“1- pep 22 1986 5:20PM WELSH & KATE LD, 312-635-1301 %0. 9355 BT

L I
c2r : - 7
ESRN WO p1/00869 ALo%217-0 1?@% PCT/US90/036 5

P

REPLACED SHEETS * 8G
B Description : paged ...\.... to paged . %%....
[ Claim(s)  :paged. ‘!r'l to paged ..%%....
[] Drawing(s) :paged..7. to paged .. T.....
A Absiract  :paged LML to paged ..7..... '
DATE OF RECEIPT ...oivvosivisivnnnininencenon :

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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Thi s Fnvention relates to a class of bi ol ogicall'y active peptides known, a

nMage ni ns. W $1/08868i cul arly, this invention relates to anal 355@%55!9( 03675
magai ni n peptides wherein at |east one amino acid residue in the peptide
has been substituted with

-3

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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as "substitution anal ogues” H C Chen et al., FEBS?W
236( 2) , « 462-WABI/Q086B3) disclose a linited range of substitut 3ies
of Magainin Il (nostly involving alanine substitutions at residues 8, 13
and; 18), with inproved antimcrobial activity. J.H Cuervo et al., Peptide
Research, 1(2), 81-86 (1988) disclose am no acid om ssion anal ogues of
Magai nin | and Magainin |1. =3- I n accordance with the present

i nvention, there is provided a conpound conprising an anal ogue of Magai nin
| peptide or MagaiPEeferalplant ithe suhgtituents are as follows:

Regidue No. gSubgtituent
' 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_ﬁhg tryptophan residues may
be protected with a formyl group 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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t hes single W Bhi no acid code and the numbers bel ow eac
residue refer to the position of the residue in the peptide:

~4-

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.. | o

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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9 10 1112 1 16 17 18 19 20 21 22 23 Magainin Il is

t he*f ol I*ovvi‘ﬂé if ural forrmula using the single letter am@ﬁéﬁ]&%&a
and the nunbers bel ow each am no acid residue refer to the position of the
residue in the peptide:

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,Trp,Arg,His, Leu,lle,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

13 Lys,Trp,D-Ala,Arg,His,Phe : *

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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10 11 12 13 14 éﬁ?lG 17 18 19 20 21 22 23 I n the, ﬁ ﬁﬁSOf
t het present WO R8N, any of am no acid residues 15-23 of Nhga
peptide or Magainin Il peptide is optionally onmtted, and one to seven of
the remaining am no acid re5|dues of said Magainin peptlde I's substituted
by anot her am no aci d residue, | east one of am no acid residues 3, 7, 8,
10, 18-21 and 23 (in the case of NHBainln ) or at |east one of am no aci d

ubst tuted by LjzeERasBRy: the fubact blehtl, PR 0GR Nown i n 1 ne

Regjidus No. Substituent

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 & partieular embodiment,
~ amino scid residues 16-23 of Magainin I are deleted,
and amino acid residues 3, 8 and 10 dre 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-terminatad) Magainin 1 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, 1lle

This Sheet Has Been R ﬂ
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Dlle, Arg, Leu, Val, H s, th 3 Lys, Ala, Trp, Ar ' 4
D Lys, Al aW@91/008§%;’ 5 D-Phe, Ala, Lys, Trp, Leu, P%réﬁg@?”',ﬁ/bt
6 . DLeu, Lys, Ala, Ile, Val, Mt 7 Lys, DH's, Ala, Arg, Ile,
Val , Met 8 Ala, Lys, D-Ser, Trp, Met, Ile, Arg, Hi s,
Thr, Leu, Val
ba.
22 - Lys
23 Lys, D-Ser
Representative peptides are diselesed in Examples 14

and 21-23.
' In s 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;

- GIGKRFLKSARKFAKAFVFIMNS;
GIGKFLHKAKKFAKAFVFIMNK;
CIGKFLRRAKKFGKAFVFIMKK; and
. GIGKFLHSAKKFGEAFVK**IMNS: wherein

RE% ig E-F-mac-lysine. ' o
Preliminary studies indicate that theSe preferrad
analogues possess low hemolytic activiky.

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:

FLHSARKFGKAFVFIMNS

GIKHSAKKFAKAFKAIMNS

FLKSAKKFGKAFVGIMNS

This Sheet Has Been ‘i
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Trpf

Phe,
Lys,
Leu
Lys,

JHypstt B9 o S AMBLSH g QRTR LI §lesbOdpLul 10 ALk P' N a,

Arg H's, Leu, Il1e, Val 11 D
D- PheWOIR14086% p, Arg, His 13 Al a, Lys, Trp, Mlgé"lﬁggmﬁﬁés
Leu, Ile, Val 14 Ala, D-Lys, Arg, Hs
Trp, D-Ala, Arg, H's, Phe- 16 Ala, Lys, D-Phe, Ile, Val, Met,
17 Ala, Lys, D-Vval, Trp, Arg, H's, Mt, Leu 18 Ala,
Trp, Arg, H's, Leu, Met, Phe =8+
FLXSAKKFARKAFYGIMNS

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
substitutaed inte the peptide sequencea.
| Such compouncls 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,
[
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D-lle, Al 21 Lys, Pro, Ala, H's, Leu, A
I:ysgvﬁguaﬁégﬁ G@n, Arg, Hi gs rO23 2 [iger,eﬁys?rci('éégm;ge

Ay, Leu, Ile, @ n, Asn

=10~

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

This Sheet Has Been Reﬂ
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I nvention, the tr ophan residues may be protected with a for roup or
be .unprot ec W91/ 9pheny| al ani ne resi dues, whether such resP&& %39% /93688 ent
inits normal position, or enployed as a substltutlon reS|due may be a
normal phenyl al ani ne residue or an :

-11~

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 simultanecug multiple peptide gynthes:s
(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).

This Sheet Flas Been R laoed
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enbodi mefit, at |east one of anmino acid residues 3, 7, 8, 10, 18-21, and 23
of Magai ni w¢91mmbst ituted with a lysine residue. PCT/US9/03675
accordance W th anot her enbodi nent, amno acid residues 3, 8, 9, 19, and 23
of -Magainin | are each substituted wwth a |ysine residue and am no acid

residue 16 is substituted with an al ani ne resi due. I n
accordance with another enbodi nent, at | east one of anmi no acid reS|dues
1-3, 5-8, 12, 13 and 15-23 of Magajgun Il is a lysine residue.

In accordance with yet another enbodi nent,
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 11 peptide can also be prepared by the
SMPS method. It is alsc contemplated 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 (PAH purchased from
Applied Blosystems, substitution 0,56 meq/gm is an
amine acyl -4- [oxymethyl] phenylacetic acid
derivative of aminhe polystyrene) ot

methylbenzhydrylamine (MBRA) resin
: This Sheet Has Been Re[ilaced
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8, 9 and 16 are each substituted MAth a |lysine residue no_acid resi
21.is substWO9IAM86® th a | euci ne resi du‘e’mﬁesﬁ'mé@%@’gﬁd 23
are substituted with an al ani ne resi due. Thjs Sheet Has Been 1i
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(aubstitution—ﬂ.65meqlgm) per resin packet to produce
C-terminal amide peptide.

After synthesis, completely protected peptide
resins were treated three times with 0.5 M thiophenol
in DMF to remove the'Nim-,dinitrephenyl'stuup frem
Histidine. The final Boc-group was removed with TFA
to avoid t-butylation of methionyl residues during
final HF 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 vesasel eontainins'the'basa with MBHA
resin was emptied of the low-HF mixture by pouring
off the liquid into & 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 tubea of the 24 vezsel 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
<520 « 0°C for the last 30 min., HF wag evaporated
using & strong flow of nitrogen. Finally, regidual
.carbonium ion scavengers.wéré removed 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

«13-
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(preferably am de-- termnated) Magainin | or Magainin ||

aci,d resi dW@91/0086® or 16-23 or 15-23 are del eted, and ani n%ﬁggwa@@ues
3, 7, and 8 are each substituted with a |ysine reS|due and optionally
anmi no acid residue 13 and/ or am no acid residue 10 i's substituted

=ig-

4.6 mm), using a Beckman-Altek model 421 HPLC system
and two model 110A pumps. The Solvent system was
compoged of buffer A, 0.05% TFA/H,0, and buffer B,
0.05% TFA/CH4CN with & flow rate of 1.0 ml/min. The
' peptxdes waere detected at 215 nm vaing 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 snd 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 (Escherichia coli,
Staphvlococeus epidermidis, Staphylococous aureus, oz
Pseudomenas seruginosa) 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 density of 1.0 x 10° - colony
forming units (CFU)/ml, The £inal peptide ' N
concentrations used were 100 pg/ml., 75.0 pg/ml, 50,0
pg/ml, 25 pg/ml, 12.5 pg/mi, 10 pg/ml, Spg/ml, 2.5

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

as time zers. At six hours, the plates were placed
in & Titertek Multiskan spparatus and the 0.D.gag
determined. The plates az& well as the initial
innoculum were incubated at 37°C.
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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 2 measure of
uninhibited growth of the microorganisms.

The degree of peptide activity was determined
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 ag hersianbove described in Example 2, The
% effective growth inhibition at a concentration in
pg/ml for the alanine-substituted Magainin 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.

i
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Table 1 - anine=8ubstituted Magainin I A ues

Aming Acid
Residue Substituted

Noné'(uagéinin 1)

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

-t
o

M N WPy 9

% Effactive Crowth Inhibition
Concentration in upg/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 ar 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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substituted with an al ani ne residue. I n accordance _w.th anot her
enbedi nent , WOWWEIH8xy or anide terminated (preferably ani de PCIHP
Magai nin | or Magainin Il (preferably Magainin I1) anal ogues of the

i nvention as defined before, anmino acid residue 19 is omtted, and at | east
one of am no acid residues 3, 7, 8,.1§.0, 13, 15, 16, 18, 21, 22 or 23 is
substituted with another am no acid as foll ows:

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

- pubstituted with alanine was 100% at 25 pg/ml, and
for the substitution analogue of Magainin 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 5 kit 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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Iable TI - Proline-Substituted Magainin I Analogues

Amino Aeid

idue Sub

N W S N W

tuted

P 24

% Effective Growth Inhibitien

Concentration in ug/ml

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

Example 5 - Lysine-Substituted Mapainin I Anslogues

Magainin I analogues wherein & lysina residue
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 % effective

This Sheet Has Been Rcilaced
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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 17, respectively, were substituted with
a lysine vesidue were tested for 7 effective growth
inhibition of §__gpi§ggmig;_ and[qr B, sureys. The
gubstitution analegue of Magainin I wherein amino
acid residue 23 was substituted with a lysine residue

This Sheet Has Been R la ed
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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 %
effect1ve growth 1nhihition of E.col 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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substitution _anal ogque V\/nerei n amno acid residue 19 is deleted js_sel ected
fromthe cl aFOOMMBE: i ng of the fol l owing substitution anal Od{@USMIO?MS
G GKELHSAKKFGKAFVA MKS; - A3 GKFLHSAKKFGKAFVAI MKS;
QA GKFLKSAKKFGKAFVFI IWNS; A KFLHKAKKFAKAFVFI IWNS;
G GKFLKSAKKFAKAFVFI MNS; G GKFLHKAKKFAKAFVFI M\K;
G GKFLKKAKKFGKAFVFI MKK; and «91-
Table IV Glutamic Acid-Substituted Analogues of Magsinin I
Amine Acid % Effective Growth Inhibition
Residue Subgtituted Concentration in up/ml
22 0 at 100
21 100 at 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
il ) 0 at 100
10 100 at 75
9 0 at 100
8 _ 100 at 75
7 32 at 100
3 -0 at 100

Example 7 - Mapainin I peptidas containig
D-amino acid residues

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 as 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. '

mﬁlslliileltliliilﬁiﬂn llTﬂIl
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Prelimnary studies indicate that these preferred anal ogues possess | ow

henol yti c aWO 31/09869 PCT/US90/03675
-22-
Tzb -~ D-amino agecid residue-substituted Magainin I
Anslogues
Anino Acid . % Effective Growth Inhibition
- Resic Subs itu ed . __ Concentration i ml -
23 100 at 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:

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

pg/ml,

Exa e 9 :

In this example, a substitutzan analngue of
Mageinin I was prepared wherein amine scid 21 was
deleted and amino acid residues 5, 10, 18, and 19

This Sheet Has Been Re'i
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analogues of Magainin | or Magainin Il as herei nabove described, such
pepti des diW@ Hy0ds6d| ogi cal activity equal to or greater thaRCTAUSIIHIETH
Magai nin | or Magainin Il peptide. Such peptides are referred to as

"successful substitution anal ogues”.
-3~

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 phenylalauine rasidues, was tested. For
the Magainin I peptide, the % effective growth
inhibition was 100% at 10 gg/ml. For the Magainin II
peptide, the 7 effective grawth 1nhibition was 100%
at 5 pg/ml.

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.coll 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.

T




The use 24 ke coapdlnadthl & TP i SRt i tution anal Yhddddor P 30
Magainin | or Magainin Il peptide, in accordance with the pr

i nventi-on, WO 9¥0@868i ve as an antibiotic, and can be enpl oyeﬁéqugnmsﬁst
prevent or destroy the growh or prollferatlon of m crobes, such as
bacteria, fungi viruses or the like. Simlarly, such conpounds can be
enpl oyed as an anti-viral conpositi.on to inhibit, prevent or destroy the
growh or proliferation of viruses=44- As used herein, the term

"substitution analogge", |ncludﬁf gﬁgalgan peptldesRLn 3@& h at
Table VI - Tryptophan (Fermyl Group Remo s -

Subgtituted Analogues of Magainin T

% Effective Growth Inhibition
. Concentration in ug/ml -

Amino Acid
- Residue Subgtituted _

E.colil

1 100 at 50 80 at 75
3 100 at 25 100 at 50
4 80 at 100 0 st 100
5 100 at 25 80 at 100
6 100 at 50 50 4t 75
8 100 at 100 100 at 50
9 100 st 25 40 at 100
10 100 at 25 100 at 50
1l 0at 100 - 0 at 100
12 100 at 23 0 at 100
13 100 at 25 100 at 50
14 N/A 0 at 100
15 96 at 10 90 at 100
16 95 at 50 0 at 100
17 100 at 25 100 at 100
18 93 at 25 90 at 100
19 100 at 10 100 at 75
20 90 at 25 30 at 100
21 100 at 50 0 at 100
22 40 at 75 0 at 100

Example 12 - Tryptophan (containing form Tou
Bubstituted Magainin I Analogues '
Magainin I analogues were prepared uhere;n a
.tryp;uphan residue was substituted for various amine
acid regidues of Magainin I, as in Example 11, except
that in this example, the formyl group remained on

I —
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with a different amno acid residue, as well as nagainin peptides in which,
i n addi ti onWO91/0@868bove- nent i oned substitution(s), also havBCRARIRO36E st
one ,of am no acid residues 15-23 onmtted fromthe peptide sequence. The
term al so i ncludes nagai nin peptides having D-am no acid or i odinated
phenyl al ani ne resi dues whi ch have been substituted into the peptide
sequence. Such conpounds can_g%so be enpl oyed as a spernmicide to
inhibit, prevent or destroy the notility of sperm

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.

| This Sheet Has Been Re‘ilaced
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able VII -~ T tophan ont ing form oy

Substituted Anslogues of Magginin I

% Effective Growth Inhibition

: Cancen;;gt;gﬂ“ig_ugcml
E.cpli 5. epidermidis

Amine Acid
Regidue Substituted .

1 100 et 50 100 at 73
3 100 at 50 100 st 75
4 70 ar 100 0 at 100
5 100 at 50 100 at 100
6 100 at 50 100 at 100
7 100 at 75 90 at 100
8 100 at 25 100 at 75
9 100 at 50 44 at 100
10 100 at 25 100 at 75
11 0 at 100 0 at 100
12 100 et 25 90 at 75
13 190 at 10 100 at 50
14 0 at 100 0 at 100
15 100 at 10 100 at 75
16 100 at 50 0 at 100
17 100 at 50 100 at 75
18 100 at 23 63 at 100
19 100 at 75 N/A
20 100 at 25 55 at 100
21 92 at 50 36 at 100
22 80 at 75 0 at 100

13 = M tipl -Subs
ageinin I w L _
Analogues of Hagainin 1 were prepared wherein
gmino acid residuez 3, B, 8, 148, 19, and/or 23 were

tution Analogue £

\d pr lani

Residues
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agafnst "a plurality of mcroorganisns, including G am posi t pg/ae5h/03675
G am negatyropaoséeri a, fungi, protozoa and the |ike. Such conmpounds can
enpl oyed for treating or controlling mcrobial infection caused by

or gani sms which are sensitive to such conmpounds. . The conpounds can
al so be used as preservatives -37%-

gubstituted with alanine (A) or lysine (K) residues.
% effactive growth iphibition of E. coli, 8.
epidermidis, and/or §. aureus was teated for each
gsubstitution analogue. _The scructure of each

. gynthesized substitution analogue as well as the %
effective groﬁth {nhibition of E. cold, 8. ‘
epidermidis, and 8. aureus in pg/ml are given below
in Table VIII,

be
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500" ng per kil ogram of body wei ght,

adm ni stered topically,
about 0.5%to about 5%

anal ogues of Magainin | or Magainin Il

 PTABLE VIXX

3 EPFFECTIVE GROWTN 1NHIBITION

PCTARIP056YS

a substitution anal ogue of the Magainin | or
Magainin Il peptide is adm nistered in a dosage of fromabout 1 ng to about

when adm ni stered system cally. Wen

the péptide is used in a concentration of from
The conpounds conprising the substitution

CONCENTRATION IM #g/ml

AUREDS

S.

EPIDERMIS

COLI

PEPTIDE

STRUCTURE

100 at 75

N/A

5D at 2.5

GIAKFLHAAGKFGKAAVGRIMKA

G1AKFLHAAGKFGKAMGAIMKK

i n accordance

GIhRFLH&AGKFGKhA?GKIHRh
GIAKFLH&KGBFGKAAVGAIMK&
GLAKFLAKAGKFGKAAVGALIMKA
GIRKFLH#AGKFGKBAHG&IMKA

e vt e w
1~ [2ad = '2] N
=f = .

o e W H
L. g 0
o o

=2 g o =
= - [ =]
= @ -t
N non
N N ™ N
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< [~ s @ -]
= o N @ (-
- e e ™ =~
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| .
& - ol ol
« 8 ¥ N
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e & 8 L~
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GIKKFLUKKGKFGKAAVGRIMKIK

0 at 108

N/A

95 at 2.5
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hosts. In accordance with a preferred enbodi nent, a host can Loal
and such anW@91/0886%be a hunan or non- human ani mal . Thg&ﬂ'%gﬂﬁhi?

conprising the substitution anal ogues of Magainin. | or Magainin Il can be
enpl'oyed in a wide variety of pharnmaceutical conpositions in conbination

with a non-toxic pharnaceuti cal caréger or vehicle such as a filler,

non-toxi c buffer, or physiol ogi cal "§4line solution. Such pharnmaceuti cal

compositions can pgauafd 0P Hldainih 3YEAETDAMS Yith ciARafEe’ Lo fllY
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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in conblnatlgaaﬁ%% dj uvants, protease inhibitors, or conpatk@ég $H¢%ﬁ%
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where such a ion is seen to be desirable or advantage
controlling infection caused by harnful mcroorgani sns including protozoa,

viruses, and the |ike. The conpounds conprising the substitution.
=31
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 another analogue each of amino acid resxdues
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 5. epidermidis was
100% at 5 pg/ml.

Exa 16

 In this example, an analogue of 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:

GIKKFLRKKAGKFGKA

The peptide was then tested for X effective
growth inhibition of E. coli. 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




anal ogugesh'-g?‘ lI\S’}é\%ai n.%?”? orw%}ééi HW\ HIP &#Z_tﬁﬁé'lép}esent i nventi ot €3A b& 18

adm nistered to a host; in particular an animal, in an effective antibiotic
andf or ant | WQ#MB08Ad/ or anti-viral and/or anti-microbial aneCBAUSE0/03675
sper i ci dal anount. Magai nin | and Magainin Il, as well as the
substitution anal ogues of the Magainin | and Magainin ||l peptides of the
present invention, (both am de- and carboxy-term nated Magainin | and

Magai nin Il forns) can be synthe5| Fg by any conveni ent net hod of peptide
synthesis as are well-known to skillTed workers. Solid phase synthesis

net hods are 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 - Magainin nalogues 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 II
analogues is listed below in Table X.
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-12- ., pet. /4 gsrn purggrsmes ofb %ﬂh& l\'fﬂolf IL(S]\JM r’lb‘ B?(oarirf)‘iles substitutt %rfdgthal %gélas
of Magainin | and Magainin |l were prepared wherein various am no acid

resi dues werg i g uted and/or other anmino acid residue(s) peeresshsized.
For purposes gf conparlson a conplete Magainin | or Magainin Il peptide

can al so be prepared by the SMPS nethod. It is also contenplated within the
scope of the present invention thg§5§ubst Itution

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 whare prepared and tested as hereinabove
described for % effective growth inhibition of E.
Coli, P. seruginosa, and 8. epidermidis at
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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Example 1 -

now be described with resp

structure can al so be prepared by
the scope of the present

WELS
or

one
vention wl|

H
however,
i ntended to be limted thereby.
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Peptide synthesis of Magainin |

ave
Magai nin ||
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accomfl |$4{eélu%y uﬁsﬁHal t h«gm%b[ﬁ %\tkf%d L(B‘T’ é}zmg?b[ éﬁ‘é]ous mul tiple pept 5% P43
synthesi s. sol vents and reagents were of anal ytical grﬁgf Idﬁ@fie
used V\nthowbélumhtr purification. Standard N-t-Boc-protected a@amno acids
were enployed in the synthesis. The side chain functionalities used were
benzyl (Ser, GQu), 2-d-Z (Lys)(Z=benzyl oxycarbonyl), Nerr] DNP (H s), and
sul foxide (Met). Peptide synthesis was performed beginning with 100 ng of
ei ther Boc-anm no acids-Pamresin to produce C-termnal carboxyl peptide

( PAM pur chased from Applied Bi osystems?—substitution 0.56 meq/gmis an
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Feb ! LS ) -19J1 i
am no. dé%f [oxyﬁthyl . ﬁghA‘anP é %éP& Qéfivative of aﬁfh%%s P44
poI yst yrene) or net hyl benzhydryl am ne (MBHA) resin PCT/US90/03675

3

WO 91/00869

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 2 effective growth inhibition of E, Coli, 2.
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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Feo 221996 sioirdl WBLY ' voornI s
Low Hi*gh HF procedure. Tam gtn %MM Ly ’MC%Mm Soc Vol . 105, “P¥'8as2: 4
(1983). For peptides synthesized on Pam resin, the | ow HF ms?@i—@b&wt
wi t hout renwﬁ)ﬁym resin fromthe packet, using a nultiple
apparatus for 2 hrs.at O[err]C. For peptides prepared using MBHA resin, the
| ow HF procedure was perfornmed in a conmon reaction vessel for 2 hrs. at
O[err]C. For Pamresin peptides, the | owHF m xture was evacuated fromthe
24 individual reaction vessels by a water aspirator followed by a
mechani cal punp. The | ow HF reaction veed®+ containing the bags wi th MBHA
resin was enptied of the | ow HF m xture by pouring
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of f Lghé'ef';iééuisclimi nt‘%‘j’gmmsp%bgo&né%iﬁn’élwt jl‘ﬁﬂpéc'—t)la?&g wer e washed :'ioh%ai af"el%;
with cold ether followed by alternating washes of CHerr]d [err] .

CH err] [ WOPI/00868 CH err]C[err]. The packets were then%‘(@#%@gﬁ)ut

i nto individual tubes of the 24 vessel HF apparatus with 0.7 ml of anisole
as scavenger. The hi gh-HF was performed by condensing dry hydrogen

fluoride at -70C. The reaction took plgge at -10C for 1 h. and -5[err]C -
O[err]C for the last 30 m n. HF was evaporated using a strong fl ow of

nLrogen. M nal ! Yendpple?9d! CRBRERLHI 1 ArRIBXE0P U IRABRIRRE SV

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 whareih one or more of the other amine -
geid 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 '

This Sheet Has Been Reﬂlaced




The,gr&ﬁéz%éﬁ§$degﬂm£Me éﬂ%é%&u@ﬁ@HQ”eé@?é%?E&ﬁvﬁth loqbacetﬁg'%@Pd gn&S
reversed phase col umlpa/)‘%%m% 25

subjected to RP-HPLC on an anal yti cal

cm X

WO 91/00869

*k.g-F moc-lysine
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.

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

mwid=~

P, seruginosa

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

at.

at
at
at
at
at

TABLE XIII

Z Effective Growth
Inhibition, Coneentration in

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

UILI'I.UUI

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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-14- 1‘4“6“rm§3° ush i a S EhSHatn KAfL ki n’-é)@é?ﬁzlg‘lePLC system Il'a{’ngm[ frotbl

110A" punps. The sol vent system was conposed of buffer A O.
TEA/ H err ] @O OK0086% fer B, 0.05% TFA/CH err]CN with a flowPICH‘{HSQﬁIGWB
m/min. The peptides were detected at 215 nmusing a Hitachi 100- 20
spect r ophot onet er . Purification of the peptides was acconpli shed
reverse - phase .HPLC on a Vidac (Jerr] (22 mmx 25cm, 10 pm packing
colum with an eluting gradient conpaged of CH3CN and 0.05% TFA. Am no
acid anal ysis

Amide (NH,) - terminated Magainin II 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 GIGRFLRKAAKFAKAFVKIINN-NH,

The analogues were then tested as hereinabove
described for % effective growth inhibition of E,
Loli, P,aeruginesa, 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.aeruminoss, 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, seruginosa and 100Z 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 II, 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,

heet Has Been Reﬂlaced
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LI0. 512-655-190: 0. 9335 2. 50
was caﬁﬂlgd Bt ond%“Becwhﬁw A6Y Sk F“?o?Tomnng hydrol$5|s of the

peptrdes In constant (boiling) 6 N HCl at 110[err] C for 24 pefrrussuzosersch

anal ysi,s wa¥O Ri400p [err]10% of theory. Exanple 2 - Antim crobi-a
Assays Antim crobial assays were carried out in 96 - well tissue
culture plates. Each well was incubated with a given m croorgani sm
(Escherichia coli, Staphylococcus epidermdis, Staphylococcus aureus, or

Pseudononas aer ugi nosa) suspended in t&47edi um

100% at 2.3 pg/ml for P.aeruyginoss, 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. Analogue 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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(Exappl 8 819

-, [P .- !~\:-.—:
J. 0L WELDL & MALL Lil, 9167099745, 20, 3307 L.
T K )

medi um ( Exanpl es 18- 27) Upon the addition of

!

Magai'nin | or its substitution anal ogues, (dissolved in 1 )
each wel | WORIAOBEY a final cell density of 1.0 x 10[err] é&ﬁ{f”w#’%ong
units (CFU)/m .  The final peptide concentrations used were 100
[erf]g/m ., 75.0 pg/m,.50.0 [err]g/m, 25 [err]g/m, 12.5 [err]g/m,
[err]g/m, 5[err]g/m, 2.5 [err]g/m, and 1.25 [err]g/n1 Addi ti
of peptides to the wells was defined =48=tine zero. At six hours, the

pl ates were pl aced

ina Titertek Multiskan apparatus and the O D.[err]

determi ned. The pl at es &% amidei#ﬂﬂ&bethﬂhiﬁzﬁed 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-NHZ

The analogue was then tested for % effective

growth inhibition. The snalogue 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 Hagainin_II vere 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, .
S Conceptration in (i/ml
E.Coli P.asruginosa 5.epidermidis
1 100 at 25 100 at 25 . 100 at 50
2

10
on

100 at 10 100 at 25 100 at 50

This Sheet Has Been Reﬁlaced
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X6, 3390 P D2
i nnocul um were incubated at 37[err]C
‘ WO 91/00869 PCT/US90/03675
~d -
3 100 at 25 100 at 23 100 at 10
4 100 at 10 100 at 25 100 at 5

Numerous modifications and variations of the
present invention are pussible in light of the above
teachings . and, theréfore, within the scope of thé
accompanying c¢laims, the invention mey be practiced
other than ag particularly described.

-
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-15- R Five wells per plate contained nedia alone, while five others

cont ai ned s cells. These controls were used to el

possi birl i t&sﬁiglll%&a contam nation while providing a rreasurepwegmlg bited
growt h of the m croorgani sns. The degree of peptide activity was
determ ned by conparing the substitution anal ogues with uninhibited
growth of the control cells over a sit%™hour period. The effective growh

inhibition of the SUbié &Ekiﬁgbaygalogues is listed in the exanpl es

)

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

| respresented 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:
GIGRFLHEAK K F ¢ K AF VG ETIMNS
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
table:

I

"l

_—
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L LL 1990 5 Jurm WELSH & KA LID. -31£-203-1904 No, 9300 r. B4
and taﬁie bel ow. ﬁ - "'Magai nin T anal ogues with al ani ne

substit uti &gé(%é&&ggoar at [ ve) I\/agal nin | and anal oguesp S@Oﬂﬂm
S

al ani ne substituted for various amno acid residues of

Nhgalnln | were prepared as herei nabove described in ExaﬁprE—T—aﬁd—%esPed———

for %effective growth inhibition of E. coli at a concentra

[err]g/m as hereianbove described in_fyanple 2. The Qbeff lmmd
inhibition at a concentration in "mmm

Residue No. Substituent
1 Lysa,Ala

2 Lys,Ala, D-Ile,Arg,Leu,Val His, Met
3 Lys,Ale,Trp,Arg,His
4 D-Lys,Ala,Arg,His

L D-Phe, Als Lys.Trp,Leu.Ile,Val Met

6 D-Leu,lys,Als,Ile,Val, Met

7 Lys,D-His,Ala,Arg,Ile,Val,Mat

8 Ala,Lys,D-8ezr,Trp,Met,1le,Arg,His,
Thr,Leu,Val

9 Lys,D-Ala,Trp,Arg,His,Leu, Ile,Val

10 D-Lys,Lys
Ala,Trp,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,
Ila,val

14 Ala,D-Lys,Arg,His

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

16 Ala,Lys ,D~Phe,lle,Val,Met,Leu

17 Ala,Lys,D-Val,Trp,Arg,His,Met,Leu

i3 Ala,hys,Trp,Arg,His,Leu,uet

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

20 D-Ile,Ala,Lys,Trp,Leu,Phe,Val,Met

21 Lys,Pro,Ala,His,Leu,Arg,Ile,Phe ,

22 Lys,Ala,D-Asn,Gln,Arg,His .

23 D-Ser,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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[errlg/nL or the aﬁanlne substltuted)haéa?nln I anal ogues is Ils%ed bePow

in Table | herein, the heading "Am no Acid ReS|du d"
refers to tf‘1ve nun@gcgr3 of the am no acid residue in the peptide mﬂf#ﬁ
substituted with a desired amino acid residue. All other reS|dues in the
peptide remain the sane as that of the normal peptide sequen as Been Replaced
pur poses of explanation of the term"%effective growth inhibi ﬂ Iﬂ,lll”

val ue of "100 at 25", for exanple, indjgsates 100% effective g

inhibition at a concentration of 25 pg/m.
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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Substi t ut ed Concent.rati g/ M None (Magai ni n
1) . 10@5’9“)1%869 23 il Sk Fe bl R 100 at 10 PCEIVIS0/03675
jon.a L

100" at 50 19

100 at 25 '

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:
GIGKFLHSAG K F 6 KA F V & EIMIEKS
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:

* c L N S *
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Ibo*% 7 °F

2 _ s WO91/00869 100 at 50 i1 pglrg;ﬁ)s%%?s
10 L 100 at 25 8 100 at 5
7 100 at 75 . 6 0 at 100
5 0 at 100 4 : This $heet faslB48n Replaced
e [T
Residue No. Substituent
1 Lys,Ala
2 Lys,Ala, D-1le,Arg,Leu,Val,His Met
3 Lys,Ala,Trp,Arg,His
4 D«Lys,Ala,Arg,His
5 D-Phe,Ala,Lys,Trp,Leu,Ille,Val,Mat
6 D-Leu,Lys,Ala,Ile,Val,Met
7 Lys,D-His,Ala,Arg,lle,Val Met
8 Ala,Lys,D-Ser,Trp,Met,Ile,Arg,His,
Thr,Leu,Val
) Lys,D-Ala,Trp,Arg,His,Leu,Ile,Val
10 D-Lys,Lys,
Ala,Trp,Arg,His,Leu,Ile,Val
11 D-Lys,Arg,His
12 D-fhe,Lys,Trp,Arg,His
13 Ala,Lys,Trp,Met,Arg,His,Phe,Leu,
Ile,Val
14 Ala,D-Lys,Arg,His
15 Lys,Trp,D-Ala,Arg,Hig,FPhe
16 . Ala,Lys,D-Phe,lle,Val,Met,Leu
17  Ale,Lys,D-Val,Trp,Arg,His,Met,Leu
18 Ala,Lys,Trp,Arg,His,Leu,Met ,Phe
19 Ala,Lys,D-Glu,Gly,Arg,His,Leu
1le,Phe,Asn
20 D-Ile,Ala,Lys,Trp,Leu,Phe,val Met
21 Lys,Pro,Ala,His,Leu,Arvg,Ile,Phe
22 Lys,Ala,D-Asn,Gln,Arg,His
23 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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1 7 100 at 100

No, 3355 P 58
100 at 100

Magai ni n | anal og RoR780
prepared wWepop00863ni no aci d resi dues 19, 16, YeTusaeo

substituted with al ani ne residues,

or 8, respectively, were
and such substitution anal ogues were

teSted for %effective growth inhibition of S. epidernidis and/or S. aureus
as conpared to Magainin | w thout any substitutions.

each of the substituenta in each of positions 1-23 is
shown in the following table:

Residue No.

e ——————————

1

R E R

pt
[ =]

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

e NN
Lys,Ala,Trp |

Substituent

Lys,Ala This Sheet Has Been RTlaced

D-Lys,Ala
D-Fhe,Ala,Lys,Trp
D-Leu,lys,Ala
Lys,D-His,Ala
Ala,Lys,D-Ser,Txp
Lys,D-Ala,Trp
D-Lys,Lys,
Ala,Trp

D-Lys
D-Phe,Lys,Trp
Ala,lLys,Trp
Ala,D-Lys
Lys,Trp,D-Ala
Ala,Lys,D-Phe
Ala,Lys,D-Val,Trp
Ala,Lys,Trp
Ala,Lys,D-Glu
D-1le,Ala,Lys,Tzp
Lys,Pro,Ala
Lys,Ala,D-Asn
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,

8 and 10 are substituted with an alasnine residue.

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

I

O
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100%~'at‘~ 25%3}1%0%9 and of S. aureus of PCT/US90/03675

-54-

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: :

SR il

8 Lys,Ala

= ¢ L M s *x
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80% ait: 100 | fdr r | gAY THELYE &flAdé thiife 4 éﬁ 8\5{/? O}thl bition of NS0 953& derm dis
for #he substitution anal ogue of Magainin | wherein an1nquganmmmgﬂme 19
was subsigotvensesi t h al ani ne was 100% at 25 [err] g/ n for the
substitution anal ogue of Magainin | wherein amno acid residue 16 was
substituted wth an alanine residue was 75% at 100 [erT]g/ i |ne %)

effective gromh inhibition of S. aureus for the substi tykig mw@f
Magai nin | wherein amno acid resi duB519 was substituted
100% at 25 [err]g/m, and for the substitution anal ogue o m H"MI '

wherein amno acid Yesi due 8AlasLlygbstituted with al anin

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:

GIGKFLHSAKKFGRAFVGIMKE
GIGKFLHRSAKKFGRAFVAIMKS ;
GIGKFLHSARKFGRAFVFIMNS*, wherein
8% ig D-serine;
GIGRFLHSAKKFFKAFVFIMNS §
GIGKFLKSAKKFGKAFVFIMNS ;
GIGKFLHKARKFARAFVFIMNS;

_ GIGKFLKSAKKFAKAFVFIMNS

. GIGKFLHKARKFAKAFVFIMNK;
'GIGKFLKKAKKFGKAFVFIMRK; and
GIGKFLHSAKKFGKAFVK **IMNS, wherein
K¥* is E-F-moc-lysine. :

27. The coempound of Claim 153 wherein amine acid
residde 19 is omitted, and either amine acid regidues
1-4 are omitted or amino acid residues 3, 5, and §
are omitted. :

28. ‘the compound 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:
FLHSAKKFORAFVEIMNS
GIKHSARKFAKATRAIMNS
FLESAKKFOGRAFVGIMNS

AL




1000/4,),afbpe‘x(;Z EBHP] gﬁfﬁum “1 éi M% Lll)l\/talge‘\ t:n:)lvnlblu’anal ogues w th’ glgf' ol i r‘le62
Substt tuti ons (‘conparative) Magai nin | anal ogues wher e
resi dye- WasWORILEB6%t ed for various anino acid residues of ﬁ%@a?jrs]?é@#d

prepared and tested as herei nabove described for %effective growh
inhibition of E. coli at a concentration given in [err]g/ mISShgg?ﬁaSéeenReﬁ

effective growth inhibition for each gf t he proline- SUbSt'tm,m m,“ﬂm ll

of Magainin | is listed

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! .
E administering to. & host an effectmve
anti-tumor 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
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ABSTRACT
SUBSTITUTION ANALOGUES OF MAGAININ PEPTIDES

A compound comprising a Magainin I or Magainin II peptide wherein at
| least one substitution may be made for certain amino acid residues with other
amino acid residues, said peptides known as substitution analogues. In addition to
such substitutions, there may be included within the scope of the invention
analogues wherein at least one of amino acid residues 15 and 23 may have been
deleted as well, and wherein substitutions were made in the remaining peptide
chain. Certain substitution analogues within the scope of the present invention

. have been shown to possess increased biological activity.

This Sheet Has Been Rei
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Concentration in [err]g/m 22 0 at 100 21
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7100 at 50
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SUBSTITUTION ANALOGUES OF
MAGAININ PEPTIDES

This invention relates to g class of

biologically active paptides known as magainins,

More particularly, this invention relates to

analogues of mageinin peptides wherein at least one

amine acid residue in the peptide has been

substituted with another amino acid residue, with

said analogues 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 or Magainin II

peptide. The Magainin I or Magainin II peptide is in

an amide or carboxy terminated form. Magainin I is
represented by the following structural formula using

the single letter aminc acid code and the numbers = .=
below each amine acid residues refer?to*the pesition ¢ T
of the residue in the peptide.
CIGKRKFLHSAG XK F ¢ K A F V ¢ E I M K 8
123456789 101112 13 14 15 16 17 18 19 20 21 22 23
Magainin II is represented by the following structural
formula using the single letter amino acid code and the

i e T



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

17 0 at 100
15 50 at 100
13 100 at 100
11 0 at 100
9 100 at 100

7 0 at 100
-3 )

numbers below each amine acid residue refer to the position
of the residue in the peptide:

GIGRFLHSAR X F 6 K A F V @ E I M N S8
123456789 101112 13 1415 16 17 18 19 20 21 22 23
The Magainin I or Magainin II peptide is substituted

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, Substituent

1 Lys,Ala

2 ‘Lys,Alg, D-~Ile,Arg,Leu,Val,His Mat

3 Lys,Ala,Trp,Arg, His

4 D-Lys,Ala,Arg,His

5 D-Phe,Ala,Lys,Trp,Leu,Ile,Val,Met

] D-Leu,lys,Ala,lle,Val, Met

7 Lys,D-His ,Ala,Arg,lle,Val,Met

8 Ala,Lys,D-Ser,Trp,Met,Ile,Avg,His,
Thr,Leu,Val

9 Lys,D- Ala,Trp,Arg,His.Leu,Ile,Val

10 D-Lys,Lys
Ala,Trp,Avg,His,Leu,Ile,Val

11 D-Lys,Arg,His

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

13 Ala,Lys,Tzp,Met, Arg,Hls Phe,Leu,

. Ile,Val

14 Ala,D-Lys,Arg ,His

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

16 Ala,Lys,D- Phe.Ile Val,Met,Leu

17 Ala,L}'S,D'Val )TrpgArE,HislnetgLeu

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

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

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

21 Lys,Pro,Ala, ,His,Leu,Azg,1la,Phe

22 LYS ,Al&,D'ASﬂ,Glh,AI’E ,Hi! L)

23 D-Ser,Lys,Ala,Thr,Gly,Leu,Ile,
Gln,Asn

i

Date: 14 0OCT 1996



et

§)

0 at 100 4 0 at 100
100 at 75 2 0 at 100 1
100 at 100 Exanpl e 5 Lysi ne- Substituted Magai nin |
Magai ni n |

Anal ogues :
anal ogues wherein a |ysine residue was substituted for various
am no acid residues of Magainin

were prepared and tested as herei nabove
described for %effective growh inhibition of E col
-3-

prefezably, the gubstituents are as follows:

subgtituent

3 Lys,Ala,D-3le
3 Lys.,Ala ,TIP
4 D-Lys,Als

D-Phe,Als,Lys, TP
2 D-Leu,Lys yhla

Lys ’D"His ‘Ala
7 Ala’!‘ys ,D*S&I ’Trp
g Lys,D-Alg,Txp
10 D-Lys Liys

' Ali , IXP

D-LYys o
Y. 7 D-Phe,lys,TTP
13 Ala,lys,TzP
14 Ala 9D-Lys
15 Lys,Trp,D-Ala
16 Ala,Lys !D-?hi T
17 Ala,Lys QD'VE y LIP
19 Ala,Lys,D-Glu r
20 _ p-Ile,Ala,Lys, TP
21 Lys,Pro,Ala
22 Lys ,Al& SD.Asn
23 D'-se‘-";Lys 1A13

1t is teo be uynderstood thgt for purp?:fsspia;he
santhinieﬁtion, that the tryptophan residus vl
be ~ted with a formyl group OF be unpratected.
b:‘pr;zzylalanine pasidues, whether such residu: is
s t in its normal positien, oF employed as e
- {on residue, may be z normal phenylglan n
B e o an jodinated phenylalanine residue. . .
e rdance with one embodiment, the pe?tlde
i ana:::: 1 peptide, and at least o?e of axm'namd
e et s 8, 10, 13, 16, 18 end 19 is substitu
e IGSidue‘ e'fesidue. In’ another embodiment, the
o 313“*“tida has alanine residue gubstitutions
Hag i Peino acid residues 3, B, 18, 19 and 23.
S jzr&ance with another embodiment, the.
Ma ai;:; :cpeptide has alanine residue s“:;tt;:f;;é'~
;tgfa;r of amino acid cesidues 3, 8, 16, ;
.
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at a concentration given in [err]g/m. The %effective

—_‘-

. and the remaining one of these residues is
: substituted with a lysine residue,.

" In accordance with yet a further embodiment,
amine acid 21 of a Magainin I peptide is substituted
with a proline residue.

In accordance with another embbdiment. at least
one of amine acid reaidues 3, 7, 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 Magainin I are
( , each substituted with a lysine residue and amins acid
) residue 16 is substituted with an alanine residue.

In accordance with another embodiment, at least
one of amino acid residues 2, &4, 19, or 23 of
Mageinin I is a D-amino acid residue, whose structure
corresponds to that of the L-amino acid residue
originally pregent in Magainin I.

In accordance with a further embodiment, at
laast one and emino ascid residues 3, 5, 8, 10, 12,
13, 15, 18, and 20 of Magainin I is substituted with
2 protected tryptophan residue, wherein the
protecting group is preferably a fermyl group. In
accordance with gnother 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 >
zmino acid residues 1-8, 10, 13, 14, 16 and 18-23 is
an alanine residue. '

In accordance with gnother embodiment, at least
one of amino acid residues 1-3, 5-9, 12, 13 and 15-23
of Magainin II is a lysine residue.. '

In accordance with yet another embodiment, at
least one of amine acid residuas 2,4-12, 15-17, 19,
20, 22 and 23 of Magainin IT is substituted with 2

o —
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e

Date: 14 OCT 1938



-19-- growth inhibition of each |ysine-substituted anal ogue of Magainin |

Is given belowin Table I1I1.

Magai ni n | Am no Acid
Resi due Substituted

Table 111

Lysi ne- Substi tut ed Anal ogues of
% Ef fective Gowth Inhibition

Concentration in [err]g/m

.5-

D-amino acid residue whose structure corresponds to
that of the L-amino acid residue originally preaent
in Magainin II.

In accordance with another aspect of the
present invention, there is provided an analogue of
Hagainin I or Magainin 1I peptide, said Magainin I or
Magainin II peptide being in an amide- or
carboxy-terminated form and having the structural
formulas hereinabove daseridbed, and wherein at least
one of aminoe acid residues 15-23 is omitted and at
least one of the remaining amins acid Tesjidues is
substituted. The substituents which may be employed
in at least one of positions 1-23 are shown in the
following table:

Regsidue WNo. Subatituent
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,Lys,Tzp,Leu,Tle,vVal,Mat
6 D-Leu,Lys,Als,Ile,Val,Met
7 Lys,D-His,Ala, Arg,Ile,Val, Met
8 - Ala,Lys,D-Ser,Trp,Met,Ile,Arg,His,

Thr,Leu,Val

9 Lys,D-Ala,Trp,Arg,His,Leu,Ile,Val
10 D- Lys.Lys
Ala,Trp,Arg,His,Leu,lle,Val
11 D-Lys,Arg,His
12 D-Phe,Lys,Trp,Arg,His
13 Ala,Lys,Trp,Met,Arg,His, Phe,Leu,
1le,Val
14 Ala,D-Lys ,Arg,His
- 15 LTS ,T:'p |D‘Ala ,A:’g .His ,Phe
' 17 A].a,L',YS ,D'Val,Trp,Atg,His ’Met ,Leu
18 Alg,Lys,Trp,Arg,His,Leu,Mat,Phe
19 Ala,Lys,D-Glu,Gly,Arg,Bis,Leu
Ile,Phe,Asn
20 - D-lle, Ala 1 Lys,Trp,Leu,Phe,Val,Met
21 Lys, Pro Ala His,Leu,Arg,lle, Phe
22 Lys,Ala, D~Asn Gln,Arg,st
23 D~Sar Lys AIa,Thr,Gly Leu,Ile,
Glin,AsSn
Sheet Has Been R laced
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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
: 8-
Preferably, the substituants are as follows:
Residus No. Substituent

1 Lys,Ala

2 Lys,Ala,D-Ile

3 Lys,Ala,Trp

4 D- Lys Alsa

5 D-Phe,Ala,Lys,Trp

6 " D- Leu.Lys Ala

7 Lys,D-His,Ala".

8 Ala,Lya,D~Ser,Trp

9 Lys,D-Ala,Trp

10 D-Lys,Lys

Ala,Trp

11 D-Lys

12 D-Phe,Lys,Trp

13 Ala,Lys,Trp

14 Alz ,D-Lys

15 Lys,Trp,D-Als

17 Ala,Llys,D-Val,Trp

18 Ala,Lys,Trp

19 Ala,Lys,D-Glu

20 D- Ile,Ala,Lys Trp

21 Lys,Pro,Ala

22 Lys,Ala,D-Asn

23 D-Ser,Lys,Ala

- In accordance with & particular embodiment,
amino gcid residues 16-23 of Magainin I are deleted, -
and amino scid residues 3, 8 and 10 are substituted
with an alanine residue,

In accordance with yet anather embodiment,
gmino acid residue 19 of Magainin I is deleted, and
preferably amino acid residues 3, 8, 9 and 16 are
each substituted with a lysine residue, amino acid
rasidue 21 is substituted with a leucine residue, and
amino acid 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 or 15-23 are
delated, and amino acid residues 3, 7, and 8 are each .

This Sheet Has Been Re[ilaced This is the replacement sheet
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o* 100 at 100 8 100 at 5

7 100 at 5 6* 0 at 100
5* . 0 at 100 : 3 : 100 at 25
2* 100 at 100 1* 100 at 50
*conparative exanpl e Magai ni n | anal ogues wherein am no acid residues
23, 19, 8, or 7, respectively, were substituted with

-7-

substituted with a lysine residue, and optionally
amino acid residue 13 and/or amino acid residua 10 is
substituted with an alanine residue. Preferred
peptides are as follows:

' GIKKFLKKAGKFGK-NHZ

GIKRFLKKAGKFGKAF-NHZ

GIKKFLKKAKKFGKA—HHZ

GIKKFLKKAKKFAKA-NHZ

GIKKFLKKAAKFAKA-NH2
Preliminary studies indicate that the above-mentioned
preferred peptides possess low hemolytic activity,
in accordance with a further embodiment, amine acid
residue 21 of Magainin I 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
residue, and amine acid residue 22 is substituted
with an alanine raesidue.

In accordance with anothar embodiment, in
ecarboxy or amide terminated (preferably amide
terminatad) Magainin I or Magainin_II (praferably
Magainin 1I1), smino acid residue 19 is omittad, and
at least one of amino acid residues 3, 7, 8, 10, 13,
13, 16, 18 21, 22 or 23 is substituted with another
amino acid as follows:

Regidue number Substituent

3 Leu _ .
7 Lys
8 Lys, Ala
10 Ala,’Lya
13 Trp, Leu, Phe, Ala
13 Phe '
16 Ala
. 18 Lys, Ala, Phe
21 Lys, Ile
s Sheet Has Been R laced ' This is the replacement sheet
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a lysine residue were tested for %effective growh inhibition of S.

epiderm dis and/or S. aureus.

wherein am no acid residue 23 was substituted with a |ysine residue

.
-

«8-
22 - Lys
23 _ Lys, D-Ser

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

In & preferred embediment, the peptide is a
Magainin II peptida, and the substitution analogue
wherein amino acid 19 is deleted is selected from the
class consisting of the following substitution
analoguas!

GIGKFLHSAKKFGKAFVGIMKS;

GIGKFLHSAKKFGRAFVAIMKS

GIGKFLHSAKKFGKAFVFIMNS*, wherein

§% ig D-Serine;

GIGKFLHSAKKFFKAFVFIMNS;

GIGKFLKSAXKFGKAFVFIMNS

CIGKFLHKARKFAKAFVFIMNS ;

GIGKFLKSAKKFAKAFVFIMNS ;

GIGKFLHKAKKFARKAFVFIMNK;

GIGKFLRKKAKKFGKAFVFIMKK; and

GIGKFLHSARKFGEAFVK**IMNS; wherein

K¥% ig E-F-moc-~ lysine
Preliminary studies indicate that these 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
IX, wherein a portion of the basic peptide is deleted
and at least one of the remaining amino acid rasidues
is substituted as hereinabove describad; in
particular, amino acid residusa 19 is omitted and in
addition either amine acid residues 1-4 or 3,5, and 6
are omitted. Preferred peptides are ag follows:

FLHSAKKFGRAFVFIMNS '

GIKHSAXKKFAKAFKAIMNS

s Sheet Has Been Reﬁaced
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FLKSAKKFGKAFVGIMNS
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The substitution anal ogue of Magainin |
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- 20- had a % effective growh inhibition of S. aureus of 30% at 100
[err]g/mM . The substitution anal ogue of Magainin | wherein am no acid
residue 19 was substituted with a |ysine residue had a % effective growh
inhibition of S. epidermdis of 100% at 25 [err]g/m, and of S. aureus of
50% at 100 [err]g/m . The substitution anal ogue of Magainin | wherein
amno acid residue 8 was substituted with a |ysine residue

FLKSAKKFARAFYGIMNS

Applicants have found that when employing the
substitution analogues of Magainin I or Magainin II
as hereinabove dezeribed, such peptides display
bioclogical activity equal to or greater. than the
parent Magainin 1 or Magainin II peptide. Such
peptides are referred to a3 "successful substitution
analoguas”.

The use of these campounds which comprise a
substitution analogue of Magainin I or Magainin II
paptide, in accordance with the present invention, is
effective as an antibiotic, and can be employed to
inhibit, prevent or destroy the growth or
proliferatibn'of microbes, such as bacreria, fungi
viruses or the like. Similarly, such compounds can

" be employed as an anti-virsal composition to inhibit,
prevent or destroy the growth or preliferation of
viruses. .

As used herein, the term "substitutmon
analogue" includes magainin peptides in which at
least. one amine acid residue of the peptide structure
has been substituted with a different amine acid
residue, as well as magainin peptides in whieh, in
addition to the above-mentioned substitution(s), also
have had at least one of amino acid residues 15-23

- emitted from the peptide sequence. The term also
includes magainin peptides having D-amine acid or
iodinated phenylalanine residues which have been
substituted into the peptide saguence.

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

Such compounds can also be employed as
auti-tumor agents to inhibit the growth of or destrey .

tumers. 0000000
| BeenReiaced This is the replacement sheet
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had a % effective gromh inhibition of S. aureus of 70%at 100 [err]g/m.
The substitution anal ogue of Magainin | wherein amno acid residue 7 was
substituted with a lysine residue had a % effective growth inhibition of
S. epidermdis of 100%at 25 [err]g/m, and of S. aureus of 100% at 50

[err]g/m. Exanple 6 - dutam c Acid-Substituted Magai nin | Anal ogues
(conparative) Magai nin | anal ogues wherein a glutamc acid residue
was substituted for various am no acid

: -10-

The compounds have a broad range of potent
antibiotic activity against a plurality of
microorganisms, including Gram-pesitive and
Gram-negative bacteria, fungi, protozea and the like,
Such compounds can ba employed for treating or
controlling microbial infection caused by organisms
which are sensitive to such cempounds.

The compounds can &8lso be used &8s pregervatives
or sterilants for materials susceptible to microbial
contamination., In vitro activity against bacteris is
exemplified hereinafter in Examples 3-27.

In general, a4 substitution analogua of the
Magainin I or Magainin II peptide is administered in
a desage of from about ]l mg to about 500 mg per
kilogram of body weight, when administered
systemically. . When administered topically, the
peptide is used in a concentration of from about 0.5%
to about 5%.

The compounds comprising the substitutien

“analogues of Magainin I or Magainin II, in accordanca
with the present invention, can be employed for
treating a wide variety of hests. In accordance with
a preferred embodiment, a hest can be an animal, and
such animal can be & human or non-human animal,

The compounds comprising the substitutioen
analogues of Magainin 1 or Magainin II can be
employed in a wide variety of pharmaceutical
compositions in combination with a non-texie
pharmaceutical carrier or vehicle such as a filler,
non-toxic buffer, or physioclogical saline solutien.
Such pharmaceutical compogitions cgﬁ be used
topically or systemically and can be in any suitable
form such as a liquid, solid, semi-solid, injectable
gsolutions, tablet, ointment, lotion, paste, capsule
or the like. The compounds comprising the

This is the replacement sheet
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resi dues of Magainin | were prepared and tested for % effective growh

I nhibition of E. coli according to the nethods herei nabove descri bed. The
% effective growh inhibition for each glutam c acid-substituted Magainin
| anal ogue is described belowin Table IV.-

~11-

substitution analogues of Magainin I or Magainin II

' gcan also ba used in combination with adjuvants,
protease inhibitors, or compatible drugs where such a
cembination is seen to be desirable or advantageous
in controlling infection caused by harmful
micrnarganisms_iﬁcluding protozoa, virusas, and the
like,

The compounds ¢omprising the substitution
analogues of Magainin I or Magainin II of the present
invention can be administered to a host: in
particular an animal, in an effective antibiotie

'andlqr anti-tumoer and/or anti-viral and/or
anti-microbial and/or a8 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 carbnxy-términated Magainin I and Magainin II
forms) can be synthesized by any convenient method of
peptide syntheszis as are well-known to skilled
workers. 5Solid phase synthesis methods are
particularly preferred. :

The peptides deseribed herein were prepared by
the method of simultaneous multiple peptide synthesis
(sMP5). This method is described in detail in
Houghten, R.A., "General Method for the Rapid

- 80lid~Phase Synthesis of Large Numbers of Peptides;'
Specificity of Antigen-Antibody Interaction at the
Level of Individual Amino Acids," Proc. Natl, Acad.
S§ci., U.85.A., Vol. B2, pgs. 5131-5135 (1983), and in
Houghten, R.A., et al. "Simultaneous Multiple Peptide
Synthasisj The Rapid Preparation of Large Numbers of
Discrete Peptides for Biologieal, Immunological, and
Methodological Studies," Peptide Chemistry, pes.
295-298 (1987).

i
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-21- Table IV utam c Acid-Substituted Anal ogues of Magainin | Am no
Acid % Effective Gowmh Inhibition Residue Substituted
Concentration in [err]g/m

This Sheet Has Been R

[ lﬂl

For purposes of the following examples,
substitution analogues of Magainin I and Magainin II
were prepared wherein various aminoc acid residues
were substituted and/or- other amino aecid res;due(s)
were deleted.

For purposes of comparison, a complete Magainin
I or Magainin II peptide cen alsc be prepared by the
SMPS method. It is also centemplated within the
scope of the present invention that substitution
analogues which have one or more amine acid
residue{s) omitted from the Magainin I or Magainin II
structure can also be prepared by the SMPS method.

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

3 i ‘ ..12..

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

. substitution analogues of Magainin I, was
accomplished by using the strategy of simultaneous
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
synthesis, The gids chain functieonalities used were
benzyl (Ser, Glu), 2-Cl-Z (Lys)(Z=benzyloxycarbonyl),
yi™. DNP (His), and sulfoxide (Met). Paptide
gynthesis was performed beginning with 100 mg of
either Boc-amine acids-Pam resin to produce
C-terminal carboxyl peptide (PAM purchased from
Applied Biosystems, substitution 0,56 meq/gm is an
amine acyl -4- [oxymethyl] phenylacetic acid
derivative of aminc polyastyrene) or

methylbenzhydrylamine (MBHA) resin This is the replacement sheet

14 0CT 199
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22
20
17
15
13

0 at 100 21 100 at 75

0 at 100 18 100 at 75
0 at 100 16 0 at 100

0 at 100 14 -~ This Sheet Has Been Re 100
0 at 100 12 at 100
0 %t 100 il

«13-

(substitution-0.65meq/gm) per resin packet to produce
C-tarminal amide peptide. :

After synthesis, completely protected peptide
resing were treated three times with 0.5 M thiophenol
in DMF to remove the N'™- dinitzophenyl group from
Histidine. The f£inal Boc-group was removed with TFA
to aveid t-butylation of methionyl residues during
- final HF treatment, Cleavage was performed using the
Low-High HF procedure., Tam, et al, J. Am., Chem. Soc,
Veol, 105, P. 6442 (1983). Tor peptides synthesized
on Pam rasin, the low-HF was carried out witheout
removing the resin from the packet, using a multiple
vessel HF apparatus for 2 hrs. at 0°C. _For peptides
prepared using MBHA resin; the low HF procadure was
paerformed in a common reaction vessel for 2 hrs. st
0°C. For Pam 'resin peptides, the low-HF mixture was
evacuated from the 24 individual reaction vessels by
& water aépirator followed by a mechanical pump. The
low-HF reaction vessgel containing the bags with MBHA
resin was emptied of the low-HF mixture by pouring
off the liquid into & waste container. The bags were
washed immediately with cold ether followed by
alternating washes of CH2012. DMF, CHZCIZ, IPA,
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 fluoride at
~70°C., The yeaction teock place at -10°C for ] h. and
-590 - 0°C for the last 30 min. HF was evaporated
using a strong f£low of nitrogen., Finally, residual
.carbonium ion Scavengers were removed by washing with
dry ether.

The crude peptides were subsequently axtracted
with 10% acetic acid and subjected te¢ RP-HPLC on an
analytical reversed phase column (Vidac ODS 25 em x

This is the replacement sheet
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10 100 at 75 9 0 at 100

8 100 at 75 7 32 at 100
3 0 at 100 Exanple 7 - Magainin | peptides containing
D-amino acid residues (conparative) Magai nin | peptides were

synt hesi zed wherein in each peptide one of amino acid residues 23, 19, 17,
16 14, 4, or 2, respectively, is substituted with a

t -14-

' 4.6 mm), using a Beckman-Altek madel 421 HPLC system
and two model 110A pumps. The solvent system was
composed of buffer &, 0.05% TFA/H,0, and buffer B,
0.05% TFA/CH3CN with 8 flow rate of 1.0 ml/min. The
peptides were detected at 215 nm using a Hitaehi
100-20 speetraphotometer.

Purification of the peptides was accomplished

by revarse - phase HPLC on a Vidae 018 (22 mm x
25em), 10 pm packing column with an eluting gradient
composed of CH,CN and 0.05% TFA. Aminoc acid analysis
was carried out on a Beckman 6300 analyzer following
hydrolysis of the peptides in constant (boiling) 6 W
HCLl at 110°C for 24 hr., and such analysis was within
£10% of theory. '

Example 2 - Antimierobial Assays
Antimicrobial assays were carried aut in 96 -

wall tissue culture plates. Each well was incubated
with a given microorganism (Escherichia eoli,

. Btaphvlococcus epidermidis, Staphvlococcus aureus, or
Pseudomonas seruginesa) suspended in LB medium
(Examples 3-17), or TSB medium (Examples 18-27), Upen
the addition of Magainin I or its substitution
analogues, (dissolved in 1 X PBS, pH 7.0) each well
contained a final cell density of 1.0 x 106 colony
forming units (CFU)/ml, The final peptide
concentrations used were 100 pg/ml., 75.0 ug/ml, 50.0
pg/ml, 25 pg/ml, 12,3 pg/ml, 10 pg/ml, Spg/ml, 2.5
ug/ml, and 1.25 pg/ml.

Addition uf peptides to the wells was dafined
as time zers. At six bours, the plates were placed
in a Titertek Multiskan apparatus and the O, Digag
determined. The plates as well as the initial
innoculum wera incubated at 37°C.

Sheet Has Been Reﬁmd This is the replacement sheet
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D-am no acid residue. Each of these Magainin | peptide anal ogues was then
tested as herei nabove described for %effective growh inhibition of E
coli inerr]g/m. The %effective growh inhibition for each of the

D-am no acid residue-subsituted anal ogues of Magainin | is |isted below in
Tabl e V.

f -15-

Five walls per plate contained media alone,
while five othars contained medium plus cells, These
controls were used to eliminate the possibility of
-media contamination while providing a measure of
uninhiblted growth of the microorganisms.

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

Example 3 - Magainin I analogues with alanine
substitutions

Magainin I and analogues wherein an alanine
residue was subgstituted for various amino acid
residues of Magainin I were prepared as hereinsbove
described in Example 1 and tested for % affective
growth inhibition of E. coli at & concentration given

in pg/ml as hereianbove described in Example 2, The
% effective growth inhibition at a concentration in
pe/ml for the alanine-substituted Magainin I
analogues is listed below in Table I. As used
herein, the heading "Amino Acid Residue Substituted”
refers to the number of the amine acid residue in the
- peptide which is substituted with a deaired amino
gacid residue. All other residues in the peptide
vremain the gsame as that of the normsl peptide
sequence. For purposes of explanation of the texrm "%
effective growth inhibition," a value of "100 at 25",
for example, indicates 1007 effactive growth
inhibition at a concentration of 25 pg/ml.

/
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-22- Table V - D-amno acid residue-substituted Magainin | Anal ogues Am no

Aci d % Effective Growth Inhibition Residue Substituted
Concentration in [err]g/m 23 100 at 10
t ‘16"

Table 1 - Alanine-fubstituted Magainin I Anglogues

Amine Acid
Residue Bubstituted

None (Magainin I)
23
22
21
20
19
18
17
16
14
13
12
11

e
o

= N W >y

% Effective Crowth Inhibition
Concentratien in ug/ml

100

100

100
100
100
100
100

‘100

100
100
100
100

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

25
10
50
50
50
5
25
73
25
100
25
30

0 at 100

100 at 25

100 at 5

100 at 75-

0 at 100

0 at 100

0 at 100

100 at 75

100 at 100

100 at 100 St

Magainin I analogues were alsc prepared whervein
amino acid residues 19, 16, or B, respectivaly, were
substituted with alanine residues, and such
substitution analogues were tested for 7 effective
growth inhibition of §, epidermidis and/or §, auraus
as compared to Magainin I without eny substitutions. .

This Sheet Has Been R« laced
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19 - 100 at 25 17 100 at 50

16 100 at 50 14 100 at 50 4
100 at 25 2 100 at 25 Exampl e 8 In this .
exanpl e, a substitution anal ogue of Magainin | was prepared wherein anm no
acid residue 19, (E, or glutamc acid) was deleted, and am no acid

«1%-

Magainin I had a % effective growth inhibition of
§.epidermidis of 100% at 25 pg/ml and of §.aureug of
807 at 100 pg/ml, The % effective growth inhibition
of §. epidermidis for the substitution analogue of
Magainin I wherein amino acid residue 19 was
substituted with alanine was 100% at 25 pg/ml, and
for the substitution analogue of Magainin I wherein
amino scid residue 16 was substituted with an alanine
residue was 757 at 100 pg/ml. The % effective growth
inhibition of §. aureus for the substitution anzlogue
of Magainin I wherein amino acid residue 19 was
substituted with alanine was 1007 at 25'ug/mi. and
for the substitution analogue of Magainin I wherein
amino acid residus 8§ was substituted with alanine was
1007 at 350 ug/ml.

Example 4 - Magainin T analogues with
Proline Substitutions .

Magainin I analoguas wherein & proline residue

was subgtituted for various amino aeid residues of

' Magainin I were prepared and tested as hereinabave

" described for % effective growth inhibition of E.
coli at & concentration given in pg/ml. The %
effactive growth inhibition far each of the
proline-substituted analoguas of Magainin I is listed
.belew in Table II.
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residues 5, 8, 9, and 16 are each substituted with a - |ysine residue,

am no acid residue 21 is substituted with a | euci ne residue, and am no acid
resi dues 18 and 23 are each substituted with an al ani ne resi due. The
substitution anal ogue had the follow ng structure: QG GKKLHKKGKFGKFKGAI LKA
The % effective growh inhibition of E. coli for this peptide was tested
and found to be 100% at 5 [err]g/m. -

t -18-
Table II - Proline-Substituted Magainin I _Anzlogues

Amino Acid. | % Effactive Growth Inhibition

Regidue Substituted Concentration in pg/ml
22 0 at 100
21 100 at 25
20 100 at 100
19 100 at 50
18 100 a2t 75
17 0 at 100
16 0 at 100
15 50 at 100
14 0 at 100
13 100 at 100
12 0 at 100
11 ' ' 0 at 100
10 0 at 100
9 100 at 100
8 100 at 75
7 0 at 100
6 . 0 at 100
4 0 at 100
3 100 at 73
2 0 at 100
1 100 at 100

Example 5 - Lysine-Substitutad Magainin I Analogues
Magainin I analogues wherein a lysine residue

was substituted for varicus amino acid residues of
Magainin I were prepared and tested as hereinabave
deseribed for % effective growth inhibition of E.coli
gt 4 concentration given in pg/ml. - The 7 effective

This is the replacement sheet
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Exanple 9 - In this exanple, a substitution anal ogue of Magainin | was
prepared wherein am no acid 21 was del eted and am no acid residues 5, 10,
18, and 19

-10-

growth inhibition of each lysine-substituted analogue
of Magainin I is given below in Table IIX.

Table III - Lygine-Substituted Analogues of Magainin I

Amino Acid R % Effective Growth Inhibitien
Residue Substituted Concentration in pg/mi

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 ar 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 50

Magainin X analogues wherein amino acid residues
23, 19, 8, or 7, vespectively, were substituted with
& lysine residue wera tested for % effactive growth -
inhibition of §. epidermidis and/or 8. sureus. The
substitution analogue of Magainin I wherein amino
acid residue 23 wes substituted with a lysine residue

This Sheet Has Been Re’ilaced - ~ This is the replacement sheet
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-23- were each substituted with a |lysine residue, amno acid residue 7 was
substituted with a phenyl al ani ne resi due, and am no acid 22 was substituted
w th an al ani ne residue. The peptide had the follow ng structure:

G GKKLFSAKKFGKAFVKKI AS

-zo-

had a % effective growth inhibition 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 a2 7 effective
growth inhibition of 8. epidermidis of 100% at 25
pg/ml, and of §. aureus of 507 at 100 pg/ml. The
substitntiofi difdlogue of Magainin I wherein amino
gcid residue 8 was substituted with a lysine residue
had & % effective growth inhibition of 8. aureus of
70% at 100 pg/ml. The substitution anzlogue of
Msgainin I wherein amino acid residue 7 was
substituted with & lysine residue had a % effactive
growth inhibition of 5. epidermidis of 100% at 25
pg/ml, and of 8. aureus of 1007 at 50 pg/ml.

Example 6 - Glutamie Acid-Subsbituted
Magainin I_Analegues -

 Magainin I analogues wherein a glutamic acid
residue was substituted for various amino acid
residues of Magainin I were prepared and tested for %
© . effective growth inhibition of E.celi according to
the methods hereinzbove described. The % effective
growth inhibitien for each glutamic acid-substituted
Magainin I analogue is described below in Table 1IV.

—
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The % effective growh inhibition of E. coli for this peptide was tested
and found to be 100% at 2.5 [err]g/m . Exanpl e 10 (conparative)

Magai nin | and Magainin Il peptides were prepared wherein phenyl al ani ne
residues 5 and 12 in each peptide were iodinated. The % effective growh
inhibition of E. colifor-each peptide, containing the iodinated

phenyl al ani ne resi dues, was tested. For the Magainin | peptide, the %
effective growh - a1 :

Table 1V Glutamic Acid-Substituted Apalogues of Mapsinin I

Amine Acid ‘% Effective Growth Inhibition
Regidue Suybstituted Concentration in ug/ml

22 0 at 100

21 100 at 75

20 0 at 100

18 100 at 75

17 0 at 100

16 0 at 100

13 0 at 100

14 0 at 100

13 0 at 100

12 0 at 100

1l ) 0 at 100

10 100 at 75

9 : 0 at 100

8 100 at 75

7 - 32 at 100

3 0 at 100

Exsmple 7 - Magainin I peptides containiap
D-zmino acid residues
Magainin I peptides were synthesized wherein in

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

16, 14, 4, or 2, respectively, is substituted with a *
D-amino acid rasidue. Each of these Magainin I

peptide anzlogues was then tested as hereinabove

described for ¥ effective growth inhibition of E.coli

in pg/ml. The % effective growth inhibition fox each

of the D-amino scid residue-subsituted analogues of
Magainin I is listed below in Table V. '
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i nhibition was 100% at 10 [err]g/m . For the Magainin Il peptide, the %

effective growth inhibition was 100% at 5 [err]g/m. Exanple. 11 -

Trypt ophan (Fornyl G oup Renoved)- Substituted Anal ogues of Magainin
(conparative) Magai ni n | anal ogues were prepared wherein a tryptophan
resi due was substituted for various amno acid residues of Magainin I. The

tryptophan had the formyl group renoved, thus resulting in the substitution
of unprotected tryptophan residues into '

-23-
Iabl - D-amino acdd residue-substituted Mapainin I
Analoguas
Amino Acid % Effective Growth Inhibition
Resic-ie Substituted Congentration in ug/ml

23 100 at 10

19 ' 100 at 25

17 _ 100 at 50

15 100 at 50

14 S 100 at S0

4 100 at 25

2 100 at 25
Example 8

In this example, a substitution analogue of
Magainin I was prepared wherein amine acid residue
19, (E, or glutamic acid) was deleted, and amino acid
ragidues 5, 8, 9, and 16 are each substituted with a
lysine residue, amino acid residue 21 is substituted
with a leucine residue, snd amino acid residuss 18
and 23 are each substituted with an alanine residue.
The subsgtitution analogue had the following
structure: -

GIGKKLHKKGKFGRKFKGALLKA
The % effective growth inhibition of E.coli for
this peptide was tested and found to be 100% at $

pg/al.

Example 9

In this example, a substitutxon analogue of
Magainin I was prepared wherein amino seid 21 was
deleted and amine acid residues 5, 10, 18, and 19

 This Sheet Has Been RTilace This is the replécement sheet
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t he Magai nin | anal ogues. %effective growm h inhibition of E. coli and S.
epidermdis was tested. for these anal ogues. % effective growh inhibition
of E. coli and S. epidermdis in [err]g/m is listed belowin Table VI.

a3
- -
[

were each substituted with a lysine regidue, 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
gtructure:

GIGKKLFSAKKFGKAFVRKIAS

~ The % affective growth inhibition of E.coli for
this peptide was tested and found to be 100% at 2.5
wa/ml.

Example 10 _
- Magainin I and Magzinin II peptides were

prepared wherein phenylalanine residues 5.and 12 in
each peptide were iodinated. The % effective growth
inhibition of E.coll for each peptide, containing the
iodinated pheﬁylalanine residues, was tested. For
the Magainin 1 peptide, the % effective growth
inhibition was 1007 at 10 pg/ml. For the Magainin II
paptide, the % effeutive growth inhibition was 100% -
at 3 ps/ml. )

Example 11 - Tryptophan (Formyl Group Rsmoved)-
Substituted Analorues of Mapainin 1
Magainin I analpgues were prepared wherein a

.tryptophan residue was substituted for varieus amino
acid residues of Magainin I. The tryptophan had the
formyl group removed, thus resulting in the
substitution of unprotected tryptophan residues into
the Magainin I analogues. % effective prowth |
inhibition of E.cold and §, epidermidis was tested.
"for these analogues, % effective growth inhibitien
of E. coli and §___nigg;migi§ in pg/ml is listed
below in Table VI,

This is the replacement sheet
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-24- Table VI - Tryptophan (Fornyl
of Magainin | Am no Acid
Resi due Substituted

G oup Renpved) - Substituted Anal ogues
% Effective Gowh Inhibition

Concentration in [err]g/m

.34..
hle - tophan {Fo 1 Group Removed) -
Sub tuted Analogue Magainin T

 Amino Acid

Residue Substituted '

Z Effect:ive_ Growth Inhibition
Concentyation in wg/ml

E.coli §. epidermidis
1 100 at 30 BO &t 75
3 100 at 25 100 at 50
4 90 at 100 0 at 100
5 100 at 23 80 at 100
6 100 at 50 50 &t 73
8 100 at 100 100 at 50
9 100 at 25 40 at 100
10 100 at 25 100 at 50
11 0 at 100 0 at 100
12 100 at 25 0 at 100
13 100 at 25 100 at 50
14 N/A 0 at 100
15 96 at 10 90 at 100
16 95 at 30 0 at 100
17 100 at 25 100 at 100
18 93 at 25 90 at 100
19 100 at 10 100 at 75
20 90 at 25 30 at 100
21 100 at 50 0 at 100
22 40 at 75 0 at 100 .

Example 12 - Tgxgtoghan {containing formxl BTOup)-
Substituted Magainin I Analogues ¥

Magainin I anslogues were prepared wherein a
tryptophan residue way substituted for various amino
" acid residues of Magainin I, as in Example 11, except
that in this example, the formyl group remained on
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E. coli S. eptdermdis 1 100 at 50 80 at

75 3 100 at 25 100 at 50 4
90 at 100 0 at 100 -5 100 at 25 80 at 100
6 ' 100 at 50 50 at 75 8 100
at 100 100 at 50 9 100 at 25 40 at 100
1.0. 100 at 25 100 at 50. 11 : 0
at 100 0 at 100 12 100 at 25 0 at 100

v -25-

the tryptophan residue thus resulting in the
substitution of protected tryptophan rasidues into
the Magainin I analoguea. % effective growth
inhibition of E,coli and 8. epidarmidis was tested
for each of these analogues. % effective grewth

inhibiition of E.coli and §. epidermidis in pg/ml is
listed below in Table VII.
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13

N A
16

at 25
19

at ‘25
22

100 at 25 100 at 50 14
0 at 100 15 96 at 10 90 at 100
' 95 at 50 0 at 100 17 : 100
100 at 100 18 93 at 25 90 at 100
100 at 10 100 at 75 20 - 90
30 at 100 21 -100 at 50 0 at 100
40 at 75 -26-0 at 100
able VII - Tryptophan (containing form oup)-

Substituted Analogues of Magainin 1

Aminoe Acid

Residue Substituted

% Effective Growth Inhibition
Concentration in pg/ml

E.coli 8. egidermidis
1 100 at 50 100 at 75
3 100 at 50 100 at 75
4 70 at 100 0 at 100
5 100 at 50 100 at 100
6 100 at 30 100 at 100
7 100 at 75 90 at 100
8 100 at 25 100 at 75
9 100 at 50 44 at 100
10 100 at 25 100 at 75
11 - 0 at 100 0 at 100
12 100 at 25 90 at 75
13 100 at 10 100 at 50
14 0 at 100 0 at 100
15 100 at 10 100 at 735
16 100 at 50 D at 100
17 100 at 50 100 at 75
18 100 at 25 63 at 100
19 100 at 75 N/A
20 100 at 25 55 at 100 .
2] 92 at 50 36 at 100
22 80 at 75 Q0 at 100

Example 13 - Multiple-Substitution Anslogues of
' Magainin I with Lysine and/eor slanine Residues

amino acid residues 3, 8, §, 16, 19, and/or 23 were

This Sheet Has Been Re.ﬂl|
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Analogues of Magainin I were prepared wherein |
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Exanpl e 12 - Tryptophan (contai ning formyl group)- Substituted Magainin
Anal ogues (conparative) Magai ni n |- anal ogues were prepared wherein a
trypt ophan resi due was substituted for various am no acid residues of

Magai nin |, as in.Exanple 11, except that in this exanple, the fornyl group
remai ned on

-37-

] substituted with alanine (A) or lysine {K) residues.

! % effective growth inhibition of E. coli, B. '
epidermidis, and/oxr §. aureus was tested for each
substitution analogue. The structure of each |
synthegized substitution analogue a3 well as the %
effactive growth inhibition of E, coli, §.

epidermidis, and §. aureus in ng/ml are given balow
in Table VIII.
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% effective

anal ogues.
and S. epidermdis was tested for each of

-28-

coli

the tryptophan residue thus resulting in the substitution of
% effective growth

protected tryptophan residues into the Magai nin

grow h inhibition of E
t hese anal ogues.

-25-
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inhibition of E. coli and S. epidernmidis in [err]Jg/m is listed below in
Table VII. - 26-

Example 14 - Magaipnin I Analogues with Glutamic Acid
Omissiong and Alanine or Lysine Substitutions
Magainin I analogues were prepared wherein amino
acid residue 19 (E, or glutamic acid) was deleted,
and either alanine or lysine was substituted for one
of the remaining amine acid residues in the peptide.
Alanine was: substituted for either reaidue 16, 10 or
8, or lysine was substituted for either residue 18,
B, ear 7. Each of these substitution analogues was
tested for % effective growth inhibition of E. coli,
§, epidermidig, and/or S. sureus. The gtructures of
each peptide and the % effactive growth inhibition of

E. coli, 8. epidermidis, or §. aureus in pg/ml are
listed below in Table IX.
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Substi tut ed Anal ogues of

% Effective Gowh Inhibition

group) -
Concentration in [err]g/m

Am no Acid
Resi due Substit ut ed

E. coli

- Tryptophan (containing fornyl
S. epidermdis

Tabl e VI
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1 100 at 50 100 at 75 3

100 at 50 100 at 75 4 Llo\t
100 5 ' 100 at 50 100 at 100

100 at 50 100 at 100 7 100 S@Has
100 8 100 at 25 100 at 75
100 at 50 44 at 100 10 100 a ﬂ ’F

75 11 0 at 100 at 100
100 at 25 - 90 at 75 13  .31- 100 at 10 100 at
50- . _

Example 15

Magainin 1 substitution'analogues watre preparad
in which, in one analogue, each of amino acid
residues 8, 19, and 23 was substituted with lysine,
and, in another analogue esach of amine acid residues
7, 8, 19, and 23 was substituted with lysine. %
effective growth inhibition of E. coli and §,
epidermidis in ug/ml was then messured. 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 §,
epidermidis was 100% at 12.5 pg/ml, for the analogue
in which amine acid yesidues 7, 8, 19, 23 were
substituted with lysine, the % effective growth
inhibition of E. coli was 100% at 1.25 pg/ml and the
% effective growth inhibition of §, epidermidis was
100% at 5 pg/ml.

Example 16
In this ¢xample, an analogue of Magainin I was

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

GIKKFLKKAGKFGKA

The peptide was then tested for % effective
growth inhibition of E. coli. The % effective growth
inhibition of E. ¢oli for this peptide wzs found to
be 100% at 5 pg/ml.

Example 17 _ .
In this example, an analogue of Magainin I was

prepared wherein amino acid residues 16 through 23 ..
were delated and amine acid residues 3, 8, and 10 -
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14

100 at 10
100 17
100 at 25
20

92 at 50

0 at 100 0 at 100 15

100 at 75 16 100 at 50 = 0 at
. 100 at 50 100 at 75 18

63 at 100 19 100 at 75 N A
100 at 25 55 at 100 21 |

36 at 100 22 80 at 75 0 at

100 Exanple 13 - Muiltiple-Substitution Anal ogues of

-32-

were substituted with an alanine tasidue. The

resulting peptide has the following structure:

- GIAKFLHAAARFGKA

The peptide was tested for % effective growth
inhibition of E. coli. The % effective growth
inhibition of E, coli for this peptide was found to
be 100% at 25 upg/ml.
Example 18 - Magainin Il Anslogues with Alanine
Substitutions

Magainiﬁ II and analogues wherein an alanine
residue was substituetd for various amino acid
residues of Magainin II were preparad za hereinabove
described in Example 1 and tested for 7 effective
growth inhibition of E-Coli, P.aseruginosa, and 5,
epidermidis as hereinabove described in Example 2.
The % effective growth inhibition at a concentration
in pg/ml for the alanine - substituted Magainin II
analogues is listed below in Table X.
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Anal ogues of Magainin |

Magai ni n |

wi th Lysine and/or al ani ne Resi dues

23 wer e

16, 19, and/or

91

81

were prepared wherein am no acid residues 3,
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-27 - substituted with alanine (A) or lysine (K) residues. %effective
growmh inhibition of E. coli, S. epidermdis, and/or S. aureus was tested
for each substitution anal ogue. The structure of each synthesized
substitution anal ogue as well as the %effective growh inhibition of E

coli, S. epidermdis, and S. aureus in [err]g/m are given below in Table
VI, -
-34~
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Example 19 - Magainin II Analogues with Lysine
Bubstiutions o

Magainin II analogues wherein a lysine residue
was substituted for various amino acid residues of
Magainin II where prepared and tested as hereinabove
described for % effective growth inhibition of E.
Coli, P. seruginose, and 5. epidermidis at
concantrations piven in pg/ml. The % effective
growth inhibition for each of the Lysine-substituted
analogue of Magsinin II is listed below in Table XI..
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-29- Exanmple 14 - Magainin | Anal ogues with dutamc Acid Om ssions and

Al ani ne or Lysine Substitutions Magai ni n | anal ogues were prepared
wherein amno acid residue 19 (E, or glutamc aC|d) was del eted, and either
al anine or lysine was substituted for one
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of the remaining am no acid residues in the peptide.. Al ani ne. was.
substituted for either residue 16, 10 or 8, or |lysine was substituted for
either residue 18, 8, or 7. Each of these substitution anal ogues was tested

for %effective growth inhibition of E. coli, S. epidermdis, and/or S
aureus. The structures of each peptide and the %effective growh
inhibition of E. coli, S. epidermdis, or S. aureus in [err]g/m are |isted

below in Table I X =38

Example 20 - Magainin II Peptides Containing D-Amino
Acid Regidues.

Magainin I paptides were synthesized wherein
various amino acid residues were substituted with a
D-amino 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.
aaruginosa, and S, epidermidis in pg/ml. The %
effective growth inhibition for each of the D-Amine
acid residue substituted analogues of Magainin II is
listed below in Table XII.
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Exanpl e 15 Magai nin | substitution anal ogues were prepared in which,
I n one anal ogue, each of amno acid residues 8, 19, and 23 was substituted
with lysine, and, in another anal ogue each of am no acid residues 7, 8,
19, and 23 was substituted with lysine. % effective growth inhibition of
E. coli and S. epidermdis in [err]g/m was then neasured. For the

anal ogue in which amno acid resi dues418 19, and 23

Example 21 - Mapainin II Anelogues with Glutamic Aeid |
Deletions

In this example, analoguas of Magainin II were

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

gstructure, and wherein one or more of the other amino
acid residues was substituted with an amino acid
residue diffarent from the niormal amino acid regidue,
Analogues of the following structures were then
synthesized according to the method described in

Example 1.

Analogue' Stucture

1 GIGRFLHSAKKFWRAFVGIMNS

2 GIGKFLHSAKKFLKAFVGILNS

3 GILKFLMSAXKFLKAFVGILNS

4 GILKFLHSAKKFFRAFVKILNS

5 © GIGKFLHSAKKFFKAFVFILNS

6 GIGKFLUSAKKFGRAFVGIMKS

7 GIGKFLHSAKKFGRAFVAIMKS

8 GICKFLHEAKKFGRAFVFIMNS*

9 GIGKFLHSAKKFAKAFVFIMNS

10 GIGKFLHSAKKFFRAFVFIMNS

11 GIGKFLKSARKFCKAFVFIMNS

12 GIGKFLHKARKFAKAFVFIMNS

13 GICKFLXSARKKFAKAFVEIMNS

14 GIGKFLHKAKKFFKAFVFIMNS .

15 - G1CKFLKSAKKFFKAFVFIMNS

16 GIGKFLHKAKKFARAFVFIMNK

17 GIGKFLKSAKKFAKFFVFIMNK

18 GIGKFLKKAKKFGKAFVEIMKK I —
19 GCICKFLHBAKKFGKAFVK**IMNS tcet Has Been Replaced
20 | GIGKFLHSAKKFGKAFVKIMNS “ ‘“l“ m‘ “ﬂ“‘
21 CIGKFLHKAKKFGKATVKIMNS H“\l

*D-Serine

This is the replacement sheet
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were substituted with [ysine, the %effective growth inhibition of E. coli
was 100% at 2.5 [err]g/mM and of S. epidermdis was 100% at 12.5 [err] g/ m
for the analogue in which amno acid residues 7, 8, 19, 23 were
substituted with lysine, the %effective gromh inhibition of E. coli was
100% at 1.25 [err]g/mM and the %effective growth inhibition of S,
epidermdis was 100% at 5 [err]g/m. Exanpl e 16 In this exanple,
an anal ogue of Magainin | was ~42-

*¥k.p-F moc-lysine
Each of the peptides wag then tested as hereinabove
described for 7 effective growth inhibition of E.
Coli, P.aeruginosa, and S.epidermidis in pg/ml, The
% effective growth inhibition of each of these
analogues is given in Table XIII below.
 TABLE XIII
% Effective Growth

Inhibition, Cenzentration in

priml

Analppue E, Coli P, gseruginosa §. epidermidis
1 100 at 5 100 at 5 100 at 5
-2 100 at 2.5 100 at 2.5 100 at 5

3 100 at 2.5 100 at 2.5 100 at 5

4 100 at 2.5 100 at 2.8 100 at 5

5 100 at 10 100 at 5 100 at 5

6 200 at 5 100 at 10 100 at 25

7 100 at 2.5 100 &t 5 100 at 5

8 100 at 5 100 at 5 100 at 5

9 100 a2t 5 100 at 2.3 100 at 5

10 . 100 at 5 100 at 10 100 at 5

11 100 at 5 100 at § 100 at 5

12 100 at 1.25 100 at 2.5 100 at 1.25

13 100 at 2.5 100 at 1,25 100 at 2.5

14 100 at 10 - 100 at 2,5 100 at 2.5

15 100 at 5 100 at 5 100 at 1.25 .
16 100 at 1.25 100 at.1.25 100 at 1.25

17 100 at 1.25 100 at 5 100 at 2.5

18 100 at 2.5 100 at 2.5 100 at 2.5

19 100 at 10 100 at 10 L
20 100 at 1.25 100 at 2.5 . 100 at 1,25

eet Has Been Replace

o |1
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prepared wherein am no acid residues 16 through 23 were del eted and

residues 3, 7, and 8 were substituted with lysine residues. The resulting

pepti de had the follow ng structure: G KKFLKKAGKFGKA _ The

peptide was then tested for %effective growh inhibition of E. coli. The

% effective growwh inhibition of E. coli for this peptide was found to be
100% at 5 [err]g/m.

-4 3=

Amide (NH,) - terminated Magainin IX analogues
wherein amine acid residue 19 (glutamic acid) was
deleted, and other amino acid residues were
substitued., The analogues are as follows:
Analogue 1 GICRFLRKKAKKFARAFVKIINN-NH, '
Analogue 2 GIGKFLKKAAKFARAFVKIINH-NRZ

The analogues were then tested as hereinabove
described for 7 effective growth inhibition of E,
Coli, P.gseruginesa, andls.egidermidis Analogue 1 had
% effective growth inhibitions of 100% at 1,25 pg/ml
for E. Coli, 100% at 2,5 pg/ml for P.aeruginesa, and
100% at 1.25 upg/ml for S.epidermidis Analogue 2 had
% effective growth inhibitions of 100Z at 1,25 pg/ml
for P, aeruginosa and 100% at 1.25 pg/ml for
S.epidermidis.

Example 23
Amide (NHz) -terminated analogues, which by.

virtue of their structures, may be analogues of
Magainin I or Magainin II, were synthesized wherein
aminoe acid residue 19 (glutamic acid) was deleted,
and other amino acid residues were substituted, The
analogues are as follows:
Analogue 1 GIGKFLKKAKKFGKAFVKIMKK~ NHz
Analogue 2 GIGKFLKKARKFARAFVKIMRK-NH,
Analogue 3 GIGKFLKKAKKFAKAFVRIIKK- NH2
The analogues wera then tested for % effective
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
pg/ml for S.epidermidis. Analogue 2 had % effective
growth inhibitions of 100% at 2.5 pg/ml for E.Celi,
100 at 2.5 pg/ml fox P.seru inosa, and 100% at 1.25%
pg/ml for S.epidermidis. Analogle 3 had % effective
growth inhibitions of 1007 at 1,25 pg/ml for E. Coli,
——//_ This is the reptacement sheet
eet Has Been Re ‘;ilaced :
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Exampl e 17 (conparapive) In this exanple, an anal ogue of Magainin |
was prepared wherein amno acid residues 16 through 23 were deleted and
am no acid residues 3, 8, and 10

-d g
100% at 2.5 pg/ml for P.seruginosa, and 100% at 1.25

pg/ml for S.epidermidis

Example 24
' Amide (NH ) terminated analogues of Magainxn I

were synthesized wherain at leagt amino acid rezidues
17-23 were deleted and emino acid reaidues 3, 7, and
8 were substituted with lysine residues. The
anelogues had the following structures.

analogue 1 - GIRKFLKKAGKFGK-NH,

Analogue 2 - GIRRFLKKAGKFGKAF-NH, _

The analogues were then tested for effective
growth inhibition., Analogue 1 had 7 effective growth
inhibitions of 100% at 10 pg/ml for E. Celi, 100% at
10 pg/ml for B.aeruginosa, and 100% at 10 pg/ml for
5.epidermidis. Analogue 2 had % effective growth
inhibitions of 100% of 2.5 pg/ml for E. Coli, 1007 at
5 pg/ml for P.aeruginess, and 100% at 5 pg/ml for

S.apidermidis.

Example 23
Amide (KHZ) «tarminated analogues of Magainin II

were synthesized wherein at least amino acid residues
16-23 were deleted and substitutions were made for
other residues. The analogues had the following
structures.
Analogue 1 - GIKKFLKKAKKFGKA-NHZ
Analogue 2 - GIKKFLKKARKFARA- NHZ

The analogues were then tested for effective
growth inhibition. Analogue 1 had % effective growth
inhibitions of 100% at 10 pg/ml for P.aeruginoga, and
100 at 5.0 pg/ml for S.epidermidis. Analogue 2 had %
effective grwoth inhibitions of 100% of 5 pg/ml, for
E. Coli, 100%7 at 5 pg/ml for P.serusinosa, and 1007

at 5 pg/ml for S.epidermidis.
Example 26

This is the rgptacement sheet
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-32- were substituted with an al anine residue. The resulting peptide has
the follow ng structure: G AKFLHAAAKFGKA The peptide was tested
for %effective growh inhibition of E. coli. The % ef f dbisiSheet

(T

An amide (NHZ)-terminated analegue, which by
virtue of its structure may be an ahalogue of
Magainin I or Magainin II, was synthesized wherein
amino acide 16-23 were deletad, amino acid residues
3,7, and 8 were substituted with lysine residues, and
amino acid residue 10 and 13 were substituted with
alanine residues. The analogue was of the following
structure.

GIKKFLKKAAKFAKA-NHZ

The analogue was then tested for % effective
growth inhibition. The analogue had % effective
growth inhibitions of 100% at 5 pg/ml for E. Coli,
100% at 5 pg/ml for P.aeruginosa, and 100 at 5 pg/ml
for S.epidermidis.

Example 27

Analogues of Magainin II were synthesized
wherein amine acid residue 19 (glutamic acid) was
deleted, and amino acids 1l-4, or 3,5, and 6 warze
deleted and at least one of the remaining amino acid
residues was substituted. The analogues wexe of the
fellowing structures!

Analogue.1: FLKSARKKFGKAFVGIMNS

Analogue 2: FLKSAKKFAKAFVGIMNS

Analogue 3: FLHSAKKFGKAFVFIMNS

Analogue 4! GIKHSAKKFAKAFRATMNS

The analogues were then tested for % effective growth
inhibition of E.coli, P.serupinos=a, and
S.epidermidis. The % effective growth inhibition of
each of these analoguas is given in Table XIV belaw.

= fe

TABLE XI
Analogue ) % Effective Crowth Inhibition,
o Concentration in 0g/ml
E.Coli P.asruginoss  S.epidermidis
1 100 at 25 100 at 25 100 at 50

2 100 at 10 100 at 25 100 at 50

This is the replacement sheet

oare: 14 OCT 1006



inhibition of E. col

[err]g/m .

effecti ve

for this peptide was found to be 100% at 25

Exanple 18 - Magainin |l Anal ogues with Al ani ne
Substitutions (conparative) Magai nin Il and anal ogues wherein an

al ani ne residue was substituetd for various am no acid residues of ‘Magai nin
Il were prepared as herei nabove described in Exanple 1 and tested for %

-6
3 100 at 25 100 at 25 100 at 10
4 100 at 10 100 at 25 100 at 5

Numerous modifications and varintions of the
present invention are possible in light of the above
teachings, and, tharafore, within the scope of the
accompanying c¢laims, the invention may be practiced

other than as particularly deseribed.

This Sheet Has Been Replaced

AW
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growh inhibition of E. coli, P. aeruginosa, and S. ep+dernkuia as
her ei nabove described in Exanple 2. The % effective gr edﬂm Q&%I m@& a

concentration in [err]Jg/m for the alanine - substltute
anal ogues is listed below in Table X TIII“ l“

WHAT I8 CLAIMED IS:
1. A compound comprising:

an analogue of Magainin I peptide or
Magainin 1I peptide, said Magainin I peptide or
Magainin 1@ peptide being in an amide-or
carboxy-terminated form, and wherein Magainin I is
respresented by the following structural formula
using the single letter amino acid code and the
numbers below each amino acid residue refer to the
position of the residue in the peptide:
GIGKFLHSAG K F G K A FP V 6 EI MK s
12345678 9101112 13 14 15 16 17 18 19 20 21 22 23
wherein Magainin II is represented by the following
struectural formula using the single letter amino acid
code and the numbers below each amino acid residue
refer to the position of the residue in the peptide:
GIGKFLHSAX R F @ K A F V G E I MN S
123456789% 1011 12 13 14 15 16 17 18 19 20 21 22 23
and wherein said Magainin I or Magainin II peptide is
substituted in at least one of positions 1-23, '
wherein the substituents which m2y be employed in
each of positions 1-23 are shown in the following
table:

* [ L -n s *

This is the reptacement sheet
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-33-

Residus No,
1

G N o W N

10

11
12
13

14
15
16
17
18
19

20
21
22
23

. This Sheet Has Been Replaced

IIIIIII e

-48~
Substituent

Lys,Ala

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

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

D-Lau,Lys ,Alsa,1le,Val,Met

Lys,D-His, Ala,Arg,Ile,Val,Mat
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,Ila,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~Als,Arg,His,Phe
Ala,Lys,D-Phe,Ile,Val,Met,Leu
Ala,Lys,D-Val,Trp,Arg,His,Met ,Lau
Ala,Lys,Trp,Arg,His,Leu,Met
Ala,Lys,D-Glu,CGly,Arg,His,Leu

Ile,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,Als,Thr,Gly,Leu,Ile, |
Gln,Asn

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

* c L L] S *

This is the-feplacement sheet
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substituents in each of positionsz 1-23 is.sﬁown in
the following table:

Residue No. Substituent
1 Lys,Als
2 Lys,Ala,D-1le
3 Lys,Ala,Trp
4 D-Lys,Ala
5 D~Phe,Ala,Lys,Trp
6 D-Lleu,Lys,Alz2
7 Lys,D-His,Ala
8 Ala,Lys,D-Ser,Trp
9 Lys,D-Ala,Trp
10 D-Lys,Lys
- Ala,Trp
11 D-Lys
12 D-Phe,Lys,Tzp
13- Als,Lys,Trp
14 Ala,D-Lys
15 Lys,Trp,D-Ala
16 Ala,Lys,D-Fhe
17 | Ala,Lys,D-Val,Irp
18 Ala,Lys,Trp
1% Ala,Lys,D-Glu
20 D-Ile,Ala,Lys,Trp
21 | Lys,Pro,Ala
22 Lys,Ala,D-Asn
23 p-Ser,Lys,Ala "
3. The compound of CGlaim 2 wherein the

peptide is a Magainin I peptide and wherein at least
one of amino acid zesidues §, 10, 13, 16, 18 and 19
ig spubstituted with an alanine residue,

4, The compound of Claim 2 wherein the
peptide is a Magainin I peptide and wherein amino

This is the-replacement sheet
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- 34- [err]
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acid reasidues 3, 8, 14, 19 and 23 are substituted
with alanine residues.

- 5. The compound of Claim 2 wherein the
peptide is a Magainin I peptide and four of amino
acid residues 3, 8, 16, 19 and 23 are each
substituted with an alanine vesidue, and the
remaining one of amino acid residues 3, 8, 16, 19 and
23 ig substituted with a 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
regidue, _

7. The compound of Claim 2 wherein the
peptide is & Magainin I peptide and at least one of
amino acid vesiduas 3, 7, 8, 10, 18-21, and 23 is
substituted w@th g2 lysine residue.

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 amine acid residue 16 is
subst;tuted with an alanine residue.

9. The compound of Claim 2 wehrein the
peptide 485 a Mapainin I peptide, and wherein at least
one of amino acid rasidues 2, 4, 19 or 23 is a
D-amitio acid residua.

10. The compound ¢f Claim 2 wherein the

'peptide is a Magainin I peptide and wherein at least >
one of amino acid residues 3, 5, 8, 10, 12, 13, 15,
18\3nd 20 is a protected tryptophan residue.

11, The compound of Claim 2 wherein the
peptide is & Magainin I peptide and wherein at least
one of amino acid residues 9, 13, 15, and 17 i3 an
unprotected tryptophan residue.

12. The composition of Claim 2 wherein the
peptide is a Magainin II peptide, and wherein at

=50~
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-35- Exanple 19 - Magainin Il Analogues with Lysine Substiutions
Magai nin Il anal ogues wherein a |ysine residue This SheetHasBeenRTlac

AT

least 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 II peptide and wherein at least
one of amino acid residues 1-3, 5-9, 12, 13. or 15-23

i3 a lysine residue.

14. The compound of Claim 2 whetein the
peptide is a8 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 2 D-amino acid residue.

15. & compound comprising: |

an analogue of Magainin I peptide or

Magainin II peptide, said Magainin I peptide or
Magainin II peptide being in an amide-or
carboxy-terminated form, and wherein Magainin I is
represented by the following structural formula using
the single letter amino acid code and the numbers
balow each 'amine acid residue refer to the position
of the residue in the peptide:
GIGKFLHSAG K F 6 K A F YV &6 E I HMKS
12345678910 111213 1415 16 17 18 19 20 21 22 23,
and wherein Magainin II is represented by the
following structural formula using the aingle letter
gmino acid code and the numbers below each amine acid
residue refer to the pogition of the resgidue in the
peptide:
‘¢CICEFLHSARK R P G K AFV G ETIMUNS .
12345678 9% 101112 13 14 15 16 17 18 19 20 21 22 23,
and wherein at least one of amino acid regidues 15-23
is omitted, and wherein said Magainin I or Magainin
II peptide is substituted in at least one of the
remaining positions 1-23, wherein the substituents
which may be employed in each of positions 1-23 are
shown in the following table:

: =51
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was substituted for various am no acid residues of_mhgaknkn—%%—mhere-—
prepared and tested as herei nabove described for @6 QEL ced
inhibition of E. Coli. P. aeruginosa, and S. epider mﬁeﬁhﬁ‘ %}ﬁ rations

given in [err]g/m. The %effective growth inhibition

Lysi ne-substituted anal ogue of Magainin Il is |listed I
_52_

1 Lys,Ala

2 Lys,Ala, D-lle,Arg,Leu,Val,His Met

3 Lys,Ala,Trp,Arg,His

4 D-Lys,Ala,Arg,His

5 D-Phe,Ala,Lys,Trp,Leu,Ile,Val,Met

6 D-Leu,Lys,Ala,Ile,Val,Mat

7 Lys,D-Ris,Ala;Arg,Ile,Val Mat

8 Ala,Lys,D-Ser,Trp,Met,1le,Arg,His,
Thr,Let,Val

9 - Lys,D-Ala,Trp,Arg,His,Leyu,1le,Val

10 D-Lys,Lys, '
Ala,Trp,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,Lau,
Ile,Val

14 Ala,D-Lys,Arg,His

15 Lys,Trp,D-Ala,Axrg,His,Phe

16 Ala,Lys,D-Phe,Ila,Val, Met,Leu

17 Als,Lys,D-Val,Trp,Arg,His,Met,Leu

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

19 Ale,Lys,D-Glu,Gly,Arg,His,Leu
1le,Phe,Asn

20 D-1le,Ala,Lys,Trp,Leu,Phe,vVal, Mat

21 ~ Lys,Pro,Ala,His,Leu,Arg,Ile,Phe :

22 Lys,Ala,D-Asn,Gln,Arg,His *

23 D-Ser,Lys,Ala,Thr,Gly,Leu,Tle,
Gln,Asn

16. The compound of Claim 15 wherein said
Magainin I or Magsinin II peptide is substituted in
at least one of the remaining positions 1-23, wherein

This is the replacement sheet
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each of the substituents in each of positiens 1-23 is
shown in the folleowing table:

Residue No.

1

WO O N o s N

Pt
o

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

17,

Substituent
Lys,Als
Lys,Ala.D-Ile
Lys,Ala,Trp
D-Lys,Ala
D-Phe,Ala,Lys,Trp
D-Leu,lys,Ala
Lys,D-His,Ala
Ala,Lys ,D-Ser,Trp
Lys,D-Als,Trp
D-Lys,Lys,
Ala,Trp

D-Lys
D-Phe,Lys,Trp
Ala,Lys,Izp
Ala,D-Lys
Lys,Txp,D-Ale
Ala,Lys,D-Phe
Ala,Lys,D-Val,Trp
Ala,Lys,Trp
Ala,Lys,D-Glu
D-Ile,Ala,Lys,Trp
Lys,Pro Alsa
Lys,Ala,D-Asn
D-Ser,Lys,Ala

The compound of Claim 16 wherein the

peptide is a Magainin I peptide, and amino acid
 rogidues 16-23 are deleted and amine acid residues 3,
8 and 10 are substituted with an alanine residue,

18,

The compound of Claim 16 wherein the

peptide is & Magainin I peptide, and wherein amino
acid residue 19 is deleted.

—/

| ) O A 1 oas:

This is the replacement sheet
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19. The compound of Claim 18 wherein amino
acid regidues 5, 8, 9 and 16 are each substituted
with a2 lysine residue; amino acid residue 21 is
gubstituted with a leucine rasidue, and amino acid
regidues 18 and 23 are each substituted with an
alanine residue. :

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

21. The compound of Claim 20 wherein amino
acid residues 5, 10, 18, and 19 are each substituted
with a8 lysine residue; amino acid 7 is substituted
with a phenylalanine residue, and amino acid residue
22 ig substituted with an alanine residue.

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

23, The compound ef Claim 22 wherein said
analogue of Magainin I ar Magainin II peptide is
saelected from the group consisting of:

GIKKFLKKAGKFGK-NHZ
GIKKFLKRAGKFGKAF-NH, |
GIKKFLKKAKKFGKA-NHZ;
GIKKFLKKAKKFAKA-NHZ; and
GIKKFLKKAAKFAKA-NHZ '

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

Residue No. Substituent

~-54-

3 Leu
7 Lys
8 . Lys,Ala

This is the fepiacement sheet
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w55
10 Ala,Lys
13 Trp,Phe,Leu,Ala
15 ~ Phe
16 Ala
18 . Lys,Ala,Phe
21 . Lys,Ilé
22 Lys
23 Lys,D-Ser.

25. 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 consistiné of:

. GIGKFLHSARKFGKAFVGIMKS '

GIGKFLHSAXKFGRAFVAIMKS
GIGKFLHSAKRFGRAFVYFIMNS*, wherain
S* i3 D-serine;
GIGKFLHSARKFFKAFVFIMNS;
GIGRFLKSARKFGRAFVFIMNS ;
GIGKFLHKARKFARAFVFIMNS ;
GIGKFLKSAKRFAKAFVFIMNS;
GIGRFLHKAKKFAKAFVFIMNK

" GIGKFLKKAKKFGKAFVFIMKK; and

GIGKFLHSAKKFGKAFVK **IMNS, wherain
K¥* ig E-F-moc-lysine.

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

28, The compound of Claim 27 wherein the
peptide is a Magainin Il .peptide.

29, The compound of Claim 15 wherein the
peptide is salected £rom the group consisting of:

FLHSAKKFGKATVEIMNS
GIKHSARKFAKAFRAIMNS
FLKSAKKFGRAFVGIMNS

TS
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‘ FLKSAKKFAKAFVGIMNS
' 30. A process comprising:
administering to a host an effective
anti-microbial amount of the compound of Claim 1.
31. A process, comprizing: .
administering to a host an effective
anti-viral amount of the compound of Claim 1.
32. A process, comprising!
administering to & hoest an effective
anti-~tumor amount of the compound of Claim i.
33. A process, comprising!
administering to a host an effective
spermicidal 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 host an effective
gnti-viral amount of the compound of Claim 15.
36, A process, comprising:
o administering to a host an effective
anti-tumor smount of the compound of Claim 15.
' 37, A process, comprising:
administering to a host an effective
spermicidal amount of the compound of Claim 13.
38, The compound of Claim 24 wherein
said analogue of Magainin I or Magainin II N
peptide is represented by the following structural
formula using the single letter amino acid code:
GIGKFLERAKKFGRAFVRIMER «NH 2
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-38- Exanmple 20 - Magainin Il Peptides Containing D-Am no Acid Residues
(conparative) Magai nin || peptides were synthesized wherein various
am no acid residues were substituted with a D-amno acid residue, whose
structure corresponded to to that of the residue originally present in

Magainin Il1. Each of these Magainin |l peptide anal ogues was then tested as
her ei nabove descri bed

ABSTRACT
SUBSTITUTION ANALOGUES OF MAGAININ PEPTIDES

A compound comprising a Magainiﬁ I or Magainin II peptide wherein at
least one substitution may be made for certain amino acid residues with other
amino acid residues, said peptides known as substitution analogues. In addition to
such substitutions, there may be included within the scope of the invention
analogues wherein at least one of amino acid residues 15 and 23 may have been
deleted as well, and wherein substitutions were made in the remaining peptide
chain. Certain substitution analogues within the scope of the present invention

have been shown to possess increased biological activity.
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SUBSTITUTION ANALOGUES OF
MAGAININ PEPTIDES
This invention relates to a class of
biologically active peptides known as magainins. More

particularly, this invention relates to analogues of

‘magainin peptides wherein at least one amino acid

residue in the peptide has been subsgtituted With
another amino acid residue, with said analogues being
commonly referred to as "substitution analoguéé".

H-C Chen et al., FEBS Letters, 236(2),
466 (1988) disclose a limited range of substitution
analogues of Magainin II (mostly involving alanine
gubstitutions at residues 8, 13 and 18), with improved
J.H. Cuervo et al., Peptide
Research, 1(2), 81-86 (1988) disclose amino acid
omission analogues of Magainin I and Magainin II.

In accordance with the present invention,
there is provided a compound comprising an analogue of
Magainin I peptide or Magainin II peptide. The _ ~
Magainin I or Magainin II peptide is in an amide or
carboxy terminated form.

462-

Magainin I is represented by
the following structural formula using the single
letter amino acid code and the numbers below each amino
acid residue refer to the position of the residue in
the peptide:

This is the replacement sheet
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-2-

GIGKFLHSAG X F G KA F V G E I M K S
123456 783 1011 12 13 14 15 16 17 18 19 20 21 22 23
Magainin II is represented by the following structural
formula using the single letter amino acid code and the
numbers below each amino acid residue refer to the
position of the residue in the peptide:
GIGKFLHSAK K F G K A F V G E i M N S
123456 789 10 11 12 13 14 15 16 17 18 19 20 21 22 23
In the analogues of the present invention,
any of amino acid residues 15-23 of Magainin I peptide

" or Magainin II peptide is optionally omitted, and one

to seven of the remaining amino acid residues of said -
Magainin peptide is substituted by another amiho acid
residue, at least one of amino acid residues 3, 7, 8,

10, 18-21 and 23 (in the case of Magainin I) or at

least one of amino acid residues 1-3, 5-8, 12, 13 and
15-23 (in the case of Magainin II) being substituted by
Lys and any further substitutions being as shown in the
following table, provided that residue 18 may be
substituted.by Phe only if one of residues 15-17 or 19-
23 is omitted.

This is the replacement sheet -
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Residue No. Substituent
1 Lys, Ala

2 Lys, Ala, D-Ile, Arg, Leu, Val, His, Met

3 Lys, Ala, Trp, Arg, His

4 D-Lys, Ala, Arg, His

5 " D-Phe, Ala, Lys, Trp, Leu, Ile, Val, Met

6 D-Leu, Lys, Ala, Ile, Val, Met

7 Lys, D-His, Ala, Arg, Ile, Val, Met ‘

8 Ala, Lys, D-Ser, Trp, Met, Ile, Arg, His,
Thr, Leu, Val '

9 Lys, D-aAla, Trp, Arg, His, Leu, Ile, Val

10 D-Lys, Lys Ala, Trp, 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,
Ile, Val

14 Ala, D-Lys, Arg, His _

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

) 16 Ala, Lys, D-Phe, Ile, Val, Met, Leu

17 Ala, Lys, D-Val, Trp, Arg, His, Met, Leu

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

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

20 D~Ile, Ala, Lys -

21 Lys, Pro, Ala, His, Leu, Arg, Ile, Phe

22 Lys, Ala, D-Asn, Gln, Arg, His

23 D-Ser, Lys, Ala, Thr, Gly, Leu, Ile,
Gln, Asn

This is the replacement shest
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It is to be understood that for purposes of
the present invention, the tryptophan residues may be
protected with a formyl group or be unprotected. The
phenylalanine residues, whether such residue is present
in its normal position, or employed as a’ substitution
residue, may be a normal phenylalanine residue or an
iodinated phenylalanine residue.

In accordance with one embodiment, aé least
one of amino acid residues 3, 7, 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 Magainin I

are each substituted with a lysine residue and amino -
acid residue 16 is substituted with an alanine residue.

In accordance with another embodiment, at
least one of amino acid residues 1-3, 5-8, 12, 13 and
15-23 of Magainin II .is a lysine residue.

In accordance with yet another embodiment,
amino acid residue 19 of Magainin I 'is deleted, and
amino acid residues 5, 8, 9 and 16 are each substituted
with a lysine residue, amino acid residue 21 is
substituted with a leucine residue, and amino acid
residues 18 and 23 are substituted with an alanine
residue.
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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 or 15-23 are deleted, and
amino acid residues 3, 7, and 8 are each substituted
with a lysine residue, and optionally amino acid
residue 13 and/or amino acid residue 10 is substituted
with an alanine residue. Preferred peptides are'as
follows: '

GIKKFLKKAGKFGK~NH,

GIKKFLKKAGKFGKAF-NH,

GIKKFLKKAKKFGKA-~NH,

GIKKFLKKAKKFAKA-NH, . .

GIKKFLKKAAKFAKA-NH, )
Preliminary studies indicate that the above-mentioned
preferred peptides possess low hemolytic activity.

This is the replacement sheet
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-41- Exanple 21 - Magainin Il Anal ogues with Gutamc Acid Del etions

In this exanple, anal ogt of Magainin Il were synth®msized, said anal ogues
havi ng am no acid residue’ 19 (glutam c acid) del et ed f rom t he pepti de
structure, and wherein one or nore of the other amno acid residues was
substituted wwth an amno acid residue different fromthe nornmal amno acid
resi due. ~6-

In accordance with a further embodiment,
amino acid residue 21 of Magainin I may be deleted, and
amino acid residues 5, 10, 18 and 19 are each
substituted with a lysine residue, amino acid residue 7
is substituted with a phenylalanine residue, and amino
‘acid residue 22 is substituted with an alanine residue.

In accordance with another embodiment, in
carboxy or amide terminated (preferably amide '
terminated) Magainin I or Magainin II (preferably
Magainin II) analogues of the invention as defined
before, 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 amino acid as -
follows:

This is the raplacement sheet
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Anal ogues of the follow ng structures were then synthesized according to
the nmet hod described in anple 1. Anal ogue -~ Stucture 1

G GKFLHSAKKFWKAFVGE MNS ( cOnpar ative) 2 J

G GKFLHSAKKFLKAFVAE LNS (conparative) 3

G LKFLHSAKKFLKAFVGE LNS (conparative) 4

G LKFLHSAKKFFKAFVKI LNS 5 -+ GKFLHSAKKFFKAFVFI LNS
(conparative) 6 . G GKFLHSAKKFGKAFVAE MKS
Residue number Substituent
3 : Lys
7 Lys
8 Lys, Ala
10 _ Lys, Ala
13 Trp, Leu, Phe, Ala
is5 : Phe '
16 Ala
is8 Lys, Ala, Phe
21 Lys, Ile '
22 Lys
23 Lys, D-Ser . -
Representative peptides are disclosed in Examples 14
and 21-23. "
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7 G GKFLHSAKKFGKAFVAI MKS 8

G GKFLHSAKKFGKAFVFI MNS* tconpar ative) 9 o~

G GKFLHSAKKFAKAFVFI MNS (.f:onpar ative) 10 i

G GKFLHSAKKFFKAFVFI MNS  (conparative) 11

G GKFLKSAKKFGKAFVFI MNS 12 G GKFLHKAKKFAKAFVFI MNS 13
G GKFLKSAKKFAKAFVFI WNS 14 : - & GKFLHKAKKFFKAFVFI MNS 15
G GKFLKSAKKFFKAFVFI MNS 16 G GKFLHKAKKFAKAFVFI MNK 17

G GKFLKSAKKFAKFFVFI MNK 18 In a preferred emhgdHmauikkideap@ntide is a
Magainin II peptide, and the substitution analogue

wherein amino acid residue 19 is deleted is selected
from the class consisting of the following substitution
analogues:
GIGKFLHSAKKFGKAFVGIMKS ;
GIGKFLHSAKKFGKAFVAIMKS;
GIGKFLKSAKKFGKAFVFIMNS;
GIGKFLHKAKKFAKAFVFIMNS;
GIGKFLKSAKKFAKAFVFIMNS ;
GIGKFLHKAKKFAKAFVFIMNK;
GIGKFLKKAKKFGKAFVFIMKK; and
GIGKFLHSAKKFGKAFVK**IMNS; -
wherein K** ig e¢-F-moc-lysine. _
Preliminary studies indicate that these preferred
analogues possess low hemolytic activity.
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19 _ G GKFLHSAKKFGKAFVK* * | MNS 20 .
A GKFLHSAKKFGKAFVKI MNS 21~ G GKFLHKAKKEGKAFVKI MNS * D- Ser i ne:

Applicants have found that when employing the
substitution analogues of Hagainin I or Magainin II
as hereinabove described, such peptides display
biological activity equai.éb or greater. than the
parent Magainin I or Magainin II peptide. - Such
peptides are referred to as "successful substitution
analogues

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 employed to
inhibit, prevent or destroy the growth or
proliferatzon of microbes, such as bacteria, fungi

" viruses or the like. ‘Similarly, such compounds can
be employed as an anti-viral composition to-inhibit,
prevent or destroy the growth or proliferation of
viruses.

As used herein, the term “substitution
analogue"” includes magainin peptides in which at
least one amino acid residue of the peptide structure
has been substituted with s different amino acid
residue, as well as magainin peptides in which, in
gsddition to the above-mentioned substitution(s),-also

- 2have had at least one of amino acid residues 15- 23

- omitted from the peptide sequence. The term alse
includes magainin peptides having D-amino acid or
iodinated phenylalanine residues which have been
substituted into the peptide sequence.

'Such compounds can also be employed as a
spermicide to inhibit; pge?ent or &estroy the
motility of sperm.

Such compounds can also be employed as _
anti-tumor agents to inhibit the growth of or destroy

tumors.
This is the reptacement sheet
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-42- **-[err]-F noc-lysine Each of the peptides was then tested as

her ei nabove described for~% effective growh inhibitign of E. coli, P
aer ugi nosa, and S. epidernﬁdis in [err]g/m. The %effective growh
i nhibition of each of these analogues is given in Table Xl |1 bel ow
TABLE Xl I | % Effective G owh

_10_

The compounds have a broad range of potent
antibiotic activity against a plurality of
microorganisms, including Gram-positive and
Gram-negative 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 as preservatives
or sterilants for materials susceptible to microbial
-contamination. 1In vitro activity against bacteria is
exemplified hereinafter in Examples 3-27.

-In general, a substitution analogue of the -
Hagainin I'or Magainin II peptide is 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 a concentration of from about 0.5%
to sbout 5%. '

The compoénds comprising the substitution
.analogues of Maéainin I or Magainin II, in aécord;nce
with the present invention, can be employed for
treating a wide variety of hosts. 1In accordance with
a prefe?red embodiment, a host can be an animal, apd.
such animal can be a human or non-human animal. ~

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 nen-toxic
pharmaceutical carrier or vehicle such as a filler,
non-toxic buffer, or physiological saline solution.
Such pharmaceutical compositions can be used
topically or systemically and can be in any suitable
form such &s a liquid, solid, semi-solid, injectable
solutions, tablet, ointment, lotion, paste, capsule
or the like. The compounds comprising the

This is the replacement sheet -
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I nhi bition, Concentration in [err]g/m Anal ogue E

col i P. aerugi nosa -~S. epldern1d|s 1 10Q at 5 100 at 5
100 at 5 2 100 at 2.5 100 at 2.5 100 at -5 3 100 at 2.5
100 at 2.5 100 at 5 4 100 at 2.5 100 at 2.5 100 at 5 5
100 at 10 100 at 5 100 at 5 6 100 at 5 100 at 10
100 at 25 7 100 at 2.5 100 at 5 100 at 25

-11-

substitution analogues of Magainin I or Magainin II
can also be used in combination with adjuvants,
protease inhibitors, or cempatible drugs where such a
combination is seen to be desirable or advantageous
in controlling infection caused by harmful
microorganisms including protozoa, viruses, and the
like.
The compounds éomprising the substitution
analogues of Magainin I or Magainin II 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 well as the
substitution analogues of the Magainin I and Magainin
-~ II peptides of the present invention, (both amide-
and carboxy-términated 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 peptides described herexn were prepared by
the method of simultaneous multiple peptide synthes:s
- (SMPS). This method is described in detail in -
‘Houghten, R.A., "General Method for the. Rapid
- Solid-Phase Synthesis of Large Numbers of Peptides:
| Specificity of Antigen-Antibody Interaction at Ehe
Level of Individual Amino Acids,” Proc. Natl. Acad.
Sei., U.S.A., Vol, 82, pgs. 5131-5135 (1985), and in
Houghten, R.A., et al. "Simultaneous Mul;iple Peptide
Synthesis; The Rapid Prepdaration of Large Numbers of
Discrete Peptides for Biological, Immunological, and
Methodological Studies," Peptide Chemistry, pgs.
295-298 (1987).
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2.5

100 at 5
100 at 1.
at 10
100 at 1.
at 1.25
100 at 2.

100 at 5 100 at 5 100 at 5 9 100 at 5 100 at
100 at 5 10 -~ .100 at 5 100 at 10 - 100 at 5 11

100 at 5 A 100 at 5 12 100 at- 1.25 100 at 2.5
25 13 100 at 2.5. 100 at 1.25 100 at 2.5 14 100
100 at 2.5 . 100 at 2.5 15 100 at 5 100 at 5
25 16 100 at 1.25 100 at.1.25 100 at’ 1.25 17 100 -
100 at 5 100 at 2.5 18 100 at 2.5 100 at 2.5
5 19 100 at 10 _12100 at 10 100 at 5 :

For purposes 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 residue(s)
were deleted.

For purposes of comparison, a complete Magainin
I or Magainin II peptide can also be prepared by the
SMPS method. It is also contemplated within the
scope of the present invention that substitution
'analogges which have one or more amino acid
residue(s) omitted from the Magainin I or Magainin II
structure can also be prepared by the SMPS method.

The invention wi}l now be described with’
respect to the following examples, however, tﬁe Scope
of the present invention is not intended to be
limited thereby. '

‘Example 1 - Peptide Synthesis : _
Peptide-syntheéis of Magainin I and the -

substitution analogues of Magainin I, was

accomplished by using the strategy of simultanéoué ” ;
multiple peptide synthesis. All solvents and | ‘
reagents were of analytical grade and were used o
without. further purification. Standard
N-t-Boc-protected amino acids were employed in the
synthesis. The side chain functionalitiés used were
benzyl (Ser, Glu), 2-Cl-Z (Lys)(Z=benzyloxycarbonyl), .
Ni®. pyp (His), and sulfoxide (Met). Peptide
" synthesis was performed beginning with 100 mg of -
either Boc-amino acids-Pam resin to .produce

C-terminal carboxyl pgptiae.(PAM purchased from

Applied Biosystems, substitution 0.56 meq/gm is. an
amino acyl -4~ [oxymethyl] phenylacetic acid '
derivative of amino polystyrene) or

methylbenzhydrylamine (MBHA) resin
' This is the replacement sheet



20 100 at 1.25 100 at 2.5 - 100 at 1.25 21 100 at 1.25 100
at 5 100 at 2.5 - : :

RN

~13-

(substitution-0.65meq/gm) per resin packet to produce
C-terminal amide peptide.
After synthesis, completely protected peptide
.resins were treated th;ee:times with 0.5 M thiophenol
in DMF to remove the Nlm-Tdinitrophenyl group from
Histidine. The final_Boc-group was removed with TFA
to avoid t-butylation of methionyl residues duriﬁg
final HF treatment. Cleavage was performed using the
Low-High HF procedure. Tam, et al. J. Am. Chem. Soc.
. Vol. 105, P. 6442 (1983). For peptides synthesized .
on Pam resin, the low-HF was carried out without
removing the resin from the packet, using a multiple
vessel HF apparatus for 2 hrs..at 0°C. _For peptides
prepared using MBHA resin, the low HF procedure was
perfoiﬁed in a common reaction vessel for 2 hrs. at
o°c. For Pam -resin -peptides, the low-HF mixture was
evacuated from the 24 indivi&ual reaction vessels by
a water aspirator foildweﬂ by-a mechanical pump. The
low-HF reaction vessel containing the bags with MBHA
resin was emptied of the lpw-aFfmixture by pouring
"off the ‘liquid into a waste container. The bags were
washed immediately with cold ether followed by
alternating washes of CH,Cl,, DMF, CH,Cl,, IPA, _ _
. CH,Cl,. The packets were then dried and put inté
individual tubes of the 24 vessel HF apparatus with -
.0.7 ml of anisole as scavenger. The high-HF was
performed by condensing drj.h&drogen fluoride 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 a strong flow of nitrogen. Finally, residual
.carbonium ion scavengers;wére removed by washing with
dry ether.
The crude peptides were subsequently extracted
with 10%Z acetic acid and subjected to RP-HPLC on an
analytical reversed phase column (Vidac ODS 25 cm x
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-43- Exanple 22 Amde (NHerr]) - term nated Magainin Il anal ogues _
wherein amno acid residue 19 (glutamc acid) was dereted, and other am no
aci d residues were substitued. The analogues are as fbllows: Anal ogue 1
G CKFLKKAKKFAKAFVKI | NN- NH[ err] Anal ogue 2 G GKFLKKAAKFAKAFVKI | NN- NH[ er r ]
The anal ogues were then tested as hereinabove described for %effective
growm h inhibition of E.

- 14-
4.6 mm), using a Beckman-Altek model 421 HPLC system
and two model 110A pumps. The solvent system was
composed of buffer A, 0.05% TFA/HZO, and buffer B,
0.05% TFA/CH CN with a2 flow rate of 1.0 ml/min. The
peptides were detected at 215 nm using a Hitachi
100-20 spectrophotometer. ‘
Purification of the peptides was accomplished

by reverse - phase HPLC on a Vidac C18 (22 mm x

25cm), 10 pm packing column with an eluting gradient
. composed of CH,CN and 0.05Z TFA. Amino acid analysis
was carried out on a Beckman 6300 analyzer following

"+ hydrolysis of the peptides in constant (boiling) 6 N = -

“HC1 at 110°C for 24 hr., and such analysis was: within
+107% of theory )

Examgle'z - Antimicrobial Assays
Antimicrobial assays were carried out in %96 -

well tissue culture plates.. Each wéll was incubated
with a given microorganism (Escherichia coli, _ '
Staphyvlococcus epidermidis, Staphylococgus aureus, or
Pseudomonas aeruglnowa) suspended in LB medium
(Examples 3-17), or TSB medium (Examples 18-27). Upon
Zthe addition of Magainin I or its substitution - _ _

' ?:analogues, (dlssolved in 1 X PBS, pH 7.0) each well
contained a final cell density of 1.0 x 10° colony
forming_unzts (CFU)/ml. The final 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
pg/ml, and 1.25 pg/ml.

Addition of peptides to the wells was defined
as time zero. At six hotits, the plates were placed
in a T;tertek Multiskan apparatus and the O‘D'GZO
determined. The plates as well as the initial
innoculum were incubated at 37°c.

This is the reptacement sheet
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colt, P.-aeruginosa, and S. epidermdi.s. Anal ogue 1 had % effective growth
i nhibitions of 100%at 1.25 [err]g/m for E. coli, 100%at 2.5 [err]g/ni
for P. aeruginosa, and 100% at 1.25 [err]g/m for S. epidernidis. Anal ogue
2 had ~ effective growth inhibitions of 100% at 1.25. [err]g/m for P
aerugi nosa and 100% at 1.25 [err]g/m for S. epidermdis. Exanple 23

Am de (NH err]) -term nated anal ogues, which by virtue of their structures,
may be anal ogues of Magainin | or_ Mgainin |Il, were synthesized wherein

am no acid residue 19 (glutamc é&?ﬁ) was del et ed,

Five wells per plate contained media alone,
while five others contained medium plus cells. These
controls were used to eliminate the pogsibility of
media contamination while providing a measure of
uninhibited growth of the microorganisms.

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

Example 3 - Magainin I analogues with alanine -
subséitutions'(cqmpafaﬂi#é)

Magainin I and analogues wherein an alanine
residue was substituted for various amino acid
residues of Magainin I were prepared as hereinabove
described:in Example 1 aﬁd tested for Z effective

- growth_inhibition of E. coli at a concentration given
in pg/ml as hereianbove aesgribed in Example 2. The‘
% effective growth -inhibition-at a concentration in
pg/ml for the élanine;substitpﬁéd Magainin 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
-pepgiﬂe which is substituted with a desired amino
acid residue. All other residues in the peptide
_remain the same as that of the normal peptide
sequence. For purpoées of explanation of the term "%
effective growth inhibition," a value of "100 at 25",
for example, indicates 1007 effective growth
inhibition at a concentration of 25 pg/ml.
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and other amno acid residues were substituted. The anal ogues are as
follows: Anal ogue 1 G GKFEKKAKKFGKAFVKI MKK-NH err] Anal ogue 2

G GKFLKKAKKFAKAFVKI MKK- NH[ érr] Anal ogue 3 G GKFLKKAKKFAKAFVKI | KK- NH[ er r]
The anal ogues were' then tested for % effective growth inhibition. Anal ogue
1 had % effective growh inhibitions of 100% at 1.25 [err]g/m for E.coli,
100% at 2.5 [err]Jg/m for P. aeruginosa, and 100% at 1.25 [err]g/m for S
epi derm dis. Anal ogue 2 had % effqgtive growth inhibitions of 100% at 2.5

[err]g/m for E coli, 100 at 2.5 [err]g/m for P. aeruginosa, and 100% at
1.25 Table 1 - Alanine-Substituted Magainin I Analogues
Amino Acid % Effective Growth Inhibition
Residue Substituted Concentration in pg/ml
None (Magainin I) 100 at 25
23 100 at 10 '
22 100 at 50
21 100 at 50
20 : 100 at 50
19 ' 100 at S
. 18 : 100 at 25 _ .

17 100 at 75
16 100 at 25
14 100 at 100
13 : 100 at 25
12 100 at 50
11 0 at 100
10 . 100 at 25

B 8 ) 100 at 5
7 100 at 75
6 0 at-100
5 0 at 100 _
4 0 at 100 -
3 100 at 75
2 100 at 100
1

100 at 100 -

Magainin I analogues were also prepared wherein
amino acid residues 19, 16, or 8, respectively, were
substituted with alanine residues, and such
subgtitution analogues were tested for 7 effective

_.growth inhibition of S. epidermidis and/or S. gureus
as compared to Magainin I without any substitutions.
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[err]g/mM for S. epidermdis. Anal ogue 3 had % effective growth inhibitions
of 100% at 1.25 [err]g/ mfor E coli, -~ -

-17-
Magainin I had a % effective growth inhibition of
S. epidermidis of 100% at 25pg/ml and of S. aureus of
80% at 100 pg/ml. The %Z effective growth inhibition
of S. epidermidis for the substitution analogue of
Magainin I wherein amino acid residue 19 was
substituted with alanine was 100% at 25 pg/ml, and
for the substitution analogue of Magainin I wherein
amino acid residue 16 was substituted with an alénine
residue was 757 at 100 pg/ml. The 7 effective growth
inhibition of §. aureus for the substitution analogue
of Magainin I wherein amino acid residue 19 was
‘substituted with alanine was 1007 at 25 pg/ml, and
for the substitution analogue of Magainin I wherein -
amino acid residue 8 was substituted with alanine was
100% at 50 pg/ml. '

Example 4 - Magainin I analogues with

Proline Substitutions (comparative)
Magainin I analogues wherein a proline residue
was substituted for various amino ac¢id residues -of
- Magainin I were prébared and tested as hereinabove
described for % effective growth inhibition of E.
coli at a concentration given in pg/ml. The %.
effective growth inhibition for each of the
proline-substituted analogues of Magainin I is listed
.below in Table II. '
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-44- 100% at 2.5 [err]g/m for P. aeruginosa, and 100% at 1.25 [err]g/m
for S. epidermdis. Exanpks 24 - Amide (NH err])_.term nated anal ogues
of Magainin | were synthesized wherein at |east am nojacid residues 17-23
were del eted and am no acid residues 3, 7, and 8 were substituted with

| ysine resi dues. The anal ogues had the follow ng structures. Analogue 1 -
G KKFLKKAGKFGK- NH[ err ] -18-

Table IJ - Proline-Substituted Magainin I Analogues:

Amino Acid % Effective Growth Inhibition
Residue Substituted ' Concentration in pug/mil

22 0 at 100

21 ' 100 at 25 ,

20 ' 100 at 100

19 : 100 at 50

18 - 100 at 75

17 - 0 at 100

16 0 at 100

15 - | 50 st 100 )

-19 . o 0 at 100

13 _ 100 at 100

12 _ . 0 at 100

11 - 0 at 100

10 ' ' 0 at 100

9 100 at 100

8 100 at 75

7 0 at 100

[3 0 at 100

4 0 at 100 d

3 100 at 75 -

2 0 at 100 -

1l 100 at 100

Example 5 - Lysine-Substituted Magainin.l Analogues

Magainin I analogues wherein a lysine residue
was substituted for various amino acid residues of
Magainin I wefg prepared and tested as hereinabove
described for % effective growth inhibition of E. coli
at a concentration given in pg/ml. The % effective
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Anal ogue 2 - G KKFLKKAGKFGKAF- NH[ er r ] - The anal ogues were then tested
for effective growth inhNbition. Analogue 1 had %-e{fective growth

i nhibitions of 100% at 10 Terr]g/m for E. coli, 100%at 10 pg/m for P.
aer ugi nosa, and 100% at 10 [err}g/m for S. epidermdis. Anal ogue 2 had %
effective growmh inhibitions of 100% of 2.5 [err]g/m for E. coli, 100% at
5 [err]g/m for P. aeruginosa, and 100% at 5 [err]g/m for S. epidermdis.
Exanpl e 25 Amide (NH err])-term nated anal ogues of Magainin Il were
synt hesi zed wherein at |east am & acid residues

growth inhibition of each lysine-substituted analogue
of Magainin I is given below in Table III.

Table III -~ Lysine-Substituted Analogues of Magainin I

Amino Acid S % Effective Growth Inhibition
Residue Substituted Concentration in pg/ml -
23 100 at 5
21 ' 100 at 25
20 100 at 25
© 19 . 100 at 2.5 B
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 _
g* 100 at 100
8 ' 100 at .5
7 100 at 5 !
6 * _ 0 at 100 - Tl
5% 0 at 100 -
3 ' 100 at 25
2% : 100 at 100
1* 100 at 50

*cbmparative example

Magainin I analogues wherein amino acid residues
23, 19, 8, or 7, respectively, were substituted with
a lysine residue were tested for % effective growth
inhibition of §. epidermidis and/or S. aureus. The
substitution analogue of Magainin I wherein amino
acid residue 23 was substituted with a lysine residue
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16-23 were del eted and substitutions were nade for other residues. The
anal ogues had the follow.ag structures. Analogue 1 _-

A KKFLKKAKKFGKA- NH err] * Amal ogue 2 - d KKFLKKAKKFAKAA)\IH[ err] The
anal ogues were then tested-for effective growth inhibition. Anal ogue 1 had
% effective growth inhibitions of 100% at 10 [err]g/m for P.

aerugi nosa,and 100 at 5.0 [err]g/m for S. epidermdis. Analogue 2 had %
effective grwoth inhibitions of ¥@0% of 5 [err]g/m, for E. <coli, 100% at

5 pg/m for P. aeruginosa and 100% at 5 [err]g/m for S. epldern1d|s
had a 7 effective growth inhibition of S. aureus of

30%Z at 100 pg/ml. The substitution analogue of
Magainin I wherein amino acid residue 19 was
substituted with a lysine residue had a ¥ effective
growth inhibition of S. egidermidls of 1007 at 25
ug/ml, and of S. aureus of 507 at 100 pug/ml. The
auﬁs_i:‘:i:t‘ﬁt‘ioti‘ ariglogue of Magainin I wherein amino
acid residue 8 was substituted with a lysine residue
had a Z effective growth inhibition of S. aureus of
70% 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
pg/ml, and of S. aureus of 100% at 50 pg/ml. g

Example- 6 - Glutamic Acid-Substituted’

Magainin I Analogues (comparative)
. Magainin I analogues wherein a glutamic acid

residue was substituted for various aminc acid
residues of Magainin I were prepared and tested for %
effective growth inhibition of E. coli according to
the methods hereinabove described. The % effective
growth inhibition for each glutamic acid-substituted
Magainin I analogue is described below in Table Iv.-
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Exanpl e 26

-21-

-45-

Table IV Glutamic Acid-Substituted Analogues of Magainip I

Amino Acid

Residue Substituted

22
21
20
18
17
16
. 15
14
13

Example 7 - Magainin I peptides containing

D-amzno acid residues (comparative)

% Effective Growth Inhibition

Concentration in pg/ml

0 at 100
100 at 75
0 at 100
100 at 75
0 at 100
at 100
at 100
at 100
at 100
at 100
at 100
100 at 75
0 at 100
100 at 75
32 at 100
0 at 100

0 O O O O o

Magainin I peptides were synthesized wherexn in
each peptide one of amino acid residues 23, 19, 17,
16, 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 E. coli

in pg/ml.

The 7 effective growth inhibition for each

of the D-amino acid residue-subsituted analogues of
Magainin I is listed below in Table V.
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An am de (NH err])-term nated anal ogue, which by-virtue of its structure
may be an anal ogue of Magarwin | or Magainin-1l, was synthesized wherein

am no acids 16-23 were del efed, am no acid residues 3,7; and 8 were
substituted with lysine residues, and am no acid residue 10 and 13 were
substituted wth al ani ne residues. The anal ogue was of the follow ng
structure. G KKFLKKAAKFAKA- NHf err ] The anal ogue was then tested for %
effective grow h inhibition. The_g;alogue had % effective

Table V - D-amino acid residue-substituted Magainin I

Analogues
Amino Acid "% Effective Growth Inhibition
Resic'ie Substituted Concentration in pg/ml
23 100 at 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} a2 substitution analogue of
Magainin I was prepared whereiﬁ amino acid residue
19, (E, or glutamic acid) was deleted, and-amino acid
residues 5, 8, 9, and 16 are each substituted with a -
lysine residue, aminoc acid residue 21 is substituted
‘with a leucine residqé, and amino acid resiéues 18

and 23 are each substituted with an alanine residue. | s
The substitution analogue had the'following

'Estructure: . _ ' -
GIGKKLHKKGKFGKFKGAILKA

The % effective growth inhibition ‘of E. colj for
this peptide was tested and found to be 100% at §

pg/ml,

Example 9 .
In this example, a substitution analogue of

Magainin I was prepared wherein amino acid 21 was
deleted and amino acid residues 5, 10, 18, and 19
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grow h inhibitions of 100%at 5 [ert]g/m for E. Coli, 100%at 5 [err]g/m
for P.aeruginosa, and 100-at 5 [err]g/m for S. epidernmdis. Exanple 27
Anal ogues of Magainin Il were synthesized wherein-amno acid residue 19
(glutam c acid) was deleted, and am no acids 1-4, -or 3,5, and 6 were

del eted and at | east one of the remaining am no acid residues was
substituted.. The anal ogues were of the follow ng structures: Anal ogue 1
FLKSAKKFGKAFVGE MNS Anal ogue 2: FLABAKKFAKAFVG MNS

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: : :

GIGKKLFSAKKFGKAFVKKIAS : .

The %Z effective growth inhibition of E. go;i for
this peptide was tested and found to be 100% at 2.5
pg/ml.
Example 10 (comparative) N

Magainih I and Magainin II_pepéides were
prepared wherein phenylalanine residues 5 and:iz in
each peptide were iodinated. The % effective growth
inhibition of §. coli for-each peptide,'containing the
iodinated pheﬁylalanfne residues, was tested. For
the Magainin I peptide, the % effective growth
‘inhibition .was 100% at ‘10 pg/ml. For the Hagainin II
peptide, the % -@ffective growth inhibition was 100%
at 5 pg/ml.

Example 11 - Tryptophan (Formyl Group Removed)-
Substituted Analogues of Magainin I (comparative) . _
; Magainin I analogues were prepared wherein a
. tryptophan residue was substituted for various emino
acid residues of Magainin I. The tryptobhan had the
formyl group removed, thus resulting in the
substitution of unprotected fryptophan residues into
the Magainin I analogues. % effective growth o
inhibifion of E. coliand. §; epidermidis was tested
"for these analogues. % effective growth inhibition
of E. coli and §. epidermidis in pg/ml is 1isted
below in Table VI.
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Anal ogue 3: FLHSAKKFGKAFVFI MNS Anal ogue 4: G KHSAKKFAKAFKAI VNS The

anal ogues were then testedfor %effective growth inh%ﬁition of E.coli,

P. aerugi nosa, and S.epidermdis. The %effective growth inhibition of each
of these anal ogues is given in Table XV bel ow TABLE
XI'V Anal ogue % Ef fective Gowh Inhibition, .

Concentration in [err]g/m E. Col i P. aerugi nosa S.epidermdis
1 100 at 25 100 at 25 ¥ at 50 2 100 at 10 100 at 25

100 at 50 Table VI_- Tryptophan (Formyl Group Removed) -

Substituted Analogues of Magainin I

Amino Acid
Residue Substituted

% Effective Growth Inhibition

Concentration in pg/ml

E.coli S. epidermidis

1 100 at 50 80 at 75
3 100 at 25 100 at 50
4 %0 at 100 0 at 100
5 100 at 25 80 at 100
6 100 at SO 50 gt 75
8 100 at 100 100 at 50
9 100 at 25 40 at 100
10, 100 at 25 100 at 50.
11 0 at 100 0 at 100
12 100 at 25 O at 100
13 100 at 25 100 at 50
14 N/A ' 0 at 100

- - 15 - 96 at 10 90 at 100
16 95 at 50 0 at 100
17 100 at 25  10C at 100
18 93 at 25 90 at 100
19 100 at 10 100 at 75 -
20 90 at 25 30 at 100
21 100 at 50 0 at.100
22 40 8t 75 . 0 at 100

Examéle 12 - T;zgtoéhan (containing formyl group)-
Substituted Magainin I Analogues (comparative)

Mageinin I analogues were prepared wherein a

. tryptophan residue was substituted for various amino
acid residues of Magainin I, as in Example 11, .except
that in this example, the formyl group remained on
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-46-

~35~

the tryptophan residue thus resulting in the
substitution of protected tryptophan residues into
the Magainin I analogues. % effective growth
inhibition of _E__ggl_[_i_ and 8. epidermidis was tested
for each of these analogues. Z effective growth
inhibition of - __g&; and S. epidermidis in ug/ml is
listed below in Table VII.
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3 100 at 25 100 at 25 100 at 10 4 100 at 10 100 at 25
100 at 5 - Numerous nodifications and variations of the present
i nvention are possible in |ight of the above teachings, and, therefore,
within the scope of the acconpanying clains, the invention may be practiced
ot her than as particularly descri bed.

- =26~

Table VII - T;xgtbghan {(containing formyl group)-
Substituted Analogues of Magainin I

% Effective Growth Inhibition
Concentration in pg/ml

Amino Acid
Residue Substituted

E.coli S. epidermidis

1 100 at 50 100 at 75
3 100 at 50 100 at 75
4 70 at 100 0 at 100

5 100 at 50 100 at 100
6 100 at 50 100 at 100
7 100 at 75 90 at 100
8 100 at 25 100 at 75
9 100 at 50 44 at 100
10 100 at 25 100 at 75
11 0 at 100 0 at 100
12 100 at 25 90 at 75
13 100 at 10 100 at 50
14 0 at 100 0 at 100
15 100 at 10 100 at 75
16 100 at 50 0 at 100
17 100 at 50 100 at 75
18 100 at 25 63 at 100
19 100 at 75 N/A

20 100 at 25 55 at 100
21 92 at 50 36 at 100
22 80 at 75 0 at 100

Example 13 - Multiple-Substitution Analogues of
Magainin I with Lysine and/cr alanine Residues

Analogues of Magainin I were prepared wherein
amino acid residues 3, 8, 9, 16, 19, and/or 23 were
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-47- WHAT IS CLAIMED | S:
o~ .

Mg

-27-
substituted with alanine (A) or lysine (K) residues.
%Z effective growth inhibition of E. coli, S. _
epidermidis, and/or S. aureus was tested for each
substitution analogue.. The structure of each
synthesized substitution analogue as well as the %
effective growth inhibition of E. coli, S.
epidermidis, and S. sureus in pug/ml are given below
in Table VIII. '
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1. A compound having antjmcrobial, antiviral or antitunor activity,

conpri sing an anal ogue of“Nhgainin | peptide or Maga™yin Il peptide in an
am de or carboxy termnated form wherein-Magainin | fs represented by the
follow ng structural formula using the single letter am no acid code and

t he nunbers bel ow each am no acid residue refer to the position of the
residue in the peptide: GI GKFLHSAGKFGKAFVGEI MKS123
45678910 11 12 13 14 15 16 17 18 19 20 21 22 23 and Magainin Il is
represented by the follow ng structuratgfornula using the single letter

am no acid
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code and the nunbers bel ow each amino acid residue refer to the position of
the residue in the peptide: GI GKFLHSAK K FG K A F V G E

Il M N S1234567 879 10 11 12 13 14 15 16 17:1§ 19 20 21 22 23 said
anal ogue being characterized in that any of am no acid residues 15-23 of
Magai nin | peptide.or Magainin Il peptide is optionally omtted, and one to
seven of the remaining am no acid residues of said Magainin peptide is
substituted by anot her am no aci €2%-esi due, at |east one of am no acid
residues 3, 7, 8, 10, 18-21 and 23 (|n t he case of Magainin I) or at |east
one of ami no Exzhpbsilées N ig 114 ) ithoGlutamigeAcid

Omisgssions and Alanlne or Lysine Substitutions
Magainin I analogues were prepared wherein amino

acid residue 19 (E, or glutamic acid) was deleted,
and either alanine or lysine was substituted for one
of the remaining amino acid residues in the peptide.
Alanine. was. substituted for either residue 16, 10 or
8, or lysine was substituted for either residue 18,
8, or 7. Each of these substitution analogueé was
tested for % effective growth inhibition of E. coli,
- 8., epidermidis, and/or S. aureus. The structures of
each peptide and.the % effective growth inhibition of
E. coli, S. epidermidis, or S. aureus in pg/ml are
listed below in Table IX. v
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y be
19 to 23 is onmitted:

¥

o~

provi ded that residue 18 nm
r

residues 15 to 17 o

case of 'Magainin |I1) being substituted by Lys and any further substitutions
-30~

being as shown in the foll.ow ng table,

substituted by Phe only if ene of

aaTyeIRdmoD
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- 48- Reéidue No. Substituent 1 Lys, Al a 2 Lys, Al a,

D-1le, Arg, Leu, Val, H's, et 3 Lys, Al a, TLQ, Arg, H's 4
D-Lys, Ala, Arg, His 57 D-Phe, Ala, Lys, Trp, leu, Ile, Val, Met
..31-
Example 15

Magainin I substitution analogues were prepéred
in which, in one analogue, each of amino acid
residues 8, 19, and 23 was substituted 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 §.
epidermidis in pg/ml was then measured. 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% st 2.5 pg/ml and of §.
epidermidis was 100% at 12.5 pg/ml, for the analogue
in which amino acid residues 7, 8, 19, 23 .were
substituted with lysine, the % effective growth
inhibition of E. coli was 1007 at 1.25 pg/ml and the
% effective growth inhibition of S. egzdermldls was
IDOZ at § pglml. '

Example 16 _ - - -
In this example, an analogue of Magainin I was

‘prepared wherein amino acid residues 16 through 23
were deleted and residues 3, 7, and 8 were )
substituted with lysine residues. The resultxng-._

: peptide had the following structure: T T

GIKKFLKRAGKFGKA _

fhe.peptidé was then tested for Z effective
growth inhibition of E. coli. The % effective growth
inhibition of E. coli for this peptide was found to
be 100% at 5 pg/ml. '

Example 17 icomparétive)

In this example, an analogue of Magainin I wés
prepared wherein amino acid residues 16 through 23
were deleted and amino acid residues 3, 8, and 10
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6 D-Leu, Lys, Ala, Ille, Val, Mt 7 Lys, D-Hs, Ala, Arg,.

Ile, Val, MNet 8 Aa, Lys, DSer, Trp, Mt, lle, Arg H s, _
Thr, Leu, Val 9 Lys, D-Ala, Trp, Arg, His, Leu, Ile, Val 10
D-Lys, Lys Ala, Trp, Arg, His, Leu, e, Val 11 . -
D-Lys, Arg, Hs 12 D- Phe, Lys, Trp, Arg, H's 13 Al a, Lys,
Trp, Met, Arg, H's, Phe, Leu,. ' Ile, Val 14 Al a,
D-Lys, Arg, His -32-

were substituted with an alanine residue. The
resulting peptide has the following structure:

GIAKFLHAAAKFGKA

The peptide was tested for %7 effective growth
inhibition of E. coli. The % effective growth
inhibition of E. coli for this peptide was found to

be 100% at. 25 pg/ml.

Example 18 - Magainin II Analogues wzth Alanzne . -

Substitutions (comparatlve)
Magainin II and analogues wherein an alanine
residue was substituetd for various amino acid
residues of Magainin II were prepared as hereinabove
described in Exaﬁple'l and tested for 7 effective
growth inhibition of E. coll, P. aeruglnosa, and 8.
epidermidis as: hereinabove descrzbed in Example 2.
The 7% effective growth inhibition at- a concentration
in pg/ml for the alanine - substztuted Magainin II
analogues is listed below in Table X.

A
|‘!

“This is the replacement sheel

2 8 JyL 1838

Date:



18

Ay, -

Ile, .
Leu
D-d u,
Dlle, Ala, Lys
D- Asn,

Lys, D- Phe,
Met ,

g,
Al a, FLys,

Al a,

20

22
Ay,

Arg,

19

Asn

16
Trp,

"Lys, Trp, D-Ala, Arg, His, Phe
Met, Leu 17 Ala, Lys, D-Val,
Trp, Arg, His, Leu, Met, Phe
L-eu, .I'le, Phe,

Lys,
Hi s,

15
Val |,
Al a,

Al a,

Arg,

Lys,
Il e,

Leu,

Phe
Thr,

Al a,

I'le,

Arg,
Lys,

Pro, Ala, H's, Leu,
Hi s 23 D- Ser ,

Lys,

Arg,

21
d n,

Asn

d n,

33~

0s<
0S8<
§¢
ot
Y
06<
06<
Y4
06<
06<
Y4
S
as
s¢
174
14
§¢

3e

‘a8

.U.d
I8
38
e
e
e :
s §
je
3e
e
Je
38
Je
3e
3%

001

oot

00%
001
001
001
00T
001
001

0ot -

001

001

001
001
001
00T
001

STpTuIoprds 5

0s
0s
¢
o1
14
0§<
0§<
114
¢
st
§
o1
§T

mN..

T4
0§<
0s

38
3e
Je

Je

Je
33
38
je
Je
je
Je
Je
Je
e
3e
Je
Je

001
001
00T
001
00t
001
001
00t
001
00T
001
00t
001
001
(1]1] 8

1001

001

BsouTdnIoe °g

0s
0os

ST
oT.
01

5¢C
€2

S
A

¢

01

g
0s
14

$T
114

01

Je
Je
e
3e
e
e
Je
I8
e
=Y
Je
e

.38

3e
1

e
38

00T
1001
ob1
001
00T
001
00T
001
001
001
00T
001
001
001
001

00T

oot

Tu/ad

U073813099UC) UOTITGTUGT

YIN0IY 9ATI99334

QW M~ U N

01
1
A
€1
91
91
o1
61
0z
12
(44
€2

(11 ururedel) Suoy

poanayasqng onp¥say

PYoy outuy

SSnYoTEny TT UTUTE9el POInITIcqRs - SOTUSTV - ¥ STGEX

This is the replacement sheet

28 Ju 998

Date



l J
¥
H

-34-

A conpound according to claim1

2.
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wherein anino acid residue 19 is onmtted, provided that at |east one of
amno acid residues 3, 7, & 10, 13, 15, 16, 18, 21, 22 or 23 is
substituted as shown in thefollow ng table: Residue pdpber '

Substi t uent 3 - Lys A ' Lys 8

Lys, Al a 10 Lys, Al a 13 Trp, Leu, Phe,

Al a 15 Phe 16 Al a :
~-35- ' '

Example 19 - Magainin YI Analogues with Lysine
Substiutions :

Magainin II analogues wherein a lyéine residue
was substituted for various amino acid residues of
Magainin II where prepared and tested as hereinabove
described for 7 effective growth inhibition of E.
coli, P. aeruginosa, and §. epidermidis at )
concentrations given in pg/ml. The % effective
growth inhibition for each of the Lysine-substituted

analogue-of Magainin II is listed below in Table XI.

“This is the replacemeant shest
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| east one of am no acid resi dues 15-23

is omtted.

wherei n at
A conmpound according to any of clains

to claim1,

4.

~36-—

52
ST
§2
52
§Z
o1
0s
§2

S
g
0S
52

01

0$

-

ae
3e
3e
3®
Je
ie
Je
Je
Je
Je
Je
Je
Je
3e

00T

00T

00t
001
00T
001
001
00T
001
001
001
001
00T
00T

STpTUIopIds '§

G 3m

S 3®
6¢ 3®
5C I®
§Z 3®
01 3®
sz 3I®
§Z I®

S 3®
01 3®
6T ae
§Z e
§Z 3%
0§ e

001
00T
001
00t
001
001
001
001

001

001
001
001

00T

001

BSOUTINIIO ° g

Tay9n

T¥ U6T3eI3095U0) UOTITqTYOT
&u&oum SATAISYIA %
S9ngoTeUy [1 UIUTEdIeH vusuﬂumaam-oaﬁmha - IX 919%EL

n.

g
s
ot
K4
g
T
4
§°2
B+
T
o1
52
52

38
3e
Je
Je
3B
Je
Y -
Je

Y- B

Je
e
Je
Je
Je

oy
V! _.
001
001
001
001

00T

(1)}

001

00T
(H1) §
001
0ot
001
001
001

. 700 %

PoINITISANS SNPTSoY
PTOV oUTwY

"This is the replacement sheet

2 8 Ju 199

Date



1 to 3, which is an anal ogue of Magainin Il peptide 5. The
conpound of claim1 wherein said anal ogue of Magainin | peptide or Magainin.

Il peptide is selected from _ G GKKLHKKGKFGXFKGAI LKA
G KKFLKKAGKFGKA, G GKFLKKAKKFAKAFVKI | NN-NH[ err] ;
G GKFLKKAAKFAKAFVKI | NN-NH err ] ; : G GKFLKKAKKFGKAFVKI MKK- NH err ] ;

G GKFLKKAKKFAKAFVKI MKK-NH err] ;

-37-
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G GKFLKKAKKFAKAFVKI | KK - NH[err] . G KKFLKKAGKFGK- NH err] ;
@ KKFLKKAGKFGKAF- NH err] ; Gl KKFLKKAKKFGKA-NH[ err] ;

-38-

Example 20 - Magainin II Peptides Containing D-Amino
Acid Residues (comparative)

Magainin II peptides were synthesized wherein
various amino acid residues were substituted with a
D-amino 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, E.
aeruginosa, .and S. epidermidis in pg/ml. The %

. effective growth inhibition for each of the D-Amino -
acid residue substituted analogues of Magainin II is
'1isted below in Table XII. , ’ | |
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7. The use of a conpound according to any of clains 1 to 5 in the

manuf acture of a medi canmend for treating mcrobial infections.

- 8. The use of a conpound atcording to any of clains 1:to 5 in the
manuf acture of a medi canent for treating V|ral ‘infections.

The use of a conpound accordlng to any

40~

S. epidermidis

100 at 50
100 at 50
100 at 50

P, 3emg'inolsa
100 at 25
100 at 25

100 at 25

B._ coli .
100 at 25
100 at 25
100 at 25

Residue Substituted

Amino Acid

——
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of claime 1 to 5 in the manufacture of a nedicanent for treating tunors.
~~ . N
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Example 21 - Magainin II Analogues with Glutamic Acid
Deletions

In this example, analogues of Magainin II were
synthesized, said analogues having amino acid residue
19 (glutamic acid) deleted from the peptide
structure, and wvherein one or more of the other amzno
acid residues was substituted with an amino ac;d
residue different from the normal amino acid residue.
Analogues of the following structures were then

. synthesized according to the method described in

Example 1.

Analogue Stucture _

1 GIGKFLHSAKKFWKAFVGIMNS (comparative)
2 GIGKFLHSAKKFLRAFVGILNS (comparative)
3. - GILKFLHSAKKFLKAFVGILNS (comparative)
4 GILKFLHSAKKFFKAFVKILNS

5 GIGKFLHSAKKFFKAFVFILNS (comparative)
6 ' GIGKFLHSAKKFGKAFVGIMKS |

7 GIGKFLHSAKKFGKAFVAIMKS

8 GIGKFLHSAKKFGKAFVFIMNS* (comparative)
9 GIGKFLHSAKKFAKAFVFIMNS (comparatlve)
10 GIGKFLHSAKKFFKAFVFIMNS (Comparatlve)
11 GIGKFLKSAKKFGKAFVFIMNS -
712 GIGKFLHKAKKFAKAFVFIMNS

13 GIGKFLKSAKKFAKAFVFIMNS

14 GIGKFLHKAKKFFKAFVFIMNS

15 GIGKFLKSAKKFFKAFVFIMNS

16 GIGKFLHKAKKFAKAFVFIMNK

17 GIGKFLKSAKKFAKFFVFIMNK

18 GIGKFLKKAKKFGKAFVFIMKK

‘19 GIGKFLHSAKKFGKAFVE**IMNS

20 GIGKFLHSAKKFGKAFVKIMNS

21 GIGKFLHKAKKFGRAFVKIMKS

*D-Serine | |
| | This is the reptaceme-n‘t sheet
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*%-.¢-F moc-lysine
Each of the peptidés was then tested as hereinabove
described for % effective growth inhibition of E.
_coli, P. aeruginosa, and 8. epidermidis in pg/ml. The
% effective growth inhibition of each of thesé
analogues is given in Table XIII below.
TABLE XIII
% Effective Growth '

Inhibition, Concentration in

pg/ml
. Analogue E. coli P. aeruginose S. epidermidis

1 100 at 5 100 at 5 . 100 at 5

2 100 at 2.5 100 at 2.5 100 at 5°
-3 100 at 2.5 100 at 2.5 100 at 5

4 100 at 2.5 100 at 2.5 100 at §

5 100 at 10 : 100 at S 100 at 5

6 100 at 5 _ 100 at 10 100 at 25

7 100 at 2.5 1008t 5 ¢ 100 at'S

8 - 100 at 5 100 at 5 100 at 5 _

9 100 at 5 100°at 2.5 100 st 5
- 10 100 at 5 100 at 10 100 at 5
11 100 at 5 100 at § 100 at §

12 100 at 1.25 100 at 2.5 = 100 at 1.35
13- 100 at 2.5 100 at 1.25 100 at 2.5 - -
' 14 100 at 10 - 100 at 2.5 100 at 2.5
15 100 at 5 100 at 5 100 at 1.25

16 100 at 1.25 100 at.1.25 100 at 1.25

17 - 100 at 1.25 100 at § 100 at 2.5

18 100 at 2.5 100 at 2.5 100 at 2.5

19 100 at 10 100 at 10 100 at 5

20 100 at 1.25 100 at 2.5 100 at 1.25

21 100 at 1.25 100 at § 100 at 2.5

| t sheet
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- Example 22

Amide (NH?_) - terminated Magainin II analogues
wherein amino acid residue 19 (glutamic acxd) was
deleted, and other amino acid residues were
substitued. The analogues are as follows:
Analogue 1 GIGKFLKKAKKFAKAFVKIINN-NH, .
Analogue 2 GIGKFLKKAAKFAKAFVKIINN-NHz

The analogues were then testgd as hereinabove
described for % effective growth inhibition of E.
" coli, P. aeruginosa, and 8. egidermldls' Analogue 1 had
- % effective growth inhibitions of 100%Z at 1.25 ng/ml
for E. coli, 100Z at 2.5 pg/ml for p. aeruglnoga, and
100% at 1.25 pg/ml for 5. epidermidis. Analogue 2 had
% effective growth inhibitions of 100% at 1.25 ug/ml
for P, aeruglnosa and 100% at 1.25 pg/ml for

S. egldermldlg

Example 23
Amide (NHZ) -terminated analogues. which by.

virtue of their structures, may be analogues- of
Magainin I or Magainin II, were synthesized wherein
amino acid residue 19 (glutamic acid) was Jéleted,'
"and other amino acid residues were substitutea. The
analogues are as follows: : o - -
‘Analogue 1 GIGKFLKKARKFGKAFVKIMKK-NH, B
Analogue 2 GIGKFLKKAKKFAKAFVKIMKK-NHZ

Analogue 3 GIGKFLKKAKKFAKAFVKIIKK-NH,

The analogues were then tested for % effective
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. seruginosa, and 100% at 1.25
ug/ml for g. egldermldls ‘Analogue 2 had % effective
.growth inhibitions of 1007 at 2.5 ug/ml for E. coli,
100 at 2.5 pg/ml for B. aeruginosa, and '100% at 1. 25
pg/ml for §__§p;Q§£mLQL§ Analogue 3 had % effective
growth inhibitions of 1007 at 1.25 ug/ml for E. coli,

This is the replacement shest
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100% at 2.5 pg/ml for P. aeruginosa, and 100% at 1.25
pg/ml for S. epidermidis.

Example 24
Amide (NHZ) terminated analogues of Magainin I

were synthesized wherein at least 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 - cmcnmcxrcx-mz

. Analogue 2 - GIRKFLKKAGKFGKAF-NH, _

The analogues were then tested for effective
growth inhibition. Analogue 1 had % effective growth
inhibitions of 100% at 10 pg/ml for E. coli, 100%Z at
10 pg/ml for.g__ggxggégggé,and 100% at 10 pg/ml for
S. egldermldls Analogue 2 had 7 effective growth
1nh1b1t10ns of 100%Z of 2.5 pg/ml for E. coli, 100% at
5 pg/ml fcrﬁE__ggzugéaggé and 100% at 5 pg/ml for
S. e 1 e idi ’

Example 25 _

Amide (NHZ) -terminated analogues of Magainin I
were synthesized wherein at least amino acid residues
16-23 were deleted and substitutions were made for
other residues. ' The analogues had the following _ _
structures. ' - -
“Analogue 1 -.GIKRFLKKAKKFGKA-NH,

Analogue 2 - GIKKFLKKAKKFAKA-NH,

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 S. epidermidis. Analogue 2 had %
effective grwoth inhibitions of 1007 of 5 pg/ml, for
E. coli, 100% at 5 pg/ml for. M.and 100%
at 5 pg/ml for ___QE;QQEELQ;§

Example 26

“This is the replacement shest
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An amide (NHZ)-cetminated 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 B were substituted with lysine residues, and
amino acid residue 10 and 13 were substituted with
alanine resjidues., The analogue was of the following
structure.

GIKKFLKKMKFAKA—NHZ

The analogue was then tested for % effective
growth inhibition. The analogue had % effective
growth inhibitions of 100% at 5 ug/ml for E. Coli,
100% at 5 pg/ml for P.aeruginoesa, and 100 at 5 pg/ml
for S.epidermidis.

Example 27 _

Analogues of Magainin II were synthesized
wherein amine 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 aminc acid
residues was substituted. The analogues were of the
following structures:

Analogue 1: FLXSAKKFGKAFVGIMNS

Analogue 2: FLKSAKKFARAFVGIMNS

Analogue 3: FLHSAKKFGKAFVFIMNS

Analogue 4! GIKHSAKKFAKAFKAIMNS _

The analogues were then tested for % effective growth
inhibition of E.celi. P.serugincsa, and
S.epidermidis. The % effective growth inhibition of
each of these analogues is given in Table XIV below.

TABLE X1V
Anzlogue T % Effective Growth Inhibition,
Concentration in tg/ml
E.Coli P.asruginoss  S.epidermidis
i 100 at 25 100 at 25 100 at 50

2 100 at 10 100 at 25 100 at 50

This is the replacement sheet
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3 100 at 25 100 at 25 100 at 10

4 100 at 10 100 at 25 100 at 5

Numerous modifications and variztions of the
present invention are possible in light of the above
teachings, and, therefore, within the scope of the
accompanying claims, the invention may be practic‘:ed
" other than as particularly descr_ibed.

- -
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WHAT IS CLAIMED IS:

1. A compound having antimicrobial,
antiviral or antitumor activity, comprising an analogue
of Magainin I peptide or Magainin II peptide in an
amide or carboxy terminated form, wherein Magainin I is
represented by the following structural formula ysing
the single letter amino acid code and the numbers below
each amino acid residue refer to the position of the
residue in the peptide:
GIGKFLHSAG K F G K A F V G E I M K s
1234567891011121314151617181920212223
and Magainin II is represented by tle following -
structural formula using the single letter aminoc acid
code and the numbers below each amino acid residue
refer to the position of the residue in the peptide:
GIGKFLHSAK K F G K A F V G E I M N s
123456 78 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
said analogue being characterized in that any of amino
acid residues 15-23 of Magainin I peptide or Magainin
II peptide is optionally omitted, and one to seven of
the remaining amino acid residues of said Magainin
peptide is substituted by another amino acid residue,
at least one of amino acid residues 3, 7, 8, 10, 18-21
and 23 (in the case of Magainin I) or at least on& &f
‘amino acid residues 1-3, 5-8, 12, 13, and 15-23 (in the
case of Magainin II) being substituted by Lys and any
further substitutions being as shown in the following
table, provided that residue 18 may be substituted by
Phe only if one of residues 15 to 17 or 19 to 23 is
omitted:

O] O R A This is the raplacement sheet
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Residue No. Substituent

Lys, Ala

Lyé, Ala, D-Ile, Arg, Leu, Val, His, Met

Lys, Ala, Trp, Arg, His

D-Lys, Ala, Arg, His

D-Phe, Ala, Lys, Trp, Leu, Ile, Val, Met

D-Leu, Lys, Ala, Ile, Val, Met d

Lys, D-His, Ala, Arg, Ile, 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, Axrg, 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, Hi's, Phe

Ala, Lys, D-Phe, Ile, Val, Met, Leu

Aié, Lys, D-vVal, Trp, Arg, His, Met, Leu

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

Ala, Lys, DfGlu, Gly, Arg, His, Leu,
Ile, Phe, Asn ——

D~Ile, Ala, Lys _ - T

Lys, Pro, Ala, His, Leu, Arg, Ile, Phe

Lys, Ala, D-Asn, Gln, Arg, His

D-Ser, Lys, Ala, Thr, Gly, Leu, Iie,
Gln, Asn

R
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2. A compound according to claim 1
wherein amino acid residue 19 is omitted, provided that
at least one of amino acid residues 3, 7, 8, 10, 13,
15, 16, 18, 21, 22 or 23 is substituted as shown in the
following table:

Residue number Substituent
3 . Lys .
7 - Lys
8 Lys, Ala
10 Lys, Ala
13 Trp, Leﬁ, Phe, Ala
15 Phe
16 | Ala | ’ T
18 Lys, Ala, Phe
21 Lys, Ile
22 Lys |
. 23 - Lys, D-Ser
3. A compound according to claim 1,
wherein at least one of amino acid residues 15-23 is
omitted.
4. A compound according to any of claims

1 to 3, which is an analogue .of Magainin II peptide.
5. The compound of claim 1 wherein said

analogue of Magainin I peptide or Magainin II peptide

is selected from: _ _ '
GIGKKLHKKGKFGKFKGAILKA;
GIKKFLKKAGKFGKA;
GIGKFLKKAKKFAKAFVKIINN-NH,;
GIGKFLKKAAKFAKAFVKIINN-NH,;
GIGKFLKXAKKFGKAFVKIMKK-NH,;
GIGKFLKKAKKFAKAFVKIMKK-NHQ;
GIGKFLKKAKKFAKAFVKIIKK-NH,;
GIKKFLKKAGKFGK-NH,;

GIKKFLKKAGKFGKAF-NH,; This is the replacement sheet
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GIKRFLKKAKKFAKA-NH,; and
GIKKFLKKAAKFAKA-NH,.

6. A process comprising administering to
a host an effective spermicidal amount of the compound
of any of claims 1 to 5.

7. The use of a compound according to any
of claims 1 to 5 in the manufacture of a medicament for
treating microbial infections.

8. The use of a compound according to any
of claims 1 to 5 in the mapufacture'of a medicament for
treating viral infections.

9. The use of a compound according to any
of claims 1 to 5 in the manufacture of a medicament for
treating tumors.

This is the raplacement shesl

2 8 Ju 9N

R

Date:



