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SUMMARY

Antifungal agents have become indispensable in the modern health care
system by assisting and complementing the natural immune system. But with the
appearence of resistance strains, there is a continuous search more potent and
efficient antifungal agents. Antifungal agents act in two different way, one by
targeting the physiology of the pathogen, the other by disrupting the cellular
structure of the fungi., Among the potent agents reported sofar are small peptides
like Cecropin A(CA), melittin(ME) and Magainin-2 (MA). But as already
mentioned these peptides also show side effects such as hemolytic activity, which
have prevented their use as therapeutic agents. In order to design highly potent
antifungal peptides with lowered or no side effects and it has triggered

considerable interest in the isolation of new antofungal peptides.

1. In order to design synthetic peptides with potent antifungal activity but low
cytotoxic activity under physiological condition, several analogues of the previously
reported Cecropin A (CA)-Melittin (ME), Cecropin A (CA)-Magainin-2 (MA)
hybrid peptides, were synthesized. Antifungal activities were measured by growth
inhibition of various pathogenic fungi and by hemolytic assay with human red
blood cells, respectively. Substitution of Thr for Lys at position 18 and 19 of
CA(1-8)-ME(1-12) and dramatic reduction in hemolytic activity.

2. To study the antifungal mechanism of these analogue peptide, confocal laser
scanning microscopy, protoplast regeneration test. By confocal microscopy the
analogue peptides were detected in the cell membrane. Additionally, the fungal
protoplasts treated with the analogue peptides not only failed to regenerate the
fungal cell walla but also disrupted the membrane. These facts suggested that the

antifungal mechanism of these analogue peptides acts by pore formation in the cell

membrane



3. A novel antifungal peptide was isolated from the culture supernatant of the
filamentous fungi, Aspergillus niger’The whole amino acid sequence of this
peptide was determined and the peptide was found to be composed of a single
polypeptide chain with 58-amino acids including six cystein residues. The
antifungal peptide exhibited potent growth inhibitory activities against yeast strains

as well as filamentous fungi.

4. In order to determine the functional region of the antifungal protein (AFP)
isolated from Aspergillus giganteus responsible for growth inhibitory activity and
the promotion of phospholipid vesicle aggregation. Overlapping peptides covering
the complete sequence of AFP were synthesized. AFP(19-32) displayed potent
antibiotic activity against fungi without peptide toxicity as indicated by hemolysis.
Accordingly, AFP(19-32) could be used as a good model for design of effective

agents.

5. The antifungal mechanism of a 20-mer peptide, Ib-AMPI, derived from
Impatiens balsamina was investigated. The oxidized (disulfide bridged) Ib-AMP1
showed a 4-fold more potent antifungal activity against Aspergillus flavus and
Candida albicans than reduced (non-disulfide bridged) Ib—AMPl. Ib-AMP1 showed
very low activity in phospholipid disruption when compared with cecropin
A(1-8)-magainin 2(1-12), @ -helical amphiphatic antimicrobial peptide. The confocal
microscopic analysis showed that Ib~-AMPI1 binds on cell surface or penetrates into
cell membranes. These results suggested that Ib-AMPl may manifest its
antifungal activity against Candida albicans by inhibiting a distinct cellular process

rather than jon channel or pore formation in cell membrane.
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= AToAME CAHYE Mg WM Fo s #AM8 JtXle CA-MA H 8y
ElO|=, CA-ME HBHEIIE & I KA HEOIES MASD FAsIUct d211
AEM YT F ooxysporum, F. solani 22l el ofif e} LS SAtEO0|LE IS
Atgoll Ztdol =of A LE JHFoA xYEol WaY R 58 FSHLE HIFY
HALE B =, 71 Z4Ys SN gE84E Oixle £ HEEE MASIUct olF A

# e HEIEE Jix| 1 #XF EH8I|EE Yot 25t0 Confocal
microscopy, protoplast regeneration, ion release test, 52 0|23l0{ 1 J|&g Yo}l B
tct ofgA MEE #N HEOEE olgstod AEHoz ol ZAEHE F
oxysporumoll tHeh X EHHE In vivodtolA ZHESIQCH CIE2E2 MR MUHS
o il HEOIEE #alst7| $15t0 Aspergilus nigerdl M EH|E|= A ol
Z& #elsteiend, of HEO[=e] 2&43F= ¥ M MAE
Aspergillus  giganteusOll M EEIEl AlAHIQlE =FE X7
(entifungal peptide)el ZA7|=Holl 2If M8 Ssl 4R =
E Fxet SrTEMDle] MIUAE xAlSiD, 2 EHoZ A
SEf 2t sotEol ZUE MefolM MY E HEO S XTF E

OiX| &2 2 Impatiens balsaming®te A EoA Ragd A28 £33 2074 ¢
ofpjmatow A it HElol=g ¢ Ib-AMPlolEtE HElol=g 4 st
3L deprotection@ kol 2]3}e} crude HElO)=E

W7] #1891 Confocal microscopy, QA A $&5EAE A8
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g der volrbA Sletel=el Fx9 BAMyIEe] WA, Arle fEel=e A
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7V BEE o9 Fx7F AAEHO gl ZVdE o ¥ HEol=Ex FAE
A3 A] Rate 250 2L FHFFEY 5EF9 AAdor|For d¥A go,
o EolM "9 oA TEA LHAHE cecropin A, cecropin B8} F+Z2H
22 H]5:§ cecropin P7F #8150 EfFAAME F Helo|=rt Axdold #o
Aol ANAEIGT) ol & gaHele|=Fole oM Lys, Argst 22 4714

o=z x3ey, FRrAow 4% Fu)A(amphiphatic) «-helix® Hsle A
o] Bo] EA%} Helol=o JF v EHAHEY AR o|FSue] AF
of #AF0 e, Helol=ol FF AvjAol o7 HEZ R o] &Ad EE pore
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AR Aol AlFg dAol, HAd EAste T Helol=e A2
FREAZAN FHI Jrt. A Add SAste ¢ ¥ §T FE
=4 X8 9ty Be FAAMES ¥, FTEHES FUAEE ANEV #
oy, FaEda FA MESAY HEQ AYF LYIHE FAA Frheie
AEE JeEldAY. e B dApdas CA1-8)9 magainin-2 (MA)2] olm|x o
gel dFEte U 1-12&8 ME FEAY FY ez, CAUL-8)-MA(1-12)
[CA-MAJE AAstz, EAFYNE G& ofvoz XNFA FAAE HAs 2
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Eloj= FAAE dov vt g Hepol=o] A AL 7)FE 23 AgeA
ey et ZE A, AT 2 FIAZAAMY I, ANF R AL F
Aata, AAE AAY HE N AR AESHHFE A AL THAEE
ol g3l Al om, Ax Ao FPH £FE TN YEFE AFste
glolz=e] Ao mald we YFEHY FE =& FAHANUY. ET HEol=
o AR geoM e JATFR) FAFAEA] FABAE A At AATHES B2
whale 230 CD ¥ #zt7] 9E o &3l Hetol=o] AT AP FXE
zR8A # A7 AESE 71E P HPeo|=g o] &7 PEol= T
T Heoled G4, dTA, FIA Aol A o]&¥ = glon, I el
9 NARe FEALE R FR-YAEAY FAAA 72 RYH /& FEHE
co FAEHE FAANIH, X5 glon, Fadd 4L e FE2L A
2384 & FHeld.

watd B Ao 7|Ed g8 FF el F& §£4, 27 2 %
obul it X Zhol]l 9% HElo|=o] Fxo} FAGAS] FAEA, FALY AR
o s, dBGAe] FHE NELE FAT o= Lo 2t AEFT HAH
MEdE FAS L HAPe Helelmno Zd FAEHE 2= FASH e
EH2 sk ojgA o Add fEes IMAe &AL d4dH ArEo
2R HE 7Hedgiez AANY.
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2. A% 2 Uy

7t HElol =9l M A
Magainin 2 @ CA-MA, CA-ME A§Helel a3 A2 AL Xs &

F Weolzel 271z2d R SRR oprleig o] UE opnlxiton AP
AR A el =8 Arsn FAAA.

U feeol=e f4g ® AR

HEelol =9 AL Fmoc(9-fluorenylmethoxycarbonyl) & o}v] 5=4ke] N,-amino
group®] X & 7)(protecting group)Z AH&-3lE 314 (solid phase method) 2.2 A
Stk & AFeNA HAE geolze sEBAdUdo] -NH, Fej Helol=s
Rink Amide MBHA-Resin€ &WEA2 ALg3tglew, 7t25ddde] -OH ¥
9 HElol=E Fmoc-obP] =4b-Wang Resing &¥WE 22 A3t Fmoc-o}n)
=4ke coupling ) o) 3k #WElo) = chain® < & (elongation)&
N-hydroxybenzotriazole (HOBt)-dicyclo -hexylcarbodiimide (DCC)¥ell <]3lith.
Zt HElol= ol obn|hB el Fmoc-obw| =4S coupling AlZ1F-, 20% piperidine
/N-methylpyrolidone (NMP)& 28 Fmoc’|& A7 sl NMP ¥ dichloromethane
(DCM) L& iyl MNojF the AL 7t28 98t o7)d TFA (trifluoroacetic
acid)-phenol-thioanisole-HzO-triisopropylsilane (85: 5: 5: 2.5: 2.5, vol/vol) £ %&
7V8kil 2-3A1%F WESAIA BEANY AA R resine. 2 RE fHWelel=g RN o
%, diethylether® HElo]=& HAZ AT, o]|€7 & AL crude PEl=EE
0.05% TFA7} %49 acetonitrile gradient® 3t A A3 reverse phase(RP)-HPLC
column (Delta Pak, Cis 300A, 154, 19.0 mmX30 cm, Waters)& o83t A A5
o 2 @4 Heto] =& 6N-HCIZ 110TA 24417 713 A7l & AAbE 3}
5 ¥ 5, 002N-HCIol 599A] ofwlxAil #47](Hitachi 8500 A)2 o}v] =4t 243
& FAHAH. HEo=Y FEE lled 7IE2E2F olvil BAo ZAAz RH
A&t o,

2,

o Hgol=9 opnmAt 2 F EXF <

amino acid analyzerol] |3t o}n| =4l A 89S #2181 mass spectradl] 9d &
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gt Helol=e] FAFEY &4 9 HE I aHetol=9 HA

Helol = o] FRT AEAH ALE" TFEE HAAY AT F. oxysporum,
F. solani, A. flavus R Aspergillus fumigatus (KCTC) 61458 A}-&3tuch AFaE
964 microtiter platecl]l Z+ 9% 2x10° cell”t HES AFE THEF YMuIX 100
B5d &, dAZoER M3 Heol=s §dg 7 4G 10414 ¥ 3, 30C w7
A 24AZr WX gz dF, 10 w8 MTT [3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl -2H-tetrazolium bromide] €< [5mg of MTT/m¢ of PBS
(pH 741€ 2z dof g3 37C MlE71oA 441 B¢t g3t adt, MTTe ¢
8t QA€ Formazan crystalg< £3157] $13 002N HCle] %9 20 % SDS
£ 30 wE ¥ F, 37 CAA 16417 HA%d, 2+ do F3EE ELISA reader
(Molecular Devices Emax, USA)Z 570 nmol|A] A3,

ul, Circular Dichroism (CD) &%

HEelol=o] CD A~HWEYL J 720 spectropolarimeter (Jasco, Japan)& A}-£3}<
4354t EE HElol= MEL E4de F¢ 2BCTE HA AATY. Imm9
pathlength cell& AM&-3tdon, AE%F 01 nm HALE 190~250 nmoA] &30
249 238k AEGS matslE 20 2x7RE £4387] 98ty 10 mM
o4ty YFEN(pH 7.0)& E§8 50% TFE % 30mM SDSAM A&k CD £
dEHe AL A% HEelo=o FEE 100 p/mE ATk Mean residue
ellipticity (6)%E deg - cm® - dmol'2 VeI, [6] = [ Jos (MRW/10£ 02 “FEFD
t}. [6]obs ¥ millidegree® ZAH+E ellipticityE ¢v)sln, MRWx % Elo]=9]
mean residue molecular weight®& ¢7jgtth ¢ & AFEY FE(mg/m)E ety
2 cell®] optical pathlength(cm)& Yeldith, HElo] =9 % «-helicitys thg2lol ¢
atof ARk T
% a-helicity = 100 ([6) ~ [61 %) / 161 %

([0 ]2 = the observed mean residue ellipticity per residue at 222nm in deg * cm?+
dmol™. [81%2 = -3,000 deg - cm?+dmol™! (the estimated ellipticity corresponding
to a random coil structure) [61%m = ~33,000 deg+ cm?-dmol™ (the estimated

ellipticity corresponding to 100% « -helical peptide)
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v HE T EEEAG e &5

Helol =9 MEEALS Alge] H¥F £8 4oz FHA AEe HET
(human erythrocytes)& phosphate-buffered silane (PBS: 35 mM phsosphate
buffer/0.15 NaCl, pH 7.00)2 Al ¥ A& 3t} Phosphate-buffered silaneo.Z 34 gt
80 % H¥T £9& 96-well microtiter plated] 10044 loading® ¥, «17]ell Fe}o
E £4E 100u¥ AdolEt. 2l b F, 37 °CollA 1A wigEn 1000 gellA
AR Y3 A5 YRS Bgtrh 4dl4nmel A9 FFEE F33 £PEAH S F43)
dem, 0.1% Triton X-1002 AHaAE&E 499 &g 100% SIFEE AL AT
Hepol =9 % hemolysist oha-9 Al 95e] At H .
% hemolysis = [(Abssianm in the peptide solution - AbSsm in PBS) /

(Absaianm in 0.1 % Triton X-100 - AbsSsunm in PBS)] X 100

AL B

—

2+

-

o ZE7|5te| 7Y
| SroEdg JHXle HdAE M ®EOZ=E BiotinylationAlZl ¥ £
oxysporum, F. solani A. flavus, A. parasticusoll X 2| $ % Biotin antibody2 labelling

Bt &, sAE JIAE AlF]7] 915101 Confocal microscopyE AFESH0 Eolsict,

—
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3 4% % 2@
7t hybridtletel = A R $4

Cecropin A Magainin 29] N-Z@d sFsie FE£& AFAN CAQ-8)-
MA(1-12)& 249 Heol=g dtof SRR o its & oinmitoz XA
2 7E79 Helol=9 Cecropin A¥ Melittin®] N-Zto] sidsis 8 JFA2
CA(1-8)-ME(1-12)& EH glo|=2 8o EFRYY o =id o & olrite
2 AZAY 5T HEol= ¥ Magainin 29 X & A7 Jgol =
MA0-17MA(1-9)[MA-Inv], Magainin 2%} Melittin& HI Al MAU0-17)-
ME(1-12)$e}o]l =& A sle] A8t o] HMeElo]=E L solid phase method &
gasrglern Fgdel gad felol=es E4% 94 HPLCS AMEsle g A=y
< Yo, feolze oprwal x4 £4 R AFE Ak 6N-HClo] ¢
tedd g Wl R ES olvedlt EMII(HITACHI 8500 A, Japan)dl 2]3}
of ofuliedt XL FAF A 4 A4 Wrlo|=9] ojulnat Mo AVHTE A
& & 24 HWelol=E CA(-8)-MA(I-12)(e}m =4t 4 4¥: KWKLFKK
IGIGKFLHSAKKF-NHz) 28] 32CA(1-8)-ME(1-12) (o}v]&4t Md: KWKLFK-
KIGIGAVLKVLTTG-NH;) ¢ &4 589 hydrophobicity® %71 A7IAY &
Helol=o] & A S Eole WFoR HASL FAHAT (Table 1).

olgA A7, ¥4¢ 2d Jego|=E o435ty AT HE &3

U, &4 hybriddelo] =9 gAFEA 2 Q2 FHF Mxd g3 gas AE

dAdHEelol e FAFEAHLE ANE WHATQ F oxysporum, F. solani, 3 A.
flavus, A. fumigatusthF 2.2 ZALEth A7 4L 3ug/me HXA F2 A
JSAEE AXTAFeR SHYY a1 243, 9 EE AT & T g4 o
& Feol=gNE CA(1-8)-MA(1-12), KWKLFAKIGIGKFLHLAKKF-NH; & 3
gog 3¢ U FEA HElel= F CA- MA 9 1291 Lysg Alac® A §A
71 KWKLFKKIGIGAFLHLAKKF-NH:% E}o] =(CA-MA analogue 2) 8%
CA(1-8)-ME(1-12), KWKLFKKIGIGAVLKVLTTG-NH.& F¥o 2 3l izl
SE3 M EF CA(I-8-ME(1-12)¢] 18 199 Thr& Lyse2 &7
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KWKLFKKIGIGAVLKVLKKG-NH:%| €} o] =(CA~-ME analogue 1)7} 95-100%¢]
growth inhibitionS Y EFN At}

Table 1. Amino acid sequences of the peptides used in this study

Peptides Sequences
Cecropin A KWKLFKKIEKVGONIRDGIKAGPAVAVVGQATQLAK-NH.

Magainin 2 GIGKFLHSAKKFGKAFVGEIMNS-NH,

Melittin GIGAVLKVLTTGLPALISWIKRKRQQ-NH;
CA(1-8)-MA(1-12) |KWKLFKKIGIGKFLHSAKKF-NH;
CA-MA analogue 1 [KWKLFKKIGIGKFLHSATTF-NH2
CA-MA analogue 2 |KWKLFKKIGIGAFLHSAKKF-NH2
CA-MA analogue 3 |[KWKLFKKIGIGKFLHLAKKF-NH>
CA-MA analogue 4 |[KWKLFKKIGIGAFLHLAKKEF-NH:
CA-MA analogue 5 | KWKLFKKIGIGKFLKLAKKF-NH:

CA-MA analogue 6 [ KWKLFAKIGIGKFLHLAKKF-NH;
CA-MA analogue 7 (KWKKFLKIGIGKFLHLAKKF-NH:
CA(1-8)-ME(1-12) |KWKLFKKIGIGAVLKVLTTG-NH2
CA-ME analogue 1 [KWKLFKKIGIGAVLKVLKKG-NH2
CA-ME analogue 2 |[KWKLFKKIGIGKVLKVLKKG~NH:
CA-ME analogue 3 [KWKLFKKIGIGALLKAAKKG-NH;
CA-ME analogue 4 [ KWKLFKKIGIGALLKAAKVG-NH:
MA10-17)-MA(1-9) | KKFGKAFVGIGKFLHSA-NH:
MA(10-17)-ME(1-12) KKFGKAFVGIGAVLKVLTTG-NH,

283 MA(10-17)-MA(1-9), KKFGKAFV GIGKFLHSA“NHZ“\!]E]‘O]EQ’] 7 S-A.
flavus 2 A, fumigatusol A Z}ZF 94,69, 88.19%¢] growth inhibitiong uERARL o
F. oxysporum, R F. solani, N A& 5.9%, 19.1% growth inhibition& e}, =
MA-ME, KKFGKAFVGIGAVLKVLTTG-NH ¥ Elol=e] A9 A flavus, © A

fumigatusl A 2}z 97.3%, 92.9%¢] growth inhibition& YEUew F

oxysporum, 2 F. solani,o] tEIAE 80.4%, 87.4%2] growth inhibition® eI
t} (Table 2).
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Table 2. Antifungal activities of the hybrid peptides and its analogues

Peptides % growth inhibition at 3ueg/mé of peptide

A. flavus A fumigatus F. oxysporum| F. solani
Cecropin A 32.5 22.0 0 16.4
Magainin 2 48.7 52.4 314 58.8
Melittin 99.3 100 100 96.9
CA(1-8)-MA(1-12) 75.7 739 76.7 66.7
CA-MA analogue 1 0 0 0 16
CA-MA analogue 2 100 100 94.2 85.8
CA-MA analogue 3 433 29.6 177 19.1
CA-MA analogue 4 34.4 26.2 72.6 69.9
CA-MA analogue 5 54.1 473 375 60.4
CA-MA analogue 6 98.3 88.1 785 76.2
CA~-MA analogue 7 73.0 81.0 53.0 50.8
CA(1-8)-ME(1-12) 75.7 74.9 67.0 66.7
CA-ME analogue 1 89.2 93.3 804 74,7
CA-ME analogue 2 64.9 54.8 60.8 79.4
CA-ME analogue 3 75.7 64.3 726 69.9
CA-ME analogue 4 37.9 31 314 68.8
MA(10-17)-MA(1-9) 94.6 88.1 59 19.1
MA(10-17)-ME(1-12) 97.3 929 804 874

8 o)y A MAAF hybrid peptided) AT BFF7 v Herol= HXE
549 HAEQY A7 AT LAY g AEZEHEEYA didte] zASAS. H
Blo)l=8 200uxg/mli¥e  3HS W % hemolysis®2 YERAUTE FEol=9
hydrophobicity & Z7}A 718 % hemolysis® &718lE 288 Rt (Table 3).
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Table 3. Hemolytic activities of the peptides

Peptides % Hemolysis (200zg/mé)
Cecropin A ‘ 0.2
Magainin 2 0.1

Melittin 100

CA(1-8)-MA(1-12) 0.2
CA-MA analogue 1 18.1
CA-MA analogue 2 05
CA-MA analogue 3 2.0
CA-MA analogue 4 39.3
CA-MA analogue b 24.6
CA-MA analogue 6 20.0
CA-MA analogue 7 38.6
CA(1-8)-ME(1-12) 14.1
CA-ME analogue 1 1.0
CA-ME analogue 2 15
CA-ME analogue 3 0.1
CA-ME analogue 4 0.8
MA(10-17)-MA(1-9) 0
MA(10-17)-ME(1-12) 0

ol el A HET LI ANEZFAo] vmz vu FAFYHol &
CA(1-8)-MA(1-12) FEelo]l=9] HAAQ) KWKLFKKIGIGAFLHLAKKF-NH,¥ €} 0]
EZ(CA-MA analogue 2) % CA(l-lZ)*ME(l-lZ)@E}qE % CA-ME¢9] 18, 199
Thr& Lys&o. & A A IKWKLFKKIGIGAVLKVLKKG-NH, % E} o] =(CA-ME
analogue 1) 2831 MA-ME (KKFGKAFVGIGAVLKVLTTG-NH2)$]Elol=& A
A" F7F ARk ol d#d 2& ANE AX1 AHE FHFEAHE 7HAE putative
cadidate® X174 8%}
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tt. CA-MA, CA-ME Hybrid #elel=9 @ #8729 77

oz AAE Hegel=ge FAF 713 HHE7] fstd 48 A d¥e
k. WA CA-MA ¢ 128 Lys& Alae& A&A|Z1 KWKLFKKIGIG-
AFLHLAKKF-NH:# g}lo] =(CA-MA analogue 2) 81 CA(1-8)-ME(1-12),
KWKLFKKIGIGAVLKVLTTG-NH.& F#2o2 39 faAdd F=i Heol=F
CA-ME9 18, 1991 Thr& Lyso.2 X #x2 KWKLFKKIGIGAVLKVLKKG-NH:%
Elo] =(CA-ME analogue 1)fAHd Relol=g FAT FL4714E wels dd F
Elol= 2 A A3

A, $19 HEelo|=g olgste FHole MEL BA HAEHFEAE Yol
71 98t WA AFQ T beigelii®) protoplast® Novozyme 2349} Celullase& 5
mg/mel FEZ A B¢ 30T AEd MEHE AAF F, 0.8M NaCls
10mM CaClb® ¥ &% 50mM Tris-HCl 5890 W2 ¥ 700XgolA |4 &3
o] protoplast® 2tz ¥alslsict 934 CA-MA analogue 29} CA-ME analogue 1
HElO| =8 T beigelii®] protoplastd] AHd ¥, 2 e ¥z 2 AXY AT
& olrgkrl. 9olA AEZ§ protoplaste] WELOI=E 10pg/me] BERE AT F
0.8M NaClo] #8% YM soft agarol Al 493 A AlHT AEH AL obF
A ge FAog Aact
Frequency of regeneration : [(number of colonies on plate)/(number of protoplast
cells used)]X100

o AT A FAHA #HEelel =& A @ § protoplast® 0.8M NaCle]l %% YM
soft agarolA A9 AWHYA & Aoz Yelth (Table 4). obvt FAHA et
=7} protoplast®] Aol &AL FE Aoz AZHAANG, o A& 7FA S
a7 8ke] ofefol HYE H sl

Table 4. The effect of the peptides on the regeneration of protoplast of 7.

beigelii
Peptides Frequency of regeneration
Control® 76.24
Cecropin A 69.26
CA-MA analogue 2 ' 54X10"
CA-ME analogue 1 6.2X10”"
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ES HElo)l =) 9 protoplastd] FEA QA WHEE HElOl=E 30CTAA 347
el § @nFog o Yeeo WEE 3 A3, fE7t AT Heol=o o3
Axgo) stz He AE BF € F7F AR (Fig. 3) (J. Biochem. Mol. Biol.
Biophys. Vol 2 243-248. 1999). #W AA® #AA Yetol=ol Biotin® 24
Streptavidin  FITC ¥% E4& €494 2 3T 4 HHE dolrzxn
Aspergillus%\—ﬂ T. beigeliiE o2 AHs}AY.

Figure 1. Morphological effects on the protoplasts of 7. beigelii. A bar
equals 10 zm. A : No peptide, B : cecropin A, C ; CA-MA analogue 2, D : CA-ME

analogue 1

I AT yeast9} filamentous fungi®] A9 AMXEXE W] signale] YElUE Roz B
ol Mxute] me % FAF 4L Yehule Aoz AztH A (Fig. 2, 3).
o] de] A#RFZ Hol B AT AAT HAH eol=e AP AT AEUg
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target® ste] 2 FAT AL vedle A2 AzkEn.

Figure 2. Distribution of CA-ME analogue 1 in T. beigelii as visualized by
confocal laser scanning microscopy
A: T. beigelii cells were incubated with biotinylated CA-ME analogue 1

B: T. beigelii cells were incubated with biotinylated Cecropin A
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Figure 3. Distribution of CA-ME analogue 1 in Aspergillus fumigatus as
visualized by confocal laser scanning microscopy

A A. fumigatus cells were incubated with biotinylated CA-ME analogue 1

B: A. fumigatus cells were incubated with biotinylated CA

C: A. fumigatus cells were incubated without peptide treatment
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g, XYL mimicslyE ZANA Y CA1-8)-MA(1-12) ¥ analogues? 2xF+3 3)
/}-4

CA(1-8)-MA(1-12)9] Fx9 g AT FAAAE A7l Aste] CD
spectra® HElol= o] 22 E &AsAY. CD FHA HEo=9 FEE 100
g/mzZ sRen, MELL mimicdtE AAHIY 50% triflurcacetic acid(TFE)
30mM soduim dodecyl sulfate(SDS) &9/delAl &3 A (Fig. 4). HELo| =9
a -helicity® th-&-2 At oste] Aabalrt. ofefl el Ao st AbE 9
@ -helicity & old| 2] Table 59 el
% a-helicity = 100 ([ 6)p2 - [61%) / 161 %

[ 6] 222nm ©ll A 2] observed mean residue ellipticity
[0 0% a-helicitydm el &A% (-2,000 deg*cm’/dmol)
[61%yz: 100% @ -helicityd ™ el 33k (-30,000 deg*cm’/dmol)

wi R

o
(¢}

o

Table 5. Percentage e -helicity of the peptides in various media deduced

from CD spectra

Peptides phosphate buffer 50% TFE 30mM SDS
CA(1-8)-MA(1-12) 0.7 55.9 169
Analogue 1 6.0 70.0 26.2
Analogue 2 5.1 52.5 30.7
Analogue 3 4.5 76.0 32.3
Analogue 4 2.6 9Q.7 84.9
Analogue 5 2.9 54.6 31.8
Analogue 6 3.0 53.8 29.6
Analogue 7 2.7 69.6 63.0
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CA(1-8)-MA(1-12)9] 18, 199A 9] Lys#71& ThrZ ¥ FX A (analogue 1)E
AEDES mimicdteE Z79 30mM  SDSHYAME  a-helicityel 317 918
[CA(1-8)-MA(1-12): 169 %, Analogue 1: 262 %]l % T35 @ &4 Al
&% Table 19]A 9 oA AAE A9 AsE BYrt £8 Hetel=9] 2 3
#o] ¥ % growth inhibition® % a -helicity®+¢] AR #AAE regression line(Fig.
5.2 FAete B A3, $Eelol =9 % e -helicityst #33d A4 FTaANT fL
& <¢skol. webA amphipathic o -helicial HElol= 9] &7 A& a -helical
structurels B2 o] A% ¢ -helicity7} F7tell Hlelst T80 Frhste vl
A A #Fed Eurh

—
Analogue 1 Analogue 2

-40 T

T T T T T T T T T
200 210 220 230 240 200 210 220 230 240 200 210 220 230 240
60

Anaigue 3 Analogue 4
40 -

20 4
04

=20

-40

[6] x 10°® (deg-cm®.dmol™)

T T T T T T T T
200 210 220 230 240 200 210 220 230 240

Analgue 5 T Analgue 7 —|

@
=4

Analgue 6

40

20

-20

-40

T T T T T T
200 210 220 230 240 200 210 220 230 240 200 210 220 230 240

Wavelength (nm)

Figure 4. CD spectra of CA-MA and its analogues.

10mM sodium phosphate, pH 7.2 (————), 50% TFE/10mM sodium phosphate, pH 7.2
(— —) 30mM SDS/10mM sodium phosphate, pH 7.2 (— - —)
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A. flavus A. fumigatus

100 - Y
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Figure 5 Regression lines for % growth inhibition against fungi versus % a—helicity
of the peptides
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of, 20 ZAUE HefollMel sXTEY HA

CA-MA 9] 129 Lys& Alae.& X&A71 KWKLFKKIGIGAFLHLAKKF-NH:%

Elo]=(CA-MA analogue 2) 28|32 CA(1-8)-ME(1-12), KWKLFKKIGIGAVLK
VLTTG-NH:& F3 o2 3t tAdd F=A fele]=F CA-MES] 18, 19¥ Thr
& Lysog A #FAZ KWKLFKKIGIGAVLKVLKKG-NH: % €} o] =(CA-ME
analogue 1)F-Atd HElo]|=& 71X 1AM etz 28 Yol F oxysporumo] 4
B AeEolNg FAF FA4E& HESA.
AA AAE Heo)=g o] 43l Butm A E9 Yo AAHE U BUA FFeld
F. oxysporum€& 74 A7le SACA FElo) =8 100pg/me] TE2 Axd
Fgol o o] AHal st i 3Yo] A dACAM 1 g #Y A E #F
GozA A7 AL In vivodElolA #HE3HAT 2 23 CA-MA analogue 2
¢} CA-ME analogue 1& A& i FFole g Q77 #F =HA &L
RO Hol B AN AAY Helel=7) In vivodHAAE 2T FF 4 &
Yeluls RAe #d & 71 gy (Fig 6). oleld Z2#HE £ o, ¥o2 FI7
Elol= o] sidol] lojA FL Edol E 4 g Aog AAgdd.
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1L A&

HT BdA A diEl Fo EFFola AEEAC] gle HAEAL ¥JT E3F
of thet Fejeol We dAFEctlM FulE ZHAT Yot 2 F AT HEle| = o
& BEAdT7F @S HFE AAFGL e Ao dANA ERFE, 2F, AE

5olA @ -defensin, B -defensin, Protegrins, IB-AMP, ’I‘hanatmvo—J—}@x: 9w E£H5
o] g gepol=rk EHAY. 2y vAE F ATAM #eld g2 Yerol

i

' 2FR7F dded, 2 F e Aspergillus gigonteusol X £l ¥ 51719] otu]x
o2 4" el aRew, tE e HUdde AdEFE L8
Penicillium chrisogenumd] X &2l € 55709] ofv|to g FAHE Iz Pyetol =7}
azelt, ol g HEolEE FEWolze FoF ¢S gl A
Zdd. E dTdAe sEavdde AEHEF Bl AMgHAARAR de AHEEQ
Aspergillus nigerd| 4] MZ& AT Heolze Rg AxdHon, o 4
i feelne gog A2 AFARAY 42 I 48E ¥ o2 Aad
=3

)d_
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2. Mg R P

7}. Aspergillus nigerdl Al M2$ & F polypeptided] ¥

WA Aspergillus nigerg 5§ YPDHI X (glucose 2%, peptone 1%, yeast extract
05%, pH 55)e AHEE F, Aguldg 28CeAM 5¢zt widsdot (awgx
140rpm). 2 ¥ wj¥NE Ultrafiltrationslte] A9 2 AE5AE Eelggen, &
A A5 9E pH/t F422 HA IM Tris-HCI pH7.0 ¢&E&9o02 24 & 3%
t} o] 8A A2 ¥ sampled WA Amicon(MW 10,000 cut off) 2.2 F5FS 3t
olg@A FEE AFYS CM-sepharose column (23 X 20cm) equilibrated with
50mM Tris-HCl, pH 7.0¢) ¥3#A]71 % NaCl gradient& 0914 1IM9 FBEZ
elutiondte] #A3F ¢ 10,0004 =9 polypeptided Hsted, oj€dA B3 &4
g ¥4 A&z 944 HPLCE & & An, d3T84E 7IAe &Y peakd &
28 9 & 71 Aok

v, AT polypeptided] FATF A=A

polypeptided] X FJE A AL H TF4E 96U microtiter platedl] ZF 43 2
x10° cell7l IEE AFE& EFE YMulA 100 pt EFF F, @Az i43
Helol= FBE Zt A 10p1¥ ¥i, 30T w7l 24417 WA stk 18la
& 10 we MTT [3-(4,5~dimethyl-2-thiazolyl)-2,5-diphenyl ~2H-tetrazolium
bromide] #< [6mg of MTT/m of PBS (pH 7.4)1% Ztzte] o] ¥ 37C w4~
oA 4A1Z F<t wiFE et MTT 238t A4 E Formazan crystalE< 8313}
7] 918 0.02N HCleo] E£3d 20 % SDSE 30 & W& F, 37 ToA 16717 WA
o),z 99 FHEE ELISA reader (Molecular Devices Emax, USA)E 570 nm
A FA3 AT

t}, Circular Dichroism (CD) 74

HElol=e] CD A2MEYL | 720 spectropolarimeter (Jasco, Japan)& A}-§3}<
48ttt RE Helol= HEL EHie FG BCE A AFHTY. Immé
pathlength cell& Al&-352ow, YEZ 01 nm FFHLZE 190~250 nmolA A&ZH 2
2 49 EA4AY AEES Bies 2ddA 2372 E £4387] 989 10 mM
e 9L A(pH 700¢ EHH 50% TFE ¥ 30mM SDSIH &4 &gk CD 2
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HNEY Z2x4L 9% Helolmeo FTF 100 pg/mE 3%t Mean residue
ellipticity ()% deg - cm® - dmol'2 YetUB, [0] = [0 lows (MRW/10 £ )2 Y ERR
th, [flobs ¥ millidegree® ZAHE ellipticity® 2vlds, MRWE HElol=9]
mean residue molecular weight& 9m &ttt ¢ & AEY FE(mg/md)E ez, ¢
& cell9] optical pathlength(cm)E ettt FElol=9 % a-helicitys tha2lel ¢
gko] A48l

% @ -helicity = 100 ([0 )2 - [01%22) / [01"%m

({61 = the observed mean residue ellipticity per residue at 222nm in deg+ cm®-
dmol?. [61%z2 = -3000 deg+ cm®-dmol™ (the estimated ellipticity corresponding
to a random coil structure) [61%m = -33,000 deg+ cm®-dmol™” (the estimated

ellipticity corresponding to 100% « -helical peptide)
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3 A3 R 2

M

7h wAE fHe MEE FE fEol=e {9

HAE frele] HAE FAF Helol=g EBsly] A8t Aspergillus nigerd
e g1FA AEAEH(AFP : Antifungal Protein)®] EI& A& v $A
Aspergillus nigerg& 50 YPD® X (glucose 2%, peptone 195, yeast extract 0.5%, pH
55yl HER F, JAFuGE 28CAA 543 wigs Aot (A¥&4=E 140rpm). T &
WS Ultrafiltrationdte] @A ¢t 2 AF54e sy er, 2 459& pH
7} #4402 HA IM Tris~HCl pH7.0 &3 & 922 A& ). A e sampled
thAl Amicon (MW 30,000 cut off)e.2 %¥%& 3. 358 A58
CM-sepharose column (2.3 X 20cm) equilibrated with 50mM Tris~HCI, pH 7.0
THA1Z #F, NaCl gradient& 094 1Mol FEZE elutiondt vt (Fig 1). o143 #
o] #u¥ EFAE 4 U2 94 HPLCE &8 & 27, 9 peaks] €S £
2 & 71 AN (Fig 2). o)A & HEo)=g Tricind 71 G5 HANA & 3
At (Fig 3). 2 23 dd AR EAYS A & 71 Aok

o
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Figure 1. CM-Sepharose elution profile of A. niger culture supernatant

The filtered culture supernatants were loaded onto the CM-Sepharose
column (2.3 X 20cm) equilibrated with 50mM Tris-HCl, pH 7.0. After
extensive washing with same buffer, proteins were eluted with 400-ml of

linear gradient from 0 to 1.0M NaCl.
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Figure 2. Isolation of AFP from A. niger culture supernatant using Cis

reverse phase HPLC
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Figure 3. Cis RP-HPLC eluted peak was resolved in Tricin gel

Lane 1 : peak fraction; Lane 2 : peptide marker; Lane 3 : low molecular

weight marker

22g #Helol=A EAEL A flawus, A fumigatus, A. niger, F. oxysporum, F.
solani, S cerevisiae, C. albicans, T. beigelii, 2 & UYALE 1 848 =34
3 F, 4R FES MIC (Minimal inhibitory concentrations)gt& & 71 Uk
(Table 4).
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Table 4. Minimal inhibitory concentrations (MIC) of Antifungal protein

against various fungi

Microorganism MIC( M)
A. flavus 8
A. fumigatus 4-8
F. oxysporum 8-15
F. solani 8
T. beigelii 8-15
C. albicans 8-15
S. cerevisiae 8

olgA e AT A @AY ot MAS 7 A} 46719
718 &1 # 7k AR (Table 5). £ dulde AFE EAHFE Yot BY] ¢
ste) MALDI-MSE #1% A3 $a4go] 65826302 vehd (Fig. 4). £¢ ol
gulde] H MEE W7l 93t £, A dWAE endopeptidase Glu-C(Fig.
6)¢} trypsin(Fig. 6)& 1:25(W/W)Hl &2 A2 H2g & B& Heol= gug 9%
HPLCZ ¥&8 Al 8 %, Applied Biosystems 476A protein sequencer® o}m] =4}
Ad BME s o A A2 6718 29¢ 58749 oivxiter FAE &
WAJAE #HA T 7 AN Fig. 7.
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Mass/Charge
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Figure 4. MALDI mass spectra of the purified antifungal protein.

The arrow shows the molecular weight(6582.6) of purified antifungal protein.

This valuc confirmed to be correct the result calculated from amino acid sequence

analysis.
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Figure 5. Isolation of AFP digested sample by endopeptidase Glu-C using
Cig reverse phase HPLC
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Figure 6. Isolation of AFP digested sample by Trypsin using Cis reverse
phase HPLC
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Table 5. Automated sequence analysis of Antifungal protein

Cycle PTH- Yield (pmol) Cycle PTH-derivative Yield (pmol)

no. derivatives no, S
1 Leu 281.4 26 Val 104.0
2 Ser 15,1 27 Ser 6.6
3 Lys 2714 28 Cam-Cys ND
4 Tyr 188.7 29 Pro 41.6
5 Gly 304.2 30 Ser 5.3
6 Gly 301.4 31 Ala 31.7
7 Glu 214.3 32 Ala 49.7
8 Cam-Cys® ND" 33 Asn 35.3
9 , Ser 218 34 Leu 26.0
10 Leu 3.8 35 Arg 43.8
11 Glu 156.9 36 Cam~Cys ND
12 His 109.0 37 Lys 55.0
13 Asn 134.2 38 Thr 23.0
14 Thr 320 39 Asp 23.5
15 Cam-Cys ND 40 Arg 255
16 Thr 29.0 41 His 25.2
17 Tyr 96.5 42 His 23.0
18 Arg 109.2 43 Cam-Cys ND
19 Lys 235.7 44 Glu 7.6
20 Asp 795 45 Tyr 70.8
21 Gly 72.2 46 Asp 20.7
22 Lys 259.8

23 Asn 7.2

24 His 62.8

25 Val 69.2

* Cam-Cys: Carboxyamidomethyl cysteine.

P ND, not determined.
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1 5 10 15
Leu-Ser-Lys-Tyr-Gly-Gly-Glu-Cys-Ser-Leu-Glu-His~-Asn-Thr-Cys-

--~direct sequencing———=—=—=-—==— =

11 20 25 30

31 35 40 45
Ala-Ala~Asn-Leu-Arg-Cys-Lys-Thr-Asp-Arg-His-His-Cys-Glu-Tyr-

46 50 55
Asp-Asp-His-His-Lys~Thr-Val-Asp-Cys~Gln-Thr-Pro-Val

Figure 7. Amino acid sequencing strategy of Antifungal protein,
The direct sequence was determined by automated Edman degradation without
fragment. T(T1-T9) and G(G1-G4) denote the peptides derived from trypsin and

endopeptidase Glu-C digestions, respectively.
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o] de HIAE EU=R oY dAFGAY Holulit NEe ARE vn FES
of ¥¥ oju] wug v e vAE FH9 AFPF Aspergillus gigantus A B+
X AFP$} Penicilium chrysogeniumol X ¥2€ AFP$ w|%:d §8, = cysteing

AAZE 2o FFAHA #97 goe 2HE d& $7 A} (Fig 8).

20
AFP1L B e o et i3
AFP2R 1 memmmmeeeee o 0 e s e e o 13
putafp : MAKFASIITFIYAALVLFAA-FEVPTMVEA 42
PAF : ~MQITTVALFLFAAMGGVATRIESVSNDLDAS 42
Agafp 5
Anafp 6
AFPL : B0
AFP2A : 50
putafp : 79
PAF : : 83
Agafp T 43
Anafp 1 46
AFPL
AFP2A
putafp
PAF
Agafp
Bnafp

Figure 8. Sequence comparison of antifungal peptide and various antifungal
protein. Dark boxs show the conserved sequences, and shade boxes indicate
similar residues. AFP1 and AFP2A: Sinapis alba, putafp : Arabidopsis
thaliana, PAF : Penicillium chrysogenum, Agafp : Aspergillus giganteus.
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ole|g ANE ¥iL B i, Aseprgillus nigerdl X #23 AFP: oln] Bag AFPE]
FAFE Rl HEelEg Qs ojed Ay FEHo2E MBS A7 Y&
Reg Az} (fEls 53 &9 @ 10-1999-0009957). )AL & AT #
e g7 Helol=gl wad A P2 FAF Heol=z wRHYG
(Biochem. Biophys. Res. Communi. 263(3) 646-651, 1999). $-A o] Hglol=e] 3z
AL 938l CD spectra® HElo]=o] 2372 E =AYl CD =AA] #HElo)
29 sk 100 xg/ml2 dtglen, AEXLGE mimicdhE AER 50% trifluroacetic
acid(TFE) % 30mM soduim dodecyl sulfate(SDS) & d4olA & s dct (Fig. 9).
Hepol29] % a-helicityts THgo) A4kl elale) Axatct.

% a-helicity = 100 ([6 1z - [01%2) / [61%%

[0 ] 222nm ol A 2] observed mean residue ellipse

[01%2 0% a-helicitydWel ZA 3 (-2,000 deg-cm?/dmol)
[61%m: 100% a-helicitydwl¢] =43k (-30,000 deg-cm’/dmol)
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AFP (A. niger)
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454 ! N T
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Wavelength (nm)

240

Figure 9. CD spectra of antifungal peptide isolated from A. niger

24 FzEYe An B Peolt

~helixF# &Y B ~sheet 2 ¥ YA &orrt,
t&o& A nigerel GAA AolA B HEelol=o FHx AME 3l A I

ANE Basd
140rpm).
o] A }4AE
719t R g
21lmer®] primer&
5’

oF,

1Z2] antimicrobial peptides}+=

g e

24 A nigerZ 50 YPD®lA|(glucose 2%, peptone 19, yeast
extract 0.5%, pH 55)° HE3 F, J&u ¢S 28TolA 3Y7F v It (A& =

E}o] =9
A 2ah 4,

Leu Ser Lys Tyr Gly Gly Glu
TTATCAAAGTACGGTGGAGAG

3[

Val Pro Thr GIn Cys Asp Val
CAAGGTTGCGTTACACGTCAG
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ol& A A 23 primerE 7}X 3 PCRES 8%t A3 ¢F 200bpe single bandg #¢!
AT (Fig. 10).

200bp BRF @l A9l coding regionol EFHO Y& Aoz AZHAY 2
& promotor regiong &AstuA Fu},

Figure 10. Analysis of antifungal peptide gene by PCR

219 PCR productE elutiond}®] ©] R -8 southern hybridizationg ¥ W probeZ
AHE8EA e, WA A niger® FE A A& RElstgey total chromosomal
DNAE Pst 1, Sal I, Hind 1, EecoR 15 4% 79 ATELE AL F, o]RS
53 0 2 southern hybridizationg &%ttt (Fig. 11). 2 AF pst 122 A
chromosomal DNAA A ¢F 2Kb A A el A signal band& #¢ & 71 Aoy
o] A2 peptide &2l =71 vy & v 7*3%3} Azpel EAE &9 7 57t
AT
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Figure 11. Southern hybridization of antifungal peptide chromosomal gene
Lane 1 : Pstl, Lane 2 : Sal I, Lane 3 : Hind Ill, Lane 4 : EcoR 1,
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A 3 A A2EQE TRy BARY W= g
R ESY

1L A&

AA7A W B FHY 1T HEll=e 2 T2 5N AT EA
e @A dsiA oA gExA &1 o 2 F HEC =Y MEAddlA
AlzEQle]l g Af o] A2EHIQ Frlol oA disulfide bridge’t B =w o)
g T3 5A “J 1 4o wAE 71240 A7 G2 ¥ fEol=
g NIl Aol FLoA Ha Je #ok2 dFEL A

B Aol M= Aspergillus giganteusol X 28] € 51709] olmjwito g AW &

R

o Melol =9} Impatiens balsaminatte A EoA ®el® Al2HAS X7 2070
| olnlitoz FAE AT FEtol=2 dA Ib-AMPlolEte HElol=F M
5t HEIO|EE Fmoc-otWleitS o] &8 el 2)5le 2z} fEele]l=2o B35 FEto]
=8 $4dstdd o Fxe AT &R FuAA 2 T FE7)Fe ojEf Lo}
Bt olelg Ae HoE AT FA HEol=9 siwe oM Fag 71xH
A7 @ReE QA

{o
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2. s 9 Hy

7F. HEetol =9 A

Helol= o] FAL Fmoc(9-fluorenylmethoxycarbony) & o}m] x4¢] N,-amino
group® R I 7)(protecting group)E AFE-3E TAH(solid phase method)2.2 ¥4
st & ATolA AAG Heolz=e slEEAWde] -NH: Fejd HEeol=g
Rink Amide MBHA-Resing &ZEAZ AME3en, sl2Eddde] ~-OH ¥ H o
HAEol = Fmoc-¢tH] :e4t-Wang Resing& &UEAZE AMSSA Y. Fmoc-o}r| =4k
9] coupling®l &% FElo]= chain®l 9#(elongation) N-hydroxybenzotriazole
(HOBt)-dicyclo -hexylcarbodiimide (DCC)Y¥el 9l8lict. 2t fElol= o olmydt
9] Fmoc-o}7] =42 coupling A2 %, 20% piperidine /N-methylpyrolidone (NMP)&
do2 Fmoc’lE& AAsEZ NMP % dichloromethane (DCM)2.& oyl AolFE v
e A& 7t22 gy, ofr]e] TFA (trifluoroacetic acid)-phenol-thioanisole-
H»O-triisopropylsilane (85: 5: 5: 2.5: 2.5, vol/vol) & 78ti 2-3A1%F ¥H3-AlA
13719 AA D resinSE HE FElo]=& BT A7l v, diethyletherZ H|E}o]=
& A Az o)¥A e & crude HEMOIE=EE 0.05% TFAZF E3¥d
acetonitrile gradient® 3l A A3 reverse phase(RP)-HPLC column (Delta Pak,
Cig 300A, 15¢, 19.0 mmX30 cmn, Waters)& ©]-83le] AASATE 2 F4 Heol=
€ 6N-HCIZ 110TelA 24A17F 7k &a A1zl & JALE 245 ¢ H, 0.02N-HCI
of FHolAl ofu:Ab #-47](Hitachi 8500 A)2 ol =2t A& &3t HWeteo|=

18 AN B e o o R

Hetol=9] AX A" FFHHFAE FAHIr] 989 HEPES ¢5&d (10 mM
HEPES, 150 mM NaCl, pH 74)9 #%d #HF% =7 50mM$e phosphatidylcholine
(PC) / phosphatidylserine (PS) (4:1, w/w)e] <X A& Carboxyfluorescein(CF)-
encapsulated large unilamellar vesicles (LUV)7} ¥%¥ A#jo]l A sonication process
2 Azsd, 93F A2 dgde) dAHoR AT o= &AL EF
3x, 98NN BHE F FFEE S84
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3. 243 4 nF
7} Aspergillus gigantus) X % #@ Cysteing X33 antifungal protein(AFP) 9] &
B9 Ao qegaT

Aspergillus gigantusol X &8, A9 &R @932 (antifungal protein; AFP)E
51719 olmlmito® olfold glom, 7§ FAUFEAHL veddn B sogl}
EZF AFPE #xUldl 8719 Cys#t718 E3sta 9082 4709 disulfude bridgeS
AT delx k. AFAA AFPY ZA R dsd = gelA A e
Wt & dFeME AFPZE gA8A4E veie H289 498 zatEy) 9at
o, WA AFP HA oinjiit NEE 2/ 5%z HAdsld olnwil 17712 o] &
A% 5F 9 Helol= fragmentE & A ATk AFP olul=ak WA Md3) 4
gk 570 9] HElol= fragment] o}ni-al M YGL Table 1o] YENSIT)

Table 1. Amino acid sequences of the AFP isolated from Aspergillus

gigantus
Peptide amino acid sequence

ATP ATYNGKCYKKDNICKYKAQSGKTAICKCYVKKCPRDGAKCEFDSYKGKCYC
AFP(1-17) ATYNGKCYKKDNICK
AFP(13-29) ICKYKAQSGKTAICKCY
AFP(22-38) KTAICKCYVKKCPRDGA
AFP(28-44) CYVKKCPRDGAKCEFDS
AFP(35-51) RDGAKCEFDSYKGKCYC

Hefol =2 AL solid phase methodE ©] €8 Fmoc-chemistryol] ©ate] A
sttt
7t @4 gErel=e A% FARB. subtilis) B AF SAFE colddl U FF B
“d (antibacterial activity)€ minimun inhibitory concentration(MIC)gt 2.8 el i),
£F Heol=e  gg@Ae e HAYME dFA  small  cell lung
cancer(SCLC) cell lined Al&3t9iom, T4 (antitumor activity)&  50%
inhibitory concentration(ICs) .2 YEMRSITE, &AF Ao 24L& filamentA 2T
A Aspergillus flavus, Aspergillus fumigatus, Fusarium oxysporum R Fusarium
solani& ©] &3t om, T &4 (antifungal activity) ® ICs2 e}, HElo] =
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(o]

o 542 ArEe A ¥ (human erythrocytes)o] thdh &8N oz e on,
dAF Felol=g T F&wW(100pM), % hemolysis2 YEMATE Table 1¢]
UeEbd fletel=e] g, B9, 3T 2 HET £8EA L Table 2 2 Table 39
& ofat et

Table 2] Yehd uie} o] 5709 seo]=F o] AFP(13-29) ¥ AFP(22-38)0]
FEgA JoME 2 E4& vk W) gE R Heeze B g
Al ARG HElolme] Hu HEQ 50uMAME AL VEhA gskth =3 3¢t
24 2 FATFEAHANME AFP(13-29) R AFP(22-38)7} th& #¢¢] HEelol= xn}
T2 A4S WEAT 3 A9 HEEES 1004MoM AE HAF ¥y
€ JEPNA eFgkrt.

Table 2. Antibacterial and antitumor activity of the peptides derived from
AFP protein

. Tumor cells (SCLC)
Bacterial cells (MIC: x M) (ICat
Peptides ICs0: 2 M)
E. coli B. subtilis NCI-H126 NCI-H148
AFP(1-17) >50 >50 >60 >60
AFP(13-29) 125 6.125-12.5 58.0 38
AFP(22-38) 125-25.0 125 52.0 23
AFP(28-44) >50 >50 >60 >60
AFP(35-51) >50 >50 >60 >60
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Table 3. Antifungal and hemolytic activity of the peptides derived from
AIFP protein

Fungal cells (ICsp: 2 M) %
Peptides Hemolysis
A. flavus | A. fumigatus |F. oxysporum| F. solani | (100 z M)
AFP(1-17) 38.0 70 32.5 70 0
AFP(13-29) 10.1 11.0 10.8 15.0 0
AFP(22-38) 11.0 11.2 12.5 20.0 0
AFP(28-44) 30.0 55.0 25.0 50.0 0
AFP(35-51) 43.0 70.0 40.0 50.0 0

AFP protem o] AMYE FolA 13-29 ¥ 22-389 3 Fe= Helol=r)l A 743 &
, ¢ 9 IS vehienz €48 velde HAse o I (shortest
functional reglon)a HES7)] $18le] AFPe 13-29 ¥ 22-389] A4dE& FEAA
ATFP(22-29)& 71&o2 8o N- % C-Zog ojuwil A/NE sy A3A 9
Elo] =& YAtk dAAME =9 ofn it M EE Table 49 VeI AT

Table 4. Amino acid sequences of the synthetic peptides

Peptides amino acid sequence
AFP(22-29) KTAICKCY
AFP(21-30) GKTAICKCYV
AFP(20-31) SGKTAICKCYVK
AFP(19-32) | QSGKTAICKCYVKK
AFP(18-33) AQSGKTAICKCYVKKC
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Table 49| Elol=o] tiste] ¥, 4, F2TF 2 YT $YGH S A @2
Z}E Table 5 ® 6o Yeldidck. 2 23 14709 ojn:eit 72 o] Fojx
AFP(19-32)7} dtelgjol, SFARE 2 FFolo) st 71 Zd FA84 S UEY
Ne.E2 AFP protein®] AFE-AE 1994 olnxit 7z e 329A oflvxit
A7) SA¥TGE AAE gt £ 74 flEel=s JEe= FE 100« Mol A
A3 A¥F £8EAY S Yelhx s,

Table 5. Antibacterial and antitumor activity of the synthetic peptides

) Tumor cells (SCLC)
Bacterial cells (MIC: pM) (ICast 4 M)
Peptides 50 ¢
E. coli B. subtilis NCI-H126 NCI-H148 | NCI-H69
AFP(22-29) 125 3.125-6.25 120.0 170.0 190.0
AFP(21-30) 256.0 6.125 90.0 180.0 2100
AFP(20-31) 25.0 6.125 50.0 75.0 65.0
AFP(19-32) 12.5 0.78-1.56 22.0 53.0 30.0
AFP(18-33) 25.0 3.125 90.0 100.0 90.0

Table 6. Antifungal and hemolytic activity of the synthetic peptides

Fungal cells (ICs: ¢« M) %
Peptides Hemolysis
A. flavus A. fumigatus |F. oxysporum| F. solani | (100 zM)
AFP(22-29) 50.0 450 70.1 80.7 0
AFP(21-30) 21.0 25.0 40.2 30.2 0
AFP(20-31) 31.0 31.0 60.0 30.0 0
AFP(19-32) 12.0 16.0 10.0 10.1 0
AFP(18-33) 30.0 27.0 30.7 30.0 0
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Wb AFP wudel &, 99 % YATEHS vehlE H2e FAE opvlk
A 199Ae A 320 EABTHE AAS Agtov], o RAE EFY A Aelol
st AET S$EVHE AW Uuhix ggtens PUEA, FEA L A AW
o RUEA #8% Weol=de wsivh
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o AlzHdE 23S AT Heel=e ¥4 B AT /A AHA

Impatiens balsamina@te &AM € A2HAE £33 2079 ofrj:=ite
2 34" g7 He o]l = (QWGRRCCGWGPGRRYCVRWC)E ¢33 Ib-AMPI
ojgt= MElo)|=E MAHEH HEIOEE Fmoc-olvkAtg o] 8¢ Y oo &
Helol=o] BF HMelo|=8 FAST deprotectiond bl 254 crude HE)=E
At 2l o #AE7FE gol B sty gEe]=9] ofnx Aol Biotind
HEse 2FH9 eol=g ATk olEA ¥4 CrudeElol =+ reversed
phase HPLColl o] A sl &43A HAE Hefel=g AU olFA 4 A
Blo] =8 6N-HCll {9UE 22417 110TCoIA 7Mwaste A ZANFE amino acid
analyzerol]l 2|3k ojnjil A EAE #A I mass spectrac] % EA-#F 3
Atk ol@A ¥4 Helol=E AlxH e disulfide bondE 12A17F A6 A air
oxidation(pH 82)A1z1 %, CI8-RP HPLC® ¥ &9 Oxidation form3} reduction
form®] HEeto|=& A4z FulaAdot (Fig 2).
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Time {min)

Figure 1. Analytical reverse-phase HPLC profiles of IB-AMP1 and
biotinylated Ib-AMP1.

A-1: reduced Ib-AMP1, A-2: oxidized Ib-AMP1, B-1: biotinylated reduced
Ib-AMP1, B-2: biotinylated oxidized Ib-AMP1

Aol FAHY Heol=& 7N uM A flawus® C albicans® 4 og Fzad &4
& AES{T, w4 d2Td A48 FAEY] 939 A, flawus C albicansE YPD
SMuf o] =dste] wiFd F, X2} FGggn HE HHAE ARSI o1FEA A
Z3 AEZE MTTHoRE deFRdA gl 848 &HsA 2 A3 oxidized
forme] reduced form® vt ¥ Aol 4uj7h o F7td ARE A&+t AU
(Table 7).
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Table 7. Antifungal activity of the reduces and oxidized IB-AMP1 against
Aspergillus flavus and Candida albicans

MIC( M)
IB-AMP1
C. albicans A. flavus
Oxidized form 5.0 25
Reduced form 20.0 10.0

Table 791 AFE ¥ & o A2Ede I AT fHetol=s AlZEded 9
g disulfide bond®] Aol EAel F83 JF& Ve Ao B
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o AAES EEE GUE feio|=e] 874 71

IB-AMP19] &R ¢ 2E&712& o} BHr] $3l4 Biotineo] ¥-2¥ oxidized form
9] HElol=& C albicans®l 30TCeolA 1087 A8 F, PBSgFEQ oz 3ol A
H3tAet. 2y AEWAA Y FEE dolir] 93t 2% Triton X-100& A8 &
3, He wyoz Heol=g A dArh T F Streptavidin-FITCE A& @d F, 3
glo] =7}t C albicans® o= Ao EA)3+=AE Confocal microscopy2 7}A] 8}8F5
. 2 Z3 Ib-AMPlE AXTg A2 Ea AXUWE o7t o= 5F AE 47
#o) Agste Aoz Jewd (Fig 2).
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Figure 2. Confocal fluorescence microscopy of Ib-AMP1 against C. albicans.
A: Yeast cells of C. albicans were incubated for 10min at 30C with 10 ug/
m¢ biotinylated Ib-AMPIl(oxidized form), B: Prior to treatment of the

biotinylated Ib-AMP1(oxidized form), the yeast cells were permeabilized
with 2% Triton X-100.
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ol2idt ME A7|&Te] AF o3 FAF Aol UEUe Rog AzHu, o
2 HE A7]He] x| disjiMe #AA ¢n )

g9 o] feeol=g JAXAY 5B FAr] Yo HEPES ¢€%89 (10
mM HEPES, 150 mM NaCl, pH 74)d dgd A2 57t 50mMe
phosphatidylcholine (PC) / phosphatidylserine (PS) (4:1, w/w)2l <xA%}S
sonication process® A Z3 Ut A Fo] AT Hegdo dAHor FAF FEk
olE Bdg ETREL, AANZN AAE F FAZE FAHINAC
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Figure 3. CF-Release from LUVs composed of PC:PS (4:1) induced
by by cecropin A(1-8)-magainin 2(1-12) (@) and oxidized Ib~AMP1

(O). The released CF fluorescence was measured at excitation =

490nm and emission = 520nm.
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