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nanoparticles" The invention relates to fluorescent nanoparticles with
particular suitability as in vivo diagnostic aid, especially as contrast
agent for discrimnating between dif- 5 ferent tissue types and clains the
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ogy, 79 (3): 272-279) have developed a molecular-specific contrast agent based
25  on an organic fluorophore as marker for early carcinogenic transformation. In this
case, the tumor-associated overexpression of the epidermal growth factor recep-
tor (EGFR) is utilized for identifying altered tissue in the mouth via a red fluores-
cent anti-EGFR antibody conjugate (Alexa660).

30 A general disadvantage of organic fluorophores is that they are metabolized in the
body, with the fluorochrome being degraded or inactivated. The metabolization
thus counteracts the high labeling intensity which is necessary for diagnosis. As
the residence time of the organic flucrophore in vivo increases, this problem in-
tensifies and represents a considerable difficulty, especially in the labeling of cells

35 in deeper tissue layers.

In addition, organic fluorophores which emit at longer wavelengths in particular
have the disadvantage that their quantum yield is reduced by the chemical conju-
gation process. Moreover, organic fluorophores are very susceptible to photo-
40  bleaching, which may even after brief irradiation lead to a substantial loss of fluo-
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contrast agent based on these fluorophores thus has a fluorescence strength
and stability with prolonged excitation time which are too low to be suit-
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ticular as contrast agent in vivo.

25  This subject is achieved as set forth in the main claim. The dependent claims and
separate independent claims relate to advantageous embodiments. The nanopar-
ticles of the invention can be employed both in vitro and in vivo for the specific la-
beling of selected biological structures or functions. In particular, the nanoparticles
selected here can serve as in vivo contrast agents for assisting medical interven-

30 tions, especially surgical interventions.

The nanoparticles of the invention comprise at least three structures, specifically
an inorganic core, which is sheathed by a passivating layer which then in turn car-
ries specific ligands, it also being possible for the specific ligands to be part of the
35 passivating layer. These lead to the specific binding of the nanoparticles to the
target molecule (target) of the biological system. The inorganic core of the
nanoparticles of the invention with the passivating layer surrounding it has a hy-
drodynamic diameter of not more than 15, preferably not more than 10 nm. ther-
modynamic diameters of not more than 8 nm or not more than 5 nm are particu-
40  larly preferred.



nodynam ¢ di aneters of not nore than 8 nmor not nore than 5 nmare particu-
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The passivating | ayer has the task in particular of increasing the
fluorescence in- tensity and the chem cal and physical stability of the
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(e.g. a tumor) after local administration. The nanoparticles of the invention like-

wise allow systemic administration which can also take place by injection. Local

25 administration, e.g. topical administration or intra- or peritumoral administration for

the treatment of tumors, is preferred, however.

Particularly advantageous embodiments of the nanoparticles of the invention have
a hydrodynamic diameter of not more than 8, particularly preferably of not more

30 than 4 nm. Nanoparticles with a size of this order can even be excreted through
the kidney, so that their accumulation in the body is distinctly less or zero. The
nanoparticles of the invention thus considerably reduce the problem, which is
probably associated with the known quantum dots, of long-term toxicity.

35 In a further advantageous embodiment, the nanoparticles of the invention emit a
fluorescent spectrum between 600 and 700 nm, particularly preferably from 600 to
650 nm, especially preferably 620 to 650 nm. This emission spectrum has the ad-
vantage of maximal tissue transmission owing to only low absorption by hemoglo-
bin and other light-absorbing substances in the living system (including water).
40  Light of these wavelengths is still perceptible by the human eye, so that the treat-
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not at all. Further positive properties which are of great importance in particuiar for
the improved depth of penetration and the in vivo labeling are the high quantum
yield of up to 80% and the high photostability.

25
Quantum dots, which may represent the inorganic core of the nanoparticles of the
invention, are disclosed in WO2005/001889. According to this, an inorganic core
composed of an alloy of at least two semiconductors which are either homogene-
ously dispersed or else for which a concentration gradient is present in each case

30 within the alloy is involved. Reference is made to W02005/001889 cited above
concerning the disclosure of the nature and the preparation of these quantum
dots. The cores may differ in size by 5% in each case.

Accordingly, the inorganic core of the nanoparticles of the invention may comprise

35 an alloy of at least two semiconductors, the core having a homogeneous compo-
sition and being characterized by a band-gap energy which is non-linear with re-
spect to the molar ratio of the two semiconductors.

Alternatively, the core may be non-homogeneous in nature, in which case the
40  concentration of the first semiconductor increases gradually, starting from the



dots. The cores may differ in size by 5%in each case. Accordingly, the
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alloy has the molecular formulation CdS,,Te,. In the case where the alloy com-

prises ZnSeTe, a preferred alloy has the molecular formulation ZnSe,,Te,. In the

25  case where the alloy comprises ZnCdTe, a preferred alloy has the molecular for-
mulation solely composed of CdTe. In these statements, x is in each case a frac-
tion between 0 and 1.

These preferred inorganic cores of the nanoparticles of the invention can be pre-
30 pared with the following steps: (i) preparation of a first solution under conditions
which enable nanocrystals to form, (ii) preparation of a second solution which
comprises a precursor of the semiconductors with a molar ratio under a condition
which does not enable nanocrystals to form, (iii) addition of the second solution to
the first solution enabling nanoparticles to form, and (iv) altering the conditions
35 which terminate/stop the growth of the nanocrystals and the formation thereof.
The method for preparing the cores is described in WO 2005/001889, to which
reference is made concerning the disclosure of the preparation of this preferred
embodiment of the inorganic core of the nanoparticles of the invention.

40 In an alternative embodiment, the inorganic core may consist essentially of a no-
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nanocl usters associated wth organi Ip nol ecul eﬁ. Ihe term assSo 25 cration is

in this confBe¥R JHek 6"3030Wn@€r%r8%8 gheraiGal GA1AlysiR Arceramis,g sEMitspect i ve

of the Zbemdoator techpdlggy arad ofrraatarial soiencdse The skiberbwOrkenis therefore familiar

noncoval ent wihltRE prdpafitionthéreSf WEZD0ART03%68 LigsdribBX #&Y) aliafRé BF&YAFAiochs made to

WD2004/ 0035%? n6818 metal clusters and additionally contains extensive further references to
the literature concerning them. There is disclosure in particular of the preparation
of noble metal nanoclusters associated with organic molecules. The term asso-

25  ciation is in this connection to be understood as every type of linkage, irrespective
of the chemical or physical nature of the linkage (e.g. covalent, noncovalent, elec-
trostatic or van-der-Waals linkage). Reference is made to W02004/003558 con-
cerning the preparation of the nanoclusters as core of the nanoparticles of the in-
vention.

30
The nanoparticles of the invention have a passivating layer which increases the
fluorescence intensity and improves the chemical and physical stability of the in-
organic core. The nanoparticles thus emit light preferably with a quantum yield of
more than 10%, preferably of more than 50%.

35
The nanoparticles of the invention preferably exhibit a storage stability in an
aqueous environment at 4°C of at least 12 months and are preferably stable over
a pH range from pH 5 to pH 10, i.e. they show deviations of less than 50% in rela-
tion to their specific spectral characteristics such as quantum yield, position of the

40  emission maximum, half-width of the emission spectrum. Preferred particles show
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fl uorescent 1 norganic cores and correspondi ng ude conj ugated por -
tions/ groups. These nol ecul es may noreover conprise portions which confer
20 The compounds coordinating metal atoms or metal ions may bind functionally

through chelation, coordination or electron donor properties of Lewis bases to
fluorescent inorganic cores and correspondingly include conjugated por-
tions/groups. These molecules may moreover comprise portions which confer
solubility or wettability in aqueous solutions on the cores coated with them.

25
These molecules or compounds may include a homogeneous or heterogeneous
{heterocyclic) ring system having one, two or more linked (or else fused) rings.
Examples of preferred heteroaromatic systems are thiazoles, thiazole derivatives,
oxazoles, oxazole derivatives, pyrroles, pyrrole derivatives including doped or un-

30 doped polypyrrole oligomers, thiophenes, thiophene derivatives including doped
and undoped polythiophenes, furans, furan derivatives, pyridine and pyridine de-
rivatives, pyrimidine and its derivatives, pyrazines, pyrazine derivatives, triazine
and triazine derivatives, triazoles, triazole derivatives, phthalocyanines and
phthalocyanine derivatives, porphyrin and porphyrin derivatives. These com-

35 pounds may include unsaturated (olefinic) hydrocarbons or their amines, phos-
phorus derivatives or oxygen derivatives which may also include acetylene, pro-
pine and allene, but are not limited thereto. It is preferred for the molecule to have
an adequate p or pi electron density in order to take part in adduct formation or
resonance on the surface of the semiconductor core.

49
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15 In one e 5 St ive functi onal
groups such? dg"‘%ﬁ@eﬁ?'bPW'Qﬁn 8“‘3’ rcaﬁ dﬂFﬂ@ b%%\ istidinedY-anseri ne,
bal - eih@, WKoandsarhistisiche] Metla»ﬂhlsigdir]eheaamleﬂiyﬁnmtldmg |m|dazo|ysme imidazole-

cycl o- hi sti dyhtainfigy baitRing Ne.g. B-MBihYfnidazole), imidazole-containing alanine (e.g.
(beta)-(2-imidazolyl)-L(alpha)alanine), carzinine, histamine. These histidine-based
molecules or imidazole-containing amino acids can be synthesized by generally
known methods.

25
The term “alkylphosphine” means in the context of the invention a molecule which
includes at least one phosphine group (including derivatives thereof) for binding or
chelating a nonmetal such as Se, S or other nonmetals, or substrates which com-
prise such atoms, and which provides at least one functional group (e.g. hydroxyl-
30 , amino-~, thiol-, carboxyl-, carboxamide- etc.) for reaction with adjacent molecules.

Preferably at least one phosphine group ought to be located in a terminal position

in relation to the structure of the molecule. The phosphine portions serve as coor-

dinating ligands in order to link a nonmetal or ion such as Se or S in functional
35 form to a fluorescent core or a compound from the shielding layer.

In a preferred embodiment, the alkylphosphine-containing compound includes
one, fwo or more phosphine groups which are coupled together (e.g. in polymeric
form) and which may also include hydroxymethylphosphine compounds or the
40 like, but are not limited thereto. Alkylphosphine-containing compounds can be
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15

The passivating layer of the nanoparticles of the invention is disclosed in
US 2004/0247861 A1. This published specification describes the preparation of
inorganic cores sheathed with the passivating layer, for example of quantum dots.

25  Reference is therefore made to US 2004/0247861 for the purposes of disclosing
the preparation of the passivating layer employed according to the invention and
of the inorganic cores sheathed therewith.

The molecules of the passivating layer may further include or carry chemical

30 groups in order to bind and crosslink target molecules and cells (specific ligands).
In the presence of corresponding passivating reagents such as ZnSO, and Na,S
these molecules or compounds can form a passivating layer with the molecules
on the fluorescent core (“capping” or “shell”).

35 These reagents may also bind functionally to atoms or ions on the surface of the
fluorescent nanocrystals so that this additional passivating layer can also be
formed directly on the surface of the core.

The nanoparticles of the invention may, in an advantageous embodiment, addi-
40 tionally include modifiers which may consist of organic and/or inorganic portions.
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stereocisomeric forms (D-/L-} of the saccharides in order to counteract possible
degradation.
25
A further embodiment is the use of biologically compatible hydrophilic vitamins as
modifiers such as, for example, thiamine, riboflavin, niacin, pyridoxine, cobalamin,
pantothenic acid, ascorbic acid and folic acid. Thus, for example, folic acid may
lead to a preferred binding of nanoparticles to cancer cells. This vitamin shows
30 only low immunogenicity and thus high biocompatibility. Binding to the membrane-
associated folic acid receptor facilitates internalization of the nanoparticles.

The surface modification with lipophilic vitamins such as retinol, cholecalciferol,
tocopherol and phylloquinone is likewise possible. Thus, for example, vitamin E
35 may lead to an increased cellular uptake of nanoparticles.

Fatty acids such as, for example, 1-octadecenes or 18-methyleicosanocid acid and
derivatives thereof may increase the solubility and stability of the colloids and
have a terminal functional carboxyl group which can be utilized for subsequent
40  binding of specific ligands. It is therefore worthwhile also to include fatty acids as
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A further embodiment of the possible modifiers is the formation of a phosphoryl-

25 choline coating. Phosphorylcholine reduces possible nonspecific protein adsorp-
tion, such as, for example, on contact lenses. A phosphorylcholine modification
can, because of the non-thrombogenic properties, be employed well in biclogical
systems and is distinguished by high long-term stability.

30 Since polylactate is biocompatible, this substance is employed in diverse medical
applications. Low molecular weight forms of polylactate in particular are a further
possibility for surface modification of the nanoparticles of the invention. It is possi-
ble in this connection to employ both sterecisomers (D/L form) in order to reduce
possible biodegradation.

35
Besides the surface modifications mentioned it is possible to link nonspecific pro-
teins in a proteolytically cleavable manner to the nanoparticles. This may result in
an increase in the biocompatibility/tolerability. Elimination of the large protein can
take place at the target site to release the small nanoparticles in the tissue. Itis

40 likewise possible for the elimination to take place after an appropriate residence



posed of the abovenentioned am no acids scarcely stinulate the i mmune system
15 and are thus |likew se suitable for a thin conpatibility |ayer.
Possibilities in this connection are artificial amno acid sequences and
sequences f Komilg SzogikealTilpagireiviesy Reaptsisee deri vati ves of 4@abBrak proteins
such as, for exanple, of phyto- chelatin can |ikew se be BF;sLeng%Ogurface
nodi fication. Surface nodification wwth Tat peptide and Tat™ "

pepti de-containing peptides is a furthég2 possibility for making 20
nanoparticles avajlable for use in bionedical applications. The Tat peptide
is an effi éMenPuitRhieany araferredior Hilg PiyPosoareardely uged guiteinh avidias f97cl es

t hr ough t he egasinple, tranblieeimne lactofarrin heemiloplasonin, eladtinr ak ralbainbo disnwall asf t he
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as, for exafprud GHTREGREoY 'gns KT BREEERIGES WINPRAHE FILPIVER: Y5n  can,
because bf Weaatathrambusfpwmeation@ndrtoyscinciease thediegomnrajibitityvafithe nanapadl ogi cal
syst ens and ticlesdi sti ngui shed by high long-termstability. 30 Since

pol yl actate is bioconpatible, this substance is enployed in diverse nedical

applications. Low nol ecul ar weight forns of polylactate in ga_rt icular are a
further pod§BUNRINtSErYB PratgiT ALEMILiEi 3% i rasics nopRReGTicnipfRspGlicns @dthof t he

i nventi on. Iplasma peswraneb] €he porrdspendiogiy eexdifed rtanopantitleyndreoverseimsoi soner s
(DL fo1p) ithe GbRIG! oftBmiiRG pEcifid RlsraBidhs RitdRedadalis BtoudipsiBRithalesust he
surface nodi frlgjfcatl ns rreF |I.onr§]g |{? [ Sﬁ?@‘fism IL?I e tc% |t.l nk .nonspeci fi c. pro-
teins in a |5’rl "EoPy T i%REP' '_%? {PabPe %QP ?‘%?t @'H%H‘ﬂ%a?etrV'@I%_quhi S may
result in &mAYlaed End eubstantiady Isingevbiped Fisulatiop tims Wreughithe preventian efat i on of
the | arge pragi¢iuptakendy irakephbgeeatdr ihigvenaigatimmistmation the ease ¢de snal |
nanopar ti cl gsinl Acbiedhbs icidd 1S 40 likew se possible for the elimnation
to take_place after an appropriate residence K&ii g Szynka Til mann von

Renessela7 687 K 11.16.2006 - 12 tine. Suitable and preferred for this
pur pose ar e Besilieb thel senspecifit eioatingsumHliressl, abfoge, thexsampparticles ah ffecinvém
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composed of ANARNILP FidtelF. BofRasiss: paritiy; orhpamcaRy, Preffiapve W RPal, 5
want ed t hr orfighsaffigibnitatein demainguantinedy deagmantie i JbemeEansi Mascules t he
nanopar 20t i Glhich bird Gon@iaf e tol ndraeispediiddificturésSordthér th@etseduce
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nodi fi ed nangparticle noreover retains 10 the ability of form ng specific
't er act | ondl N eqmaage; ocepveed Fredagingimiataotdion leads o the highar”

rate of diffusion and perfusion mentioned, together with the previously described
properties and improvements and with the high fluorescence intensity in particular

25 in the visible red region of light makes the nanoparticles of the invention a simple
diagnostic aid with diverse possible uses for selective and accurate discrimination
of tissue types in vivo. These possibilities in combination with tissue-specific bio-
markers serve in particular for differentiating abnormal, (pre)carcinogenic from
normal tissue, assisting visual assessment for more precise tumor resection dur-

30 ing a surgical intervention. The nanoparticles of the invention which can be em-
ployed in this connection thus serve as contrast agents.

According to the present invention, the nanoparticles can be employed either as in
vitro or in vivo diagnostic aid, theranostic agent and/or therapeutic agent. They
35 can for this purpose be administered locally {e.g. intratumorally, intramuscularly or
into surgically accessible tissues/organs) or else systemically (e.g. intravenously).
Local/topical administration can be envisaged as liquid, spray solution, gel, foam,
cream, active patch. This may be preferred in particular for the ftreat-
ment/diagnosis of hollow organs. Oral intake is also possible, e.g. as liquid or in
40 the form of tablets or capsules. Inhalation is equally possible (e.g. spray). Anal



bi nding of a specific ligand to the particle surface. Coating with serum
albumn may lead to a substantially |onger blood circulation tinme through
the prevention of rapid uptake by macrophages after intravenous
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envi saged. Ifer the@mpant efianoparéiclaaimbalimited ssthehthe dreountiof dtssipplied alepot
form The t qa%t d8eREOOSIDsENBEIY elcBed BRvalle bNE ntNh @XparféuldriCpreRiegent
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nating visualization of nof phologl cal bf Tunctional structures I n biological
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The nanopar O.Zngsofcadmbenenpl oyed as di agnostic aid especially in surgical
I nter-
25  The particular advantage of this embodiment is that the use of the nanoparticles in
medical application on a living person is thereby possible for the first time be-
cause otherwise — i.e. as systemic administration - this is precluded because of
the toxicity associated therewith. This is because local administration reduces the
dose of nanoparticles necessary for adequate visualization.
30
It has emerged that the Cd-containing contrast agent is advantageously employed
according to the invention for visualizing a tumor in vivo in a dose corresponding
to an amount of from 0.002 to 0.02 mg of Cd per cm® of tumor tissue. Dosages of
the contrast agent of from 0.002 to 0.015 mg of Cd/cm?® of tumor tissue are par-
35 ticularly advantageous, in particular between 0.002 and 0.010 mg of Cd/em?. It is
possible with this advantageous dosage to visualize tumors with a volume of up to
about 150 cm® in vivo without thereby exceeding the normally acceptable upper

limit of exposure for humans.

40 The investigations may relate to all accessible tissues/organs of the patient, espe-



ventions. They can |ikew se be used in mnimally invasive nethods (e.g.
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effect on, for example metabolism, hormone production inter alia. Protection of
cells, e.q. insulin-producing B cells, is also possible.

25 1. Methods
a) Preparation of a BP61%9-neutravidin conjugate with linked biotinylated
monoclonal antibody

Chemicals and materials
30
Nanoparticles
BP619 200 pg/mi
The BP619 or BP617 nanoparticle is a nanoparticle of the invention, i.e. it has a
CdS,S. core (“alloy core”) and a passivating layer as disclosed in
35  US 2004/0247861 A1.

Protein
Purified protein is present in phosphate/NaCl buffer (storage at -80°C)

40  MES buffer substance (Sigma), NaCl, KCl, Na,HPO,, KH,PQ,, EDC (1-ethyl-3-{3-



FACS, and ELI SA. A conmbination of in vivo and in vitro diagnosis (e.g

bi opsy material) is particularly advantageous. Were the nanoparticles are
enpl oyed according to the invention for therapeutic 10 purposes, only sone
of the |igamdaief stiyekaamdpaahnint henReneakey ef fector nol e-4gukgs gr active
substances, i.e. represent effectors. An effector in this onne 6 g is a
ligand with a selected function. The nanoparticle advanta@ ob§r§ Bérries
both specific ligands for targeted logalization of the nanoparticle in the
body or in the tissue, and a ligand with effector nolecule. 15 The effector
may remain HlnnﬁiéﬂammohWYMMrmda:llwdmchlmeldabl &-NIdS b éNerydroxpsitifesyc-or

det ached or cinfthigefs edialybite SHanfsEror (STRIE- ﬂerﬂananlﬁX?MNCQS goungdd,on via an

acti- vati OQ/JaQQ%},bé/at' on of a receptor a masking of (surface) structures,
activation of m‘rune system ("primng"), nodul ation of signaling

pat hways, acti vat| on or 20 deactivation of an enzyne, gene therapy (e.g. by
targetedsdeBuffery of plasm ds or siRNA), targeted delivery of

toxi ns/ chenp) pggsapgyti cs/ cytostatics or a stinmulating effect on, for

exanpl e, met ab roduction inter alia. Protection of cells,
e.g. insulin-pr hh@a%g'aér@@ﬂ” , is also possible. 25 1. Methods a)

Prepar ati on of 24 nBpéD (el r avi di n conjugate with |inked biotinylated

monocl onal ant isbeght NahRPOSabs,@ 6. 0927 650 &1 NaHPGpoRasti cles BP619 200
pg/m fﬁ BPGl%é&@\A@?@ﬂ’é n@nﬁéa?tllﬁeﬂs aénan%lpar{'l cfge of the invention,

. e. as fé all oy core") and a passivating |ayer as
d| scl osed i naksmipites 190@ 1y, GQQIN@DONF’ bepbguel.h. auteslavs, si@ragecdt®Tn i s present in
phosphat e/ NaCl buffer (storage at -80C) 40 MES buffer substance (Sigm),

KCl, MNaghiRop 5@31 mfbPY0x Ba émﬂfﬂﬁ kﬁe-g'ré FBKiAgvon
?@ 4?53%3 ?é % % é ﬁff f i de

Renesse 47 bodi I'm

hydr ochl ori HB)CO"‘EE" PM}%&%%EH (\éﬁﬂl 4}7{%5) %9 ép%)i Wi r!:ﬁzi?r‘l’ﬂer s
(Sl i de-15 Ly zleaps,of YiM dapith (M/\CO 50 kDa, VivaScience) 5 Buffer

MES buffer = activation buffer
Make up fresh (organic buffer, cannot be autoclaved)
Formula for 0.8 1(0.1 M MES, 0.25 M NaCil, pH 6.0):
20 15.616 g MES
11.688 g NaCl
ad 800 ml ddH,0, adjust pH 6.0
Make up to a maximum of 0.7 | with ddH;0, then adjust the pH with 2 M or 5 M
NaOH. Subsequently make up to 800 ml with ddH,O.
25
1 M glycine solution {can be stored for a lengthy period at 4°C if sterilized by filtra-
tion), frees aliquots

Procedure

30  Firstly, MES buffer (activation buffer) is prepared in a glass measuring cylinder.
The dialysis chamber is hydrated in MES buffer for 1 to 2 minutes before use.
100 pl of BP619 (20 pg) are made up to a final volume of 400 pl with MES buffer
in a sterile Eppendorf vial and thoroughly mixed with a pipette. The BP619 are
transferred into the dialysis chamber (3.5 kDa). In the first dialysis, the BP619 are

35 dialyzed against 800 ml of MES activation buffer at room temperature with con-
tinuous mixing and protecting from light for one hour. After the first dialysis, the
BP619 are removed from the dialysis chamber and transferred into an Eppendorf
vial. For mixing EDC and S-NHS with the BP619, stock solutions of in each case
100 mM EDC and 100 mM S-NHS are prepared immediately before use. After the

490  first dialysis, 33 pl of 100 mM S-NHS and 13 pl of 100 mM EDC are pipetted into



D-PBS (1 Ox) 1370 mM NaCl (80 g/1) 27 nMKC (2 g/1) 42 nM Na2HPO4* 12H20
(15.4 g/1)/7.652 g/I Naz2HPO4*2H20 10 14 mM KH2PO4 (2 g/1) make up to 1000
m, the pH should be about 7.5, autoclave, storage at RT. For a 1 xPBS

sol ution, dikbontg $@Pnkk Ofi lhdxnbubhe RenesbeddH20 and, bef or &7 @&V ng up
conpletely to 1 1, adjust the desired pH (pH 7.4 (Ab) or § 0 é(;%b with a
few 15 drops of 2 M NaOH MES buffer = activation buffer ?th ) ?-resh
(organi c buffer, cannot be autocl aved)l6Fernmula for 0.81(0.1 M I\/ES 0.25 M
NaCl, pH 6.0): 20 15.616gMES 11.688 g NaCl ad 800 ml ddH2O, adjust pH 6.0
Make up to H’enﬁ'%@%ﬁ%ﬁh@‘eﬂ at mpfrhteamqwretm@nfi%mrn!rstprmet"mrqmtlﬁ B Mor 5 M
NaCH. SubseureliBtrhinuteakAfterthé imcBb4tionl thel BRF6 192 GialyZed hghingt FBSordikut i on

(can be stopaloLorng diafial ik Paistadhiofre dig fé.@%ﬁéms&d (R afsr@ )Lion),
4 5

f | Pro
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agai %st 8oo tha PtFeemy ipmreratyier g ah35 péléfm P Exieringt frare light, Horcén- Y
ti nuous m xhngsanﬂerpthetc&xntugagoﬁ rtbencomj gdpdtioh anixiume nshstured #f4°€; prdwectihpr st

di al ysigo t i BREHhoALRATRTSH M ORISR HhalachtohAEPEcRBLoheans! er rod
sl ot h s ARG & %5 @ngr@gg‘::smaigwactf@cﬂwsSs e ﬁﬁy Sronared X

solutions o pr epar ed
i medi ately before use. After the 40 first dialysis, 33 pl of 100 nM S-NHS

and 13 pl ofrhé0SPend EEXLgHtes Rird ebh@htrattidoudiin MivaSainkentrifugeraiibesy TheRenesse
47 687 K 11, rﬂ?gg%lgg’gr? rﬁﬁmgé@%nﬁpgé%eé\%% éd?@é@fat%h |§]?é’é’é‘hbﬁnﬂﬁ£?stfdie and 350

rpm prot ectl .on, the BP619
are di alyzelPWsa Phs"tto'FJEi ef;ftgr adgijtiqn of biotinylated monoclonal antibody directed

against the membrane-assocnated and tumor-associated glucose transporter 1
(GLUT1) antigen.

b) Conjugation of BP619 with EGF-His

20
Chemicals and materials
Nanoparticles
BP619 200 pg/mi
25
Protein

Purified protein is present in phosphate/NaCl buffer (storage at -80°C)

MES buffer substance (Sigma), NaCl, KCI, Na,HPQ,, KH,PO,, EDC (1-ethyl-3-[3-

30  dimethylaminopropyl]lcarbodiimide hydrochloride), S-NHS (N-hydroxysulfosuc-
cinimide), dialysis chambers (Slide-A-Lyzer), Vivaspin (MWCO 50 kDa,
VivaScience)

Buffer
35 D-PBS (10x)
1370 mM NaCl (80 g/l)
27 mM KCI (2 g/}
42 mM Na,HPO,*12H,0 (15.4 g/)/7.652 g/t Na,HPO,*2H,0
14 mM KH,PO4 (2 g/l)
40  make up to 1000 ml, the pH should be about 7.5, autoclave, storage at RT.



pur pose, the BP619 are transferred into the dialysis chanber (MACO 3.5 kDa)
and di al yzed against PBS with pH 8.0, protecting fromlight, for one hour.
After the 5 second dialysis, the BP619 are renoved fromthe dialysis chanber
and trans- fKeémnried SayindksaTiBpeendorch RealessEhe activated BP619 82 Rixed with

80 pg of neu- travidin (8 pl at 10 ng/m, 20 pl final vol Ege %II%B gPBS).
This reaction mxture is then shaken at roomtenperature nili a 9, 0O rpm
protecting fromlight, for 2 hours. -Allffer the conjugation, the conjugation
m xture is stored at 4C, protecting 10 fromlight. The follow ng day, 1 M
glycine is pipetted in to a final glycine concen- tration of 10 mMin order
t o sat ur at e Fang 1x€88t sohdiogr diluyps 180 i lof PO beffdr withrdH3EGAHY, befuregraking ar e

concentr at eg} U:%hf Moty 3SRl BiGeNthe | dey 7.4 cf]roé" '
centrifuged fnt i @ﬁ% gﬁ_gl relg concgn?%awgﬁ i's ?@c edw%”gﬁﬁt@%‘ﬁ”- 15
| owed by st G5 8Taddi ti on of biotinylated nonocl onal anti body
di rect ed>agai nst the nenbrane-associ ated and tunor-associ ated gl ucose

transport er MES bGHddEldctigatidndsiffer b) Conj ugation of BP619 with EG--H s 20
Chemi cal .l ' 00 /m 25 Protei
oo HAAEh s roghR ARG B oRRATRAN0 DO/, 22 Pt

Purified protern’is pr uffer (storage at -80C) MES
buf f er substFaABWafeg GRHI0-1 MMES. &ep M Naol-pth-OkoPos, EDC (1-ethyl-3-[3- 30
di met hyl am noprié@b]gcEBodi i m de hydrochl oride), S NHS (N hydroxysul f osuc-
ci ni m depy, dialysgs gabers (Slide-A-Lyzer), Vivaspin (MACO 50 kDa,

a8

Vi vaSci ence) rer D, PBS x) 1370 mM NaCl (80 g/1) 27 mMKC (2 g/l)
42 M NazHPGE%II@éd(‘@: ﬁdltﬁlp)‘ﬁé}.g%z g/l Na2HPO4*2H2O 14 nM KH2PO4 (2 g/ 1)
40 meke up tMakeogotond maxiteurpiaf Shblivith BeHAhdben adiest ettt With@ Mardridge at RT.
Koni g Szynkmabm.ramaeqmu?m&a@ t4 806 & with ddM,36. 2006 - 17 For a 1xPBS
solution, dilute 100 mM of 10x buffer with ddH20O and, before naking

15 1 M glycine solution (can be stored for a lengthy period at 4°C if sterilized by filtra-

tion), frees aliquots

Procedure
Firstly, MES buffer (activation buffer} is prepared in a glass measuring cylinder.
20  The dialysis chamber (3.5 kDa} is hydrated in MES buffer for 1 to 2 minutes be-
fore use. 100 pl of BP619 (20 ug) are made up to a final volume of 400 pl with
MES buffer in a sterile Eppendorf vial and thoroughly mixed with a pipette. The
BP619 are transferred into the dialysis chamber (3.5 kDa). In the first dialysis, the
BP619 are dialyzed against 800 ml of MES activation buffer at room temperature
25  with continuous mixing and protecting from light for one hour. After the first dialy-
sis, the BP619 are removed from the dialysis chamber and transferred into an
Eppendorf vial. For mixing EDC and S-NHS with the BP619, stock solutions of in
each case 100 mM EDC and 100 mM S-NHS are prepared immediately before
use. After the first dialysis, 33 pl of 100 mM S-NHS and 13 pl of 100 mM EDC are
30 pipetted into the BP619 and shaken at room temperature and 350 rpm, protecting
from light, for 15 minutes. After the incubation, the BP619 are dialyzed against
PBS. For this purpose, the BP619 are transferred into the dialysis chamber
(3.5 kDa) and dialyzed against PBS with pH 8.0, protecting from light, for one
hour. After the second dialysis, the BP619 are removed from the dialysis chamber
35 and transferred into an Eppendorf vial. The activated BP619 are conjugated with
4.92 ug of EGF-His (diluted with PBS to a final volume of 20 ul). For this purpose,
the activated BP619 are pipetted into EGF-His and thoroughly mixed with the
pipette. This reaction mixture is then shaken at room temperature and at 350 rpm,
protecting from light, for 2 hours. After the conjugation, the conjugation mixture is
40  stored at 4°C, protecting from light. The following day, 1 M glycine is pipetted in to



up conpletely to 1 1, adjust the desired pH (pH 7.4 (Ab) or 8.0 (Q)) with a
few drops of 2 MNaOH 5 MES buffer = activation buffer Make up fresh
(organi c buffer, cannot be autoclaved) Formula for 0.81(0.1 MMS, 0.25 M
NaCl , pH 6. Gnigl Sz&hkag TNESath Vbro&engsaCl ad 800 ml ddHRD, 68d) Kst pH 6.0
Make up to a maxi mumof 0.7 | wth ddH2O, then adjust the,pH, i EBOE Mor 5 M
NaCH. Subsequently make up to 800 mM with ddH2O 15 1 M gfLy(:l ne-solution
(can be stored for a lengthy period at 18C-if sterilized by filtra- tion),
frees aliquots Procedure Firstly, MES buffer (activation buffer) is

prepar ed i nadingl glxgnergenaentratiPesf| 0 aldrin ordep torpriuraterpRisieactiyegrawRs §i. 5 kpa)

i s hydratedprasebWES buffer for 1 to 2 mnutes be fore use. 100 pl of BP619
(20 pg) are made up to a final volume of 400 pl with MES buffer in a

terile E d i d th hiy mxed wth a pipette. The BP619
Cranst or roq TTREPG I 2% eiitanare cons ot ond YReRE pRnclOg e o, "t ne
BP619 ar® di(20 kR MW§an thiocase, tbe membrase iy arewashedidnse with Adanef
t enper at ur e dabi2Di 4rid taem Wabhetagdifh with g nand PBSOTRE BPBY9BGFYHIY @hjughtls one.
hour. After aﬁé‘ﬁildt{;& # 2 PBShid E}a'an ?ﬁﬁalt?‘eﬁﬁ@nﬁrgﬁg."?ﬂe bb%ﬁ*%ﬁ%- al ysis
ppendaor f

chanber and transferred into an pper vial ., For m Xing aﬁ!ﬁ S- NHS
with the BP&PONIEEsAke Mnuyathed again with g phof RS Tsconivgates aedcenty nv S- NHS

are prepar edugednetdil tiealegiréttancentraton.is Afacbed.t he first dialysis, 33 pl of 100
mM S- NHgand 13 pl of 100 nM EDC are 30 pipetted into the BP619 and shaken
at roomterrpiraturlg and. 350 rpm protecting fromlight, for 15 m nutes.
After the i &S'éﬂ"f" P BP619 are dial yzed agai nst PBS. For this purpose,
the BP619 are transferred into the dialysis chanber (3.5 kDa) and dial yzed
agai nst PBSiwprobequUre8. 0, protecting fromlight, for one hour. After the

second di al y¥sj $ - I 3k YS| and
transferr ed@r?nés gg&gﬁ%ﬁoﬂ&%@{@&ﬁﬁ%gg@ﬁ %@ﬁ%gégﬁgﬁ%ér;g@gﬁeﬁg%t ed with
4. 92 pglef cytprequgly| (it uder Migssdwittrwl ymyp 3o (dherefre Jmmynostior ¢t hi s
pur pose, t ipeessed) arat fodnm&Pedi@l tamersrfiee titgeavthnime d@bBotd 2 teahdeeksor oughl y mi xed
with the pipette. This reaction mxture is then shaken at roomtenperature

and at 350 rot.ecti fromlight. for 2 hqurs. After the conjugation,
t he conj ugatE?ag’h r?f?"ﬂ??d? ém?élﬁ egt“ﬁﬁhé%pélpmﬁ%,te B‘r?fagrc i"ff@_eft?%#r_\ei 'B'ﬁ?t.'c!"The

fol | owi ng d&nd ig iniggied wtratumasalpi wigh 224! efra panarericls SAYliata the njeghen inon
Renesse247 GBig cKse takes place centrally at one site in the tumor.

Kinetics of the fluorescence of the material in the tumor are recorded from time 0
to 5 and 60 min.

25  After sacrifice, firstly the tumor with epidermis is removed and then the organs
spleen, liver, kidneys are removed.

The tumor is removed with epidermis-dermis, frozen with one drop of OCT on
aluminum foil (outside pointing upwards), packed in aluminum foil and shock-fro-

30 zenin N,. Then stored at -80°C until transported back on dry ice, further storage
at -80°C.

The organs spleen, liver, kidneys are removed from all the mice, shock-frozen in
N, and stored at -80°C until transported back.
35
ii} Photographic documentation
Materials/equipment used
Nikon Coolpix P2 camera
24W cold light source (Eltrotec LB24)
40  Optical filters:




11.16.2006 - 18 a final glycine concentration of 10 nMin order to
saturate any reactive groups still present. The BP619- EG--H s conj ugates
are concentrated using Vivaspin centrifuge tubes 5 (50 kDa MACO). In this
case, the nmEdbrignéziyaker idsiaech ore Remntelss€ i of ddH20 and7t héh Washed
again with 4 m of PBS. The BP619- EGF- H s conj ugates arelg #gt 5@0!5” 2 m of
PBS and | oaded onto the nenbrane. The BP619-EG--Hi s conjugates are then
washed again with 2 m of PBS. The cenjfigates are centri- fuged until the
desired concentration is_reached. 10 c) Ani nal riment i) Procedure For
this purpose, MuPhArtexsditer aP% %%Wé&'?@tﬁﬁwlﬁ@ Bﬂ%‘@sc%?rlﬂp' AY/RAOBe
injected 15 suboud3®®668y into nude mce (w thout thynmus and therefore

| NS up- - pr essedloeANblb IR 56 At (el BE fotA3FEG0B7 A0S %tlm of about 2
)

under ke i he- i QEBRR TS éﬂf’wi@elﬁr S RERGOBRYY T 25 ol °

h 25 pl of a
nanopart$cle sel Lﬁed)molqrrﬁéerfrﬂodmn (MellesGerpb 03FPG098($2G9%Nes pl ace centrally
at one sit epiadk clag bolrds baskgeiungs of the fluorescence of the material in
the tunor are recorded fromtine O to 5 and 60 mn. 25 After sacrifice,
firstly the tunmor with epiderms is renoved and then the organs spl een,
liver, kidn&gesagettiodtved. The tunor is removed with epidernis-dernis,
frozen w t h Theephdtagragfs 0CToament tharflnoresdemice Freualsandwitha nbmmgraigliyar ds) ,
packed i@ a'aUéﬂaBWrb@él'coﬁ%cﬁE&ﬁ&rafqur on3CodifiR P2). e sdthiRfs Af-RE&H Ak - 80C

unti | transported bac ) eréﬁk’ ther storage at -80C The organs
spl een, i v&fm [ﬁ%fﬁe‘g‘:@"&%? Ved fromall the mce, shock-frozen in N2

and stored at -80C until transported back. 35 ii) Photographic docunentation
Materi al s/ ¢@ettigent used Ni kon Cool pi x| Yalueanera 24Wcol d |ight soyrce
f(EI tlrlotlgcztsﬁﬁt)e baﬁ%c@Wlﬁal fiTters: Kon‘I&re§g¥&m8htItf|ngpn von Renesde 47 687
Exposure metering “Spot metering”
Continuous shooting “Single image”
Best shot selector “Off”
Bracketing “Bracketing”
Flash compensation ‘0"
Contrast “Normal”
Sharpening ‘Off”
Color saturation “+/-0"
ISO sensitivity 64
image quality “fine"
Image size “2592x1944"
Compression “Medium”
Autofocus “single autofocus”
Fixed aperture “‘Oon”
Noise reduction “Off”
Exposure compensation Variable (std. -2)

The respective image settings can be taken from the EXIF information in the im-
15 age file (e.g. with Photoshop or PixVue).

Procedure

The camera is mounted with the filter holder on a fripod and adjusted with the aid

of the 3D head so that the distance between lens and mouse/surface is about 15-
20 20 cm. The angle should be as steep as possible from above, as far as permitted

by the positioning of the tripod. The photographic filter is mounted so that the dis-

tance from the lens is as small as possible.



- 19 Shortpass filter 50% cutoff wavel ength 550 nm (Mel |l es Geri ot 03SWP408
or 03SWP608) "Green" color filter 550 nm (Melles Geriot O03FCA87/ 0E50)
"Orange" color filter 570 nm (Melles CGeriot 03FCX89/0&%70) 5 "Red" color
filter 590 Wan(ikk|dzynkEeTidm08FCEOHer@H¥)) bl ack cl ay baadar d8ask
background. Canera settings The phot ographs to docunent tiﬁeﬁ hSEcence are
taken with a commercially 10 available digital conpact c ?

Cool pi x P2). The settings nmade on the 20arera are sumari zed bel ow. Settin
Value White balance (WB) "Direct sunlight” (fixed Exposure netering "Spot
metering” Continuous shooting "Sin le im e" Best shot selector "Of'

Br acket i ng '"TRedlinsibatiog andrxa@idtionftiensuistamoe 14@3 fpl@r‘tiyra&sﬁm Tijlatrsoatce

Shar peni ng “yoke spb&hih |§€6Mfoﬂéd 80 a é‘ﬂor@ﬁass'fﬁ@‘ ?&?‘eréséﬁ v\é cgﬂse bmhge quality

"fine" | mag

r es
aut of ocus” %ﬁ?LB@dﬁﬁ%fgﬂirée ’*@1"30 ﬂ@d'ﬂlp{?‘f?nma@lpf"a ﬁﬁ"@’"‘cﬁﬂgensat i on
Vari abl e>( stgdide-wifh FHens ﬁsﬁedttoxi@cum’agégbteqqnen@be fitker MQraklﬁhthBrsmm he EXI F

i nformation pla@s tilfg i$ Mouhfedagethis lght §6idE. Th t ghiak es feR fXed it X YatR)a-

Procedure {45 SAIPLR hey FRUAMGHCHA thd Urddel kClodifl Bk Ofhdty Ll ad and

adj usted w t | ens and
nouse/ sur f a®8oyld mareeier bs 32’015‘2@ $hih aﬂ'ﬁ%d'aﬂ'@F% '%ﬂ"éﬁ}lté % H‘@ %ﬁgiﬁa%f HPS possi bl e
from above, nisaticar fram @eove tdhedld mprédver iesiabi steepgafpotsiblet td pedliceThe

phot ogr aghi ghhidder is nmounted so that the dis- tance fromthe lens is as
smal | as possi ble.

The mouse and the laboratory stand for the illumination are positioned on black

clay board to improve the contrast. The mouse is then positioned in the middle of

the light cone. Care should be taken in this connection that the tumor produces
15 minimal shadow and is well lighted.

The autofocus display should be noted when the photograph is taken.

The photographs should be taken in the normal case with the maximum wide an-
20 gle. With relatively large zoom the camera may become unfocused and, in addi-
tion, the aperture setting changes.

If the photographic filter is changed between photographs, if possible nothing else
should be changed in the experimental setup in order to ensure comparability and
25 facilitate later processing.

d) Cell-binding assay

Materials and equipment
30 Fluorescence microscope: Leica DMIL, Zeiss LSM510META

Signal enhancer, ProLong Gold Antifading Reagent

Buffer
D-PBS (pH 7.4) (10x)
35 1370 mM NaCl (80 g/)
27 mM KCI (2 g/)
42 mM Na,HPO, 12H,0 (15.4 g/)/7.652 g/l Na,HPO, 2H,0
14 mM KH,PO4 (2 g/l)
Adjust pH 7.4 and make up to 1000 ml
40 autoclave, storage at RT



Koni g Szynka Til mann von Renesse 47 687 K 11.16.2006 - 20 The

illum nation and excitation of the substance takes place by a cold |ight
source whose spectrumis controlled by a short pass filter (see above).
Because of tHimidedyrkeodticedhry die Rdrgdifisesource and to i naroge7 X

mani pul ability, a flexible light 5 guide wwth a lens is uireLd to fﬁgus t he

| ight cone. The filter holder with the short pass filter s 1hodP8d on this
|l ight guide. The light guide is then-fi2ded in a | abora- tory stand so that
the distance to the surface is about 15 cm The |light cone should noreover
be adjusted so that its dianeter is about 8 cm The angle of illu- mnation
from above dShitar X-100sel0tie be as steep as possible to reduce 10 shadows.
The nouse ards ako ory stand for the illumnation are positioned on

bl ack cl aywoﬁé?ﬁvj}lﬁ,,@brrg:sove the contrast. The nouse is then positioned in
the middl e of°oregfa 1?i ht cone. Care should be taken in this connection that
the tunob produces 15 mininmal shadow and is well |ighted. The autof ocus

di spl ay showgh fgutiet ed when t he phot ograph is taken. The phot ographs shoul d

be taken in \Lease with the maxi rumw de an- 20 gle. Wth
relatively I%gﬂfoﬁéﬁnbpﬁe canera may becone unfocused and, in addi- tion,

t he apert ur dMakgtun s &Rge=0°¢ stocke phot ographic filter is changed between
phot ographs, if possible nothing else should be changed in the experinental
setup i ppor def pER SRighe conparability and 25 facilitate later processing.

d) Cell-binding teri gl eaui onent 30 Fl uorescence m croscope:
Leica DML, Zei sﬁ%‘i&mdéygﬁzgﬁ’énhancer, ProLong Gol d Antifading
Reagent Buffer B-mBY 10sHP-PBS) (10x) 35 1370 M NaCl (80 g/l) 27 mMKC (2
g/1) 42 mM Na2HPQ@ARYRKack bB 740/ 1)/ 7. 652 g/| Na2HPO4* 2H2O 14 mM KH2PO4 (2

g/ 1) Adjust 7 A t 00 m 40 autoclave, storage at RT Konig
Szynka Til B0l WiD B RS SR & 48%0. M o 2006

0.1 M glycine solution
0.375 g of glycine
ad 50 ml D-PBS, adjust/check pH 7.4, sterilize by filtration, storage at 4°C

20  Mowiol/DABCO
Mixing of 2.4 g of Mowiol in 6 g of glycerol {(extra pure) is followed by addition of
6 ml of ddH,0O and then stirring at RT for several h. 12 ml of 0.2 M tris (pH 8.5) are
added thereto, and the mixture is heated at 50°C with stirring for 10 min. After the
Mowiol has dissolved (takes longer than 10 min), the mixture is centrifuged at
25 5000 x g for 15 min and finally 20 mg/m| DABCO are added.
Storage: in aliquots at -20°C, can be used for only a few weeks at 4°C, slowly
hardens

Antibodies
30 First antibody: Anti-EGFR mAb (mouse) Dianova Ab-5 1:100
Second antibody: goat anti-mouse with Alexa488

Procedure

2 days beforehand, HT29 cells are seeded on circular coverslips. For the seeding,
35  5x10% cells are transferred so that, after growth at 37°C for 48 hours, a 50-70%

confluent monolayer is present at the start of the immunostaining.

The BP619-EGF-His conjugates are preincubated in 50 pl of McCoy medium
containing 3% BSA at room temperature for 30 minutes.
40



- 21 Triton X-1 00 solution 0.1%(v/v) in DDPBS Storage at 4C 5 BSA
solution 3% (wv) in D-PBS Make up fresh or from-20C stock 10 4% PFA
solution 5.71 m of fornmal dehyde (35% 5 m of 10x D-PBS adjust/check pH
7.4 ad 50 niKomiitgh Scgix@ Tstlorasampe vain KenebseD. 1 M gl yci ne sollt bem k0. 375 ¢
of glycine ad 50 mMl D-PBS, adjust/check pH 7.4, sterili zelgy f6 bgp@tlon,
storage at 4C 20 Mowi ol / DABCO M xing of 2.4 g of Mowi ol in t]S gl ycerol
(extra pure) is foIIovved by addltlon of22 6 mM of ddH20 and then stirring at
RT for several h. tris are added thereto, and the
mxture is N&%%‘Bedﬂzﬁo@"wwhsqqnf'wws F@rm%urﬁw'ﬁaswqt@# off ged oSl has

di ssol ved (taskegshegajdeast hoce with BiRBS. t he m xture is centrifuged at 25 5000
x g for 15 min and finally 20 ng/m DABCO are added. Storage: in aliquots at

-20C, can b an|l C, sl o har d tj bodi es
Frst anti bayd SRl B peebinRubdift HBES 5EE: .o B8lek arf GioeiBl A A | body:
goat ant P- niN@asBedipells aﬂﬁéh%{ll@BUW@t@cﬁi’rléCUb@tQ!@%nﬁ?@fVeﬁ@aﬂDF ogPouUGel | s are
seeded on circular coverslips. For the seeding, 35 5 x 10 cells are

transferred g@, Eﬂbaéellsq"fatvﬁrbe%% he@?vlt e ia%1é%éiﬂHrs con?ug%geggﬁ i% @nf | uent
nonol ayer is ér ese E'Upﬁé mrunﬁi Fl % 6 EGF-Hi s
conj ugat es &e% ?'?—ﬁ%‘?;rlfﬁdi" agp tha B‘F’dl% a1 & PIRAb seldion #goam, BsA at
room t enper aemperaftm f@ 01 in 2@ mnute@ Adtarithe ﬁzaﬂrﬂ(’a tfié ceftsnarevwasiRdnagse 47 687
K 11. 16020@fith D-PBS and quenched with 0.1 M glycine at room temperature for 5 minutes.

After the quenching, the cells are washed once with D-PBS and then permeabi-

lized with 0.1% Triton X-100-PBS at room temperature for 10 minutes. The cells

are blocked by subsequently incubating the cells with 3% BSA at room tempera-

ture for 30 minutes.

15
After blocking of the stained cells, the cells can be counterstained or the BP619-
EGF-His conjugate staining can be analyzed directly under a microscope.

Counterstaining is necessary to analyze the colocalization.

20  The counterstaining is done with the first antibody, anti-EGFR, a monoclonal anti-
body from Dianova. The anti-EGFR antibody is diluted 1:100 in 30 pi of 1% BSA-
PBS and then pipetted onto the cells. Anti-EGFR incubates on the cells at room
temperature for 60 minutes. After the incubation, the cells are washed with D-PBS
for 3 x 5 minutes. The second antibody with fluorochrome for the counterstaining

25 is goat anti-mouse with Alexa488. For this purpose, the second antibody is diluted
1:200 in 30 pl of 1% BSA and then pipetted onto the cells. The goat anti-mouse
Alexad88 second antibody is incubated on the cells at room temperature for 60
minutes. After the incubation, the cells are washed with D-PBS for 3 x 5 minutes.
The cells are embedded in Mowiol/DABCQO and analyzed under a microscope.

30
e) Preparation and staining of cryo sections

The tumors are stored at -80°C and transported in a Styropor box with cooling
units (cooled to -80°C) for sectioning. The sectioning takes place with a cry-
35  microtome. The resulting sections are 10 pm thick.

Materials and equipment

Fluorescence microscope: Leica DMIL, Zeiss LSM510META, troughs for washing,

humidity chamber, grease pen for marking the tissue region, 4% strength para-
40 formaldehyde solution (see cell-binding assay), PBS (see cell-binding assay), 3%




- 22 \Wen the HT29 cells reach confluence, the nediumis aspirated off and
the cells are washed at | east once with DDPBS. 30 to 50 pl of the

prei ncubat ed BP619- EG--Hi s conjugates are pipetted onto the 5 washed cells
and t hen i n&dldtoedzymken Tidadrat ororatReBEEsE 5% CO2 for one K3ubB87 After the
cell's have been stained with the BP619- EG--H s conjugat esgqt ?% 68hks are
washed once with PBS and then fixed with 300 pl of 4% PFA"Solution at room
tenperature for 15 to 20 minutes. AfteR3the fixation, the cells are washed

once 10 with D PB nd guenched with 0.1 Maqalvycine at roomtenperature for 5
A el A iffopr{<es

mnutes. ASFEROLD AR {8ee CRlsbipding asgp ORet19R 0uliep BBS and then

per neabi - | ibrelihgrsshy)) 019 Blyicinersolutin o (sdeBSildindingoassaghper at ure for 10

m nutes. The cells are blocked by subsequently incubating the cells with 3%
BSA at roomjtenpera- ture for 30 mnputes. 15 After blocki. f the stained
ool o tho AP R, PHa Rf st AiipodiBs Whte, 3 REBHAR Mok fors o

st ai ni ng>carpgpatsdergopptagstanindct | y under a ni croscope. Counterstaining is
necessary to analyze the colocalization. 20 The counterstaining is done with

the first amj s anti-EGFR, a nonoclonal anti- body from Di anova. The
anti - EGFR a ' j

is diluted 1:1 n 30 pl, of 1% BSA- P d t hen
ot ted ol IERE seAligs ak FRWREERAT AN iBx B 2B SAtRr e 5ue
t enper at ur e région 6@s ibernnearked\ivitera grieese pemuthe itissye istfxedetiths4%ratrengtbhed wi t h
D-PBS fior JarafornibideHy8s solliien $€8Hifhiditt eHaesber Wort 20 firk Nree Waehmg fviath t he

count er st ai S t _anti-nu Al exad88 . For .this purpose, the
second anti dﬁ@sizsé’%?‘i%?@%q“iﬁ%@”qﬂ“ﬁ‘e%mgy%?e i@é" Afoéﬁcﬁn'%'hen pi petted onto
the cells. The goat anti-nouse Al exa488 second antibody is incubated on the
cel | s at rooNasmper 8BS and permbéhbilizatian aith 0Af%ETritbheX-10C whafollowed thye cel | s

are washedcgg,%ggg.}%‘ﬁa %ggeﬁ%g B%A"@;d?bﬂoﬁsat RT-I?BP1 gel | s are enbedded in

Mow ol / DAB yze er a mcroscope. 30 e) Preparation and staining
of cryoléecti ons The tunors are stored at -80C and transported in a Styropor
box with cod\i agti-EGITR-A84%& distad ¢onjpga@Og)uskd forseetectingi RGFRTIhehs @ésimani ng
E ﬁ_kei p:\/gfe MérhBrafie CThis c_§§ju§ét6'i@{iiﬂ]{f&l 1108 if RBSAPBSS BRY E@%@bﬁs Al Em_

i ck. er. n p. or ORR..iLel ¢ / ei ss
L SV1OMETA, '@@%ﬁ?’ﬁ%%ﬁh it ERABPS & RI-BEA T Wastt® 5 ¥EPSar ki ng
the tissue rtakgsofaceinadiqughdenatirashls min vih abieaippgdufier ¢chanen. (see
cel | - bi gdi ng assay), PBS (see cell-binding assay), 3% Kanig Szynka Ti | mann
von Renesse @dwiBBBABCO is employed for the embedding, and the sections (unstained and

stained) are analyzed under a microscope.

f) Microscopic analysis
25  The microscopic analysis of the specimens takes place with a Zeiss LSM510. The
following filters are employed for this purpose:

for NP fluorescence analysis:

FSet 15= FilterSet 15 488015-0000
30 Excitation: BP546

Beamsplitter: FT580

Emission: LP 580

for Alexa488 fluorescence analysis:
35 FSet 46= FilterSet 46 1196-681

Excitation: BP500/20

Beamsplitter: FT515

Emission: BP535/30

40 A confocal laser analysis was also carried out with some of the specimens (see



11.16. 2006 - 23 strength BSA solution (see cell-binding assay), Triton
X-100 solution (see cell- binding assay), 0.1 Mglycine solution (see

cel | -bindi ng assay) Appropriate primary and secondary anti bodi es, where
appropri at e kKbmighérzynka 5'idgemns vicor Rem@siser st ai ni ng Proceddie68ThE cryo
sections are thawed at RT and dried (about 10-20 min). After g hgoﬁbssue
regi on has been marked with a grease pen, the tissue is flxe 4%
strength 10 par af or mal dehyde sol ution A a humidity chanmber for 20 min.
After washing with D PBS subse yently quenching with 0.1 Mglycine solution
for 5 mn. FHptRgsifor gpgeatingdh %&F%%%PS Plzation with 0.1% Triton X-100 are
foll owed by blocking wwth 3% strength BSA solution at RT for 1 h. 15 An
anti - EGFR- A48BxémpRiFy effbdidiiiaa® i s used for detecting EGFR in the plasm
menbrane. This conjugate is diluted 1:100 in 1% BSA/ PBS, and the sections
are incubated therewith in a humdity chanber at RT for I h. Washing with
D-PBS take&xemplasy embadimentih for at least 15 min with at | east one buffer
change. 20 Ihbwolekﬁh‘\tl%ﬁ@ti Anietab eyerindnd with T 28merddratigtunang i Melesdizei ons

(unstained gj tenBEA Inj t%n%‘i"'f\lehf Sfdit3ARSod} dB Ié%%@%%@%rdf’& ﬁB!tﬁéﬂ?COp'C

anal ysis 25 e m Cr 0oScopl C
Zei ss LSMp1&EDHREe £ ol | owi ng fllters are enployed for this purpose: for NP
f1 uorescencé spesifigdlimor fEgetingsof dntibedyr GwjugatesAaRONdND BOhie iBGerliRE ivtast i on:

BP546 Beansghbwih @1 an MMA%E experimsit o micE waOkdne aﬂJ termafS Fof kHi® géj@gélce

Beamipl |t t e/ AEREpISH Erbhah /o8 of e HERS 4t ne s ALRD suBETANORY . o

al so carri edt®ude; "f‘ﬁesfﬁ’ﬁﬁo%fthwﬁﬁs apd dhersfese G@@'@'”R‘%HHP@%SE ghRed feMeEnn von
Renesse 47 68 Kimotd aftér. 2growth period of 3 weeks.

15 For a selective tumor marking, an antibody complex according to the invention
was prepared, or a neutravidin conjugate according to the invention with a bioti-
nylated monoclonal antibody linked thereto. This monoclonal antibody is directed
against the membrane-associated tumor-associated glucose transporter 1 antigen
{GLUT1) which is expressed on many types of human colorectal carcinomas.

20
After intratumoral injection of the complexes, the tumors were immediately identi-
fiable visually by red fluorescence with UV excitation. After up to 48 h after injec-
tion it was possible to detect the complexes of the invention in the prepared cryo
sections of the tumors.

25

Fig. 1: Red signal (conjugate of neutravidin and biotinylated antibody against
GLUT1 membrane protein). Specific binding to HT-29 cells but not to murine cells
is evident (homogeneous marking of the complete tumor not yet achieved).

30 Fig. 2: Red signal (conjugate of neutravidin and biotinylated antibody against
GLUT1 membrane protein). Specific binding to HT-29 cells in the direct vicinity of
intfratumoral ducts but not to murine cells is evident. (Homogeneous marking of
the complete tumor not yet achieved).

35 Exemplary embodiment 2:
i} Comparison of the intensity of Biopixels 618 (material according to the inven-
tion) with Crystalplex alloy nanoparticles 630 (NC 630) by spectral analysis. The
NC630 nanoparticles are nanoparticles having a CdS,S.1.x/Zn5 core and func-
tionalized with COOH groups.

40



- 24 instructions for operating the mcroscope). 2. Exenplary enbodi nents
5 Exenpl ary enbodi nent 1: In vivo experinent: Aninmal experinment with HT29
xenograft tunors in nude mce wth intratunoral infection of

neut r avi di n+antiig @iy rmenmieetsracent ddigdge the in- ventiongA ggeckfic tunor
targeting of antibody conjugates according to the inventi 3n w%s Q shown in
an in vivo experinent on mce wth xenograft tunors. For Hie papéése,

human col on carcinoma cells of the HF2%25cell |ine were injected

subcut aneously into nude mce (wthout thynmus and therefore

i mmunosuppr deedeliowingivalugsmard evident fcora figok:s after a growth period of 3 weeks.
15 For a selprgtig\enéarmationar ki ng, an eyt idypgly conpl ex according to the

i nvention r . or a neutraw<4Hn nj ugate according to the
i nvention w @%ﬁg‘%rﬁ&'ﬁﬁl at ed mno\(ﬁ‘%ﬂn” /ﬁ'gnti body Iinked thereto. This

nonocl onal antibody is directed against the nenbrane-associ ated
t unor - asSociBiR6dd egtitatioe @60maemsporter 1 anti gen 55(080WEpE) whi ch is expressed

on many typegcedo deiRbnCodngct al carci nomas. 20 Otc?‘s i ntratunoral
i njection of the conplexes, the tunors were imedi ately identi- fiable

visually by red fluorescence with UV excitation. After up to 48 h after
i nj ec- tion BR61Rexcitalionid8Bem o det ect the conpl2&P apk t he i nvention in the

prepared crNCe3Daskitation 438 inie tunors. 25 Fig. 1bod8egssi gnal (conj ugate of
neutravigdin and biotinylated antibody against G.UT1 nenbrane protein).
Specific binding to HI-29 cells but not to nurine cells 1is evident
( homogeneouViRiT Eenljober ¢ansertmaione by a farier ohdt of the NERPR vamgprartiglesHisy. 2: Red
si gnal ( conjtaigatirtocficcountt the\endssioraintenbitotfi thy BRE48 neaténdh ofithedmaintion is GLUT1
nmenbrane prof @) of PRGHdA ¢ binding to HI-29 cells in the direct vicinity of
intratunoral ducts but not to nurine cells is evident. (Honbgeneous marki ng
of the complete tunor not yet achieved). 35 Exenplary enbodi nent 2: i)
Conpari $bn dinig ¢iferenee isintepsitit ispietipesesntial darsthe mee @crerdingde dhelinvgntion t he
i nven- ti on)of Md donfPastsdgrnplot irédt vizvialanen & d. iodl resdi€at @ppiatioB @) suryerppect 1 al
anal ysi s. Thﬁher'é'&%ﬂp Wﬂ&%rrigh&g@ﬁéﬁidﬁ%{‘@%%&@fSPthgftPé'aﬂ% B filapXge! - X/ Zn5
core and func- tronalized w , groups. 4 oni Zyn I'Tann von
Renesse 47 dpsene the fluorescence directly and merely with the aid of fldorescence filters,

the NC630 nanoparticles would need additional electronic ampilification to be

20  made visible,

ii) Characterization of the BioPixels 619 by gel filtration
Fig. 4 reveals that the elution volume is 16.2 ml. This value correlates with a
Stokes diameter of 10.8 nm.

25
i) Comparison of mouse tumor after injection of EGF-coupled BioPixels 619
NC630 nanoparticles

Conjugation of BP619 with EGF-His was carried out by the method described un-
30 der 1b). In this case, 1.4 uM protein were employed, and 40 pg of nanoparticles (=

duplicate} were conjugated. After purification/concentration with Vivaspin centri-

fuge units, a total of about 14.3 pg of nanoparticles were injected into the fumor.

Photographic documentation took place as described under 1¢). The tumors into

35  which the NC630 material was injected showed no fluorescence (fig. 5a, see
marking), whereas on use of EGF-coupled BioPixels 619 of the invention a fluo-
rescence is distinctly evident (fig. 5b, see marking).

iv) Microscopy of the tissue marking in the tumor with EGF-coupled BioPixels 619
40  of the invention



11.16.2006 - 25 The follow ng values are evident fromfig. 3: BP618
concentration 1.67 pg/m NC630 concentration 6.70 pg/m 5 BP618 excitation
360 nm 55 000 cps NC630 excitation 360 nm 22 000 cps BP618 excitation 488
nm 25 000 cBSniNCE3OnkecTidraon #88 Renedse00 cps 10 When £he6d7 gher
concentration, by a factor of 4, of the NC630 nanoparti C|ﬁ§ i 266‘{7(6” into
account, the em ssion intensity of the BP618 material of e rnvenfionis a
factor of 10 higher. 15 This differenceéin intensity is very essential for
the use according to the invention of the contrast agent for direct
visual i zation, e.g. on nedical application in surgery. \Wereas with the
mat eri al of Thagemoavashiumens werd seqtionad Bsieg B orydtdree (sestion thickniesmil@pam) t o
]g)_bls ter ve t hteaﬁdi mﬁ@gqenﬁm:r&dop@ténaly%&cl?m@hwedvabdsue_t h%).frrrda ahaljdigiRprscence
ilters, J S r
anplificati g%c%ﬁ %ea leggm%k%pgi (l!)‘ e._1ﬁ] ?sq@gr?eag#éet???%tqeg%&@%’ tﬁ%!;%éi oPi xel s
619 by gel Fixet flugresaenes (peedlf) dhe magking gt thedamer (see dg- Giovhiteeareas asa2 i .
Thi s val ue darkrteickgreandyiis hothonBigekesus]isame taesascdre hiarBedlass 8fongly §se€onpari son
of nouse t uRgprgAf infH j : Bi @i xel s 619 NC630

el 65?} Widre oﬂie?§§hd%@st?$né;€%taﬂ@@°h ng,@QH If|§ 64)!

nanoparticl es njugati on of BP619 w was carried out by the
met hod described un- 30 der 1 b%. In this case, 1.4 pMprotein were
enpl oyed, asiEXemplarypmbodbpentdcles (_  duplicate) were conjugated. After

purificagi oMapng enfubridl iceils With BGY soapRUBisFIRSIS 610 bEBR ibVHntiSn withtiktfal  Of

about 14.3 | re injected into the tunor. Photographic
docunent at i gg"@%o@%gggéﬁéaébﬁg%gﬁ bed under 1c). The tunors into 35 which

the NC630 nmaterial was injected showed no fluorescence (fig. b5a, see
mar ki ng) , wirethénsasem auisall-bindiefassaupbe daiied Rut atith IBT29 ddmaorheells royethei on a

fluo- rescepnhdSddbichbdGld .Wif‘ﬂiadﬁlahs(tﬁé 8P6 PPHucTEScMBE Kh Mg cade! oMY CT Oscopy
of the % ssu mar.klnI umo l.s Gjb%en40 of the

Chventi bn KORTE SODRR WAk iere4TBhodtis, St #eliBel 5 BPbES seye
marked by circles. The fluorescence of the antibody A488 was detected in fig. 7b.
The first antibody employed here was an EGFR antibody and the second antibody
was goat anti-mouse A488 (see 1d). Once again, some of the signals whose fluo-
rescence is attributable exclusively to A488 have been circled. Finally, fig. 7c
20  shows the picture copied together from 7a and 7b. Many of the signals reveal a

colocalization, i.e. they are to be found both on fig. 7a and fig. 7b.



- 26 The renoved tunors were sectioned using a cryotone (section thickness
10 pm and treated for mcroscopic analysis as descri bed above (le). The
anal ysis took place with a Zeiss mcroscope (LSMb10) using the FSet15 for
det ecti ng t K&nBigo SEyRikaelTiflnacme soen®engsese 1f ). The nmarki ng70687he t unor
(see fig. 6; white areas on a dark background) is not hngggﬁ aﬁg sone
areas are nmarked less strongly (see fig. 6a), where othe o] ?ronger
mar ki ng (see fig. 6b). c) Exenplary enB@dirnent 3 10 Marking of tunor cells
wi th EGF couypl ed Bi oPi xels 619 of the invention with intra- cellular uptake
of the b|0p£§@ﬂ§ In this case, a cell-binding assay was carried out with
HT29 tunor cells by the nethod described (1d). Fig. 7a shows the BP619

fluorescence. HRet (e fafGoreSANE na%épmlclﬁﬂe%o?hpgl%ﬁ{gs ?“/“ ?gé]ﬂld"%{'o?egcgnce s

caused excl . BP619 .have be uor escence of
the anti bod§g @Xaz%leag?rge?%%p A g azole]ﬁompqr}%t ﬁnpﬁpegﬂ?llmh‘g ¥BPoyed here
was an EEFRagwdresyagmigndjamgter ok dlom inosganicoeats withathegmssivaling layenuefencdd 88 (see
1d). Once agmrmhasmmwmfprtefmtﬂycmdmowbm 1d we; parecaigmcsreferatsty bf ndaut abl e

excl usively ﬁfa%%ﬂ Vf'or%‘?@;{h)ﬂb |ﬁq"vPFdoﬁ%4t gefﬂ g:hal%ﬁte?l?.ec?momgt hie picture

copi ed toget
col ocal i zat |”6P.°p51 'T'@"{/aareén'?%O%Q feﬁﬁﬁ'aﬁrb@% n and 4he eantasy agewt is7p. Koni g

Szynka Til mulmmhrmamcﬂmnﬁﬂﬁUManﬂl 16.2006 - 27 dains 1. The use of
fl uoresggnt nanoparticles conprisi ng an inorganic core, a passi vating | ayer

conprising an i ql e Qn eci f ands haV|n
hydr odynam ? d:-rﬁ]ﬁg‘gé o‘flgﬁﬁg 1 S?P %(1) ga%gt@gzﬂ 63{1351% '?)Sé%F ngr?rayer of
not nore tR8AAGHAR, Bﬁefﬁré?')ﬁffpgfl A&PORBY e than 10 nm partl cularly

preferably of not nmore than 5 nm for preparing an in vivo contrast agent,

char act et 2qd ifiol88%s oiined FRRF b il gﬁefcaaﬂpvcﬁaﬂr@rehafac?&.z% il figepbhan 700

nm and_ the contrast a cat | on I'n humans.
2. The e Hangiaf gr‘?’dm"a§tﬁ{ef Ord’i'llﬁ‘f't%%?ﬁl‘?’ﬁ'ﬁ@ ymipcgﬁy UriPRICRly spectrum f rom
600 to 650 nm preferably from620 to 650 nm 3. The use as clainmed in

:Ir 2 hg{j mm;] . tS e mhecRdl 89 criimédn aﬁ a:rfatﬁé ré@e?agmcl aaﬁﬁbabstcbﬁtraéltiiag%@mqnarT L icles
as clainmed tp%ﬁgﬂ[apgqr ggpﬁ%k'ﬁ gmcﬁ? r%”d8§°°€i‘lhf°¥§§§'mgg’émvas"’ lntEartl gurz(ra

for tissue K¥8Rt H”ﬁg in surgical, endoscopl c or mninmally invasive inter-
20
5. The use as claimed in any of the preceding claims, characterized in that the

nanoparticles additionally include at least one modifier.

6. The use as claimed in any of the preceding claims, characterized in that the
25 inorganic core a cluster essentially comprising noble metal atoms, preferably a
cluster having 2 to 27 atoms.

7. The use as claimed in any of preceding claims 1 to 5, characterized in that
the inorganic core comprises an alloy/semiconductor core, where the core has a

30 homogeneous composition and is characterized by a band-gap energy which is
non-linear in relation to the molar ratio of the two semiconductors.

8. The use as claimed in any of claims 1 to 5, characterized in that the inorganic
core comprises an alloy of a first semiconductor and of a second semiconductor,

35 where the concentration of the first semiconductor increases gradually from the
center of the core to its surface, and the concentration of the second semicon-
ductor decreases gradually from the center of the core to its surface.

9. The use as claimed in either of claims 7 and 8, characterized in that at least
40 one of the semiconductors is a group ll-group VI semiconductor or a group lli-



ventions. 20 5. The use as clainmed in any of the preceding clains,
characterized in that the nanoparticles additionally include at |east one
nodi fier. 6. The use as clainmed in any of the preceding clains,

characteri z8dniig Shynkah@ilgBnnngrgaRienessee a cl uster essedti @87 yK
conprising noble netal atons, preferably a cluster havinglz gozgg6atons. 7.
The use as clainmed in any of preceding clains 1 to 5, charab%eflzed I n that
t he i norganic core conprises an all oy/88nirconductor core, where the core has
a 30 honpgeneoys conposition and is characterized by a band-gap energy
which is n8RYPi %%ngﬁﬁPEVation to the nolar ratio of the two

sem conductors. 8. The use as clained in any of clains 1 to 5, characterized

of & second oo oans s SabA RN S5k Alo 9 dfafoidlin FRCHERRLC OF and
S semn. u : ian o e fir

seni conduct 8?mPrljlsce(r)$e3'§ @i’oﬁ rsgmfﬂﬁc’?’r & geup cogntﬁgr%&cfw'% Algs ec?%efe[' s

sur f ace,5 an§dbRe, EghdennaeTenZnftdTlenh£daSofeiHod® dufpeAs UeadAsdGiadhses

gradual |y firgaR, riSeant@ITeof the core to its surface. 9. The use as cl ai ned

in either of clains 7 and 8, characterized in that at | east 40 one of the
sem conductors_js a group |Il-group, VI sem conductor or a group |Il] Konig
Szynka Ti | néﬁ-nTO%HSﬁgﬁéé%P@eﬁT” gayy okthe precegingogigims. charactgrigrg,imjhat the

sem conduct passiviling Tayer usenpises |adileast ane compasindcalde s cootdingle withaaact eri zed

i N thatqd he nfepdl Gt Whb@E Rnadhehdving 8aleddd Basd fupRtidher aridtoffonidie
foll ow ng al [ﬁgr%: CdSeTe, 5 CdSSe, CdSTe, ZnSeTe, ZnCdTe, CdHgS, CdHgTe,

| nGaAs, GaAP InGN, [InGP, CdSe or CdTe. 11. The use as clainmed in any
of the preceding clains, characterized in that the passivating |ayer
conpri ses at12] Fastuserss caimedundiaihl ¥, charaoeriged it atvHehimidazd@ ¢ohm)- at om or

netal ion a | ' | tJ . tem 12.
T usargs: M USRS TR RSSTMES, Motk AMERD g e oL
nent  cohr i J86ANGRNG ANSO iRy balFEs NOBPERTEEN®. iRV IREeRYPIERRE NS oLp: * hi s-
15 tidi ne, bistiddshenylalanineer bagindbdlimidazgletarbw@aride s hisbdylleucine, 2-mer-

gi Z:nl ggl gh;a%abtainggéem, B(Yé;m_@tcildlhét hg?f!aﬂbélnléﬂjg#@rﬂi1D§‘nethylhistidine, 3-methyl- |

- - 4- A Ne. ~Ners= _C . aZol e,

boc- hi sti di H&ﬂaﬁﬁ- F@?%%EVQ"}% é'_t%ldﬁg‘{"?'c?%s"f’?%P_H\“E?’Fdﬁer%,5‘5‘9@5@@5‘?8‘8 ‘sti di ne,

i ni dazol ysi ieidazaie-gentainingc slanienierdy Gel-(PimidazaylhL(aiphmalanng)nicagirl e) ,

i i dazop@- cow, aistarnigeabaun ofewlieh may(ihetim) be Bubstituled by yéactivé arqips)(@rani ne) ,
carzin example amino, thiol, carboxyl or carboxamide).

13. The use as claimed in either of claims 11 or 12, characterized in that the pas-

sivating layer comprises a crosslinker for crosslinking the imidazole component.
25

14. The use as claimed in claim 13, characterized in that the crosslinking compo-

nent comprises an alkylphosphine and/or an alkylphosphine derivative.

15. The use as claimed in any of claims 5 to 14, characterized in that the modifi-
30 ers are selected from the group of the following compounds: polyethylene glycol,
monosaccharides, disaccharides, trisaccharides, low molecuiar weight polysac-
charides, hydrophilic vitamins, lipophilic vitamins, fatty acids, polyalcohols, Teflon,
amino acids, nonspecific peptides or proteins, phosphorylcholine, polylactate and
derivatives of said compounds.
35
16. Nanoparticles comprising an inorganic core, a passivating layer and specific
ligands having a hydrodynamic diameter of the inorganic core with the passivating
layer of not more than 15 nm, preferably of not more than 10 nm, particularly pref-
erably of not more than 5 nm, characterized in that they show an emission of from
40 600 to 700 nm, preferably from 620 to 650 nm.



20 ine, histam ne, each of which may in turn be substituted by reactive
groups (for exanple amno, thiol, carboxyl or carboxam de). 13. The use as
claimed in either of clains 11 or 12, characterized in that the pas-
sivati ng | agénigospynges Td loaass vionk &enkasecr ossl i nki ng t he47ngdazrl e
conponent. 25 14. The use as clained in claim 13, charac%irgéegobg that the
crosslinking conpo- nent conprises an al kyl phosphi ne and/ or "an-

al kyl phosphi ne derivative. 15. The use28s-clained in any of claims 5 to 14,
characterized in that the nodifi- 30 ers are selected fromthe group of the
foll owi ng conpounds: pol yethyl ene glycol, nonosaccharides, disaccharides,

t ri sacchari dés Nahoparticés as/|ciaimesiirgbiainp A6y slearactefimedi idabat thgg adgitiohallg

vitamns, |iReRBi idasVeicibier. fatty acids, polyal cohols, Teflon, amno
aci ds, nonspecific peptides or proteins, phosphorylcholine, polylactate and

derivatives of said conpounds. 35 16. Nanoparticles conprising an inorganic
core, a Ppasdfvalenppprticlgeas gatneshasitherof claimatgio havdhatpcierized inothatthei ¢
ggameter o; irtok@riim?@a&bmp@wseavdmskerté@em@@i srhprizghg habier mefal raﬂimsmrfe t han

nm pre I r ref .- of not
nore than 5%\%@”%%@%&% t(]i; ?ﬂﬁﬁ%@r e@%ﬁ%#%%ag#glgl %&eg?ﬁcﬁ?@n 40 600
to 700 nm PPeferably from 620 to 650 nm Konig Szynka Ti|l mann von Renesse
47 687 K 11.16.2006 - 29 17. Nanoparticles as clainmed in claim 16,

charactegi zad, NanbpHicle$18Y clRMUd ih @RtAH of claliis h§18e 1 RlchaRRedrizedth MBdhEi er. S
18. Nanoparticles characterized in

as clained in_ either. of clainms 16 to, 17
that the i MST3PG £OTR SPIIRUSES, A _sﬁgv/%enalﬁ?f&uglorgggeem%eﬁ M CSRPPF &MB5 nobl e
met al at ons MoggnegusreanRPsHion [and fseehafpaterizediy apliandsgass enesay yhich émmarhe gr oup
of gold, si linedr imrelativape theanholail Ritid Df tHeawogamidodtiegoas claimed in either of
claims 16 or 17, characterized in that the inorganic core conprises an
all oy/ sem C%Bd ct or
y4

Q(%re, ere the core has a ho- m?enepua_ct?quoﬁsition and
is charhete nBRAriCigs, AR CigMPAR GBS Qlisaims 1€ on dh-characierized in that tBei on to
the mol ar r &torganid ceraeompoissean atiwidefca tirst sertisoRuctadeandpra secopd sersi-cl ai med
in either Ofcoﬁtlit.%'tdf,swﬂ@reqzje Jsar?céﬁﬂaﬁcﬂ%ﬁhé iﬁ%@' sbricoR@dctémRcreh &5y Q@G‘L‘Jéﬂyco(rje .
conprises a y S nduct qr senm - _conduct or,
where the c@ﬁﬁ]_eh}%r %%Tteorﬁ()fot*‘ Etcl%esfﬂtgtgu&%%' %BH36%&%09?"}%%?@2?&“99%"88 1y from
the center &fMioeadegdereddacteases gnduplicieom Mhedcantr of dirceare falls 9Hfage. t he second
sem congloict or decreases gradually fromthe center of the core to its
surface. 21 Nanoparticles as claimed in sither of claims 19 or 20, characterized in that at

least one of the semiconductors is a group ll-group VI semiconductor or a group

lll-group V semiconductor.

25 22. Nanoparticles as claimed in claim 21, characterized in that the core com-
prises an alloy selected from the group of the following alloys: CdSeTe, CdSSe,
CdSTe, ZnSeTe, ZnCdTe, CdHgS, CdHgTe, InGaAs, GaAlAs, InGaN, InGaP,
CdSe and CdTe.

30 23. Nanoparticles as claimed in any of claims 16 to 22, characterized in that the
passivating layer comprises at least one compound able to coordinate with a
metal atom or metal ion and having a Lewis base function or a heteroaromatic
system, preferably an imidazole component.

35 24, Nanoparticles as claimed in claim 23, characterized in that the imidazole
component comprises one or more compounds selected from the following group:
histidine, carnosine, anserine, baleine, homocarnosine, histidylphenylalanine,
cyclohistidylphenylalanine, 5-amino-4-imidazolecarboxamide, histidylleucine, 2-
mercaptoimidazole, boc-histidine, hydrazide, histinol, 1-methylhistidine, 3-methyl-

40 histidine, imidazolysine, imidazole-containing ornithine (e.g. 5-methylimidazole),



20 21. Nanoparticles as clainmed in either of clains 19 or 20, characterized
inthat at |east one of the sem conductors is a group Il-group VI

sem conductor or a group |IIll-group V sem conductor. 25 22. Nanoparticles as
clainmed in ki 3kyriRanaahem? e Redlalsd he core com priseggangal | oy
selected fromthe group of the followng alloys: CdSeTe, CdSSe, . CdSTe,
ZnSeTe, ZnCdTe, CdHgS, CdHgTe, InGaAs, GaAl As, InGaN, |nGhP;18c488%and cdTe.
30 23. Nanoparticles as clainmed in any3of -.clains 16 to 22, characterized in
that the passivating |ayer conprises at |east one conpound able to

coor di nat e \hidazale-cortamingatminer (et deta )d2riniddzdigi+L (aipha )dlaving), lwasin-f unct i on

or a het er oged Wtarine S¥AIHER wiRIER InfdyaiR! thirmPe SIBARASN By GEATINE YbupsIRor24-
Nanoparti cl % rﬁsl ?@Jg'%l %t-iﬁll L%?(gjl all? chaiaa terized in that the i mdazole
conmponent c¢ %% PESMIR™S P &6 @8’%@ Sel ected fromthe fol | ow ng group:
hi stidi ne, carnosine, anserine, baleine, honocarnosine,

hi sti dyl pherzgl aaabparticles &g adidifmied tin (il:ldirﬁfﬁﬂmchadaatériﬂ@d in that the crosslinkingI

5-am no-4-i ] i St L g i dazol e,

boc- hi st 1 di e PRI G RACE Srk By hosph e bRl RSl RhodiGA e o0

hi stidi ne, imdazolysine, imdazole-containing ornithine (e.g.

5- met hyl i m @&z MNappparkdes gs Siajmkd iMmanyreinclaivsn 7Rerks sbarrtediadd k thalithe6. 2006 -
30 i m dazolpgodintisi Jeidtee koM iR fdlloWing group comprising: polyethylene giycol,

(beta)-(2-imdazol vyl ) - .nh i - in i h of

wni ch b i meraeRhataen AFRElRS, MRacuibes dou, Hirecar WEBoVERET, 0
thiol, carb&hgrndess hydepilicyitaguys, lipoptelic vianvsafativacids. pelyalcehdedeflen.cl ai m 24,
c Ihir ?CL eri ﬁ ething aéib@,tnmbﬁemw?ajtiﬂek Eﬂ grot%mmﬁmma;qgné,smﬁylmme anld

al kyl phosphi osphi ne derivative. . Nanoparticles as
claimed in gr%&%@gépg?én@c%&tl%ﬁga characterized in that the nodifier is
selected fromthe foll ow ng group conprising: polyethylene glycol, 10
nmonosacthar idded\ phegnacuticaldesmpesiticnacemarisingsat leasl wkeoanepartio gist pol ysac
charides, hygHiedin arfy oficlahis A6 to b6 pophilic vitam ns, fatty acids,

pol yal cohol s, Teflon,” am no acids, nonspecific peptides or proteins,
phosphoryi chol i ne, polylactate and derivatives of said conpounds. 15 27. A
phar maceut i &8 Thenpessiof itae navrpartislen psatlaimagsin gAE Hfasiepr (P dPe2@ @S cl ai ned
in any of clteérapeutic dgenf i viddiaghesticst afthédrosterageatticles as clained in
any of clains 16 to 26 as therapeutic agent, in vitro diagnostic aid or

t heranostic agent.



