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Antifungal Effect of Melittin-Hybrid Synthetic Peptides for Fusarium oxysporum. Dong-Gun Lee, Song-
Yub Shin, Sung-Gu Lee, Myung-Kyu Lee and Kyung-Soo Hahm*. Peptide Engineering Research Unit, Korea
Research Institute of Bioscience and Biotechnology. KIST. Taejon, 305-600. Korea — Melittin (ME) from honey-
bee venom has a broad range of strong antimicrobial activity, but it has hemolytic activity against eukaryotic
cells. In order to design peptides with powerful antifungal activity without cytotoxic property of ME and
understand structure-antifungal activity relationships, the hybrid peptides derived from the sequences of ME
and cecropin A (CA) or magainin 2 (MA), MA(10-17)ME(1-12) and CA(1-8)ME(1-12), were synthesized by
solid phase method. MA(10-17)ME(1-12) showed potent antifungal activity comparable to ME against Fusarium
oxysporum with no hemolytic activity against human red blood cells. The hybrid peptides showed strong inhibi-
tion of (1,3)-B-D-glucan synthase. This result indicates that the antifungal activity of the hybrid peptides against
Fusartum oxysporum is attributed to the inhibition of cell wall synthesis. The results therefore showed a
successful design of a peptide having antifungal activity without hemolytic property.
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olr o] Fxeol JFAAF AFAPAE HEINA, A
EEAE AR ke o kg dxlFgASE 7ka
hybrid #eje]l=2] MAE Alx3gict. MES] Nt
Aedel]l MAS Nwbst MdE& A2 A2 hybrid
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z2+H£ Fmoc(N-fluorophenylmethoxycarbonyl)-o}v] =
Ah-Wang Resin % Rink Amide MBHA(4-methylben-
zhydrylamine)-Resin= Nova Biochem.(USA) A|&&
A-8-8kodct. 4HE Fmoc-obv]le il 3 Helol= A4
Ale¥r=-2 ABI(Applied Biosystem, USA), Nova Bio-
chem.(Swiss) & Sigma chemical Co.(USA)2] #|%-&
rH&-shadT). (1,3)-B-D-glucan synthase &4 Z=o| A}
£-% g-amylase®} UDPG(uridine diphospho-D-glu-
cose)= Sigma chemical Co.(USA)2] A|=& A}&-3le]
.. UDP-TU-"Clglucoset= Amersham Co.(UK)= €]
T48ke] ARS-shsit AR AYEFE g HAIR)
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Hepo] 2] FHA
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o}-8-3}5] 0.1,
Fmocs Ng-amino group®] X & 7|(protecting group)
2 Abgshe oA A (solid phase method)(14)2.5
g4 sl ME-OH, CA-OH % MAg} 7o) 7= X
Aibcto] -OH 3e]e] slele]= A A5 slelo]
o] gizEAgTte] ofv|iilel #{ddh= Fmoc-o}
o] 4h-Wang Resing &% EBig Al4slelem CA
(1-8ME(1-12), ME % MA(10-17)ME(1-12)¢} zto] 7}
23 Antcke] -NH, 3e)e] #lelolt el Aox
Rmk Amide MBHA-ResmA Fmoc?’] 20% plperi-

’*l?ﬂ Zﬂ?’ﬁ} ?}E%’Q"é‘f&—% ‘?’}f—’] Aol ﬁH%}EPt
Fmoc-o}v]x= 48 %)%t Fmoc-©}e] = 4-Rink Amide
MBHA Re:s;inE ef” Al AF&EP E}. Fmoc-o}7| =

tl()n)h N—hydmxybemotrlazoe (HOBt)-Ihcyclohexyl-
carbodiimide(DCCY¥lell 2]3loic}, 7t =lelo] = o] o}n]
rante] Fmoc-obv] = 4k2] couplinge] By F, 20%
piperidine-NMP $-o8 o2 Fmoc7]|E 3 7{5}5_{ NMP
2 dichloromethane(DCM).. & ofg]
A 722 o) o 7] TFA(triﬂuoroacetlc amd)-
anisole-phenol(95:5:5, v/v) &9 %= TFA-phenol-
thioanisole-H,O-triisopropylsilane(85:5:5:5:5, v/v)-& 7}

CA-OH b KWKLFKKIEKVOONIRDGHKAGPAVAVVG
QATQLAK-OH
ME-OH i CIGAVLKVLITTGLPALISWIKRKRQQ-OH
ME 0 CICAVLKVLTTGLPALGSWIKRKROQ-NH-
MaA b GIGKFLHSAKKFCKAFVCEIMNG-NH-
CAL-IMEN-1D SWKLFRAICICAVLEYVLTTG-NH-
MACLO-TTIME(1-72) FAaFPGRAFVGICGAVLKVLTTG-NH

Fig. 1. Amino acid sequences of parental peptides and Meli-
ttin-hybrid peptides.

s, 2~3A|7F vkg-A)1AH ¥ 3719 A A “;E resin® &
e Hete|=g FEAZ oS, £99S centrifuge
tubeel] X2 2.1 diethylether® 7}sled slele]= 2 A
A1712 v &, opA] gHH dietheylether®. A 235} 7,
s Ao A AFA17] F crude #HEfo] =& g}
Crude =eleo]x = 0.05% TFA7} ¥%1% acetonitrile
gradient=. reverse phase(RP)-HPLC column{Delta
Pak, Ci 300 1& 19.0 mm X 30 cm, Waters)2- o] 83|
AAskact £ Alslo ] AFg3dE 4 welo]= 9] o)
P14l A2 Fig. 19 vefugict,
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T AW Fd  Fusarium oxyspomm(KCTC
6084)-& AH8-3tglowm, ZHE slelolo] dAxlFAIe] &
AL #5led YPD 24wl Al(glucose 2%, peptone 1%,
yeast extract 0.5%, pH 5.5)5 AF&-3leic)

AtEte] XMEStof| et E8®(hemolysis)@d EX

Alsevers-£<(11)l] 0.9% NaCl, 1% agarose % 10%
human red blood cell2 suspensionA|Z! v]#] 6 mi=
E33= sterile agarose plateo] A4 3mme FH-&
WA F of7]e AR FA7] 3y slelo]=9]
R load—g].ﬁ']];]_ 37,:04},{-] sH-dk ub=] 3l & A A E]
clear zone®] 27-& &Asle] WH.g F3lw 01 H A4 31
Aepo]= FEZ plotsted FATE £3A7]= Ha
ghel =5 vehile= 238 35X (hemolytic concentra-
tion, HC)E A4k3td ok

aripdel g8 &34

ME % ME-hybrid ={elo]=7} F. oxysporume] Al
Aboll vl 2= g3 Ealslr] ¢l -4 Al g 4=
Hepol =7} 5ug/mie] 27} HEE H7lE YPD o
Al (10 mD)el] »=] FH|s] = EALAEe-g oJ ek
E5 & 28QC‘>1]A1 327F 140 rpm o & A ehufot &
T, AR gAEE SAs o, A7 R4 8AlS
7121 #elol =& A 3lod agar hole methodel 2]3}o]
RUE Rl o By ?l-*lil*ﬁ}?if—-} YPD = shufiz|o) £-4) =
4 1em A2 »lg] siokg d4 Fofo| A% 3mm
Ao FHE 31 7)o AdE FAe] e 3§
AAslete]l = 10 (1l mg/m)E F¢) A121F 28Tl 4] 3}
ub wfokste] YAIE clear zone 22 HE| FAH 5L

2 319dc},

(1.3)-B-D-glucan synthase 4 =%

A Eetel| EAs= (1,3)-B-D-glucan synthase(E.C.2.
4.1.34 . UDP-glucose . 1,3- B D-glucan 3-B-D-glucosylt-
ransferase) Aol A HMelo)ltrl nmlxj= Q3L
ZAVELZ] flEle] dAHE ‘F“H A FE kS F-2]312(15),
Tang3t Parre] @ (16)S ¥ #H33sle] o33 7to)
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(1,3)-B-D-glucan synthase &A4-& FA3leic) vk-g-
(2 mg/mi a-amylase, 0.4 mM UDPG, 3.14 yM UDP-
[U-4Clglucose(l uCi/m/), pH 7.7) 33 pylof] A|Ex2e R
Hel B3 vehl A8 2 mg/ml ¥ Al cold extraction
buffer(50 mM Hepes pH 7.7, 1M Sucrose, 50 mM
NaCl, 1mM DTT, 5mM EDTA, 10 mM NaF, 0.1 mM
GTP)E 343t &< 90 ulwg- Z3rstaict of 7)ol A
5 Hrtstod HP-oll A 1577
ﬁ]-o ""l?] . . . =
A7tk HkS wa—ﬁlf*l 21 F 4% glucans A
Aok o]l AL Whatman GF/C glass microfiber filter
(Whatman Int. Ltd)2 AZ % 5% TCAZE A¥ A%
3. B-scintillation counter(Beckman, US.A)E ©]£3}
of upbAbA RS 53] 3ksi )

dn ¥ D

HEN|E g

A% #lelo] =3 analytical RP-HPLC column-&
o] &3l &% Ao THE HIg HAHY I vt B
T 95% o]Abe 2 jelytridata not shown). A
Elo] =+ matrix-assisted laser desorption 1onization
(MALDI) mass spectrometer(17)el] ¢]g}o] FA}eHS
glelgl Ha} =R = (observed value)e} AAFA|(calcu-
lated value)”} #1¢] Adx|§E& H K Table 1).

Table 1. The molecular weights of the synthetic peptides
determined by the MALDI mass spectra.

peptides calculated observed
value value
CA-OH 4006.1 4009.7
ME 28474 2850.6
ME-OH 2848.4 2849.6
MA 2467.6 2469.6
CA(1-8)ME(1-12) 2200.5 2200.8
MA(10-17)ME(1-12) 22005 2200.8

Table 2. Growth inhibition of the peptides for F. oxyspo-
rum

peptides? Dry cell weight
mgml)

Control 9.0
CA-OH 19.1
ME 0.04
ME-OH 1.5
MA 10.0
CA(1-8)ME(1-12) 15
MA(10-17)ME(1-12) 0.02

a. Each peptide concentration used was 5 pg/m/

SAEHE|IEL| XIS YN 2EEN

AV 2w 7+9) Fusarium oxysporum 2] 3ol o3t
1A :\ﬂ]E].a] 2] g R|FEAS 7 slglo| e lc._y___ 5“g/
mief] 4] ZAF dheichk 1 H 3 CA-OH#} MA+ Fusa-
rium oxysporum | 7ol H S v|F 3] v A
o2 vepytom, 938 CA-OH:= AF<] AAHS 2u)
Aw Z7FAHY ME-OH % CA(1-8)ME(1-12)= ¢
AAAHS 85% AR oJAAZFH e, ME 2 MAQ0-17)ME
(1-12y= 9 A5 A2 100% AAA 71 743 &
242 el glci(Table 2). =3+ ME, CA(1- 8)ME
(1-12) % MA(10-17)ME(1-12)4 2] AAGAFE
el wiglel A A (MIC : Minimum Inhi-
bitory Concentration)+ ME+ 10 pg/mio], CA(1-8)
ME(1-12) % MAQ0-17ME(1-12)+ 20 ug/mie]gich

ME-OH % ME<+ 713t stE4d S vehlio, 7Hgh
stz A& el ARHTable 2), Z & A|3Eel] st
of MZZAE vellle 34l deix sick8). w
2hA] AR R SlEfe]l =5 o] A o g AE
=G 7R AL Q=R E delR7] #3le] Qi7te] MY
T HlEel| i S3HAS FHES & A3, ME-OH
2 ME+ 748 $8 848 vehd uby, CAQ1-8)ME(-
12), MA(10-17)ME(1- 12)..4 7% 1 mM o]+4e] =Je}o]
E FrolAr HE 79 §E AN e iR Bv A
o2 ol AEXAo] ¢gicpa sntxlciTable 3). 7Hgh
gzl A AL 71z ME, CA(1-8)ME(1-12) %! MA
(10-17)ME(1-12)«l| i 3}e] thin agar hole H{®{-Z ©]
Ssted 9] MHAAATE 7FAFste] B A3 ME,
CA(1-8)ME(1-12) ¥ MA(10-17ME(1-12)+= 10 ug/well
°ﬂ A AR H S Ler‘rLH + clear zonee] A== 7
S #al 3leiciFig. 2).

B ElO| =T} (1,3)- B D-glucan synthase JAdof|
olxl= H&

oulA o g wro ZsdolG e A EWHol+= chitin® B-
(1,3)-glucane] FAF-o=2 FA= Qri18,19). A&
7h2] A2l sxlEA BEAHES AxHgAd 2ol
3)-B-D-glucan synthas®] Aol edgks Fofx] 33

Table 3. Hemolytic concentration (uM) for parental peptides
and Melittin-hybrid peptides

———

hemolytic
peptides concentration

(UM)
CA-OH > 1000

ME 57.7

ME-OH 30.9
MA > 1000
CA(1-8)ME(1-12) > 1000
MA0-17)ME(1-12) >1000
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Fig. 2. Agar hole assay for antifungal activity of ME and
its hybrid peptides against Fusarium oxysporum.

ME and its hybrid peptides (10 ug) were loaded in the
hole located at the center of the F. oxysporum mycelium
disk on the 1% YPD agarose plate. The plate was incubated

overnight at 28<C.
A: Control, B: ME, C: CA(1-8)ME(1-12), D: MA(10-17)ME

(1-12)

4384 Jepdck= B} QlcK1b, 16, 20-23). E}LJr
Al gAHEA-E 71x]= ME, CA(1-8)ME(1-12), M

(10-17ME(1-12)0] (1,3)-B-D-glucan synthase ﬁ-,ﬁr*‘jo}]
ol X o3k 2AbE B AR, epol F5 1 ug/mi

o 44 ME, CA(1-8)ME(1-12), MA(10-17) ME(1-12)+ 7+
7} 30.4%, 32.8%, 44.7% 2] A& &2 Jehl g cKFig. 3).

o] 2}z HI= ME-hybrid Slele]=5o]| F oxyspo-
rumel th3te] 712= SAFEAFE o] #o MEEg
Ao Al oghchs AP R Fadse] glE-& AAREE
c}.

ME-OH7} MEol u]3}od 3088 A xe] eFgl axlg&
-8 el leg Heol sleleo|xz o] C-wwte} -NH,
el 7} Helo)me] sAlFEAo] HpH4lE HehY
7 elth CA(1-8ME(1-12)+= A9 CA ¥ MEXET}
go ode spxwixE MES A2=4& 7}7*121 %
om #Halde] Helol= Hr} 7HEE g EHAS viepd
b B usty Qo}12). F oxysporumol Wi &3
gAjo) A= CAQ-8ME(1-12)+= MEXcl= oF3tx|q"k
A AFEA-L Jepligl e, 53] MA(10-17)ME(1-12)
= ME uhg-e] 7h3t i g4dE vheiisich

ale} ] ME$] N2glelm flexible-hydrophobic -
| slcdsles ME(1-12)o] MA2] amphipathically basic
B3l MA10-17)& APAPezA, MES] AHAE
ol gt AEEAL AT g (3T HAAE et
Wi delels g A, B4R & salen, olst R
A= 22 2ol g Ho} ke sxlgEAdE v)

r 2

MA(10-17) ME(1-12) P

ME

G ZDC} 400 6500 8COCPM

Fig. 3. Inhibition of the Fusarium oxysporum (1,3)-3-D-glu-
can synthase by ME and its hybrid peptides at 1 ug/m/.
Polymerization reaction was carried out as described in
“Material and Method”.
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