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adhesin fragments and corresponding nanoparticles” The invention relates to

optlmlzed adhesrns and nanopartlcles to WhICh sald adhesrns are bound.

vivo contrast agents, in partrcular for the diagnosis of bowel cancer. For

many diseases, a diagnosis which is both as early as possible and

meaningful is of crucial importance for choosing as well as coordinating and
performing the necessary medical measures. This is especially true for many
kinds of tumors, for the determination and therapy of which (includinge 17, 2008
possible sections) it is essential to discriminate between healthy and 49 038 K
carcinogenic tissues. Accordingly, the recovery or even survival of a patient
crucially depends on, whether argyip \whrkexigii the physician in charge of

improve diagnosis and me%I SRASMIES, & ts have been
developed in the past whic caﬁﬂh ﬁawﬁgh mgﬁlnq vggi e functions and

structures in the body by imaging processes. These processes are used
inter alia for specifically detecting cancer-associated cellular alterations. WO
2007/057182 A3, for example, discloses fluorescent nanoparticles comprising
at least three structures namely an morganlc core which is coated with a
passivation lajef A adhegim frag pEgRITE parepdsieds allow
said nanoparticle to specmcally bind to a target Said target may especially
be specific surface molecules of the target cells, for example
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Nanoparticles of this size can be illuminated via the kidneys and therefore do
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and carcinogenic tissues. Accordingly, the recovery or even survival of a patient crucially
depends on, whether and to what extent the physician in charge of treatment and/or surgery
is able to distinguish different types of tissues.

To improve diagnosis and medical measures, contrast agents have been developed in the
past which can help with making visible functions and structures in the body by imaging
processes. These processes are used inter alia for specifically detecting cancer-associated
cellular alterations.

WO 2007/057182 A3, for example, discloses fluorescent nanoparticles comprising at least
three structures, namely an inorganic core which is coated with a passivation layer which in
turn carries specific ligands. These ligands allow said nanoparticle to specifically bind to a
target. Said target may especially be specific surface molecules of the target cells, for
example tumor-associated antigens.

The nanoparticles with core and surrounding passivation layer, which are disclosed by this
printed publication, have a small hydrodynamic diameter which preferably is between 5 and
15 nm. Nanoparticles of this size can be illuminated via the kidneys and therefore do not, or



detection which is the main purpose of the medical use of a contrast agent.

These highly specific ligands must at the same time be so small that they do

not impede good distribution and penetration of the nanoparticles.

Frequently employed specific ligands such as antibodies or Fab fragments
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only a small proportion of all bowel cancer cases. The by far largest
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having upregulated expression in CRC cells. CEACAM family members are
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care and also early diagnosis are therefore of particular importance. The latter would be
possible by way of early detection of bowel cancer cells, in particular CRCs (colorectal
cancer cells).

Detection of CRCs requires a target which is specific to said cells and, if possible, is
overexpressed in the tumor. Members of the CEACAM family (CEA-related cell adhesion
molecule; CEA = carcinoembryonic antigen) are reported as having upregulated expression
in CRC cells. CEACAM family members are therefore particularly suitable as targets for CRC
detection. They include especially CEA (CEACAMS5) and NCA (CEACAMS).



there are up to 6 IgC2 domains. CEACAM1, CEACAM3 and CEACAM4 are
inserted via a carboxy terminal transmgmbrane domain and cytoplasmic
domain in the cell membrane, whereas CEA (CEACAMS5), CEACAMG6 (NCA),
CEACAM7 and CEACAMS are anchored via glycosylphosphatidylinositol
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assembly genes coding for Afa/Dr adhesins have a similar organization. They
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adhering Escherichia coli (Afa/Dr DAEC)"). Furthermore, adhesins are also
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a |n|% or A. 1t is therefore an object of the presentinvention to provide
a%gsms or adhesin fragments ("adhesin constructs") which have high

affinity for CRC cells. For this purgose they should have an improved aff|n|t¥
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cells expressing CEA (Berger et aI Molecular Microbiology, (2004) 52(4), pp. 963-983,
“Differential recognition of members of the carcinoembryonic antigen family by Afa/Dr
adhesins of diffusely adhering Escherichia coli (Afa/Dr DAEC)”). Furthermore, adhesins are
also described in Alain L. Servin (Clinical Microbiology Reviews (April 2005) 18(2),
pp. 264-292, “Pathogenesis of Afa/Dr Diffusely Adhering Escherichia coli”).

However, these known adhesins are still unsatisfactory with regard to their affinity for CEA. It
is therefore an object of the present invention to provide adhesins or adhesin fragments
(*adhesin constructs”) which have high affinity for CRC cells. For this purpose, they should
have an improved affinity for CEA over the known wild-type adhesins, if possible.



It is moreover an aim of the present invention to provide adhesins and/or
adhesin fragments which are suited tg;heing bound as ligand to a
nanoparticle which can be utilized for providing a contrast agent. Said
nanoparticle should be useable preferably medically, particularly preferably
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particular to CEA and/or NCA. The C-terminal deletion should not exceed 5,
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hereinbelow), in partlcular to CEA and/or NCA. They include adhesins of the “adhesin
group”, the “DraE group”, and in particular the proteins DraE and AfaE-Ill. They also include
proteins having the consensus sequences derived from said adhesins.

The adhesins according to the invention preferably have a sequence of 139 amino acids and
a size of 17 kDa. However, they may also have an N-terminal and/or C-terminal deletion, as
long as this does not result in a loss of the ability to bind to CEACAM, in particular to CEA
and/or NCA. The C-terminal deletion should not exceed 5, 8 or else at most 10 amino acids,
if possible. The N-terminal deletion can be up to 18 amino acids. However, any shorter
deletions, for example of 5, 8 or 10 amino acids, are also possible. In one embodiment of the
invention, the adhesins are therefore 111 amino acids in length.



invention, the adhesins are therefore 111 amino acids in length. -5- The

"adhesin group” consists of AfaE-5, DHE-122, DraE, SM254, DaaE; AfaE-2,

AfaE-1 and NfaE-111 (in this context, see also fig. 2; alignment). According

to the invention, they have a consensus sequence according to SEQ ID No.

2 (fig. 3), and one or more of the abovementioned mutations. The same
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NEegniext(inesisisntid, de@igoment) afmatma)SM28dinkIB3Ne PMASdn INE4Ave a
coribAdls i tnaceShtedrding 1l <6166, (2106 (fg2302 /¢ 209 . dp2R8@: of the
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They have a consensus according to SEQ ID. No. 3 (fig. 5). In one
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embodiment, the proteins of the invention bind to the N-terminal domain of
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( Yoy Yoibul, F) X2 1114(V, L, A, C) Y1 15), W, E, V) V116(A, S,

L X G11 (P S) X21. In a further embodiment, the adhesms in particular

G A v
g(N 0% 1P, N A29(R
F, G L H, P, N T )XT31(G D S, N) sz A(D, G, S, N, L Vv, T, A)X2D37NA38(S T L)
X A39(Q, S, D, M, G, F) X 141(V) Xs Q47(T, N, C, S, G, A, P) X, D52(G, N, S, C, P, Q, Y, H,
K, R, T) X5 N84(D, S, H) X R86V X T88(M, L) Xs T95(L, M, Y, F, C, W, Q, N, E, S, I, H) X,
F100(Y, V) X, V105(S, A, T, R, M, V, P, N, E, Q, G, K, H) X5 I1111(C, V, H, Y, T, M, F) X,
1114(V, L, A, C) Y115(T, W, E, V) V116(A, S, L) X G118(P, S) Xa1.

In a further embodiment, the adhesins, in particular from DraE, have a consensus sequence
according to SEQ ID No. 10 (alignment, see fig. 13):
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Q F, G, L HP N T W) XT31(G, D, S, N) X, Q34(D, G, S, N, L, V, T, A) X, D37N A38(S,



D25(S, G, N, A, T, K, R, H, Q, M) L26 T27(K, R, L, V, Y, P, N, Q) V28(W, F)
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Piatek et al. (Infection and Immunity (2005) 73(1) pp. 135-145, “Molecular Aspects of
Biogenesis of Escherichia coli Dr Fimbriae: Characterization of DraB-DraE-Complexes”)
describe another possibility of generating monomeric adhesins. They remove a different
number of amino acids from the N-terminus of adhesin and thus obtain monomeric proteins
(see fig. 2, from Piatek et al., 2005). These known principles are basically also applicable to
the adhesins modified according to the invention.

To obtain a modified adhesin, a wild-type adhesin may be subjected to mutagenesis, for
example to an oligonucleotide-based, site-specific mutagenesis (e.g. EP1777292 Al).



the adhesins modified according to the invention. To obtain a modified
adhesin, a wild-type adhesin may be subjected to mutagenesis, for example
to an oligonucleotide-based, site-specific mutagenesis (e.g. EP1777292 Al).
-7- In a preferred embodiment, the adhesins of the invention may be
Inprepefiesck dh greboglongintg the adoérpssrot thesitrvaitioavirey ae edepeeedadfimityofoying an
adbAsin(denstyuacoelérgtingetactar , aBibibbloaDAeniHaty tarctletherigriatagetess) as
te(NHRIRAESER: AlteyaapieeluthiRirdbe NV Kxamprtiomh(¥ anthewer@lmutation
(AoleguiaraMiislialegWicBRdR(Qotn. 439482 43denificriianieh@niBP amino
2% B} RiRdRGsINreawireshins Pl ding o derayiRGeelesafing factor”). The
libraries produced by said mutagene5|s may be transformed together with the
g b YGRS ARCLIE TGP rtse e Badarkmay gﬁqeecftmg,q ﬂ%@gget into
con text s% also the exen %t m%;g3 r\?ﬁ | |s en

&h an t %porter ﬂene %ég\ntex Se?\léﬁ\o the
e@é"ﬂ%ﬁnﬁ@lﬁ”ﬁ*ﬂb‘*%‘& h*é‘“éﬂ%@ oirh’r‘e WBW&oW%%@“ﬁé‘rﬁoﬂh&hfb Wéﬁ’&k?&rt’i@@&g an
ImpRRY e RSHMRALP L &R AP ORC AN Y eth vivo contrast agents for

detecting CRC cells. WO 2 0 07/0571 82 A3 discloses advantageous
Theapdipreitieleshendvesfere ey isenbadedttrthanendriciesnidetiatiesmay foeferably be
eppipyeses of disosunas odgeep dointp@athy SIRE sith NAGORRITIOREL884AE discloses
adaincpeticlesaaopdricpartiandar dreosece o sedaydro dyio aonit «liavhetets dibesol0for
p@xeeesl ol distoand viptdpaiegnaitt ke Exiaialogicatisysiesart ddidparticles are in
p&ﬁ&ﬂ%ﬂ@@%&é@&ﬂ}w&%@m&m&@r AolepgbiRIRBATUCHAGMARAEaR Non-

inkPHPBIRIGgEQr 8yWBikh is coated by a passivation layer which then in turn
carries speC|f|c Ilgands wherein said specific ligands may also be part of the

éslszsilr\]/atg(? L ld Ieg]§nds result in tp nang eartlcl bindin ecificall
80 Sl oS AC ST RGN S 'ggf%ag'c
e 58 aﬁ%ge B R eSO, e el
WB?&‘FHb?é‘}do?pﬁB' fﬁ89@’1H%H"i%a'i?opB%mﬂ‘eOfﬁPéfo’éﬂrﬂ?%‘ AT ﬂ‘*ﬁa\?{"%‘ﬂﬁ{ esultin
the SARARRIF Pt EPRCERA 1O TR R RAIRFCRIQHIRETSE Mo more than 8
nm or no more than 5 nm. This applies especially to spherical nanoparticles.
InNwiefepyastichaorsfrtiniessithe inargaedioneimzdedindathhedridivelienalarernsirastonside it
hawbaloglinylaejodiatnetestchoccumaolatéhan  idlefabtesgplenntEstabythe bode than
10 has. Perkesdnprafereaiel isajiosn po sgibtelyiditapatiesin gpatticulartian 8 nm or no
moaNGRAMIGIAS THY Hip IR H¥EEEENNAID K HENe IRhop AddBer R dRapahif1B3. dNtdAB size
cA{tBENAING RERALIARERINEYS ARNPRAIFLESOEYa8EsmMBRECd IHten 4Bt tisumulate in
toRBYRIORMFREY, 1B W%@%@M&E&Q@W%‘Bﬂﬁﬁomw%{%”%EX&ﬁﬁQs in
iR ARAY ongek it g; fa ydisay bGHR 1909 IS T6 ROGROIS BINEB fty.

dlameters in the range of 5, 8 or 10°'nm to facilitate elimination from the body.

| Thus, for example, the na opartlcles mplozll? rTgccor }lgg to ;bhe |nv ntion
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15 nm. Here too, preference is given to diameters in the range of 5, 8 or 10 nm to facilitate
elimination from the body. Thus, for example, the nanoparticles employable according to the

invention may have length/breadth dimensions of 8 x 15 nm.

The nanoparticles employable according to the invention preferably have maximum emission
at a wavelength between 600 and 700 nm, for example between 620 and 660, particularly
preferably at about 625 nm or 655 nm. Said emission is readily visible to the human eye, and
such nanoparticles can therefore be used directly as contrast agents for medical
interventions. Consequently, auxiliary optical instruments may in some circumstances be
dispensed with.



at a wavelength between 600 and 700 nm, for example between 620 and

660, particularly preferably at about 635 nm or 655 nm. Said emission is

readily visible to the human eye, and such nanoparticles can therefore be

used directly as contrast agents for medical interventions. Consequently,
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are in each case also provided with modifiers, in particular for improving
AGRMRGHbIIEY, Witb thenbirlpgical gaviroraentcBefasabirotheinciR@seotinitrs, in
paieliReYSramieoad U H &M Rits@ ObiRIE Hig EndiRAmBRL PXeRRMIG, ARB.ilBrease
inRALIGHA RGeS IR NS SR L RS PRRAYEIOMb Y Ro AN dae Mpdifie R AiSar
c;% 86'&‘?@ mmssge@tmespagé \%E‘%}? YR SUMFIIES, ARARY SRS Y Pgﬁc?s”%d”me
rela .onsrﬁ‘ 1038 '%wogsgru GG UEsmbg ”a”"p?ﬁ““c'%s.nr aTF ﬁe{hé"ﬂor‘ AGRligied
&S mentione %ove are gar?cu rly F Slitable e usea

dlagnost|c agent in a living patient. Thus, the size reduction increases
The nanoparticles of the invention, if restricted in size as mentioned above, are particularly

suitable for the use as diagnostic agent in a living patient. Thus, the size reduction increases
the rate of diffusion and depth of penetration into the tissue. This allows the nanopatrticles to
spread evenly and rapidly in the biological environment and also penetration as far as
possible of a tissue (for example a tumor) after local administration. The nanoparticles of the
invention likewise allow systemic administration which may also be carried out by way of
injection. However, local administration, for example topical application or intra- or
peritumoral administration for the treatment of tumors is also possible.

Particularly advantageous embodiments of the invention comprising the nanoparticles
coupled to the modified adhesins have a hydrodynamic diameter of no more than 8,
particularly preferably of no more than 4 nm. Nanoparticles of this order of magnitude may



the rate of diffusion and depth of penetration into the tissue. This allows the
nanoparticles to spread evenly and ragidly in the biological environment and
also penetration as far as possible of a tissue (for example a tumor) after
local administration. The nanoparticles of the invention likewise allow
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the high Stokes shift, excitation and emission
Preferred nanoparticles have been disclosed, for example, in WO 2005/001889. Accordingly,
they comprise an inorganic core made of an alloy of at least two semiconductors which either
are distributed homogeneously or for which there is in each case a concentration gradient
within the alloy. In respect of the disclosure of the nature and preparation of said
nanopatrticles, reference is made to WO 2005/001889 cited above. The cores may deviate in
their size by in each case 5%.

Accordingly, the inorganic core of the nanoparticles may comprise an alloy of at least two
semiconductors, wherein the core has a homogeneous composition and is characterized by
a “band-gap energy” which is nonlinear to the molar ratio of the two semiconductors.



spectra are far apart, enabling simple and simultaneous excitation of various

nanoparticles. They have narrow andigymmetric emission spectra which

overlap only slightly or not at all. Other beneficial properties which are of

great importance particularly for improved depth of filtration and in vivo

labeling are the high quantum yield of up to 80% and high photostability.
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cAhdrrmiich therads ingach case a concentration gradient within the alloy. In
respect of the disclosure of the nature and preparation of said nanoparticles,
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algssaiReRf the conditions, which stops growth and formation of the nanocrystals. The
method of preparing the cores is illustrated in WO 2005/001889 to which reference is made
in respect of the disclosure of the preparation of this preferred embodiment of the inorganic
core of the nanoparticles of the invention.

In an alternative embodiment, the inorganic core may essentially consist of a noble metal
cluster which preferably comprises 2 and 27 noble metal atoms. In a preferred embodiment,
the noble metal was selected from a group consisting of gold, silver, copper, platinum,
palladium, osmium, iridium, ruthenium and rhodium. The cluster may have varying charges.



0 and 1. These preferred inorganic cores of the nanoparticles may be

prepared using 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
Thes® eonelehave dinel dibamdyehihdb ey ote haleterdetb crgditalastmdovicha(ii)anodots”,
usiolglidioreak nleecggdang satittioomtmtiegfistredl stlongidhistriemablesd emission. The
ndlvpapriésles tadfanvantiba duhtatiapiasefiheseaditananaliiensfops used as
flghivdtnandiirimptiorafdharerarchvaialandine method of preparing the cores

is illustrated in WO 2005/001889 to which reference is made in respect of
Tﬁ@%%%%&éfﬁngé% Br&BE}BaJ %Riﬂ's%@f@éféﬁ%ﬁ%‘ RQ}HL%’HEBMB%f gold, silver
an'a %a%'F 95 Oh ”r%”oé’a”n‘%e?%s" RNy '0” nIA0; a'tem% irigium, ru-

|ment el OI‘ a es COFI IStO ano
thelnlum q\lcﬁ Ilileg éJl Pcr(g?n em o %s bqresen&lwve[ntlon e nogre metals

afﬁré?é”r‘i@& éfﬂ%é%%%’tp ‘EH%SHB%OH%'QI WH&%@Q&%‘H’%M a G?HGH'%%EFEIH&"
egpgdme e ”BBEﬁB?t%I'étﬁ‘WﬁﬁorQQ%dlum osmium, iridium, ruthenium and
rhodium. The cluster may have varying charges. -11- These cores have the
Theiveimaghisiest thiejesdn becderated peaRlY aloimliRfidualetahiddeess, agikigown
ingenadiakiorerdur yfieldspod xditatioal, catingito tieemitrorsgralssodoatocaemhdology and
maraigsietieddes. mapepartickikofithenénuantohaofiaininglitiesehcares paparation.
WaBlyand APs eSS lcaeritse this afluaiessepd udivisuaddaaieaslelzbet and magaition
cdaRfls Theatie TRke metrindesadrawp efiglmansrselReifchiion aistiosss the
pleRARIEURNGLPTRBIE. SINET ARDRRAS R8st iREP RN WR A RUM AR (REMlerm
ééIQﬁBﬂ r%’? %ﬂ%ﬁﬂs Qi 'BWB{HMQJ .H&%BB—H% 6P%U5ﬂema%ﬁe£?fﬁﬁ95.ca|

%ure 0 “He”b ﬁ i PtéQ"e“t'ongva%rﬁP ncovaest efec reogt%ec JF‘C}/rQn der
ng or go

iver
N e T T
”%?ﬂﬂﬂf)tﬁF?oaBFQr%?fétESrﬂ@BP%r%lg?a‘? @ﬁj%@'ﬁ?e known inter alia from the

fields of chemical catalysis, ceramics, semiconductor technology and
T%&%%%W@f%%@r@@ﬁ'@l@%ﬂ%ﬂﬁ@Wﬁ‘?s”lﬁé'?té’?ﬁl’f@rféﬁﬂﬁa? RiASRI RGP layer
whicpiarserses WO<0ed¢e 03588y esdribwsoyfe theigtemipreped atiynict stisldty of
thenetabelus tars . akea meadid ittennaapaitee e spe fretbablhefereacpscnnthigld of
meubieat. 1durenspeabiigaliyhdtalisatos®s.the preparation of noble metal

nanoclusters associated with organic molecules. The term association here
SHLARSPRNICRITp RN B deRsRERNINAIING ahRIRUEabOR RIS IRRhNN@IUEBUS
it G Ehiisy 1o EXaRRRLHICOVRIRE L AURCOY HRNTa %Cﬁf&ﬁtéﬂ%o{o A 10,

%?Jra\éY ) @P'ﬂg) thﬁef%”ﬁ%yse%?o%ed& XVS%?Q%Q@Q?? §d6)o Eﬁ%’?p% ‘P f their

I’S as ore SO the Invention,
S CI cspectrgptlcg rac ee?eraaucen I% ar’bllle eI% Ission, half-

t e |
wi] ébaﬂ?oﬁma?éom R BB e 24 iﬁ?j‘) t@;eéﬁ% ?&ﬁsmég%%% n
reSRBFhRLAR %??osﬁﬁ%‘?c%ﬂe&é%lﬁ Rrgfteristics.

The nanoparticles employable according to another embodiment of the invention exhibit
essentially a constancy/stability of the properties of the core (including the passivation layer
surrounding it) also under biological (i.e. physiological) conditions or in vivo over a period of
at least three days. Preferred particles exhibit a constancy/stability of this kind for a period of
from 7 to 14 days, wherein by way of stability retaining at least 50% of the one constancy of
the properties. This information refers especially to the stability of the nanoparticles in the
actual target organ. It is noteworthy that the stability of the nanoparticles in organs which
have primarily catabolic function may be distinctly less stable (for example in the liver). This
may even be expressly desirable.



the inorganic core. As a result, the nanoparticles emit light preferably with a
quantum yield of more than 10%, preferably of more than 50%. Said
nanoparticles preferably have a storage stability of at least 12 months in an
agueous environment at 4C and are, if possible, stable across a pH range
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after 4 weeks post-administration. Degradability of the nanoparticles can be
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coordinating metal atoms or metal ions, for example zinc ions, mercury ions
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derivatives, pyridine and pyridine derivatives, pyrlmldlne and its derivatives, pyrazines,
pyrazine derivatives, triazine and triazine derivatives, triazoles, triazole derivatives,
phthalocyanines and phthalocyanine derivatives, porphyrin and porphyrin derivatives. Said
compounds may include unsaturated (olefinic) hydrocarbons or amines, phosphorous
derivatives or oxygen derivatives thereof which may include acetylene, propyne and allene,
but without being limited thereto. Preference should be given to the molecule having
sufficient p- or pi-electron density in order to participate in the formation of adducts or
resonance on the surface of the semiconductor core.



or the cyclic or linear unsaturated compound may also act as a crosslinker.
The crosslinker may be basic. The coggdination compounds containing metal
atoms or metal ions may functionally bind to fluorescent inorganic cores by
means of chelation, coordination or electron donor properties of Lewis bases
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nonmetal or ion"such as Se or

In a preferred embodiment, the phosphine-containing compound includes one, two or more
phosphine groups coupled to one another (e.g. in polymeric form) which may include
hydroxymethylphosphine compounds or the like but without being limited thereto. Phosphine-
containing compounds may be synthesized by generally known methods. Furthermore,
alkylphosphine-containing compounds are known to possibly also have one or more
additional functional groups (e.g. hydroxyl-, amino-, thiol-, carboxyl-, carboxamide-, etc.).
Examples of derivatives are hydroxymethylphosphine derivatives, amides or esters, as long
as said derivatization is compatible with the functions described herein of phosphine as
coating.



carboxamide, histidylleucine, 2-mercaptoimidazole, boc-histidine, hydrazide,
histinol, 1-methylhistidine, 3-methylhigjidine, imidazolysine,
imidazole-containing ornithine (e.g. 5-methylimidazole), imidazole-containing
alanine (e.g. (beta)-(2-imidazolyl)-L-(alpha) alanine), carzinine, histamine.
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is especially advantageous for achieving very low unspecific adsorption and increased

compatibility in biological systems, in particular in the human body.

One possibility is to modify the surface with polyethylene glycol (PEG) which has already
been approved for particular medical applications, in particular in low molecular weight forms
for the nanoparticle to maintain a small overall size. Thereby both biocompatibility and blood
circulation time of the nanoparticles and also the efficiency of uptake into cells may be
increased. Combining a low molecular weight PEG layer with other substances such as
vitamins, for example folic acid, may achieve a lower uptake of said nanoparticles into
macrophages because protein adsorption to the nanoparticles, which is reduced thereby,
makes recognition of said hanoparticles by the immune system more difficult.



The passivation layer of the nanopatrticles of the invention has been

disclosed in US 2004/0247861 Al. This;laid-open application describes the

preparation of inorganic cores coated with the passivation layer, for example

of quantum dots. Reference is therefore made to US 2004/0247861 for
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system and are therefore likewise suitable for a thin compatibility layer. They may be artificial
amino acid sequences as well as sequences from biological proteins. Peptide derivatives of
natural proteins such as, for example, phytochelatin, may likewise be used for surface
modification. Surface modification with Tat peptide and Tat peptide-containing peptides is
another possibility of making nanoparticles available for the use in biomedical applications.
The Tat peptide is an effective molecule, for example, for delivering gold nanoparticles
through the cell membrane all the way into the nucleus.

Another embodiment of possible modifiers is the formation of a phosphorylcholine coating.
Phosphorylcholine reduces a possible unspecific protein adsorption, for example on contact



acid and folic acid. Thus, for example, folic acid can lead to a preferred

binding of nanoparticles to cancer celjg This vitamin exhibits only low

immunogenicity and therefore high biocompatibility. Internalization of the

nanoparticles is facilitated by binding to the membrane-bound folic acid
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employed here in order to reduce possible biodegradation.
The combination of reduced hydrodynamic diameter which results in the higher rates of

diffusion and perfusion mentioned, together with the properties and improvements described
above and the high fluorescence intensity, especially in the visible red light range, renders
the nanopatrticles of the invention a simple diagnostic agent which can be employed in many
different ways for selective and accurate discrimination of tissue forms in vivo. These
possibilities, in combiination with antigen-specific biomarkers, are used especially for
identifying CEA- and/or NCA-expressing cells, in particular for distinguishing abnormal,
(pre-)carcinogenic tissue from normal tissue, assisting in the visual assessment during
surgical intervention for a more precise tumor resection. The inventive nanoparticles
employable herein therefore serve as contrast agents. This applies in particular to the use in
bowel cancer diagnosis and surgery.



Apart from the surface modifications mentioned, proteolytically cleavable

binding of unspecific proteins to the ngnoparticles is also possible. This may

increase biocompatibility/ compatibility. At the target location, the large

protein may be removed with the small nanopatrticles being released in the

tissue. Said removal may also take place after an appropriate dwell time.
Tisuitadagafaeithi s aiegreferadifie ¢ anhexindyacse diny obarsirsuciiasniegrbe employed
eiieample, vicansfersin agtefiagioseeage|assrnosiasife nthalbummirapeutic agent.
Fadditionrfe Rthrey PralalesuhicBe RSB ERE CIftFarAssrEmti R ARUS fRFIy or into
sESRANCaS¥IaER C‘H@%ﬁ&/&%ﬂj’é)ﬁﬁsﬁ efcomRinatins At A9y REpUdRS A0 busly).

S e Es& fmatiay and dherriore g@?ggﬁa%mﬁ.on gel,
fo%rRCE’ Thatt l‘% hr? TRE IR e'esefEhSdm flrieei PR e'“% grmd"agnﬁ\é.s of
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AqRESYAIOR @urwoweaafmgewmg%%m aﬂBﬁnYﬁf'ﬂﬁ‘éth@Slﬁ‘ﬁr?ﬁpé‘r“C'es may be
imRiRRetnARP R fRIBY blood circulation time by preventing a rapid uptake by

microphages after intravenous administration, than is the case with uncoated
Tnareopdidietessicsiderfrfomutesl imdpeaifitexoddtihg peatmedaiiougsthesynonym for
“coamapasbielas afehé isyeptofocaliey disseidctivelabelmigandih tHrgedrphological or
fueelloppesificligands bihieyiaiesooridgatededRIEXaMymg, pedpleptotaditst a medical
infaRies, peptides or, particularly preferably, with small, high affinity protein

domains, antibody fragments or other organic molecules which bind, for
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results in the h g er rates of dlffu5|on and perfusion mentioned, together with

Asri R eiied 2pRYsnipraireAeInsine de fiscavelisidndha e mdeCHh%?%EéW”
isj RRIAHR! e AseeEAgER el DS iBIROHEH figREr&MpOYRsh BRro Cah a8 &S
caheeiriparafbardasienpidy diegmositiexagrshonghientcahtie teislshoyesdiie wiiatynormally
achfierdaie waysafod g@lg ctive@nskar dir analai seanandkoneyf diss pertomes advanced
agivand hese lipes@ihilitiestotal comdinatdnhasd @ntige s speotficshiasekers) et al
2606, Bsrgresneatalby faitrigentifyooy @BA7angdoy. MEAraxgESsiRthealisatitous on
loPArHakAIstRLgiSthIaHES RINGLAP BORIRIpal RERY G ISENPEIRT G S IRLEHIEOBMBARIR Cd
sUpiide RRsistinse e isuakafs eRsme LAY RS &M{Qlﬂéh;}]éﬁ‘éféﬁ%%f%ﬁnem
w8 G m&a&%mw&@%s%n HeYRELE &%Q&Pﬁﬁ'&é@ﬁt SRIAUROIE exceed

ere serve as contras n Is applies In particular to the use
aIPO%abS\Tvg rétar%gg? d%gpno'sclg %er?/ r%re rgeg:‘l téffn q’ﬁ% r%gnopartlcles having the

modified adhesins accordln% to the invention may be employed either as in

"Lt BULTHARD aiag iSOt AR S ARAY RISIRERARL e vhich an

mgﬁ\éﬁ?d amount or dose of the contrast agent can be expected in distinct regions of the
body depending on the manner of administration. Accordingly a vascular administration of
the contrast agent is also a local administration, if accompanying measures by the
administering personnel, such as, for example, applying a ligature to afferent or efferent
vessels, prevent the contrast agent from spreading across the blood vascular system in the
body in an essentially unimpeded manner.

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 because otherwise — i.e. as
systemic administration — this is precluded because of the toxicity associated therewith. This



For this purpose, they may be administered locally (e.g. intratumorally,
intramuscularly or into surgically accegsible tissues/organs) or else also
systemically (e.g. intravenously). Local/topical administration may be
provided for by way of a liquid, spraying solution, gel, foam, cream, active
ispatchusEhiahaymisigrefierreedircgmthie asdaf thantieaticien tidiagswgioofadequate
vibmlationgans such as in the case of bowel cancer. Oral intake is also
possible, for example as syrup or in the form of tablets or capsules.
It Wfiadaliogels BaLRBYCROSSRIRIMG. BotPISNAg AR RUANRIRIEAEGERY IS ERPRSHR g
td%%nxv%ﬂgadfdnmgu\mwhm WEHVHQ%JEQMJ%%HEH fad AERCSF from
0 Yo B 16 Bt E@B&Dc?ﬂﬁcﬁ%ﬂ& t%éifee%&éﬁgs%%%oﬂir &H&ﬁ%?tfrom 0.002
"bVSE'%” a? ?:(%ngnc}f gsosﬂ ar? Itds grY ous |§ lpartlcular those

dlscnm VIS zo-llgatlono orpho unctl nal structu
gtems IaII Clin Vin Is eDosls {e W|t IP[IS a vaaqtaa(;‘eous dosage to
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”‘Egﬁébéﬂ%ﬂ%{ﬁgﬁeaﬂ YR RnBReSUE Ry ikellis ¢ Bl @ Ph it @
VoRe Rid Priethd 88 (5. g2 e Rdas 6PPraifaroscopy). Combination with imaging

methods such as PET, MRT, CT, etc. is worthwhile. As already stated above,
Thieenusetigaoorsingytetite inadrtvonsisibib disewps/ofdacabaitimristratiespesally in the
skharticidarty aagdeia e ousgaEneiaesnual ofogehganpiapedian ieegl or else externally
a@daipistrajionsior thissevnestipn asvpataae ushidees nat sxeeed one tenth

of the total exposure which normally accumulate anyway during the course
usk Ife i the divetiagtbengeq i@ RRESPASbRIYANSEEHN A5 ANGhUSHAINIGRIMS: or
FADE {0l eRas ShHNRRE PLAANS S APAYh YL B G AA B Bbe)MRaceria) is

par I(Hﬁarl (/ré%[aofeNutrmon 2000, (84), 791-802). Accordingly;, it IS
advant ggeous “local administration for the amount of nanoparticles to be
limited_so that the amount of Cd supplied at least does not substantially
TR EuaiodAGNTR"S BAFRELING Y FIe Bt iR, bﬁﬂ%m@%aﬁﬂgaawass or
MBYL&iHFER tHAPF B GhfeaEPast agent which does not exceed a
total amount of 0.6 mg, particularly preferably 0.2 mg, of cadmium. "Local
administration” means for the purpose of the invention any administration, on
EXEPL AR YirkgviEa3ieid/ BMTBINt or dose of the contrast agent can be expected in
distinct regions of the body depending on the manner of administration.
1. Accordivgdyng vasawdarrdradtistiation of the contrast agent is also a local
TR IR BRI AR ARG 0aP ABAN A dRBRSIIasIILHA for AR NG IDI0-BRESRB eFhis is
KRR Roin TR GG Q0L LRE 'Eﬁr%l&lﬂh'ﬁﬁéé’ ﬁﬁf@t‘i%&&ﬁﬁzﬁﬁ%& N&IREIS adhesin
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i) i At %wg%@% anstanoparides [ edical sotieion’,
NCA LEACAMMI A nfiRIsiPsEi TPt PlY§qsa§‘ré% %ﬂe@%g&ﬁgge&f%é’%& EWS? to the
presepieaBecimeftwith. This -18-

To this end, the codon usage of the N-terminal domain of CEA and NCA and of the mature
protein of DraE as ligand (adhesin) was optimized for expression in Saccharomyces
cerevisiae beforehand. The genes were synthesized.

DraE constructs, preferably containing the mutation N77K, and the terminal domain of CEA
(N-CEA hereinbelow) were cloned into yeast TH vectors and transformed into yeast.



Is because local administration reduces the dose of nanoparticles necessary

for adequate visualization. It has emejged 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
TegdicSu pesubipGerf tumotatissess,.Dosages ohtlyeebenaseageditnehfrormn oligo-
b&s6f) 2site-£hOdific Myt Eid/am Beaf. tarr7tiasn e By.eTpertiocdar lyeadviantagesitsn is
charpadicdtan flRegeemiweag d dbriandrd heipagbld/cm3. It is possible

with this advantageous dosage to visualize tumors with a volume of up to
TRP AP QMR NaYhEe WitBeu) therelysfrrrROiNg the ﬁ%@@w@%@@t\’#ﬂi% has
bé@Pﬁ{o'HﬁétdOB mga%ﬁosmﬁ@%@wm@%%% RME3E 1 methyl
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ternally accessible regions of the sensory organs and also the
cardiovascular system. Use as an in vitro diagnostic agent is also possible,
QN BiAMESIEr ReTHG NS RrstisEr e st Y IEA O Pind or /9. Ahedviaslianeresorie
isvilesestad ibyitayiatiosisyeresasisesyimte iuddisct paesolikelyretv antyepustic
corversimwdifidoadipbsimegarcrding to the invention may remain bound to the
nanoparticles or may be removable or detectable or releasable.
TEXSMRLARNE WHssHHVIE Niftbel td3foviding ithe maditie dadbasins ofiBe second
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th@lﬁﬁn?t%?t@l”ﬂ ng%g}l qllgrrtggg 10 otkova et al., The Journal of
Biol oglcal Chemlstry 2006) 281(39), pp. 29120-29139, "A Subfamlly of Dr

ItAd es s of Esc ?\Ferlchla ccgi!l Bind Inde ?notlent%ri(}) Deca ccgpea% CEA
Fadisre n”8 MEN=GomAIN'Y ec% foemBR/oniE ANtigen™). t&PiRafo"
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A RESHHS S dRORIMEPLE ﬂfe%%%ﬁ?%‘?rfﬁé@ﬁ’h‘i&?ﬁ%%?@ ISP CfRe et thod
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1¢PDreirtiasldidaprieCaatiie skenableash vz dfiraskpPe¥sidhe af B clearbarg L ésthe
wite: henasieey bedoratranathesegenasevdriehsignih esinee. dDdde opristiauctsnes that of
thenefepadidy containing the mutation N77K, and the terminal domain of CEA

(N-CEA hereinbelow) were cloned into yeast TH vectors and transformed into

pyRRSkhry Jrehh A BResBnE FURIRGRH LORHKASE PR SismBnmParticaio mutations,
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sequencing single colonies and |brary

Se

The detection of improved mutants of different affinity is intended. It is important here to find
the wild type in order to identify adhesins which are improved over said wild type. This covers
the complete sequence space with affinity-improved mutants.

The modified adhesins of the invention which have been altered namely in one or more
amino acid positions can be derived from these investigations.

1. Advantageous modifications

Exemplary embodiment 1 — position 88 — threonine

The mutation T88M is known from the literature (Korotkova et al., The Journal of Biological
Chemistry (2006) 281(39), pp. 29120-29139, “A Subfamily of Dr Adhesins of Escherichia coli
Bind Independently to Decay-accelerating Factor and the N-domain of Carcinoembryonic




The library and the target (N-CEA) are transformed into the yeast strain Y190

which has been modified by integratigg of the Melt gene (codes for a

Uroporphyrinogen Il methyl transferase) into the genome, and the yeasts

are plated out on medium containing 25 mM 3-AT. The two proteins must
Anigenaigtdaratise e ponesinge pess dAlytinmulaE-galactesigdasahecbboityeddaid adhesin
foRQUBALIGINE GEEyNihg pe o ddDubashdesa fiyeokifir RLIZENEdiAl. The Melt

reporter gene is detected by way of the fluorescence of the product, resulting
Tif{® BhaIE BAYSBRIEN GRIAVA EHON refatdr PSP B aan Mosifiensanirghedidng to
sebtaned, a further test was utilized prior to sequencing of the second

reporter gene, lacZ. To this end, the activity of 13-galactosidase was

O SASIAIAC R MEanS of, OnYGring e sUPsEate DG, By the enzyme into a

uorescent pro ct b ereby reducing the number of hits to 25% prior to
sequencing. It is therefore possible to provide adhesin mutants which have

(qrﬁ'ﬁ%%‘ﬂngfﬁﬂ‘?t RN /or NCA over the wild type, but in particular
SeiEsRs thd e torrieifisratenients W%WW‘%Q%H&Y'%?%%&M\%W'”G
ordenraijBHEni§en® reRmyat aftibdirigte tasederlingerstpisy Aisersgied fws:
MERL7IMB74 Al - over the template is at least about 5%, preferably at least
100%, particularly preferably even at least 300 or at least 500%. The affinity
Tieomypareichpootleel willchiypie mhay gsttivappesashwisreapeyas \whichnislatp tor the
follvaRgh elsgehipstd four times that of the template. Particularly great
improvements in affinity are achieved by combining at least two mutations,

IRGIRAP I AIRQAIR NG 7R A iIYIRIRAS OrRATBMHAY I HIGIASERARE Binding to
paf! wn'i&p%?'gle ﬁ&@@&@")(A}%YOB?J?S&F'%&PU@,@”Y B'S&é%%fah&'énﬁr&)a%‘ﬁ of
as?ﬁg%rcllm a hesn require f?‘)r b|n dete etclz%n g o r Ve nﬁus m tatlon
eren |n|t |s Int en %d IS |leorl% gere to(icn er;él ein

d‘i’SS&?ﬁ g W%ﬁ‘% %SiPn rov %%I’w% B2 E‘{ geal
ChomipE YRy J&%&%%&.?aé%ﬁﬂ ﬁﬁﬂ e ﬁ%sr%o'%ﬁﬁl%ﬂ ichia coll
BQHH@Q&@Q&?% iR/ &nsen %%?é?f%\gezb”égi’i alerby ﬁé?ﬁ@??'fh IrieddragmPryonic
ABIBRTO 2RIAOPOSHRGRS Tt B RIEg Ve e m4inesearke Salptisnsenefore Drak T88M
NAd@antageous modifications Exemplary embodiment 1 - position 88

-threonine The mutation T88M is known from the literature (Korotkova et al.,
EXdmeploy enath @fiiBéplaticedsiGhre misiine 6A0@6) 281(39), pp. 29120-29139, "A
Qoahfiamiy erédhhgdhesins afischerighiacselin&in Irtaperstently: tim addition, a
rd@eaNrRprelesating fingtaeangiie N-domain of Carcinoembryonic -20-

Antigen") to cause in adhesins, especially in DraE, an increase in the affinity
|°§(§cﬂlgn%ﬂ@ea§18 e(%ruggdﬁ JSRpsequently, the position T88 was chosen for the

f'@agmu;qi%?mes SyyAiS AR SUBRE DI NREIEHRD BELALS R A Wl owing
ordero mutaltgtrésvmﬂ |rTr1%rovedC atj%lnlt)gfor CEA, based on the frequency of identified hits:
N>(F,C)>S>V>R,A>(l,L,Y)>WT

Exemplary embodiment 3 — position 17 — glutamate
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
S>P>K>G,D,R,N>H, Q>WT

Exemplary embodiment 4 — position 22 — arginine




SEQ ID 1. Quantitative screening was carried out as described in EP1721974

Al. (i) Sequencing and evaluation of_hits_Sequencing of the DNA from the

hits after transformation into bacteria yields the following order of mutants

with improved affinity for CEA, based on the frequency of identified hits:
QMmlitayva treaniogt waprogeranatarasndénsripeditiont-F B8NS TasL ennp kelgiigbas a
relemeplabe farstbarritallowizgaabtageneses. In addition, the mutation N77K was

introduced in order to prevent the adhesin from binding to DAF (van Loy et

(.)aged\a@@%l%a@m@qum@oz) 45(2), pp. 439-452, "Identification of
RiRGIIR R @N%d#?&%'%@Hkﬁfsﬁeiof’rﬁ%lﬂ%ﬁerﬂ%ﬁ?ﬁ&?&%%@%@%@%%&nng

orE }%{%ﬂ%%%ﬂ? R ATRAH é} ine A1l agResin L d\én%'?& HiRraLOya et
J,Qgr%alﬂ iological Chemistry (2006) 281(39), pp. 29120-29139, "A
upbfamlly of

hesins of Escherichia coli Bind Independently to

Decay acceleratln Factor and the N domaln of Carcinoembryonic Antigen”
Exs S eI eneses below is therefore DraE
QWM“W??WE%B%W%WC@FHB%?H%F\% Z’e?%@ﬁfbd”? ERtétHAe Sudntitddiien: 2
reSErevNeg Aa SR fiel dsR2P¥ribed in EP1721974 Al; in addition, a

rescreening was carried out (see above). (i) Sequencing and evaluation of
(IhsoSegurenane ofltagoD Nififeom the hits after transformation into bacteria
Syiglelsitne dotianvingy oroherttaf higtafés wdtisfompaove dhaffinityefer WHod, thagetbaimg
oiing Hrefauaneywahidgntiied diitsty e OEL) B2y sty idoxeneal ary:
senpofinant3 «pasiton, v = @hgtamate Quantitative screening was carried

out as described in EP1721974 Al; in addition, a rescreening was carried out
Eﬂﬁﬁ%lﬁﬂoé{ﬁﬁbgmﬁ%‘eq%%'ﬁ%ﬂ@q eyaluation of hits Sequencing of the DNA

Trorpta e Nits after fransformatipn intg_ba %Is%ﬂ |eIdsEg1f‘7£(1Ié%v g lorde({ %o

for &@2\ iden ‘?

uan Ve S
ased on the frequency of

mutanfs With Improve tB/
RS EUPS L '&d Bt é’ef\l‘%(ﬁ'eb > WT Exemplary embodiment 4 - position

22 - arginine -21 Quantitative screening was carried out as described in
(Eeqrenama)dipvalaiieP ditfescreening was carried out (see above). (i)
Sssugneneinh B PRvalieatidie dTihiRliSetitrsRimgtientiecOREsiamale Hiesfaling
ondansformeitiowithtonbayestiififigider theAoHaseihgn the frequency of identified hits:
K>R>L>V,Y>P,N,Q>WT

Exemplary embodiment 7 — position 28 — valine
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
W=F>WT

Exemplary embodiment 8 — position 29 — alanine
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
K>R>S>E,Q>F,G>L,H>P,N, T, W>WT



order of mutants with improved affinity for CEA, based on the frequency of
identified hits: T>A>S>N>K>WT Exemplary embodiment 5 - position 25 -
aspartate Quantitative screening was carried out as described in
EP1721974Al; |n addltron a rescreening was carried out (see above). (i)

S lan jem 3 biits Bepoengcing of the DNA from the hits after
Qtram&ﬁmr/maimen‘l‘ltg bm‘stedfearweldmttfus fokewvibey ondePofznarams; withaddition, a
resoRyenieghafiryriter dubfedase@on the frequency of identified hits: S> G > N

>A, T>K, R, H,Q, M>WT Exemplary embodiment 6 - position 27

(i SHERHRR ARG SoFeREINg was carried out as described in
séfuudeny 6 fle B H‘?é%?f%‘?@#&r%%ﬁﬁa‘ﬁ@ﬁ”% k{2 ,A00Y Bl Bojouing
orﬁg% RSN fYaISAlIon ot Jér %E‘lf ﬁé‘s‘?e”f]%ﬁ h?re%ll;lepr‘]car/ o'PJer%.P Fier
G rm ti 11nto acteria yields the tollowing order tants with

|mproved affini y for CEA, based on the frequency of identified hits: K> R > L

>V,Y>P,N,Q>WT Exemplary embodlment 7 - position 28 -valine
XSRS AQNEh - RS iRl scribed in EP1721974Al; in
QHarditRINe aSTESHIRB NG \%&'%rﬁ@d@uﬂ@éébﬁﬁo\rﬂeﬁ'ﬁb@é%ﬁfeﬁhn@ a%’@"“O” a
regoegeRitionast earsSeasrsingihe DNA from the hits after transformation

into bacteria yields the following order of mutants with improved affinity for
(iCedudrasetaon éhadaaquenieysof identified hits: W=F>WT Exemplary
sefubadiynenti -Nasiiion 2%-rAaaine RuRhiitaiiem Seleenmgiwais earieddibiving
orde AR $eithed Ntk RibfAAA 7AiM A0 Pagt o 68 GRESRINE MG D CREHRRLAWits:
D(seg aboug). (i) Seauencing\grd evaluation of hits Sequencing of the DNA

from the hrts after transformation into bacteria yields the following order of
inj CEA, ha ed on the frequency of identified

oSl

Rl A R
reé‘?‘ﬁ%ﬂ%‘?’ﬁ%f‘%'%%éﬁ?eaf"%vfereemng was carried out (see above). (i)

Sequencing and evaluation of hits Sequencing of the DNA from the hits after
(rawmrraaid ifve waerRARNRlds the following
Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
N >>WT

Exemplary embodiment 12 — position 38 — alanine
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
S=T>L>WT

Exemplary embodiment 13 — position 39 — alanine
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
Q>S>D,M>G,F>WT



order of mutants with improved affinity for CEA, based on the frequency of
identified hits: G=D>S>N>WT Exempjary embodiment 10 - position 34
-alutamine Quantitative screening was carried out as described in
EP1721974Al; in addition, a rescreening was carried out (see above). (i)
Sequencing and evaluation of hits Sequencing of the DNA from the hits after
Exeamsitoyraatbodinmiot bactetisitiie is-thekaltdveing order of mutants with
Qumprievied abisdyifer ks Acdrase cbon dbedeastiven i of Flemtibed AitsirD axiiition, a
résorSEriNg ¥ Tdmld YUt (Sexedpplary embodiment 11 - position 37 - aspartate

Quantitative screening was carried out as described in EP1721974Al; in

Peditieneify E\%Cé%ﬂ‘éﬂgn‘%‘?ﬁ garried out (see above). (i) Sequencmg and
sS"a' é‘“ RS ‘R ”91 of éﬂsr rans ASEOMDE IS errg%%ﬁd%rmgq?%wmg
t im

INto ac eria of mu ant rov It
°f8%/3 i rfga%e%f\é”y e ROy o
Em%dlment 12 - position 38 - alanine Quantitative screening was carried out
as described in EP1721974Al; in addition, a rescreening was carried out
In(eceragrsor)) ng) 3 eBeRifcmdartP&varsanohoiAisCloagriatindien eréepiigat than
thig ol ¥helonies afeplzngs fihensaimieintorberatedatiiaelas ehahesiowlingsontser lfd the
agdititanatsnwitiamptdoad4ffinity 6oy tE e e eprebenfsenuameyvel ietatitied
hits: S=T>L>WT Exemplary embodiment 13 - position 39 - alanine
EfuipMHaEve SHeen i YWasits ied quitasigescribed in EP1721974Al; in
Qasdlitiane asdRBAIRENAY WasIERHiRd RUlHESeARRAONEERN DeaUEREING adition, a
reQURILAHEN S BifscaeananeingREfhe DNA from the hits after transformation

into bacteria ylelds the ollowing “order of mutants with improved affinity for
ESEA b%'lsned o(% EC'Y of identified hits: Q>S>D,M>G,F>WT -23-
ey iy

41 | titat
SR e g e RN
OrgaHRL A U G REBRRY e ?@@G’JQF\&% e e RN T A SHEE ﬁﬁsof
T ie"\ONA Frorm the it arter transformation into bacteria yields the following

Exemplary embodiment 16 — position 52 — aspartate
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
G>N,S>C,P,Q,Y,H,K,R, T>WT

Exemplary embodiment 17 — position 84 — asparagine
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
D>S>H>WT

The screening also found the (combination) mutant Q34L N84S which has a higher readout
in the FDG rescreening compared to N84S.



order of mutants with improved affinity for CEA, based on the frequency of

identified hits: V >> WT In the rescreeping by means of the FDG assay, the

141 L clones had a higher readout than the 141V clones. Analyzing the

sequence revealed that all of these clones also had the additional mutation
T4 Ifcates] har 1the Actngriefdian add orelares gntsiitn imaroigheérnadtiaity. for CEA in
cdexenigianyinieaghgientutint. position 47 -alutamine Quantitative screening

was carried out as described in EP1721974Al; in addition, a rescreening was
ELaiRehash ksaehaRoMe). dhsBeeBenGiRghaRd evaluation of hits Sequencing of
QlhedeNA: remdhf ditsaltes HanIarmation iR hagtenis yialsm e followigbn, a

re@E%nﬂfd%@Eﬁﬁu%tQuWé’XG&/@g'n'ty for CEA, based on the frequency of
identified hits: T>>N=C>S A =P >WT Exemplary embodiment 16 -

sition 52 - as ar atte gu?}qtltatlve screening was carried out as descrlbed in
( f?%@%ﬂ Va daiion a rescreening was carried out (see above).
SeIEREiRG tﬁﬁc%‘@a 'E?é%'??d? iR A NG B R ORAN B SIE H]‘?sfa'ff’él}"”g
Oﬁqah%ffﬁh‘ﬁﬁéﬁ%W'FHtH‘B%?&’Fé’rrng@fd%rtﬁE ofiB¥thg" GraErBreREIthtESRAipd hits:
Virpfbled affinity for CEA, based on the frequency of identified hits:
G>N S>C F Q Y H K R, T>WT Exemplary embodiment 17 - position 84 -

’ 2 ) S50 sap@reied out as described in
QE&&M&@?@Memgd@ﬁmmamewmeemrt@walsedamlelemmzisee,ahove)ac@non a
reSEquRInG Wesad eV aluatien ks Sequencing of the DNA from the hits after

transformation into bacteria yields the following order of mutants with

(,)u@ QueshaiEinis LS A oRaged on the frequency of identified hits: D >>
né(MJ hﬁ SEIeETION B3 gumm%%mpmm BuRAL QR M§4§|ow.ng
org ef r%ive s 2 LeRelrSNO Rannted InNfda e
is g o] mu ah s results M a ﬁYg%er Aty

LeEX pans w'\fh'{n mgTe utant. Exemplary embodiment 18 -

position_86 arainine Quantitative screening was carried out as described in
TikepqoRiged AUiANA dditien! 2 e WaredlshiPiAs dFrierniRAEse "adodd)iofisr FDG
regaeiiidrriiribealRbevaliaiton of hits Sequencing of the DNA from the hits after
Thrarsficateatioar ihtodoadtestoyiefdsutastioléswiadgn a higher affinity for CEA compared
to the single mutant.

Exemplary embodiment 20 — position 100 — phenylalanine
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
Y>V>WT

The combined mutant F100S T11I D37G was also found; this combination had a higher FDG
readout than the F100S mutant. Likewise, the combination mutant and F100l T123l was
found which showed a higher FDG readout than the F100l mutant.

This indicates that the combination of mutants results in a higher affinity for CEA compared
to the single mutant.

Exemplary embodiment 21 — position 105 — valine




order of mutants with improved affinity for CEA, based on the frequency of
identified hits: V >> WT Exemplary emlgadiment 19 - position 95 -threonine
Quantitative screening was carried out as described in EP1721974Al; in
addition, a rescreening was carried out (see above). (i) Sequencing and
Qewatiteditvo nsofdsiten S egree maimgcofotiiedd Nikstobeche MiR1a#R&9 tladfonmeatiron, a
resiedactes valtds the {(edeaboge)order of mutants with improved affinity for
CEA, based on the frequency of identified hits: L >> M, Y, F > (C, W, Q) > N,

(iFsequénting Y dag.e@snibingd mutant TOSE T1231 was also found; this
Sequehdinationthad A ighe ntdDiiEs refaal ausintdioimthie nT BEbauséantyidlats tind fotdasng

ol INGRARAIRARR Bl LD %ﬂ&? FGSCER 1D_dY %H‘%ﬁ@ﬁé@'&)érf&i &%@n‘ﬁﬂ@&ﬁﬁ(@d

to the smgle mutant. Exemplary embodiment 20 - position 1700
S grerdyTdtanMe QUdititatiRe Scfedhin vas carried out as described in

EP1721974Al; in addition, a rescreening was carried out (see above). (i)

ExiSNERg aiideyahatiggirihits Segwanrgag of the DNA from the hits after
QU&}%L‘BO@%&?&H}%B Racteriadgldsthe fallowingy ordepedmeats: Withagdition, a
gg%r&Yﬁéiﬁa{grggyng%roCa‘@ggg&g)on the frequency of identified hits: Y>V>WT

he combined mutant F1 00S T111 D37G was also found; this combination
had a hi herH?DG readou than the FIOOS mutant. Likewise, the
(') ?ﬁBﬁ? Ya?'lfl%}%] F Pﬂiﬁl T1231 was found which showed a higher
Sw@?wﬂm%%@%%ﬁﬁm@ﬁf FARIGHBRA L U i AP HR '%éﬁ‘ﬁlﬁ’ﬁuéﬂf‘oFP'JﬁW'”g
orgfitaiT REEINGBPHY R AR TR GRS Bip fe Bty Ry SHgratie Vs
Cexémplary rmbddmfent¥l - position 105 - valine -25- Quantitative screening
was carrled out as described in EP1721974Al; in addition, a rescreening was
. AR} (s Bequheiisglamtihevaluation of hits Sequencing of
thatlmwurméhmdwmsaaftmrtransn‘mrmatmmmdoammyzamimthe followitigpn, a

reteendfgatacdsvdtbuinypeyeslaffinity for CEA, based on the frequency of
identified hits: S>A, T>R>M,V,F,N,E>Q,G,K,H>WT Exemplary embodiment

)2§e @&g%r‘bﬂ&;\,&ﬁ&g%gmguantltatlve screening was carried out as
59@?&{ N DA P e AP BraRs AR REERANING ¥R%RATIEACHFSBwing
or%er oF iutants with improved affinity for CEA, based on the frequency of identified hits:
V>L>A=C>WT

Exemplary embodiment 24 — position 115 — tyrosine
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
T=W>E>V>WT

Exemplary embodiment 25 — position 116 — valine
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
A>S>L>WT



(i) Sequencing and evaluation of hits Sequencing of the DNA from the hits
after transformation into bacteria yieldsghe following order of mutants with
improved affinity for CEA, based on the frequency of identified hits:
C>V>H>Y>T>M F>WT Exemplary embodiment 23 - position 114 - isoleucine
56 salescribed in EP1721974Al; in

Qaaldltmne asmeeorm@rwag wan‘sremrumd aUdeseababove ERD 73eerenting andition, a
reevielatignad utsictanieeingakihe DNA from the hits after transformation

into bacteria yields the following order of mutants with improved affinity for

(,)%Qa%gg dhg fregvengysof identified hits: V>>L>A=C>WT
rXf%HEebBﬁ')K”f?&%%ﬁe M%S%HEEP AR AVEARINE BB 6 SHLERR A owing

or‘élé‘rso ” Scr?b%gn. P CEALRAGAol tﬁ‘d%ta%”h opirified LSS
ut see a f (iluen ?hl S

4t¢

ca r|e cing'an evalliation o equencing of
from the hlts after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of
e RTIBEH e FaN CELAPS R A A G SR, MY FOG
re3RMif EANRART &R SEPerRiMGIWaYnEmentole dstaisceribed in EP1721974Al;
in addition, a rescreening was carried out (see above). (i) Sequencing and
Tieyahdatrs tidhitseSequraratiog dibeudNAsramghe hitwigfter CRAsfommatdrio the
siffle bacieria yields the following order of mutants with improved affinity for
CEA, based on the frequency of identified hits: A>S>L>WT -26- Exemplary

seRhadinentAblarp @siielirkdis Alycipe Quantitative screening was carried
APYE 8% 4RGN EIR R 2L QU4 RE S RAGLGR. PhEESE S HEIMATIRPLHEELALE of
D@E‘?\I‘?‘HQK 56 Lheréré@g“am el\jaluatlon of hits Sequencing of the DNA

from the hits after fransformation into bacteria ylelds the following order of

AR B A R e e PR AVABR A0
T%H%W&&W&ﬁ%?%%ﬁ%&f“% 'éﬁ%%’%%be\%@ﬁgﬁ NT
PBRIShE-tH GV WEK This indicates that the combination of mutants has a

higher affinity for CEA compared to the
These exemplary embodiments result in the following “positive” consensus sequence for

those amino acids whose mutation within the adhesin gene results in an improved affinity of
said adhesin for CEA:

Consensus sequence SEQ. ID No. 9

Xe T7T(N,F,C,S,V,R, A I, L, Y) Xg E17 (S, P, K, G, D, R, N, H, Q) X4 R22(T, A, S, N, K) X,
D25(S,G,N,A, T,K, R, H, Q, M) X T27(K, R, L, V, Y, P, N, Q) V28(W, F) A29(K, R, S, E, Q,
F,G,L,H P,N, T,W)XT3LG, D, S, N) X, Q34(D, G, S, N, L, V, T, A) X, D37N A38(S, T, L)
X A39(Q, S,D, M, G, F) X141(V) Xs Q47(T, N, C, S, G, A, P) X, D52(G, N, S, C, P, Q, Y, H,
K, R, T) X351 N84(D, S, H) X R86V X T88(M, L) Xs T95(L, M, Y, F, C,W, Q, N, E, S, |, H) X4
F100(Y, V) X, V105(S, A, T, R, M, V, P, N, E, Q, G, K, H) X5 I1111(C, V, H, Y, T, M, F) X,
1114(V, L, A, C) Y115(T, W, E, V) V116(A, S, L) X G118(P, S) X1

The alignment is depicted in fig. 12.
In an advantageous embodiment, the modified adhesins according to the invention have one
or more of the following amino acids: L26, G42, P43, V44, L49, D89, S91, S107, W108,

G110. In a particularly preferred embodiment, all of these amino acids are present.

This results advantageously in a consensus as follows:



single mutant. Summary of exemplary embodiments 1 to 26 All of the

following consensus sequences are specified based on the following

sequence of DraE N77K (see also fig. 1, SEQ ID No. 1):

GFTPSGTTGTTKLTVTEECQVRVGDLTVAKTRGQLTDAAPIGPVTVQALGC
COAROWSSeWDce SEQ ID No. 10

TDNFEQGKFFLISDNKRDKLYVNIRPTDNSAWTTDNGVFYKNDVGSWGGII
XSHYMDGQETNTR PRGN Y XTIELG BY W AKGT e se Rxanplaryren@odie ) X,
presulltdnNng fellrwing'eR S\ e5CeNaensus SEHUSNEE (9N HapRe BMMIEcds, £,
Q\/\/thsel_rwt@tl(p\nw B(tﬁ‘@l?@hﬁss‘ H?&e (j%ikﬂisén @WW_P(PVIGQAEQ'@W A38(s

&
%bgr ’& F.O Eﬁg,gl%&SRPT& @\i v§<212§ (%g @é% Xe
e R %QSG
KNILX 7197 1Y 52% (@ § BLAY &, £
VGEWTSN%%—%PASWM D52(G N S,C,P,Q,Y,H, K, R T) x3 N84(D
S, H) X R86V X T88(M, L) Xs T95(L, M, Y,F,C,W, Q, N, E, S, 1, H) X4
TheL@@MVar) kRAPIQSHS) iy TR N Wéﬂnt,a&k?@?@ PGseQt ar)mgmigg(@e wndgrivied
hareM, F) X2 1114(V, L, A, C) Y1 15}, W, E, V) V116(A, S, L) X G118(P, S)
X21 The alignment is depicted in fig. 12. In an advantageous embodiment,
It the snedlifie@dadhesing acteihBoctotHae iHveattiomtdvenane havdanorte ok thidre, in
paallovding iR el d-#Rine 44§ 43.0Vé491 LdfhdD98265912$107, W108,

G110. Ina particularly preferred embodiment, all of these amino acids are

ARLES Yy TINE 5%%'«4%9‘3}’%3&99&%'% Hb@aﬁ%%%‘éﬂ‘é %%ef%”%\‘éerézs 38 follows:

Consensus se ue

C%ﬁ”rfés F?eﬁ“ c ry% e%f' ><4 2 a&l aﬁtﬁ%e%s%‘z; E;z‘*@ sa'&h?\l ai\fdsr are
‘%’ 9‘7 58](?/\/a E%'{”ﬁ §mé‘dé cids

prﬁfe@e‘i’_aﬁf"ﬁd"}g teﬂ'\ﬂ/i‘@?“ﬁéﬂ 6°§ N) X2 Q34(D, G, S, N, L, V, T, A) X2

D37N A38(S T L)XA39(Q s D, M, G, F) X 141(V) G42 P43 V44 X2

LA NQ. 331G, N, S, C, P, Q, Y, H, K, R, T) X"

N84(D S, H)X R86VXT88(M L) D89 X S91 X, T95(L, M, Y, F,C, W, Q, N,
XETNLIE H), RAEFOB(Y, V)Y )X EL DS X, T, R, RNV HPQNX EJQQXG?2K(,TI,—V))S N,
KSL0F28(308, X G 10 KL IH HCQMyIH, 26, TR7 M, R) X/ 1114, Q) X&)VYBILALH(K, R,
SV, B, ¥) &/L16(A&R, N, ) WGLIB(k: 9) X2 NThe alammentds depistet i) fig. 33N
A3d18 advanegenesly, Meesr Rmine/peiss mie WRIBeAThAre, 151, A, P) X L49
X }BMePE3AE AYSs ITdhs, RFIResINg of thp)nvesien d¢HoRaHY RavB NG PHEBXH S01
xMros(L, M, Y, F, C, W, Q, N, E, S, I, H) X4 F100(Y, V) X, V105(S, A, T, R, M, V, P, N, E, Q,
G, K, H) G106 S107 W108 X G110 I111(C, V, H, Y, T, M, F) X, 1114(V, L, A, C) Y115(T, W,
E, V) V116(A, S, L) X G118(P, S) Xo Y128 T129 Xy

2. Particularly preferred combinations of mutations
The following combination of single mutants has proved to be particularly advantageous:

Mutagenesis of the wild-type adhesin DraE resulted in the improved mutant T88M (see
exemplary embodiment 1), and further improved mutants were detected upon further rounds
of mutagenesis using this mutant, DraE T88M (N77K), as template (see exemplary
embodiments 2 to 26). Thus, for example, the multiple mutant DrakE T88M (N77K) 1111H was
generated which exhibits a distinctly higher affinity for CEA compared to wild-type adhesin
DraE and the DraE T88M mutant.



particular all, of the following amino acids: C19, C51, G106, Y128, T129.
Accordingly, the adhesins of the invenjipn advantageously have a consensus
as follows: consensus sequence 11 (see fig. 14, all the advantageously
present amino acids are underlined; combination of consensus structures 9
Aottiet Gxandjpth asfuinth eorstnin® Rieid ST§3M@3¢d B8é¢drdihghotseaahigier affinity for
Cidahaa ot TBeNISe8ss $see guempin iy e dtiMentl17) fighw e dddinktidn/ it dnt CraE
TEWER1ES B5L, A9oXhds 1o Highd?, dfiniy Br REN,domfdred Gl h&XhR2A(Drdk $88M
chlsK )Xkt enBodimént bel, R, H, Q, M) L26 T27(K, R, L, V, Y, P, N, Q)
V28(W, F) A29(K, R, S,E,Q,F,G,L,H,P,N, T, W) XT31(G, D, S, N) X2

TI%SC%PD %’tl§n Mu%anylflodg)'l)ﬁl%?al tﬁg’%ﬁng}eﬁgeﬁ%%g $orQll’:M ﬁ:’cd:rz;?grlson

2 P4 V44 X2 47 T 5f ﬁion

ex?”rpw @W@OO‘@EW GIB% §a@9 W:ld@%’"@l %ﬁmi%é' Vap, avﬁ%qu% this
corapighoRyhad s éugviﬁaﬁmw fer, GO e tee | 19%F et 4552, ﬂ%p'afy
emhgdime ?9)Part|cularly preferred combinations of mutations The following
combination of single mutants has proved to be particularly advantageous:
ChihstagenibsithedthecholdHy e edivesmsDiveE g sigfiet drpthkeriep eovadimengnof an
impB@Md( aelbegixainyplary esapadinieirilt), tindExthed/onNOXedHithtanisodierents in
edigtegies upan fnthessapBdsormbiuionasis upife thisanistarte aEcoBHMsus
sdjliéhka 1as template (see exemplary embodiments 2 to 26). Thus, for
example, the multiple mutant DraE T88M (N77K) 1111 H was generated

ngh'&tze%mwtmb%@mm m@éberd@mmfrg% o RIS R screening
f(l) Sdrs]e(? rgP &g | n m a?t hazv‘ci;n Anoreaes%? P es E} E% and/or
nst uct ra gé H Pﬁ]as ahigher a n| E ﬁ
(s%aé %%uﬁlée@ SHH%Sﬁcr%ent 17). The comblnatlon mutant
DraE T88M G118S 185L also has a higher affinity for CEA compared to the
3 YR DR8I SG 118S (exemplary embodiment 26). The combination
mutant F1 00S T111 D37G had an increased affinity for CEA in comparison
TOGRA W@?@%@’%ﬁeﬂﬂﬁ%ﬁ%ﬂﬂﬁ%Wﬁéﬁrﬂdz%sw‘ﬁé%é?&%o ¥ case for the
combination mutant F1001 T1231 which had an increased affinity for CEA in
FisgmpRIfonT#itA IMEE1 1134y eXdnipliR/ce MY BN BI36 20 PIYEC GnbHéRpenesis
templeiat FTOSTAM 2Bl dS8soNoUNdILIHY  EBibinatieA hddVa highentatfimtyidote”
[a@REAPIh anthe] T@aEusadgt ahiofsbasexemiplgr &finbptinti.19). Consequently,
Ethe ob;ect of the |nvent|on IS solged by defining preferred embodiments of an
- A i§amcH respect- ot armity for CEA and/or NCA, which

?)%I ﬁ%‘?ﬁeln each case have any possible combination of the single
QHAMERIE SE8aRDGsH§agied out as described in EP1721974 Al; in addition, a

rescreening was carried out (see above).

(i) Sequencing and evaluation of hits

Sequencing of the DNA from the hits after transformation into bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:
S>G>D=H>Q>WT

With DraE T88M N77K as template, the order of improved mutants was Q >S>D>M>G >
F, meaning that the TM probably has an altered structure which results in different mutants
or the known mutants in a different order being found in position 39.

b) FM as template



sequencel. The exemplary embodiments listed demonstrate that the
nHybrid/Two-Hybrid screening methoghused herein enables combination
mutants having increased affinities for CEA and/or NCA to be generated by
carrying out repetitive cycles. 3. Multiple mutagenesis These experiments
Quantgatizerisdreriting thiesleybead system (eRtived OTER) 7 EIGSHYADraE aB8Mn, a
relloféénihty 1ndaé (aivled dip(eemaibant). was employed as mutagenesis template,
secondly DraE T88M N77K 1111V 1114V V116A (FM = "Funffachmutante"

() SetisRipdus@etRivassetvhich has even higher affinity for CEA.
SEXRMAIRNARPBRINEAHhZhe MRSIHRP BhsalaaiRg AloTMasile f\kﬁ(‘ﬁt%e following
oM YR SRR SR MRS A GEA%QQBHWf E’rﬂc}% %Eﬁt“fleérhns

sadgtion, a rescreening was carried out (see above). Sequencmg and
evaluation of hits Sequencing of the DNA from the hits after transformation
winiobse tsMneirls dbecfofpwinge order afimpitastonwidnisnpae\ed affimty fos G >
F GRnbasas anether fﬁama@l}cwa@faid@nﬁfadmﬁu@a@aw?ééa@w\eﬁfw&h RRdnts
oriR8MhOWA K RIS TRRIalfertie &Hi%%l\ﬂ?&! ignpwas Q>S>D>M >
as an alter

G > F, meaning that the TM probably ed structure which results
”(]:Sjrﬁ]o%{r‘?% o UK \ea‘]égown mutants in a different order being found in
oSt é %\g iﬁﬁ ate -29- Quantitative screening was carried out as
egcg 4Al; in addition, a rescreening was carried out (see
above) (|) Sequencmg and evaluatlon of hits Sequencing of the DNA from
plitry & 28 oleaiginelds the following order of
a)ﬁMaBt&amhtmproved aff|n|ty for CEA based on the frequency of identified
QbitstitStive\V\EEr Wi ks T3BMuNdUtKaas desvimate ithemraeroohimpravedidition, a
reWERRISHWAS el 3uPseMaBoy F, meaning that the FM probably has an
altered structure which results in different mutants or the known mutants in a
(0@@[@%?%@&)&9% m position 39. ¢) Comparison of the two templates
Se(? P?n otqh; Wom tM Its :ny ?éﬁ@&n@g}lo% l?g %Igr(l: e'}llglzy?eldgc{ﬁltl?oqlowmg

order of mutants Wit mprove?g tan%y for CEA, based on the frequency of identified hits:
V>L>T>WT

This means that a mutation at this site still improves the affinity for CEA, even with the TM as
template; in this case, the same spectrum of mutants appears as with DraE T88M N77K as
template. This fact suggests that the structural modification in the TM does not greatly affect
amino acid position 41.

b) FM as template
Quantitative screening was carried out as described in EP1721974 Al; in addition, a
rescreening was carried out (see above).

(i) Sequencing and evaluation of hits
Sequencing of the DNA from the hits after transformation into bacteria yields the following

order of mutants with improved affinity for CEA, based on the frequency of identified hits:
L>WT

With DraE T88M N77K as template, L had been detected as a slightly improved mutant; V
was the best mutant. This means that the FM probably has an altered structure which results
in different mutants or the known mutants in a different order being found in position 41.

¢) Comparison of the two templates
TM:V>L>T>WT
FM: L>WT



Quantitative screening was carried out as described in EP1721974Al; in
addition, a rescreening was carried ogf(see above). (i) Sequencing and
evaluation of hits Sequencing of the DNA from the hits after transformation
into bacteria yields the following order of mutants with improved affinity for
q %gi%noﬂd_eqmged Qﬁits: V>L>T>WT This means that
' ty for CEA, even with the TM as

a)th&%{Sm 6‘fﬁis_case, the same spectrum of mutants appears as with DraE
QyAHNAING 79€'88 st TRE rart §1§gQ%Q%t“fhé%’fjééﬂ%ﬁ}io&ifiéﬁ%ﬂn' a
rEPFIRRNTIVRSSSHSH Q4B ARE)-amino acid position 41. b) FM as template

Quantitative screening was carried out as described in EP1721974Al; in
(NeSkfitionciag pedcredivitignvehbitsarried out (see above). (i) Sequencing and
SeyatuatigroiofheittNGe fluentiadic! dfter Diddsfvomattbe ihits witerit ansfisrmhaticiowing
oried dd aieiiss yieldiampheytal laninng fordea ddaredants witboimpe ve deffimnity Hias:
SCRL, Gader\Wn the frequency of identified hits: L > WT With DraE T88M

N77K as template, L had been detected as a slightly improved mutant; V
Wiia Stife TER MUtKrits TP iaiedhe s tAemNPpre bR sawan alfdred >S>G =
Astridietiye wisishine fidtshenTdiffsedablshiaa iz aliethe Krishwermbieintsswta in different
mditfetseort toederohyeimythoumith mditsiivnder bdi@pinparis@ositidind two templates

TIM: V>L>T>WT FM: L > WT -30- Exemplary embodiment 29 - position 47 -
DM ANIREPerM as template Quantitative screening was carried out as
QHRYUABED TR 167 423 IR QHIiBR, SESEOEFdhikG WAL T 4ridd Buppddien. a
respSFENYVEERIBRERT GRE BAMation of hits Sequencing of the DNA from

the hits after transformation into bacteria yields the following order of
(Insetuerinitancheravetipaffiriiis for CEA, based on the frequency of identified
Seaigen SR DIWA' fidvibhttier als B8 Ml sTdneatiteniptatectbeaoyideis ahe following
oridep 6D e danits tgifi Snvpas, dd-afinfy GoPCE &, Gasedor Refréyliemoganidgiined Hie:
SPWprobably has an altered structure which results in different mutants or the

known mutants in a different order being found in position 47. b) FM as
Wighisrite’88M N77K as template, the order of improved mutants was T>N=C>S>G =

A = P > WT, meaning that the FM probably has an altered structure which results in different
mutants or the known mutants in a different order being found in position 47.

Exem

¢) Comparison of the two templates
TM:S>A>C>T>WT
FM: S>WT

These exemplary embodiments again demonstrated that the nHybrid screening method used
herein enables combination mutants with increased affinities for CEA to be generated by
carrying out repetitive cycles.

3. Analysis of in vivo degradation of the nanoparticles employable according to the
invention by means of high content screening

The aim of this study was to detect the biological degradation of the dipeptide-coated
nanopatrticle (core: CdSe, shell: ZnS, maximum emission: 655 nm, hydrodynamic diameter of
about 12.5nm without protein ligand) in selected mouse organs by comparing the
fluorescence on days 2 and 42 after intravenous injection of fluorescent nanoparticle
conjugates at a dose of 1.7 mg/kg body weight.



Quantitative screening was carried out as described in EP1721974Al; in
addition, a rescreening was carried ogf (see above). (i) Sequencing and
evaluation of hits Sequencing of the DNA from the hits after transformation
into bacteria yields the following order of mutants with improved affinity for
Metgad hased on the frequency of identified hits: S > WT With DraE T88M

sh (AKRRsIempiaanihiecardan af ey of sBsfadRMas the MioreScenrardpartitie
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demonstrated that the nHybrld screening method used herein enables

! ants with increased affinities for CEA to be generated by

Z%Wﬁﬁ@t%tp?é%ﬂﬁ‘fv@ eIV IEHPRINGRR ded MiiadioH 6f #98 MM Bicine
byftan ofpht ticl Ss3erifpligyabiebas catdidgt theomegenizeopy hpedm s\ tiigh from MP
Biooredintistréenih@Mheuaing offihid-satrignRas (dReltean eaeediiol deparlgenizer.  The
hategganiztiovasptherdigee ptide-coated nanoparticle (core: CdSe, shell: ZnS,

maximum emission: 655 nm, hydrodynamic diameter of about 12.5 nm
swithewhraleinyligand) iniealestiedimouse organs by comparing the

fluorescence on days 2 and 42 after intravenous injection of fluorescent
Br@n&p&fgrql%%onjugates at g gloge of 1.7 mg/kg body weight. -31 - Method
I—B%O IVII;LtI mice were |nJec e%ﬁrg 1.7 mg/kg of body W(_aig_ht of the fluorescent

nanoparticle L,Ultf ngoug ©DB655#D416-36-KNH - protein ligand clone 5582
FURHIIVARSRRTRT 2R rhuintdfle mutant], see above) via the tail vein. The

mice were sacrificed on days 2 and 42, respectively, post injection, the
T fAPd WRrEdR By dBaRECSAJBIR fAsz ERRSNIBOICYeSeRh gl prep dratsiitippoof the
hemyesinile. Fadithd eoanvarcrealedighdet dpd2oimotunives faliewadrhl oD the
gindviaBlitipee bolféor(@Ad&hB) mxerydniudses aask 2oPof lvdthegemplatiovelzepidstted
in(dlatrixiDoframibi&ritéiplaredittalspVorsiprbbiousit@y dinerf- astpaepdeh (Hixing took a
feRianneticalsy) lRemapanrizelidgae homogenate was put on ice. Sample

embedding mix (all volumes in pl) BSA solution 30% 106.4 Homogenate
M%gfélﬁnq the raw data
Microscopy was carried out using the Olympus Scan”R system with a 60x/1.2 W lens.
Images of the samples were generated using the Scan”R Aquisition software: 16 stacks per
sample (= per well) were recorded with in each case 40 frames/stack and the frames spaced
at 0.5 um. The images were taken in 2 channels in parallel: the exposure time in the
nanoparticle channel (emission filter 655/16) was 200 ms, and in the autofluorescence
channel (emission filter 525/30) was 1000 ms.

Jf\l

Information regarding image area and volume:

Width 109 pm
Length 109 um
Height 20 pm

Volume/stack 2.38E-10 |
Total volume 3.80E-09 |

Evaluation of the raw data

The nanoparticles were quantified by means of Scan”R Analysis software. Firstly, maximum
projection of the stacks was generated along the z axis onto a plane, followed by smoothing
by means of rolling ball, and finally the weighted autofluorescence channel was subtracted
from the nanoparticle channel. The intensity threshold for segmentation was set to 43.




Glutaraldehyde solution 25% 17.0 The BSA solution was introduced into an
Eppendorf vessel, followed by additiopof the homogenate, and the sample
was cooled on ice for 2 min. This was followed by adding the glutaraldehyde
solution and rapid mixing. In each case 200 pl of the samples were pipetted
into a well of a microtiter plate with coverslip bottom (Greiner).
Titel viarepd erleydefdxidgieekdyidetvinimates andatsidet ia sasgjidigelsmall, middle
afdesigyrinigh tige ramictiain BdicgoseopievVas Grr e dpattitrBFdhedOlitmiAUS sensible
coPR@tARBY S e M it ano s Y e NsealkNAGRS #f Hhe s RIesHWRD8). The gates

w%ﬂ%@éﬁ&!ﬁ?@r@%r@@@ﬁhé@a@%ﬂmm software: 16 stacks per sample (=
<hsi- welbbwere recorded with in each case 40 frames/stack and the frames

spaced at 0.5 pm. The images were taken in 2 channels in parallel: the
:'e(gj(ogg)?%réoggo Ol%lt e nanoparticle channel (emission filter 655/16) was 200
s, And i Ae &dfuorescence channel (emission filter 525/30) was 1000
ms. Information regarding image area and volume: Width 109 pm Length
MeBiPBiFFIH-ERER I Pih g SRR IGdRO A8 1B (Petidal volume 3.80E-09 |
Evaluation of the raw data The nanopatrticles were quantified by means of
Ogiania A raleAssofWhle OFipstly mediinrarge pasjeckdes ofthacstisiRsaWansitative
stgenenates] rdbpgstiele bedsusattha planigrfolbdweld/idya maathantsldsy foveams edch
agotbipardatiarand firallethenmety Mesttutafibosescence chianinel wiassightragteche
narRhiigen andpatitie Sliapratimbbscintaasibathneshaldifor segmentatidnenes as

difRinGohRssHrdhadianeaniialgsdanney erssdivisied B yaaansof galinepariRies
inhfalRgegigs (small, middle and big), with the criterion being the area of the
nanoparticles found, within a sensible corridor defined by the mean intensity
ray.scale values in.the rapge of 60 - 400). The gates were rectangular and
R TERIEIREIE SRS e miode 5o 00 phci b ot
They B0 HisBIs s BHRIRE Wt (i it sy eaes seloblydrasence
'”Eﬁ@?'@\ﬂﬁﬁ@%‘iﬂé’%ﬁ%@%‘l&q@é grtayd AMPAESm-large aggregates, an
accurate quantitative statement is not possible because the number of
Ohieraauaraafbspticidy fieasitRf@ach aggregate cannot be determined
exactly. However, a qualitative statement on the
The fluorescence of homogenates from livers, spleens and lungs on days 2 and 42 was
calculated and the average thereof were determined. Fluorescence on day 2 was normalized

in each case to 100%.

The results are summarized in fig. 16. According to this, only 0.54% of fluorescence was
detectable in the liver, only 4.97% of fluorescence was detectable in the spleen, and only
18.66% of fluorescence was detectable in the lung on day 42 in comparison with day 2. This
indicates that the adhesin-coupled nanoparticles of the invention are degraded in vivo.



nanoparticle distribution and pharmacokinetics can be made via the
fluorescence as dimensionless paramgter which is approximately

proportional to the number of nanoparticles in an aggregate. Calculation of
the dimensionless fluorescence: The number of objects is multiplied with the
mean total intensity (average total flG&iescence intensity per object) of the
particular class of nanoparticles: Objects x mean intensity = fluorescence The
fluorescemnessiafdappegenatesiradivessuspleanscard fidgthemdaysaehabthg of
42 wase ealsviRiedq@BRcthe average thereof were determined. Fluorescence

on day 2,wagnimnghzedsiegreRsase to 100%. The results are summarized
in fig. 160.AB?9|§CHHQJ %E@,lgrﬂ%_%M% of fluorescence was detectable in the

liver, only 4 97%6,0f HPE&EE;@FEOW s detectable in the spleen, and only
as detect

18.66% of fluo ble in the lung on day 42 in comparison
with daygz_. h%_%eﬁsﬁlgﬁiﬁemslotﬁat the adhesin-coupled nanopatrticles of the

inverViSH SRS UL GRGER MRV 2B ¥R PIRNNHRAEHES ANidIAY i deleted
aminPJ'%B'%W@ﬁ&tgéfé&%ﬁ?&'ﬁ_Tﬁé‘b}gubodﬁr%igﬁ?{@rcﬁ'fﬁ@%ﬂ My to 10,
sequUBIRERERY RupREIS §FGupSEEri#sNo. 2) b. DraE group (SEQ ID No. 3)

c. DraE/NfdE Bl ISERIB.NG-. 4); E1ID(SERSEQ 1D, RoN1 WAk R#? $aidh. S, N, K);
adheBR5las®re, & MateFofthe fdlloMeigKnBtationsraRdNEY; beglalatel A29 (K,
N-terryisally Qy EBpaoL1 8, preferably)upao @2, 0,050y, @ad/@, Gterminally, by, A);
up topIN pagtesbly by npoteB s B, RMMNERUISVT T, (7, €, S, 3/,&RAAP); bs2
Y): Bl (B ePcke @, By R, NRITRNGAZ8, @, 14); RedVs; s e (Srde (NMMWYTF, C,

K, R QnVB; 327K ead-yV ;ﬁo@'gs(?)é, Y28 Wb A2R (8, RkE11% (c,
F, Golr PPy N B W) T31(G, DS, N);Q34' (0, 6,5, N, L, V, T, Aj; D37N;

v Pr

A38 1. L) A39( M, ) V), Q4 S, G, A, P);, D52
G, g @Lpbg%gﬁ%&wﬂ? NBVE E R TRENe st by ros (L, .
Y,.F,C, W, Q,N, E, S, 1 H); F100 (Y, V); V105 (S, A, T.R, M, V, P, N, E, Q,
G2K, ' ﬂﬁfi'?@? Jaipeq inrclgim el £ 3AHPrZeA g1y Ef?%',eljf’,f\l?)’?d'”g to
V11602, Nstaryieed S8qeenss. of PhaBdRe PPHICIBRRY /D cPal¥RoL acid sequence
char&elesige dromtimgt Jrasrcelfap leleFHa Rty #5CeRe N-terminal sequence of a
binding proteiiBaMraoan GihfadoaNd Dequence selected from the group of

the followingEaNEMEHSQ ID No. 6)
c. CEA (SEQ ID No. 7) and/or NCA (SEQ ID No. 8).

3. The adhesion as claimed in either of claims 1 and 2, characterized in that the
adhesin has an affinity for the binding protein as claimed in claim 2, in particular for
the N-terminal sequence of CEA, which is improved by at least 5%, preferably at least
100%, in particular at least 300% or 500%, over that of the wild type.

4. The adhesin as claimed in any of the preceding claims, characterized in that it has
one or more of the following mutations:
V28W; V28F; A39Q; A39S; 141L; Q47S; Q47T; I85L; T95L; G118S and T123l.

5. An adhesin having a sequence ID according to SEQ ID No. 12.

6. A nanoparticle conjugated to an adhesin as claimed in one or more of the above
claims.

7. The nanoparticle as claimed in claim 6, characterized in that it has an inorganic core
and a passivation layer, with the smallest diameter of the inorganic core including the



a. CEACAM group (SEQ ID No. 5) b. CEA/NCA (SEQ ID No. 6) c. CEA

(SEQ ID No. 7) and/or NCA (SEQ ID.Ng.8). 3. The adhesion as claimed in
either of claims 1 and 2, characterized in that the adhesin has an affinity for
the binding protein as claimed in claim 2, in particular for the N-terminal
sequeasevefi@Elayavhieinis mmprovedtitpnat foast $efqrabierablynatdetisn 10 nm,
100%aitiqoérticplefeatblgast 36@%hatr 5066, over that of the wild type. 4. The
adhesin as claimed in any of the preceding claims, characterized in that it has

one oA e dallowingdmutations oY 28Ws 628 AIHAA8IBed 44 that the

Q475 aRp4kickBR ol 9. G1 18S and T1231. 5. An adhesin having a
sequence ID according to SEQ ID No. 12. 6. A nanopatrticle conjugated to an

agesi.a ec'gfil’{ﬂ_gdai hézit s (3 Tnth%g?QfngmcéaiTos57c5rTo*f'"ﬁqQan%%8rﬁ”ri%% as

as clajmed jn claim char {:t%]r#ze In t as an IHOI;%?FNC Cg.re and a

passﬁ/%'fpoen I'gyaé]l)f %iﬁ!\a%‘% LRACEPHRANEES? &Y &t egancf(r: Tore ?ﬁgfl?ding

the -34- passivation layer being_no more than 15 nm, preferably no more than
10N hhegsiohiaRy PR A5y A R aRAR RIS S Pre Hatidparriaragicle as
claim@dmeeithénpPEIgRRSP AP 7Ot RERRYIBSI A EOMAsARPERE fRinepaititle Rowel
non-igRiTee0 . ITpritipsaiof e catihiesin as claimed in any of claims 1 to 5 or of

the nanopatrticle as claimed in any of claims 6 to 8 for preparing a contrast
agent for medical use. 10. The use of the adhesin as claimed in any of claims
1 to 5 or of the nanoparticle as claimed in any of claims 6 to 8 for preparing a
contrast agent for identifying bowel cancer, in particular CRC cells.



