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----------------------- "Optinzed adhesin fragnents and

correspondi ng nanoparticies* The inventiom retates—to
opti mi zed adhesi ns and nanoparticles to which said
adhesins are bound. The invention furthernore relates to
provi ding said nanoparticles by way of in vivo contrast
agents, in particular for the diagnosis of bowel cancer.
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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 nanocparticle 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
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The CEACAM family is a nmenber of the Ig superfamly. Each
famly nmenber is highly gly8esylated and consists of an
N-termnal |Ig variable-like domain, downstream of which
there are up to 6 laC2 domai ns. CEACAML, CEACAMB and
TICEAGAA Mafeenily ris er medbsn of the g anboleynily eEadhn&imily member is highly
gliycanswe rdod anesigdomiian MBGmMEyt BPlASHE Ok asmain, ddvnkheare ef Which

m@r@m{e apay & ;@b@e%gm%&@ﬁ@%@ow@%@&@&w&e CELEANG: &

P Eé’ ﬁ% rﬁ% | nosajpoalndgéﬁp PN fHE P asd . meppRgane.
R R s e
gleGorvIPRaspiafidginogite (GR) Mo Hiei Metenes.. TIREN-tamdnaN@amamewithin  this
grpueS@ntork thante %cyrhilanidr at ¢rad aneipd ddieleleim and i n t he gobl et

cells in colon tissue. There they are |ocated on the

ceR 'aﬁ@}\lcﬁ r% ?rr]‘égen(ﬂn tF?tcﬂ{nSrm%p%ﬁ%gl%%‘?w Ehr‘]eagtoble?cells in co?on tissue.

COCa Crovi

T %/ 1P 1%, 1P B 0D PRI SCTHORSST THIES setnﬁreayie?. thgpiledr the
gly@edripigiar s sriocEABAM Mmchat interced ghiorrheppn hieleicalbs. déls| srictly
afhas [dvebntiaban@GACAM im nardehoclan cpiteeial oxik | H&s -bekhesbandoned in
adRh OdRlinSnAds LS pREMLSS e@bsOékEFelaseoedSH ineengel sl sWdcaceeiular

or&%{ ia‘tﬂ)ﬁ"‘%nd Qélﬂ 5EQﬁ G5 %@Qn 9&# Ilfgdalp (ﬁg& @élfs én(ﬁ@lﬁ regxample

CERATAE NEA CR50e- FOGRACT S0 dvo 6h oF et it gy e releasod,
thesgipy %ﬂi%rmgéﬁe@%ﬂ?lr%ﬂ P BH% BRING detprévcinseaim BiMongatkae

bl oodstream and t hus being detected as serum tunor
Ligeauik @hich bingaeds reparted fdn éheee hreeftorsepoite diid ihetiResiehe Dr family

of rFe‘éS.’pB&ﬁéha Qﬁ%/Dr@dﬁEsn@ '[ﬁC@g réﬁﬁblﬂ? O'f'h&Qedd%su{s lIdé@LngonFthe
ff

ba%%héi ﬁ‘grte éér@[ e :n% th 'na% of uselva e?l}gg% é% )?‘tai'alns
eza Sind *r-?éecrf tfhﬁfel haléa’ C%ﬁs MP‘F“P‘%féé’If {isiaméy Pfﬁg“fEE -, g1l
Af?@ EOREsNA Aok, fopgr@mpisdi at e adhesi on thereof to
epithelial cells. Menbers of this famly are AfaE-1,
Thfstrbctlilal assebRGeNes dHIRE @da/BRratheshehafXaaRlis ora-ﬁ'ﬁ’zatlon They

cogélgé’tlucsrfrflt ae?énga&%ﬁmhg agq@a%fﬁc Q‘legg(Af f%r ?ﬁf(?énlgg f@q %shere encoge
AR 198 M VLT ST 5L BB BE AL P (G IE)E CreaTrsdhaets! psiicsine

encode accessory genes, with gene D encoding an invasin.
Thearee Buelncodes highly cactaredd radibes ifar.exdinple gengerek usire agBhaie,
afdD gRd YraGORBIer Week FRUANS or Etibe@XaRMM 8o, hE Q@H}F@ #h & wructural,
Af§é @r%odfﬁ%aggpe ié‘f\@g ﬁ&?ro@&%us M@é&mﬁﬂ@vgntr Sgi{%!? q%éfenqradhesms

bel pedr uncti exa struc
5@ gﬁ ding gene is very heterogeneous resulting in
antigenically different adhesins being produced. E. coli
E. peictzstaria thah akpressphessnérhiese ontberb &y Br forfilt difeadﬁésﬁﬁs[h’dhér@rtb lgHO
celtf equsignsERAdBELEr BOaICHR 6/ | Ric@%RIGSSIZ004)CEA\( Ber Geloss,

“D§breflial - reg@lnﬁsylo@rm%t%r tHfothggﬁérchaggngégméza( %éen |ly ¢ Ry, AfaiDr

reco 0
=S B B Bre R 7 gﬁ%ﬁb B urt%ﬁﬂwar@. gy are
alsgj fgsrakady 'rac%w ilngSEYEnEinEHi MiccalidlogyARayiors DABE) 2005) 18(2
PP Rt A98r ethegeradih ot MatDralieuselglisberthg Saehidieda coliAl ai n L.
Servin (dinical M crobi ol ogy Reviews (April 2005) 18(2),

Ho%v?ftﬁésezl%vvﬂ aE ﬁﬁllﬁsﬁfsfﬂog/\%i l%mrg lt‘osﬁ\ o aﬁé\qnﬁg 8§A It
erichra
e oL P %}#Ve TNEleqep & 061 APt AR Fments
("agipsgin ganstrycss”y Wepehaieehighhaidnjyeet CBE celife Fpr Bisemtpdsavient soruld
hatecarpmpwdve@aféiditydsi CsA orer gethesivin wild-ggaetitssins (it gdkieisi n
constructs”) which have high affinity for CRC cells. For
this purpose, they should



have an inproved affinity for CEA over the known
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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 nanoparticles of the invention, if restricted in size
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caileleui TR ep of EP1721974 Al. The
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resordeaimg echs chitried sut (BgaodHoast here to find the wild type in
order to identify adhesins which are inproved over said

[ the conpl ete sequence space with
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equﬁpl
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ExbRip AL SLiteratyre (Korotkova et al ., The
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See dcﬂbtdf tt% Dﬁﬂ'f%mg‘ﬁt' Ufter 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




for CEA. Consequently, the position T88 was chosen for
the first rnutagenesis. Thi.giand all subsequent
information relate to the am no acid positions in DraE
according to SEQIDI. Quantitative screening was
Qcattitatied soebnias videscerriidedui Bs ERIGDEI T4 B1721474)a 1566 URRBLbMN
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prevent the adhesin frombinding to DAF (van Loy et al.,
2002) 45(2), pp. 439-452,
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Exenpl ary enbodi ment 2 - position 7 - threonine _

EXeH8R 'éneaddmeen%m @ahmmre%ﬁrnei ed out as described in
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CEETIEHN G Of’“romthe hlts after transfor mati on
into bacteria yields the followng order of nutants with

(i) Saqureovied aad &vahiatigh dfdits CEA, based on the frequency of
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Kk SBr.eenyn arried ou escr
E qdd|\/t o\rlﬁp%\l & \é{ creening was carri ed out (see above).

(|) Sequenci ng and eval uation of hits Sequencing of the
ExpNgiafyrenrnotiiveenhi £ gosifidnets -t vasimsf or mat i on i nto bacteria

Queh@htle tdieerirel lva AgicdOsdess QEsdibd AN P 1b7h BRY @V &ddition, a

on the frequency of i dentified
res%Fe{e{gﬁb%st:&rne%(ie%aa%gge()va Exenpl ary enbodi nent 4 -

_position 22 - arginine -21 Quantitative screening was

0 g%ﬂ‘qei’@alg Bift eaatnsdhitbed in EP1721974 Al; in addition, a
Segemcine enitirgDMasrogaine ihgd atiert rfnseenaibowe) bacteria yields the following
order of mutants with improved affinity for CEA, based on the frequency of identified hits:

W=zF>WT

Exemplary embodiment 8 — position 29 — alanine
Quantitative screening was carried out as described in EP1721974 A1; 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



(i) Sequencing and eval uation of hits Sequencing of the
DNA fromthe hits after transformation into bacteria
yields the following order of nmutants with inproved
affinity for CEA, based on the frequency of identified
Ekartrgary efibAchSeNoKSMWE tEX 8 irplttaegnirenbodi ment 5 - position 25
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was carr ¢ ab (i) Sequencing and

eval uation of hits Sequenm ng of the DNA fromthe hits
(a¥aepnandaneeur walion 8hhiisnt o bacteria yiel ds the fol | owi ng
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ortiBeof ifueteniey mpfovedentiyfbratk MibbSed oR the faqaeMtyf fentfied hifs:
cRpHs Oy sM> W Exenpl ary enbodi nent 6 - position 27 -
threonine Quantitative screening was carried out as

descrl bed in EP1721974 AI in addition, a rescreening
Exeaepl 2 pltigh#eylutamine Sequenci ng and
Qmmm |Sor|¢8@flg Masscmenfc BRglesfribbhen DNA 7R Gh Ahen hiddiion, a
reafrb@tind wasfriad mat isemabdvep bacteria yields the foll ow ng
order of mutants with inproved affinity for CEA, based on

m}é@g nr %%ya@fhongﬁ_ptlfled hits: K>R>L >V, Y > P,

enbodl ment 7 - position 28 - valine
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Sequencing of the DNA fromthe hits after transformation
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reﬁ%@ﬁ”ﬂ‘lgdﬁsz"@”@d&P%{ﬁ?%@o@)ant itative screening was carried
out as described in EP1721974A1; in addition, a

(:)r%qwrem@iaﬁ@emt@awmt@d out (see above). (i) Sequencing
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based on the frequency of |dent|f|ed hits: K>R>S
>E Q>F G>1L, H>P, N T, W> W -22- Exenplary
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(i) Seguencing 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 A1; 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 freguency of identified hits:
Q>S>D,M>G,F>WT



(i) Sequencing and eval uation of hits Sequencing of the
DNA fromthe hits after tramsformation into bacteria
yields the following order of nmutants with inproved
affinity for CEA, based on the frequency of identified
hits: G=D>S>N>W Exenpl ary enbodi nent 10 - position 34
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P1721974 Al; in addition, a rescreening was carried out
(see above). (i) Sequencing and evaluation of hits
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—PRRYER Y @AM  n addition, a
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resmneknag alag abiried of(sde AevSequenci ng of the DNA fromthe
hits after transformation into bacteria yields the
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u%&;éﬁ%ﬂgggnd &ya% Orp hﬂyuemc i dentifi % hits: S=T>L>W
Se@ 3 %Aé oL eﬂ% are %@s{olrraﬁfoggnto Fpig rllﬁ H%Ids the following
°rft§u ahwitaatﬁ i rarspeE iRy Wa§géa*?a6?@ & thatreadenge sideriseet fils:
TEM?XI9343=AnPadditi on, a rescreening was carried out

(see above). (i) Sequenci ng and eval uation of hits

ExaSHdE iR t151e p%rfgzonégpg hits after transformation
t ant gd'wl th

Qi Bgt e 8 VLR e T ng, oL, T antg

re%%?@ﬂ't“ﬂf’“a%aarﬁ?q %Uﬁ Wb D M> G F > W -23- Exenplary
enbodi ment 14 - position 41 - isoleucine Quantitative

(i) SeqLeedhdgnd@siuegsrdiats out as described in EP1721974 Al;

Sehibr@fdidk HRIDNA frofrPHE HRE BHEGrNRR rSAbA i pQUL &8s %q’gﬁ}ﬂing

order of mutants with improved affinity for CEA, based on the frequency of identified hits:
G>N,S>C,P,Q,Y,H KR T>WT

.—;-

Exemplary embodiment 17 — position 84 — asparagine
Quantitative screening was carried out as described in EP1721974 A1; 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>>8>H>WT

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



(i) Sequencing and eval uation of hits Sequencing of the

DNA fromthe hits after trarsformation into bacteria

yields the following order of nmutants with inproved

affinity for CEA, based on the frequency of identified
Th tisdicatés>thalMhel nortibieatioe s rreetinta gebyts mean Sigdkr thainFRG CEA in
c@mygnw,{hahéég@eﬁ{u%es had a hi gher readout than the
141V cl ones. Anal yzi ng the sequence reveal ed that all of
el heee cI s al g add|t| onal nutation V116A.

22 frereforea '@hf&sents an i nproved nutant.
Q@(@F?ﬁvareemm%@ﬂm% o posieesroad 47 EPGRIATAMiThén addition, a
re€uagitiid veds ozgies orelees algpveas carried out as described in

EP1721974A1; in addition, a rescreening was carried out

(@gge,%p,g\ée), evagu%mn%gmnm ng and eval uation of hits
S@%?B@ana%f”@? P, o

its aft trans n
R B 5 Pl PG oo P oS ARt e RS
OrpeRsH H\Vb?atSaV’r'*ﬂ"ﬁPWeq Hfinitg R, C%Qeﬁd i “%%féeqﬂff%i@e denfified hits:
Vidéntified hits: T>> N=CS>G=A=P>WI Exenpl ary enbodi nent
16 - position 52 - aspartate Quantitative screeni ng was

E@Wgﬁéfﬂg%ﬁm@ﬁ@ei%da&% 1 frebRAd 21974 Al in adg'ué:non
a%gfé{l\?e J:rn?n %ﬁ%\iag %arrled glé quen gscrﬁlge%fm %17%4?& oMl 3 ﬁgngw a

reﬁ?"?%“@f"faérca'f”legﬁgtf B?Qﬁttoi"%)n into bacteria yields the
following order of nmutants with inproved affinity for

(i) CEAverbas @dd evalitatien birréiguency of identified hits: GN, 5>C,
SdRueldingYof the DKA fRm %e%it%ﬁgﬁ(ﬁémhﬁﬁé{tro%ﬁp@@a%né yiglls the foliowing

orBQDk FbiB@Rts 8k im Qﬂt%&o %%g%g;%%%ﬁ&%ﬂ'oﬂg erffiSd hits:

i“?%@clf’een&; \?@ (see above). (i) Sequencing
and eval uatl on of hits Sequencing of the DNA fromthe

Thisi ¢osnbérfet enutamtaFESEOT Ma ivwan dlsut ubdcthisrdoanbjniagdrdbad hehigher FDG

reddolut Owh hg TOBE @Rtanef nutants with i nproved affinity for

Thg;rﬁtzhcé?@ssﬁgt 8 cBrhﬁnétfoﬂ%%%gsﬁfﬁ dﬁll@ﬁ@‘é (w th@ldafm Jor /-?rré?rg%a{red

a gscreening a nbi nati on
Zng Whl ch has a higher readout in the FDG
rescr eeni ng conpar ed to N84S -24- This indicates that
e helarycsmtiiod . eplddrgei n a higher affinity
Qdaofta@EAearé\emr@owparda&ea wttét, Hb\@rasmngﬂ EPut@ant A1EXCBRbifdY 2

reRPROML W8 karki8d outRQR) dob@) 86 - arginine Quantitative .
screeni ng vvas carried out as described in EP1721974A1; in

%ddl tion, 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 T111 D37G was also found; this combination had a higher FDG
readout than the F100S mutant. Likewise, the combination mutant and F100! T123! was
found which showed a higher FDG readout than the F100! 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




(i) Sequencing and eval uation of hits Sequencing of the
DNA fromthe hits after tram&formation into bacteria
yields the following order of nmutants with inproved
affinity for CEA, based on the frequency of identified
Qhérttigative \sseeplingExeaspbarisd enbaedi dmentbed 9n- EPUSI$i400;9b addition, a
rebOre€On Nes Siatdut @ké ¥Bov8Ereeni ng was carried out as
descri bed in EP1721974 Al; in addition, a rescreening
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S|n e mut an en‘payeh‘oo

regcﬂeen?nﬁ Scarrﬁdfﬁb(tsee tﬁ)é’ﬁ | al ani ne Quantitative scr eem ng
was carried out as descrl bed in EP1721974A1; in addition,

(i Pequarsig @enevajualigsoidaisr i ed out (see above). (i)
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based on the frequency of identified hits:
Y>v>mr The conblned_nutant FlOOS T111 D37G was al so
Ex et bi- AES ' FDG readout than

Qltanetam%eaummmas darrieev\mﬂeas tdlaecnb@drm Merti7ore7ouwiamt aabidon, a

redclfdDihg Ted3drmwasut (Eeurdvahi ch showed a hi gher FDG readout
than the F1001 nutant. This indicates that the

%E%e nlat on ofE rrut%nts results in a higher affinity for
@8 27 8724egon l e nutant., Exenplary enbodi ment
Sez&*f'm*“,sﬁ ittg GNATDS th@anftﬁ er @ﬂslsfcwawumtatbﬁoter@ wielde fienigliavess
orgsapt neldnigutith érsprdesiafiinbe tbr CRAEREER 29 T fidyerichn obidehtfiédnits: a

V ¥elsepeegi>ngTwas carried out (see above). (i) Sequencing
and eval uation of hits Sequencing of the DNA fromthe

frer.tr fornati |nto bacterlaylelds t he
Ex'ln Aninid £2°° i i nproved affinity for

QuepialiBasderiy 1A FrEqueHcss SpsT iRt EPAERTIE 4T i addiion, a

resSEeANMS RENMCHTiF] NitESe® aBog)H>WI  Exenpl ary enbodi ment 22 -
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(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 A1; 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



Quantitative screening was carried out as described in
EP172 1974 Al; in addition,-Z -rescreening was carried
out (see above). (i) Sequencing and eval uation of hits
Sequencr ng of the DI\lAfromthe hlts after transfornmation

‘ e ‘ bl cvs order of nutants with
QuarﬂitajN@&a&bﬁm@rW@g f:@ftecﬂz_gﬁt aba@eednt;ea hhep f 12eguent yin Odddition, a

rdselRBiind W@ideSut (62 W3ATRY>T>MEF>W Exenpl ary enbodi nent
23 - position 114 - |soleu0|ne Quantitative screening was

carried out as descrjbed in EP1721974 Al; in addition, a
( %@@?@eﬁﬁﬁ NWAleeaPriid out (see above). (i) Sequencing
Seqr@ﬂevmpfufﬁ@ IO BPm Hive BitsSeftpo drpodfergpatidn tnkreboidAa fyietim thé éollowing
ot & nafdrer withrimnsfed amitilydar CHX, dakacinerd Begiicedyds ideR@ied hits:
ptaltowi ng order of nutants with inproved affinity for
CEA, based on the frequency of identified hits: V>>

L>A=C>WI' Ex odi ment 24 - position
S QAL Q?ﬁ%ﬁvggas&F%@?ﬁoﬁ@“%éh'%é?ﬁ“?'&ﬁ'%mada‘-‘s"“gher FDG
mé@%&ﬁ@%@ﬁEQ@(EP§$2m@WﬂSﬁmﬂdBmoeﬁﬁﬁﬂﬁbmﬁ a rescreening
was carried out (see above). (i) Sequencing and

Tiey Rbidaks Rt OF cBinbiBatR W eNENRthRfa fifier BNALf HPaEA E@mb‘ér&@ to the
Sﬁ@geﬁm$ransfornatlon into bacteria yields the foll ow ng

order of nutants with inproved affinity for CEA, based on
the frequency of |dent|f|ed hits: T=WE>V>W Exenpl ary
S S (01266 -valine Quantitative
A'b@frte%fﬂ”wn@\e@sewwedumes as sgeditad teedd bm tHEFAPRAQ7sbALence rof

Dral N77 K @ske afso figes OEERM Mg 1was carried out (see above). (i)
Sequenci ng and eval uation of hits Sequencing of the DNA

o e R e e e
THRGUEhEIPIF VT R FF R CHRPYDCAATNT

Pa§N¥1§WﬁGGZGm“Exenplary embodi nent 26 - position 118 -
glycine Quantitative screening was carried out as

THEES Ghbrhgsly | sl BRI Eduik: kMo 18Htive® coﬁs%%&fse%'ug&e for
thé!@sin‘ﬁr% éérc?sqmlﬁblé% n(&aﬁ‘ée%ﬁ%% aéh'e rnggﬂéj%%i Sf'r an r{r%rgvei%j siffénrty of

quenci ng o

Q? T#ﬁﬁggornatlon into bacteria yields the follow ng
order of mutants with inproved affinity for CEA based on

Cdnkensiis eepuencySkd. IDdendi fied hits: P>S>WI The conbi ned
Xsnutam cB 18R 1850, vag, alse, Pornd:p tWins ek asdion Nad ke,
pdsigheny kDB R 1, 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)X T31(G, 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) X I41(V) Xs Q47(T, N, C, S, G, A, P) X, D52(G, N, S, C, P, Q, Y, H,
K, R, T) Xs: N84(D, S, H) X R86Y X T88(M, L) Xe TOS(L, M, Y, F, C, W, Q, N, E, S, I, H) X4
F100(Y, V) X, VI05(S, A, T, R, M, V, P, N, E, Q. G, K, H) Xs 1111(C, V, H, Y, T, M, F) X,
1114(V, L, A, C) Y115(T, W, E, V) VI16(A, S, L) X G118(P, S) Xa;

-l

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, $107, W108,

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

This results advantageously in a consensus as follows:



readout conpared to G 18S and was found anong the first
hits. This indicates that t-l#¥ conbi nati on of nutants has
a higher affinity for CEA conpared to the single mnmutant.
SumTary of exenpl ary enbodi nents 1 to 26 Al of the

preseh sup sagus gEfjuences are specified based on the
foI I OWI ng sequence of DraE N77K (see also fig. 1, SEQ ID
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_IL 2
o R s e
Qci;‘? R L&%@‘ﬁw@éé ¥xbripPaPy7N A38(S
T éﬁ%@sﬁ%@n&ésﬁ) r"és@l Ft X H1t\/ﬂé34ﬂd:l4l3dw4r?@ Q40BN IGv &) GcdnBENIHUS Xz
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mslvnpg@rw hagut 5| iy xapdorprovedaf i Rit . of v sal ¢
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G(AQ)SB() Ai%s N K X2 D25(S, G N, A T, K R
QM XT27(K R LV, Y, P, N, 0) V28(W F) A29(K,
THE aligymdnt isQepicked IGig. 113 ‘Hhe éB,varﬁﬂageBusly\breXeﬁE%Mlﬁ aclds a8 ulderiXed
heB4(D, G S, N, L, V, T, A) X2 D37N A38(S, T, L) X

A39(Q S, D, M a F) X 141(V) x5 U7(T, N, C S G A
x21 N84(D. S,

it g a§)§/4 %?fg% -|4‘N%w MldhE m§(§>f$§§5 rwentwp a@dltlgna]ié ha\y\e Pe N, mere. in
pagiculpr aEHPf tﬁgfo!lwe@emm\@ym;(&'l\?l@g‘( §10ﬁ V1'E8 'RiZQM V, P, N

E, Q G K H X5 1111(C, V, H Y, T, M F) X2 1114(V,
Adcordigly OheYAdh2&hsT of We ikven\dn yd-valaﬁs@é’eus@ hdvp aXcdpbedddk s Blows:
co?Qe%sth%e@Je‘ngé‘mﬁnfseé Sﬂgd%p'ﬁit gd étﬂ/afwt'a@eou%@ prb&en®mino ac ds are

un?grYE %g%g%gttlo% nggr%us st[rughf,ireﬁo 8an tar?getﬁgl ?%h\aﬁ(r:%gx %%aﬂgs

Py ACCprEEY (39 ab%sﬂfom'on L49, D89, 391, 3107, W08,
Gl10. In a particularly preferred enbodi nent, all of

Canbases amunoceaft @O Bs.e 1pfi@esent), This results
advant ageously in a consensus as foll ows: 27 Consensus

xﬁsr‘? D E'OY %% T (N X A
AT S g e B e
| OyF, B, L NS RN V2BOW TENCADORKY R OBDES, scy LFV GALXZ BB7N

A3B(S N, LTA39¢R, X DT 31 GGF) B,141%y) G2 X&B BAXn47@T, I§,C, N, GLA, M, X T49

X 891 M2B3MNs AB8( 8, v, A, K IR, TXXAIRU SSH QRSM/)&% o, 2% o83 491

xg%gipﬁl?’v\f—"f‘b é&éiﬁg SJ]) 4{7&5 Arﬁsz A 6%‘,% Q:

18:%5 H, YMT M F)FXZ I&'M- WL CN’Y'I E(T,§V
rtiléé?(TVS(P\/;)X@YVMS SX0A T, R M V, P, N, E,

K, H X 5107 W08 X G110 1111(C, V, H Y, T, M F) X2
2. &éri:é(ll\é(r!y breféireddomtlidi{ohs dMnuatiods V116(A, S, L) X

Th%g‘/ﬁ cé}lb[é’?ﬂr‘!)n-gpgngefe h’lgpa%rhtas gﬁzv%cgf%' b(e ea%c Igrrh{ og/ant:r!i eou-slz-:he

a vant geou present am no ar ned

Mutagenesis of the wild-type adhesin Drak resulied 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 DraE T88M (N77K) I111H was
generated which exhibits a distinctly higher affinity for CEA compared to wild-type adhesin
Drak and the DraE T88M mutant.



here. It is advantageous, if the adhesins of the

invention additionally have &he or nore, in particular

all, of the following am no acids: Cl19, C51, G106, 1128,

T129. Accordingly, the adhesins of the invention
Apeibeamanelsusliye freiud Dron Jea ue3dasNg4sl, mbins :has comgren sty for
CERquermeE Tkss@asiitd exbhplagl dmidipnaad vant RgeabslalorPh 88 6Ntrar
TSN R0 18S ISk AL LnacUndRRL] Dedy fﬁr A B&hL R Bf thE QNRERTHSE Taam

Gﬂg rrerggrg%m%n%mégt id the further amno acids

ccor the above information): Consensus

sequence SEQ ID No. 11 (figure 14): Xc T7/(N, F, C S, V,
TiRe combination mutant iKEPOE1T7 1( B37®hakan BereBredRyffitNly fdd, CER) in XoBh8rison
wiXP FREZY [Bee AxerBplaiy, emt€iimé€at PRS([0s vias Mo e chse Kr i cdinbifation
mManﬂ—Qﬁ)OT?-‘ﬁSKWhBh hl&d aNinceasEy afhity@br (\J/Ig)@(nv\éonll: an@gﬂg\“ﬁ- F%OI {(see

R U ST Mt R e > 152 o
c oy M3, "2 yiaheny AT s S EPa §1304 exd Yk 7iptanin(See, exgmiggry
embodppenc'949 X C51 D52(G N, S, C P, Q Y, H K R T)
X31 N84(D, S, H) X R86V X T88(M L) D89 X S91 X3 T95(L,

CMseduenkty, the oBfct & thBlinvBntiodis betvedd) by ¥biifid Qn(e?érrey)eﬁ%ﬁdl}(rems of an

mgv%(vgd a@hes-Fl nd '\4 re¥ of % EQ? i 5_ ) @ﬁ%ﬁ Rﬁqjogzefngﬂg In
eafg( sev{)ave s’\eﬁ? Fg{hblgétlo[l) of &1&@’({@ m nt?(é'St?’iZE @sus
seqs ! Part i cuI arly preferred conbinations of nutations
The foll ow ng conmbi nati on of single nmutants has proved to
THee eyafdidrg Wnaoyhcardy Rndag eatisirateMib B gRN ey idavolHiBrid screening
méé;gédja:(e)ﬂn@rma%le@ cBr8at o@%ﬁhr%rﬁtg hé\ﬂwgt gﬁ(ejés;@gr ?’ﬁgirgs fgymh%gbag Jor
N Mt%‘%\%@%}%&@ @E%%'ﬁupogﬁtwfeucy‘f%er rounds of nutagenesis
using this nmutant, DraE T88M (N/7K), as tenplate (see
3. ¢ BVNAgeBREB rrents 2 to 26). Thus, for exanple, the
mul ti ple nutant DraE T88M (N77K) 1111 H was generated
Thakd etpedxhntbivers @rgidsul inditd nHybrigheterafdfAink1974f205. CEA
conpared to wild-type adhesin DraE and the DraE T88M

%%"ﬁ, {%% E T&R rsﬁd?Rth?'iv SRR ik tgﬁ(/%’éﬁser%b’@ Dg%%ﬁ%wg%s

ﬁ%dkyse QE%@ ait& qﬂiodl %?E{?’P@Hte

[QW'%{ﬁf””ﬁng)é”a&F@QﬂAW@ﬁ@SS i@@lﬁ‘@?%@'%tﬁor&% gher affinity

tant DraE T88M G1185
b EATRAY 77 Oatd) —95& conbi nati on nutant F100S

F BB8F&°had an i ncreased affinity for CEA in conparison
Quanttative]1 19 ninge wae xaarmsdary @ndediipehtin ZF)72THE & 1wéas adtiso, a
redchentigses tariet be (s@mbongt i on  nmutant F1001 T1231 whi ch

had an increased affinity for CEA in conparison with

| ary enbodi nrent 20). The conbi ned nut ant
%@%Jn?g%%id e\%ﬁ’%%&%ound this CO?T’OI nati on had a hi gher
Sea??flcwm P NCER™ Rgite ﬁ*gefﬁg@ﬁfofmﬁtﬁﬂt'”t? Sagcusdpips dreyfollowing

orcteﬁ@mvtﬁetﬁwﬂlgr)pro\@@r‘aé‘@qmnﬁlfﬁ, bashe o thiedretiuaiy bhideritifisceinitsi on
S & >sbkvwedQbywaef i ni ng preferred enbodi mrents of an

With Drak 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



I mproved adhesin ligand in respect of affinity for CEA

and/ or NCA, which enbodi nent?§-in each case have any

possi bl e conbi nation of the single nutants listed in

consensus sequence 1. The exenpl ary enbodi nents |isted
QursiisRSt PR aEs t feiedHgWr palIFsmibey e iEP 1321956 M1 ngn addtidrock
regs@thingerasicarrienabl (ess atopd)l nati on nut ants havi ng i ncreased

affinities for CEA and/or NCA to be generated by

%@5 réﬁmg agygvar@gg; Lddive cycles. 3. Miltiple nutagenesis
5 s T T S T e
*rﬂéfaﬁiﬁt“éihwpwé?@ Y 5y 68 Aakasatipaderfeshency p’élﬁmt@ﬁéhlts

condl y DraE T88M I\I77K 1111V 1114V V116A (FM =
fachmut ant e” qui ntupl e nutant]) was used which has
W@\/%fﬁﬁﬁ Séwal??&faﬁutﬁm'?ﬁefta? ogEROf IEREH§H Ertpnia mee B nBAtD 27 = G >
F. Pegning ¢rat 8@ EM atcapbinbas ai) alfdvbdstruceng vaick r&uinini difidrént énutants

ors@rkaemmngamSn garfeicatorostoeay releser phadnisp. EP1721974A1; in
addi ti on, rescreening was carried out (see above). (i)

c) Egﬂ?ﬁ% éhgﬂmggm tF:ng]all yatl on of hits Sequencing of the DNA

F*ransformation into bacteria yi el ds

qge:%gjoﬂn §>WYider of nutants with inproved affinity

based on the frequency of identified hits:

Exéﬁ HoeME M ho@t%ﬁﬂ%&%ﬂ@%ﬁ as tenpl ate, the order
Sr{%ar ve mut ant's Was D>M>G> F, neaning
at probably has an altered structure which

Q%ﬂ@%ﬁ\f&%f?ﬁﬂﬂ]@r 1e¥ eAtriem AU ntSs dessibachin RO Irdibantts afiditiea. a

resgiefenies wAs carigeputiissiesgotadund i n position 39, b) FM as
tenplate -29- Quantitative screening was carried out as

ggﬁﬁﬁ@g@a%d aBRIAZESif4 Al;, in addition, _a rescreeni ng
cﬁg o lth%legkltfro Stﬁ% hﬁ? NE trangfo%m §equen q?’bﬁ}%ﬂse t_bﬁi ff)léowing
RS R SR Chadear a1 bt oo Yoar Touiag

der o mutants with inproved affinity for CEA based on
the frequency of identified hits: S > W Wth DraE T88M

ThiNTRRnaitat @ mpfaticreat thik eitostid énprofesi thpafonigdormiEAQrRYe WEsthQTH &5

terspldde;Sin Misscdse >the BamBepatitiagh &t hattarith gy FeMspisohabbME h@svalr 7k as

ten@dlét@ﬁ%@ f8dtsUGd el 8 ML, E sl b iic Bk fre r'l%&oeg"hto?@rtegt Iy Moct
eac 'E)%%"? ants in a ferent or der ei ng foun

C) Corrparlson of the two terrplates ™ S >

> >
b)F—Ci/(as %mplate Q WM S wr
Quantitative screening was carried out as described in EP1721974 A1; 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 aitered 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



Exenpl ary enbodi nent 28 - position 41 - isoleucine a) T™™
as tenplate Quantitative scr¥®eni ng was carried out as
described in EP1721974A1; in addition, a rescreening was
carried out (see above). (i) Sequenci ng and eval uati on of
[ Seguenci of the fromthe hits after
E)Q—:An]i Pary SRS Q%g_ Si — alutamin | ds the fol | owing order
oM RUETREL wi th i nproved affinity for CEA based on the
Qegrditplieh spreefing dest tdriiet ohi &S :desyibke T \WIP 7RI & 4vgans dddiibn, aa

resere@tingomsadarrteliost Sed ebwt). 1| i nproves the affinity for
CEA, even with the TMas tenplate; in this case, the

. of. mutants appears as with DraE T88M N77K
(')}%HE?@R‘ I%F%@'“Iaﬁ'fjgoéﬁtét suggests that the structural
I

€.
BT TCC ot OB AT A ST OIS Yo gAY e Fee p'e i Blowing
orgeti ol MpEEs Istwiibrimarpye dffifivier € Bhe hipledos t@feautietcator identified hits:
Sgéreeni'ngVhas carried out as described in EP1721974 Al;
in addition, a rescreening was carried out (see above).
With PraSetiddniéi Mipsdaapleteathaardeonf iohbrdved suBetuersch ni of >the G =
A BIRA WTometitieg thiat ise afvt @obablyaas fao mh@td efudiune ahlRedserd i@ diferent

mitkiek @6tht Reovirohlitams Noa difsderord: bBHE RNES inWokhlod fr oved
affinity for CEA, based on the frequency of identified

b) it @s: teinptateWI Wt h DraE T88M N77K as tenplate, L had been
Qeietietlieederasning Sl oRliad biXpEDVIesErBR antsp1Yo1gvasqt lh}eageigén, a

A wallRhSie M BaNSd Halet he FM probably has an altere
restruc[:h{gumﬁe V\hliechgtge%u%lt%se) in different nutants or the

known nutants in a different order being found in
() 764 HA and SVAURteHAiF i son of the two tenpl ates
SennengiIg>of SWTDNENtonthe WAF aftg0trarEoenglcariyio eablods mieias tROfollowing
orgeo $f hirants 47h imgbwddatinng for ZEATMsAS oh eAlealihcdmpéittiad hise
S zfTeeni ng was carried out as described in EP1721974 Al,
in addition, a rescreening was carried out (see above).
WiH Drabagaeni7agsaadpletealhuatdeosr ibrobéd suSagueraing =of >tes =
A DNA fyromediey hidife AlitBEnabE 30 LRLRRL QRN Ehi@ﬁ@s&ﬁéi different
I | . r nutants. W t.n i prove
s S Rt B o B S oL L Rl oot o 11 e
its:. S> T>SW Wth DraE T88M N77K as tenpl ate, the
%&%@énﬁfﬁﬁgﬁcﬂﬁv%@p' ants wvas T>N=C>S>G= A=P
FWS\M‘\?VTrreani ng that the TM probably has an altered
structure which results in different
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
nanoparticle (core: CdSe, shell: ZnS, maximum emission: 655 nm, hydrodynamic diameter of
about 12.5 nm without protein ligand) in selected mouse organs by comparing the
fluorescence on days 2 and 42 after intravenous injection of fluoresceni nanoparticle
conjugates at a dose of 1.7 mg/kg body weight.



mutants or the known nutants in a different order being

found in position 47. b) FM3s tenplate Quantitative

screening was carried out as described in EP1721974A1; in
d|t| on, a rescreening was carried out (see above). (i)
quenC| ng and eval uation of hits Sequencing of the DNA

sik Mﬂ'ﬂltdﬂ@e RieteSinjabib & kyith gf@r}ﬁé/% EﬁEdo‘}nNe'ldNt Bf @n@@lb%éc%nyhﬁog%ncle
59§4160§E§jl§l(1H Ip'i%{éﬁ‘ ér\zné!"' M}‘g §$§2?‘(‘?§ r% I}Mu ag%é it/

QW‘UER'SESF ]?'é%ﬁi\/?‘?\‘fﬁk’ %E‘et %‘ﬂ’tﬁ'%t © MitfeVoF dar figgd ?Wyéx?e%ﬂd 42,

repRAcHyss pggégueptls,n fpe-organs w@r@re@oxfed #dshpclsfrapgn aimBlifi- ng t hat
the FM probably has an altered structure which results in

s&hhdlé eleefittionut ants or the known nutants in a different

Zd'ﬂ’)rrﬁjf&’ tpg QQCJI&% erg%%'igi‘»b%nd?,%m%e E%{m@ﬁ %&%f ;QIJ{;]O FHR/FBICII‘IE
b“ifﬁe b S 5al B ARERSEPLIER oAt VREXArSR |
B'%%’é’r’ﬁ n "mefHbdutiredhe heasgirep24n 48P eBiogefibiinathPopgenircani e
hamaghnateeeepged i@t finities for CEA to be generated by
carrying out repetitive cycles. 3. Analysis of in vivo
s&hes adaddaRy En%t @diREuRBORARAr ticl es enpl oyabl e according to
the invention by means of high content screening The aim
t-his—study—was—to—detect the biol ogi cal degradation of
BS%éOEH{i'm/? de- coat dd 1064 noparticle (core: CdSe, shell:
HngenﬁEm num_em ssijod13.655 nm hydrodynani ¢ di aneter of

Galpsltienlds Boimmnasthout 1ppotein |igand) in selected nouse
organs by conparing the fluorescence on days 2 and 42

T éiygeg%éqavgsng] Sgndetgttolé)n?Eﬁ;ge;r%l MR f ad %Op@'ituoﬁ of the
' OWé’B gng NI Wes GRsres aper fw Hip wasﬁowelagpyoaddb@dv
glwiaghitydefsolutien ériduapidsaend. Imaadpaast 200 gl of dongangadsevere pipetted
int6 QReHSH# R4hieroBer Kibid wﬁhpfo@ér@limbdtﬂogﬁ(l@aﬁérp RutaraBiéhyde fixing took a

fer HF%@S%B &AM £5oiiMer. [ Qui ntupl e nutant], see above) via
the tail vein. The mce were sacrificed on days 2 and 42,

respectively, post injection, the organs were renoved and
M@fﬁﬁlﬂiﬁiﬁﬂéﬁﬁ%t -80' C. Sanple preparation: 200 ng of the
Migragaopy ufagr cepiegaputviesing thei QhedusaPahniio reysiemi wigd aviitxH .2 Widlens.
ImedesSd therddnBiesivige gbniifdted udipthe BadR Aduigiiof @otrwdiesteagigerd pgr
saﬁ’af)leilg PROR 4Bl AR rReAMs |(1 Iggéhr c':a’épéiﬁ ErQHbé\/E%a rBr[ﬁ' h&AtSdpaced
at Oq;{rﬁ)r% ﬂéq'lméb%'?r‘fgeré rlgkenai ﬁgnne!s mLRaraIPmat éce%gjg %me in the

nagq.p@g%@ i:{ga%h?lx(e(l&qs'on fg gﬁééﬁﬁ)nWQ%) 00 ms, and in the au oﬂuorescence

channel {(emission filter 525/30) was 1000 ms.

Information regarding image area and volume;

Width 109 um
Length 109 um
Height 20 um

Volume/stack 2.38E-101
Total volume 3.80E-00 1

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 roliing ball, and finally the weighted autofluorescence channel was subtracted
from the nanoparticle channel. The intensity threshold for segmentation was set to 43.




BSA solution 30% 106.4 Honogenate 213.6 dd utaral deh de

sol ution 25% 17.0 The BSA solditi on was introduced into an

Eppendorf vessel, followed by addition of the

honogenate, and the sanple was cooled on ice for 2 mn.

This was foll owed by adding the gl utaral dehyde sol ution
Tendaraapitidesiouinagierd dividat hy cases 20§ithg ofto Shetajang @manenigdie
ad piey,tvath thendricerian Welny 0 sRedTbCihet idhgfardidt 8uMl tithin a sensmle
cGrRIRShreR bh At QM %ﬁéltg??rgy scgl aﬂ%@l%gy%ée o %‘d ”iboﬁ 99k 2 Gates

asurin

Wdr%%%lﬂ’a?gnéweremﬁi”eggﬁf?”% ‘out using the O ynpus ScanAR

S'E sterr WER a 60x/1 2 Wlens. Inmages of the sanples were

migelsedat 660 pistng t he ScanAR Aquisition software: 16 stacks

bipet01 saopbe pkaisper well) were recorded with in each case
40 franmes/stack and the frames spaced at 0.5 pm The

Mjnﬂ%gﬁgts%heefoa%ﬁ%eis a%gla a@ﬁgerw?é*m yge rallel: the exposure

nanopar 'Esion filter
655/ 16) was 200 ns, and in the aut ofI uorescence channel
Oyisgite dieoprrepianes 0@2&63301)1 Medu-GOB: aggredatdsormatiuaie quantitative
stategeantdis gt iprEstie as@asatd vahvsreof indhdiubl ADpdticrd engihh each
aghRYattMcalil O RQrpimbq VElapive/ ﬁ(%»@é?/ﬁr 2 3&%‘[1%@\/@' staT&ﬁ(QJt on the
na\ﬁgﬂ)me %@%ﬂcg)rgjand %LM?&O%B& Q ca‘iw Be I AW at agwﬁ A%OA?%SFV‘SQI as

nanoparti cl

e S A I e

INSBAEY'8¥%EY al ong the z axis onto a plane, followed by
snoot hing by nmeans of rolling ball, and finally the

Caleiigibh efihaulehtivosgsuereseehannel was subtracted from

T%hﬁn%@ﬂ@%ﬁ&{s% %UHIBI@J&% “1 t‘wér Pﬂ% g%j%é%ﬁ%gﬁ ?IQ 24%’ SfiL?%acnence
'“‘E%gtg%g ﬁétfggﬁ@apﬁé%%r Cg S@bﬁrﬁ’ﬁarf 3 categories (small,

m ddl e and bi g), Wth the criterion being the area of
Ohi¢rds naaapaiensitlddiofeocamde Within a sensible corridor
defined by the nmean intensity (gray scale values in the

Thea g R s8SncB Oy hoﬁ@@n@tegh%ngme?§ sp%ﬁ@aﬁc?ﬁ%@@g éjg)g Qr%gw W Gas
é

cagga el %Qd ﬂ% e!vg aag Y%E)Gf§werfd{?te(5ﬁﬁ % Iré(s%m)cgton RER nwgp%lzed

NP5 G?Wﬁ)ﬂé’ smal| gate, the fewest in the b|g Oning to
t he appearance of |arge and nedi um| arge aggregates, an
Thacesuiataee qurambiizatih Wi 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.



statenment is not possible because the nunber of

i ndi vi dual nanoparticles forsdng each aggregate cannot
be determ ned exactly. However, a qualitative statenent
on the nanoparticle distribution and pharnmacoki netics
can be made via the fluoresd®nge as dinensionless
paraneter which is approxi mately proportional to the
NUNDRY adiesiNAPRPidg 4H R8no hdk aLBLI LGRS fro%rQé’rl)@ﬁ bd?ﬁzs%g of
t he tgérgﬁ h%@é ,@ﬁ f,l uorescence: The nunber of 0Objects Is
mul tip ntoSaI intensity (average total
fl uor egcz\\%%‘c”” Wﬁt’% §”\b%|2 obj ect) of the particul ar

cl ass bf Qﬁ%@f@a@ﬁ&@& o.@j ects x nmean intensity =

f | uor esc &nagfgAfBRE! {SRMOIEScence of honbgenates fromlivers,
spl eensg. angk {smg@m1giays 2 and 42 was cal cul ated and
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f | uorddicenc.es WaR. det. écYpble (3P, Kh &, @pRere,rH @nezpnt, W, S, N, K);
18. 66%(6f Gf NUBIE s BNEEQWAS T@etueq:t &bwevl m N he: {/zm oY A8y (K,
42 g sC@”Ezaﬁﬂ 80N WM b hy dayy T31T t th% T, A);

322?’%3%&?@ @Lpagggﬁr%ﬁl“ﬁ? iﬁl}lﬁv aﬁﬁf A r?. 8 By D52
$h 'ﬁos égldes\e/ duehde Tedi%dPed ]'f r BER\: HES gy dﬂpT%SthMSYlﬁié:
of tHheL Mol vk Ny Fé%(YeNd:é@Oé(S AdfReSiM, \grotipE (SEQH, B:No11 (C,

2) VoH, DraBt,ghoup (SEQ ID No. 3) c, DraE/ AfaE-111 (SEQ ID
No. 14 (vd., Al ?&16§EIQW ERNSRVEEP) A/\ﬁse[)ebﬁaé@ﬂ dyadhesin has
one or nore of the follow ng rrut ations and rray be del et ed

to 18, preferabl to 12, 10 or
N%d/e’@? Bt s ﬁ%'rq%? "hgep' p%‘ai%*e“zs% ek 5 S5t ¢ bl o
e rﬁpﬁr@n%oqeggencewof(N bindingCpro@in \raviRg gA, amino Lacidysequehze
(S sé?;acth fr@gn 8, gryp MNtheHplio@ing 32ercds A, S, N, K); D25
N oo 'gggw’%g;%sm RS E ‘5’ E’ é: NS
b. SEQr D ' oo
N, T, *\p vV, T, A
D37N; X%%E%&érﬁ’ RIS A 1) 11 (v 47
(TNCS,G,AP)D5ZG,NSCPQ,YHK
R The aN@zsiqrDes Sainkdd; inRBIGRS, ofTBEMEM abd 2, TB&rallierizdd inY thdt,the
C,  aWes ha,ankaffirly fdr, thdibindifd BftdinY as Mbmeﬂlr@@laﬁ']SQ i paﬁlcu@' for
g/lll\fve I\PteranaI%eq@anof&Aw ic ; r&v(e\’ b Y'Lli%;t K pr fer Iygtleast
611@0[2’\/ n ?ﬁ'aﬁara]ri?éﬁ éﬁé C’cYF r’{”"élﬁﬁ’em 1,
characterized in that it |s capabl e of binding to
4. The adhesin as claimed in any of the preceding claims, characterized in that it has
one or more of the following mutations:
V2B8W; V28F; A39Q; A39S; 141L; Q47S; Q47T; I185L; T95L; G118S and T1231.

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



the N-term nal sequence of a binding protein having an

am no acid sequence selectedtfromthe group of the

follomﬁng sequences a. CEACAM group (SEQ ID No. 5) h.
E&I@EQ ID No. 6) c. CEA (SEQ ID Nc. 7) and/or NCA

(SE(BaPE/ n Igyer BingThe raehesion Sasn, chraferpelty ho redre Heen ¢p nm,

cl aimdicliagyngre@rabhraract étanzedn.i n t hat the adhesin has an

affinity for the binding protein as clained in claim2,
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! g PF%% ria%’;!r <:}i<ef A ciﬁHég |rl1\|75=&§err I?,emrsa ?Hoe 7 agécggﬁﬁgd%}ngtqhe

par t'1? ?ﬁ%ﬁpe' Pb@g? 300% or 50096 over that of the wild

type. 4. The adhesin as clained in any of the preceding

cPaiims ,use lvathactdeesiz ed clieimetdhiatany tf didsis 1006 @rof Mer @nopartidke as

f ol lcowhérgin B atd0AS6 1oV BWhre H&Wgaa 0639595/( a &r mbAithius9475;
47T, 185L; 195L; GﬂlSS and T1 adheS|n havi ng

yence
néoﬁﬁf‘ﬂsr“ﬁ F Lo RS B %ﬁ%ﬁ%@%ﬁg St B 2
o W@fﬁ 6%6 (&P dprrseparing Rroniam Gpanttipcidentiadng bowel
cIaWWE@erDQHQWaWORchharacterlzed in that it has an
i norganic core and a passivation layer, with the
smal | est dianeter of the inorganic core including the
-34- passivation |layer being no nore than 15 nm
preferably no nore than 10 nm particularly preferably
no nore than 5 nm 8. The nanoparticle as clained in
either of claims 6 and 7, characterized in that the
nanoparticle is non-inert. 9. The use of the adhesin as
clainmed in any of clains 1 to 5 or of the nanoparticle as
claimed in any of clains 6 to 8 for preparing a contrast
agent for nedical use. 10. The use of the adhesin as
claimed in any of clains 1 to 5 or of the nanoparticle as
clainmed in any of clains 6 to 8 for preparing a contrast
agent for identifying bowel cancer, in particular CRC
cells.



