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STAPLING elF4E INTERACTING PEPTIDES

‘ CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority of Singapore ‘application No.
201302065-6 filed March 21, 2013 and Singapore application no. 201400336-2 filed on
J amiafy 15, 2014, the contents of it béing hereby incorporated by reference in its entirety for

all purposes.

FIELD OF THE INVENTION

_ [0002] The present invention lies in the field of molecular biology and relates to cross-

linked péptides and pharmaceutical uses thereof.

" BACKGROUND OF THE INVENTION |
[0003] The human eukaryotic translation initiation factor 4E (elF4E) initiates cap-
dependént translation by binding to the cap structure (m’GTP) found at the 5° end of mRNA.
elF4F is frequently over-expressed in a lafge number of cancers and results in the increased

translation of oncogenic. proteins via deregulated cap-dependent translation. Inhibitors of the
ot

- elF4E:elF4G inter_éctions represents a viable approach that would normalize cap-dependent |

translation in cancer cells.

[0004] mRNAs are hypothesized to compete with one another for binding to the elF4F
(eukaryotic translation initiation factor 4F) protein complex for delivery to the ribosomes and
subséquent translation elF4F forms a complex with the 408 ribosomal subunit and eIF3. This‘
complex shuttles along the 5’-untrénslated region (5°-UTR) of the mRNA until it arrives at
the AUG initiation codon. The short, unstructured 5'-UTRs of most cellular mRNAs enable
the elFAE containing complex to scan efficiently for the translation initiation codon (AUG).
In comparison, the lengthy, G+C-rich, highly structured 5’-UTRs typical of proto-oncogenic
mRNAs (e.g. cyclin D1, VEGF) hinder recognition of the AUG start codon by the initiation
complex and leads to mRNAs being translated poorly. elF4E contributes to malignanéy by
enabling the increased translation of mRNAs with highly structured S’UTRs either when
over-expressed or when the elF4F complex is not regulated correétly. |

[0005] A recent report has indicated that the small molecule ribavirin might interfere with

the elF4E:cap interaction and may therefore present a clinical opportunity as an e[F4E-
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targeted therapy. As anticipated, ribavirin treatment seléctively diminished the expression of
key, eIF4E-dependent proteins such as cyclin DI and suppressed tumor growth. However,
whether or not ribavirin actually binds elF4E is controversial. Consequently, a more directed
approach to develop small molecule inhibitors of the elF4E: 7-methylguanosine cap
interaction might be a fruitful aﬁproéch for the development of an eIF4E-specifc .small
molecule therapy. To date, no such drug-like inhibitors of the elF4E-cap interaction have
been reported. | '

[0006] Thus, there is a need to provide new peptides with affinity for e[F4E that

overcome, or at least ameliorate, one or more of the disadvantages described above.

SUMMARY OF THE INVENTION
[0007] Described below are cross-linked péptides related to a portion of human elF4E.
These cross-linked peptides contain at least two modified aminb acids that together form an
internal cross-link (also referred to as a staple) that can help to stabilize the alpha-helical. :
secondary structure of a portion of elF4G1 that is thought to be important for binding of
elF4E to elF4G. Accordingly, a cross-linked peptide described herein can have improved

biological activity relative to a corresponding peptide th_at is not cross-linked. The cross-

linked eIlF4G1 peptides are thought to.interfere with binding of éIF4G1 to elF4G thereby
inhibiting the increased translatioh of mRNAs with highly structured 5°UTRs. The cross-
linked eIF4G1 peptide described herein can be used therapeutically, e.g., to treat or pteverit a "
variety of cancers in a éubject. For example, cancers or other disorders characterized by an
undesirably high level or high activity of eIF4E and/or cancers or other disorders
characterized by an undesirably high level of activity of eIF4E containing complexes.

[0008] Thus, in a ﬁrst aspect, there is provided an isolated peptide comprising or
consisting of the amino acid sequence of:

KlK2R3Y4Xaa1Xa_azXaa3Xaa4L9L1OXaasXaa6Xaa7XaagXaa9 (SEQID NO: 21)

Xaa; is selected from the group consisting of S (serine), aminoisobutyric acid and an

unnatural amino acid;
Xaa, is selected from the group consisting of R (arginine), aminoisobutyric acid and an

unnatural amino acid;
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Xaaj is selected from the group consisting of E (glutamic acid), aminoisobutyric acid and an

unnatural amino acid;

. Xaay is selected from the group con51st1ng of F (phenylalanme) Q (glutamme) A (alanine),

aminoisobutyric acid and an unnatural amino acid;

Xaas is selected from the group consisting of G, amir_lois_obutyric'_ acid and an unnatural amino .

acid;

Xaag is selected from the group consisting of F (phenylalanine), L (léucine), aminoisobutyric
acid, 2-aminobutyric acid and an unnafural amino acid; | | '

Xaa; is absent or selected from the group consisting of Q (glutamine), aminoisobutyric acid
and an unnatural amino acid;

Xaag is absent or selected from the group consisting of F (phenylalanine), aminoisobutyric
acid and an unnatural amino acid; ‘

Xaag is absent or selected from the group consisting of aminoisobutyric acid and an unnatural
amino acid; _ '

wherein the peptide comprises at least one peptide-cross linker linking Xaal,' Xaay, Xaas or
Xaay with"Xaas, Xaag, Xaa;, Xaag or Xaas.

[0009] In a second aspect, there is provided an isolated peptide comprising the amino acid

K'K*R*Y*$°R®Xaa; Xaa, L "XaasXaas (SEQ ID NO: 22)

wherein:

Xaay is selected from the group con.sisting of E (glutarhic acid), aminoisobﬁtyric acid and an
unnatural amino acid;

Xaa; is selected from the group con51st1ng of F (phenylalanine), Q (glutamme), A (alanine),
aminoisobutyric acid and an unnatural amino acid;

Xaaj is selected from the group consisting of G, aminoisobutyric acid andvan unnatural amino
acid;

Xaay i is selected from the group consisting of F (phenylalanine), L (leucme) am1n01sobutyr1c'
acid, 2-aminobutyric acid and an unnatural amino a01d

wherein the peptlde compnses at least one peptide- -CToss llnker linking Xaa1 or Xaay with

Xaaj or Xaay.



10

15

20

25

30

WO 2014/149001 PCT/SG2014/000094

4

[0010] In a third aspect, there is provided an isolated nucleic acid molecule encoding
KKRYSREFLLGF (SEQ ID NO: 1) and modified to obtain any one of the peptides described
herein. '

[oo11] - Ina fourth aspect, there is provided a vector comprising a ’nu'cleic acid molecule as
described above. | | o | | A

[0012] Inafifth aspect, there is provided a host cell comprising a nucleic acid molecule or

a vector as described herein.

- [0013] In a sixth aspect, there is provided a pharmaceutical composition comprising a

peptide as described herein, or an isolated nucleic acid molecule as described herein, or a

vector as described herein.

- [0014] In a seventh aspect, there is provided the use of the peptide disclosed herein in the

manufacture of a medicament for treating or preventing cancer.
[0015] In an eighth aspect, there is provided a method of treating or preventing cancer in.a

patient comprising administering a pharmaceutically. effective amount of the peptide

- disclosed herein or the isolated nucleic acid molecule disclosed herein, or the vector disclosed

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings illustrate a disclosed embodiment and serves to
explain the principles of the disclosed embodiment. It is to be understood, however, that the
drawings are designed for purposes of illustration only, and not as a definition of the limits of
the invention. ’

[0017] Fi'g. 1 shows Irepresentative snapshots from simulations of A) sTIP-01:elF4E

showing the displacement of F8 due to steric occlusion. The sterically occluded F8 side-chain -

'rotates around the -2 torsion angle and buries itself, quite favourably, against the surface of
. eIF4E The F8 51de chain now 1mpedes Y4 from mamtammg the conserved hydrogen bond

V ‘ with the backbone carbonyl of P38 causing Y4 to “flip out and become more exposed to the

solvent, thereby-reducmg its energetic contribution to peptlde' protein interactions. B) TIP-

‘01 eIF4E h1gh11ght1ng that no such conformat10na1 changes for F8 occur here explaining the

hlgher energetlc contnbutlon to peptlde protem 1nteract10ns and thus the hlgher Ka. C) sTIP- )
02:eIF4E showing changes associated with the replacernent of F8 and F12 with an i, i+4
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staple. It shows that the staple interacts with the protein and contributes favourably to
binding. However, the lack in improvement of affinity suggests that the stapled peptide does
not optimally replace the influence of F8 and F12. D) TIP-02:eIF4E illustrating packing of
Y4 into the space previvously occupied by F8. Y4 undergoes a cdnformatioﬂal change and
packs into the space previously occupied by F8 in the linear peptide and the staple in sTIP-
02. This results in the loss of the Y4 hydrogen bond and weakens the interaction energy,

- although the L9:W73 h-bond remains unaffected by these new interactions

[0018] - Fig. 2 depicts under A) the crystal structure of the elF4G1P% peptide in complex
with eIF4E. (PDB ID: 4AZA). The crystal structure of the eIF4GP*® peptide bound to elF4E
was examine‘d to identify sites for the insertion of a staple. The tyrosine (Y4) is engaged in
multiple van der Waal contacts with eIF4E and an h-bond bétween its side chain hydroxyl
and the carbonyl backbb,ne of P38 of ,_eTF4E. The leucine (L9) exploits a shallow cavity on the
surface of ¢IF4E and interacts with W73 of e[F4E via an h-bond between its backbone and

- the indole of the tryptophan. The conserved hydrophobic residue (L10) packs against L131

and L135 of elF4E. Crystal structures of both peptides complexed to eIlF4E are
approximately 50% o-helical; however they contain negligible helical content in solution.
Protein is shown in surface and the peptide in cartoon representation. All residues from the
peptide are shown in stick and labeled. Hydrogen bond between Y4:P38 and L9:W73 are
represented. | » '

[0019]  Fig. 2 under B) is a representative snapshot from the computer simulation of

* elF4G1™*® in complex with eIF4E showing the lack of stable hydrogen bond between Y4:P38

as observed in the crystal structure even without the disruption imposed upon this interaction
by the conformational changes in sTIP-01. | )
[0020] Fig. 2 under C) shows on the uplﬁer panel all 3 linkages in models. of the elF4E
interacting sTIP-01, 02 and 03. peptides, ‘resp'ectively The lower panel shows the structures

of the hydrocarbon linkages incorporated into the peptldes sequences. Staple shown in

'orange X, = (R) 2:(4'-pentenyl) alanine and Xs = and (S) 2- (4’-pentenyl) alamne elF4E .

1nteract1ng peptldes were stapled via either an’l, I+4, I, I+3 or L I+7 hnkage between either
positions 7 and 11, 8 and 12, 8 and 11,7 and 14, 6 and 13, 5 and 12 0r8 and 15.

[0021] Fig.- 3 deplcts representatlve snapshots from 51mu1at10ns of A) sTIP-03: eIF4E
complexvshowmg formation of the Y4:P38 h-bond and -packmg of H37 w1th Y4 and F12. The‘

restrained C-terminal F12 predominately packs against H37, which also forms van der Waals
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contacts with Y4.AB) TIP-03elF4E complex illustrating a binding mode that is similar to that
of STIP-03 with eIF4E. The association of the conformationally more labile, diAIB analogue
peptide (TIP-03) with eIF4E is- characterized by an interaction network between F12, H37
and Y4 similar to that in sSTIP-03. ‘ _ »
[0022] Fig. 4 shows representative snapshots from simulations of A) sTIP-017A:eIF4E
depicting the “in” conformational state where it foﬁns a stacking interaction with Y4 and
F12and the absence of the Y4:P38 h-bond. B) TIP-OngA:eIF4E showing H37 interacting
favourably with Y4 and their lack of interactions with F12. Simulations of sTIP-01* and
TIP-01F 8_A reveal that the interaction pattern between Y4, H37 and F12 influence the stability
of the Y4:P38 h-bond. C) sTIP-01F"**: eIF4E complex revealing that by introducing the
staple the interactions of 2AB change, causing the packing of H37 and F8 to alter
significantly. D) TIP-017'%%:eIF4E showing ‘H37 interacting favourably with Y4 but with F8
rotating to pack against e[F4E due to the interaction of 2AB. The Y4:P38 h-bond remains
highly stable in simulations of the sTIP/TTP-01F'** derivative peptides. In TIP-01F'*¥, the C-
terminal 2AB forms no interactions with H37. Instead H37 forms hydrophobic interactions

with Y4 and causes no disruption of the h-bond. The incorporation of the i, i+4 staple

- induces a conformational change in the interactions formed by the peptide by restraining the

C-terminal regioh of the helix. This causes 2AB to interact predominantly with H37 which in
turn stacks with F8 resulting in a similar mode of binding‘as in eIF4G™,

['0023]; Fig. 5 under A)is a representation of the crystal structure of sTIP-04:elF4E
showiﬁg the 2Fo-Fc map for the peptide ligand as a 1.5 cut off. The S5 side-chain forms an
interaction network with the Q8 side;chaih and the backbone amides on the first turn of the
peptide helix, thus stabilizing the bound .complex. Simulations showed that the L9:W73
hydrogen bond in both derivative peptides (sTIP-04 and TIP-04) is very stable.

[0024]  Fig. 5 under B) dépicts a representative snapshot bf the TIP-04:eIF4E complex

illustrating maintenance of the Q8:S5 interaction network, existence of the Y4:P38 h-bond

‘and more optimal packing of L12 wifh H37. In TIP-04 the optimal packing of H37, L12 and

Y4 does not disrupt the conserved hydrogen_‘ bond. In the’stapled derivative, H37 forms more
favourable van der waals contacts with L12, as a result of the staple rigidifying the C-
terminal, which causes Y4 to undgrgo a _t,ransition'in order to maintain favourablé packing. it

is this favourable packing rearrangement as can be séen from the >energetic contribution of Y4

that causes the attenuation of the Y4:P38 h-bond.
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[0025] Fig. 6 shows circular dichroism spectra of TIP and sTIP variant peptides. The CD

_spectra reveal that the staple induces greater helicity in sTIP-01 than in TIP-01 or in

elF4G"*®. ‘ |

[0026]  Fig. 7 is a plot showing the Chi2 (x2) angle of F8 sidechain in the sTIP-01
computer simulation. The covalent staple in sTIP-01 imposes rigidity in the a-helix,
increasing the strain on the network of interactions formed between H37, F8 énd F12. This
leads to steric occlusion of F8, causing a series of conformational changes to propagate along
the peptide: protein interface. The sterically occluded F8 side-chain rotates around the y2
torsion angle and buries itself, quite favourably. |

[0027] Fig. 8 shows a representative snapshot from the computer simulaﬁon of sTIP-
01F8A in complex with elF4E illustrating H37 in the ‘out’ position, Y4 occupying the space
vacated due to Y8A mutation and the packing of F12 against Y4. H37 can be found in the
alternative ‘in’ state and the conformational changes result in the rare formation of the h-
bond. Hence, H37 and F12 influence the stability of the Y4:P38 h-bond.

[0028]  Fig. 9 shows representative snapshots from the computer simulations of A) sTIP-
01Tr in complex with eIF4E and B) TIP-01Tr in complex with eIF4E showing that when the
C-terminal F12 is removed that contrasting rearrangement of the packi.ng‘ interactions of F§,
Y4 and H37 result, which are dependent on whether or not a macrocyclic linkage is present.
[0029] Fig. 10 shows representative snapshots from simulations of sTIP-04:eIF4E
initiated from two different conformations. A) The starting state derived from eIF4EP*® (PDB
ID: 4AZA) complex structure and B)‘simulation started from eIFAE: sTIP-04 crystal structure
(PDB ID: 4BEA.PDB). Both simulations are in good overall agreement with each showing
the same structural features in terms of the intra/inter- molecular interactions which involve
the Q8-S5 interaction network, optimal packing of L12 and the loss of Y4:P38 hydrogen
bond. '

[0030]  Fig. 11 is a Table (Table 3) summarizing the total free energy decomposition ef
peptide residues across simulated s,ystems. | _ ’ |

[0031] Fig.12Aisa dot plot representi-ng normalized 1ﬁ1ninescence in MDA-MB-468 and
MDA-MB-231 cells over increased concentration of staple peptides. MDA-MB_;468 and
MDA-MB-231 cells were lysed and a reeombinant luciferase protein was added to the lysed '

cells . Subsequently, the cells were incubated with the indicated concentration of s-TIP03 and
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a control staple peptide showing that s-TIP03 decreases cell viability in a dose-dependent
manner. _
[0032]  Fig. 12B shows representative images of Western Blot representiﬁg protein levels

of elF4e, Survivin, Bel-XL and actin in cell extracts from MDA-MB-231 cells grown in the

absence or presence of 10% Fetal calf serum, that were treated with the indicated

concentration of stapled peptides préviously diluted in 100% Dimethylsulfoxide (DMSO) to
achieve a final concentration of DMSO of 1%. sTIP-03 down-regulates survivin and Bel-XL
protein levels in MDA-MB-231 cells in a dose-dependent manner. Actin protein is a loading

control to indicate that the same amount of proteins was loaded into each well.

VDETAILED DESCRIPTION OF THE PRESENT INVENTION
[0033] Before the present peptides and uses thereof are described, it is to be understood
that this invention is not limited to particular peptides, methods, ‘uses and experimental
conditions described, as such peptides, methods; uses and conditions may vary. It is also to be -
understood that‘ the tgrminology used heréiﬁ is for purposes of describing particular

embodiments only, and is not intended to be limiting, since the scope of the present invention

~ will be limited only by the dppended claims.

[0034]  Unless defined otherwise, all technical and scientific terms used herein have the
same meaning‘ as commonly understood by one of ordinary skill in the art to which this
invention belongs. Any methods and materials similar or equivalent to those described herein
can be used in the practice or teéting'of the invention, as it will be understdod that
modifications and variations are encompassed within the spirit and scope of the instant
disclosure. |

[0035] In the preseht invention, isolated cross-linked peptides have been designed |
rationally to interrupt the eIF4E-eIF4G interface. Biophysical data and crystal structure were

used to support molecular dynamic simulations of a set of isolated peptides. The-inventors

found that the peptides described herein bind with an .apparent\ K4 of single digit nanomolar

range, corresponding to a ~ 17 to ~ 25-fold improvement of the Kd over the linear template
that was used to design the peptides of the invention. In addition, thé inventors found the
structural effects that can occur at peptide:protein interfaces, which mutually modulate each
other when conformational freedom is reduced by the introduction of a covalent staple

Iinkage in ‘the peptides. In other words, the inventors found that alternative helical
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stabilisation. strategies give rise to diverse molecular mechamisms for binding and that
improvements in affinity result from compensatory interactions.

[0036]  Peptides cross-linkers predominately increase the helicity of the peptide in
sqution before binding but this can be compromised by non-optimal interactions at the
peptide:protein interface. In the rationally designed peptides of the invention such limitations
have been overcome, or at least ameliorated by optimising packing effects at the interface,
stabilising the bound complex and greater .helic}al stabilization in solution. For example in -
exemplary peptide of the invention, the cross-linker only induces 45% helicity but this is
compensated for with the formation of the (hydrogen) h-bond between two amino acids and
by optimal packing interactions of another amino acid of the peptide. In contrast, another
exemplary peptide may lose the hydrogen bond between the two amino acids upon binding
but compensation arises via greater helicity (63%) in solution and stabilisation of the helical
bound form by.another amino acid. This is reflected in theenthalpy and entropy values of
binding derived_ for these tw_o peptides with the first exemplary peptide having a more
favourable enthalpic component and the second exemplary peptide having a more favourable
entropic comporent. ‘

[0037]  The inventors found that an isolated peptide of the present invention is a potent
binder of eI[F4E compared to other inhibitors known to the skilled artisan ‘The observations

made by the inventors and disclosed herein are useful in the design of new elF4E mh1b1tors :

- for therapeutic apphcatlons for example, in the treatment of cancer.

[0038]  An alternative approach to targeting the e[F4E-cap interaction is to selectively
disrupt the interaction of elF4E with eIF4G, thereby disabling the formation of the elF4F
complex. An alternative approach to targeting elF4E would be to reduce elF4E protein
expression using antisense oligonucleotides (ASOs). eIF4E ASOs have Been shown to
effectively reduce both eIF4E RNA and protein in a wide array of transfected human and -
murine cells, subsequently reducing the expression of the malignancy—related proteins-
‘Speciﬁca.lly cyclin DI, VEGF‘; c-myec, survivin and BCL-2. 'Importantly, ASO mediated
reduction of eIF4E did not affect the expression of B-actin, a protein encoded by a "strong"»
mRNA nor did it reduce overall protein synthesis substantially. _ |
[0039]  Peptidomimetics represent an alternative approach to targeﬁng eIF4E:elF4G
interaction. Proteins in their natural state are folded into regions of secondary structure, such

as helices, sheets and turns. The alpha-helix is one of the most common structural motifs
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found in the proteins, and many biologically important protein interactions are mediated by
the interaction of an a-helical region of one protein with another protein. Yet, a-helices have

a propensity for unraveling and forming random coils, which are, in-most cases, biologically

less active, or even inactive, have lower affinity for their target, have decreased cellular

uptake and are highly suscepﬁble to proteolytic degradation.

[0040]  Thus, the present invention relates to an isolated peptide that may corhprise or
consist of the - amino acid sequence set forth in SEQ ID NO: 21
(KIKZR3 Y4Xaa1XaazXaa3Xaa4L9LIOXaasXaaéXaa-,XaagXaag). The peptides may include at
least one peptide cross-linker (also called a staple or a tether) between two non-natural (i.e.
unnatural or synthetic) amino acids that signiﬁcantly enhance the alpha helical strudure of
the peptides. Generally, the cross-linker extends across the length of one or two heliéal turns
(that is about 3.4 or about 7 amino acids). Accordingly, amino acids positioned at i and i+3
(3 amino acids apart); and i and i+4; or i and i+7 are ideal candidates fdr chemical
modification and cross-linking. | | |

[0041])  Thus ~ for example, where a  peptide - has  the sequence:
[...]Xaa;Xaa; Xaa XaaXaanXaa,Xaa,Xaa,XaagXaa,[...] (wherein “[...]” denotes the optional
presence of additional amino acids), cross-linkers between Xaa; and Xaa,, or between Xaa;
and Xaay,, or between Xaai and Xaa, are uséful as are cross-linkers between Xaa; ahd Xaapy,
or between Xaa; and Xaa,, or between Xaa; and Xaag, etc... The peptides may include more |
than one cross-linker to ither further stabilize the sequence or facilitate the stabilization of
longer peptide stretches. o .
Thus, in one aspect the present invenﬁon refers to the isolated peptide described above
wherein the peptide comprises at least one cross-linker Xaa;, Xaa,, Xaas or Xaay with Xaas,
Xaag, Xaa;, Xaag or Xaag, and wherein Xaa; includes, but is not limited to serine (S),
aminoisobutyric acid a;ld an unnatural amino acid; Xaa, inéludes, but is not limited to
arginine (R), aminoisobutyric acid and an unnatural amino acid; Xaaz includes, but is not
limited to glutan;ic acid (E), aminoisobutyric acid and an unnatural. amino acid; Xaay
includes, but is not limited to phehylalanine (F), glutamine (Q), alanine (A), aminoisobutyric
acid and an. unnatural amino acid; Xaas includes, but is not limited to glycine (G);
aminoisobutyﬁc acid and an unnatural amino acid; Xéé@ includes, but is not limited to
phenylalanine (F), leucine (E), aminoisobutyric acid, 2-aminobutyric acid, and an unnatural

amino acid, or is absent; Xaa; includes, but is not limited to glutamine (Q), aminoisobutyric
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acid and an unnatural amino acid, or is absent, Xaag includes, but is not limited to
phenylalanine (F), aminoisobutyric acid and an unnatural amino acid, or is absent; and Xaag
includes, but is not limited to aminoisobutyric acid and an unnatural amino acid, or is absent.

[0042]  The term “cross-linker” or grammatical variatioris thereof as used herein fefers to
the intramolecular connection (also referred as staple) of two peptides domains (e.g., two
loops of a helical peptide). When the peptide has a helical secondary structure, the cross-
linker is a macrocyclic ring, which is exogenous (not part of) core or inherent (non-cross-
linked) héli-cal peptide structure. The macrocyclic ring may comprise.an éll-hydrocarbon
linkage ring and incorporates the side chains linked to the a-carbon of at least two amino
acids of the peptide. The size of the macrocyclic ring is determined by the number helical
peptide amino acids in the ring and the number of carbon groups in the moieties connecting
the a-carbon of the at least two amino acids of the peptide. The cross-linked peptide has at

least one cross-linker. In various examples, the cross-linked peptide has 1, 2 or 3 cross

linkers.

[0043]’ A cross-linked peptide (i.e. stapled peptide) is a peptide comprising a selected
number of standard (i.e. natural) or non-standard (non-natural or unnatural or synthetic)

amino acids, further 'comprising at least two moieties capable of undergoing reaction to

* promote carbon-carbon bond formation, that has been contacted with a reagent to generate at

least one cross-link between the at least two moieties, which modulates, for example, peptide

stability. The cfoss—h'nked peptide may comprise more than one, that is multiple (two‘, three,

four, five, six, etc.) cross- lmks

[0044]  Any cross-linker known in the art can be used Exemplary cross-linkers can

include but are not hmlted to, hydrocarbon linkage, one or more of an ether, thioether, ester,

amiﬁe,.or amide moiety. In some cases, a naturally occurring amino acid side chaih can be |
incorporated. into the cross-linker. For example, a cross-linker can be coupled with a

functional group suéh as the hydroxyl in serine the thiol in ‘cysteine the primary amine in

lysme the acid in aspartate or glutamate, or the amide in asparaglne or glutamine.

Accordmgly, it is possible to create a cross-link using naturally occurring amino acids rather .

‘than using a cross-linker that is made by coupling two non-naturally occurring amino acids. It

is also possible to use a single non-naturally occurring amino acid together with a naturally .

" occurring amino acid. In one example, there is provided a peptide as disclosed herein wherein

the natural amino acid in the position to be .cross-linked (i.é. the naturally occurring amino
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acid that is used to create the cross-linker) is repvlaced by.an oleﬁn-beaﬁng unnatural amino
acid. In a further example, the peptide as described above may comprise at least one two
peptide cross linkers. Additionally, the peptide as described above is characterized by the .
presénce of a first unnatural amino acid at the position Xaa;, Xaa,, Xaa; or.Xaaa, wherein the
unnatural amino acid side chain cross-links to the side chain of a second unnatural amino acid
at position Xaas, Xaag, Xaas, Xaag or Xaas. In one example, the cross-linker of the peptide as
described herein may comprise a hydrocarbon linkage.

[0045] - In one example, the hydrocarbon linkage is an oleifinic group. The term “olefin”

-and grammatical variations thereof (also called alkene or alkenyl for a group) as used herein

denotes 2 monovalent group derived from a straight- or branched-chain hydrocarbon moiety
having at least one carbon-carbon double bond by the removal of a single hydrogen atom.
The alkenyl moiety contains the indicated number of carbon atoms. For example, C,-Co
indicates that the groﬁp may have ﬁom? to 10 (inclusive) carboh atoms in it. The term
"lower alkenyl" refers to a C,-Cy alkenyl chain. In the absence of ahy'numerical designation,
"alkenyl" is a chain (straight or branched) having 2 to 20 (inclusive) carbon atoms in it.

[0046]  In certain embodiments, the olefinic group employed in the invention contains 2-
20 carbon atoms. In some embodiments, the olefin group employed in the invention contains
2-15 carbon atoms. In another embodiment, the olefin group employed contains 2-10 carbon
atoms. In still other embodiments, the olefin group contains 2-8 carbon atoms. In yet other
embodiments, the olefinic group contains 2-5 carbons, or 2, 3, 4, 5, 6, 7 or 8 carbons.

[0047]  Olefinic groups include, for example, efhenyl, prOpenyl, butenyl, l-methyl-2-
buten-1-yl, and the like, which may bear one or more substituents. Olefinic group substituents
include, but are not limited to, any of the substituents described herein, that result in the
formation of a stable moiety. Examples of substituents include, but are not limited to, the
fdllowing groups: aliphatic, alkyl, olefinic, alkynyl, heteroaliphatic, heterocyclic, aryl,

heteroaryl, acyl, oxo, imino, thiooxo, cyano, isocyano, amino, azido, nitro, hydroxyl, thiol,

.halo, ' aliphaﬁcam'ino, heteroaliphaticamino, alkylamino,’ heteroalkylamino, afylamino,

he_teroarylamino, alkylaryl, arylalkyl, aliphaticoxy, heteroaliphaticoxy, alkyloxy,
heteroalkyloxy, aryloxy, heteroaryloxy, aliphaticthioxy, heteroaliphaticthioxy, -alkylthioxy,

‘heteroalkylthioxy, arylthioxy, heteroarylthioxy, acyloxy, and the like, each of which may or

may not be further substituted.
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[0048] The cbmpounds, proteins, or peptides of the present invention .(e'. g., amino acids,
peptides and proteins) may exist in particular geometric or stereoisomeric forms. The present
invention contemplates all such compounds, including cis- and trans-isomers, R- and S-
enantiomers, diastereomers, (D)-isomers, (L)-iéomers, the racemic mixtures thereof, and
other mixtures thereof, as falling withiﬁ the scope of the invention.
[0049] It will be appreciated that the compounds of the present invention, as described
herein, may be substituted with any number of substituents or functional moieties. In general,

the term "substituted” whether preceded by the term "optionally" or not, and substituents

~ contained in formulas of this invention, refer to the replacement of hydrogen radicals in a

given structure with the radical of a specified substituent. When more than one position in
any givén structure may be substituted with more than one substituent selected from a
specified group, the substituent may be either the same or different at every position. As used
herein, the term _"substituted" is  contemplated to include substitution with all permissible
substituents of organic compounds, aﬁy of the substituents described herein.

[0050]  For example, the substituents include, but are not limited to, the following groups:
aliphatic, alkyl, alkenyl, alkynyl, heteroaliphatic, heterocyclic, aryl, heteroaryl, acyi, 6xo,
imino, thiooxo, cyano, isocyano, amino, azido, nitro, hydroxyl, thiol, and halo and any
combination thereof including, but not limited fo, the following groups: aliphaticamino,
heteroaliphaticamino, alkylamino, heteroalkylamino, arylamino, heteroarylamino, alkylaryl,
arylalkyl, aliphaticoxy, heteroaliphaticoxy, alkyloxy, heteroalkyloXy, aryloxy, het_eroarjdoxy,
aliphaticfhioxy, heteroaliphaticthioxy,  alkylthioxy, heteroalkylthioxy, arylthioxy,
het’ero'arylthioxy,‘ acyloxy, and the like, that. result in the formation of a stable moiety. The

present invention contemplates any and all such combinations in order to arrive at a stable

* substituent/moiety. For purposes of this invention, heteroatoms such as nitrogen may have

‘hydrogen substituents and/or any suitable substituent as described herein which satisfy the

valences of the heteroatoms and results in the formation of a stable moiety.

[0051] As used herein, substituent names which end in the suffix "-ene" refer to a

biradical derived from the removal of two hydrogené.toms from the substitutent. Thus, for
example, acyl is acylene; alkyl is alkylene; alkenyl is alkenylene; alkynyl is alkynylene;
heteroalkyl is heteroalkylene, heteroalkenyl is heteroalkenylene, heteroalkynyl is

heteroalkynyiene, aryl is arylene, and heteroaryl is heteroarylene.
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[0052] The te'rmv "aliphatic," as used herein, includes both saturated and unsaturated,
nonaromatic,. straight chain (i.e., unbranched), branched, acyclic, and cyclic (i.e., carbocyclic)
hydrocarbons, which are optionally substituted with one or more functional groups. As will
be appreciated by one of ordinary skill 1n the art, "aliphatic" is intended herein to include, but
is not limited to, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, and cycloalkynyl moieties.
Thus, as used herein, the term "alkyl" includes straight, branched and cyclic alkyl groups. An
analogous convention applies to other generic terms such as "alkenyl", "alkynyl", and the
like. Furthermore, as used herein, the terms "alkyl", "alkenyl", "alkynyl", and the like

encompass both substituted and unsubstituted -groups. In certain embodiments, as used herein,

"aliphatic” is used to indicate those aliphatic groups (cyclic acyclic, substi‘aited

unsubstituted, branched or unbranched) having 1-20 carbon atoms or 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13 14 15,16, 17, 18, 19 or 20 carbon atoms.

[0053]  The term "alkyl," as used herein, refers to saturated, straight- or branched- chain

hydrocarbon radicals derived from a hydrocarbon mbiety containing between one and twenty

- carbon atoms by removal of a single hydrogen atom. In some embodiments, the alkyl group

employed in the invention contains 1-20 carbon atoms or 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20 carbon atoms. In another embodiment, the alkyl group
employed contains v1-15 carbon atoms. In another embodiment, the alkyl group employed
contains 1-10 carbon atoms. In anofher embodiment the alkyl group employed contains 1-8
carbon atoms. In another embodlment the alkyl group employed contalns 1-5 carbon atoms.

For example Ci-Cio 1ndlcates that the group may have from 1 to 10 (1ncluswe) carbon atoms

‘in it. In the absence of any numerical designation, "alkyl" is a chaln (straight or branched)

having 1 to 20 (inclusive) carbon atoms in it.

[0054] The term "alkylene," as used herein, refers to a biradical derived from an alkyl

group, as defined herein, by removal of two hydrogen atoms and thus refers to a divalent

alkyl. Alkylene groups may be cyclic or acyclic, branched or unbranched, substituted or
unsubstituted. | " |

[0055] The term "alkenylene,"\as used herein, refers to a biradical derived from an alkenyl
group, as defined herein, by removal of two hydrogen atoms. Alkenylene groups may be

cyclic or acyclic, branched or unbranched, substituted or unsubstituted.

[0056]  The term "alkynyl," as used herein, refers to a monovalent group derived from a

straight- or branched-chain hydrocarbon having at least one carbon-carbon triple bond by the
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removal of a single hydrogen atom. In certain embodiments, the alkynyl group employed in

the invention contains 2-20 carbon atoms or 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16,
17 18 19.0r 20 carbon atoms. In some embodlments ‘the alkynyl group. employed n the‘."

invention contains 2-15 carbon atoms. In another embodiment, the alkynyl group employed

contains 2-10 carbon atoms. In still other embodiments, the alkynyl group contains 2-8

carbon atoms. In still other embodiments, the alkynyl group contains 2-5 carbon atoms.

- [0057]  The term "alkynylene," as used herein, refers to a biradical derived from an

alkynylene group, as defined herein, by removal of two hydrogen atoms. Alkynylene groups
may be cyclic or acyclic, branched or unbranched, éubstituted or unsubstituted. |
[0058]  The term "amino," as used herein, refers to a group of the formula (-NH,). A
"substituted amino" refers either to a mono-substituted amine (-NHR") of a disubstitued
amine (-NR",), wherein the R" substituent is any substitutent as described herein that results
in the formation of a stable -méiety. For éxample, the substituent includes, but is not limited, |
to the following ‘groupé‘: a suitable amino protecting group; aliphatic, alkyl, alkenyl, alkynyl,
heteroaliphatic, heterocyclic, aryl, hetéroaryl, acyl, amino, nifro, hydroxyl, thiol, halo,
aliphaticamino, heteroaliphaticamino, alkylainino, heteroalkylamino,  arylamino,
heteroarylamiﬁo, alkylaryl, arylalkyl, a_liphatiéoxy, heteroaliphaticoxy, alkyloxy,
heteroalkyloxy, ‘aryloxy, heteroaryloxy, aliphaticthioxy, heteroaliphaticthioxy, alkylthiokxy,
heteroalkylthioxy, arylthioxy, heter'oarylthioxy? acyloxy, and the like, each of which may or
may not be further substituted. In certain embodiments, the R"  substituents of the di-
substituted amino group (-NR") form a 5- to 6- membered hetereocyclic ring. o »
[0059] The terms "halo" and "halogen" as used herein refer to an atom selected from
fluorine (fluoro, -F), chlorine (chloro, -Cl), bromine (bromo, -Br), and iodine (iodo, -I).

[0060] The term. "cycloalkyl" as employed herein inclﬁdes saturated and partially
unsaturated cyclic hydrocarbon groups having 3 to 1-2 carbons, preferably 3 to 8 cérbons,

more preferably 3 to 6 carbons, and 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12 carbon atoms wherein,th'e

“cycloalkyl group additionally may be optionally substituted. Prefefred cycloalkyl groups

include, without limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl cycloheptyl, and cyclooctyl. A
[0061] - The term "heteroaryl" refers to an aromatic 5-8 membered monocyclic, 8 12

membered bicyclic, or 11-14 membered tricyclic ring system having 1-3 heteroatoms if

- monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms
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selected from O, N, or S. For example, the heteroaryl may comprise carbon atoms and 1-3, 1-
6, or 1-9 heteroatoms of N, O, or S if monocyclic, bicyclic, or tricyclic, respectively, wherein |
0, 1,- 2,'3, or 4 atoms of each ﬁng may be substituted by a substitueﬁt. Examples of heteroaryl
groupé include pyridyl, furyl or furanyl, imidazolyi, benzimidazolyl, pyrimidinyl, thiophenyl
or thienyl, quinolinyl, indolyl, thiazolyl, and the like. The term "heteroarylalkyl" or the term
"hetéroaralkyl" refers to an alkyl substituted with a heteroaryl. The term "hetefo‘arylalkoxy"
refers to an alkoxy substituted with heteroaryl. ,

[0062] The term "heterocyclyl" refers to a nonaromatic 5-8 membered moﬂocyclic, 8-12
membered bicyclic, or 11-14 membered tricyclic ring system having 1-3 heteroatoms if

monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 heteroatoms. if tricyclic, said heteroatoms -

selected from O, N, or S. For example, the heterocyclyl may comprise carbon atoms and 1-3,

1-6, or 1-9 heteroatoms of N, O, or S if ménocyclic, bicyclic, or 'tricyclic, respectively,

wherein 0, 1, 2-or 3 atoms of each ring may be substituted by a substituent. Exémples of

heterocyclyl groups include piperazinyl, pyrrolidinyl, . dioxanyl, morpholinyl,

tetrahydrofuranyl, and the like.

[0063] - The term "hydroxy," or "hydroxyl," as used herein, refers to a group of the formula

(-OH). A "substituted hydroxyl!" refers to a group of the formula (-ORI), wherein R1 can be

any substitutent which results in a stable moiety, as for example a suitable hydroxyl

- protecting group; aliphaﬁc, alkyl, alkenyl, alkynyl, heteroaliphatic, hetefocyclic, aryl,

heteroaryl, acyl; nifro, alkylaryl, arylalkyl, and the like, each of which may or may not be
further substituted. | " -

[0064]  The term "oxo0," as used herein, refers to a group of the formula {=O).

[0065]  The term "thio," or "thiol," as used herein, refers to a group of the foﬁnula (-SH).
A "substituted thiol" refers to a group of the formula (-SRl), wherein Rr can be any :
substituent that results in the formation of a stable moiety, as for example a suitable thiol
protecting - group; aliphatic, alkyl, alkenyl, alkynyl, heteroaliphatic, heterocyclic, aryl,
heteroaryl, acyl, sulfinyl, sulfonyl, cyano, nitro, alkylaryl, arylalkyl, and the like, eaéh of
which may or méy not be further substituted.

[0066] The term "substituents" refers to a group "sdbstitqted" as described above on an
alkyl, cycloalkyl, aryl, heterocyclyl, or heteroaryl group at any atom of that group. Suitable

substituents include, without limitation, halo, hydroxy, mercapto, oxo, nitro, haloalkyl, alkyl,
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alkaryl, aryl, aralkyl, alkoxy, thioalkoxy, aryloxy, amino, alkoxycarbonyl, amido, carboxy,

alkanesulfonyl, alkylcarbonyvl,- and cyano groups.

- [0067]  The term "axﬁino acid" refers to a molecule coﬁtai_ning both an amino group and a

carboxyl group. Amino acids include alpha-amino acids and beta-amino acids, the structures’

of which are depicted below. In certain embodiments, an amino acid is an alpha amino acid.

OH

alpha-amino acid beta-amino acid

[0068]  Suitable amino acids are known to the person skilled in the art and iﬁclude, without
limitation, natural alpha-amino acids such as D- and L-isomers of the 20 common naturally
occurring alpha-amino acids found in peptides, that is, in one-letter code, A, R, N, C, D, Q, E,
GHLLKMFP,S T, W,Y, and V,y unnatural alpha-amiho acids, natural beta-amino
acids as for example, beta-alanine, and unnnatural beta-amino acids. Amino acids knoWn in
the art (both naturally occurring and synthetic) which can be used for the peptides and/or
modified peptides referred to herein (e.g. also .for "*¥" or "Xaa") can include, but arevnot’
limited to 2-aminoadipic acid (Aad), aminobutyric acid (Abu), aminobenzoic acid (Abz),
aminocyclohexanoic acid (Ac6c), aminocyclopentanoic acid (AcSc), aminocyclopropanoic
acid (Ac3c),- aminodecanoic acid (Adc), aminododecanoic acid (Ado), aminohexanoic acid
(Ahx), aniinoisobutyric' acid (Aib), alanine (Ala), alloisoleucine (Alle), allothreonine (aThr),
aminomethylbenzoic acid (Amb), aminomethylcyclohexanoic acid (Amc), 2-amino-2-
thiazolidine-4-carboxylic acid, aminononanoic acid, aminooctanoic acid, aminopentanoic
acid (Avl), arginine' (Arg), asparagine (Asn), aspartic acid (Asp), aminoundecanoic acid,
aminovaleric acid,  biphenylalanine, benzoylphenyl alanine, carmnitine, 4-cyano-2-
aminobutyric acid, 3-cyano-2-aminopropionic acid, cyclohexylalanine, cyclohexylglycine,
citruline (C‘it), cysteine (Cys), cystine, 2,4-diarninobutyﬁc acid (A2bu), 2,3-diam'inopropionic
acid (A2pr), diethyl glycine,‘dihydrotryptdphén, diaminobenzoic acid, dipropylglycine, 2',3-
diaminopropionic acid, 2,3-didehydroalanine (Dha), (Z)—2,3—didehydrbaminobutyric acid
(Dhb), ‘erythro-S.-hydroxyaspartic acid (HyAsp), 2-aminobutyrié acid (Abu), dolabr'oine

- (Dap), dolaisoluine (Dil), dolaisovaline (Dov), Hiv, methyl valine (MeVal); 3-amino-6-
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octyneoic acid (Doy), dolaphenine (Doe), ~dolahexanoic acid (Dhex) 2-methyl-3-

aminoisocaproic - acid (Dml, dolamethylleuine), 2-amino-4-phenylisovaleric acid (Dpv,

- dolaphenvaline), diethylglycine, dihyd‘rotryptophan, gamma-carboxyglutamic acid, glutamine

(Gin), glutamic_acid (Glu), glycine (Gly), histidine.(HiS)’, homoarginine, homocysteine (Hey),

‘homophenylalanine, homoserine  (Hse), homoseﬁnelactbne. (Hsl), homotyrosine,

hydroxylysine (Hyl), hydroxyproline (Hyp), 2;indolinecarboxylic acid, 2-indanylglycine,
isoglutamine (iGIn), isoleucine (He), indoleglycine, isonipecotic acid, isovaline (Iva), leucine
(Leu), lysine (Lys), /3-mercapto- 3,/3-cyclopentamethylenepropanoic acid, methionine (Met),
methionine S-oxide .(Met(O)), muramicactd (Mur), napthylalanine, neuraminicacid (Neu),
norleucine (Nlé), norvaline (Nva), octahydroindolecérboxylic acid, ornithine (Orn),
pyridylalanine, penicillamine, pyroglutamic acid, phenylalanine (Phe), C,-Me-L-
Phenylalanine,  phenylglycine, ph‘osphoserin‘e ‘_ (Ser(P)),  pipecolic  acid, 4-
phosphomethylphenylalanine, propargylglyéihe, proline (Pro), putrescine, sarcosine (Sar),
serine (Ser), statine (Sta), statine analogs, taurine (Tau) thiazolidinecarboxylic acid
tetrahydroisoquinoline-3- ca;rboxyhc acid, tert-leucine, threonine (Thr), thyroxme (Thx),

tryptophan (Trp), tyrosine (Tyr), 3,5-diiodotyrosine (Tyr(l;)), valine (Val) and AEEA.

Abbreviations for amino acids, as used herein, are in accordance with the TUPAC guidelines

on nomenclature. . ,

[0069] Amino acidé used in the construction of peptides‘ of the present invention may be
prepared by organic synthes1s or obtained by other routes, such as, for example degradation
of or isolation from a natural source. In certain examples of the present 1nvent10n the formula
-[XAA]- corresponds to the natural and/or unnatural amino acids having the following

formulae:

wherein R and R' correspond a suitable amino acid side chain, as defined below, and R* is as

* defined below.

[0070]  There are many known unnatural amino acids any of which may be included in the
peptides of the present invention. Some examples of unnatural amino acids are (S)-2-(4'- '

pentenyl)alanine,  (R)-2-(4’-pentenyl)alanine, (S)-2-(7'-octenyl)alanine, (R)-2-(7 -
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octenyl)alanine. and ahy one of the aforementioned amino acids with varied length. Other
examples include but are not limited to 4-hydroxyproline, desmosine, gamma-aminobutyric
acid, beta—cyanoalanihe, norvaline, 4-(E)-butenyl-4(R)-methyl-N-methyl-L-threonine, N-
methyl-L-leucine,. 1-amino-cyclopro"panecarboxylié acid, 1;-aminb-2-1$henyl—
cyclopropanecarboxylic | acid, 1-amino-cyclobutanecarboxylic acid, 4-amino-
cyclopentenecérboxylic' acid, 3-amino-cyclohexanecarboxylic acid, 4-piperidylacetic acid, 4-
amino-l-methylpyrrole-2-carboxylic acid, 2,4-diaminobutyric acid, 2,3—diarninopr0pidnic
acid, 2,4-diaminobutyric acid, 2-aminoheptanedioic acid, 4-(aminomethyl)benzoic acid, 4-
aminobenzoic acid, ortho-, meta- and para-substituted phenylalanines (e.g., substituted with -
C(=0)C¢Hs; -CF;3; -CN; -halo; 5NO;)_.; CHs;), disubstituted phenylalanines, substituted
tyrosines (e.g., further substituted with -C(=0)C¢HS5; -CF3; -CN; -halo; -NO,; CH3), and
statme Additionally, the amino acids suitable for use in the present invention may be
denvatlzed to include amino acid remdues that are hydroxylated, phosphorylated, sulfonated,
acylated, and glycosylated, to name a few. _

[0071] The term "amino acid side chain” refers to a group or moiety attached to the alpha—
or beta-carbon of an amino acid. A "suitable amino acid side chain" includes, but is not
limited to, any of the suitable amino acid side chains as known in the art. |
[0072] For example sultable amino acid side chains include methyl (as the alpha- amino
acid side chain for alanine i is methyl), 4-hydroxyphenylmethyl (as the alpha-amino acid side
chain for tyrosine is 4—hydroxyphenylme;thy1) and thiomethyl (as the alpha-amino acid side
chain for cysteine is thidmethyl), etc. Other non-naturally occurring amino acid side chains
are also included, for example, those that occur in nature (e.g., an amin(\) acid metabolite) or

those thét are made synthetically (e.g., an alpha di-substituted amino acid).

[0073] A "peptide” or "polypeptide”" comprises a polymer of amino acid residues linked

together by peptide (amide) bonds. The term(s), as used herein, refers to proteins,

polypeptides, and peptide of any size, structure, or function. Typically, a peptide or

- polypeptide will be at least three amino acids long. A peptide or polypeptide may refer to an

individual protein or a collection of proteins. Inventive proteins preferably contain only
natural amino acids, although non-natural amino acids that is, compounds that do not occur in
nature but that can be incorporated into a polypeptide chain and/or amino acid analogs as are
known in the art may alternétively be employed. Also, one or more of the amino acids in a

peptide or polypeptide may be modified, for example, by the addition of a chemical entity
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such as a carbohydrate group, a hydroxyl group, a phosphate group, a farnesyl group, an
isofarnesyl group, a fatty acid groui), a linker for conjugation, functional ization, or other
modification, etc. A peptide or polypeptide may also be a single molecule or may be a multi-
molecular complex, such as a protein. A peptide or polypeptide may be just a fragment of a
nafurally océuning protein or peptide. A peptide or polypeptide may be naturally occurring,
recombinant, or synthetic, or any combination thereof. As used herein "dipeptide" refers. to
two covalently linked amino acids. '

[0074]  As used herein, when two entities are "associated with" one another they are linked
by a direct or indirect covalent or non-covalent interaction. In certain embodiments, the
association is covalent and the entities are "conjugated" to one another. In other
embodiments, the association is non-covalent. Non-covalent interactions include hydrogen
bonding, van der Waals interactions, hyd_rophobic‘ interactions, magnetic interactions,
electrostatic interactions, etc. An indirect covalent interaction is when two entities are
covalently associated through a linker. ; | | ’
[0075]  As used herein, when twb eﬁtities are "conjugated" to one another they are linked
by a direct or indirect covalent interaction. An indirect covalent interaction is when two

entities are covalently connected, optionally through a linker.

- [0076] In one example, there is provided the peptide as desbribed herein, wherein the first -

amino acid at position Xaa;, Xaa,, Xaas or Xaa4 that cross-links the second amino acid to
position Xaas, Xaas, Xaa;, Xaag or Xaaoin the position of the peptide cross-linker are both
olefin-bearing unnatural amino acids. ‘ '

[0077] In one example, there is provided a peptide as disclosed herein, wherein the olefin-

bearing unnatural amino acid is selected from the group ‘consisting of (S)-2-(4’-
- pentenyl)alanine,  (R)-2-(4"-pentenyl)alanine, (S)-2-(7"-octenyl)alanine,  (R)-2-(7'-
25

octenyl)alanine andv any one of the aforementioned amino acids with varied length.
[0078]  In one embodiment, the peptide of the presént invention, may comprise the cross-
linker that is a cystéine bridge or a Lys-Asn (Lysine-Asparagine)' linker. In some

embodiments, the peptide can compri‘se at least one capping group at the N-terminus and/or

the C-terminus. The éapping group at the N-terminus of the modified elF4Gl peptide usually

has hydrogen atoms able to form hydrogen bonds or having a negative charge at the N-
terminus to match with the helix dipole, a non-peptidic group or a mimic of an amino acid

side chain. Suitable N-terminal capping groups include acyl such as acetyl, or N-succinate.
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The C-terminal capping group usually has hydrogen atoms able to form hydrogen bonds or
having a positive charge at the C-terminus to match with the helix dipole. A suitable C-
terminal capping group is an amide group or NH,. In one example, there is provided the
peptide as described above and herein, wherein the C-terminus. of the peptide is amidated. In
another example, there is provided the peptide as described above and herein, wherein the N-
terminus of the peptide is acetylated. To functionalize the peptide of the invention and

improve its biological activity, it is proved the peptide as described herein, wherein the

_ peptide is modified to include but is not limited to one or more ligands hydroxyl, phosphate,

amine, amide, sulphate, sulphide, a biotin moiety, a carbohydrate moiety, a fatty acid-derived
acid group, a fluorescent moiety, a chromophore moiety, a radioisotope, a PEG linker, an
affinity label, a targeting moiety, an antibg'dy, a cell penetrating peptide and a combination of
the aforementioned ligands. | | | -
[0079]  In one example the peptide described herein is not or does not comprise the amino
acid sequence KKRYSREFLLGF. |

[0080]  In one example, there is provided a peptide as described above and herein, wherein

the peptide comprises formula I:

[0081] wher_ein: R; and R; are <(CH)4-NH; [K]; R3 is -(CH3)3-NH-C(NH>)2 [R]; R4 -is -
CHy-Phenyl-OH [Y]; Rs is -CHx-OH [S]; Rs is -(CHy)3-NH-C(NH,), [R];' R7 is -

.- (CH;,),C(O)OH [E], or aminoisobutyric acid; Rg and R, are independently H, a C; to Cyo

alkyl; alkenyl, alkynyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, or heterocyclylalkyl; Ro
and R,g are -CH,CH(CH;), [L]; and R, is ~H [G] or aminoisobutyric acid; and wherein R is
anyone of alkyl, alkenyl, alkynyl, or [R’~K~R”]n; each of which 'is substituted with 0,1,2,3,
4,5, or 6 Rys; R’ and R” are independenﬂy alkylene, alkenylene or alkynylene; each Ry; is
independently halo,',alkyl,,ORM, N(R14)2, SRy4, SOR 4, SOZR14, COsR14, R4, a fluorescent.
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moiety, or a radioisotope; K is independently O, S, SO, SO,, CO, CO,, or CONR j4; each R14
is inkdependently‘ H, alkyl, or a therapeutic agent; n is an integer from 0, 1, 2, 3 or 4.

[0082] - In a further éxarﬁple, there is provided the peptide described above, wherein Rg and

 Ry; are independently H or a C; to C¢ alkyl. In another example, there is provided the peptide

described above, wherein Rg and R, are each -CHj [A] and R is a 4’-cyclooctenyl

© ©),

(sTIP-02) cross-linking the o-carbon of the two unnatural amino-acids. sTIP-02 is described
in more detail in Table 2, for example. The Kd of sTIP-02 is in the nanomolar range.

[0083] The cross-link may be obtained by chemical reactions known in the art. For
example, the cross-link is obtained by olefin ring-closing metathesis in the presence of a
Grubbs catalyst, thereby forming a 4’-cyciooctenyl as described above and in the figure

above.

-[0084] - Thus, there is provided the peptide described above, wherein R is ‘Obtained'by

cross;linking the pentenyl side chains having ‘the S stereochemistry of (S)-2-(4'-
pehtenyl)alanine at position Xaa; (i; Rg is C.H3) -and at position Xaas at a position four amino
acids apart (i+4; Rz is CHj), wherein the pentenyl sidé.cﬁains of both Xaa, and Xaas are
linked to the a-carbon of the two unnatural amino-acids and are on the same side of the - - -
helix (sTIP-02). ‘

[0085]  In another example, there is provided a peptide of the presént invention, wherein

the peptide comprises formula II:
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‘ wherein: R1 and R2 are —(CH2)4-NH2 [K], R3 is -(CH2)3-NH-C(NH2)2 [R], R4 is —CHz-Phenyl-

OH [Y]; Rs is -CH,-OH [S]; R¢ is -(CH;)3-NH-C(NH;),; [R]; R7 and Ry are indep_endenﬂy H,
a Ci to Cyp alkyl, alkenyl, alkynyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, or
heterocyclylalkyl, Rs is benzyl [F], ‘or'_ ~—(CHg)g-C(O)NHz [Q], or —CH; | [A], or
aminoisobutyric acid; Rg and Ry are -CH,CH(CHz); [L]; and Ry, is benzyl [F], or -
CH,CH(CHs), [L], or aminoisobutyric acid; and wherein R is anyone of alkyl, alkenyl,
alkynyl, or [R’~K~R”]n; each of which is substituted with 0, 1, 2, 3, 4, 5, or 6 Ry3; R” and R”
are independently alkylene, alkenylene or alkynylene; each Ry; is independently halo, alkyl,

ORy4, N(R14)2, SRy4, SORy4, SO;R 14, COzR 14, R14, a fluorescent moiety, or a radioisotope; K

18 indgpendently 0, S, SO, SO,, CO, COz, or CONRQ; each R14 is independently H, alkyl, or
a thei'apeutic agent; n is an integer from 0, 1, 2, 3 or 4. '

[0086]  Accordingly, in a further example, there is provided a peptide of the present
invention as described above, wherein R and Ry; are independently H or a C; to Cg alkyl. In
another example, the peptide described has a CHj (methyl) at each one of position R; and
Ry a 4’-cyclOoétenyI at position R is and; Rs is benzyl [F] and R;; is independently benzyl
[F] (also described as TIP-01 in Table 2 below) or 2-amin0butyﬁc_acid (sTIP-01F"*%), or; Rg
is -(CHz),-C(O)NH, [Q] and Ry is -CH,CH(CHz); [L] (STIP-04) or; Rg is methyl [A] and R12.
is benzyl [F] (sTIP-01 F**), o - |

[0087] In another example, there is provided a peptide of the :present invehtion, wherein

- the peptide comprises formula III:

Wherein R; and R, are —(CHz)s-NH; [K]; R; is -(CH2)3-NH-C(NH2), [R]; R4 is -CH,-Phenyl- -
OH [Y]; Rs is -CH,-OH [S]; Rg is -(CH2)3—NH-C(NH2)2 [R]; Ry is'-(CH,),C(O)OH [E], or
anﬁnoisobutyric acid; Rg and Ry are independenﬂy H, a C1 to Cio alkyl, alkenyl, alkynyl,
arylalkyl, cycloalkylalkyl, heteroarylalkyl, or heterocyclylalkyl; Ro and R, are -

. CH,CH(CHas)2 [L]; and Ry is benzyl [F], or -CH,CH(CH3); [L], or aminoisobutyric acid§ and
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wherein R is anyone of alkyl, alkenyl, alkynyl, or [R’-K~R”]n; each of which is substituted

~with 0, 1, 2, 3, 4, 5, or 6 Ri3; R’ and R” are independently alkylene, alkénylene'or
alkynyleﬁe; each Rz is independentlyhalo, alkyl, OR4, N(Ri4)2, SRi4, SOR4, SOsR 4,
"COzR 4, Ry4, a fluorescent moiety, or a radioisotopé; K is independently O, S,l SO, SO,, CO,

CO,, or CONR14; each R14 is independently H, alkyl, or a therapeutic agent; n is an integer
frbm 0,1,2,3 0r4.

[0088] Ih another example, there is provided the peptide as disclosed above and herein,
wherein Rg and R;; are independently H or a C; to Cs alkyl. In another example, there is
provided the peptide as :described above, wherein Rg and R, are each ‘-CH3 [A] andRisa4’-
cyclooctenyl (sTIP-03) cross-linking the a-carbon of the ﬁvo unnatural amino-acids.

[0089] - In one example, there is pfovided a peptide as disclosed aboVe and herein, wherein

' the peptide comprises formula IV: |

2 0 Rg Q

RS R O R O RO RO o\ ¢
B aaian exeansy

R-

wherein: R; and R, are <(CH,)4-NH; [K]; R3 is -(CH,)3-NH-C(NH,); [R]; R4 is -CH,-Phenyl-

- OH [Y]‘; Rsis -CHZ-OH [S]; Rg 1s <(CHz)3-NH-C(NH3); [R]; R; and Ry are independently H,

a C; to Cyo alkyl, alkenyl, alkynyl,  arylalkyl; cyclpalkylalkyl, heteroarylalkyl, or
heterocyclylalkyl; Rg is benzyl [F], or —(CHZ)z-C(O)NHz [Q], or —CH3 [A], or
amino_isobutyric acid; Ry and Ry are -CH,CH(CH3), [L]; and Ry, is —-H [G] or
aminoisobutyric acid; and wherein R is anyoné of alkyl, alkenyl, alkynyl, or [R’-K—R”]n;
each of which is substituted with 0, 1, 2, 3, 4, 5, 'dr 6 Ry3; R’ and R” are independently
alkylene, alkenylene or alkynylene; each R s is independently halo, alkyl, OR4, N(R4),
SRy, SORy4, SO;R4, C02R14; Ru4, a fluorescent moiety, or a radioisotope; K is
independently O, S, SO, SO,, CO, CO,, or CONR4; each R14 is independently H, alkyl, or a

therapeutic agent; n is an integer from 0, 1,2, 3 or 4.
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- [0090]  In a further example, there is provided the peptide as described above, wherein R

and R are independently H or a C; to Cs alkyl.
[0091] In one example, there is provided a peptide of the present invention, wheréin the

peptide compriées formula V:

R
Wherein R, andv R; are <(CH;)4-NH; [K]; R3. is -(CH;)3-NH-C(NH3); [R]; R4 is -CH;-Phenyl-
OH [Y]; Rs is -CH,-OH [S]; Ry is -(CH2)3-NH-C(NH2); [R]; R7 and Ry4 are indépendently H
or a C; to Cy alkyl, alkenyl, alkynyl, érylalkyl, cycloalkylalkyl, heteroarylalkyl, or
heterocyclylalkyl; Rg is benzyl [F], or —(CH,)-C(O)NH, [Q], or ,—CH3- [A], or
aminoisobutyric acid; Ry and:Rj are -CH,CH(CH3), [L]; and Ry is -H [G] or

aminoisobutyric acid; R;3 is benzyl [F}; Ry31is —(CHZ)_Q'C(O)NHZ [QL; R'14 is benzyl [F]; and

wherein R is anyone of alkyl, alkenﬂ alkynyl, or [R’-K-R”]n; each of which is 'substituted _
with 0, 1, 2, 3, 4, 5, or 6 Ris; R” and R” are 1ndependently alkylene, alkenylene or

alkynylene; each R16 is mdependently halo, alkyl, OR;7, N(R}7)2, SRy7, SOR;7, SO2Ry7,
CO3R 17, Ry7, a fluorescent moiety, or a radioisotope; K is independently O, S, SO, SO,, CO,
CO,, or CONR,7; each Ry7 is 1ndependently H, alkyl or a therapeutic agent; n is an integer
from 0, 1, 2, 30r4 v _

[0092] In another example, there is proVided the peptide as disclosed abbve and herein,
wherein R, and R14 are independently H of a C1 to Ce alkyl. In another example, th¢re is -

pfovided the peptide as described above, wherein R; and R4 are each -CH3 [A] and R is a 4’-

- cyclooctenyl (sTIP-05) cross-linking the a-carbon of the two unnatural amino-acids.

[0093] In one example, there is provided a peptide of the present invention, wherein the

peptide comprises formula VI:
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Wherein R; and R are —(CHy)4-NH; [K]; R is ~(CH,)s-NH-C(NH,); [R]; R4 is -CH-Phenyl-

OH [Y]; Rs is -CH,-OH [S]; Rs and Ri; are independently H or a C; to Cyg aikyl, alkenyl,

alkynyl, - arylalkyl', cyclealkylalkyl, ~ heteroarylalkyl, or heterocyelylalkyl; R, is -
V(CHZ)ZC(O‘)OH [E], or amiﬁoisobutyric acid; Ry is benzyl [F], Orv—(CHz)z-C(O)NHz [Q], or— |
| CH; [A], or aminoisobutyric acid; Ro and Ry are -CH2CH(CH3)2 [L]; Riz is benzyl [F]; Rz

is —(CH;),-C(O)NH; [Q]; R14- is benzyl [F]; and wherein R is anyohe of alkyl, alkenyl,
alkynyl, or [R’-K-R”]n; each of which is substituted with 0, 1, 2,3,4,5 or6Ri6; R> and R”
are independently alkylene, alkenylene or alkynylene; each R¢ is independently halo, alkyl,

_OR17, N(R;7)2, SRy7, 'SOR17, SOzR 7, CO2Ry7, Ry, a fluorescent moiety, or a radioisotope; K
‘is independently O, S, SO, SO,, CO, COz, or CONR,7; each Ry is independently H, alkyl or

~ atherapeutic agent; n is an integer from 0, 1, 2, 3 or 4.

(0094]  In another example, there is provided the peptide as disclosed above and herein,
wherein Rs and R;; are independently H or a C; to Cg alkyl. In another example, there is
previded the peptide as described'above wherein Rg and Ry, are each -CH; [A]l and R is-a 4°-

cyclooctenyl (sTIP-06) cross- hnklng the a-carbon of the two unnatural amino-acids.

- [0095]  In one example, there is provided a peptide of the present invention, wherein the

peptide comprises formula VII:
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Wherein R, and R, are —(CHy)s-NH, [K]; Ry is ~(CHy)s-NH-C(NHy) [R]: Rs is -CH-

Phenyl-OH [Y]; Rs and Rlzrare independently H or a C; to Cyo alkyl, alkenyl, alkynyl,

arylalkyl, cycloalkylalkyl, heteroarylalkyl, or heterocyclylalkyl; R is -(CH;);-NH-C(NH>),

[R]; Ry is -(CHz)zC(O)OH'_[E], or aminoisobutyric acid; Rg is benzyl [F], or —(CHy),-

C(O)NH: [Q], or —fCH3 [A], or aminoisobutyric acid; Ry and Ry are -CH,CH(CHs); [L];

Ry is —H [G] or aminoisobutyric acid; Ri3 is —(CH),-C(O)NH; [Q]; Ri4 is benzyl [FJ;

and wherein R is anyone of alkyl, alkenyl, alkynyl, or [R’-K-R”]n; each of which is

substituted with 0, 1, 2, 3, 4, 5, or 6 Rys; R” and R” aré independently alkylene, alkenylene. or

alkynylene; each Rig is independently halo, alkyl, ORy7, N(Ri7)z, SRi7, SORi7, SO;R17,
CO3zR17, Ry7, a fluorescent moiety,‘or a radioisot‘ope; K is independently O, S, SO, SO,, CO,

CO,, or CONR,7; each R;7 is independently H, alkyl, or a therapeutic agent; n is an integer
from 0,1,2,3 0rd. |

[0096] In another example, there is provided the peptide as disclosed above and herein,

wherein Rs‘and Ry, are independently H or a C; to Cs alkyl. In another example, there is

pr‘ovided the peptide as described above, wherein RS and Ry, are each -CHj [A]and Ris a 4’-

~cyclooctenyl (sTIP-07) cross-linking the o-carbon of the two unnatural amino-acids.

- [0097] In one eXample, there is 'provided‘_a peptide of the present invention, wherein the

peptide comprises formula VIII:

Wherein R, »and R, are |(CHy)4-NH; [K]; Rj3 is -(CH;)3;-NH-C(NH;), [R]; Ry is -CH,-Phenyl-

OH [Y]; Rs is -CH-OH [S]; Re is -(CHz)s-NH-C(NH,), [R]; Ry is -(CH,),C(O)OH [E], or
aminoisobutyric acid; Rg and R;s are independently H or a C; to Cjo alkyl, alkenyl, alkynyl,
arylaikyl, cycloalkylalkyl, heteroarylalkyl, or heterocyclylalkyl; Ry and Rjo are -
CH,CH(CHas), [L]; Ry;is—H [G] or aminoisobutyric acid; Ry is-benzyl [F]; Rys is —(CHa),-

‘C(O)NH, [Q]; Ry4is benzyl [F]; and wherein R is anyone of alkyl, alkenyl, alkynyl, or [R’—
- K-R”]n; each of which is substituted with 0, 1, 2, 3, 4, 5, _br 6 Ris; R and R” are
~ independently alkylene, alkenylene or alkynylene; each Rys is indepe'ndently, halo, alkyl,
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OR,7, N(R;7)2, SRy7, SOR;7, SO.R17, COR 7, Ry7, a fluorescent moiety, or a radioisotope; K
is 1ndependently 0, S, SO, SO,, CO, CO,, or CONR,7; each R;7 is independently H, alkyl or
a therapeutic agent; n is an mteger from 0, 1, 2,3 or 4.

[0098] In another example, there is provided the peptide as disclosed above and herein,'
wherein Ry and R;s are independently H or a C; to C¢ alkyl. In another example, there is
provided the peptide as desctibed above, wherein Rg and R, s are each.-CHj [AlJand Risa 4’-
cyclooctenyl (sTIP-08) cross-linking the a-carbon of the two unnatural amino;acids.

[0099]  In addition, the present invention also provides a nucleic acid mélecule encoding
for a peptide serving as template for the peptide of the present invention. Since the
degeneracy of the genetic code permits substitutions of certain codons by other codons which

specify the same amino acid and hence give rise to thé_ same protein, the invention is not

. limited to a specific nucleic acid molecule but includes all nucleic acid molecules comprising

a nucleotide sequence coding for the peptides of the present invention. The peptides encoded
by the nuclelc acid molecule may be chemically or enzymatlcally modified to obtain the
Cross- hnked peptldes as described herein.

[00100] The nucleic acid molecule disclosed herein may comprise a nucleotide sequence
encoding the peptide serving as template for the peptide’ of the present invention which can
be operably linked'to‘ a regulatory sequencé.to‘ allow expression of the nucleic acid molecule.
A nucleic acid molecule such as DNA is regarded to be 'capable of exﬁressing a nucleic acid

molecule or a coding nucleotide sequence' or capable 'to allow expression of a nucleotide

sequence' if it contains regulatory nucleotide sequences which contain transcriptional and

translational information and such sequences are "operably linked" to nucleo@idc sequences

" which encode the polypeptide. An operable linkage is a linkage in which the regulétory DNA.

sequences and the DNA sequences sought to be expressed are connected in such a way as to

_permit gene sequence expression. The precise nature of the regulatory regions needed for

gene sequence expression may vary from organism to organism, but shall, in general include

a promoter region which, in prokaryotes, contains only the promoter or both the promoter

which directs the initiation of RNA transcription as well as the DNA sequences which, when

transcribed into RNA will signal the initiation of synthesis. Such regions will normally

include non-coding regions which are located 5'and 3 ' to the nucleotide sequence to be

expressed and which are involved with initiation of transcription and translation such as the

. TATA box, Capping, sequence and CAAT sequences. These regions can for example, also
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contain enhancer sequences or translated signal and leader sequences for targeting the
produced polypeptide to a specific compartment of a host cell, which is used for producing a
peptide described above. | |

[00101] The nucleic acid molecule combrising the nucleotide sequence encoding the
modified elF4Gl peptide of tﬁe invention can be comprised in a vector, for example an
expression vector. Such a vector can comprisé, besides the above—ﬁentioned regulatdry
sequences and a nucleic acid sequence which codes for a peptide as described above, a
sequence codin.g for restriction cleavage site which adjoins the nucleic acid sequence coding
for the peptidé'in 5" and/or 3' direction. This vector can also allow the introduction of another
nucléic acid seqlience coding for a protein to be expressed or a prbtein part. The exbression
vector preferably also contains replication sites and control sequences derived from a species
compatible with the host that is used for expression. The expression vector can be based on
plasmids well known to person skilled in the art such as pBR322, puCl6, pBluescript and the
like. | o

[00102] The vector containing the nucleic acid molecule can be transformed intb host cells
capablé of expressing the genes. The transformation can be carried .out in accordance with
standard techhiqﬁes. Thus, the invention is also dirécted to a (recom.binant) host cell
containing a nucleic acid molecule as defined above. In this context, the transformed host
cells can be cultured under conditions suitable for expression of the nucleotide sequence
encoding the peptide as described dbove;; Host cells can’ be established, adapted and
completely cultivated under serum free conditions, and optionally in media which are free of
any pfotein/peptide of animal origin. Commercially available media such as RPMI-1640
(Sigma), Dulbecco's Modified Eagle's Medium (DMEM; Sigma), Minimal Essential_mMeAdium
(MEM,; Sigma), CHO-S-SFMII (Invitrogen), serum free-CHO Medium (Sigma), and protein-
free CHO Medium (Sigma) are exemplary appropriate nutrient solutions. Any of the media
may be supplemented as necessary with a variety of cdmpounds,- examples of which are

hormones and/or other growth factors (such. aé, insulin, transferrin, epidermal growth factor,

- insulin like growth factor), salts (such as sodium chloride, calcium, magnesium, phosphate),

buffers (such as HEPES), nucleosides (such as adenosine, thymidine), glutamine, glucose or

other equivalent energy sources, antibiotics, trace elements. Any other necessary supplements

may also be included at appropriate concentrations that are known to those skilled in the art.
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[00103] As used herein, "nucleic acid" refers to any acid in any possible configuration,

such as linearized single stranded, double stranded or a combination thereof. Nucleic acids

‘may include, but are uot limited to DNA molecules (e‘.g., cDNA or genomic DNA), RNA

molecules (e.g., mRNA), analogues of the DNA or RNA generated using nucleotide
analogues or using nucleic acid chemlstry, cDNA synthetic DNA, a copolymer of DNA and
RNA olrgonucleotldes and PNA (protein nucleic acids). DNA or RNA may be of genom1c

or synthetic origin and may be single or double stranded. A respective nucle1c acid may

 furthermore contain non-natural nucleotide analogues and/or be linked to an affinity tag or a

label. As used “herein, ‘nucleotides include nucleoside mono-, di-, and trlphosphates.

Nucleotides also include modified-nucleotides,. such as, but not limited to, phophorothioate

‘nucleotides and deazapurine nucleotides and other nucleotide analogs.

[00104] The peptide, the isolated nucleic acid molecule or the vector as described herein

and above can be formulated into compositions, for example phairmaceutical compositions,

suitable for administration. Where applicable, a peptide of the present invention may be
administered  with a pharmaceutically acceptable carrier. A "carrier" can include any
pharmaceutically acceptable carrier as long as the carrier can is compatible with other

ingredients of the formulation and not injurious to the patient. Accordingly, pharmaceutical

- compositions for use in accordance with- the present invention may be formulated in

conventional manner using one or more physiologically acceptable carriers comprising
excipients and auxiliaries. which - facilitate processmg of the active compounds into
preparations which can be used pharmaceutlcally ‘Proper formulation is dependent upon the
route of administration chosen.

[00105] Therefore the present invention also prov1des a phannaceut1cal composmon_

comprising a one or more peptide of the present invention..

[00106] A peptide as described above or 'pharmaceuticel compo‘sition' or medicament
thereof can be administered in a number of ways depending upon whether local or systemic
administration is desired and upon the area to be treated. In some embodiments, the peptide

or the respective pharmaceutical composition thereof can be administered to the patient

~orally, or. rectally, or transmucosally, or intestinally, or intramuscularly, or subcutaneously, or

1ntramedullary, or intrathecally, or direct intraventricularly, or intravenously, or 1ntrav1treally,

or mtrapentoneally, or intranasally, or intrao cularly
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[00107] The peptides themselves may be present in the compositions in any of a wide
variéty of forms. For example, two or more peptides may be merely mixéd together or may
be more closely associated through complexation, crystallization, or ionic of covalent
bonding. The peptides of the invention can also encompass any pharmaceutically acceptable
salts, cstérs, or sélts of such esters, or any other compound, which, upon administration to an

animal, inclu'ding. a hﬁman, is capéble of providihg the biologically activé metabolite or

residue  thereof. Accordingly, also described herein is drawn to prodrugs and

pharmaceutically acceptable salts of such pro-drugs, and other bioequivalents. The term

,“phannaéeutically acceptable salt" refers to physiologically and phannaéeﬁtic'ally acceptable

salt(s) of the peptides as described above; i.e. salts that retain the desired biological activity
of the peptide and do not impart undesired toxicological éffects thereto. Examples of such
pharmaceutically accepfab]e salts include but are not limited to (a) salts formed with cations
such as sodium, potassium, ammonium, magnesium, calcium, polyamines such as spermine

and spermidine, etc; (b) acid addition salts formed with inorganic acids, for example

‘. hydrochioric acid, sulfuric acid, phosphoric acid, nitric acid and the like; (c) salts formed

with organic acids such as, for example, acetic acid, oxalic acid, tartaric acid, succinic acid,
maleic acid, fumaric acid, gluconic acid, citric acid, malic acid, ascorbic acid, bénzoic acid,
tannic ‘acid, palmitic acid,. alginic acid, polyglutamic acid, naphthélenesulfonic acid,
methanesulfonic acid, p-toluenesulfonic acid, naphthalenedisulfonic acid, polygalacturonic
acid, and the like; and (d) salts formed fromv elemental anions such as chbrine; bromine, and

iodine.

[00108] In some embodiments, the pharmaceutical composition as described above and

herein may further comprise a therapeutic compound (or an agent or a molecule or a
composition). A “therapeutic” cbmpound as defined herein is a compound (or an agent or a

molecule or a composition) capable of acting prophylactically to prevent the development of

- a weakened and/or unhealthy state; and/pr providing a subject with a sufficient amount of vthe _

complex or pharmaceutical composition or medicament thereof so as to alleviate or eliminate
a diseasev staﬁe and/or the symptoms> ofa diseasé state, and av weakened and/or unheaithy state.
In one example, the therapeutic compound includes but is not limited to an ap_bpfosis o
promotihg compound, a'chemotherapeutic compoﬁnd ora compound capable of al'leviatin.g or
eliminating cancer in a patient. Examples of apoptosis promoting compounds include but are

not limited to Cyclin-dependent Kinase (CDK) inhibitors, Receptor Tyrosine Kinase (RTK)
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inhibitors, BCL (B-cell lymphoma) family BH3 (Bcl-2 homology domain 3)-mimetic
inhibitors and Ataxia Telangiectasia Mutated (ATM) inhibitors. o
[00109] In an example, the Cyclin-dependent Kinase (CDK) inhibitors include but are not

- limited to 2-(R)-(1-Ethyl-2-hydroxyethylamino)-6-benzylamino-9-isopropylpurine (CYC202;
' Roscovitine' Seliciclib); 4—[[5 Amino-1 (2 6- dlﬂuorobenzoyl) 1H-1,2,4- triazol-3-

yl]ammo]benzenesulfonamlde o (JNJ 7706621) N-(4- plpendmyl) 4- (2 6-

~ dichlorobenzoylamino)-1 H-pyrazole'-S-carb‘oxamide (AT-75 19); N-(5-(((5-(1,1-
.dimethylethyl)-2-oxazolyl)methyl)thio)-Z-thiazolyl)-4-piperidinecarboxari1ide (SNS-032);

8,12-Epoxy-1H,8H-2,7b,12a-triazadibenzo(a,g)cyclonona(cde)triinden-1-one, 2,3,9,10,11,12-
hexahydro-3-hydroxy-9-methoxy-8-methyl-10-(methylamino)- - - (UCN-01; 7-
Hydroxystaurosporine; KRX-0601); N,1,4,4-tetramethyl-8-((4-(4-methylpiperazin-1-
yl)phcnyl)amino)-4»,5-dihydro- 1H-pyrazolo[4,3-h]quinazoline-3-carboxamide (PHA-848125;
milciclib); 2-(2-chlorophenyl)-5,7-dihydroxy-8-[(3S,4R)-3-hydroxy-1-m ethylpip eridin-4-
yljchromen-4-one hydrochloride. (flavopiridol; alvocidib); 6-acetyl-8-cyclopentyl-5-methyl-
2-((5-(piperazin- 1‘-yl)pyridin-Z-yl)amino)pyrido[2,3-d]'pyrimidin—7 (8H)-one  hydrochloride
(PD ' 0332991); ' 4-(1-isopropyl-2-methyl- 1H-imidazol-5-y1)-N-(4-

(methylsulfonyl)phenyl)pyrimidin-2-amine ’ (AZD5438); (S) 3- (((3 ethyl-5-(2-(2-

hydro'xyethyl)piperidin-l-yl)pyrazo'lo[I,S aJpyrimidin-7- yl)ammo)methyl)pyndlne 1-oxide

- (Dinaciclib; SCH 727965); N-(4-Piperidinyl)-4-(2,6-dichlorobenzoylamino)-1H-pyrazole-3-

carboxamide hydrochloride (AT-7519); and phal_'maceuﬁcally_ acéeptable salts thereof. ’

/{00110]  In another example, there is provided the pharmaceutical composition -as described

above, wherein the RTK inhibitors include but are not limited to N-[3-chloro-4-[(3-
fluorophenyl)methoxy] phenyl]-6- [5-[(2-methylsulfonylethylamino) methyl]-2-

furyl]quinazolin-4-amine | (lapatinib); - 1’-[3- ﬂuoro 4 [[6-methoxy-7-(3-
morpholinopropoxy)-4-quinolyl]oxy]phenyl]-N1- (4 fluorophenyl) ~ cyclopropane-1,1-
dicarboxamide (foretinib); N-(4-((6,7-Dimethoxyquinolin-4-yl)oxy)phenyl)-N-(4-

ﬂuoroﬁhenyl)cyclopropane—1 1-dicarboxamide (cabozantinib(XL184))' N-(4-((6 7-

: __:Dlmethoxyqumohn 4- yl)oxy)phenyl)-N (4- ﬂuorophenyl)cyclopropane—1 1- dlcarboxamlde
’.(g:aboz_antlr_nb(XL184)), 3- [(1R)-1-(2, 6-dichloro- -3- ﬂuorophenyl)ethoxy] 5- (l-plpendln 4-

ylp'yrazoi-4-y1)pyridin-2éamlne (cn_zot_mlb (Xalkori)); (3Z)-N-(3-Chlorophenyl)-3-( {3,5-
dimethyl-4- [(4-mefhy1piperazin— 1-yl)carbonyl]-1H-pyrrol-2-yl}methylene)-N-methyl-2-oxo-
2,3-dihydro-1H-indole-5-sulfonamide . (SUl 1274); (32)-5-[[(2,6-
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"Dichlordphenyl)niethyl]sulfoﬁyl]-3 -[[3,5-dimethy1—4-[[(2R)-2-(1 -pyrrolidinylmethyl)-1-

pyrrblidinyl]carbonyl]-l H-pyrrol-2-yl]methylene]-1,3-dihydro-2H-indol-2-one - hydrate
(PHA-665752); : 6-[[6-(1-Methylpyrazol-4-yl)-[ 1 2,4]triazolo[4,3-b]pyridazin-3-
yl]sulfan}}l]quinoliné (8GX-523); 41 ,-(6-Quin‘oliny1'methy1)- 1H-1,2,3-triazolo[4,5-
blpyrazin-6-yl]-1H-pyrazole-1-ethanol methanesulfonate (1:1) (PF-04217903); 2-F iuoro—N-,
methyl-4-[7-[(quinolin-6-yl)methyl]imidazo[1,2-b]-[1,2,4]triazin-2-yl]benzamide |

(INCB28060); N—[4-[(3-Chloro-4-ﬂuorophenyl)amino]-7-[[(3S)-tetrahydfo-3-furanyl]oxy]-6-

quinazolinyl]-4(dimethylamino)-2-butenamide (afatinib); 3-(5,6-Dihydro-4H-pyrrolo[3,2,1-

ij]quinolin-1-y1)-4-(1H-indol-3-yl)-pyrrolidine-2,5-dione (ARQ-197 (Tivantinib)); N-[(2R)-
1,4-dioxan-2-ylmethyl]-N-methyl-N'-[3-(1-methyl-1H-pyrazol-4-yl)-5-oxo-5H- |
benzo[4,5]cyclohepta[1,2-b]pyridin-7-yl]sulfuric diamide (MK-2461); N-[4-(3-Amino-1H-
indazol-4-yl)phenyl]-N’-(2-fluoro-5-methylphenyl)urea (Linifanib( ABT 869));

[00111] 4-[[(3S)-3-Dimethylaminopyrrolidin-1-yl}methyl]-N-[4-methyl-3 -[(4-pyrimidin;5 -
ylpyrimidin-2-yl)aminoJphenyl]-3- (tnﬂuoromethyl)benzamlde (Bafetinib (INNO-406)); and
pharmaceut1ca1 acceptable salts thereof.

[00112] In .a further example, there is provided the pharmaceutical composition as

‘described above, wherein the BCL family BH3-mimetic inhibitors include but are not limited

to: 4-[4-[[2-(4- Chlorophenyl) -5,5-dimethyl-1 -cyclohexen 1 yl]methyl] 1-p1perazmy1]~N [[4-
[[(1R)-3-(4-morpholinyl)-1- [(phenylthlo)methyl]propyl]ammo] 3- _
[(tnﬂuoromethyl)sulfonyl]ph_enyl]sulfonyl]benzamlde (ABT 263;Navitoclax);

[00113] 2-[2-[(3,5-Dimethyl-1H-pyrrol-2-yl)methylene]-3-methoxy-2H-pyrrol-5-yl]-1H-

indole methanesulfonate (Obatoélax mesylate (GX15-070)); 4-[4-[(4'-chloro[1,1"-bipheny1]-
2-yl)methyl]-1-piperazinyl]-N-[[4-[[(1R)-3-(dimethylamino)-1-

v[(phenylthlo)methyl]propyl]ammo] -3-nitrophenyl]sulfonyl]-Benzamide = (ABT-737); and

pharmaceutically acceptable salts thereof,

[00114] In an additional example, there is provided the pharmaceutical composition as

. descnbed above wherein the ATM inhibitors compnse inhibitors include but are not limited:

- 2- Morphohn 4-yl-6- th1anthren-l yl-pyran 4-one (KU- 55933) (ZR 6S) 2,6- Dxmethyl N- [5- |

[6- (4- morphohnyl) 4-0x0-4H-] -pyran- 2-yl]- 9H-thioxanthen-2- yl]- 4-morphohneacetam1de

- (KU-60019); 1-(6,7- Dlmethoxy- -quinazolinyl)-3-(2-pyridinyl)-1H-1,2,4-triazol-5-amine

(CP466722); : a—Phényl-N-[2,2,27trichloro- 1-[[[(4-fluoro-3-
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nitrophenyl)amino]thioxomethyl]amino] ~ ethyl]benzene acetamide | (CGK, 733) and
pharmaceutically acceptable salts Ithereof. |

[00115] The present invention also provides the use of a peptide as described herein in the

manufacture of a medicament for treating or preventing cancer. In some embodiments, the

~cancer as described above is characterized’ by overexpression or hyperactivity of eIF4E

containing complexes. As used herein, the term “overexpression” denotes a level of
. , p

‘expression of the proteins in a complex that comprises eIF4E that is above a level found in

“cells isolated or cultivated from a patient having no disease or being healthy. For example,

overexpression of e[F4E may be found in the cancer cells isolated from a cancer patient as

compared to the expression level of eIF4E in the non-cancer cells of the-patient or in the cells

 isolated from an healthy patients, wherein the cells belong to the same group having the same

‘histological, morphol‘ogical,, physical, and biological characteristics (e.g. ’hepatocytes,

keratinocytes, lung cells...). As used herein the term “hyperactivity” denotes a level of
enzymatic, biological, dynamic or any measurable activity of the proteins in a complex that
comprises elF4E that is above a level found in cells isolated or cultivated from a healthy
patient having no diseases, conditions of any ailments. For example, hyperactivity of elF4E
may be found in the cancer cells isolated from a cancer patient as compared to the activity
level of eIF4E protein in the non-cancer cells of the patient or in the cells 1solated from an.
healthy patients, wherein thevcells_belong to the same group having the same histological,

morphological, physical, and biological characteristics. For example, the cells in which the

- expression or activity levels of eIF4E are compared may include but are not limited to
hepatocytes, keratinocytes, or lung cells. o '

| [001 16] In some embodiments, the cancer treated or prevented in the invention may be any

form of a cancer. Any forms of tumor or cancer may be used in the invention including for

" example, a benign tumor and a metastatic malignant tumor. Examples of cancers include, but

are not limited to, gastric cancer, colon cancer, lung cancer, breast cancer, bladder cancer,

vneuroblastoma melanoma head and neck cancer, esophagus cancer, cervix cancer, prostate_,

cancer and leukemla

[00117] Other examples of tumors lnclude but ‘are not 11m1ted to, haematologlcal

malignancies and sohd tumours. Sohd tumours 1nclude for instance a sarcoma, arlsmg from L

" connectlve or supportlng tissues, a carcinoma, ansmg from the bodys glandular cells and '
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epithelial cells or a lymphoma, a cancer of lymphatic tissue, such as the lymph nodes, spleen,

~ and thymus.

[00118] Thus, in some embodiments there is prOVided a method of treating or preventing
cancer in a patient in need thereof. The method includes administering of a pharrnaceutically
effective amount of a peptide, the isolated nucleie acid or the vector as described above and
herein. The method of the invention can in some embodiments include administering the
plrarmaceutically effective amount of the peptide ‘With one or more further therapeutic
compounds, wherein administration is simultaneous, sequential or separate. ‘

(00119] The term "treat" or "treating" as used herein is intended to refer to providing an
pharmaceutically effective amount of a peptide of the present invention or a respective
pharmaceutical composition or medicament thereof, sufficient to act prophylactically to
prevent the development of a weakened and/or unhealthy state; and/or prov1d1ng a subject
with a sufficient amount of the complex or pharmaceutical composition or medicament
thereof so as to alleviate or eliminate a dlseas_e state and/or the symptoms of a disease state,
and a weakened and/or unhealthy state. o | |

[00120] In some embodiments, the cancer to be treated can include but is ‘not limited to
gastric cancer, colon cancer, lung cancer, breast cancer, bladder cancer, neuroblastoma,
melanoma, head and neck cancer, esophagus cancer, cervix cancer, - prostate cancer and

leukemia.

'[00121] In some embodiments, there is provided the use of a peptide as described above

and herein for protein- purification, or for inhibiting protein-protein interactions, or as
template for protein-protein interactions. |

[00122] In one example the peptide described herein is not or does not comprise the amino

- acid sequence KKRY’SREFLLGF (SEQ ID.NO: 1.

[00123] The term "pharmaceutically effective amount” as used herein means that amount of

amodified eIFAE peptide as described above or a pharmaceutical composition or medicament

_comprlsmg the peptlde which is effective for producmg some desrred therapeutlc effect in at

least a sub-populatlon of cells in the patlent at a reasonable beneﬁt/nsk ratio applicable to any

medical treatment

’ [00124] Generally, an effectlve dosage per 24 hours may be in the range of about 0.0001

mg to about 1000 mg per kg body weight; su1tably, about 0.001 mg to about 750 mg per kg

E body We1ght about 0.01 mg ‘to about 500 mg per kg body welght about 0.1 mg to about 500
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mg per kg body weight; about 0.1 mg to about 250 mg per kg body weight; or about 1.0 mg

to-about 250 mg per kg body Weight. More suitably, an effective dosage per 24 hours may be

in the r‘ange of about 1.0 mg to about 200 mg per kg body weight; about 1.0 ing to about 100
mg per kg body weight; about 1.0 mg to about 50 mg per kg body weight; about 1.0 mg to
about 25 mg per kg body weight; about: 50 mg to about 50 mg per kg body weight; about 5.0
mg to about 20 mg per kg body weight; or about 5.0 mg to about 15 mg per kg body weight.
[00125] A recent report has indicate& that the small molecule ribavirin might interfere with
the e[F4E:cap interaction and may therefore present a clinical opportunity as an eIF4E-
targeted therapy. As anticipated, ribavirin treatment selectively diminished the expression of
key, eIF4E-dependent proteiné such as cyclin D1 and suppressed tumor growth. However,
whether: or not ribavirin actually binds eIF4E is controversial. Consequently, a rational
methodology to develop small rnoklecuyle‘_ir‘lhibitors of the elF4E: 7-methylguanosine cap
interaction might be a fruitful approach for the development of an eIF4E-specifc small
molecule therapy. To date, no such drug-like inhibitors of the eIlF4E-cap interaction have
béen reported. | | " |
[00126] An alternative appfoach to targeting -the eiF4E-cap interaction is to selectively
disrupt the interaction of elF4E with eIF4G, thereby disabling the formation of the elF4F
complex. An alternative approach to targeting 'eIF4E would be to feduce elF4E protein
expression using antisense oligonucloetides (ASOs). éIF4E ASOs have been shown to

effectively reduce both elF4AE RNA and protein in a wide array of transfected human and

" murine cells, subsequently reducing the expression of the malignancy—related proteins-

specifically cyclin DI, VEGF, c;myc, survivin and BCL-2. Importantly, ASO mediated
reduction of elF4E did nbt affect the expression of B-aétin, a protein encoded by a "strong"
mRNA nor did it reduce overall protein synthesis substantially. - |

[00127] Specific illustrative embodiments

[00128] Inhibiting the protein 1nterface between elF4E and elF4G is attractive for the
design of anti-cancer therapeutics. Peptides derived from eIF4G1 and 4EBP1 (an inhibitor of
the eIF4E'eIF4G interaction) that contain the residues responsible for their interactions with
eIF4E (YXXXXLCI) m0t1f where ® signifies any hydrophobic re51due), are structural mimics
of each other. The tyrosine (Y4) (Figure 3) is engaged in multiple van der Waal contacts with
elF4E and an h-bond between its side chain hydroxyl and the carbonyl backbone of P38 of |

¢IF4E . The 1eucme (L9) exploits a shallow cavity on the surface of eIF4E and interacts with
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W73 of elF4E via an h-bond between its backbone and the indole of the tryptophan. The
conserved hydrophobic residue (L10) packs against L131 and L135 of elF4E. Crystal |
structures of both peptides complexed to eIF4E are approximately 50% a-helical; however
théy contain negligible helical content in solution. | | _

[00129]  Accordingly, the inventors build upon interaétions betWeen peptides and this
interface and have ameliorated small r'n'olécuies to inhibit the eIF4E and elF4G iﬁteraction by
rationally designing novel cross-linked peptide inhibitors to interrupt the eIF4E-elF4G
interface. As explained above and herein, cross-linking peptides entails the introduction of,
for example, an all-hydrocarbon linkage between adjacent. turns of the helix to stabiliie the
secondary structure of the peptide. This may enable: 1) improved affinity by reducing the

entropic cost of binding, 2) prolonged in vivo half-life by increaSiIig their proteolytic stability,

3) potential enhancement of their cellular uptake and intra-cellular activity.

[00130] Hence there is provided the peptide as dcséﬁbed herein, characterized in that the
peptide is capable of inhibiting eIF4E and ¢IF4G interaction. The péptide sequence chdsen as
a template for design of stapléd peptides against elF4E was 1KKRYSR_EI*"LL(‘}F12 (eIFAGPS)
(SEQ ID NO: 1) or 'KKRYSREFLLGFQF" (SEQ ID NO: 16) and was derived from the
elF4G1 épitope that interacts with eIF4E. D5 was mutated to S to optimize the.N-capping
motif formed when the peptide is bound to eIF4E. The crystal structure of the elF4G™>®
peptide bound to eIF4E was examined to identify sites for the insertion of a staple (Figure
2A). Two 1, i+4 staples were inserted at pos.itions 7 and 11, and 8 and 12 respe:ctively, to

generate the stapled peptides sTIP-01 and 02." For sTIP-01, the two solvent exposed residues

'E7 and Gl1 were replaced in order to ensure that the peptide maintained its optimal

interacﬁons whilst in sTIP-02, the hydrophobic staple was placed to réplace the interactidns-
made by F8 and F12 with eIF4E. Two i, i+7 staples were inserted at positions 7 and 14 6 and
13, 5 and 12 and 8 and 15 respectively, to generate staples peptldes sTIPOS sTIP06, sTIPO7
and sTIPOS (see Table 1) '

Table 1: Staple Attachment of TIP/STIP Peptldes

SEQ ID NO | Sequence

elF4GP> 1 KKRYSREFLLGF

o1 .| 2 KKRYSRXFLLXF

TIP-02 ‘ - -3 KKRYSREXLLGX
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TIP-03 4 KKRYSREXLLXF
TIP-04 5 KKRYSRXQLLXL
TIP-01" 6 KKRYSRXFLLX
TIP-017%% | 7 KKRYSRXFLLX&
[TP-01™~ 8 KKRYSRXALLXF
sTIP-01 9 KKRYSRFFLL*F
STIP-02 , 10 KKRYSRE*LLG*
[5TIP-03 | 1 KKRYSREFLL*F
STIP-04 _ 12 KKRYSR*QLL*L
sTIP-01™" 13 KKRYSR*FLL*
sTIP-01" %% . 14 KKRYSR*FLL*&
S0 15 | KKRYSR*ALL'F
Extended eIF4G1 epitope | =~ 16 - - | KKRYSREFLLGFQF -
sTIP-05 ' Y KKRYSR*FLLGFQ*
sTIP-06 18 KKRY S*EFLLGF*F
sTIP-07 | 19 KKRY*REFLLG*QF
STIP-08 20 KKRYSRE*LLGFQF*

X = AIB; * = staple position, & = 2AB = 2 amino butyric acid.

[00131] The K4 of sTIP-01 shows an ~ 4.5 fold iﬁcr‘easé in Ky over the lineaiw eIF4GD>SS )
peptide (Table 2). In contrast a diAIB derivative peptide, TIP-01, where the insertion sites of
the staple have been replaéed by aminoisobutyric acid (AIB), sthe_d improved binding with
an ~ 2-fold decrease in the K4 over eIF4GD5S. CD spectra (Figure 6 and Table 2) also

revealed that the staple induces greater helicity in sTIP-01 than in TIP-01 or in eIF4GP™.

Computer simulatiqns reveal that the covalent staple in sTIP-01 imposes rigidity in the a-
helix, increasing the strain on the network of interactions formed between H37, F8 and F12.

This-leads to steric occlusion of F8, c;au's'ingra series of conformational changes to propagate

~along the peptide: protein interface. The sterically occluded F8 side-chain rotates around the -

‘x-2 torsion angle and buries itself, quite favourably (Table 3), against the surface of elF4E

(Figures 7 and 1A). The F8 side chain now impedes Y4 from maintaining the conserved

hydrogen bond with the backbone carbonyl of P38, causing Y4 to ‘flip o,ut\’ and become more.

exposed to the solvent, thereby reducing its energetic contribution to peptide: protein
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interactions (Figure 1A, Tables 2 and 3). In TIP-01, the AIB substitutions impose less strain
and there is enough flexibility in the helix for both F8 and F12 to interact with H37 in a

binding mode that is similar, both structurally and energeticdlly, to that seen-in the .

éIF4GD5$crys1_:al structure (Figures 1B and 2A; Table 3). The consérved h-bond between the
indole of W73 and the backbone of L59 18 highly stable in.simula‘tibns for the sTIP-01, TIP-
01 and elF4GDSS complexes (Téble 4). Interestingly, the other conserved h-bond (Y4:P38) is
less stable even Without the disruptibn imposed upon this intéractioh by the conformational
changes in sTIP-01 (Table 2 and Figure 2B). _

[00132] sTIP-02 shows no improvement in binding over elF4GP>® (Table 2). However the
AIB derivative of sTIP.-OZ (TIP-02) has a greatly reduced affinity for elF4E indicating the
importance of either F8 or F12 or both towards peptide: protein interaction. STIP-02 has less

| helicity than sTIP-01 in solution, but considerably more than TIP-02 (Table 2). Simulation of
- the sTIP-02: eIF4E complex shows that the staple interacts with tlll'e'protein and contributes

favourably to binding (Figure 1C and Table 3); However, the lack in imprbvement of affinity
suggests that the stapled peptide ‘does not optimally replace the influence of F8 ,anle 12.
Further, in TIP-02, Y4 undergoes a conformational change and - packs into the space

previously occupied by F8 in the linear peptide 'and_ the staple in sTIP-02 (Figures 2A and

. 1D). This results in the loss of the Y4 hydrogen bond (Table 2) and weakens the interaction

energy (Table 3), although the L9:W73 h-bond remains unaffected by these new interactions -
(Table 4). N o o | |
[00133] An i, i+3 staple was used at positions >8‘ and; 11 in thevpér‘)tide (termed sTIP-03,
Téble'Z) to mimic a helically stabilised eIF4G1 peptide.10 The i, i+3 staple results inal7-
fold improvemént in the K, imlike‘the [, I+4 staplerin .sTIP-01/02, in conjunction with a -

larger increase in its helic.ity (Table 2).

" Table 2: Staple Attachment, Helicity, and eIlF4E Affinity of TIP/sTIP Peptides

SEQID " Sequence SPR/FP (Ky,nM) Helicity

NO o ) : " /Y4:P38
o - Occupancy

- (%)

elF4GP>® |1 KKRYSREFLLGF | 99.9+6.2 /195.2+12.1 0/10:4
TIP-01 2 KKRYSRXFLLXF | 59.7+1.6 /52.4+6.4 2/49.6
TIP-02 3 KKRYSREXLLGX | 9189+487 /NA 0/
TIP-03 4 KKRYSREXLLXF | 129.5+1.0/288.8+9.9 0/<5.0
TIP-04 5 KKRYSRXQLLXL | 22.0+0.6 /60.01+3.3 4/95.8
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TIP-01™ |6 KKRYSRXFLLX | 12147+2232 /NA: 7/18.5
TIP-01T°% |7 KKRYSRXFLLX& | 110.7+18.2 /133.1£5.6 11/86.2
TIP-017%* | 8 KKRYSRXALLXF | 117.3+£75.7/155.57+4.5 |  10/86.2
sTIP-01 9 KKRYSR*FLL*F | NA /558.0£59.5 24/22.8
sTIP-02 10 | KKRYSRE*LLG* | 109.6+4.6 /146.7+1.7 18 /73.0
sTIP-03 11 KKRYSRE*LL*F | 3.4+0.3 /4.4+0.6 45 /90.3
sTIP-04 12 KKRYSR*QLL*L [ 5.0+0.7 /11.5+ 3.6 63 /38.9
sTIP-01" |13 KKRYSR*FLL* NA/NA _ 72/29.2
sTIP-017%% | 14 KKRYSR*FLL*& | NA/159.8+15.1 44 /92.8
sTIP-017%4 | 15 KKRYSR*ALL*F | NA/105.5£6.3 80 /5.13

X = AIB, * = staple position, & = 2AB =2 amino butyric acid.

[00134] However the removal of F8 in TIP-03 only slightly attenuates binding with eIF4E

indicating that F12 makes a larger contribution to the interaction, which is backed by'

-simulations (Table 3). The h-bond between Y4 and P38 is also signiﬁcantly'stabiliSed (Table

2) and as a result increases the energetlc contribution of Y4 to the interaction (Table 3). The

L9:W73 h- bond remains highly favourable (Table 4). The restramed C-terminal F12 -

| predominately packs against H37, which also. forms van der Waals contacts with Y4 (Figure

2A). The association of the conformationally more labile, diAIB analogué peptide (TIP-03)

with eIF4E is characterized by an interaction network between F12, H37 and Y4 similar to

that in sTIP-03 (Figure 3B).

[00135] To optimise the packing of the peptide against eIF4E and alleviate the steric effects

~ between F8 and F12 that occur in sTIP-01 (i, i+4), two point mutations (FSA and F*%, & = 2-

" aminobutyric acid = 2AB) were introduced into sTIP-01. Both these derivative péptides

(sTIP-01F** and sTIP-01F'%%) showed imp'r(')vede' values as compared to sTIP-01 (T'able '
2). However the ass_éciate_d diAIB (TIP) substituted peptides still possessed higher affinities -

~ for eIF4E reafﬁrming that the staple appears to limit the affinity. Both sTIP-01 derivatives - .
‘have improved helicity compared to sTIP-01 with sTIP-01F% showing».greate»r helical content

than sTIP-01F12&. This suggests that F8 is more detrimental to helix stabilization than F12.
Simulations of sTIP-01F** and TIP-01F** revéal that the interaction pattern between Y4, H37
and F12 influence the stability of the Y4:P38 h-bond. In ‘sTIP{OiF 8A, H37 is found in two

alternative states._' The “out” conformation where F12 packs against Y4, which in turn

| dccupies the space provided by F8A mutation (Figure 8), or the “in” conformation where it

forms a stacking interaction with Y4 and F12 ( Figure 4A). This conformational changes

result in the rare formation of the h-bond (Table 2). In contrast, in TIP-01F8A, F12 shows no
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épeciﬁc favourable interaction with H37 or Y4. Further, H37 interacts favourably with Y4
without disrupting its rhydrogen bond interaction (Figure 4B and Table 2). Comparatively, the
Y4:P38 -h-bond remains hlghly stable in simulations of the sTIP/TIP 01F'** derivative
peptides. In TIP-01F'%¥, the C-terminal 2AB. forms no 1nteract1ons with H37. _

[00136]. Instead H37 forms hydrophobic interactions with Y4 and causes no disruption of
thé h-bond (Figure 4D, Table 3). The incorporation of ‘the 5 i+d staple induces a
conformational change in the interactions formed by the peptide by restraining the C-terminal

region of the helix. This causes 2AB to interact predominantly with H37 which in turn stacks -

with F8 resulting in a similar mode of binding as in ¢IF4G‘?55 (Figures 4C and 6A, Table 3).

[00137]- ‘Removal of the C-terminal F12 residue of sTIP/TIP-01 which is shown to
contribute significantly to binding (Table 3) results in a peptidé with negligible affinity fof
elF4E (Table 2), further emphasizing the importance of this residue Simulations of both
peptlde derivatives (Termed sTIP-01™ and TIP- 01™) showed dramatlc rearrangements of the
side-chain packmg 1nteract10ns of Y4, F8 and H37 (Figures 9A and 9B). These

rearrangements are prmmpally driven by the lack of an interaction at the C-terminal of the

- peptide. .

[00138] The following mutations (F8Q and F12L) previously identified by phage display
were introduced into an i, i+4 stapled peptide termed sTIP-04. The resulting peptide had a
significant increase in helicity and a 25 fold improvement in K4 compared to eIF4GP>S (Table

2). Crystallization of the sTIP-04:eIF4E complex (Figure,SC)' confirmed the results of a

~ previous study that the S5 side-chain forms an interaction network with the Q8 side-chain and

the backbone amides on the first turn of the peptid_e helix, thus stabilizing the bound com‘plex,
Simulations showed that the L9:W73 hydrogen bond in both derivative peptides (sTIP-04 and
TIP-04). is very stable (Table 4). Howevér the _Y4:P'38_ hydrogen bond is attenuated in the
presence of the staple (Table 2) comparéd to the AlB derivative. In TIP-04 the optimal

: paéking of H37, L12 and Y4 does not disrupt the conserved hydrogen bond (Figure 5A). In

~ the stapled derivative , H37 forms more favourable van der waals contacts with L12, as a

result of the staple rigidifying the C-terminal, which causes Y4 to undergo a transition in
order to maintain favourable packing (Figure 5SB). It is this favourable packing rearrangement
as can be seen from the energetic contribution of Y4 (Table 3) that' causes the attenuation of .

the Y4:P38 h-bond. Simulation starting from STIP-04:eIF4AE crystal structure also showed

- similar behavmur as was observed for sTIP-04 denvatlve system (Flgure SD). -
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[00139] Table 4: Hydrogen bond occupancy and solvent accessibility from the respective
simulations.

Peptide L9:W73 . Y4
o : (% Occupancy) * | SASA (Az)b
elF4G”>° (SEQ ID NO: 1) 91.3 5874279
sTIP-01 (SEQ ID NO: 9) 98.6 - . 84.7+45.0
~ TIP-01 (SEQ ID NO: 2) 974 - 3424200
sTIP-02 (SEQ ID NO: 10) 990 21.1+8.8
TIP-02 (SEQ ID NO: 3) - 96.3 « 72.8+19.2
sTIP-03 (SEQ ID NO: 11) . 99.4 30.2+13.3
TIP-03 (SEQ ID NO: 4) 97.9 40.8+15.0
sTIP-01"°* (SEQ ID NO: 15) 97.3 40.7+19.1
TIP-017°4 (SEQ ID NO: 8) . 991 21.4+109
sTIP-01" “*(SEQ ID NO: 14) 99.5 22.0£9.8
TIP-01"“*(SEQ ID NO: 7) . 985 25.0+11.7
sTIP-01"" (SEQ ID NO: 13) 94.3 56.7+38.6
TIP-01'* (SEQ ID NO: 6) 96.4 52.0+21.0
sTIP-04 (SEQ ID NO: 12). 97.9 . 35.7x22.7
TIP-04 (SEQIDNO: 5) | 95.8 | 23.2+11.0

“* Percentage of time the hydrogen bond crlterla (distance and angle cut-off of 3.5A and 120°
respectively) was satisfied between the backbone oxygen of L9 in the peptide and the indole nitrogen
of W73 in eIF4E analyzed in a total of 5000 structures per simulation.
b Solvent accessible surface area (SASA) of Y4 residue in the peptide.

-[00140] ~ The design of high affinity binding eIF4E stapled pep'tid_eys highlight that

restraining the conformational freedom of peptides via hydrocarbon 1inkagesv can have very
dra_matic effects upon the structural dynamics énd avidity .of the peptide:protein interface.
This is aptly shown by sTIP-01 where F8 undergoes a conformational constraint arising from

steric occlusions caused by over stabilization of the helix. The effects on packing at the

protein:peptide interface can be more subtle. Both sTIP-03 (I, I+3) and sTIP-017%4 (I, [+4)

lack F8, but the position of the staple influences the precise interaction of F12 with H37. The
different staples result in changes in the éonformational space accessible to F12 and this in_
turn affects the stability of the conserved Y4:P38 h-bond. For sTIP-0 1F 84 the Y4 pa_éks into
the space created as a result.of the large-t'ob-small sidechain mutation in F8A, resulting in the
loss of the Y4:P38 h'-bond; In contrast, in sTIP-03, F12 interacts with H37 and prevents Y4
forming extra hydrophobic contacts, thus resulting. in the preservation of th‘eﬂh-bond. The
inventors also found that alternative helical sfabili‘zatio,n strategies give rise to diverse
molecular mechanisms for bihding and that improvements in affinity re;shlt from

compensatory interactions. Staples predominately increase the helicity of the peptide in
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solution before binding but this can be cempromis.ed by non-optimal interactions at the
peptide:protein interface. In the two high affinity peptides designed (sTIP-04 and sTIP-03)
such limitations have been overcome by optimising packing effects at the interface,
stébilising the bound complex and greater helical stabilization in solution. With sTIP-03, the
staple only induces 45% helicity but this is compensated for with the formation of the Y4:P38
h-bond and by optimal packing interactions of F12. In contrast, sTIP-04 loses the Y4:P38
hydrogen bond upo‘n‘binding but compensation arises via greater helicity (63%) in solution
and sta_bilisation’ of the helical bound form by Q8.

[00141] The invention illustratively’described herein may suitably be practiced in the -
absence of any element or.elements, limitation or limitations, ﬁot specifically disclosed

1t n

herein. Thus, for example, the terms "comprising”, "including”,

"non

containing", etc. shall be
read expansively and without limitation. Addltlonally, the terms and expreSsiohs employed
herein _have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is re_ct)gnized that various modifications are pessiblve
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been speciﬁcally 'disclOsed ny preferred. embodiments and optional
features, modification and variation of the 1nvent1ons embodled therein herem disclosed may :
be resorted to by those skilled in the art, and that such modlﬁcatlons and vanatlons are

considered to be w1th1n the scope of this invention.

‘ [00142] The invention has been described broadly and generieally herein. Each of the

narrower species and subgeneric groupings falling within the generic disclosure also form

part of the invention. This includes the generic descriptidn_ of the invention with a proviso or

_negative limitation 're_m'oving any subject matter from the. genus, regardless of whether or not

the excised material is specifically recited herein.

[00143] Other embodlments are within the following claims and non- limiting examples. In
addition, where features or aspects of the 1nvent10n are descrlbed in terms of Markush groups,

those skilled in the art will recognize that the invention is also thereby. descnbed in terms of
any individual member or subgroup of members of the Markush group

[00144]  Materials and methods

[00145] Linear peptldes (TIP) were ordered from and synthesized by Mlmotopes Clayton,
Australia.} Stapled peptldes (sTIP) were synthesized by Anaspec (San Dlego Ca) Stapled
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peptides (sTIP) with an ’(z', i+4) hydrocarbon linkage were generated by replacing fhe
respective amino acids with the olefin-bearing unnatural amino acids (S) 2-(4'-pentenyl).
alanine and (S)-2-(4'-pentenyl) alanine and stapled via olefin metathes1s using the- Grubbs
catalyst. Stapled peptides (sTIP) with an (i, i+3) hydroca:rbon hnkage were generated by
replacing the respective amino acids with the oleﬁn-bearing unnatural amino acids (R)-2-
(4‘pentenyl) alanine and (S)-2-(4"-pentenyl) alanine and stapled via olefin metathe51s using
the Grubbs catalyst. The stapled peptides were purified using HPLC to >90% purity. All |
peptides were amidated at their C-terminus and acetylated at their N-terminus. The linear
peptide with the C-terminal FAM labeled lysine (KKRYSRDFLLALQK-(FAM)) was
synthesized by Mimotopes (Clayton, Australia) with the N-teminal acetylated and was -
purified using HPLC to >90% purity. | |

[00146] Protein expression and purification

[00147] Full-length human eIF4E was expressed and purified as described in Brown, C.J.,
et al., (2007), Crystallographic and mass spectrometric characterisation of eIF4E w1th N7-
alkylated cap derivatives. J Mol Biol 372, 7-15. |

[00148] Circular Dichroism Studies

[00149] CD was measured on a JASCO J-810 spectropolanmeter and spectra were either
recorded w1th a quartz cuvette (Helmer) with a pathlength of 0.01 cm or 0.1 cm in 5mM
sodium phosphate buffer (pH 7.0). FUV CD spectra were recorded from 260 nm to 200 nm at

a peptide concentration of either 2 mg/ml or'O_.SIrrg/ml, respectively. The CD signal was

converted into mean residue 'ellipti'eity-in units of degreé-cmz-dmol_l-residue_]. CD spectra
were recorded at a data pitch of 0.2 nm at 50 nm min~ ', a response time of 2s, and a
bandwidth of 2 nM. Once converted to mean residue ellipticity, percent a-helicity can be

calculated with equatlon (1) and (2):

1.

Y%Helicity =100 [ [["]gzx J
Where
(2)

[6]2 = -40,000 {1 - (gﬂ
: X

x = number of amino acids
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[00150] Fluorescence 'anisotropy assays and K4 determination

[00151] Purified full length eIF4E was titrated agamst 50-nM carboxyfluorescein (FAM)
labeled tracer peptide (KKRYSRDFLLALQK-(FAM)). The dissociation constants for the
titration of eIF4E against the FAM labeled tracer peptide were determined by fitting the

experimental data to a 1:1 binding model equation shown below:

(K, +[L] +[P1) - VK, +1L, +[P]) —4L1[~],
2[L],

r=r,+(r,—r)x

Wheré [P] is the protein concentration (elF4E), [L] is the Iabel'ed peptide concentration, r is
the anisotropy measured, 10 is the anisotropy of the free peptide, 1y is the anisotropy of the
elF4E-FAM-labeled péptide complex, Ky is the dissociation constant, [L]; is the total FAM
labeled peptide concentration, and [P]; is the total.’eIF4E concentration. The determined
apparent Ky value (shoWn in the table below) were used in determining the apparent K4
values in subsequent competition assays for the respective competing ligands:
' ' Peptide o - elF4EK, |
Ac KKRYSRDFLLALQK-(FAM) - 503mM

[00152] Apparént K4 values were detennined:for a variety of molecules via competitive-

anisotropy anisotropy experiments. Titrations were carried out with the concentrations eIF4E ,
held constant at 200 nM, respectively and the labeled peptide at 50 nM. The competing
molecules were then titrated against complex of the FAM labeled peptlde and protem

Apparent Kd values were determlned by ﬁttlng the experimental data to the equations shown

below:

24/(d? -3e) éos(9/3)—9

3Kd1 +2 (dz'—3e) cos(6’/3) d

r=r, +(rb+r )x
d= Kd.l +Kd2 -'+-[L]st +[L]z "[P]c

€= ([L]z -[P1)K, + (L], -[P1)K,, +-Kdle2‘_



10

15

20

25

30

WO 2014/149001 PCT/SG2014/000094

46

f= '"deKdz[P]z

—2d% +9de~27f }
2:/(d? - 3e)’

[Llss and [L]; denote. labeled ligand and total unlabeled ligand input concentrations,

0 =ar cos{

respectively. Ka, is the dissociation: constant of the interaction between the unlabelled ligand

and the protein. In all competitive types of expeﬁments, it is assumed that [P}, > [L],

_otherwise considerable amounts of free labeled ligand would always be present and would

interfere with measurements. Kq; is the apparent Ky for the labeled peptide used in the
respective experiment, which has been experimentally determined as described in the

previous paragraph. The FAM-labeled peptide were dissolved in DMSO at 1 mM and diluted

‘into experimental buffer. Readings were carried out with an Envision Multilabel Reader

. (PerkinElmer). Experiments were carried out in PBS (2.7mM KCl, 137mM NaCl, 10mM

Na,HPO, and 2mM KH>POy (pH 7. 4)) and 0.1% Tween 20 buffer. All titrations were carried
out in triplicate. Curve-ﬁttmg was carried’ out using Prism 4.0 (GraphPad).

[00153] To validate the fitting of a 1:1 binding model we carefully analyzed that the
anisotropy value at the beginning of the direct titrations between eIF4E and the FAM labeled
peptide did not differ significantly from the _anisotropy value observed for the free
fluorescently labeled peptide. Negative eontrol titrations of the 1igands under investigation
were also carried out with the fluorescently labeled peptide (in the absence of eIF4E) to
ensure no interactions were occurring between the ligands and FAM labeled peptide. In -

addition it was ensured that the final baseline in the competitive titrations did not fall below

- the anisotropy value for the free fluorescently labeled pepﬁde, which would otherwise

indicate an unintended interaction' between the ligand and the FAM labeled peptide to be
dlsplaced from the eIF4E blndlng site. Ky4s were not calculated for TIP 02 and TIP 01" as

. they falled to dlsplace the FAM Iabeled peptlde in the competmon assay
, [00154] Surface Plasmon Resonance ' ‘

. [00155] ~ For stock peptide solutlons the compounds were d1ssolved in 100% DMSO to a -

concentration of 10 mM; further dilutions of the peptide stock solutlons into DMSO and/or

- running buffer were performed immediately prior to analysis. Running buffer consisted of

'10mM Hepes pH 7.6, 0.15M NaCI, lmM DTT and 0.1% Tween20. Stock/DMSO diluted
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peptide solutions were diluted into 1.03x running buffer to make a peptide solution with 3%

DMSO final concentration. Working concentrations of peptide were reached with further
dilution of samples into running buffer which contained 3% DMSO. Surface Plasmon
resonance experiments were performed ona Blacore T100 machine.

[00156] eIF4E was immobilized on a CMS sensor chip. The CM5 chip was conditioned
with a 6 s injection of 100mM HCL, followed by a 6 s injection of 0.1% SDS and completed
with a 6 s injection of 50 mM NaOH at a flow rate of 100pl/min. Activation of the sensor
chip surface was performed with a 1:1 mixture of NHS (115 mg ml™") and EDC (750 mg-
mi™) for 7 min at 10 ul min”’. 'Puriﬁe,d elF4E was diluted with 10 mM sodium acetate buffer
(pH 5.0) to a final cohcentration of 0.5 uM with m’GTP present in a 2:1 ratio in order to _
stabilize e[F4E: The amount of e[F4E immobilized on the activated surface was’ controlied by
altering the contact time of the protein solution and was approximately 1000 RU. After the

immobilization of the protein, a 7-min injection (at 10 pl min"') of 1 M ethanolamine (pH

- 8.5) was used to quench excess active succinimide ester groups.

[00157]  Six buffer-blanks were first injected to equilibrate the instrument fully and then a
solvent correction curve was performed followed by a further two blank injections. The

solvent cdrrection‘ curve was setup by adding varyiné amount of 100% DMSO to 1.03x

' i'unning buffer to generate a range of DMSO solutions (3. 8%, 3.6%, 3.4%, 3 2%, 3%, 2.85%,

2.7% and 2. 5% respectlvely) Using a flow rate of 50pul/min, compounds were injected for 60

s and dissociation was momtored for 180 s. The data collection rate was 10 Hz. Kys were

deterrnlned usmg the BlaEvaluatlon software (Blacore) and calculated klnetlcally from the

 dissociation and association phase data for each of the peptides. The kinetic data were fitted

to 1:1 binding models. Each individual peptide K4 was determined from three separate
titrations. Within each titration at least two concentration points were duplicated to ensure

stability and robustness of the chip surface. Kgs were not calculated for sTIP-01, sTIP-017,

- sTIP-017%% and sTIP-017** variant stapled peptides as the sensograms exhibited anomalous

sensograms with non= stmchlome‘mc bmdmg under the conditions tested

[00158] -Computer Slmulatlons

[00159] Starting structures

[00160]. Crystal structure of eIF4GDSS peptide in complex with eIFAE protein' solved at a
resolution of 2.16. A was downloaded from the Protein Data Bank (PDB ID: 4AZA). Only

Chain A and B were taken for the current study. The unresolved residues in the structure.
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from S209 to T211 were modeled using eIF4G1:elF4E* '(PDB ID: 2W97) structure as a
template. Residue range from P31-V217 numbered according to its Uniprot ID P06730 is
considered for elF4E protein in this study. The sequence of the twelve residue peptide
(eIF4GP*) is “KKRYSERFLLGF” and is sequentially numbered from 1-12 in the main text.

The hydrocarbon linker in the various designed stapled peptides for this work was modeled

. using the XLEAP module of AMBER. RESP (Restrained ElectroStatic Potential) based

atomic charges for the hydrocarbon linker were derived uéing the R.E.D. server interface by

employing the RESP-A1A (HF/6-31G¥*) ,charge model and Guaséian_2009_C.01 quantum

- mechanics program. Other force field parameters for the linker were derived from all-atom

ff99SB force field in AMBER11. Modified amino acids used in this study such és‘ AIB
(Amino isobutryric acid) and 2AB (2 Amino butyric 'acid) were modeled and their ‘fo'rce field
parameters were subsequently derived in a simﬂar manner. In-silico mutations on the peptide.
were performed using PyMOL (Schrodinger) molecular visualization software. The N- -
terminal of the protein and peptide was acetylated (ACE) while ‘t_he C-terminal was
methylated (NME) for the protein and amidated (NH.E)‘ in the case of the peptide. This was
done in aécordance to what Was followed for experimental binding studies (See Table 2 of

main text). The starting structures were placed in a cuboid water box such that the minimum

 distance from the edge of the box was. at-least »12A. TIP3P water model was used for

solvation. The solvated systems were neutralized by adding appropriate numbers of chloride
iohs using the TLEAP module of AMBER. Total of fifteen systems were prepared (See Table -
2 of the main text). An additional simulation of STIP-04: eIF4E system was also performed
starting from the solved crystal structure '(PDB ID: XXXX) as'ment.ior‘le’d in the main text.
The total number of atoms in the system ranged from 37,401 to 38,199. [S&F: Dear
Inventors, please let us know the PDB ID of the 'crystal structure] “ |
[00161] Simulations . R

{00162] Molecular Dynamics Simulations werc': performed using the PMEMD module of |
AMBERI11 employing the all-atom tf99SB force field parameters. The solvated systems Were
initfally relievéd of any unfavourable intefactions by subjecting them to 1000 sfeps of energy
minimization which ihcluded using 500 steps' eaéh of steepest descent followed by conjugate
gradient algorithms. This was pérformed in three steps. The first involved imposing Cartesian
restrain on the solute while the solvent molecules were allowed to relax around it. This was

followed by restrainirig-thﬁeviisvél‘.\'/:ént?vvh’ile the solute was energy minimized. The final stage- .
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was done with no restrain and the whole system was energy minimized. Force constant of
500 kcal mol” A% was used during the restraining steps. The systems were then gradually
heated to 300K over a period of 30ps using the NVTI ensemble. Following this, each system
was equilibrated under NPT conditions for S00ps. They were then subjected to the production
phase of niolecular dynainics simulation using the NPT ensemble for a simulation period of
50ns each. Total of sixteen all-atom molecular dynamics simuiations were performed in
explicit solvent which amounts to a total of 800ns of simulation time. Simuiation temperature
of 300K was maintained using langevin dynamics with cpllision frequency of 1.0 ps” and the

pressure was maintained at latm using weak-coupling with pressure relaxation time of Ips.

‘Periodic boundary conditions in x,y and z directions was appropriately applied. Particle Mesh

Ewald method (PME) was used for treating the long range electrostatic interactions. All
bonds involving hydrogen atoms were constrained uéing the SHAKE algorithm: A time step
of 2fs was used and the coordinates were saved every 1ps. All representative figures shown in ) |

this work were generated using PyMOL (Schrodinger).

[00163] Energy Decomposition and Hydrogen Bond

[00164] Molecular free energy decomposition based on the MM/GBSA (Molecular

Mechanics / General‘i\zed"‘:Borﬂ Surface Area) analysis was performed on the simulated

trajectories in order to obtain a quantitative description of the energetic contribution for the

peptide: protein. interaction. This was done ‘using the MMPBSA.py script in AMBER. For
the analysis, 1000 structures were extracted from the 50ns production phase of molecular

dynamics simulation at an interval of every 5S0ps. Water molecules and CI ions were stripped ‘

from the extracted structures and the solvent effect was incorporated using a Generalized

Bomn Solvation Model. Salt concentration of 0.15mM was used. The surface area was
calculated by empioying a recursive mefhod (ICOSA) which approximates a sphére‘around
an atom beginning from an icosahedra shape. The hydrogen bond analysis was performed
using the PTRAJ module in AMBER using a distance and angle cut-off of 3.5A and 120°
respectively for structurés extracted at every 10ps ﬁém the production phase of simulated '

trajectories.

[00165] Crystallization

[00166] The elF4E:elF4G1-sTIP-04 (stapled' peptide) complex was crystallized by vapor

~ diffusion using the sitting drop méthod. Crystallization drops-Were_ .setup with ¢IF4E and
- sTIP-04 (stapled peptide) at concentrations of 150 uM and 450 ';,LM respectively. Sitting
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drops were set up in 48 well Intelli-Plates (Hampton research) with 1 pl of the protein sample
mixed with 1 pl of the mother-well solution. - Crystals grew over a period of one week in 18-

26% of Polyethylene glycol 3350, 0.01-02M Ammonium Sulphate and 100mM Bis-Tris at

'pH 5.5. For X-ray data collection at 100 K, crystals were transferred to an equivalent mother

liquor solution containing 20% (v/v) glycerol and then flash frozen in liquid nitrogen.

[00167] Data collection and refinement -

[00168] The data was collected on a X8 Proteum rotatihg anode sourcei(Bruker)‘ using a
CCD detector. The crystal diffracted to a resolution of 2.6 A and was integrated and scaled
using PROTEUM2 (Bruker). The initial “phasés of the binary complexed crystals of eIF4E
were solved by molecular replacement with the program PHASER using the human eIF4E
structure - complexed with the eIF4G1 peptide (PDB accession bode: 2W97) as a search

“model. The starting models were subjected to rigid body refinement and fqllowéd by

_iterative cycles of manual model. building in-Coot and restrained refinement with TLS in

Refmac 6.0. Models were validated using'PROCHECK and the MOLPROBITY webserver.

Final models were analysed using PYMOL (Schrédinger). See table 4 for data collection and

refinement statistics. The e]F4E compléx structure has been deposited in the PDB under the

submission code 4BEA.PDB.
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Claims

1. Anisolated peptide comprising or consisting of the amino acid sequence of:
K'K’R’Y*Xaa; Xaa,Xaa;XaasL L' "X aasXaas Xaa; XaagXaas (SEQ ID NO: 21)
wherein:

Xaa; is selected from the group consisting of S (serine), aminoisobutyrie acid and an

unnatural amino acid;

Xaa, is selected from the group consisting of R (arginine), aminoisobutyric acid and an
unnatural amino acid; ’

Xaajs is selected from the _group con51st1ng of E (glutamw acid), ammmsobutyrlc acid and an

' unnatural amino acid;

Xaay is sel'ected from the group consisting of F (phenylalanine), Q »(glutamine), A (alanine),
am1n01sobutync acid and an unnatural amino acid;

Xaas 1s selected from the group con51stmg of G (glycine), ammmsobutync acid and an
unnatural-amino acid; ' . _

Xaag is selected from the group consisting of F (phenylalanine), L (leucine), am1no1sobutyrlc
acid, 2-aminobutyric acid and an unnatural amino acid;

Xaay is absent or-selected from the group: cons1st1ng of Q (glutamine), ammmsobutync acid
and an unnatural amino acld

Xaag 1S absent or selected from the: group con51st1ng of F (phenylalamne) aminoisobutyric
amd and an unnatural amino acid;’

Xaag is absent or selected from the group consisting of ammmsobutync -acid and an unnatural
amino acid; | _ _ _ N

wherein the peptide comprises at least one peptide-cross linker lihking Xaaj, Xaa,, Xaa; or

Xaay with Xaas, Xaas, Xaa;, Xaag or Xaa.

2. The peptide of claim 1 comprising at least two peptide cross linkers.

3 The peptlde of claim. 2, wherem the unnatural am1no acid 1s in: the posmon Xaaj,

" 30 *fXaaz, Xaaz or Xaa4 and cross- hnks to pos1t10n Xaas, Xaa(,, Xaa7, Xaag or Xaag
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4. The peptide of any one of the preceding claims wherein the cross-linker is a

| I'hydro"ca‘fbon linkage.
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5. The peptide of any one of the preceding claims, wherein the unnatural amino acid at
position Xaa;, Xaa,, Xaas or Xaa, that cross-links the unnatural amino acid to position Xaas,

Xaag, Xaay, Xaag or Xaag are both oleﬁﬁ-bearing unnatural amino acids.

6. The peptide of claim 5, wherein the olefin-bearing unnatural amino acid is s¢lectedb
from the group consisting of (S)~2-(4»’-p'entenyl)alanine (R) 2-(4'—pentenyl)alanine (S)- 2-

7 octenyl)alanme (R)-2-(7" —octenyl)alamne and any one of the aforementloned amino amds

‘with varied 1ength

7. The peptide of any one of claims 1 to 3, wherein the cross-linker is a cysteine bridge

or a Lys-Asn (Lysine-Asparagine) linker.

8. The peptide of any one of the precéding. claims, wherein the C-terminﬁs of the peptide
is amidated. |
9. The peptide of any one of the preceding claims, wherein the N-terminus of the peptide

is acetylated.

10. . The peptide of any one of the preceding/claims, characterized in that the pepti‘de is
capable of inhibiting eIF4E and eIF4G interaction. |

11.  The peptide of any one of the preceding claims, wherein the peptide is modified to
include one or more ligands selected from the group consisting of: hydroxyl, phosphate,

amine, amide, sulphate, sulphide, a biotin moiety, a carbohydrate moiety, a fatty acid- derived

acid group, a ﬂuorescent m01ety, a. chromophore m01ety, a radlolsotope a PEG hnker, an.

affinity label a targetlng m01ety, an antlbody, a cell penetratmg peptlde and a combmatlon of o

the aforementloned hgands
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12.  The peptide of any one of the preceding claims, wherein the peptide comprises

© formula I:
Rg-
Ry O Ry  © Rs. Ol\ R,
. J | N N | N
N \I) r N (Nﬁ/l N r
’wherem

R; and Rz are -(CH2)4-NH2 [K]

"Rsis -(CHz)g-NH-C(NHz)z [ 1;

R, is -CH-Phenyl-OH [Y];
Rs is -CH,-OH [S];

- Rgis «(CHy)s-NH-C(NHo); [R];

R7is -(CH;),C(O)OH [E], or aminoisobutyric acid;

Ry and Ryy are independently H , a C; to Cio alkyl, alkenyl, alkynyl, _ arylalkyl,
‘cycloalkylalkyl, heteroarylalkyl, or hetero'c'yclylalkyl;' |

Ry and R are -CH,CH(CH3), [L]; and

Ry is —H [G] or aminoisobutyric acid;

and wherein | .' _ _ , .
R is anyone o‘f alkyl, alkenyl,.alkynyl,of [R’-K—R”]n; each of which is substituted with 0-6
Rys; ’

R’ and R” are 1ndependently alkylene alkenylene or alkynylene

: ﬂuorescent moiety, or a radlolsotope

K is independently O, S, SO, SOz, CO, COz, or CONR14,
each Ry, is independently H, alkyl, or a therapeutic agent;

n is an integer from 1-4.
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13.  The .peptide of claim 12, wherein Ry and Ry, are independently Hv ora C; to Cs alkyl.

14. The p‘eptide of claim 13, wherein Rg and Ry, are ‘ea’ch -CH; [A] and R isa 4’-

cyclooctenyl (sTIP-02) cross-linking the a-carbon of the two unnatural amino-acids.

15.  The peptide of claim 14, wherein R is obtained by cross-linking the pentenyl side
chains having the S stereochemistry of (S)-2-(4 -pentenyl)alanine at position Xaa, (i;'Rg'is .
CH;) and at position Xaa, at a position four amino acids apart (i+4; Ry, is CHs), wherein the

pentenyl side chains of both Xaa, and Xaas are linked to the a-carbon of the two unnaﬁlral

‘amino-acids and are on the same side of the o-helix (sTIP-02).

~ 16.  The peptide of any one of claims 1 to 11, wherein the peptide comprises formula II:

R, O R, ” O Rg ’O-;‘
Kbt A

‘wherein:

R, and R, are —(CH,)4-NH, [K];

Rs is -(CH,)3-NH-C(NH,), [R];

Ry is -CH,-Phenyl-OH [Y];

Rsis -CH,-OH [S];

Re is -(CHz);-NH-C(NH, ) [R];

R, and Ry are indep_e_hdéntly H, a C fo Cio alkyl, alkenyl, alkynyl, arylalkyl, '
cycloalkylalkyl, heteroarylalkyl, or heterocyclylalkyl; e SRR

. Rgis benzyl [F], or -—(CHz)z'-C(-O)NHz [Q], or =CHj3 [A], or aminoisobutyric acid;

Ry and Ryq are -CH,CH(CH3); (L]; and _
Rpzis benzylb [F],.or -CH,CH(CH3), [L], or aminoisobutyric acid or 2-aminobutyric acid;

and wherein -
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R is anyone of alkyl, alkenyi, alkynyl, or [R’—K—R”]n; each of which is substituted with 0-6

Rys; | o | '

R’ and R” are mdependently alkylene, alkenylene or alkynylene _

each Rj3 is independently halo, alkyl OR1s, N(Ry4)2, SRys, SOR s, SO2R 4, C02R14 Ry, a

fluorescent moiety, or a radioisotope;

K is independently O, S, SO, SO,, CO, CO,, or CONR 4;

each Ry4 is independently H, alkyl, or a therapeutic agent;

n is an integer from 1-4.

17. The peptide of claim 16, wherein R; and R, are independently H or a C; to Cg alkyl.

. 18. " The peptide of claim 16, wherein R; and R” are each CH3 (methyl) and;"

wherein R is 4’-cycloocteny1 and;

wherein Rg is benzyl [F] and Ry, is mdependently benzyl [F] (sTIP 01) or 2- ammobutync

acid (sTIP-01F1%%), or;
wherein Rg is <(CH,),-C(O)NH; [Q] and Ry; is CHzCH(CH3)2 [L] (sTIP- 04) or;
wherein Rg is methyl [A] and Ry is benzyl [F] (sTIP-01 ™4). |

19.  The peptide of any one of claims 1 to 11, wherein the peptide comprises formula
L '

wh'eréin: -

R, an_d R, are —(CH2)4-NH2 [K];
Rj is ~(CH,);-NH-C(NH,), [R};
R4 is -CH;-Phenyl-OH [Y];

Rs is -CH,-OH [S];
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Rg is -(CHa)s-NH-C(NH,)» [R]:
R; is -(CH2),C(O)OH [E], or aminoisobutyric acid; |
Rg and Ry are independe'ntly H, a C;-to Cyg alkyl, alkenyl, alkynyl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl, or heterocyclylalkyl; | '

5 Ryand Ry are -CH,CH(CHy); [L]; and | |
Rz is benzy! [F], or -CH,CH(CHjs), [L], or aminoisobutyric acid or 2-aminobutyric acid;
and wherein | | “ ‘
R is anyone of alkyl, alkenyl, alk'ynyl,ior [R°-K—-R”]n; each of which is substituted with 0-6
Ris; | , o |

10 R’ and R” are independently alkylene, alkenylene or alkynylene;

- each Ryz is independently halo, alkyl, OR@; N(Ri4)2, SR14, SOR4, SOsz, C02R14, Ris, a
fluorescent moiety, or a radioisotope; | ' -
" K is independently O, S, SO, SO, CO, CO,, or CONR 4:

each Ry4 is independently H, alkyl, or a therapeutic agent;

15 nis an integer from 1-4.
20.  The peptide of claim 19, wherein Rg and Ry, are independently H or a C, to C¢ alkyl.

21. The peptide of claim 20, wherein Rg and R;; are each -CH; [A] and R is a 4-’—.

20~ cyclooctenyl (sTIP-03) cross-linking the a-carbon of the two unnatural amino-acids.

22.  The 4pe.ptide of any one of claims 1to 1 1, wherein the péptide comprises formula IV:

25  wherein:

" Ry and Ry are ((CHy)s-NH; [K];
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Ry is -(CHy)s-NH-C(NH), [R};
Ry is -CH,-Phenyl-OH [Y7];
Rs is -CH,-OH [S];
R is -(CH2)3-NH-C(NH,), [R]; _ . _
5 Ry and R, are independently H or a C; to Cyo alkyl, alkenyl, alkynyl, arylalkyl,
cycloalkylalkyl, heteroarylalkyl, or heterocyclylatkyl; ' | o
'Ry is benzyl [F], or (CH,),-C(O)NH, [Q], or -CHj3 [A], or éminoisobutyﬁc acid,;
Ry and Rp are -CH,CH(CH3), [L]; and
Ry is _H [G]or aminoisobﬁtyfic acid; |
10 and wherein _ ,
R is anyone of alkyl, alkenyl, alkynyl, or [R’—K—R”]n; ‘each of which is substituted with 0-6
Ris; - _ ) | | A
R’ and R” are independently alkylenbe, alkenylene or alkynylene; ,
each Ry3 is independently halo, alkyl, OR,4, N(R14)i, SRy4, SOR4, SO;R 14, COR 4, Ryy, a
15  fluorescent moiety, or érédioisotope; / A ' | | ' ’
K‘is independently O, S, SO, SO,, ‘CO, CO,, or CONR4;
each R;4.is independently H, alkyl, ora thcrapeutic agent;

nis an integer from 1-4.
20 23.  The peptide of claim 22, wherein R; and R;; are independenﬂy H or a C; to Cg alkyl.

24.  The peptide 6f any one of claims 1 to 1 1, wherein the peptide comprises formula V:

25  wherein:
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' R] and R, are —(CH2)4—NH2 K], :

R; is -(CHy)s-NH-C(NH,)2 [R];

R4 is -CH,-Phenyl-OH [Y];

Rs is -CH,-OH [S];

R¢ is -(CH3)3-NH-C(NH,)2 [R]; ,

R; and Ry are ‘independently H or a- C; to Cyo alkyl, alkenyl, élkynyl, arylalkyl,

~cycloalkylalkyl, heteroarylalkyl or heterocyclylalkyl;
Ry is benzyl [F], or (CH;),-C(O)NH; [Q], or ~CH3 [A], or ammmsobutyrlc acid;

Ry and Ry are CHzCH(CH3)2 [L], and
Ry is =H [G] or aminoisobutyric acid;

Ry3is «(CH)-C(O)NH; [QJ;
Ry, is benzyl [F];

-~ and wherein

R is anyone of alkyl, alkenyl, alkynyl, or [R’~K~R”]n; each of which is substituted with 0-6

RI67

R’ and R” are independently alkylene alkenylene or alkynylene

each Ry is 1ndependently halo, alkyl OR17, N(R17)2, SRy7, SORW, SOsR7, COz2R17, Ry7, @
fluorescent m01ety, or a radioisotope;

K is independently O, S, SO, SO,, CO, CO,, or CO_NRW;

' each R71s independently H, alkyl, ora thérapeut-ic agent;'

n is an integer from 1-4.
25. ~ The peptide of claim 24, wherein R; and R4 are independentlvy‘H or a C; to Cg alkyl. .

26. The peptide of claim 24, wherein R; and R4 are each -CH3 [A] and R_is a4-

' cyclooétenyl (sTIP—OS) cross-linking the a-carbon of the two unnatural amino-acids.

27.  The peptide of any one of claims 1 to 11, wherein the pep_tide'comprises formula VI:
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R, O R O R \O R O R O R, ORs 0

A AP AAE A A Ao,
, 2 0 Ry 0 Rs O O R O Rw /O ] Rys O Rus |

R
-whereih:

R, and R, are ~(CHz)4-NH; [K];

Ry is (CHy)s NH-C(NH)2 [R];

5  R4is -CHp-Phenyl-OH [Y]; .
Rs is -CH,-OH [S]; | | o
. R6 and Ry, are vind’ep’end'ently H or a C, to Cyo alkyl, ’al’k'_enyl, alkynyl, arylalkyl,
c—:ycloalkylélkyl. heteroérylalkyl or heterocyclylalkyl" .
R7 is -(CH2),C(O)OH [E], or aminoisobutyric acid;
10  Rgisbenzyl [F], or —(CHg)z-C(O)NHQ [Q], or —CH; [A], or am1n01sobutync ac1d
Ry and Ry are -CH,CH(CH3), [L];
Riz is benzyl [F]; _ ’
Ry is «(CHz)-C(O)NH; [QJ;
R14 is benzyl [F; |
15.  and wherein" ) ,
.R is anyone of alkyl alkenyl alkynyl or [R’-K-R”]n; each of which is substltuted with 0- 6
Ris; , ,
R’ and R” are independently alkylene, alkenylene or alkynylene;
each Ryg is independently‘halo, alkyl, OR;7, N(R’in)z, SRy7, SOR;7, SO;R 17, CO2Ry7, Ry7, @
20 fluorescent moiety, or a radioisotope; ,

K is independently O, S, SO, SO,, CO, CO,, or CONR;7;

‘each Ri7 is independently H, alkyl, or étherapeutic agent;

n is an integer from 1-4.

25 | 28. . The peptide of claim 27, whereih R and Ry; are independently H or a C; to Cg alkyl.
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29..  The peptide of claim 27, wherein R(, and Ry, are each -CH; [A] and R is a 4°-

cyclooctenyl (sTIP-06) cross-linking the a-carbbn of the two unnatural amino-acids.

30.  The peptide of any one of claims 1 to 11, wherein the peptide comprises formula VII:

~ wherein:

R, and R, aré ~(CHp)s-NH, [K];

Rjis -(CH2)3-NH-C(NH»)2 [R}];

R4 is -CH;- Phenyl OH [Y];

Rs and Ry, are mdependently H or a Cy to Clo alkyl alkenyl alkynyl, arylalkyl,

‘ cycloalkylalkyl heteroarylalkyl, or heterocyclylalkyl;

R is -(CH2)sNH-C(NH,): [R};

R71s -(CH,),C(O)OH [E}, or ammmsobutync ac1d

Ry is benzyl [F], or «(CHy),- C(O)NH; [Q], or —CH; [A], or aminoisobutyric acid; ~
R, and Ry are -CH,CH(CHy), [L1; | |

Riyis ~H [G] or aminoisobutyric acid;

Ry3 is ~(CHa),-C(O)NH; [Q];

R4 is benzyl [F];

" and wherein - -

R is anyovne -of alkyl, alkenyl, alkynyl, or [R*-K-R”]n; ‘each of which is substituted with 0-6.
Ris; | . , _ |
R’ and R” are independently alkylene, alkenylene or alkynylene;

- each Ry¢ is independently halo, alkyl, OR,7, N(Rn)z, SRy7, SORn, SOan, COzRi7, Ry7, a

ﬂuorescent moiety, or a radioisotope;
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K is independently O, S, so; SOQ, CO, CO,, or CONR;7; .

each R;7 is independently H, alkyl, or a therapeutic agent;

n is an integer from 1-4.
31. The peptide of claim 30, wherein Rs and Ry, are independently H or a C to Cs alkyl.

32 - The peptide of claim 30, wherein R5 and Rj; are each -CH; [A] and R is a 4’-

cyclooctenyl (sTIP -07) Cross- hnkmg the a-carbon of the two unnatural amino-acids.

33.  The peptide of any one of claims 1 to 11, wherein the peptide comprises formula VIII:

- wherein:

R] and Rz are —(CH2)4-NH2 [K],
R; is -(CH,)3-NH-C(NH,)2 [R];

" Rsis -CHz-Phenyl;OH (Y]

Rs is -CH,-OH [S1;
R¢ is -(CH,)3-NH-C(NH,), [R];

. R71s -(CH;),C(O)OH [E], or aminoisdbutyric acid;
‘Rg and Rjs are independently H or a C; to Cjo alkyl, alkenyl, alkynyl, arylalkyl,
cycloalkylalkyl, heteroarylalkyl or. heterocyclylalkyl ' .

Rg and Ry are - CH2CH(CH3)2 [L];

- Ry is —H [G] or aminoisobutyric acid;

Ri2 is benzyl [F];
Ry3 is ~(CH2).-C(O)NH; [Q];

Ri4 is benzyl [F];

and wherein
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R is aﬁyone of alkyl, alkenyl, alkynyl, or [R’-K-R”]n; each of which is substituted with 0-6

Ries

R’ and R” are independently alkylene, alkenylene or alk‘jnylene; ‘

each Ryg is independently halo, alkyl, OR7, N(Ry7)a, SRy7, SORy7, SO2R 17, CO2Ry7, Ry7, @
fluorescent rhoiety, ora radioisotope; | |

K is independently O, S, SO, SO,, CO, CO;, or CONR,7;

each Ry7 is 1ndependently H, alkyl, or a. therapeutlc agent,

‘nis an integer from 1 4

34,  The peptide\of claim 33, wherein Rg and R 5 are independently H or a C; to Cs alkyl.

35.. The peptide of claim 33, wherein Ry and R1'5.'are each -CH3 [A] and R is a 4’-

cyclooctenyl (sTIP-08) cross-linking the a-cérbo_n of the two unnatural amino-acids.

36. The pept1de of any one of claims 1 to 11 selected from the group cons1st1ng of:

[KKRYSRXFLLXF SEQID NO: 2
KKRYSREXLLGX SEQ ID NO: 3
KKRYSREXLLXF SEQ ID NO: 4
KKRYSRXQLLXL SEQID NO: 5 _
KKRYSRXFLLX SEQIDNO: 6
KKRYSRXFLLX& SEQ IDNO: 7
KKRYSRXALLXF SEQID NO: 8
KKRYSR*FLL*F 'SEQIDNO: 9
KKRYSRE*LLG* SEQ ID NO: 10
KKRYSRE*LL*F SEQ ID NO: 11
KKRYSR*QLL*L SEQ ID NO: 12
KKRYSR*FLL* | SEQID NO: 13
KKRYSR*FLL*& SEQ ID NO: 14
KKRYSR*ALL*F | SEQID-NO: 15
KKRYSR*FLLGFQ* | SEQID NO: 17
KKRYS“;EFLLGF*F SEQID NO: 18
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KKRY*REFLLG*QF | SEQ ID NO: 19

'KKRYSRE*LLGFQF* | SEQ ID NO: 20
~wherein X represen‘is aminoisobutyric acid;
* represent a staple position; and

& represents 2-amino-butyric acid.

37. - An isolated nucleic acid molecule encoding a peptide comprising the amino acid

“sequence KKRYSREFLLGF (SEQ ID NO: 1), wherein the peptide is modified to obtain :%my

one of the peptides referred to in any one of claims 1 to 36.
38. A vector comprising a nucleic acid molecule of claim 37..
39. A host cell compﬁsing a nucleic acid molecule of claim 37 or a vector of claim 38..

40. A pharmaceutical composition comprising a péptide of any one of claims 1 to 36, or -

- an isolated _nuqleic acid molecule of claim 37, or a Vecer-of claim 38.

41.  The pharmaceutical composition of claim 40, further comprising one or more

pharmaceutically acceptable excipients, or vehicles, or carriers.

42.  The pharmaceutical composition according to claim 40 or 41, wherein the

pharmaceutical composition further comprisés a therapeutic compound.

43.  The pharmaceutical composition of claim 42, wherein the therapeutic'compound is an

apoptosis promoting corhpound.

44, The pharmaceutical composition of claim '4’3, wherein the apoptosis promoting :

compound is selected from the group consisting of Cyclin-dependent Kinase (CDK) |
inhibitors, Receptor Tyrosine Kinase (RTK) inhibitors, BCL (B-cell lymphoma) family BH3
(Bcl-2 homology domain 3)-mimetic inhibitors and Ataxia Telangiectasia Mutated (ATM)

inhibitors.
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45.  The pharmaceutical composition of claim 44, wherein fhe CDK inhibitors comprise

inhibitors selected from the group consisting of:

. (R)-(1- Ethyl 2- hydroxyethylammo) -6- benzylammo 9 1sopropylpurme : (CYC202;

Roscov1t1ne Seliciclib);

4-[[5-Amino-1- (2 6- dlﬂuorobenzoyl) 1H-1,2,4-triazol-3- yl]ammo]benzenesulfonamlde (INJ-
7706621);

N-(4-p1per1diny1)-4-(2 6-dichlorobenzoylamino)-lH-pyrazole-B-carboxamide (AT-7519);
N-(5-(((5-(1,1 dlmethylethyl) 2-oxazolyl)methyl)thio)-2- thlazolyl) 4- p1per1d1necarboxam1de
(SNS-032);

8,12-Epoxy-1H,8Hf2,7b,12a-triazadibenzo(a,g)cyclonona(_c:de)triinden-l-one? 2,3,9,10,11,12- ,
hexahydrd-3-hydroxy-9-fneth0)gy-8-methyl-10-(methylamino)- (UCN-01; - 7-
Hydroxystaurosporine; KRX-0601 )v; |

N,l‘ ,4,4-tetramethyl-8- ((4 (4- methylpiperazin-l -y)phenyl)amino)-4,5-dihydro-1H-
pyrazolo[4,3-h]quinazoline- 3- carboxamlde (PHA-848125; mllcwhb)

- 2-(2-chlorophenyl)-5,7- dlhydroxy-8 [(3S,4R)-3 hydroxy- -methylplpendm 4-yl]chromen -4-
- one hydrochloride (flavopiridol; alvocidib);
- 6-acetyl-8-cyclopentyl-5-methyl-2-((5- (p1peraz1n-1 yl)pynd1n~2 yl)ammo)pyndo[Z 3- :

d]pyrimidin-7(8H)-one hydrochloride (PD 0332991);

4-(1-isopropyl-2- methyl 1H- 1m1dazol 5-y1)-N-(4- (methylsulfonyl)phenyl)pynmldm-z amine
(AZD5438);

| (S)-3-(((3-ethyl-S-(2-(2-hydroxyethyl)piperidin-1 -yDpyrazolo{1, 5-a]i3yrimi'din-7-
, yl)ammo)methyl)pyndme 1-oxide (Dinaciclib; SCH 727965);
N-(4-Piperidinyl)-4-(2, 6- dichlorobenzoylamino)- IH-pyrazole 3- carboxam1de hydrochlorlde

(AT-7519); and

pharméceutically acceptable salts thereof.

46.  The pharmaceutical compoSitidn of claim 44, wherein the RTK inhibiﬁpfs comprise
inhibitors selectéd from the group consisting of: ,
N—[3-ch10r0—4-[(3-ﬂuorophenyl)methoxy] phenyl]-6- [5-[(2-methylsulfbnylethylamino)
methyl]-2-furyl]qﬁinazolin-4-amine (lapatinib); - )
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N1’-[3-fluoro-4-[[6-methoxy-7-(3 -morpholindpropoxy);4-quinolyl]oxy]phenyl] N1 -(4-
fluorophenyl) cyclopropane—l 1 dicarboxarhide (foretinib); | |

N-(4-((6,7- D1methoxyqu1nohn-4 yl)oxy)phenyl)-N-(4- ﬂuorophenyl)cyclopropane 1,1-
dicarboxamide (cabozantinib(XL184)); ‘ _

N-(4- ((6 7-D1methoxyqu1nohn 4- yl)oxy)phenyl)-N-(4- ﬂuorophenyl)cyclopropane 1, 1-
dicarboxamide (cabozant1n1b(XL1 84)); |
3-[(1R)-1-(2,6-dichloro-3-fluorophenyl)ethoxy]-5-(1 -piperidin—4-ylpyra20l-4-yl)pyridin—2- '

~ amine (crizotinib (Xalkori));

(3Z)-N-(3-Chlorophenyl)-3-({3,5-dimethyl-4-[(4-methylpiperazin-1-yl)carbonyl]- 1 H-pyrrol-
2-yl}methylene)-N-methyl-2-0x0-2,3-dihydro-1 H-indole-5-sulfonamide (SU11274);

 (32)-5-{[(2.,6-Dichlorophenyl)methyl]sulfonyl}-3-[[3,5-dimethyl-4-[[(2R)-2-(1-

pyrrohdmylmethyl) 1-pyrrolidinyljcarbonyl]-1H-pyrrol-2- yllmethylene]-1,3- dlhydro 2H-
indol-2-one hydrate (PHA—665752) ’
6- [[6 (1-Methy1pyrazol-4 yl) [1,2,4]triazolo[4, 3-b]pyr1dazm 3- yl]sulfanyl]qumohne (SGX-
523)

4-[1-(6- Qulnohnylmethyl) 1H-1,2,3-triazolo[4, 5—b]pyraz1n-6 yi}- 1H-pyrazole-1 ethanol
methanesulfonate (1:1) (PF- 04217903)

- 2- Fluoro-N-methyl 4-[7-[(quinolin- 6-y1)methyl]1m1dazo[l 2-b] (1, 2 ,4]triazin-2- yl]benzamlde.

(INCB28060); |

N-[4 -[(3—Chlor0-4-ﬂuorophenyl)amino]-7-[[(3S)_-tetrahydro-3-fura.nyl]oxy]-6_—quinazoliny1]=
4(dimethylamino)-2-butenamide (afatinib); o
3-(5,6-Dihydro-4H-pyrrolo[3,2,1-ij]quinolin-1-yl)-4-(1H-indol-3-yl)-pyrrolidine-2,5-dione

* (ARQ-197 (Tivantinib));

N-[(2R)- 1 4-dioxan-2-ylmethyl]-N-methyl-N'-[3-(1-methyl-1H- pyrazol 4-yl)- 5 oxo-5H-
benzo[4,5]cyclohepta[1,2-b]pyridin-7-yl]sulfuric diamide (MK-2461); '

869));

4{(35)3- Dlmethylammopyrrohdm-l-yl]methyl] N-[4-methyl-3-[(4- pyrimidin-5- |
‘ylpyrlmldm 2- yl)ammo}phenyl] 3- (tnﬂuoromethyl)benzamlde (Bafetmlb (INNO 406)) and -

pharmaceutlcal acceptable salts thereof.
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47.  The pharmaceutical composition of claim 44, wherein the BCL family BH3-mimetic

inhibitors comprise inhibitors selected from the group consisting of: ,
4-[4-[[2- (4 Chlorophenyl)-5,5- dlmethyl 1-cyclohexen-1 yl]methyl] 1- plperazmyl]-N [[4- |
[[(1R)-3- (4-morph011nyl) 1- [(pheny]thlo)methyl]propyl]a:mmo] 3- ‘ |
[ (trifluoromethyl)sulfonyl ]phenyl]sulfonyl Jbenzamide (ABT 263; ;Navitoclax); )
2-[2-{(3,5-Dimethyl- 1H-pyrrol-2- yl)methylene]-3-methoxy-2H-pyrrol-5-yl]-1H-indole
methanesulfonate (Obatoclax mesylate (GX15- 070));
4-[4-[(4'-chloro[1,1'-biphenyl]-2-yl)methyl]-1-piperazinyl]-N-[[4-[[(1R)-3-(dimethylamino)-
1-{(phenylthio)methyl]propylJamino]-3- mtrophenyl]sulfonyl] Benzamlde (ABT-737); and

pharmaceutically acceptable salts thereof

48.  The pharmaceutical composition of claim 44 wherein the ATM mhlbltors comprise

) 1nh1b1tors selected from the group consisting of:

2-Morphohn-4-y1-6-th1anthren-1 -yl-pyran-4-one (KU-55933);
(2R,6S)-2,6~ Dimethyl-N -[6-(4-morpholinyl)-4-oxo0-4H-pyran-2-yl]-9H- thioxanthen- 2 yl}-
4- morphohneacetamlde (KU-60019);

1-(6,7- D1methoxy—4 qumazohnyl) 3- (2 pyridinyl)-1H- 1 ,2,4- triazol-5-amine (CP466722)

-Phenyl-N [2,2,2-trichloro-1-[[[(4-fluoro- 3~n1tropheny1)am1no]thloxomethyl]ammo]
ethyllbenzene acetamide (CGK 733) '

and phanﬁaceuticall-y acceptable salts thereof.

49..  Use of the peptide according to any one of claims 1 to 36 in the manufacture of a

medicament for treating or preventing cancer.

- 50.  The use of claim 49, wherein the cancer is characterized by overexpression or

hyperactivity of eIF4E containing complexes.

51. © The use according to claim 49, wherein cancer is selected from a group comprising or
consisting of gastric cancer, colon cancer, lung cancer, breast cancer, bladder cancer,
neuroblastoma, melanoma, head and neck cancer, esophagus cancer, cervix cancer, prostate

cancer and leukemia.
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52.  Method of treating or preventing cancer in a patient comprising administering a'
pharmaceutically effective amount of the peptide of any one of claims 1 to 36 or the isolated

nucleic acid molecule of claim 37, or the vector according to claim 38.

53.  The method according to claim 52 wherein the method ‘cornprises the administration

“of one or more further therapeutic agents to the patient, wherein administration is

simultaneous, sequential or separate.

54, Useofa peptide according to any one of claims 1 to 36 for protein purification, or for

inhibiting protein-protein interactions, or as template for protein-protein interactions.



