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Biological Activity and Stability of New Peptide Derivative KW-WK from Bovine Lactoferricin
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Abstract: This study designed a new anti-microbial peptide KWRRWQWRRWK-NH, (KW-WK) with the fragment of
bovine lactoferricin LFcinB 5,¢ as parent peptide. Apart from retaining the high charge and strong hydrophobicity of the
parent peptide, arginine (R) and tryptophan (W) replacement was introduced to design this anti-microbial peptide based on
the concept of symmetrical structure. The secondary structure, antibacterial activity, hemolysis activity, cell toxicity and
stability of KW-WK were determined by circular dichroism spectroscopy, broth microdilution and 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) method. The results showed that KW-WK existed in a random coil
structure in aqueous solution. However, it was a-helical in the simulated environment of cell membrane. The minimal
inhibitory concentration (MIC) of KW-WK ranged from 4 to 128 umol/L, suggesting that its bacteriostatic activity was
strong. The hemolysis rate was less than 5% when the concentration of KW-WK was 256 pmol/L. This result showed that
its hemolysis activity was low. The therapeutic index of KW-WK was 9.14, and its cytotoxicity was relatively low. Thus,
its cell selectivity was relatively high. In addition, after heat treatment 100 C for 1 h, KW-WK still possessed rather high
antibacterial activity. The enzymatic stability of KW-WK was greatly improved as compared to LFcinB 4 ,;. Therefore, the
new anti-microbial peptide KW-WK has shown a great application potential in the fields of food, medicine, livestock etc.
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PUAE F I R IAN L 6 97 B G PR S it 1 R
BRREAE, MR T EBOPOE R R R AT
BRI AR A REXT N 28 B B A P IR G 1) 1 ik DTV
B2, mFARKIEAUAER, FEOLWN 2529
BRI H 2w E Y, Rk, BRI SR AP
A 2 SR B I B B T A E R R S E e,
M0 K A T REE R 2 — o LB — KW
o % 3 A AE IF BRI PO s A N 4 K
(10~50 MR , &R BT RGM HIEHBGH
Gy, BCA TR PUEE MDY R R OE o R S A B 4
i, ASredmzgtt, HARENmaERmRaEid %
R AR, SH%RE. B, KEZHRRPUEIK
AME A S, BB, N E A —
PEo MRV BRI, X R AR PR K AT SOE BN T
THEBE A i+

4 B EAMK (LfcinB) XKW T 4+
A EA, &2 FH25 N ERKE
(FKCRRWQWRMKKLGAPSITCVRRAF-NH,)
S A A RS E K. B LfcinB 1l
YR ER T HACRE AR EAK, B2, St
FAH L LfcinB M 5 PR & A B4R . LfcinB 1 F B
LfcinB 4, (KCRRWQWRMKK-NH,) & H 11 4N Ik
FRuk 3, AR ELME M, wHEE MM, ZPE
ROy 7 i B AR AR . [RIE, ARHF A %N TR
BT PUE KA, PALfcinB g NEFIK, 7E{RE
S = 1 G o W B~ I PR T D B e A i
Wit#EE, SINAERBER (R MEEKR (W) &
e, Wit FERES 11 DR IERRE B R AL AT
HEBEKWRRWQWRRWK-NH, (KW-WK) , LR
LfcinB o, B AR e M. J > B AA I, M
I #3 2 SE A Hg S M A BT 7 SR B N 9 0 i
L k.

1 MHES5HE

11 MRS A

LB IEKW-WKHLEcinB ¢, 1 Fi#E# /R (GL)
A RA T G, & G4 1) & RSB (g A 44k
HVHL T 55 BT A S 58, A B K JE T 28 TRk Ve e, A
HIR P 42.56 mmol/L, —20 CIRA7E%&FH . SL¥HTH A
MR KMFF# (Escherichia coli ATCC 25922) + KWkt
(E. coli UB1005) & A& EKE (Staphylococcus
aureus ATCC 29213) . & OHE EFKE (S. aureus
ATCC 25923) . KEHHFRE (S. epidermidis ATCC
12228)  PAZAHHNEZ IR (Listeria monocytogenes
CMCC 54004) . FRAGIEVIIE (Salmonella typhimurium

C77-31) . MG EW] (S. typhimurium
ATCC14028) XS EFW T (S. typhimurium C79-
13) + ¥ITH (S enterica subsp. enterica CMCC 50071)
B3y v [ A bR 27 e s 7R VS B R BIE ST BT AR AT . SEEE it
NG & 5229328 i e w8 O R} 2 B i 7R V5 5 B B 5 T
’fr. HEAM., KNEAR. WEAOK. HEABK
% [HSigmaAF]; BEM (thiazolylblue, MTT) . =
LW (trifluoroethanol, TFE) . + ke SRR 4N
(sodium dodecyl sulfate, SDS) % [EBiosharpA &

1.2 5 E&

VD-1320888 % TAE G AE ORI /KA il &
AIRAF: 72180 Wt Bl oiricasa R
AF; ZHWY-2LIDREIRIRG TR BRI X
BHEARA T XMTD-4000 L HEIR KB dbst
Wik TC BRI ACES) .

1.3 JjiE
13.1 etk R T

PO K 1 B2 T 5T 5 R 4 R fef I heep://web.
expasy.org/compute_pi/ T, Hi /K MEAIER /K 7756 8 oF
http://heliquest.ipme.cnrs.fr/Fill .

132 “REHKINE

P KKW-WKARILFcinB g 5, — 45 ¥ % 5 —
R HEAT I E ™Y K KV AR FE 10 mmol /LT IR #h 2% e
% (phosphate buffer saline, PBS) . 50% TFE¥ K «
30 mmol/L SDSYAWH, AEILAIKE 60 pmol/L, 5373
BRI EE . AV R K AT L e 57 F Aar 1) JER A% 40 i
REIASE, SR 5 B — i ASOR A i VAT €
133 EREER

BRAFE T —20 CRIFF I BE RGPS, R 2 hh
THUREEIRAE T, 37 CHEFR18~20 h, PRECHEE, %
B 20 mLEG W Rz R, WG, 1R2%ER
BT 10 mLBrE A7 55788k, H59R2~4h, EREARL
TR, AR ARIREE N1 X 10° CFU/MmL, M.
134 HREIEYERIE

Z#Libardo 51 775, 1696 FLICH, RH2 i &
BIRA v A S 2 - Calbumin from bovine serum,
BSA) WAL LU BB K& W, 2815 fL PN 10 pLfs%
TP, 90 uL BSAE, f& UFRERISE 105 4L, JFi%
AN50 pLIBE R BB 11°5 FLIN B BAS IR A BE s i, 26
125 FLA MR FA O A PEXT . 37 CHEFR18~24 h,
6 PRITIR 7T O T A A G ) i AR VAR B DA A2 R ) o /N 41 7T O
J% (minimal inhibitory concentration, MIC) -

1.3.5 ISR

2% Stark 2 U . BUL mL A B T B i

1 000X g5 0210 minji5, WEAELLAIML, FHPBSHEL3 X,
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SRJE A 10 mL PBSE &40 . 7E96 LRI AT10 1L
W, HIPBSHE K2 B B N 1.3.471 Bk MR, I m
NS0 uLZLAH M2 . 5115 LI NS0 w1 48 i 2 5 Al
50 pL 0.01% Triton X-1001E A BHMEXT R, 125 fLInA
50 P LTI BORS0 uL PBSTE NBAPEXS IR, 37 ‘CRE 9%
Lh/aH, 4°C. 1000X g8 010 min, F¥ EiHHRAETS
FITF 1196 FLBO RLFIFLHT,  FEEAR A T-4570 nmAdill
WG . % R
A—A,

L To= — X 100

A ANPUR KR AL ER L OGBS s A N BAPES
RRZEL IR e s A B MRS B IR B
1.3.6  AfEEvERINE

KHAMTT:, MTTIER'E b R 29387 ) ] £ 4% [
Schmidtchen ™[y /5 i . $&H01.3.4%5 5B k. 5511
5 AL IN A B AN IR R BE P R, 5 1275 FLAS I 4 i A0 Bk
NBITERIE . 37 CHEFR24 h, &4LIN40 uL MTTHE W, 54
Fr4 h, JN150 pLff —HLHAVER, AK#E R 10 min, H
FE ARSI 1492 nmAd IR 6
1.3.7  FasgtEml e

PUBR R A e PR e R AR AR e e EhARE
Mg feE MESE . EBURIAFT B ATCC 25922 8 S50 bk, K
Y N e N A & L G R R G
13.7.1  #FasE P e

PUERLLEL100 Chn#id h, ZRJE5EMIC,
13.7.2  EhEEE M rn e

a3 A7 A AN F B (NaCl. KCl. NH,CI,
MgCl,+ ZnCl,. CaCl,w FeCly) KJZHIMHBE; %3, #Eik
K Ja FZ 5 b8 7 L B T 9K 91 X 10° CFU/mL.
WG, B3 AM TR, IMAZ & R, JF
18796 FLER 17 FhER BT I 24K 53 51 9 NaCl 150 mmol/L.
KC1 4.5 mmol/L. NH,CI 6 pmol/L. MgCl, 1 mmol/L.
ZnCl, 8 mmol/L. CaCl,2.5 mmol/L. FeCl;4 mmol/L,
SEPTR R IMIC.
1.3.7.3  BEgkasE YR E

FE3T CHRKIHAT, HRBZ RN mg/mL
WHEEAN. REAE. KNEAN. &EBEKIER
AFEHURE KL h, SRJE M E HMIC,
14 HEabr

FEANFFIRE I E 3 K, HIBxcel B X R 46 2 e
BEAT AL EE, 2 )5 R FISPSS 17.0%4F BT B2 M 7 s
P<0.05, EHFE#E.

2 &S

2.1  KW-WKHILFcinB, g7 T4k

1  KW-WKHiEkRILFcinB,q 53 ¥ F

Tablel Characterization of KW-WK peptide and LFcinB, .5
A iE/Da
b = HFA WG BN B 49
IS ARSI AbE SRE B BUKEE BOKORE ARG

KW-WK  KWRRWQWRRWK-NH, 17721 177113  +6 0441 0251 96.94
LFcinB g, KCRRWQWRMKK-NH, 16059 16052  +6 0420 0095 9581

R LR, KW-WKHNILFcinB 4. SEFR 2 7 5 &
Y291 17113 16052 Da) 5HigHFHE (755
11721, 1605.9 Da) R4, FRIAG R BT 75 20
HARMK . KW-WKELFcinB, g5 1115 HL AT BT /K 1 4 22 A8
K, HEKIHEAE TERIEIPER, RHKW-WKRHEE
EENR N L
22  KW-WKAHILEcInB, ¢ o) - &5 Fg il 72 45 5

»7 e
77240 250

P57k ik JRE A [ P/

(107 (deg * cm?) /dmol)

307 240 250

S ¥5 5k IR A I 12/

(107 (deg * cm?) /dmol)

—6- WA /mm

H1 KW-WK (A) FfiLFcinB;,, (B) 7£10 mmol/LEJPBS,
50% TFE#130 mmol/L SDS i Hr ity [B — i bl
Fig.1  CD spectra of KW-WK (A) and LFcinB g, in (B) 10 mmol/L in
sodium phosphate buffer, 50% TFE, or 30 mmol/L SDS

1A, fEPBS (BEfKIAEE) o, 2 ZKMKTE
P K200 nm T AR 2 I — AN FURRFIEIE, 3X 2 B E A
Z K TE I ) g RLREAEY . fESDSIE T, KW-WK
TEP K195 nmfhix 2 3 E PRFEVE, 7E9% K208 nm
1222 nmib B I H2 AN FRFEEE, RIPKW-WKLERK
LA PR 855, Dha- BB e 45 M 47 7E" . LFcinB g5
EP K200 nmAbH — I EF fAE, S LAESDS
WA AT G MR fETFEWMF, LFcinB g
TEPK195~198 nmAb I T IE IR ARG 47, R K
217~218 nmAb I 7 — A FURRHIE R g7, 1K 2 p-4
B R B WA R REAE S
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#2 KW-WKHiE I FLFcinB g, {yMIC

Table2 MIC of KW-WK peptide and LFcinB,g 55
—_— MIC/ (pmol/L)
L KW-WK LEcinB 5
22 B
KIGFFHEATCC 25922 4 16
K FF #UB1005 8 128
RAG#EPITHIC 77-31 16 >128
RAFEP T ATCC 14028 32 >128
X IR TTRC 79-13 16 >128
YPITHECMCC 50071 128 >128
22 FCRE M
S B A EREHATCC 29213 8 >128
S B A BRI ATCC 25923 32 128
F A R ATCC 12228 8 >128
MHC >256 >256
GM 28.00 200.89
TI 9.14 1.28

7 MHC.3/NA MK E  (minimal hemolytic concentration, MHC) 45|
HEC N LT 45 %676 1L 22 I IR MRS ;- GML. geometric mean, HUMKXT FT A
B B /N R B R B I LT T3 8. TLVRYT Fa 4L (therapeutic index,

TD s AN AR 5 5 /N BRI JBE 1 T LA P 25 7 LU AE

HHER20 %1, KW-WKAHIMICTE [ A4~128 pmol/L,
GM #28.00 pmol/L. HX K+ BEATCC 25922
40 W M iR, MIC A4 pmol/L, 1 xf b1
CMCC 50071 ## B M 5 55, MIC A 128 pmol/L.
BEAKLFcinB s A B R B2, B 76 K+ &
ATCC 2592214 B & R o 2 A, o HAR 8 R B0 1 (1)
MIC) K F-64 umol/L, GM4200.89 umol/L.

2.4 WEIEPED 2S5 R

3.0
- KW-WK
25F —+ LFcinB 4

2.0
1.5+
1.0+
0.5

0.0 1 1 1 1 1 1 1 1 1 J
0 05 1 2 4 8 16 32 64 12825

JkHE/ (umol/L)
B2 KW-WKFILFcinB,g . i i b
Fig.2  Hemolytic activities of KW-WK and LFcinB g,

I/ %

B2 0] 1, BE A IRIREE 3G 0, KW-WKR)¥ i %
256 EAHE T RIS, U0 A2 O 21 40 i i I 2
SRR . MKIR T AE1~256 umol/LINy, 2 2% fikxt
ST M VA I R AE A HAES D LA, T B2 2% ik v i
RS
25 ZHHEEMEDN E 45

B3R AL, M BRIKRIEAE0.5~256 umol/LZ [E]IH,
KW-WKALFcinB g% 4l Hl 77 3 23 52 00 O 2 3% 2 &
(P>0.05) o MLFcinB g, ETE1~64 umol/LX [H]

N, BRI AETE BAE95% UL, MKW-WK IR JE 7
1~ 128 umol/LZ [AIK},  4HHE I A7 3t RAKIRAE9S % LA I,
K W-WKAHILEcinB 4B 1EER IR/ o

40
20
0

140 o0 KW-WK
120+ B LFcinB g 54
g 100
@; 80
E 60
=2
5

05 1 2 4 8
K E/ (umol/L)

3 KW-WKHILFcinB,, ,,/f) 41 i 54k
Fig.3  Cytotoxicity of KW-WK and LFcinB 4 ,

16 32 64 128 256

2.6 e R
2.6.1 #FaErE

%3  FbHEEKW-WKFHILFcnB, g,y MIC

Table3 MIC of KW-WK and LFcinB,g ,; after heat treatment
- MIC/ (pmol/L)
LR SRl AL
KW-WK 4 4
LFcinB g 16 16

HIZ3 0%, KW-WKAHILFcinB 45,2100 ‘CA4LFET h,
MIC{5 A4 pmol/LAI16 pmol/L, A2 2k A & A%
TR A

262 it

#4 B EAEFEKW-WKFILFcinB,, ,,fJMIC

Table4 MIC of KW-WK and LFcinB,g ,; in the presence of salts
. MIC/ (pmol/L)
7 3
PLEk Na®  K' Mgt ca¥ zo®™ Fet NH x4
KW-WK 8 4 8 8 8 4 8 4
LFcinBy,, 16 16 16 16 8 4 8 16

HIZ4m &0, Ky Fe’ X KW-WK I % 1 A 5
Wi, MICAS 4 pmol/L; HARS FfH & 4b B 5 FIMIC Ky
8 umol/L, HEAR XTI 194 pmol/LIE &y, (H KSR IRIFRL
EHAMEE . Zn’t . Fe’T. NH, AEESRLECInB g, I
pEME, MICA 16 pmol/LEF(KF]8 pmol/LE4 pmol/L, I
flPH & T AR LEcinB oo [N 1E 1, MICAAE, &S
Rl AEH, 2 FMREEA B R RS T RasE .
263 MEfaENE

#5 BEHBBERLEEKW-WKHILFcinB,, ,yMIC

Table5 MIC of KW-WK and LFcinB,; ,; after treatment with proteases
Pk MIC/ (pmol/L)
gnz oy oy
HiEAl RO ANEAE RABK oA
KW-WK 16 >128 8 8 4
LFcinBjg,s  >128 >128 >128 >128 16
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HRSAT A, KW-WKZ & ARG, MICH
4 umol/LE N ~128 umol/LLA |, 584 ki%. £B&EHA
filg. AR (A BEAN R A KBS AL FEEMIC /516, 8 pmol/L
HI8 pmol/L, EIRAG P I im (B AK SR A B 1R 400 58T 3%
4 P F X LFcinB g o A B T PE R AR K, b2 )5 1)
LFcinB g o MIMICH) K128 umol/L, 58453,

R 5 . 1

KEMFERY, IEHRM . BRI EME 2 P s
kA PpiE R EEE R R, BERKLFcinB g, AT 1 L
T (+6) MERMITAKME (0.420) , {EHFEMEAXER
550 A SR AN € R 2 v R I 1 E B A G
KRR A IE AT, BEEA A5 40 B b i 6 H i 1) B
oy CRRZHE. BEfR<) MIEAEM, MiMaEw RN ZERER
50 PR 200 T 20 B P 2 T s TR (N ] B LA R A
K, XA EERR G e R B K AL, A
BT b o AR e fE AR ) R . — SRR R, X
Frat ffe B E IR m PTG A i . BT, B TEAE
LEcinB g, HLfT  SRIET K VE A SRR b, A0 Bk 45 49 1)
BOFEE, SIANEER OFER. R B, WM
PoEPE, BRI T BT IRKW-WK .

KEMFRERYE, mAPIEKN %W, Dla-ig
fesm 20, A i 4 ETEPBS AR A T LG i 45
FJ; TESDSTEMHKW-WK Ra-12E45#), LFcinB, g 4K
SRONTEAE B 45K ;. {ETFEYE M LFcinB g 05 NB-3T B4
Ko IXPLIA BT SUE I P E IKKW-WK, 7545 H0U4H A 5
WEE (SDSVEW) 4 NI ith 55 A8 B o- 8 JiE 45 44
o-WE 8 HH 1) 57 K D AR B 7K A 4 ) Adk - MR e 1 7 ]
XA SRR Z K B EAE . 4
PO K 5 90 (O 0 I 4t A i, a- iRl S M R, 7
YT it R 5% T T RCFLA 3 4 P S AL, 4 AE
oo FTEA,  a-885E 45 R 0T Bt B K 00 90 B8 3t 14 A AR R 1
FOMA Y PR I (0 S 6 45 SRR K W-WK I 1 3 i
KT LFcinB g, IXHTE—EFEE [ IE B o- W5 e 25 14 RE 5
B SR K O ENEYE . LEcinB g s NA-T B HIH K, 7
RN R ER T IR &/ — A ERERR, a2
TE R B-IT B [ 06 1 F TR

T K, 2 B B0 750 16 B o8 e S PR B s, 4t g
R, — BN NTIR T2.00 8 A 2K 5,
TIK F3.004 i PRI & 2, % P4 £ S632A.
WK, FIEFHMKRETIZMN13.61. 4.8, 9.35277%7,
AP B S PE . LS PE ARG B PR 45 T A, KW-WK
BITI (9.14) i KFLFcinB 4TI (1.28) , ¥t
KW-WKIGH Mg R, 5IE S AE bl R B,
1 A B B SR AN GRS IR 45

PUR KR FA 7, ERZB Z AT E R K
W, s L, AR AE. B mENKES
filg, SAPHE &I, Kk, ARSI MEE. e
T EANEX3 AT KW-WKHILFcinB 52 &
PEo 2 FIRE IS KM BEEEIRA IR S, X5 2Tk
T P R 4 PR IR LA R ) kR e A 2 2 4%
JR R AN ] 6 B8 AR e e AN ], E R A 1) R B8 T AR E
Bf, Na's Mg™". Ca™ & FIRKW-WK I T, X
AT BE A2 R N BH B8 1 1) 45 O s 2 5 =2 B 1 1A 4 PR S by
SR I 20, TS FhiE k2 md R iEE S
MEAMMRELE &, i Rk R/ Wk, HIREm
HH H S 1R B 2 0k P B UK S A B RS L AT S
PP A . KW-WKEZR iR [ I A 1 i 14000 T 35 12k DR KB
K, ZBEAMN. ANEAN. &aEKRRmEN,
XA BEAE FH A [R) 8 i 00 B U0 67 R AN A3 i iR
BY, B &R IR DAL R B K S 2 R 5 S A A
B, AMNEAMETHEEAR, ERMSEBR
. BAEBAHERE S IKES . &ABKIEEIL A
AT 2R, 0 2400 B 7 i R R R Y. |G
TR AT A7, 2 A5 AR RS I 2 B i o e g2
KW-WK & H i BRARE 2R, 8t 2 Bl JBR 2 1 i D) ke 2%
i o LFcinB g 404 Pl H AL 2 5 i g 353 2%,
HHLFcinB g, A7 4 FivAL (G 1 BED) AL 5

4 & ®

A FEAELFCinB 5 fF0 5 HLAT BRI K 1 1) il |,
AR AR K R 5 A T U T B BRI VT HE B 2 B R KK W -
WK, SRR, HrAumEEKW-WKIH B K B T =1
YU EFENE, ML, WA AR, AR
PEUF, PUEE A BEREAR 068 705 . IF 030 I S B R B 4
38 55 P S 1 R NS R 4 P A R T B e I I SO U IR
LFcinB g o I AEDDENE, 5B IKKW-WK B A 1E AL
AREHRS . BRPIEF RN IR E K.
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