL G5 AR RO S5 i R Y

o~}

301
—— 16 pg/mL LF-1

25 ——16 pg/mL LF-3
o0k  —— 16 wg/mL LFP-20
= —— 16 pg/mL LF2A

PSEHRE Fluorescence intensity/AU

0 100 200 300 400 500 600
8] Time /s

—— 4 pg/mL LF-1

16 —o— 4 pg/mL LF-3
141
121
10

—— 4 pg/mL LFP-20

—— 4 pg/mL LF2A

PR Fluorescence intensity/AU

0 100 200 300 400 500 600
8] Time /s

B4 BIASFEKLFP-20 REBRKI E. coli UB1005 4faRH X R IER ST
Fig.4 The cytoplasmic membrane depolarization of E. coli UB1005 by porcine lactoferrin LFP-20 and analogs

Trp FRILTEHTIR K 2 FE Bt 181 16 P o R v (1 o 2
PEE LA ST IrESE "', Strem 21 % H]
HREMB A E—R ] Ala Z— 208 15 HNE
fiR 5% 11 Licin B (95T &30, Hoor T e o (i fIss
8 {5 11 Trp Jo 2 15 HAT B 16 1k T 0 75 04 5 B R R 1
N HEFNSESE I [RIR 77 51 56 8 v S SE R B 6 hy Trp
Jet , R R B R 4 (0 2 Bk A P B 0 B e
Xf Lfcin B AR FT & BR, % g Ak mT DAl i 5 R A%
Z BRI 1 0 ey 3 AT 7 A i e W B 5 R
A e — i fE v, Licin B 43 F 9 (1) Trp /EH e M
%85 Trp (1955 B 1R IG5 A8 AT LA 55 8 Mg 3k 356 1) H- vl

FHEAEH], 4 3h A~ Licin 5SS &, Wit — 24
RAEGURAE R o ABRgE b, 8% LEP-20 55 9 {3 il
5518 Y Tle By Trp Ji (LF-1) , Hoxt 5 Fid 4
BRI MIC {EFEAIR T 2 ~ 4 7%, S50k T 05 & el 2%
M2 Trp REASHE T R KDL B 16 PR A RE 7 5 (HL55 4 i
FHERR LIS N T A9 25 R LE-1 X% A £ 40 10 ) 7%
MAE A B fe e, FF 2 AE 32 pg/mL ¥k LA I
R, LA L3R 5 o T BEARUIK LEP-20, I 5 1Y 9 Y
VA LA T B PR PO R A A AR R ik Y
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Molecular Improvement of Porcine Lactoferricin and Biological
Activity of the Modified Peptides

HAN Feifei AN Sha XIE Yonggang LIU Yifan WANG Yizhen”
(Institute of Feed Science, Key Laboratory for Molecular Animal Nutrition of Ministry of Education, Key Laboratory for
Feed and Animal Nutrition of Zhejiang Province, Zhejiang University, Hangzhou 310029, China)

Abstract : In this study, porcine lactoferricin LFP-20 and its analogs were prepared by chemical synthesis with an
aim to understand structure-function relationships of these peptides and thereby to obtain improved analogs. The
minimum inhibitory concentration ( MIC) measured by broth microdilution method and hemolytic analysis
showed that the 20-residue porcine lactoferricin ( LFP-20) and its analogs LF2A, LF-1, and LF-3 displayed the
antimicrobial activity against Escherichia coli, Salmonella choleraesuis, Salmonella typhimurium, Staphylococ-
cus aureus and Staphylococcus epidermidis. The minimum inhibitory concentrations of LFP-20 ranged from 64 to
128 pg/mL, and LF-1 and LF-3 were 2 to 4 times more effective than LFP-20. The studies demonstrated that the
analog LF2A , replacing the 2- and 17- Cys of LFP-20 with Ala, did not show increased activities against bacteri-
a, but exhibited decreased hemolytic activity. The analog LF-1, replacing the 9-and 18- Ile of LFP-20 with Trp,
showed improved antimicrobial activity. But the hemolytic activity of LF-1 was also increased at 4, 32, 64,
128, and 256 pg/mL (P <0.05). The cytotoxic potential of LFP-20 analogs was quantified by colorimetric
WST-1 and LDH assays in peripheral blood mononuclear cell (PBMC). LF2A, LF-1 and LF-3 increased cell
proliferation and viability in a dose dependent fashion. Compared with LFP-20, 25 to 200 wg/mL LF-1 im-
proved significantly cell proliferation (P <0.05), while 400 wg/mL LF-1 decreased cell proliferation (P <
0.05). Both 200 and 400 pg/mL LF-1 induced an increase in lactate dehydrogenase (LDH) release from PB-
MC (P <0.05) whereas 25 to 50 wg/mL decreased the LDH release (P <0.05). Moreover, LF-3 exhibited
obviously enhanced potential to depolarize the cytoplasmic membranes at relatively low concentrations
(4 pg/mL). In contrast, LFP-20 and LF2A had more modest antibacterial activities, and a weaker ability to de-
polarize the cytoplasmic membrane. In conclusion, the antimicrobial activity of LF-3 is found to be 2 to 4 folds
higher than that of LFP-20, which dose not couple with increased heomolysis and cytotoxicity to PBMCs. More-
over, LF-3 can disrupt the membrane potential by depolarizing the bacterial membrane, which is proposed to be
one of the mechanisms of action of LF-3. [ Chinese Journal of Animal Nutrition 2011 ,23(2) :241-249 |

Key words: porcine; lactoferricin; antimicrobial activity ; hemolytic activity; cytotoxicity

# Corresponding author, professor, E-mail: yzwang @ zju. edu. cn ( % #fF AT 7R ?;:)



