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Tachyplesin [ & E7A23E g a4 Hel=olth AX Ao @ tachyplesin 18 2§

WAUEE 2AF8H7] ASA tachyplesin 1 R 5789} A& ddHoz AT T8 5709
$%#+& [Phe?]-tachyplesin I, [Phe***]-tachyplesin I, S—SEY-& 7}A1A] & [Cys(Acm)*#*]-ta-
chyplesin I ¥ [Cys(Acm)%2%]-tachyplesin I 8] ©H<Q! 7(Acm) 2 10(Acm) oItk F¥FHo] 44 (CD)
2HEYo|A tachyplesin 1 & FqolA IBY g—F2F 3o 44 AdHstolMe dFdut
oFzt B 1A A9l F2& 71tk Carboxyfluorescein 74 2823 tachyplesin® 54 ¥ 44 A2z
A 35 g Aok £ ¥F d¥sidMe gEsng A4A RE] JAARY YR &
A&k 7(Acm) € 10(Acm) F=AE A9F 2E HE|=EL lipopolysaccharideZ &l 1ol A<
$A18 @S e weba A "ol tachyplesin [ & ¢HAF p—TEE2HEH d 7 FHY
FEE T2 HIE fEIvn AAZG
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of action

2, oldF, 2%, ¥AF, #EFF 22
FEES QAN T, 7148% W3 LS
UellE 9714 ZYE=E Addke d ojvix
ol A& HYF # % o] E Aol thEt 39 Ao
w7l el 21§ A Zoh(Kini & Evans, 1989 ; Be-
rnheimer & Rudy, 1986).

A7 HIAE2A FAHUe @714 94
=g W3 12 720 wet 4 FHE o3
Zo] Ve U Az HE Yy 39
melittin(Dempsey, 1990), magainins(Soravia et al,
1987), cecropins(Steiner et al, 1988), sarcotoxin
(Okada & Natori, 1985), mastoparan B(Park et
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al, 1995)5 2.2, o]&L 4uiA4 linear peptide
2 A g-helix +2F #3t1 Atk EXE apidaecin
(Casteels et al, 1989)3 #& linear peptideZA],
B 12E H3t3 Auk AR defensins(Eise-
nhauer ef al,, 1989), bactenesin(Romeo ef al,, 1988)
g Bxhyol disulfide bond ¥4l & AT
#3L QlE cyclic peptide 24 ©] &2 til ¥4
B-sheet TF& #H33 Uk AA 18] I F&
W7o @ Ate ®ol BuHAA o,
Aol o dFe e s ¢ wEd,
B Aol SFyEQ FTAZ FH d2l¥ tach-
yplesin 13 1 f=A4E& APEoz FA45
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FE-WGRAS &9 ¥F FE oSS
anA @t

3ol 2ol 2709] S—-SHTE IR ddy
G718 Sa RN WEI=T} Tachypleus tridentstusSt
Limulus polyphemusSt #& o8 FFAY T
FEEBEZREH 9= Hoew ZZ tachyplesins
I - (Nakamura et al, 1988 ; Miyata ef al, 1989)
3 polyphemsins I 3% 12 #&]2 {1t} Tachyple-
sind& I8 ¥4 2 4T 21 I%olg ¥
A de W] vYEY H4FE 08~12
pum/mée] HAEX(Nakamura ef al, 1988)°]A
At deiA e, FuEFAE I1EL lipo-
polysaccharide (LPS) ol 2319, Limuius clotting
cascadecl| 4] LPSell ei#] &4dsl€ &71Q1A, factor
Co g4& #94 A At PN A tach-
yplesin®] Fxv F3] ®wow, /el BFA
YEY T e 10 mg SV Fk Tachyple-
sin 19 Yap7ZEE Fig 19 Jerliich

NMRel 9% tachyplesin I & 2x-7% 340
o3, o] HEl=E B-turnT 2709 S—SE¥
o |7¥Y 9%y p-sheet 7ZE 31 Y}
(Kawano et al, 1990). =¥ tachyplesin® 44
99 244 dYgoz FelE SUNAH F2E
#Hax glck old ¥ug FE2E LPS & A
#o2 tachyplesin 1 9] A&2hgo] flo]jx wig-

4% 9EE 3} de A 2 B d7e ¢
A@epgoliA FAuld p— T2 AU tachyple-
sin 19 Zgu7ilFe] @3] AR

Tachyplesin I & 54 F9y 28 Ao
e Trpd, 2574 499 8 & 139 $jx)el
2709 Tyr& 7}Ax Utk Shieh et al. (1989)9]
Birel] o3 laurylphosphorylcholine (LPC) ¥
A3} tachyplesin I°] 42a84% o TrpRd7) 21
i v} v F 7Y Tyrdr7h 2 gaelA
A3 AE3a loka A, 53] AxAgte] o
FTE FRAY wge] oy & dHA UAA
=g

w2}A Tachyplesin 18] fEAME ol&sld L
e EAHE B9 sked oA Aol
AZElejFtt. ola¥ of wFEol 2¥ A9
TrpR71& Pheo2 X|¥% [Phe?l-tachyplesin I,
83} 1391%]2) Tyr271& Phe2 X 8% [Phe**]-tach-
yplesin I 9o S—-SZAWE 7HX2 YA %= [Cys
(Acm)¥ %] tachyplesin I, 28] [Cys(Acm)*"2]
-tachyplesin 19 N—2¢ eHHE = (7Acm) 9
C-oret tyHElE (10Acm)& B3 84
FEAEY YATFRE Fig 19 Jehiid A
At tachyplesin I R 279 fEATY 4
I8 ¥F 9 ABEYEY ¥ BHY 7F
4 9 LPS—2Y gAel o3 zAlsigth

Tachyplesin |

H-Lys—Trp-Cys-Phc-Arg-Val-Cyn-Tyr-Am—GIy-lle-C&s-Tyr—Am-An-Cy:-An-NH:

[Phe’l-tachypleain §

|
H-Lys-Phe-Cys-Phe-Arg-Val-Cys-Tyr-Arg-Gly-lle~-Cys-Tyr-Arg-Arg~Cys-Arg-NH:

[Phe® %)-tachyplesin i

[Cys(AcmP * B ¥~

]

|
H-Lys~Trp-Cys-Phe-Arg-Val-Cys=Phe- Arg~Gly-lle~Cys~Phe-Arg ~Arg~Cys-Arg-NH:

lloLyu-Trp-Cya(Acm)-I’he—/\rg—Val-Cyn(Acm)-Tyr—Arg—Gly-lle—Cyl(Acm)-Tyr-ArrAu-Cyl(Acm)-An-NH’

tachyplesin 1
T(Acm) H~Lys-Trp-Cys{Acm)~Phe-Arg-Val-Cys{Aem)-OH
10(Acm) H-Tyr-Arg-Gly-lle~Cys{Acm)-Tyr-Arg-Arg-Cys(Acm)-Arg-NH;

Fig. 1. Structures of tachyplesinI and its analogs.
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1. Liposome(13%) XA

1X A2 = Egg yolk phosphatidylcholine
(EYPC)3} Egg yolk phosphatidylglycerol (EYPG)
& AMEEIeH 1EHe ZANMe o3 #oh
EYPC ¥+ EYPC-EYPG (3:1) (20 mg)el o}
JE FEZXE £ A VI2E A9 F
$A1A lipid filmE UL ¥, 20 mM Tris-HCI
fF3Yoz FIHAIA 308 FU A&oA vortex
&}, Tomy Seiko ultrasonic disrupter Model UR-
200PE AHE-3ld 1087 3¥ 2EAAE B3}
Ak goiA AdFLE 0.1M NaClg EHsh= 20
mM Tris-HC! €3dox 93 ez 343
F FA] A3

2. 9@l ¥ (circular dichloism ! CD) 2%
EY

CDAHEHL.JASCO J-600 spectropolarimeter
£ g3l 2439k EYPC £ EYPC-EYPG
B:DE TAHE 9FTY EAdA He=9 CD
29EY 239 7% 09 mM EYPC %+ EYPC-
EYPG (3: D9 3%g EFEL e 20 mM
Tris-HCI €39 (pH 8.0)° HEI=E =t ¢!
Fotol 9% A BAEY) 93 AT AAY
CD 2¥EGL QFe EA) slofxe] 2R 2RY
Zag i ie

3. QFLe2RE carboxyfluorescein (CF)2]
FE2EY

QFtogHE CFe &€& Suenaga e al
(1989) ¢} ol uwet ZAASATH CFo] BUE <l
Fott CFo] ¥4 A g+ liposome? Sepharose
4B Columng& AMS-3ted RE3iych 2 méy Eof
Qe EYEF 7HA £¥d 43 € small unilamel-
lar vesicle® F&4¥e AH3AT 9AE T8

whght 67

70 yYMZ 3}7] 918} Tris-HCl ¢3do2 33
34 Hel= §A(50 um) & 25CAM I3
Solo] HrEd ¥ 2 2E FE=HE CFY
33 Z7}e 470 nmolA excitationd LA 7|
515 nmo}* emission® TN FF A=
W= HEl= Y7 3BT S CFY &
A W& Triton X-10000.1% v/v)& 7ML
2M A= YFED $E %+ 100 ((h)/
(f-f) Aol o8 AR A714 f& Pel=of
g8 f=¥ ¥ Fxold, f, R v 474 439
023 01% Triton X-1002.2 Mo} 3% 7
To|o.

4. 3% 2¥EY

g3 ~HEYL JASCO FP-550A spectropolari-
meter& AHE-31o] 7185t 2HEHE 25TAA
TrpS T@ske HEi=e #89 Ee AFH 4
Blo] loirel Trpel 2HEYE HI7IHE 280
nmolAl  excitation® RAHAIFIZL  emission> 2
Trpel #% WaE 238Ut (Suenaga ef al,
1989). 7123 HRABAY 29EE 200 uMe
EYPC-EYPG (3:1)¢ A=A &AslllA 1
a5 Juisel AYFPozH e =9
Trp3 %9 &% 84 $A43Yh. £§ Stern-Vol-
mer HAAE olgsted 4% data®E EAIHATH

Fy/F=1+K«[QJ

4718 [QJE 239 ¥, Fst FE 2384 5=
[(Q 4 H|EA} EAS A 242 280 nm] ¥H
#5g veEdt £ Kot Stern-Volmer 2%
448 eI

5 LPS—3Y ¥4

T4 HLEEL AM-sle LPSH o3 #93d
factor Co Aol #F oA AHRFE FPshAct
(Nakamura et aol, 1988). §4 EZdE9 dHe
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2 pg LPSo ¥ F/i=oixle 50% 9] factor C
€ A gozA PRt

6. ge= ¥4

(6~1). 287 X3¥ dipeptide W4, Boc-AAs-
AA;-OPac (AA=olu]xAh)

THF8"& A8-3t Boc-AA,-OH& =9 ¥ EtN
£ ¥& 899 isobutyl chloroformate# — 15Tl 4]
A7l ¥ Al H-AA-OPac - TFA® CHCLE
ool Wil EtN& ¥ £94& H7isle 0Tel
AL WhE Al ¥ HdeoflA BREet vEgAlA
Thin layer chromatography (TLC)E ¥+g¢] o
& W e RdE 32 SEA H
EtOAcel %o 5% KHSO, &, 5% NaHCO;, §2
A& F EtOAcE &3t NaSO.2 && AHA
AlZith Na,SO& M A 84& FFA) A ether24
A3 333 v]k-8-8 A2 silica gel column (CHCl,
I MeOH system)& ©l83ld 3439

(6—2). 47} B3% heptadecapeptide T4

44 C— 29 Boc-Arg(Tos)-OHel| olnl=3l&
B¥ Boc-Arg(Tos)-NH & TFAMZ 3 H-Arg
(Tos)-NH: 8 €& H, Boc-Cys(4-MeBzl)-OH¢}
(6-D9 PAAYE 74 Eyel gsf) B3 ¥ di-
peptide®@ YAtk 122 Boc-Phe-OH ¥ Boc-Cys
(4-MeBzD-OH& phenacylbromide®} ZH-8A1#
Boc-Phe-OPac 18|31 Boc-Cys(4-MeBzl)-OPacs
THE ¥, o]l&& TFAXE8te ¥& H-Phe-OPac%t
H-Cys(4-MeBzl)-OPac® AF&3tad, Boc-Cys-(4-
MeBz1)-OH$} H-Phe-OPac®, Boc-Val-OH E+&
Boc-lle-OHS} H-Cys(4-MeBzl)-OPacE 6-1)2] =
WA Y T EP o) AFAAH 254 dipe-
ptides®& YAtk 8|3 tri-, tetra-, pentapep-
tideE& Fig. 29 v 23 @426z e
EDC-HOBtell <j#] @Az ez 3434tk Boc-
group TFA =& 4 N¢ DXN/HCIZ, phenacyl
estere Zn/AcOHZ AA3Qon, HFyez o
ojAe HIE HYEL FA0HE Fol7] 3
EDC-HOBt2 ZA¥AIZALL TLC, = 2339 ¢

Lys Trp Cys Phe Arg VAl Cys v Arg Gly Ila Cys Tyr Arg Arg Cys Arg
L:; © |T08
Bocfon  H—KoOPac socfon n—fhnez
m | -ma LHe1
Bac -] Boc. NH2
«© Toa
BocibH  H—dnOPac Boa{arsu M OPac Boc{om H. 2
M| emct +TFA OBt [HCL
Boc Ofac Boc ‘oPac Bock- 2
) «© Tos Tos Ime-Host  [HCL
Boc{brsu # orac pocio H-orac Bocn ¥ oPac Bocitu ® 2
<TFA M [ oHel EDC-HOBE o HCL EDC-HOBt .Hel
2 Bec -OPac Tos oPac  |Bsl  Boc lopmae  [Bal mec NH2
Boc sy OPAC BocOK M orac Bocllisu i oPac Boc H N2
~TFA me-Hot {eHcl «HOL LTFA
Boc . —OPac Boo oPac Boc OFac Boc M
n/ACOH 20/AcoH
Boc H M —YoPac Boc . NH2
ECC-HOBL o5l EDC-HOBE LTFA
Boc o Boc oy
20/ ACOH
Boc: v o H NH2
EoC-HoBt .TFA
Boc 2
KF/anisole/1,2-athanedithidl L
" ! 1 | 2

Fig. 2. Synthetic scheme of tachyplesin I by liquid phase method.
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2 B4 B39 o HUEEY ¢ SHE ¥
&ck. =8 TLCE AHE3td wg 33 dAE
gdstAtth

(6—3). HFA&ol oJ3] €@H3.¥ linear heptade-
capeptide

(6—2) oA dojR HZF APEEL F47l B
Fso] gleEr K375 HF Hzstg AAs
Rk ¢4 Zo] BIV)E] ofddAAM AYHE
Bukg-g R3] 9EA A|R(50 mg)oll scaven-
gre] anisole (1.2 mé) 3} 1,2-ethanedithiol (0.8 mé) &
HF (8 md) 9} THAA 0TNA 341 Whg-AIE
4} olxayFolHE HFE MAY H, dolle
HF$} scavenger® ethylacetate® #AsAct 7
234 5% 202 §HEH heptadecapeptide®
233 FHARNIE, 30% 2oz HYY
¥ Sephadex G-25 column ¥ Sephadex-CM<
o] g3t B2 FeJAA AFAIZIIA. Yielde
70% St

(6—4). HEl= FA

4719 (6—3)ol A Y& &3(35 mg)& 2-merca-
ptoethanolZ A7l F, Sephadex G-10 co-
lumno.2 2-mercaptoethanol& AA3}At 1 ¥
de BPL F7 AZd oA 34T F71
41818 3l guta ) foldingd JEEH 184
W& 3YEL reverse-HPLCE AME-31 cruded
HES EFHLh #E AfEAME 01%
TFA7} E£8€ E3 BRYEMe 01% TFAE
T 3she olMEUEY S, 1832 £&l columnl g
TSK gel ODS 120T column (0.78X30 cm)& A}
g3gom (Fig. 3) HF yielde 4% %k AF
B33 BAg AMgEl opnxAt ¥XE ¢ He
o) ET A¥gkol T UM dAe dEH
#Zt} Gly 1.1(1), Val L.0(1), Ile L0(1), Tyr 1.8(2),
Phe 0.9(1), Lys 0.9(1), Arg 5.1(5). Tachyplesin
I o]8le] e REAEE AN oz WA
3 HAE Wn ot FHE YT

A280
B%

1 L ! L
0 5 10 15 20
Time {min}

Fig. 3. HPLC elution profile of purified tachyple-
sinI. TSK gel ODS 120T column (0.78X30 cm).
Solvent system : 0.1% trifluoroacetic acid (A)—
acetonitrile containing 20% A (B). Elution was
conducted using a linear concentration gradient
of B, 29% for 2min and 29-50% for 20min. Flow
rate, 2.0 mé/min.

2 @

1. Tachyplesin I ¥ &% A

Tachyplesin ¥ fE#+= Fig 29 #o] JY
o2 FHfod Y f=He Fig 1% Zoh
Tachyplesin 2 $1%1¢] TrpZ7|& PheZ XE¥
[Phe*)-tachyplesin I, 8% 13%1xj9] Tyr¥71E
Phe2 A% [Phe**]-tachyplesin I, 278¢] disul-
fided¥& ATE e lineard [Cys(Acm)*>¢]
-tachyplesin I, 283 [Cys(Acm)*"'**]-tachyple-
sin[ ] N-@#a¥9 HeHgEl= (7TAcm) 9 C— %
©e] HFHEIE (10Acm)E ¥H33HaTh

2. Lipopolysaccharide(LPS) 2% %7
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IS4 TS 99t LPSE EF3n U7 o
Foll LPSe] ti§l tachyplesin I ¥ 1 FEMES]
849 3% @3, LPSo) th¥ tachyplesin 1
¥ IR FEAEY I8HE ID,o2 YT
LPS$ 25 pg& F3A17)ed Hag IDyate He
2 34 tachyplesin Il th#] 22t 1.05 pg 0.92
pgol it [Phe*]-tachyplesin I 2 0.90 pg, [Phe®¥]-
tachyplesin I & 1.65 pg, [Cys(Acm)***']-tachyp-
lesin1 & 150 pgelch 28 7(Acm) 2 10
(Acm) 9] B9+ F3A7E $8€E AYA %g&c}

EF HAEFT FAE Dol AoVt ve A
$423& 3] e HIAEE A 3P§°ﬂ*1
HHFHTL Mo Wo] x&EHoFH7] wWFEelz
Azrgct, wEkd LPSel d# 3-8 Jehir] 4
34 tachyplesing TAEHIL e 1778 2E
olu|:=itEo] @asdity Azt

3. CD 2¥EY

CD 29 EHL &39 LPC "4, EYPC, 18|11
EYPC-EYPG(3:1) &A3lolA FAHAt &3
Aol A tachyplesin I & 210 nm FHlA broad %
negative minimum< YePdd (Fig 4) °]RL
o] HEl=rt oE FHAA FE F p-T=E
#H¥de RAE Vel Y (zumiya ef al, 1979).
Tachyplesin I AEMNEE &5d JeiolA FAM
TZE #HEA. LPC vldelA tachyplesin I &
gagore] AHEHKT negative minimum®]
HolHT 235 nm FM ¥ positive bandE
veldch EYPCoA tachyplesin I8 CD &¥E
He He=o] Fxo Uit ofH 3 AAE
vehdx @tk EYPC-EYPG (3:DE 7A€
A At A tachyplesin I € 205 nm FHolA]
broad ¥ negative minimum-g YeRRt) &% CD
2HEH] Wl fFHoMe - FEIF tha
d F3HQ T, olnfe REHoZ By TZE
T e p- T2 FXRHIAE 2 Jde
A¢ Jeliz e R #oh

[81x 10" '{deg-cm™ dmel™)
0

200 ZlZO ! 240
Vavelength (nm}
Fig. 4. CD spectra of tachyplesin I. The spectra
were recorded in 20 mM Tris-HCl buffer (pH
8.0). (------ ) native tachyplesin I, (
thetic tachyplesin I. Synthetic tachyplesinI in
the presence of 1.5 mM LPC micelles (-:er=rve- ),
0.9 mM EYPC liposomes (- - - '), and EYPC-
EYPG(3 : 1) liposomes (- -- - *+ ), Native tachyp-

lesinI in the presence of 1.5 mM LPC micelles

) syn-

{(— + ~ - ). The peptide concentrations are 10~
40 pM.

4. A o|FHo2NE FAEYY FEEA

Aetd $AEALY F3FEE UAHHe=
Yol zl &M A L FAHANAZHE ¥
FEZ FE54E 2A8I9HFig 5). 1 d# 7
(Acm) % 10(Acm) & AT ZE EIEL AFE
(2F 15 M)ollM &3] g3E8AE FEAAT

5. ¥4 HE=Sl ¥% R L%¥Y

A golF o a] EAsH HEI= AFE o}
7] Hsjx ¥B2HEHG ARSI 44 A
A% Trpd ¥ 84 HEl=59] 45388
zALE Ul ghE ol tachyplesin I, [Phe**]-ta-
chyplesin I, [Cys(Acm)****]tachyplesin I, 1
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Fig. 5. Fluorescence spectra of tachyplesins I (A), [Phe**]-tachyplesin I (B), [Cys(Acm)***21¢] tachyple-

sin I (C), and 7(Acm) (D) in the absence (

----- ) and presence (

) of EYPC-EYPG(3 : 1) liposomes.

The concentration of peptide and liposomes were 11 and 220 M, respectively.
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22 7(Acm)e] ¥% 2HEYde 4 35, 366,
354, 358 nmolA emission HXE vehRU}
(Fig. 5). EYPC-EYPG (3: 19 44 Q3dg
H718& o tachyplesin 1 3} [Phe®*)-tachyplesin
I, [Cys(Acm)3"*%®].tachyplesin I 2] emission
HA e Zzt 34, 32, 22 nme| @HF Zom
o] &3 H(Fig. 5A—C). 18y} 7(Acm)e #H$
egoze o) Rolx ¥UTHFig 5D).

Zg A4 liposome &4 ¥ ¥]EASA Trp
g i 79 42FAHEF FotE(Fig 6).
2Hd liposomedtell A tachyplesin I, [Phe**]-tach-
Cys(Acm)***]_tachyplesin I 2J
Stern-Volmer plot9] slope, Kooz 2t 54, 6.0, 4.3
M™olgial @3l ¥ slope, K& 247 93,
95 % 87 M2 < Adlo|d

yplesin I,

S

o]de] NMRETo] &8t4d tachyplesin & <
FAYA B-turng 7HAlE HHI B-sheet T-F,
oAl B8 A5 cluster(FH7] 6-13) 9 A4 clus-

ter(7] 14-17)0] o3 ¥PE SAvY F=§
A& A HKawano ef al, 1990). ¥Aj9
CDYTE tachyplesin I o] ¢h3duielx 1@
—-TZE AL ALEE A F1 ok oA
T3] LPC v $4 F-& AN A EAA)
#a=H A& k& el tachyplesin I & 727}
ol QA dete] ofsf FEHQ Wi dolg
F Athe 3 BAFT Yk 53] 4HgAR)Ate)
PR ME € FHAHY FRE H3 oA B
—TZ% a3 gt} o]AL disulfide bondsE ol
o3 YAHE AY A4HY p-FERE 43 4
HEoe d #A3es Fx{E AT vd
AAA o]F oM CD A~HEHoZME HY
57] o2E od EHEg JuH HYHA ¢
Ache oju|2x f4sold 5 Q) A4 Y g
ol [Cys(Acm)*™?*]-tachyplesin [ & F4l9]
Q=] Auigte g XE g3kl cyclic pep-
tide®] P} vlg HelE 3tk ek tach-
yplesin I % HfxAEe] 23 FZE FHiled
1A disulfide bond9] EA) #-F= 1thA] 4#@o]
gitt gzsojzic

ol A o B

< C
el
~ <
L u <
~ ~ -
o w - w
)
0 50 100 150 ] 50 _ 100 150 0 50 100 150
D71 (M) (17 )(mM) 0~} mM)

Fig. 6. Stern-Volmer plots of the quenching of tryptophan fluorescence in tachyplesin I (A), [Phe*®]-
tachyplesin I (B) (Cys(Acm)*"*%]-tachyplesin I (C) was recorded in 20 mM Tris-HCI buffer(pH 8.0)
at 25C in the absence(@) and presence(QO) of 200 M EYPC-EYPG(3 : 1) liposomes. The concentration
of the peptide was 6 M and the excitation wavelength was 280 nm.
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= ls Y S |
o 1 2 3 4 50 1 2 2 4 5

Peptide (uM)

Fig. 7. Release of encapsulated carboxyfluorescein from EYPC liposomes(A) and EYPC-EYPG (3:1)
liposomes (B) as a function of the peptide concentration. Tachyplesin I (O), [Phe*J-tachyplesin I (@).
[Phe**]-tachyplesin I (A), [Cys(Acm)*2%]-tachyplesin I (&), 7(Acm) ([1), and 10(Acm) (M), and
4; (). The concentrations of EYPC liposomes and EYPC-EYPG(3: 1) liposomes were 70 uM.

Tachyplesin I3 FEMo] sls) 24 & & o] 244 coreshe] 4zzge] We=s A3
AR olFHe 2R E FFEHY FEE UF olFue T4 ¥ F UxE e FHER ¥
otg dgdke $Ee¢ BdEd Trpold Tyrg &4 ¥olA tachyplesin 19 #H7IE FA] Qo
PheZ A= HFELE FEAIe 8= BEEN7] WEel, o] A rE FAEZ v]Fojro}
oAl 2 4%E 22 gsteh [Cys(Acm)d+28]. =7 AF o]FHE FRPEE & F Aok
tachyplesin I -& cyclic peptide$] tachyplesin I 3} 7(Acm) & 73 blue shift7} 8= %) Fethe 2
vl $& o uE g aFHo| A7 A Wo|Ru}e ol &2 WEI=rh ATYUH F3HAE ¥
33 @ % 9E W, [Cys(Aem)*]tachyplesin S 1e A% ATIEHFig 5D).

I8l 74 HEQ 7(Acm) % 10(Acm) ) A$ A2 Fig. 791 e shsh Zel, JAAYRA S
oZue] B 5ol itk A& UEhIRtKEg O o4 714 ahelical A= 48 T4 % B
D). 24 Be g AW ZAA FFAHEY Adetst wrgsted FAEAS WEAY + Yok
(Fig 5A-O)3 8% ABUYFig O & tachyp 0 o9 Tl AReIFR 204 2%
lesin 13 71 FEASY] Trpaslrh A2 o) 2 a0l E#4317] A &olck(Mihara et al, 1987). £% LPC

2 988 RAZ=ngc 197 48] tachyol 47 tachyplesinl ©] 45248 of Trpa7le
= TERE =, tachyple- Tyrdol7h e Heold 453880 Aok B
sin I & A3 head 1§9 A& Arglol o

1o} slck (Shieh et al, 1989).
F4E A7t s KA A=A ok

FH, 5D AFA FVEE o]ROF Ac-
e TrpE IS AFY $Hsk Ade1ew (Ser-Val-Lys-Val),-NHCHsE B— 728 Hshs 9
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714 RE=2x 44 AFoFHayr w3ty
HHEZE o5 oA HEVTHOno ef al, 1990).
B-sheet =& 7} tachyplesine] F4 Az
ol Al FIAEE Yol F Uve AMe
o933 B-sheet T T Hol HAH Y 7H
244 oluieit F7E(Vall, Ty, lle", Tyr®) &
FAE AFA head groupEAe] s Aol
& 4tk (Kawano et al, 1990). ©1%8 &4 clustere
40149} Fol FA ANA olFoe] W A
F7He 7HALeTh

e ATEAE Ad ARAdEg=Ee M4
M FAUY A 2ot (Kaiser &
Kezdy, 1987). o4 @34, HEI=E a-helix
Y g—TE9 & 5E% 23 72E o|FA Hoh
2)d olute HIFAH URMe gAHoz FH
£¥ HEj = 23} F27} 584 BTN A HIe
F2EY WA A7 HEe] ARAF] Y &
74¢ unfolding® EMEI=de ul$ HEs}A|
% H(Popot and Engelmen, 1990), 131} olaj§t
HAFL tachyplesin I8} A9+ opdth

Aol A& A olFute] tachyplesin I &
p—TXERE d WIHA Fx2 FZ ¥YE
F=ge HoFa 9ok olR& tachyplesin [ &
AA ojFupztel B A4 FEFEo] A
Hog Y 23 TFRE Uk ¥ Y FE=
AEANLE i@t FFEAY HE=9 28
)&, Kinis} Evans (1989)& HEI=So] ME%s4
wg3t7] 8 FRAe FFEHe 4, § Yol
dde MEaEdse] AYe] F¥E F ¥ &
F4 g9 4¥ §4& 2PV MANH

webr] Yol A Atd 7Hd Tt HAle de BE
AY ZATBEEL EUF tachyplesin I3 A=A
9] 73H Q) FE 34§ Fig 8o tehAith $4
dxHoz HWelzo ALA FEF JAHuY
FHREZR] AWM 43 3E0] dojud, o
2 FEgo] Yold YL o PEl= &
F4 BRI QXA ¥FPREI] 24N

Azago] oyt F tachyplesinl & HHHY B-
sheet T2 GEL &4 FEo] FIFHog
FEE o|FLT2E BYNA GFALAE FAA
TR EES FEAY BT oplg ¥dF €48
X% tachyplesing®] 3 AEBRAYE HHLE
Aoz AZrslojzic}, 183 Staphylococcal delta
toxin ¥ melittin (Bernheimer & Rudy, 1986),
pardaxins (Shai et al, 1991), defensins (Eise-
nhauer ef al, 1989), sarcotoxin I (Okada & Natori,
1985), magainins (Soravia ¢f al, 1988), cecropins
(Steiner ef al,1988), 28] 1 n|EZ =2jo} T o
A7 o2 FEME (Mihara et al, 1987
Y B FAdY dE=sx A=
AollA] HAIF wpe} e FAREE wFFol o3
Axel 2i4E FulAld Aoz Azs o

Fig. 8. A proposal mechanism of the interaction
of tachyplesinI with phospholipid bilayers.
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Studies on the structure-activity of antimicrobial
peptide isolated from horseshoe crab

Hyung-Ho Lee, Jang-Su Park* and Nam-Gyu Park

Depariment of Biotechnology and Bioengineering, College of Fisheries
Science, National Fisheries University of Pusan, *Department of
Chemistry, College of Natural Science, Pusan National Universily

Tachyplesin I is an antimicrobial peptide isolated from horseshoe crab. To investigate the
mechanism of action of tachyplesin I for phospholipid bilayers, tachyplesinI and five analogs
have been synthesized by the solution method. The synthesized five analogs are [Phe*]-tachyplesin I,
[Phe*]-tachyplesin I, [Cys(Acm)3™2*]-tachyplesin I with no disulfide bonds, 7(Acm) and 10
(Acm) which denote the fragments [Cys(Acm)3"***]-tachyplesin I . Circular dichroism spectra sho-
wed that tachyplesinI took an antiparallel B-structure in buffer solution and a less ordered
structure in acidic liposomes. The carboxyfluorescein leakage experiment indicated that tachyplesin I
interacted strongly with neutral and acidic phospholipid bilayers. In fluorescence experiment, the
hydrophobic part of the peptide was shown to be embedded in lipid bilayers. All the peptides
except for 7(Acm) and 10(Acm) were almost equally active in lipopolysaccharide binding. Therefore,
the present study suggested that phospholipid bilayers induced a conformational change of tachyple-

sin] from the stable B-structure to a less ordered one.

Key words : Phospholipid bilayers, Tachyplesin I, Leakage, Lipopolysaccharide-binding, Mechanism

of action
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