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i E: RARARAABROREARSD, 255 WA FHIE KM E— A MR A IZATR A
B, ATRZHABA KGR FHFMH, BE5THAFHMNIKTT A KRG LEMAFHE, SFEMEAE
WEFFEE., B LA (RXKY)YRY), (X AR A& Ile, Y AR A& Leu) AAEM L H#7 A 3L iE ko -F RIKL.
BT A = & 3% (circular dichroism, CD) 42| RIKL % =R &M, F@idoFahhFomEmT
RIKL /K% A= POPC/POPG IR T 694540, B AT @AMl Fde. BihF ., mnati
SBFRAMSRIFR TR LAY FEL, CD R AW, RIKL A@ @ EEMIRET 20
a-$EaR LE MY, - F B A FAEMTAN T RIKL T VAL KRR A POPG HRE TR G0 —RLEH, Mk
POPC SRIL T 4T 89 — AL M S 2 H K. @ KA RIKL EA KRS0 HE M, LR
# JKJZ (minimum inhibitory concentration, MIC) &) JUFT-F344E 4 3.1 umol/L; % fn A= 2 JtL 25 M X 3o
A9, RIKL ZARNTEE N LighEdd, @nahiil; 2Kk LN, RIKL £FF pH 4.
FRIREFA LB T HEGIETHRFIAEM, HE0 L4 R, RIKL B4 8 &4 itk
M, B RA B BAUE AU KRBT .
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Molecular design and biological activity analysis of
antimicrobial peptide RIKL

FANG Yuxin, LI Ling, FU Wenhua, DONG Na, SHAN Anshan

Institute of Animal Nutrition, Northeast Agricultural University, Harbin 150030, Heilongjiang, China

Abstract: Natural antimicrobial peptides have strong bactericidal activities. An obstacle of the
development of antimicrobial peptides resides in the difficulty of developing peptides with high
biocompatibility. In this study, molecular dynamics analysis was employed to assess the structural
characteristics and biological activities of peptides. A (RXKY),(YRY), structure was used as a template
to design an antimicrobial peptide RIKL of high-efficiency and low-toxicity, where X represents Ile and
Y represents Leu. The secondary structure of the antimicrobial peptide was detected by circular
dichroism (CD), and the structures of RIKL in water and in POPC/POPG membrane environment were
measured using molecular dynamics. The biological activity of RIKL was further studied by assessing
its antimicrobial activity, hemolytic activity, eukaryotic cytotoxicity, and salt ion stability. CD results
showed that RIKL presented an a-helical structure in a simulated bacterial membrane environment.
Molecular dynamics simulation predicted that the secondary structure of RIKL could be partly retained
in water and POPG environment, while this secondary structure was weakened in the POPC
environment. Antimicrobial test suggested that RIKL had high antimicrobial activities, and the
geometric mean of the Minimum Inhibitory Concentration (MIC) was 3.1 pmol/L. The hemolysis
indicated that RIKL had no hemolytic activity within the detection range, and cytotoxicity test suggested
the cytotoxicity of RIKL was low. Stability test showed that RIKL maintained antimicrobial activities
under different pH, serum concentrations and salt environments. Based on the above results, RIKL has
high cell selectivity and has the potential as a highly effective antibacterial drug.

Keywords: antimicrobial peptides; molecular dynamics; antimicrobial activity; toxicity; stability

R LR, PUAERTERBEFEAK
R AEE EENERY, R, AMNEBE
— BB LTI, Pl RE R BIKNGE
BRI 24 0 [R) R | A i B T O . AT
H YT S —FoE Y ORI G PR R
YL K (antimicrobial peptides), X FR1E B 1
i (host defense peptides)™, EAHUHEME. Mk
BRI JCHR B AR LA, T DI Ok B
HNREAAZ 9 AR ST TR BR B B 9 AR 40
AN F Y BB RO (SO B % G B4 A
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PR ER . A AR, i H X RE . AT
Az ORI R A0t B IR . RSB,
PRI S B gt A R A LA 235 2 57
DU IR LA L5 AR T A AR, i an
PRS2 M o 11, S A R AR 2 5 LA
BHIE DNA A0, MIHRER IR, X
AT LT A2 X0 B k™ AR T 2 T SR,
TEGUR KR A R rpr, TS AFAETE 22 R Ao fifk ke
AR AR PRI, 5] G X L 0 % SR 0 1 K ) A
A A AR A DL R AR AR

X: cjb@im.ac.cn



176

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

WFE RN, 3 O R ) 28 L TR 51
PSR, 0 KR SR A B BT s B i ik n]
P AR BTG M, OFREIRERIE Y. ik
R VE: AT DAAR AR BC 17 JOR A A Jo LR R g
Sy b SUNIPIR e BN N0l 2 s iR |
IR 14 532 7K A 2 — 1 P A S e A B Vs P i
DA 388 3t 9 48 i 7K P B2 BE IR T BT 1 KP4 v A o
B N S B BRI RE W TE — e YU IR N 2 i
MTEEMED Toh L T 18 MAHE E X
WY A1-A18, JLHERT A15 4h, HALAHE
JIKEy BA IR AR R 2 2R (Leu) F 52 R
(Ile), FBLH T 4 AYPTAE 22 FCBH 1 TR A Il
REEST, $8/R T BK RS 2E IR Leu A Tle X FHi
2 T PR T L 2 R P 4R P b B A 4 R
B P TEDR S & B Tle MUPH S T 2 KRR IS
RO P Z BRI T BRI, AR
B IN Tle AT LA RS 36 77 2 -t
R, I AR AT R A B N B R AT
G Z TR BH S R AT LU SR Ik
TR 40 S e b W 5 10O I % 1 I
T DA ST TR K5 B 0 A L R Ak U R A
HA TR WA — B, (HI2H T B sk =
IREE, BEAR T XL ah Y a0 g2k, BT LA
ML PRE Y B, A SR AR IE
i A IEIR (R PR AR IR) 5K M R
(AR RS ATR) S M7 1k M 47T
[NPE k=g s

HAET, 273l 1241548 (molecular dynamics
simulation, MD simulation) &£ M5 A Y
RAFT-HERI 0 H Tk o P IR RT LUAT 0m il
MG RRRIE SR, (ARt —EZ R, dd
GROMACS F& [y (i i L[] MurD Al ) 25 45K
i B FE VD 1) G IR RS A 5 R, SRR T
3-(% W 3k )-n-(4- AR BE TR0 R P2 AT R0 Ik
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BRHMEIFIN, FAN, XA ARV S
POPC #1715 Fal J12#AL, RITCIE 4 A 7
BT, BRBCEM TS5 RUR BILERL S,
LA T 2 AR BT TR R R SR AL
A LU(RXKY)2(YRY), (X 183 Ile, Y
fRFE Lew) MM 487 1P B AL RIKL. #6510
ZPUH K (RIKL) F0XF BE KB 8 R (melittin,
ME) ) &858 30475y F 8 it 5, b
Hf /MBI . WITEE . EAZ A B E
FRE Mk o ASHIFGE Ay i A A 25 R v 410 R0
OB KR AL TR vk, WA R B T
ARBRHELEKR,

WL

1.1 #$
1.1.1 MEREK

DLW AR & KA AW (P E B A
B, SR FF S AH R 255U AH e i RN B S B O
W /HE B RATRT I B S . A E T
95%. BLEIKLL 2 560 wmol/L By He v fie T 2=
Bokdr, IHEfF7E-80 C.

AWM CCS H#% (http:/www.bbem.

univ.trieste.it/~tossi/HydroCalc/HydroM Calc.html)
TE 215 18 58 7K F0AR XS i oK 4R
Pymol FRHHT & KA PDB £544 34 .
1.1.2 EHRFR

KA BE Escherichia coli ATCC 25922 .
Escherichia coli UB1005 . Escherichia coli K88,
SR FEVD T QT Salmonella typhimurium ATCC
14028, XY EFIVP TR E Salmonella pullorum
C79-13, & ¥ (A & BRI Staphylococcus aureus
ATCC 29213 Staphylococcus aureus ATCC 25923,
R A EBRE Staphylococcus epidermidis ATCC
12228, AHREZEMIFFIE Bacillus subtilis CMCC
63501 B AL R B R Be i (M /RS
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1.2 A%
1.2.1 ZREHDH

PR R — G5k CD At ™,
B E R 150 umol/L Y BKY /i #E 10 mmol/L i
BEIRERZZ 0PV W (PBS) M1 50% — 3 L (TFE).
KA B AL (Jasco, Tokyo, Japan) 7E
25 CRE
122 SFHhFiHE

FIFH Pymol A i RIKL FY 22 ik A 3 S, i
Fl GROMACS ¥ Xt RIKL BIHI 45 H 7E7K
Wb EF T MD BN R Se P AR RIKL
BT R/ 1 nmx1 nmx1 nm B2 &7 IF
WHERET 1. MK RIKL HRfk, &F
SPC216 /KIEW T, BAMERTPINAZAE T, fif
F 450 5 M P SR B A T g e i/ M
&, ZJE#ATIEN R LR (canonical ensemble,
NVT) 5 % i %5 K R 2% (constant-pressure,
constant-temperature, NPT) 544 R4z 8, pr
AIEINZT 100 ps. /KFR MD BHIZT7 10 ns
Ja AT ¥l 15 5B . POPC #il POPG J&
AR A, Horp POPC 38 H R A
WL Sh 4 A LA, POPG P SRASC DL 200 17 200 J FE
KT P-4 40 ns 1) POPC 1 POPG JiiifA& 212,
207 1 ns MIBERLGE AT 00 3l 124 i .
1.2.3  fEEMERNE

ISR MIC 2 75 A Ak B 22 ik
P B S MR B BOR A5, 76 37 CHigF
18-24 h Ji AR E  ODaoy 5544 T B
(B S35 40 D PV IR B X BR A, A i T
AV TR BV X BE A
1.2.4 BFIMIEMENE

IR AR MRS (rHEE) IR,
1 000 r/min B.0> 5 min J5 WeBE A 2T 40
(hRBCs). FfiJ5H PBS Pk 3 WFE &, ¥A
[vi] e i ) 22 KRR B 5 hRBCs TRAT, #E 37 C
TWEE 1 he PR H 5 hRBCs 7E 4 C &L

&: 010-64807509

(1 000 r/min) 10 min J5 M & ODsq 5514 T MG
Ho A& ZHKA hRBCs MBAPEXTIRLL, 4 0.1%
Triton X-100 ZbFRAY hRBCs Ay BHAH: X} B4
1.2.5 HEFHRINE

W R A T A B BB L RAW264.7
(P E R 24 B 0 A W Ak 2 5 A A P 5
fir) 29552 M Wang 5§ B 5 3 00 % 40 M 5
P, fRIEORTE, K AR B S AR £
RERR A, 1E37 'C. 5% CO, FFE 4 h, Ji
A 5 mg/mL ) MTT J5 46420 F 4 h, 45055
P IS W F 100 L DMSO ¥ il FLITE 25 55 1l
FABEAR G E  ODs7o T IIWOGAE . A2 RREY
RIS LA B XT B
1.2.6 EEFIREMRNE

M SCk S % ik, B R MR £ ks
W5 AR S BOIR A, TEAS W] B A R ER Tk
(NaCl (150 mmol/L), KCI (4.5 mmol/L), NH4Cl
(6 umol/L). ZnCl, (8 umol/L). CaCl, (2 mmol/L).
MgCl, (1 mmol/L) #1 FeCls (4 pmol/L)) T #%ZH#
1.2.3 W M e U IRTEER B T P i MIC L
1.2.7 Mm%, pHEEMRNE

SRy T AR L T s 7 2 X B R O A R

SO, BRI 2 03 00 5 50% . 25%F1 12.5%

PG A IS AE 37 CRIEE 4 ho IPANPLE IKAE
AN pH 8Tt E M, % ZIK5 PBS (pH
280 12) T 37 CHEH 4 ho RIGHHR 1.2.4
F 5 0 5 X SRR MIC,

2 BEREAW

2.1 IMEBHYIRIT

TU A K AR 235 ) N % S 1 4 B4 2 2 B0
B 1A 1S, il CCSPE H RIKL 1Y
FAME R 1120 BRASELS /0 F (B -5 0 19 43
TR —BHT A AL LS 95%L I,
F U 22 KB LT A A
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Arg

| Arg

Arg

.Y

Arg

1 RIKL B (A) BERTEE (B) ZH4
R E (FERER S EEREsM)

Figure 1 RIKL’s (A) schematic diagram of the
spiral wheel and (B) 3D structure projection
(arginine is distributed outside the spiral).

22 RGN E

CD 3 AT AR e & RRTEAS [ rh i —
g 4ERE . RIKL 7E 10 mmol/L PBS Fil 50% TFE %
WA CD YEiE A 2 ff7R o RIKL 7£ 10 mmol/L
PBS 1247 200 nm Ab 52 B — A~ d5e /N G GiE B
T RIKL 7£ PBS Hr 2 B JC KL A5 Hh 4544 . 7E 50%
TFE % ¥, RIKL BGRB8 7520 207 nm
226 nm FFITIE BB, XUERH T
RIKL 7ERHL B K FREE B AL oS8 BE 451
23 RFAERH

TP RIKL FEK B ek, Xt
RIKL 7E KIS P 4T T 10 ns (9450 T8 Ty 2445
Bl =4etyg g i i 3 ok, RIKL 7E4 )]
10 ns J&7, KERsT5RILBEORFFIBRIE LS AL . MR Y7
2= RMSD i /8AE 10 ns BRI R, B

%1 RIKL &t EBEMIBEBLFESH
Table 1

H I F RS RS o RIKL 1) R 2574
AR o-185E Y 5 FE AL FH W) 0-2 s (1 10 4>
FEALE 7 1>, RIKL 7£ 58A& & POPC #1 POPG
Bl 1 ns J&, 4n& 3D Frok, i@ RIKL 5 POPC
Ml POPG JE A MM E ML vl A RIKL 7
PR EREE T e S AR —3, {3 RIKL 5
POPG LA w2 T POPC, il
RIKL 5 WAL S — S 250 i 28 Ak ml LAE
i, 7E POPC ™ oM@ 5t 28 T F%, M7E
POPG M HEEFFH 451
24 HEEM

gk 2 fr/R , RIKL X 85 2% [ B 5 18 MIC
B 2, XFHE 2% QB A ) MIC {EL7E 2-8 Z[A],
MRAEIRITIEEL (TT) A8 RIKL B TI{H (82.6)
Wi, RWEEERMN TIE (0.1) 1826 1%, HYS
PUAE RNV R R —3. Bk, RIKL B
A2 1 P AN B BRI AN T B
2.5 mamMEMN

i 4 Frs, FEWEEA 128 pmol/L B, &
ARE] RIKL BI% MG TE. M = EwE N
16 pmol/L B %5 Ifil % 4 80%, RIKL R 7 fix
P T T VAT T AL A B I . X W RIKL
AH LUt B 2 5 A B W AE AR A
2.6 HREEH

FKH MTT LRI BT K RIKL XF BB
Y RAW264.7 By#EPE. 45 RNKEl 5 i,
RIKL 4bFRJ5, AIMAFTE R m T 80%, TEmk)E
128 pmol/L 4k, RIKL F- 5| A2 B A% 41 i 55 14

Design of RIKL and key physicochemical parameters

Peptides Sequences Chemical Theoretical Measured Charge Hydrophobicity Hydrophobic
formula molecular molecular moment
weight weight
RIKL  RIKLRIKLLRLLRL-NH, CseHiaNagO1s 180436 180436 +7 1.12 1.62
ME GIGAVLKVLTTGLPALISWI Cj3HysN3O3, 284573  2847.44 +5 ~0.01 3.04

KRKRQQ

http://journals.im.ac.cn/cjben
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M HE R AE 2 umol/L AL A IATIG R AN I 80%.

ML P B A U JEE 2 L R IR A AR E 1
M, DR ATTI A T 7 A 3

=/
wo

Eh e TN AR ER B X RIKL A%t HE Bk 75 2%

B/ MR B, 45 RN3R 3 PR, 18 Na',

Ca> 1 Mg*“ i, RIKL Xt E. coli ATCC 25922 1

30 -
—PBS L L
Z 20F .. TFE 277 BBFREAEMN
g s
U A
%o g fﬁﬁixlﬂﬁgﬁ’ﬂ
? 0 .....". ........................................ .T.:J_
= .c
M . .
= -10 \/ """"
1 1 ]
20 7500 220 240

Wavelength (nm)

2 $EAK RIKL # CD ik
Figure 2 CD spectrum of RIKL.
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227 10 ns EHE RIKL B9%5%  A: 3D El; B: #RIYFH2ZE RMSD sRStE; C: —ZFshtyas

tbs 1 ns JFIEE AR HHEIK RIKL; D: 5 POPG (5:4k). POPC (EZR) my&sd1k; E: 5 POPC
BHLE I — R84k F: 5 POPG BHLE Y &5 M 22 4k
Figure 3 After 10 ns simulation, RIKL’s 3D diagram (A), RMSD function diagram of root mean square
deviation (B), content change of secondary structure (C), hydrogen bond changes between RIKL (D), POPG
(solid line) and POPC (dashed line) (E), secondary structure changes after POPC simulation (F), and
secondary structure changes after POPG simulation.
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100 - .
CIRIKL | &
EIME
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=
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0 L L L IT--1 |H L L 1 L L
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Peptides concentration (umol/L)

4 RIKL ¥ hRBCs H9A I 55 14

Figure 4 Hemolytic activity of RIKL against
hRBCs.
150r CJRIKL
CIOME
120 - ]
= . T A
2 1 I
2 90f I a1 1
;’é
= 60 f
5
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0 1 1 i \|_| Iﬁ Il-ll Irl Iﬁ I|J-|
025 05 1 2 4 8 16 32 64 128

Peptides concentration (umol/L)

5 RIKL % RAW 264.7 B4R S 14
Figure 5 Cytotoxicity of RIKL against RAW 264.7.

&3 RIKL MEBETFREMS
Table 3  Salt ion stability of RIKL

2.8 [;&E#0 pH EIEEME

R T PR KA MLV A EAS A pH {ETF
MRRENE, #F RIKL 55N [FHE B AY M Vs FI7EAS
7] pH B 25/ T F & 4 h D0 Hofw /NI T vk
AR . G55 1E 6 B, RIKL £ 50% i i
HRHBET S 25%F 12.5%I075 95 & )5 /)
P e A Bt F . RIKL 76 pH Jy 2.0 F1 12.0
(2T, SR/ N R FE S T R o RIKIL 7E
FPEREE T AT IR DA 4 55 o e T 1 e
3 ik

S HUR RN Ry 2 1 F AU Y A
ER—IE B2k, (HHAE D —JB B G R 2 Y
AR SRV ERRIER . BIHFTEY IR, Y
A DBULR R R T BTG T
YU IR AP TE TGP, AR 2 ) 1 21 48 i i
B HA MR B RIVE R, FRATTHR I 1) T B A
Pt B K RIKL . CD SGig 2 Hr 20,
AR UL 20 TR 200 L PR ST ) K PR S B, RIKL 52
A - MR ESE F O RIKL o 4 1 6 f e B i g ]
B2 T 7E 40 R B 95 R TR Y o- 18 e 25
o) T B AL Ay 24,

Peptides Minimum inhibitory concentration (MIC)
Control NaCl KCl NH,CI MgCl, CaCl, ZnCl, FeCl,

E. coli ATCC 25922

RIKL 1 2

Melittin 1 1

Ciprofloxacin 1 1
S. aureus ATCC 29213

RIKL 4 32 8 4 4 8 2 4

Melittin 8 2 1 1 2 2 1

Ciprofloxacin 4 4 4 2 4 4 2 4

The MIC values (umol/L) of the control group were determined in the absence of these physiological salts.
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=)

B wn

Minimum inhibitory concentration (MIC)
[#8]

Bl 6 RIKL7EA[E pH FMELEF B &/NMIE
KEEE
Figure 6 Change of the minimum inhibitory

concentration of RIKL wupon treatment with
different pH and serum.

PO BRTE S ) iR e YR PR AR RE IS K
W ORAEIT R ARG PEVE A RT3 . @t 73 F3h )
SEOHE AL, RIKL A 2 S5 M 7E K IR W v & 2k
T, Sk R A ISR i, (R
5L 82058 Ky 3, RIKL A 2% 45 0 31 3504 I8 )t
1M 52 B R R . 77l 22 RMSD 25 R
JNAE 10 ns AL fEHr, RIKL 730 FH 440 T
R mAsIRAs, R RIKL AR IEKE R
g, DL RS REY], RIKL 7EK W
MR G o kA, (EATY SR RE PR e AR e 45
FRRE o BT WA FKFBEUE RIKL B9 5
T A, B T RIKL 5 POPC/POPG HYAH
HAEHP), @it RIKL 78 POPC 1 POPG 1)
M4 22 50l LIE Y, RIKL A L5 POPG JE R E
Z AR, TSI I G 0 A 1 A R
HLALIF BB I L4 2 K i 0

TE—E S0 A, B R K P i 3 A 13
Prbt 5 e =P FEAREF ST R, RIKL B
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SRR PRGN, B RIKL B9% I
TR T R . NZS IR R B, RIKL Al
B 2R Z WA B XN AE T IE AT 4 . B K PE RN
BRI (GE 1). BULAT LAHERT RIKL Ayl
PG PE R BB R S IE R AT R (+7) AR B K
P, XA BH TR A H A BORE 2K P X
TG ER R A F B RERYS 5
AR 1) e e PR A R 0 K e AT AR T e 5
(TR JC 0, i e M R A I T R 1
FECO TR K-S 0 B VR AL e
FI I IE B M 55 20 BB 2 1T SR LPS (2%
FCRHPE R s Z24) = LTA (2R
RWERERR) MWLE], 38 1L 8 K AE FH R 4 i
FBEZH 43, A2 A B R LR, 4 s Ak
WAmAET-P ) R, RIKL X # 2% BG4 A FH
PS4 AN R RE B A B TE o R R S —
BUGAK I 5E, A5 W e o IR s Pk i — R
B R, RIKL AHER T8 58 R AR E K 7 5]
REAZ 2N RIKL j7* AR AR I 375 24 A ELA% 4
B E R R, Fn, T sh el
RIKL 5 POPC % & S Ec it A8 Ab il Bl w1 Lt
W FL Bl Py A MR TR 4 2% . Z5 b, RIKL G 5
IRTR D B SR B BR T T AR AR A
A PN 22728 1 PR X6 0 T IR A v A AR R
SO, R RN B R E AR B . s A pH
fHo P, PRITHUR RTEA [F] v BE 1 #6825 1
MVEFANE pH AT ARG E HEAE A 7 0
FAP A 5 F B o PUTE KOG 20 B4 200 it 5% 1 e
H, W SR P 2 52 3] v W B2 0 2 - (5 i, T
T G BT JURRT 200 TR 200 1 A AR PSS, DA
MREAR T IR IR R AR ). R 3 W LUE
H, RIKL 7€ Na fil Ca” f7AERT, MEEES R
EREAL, WAE KARTE T X 4 B (03 45 BR 1A 1975
PEA P, oAb 2% T RIKL JFICHmi
Ve . WFFEEHT, Na'Fil Ca* AL 2 BHAS L B K
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SN R 2 1 AR E AR DY, mHA A
BKE 4 LPS 454075 Y Xt & RIKL 7F Na'
N Ca> MAEAE T IR 16 M T B 09 J5 R RIKL 76
50% 113 F A 00 TR T 4 FREAIG, 2B RIKL A9 74
TEPESZ M52, AEATE SR B 35 o B TR T
7 08 75 B AE ML IR 58 T B 5 B A T PR 76 1k
W] RIKL bl sE 5 HoA 3 S 0 I R e M .
PURRAE MW H Al RE s S AE A4S G, MR
Tl B AR 5 4 TR A B P B R M, TR AR T B
PR KA B TG PERY . K] pH X T 5T 8 ik i
FesE MR A R A B FE AR IR Rt
BT JUR 28 2 T I 5 T 3 ik P P 25 SR R B
e pH 3% A RIKL 223 , 1 e85 R /M
PRIV B AR, 3K AT B2 FR T A R R 5 SR 1Y
IR, T 3% 1F H oy 22 i R 4% 4 o 1Ak
FRFAk, SRR T4 R 2 O H e 1) 1
FEAR T e s RN TG, mbiE RN A
FELL B BEBE T AR BB A T e 2k o R,
RIKL 7[RI ER B . I3 A1 pH 454 TR 6E
PP P BT PE A s R E . &5 b
frik, il CD i . 43T sh S RIL
FAEA AL T A2 G MR, it 364
BT — A ELAT 5 R A R R AR T B T
Ik RIKL, 250 08 I 0 7 8 — R B 1) 1) FH
PAERBNAY.
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