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ABSTRACT

The present invention provides polypeptides that cross the
blood brain barrier (BBB). These polypeptides are therefore
BBB transport agents. The polypeptides are typically able to
cross the BBB at a level effective to be therapeutically or
diagnostically useful or physiologically significant, either
alone or when coupled to a therapeutic or diagnostic agent.
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FIG. 2
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FIG. 3
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FIG. 4A
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FIG. 4C
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FIG. 6
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FIG. 7
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FIG. 11
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FIG. 13
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FIG. 14
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FIG. 16
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FIG. 17
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FIG. 22
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POLYPEPTIDES FOR BLOOD BRAIN
BARRIER TRANSPORT

FIELD OF THE INVENTION

[0001] This invention relates to the delivery of agents to the
brain. More particularly, the invention relates to polypeptides
that can cross the Blood Brain Barrier (BBB) and their use in
transporting an agent across the BBB, typically in the treat-
ment and/or diagnosis of a neurological disease.

BACKGROUND TO THE INVENTION

[0002] The BBB acts very effectively to protect the brain by
restricting the entry of microscopic objects, such as bacteria
and large or hydrophilic molecules, into the cerebral tissues.
This is a major issue to take into account when developing
drugs that target the central nervous system. To reach target
cells in the cerebral tissues, a peripherally-administered drug
must be capable of crossing the BBB by itself or by using a
carrier as the transporting system. The BBB hinders delivery
of many potentially important diagnostic and therapeutic
agents to the brain, and so presents a major obstacle for the
diagnosis and/or treatment of brain disorders.

[0003] A number of different strategies have been
employed to help overcome the limitations imposed by the
BBB, and these broadly fall into three categories: 1) invasive
procedures (e.g. direct intraventricular administration of
drugs by surgery); 2) pharmacological approaches (e.g. by
increasing the lipid solubility of polypeptides); and 3) carrier-
based approaches (i.e. by exploiting or modifying known
carrier mechanisms to transport drugs across the BBB, pro-
viding highly specific and efficacious drug delivery).

[0004] In 2007, Demeule and co-workers designed a series
of'19-mer polypeptides which were able to cross the BBB [1].
The best of these polypeptides, called “angiopep-27, was
shown to exhibit transcytosis in brain cells (transportation of
molecules across the interior of the cells) through a binding
mechanism involving the LDL receptor-related protein
(LRP1) [2], which is a member of the low density lipoprotein
receptor (“LDLR”) family.

[0005] LDLR is primarily responsible for the uptake of
cholesterol-carrying particles into cells [3] through endocy-
tosis. Its primary ligand is the low density lipoprotein (LLDL)
which is one of the 5 major groups of lipoproteins that enable
transport of different fat molecules, including cholesterol.
Approximately 65-70% of plasma cholesterol in humans cir-
culates in the form of LDL. Each LDL particle contains a
single apolipoprotein B100 molecule (apoB-100) which is
responsible for the circulation of the fatty acids, keeping them
soluble in the aqueous environment of the blood stream.
LDLR also binds tightly to beta-migrating forms of very
low-density lipoprotein (b-VLDL), which contain multiple
copies of apolipoprotein E (apoE).

[0006] LDLR is a modular transmembrane protein of ~840
amino acids which is representative of an entire class of
receptors commonly denoted the LDLR family. Each LDLR
family member contains one or several of the following
domains arranged in a similar pattern: LDL receptor type-A
(also denoted “LA”, “CR” or “ligand binding repeat™); epi-
dermal growth factor-like (EGF-like) and YWTD (or 3-pro-
peller) modules (FIG. 1,[4]). The ectodomain of LDLR (FIG.
2,[4]) is functionally divided into 2 regions: a ligand-binding
area consisting of 7 contiguous LDL-A modules (LA1-LA7)
atthe N-terminal end, and a subsequent region homologous to
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the EGF precursor. Modules LA3 to LA7 are essential for
binding .DL [5]. The EGF region, which includes 2 EGF-like
modules, a (3-propeller domain and a third EGF-like module,
is responsible for both the release of the LDL particles at
lower endosomal pH and the recycling of the receptor back to
the cell surface.

[0007] To date, despite this knowledge, there is a limited
choice when looking to transport agents across the BBB.
There remains a need in the art for further and improved
agents and methods to deliver therapeutic and diagnostic
agents across the BBB.

SUMMARY OF THE INVENTION

[0008] The present invention provides polypeptides that
cross the BBB. These polypeptides are therefore BBB trans-
port agents. The polypeptides are typically able to cross the
BBB at a level effective to be therapeutically or diagnostically
useful or physiologically significant, either alone or when
coupled to a therapeutic or diagnostic agent.

[0009] Although the invention is not bound by theory, the
polypeptides of the invention have been designed to bind the
LA domain of LDLR, which internalises the polypeptides of
the invention into the brain by endocytosis. Being able to
cross the BBB, polypeptides of the invention are particularly
useful as carriers for transporting other agents across the BBB
and for delivering agents, typically drugs or diagnostic
agents, to the brain.

[0010] The invention provides a polypeptide for crossing
the blood brain barrier (BBB), wherein the polypeptide is,
comprises, consists essentially of, or consists of:

[0011] (a)aregulon polypeptidelessthan 59 amino acids
in length, comprising 7 or more consecutive amino acids
of SEQ ID NO: 2, and comprising K48 and R49 (num-
bered relative to SEQ ID NO: 1), optionally comprising:
(1) T43, V44, 145, H46, G47 and/or (ii) ES0, V51, T52,
153 and H54 (numbered relative to SEQ ID NO: 1);
optionally P43 and [.55 (numbered relative to SEQ ID
NO: 1); and optionally (i) P37, M38, A39, R40, E41
and/or (ii) H56, P57, D58, and H59, (numbered relative
to SEQ ID NO: 1);

[0012] (b)aRAP polypeptide less than 100 amino acids
in length comprising at least 20 consecutive amino acids
from SEQ ID NO: 4;

[0013] (c) a flexible polypeptide less than 100 amino acids
in length, comprising a flexible loop and wherein the
polypeptide comprises the sequence: X; X, EX; X, X, X, R
GKRX,; X; Xg KDE X, X;; or RGKR X3 X, KDE,
wherein X,=A, F, Sor T; X,=G, K, R or 8; X,=S or T;X,=N
orS; Xs=A,lorT; X=I, TorV; X,=D, E or G; X;=S, TorY;
Xo=F, TorY; X,,=GorN; X,,=KorR; or

[0014] (d) arigid polypeptide less than 100 amino acids
in length, comprising an alpha helix and comprises the
consensus sequence: (K/R) A (A/E/Q) K A (A/E/Q) A
(K/R), optionally G D (A/E),(K/R) A (A/E/Q) K A
(AVE/Q) A (K/R) A X, G Y, wherein optionally 4, is
1-10, and p is 1-25.

[0015] Preferably, a regulon polypeptide comprises or con-
sists of SEQ ID NO: 2 or SEQ ID NO: 3.

[0016] Preferably, a RAP polypeptide comprises or con-
sists of SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.
[0017] Preferably, a flexible polypeptide comprises or con-
sists of SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, or SEQ ID NO: 11.
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[0018] Preferably, a rigid polypeptide comprises or con-
sists of SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, or SEQ ID NO: 16.

[0019] Polypeptides comprising or consisting of a
sequence having at least 85%, 90% or 95% sequence identity
to each of SEQ ID Nos. 2 to 16 are also provided.

[0020] Insome embodiments, the polypeptide is produced
recombinantly. In other embodiments, the polypeptide is
chemically synthesised.

[0021] The invention also provides a conjugate for trans-
porting an agent across the blood brain barrier (BBB), com-
prising: (a) a polypeptide as described above; and (b) an
agent; wherein the conjugate is able to cross the BBB.
[0022] In some embodiments, the agent is a diagnostic
agent or a therapeutic agent. In some embodiments, the
polypeptide is conjugated to the agent via a linker. In some
embodiments, the polypeptide is conjugated directly to the
agent. In some embodiments, the conjugate comprises a
nanoparticle. In some embodiments, the agent is releasable
from the polypeptide after transport across the BBB.

[0023] The invention also provides a pharmaceutical com-
position comprising a polypeptide or conjugate according to
any one of the preceding embodiments, and a pharmaceuti-
cally acceptable carrier, diluent or excipient.

[0024] The invention also provides a polypeptide, conju-
gate, or pharmaceutical composition as defined above, foruse
in therapy. In one embodiment, the therapeutic use is treating
a neurological disease, optionally a brain tumor, brain
metastasis, schizophrenia, epilepsy, Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease, stroke, and/or dis-
ease associated with malfunction of the BBB.

[0025] The invention also provides a polypeptide, conju-
gate, or pharmaceutical composition as described above for
use in a method of diagnosis. In one embodiment, the diag-
nostic use is diagnosis of a neurological disease.

[0026] The invention also provides an isolated polynucle-
otide encoding a polypeptide as described above.

BRIEF DESCRIPTION OF DRAWINGS

[0027] The invention is described with reference to the
following drawings.

[0028] FIG. 1: LDLR family members.

[0029] FIG.2: Ectodomain of LDLR composed of 7 ligand-
binding repeats (LA/CR), 3 EGF-like modules and a f3-pro-
peller unit.

[0030] FIG.3: LA domain folding in LDLR (PDB:2 FCW)
[0031] FIG. 4: Comparison of LA-RAP(D3) interface
(A-D) with other LA module interface.

[0032] FIG. 5: Hierarchical clustering of angiopeps based
on a set of 113 physicochemical properties defined for each
constituting AA.

[0033] FIG. 6: General folding of angiopep-2 obtained
through homology modelling.

[0034] FIG. 7: Ab-initio prediction of AP2 structure.
[0035] FIG. 8: Possible interaction between AP2 (as single
domain binder) and LA module.

[0036] FIG.9: Possible interaction between AP2 (as double
domain binder) and LA module.

[0037] FIG.10: General folding of regulon according to its
homology model (PDB code:3N40). The circle highlights the
structured part of folding.

[0038] FIG. 11: Possible interaction between regulon (as
single domain binder) and LA module.
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[0039] FIG. 12: Possible interaction between regulon (as
double domain binder) and LA module. Only the second
binding region is shown.

[0040] FIG. 13: Predicted structure of regulon_constructl
as observed in the full regulon model.

[0041] FIG. 14: Predicted structure of regulon_constructl
calculated with an ab-initio method.

[0042] FIG. 15: Predicted structure of regulon_construct4
on the homology-based regulon model.

[0043] FIG. 16: Predicted structure of regulon_construct4
on a model calculated with an ab-initio method.

[0044] FIG. 17: Interaction between RAP D3 domain and
LDLR.
[0045] FIG.18: Model of RH_construct1 based on the crys-

tal structure of RAP-LDLR complex (2FCW).

[0046] FIG. 19: Predicted structure of RH_constructl cal-
culated with an ab-initio method.

[0047] FIG.20: Model of RH_construct2 based on the crys-
tal structure of RAP-LDLR complex (2FCW).

[0048] FIG.21: Model of RH_construct3 based on the crys-
tal structure of RAP-LDLR complex (2FCW).

[0049] FIG. 22: Schematic representation of an in vitro
model of the BBB, involving co-culture of bovine brain
endothelial cells and astrocytes.

[0050] FIG. 23: Bar chart showing that un-decorated nano-
particles do not cross the BBB, whereas nanoparticles deco-
rated with regulon (SEQ ID No. 1) do cross the BBB
(NP=nanoparticle).

[0051] FIG. 24: Bar chart showing the percentage of cross-
ing according to the fluorescently-labelled peptide in vitro
BBB model crossing test.

DETAILED DESCRIPTION OF THE INVENTION

[0052] The present invention is based on the surprising
identification of polypeptides that can cross the BBB. In an
attempt to identify new polypeptides that can cross the BBB,
the inventors selected low density lipoprotein receptor
(LDLR) as a target and compiled a database of all polypep-
tides known to interact with the ligand binding (“LA”)
domain of LDLR. The inventors assessed the structure and
activity of all ofthese polypeptides. Many of the polypeptide-
LDLR interactions were identified using different experi-
mental conditions, yet the inventors were able to identify
structural and pharmacophoric features that are important for
a polypeptide to be able to interact with the LA domain of
LDLR, and so cross the BBB.

[0053] To develop and refine the structural and pharma-
cophoric model, the inventors analysed several peptides
already known to cross the BBB, namely the angiopeps (De-
meule et al, supra) and regulon. The angiopeps are known to
cross the BBB by interacting with the LDLR, but no structural
information was available for these polypeptides and so the
inventors modelled the angiopeps to allow structural com-
parisons to be made. Regulon is also known to cross the BBB
and its structure is known, but the mechanism by which
regulon crosses the BBB was unknown. Having identified key
structural and pharmacophoric features required for passing
the BBB, the inventors developed the polypeptides of the
invention, which contain these key features and so are also
able to cross the BBB.

[0054] Polypeptides of the invention share common fea-
tures. They are all able to cross the BBB, they were all
identified by the same method and they are all designed to
bind to the LA domain of LDLR.
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[0055] Polypeptides of the invention can be sub-divided
into four groups: “regulon polypeptides”, “RAP polypep-
tides”, “flexible polypeptides” and “rigid polypeptides”.
Polypeptides of the invention typically comprise or consist of
the sequences described below.

Regulon polypeptides
(SEQ ID NO: 1): Regulon
HKKWQFNSPFVPRADEPARKGKVHIPFPLDNI TCRVPMAREPTVIHGKRE

VTLHLHPDH

[0056] Regulon is able to cross the BBB. Its structure and
mechanism of action were, until now, unknown.

[0057] By homology modelling the Regulon sequence with
the P62 envelope glycoprotein (discussed in the Examples
below), the inventors found that regulon comprises a rigid
p-hairpin structure and a long unstructured flexible chain.
The inventors identified that the [-hairpin interacts with
LDLR and found that this interaction requires 2 key residues,
K48 and R49 (numbered relative to SEQ ID NO: 1), at the
U-turn of the B-hairpin. Accordingly, regulon polypeptides of
the invention comprise K48 and R49 (numbered relative to
SEQ ID NO: 1). Regulon polypeptides of the invention are
ableto cross the BBB. This is shown, for example, by FIG. 23,
which demonstrates that nanoparticles decorated with regu-
lon (SEQ ID No. 1) are able to cross the BBB using a BBEC/
rat astrocyte co-culture in vitro model as depicted in FIG. 22
and as described by Cecchelli et al, Adv Drug Deliv Rev. 1999
Apr 5;36(2-3):165-178. (reference 6). FIG. 23 also confirms
that undecorated nanoparticles do not cross the BBB.

[0058] The full length regulon polypeptide is 59 AA long
(SEQ ID NO: 1). Regulon polypeptides of the invention are
fragments of full length regulon, and so are easier and cheaper
to produce. Also, using shorter polypeptides to achieve the
same or better passage across the BBB allows administration
of a smaller weight of polypeptide to a patient. Accordingly,
regulon polypeptides of the invention are less than 59 amino
acids inlength, and may therefore comprise 7, 8,9, 10, 11, 12,
13,14,15,16,17,18,19,20,21,22,23,24,25,26,27, 28, 29,
30,31,32,33,34,35,36,37,38,39,40, 41,42, 43,44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, or 58 consecutive
amino acids of SEQ ID NO: 1.

[0059] In addition to K48, and R49, regulon polypeptides
of the invention preferably comprise (a) T43, V44, 145, H46
and G47 and/or (b) E50, V51, T52, .53 and H54 (numbered
relative to SEQ ID NO: 1), because these amino acid residues
are involved in forming the J3-hairpin. In addition to K48 and
R49, regulon polypeptides of the invention more preferably
comprise (a) P42, T43, V44, 145, H46 and G47 and/or (b)
E50,V51,T52,1.53, H54 and L55 (numbered relative to SEQ
ID NO: 1), because these amino acid residues help form a
larger p-hairpin motif that interacts with the LA domain of
LDLR. Although not bound by theory, the inventors believe
that this larger p-hairpin further improves interaction with the
LDLR.

Regulon_constructl
(SEQ ID NO: 2): Regulon_constructl
PTVIHGKREVTLHL

[0060] A preferred regulon polypeptide of the invention is
“regulon_constructl” (SEQ ID NO: 2). Regulon_constructl
is a 14 amino acid residue fragment of SEQ ID NO: 1, that
forms a p-hairpin.
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[0061] The invention also provides fragments of regulon_
construct 1, that comprise 7 or more consecutive amino acids
of SEQ ID NO: 2, eg. 7, 8,9, 10, 11, 12, or 13 amino acid
residues, wherein the fragment comprises K48 and R49
(numbered relative to SEQ ID NO: 1), and retains the ability
to cross the BBB.

[0062] Other preferred fragments lack one or more amino
acids, e.g. 1,2, 3, 4, 5 or 6 amino acids, from the C-terminus
and/or one or more amino acids, e.g. 1, 2, 3, 4, 5 or 6 amino
acids, from the N-terminus of SEQ ID NO: 2 while retaining
the ability to cross the BBB; and wherein the fragment com-
prises 7 or more consecutive amino acids of SEQ ID NO: 2
and comprises K48 and R49 (numbered relative to SEQ ID
NO: 1). Amino acid fragments of regulon_construct]l may
thus comprise an amino acid sequence of7,8,9,10, 11, 12, or
13 consecutive amino acid residues of SEQ ID NO: 2.

[0063] Regulon polypeptides of the invention also include
variants of SEQ ID NO: 2. Variants of regulon_constructl
typically consist of an amino acid sequence having 85% or
more identity, e.g. 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identity to SEQ
ID NO: 2.

Regulon_construct4
(SEQ ID NO: 3): Regulon construct4
PMAREPTVIHGKREVTLHLHPDH

[0064] Another preferred regulon polypeptide of the inven-
tion is “regulon_construct4” (SEQ ID NO: 3). Regulon_con-
structd4 is a 23 amino acid residue fragment of SEQ ID NO: 1,
which comprises SEQ ID NO: 2. SEQ ID NO: 4 is identified
as particularly suitable because the additional residues (rela-
tive to SEQ ID NO: 2) form parallel strands that form a
beta-sheet that can interact with the LDLR.

[0065] The invention also provides fragments of regulon_
construct4, that comprise 7 or more consecutive amino acids
of SEQ ID NO: 3, typically 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21 or 22 amino acid residues, wherein the
fragment comprises K48 and R49 (numbered relative to SEQ
ID NO: 1), and retains the ability to cross the BBB.

[0066] Preferably, regulon_construct4 polypeptides of the
invention comprise, in addition to K48 and R49, (a) P37,
M38, A39, R40, E41, P42, T43, V44, 145, H46, and G47
and/or (b) E50,V51,T52,1.53,H54,1.55, H56, P57,D58, and
HS59 (numbered relative to SEQ ID NO: 1).

[0067] Other preferred fragments lack one or more amino
acids, e.g. 1,2,3,4,5,6,7,8,9, 10, or 11 amino acids, from
the C-terminus and/or one or more amino acids, e.g. 1, 2,3, 4,
5,6,7,8,9, or 10 amino acids, from the N-terminus of SEQ
ID NO: 3 while retaining the ability to cross the BBB, and
wherein the fragment comprises 7 or more consecutive amino
acids of SEQ ID NO: 3 and comprises K48 and R49 (num-
bered relative to SEQ ID NO: 1). Fragments of regulon_
construct4 may thus comprise an amino acid sequence of 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23
consecutive amino acid residues of SEQ ID NO: 3.

[0068] Regulon polypeptides of the invention also include
variants of SEQ ID NO: 3. Variants of regulon_construct4
typically consist of an amino acid sequence having 85% or
more identity, e.g. 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identity to SEQ
1D NO: 3.
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RAP polypeptides
(SEQ ID NO: 48): Receptor Associated Protein
MAPRRVRSFLRGLPALLLLLLFLGPWPAASHGGKYSREKNQPKPSPKRES

GEEFRMEKLNQLWEKAQRLHLPPVRLAELHADLKIQERDELAWKKLKLDG
LDEDGEKEARLIRNLNVILAKYGLDGKKDARQVTSNSLSGTQEDGLDDPR
LEKLWHKAKTSGKFSGEELDKLWREFLHHKEKVHEYNVLLETLSRTEEIH
ENVISPSDLSDIKGSVLHSRHTELKEKLRSINQGLDRLRRVSHQGYSTEA
EFEEPRVIDLWDLAQSANLTDKELEAFREELKHFEAKIEKHNHYQKQLEI
AHEKLRHAESVGDGERVSRSREKHALLEGRTKELGYTVKKHLQDLSGRIS

RARHNEL

[0069] Receptor Associated Protein (referred to herein as
RAP, SEQ ID NO: 48) is known to be able to bind to the
LDLR via its D3 domain and some structural studies have
already been performed on the RAP protein. The interaction
between RAP and LDLR is known to occur through 2 RAP
alpha-helices which interact with 2 LDL receptor type-A
(LA) modules. A single alpha-helix contains the essential
residues for the interaction, including K256, while the other
helix is believed to stabilize the complex. The inventors
developed 3 new RAP polypeptides, which are termed “RH_
construct]l” (SEQ IDNO: 4), “RH_construct2” (SEQ ID NO:
5) and “RH_construct3” (SEQ ID NO: 6). The inventors
identified RH_construct] as a core fragment for crossing the
BBB. Accordingly, “RH_construct2” and “RH_construct3”
comprise the sequence of “RH_constructl”. “RH_con-
struct3” also comprises “RH construct2”.

[0070] RAP polypeptides of the invention are fragments of
full length RAP, and so are easier and cheaper to produce.
Also, using shorter polypeptides to achieve the same or better
passage across the BBB allows administration of a smaller
weight of polypeptide to a patient. RAP polypeptides of the
invention are less than 100 amino acids in length, typically 99,
98,97,96, 95,90, 89, 88,87, 86, 85, 84, 83,82, 81, 80,79, 78,
77,76,75,74,73,72,71,70, 69, 68, 67, 66, 65, 64, 63,62, 61,
60,59,58,57,56,55,54,53,52,51,50,49,48,47,46, 45, 44,
43,42,41,40,39,38,37,36,35,34,33,32,31, 30, 29, 28,27,
26,25,24,23,22,21,20,19, 18,17, 16, or 15 amino acids in
length.

[0071] RAP polypeptides of the invention form an alpha-
helix, and are able to cross the BBB.

RH_constructl
(SEQ ID NO: 4): RH_construct2
ELKHFEAKIEKHNHYQKQLE

[0072] “RH_constructl (SEQ ID NO: 4) is a 20 amino acid
residue fragment of RAP, which was identified as the minimal
unit of RAP-D3 for interacting with LDLR.

[0073] RAP polypeptides of the invention also include vari-
ants of SEQ ID NO: 4. Variants of SEQ ID NO: 4 preferably
consist of an amino acid sequence having 85% or more iden-
tity e.g. 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identity to SEQ ID NO: 4.

RH_construct2
(SEQ ID NO: 5): RH_construct2
DKELEAFREELKHFEAKI EKHNHYQKQLEIAHEKLRHAESYV

Dec. 31, 2015

[0074] Another preferred RAP polypeptide of the invention
is RH_construct2. RH_construct2 (SEQ ID NO: 5) is a 41
amino acid residue fragment of RAP which comprises SEQ
ID NO: 4, and further favours a-helix formation.

[0075] RH_construct2 polypeptides of the invention com-
prise 20 or more consecutive amino acids of SEQ ID NO: 4,
typically 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35,36,37, 38, 39 or 40 amino acid residues.

[0076] Other preferred fragments lack one or more amino
acids, e.g. 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, or 14 amino
acids, from the C-terminus and/or one or more amino acids,
eg.1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 or 17 amino
acids, from the N-terminus of SEQ ID NO: 5 while retaining
the ability to cross the BBB, and wherein the fragment com-
prises 20 or more consecutive amino acids of SEQ ID NO: 4.

[0077] RAP polypeptides of the invention also include vari-
ants of SEQ ID NO: 5. Variants of RH_construct2 typically
consist of an amino acid sequence having 85% or more iden-
tity e.g. 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identity to SEQ ID NO: 5.

RH_construct3
(SEQ ID NO: 6): RH construct3
DKELEAFREELKHFEAKIEKHNHYQKQLEIAHEKLRHAESVGDGERVSRS

REKHALLEGRTKELGYTVKKHLQDLSGRISRARH

[0078] Another preferred RAP polypeptide of the invention
is RH_construct3. RH_construct3 (SEQ ID NO: 6) is an 84
amino acid fragment of RAP which comprises SEQ IDNO: 5
(and therefore also comprises SEQ ID NO: 4). RH_con-
struct3 includes most of the RAP D3 domain, which com-
prises 2 a-helices. In addition to the a-helix of the RH_con-
struct2 polypeptide, including the residues essential for the
interaction with LDLR, RH_construct3 comprises a second
a-helix containing Arg296 that interacts with LDLR and
stabilizes the complex.

[0079] RH_construct3 polypeptides of the invention com-
prise 20 or more consecutive amino acids of SEQ ID NO: 4,
typically 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34,35,36,37,38,39,40,41,42,43,44,45,46,47, 48, 49, 50,
51,52,53,54,55,56,57,58,59, 60,61, 62,63, 64, 65, 66,67,
68, 69, 70,71, 72,73,74,75,76,77,78, 79, 80 or 81 amino
acid residues.

[0080] Other preferred fragments lack one or more amino
acids, e.g. 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, or 14 amino
acid residues, from the C-terminus and/or one or more amino
acids,e.g. 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14,15, 16, 17,
18,19,20,21,22,23,24,25,26,27,28,29,30,31, 32,33, 34,
35,36,37,38,39,40,41,42,43,44,45,46,47,48, 49, 50, 51,
52,53, 54,55,56,57,58, 59, or 60 amino acid residues, from
the N-terminus of SEQ ID NO: 6 while retaining the ability to
cross the BBB, and wherein the fragment comprises 20 or
more consecutive amino acids of SEQ ID NO: 4.

[0081] RAP polypeptides of the invention also include vari-
ants of SEQ ID NO: 6. Variants of RH_construct3 typically
consist of an amino acid sequence having 85% or more iden-
tity, e.g. 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identity to SEQ ID NO: 6.
[0082]

[0083] “Flexible polypeptides™ comprise a flexible loop.
The inventors identified features in the “AP2 double binder
model” that interact with the LA domain of LDLR (see the

Flexible Polypeptides
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Examples below). The flexible polypeptides of the invention
contain these features and interact with the LA module of
LDLR.

[0084] The “RGKRX, X X, KDE” motif was identified by
the inventors as important for interacting with the LA domain
of LDLR, and so flexible polypeptides of the invention com-
prise the amino acid sequence:

(SEQ ID NO: 23)
X, X E X3 ¥4 X5 X% R @ K R X; Xg Xo K D

E X0 X1
or

(SEQ ID NO: 24)
RGKRZX, X X KDE

[0085] wherein:

[0086] X, preferably forms a hydrophobic intramolecu-
lar interaction with the amino acid at position 14, to
promote the doubled Kunitz-type folding.

[0087] X, preferably has a high propensity to form a
flexible-loop.

[0088] E promotes H-bonding intermolecular interac-
tion with R103 of LA module.

[0089] X, is preferably a polar residue with high propen-
sity to form a flexible-loop.

[0090] X, ispreferably a polar residue with high propen-
sity to form a flexible-loop.

[0091] X, preferably promotes a hydrophobic intermo-
lecular interaction with V106 of the LA module.

[0092] X, preferably promotes hydrophobic intermo-
lecular interaction with T126 of the LA module.

[0093] R G KR are considered essential for the interac-
tion with LA module.

[0094] X, preferably has high propensity to form a flex-
ible-loop.
[0095] X, is preferably a polar residue with high propen-

sity to form a flexible-loop.

[0096] X, preferably promotes a hydrophobic intramo-
lecular interaction with amino acid X, to promote the
doubled Kunitz-type folding.

[0097] K is a AP2 residue considered essential for the
interaction with LA module.

[0098] D promotes an H-bonding intermolecular inter-
action with Q104 of LA module.

[0099] EisaAP2 residue considered essential to interact
intramolecularly with N-end and promote the doubled
Kunitz-type folding.

[0100] X, is preferably a polar residue with high pro-
pensity to form a flexible-loop.

[0101] X,, is preferably a polar residue that forms
H-bonding intermolecular interaction with D110 of LA
module.

[0102] Preferably, X,=A,F,SorT

[0103] X.=G,K,RorS

[0104] X,=SorT

[0105] X, =NorS

[0106] X =A,IorT

[0107] X~=L TorV

[0108] X,=D,EorG

[0109] X,=S,TorY

[0110] X,=F, TorY

[0111] X,,=GorN

[0112] X,,=KorR
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[0113] Flexible polypeptides of the invention may com-
prise SEQIDNO: 24 and one or more of X; X, EX, X, X X
X,oand/or X, (of SEQ ID NO: 23). Flexible polypeptides of
the invention may comprise:

(SEQ ID NO: 25)
X, E X3 ¥4 ¥s X6 R G K R X; Xg X¢ KD E Xy X

(SEQ ID NO: 26)
E X3 X4 Xs X6 R G KR X; X3 Xg KD E X, X4

(SEQ ID NO: 27)
X3 X4 Xs X% R G K R X; X3 Xg K D E X X3

(SEQ ID NO: 28)
Xy Xs X R @ K R X; Xg X9 K D E X9 Xy

(SEQ ID NO: 29)
Xs X R G KR X; X X, KD E X0 X,

(SEQ ID NO: 30)
X6 R G KR X; X3 X KD E X0 X4

(SEQ ID NO: 31)
RGKRX, X X KD E X0 Xy

(SEQ ID NO: 32)
X; X E X3 X4 X5 X% R G K R X; Xg X9 K D E Xyo

(SEQ ID NO: 33)
% E X3 X, X5 X% R @ KR X, Xg Xg KD E X

(SEQ ID NO: 34)
E X3 X4 Xs X6 R G KR X; X3 X9 KD E X0

(SEQ ID NO: 35)
X3 X4 Xs X6 R G KR X; X3 X9 KD E X

(SEQ ID NO: 36)
Xy Xs X% R G KR X; X3 ¥ KD E Xy

(SEQ ID NO: 37)
Xs X6 R G KR X; X X KD E Xy

(SEQ ID NO: 38)
X R G KR X, Xg X, KD E X

(SEQ ID NO: 39)
RGKRX, X X¢ KD E X

(SEQ ID NO: 40)
X; X E X3 X4 X5 X% R G KR X; Xg X KD E

(SEQ ID NO: 41)
X, E X3 ¥4 ¥s X R G KR X; Xg X KD E

(SEQ ID NO: 42)
E X3 X4 Xs X6 R G KR X; X3 X KD E

(SEQ ID NO: 43)
X3 X4 Xs X6 R G KR X; X3 X KD E

(SEQ ID NO: 44)
Xy Xs X% R G KR X; X3 X KD E

(SEQ ID NO: 45)
Xs X¢ RG KR X; X3 X9 KD E

(SEQ ID NO: 46)
X6 RG KR X;, X3 X KD E

(SEQ ID NO: 47)
RGKRZX;, X X KD E.

[0114] Shorter polypeptides are cheaper and easier to pro-
duce. Also, using shorter polypeptides to achieve the same or
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better passage across the BBB allows administration of a
smaller weight of polypeptide to a patient.

[0115] Flexible polypeptides of the invention are less than
100 amino acids in length, typically 99, 98, 97, 96, 95, 90, 89,
88,87,86, 85,84, 83,82,81,80,79,78,77,76,75,74,73,72,
71,70,69, 68, 67, 66, 65,64, 63,62, 61, 60,59, 58,57, 56, 55,
54,53,52,51,50,49,48,47,46,45,44,43,42,41,40,39, 38,
37,36,35,34,33,32,31,30, 29, 28,27, 26,25,24,23,22,21,
20, 19, 18, 17, 16, 15, 14, 13, 12, 11 or 10 amino acids in
length. Preferably, flexible polypeptides of the invention are
15-24,i.e.15,16,17,18, 19, 20, 21, 22, 23 or 24 amino acids
in length, more preferably 18-21 amino acids in length, i.e.
18, 19, 20 or 21 amino acids in length.

[0116] Most preferably, flexible polypeptides of the inven-
tion are 19 amino acids in length.

[0117] Flexible polypeptides of the invention also include
variants of the flexible polypeptides listed above. Flexible
polypeptides of the invention typically consist of an amino
acid sequence having 85% or more identity, e.g. 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% identity, to one or more of the flexible
polypeptides listed above.

[0118] Preferably, flexible polypeptides of the invention
comprise, or consist of SEQ ID NO: 7,8, 9, 10 or 11 and
fragments or variants thereof.

[0119] Preferred rigid polypeptides of the invention are
SEQ ID NO: 7 (“flex__1), SEQ ID NO: 8 (“flex_2"), SEQ
IDNO: 9 (“flex_3”), SEQID NO: 10 (“flex_ 4”) or SEQ ID
NO: 11 (“flex_5”), as well as fragments and/or variants
thereof.

“flex 1”
(SEQ ID NO: 7): flex 1
TGESNTVRGKRGSYEKDETNR

[0120] In some embodiments, flexible polypeptides of the
invention (i) consist of SEQ ID NO: 7; (ii) comprise the amino
acid sequence of SEQ ID NO: 7; (iii) have at least 85%
identity to SEQ ID NO: 7, i.e. 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%;
and/or (iv) contain 10 or more consecutive amino acids of
SEQ ID NO: 7, i.e. 10, 11, 12, 13, 14, 15, 16, 17, 18 or 19
consecutive amino acids. Flex 1 polypeptides of the inven-
tion are less than 100 amino acids in length.

“flex 2"
(SEQ ID NO: 8): flex 2
FRESNTIRGEKRETTIEKDETNR

[0121] In some embodiments, flexible polypeptides of the
invention (i) consist of SEQ ID NO: 8; (ii) comprise the amino
acid sequence of SEQ ID NO: 8; (iii) typically have at least
85% identity to SEQ ID NO: 8, preferably at least 91%
identity to SEQ ID NO: 8, i.e. 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%; and/or (iv) contain 9 or more consecu-
tiveamino acids of SEQIDNO: 8,1.e.9,10,11,12,13,14, 15,
16, 17, 18 or 19 consecutive amino acids. Flex _ 2 polypep-
tides of the invention are less than 100 amino acids in length.

“flex 37
(SEQ ID NO: 9): flex 3
TKETSATRGEKRETTIE KDEGEK
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[0122] In some embodiments, flexible polypeptides of the
invention (i) consist of SEQ ID NO: 9; (ii) comprise the amino
acid sequence of SEQ ID NO: 9; (iii) typically have at least
85% identity to SEQ ID NO: 9, preferably at least 91%
identity to SEQ ID NO: 9, i.e. 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%; and/or (iv) contain 9 or more consecu-
tiveamino acids of SEQIDNO: 9,1.e.9,10,11,12,13,14, 15,
16, 17, 18 or 19 consecutive amino acids. Flex_ 3 polypep-
tides of the invention are less than 100 amino acids in length.

“flex 4”
(SEQ ID NO: 10): flex 4
ARETSIVRGEKRDYVFIKDEGEK

[0123] In some embodiments, flexible polypeptides of the
invention (i) consist of SEQ ID NO: 10; (ii) comprise the
amino acid sequence of SEQ ID NO: 10; (iii) have at least
85% identity to SEQ ID NO: 7, i.e. 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%; and/or (iv) contain 9 or more consecutive amino acids of
SEQIDNO: 10,i.e.9,10,11,12,13,14,15,16,17,18 or 19
consecutive amino acids. Flex 4 polypeptides of the inven-
tion are less than 100 amino acids in length.

“flex 5”
(SEQ ID NO: 11): flex 5
SSESNITRGEKREYTEKDEGR

[0124] In some embodiments, flexible polypeptides of the
invention (i) consist of SEQ ID NO: 11; (ii) comprise the
amino acid sequence of SEQ ID NO: 11; (iii) typically have at
least 85% identity to SEQ ID NO: 11, preferably at least 90%
identity to SEQ ID NO: 11, i.e. 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%; and/or (iv) contain 10 or more
consecutive amino acids of SEQ ID NO: 11, i.e. 10, 11, 12,
13,14, 15, 16, 17, 18 or 19 consecutive amino acids. Flex_ 5
polypeptides of the invention are less than 100 amino acids in

length.
[0125] Rigid Polypeptides
[0126] A further group of polypeptides identified by the

inventors as being suitable for BBB transport is termed the
“rigid polypeptides™. “Rigid polypeptides” of the invention
are so named because their secondary structure comprises an
a-helix and their design was based on the co-crystallized
RAP-LA complex. Having identified the main interacting
motif of RAP (discussed in the Examples below), the inven-
tors then analysed this to provide further polypeptides that are
able to cross the BBB. Rigid polypeptides of the invention
represent an improvement over full length RAP because they
are much shorter and thus cheaper and easier to produce.
Also, using shorter polypeptides to achieve the same or better
passage across the BBB allows administration of a smaller
weight of polypeptide to a patient.

[0127] Rigid polypeptides of the invention comprise or
consist of an amino acid sequence with the consensus
sequence:

(K/R) A (A/E/Q) K A (A/E/Q) A (K/R)

[0128] Preferably, rigid polypeptides of the invention com-
prise or consist of an amino acid with the consensus sequence:

G D (A/E)go (K/R) A (A/E/Q) K A (A/E/Q) A (K/R) A

X2 GY
[0129] wherein preferably, 4, is 1-10, and , is 1-25
[0130] Rigidpolypeptides of the invention are less than 100

amino acids in length, typically 99, 98, 97, 96, 95, 90, 89, 88,
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87,86,85,84,83,82,81,80,79,78,77,76,75,74,73,72, 71,
70,69, 68,67, 66,65,64,63,62,61,60,59,58,57,56,55,54,
53,52,51,50,49,48,47,46,45,44,43,42,41, 40,39, 38, 37,
36,35,34,33,32,31,30,29,28,27,26,25,24,23,22,21, 20,
19,18,17,16,15,14,13,12, 11 or 10 amino acids in length.
Rigid polypeptides of the invention are preferably 10-45
amino acids inlength,i.e. 10,11,12,13,14,15,16,17,18,19,
20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,
37,38,39,40, 41, 42, 43, 44, or 45 amino acids.

[0131] Rigid polypeptides of the invention also include
variants of the rigid polypeptides listed above. Rigid polypep-
tides of the invention preferably consist of an amino acid
sequence: having 95% or more identity, e.g. at least 95%,
96%, 97%, 98%, 98.5% or 99% identity to one or more of the
rigid polypeptides listed above.

[0132] Preferred rigid polypeptides of the invention are
selected from the group consisting of SEQ ID NO: 12
(“rigid__17), SEQ ID NO: 13 (“rigid_2”), SEQ ID NO: 14
(“rigid__3”), SEQ ID NO: 15 (“rigid_4") or SEQ ID NO: 16
(“rigid_ 57), as well as fragments and/or variants thereof.

“rigid_1”
(SEQ ID NO: 12): rigid 1
GDAAAAKAAKAAAKAAADGY

[0133] The “rigid 1~ polypeptide (SEQ ID NO: 12) is
identified as a single domain binder (i.e. that can interact with
a single LA module of LDLR). In some embodiments, rigid
polypeptides of the invention (i) consist of SEQ ID NO: 12;
(i1) comprise the amino acid sequence of SEQ ID NO: 12; (iii)
typically have at least 85% identity to SEQ ID NO: 12, pref-
erably at least 95% identity to SEQ ID NO: 12,1.e. 95%, 96%,
97%, 98%, 99%; and/or (iv) contain 16 or more consecutive
amino acids of SEQ ID NO: 12, ie. 16, 17, 18, 19 or 20
consecutive amino acids. Rigid__1 polypeptides of the inven-
tion are less than 100 amino acids in length (as discussed
above).

“rigid_2”
(SEQ ID NO: 13): rigid 2
GDAAAARAAKAAARAAADGY

[0134] The “rigid_ 2 polypeptide (SEQ ID NO: 13) is
identified as single domain binder. In some embodiments,
rigid polypeptides of the invention (i) consist of SEQ ID NO:
13; (i1) comprise the amino acid sequence of SEQ ID NO: 13;
(iii) typically have at least 85% identity to SEQ ID NO: 13,
preferably at least 95% identity to SEQ ID NO: 13, 1.e. 95%,
96%, 97%, 98%, 99%; and/or (iv) contain 11 or more con-
secutive amino acids of SEQ IDNO: 13,1.e.11,12,13, 14,15,
16, 17, 18, 19 or 20 consecutive amino acids. Rigid 2
polypeptides of the invention are less than 100 amino acids in
length (as discussed above).

“rigid 37
(SEQ ID NO: 14): rigid 3
GDAAAAKAAKAAAKAAAAAAKAAKAAAKAAADGY

[0135] The “rigid_3” polypeptide (SEQ ID NO: 14) is
identified as a double domain binder (i.e. that can interact
simultaneously with two LA modules of LDLR). In some
embodiments, rigid polypeptides of the invention (i) consist
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of SEQ ID NO: 14; (ii) comprise the amino acid sequence of
SEQ ID NO: 14; (iii) have at least 85% identity to SEQ ID
NO: 14, i.e. 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%; and/or (iv) contain 7
or more consecutive amino acids of SEQ ID NO: 14,1i.e.7, 8,
9,10,11,12,13,14,15,16,17, 18, 19, 20, 21,22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33 or 34 consecutive amino acids.
Rigid 3 polypeptides of the invention are less than 100
amino acids in length (as discussed above).

“rigid 4~
(SEQ ID NO: 15): rigid 4
GDAAEAKAEKAEAKAEAAEAKAEKAEAKAAAEGY

[0136] The “rigid_4” polypeptide (SEQ ID NO: 15) is
identified as a double domain binder. In some embodiments,
rigid polypeptides of the invention (i) consist of SEQ ID NO:
15; (ii) comprise the amino acid sequence of SEQ ID NO: 15;
(iii) have at least 85% identity to SEQ ID NO: 15, i.e. 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%; and/or (iv) contain 7 or more consecu-
tive amino acids of SEQ IDNO: 15,1.e.7,8,9,10,11, 12,13,
14,15,16,17,18,19,20,21, 22,23, 24, 25,26,27, 28, 29, 30,
31, 32, 33 or 34 consecutive amino acids. Rigid_ 4 polypep-
tides of the invention are less than 100 amino acids in length
(as discussed above).

“rigid 5”
(SEQ ID NO: 16): rigid 5
GDAAEAKAQKAQAKANAAKAKAQKAQAKAAANGY

[0137] The “rigid_ 5 polypeptide (SEQ ID NO: 16) is
identified as a putative double domain binder. In some
embodiments, rigid polypeptides of the invention (i) consist
of SEQ ID NO: 16; (ii) comprise the amino acid sequence of
SEQ ID NO: 16; (iii) have at least 85% identity to SEQ ID
NO: 16, i.e. 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%; and/or (iv) contain 7
or more consecutive amino acids of SEQ ID NO: 16,1.e.7, 8,
9,10,11,12,13,14,15,16,17, 18, 19, 20, 21,22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33 or 34 consecutive amino acids.
Rigid 5 polypeptides of the invention are less than 100
amino acids in length (as discussed above).

[0138] Assays for Crossing the Blood Brain Barrier
[0139] Polypeptides and conjugates of the invention can
cross the BBB. The BBB may be in vivo, or may be an ex vivo
or in vitro model of the BBB, as is known in the art. Assays to
test whether a polypeptide or conjugate can cross the BBB are
also well known in the art.

[0140] The skilled person will appreciate that suitable in
vitro BBB models using cells of cerebral origin include: (i)
isolated brain capillaries; (i1) primary or low passage brain
capillary endothelial cell cultures; (iii) bovine brain endothe-
lial cell culture (BBEC); and (iv) immortalized brain endot-
helial cells e.g. RBE4 cell line, RBEC1 cell line and TR-
BBBI13 cell line.

[0141] In vitro BBB models using cells of non-cerebral
origin that are known in the art to be useful as a model of the
BBB include MDCK (Madin-Darby canine kidney) cells and
CaCo-2 cells.

[0142] In vivo models of the BBB include: (i) the carotid
artery injection technique, wherein a test compound is
injected into the common carotid artery of an animal with a
radiolabaelled reference compound and the brain analysed
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seconds after injection; (ii) the in situ perfusion technique,
which involves a longer experimental period with carotid
artery perfusion of the brain followed by sampling of drug
levels within the brain; (iii) the intravenous injection tech-
nique, in which a femoral vein or the tail vein is cannulated
and the test compound injected with a plasma volume marker
and arterial blood collected at various time points; and (iv)
intracerebral microdialysis, which involves direct sampling
ofbrain interstitial fluid by implanting into the brain a dialysis
fibre perfused with a physiological solution, whereby com-
pounds that enter the brain interstitial fluid will permeate into
the physiological solution and can be assayed by an appro-
priate technique (HPLC, capillary electrophoresis).

[0143] It is therefore a straightforward task for the skilled
person to determine whether a given compound is able to
cross the blood brain barrier in a therapeutically useful or
physiologically significant amount.

[0144] An example of a suitable in vitro BBB transport
assay that can be used to confirm that a polypeptide or con-
jugate is able to cross the BBB, is a bovine brain endothelial
cell culture (BBEC). Ina BBEC model, cells are isolated from
the grey matter of the bovine brain and are then typically
grown on surfaces previously coated with rat tail collagen. In
order to improve the model, BBEC can be co-cultured with
primary astrocytes (typically from neonatal rats) or C6 rat
glioma cells. FIG. 22 depicts the co-culture of astrocytes and
bovine brain capillary endothelial cells. These co-culture
assays provide a close resemblance to the BBB in vivo. Cec-
chelli et al (reference 6) describes a preferred BBEC assay
that involves co-culture of bovine brain capillary endothelial
cells and rat primary astrocytes. This assay has been shown to
provide a legitimate in vitro model of the BBB, with a strong
in vivo and in vitro correlation. In this model (in particular as
described on pages 168-172 of reference 6), and as depicted
in FIG. 22, bovine brain endothelial cells are cultured on a
membrane and rat primary astrocytes are cultured on the
bottom of the culture dish.

[0145] As shown in FIG. 22, the culture medium is shared
by both cell populations, allowing humoral interchange with-
out direct cell contact. FIG. 22 illustrates the structure of
confluent bovine brain endothelial cells cultured on an insert
coated with collagen (Millicell C M, 0.4-mm pore size, Mil-
lipore). Bovine brain capillary endothelial cells form a mono-
layer of small, tightly packed, non-overlapping and contact-
inhibited cells. In these culture conditions, bovine brain
capillary endothelial cells retain both endothelial (factor VIII-
related antigen, angiotensin converting enzyme) and the BBB
features. A kit (“CT Bovial@BBB Pack”) for performing this
BBB transport assay is commercially available from Cellial
(Lens, France; www.cellial.com).

[0146] Permeability and general mechanisms of transport
can be elucidated by methods known in the art. In reference 6,
for example, Ringer-HEPES (150 mM NaCl, 5.2 mM KCl,
2.2 mM CaCl , 0.2 mM MgCl, 6 mM NaHCO , 2.8 mM
glucose, 5 mM HEPES) is added to the lower compartments
of a six well plate (2.5 ml per well). One filter is then trans-
ferred into the first well of the six-well plate containing
Ringer, and Ringer containing labeled or unlabelled drugs is
placed in the upper compartment. At different times after
addition of the drugs, the filter is transferred to another well of
the six-well plate to minimize the possible passage from the
lower to the upper compartment. Incubations are performed
on a rocking platform at 37° C. Shaking minimizes the thick-
ness of the aqueous boundary layer on the cell monolayer
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surface and influences the permeability of lipophilic solutes.
An aliquot from each lower compartment and stock solution
is taken and the amount of drugs in each sample is measured
by HPLC for unlabelled drugs or in a liquid scintillation
counter for labelled drugs. Permeability calculations may be
performed as described by Siflinger-Birnboim et al., J Cell.
Physiol. 132; 111-117 (reference 45).

[0147] Theassay described above, or another suitable assay
known in the art, can be used to confirm that polypeptides and
conjugates of the invention are able to cross the blood-brain
barrier.

[0148] Assay for Binding to the LDLR

[0149] Polypeptides and conjugates of the invention were
designed to bind to the LDLR via its LA domain. Whether or
not a polypeptide binds to the LDLR LLA domain can be tested
using standard techniques well known to the skilled person,
for example an immunoassay such as an ELISA assay, a
radioligand binding assay, a surface plasmon resonance assay
such as the Biacore™ method, or a structural analysis (e.g.
X-ray) with and without the test polypeptide. Typically,
polypeptides of the invention bind to the LA domain of LDLR
with at least a micromolar dissociation constant (K ), e.g. at
least 10~°M, preferably a nanomolar K ; e.g. at least 107°M.
[0150] Anti-LDLR antibodies may be used in a competi-
tion assay to test whether a polypeptide or conjugate crosses
the BBB by binding LDLR. Anti-LDLR antibodies compete
for LDLR binding with polypeptides and conjugates that bind
LDLR, and so reduce the amount of polypeptide or conjugate
that binds the LDLR and passes the BBB. LDLR-mediated
crossing of the BBB can therefore be determined by perform-
ing a BBB transport assay, as described above, in the presence
orabsence of anti-LDLR antibodies (that block binding to the
receptor), and comparing the permeability of the BBB to the
peptides and conjugates. A reduced passage across the BBB
in the presence of an anti-LDLR antibody indicates that the
polypeptide or conjugate crosses the BBB mediated by
LDLR.

[0151] Glioma cells are described to overexpress the LRP1
(LDLR) receptor on their surface and this has been confirmed
by contacting glioma cells (U87MG) with abcam L.RP1 anti-
body (1:500 dilution) labelled with Alexa 488. Collocation
was performed with DAPI and photos taken. This can be
repeated with the confocal microscope and with bovine
endothelial cells (BBB kit). Accordingly glioma cells express
LRP1 and an in vitro BBB model comprising glioma cells,
e.g. BBEC co-cultured with glioma cells, may be used in a
competition assay (as described above) to confirm whether a
polypeptide or conjugate crosses the BBB by binding LDLR.
[0152] Polypeptides of the Invention

[0153] Polypeptides comprise two or more amino acid resi-
dues linked by a peptide bond. The term “polypeptide” is used
interchangeably with the term “peptide” and “protein”.
[0154] Polypeptides of the invention can take various
forms, such as native, fusion, glycosylated, non-glycosylated,
lipidated, non-lipidated, phosphorylated, non-phosphory-
lated, myristoylated, non-myristoylated, monomeric, multi-
meric, particulate, or denatured.

[0155] Polypeptides of the invention can be prepared by
various means, including recombinant expression, purifica-
tion from cell culture and chemical synthesis. Recombi-
nantly-expressed polypeptides are preferred, particularly for
hybrid and fusion polypeptides.

[0156] Polypeptides of the invention can be provided in
purified or substantially purified form i.e. substantially free
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from other polypeptides, e.g. free from naturally-occurring
polypeptides, particularly from other host cell polypeptides,
and are generally at least about 50% pure (by weight), and
usually at least about 90% pure i.e. less than about 50%, and
more preferably less than about 10% (e.g. 5%) of a compo-
sition is made up of other expressed polypeptides. Thus the
polypeptides in the compositions are separated from the
whole organism with which the molecule is expressed.

[0157] Polypeptides of the invention are typically isolated
or purified.
[0158] The term “polypeptide” refers to amino acid poly-

mers of any length. The polymer may be linear or branched,
it may comprise modified amino acids, and it may be inter-
rupted by non-amino acids. The term also encompasses an
amino acid polymer that has been modified naturally or by
intervention; for example, disulfide bond formation, glyco-
sylation, lipidation, acetylation, phosphorylation, or any
other manipulation or modification, such as conjugation with
a labelling component. Also included are, for example,
polypeptides containing one or more analogs of an amino
acid (including, for example, unnatural amino acids), as well
as other modifications known in the art. Polypeptides can
occur as single chains or associated chains.

[0159] Variants of polypeptides of the invention preferably
include individual substitutions, deletions or additions to a
polypeptide sequence that result in the substitution of an
amino acid with a chemically similar amino acid. Tables
describing functionally similar amino acids are well known in
the art.

[0160] Conjugates In one aspect, the invention provides a
polypeptide of the invention (i.e. a “regulon polypeptide”,
“RAP polypeptide”, “flexible polypeptide” or “rigid
polypeptide™; e.g. comprising any of SEQ ID Nos. 2 to 16)
linked to an agent. This polypeptide linked to an agent is
referred to as a conjugate, which is common terminology in
the art. Conjugates of the invention are able to cross the BBB.
Typically, the agent is an agent to be transported across the
BBB, such as an agent for use in diagnosis or therapy.

[0161] The agent is typically a therapeutic agent or a diag-
nostic agent.
[0162] The agent may be a drug, a polypeptide, an enzyme,

an antibiotic, an anti-cancer agent, a radioactive agent, an
antibody, a cellular toxin, a detectable label or an anti-angio-
genic compound.

[0163] In some embodiments the agent is a heterologous
polypeptide, e.g. the invention provides a fusion protein con-
taining a polypeptide of the invention and a different polypep-
tide. The skilled person will understand that when the
polypeptide of the invention is a fragment of a longer
polypeptide, the “heterologous protein™ is not the reciprocal
sequence of the longer polypeptide.

[0164] Insomeembodiments,the agent comprises oris part
of a nanoparticle, which acts as a vehicle for the therapeutic
and/or diagnostic agent. The polypeptide of the invention is
typically linked to the surface of the nanoparticle. Preferably
the nanoparticle is biodegradable. The therapeutic or diag-
nostic agent is typically dissolved in, entrapped in, encapsu-
lated in or attached to a nanoparticle matrix. Biodegradable
nanoparticles, particularly those coated with hydrophilic
polymer such as poly(ethylene glycol) (PEG), are useful as
drug delivery devices as they circulate for a prolonged period
and may target a particular site for delivery (Mohanraj &
Chen Trop. I Pharm. Res. 5,561-573 (2006)). The advantages
of using nanoparticles as a release vehicle are manifold. The
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particle size and surface characteristics of nanoparticles can
be easily manipulated to achieve both passive and active
targeting of a therapeutic or diagnostic agent after systemic
passage. In particular, they control and sustain release of the
therapeutic agent during the transportation and at the site of
localization, altering organ distribution of the therapeutic
agent and subsequent clearance of the therapeutic agent so as
to achieve an increase in therapeutic efficacy and a reduction
in side effects by minimising interaction with other organs.
Controlled release and particle degradation characteristics
can be readily modulated by the choice of matrix constituents.
Loading of therapeutic or diagnostic agent is relatively high
and therapeutic or diagnostic agents can be incorporated into
the systems without any chemical reaction; this is an impor-
tant factor for preserving the activity of the therapeutic or
diagnostic agent.
[0165] In one embodiment, the nanoparticle is a nanopar-
ticle as described in co-pending application PCT/IB2012/
052320, wherein the nanoparticle comprises a block copoly-
mer, and optionally one or more therapeutic or diagnostic
agent(s),wherein:

[0166] (i) the block copolymer comprises blocks A and

D.

[0167] (ii) block A consists of a first polymer comprising
monomer units B and C, wherein B is an aliphatic dicar-
boxylic acid wherein the total number of carbon atoms is
=30 and C is a dihydroxy or diamino monomer; and

[0168] (iii) block D consists of a second polymer com-
prising a hydrocarbon chain containing ester or ether
bonds with hydroxyl number =10.

[0169] The therapeutic or diagnostic agent(s) can be
present within the nanoparticles or on the surfaces of the
nanoparticles. The interaction between the therapeutic or
diagnostic agent(s) and the nanoparticle is typically non-
covalent, for example, hydrogen bonding, electrostatic inter-
actions or physical encapsulation. However, in an alternative
embodiment, the therapeutic or diagnostic agent(s) and the
nanoparticle are linked by a covalent bond or linker.

[0170] In some embodiments, the invention provides mul-
timers of polypeptides of the invention conjugated to one or
more agents.

[0171] The conjugates are typically able to cross the BBB
at a level effective to be therapeutically or diagnostically
useful, or at a physiologically significant level. The level of
the therapeutic or diagnostic agent that is required will
depend on the agent, the subject and the condition to be
diagnosed or treated, and can readily be determined by the
skilled person.

[0172] Typically, conjugates of the invention retain the
ability of the polypeptide of the invention to cross the BBB,
i.e., the conjugate has at least 70%, 75%, 80%, 85%, 90%,
95%, 100%, 105%, 110%, 115%, 120%, 125%, 130% of the
ability to cross the BBB compared to the polypeptide of the
invention prior to conjugation with agent. The ability to cross
the BBB may be assessed using any suitable BBB transport
assay, including the assays recited above.

[0173] Conjugates wherein the Agent is a Therapeutic
Agent
[0174] Inone embodiment, the agent to which the polypep-

tide of the invention is linked, is a therapeutic agent. The
therapeutic agent is typically a drug.

[0175] The therapeutic agent may in certain embodiments
be a small molecule drug, typically having a molecular
weight of less than 1000 daltons. In other embodiments, the
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therapeutic agent may be a “biological” such as an antibody
orantibody fragment, interleukin, interferon, or other protein.
[0176] Inone embodiment, the invention provides a fusion
protein containing a polypeptide of the invention and a het-
erologous (therapeutic) polypeptide.

[0177] Typical therapeutic agents include (i) chemothera-
peutic agents, which may function as microtubulin inhibitors,
mitosis inhibitors, topoisomerase inhibitors, or DNA interca-
lators; (i1) protein toxins, which may function enzymatically;
(iii) radioisotopes; (iv) antibiotics; (v) analgesics; (vi) anti-
psychotics; and (vii) anti-depressants. Therapeutic agents
that are active within the CNS, more preferably in the brain,
are preferred. These include (i) psychoactive drugs including
anti-depressants, anti-psychotics, stimulants, anxiolytics and
depressants, and (ii) antineoplastic drugs to treat a brain neo-
plasm, e.g. a brain tumour.

[0178] Conjugates wherein the Agentis a Diagnostic Agent
[0179] Inoneembodiment, the agent to which the polypep-
tide of the invention is linked, is a diagnostic agent. A diag-
nostic agent is an agent that can be used to determine the
presence or extent of a disease, disorder, condition or pathol-
ogy; preferably, a neurological disease is diagnosed. Typical
diagnostic agents are x-ray contrast preparations, radioactive
isotopes, labels and dyes.

[0180] Thediagnostic agent typically comprises or consists
of'adye, achemi-luminescent dye, radioimaging agent, metal
chelate complex, label e.g. fluorescent label, enzyme-sub-
strate label, an antibody or an antibody fragment thereof.
[0181] The term “label” as used herein refers to a agent
which can be attached to a polypeptide of the invention that
functions to: (i) provide a detectable signal; (ii) interact with
a second label to modify the detectable signal provided by the
first or second label, e.g. FRET (fluorescence resonance
energy transfer); (iii) stabilize interactions or increase affinity
of binding, with antigen or ligand; (iv) affect mobility, e.g.
electrophoretic mobility, or cell-permeability, by charge,
hydrophobicity, shape, or other physical parameters, or (v)
provide a capture moiety, to modulate ligand affinity, anti-
body/antigen binding, or ionic complexation.

[0182] In some embodiments, the diagnostic agent is a
heterologous polypeptide e.g. the invention provides a fusion
protein containing a polypeptide of the invention and a het-
erologous (diagnostic) polypeptide. The heterologous
polypeptide may be labelled. The heterologous polypeptide
may be an antibody, antibody fragment, receptor or other
polypeptide able to selectively bind to a target, such as an
altered protein characteristic of a disease pathology. For
example, a labelled antibody or fragment that selectively
binds to amyloid plaques could be used to diagnose Alzhe-
imer’s disease, while a labelled antibody or fragment that
selectively binds to a tumour marker could be sued to diag-
nose the presence of a tumour.

[0183] Linking Polypeptides of the Invention to Agents
[0184] Polypeptides of the invention can be linked, i.e.
conjugated, to agents by any suitable means known in the art.
Typically, the linkage will be carried out by chemical conju-
gation or (when the agent is a polypeptide) by expressing a
fusion protein comprising the polypeptide of the invention
and the agent.

[0185] Insomeembodiments, the polypeptide of the inven-
tion is conjugated to the agent via a “linker”. Linkers have at
least two reactive sites. One reactive site of the linker is bound
to a residue of the polypeptide, and the other reactive site is
bound to the agent. A linker is a bifunctional or multifunc-
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tional moiety which can be used to link one or more agents to
a polypeptide of the invention to form a conjugate. Conju-
gates can be conveniently prepared using a linker having
reactive functionality for binding to the agent and to the
polypeptide of the invention. In some embodiments, for
example wherein the conjugate comprises a polypeptide of
the invention and a heterologous protein (i.e. the agent), the
linker can be another polypeptide sequence positioned at the
C-terminus of the polypeptide of the invention and at the
N-terminus of the agent, or vice versa. In such cases, conju-
gates can be conveniently prepared by expressing the
polypeptide of the invention, the heterologous protein (i.e. the
agent) and the polypeptide linker as a hybrid or fusion pro-
tein.

[0186] Inother embodiments, the polypeptide of the inven-
tion is conjugated directly to the agent (i.e. the polypeptide of
the invention is not conjugated to the agent via a linker).
[0187] In some embodiments, the agent is a heterologous
polypeptide. In such cases, the polypeptide of the invention is
typically conjugated to the agent via a peptide bond. Peptide
bonds can be prepared, for example, according to the liquid
phase synthesis method (see E. Schroder and K. Luibke, “The
polypeptides”, volume 1, pp 76-136, 1965, Academic Press)
that is well known in the field of polypeptide chemistry.
[0188] Peptide bonds between polypeptides of the inven-
tion and heterologous polypeptides (and optionally a
polypeptide linker) may be formed by expressing the conju-
gate as a hybrid or fusion polypeptide.

[0189] Conjugates comprising a polypeptide of the inven-
tion and an agent that is a heterologous polypeptide may be
represented by the formula NH,-F-A-{-X-L-} -B-G-COOH,
wherein: X is an amino acid sequence of a polypeptide of the
invention; L is an optional linker amino acid sequence; A is an
optional amino acid sequence; B is an optional amino acid
sequence; F is an optional amino acid sequence encoding an
agent; G is an optional amino acid sequence encoding an
agent; n is an integer of 1 or more (e.g. 2, 3, 4, 5, 6, etc.).
Usually nis 1, 2 or 3. Conjugates of the invention comprising
an agent that is a heterologous polypeptide comprise F and/or
G. F and G can be the same agent or different agents.

[0190] For each n instances of {-X-L-}, linker amino acid
sequence -L.- may be present or absent. For instance, when
n=2the hybrid may be . . . X,-L,;-X,-L, .. . X;-L,-X, . . ., .
.. X;-X5-L, , etc. Linker amino acid sequence(s) -L- will
typically be short (e.g. 20 or fewer amino acids i.e. 20, 19, 18,
17,16,15,14,13,12,11,10,9,8,7,6,5,4,3,2, 1). Examples
comprise short polypeptide sequences which facilitate clon-
ing, poly-glycine linkers (i.e. comprising Gly, where n=2, 3,
4,5,6,7,8,9, 10 or more), and histidine tags (i.e. His where
n=3,4,5,6,7,8,9, 10 or more). Other suitable linker amino
acid sequences will be apparent to those skilled in the art. A
useful linker is GSGGGG (SEQ ID NO:17) or GSGSGGGG
(SEQ ID NO:18), with the Gly-Ser dipeptide being formed
from a BamHI restriction site, thus aiding cloning and
manipulation, and the (Gly), tetrapeptide being a typical
poly-glycine linker. Other suitable linkers, particularly for
use as the final L, are a Leu-Glu dipeptide or SEQ ID NO: 19.
In some embodiments, L is absent, e.g. when X is directly
attached to another X and/or B only by peptide bond.

[0191] -A- is an optional N-terminal amino acid sequence.
This will typically be short (e.g. 40 or fewer amino acids i.e.
40,39,38,37,36,35,34,33,32,31,30,29,28,27, 26,25, 24,
23,22,21,20,19,18,17,16, 15, 14,13,12,11, 10,9, 8,7, 6,
5, 4, 3, 2, 1). Examples include leader sequences to direct
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protein trafficking, or short polypeptide sequences which
facilitate cloning or purification (e.g. histidine tags i.e. His
where n=3, 4, 5, 6, 7, 8, 9, 10 or more). Other suitable
N-terminal amino acid sequences will be apparent to those
skilled in the art. If X lacks its own N-terminus methionine,
-A-is preferably an oligopeptide (e.g. with 1,2,3,4,5,6,7or
8 amino acids) which provides a N-terminus methionine e.g.
Met-Ala-Ser, or a single Met residue.

[0192] —B— is an optional C-terminal amino acid
sequence. This will typically be short (e.g. 40 or fewer amino
acids i.e. 39, 38,37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26,
25,24,23,22,21,20,19,18,17,16,15,14,13,12,11, 10,9,
8,7,6,5,4,3,2,1). Examples include sequences to direct
protein trafficking, short polypeptide sequences which facili-
tate cloning or purification (e.g. comprising histidine tags i.e.
His where n=3, 4, 5, 6, 7, 8, 9, 10 or more), or sequences
which enhance protein stability. Other suitable C-terminal
amino acid sequences will be apparent to those skilled in the
art.

[0193] Insomeembodiments, the agent is released from the
polypeptide of the invention after crossing the BBB. This may
be achieved via enzymatic activity in the brain, or in response
to physiochemical difference in the brain.

[0194] Producing Polypeptides of the Invention

[0195] In one embodiment, the invention provides a pro-
cess for producing polypeptides and conjugates of the inven-
tion, comprising the step of culturing a host cell transformed
with nucleic acid encoding a polypeptide or conjugate of the
invention, under conditions which induce polypeptide
expression.

[0196] The invention may use a heterologous host for
expression. The heterologous host may be prokaryotic (e.g. a
bacterium) or eukaryotic. It may be E. coli, but other suitable
hosts include Brevibacillus chosinensis, Bacillus subtilis,
Vibrio cholerae, Salmonella typhi, Salmonella typhimurium,
Neisseria lactamica, Neisseria cinerea, Mycobacteria (e.g.
M. tuberculosis), yeasts, etc. It is often helpful to change
codons to optimise expression efficiency in such hosts with-
out affecting the encoded amino acids.

[0197] The term “recombinant host cell” (or simply “host
cell”) refers to a cell into which a recombinant expression
vector has been introduced. It should be understood that such
terms are intended to refer not only to the particular subject
cell but to the progeny of such a cell. The term “operably
linked” refers to a functional relationship between two or
more polynucleotide (e.g., DNA) segments. Typically, it
refers to the functional relationship of a transcriptional regu-
latory sequence to a transcribed sequence. For example, a
promoter or enhancer sequence is operably linked to a coding
sequence if it stimulates or modulates the transcription of the
coding sequence in an appropriate host cell or other expres-
sion system. Generally, promoter transcriptional regulatory
sequences that are operably linked to a transcribed sequence
are physically contiguous to the transcribed sequence, i.e.
they are cis-acting. However, some transcriptional regulatory
sequences, such as enhancers, need not be physically contigu-
ous or located in close proximity to the coding sequences
whose transcription they enhance.

[0198] The invention also provides a process for producing
a polypeptide or conjugate of the invention, comprising the
step of synthesising the polypeptide or conjugate chemically.
Polypeptides and conjugates of the invention may be pre-
pared by several routes, employing organic chemistry reac-
tions, conditions, and reagents known to those skilled in the

Dec. 31, 2015

art, including: (1) reaction of a cysteine group of a modified
polypeptide with a linker, to form a polypeptide -linker inter-
mediate, via a covalent bond, followed by reaction with an
activated agent; and (2) reaction of a nucleophilic group of the
agent with a linker, to form an agent-linker intermediate, via
acovalent bond, followed by reaction with a cysteine group of
amodified polypeptide. Conjugation methods (1) and (2) may
be employed with a variety of modified polypeptides, agents,
and linkers to prepare the conjugates of the invention.

[0199] Pharmaceutical Compositions containing polypep-
tides and conjugates In another aspect, the present invention
provides a composition, e.g. a pharmaceutical composition,
containing one or more polypeptides and/or conjugates of the
invention, formulated together with a pharmaceutically
acceptable carrier, diluent or excipient. Pharmaceutical com-
positions of the invention can optionally be administered in
combination therapy, i.e. combined with other agents. For
example, the combination therapy can include a conjugate of
the present invention combined with at least one other drug.

[0200] As used herein, “pharmaceutically acceptable car-
rier” includes any and all solvents, dispersion media, coat-
ings, antibacterial and antifungal agents, isotonic and absorp-
tion delaying agents, and the like that are physiologically
compatible. Preferably, the carrier is suitable for intravenous,
intramuscular, subcutaneous, parenteral, spinal or epidermal
administration (e.g., by injection or infusion).

[0201] Pharmaceutical compositions are preferably sterile
and stable under conditions of manufacture and storage.

[0202] Compositions can be formulated as a solution,
microemulsion, liposome, or other ordered structure suitable
to high drug concentration. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), and suitable mixtures
thereof. The proper fluidity can be maintained, for example,
by the use of a coating such as lecithin, by the maintenance of
the required particle size in the case of dispersion and by the
use of surfactants. In many cases, it will be preferable to
include isotonic agents, for example, sugars, polyalcohols
such as mannitol, sorbitol, or sodium chloride in the compo-
sition. Prolonged absorption of the injectable compositions
can be brought about by including in the composition an agent
that delays absorption, for example, monostearate salts and
gelatin.

[0203] Depending on the route of administration, the
polypeptide or conjugate may be coated in a material to
protect it from activation, particularly after administration.
[0204] The pharmaceutical compositions of the invention
may include one or more pharmaceutically acceptable salts. A
“pharmaceutically acceptable salt” refers to a salt that retains
the desired biological activity of the parent compound and
does not impart any undesired toxicological effects (see e.g.,
Berge, S. M., etal. (1977) J. Pharm. Sci. 66:1-19). Examples
of such salts are known in the art.

[0205] To control tonicity, a physiological salt, such as a
sodium salt, may be included. Sodium chloride (NaCl) is
preferred, which may be present at between 1 and 20 mg/ml
e.g. about 10+£2 mg/ml NaCl. Other salts that may be present
include potassium chloride, potassium dihydrogen phos-
phate, disodium phosphate dehydrate, magnesium chloride,
calcium chloride, etc.

[0206] Compositions will generally have an osmolality of
between 200 mOsm/kg and 400 mOsm/kg, preferably
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between 240-360 mOsnvkg, and will more preferably fall
within the range of 290-310 mOsm/kg.

[0207] Compositions may include one or more buffers.
Typical butfers include: a phosphate buffer; a Tris buffer; a
borate buffer; a succinate buffer; a histidine buffer (particu-
larly with an aluminium hydroxide adjuvant); or a citrate
buffer. Buffers will typically be included in the 5-20 mM
range.

[0208] The pH of a composition will generally be between
5 and 8.1, and more typically between 6 and 8 e.g. 6.5 and 7.5,
or between 7.0 and 7.8.

[0209] The composition is typically gluten free.

[0210] A pharmaceutical composition of the invention also
may include a pharmaceutically acceptable antioxidant.
Examples of pharmaceutically acceptable antioxidants
include: (1) water soluble antioxidants, such as ascorbic acid,
cysteine hydrochloride, sodium bisulfate, sodium met-
abisulfite, sodium sulfite and the like; (2) oil-soluble antioxi-
dants, such as ascorbyl palmitate, butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl
gallate, alpha-tocopherol, and the like; and (3) metal chelat-
ing agents, such as citric acid, ethylenediamine tetraacetic
acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the
like.

[0211] A composition may include a temperature protec-
tive agent. A liquid temperature protective agent may be
added to a composition to lower its freezing point e.g. to
reduce the freezing point to below 0° C. Thus the composition
can be stored below 0° C., but above its freezing point, to
inhibit thermal breakdown. The temperature protective agent
also permits freezing of the composition while protecting
mineral salt adjuvants against agglomeration or sedimenta-
tion after freezing and thawing, and may also protect the
composition at elevated temperatures e.g. above 40° C. Suit-
able temperature protective agents should be safe for human
administration, readily miscible/soluble in water, and should
not damage other components in the composition. Examples
include glycerin, propylene glycol, and/or polyethylene gly-
col (PEG). Suitable PEGs may have an average molecular
weight ranging from 200-20,000 Da. In a preferred embodi-
ment, the polyethylene glycol can have an average molecular
weight of about 300 Da (TEG-300").

[0212] Prevention of presence of microorganisms may be
ensured both by sterilization procedures, and by the inclusion
of various antibacterial and antifungal agents, for example,
paraben, chlorobutanol, phenol sorbic acid, and the like. It
may also be desirable to include isotonic agents, such as
sugars, sodium chloride, and the like into the compositions.

[0213] Polypeptides and conjugates may be stabilized in
formulations using combinations of different classes of
excipients, e.g. (1) disaccharides (e.g. Saccharose, Trehalose)
or polyols (e.g. Sorbitol, Mannitol) act as stabilizers by pref-
erential exclusion and are also able to act as cryoprotectants
during lyophilization, (2) surfactants (e.g. Polysorbat 80,
Polysorbat 20) act by minimizing interactions of proteins on
interfaces like liquid/ice, liquid/material-surface and/or lig-
uid/air interfaces and (3) buffers (e.g. phosphate-, citrate-,
histidine) help to control and maintain formulation pH.
Accordingly, such disaccharides polyols, surfactants and
buffers may be used in addition to the methods of the present
invention to further stabilize polypeptides and conjugates of
the invention and prevent e.g. their aggregation.

[0214] Sterile injectable solutions can be prepared by
incorporating the active compound in the required amount in
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an appropriate solvent with one or a combination of ingredi-
ents listed herein, as required, followed by sterilization
microfiltration. Generally, dispersions are prepared by incor-
porating the active compound into a sterile vehicle that con-
tains a basic dispersion medium and the required other ingre-
dients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum drying and
freeze-drying (lyophilization) that yield a powder of the
active ingredient plus any additional desired ingredient from
a previously sterile-filtered solution thereof.

[0215] The amount of agent which can be conjugated to a
polypeptide of the invention to produce a single dosage form
will vary depending upon the subject being treated, and the
particular mode of administration. Typically, the amount will
be an amount that produces a therapeutic effect. Generally,
out of one hundred per cent, this amount will range from
about 0.01% to about ninety-nine% of active ingredient, pref-
erably from about 0.1% to about 70%, most preferably from
about 1% to about 30% of polypeptide or conjugate in com-
bination with a pharmaceutically acceptable carrier.

[0216] Medical Uses and Methods of Treatment

[0217] The polypeptides and conjugates of the invention
are useful in therapy. In particular, they are useful in deliver-
ing therapeutic agents to the brain. The disease to be treated
will depend on the therapeutic agent that is transported by the
polypeptide of the invention, but diseases of the brain are
preferred. Diseases that can be treated therefore include neu-
rological diseases, optionally a brain tumor, brain metastasis,
schizophrenia, epilepsy, Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease, stroke, and/or disease associ-
ated with malfunction of the BBB.

[0218] Dosages and Administration

[0219] Dosage regimens are adjusted to provide the opti-
mum desired response (e.g. a therapeutic response). For
example, a single bolus may be administered, several divided
doses may be administered over time or the dose may be
proportionally reduced or increased as indicated by the exi-
gencies of the therapeutic situation. It is especially advanta-
geous to formulate parenteral compositions in dosage unit
form for ease of administration and uniformity of dosage.
Dosage unit form as used herein refers to physically discrete
units suited as unitary dosages for the subjects to be treated;
each unit contains a predetermined quantity of polypeptide or
conjugate to produce the desired therapeutic effect in asso-
ciation with the required pharmaceutical carrier. The specifi-
cation for the dosage unit forms of the invention are dictated
by and directly dependent on (a) the unique characteristics of
the polypeptide or conjugate and the particular therapeutic
effect to be achieved, and (b) the limitations inherent in the art
of compounding such a polypeptide or conjugate for the
treatment of sensitivity in individuals.

[0220] Alternatively a polypeptide or conjugate of the
invention can be administered as a sustained release formu-
lation, in which case less frequent administration is required.
Dosage and frequency vary depending on the half-life of
polypeptide or conjugate administered to the patient. The
dosage and frequency of administration can vary depending
on whether the treatment is prophylactic or therapeutic. In
prophylactic applications, a relatively low dosage is admin-
istered at relatively infrequent intervals over a long period of
time. Some patients continue to receive treatment for the rest
of their lives. In therapeutic applications, a relatively high
dosage atrelatively short intervals is sometimes required until
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progression of the disease is reduced or terminated, and pref-
erably until the patient shows partial or complete ameliora-
tion of symptoms of disease. Thereafter, the patient can be
administered a prophylactic regime.

[0221] Actual dosage levels of the polypeptides or conju-
gates in the pharmaceutical compositions of the present
invention may be varied so as to obtain an amount of the
active ingredient which is effective to achieve the desired
therapeutic response for a particular patient, composition,
and mode of administration, without being toxic to the
patient. The selected dosage level will depend upon a variety
of pharmacokinetic factors including the activity of the par-
ticular compositions of the present invention employed, the
route of administration, the time of administration, the rate of
excretion of the polypeptide or conjugate (or agent)
employed, the duration of the treatment, other drugs, com-
pounds and/or materials used in combination with the
polypeptide or conjugate employed, the age, sex, weight,
condition, general health and prior medical history of the
patient being treated, and like factors well known in the
medical arts.

[0222] A “therapeutically effective dosage” of polypeptide
or conjugate of the invention preferably results in a decrease
in severity of disease symptoms, an increase in frequency and
duration of disease symptom-free periods, or a prevention of
impairment or disability due to the disease affliction.

[0223] A composition of the present invention can be
administered via one or more routes of administration using
one or more of a variety of methods known in the art. As will
be appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired results.
Preferred routes of administration include intracranial, intra-
nasal, intraocular, intravenous, intramuscular, intradermal,
intraperitoneal, subcutaneous, spinal or other parenteral
routes of administration, for example by injection or infusion.
The phrase “parenteral administration” as used herein means
modes of administration other than enteral and topical admin-
istration, usually by injection, and includes, without limita-
tion, intravenous, intramuscular, intraarterial, intrathecal, int-
racapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular,
intraarticular, subcapsular, subarachnoid, intraspinal, epidu-
ral and intrasternal injection and infusion.

[0224] Alternatively, a polypeptide or conjugate of the
invention can be administered via a nonparenteral route, such
as atopical, epidermal or mucosal route of administration, for
example, intranasally, orally, vaginally, rectally, sublingually
or topically.

[0225] The polypeptides and conjugates of the invention
are able to cross the Blood Brain Barrier. Accordingly, the
polypeptides and conjugates are typically administered
through a route that requires passage across the BBB, i.e. a
peripheral administration. Commonly used administration
routes that require passage across the BBB are intravenous,
intramuscular, intraarterial and intraperitoneal.

[0226] The polypeptide or conjugate can be prepared with
carriers that protect against rapid release, such as a controlled
release formulation, including implants, transdermal patches,
and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl
acetate, polyanhydrides, polyglycolic acid, collagen, poly-
orthoesters, and polylactic acid. Many methods for the prepa-
ration of such formulations are patented or generally known
to those skilled in the art. See, e.g., Sustained and Controlled
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Release Drug Delivery Systems, J. R. Robinson, ed., Marcel
Dekker, Inc., New York, 1978.

[0227] Polypeptides, conjugates or pharmaceutical compo-
sitions of the invention can be administered with medical
devices known in the art.

[0228] Diagnostic Uses and Methods of Diagnosis

[0229] The polypeptides and conjugates of the invention
are useful in diagnosis. In particular, they are useful in deliv-
ering diagnostic agents to the brain. The disease to be diag-
nosed or monitored will depend on the diagnostic agent that is
transported by the polypeptide of the invention, but diseases
of the brain are preferred. Diseases that can be diagnosed or
monitored therefore include neurological diseases, optionally
a brain tumor, brain metastasis, schizophrenia, epilepsy,
Alzheimer’s disease, Parkinson’s disease, Huntington’s dis-
ease, stroke, and/or disease associated with malfunction of
the BBB.

[0230] Nucleic Acids

[0231] The invention also provides compositions compris-
ing nucleic acids (e.g. combinations of nucleic acids, vectors,
or vector combinations) encoding the polypeptides of the
invention. The invention also provides compositions com-
prising nucleic acids (e.g. combinations of nucleic acids,
vectors, or vector combinations) encoding the conjugates of
the invention, particularly wherein the agent is a polypeptide.

[0232] Nucleic acids may be optimised to improve expres-
sion.
[0233] Nucleotide sequences encoding polypeptides or

conjugates of the invention may be designed according to the
genetic code. Thus, in the context of the present invention,
such a nucleotide sequence may encode one or more of the
polypeptide sequences disclosed herein.

[0234] The invention also provides nucleic acids which can
hybridize to these nucleic acids. Hybridization reactions can
be performed under conditions of different “stringency”.
Conditions that increase stringency of a hybridization reac-
tion of widely known and published in the art (e.g. page 7.52
of [13]). Examples of relevant conditions include (in order of
increasing stringency): incubation temperatures of 25° C.,
37° C., 50° C., 55° C. and 68° C.; buffer concentrations of
10xSSC, 6xSSC, 1xSSC, 0.1xSSC (where SSC is 0.15 M
NaCl and 15 mM citrate buffer) and their equivalents using
other buffer systems; formamide concentrations of 0%, 25%,
50%, and 75%; incubation times from 5 minutes to 24 hours;
1, 2, or more washing steps; wash incubation times of 1, 2, or
15 minutes; and wash solutions of 6xSSC, 1xSSC, 0.1xSSC,
or de-ionized water. Hybridization techniques and their opti-
mization are well known in the art [7, 8, 9, etc.].

[0235] A nucleic acid may hybridize to a target under low
stringency conditions; in other embodiments it hybridizes
under intermediate stringency conditions; in preferred
embodiments, it hybridizes under high stringency conditions.
An exemplary set of low stringency hybridization conditions
is 50° C. and 10xSSC. An exemplary set of intermediate
stringency hybridization conditions is 55° C. and 1xSSC. An
exemplary set of high stringency hybridization conditions is
68° C. and 0.1xSSC.

[0236] The invention includes nucleic acid comprising
sequences complementary to nucleic acid sequences encod-
ing polypeptides or conjugates of the invention (e.g. for anti-
sense or probing, or for use as primers).

[0237] Nucleic acids according to the invention can take
various forms (e.g. single-stranded, double-stranded, vectors,
primers, probes, labelled etc.). Nucleic acids of the invention
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may be circular or branched, but will generally be linear.
Unless otherwise specified or required, any embodiment of
the invention that utilizes a nucleic acid may utilize both the
double-stranded form and each of two complementary single-
stranded forms which make up the double-stranded form.
Primers and probes are generally single-stranded, as are anti-
sense nucleic acids.

[0238] Nucleic acids encoding polypeptides or conjugates
of the invention are preferably provided in purified or sub-
stantially purified form i.e. substantially free from other
nucleic acids (e.g. free from naturally-occurring nucleic
acids), particularly from host cell nucleic acids, generally
being at least about 50% pure (by weight), and usually at least
about 90% pure.

[0239] Nucleic acids encoding polypeptides or conjugates
of'the invention may be prepared in many ways e.g. by chemi-
cal synthesis (e.g. phosphoramidite synthesis of DNA) in
whole or in part, by digesting longer nucleic acids using
nucleases (e.g. restriction enzymes), by joining shorter
nucleic acids or nucleotides (e.g. using ligases or poly-
merases), from genomic or cDNA libraries, etc.

[0240] The term “nucleic acid” includes in general means a
polymeric form of nucleotides of any length, which contain
deoxyribonucleotides, ribonucleotides, and/or their analogs.
It includes DNA, RNA, DNA/RNA hybrids. It also includes
DNA or RNA analogs, such as those containing modified
backbones (e.g. polypeptide nucleic acids (PNAs) or phos-
phorothioates) or modified bases. Thus the invention includes
mRNA, tRNA, rRNA, ribozymes, DNA, cDNA, recombinant
nucleic acids, branched nucleic acids, plasmids, vectors,
probes, primers, etc. Where nucleic acid of the invention takes
the form of RNA, it may or may not have a 5' cap.

[0241] Nucleic acids encoding polypeptides or conjugates
described herein may be part of a vector.

[0242] The term “complement” or “complementary” when
used in relation to nucleic acids refers to Watson-Crick base
pairing. Thus the complement of C is G, the complement of G
is C, the complement of A is T (or U), and the complement of
T (or U) is A. It is also possible to use bases such as I (the
purine inosine) e.g. to complement pyrimidines (C or T).
[0243] Nucleic acids encoding polypeptides or conjugates
of the invention can be used, for example: to produce
polypeptides; as hybridization probes for the detection of
nucleic acid in biological samples; to generate additional
copies of the nucleic acids; to generate ribozymes or anti-
sense oligonucleotides; as single-stranded DNA primers or
probes; or as triple-strand forming oligonucleotides.

[0244] The invention provides a process for producing
nucleic acid encoding polypeptides of conjugates of the
invention, wherein the nucleic acid is synthesised in part or in
whole using chemical means.

[0245] The invention provides vectors comprising nucle-
otide sequences encoding polypeptides of conjugates of the
invention (e.g. cloning or expression vectors) and host cells
transformed with such vectors.

[0246] As used herein, the term, “optimized” means that a
nucleotide sequence has been altered to encode an amino acid
sequence using codons that are preferred in the production
cell or organism, generally a eukaryotic cell, for example, a
cell of Pichia, a Chinese Hamster Ovary cell (CHO) or a
human cell. The optimized nucleotide sequence is engineered
to retain completely or as much as possible the amino acid
sequence originally encoded by the starting nucleotide
sequence, which is also known as the “parental” sequence.
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Optimized expression of these sequences in other eukaryotic
cells is also envisioned herein. The amino acid sequences
encoded by optimized nucleotide sequences are also referred
to as optimized.

[0247] Sequence Identity For sequence comparison, typi-
cally one sequence acts as a reference sequence, to which test
sequences are compared. When using a sequence comparison
algorithm, test and reference sequences are entered into a
computer, subsequence coordinates are designated, if neces-
sary, and sequence algorithm program parameters are desig-
nated. Default program parameters can be used, or alternative
parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for
the test sequences relative to the reference sequence, based on
the program parameters. When comparing two sequences for
identity, it is not necessary that the sequences be contiguous,
but any gap would carry with it a penalty that would reduce
the overall percent identity. For blastn, the default parameters
are Gap opening penalty=5 and Gap extension penalty=2. For
blastp, the default parameters are Gap opening penalty=11
and Gap extension penalty=1.

[0248] Percent sequence identities referred to herein are
determined in accordance with BLAST algorithms, which are
described in Altschul et al., Nuc. Acids Res. 25:3389-3402,
1977, and Altschul et al., J. Mol. Biol. 215:403-410, 1990,
respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotech-
nology Information. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expec-
tation (E) or 10, M=5, N=—4 and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength of 3, and expectation (E) of 10,
and the BLOSUMBS62 scoring matrix (see Henikotf and Heni-
koff, Proc. Natl. Acad. Sci. USA 89:10915, 1989) alignments
(B) of 50, expectation (E) of 10, M=5, N=-4, and a compari-
son of both strands.

[0249]

[0250] The term “amino acid sequence”, as it is used in this
document, should be taken to include reference to each of the
sequences disclosed herein, as well as to their fragments,
homologues, derivatives and variants.

[0251] Theterm “comprising” encompasses “including” as
well as “consisting” e.g. a composition “comprising” X may
consist exclusively of X or may include something additional
e.g. X+Y.

General

[0252] The term “consisting of”” means “including and lim-
ited to”.
[0253] The term “consisting essentially of” means that the

composition, method or structure may include additional
ingredients, steps and/or parts, but only if the additional
ingredients, steps and/or parts do not materially alter the basic
and novel characteristics of the claimed composition, method
or structure.

[0254] The term “about” in relation to a numerical value x
means x+10%.
[0255] The practice of the present invention will employ,

unless otherwise indicated, conventional methods of chemis-
try, biochemistry, molecular biology, immunology and phar-
macology, within the skill of the art. Such techniques are
explained fully in the literature. See [10-17].

[0256] The invention is further described with reference to
the following non-limiting examples.
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EXAMPLES

[0257] Compilation of the LA-Interacting Polypeptide
Database
[0258] To compile an [LA-interacting polypeptide database,

the inventors gathered structural information on all polypep-
tides known to be able to interact with the LA domain of the
LDLR family members.

[0259]
deduce important features that a chemical entity must have to
interact with the LA domain. The following LDLR family
members were considered (see FIG. 1):

These structural data allowed the inventors to

[0260] 1.LDLR (low density lipoprotein receptor) is the
prototype of all family members;

[0261] 2. VLDLR (very low density lipoprotein recep-
tor);
[0262] 3. ApoER2 (apolipoprotein E-receptor 2, also

known as LRPS);

[0263] 4. MEGF7 (Epidermal growth factor-like protein
7, also known as LRP4);

[0264] 5. LRP1 (LDL receptor-related proteins 1, also
known as LRP);

[0265] 6. LRP1B (LDL receptor-related protein 1B)

[0266] 7. LRP2 (LDL receptor-related proteins 2, also
known as Megalin).

TABLE 1
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[0267] In Table 1 we report all the binding partners
(ligands) of each LDLR family member, which are found in
the literature. The group of ligands that interact with LA
modules of LDLR members are named herein as the “LA-
interacting polypeptide database”.

[0268] Rationalization of Important Interacting Patterns
[0269] The information found for the interacting partners
of'the LDLR family LA domain can be divided into 2 parts:
one part relates to the activity data and the other relates to
structural information. In the literature, few activity data sets
were obtained using comparable experimental conditions,
and so the use of these data for the building of predictive
models is not generally recommended. Nevertheless, the
inventors were able to extract and exploit certain important
information from these structural data.

[0270] The inventors found that these structural data are
very heterogeneous:

[0271] Some ligands bind to just a single LA domain,
while some others establish interactions with 2 modules
(taking advantage of an avidity effect).

[0272] Some ligands (e.g. the small angiopep polypep-
tides) interact with residues which are localized close to
each other in respect to the primary structure, while
others interact with residues that are very far away from
each other, and constitute a different part of the amino
acid sequence.

Interaction partners of LDLR-family LA domain [references 18, 19, 20, 21, 22, 23, 24, 25,

26,27, 28, 29, 30 and 31].

Host(module/
domain) Ligand(section) Method used in the study Comments References
LRP1(LA) Angiopeps Transcytosys and volume of Demeule et al.

LRP1(LA16-18)

LRP1(sLRPs)

distribution measures.

apoE(130-149) NMR

1) apoE(130-149)
2) apoE(141-155)?

Solution binding assays.
Surface plasmon resonance

LDLR(LA4-LAS) RAP (D3) Crystallography

LDLR(LA4-LAS) LDLR(YWTD, p-propeller) Crystallography

VLDLR(V3) HRV(VP1) Crystallography

LDLR(LA4) B2GPI(DS5) NMR relaxation, NMR titration,
molecular docking guided by
NMR-derived restraints and
extensively validated (Haddock)

ApoER2(LA1) Reelin(repeat 5-6) Crystallography

ApoER2(LA4) B2GPI(DS5) Mutation studies,
immunoprecipitation.

LRP1(LAS5_LA6) RAP(D2) NMR, NMR-derived restraints
docking (Haddock)

LDLR(LA7) LDLR(EGF(A)) NMR

PDB code: 1XFE

Fusion protein between host Guttman et al.
and ligand.

Activity data available.

PDB code: 2KNY

Double domain binder (ligand)*. Croy et al.

Affinity data available.

PDB code: 2FCW

Double domain binder (ligand).
Intramolecular interaction.

PDB code: IN7D.

Double domain binder (ligand)*.

Fischer et al.

Rudenko et al.

PDB code: 1VOU Verdaguer et al.
Single domain binder (ligand)*.
PDB code: 2KRI Lee et al.

Single domain binder (ligand)*.
Haddock model.

Activity data range estimated.
PDB code: 3A70

Single domain binder (ligand)*.
Activity data available.
Accordng to Lee et al.16 it is
very unlikely that the Lysines
from the loop form the main
contact site in the B2GPI(DS5)-
LA complex.

Haddock model

PDB code: 2FYL

Double domain binder (ligand)*.
Activity data available.
Intramolecular interaction
Single domain binder (ligand)*.
Different folding of LDLR
respect the others seen.

Beglov et al.
Related studies:
Pennings et al.
Yasui et al.

Van Lummel et al.

Jensen et al.

Beglova et al.

*Single or double binder stand for the number of LA modules with which the ligand interacts simultaneously.
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[0273] Some ligands interact with flexible structure
regions (such as loops), while others interact with rigid
ones (such as a-helices).

[0274] While the ligands in the [LA-interacting polypeptide
database were found to be very heterogeneous, the inventors
found that, surprisingly, folding of all LA modules of all the
LDLR family members are highly conserved. For example,
the inventors found that the LA4 module of the complex
between 2 LA domains of LDLR and the receptor associated
protein (RAP) co-crystalised, as described by Fisher and co-
workers [21] (see FIG. 3). Each LA module has a short
(3-hairpin near the N-terminal end, 3 disulfide bonds, and a
highly conserved calcium binding site. The calcium ion is
coordinated in an octahedral geometry by the side chain of 4
acidic residues, which are highly conserved (D147, D151,
D157, E158), and 2 backbone carbonyl groups (W144 and
D149) [32]. All these acidic groups, together with an aromatic
residue (W144 on LA4 and F105 on LA3) are universally
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present in all LRP1 LA module pairs which bind with high
affinity to RAP [33]. In all structures of the studied com-
plexes, the essential element of binding resides in a strong
electrostatic interaction, where multiple H-bonds are formed
between a positively charged Lysine (ligand) and the con-
served acidic groups, forming a negatively charged crown
around the calcium ion (receptor). Moreover, the conserved
aromatic residue in the receptor stabilizes with hydrophobic
interactions in the un-polar region of the Lysine chain, as
shown for several interacting protein partners in the Blacklow
review [34] (see FIG. 4).

[0275] The complete list of all the ligand residues forming
H-bonds or hydrophobic interactions with LA domains is
shown in Table 2. Structures which have 2 table entries have
2 interaction domains. (e.g.: 2FCW represents the interaction
between RAP and the LA4 domain of LDLR, while 2FCW2
stands for the interaction between RAP and the LA3 domain
of the same receptor).

TABLE 2

Residues of ligands forming H-bonds or hydrophobic interactions with LA domains. Residues
with superscript *are the essential lysines complexed with the highly conserved acidic crown system of
LA modules. Residues with superscript **are long chain H-bond donor residues. Residues with
superscript form hydrophobic interactions with W144 of the receptor. Residues with superscript ‘form
hydrophobic interaction with 1.143. Residues with superscript *form hydrophobic interactions with
P150. Hydrophobic interactions marked with “(b)” involve only backbone atoms.

Feature 2FCW2  2FCW2  1V9U  2KRI 2KNY 3A7Q 2FYL  2FYL2 1IN7D
H-bonding ~ (NH3)** (NH3)*  (NH3)* (NH3)** (NH) (O)2348 (NH3) (0)Q27 (COO)
residues K253%*  K270* K224% K282%*  S129 (NH3)* K24 (COO) E381
(NH3)*  (NH2)** (NH) (O) (NH) K2467*  (NH3)* E30 (NH3)*
K256* R285%*  N88 K284 E131 (NH3)**  K60*  (NH3) KS582*
(OH) (NH3** (NH) (NH3)*  (NH2) K2360** (COO) K31
Y260 K289**  N90 K308* R134 D65 (NH2)
(NH2) (n-H)**  (0)S139 (COO) R34
R296 H310%*  (NH2) E74 (0)G92
(n-H) R142 (NH3)*
w316 (NH3)* K93*
(NH3) K143*
K317 (NH3)
K146
(NH)
K147
Hydrophobic A252' 1266 N8g(b) K282 T130 M2345° M2 Q27 H562
interaction K253 E269 Y89 K284 E131 12553 K24 E30 E581°
residues @ @ A87 K305(b)' RI134 E2359' L57 K31 @s582"
@ R282 @ C306(b) V135 K2360 K60 R34
Y260 R285% @ K308 A138' v2389" K63 K93
R296* K289 266'  H310 $139 K2467 L64
1.300 W316* L141 Q2468 D65
K317 @ 12470 E74
@ @
@
R147
1148

@ indicates text missing or illegible when filed

[0276] In Table 3 we schematize the mostly conserved
pharmacophoric features observed.

TABLE 3

Mostly conserved pharmacophoric features. *These residues are slightly displaced in

respect to those of reference 2FCW.

Featwre 2FCW 2FCW2 1VOU 2KRI  2KNY 3A7Q 2FYL 2FYL2 IN7D
K256 K270 K224 K308 KI43 K467 —  — K582
K253 K280% A87(b) K282 K2360 — @ — —

N88(b)

N9O(b)
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Mostly conserved pharmacophoric features. *These residues are slightly displaced in

respect to those of reference 2FCW.

Feature 2FCW 2FCW2 1V9U 2KRI  2KNY 3A7Q 2FYL 2FYL2 IN7D

R296 R285 — W36 — — - — —

Y260 — — K317 — — - _

H310%
A252 1266 186 @ — Al138 2358 — @ — —
1226 M2345*

[0277] 2.3 Modeling of Known Polypeptides Able to Cross tide because it has both a good transcytosis level and a high
the BBB Parenchyma/Total brain volume of distribution ratio.
[0278] In addition to the information gathered from the [0282]  Afirstanalysis of these polypeptides was performed

interacting polypeptide database, the inventors also analysed
polypeptides already known to be able to cross the BBB. In
particular, the inventors chose to study the angiopeps and
regulon. No structural information is available for these
polypeptides, and so the inventors generated models to work
with these polypeptides.

[0279] The angiopeps, introduced in 2007 by Demeule and
co-workers [1,2] are the only polypeptides known to date to
be able to cross the BBB with a mechanism involving the
LDLR. The regulon polypeptide is known to cross the BBB.
[0280] Angiopeps

[0281] Aprotinin is a 6500-Da protease inhibitor ligand of
LRP and LRP2 containing a Kunitz-type domain. The angio-
peps is a family of polypeptides derived from the Kunitz
domain that show a higher transcytosis capacity than aproti-
nin. In Table 4 the inventors report transcytosis and volume of
distribution values for different angiopeps. The inventors
identified angiopep-2 (AP2) as the most promising polypep-

considering, for each of its constituting AAs, 113 physico-
chemical properties reported by Cai and co-workers [35]. The
polypeptides are then clustered using an agglomerative hier-
archical clustering method in the following manner:

[0283] Dissimilarity between each AA is calculated as
the normalized euclidean distance in the 113 dimensions
space.

[0284] The distance between each polypeptide is calcu-
lated as the sum of the distances between AA that are in
the same position.

[0285] The clustering results are shown in FIG. 5. The
inventors found that these polypeptides can be divided into 3
main groups: (A) angipeps 5 and 8; (B) angiopeps 76, 78, 79,
AP2, AP1, APS, AP7; and (C) angiopeps 90 and 91. This
clustering, obtained using only AA physicochemical proper-
ties, reflects significant changes in transcytosis: group (A) has
a low percentage of transcytosis; group (B) has moderate
values (but for API. Data for APS5 and AP7 are missing); group
(C) has the highest value for transcytosis.

TABLE 4

Volume of distribution for Angiopeps polypeptides.

Volume of distribution
ml/100 g/5 min

Transcytosis Total Ratio
iD AA sequence 96 brain (B) Capillaries Parenchyma (P) P/B
5 TFFYGGCRAKRNNFKRAKY 5.1 + 0.8 312 + 217 + 25 95 + 58 0.30

76

TFFYGGCRGKRNNFKTKEY 8.

16 + 5 24 ¢+ 7 0.

79

TFFYGGKRGKRNNFKTAEY 7.

70 £ 6 52 + 18 + 5 0.

91 RFKYGGCLGNKNNYLRLKY

47 + 24 24 ¢+ 7 23 +

*These values were extrapolated from the original publication graphs.
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[0286] Further insights into the effect of different amino
acids on transcytosis is traditionally gained from structural
analyses, but there is currently no structural information
available for angiopeps. Therefore, the inventors built a hypo-
thetical structure for the angiopeps, following a homology
model strategy using the crystallized Kunitz domain of apro-
tinin as the template (PDB code 27JX). The alignment with
angiopep AP2 is shown below, which only misses the last
amino acid (Y) due to the functioning of the homology mod-
elling program:

AP2 1 TFFYGGSRGKRNNFKTEE 18

2Z2JX_A 32 TFVYGGARAKRNNFKSAE 49

[0287] The inventors selected aprotinin as the template for
the following reasons:

[0288] A sequence identity of 72% is obtained, which is
well above the common threshold of 35% for homology
modelling.

[0289] Both lysines (which are potentially essential for
the interaction with the LDLR) are present.

[0290] Residues that are essential in the binding to
LDLR are potentially well oriented and exposed.

[0291] The general fold of AP2 obtained by homology
modelling is shown in FIG. 6.

[0292] An ab-initio method [36,37,38] for fold prediction
was used to confirm the homology model of AP2. The inven-
tors found that this ab-initio model gives a similar fold as the
homology model (see FIG. 7).

[0293] Other than AP2, other angiopeps also show Kunitz-
like folds when using homology modelling. Based on these

results, the inventors propose that angiopeps have Kunitz-like
folds.

[0294]

[0295] The inventors then modelled the interactions
between AP2 and LDLR. Two main hypotheses were consid-
ered: (A) AP2 as a single domain binder of LDLR (i.e. that it
binds to a single LA domain, as observed for complexes:
2FCW, IN7D, 2FYL); and (B) AP2 as double domain binder
(i.e. that it binds to 2 LA domains, as observed for: 2KNY,
1VIU, 2KRY, 3A7Q). All alignments were performed using
the LDLR-RAP complex structure (PDB 2FCW) as the tem-
plate. The inventors consider this the best structure for several
reasons: (1) it is a crystallographic structure; (ii) it has a good
resolution (1.26 A); and (iii) the number of interactions
between the ligand and the receptor are higher than in other
experimental structures.

[0296]

[0297] The homology structure of AP2 was rigidly (only
translational and rotational movements) aligned with the
RAP key residues (see Table 3) of RAP-LDLR crystallo-
graphic complex in several ways. Model 1, which maxi-
mizes the number of superposed equivalent residues (Table
5), is considered to be the most appropriate:

Modelling AP2-LDLR Interaction

AP2 as Single Domain Binder
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TABLE 5

Superposition of AP2 homology model to RAP-LDLR
complex (PDB code 2FCW).

Aligned with:

K256 K253 R29 Y260 Eval-
Model (2FCW) (2FCW)  (2FCW)  (2FCW)  uation
model_1 K10 R11 R8 not far 5

from Y4

model 2 K10 — — R11 1
model_3 K10 R8 — — 1
model_4 K15 — R11 3
model 5 K15 — — Y19 2
model 6 * K15 — — — 4

Evaluation range: 1(bad)-S(very good).

[0298] Model 1 optimizes the superposition of 3 key resi-
dues of RAP-LDLR interaction: K256, which is the essential
interacting lysine, K253 and R296 which act as H-bonds
donors of the conserved acidic residues of LDLR. (* This
construct was built by docking the AP2 as double domain
binder, using AP2 K15 over RAP K256 and AP2 K10 over
RAP K270 (equivalent to K256 in another LA module)).
[0299] A minimization of Model 1 is done with the force
field MMFF94 [39]. The final minimized structure is shown
in FIG. 8.

[0300] AP2 as Double Domain Binder

[0301] Several experimental observations have shown that
some polypeptides bind to a pair of LA modules rather than to
a single module [22,33]. A rational explanation of this is that
an avidity effect plays a major role in the binding of ligands to
LDLR family proteins [21]. In the crystal structure solved by
Fisher and co-workers, the contact interface between each
individual LA module and RAP is small (<400 A2), so they
suggest that a single module would be insufficient to provide
high-affinity binding.

[0302] For these reasons, the inventors also considered
whether AP2 is a double domain binder. AP2 was aligned
with RAP by superimposing K15 (AP2) with K256 (RAP)
and K10 (AP2) with K270 (RAP) (model__6 of Table 5). The
model is minimized using the MMFF94 [39] force field,
giving the final structure shown in FIG. 9.

[0303] AP2 Interacting Features

[0304] In both models (AP2 as single and double domain
binder) 3 important residues (R8, K10 and R11) interacted
strongly with one LA module, forming H-bonds with the
acidic receptor residues conserved in all LDLR family mem-
bers. Additionally in model 6 (AP2 double domain binder),
K15 forms a H-bond with the crown acidic residues of the
other LA module. All these residues (lysines and arginines)
are present in several known ligands of LA domains (Table 2).
[0305] The inventors found that an intramolecular H-bond
may be established between the N-terminal residue of the
polypeptide and the side chain of E17. This interaction could
restrict the flexibility of the polypeptide and promote the
AP2-LA interaction. This could explain the much lower P/B
volume distribution ratio of angiopep-79 in respect to AP2.
These 2 polypeptides are indeed very similar but angiopep-79
lacks the glutamic acid two amino acids away from the C-ter-
minus (see FIG. 5). Similarly, the inventors found that all the
polypeptides having a P/B volume distribution ratio larger
than 0.50 have an acidic residue in the C terminal end. The
only exception is angiopep-91 which has a P/B ratio =0.49.
Other relationships between the predicted Angiopep-2 struc-
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ture and changes in amino acids which cause a change in BBB
penetration could not be detected.

[0306] In conclusion, the inventors provided a new struc-
tural model for the angiopeps. 5 residues were identified as
being important for the interaction with the LA modules, and
a further residue for the stabilization of the fold of the angio-
peps.

[0307] With these new data, the inventors developed new
polypeptides that bind to the LDLR and cross the BBB. These
polypeptides fall into 2 main groups (1) some are based on the
regulon sequence and are expected to have a beta-hairpin
fold; (2) others are based on RAP, which interacts with
LDLR.

[0308] Regulon
[0309] Objectives
[0310] To analyze the crossing of our nanoparticles with

and without Regulon peptide (SEQ ID No.1) through an in
vitro model of BBB (blood brain barrier).

[0311] Materials and Methods
[0312] The BBB Model
[0313] To provide an in vitro system for studying brain

capillary functions, the inventors have developed a process of
co-culture that closely mimics the in vivo BBB by culturing
brain capillary endothelial cells on one side of an insert and
glial cells (astrocytes) on the other. Endothelial cells are cul-
tured in the upper compartment on the filter and astrocytes
cells in the lower compartment on the plastic of a six-wells
plate.

[0314] Under these conditions, endothelial cells retain the
endothelial markers (factor VIII-related antigen, non throm-
bogenic surface, production of prostacyclin, angiotensin-
converting enzyme activity) and the characteristics of the
BBB (presence of tight junctions, paucity of pinocytotic
vesicles etc.).

[0315]

[0316] Primary cultures of fresh astrocytes were provided
from Innoprot (ref. P10202). They were maintained 48 h in
the initial flask. Cells were seeded in AM-a culture medium
(Innoprot, ref.1831) in a plate P100. When the confluence was
80-90%, astrocytes were seeded in a 6-wells plate (125.000
cells/well (2 ml)). The co-culture was established after 48-72
h.

Astrocytes Culture

[0317] Bovine Brain Microvascular Endothelial Cells
(BBMVEC:s Cells)

[0318] Endothelial cells from Cell Applications Inc. were
frozen in nitrogen. Cells were defrosted and seeded in
medium for BBMVECs (Cell Applications) in a plate P100
after a process of “coating” (Attachment factor solution from
Cell Applications 30 min 37° C.+1 pg/ml fibronectine from
Sigma 10 min 37° C.). When the cellular confluence was
60-70%, cells were seeded in inserts (1.0 um pore for a 6-well
plate, Millipore, PIRP30OR48) after a process of coating
(150000-200000 cells for insert). The co-culture was estab-
lished after 48-72 h.

[0319] Establishment of the BBB Model

[0320] The astrocytes medium was aspirated, and BBM-
VECs medium was added in the wells with astrocytes. The
inserts were transferred to the wells with the astrocytes. Then
we had the endothelial cells in the upper compartment (lumi-
nal compartment) and the astrocytes in the lower compart-
ment (abluminal compartment).
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[0321] Measure of TEER (Transepithelial Electrical
Resistance)

[0322] The resistance was measured between the luminal
and abluminal compartments after 72 h from the co-culture
establishment (each measure per triplicate)
[0323] A good BBB model (in which the tight junctions are
formed) is considered where the TEER values are above 150
Qxcm?.
[0324] Transcytosis Experiment
[0325] A transcytosis experiment was carried out in 2 BBB
models with TEER values of 230 Qxcm?, testing nanopar-
ticles decorated with the Regulon peptide (SEQID No. 1) and
nanoparticles that are not decorated with the Regulon peptide,
and one insert blank without cells (for NP non-decorated).
[0326] The samples were prepared: 250 ug NP/ml in Ring-
er’s solution. All the samples were sonicated for 10 min. 1.5
ml of samples was added in the inserts, and 2.5 ml of Ringer
solution in the well (6-wells plate).
[0327] Results
[0328] After 60 minat37°C. in agitation, the samples were
collected in the upper and lower compartment, and analyzed
with an NTA analysis.

blank NPs decorated ~ NPs not decorated
Up 3.42 x 108 particles/ml ~ 3.05x 105 3.94 x 108 particles/
particles/ml ml
down 3.61 x 108 particles/ml 2.9 x 10% 0.61 x 10® particles/
particles/ml ml
% 105.555556 95.0819672 15.4822335
crossing
[0329] These data are shown graphically in FIG. 23.
[0330] Conclusion
[0331] Inagood BBB model (TEER 230 Qxcm?), very few

of the non-decorated nanoparticles crossed the barrier, while
through the blank (insert without BBB), all the non-decorated
particles cross the barrier.

[0332] In the case of the nanoparticles decorated with the
peptide, almost all the nanoparticles (95%) cross the BBB. So
the Regulon peptide has an important role in the crossing
mechanism through the BBB.

[0333] Regulon Constructs

[0334] Regulon is able to cross the BBB. As noted above,
using co-culture of bovine brain endothelial capillary cells
and rat primary astrocytes as an in vitro BBB model, the
inventors found that nanoparticles decorated with regulon can
cross the BBB, whereas uncoated nanoparticles do not cross
the BBB. A negative control did not cross the BBB, confirm-
ing that the BBB was kept intact while the decorated nano-
particles crossed it. These experimental data are shown in
FIG. 23. Accordingly, FIG. 23 shows that Regulon (SEQ ID
No. 1) is able to transport nanoparticles across the BBB.
[0335] Regulonis made up of 59 AAs (SEQ ID NO:1), and
so is larger than the angiopeps (that contain 19 AAs). No
sequence similarity is encountered between angiopeps and
regulon (according to BLAST comparison method). Further-
more, no structural information about regulon is known. To
investigate the possible transcytosis of regulon by the LDLR,
the inventors performed a structural study, allowing creation
of'a homology model of Regulon.

[0336] The inventors found the best template for homology
modeling of regulon to be the P62 envelope glycoprotein
(PDB code 3N40_P), which has a high sequence identity of
68%, as shown below:
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10 20 30 40 50 60
T * ... * L. *l *l*
Regulon 1 HKKWQFNSPFVPRADEPA-RKGKVHIPFPLDNITCRVPMAREPTVIHGKREVTLHLHPDH 59
3N40_P 292 HKKWQYNSPLVPRNAELGARKGKIHIPFPLANVTCRVPKARNPTV TYGKNQVIMLLYPDH 351
[0337] The general fold of regulon homology model is [0345] Regulon as Double Domain Binder

shown in FIG. 10. The homology model structure obtained by
the inventors can be divided into 2 parts: (1) a rigid p-hairpin
structure (circled in FIGS. 10); and (2) a long unstructured
flexible chain.

[0338] The inventors note that exactly at the U-turn of the
n-hairpin are 2 residues (K48 and R49) that are essential for a
potential interaction with LDLR.

[0339] Modelling Regulon-LDLR Interaction

[0340] As for AP2, the inventors modelled the interactions
between regulon and LDLR. In this case the inventors note
that there is still no available evidence relating the interaction
between regulon and LDLR LA-module. Again, two main
hypotheses were considered: (1) regulon as a single domain
binder of LDLR; and (2) as a double domain binder. All
alignments were performed using the homology model of
regulon and the LDLR-RAP complex structure (PDB 2FCW)
as the template.

[0341] Regulon as Single Domain Binder

[0342] The primary hypothesis for the binding of regulon
with the LA module is that the polypeptide interacts with its
structured part (circled in FIG. 10). As mentioned above, this
area corresponds to a f-hairpin (p-strand, U-turn, f-strand),
and has 2 AAs in the U-turn that are essential for the binding
of other molecules to a LA module (lysine and arginine). The
side-chains of these 2 residues are exposed and well oriented
for a possible interaction. For this reason we create the model
overlapping the (1) regulon U-turn lysine (K48) with the
essential interacting lysine of RAP (K256) and (2) the U-turn
arginine (R49) with 2 different residues of RAP: R296
(model 1); and K253 (model 2).

[0343] Both models were positively evaluated because both
K48 and R49 form H-bonds with the acidic conserved resi-
dues of the LA module (see Table 6).

TABLE 6

Superposition of regulon homology model to RAP-LDLR
complex (PDB code 2FCW).

Aligned with:
K256 K253 R296 Y26
Model (2FCW)  (2FCW)  (2FCW)  (2FCW)  Evaluation
model_1 K48 — R49 — 5
model_2 K48 R49 — — 5

Evaluation range: 1(bad)-5(very good).

[0344] Eventhough the interaction of regulon K48 and R49
with important key residues of the LA module is very strong,
and structurally fits well, the inventors believe that the inter-
action of these 2 residues by themselves is insufficient for the
binding of the whole regulon (59 residues). This hypotheis is
based on the interacting surface area (FIG. 11), which is
rather small with respect to the total regulon surface. The
inventors believe that the flexible loop of regulon participates
in the binding, and so regulon is considered as a double
domain binder.

[0346] Treating regulon as a rigid structure, it cannot inter-
act simultaneously with 2 LA modules in the same fashion as
AP2. The template does not allow the two essential lysines be
at a correct distance to establish a double binder model. To
model possible alternative regulon-LA module interaction
patterns, the inventors “cut” regulon into different pieces, to
build subset models with those.

[0347] Apart from the sequence including K48 & R49 (as
mentioned above), the inventors identified 2 other main areas
that can interact (always based on lysine/arginine patterns)
with the LA module: one includes the K2- K3 motif, and the
other includes the residues R13, R19 and K20, K22. The most
favourable of these is the latter, because it has a larger inter-
acting surface than the former. Moreover, it also has a residue
composition and configuration that resembles the flexible
Kunitz domain of AP2. As before, the superimposition was
carried out by a superimposition with the LDLR-RAP com-
plex, followed by a minimization of the system. In the mini-
mized structure, the following regulon residues establish
H-bonds with the LA module: R13, D15, K20 (see FIG. 12).
When molecular dynamics simulations are applied, R19 and
K22 start to form H-bonds with LA module.

[0348] Based on the flexibility of regulon, the inventors
propose that it acts as a two LA module binder, by using the
hairpin region as well as the part spanning from residue R13
to K20.

[0349]

[0350] From the homology modelling approach described
above, the inventors propose that regulon’s structure is a long
flexible loop, where the only structured part is a beta-hairpin
localized near the C-terminal region (FIG. 10). The hairpin is
formed by the following residues:

Description of the Regulon Structure

TVIHGKREVTLH (SEQ ID NO: 20)

[0351] The beta-hairpin is made from 2 beta-strands and a
U-turn. The 2 beta-strands are localized in the following
regions:

TVIHG (SEQ ID NO: 21)

EVTLH (SEQ ID NO: 22)

[0352] The U-turn is made from the 2 essential AAs:
[0353] KR

[0354] Shorter Regulon Sequences

[0355] The inventors thus propose that regulon interacts

with the LDLR using its hairpin region. The inventors
designed two new polypeptides for use in crossing the BBB,
which include the C-terminal part of regulon. 2 constructs
were designed:
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Regulon_constructl
(SEQ ID NO: 2)
Sequence: PTVIHGKREVTLHL

Length: 14 AAs.

[0356] The “Regulon_constructl” polypeptide includes
the minimal structured region of regulon. Its structure
includes only the beta-hairpin area (see FIG. 13). To validate
the conservation of a beta-hairpin in this shorter polypeptide,
the inventors used an ab-initio method to predict the structure
of regulon_constructl. A beta hairpin structure was observed
(see FIG. 14).

Regulon_construct4
(SEQ ID NO: 3)
Sequence: PMAREPTVIHGKREVTLHLHPDH

Length: 23 AAs.

[0357] The “Regulon_constructd” polypeptide includes
the whole sequence of regulon_construct] and additional
sequences on both ends of the beta-hairpin. All amino acids of
the C-terminal of regulon are included. The inventors propose
that regulon_construct4 is a particularly suitable polypeptide
because the additional sequences represent parallel loops that
can, in theory, form a beta-sheet. (see FIG. 15). The inventors
used an ab initio method to predict the structure of regulon_
construct4 and obtained an elongated beta hairpin structure
for the whole polypeptide (see FIG. 16).

[0358] RAP Alpha-Helix

[0359] As mentioned above, the D3 domain of RAP is
known to be able to bind to LDLR. The interaction takes place
through 2 alpha-helices of RAP with 2 LDL receptor type-A
(LA) modules. A single alpha-helix contains the essential
residues for the interaction, including LYS256, while the
other one seems to stabilize the complex. The inventors
designed 3 new polypeptides based on the RAP-D3 sequence.

RH_constructl
(SEQ ID NO: 4)
Sequence: ELKHFEAKIEKHNHYQKQLE

Length: 20 AAs.

[0360] The RH_constructl polypeptide was identified by
the inventors as the minimal unit of RAP-D3 interacting with
LDLR (see FIG. 18). The inventors used an ab-initio method
to predict the structure of RH_construct] and observed a fully
alpha-helix structure from end to end (see FIG. 19).

RH_construct2

(SEQ ID NO: 5)
Sequence:
DKELEAFREELKHFEAKIEKHNHYQKQLEIAHEKLRHAESV

Length: 41 AAs.

[0361] The RH_construct2 polypeptide identified to the
inventors corresponds to the full alpha-helix of RAP includ-
ing the essential residues for the interaction with LDLR. Here
the inventors took a longer segment in respect to RH_con-
structl to favour the formation of a-helix, and include addi-
tional regions to assist the translocation of the BBB. The
ab-initio prediction method could not be used for this
polypeptide because it is optimized for polypeptides with a
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length of 9 to 30 residues, and the RH_construct2 has 41
residues. To confirm the stability of the a-helix, the inventors
performed a short molecular dynamics simulation of 100 ps.
According to the simulation, the a-helix is relatively stable
(see FIG. 20).

RH_construct3

(SEQ ID NO: 6)
Sequence:
DKELEAFREELKHFEAKIEKHNHYQKQLEIAHEKLRHAESVGDGERVSRS

REKHALLEGRTKELGYTVKKHLQDLSGRISRARH
Length: 84 AAs.

[0362] The RH_construct3 polypeptide, including most of
the RAP D3 domain, is formed by 2 a-helices. In addition to
the a-helix of the RH_construct2 polypeptide, including the
residues essentials for the interaction with LDLR, this con-
struct is made up of a second a-helix containing Arg296 that
interacts with LDLR to stabilize the complex.

[0363] Again, the ab-initio prediction method could not be
applied to RH_construct3 because it contains more than 30
residues. To confirm the stability of the a-helices, the inven-
tors performed a short molecular dynamics simulation of 100
ps. According to the simulation, the a-helices appear to be
stable (see FIG. 21).

[0364] Design of Further New Polypeptides

[0365] The inventors designed further new polypeptides
that differ from the AP2 and RAP template sequences.
[0366] From the compiled interacting polypeptide database
(Table 2), the inventors distinguished 2 types of interactions
with the LDLR members:

[0367] 1. Some polypeptides interact with the LDLR
using residues located in different flexible areas (e.g.:
1V9U, 2KRI, 3A7Q, IN7D).

[0368] 2. Other polypeptides interact with LDLR using
residues located in a-helices (e.g.: 2FCW, 2FCW2,
2KNY, 2FYL, 2FYL2).

[0369] The inventors designed polypeptides for both inter-
action types: referred to herein as “flexible” and “rigid”
polypeptides.

[0370] Flexible Polypeptides Design of flexible polypep-
tides that are able to bind to the LA module of LDLR was
based mainly on the important interacting features identified
in the AP2 double binder model. The following AP2 residues
were kept fixed in the inventors’ models, because they are
considered to function in promoting the interaction with LA
domain: R8, G9, K10, R11, K15, E17.

[0371] All ofthe “flexible” polypeptides have the following
design criteria:

[0372] Essential AP2 residues are kept to maintain the
interaction with LA module (R8, G9, K10, R11, K15,
E17).

[0373]
to:
[0374]

AP2 non-essential residues are modified in order

maximize the intermolecular interactions
[0375] maximize the intramolecular interactions
[0376] form a polypeptide with high propensity to
adopt a flexible-loop secondary structure
[0377] form a polypeptide with high probability to be
soluble in water
[0378] The AA secondary structure propensity was estab-
lished following the criteria determined by Costantini and
co-workers [40], which is an improved version of the popular
Chou-Fasman method [41,42].
[0379] The list of flexible polypeptides designed by the
inventors is presented in Table 7.
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TABLE 7

Flexible polypeptides for the binding of the LA module. The highlighted amino acids are those

congerved from the AP2 double binder model. Flex 1 is SEQ ID NO: 7;
flex 4 is SEQ ID NO:

SEQ ID NO: 9;

flex 2 ig SEQ ID NO: 8; flex 3 is

10; flex 5 is SEQ ID NO: 11.

Proposed flexible
AP2 T|IF|F|Y|G|G]|S
flex 1| T|G|E|S|N|T|V
flex 2|F|R|E|Ss|N|T]|1I
flex 3 T|K|E|T|S|A|T
flex4|a|R|E[T]s|[I [V
flex5|S|S|E|s|N|I]|T

MR CIEIE
=1k 0 G e
IR EIE B S

[0380] As an example, the inventors detail the design of all
flex 1 residues:

[0381] T1 was chosen to promote an hydrophobic
intramolecular interaction with Y14 to promote the
doubled Kunitz-type folding.

[0382] (2 was chosen to be a residue with high propen-
sity to form a flexible-loop.

[0383] E3 was chosen to promote a H-bonding intermo-
lecular interaction with R103 of LA module.

[0384] S4 was chosen to be a polar residue with high
propensity to form a flexible-loop.

[0385] NS5 was chosen to be a polar residue with high
propensity to form a flexible-loop.

[0386] T6 was chosen to promote a hydrophobic inter-
molecular interaction with V106 of the LA module.

[0387] V7 was chosen to promote a hydrophobic inter-
molecular interaction with T126 of the LA module.

[0388] R8wasaAP2 residue considered essential for the
interaction with LA module.

[0389] G9 was a AP2 residue considered essential for the
interaction with LA module.

[0390] K10 was a AP2 residue considered essential for
the interaction with LA module.

[0391] R11 was a AP2 residue considered essential for
the interaction with LA module.

[0392] 12 was chosento be a residue with high propen-
sity to form a flexible-loop.

[0393] S13 was chosen to be a polar residue with high
propensity to form a flexible-loop.

[0394] Y14 was chosen to promote a hydrophobic
intramolecular interaction with T1 to promote the
doubled Kunitz-type folding.

[0395] K15 was a AP2 residue considered essential for
the interaction with LA module.

[0396] D16 was chosen to promote an H-bonding inter-
molecular interaction with Q104 of LA module.

[0397] E17 was a AP2 residue considered essential to
interact intramolecularly with N-end and promote the
doubled Kunitz-type folding.

[0398] N18 was chosen to be a polar residue with high
propensity to form a flexible-loop.

[0399] R19 was chosen to be a polar residue to form an

H-bonding intermolecular interaction with D110 of LA
module.

[0400]

[0401] The inventors based their “rigid” polypeptide
design strategy on the co-crystallized RAP LA complex,
instead of AP2. RAP is a large polypeptide of 106 AAs
forming 3 connected rigid a-helices. RAP interacts with2 LA
modules using residues from its 2 largest a-helices.

[0402] The inventors designed a smaller polypeptide which
forms a single a-helix, which can act as asingle oras a double
domain binder. The main interacting motif of RAP was iden-
tified as “K**K***Y”| with the second lysine being the
essential one. The other 2 residues play the role of H-bond
donor groups for important carboxylate and carbonyl moi-
eties of the receptor. Thus, the inventors propose that the first
lysine and the tyrosine residues may be exchanged for lysine
or arginine residues, which are also H-bond donors and posi-
tively charged, allowing them to interact with acidic receptor
residues in an optimal manner. The other residues of the RAP
mimetic should be AAs with a high propensity to form a-he-
lices.

[0403] Alias and co-workers successfully used the pattern
of “Ac-YGDAAAE-X-EAAAAG-NH2” to obtain an a-heli-
cal polypeptide [43]. The multi-alanine motif assures the
formation of an a-helix structure, and the aspartate residues
are proposed to increase the polypeptide’s solubility and the
tyrosine residue to facilitate spectroscopic quantification of
polypeptide concentration [44].

[0404] The double domain binders designed by the inven-
tors are larger than the polypeptide of Alias and co-workers,
and even though multi-alanine residues assure formation of
an o-helix structure, alanine is a nonpolar residue which
causes solubility problems. To circumvent such solubility
problems, the inventors chose to mutate the alanine residues
to glutamate residues on the opposite side of the binding
surface of the o helix. Glutamate was chosen due to its nega-
tive charge, thereby increasing polypeptide solubility and
potentially orientating the polypeptide’s positively charged
side (which is the binding site of ligand) toward the negatively
charged surface ofthe receptor. Moreover, glutamate residues
have a high propensity to form c-helices. Finally, residues
present in the RAP a-helix are also considered (rigid_5).

[0405] All the rigid polypeptides designed by the inventors
are shown in Table 8.

Rigid Polypeptides
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TABLE 8

Proposed rigid polypeptides for the binding of LA module.
which gives insights on the polarity of a polypeptide. Rigid 1 is SEQ ID NO:

Polar Surface Area,

rigid 2 is SEQ ID NO: 13; rigid 3 is SEQ ID NO: 14;

16.

TPSA 1s the calculated Topological
12;
rigid 5 is SEQ ID NO:

rigid 4 is SEQ ID NO: 15;

Rigid peptide proposed

rigid 1 GDAAAAKAAKAAAKAAADGY

804 .08 single domain binder

rigid 5

GDAAEAKAQKAQAKANAAKAKAQKAQAKAAANGY

double domain binder

1572.97

[0406] The structures of all the rigid polypeptides designed
by the inventors were predicted using the ab-initio method
described above [36]. The ab-initio model predicts a-helix
structures for all the proposed polypeptides. Two trends were
observed (considering polypeptides of same length):
[0407] The fewer the number of alanines, the lower the
chances that the polypeptide has an a-helix structure.
[0408] The more alanine residues, the more probable the
polypeptide to be insoluble.
[0409] Fluorescently-Labelled Peptide in Vitro BBB
Model Crossing Test

[0410] Materials & Equipment
[0411] Materials
[0412] Ringer-Hepes buffer (RH buffer):
[0413] NaCl 150 mM; KCL 5,2 mM; CaCl, 2.2 mM;

MgCl, 0.2 mM; NaHCO; 6 mM; Hepes SmM; Glucose 2.8
mM. Adjust to pH 7.2-7.4 and filter through a 0.22 um filter

pore size.
[0414] -DMEM/F 12
[0415] Lucifer Yellow-CH, Sigma, ref L0259
[0416] Equipment
[0417] Cell culture incubator (37° C., humidified atmo-

sphere, 95% air and 5% CO2)

[0418] Sterile cell culture cabinet

[0419] Millicell 24-well Receiver Tray with Lid, Milli-
pore ref PSMWO10RS.

[0420] Corning 96-well Solid Black Flat Bottom Poly-
styrene TC-Treated Microplates.

[0421] Water bath, 37° C.
[0422] Aspiration system
[0423] Automatic micropipettor
[0424] Fluorimeter
[0425] Establishment of an in Vitro BBB Model

[0426] A co-culture method is performed as illustrated in
FIG. 22. Mouse primary cultures of mixed glial cells are
seeded on a 24-well plate and bovine brain endothelial cells
are cultured on collagen-coated inserts in another plate. After
three days, the inserts are moved into astrocyte-containing
plates and cultured for a further three days. To assess the
integrity of the in vitro BBB, trans-endothelial electrical
resistance (TEER) is measured on the day of the experiment.
TEER values higher than 200€2/cm® are considered accept-
able.

[0427] Filter Test

[0428] The following procedure is followed to test whether
the membrane can prevent peptides from crossing from the
upper compartment to the lower compartment. Peptides are
applied at 20 ng/ml of fluorophore in the luminal side of the

inserts and placed in wells filled with Ringer-Hepes buffer
(the composition of Ringer-Hepes buffer is described above).
After 1 h incubation, samples from the upper and lower com-
partments are collected and measured using a fluorimeter.
Equal peptide concentrations in both compartments indicates
that diffusion of the peptides is not restricted by the mem-
brane.

[0429] Crossing Test Procedure

[0430] Each of the tested peptide solutions are prepared in
DMEM/F12 media at a final fluorophore concentration of 20
ng/ml (taking into account that each condition will be studied
in triplicate). A fluorescently-labeled scrambled peptide
sample is used as a negative control. 20 uM Lucifer Yellow
(LY) is added to each sample. LY is a small hydrophilic
molecule which presents low cerebral penetration, and so its
endothelial permeability coefficient reveals the integrity of
the endothelial cell monolayer. It is important to choose a
molecular tracer that is compatible with the Em/Ex spectra of
the fluorescent label carried by the testing peptides to prevent
FRET-like events.

[0431] Inserts are moved to anew 24-well plate, with 0.8 ml
of media in each well, and warmed at 37° C. 400 pl of
pre-warmed sample solutions are added to each insert. An
aliquot of each solution is collected (t=0 up), stored at 4° C.,
and protected from light exposure as well as media (t=0
down). Up and down solutions are collected (t=60 up and
t=60 down) after 60 min incubation at 37° C. and 5% CO,.
[0432] All samples (t=0 up, t=0 down, t=60 up and t=60
down) from each condition (testing peptides and negative
control) are plated in black 96-well microplates as well as the
corresponding standard curves. Fluorescence is measured
using a multi-well plate reader.

[0433] Mass balances of peptides are then performed to
check for possible adsorption or accumulation phenomena.
The mass balance value gives the percentage of compound
recovered at the end of the experiment, and is calculated as
shown below:

Peptide amount (Luminal 60) +
Peptide amount (Abluminal, 160)

MB(%) = Peptide amount (Lum, 10)

[0434] Permeability Calculation

[0435] The endothelial permeability coefficient values for
LY and the tested peptide are also determined. The clearance
principle is used to obtain a concentration-independent trans-
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port parameter. The increment in cleared volume between the
incubation times is calculated by dividing the amount of
transported compound by the donor chamber concentration
and calculating the total volume cleared, as shown below:

[Clax Va
Clearance(pl) = ————

[cu

[0436] [C]] represents the initial luminal tracer/peptide
concentration, [Cla represents the abluminal tracer/peptide
concentration, and Va represents the volume of the abluminal
chamber. During the experiment, the clearance volume
increases linearly with time. The average cleared volume is
plotted against time, and the slope is estimated by linear
regression analysis to provide the mean and the Standard
Error for the estimate. The slope of the clearance curves for
the co-culture is denoted PSt, where PS represents the per-
meability x surface area product (in microliters per minute).
The slope of the clearance curve for the filter only covered
with collagen is denoted PST. The PS value for the endothelial
monolayer (PSe) is calculated as shown below:

111
PSe  PSt PSf

[0437] The PSe values are divided by the surface area of the
filter (0.7 cm?® for millicell 24, cell culture insert) to generate
the endothelial permeability coefficient (Pe, in centimeters
per minute).

[0438] LY Pe and test peptide/scramble peptide Pe coeffi-
cients are calculated for each sample. If LY Pe coefficient
values are between 0.2-0.8x107> cm.min™", then the barrier
is considered to be intact after the experiment and the perme-
ability values of test peptides and controls are mainly due to
trans-cellular flux.

[0439] Results

[0440] Using this method, fluorescent peptides crossed the
model BBB with the following percentages:

Regulon

(SEQ ID NO: 1)
HKKWQFNSPFVPRADEPARKGKVHIPFPLDNI TCRVPMAREPTVIHGKRE
VTLHLHPDH.
Percentage BBB crossing: 3.73%
Regulon polypeptides

(SEQ ID NO: 2)
Sequence: PTVIHGKREVTLHL
Percentage BBB crossing: 11.43%
RAP polypeptides

(SEQ ID NO: 4)
Sequence: ELKHFEAKIEKHNHYQKQLE
Percentage BBB crossing: 8.27%
Flexible polypeptides

(SEQ ID NO: 7)
Sequence: TGESNTVRGKRGSYKDENR

Percentage BBB crossing: 8.17%
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-continued
Rigid polypeptides
(SEQ ID NO: 12)
Sequence: GDAAAAKAAKAAAKAAADGY

Percentage BBB crossing: 7.51%

[0441] These data are represented graphically in FIG. 24.
CONCLUSIONS
[0442] The inventors have developed polypeptides that

undergo receptor-mediated transcytosis of the BBB. Conju-
gating polypeptides of the invention to an agent makes pos-
sible the transport of agents across the BBB into the brain,
which would otherwise be excluded by the BBB. Conjugating
polypeptides of the invention to a therapeutic agent and/or
diagnostic agent, makes possible the transport of therapeutic
agents and/or diagnostic agents to the brain, thereby provid-
ing new and improved therapeutic and diagnostic possibili-
ties.

Description of sequence SEQ ID NO:
Regulon 1
Regulon_constructl 2
Regulon_construct4 3
RH_constructl 4
RH_construct2 5
RH_construct3 6
Flex_1 7
Flex_2 8
Flex_3 9
Flex_4 10
Flex_5 11
Rigid_1 12
Rigid_2 13
Rigid_3 14
Rigid_4 15
Rigid_5 16
Linker 17
Linker 18
Linker 19
Regulon hairpin 20
Beta strand 21
Beta strand 22
Flexible polypeptide consensus sequence 23
Flexible polypeptide consensus sequence 24
Flexible polypeptide consensus sequence 25
Flexible polypeptide consensus sequence 26
Flexible polypeptide consensus sequence 27
Flexible polypeptide consensus sequence 28
Flexible polypeptide consensus sequence 29
Flexible polypeptide consensus sequence 30
Flexible polypeptide consensus sequence 31
Flexible polypeptide consensus sequence 32
Flexible polypeptide consensus sequence 33
Flexible polypeptide consensus sequence 34
Flexible polypeptide consensus sequence 35
Flexible polypeptide consensus sequence 36
Flexible polypeptide consensus sequence 37
Flexible polypeptide consensus sequence 38
Flexible polypeptide consensus sequence 39
Flexible polypeptide consensus sequence 40
Flexible polypeptide consensus sequence 41
Flexible polypeptide consensus sequence 42
Flexible polypeptide consensus sequence 43
Flexible polypeptide consensus sequence 44
Flexible polypeptide consensus sequence 45
Flexible polypeptide consensus sequence 46
Flexible polypeptide consensus sequence 47
Receptor associated protein 48
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 48

<210> SEQ ID NO 1

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: Regulon

<400> SEQUENCE: 1

His Lys Lys Trp Gln Phe Asn Ser Pro Phe Val Pro Arg Ala Asp Glu
1 5 10 15

Pro Ala Arg Lys Gly Lys Val His Ile Pro Phe Pro Leu Asp Asn Ile
20 25 30

Thr Cys Arg Val Pro Met Ala Arg Glu Pro Thr Val Ile His Gly Lys
35 40 45

Arg Glu Val Thr Leu His Leu His Pro Asp His
50 55

<210> SEQ ID NO 2

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Regulon_constructl

<400> SEQUENCE: 2

Pro Thr Val Ile His Gly Lys Arg Glu Val Thr Leu His Leu
1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Regulon_construct4

<400> SEQUENCE: 3

Pro Met Ala Arg Glu Pro Thr Val Ile His Gly Lys Arg Glu Val Thr
1 5 10 15

Leu His Leu His Pro Asp His
20

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: RH _constructl

<400> SEQUENCE: 4

Glu Leu Lys His Phe Glu Ala Lys Ile Glu Lys His Asn His Tyr Gln
1 5 10 15

Lys Gln Leu Glu
20

<210> SEQ ID NO 5

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: RH_construct2

<400> SEQUENCE: 5

Asp Lys Glu Leu Glu Ala Phe Arg Glu Glu Leu Lys His Phe Glu Ala
1 5 10 15

Lys Ile Glu Lys His Asn His Tyr Gln Lys Gln Leu Glu Ile Ala His
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-continued

20 25 30

Glu Lys Leu Arg His Ala Glu Ser Val
35 40

<210> SEQ ID NO 6

<211> LENGTH: 84

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: RH_construct3

<400> SEQUENCE: 6

Asp Lys Glu Leu Glu Ala Phe Arg Glu Glu Leu Lys His Phe Glu Ala
1 5 10 15

Lys Ile Glu Lys His Asn His Tyr Gln Lys Gln Leu Glu Ile Ala His
20 25 30

Glu Lys Leu Arg His Ala Glu Ser Val Gly Asp Gly Glu Arg Val Ser
35 40 45

Arg Ser Arg Glu Lys His Ala Leu Leu Glu Gly Arg Thr Lys Glu Leu
50 55 60

Gly Tyr Thr Val Lys Lys His Leu Gln Asp Leu Ser Gly Arg Ile Ser
65 70 75 80

Arg Ala Arg His

<210> SEQ ID NO 7

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Flex 1

<400> SEQUENCE: 7

Thr Gly Glu Ser Asn Thr Val Arg Gly Lys Arg Gly Ser Tyr Lys Asp
1 5 10 15

Glu Asn Arg

<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Flex 2

<400> SEQUENCE: 8

Phe Arg Glu Ser Asn Thr Ile Arg Gly Lys Arg Glu Thr Thr Lys Asp
1 5 10 15

Glu Asn Arg

<210> SEQ ID NO 9

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Flex 3

<400> SEQUENCE: 9

Thr Lys Glu Thr Ser Ala Thr Arg Gly Lys Arg Glu Thr Thr Lys Asp
1 5 10 15

Glu Gly Lys
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-continued

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Flex 4

<400> SEQUENCE: 10

Ala Arg Glu Thr Ser Ile Val Arg Gly Lys Arg Asp Tyr Phe Lys Asp
1 5 10 15

Glu Gly Lys

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Flex 5

<400> SEQUENCE: 11

Ser Ser Glu Ser Asn Ile Thr Arg Gly Lys Arg Glu Tyr Thr Lys Asp
1 5 10 15

Glu Gly Arg

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Rigid_ 1

<400> SEQUENCE: 12

Gly Asp Ala Ala Ala Ala Lys Ala Ala Lys Ala Ala Ala Lys Ala Ala
1 5 10 15

Ala Asp Gly Tyr
20

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Rigid_2

<400> SEQUENCE: 13

Gly Asp Ala Ala Ala Ala Arg Ala Ala Lys Ala Ala Ala Arg Ala Ala
1 5 10 15

Ala Asp Gly Tyr
20

<210> SEQ ID NO 14

<211> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Rigid_3

<400> SEQUENCE: 14

Gly Asp Ala Ala Ala Ala Lys Ala Ala Lys Ala Ala Ala Lys Ala Ala
1 5 10 15
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Ala Ala Ala Ala Lys Ala Ala Lys Ala Ala Ala Lys Ala Ala Ala Asp
20 25 30

Gly Tyr

<210> SEQ ID NO 15

<211> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Rigid 4

<400> SEQUENCE: 15

Gly Asp Ala Ala Glu Ala Lys Ala Glu Lys Ala Glu Ala Lys Ala Glu
1 5 10 15

Ala Ala Glu Ala Lys Ala Glu Lys Ala Glu Ala Lys Ala Ala Ala Glu
20 25 30

Gly Tyr

<210> SEQ ID NO 16

<211> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Rigid 5

<400> SEQUENCE: 16

Gly Asp Ala Ala Glu Ala Lys Ala Gln Lys Ala Gln Ala Lys Ala Asn
1 5 10 15

Ala Ala Lys Ala Lys Ala Gln Lys Ala Gln Ala Lys Ala Ala Ala Asn
20 25 30

Gly Tyr

<210> SEQ ID NO 17

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Linker

<400> SEQUENCE: 17

Gly Ser Gly Gly Gly Gly
1 5

<210> SEQ ID NO 18

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Linker

<400> SEQUENCE: 18

Gly Ser Gly Ser Gly Gly Gly Gly
1 5

<210> SEQ ID NO 19

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Linker

<400> SEQUENCE: 19
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Ala Ser Gly Gly Gly Ser
1 5

<210> SEQ ID NO 20

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Regulon hairpin

<400> SEQUENCE: 20

Thr Val Ile His Gly Lys Arg Glu Val Thr Leu His
1 5 10

<210> SEQ ID NO 21

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Beta strand

<400> SEQUENCE: 21

Thr Val Ile His Gly
1 5

<210> SEQ ID NO 22

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Beta strand

<400> SEQUENCE: 22

Glu Val Thr Leu His
1 5

<210> SEQ ID NO 23

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 1

<223> OTHER INFORMATION: Xaa is A, F, S or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 2

<223> OTHER INFORMATION: Xaa is G, K, R or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 4

<223> OTHER INFORMATION: Xaa is S or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 5

<223> OTHER INFORMATION: Xaa is N or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 6

<223> OTHER INFORMATION: Xaa is A, I or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 7

<223> OTHER INFORMATION: Xaa is I, T or V
<220> FEATURE:

<221> NAME/KEY: misc_feature
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

LOCATION: 12

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 13

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 14

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 18

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 19

OTHER INFORMATION: Xaa

SEQUENCE: 23

is

is

is

is

is

Xaa Xaa Glu Xaa Xaa Xaa Xaa Arg

1

5

Glu Xaa Xaa

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 24
LENGTH: 10
TYPE: PRT

Gly Lys Arg Xaa Xaa Xaa Lys Asp

E or G

T or Y

T or Y

10

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Consensus sequence

FEATURE:

NAME/KEY: misc_feature
LOCATION: 5

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 6

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 7

OTHER INFORMATION: Xaa

SEQUENCE: 24

is

is

is

Arg Gly Lys Arg Xaa Xaa Xaa Lys

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

5

SEQ ID NO 25
LENGTH: 18
TYPE: PRT

D, Eor G

S, Tor Y

F, Tor Y

Asp Glu
10

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Consensus sequence

FEATURE:

NAME/KEY: misc_feature
LOCATION: 1

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 3

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 4

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 5

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature

is

is

is

is

G, K, Ror S

S

N

A,

or T

or S

Ior T

15
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

Xaa Glu Xaa Xaa Xaa Xaa Arg Gly

1 5

Xaa Xaa

<210> SEQ ID NO 26

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 2

<223> OTHER INFORMATION: Xaa is S or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3

<223> OTHER INFORMATION: Xaa is N or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 4

<223> OTHER INFORMATION: Xaa is A, I
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 5

<223> OTHER INFORMATION: Xaa is I, T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 10

<223> OTHER INFORMATION: Xaa is D, E
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 11

<223> OTHER INFORMATION: Xaa is S, T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 12

<223> OTHER INFORMATION: Xaa is F, T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 16

<223> OTHER INFORMATION: Xaa is G or N
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 17

<223> OTHER INFORMATION: Xaa is K or R
<400> SEQUENCE: 26

LOCATION: 6

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 11

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 12

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 13

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 17

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 18

OTHER INFORMATION: Xaa

SEQUENCE: 25

is

is

is

is

is

is

I, T
D, E
s, T
F, T
G or
K or

Lys Arg Xaa Xaa Xaa Lys Asp Glu
10

or

or

or

or

or

or

or

or

or

15
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Glu Xaa Xaa Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu Xaa
1 5 10 15

Xaa

<210> SEQ ID NO 27

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 1

<223> OTHER INFORMATION: Xaa is S or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 2

<223> OTHER INFORMATION: Xaa is N or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3

<223> OTHER INFORMATION: Xaa is A, I or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 4

<223> OTHER INFORMATION: Xaa is I, T or V
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 9

<223> OTHER INFORMATION: Xaa is D, E or G
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 10

<223> OTHER INFORMATION: Xaa is S, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 11

<223> OTHER INFORMATION: Xaa is F, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 15

<223> OTHER INFORMATION: Xaa is G or N
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 16

<223> OTHER INFORMATION: Xaa is K or R

<400> SEQUENCE: 27

Xaa Xaa Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu Xaa Xaa
1 5 10 15

<210> SEQ ID NO 28

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 1

<223> OTHER INFORMATION: Xaa is N or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 2

<223> OTHER INFORMATION: Xaa is A, I or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3

<223> OTHER INFORMATION: Xaa is I, T or V
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 8
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<223> OTHER INFORMATION: Xaa is D, E or G
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 9

<223> OTHER INFORMATION: Xaa is S, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 10

<223> OTHER INFORMATION: Xaa is F, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 14

<223> OTHER INFORMATION: Xaa is G or N
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 15

<223> OTHER INFORMATION: Xaa is K or R

<400> SEQUENCE: 28

Xaa Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu Xaa Xaa
1 5 10 15

<210> SEQ ID NO 29

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 1

<223> OTHER INFORMATION: Xaa is A, I or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 2

<223> OTHER INFORMATION: Xaa is I, T or V
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 7

<223> OTHER INFORMATION: Xaa is D, E or G
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 8

<223> OTHER INFORMATION: Xaa is S, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 9

<223> OTHER INFORMATION: Xaa is F, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 13

<223> OTHER INFORMATION: Xaa is G or N
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 14

<223> OTHER INFORMATION: Xaa is K or R

<400> SEQUENCE: 29

Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu Xaa Xaa
1 5 10

<210> SEQ ID NO 30

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 1

<223> OTHER INFORMATION: Xaa is I, T or V
<220> FEATURE:
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

NAME/KEY: misc_feature

LOCATION: 6

OTHER INFORMATION: Xaa is D, E or G
FEATURE:

NAME/KEY: misc_feature

LOCATION: 7

OTHER INFORMATION: Xaa is S, T or Y
FEATURE:

NAME/KEY: misc_feature

LOCATION: 8

OTHER INFORMATION: Xaa is F, T or Y
FEATURE:

NAME/KEY: misc_feature

LOCATION: 12

OTHER INFORMATION: Xaa is G or N
FEATURE:

NAME/KEY: misc_feature

LOCATION: 13

OTHER INFORMATION: Xaa is K or R

SEQUENCE: 30

Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu Xaa Xaa
5

10

SEQ ID NO 31

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Consensus sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: 5

OTHER INFORMATION: Xaa is D, E or G
FEATURE:

NAME/KEY: misc_feature

LOCATION: 6

OTHER INFORMATION: Xaa is S, T or Y
FEATURE:

NAME/KEY: misc_feature

LOCATION: 7

OTHER INFORMATION: Xaa is F, T or Y
FEATURE:

NAME/KEY: misc_feature

LOCATION: 11

OTHER INFORMATION: Xaa is G or N
FEATURE:

NAME/KEY: misc_feature

LOCATION: 12

OTHER INFORMATION: Xaa is K or R

SEQUENCE: 31

Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu Xaa Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

5 10

SEQ ID NO 32

LENGTH: 18

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Consensus sequence

FEATURE:

NAME/KEY: misc_feature

LOCATION: 1

OTHER INFORMATION: Xaa is A, F, S or T
FEATURE:

NAME/KEY: misc_feature

LOCATION: 2

OTHER INFORMATION: Xaa is G, K, R or S
FEATURE:

NAME/KEY: misc_feature

LOCATION: 4
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Arg Xaa Xaa Xaa Lys Asp
15

or S

<223> OTHER INFORMATION: Xaa is S or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 5

<223> OTHER INFORMATION: Xaa is N or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 6

<223> OTHER INFORMATION: Xaa is A, I or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 7

<223> OTHER INFORMATION: Xaa is I, T or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 12

<223> OTHER INFORMATION: Xaa is D, E or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 13

<223> OTHER INFORMATION: Xaa is S, T or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 14

<223> OTHER INFORMATION: Xaa is F, T or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 18

<223> OTHER INFORMATION: Xaa is G or N
<400> SEQUENCE: 32

Xaa Xaa Glu Xaa Xaa Xaa Xaa Arg Gly Lys
1 5 10
Glu Xaa

<210> SEQ ID NO 33

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 1

<223> OTHER INFORMATION: Xaa is G, K, R
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3

<223> OTHER INFORMATION: Xaa is S or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 4

<223> OTHER INFORMATION: Xaa is N or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 5

<223> OTHER INFORMATION: Xaa is A, I or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 6

<223> OTHER INFORMATION: Xaa is I, T or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 11

<223> OTHER INFORMATION: Xaa is D, E or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 12

<223> OTHER INFORMATION: Xaa is S, T or
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 13

<223> OTHER INFORMATION: Xaa is F, T or
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 17

<223> OTHER INFORMATION: Xaa is G or N

<400> SEQUENCE: 33

Xaa Glu Xaa Xaa Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu
1 5 10 15

Xaa

<210> SEQ ID NO 34

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 2

<223> OTHER INFORMATION: Xaa is S or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3

<223> OTHER INFORMATION: Xaa is N or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 4

<223> OTHER INFORMATION: Xaa is A, I or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 5

<223> OTHER INFORMATION: Xaa is I, T or V
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 10

<223> OTHER INFORMATION: Xaa is D, E or G
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 11

<223> OTHER INFORMATION: Xaa is S, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 12

<223> OTHER INFORMATION: Xaa is F, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 16

<223> OTHER INFORMATION: Xaa is G or N

<400> SEQUENCE: 34

Glu Xaa Xaa Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu Xaa
1 5 10 15

<210> SEQ ID NO 35

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 1

<223> OTHER INFORMATION: Xaa is S or T
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 2

<223> OTHER INFORMATION: Xaa is N or S
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 3

<223> OTHER INFORMATION: Xaa is A, I or T
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

FEATURE:

NAME/KEY: misc_feature
LOCATION: 4

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 9

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 10

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 11

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 15

OTHER INFORMATION: Xaa

SEQUENCE: 35

is

is

is

is

is

Xaa Xaa Xaa Xaa Arg Gly Lys Arg

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 36
LENGTH: 14
TYPE: PRT

I, T or V
D, Eor G
S, Tor Y
F, Tor Y
G or N

Xaa Xaa Xaa Lys Asp Glu Xaa

10

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Consensus sequence

FEATURE:

NAME/KEY: misc_feature
LOCATION: 1

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 2

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 3

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 8

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 9

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 10

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 14

OTHER INFORMATION: Xaa

SEQUENCE: 36

is

is

is

is

is

is

is

Xaa Xaa Xaa Arg Gly Lys Arg Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>

5

SEQ ID NO 37
LENGTH: 13
TYPE: PRT

N or S

A, T or T
I, T or V
D, Eor G
S, Tor Y
F, Tor Y
G or N

Xaa Xaa Lys Asp Glu Xaa
10

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Consensus sequence

FEATURE:
NAME/KEY: misc_feature
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

LOCATION: 1

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 2

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 7

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 8

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 9

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 13

OTHER INFORMATION: Xaa

SEQUENCE: 37

SEQ ID NO 38
LENGTH: 12
TYPE: PRT

is

is

is

is

is

is

Xaa Xaa Arg Gly Lys Arg Xaa Xaa
5

A, T or T
I, T or V
D, Eor G
S, Tor Y
F, Tor Y
G or N

Xaa Lys Asp Glu Xaa
10

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Consensus sequence

FEATURE:

NAME/KEY: misc_feature
LOCATION: 1

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 6

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 7

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 8

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 12

OTHER INFORMATION: Xaa

SEQUENCE: 38

SEQ ID NO 39
LENGTH: 11
TYPE: PRT

is

is

is

is

is

Xaa Arg Gly Lys Arg Xaa Xaa Xaa
5

I, T or V
D, Eor G
S, Tor Y
F, Tor Y
G or N

Lys Asp Glu Xaa
10

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Consensus sequence

FEATURE:

NAME/KEY: misc_feature
LOCATION: 5

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 6

OTHER INFORMATION: Xaa

is

is

D, Eor G

S, Tor Y
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

FEATURE:

NAME/KEY: misc_feature
LOCATION: 7

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 11

OTHER INFORMATION: Xaa

SEQUENCE: 39

is F, Tor Y

is

G or N

Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 40
LENGTH: 17
TYPE: PRT

10

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Consensus sequence

FEATURE:

NAME/KEY: misc_feature
LOCATION: 1

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 2

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 4

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 5

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 6

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 7

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 12

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 13

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 14

OTHER INFORMATION: Xaa

SEQUENCE: 40

is

is

is

is

is

is

is

is

is

Xaa Xaa Glu Xaa Xaa Xaa Xaa Arg

1

Glu

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

5

SEQ ID NO 41
LENGTH: 16
TYPE: PRT

A, F, S
G, K, R
Sor T

N or S

A, I or
I, T or
D, E or
S, T or
F, T or
Gly Lys

10

ORGANISM: Artificial Sequence

FEATURE:

or T

or S

Arg Xaa Xaa Xaa Lys Asp
15

OTHER INFORMATION: Consensus sequence

FEATURE:
NAME/KEY: misc_feature
LOCATION: 1

OTHER INFORMATION: Xaa is G, K, R or S
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

Xaa Glu Xaa Xaa Xaa Xaa Arg Gly

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

FEATURE:

NAME/KEY: misc_feature
LOCATION: 3

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 4

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 5

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 6

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 11

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 12

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 13

OTHER INFORMATION: Xaa

SEQUENCE: 41

5

SEQ ID NO 42
LENGTH: 15
TYPE: PRT

is

is

is

is

is

is

is

Sor T
N or S
A, I or
I, T or
D, E or
S, T or
F, T or
Lys Arg
10

ORGANISM: Artificial Sequence

FEATURE:

Xaa Xaa Xaa Lys Asp Glu
15

OTHER INFORMATION: Consensus sequence

FEATURE:

NAME/KEY: misc_feature
LOCATION: 2

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 3

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 4

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 5

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 10

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 11

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: 12

OTHER INFORMATION: Xaa

SEQUENCE: 42

is

is

is

is

is

is

is

Glu Xaa Xaa Xaa Xaa Arg Gly Lys

1

5

Sor T
N or S
A, I or
I, T or
D, E or
S, T or
F, T or
Arg Xaa
10

Xaa Xaa Lys Asp Glu
15
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<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 43

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Consensus sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: 1

OTHER INFORMATION: Xaa is S or T
FEATURE:

NAME/KEY: misc_feature

LOCATION: 2

OTHER INFORMATION: Xaa is N or S
FEATURE:

NAME/KEY: misc_feature

LOCATION: 3

OTHER INFORMATION: Xaa is A, I or T
FEATURE:

NAME/KEY: misc_feature

LOCATION: 4

OTHER INFORMATION: Xaa is I, T or V
FEATURE:

NAME/KEY: misc_feature

LOCATION: 9

OTHER INFORMATION: Xaa is D, E or G
FEATURE:

NAME/KEY: misc_feature

LOCATION: 10

OTHER INFORMATION: Xaa is S, T or Y
FEATURE:

NAME/KEY: misc_feature

LOCATION: 11

OTHER INFORMATION: Xaa is F, T or Y

SEQUENCE: 43

Xaa Xaa Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 44

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Consensus sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: 1

OTHER INFORMATION: Xaa is N or S
FEATURE:

NAME/KEY: misc_feature

LOCATION: 2

OTHER INFORMATION: Xaa is A, I or T
FEATURE:

NAME/KEY: misc_feature

LOCATION: 3

OTHER INFORMATION: Xaa is I, T or V
FEATURE:

NAME/KEY: misc_feature

LOCATION: 8

OTHER INFORMATION: Xaa is D, E or G
FEATURE:

NAME/KEY: misc_feature

LOCATION: 9

OTHER INFORMATION: Xaa is S, T or Y
FEATURE:

NAME/KEY: misc_feature

LOCATION: 10

OTHER INFORMATION: Xaa is F, T or Y

SEQUENCE: 44

Xaa Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu

1

5 10
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<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ ID NO 45

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Consensus sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: 1

OTHER INFORMATION: Xaa is A, I or T
FEATURE:

NAME/KEY: misc_feature

LOCATION: 2

OTHER INFORMATION: Xaa is I, T or V
FEATURE:

NAME/KEY: misc_feature

LOCATION: 7

OTHER INFORMATION: Xaa is D, E or G
FEATURE:

NAME/KEY: misc_feature

LOCATION: 8

OTHER INFORMATION: Xaa is S, T or Y
FEATURE:

NAME/KEY: misc_feature

LOCATION: 9

OTHER INFORMATION: Xaa is F, T or Y

SEQUENCE: 45

Xaa Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu
5

10

SEQ ID NO 46

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Consensus sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: 1

OTHER INFORMATION: Xaa is I, T or V
FEATURE:

NAME/KEY: misc_feature

LOCATION: 6

OTHER INFORMATION: Xaa is D, E or G
FEATURE:

NAME/KEY: misc_feature

LOCATION: 7

OTHER INFORMATION: Xaa is S, T or Y
FEATURE:

NAME/KEY: misc_feature

LOCATION: 8

OTHER INFORMATION: Xaa is F, T or Y

SEQUENCE: 46

Xaa Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu
5

10

SEQ ID NO 47

LENGTH: 10

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Consensus sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: 5

OTHER INFORMATION: Xaa is D, E or G
FEATURE:

NAME/KEY: misc_feature
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-continued

<222> LOCATION: 6

<223> OTHER INFORMATION: Xaa is S, T or Y
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: 7

<223> OTHER INFORMATION: Xaa is F, T or Y

<400> SEQUENCE: 47
Arg Gly Lys Arg Xaa Xaa Xaa Lys Asp Glu

1 5 10

<210> SEQ ID NO 48

<211> LENGTH: 357

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 48

Met Ala Pro Arg Arg Val Arg Ser Phe Leu Arg Gly Leu Pro Ala Leu
1 5 10 15

Leu Leu Leu Leu Leu Phe Leu Gly Pro Trp Pro Ala Ala Ser His Gly
20 25 30

Gly Lys Tyr Ser Arg Glu Lys Asn Gln Pro Lys Pro Ser Pro Lys Arg
35 40 45

Glu Ser Gly Glu Glu Phe Arg Met Glu Lys Leu Asn Gln Leu Trp Glu
50 55 60

Lys Ala Gln Arg Leu His Leu Pro Pro Val Arg Leu Ala Glu Leu His
65 70 75 80

Ala Asp Leu Lys Ile Gln Glu Arg Asp Glu Leu Ala Trp Lys Lys Leu
85 90 95

Lys Leu Asp Gly Leu Asp Glu Asp Gly Glu Lys Glu Ala Arg Leu Ile
100 105 110

Arg Asn Leu Asn Val Ile Leu Ala Lys Tyr Gly Leu Asp Gly Lys Lys
115 120 125

Asp Ala Arg Gln Val Thr Ser Asn Ser Leu Ser Gly Thr Gln Glu Asp
130 135 140

Gly Leu Asp Asp Pro Arg Leu Glu Lys Leu Trp His Lys Ala Lys Thr
145 150 155 160

Ser Gly Lys Phe Ser Gly Glu Glu Leu Asp Lys Leu Trp Arg Glu Phe
165 170 175

Leu His His Lys Glu Lys Val His Glu Tyr Asn Val Leu Leu Glu Thr
180 185 190

Leu Ser Arg Thr Glu Glu Ile His Glu Asn Val Ile Ser Pro Ser Asp
195 200 205

Leu Ser Asp Ile Lys Gly Ser Val Leu His Ser Arg His Thr Glu Leu
210 215 220

Lys Glu Lys Leu Arg Ser Ile Asn Gln Gly Leu Asp Arg Leu Arg Arg
225 230 235 240

Val Ser His Gln Gly Tyr Ser Thr Glu Ala Glu Phe Glu Glu Pro Arg
245 250 255

Val Ile Asp Leu Trp Asp Leu Ala Gln Ser Ala Asn Leu Thr Asp Lys
260 265 270

Glu Leu Glu Ala Phe Arg Glu Glu Leu Lys His Phe Glu Ala Lys Ile
275 280 285

Glu Lys His Asn His Tyr Gln Lys Gln Leu Glu Ile Ala His Glu Lys
290 295 300
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-continued

Leu His Ala Glu

305

Arg
310 315
Glu Ala

325

Arg Lys His

330

Thr Val Lys Lys His

340 345

Asn Glu Leu

355

Arg His

350

Ser Val Gly Asp Gly Glu Arg Val Ser Arg Ser

320

Leu Leu Glu Gly Arg Thr Lys Glu Leu Gly Tyr

335

Leu Gln Asp Leu Ser Gly Arg Ile Ser Arg Ala

1. A polypeptide for crossing the blood brain barrier
(BBB), wherein the polypeptide is:

(a) a regulon polypeptide less than 59 amino acids in
length, comprising 7 or more consecutive amino acids of
SEQIDNO: 2, and comprising K48 and R49 (numbered
relative to SEQ ID NO: 1);

(b) a RAP polypeptide less than 100 amino acids in length
comprising at least 20 consecutive amino acids from
SEQID NO: 4;

(c) a flexible polypeptide less than 100 amino acids in
length, comprising a flexible loop and wherein the
polypeptide comprises the sequence:

X X E X3 X, Xs X, R G KR X; X3 Xy K

D E Xj0 Xi1
or

RGKRZX;X X KD E

wherein X,=A, F,Sor T; X,=G,K,RorS; X,=SorT:X,=N
orS; Xs=A,lorT; X=I, TorV; X.=D, E or G; Xg=T or
Y; Xo=F, TorY; X,,=G or N; X,;=K or R; or

(d) a rigid polypeptide less than 100 amino acids in length,
comprising an alpha helix and comprising the consensus
sequence:

(K/R) A (A/E/Q) K A (A/E/Q) A (K/R), optionally

G D (A/E), (K/R) A (A/JE/Q) K A (A/E/Q) A (K/R) A
X GY

wherein preferably, 4, is 1-10, and ¢, is 1-25.

2. A regulon polypeptide according to claim 1(a), compris-

ing:

(a) (1) T43,V44, 145, H46, G47 and/or (i1) E5S0, V51, T52,
L.53 and H54 (numbered relative to SEQ ID NO: 1); and
optionally

(b) P43 and L.55 (numbered relative to SEQ ID NO: 1); and
optionally

(c) (1) P37, M38, A39,R40, E41 and/or (ii) H56, P57, D58,
and H59, (numbered relative to SEQ ID NO: 1).

3. The polypeptide according to claim 1, wherein the

polypeptide:

(a) is a regulon polypeptide that comprises or consists of
SEQ ID NO: 2 or SEQ ID NO: 3;

(b) is a RAP polypeptide that comprises or consists of SEQ
ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6;

(c) is a flexible polypeptide that comprises or consists of
SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID
NO: 10, or SEQ ID NO: 11;

(d) is arigid polypeptide that comprises or consists of SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, or SEQ ID NO: 16.

4. The polypeptide according to claim 1, wherein the
polypeptide is produced recombinantly.

5. The polypeptide according to claim 1, wherein the
polypeptide is produced by chemical synthesis.

6. A conjugate for transporting an agent across the blood
brain barrier (BBB), comprising:

(a) a peptide according to claim 1; and

(b) an agent,

wherein the conjugate is able to cross the BBB.

7. The conjugate according to claim 6, wherein the agent is
adrug, a polypeptide, an enzyme, an antibiotic, an anti-cancer
agent, a radioactive agent, an antibody, a cellular toxin, a
detectable label or an anti-angiogenic compound.

8. The conjugate according to claim 6, wherein the agent is
a therapeutic agent.

9. The conjugate according to claim 8, wherein the agent is
a small molecule drug.

10. The conjugate according to claim 6, wherein the agent
is a diagnostic agent, optionally wherein the diagnostic agent
is a dye, a chemi-luminescent dye, radioimaging agent, metal
chelate complex, fluorescent label, enzyme-substrate label,
an antibody or an antibody fragment thereof.

11. The conjugate according to claim 6, wherein the
polypeptide is conjugated to the agent via a linker.

12. The conjugate according to claim 6, wherein the
polypeptide is conjugated directly to the agent.

13. The conjugate according to claim 6, further comprising
a nanoparticle.

14. The conjugate according to claim 11, wherein the agent
is releasable from the polypeptide after transport across the
BBB.

15-19. (canceled)

20. An isolated polynucleotide encoding the polypeptide
according to claim 1.

21. A pharmaceutical composition, comprising:

a pharmaceutically acceptable carrier; and

at least one of:

(a) the polypeptide according to claim 1; and

(b) a conjugate comprising the polypeptide according to
claim 1 and an agent, wherein the conjugate is able to
cross the blood brain barrier.

22. A method of treating a neurological disease, compris-
ing the step of:

administering to a patient a composition, wherein the com-

position is transported across the blood brain barrier for
treatment of the neurological disease, and wherein the
composition comprises at least one of:
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(a) the polypeptide according to claim 1;

(b) a conjugate comprising the polypeptide according to
claim 1 and an agent, wherein the conjugate is able to
cross the blood brain barrier; and

(c) a pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and (a) and/or (b).

23. The method of claim 22, wherein the neurological
disease is at least one of a brain tumor, brain metastasis,
schizophrenia, epilepsy, Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease, stroke, and/or a disease asso-
ciated with malfunction of the BBB.

24. A method of diagnosis of a neurological disease, com-
prising the step of:

administering to a patient a diagnostic composition,

wherein the diagnostic composition is transported

across the blood brain barrier for diagnosis of the neu-
rological disease, and wherein the composition com-
prises at least one of:

(a) the polypeptide according to claim 1;

(b) a conjugate comprising the polypeptide according to
claim 1 and an agent, wherein the conjugate is able to
cross the blood brain barrier; and

(c) a pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and (a) and/or (b).

25. The method of claim 24, wherein the neurological
disease is at least one of a brain tumor, brain metastasis,
schizophrenia, epilepsy, Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease, stroke, and/or a disease asso-
ciated with malfunction of the BBB.

#* #* #* #* #*
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