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e (57) Abstract: Derivatives of Maurotoxin (MTX) in which the native disulfide bridge pattern (Cys3-Cys24, Cys9-Cys29, Cys19,
< Cys31-Cys34) has been disrupted are useful for the treatment of pathologies associated with dysfunctioning and/or activation of
Ca?*-activated and/or voltage-gated K* channel subtypes, such as IKCal or Kv1.2. One preferred group of derivatives is that in
\& which one or more of the Cys residues have been replaced with ?-aminobutyrate (Abu) residues, thus breaking one or more of the
O\ four disulphide bridges. Within this group, the preferred derivative is that in which the Cys residues at position 9, 19, 29 and 34
have been replaced with a ?-aminobutyrate residues. However, the derivative in which the Cys residues at positions 19 and 34
have been replaced with (Abu) residues is excluded Another preferred group of derivatives is that in which one or two of the amino
~~ acidresidues of maurotoxin have been replaced by different amino acid residues resulting in the disulfide bridge pattern being changed
to Cys3-Cys24, Cys9-Cys29, Cys13-Cys31, Cys19-Cys34. Within this group, the preferred compounds are that which the Arg
residue at position 14 has been replaced by a Gln residue, that in which the Lys residue at position 15 has been replaced by a Gln
residue, that in which the Arg residue at position 14 and Lys residue at position 15 have both been replaced by Gln residues, those
in which neither of the residues at positions 32 and 33 is a Gly or Pro residue, and that in which the Gly residue at position 33 has
been replaced by an Ala residue. Pil and HsTx1 derivatives with disrupted native disulfide bridge patterns are similarly useful.
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Maurotoxin, Pil and HsTx1 derivatives

DESCRIPTION

The invention relates to derivatives of maurotoxin and of particular toxins belonging
to the same structural class of K™ channel-acting short-chain scorpion toxins (less than
40 amino acid residues) that are cross-linked by four disulfide bridges, such as Pil
and HsTx1. Among the toxin derivatives contemplated by the invention are truncated,
modified, and mutated toxins (with either natural or non-natural amino acid residues,
or non-natural peptide bonds or linkages) with four, or less than four, disulfide
bridges. Mimetics of these compounds are also included. The invention also relates to
the use of all these derivatives and mimetics for the treatment of neurological
disorders, including immunological neurological disorders, associated with their
action on modulation or blockade of specific K" channels, Ca**-activated and/or

voltage-gated subtypes, and to pharmaceutical compositions containing them.

Maurotoxin (MTX), a toxin from the venom of the Tunisian chactidae scorpion
Scorpio maurus palmatus, is a 34-mer peptide cross-linked by four disulfide bridges.
The sequence of amino acid residues in MTX is
VSCTGSKDCYAPCRKQTGCPNAKCINKSCKCYGC-NH, [SEQ. ID NO. 1]. MTX
belongs to a distinct family of short-chain scorpion toxins with less than 40 residues,
that are active onto several potassium channel subtypes (Kv and KCa channels).
Contrary to most short-chain K'channel-acting scorpion toxins, this family can be
distinguished by the presence of an additional disulfide bridge (four instead of the
three commonly present in such toxins). This structural class also includes Pil [SEQ.
ID NO. 2] and HsTx1 [SEQ. ID NO. 3] from the venoms of the scorpions Pandinus
imperator and Heterometrus spinnifer, respectively. These toxins share from 53 to
68% sequence identity with MTX but display different pharmacological selectivities.
For instance, MTX and Pil are both active on some Ca**-activated K* channels, e.g.

apamin-sensitive SK channels, whereas HsTx1 is reportedly inactive on these channel
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types. Also, MTX was found to be active on rat Kv1.3 channels contrary to synthetic
Pil. Interestingly, MTX structurally differs from Pil and HsTx1, but also from other
"classical" three disulfide-bridged scorpion toxins, by its unique disulfide bridge
pattern. In three disulfide-bridged toxins, the half-cystine pairings are of the type C1-
C4, C2-C5 and C3-C6 (e.g. charybdotoxin, P05, agitoxin 2, leiurotoxin 1). In short-
chain four disulfide-bridged toxins, this pattern is altered by the insertion of two
additional half-cystines within the amino acid sequence, one located after C3 and the
other after C6. As a result, two novel patterns of the disulfide bridges are
experimentally found depending on the toxin: (i) a pattern of the type C1-C5, C2-CS6,
C3-C7 and C4-C8 in both Pil and HsTx1 (which corresponds to an organization
similar to that observed in three disulfide-bridged toxins), and (ii) an uncommon
pattern of the type C1-C5, C2-C6, C3-C4 and C7-C8 in MTX. These two patterns
possess in common the first two disulfide bridges but are differing by the two
remaining disulfides. Though differences in pharmacblogical properties between
short-chain four disulfide-bridged toxins obviously rely on their distinct amino acid
sequences, it is also possible that changes in half-cystine pairings may contribulce to
either dramatic or discrete conformational alterations and repositioning of key
residues that are involved in toxin selectivity. At the pharmacological level, MTX
displays an uncommon enlarged specificity, being active - in the picomolar or
nanomolar concentration range - on both Ca**-activated K* channels, e.g. small
conductance apamin-sensitive Ca?*-activated K" (SK) channels, and several voltage-

gated (Kv) K" channel subtypes, including Kv1.2

In J. Biol. Chem., Vol. 275, No. 18, pp 13605-13612, 2000, Fajloun et al have
described an MTX derivative with three instead of four disulfide bridges, formed by
substituting o-aminobutyrate (Abu) residues for the Cys residues located at posifions
19 and 34 (corresponding by numbers to positions C4 and C8). This derivative adopts
the /B scaffold with now conventional half-cystine pairings connecting €1-C5, C2-
C6 and C3-C7 but remains lethal in mice by intracerebroventricular injection (LDso :

0.25 pg/mouse).

The invention provides MTX, Pil and HsTx1 derivatives, in which specific residue
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replacements, or a reorganization of half-cystine pairings has taken place, resulting in

a novel, highly potent and more selective pharmacological profile.

In one preferred derivative, the substitution of the MTX half-cystine residues (by a-
amino butyrate derivatives) located at positions 9, 19, 29, and 34 (corresponding by
numbers to C2, C4, C6, and C8) results in a two disulfide-bridged MTX analog, i.e.
VSCTGSKDAbuYAPCRKQTGAbuPNAKCINKSAbuKCYGAbu-NHz, with novel,
non-native arrangement of the half-cystine pairings (Cys3-Cys24 and Cys13-Cys31).
Pharmacological assays of this structural analog, [Abu9,19,29,34]-MTX, reveal that
the blocking activity is potent (IC50 = 42 nM) and highly selective for mammalian
voltage-gated Kv1.2 channel subtype, although it remains active on Ca*'-activated K+

channels.

An alternative approach to replacement of Cys residues with Abu is the replacement
of one or two amino acid residues in natural MTX with other residues which prevent
the folding of the molecule in such a way that the unconventional C1-C5, C2-C6, C3-
C7 and C4-C8 disulfide bridge arrangement can occur. For instance, if neither of the
residues at positions 32 and 33 is a Gly or Pro residue, the folding is altered in such a
way that the MTX derivative adopts the conventional C1-C5, C2-C6, C3-C7 and C4-
C8 of Pil and HsTx1. In particular, replacement of the Gly residue at position 33 by
an Ala residue substitution, forming [A33]-MTX [SEQ. ID NO. 4], is effective.
Substitution of Argl4 and/or Lys15 by Gln to give [Q14]-MTX [SEQ. ID NO. 5],
[Q15]-MTX [SEQ. ID NO. 6] or [Q14,Q15]-MTX [SEQ. ID NO. 7] also induces half-
cystine pairings between Cys3-Cys24, Cys9-Cys29, Cys13-Cys31 and Cys19-Cys34.
[Q15]-MTX in particular was 1,000 times more potent than [Abu9,19,29,34]-MTX on
mammalian voltage-gated Kv1.2 (IC50 =47 pM).

Contrary to natural MTX and Pil which are lethal in C57/BL6 mice (LD50 = 4
meg/kg of MTX or 10 mcg/kg of Pil), MTX and Pil derivatives such as
[Abu9,19,29,34]-MTX or [Q15]-MTX are neither lethal nor toxic when injected
intracerebroventricularly in these mice at active concentrations (up to 1.25 mg/kg in

the case of [Abu9, 19, 29, 34]-MTX). The MTX derivatives, as well as the MTX
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structurally homologous Pil or HsTx1 derivatives, of the invention are thus of
potential therapeutic value for treating mammalian (including human) pathologies that
are associated with a dysfunctioning of Ca*-activated and/or voltage-gated Kv
channel subtypes. Such pathologies include immune and/or neurological diseases like
multiple sclerosis, Parkinson's and Alzheimer's diseases, both thought to be associated
with a dysfunctioning of Ca**-activated and/or voltage-gated K* channel subtype(s).
The axonal impulse propagation ensures a continued transmission of nervous signals
to remote targets. In a number of neuropathies, the nervous conduction is either
slowed down or lockéd. This could be linked to alteration or functional changes of
myelinated fibres (demyelinisation or alteration of the membrane properties at the
Ranvier nodes). Among these neuropathies are multiple sclerosis (central nervous
system; CNS) and Guillain-Barré syndrome (peripheral nervous’ system). It is now
well-admitted that alteration of the axonal function is related to the presence of
voltage-gated (Kv) K channels (there is a widespread distribution of Kv1.1 and
Kv1.2 channel subtypes in nerve terminals throughout the brain, whereas Kv channels
-independent of their subtypes- are considered to be ubiquitous, including in the
peripheral nervous system), and possibly Ca’*-activated K channels. In the
previously cited neuropathies, Ca**-activated K" channels and Kv channels are either
abnormally exposed in demyelinated or inflammatory lesions, or over-expressed.
Therefore, selective K+-channel blockers, including Ca**-activated K* channel-acting
and/or Kv-acting MTX/Pil/HsTx1-derived peptides such as [Q15]-MTX, Pil
amidated at C-terminus, [Abu9,19,29,34]-MTX, are of potential therapeutic value as
symptomatic therapy of multiple sclerosis and related neuropathies, as well as for use
as selective immuno-suppressant drugs by their blocking action on Ca**-activated
and/or Kv channels. Further, it can be speculated that such peptide blockers, in the
CNS, could enhance transmitter release in pathways affected by progressive

neurodegenerative diseases such as Alzheimer's disease.
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Maurotoxin.ST25
SEQUENCE LISTING

<110> Cellpep S.A.
<120> Maurotoxin. Pil and HsTx1l derivatives
<130> C139.007.02

<150> GB 0021639.0
<151> 2000-09-04

<150> GB 0024538.1
<151> 2000-10-06

<160> 7

<170> PatentIn version 3.1

<210> 1
<211> 34
<212> PRT

<213> Scorpio Maurus palmatus

<400> 1

Val Ser Cys Thr Gly Ser Lys Asp Cys Tyr Ala Pro Cys Arg Lys Gln
1 5 10 15

Thr Gly Cys Pro Asn Ala Lys Cys Ile Asn Lys Ser Cys Lys Cys Tyr

20 25 30
Gly Cys
<z210> 2
<211> 35
<212> PRT

<213> Scorpic Pandinus imperator

<400> 2

Leu Val Lys Cys Arg Gly Thr Ser Asp Cys Gly Arg Pro Cys Gln Gln
1 5 10 15

Gln Thr Gly Cys Pro Asn Ser Lys Cys Ile Asn Arg Met Cys Lys Cys
20 , 25 30
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Tyr Gly Cys
35
<210> 3
<211> 34
<212> PRT

<213> Scorpio Heterometrus spinnifer
<400> 3

Ala Ser Cys Arg Thr Pro Lys Asp Cys Ala Asp Pro Cys Arg Lys Glu
1 5 10 15

Thr Gly Cys Pro Tyr Gly Lys Cys Met Asn Arg Lys Cys Lys Cys Asn

20 25 30
Arg Cys
<210> 4
<211> 34
<212> PRT

<213> Artificial Sequence

<220>
<223> MTX with Ala in place of Gly at position 33

<400> 4
Val Ser Cys Thr Gly Ser Lys Asp Cys Tyr Ala Pro Cys Arg Lys Gln
1 5 : 10 15

Thr Gly Cys Pro Asn Ala Lys Cys Ile Asn Lys Ser Cys Lys Cys Tyr

20 25 30
Ala Cys
<210> 5
<211> 34
<212> PBRT

<213> Artificial Sequence

<220>
<223> MTX with Gln in place of Arg at position 14

Page 2
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<400> 5

Val Ser Cys Thr Gly Ser Lys Asp Cys Tyr Ala Pro Cys Gln Lys Gln
1 5 10 15

Thr Gly Cys Pro Asn Ala Lys Cys Ile Asn Lys Ser Cys Lys Cys Tyr

20 25 30
Gly Cys
<210> 6
<211> 34
<212> PRT

<213> Artificial Sequence

<220>
<223> MTX with gln in place of Lys at position 15

<400> 6 |
Val Ser Cys Thr Gly Ser Lys Asp Cys Tyr Ala Pro Cys Arg Gln Gln
1 5 10 15

Thr Gly Cys Pro Asn Ala Lys Cys Ile Asn Lys Ser Cys Lys Cys Tyr

20 25 30
Gly Cys
<210> 7
<211> 34
<212> PRT

<213> Artificial Sequence

<220>
<223> MTX with GIn-Gln in place of Arg-Lys at positions 14-15

<400> 7
Val Ser Cys Thr Gly Ser Lys Asp Cys Tyr Ala Pro Cys Gln Gln Gln
1 5 10 15

Thr Gly Cys Pro Asn Ala Lys Cys Ile Asn Lys Ser Cys Lys Cys Tyr
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20 25 30

Gly Cys
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CLAIMS

1. A maurotoxin derivative in which the native disulfide bridge pattern (Cys3-Cys24,
Cys9-Cys29, Cys13-Cysl19, Cys31-Cys34) has been disrupted, but not including
the derivative in which the Cys residues at positions 19 and 34 have been replaced

with a-aminobutyrate (Abu) residues.

2. A maurotoxin derivative according to claim 1 in which the Cys residues at

positions 9, 19, 29 and 34 have been replaced with Abu residues.

3. A maurotoxin derivative according to claim 1 in which one or two of the amino
acid residues of maurotoxin have been replaced by different amino acid residues
resulting in the disulfide bridge pattern being changed to Cys3-Cys24, Cys9-
Cys29, Cys13-Cys31, Cys19-Cys34. |

4, A maurotoxin derivative according to claim 3 in which the Arg residue at position

14 has been replaced by a Gln residue ([Q14]-MTX) [SEQ. ID NO. 5].

5. A maurotoxin derivative according to claim 3 in which the Lys residue at position

15 has been replaced by a Gln residue ([Q15]-MTX) [SEQ. ID NO. 6].

6. A maurotoxin derivative according to claim 3 in which the Arg residue at position
14 and Lys residue at position 15 have .both been replaced by Gln residues
([Q14,Q15]-MTX) [SEQ. ID NO. 7].

7. A maurotoxin derivative according to claim 3 in which neither of the residues at

positions 32 and 33 is a Gly or Pro residue.

8. A maurotoxin derivative according to claim 3 or claim 7 in which the Gly residue
at position 33 has been replaced by an Ala residue ([A33]-MTX) [SEQ. ID NO.
4].



WO 02/20596 PCT/EP01/10173

10.

11.

12.

13.

14.

-10-

A Pil derivative in which the native disulfide bridge pattern (Cys4-Cys25, Cys10-
Cys30, Cys14-Cys32, Cys20-Cys35) has been disrupted.

A Pil derivative in which the C-terminal extremity is amidated (Cys-NH,) that

confers an increased affinity for Ca®*-activated K™ channels.

A HsTx1 derivative in which the native disulfide bridge pattern (Cys3-Cys24,
Cys9-Cys29, Cys13-Cys31, Cys19-Cys34) has been disrupted.

Use of a maurotoxin derivative, or a Pil derivative, or a HsTxl derivative,
according to any preceding claim for the treatment of a pathology, including a
neurological disorder, that is associated with dysfunctioning and/or activation of

Ca**-activated and/or voltage-gated K channel subtypes, such as IKCalor Kv1.2.

Use of a maurotoxin derivative, or a Pil derivative, or a HsTx1 derivative, as an
immuno-modulating drug, that is associated with an action (blockade, modulation
and/or activation) on Ca**-activated and/or voltage-gated K* channel subtypes

expressed on the surface of immune cells (e.g. T cells).

A pharmaceutical composition comprising a maurotoxin derivative, or a Pil
derivative, or a HsTx1 derivative, according to any of claims 1 to 11 in admixture

with a pharmaceutically acceptable diluent or carrier.
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