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SUBSTtrtrrlOK AXA.LOGUE& or 
MAGAIKIH PBPTID!S 

PCJ'/US90/0367S 

This invention relates to a clasa of 

biologically active peptides known as magaini~s. 

More particularly. this invention relates to 

analogues of magainin peptides.wherein at least one 

amino acid residue in the peptide has been 
substituted with another amino acid residue, with 

said analogues being ccmmonly referred to as 

"aubstitut:Lon analogues," 

· In accordance with an aspect ot the present 

invention. there is provided a compound comprising an 

analogue of Maaainin I Peptide or Mag&inin II 

peptide. The Magainin l or Magainin lI peptide is in 

an amide or carboxy terminated form. Mag&inin I is 

represented by the following structural formula using 

the single letter amino aeid code and the numbers 

below each amino acid residues refer to the position 

of the residue in the peptide. 
G I C I. 1 L H S A a l F 0 X A F V G ! I M K S 

l 2 3 4 S 6 7 B 9 10 11 12 13 14 lS 16 17 18 19 ZO 21 22 23 

Magainin II 11 represented by the fallowing structural . 

formula using the single letter amino acid code and the 

1i1Hlli1hT 
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n~mbers below each amino acid residue refer to the position 
cf the residue in the peptide: 
QIGKFLHSAK JC F G 'KA F V 0 EI MN S 
l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 12 23 
The Maeainin I or Magainin II peptide ii substituted 
in at least ona of positions 1-23. The subatituents 
which may be employed in each of positions 1-23 are 
shown in the fallowing table: 
~esidue No. Substituent 

l Lya,Ala 
2 Ly1.Ala. D·lle,Arg.Leu.Val,His,Met 
3 Lys,Ala,Trp.Arg,His 
4 D-Lya,Ala,A~g,His 
S D~Phe,Ala,Lys,Trp.Leu,Ile,Val,Met 
6 D·Leu,Lys,Ala,Ile,ValtMet 
7 Lys,D~His.Ala.Arg.Ile,Val,Met 
B Ala,Lys,D-Ser,Trp,Met,Ile,Arg,His, 

Thr,Leu,Val 
Lys,D·Ala,Trp,Arg,His,Leu,Ile,Val 
D-Lys,L1a 
Ala,Trp,Arg,His,Leu.Ile,Val 

9 
10 

11 
12 
13 

14 
15 
16 
17 
18 
19 

20 
2.1 
22 
%3 

D .. Lys,Arg,His 
D~Phe,Lys,Trp,Arg,His 
Ala 1Ly1,Trp,Met,Arg.Hia,Phe,Leu, 
Ile.Val 
Ala,D·Lys ,Arg·,His 
Lyl, Trp., D-Ala ,Arg ,His, Phe 
Ala,Lys,D•Phe,lle,Val.Het,Leu 
Ala.Lys,D•Val,Trp 1Arg 1His 1Met,Leu 
Ala,Lys,Trp,Arg,HistLeu,Met 
Ala,Lys,D-Glu,Gly,Arg,His,Leu 
Ile,Phe.Asn 
b·lle,Ala,Lys!Trp,LeutPhe,Val,Met 
Lya, Pro ,Ala,H1s·,Leu ,Arg. Ile ,Phe 
Lya,Ala.D•Asn,Gln,A~s.His 
D•Ser,Lya,Ala,Thr,Gly,Leu,Ile, 
Gln,Asn 
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Preferably. the substituents are as follows: 

:Residue No. 
. 1 

2 
3 
4 
5 
6 
7 
8 

' 10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Substituent 
·Ly11 ,Ala 
Lys,Ala,D-Ile 
Lya ,Ala, Trp 
ll·Lys,Ala 
D-Phe,Ala,Lys,~rp 
D-Leu,Lys,Ala 
Lys,D•Hili,Ala 
Ala.Lys,D·Ser,Trp 
t.ys,D•Ala,Trp 
D-Lys,Lya 
Ala,Trp 
D·Lys 
J> .. Phe 1L7s, Trp 
Ala,Ly1,Trp 
Ala,D-Lys 
Lya,Trp,D-Ala 
Ala,Lya,D•Phe 
Ala,Lys,D•Val,Trp 
Ala,J.iya,Trp 
Ala,Lya,D-Glu 
D-IleiAla,Lys,Trp 
Lys,Pro,Ala 
Lya,Ala.,D•Asn 
'J) .. Ser, Lys , Ala 

PCT/US90/03'75 

I~ is to be understood that for purposes of the 
present .invention, ~hat the tryptcphan residues ~ay 
be protected with a formyl group or be unptotected. 
The phenylalanine residues, whether such residue is 
present in its normal position, or employed as a 
substitution residue, may be a nol'mal phenylalanine 
residue ar an iodinated phenylalanine residue. 

In accordance with one embodiment, the peptide 
is a Magainin I peptide, and at least one of amino 
acid residues S, 10, 13, 16, lB and 19 is substituted 
with an alanine residue. In'&nother embodiment, the 
Magainin I peptide has alanine residue substitutions 
at each of· amino 'acid residues 3, a, 16, 19 and 23, 

In accordance with another embodiment, the -
Magainin I peptide has alanine residue substitution 
at four of amin~ acid ~esidues 3, 8, 16, 19 and 23, 

1ffilili1ir 
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.... 
and the remaining one of these residues is 
substituted with a lysine iiesidue .. 

In accordance with yet a further embodiment, 
amino acid 21 of a Magainin I peptide is substituted 
with a proline resid~e. 

In accordance ~ith another·ambodiment,·at least 
one cf amino acid res.iduea 3. 1 •. 8, 10, 18·21, and 23 
of Magainin I is substituted with a lysine residue. 

In accordance with another embodiment, amino 
acid residues 3, 8, 9, 19 and 23 of Hagainin I are 
each substituted with a lysine residue and amino acid 
residue 16 is substituted with an alanine reeidue. 

ln accordance with another embodiment, at least 
one of amino acid residues 2, 4, 19, or 23 of 
Magainin I is a D~amino acid residue, whose strueture 
corresponds t~ that of the L-amino acid residue 
originally present in Magainin t. 

In accordance with a further embodiment, at 
least one and amino acid residues 3, 5, s. 10, 12, 
13, lS, 18, and 20 of Magainin.t is substituted with 
a pi-otect_ed tryptophan :residue. wherein the 
p,roteeting group is preferably a farmyl sroup. In 
accordance with another embodiment, at leaat one of 
amino acid residues 9, 13, 15 and 17 of Magainin I is 
substituted with an unprotected tisyptophan residue. 

In accordance with another embodiment, the 
peptide i~ a Hagainin II peptide, and at least ~ne of 
amino acid reaidues 1-8, 10, 13, 14, 16 and 18·23 is 
an alanine residue. 

ln accordance with another embodiment, at least 
one of amino acid residues 1·3, 5-9, 12. 13 and 15-23 
of Magalnin II ii ·a lysine residue •. 

In accordance with yet another embodiment, at 
least one of amino acid residues 2,4~1Z, 15-17, 19, 
20, 22 and 23 of Hagainin II is substituted with a 
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D•amino acid residue whose structure corresponds to 
that of the L·amino acid residue originally present 
in Maga:i.nin II. 

In accordance with another aspect of the 
present invention, there is provided an" analogue of 
Magainin 1 or Hagainin.Il peptide, said Hagainin I or 
Magainin ll peptide beiiig in an amide- ar 
carboxy-tezminated form and having the structural 
foi:"lllulas hereinabove described, and wherein at least 
one of amino acid residues 15-13 is omitted and at 
least one of the remaining amino acid residues is 
substituted. Th.e substituents which may be employed 
in at least one of positions 1·23 are shown in the 
followins table: 
Beaidue Na. 

1 
2 
3 
4 
s 
6 
7 
8 

9 
10 

11 
12 
1.3 

14 
15 
16 
17 
18 
19 

20 
21 
22 
23 

Subatituent 
Lya,Al& 
Lye,Ala, D•Ile,Arg,Leu,Val,His,Met 
Lya,Ala.Trp.Arg,Hia 
D-Lys,AlaJArg,His 
D•Phe,Ala,Lys,Trp,Leu,Ile,Val,Met 
D·Leu,Lya,Ala,Ile,Val,Met 
Lys_,D-Hia ,Ala,Arg, Ile, Val ,Hat 
Ala 1Ly1,D·Ser,Trp,Het 1lle,Arg,His, 
Thr,Leu,Val 
Lys,D-Ala,Trp,Arg,His,Leu,lle,Val 
D•Lys,Lys 
Ala,Trp,Arg,His,Leu.tle,Val 
J>-Lys.Arg,H:Ls 
I>•Phe,Lys,Trp,Arg,Hi1 
Ala,Lys,Trp,Het,Arg,Hia,Phe,Leu, 
lle,Val 
Ala,D-Lya,Arg,H:Ls 
Lys,Trp,D·Ala,Arg,His,Phe 
A.la,Lys.D•Phe,Ile,Yal,Met,Leu 
Ala,Lys,D•ValtTrp,Arg,Hi1,Met,Leu 
Ala,Lya.Trp,Arg.His,Leu,Met,1he 
Ala,Ly1,D•Glu,Gly,Arg,His 1 Leu 
Ile,'Phe,Aan 
l>··lle ,Ala·,Lys, Trp,Le.u ,Phe,Val ,Met: 
Lya,Pro,Ala,Hia,Leu.Arg,Ile,Phe 
Lys.Ala,D·Aan,Gln.Arg,His 
D•Ser,Lys,Ala,Thr,Uly,Leu,lle, 
Gln,Asn 

"' 
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Preferably, 
Residue No. 

1 
2 
3 
4 
.5 
6 ., 
8 

' 10 

11 
12 
13 
14 
1.5 
16 
17 
18 
19 
20 
21 
22 
23 

-a .. 

the substituenta are as follows: 

!Y,b1iituent 
Lya, la 
Lys,Ala,D .. Xle 
Lya,Ala,'Irp 
D-Lys,Ala . . 
D•Phe,Ala,Lys,Trp 

. D-'l .. eu • Lys ,Ala 
Lys; ,D·His ,Ala.. .. 
Ala,Lya,D•Ser,Trp 
Lys,1'-Ala,Trp 
'D-Lys,Lya 
Ala,Trp 
D·L11 
D-Phe,Lya,Trp 
Ala;Lys,'lrp 
Ala,J>-Lys · 
Lys,Trp 1D .. Ala 
Ala,Lya,D .. Phe 
Ala,Lya,D-Val,Trp 
.Ala 1Ly1,Trp 
Ala,Lys,D•Glu 
D•Ile,Ala,Lys,Trp 
Lys,Pro,Ala 
Ly1,Ala,D-Asn 
D•Ser,Lya,Ala 

PCT/US90/03675 

In accordance with a particular embodiment, 
amino acid residues 1'·23 of Hagainin l are deleted, 
and amino acid reiicluei 3, 8 and 10 are substituted 
with an alanine residue. 

In accordance with 1et another embodiment, 
amino acid residue 19 of Hagainin I is deletedJ and 

·· preferably amino ac:i.d residues S, 8, 9 and 16 ai-e 
each aubat1tuted with a lysine residue, amino acid 
residue 21 is aubstituted with a leucine residue, and 
amino acid residues 18 and 23 are subatitu~ed with an 
alanine residue. 

In accordance with another embodiment, in 

carboxy• or amide.:.te:rminated (preiarably 
amide-terminated) Magainin I or Hagainin II peptidet 
amino acid residues 17·23 or 16·23 or 15·23 are 
deleted, and amino acid resid~es 3, 7, and 8 are each 
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substituted with a lysine residue, and optionally 
amino acid residue 13 and/or amino acid residue 10 is 
substituted with an alanine residue. Preferred 
peptide• are as follows~ 

GlKK1LlKAGKFGK~NH2 
ClltKFLXKAGKFGlC.AF·NH2 
GIK.KFLXKAXKFG1f.A•NH2 
GIKKFLKKAICKFAKA·NH2 
GIXKFLXKAAXP.AXA•NHz 

Preliminary studies indicate that the above·menticned 
preferred peptides possess low hemolytic activity. 
ln accordance with a f~rthe~ embodiment, amino acid 
'residue 21 of Magai11in l may be deleted, and 
preferably amino acid residues s,10. 18, and 19 are 
each substituted with a lysine residue, amino acid 
residue 7 is s_ubstituted with a phenylalanine 
residue, and amino acid ree:l.due 22 is subatituted 
with an alanine residue. 

In accordance with another embodiment, in 
· carboxy or amide. teminsted (preferably amide 
termini.tad) Magain:i.n I or Hagainin II (preferably 
Magain1n II), a.mine acid residue 19 is omitted, and 
at least one of amino acid residues 3, 7, 8, 10, 13, 
15, 16, 18 11, 22 or 23 is substituted with another 
amino acid as follows: 
leg&dus Dumb!.I .§ugst:L~uent 

3 Leu 
7 Lys 
8 Lya, Ala 
10 Ala, Lys 

13 'Irp • Leu. ·phe, Ala 
15 Phe 
16 Ala 
18 Lys, Ala, Phe 
2.l Lys, Ile 
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Ly1 
Lys, D-Ser 

lepre•entative peptides are disclosed in !xa~ples 14 
and 11·23. 

. . 

In a pref•rred embodiment, the peptide is a 
Magainin Il peptide, and the substitution analogue 
wherein amino acid 19 is deleted is selected from the 
class consisting of the following substitution 
analogues: 

GIGKFLHSAKKFGIC.AFVGIMXS; 
GIGKFLHSAXKFGXAFVAIMKS; 
GIGKFLHSAXKJ'GKAFVJ'lMNS*, wherein 
s• is D·Serine.• 
GIGXFLHS.AXKFflCAFVFIHNS; 
GIGK1LXSAEXFGKAFVFlMNS; 
GIGKFLHKAICIF.AlCAFVFIHNSi 
GIGKFLKSAKIF.AXAFVFlMNS; 
GIGKFLHXAXKFAXAFVFIHNK; 
CIGKFLXKAKl.FGKAFVFIMKKi and 
CIGKFLHS.AK1CFGKAFVX**IHHS i wherein . 
K** is E-F~m~c-tysine. 

Prelimiftary stud~ea indicate that theae preferred 
analogues possess low hemolytic activity. 

In. accordance with another embodiment, there 
are provided derivatives of Magainin I or Magainin II 
(carboxy- or amide-terminated). preferably Magainin 
II, wherein a portion of the basic peptide is deleted 
and at least one of the remaining amine acid residues 
is subst~tuted as hereinabove deseribed; in 
particulart amino acid residue 19 ~s omitted and in 
addition eithe:r ami1'lo acid ·residues 1 .. 4 or 3., S, and 6 
are omitte.d. Prefer~ed peptides are as fo~lows: 

FLHSAKKFGKAFVFIMNS 
GIKHS.AXlCFAKAFKAIHNS 
FLKSAKKFGKA1VCIHNS 
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FLKSAXXFAXAFVIJlMliS 

Applicants have found that when employing the 
substitution analogues cf Masainin I or Magainin Il 
as hereinabave described, such peptides display 

biological activity -~qual to or gt"elter. than the 
·parent Magainin l or Magainin II peptide. Such· 

peptides are referred to as "successful substitution 
analogues". 

The use of these compounds which comprise a 
substitution analogue of Hagainin I or Hagainin ll 
peptide. in accordance with the present invention. is 
effective as an antibiotic, and can be employed to 

inhibit. prevent or. destroy the gro"1th or 
_proliferation of microbes, such as bacreria 1 fungi 
viruses or the like. Simila~ly, such compounds can 

be employed as an unti-viral composition to inhibit, 

prevent ar deitroy the growth or proliferation of 
viruses. 

As used here~.n. the term "substitution 
analogqe" .includes magainin pept:idea in which at 
least one aminCJ acid residue of the peptide structure 
has been substituted with a different amino acid 

residue, as well as masainin peptides in whieh 1 in 
addition to the abave•mentioned substitution(s), also 
have had at least one of a.mino acid residues 15·23 

·omitted from the peptide aequenca. The term also 
includes mag&inin peptides having D•amino acid or 
iodinated phanylalanine ~eaidues which have been 

substitut•d into the peptide sequence. 
Such ecmpounds can also be employed as a 

spermici~e to inhibit, prevent or destroy the 

motility of seersn. 
Such compouncls can also be employed as 

anti-tumor agents to inhibit the growth of or destroy 

tumors. 
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the compounds have a broad range of potent 
antibiotic activity against a plurality of 
microorganisma, including Gram-positive and 

Gram-~egative bacteria, fungi, protozoa and the like. 
·such compounds can be employed for treating or 
controlling microbial infection caused by organisms 
which are sensitive to such compounds. 

The compounds can also be used aa preservatives 
or sterilants f"or materials susceptible to microbial 

contamination. In vitro activity against bacteria is 
exemplified hereinafter in Examples 3·27 .. 

ln gener&l, a substitution analogue of the 
Magainin l ·or Mag&irlin II peptide is administered in 
a dosage of from about 1 mg to about 500 mg pei­

kilogram of body weight, when administered 
' systemically •. When adfllinistered topically, the 

peptide ·is used in a concentration of from about O.S% 
to about si. 

The compounds compri1ing the aubstitution 
analogues· of Magainin l or .Hagainin II, in accardance 
With the present invention, cart be employed for 
treating a wide vari.et,. of hosts, In ac:c:ordance with 
a preferred embodiment. a host can be an animal, and 
such animal can be a human or ngn•human animal. 

The compounds comprising t.he substitution 
analogues of Magain:i.n I or Hagainin II can· be 
employed in a wide variety of pharmaceutical 
compositions in combination with a nan-toxic 
pha:nnaceutical car:r:l.er or vehicle such as a filler. 
non-toxic buffer. or physiological saline solution. 
Such phamaceutiaal campositiaJt.S C!~n -be u·aed 
topically er systemically and can be in any auitabie 
farm such as a liqutd, 1alid 1 semi .. ·aalid., injecta.hle 

solutions, tablet, ointment, lotion, paste, eapsule 
•or the like. The compounds comprising the 

.. 
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substitution analogues of Hagainin I or Magainin II 
can also be used in combination with adJuvants, 
protease inhibitors, or cr.mpatible d~uss where such a 
combination is seen to be desirable or advantageous 
in controlling infection caused.by harmful 
mic.roo:rganisma including protozoa, viruses, and the 
like. 

The compounds comprising the substitution 
analogues of Magainin I or Masainin 11 of the present 
invention can be administered to a host~ in 
particular an animal, in an effective antibiotic 
and/or anti·tumor and/or anti-viral and/or 
anti•microbial and/or a spermicidal amount. 

Magainin I and Magainin II, as wall as the 
substitution analggues of the Magainin l and Magainin 
II peptid~s of the present invention, (both amide­

and carboxy•tenninated Magainin I and Hagainin II 
forms) can be synthesiEed by any convenient method of 
peptide synthesis as are well•known to skilled 
workers. Solid phase synthesis methods are 
particularly-preferred. 

The peptides described herein were prepared by 

the method of simultaneous multiple peptide synthesis 
(SMPS). ?his method is described in detail in 
Houghten, R..A. 1 "General Method for the R.apid 

·Solid·Phase Synthesis of Large Numbers of Peptides; 
Specificity of Antigen-Antibody Interaction at the 
Level cf Individual Amino Acids/' Proc. Natl. Acad. 

Sci., U.S.A., Vol. 82, pgs. 5131·5135 (1985), and in 
Houghten, lt.A., et al. "Simultaneous Multiple Peptide 
Synthasis; The Rapid Prepar~tion of Larae Numbers of 
Diacrete 'Peptidee for !iological, ln1u.1nolojiical, and 

Methodological Studies," R•t>J:ide Chemistn, pgs. 
295-198 (1987) I 

ii1iiUl1UT 
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For purposes of the following examples, 
substitution analogues of Hagainin I and Magainin·II 
were prepared wherein various amino acid residues 
were subst~tuted ~nd/or other amino acid residue(s) 
were deleted. 

For purposes of compar:Lacn., a complete Hagainin 
l or Magainin II pe·ptide can al10 be prepared by tha 

SMPS method. It is alao contemplated within the 
s~ope of the present invention that substitution 
analogues which have one or more amino acid 
residue(a) omitted from the Magainin I or Magainin II 
structure can also ibe prepared by the &MPS method. 

the invention will now be described with 
respect to the followins examples, however, the scope 

of the present in~ention is not intended ta be 
l im:L ted thereb'y. 

Example 1 • Peptide Synthesis 
Peptide synthesis of Magainin I and the 

s.ubstitut:Lon analogues of Maaainin I, was 
accomplished by using the strategy of simultaneous 
multiple peptide synthesis. All solvents and 
reagents were of analytical grade and were uaed 

without further pur:Lfication. Standard 

N•t•loc .. p:rotected arc:Lno acids were emplo1ed in the 
synthesis. The sidG chain functionalities used were 
benzyl (Ser, Glu), 2·Cl·Z (Lys)(Z=benzyloxycarbonyl), 
Him. DNP (His), and aulfoxide (Met). Peptide 
synthesis was perfozined beginning with 100 mg of 
either Bae-amino acids-Pam resin to praduce 
C· te~inal · ·carbcxyl l'~ptide · (PAM_ purchased from 

Applied Biosystems,· substitution 0 .S·6 meq/gm is an 
amino_ acyl -4- (oxyrnethyl] phenylacetic acid 
derivative of amino yolystyrene) or 
methylbe.nzhydrylamina (MBHA) resin 

.. 

iliililiiuiU 
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( aubstitution• D. 6Smeq f gm) per reain packet to produce 
C•tei:minal amide peptide. 

After synthesis. comi:»letely protected peptide 
zteains were treated th:ree ,times with O.S H thiophenol 
in DMF to remove the· Nim_ dinitrophenyl.sroup f~cm · 
Histidine. The final Boc-g~aup was removed with ?FA 
to avoid t·butylation af methionyl residues during 
final HF treatment, Cleavage ~as performed using the 
Low•High HF procedure. tam, et al. J. Am. Chem. Soc. 
Vol. lOS, P. 6442 (1983). For peptides synthesized 
on Pam resin, the low·HF was carried cut without 
removing the tesin from the packet, using a multiple 
vessel HF apparatus far 2 hrs. at o0c .. For peptides 
prepared using MBHA resin, the low HF procedure was 
performed in a common reaction vessel for 2 hrs. at 
o0 c. Far Pam·resin·peptides, the low .. HF mixture was 
evacuated from the 14 individual reaction vessels by 

a water aspirator followed by a mechanical pump. The 
low-HF reaction vessel containing the bass with HBHA 
resin was emptied of .. the low .. HF mixture by pcu:ring 
off the liquid into a waste container. The bags were 
washed inunediately with cold ether followed by 

alternating washes of CH2c12 • t>MF_, CH2c11 , IPA, 
CH2c12• The packets ware then dried and put into 
individual tubea of the 24 ve11el HF apparatus ~ith 

. -0.7 ml of anisole as scavenger. The high·HF was 
performed by condensi~g dry hyd~osen fluoride at 
·70°c. ibe reaction took place at -10°c for 1 h. and 
.5ac • 0°c for the last 30 min. HF was evaporated 
using a strong flow af nitrogen. Finally, residual 
.carbonium ion scave:nsers .\fe'te remov-ed by washing with 

dry et:het. 
The crude pe.J•tides -ware subsequently extracted 

with 10'% acetic acj.d and subjected to 'lP·HPLC on an 

analytical reversed phase column (V:tdac ODS ·25 cm x 
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4. 6 mm). using a Beckman·Altek model 421 HPLC system 
and two model llOA pumps. The sol~ent system was 
composed of buffer A, O.OS% TFA/H2o, and buffer B, 

o.osi TFA/CH3CH with a fl<;aw rate of l.O ml/min. The 

· peptides were detected at 215 nm usins a Hitachi 
100·20 spectrophotometer. 

Purification of the peptides was accomplished 

by reverse • phase HPLC on a Vidac c18 (22 mm x 

25cm). 10 µm packins column with an eluting gradient 

composed of CH3CN and o.osi TFA. .Amino acid analysis 

was carried out on a Beckman 6300 analyzer following 
hydrolysis of the peptides in constant (boiling) 6 N 

HCl at ll0°C for 24 hr •• and such analysis was within 

tl0% of thaory. 

lgample 2 • Antimicrobial Assays 
Ant:Lmicrobial assays were carried out :Ln 96 • 

well tissue culture plates. Each well was incubated 

with a given miaraa~ganism (Escherichia cali, 
Stapbx~ococcus epiderm!dis, Staphxlocosc:us aureus, or 
Pseudomonaa aeruginosa) suspended in LB medium 

(Examples 3·17), or TSB medium (Examples 18·27). Upon 

the addition of Magainin I or its substitution 
analogues, (dissolved in l X P!S 1 pH 7.0) each well 

contained a final cell density of 1.0 x 106 colony 

forming units (Cl'U)/ml. The final peptide 
concentrations used were 100 pg/ml., 7S.O µg/ml, SO,O 
µg/ml, 25 µg/ml, 12.5 µg/ml, 10 µg/ml, !µg/ml, 2.5 

µg/ml, and 1.25 pg/ml. 
Addition of peptides to the wells was defined 

as time zero. At si~ hours, the plates w•re placed 
in a Titertek Multiskan apparatus ~nd the o.n. 620 
determin•d. Th• plates as well as the initial 
innocul~m were incubated at 37QC. 
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Five wells pe:r plate contained media alone, 
while five others contained medium plus calla. These 
controls were used to eliminate the possibility af 
media contamination while providing a measure of 
uninhibited. growth of the 111icroorganisms. . . 

The degree of peptide activity was determined 
by comparing the substitution analogues with 
uninhibited growth of the ~ontrol cells over a 
six-hour period. The effective growth inhibition of 
the substitution analogues is listed in the examples 
and tables below. 

i1ample 3 • Hasaintn I analogues with alanine 
J1ubstitution1 

Masainin l and analogues wherein an alanine 
residue was substituted fer varioua amino acid 
residues of Magainin I were prepared as herein&bove 
described in Example l and tested for i effective 
growth inhibition of !. coli &t a concentration given 
in µg/ml as .hereia11bove deacribad in Exam~le 2. 'the 
i effectiv·e growth inhibition at a concentration in 
pg/ml for the alaninepsubstitutad Magainin I 
analogues ia listed below in Table I. As uaed 
herein, the heading ''Amino Acid P.e1:i.due Substituted" 
refe~s to the number of the amino acid residue in the 

·peptide which is substituted with a desired amino 
acid residue. · All other residues in the peptide 
remain the same a1 that of the narm&l peptide 
sequence •. For purpo1es of explanation of the tena "% 
effective giiowth inhibition," a value of "100 at 2.S", 
fo~ exampl•, indicates ·1ooi effec~ive growth 
inhibition at a concentration of 2? µg/ml. 

.. 



Fe~ 2~ 1996 ~:3JtM WELSH & KATi LT~ 312-655-lbui 
t." .,;: No. 9355 P. 22 

W091/00869 P{;f /1JS90/03675 

·16-

Table 1 • Alanine•Substitutad Magainin I Analgsuss 

Amino Aaid 
Residue Substituted 

None· (Magaini1" I) 

23 
22 
21 
20 
19 
18 
17 
16 
14 
13 
12 
11 
10 
8 

1· 

6 
s 
4 
3 
2 
1 

% If feetive Growth Inhibition 
Concentratipn in ug/ml 

100 at 25 
100 at 10 
100 at 50 
100 at SO 
100 at SO 
100 at 5 
100 at 25 
100 at 75 
100 at 25 
100 at 100 
100 at 25 
100 at 50 
0 at 100 
100 at 25 
100 at . .5 
100 at7.5 

0 at 100 
0 at 100 
0 at 100 
100 &t 7.5 
100 at 100 
100 at 100 

Magainin I analogues we:e also prepared wherein 
amino acid residues 19, 161 or 8, respectively. were 
aubstituted with alanine raaiduea, and such 
substitution analogues were tested· for l effective 
growth inhibition cf S. epidermidia and/or s. aureus 
as compared to Magainin I without any substitutians. 
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Hagainin I had a % effective s~owth inhibition of 
s.epidermidis of 100% at 25.µg/ml and of §.aureus of 
80% at 100 µg/ml. ~rhe % effective growth inhibition 
of s. epidermidis for the substitution analogue of 
Magain:ln I.wherein amino acid residue 19· was 
substituted with alanine was 100% at 2, µg/ml, and 
for the substitution analogue of Magainin I wherein 
amino acid residue 16 was substituted with an alanine 
residue was 75% at 100 µg/ml. The % effeetive growth 
inhibition of S. aureus for the subatitution analogue 
of Magainin I wherein amino acid residua 19 was 
substituted with alanine was 100% at 25 µg/ml, and 
for the substitution analogue of Hagainin I wherain 
amino acid residue S was substituted with alanine was 
100'% at .so pa/ml. 

Exanmle 4 - Hagaipin I analogues with 
frolip.e sybstitut:!,pns 

Magainin I analogues wherein a proline residue 
was substituted for various amino acid residues of 
Magainin I were pr•apared and t~sted as hereinabove · 
desc~ibed for % effective growth inhibition of ~ 
coli at a concentration given in µg/ml. The l 
effective grawth inhibition far each of tha 
proline-substituted analogues of Magainin I is listed 

.below in Table lI. 

" 
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Jable II • Prol!ne-Sukatituted Magainin I 6nalogue1 

Amino Acid 
ltsidue Subatituted 

22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 

8 

7 
6 
4 

3 

2 
l 

i Effective Growth Inhibition 
Concen_tra~ion in ug/ml 

O at 100 
100 at 25 
100 at 100 
100 at 50 
100 at 7S 

0 at 100 
O at 100 
SO at 100 
0 at 100 
100 at 100 
0 at 100 
0 &t 100 
O at 100 
100 at 100 
100 at 75 
0 at. 100 
0 at 100 
O at 100 
100 at 75 
O at 100 
100 at 100 

Example S • Lysine•Substituted Hagainin I Analogues 
Hagainin I analogues wherein & lysine residue 

was substituted for various amino acid residues cf 
Magainin I were prepared and tested as he~einabove 
described for i effective. growth inhibition of i.cq,li 
at a concentration givan in µg/ml. ·?he i effective 
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growth inhibition of ea~h lJ&ine•substituted analogue 

of Magainin t is given below in Table III. 

Table Ill • Lt1ine·Sub1tituted Analogues o.f M!gainin I 

Amino Acid i Effective Growth Inhibition 

Residue Substituted Cpncentration in pg/ml 

2.3 100 at .5 

21 100 at .ZS 

20 100 at 2.5 

19 100 at 2.5 

18 100 at 25 

17 100 at 100 

16 O at 100 

lS 100 a.t 50 

13 100 •t 50 
12 I 100 at 100 

10 100 at 25 

9 100 at too 
8 100 at S 

7 100 at S 
6 0 at lDO 

5 O at 100 

3 100 at 25 

2 100 at 100 

1 100 at .50 

Magainin l analogues wherein amino acid residues 

23, 19, 8, or 7, ~espectivelyt were substituted with 

a lysine ·:residue were tested fo:r % effective growth 

inhibition of !.· epidermidis and/~t s. auraus •. The 

substitution analogue of Magainin I wherein amino 

acid residue %3 was substituted with a lysine residue 

.. 
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bad a J effective growth inhibiticn of s. aureus of 
30% at 100 pg/ml. The substitution analogue of 
Magainin I wherein amino acid residue 19 was 
substituted with a lysine residue had a l effective 
growth inhibition of.B..epidermid$;,s of_lOOX at 25 
µg/ml • and of S.: aureya of 50% a.t 10·0 pg/ml. The 
suh1t't"tut1.ot'f"Sd'~logue of Magainin I wherein amino 
acid residue B was substituted with a lysine reaidue 
had a I effective growth inhibition af s. aureus of 
701 at 100 pg/ml. The substitution analogue of 
Magainin I wherein amino acid residue 7 was 
substituted with a lysine residue had a % effective 
growth inhibition of s. epidermidis of 100% at 25 
µg/ml, and of s. aureus of 100% at SO µg/ml. 

l;ample 6 • Glutamic Acid-Sybstituted 
~agaipin I AnalosuEl! 

Magainin I analogues wherein a glutamic acid 
residue was substituted for various amino acid 
residues of Masainin I were prepared and tested for l 
effective growth it'&hibition of ~.coli according to 
the methods hareinabove described. The % ·effective 
growth inhib~tion for each slutamic acid-substituted 
Magainin I analogua ia described below in Table IV. 
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11& le IV q~utamic Acid-Substituted Analogues of Magainin I 

Amino Acid 
.ll•idue Substituted 

22 
21 
20 

18 
17 
16 
15 
14 
13 
12 
11 

10 
9 
8 
7 . 

3 

% Effective Crowth Inhibition 
Concentration in ug/ml 

0 at 100 
100 at 7S 

0 at 100 
100 at 75 
o at 100 
O at 100 
0 at 100 
0 at 100 
o at 100 
0 at 100 
O at 100 
100 at 7S 
O at 100 
100 at 75 
32 at. 100 

. 0 ·&t· 100 

Example 7 ~ Maaainin I peptides containi91 
D•amino acid residues 

Magainin I peptides were synthesized wherein in 
each peptide cne of amino acid residues 23, 19. 17 1 

16 1 14, 4, or 2, respectively, is substituted with a 
D·amino acid residue. Each of these Magainin I 
peptide analogues was then tested as hereinabove 
described for-% effective growth inhibition of i.soli 
in pg/ml, The 4% effective growth inhibition for each 
of the D·amino.acid residue-subsituted analogues of 
Magainin I is listed belcw in Table V. 

.. 
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Table Y - D·amino acid reaidue•subatituted Magainin I 
Anaiogues 

.Amino Acid 
Jesic·tt Substituted · · 

23 
19 
17 
16 
14 
4 

2 

Example 8 

% Effect~ve Growth.Inhibition 
Concentration in ug/ml 

100 at 10 
100 at 25 
100 at SO 

100 &t 50 
100 at SO 
100 at 25 
100 at 2S 

In this example, a 1ubstitutian analogue of 
Masainin l waa prepared wherein amino acid residue 
19, (E, or glutamic acid) was deleted, and amino acid 
~eaidues s. 8, 9, and 16 are each substituted with a 
lysine residue, amino acid residue 21 ta substituted 
with a leuc:Lne residue. and amino acid residues 18 
and 23 are each substituted with an alanine residue. 
The substitution &t1alogue had the following 
structure: 

GIG'KKLHKKGKFGKFKCAILKA 
The X effective growth inhibition of !.coli for 

this peptide was tested and found to be 100% at S 

µg/ml. 

Exampl• 9 · 
In this example, a substitution analogue of 

Hagainin I was prepa~ed wherein amino acid 21 was 
deleted and amino acid residues 5, 10. 18, and 19 

• 

· ili1i1UliUf 
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were each substituted with a lysine residue, amino 

acid residue 7 was substituted with a phenylalanine 
· residue, and amino acid 22 was substituted with an 

alanine residue. The peptide had the following 
structure: 

ClGICX.t.FSAKIC.l'GKAJ'VlQttAS 

The 3 effective growth inhibition of £._.coli for 
this peptide was tested and found to be 100% at 2.S 
pg/ml I 

Example 10 
Magainin l and Magainin II peptides were 

prepared.wherein phen7lalanine residues S and 12 in 

each peptide were ic,dinate.d. The % effective growth 

inhibition of .E.col~ for each peptide, containing the 
iodinated phenylalanine residues, was tested. 1or 

the Magainin I peptide, the % effective growth 
inhibition was lOOl at 10 µg/ml. Fer the Hagainin II 
peptide, the '% effec:tive growth inhibition was iooi 
at 5 µg/ml~· 

Example 11 - TriptDJ>han u·ormYl Group Jtemoved) .. 

Substituted Analoguea of Magainin I 
Hagainin I ana:losues were prepared wherein a 

. tryptophan residue \1aa substituted for various amino 

acid res:Ld.ue.s of Ha.gainin I. The tryptophan had the 

formyl g~oup removed, thus resulting in the 

subatitution of unp,:otected tryptophan :residues into 
the Magainin I analnsues. ~ effective srowth 
inhibition of E. col.,~ a.nd S, epidermidis was tested 
·for the.se ana.losues .. i e·ffec.tive. growth inhibition 

of !. co-li and .L.....!J'idermidis in µg/ml is listed 

below in Table VI. 

.. 
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I.fble y; ~ Jryptophan (Farmxl Qrqup Removed) • 
Substituted Analogues pf Magainin I 

Amino Acid 
Residue Substituted 

1 
3 
4 

.5 

G 

8 

9 

10 
11 

' 

12 . 
13 
14 
1.5 
16 
17 
18 
19 
20 

21 
21 

% Ef fecti~e Growth Inhibition 
Concentration in us[ml 

E.coli 
100 at 50 
100 at 2S 
90 at 100 
100 at 25 
100 at SO 

100 at 100 
100 at 25 
100 at 25 
O at 100 
100 •t 2.5 
10·0 at 2S 

H/A 
96 &t 10 
95 at .50 
100 at 25 
93 at 2.S 

100 a.t 10 
90 at 25 
100 at SO 
40 at 7S 

s. gpi,dermidia 
so at 75 

100 at so 
0 at 100 
80 at 100 
so at 75 
100 at !!O 

40 at 100 
100 at so 
0 a.t 100 

0 at 100 
100 at 50 
O at 100 
90 at 100 
.0 at .100 
100 at 100 
90 at 100 

100 at 7.5 
30 at 100 
0 at 100 
O at 100 

Example 12 • Ttyptoph,an (containing form__yl_..1roupl· 
Subslituted Ma11inin I Analogu,a 

Magainin I analogues w~~a prepared wherain a 
tryp~ophan residue was substituted far variou1 amino 
acid residues of Magainin I, as :Ln Example 11, .except 
that in this exra.m.pl.e, the farmyl B'l!'DUp retnained on 
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the tryptophan residue thus resulting in the 
substitution of protected tryptophan residues into 
the Magainin I analogues. i affective growth 
inhibition of E,,,coli and s. epiA•UQidia was tested 
for each of these analcsue1. % effective grawth 
inhibition ~f E. cpti an·d s. epidermidia in µg/ml is 
listed below in Table VII. 

liii11rr 
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Iable VlI - T'[)'ptophan (containing formyl group); 
Substituted 4naloaue1 af Mag!lnin I 

Amino Acid 
Residue Subatituted 

l 
3 
4 

s 
6 

7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

i Ef fectiva Growth Inhibition 
Concentration in ut/ml 

E. c.oli s. epidermid:l.s 

100 at 50 100 at 75 
100 at 50 100 at 75 
70 at 100 O at 100 
100 at so ·100 at 100 
100 at SO 100 at 100 
100 at 75 90 at 100 
100 at 2:5 100 at 75 
100.at 50 44 at 100 
100 at 25 100 at 7S 
O at 100 0 at 100 
100 at 25 90 at 75 
100 at 10 100 at 50 
0 at 100 O at 100 
100 at 10 100 at 75 
100 at 50 O at 100 
100 at 50 100 at: 75 
100 at 2S 63 at 100 
100 at 75 H/A 
100 at 25 SS at 100 
92 at SO 36 at 100 
80 at: 75 O at 100 

bample 13 • Mllltipla•Substituticn An&lcgues pf 
Haaainin I with Lv1.ine and{or alanine Jlesidues 

Analoguea of liagainin I were P.repared wherein 
amino acid residuas 3, B, 9, 16, 19, and/er 23 we~e 

1iiii1Df 
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substituted with alanine (A) or lysine (K) %esid~es. 

i effective growth inhibition of i· coli, !.J.. 

epidermidis, and/or!.· au~eu1 was tested fer each 

substituticn analog~e. the st~ucture of each 

1ynthe1ized substitution analogue 11 well aa the i 

effective growth inhibition of E. coii, !.i, 

epide;midis. and S. aureus in pg/ml are given below 

:Ln Table VIII. 

.. 
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Example 14 • Maga,gin I Analogues with Glutamic Acid 
Omissions and A!!nine or Lysine Substitutions 

Magainin l analag~es were prepa~ed wherein amino 
acid residue 19 (E 1 or glutamic acid) was deleted, 
and either .alanine.or ly1$.ne was substituted for one 
of the remaining amino acid residues in the paptide. 
Alanine was: substituted for either residue 16, 10 or 
8, or lysine was sub1tituted fo~ either residue 18 9 

81 or 7. Each of these substitution analogues was 
tested for % effective growth inhibition of !. coli. 
s. eeidermidis, and/o~ s. aurea•· The structures of 
eaeh peptide and the 1 effective growth inhibition of 
!. soii, S, e;idermidls, or s. aureus in pg/ml are 
listed below in Table IX. 
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lsample 15 
Hagainin I 1ubstitution analogues were prepared 

in which, in one analogue, each of amino acid 
residues 8, 19, a~ 23 was suhetituted with lysine, 
and, in another analogue each of amino acid residues 
7, 8, 19. and 23 was substituted with lysine. % 
effective growth inhibition of E. coli and .L.. 
epide;midia in pg/ml was then measured. For the 
analogue in which amino acid reaiduea a. 19, and 23 
were substituted with lysine, the % effective g~owth 
inhibition of E. coli was 100% at 2.5 pg/ml and of !.&. 
eeider:midis wa1 1001 at 12.5 µg/ml, for the analogue 
in which amino acid residues 7, 8, 19, 23 were 
substituted with lysine, the % effective growth 
inhibition of l&, coli was 100% at 1.25 pg/ml and the 
% effective growth inhibi t"ion of S. epi.demidia wa.s 
1001 at' 5 µg/IDl • 

~xamplc lG 
In this example·, an analogue cf Hagain.in I was · 

prepared wherein amino acid reaiduea 16 through 23 
were deleted and residues 3, 7, and 8 were 
substituted with lysine residues. The resulting 
peptide had the following structure: 

CIKKFLKKAGKJ'GICA 
The peptide was then tested fer % effective 

growth inhibition of E. coli. The i effective growth 
inhibition of E. t:oli for this peptide was found to 
be 1001 •t S µg/ml. 

" 

Ex.ample 17 . . 
In this example, an analogue of Magainin I was 

prepared wherein amino acid residues 16 through 23 
were deleted and amino acid ~esidues 3, 8, and 10 . 

.. 
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were •ubatituted with an alanine residue. ?he 
resulting peptide ha:s the ·following structure: 

CIAICFLHA.A.U'FGKA 
~he peptide was tested for % effective growth. 

inhibition of §. coli. The % effective growth 
inhibition of E. coii for this peptide waa found to 
be 1ooi at 25 µg/ml. 
Example 18 - Hag~inin II Analogues with Alanine 
tubst:l.tutions 

Hagainin II and analogues wherein an alanine 
residue was subatituetd for various amino acid 
residues of Hagain:l.n II were prepared aa hereinabove 
described in Example l and tested for % effective 
growth inhibition of !•Coli, P.aerusino1a1 and !.r.. 
epidelJilidis a~ herei~above described in Example 2. 
The 1 effective growth inhibition at a concentration 
in µgfml for the alanine - substituted Magainin Il 
analogue• is liated below in Table x. 
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Table X - Alanine - Substituted Magainin XX Analogues u-·· .... Cl'• ..... c 
% Effect~ve Growth ~ 

Q\ C....' 

Inhibition Concentration \0 -. 
<....:> 
c:r:· 

l!&lml 
'""'C' 
a;:: 

Amino Acid 
E. Coli 

~ 

Residue Substituted P. aeruginosa S. e2idermidis l;:z:j 
i:-
r:r> 

None (Hagainin II) 100 at 10 100 at SO 100 at 25 :=: 
RC> 

23 100 at 10 100 at >SO 100 at 25 P«: 
> 

22 100 at 25 100 at 2.S 100 at 25• 
~: 
t;-..:o 

21 100 at 25 100 at 2S 100 at 25 
i:-

t 
,_.,. 

w != 

20 100 at SO 100 at 2S 100 at 50 w 
I <....:> -19 100 at: S 100 at 10 100 at S l'V 

I 
en 

18 100 at: 10 100 at' 5 100 at 25 <.Tl 
<.Tl 

I 

16 100 at 25 100 at: 25 100 at >SO -(.Y1 

_Ef. = 14 100 at: 2.S 100 at: 25 100 at >50 
-en 
-Cl.> 13 100 at S 100 at 10 100 at 25 -[ 

lZ 100 at 25 100 at >SO 100 at >50. iiiiiiiiiiim ::c: ==J}? 11 100 at 2.5 100 at >SO 100 at >SO =t:J:l 

§ 10 100 at 10 100 at 25 100 at 25 
!!!!9!!!~ 8 100 at 10 100 at 10 100 at 10 a -"5!. 
~fl =. 

1 100 at: !.5 100 at 25 100 at 2S ? 
Q. C:! u::> 

6 100 at 50 100 at SO 100 at >SO UJ <....:> 
\0 

(..)1 

c:> (.Y1 

s 100 at 50 100 at SO 100 at >SO . ' 0 

~ .'.'=' 
UI 

<....:> 
u::> 

... 
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4 
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2. 
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-~ -en 
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=--a 
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==~ =tti 

§ ' --l --!!!!!!!!!!! § 
Q.. 

I' 

E. Coli P'. aeruginosa 

100 at 25 100 at 50 

100 at 25 100 at 25 
-

100 at 25 100 at SO 

100 at 2S 100 at 25 

-

s. ee.idexmidis 

100 at SO 
100 at 25 

100 at 50 

100 at 50 

. 

.. 
• 

'">=:' 
(I) 

""' ·-l"-

~ 
r-.·. 

c.c 
\Cl (.(". - 0 -= 0 
OD .:.~ = -. 
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v· 
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Jxamp~e 19 - Maga&nin II Analogues with Lysine 
jybstiyt,ans 

.~o. 83b5 P. 41 
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Magainin ll analogues wherein a lysine ~eaidue 
was substituted far varioua amino acid res:Lduea of 
_Magainin II where prepared and tested aa hereinabove 
described for 1 effective grawth: i-nhibition of L 
Coli, l· aeniginosa. and SL e;idermidis at 
concentrations given in µg/ml. The % effective 
srowth inhibition fo~ each af the Ly1ine•1ubstituted 
analogue of Hagaintn II is listed below in Table XI. 

11111nr. 
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'taJlle~.XI -_t.ysine-S~l>st"it:ued Marg~ :tl Analogues 
~ ( .. C> - =· -C> 

'% Effective Growt:h 0 

I (., ... 
Xnhibition Concentration in c.....· 

--.;: ...,, 
J:!&lml ~-

Amino Acid 
:::e: 

Residue Substituted E. Coli P. aeruginosa S. epidermidis t:c? 
r-
<:r.-

23 100 at 25 100 at.SO 100 at SO ::r.. 
R<-· 

22. 100 at 25 100 at 25 100 at 10 :::--: 
> 

21 100 at 10 100 at 25 100 at 25 ~ 

100 at 25 100 at'2s 100 at: so· 
i:-· 

20 B· 
19 100 at s 100 at to 100 at 5 

' <--..· 

w ~ 

18 100 at 2.5 100 at S 100 at S l ......... 

"' I a ~· 

17 100 at 25 100 al: 2.5 100 at 2s· CJ' 
(..., •• 1 

I 

16 100 at 25 100 at 2S 100 at SO ........ 
(_-': 
C:.. 

15 100 at .5 100 at 10 100 at 10 
13 . 100 at .5 100 at 25 100 at 25 

12 100 at 10, 100 at 25 100 at: 2.5 
; 9 - .... -en 

100 at 25 100 at 25 100 at 25 

~ 8 
.. 

100 at S 100 at 5 100 at 25 
l 1 100 at S 100 at S . 100 at 2S "'G ;:r: 

-i: g ::::?"; 
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Amino Acid ::E 

Residue· Substituted E. Coli P. aeruginosa 
. 

s .. eeidermidis '=""' i:-
uo 

' 100 at 10 100 at. 25 100 at SO 
:::c. 
$<'<· 

.5 100 at 2.S 100 at SO 100 at 50 :;:..-. 
> 

3 100 at .5· 100 at 2.S 100 at 10 
_.,, 
C--::: 

2 100 at 10 100 at 10 100 at ·25· 

' 
..... 
--~ 
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1 100 at S 100 at 10 . 100 at ZS w 
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Example 20 - Magainin II Peptides Containing D·Amino 

Acid 'Residues. 
Magainin II peptides were synthesized wherein 

various amino acid residues we~e substituted with a 

D·amino acid residue, whose structure corresponded to 

to that of the residue originally.present in 

Kagainin II. Each of these Hagainin II peptide 

analogues was then tested as hereinabove described 

for % effective growth inhibition of l.J. Coli, l.:. 

aeruginosa. and S. epide;midis in pg/ml. The % 
effective growth inhibition for each of the D·Amino 

acid.residue substituted analogues of Magainin II is 

listed below in Table XII. 
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Table XII-D-Amino Acid Residue - ""' O:::· 

a; CT.• 

Substituted Marui:Yiin I.I Anal_ggues 0 aa 
0\ c.... 

% Effective Growth 'O .. 
( ..... ; . 

Inhibition Concentration in 
...... 
J:s·~-

J!B/ml 
Amino Acid 

::::F: 

""'' r;-. 

Residue Substituted E. Coli P. aeruginosa 
er .. 

S. el!iderniidis ::::r.· 
!<" 

23 100 at S 100 at. 10 100 at: 25 p.; 
> 

22 100 at 10 100 at 10 100 at: 25 ...,_;: 

I:'--' 

20 100 at 25 100 at: 25 100 at: SO i:-· 
~:-

I !== 
19 100 at 25 100 at 25 100 at 25 CAI 

llO C.....• 

17 100 a1: 25 100 at 25 100 at 50 
I ,__ 

r-.:· 
I 

16 100 at 2.S 100 at 2S 100 at 25 
C" • 
<....> 
(J' 

lS 100 at 2.5 100 at: 2.5 100 at >50 
I ,_. 

<...T• 

14 100 at ZS 100 at: >25 
C..· 

100 at >.50 

12 - 100 at 25 100 at 50 

_it. 
11 100 at 25 100 at 25 100 at 25 

10 100 at 2S 100 at: 25 100 at ZS -"' -Cll 
~I:!" 9 . 100 at ZS 100 at 25 lOD at 25 -n 
=$2. 

-i 8 100 at 25 100 at 25 100 at 25 .,, 
-"' 100 at 10 100 at 2S g ~-: 

=IJ;j 7 100 at 2S ? =n ~ iimiiiig c.c• 
6 100 at 2S 100 at 25 100 at 50 fa c.....·· 

==w (_,.. 
Q (._, . -'Cl C> 

·-S' ~ -R :-c· 
'1- Ul -c..:n 
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Example 21 - Magainin II Anal;aues with Glutamic Ac'-i 
Deletions 

In this example, analogues of Magainin ll were 
s7nthesized 1 said analogues having amino acid residue 
19 (glutamic acid) deleted from the peptide 

. . 

structure, and wherein one or more of the other amino-
acid residues was substituted with an amino acid 
residue different from the normal amino acid residue. 
Analogues cf the following structures were then 
synthesized according to the method described in 
Example 1. 

analogue Stucture 
1 GIGK1LHSAKKFWICAFVOIHNS 
2 CICXFLHSAKK1LKAJ'VCILNS 
3 GILKFLHSAXX11JCAFVGILNS 
4 GILKFLHSAKKFFKAFVKILNS 
5 GIGKFLHSAKKFFKAFVFILNS 
6 GIGKfLHSAlCKFGKAFVGIMKS 
7 GIGKFLHSAICKFGKAFVAIMKS 
8 GIGKFLHSAXKFOKAFVFIHNS* 
9 CI01CFLHSAIOl:FAKA1VF1MNS 
10 GIGXPLHSAXK1FKA1VFIMNS 
11 GIGXPLKSAXKFGKAFVFIMNS 
12 GtGKFLHJ.C.AXKF.AKAFVFIMNS 
13 QIClCFLKSAXKFAKAFVFIMNS 
14 GICKFLHKAXKJ'FKAFVFIMNS 
15 GIGK1LKSA1CKPFKAFVFIMNS 
16 GlQKFLHKAKKFAKAFVFIMNK 
17 GIGKFLkSAXKFAKFFVFIHNK 
18 GlGKFLKltAKKiGKAFVFIMKK 
·19 GIGXFLHS.AXKFOKAF'Yl{**IMNS 
20 .GIG'KFLHSAXXFGKA~IMNS 

2.1 GIGKFLHKAXKFGKAFVKIMNS 
*D-Serine 

1ii1iiifllT 
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**·1-F moc-lyaine 
Each of the peptides was then tested as hereinabove 
described for i effeetive growth inhibition of !.:. 
Coli, P. 1er.»gino_1g, and S. vidermidis in µg/ml. The 
1 effective growth inhibition of each of these 
analogues is given in Table XIII below. 

TABLE XIII 
I Effective Growth 

Inhibition, Cpncentration in 
pg/ml 

Analogue E. Coli P. aeruginosa 
100 at S l 100 at S 

2 100 at 2.S 100 at 2.s 
100 at 2.s 
100 at 2.! 
100 at s 

3 100 at z.s 
4 100 at z.s 
s 
6 

7 
8 

9 
10 
ll 
12 
13 
14 
15 
16 
17 
18· 
19 
20 
2"1 

100 at 10 
100 at S 
100 at 2 • .5 
100 at .5 

100 at .5 

100 at 10 
100 at 5 
100 at S 
100 at 2,, 

100 at S 100 at 10 
100 at 5 100 at 5 
100 at 1.2! 100 at 2.s 
100 at 2.5 
100 at 10 
100 at 5. 

100 at 1.25 
100 at 2.,5 

100 at 5 
100 at 1.25 100 at.1.25 
100 at 1.25 100 at 5 
100 at 2.s 100 at 2.5 
100 at 10 100 at 10 
100 at 1.2~ lOO·&t 2.s 
104 at 1.25 100 at S 

Example. 12 

&. epidermidis 
100 at .5 

100 at 5 
100 at S 

100 at S 
100 at S 

100 at 2..S 

100 at S 
100 at S 
100 at S 
100 at .5 

100 at S 

100 at 1.25 
100 a.t 2.5 
100 at 2..5 

100 at 1.25 

100 at l.2..5 

100 at 2..S 

100 at 2.5 
100 at .5 

100 at l.2S 
100 at 2.s 
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.A.mide CHHz) • terminated Hagainin II analogues 
wherein amino acid residue 19 (glutamic acid) was 
deleted, and other amino acid residues were 
substitued. tha analogues are as follows: 
Analogue l GIGKFLKKAIQ(F.AKAFVKlINN-MH2 
.A.nalogua·1 GIGKFLKKA.AXFAICAFVKIINN·NH1 

The analogues were then teated as hereinabove 
described for l effective growth inhibition of I.a. 
Coli, f.agruginoaa. and S.epide;midis Analogue 1 had 
i effective ~rowth inhibition• of 100% at l,25 µg/ml 
for E. Coli. iooi at 2,5 µg/ml for ,.aeruginosa, and 
100% at 1.25 µg/ml for S.epide1:'midi.! Analogue 2 had 
% effective growth inhibitions of 100% at l.2S pg/ml 
for l& aeruginosa and 100% at 1.25.µg/ml for 
S.egidermidis. 
Example 23 

Amide (NH2) -te:minated analogues, which by. 

virtue of their structures, may be analogues of 
Masainin I er Masainin 11, were synthesized wherein 
amino acid residue 19 (glutamic acid) was delet.ed, 
and o~her amino ac:Ld residues were substit:utetd. The 
analogues are as follows: 
Analogue 1 CIGKFLKKAKKFGKAFVICIMKK·NH2 
Analogue 2 CIGKFL'ltKAX1C1AXAFVICIMlCK·'NH2 
Analogue 3 GlGKFLKKAXKFAXAFVKIIXKPNH2 

The analogues were then tested for % effective 
growth inhibition. Analogue l had % effective growth 
inhibitions of 100% ~t 1.25 µg/ml for .l: Coli. iooi 
at 2 • .5 µg/ml for P. aan:tsinosa, and 100% at l.25 
µg/ml for S.epidermidis. Analogue 2 had i ef!ecti~e 

growth inhibit:Lons of 100% at 2.5 pg/ml for_E.Cqli, 
100 at 2.5 µg/ml for P.aerugigosa, and 100% at l,_25 · 
µg/ml for §.epidermid1s. Analogue ~had% effective 
growth inhibitions cf 100% at 1.25 µg/ml for E. Coli, 

111~11nr 

.. 
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100% at 2.5 µg/ml for P.aeryginolfs and 100% at 1.25 
µg/ml for s.epidermidis 
Example 24 

Amide (NH1 ) terminated analogues of Magainin I 
were synthesized whe_rein at lea.s't amino acid residues 
17-2.3 we.re deleted and amino acid residues 3. 7, and 
8 were substituted with lysine residues. The 
analogues had the following structures. 
Analogue l - GlXKFLXK.A.GK1GK·HH2 
Analogue 2 • GIIQtFLKKAGKFGKAF·HHz 

!he analogues were then tested for effective 
growth inhibition. Analogue 1 had % effective growth 
inhinitions of 1004 at 10 ~s/ml for !. Coli, 100% at 
10 µg/ml for P.,eruginosa, and 100% at 10 µg/ml for 
s.epide:nnidis. Analogue 2 had i effective growth 
inhibitions o~ 100% of 2.5 µg/ml for E. Coli, 1001 at 
S µg/ml for P.aeruginosa, and 100% at 5 µg/ml for 
S.epidermidis. 
Example 2.5 

Amide (NHa)·tez:minat_e~ analogue• of Mag&in:f.n .II 
were synthesized wherein at least am.ino·acid reaiduea· 
lG-23 were deleted and substitutions were made for 
other residues. The analogues had the following 
structures. 
Analogue 1 - GIKKJ"LK1WCKFGKA·NH2 
Analogue 1 • GIKKFLKKAX.KFAXA·NHz 

The analogues were then tested for effective 
growth inhibition, Analogue 1 h&d i effective grow~h 
inhibitions of 1001 at 10 µg/ml for l.aeruginosa, and 
100 at S. 0 µg/ml foi:- S, epid1m:Ldis. Analog\\e 2 had 3 
effective arwoth inhibitions of 1001 of 5 µg/ml, for . 
E. Col:Lt iooi at S ~sg/ml for ~.ae-ruginoaa, and 100% 
at S µg/m1 for · S. e;~.dermiqis. 
Example 26 

1iififlf 
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An amide (NH1)·terminated analogue, which by 

virtue of its structure may be an abalogue af 
Hagainin l or Magainin II, wa• synthesized wherein 
amino acids 16-23 were deleted, amino acid residues 
3,7 1 and S were subatituted with lysine residues, and 
amino acid residue 10 and ll were substituted with 
alanine residues, The analogue was of the following 
structure~ 

GIKKFLICK.AAXPAl.A•MH2 
The analogue wa1 then tested for % effective 

growth inhibition. The analogue had i e~fee~ive 

growth inhibitions of 100% at 3 pg/ml for E. Coli, 
100% at S µg/ml for P.aeruginosa, and 100 at S µg/ml 
for S.tepidermidis. 
bample 27 

Analogu~s of Hag&inin lI were synthesized 
wherein amino acid residue 19 (slutamic acid) was 
deleted 1 and amino acids l-4, or 3.S, and 6 were 
deleted and at least one of the remaining amino acid 
residues was substituted. The analogues were of the 
following _structures: 
Analogue 1: FLtc.SAKKTGliFVGlHNS 
Analogue .2: FLXSAICKPAKAFVOlMNS 
Analogue 3: FLHSAXKTGKAJVFlMNS 
Analogue 4: GIIHS.AXX7AXAFKAIMNS 

.The analogue& were than tested for i effective growth 
inhibition of E.ccli, P.aeruginoaa, and 
S.epidermidis. The i effectiYe srowth inhibition of 
each of these analogues is given in Table XIV belaw. 

TABLE XIY 
Analogue i Effective Growth Inhibition •. 

Concentration in Ug/ml 
E.Coli P.11;uginosa S.e2idermidis 

1 100 at 25 100 at 25 100 at SO 
Z 100 at 10 100 at 25 100 at SO 

.. 
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lOO at 15 100 at 25 
100 at 10 100 at 25 

100 at 10 
100 at S 

PCJ'/US90/0367S 

Numerous modifications and variations of the 
present invention a~e possible in light of the above 
teachings, and, t~erefore, within the scope of the 
accompanying claims, the invention may be practiced 
other than as particularly de•cribed. 

i(ii1iiU 
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WHAT IS CLAlHEI> J:S; 
1. A compound comprising: 

an analogue of Magainin 1 peptide or 
Magainin II peptide, said Hagai~in I peptide or 
Magainin II peptide being in an amide-or 
carbogy-tei"Jninated form,. and wherein Hagainin I ia 
respresented by·the fallowing structural forinula 
using the single letter amino acid code and the 
numbers below each amino acid residue refer to the 
position cf the residue in the peptide: 
GIGICFLHSAG K :r GK AF VG B :CM XS 

1 2 3 4 S 6 7 8 9 10 11 lZ 13 14 15 16 17 18 19 20 21 21 13 
wherein Magainin II is represented by the followins 
structural formula using the single letter a~ino ac~d 
code and the numbers below each amino acid residue 
refer to the position of the residue in the peptide: 
GlG'K'FLH&AK K F GK A 1 VG EI MN S 

l 2 3 4 5 6 7 8 9 10 ll 12 ll 14 15 16 17 18 19 20 21 22 23 
and wherein said Magainin I or Hagainin II peptide is 
substituted in at leaat one cf positions 1-23, 
wherein the substituenta which may be employed in 
each of .positions l-Z3 a~e shown in _the following 
table: 

11111111111111 1111111111111111 
* C .L M S * 
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l!lidue 
l 
2 

3 

4 
s 
e 
7 
8 

9 

10 

11 
12 
13 

14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
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Substituent 
Lys,Ala 

PCT/US90/03675 

L'Y•tAla. D·lle,Arg,Leu,Val,Hia,Het 
Lys.Ala,Trp,Arg,His 

.D·Lys,Ala,Arg,His 
D•Phe,Ala,Lys,Trp,Leu,Ile,Val,Met: 
D·Lau,Lys,Ala,Ile,Val 1Met 
Lys 1D-His,Ala,Arg,lletVal,Met 
Ala,Lys,D•Ser,Trp,Met,Ile,Arg,His, 
Thr,Leu,Val 
Lys,D·Ala,trp.Arg,His,Leu,Ile,Val 
D-Lys,Lys 

Ala,Trp,Arg,His,Leu,Ile,Val 
D·Lys,Arg,His 
D·Phe,Lys,Trp,Arg,His 
Ala,Lya,Trp,Het,Arg,His,Phe,Leu, 
Ile,Va;l 
Ala,D·Lya,Arg,His 
Lys,Trp,D•Ala,Arg,His,Phe 
Ala,Lys,D·Phe.Ile,V&l,Met,Leu 
Ala,Lys,D•Val,Trp,Arg,His,Het,Leu 
Ala,Lys.Trp,Arg,His,Leu,Met 
Ala,Lys,D·Glu,Gly,Arg,His,Leu 
lle,Phe.Asn 
D•Ile,AlatLya,Trp,Leu,Phe,Val,Met 
Lya,Pro,Ala,His.Leu,Arg,Ile.Phe 
Lys,Ala,D·Asn,Gln,Arg,His 
D·Ser,Lya.Ala,Thr,Oly,Leu,Ile. 
Gln,Asn · 

2.. The compound of Claim 1 wherein sa:l.d 

Maiainin I or Magainin II peptide i~ substituted in 

at .least one of positions l-Z3, whe~ein each of the 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 
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aubstituents in each of positions 1·23 ia shown in 
the following table: 
l.eaisJua No 1 Su)zatituent 

l L71,Ala 
2. Lya-,Ala,D..;Ile. 
3 Lys,Ala,?rp 
4 D·Lya,Ala 
.5 D•Phe,Ala,Lya,Trp 
6 'D·Leu,Lya,Ala 
7 Lys,'D·Hia,Ala 
B Ala,Lya,D-Ser,Trp 
9 Lys,D-Ala,Ti-p 
10 D-Lya,Lys 

Ala,Trp 
11 D-Lya 
12 D-Phe 1Ly1 1 Trp 
lS Ala,Lya,'rrp 
14 Ala 1D•Ly1 
15 Lys,Trj>,D•Ala 
16 Ala, Lys , D- '.Phe 
17 Ala,Lys,D•V&l~Trp 

18 Ala, Lys , Trp 
19 Ala,Lya,D-Glu 
20 D·Ile,Ala,Lys,?rp 
21 Lya,Pro,Ala 
2.2 L71.Ala,D-Asn 
23 D-Ser,Lys,Ala 

3. The compound of Claim 2 wherein the 
peptide ii a Magainin 1 peptide and wherein at least 
ana of amino acidtesiduea 8, 10, 13, 16, 18 and 19 
is aubatituted with an alanine residue, 

4. The compound of Cl.aim z· \fhere.in the 
peptide is a Magainin I peptide and wherein· amino 
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acid residues 3, 8 1 16, 19 and 23 are substituted 
with alanine residues. 

S. The compound of Claim 2 wherein the 
peptide is a Masainin I peptide and four of a~ino 
ac:Ld residues 3, 8, 1_6,. 19 and 23 are each 

substituted-with an alanine iiesidue, and the 
remainins one of amino acid residues 3, 8, 16, 19 and 
23 i1 substituted with a lysine residue. 

6. The compound of Claim 2 ~herein the 
peptide is a Magainin I peptide and wherein amino 
aeid residue 11 is substituted with a proline 
residue. 

7. The compound of Claim 2 wherein the 
peptide is a Magainin l peptide and at least one of 
amino acid residues 3, 7, 8, 10, 18·21, and 23 is 
substituted w~th a lysine residue. 

8. The compound af Claim 2 wherein the 
peptide is a Magainin I peptide, and wherein amino 
acid residues 3, 8, 9, 19 and 23 are each sub1tituted 
with a lysine residue and amino acid residue 16 is 
substituted with ~n alanine residue. 

9. The contpound of Claim 2 wehrein the 
peptide is a Masain~.n I peptide, and wherein at least 
one of amino aeid raaidues 2, 4, 19 or Z3 ii a 
D•amino a~id residue. 

10. The compound of Claim 2 whe~ein the 
peptide is a Magainin l peptide and wherein at least 
one of &Mino acid residues 3, ·s, 8, 10, 12, 13, 15 1 

18,and 20 is a protected tryptophan residua. 
ll. The compound of Claim 2 wherein the 

peptide is a Magainin I peptide and wherein at least 
one of amino acid re.aidues 99 13, 15, and 17 is an 
unprotected tryptaphan ~esidue. 

12. ?he campoaition of Claim 2. where:l.n the 
peptide is a Magainin II peptide, and wherein at 
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least one of amino acid residues l·B. 10. 13, 14, 16. 
or 18-23 is an alanine residue~ 

13. The compound of Claim 2 wherein the 
peptide is a Magainin II peptide &ftd whe~ein at least 
one of amino acid re.s_idues 1·3, 5 .. 9, 12 1 .13 1 or· 15 .. 13 
is a lysine residue.· 

14. The compound of Claim 1 wherein the 
peptide is a Magainin 1I peptide and wherein at least 
one of amino acid residues 2, 4·12, 15-17, 19, 10t 

22, or 23 is substituted with a D·amino a~id residue. 
15. A compound comprising: 

an analogue of Magainin I peptide or 
Magainin II peptide. said Hagainin I peptide or 
Magainin II peptide ~eing in an amide·ar 
carboxy·terminated form, and wherein Magainin t is 
represented by the following structural formula using 
the single letter amino acid code and the numbers 
below each ·ami~o acid residue refer to the position 
of the residue in the peptide: 
G I G K FL H SAG K F Q ~ .A F V G E I M K S 
1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23. 

. . . 

and wherein Magainin Il is represented by the 
following structural formula using the single letter 
amino acid code and the numbers below each amino acid 
residue refe~ to the position of the residue in the 

peptide; 
·Q I Q K P L H S A K K 1 G X A F V 0 E I M N S 
l 2 3 4 s 6 7 8 9 10 11 1·2 13 14 15 16 17 18 19 20 21 22 23' 
and wherein at least one of amino acid residues 15-23 
is omitted, and wherein said Hagainin ? or Magainin 
Il peptide is substituted in at lea.st one of th• 
remaining positions 1·2.3. wherein the·substituent:s 
which may be employed in each of positions. l·23 are 
shown in the following table: 
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J.&1idue Ho. 
1 

2. 
3 

4 

s 
6 

7 
8 

9 

10 

11 
12 
13 

14 
15 
16 
.17 
18 
19 

2.0 
21 
22 
2.3 

-52-

Substituem, 
Lys,Ala 

PCT/US90/03675 

Lys,Ala, D•lle,Arg,Leu,Val,His,Met 
Lys,Ala,Trp,Arg,Hia 
D•Lys,Ala,Arg,Hia 
D•Phe,Ala.Lys,Trp,Leu,Ile,Val,Met 
D~Leu,Lys,Ala,Ile,Val,Het 

Lys,D-Hia,Ala,A~g,lle,Val,Het 

Ala,Ly1,D~Ser1Trp,M1t,lle,Arg 1Hi1 1 
ThJ:,Leu,Val 
Lys 1D·Ala,Trp,A.rg,Hia,Leu,Ile,Val 
D-Lys,Lys. 
Ala,Trp,Arg,His,Leu.Ile,Val 
D·Lys,Arg,His 
D·Phe,Lya,Trp,Arg,His 
~la,Lys,Trp,Het,Ara,His,Phe,Leu, 

Ile,Val 
Ala,D-Lya,Arg,Hia 
Lys,Trp,D•Ala.Arg,His,Phe 
Ala 1Ly1 1D·Phe,Ile 1Val 1Het,Leu 

. .Ala,Lya ,D·Val, 1.'rp,Arg,His ,Met ,Leu 
Al&,Lya,Trp,Arg,His,Leu,Met,Phe 
Ala,Lys,D-Glu,Gly,Arg,His.Leu 
lle.Phe,Asn 
D·lle,Ala,Lys,Trp,Leu,Phe,Val.Met 
Lys,Pra,Ala,His,Leu,Arg,Ile,Phe 
Lys,Ala,D-Asn,Oln,Arg,His 
D·Ser,Lys,Ala,Thr,Gly,Leu,Ile, 
Gln,Asn 

16. The compound cf Claim 15 wherein G&id 
Masainin I or H~sainin II peptide is substituted in 
at least one of the remaining positions 1·23 9 wherein 
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each af the aubatituenta in each of positions i .. 23 is 

shown in the fallowing table: 

R.eaidye No. 11!.b•tituent 

1 Lys,Ala 

ThNili1liiHr .2 Lya.,Ala,D-ila 

3 Lyl 9Ala.Trp 

4 D-Lya,Ala 

s D•1he,Ala,Lys,Trp 

6 l>•Leu,Lys,A.la 

7 L71,D•Hi1,Ala 

8 Ala,Lys,D•Ser.Trp 

9 L11,D-Ala,Trp 

10 D-Lya,Lya, 
Ala,Trp 

11 D·Lys 

12 D·!he,Lya 9Trp 

13 Ala 1Ly1,trp 

14 Ala.,ll•Lya 
15 Ly1,Trp,1>·Ala. 

16 Ala,Lys ,D•Phe. 

17· .Ala,Lys, 'D·Val, T:rp 

18 Ala.Lys,Trp 

19 Ala,Lya,D-Glu 

2.0 D~Ila,AlatLys,Trp 

2.1 Lys,Pra 9Ala 

22 L11.Ala,D·Aan 

23 D-Ser,Lys,Ala 

17. The compound of Claim 16 whe~ein the 

peptide is a Magainin l peptide, and amino aaid 

residues 16-23 are deleted and amino acid i."~aidues 3, 

.. 8 and 10 are substituted with an alanine Z'esidue. 

18. The compound of Claim 16 wherein the 

peptide is a Magainin I peptide. and wherein amino 

acid residue l' is deleted. 
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19. The compound of Claim 18 wherein amino 
acid residues 51 8, 9 and 16 are each substituted 
with a 171ine residue; amino acid residue 21 is 
aubatituted with a leucine ~esidue, and amino acid 
:residues 18 and 23 are each au~atituted "1th an 
ala.nine resid~e .. 

20. The compound of Claim 16 wharein the 
peptide ia a Magainin l peptide, and wherein amino 
acid residue 21 i1 deleted. 

21. The compound of Cl&im !O wherein amino 
acid residues 5, 10, 18, and 19 are each substituted 
with a lysine residue; amino acid 7 is aubatituted 
with a phenylalanine residue, and amino acid residue 
22 ia substituted with an alanine residue. 

22. The compDund of Claim 15 wherein amino 
acid• 17-23 er 16-23 or 15-13 ate deleted, and amino 
acids, 3,7, and 8 are substituted with a lysine 
residue. 

23, The compound of Claim 21 wherein said 
analogue of Hagainin I ar Magainin Il peptide is 
selected fram the group consisting of: 

GIKKFLlaCAGkrGK-Nffa 
GIKKFLKXAGKFGICAF·NH2; 
GlltKFLKKAX¥FClA~tni2; 

GIK1C.FLKK.AKKFAXA•HH2; and 
GIKKFIJOtAAl(?AlCA·NHa• 

24. The compound of Claim lS wherein amino 
acid residue 19 is omitted. and at least ona cf amino 
acid residues 39 71 8, 10, 13, 15, 16, 18, 21, 22, or 
23 is substituted with another amino acid ~eaidue as 
shown in the following table: 
Residue No. Subitituent · 

3 Leu 
7 Lys 
8 Lya,Ala 
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10 Ala,Lys 
13 Trp,Phe,Lau,Ala 
lS Phe 
16 Ala 

-18 · Lys ,Al", Phe 

2l Ly1.Ile 
22 Ly1 

Z3 iy•,D·Ser. 
1S. The compound of Claim 24 wherein the 

peptide is a Magainin II peptide. 

26. The compound of Claim 25 wherein said 

peptide is selected from the group consisting of: 

GlGKFLHS.AXKFGltA'FVGIMKS; 
GlGKFLHS.AXl(FGKAFVAIMKS; 
GIGKFLHSAXKFGKAFVFIMNS*, wherein 
s• is » .. serine; . 
GlGKFLHS.AXKFn:AFVFlHNS; 
GIGKFLKSAXKFGKAFVFIHNS; 
GIGKFLHKAXKFAXA!'VFIMNS; 
GIGKFLKSAXKFAKAFVFlHNS; 
GlGKFLHXAXKFAtr.AJ'VFlMNlC;· 
GlGKFLICXAKKFGltA.FVFIHKK; and 
GIGKFLHSAXKFGKAFVK **IMNS, \fherein 

K** ia t-r-moc·lysine. 
27. Yhe compound of Claim 15 wherein amino acid 

rasidue 19 ii.omitted, and either amino acid re•idues 

l-4 are omitted or amino acid residues 3, 5, and 6 

are omitted. 
18. The compound of Claim 27 wherein the 

peptide ia a Hagainin ll peptide. 

2~.. The compound of Claim 15 wherein the 

peptide is·seiected from the group consisting of: 

FLHSAKKFGKAFVFIMNS 
GIKHSAKKF AXA-i'KAtMNS 

J'LKSAkKFGKA'J'VQIMNS 
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30. A process comprising: 

PCT/US90/03673 

administering to a host an effective 
anti-microbial amount of the compound of Claim 1. 

3 l. A process t . compria ing: 
administering to a host an effective 

anti-viral amount of the compound of Claim 1. 
32. A process. ccmprisins: 

administering to a hoat an effeetive 
anti•tumor amou~t of the acmpound of Claim 1. 

33. A proce11 1 co•priaing: 
administerins to a host an effective 

apermicidal amount of the compound of Claim l. 
34. A process, comprisins: 

adminiaterins to a boat an effective 
anti-microbial amount of the campcund of Claim lS. 

35. A proceas, comprising: 
administering to a hast an effective 

anti•viral amount of th• compound. of Claim lS. 
36. A process. comprising: 

adminiat:ering to .a ho.st an effective 
ant:i•tumor amount of the compound of Claim 15.· 

37. A p~oaes1 1 comprising: 
adminiatering to a host an effective 

•permicidal amount of the eompound of Claim 15. 
38. ~he compound. of Claim 24 Wherein 

sai4 analc9~e of Ma;ainin l or Maiainin XI 
peptide is represented by the following structural 
formula using the single letter amino aoia code: 

GIGl.FL!KAKKPGKA!'VltlMXlt•'NH2 
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