2% $A7F4 AR $rg
#4 PeptideE 2 in vitro 3
in vivooll A2 &z1+# &

o] Z] &
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Bagta] RHEAGTHE 73, Pape(lld — 1350, 1907,
Rep, Putam [usi Health & Esserone Val.7, Pﬁ,g,l!flld. - 135), 1647,

39 T4 A=Y fEd
#4 PeptideE2] in vitro 2
in vivoell4 2| #34 FHE

L I

Evaluation of Antifungal Activity of Synthetic
Peptides Derived from Antibacterial
Protein, Tenecin 1

Division of microbiology

Lee Ji Hye

Abstract

Previously we have reported about tenecin 1, which was isolated from a hemelymph
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of coleopteran insect, Tenebrio molitor {meal worm) larvae. It was induced into
hemolymph by injection of Escherichia coli. This protein had 43 amino acid residues
and showed specific antibacterial activity against gram-positive bacteria.

To determine the active site of fenecin 1, we have synthesized several [ragments
of tenecin 1. Carboxy-terminal fragment of tenecin 1 (named TED — YCNGKR-
VCVCR) showed the same antibacterial activity as tepecin 1. Interestingly, TED
peptide showed antifungal activity against Candida albicans,

To develop a new antifungal agents, we have synthesized TED analogue pepti-
des. Among them, TEDFK (KFYCNGKRVCVCR) peptide, which contained pheny-
lalanine and lysine residuaes at the amino-terminal region of TED peptide, showed
antifungal activity against C. albicans. TEDFK peptide didn't show any antibacterial
activity. Several TEDFK analogues had been synthesized and examined their an-
tifungal activity s wire and m wivo,

For antifungal activity in vifro, we used two kinds of system | Sabouraud broth
for yeast form and 1% FCS-RPMI 1640 for hyphae form. TEDFK and its analogues
showed antifungal activity against yeast form and hyphae form of C. albicans. But,
they didn't show antibacterial activity on gram-positive bacteria, Staphvlococcus aurens
and gram-negative bacteria, E. eoli. For evaluating the antifungal activity of synthetic
peptides m wivo, survival of mouse infected by C. albicans was examined. TEDFK
and retro-TEDFK (synthesized with D-type amino acid) prolonged survival of mouse.
TEDFE and itz analopues didn't have hemolytic activity on human red blood cells.

I.4 &

E3e GelM AYF AFol} BBo) T2 44 59 A% FIoewy 3}
Ag wrehed 2o Solf el A& ol g8ThE o] YA ded, A2
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sulg] @) e A7 datE g REo] £ level? A YA 20
qded $F ©82 Yoli} lectin™ & 4], phencloxidase” '] HEo2 AP
melanin 34, 913 @eiud ol o F proteinase™ ™ 8 £¥] Fo| Utk 2 F
13 o de] Befels AW Hans G. Boman?] 978 A28 g2 dT7U S
algf oy LA B, s 2 FHARA) HeA AUk @A 2ad
Bao B4 gy e ~80d Hans G. Bomane] 28] vho| 22 Hyalophora cecro-
pialgiant silk moth) el A £ 2] ¥ cecropine”, 282 Tules A, Hoffmanoll 18 2] %2
Phormia terrancvae (feshfly) 14 22] 3 incect defencin”, W& Shunji Natoris] =] #]
o} 2 9] Sarcophaga peregring (eshily) 255 4 ¥ sapecin’, sarcotoxin® ]t
aEa, Bele] A& dFdAM 2, AA SRl 52 Holotrichia diomphalia
(=2t 324 F90])2) holotricin 1* F Tenehrio molitor (48 713 2])2| tenecin
1" Fo] gic}, o) Es) ojn)m4t Al vEe] # W(Fig 1) =3 FEel4 F5E
Mg AR 988 o + gled olnls olE THEE FEE 59 szt ol
UM EER sldF T 4S8 UER d=EE 84 Y 2R «4EHY 2,
wet A tenecin 14 ol &8 F4 FHE ¥ S

2 dAFAA AFEE tenecin 12 Temebrio molitor2] -3 dFgd& FAMSo
5502 43748 cjujxeite 2 FAE F dFR A 6782 cysteine®]
glol 3709 disulfide® $H-8 HA48v], 29 FAT, T3 Staphylococous# & Bacil-
sl ol ciebed Az HAE HAT glch

Tenecin 1% ZF #E£¥ & v}7o] synthetic peptide® 48] 43714 ofv]x=4t
2 cug 2ee 1179 ot =4HTED-YCNGKRVCVCR) S 2x S 4%
g2 Jed & sled gsich 2En TED: 3% 474 dsM &2 ol
A7 8] Candida albicansAE §-9& Vebd & gl sisic TEDE o9 7t4] ¥d=
dal A Rt 2 F N-29e lysine¥ phenylalanine® 3718 3 (TEDFE-
KFYCNGKRVCVCR) 2 =37 %= 2@ 4T didled= A8 947 48 JehdA
93l albicanse] o 3e] A7 gAvg Jehic ey B 704 #
AR AFSE 4 P 4o ¥¥ Tz TEDFKS vigtos o $2 437
4 & 7he o) @] 35 28] eynthetic peptide® $A 8, 2F ] in vive ¥ in vitro i A
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C. albicanso] U@ LAF A E A7 AYHn Ygel F5auo
A2 €FY C albiconse T4 T8 A AR F Y 9 339 Jd9
Y2 el MM PBE HS fungalemia, candidad T, £94d Foz U
ehubes TR, A EY, septic shock® & F4E JERAZE of B3], Ha
FE2 Bl AstE Bt M Bo] GHSL, ol FEY 4N, 99 A4,
steroid A | 2] Fofof 2] 8f Stalg ¢ glow] HIVIAEZE MEY 9y 304 iy
g M e et D", C albicanss 7 o W2} yeast, pseudohyphae, true hyphae &
e T ile FEY ] AR, yeastdl A hyphaeZ 2] A $& 57 33T o4
3 pH?F 4 A= 5 49 28 F=A7 S o Wojdch ol é
AP o] F9 virulence factorEE T4 S¢S #e e s g™,
2 AFAME in pitroo] M Sabrouaud broth®} RPMI 16408 AHE 8ha] ZHz} peast
form® hyphae form® C. albicans®l] ol ¥ €37 I8 FHSIA S Yeast forme
C. albicans®| 8t TEDFKe 40pg/ml, KSLKE 125p9/mésls o] U,
hyphae form® C. albicans®] 93t TEDFK 500pu9/mf, KSLK 10pg/méel 4] 43 o]
A In vivod M C albicans™ THE moused| retro-TEDFK 200p9d 4
TAMSER 1293 THA controlTA W E o 60%s 4EEEF EXY. TEDFKs
3 HFEATE 494 A28 FEJA AEFe At hemolytic activityS
B =] gt # 97 @3S peptides ¥3AT S48 Mg Ha9 7|2 AaE
ABeHD, ol EL gom o /e $ATA Ade gag 7l AEq
o2 YrpyejAct

Tenecin 1 VTCDILSVEAKGVELNDAACAAHCLFRGRSGGYCNGKRVCVCR

Holotricin 1 VTCDLLSLQIKGIAT NDSACAAHCLAMERKGGSCKQG VCVCRN
Insect defencin  ATCDLLS GTGI NHSACAAHCLLRGNRGGYCNGKGVCVCRN
Sapecin ATCDLLS GTGI NHSACAAHCLLRGNRGGYCNGKAYCVCRN
Sapecin C ATCDLLS GIGVAQHSACALHCVFRGNRGGYCTGKGI CVCRN

Fig. 1. Tenecin 1 9 27 BE{Ee| o0l ME H|R
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I, 48 Az 2 w4
1. A<k g 7]7]

Glucose, crystal violet, sodium dodecy] sulfate (SDS)+ Sigma Co., peptone, agar,
antibiotic medium 3 (M3)+% Difco Co., RPMI 1640, PBS (—)%& Nissui Co, fetal
calfs serum (FCS)+¥ Boehringer mannheim Co., cyclophosphamide= Shionogi Co.,
hydrochloric acid® Merck Co., isopropanol, ethanol® Junsei Co.oll4 T % &k A}
£8telct

49« ArEH ?)?]= autoclave, incubator {Eyela), COy incubator (Sanyo), UV
spectrophotometer (Shimadzue), centrifuger (Hanil), peptide synthesizer (Applied
Biosystem Instrument), HPLC (Gilson)®] =},

2. AR A 9 Ede] =4

E AdgdA ol & wigkd #stad AMEE wWiAE oldish 2o
1) PBS (—)
2) Sabouraud plate
3} Sabouraud broth
4) M3 plate
5} M3 broth
6) 1% FCS-RPMI 1640

3 AETE A IF

AYFEL FRUYEEAEAA THUFE FA 25-30 A=8 T8 mouse®
AHE-3t9 o
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#33= Candida albicans TIMM 1768, Cryptococcus meoformans ATCC 36556, Sta-
phylococcus aureus JC-1, Escherichia coli K 12 58 AHESR 2% C albicans S
C. neoformanst Sabouraud 23 AR €] =)o, S awrens®t E. colie M3 1M AE
i) FFahe] atoelM Wi

4. Peptided] T4

Peptide= peptide synthesizerS o] #-8od 14 $AIY™ 2 2 34 St5lch Resind
MBHA{methylbenzhydrylamide) & AH8-3}5ic), $ 4ol A48 ofo]ieiie] N-UTHE
F-mocl9-flusrenylmethoxyearbonyl) 71 2, #8440 §1E side chain® Trtltrityl), Boc
(butyloxy-carbonyl), t-Bu(f-butylester), Pmc(pentamethylchloroman}?] $22 ¥
A9k Peptidet N-¥@el4 C-B2¢2z ¥4 = +d, HOBt(N-hydroxybenzot-
riazole) - DCC{dicyclohexyl-carbodiimide) ¥ & o|§-8}5ich. §H4d ol #8¥ peptides
Eagd g AlEEe resinc 2 76 £2A7] F, C. reverse phase HPLCE 3
&1, A H peptides] 2 A4FE AF F47)E ol E8o HUslER, 2 dE8A
AHg-Eh s o

5. Minimal inhibitory concentration (MIC)3 minimal fungicidal
concentration (MFC) 2] 73

MICSt MFCE &3 % 7| %89 micro dilution method™ & A8 315 o}, Sabouraud
3 Apel w Al kg C albicans TIMM 17682 colony® # %ol saline 1mée]
@Ayl F 3000rpm, 54, 48 2o s Y4 FelAF| R, Bk A saline 1
meE Pe] G F HEdE Sabouraud broth2 & A 8te] Fo| 47} 1x10°
cells/mé7} 5| =& &3ch Peptides 800pg/méolA] 125u9/mE7t =] saline2 8 2uf 4
#Hade] #uisAd 7 5499 20pls} peptide &9 10uf, Sabouraud broth 170pé
B Efele (AFHor F2 £ 1X10 cells/mio] R, peptide2] FE=E 40p9/mé

1



oA 0.625u0/me) 37T A 2447 o YH F 6200mel A FAEF S o
9 MICE controle] His] #9) 44-g 50% FLAe J4 F=2 Yoswg,
°l ¥ @9 4] HASA Yt sampled M 20p¢4 # 8] Sabouraud 24| L
M & o] =t 37T AT B8 X colonys] F4L Holse MFCE I
Astald. ol ® MFCE colony?t A% #4597 %t 4+ ¥z P39

6. &3 Z-Eo A% A+ innoculum sizeﬂ?l-] of &

MICH S3= Fe¢ wyez 7 dealg 95 % Sahouraud broth2 & 4 8}of
@9 7} 10°, 10°, 10° cells/mi?} HEH 2Ysiqch AL # peptide MFCY 2
Hige] H=R BEAY. T H49 20083} peptide £4 10pf, WA 17000E EF
ghef of EgaE 37T 0, 20, 40, 60, 90, 12087 WNLF F, 20,09 b
Sabouraud 34 P# Wi x| ZEl3 o] 37T A 244 2t Wl El e colonye) £8
Ao,

7. C. albicans$] hyphae formoll i4h 215 A4 &4

C. albicnas@ hyphae2 24| 817] 98l 1% FCS-RPMI 1640 Wl A8 AR2349 e},
MICH &3 FU¢ TH & A5 8te] T el g BE ¥ 1% FCS-RPMI 164022
B el 1X10' cells/ml7} =8 =FHAR, peptide® 1500, 300, 150, 30, 15, 3
ug/mézk HEs TU A, 96 well plates] T 244 50ufs} peptide &2 50u¢,
1% FCS-RPMI 1640 50pf8 ¥ E¥sio 370, 5% CO, =04 20413 v
stgch W Fo] B F, colorimetric assay™ £ 498 238 50ch 96 well plate2]
vretel #of 3lE hyphae® 70% ethanol® AH8l% §2 I M2 ¥ 002% crystal
violet 10062 YAt 158 F JFde vea 2 42 £ 27T hy-
phaesl] Q4 Ee] 2l crystal violet®& 0.04 N HClisopropanol® 150p€st 0.25%
SDS¥ S0péE F&3e Sonme)A FREE S



8. Hemolytic activity 579

HYTF PBS (=)ol ADAHA 2%10° cells/ml?} 5| =2 &1, peptide® 160pg/
méel A 25pg/mé7t=] 2ulY 8 HEle] Fuldgct AYF WGd 250p89 peptide
#9 250ped& EUSR 37T A 308 Wi T, fdEda Yo 405
nmo| M FRE=F SHeAD

9. In vivpol| 4 2] &3 F 84 4

In viveol M o] 25 $4 4§ 918be) 25-3002] 9 moused ALB el
Mouse®! cyclophosphamide 200mg/kp& 573 FAMSER 4YF C albicans TIMM
17682 T HA . C albicanss T AbH o] 2]l A colony® #1# Sabouraud broth
10mee] FFEle] 12413 WA 7] F 3000rpm, SE, 4T ==l 24 s
TAME saline2 2 23 M AF f, dol3 FALE salines 2 H M8le] F2] 7)1
X 10° cells/mé?t 5= 8 #te] 25088 (25X 10° cells) mouses] 2] Fujazm Fa)
Brch oF 10% ¥ peptide #9-& 200004 W FAlstm 1293 Bk

m. 49 ZH= ¢ 3

1. Synthetic peptide

Fig. 2¢0 Yeld 23 o] tenecin 18] 34 295 27 fsl tenecin 18 &
T2 v7ro] synthetic peptide® W43 53 5582 aspartic acidd ] ar-
ginine?t#|& TEA, asparagine®® glycinet*18¥ TER, N-¥¢ %2 valine® &
lysine7t =2 & TEC, C-2¢ 5-82] tyrosine] 4 arginine?} =8 TEDz} 90w tsict,
o] & synthetic peptide=® S awrenso] o @ @7 48§ 39 F3 Tab. 1o b=l
W #3 Peo] C-HE ¥ TEDTO] tenecin 1% TYY %4 & ez &
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ul2& 22 TEDE 5 aurens®t bzl 17 C abiconslE 45 Ushdgs
Holel, TEDF & 717 92 @899 & TEDY N-Teel phenylalanine=t
lysine& 371§ TEDFK2HE peptide™ tenecin 194 #- =513 peptidedl = #
T8I 5 surensAE AE o] §1E C albicanso] T #49] 28-S Usich o
g4 TEDFE® 242 TEDFKETD § $£& ¢3AF f49F 7HH¥ peptided
o} Wima stact

4% TEDFKe #=AFE Tab. 28 Tab. 3¢ ebfi2lch TEDFK-L 2, 9
glycine, lysine, arginine® 4#|§ ao]x, TEDFK-3, 4, 5¢ glycine™ 4 =} phe-
nylalanine, leucine, lysine2. 2 #] 8%k o]0y, TEDFK-6, 7, 8& asparagine® %
leucine, valine, lysine® 2 =gk ¢k H o)), ajb-1, 2, 3& TEDFKW 2| 370 2] cysteine
£ A2 aminoiscbutylic acid® 3] §% 3<ld], |32 TEDFKJl | 3742 cy-
steine®] A8t §2hl H& Eaptd] oF 713 YEHE disulfide FEE B
A4 He AL 2aElr] gHMeolct M series®} KSLK= TEDFKESE &2 o
27} Yot peptided] o lysine®| Hel@lvte el 54 o0 &2 S % parameter
§ °| 8% computer praphic program2.2 4§ W3 TEDFKS aib-1, 2, 32 f-
sheet®] TE& H8PT M seriesst KSLKE o-helix?] 72 kA He Ao
of 4= 2tk TEDFES} KSLEE in sivool] 3-83t7] f18te] "l W2 proteinases]
e AYHE 712 F e E e 4EAE S48, retro-TEDFK, retro-
KSLE, red-KSLK, card-KSLK®] }. retro-TEDFK# retro-KSLKE H 4| 2] ofv) =45
ool &8t Ltyped] obvledt 4l Detyped] oto|=it-g AHESld 48 3
o] 3L, red-KSLK¥ card-KSLK® N-%ets] 258 #&) N-2w2] lysine™ lysine/t
o] & Fig 391 Yebd 35 o] peptide A& reduction form ¥ carbamate form
o ghEzioth ¥ olFd C-UdE REHI] A4 C-LD lysined D-type
2] o}m|e=ihg AbESa GAasis

2. Synthetic peptides®] MIC 2 MFC

Synthetic peptides=] MICS} MFC& &8 & @& Tab. 4o vtERf 210, C, albicnas



TIMM 1768+ ti# TEDFK2| MIC, MFC= Z+%} 40pg/mé 9 40ue/mesl e, KSLKS]
MIC#t MFCe 1L25pg/mé 9 Sug/miz 37 4o vj§ F7islddeds &+ g
ot £ o & FAF9 C megformans ATCC 36556<1 tlsM = MICE S34#ded
C. albicans#] 3524 vl FE2 $4°) AUk 2ev 28 F4T9 5 aunus
u 2% 4T E colfel ditiMe M B4 & JeERY A gfgtE M 339 KSLK
£ E wiid] i #5& 2|7 8} C albicanse] Hl&lAe of5 2 MIC 2
MFC &t& Yebdi v

3. @3 E4d4 WP ATH jnoculum sized] &k

TEDFKS] #3837 $4de] di§ A2+= inoculum size2] 9%-2 Fig 4] ek
2ith. TEDFK 80pg/miE AR atged, oF 07 S48 7k S48 YD 60
EHole 00% o4 AbdstRict o] =, inoculum sizes HAT Fiod A JGE
7€ #slc), TEDFK& ] o & peptide= &8 FA4F 23c)

4. Synthetic peptiede2] C. albicans hyphae formell i %k €37 £4

C. albieanst 7ol me} yeast, pseudohyphae, true hyphae® ¥ 48l S8
ARt} C albicans7t hyphae formo 2 AHFW-E ofe] T&& Fig 56 el
ot In vitod] M 2] QYA HEE yeast forme] i F4 SO SA sled
HedAM e dFE hyphae forme 8 44322 hyphae forme] A &4 S3P=
A asts] #lo] TEDFK, M 33, KSLK# hyphae formel ol @203 Zpgo] ojs] =
Atetd 2, 234E Fig 691 JYeRARID C albicans® hyphae2 ZebA 317 8 8o
1% FCS-RPMI 1640 ¥ = § A}8-81+] 37C, 5% CO, 8] =M v ¥t ot Control
2 fluconazole® AHE-8tl e, Fig 691 4% fuconazolee] 714 & #4494 Jehd
3@ Fou ol AL fungistatic Ao Jehdigich 28 M 339 KSLKE 10
pg/méA A WEAZ AIESHUR, FEF Eol™ $3 8] fungicidal AF el

T



¢t} TEDFKE 100pg/mé7t=) = fh4 8 tehdi=] ghalont of 500pa/nkol] M B4 3
Baich Yeast form® hyphas form¢] df§ £4 F=8 =28 € 9, veast form
of wisf o 108 A2 FL FEAM hyphae formol o8] B F FAE Jehfs
t}, o] AF A C albicanst hyphae form®] yeast form<f| ¥ 8§ ¥4 2|84 ade
AE @ 7 AU

5. Synthetic peptide®] hemolytic activity 57

AZ7A in vivod A2 42 vpgo 2 jn vl BE St0A S, peptide
F AR E 7] HHME hemolysis?t 7HF € FAE LE 1 9171+ hemolytic
activity® S @l ¥stch TEDFK, M 33, KSLK® hemolytic activity® Fig, 791 Y
Wigick o] & mellitin® YWe § 4oz AW o] fdba] $HH hemolysisE
W2 7E control peptide® AH#-8191 ¢}, Synthetic peptide F M 332 ¥=& 371
Algl = ¢:712] hemolysis® =89 A7, TEDFK S KSLK® 48 hemolytic activity
& vehi ] ghatc), ofels M 338 A s dhar, TEDFKSE KSLEK& i vive &9
synthetic peptide® W35},

6. In vivooll 4 2] &3 &4

Synthetic peptide®] #4 Y mouses] o) § §3F @4E Fig 8 b "o
(a)+= TEDFK, retro-TEDFK. aib-19 9 H=EE, (b)elt retro-KSLE, red-KSLE,
carb-KSLK®] ol ¢ =8 vehd 2l (a) ol M= peptideth 4! saline® FAHF* control
T2 mouset 3T 2S 912, TEDFKTH aib-17& 12977 < 0%
AEEES BYD, retro-TEDFET 2 60% 2] 4E84 2499 retro-TEDFK2 TE
DFE® vlxZs & o, o4 #e] AdelM retro-TEDFK7 o 3ste] 22 4
Z2E4 yehie 3 29 (b4 controlT 2 1297A 20% 8 4EE& ¥
o] 253 retro-KSLK® red-KSLKS Foi 8 2 439 2% S 3, carb-KSLK

- 124~



o controiT o) 20% 8] AE2FEF BHck In pitocld TEDFKECH 849
H F& red-KSLK, carb-KSLE, retro-KSLE?} in pipei M= wicl o] Ao§ el
U ol WA HUY JAL FEY £ glond Mg ctHAdg =4
o] E4e] 7198 A 3k red-KSLK, carb-KSLK, retroKSLE7} i viool M C
albocans™| Wl & BHE 712 2 ole} E colicl dledx of= FE 4
€ 7 ed, in vived 4 C. albicans™] ZEE mouses) YEFE AF47 4] 2}
t & C albicans] e A9 4o] Wi mouse W W] MEo e SAHE
e el obd7h Moo e g AgAMEe S48 Bt FashAg
Ao Ae] 2348 871 R 549 T4LE nHdjojol § Ao ApnHc)

Tenecin 1 VTCDILSVEAKGVKLNDAACAAHCLFRGRSGGYCNGKRVCVCE

TEA DAACAAHCLFR

TER NDAACAAHCLFRGRSGG

TEC VTCDILSVEAKGVEL

TED YCNGERVCVCR

Fig. 2 Tenecin 1 ! CiP2] oOlD| it ME

Tab. 1 Tenecin 10} CHMo| #7 9 X7 4o

. Staphylococens Candida
= AUTENS albicans
peptide JC-1 TIMM 1768

TEDFK + -
TEA = pe
TEB s =
TEC e -
TED + +

-l



Teb. 2 TEDFK 2 TEDFK F=4§= o0& ME
427 D-iype2| Ol0|cAHE, abE amincisobutylic acid@ 240| o).

peptide sEpuence
TED YCNGERVCVCR-NH:
TEDFK KFYCNGKRVCVCR-NH,
retro-TEDFK kiyengkrvever-NH;
TEDFE-1 KFYCN KRVCVCR-NH: B
TEDFE-2 KFYCNGERVCVCR-NH,
TEDFE-3 KFYCNFERVCVCR-NH,
TEDFEA4 KFYCNLERVCVCR-NH:
TEDFK-& KFYCNHERVCVCR-NH:
TEDFE-6 KFYCLGERVCVCR-NH,
TEDFK7 | KFYCVGKRVCVCR-NH,
TEDFE-&8 KFYCKGKRVCVCR-NH.
TEDFE-§ KFYCNGK VCVCR-NH.
aib-1 KFY(aib)NGKRVCVCR-NH;
aib-2 KFYCNGERV({aib)VCR-NH.
aib-3 KFYCNGERVCV(aib)R-NH;

Tab. 2 TEDFK FE3H2o| ololeXM HE
427 Daypell O|O|L=ME, * £ reduction, © = carbamate® 2j0| i),

peptide sepuence
‘M4 KKYCKKRVCVCR-NH-:
MBS KKYCNKKCVCR-NH;

M 18 KFYCDGKRVCVCR-NH;

M 19 KFY(aib)NGKEVFVFE-NH,
M 22 KEYIKKVFVFR-NH;

M 23 KEKYIVFVFE-NH.




peptide BEpUEnCE
KSLK KKVVFEVEFKK-NH,
red-KSLE KEVVFEVKFKE-NH.
card-KSLK K'KVVFEVEFKK-NH,
retro-KSLK k k vvik vk fkk-NH.
Ri I‘I'l 0
peptide bond Ny C
LJJ Rz Iil
R1 Iil g
reduction fo z’“
" NH )\CHE Y v
i Rz tl-[

carbamate form /J\U / /l\ /&\

Flg. 3 Peplide bond2| reduction form2} carbamate form
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Tab. 4 Synthetic peptide2] MIC 2 MFC

S MIC_ on J!'-'[FE on MIC on MIC MIC
C.albicnas C.albicans | Congofermans on on
ceptide TIMM 1768 | TIMM 1768 | ATCC 36556 | S.gurens E.coli
(pg/mé) {pg/mé) (pg/mé {pg/mé) {pg/me)
TEDFK 40 40 40 = =
retro-TEDFK 40 40 40 = —
aib-1 10 10 10 = =
M4 10 » 40 10 - =
M5 20 40 a0 = e
M 19 20 20 20 = =
M 33 25 10 25 = 20
KSLK 1.25 5 L35 = 10
KSLE-red 125 5 1.25 = 20
KSLK-carb 125 5 1.25 20
retro-KSLK 1.25 5 125 e 10
2
3
-
0 20 40 60 8 100 120
Tirne { mir,)

Fig. 4 HF §Aof ciEt AIZE2} inoculum size2| FE(TEDFK 80 ug/miE AlZ)

@ C albicnas 1 X 10' cells/ml
W . albicnas 1 X 10" cells/ml
B C albionas 1 X 10° cells/ml

— 18-




2 hyphae form

. albicans

5

— 29—



AS00

o 20 40 =14 BO 100

Cone, { pg {ml)
Fig. 8 TEDFK, M 33 3! KSLK2| hyphae formO| CHEh ®EIFE &4
@ ' TEDFK WM 33
¥ . ESLK i} ¢ Fluconazole

1.4

k2

1.2

0.8

Ados

i) 20 40 80 B0
Conc. [ pug fml ]
Fig. 7 TEDFK, M 33 % KSLK2] hemolylic activity

® : TEDFK WM E3
¥ - KSLK O Mellitin



—
Tl
T

survival rate (%)

(b}
100p—o—a
g0 ¢
ga b
70 ¢
60

50

30
20 F
i0F

sunvival rate (%)

i L A J

1 2 3 4 65 8 7 & 8 181112

days

Fig. & Synthelic peptide?| in wivod| 8] =3 &M

(a)O | saline B - TEDFK & . retro-TEDFK ® : aib-1
(b | saline B . reiro-KSLE red-KSLK A& . carb-KSLEKE
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v.a &

1 24 AAD (T malitor) s F3c22e peld 7 dEA2 tenecin 18 &
Ho2RE C albicansol thole] FA4§ 25 A2LE §IT peptided HUT
I o] 88 TEDFKe} ¥oisigic £¢ TEDFKE 2 # =3 TEDFK o ¢
£ FAF AL FE A=AES BAYE 5 sl

2. I vitre 2 H1M, yeast form® C. albicans®l ™2} E TEDFK 40pg/af, KSLK
L25ug/misl w sl $3F FAlel AR, hyphae formel o 8= TEDFK
500ug/md, KSLK 10pg/mis] F=oiA $37 40| gl

3. In vive Q8NN C albicanso] T EH mouse™ retro-TEDFK 200ug& H® T
Apgha 1297 T+ A controldo] vldl < e0%e] WEFE Buc 284, i
pitro®l A LAF B4de] o F2 retroKSLK ¥ red-KSLK, carb-KSLKE §™
241 2 control®ol ¥ 6l mouses] Y2 FE F7HAAA EdhEoh 2 R
e AgstE g fuddMy b 2 S4s Ao Flddte 3 2.

4, A28 AFAM C albicansel Hal £& 4L 717l peptides B8 T
AT o8 A& F2 peptided AW Aol 44 F7 8 =
dAlieiMa) ekd el 271 9 mammalion cells UE HE S4E DeP AR
o] 3¢ A I

5, @A gMT74 o3 F& peptided] ¥4 mechanisme dHZ 4252 T3
A dgle] 2% cell deaths) fr=3 e ® F&%a glov TEDFK ¥ 2 9
peptides] ¥4 mechanism® 8 AFs A ve} gich goz a3 f§ @
FE Ugsolel ¢ Aoz Prgg |

-133—



V. 3354

1. Glaser, R. W. 1281, On the existence of immunity principles in insect. Pspche
25 38-46

2. Hultmark. D, Steiner, H., Rasmuson, T. & Boman, H. G. 1980, Insect Immunity
+ Purification and properties of three inducible bacterial proteins from hemolymph
of immunized pupae of Hyalophera cecropia. Ewr. | Biochem, 106 . 8-16

3. Lambert, ], Keppi, E., Dimarrcq, J. L., Wicker, C., Dorsseler, A. V., Hoffman,
1. Fothergill, J. & Hoffman, D 1989, Insect Immunity * Isolation from immune
blood of the dipteran Phormra tevranovae of two insect antibacterial peptides with
sequence homology to rabbit lung macrophage bacterncidal peptides, Proc Nall,
Acad, Ser B6 © 262-266.

4. Matsuyama, K. & Natori, 5. 1988, Purification of three antibaclerial proteins from
the culture medium of NIH-Sape-4, an embryonic cell ling of Smeaphame peresring,
I Biol, Chem. 263 : 17112-17116.

5. Okada, M. & Natori, 5. 1985, Primary structure of hemolymph of Sarcophaga
pevegrina(flesh fly) larvae, J Biol Chem 260 @ 7174-T177

6. Lee, 5. Y., Moon, H. ], Kurata, S, Kurama, T. Natori, 5 & Lee, B. L. 1994,
Purification and molecular cloning of ¢cDNA for an inducible antibacterial protein
of larvae of a coleopteran insect, Holotrichia diemphalia [ Biochem. 115 0 82-B6

7. Moon, H. ], Lee, S. Y., Kurata, S, Natori, S. & Lee, B. L. 1994, Purification and
molecular cloning of ¢cDNA for an inducible antibacterial protein from larvae of
the coleopteran, Tenebrio molitor, | Biochem, 116 © 53-58

8. Lee, 5. Y, Moon, H. ], Kawabata, 5., Kurata, 5., MNatori, 5. & Lee, B. L. 1995,
A sapecin homologue of Holotrichia diomphalia @ Purifiaction, sequencing and de-
termination of disulfide pairs. Brol. Phame. Bull 18 . 457-459

g - ey



9. Lee, 5. Y., Moon, H. 1. Kurata, 5, Nator, 5. & Lee, B. L. 1995, Purification
and cDNA cloning of an antifungal protein from the hemolymph of Helofrichia
diomphalia larvae. Biol Pharm. Bull. 18 | 1049-1052

10. Komano, H., Kasama, E., Nagasama, Y., Nakanishi, Y., Matsuyama, K., Ando, K.
& MNatori, S. 1987, Purification of Sarcophaga (flesh fly) lectin and detection of
sarctoxin in the culture medium of NIH-Sape-4, an embryonic cell line of Sa-
reaphaga perepring, Biochem, [ 248 © 217-222

11. Leonard, C, Soederhall, K. & Rarcliffe, N. A. 1995, Studies on pro-phenoloxidase
and protease activity of Blaberus craniffer haemocytes, fnsect Brochem, 15 © 803-310

12. Ashida, M., Ishizaki, ¥. & Iwahama, H. 1993, Activation of pro-phenocloxidase by
bacterial cell walls or B-13-glucan in plasma of the silkworm, Bombyr mort
Biochem. Biophys. Res. Comemun. 113 1 562-568

13. Saito, H., Kurata, 5. & MNatori, 5. 1992, Purification and characterization of a
hemocyte proteinase of Sarcophaga, possibly participating in elimination of foreign
subatances, Euwr, [ Brochem. 204 - 911-014

14, Kurata, S. Saito, H. & Nator, S. 1992, Purification of 29 kDa hemocyte proteinase
of Sarcophaga peregring. Ewr. J. Biochem, 209 . 930-044

15. Homma, K., Kurata, 5 & MNatori, 5. 1994, Purification, characterization and cDNA
cloning of procathepsin L from the culture medium of NIH-Sape-4, an embryonic
cell line of Sarcophaga peregring (flesh fy). J Biol Chem. 269 . 15258-15264

16.. Lorian, V. 1991, Antibiotics in laboratory medicine. 3rd ed. William and Wilk-
ins. 198-205

17. Walsh, T. I, De Pauw, B, Anaissie, E. & Martino, P. 1994, Recent advances
in the epidemiology, prevention and treatment of invasive fungal infections in
neutropenic patients. J. Medical & Veterinary Mycology. 32 © 33-51



18. Sarosi, G. A, Davies, 5. F. 1993, Fungal diseases of the lung. Znd ed. Ravan

15,

21

22.

Fress. 17-28

Bodey, G. P. 1993, Candidiasis, Pathogenesis, Diagnosis and Treatment. 2nd ed.
Raven Press. 1-20

. Merrifield, R. B. 1986, Solid phase synthesis, Scrence, 232 ¢ 342-347

Ghannoum, M. A., Ibrahim, Y. Fu, M., Shafig, ].. Edwards, Jr. & Criddle, R. 1952,
Susceptibility testing of Cryplococcus weoformans @ microdilulion technigue. f.
Clin. Micvobiol, 30 . 2881-2886

Marcia, 5. Alcouloumre,, Mahmoud, A. Ghannoum., Ashral, 3. Ibrahim., Michael,
E. Selsted., Tohn, E. & Edwards, Jr. 1993, Fungicidal properties of defensin NP
-1 and activity against Cryplococcus seaformans in witro. Antimicrobiol agent &
Chematheraphy. 37 @ 2628-2632

. Abe, S, Satoh, T., Tokuda, Y., Tansho, 5. & Yamaguchi, H. 1994, A rapid co-

lorimetric assay for determination of leukocyte-mediated inhibition of mycelial
growth of Caendids albicans. Microbil. Tmemumol. 38 - 385-388

. Aoyagi, K., Itoh, N., Abe, F. Abe, 5., Uchida, K., Ishizuka, M. Takeuchi, T. &

Yamaguchi, H. 1992, Enhancement by ubenimex (bestatin) of host resistance
to Candida albicans infection. [ Anftbiofics. 45 © 1778-1784

— 135



