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CYCLIZED PEPTIDES AS EXOTOXIN ANTAGONISTS

| Field of the Invention

The present invention relates to peptides comprising eight to twelve amino

acids cyclized by backbone to backbone or backbone to side chain bridges,

. enabling the treatment and prevention of severe effects of bacterial pyrogenic

exotoxins.

Ba;:kground of the Invention

Pyrogenic: exotoxins, known also as superantigenic. toiins, prodﬁced by
Staphylococcus aureus and Streptocoqcus? pyogenes, cause severe human
poisoning. These toxins bind directly to the MHC élass II molecule and the T-.
cell receptor, at different sites than conventional antigens, thus activating T-
cells in amounts larger by two orders than conventional antigens. Among the
major serological types within the family of Staphylococcus aureus exotoxins,
SEB is the most prominent, having been recognized as a leading cause of.
toxic shock syndrome accompanying surgical or injurious wound infections,
as well as viral infections of the respiratory tract of influenza patients. Toxic
shock syndrome; in its most severe form, causes shock and death [Murray et
al.: ASM NeWs 61 (1995) 29]. More generally, members of the staphylococcal
exotoxin family, including SEA to SEE and toxic shock (T'S) syndrome toxin 1
(T'SST-1), have been implicated in food poisoning, toxic shock syndrbme, in
atopic dermatitis [Schlievert: Infect. Dis. 167 (1993) 997] and in Kawasaki's
syndrome [Bohach et al., Crit. Rev. Microbiol. 17 (1990) 251]. However, life
threatening TS-like syndrome may result from exposure to these toxins
through a mnonenteric route, such as inhalation. The incapacitating
consequences of an exposure to the agents, such as SEB, during a war or a
terrorist attack, are of great concern in the context of biological warfare. The
dose estimated to be lethal for 50% of the human population is‘0.02 nglkg,
and the dose estimated to incapacitate 50% of the exposed human population
is 0.0004 pgkg [Ulrich et al. in Medical Aspects of Chemical and Biological
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Warfare, Published by the Office of The Surgeon General, Department of the
Army, USA, Washington (1997) pp 621-30].

The toxicity of SEB and related exotoxins is thought to be related to the
capacity of these molecules to stimulate the rapid and excessive production of

cytokines, especially of IL-2, IFN-y and tumor necrosis factors (TNF's) [Schad

" et al,, EMBO J. 14 (1995) 3292] leading to the toxic shock.

The incapacitating and potentially lethal effects of the mentioned
suberantigens in humans, whether exerted on civilians or on military
personnel, create a need for prophylaxis against the toxins, for treatment of
toxin-exposed individuals, and for a safe vaccine against the toxin. Despite
the urgency of this need, methods of protection or treatment have been
lacking. The developments of efficient protective means, using an animal
model, is  further complicated by the fact that the sensitivity to
staphylococéal toxins in humans is usually higher than in animals, e.g. the
human sensitivity exceeds that of mice by a factor of 100. Attempts to use
fragments of SEB protein, about 30 amino acids long, for generating antisera
_in rabbits were not successful, whether comprising amino acids 113-144, 130-
160, 151-180, or 171-200 of the SEB protein molecule [Jett et al., Infect.
Immun. 62 (1994) 3408].

As mentioned above, both S. aureus and S. pyogenes produce a variety of
toxin families. In staphylococcal food poisonings and, more seriously, in
biological warfare or in toxic shock caused by S. pyogenes, mixtures of toxins
can be involved whose composition cannot be antiéipated. An attack by crude
natural mixtures of toxins, which are readily attainable. in cultures of S.
aureus, would be frightening. Clearly, this complexity demands the
development of broad-spectrum antagonists of pyrogenic exotoxins as well as

broad-spectrum vaccines.
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There exists, therefore, a long-felt need to design a SEB vaccine that is free
of Asensitizing potential, yet is capable of protecting test animals or humans
against lethal doses of toxin. Still more precious would be a vaccine with a
wider protective spectrum in the SE toxin family, including, for example,
SEA, SEC, TSST-1, SPEA, etc.

" WO 98/29444 discloses a peptide, homologous to SEB fragment 150-161, that

elicits protective immunity against TS induced by a pyrogenic exotoxin.

~ However, relatively high amounts of said péptide are necessary to make up

for the limited halflife in vivo expected for a linear peptide.

It is therefore an object of this invention to provide a more stable antagonist

against pyrogemc exotoxins, for use in immediate treatment, or short term

prevention and rapid prophylaxis, of acute toxic shock and of the harmful
effects of such toxins which may be due to, for example, accidental food
poisoning, and for a vaccine for immunization against intoxication by

pyrogenic exotoxins for long term protection thereagainst.

The inventors have designed a series of SEB antagonists based on cyclized
oligopeptides comprising a homolog of SEB 153-158 hexapeptide which
blocks the act1on of pyrogenic exotoxins on the human immuneé response in

vitro, severely 1nh1b1t1ng toxin-mediated induction of IL-2 and IFN-y mRNA.

Summary of the Invention

‘This invention provides a cyclized peptide having formula Ia or Ib:
Z

Ia

X00-X00-Gly-Lys-Xaa-Xhh-Thr-Xhh-Gln-Gly-Xoo-Xoo:
1 2 3 4 5 6 7. 8 9 10 11 12
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Ib

Xo00-Xo00-Lys-Gly-Xaa-Xhh-Thr-Xhh-Gln-Gly-Xoo-Xoo
1 2 3 4 5 6 7 8 9 10 11 12

Whérein Xoo is any standard amino acid (AA) or a deletion, Xaa is any
standard AA, Xhh is a nonpolar AA selected from Ala, Val, Leu, Ile, and Phe,
and wherein Z is a linker connécting two Gly residues through side chains or
N-atoms of said Gly residues, which linker has a length from 5 to 21 atoms
and is optionally substituted with one alkylamino group. A part of the
invention is an anaiog of said cyclized peptide obtained by one AA
replacement with another standard AA or with a modified AA, as well as
derivatives of said péptide or its analog obtained by their esterification,
amidation, acylation, and alkylation, preferably at free amino or free carboxy
groups. Also a part of the invention is a salt of said peptide or its analog or

derivative.

In a preferred cyclized peptide according to this invention, said linker Z has

the following structure:

Ri ——— (CH2)) ———Ro»
- \
(CHa2)x : '
l (CH2)m

CHR; \

wherein R; is a group selected from -NH-CO- and -CO-NH-, Rz is either the

same as R1, or represents bond when 1 is zero, Rs is selected from hydrogen,
-NHp; and -(CHz);-NHp, k is an integer from O to 6, 1is an integer from 0to 3,

m is an integer from 2 to 7, and j is an integer from 0 to 5.
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In a preferred embodiment of this invention, the cyclized peptide has formula

II:
Ri— (CHy——Rq
(CLz)k I
| (CHz)m
CHR3

X00-X00-Gly-Lys-Lys-Xhh-Thr-Xhh-Gln-Gly-Xoo-Xoo

5 wherein Xoo, Xhh, R1, Re, Rs, k, 1, m, and j have the same meaning as above.

In - another preferred embodiment of this invention, the cyclized peptide,

comprising backbone to side chain cyclization, has formula III:

NH-CO —— (CH2h : Re
il
. (CHa)x
(CHZ)m
CIHR3

X00-X00-N-CHs-CO-Lys-Lys-Xhh-Thr-Xhh-GIn-NH-CH-CO-Xo0-Xo00

wherein Xoo, Xhh, Rs, k, 1, and m have the meaning as defined above, and Rq

10 is either the same as R1, or represents bond when 1 is zero.

In another preferred embodimént of the invention, the cyclized peptide,
comprising backbone to backbone cyclization, has formula IV, and in still
another prefefred embodiment of the invention, the cyclized peptide,
15 comprising backbone to backbone cyclization, has formula V, wherein the

symbols have the same meaning as described above.
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NH-CO — —(CH2)) ———— Ro
) v
(CH2)x
(CH2)m
CHR; '

|
X00-X00-N-CH3-CO-Lys-Lys-Xhh-Thr-Xhh-Gln- N-CHz-CO-Xoo-Xoo

CO-NH ————(CHg)) ———————— R
AV
(CHa)x
C|HR3

X00-X00-N-CHz-CO-Lys-Lys-Xhh-Thr-Xhh-Gln- N-CH2-CO-Xo00-Xo0 \

Derivatives and salts of the peptides having the above formulae are a part of

the invention.

The peptide of this invention has preferably more positive charges, under
usual physiological conditions, within group Rs and first five 'amino acids,
preferably in the form of two or three free amino groups. In a preferred
embodiment, Rs is -(CHz);-NHz when only one or two Lys residues are present
in the first five amino acids in the sequence. If Lys in a peptide analog of the

invention, at position 4 of formula Ia or position 3 of formula Ib, is replaced,

. the preferred AA at position 5 is Lys. In a preferred embodiment of this

invention, the cyclic peptide has Tyr at position 1, or they have Tyr-Asn at
positions 1-2. In other preferred embodiments, AA at ‘positions 1-2 are
deleted. In a further preferred embodiment of this invention, the cyclic
peptide has Asp at position 12, or it has Leu-Asp at positions 11-12. In a still
further preferred embodiment AA at positions 11-12 are deleted. In a
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preferred embodiment of the invention, AA at positions 6 and 8 are

independently selected from Val and Ala.

Said linker connecting said two Gly residues in the cyclic peptide of this
invention has preferably a length from 8 to 16 atoms. Still more preferably,

. said linker has a length from 10 to 14 atoms. Preferred derivatives of the

peptide of this invention comprise an acetylated amino group, and an
amidated carboxyl group. Preferred analogs of the peptides of this invention
comprise modified amino aéids, including D-amino acids, racemates, isomers,

ete.

The invention also relates to the uée of cyclized peptides of fbrmulae ItoV,
as described above, in antagonizing toxin-mediated activation of T-
lyndphocytes, wherein the toxin is a pyrogenic bacterial exotoxin, and in
eliciting protective immunity against toxic shock induced by a pyrogenic
exotoxin or by a mixture of pyrogenic exotoxins derived preferably from
Staphylococcus aureus or Streptococcus pyogenes. The invention further
relates to the use of said cyclizedl_ peptidés, analogs, derivatives, or salts
thefeof, in the preparation of a medicament, preferably a medicament for
reducing harmful effects of bacterial pyrogenic exotoxins or their analogs.
The use of this invention comprises inhibiting pyrogénic exotoxin-mediated
activation of T-lymphocytes, and eliciting protective imﬁaunity against a toxic
shock induced by a pyrogenic exotoxin. In a preferred embodiment of this
invention, a cyclized peptide of a formula selected from I to V, or an analog,
derivative, or salt thereof is used in the preparation of a medicament for the
treatment of incapacitation induced by one or more pyrogenic exotoxins. The
invention further relates to the use of said cyclized peptides, derivatives and
salts in the preparation of a vaccine for protecting against toxié effects of a

pyrogenic exotoxin.
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In another aspect, this invention is directed to a cyclized peptide comprising
a hexapeptide having sequence Lys-Xaaj-Xaas-Thr-Xaas-Gln, SEQ ID NO. 1,
wherein Xaa; is any standard AA, and Xaaz and Xaas are nonpolar AAs
independently selected from Ala, Val, Leu, Ile, and Phe, or to a homolog
thereof obtained by replacing one AA in said sequence by another standard
AA, which replacement does not result is any loss of activity, or to their
pharmaceutically acceptable salts, for use in antagonizing exotoxin-mediated
activation of T-lymphocytes, and in eliciting protective immunity against

toxic shock induced by one or more pyrogenic exotoxins.

Also provided by this invention is a composition comprising at least one
cyclized peptide of formulae I to V, homologs, derivatives or salts thereof, for
reducing the toxic effect of a bacterial exotoxin or a mixture of bacterial
exotoxins. The composition inhibits pyrogenic exotoxin-mediated'activ‘ation
of T-lymphocytes and protects against toxip shock induced by a pyrogenic
exotoxin or by a mixture of pyrogenic exotoxins. The composition may further
comprise pharmaceutically acceptable carrie;‘, diluent, adjuvant and/or

excipient. The immunogenic composition of the invention elicits protective

.immunity against a toxic shock induced by a pyrogenic exotoxin. The

invention also provides a composition for treating the incapacitation induced
by one or more pyrogenic exotoxins, wherein said composition comprises a

cyclized peptide, derivatives and salts thereof, of one of formulae I to V. In a

- preferred embodiment of this invention, a composition for reducing the

harmful effects of pyrogenic exotoxins comprises a mixture of more different

cyclized peptides that have structures I to V.

The invention is further directed to ;1 method for preventing, treating, or
reducing the harmful effects of a bacterial exotoxin or a mixture of bacterial
exotoxins in a maminal‘, comprising administering to said mammal an
effective amount of at least one cyclized peptide of formulae I to V; or a

derivative or salt thereof This method enables inhibiting the pyrogenic
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exotoxin-mediated activation of T-lymphocytes and protecting against toxic
shock induced by a pyrogenic exotoxin or by a mixture of pyrogenic exotoxins
in a patient, and comprises administering to the patient an inhibitory

effective amount of at least one cyclized peptide, having a formula selected

from I to V, or its derivative or salt. The method enables the elicitation of

- protective immunity against a toxic shock induced by a pyrogenic exotoxin in

a patient in need of such treatment.

In a very important aspect of this invention, a method is provided for
preventing or treating incapacitation induced by at least one pyrogenic
exotoxin comprising administering to a patient in need of such ti‘eatment a
therapeutically effective dose of at least one cyclized peptide of formula
selected from formulae I to V, a derivative or salt thereof, or of a compoéition
comprising the same. In a preferred embodiment of the invention, said dose
may contain a mixture of at least two cyclic peptides having structures as
described by any one of formulae I to V. The effective dose may be
administered repeatedly, at predeterminéd periods - of time. Said
incapaéitaﬁon may be a result of an accidental exposure to a bacterial toxin
at various situations, such as food poisoning, work, combat, or a terrorist

attack.

The invention provides also a vaccine for protecting against toxic effects of a
pyrogenic exotoxin or a mixture of pyrogenic exotoxins comprising as active
ingredient an immunologically effective amount of at léast one peptide of a
formula selected from formulae I to V, or derivative or salt thereof. The
vaccine confers immunity against toxic shock induced. by a pyrogenic
exotoxin or by a mixture of pyrogenic exotoxins, and comprises as active
ingredient an immunologically effective amount of said at least one peptide
or derivative or salt, and optionally an immunization adjuvant. The vaccine
of the invention enhances the produétion of antibodies that block T-cell

activation.
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The invention also relates to antibodies directed against a cyclized peptide of
a formula selected from formulae I to V, or its analog or derivative, which
blocks T-cell activation. An antiserum containing antibodies directed against
said cyclized peptide or analog is also related to by this invention. The
antiserum may be obtained from a domestic animal. The antiserum is
capable of alleviating harmful effects and toxic shock induced by a pyrogenic

exotoxin or by a mixture of pyrogenic exotoxins.

The invention provides a method for assessing the efficacy of a vaccine, which
vaccine comprises at least one peptide of a formula selected from I to V, for
conferring immunity against one or more pyrogenic bacterial toxins
comprising determining the ability of serum from an immunized individual
to antagonize toxin-mediated activation of T-cells. This method enables to
determine the ability of serum from an immunized individual to antagonize
toxin-mediated activation of T-cells by measuring the inhibition of expression
of pyrogenic toxin-induced mRNA encoded by the IL-2 or IFN-y genes. A part
of the invention is a kit for assessing the efficacy of a vaccine for conferring
immunity against one or more pyrogenic toxins comprising determining the
ability of serum from an immunized individual to antagonize toxin-mediated

activation of T-cells by said method.

Brief Description of the Drawings

The above and other characteristics and advantages of the invention will be

more readily apparent through the following examples, and with reference to

the appended' drawings, wherein:

Fig. 1. shows schemes of synthesis of Fmoc-Gly(Nn)Boc-OH and and Fmoc-
Gly(Nn)Alloc-OH building units;

Fig. 2. shows major synthetic steps in the synthesis of library SEB-1;

Fig. 3. is a schematic structure of library SEB-1. "FG" are groups NH or CO;

Fig. 4. demonstrates the activities of SEB-1 library peptides as compared
with the activity of pl2A. Scores were calculated from multiple
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determinations of the inhibition power of the peptides, based on
measurements of mRNA levels for IL-2 and IFN-y cytokines induced
by SEB exotoxin. Library peptides were measured at 7 ouM, pl2
control at 700pM;

Fig. 5. shows the structure-of peptides of library SEB-2, 5A being schematic
structure of the library, "FG" are alternating groups CO or NH, dotted
lines represent various cyclization possibilities, 5B, 5C, and 5D being
detailed structures of the peptides; | | .

Fig. 6. shows major syl}thetic steps in the synthesis of library SEB-2;

Fig. 7. demonstrates tﬁe activitigs of SEB-2. library peptides as compared
with the aétivity of pl2A. Scores were calculated from multiple
determinations of the inhibition power of the peptides, based on
measurements of mRNA levels for IL-2 and IFN-y cytokines induced
by SEB exotoxin. All peptides were measured at 700pM; and

Fig. 8. illustrates three-dimensional structure of SEB toxin as determined by
X-ray, 8A showing the site comprising residues SEB(150-161), and 8B

- showing the whole structure of SEB.

Detailed Description of the Invention

It was shown, in WO 98/29444, coauthored by two of the present inventors,
that a peptide comprising amino acid sequenée substantially: homologous to a
SEB fragment, particularly fragment pSEB(150-161) having the sequence
Thr-Asn-Lys-Lys-Lys-Val-Thr-Ala—Gln—Glu—Leu—Asp (SEQ ID NO 2, the
amino acids of which are also numbered 1-12), is capable of blocking the
activation of IL-2 and IFN-y gene expression by a pyrogenic exotoxin and of
eliciting protective' immunity against toxic shock induced by a pyrogenic
exotoxin, and several homologs, including peptide p12, having Tyr instead
Thr at position 1, are prov‘ided as good candidates for use in the blocking of
the activation of IL-2 and IFN-y gene expression by a pyrogenic exotoxin-and
in the preparation of vaccines. However the homologs are linear peptides,

and it is known that linear peptides, especially shorter ones, are not too
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stable in vivo, mainly due to the action of exopeptidases. When trying to
solve this problem, more possibilities may be considered, including
oligomerization of the peptide, modification of some of amino acids involved
in the éequence, cyclizations, etc. In WO 98/29444, two D-Ala amino acids
were attached at both ends of the linear peptide, forming peptide p12A. In
this invention, cyclization of peptide p12 was employed. A random cyclization
may be expected to increase the stability of a peptide, but it can also be
expected to introduce a structural constraint preventing the peptide molecule
from adjusting its tertiary structure to its molecular partners during
interactions important for the desired biological activity, resulting in a loss of

activity.

Two libraries of peptides comprising side chain to side chain, backbone to
side chain, and backbone to backbone cyclizations of peptide pl2 were
prepared by the inventors. Since p12 and its homologs, as mentioned above,

were good candidates for use as active antagonists of exotoxins, preserving a

_ substantial part of their activity during the cyclization process was a desired

objective. Surprisingly, some of cyclized peptides not only reached the
activity of the linear form, but even surpassed that activity by tenfold.

When considering Which two amino acids (AA) in the peptide should be
selected as the points for linking, the inventors also referred to their studies
of the crystallographic structure of p12. The study suggestéd that Lys 152
and Glu 159 of p12 participated in intramolecular interactions. Therefore the
inventors presumed that the two residues might be less important for
intermolecular interactions. However, the inventors do not wish to be limited
By any particular theory, since the above rationale may explain the
preservation of the original activity, but the explanation of the observed

sharp activity increase would probably require to include additional factors.

Two peptide libraries were synthetized comprising a side chain to side chain,

backbone to backbone or a backbone to side chain bridge. In some cases, the
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amino acids (AAs) at positions 3, 4, or 10 were replaced by N-(o-
aminoalkyl)glycine (denoted GlyN) or N-(e-carboxyalkyl)glycine (denoted
GlyC), and the ring comprising either AAs 3 and 10, or AAs 4 and 10, was
closed by creating one or two peptide bonds; in the case of two peptide bonds,
a linker was incorporated in said ring, comprising an o-amino-alkanoic acid.
In some cases, the. first two or the last two AA of the pl2 sequence were
deleted. The biological activity of the peptides was characterized by
measuring their power to inhibit the superantigenic activity of SEB toxin.
Capabilities of the cyclized peptides and pl2A linear(ontrol to 1ov§rer the:
forﬁation of mRNA for IL-2 and IFN-y, which mRNA formation is induced by

SEB in peripheral blood mononuclear cells, were determined in vitro.

In the first series of experiments, a peptide library wasi synthetized
comprising a bridge between positions 3 and 10, either through side chain
(Liys at position 3, denoted LysB hereinafter) to side chain (Glul0) or through
backbone (GlyN3) to side chain (Glul0). Peptidés of the following structures

were obtained:

NH-CO — (CHa) "Re

(CHa)e (CHz)»

CH3CO-Tyr-Asn-N-CH;-CO-Lys-Lys-Ala-Thr-Val-Gln-NH-CH-CO-Leu-Asp-NH:

wherein 1 is either of 0, 1, 2, and 3, Rz is either NH-CO when lis 1 to 3, or Rz

is a bond when 1 is zero, and k is either of 2, 3, 4, and 6.

Of 20 different peptides in the first library, denoted SEB1 to SEB20, fourteen
either reached or surpassed the activity of the linear pl2A protein. As
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illustrated in Figure 4, several cyclized peptides, including SEB11, SEB13,
SEB18, and SEB19, have much higher activity than peptide p12, even if used

in 10 times lower concentration.

5 In the second series of experiments, a peptide library was synthetized
comprising a bridge beﬁveen positions 3 and 10 or between positions 4 and
10. The bridge connected backbone (GlyN3) to side chain (Glul0), or the
backbone (GlyN3 or GlyC3) to backbone (GlyC10 or GlyN10). Peptideé of the

following three structures were obtained:

NH _ co

(CHo)x B (CHo)m

CH;3CO-Tyr-Asn-N-CHz-CO-Lys-Lys-Ala-Thr-Val-Gln- N-CHz-Xaa-Xaa-NHz
10 .

wherein k is 6, m is 2 or 3, and Xaa is a standard amino acid;

CO-NH (CHz); ——— CONH
(CH2)x
(CH2)m
CHRs

CHaCO-Xoo-Xoo-N-CHz-CO-Lys-Lys-Ala-Thr-Val—Gln-N-CHz-CO-Leu-Asp-NHz

" wherein Rs is selected from hydrogen and -(CHz);-NHog, k is 2 or 3, m is either
of 2, 3, 4, and 6, and 1 is 1; and
15 |
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(CHz)k ' (CHz)z

CH3CO-Tyr-Asn-Lys-N-CHs-CO-Lys-Ala-Thr-Val-Gln-NH-CH-CO-Xaa-Xaa-NHz

wherein k is 4 or 6.

Of 14 different peptidés in the second library, denoted SEB21 to SEB34, ten
reached or surpassed the activity of the linear p12 protein. As illustrated in
Figure 7,fsevera1 cyclized peptides, including SEB32,. and SEB33, have much

- higher activity than peptide p12A.

The cyclic peptidomimetics of this invention were synthetized mostly by
techniques known in the art, comprising SPPS and SMPS, and closing the
ring by the formation of intramolecular peptidic bond(s). The sequence of AA
was designed to be homologous to pSEB(150-161). The results show that
cyclic peptides based on pSEB(150-161) with a bridge between position 159
and 152 or 153 act as strong SEB antagonists, even superior to the linear
analogs. The bridge preferably connects positions 152 and 159. The positive
charge near positions 152-154 seems to i)e important for the antagonist
activity of the peptide, and introducing an additional positive charge next to
Lys153 and Lys154 enhances the antagonist activity. Two terminal amino
acids are not essential for the activity, even if keeping them seems to be
preferred in many cases. Of course, the peptides may ‘be synthetized

otherwise than in the shown examples..

When considering the ability of superantigen antagonists to protect against
exotoxin shock [e.g., Arad et al.: Nature Medicine 6, (2000) 414], and when
taking into consideration homologies among pyrogenic exotoxins at positions

corresponding to SEB(150-161), as can be observed in nearly thirty published
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sequences of the toxins of S. pyogenes and S. aureus, and when further
bearing in mind the above observed preferred properties of the cyclized
peptide, it can be noted: that, after employing Asp159 and Lys152 or Lys153
in the bridge formation, a hexapeptide Lys-Xaai-Xaags-Thr-Xaas-Gln (SEQ ID
NO. 1, wherein Xaa; is any standard AA, and Xaaz and Xaas are nonpolar
AAs independently selected from Ala, Val, Leu, Ile, and Phe) or its homolog
not containing more than one replacement, turns out to be essential for the
ability of a cyclized peptide of this invention to inhibit exotoxin-triggered
cytokine expression in blood T-cells, the cycle in said cyclized peptide having
preferably a length from 30 to 39 atoms, with preferably 8 to 16 atoms being
a part of fhe linker. ' | '

The general structure of a cyclized antagonistic peptide of this invention can

thus be described as the following structure:

Xoo-Xoo-X%cx-chx-Xaa-Xhh-Thr-Xhh-Gln-Gly-Xoo-qu
1 2 3 4 5 6 7 8 .9 10 11 12

or analog thereof obtained by one AA replacement with another standard AA
or with a modified AA; wherein Xoo is any standard AA or a deletion, Xaa is
any standard AA, Xhh is a nonpolar AA selected from Ala, Val, Leu, Ile, 'and
Phe, and Z is a linker connecting Gly10 with one of residues Xxx at position 3
or 4, wherein the other — nonlinked — residue Xxx is Lys. Linker Z comprises
side chains or N-atoms of said linked Xxx residue and said Gly i'esidue, and
has a length from 5 to 21 atoms and is optionally substituted with an
alkylamino group. A cyclized peptide of this invention or its analog may

comprise carboxyl groups that are esterified or amidated, and amino groups
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that are acylated or alkylated, and can be otherwise modified, wherein such

derivatives and their salts are active exotoxin antagonists.

Preferred antagonists of pyrogenic exotoxins according to this invention have
the following structure:

NH-CO — (CHa) NH-CO

(CH2)x (CH2)m

Tyr-Asn-Gly-Lys-Lys-Xhh-Thr-Xhh-Gln-Gly-Leu—Asp

wherein two Xhh AAs are independently selected from Ala and Val; k is an

integer from 2 to 6, 1is an integer from 0 to 3, m is 2.

Examples
Chemicals and instruments

Protected amino vacids, éouphhg reagents and resins for peptide synthesis

were purchased from NovaBiochem, ‘Bachem and Aldrich, except for

~ Allyl/Alloc protected amino acids, which were purchased from Neosystem.

TFA, HF, TIS, DIEA and organic synthesis reagents were purchased from
Sigma-Aldrich and Merck. Protease inhibitors and phosphatases, bovine
serum albumin (BSA), FCS and DMEM mediums were purchased from Beit
Ha’emek Biological Industries Inc. SEB protein was supplied By the
Toxicology Department of the United States Army Medical Research
Institute of Infectious Diseases, Frederick, MD. NMP, DCM, DMF and HPLC
grade acetonitrile were purchased from J.T. Baker or BioLab Inc. Other
solvents for organic synthesis were purchased from Frutarom, and other
chemicals from Sigma-Aldrich. Acetic aldehyde was distilled under
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atmospheric pressure before use. Some building units carrying an Allyl
(Fmoc-Gly(Cm)Allyl-OH m=2,3) or Alloc (Fmoc-Gly(Nn)Alloc-OH n=2,3) were
supplied by Peptor Inc.

Separately prepared sequences were synthesized in an SPPS specific vessel.
Most peptides were prepared by SMPS in polypropylene bags, which were
shaken in polyethylene boxes. Peptide cleavage by HF was performed when
MBHA resin was used with a KEL-F special system designed for the
simultaneous cleavage of 10 peptides. Analytical and preparative RP-HPLC
chromatography was performed on two Merck-Hitachi systems at 215 nm, on
Model 665A and on Model LaChiom. Analytiéal separation columns were
LiChroCart RP-18 by Merck and Vydac, 25 cm long and 5§ mm inner
diameter. Preparative and semi-preparative separations columns were Vydac
Protein & Pepﬁde C18 25 cm long and 25 or 10 mm inner diameter‘
respectively. Mobile phase solvents were triple distilled water (TDW) and
acetonitrile with 0.1% TFA. Mobile phase rate was 1 ml/min for analytical
runs, 4.5 ml/min for semi—preparaﬁve runs and 9 ml/min for preparative
runs. Most mass spectrometry (MS) measurements were conducted at the
inter-division instruments lab at the medicine faculty of the Hebrew
university, on a ThermoQuest LC-QPUC Jon Trap MS by Finnigan. Mobile
phase was a TDW:MeOH:AcOH (49:49:2) mixture. HNMR assays were
conducted on an AMX-300 Brucker NMR at 295°k at the Margaret Thatcher
NMR lab of the organic chemistry department of the Hebrew University. An
8452A diode array spectrophotometer by Hewlett Packard was used for
Fmoc-piperidine complex absorption determination. TLC analyses were

performed on Fasy silica plates supplied by Merck.

Amino acid analysis was performed at the Life Science Institute of the
Hebrew University. Peptides were hydrolyzed for 24 hours in HCl on a
Knauer protein hydrolyzer. Hydrolysis products were reacted with Fmoc-
chloride. Determination of the amino acids was done on RP-8 column

equipped HPLC with a fluorescence detector (Aex=263 nm, Ap=313 nm).
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Determination of resin loading was performed in the same manner, from a
known dry peptide-resin amount compared with known standard volume and

concentration.

Inhibition of SEB-induced mRNA (IFNy and I1.-2)

formation by the peptides
In these assays human PBMC cells from healthy donors were used [Arad

(2000) Ibid]. The cells were separated from Buffy-coat, purified, divided into
4x106 cells/ml aliquots and incubated in PRMI. Buffer used: 2% fetal calf
serum, 2 mM Gln, n(;n-speciﬁc amino acids, 10 mM HEPES, 10 mM sodium

" pyruvate, 5x10-5M 2-mercaptoethanol, pH=7.2, 100 units/ml penicillin, 100

ug/ml streptomycin, 5 pg/ml nystatin. 100 ng/ml SEB was introduced with or
without the assayed peptides. Total RNA was extracted and serially diluted.
All concentrations were blotted onto a nitrocellulose filter. IL-2 and IFNy
specific RNA amounts were determined by blot hybridization with IL1-2 and
IFNy RNA antisense probes detected by 32P. The IL-2 probe, 600 nucleotides
long, was transcribed 6f the T3; promotor ‘complementary to the third exon

and part of the third intron giving a 117 nucleotides sequence protected by

"mRNA. The 'IFNy probe, 274 nucleotides long, was transcribed of the T7

promotor complementary to the third exon and part of the third intron giving
a 183 nucleotides sequence profected by mRNA. These RNA antisense probes
were detected by a UV/Vis detector at 630 nm. '

Preparation of building blocks and
intermediates for the peptide synthesis
Mono-Boc-alkylenediamine (1)

" This was prepared as described [Muller et al.: J.0rg.Chem 62 (1997) 411].

1-Boc-6-Alloc-hexylenediamine (4)
To an ice cooled mixture of (1) (17 g, 1 eq.) in 4N KOH (pH=14) was added

allyl chloroformate (5.8 ml, 1.1 eq.). The obtained white solid was filtered and



10

15

20

25

30

WO 2004/072095 PCT/IL2004/000141
-20-

dissolved in 10 ml DCM. This organic phase was washed with 4N KOH (4 x
20 ml) in order to get rid of starting material, TDW (1 x 20 ml), dried over
Na2S04 and evaporated to dryness.

No-Fmoc-Na-[o-(Boc-amino)alkyl]Gly (Fmoc-Gly(Nn)Boc-OH) (2)
This was synthesized using reductive alkylation and in situ Fmocylation. To
a solution of (1)‘ (0.05 mole, 1 eq.) in 80 ml MeOH was added NaCNBHs3

(0.015 mole, 0.3 eq.) and the reaction mixture was cooled. Then glyoxylic acid

(0.055 mole, 1.1 eq.) was added portion-wise. After 2.5 hours the solvent was
evaporated to dryness and to the obtained foam was added a solution of EtsN
(0.1-0.2 mole, 2-4 eq.) in 125 ml TDW. To this suspension was added a
solution of Fmoc-Osu (0.05 mole, 1 eq.) in acetonitrile and the reaction
mixture was left to stir for another 4 hours in room temperature. Quenching
was done by addition of 120 ml TDW. The aqueous reaction mixture was
washed with petroleum ether (3 x 100 ml), petroleum ether:ether (7:3) (3 x
100 ml) and acidified under cooling with 1N HC1 (about 70 ml) to pH=2. The
product was extracted to ethyl acetate (3 x 100 ml) and the organic phase
was washed with TDW (3 'x 50 ml), dried over MgSO4 and evaporated to |
dryness. Products were obtained as white solids. Material (2) was prepared

for o being 2, 3, 4, and 6.

Fmoc-Gly(Nn)Alloc-OH (3)
This was achieved by replacing Boc with Alloc. To product (2) (3.38 g, 0.0072

mole for n=4; 3.06 g, 0.0062 mole for n=6) was added 10 ml DCM:TFA (1:1)
mixture. The resulting yellow reactioﬁ mixture was stirred for 90 min. Then
solvents were evaporated in vacuo and the product was triturated with
diethyl ether (2 x 100 ml). The obtained oil was dissolved in 30 ml
TDW:acetonitrile (2:1) and the mixture was basified to pH=9 with powdered
NasCOs. To this solution was added a solution of allyl chloroformate (1.1 eq.)
in DCM and the reaction mixture was stirred for 1 hour while keeping the

pH basic. Product was then acidified to pH=1 with saturated KHSO4 and
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extracted to ethyl acetate (8 x 40 ml), dried over MgSO,4 and evaporated to
dryness. . ‘

Fmoc-Gly(N6)Alloc-OH (3)

This was synthesized using reductive alkylation and in situ Fmocylation. To
product (4), 1-Boc-6-Alloc-hexylenediamine, (15 g) was added 20 ml

" DCM:TFA (1:1) mixture. The reaction mixture was stirred for 60 min. Then

solvents were evaporated in vacuo and the obtained oil was triturated with
diethyl ether (8 x 50 ml) and basified to pH=9 with KOH. This crude product
was used for preparation of the desired building unit according to the

procedure used for the preparation of material (2).

Alloc-NH-(CH2)n-OH . A
Amino acid (0.1 mole) (n=1,2,3) was dissolved in 25 ml 4M NaOH while

stirring. The solution was cooled in an ice bath and to it was added a mixture
of allyl chloroformate (13.8 rﬁl, 0.13 mole, 1.3 eq.), 5 ml isopropanol and 20
ml 4M NaOH. The reaction mixture was stirred in room temperature for 1
hour. TLC system: chloroform:MeOH (4:1). Quenching was performed by i:he
addition of 40 ml water followed by washing of the reaction mixture with
petroleum ether (8 x 30 ml), cooling and acidifying with concentrated HCI to
pH=1. Product was extracted to ethyl acetate (3 x 45 ml), dried over MgSO4

and evaporated to dryness.

Boc-NH-CH2-CO-Allyl (5)

To a mixture of Boc-Gly-OH (8.75 g, 0.05 mole, 1 eq.) and allyl bromide (100
ml, 1.1 mole, 24 eq.) was added 0.034 mole DIEA until a clear solution was
obtained. This solution was refluxed in a silicon oil bath for three hours.
Then it was diluted wifh 200 ml ethyl acetate, washed from excess base and
allyl bromide with 0.1N HCI (3 x 100 ml), saturated NaHCO; (4 x 100 ml)
and NaCl (38 x 100 ml). Product was dried over MgSO4 and evaporated to
dryness to obtain a yellow oil. A
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NH2-CH2-CO-Allyl (6)

Product (5) (8.44 g, 0.039 mole) was dissolved in 120 ml mixture of DCM:TFA
(1:1) and was left for 1 hour while shaking occasionally. Then it was
evaporated, triturated twice with diethyl ether (2 x 100 ml) and dissolved in

100 ml chloroform. The solution was basified by EtsN to pH=8 and then

washed with water (5 x 100 ml), dried over Na2SO4 and evaporated to

" dryness.

Gly(C1HAllyl-OH (7)
This was prepared by reductive alkylation. To a solution of (6) (0.004 mole, 1

eq.) in 50 ml MeOH glyoxylic acid (0.373 g, 1.1 eq.) was added portion-wise.

~ After 5 minutes NaCNBH; (0.082 g, 0.013 mole, 0.3 eq.) was added and the

reaction mixture was stirred for 16 hours, then it was evaporated to dryness. ‘

Peptide synthesis

General SPPS techniques
Peptides were synthesized by SMPS or SMPS methods on a divinylbenzene

cross-linked polypropylene resin of two types, both giving a carboxamide end.
SMPS “tea bags” were prepared of a polypropylene sheet, 4.5x5 cm for 200
mg dry resin or 5x5 cm for larger resin quantities. Bags were marked ad
three sides of them were sealed. Then resin was introduced to the bags, they
were weighed, sealed at the forth side and cut with scissors to avoid rough
edges. Bags were shaken in polypropylene boxes of various sizes according to
bags size and number. Solvent volume of each reaction was about 10-15
ml/bag. Peptides of library SEB-1 were synthesized on MBHA resin (loading:
0.55-0.59 mmole/g). Other sequences were constructed on Rink-amide MBHA
resin (loading: 0.55-0.60 mmole/g). Prior to synthesis bags resin was swollen
by a two hours shaking in NMP. Synthesis direction was from the carboxyl
end to the amine end using Fmoc or Boc/Fmoc chemistry. All reactions were
conducted in room texﬁperatﬂre in DCM, NMP, NMP:MeOH 1:1 or DMF. At

the end of each synthetic step resin was washed followed by free amines
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assaying, in order to qualitatively determine the success of that step. These
assays are detailed herein. A positive answer (showing free amines presence)
is expected following cledvage of amine protecting groups and reductive
alkylation. A negative answer, showing absence of free amines, is expected
following couplings, acylations and cyclizations. Neutralization of the MBHA

resin was done by shaking it twice in 5% DIEA in NMP, 5 minutes each time.

Coupling of amino acids to each other or to the solid phase

The following techniques were employed.

i) An amino acid or Na blocked building unit (3 eq.) and coupling reagent
(TB.TU; PyBOP or PyBrOP, 3 eq.) were diséolved in DMF or NMP (10 ml
minimum) in a 50 ml pla;stic tube. Then DIEA (7 eq.) was added and the tube

was shaken for 10 minutes for pre-activation. Then this was added to the

synthesis veséel and all was shaken for 2 hours. Whenever chloranil or
Kaiser tests were positive the coupling was repeated [Gazal et al.: J. Pept.
Res. 58 (2001) 527].

ii) An amino acid or Na blocked building unit (5 eq.) and coupling reagent
(BTC, 1.65 eq.) were added to dry DCM (10 m] minimum) in a 50 ml plastic
tube. Then 2,4,6-collidine (14 eq.) was added and a clear solution was -
obtained. After a few seconds pH was tested and when lower than 8 more

base was added. Then this was added to the synthesis vessel and all was

“shaken for 1 hour. Whenever chloranil or Kaiser tests were positive the

coupling was repeated.

iii) For the coupling of Fmoc-Asn(Trt)-OH to building units, amino acid (5
eq.) and HOBt (5 eq.) were dissolved in dry DMF (10 ml minimum) in a 50 ml
plastic tube for 5 minutes until complete dissolution. Then DIC (8 eq.) was
added under inert atmosphere and the solution was shaken for 30 minutes
for pre-activation. After that this solution was added to the synthesis vessel

under inert atmosphere and all was shaken for 1 hour.
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Washings

Most synthetic steps were followed by washings (2 minutes each) of this
order: 5 x NMP followed by 2 x DCM. BTC couplings were followed by
washings of a different order: 2 x DCM, 3 x NMP, 2 x DCM. Removal of
allyl/alloc (method H) groups was followed by these washings: 4 x DCM, 2 x
DMF, 2 x NMP, 2 x 5% DIEA in NMP and 2 x DCM. SiClsl Boc removal was

" followed by this: 2 x DCM:acetonitrile (1:1), 2 x NMP, 2 x 5% DllEA in NMP

and 2 x NMP. At the end of the whole synthetic procedure, the last washings
were followed by 3 x DCM and 1 x MeOH.

Fmoc Removal

Reaction was performed in a fresh solution of 20% piperidine in DMF or
NMP 2 x 30 minutes. Chloranil and Kaiser tests were almost negative after

Fmoc removal from Asp and Glu.

Free active sites capping and amine acetylation .
Shaking in 0.5M acetic anhydride and 0.125 M DIEA in NMP for 30 minutes

was used [Gazal et al. (2001), Ibid].

Boc removal and neutralization

This was done in two different methods: i) Shaking in TFA:DCM (1:1) twice
(1 x 5 min, 1 x 30 min) followed by neutralization with 5% DIEA in NMP.
ii) 10 minutes shaking in room temperature in freshly prepared SiClsl
solution transferred to reaction vessel via an argon washed needle. The
solution was prepared by mixing Nal (10 eq.) and SiCly (10 eq.) in

DCM:acetonitrile (1:1) in room temperature.

Allyl/Alloc removal

Bags containing peptide on resin or MCH resin were pre-dried in dessicator
overnight and then introduced into a hydrogenation vessel. The vessel was

flushed with argon. N,N’-dimethyl barbituric acid (7.5 eq./g resin) was
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' dissolved in DCM. Ar was bubbled through the solution and then it was

transferred to the hydrogenation vessel under Ar, followed by the addition of
dry catalyst complex Pd(PPh3)4 (0.1 eq.) again under Ar. Reaction vessel was
sealed with a rubber cap and parafilm, wrapped with aluminum foil and

shaken for 8 hours [Unverzagt et al.: Bioorg. Med. Che. 2 (1994) 1189- 1201]

" Cyclic anhydride coupling to the amine end

Cyclic anhydride (10 eq.) and DMAP (1 eq.) were d1ssolved in NMP (10 ml
minimum) in a 50 ml plastic tube. Then DIEA (10 eq.) was added and
solution was shaken for 30 minutes for pre-activation, added to synthesis

vessel and all was shaken for 1 hour.

Dicarboxylic acids coupling to the amine end
Dicarboxylic acid (10 eq.) and DMAP (1 eq.) were dissolved in NMP (10 ml

minimum) in a 50 ml plastic tube. Then DIC (10 eq.) was added and solution
was shaken for 30 minutes for pre-activation, added to synthesis vessel and

all was shaken for 1 hour.

A Cvchzatmn via lactam bond

First cyclization: PyBOP (10 eq.) was dissolved in dry NMP in a 50 ml plast1c

‘tube. Then added to synthesis vessel followed by addition of DIEA (10 eq.).

Peptides were shaken in this solution for 2 hours. For the second and third

cyclizations, reagents amounts were halved.

Amine end reductive alkylation

Distilled acetaldehyde (4 eq.) or m-anisaldehyde were dissolved in .
NMP:MeOH (1:1) with 1% acetic acid in the réaction vessel. 5 minutes later
NaCNBHS (4 eq.) was added. Peptides were left to shake in this reaction
mixture for 3 hours. | |

On-resin preparation of Gly building units
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This was conducted according to Friedler et al. [Biochemistry 37 (1998)
5416].

Cleavage of peptides off the solid phase
When using dry HF, dried resin bound peptides and anisole (total

concentration of 5%) were introduced into an HF specific teflon system by

" Japan Peptide Institute. To this was added liquid HF (10 ml/300-400 mg

resin) at —2 to 0°C. After 2 hours HF was evaporated. Peptides were
dissolved in 4 ml TFA. Workup was as described herein. When using TFA, a

“cooled mixture of TFA:TDW:triisopropylsilane (95:2.5:2.5) was added to 50

ml pléstic tubes with resin bound peptide (5-10 ml/tube). Tubes were shaken

usually for 30 minutes at 0°C followed by 2 hours at room temperature.

Crude peptides after cleavage were filtered through cotton or Altech plastic
filtered columﬁs. Most TFA was evaporated by strong bubbling of N2 to a ’
final volume of 2-3 ml. Then ice cooled ether was added. The obtained .
precipitates were vortexed and then centrifuged for 5 minutes. Etheric
phases were decanted. This washing was repeated 2-4 times. The peptides
were then dried and dissolved in TDW:acetonitrile (1:1) with 0.1% TFA,
filtered through HPLC filters, frozen in liquid nitrogen and lyophilized.

On-resin allylation of free carboxylic acid

Allyl alcohol (16 eq.) and DMAP (1 eq.) were dissolved in DCM (10 ml
minimum) in a 50 ml plastic tube. Then DIC (10 eq.) was added and solution
was shaken for 30 minutes for pre-activation, added to synthesis vessel and

all was shaken for 1 hour.

Synthesis of backbone cyclization amine Building units
In this work, N-backbone cyclization building units based on Gly(Nn) or

Gly(Cn) were used (n stands for the length of methylene chain). For instance,
a simple synthetic procedure was introduced for the  synthesis of building
units of the type Fmoc-Gly(Nn)Boc-OH and Fmoc-Gly(Nn)Alloc-OH, also
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synthesized was Fmoc-Gly(N6)Alloc-OH building unit (Figure 1). Thus, in
this work, glycine building units were synthesized consisting of an alkyl arm
of various lengths connected to the backbone nitrogen and carrying a Boc

(n=2,3,4,6) or Alloc (n=4,6) protected amine group.

SEB proteinomimetics -

" Analysis of the protein three-dimensional structures was performed (Figure
8).

Free amine detection ‘
Qualitative free amine determination tests were conducted after each
synthetic step (or Kaiser or chloranil). When these reflected the step was not

successful it was repeated under the same or other conditions.

Kaiser test was performed as follows: Two drops of the following solutions
were added to a borosilicate tube with a small amount of resin: phenol in
ethanol, KCN buffer in piperidine, and ninhydrin in ethanol. This was
heated to 110°C for a few minutes. A positive answer is when both polymer

and solution become deep purple after one minute. For a negative result it is

necessary to wait 3 minutes [Kaiser et al.: Anal. Biochem. 34 (1970) 595].

Chloranil test was performed as follows: Two drops of a saturated solution of

chloranil in toluene and two drops of 10% acetaldehyde in DMF or acetone

are added to a small amount of resin. This is shaked for 1-5 minutes. A

positive answer is when the polymer is colored green [Christensen: Acta
Chem. Scan. B, 33 (1979) 763] |

Fmoc-piperidine assay was performed as follows: 3-5 mg of dry peptide-resin
were weighed (required accuracy: 0.1 mg) followed by Fmoc removal for 30
minutes. Reaction mixture was filtered and the filtrate was diluted to exactly

50ml with DMF. Absorption at 301 nm was measured in a spectrophotometer
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and compared to blank. The substitution degree of Fmoc-AA-resin was
determined according to equation '

_ Ay, oV [ml]

C=
7800 e m g]

where A is the average absorbance of 3 measurements, V is the solution
volume (50 ml) and m is the polymer weight [Melenhofer: Int. J. Peptide
Protein Res. 23 (1984) 203].

Design of cyclic SEB antagonists based on the sequence of SEB(150-161)

Before deéigning cyclized fragments homologous to SEB, the three-
dimensional structure of SEB was analyzed by crystallography. It was found

that residue Lys 152 forms two intra-molecular hydrogen bonds, one with

Ser245 carbonyl group and the other via a salt bridge with OP! of Glul59

carboxylic group. This salt bridge is located deep within the SEB molecule.
The atoms (Ne and OP) are 2.7 1A apart. Therefore the inventors assumed
that residues Lysl52 and Glul59 contribute more to the peptides
conformation rather than to its interactions with other proteins. Residue
Glul59 forms another hydrogen bond through its oﬁygen atom OD2 with
Thr150 Oy. In addition' its Oo atom is proximal to No atoms of both Tyr162
and Leul63, still more stréengthening the above assumption (regarding this

role of said residues) and the decision to use these residues in the cyclization.

Examples 1 - 20

In order to conduct backbone cyclizations, appropriate building units were
incorporated into the sequence, replacing the residue at position 152 with
Gly building units having alkyl arms of varying length. A suitable linker was
further introduced. This way a library composed of 16 backbone to side chain
cyclic peptides, and 4 side chain to side chain — classical — cyclic peptides.
Cyeclization was formed between positions 3 and 10 of p12 (152 and 159 of the

SEB sequence). The peptides comprise a lactam bridge constructed in two
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ways: via a single amide bond formed directly between the two functional
groups of the appropriate residues or by the insertion of a linker, comprising
one a, B, or y amino acid. Using this method is another way of controlling the
ring size. Thus, 12 peptides possess a new mode of cyclizati(;n: backbone to
side chain cyclization through a linker. Free carboxylic and amine groups
were capped by amidation and acetylation, respectively. This library was
designed to scan both ring size and cyclization mode. Figure 3 shows a
schematic sfructure of library SEB-1. "FG" are groups NH or CO. Table 1
describes the stfuctures of the peptides of library SEB-1, relating to symbols
in Figure 3. » |

Tab. 1 Structures of the peptides of SEB-1 library, relating to symbols in

Figure 3.

Peptide | Xaa N M Ring size | FG2 FG1
SEBI Lys 4 0 30 - -

SEB2 Lys 4 1 33 NH co
SEB3 Lys 4 2 34 NH co
SEB4 Lys 4 3 35 NH CO
SEBS GlyNn) |2 0 29 - -

SEB6 ‘Gly(Nn) |2 1 32 NH co
SEB7 GlytNn) |2 2 33 NH Co
SEBS GlyNn) |2 3 34 NH co
SEB9 Gly(Nn) |3 0 30 - -

SEB10 Gly(Nnm) |3 1 33 NH [00)
SEB11 GlytNn) |3 2 34 NH CO
SEB12 Gly(®Nn) |3 3 35 NH | CO
SEB13 Gly(Nm) 4 0 31 - -

SEB14 GlyiNm) | 4 1 34 NH co
SEB15 GlyNn) | 4 2 35 NH co
SEB16 Gly®Nn) | 4 3 36 NH co
SEB17 Gly®\m) |6 0 33 - -

SEB18 GlyQNn)- | 6 1 36 NH CO
SEB19 Gly®Nn) |6 2 37 NH CO
SEB20 Gly(Nn) 6 3 38 NH CO
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Library SEB-1 was prépared by the combination of the SPPS and the “tea
bags” SMPS methodologies on 5 g MBHA resin while forming the building
units on resin during the peptide synthesis as described above. At least three
different orthogonal pfotecting groups had to be used. Fmoc was used for
protection of N* of all residues, excépt for the residues used as linkers, where
Alloc group was used. Boc protecting group for protécting the functional
groups at the ends of the alkyl arms of building units and on the Lys152

" amine, and the Allyl group to protect the side chain of Glu159, and Z, Bzl and

Trt were used for the protection of other amino acids side chains (Figure 2).

The coupling reagent used was PyBrOP, the first nine coupling steps were
conducted in one vessel, sihce being identical in all the peptides. After the
coupling of Thrl56, i.e. after six ‘couplings, aﬁ Fmoc-piperidine test was.
performed, followed by a quantitative amino acid analysis of the growing
sequence in order to estimate the progress of the synthesis. The yield
obtained from the'Fmoc-piperidine test was approximately 37% (meaning an
average of 85% yield of each coupling), but the amino acid analysis gave an
estimate of around 60% yield. After the coupling of Fmoc-Lys(Z)-OH at
position 153 the solid phase was washed, dried and weighed 7.76 g. Thus, .
according to weight gain after nine couplings the yield was 58%. At this
point, the resin carrying. the growing peptide was divided. into. 24
polypropylene bags; about 370 mg per bag for the 20 bags containing the
library peptides, and about 90 mg per each control bag. This way from the
tenth coupling on, SMPS mode was used. Gly(Nn)Boc building units were
prepared directly on the solid phase using bromoacetyl bromide [Friedler
(1998) Ibid]. After acetylation of the amine end, the Boc protecting group was
selectively cleaved using in‘situ formed SiClsI (described above). This method
was chosen rather than the standard TFA method in order to avoid harming
the Trt protecting group of Asn and Gin residues. For peptides in which a

linker was to be introduced, the now exposed primary amine was coupled to

one of the linker amino acids protected beforehand by Alloc on their N atom.



10

15

WO 2004/072095 PCT/1L.2004/000141

-31-

Alloc and Allyl groups cleaved
Pd(PPh3)4/NDMBA. Cyclization between the linker No atoms and side

chains or alkylene arms in position 159 was repeated three times in standard

were simultaneously  using

coupling conditions using PyBOP (Figure 2). Following these synthetic steps
peptides were cleaved off the solid phase by HF, and their purity was
determined by HPLC on an RP-C18 analytical column. The peptides purity

" ranged from 25-40%. The synthesis of this library was quite complex, but the

desired. peptides were obtained at reasonable quantities. Followipg ESI-MS
characterization, the peptides were purified by preparative HPLC and were
again characterized by analy‘t1cal HPLC, amino acid analys1s and ESI-MS.
Since the charge of each of the peptides under acidic conditions is +2, the
major MS peaks corresponded to MW/2. The synthesis results are detailed in
table 1. Amino acid analysis also confirmed the supposed structures (not

shown).

Tab. 2 Results of the sythesis of SEB-1 library

Peptide Calculated Molar mass | Product Product mass | Yield (%)

molar mass of the purity (%) (mg)

of the product by ,

product ESI-MS
SEB1 1458.7 1460.3 94 5.0 2.6
SEB2 1515.7 '1516.8 97 5.0 2.5
SEB3 1529.7 1530.7 100 6.0 3.0
SEB4 1543.7 1544.8 38 5.0 2.5
SEB5 1430.6 14318 82 60 32
SEB6 1487.6 1490.8 45 6.0 3.1
SEB7 1501.6 1502.7 93 6.4 33
SEB8 1515.7 1519.6 . 100 170 3.6
SEB9 1444.9 14474 100 3.5 1.9
SEB10 1501.6 1504.2 58 2.0 1.0
SEB11 1515.7 1516.9 98 1.5 0.8




10

15

20

WO 2004/072095 PCT/1L.2004/000141

-32-
SEB12 1529.7 1531.7 63 3.0 L5
SEB13 1458.7 1459.7 96 2.0 1.1
SEB14 1515.7 1516.7 56 2.0 1.0
SEB15 1529.7 1532.8 . 100 0.48 0.4
SEB16 " 1543.7 1545.8 100 1.0 0.5
SEi317 1486.7 1487.8 100 | .7;.0 1.0
SEB18 '~ | 1543.7 1544.8 100 4.0 2.0
SEB19 | 1557.8 1558.8 100 1.2 0.6
SEB20 1571.8 | 1572.7 100 3.0 1.5

SEB-1 library cyclic peptides antagonize cytokine induction by SEB. The
biological activity of all library peptides was defermined according to the
methodology developed by two of the present inventors (WO 98/29444).
Inhibition of the superantigenic activity by the library peptides of the
invention was determined as indicateri in experimental procedures. Briefly,
mRNA quantities of IFN-y and IL-2 cytokines were determined by
quantitative dot blotting on Th1 cells obtained from healthy donors, at three |
time points (0, 3h and 6h) following incubation with SEB, with and without
the peptides. Peptide p12A((dA-YNKKKATV QELD-dA, where dA denotes D-
Ala, SEQ ID NO. 3) served as a linear reference peptide. The lower the.
cytokines quantity the higher the peptides inhibitory activity, since the
release of these cytokines implies a successful antigenic mode of action. The
concentrétions used for the cyclic peptides were 70 uM while the linear p12
was assayed at a ten times higher concentration (700 pM), the SEB
superantigen concentration was 100 ng/ml. All peptides exhibited inhibitory
activity to some extent. It should be noted that this biological assay was
conducted on blood obtained from 40 different donors, and each peptide was
checked in at léast 12 repeated tests. Tj:le mean antagonist score from
multiple assays was calculated for each peptide of the SEB-1 library for IL-2
mRNA and for and IFN-y RNA. Scoring was done by a point system: <50%
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inhibition (0 points); >50% inhibition at either 3 or 6 h time point of the
above assay (1 point); >50% inhibition at 3 and 6 h (5 points); and >75%
inhibition at 3 or 6 h (10 points).

The results (Figure 4) indicate that at least about 15 peptides of 20 1n the

SEB-1 library reach, or even surpass, the antagonistic behavior of peptide

" .pl2. It should be born in mind that all the peptides were checked at the

concentration 10 times lower than the control peptide pl2, which itself is
good antagonist. Among superior active cyclic peptides in the SEB-1 series
were SEB 11, SEB13, SEB18, and SEB19.

Examples 21 - 34

On further mimicking the structure _of SEB(150-161), library SEB-2 was

designed, with the cyclization comprising residue 159 and one of residues 152

and 153. The cyclization site passed from position 152 to position 153 in

~ three peptides, backbone to backbone cyclization was used in 11 peptides,

and a new .structural element was introduced in 1 peptide,.
Gly(CH[(CH2)4NH2] which bears another positive charge near the amino end
of the peptide‘. Further, the direction of the amide bond in the linker was
switched in 7 'pep.tides. Figure 5A shows a schematic structure of library
SEB-2, the arrows being the sites ofA linking. "FG" are groups NH or CO.
Table 3 descrii)es the structures of the peptides of library SEB-2, relating to
‘symbols in Figure 5A.

Tab. 3 Structures of the peptides of SEB-2 library, 'relating to symbols in .
Figure 5A.
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Xaa | Xaa | Xaa Xaa Xaa Xaa Xaa
n jmjljl 2 3 4 5 6 7 FGl1 | FG2 | FG3 | FG4

SEB
21 3 16 [3] Tyr [ Asn | Gly(©C) Lys GlyN) | Leu Asp CO |NH | CO |NH
SEB
22 2 |6 |3 Tyr | Asn [ GIy(C) | Lys Gly®™N) | Leu Asp CO [NH |CO | NH
SEB
23 3 |4 |3 Tyr | Asn | Gly(C) | Lys GlyN) | Leu Asp CO |NH | CO |NH
SEB

) 24 2 |4 | 3] Tyr | Asn | GIy(C) Lys Gly(N) | Leu Asp CO |NH |CO |NH
SEB .
25 6 |2 | -1 Tyr { Asn | Lys GlyN) | Glu Leu Asp NH | CO -
SEB
26 6 |2 | -] Tyr | Asn | Gly@N) [ Lys Gly(C) Leu Asp NH [CO |- -
SEB ’
27 6 ['3 {-| Tyr | Asn | Gly(N) Lys Gly(©) Leu Asp NH |CO |- -
SEB .
28 6 |2 [-|{Tyr [Asn | Gly@N) | Lys Gly(C) - - NH. | CO | - -
SEB )
29 6 |3 |-| Tyr | Asn | GlydN) | Lys Gly(©) | - - NH |CO |-
SEB . .
30 6 {2 | -| Tyr | Asn | Lys Gly(N) [ Glu - - NH |CO |- -
SEB
31 4 |2 {-|Tyr | Asn [ Lys ‘Gly(N) | Glu Leu Asp NH |CO |- -
SEB ‘ Spec. .
32 1 16 |3]- - Unit Lys Gly(N) | Leu Asp CO |NH {CO [NH
SEB .
33 3 |2 [ 3] Tyr | Asn [ Gly(C) Lys Gly(N) Leu Asp CO |NH [CO |NH
SEB

34 3 (3 [-3] Tyr | Asn | Gly(C) [ Lys GlyN) | Leu Asp CO |NH | CO |NH

The SEB-2 peptides were prepared according to the standard procedures in

‘“tea bags”, while using previously prepared buildihg units, on a Rink-Amide
"MBHA resin (loading: 0.55 meq/g). Each bag contained 250 mg of resin. The

protection of side chains that did not participate in:the cyclization was
achieved by using “permanent”’ prdtecting groﬁps fhat were TFA sensitive,
such as tBu, Boc and Trt. Thé residues undergoing cyclization were protected
by “semi-permanent” protecting groups of Allyl and Alloc. The same as in
SEB-1 library, residues 152 and 159 were bridged by coupling Alloc-AA-OH
amino acids to the amine of the side chain or alkyl arm of residue 152. This
coupling was conducted after completion of the main sequence. In library
SEB-2, the Alloc-Gly-OH amino acids were coupled to the amine of. the
alkylene arm of residue 159 (Figure 6). The building units used at this
position were Fmoc-Gly(Cm)Allyl-OH, Fmoc-Gly(Nn)Alloc-OH and Fmoc-
Gly(CH[(CHz2)4aNH-Boc]CO2-Allyl)-OH. After the coupling of Fmoc-Ala-OH in
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position 155, the Alloc group off the alkylene arm of the 159 positioned
building units was cleaved. Then, Alloc-Gly-OH was coupled to tﬁe now
exposed functional grouﬁ, followed by continued building of the main
sequence. This way, the direction of the bridge amide bond could be changed.
After removal of the Allyl and Alloc groups from residue 152 and the bridge,
cyclization was performed in the standard manner (Figure 6). The couplings
of the various amino acids were conducted in standard PyBrOP procedure,

except for the Asn which was coupled in the same manner as used in library

| SEB-1. In case of peptide SEB32, the cleavage of the Fmoc protecting group

of the building unit at the amine end was performed only after peptide

cyclization.

Peptides were cleaved off the solid support by a standard TFA cocktail. The
desired products were obtained as main products and their purity at the
crude stage was higher than that of the SEB-1 library, 25-85%. For instance,
peptide SEB32 was 47% pure and weighed 15 mg. All peptides underwent
further preparative HPLC purification. Their final purity was determined by
analytical HPLC on RP-C18 column. Pure peptides were characterized by
ESI-MS, HPLC and amino acid analysis. All SEB-2 peptides, except SEB32,
have a +2 elec¢trical charge thus most of them show a major MS peak at

MW7/2, as in the previous library. The yields of the final products are lower

~ compared to SEB-1, but their purities are higher.

Tab. 4 Results of the sythesis of SEB-2 library

Peptide Calculated Molar mass | Product Product mass | Yield (%)
_molar mass | of the purity (%) (mg)
of the product by
product ESI-MS
SEB21 .1558.8 | 1559.4 97 2.6 13
SEB22 1544.8 | 1542.1 95 0.7 0.3
SEB23 1530.8 | 1528.8 100 1.9 1.0
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SEB24 1516.7 | 1514.9 100 0.8 0.4
SEB25 1487.7 | 1486.8 90 1.5 0.8
SEB26 1487.7 | 1486.9 100 0.8 0.4
SEB27 1501.8 | 1504.0 100 0.5 03
SEB28 1259.5 1237.7 96 Not Nd.
4 determined
SEB29 1273.5 | 12715 100 . N.d. N.d.
SEB30 1259.5 | 1257.9 100 14 0.9
SEB31 1459.7 14§O.8 100 0.7 , 0.4
SEB32 1325 | 1324.5 100 2.0 1.2
SEB33 1502.7 | 1502.3 100 | 2.0 1.0-
SEB34 1516.7 | 15174 100 ’ ‘1.7 0.9

Peptides of the SEB-2 library were subjected to the same biological assays as
the peptides of SEB-1, followed by the same data analysis‘ procedure. The
difference was a ten-times raise of their 60ncentration, reaching that for the
control peptide, i.e. 700 pM. Scoring for SEB-2 peptides is shown in Figure 7.
More peptides than in SEB-1 had lower activity than control peptide p12A.
Nevertheless, several peptides had higher activity than p12A, SEB32 béing |

superior.

While the invention has been described using some specific examples, many
modifications and variations are possible. It is therefore understood that the
invention is not intended to be limited in any way, other than by the scope of

the appended claims.
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CLAIMS

1.

A cyclized peptide having formula Ia or Ib:

Z
la
Xo00-Xo00-Gly-Lys-Xaa-Xhh-Thr-Xhh-Gln-Gly-Xoo-Xoo
1 2 3 4 5 6 7 8 9 10 11 12
Z
Ib

Xo00-Xo0-Lys-Gly-Xaa-Xhh-Thr-Xhh-Gln-Gly-Xoo-Xoo
1 2 3 4 5 6 7 8 9 10 11 12

wherein Xoo is any standard amino acid (AA) or a deletion, Xaa is any
standard AA; Xhh 1s a nonpolar AA‘selected from Ala, Val, Leu, Ile, and
Phe; and wherein Z is a linker connecting the two Gly residues,
comprising side chains or N-atoms of said Gly residues, which linker
has a length from 5 to 21 atoms and is opfionaﬂy substituted with an
alkylamino group; ' .

and an analog thereof obtained by one AA replacement with another
standard AA or with a modified AA;

and a derivai;ive of said peptide or its analog obtained by their
esterification, amidation, acylation, and alkylation;

and a salt of said peptide or its analog or its derivative.
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A cyclized peptide, analogs, derivatives and salts thereof, according to

claim 1, wherein said linker Z has the following structure:

Ilh ——(CHzi ————Rs
(CHa2)x

| (CHg)m
CHRs3

|

wherein R; is a group selected from -NH-CO- and -CO-NH-; Rz is either -
the same as Ry, 6r represents bond when 1 is zero; Rs is selected from .
hydrogen, -NHz, and -(CHg);-NHz; k is an integer from O to 6; 1 is an -
integer from O to 3; m is an integer from 2 to 7; and j is an integer from '
0 to 5.

A cyclized peptide according to claim 1, having formula II:

Ri—  (CH)—— Ry
(CHa)x ‘ II
(CH2)m
CHR3

X00-X00-Gly-Lys-Lys-Xhh-Thr-Xhh-Gln-Gly-Xoo-Xoo

and derivatives and salts thereof; wherein Xoo is any standard AA or a
deletion; Xhh is a nonpolar AA selected from Ala, Val, Leu, Ile, and Phe;
R1is a group selected from -NH-CO- and -CO-NH-; Rs is either the same
as Ri, or represents bond when 1 is zero; Rs is selected from hydrogen
and -(CHz);-NHg; k is an integer from O to 6; | is an integer from O to 3;

m is an intéger from 2 to 7; and j is an integer from O to 5.
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4. A cyclized peptide according to claim 3, comprising backbone to side

chain cyclization, having formula III:

NH-CO ——— (CHa2j) Rs
I
(CHg)x
(CH2)m -
CHRs

X00-X00-N-CHz-CO-Lys-Lys-Xhh-Thr-Xhh-Gln-NH-CH-CO-Xo00-Xoo

and derivatives and salts thereof, wherein Xoo, Xhh, Rs, k, 1, and m
have the meaning as defined above, and Rz is either the same as R1, or

represents bond when 1 is zero.

5. A cyclized peptide according to claim 3, comprising backbone to

backbone cyclization, having formula IV:

NH-CO ———— (CHz)i ————— Ro
v
(CHa)x
(CH2)m
' CIHRs '

X00-X00-N-CH2-CO-Lys-Lys-Xhh-Thr-Xhh-Gln- N-CH2-CO-Xo00-X00

and derivatives and salts thereof, wherein Xoo, Xhh, R3, k, 1, and m
have the meaning as defined above, and Rz is either the same as Ri, or

represents bond when 1 is zero.

6. A cyclized peptide according to claim 3, comprising backbone to

backbone cyclization, having formula V:



WO 2004/072095 PCT/1L.2004/000141

10.

11.

12.

- 40-
CO-NH —— —(CHs) —————  Rao
A%
(CH2)x
CHRs

X00-X00-N-CH2-CO-Lys-Lys-Xhh-Thr-Xhh-Gln- N-CHz-CO-Xo00-Xo0

and derivatives and salts thereof, wherein Xoo, Xhh, Rs, k, 1, and m
have the meaniﬁg as defined above, and Rq is either the same as Ry, or

represents bond when 1 is zero.

A cyclized peptide, derivatives and salts thereof, according to claim 2,

- wherein AA at positions 1-5 and group Rs comprise together at least two

free amino groups.

A cyclized peptide, derivatives and salts thereof, according to claim 2,

wherein Rs is -(CHz);-NHz, and wherein j is an integer from 0 to 5.

A cyclized peptide, derivatives and salts thereof, according to any one of

claims 1 to 2, wherein AA at position 5 is Lys.

A cyclized peptide, derivatives and salts thereof, according to any one of
claims 1 to 6, wherein AA at position 1 is Tyr.

A cyclized peptide, derivatives and salts thereof, according to any one of

claims 1 to 6, wherein AA at positions 1-2 are Tyr-Asn.

A cyclized peptide, derivatives and salts thereof, according to any one of

claims 1 to 6, wherein AA at positions 1-2 are deleted.
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A cyclized peptide, derivatives and salts thereof, according to any one of

claims 1 to 6, wherein AA at position 12 is Asp.

A cyclized peptide, derivatives and salts thereof, according to any one of

claims 1 to 6, wherein AA at positions 11-12 are Leu-Asp.

A cyclized peptide, derivatives and salts thereof, according to any one of

claims 1 to 6, wherein AA at positions 11-12 are deleted.

A cyclized péptide, derivatives and salts thereof, according to any one of
claims 1 to 6, wherein AA at positions 6 and 8 are independently
selected from Val and Ala.

A cyclized peptide, derivatives and salts thereof, according to any one of

claims 1 to 16, wherein said linker connecting said two Gly residues has

" a length from 8 to 16 atoms.

A cyclized peptide, derivatives and salts thereof, according to any one of
claims 1 to 16, wherein said linker connecting said two Gly residues has

a length from 10 to 14 atoms.

A cyclized peptide, derivatives and salts thereof, according to any one of
claims 1 to 18, acetylated at a free amino group, and amidated at a free

carboxyl group.

A cyclized peptide, derivatives and salts thereof, according to any one of
claims 1 to 19, wherein said modified amino acid comprises a D-amino

acid.

A cyclized peptide comprising a hexapeptide having sequence Lys-Xaai-
Xaag-Thr-Xaas-Gln (SEQ ID NO. 1, wherein Xaa is any standard AA,
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and Xaas and Xaas are nonpolar AAs independently selected from Ala,
Val, Leu, Ile, .and Phe); derivative thereof obtained by acylation,
amidation, methylation, and esterification; a homolog thereof obtained
by replacing one AA in said sequence by another standard AA; and their
salt; for use in antagonizing exotoxin-mediated activation of T-
lymphocytes, and in eliciting protective immunity against toxic shock

induced by one or more pyrogenic exotoxins.

A cyclized peptide, derivatives and salts thereof, according to any one of
claims 1 to 20, for use in antagonizing toxin-mediated activation of T-

lymphocytes, wherein the toxin is a pyrogenic bacterial exotoxin.

A cyclized peptide, derivatives and salts thereof, according to any one of
claims 1 to 20, for use in eliciting protective immunity against toxic
shock induced by a pyrogenic exotoxin or by a mixture of pyrogenic

exotoxins.

A cyclized peptide, derivatives and salts thereof, according to claims 22
and 23, wherein said exotoxins are derived from Staphylococcus aureus

or Streptococcus pyogenes.

A composition comprising at least one cyclized peptide, derivative and
salt thereof, according to claims 1 to 20, for reducing the toxic effect of a

bacterial exotoxin or a mixture of bacterial exotoxins.

A composition which inhibits pyrogenic exotoxin-mediated activation of
T-lymphocytes and protects against toxic shock induced by a pyrogenic
exotoxin or by a mixture of pyrogenic exotoxins, comprising a cyclized
peptide, derivatives and salts thereof, according to any one of claﬁms 1
to 20, and optionally further comprising pharmaceutically accei)table

carrier, diluent, adjuvant and/or excipient.
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An immunogenic composition for eliciting protective immunity against a
toxic shock induced by a pyrogenic exotoxin comprising a cyclized
peptide, derivatives and salts thereof, according to any one of claims 1
to 20, and optionally further comprising pharmaceutically acceptable

carrier, diluent, adjuvant and/or excipient.

A pharmaceutical composition for the treatment of incapacitation
induced by one or more pyrogenic exotoxins comprising a cyclized
peptide, derivatives ana' salts thereof, as defined in any oné of claims 1
to 20, and optionally further comprising pharmaceutically acceptable

carrier, diluent, adjuvant and/or excipient.

A pharmaceutical composition according to any one of claims 25 to 28,
comprising a mixture of different cyclized peptides as defined in any one

of claims 1 to 20, or derivatives and salts thereof.

A method for preventing, treating, or reducing the harmful effects of a
bacterial exotoxin or a mixture of bacterial exotoxins in a mammal,
comprising administering to said mammal an effective amount of at
least one cyclized peptide, derivative and salts thereof, according to

claims 1 to 20.

A method of inhibiting pyrogenic exotoxin-mediated activation of T-
lymphocytes and protecting against toxic shock induced by a pyrogenic
exotoxin or by a mixture of pyrogenic exotoxins in a patient in need of
such treatment comprising administering to said patient an inhibitory
effective amount of at least one cyclized peptide, derivatives and salts

thereof, according to any one of claims 1 to 20.

A method of eliciting protective immunity against a toxic shock induced

by a pyrogenic exotoxin in a patient in need of such treatment
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comprising administering to said patient at least one cyclized peptide,

derivatives and salts thereof, according to any one of claims 1 to 20.

A method of preventing or treating incapacitation induced by at least

‘one pyrogenic exotoxin comprising administering to a patient in need of

such treatment a therapeutically effective dose of at least one cyclized
peptide, derivatives and salts thereof, according to any one of claims 1,

to 20, or of a composition comprising the same.

A method according to claim 33, wherein said incapacitation is a result
of an accidental exposure to a bacterial toxin at situations comprising

food poisoning, work environment, combat, or a terrorist attack.

A method according to any one of claims 30 to 34, comprising
administering a mixture of cyclized peptide of any one of claims 1 to 20,

or derivatives and salts thereof.

The method of claim 34, wherein said effective dose is administered to

said patient repeatedly, at predetermined periods of time.

Use of a cyclized peptide, analog, derivative, or salt thereof, according to

ahy one of claims 1 to 20, in the prepération of a medicament.

Use of a cyclized peptide, analog, derivative, or salt thereof, according to
any one of claims 1 to 20, in the preparation of a medicament for
reducing harmful effects of bacterial pyrogenic exotoxins or their

analogs.

Use of a cyclized peptide, analog, derivative, or salt thereof, according to
any one of claims 1 to 20, in the preparation of a medicament for

inhibiting pyrogenic exotoxin-mediated activation of T-lymphocytes.
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Use of a cyclized peptide, analog, derivative, or salt thereof, according to
any one of claims 1 to 20, in the preparation of a medicament for
eliciting protective immunity against a toxic shock induced by a

pyrogenic exotoxin.

Use of a cyclized peptide, analog, derivative, or salt thereof, according to
any one of claims 1 to 20, in the preparation of a medicament for the

treatment of incapacitation induced by one or more pyrogenic exotoxins.

A vaccine for protecting against toxic effects of a pyrogenic exotoxin or
a mixture of pyrogenic exotoxins comprising as active ingredient an
immunologically effective amount of at least one peptide or derivative

thereof according to any one of claims 1 to 20.

A vaccine for conferring immunity against toxic shock induced by a
pyrogenic exotoxin or by a mixture of pyrogenic exotoxins comprising as
active ingredient an immunologically effective amount of at least one

peptide or derivative thereof according to any one of claims 1 to 20.

A vaccine according to claim 43 further comprising an immunization

adjuvant.

A vaccine according to claim 43 for enhancing production of antibodies

that block T-cell activation.

Use of a cyclized peptide of any one of claims 1 to 20, or derivatives and

salts thereof in the preparation of a vaccine according to claim 42 or 43.

Antibodies directed against a cyclized peptide of any one of claims 1 to

20 or its derivative, which block T-cell activation.
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An antiserum containing antibodies directed against a cyclized peptide

of any one of claims 1 to 20 or its derivative.

An antiserum according to claim 48 which is a domestic animal

antiserum.

An antiserum according to claim 48 capable of alleviating harmful
effects and toxic shock induced by a pyrogenic exotoxin or by a mixture

of pyrogenic exotoxins.

A method for assessing the efficacy of a vaccine for conferring immunity
against one or more pyrogenic bacterial toxins comprising determining
the ability of serum from an immunized individual to antagonize toxin-

mediated activation of T-cells.

A method according to claim 51 wherein the ability of serum from an
immunized individual to antagonize toxin-mediated activation of T-cells
is determined by measuring the inhibition of expression of pyrogenic

toxin-induced mRNA encoded by the IL-2 or IFN-y genes.

A kit for assessing the efficacy of a vaccine for conferring immunity
against one or more pyrogenic toxins comprising determining the ability
of serum from an immunized individual to antagonize toxin-mediated

activation of T-cells by the method of claim 51.



PCT/1L.2004/000141

WO 2004/072095

110

; | L B4

. m ,
of\zoo< _._ooow_._o_._zgfofzﬂa__f HOOW  5opwHNSEHO)PHN
€ lé N€13 ‘nSO-oow. NOSHEEN ‘ploe 21jIX0AID A

HOOJ —*HO—N — d0u4

| | , V4l
“(HD) | |
_ f v
o2 ~ 90[IVHN®(*HO)HND204d
w_y | 10700V | k
9 ‘p=u
1220
9 p-g=u Z
HOOD —*HO—N —oouw4 |
_ @H:
“(HD) ,
_ | 10-00}IY
oog —N
. HOBIY L9 pg=u |
O%H/ND2Y 5 I oo
zﬁm me5moou HOOO™HOHN'CHOIHNOO8 Rt igen proe ovokilD CHOJHNoo8
| SIOHD
O%og

ZHNY(CHO)?HN



PCT/1L.2004/000141

WO 2004/072095

N . @_ H_ | . syonpoxd

[oSue/dH "¢
VAIA/doIdAd T
VANAN/(EUdDPd “1
Zd0 O H H W 290 7 w UL pdo
| | _ _ | , | _
1wkjod — dsy —no— oln_ulz W) ——[eA — WL —— ¥y —— ST — KT ,gu_m USY —— K], oV
[{(4: 1) h . WTHD)
| . |
EZIl_m_v o0V — N pa (43 10)) n_w JH
0) 0) H
o
M VHIQ/doIEAd T
ISIDIS °1
Zd0 0O H H %YW _Nmm_v A w uy, wmﬁ_u
: [ | _ _
IWA0J mmxw noy—> n_u —N—"UD—EA—/L A AT AT mau_m usy L], —oY
«(CHD) E : WTHD)
| H |
AV —0 00V — N (CHD) J— OH N — oog

I _
0 . 0 H



PCT/1L.2004/000141

WO 2004/072095

3/10

¢zl ‘o=w
9y ‘¢ Z=u
Rt |
HN— dsy— ne— H_T > N— UH— [BA— JYL— ey— shA1— shq
D) Y €Ho)
o) 64 W.CHO) ‘o4 N
1l
0 H

eeX— usy — JA1— O—FHO

|
0



WO 2004/072095 PCT/1L.2004/000141

/10

5 !
I g i

s oY .
G S A ]

AT

T

i

2




PCT/1L.2004/000141
5/10

WO 2004/072095

46 "bi-
NmZ|m_w|,Nmol N —UD —[eA — ML — ¥V -—S&T—shkT— ”_u_l CHO «Aﬂlﬁﬂ« —K1—D |mm.o
Il
O _ 0 0

W(THD) , wamo_v

62'8Z 93S n_v | N
I !

) ) H

. ¢ .
CHN —dsy —no ln_wlmmo — N—UD —[pA — HL— oV —SKT—sk1— O — CHD —N—usy — K10 —g51)
| I I
o4 _ o _ . o

) wﬁs_v

/2'9z 938 W N
I |

0 , H

VS 614

CHIN —Leex — %eex __ Seex __U|9 —[eA—Iy]— m_<llm>4|wmva\.|mMMX|NmmX| leex_0—fHD
E . Wy, % I

- \\\se‘..\n. . -0

EANIOV :ANIOV .

o4 €94 —(°HO) — 294 lo4

\ \\A‘\\'




PCT/1L.2004/000141

WO 2004/072095

6/10

06 B4

THN — dsy —no— O —HD — N—UD —[eA — ML — ¥V —SKT— O —THO—N —S4T—USV k] —D— €50

I _ _ | _ I
0] H O 0

NN.ANE_VV o@mﬂv

G¢ d4dS D N
|

0 | i

CHN —dsy l:ﬂln_wlm_._ol N —UlD —eA—Iy L —BIY—SAT—sA7— mlmzulzlolmxo
|
o _ o _ oV

9(2HD) B o) lva_r_ov/.
| ) NZH
N — O —CHO—N———— 9
H 4 O H O

CHN —dsy Izﬁln_u_lw_._ol N —U|D —jeA—Iy] —Bly—SAT—shA1— n_v —CHO—N—USY—IA1 —O—EHD
5 5 | §
- W(eno) (€HO)
ve ‘€€ ‘vZ-1C 93s _ B Z
N 3 — “HO —N

_ | _
H O H

QO—

O=



PCT/1L.2004/000141

WO 2004/072095

7/10

- @s "bi4

H H ‘H

| _
NﬂzI%<|EJIoloIzléY;§1£TL§r§%|%|ﬂ5|2|%Té2|&HIﬂlmﬁ
I ,
o | 0 | 0
UTHD) P(THD)
: N
1c g3s m. |
0 5}

TUN — 9 —H9 — N —UID —epA—IyL —ely —sA1— 9 — *HO—N —sA1—usy — AL O—O

RN 1 | 8
o) : 92 .

_ P

0 : N
ocd3as | | -
@) . : A H




PCT/1L.2004/000141

WO 2004/072095

8/10

Q- D - | sjonpoud

MAL/SILVAL '€
v3iA/dOogAd ‘¢
vAaWNan/(tudd)ed °1

ny, o oo

| | |

1aufjog — Leey — Jeex |m@8m|_IEO —[BA— I — B[y — SA] ——Veey —— Y _ ceey Teey

(CHD) Y(CHD)
, .mZIOIRNmOv HN J— vV
Il I
0 o 0
A o)\
uoneBuoje epndad
¥:l=dN:euipuedid ‘¢
doighd ‘g
. *\ M .
VANAN/CUddIPd "L N0

1uog — Leex — 9vEX —SEEX 0D — [ep —— KL — TV —— 00U

(42 50)) , :
HO— D — I(CHD)) —HN

Il
00V ——HN O

o0y

W



WO 2004/072095 PCT/IL2004/000141

/10

NREr
Rt T
A

S04

a8 sahl

NS
R P
AR et

S

Ty
By

s b
gt
SRS
e

SR,
14l o

23

SEB-2/p12A

e
¥

b

o

£
N
i R

e




WO 2004/072095

10/10

-
0
2
Z
2

Fig. 8A

SUBSTITUTE SHEET (RULE 26)
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Fig. 8B
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SEQUENCE LISTING
<110> YISSUM RESEARCH AND DEVELOPMENT
<120> CYCLIZED PEPTIDES AS EXOTOXIN ANTAGONISTS
<130> 15953WO0

<140>
<141>

<160> 3
<170> PatentIn Ver. 2.1

<210> 1

<211> 6

<212> PRT

<213> Artificial Sequence

<220> ) D o
<223> Description of Artificial Sequence: Synthetic
peptided

<220>

<221> MOD RES

<222> (1)..(6)

<223> Xaa in position 2 is any amino acid and Xaa in
positions 3 and 5, is any non-polar amino acid
selected from Ala, Val, Leu, Ile and Phe

<400> 1
Lys Xaa Xaa Thr Xaa Gln
1 5

<210> 2

<211> 12

<212> PRT

<213> staphylococcus

<400> 2

Thr Asn Lys Lys Lys Val Thr Ala Gln Glu Leu Asp
1 5 10

<210> 3

<211> 14
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<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
peptide, wherein the Ala in pos itions 1 and 14
are D-Ala

" <400> 3
Ala Tyr Asn Lys Lys Lys Ala Thr Val Gln Glu Leu Asp Ala
1 5 10
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