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Cecropin A-Magainin 2 F=X| BIE|=Q| Trichosporon beigeliil|
Chet ettly &4 U oIzt BT ME Cist e

MBS BE|=F el TUnit

BT - AP

g A BE vehiv, W AT SHBAHE e A2 P4 YeEl=§ YY) 8k cecropin A(1-8)-
magainin 2(1-12) R o[ E¢] FAHIEE AR o]EE Y 2dle A 4 Wel=9 JAF ¢4
& Trichosporon beigeliiol] ¥ 43fAl5ol osle] ZAs9] o, AEEAHL Azte] YT X i SYY
ol o3t} FA3ich Pel=o] A& Aojyge] Frhe AT ¥ohs AP SYP 2§32 v}
Cecropin A(1-8)-magainin 2(1-12)9] 124 opu]xi}el Lys§ Alal 2 A7 AR Hel=A2)y= 713 28 &
21 #87d (minimum inhibitory concentration : 2.5 ug/ml)2 Jehlio] vled 3L AP LWH(200 pg/mle) NE]
E FxA 0.5% hemolysisE e d)rE vfehuigich. alebd A2 el AEELE 3t4] oy A4 g @

A& 7He 2dEA F-83H AMgE Aokt
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Trichosporon beigeliiv= 18651 Beigel 5ol 2]slo] #x
2 ubAEE|gl o], ALY Z(white piedrayS A 7)= B A
AlFolrh(1). AbRF-2 Alghe] mifoi} AE AlA]o]= 49
olub T4 Follk A= JhE H, o, &5, E 5ol
A edsl Aol wbAEw, Aok FHde] H mEowsl
2l Ad-S A Flo] HAAAE 7= 7o g deiA
UTH13,14). AF7HA] de1EFo) IRFEHES gt
2 ARE 3 Yot 7P JubE o2 AL4E= ampho-
tericin B2] 7% 2ugmle] XA AHIAEAZ Ro|x]qt
FF 21 Al elR] o= g A Wl vy
oju] qlaell F-afigt FAlFEAL] o] Hadh Ao}

(4,13, 14).

Halzlx| &, 332F 2 THFERE 5Fo g o
Bles wRsle] gtk ols BFAE e BEAL G5
ol 2 HAHA e 83 L Fddls eg ge
21 QJrh(2,16). o] 5 I He]=Fo| 4] cecropin (CAX7, 10,
12) 2 magainin-2 (MA)(11,15)Z cecropia moth2] hemo-
lymph, Xenopus skin®.2 ¥] zbz} Ha]=w ofv]Aibxdd
o] AR Xt CA H MAE AlzHQl 27 7R 2 1A
gov, FRALE JFAsA L ahelixE HAFIaL e
RHoz kX ¢Jrh3). E3] cecroping A4+
uk o)z} pig?l intestineoll A & Ea|x|glon o]zjo 2
Folxol nTFEACdRE de] EATE o .
CA % MAE: 2% 47 @ 22§47 BF Haao]
FodA s vehl 3 glen, 53] MA: 2% 24Tl o
iA1= cecropin®r) <Fgl FFEAIS vfepliA| g, 25Fo
ale] SAdGAE 7R3 glSol delx 9dok(15). =&
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CA(1-8)7 MA2] Nithe] 454 R2al MA
(1-12)5 A& "N &4 Fe =l CA(1-8)-MA(1-12)
g o]&4] ojn it %3t FAMAHEo] CA U MAS} v]5=§)
HYEF 29848 X0, CA E MAe|4 vehlx] ok
743t A S vebiths 218 B st oh(9). B ol
Al CA(1-8)-MA(1-12)2] Sz} shalpg-gAlxhe] AFdaA
AEshel, ATSHE AHAlA gen ueh B A
A5 713l AR = F drig]sled CA(1-8)-MA(1-12)2}
olP| AL 2] Fhol] 2)&F fFAbAl HME| =5 gHAdste] l7ke] A
8 Al Zol Wik S8 2AL Falsly, WA AlFal Trie
chosporon beigeliicl] 3t B2 A& 7 B 3L}

O.

a2

Mg W
HEIEQ &Y

Hejxo] AL Fmoc(9-fluorenylmethoxycarbonyl) group
& ©}P|2z4k8] Ne-amino group®] X.3.7|(protecting group)
2 Agsl= AP (solid phase method)(8).2. 2 3143 3}eic.
B ol AR HEles 2F slagaldte] -NH;
gElo] 2 Rink Amide MBHA-Resing S35 2 223}
%th. Fmoc-obv|i4be] el ofgh Hejm AlLo] b
N-hydroxybenzotriazole(HOBt)-dicyclohexylcarbodiimide
(DCCyd ol &Jpaict. 7+ el =of ofuliete] Fmoc-o}v]



Vol. 33, No. 3

ANE AF ARE, 20% piperidine/N-methylpyrolidone
(NMP)8-4 2 2 Fmoc7]E& A)#3}7 NMP % dichloromethane
(DCM)2.2 o] HelE o}g A4 7hag o) of7)
«ll TFA(trifluoroacetic acid)-phenol-thioanisole-H,O-triisopro-
pylsilane(85:5:5:5:5, viv) 488 7}t 2-34|7F ukg-4]
A 23719 AA 9 resine g PE] #Hel=g £z o}
1, diethylether2 e] =2 A3} A7) o] A slo] &
= crude HE]=E 0.05% TFAZ} E3HE acetonitrile gradient
32 3lod A3 reverse phase(RP)-HPLC column(Delta Pak,
Ci; 300 A, 15, 19.0 mm X 30 cm, Waters, Milford, USA)S-
o1 g-shof QAT

& HE|=2| olO|iAl BA

2 A4 HMEY =S 6N-HCIE 110°Col|A] 2447k 7h4=23)
A1 F ZRALE HES & §, 0.02 N-HClef| S034] o}m]
3:AF #-417|(Hitachi 8500 A, Tokyo, Japan)Z o}u]:AF 2
A& S Qe o) oAl 249) AlAbe|A] Lled
7|22 shgdn).

ARRTE AW HIRIEA

2 Agol L83 T beigelii(KCTC 7251y §+-23}s}7|
$A 70 AR THATL FUAS Yo Bopsih. T
beigelii®] wioF2 28°Cell4] YMuH=](1% glucose, 0.3% malt
extract, 0.5% peptone, 0.3% yeast extract pH 6.0)2 AF&-3}eic}.

SRR &Y

AZS2 Z2HL 34 Fow g 33 wizslgion, @A
242 MTTHHE (6)2 AR&3)adc). &4 T beigelii A 4
g 2x107mlo] E%E YMuRx|o| 543+ 3. 96 well mi-
crotiter plates(Nunc, Sweden)oll 2 3]4{e} 100 pl& z}zro)
wellel] #-75F &, 7zt sej=9] #F2wr) 40, 20, 10, 5, 2.5,
1.25, 0.625, 0.32, 0.16, 0.08 pg/ml7} 5|52 He =2 7))
¥, 28°CollA] 24217F wioksldrt. wioF 3 wix)e] pHE 10
X phosphate buffered saline(PBS, pH 7.0}8-} 10 pl& &~}
3lol F3} A1zl ¥, MTT(Sigma, Louis, U.S.A )& 10 pl
(MTT®] 2E%5% S mgmh)E Arlsly, 37°CollA] 4 A|7h
W3] gkoicl. SDS §-4(20% SDS, 0.1 N HCHS- 30 pl® &
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7Hak ©5 37°CellA 12417k ek A170 &, ELISA reader
FRE S70mmelA 2 DAY TS St} e AY
= 33 whEste] AdAdE Flsdnt

eIZto| HET MIEO CHE SEEAM &5

Uzt HEF M EE phosphate buffered saline(PBS :35
mM sodium phosphate, 150 mM sodium chloride, pH 7.0)8
Aoz 3 4AF stgrt Wel=g PBSEYo) 400 ug/mlo]
A el F, 0] 84 4% HYT Lo 0.5 mle Hr}
sjo] e =9) 2E¥wo} 22t 200 pgmlo] =170 shalch.
ol¥A Wel=F A1t AT LAL 37°CelA 147} uh
A1 F 1.000x goll A} SEZF 94 #2]2 5o 414 nmol)
A FHEE ZAsT 100%9) $-AAL 1%2] Triton
X-1009] oj3) %5 qEPe) SYgow shgich 4
HEE Jehlle % hemolysis(% HLY:= thge] Ao o)
AAreRT}. % HL=[(Asam in the peptide solution-Asism PBS)
{(Asrsnmin 1% Triton X-100-Asaom PBS)]x 100.

21 ¥ O§

CA, MA, melittin(ME) 2 ¥ 7oA §A4T He)cg)
ollleAl A& Table 1] Yehli2c}h. CAL: Nghe o
7131, okdate W Lysabr)e} 24 ofulale] Wiz
ob 7hdA widEo] glolx PENFY L Wi o FZA3HY
FHELE o]Fox] glom, FUHE Gly-lle-lle ¥ Gly-
Pro A9g 7= FEARES 7, OB g SR
2.2 o]Fol glch ubdHe] MAE NTHHe 244 B3
o2 CRlRhE 4% 3pd 22202 o)Foix glov, Wx
o2 FE #2019 MES} vh$ FARE 725 3sla o)
(Table 1). o]& & W= Lyso] o] Za)ate], oA
e W 22 AEe) gol@ Asjele] Aol o3}
o, 254 BES WEj=e] HEzeto 29l (translocationol)
Hefshe ez deiq gloh B AT MAR CAQ-
8)-MA(1-12) &4 E]=% o-helical wheel diagram(Fig, 1)
of vhebd ule} 2ol FE Ashy RS e, 4]
CAs] 5AHA FZAHA-F-FH-254 9 Fx9} $Als}
t}. CA(1-8)-MA(1-12) &4 Melc=e] grhelical wheel dia-

Table 1. The amino acid sequences of CA, MA, ME and hybrid peptides

Peptides Sequences Remarks

CA KWKLFKKIEKVGQNIRDGIIKAGPA-VAVVGQATQIAK-NH, Native peptide

MA GIGKFLHSAKKFGKAFVGEIMNS Native peptide

ME GIGAVLKVLTTGLPALISWIKR-KRQQ-NH, Native peptide

CA-MA KWKLFKKI GIG KFLHSAKKF-NH, CA(1-8)-MA(1-12)

Al KWKLFKKI GIG KFLHSATTF-NH, CA-MA:K®, K> T, T
A2 KWKLFKKI GIG AFLHSAKKF-NH, CA-MA:K"” — A

A3 KWKLFKKI GIG KFLHLAKKF-NH, CA-MA:S* — L

Ad KWKLFKKI GIG AFLHLAKKF-NH, CA-MA:K"” S* — A L
AS KWKLFKKI GIG KFLKLAKKF-NH, CA-MA:H", §* - K, L
A6 KWKLFAKI GIG KFLHLAKKF-NH, CA-MA:K', S* — A, L
A7 KWKKFLKI GIG KFLHLAKKF-NH, CA-MA:L, K, S* > K L, L

The underlined amino acid residues indicate the substituted ones from CA

(1-8)-MA(1-12).

(1-8)-MA(1-12). The superscript numbers indicate the positions in CA
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Fig. 1. The o-helical wheel diagram
brid peptide. The arrows indicate the
analogue peptides.

of CA(1-8)-MA(1-12) hy-
amino acid residues in its

gram WfRRo g o] o] Ahg
=& AAsch

A =5 B4 RP-HPLC columng o]438 4
= o 2YE A A O $E0F BF 95% o4
2 vieher (@A VetA] o-g), obvlxAl ¥4 (amino
acid analyzer, Hitachi, 8500A)) 2]&}ed 7} &4l =le| =9
oblicat 24 % WEI=e) Hakg dstrk 2 P4 e
28] opw| Al BAe) &gt olv|iat 2AJ ] SAgta} ALt
kol % °éil§}—~ ﬁﬂCTable 2).

AZAZ) A e =

= ™
\,]._EL o}u]in B ’\H] ol 1:“‘6]— AT 48 A
beigeliiol] YNgF 3217 LAl dsle] 2A}sleiv). =)
Y= Fxo whE 2lwAake] 9458 concentration-response
curve 2 LePQI 2w (Fig. 2), o] curve2RE] HA AAA
&) 5 5 (MIC : minimum inhibitory concentration)3}-2- -5}33
th(Table 3). =&t ME| =2 200 pg/mlEE2 =oisled s )
P =) AYT $8849E %2 ehlgdck(Table 2). &
HEA =X A 1% Triton X-100-& Fo 3}9lL LEHE 100%
hemolysis 2 75 dtglod, AE =8 Todshx] odote o &
0% hemolysis 2 7FH53le], 0| Z1& 7|F 02 3o 7} e

«1
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Fig. 2. The concentration-response curves of the peptides in the
growth inhibition against 7. beigeli.

ol W&t % hemolysisE A4S} o).

AEEA L] 2 F7) 5 AP 488/ 9leiAE= CA
(1-8)-MA(1-12)¢] 12¥19] Lys& Alac 2 257 er}xﬂ
(A2) % 16W9] Ser Alao 2 |8HAl7] SAHA| A3y e

Table 2. Amino acid compositions of the synthetic peptides determined by amino acid analysis

Amino acid CA-MA Al A2 A3 Ad AS A6 A7

"Thr 0.79(1) 1.79(2) - - - - -

Ser - 0.78(1) 0.74(1) - - - - -
Gly 2.12(2) 2.05(2) 2.05(2) 2.09(2) 2.10(2) 2.09(2) 2.07(2) 2.17(2)
Ala 1.06(1) 1.04(1) 2.04(2) 1.04(1) 2.06(2) 1.05(1) 1.96(2) 0.89(1)
e 2.00(2) 2.00(2) 2.00(2) 2.00(2) 2.00(2) 2.00(2) 2.00(2) 2.00(2)
Leu 2.24(2) 2.19(2) 2.20(2) 3.28(3) 3.23(3) 3.38(3) 3.23(3) 3.22(3)
Phe 3.15(3) 3.11(3) 3.09(3) 3.12(3) 3.08(3) 3.19(3) 3.09(3) 3.103)
Lys 6.81(7) 4.81(5) 5.92(6) 7.00(7) 5.94(6) 8.16(8) 5.91(6) 6.97(7)
His 1.05(1) 1.03(1) 1.01(1) 1.05(1) 1.02(1) - 0.99(1) 1.03(1)
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Table 3. Antifungal and hemolytic activities of the synthetic pep-
tides in this study

Peptides T. beigelii % Hemolysis
MIC’ (ug/ml) (200 pg/ml)

CA(1-8)-MA(1-12) 5.0 02

Al 40.0 18.1

A2 2.5 0.5

A3 10.0 2.0

A4 20.0 393

AS 10.0 24.6

Ab 25 20.0

A7 5.0 38.6

"Minimum inhibitory concentration.

AT £E8AE vebligict wkell, 181 2 1992) o
714 elvlxAkel Lys Thro g 2821 §AFAl(AD), 124
LysS Ala® 2, 16H9] Serg Leul @ o|&x|8t A7l &-A}
H(Ad) % qE| =] o)A S F74A17] HALAH(AS, A6,
ATrE 20~40%2] 738 HET7 28848 dehlglnh Al
2 AdE MICEHS 7[$2.2 33He u] CA(1-8)-MA(1-12)
Rt saf, 4ufe] FFEAde] Ak wal ubwe] A2 W A
62 MICZto| 2.5 pg/ml& CA(1-8)- MA(1-12)3.c} 2uie] &)
WA Ades et

olo} 7h2 Asg FEl CA(1-8)-MA(1-12)9] k= 21314

& ol Hie) 244 ¥USE PAT VA

Hrbe HE7 2394E Fole A%S Yehigic)h ca
(1-8}-MA(1-12)9] 18 % 198 374 °}Ul Akl Lys&
Threw ZA)719 T. beigeliiell tHg+ 3F31F Aol glo]

Mz AAdE Ao AshE Jehil abo) Z*@—TL ﬁm‘%

ol Relre AT B2 F71E Jehiige. olg 2
€ AP Y WESe) A F2e Lystrlee] 27}
o 13k opste) Foke AT Bl FoT ARE o

Sehe A4S Jehyelnh wa Al RBe=el gloid T
beigeliiol| g}l 3}21F ZA 441L AT HE] lysisEA

Aol ol F METE o
Aoz AQzhEl)
531, A2 T beigeliiol thsle] MICZE 2.5 pg/mle] 733
AT A vehie, 200 pg/mie) HEl= Fxol|A 05
o2 o}F P HPL L-€IAE vpehggich wheby
Aol M= A2 Slejms} o] AEEAe] You, 75t
ATEAAE vetills 4 He=2 948 5 glglen, A2

Tz lipide] FA 2] =jolo] 93k

R
o°l’ F}E

W) == T, beigelii ¥ oh]e} 2k ZJ‘E"“ iated 7}k
FAFEAE 7, G2 A ESA S el gee 3
ATAE Adshed {43 24 Aecg o] 43 4 gl e
Ao et
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ABSTRACT : Fungicidal and Hemolytic Activity of Cecropin A-Magainin 2 Analogue Peptides against Tri-
chosporon beigelii and Human Red Blood Cells

Dong Gun Lee, Song Yub Shin, Myung Kyu Lee and Kyung-Soo Hahm* (Peptide En-
gineering Research Unit, KRIBB, KIST, P.O. Box 115, Yusong, Taejon 305-600, Korea)

In order to design a novel synthetic peptide with improved fungicidal activity but low hemolytic activity, a hy-
brid peptide, cecropin A(1-8)-magainin 2(1-12), and its analogue peptides were synthesized by the solid phase
method. Antifungal and hemolytic activities of the synthetic peptides were assessed by the growth inhibition
against Trichosporon beigelii and the cell membrane lysis against human red blood cells, respectively. Analogue 2
in which Lys at position 12 in cecropin A(1-8)-magainin 2(1-12) was substituted with Ala showed most potent
antifungal activity (MIC: 2.5 pg/ml) with minimal hemolytic activity (0.5% hemolysis at the 200 pg/ml peptide).
This peptide (A2), therefore, could be useful as a model for further designing potent antifungal peptides without
cytotoxicity.



