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SUBSTITUTION ANALOGUES OF
MAGAININ PEPTIDES

This invention relates to & olase of
biologically active peptides known as magainins,
More particularly, this inventicn relates to
analogues of magainin peptides wherein at least one
amino acid residue in the peptide has been
gsubstituted with another amino acid residue, with
said anaiosues being commonly referred to as
“"substitution analogues.”

. In accordance with an aspect of the present
invention, thare is provided a compound comprising an
analogue of Magainin I Peptide oz Maga:nin 11

. peptide. The Magainin I or Magainin II peptlda is in
an amide or carboxy terminated form. Magainin I is
represented by the following structural formula using
the single letter amino acid code and the numbers
below each amino acid residues vefer to the,position
of the residue in the peptida. :
CIGCKFLHSAG K F 6 K AF V ¢ E I MK s
1234567891011 12 13 14 15 16 17 18 19 20 21 22 23
Magainin II is represented by the following structural
formula using the ningle letter amino acid code and the
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numbers below each amine aeid residue refer to the position
of the residue in the peptide:
GIGKFLHSAK X F 6 K A F V 6 E I MN S
123456789 10111213 1415 16 17 18 19 20 21 22 23
The Magainin I or Magainin II peptide is substztuted

in at least one of positions 1-23. The substituents

which may be employed in each of positions 1-23 are

shown in the following table;

Regidue No, Subgtituent
Lys,Ala

Lys,Ala, D-Ile,Arg,Leu,Val,His, Mat
Lys,Ala,Trp,Arvg,His

D-Lye,Als ,Arg,His
D-Phe,Als,Lys,Trp,Leu,Ile,Val,Met
D-Leu,Lys,Als,lle,Val, Met

Lys,D-His ,Ala,Arg,1le,Val, Met
Ala,Lys,D-Sex,Trp,Met, Ile.Arg.His,
Thr Leu,Val

00~ O Ut B Lk DD pod

9 Lys,D Ale,Trp,Arg,His,Leu,Ile,Val

10 . D~Lys,Lys
Ala,Trp,Axg,His,Leu,Ile,Val

11 D-Lys,Arg,His

12 D-Phe,Lys,Trp,ATs,Ris

13 Ale,Lys,Trp,Met,Arg,His Phe,Leun,
Ile,Val

14 . Als,D-Lys,Arg,His

15 Lys,Trp,D-Ala;Arg,His,Phe

16 Ala,Lys,D-Phe,lle,Val,Mat,Leu

17 AIS,L}'S ,D'V&l gTrP|ArE ,His ,Hetgbeu

18 Ala,Lys,Trp,Arg,His,Leu, Met

19 Ala,Lys,D-Glu,Gly,Arg,His,Leu
Ile,Phe,Asn

20 . D-1le,Aln,Lys,Trp,Leu,Phe,Val, Met

21 Lys,Pro, Ale Hxs, ey Arg Ile, Phe

22 Lys,Ala.D-Asn Gln Arg His

23 D-Ser,Lys,Als,Thr Gly,Leu Ile,
Gin,Asn
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Preferably, the substituents are as follows:

Regidue No. gubstituent
1 - Lys,Als
2 Lys,Ala,D-1le
3 - Lys,Ala,Trp
-4 ' D-Lys,Als '
3 D-Phe,Ala,Lys,Trp
6 D-Leu,Lys,Ala
7 Lys,D-His,Ala
8 Ala,Lys,D~8ex,Trp
9 Lya,D-Ala,Trp
10 D-Lys,Lys
Ala,Trp
11 . D-Lys
12 D~Phe ,Lys,Tzp
13 Ala,Lys,Txp
14 Ala,D-Lys
15 Lys,Trp,D-Ala
i6 Alg,Lys,D~Phe
17 Ala,Lys,D~Val,Trp
18 Ala,lys,Trp
19 ' Ala,Lys,D-CGlu
20 : D-Ile;Ala,Lys,Trp
21 Lys,Pro,Ala
22 Lys,Ala,D-Asn
23 D-Ser,Lys,Ala

It is to be understood that for purposes of the
present invention, that the tryptophan residues may
be protected with a'formyligrdup or be unprotected.
‘The phenylalanine residues, whether such residue is
present in its normal position, or employed as a
substitution regidue, may be & normal phenylalanine
residue or an iodinated phenylalanine residue.

In accordance with one embodiment, the peptide
is & Magainin I peptide, and at least one of amino
acid residues 8, 10, 13, 14, 18 and 19 is substituted
with an alanine residue. In another embodiment, the
Magainin I peptide has alanine residue pubstitutions
at each of amino acid residues 3, B, 18, 19 and 23,
| In accordance with anothar embodiment, the |
Magainin I peptide has alanine residue substitution
at four of amine acid vesidues 3, &, 16, 19 and 23,
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and the remaining one of these residues is
substituted with a lysine residua.

In accordance with yet & further embediment,
aminoe acid 21 of a Magainin I peptide is substituted
with & proline residue.

In accordance with another embodiment, at least
one of amine acid residuas 3, 7, 8, 10, 18-21, and 23
of Magainin I is substituted with & lysine residue.

In accordance with another embodiment, amino
acid residues 3, 8, 9, 19 and 23 of Magainin I are
each substituted with & lysine residue and amino zeid
vesidue 16 15 substituted with an alanine residue.

It aceordance with another embodiment, at least
one of amino acid residuves 2, 4, 19, or 23 of
Magainin I is & D-amino acid residue, whose structure
corresponds to that of the L-amino acid residue
originally present in Magainin I.

In accordance with a further embodiment, at
least one and amino acid residues 3, 5, 8, 10, 12,
13, 13, 18, and 20 of Magainin I is substituted with
2 protected tryptophan residue, wherein the
protecting group is preferably a formyl group. In
accordance with another embodiment, at least one of
amino acid residues 9, 13, 15 and 17 of Magainin I is
substituted with an unprotected tryptophan residue.

In accordance with another embodiment, the
peptide is a Magainin II peptide, and at least one of
amino acid residues 1-8, 10, 13, 14, 16 and 18- 23 is
an alanine residue,

In accordance with another embodimaent, at least
one of'amino acid residves 1-3, 5-9, 12, 13 and 15-23

of Mageinin II ie a lysine residue.. |

In accordance with yet another embodiment, at
least one of amino acid residues 2,4-12, 15-17, 19,
20, 22 and 23 of Magainin IY is substituted with a
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D-amino acid residue whose styucture corresponds to
that of the L-amino acid residue orlginally pregent
in Magainin II.

In accordance with another aspect of the
present invention, there is provided an analegue of
Magainin I or Magainin II peptide, said Magainin I or
Magainin Il peptide being in an amide- or
carhoxy-terminated form and having the structural
formulas hereinabove deseribed, and wherein at least
one of amino acid residues 15-23 ig omitted apd at
least one of the remaining zmine acid residues is
substituted. The substituents which may be employed
in at least one of positions 1-23 are ahown in the
following table:

Regidue No. . Substituent

1 Lys,Ala
2 Lys,Ala, D-Ile,Arg,Leu,Val, His Met
3 Lys,Ala,Trp,Arg,His
& D~ Lys,Ala Arg,His
5 D-Phe,Ala,Lya,Trp,Leu.Ile,Val,Met
6 D-Leu,Lys,Ala,Ile,Val,Mat
7 Lys.D-Hxs Ala Arg.lle,Val Met

"8 Ala,Lys,D- Ser,Trp.Met Ile,Arg,His,

o The,Leu,Val
g Lys,D-Ala Trp,Arg.His.Leu,Ile,Val

10 D- Lys Lys
Ala,Ttp:Arg,His,Leu,Ile,Val
11 D-Lys,Arg,His
12 D-Phe,Lys,Trp,Arg,His
13 - Ala,Lys,Trp,Met,Arg,His,Phe,Leu,
l1le,Val
14 Ala,D-Lys Arg,His
15 LS'S ,T:‘P |n'Alﬂ ,A!‘g .Hiﬂ ,?he
16 Ala,Lys,D-Phe,lle,Val, Met,Leu
17 ' Ala,Lys,D-Val,Trp,Arg,His ,Met,Leu
18 Ala,Lys,Trp,Arg,His,Ley,Met,Phe
19 Ala,Lys,D-Glu,Gly,Arg,His,Leu
Ile.?he,Asn
20 - D~Ile,Ala,Lys,Trp,Leu,Phe,Val Met
. a1 Lys, Pra,Ala,Hls Leu,Arg,Ile, Phe
- 22 Lys,Ala D-Asn, Gln.Arg,His
23 P-Serx Lys,Ala,Thr,cly,Leu Ile,
Gln,Asn
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Preferably, the substituents are as follows:
Regjidus No. Bubstituent
1 Lys,Ala
2 Lys,Ala,D-Ile
3 Lys,Ala,Irp
4 _ D~ Lys,Ala _
5 - D-Phe,Ala,Lys,Trp
6 . D- Leu,Lys Ala
7 Lys 'D'His ’Ala..,
8 Ala,Lys ,D=8er,Trp
9 Lys,D-Ala,Trp
10 . D-Lys,Lys
Als,Trp
1l D= Lys
12 D-Phe,Lys, Trp
13 Ale;Ly=s,Irp
14 Ala,D-Lys
15 Lys,Trp,D-Ala
16 AIS.L?S |D"Phe
17 Ala,Llys,D-Val,Trp
18 Ala,Lys,Trp
19 Ala,Lys,D-Clu
21 Lys,Fro,Ala
22 Lys,AIa D-Asn
23 D-Ser Lys.Ala

In accordance with & particular embodimEnt;

~ amino gcid residues 16-23 of Magainin I are deleted,

and smino acid residues 3, § and 10 are substituted
with an alanine residue.

In accordance with yet another embodiment,
amino acid residue 19 of Magainin I is deleted, and

- preferably amino acid residues 5, 8, 9 and 16 are

gach gubstituted with 2 lysine residue, aminoe acid
residue 21 is substituted with a leucine residue, and
amine gcid residues 18 and 23 are substituted with an
alanine residue.

In accordance with another embodiment, in
carboxy- or amide-terminated (preferably
amide-terminated) Magainin I or Magainin II peptide,
amino acid residues 17-23 or 16-23 oz 15-23 are
deleted, and amine acid residues 3, 7, and 8 are each

T
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substituted with & lysine residue, and optionally
amino acid residue 13 and/or amino acid residua 10 is
substituted with en alenine residue. Preferred
peptides are as follows:

GIKKFLXKAGKFGK- NH,

GIKKFLKKAGKFGKAF-NHZ

GIKKFLKRAKRFGEA-NHZ

GIKRFLKKAKKFAKA—NHZ

GIRKFLKKAAKFAKA-NHZ
Preliminary studies indicate that the above-mentioned
preferred peptides possess low hemolytic activity,
In accordance with a further emboediment, amino acid
regidue 21 of Magainin 1 may be deleted, and
preferably amino acid residues 5,10, 18, and 19 are
each substituted with a lysine residue, amino geid
residue 7 is substituted with a phenylalanine
rasidue, and amine acid residue 22 is substituted
with an alanine residue,

In accordance with another embodiment, in
- carboxy or amide terminated (preferably amide
ferminated) Magainin I or Magainin II (preferably |
Magainin II), amino acid rasidue 19 iz omitted, and
at least one of amino acid residues 3, 7, 8, 10, 13,
15, 16, 18 21, 22 or 23 is substituted with another
amino acid as follows:

Regidue pumb Substituent

3 Leu
7 lys
8 - Lys, Ala
10 Ala, Lys
13 Trp, Leu, Phe, Ala
15 . Phe o
16 Ala
18 Lys, Ala, Fhe
21 Lys, Ile ‘
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22 - Lys
23 Lys, D-Sar

Representative peptides are diselesed in Examples 14
and 21-23.

Ina prefe:red embod;ment the peptlde 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!

GIGKFLHSAKKFGKAFVGIMKS;

GIGKFLHSAKKFGRAFVAIMKS |

GIGKFLHSAKKFGKAFVFIMNS®, wherein

5% i8 D-Serine;

CIGKFLHSAKKFFKAFVFIMNS

GIGKFLRSAKKFGKAFVFIMNS ;

GIGKFLHKAKKFAKAFVFIMNS;

- GIGRFLKSARKFARAFVFIMNS;
GIGKFLHKAKKFAKAFVFIMNK;
CIGKFLRRAKKFGKAFVFIMKK; and

. GIGKFLHSAKKFGEAFVK**IMNS: wherein
RE% ig E-F-mac-lysine. ' :
Preliminary studies indicate that theSe preferrad
analogues possess low hemolytic sectivity.

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 basir peptide is deleted
and at least one of the remaining amino acid residues
ig substituted as hereinsbove desecribad; in
particular, amino acid residue 19 is omitted and in

addition either amino acid residues 1-4 or 3,5, and €

are omitted. Preferred peptides are as follows:
FLHUSARKFGKAFVFIMNS
GIKHSAKKFAKAFKAIMNS

14

FLKSAKKFGRAFVGIMNS
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FLKSAKKFARAFYGIMNS

Applicants have found that when employing the
substitution analogues of Magainin I or Magainin II
as hereinabove deseribed, such peptides display
biological activity equal to or greater. than the
parent Magainin I or Magainin II peptide. Such’
peptides are referred to as "successful substitution
anzlogues".

The use of these compounds which comprise a
substitution analogue of Magainin I or Magainin II
peptide, in accordance with the present invention, is
effective as an antibiotic, and can be eﬁployed to
inhibit, prevent or destroy the growth or
proliferation of micrebes, such as baeteria, fungi
viruses or the like. Similarly, such compounds ecan
be employed as an anti-viral composition to inhibit,
prevent or destroy the growth or preliferation of
viruses.

As used herein, the term "substitution
analogue" includes magainin peptides in which at
least one aminc scid residue of the peptide structure -
hes been substituted with a different amino acid
regidue, as well as magainin peptidés in whieh, in
addition to the above-mentioned substitution(s), also
have had at least one of amino acid residues 15-23
- omitted from the peptide sequence. The term alsc
includes magainin peptides having D-amine acid or
iodinated phenylalaenine residues which have been
substituted into the peptide sequence.

Such compounds can also be employed as a
spermicide te inhibit, prevent oy destroy the
motility of sperm. .

Such cempounds can ‘alfo be employed as
anti-tumor agents to inhibit the growth of or destrey

tumors,
I
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The compounds have & broad range of potent
antibiotic activity against a plurality of
microorganisms, including Gram-positive and
Gram-negative bacteria, fungl, protozea and the like,
‘Buch compounds can be employed for'tréating or |
controlling microbial infeetion caused by organisms
which are sensitive to such cempsunds.

The compounds ¢an also be used as pregervatives
or sterilants for materials susceptible to mierchial
contamination, In vitro activity against bacteria is
exemplified hereinsfter in Examples 3-27.

In general, & substitution anzlogue of the
Magainin I'or Magainin II peptide iz administered in
a dosage of from about 1 mg to about 500 mg per
kilogram of body weight, when administered
systemically. - When administered topically, the
peptide is used in & concentration of from about 0.5%
to about 5%.

The compounds comprising the substitution
analogues of Magainin 1 or Magainin II, in accordanee

with the present invention, cati be employed for
treating a wide variety of hests., In accordance with
a prefarred embodiment, & host can be an animal, and
such animal can be 2 human or non-human gnimal.

The compounds comprising the substitution
analogues of Magainin I or Magainin II can be
employed in a wide variety of pharmaceutical
compositions in combination with a non-toxic
pharmaceutical carrier or vehicle such as a filler,
non-toxic buffer, or physiological saline solution.
Such_pharmabeutical compositions can -be used
topically or systemically and can be in any suitable
form such as & liquid, solid, semi-solid, injectahle
solutions, tablet, ointment, lotion, paste, capsule
or the like. The compounds comprising the
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substitution analogues of Magainin I or Magainin IIX
can alsc be used in combination with adjuvants,
protease inhibitors, or compatible drugs where such a
combination iz seen to be desirable or advantageous
in econtrolling infection caused. by harmful

" microorganisms including protozoa, viruses, and the
like.

The compounds comprising the substitution
analogues of Magainin I or Magainin II of the present
invention can be administered to a hest; in
particular an animal, in an effective antibiotie
and/or enti-tumoer and/or anti-viral and/or
anti-microbial and/or a spermicidal amount.

Magainin I and Magainin II, as well as the
substitution analogues of the Magainin I and Magainin
II peptides of the present invention, (both amide-
and carboxy-terminated Magainin I and Magainin II
forms) can be synthesized by any convenient method of
peptide synthesis as are well-known to skilled
workers. Solid phase synthesis methods are

. particularly preferred,

The peptidas deseribed herexn were prepared by
the method of simultanecus multiple peptide synthesis
(sMPS). This method is described in detail in
Houghten, R.A., "General Method fur the Rapid
- 8olid-Phase Synthesis of Large Numbers of Peptides;
Specificity of Antigen-Antibody Interaction at the
Level of Individual Amino Acids," Froc, Natl, Acad,
Sei., U.8.A., Vol. B2, pgs. 5131-5135 (198%), and in
Houghten, R.A., et al. "Simultanesus Multiple Peptide
Synthasis; The Rapid Preparation of Large Numbers of
Discrete Peptides for Biological, Immunclogical, and
Methodological Studies," Paptide Chemistry, pgs.
295-298 (1987).
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For purpeses of the following examples,
substitution analogues of Magainin I and Magainin II
were prepared wherein various amino acid residues
were substituted and/or other amino acid res;due(s)
were deleted.

For purpeses of comparison, 2 complete Magainin
I or Magainin Il peptide can also be prepared by the
EMPS method. It is also centemplated within the
scope of the present inventien that substitution
gnalogues which have one or more aminoe acid
residue(s) omitted from the Magainin I or Magainin II
structure can 2lso be prepared by the SMPS method.

The invention will now be deseribed with
respect to the following examples, however, the scope
of the present invention is not intended to be
limited thereby.

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

substituticn analogues ¢of Magainin I, was
accumplished by ugsing the strategy of simultsneous
multiple peptide synthesis. All solvents and
reagents were of analytical grade and were used
without further purification, Standard
N-t-Boc-protected amino acids were employed in the
synthegsis. The gide chain functionalities used were
- benzyl (Ser, Glu), 2-01-Z (Lys)(Z=benzyloxyecarbenyl},
¥i®. pNP (His), and sulfoxide (Met). Peptide
gynthesis was performed beginning with 100 mg of

. either Boc-amine acids-Pam resin to produce _
C-terminal carboxyl peptide (PAM purchased from
Applied Blosystems, substitution 0,56 meq/gm is an
amine acyl -4- [oxymethyl] phenylacetic acid
derivative of amino polystyrene) or

methylbenzhydrylamine (MBRA) resin _
: This Sheet Has Been Re[ilaced
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(aubstitution—ﬂ.65meqlgm) per resin packet to produce
C-terminal amide peptide.
After synthesis, completely protected peptide

«13-

resins were treated three times with 0.5 M thiophenol

in DMF to remove the'Nim-,dinitrephenyl'stuup frem
Histidine. The £inal Boc-group was removed with TFA

to aveid t-butylation of methionyl residues during

P

final RF treatment., Cleavage was performed using the -

Low-High HF procedure. Tam, et al. J. Am. Chem. Soc.
Vol, 105, P. 6442 (1983), Tor peptides synthesized
on Pam resin, the low-HF was carried out without
removing the resin frem the packet, using a multiple
vegsel HF apparatus for 2 hrs. at 0°C. _For peptides
prepared using MBHA resin, the low HF procedure was
performed in a common reaction vessel for 2 hrs. at
0°C. For Pam resin peptides, the low-HF mixture was
evacuated from the 24 individual reaction vessels by
a water aspirator followed by a mechaniecal pump. The
low-HF reaction vessel eontainins'the'basa with MBHA
resin was emptied of the low-HF mixture by pouring
off the liquid into 2 waste container. The bags were
washed immediately with cold ather followed by
alternating washas of CHZCIZ. DHF, CHZGIZ. IFA,
CHZCIZ' The packets ware then dried and put into
individual tubes of the 24 vessel HF apparatus with

.- 0.7 ml of anisole as scavenger. The high-HF was

performed by condensing dry hydrogen flueride at
«70°C., The reaction took place at -10°C for 1 h. and
«5°C = 0°C for the last 30 min. HF was evaporated

using & strong flow nf_nitrogen. Finally, residual
.carbonium ion scavengers.wére remcved by washing with

dry ether.

The crude peptides were lubsequently axtracted
with 10% acetic acid and subjected to RP-HPLC on an
analytical reversed phase column (Vidac ODS 25 cm x

19
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4.6 mm), using a Beckman-Altek model 421 HPLC system
and two model 110A pumps. The Solvent system was

compoged of buifer A, 0.057 TFA/H,0, and buffer B,
0.05% TFA/CH4CN with & flow rate of 1.0 ml/min. The

~ peptides were detected at 213 L using a Hitachi

100-20 spectrophotumeter.

Purification of the peptides was accomplished
by reverse - phase HPLC on a Vidac (y4 (22 mm x
25em), 10 pm packing column with an eluting gradient
composed of CH.CN end 0.03% TFA. Amino acid analysis
was carried out on a Beckman 6300 analyzer following
hydrelysis of the peptides in constant (boiling) 6 W
HCLl at l10°C for 24 hr., and such analysis was within

" £10% of theory.

Example 2 - Antimicrobial Assave

_ Antimicrobial assays were carried out in 96 -
well tissue culture plates. Each well was incubated
with a given microarganism (Egcherichia coli,

Staphvlococecus epidermidis, Stsphvlococecus aureus, or

Pseudomanas seruginesa) suspended in LB medium
(Examples 3-17), or TSB medium (Examples 18-27). Upen

the addition of Magasinin I or its substitution
analogueg, (dissolved in 1 X PBS, pH 7.0) each well
contained a final cell denaity of 1.0 x 10 _colony
forming units (CFU)/ml, The £inal peptide
concentrations used were 100 pg/ml., 75.0 pg/ml, 50,0
pg/ml, 25 pg/ml, 12.5 pg/ml, 10 pg/ml, Spg/ml, 2.5

ug/ml, and 1.23 ug/ml.
Addition of ‘peptides to the wells was defined

as time zero. Af six hours, the plates vere placed
in a Titertek Multisken spparstus and the 0.D.gyq
determined. The plates az& well as the initial
innoculum were incubated at 37°C.

P,
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Five wells per plate containad media alone,
while five others contained medium plug cells. These
contrals were used to eliminate the posgibility of
media contamination while providing = measure of
uninhibited growth of the microorganisms. |

The degree of peptide activity was detesmined
by comparing the substitution analogues with
uninhibited growth of the control cells over s
six-hour period, The effective growth inhibition of
the substitution anslogues is listed in the examples
and tables below. :

Example 3 - Msgainin I anslogues with alsnine
gubstitutions ‘

| Magainin I and analogues wherein an alanine
residue was substituted for various amine acid
residues of Magainin I were prepared as hereinabove
degcribed in Example 1 and tested for % affective
growth inhibition of E. _goli at a concentration given
in pg/ml as hereianbove described in Example 2. The
% effective growth inhibition at a concentration in
pg/ml for the alanine-substituted Magasinin I
analogues is listed below in Table I, As used
herein, the heading "Amino Acid Residue Substituted"
refers to the number of the amino acid residue in the
-peptide which iz substituted with a desired amino
dcid residue. All otheyr residues in the peptide
remain the same as that of the normal paptide
sequence. For purposes of explanatien of the term "%
effective growth inhibition," a value of "100 at 25",
for example, indicates 100% effective growth
inhibitien at a concentration of 25 ug/mi.
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Table 1 - anine=-8Substituted Mapainin I A ues
Amine Aecid % Effactive CGrowth Inhibition

Residue Substituted

Noné'(uagéinin 1)

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

-t
o

M N WPy 9

——Ltoncentration in pe/ml

100
100
100
100
100
100
100
100
100
100
100
100

at
at
at
at
at
at
14
at
at
at
at
at

25
10
50
50
50
5
25
75
25
100
25
50

0 at 100
100 at 25
100 at 3
100 at 75
0 at 100
0 at 100
0 at 100
100 at 75
100 at 100
100 at 100

Magainin I analogues were also prepared wherein
amino acid residues 19, 16, or B, respectively, were

" gubstituted with alanine residues, and such
substitution analogues were tasted for % effective

growth inhibition of $, epidermidis and/or §, aursus
as compared to Magainin I without any substitutions.

1) ]
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Magainin I had a % effective growth inhibition of
§.epidermidis of 100% at 25 pg/ml and of S.aureus of
807 at 100 pg/ml., The % effective growth inhibitien
of 5. epidermidis for the substitution analogue of
Magainin I wherein amino acid residue 19 was

- substituted with alsnine was 100% at 25 ug/ml, and
for the substitution analogue of Magasinin I wherein
amino scid residue 16 was substituted with an alanine
residue was 737 at 100 pg/ml. The 7 effective growth
inhibition of §. aureus for the substitution analogue
of Magainin I wherein amino acid residue 19 was
gsubstituted with alanine waz 100% at 25 pg/ml, and
for the substitution analegue of Magainin I vherein
amino acid residue B was substituted with alanine was
100% at 50 pg/ml.

Example 4 -~ Mapainin I analogues with

roline Substit n

Magainin I analogues wherein & proline residue
wag subgstituted for various aminc acid vesidues of
Magainin I were propared and tested as hereinabove
described for 7 effective growth inhibition of E.
coli at & concentration given in pg/ml. The %
effective growth inhibition for esch of the
proline-substituted analogues of Magainin I is listed
.below in Table II,
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Amino Aeid
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Residue Substituted

22
21
20
19
18
17
16
135
14
13
12
11

oy
Q

N W S N W

Example 5 - Lysine-Substituted Mapainin I Anslogues

Magainin I analogues wherein & lysina residue

WELSH & KATZ LD, 312-655-150

No, 9355
PCY/US%0/03675

P 24

% Effective Growth Inhibitien

once

0 at 100

100 at 25
100 ot 100
100 at 50
100 at 75
0 at 100

0 at 100
50 at 100
0 at 100
100 at 100
0 at 100

0 at 100

0 at 100
100 at 100
100 at 75
0 at. 100

0 at 100

0 at 100
100 &t 75
0 st 100
100 at 100

ation in

was substituted for various amino acid residues of
- Magainin I were prepared and tested as hereinabove
deseribed for % effective growth inhibition of E.coli

at a concentration given in pg/ml.

- The % affective

1
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growth inhibition of each lysine-substiruted analogue
of Magainin I is given belew in Table III.

Table IIT - Lysine-Substituted Anslogues of Magainin I

Amino Acid % Effective Growth Inhibition

Residue Suhggituéed Concantration in pg/ml
23 100 at 5
21 . 100 at 25
20 100 at 25
19 100 at 2.5
18 100 at 25
17 100 at 100
16 0 at 100
15 - 100 at 50
13 100 at 50
12 100 at 100
10 100 at 25
9 100 at 100
8 100 at 5.
7 100 at 5
é 0 at 100
5 0 at 100
3 100 at 23
2 100 at 100
1 100 at 30

Magainin I analogues wherein amino acid residues
23, 19, 8, or 7, respectively, were substituted with
& lysine residue were tested fbr Z effective growth
inhibition of §. epidermidis and/or §. sureus. The
gubstitution analegue of Magainin I wherein amino
acid residue 23 was substituted with a lysine residue

This Sheet Has Been Reﬁaced
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had & 7 effactive growth inhibitien of §. aureus of
307 at 100 pg/ml. ‘The substitution analogue of
Magainin I wherein samino acid residue 19 was
substituted with a lysine residue had a8 7 effective
growth inhibition of 8. epidermidis of 1007 st 25
pg/ml, and of §, asureus of 50% at 100 ug/ml The
substitotion dandlogue of Magainin I wherein amino
geid residue 8 was substituted with & lysine residue
had a % effective growth inhibition of §. sureus of
70% at 100 pg/ml. The substitution analogue of
Magainin I wherein amine acid residue 7 was
substituted with a lysine residue had a % effective
growth inhibition of S5, epidermidis of 100% at 25

pg/ml, and of §, aureus of 100% at 50 pg/ml,

Example 6 - Glutamie Acid-Substituted
Magainin 1 _Analogues

Magainin I anslogues wherein a glutamice acid
regidue was subgtituted for various amino acid
residues of Magainin J were prepared and tested for %
effective growth inhibition of E.coli according to
the methods hereinzbove described. The ¥ effective
growth Iinhibition for each glutamic acid-substituted
Magainin I analogus is described below in Table 1V.
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Table IV Glutamic Acid-Substituted Analogues of Magsinin I
Amine Acid % Effective Growth Inhibition
Residue Subgtituted —Concentration in pug/ml
22 0 at 100
21 100 a¢ 75
20 - 0 at 100
18 100 at 75
17 0 at 100
16 0 at 100
15 0 at 100
14 0 at 100
13 0 st 100
12 0 at 100
11 . 0 at 100
10 100 at 73
9 0 at 100
8 , 100 at 75
7 32 at 100
3 -0 -at 100

Example 7 - Mapainin 1 peptides containing
D-amino acid residues y
Magainin 1 peptides were aynthesized wherein in

each peptide one of amino acid residues 23, 19, 17,

16, 14, 4, oxr 2, respectivaly, is substituted with a
D-amino acid residue. Each of these Magainin I
peptide analogues was then tested sz hereinabove
described for 7 effective growth inhibition of E.coli
in pg/ml. The % effective growth inhibition for each
of the D-emino scid residue-subsituted snalogues of
Magainin I is listed below in Table V. '
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Izble V - D-amino gecid residue-substituted Magainin I
Analogues
Anino Acid , . % Effective Growth Inhibition
- Resic¢-ia Substituted ' = __ Concentration i ml
23 100 ar 10
19 100 at 25
17 . 100 at 50
16 100 at 50
14 100 at 50
4 100 at 25
2 100 at 25
Example 8

In this example, & substitution analegue of
Magainin I was prepared wherein amino acid residue
19, (E, or glutamic acid) was deleted, and amino acid
regidues 5, 8, 9, and 16 are each substituted with a

 lysine residue, dmino geid residue 21 is substituted
with a leucine residue, snd amino acid residues 18
and 23 are each substituted with an alanine residue.
The substitution analogue had the following
gtructure:

GIGKRLHKKGKFGKFKGAILRA
The % effective prowth inhibition of E.coli for
this peptide was teated and found to be 100% at §

pg/al.

Ezample 9 | e

 In this example, a substitution analqgue of
Mageinin I was prepared wherein amine scid 21 was
deleted and amino acid residues 5, 10, 18, and 19
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were each substituted with 8 lysine residue, amino
acid residue 7 was substituted with a phenylalanine

- regidue, and amino acid 22 was substituted with an
alanine residue. The peptide had the following
structura: ' '

GIGKRLFSAKKFGKATVRKIAS
The 7 affective growth inhibition of E,coli for
this peptide was tested and found to be 1007 at 2.8

pg/ml.

Exam 10 _

Megainin I and Magainin II peptides were
prepared wherein phenylalanine residues 3 and 12 in
each peptide were iodinated. The %7 effective growth
inhibition of E.coll for each peptide, centaining the
ieodinated pheﬂylalauine rasidues, was tested. For
the Magainin I peptide, the % effective growth
inhibition was 100% at 10 gg/ml. For the Magainin II
peptide, the % effective growth inhibition was 100%
at 5 pg/ml. o |

Example 11 - Tryptophan (Formyl Group Removed)-

Substituted Analogues of Magainin 1
Magainin I analogues were prepared wherein a

.tryptophan residue was substituted for various amino
acid residues of Magainin I. The tryptophan had the
formyl group removed, thus resulting in the
subatitution of unprotected tryptophan residues into
the Magainin I anaiogues., % effective growth
inhibition of E.coli and 8. epidermidis was tested
"for these analogues., % effective growth inhibition
of E. coli and 8, epidermidis in pg/ml is listed
below in Table VI.
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Removed

Subgtituted Analogues of Magainin T

Amino Acid

- Reagidue Subgtituted _

Example 12 - T

tophan (containi

Subgtituted Magainin I Analogues

% Effective Growth Inhibition

. Concentration in ug/ml -

form

E.colil
100 at 50 80 at 75
100 at 25 100 at 50
80 at 100 0 st 100
100 at 25 80 at 100
100 at 50 50 4t 75
100 at 100 100 at 50
100 st 25 40 at 100
100 at 25 100 at 50
O eat 100 - 0 at 100
100 at 23 0 at 100
100 at 25 100 at 50
N/A 0 at 100
96 at 10 90 at 100
95 at 50 0 at 100
100 at 25 100 at 100
93 at 25 90 at 100
100 at 10 100 at 75
90 at 25 30 at 100
100 at 50 0 at 100
40 at 75 0 at 100
T0U

Magainin I analogues were prepared uhere;n a

-

.tryp;uphan residue was substituted for various amino
acid regidues of Magainin I, as in Example 11, except
that in this example, the formyl group remained on
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the tryptophan residue thus resulting in the
substitution of protected tryptophan residues into
the Magainin I analogues. ¥ effective growth
inhibition of E,coli and S. epidermidis was tested

for each of these analegues. % effective graowth

inhibition of E,coli and 5. epidermidis in pg/ml is
listad below in Tablae VII.
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able VII - T

Amine Acid

Regidue Substituted .

W 0N O S b s

NN DN M et e RS e et et et
N = O W Ny NS Lt O

am 13 ~ H tipl -Subs
\d or lani

againin I w L

topnan

WELSH & KAIZ LT0. 3i2-555-150}

No. 3335

P 32

PCT/USS0/03675

ing form oy

Substituted Anslogues of Magginin I

% Effective Growth Inhibition

E.cpll

100 st 5¢
100 at 50
70 at 100
100 at 50
100 at 50
100 at 75
100 at 25
100 at 50
100 at 25
0 at 100

100 et 25
100 at 10
0 at 100

100 at 10

100 at 50
100 at 50
100 at 23
100 at 75
100 at 25
92 st 50
80 at 78

100 at 73
100 &t 75
0 at 100

100 at 100

100 at 100
90 at 100
100 at 75
44 at 100
100 at 75
0 at 100
90 at 75
100 at 50
0 at 100
100 at 75
0 at 100
100 at 75
63 at 100
N/A

55 at 100
36 at 100
0 at 100

tution Analogue £

Residue

Analogues of Hagainin 1 were prepared where;n
gmino acid residuez 3, B, 8, 148, 19, and/or 23 were
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gubstituted with alanine (A) or lysine (K) residues.
% effactive growth iphibition of E. coli, .
epidermidis, and/or §. aureus was teated for each
gsubstitution analogue. The structure of each

. synthesized substitution enalogue as well as the %
effective groﬁth inhibition of E. cold, §.
epiderpidis, and §. aursus in pg/ml are given below
in Table VIII,
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PEPTIDE ;

STRUCTURE
GIAKFLHAAGKFGKAAVGRINKA
G1AKFLHAAGKFGKANVGAIMKK
GIAKFLHAAGKPGKAAVGKIMKA
GIAKFLHAKRGKFGKAAVGAIMKA
G1AKFLAKAGKFGKAAVGAIMKA
clxannhncupcxnaucnlnxn

GIKKFLBKKGKFGKAAVGRIMKK

TABLE VIIX

% EPFECTIVE GROWTII 1NHIBITION

CONCENTRATION IN #g/ml

E. COL1

3D at 2.5
100 at 2.5
100 at 2.5
90 at 10
100 at 2.5
100 at 2.5
96 at 2.5

S. EPIDERMIS

N/A
100
100
N/A
100
100

N/A

at 25

at 25

at 25

at 25

5. AUREUS

100 at 75
74 at 100
100 ar 75
0 at 100

100 at 50
108 at 25

0 at 108

-sz_

-

69800716 OM

SL9€0/068N/10d

6G9-71¢ ‘01T ZIVY % HSTIM
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Ex a 14 - Magainin I Ana ith Glutamic Acid

Omigsions and Alanine oy Lysine Substitutions
Magainin I analogues were prepared wherain amino
acid residue 19 (E, or glutamic acid) was deleted,
and either glanine or lygine was substituted for one
of the remaining smino acid residues in the peptide.
Alanine was: substituted for either residue 16, 10 or
8, or lysine waz substituted for either residue 18,
8, or 7. Each of these substitution analogues was
tasted for % effective growth inhibition of E. seli,

5. epidermidig, and/or S§. aureus. The structures of
each peptide and the % effective growth inhibition of

E. coli, 8. epidermidis, or 8, aureus in pg/ml are
listed below in Table IX.
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PEPTIDE
STRUCTURE

GIGKPLHSAGKFGKAAVGIMKS
G1GKFLUSAAKPGKAFVGIMKS
G1GKFLHAAGKFGKAFVGIMKS
G1GKFLHSAGKFGKAFVKIMKS
GIGKFLUKAGKFGKAFVGIMKS

GIGKFLKSAGKFGKAFVGIMKS

1l

LT

L

pxﬂ

TABLE 11X

% EFFECTIVE GROWTH INH1BITION

CONCENTRATION IN pg/ml

E. COLI
100 at 25
100 at 2.5
100 ak 2.5
100 at 2.5
100 at 2.5
100 at 2.5

5. EPIDERM1S

108 at 100
N/A

100 at 25
108 at 10
B4 at 10
97 at 12.5

5. MIREUGS
N/A
100 at 50
100 at S50
N/h
N/

“fn

~

69800/16 O
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Example 13

Magainin I substitution analogues were prepared
in which, in one analogue, each of amino acid
residues B, 19, and 23 was substituted with lysine,
and, in anothsr analogue each of aminu_acid'résidues
7, 8, 19, and 23 was substituted with lysine, % |
effective growth inhibition of E. coli and §.
epidermidis in ug/ml was then meassured., For the
analogue in which amino acid residues 8, 19, and 23
were substituted with lysine, the % effective growth
inhibition of E. coli was 100% at 2.5 pg/ml and of §,
epideymidis was 100% at 12.5 pg/ml, for the anszlogue
in which amino acid vesidues 7, 8, 19, 23 were
substituted with lysine, the 7 effective growth
inhibition of E, coli was 100% at 1.25 pg/ml and the
% effective growth inhibition of §. epidermidiz was
100% at 5 pg/ml.

Exa 16

 In this example, an aualogue af Magainin I was -
prepared whersin amino acid residues 16 through 23
were deleted and residues 3, 7, and 8§ were
substituted with lysine residues. The resulting
peptide had the following structure:

GIKKFLRKAGKFGKA

The peptide was then tested for X effective
growth inhibition of E. couli. The % effective growth
inhibition of E. goli for this peptide was found to
be 100% at § pg/mi,

Exgmple 17 - ~ |
In this example, an analogue of Mapainin T was

prepared wherein amino acid residues 16 through 23
were deleted and amino acid residues 3, 8, and 10 -

i !iu )
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were substituted with an alanine zesidue. The
resulting peptide has the following structure:

GLAKFLHAAAKFGRA
 The peptide was tested for % effective growth
inhibition of E. coli. The % effective growth
inhibition of E. goli for this peptide was found to
ba 100% at 25 pg/ml.

Example 18 - Magainin II1 Anslogues with Alanine
Substitutiens

Magainin II and analogues wherein an alanine
. residue was substituetd for varicus aminc acid

reaiduea of Magainin II were prepared as herainabove
deseribed in Example 1 and tested for 7 effective
growth inhibition of E-Coli, P.aerupinosa, and §,
epidermidis as hereinabove described in Example 2.
The % effective growth inhibition at a concentration
in pg/ml for the alanine - substituted Magainin 1II
analogues is listed below in Table X.
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Table X - Alanine - Substituted Mapainin II Analopues

% _Effective CGrowth
Inhibition Concentxation

. pg fml
Amine Acid
Residue Substituted E. Coli
None {Magainin I1) 100 at 10
23 100 ar 10
22 100 at 25
el 100 at
20 100 at 50
i9 100 ax 5
18 100 at
16 100 at 25
14 100 at 25
13 100 at 5
12 100 at 25
11 100 at 25
10 100 at 10
8 100 at 10
7 100 at 25
6 100 at 50
5 100 at 50

25

10

P. aerupinosa

100 at 50
100 at >50
100 at 25
100 at 25
100 at 25
100 at 10
100 at 5
100 at 25
100 at 25
100 at 10
100 at >50
100 at >50
100 at 25
100 at 10
100 at 25
100 at 50
100 at 50

S. epidetmidis

100 at 25
100 at 25
100 at 25
100 at 25 .
100 at 50
100 at 35
100 at 25
100 at >350
100 at >50

. 100 at 25

100 at >50
108 at >50
100 at 25
100 at 10
100 at 25
100 at >50
100 at >50

<

69800/16 OM

SL9£0/06SM1/10d

fe

0587 77 924

R49€:¢

NG1-943-¢1€ Q4T ZIvY 9 HSTIM

GCEG oN

d

6¢




R uaoy SeH 199YS STy

|

. pooe

Amineo Acid

Residue Substituted

4

3
2
1

E. Coli

100 at 25
100 at 25
100 at 25

100 at 25

100 at 50
180 at 25
100 at 50
100 at 25

5. epidexrmidis

100 at 50
100 at 25
100 at 50
100 at 50

<

69800/16 OM
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wiaf:c

GGER ‘oF

d

0%




vet, 24 1990 sigord  Weldm & SAID LY 5ig-6hd-lowr x0, 4365 P 4|

‘e

WO 91/00869 PCT/US90/03675

X 1T

Example 19 -~ Magainin YI Analogues with Lysine
hst ans ' :

Magainin IJ analogues wherein & lysine residue
was substituted for various amine acid residues of
Magainin II where prepared and tested as hereinabove
described for % effective grewth inhibition of E.

._ae inoga, and 8 ' |
concentrations given in pg/ml. The 7 effective
growth inhibition for each of the Lysine-substituted
gnalogue of Magainin II is listed below in Table XI,
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Table XTI - Lysine-Substitued Margainin 11 Analogues

Amino Acid
Residue Substituted E. Coli
23 | 100 at 25
22 100 at 25
21 100 at 10
20 100 at 25
19 100 at 5
18 100 at 2.5
17 100 at 25
16 100 at 25
15 100 at 5
13 - 100 at 5
12 100 at 10.
9 100 2t 25
8 100 at 5
7 100 at 5

% _Effective Growth

Inhibition Concentration in

pe/ml

P. aeruginesa
.50

100
100
100
100
100
100
100
100
100
100
100
100
100
100

at
at
ak
at
at
at
at
at
at
at
at
at
at
at

25
25

"25

10
5

25
25
10
25
25
25
3

5

5. epidermidis

100
100
100
100
100
100
100
100
100
100
100
100
100

- 100

at
at
at
at
at
at
at
at
at
at
at
at
at
at

50
10

25

50 -
5

3

25

50

10

25
25
25
25
25

ot 2
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Amino Acid

Residue Substituted E. Coli
6 ' ) 100 at 10
5 100 at 25
3 100 at 5
2 100 at 10
1 100 at 5

P. aerupinosa

S. epidefmidis

100 at. 25
100 at 50D
100 at 25

100 at 10

100 at 10

100 ar 50
100 at 50
100 at 10

100 at 25
100 at 25

-
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Example 20 - Magainin II Peptides Containing D-Amino
Acid Residues,

Magainin Il peptides were synthésized wherein
various amino acid residues were substituted with 2
D-amine acid residue, whose structure corresponded to
to that of the residue originally present in
Magainin II. Each of these Magainin II peptide
analogues was then tested as hereinabove described
for % effective growth inhibition of E, Coli, P,
aeruginosa, and 5. epidermidis in pg/ml. The %
affective 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 XI1-D-Amino Acid Residue -

‘Substituted Mapainin II !malbgues

Amino Acid

Residue Substituted
23 '

22

20

19

17

16

15

E. Coli

100
100
100

- 100

100
100
100
100

100
100
100
100
100
100

at
at
at
at
at
at
at
at

at
at
at
at
at
at

5
10

25

25
25
25
25
25

25
25
25
25
10
25

% Effective Growth

pEfml

P. seruginosa

- Inhibition Concentratien

5. epidermidis

100
100
100

- 100

100
100

100

100
100

- 100

100

- 100

100

100

100

at

at
at
at
at
at
at
at
at
at
at
at
at
at
at

10
10
25
25
25
25
25
>235
25
25
25
25
25
25
25

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

at
at
at
atk
at
at
at
at
at
at
at
at
at
at
at

25
25
50
25

50

25
>50
>50
50

25

25
25
25
25
50 .

=g -
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Amino Acid

Residue Substituted E. Coli

5 100 at 25
4 100 at 25
2 100 at 25

 P._ serugincsa

5. epidermidie

100 at 25
100 at 25
100 at 25

100 at 50 .
100 at 50_
100 at 50
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Example 21 - Magainin 11 Analogues with CGlutamic Aeid
Deletions

In this exampla, analogues of Magainin Il were

synthesized, said analogues having amino acid residue
19 (glutamic acid) deleted from the peptide

structure, and wharein one or more of the other amina-'
aeid residues was substituted with an amino acid
residue different from the normal amino acid regidue.
Analogues of the following structures were then
synthesized according to the method described in

Example 1.

Analogue Btucture

1 GIGKFLHSAKKFWRAFVGIMNS
2 GIGKFLHSAXKFLRAFVOILNS
3 GILKFLHSAKKFLRAFVGILNS
4 GILRFLHSARRFFRAFVKILNS
5 GIGKFLHSAKKFFKAFVFILNS
6 GICKFLHSAXKFGRAFVGIMKS
7 GIGKFLHSAKKFGRAFVAIMKS
8 " GIGKFLHSAKKFGRAFVFIMNS*
g | GIGKFLHSAKKFAKAFVFIMNGS
10 GICKFLHSAKKFFRAFVFIMNS
11 GIGKFLKSAKKFGKAFVFIMNS
12 GIGKFLHKARKKFAKAFVFIMNS
13 GIGKFLKSAKKFAKAFVFIMNS
14  GIGRFLHRAKKFFKAFVFIMNS .
15 G1GRFLESAKRFFKAFVFIMNS
16 GLOKFLURAKKFARAFVFIMNK
17 CIGKFLKSAKKFAKFFVFIMNK
18 GIGKFLKKAKKFGKAFVFIMRK
18 'GIGKFLHSARKFOKAFVK**IMNS
20 GIGKFLHSAKKFGKAFVKIMNS
21 GIGKFLHKAKKFGKAFVKIHMNG
*D-Berine '
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Each of the peptides was then tested as hereinabove
describad for 7 effective growth inhibition of E.
Coli, P.aeruginosa, and § . epidermidig in pg/ml. The
% effective growth inhibition of each of these
enalogues is given in Table RIII below.

mwid=~

TABLE XIII
Z Effective Growth

Inhibition, Coneentration in

Anglogue E, Coili

1 100
2 100
3 100
4 100
5 100
6 100
7 100
8 100
9 100
10 100
11 100
12 100
13 100
14 100
18 100
16 100
17 100
18- 100
19 100
20 100
21 100
Example 22

at
at
at
at
at
at
at
at
at
&t
at
at
at
at
at
at
at
at
at
at
at

priml
5 100
2.5 100
2.5 100
2.5 100
10 100
5 100
2.5 100
5 100
5 100
5 100
5 100
1.25 100
2.5 100
10 100
5. 100
1.25 100
1.25 100
2.5 100
10 100
1.25 100
1.25 100

P, seruginosa

at
at
at
at
at
at
at
at
at
at
at
at
at
at
at

at.

at
at
at
at
at

5
2.3
2.5
2.3
3
10
3

3
2.3
10
3
2.3
1.23
2.5

1.25
2.5

10
2.5

100
100
100
100
100
100
100
100
100

100

100
100
100
100
100
100
100
100
100

. 100
100

at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at

at

at
at
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B. epidermidis

5

R n WUv Wn

N

5

1.25

2.5

2.5

1.25 .
1.25

2.5

2.5

1.25
2.5
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Amide (NHZ) - terminated Magainin I analogues
vherein amino acid residue 19 (glutamic acid) was
deleted, and other amino acid residues were
substitued. The analogues are a&s follows:
Analogue 1 GICKFLKKAKKFARAFVKIINN-NH,
Analogue 2 GIGKFLKKAAKFAKAFVKIINN-NRZ

The analogues were then tested as hereinabove
described for % effective growth inhibition of E,

Coli, P,serupinosa, and §,epidermidis Analogue 1 had
% effective growth inhibitions of 1007 at 1,25 pg/ml

~for E, Coli, 100% at 2,5 pg/ml for P.aesruginoss, and

100%Z at 1.25 pg/ml for S.epidermidis Analogue 2 had
% effective growth inhibitions of 1007 at 1,25 pg/ml
for P, geruginosa and 1007 at 1.25.pg/ml for
S.epidermidis.

Ezample 23
Amide (NH,) -terminated analogues, which by.

virtue of their structures, may be analogues of
Magainin I or Magainin I1, were synthesized wherein
amino acid residue 19 (glutamic acid) was deletad,

and other amino acid residues were substituted, The

analogues are as follows!
Analogue 1 GIGKFLKKAKKFGKAFVKIMRK-NH,
Analogue 2 GIGRFLKKARKFARAFVKIMKK-NH,
Analogue 3 GIGKILKKAKKFAKAFVKIIRK-NHZ

The analogues were then tested for ¥ effactive
growth inhibition., Analogue 1 had % effective growth
inhibitions of 100% at 1,25 pg/ml for E, Coli, 100%
at 2.5 pg/ml for P, aeruginosa. and 100% at 1.25
pe/ml for S.epidermidis. Analogue 2 had % effective
growth inhibitions of 100% at 2.5 pg/ml fer E,Coli,
100 at 2.5 pg/ml for P.serupinosa, and 100% at 1,25
pg/ml for S.epidermidis. Analogue 3 had % effective
growth inhibitions of 1007 at 1.25 pg/ml for E. Coli,

i
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100% at 2.5 pg/ml for P.aer inosa, and 100% at 1.25

pg/ml for S.epidermidis

Example 24
Amide (NHZ) terminated analogues of Magainin I

were synthesized wherein at leest amino acid residues
17-23 were deleted and amino acid residues 3, 7, and
8 were substituted with lysine residues. The
analogues had the following structures.
Analogue 1 - GIKKFLRKAGKFGK-NH,
Analogue 2 - BIKRFEKKAGKFGKAF-NHZ

The analogues were then tested for effective
growth imhibition., Analogue 1 had % effective growth
inhibitions of 100% at 10 pg/ml for E, Coli, 100% at
10 pg/ml for P.aeruginosa, and 100% at 10 pg/ml for
S.epidermidis. Analogue 2 had 7 effective growth
inhibitions of 100% of 2.5 pg/ml for E, Coli, 100% at
5 pg/ml for P aerug;nusa, and 100% at 5 pg/ml for

S.epidermidis.

Example 25
Amide (HHZ) ~terminated analogues of Magsinin II

vere synthesized wherein st least amino acid residues
16-23 were deleted and substitutions were made for
other residues. The analogues had tha follewing
structures.
Analogue 1 - GIKKFLKKAKKFGKA-NH,
Analogue 2 - GIKKFLKKARRFAKA-NHZ
The analogues were then tested for effective

growth inhibition, Analogue 1 had % effective growth
inhibitions of 100% at 10 pg/ml for P.aeruginosa, and
100 at 5.0 pg/ml for §.epidermidis. Anelogue 2 had %
effective grvwoth inhibitions of 100% of 5 pg/ml, for .

gol 100% at 5 pg/ml for B.aeruginosa, and 100%
at 5 pg/ml for B.epidermidis.
Example 26

-
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An amide (NHz)-terminated analogue, which by
virtue of its structure may be an analogue of
Magainin I or Magainin II, was synthesized wherein
amino acids 16-23 were deleted, amino acid residues
3,7, and 8 were subatituted with lysine residues, and
‘amino acid vesidue 10 and 13 were substituted with
alanine residues, The enslogue was of the following
gtructure. :
GIKKFLKKAAKFAKA-MZ

The analogue was then tested for % effective
growth inhibitien. The analogue had % effective
growth inhibitions of 100% at 5 pg/ml for E. Coli,
100%Z at 5 pg/ml for P.seruginosa, and 100 at 5 pg/ml
for §.epidermidis. '

Example 27
Analogues of Magainin 1I were synthesized

wherein amino acid residue 19 (glutamic acid) was
deleted, and amino acids l-4, or 3,5, 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 FLKSARKFGKAFVGIHNS

Analogue 2! FLKSAKKFAKAFVGIMNS

Analogue 3: FLHSAKKFGRKAFVFIMNS

Analogue 4! GIKHSAKKFAKAFKAIMNS

.The analogues were then tested for % effective growth
inhibition of E.coli, P.gserupinosa, and
8.epidermidis. The % effective growth inhibition of
each of these analogues is given in Table XIV belaw.

TABLE XIV . |
Anzlogue ' % Effective Growth Inhibition, .

Conceptration in Gigfml

E,Coli P.aesruginoss S.egiderm;gis'
1 100 at 25 100 at 25 100 at 50

2 100 at 10 100 at 25 100 at 50
) This Sheet Has Been Reﬁ
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3 100 at 25 100 at 2% 100 at 10
4 100 2t 10 100 at 25 100 at 5

Numerous modifications and variations of the
present invention are possible in light of the above
teachings; and, theréfore, within the scope of thé
accompanying claims, the invention may be practiced
other than ag particularly described.

I
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WHAT I8 CLAIMED IS:
1. A compound comprising:
an analogue of Magainin I peptide or

Magainin II peptide, said Magainin I peptide or
Magainin I1X peptide being in an amide~or
carboxy-terminated form, and wherein Magainin I is

| res?fesﬁnted by the following structural formula

"uysing the single letter amine acid code and the
numbers below each amino acid residue refer to the
position of the residue in the peptide:
GIGKFLHSAG K F 6 K AP VY G E I MK 8
1234567891011 12 13 14 15 16 17 18 19 20 21 22 23
wherein Magainin II ig represented by the following
strucktural formula using the gingle letter amino acid
code and the numbers below each amino acid residue
refar to the position of the residue in the peptids:
GIGKFLHSAK K F 6 KA FV G EIMNS
123436789101112 13 14 15 16 17 18 19 20 21 22 23
and wherein said Magainin I or Magzinin II peptide is-
gsubstituted in at least one of positions 1-23,
wherein the substituents which may be employed in
each of positions 1-23 are shown in the following

i
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Residue No.

o~y

10

11
12
13

14
13
16
17
18
19

20
21
22
23

PCT/U890/03675

i

Lys,Ale,Trp,Arg,His

D-Lys,Ala,Arg,His

D-Phe, Als Lys.Trp,Leu.Ile,Val Met
D-Leu,lys,Als,Ile,Val, Met
Lys,D-His,Ala,Arg,Ile,Vel, Mat
Ala,Lys,D-8ezr,Trp,Met,1le,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,Lys,Trp,Met,Arg,His,Phe,Leu,
Ile,val

Ala,D-Lys,Arg,His
Lys,Trp,D~Ala,Arg,His,Fhe

Ala,Lys ,D~Phe,lle,Val,Met,Leu
Ala,Lys,D-Val,Trp,Arg,His,Met,Leu
Ala,hys,Trp,Arg,His,Leu,uet
Ala,Lys,D-Glu,CGly,Arg,His,Leu
Ile,Phe,Asn
P-Ile,Ala,Lys,Trp,Leu,Phe,Val,Met
Lys,Pro,Ala,His Leu,Arg,Ile,Phe ,
Lys,Ala,D-Asn,0ln,Arg,His .
D-8exr,Lys,Ala,Thr,Gly,Leu,Ile,
Gln,Asn - |

2. The compound of Claim 1 wherein said
ﬁsgaxnxn I or Mageinin II peptide is substituted in
at least one of positions 1-23, whe;ein each of the

A e
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substituents in each of positions 1-23 is shown in
the following table:

Residue No, Bubstituent
1 Lys,Als
2  Lys,Ala,D-Ile
3 Lys,Ala,Tzp
4 D-Lys,Als
5 D-Phe,Ala,Lya,Tsp
6 D-Leu,Lys,Alz
7 Lys,D-His,Ala
8 Als,Lys,D-Sex,Trp
9 Lys,D-Ala,Trp
10 D-Lys,Ly=s
Ala,Trp
il D-Lys
12 D-Phe,Lys, Trp
13 Ala,Lys,Trp
4 Ala,D-Lys
15 Lys,Tep,D-Ala
16 : Ala,Lys,D-Fhe
17 - " Ala,Lys,D~Val;Trp |
18 Ala,Lys,Tep
19 Ala,Lys2,D-Glu
20 D-Ile,Ala,Lys,Trp
21 Lys,Pro,Ala
22 Lys,;Ala,D-Asn .
23 D-Ber,Lys,Ala
3. The compound of Claim 2 wherein the

peptide is 2 Magainin I peptide and wherein at least
_one of amine aeid vesidues &, 10, 13, 16, 18 and 19
is subastituted with an alanine residue,

4. The compound of Claim 2 wherein the
peptide igs a Magainin I peptide and wherein amino

R 0 A R
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acid residues 3, 8, 16, 19 and 23 are substituted
with alanine regidues. '

5. The compound of Claim 2 wherein the
peptide is 2 Magainin I peptide and four of amine
acid residues 3, 8, 16, 19 and 23 are each
substituted with an alanine residue, and the |
remaining one of amino acid residues 3, 8, 16, 19 and
23 is substituted with & lysine residue.

6. The compound of Claim 2 wherein the
peptide is a Magainin I peptide and wherein amino
acid residue 21 is substituted with a proline
regsidue. '

7. The compound of Claim 2 wherein the
peptide is & Magainin I peptide and at least one of
amino acid residues 3, 7, 8, 10, 18-21, and 23 is
substituted with a lysine regidue.

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

. substitutéd with aﬂ alanine residue. o

9. The compound of Claim 2 wehrein the
peptide is a Magainin I peptide, and wherein at least
one of amino aecid residues 2, &, 19 or 23 is g
D-aminoe acid residue.

10. The compound of Claim 2 wherein the
"peptide is a Magainin I peptide and wherein at least
one of amino acid residues 3, %, &, 10, 12, 13, 15,

13\§“d 20 is a protected tryptophan residue.
11. The compound of Claim 2 wherein the
peptide iz a Magainin I peptide and wherein at least
~ one of eminoe acid residues 9, 13, 15, and 17 is an
unprotected tryptophan residue.
12, The composition of Claim 2 wherein the
peptide is a2 Magainin II peptide, and wherein at

e
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laast one of amino acid residues 1-8, 10, 13, 14, 16,
or 18-23 is an alanine residue,

13, The compound of Claim 2 wherein the
peptide is a Magainin IT peptide and wherein at least
one of amino acid :esiduea 1-3, 5-9, 12, 13, or 15-23
is a lysine residue.

14, The compound of Claim 2 wharein the
peptide is a Magainin 1I peptide and wherein at least
one of amino acid residues 2, 4-12, 15-17, 19, 20,
22, or 23 is substituted with g D-amino acid residue.

15. A compound comprising:

an analogue of Magainin I peptide or

Magainin Il peptide, said Magainin I peptide or
Magainin 11 peptide being in an smide-ox
carboxy-terminated form, and wherein Magainin I is
represented by the following structural formula using
the gsingle letter amino acid code and the numbers
balow each amine acid residue refer to the position
of the residue in the peptide:
GIGKFLHSAGKFGKAFVGEIHKS
12 3 456789101112 13 14 15 16 17 18 19 20 21 22 23,
and wherein Magainin I1 is represented by the
following structural formula using the single letter
amino acid code and the numbers below each amine aecid
residue refer to the position of the residue in the
peptide:
-GIGCGEFLHSAK R F 6 XK A F V@ EI M N GS§ °*
123456789 101112 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 Magainin I or Magainin
II peptide is substituted in &t least one of the
remaining positions 1-23, wherein the substituents
which may be employed in each of positzons 1-23 are
shown in the following table:

PCT/US90/03675
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Residue No. Substituent

0~ i W N

10

11
12
13

14
15
16
17
18
19

20
21
22
23

Lys,Ala

Lys,Ala, D-1le,Arg,Leu,Val,His Met
Lys,Ala,Trp,Arg,His
D«Lys,Ala,Arg,His
D-Phe,Ala,Lys,Trp,Leu,Ille,Val,Mat
D-Leu,Lys,Ala,Ile,Val,Met
Lys,D-His,Ala,Arg,lle,Val 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-fhe,Lys,Trp,Arg,His
Ala,Lys,Trp,Met,Arg,His,Phe,Leu,
Ile,Val

Ala,D-Lys ,Arg,His
Lys,Trp,D-Ala,Arg,Hig,FPhe

. Ala,Lys,D-Phe,Ile,Val,Met,Leu
Ala,Lys,DP-Val,Trp,Arg,His ,Met,Leu

Ala,Lys,Trp,Arg,His,Leu,Met ,Phe
Ala,Lys,D-Glu,Gly,Arg,His,Leu
1le,Phe,Asn
D-Ile,Ala,Lys,Trp,Leu,Phe,val Met
Lys,Pro,Ala ,His,Leu,Arg,Ile,Phe
Lys,Ala,D-Asn,Gln,Arg,His
D-Ser,Lys,Ala,Thr,Gly,Leu,Ile,
Gln,Azn

16, The.cnmpouna of Claim 15 wherein said

Magainin I or Magsinin II peptide is substituted in
gt least one of the remaining positioens 1-23, wherein

* c L M S *
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each of the substituenta in each of positions 1-23 is
shown in the following table:

Regidue No. Bubstituent
1 Lys,Als _ ' This Sheet Has Been Replaced
-~ | 1]
3 Lyf,Als,Trp ' .
&4 D-Lys,Ala
5 D-Fhe,Ala,Lys,Trp
6 D-Leu,lys,Ala
7 Lys,D-His,Ala
8 Ala,Lys,D-Ser,Txp
9 Lys,D-Ala,Trp
10 D-Lys,Lys,
Ala,Trp
11 D-Lys
12 . D-Phe,Lys,Trp
13 Ala,Lys,Irp
14 Ala,D-Lys
15 Lys,Trp,D-Ala
16 ~ Ala,Lys,D-Phe.
17 ~ Als,Lys,D-Val,Tzp
18 Ala,Lys,Trp
19 Ala,Lys,D-Glu
20 D-1le,Ala,Lys,Tzp
21 st,Pru.Ala
22 Lys,Ala,D-Asn
23 D-Ser,Lys,Als "

17. The compound of Claim 16 wharein the
peptide is a Magainin 1 peptide, and amino acid
residues 16-23 sre deleted and amino ecid residues 3,

g and 10 are substituted with an alanine residue.

18, The compound of Claim 16 wherein the
peptide is a Magainin I peptide, and vwherein amino
gcid residue 19 is deleted. |

R
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19.  The compound of Claim 18 wherein amino
acid residues 5, 8, 9 and 16 are each substituted
with &2 lysine residue; amine acid residue 21 is
substituted with a leucine residue, and amino scid
regsidues 18 and 23 arve each gsubstituted with an
alanine regidue. '

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

21. The compounid of Claim 20 wherein amino
acid residues 5, 10, 18, and 19 are each substituted
with &8 lysine residue; amino acid 7 is subatituted
with a phenylalanine residue, and amino acid residue
22 is substituted with an alanine reaidue.

22.  The compound of Claim 15 wherein amine
acide 17-23 or 16-23 or 15-23 are deleted, and amino
acids, 3,7, and 8 zre substituted with a lysine
residue.,

23, The compound of Claim 22 wherein said
analogue of Magainin I or Magainin II peptide is
selected from the group nons;sting of: :

GIXKKFLKKAGKFGK- NHZ B
GTRRFLRRKAGKFGRAF-NH, |
GIKKFLKKAKRFGKA-NHz;
GIKKFLKKAKKFAKA-NHE; and
GIRKFLKRAAKFARA-NH, .

24, The compound of Claim 15 wherein amino
acid residue 19 is omitted, and at least one of amino
acid residues 3, 7, 8, 10, 13, 15, 16, 18, 21, 22, or
23 is substituted with another amine acid residue as
shown in the following table: :

HE-

8 Lys,Ala

= ¢ L M s *x
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13 Trp,Phe,Leu,Ala
15 . the
16 Ala
18 - Lys,Ala,Phe
21 - Lys,Ile
22 Lys
23 Lys,D-5Ser

25. The compound of Claim 24 wherein the
peptide is a Magainin 1I peptide, |

26. The compound of Claim 25 wherein said
peptide is selected from the group consisting of:

GIGKFLHSAKKFGRAFVGIMKS
GLGKFLRSAKKFGRAFVAIMKS;
GIGKFLHSAXRFGRAFVFIMNS*, wherein
8% ig D-gerine;
GIGKFLHSARKFFKAFVFIMNS
GIGKFLKBAKKFGKAFVFIMNS;
GIGKFLHKARKFARAFVFIMNS;

- GIGKFLKSAKKFAKAFVFIMNS |

. _GIGKFLHKAKKFAKAFVFIHNK,-
GIGKFLKKAKKFGKAFVFIMKK; and
GIGKFLHSAKKFGKAFVK **IMNS, wherein
K¥* ig E-F-moc-lysine. :

27. The compound of Claim 15 wherein amine acid
regidue 19 is omitted, and either amine acid regidues
1-4 are omitted or amino acid residues 3, 5, and 6
are omitted. :

28. The compoutd of Claim 27 wherein the
peptide is a Magainin II peptide,

. 29, The compound of Claim 15 wherein the
'peptide is selected from the group consisting of:
FLHSARKFGRAFVEIMNS
GIKHSARKFAKATRAIMNS
FLESAKKFOGRAFVGIMNS

AL
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FLRSAKKFARAFVGIMNS
30. A process comprising:
gdministering to a host an effective
anti-microbial amount of the compound of Claim 1.
31. A process, comprising: -
admznistering to a host an etfe:tiva-
anti-viral amount of the compound of Claim 1.
 32. A process, comprising:
administering fo a host an effegtive
anti-tumor smount of the compound of Claim i.
33. A process, comprising:
| administering to & host an effective
gspermicidal amount of the compound of Claim 1,
34, A process, comprising:
administering to a host an effective
anti-microbial amount of the compound of Claim 15.
35, A process, comprising:
administering to a hest an effective
anti-viral amount of the compound of Claim 15,
36, A process, comprising! .
_ administering to. & host an effectmve
anti-tumur amount of the compound of Claim 15.
37, A process, comprising:
administering to a host an effective
spermicidal amount of the compound of Claim 15.
38, The compound of Claim 24 wherein
said analogue of Magainin I or Magainin II
peptide is represented by the following structural
formula using the single letter amino acid code:
GIGRFLRRAKKFGRAFVKIMKK ~NH

AL



