
POLYMERENCAPSULATED PARTICLES AS SURFACE ENHANCED
RAMAN SCATTERING PROBES CROSS-REFERENCE TO RELATED
APPLICATIONS [001] This application claims benefit of
priority of US provisional application No. 61/055,583,
filed May 23, 2008, the contents of it being hereby
incorporated by reference in its entirety for all
purposes. FIELD OF THE INVENTION [002] The present
invention relates to the field of biochemistry, in
particular to the field of biochemical labels and
surface chemistry. BACKGROUND OF THE INVENTION [003]
In recent years, surface-enhanced Raman scattering
(SERS) labels are becoming more important as an
alternative to fluorescent labels. [004] The effect of
Raman scattering occurs when a beam of light interacts
with a molecule, not an atom. Part of the incident
light is reflected, and part of it is scattered. Over
99% of the scattered radiation has the same frequency
as the incident beam and is called Mie and Rayleigh
scattering. However, a small portion of the scattered
radiation has frequencies different from that of the
incident beam and is called Raman and Brilliouin
scattering which forms of inelastic scattering. The
frequency differences between the incident and
inelastically scattered radiation are determined by
the properties of the molecules of which the material
under study is made and are characteristic for every
molecule, like a fingerprint. The Raman scattered
radiation has energies slightly less than the incident
photon (Stokes shift). Those energies correspond to
some of the various vibrations and/or rotations of the
target molecule. The Raman spectrum for a given
molecule in a given environment is always the same
irrespective of the frequency of the incident light.
This is in contrast to fluorescence which absorbs
light when the frequency or photon energy matches the
energy difference between two energy levels of the
molecule. [005] The use of Raman Scattering to
investigate molecules absorbed on surfaces was
initially thought to be of insufficient sensitivity.
However, it was discovered that certain molecules and
metal surfaces could display Raman scattering
cross-sections many orders of magnitude greater than
for isolated molecules. Increases in the intensity of
Raman signal havebeen regularly observed on the order
of 104-106, and can be as high as 108 and 1014. The
importance of SERS is that it is both surface
selective and highly sensitive where as Raman
scattering is neither. The phenomenon of SERS is
generally explained by a combination of an
electromagnetic (EM) mechanism describing the surface
electron movement in the substrate, such as a metal
particle, and a chemical mechanism related to charge
transfer (CT) between the substrate and a Raman active
molecule. [006] For the chemical enhancement process,
it is thought that the metal of the metal particle
aids in CT excitations between the highest occupied
molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) of the adsorbate, i.e. the
molecule bound to the surface. These excitations are
possible if the Fermi level of the metal is
approximately halfway between the HOMO and LUMO of the
adsorbate, which in turn allows CT processes to occur
at approximately half the energy of the inherent
intramolecular excitations. Naturally, this effect
varies from molecule to molecule, but because the
energetically lowest-lying CT process is in the near
ultraviolet for most organic molecules, this
metal-aided process occurs in the visible spectrum.
[007] Known nanometer-sized SERS labels usually
consist of a coating layer of Raman reporter molecules
on the surface of metal nanoparticles (metal NPs)
which act as the source of enhancement. Compared with
fluorescent labels, Raman reporters on metal NPs are
resistant to photo-bleaching owing to the quenching of
fluorescence excited states by metal surface and to
the short lifetime of Raman virtual energy states. In
addition, multiple reporters can be excited with a
single light source of choice (such as near infrared
light for human tissue), giving multiple sets of
narrow peaks characteristic of the individual
reporters. They might therefore be usable for
applications in various biomedical systems. [008]
Direct attachment of Raman reporters to metal NPs is a
known technique. However, the efficiency and
reliability of the nanoprobes are often compromised by
ligand dissociation or exchange and the exposed Raman
reporters would be easily influenced by variations in
chemical or biological environments. A variety of
encapsulation methods were, therefore, developed to
enhance the stability of the nanoprobes, by coating
them with biomolecules (such as bovine serum albumin),
PEG-SH, or inorganic layers (such as SiO ). [009]
While all these approaches reduce the dissociation of
Raman reporters and provide secure anchoring points
for labelling, the silica-coated nanoprobes were shown
to be superior as they were impermeable to dye
molecules, remarkably stable in salt media and in
organic solvents, aiid their signals unaffected by the
attachment of biomolecules (Mulvaney, S.P.,Musick,
M.D., et al, 2003, Langmuir, vol.19, pp.4784). Unlike
surface-adsorbed biomolecules or ligands, the SiO2
shell is chemically stable and does not dissociate.
More importantly, a well-defined core/shell structure
provides unambiguous composition of the nanoprobes
with minimal overall diameter, as opposed to NP
aggregates with nonspecific sizes. 



[010] The growth of SiO2 shell on metal NPs typically
require two types of ligands, one as the Raman
reporter and one to make the metal surface amenable to
SiO2 attachment. This requirement leads to multiple
problems in designing SERS labels. The vitreophilic
(glass loving) molecules are typically NH - or
SH-ended silanes while the Raman reporters typically
have aromatic groups. These two types of ligands do
not naturally mix and there is no known Raman reporter
that is vitrophilic. So far, only limited number of
reporters has been shown to be compatible with the
SiO2 coating. Segregation of the two types of ligands
could occur and lead to non-uniform distribution of
the reporter molecules among the individual NPs.
Furthermore, only a small fraction of the metal
surface are available for Raman reporter molecules, or
otherwise SiO2 would not be able to form a continuous
shell on the metal NPs. The low surface concentration
of Raman reporter inevitably leads to weak SERS
signals. The growth OfSiO layer is another source of
problems. Since it is kinetically controlled, the
shell thickness depends on the growth conditions and
is not intrinsically uniform. The growth conditions
need to be precisely controlled and it was also
required to avoid the formation of pure silica
particles and the aggregation of the NPs. Typical
syntheses in this system requires more than 3Oh of
complicated procedures such as dialysis and
ion-exchange. [Oil] Therefore, it is an object of the
present invention to provide alternative Raman active
labels which overcome some of the above problems.
SUMMARY OF THE INVENTION [012] In a first aspect, the
present invention is directed to a Raman active
composite material comprising: a metal particle; a
coating layer of a Raman active molecule bound to the
metal particle; and an encapsulating layer of an
amphiphilic polymer bound to the metal particle. [013]
hi a further aspect, the present invention is directed
to a method of manufacturing a Raman active composite
material described herein, wherein the method
comprises: incubating a metal particle with a Raman
active molecule and an organic solvent in afirst
solution; adding an amphiphilic polymer to the first
solution; heating the first solution after adding the
amphiphilic polymer; and cooling the first solution.
[014] In a further aspect, the present invention
refers to a method of manufacturing an anisotropically
encapsulated Raman active composite material, wherein
the method comprises: providing a solution comprising
a metal particle, an organic solvent, an amphiphilic
polymer, a ligand comprising a binding moiety for
binding to the metal particle and a Raman active
molecule; . incubating the solution for a time
sufficient to allow self-assembly of an amphiphilic
polymer shell around the metal particle; and cooling
the solution. [015] In another aspect, the present
invention refers to the use of a Raman active
composite material according as described herein or a
Raman active composite material obtained by a method
described herein for detection and/or labelling of
analytes. [016] In a further aspect, the present
invention refers to a Raman active composite material
obtained by a method described herein. BRIEF
DESCRIPTION OF THE DRAWINGS [017] The invention will
be better understood with reference to the detailed
description when considered in conjunction with the
non-limiting examples and the accompanying drawings,
in which: [018] Figure 1 shows the preparation of
polymer-encapsulated metal NPs (MtNPs) by
self-assembly. It is a one-pot synthesis involving the
heating of MtNPs with hydrophobic Raman active
molecules (L) and amphiphilic polymers, such as
PS154-block-PAA60 followed by gradual cooling. Figure
1 shows an amphiphilic polymer wherein the dotted line
stands for the hydrophilic portion of the amphiphilic
polymer while the solid line stands for the
hydrophobic portion of the amphiphilic polymer. [019]
Figure 2 shows four different examples of Raman active
molecules which have been used for the Raman active
composite material referred to herein, namely 2-
naphthalenethiol (Figure 2 - 1), 4-ethylbenzenethiol
(Figure 2 - 2), triphenylphosphine (Figure 2 - 3) and
triphenylphosphite (Figure 2 - 4).[020] Figure 3 shows
TEM images of Raman active composite materials. The
metal nanoparticle of the Raman active composite
material is encapsulated by PS1S4-MoCk-PAA6O, showing
AuNPs of 14 nm before (a) and after purification (b),
AuNPs of 38 nm (c) and 62 run (d), gold nanorods (e)
and silver nanocubes (f). All scale bars are 100 nm.
[021] Figure 4 shows (A) Raman spectra of an AuNP
covered with 2-narhthalenethiol and an amphiphilic
polymer of various AuNP sizes: (a) 62 nm, (b) 5 1 nm,
(c) 38 nm, (d) 2 1 nm and (e) 14 nm; (B) Dependence of
the ensemble-averaged enhancement factor on the size
of AuNPs, showing the estimated factors based on (A).
[022] Figure 5A shows SERS spectra of two different
Raman active composite materials 



using (a) 2-naphthalenethiol and (b)
4-ethylbenzenethiol as Raman active molecules. Figure
5B show a TEM image of AgNPs coated with
4-ethylbenzenethiol and encapsulated with an
amphiphilic polymer. The scale bar is 100 nm. [023]
Figure 6 shows TEM images and SERS signal of AuNPs
coated with the Raman active molecules shown in Figure
6 and encapsulated with an amphiphilic polymer in
water. [024] Figure 7 shows the SERS signals of AuNPs
coated with the Raman active molecules shown in Figure
6 and encapsulated with an amphiphilic polymer in
water. Figure 7a shows the SERS signal of an AuNPs
encapsulated with an amphiphilic polymer and coated
with (A) 1,10-phenanthroline, (B) 5,6-dimethyl-l,10-
rhenanthroline, (C) 4,7-dimethoxy-l,10-
phenanthroline, (D) 4,7-dichloro-l,10-phenanthroline,
(E) 5-chloro-l,10-phenanthroline, (F)
3,4,7,8-tetramethyl-l,10- rhenanthroline, (G)
5-methyl-l,10-phenanthroline, (H) 5-nitro-l,10-
phenanthroline, (I) 4-methyl-l,10-phenanthroline, (J)
batho-l,10-phenanthroline. Figure 7b shows the SERS
signal of an AuNP encapsulated with an amphiphilic
polymer and coated with (K)
4,4'-dimethoxy-2,2'-bipyridme, (L) 2,2'-bipyridine,
(M) 5,5'-dimethyl-2,2'- bipyridine, (N)
4,4'-dimethyl-2,2 l-biryridine. Figure 7c shows the
SERS signal of an AuNP encapsulated with an
amphiphilic polymer and coated with (O) 2,2 ';6 ',2
"-terpyridine, (P) 4'(4-methyl- rhenyl)-2,2 ';6 ',2 '
'-terpyridine, (Q) 4'(4-chloro-phenyl)-2,2';6 ',2 '
'-terpyridine, (R) 4,4',4"-tri-tert-butyl-2,2';6
I,2"-terpyridine, (S) 4-phenyl-2,2';6',2"-terpyridine,
(T) 4 '(4- nitro-phenyl)-2,2 ';6 ',2 ' '-terpyridine.
[025] Figure 8 shows TEM images of Au nanoparticle
aggregates having different aggregation sizes. The Au
nanoparticles are coated with a first layer of
4-ethylbenzenethiol and encapsulated with PSi
54-block-PAA60. The size of the NP aggregates size was
changed by adjusting the acid concentration. (0.06 mM
of acid for Figure 8A and 0.12 mM of acid for Figure
8B).[026] Figure 9 shows non-limiting examples of
anisotropically encapsulated metal nanoparticles which
are coated with a Raman active molecule. Figures 9A, B
and C show the anisotropic encapsulation of
nanospheres. Figure 9D shows the encapsulation of
several nanospheres in a chain, wherein a portion of
two of the five nanospheres (the third and fifth from
the left) are not encapsulated not only in the contact
area between the nanoparticles but also in portions
facing the external environment. Figure 9E shows the
anisotropic encapsulation of a nanorod while Figure 9F
shows the anisotropic encapsulation of a nanocube.
Figures 9 A' and B' show the corresponding TEM images
of gold nanoparticles as illustrated in Figures 9A and
B, respectively (scale bars 50 nm). [027] Figure 10
shows TEM images of anisotropically encapsulated Raman
reporter coated metal nanoparticles. Figure 1OA shows
AuNPs coated with 2-naphthalenethiol as Raman active
molecule and ethanethiol as ligand comprising a
binding moiety for binding to the metal nanoparticle,
and partially encapsulated with PS154-block-PAA 60
(ratio of ethanethiol to 2-naphthalenethiol = 7.41;
incubation time and temperature for self assembly of
polymer shell: 150C, 3h). Figure 1OB shows AuNPs
coated with 4-ethylthiophenol as Raman active molecule
and ethanethiol as ligand comprising a binding moiety
for binding to the metal nanoparticle, and partially
encapsulated with PS154-MoCk-PAA6O (ratio of
ethanethiol to 4-ethylthiophenol = 2.40; incubation
time and temperature for self assembly of polymer
shell: 130C, 6h). Figure 1OC shows anisotropically
encapsulated AuNP chains coated with 2-
naphthalenthiol (Raman active molecule) and
ethanethiol (ligand comprising a binding moiety for
binding to the metal nanoparticle). DETAILED
DESCRIPTION OF THE INVENTION [028] In a first
embodiment, the present invention is directed to a
Raman active composite material comprising: a metal
particle; a coating layer of a Raman active molecule
bound to the metal particle; and an encapsulating
layer of an amphiphilic polymer bound to the metal
particle. [029] Such Raman active composite materials
have been shown to be stable in test in which they
have been exposed to adverse conditions. For example,
salt medium was known to cause aggregation of
citrate-stabilized AuNPs, as the increased ionic
strength weakens the charge-repulsion between the NPs.
In contrast, the Raman active composite material
described herein can tolerate up to 0.1 M NaCl without
aggregation. No change of SERSintensity was observed
with and without the salt media. This allows the use
of these Raman active composite materials in buffer
solutions often encountered in biomedical
applications. The amphiphilic polymer forms a polymer
shell around the metal particle which is coated with a
Raman active molecule and thus provides protection
against chemical oxidation as demonstrated in the
experimental section of this application. [030] A
"Raman active molecule" refers to a molecule which
exhibits a characteristic Raman spectrum upon
excitation with light. In general, the Raman spectrum
is independent of the wavelength of the excitation
light, but near-infrared (i.e. 750 nm to about 100 mm)
excitation is most favourable for bio-detection owing
to the small absorption of near-infrared light by
tissue. Due to the binding of the Raman active
molecule to a metal particle, the Raman signal is
greatly enhanced which means that the Raman active
composite material is a Surface Enhanced Raman
Scattering (SERS) active composite material. The Raman
active 



composite material referred to herein is characterized
by an increase in the intensity of the Raman signal
emitted by the Raman active molecules. [03 1] Examples
for Raman active molecules can include, but are not
limited to wherein R1 to R13 are independently
selected from hydrogen, alkyl, optionally substituted
alkyl, optionally substituted aryl, alkoxy, aryl,
halogen, NO , CN, OH, carbonyl (-C=O)) or amino
(-NH2); R14 to R1 are selected from optionally
substituted alkyl, alkoxy, optionally substituted aryl
and optionally substituted aryloxy; X is S or O.
Because the Raman spectrum reflects the vibrational
energy levels of a particular molecule, any small
change in the molecular structure, including the
peripheral substituent groups, can cause changes in
the energy levels and thus lead to changes in the
Raman fi ngerpri nt [032] The term "alkyl", alone or
in combination, refers to a fully saturated aliphatic
hydrocarbon. In certain embodiments, alkyls are
optionally substituted. In certain embodiments, an
alkyl comprises 1 to 30 carbon atoms, for example 1 to
20 carbon atoms,wherein (whenever it appears herein in
any of the definitions given below) a numerical range,
such as "1 to 20" or "C1-C2O 1', refers to each
integer in the given range, e.g. "C1-C20 alkyl" means
that an alkyl group comprising only 1 carbon atom, 2
carbon atoms, 3 carbon atoms, etc., up to and
including 20 carbon atoms. Examples of alkyl groups
include, but are not limited to, methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, tert-amyl, pentyl, hexyl, heptyl, octyl
and the like. [033] The term "alkoxy", alone or in
combination, refers to an aliphatic hydrocarbon having
an alkyl-O- moiety. In certain embodiments, alkoxy
groups are optionally substituted. Examples of alkoxy
groups include, but are not limited to, methoxy,
ethoxy, propoxy, butoxy and the like. [034] The term
"aliphatic", alone or in combination, refers to a
straight chain or branched chain hydrocarbon
comprising at least one carbon atom. Aliphatics
include alkyls, alkenyls, and alkynyls. In certain
embodiments, aliphatics are optionally substituted.
Aliphatics include, but are not limited to, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
pentyl, hexyl, ethenyl, propenyl, butenyl, ethynyl,
butynyl, propynyl, and the like, each of which may be
optionally substituted. As used herein, aliphatic is
not intended to include cyclic groups. [035] The term
"alkyne", alone or in combination, refers to an
aliphatic hydrocarbon having one or more carbon-carbon
triple-bonds. In certain embodiments, alkyne groups
are optionally substituted. Examples of alkyne groups
include, but are not limited to, ethynyl, propynyl,
butynyl, and the like. [036] The term "alkene", alone
or in combination, refers to an aliphatic hydrocarbon
having one or more carbon-carbon double-bonds. In
certain embodiments, alkene groups are optionally
substituted. Examples of alkene groups include, but
are not limited to, ethenyl, propenyl, butenyl,
1,4-butadienyl, pentenyl, hexenyl, 4-methylhex-l-enyl,
4-ethyl-2- methylhex- 1-enyl and the like. [037] The
term "haloaliphatic", alone or in combination, refers
to an aliphatic hydrocarbon in which at least one
hydrogen atom is replaced with a halogen atom. In
certain embodiments in which two or more hydrogen
atoms are replaced with halogen atoms, the halogen
atoms are all the same. In certain embodiments, the
halogen atoms are not all the same, but differ from
each other. Haloaliphatic groups include haloalkyls,
haloalkenyls, and haloalkynyls. In certain
embodiments, haloaliphatics are optionally
substituted, in addition to the hydrogen/halogen
substitution. The term "haloaliphatic" also includes
perhaloaliphatic, in which all of the hydrogen atoms
of the aliphatic hydrocarbon are replaced by halogen
atoms. Examples ofperhaloaliphatics include, but are
not limited to, trichloromethyl, pentacholorethyl, and
the like. [038] The term "aryl" refers to an aromatic
ring wherein each of the atoms forming the ring is a
carbon atom. Aryl rings may be formed by five, six,
seven, eight, nine, or more than nine carbon atoms.
Aryl groups may be optionally substituted. [039] The
term "aromatic" refers to a group comprising a
covalently closed planar ring having a delocalized
tr-electron system comprising 4n+2 tt-electrons, where
n is an integeraromatic rings may be formed by five,
six, seven, eight, nine, or more than nine atoms.
Aromatics may be optionally substituted. Examples of
aromatic groups include, but are not limited to
phenyl, naphthalenyl, phenanthrenyl, anthracenyl,
tetralinyl, fmorenyl, indenyl, and indanyl. The term
aromatic includes, for example, benzenoid groups,
connected via one of the ring- forming carbon, atoms,
and optionally carrying one or more substituents
selected from an aryl, a heteroaryl, a cycloalkyl, a
non-aromatic heterocycle, a halo, a hydroxy, an amino,
a cyano, a nitro, an alkylamido, an acyl, a C1-6
alkoxy, a C1-6 alkyl, a C1-6 hydroxyallcyl, a C1-6
aminoalkyl, a C1-6 alkylamino, an alkylsulfenyl, an
alkylsulfinyl, an alkylsulfonyl, an sulfamoyl, or a
trifluoromethyl. In certain embodiments, an aromatic
group is substituted at one or more of the para, meta,
and/or ortho positions. Examples of aromatic groups
comprising substitutions include, but are not limited
to, phenyl, 3-halophenyl, 4-halophenyl,
3-hydroxyphenyl, 4-hydroxyphenyl, 3-aminophenyl,
4-aminorhenyl, 3-methylphenyl, Amethylphenyl,
3-methoxyphenyl, 4-methoxyphenyl,
4-trifluoromethoxyphenyl, 3- cyanophenyl,
4-cyanorhenyl, dimethylphenyl, naphthyl,
hydroxynaphthyl, 



hydroxymethylphenyl, (trifluoromethyl)phenyl,
alkoxyphenyl, 4-morpholin-4- ylphenyl, Apyrrolidin-
1-ylphenyl, 4-pyrazolylphenyl, 4-triazolylph.enyl, and
4-(2-oxopyrrolidin-lyl) phenyl. [040] The term
"heterocycle" refers to a group comprising a
covalently closed ring wherein at least one atom
forming the ring is a carbon atom and at least one
atom forming the ring is a heteroatom. Heterocyclic
rings may be formed by three, four, five, six, seven,
eight, nine, or more than nine atoms. Any number of
those atoms may be heteroatoms (i.e., a heterocyclic
ring may comprise one, two, three, four, five, six,
seven, eight, nine, or more than nine heteroatoms).
Herein, whenever the number of carbon atoms in a
heterocycle is indicated (e.g., C1-C6 heterocycle), at
least one other atom (the heteroatom) must be present
in the ring. Designations such as "C1-C6 heterocycle"
refer only to the number of carbon atoms in the ring
and do not refer to the total number of atoms in the
ring. It is understood that theheterocylic ring will
have additional heteroatoms in the ring. In
heterocycles comprising two or more heteroatoms, those
two or more heteroatoms may be the same or different
from one another. Heterocycles may be optionally
substituted. Binding to a heterocycle can be at a
heteroatom or via a carbon atom. Examples of
heterocycles include, but are not limited to the
following: wherein D, E, F, and G independently
represent a heteroatom. Each of D, E, F, and G may be
the same or different from one another. [041] The term
"heteroatom" refers to an atom other than carbon or
hydrogen. Heteroatoms are typically independently
selected from oxygen, sulfur, nitrogen, and
phosphorus, but are not limited to those atoms, hi
embodiments in which two or more heteroatoms are
present, the two or more heteroatoms may all be the
same as one another, orsome or all of the two or more
heteroatoms may each be different from the others.
[042] The term "non-aromatic ring" refers to a group
comprising a covalently closed ring that is not
aromatic. [043] The term "heteroaryl" refers to an
aromatic heterocycle. Heteroaryl rings may be formed
by three, four, five, six, seven, eight, nine, or more
than nine atoms. Heteroaryls may be optionally
substituted. Examples of heteroaryl groups include,
but are not limited to, aromatic C3-8 heterocyclic
groups comprising one oxygen or sulfur atom or up to
four nitrogen atoms, or a combination of one oxygen or
sulfur atom and up to two nitrogen atoms, and their
substituted as well as benzo- and pyrido-fused
derivatives, for example, connected via one of the
ring-forming carbon atoms. In certain embodiments,
heteroaryl groups are optionally substituted with one
or more substituents, independently selected from
halo, hydroxy, amino, cyano, nitro, alkylamido, acyl,
C^-alkoxy, C1-6-alkyl, C1-6-hydroxyalkyl,
C1-6-aminoallcyl, alkylamino, alkylsulfenyl,
alkylsulfmyl, alkylsulfonyl, sulfamoyl, or
trifluoromethyl. Examples of heteroaryl groups
include, but are not limited to, unsubstituted and
mono- or di-substituted derivatives of furan,
benzofuran, thiophene, benzothiophene, pyrrole,
pyridine, indole, oxazole, benzoxazole, isoxazole,
benzisoxazole, thiazole, benzothiazole, isothiazole,
imidazole, benzimidazole, pyrazole, indazole,
tetrazole, quinoline, isoquinoline, pyridazine,
pyrimidine, purine and pyrazine, furazan,
1,2,3-oxadiazole, 1,2,3- thiadiazole,
1,2,4-thiadiazole, triazole, benzotriazole, pteridine,
phenoxazole, oxadiazole, benzopyrazole, quinolizine,
cinnoline, phthalazine, quinazoline, and quinoxaline.
hi some embodiments, the substituents are halo,
hydroxy, cyano, O-C1-6-alkyl, C1-6-alkyl, hydroxy-Q.
6-alkyl, and amino-C1-6-alkyl. [044] The term "ring"
refers to any covalently closed structure. Rings
include, for example, carbocycles (e.g., aryls and
cycloalkyls), heterocycles (e.g., heteroaryls and
nonaromatic heterocycles), aromatics (e.g., aryls and
heteroaryls), and non-aromatics (e.g., cycloalkyls and
non-aromatic heterocycles). Rings may be optionally
substituted. Rings may form part of a ring system.
[045] The term "ring system" refers to two or more
rings, wherein two or more of the rings are fused. The
term "fused" refers to structures m which two or more
rings share one or more bonds. [046] The term
"optionally substituted" refers to a group in which
none, one, or more than one of the hydrogen atoms has
been replaced with one or more group(s) are
independently selected from: alkyl, heteroalkyl,
haloalkyl, heteroholoalkyl, cycloalkyl, aryl,
arylalkyl,heteroaryl, non-aromatic heterocycle,
hydroxy, alkoxy, aryloxy, mercapto, alkylthio,
arylthio, cyano, halo, carbonyl, thiocarbonyl,
O-carbamyl, N-carbamyl, 0-thiocarbamyl,
N-thiocarbamyl, C-amido, N-amido, S-sulfonamido,
N-sulfonamido, C-carboxy, O-carboxy, isocyanato,
thiocyanato, isothiocyanato, nitro, silyl,
trihalomethanesulfonyl, and amino, including mono- and
di-substituted amino groups. In embodiments in which
two or more hydrogen atoms have been substituted, the
substituent groups may be linked to form a ring. [047]
The term "O-carboxy" refers to a group of formula
RC(=O)O-. [048] The term "C-carboxy" refers to a group
of formula -C(=O)OR. [049] The term "acetyl" refers to
a group of formula -C(=O)CH3. [050] The term
"trihalomethanesulfonyl" refers to a group of formula
X3CS(=O)2- where X is a halogen. A "halogen" is either
F, or Cl, or Br, or I . [05 1] The term "cyano" refers
to a group of formula -CN. [052] The term "isocyanato"
refers to a group of formula -NCO. 



[053] The term "thiocyanato" refers to a group of
formula -CNS. [054] The term "isothiocyanato" refers
to a group of formula -NCS. [055] The term "sulfonyl"
refers to a group of formula -S(=O)-R. [056] The term
"S-sulfonamido" refers to a group of formula
-S(=O)2NR. [057] The term "N-sulfonamido" refers to a
group of formula RS(=O)2NH-. [058] The term
"trihalomethanesulfonamido" refers to a group of
formula X3CS(=O)2 NR-. [059] The term "O-carbamyl"
refers to a group of formula -OC(=O)-NR. [060] The
term "N-carbamyl" refers to a group of formula
ROC(=O)NH-. [061] The term "0-thiocarbamyl" refers to
a group of formula -OC(=S)-NR. [062] The term
"N-thiocarbamyl" refers to a group of formula
ROC(=S)NH-. [063] The term "C-amido" refers to a group
of formula -C(=O)-NR2. [064] The term "N-amido" refers
to a group of formula RC(=O)NH-. [065] The term
"ester" refers to a chemical moiety with formula
-(R)n-COOR', where R and R' are independently selected
from the group which includes, but is not limited to
alkyl, cycloalkyl, aryl, heteroaryl (bonded through a
ring carbon) or non-aromatic heterocycle (bonded
through a ring carbon), where n is 0 or 1. [066] The
term "amide" refers to a chemical moiety with formula
-(R)n-C(O)NHR' or - (R)n-NHC(O)R', where R and R' are
independently selected from the group which includes,
but is not limited to alkyl, cycloalkyl, aryl,
heteroaryl (bonded through a ring carbon)
orheteroalicyclic (bonded through a ring carbon),
where n is 0 or 1. In certain embodiments, an amide
may be an amino acid or a peptide. [067] The terms
"amine," "hydroxy," and "carboxyl" include such groups
that have been esterif ed or amidifled. Procedures and
specific groups used to achieve esterification and
amidification are known to those of skill in the art.
[068] In one embodiment, the Raman active molecule
includes, but is not limited to (2,2'-bi ryridine),
,10-phenanthroline),(4,7-dimethoxy-
1,1O-phenanthroline), (4,7-chloro-
1,1O-phenanthroline), (4,7-phenyl-
1,1O-phenanthroline),(4-hydroxy-2,2 ';6 ',2
''-terpyridine),(triphenylphosphine), (thiophenol),
or[069] In one embodiment derivatives of
1,10-phenanthroline are used as Raman active
molecules. Derivatives of 1,10-phenanthroline can
include but are not limited to 5,6-dimethyl-
1,10-phenanthroline, 4,7-dimethoxy-
1,10-phenanthroline, 4,7-dichloro-
1,10-phenanthroline, 5-chloro- 1,10-phenanthroline,
4,7-chloro- 1,10-phenanthroline, 4,7-phenyl-1,10-
phenanthroline,
3,4,7,8-tetramethyl-l,10-phenanthroline, 5-methyl-
1,10-phenanthroline, 5- nitro- 1,10-phenanthroline,
4-methyl-1,10-phenanthroline or batho-
1,10-phenanthroline. [070] In one embodiment
derivatives of 2,2'-bipyridine are used as Raman
active molecules. Derivatives of 2,2'-bipyridine can
include but are not limited to 4,4'-dimethoxy-
2,2'-bipyridine, 5,5'-dimethyl-2,2'-bipyridine and
4,4'-dimethyl-2,2'-bipyridine. [071] In one embodiment
derivatives of 2,2';6',2"-terpyridine are used as
Raman active molecules. Derivatives of 2,2';
6',2"-terpyridine can include but are not limited to
4'(4- methylphenyl)-2,2 ';6,2 ' '-terpyridine,
4-chloro-2,2';6',2"-terpyridine,
4,4',4"-tri-tert-buthyl- 2,2';6',2"-terpyridine,
4-phenyl-2,2';6',2"-terpyridine, 4-hydroxy-2,2';6 ',2
''-terpyridine, 4'(4- nitro-phenyl-2,2';
6',2"-terpyridine and
2,6-bis(2-pyridyl)-4(lH)-pyridone. [072] The inventors
found that Raman active molecules as described above
can bind to the surface of the metal particle even
those molecules which do not provide a thiol group,
such as triphenylphosphine or 1,10-phenanthroline.
Raman active molecules comprising a moiety with an
affinity for the surface of the metal particle can be
used. Such moieties can include but are not limited to
thiols, amines, phosphines, phosphine oxides, and any
combination thereof. The Raman active molecules render
the metal particles hydrophobic and form a first
uniform layer around the metal particle. To protect
this first layer of Raman active molecules from
dissociation and degradation the metal particle is
encapsulated with an amphiphilic polymer. [073] In
general, any amphiphilic polymer can be used in the
present invention as long as the polymer
self-assembles in solution so that the hydrophobic
portions face the metal particle and the hydrophilic
portions face the solution. Such an arrangement is
based on the solvophobic interactions between the
hydrophobic Raman active molecules coating metal
particles and hydrophobic polymer portion.
Furthermore, the hydrophilic portions of the polymer
dissolve in solution and help stabilize the
nanostructures. In one embodiment, an amphiphilic
polymer includes, but is not limited to:an amphiphilic
multiblock copolymer, such as a diblock copolymer or a
triblock copolymer, an amphiphilic random copolymer,
an amphiphilic alternating copolymer, an amphiphilic
copolymer consisting of hydrocarbons and maleic
anhydride groups; and an amphiphilic polymer of the
general formula (I): an amphiphilic polymer of the
general formula (II): an amphiphilic polymer of the
general formula (III): 



wherein each of m, o, p and q is an independently
selected integer from about 3 to about 400, R1 is a
first hydrophilic moiety with about 0 to about 20
carbon atoms and 0 to about 3 heteroatoms selected
from the group N, O, S, Se and Si, and R is a first
hydrophobic moiety with about 0 to about 20 carbon
atoms and 0 to about 3 heteroatoms selected from the
group N, O, S, Se and Si, and R3 and R4 may
independently be selected from a hydrophilic or
hydrophobic moiety and may be same as R1 or R2, with
about 3 to about 80 carbon atoms and 0 to about 40
heteroatoms selected from N and O5S, Se and Si,wherein
one or more of R1, R2, R3 and R4 may independently be
a copolymerisable group; or mixtures of the
aforementioned amphiphilic polymers. [074] The term
"amphiphilic" as used herein refers to a polymer that
has at least two portions or two types of functional
groups; one is soluble in polar solvent (hydrophilic
portion or moiety) and the other in a non-polar
solvent (hydrophobic portion or moiety). It also
encompasses multiphase polymers albeit an amphiphilic
polymer described herein can be used also in only one
phase and may be employed to solubilise matter in a
desired phase, including stabilizing a phase interface
and for phase-transfer purposes. The amphiphilic
properties of the polymer are due to the presence of
both polar (hydrophilic) and non-polar (hydrophobic)
moieties within the same polymer. In this regard the
polymer may be of surfactant nature. Accordingly, the
polar properties of a polymer according to the
invention are based on polar moieties. One such moiety
is a -COOH side group, in particular in the form of a
charged COO groups, that the hydrocarbon backbone of
the polymer carries. Hydrophilic moieties refer to
ionic groups or groups that form hydrogen bonding with
water, such as -OH, -NH2, -C=O, -COOH, to name only a
few. Generally, a surfactant molecule includes a polar
(hydrophilic) headgroup attached to a non-polar
(hydrophobic) moiety. Nonpolar or hydrophobic moieties
of the polymer include the hydrocarbon backbone as
well as aliphatic, alicyclic, aromatic and/or
arylaliphatic moieties that the hydrocarbon backbone
carries. Thus, the amphiphilic polymer encapsulation
layer comprises a plurality of amphiphilic polymers
with each amphiphilic polymer having a hydrophobic end
for interacting with the metal particle and a
hydrophilic end for interacting with an aqueous
medium. [075] In the example of an amphiphilic polymer
shown in formula (I) each of m, o, p and q is an
independently selected integer from Oto about 400,
including from 1 to about 400 or about 2 to about 400,
such as about 0 to about 400, about 0 to about 350,
about 0 to about 300, about 3 to about 300, about 0 to
about 250, about 0 to about 200, about 2 to about 200,
about 0 to about 150, about 2 to about 150, about 0 to
about 200, about 1 to about 200, about 3 to about 100,
about 2 to about 100, about 0 to about 100, about 3 to
about 50, about 2 to about 50, about 1 to about 50 or
about 0 to about 50. As further illustrations, m may
in some embodiments be selected in the range from
about 5 to about 50, such as about 10 to about 45
including about 10 to about 43, whereas p may for
instance be selected in the range from about 3 to
about 40, such as about 3 to about 35 or about 4 to
about 30, p may for example beselected in the range
from Oto about 30, such as from 0 to about 25 or from
0 to about 20, and q may for example be selected in
the range from 0 to about 30, such as from 0 to about
25 or from 0 to about 20. The sum of m + o is selected
in the range from about 6 to about 800, including
about 6 to about 700, about 6 to about 600, about 6 to
about 500, about 6 to about 400, about 6 to about 300,
about 6 to 200, about 6 to about 100, about 6 to about
75, about 6 to about 60, about 6 to about 40, about 6
to about 25, about 6 to about 15, about 6 to about 10.
The sum of (m + o + p) is selected in the range from
about 9 to about 1200, including about 9 to about
1100, about 9 to about 1000, about 9 to about 900,
about 9 to about 800, about 9 to about 700, about 9 to
about 600, about 9 to about 500, about 9 to about 600,
about 9 to about 500, about 9 to about 400, about 9 to
about 300, about 9 to about 200, about 9 to about 100,
about 9 to about 50, about 15 to about 40, or about 20
to about 30. The sum of (m + o + p + q) is selected in
the range from about 12 to about 1600, including about
12 to about 1400, about 12 to about 1200, about 12 to
about 1100, about 12 to about 1000, about 12 to about
900, about 12 to about 800, about 12 to about 700,
about 12 to about 600, about 12 to about 400, about 12
to about 250, about 12 to about 150, about 12 to about
100, about 15 to about 150, about 20 to about 150,
about 15 to about 100, or about 20 to about 100. In
some embodiments each of m, o, p and q is an
independently selected integer from about 2 to about
300, including from about 3 to about 300, about 3 to
about 250, about 3 to about 200, about 3 to about 150
or about 2 to about 200, about 3 to about 100, about 2
to about 100, about 3 to about 80, about 2 to about
80, about 3 to about 40 or about 2 to about 40 [076]
It is understood that the individual units indicated
in formulas (I), (II) and (III) may be arranged in
any, including random, order - rather than in the form
of blocks. Thus, general formulas (I) and (II) merely
define that m units of: ; o units of: p units of: ;
and q units of: are present in the polymer, whereas
general formula (III) merely defines thatm units of: 



o units of: , and p units of: are present in the
polymer. An amphiphilic polymer may therefore
encompass any sequence of these units. As an
illustrative example of a polymer according to general
formula (III) a respective sequence may include the
following arrangement of units: [077] Such an
amphiphilic polymer may be prepared by a process as
described in WO 2009/038544 Al. The amphiphilic
polymer is typically at least essentially free of
cross-links. Accordingly, in the amphiphilic polymer
the copolymerisable group (supra) of the first
hydrophobic moiety R2 is available for any
crosslinking or copolymerization reaction. [078] With
respect to the amphiphilic polymer, the term
"aliphatic" means, unless otherwise stated, a straight
or branched hydrocarbon chain, which may be saturated
or monoor poly-unsaturated and include heteroatoms
(see below). An unsaturated aliphatic group contains
one or more double and/or triple bonds (alkenyl or
alkinyl moieties). The branches ofthe hydrocarbon
chain may include linear chains as well as
non-aromatic cyclic elements. The hydrocarbon chain,
which may, unless otherwise stated, be of any length,
and contain any number of branches. Typically, the
hydrocarbon (main) chain includes 1 to 5, to 10, to 15
or to 20 carbon atoms. Examples of alkenyl radicals
are straight-chain or branched hydrocarbon radicals
which contain one or more double bonds. Alkenyl
radicals generally contain about two to about twenty
carbon atoms and one or more, for instance two, double
bonds, such as about two to about ten carbon atoms,
and one double bond. Alkynyl radicals normally contain
about two to about twenty carbon atoms and one or
more, for example two, triple bonds, preferably such
as two to ten carbon atoms, and one triple bond.
Examples of alkynyl radicals are straight-chain or
branched hydrocarbon radicals which contain one or
more triple bonds. Examples of alkyl groups are
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, the n isomers of these radicals,
isopropyl, isobutyl, isopentyl, sec-butyl, tert-hutyl,
neopentyl, 3,3 dimethylbutyl. Both the main chain as
well as the branches may furthermore contain
heteroatoms as for instance N, O, S, Se or Si or
carbon atoms may be replaced by these heteroatoms.
[079] With respect to the amphiphilic polymer, the
term "alicyclic" means, unless otherwise stated, a
non-aromatic cyclic moiety (e.g. hydrocarbon moiety),
which may be saturated or mono- or poly-unsaturated.
The cyclic hydrocarbon moiety may also include fused
cyclic ring systems such as decalin and may also be
substituted with non-aromatic cyclic as well as chain
elements. The main chain of the cyclic hydrocarbon
moiety may, unless otherwise stated, be of any length
and contain any number of non-aromatic cyclic and
chain elements. Typically, the hydrocarbon (main)
chain includes 3, 4, 5, 6, 7 or 8 main chain atoms in
one cycle. Examples of such moieties include, but are
not limited to, cyclopentyl, cyclohexyl, cycloheptyl,
or cyclooctyl. Both the cyclic hydrocarbon moiety and,
if present, any cyclic and chain substituents may
furthermore contain heteroatoms, as for instance N, O,
S, Se or Si, or a carbon atom may be replaced by these
heteroatoms. The term "alicyclic" also includes
cycloalkenyl moieties which that are unsaturated
cyclic hydrocarbons, which generally contain about
three to about eight ring carbon atoms, for example
five or six ring carbon atoms. Cycloalkenyl radicals
typically have a double bond in the respective ring
system. Cycloalkenyl radicals may in turn be
substituted. Examples of such moieties include, but
are not limited to, cyclohexenyl, cyclooctenyl or
cyclodecenyl. [080] With respect to the amphiphilic
polymer, the term "aromatic" means, unless otherwise
stated, a planar cyclic hydrocarbon moiety of
conjugated double bonds, which maybe a single ring or
include multiple fused or covalently linked rings, for
example, 2, 3 or 4 fused rings. The term aromatic also
includes alkylaryl. Typically, the hydrocarbon (main)
chain includes 5, 6, 7 or 8 main chain atoms in one
cycle. Examples of such moieties include, but are not
limited to, cylcopentadienyl, phenyl, naphthalenyl-,
anthracenyl-, [lOjannulenyl-
(1,3,5,7,9-cyclodecapentaenyl-), [12]annulenyl-,
[8]annulenyl-, phenalene (perinaphthene),
1,9-dihydropyrene, chrysene (1,2-benzophenanthrene).
An example of an alkylaryl moiety is benzyl. The main
chain of the cyclic hydrocarbon moiety may, unless
otherwise stated, be of any length and contain any
number of heteroatoms, as for instance N, O and S.
Examples of such heteroaromatic moieties (which are
known to the person skilled in the art) include, but
are not limited to, furanyl-, thiophenyl-, naphtyl-,
naphthofuranyl-, anthrathiophenyl-, pyridinyl-,
pyrrolyl-, quinolinyl-, naphthaquinolinyl-,
quinoxalinyl-, indolyl-, benzindolyl-, imidazolyl-,
oxazolyl-, oxoninyl-, oxepinyl-, benzoxepinyl-,
azepinyl-, thiepinyl-, selenepinyl-, thioninyl-,
azecinyl- (azacyclodecapentaenyl-), diazecinyl-,
azacyclododeca-l^S^^ll-hexaene-S^- diyl-, azozinyl-,
diazocinyl-, benzazocinyl-, azecinyl-, azaundecinyl-,
thia[ll]annulenyl-, oxacyclotri deca  lO -hexaenyl- or
triazaanthracenyl-moieties. [081] With respect to the
amphiphilic polymer, the term "arylaliphatic" means a
hydrocarbon moiety, in which one or more aromatic
moieties are substituted with one or more aliphatic
groups. Thus the term "arylaliphatic" also includes
hydrocarbon moieties, in which two or more aryl groups
are connected via one or more aliphatic chain or
chains of any length, for instance a methylene group.
Typically, the hydrocarbon (main) chain includes 5, 6,
7 or 8 main chain atoms in each ring of the aromatic
moiety. Examples of arylaliphatic moieties such as
alkylaryl moieties include, but are not limited, to
1-ethyl-naphthalene, 1,1'- methylenebis-benzene,
9-isopropylanthracene, 1,2,3-trimethyl-benzene,
4-phenyl-2-buten-lol, 



7-chloro-3-(l-methylethyl)-quinoline, 3-heptyl-furan,
6-[2-(2,5-diethylphenyl)ethyl]-4- ethyl-quinazoline
or, 7,8-dibutyl-5,6-diethyl-isoquinoline. [082] Each
of the terms "aliphatic", "alicyclic", "aromatic" and
"arylaliphatic" as used herein in connection with the
amphiphilic polymer is meant to include both
substituted and unsubstituted forms of the respective
moiety. Substituents maybe any functional group, as
for example, but not limited to, amino, amido, azido,
carbonyl, carboxyl, cyano, isocyano, dithiane,
halogen, hydroxyl, nitro, organometal, organoboron,
seleno, silyl, silano, sulfonyl, thio, thiocyano,
trifmoromethyl sulfonyl, p-toluenesulfonyl,
bromobenzenesulfonyl, nitrobenzenesulfonyl, and
methane-sulfonyl. [083] The aliphatic moieties, which
the hydrocarbon backbone carries, may carry
furthermoieties such as side chains. Such further
moieties may be an aliphatic, alicyclic, aromatic,
arylaliphatic or arylalicyclic group that typically is
of a main chain length of 1 to about 10, to about 15
or to about 20 carbon atoms. These further moieties
may also carry functional groups (supra). [084] The
hydrocarbon backbone can carry one or more aliphatic
groups, such as first and second aliphatic moieties or
more, hi one embodiment two aliphatic moieties are
present, the first aliphatic moieties have a main
chain of about 3 to about 20 carbon atoms, including
about 5 to about 20 carbon atoms, about 7 to about 20
carbon atoms, such as 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20 carbon atoms or about
5 to about 15 carbon atoms. Further, the first
aliphatic moieties have 0 to about 3 heteroatoms,
including 1, 2 or 3 heteroatoms, such as N, O, S, Se
or Si. An illustrative example of a suitable first
aliphatic moiety is an alkyl moiety with a heteroatom,
via which it is bonded to a carbonyl group carried by
the aliphatic backbone of the polymer. Instead of a
free carboxyl group the backbone thus carries an
ester, a thio ester, a seleno ester or an amido group
hi one embodiment the first aliphatic moiety is linked
to the backbone via an amide bond which is formed by
reacting the respective amine with the maleic
anhydride polymer and is defined by an unbranched
alkyl moiety, such as an n-octyl moiety. [085] The
second aliphatic moieties have a main chain of about 3
to about 80 carbon atoms, including of about 3 to
about 60 carbon atoms, of about 3 to about 40 carbon
atoms, of about 10 to about 80 carbon atoms, of about
10 to about 60 carbon atoms, of about 25 to about 60
carbon atoms, of about 10 to about 40 carbon atoms, of
about 3 to about 20 carbon atoms or about 3 to about
10 carbon atoms, such as 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43 or 44 carbon atoms. Further, the second
aliphatic moieties have 0 to about 44 heteroatoms,
including 0 to about 40 heteroatoms, 1 to about 40
heteroatoms, about 2 to about 40 heteroatoms, about 2
to about 30 heteroatoms or about 0 to about 3
heteroatoms such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43 or 44 heteroatoms, such as N or O.
[086] The amphiphilic polymer may further have one or
more copolymerisable groups, as explained above. The
copolymerisable group may also be called
cross-polymerisable in order to emphasize that both
intra- and intermolecular copolymerization can occur.
The copolymerisable group is typically also
cross-linkable. The copolymerizable group can be any
group that bears functionality of monomer, i.e. any
such desired group that can be polymerized. The
usabilityof each group may depend on several
conditions, for example the respective application,
the reaction conditions, the wanted degree of
water-solubility of the resulting polymer, etc and can
be determined empirically, if wanted. Examples of a
suitable copolymerisable group include, but are not
limited to, an amino group, a hydroxyl group, an
epoxide group, an oxetane group, a C=C group (either
an internal C=C group and/or a terminal C=C group)
such as an allyl group as well as an allyl glycidyl
ether group, a CC group (either an internal C=C group
and/or a terminal CC group), a coupled -C=C-C=C- group
(either an internal coupled - C=C-C=C- group and/or a
terminal coupled -C=C-C=C- group) or substituted
derivatives thereof. The copolymerisable group may be
bonded to any position of the amphiphilic polymer,
such as, for example, a second aliphatic moieties and
can be an internal group and/or a terminal group. In
some embodiments it is a terminal functional group,
for example a terminal C=C group. As an illustrative
example, the terminal C=C group may be a vinyl group
such as -CH=CH2. Examples of an internal C=C group
further include, but are not limited to, an allyl
group such as -CH=CH-CH3 or an acryl group such as
-CH=CH-C(O). The tern "internal" thus refers to a
copolymerisable group in which the terminal main chain
atom is not part of the copolymerisable reaction
centre. Non limiting examples of suitable C=C groups,
both internal and terminal, may be acrylic and
methacrylic amides, acrylic and methacrylic esters,
vinyl or acetylene moieties or a butadiene moiety.
[087] In one embodiment, the second aliphatic moieties
may be defined by a poly(ethylene oxide) including
chain. The poly(ethylene oxide) including chain may
for example include a polyethyleneglycol (PEG) or a
diaminoalkyl-polyethyleneglycol moiety. The PEG may
react with any suitable group on the hydrocarbon
backbone to be linked thereto. For example, only one
terminal group of the polyethyleneglycol or the
diaminoalkyl-polyethyleneglycol is allowed to react
with the maleic anhydride polymer of formula (III).
PEG is commercially available over a wide range of
molecular weights. The lower limit of molecular weight
of the 



polymer may be higher than 100, depending on the size
and number of groups present in each repeating unit.
If the polymer is derived from a low molecular weight
repeating unit (e.g. having small side chains) such as
a polyol or a polyamine, then the lower limit of the
molecular weight of the polymer can be low. hi the
case of a polymer in which the repeating units have a
high molecular weight (e.g. bearing bulky side
chains), then the lower limit may be higher than 100.
In some embodiments, the lower limit of molecular
weight of a polymer may be about 400, about 500, about
600, about 1000, about 1200, about 1500, or higher at
about 2000. For example, the PEG may have a molecular
weight of more than about 500,more than about 1000,
more than about 5000, more than about 10000 or even
more than about 25.000 daltons. The molecular weight
can for example be chosen in such a way, that an
efficient wrapping of the amphiphilic polymer around a
metal particle is or can be ensured. PEG is known to
increase the colloidal stability of particles.
Further, PEGylated surfaces offer reduced nonspecific
interaction with biological molecules and cells. The
more PEG that is attached to the polymer shell, the
bigger the size of the resulting particles.
Illustrative examples of a suitable polyethyleneglycol
moiety are a (methoxypoly(ethylene glycol)),
abbreviated mPEG, or PEG 600 moiety. Numerous PEG are
available having different geometries. An illustrative
example of a suitable diaminoalkyl-polyethyleneglycol
moiety is a diaminopropyl PEG moiety. The
diaminoalkyl-polyethyleneglycol moiety may for
instance be PEG(NH2)2 1500 or a PEG (having one or two
amino groups) with an molecular weight of about 5000
to 6000. In the meantime the ease of the formation of
such polymers has been confirmed by the synthesis of a
polymer in which the first aliphatic moiety is a
dodecylamino moiety. [088] hi a further embodiment,
the second aliphatic moieties may be chosen from
further polymers that may be water soluble. For
example, polymers having a terminated nucleophilic
function may be used. Examples of such polymers are,
but are not limited to, polypropylene glycol,
polyacrylic acid, polystyrene sulfate, polylactic acid
or polyvinyl alcohol. Further polymers known to the
skilled man in the art having comparable properties
may also be used. [089] In another embodiment an
amphiphilic copolymer consisting of hydrocarbons and
maleic anhydride groups can be used. Examples of such
polymers include, but are not limited to poly(maleic
anhydride-octadecene) (PMAO). [090] The amphiphilic
random copolymer can include, but is not limited to
random copolymer poly(methyl acrylate-co-acrylic
acid); random copolymer poly(methyl
methacrylate-co-n-butyl acrylate); random copolymer
poly(methyl methacrylate-cohydroxypropyl acrylate);
random copolymer poly(styrene-co-p-carboxyl chlord
styrene); random copolymer
poly(styrene-co-4-hydroxystyrene); random copolymer
poly(styrene-co-4- vinyl benzoic acid); random
copolymer poly(styrene-co-4-vinyl pyridine), and
combinations thereof. [091] The amphiphilic
alternating copolymer can include, but is not limited
to, poly(maleic anhydride-alt- 1-octadecene),
poly(maleic anhydride-alt-1-tetradecene), alternating
copolymer poly(carbo tertbutoxy -methyl
styrene-alt-maleic anhydride) and alternating
copolymer poly(carbo tertbutoxy norbornene-alt-maleic
anhydride), andcombinations thereof. [092] In another
embodiment, an amphiphilic multiblock copolymer, such
as a diblock (AB) or an amphiphilic triblock copolymer
(A-B-A or A-B-C) can be used as amphiphilic polymer. A
polyether comprised in such diblock (A-B) or triblock
copolymers (A-B-A or AB- C) may for example include
one of a poly(methyl methacrylate) block, a
poly(lactide) block, a poly(caprolactone) block, a
poly(2-methyloxazoline) block, a poly(ethylene glycol)
block, a poly(dimethylsiloxane) block, an
oligo(oxyethylene) block or segment, a
poly(oxyethylene) block (or segment), an
oligo(oxypropylene) block, a poly(oxypropylene) block,
a polystyrene block, an oligo(oxybutylene) block or a
poly(oxybutylene) block. [093] An illustrative example
of a respective amphiphilic triblock copolymer is a
poloaxamer. A poloaxamer is a difunctional block
copolymer surfactant terminating at the hydrophilic
end in primary hydroxy groups. The lengths of the
polymer blocks can be customized, so that a large
variety of different amphiphilic poloxamers with
slightly different properties is commercially
available. For the generic term "poloxamer", these
copolymers are commonly named with the letter "P" (for
poloxamer) followed by three digits, the first two
digits x 100 give the approximate molecular mass of
the polyoxypropylene core, and the last digit x 10
gives the percentage polyoxyethylene content (e.g.,
P407 = Poloxamer with a polyoxypropylene molecular
mass of 4,000 g/mol and a 70% polyoxyethylene
content). For the Pluronic trade name, coding of these
copolymers starts with a letter to define it's
physical form at room temperature (L = liquid, P =
paste, F = flake (solid)) followed by two or three
digits, the first digit(s) refer to the molecular mass
of the polyoxypropylene core (determined from BASF's
Pluronic grid) and the last digit x 10 gives the
percentage polyoxyethylene content (e.g., F127
Pluronic with a polyoxypropylene molecular mass of
4,000 g/mol and a 70% polyoxyethylene content). The
polyether may for example be a triblock copolymer of
oxirane with 2-methyl-oxirane, having the Chemical
Abstract No. 691397-13-4. Illustrative examples of
such a polyether are the commercially available
triblock copolymers Pl 88 and P407. 



[094] Further examples of amphiphilic triblock
copolymers include, but are not limited to
poly(ethylene
oxide)-block-poly(dimethyl)siloxane-block-poly(2-methy
l oxazoline) (PEO-b- PDMS-b-PMOXA),
polystyrene-block-poly(methyl
methacrylate)-block-poly(acrylic acid), such as (PS
18O-b-PMMA67-b-PAA37), poly(5-(N,N-dimethylamino)
isoprene)-blockpolystyrene- block-poly(methacrylic
acid)), poly(acrylic
acid)-block-polystyrene-poly(4-vinyl pyridine),
methoxy-poly(ethylene
glycol)-block-poly(L-lactide)-block-poly(L-lysine)
ormixtures thereof. [095] Examples of diblock
copolymers include, but are not limited to
poly(acrylic acidblock- methyl methacrylate),
poly(methyl methacrylate-block-sodium acrylate),
poly(t-butyl methacrylate-block-ethylene oxide),
poly(methyl methacrylate-block-sodium methacrylate),
poly (methyl methacrylate-block-N-methyl l-4vinyl
pyridinium iodide), poly(methyl
methacrylate-block-N,N-dimethyl acrylamide),
poly(butadiene-block-methacrylate acid and sodium
salt), poly(butadiene(l,2 addition)-block-acrylic
acid), poly(butadiene(l,2 addition)- block-sodium
acrylate), poly(butadiene(l,4 addition)-block-acrylic
acid), poly(butadiene(l,4 addition)-block-sodium
acrylate), poly(butadiene(l,4 addition)-block-ethylene
oxide), poly(butadiene(l,2 addition)-block-ethylene
oxide), poly(styrene-block-acrylic acid),
poly(styrene-block-acrylamide),
poly(styrene-block-cesium acrylate),
poly(styrene-blocksodium acrylate),
poly(styrene-block-ethylene oxide),
poly(styrene-block-methacrylic acid),
poly(styrene-block-sodium methacrylate) or mixtures
thereof. [096] n one embodiment, the diblock copolymer
and the triblock copolymer are selected to comprise a
hydrophilic chain of monomelic units and a hydrophobic
chain of monomeric units, wherein the number of
monomeric units in the hydrophilic chain is higher
than the number of monomeric units in the hydrophobic
chain. It was demonstrated for certain molecules that
a longer hydrophilic chain in an amphophilic diblock
copolymer can enhance the stability of the Raman
active composite material. [097] Therefore, in one
embodiment, the number of monomeric units in the
hydrophilic chain is between about 10 to about 1000,
or between about 10 to about 500, or between about 50
to about 500, or between about 50 to about 750, or
between about 100 to about 500, or between about 120
to about 250. The number of monomeric units in the
hydrophobic chain can be between about 30 to about
1000, or between about 30 to about 500, or between
about 50 to about 500, or between about 50 to about
750, or between about 100 to about 750, or between
about 100 to about 500, or between about 60 to about
250. hi one example a PS-PAA diblock polymer is used
wherein the number of the hydrophilic monomeric units
of PS is 154 while the number of the hydrophobic
monmeric units of PAA is 60 (written PS154PAA60 or
PS154-block-PAA60) . Other examples include, but are
not limited to PS154PAA60, PS144PAA2S, PS404PAA62,
PS108PGA108, and PS132PAA72. [098] In the present
invention polydisperse as well as monodisperse
amphiphilic polymers can be used. The dispersity is
indicated by the polydispersity index (Mw/Mn molecular
weight distribution), hi a monodisperse amphiphilic
polymer the index would be 1 while in apolydisperse
system the index would be different from 1. The
smaller the number the more uniform the chain lengths.
In another embodiment, the molecular weight
distribution (Mw/Mn) of the amphiphilic polymer can be
between about 1 to about 20, or between about 1 to 15,
or between about 1 to 12, or between about 1 to 10, or
between about 1 to 8, or between about 1 to 5, or
between about 1 to 4, or between about 1 to 2. [099]
Even though not necessary, it is possible to enhance
the coating around metal particle which is coated with
the Raman active molecule. Therefore, in one
embodiment, adjacent amphiphilic polymers can be
linked together by a bridging molecule so that the
amphiphilic polymers are linked together to form a
cohesive encapsulation around the metal particle that
will not dissociate in water over long periods of time
and that can provide a strong and stable anchorage for
a recognition moiety that may be attached to the
hydrophilic ends of the amphiphilic polymers. [0100]
Bridging molecules can be multidentate bridging
molecules having one or more reactive functional
groups that can react with and bond to one or more
hydrophilic functional groups of a hydrophilic end of
an adjacent amphiphilic polymer thereby crosslinking
adjacent amphiphilic polymers together. Therefore, the
self-assembled amphiphilic polymer encapsulation is
knit together to form a cohesive encapsulation around
the metal particle which is coated with the Raman
active molecule that will not dissociate in water over
long periods. [0101] The multidentate bridging
molecule can comprise one or more than one type of
reactive functional group. Examples of such reactive
functional groups include, but are not limited to
hydroxy (OH), carboxylate (COOH), amine (NH2) groups,
and any combinations thereof. i one embodiment, a
bridging molecule is diamine,
2,2'-(ethylenedioxy)bis(ethylamine) and the amine
functional groups on the diamine react with
hydrophilic functional groups that are carboxylate
groups on a hydrophilic end of an amphiphilic polymer
to form a stable peptide bond. [0102] In principal all
kinds of metals or metal alloys can be used for the
metal particles referred to herein. In one embodiment,
the metal particle referred to herein can be selected
from the group including metallic ferromagnetic
particles, metallic paramagnetic particles and 



a noble metal particle. [0103] The metal particle can
include noble metal particles made of silver, gold,
palladium, platinum, ruthenium, rhodium, osmium,
indium and alloys of the aforementioned materials. In
one embodiment gold or silver particles are
used.[0104] Metallic ferromagnetic particles can also
be used. Metallic ferromagnetic materials have a large
and positive susceptibility to an external magnetic
field. They exhibit a strong attraction to magnetic
fields and are able to retain their magnetic
properties after the external field has been removed.
Examples of metallic ferromagnetic particles include,
but are not limited to particles of any one of the
following materials: Fe, FePt 5 FePd, MnBi, Ni, MnSb,
MnAs 5 MnAl 5 Gd5 Dy5 Co5 CoPt, Co3Pt, CoPtCr,
Fe14Nd2B5 SmCo5 and alloys of the aforementioned
materials. [0105] Metallic paramagnetic particles can
also be used. Metallic paramagnetic materials have a
small and positive susceptibility to magnetic fields.
These materials are slightly attracted by a magnetic
field and the material does not retain the magnetic
properties when the external field is removed.
Examples of ferromagnetic particles include, but are
not limited to particles of any one of the following
materials: Mg5 Mo5 Li5 Ta and alloys of the
aforementioned materials. [0106] The metal particle
used can be of any shape. For example, the metal
particle can be a nanosphere, a nanocube, a nanorod, a
nanotube or a nanowire. The encapsulation layer can
encapsulate one single metal particle or a plurality
of metal particles. For example, the encapsulation
layer can encapsulate 2, 3, 4, 5, 6, 7, 8 or even more
metal particle at once, i.e. it forms a continuous
layer around all these metal particles. [0107] In one
embodiment, the Raman active composite material
comprises aggregates of metal particles which are
encapsulated in one continuous layer of amphiphilic
polymers as illustrated for example in Figure 8 and
1OC. Aggregates refer to clusters of at least two
metal particles which are encapsulated by a shell of
amphiphilic polymers. The particle aggregates have
stronger SERS intensity compared to single particle
probe of a same size. This is due to the strong
plasmonic coupling between the neighbouring particles.
Those aggregates are either encapsulated in a shell of
amphiphilic polymers of uniform thickness or they are
encapsulated in an anisotropic manner, i.e. the
encapsulation is not uniform but can be interrupted by
short sections which are not encapsulated with an
amphiphilic polymer thus providing the opportunity for
further modification of the Raman active composite
material described herein. [0108] Depending on the
application, the metal nanoparticles used are
microparticles or nanoparticles. While nanoparticles
are preferred for labelling of small biomolecules,
larger micron-sized particles, or collection of
nanoparticles of micron size are preferred for other
applications, such as the labelling of cells. Thus, in
one embodiment, at least one dimensionof the metal
particle is in the micrometer range, i.e. is a
microparticle. A microparticle can have a size at
least in one dimension of between about 1 mm to about
200 mm, or between about 1 mm to about 150 mm, or
between about 1 mm to about 100 mm, or between about 1
mm to about 50 mm, or between about 1 mm to about 20
mm, or between about 1 mm to about 10 mm, or between
about 1 mm to about 2, 3, 4, 5 or 6 mm. The lower end
of the microparticle size of 1 mm can also be 2 mm, 3
mm, 5 mm, 10 mm or 20 mm. In case a spherical metal
microparticle is used the above sizes refer to the
diameter of the spherical metal microparticle. [0109]
In one embodiment at least one dimension of the metal
particle is in the nanometer range, i.e. is a
nanoparticle. A metal nanoparticle can have a size at
least in one dimension of between about 5 nm to about
900 nm, or between about 5 nrn to about 500 nm, or
between about 5 nm to about 300 nm, or between about 5
nm to about 100 nm, or between about 5 nm to about 50
nm, or between about 50 nm to about 200 nm. Instead of
5 nm the lower size end can also be 2 or 3 nm. In case
spherical metal nanoparticles are used the above sizes
refer to the diameter of the spherical metal
nanoparticle. [0110] In general, the coating layer of
the at least one type of Raman active molecule as well
as the encapsulation layer of the at least one type of
amphophilic forms a uniform layer around the metal
particle. However, it is also possible that the
encapsulation layer encapsulates the metal particle in
an anisotropic manner. The term "anisotropic" as used
herein describes a structure whose appearance varies
with the angle of observation and whose surface
functionalities differ from one position to another
(not isotropic). In the present case that means that
the metal particle which is coated with the covering
layer of the Raman active molecule is not fully
encapsulated with the encapsulation layer of the
amphiphilic polymer. [0111] Figure 9 shows some
examples of possible configurations of anisotropically
encapsulated metal nanoparticles which are coated with
a Raman active molecule. In more detail, a metal
nanoparticle encapsulated in a shell of an amphiphilic
polymer in a homocentric manner refers to a metal
nanoparticle which is encapsulated around its whole
circumference in a uniform manner, i.e. the thickness
of the amphiphilic polymer shell is the same around
the whole metal nanoparticle. In contrast, the
nanoparticles shown in Figure 9 are encapsulated in an
eccentric manner which means that a portion of the
metal nanoparticle does not bind to an amphiphilic
polymer. Such non-symmetrically encapsulated or
anisotropic Raman active composite materials open up
opportunities for tailored particle organizations 



and functionalization. The non encapsulated portion of
a particle allows for example binding of further
recognition moieties as defined herein or of linkers
which are suitable to bind theRaman active composite
material described herein to a solid support. [0112]
In another embodiment, the Raman active composite
material further comprises a recognition moiety
(binding ligand) which is bound to the amphiphilic
polymer. The recognition moiety can be bound to the
amphiphilic polymer either by covalent linkage (e.g.,
by amide bond, using -COOH groups from polymer and NH2
groups from proteins/DNA), or static charge
interactions. Techniques for coupling recognition
moieties to reactive groups of an amphiphilic polymer
are known in the art and comprise for example the
coupling via N-(3- dimethylaminopropyl)-N
'-ehtylcrbodiimide (EDC) chemistry. [0113] A
recognition moiety can be a nucleotide, a nucleic acid
molecule, a peptide, a protein, a lipid, a
carbohydrate, a drug, a drug precursor, a drug
candidate molecule, a drug metabolite, a vitamin, a
synthetic polymer, a receptor ligand or a metabolite.
A recognition moiety may for instance have affinity
for selected target matter. Examples of a respective
ligand include, but are not limited to, an
immunoglobulin, a fragment thereof, a domain antibody
such as a diabody, a triabody or a decabody, or a
proteinaceous binding molecule with antibody-like
functions such as a mutein based on a polypeptide of
the lipocalin family, a glubody, a protein based on
the ankyrin scaffold or the crystalline scaffold, an
AdNectin, a tetranectin, an avimers or a peptoid.
[0114] In another aspect, the present invention refers
to a method of manufacturing a Raman active or
enhanced Raman scattering composite material. The
method Can comprise in a first step the incubation of
a metal particle with a Raman active molecule and an
organic solvent in a first solution. The time for the
incubation step is selected to be sufficient to allow
self-assembly of the Raman active molecules to coat
the metal particle. Afterwards an amphiphilic polymer
is added to the first solution which comprises the
metal particles now coated with the Raman active
molecule. After addition of the amphiphilic polymer to
the first solution, the first solution is incubated
for a time sufficient to allow self-assembly of an
amphiphilic polymer shell around the metal particle.
At the end the first solution obtained by addition of
the amphiphilic polymer is cooled. This method allows
obtaining a product in which almost all (about 99%) of
the metal particles are encapsulated separately, i.e.
single encapsulation of metal particles. [0115] In
another embodiment, the step of incubating the first
solution after adding the amphiphilic polymer for a
time sufficient to allow self-assembly of an
amphiphilic polymer shell around the metal particle
includes heating the first solution after adding the
amphiphilic polymer. One advantage of this method is
that in the cooling phase the critical
concentrationfor forming the encapsulation layer
slowly decreases with temperature which leads to the
exclusion of the amphiphilic polymer and self-assembly
into an encapsulation layer which forms around the
metal particle which is already covered with the
coating layer of the Raman active molecule. Figure 3
shows TEM images of samples of different Raman active
composite materials formed with this method around
metal particles of different shape covered with Raman
active molecules. Measurements revealed that the
uniform thickness of the encapsulation layer formed is
consistent with a thermodynamically controlled
self-assembly process. [0116] In previous reports that
prepared silica-coated, analyte-tagged nanoparticles,
two competing ligands have to be used for binding to
the metal nanoparticle surface: a SERSactive reporter
and a vitreophilic coupling agent such as APTMS
(Mulvaney, S.P., Musick, M.D., et al., 2003, supra).
In contrast, only one Raman active molecule was used
in the preparation method described herein to fully
cover the surface of metal particles. In addition to
accommodating more reporter molecules per metal
particle, the present design avoids the problem of the
mutually exclusive ligand binding competition that
likely results in uneven loading of reporter molecules
on individual metal particles. In this system, the
ensembleaveraged SERS signature (that means the Raman
spectrum measured from a collection of such Raman
active composite particles) is a close representation
for the individual metal particles, considering that
(a) a single ligand covers uniformly on the surface of
the metal particle; (b) all metal particle have a
well-defined core/shell structure with uniform shell
thickness; and in preferred embodiments (c) each
amphiphilic polymer encapsulation layer contains only
one metal particle. [0117] Ensemble-averaged SERS
signals from the Raman active composite material were
characterized by solution Raman spectroscopy. In the
particular case of using 2-naphthalenethiol as
reporter, the signals are consistent with reported
values in the literature (Alvarez-Puebla, R.A., Dos
Santos, D.S., et al., 2004, Analyst, vol. 129, pp.
1251). No extra peak was observed that could be
assigned to the SERS of a component of the amphiphilic
polymer, suggesting that the surface of the metal
particle was covered by the Raman active molecule.
[0118] The organic solvent used to dissolve the metal
particle and the Raman active molecule can be a polar
solvent or a polar aprotic solvent that is miscible
with water. Examples for a polar solvent include, but
are not limited to dimethylformamide (DMF), dimethyl
sulfoxide, dioxane and hexamethylphosphorotriamide,
tetrahydrofuran and mixturesthereof. 



[0119] The step of incubating the metal particle with
the Raman active molecule and the organic solvent can
be carried out at a temperature between about 0C to
about 100C or between about 3O0C to about 100C, or
between about 300C to about 8O0C, or between about
500C to about 800C, or at about 30, 40, 50, 60, 70,
80, 90, 1000C. The lower the temperature the longer
the reaction time for the coating of the metal
particle with the Raman active molecule. After heating
of the mixture of metal particle, Raman active
molecule and organic solvent the mixture or solution
is left to cool down. In one embodiment, the mixture
is left to cool down to room temperature (i.e. about
25C). In this phase the Raman active molecule binds
via its functional groups (amine, thiol, etc.) to the
surface of the metal particle. [0120] The amphiphilic
polymer, which is to be added to the first solution
comprising the metal nanoparticle now coated with the
Raman active molecule, can be dissolved in a suitable
organic solvent, such as a polar solvent or a polar
aprotic solvent that is miscible with water before
being added to the solution of the metal particle, the
Raman active molecule and the organic solvent. After
adding the amphiphilic polymer to the solution of the
metal particle, the Raman active molecule and the
organic solvent, water can be added to the solution.
The organic solvent to water ratio should be high
enough to prevent the aggregation of particles and low
enough for the concentration of amphiphilic polymer to
be below its critical micelle concentration. Thus, in
one embodiment the method comprises the step of adding
water to the first solution comprising the Raman
reporter molecule coated metal particle and the
amphiphilic polymer. The organic solvent to water
ratio in the reaction mixture (i.e. the first
solution) depends on the organic solvent used but can
generally be between about 1:0.1 to about 10:1. In one
embodiment, DMF is used as organic solvent and the
ratio of DMF to water can be, for example, between
about 1:1 to about 3:1 or about 4.5:1, or about 8:1.
In another embodiment tetrahydrofuran (THF) is used as
organic solvent. The THF to water ratio in the
reaction mixture can be between about 1:2 to about
8:1. In one embodiment, the ratio is about 1:2 or
about 3:1, or about 8:1. [0121] After mixing the
amphiphilic polymer into the solution with the metal
particle, the solution is incubated at a temperature
of between about O0C to about 2000C or between about 0
to about 1500C or between about 1O0C to about 15O0C,
or between about 15C to about 1500C. The purpose of
this incubation is to allow sufficient time for the
polymer to selfassemble on/near the metal particles.
Generally speaking, higher temperature speeds up this
process. In one embodiment the solution is heated.
Heating of the solution can be carried outat a
temperature of between about 60C to about 200C, or
between about 80C to about 2000C, or between about 60C
to about 15O0C, or between about 8O0C to about 150C.
[0122] The incubation can be carried out for a time
between about 1 min to about 7 h, or between about 10
min to about 7 h, or between about 30 min to about 5
h, or between about 50 min to about 5 h, or between
about 10 min to 2 h, or between about 30 min to 2 h,
or between about 50 min to 2 h, or between about 2 to
about 5 h, or between about 2 to about 4 h, or between
about 2 to about 3 h or for about 1, 1.5, 2, 2.5, 3,
3.5, 4, or 5 h. In case the solution is heated to a
temperature above room temperature, the above
incubation time starts to count from the time the
solution is immersed in the oil bath with pre-set
temperature, i.e. the solution can be kept at the
elevated temperature for the time indicated in this
paragraph. [0123] After incubating or heating the
solution for the time indicated above, it was left to
be cooled down to room temperature to initiate the
formation of the encapsulation layer through
self-assembly of the arnphiphilic polymer. In case the
incubation has been carried out at a temperature below
room temperature, cooling means to cool the solution
below room temperature. For example, in case the
incubation has been carried out at a temperature
around 0C, cooling means to cool the solution to below
0C, such as -10C. In general, heating of the solution
for initiation of the formation of the encapsulation
layer is required for a low organic solvent/water
ratio but not in case of higher organic solvent/water
ratios. For example, at an organic solvent/water ratio
of 8:1 the encapsulation can already occur at room
temperature, without the need for heating or cooling.
[0124] hi one embodiment, more than one metal particle
is to be encapsulated in a layer of amphophilic
polymer as shown for example in Figure 8. To ensure
that the above method leads to the encapsulation of
more than one metal particle by one single
encapsulation layer of amphiphilic polymer additional
steps can be inserted into the method referred to
above. In general, metal particles are stable in
solution as long as the Raman active molecule at their
surface is solubilized in solution and/or they carry
surface charges and repel each other. The particles
will aggregate when these factors are disrupted by
these additional steps. [0125] Thus, in one embodiment
between the steps of incubating a metal particle with
a Raman active molecule and an organic solvent in a
first solution and the step of adding an amphiphilic
polymer to the first solution, the following steps are
inserted: inducing metal particle aggregation in the
first solution by subjecting the first solution to a
process which can include, but is not limited to
adding water, acidifying the solution, basifying the
solution, adding a salt to the solution, adding large
excess of the Raman active molecule, heating
thesolution or a combination of the aforementioned
processes. These processes of inducing aggregation can
also be used for methods manufacturing anisotropically
encapsulated Raman active composite materials. Adding
large excess of Raman active molecule means to add at 



least 0.25 fold, 0.5 fold, 1.1 fold, 1.2 fold or 1.5
fold the amount of Raman active molecule already
comprised in the first solution. In another embodiment
the amount of Raman active molecule is doubled. In a
further embodiment, the amount of the Raman active
molecule is at least 2.5 fold, 3 fold, 3.5 fold or 4
fold the amount of Raman active molecule already
comprised in the first solution. [0126] After
aggregation, the pH of the solution can be neutralized
in case the solution was acidified or basified to
induce aggregation. [0127] Suitable salts that can be
used for the above process include any inorganic
salts. Any salt could increase the ionic strength of
the reaction mixture, shielding the charge repulsion
between the particles, and lead to aggregation.
Examples, of inorganic salts include, but are not
limited to NaCl, KCl, CaCl2, BaCl2, MgCl2, NaBr, KBr,
NaI, KBr, NaNO3 KNO3, Mg(NO3)2, Ca(NO3)2, Na2SO4,
K2SO4, NaClO4, NH4Cl, NH4NO3, (NH4)2SO4, CH3COONa
CH3COONH4. [0128] Examples for suitable bases which
can be used for basifying can include, but are not
limited to NaOH, NH3, KOH, Ba(OH)2, CsOH, Sr(OH)2,
Ca(OH)2, LiOH, RbOH and Mg(OH)2. The pH can be between
about 8 to 14 or between about 8 to 10 or between
about 8 to 9 or between about 10 to 12 or between
about 12 to 14 or about 8, 9, 10, 11, 12, 13, or 14.
[0129] The organic solvent used in the first mixture
can be a polar or hydrophilic solvent. Examples for
such solvents include any of the aforementioned
organic solvents. Examples of organic solvents
include, but are not limited to dimethylformamide
(DMF), dimethyl sulfoxide, dioxane and
hexamethylphosphorotriamide, tetrahydrofuran (THF) and
mixtures thereof. [0130] Any acid can be used for the
process of acidifying to induce aggregation. Exemplary
acids which can be used include, but are not limited
to HCl, HNO3, H2SO4, HClO4, HBr, HCOOH or CH3COOH. The
pH of the third mixture before mixing it with the
second mixture can be between about 2 to 5 or between
about 2 to 4 or between about 2 to 3 or about 2, 3, 4
or 5. [0131] To control the size of the aggregates
using an acid or a base the amount of acid or base
used can be selected to be in the range of between
about ImM to about IM or between about ImM to about
100 mM or between about 10 mM to about 1 M or between
about 0.01mM to 1 mM or between about 0.01 to about
0.5 mM, or between about 0.01 to about 0.3 mM, or
between about 0.01 to about 0.2 mM. The lower end of
0.01 can also be about 0.02 or about 0.03. For
example, a concentration of the acid of about 0.06 mM
leads to a size of the aggregates of about 16 nm (see
Figure 8A) while a concentration of about 0.12 mM
leads to a size of the aggregates of about 130 nm)
(see Figure 8B). Encapsulated metal particle
aggregates can be used to increase the SERS signal
because the larger the metal particle or aggregates of
metal particles, the stronger SERS signals. These
bulky clusters could be used to label cells or
collection of cells as opposed to biomolecules. Or
they could be used to nonbiological applications, for
example for labelling and tracking of a piece of
plastic of a cell phone. [0132] When heating the
solution to induce metal particle aggregation the
temperature can be between about 300C to about 100C or
between about 400C to about 1000C, or between about
500C to about 8O0C or at about 30, 40, 50, 60, 70, 80,
90, 1000C. Heating of the solution can be carried out
for a time of between about 1 h to about 5 h, or
between about 1 h to about 3 h, or between about 1 h
to about 2 h or for about 1, 2, 3, 4 or 5 h. [0133]
Afterwards the amphiphilic polymer is added to the
solution to proceed with the method as described above
with the difference that the encapsulation layer
forming through self-assembly is now encapsulating the
metal-particle aggregates. [0134] Isolation of the
Raman active composite material thus formed can be
carried out by any method known in the art. For
example, the Raman active composite material can be
isolated by direct centrifugation. After synthesis of
the Raman active composite material the solution can
be diluted in water to trap the Raman active composite
material in a kinetically stable state. The organic
solvent can be removed by repeated washing and
centrifugation of the solution. Surprisingly, the
Raman active composite material formed does not
aggregate during these purification steps which
suggests an extraordinary stability of the Raman
active composite material. [0135] In another aspect,
the present invention refers to a method of
manufacturing a Raman active composite material in
which the metal particles are anisotropically
encapsulated, wherein the method comprises: providing
a solution comprising a metal particle, an organic
solvent, an amphiphilic polymer, a ligand comprising a
binding moiety for binding to the metal particle and a
Raman active molecule; incubating the solution for a
time sufficient to allow self-assembly of an
amphiphilicpolymer shell around the metal particle;
and cooling the solution. [0136] This methods results
in the manufacture of anisotropically encapsulated
metal particles. Examples of such nonsymmetrical
encapsulated metal particles are illustrated in Figure
9. 



[0137] The organic solvent used herein is the same as
described above. Incubation of the solution for a time
sufficient to allow self-assembly of an amphiphilic
polymer shell around the metal particle is also
carried out as already described above. [0138] The
ligand comprising a binding moiety for binding to the
metal particle can be a hydrophilic or non-hydrophobic
ligand, so that the hydrophobic section of the
amphiphilic polymer would not attach to the surface
functionalized by these ligands. The binding moiety
can be any chemical group capable of binding to the
metal surface of the metal particle. Examples of such
binding moieties include, but are not limited to
thiols, amines, phosphines, phosphine oxides, and any
combination thereof. The binding moieties can be bound
to a polar or aliphatic group. [0139] In connection
with the ligand comprising a binding moiety bound to
an aliphatic group, the term "aliphatic", alone or in
combination, refers to a straight chain or branched
chain hydrocarbon comprising 1, 2 or 3 carbon atoms.
Aliphatic groups include alkyls, alkenyls, and
alkynyls. In certain embodiments, aliphatics are
optionally substituted. Aliphatic groups include, but
are not limited to, methyl, ethyl, propyl, isopropyl.
[0140] The polar group can be, but is not limited to
-OH, -NH2, -C=O, -COOH and the like. The ligand
comprising a binding moiety for binding to the metal
particle can also include aromatic groups, such as a
phenyl or an optionally substituted phenyl group.
Examples, of suitable ligands which comprise a binding
moiety for binding to the metal particle include, but
are not limited to dimethylamine, diethylamine,
ethanethiol, mercaptoacetic acid or 4- mercaptobenzoic
acid. [0141] The ratio of Raman active molecule to
ligand comprising a binding moiety for binding to the
metal particle can be between about 1:0 to 1:1 or from
1:1 to about 0:1. [0142] In another aspect, the
present invention refers to a method of manufacturing
a Raman active composite material in which the metal
particles are anisotropically encapsulated, wherein
the step of providing the solution comprising a metal
particle, an organic solvent, an amphiphilic polymer,
a ligand comprising a binding moiety for binding to
the metal particle and a Raman active molecule
comprises:mixing a metal particle with a solution
comprising an organic solvent, an amphiphilic polymer,
and a ligand comprising a binding moiety for binding
to the metal particle; and adding a Raman active
molecule to the solution. [0143] The Raman active
molecule used in this method can be dissolved in an
organic solvent that is miscible with water.
Dissolving the Raman active molecule in an organic
solvent can help to avoid that the ligands comprising
a binding moiety for binding to the metal particle
need to be used in the solid form, which could induce
particle aggregation. If this solvent is different
from the main solvent for the encapsulation, minimal
volume of this solvent is used to avoid complication
due to changes in solvent properties. Alcohols, such
as ethanol, propanol, or butanol; acetone, or
acetonitrile, to name only a few, can be used. [0144]
The Raman active molecule is added to the solution
after mixing the metal particle with a solution
comprising an organic solvent, an amphiphilic polymer,
and a ligand comprising a binding moiety, such as a
non-hydrophobic ligand, for binding to the metal
particle. This ensures that the competition between
the Raman active molecule and the ligand comprising a
binding moiety for binding to the metal particle
starts simultaneously. [0145] In one embodiment, a
method is described in which the anisotropic
encapsulation of aggregates of metal particle is
desired. In this method, the metal particle is not
dissolved in an alcohol but in an acidic solution. In
this embodiment, the step of providing the solution
comprising a metal particle, an organic solvent, an
amphiphilic polymer, a ligand comprising a binding
moiety for binding to the metal particle and a Raman
active molecule comprises: mixing a metal particle
dissolved in an acidic solution with a solution
comprising an organic solvent, a Raman active
molecule, and a ligand comprising a binding moiety for
binding to the metal particle; incubating the
solution; and adding an amphiphilic polymer to the
solution. [0146] Acidifying of the solution comprising
the metal particle can be carried out using acids
already described herein, such as HCl, HNO3, H2SO4,
HClO4, HBr, HCOOH or CH3COOH. The final pH in the
acidified solution can be between about 0 to 5 or
between about 2 to 4. [0147] The incubation step
referred to in this method allows aggregation of the
metal particles. The incubation step can be carried
out at a temperature between about 0C to about 100C.
Lower temperatures will generally delay the process
time but will also lead to the coating of the metal
particle with a Raman active molecule. The incubation
step can also becarried out at a temperature of
between about 30C to about 1000C to increase the , or
between about 4O0C to about 1000C, or between about
400C to about 800C, or between about 4O0C to about
600C or at a temperature about 30, 40, 50, 60, 70, 80,
90 or 1000C. The time for the incubation can be
between about 30 min to about 4 h, or between about 1
h to about 4h, or between about 2 h to about 4 h, or
between about 2h to 3 h or for a time about 30 min,
Ih, 2h, 3h or 4h. [0148] The methods described herein
can further include the step of binding the 



amphiphilic polymer of the Raman active composite
material to a recognition moiety. In one embodiment,
this step can be carried out after formation of the
amphiphilic polymer shell or before mixing the
amphiphilic polymer into the solutions referred to
herein. [0149] A Raman active composite material as
described herein can for example be used within a
microorganism, in particular a cell. The presence of
the amphiphilic polymer allows internalization into a
respective microorganism, including a cell. Depending
on any moiety or molecule that may be linked to the
amphiphilic polymer the Raman active composite
material may also be directed to a selected
intracellular compartment, structure, organelle or
other location. The amphiphilic polymer used may also
include groups or moieties that are capable of
directing the respective Raman active composite
material to a selected intracellular location. In
typical embodiments where any such molecule or moiety
with a location-directing function such as an
immunoglobulin, or a fragment thereof, or a ligand of
a receptor, is absent and the water-soluble Raman
active composite material is allowed to enter a cell
the Raman active composite material is at least
largely locating inside the cytoplasm. Where the
polymer for example includes multivalent amine groups,
a corresponding water-soluble nanocrystal is capable
of disrupting endosomal organelles (Duan, H., & Nie,
S., J. Am. Chern. Soc. (2007) 129, 11, 3333-3338).
Cytotoxic effects sometimes observed with metal
particles can be avoided with a respective selection
of the water-soluble amphiphilic polymer. This is due
to the fact that cytotoxicity is dependent on the
molecules present on the surface of a metal particle
rather than the metal particle itself (Hoshino, A., et
el., Nano Letters (2004) 11, 2163- 2169). Accordingly
a Raman active composite material can be used in a
variety of biological and medical applications,
including as an intracellular probe, for instance for
immunofluorescence or ultrastructural imaging (see
e.g. King, J., et al., Microsc. Microanal. (2008) 14,
Suppl 2, 702-703). [0150] In another embodiment the
present invention may refer to a Raman active
composite material, as disclosed herein, that is
conjugated to a molecule having binding affinity for
agiven analyte. By conjugating the Raman active
composite material to a molecule having binding
affinity for a given analyte, a marker compound or
probe is formed. In such a probe, the Raman active
composite material serves as a label or tag which
emits radiation, for example in the visible or near
infrared range of the electromagnetic spectrum that
can be used for the detection of a given analyte.
[0151] In principle any analyte can be detected for
which a specific binding partner exists that is able
to at least certain degree specifically bind to the
analyte. Examples of suitable analytes can include in
one embodiment, prokaryotic or eukaryotic cells,
malign eukaryotic cells, organelles, nucleic acids,
proteins, viruses, to name only a few. The analyte can
be a chemical compound such as a drug (e.g.
Aspirin(r)) or Ribavirin), or a biochemical molecule
such as a protein (for example, an antibody specific
for troponin or a cell surface protein) or a nucleic
acid molecule. When coupled to an appropriate molecule
with binding affinity (which is also referred to as
the analyte binding partner) for an analyte of
interest, such as Ribavirin, the resulting probe can
be used for example in a fluorescent immunoassay for
monitoring the level of the drug in the plasma of a
patient. Another example is a conjugate of the Raman
active composite material with streptavidin. [0152]
The analyte can also be a complex biological structure
including, but not limited to, a virus particle, a
chromosome or a whole cell. For example, if the
analyte binding partner is a lipid that attaches to a
cell membrane, a conjugate comprising a Raman active
composite material linked to such a lipid can be used
for detection and visualization of a whole cell. For
purposes such as cell staining or cell imaging, a
nanoprobe emitting or scattering visible light is
preferably used. In accordance with this disclosure
the analyte that is to be detected by use of a marker
compound that comprises a Raman active composite
material conjugated to an analyte binding partner is
preferably a biomolecule. [01 53] Therefore, in a
further embodiment, the molecule has binding affinity
for the analyte which can include, but is not limited
to a protein, a peptide, a compound having features of
an immunogenic hapten, a nucleic acid, a carbohydrate
or an organic molecule. The protein employed as
analyte binding partner can be, for example, an
antibody, an antibody fragment, a ligand, avidin,
streptavidin or an enzyme. Examples of organic
molecules are compounds such as biotin, digoxigenin,
serotronine, folate derivatives, antigens, peptides,
proteins, nucleic acids and enzymes and the like. A
nucleic acid may be selected from, but not limited to,
a DNA, RNA or PNA molecule, a short oligonucleotide
with 10 to 50 bp as well as longer nucleic
acids.[0154] In a further embodiment, multiple SERS
probes are used to separately label multiple analytes,
such as for multiplexed detection. This allows the
simultaneous detection and tracking of multiple
different targets of interest. For example, 10
different antibodies that each has specific affinity
for their distinctive cancer cells could be attached
to 10 different SERS probes, by performing 10 separate
reactions. The subsequent SERS mapping would reveal
the localization of these 10 types of cancer cells.
[0155] The Raman active composite material can also be
used in combination with other already known labels or
probes, such as quantum dots. When using the Raman
active composite material described herein together
with quantum dots, it is for example possible to 



encapsulate the quantum dots with amphophilic polymers
using the methods described herein. It is also
possible to form aggregates of quantum dots and Raman
ligand coated metal particles and encapsulating them
together as illustrated for example in Figures 8 and
9D. [0156] By "consisting of is meant including, and
limited to, whatever follows the phrase "consisting
of. Thus, the phrase "consisting of indicates that the
listed elements are required or mandatory, and that no
other elements may be present. [0157] By "comprising"
it is meant including, but not limited to, whatever
follows the word "comprising". Thus, use of the term
"comprising" indicates that the listed elements are
required or mandatory, but that other elements are
optional and may or may not be present. [0158] The
inventions illustratively described herein may
suitably be practiced in the absence of any element or
elements, limitation or limitations, not specifically
disclosed herein. Thus, for example, the terms
"comprising", "including", "containing", etc. shall be
read expansively and without limitation. Additionally,
the terms and expressions employed herein have been
used as terms of description and not of limitation,
and there is no intention in the use of such terms and
expressions of excluding any equivalents of the
features shown and described or portions thereof, but
it is recognized that various modifications are
possible within the scope of the invention claimed.
Thus, it should be understood that although the
present invention has been specifically disclosed by
preferred embodiments and optional features,
modification and variation of the inventions embodied
therein herein disclosed may be resorted to by those
skilled in the art, and that such modifications and
variations are considered to be within the scope of
this invention. [0159] The invention has been
described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling
within the generic disclosure also form part of the
invention. This includes the generic description of
the invention with a proviso ornegative limitation
removing any subject matter from the genus, regardless
of whether or not the excised material is specifically
recited herein. [0160] Other embodiments are within
the following claims and non-limiting examples. In
addition, where features or aspects of the invention
are described in terms of Markush groups, those
skilled in the art will recognize that the invention
is also thereby described in terms of any individual
member or subgroup of members of the Markush group.
EXAMPLES [0161] General description of the
manufacturing method for Raman active composite
materials [0162] In a first example, AuNPs (NP =
nanoparticle) or AgNPs were incubated with a
hydrophobic Raman reporter (such as a Raman reporter
shown in Figures 2 or 6) in dimethylformamide (DMF) at
60 C to render the NP surface hydrophobic. After the
solution was cooled down, an amphiphilic polymer, such
as PS154-MoCk-PAA6O was added. Afterwards water (final
volume ratio DMF/H2O = 4.5) was added. The amount of
amphiphilic polymer added is secondary as long as
enough of the polymer is added to ensure encapsulation
of the metal nanoparticle coated with the Raman
reporter molecule. The mixture was heated to 110 0C
for 2 hrs and then slowly cooled down in the oil bath.
As the critical micelle concentration slowly decreased
with temperature, the amphiphilic polymer was excluded
from solution and self-assembled into spherical
micelles that sometimes include the hydrophobically
functionalized NPs. Figure 3a shows the TEM image of a
sample prepared by this method; the polymer appeared
white against the (NH4)6Mo7q 24 negative stain. Both
empty micelles and micelle-encapsulated AuNPs were
observed. Remarkably, nearly all AuNPs observed (>
99%) were singly encapsulated by polymer micelles.
[0163] The uniform diameter of the empty micelles as
well as the uniform thickness of the micellar shells
are consistent with a thermodynamically controlled
self-assembly process. In this method, the reactant
mixture was heated for 2 h followed by slow cooling (~
2 h) to ensure near-equilibrium conditions. [0164] The
nanoprobes can be easily isolated by direct
centrifugation. After synthesis, the reaction mixture
was first diluted in water (14 times by volume) to
trap the polymer micelles in a kinetically stable
state. Repeated centrifugation at 16000 g and
resuspension in water gave NPs free of DMF and empty
micelles (Figure 3b). The NPs did not aggregate during
the repeated purification, even though the polymer
shells were not chemically cross-linked.Without being
bound by theory, it is assumed that this extraordinary
stability could be due to the long hydrophilic PAA
blocks of the polymer that brought in extra negative
charges on the NPs. The simple purification process
allows for efficient isolation of large quantities of
a Raman active nanocomposite material. Using this
method, gold and silver NPs of various sizes and
morphologies were successfully functionalized by SERS
reporters, encapsulated, and purified (Figure 3b-f).
[0165] In previous reports that prepared
silica-coated, analyte-tagged NPs, two competing
ligands have to be used to bind metal NP surface: a
SERS-active reporter and a vitreophilic coupling agent
such as APTMS ((Mulvaney, S.P., Musick, M.D., et al.,
2003, supra), hi contrast, only one ligand (any one of
Figures 2 - 1 to 2 - 4) was used in this preparation
to fully cover the surface of AuNPs. In addition to
accommodating more reporter molecules per NP, this
design avoids the problem of the mutually exclusive
ligand binding competition that 



likely results in uneven loading of reporter molecules
on individual NPs. In this system, the
ensemble-averaged SERS signature is a close
representation for the individual nanoparticles,
considering that (a) a single ligand covers uniformly
on the surface of the metal NPs; (b) all NPs have a
well-defined core/shell structure with uniform shell
(amphiphilic polymer) thickness; and (c) each polymer
micelle contains only one metal NP. [0166]
Ensemble-averaged SERS signals from the Raman active
composite materials were characterized by solution
Raman spectroscopy. Figure 4A shows the SERS signals
of 2-naphthalenethiol on AuNPs (dav = 14, 21, 38, 5 1
and 62 nm). No extra peak was observed that could be
assigned to the SERS of polystyrene (PS) of the
amphiphilic polymer (e.g. PSblock- PSPAA), suggesting
that most of the NP surface was covered by the Raman
reporter. It is difficult to directly compare the SERS
intensities observed in our experiments with those
reported in the literature, because in most reports
the degree of NP aggregation and the concentration of
SERS reporters were not available. In our system, the
full coverage of 2- naphthalenethiol on NPs is
expected to give only slightly stronger SERS signals,
while the absence of SERS "hot-spots" likely gave rise
to weaker signals. The high percentage of single
encapsulation (> 99%) of AuNP coverd with
2-naphthalenethiol and amphiphilic polymer gave the
rare opportunity to estimate the ensemble-averaged
enhancement factors unambiguously. [0167] In order to
better evaluate the SERS intensities observed in this
system, the signals were normalized against the total
surface area of the NPs, which can be estimated based
on the total particle concentrations and average
sizes. Assuming that all AuNP surface were(111) facet
and that one ligand were coordinated to every three Au
atoms on the (111) surface, the total moles of
2-naphthalenethiol in each sample could be roughly
estimated. Comparing with solution Raman of free
2-naphthalenethiol in acetone, the enhancement factors
were estimated to be 7.2 x 104, 1.2 105, 1.0 x 106,
6.2 x 106 and 2.2 x 107, for AuNPs of 14, 21, 38, 51
and 62 nm diameters, respectively (Table 1). It is
clear that the enhancement factor increases
significantly with increasing AuNP diameter (Figure
4B). Significantly larger enhancement was observed on
AgNPs. The ensemble-averaged enhancement factor for
AgNP covered with 2-naphthalenethiol and an
amphiphilic polymer (dav = 43.4 nm) was estimated to
be around 1 to about 2 x 108 (ignoring the difference
in contributions from the silver nanorods in the
sample), nearly 100 times stronger than that of AuNPs
of similar size. [0168] The stability of the Raman
active composite materials was tested by exposing them
to adverse conditions. Salt medium was known to cause
aggregation of citrate-stabilized AuNPs, as the
increased ionic strength weakens the charge-repulsion
between the NPs. In contrast, the nanoprobes prepared
by our method can tolerate up to 0.1 M NaCl
withoutaggregation. No change of SERS intensity was
observed with and without the salt media. This allows
the use of the nanoprobes in buffer solutions often
encountered in biomedical applications. The polymer
shell can also provide protection against chemical
oxidation. Because 2-na rhthalenethiol-coated AuNPs
are insoluble in water, AuNPs coated with
4-mercaptobenzoic acid was used as a comparison. KHSO
(oxone) is one of the strongest commercially available
oxidants (E0 = 1.4 V vs NHE). When it was added to
AuNPs incubated with excess 4-mercaptobenzoic acid
([oxone] = 20 mM), the red colour of the solution
quickly faded, and precipitates formed at the bottom
of the vial. Presumably, the thiol groups of
4-mercaptobenzoic acid were forced to dissociate from
AuNPs as they were oxidized. However, under the same
treatment, 2-naphthalenethiol-coated AuNP encapsulated
with an amphiphilic polymer were stable for weeks
without significant loss of the red colour or of the
SERS signal intensity. These results demonstrated that
the polymer shell is nearly impermeable to the ionic
oxidant, protecting the Raman active composite
material during various applications. [0169] The
polymer encapsulation process was demonstrated in
further experiments for the Raman active molecules
shown in Figure 2 -2 and 2 - 3. The resulting Raman
active composite materials have similar core/shell
structures as 2-naphthalenethiol-covered AuNPs
encapsulated with an amphiphilic polymer (Figure 5B)
but present different spectroscopic signatures (Figure
5A-b). The signal intensity of 4-ethylbenzenethiol
coated AgNP encapsulated with an amphiphilic polymer
is comparable with that of 2-naphthalenethiolcovered
AgNPs encapsulated with an amphiphilic polymer but the
signal of triphenylphosphine-covered AgNPs
encapsulated with an amphiphilic polymer was slightly
weaker, giving peaks at 469, 528, 791, 1009, 1384 and
1578 cm 1. [0170] Experimental [0171] Materials: AU
chemical reagents were used without further
purification. Hydrogen tetrachloroaurate(III) hydrate
(HAuCl 4-H2O), 99.9% (metals basis Au 49%) was
purchased from Alfa Aesar; amphiphilic diblock
copolymer polystyrene-block-poly(acrylic acid) (PS
154PAA Q, Mn = 16000 for the polystyrene block and Mn
= 4300 for the poly(acrylic acid) block, Mw/Mn=1.15
and PSi44-WOcAr-PAA28, Mn = 15000 for the PS block and
Mn = 1600 for the PAA block, Mw/Mn = 1.11) was
obtained from Polymer Source, Inc.; DMF, 99.8% was
purchased from Tedia Company, Inc. Deionizied water
(resistance > 18 MW cm 1) was used in all of our
reactions. All other chemicals were purchased from
Aldrich. Copper specimen grids (200 mesh) with
formvar/carbon support film (referred to as TEM grids
in the text) werepurchased from Electron Microscopy
Sciences; AuNPs were prepared as described in (Frens, 



G., 1973, Nature Phys. ScL, vol.241, pp.20); AuNRs
were prepared as described in (Nikoobakht, B.,
El-Sayed, M.A., 2003, Chem. Mat, vol. 15, rp.1957) and
Ag nanocubes (AgNC) were prepared as described in
(Siekkinen, A.R., McLellan, J.M., 2006, Chem. Phys.
Lett., vol.432, rr.491). [0172] General Methods and
Characterization: Raman spectra were collected from
suspended NP samples in a cuvette (pathlength = 1.00
cm) on an R-3000HR spectrometer (Raman Systems, Inc,
R-3000 series) using Red LED laser (l = 785 nm).
UV-vis spectra were collected on a Gary 100 UV-Vis
spectrophotometer. TEM images were collected from a
FEI EM 208S Transmission Electron Microscopy (Philips)
operated at 100 kV. [0173] Preparation of TEM Samples:
(NH4)6Mo7O24 was used as a negative stain (3.4 mM) in
all TEM images, so that empty micelles and polymer
shells appeared white against a dark background. TEM
grids were treated by oxygen plasma in a Harrick(r)
plasma cleaner/sterilizer for 1 min to improve the
surface hydrophilicity. A sample solution was
carefully mixed with stain solution on the surface of
a plastic petridish, forming a small bead; a TEM grid
was then floated on the top of the bead with the
hydrophilic face contacting the solution. The TEM grid
was then carefully picked up by a pair of tweezers,
wicked with filter paper to remove excess solution and
finally dried in air for 5 min. [0174] Encapsulation
of nanoparticles with ligands and In a typical
reaction, 4 x 1.5 mL of AuNPs solution (dav = 14 nm,
4.75 nM) was concentrated to ~ 20 mL by centrifugation
at 16000 g for 15 min. To the deep red suspension
collected at the bottom of Eppendorf tubes, 715 mL DMF
was added, followed by 5 mL of a Raman active
molecule, such as 2-naphthalenethiol in DMF (10
mg/mL). The mixture was incubated at 60 C for 1 hr
before 80 mL PS154-O-PAA60 solution (8 mg/mL in DMF)
and 160 mL H2O was added in sequence. The total volume
of the final mixture solution was 980 mL, where the
DMF/H2O volume ratio was 4.5; [AuNPs] = 29.08 nM;
[PS154PAA60] = 32 mM and [2-narhthalenethiol] = 3.82
mM. The mixture was heated to 110 0C for 2 hrs and
then allowed to slowly cool down in the oil bath until
room temperature was reached. The final solution was
deep red and it remained stable at room temperature
for months. [0175] Same encapsulation procedures were
used to prepare 4-ethylbenzenethiol-coated AuNPs
encapsulated in an amphiphilic polymer and
triphenylphosphine-coated AuNPs encapsulated in an
amphiphilic polymer, except that 4-ethylbenzenethiol
or triphenylphosphme of similar concentrations was
used instead of 2-naphthalenethiol. AgNPsprepared by
citrate reduction method (Frens, G., 1973, supra) were
also encapsulated using this method. [0176] The gold
nanorods (AuNRs) were prepared by following El-sayed's
method (Nikoobakht, B., El-Sayed, M.A., 2003, supra),
concentrated by centrifugation and then resuspended in
water. The silver nanocubes (AgNCs) were prepared by
following Xia's method and purified by acetone washing
(Siekkinen, A.R., McLellan, J.M., 2006, supra). Same
encapsulation method as described above was then used
to encapsulate the AuNRs and AgNCs. [0177]
Purification of the Core/Shell Raman active composite
material: The Raman active composite material was
purified by centrifugation to remove DMF, empty
micelles and excess ligand. In a typical procedure,
100 mL of 2-naphthalenethiol-coated AuNPs encapsulated
in an amphiphilic polymer in the as-synthesized
solution was mixed with 1400 mL H2O in an Eppendorf
tube. The mixture was centrifuged at 16000 g for 30
min so that nearly all NPs were collected at the
bottom of the tube. The supernatant was discarded, and
1.5 mL H O was added to resuspend the NPs. This
centrifugation-resuspension was usually repeated twice
to obtain samples free of DMF and empty micelles.
[0178] Estimation of SERS Enhancement Factors: The
average sizes of AuNPs (dav = 13.7 nm, 21.0 nm, 37.9
nm, 51.0 nm and 62.1 nm) were determined from TEM
images using ImageJ. As shown in Table 1, the
concentrations of the as-synthesized AuNPs were
calculated based on the dimensions of the NPs and the
density of gold (19.3 g-cm 3). Here it was assumed
that all NPs in a given sample have uniform diameter
with a regular spherical shape, although in some cases
these were not strictly true. After encapsulation and
purification, the concentrations of the isolated Raman
active composite material was calculated by comparing
the plasmon absorption peak intensity of the sample
versus that of the as-synthesized samples. For
convenience, we assume that all AuNP/AgNP surface were
(111) facet and that one ligand were coordinated to
every three Au/Ag atoms on the (111) surface. Based on
the NP concentration and total surface area, total
mole of 2-naphthalenethiol can be calculated. The
ratio of the observed SERS intensity to the Raman
intensity of equivalent concentration of free
2-naphthalenethiol in acetone gave the respective
enhancement factors. [0179] Encapsulation of Au NPs
coated with Raman active molecules shown in Figure
[0180] In a typical reaction, 6 mL of AuNP solution
(dav= 60 nm) was concentrated to 13 mL by
centrifugation at 6000 g for 10 min. Then H2O (187 mL)
was added to the deep redsuspension collected at the
bottom of Eppendorf tubes, followed by addition of 40
mL of a Raman active molecule as shown in Figure 6 in
DMF (2 mg /mL). The mixture was immediately added into
800 mL DMF containing 80 mL PS154-b-PAA60 (8 mg/mL in
DMF). The mixture was heated to 110C for 2 h and then
allowed to slowly cool down in the oil bath 



until it reached room temperature. The final solution
was deep red and remained stable at room temperature
for months. [0181] The above nanoparticles were
purified by centrifugation (6000 g, 10 min) to remove
DMF, empty micelles, and excess ligand. The resulting
AuNPs coated with a Raman active molecule as shown in
Figure 6 and encapsulated in a layer of PS154-b-PAA60
were collected at the bottom of the tube. The NPs were
diluted with 1500 mL H O, and purified by
centrifugation at 6000 g for 10 min. This purification
process was typically repeated twice to obtain samples
free of DMF and empty micelles. And the purified NPs
were dispersed in 1500 mL H2O for Raman measurement.
[0182] Raman spectra were collected from the sample
solution in a cuvette (pathlength 1.00 cm) on an
R-3000HR spectrometer (Raman Systems, me, R-3000
series) using a red lightemitting diode (LED) laser
(l=785 nm) at 290 mW. [0183] Encapsulation of
4-ethylbezenethiol-functionaIized AuNP aggregates
[0184] In a typical reaction, 2 x 1.5 mL of AuNPs
solution (dav = 14.6 nm, 2.94 nM) was concentrated to
~10 mL by centrifugation at 16000 g for 15 min. To the
deep red suspension collected at the bottom of
Eppendorf tube, 300 mL DMF was added, followed by 20
mL of 4-ethylbenzenethiol in DMF (8 mg/mL). The
mixture was added to a vial which contains 10 mL NaOH
(2.5 mM) and 250 mL DMF. After that, a solution
contains 10 mL HCl (5 mM), 60 mL H2O (VHCI + VH2O 70
mL) and 250 mL DMF was added, and the mixture was
incubated again at 6O0C for 2 h. ([HCl] = 0.06 mM)
Aggregations of 15 nm AuNPs were formed at this stage.
Different aggregation size can be simply tuned by
changing the concentration of HCl (0.06mM for Figure
8A and 0.12 mM for Figure 8B). To encapsulate the
aggregated AuNPs, 80 mL PS154PAA60 solution (8 mg/mL
in DMF) and 110 mL H2O was added in sequence. The
total volume of the final mixture solution was 1100
mL, where the OMFfH2O volume ratio was 4.5;
[PS154PAA60] = 28.5 mM , [4-ethylbenzenethiol] = 6.31
mM. The mixture was heated to 110 0C for 2 h and then
allowed to slowly cool down in the oil bath until room
temperature was reached. [0185] Preparation of
anisotropic encapsulation of metal NPs [0186] Li
general, encapsulation of metal NPs, such as AuNPs can
be carried out as follows.In case of AuNPs, AuNP ' s
were prepared following literature procedures by
sodium citrate reduction OfHAuCl 4 as already
described above (Frens, G., 1973, supra). AuNPs (25.7
1.9 nm, 3 niL) solution was centrifuged to a volume of
about 15 mL using 16000 g for 15 min. The deep red
solution collected was then diluted by water (167 mL)
and then added to 818 mL of an organic solvent, such
as DMF solution which was prepared by mixing an
amphophilic polymer, such as PS154- Zoc/c-PAA6o (80
mL, 8 mg/mL in DMF), a ligand comprising a binding
moiety for binding to the metal nanoparticle ligand,
such as ethanethiol. (20 mL, 13.9 mM in DMF) and an
organic solvent, such as DMF (718 mL). A Raman active
molecule, such as 2-naphthalenthiol (80 mL, 2 mg/mL in
EtOH) was then finally added to the reaction mixture
giving a total volume of 1.08 mL in final mixture,
where VOrganic soiven/Vmo = 4.5. The mixture was
heated at 110 C for 2 hrs, and then allowed to cool
down gradually till room temperature. Similar
procedures were used for other ligand combinations
(see Figure 10). [0187] Preparation of anisotropic
encapsulated AuNPchains with an amphiphilic polymer
[0188] AuNPs (20 nm, 3 mL) solution was centrifuged to
a volume of 15 L using 16000 g for 15 min. The deep
red solution collected was then diluted to 72.5 mL and
HCl (17.5 mL, 10 mM) was added to the mixture. The
mixture was then added to 680 mL of DMF solution;
ethanethiol (20 mL, 13.9 mM in DMF) and
2-naphthalenthiol (20 mL, 3 mg/ml in DMF). The mixture
was incubated at 60C for 2 h to induce aggregation and
further sonicated for another 2 h . Presumably,
coating of the Au surface with 4-naphthalenethiol
reduces the surface charges, while the addition of HCl
increases the ionic strength of the solution. These
two factors led to linear aggregation of AuNPs. After
incubation, P S154-&/ocyt-PAA60 (80 mL, 8 mg/mL in
DMF) and H2O (110 mL) was then added to the reaction
mixture. The final mixture was heated at 110 C for 2 h
to encapsulate the aggregates and allowed to cool down
gradually till room temperature. Figure 1OC shows a
TEM image of the obtained anisotropically encapsulated
and Raman label coated nanoparticles.CLAIMS 1. A Raman
active composite material comprising: a metal
particle; a coating layer of a Raman active molecule
bound to the metal particle; and an encapsulating
layer of an amphiphilic polymer bound to the metal
particle. 2. The Raman active composite material
according to claim 1, wherein the metal particle is
selected from the group consisting of a metallic
ferromagnetic particle, a metallic paramagnetic
particle and a noble metal particle. 3. The Raman
active composite material according to claim 2,
wherein the noble metal particle is made of a noble
metal selected from the group consisting of silver,
gold, palladium, platinum, ruthenium, rhodium, osmium,
iridium and alloys of the aforementioned materials. 4.
The Raman active composite material according to claim
2, wherein the metallic 



ferromagnetic particle is made of a ferromagnetic
material which is selected from the group consisting
of Fe, MnBi, Ni, MnSb, MnAs, Gd, Dy, Co and alloys of
the aforementioned materials. 5. The Raman active
composite material according to claim 2, wherein the
metallic paramagnetic particle is made of a metallic
paramagnetic material which is selected from the group
consisting of Mg, Mo, Li, Ta and alloys of the
aforementioned materials. 6. The Raman active
composite material according to any of the preceding
claims, wherein the amphiphilic polymer is selected
from the group consisting of an amphiphilic multiblock
copolymer, - an amphiphilic random copolymer, an
amphiphilic alternating copolymer, an amphiphilic
copolymer consisting of hydrocarbons and maleic
anhydride groups; andan amphiphilic polymer of the
general formula (I): an amphiphilic polymer of the
general formula (II): an amphiphilic polymer of the
general formula (III): wherein each of m, o, p and q
is an independently selected integer from about 3 to
about 400, R1 is a first hydrophilic moiety with a
main chain of about 0 to about 20 carbon atoms and 0
to about 3 heteroatoms selected from the group N, O5
S, Se and Si, R2 is a first hydrophobic moiety with a
main chain of about 0 to about 20 carbon atoms and 0
to about 3 heteroatoms selected from N, O, S, Se and
Si, and R3 and R4 are independently selected from a
hydrophilic or hydrophobic moiety with a main chain of
about 3 to about 80 carbon atoms and 0 to about 40
heteroatoms selected from N, O, S, Se and Si,wherein
R1,R2, R3 and R4 may independently be a
copolymerisable group; and mixtures of the
aforementioned amphiphilic polymers. 7. The Raman
active composite material according to claim 6,
wherein the multiblock copolymer is selected from a
diblock copolymer or a triblock copolymer. 8. The
Raman active composite material according to claim 7,
wherein the diblock copolymer is selected from the
group consisting of poly(acrylic acid-block-methyl
methacrylate), poly(methyl methacrylate-block-sodium
acrylate), poly(t-butyl methacrylate-block-ethylene
oxide), poly(methyl methacrylate-block-sodium
methacrylate), poly (methyl
methacrylate-block-N-methyl l-4vinyl pyridinium
iodide), poly(methyl methacrylate-block-N,N-dimethyl
acrylamide), poly(butadiene-blockmethacrylate acid and
sodium salt), poly(butadiene(l,2
addition)-block-acrylic acid), poly(butadiene(l,2
addition)-block-sodium acrylate), poly(butadiene(l,4
addition)-blockacrylic acid), poly(butadiene(l,4
addition)-block-sodium acrylate), poly(butadiene(l,4
addition)-block-ethylene oxide), poly(butadiene(l,2
addition)-block-ethylene oxide),
poly(styrene-block-acrylic acid),
poly(styrene-block-acrylamide),
poly(styrene-blockcesium acrylate),
poly(styrene-block-sodium acrylate),
poly(styrene-block-ethylene oxide),
poly(styrene-block-methacrylic acid), and
poly(styrene-block-sodium methacrylate). 9. The Raman
active composite material according to claim 7,
wherein the diblock copolymer and the triblock
copolymer comprise a hydrophilic chain of monomelic
units and a hydrophobic chain of monomelic units,
wherein the number of monomeric units in the
hydrophilic chain is higher than the number of
monomeric units in the hydrophobic chain. 10. The
Raman active composite material according to claim 9,
wherein the number of monomeric units in the
hydrophilic chain and the hydrophobic chain is
independently between about 10 to about 1000. 11. The
Raman active composite material according to claim 7,
wherein the amphiphilic triblock copolymer is selected
from the group consisting of poly(ethylene
oxide)-blockpoly(dimethyl)
siloxane-block-poly(2-methyl oxazoline)
(PEO-block-PDMS-block- PMOXA),
poly(methyl)oxazoline-block-poly(dimethyl)siloxane-blo
ckpoly( methyl)oxazoline,
polystyrene-block-poly(methyl
methacrylate)-block-poly(acrylic acid), an amphophilic
poloaxamer, poly(5-(N,N-dimethylamino)
isoprene)-blockpolystyrene- block-poly(methacrylic
acid)), poly(acrylic acid)-block-porystyrene-poly(4-
vinyl pyridine), and methoxy-poly(ethylene
glycol)-block-poly(L-lactide)-block-poly(LIysine). 12.
The Raman active composite material according to any
of the preceding claims, wherein the Raman active
molecule is selected from the group consisting of:
wherein R1 to R13 are independently selected from
hydrogen, optionally substituted alkyl, optionally
substituted aryl, alkoxy, aryl, halogen, NO2, CN, OH,
carbonyl, amino or silyl; R14 to R15 are selected from
optionally substituted alkyl, alkoxy, optionally
substituted aryl and optionally substituted aryloxy; x
is S or O. 13. The surface enhance Raman scattering
composite material according to claim 12, wherein the
Raman molecule is selected from the group consisting
ofMODULATORSOF THE INTERACTION OF STAT3WITH SPl Field
of the Invention The present invention relates to
interactions between STAT3 and SP1 and 



particularly, although not exclusively, to methods of
identifying compounds capable of modulating the
interaction between STAT3 and SP1. Background to the
Invention Leptin, a hormone secreted from adipose
tissue, regulates food intake and energy expenditure
(1) by regulating hypothalamic neuron activities. By a
saturated transport mechanism, circulating leptin
enters brain through the blood-brain barrier to act on
at least two classes of neurons: POMC neurons to
promote the production of anorexigenic POMC; and
NPY/AgRP neurons to down regulate the production and
secretion of orexigenic NPY and AgRP (2-4). Leptin
exerts its actions through complex signaling pathways
upon its binding and activation of the long form
leptin receptor (OBRb), but not the other forms of
leptin receptors (OBRa, Rc, Rd and Re) (5,6).
Activated OBRb turns on Jak2-STAT3 pathway, including
STAT3 phosphorylation and translocation into the
nucleus, STAT3 binding to target gene
promoter/cofactor complexes, and its eventual
regulation of target gene promoter activities, e.g.
activation of POMC transcription (7). Plasma and CSF
leptin levels are often higher in obese subjects, as
expected from their higher fat volume compared with
the lean (8). However, leptin fails to effect
downstream physiological consequences in these animals
due to impairment in the leptin signaling pathways,
collectively referred to as leptin resistance (9). The
molecular mechanisms underlying leptin resistance are
still unclear. One possibility is that increased
activity of S0CS3 suppresses STAT3 phosphorylation,
and subsequently, prevents STAT3 from translocation
into the nucleus and acting on its target genes, based
on analysis of DIO mice after 16 weeks of high fat
diet feeding (10). Recent studies using DIO mice after
4-5 weeks on a high fat diet showed that the levels of
leptin-stimulated STAT3 phosphorylation were
comparable to those of lean mice on a chow diet (10,
11). Mice after 4-5 weeks of high fat feeding showed
altered metabolism and increased leptin level,
indicating that they may be in early stage of leptin
resistance (10). The fact that STAT3 phosphorylation
was unchangedat this early stage, but was suppressed
at late stages of leptin resistance, suggests
different molecular mechanisms operating during the
early and late stages of leptin resistance. For early
stages of leptin resistance, since the level of STAT3
phosphorylation was unaltered, the impairment must lie
downstream of STAT3 activation, possibly by a
transcription factor. The transcription factor FoxO1
is a member of forkheadbox-containing protein O
superfamily, and is a central signaling molecule
involved in many aspects of actions, including growth
and proliferation as well as metabolic regulation
through protein- DNA or protein-protein interactions
(14,15). The FoxO1 protein is 655 amino acids in
humans, and 652 in mouse (GenBank accession numbers
Q12778 (human) and AJ252157 (mouse). POMC is a key
neuropeptide induced by leptin (16). POMC expression
is reduced in leptin signaling deficient mouse models,
such as ob/ob and db/db mice (17). POMC expression is
also reduced in leptin resistant DIO mice (18).
Previous studies have shown that leptin-stimulated
POMC gene expression is mediated via STAT3 (19).
Summary of the Invention The inventors have discovered
that phospho-STAT3 activates POMC promoter activity in
response to leptin through a mechanism that requires a
SP1 binding site in the promoter of POMC gene. The
inventors have also discovered that FoxO1 (SEQ ID NO:
2) binds to STAT3 and prevents STAT3 from interacting
with the SP1/P0MC promoter complex, and consequently,
inhibits STAT3-mediated leptin action. The inventors
have determined that this interaction between FoxOI
and STAT3 requires a 44 amino acid region of the FoxOI
protein. Thus, the inventors have demonstrated for the
first time that leptin action can be inhibited at a
step downstream of STAT3 activation and translocation
into the nucleus, and provides a potential mechanism
of leptin resistance in which increased FoxOI levels
antagonize STAT3-mediated leptin signalling. Also
provided is a peptide according to SEQ ID NO: 1 which
comprises the FoxOI binding site for STAT3. Also part
of the invention are compounds comprising apeptide
having at least 60% sequence identity to SEQ ID NO: 1
and compounds capable of mimicking the interference
effect of FoxO1 on the interaction between SP1 and
STAT3. Compounds comprising a peptide having at least
60% sequence identity to SEQ ID NO: 1 can be used to
inhibit the interaction between STAT3 and SP1, and
thereby inhibit the expression of genes involved in
appetite suppression. Conversely, compounds capable of
binding to a peptide having at least 60% sequence
identity to SEQ ID NO: 1 can be used to release FoxO1
mediated repression of STAT3/SP1/promoter complex
formation by interfering with the interaction between
FoxO1 and STAT3. Such compounds can be used to block
the repressive effect of FoxO1 on the expression genes
which require interaction 



between STAT3 and SP1 ("STAT3 SP1 regulated genes").
By maintaining the expression of STAT3 SP1 regulated
genes (e.g. the gene encoding POMC), appetite can be
suppressed. Thus, by identifying the amino acid
sequence which is essential for the interaction
between FoxO1 and STAT3, the inventors have provided
methods for identifying compounds capable of
stimulating and repressing appetite in a patient in
need of treatment. Therapeutic uses of these compounds
and pharmaceutical preparations comprising these
compounds are part of the present invention. The
invention provides methods, assays and screens for
identifying compounds which are capable of modulating
the interaction between STAT3 and SP1 . In some cases
the compounds identified by the methods, assays and
screens modulate the interaction by inhibiting the
interaction of STAT3 and SP1. In other cases, the test
compound may modulate the interaction by enhancing the
interaction of STAT3 and SP1 . In a method according
to the invention, a STAT3 polypeptide and an SP1
polypeptide are contacted in the presence of a test
compound, and the interaction between STAT3 and SP1 is
detected. In some cases the test compound is a peptide
comprising SEQ ID NO: 1, or comprising a peptide
having at least 60% sequence identity to SEQ ID NO: 1.
Alternatively, the test compound is a mimetic of
thepeptide of SEQ ID NO: 1. In other cases the test
compound is capable of binding to a peptide which has
at least 60% sequence identity to SEQ ID NO: 1. In
cases where the test compound is capable of binding to
a peptide comprising SEQ ID NO: 1 or having sequence
identity thereto, the interaction between STAT3 and
SP1 is assessed in the presence of FoxOL In certain
methods, compounds capable of modulating the
interaction between STAT3 and SP1 are identified by
detecting the expression of a STAT3 SP1 regulated
gene. Such methods may involve detecting the
expression of a reporter gene that is operably linked
to the promoter of the STAT3 SP1 regulated gene. In a
first aspect of the invention, a method is provided
for identifying modulators of the interaction of STAT3
and SP1 , the method comprising: (a) providing a STAT3
polypeptide; (b) providing an SP1 polypeptide; (c)
providing a FoxO1 polypeptide; (d) contacting STAT3
and SP1 polypeptides in the presence of the FoxO1
polypeptide and a test compound; and (d) detecting
binding of STAT3 and SP1 ; wherein the test compound
is capable of binding a polypeptide comprising the
peptide of SEQ ID NO: 1, or a peptide comprising at
least 60% sequence identity to SEQ ID NO: 1. In a
second aspect, a method is provided for identifying
modulators of the interaction of STAT3 and SP1 , the
method comprising: (a) providing a STAT3 polypeptide;
(b) providing an SP1 polypeptide; (c) contacting STAT3
and SP1 polypeptides in the presence of a test
compound; and (d) detecting binding of STAT3 and SP1 ;
wherein the test compound comprises a peptide
comprising at least 60% sequence identity to the
peptide of SEQ ID NO: 1, or a mimetic thereof.In a
third aspect, the invention provides a method of
identifying compounds capable of suppressing appetite,
the method comprising screening a test compound for
the ability to bind to a peptide comprising SEQ ID NO:
1, or to a peptide having at least 60% sequence
identity to SEQ ID NO: 1. In some aspects of the
invention, binding of STAT3 and SP1 is complex
formation. Certain methods of the invention may
involve the step of testing whether the test compound
mediates STAT3 SP1 mediated gene expression. In a
fourth aspect, the invention provides an appetite
suppressor identified by the methods of the present
invention. In a fifth aspect, the invention provides a
medicament comprising an appetite suppressor
identified by the methods of the present invention. In
a sixth aspect, the invention provides a method of
identifying modulators of the interaction between
STAT3 and SP1 comprising the steps of: (a) providing a
cell comprising a STAT3 polypeptide, an SP1
polypeptide, a FoxO1 polypeptide and a STAT3
responsive promoter which is operably linked to a
reporter gene; (b) providing a test compound which is
capable of binding to the peptide of SEQ ID NO: 1; and
(c) detecting expression of the reporter gene. The
methods of the invention may comprise the step of: 



(d) comparing expression of the reporter gene in step
(c) to expression in the absence of the test compound
In a seventh aspect, the methods of the invention
include the step of adding leptin. In an eighth
aspect, the invention provides a polypeptide
comprising at least 60%, at least 75%, or at least 90%
sequence identity to SEQ ID NO: 1. The polypeptide of
the invention may comprise between 3 and 100 amino
acids or between 3 and 44 amino acids.In a ninth
aspect, the invention provides a mimetic of the
polypeptide according to SEQ ID NO: 1 which is capable
of disrupting the interaction between STAT3 and SP1 .
In a tenth aspect, the invention provides polypeptides
or mimetics for use in the manufacture of a medicament
for the repression or stimulation of appetite.
Screening Methods The methods of the present invention
may be performed in vitro or in vivo. Where the method
is performed in vitro it may comprise a high
throughput screening assay. Test compounds used in the
method may be obtained from a synthetic combinatorial
peptide library, or may be synthetic peptides or
peptide mimetic molecules. In the methods of the
present invention, the STAT3 and SP1 may be obtained
from mammalian extracts, produced recombinantly from,
bacteria, yeast or higher eukaryotic cells including
mammalian cell lines and insect cell lines, or
synthesised de novo using commercially available
synthesisers. In one arrangement, the STAT3 and SP1
are recombinant. Preferably, the STAT3 and SP1
molecules are human STAT3 and SP1 molecules. STAT3
(signal transducer and activator of transcription) is
a 52 amino acid transcription factor (GenBank ID:
AAK17196 (human); AAK17195 (mouse)) that is
phosphorylated in response to cytokines and growth
factors. Upon phosphorylation, STAT3 dimerises and
translocates to the nucleus, where it acts as a
transcription factor. STAT3 is responsive to a number
of cytokines, hormones and other growth factors,
including leptin and IL5. The methods of the present
invention utilise a STAT3 polypeptide. STAT3
polypeptides used in the methods of the invention
include polypeptides comprising at least 60% sequence
identity to SEQ ID NO: 5, or comprise fragments of the
polypeptide of SEQ ID NO: 5, or comprising at least
60% sequence identity to fragments of SEQ ID NO: 5.SP1
(specificity protein) is a transcription factor of
approximately 785 amino acids, and comprises a zinc
finger DNA binding domain. (GenBank ID: AAC08527
(mouse); AAH43224 (human)). Promoters of certain
genes, such as the POMC gene contain SP1 binding
sites. The SP1 polypeptides used in the methods of the
invention include polypeptides having at least 60%
sequence identity to SEQ ID NO: 7, as well as
polypeptides comprising fragments of the polypeptide
of SEQ ID NO: 7, or which comprise at least 60%
sequence identity to fragments of SEQ ID NO: 7. The
SP1 polypeptides of the methods of the invention have
SP1 DNA binding activity. Preferably, in the methods
of the invention, the STAT3 polypeptides are capable
of binding to SP1 , and the SP1 polypeptides are
capable of binding to STAT3. Preferably, the STAT3
polypeptide is capable of binding to an SP1
polypeptide which is bound to a promoter (an
SP1/promoter complex), such as the POMC promoter. The
invention provides methods of identifying compounds
which are capable of modulating the interaction of
STAT3 and SP1. Modulating the interaction means that
the compound is capable of reducing or enhancing the
binding of STAT3 and SP1 . In the methods of the
invention, STAT3 and SP1 polypeptides are provided and
a test compound is added. Binding of the STAT3 and SP1
polypeptides is detected in the presence of the test
compound. In some cases, detecting of binding includes
detecting the absence of binding. Using the methods of
the invention, test compounds which modulate the
interaction and binding of the STAT3 and SP1
polypeptides can be identified. In the methods
described, binding may be determined by immunological
techniques, including immunoblotting,
immunoprecipitation and ELISA. In certain assays of
the invention, a cell (such as a HEK293 cell) is
provided which comprises (e.g. expresses) a STAT3 and
an SP1 polypeptide. In certain methods, the cell
further comprises (e.g. expresses) a FoxO1
polypeptide. A test compound is added to the cell, and
the interaction of STAT3 and SP1 is evaluated through
detection of a reporter gene which is operably linked
to a STAT3 SP1 regulated promoter, such as POMC. In
some instances, the reporter gene is luciferase.
Insome methods, the reporter gene which is operably
linked to a STAT3 SP1 regulated promoter is stably or
transiently integrated into the genome of a cell. In
other methods, the reporter gene which is operably
linked to a STAT3 SP1 regulated gene is in a vector.
In certain methods of the invention, vectors
comprising the STAT3 and/or SP1 genes are provided. In
some methods, a vector comprising a FoxO1 gene is
provided. The 



vector may be an expression vector in which the gene
is operably linked. In certain methods, the vectors
are provided in a cell. In other methods, the STAT3
and/or SP1 and/or FoxO1 genes are stably integrated
into the genome of a cell. In this specification the
term "operably linked" may include the situation where
a selected nucleotide sequence and regulatory
nucleotide sequence (e.g. a promoter) are covalently
linked in such a way as to place the expression of a
nucleotide sequence under the influence or control of
the regulatory sequence. Thus a regulatory sequence is
operably linked to a selected nucleotide sequence if
the regulatory sequence is capable of effecting
transcription of a nucleotide sequence which forms
part or all of the selected nucleotide sequence. Where
appropriate, the resulting transcript may then be
translated into a desired protein or polypeptide. Test
compounds showing activity in in vitro screens such as
high throughput screens can be subsequently tested in
screens using cells e.g. in mammalian cells exposed to
the candidate modulator, and tested for their ability
to modulate the expression of STAT3 SP1 regulated
genes. Test compounds A test compound may modulate or
interfere with the interaction of STAT3 and SP1 in one
of a number of ways. In one arrangement the compound
may directly modulate the interaction by binding to
one of the molecules, masking the site of interaction.
Test compounds preferably comprise a peptide which
interacts with the target molecule or an organic
compound mimicking the peptide structure (a mimetic).
In some cases, test compounds comprise a peptide
having at least 60% sequence identity to SEQ ID NO: 1.
In some instances, the peptide comprises more than
65%,more than 70%, more than 75%, more than 80%, more
than 85%, more than 90% or more than 95% sequence
identity to the SEQ ID NO: 1 peptide. In some cases,
the test compound is a fragment of the peptide of SEQ
ID NO: 1. In other cases, the test compound is capable
of binding to a polypeptide which comprises a peptide
having at least 60% sequence identity to SEQ ID NO: 1.
Test compounds which are capable of binding to a
polypeptide can be identified through methods known in
the art, including co-immunoprecipitation or
yeast-2-hybrid screening. Such test compounds will
also be capable of binding to FoxOI , or to
polypeptides having at least 60% homology to FoxOI .
Optionally, the test compounds of the invention are
not STAT3 or SP1 polypeptides, or peptides having high
sequence identity to STAT3 or SP1 polypeptides. The
modulating effect of a test compound may be assayed
for by measuring an ability to regulate the expression
of STAT3 SP1 regulated genes. Such an assay may
comprise (a) administering the candidate substance to
a test cell, preferably a mammalian cell; and (b)
determining the effect of the test compound on the
expression of STAT3 SP1 regulated genes. Binding
Affinity Binding affinity is a measure of the degree
to which two components interact. Binding affinity
(K1) can be calculated from the IC50 using the
equation of Cheng and Prusoff (Cheng, Y., Prusoff, W.
H. (1973) Biochem. Pharmacol. 22, 3099-3108), Ki =
IC50 { 1 + ([Radioligand] / Kd)} Where, the IC50
(concentration of the inhibitor that displaces 50 % of
bound ligand) values are determined by plotting the %
specific binding in the Y-axis versus log [molar
concentration of protein used] in the X-axis, and Kd
is the binding affinity of the radioligand to the
receptor. Certain modulators provided by the invention
have a high K for the peptide of SEQ ID NO: 1.
Preferably, such modulators will have a higher Kj for
polypeptides comprising SEQ ID NO: 1 than those
polypeptides comprising SEQ ID NO: 1 havefor STAT3.
Such modulators may be useful in the treatment of
leptin resistance and obesity. Interference
Interference of a compound with an interaction relates
to the ability of a molecule to interrupt, disrupt or
prevent, whether partially or entirely, the normal
interaction of STAT3 and SP1 and may be measurable by
an altered level of activity of one or more of the
normally interacting molecules or by assaying for the
presence, absence or partial presence or absence of
binding of the normally interacting molecules.
Modulation Modulation describes the ability of a
compound to vary the result of an interaction between
interacting substances or molecules. Thus, modulation
may be detectable by a change (increase or decrease)
in the level of an activity, e.g. in ability to bind
to an interacting partner molecule. Modulating
compounds may have an enhancing effect or an
inhibiting effect on the relevant activity or binding.
Activity The activity of a given substance or molecule
may be measured by assaying for the activity, e.g.
luciferase activity can be measured by photon
counting. An activity may 



be a function of the interaction or binding of the
given substance, e.g. a modulator peptide comprising
SEQ ID NO: 1, with another molecule. Polypeptides
Polypeptides of the invention include a polypeptide
comprising at least 60% identity to SEQ ID NO: 1 and
comprising the STAT3 binding site of FoxO1.
Polypeptides according to the invention may comprise
less than 44 amino acids (e.g. 25, 26, 27, 28, 29, 30,
3 1, 32, 33, 34, 35, 36, 37, 38, 39, 40, 4 1, 42 or 43
amino acids), but retain the ability to bind STAT3,
and retain at least 60% sequence identity to the
polypeptide of SEQ ID NO: 1. Suitable polypeptides may
be up to 250 amino acids in length but preferably are
200 amino acids in length or less, or more preferably
one of 3-15, 15-30, 30-50, 50-75, 75-100, 100-125,
125-150, 150-175, 175-200, or 200- 225 amino acids in
length.In this specification, a modulator polypeptide
may be any peptide, polypeptide or protein having an
amino acid sequence having a specified degree of
sequence identity to SEQ ID NO: 1 or to a fragment of
this sequence which is capable of binding to STAT3.
The specified degree of sequence identity may be from
at least 60% to 100% sequence identity. More
preferably, the specified degree of sequence identity
may be one of at least 65%, 70%, 75%, 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98% or 99% identity. Sequence identity In certain
aspects the invention concerns compounds which are
isolated peptides/polypeptides comprising an amino
acid sequence having a sequence identity of at least
60% with a given sequence. Percentage (%) sequence
identity is defined as the percentage of amino acid
residues in a candidate sequence that are identical
with residues in the given listed sequence (referred
to by the SEQ ID No.) after aligning the sequences and
introducing gaps if necessary, to achieve the maximum
sequence identity, and not considering any
conservative substitutions as part of the sequence
identity. Sequence identity is preferably calculated
over the entire length of the respective sequences.
Where the aligned sequences are of different length,
sequence identity of the shorter comparison sequence
may be determined over the entire length of the longer
given sequence or, where the comparison sequence is
longer than the given sequence, sequence identity of
the comparison sequence may be determined over the
entire length of the shorter given sequence. For
example, where a given sequence comprises 100 amino
acids and the candidate sequence comprises 10 amino
acids, the candidate sequence can only have a maximum
identity of 10% to the entire length of the given
sequence. This is further illustrated in the following
example: (A) Given seq: XXXXXXXXXXXXXXX (15 amino
acids)Comparison seq: XXXXXYYYYYYY (12 amino acids)
The given sequence may, for example, be that encoding
FoxO1 binding site (e.g. SEQ ID NO: 1). % sequence
identity = the number of identically matching amino
acid residues after alignment divided by the total
number of amino acid residues in the longer given
sequence, i.e. (5 divided by 15) x 100 = 33.3% Where
the comparison sequence is longer than the given
sequence, sequence identity may be determined over the
entire length of the given sequence. For example: (B)
Given seq: XXXXXXXXXX (10 amino acids) Comparison seq:
XXXXXYYYYYYZZYZZZZZZ(20 amino acids) Again, the given
sequence may, for example, be that encoding FoxO1
binding site (e.g. SEQ ID NO: 1). % sequence identity
= number of identical amino acids after alignment
divided by total number of amino acid residues in the
given sequence, i.e. (5 divided by 10) x 100 = 50%.
Alignment for purposes of determining percent amino
acid sequence identity can be achieved in various ways
known to a person of skill in the art, for instance,
using publicly available computer software such as
ClustalW 1.82. T-coffee or Megalign (DNASTAR)
software. When using such software, the default
parameters, e.g. for gap penalty and extension
penalty, are preferably used. The default parameters
of ClustalW 1.82 are: Protein Gap Open Penalty = 10.0,
Protein Gap Extension Penalty = 0.2, Protein matrix =
Gonnet, Protein/DNA ENDGAP = -1, Protein/DNA GAPDIST =
4. Identity of nucleic acid sequences may be
determined in a similar manner involving aligning the
sequences and introducing gaps if necessary, to
achieve the maximumsequence identity, and calculating
sequence identity over the entire length of the 



respective sequences. Where the aligned sequences are
of different length, sequence identity may be
determined as described above and illustrated in
examples (A) and (B). Peptide Derivatives The peptides
of the invention include fragments and derivatives of
the FoxOI binding peptide encoded by SEQ ID NO: 1.
Similarly, whilst components used in the methods of
the present invention may comprise full-length protein
sequences, this is not always necessary. As an
alternative, homologues, mutants, derivatives or
fragments of the full-length polypeptide may be used.
Derivatives include variants of a given full length
protein sequence and include naturally occurring
allelic variants and synthetic variants which have
substantial amino acid sequence identity to the full
length protein. Protein fragments may be up to 5, 10,
15, 20, 25, 30, 35 or 40 amino acid residues long.
Minimum fragment length may be 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 30 amino
acids or a number of amino acids between 3 and 30.
Mutants may comprise at least one addition,
substitution, inversion and/or deletion compared to
the corresponding wild-type polypeptide. The mutant
may display an altered activity or property, e.g.
binding. Mutations may occur in SEQ ID No: 1 and
components containing such fragments may serve the
purpose of modulating the activity of the mutant to
restore, completely or partially the activity of the
wild type polypeptide. Derivatives may also comprise
natural variations or polymorphisms which may exist
between individuals or between members of a family.
All such derivatives are included within the scope of
the invention. Purely as examples, conservative
replacements which may be found in such polymorphisms
may be between amino acids within the following
groups: (i) alanine, serine, threonine; (ii) glutamic
acid and aspartic acid;(iii) arginine and leucine;
(iv) asparagine and glutamine; (v) isoleucine, leucine
and valine; (vi) phenylalanine, tyrosine and
tryptophan. Derivatives may also be in the form of a
fusion protein where the protein, fragment, homolpgue
or mutant is fused to another polypeptide, by standard
cloning techniques, which may contain a DNA-binding
domain, transcriptional activation domain or a ligand
suitable for affinity purification (e.g.
glutathione-S-transferase or six consecutive histidine
residues). Derivatives of FoxO1 include fragments
containing sequence portions having substantial
sequence identity to SEQ ID NO: 1 and which are
capable of binding STAT3. Mimetics The designing of
mimetics to a known pharmaceutically active compound
is a known approach to the development of
pharmaceuticals based on a "lead" compound. This might
be desirable where the active compound is difficult or
expensive to synthesise or where it is unsuitable for
a particular method of administration, e.g. some
peptides may be unsuitable active agents for oral
compositions as they tend to be quickly degraded by
proteases in the alimentary canal. Mimetic design,
synthesis and testing is generally used to avoid
randomly screening large numbers of molecules for a
target property. There are several steps commonly
taken in the design of a mimetic from a compound
having a given target property. Firstly, the
particular parts of the compound that are critical
and/or important in determining the target property
are determined. In the case of a peptide, this can be
done by systematically varying the amino acid residues
in the peptide, e.g. by substituting each residue in
turn. These parts or residues constituting the active
region of the compound are known as its
"pharmacophore". Once the pharmacophore has been
found, its structure is modelled according to its
physical properties, e.g. stereochemistry, bonding,
size and/or charge, using data from a range of
sources, e.g. spectroscopic techniques, X-ray
diffraction data andNMR. Computational analysis,
similarity mapping (which models the charge and/or
volume of a pharmacophore, rather than the bonding
between atoms) and other techniques can be used in
this modelling process. In a variant of this approach,
the three-dimensional structure of the ligand and its
binding partner are modelled. This can be especially
useful where the ligand and/or binding partner change
conformation on binding, allowing the model to take
account of this in the design of the mimetic. A
template molecule is then selected onto which chemical
groups which mimic the pharmacophore can be grafted.
The template molecule and the chemical groups grafted
on to it can conveniently be selected so that the
mimetic is easy to 



synthesise, is likely to be pharmacologically
acceptable, and does not degrade in vivo, while
retaining the biological activity of the lead
compound. The mimetic or mimetics found by this
approach can then be screened to see whether they have
the target property, or to what extent they exhibit
it. Further optimisation or modification can then be
carried out to arrive at one or more final mimetics
for in vivo or clinical testing. With regard to the
present invention, having identified a peptide or
peptide mimetic in accordance with the method
described, the method may further comprise the step of
modifying the peptide structure, optionally followed
by repeating the contacting and determination steps.
This process of modification of the peptide or peptide
mimetic may be repeated a number of times, as desired,
until a peptide having the desired effect, or level of
effect, on binding affinity is identified. The
modification steps employed may comprise truncating
the peptide or peptide mimetic length (this may
involve synthesising a peptide or peptide mimetic of
shorter length), substitution of one or more amino
acid residues or chemical groups, and/or chemically
modifying the peptide or peptide mimetic to increase
stability, resistance to degradation, transport across
cell membranes and/or resistance to clearance from the
body. Therapeutic applicationsCompounds of the present
invention or identified by methods of the present
invention may be used stimulate or repress appetite in
animals in need of treatment. Preferably, the animal
undergoing treatment is a human patient in need of
such treatment. More particularly, the compounds may
be used in either stimulating or repressing appetite.
Enhancers of the interaction between STAT3 and SP1 may
be useful in the treatment of obesity and leptin
resistance and in the suppression of appetite by
enhancing the interaction of STAT3 with the
SP1/promoter complex, and thereby enhancing expression
of leptin regulated genes such as POMC. Inhibitors of
the STAT3 SP1 interaction may be useful for
stimulating appetite. Inhibitors may be useful in the
treatment of anorexia and other eating disorders.
Inhibitors of the STAT3 SP1 interaction impair the
ability of STAT3 to bind the SP1/promoter complex, and
thereby prevent STAT3 from promoting the expression of
genes e.g. POMC in response to leptin. Compounds of
the invention may be formulated as pharmaceutical
compositions for clinical use and may comprise a
pharmaceutically acceptable carrier, diluent or
adjuvant. The composition may be formulated for
topical, parenteral, intravenous, intramuscular,
intrathecal, intraocular, subcutaneous, oral,
inhalational or transdermal routes of administration
which may include injection. Injectable formulations
may comprise the selected compound in a sterile or
isotonic medium. Formulating pharmaceutically useful
compositions and medicaments In accordance with the
present invention methods are also provided for the
production of pharmaceutically useful compositions,
which may be based on a substance or test compound so
identified. In addition to the steps of the methods
described herein, such methods of production may
further comprise one or more steps selected from: (a)
identifying and/or characterising the structure of a
selected substance or test compound; (b) obtaining the
substance or compound;(c) mixing the selected
substance or compound with a pharmaceutically
acceptable carrier, adjuvant or diluent. For example,
a further aspect of the present invention relates to a
method of formulating or producing a pharmaceutical
composition for use in the treatment of leptin
resistance and obesity, the method comprising
identifying a compound or substance that promotes or
inhibits interaction of STAT3 and SP1 , in accordance
with one or more of the methods described herein, and
further comprising one or more of the steps of: (i)
identifying the compound or substance; and/or (ii)
formulating a pharmaceutical composition by mixing the
selected substance, or a prodrug thereof, with a
pharmaceutically acceptable carrier, adjuvant or
diluent. Certain pharmaceutical compositions
formulated by such methods may comprise a prodrug of
the selected substance wherein the prodrug is
convertible in the human or animal body to the desired
active agent. In other cases the active agent may be
present in the pharmaceutical composition so produced
and may be present in the form of a physiologically
acceptable salt. Brief Description of the Figures
Embodiments and experiments illustrating the
principles of the invention will now be discussed with
reference to the accompanying figures in which: 



Figure 1: STAT3-mediated leptin regulation of POMC
promoter activity in a cellbased system. (A) Diagram
(upper panel) depicts leptin receptor constructs
stably expressed in the recombinant HEK 293 cells. The
solenoid represents plasma membrane (PM). OBRa and
OBRb share identical extracellular sequences,
including leptin binding sites (shaded area near PM).
"Y" denotes the tyrosine residues implicated in leptin
signaling, and is present only in OBRb. Both
constructs are Myc-tagged at their Ctermini (black
area). Lower panel shows expression of leptin
receptors in the 293 cells lines. Leptin receptors
from lysates of 293-OBRa, 293-OBRb and control were
concentrated by using leptin-coupled CNBR-activated
Sepharose beads, and theirexpression examined by using
Myc antibody. (B) 1251-leptin was mixed with control,
293-OBRa or 293-OBRb cells with (white column) or
without (gray column) the addition of excessive amount
of unlabeled leptin. The cells were washed and
radioactivity counted. Results are mean  SEM, and
represent 3 independent experiments. * p < 0.01 . (C)
293-OBRa and 293- OBRb were transfected with pXJ40-
Flag-mSTAT3. The cells were lysed and subjected to 8%
SDSPAGE after 30 min of leptin or mock treatment. Both
phospho-STAT3 and pan-STAT3 antibodies were used for
protein detection. Note that phospho-STAT3 signal was
detected only in leptin-treated 293- OBRb cells,
whereas pan-STAT3 signal was evident in all samples.
(D) 293-OBRa or 293-OBRb was transfected with
pXJ40-Flag-mSTAT3, pGL3-P0MC and pCMV-Renilla. 20 hr
after leptin treatment, the cells were harvested and
lysed, and Firefly luciferase activity of the lysate
was measured and normalized to Renilla luciferase
activity. Results are mean  SEM, and represent 3
independent experiments. * p < 0.01 . Figure 2. FoxO1
inhibits leptin-induced POMC promoter activity. (A)
293-OBRb cells were transfected with the same amount
of pXJ40-Flag-mSTAT3 and pGL3-POMC, plus increasing
amount of pcDNA3- Flag-mFoxO1, as indicated by solid
bars for POMC and STAT3, and solid staircase for FoxO1
. A promoter-less pGL3-basic was transfected in place
of pGL3-POMC as negative control (lane 1 and 2). 20 hr
after leptin treatment, the cells were harvested for
immunoblotting using antibodies against phospho-
STAT3, pan-STAT3, or FoxOL Tubulin was included to
indicate equal loading among all the samples. Note
that FoxO1 expression increased proportionately with
increasing amount of transfected pcDNA3- Flag-mFox01 .
(B) Similarly-treated cells as in (A) were lysed in
passive lysis buffer, and their Firefly luciferase
activity was measured and normalized to Renilla
luciferase activity. The assay was repeated 3 times in
triplicate. Results represent mean  SEM of one such
assay. Figure 3. High level of FoxO1 does not
interfere with STAT3 phosphorylation or STAT3
translocation into nucleus. (A) 293-OBRb cells were
transfected with the same amount of pXJ40-Flag-mSTAT3
and pGL3-POMC, plus increasing amount of
pcDNA3-Flag-mFoxO1 , as indicated by solid bars for
POMC and STAT3, and solid staircase for FoxO1 . 30 min
after leptin treatment, the cells were lysed in
hypotonic buffer followed by centrifugation and
highsalt treatment to separate nuclear and cytoplasmic
fractions, as described in Experimental Procedures.
Equal amount of nuclear proteins was loaded based on
Bradford measurement, and evidenced by tubulin signals
(lower panel), lmmunoblots show nuclear proteins
probed with antibodies against phospho-STAT3 (top
panel), or FoxO1 (middle panel). (B) 293-OBRb cells
were transfected with pXJ40-FlagmSTAT3 alone (a, c) or
together with pcDNA-Myc-mFoxO1 (b, d). After leptin
(c, d) or mock (a, b) treatment, cells were fixed,
permeablized, and probed with antibodies against STAT3
(green) and FoxO1 (red). STAT3 signals were mostly
cytoplasmic without leptin treatment, but concentrated
in the nucleus in leptin-treated samples. Figure 4.
Essential DNA element in the POMC promoter (-646 to
+65) mediating leptin regulation of POMC
transcriptional activity. (A) Diagram of wildtype (WT)
POMC promoter and deletion mutants. Details of all the
mutants were described in Figure 8. (B) 293-OBRb cells
were transfected with pXJ40-Flag-mSTAT3, pGL3-P0MC and
pCMV-Renilla. 20 hr after leptin treatment, the cells
were lysed in passive lysis buffer. Firefly luciferase
activity was measured and normalized to Renilla
luciferase activity. Results are presented as mean
SEM, and are a representative of at least 3
independent experiments of triplicate. Figure 5.
Mutation of SP1 binding site abolishes leptin
regulation of POMC promoter activity. (A) Diagram of
pGL3-POMC construct showing sequence of the essential
DNA element (-138 to -88) mediating leptin regulation
of POMC promoter activity. EMSA probes containing
putative SP1 binding site (Probe 1) or point mutations
(Probe 2) were synthesized as described in
Experimental Procedures. Base mutations were
highlighted in red. (B) EMSA with probe 1 or 2 was
carried out using nuclear extracts of 293-OBRb cells
expressing Flag-mSTAT3. A nuclear protein bound to
Probe 1 



(arrow, lane 1 and 2), but not Probe 2 (lane 3 and 4).
The protein binding was specifically inhibited by an
SP1 antibody (lane 5 and 6). Samples from two
independent experiments were loaded to illustrate
reproducibility. (C) Diagram of WT POMC promoter and
SP1 binding site mutants. Details of the mutants were
described in Figure 8. Base mutations were highlighted
in red. (D) 293-OBRb cells were transfected with
pXJ40-Flag-mSTAT3 and pCMV-Renilla, plus pGL3-P0MC,
mutant 12 or 13. 20 hr after leptin treatment, the
cells were lysed in passive lysis buffer. Firefly
luciferase activity was measured and normalized to
Renilla luciferaseactivity. Results are presented as
mean  SEM, and are a representative of at least 3
independent experiments of triplicate. Figure 6. FoxO1
inhibits STAT3-SP1 complex formation by binding to
STAT3. (A) 293-OBRb cells were transfected with
pXJ40-Flag-mSTAT3. After treatment with leptin or
vehicle, the cells were lysed in lysis buffer. Cell
lysate was incubated with SP1 antibody or control IgG.
5% of cell lysate used in co-IP samples were loaded as
input. (B, C) 293-OBRb cells were transfected with
pXJ40-Flag~mSTAT3 and pcDNA3-Myc-mFoxO1. After leptin
treatment, the cells were lysed in lysis buffer. Cell
lysate was incubated with 1 mg of anti-Flag (B),
anti-Myc (C), or control IgG. lmmunoblot (IB) using
antibodies against either Myc (B) or Flag (C) revealed
STAT3- FoxO1 interaction. (D) 293-OBRb cells were
transfected with the same amount of pXJ40-Flag-mSTAT3
and increasing amount of pcDNA3~MycmFoxO1 as indicated
by solid bar (STAT3) and staircase (FoxOI). 30 min
after leptin treatment, nuclear proteins were isolated
from these cells and subjected to IP using Flag
antibody. IB with either anti-Myc or anti-SP1 revealed
that the amount of SP1 decreased with increasing
amount of FoxOI . Figure 7. Potential mechanism of
leptin regulation of POMC promoter activity and its
inhibition by FoxOI . (A) Upon leptin binding to OBRb,
STAT3 is phosphorylated. Activated STAT3 translocates
into the nucleus and activates POMC promoter activity
through its interaction with SP1-POMC promoter
complex. (B) With increasing amount of FoxOI
expression, FoxOI binds to phosphorylated STAT3 in the
nucleus, and prevents STAT3 from interacting with the
SP1-P0MC promoter complex, and consequently, inhibits
STAT3-mediated leptin activation of POMC promoter.
Figure 8: DNA constructs DNA constructs used in this
study, including truncation and mutation constructs
based on pGL3-P0MC. Figure 9: Primers. Primers used in
the generation of the DNA constructs described in
Figure 8. Figure 10. FoxOI constructs generated to
identify the STAT3 binding site on FoxOI.FoxO1 is a
652 aa protein. A series of C-terminal deletion
constructs were made and tested their interaction with
STAT3 by coimmunoprecipitation (+ or - indicates
whether construct bound STAT3 in
coimmunoprecipitation). FoxO1(1 167) and other longer
FoxO1 mutants were able to bind to STAT3, while
FoxO1(1 123) failed to bind to STAT3. This suggests
that the region between 123-167 is important for STAT3
interaction. po x o i 1-123 i68B52) js a , e |e t jo n
construct which does not contain the region identified
in the previous C-terminal deletion constructs. As a
control, we also generated a FoxO1 mutant that does
not contain the region between 168-241, FoxO1 (1
167W242 652). Co-IP experiments using the above two
deletion constructs confirmed C-terminal deletion
results that the region corresponding to amino acids
124-167 was necessary for STAT3 interaction. Figure
11: Sequences Sequences of polypeptides described in
the application.Detailed Description of the Invention
The details of one or more embodiments of the
invention are set forth in the accompanying
description below including specific details of the
best mode contemplated by the inventors for carrying
out the invention, by way of example. It will be
apparent to one skilled in the art that the present
invention may be practiced without limitation to these
specific details. Examples Experimental Procedures DNA
Constructs: The POMC promoter-luciferase construct
(PGL3-POMC) was a generous gift from Dr. Domenico
Accili (Columbia University, USA), pcDNA3-FlagmFoxC- 1
from Dr. Fukamizu (Japan), pN3-SP1 FL-complete from
Dr. Suske (Germany). pXJ40-flag-STAT3 was described
previously (20). All the other DNA constructs and
primers used in this study, including truncation and
mutation constructs based on pGL3-POMC, are described
in tables 1 and 2. Cell Culture and Luciferase Assay:
Flp-lnHEK293 stable cell lines over-expressing
OBRa(293-OBRa) or OBRb (293-OBRb) were described
previously (21). Cells were cultured in Dulbecco's
minimal essential medium (DMEM, Invitrogen) containing
10% 



fetal bovine serum(FBS) in a 37 0C incubator with 5%
CO2. One day after plating, cells were transfected
with relevant DNA constructs using Fugene 6 (Roche).
16 hrlater, transfected cells were serum-starved for 5
hr before they were treated with recombinant leptin
(Invitrogen) or vehicle for 20 hr. Cells were then
washed with PBS and lysed in 200 ml of Ixpassive lysis
buffer included in Dual-Luciferase Reporter Assay
System (Promega). Luciferase activity was measured
from cell extracts on aluminometer (Molecular
Devices). The firefly luciferase activity was
normalized against Renillaluciferase activity.
Detection of OBRa and OBRb in 293 stable cell lines:
293-OBRa and 293-OBRb cells were harvested and lysed
with lysis buffer, and incubated with leptin-coupled
CNBR-activated Sepharose beads (Sigma) overnight.
After repeated washing withlysis buffer, the beads
with pulled down proteins were subjected to SDS-PAGE.
Leptin receptor expression was examined by using Myc
antibodies. Leptin Binding to Stable HEK293 Cells:
This was performed in six-well plates as previously
described (21). Briefly, 293-OBRa or 293-OBRbcells
were grown to ~90% confluence and washed with PBS.
Cells were incubated with approximately 60,000 cpm of
murine recombinant125l-leptin (Perkin-Elmer) alone, or
1251-leptin with excessive amount of unlabeled leptin
(2 mg/well)for 6 hr at 4 0C in a final volume of 1 ml
PBS supplemented with 1% (w/v) BSA (fraction V.Sigma).
At the end of incubation, unbound 125lleptinwas
removed by two PBS washes. 1 ml of 1N NaOH was then
added, and radioactivity in the lysate was measured
using a Wizard 1470Automatic Gamma Counter
(Perkin-Elmer). Nuclear extract preparation from 293
cells: Cells after treatment with leptin or vehicle
were washed twice and collected in cold PBS. The cell
suspension was centrifuged at 1,300 rpm for 5min. The
resulting pellet was resuspended with hypotonic buffer
(20 mM HEPES pH 7.9, 10 mMKCI, 1 mM EDTA, 1 mM Na3VO4,
10% glycerol.0.2% NP-40, 20 mM NaF, 1 mM DTT and
Ixcomplete protease inhibitor (Roche)), and rocked at
4 C for 10 min. The mixture was then centrifuged at
13,000 rpm for 30 sec, and high salt buffer (20%
glycerol, 420 mM NaCI, 1 mMNa3VO4, 1 mM DTT and 1x
complete protease inhibitor in hypotonic buffer
without NP-40) was added to resuspend the pellet.
After 40 min rocking, the mixture was centrifuged at
13,000rpm for 10 min at 4 C. The supernatant was
collected as the nuclear extract. Co-IP: 1) For
STAT3-SP1 interaction, 293-OBRbcells were transfected
with pXJ40-FlagmSTAT3, and followed by leptin
treatment. Nuclear extracts were prepared from the
cells and incubated with SP1 antibody for
immunoprecipitation (IP), lmmunoblotting of the
immunoprecipitation was performed using phospho-STAT3
antibody (CellSignaling). 5% of cell lysate used in
each colP sample was loaded as input. 2) For
STAT3-FoxO1 interaction, 293-OBRb cells transfected
with expression vectors of pXJ40-Flag-mSTAT3
andpcDNA3-Myc-mFoxO1 were serum-starved and treated
with leptin (50 nM) for 30 min, and then lysed in
lysis buffer (20 mM Tris-CI, pH 7.5, 15OmM NaCI, 1%
Triton-X-100, 10 mM NaF, 1 mM EDTA, 1 mM Na3VO4, 1 mM
PMSF, supplemented with protease inhibitors). ~500 mg
cell lysate was incubated for 2 hr with 1 mg
Flag(Sigma), Myc (Santa Cruz Biotechnology)antibodies,
or control IgG, respectively, followed by IP with
protein A+G Sepharose beads (Sigma)for 1 hr.The
immunoprecipitates were washed 4times in lysis buffer
and subjected to SDSPAGE and immunoblotting with
antibodies against Flagor Myc. 5% of cell lysate used
in each colP sample was loaded as input. 3) For FoxO1
effects on STAT3-SP1 interaction, pXJ40-Flag-mSTAT3and
increasing amount of pcDNA3-MycmFoxOlwere transfected
into 293-OBRb cells. Cells were harvested for nuclear
fractionation after leptin treatment. Binding of STAT3
to SP1 in nuclear extracts was examined by IP with
Flag antibody and IB with Myc (for STAT3) and SP1
antibodies. Immunoblotting: Cells were lysed in 1x
cell lysis buffer (Cell Signaling) containing 1 mM
PMSF.Lysate was incubated on ice for 20 min with
gentle rocking and centrifuged at 20,000 x g for 10
min at4 0C. Equivalent amount of samples were analyzed
by SDS-PAGE and immunoblotting using antibodies
against phospho- STAT3 (Cell Signaling Technology);
pan-STAT3, FoxO1, SPIand Myc (Santa Cruz
Biotechnology); Flag(Sigma); and Myc (polyclonal,
Upstate). EMSA: Two pairs of oligonucleotides: wild
type (GAG GCC CGC CGC CCC CCT and GAA GGGGGG CGG CGG
GC) and SP1 binding site mutant sequence (GAG GCT TGT
TGC CCC CCT and GAA GGG GAA CAA CGG GC) were annealed,
and about 100ng of the probes were labelled with 50mCi
of 32P dCTP by klenowexo-(NEB). After labelling, the
probes were purified by using G-50column, and
radioactivity was measured with LS6500 Multi-Purpose
Scintillation Counter (Beckmam Coulter). 5 mg of
nuclear protein was incubated with the probe with
20,000cpm inDNA-protein loading buffers (50 mM NaCI,
1OmM TrisCI pH 7.5, 0.5 mM EDTA, 1mM MgCI2,4% Ficoll,
0.5 mM DTT and 1x complete protease inhibitor) in a
total volume of 12 ml at room temperature for 15 min.
The mixture was resolved by 4% PAGE gel in 0.5x TBE,
and the gel dried at80 0C by using a gel dryer
(Bio-rad) for 2 hr.Supersensitive X-ray film 



(Kodak) was exposed for 48 hr at -80 0C and then
developed. Immunocytochemistry: 293-OBRb cells were
transfected with relevant plasmids one day after they
were plated on poly-lysine coated coverslips. After
leptin or mock treatment, the cells were washed with
PBS, fixed in PBS containing 4%paraformaldehyde for 10
min, permeabilized inPBS containing 0.5% triton X-100
for 10 min, and blocked in ICC buffer (3% BSA, 3% goat
serum, and 0.15% triton X- 100 in PBS) for 1 hr at
room temperature. The cells were then probed by using
STAT3 and FoxO1 antibodies, and fluorescence
conjugated secondary antibodies(Invitrogen).
Coverslips were mounted on slides and sealed for
observation by confocal microscopy. Statistical
Analysis: The data were presented as means  S.E.M.
Comparisons of data were made using two-tailed
Student's t-test for independent data. The
significance limit was set at p<0.05. Example 1:
Leptin regulation of POMC promoter activity via STAT3
activation. To understand how STAT3 signaling may be
inhibited downstream of its activation, a cell-based
system was established to investigate how STAT3
mediates leptin regulation of gene expression. The
cell-based system includes stable expression of OBRb,
and transient expression of Firefly luciferase under
the POMC promoter. POMC promoter was chosen to study
STAT3-mediated leptin regulation because: 1. POMC is a
key anorexigenic neuropeptide that is regulated by
leptin and STAT3 (19), 2. POMC expression is reduced
in leptin-resistant DIO mice (18). Establishment of
Cell Based System Leptin regulates energy homeostasis
mainly through its central action by binding and
activating the long form leptin receptor OBRb, but not
the other forms (5,6). HEK 293 cell lines with stable
expression of OBRb (293-OBRb) were established as an
in vitro system to study leptin regulation of POMC
promoter activity. HEK 293 cells overexpressing OBRa
(293-OBRa) was used as a negative control. In these
cell lines, only a single copy of the gene construct
with C-terminal Myc tagging (Figure 1A, upper panel)
was integrated into the genome to ensure consistent
expression level of respective receptors. Since
expression level of the receptors in the stable cell
lines was not abundant enough for direct detection
from cell lysate by Western blotting, the proteins
were concentrated by using leptin-coupled beads. OBRa
or OBRb could be detected only in respective stable
cell lines, but not the control (Figure 1A, lower
panel). To further confirm the expression of OBRa or
OBRb, and to validate their proper localization and
orientation on the cell surface in these cell lines,
cells were incubated with 1251-labeled leptin in the
presence or absence of excessive unlabeled leptin.
1251-labeled leptin could bind both 293-OBRa and
293-OBRb to a similar extent (Figure 1B).
Radioactivity of 1251-labeled leptin, indicative of
leptin binding, was not detectable in control cells or
in the presence of excessive unlabeled leptin (Figure
1B). A plasmid containing the luciferase gene driven
by POMC promoter was introduced into 293-OBRb and the
control 293- OBRa by transient transfection to test
whether 293-OBRb cells could be used as an in vitro
system to study leptin regulation of promoter
activity. We used the POMC promoter containing -646 to
+65 of the POMC gene, as full promoter activity
requires no more than 480 bp DNA fragment upstream of
transcription initiation site (13,22). Leptin
treatment induced STAT3 phosphorylation only in
293-OBRb cells (Figure 1C). Similarly, leptin
stimulated luciferase activity was only observed in
293-OBRb, but not in 293-OBRa cells (Figure 1D),
consistent with previous findings that only OBRb is
capable of leptin signal transduction (6). Taken
together, 293-OBRb was a suitable system in studying
POMC promoter activity regulation by STAT3-mediated
leptin signaling. Example 2: FoxO1 inhibits
STAT3-mediated POMC activity In early stages of leptin
resistance, levels of phospho-STAT3 are comparable in
mice on high fat diet with those on normal chow diet,
indicating that impairment of leptin signalling lies
downstream of STAT3 activation (10). To mimic the
early stages of leptin resistance, in which STAT3
phosphorylation was not reduced, 293-OBRb cells were
transfected with the amount of STAT3 that resulted in
maximal level of leptin induced POMC promoter
activation (data not shown). An increasing amount of
FoxOI cDNA was introduced on the background of
constant STAT3 level (Figure 2A) to test whether FoxOI
could interfere with leptin-induced POMC promoter
activity. FoxOI expression levels increased
proportionately with increasing amounts of cDNA used
for transfection (Figure 2A). Although leptininduced
STAT3 phosphorylation was not affected by increasing
FoxOI expression, leptin-regulation of POMC promoter
activity, as indicated by luciferase activity, was
abolished at high expression levels of FoxOI (Figure
2B). Leptin-regulation of POMCpromoter activity was
not affected when increasing amount of a similar-sized
control protein was introduced (data not shown). These
data demonstrate that high levels of FoxO1 could
interfere with leptin signalling, and suggest FoxO1
acted at a step 



downstream of STAT3 activation. Example 3: FoxOI
inhibits STAT3 action in the nucleus. To further
delineate at which step increasing FoxO1 affected
leptin signalling, we tested whether FoxO1 suppressed
STAT3 translocation into nucleus after leptin
activation. 293-OBRb cells were transfected with
increasing amount of FoxOI cDNA on the background of
constant STAT3 level, and nuclear and cytoplasmic
components were separated by fractionation. As
expected, FoxOI protein levels increased in the
nuclear fraction (Figure 3A, second panel) with
increasing amount of FoxOI cDNA; while phosphorylated
STAT3 in the nucleus remained at the same level
regardless of FoxOI expression levels (Figure 3A,
first panel). To directly visualize the effects of
FoxOI on leptin-induced STAT3 activation and
translocation into the nucleus, we performed
immunocytochemistry and confocal microscopy were
performed on 293-OBRb cells expressing STAT3 alone or
STAT3 plus FoxOI. STAT3 signals were mostly
cytoplasmic without leptin stimulation (Figure 3B,
panel a & b), but concentrated in the nucleus in
leptin-treated samples (Figure 3B, panel c & d). The
extent of STAT3 translocation into the nucleus as
indicated by the STAT3 signal in the nucleus, was
indistinguishable between cells with and those without
FoxOI (Figure 3B, panel c & d). These data showed that
FoxOI affected neither leptin-induced STAT3
phosphorylation nor the subsequent STAT3 translocation
into the nucleus, and indicated that FoxOI -mediated
inhibition of leptin-regulation of POMC promoter
activity happened downstream of STAT3 translocation
into the nucleus, i.e., high level of FoxOI prevents
STAT3 from activating the POMC promoter in the
nucleus. Example 4: Essential DNA fragment for leptin
induced POMC promoter activity To understand how FoxOI
inhibits STAT3-mediated POMC promoter activation, the
mode of interaction between STAT3 and POMC promoter
was investigated. A series of mutants with deletion in
the promoter region of POMC (mutants #1-1 1, Figure
4A) on the background of pGL3-P0MC (WT, Figure 4A)
were made to determine theessential sequence for
STAT3- mediated leptin activation of POMC promoter
activity. Mutant constructs, along with pGL3- POMC,
were separately introduced into 293- OBRb cells, and
luciferase activity of various POMC promoter
constructs with or without leptin treatment was
determined. Deletion mutants without DNA fragment
between -138 and -88 (#2, 6 and 8) resulted in the
loss of leptin regulation of POMC promoter activity,
whereas all the mutants containing this fragment
retained leptin regulation, including mutant #11
containing only this DNA fragment (-138 to -88) fused
directly upstream of POMC promoter TATA box (Figure
4B), indicating that a DNA binding element critical to
leptin-enhanced POMC promoter activity lies between
-138 and -88 bp upstream from the transcription
initiation site. Example 5: SP1 binding element is
necessary for POMC promoter activity. To identify the
DNA fragment of POMC promoter responsible for normal
leptin response the structure of POMC promoter was
investigated. Sequence analysis revealed that the DNA
element between -138 and - 88 contained a consensus
binding sequence to SP1 (Figure 5A), a constitutive
transcription factor present in most cell types (23).
To verify whether the putative SP1 binding site
interacts with SP1 , probe 1, corresponding to the
original sequence, and probe 2, containing mutations
in the putative SP1 binding site (Figure 5A) were
synthesised, and EMSA was performed with nuclear
extracts from 293-OBRb cells. A nuclear protein bound
specifically to probe 1, but not to probe 2, and the
binding to probe 1 was specifically inhibited by a SP1
antibody (Figure 5B), but not by STAT3 or FoxO1
antibodies (data not shown). These data indicated that
the bound nuclear protein was SP1 , and SP1 and probe
1 formed a specific complex. To examine the potential
function of SP1 binding site in POMC promoter
activity, mutant #12 and 13, were generated which
contained point mutations within SP1 binding site and
adjacent sequence (mutant #12) or within SP1 binding
site only (mutant #13) (Figure 5C). Functional
analysis of these mutants in 293-OBRb cells revealed
the promoter activity of both mutants as well as their
regulation by leptin were abolished (Figure 5D),
indicating that leptin-mediated transcriptional
activation of POMC promoter was dependent on SP1
.Example 6: Leptin-mediated POMC promoter activity
requires direct interaction of STAT3 and SP1 . The
lack of STAT3 binding consensus sequence in the DNA
element between - 138 and -88 suggested that STAT3
regulation of POMC promoter activity was through a way
other than direct STAT3-DNA interaction, i.e. STAT3
acted through an intermediate protein to mediate
leptin action. As leptin-induced POMC promoter
activation was dependent on SP1 , we hypothesized that
STAT3 regulated POMC promoter through its interaction
with SP1 . Co-IP using SP1 antibody resulted in
abundant phospho-STAT3 signal in samples from
leptin-treated, but not control 293- OBRb cells,
whereas the control antibody did not pull down
phospho-STAT3 from 



either leptin-treated or control cells (Figure 6A).
These data indicated that SP1 could bind to
phospho-STAT3 specifically, and further suggested that
STAT3 could act through SP1 to mediate leptin
regulation of POMC promoter activity. Discussion
Previous studies linked two putative STAT3 binding
sites (-361 to -353, and - 76 to - 68) and one FoxO1
binding site (-375 to - 370) to POMC expression (13,
22). In this study, however, deletion of these STAT3
binding sites (mutant 1, 4, and 9, Figure 4), or FoxO1
binding site (mutant 4, Figure 4) had little effect on
leptin regulation of POMC promoter activity.
Furthermore, SP1, but not STAT3 or FoxO1, was able to
complex with the 5 1bp DNA fragment essential for
leptin regulation, suggesting that phosphorylated
STAT3 enhance POMC promoter activity through a
mechanism that requires SP1-POMC promoter complex,
instead of a direct STAT3-P0MC promoter interaction.
SP1 is a constitutive transcription factor, and has
been reported to serve as an intermediate in STAT3
regulation of gene expression (30-32), e.g. STAT3
mediates lL-6 induced VEGF promoter activity by
interacting with SP1-DNA complex (30). Together with
this study, these studies suggest an alternative
mechanism to the established direct STAT3-DNA
interaction in hormone/cytokine signaling, ie. STAT3
may regulate gene expression through its interaction
with SP1-DNA complex (Figure 7A). Example 7: FoxO1
inhibits STAT3-SP1 interaction.Inhibition of
STAT3-mediated leptin regulation of POMC promoter
activity by FoxO1 occurred at a step downstream of
STAT3 translocation into the nucleus (Figure 3) and
leptin action required a direct interaction of STAT3
and SP1 . Whether FoxO1 could interfere with STAT3-SP1
complex formation, and thus prevent STAT3 from acting
on the POMC promoter was tested. To test whether FoxO1
could bind to STAT3, co-IP was performed on samples
from 293-OBRb cells. FoxOI was specifically
coimmunoprecipitated in samples treated with antibody
(anti-Flag) against Flag-tagged STAT3, but not the
control antibody (Figure 6B). Conversely, STAT3 was
pulled down in samples treated with antibody
(anti-Myc) against Myc tagged FoxOI , but not the
control antibody (Figure 6C). Thus, the two-way co-IP
experiments confirmed FoxOI -STAT3 binding. Whether
increasing amount of FoxOI could reduce, and even
abolish SP1 binding to STAT3 was tested by co-IP of
293-OBRb cells that were transfected with increasing
amount of FoxOI cDNA. The ability of STAT3 antibody to
pull down SP1 was inhibited by FoxOI , and STAT3-SP1
binding was undetectable at high FoxOI expression
levels (Figure 6D). Together, these data demonstrated
that FoxOI could prevent STAT3-SP1 complex formation
by binding to STAT3. Example 8: Identification of key
FoxOI sequences essential for STAT3 interaction FoxOI
is a 652 amino acid protein. To identify the FoxOI
sequences essential for STAT3 interaction, a series of
C-terminal deletion constructs were made and tested
their interaction with STAT3 by coimmunoprecipitation:
FoxOI (1 167) and other longer FoxOI mutants were able
to bind to STAT3, while FoxOI (1 123) failed to bind
to STAT3, suggesting that the region between amino
acid residues 123-167 is important for STAT3
interaction. A deletion construct, FOXO1
(1"123)"{168"652) was made which does not contain the
region identified in the previous C-terminal deletion
constructs. As a control, a FoxOI mutant was made that
does not contain the region between 168-241 , FoxOI
(1"167) (242" 652) . Co-IP experiments using the above
two deletion constructs confirmed the Cterminal
deletion results that the region between 124-167 amino
acids is necessaryfor STAT3 interaction because the
Fox01 (1'123H168"652) peptide was not able to bind
STAT3, but Fox oi( 1-167H242-652) djd bjnd STAT3
Discussion In summary, these data demonstrate that 1)
Phospho-STAT3 activates POMC promoter in response to
leptin signaling through a mechanism that requires the
SP1 binding site in the POMC promoter; 2) leptin
action can be inhibited by FoxOI at a step downstream
of STAT3 phosphorylation and translocation into the
nucleus; 3) FoxOI binds to STAT3 and prevents STAT3
from interacting with the SP1-P0MC promoter complex
and consequently inhibits STAT3-mediated leptin action
4) FoxOI binding to STAT3 requires residues within the
124-167 region. These data provide a potential
mechanism for leptin resistance, in which an increased
FoxOI antagonizes STAT3- mediated leptin signaling by
interfering with STAT3 SP1-target gene promoter
complex formation. In light of these data, the
inventors have proposed a model of a potential
mechanism of how FoxOI inhibits leptin regulation of
POMC promoter: With increasing amounts of FoxOI
expression, FoxOI binds to phosphorylated STAT3 in the
nucleus (via amino acid residues in the 124-167
region), and prevents STAT3 from interacting with the
SP1-P0MC promoter complex and consequently inhibits
STAT3 mediated leptin activation of POMC promoter
(Figure 7B). 
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278(7), 5242-5249Claims 1. A method for identifying
modulators of the interaction of STAT3 and SP1 , the
method comprising: 



(a) providing a STAT3 polypeptide; (b) providing an
SP1 polypeptide; (c) providing a FoxOI polypeptide;
(d) contacting STAT3 and SP1 polypeptides in the
presence of the FoxOI polypeptide and a test compound;
and (d) detecting binding of STAT3 and SP1 ; wherein
the test compound is capable of binding a polypeptide
comprising the peptide of SEQ ID NO: 1, or a peptide
comprising at least 60% sequence identity to SEQ ID
NO: 1. 2. A method for identifying modulators of the
interaction of STAT3 and SP1 , the method comprising:
(a) providing a STAT3 polypeptide; (b) providing an
SP1 polypeptide; (c) contacting STAT3 and SP1
polypeptides in the presence of a test compound; and
(d) detecting binding of STAT3 and SP1 ; wherein the
test compound comprises a peptide comprising at least
60% sequence identity to the peptide of SEQ ID NO: 1,
or a mimetic thereof. 3. A method of identifying
compounds capable of suppressing appetite, the method
comprising screening a test compound for the ability
to bind to a peptide comprising SEQ ID NO: 1, or to a
peptide having at least 60% sequence identity to SEQ
ID NO: 1. 4. The method of any of claims 1 to 3
wherein binding of STAT3 and SP1 is complex formation.
5. The method of any preceding claim further
comprising:(e) testing whether the test compound
mediates STAT3 SP1 mediated gene expression. 6. An
appetite repressor or enhancer identified by the
methods of any one of claims 1 to 3. 7. A medicament
comprising an appetite repressor or enhancer of claim
6. 8. A method of identifying modulators of the
interaction between STAT3 and SP1 comprising (a)
providing a cell comprising a STAT3 polypeptide, an
SP1 polypeptide, a FoxO1 polypeptide and a STAT3
responsive promoter which is operably linked to a
reporter gene; (b) providing a test compound which is
capable of binding to the peptide of SEQ ID NO: 1; and
(c) detecting expression of the reporter gene. 9. The
method of claim 8 further comprising the step of: (d)
comparing expression of the reporter gene in step (c)
to expression in the absence of the test compound 10.
The method of claims 8 or 9 wherein the reporter gene
is luciferase. 11. The method of any one of claims 8
to 10 further comprising the step of adding leptin.
12. The method of any one of claims 8 to 1 1 wherein
the cell overexpresses a leptin receptor. 13. The
method of any one of claims 8 to 12 wherein the cell
is a HEK293 cell. 14. A polypeptide comprising at
least 60% sequence identity to SEQ ID NO: 1. 15. The
polypeptide of claim 14, comprising at least 75%
sequence identity to SEQ ID NO: 1.16. The polypeptide
of claim 15 comprising at least 90% sequence identity
to SEQ ID NO: 1. 17. A polypeptide according to any
one of claims 14 to 16 which comprises between 3 and
100 amino acids. 18. A polypeptide according to any
one of claims 14 to 16 which comprises between 3 and
44 amino acids. 19. A mimetic of the polypeptide
according to SEQ ID NO: 1 which is capable of
disrupting the interaction between STAT3 and SP1. 20.
The polypeptide of any of claims 14 to 18, or the
mimetic of claim 19, for use in the manufacture of a
medicament for the repression or stimulation of
appetite. 


