1 METHOD OF FUNCTI ONALI ZI NG SURFACES FOR ANALYTE 5DETECTI ON
FI ELD OF THE | NVENTI ON 10The present invention relates to a nethod
of functionalizing surfaces for analyte detection. This nethod of
functionalizing surfaces in particular gives devices for detecting
anal ytes that can be used for inplenenting various chem cal

bi ol ogi cal and di agnosti c assays. The invention al so supplies speci al
polynmers that are suitable for applying said nethod of
15functional i zi ng surfaces. TECHN CAL BACKGROUND The reference
assay in diagnostics is the so-called "ELI SA" assay. Wth this assay
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A tracer element, also capable of binding to the molecule being
sought, is added to the wells. This tracer element can be for example an
enzyme that catalyses the formation of a coloured product, so that this tracer
element can be quantified by colorimetry.

30 The ELISA assay is well suited to automation. However, the surfaces
conventionally used for this assay (of polystyrene) cannot easily immaobilize
hydrophilic molecules, such as negatively charged polysaccharides, or those
of low molecular weight. It has also been proposed for example to conjugate
a polysaccharide with a polylysine so as to be able to fix it to a polystyrene

35 surface, utilizing the adsorption capabilities of polylysine (Leinonen & Frasch,
Infect Immun., 38(3): 1203-7, 1982).

The ELISA assay also has limitations connected with the surface
charge, because the interactions are generally more specific with negatively-




10i s poorly suited to nmass use. On the other hand, plastic
substrates are poorly suited to fabrication of biochips.
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15Accordi ng §lewassiBedafiEit nct RenPAlIEHRE fhand witriskstbalistibr.s a
dextran Some examples of functionalization of 96-well plastic plates have been
proposed. Thus, the plasma technique was suggested in Marson, Robinson
30 et al., Glycobiology 19(2): 15637-46 (2009), for preparing sugar-based chips.
This technique poses the difficulty of preserving the functionality of the sugar
after immobilization. Another example is based on the use of streptavidin for
coating plastic surfaces (Gehring, Albin et al., Anal. Bicanal. Chem., 5 April
2008).
35 Document EP 1 953 555 describes a device comprising a plastic
substrate covered with a metallic film on which a physiologically active
substance and a compound for creating hydrogen bonds are immobilized.



skel eton, the nol ecul ar weight of which is preferably between 15 000
and 100 000, and nore particularly preferably between 30 000 and 60
000. According to an enbodi nent, ti3e pol ysaccharide skeleton is
further provided with reactive groups, said reactive groups
preferably being of the 20 form-X-CONH-Z', where X represents a
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bondi ng to particularly preferably CH;, and Z' represents a group that is able to bind to

another molecule.
According to an embodiment, the carboxylic acid groups are of the
25 form -X-COOH, where X represents a linear or branched, substituted or
unsubstituted alkyl chain, comprising 1 to 6 carbon atoms, X preferably being

CHa.

According to an embodiment, the aromatic groups are of the form -X-
CONH-Z, where X represents a linear or branched, substituted or
30 unsubstituted alkyl chain, comprising 1 to 6 carbon atoms, X preferably being
CH., and Z represents an aryl function, preferably comprising 6 to 30 carbon
atoms, Z preferably being an optionally substituted benzyl function, such as -
CHaz-Ph or -CHz-Ph-paraCH.
According to an embodiment, the bonding polymers comprise:
35 — from 0.4 to 0.8 aromatic groups, preferably from 0.4 to 0.6
aromatic groups, preferably from 0.45 to 0.6 aromatic groups per
saccharide unit of the polysaccharide skelefon; and/or



t he reactive F groups. According to an enbodi nent, the device
conprises a plurality of detection zones, the detection zones
preferably conprising different capturing el ements. 20According to an
enbodi ment, the substrate is an opaque or transparent slide, a
mcrotitre plate, a collection of beads, a culture plate, a strip or
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from1 to 6 car boACERMHIRI aled FbpemEpFEReM: | Hig asyL’:?éB?FQjelsf Pagiiifirate of
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preferably of polystyrene.

10 According to an embodiment, the device comprises capturing
elements immobilized on the bonding polymers, said capturing elements
preferably being selected from polypeptides, optionally modified and/or
conjugated, saccharides, oligosaccharides or lipopolysaccharides, viruses or
virus fragments and cells, the capturing elements preferably being

15 immobilized on the bonding polymers by adsorption or by covalent bonding to
the reactive F groups.

According to an embodiment, the device comprises a plurality of
detection zones, the detection zones preferably comprising different
capturing elements.

20 According to an embodiment, the substrate is an opaque or
transparent slide, a micratitre plate, a collection of beads, a culture plate, a
strip or a stick.

The invention also relates to a polymer comprising a polysaccharide
skeleton provided with aromatic groups, carboxylic acid groups as well as

25 reactive groups of formula (V):
S
- g N S
X H X N /

30 X and X' each representing a substituted or unsubstituted alkyl chain,
comprising from 1 to 6 carbon atoms.

The invention also relates to a polymer comprising a polysaccharide
skeleton provided with aromatic groups, carboxylic acid groups as well as
reactive groups of formula (V'):

35




represents CH2 and/or X represents (CH2)2. The invention al so
relates to a nethod of manufacturing the above pol yner endowed with
reactive groups of formula (V), conprising: supplying a

pol ysaccharide; 1()- grafting carboxylic acid groups on the

pol ysaccharide; then nodifying a proportion of the grafted
carboxylic acid groups to supply aromatic groups; followed or

preceded by i fyj,n not her ortion f the graft ar bo
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(endowedowi t h reast i yeafimgumdoaflid acidgraugs/pn dhe pMlysaccharide; thgre
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nmol ecul es, bi ol ogi casupaly esernatic grmipss falowadvemgreoedethbgns. 35The
invention also relat gRdiffing dRItR&hRbofHbAHGraR8d &GN HE dcfi groups
to supply reactive groups of formula (V), said modification
15 comprising reaction of the polysaccharide with the compound of
formula (VII):

—y N
HN oA s

(Vi)
20
in which X' represents a substituted or unsubstituted alkyl chain, comprising
from 1 to 6 carbon atoms.

The invention also relates to a method of manufacturing the above

palymer endowed with reactive groups of formula (V'), comprising:
25 — supplying a polymer of formula (V) above; and
— reacting this polymer with the polypeptide H-Cys-Pep, where Pep
represents a peptide fragment and Cys represents the cysteine
residue.

According to an embodiment of the device described above, the

30 bonding polymers are aforementioned polymers (endowed with reactive
groups of formula (V) or (\')).

The invention also relates to the use of a device for detecting analytes
as described above, for detecting and optionally quantifying chemical
molecules, biological molecules, cells or living organisms.

35 The invention also relates to a method of manufacturing a device for
detecting analytes as described above, comprising:

— supplying a plastic substrate;



detecting anal ytes as descri bed above, conprising: supplying a

pl astic substrate; 6 contacting the substrate with at |east one

sol ution conprising bonding polyners. Ac&ording to an enbodi nent,

this method further conprises contacting the substrate with one or
nore sol utions conprising capturing elenments. 5The invention al so
relates to a method gbntERfing apleusihdraie dithCat 1ast deie aolutbrarahprishng

as descri bed above, rising: supplying a plastic substrate;
contacting the subst ﬁgg&mﬂnpﬂlﬁﬂﬁ@ or nore sol utions conprising
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or proteins). —  dbitacting Qﬁ@lm&até"vmmbnéudﬂf aRsre solutlons comprising
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comprise aromatlc groups, which promote non-covalent fixation of the
20 bonding polymers to relatively hydrophobic surfaces, as well as carboxylic
acid groups, for negatively charging the bonding polymers so as to limit the
phenomena of nonspecific adsorption between the bonding polymers and the
analytes to be detected (which are themselves often negatively charged).
The use of plastic and in particular polystyrene surfaces in the devices
25 of the invention makes it possible to avoid the problems associated with
glass: risk of breakage of glass and associated danger for the personnel,
costs connected with waste disposal, heterogeneity of functionalization
associated with the chemical nature of glass, high cost of the substrate and
of characterization, difficulty of partitioning the substrate.
30 According to certain particular embodiments, the invention also has
one or preferably several of the advantageous features enumerated below.
— The bonding polymers are easily synthesized in large quantities
and can be characterized by conventional analytical techniques
(NMR, pH measurement, microanalysis), allowing rigorous control
35 of manufacture.
— The bonding peolymers are fixed on the surfaces by simple
adsorption (non-covalent bonding), in particular by means of the

aromatic groups of the bonding polymers. This is a manner of



one or preferably several of the advantageous features enunerated
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the rel ationship betvve the tion with azide groups
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30referred to in Exanpl e 8. Figure 3 is a histogram show ng

nmeasurenents of contact angles (in degrees) on functionalized or
unfunct i onal BRYEF (DESCSRYPEIGN ORTeE FIGIWBES® | | be referred to in

Exanpl e 22. Figure 1 shows the relationship between the degree of substitution
with aromatic groups {(on the y axis) in the polymer PsAcAr1 from Example
25 3, relative to the number of benzylamine equivalents (on the x axis). This will

be referred to in Example 4.

Figure 2 shows the relationship between the degree of substitution
with azide groups (on the y axis) in the polymer PsAcF1 from Example 7,
relative to the number of amine azide equivalents (on the x axis). This will be

30 referred to in Example 8.

Figure 3 is a histogram showing measurements of contact angles (in
degrees) on functionalized or unfunctionalized polystyrene plates. This will be
referred to in Example 22.

Figures 4, 5 and 6 illustrate the specificity of fixation of concanavalin

35 A (relative to other lectins) on a polymer according to the invention. This will
be referred to in Examples 23 and 24.




Figures 4, 5 and 6 illustrate the specificity of fixation of
concanaval in 35A (relative to other lectins) on a pol ynmer according
to the invention. This will be referred t30 in Exanples 23 and 24. 8
Figure 7 is a histogramillustrating the influence of the degree of
aromati c substitution on the contact angle (in degrees) on

functionalized pOFYéliﬁér R B' ﬁisﬁfgraﬁhil@s%hh l?ﬂfierlﬁiflﬁéﬂi@I diI‘CIhlendegree of
Exanpl e 25. ram ratln

t
chenpsel ect | @@%?Hﬁ.%’&%ﬁﬁﬁgnso'be%?. 'E@“gghéﬁgﬁe(m %9"538??;9&?“”0“0”3“26(1
functional i zedlystyréne platey.ikhis adit be defegreddotinExampatbon. This wil |

b f dtoi | d

e e B | e IR B istporay MR iR Rectle AT
wi t h sui Babl geptide Bb:tﬁhyée(tbrma@éatte)funmtlohalmdam‘tth aHpolpmeamccomdingGto the
anti body) . Piv%n‘t’ibh'TI}ﬂ@ FFB@rréPéilr 0|,H ?27 10 Figure 11 is a

hi stogram i | stratlngt ective bin of a peptide .
bearing an N-ter nﬂfﬂ-!reéygt@"q’me"q @rg @atoga@"esmmmsntm t'@ﬁ@'!?-aé'on of

pol ymer accorsdrfa@eé Rith fyép»t|aé§@hu<1:lbtec'ﬁrajr5wmh IsLitislerfftpoRS (irtubation with

ot ori metri c2BarUoiRSt Bt A artRedys SRS S rered ot bdpte 27

96- wel | 1pol ystyr eﬁ&_:u.p‘eafbss aThistognainl illbstratige frer cl&etnbeelentlﬂalrm"eg o .a

DESCRI PTI ON é]ép@@gal VEQ‘T%%JM%&WF@{;}!Q@‘; Isurfa Efwk&}’o%%}(i%&tﬁ' With a

now descri be n hore and non-
descri pti on. pelynssagicatding kq the vantionvaius it IQﬁ! éeftarredéoﬂn Examplerge.

bondi ng pol yrmers g e'sn’lé E@d%%%ﬂné&raﬁ‘u@‘%l]uéﬂ’aq%' SBloGREEd aétegtlon on

pol ysacchari de skele reviation erel nafter EHOVI

carboxylic aéF@@'PSQM@'Q%FﬁﬁéW%ﬁO&ﬁm At O6tvelbPalyplE)C Rltdesr DMawiE b e

groups 35 ( pdfbrredit@in BRample 3hereinafter). According to an
enbodi nent, the pol ysacchari de skel eton can al so be provided with

reactive groups different fromthe aforenentioned carboxylic aci d
groups (abbr PESORIRTIO SFnERMBEYDIMBMTSPOF vid#e tHAENTdObk el et on" i s

meant a structurer ﬁ§ i tR)Yw R 5«8 @@%H%ﬁ?@e sl %ncf %n%ﬁ’x‘ﬁﬁéﬁ%l;ﬂﬁ]

units), joined together ure can
| i near or brﬁ?ﬁcﬂ@é@lw'ﬂgd?ﬂféfpéﬂabl y conmprises from80 to 600 sacchari de
units, apd nore particularly preferably from 150 to 350 sacchari de

units. The s aride units eraply cyclic. They can be
trioses, % ing polymers an marRJfacturetl%e}{eofy y

The bonding polymers used in the context of the invention comprise a
polysaccharide skeleton (abbreviation "Ps" hereinafter) provided with
carboxylic acid groups (abbreviation "Ac" hereinafter) and aromatic groups

25  (abbreviation "Ar" hereinafter). According to an embodiment, the
polysaccharide skeleton can also be provided with reactive groups different
from the aforementioned carboxylic acid groups (abbreviation "F"
hereinafter).

By “polysaccharide skeleton" is meant a structure formed by an

30 assemblage of sugars (or saccharide units), joined together by O-osidic
bonds. This structure can be linear or branched. It preferably comprises from
80 to 600 saccharide units, and more particularly preferably from 150 to 350
saccharide units.

The saccharide units are preferably cyclic. They can be frioses,

35 tetraoses, pentoses, hexoses or heptoses, and preferably they are hexoses.

"Level of substitution"” or "degree of substitution" is the average
number of substituents (Ac, Ar or F} per saccharide unit. Methods of
determining the degrees of substitution are given in the examples section.




35t etraoses, pentoses, hexoses or heptoses, and preferably they are
hexoses. "Level of substitution” or "degree of substitution" is
t he average nunmber of substituents (Ac, Ar or F) per saccharide unit.
Met hods of determ ning the degrees of substitution are given in the

exanpl es section. 9 Al'l of the Ac, Ar and F groups are
preferably graftedqf then, ‘}h(r aHd F@‘ro&ﬁ@aFé’ﬁFéfébelJ §P£féd06!§ sBinel &€all of
saccharide units. | ecu] ar wel he pol ysacchari de

skeleton is H?%héﬁi%vszueeﬁ*ﬁm %%@‘etfécﬁﬂérr'ldqgn 0 and 100 000, and nore
particularly pref ﬂh@bh‘hbléhﬂéﬂ\ﬂ@‘%}ﬁ%ﬂ@@e gdyLkchffde skeleton TiBepreferably

(et cal s SORPARPACOTHEER) T5000CPaS oibl GLcHAb A Tle Py ic- iRt Pisferbly

sacchari ge ubetvseen 38 0€Waaru 83 000. honopol ysacchari des, there may be
mentioned: the sucng ﬁgﬁ#&ﬁﬁﬂae@kﬂfﬁgﬁ cgaﬁl t?’%]%r %é’?\%ﬁ%ﬁ%ﬁysaccharide type

bet a- gl ucans), cogen, ose
pul | ul an, hyétenrteslc sadcharidai tulm Sor @i h@t@é@Ple{ﬂydat cltpe or (eifferent

chitin),; ar agbm,déqyﬁlgzs and pectins. As exanpl es of
het er opol ysacchari des, there %nbe mentioned guns, which are

branched structur 88 %’Eﬁ%l?'%lqd"' 88@'&%@‘5&'\@”‘195&@5?68@% be mentignedethe
and 0- X4ggl ugufc@aaﬁs agt Iu%s\l\@élbhé%lmét&\sh@m peld ¢lueass), such as starch,

According to referr aride unit ose
B S o BaRE e B e ST ETER oulBos RPN e bl dyh OSSR
dext ran nol efdeszetylated fotmbad chitimyi arabhmains, pflags aodgestinel Asd@xamples of
together b G o} i <\ gleAsTP

togt he nmai % @%’g@%g@%‘g@gﬁ@gg’aﬁﬁ%?R%Y %E?ngﬁ%%édqgﬁ F{%AQ%%? éltgext ran
i s avai | abl esiruclusggyecomarisingi ds-galactosmx dedrabinosend Lhenymsg. and D-
11 be e bbb e et e B PEe ™ o e, 1t
bei ng under st ood f\ﬁ%‘?'%mﬂ stodé's&r?ﬁfregn eg&mcIl@@ng g" }/'56 Hf‘ﬁ%rare
typeﬁ of pol gmos@ﬁ(rolrd@e)&k@e?tm& %Téteb@ﬁrtdengolpgémﬂeasmwim@ a
to the invengign t_are not.pr Wi th r

(pol yrers. of deian AReR, [ s el a Widln et RERIsokEs Joifif Bleer by o-
pol ysacchar i i$ @ycgsidisizsdstaptenapy withawahahinge attkehed tmjhe main chain by
grafting, ﬁc %rPEpénBBrt Q'Psp%}ﬂﬁﬁcww BBnEe. a3 )&thrptiiab{?al?abrl’é’l {ar e
300f the type prioportion o? c groups of r?e
pol yner PsACQU@nTBlﬁSaI%ﬂnﬁhléemﬁW%/ﬁﬁﬁ hammd solubility in water.

In the rest of the description, reference will be made to a
polysaccharide skeleton of the dextran type, it being understood that this
description applies analogously to other types of polysaccharide skeletons.

25 The bonding polymers according to the invention that are not provided
with reactive F groups (polymers of the "PsAcAr" type) can be obtained by:

— supplying a polysaccharide Ps (unsubstituted polysaccharide

skeleton);

— grafting Ac groups on this polysaccharide so as to obtain a polymer

30 of the "PsAc" type;

— modifying a proportion of the Ac groups of the polymer PsAc to

obtain the polymer PsSACAr.

Thus, referring to general formula (1) below:

35 R0
O
(1 80
RO 4§
n



Thus, referring to general fornula (1) below. 10 the starting

polynmer Ps is a polynmer of fornmula (1) in which all the Rl, R2 and R3
groups represent a hydrogen atom the internedi ate polynmer PSAc is a
pol ymer of formula (1) in which sone RI, R2 and R3 groups represent a
hydrogen atom and the other RlL, R2 and R3 groups represent a group 5

bearing a cathexidriitg @lyﬁmérmts polyansk dfrfermardi i wieich riirthERe R, arsd
P meen. RO ip%fenhf hydroR8N s 4he dimaniet Bohans RagE i

a hydrogen a n9"O8PRd]
a carboxyli cpatyinmlerf ohdorinmuda afhid int éhichisotha i, | s tndr Bpagroups repradest a

Rl, R2 and baar i -
[OThe. car box ISR " &78 The 0P 01, B3/ 40 FR SRAGIRIEreBUA! S roup
represenBs abppriaara @armwh@mﬂ durgtions handh tee rhandiich golymer BsAeAnds a

at ons, optloaawnyerpbfa\féma |)th1%ﬁcwrsom%Stlﬂ@ffahHURth?roéﬁé%b%ent a

from chI ori ne, 'brom ne, Qne group fluofine, an

car boxylic a@yﬁroé}e@uﬁ %doﬁi'ﬁraﬁb 2 P8 gR@)LEHO'('P% r%@'ﬁsle%laagr%’rﬁ’e ?ﬂg a
Preferably, tbrtfo@h@aasdlf@mbimeand e trﬂﬂﬂan@wfﬁird)ml’tled odrick &, Rz and Rz
conpri ses at nost arbon atons, at nobst 3

carbon at OnEgE)qupastreI%%sterg ao%[PHnge&{'BHé” %@5’?#@%'?‘@ a pref erred
enbodi met, i n whiTak garbskyiceapidoAt egroups arcefs tey fomeaktCOOH, where X

avoi ded, t herébpgg%r‘ﬁ:égé lljﬁédﬁ’rr&f bltarﬁ%PEBrdﬂ%%ﬁ%ln%aﬁg‘ﬁ@hﬂrﬁﬁr&%% latoms,

acid gr oups) st ood at t
i oni zed for PTGV ppvidec wilhe Bhepor myeosiks @@Brwtstsﬁlactedufm@r@r chlgrne,

or in the sapidhpe, f&lolfé'fbﬁé:%hﬁ efRicpRd aﬁ%lc%@b@p%%’érmbmd group
dependi ng on_the cont ext. Pr ef er abl ié g Bw)% (g]

i denti cal, b@Pdian ALOMALG oY ( ’BI%‘W‘W'@EP%@%@S el bis EF'?é? dpear
Ac groun? Zéﬂfﬂelél_ﬁ’émtutéd Amncﬁolo@pmpﬁrsesoft hh%tf@rrmrbd(n Zaitlg)me[ eatYmost 4
represents a | r n r ? .
preferably ch |ns%§8%6%r§1%6%céfé§ﬁ agc?'ﬁgbo? E@?réqa%?ﬂa%%rygﬁ p&@ﬁ“g {-\Sccggmg
car bon at onsfo nar prefamred camotimémtoning which 2pessitlen paoldems afidexcassive
rmre substit e t m I , 2 50imNO2:

- lﬁ&% 2 laﬁ% g\lgiosa%ﬁ atf\g ﬁ%oﬁggpiugrﬁﬁ ntgﬂéif rorm 1 tI(_)|2 ?%DOH
car bon at ons(mztrwéﬁarb@x%mgmps r polycyclic, and optionally
heterocyglic. Z ig @maérsa@cbd/traatbﬁ@mgm@@rsldaﬁ bé’ﬁh tr@@nizédp@mnl ©OeH

h |, b
aroup of "t herdrrend XTBONRO® Ebeiate i, escullid 768 arvig e "gfeq form
above in rel (COQH tepladed A eyanmphs witBSAOONa)i dependiry om dfeecomtaxt.
erboc nent, (he APeSPURE 65 GBTPHS AT Relod! BIPR WUBEEpRAb &
Preferably, ehesage graftipg chddfeagnt Adgrmuipsal , but it is also possible
to envisgge graftipfg é}BHthlEfﬁfg éﬁ’ %F' fle form -Y-irh/@nﬂ%e? r%Bresents a

grafting Ac groups on t o obtain t
PsAc can be é"rdmgaélf%lﬂ apg Z E%H?ﬁ‘ﬁ@fst% aad| y@@&ha}rﬁﬁaw %mwﬂsang 6 to

30 carbon atoms, preferably from 6 to 24 carbon atoms, more particularly

from 6 to 12 carbon atoms, and one or more substituents selected from the

halogens, -OH, -NH;, -NO,, -OR', -COOR', -CONHR' where R' is an alkyl

30 group having from 1 to 6 carbon atoms. Z can be monocyclic or polycyclic,

and optionally heterocyclic. Z is preferably a benzene derivative, and in
particular a phenyl, benzyl or phenol group.

Y is preferably an amide group of the form -X-CONH-, where X has

the same meaning as given above in relation to the Ac groups.

35 According to a preferred embodiment, the Ar groups are -CHx-CONH-
CH,-Ph groups (where Ph is a phenyl group) or -CHz-CONH-CH;-Ph-paraOH
groups.



5 carboxylic acid conmpound bearing a hal ogen function, and preferably
a chlorine function. For exanple, grafting of the preferred Ac
groups of the form-CH2- COCH can be obtaj ned by reacting the

pol ysaccharide Ps with nonochl oroacetic acid. Preferably, the
reaction is carried out in the presence | oof isopropanol. The

step of nodifyi ng P@ef@?é&ﬂ?rihé)ﬂrcﬂrow@ e A Hergical Bureat l%)b}ﬁ@ﬁo?§ﬁfé to
to obtain the B rrer SACAr .. _can carried out by reacting t

pol ymer PsAc SV 596% BL?M“ e'f' F@o¥PEype where Z has the sane
meani ng as above, Ta;edstéb io$ geafting o groupbain the pelasddcharidets tchebtain the

of forning aRoWmPhaR el O e dpulpl TsBCHRTRE pollBELLARIC PR o
preferred Arcgrimxybc ofcid heongpureDriea@ng- Bhhalpgenciumctienobndi pedetaply a

reacting the I de PsAc with benzylam ne. As a further
exanpl e, thecgfra)#%?gg@ﬁwr groups of the -CH2- CONH CH2- Ph-paraOH 20

type can be obt ai gt ¥pmriaceiaiing né the| prstarmdaicaaroppAcofvinenform -Ch-

par ahydr oxybmHambm bRr edishRiRdY : by h@eé&m@t | f | olggéédr@#.d@utps N with

t he presence of cloh - 3- hoI n eth od
The Eonzh ng PYANPEE %%‘%tl?r%‘?/ﬁ% '§'Eet(§er *Pn":v’/é‘i!’ﬂ é{” QUtIp'IF‘ fa(pégsence

vmbth regotlvefiéogrcmmm(pol ymers of the PsAcArF type) can be

[ 25 | )

obt ai ned above) . ByErsep A RATED o Bronclfioltinb A dhfisin el Bae appymer
ongI P?(r:\gtltgnps@cotqogbmu e p?bfmrhEsAnAnccanobf\r cgm@dpeutt Diyersgacting the
et o oot YRRV ERRCUREY Gl IR Uy i testifeme
PsAc (as wasMeEY Béoﬁ%@/é)nd @natfﬁﬂ%t'%bﬂ}ﬁ?ﬁ r@ﬁcﬁ%“ﬂﬁbﬂbﬂrcﬂf%&“c

can be ngdi ffLﬁ'@’[lbﬁ P*Péi%t’ébl?hR i%%lb(@ﬁm@ffdn@ﬁor'?sé‘&;ﬁiﬁetdfﬂ@rmlrfg bf @hRe
pOSSIb|etO ﬁ{gﬁ émer of the "PsAcF" type first froma

pol yner PsAc! Oﬁ ik AodOUPSt hi s pol ymer of the PsACF type to
obtain the poI yrreFoobxaﬂmpldDSHe/b'rEfeh'wdeA( greupsedhive-Osle CONH-CHR-9h type

S R B AR 5 P SR T ik s o
The advant agiuriiter taxesmla,aﬂﬂemrgf@tecbﬂegrcwa ef the -Qszg\Dhﬂ‘&@F&tﬁ’WaﬁaOH
o sups 78" SpookA' pRUBINGEY SLBEP HOLIERCUBOPoke Shrobafl
general for n{]y@'q(ylyeryéqlqune Prq rably, the reaction is carrled out in the presence of
1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide.
The bonding polymers according to the invention that are provided
with reactive F groups (polymers of the "PsAcArF" type) can be obtained
25 starting from polymers of the PsAc type (such as obtained above), by
modifying a proportion of the Ac groups on the one hand to F groups and on
the other hand to Ar groups. These two modification steps can be carried out
in any order.
In other words, first a polymer of the PsAcAr type can be produced
30 from a polymer PsAc (as was described above), then this polymer of the
PsAcAr type can be modified to obtain the polymer of the PsAcArF type. It is
also possible to produce a polymer of the "PsAcF" type first from a polymer
PsAc, and then modify this polymer of the PsAcF type to obtain the polymer
of the PsAcATrF type (the method used for this second modification being the
35 same as that used for modifying the polymer of the PsAc type to polymer of
the PsAcAr type).



t he pol yner PsAcF is a polymer of formula (1) in which some Rl, R2
and R3 groups represent a hydrogen atom other RlL, R2 and R3 groups
represent a carboxylic acid group and thgthird and | ast proportion
of the RL, R2 and R3 groups represent a reactive group (different
fromthe carboxylic acid group); 15 and the polynmer PSACArF is a

pol yner of forml gneladviafit f%: 6ﬂhé§@?aﬁ@us StateQ ﬂaﬁ%tgraqamnbméﬁéﬁaftﬁe

hydr ogen ato ot her represent ic acid
oy oun furt hBroRees GEss nﬁ%ﬁ@ﬂﬁ%@@éﬁ S hhes Tkl of & G 2

the fourth ahifHersévadodparoupis adfquired. groups R1, R2 and R3 represent

a reactive group ifferent fr lc acid group). 20 The
reactive F groups%ﬁ%ﬂ@g%@Igghegéprrré@@@?{)lg\%%we Y represents a binding
group (same neani ng as above) and Z' represents a group that is able
to bind, in particular co ently, a capturing elenent, as
described in nore detail ~ Accoriding to a preferred enbodi nent,
group Z' is able fld form %% © Hond with a pol ypeptide. 25Y is
preferably an am de group |of? -X-CONH-, where X has the sane
meani ng as given above in|rel at '3n the Ac groups (and X is
preferably CH2). Ac ding to Nfirst preferred enbodi nent, the
Z' groups are azi de groups (and in particul ar al kyl azi des), and the F
and % each TEPRSRlar SRR Aol PPN TRMP Crol RhdRhan R
corrpr: si Bg fgo:mpB ttetpresesﬁra)bmdr@gemtotrh@tmeh;glRodﬁs apdrR4 gmsd&?réafnt a
€xanpl € be - @'@o ’\E’hc%%’ﬂﬁrd% Qrpgpgérti%he%fptﬁétRC £hnd R;

useful as |nterrre | ate

exanpl e gr ougEups &el@ée&ant@zfﬁa@tlvwéomé@ff@@ttfmm dh%ﬁaﬂzﬁ%%tacwegw)
They 35@gn ahg@ théﬂﬁ) dyrﬁeﬁ%henﬂ:@atwl mer off ¢oRRaIa- (1) in wmoﬁcmﬁdlmg R2
to a second rred enbodi nen %I ﬁ)@ﬁ) ﬁ}ﬁe & ydrazi dlﬁg%h
Ol e R uﬁgog&n afothy g

represents arsgubsénttaitaooyliciasidogbupufueithealRey R @Enal R grdn.&:scmmpesent Im@
fromlto 6 f f

. Cow B et @lotiFand the fulh URFLSARGRBRIG of fie' dhuls RIPRE Al ks
function of [rijeseRta rezactms&@nqwm(dl eyt am t@leszarbmr’n@t@ld geup).

adsor ptibgn of pol Yﬁé%béﬁ@e Gﬂ”'gfbwp%véuleeBF thMBRh | vz2t ivibre \54‘%%@%&9&1

to athird preferred en‘eﬁ e§ s are triazole groups
preferably sQlB‘QMQ FQUP (Fame gnRearingd sy aboy d & f%?'?ﬁﬁ@ﬂ@da group that is

subgt ituted leeugsmhdt int pdigiduidl l@bbal@Eﬂy ntf@ @@ﬁ?fdrmgr‘@eﬁfefhm ds Hesdibed |n
car bon ot o e o e P89 48 BRI VAR BE BB
t he group of fdror agbaalént bond Wrh@polypéptided1- PH HO
25 Y is preferably an amide group of the form -X-CONH-, where X has
the same meaning as given above in relation to the Ac groups (and X is
preferably CHy).
According to a first preferred embodiment, the Z' groups are azide
groups (and in particular alkylazides), and the F groups are preferably groups
30 of the form —X-CONH-X"-N3; where X and X' each represent a substituted or
unsubstituted alkyl chain, comprising from 1 to 6 carbon atoms, the F groups
can therefore for example be -CH,-CONH-(CH;)s-N3 groups. Such groups
are particularly useful as intermediate groups, making it possible to obtain for
example groups of the triazole type (see the third embodiment below). They
35 can also bind to certain capturing elements.
According to a second preferred embodiment, the Z' groups are
hydrazide groups, and the F groups are preferably groups of the form —X-
CONH-NH; where X represents a substituted or unsubstituted alkyl chain,




20 F groups of this type can bind certain particular capturing
el ements. The F groups of formula (11) above where 1:24 represents
-(CH2) 30H are used as negative controls ik the exanples.

According to a fourth preferred enbodi ment, the Z' groups are of the
25following formula (1V): O (1V) -xi 11--N\/S 30in which X
represents acbrfm'@fng)lfrolhr’ﬁttﬁb@ﬁrl‘ﬁid(aionﬁ%}ah% Fegranpt $andhérdfereboe @f(@mple
atons, optiopa P Wi t en_substituen i 0 rtic r

a or ory. | pPareHAeONER e bialef S TRAS b uiB " plf Phibutor ol i an"dludhyde
enbodi nent, furectiBngofopgstidasefor rexanfplee Theg foanablsy wbmdie thelddsarptipn of

formula (V): pgpyégbpdé\@k@rh-é%%’g?%m igzr%fgg]i)_rreani ng gi ven above.

According to Ircu preferre ment, X represents CH2
and X' ré&present sACCp@E)ig to a third preterredyembedineent e engreips are Hiagole

fourth enbodymRifs, CARfERMN YhBdlithte8 W GHESo08AbI dirkar or branched,
bet a- am not hi'o for

or . gamma- am, not hi ol nction, . .> exanpl e the
pol ypept i desSHé%titHbe OEM%ibﬁBt%‘?g a@l%ﬂrm%/% SUEPHSNGY &l nig © carbon
position, toafome)an i Fgrdupadcanthesefofdiforkxadiplg beadrgups of formula (I1):
corresponding to this fourth enbodi ment can bind to capturing
el ements forned by poI%Peptides haviﬂg a cysteine or a honocysteine
in N-terni na(ll)posiTIAhCONAECH g~y Cgse of a cysteine, a bonding
polymer is obtained in which 10t he\F_gfoups bound to the capturing
el ements are of formula (V' ): Pep ( Il N X -LN SH 15 X and X
havi ng the above neani ng and Pep represE@ting a peptide fragnent,
i.e. a portion of polypeptide conprising at |east one amno acid
residue (preferably_ a succession of several i.no acid residues),
brovi ded w 1 WAEN{Re FARRGTCTILE Kok FERR PiPmBWaile COON or GONN. 20The
F groupgscan all be identical, or else grafting of different F groups
can be envi saged. OH

() 0 OH

20
F groups of this type can bind certain particular capturing elements.
The F groups of formula (Il) above where R4 represents -{(CH,)sOH are used
as negative controls in the examples.
According to a fourth preferred embodiment, the Z' groups are of the
25  following formula (IV}:

S

O \
-yt S
wv) -x—NC

30 in which X' represents a linear or branched alkyl chain comprising 1 to 6
carbon atoms, optionally provided with halogen substituents (in particular Cl
or Br). Preferably X' is (CHz),. According to this fourth embodiment, the F
groups are therefore preferably of the following formula (V):

S

o) 0 1
\ . S
V) _XJJ_H_XJ_I/N

35



The step of nodifying a proportion of the Ac groups of the pol yner
PsAc (respectively of the polymer PsSAcAr) to obtain the polynmer PsAcF
(respectively of the polyner PsSAcArF) camdbe carried out by reacting
the 25 polyner PsAc (respectively of the polynmer PsAcAr) with a
conpound of the type R-Z', where Z° has the sane neani ng as above,

and Ris a fynghicnxtdit Xi Baveete ineaniMd Zgwéh%b@aébmsdérumg‘wgtpaﬁicuiar[y

Preferably, R d
W th the Ac BRIGpED SMbodiment oL FREReRsgrdued dalP RIS RN CER oy
grafting firstly iThedf geslips eonresmindireg 80His Gswthpembiohdénesthesm esddt with
di fyi th
eact ] on st e MIGEURS Beier S IR BbMI 204 Finfa RAD R Bypstiqn, for
tylpe Can;bi ggampi?g?ﬁ%geemdesghm%g @oﬂgyg&t@oeh?% h@mragmie(r@rééntMéermmal
pol ymer FSAC L?h 'fid cfn CTRYsYtHe "o n@rp%ﬁﬁﬁﬁ% rresgondlng
0 y

1- cycl ohexyl- noet carbodiirmd
of the -CH2- tooN Rmbpgiﬁaerétaﬁaae binst atpnéapwngegtqm%tSt med by

pol ysacchari F@IyBéﬁﬁdés)haﬂﬁb)H@fst@ﬁé\@i\ra)hdm%ystélﬁe in N-termlnal position.
3-azi dopropyl a um.h Hroch (F))ilde refe

ence.of  1-
oyel ohekyir 3 (2. moPHRIMAG GaRG of AvstS i baycite Pomer BERERES i yhich
of formiba (tHe Fgroves baundo thet eaptedhdylenestts iang obfquoluyargy'):PsAcF (or
a polymer PsAcArF) provided with reactive groups of the 5type
- CH2- CONH- (CH2) 3-N3 wi th the corrpound Bepformula (VI): (V1) R4
I ons and sodi um ascor bate).

(preferably in the preSence of Ctopper(

In this instgp?e, a L. sAbE a polynmer PsAcArF) is obtained
10 in which either all the grouHs are q§ formula (11) above, or a
proportion of the F groups are of fornulalfll) above and a proportion
of the Fksgroups are of the -CH2- CCNH—(CH2)3 type (in the case of

The F gr oups of oVt hen 800 e s egE L an EF Py joh @Aeriing 2 peeptide
15pol ysacchafragmeRs Ace.( arpdrtien pdl go‘rmep?ﬂdécémmpmi;ihg athieasb opeuvaniiraf acid
formula (VI )egidlid Yﬁﬂe}eﬂggwé’ﬁc'cé%ﬁn of several amino acid residues), provided
with a C-terminal function (for example COOH or CONH,).
20 ~ The F groups can all be identical, or else grafting of different F groups
can be envisaged.

The step of modifying a proportion of the Ac groups of the polymer
PsAc (respectively of the polymer PsAcAr) to obtain the polymer PsAcF
(respectively of the polymer PsAcArF) can be carried out by reacting the

25 polymer PsAc (respectively of the polymer PsAcAr) with a compound of the
type R-Z', where Z' has the same meaning as above, and R is a function that
is reactive with the carboxylic function. Preferably, R is an amine function,
capable of forming an amide bond with the Ac groups.

Certain F groups can be grafted by grafting firstly intermediate reactive

30 F' groups, then chemically modifying the F' groups to give the F groups after
a separate reaction step.

For example, the F groups of the -CH,-CONH-NHz type can be
obtained by reacting the polysaccharide PsAc (or the polymer PsSAcAr) with
hydrazine  (preferably in the presence of 1-cyclohexyl-3-(2-

35 morpholinoethyl)carbodiimide.

The F groups of the -CH,-CONH-(CHy)3-N3 type can be obtained by

reacting the polysaccharide PsAc (or polymer PsAcAr) with




20 (preferablyinthepresenceof 1-cycl ohexyl- 3-( 2-

nor phol i noet hyl ) carbodii m de) in which X has the neani ng given
above. The conpound of formula (VII) canjbe manufactured as indicated
in the exanples given bel ow. 25In general, the degree of substitution
with Ac, Ar and F can be adjusted depending on the one hand on the

order in whi %thila’@prﬁngaHrﬁS?fﬁh GhRRIbRdE ta('rq"réf@ﬁaan y |B(ﬁfét 8erile dreq

F or else Ac the pting the
grafting con@VelPBagylzhe- PWFE%Q inosthdlcathediimiflar ratio between the

pol ysactcharl de anghihe g:@@ggaﬁf foemnmmmbaof/?rcw aét%wtguﬁeaebﬁqﬁg@tm a
in question s de extr cor.respondi n
Lo the gener BPMRSTRTACTORT 3 EOhisH ReASAT mep LOg vt eiuts St 8P tne
sul phat esor w,dem@hﬁCéDPgﬁQGbﬁ)3imjwrtbabecmmpiéugdaﬂmsrmlaa (MBI as the
use of these @@Iymsr s _for therapeutic purposes, have been descri bed

i n docunents 99/ 29734, 3500/ 76452, WD 00/ 76562, WO 01/91742 and
FR 28911409. Preferably, the bonding pol yners of the i nvention

do not have ﬁ&ﬂeﬂﬂﬁbl@/ |Hrthé5l'é§é‘?1%:o§ CEFEQF(“W? drfd §cﬁﬁ|ﬁm a%'éBFbétéPCt I ons

can interact wt reat nan nful faor ptimum

detection. MoreovHtth '% s %ﬁcl@o%merf@@tﬁ q&ﬁ'&'t QOE&W%LﬁS&%ﬁﬁi 3 Gbtained
functiong i slrpamtarpgiﬂaéﬂ Al Q@Fm\nbg@réhﬂ f@ﬁﬁ@lur(ll|P1@b©k/@rr6ma3pr@p@mon of

th I ted I t

Funct onal i 2114 brgies B4 BEBRRUETAN SBovarare S bidhnin e ths Biouns ara e
i nvention (otha HeHP<ARNH-(@HPsNe Aype (inptle case loé intepopleteedubstitation with
substrate 'ntl'férgrﬁjﬁpﬁﬁnéé’{}ﬁoirr? ?4 \'ﬁﬁ the surface of said substrate.

The substrate 1S 0 l'as materi al of a polyneric nature,
general |y shaped hbe ElrﬁkﬂOlmﬁj@f fosruda V3 Jabowri en be giteineday yeacting the

sel ectedsfr Oﬁb%é&é{éfrd%”ﬁsA@%ﬂﬁ%rﬁtﬂ%b? PspRIAY( \Wﬁﬁ e cHRTRIUPACEN LA B
and pol ypropﬁ\ﬁ@:\ us, I nvention nakes 1t possible for

exanple to f ionalize the surface of transparent or opaque plastic
slides, or else polystyrene mcrotitre plates (for exanple 96-well),
beads (nmagnetic or non- Mgy c), Spolystyrene culture plates (for
exanpl e 96-well), polyst strl s or sticks. 15Functionalization
general ly coﬁﬂnlséghkmh-glé rst step of fixation of the
bondi ng,gol yners on the surf ace of the substrate and a second step of
flxatlon of capturing elenments on the bondi ng pol yners

Al ter nat i vel {prefei@bljondi i pol yi#er s caBrasensgund t& t he tapelonery-3-(2-

el enents bef ﬁfo@pfﬁcbﬁﬁo@ﬂmwj&grt#&a‘iﬁw@) mbhreﬁr)@ ha? tﬁéenéamﬁ@@ﬂ/e@lfatsm The

substrate (e Ao 8' Y ﬁg} | t\? bc(:)n e v]yeenrt O(Pc tgg ng)?hélexam les

and the capt MpguRd ofmula §VIbk cqrh e mgfariured g yn P
given below.

25 In general, the degree of substitution with Ac, Ar and F can be
adjusted depending on the one hand on the order in which the grafting of
groups is carried out (Ac then Ar then F or else Ac then F then Ar), and on
the other hand by adapting the grafting conditions and in particular the molar
ratio between the polysaccharide and the reagent responsible for grafting the

30 group in guestion.

Polymers derived from dextrans and corresponding to the general
formula of the bonding polymers given above, with sulphate or sulphonate
groups for reactive F groups, as well as the use of these polymers for
therapeutic purposes, have been described in documents WO 99/29734, WO

35  00/76452, WO 00/76562, WO 01/91742 and FR 2891149.

Preferably, the bonding polymers of the invention do not have sulphate
or sulphonate functions. In fact, such functions can interact with a great many
proteins, which is harmful for optimum detection. Moreover, the absence of



The fixation of the bonding polyners on the surface of the substrate
is carried out, in particular for flat surfaces, by inmmersing the
surface to be treated in a solution conpi$sing the polyner PsSAcAr or
PsAcArF. For 25 noul ded surfaces that can contain a liquid (for
exanple 96-well titration plates), functionalization can be carried

out by S:jrrpl Sufphiatd @lﬂ sﬁweemhcwtmaﬂwawuesm amg@ﬂ@rﬁeldamunng
envi sage ener a e on |Is. at, a COﬂC | ONn
From 9T o' Bistaamtsare shamsued Slbhatad laies e Rg FRpa B hout

wi shing to be bound to any theory, the inventors think that the
bondi ng poly . . oval ently on the surface of the

substrat e (adsorption EtH ar via the Ar groups. The
capturing eI ement $hei bwd:hm Ftdiw‘nemnacmydml torthes ivemtibe (0bIthe dfsAafasor

optionally glé\gﬁ Ct)f;ﬂ%{ %pggy é%%@ft](gt? PHS@%EB&%@% order fo func lonallze the

350I|gosacchar| viruses or viru

or even cel | surfage ofsaid| wbstizde.chhe subsiyate denit Rlagtie: (ﬁ@lchmatsaat e&a
The term’ pOEM%ﬁrI&@tatufen ddieramntshepeal hbhearkd agfitr pRIYSUFA! | WRich is

covers any chai.n o acid reS|due wth a nber gr.eater .t
or equal y17pf‘:3cet aﬁgﬁgﬁgd l;SPrBepPPE'Q ot . Pﬁﬂﬁaf ﬁﬁﬁeptﬁ’ﬂ%&”&hy]
Wi thin tibe newthagylkite)ded polgpropyleren! i cation can therefore for
cxarml e, be o | 90PSRL kDB o35 125 AhBToPESBEBICR, hibchffanzs e
present in therfpes phlpnsprrenhot opadug ptasticlsdidesverelse polystyrane eicrotitre
sel ect ed TLoBAGe (F BUaiRI9BlGeIA hORTs BRBBALRODR b AIAIcAChGlystyrane

resi dues. are seél ected rot el nogeni c
amino acid r@@?lﬂﬁé%lates (for exapple OPomelbs Pelyatyeens ﬁV'Pﬁg’rélt'éh%nt s to the

bondi ng qgol yners Fﬁﬁcﬁcﬁd@ﬁizﬁﬂmﬂ@@eﬁéraﬁ?%@ﬁﬁirls@@ tho hepst D arpetepTef fixation
W t hout reactHﬁ?3 %% slare use(]j\P ggn al so take | ace @é f
est abl i shmenf S ROMGIRIE O FF’L{‘%& ey stratg ithe sepend 5ipp ©
al so take pl &xasidry oadmpttptngoelqmnmtet@rd tbg barating \po l\Fmerso Wderndtivedy,i the

t he case for S I
groups of t hggﬁ&gngo Hﬂ'é{éyggn %I% Qélgﬁda Sgétﬁjbhgd%lgﬁ]gmﬁoggfo?g f&}hg the
capturing el bﬂ@dﬂﬂg n;dwﬁarssfmgt%ewéa@ of ﬂﬁi palpsteate Kespesialipwaenithejbond
possi bl ot 0 Bekveth il SR BoRTARIHd e G eldféniSBPHR Bovalent
pol ypepti de or sacchari de corfpound or a glycopeptide) that can fix
to the bondi tv@egm ynmers, and a final capturing elenent (for exanple a
Vi [us oa at virus Trhegubmnén of the B@:hd:hgtdmﬂxme@rbrbtﬁeismrﬂadétef the substrate is
intermedi ate ¢

t t-h d f
ot ect on 1 <oRnBEaue TariTRaRr S0 HEL PriPe Hhar eSS Paraiace, ty oo
one type), itreatedsidfa cscéuﬂlort ccohaprising mbepbmmmm@sﬂ@bﬂtynm PgfeaidFt Heor
t | I e f -
cobstrace. WTHad sy aElE thay céﬁa%%tﬂ%t alfS itk xaiee Sewel ration
det ecting sepigies), fonctiphalization wRon %eq@aﬂett oWt $implg dllinge fubsequent
sever al Sepatv%ﬁmgeérﬁpbtﬁﬂg @geﬁe@wterﬁfﬁsﬁe@wuﬁ@@ne% el ﬂ)olmrfe"r%bldtfo‘h

pl ates are an exanpl e of trate that s tic ef

this purposels at a cor}qen[trﬁpgn E@@' Oe?ttﬁ’eﬁotwﬁ@enﬁnﬁlﬂgprﬁﬁ@ﬁ@ §r°6%1n

deposi ted on1ohg/mhol e useful surface of the substrate, and then the

vari ous ,Gapt uri NGyumout wishing to be bound to any theory, the inventors think that the
bonding polymers are fixed non-covalently on the surface of the substrate

(adsorption) in particular via the Ar groups.

The capturing elements fixed on the bonding polymers can be

polypeptides, optionally meodified and/or conjugated, saccharides,

35 oligosaccharides or lipopolysaccharides, viruses or virus fragments or even
cells. For example, the capturing elements can be antibodies.

The term "polypeptide", in the context of the present application,

covers any chain of amino acid residues (with a number greater than or equal



30 elenents can be deposited on delimted zones of the substrate (for
exanpl e by depositing small droplets of various solutions containing
the capturing elenents on defined | ocatipns of the substrate); or
vari ous solutions of bonding polynmers bound to the capturing el enents
can be deposited directly on delimted zones of the substrate (for

exanpl e in tgeuwwe éﬁaéﬁecﬁbﬁbébﬁ&é bbAds 3ﬁhé’"|§’<§]9b HiflesOEtHM tHEf2aning of
sol uti ons of bon t ed rect on.delimte

[S can,be de i
Zones. of t ne i DS BOPHGAICR, GAINETere fal SiAmEleqts Rideahiidis; Beplides
pl ate) and t bemprotinouascemnling it®nise convantidmy ddveptatiohuof tesel st SThe

The zones. of Ao S04 REuSHR phebecfluh s NERAESh ePhTRanAI g mdchtion

pol ymer s 5ar eCpnelﬁ@r%ﬁqtetthyfmmpthel pootetnogenict or incdpiipfeinogenic aaminmn grisl
of water |es (llj@éb . .
65 and i deal feé es qﬁrﬁ'ﬁﬁg!y L}Fﬁm Qélgg héc)a%h’{tl ro&hﬁpgﬁ%?%ggﬁic Affino

surface of tﬁ@' iest r at e covered wi th bondi ng pol yners nakes it

possible to nini W&%tlbh%fﬂﬂewumg:ele?ﬁ@ﬁtaqblm@%&fdlﬁ? %ﬁﬁﬁer@éﬁh take
analytes (in particular rot the s strate

SO
it possible P C&e%@??mﬁ ﬂBdl IRQ PO r”é‘f:férw' Wirgens "f’f"sfz QKHHP%&E Hﬁ?‘%
t ype of 1depo#idanoalso 3ake placexbyaastaplshrhgntr aficovaiarit omdetwith the remctive F

Chat can be AR '&dcaﬁﬁﬁ#?@'{aﬁétpff%eﬁih?%éd%fi@iﬁﬂiﬁe”oﬁ'h%ai?ﬁﬁf?%?@%ﬁé%%@éﬁ
or bi ol ogi callhisatsetfieatase mexahpbafantbe@qsomp@ahio{: amtibediesegrofriated by

particul ar p 'tﬂﬁﬁe de4 I I ut ants) bi onol ecul es (in
parti cul ar s e c ound peptides, nodified or

unmodi f i ed, on i uﬁd% @@%Poﬁﬁé% %@@wwe cepwglgoelemm compgRig: geveral

cel ![ S o|r15or gpaHsNEof BrRAG®IE, U’c & p@ésrﬂl@%' Qs@%h' teHnediate captufhg element
particul ar

the |nve tion mi&f b ﬁ t o_manuf actur@ ;?tde\antﬁht

pol ypept i des) ODEé?’UP%%PO é%loﬁ& AEChaafe SgMEeUnd; I ghaycopept a

quantificati oan @k tpitios bondlnlgrpdjymbmglamdla fieali captaninge elemmemtdforsaxanyile a
t bet t

(03, Dot VeGRPEP L s TRAHhiSS, £ ial ARSI FEFRRlertBfre Ebilring

i nvol ves conelgseémg the substrate surface, coated with the bonding

pol yner ggand the Wfﬂ@ﬂe?b@%l“%ﬁag)ﬁé Hététﬂ%noirs RS rRIRObHIy BF%e@éctlng

suspensi ons t hat tes terest (fof, ex

sanpl e of waPB? tﬁéa@ﬁﬁﬂ%ﬁ Ae ty%}mﬁ@ %Hf?F'SBHQ G%POSIB.ﬂaﬁ B‘én@m
sanpl e such pslyhfdrseqantl ﬂﬂﬁdarptlﬁlr%ﬁfdlménﬂwldlémerﬁs)pbﬂdﬂ@ wiedle - Useful
Det ection of _the an t%@hft are possibly fixed specifically to the
capturing el BHER %Ok % i ed out by neans of tracer elenents,

whi ch can be for Wierplhe ddvics fos @matyte datbabiantis dended forrdatadting several

| abel | edyg angn%lgfés%m sﬁgakﬁ'g cﬁEﬂJr%?eecieﬁ]%ﬁwfé Q:\%QEPe{i %E}Sré%@‘ﬂe‘f@ctlon zones

according t nventl
way. Then, t st badsevidedn@irivelimaiceatitedplates e areoxamapleceio vaﬁjréttﬁ that

the inventi o gafictgr 48EtI fdrqqlsw ggd.ionally quantified by means of
an apparatus for detection of fluor scence &ol orinetric det e%[do ﬁr
Ng

detection of radi §ad¥$\Gasg, either dhg H&%@P ReEoCHR e deped

a Ehgnge ;)f dWhelerrmleﬂm é@ﬂaclze Ko m@mnjb@tratd oandlh thenvitisé bYaridus bbptunng
nake e u a I. 1 en t rac an
Che. analfs e SBmeS caRafs, SBhof R ot BRUPRENERDeS 1 e BBl EoT Exdffle
anal yte) andbwdemﬂxﬂthgoaaiallrémgmts of ¢&rious solulisnarcdritdingty e capturing
t | t t he. i

e n e Blerfil TR RN Y ERLAICD D SBhiBe
that can bi nbBording rp@lmgwwb@mdrmmer@ptummg pleragnts gsaske Beposited dissctly

l'abel | ed a”tbﬁ%hﬁﬁteﬁfic%&seéﬁﬁ@ Sl%strrai‘@"(féﬁcé)éa\’rﬁiletlﬁ%e GRdlsadft AehcRkite

anti ens resent on the ana
g p plate); or one or mc}f'e solutions of bonding polymers can be deposited

directly on delimited zones of the substrate (for example in the wells of a
microtitre plate) and then various solutions containing the capturing elements
can be deposited on the same delimited zones of the substrate.



The detection and optionally quantification of the anal ytes nade
possi ble by the invention in particular find application in nedical

di agnostics (for human or veterinary nedijgine). 10 EXAMPLES The
foll owi ng exanples illustrate but do not Iimt the invention. Various
polymers with a pol ysacchari de skel eton of dextran are prepared in

the exanples gi Ve'ThBekQM‘és dfhgheP aLyaBE &Sﬁ‘\‘el é’MWsﬁQtéQfméféc?SNlﬁF honding
groups of the - CH2COONa fte%/ I?%Gewg ymer PsAcCArl wh conpri ses
Ac groups of PPHEVETEHRISORRE @ﬁé '“%r 8%%@0@“2199@3!@12@@(@%1—@%'9 of
type; the polajerelesBsiahlomeagahl ©oTOr| peScrabhdledsPthaef of legual to 65° and
CH2COONa type

pol ymer PsAc %@ymﬁ?gﬁﬁégi?{?f?gt@e C%Q%lg(%%ﬁy@q%gg&%%wg fAFhe
groups of t heubgirte@NEr&Prvithybendind golgmerspmalies tihpossibi2GoNiHhhize the
B i

t he - CH2CON 291tmaateyﬂiealso makesdt p@asqrtnf@rtoptémcrszt mﬁm@cﬂm@@rfpr |p§@@armtg
groups of thgjochifRCHNReAY BRs ¥k b gé[%‘é?ﬁor?fs é@rhgléxaal{d Eb RMfrodubible

SR MM N e
wi th R4 1bavi ng foThelamalytés thathewehe detetabLgingrth&sMatiod o 64 all kinds
O s APl Bl et gl EMES 8ag i majectes (i
r epr esent i ngpaicHizr3(gsticeles- drheotpet ypeliut@stagAriidmaoleatiies ofipr ipseticuler
2 Goaed of PR bR, Pt BT oh e

unconjugated) virus or virus fragments, cells or organisms (unicellular or

15 multicellular).

[n particular, the invention makes it possible to manufacture chips with
polypeptides, useful for serotyping, screening of epitopes, quantification of
proteins in biological media, or else analysis of ratios between peptide
molecules of the ligand-receptor type.

20 In general, use of the detection devices according to the invention
involves contacting the substrate surface, coated with the bonding polymers
and the capturing elements, with one or more solutions or suspensions that
may comprise the analytes of interest (for example sample of water from the
environment, sample of foodstuff, biological sample such as urine, blood or a

25 blood derivative product, etc.).

Detection of the analytes that are possibly fixed specifically to the
capturing elements can be carried out by means of tracer elements, which
can be for example fluorescent, radioactive or chemically labelled, and can
bind to the analytes retained on the device according to the invention or can

30 react with them in some other way. Then, the tracer elements retained on the
device according to the invention can be identified and optionally quantified
by means of an apparatus for detection of fluorescence, colorimetric
detection or detection of radioactivity.

It is also possible to base detection on a change of the medium (for

35 example coloration visible to the naked eye) due to a chemical reaction
between the tracer element and the analyte, or else between the tracer
element (fixed to the analyte) and an additional reagent.



20 - the polymer PsSACArF5 which conprises Ac groups of the -CH2COONa
type, Ar groups of the -CH2CONHCH2Ph type and F groups of fornula (V)
above, with X representing CH2 and X' repgesenting (CH2)2. 5The form
PsAc (x) denotes a polynmer conprising a degree of substitution with

Ac groups equal to X. The form PsAcAr (x; y) denotes a pol ymer

conprising an ovepal bndm%t@e.oﬁf tﬁ@hﬁédetrtéxe%nwchh ESm Bk %rn ehﬁwﬁé that
equal to x and de ree of su st tutlon s equal

ou Y.
10The form P&A QEE}%‘PESO 3‘@8%% & ﬁeﬁ aqiswefrmnse beads
degree of subsatetduwnhnnwlééuléﬁ thatl cEngbmdp&) Qﬁelaéndlﬂes mdnéddﬂfgise%llso

f substitut m P
o 5y "aenot c8siHls s BRHRR EHESARS sBinrapsen of PaioBRMeTRAR ¥dn faen
\'/A\vi th Ac, 5Ar Mfln!fg@'ra)pmeeqmalh& analytes. degree of 15substitution with

r roups equa e (S}
to 7. Example 1 -?B%‘-ea%%gﬁﬁﬂngﬁ olorklty” blattcafot! BQAE%a%%?% ot
Dextran T40 pesgjblerhy 1h¢rim4ent@nea|)part$ctdars&m \aél“(ia’iloﬂ in mad@ﬁ diagnostics

dei oni zed 20(fopMRLRTan drSRAEARAYhedidfheyl) is added slowly to this
sol ution under very vigorous Stirring, then soda (2.4 g, 60 mml, 5.4

eq), and the reaction mxture is stirred for 1 hour at 60C. Fi naIIy
monochl apoaceEMAMRLES (3 g, 31.7 mmol ) is added, then it is stirred

o el bl atd ¢ nr ebE RS ARk FeS AL ARCb UG ROFALES Miinsen. vajoup
obtai ned is @blysursedith na delysiccbdridat geeleind ofy dpkiran za: peepgreé inhthe

pol ymer PsAc|, rF L&Y beldi-S protocol gives a degree of
substitution )v(\?t @Ji erousfrom12t014

measur ement of thE degm@&mr sbst iwhieh samerises Asrasenps PEﬂ‘@C1(H'|2COON3
30groupss Det ertgparat i on of the degree of substitution with

For thi o the produdbe! oljaral bsBEAZL wdots gomprises “Ac g fmthe
PsAcl (200 ng) is di- @%QDMNanyﬁe erhd r gelips bhitve -GI}QCFIDNBim-ﬂzHBZ@@é
s 5oy, et 86T GRGILF Kher GRLRC dlby S o UEE-of e
substitution (DS) isCtaCODNadwe rothRt aroupsiaf dhve f@Héﬁ@&tH(@Hz)dDE typenB,
with A 5(1/2) x iDtggEahoRimdMPSAGRAR1 Ofhiche BHYRRS e groups of the
-CH,COONa type, Ar groups of the -CH,CONHCH,Ph type and F
groups of the -CH,CONHNH: type;
— the polymer PsAcArF2 which comprises Ac groups of the
-CH,COONa type, Ar groups of the -CH,CONHCH,Ph type and F
25 groups of the -CHCONH(CH:)3N3 type;
— the polymer PsAcF2 which comprises Ac groups of the
-CH,COONa type and F groups of formula (l) above, with R4
representing -(CH3)3;0H;
— the polymer PsAcF3 which comprises Ac groups of the
30 -CH,COONa type and F groups of formula (Il} above, with R4
having formula (lll) above;
— the polymer PsAcArF3 which comprises Ac groups of the
-CH2COONa type, Ar groups of the -CH,CONHCHPh type and F
groups of formula (II) above, with R4 representing -(CH,)30OH.
35 — the polymer PsAcArF4 which comprises Ac groups of the
-CH,COONa type, Ar groups of the -CH,CONHCH,Ph type and F
groups of formula (ll) above, with R4 having formula (lll) above;



21 CH2CO2H between 4 and 4.5 ppm and B: integral of the protons
carried by the carbons C1 of the glucose units, or (1/6) x integral
of the protons carried by the carbons C226 between 3 and 4 PPIn

S5Exanple 3 - preparation of the pol yner PsAcCArl 100 ng of
PsAcl (1.1) is dissolved in 2 nL of deionized water, then the pHis
adj UrS]t Fd to 4h7|4)Wl tthea pbNriéd BOACAIPS. whrdWCdS osrisel Bd 2groups of the
nmor phol i no- et hyl ) car ?P
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over ni ght at anbi ent The sanples are then dialyzed for
70 hours in a 2M Nadl b%’q%%'ﬁéxbﬁﬁlf then for 100 hours in deionized

wat er toS5give theTpel jorsr PeieAX]. dencirpl 8 polymasasamprising of ddgsee of
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MHz spectra usi ng THRe'® FEACA) &quat denctepsa (mhvyes compiising an overall
integral of uagray ef %nbsmatuém%trmccénd Bar grog®r efudlftot Reari enBégree of
pr ot ons duetOthbé hﬁ’ﬂﬁ E ellllustratesthe

rel ati onshi pSHEFHHHE ’}f@ 38 §f|tut|on 20 (y) with
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used in the ?Egﬁ%e% sﬁgsﬁtuﬁg Wit lﬁcq’gﬁlﬁw??%ro%egag%%letg £ g)%?/l &8gree of

relative to ree Stlt e car
groups) . Exaﬁpb%tltgtlon withtthgriupsaiqual to z.

2. (3- azi dopr opy 1) Thagbi Pendard- 0t 908, dRnbkdsa BoTRBE ehiioliaRGNah R

(15 g, 56.02 mmol) | ssol ved f or mam

sodi um ni t ri degyes 98&& s{ittion \glth ﬂcz o5 apfol, grups) eaugliter Xing @%@ree "of

mai nt ai ned f eubgtithigen svitt A¥ Qfougd@quaened ivoandiaxdegred of shBstitution with F
evaporated tag dpﬁgessl nd then co-evaporated with toluene to renove

the traces of'™H Qfmami de. The residue obtained is sol ubilized
30 in diethyl ether (150 m), and the orgam c phase is washed with
water (2 x 1p : )

magnesi um su

2- (3- azi dopropyl )Di9§UﬁHJdiOe(2]g 341 siraol, A @cwelsﬂdﬁaw\(ﬂd Ia @vﬁumleof)dm@tzed
(12.44 gg 54w33téFqusoprQJB%ol 5{56 nMiaNg WMSBWI}/ 2 this! MRidrHAder 368

Miz): S ppm 7|gor0L§ss stlrrllﬁ% then sod(amZ 429, 60 mmol (5 4 eq), and the reaction mixture
is stirred for 1 hour at 60°C. Finally monochloroacetic acid (3 g, 31.7 mmol) is
added, then it is stirred overnight at 60°C. The white paste obtained is
recovered and precipitated three times from methanol and centrifuged. The

25 solid obtained is dissolved in deionized water and lyophilized to give the
polymer PsAc1. Typically, this protocol gives a degree of substitution with
the Ac groups from 1.2 to 1.4.

Example 2 — measurement of the degree of substitution with carboxylic acid
30  groups
Determination of the degree of substitution with methylcarboxylate
groups is carried out by 'H NMR after hydrolysis.
For this, the product is hydrolysed as follows:
The polymer PsAc1 (200 mg) is dissolved in 2 mL of D;0, then 666 L
35 of D,S0O4 is added slowly. The reaction mixture is heated at 90°C for 4 hours.
The mixture is analysed by "H NMR 300 MHz.
The degree of substitution (DS) is calculated from the following
equation: DS = A/B, with A: (1/2) x integral of the signal of the protons of




52H, J = 6.9 Hz), 3.31 (t, 2H, J =6.9 Hz), 1.90 (tt, 2H, J = 6.9
Hz) . 13C NWR (75 M—lz CDCl 3): 8 ppm 168. 28, 134. 04
131.96, 123.31, 49.0, 35.35, 28.0; MALDI 2TOF: Maicul ated = 230.08
(C11H10N402), found (mz) 231.1 [M+ H', 253.1 [M+ Nat. 10Exanple 6
- synthesis of 3-azi dopropyl am ne
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added. The 15 organic phase is decanted and then the agueous phase

I s washed with dichloronmethane (3 x 50 nL). The pH of the aqueous
phase i s 5adj kxaehle 8 -4 praparation sfihemmivwdesBdAcdwl ut i on. The aqueous

phase is then extgagid o‘f"lﬁgﬁ\ﬂ Whpr&&%&&@g& ih ﬁ\LA'Ql; Ebﬁ)n%gaewater then
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%dggcnlnglrl d S Obt TP hSauEﬁBM vﬁth at H%? soFutlogllBenzﬂamlne is
1H NMR (1920, aaeéd I‘drlzi) thebregption Inixlirétis sfitedJoveinightial antbiddt fempetbturd.
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39.02, 26.48
-cal cul ated forr@® murésmldekmjzedwam tonpivelibe. @yrmveHPsALABI0 [M + Na],
139.0 [M + Kt, 107.1 [MLi]. 35Exanple 7 - preparation of the polyner

PsAcF1 100 ma of PsAcl (1.4) is dissolved in 2 nL of deionized
wat er, then Example fs- mgpsdieseentof dhe degjaerofsubstitytionawith aamaticrampps

1- clycl oh@xyl)?: (2=rhéwe@la@é bf‘@uB;*t,tEgﬂiaﬁ?WthO&bh‘rﬁn@ r()Q?b%l)s &a8§|aﬁedrﬁorrpthé
11040] . e
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i s added, tharegraéoptie praidnsishated by &4 B: Titegrad at the mromatic peotoss due
3|t :ilr;ggdo;/g;m]g{%%urnﬁgm t2|\/|t ﬁlarr?:?r ature. The sanples are then
Figure 1 illustrates the relationship between the degree of substitution
20 (y) with CH,CONHCH,Ph group and the number of benzylamine equivalents
(eq) used in the reaction (0.3 eq, 0.6 eq, 1 eq, 2 eq, 5 eq and 15 eq relative
to the degree of substitution with available carboxyl groups).

Example 5 — synthesis of 2-(3-azidopropyl)-isoindole-1,3-dione

25 N-(3-Bromopropyl)phthalimide (15 g, 56.02 mmol) is dissolved in
200 mL of dimethylformamide, then sodium nitride is added (7.25q,
112.05 mmol, 2 eq). Stirring is maintained for 2 hours at 70°C. The reaction
mixture is then evaporated to dryness and then co-evaporated with toluene to
remove the traces of dimethylformamide. The residue obtained is solubilized

30 in diethyl ether (150 mL), and the organic phase is washed with water (2 x
150 mL). The organic phase is dried over anhydrous magnesium sulphate.
The solvent is evaporated off to give 2-(3-azidopropyl)-isoindole-1,3-dione in
the form of a white powder (12.44 g, 54.1 mmol, 87%).
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5sol ution and then for 100 hours in deionized water. Finally, the
product PsAcFl thus obtained is frozen and |yophilized. Exanple 8-
measur enment of the degree of substitutioppwi th reactive groups The
degree of substitution with azide groups is calculated fromthe 10
foll owi ng equation: DS=(B/A)/2, with A: integral of the protons
carried by the carbons Cl1; B: integral of the protons in the strong
field (due to the signals of the protons of 3-azidopropylam ne).
Figure 2 illustrates the rel ationship between the degree of
substitution with azide groups (y) and the nunber of equival ents of

degree of Subett 1 Ut ORAGUEE DT MitD: BIR 0P GhoaRy 7Bty A2 ¢,
pr epar at bon @H, thebSoHyhe:3 PEARH, ¢ ¥ €.8)HZ)90.90(to2H, sopbépldapl i s
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t hen sti rredzgq 16|_(M3+f}q>]+ 45%1 M+ Na]7-5 g (79.36 mmol, 2.8 eq) of
nonochl oroacetic acid 1s then added to this mxture. It is then

stirred at 60C overnight. A whitish paste is obtained, 25 which is
sol ubi | itped Eaaﬁ'ﬁblevﬁ -o$yntbhesis of Brezigomdpelamiset hen precipitated from

b Ll T e e
sol ubilize nalh eofiridig Vrra 1 i als eq) is
preci pi t at edaédé@C?Hé' rEh&R APAUROR ﬁé?]t%g é\@e(?highmﬁdeﬁlr%]ﬁki%ﬁ?éraﬁn

after the second precipitation are
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obt ai ned, sAcl aration f t he

poncar 1 (1. 15ehisreinetiaierilx o BER aheot F 3F Bhearhefgss seedigstd i 4

mmol, 1 eq) withPs/halureledLE))ddlaﬁmioredl‘hmaauéom pblaseat ethen sexddictedt edth

to 4.74 by a Nyand 1 qgﬂ!
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(2. 44 nmol , and@xiractad withta 1k~5 a@wemgglwaﬁﬂrcé hyslroghjoric acid (3 x 50 mL).

20 The acidic aqueous solution is finally frozen and Iyophilized. 3-

azidopropylammonium hydrochloride is obtained in the form of a white
powder (1.49 g, 10.97 mmol, 84%).

0O
NH_NH -
25 N\/\/N3 _ 2 2_ Cl HSN\/\/NE’.
DCM
O

'H NMR (D20, 300 MHz): § ppm 3.52 (t, 2H, J = 6.6 Hz), 3.11 (t, 2H, J
30 =7.2Hz), 1.96 (tt, 2H, J = 6.6 Hz).
*C NMR (D;0, 75 MHz): 6 ppm 39.02, 26.48, 15.67.
MALDI-TOF: Mgaicuiated = 100.07 (CsHgNa): found m/z 101.0 [M+H]",
123.0 [M + NaJ*, 139.0 [M + K]*, 107.1 [M+Li]".

35 Example 7 — preparation of the polymer PsAcF1
100 mg of PsAc1 (1.4) is dissolved in 2 mL of deionized water, then
the pH is adjusted to 4.74 with a 1N HCI solution. Then 1-cyclohexyl-3-(2-
morpholino-ethyl)carbodiimide (CMC) (296.5 mg, 0.7 mmol, 1.1 eq) is added




then added to the reaction mxture, which is stirred with a magnetic
stirrer overnight at anmbient tenperature. The final pH of the

solution is 10. 2. The reaction mxtyure is then introduced into
di al ysis tubing (3500 g/nol; 1 nm./cm, whichis imersed in 3.5 L of
a 2M NaCl solution, S5where it remains for 5 days, and then in 3.5 L

of water, whepg wﬁersﬁan@sm]@h@a fafgauﬁ ﬂﬁy@m with aThﬂ\lcm|e@bmti% 3-
t he bag arethl%nP I n.a pot nd. t hen ghllZd 477
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0. 64) di $sol seldtiopn andritheh fant HI0 ihoussljinsdeddnized 4wat=er2bf|maillt§h rige todndt
0.1IN HCl . 21 %!%Ed 15
the pHis aggl ?cﬂjt&g?e% g@gh%&i Eﬁ’(p@‘ﬂgggn%&; IofS Zosglt :J?POI’] of
hydr azi ne at 24-26%in water is then added to the reaction m xture,
}[/\Qi CQI‘ qu?tei Examplé Bh- deBBaRShef oFithe Hefredvef Slibhtutdh \@lfﬁ)fe%&:v% roups
mxture s then pibe e o7 Pusstliliony Wi s80g GBHDS 20 CARTERP o the

d S i mrer1gedhfo1loam5g bqoiatlam ZMS#M)IQQWMINnmt?TarBf fhie ;?retm}meaﬁned by the
Tha"cont ent s PR B ieat el e Btofs It i SR e PBo o i 5Bk of
| yophi | i zed. t@wowﬁ(qu@-azmmpyiﬂmMAr F1 (1.15; 0.64; 0.26) is

h b d (d

Exampl . 12- prepar e Wpdfites s reRiBhHloAAEEh e egli of Substifion
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sol ution. h (2- m)rphol I noet hyl ) -carbodi i m de

onex
net hyl sul phofy‘l%’ibé’xyééot"%l 85 ny, 2.2 mol, 1.1 eq.) is added at
anbi ent tenperature, then the pH of the soI ution is adjusted to 4.74

in the sane Eﬁé{m%g?_z—yi%@l‘g@io%&%hg ;@;méﬁsmlﬂ 1‘%J eq.) is then

added dr opw t tenperature for
16 hours. The rea%@ Minohisopiierand ipadded sitopyisei ainger sigonous stiringcto a

sol uti oppf Orséﬁuﬁ@b{%f 5@(327 ?"r‘nrg@l qné d@&l%rn T80 g%sgﬁbé% in"fd B of water.

35l yophi l'i za I S obtal ne form of an

(1.2.°0.4
armor phous Wné[gea vmawl (%égﬁo‘}@féf)d@ @qi%tq%wrﬁaﬁvprbwtyr%mmgh is then
gr oups 0-49)st|rred at60°Cfor1h. 1H NMR (D20, 300 MHz): 6 (ppr’r) 7.21

I(Z) _ 's, Ha.), 5. 0? 5( S(?é 36 mmoP)Z 8 eq? f(mC)nocsdloroarcTzzzflc aCId ls%hen agvled to
this mixture. It is then stirred at 60°C overnight. A whitish paste is obtained,
25 which is solubilized in 50 mL of water. The product is then precipitated from
500 mL of MeOH cooled to 0°C, under vigorous stirring. The pellets obtained
after centrifugation (2500 r.p.m., 10 min, 4°C) are solubilized in the minimum
amount of water and the product is precipitated a second time from 500 mL
of MeOH. The pellets obtained after the second precipitation are washed
30 twice with MeOH and are then solubilized in the minimum amount of water
and lyophilized. 3 g (15.7 mmol) of PsAc1 with a degree of substitution of
1.15 is obtained, i.e. PsAc1 (1.15).

Example 10 — preparation of the polymer PsAcAr1 {1.15; 0.64)

35 The pH of a solution containing 468 mg (2.44 mmol, 1 eq) of PsAc1
(1.15) dissolved in 9.4 mL of water is adjusted to 4.74 by adding 1N and 0.1N
HCI. 1.187 g (2.806 mmol) of CMC is added to this solution, the pH is again
adjusted to 4.74. 266 uL (2.44 mmol, 1 eq relative to x) of benzylamine is




25 Exanple 13- preparation of the polymer PsAcFl (1.2; 0.38)

513.3 ng of PsAcl (1.2) is dissolved in 10 nL of deionized water. The
pH of the solution is adjusted to 4.74 wi4dh a 1N HCl sol ution.

N-cycl ohexyl - N= 5 (2-nor phol i noet hyl ) -carbodi i m de net hyl sul phonat e
(931.85 ng, 2.2 nmol, 1.1 eq.) is added to the solution and the pHis
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Example 12 ~ preparation of the polymer PsAcAr1 (1.2; 0.49)

The pH of a solution of 513.3 mg of PsAc1 (1.2}, dissolved in 10 mL of
deionized water, is adjusted to 4.74 with a 1N hydrochloric acid solution. N-
cyclohexyl-N-~(2-morpholinoethyl)-carbodiimide methylsulphonate
30 (231.85 mg, 2.2 mmol, 1.1 eq.) is added at ambient temperature, then the pH
of the solution is adjusted to 4.74 in the same way. Benzylamine (428.6 mg,
4.0 mmol, 2 eq.) is then added dropwise and the solution is stirred at ambient
temperature for 16 hours. The reaction mixture is purified by dialysis in a 2M
NaCl solution for 3 days, then in deionized water for 3 days. After
35 lyophilization, PsAcAr1 (1.2; 0.49) is obtained in the form of an amorphous
white powder (degree of substitution with benzytamino groups 0.49).
H NMR (D20, 300 MHz): & (ppm): 7.21 (s, Is, Har), 5.09 (s, Is, Hano),
4.89 (s, Is, Hano), 4.53-3.39 (m, Is).




The product of formula (VII1) is synthesized as descri bed bel ow
D-(+)-glucose (360.3 ng, 2.0 mmol ) is dissolved in 4-pentyn-1-ol
(1.01 g, 12.0 mmol, 6.0 eq.) and the solpsion is heated to 65C. 120
ng of 15 H2SM-S102 is added and the solution is stirred at 65C for
10 hours. The solution is cooled to anbient tenperature and then the
conmpound is purified by silica gel chromatography with a gradi ent

from CH2C 2 CH2C12- MeOH;, 9 ent The,. desired
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30 Example 15 — preparation of the polymer PsAcArF2 (1.2; 0.49; 0.62)
N-cyclohexyl-N-(2-morpholinosethyl)-carbodiimide  methylsulphonate
(372.7mg, 0.88 mmol, 1.1 eq.) is added to a solution of 224.2 mg of
PsAcAr1 (1.2; 0.49) in 5 mL of deionized water at pH=4.74. The pH of the
solution is adjusted to 4.74 with a 1N HCI solution, and then 3-
35 azidopropylammonium hydrochloride (327.8 mg, 2.4 mmol, 3 eq.) is added.
The pH is adjusted to 8.4, then the solution is stirred at ambient temperature
for 17 hours. Dialysis in 2N NaCl for 3 days, then in deionized water for 3




The pol yner PsAcFl (1.2; 0.4) (24.8 ng) and 4-pentyn-1-ol (200 pL of
a solution at 92.5 ng/nL in water, 0.22 mol, 2.2 eq.) are stirred in
150 pL 25 of deionized water at anbient pgnperature. Sodi um ascorbate
(50 pL of a freshly prepared solution in water at 200 ng/nL, 0.05
mmol, 0.5 eq.), and pentahydrated copper(ll) sul phate (50 pL of a

sol ution at 25 E‘Jér&’ﬂ—ﬂhé‘llmeﬁﬁhzéhoqp@ \}E§fﬂwe &rﬁﬁeﬁﬁshcﬂ gturga’?gj %)
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Exanpl e 19- preparation of the polyner PsAcF3 (1.2; 0.34) 28

Sodi um ascorbate (50 plcOf a freshly prepared sol ution in water at
200 ng/ m., 0.05 nmmol 4/ Q and then pentahydrated copper(I1l)
sul phat go( 50(pil)of a sabo I t 25 nmg/nL in water, 0.005 nmml, 0.05
eq.) are added successivelp.do re of PsAcFl (1.2; 0.34) (24.8
ng) and pent-4-ynyl-a- 5 D gl u@pyrano e (49.3 ng, 0.2 nmmol, 2.0
eq.) in 900 pL of deionized water at anbient tenperature. After 20
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30 'H NMR (D;0, 300 MHz): & (ppm): 5.47 (dd, 1H, J = 10.0, 9.6 Hz),
5.06 (m, 2H), 4.87 (dd, 1H, J =10.2, 3.7 Hz), 4.27 (dd, 1H, J =12.3, 4.3 Hz),
4.07 (m, 2H), 3.85 (dt, 1H, J = 9.9, 5.9 Hz), 3.54 (dt, 1H, J = 9.9, 6.1 Hz),
2.34 (dt, 2H, 1H, J = 6.8, 2.7 Hz), 2.10 (s, 3H), 2.07 (s, 3H), 2.03 (s, 3H),
2.02 (s, 3H), 1.97 (t, 1H, J=2.6 Hz), 1.82 (q, 2H, J = 6.5 Hz).
35 3C NMR (D20, 75 MHz): 6 (ppm): 170.9, 170.4, 170.3, 169.8, 96.1,
83.3, 71.0, 70.4, 69.4, 68.9, 68.7, 67.4, 66.9, 62.1, 28.4, 20.9, 20.9, 20.8,
20.8, 15.2. HRMS calculated for C4gHz5010 [M+Na]": 437.5; found m/z: 437.1.



Exanpl e 21 - preparation of the polynmer PsSAcArF4 (1.2; 0.42; 0.38)
Sodi um ascorbate (100pL at 200 ng/nmL in PBS, 0.05 mmol, 1 eq.) is
added to a solution of PsAcArF2 (1.2; 0.42; 0.38) (28.7 ng) and
pent - 4-ynyl a- D- gl ucopyr anosi de (43.8 ng, 0.178 mmol, 1.8 eq.) in 500
pL of deionized 35 water and 400 pL of PBS at 0.1 M Pentahydrated

copper (1) sgkphaie 1610 rﬁheQ§ of PeABAYhyI-8-PBRicoByfesig®! . 0.1 eq.)

i s added and actl m_xt ur SUITT enperature
for 20 h. The dexTPEPPaUGLS muﬁ Kﬁ()dﬁséféﬁﬁ‘@é@@d@@lQﬁﬁCGHeQPeEBTA-2Na
at 0.5 M (2 nL) before being purified by 29 dialysis in a 2M NaCl
sol ution forgi()days t g i n deionized water for 2 days.
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and interquarti re shown in Figure 3. It can be seen
that treatnment of the polystyrene surface with the pol ysacchari des
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target protef#§05mmol, 0. 05 eq. ) are then added to the reactlon mixture, which is mixed
at ambient temperature for 20 hours. Purification by dialysis in a 2M NaCl
30 solution for 3 days, then in deionized water for 3 days followed by
lyophilization gives the polymer PsAcF2 (1.2; 0.4) in the form of an
amorphous white powder. The degree of substitution with triazole is 0.4 (i.e.
essentially all the reactive Ar groups were converted).
'H NMR (D20, 300 MHz): & (ppm): 7.65 (s, Is, Huyiazote), 5.03 (s, s,
35 Hano), 4.85 (s, Is, Hano), 4.30-3.30 (m, Is), 3.13 (s, Is, CHy), 2.61 (s, Is, CHy),
2.01 (s, Is, CHp), 1.75 (s, Is, CH,).

Example 19 — preparation of the polymer PsAcF3 (1.2; 0.34)




30 The 96-wel| plates used are of the Maxi Sorp | nmunopl ate type
fromthe manufacturer Nunc. 1) 100 L of a solution of
polymer in PBS (pH=7.4) (between 50 pg/ntkgand 0.1 pg/nL) is incubated
in the wells of the plate for 16 h at anbi ent 5tenperature. 2)
The wells are then washed with 3x300 pL of PBS (pH=7 4) contai ni ng
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tetrarrethylr Sk vidin (5 pg/m. or 1 g/nL) in PBS
(pH=7. 4) Tvveg df&?e* ngi lﬁogpé)’iat anbi ent tenperature. 8)

The wells are vvashed wi th 3x300 pL of PBS (pH=7.4) Tween 20 (0.1%
for 3x5 181 NUEREMPRDID T[b't@p)ﬂfétbﬁ dFtRe WaRMesH P& ABABRSP2pb.49% odsg)oni zed

water for 3x5 mn

t
centrifuge for gﬂswnhﬁ&‘??f?éﬁe 8#9&(&' Bﬁ@efreﬁhlyrW&Qﬁrqdorsog't'ﬁpnm water at
11) The fl uoﬁe@u@m,a% hendlo Ot ey.9f and ¢here pestahgdrates copperdl) Sighate

(50 pL of a solution at 25 mg/mL in water, 0.005 mmol, 0.05 eq.) are added
successively to a mixture of PsAcArF2 (1.2; 0.42,; 0.38) (28.7 mg) and 4-
20 pentyn-1-ol (200 uL of a solution at 92.5 mg/mL in water, 0.22 mmol, 2.2 eq.)
in 700 pyL of deionized water at ambient temperature. After 20 hours, the
reaction mixture is purified by dialysis in a 2M NaCl solution for 3 days, then
in deionized water for 2 days. The polymer PsAcArF3 (1.2; 0.42; 0.38) is
obtained after lyophilization in the form of an amorphous white powder. The
25  degree of substitution with triazole is 0.28 (degree of conversion 74% of the
reactive F groups).
'H NMR (300 MHz, D,0) 6 (ppm): 7.62 (s, IS, Hyizzole), 7.21 (S, IS, Har),
5.04 (s, Is, Hano), 4.89 (s, Is, Haupo), 4.29-3.50 (m, Is), 3.13 (s, Is, CHy), 2.58 (s,
Is, CHy), 1.96 (s, Is, CH3), 1.73 (s, Is, CHy).

30
Example 21 — preparation of the polymer PsAcArF4 (1.2; 0.42; 0.38)

Sodium ascorbate (100uL at 200 mg/mL in PBS, 0.05 mmol, 1 eq.) is
added to a solution of PsAcArfF2 (1.2; 0.42; 0.38) (28.7 mg) and pent-4-ynyl-
a-D-glucopyranoside (43.8 mg, 0.178 mmol, 1.8 eq.) in 500 pL of deionized

35  water and 400 pL of PBS at 0.1 M. Pentahydrated copper(ll) sulphate
(100 pL of 25 mg/mL in PBS, 0.005 mmol, 0.1 eq.) is added and the reaction
mixture is stirred at ambient temperature for 20 h. The dexiran is taken up in
an aqueous solution of EDTA-2Na at 0.5 M (2 mL) before being purified by




35using a confocal fluorescence scanner. The results are shown in
Figures 4 and 5. Figure 4 is a histogram showing the intensity
of fluorescence obtained with the pol ynepg PSAcArF4 (1.2; 0.42, 0.34)
(the degree of substitution of 31 0.34 only relating to the triazole
F groups) and the three lectins nentioned above. The ratios shown on
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Bi oChi pAsT ayEhe %@?rﬂer@ﬁ@@fe@ta’f’é th8sé Besérilddoabie and AsIeRIMicularly PsAct
PSACATFA (1. &1 20 BacRiP(.2°0%2), PsACAIF2 (1.2; 0.42; 0.38) and PSACArF4 (1.2;
0.42; 0.27) (the value of 0.27 representing here only the degree of
substitution with triazole).
The polystyrene surface in contact with the solution is then immersed
20  twice for 5 minutes in a water bath. It is dried under nitrogen for 10 min.
These surfaces are then used for measurements of the contact angle.
The zone of the substrate that has not been in contact with the solution is
used as control.
Ten 1-pL drops of water are deposited in the middle of the treated and
25 untreated (control) surface. The results (median of the angle and interquartile
range) are shown in Figure 3.
it can be seen that treatment of the polystyrene surface with the
polysaccharides PsAcAr1, PsAcArF2 and PsAcArF4 leads to a significant
decrease in the contact angle of water compared with unfreated polystyrene.
30 These polymers therefore permit functionalization of polystyrene.

Example 23 — functionalization of 96-well polystyrene plates with ligands
In this example, the bottom of polystyrene wells is completely covered
with a layer of PsAc, PsAcAr or PsAcArF and then incubated with ligands
35 (lectins). A protein is then incubated with the ligand-functionalized surface.
Finally, a fluorescence detection system makes it possible to identify the
wells that have captured the target protein.




0 10 0 0 PsAcl (1.2) PsAcF1 (1.2; 0.38) 0 0 010 0 O PsAcArl (1.2
0.42) PsAcArF2 (1.2; 0.42; 0.38) 00 0 p OO PSACArF3 (1.2; 0.42;
0.28) 30For the polynmer PsAcArF4, the dggree of substitution of 0.27
corresponds to the triazole groups only. For the polymer PsSAcCArF3 the
degree of substitution of 0.28 corresponds to the triazole groups

only.
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The 26-well plates used are of the MaxiSorp Immunoplate type from
the manufacturer Nunc.

1) 100 pL of a solution of polymer in PBS (pH=7.4) (between 50 ug/ml.
and 0.1 yg/mL) is incubated in the wells of the plate for 16 h at ambient
temperature.

2) The wells are then washed with 3x300 pL of PBS (pH=7.4)
containing 0.1% of Tween 20 for 3x5 minutes.

3) The wells are then incubated with 300 uL of a solution of PBS
(pH=7.4) Tween 20 (0.1%) containing BSA (3%, 1% or 0.1%) or casein
(0.1%) for 1 hour at ambient temperature.

4) The wells are washed with 3x300 yL of PBS (pH=7.4) Tween 20
{0.1%) for 3x5 minutes.

5) The wells are then incubated with 200 yL of a solution of
biotinylated lectin (for example 10 pg/mL, 5 pg/mL or 1 uyg/mL) in PBS
(pH=7.4) Tween 20 (0.1%) containing MnCl, and CaCl, at a final
concentration of 1 mM. Incubation takes 1 hour at ambient temperature
under stirring.

The following lectins (commercially available) were used: concanavalin
A (ConA), wheat germ agglutinin (WGA) and Erythrina cristagalli lectin (ECL).

ConA interacts with terminal alpha-D-glucose or alpha-D-mannose
residues. WGA recognizes the N-acetyl-D-glucosamines. ECL recognizes the
terminal alpha-D-galactose residues.

6) The wells are washed with 3x300 pL of PBS (pH=7.4) Tween 20
(0.1%) for 3x5 minutes.

7) The wells are then incubated with 200 yL of a solution of
tetramethylrhodamine-labelled streptavidin (5 yg/mL or 1 ug/mL) in PBS
(pH=7.4) Tween 20 (0.1%) for 2 hours at ambient temperature.

8) The wells are washed with 3x300 pL of PBS (pH=7.4) Tween 20
{0.1%) for 3x5 minutes.

9) The wells are washed with 3x300 yL of deionized water for 3x5
minutes.

10) The plate is dried in the centrifuge for 10 min and then dried under
nitrogen for 5 min.

11) The fluorescence at the bottom of the wells is measured at 532 nm
using a confocal fluorescence scanner.

The results are shown in Figures 4 and 5.

Figure 4 is a histogram showing the intensity of fluorescence obtained
with the polymer PsAcArF4 (1.2; 0.42, 0.34) (the degree of substitution of



1) The wells are then incubated with 100 pL of a solution of PBS
(pH=7.4) Tween 20 (0.1% containing BSA (3% for 15 mnutes at

anbi ent 35t enperature. 2) The wel§s are then washed with 3x100
pL of PBS (pH=7.4) containing 0.1% of Tween 20 for 3x5 m nutes.
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L of dei oni zgﬁomtcﬁr tHeOx aXiedary met @%tm/streptawom rdiiss. ot Rast seslini @ ik
the centrifuge i ed under nitrogen for 5 mn.

159) Det ectlgﬂmir%' v&tﬁ}qqq‘élaegggfs { e scanner at 532 nm
Fi gure Gosummrl zElalsté)@errmmﬂttllwsbﬂat@s thedreldtionship betweeernthetiatenSin of the

Fi xed sel ect hSItoORcd U AR VIR BARA ool B8hAClisdd Ty HOSHolk e

| ectins bein runcr |ona rene
pl ates and nga@n@seamﬂ aammai@dwﬂl ther wallgthat didwnmvmeyedﬂomhestmawdm
of aromatic gHpshicAtiEl Qve low. The polynmers PsAcl (1.27), PsAcArl
(1.27; 0.03), PsAcArl 9/ 0.39) and PsAcArl (1.27; 0.54) are used
for this experinment. Fi ve pol ystyrene plates (Goodfell ow plates, 10

cm x 104em , Evasipisi 245 kehitiohasfdmwrbdoteadtahe dogtom bh tied hanglof 206-well

hal f-i nmmersed, L. n, the sol U%IOPS of s cl ?r P AcAr?.1 |§s ved i n PBS

buffer at a 3@@%&?—%@—8—@@5—%’& RS ni ght at

anbi ent tenper at ulrethis experifftest, pmdlrjmlsypelgmessnafraqmmed a@brthadiotion kf an

t he sol utlon t?eé argeggﬁr%g twice for 5 mnutes in a water bath. It
ro

is then dr|e en for 10 mn. 30 These surfaces are then
used for neasurenEheblczﬁhlnsh@U@dma@@echa@a wenTReubsaied with preteiss Psetinge

that waggnot in C‘Pﬁé%t—w%Tphatb§%s§9'%'&Hhé%é&ﬁsgr@ﬁn%bbfﬁte types from
Ten 1-pL drops of \A?Qﬂ?r ar dep%ltedln the mddle of the t ed

and unt r eat ee BGRLFaAIres yng 00 pL of polymer solution (at concentratlons of 10
pg/mL, 7.5 yg/mlL, 5 pg/mL and 1 yg/mL in PBS) are deposited on the plate

using a Packard BioChipArrayer BCA-1 apparatus in the following

arrangement:
25
PsACArF4 (1.2; 0.42; 0.27) O00I000 PsAcl(12)
PsAcF1 (1.2; 0.38) OO CO0O PsAcAr1 (1.2; 0.42)
PSACArF2 (1.2; 0.42; 0.38) OQOOOOO  PsAcArF3 (1.2;0.42;0.28)
30 For the polymer PsAcArF4, the degree of substitution of 0.27

corresponds to the triazole groups only. For the polymer PsAcArF3 the
degree of substitution of 0.28 corresponds to the triazole groups only.

1) The wells are then incubated with 100 pL of a solution of PBS
(pH=7.4) Tween 20 (0.1%) containing BSA (3%) for 15 minutes at ambient

35  temperature.

2) The wells are then washed with 3x100 pL of PBS (pH=7.4)
containing 0.1% of Tween 20 for 3x5 minutes.

3) The wells are then incubated with 100 L of a solution of
biotinylated lectin (for example 20 pg/mL, 10 pg/mL or 5 ug/mL) in PBS



35The results (nmedian of the angle and interguartile range) are shown
in Figure 7. The first bar is the result of immedi ate neasurenent,
and the second bar after storage for 24 B2under partial vacuum
(desiccator). 33 It can be seen that PsAcArl (1.27; 0.54)
allows a significant decrease in contact angle, which decreases from

_?_ﬁ f]?r tPe up Hﬁ'ﬂ?-l dl;jmry'?-ﬁy 5‘(}(5]‘ 5aidtﬂratté'lﬁb'bh€@érﬁ emubésﬁbﬁﬂ@'n@rbltal
e functions,gra on the n e
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in a decr easeddad tdvea finat aoiceatrgtien of1\mMer on these surfaces,
relative to the u t 1-(& 27
0.54) thus all owsairﬁ% &’g“?%u%%{'é%hrafwg o@ﬁ%@l{ﬁsﬁﬁﬁgﬁg(% '?\Xleen 20
Exanpl e 26 - (G.0P@Qtioodudimiaviesn of 96-wel | pol ystyrene plates and

hydrazone 10I| at t u t e Th |
PBS/ APl (11 9 52”T®é Relis gfeeftﬁsﬁ i iﬁ;ﬁe};g 300 9229 %rrﬁflénlof

experi nent . $ﬁ8pﬁ§diwtrﬁmw Fhoija(”l'n? ( Bafatti-4) povesm|29
to functi onaltb tfbﬁztp@mg)m @r‘hbtd”lfﬂ?tm biatMdet h a hydra2| de function.
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;rrt]ﬁclto iOIC)% rreg erves éi T&‘@n‘f"?”ﬁ azgfh@%@fggﬁgisﬁ gralg'??é QRE‘&M& Tveer 0

w t h noliecul & 18gdor Bgs arinalegehyde functlon The bond forned is a

hydrazone. The pr%.g:gih%legzteﬂé dr8Sya SR | pep dgf_ #(Q%mz%d%a{\!fzfog@%

HO.t.NH 25 _ des are use
f or mul a Rho- RRNMEESH2) 3- NI—l-CI—lOCO(functlonallzed with

tetramet hylr hOda”Bgﬁ'h@Eﬁaféﬂ |5'Hr%dQH%QJe‘|‘1WE%;Q%r ‘?@‘i‘mﬁeemd #erdicEGhd &

NO 2) of forpula functionall zed
tetranet hyl r AB@geNTer aMdinwi t h an ani de function). The synthesis of

these pgst i des i sg}izécédtubads bagibhlcbu‘tlvﬁlth e €dannefbphaz exe

sem car bazone peptl de egxynuc e. mc oarr

Chem 14, 430-9 (bBY Oé '6‘{"336 e ral %e‘?tl’ ‘?/%P?e” W U is

pol ystyrene fixed aplem:tleelymtm)pp[annE$AaAeF4 nelther of the other two lectins
being fixed.

20 Example 25 — functionalization of polystyrene plates and measurement of the
contact angle, influence of the degree of aromatic substitution
The polymers PsAc1 (1.27), PsAcAr1 (1.27; 0.03), PsAcAr1 {1.27;
0.39) and PsAcAr1 (1.27; 0.54) are used for this experiment.
Five polystyrene plates (Goodfellow plates, 10 cm x 10 ¢m), washed
25 beforehand with water and with ethanol, are half-immersed in the solutions of
PsAc1 or PsAcAr1 dissolved in PBS buffer at a concentration of 10 pg/mL
or in PBS alone, overnight at ambient temperature.
The polystyrene surface in contact with the solution is then immersed
twice for 5 minutes in a water bath. It is then dried under nitrogen for 10 min.
30 These surfaces are then used for measurements of the contact angle.
The zone of the substrate that was not in contact with the solution is used as
control.
Ten 1-pL drops of water are deposited in the middle of the treated and
untreated (control) surface.
35 The results (median of the angle and interquartile range) are shown in
Figure 7. The first bar is the result of immediate measurement, and the
second bar after storage for 24 h under partial vacuum (desiccator).




treated with 100 pL of a solution of PsAcArF1 (1.1; 0.75; 0.03) or of
PsAcArl (1.1; 0.75) at a concentration of 5 pg/nL in PBS. The
treatnment is carried out at anbient tenpeggature under stirring
overnight. 34 The plate is then washed with PBS/ Tween 20 0. 05%
using a plate washer (300 pL/well, 6 washings). Two series of
sol utions of pept 1des r f
5x10-7, 2.5x10-7, 1, 25[)3&%8% gjnaﬁ %ﬂéﬁpﬁ(ﬁﬁaﬁ 5228%@&5 ?rgﬁéearg (*ék%é%e
pH 5.5/ 0. 1% #1 C%‘;&Ct 809ls: Whiichh derreaseatiTUn 46 faeps vnkaated pelystytrneota

of 7t5;16(\£ellvle|8|5§7 ggagﬁe Vtgééteﬁ’?ﬁ&lﬁtﬁ%n(el 'l:]he @uﬂcﬁson@ @r%)‘te@r orl?gﬁéﬁﬁt%lyét {e::we
Wi
stl rring for S 3‘? Flff%?f‘ tgfrpt?gf;éﬂri (ﬂ'ﬁ #’3& irff'e ‘\'/#?Gr‘? more

PBS/ Twees 20 hg/drdinﬂil‘il’()c waidh zElrefletled i a iﬂ@cmbnngbé centilct baglenvt Water on

dei oni zed vaher t rif A
then carri edrt it il%%#s"‘%lhtw@t%’ﬂ?&hﬂg% d%é{lk&?re’ln%t jﬂ I%Sf}&g}ng'r F%ngA'sl
Tecan fl uor e$t@Ac %dﬁnuﬁaallows chemméfww@gnallzaélosmﬁmlystyrengure 8.

The grey bars correspond to peptide 1 and the white bars to peptide
2. Cn corresponds tq the dlfferent 15 concentrat| ons of PsAcAr F1
(1.1; 0.75; § le, 28 T lizalis f 98- lyES | g

of PsAcAbl (énorpwm)nuwmean soifids M 2 = 5x10-7 M 3 = 2 5x10-7 M
4 = 1.25x10- 7

Com thawtols) e mRACORSAACE1 411 st Bfnd e3Acats) k47 .7s)

PsAcArF1 (1. are usef; fod. 08y eapdritieeh The ubaymer viPsAcAife 1 20.13 @1@5;/(&.‘03)

peptide 1 is.higdh ; ?Basteohd ﬁ.ﬁ‘l&l})n?'lib Wé%%ﬁgﬁpﬂ %ﬁ%@vﬁg% \ﬁlﬂ’? hl{yc?lfazide

t he signals associa S treate

0.75) (cont r Binofien| sTheotpohuuen PsAeARl diaki 87 Funkhichndeestnots bear this

lr gsvcE 'c vgwp; ﬂg[rlfcﬁéﬁe@ér\fe% hdeoatrdehmsle hﬁrﬂﬂﬁd@@urﬁtloﬁeﬂt kﬁi@w&)t?' r%ak‘.‘?Wth

cases, intensity o
signal s asso Oé?%ﬁe%\nb?ﬁ”f'ﬂ@r\/\@idleg'yg?ufHEM e-EheiNgPﬂ d {fREn rﬁ,aohydrazone

peptide 2 noThBarinapld bethel rkabiisieid anfdiibos: is very low (Cn or Cn,
pepti de 2). Thi s exagpl e denonstrates chenosel ective bi ndi ng of
the al dehyde peptide 1 to fjhe wells treated with PsAcArFl1 (1.1; 0.75;
0.03) and havi ng accessi bl 8 _hygeptidede functi ons. 30Conpl enent ary
experimggts were carried out[lby varying the pH of the ligation
reaction. The preferred pH fgr the reactionis 5, a expechgd for
this type of chemnical reaction. Exanpl e 27 - Zl C8h& i zati on

of 96-wel| polystyrene plates$, preparation of 35bi ochi|ps by printing
of peptides and reaction in sj In this expegFment, the wells
are functionalized with a poléséccharlde pol ymer. Pegptides are
printed to forma biochi @ Hpept i des bi ndi ngP4g -NHe surface by
fornatigg of a hydrazone coyal ent bond.

[ 1 —— [ |

Two peptides are used: peptide 1 (SEQ ID NO: 1) of formula Rho-KR-
NH(CH2)s-NH-CHOCO (functionalized with tetramethylrhodamine and with a
CHOCO function) and peptide 2 (SEQ ID NO: 2) of formula Rho-KR-NH,

30 (functionalized with tetramethylrhodamine and with an amide function). The
synthesis of these peptides is described in Ollivier et al., Alpha-oxo
semicarbazone peptide or oligodeoxynucleotide microarrays, Bioconjug.
Chem. 14, 430-9 (2003).

Protocol:

35 The wells of a 96-well polystyrene microplate (Maxisorp, Nunc) are
treated with 100 uL of a solution of PsAcArF1 (1.1; 0.75; 0.03) or of
PsAcAr1 (1.1; 0.75}) at a concentration of 5 pg/mL in PBS. The treatment is
carried out at ambient temperature under stirring overnight.



35 The synthesis of the peptides used in this experinent is
described in: Callon et al., Chem cal Mcropatterning of

Pol ycarbonate for Site-Specific Peptide 34mobilization and

Bi ool ecul ar I nteractions. Chenbi ochem 8, 315- 322 (2007). 5The
pepti des used are: Ser-HA: H SGYPYDVPDYAGYPYDVPDYAGYPYDVPDYAS- NH2

ﬁlgEQA 7 16 &OCO:EE% s Irhggvﬁg D A D B A YO s ﬁlﬁg% épa )
Ce0 Waeh Rl -

I D NGO 5); YKDHDI DYKDDDDKGGSNH2 ( SEQ | D NO
ESS) . llzfirGOt ogol . Two deriest bfgsallitidriee qgfepeptigss Ser ahtd, ZGS@Q)@.ared at
er - an c t 0 7 | E_Qr
acetate buff 8&%@@%5& 6@%33?@2’ gfaé%‘]ﬁg g‘ggég?(?lﬁ’[\%%{;’e_ﬁﬁﬁw Mam an
f uncti onal i zadetate huffert girer.5/Ps186 Af BOSA.1ED ph/ofiepch solutiviris Bepogited at the

[ mL PBS f t
ot " th 3ooB%fE5 (oo WREIRaty WIWRACAIR £, 01737 OM)E PGt (126

washed manuafi ﬁ)«ﬁtwelmr@dlt@)ﬂﬁmédlwon reaction is pﬁmﬁs’a@ubwﬁbfstlrﬂng for
anti-HA and aRtdi ahAéEnEBEH % is carried out at a concentration of

wel P Tar e washed TBRGRIRIS o achas oty S Lies020 (0 08% a0t/ 4Rl op
t et rametibyl r raghimgseahdltieén edihaddionizgdbwater (%)MVW@IQCB rashingeprDived in
otirring (roB ey RhNER S BEL AR TR Re e mir 20 Gy TiEhets e
Tween 20, 3 inadéc3ofiioreseance scameerdri ed by centrifugation (2500
(r)]; ]P-S?t ; 5 18108 ; Nﬁgﬁe ré[&ﬂggélfﬁe@zrlw ﬂ’[ an{]tﬁ%ds WA gfeyT BRRTCSHENMRY tof ptRle
1 and the white bars to peptide Cn corresponds to the different
15 concentrations of PsAcArF1 (1.1; 0.75, 0.03) and C'n corresponds to the
different concentrations of PsAcAr1 (1.1; 0.75) with 1 = 10®° M; 2 = 5x107 M;
3=25%107M; 4= 1.25%107 M; 5 = 6.25x10° M.
The intensity of the signals (on the y axis) that are associated with the
wells treated with PsAcArF1 (1.1; 0.75; 0.03) and then incubated with the
20 aldehyde peptide 1 is high (Cn, peptide 1). In comparison, the intensity of the
signals associated with the wells treated with PsAcAr1 (1.1; 0.75) (control
wells not having the hydrazide function that is reactive with respect to the
aldehyde function of peptide 1) is very low (C'n, peptide 1).
In all cases, the intensity of the signals associated with the wells
25 incubated with the control peptide 2 not having the aldehyde function is very
low (Cn or C'n, peptide 2).

This example demonstrates chemoselective binding of the aldehyde
peptide 1 to the wells treated with PsAcArF1 (1.1; 0.75; 0.03) and having
accessible hydrazide functions.

30 Complementary experiments were carried out by varying the pH of the
ligation reaction. The preferred pH for the reaction is 5, as expected for this

type of chemical reaction.

Example 27 — functionalization of 96-well polystyrene plates, preparation of
35 biochips by printing of peptides and reaction in sifu
In this experiment, the wells are functionalized with a polysaccharide
polymer. Peptides are printed to form a biochip, the peptides binding to the
surface by formation of a hydrazone covalent bond.




The results of incubation with the anti-HA anti body are shown in
Figure 9 and the results of incubation wth the anti-FLAG anti body
are shown 35in Figure 10 (intensity of fjsorescence on the y axis).
Exanpl e 28 - preparation of

bi s({2-ftriphenvi nmet hyl ) sul phanyl | et hyl })am ne 36 1.50 g of

bi s(2- chl or oet hyl yaei siptHebisto TR pepitibstudRi th Bis experiment is described in:

tri phenyl net hanet hi ol (,%/f}e;g#I val ent's, 16. 80 q\%g/ ali)e i nt rodgce i nt,o

a flask and H@5€8delLAle icale Micrapatieiieg & FRrbgpaten iy arBgspecific

di met hyl f or mrpebdée (falobiliztiedded Biodeslcomgnitemctivns.r Chemprithehes, 315-

reaction 5 g&z&@ J/',S cooled in an ice bath. 4 equivalents of 1, 8-
P42 2201)

di azabi cycl ndec- 7-ene (DBU) are added dropwi se to the
m xt ure. 5The ni xt Tihe peptides used aeg: anbi ent tenperature for 3 hours

and the reaction iscpppjs.ored } %ﬂrﬁg )
(eluent: cycl ohexanggg Ag)l gg%éﬁ??%ﬁgfﬁ ne: ?‘g; 0. 1;0(1%}3%8 NH;
this time, the sol ve¥EQilB MQaBdrated off in 10 a rotary evaporator.
The white solid obtgbpeiac HEDYKBRIPIKDMDIDYRDODDKGGS-NH, | (SEQ

di chl or onet hane (%P@d the product is extracted three tinmes w
5% aqueous sol ution DPos.  The product is then purified by silica
gel col ygn chr omatogHIPOY-KHAL uent : cycl ohexane/ Et OAcftri et hyl aGH@CO-

(yiold of 285 15100 ARy S By PRy YAl EVRBYAT Nif. (S 1D Ro:
0.37 (silica gel, cyrlohexane/ Et0Ac/ TEA: 8/2/0.1). 1H NMR (300 MHz,
CDCl 3) 7.41-7.37 y 7 ;

(m on o). 126 ghoqR iy ‘cHoCoBvkBHOGMIIpIDARRIREGS-
154.1; 129.8: 128. INHp$8EQ Wy 6)32. 6: MALDI - TOF: 20243.1 [Trt+,
622.3 [ N6HT, 644.BrdiMegiNal . Exanpl e 29 - synthesis of

Boc-fi Al a- N( CH2 STO Boc- | | i .90 1 | i

o o soBer g AN i ey s oA

C and N, N dFLAG, abeod2Bntratiolof 101 (5 FE® bliesordatdie Bifer aingHiss,
nt ai n n a | t e rat

T s(roCtri heRR e oo RiE Hke. GHORENAS) M Cholyhict BteF1

added. The redcpg/onl)npalyores RsAGAN (18dud/orl ) 2PBEbuSTestor ambieatad.

t enperatpyre. The i i I t

o Bauodls soda soratet o Wels i cBHAROBEL fitn S0l 0A TBotPRESA fir

and it is ex®?&nandgr 8HTHGeh| or onet hane (3 x 100 nL). The organic

phase is dried oveke ¥ullydire WashadmeshuaTySAitP PBSF0. 130 dweeanmy, at ed. The

crude prosuct 1o PLLRGSY ol Has Al h EPLARESRIRAREY i oot o 3
product Bocf témeenieGbACHISTY py/nli s imbPa3ied %BSAhefof orndlof uadehi strring
g‘;""der 68- 1 Broo’R3wif ™ He wallsbre WBSHEF ALY NiA9PBEN]. FosPRnloh bBvs:
Incubation of tetramethylrhodamine-labelled anti-lgG  murine
antibodies is carried out at a concentration of 2 ug/mL in PBS/0.1%BSA for
1h under stirring (100 pL/well).
The wells are washed manually with PBS/0.1% Tween 20, 3 times
30 with water, and dried by centrifugation (2500 r.p.m., 5 min, 20°C).
The plates are read with a Técan scanner (focus offset: ~1000/MTP
gain: 90/resolution: 4 pm).
The results of incubation with the anti-HA antibody are shown in
Figure 9 and the results of incubation with the anti-FLAG antibody are shown
35 in Figure 10 {intensity of fluorescence on the y axis).

Example 28 — preparation of bis({2-[triphenyimethyl)sulphanyllethyl})amine




Mel ting point: 53C. 1H NWVR (300 MHz, CDCI3): 6 ppm 1.43(9 H, s, CH3);
1.94(2 H t, J =4 H, ORS); 2.14 (2 H t, J =4 H, ORS); 2.31 (2
H t, J =4 H, CHZCO\I) 2.73 (4 H m CENCH2); 3.23 (2 H m
OCONCH2) ; 5.23 (H, m CONN); 7.10-7.50 15(30 HAN m). 13C NWR (75 MHz,
CDC13): 6 ppm 28.50 (CH3); 29.50 (CH2); 30.0 (CHZ) 33.0 (CH2); 36.0
(CH2); 45. CHZ) b/ 0 &1‘(}'%)9(2%%%&91@1 mnr?e27 tgfﬂ I?Ll?a?mo (4@1'9 of
129.5 (CH) ; 130. # 45.0 éa
156. 0 (Cquat }np*@ﬂy s lcy' (Zﬁ%\qﬁ‘t ntﬁoﬁcG@@I\iﬁ mtrosi'ea? &
(0301t ﬁ32!\l2035a) prdoéd Sih8ed [av + iNerdt; a‘tlnio r%ﬁé 325M'1K]toF—Xaimiyﬁr(ﬁ£é
- syntnesi s roduc

Boc 11 A s ai S EEbA TR (OUPE B Aleq LPGeRhEebiYs stiring,and the reaction
di chl or oset hariguts0 isl ), coaimﬂ i ddi nan( 2.i&¥ ghathl. 34 nmehjivaentzideaf. 1,8-
Stirring is ' | f T ! e ULE sl
excess i odi ngp‘%ng%e@f%ﬁﬁgu@&)w h™an a%ttjlgous %ﬂ](# C{IOI’I o E {0 ihe '?ﬁ‘lxture
t hi osul phat eThg qutmr@os rfiyred B{tanabienbiemeerakirei fed 3dmurwa1ﬁl the reactlon is
di chl or omet hapgitofed 4 Ahih-layk é]ecﬁfcﬂﬁé'tbar eTi@) émﬂtowloﬁésta%r/@m?l

by 51 11 o Zz'agé‘%i%m%@a%%f@xﬁ ahet iy v e Bplient s graderaied o
40/ 60/ 018, vawovdry hpopatoruTihe Bettef SAlldaobtdiridd &Zﬂmneussswebtlnlsmmu
(e 1orm o1 Bl S S i ot i Wl 2
H s, CH3); aqUGOLQQsM;Jtlon of KH,BQ4z The product is then purlfled by silica gel column
chromatography (eluent: cyclohexane/EtOAc/triethylamine (TEA): 8/2/0.1), in
order to obtain 1.46 g of amorphous white solid (yield of 28%).
15 The analysis of the product is as follows.
Rf = 0.37 (silica gel, cyclohexane/EXtOAC/TEA: 8/2/0.1).
"H NMR (300 MHz, CDCls) & 7.41-7.37 (m, 12H, Trt), 7.15-7.29 (m, 18H, Trt),
2.23-2.36 (m, 8H, CH>), 1.26 (s, 1H, NH).
C (75 MHz, CDCl3) 154.1; 129.8; 128.1; 126.9; 47.9; 32.6; MALDI-TOF:
20  243.1[Trt"], 622.3 [M+H'T", 644.3 [M*+Na™].

Example 29 — synthesis of Boc-Ala-N(CH,CH»STrt),
Boc-# alanine (1.908g, 10.1 mmol) is dissolved in 50 ml of
dichloromethane, then the solution is cooled to 0°C and N,N-dicyclohexyl-
25 carbodiimide (5 mmol) is added. Stirring is maintained for 30 minutes at
ambient temperature. After filtration, bis({2-
(triphenylmethyl)sulphanyllethyl})amine (2.5g, 4 mmol) is added. The
reaction mixture is stirred for 2 hours at ambient temperature. The reaction
mixture is evaporated to dryness. 100 mL of an agqueous soda solution (1 N)
30 is added to the residue obtained, and it is extracted with dichloromethane (3
x 100 mL). The organic phase is dried over anhydrous magnesium sulphate,
and evaporated. The crude product is purified by silica gel chromatography
(cyclohexane/ethyl acetate/triethylamine, 80/20/0.1, v/v/v). The product Boc-
FAla-N(CH,CH,STrt), is obtained in the form of a white powder (3.1 g,
35 3.9 mmol, 97%).
The reaction diagram is as follows:




10 CH2CON); 2.87 (2 H, t, J =4 Hz, CHRS); 3.04 (2 H t, J =4 Hz,
CH2S); 3.39 (2 H m OCONCH2); 3.76 (2 H t, J =4 Hz, CONCH2); 3.86
(2 H t, J=4Hz, CONCH2); 5.25 (H m &§). 13C NMR (75 MHz,
CDClI3): 6 ppm 28.5 (CH3); 33.0 (CH2); 36.0 (CH2); 37.0 (CH2); 39.5
(CH: 50.0 (CH2); 53.0 (CH2); 143.0 (Cquat); 156.0 (Cguat); 15172.0
(Cquat) MALDI - TOF (DI-113 matrix): Malc = 306.1 (Cl2H22N20S2); miz
307.1 [M+ H; mz =329.1 [M+ Nappnmz = 345.1 [ MtK]. Exanple 31
- synthesis of NH2-)9Al a- d|th| aze ~20The product
Bocili Al a-di t hi azepane (1 g, %Q is dissolved in
di chl oromet hane (5 m), and tri ‘g [ [
Stirring is maintained for 30 M -@ anbi ent tenperature:
reactionsm xture |s evapor at ed o@r gess. Aqueous soda sol utip
N) is added to|thejresi dug obtain&d,=and it{Q s Jlext ract df"t
di chl or onet hap{ o Phadle i E/ over
anhydr ous nagnesi umtsul phate a e or at ed. The pr oduc
NH2- f | Al a-di t hi azepane is obtained in the formof a transl uces
(628 ny, 3.04 mol, 94% . The reaction diagramis as follo
7\OrTh N TFA/DCM 0 H2NS 351H NMR (300 MHz, CDCI 3): 6 ppm 2
t, 40Hz CH2CON); 2.60 (H m NH2); 2.90 (2 H t, J = 4 Hz,

400 "D S LG L e T 0 3
(CH2) ; 35 5 (IEHIYIR (SDOSMHZHCDGI9): & Breni2).43 $9.H) g Giy); 152 @ HCHR) = 4 Hz,
172.0 (Couat byy,8y: 2.14 (2 H, t, J = 4 Hz, CH,S): 2.31 (2 H, t, J = 4 Hz, CH,CON); 2.73
(4 H, m, CONCHy); 3.23 (2 H, m, OCONCH>); 5.23 (H, m, CONH); 7.10-7.50
15 (30 Har, m).
¥*C NMR (75 MHz, CDCls): & ppm 28.50 (CHs); 29.50 (CHy); 30.0 (CHy); 33.0
(CHy); 36.0 (CHy); 45.0 (CHy); 47.0 (CHy); 126.7 (CH); 127.0 (CH); 128.0
(CHY); 129.5 (CH); 130.0 (CH); 143.0 (Cquat); 144.5 (Cquat); 145.0 (Cquat);
156.0 (Cquat); 171.0 (Cquat).
20 MALDI-TOF (DHB matrix): Mcalc = 792.3 (CsoHs2N203S2); mfz = 815.4 [M +
Na]*; m/z = 831.3 [M+K]".

Example 30 — synthesis of Boc-BAla-dithiazepane
The product Boc-fAla-dithiazepane (3 g, 3.78 mmol} is dissolved in
25 dichloromethane (50 ml), and iodine (2.87 g, 11.3 mmol} is added. Stirring is
maintained for 30 minutes at ambient temperature. The excess iodine is
neutralized with an agueous solution of sodium thiosulphate (3 M, 100 ml).
Extraction is carried out with dichloromethane (4x100 mL). The organic
phase is dried over anhydrous magnesium sulphate, and evaporated. The
30 crude product is purified by silica gel chromatography (hexane/ethyl
acetate/triethylamine, 40/60/0.1, v/v/v). The product Boc-BAla- dithiazepane
is obtained in the form of a white paste (1.1 g, 3.6 mmol, 95%).
The reaction diagram is as follows:




MALDI - TOF ( B matri x): Malc = 206. 05 (C7H14N2032); nmz = 207.0 [M +
H; mz =229.0 [M+ Na]. 5 Exanple 32 - synthesis of the pol yner
PsAcArFS 50 ng of polynmer PsAcArli3g1.1; 0.49) (0.20 nmmol) is
dissolved in 1 nL of deionized water in a flask, then the pHis
adjusted to 4.74 with a 1IN HC sol ution.
1- cycl ohexy1l- 3-(2- nor phol i no- et hyl)c od| imde (CMC) 10 (100 nyg,
0.22 mol, 1.1 eq) is added, the |s adjusted to 4.74. The
736 mmol, 1.8 eq) is added.

am ne H2N( CH2) 2CON( CHZCHZS-)Z (7%
The reaction mxture,is stifred ovy fr-—. at anbi ent tenperature.
The reaction mxtlure]is th n put. i y5|s t ubi ng (SSQM
nL/cm), then |mxél[\ g&n/\ZﬂSNL of a 2M NaG—solut on/k\ her %
for 155 days, then in™.5 L ofity her e I3 M) so remai Hs fors
days. The contents of the ha ¢ then put in a pot, to be
| yophilized to give 47 ng of Ps The reaction diagramis as
fol | ows: 20 Exanple 33 - chem nctionalization of 96-well

pol ystyrene plates, amde |igation with fluorescent peptides The

pol ymers PsAcAr 1 and PsAcArE5 were used in this exanple. The pol yner
PSACAr F5 nake3 NMRp@Q e, CDGlah et PRl P340 the Bty oRBe 2o, k2 4 Hz,

wel I's wiiph a G ORE(2 A, frunct naong, dﬂgs @I HP3AC A4 HAMTHSS)deesD

not bear th| nct Vi t 2
function can Qﬁﬁ&"‘?ﬁé gﬁi‘@.ﬁe ‘[)ear é%@tﬁ b1 =4 Hz,
function, suCI@M@_szprS ZxgpheNd)cyst ei ne pr esent in the N-term nal
posi tion of b@gﬁtf or O(:?ﬁi
chem stry WNI\@Q%@a\hﬁoh : dngol rtg-iﬁr?g’A&?:E 2Aegé)rol (bC'_(IjZ)i y?%
the foll ovvl n@Cldz)ag%Qa%(CHz) 50.0 (CHz}; 53.0 (CHz) 143.0 (Cquat); 156.0 (Cquat)
15 172.0 (Cquat).
MALDI-TOF (DHB matrix): Mcalc = 306.1 {C12H22N20S3); m/z = 307.1 [M +
HI"; m/z = 329.1 [M + Na]"; m/z = 345.1 [M+K]".

Example 31 — synthesis of NH,-gAla-dithiazepane
20 The product Boc-BAla-dithiazepane (1 g, 3.26 mmol) is dissolved in
dichloromethane (5 ml), and trifluoroacetic acid (5 mL) is added. Stirring is
maintained for 30 minutes at ambient temperature. The reaction mixture is
evaporated to dryness. Aqueous soda solution (1 N) is added to the residue
obtained, and it is extracted with dichloromethane (3 x 100 mL). The organic
25 phase is dried over anhydrous magnesium sulphate, and evaporated. The
product NH>-FAla-dithiazepane is obtained in the form of a translucent oil
(628 mg, 3.04 mmol, 94%).
The reaction diagram is as follows:

30
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35  'H NMR (300 MHz, CDCL): 6 ppm 2.44 (2 H, t, J = 4 Hz, CH,CON); 2.60
(H, m, NHz); 2.90 (2 H, t, J = 4 Hz, NH,CH,); 3.0 (4 H, m, CH,S); 3.77 (2 H, 1,
J = 4 Hz, CONCH,): 3.84 (2 H, t, J = 4 Hz, CONCHb).



CS\ 10 2INi SH O YLpeptide O NH Two peptides are used in the
present exanple: 151) H Cl LK(rhodam ne) EPVHGV-NH2 (SEQ ID NO 7); 2)
H- Sl LK(r hodam ne) EPVHGV-NH2 (SEQ I D NO &9 . These two pepti des
are synthesized according to the follow ng protocol: The peptide

HILK(Mt) E(tBu) PVH(Trt) Gv-NH2 (SEQ ID NO 9) is 20 assenbled on a
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M crowave Pept1 de nt hes
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2 25 mn), t 'Wtzt“h ajmn) Theresmlsthenreactedfor 2
h with 566)- carboxytetranethylrhodam ne (150.6 ng, 0.35 rrm)l), HOBT
(47 g, 0.35.m 0l )aapd DI EA (217.8 pl,
1.75 mmol , 558§ MEL with DVF (4 x 2
mn). The Fnoc teﬁmnnmlofgncdumerstMUt éﬂ;ﬂecﬂ 4P} I(.O@OZOM)OISUdIS@QIV@ﬂ in

piperidine iq M (ﬂﬁ%dg{}?/gieg lﬁ‘d“?laskﬂiﬁ‘eﬁ%% gH' léaéfﬁwﬁléét Yiat Fu %éﬂl\l

X 2 mn). The resin I I'S reacte

Foc- Cys( Trt HGH selutioe - Sér%@jﬁxﬂﬁﬂgﬁb@@mb@?th@é‘éﬁ?qqﬂw'd% (CMC)
carriedgut (PRI, V. z@rrmgo|41eﬂéqyﬂi 8846d,0heRMAE §H frlaaflishY REUTA. Ahe
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deprot ect ed widdhioa r@foredd atmr@d\ooérrﬂgrn@tmhmenttenmﬁamﬁe and 15 m n).

The resin is then S ; ( L)
et hyl ether and t-mﬁ Bér%al%é}l und%e ! uce%I gardgslsnufae_g'%lé Lgjep o ect |%{m0|
and cl eavagel@hlL/chy, {iept imtasrseddntth2h. efaa 2V Madilisoltion, eergaining here for
TFA/ H20/,EDT/ Br'o%'ys, then in 2.5 L of water, where it also remains for 5 days.

The contents of the bag are then put in a pot, to be lyophilized to give

47 mg of PsAcArF5. The reaction diagram is as follows:
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Example 33 — chemical functionalization of 96-well polystyrene plates, amide
ligation with fluorescent peptides
The polymers PsAcArt and PsAcArF5 were used in this example.
The polymer PsAcArF5 makes it possible to functionalize the bottom
25  of the wells with a CON(CH,CH,S-),; function . The polymer PsAcAr1, which
does not bear this function, serves as control. The CON(CH2CH,S-), function
can react with the molecules bearing a beta-aminothiol function, such as for
example a cysteine present in the N-terminal position of peptides. The bond
formed is an amide bond.




94/2.5/2.5/1 by volune for peptide 1) and TFA/H20/TIS: 95/2.5/2.5 by
vol une for peptide 2) for | h. The peptides are then precipitated from
Et 20/ n- hept ane solution: 1/1 by volune, s@lubilized in water and

| yophilized. Purification is carried out by RP-HPLC and 41 ng (20%
and 28 ng (149 are obtained for 5peptides 1) and 2) respectively.
MALDI - TOF (DHB matrhisX )chBaféthHCofl) immibisilifationl H8P - thel %M,Eﬂ@ﬂ“ﬁéﬂ&ﬁ?#s is
mz = 1506.8 [M + I—(g; mz = 71528 8 [M+ Naj. MALDI - TOF (DHB
matrix) Pept dg&ciyed mthedolowingsliagrag?sH1051\ 115017); mz = 1489.7 [M
+ H; mz = 1511.7 [M+ Na]Jt 10The polynmers PsAcArl and PsSAcArF5 are
incubated in a 96-wel|l pqlystyrene plate at a concentration of 10

pg/ nL in PBS overni ght at| ahbient tenperature under stirring (100
pL/wel |) 5 Thd1Se) | peptide washed 6 tinmes with a solution of
PBS/ 0. 1% Tween 20. The platg is dried in the centrifuge. 15The
peptides 1) and 2) are soluhilized at a concentration of 10-4 Min
200 nmM phosphate buffer in the presence of 200 m\/lé)lf1 o

ner capt ophenyl acetic acid (yPAA), and 80 mM of

tris(carboxyet hyl ) phosphi ne, 7.6. These sol uyjo are incubated
for 10 mn with stirring at g7C (é@ pL/wel 1) in the Yunctpeplids zed
wells. 3@The wells are bhen shed 6 tines wth sot?'ﬁfion of

e

PBS/ 0. 1% Tween 20 and 3 S™N dei oni zed wateRy” plate is
dried in the centrifuge (2500 r.p.m, 5 mn, 20C).|The plate is
anal ysed in a Teca Canfer» ThETEsmts—areshown in

Figure 11 (intensity of fluorescence on the y 25 axis). This exanple
denonstrates that_the wells of the polystyrene plate functionalized
by means of the péWprgptdea@se psedlin tve piasgnhgxanplehe cyst ei ne

pept1 i 8 2nd nck) IR et iy VRN (90D NI vy veak
shows the irrport&k&'éﬂ%&%é@“ﬁ"%’gé%@%@% 'ﬁuhlé't gbn on the
pol ystyrene 30surThese f o biaplides afe t Synthesized nacgmdingdeo 1ihe Erolowing
34 - prepar abi@ggmﬁf a biochip with antibodies at the bottom of 96-

wel | polysty lates In this exanple, the wells are
functional i zed byTheapsptife dl-IL3EMGE(EaEWETdX5ViNN (BEE dbx iR sis

?Le prighed Losdfprya bhog i NovEQﬁ?e'@ER@)e?rBE' bi Ja%i&%%ni!“é.%% ,
e formati on of non-coval ent bonds. e biochi pS are then_incubate

with the targe3 pmaligh ndgsing athe Microvgavge|feptise syodissider foElbt ondnide

5L o St BgicRrrrneate g s ot i wi

but fer ( condRcirid ollioan FHhbialir e dai b fe9id 15 BRvERZsH) th a 5%

(condi ti ons B)EATwdutioreat MHCli 6 «armid and tiedn avashedtwithh Shp&llatdne 2

overni g% u&%r tﬁéﬁ Witinr\gMF (3 x 2 min). The resin is then reacted for 2 h with 5(6)-

carboxytetramethylrhodamine (150.6 mg, 0.35 mmol}, HOBT (47 mg,

0.35 mmol), HBTU (132.7 mg, 0.35 mmol) and DIEA (217.8 ul, 1.75 mmol, 5

eq) in DMF. The resin is then washed with DMF (4 x 2 min). The Fmoc

terminal group is deprotected with a 20% solution of piperidine in DMF (5 and

30 15 min). The resin is washed with DMF (4 x 2 min). The resin is divided into

two portions and is reacted with Fmoc-Cys(Trt)-OH or Fmoc-Ser(tBu)-OH

respectively. Coupling is carried out manually using 4 equivalents of

protected amino acid, 4 equivalents of HBTU and HOBT and 12 equivalents

of DIEA. The resin is washed with DMF (4 x 2 min). The Fmoc terminal group

35 is deprotected with a 20% solution of piperidine in DMF (5 and 15 min). The

resin is then washed with DMF (4 x 2 min), CH>Cl; (6 x 2 min), ethyl ether

and then dried under reduced pressure. The deprotection and cleavage of

the peptides are then carried out with a solution of TFA/H,O/EDT/TIS:




The plate is then washed with the buffer using a plate washer (200
pL/well, 3 washings, stirring) then with deionized water using a

pl ate washer (200 pL/well, 3 washings, sfjrring). The
anti-streptavidin antibody (rabbit anti-streptavidin polyclonal 10
anti body, Antibodies-on line, reference ABINL07091) is then printed
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B

well, 8 wells at urati on |'s

is carried offr RGRUFeINJOp I hof N peptidesate than precipdated fropnELOgheptane

wel |'s ar € waghrtom ?1}11 b?evcﬂ{%@ﬁ%bh@ilmahﬁrwéﬁer% BRphfiizedr Podlicaidmis
buffer with the, %ddl t 05%

' f T 0. th .
st rept avi di nSRiR® (%’Etrté’ggg\%agﬁ- ) ﬁ f@%ﬁi@nq’t‘?@r%-(g?%@?%ﬂ%@?d fQr
i ncubat ed W pbptidds 10800 2)rdapteictively.n buffer with the addition of

T e, O CAMBERRES Gl BTl - gp

suppl enmentary experiie arrie . contfol prote goa
anti - nouse | §G:HRRNaefBjsSgaméz = 36061eiM +Bilbt eéh= 1588.8 il roNal di | ut ed

1: 6000 in th ' , . - .
rtomat o wnener THADITORDHE matrbii%eila 2): MEARANGE MENLEINIO )
Then it is iﬁb’éEaVé?-%i[Mh” himHga Il e/dM N 250f TVB

53, 3, 5£15" -t e'fl_r athF%’d)dl?r'ﬁé'rsjiF*bﬁl‘)c(fﬂr f\ﬁ@ZP%AUE@% %;‘eambhsﬁﬁgd int a 96-well

enper at ur e. e, well's are, washed wi of . ized. r. o

nn Tmge of - PRGSHERIS HESt S AZRTGEYtah BbiaRiouRL S PEE aieRistR e ampient

(resol uti on: teinpefaturehincler stikieg (M00pdswel).e to generate grey-scale

| mges. The POt star & diRehs aNlLhed dimBE A £LobliBRIR PRSI0 TR
S er s of the

for the 30quantification OF nicroarrays. esu
i ntensities 20rThe plade iz dded pothe cgnd@igencubation with

strept avidi n- HRP #hg [EhadBs i1? AridRY SrelSollibiyEd i Y cdritemtratibh 3 Y1 otMivt
on the y axis; A wells thea ed th PsAcArF1 gl. 15; O. %; % %8% B:
unt r eat ed co%@@@FMV\em@PP Al ubEn Vit htR%e PEHRENGE probt el bt of
aRt i -][muse I @ﬁr&ﬂﬂoﬁﬁ@mﬂém&t e digtigot g(MeA)y det gm? abl erz]asirgmal . of
This figure ws, t hat,, t nedi an i.n | ty. obt ain r e t
anti-strept a&|sg?q{b8ﬁ¥qt55@3'%p?'m% E\Ré%t"fg %A '?'lges i%q{yt?q%saﬁgq bchéﬁgr%rqfo
t han that of mielith dhirringtat 37°C (60The/weadly in tre fuorctiomaized avedisr d
devi at i of the j f ( e ' e
medi an gﬁd the i n?gég\@[rsta?%ﬁ%g@ﬁgﬁ ?%r? tﬁﬁ? s }éllltﬁ 6ro%l)lltﬁ E%”_SBEP? /(t).gr/%Tv.veen
shown in Fi gdeaneB3 tmes witardrionizedwwaler.ohheiniaienis: Héed dottbe entdiuge
characteri Zegzﬁdfber.ﬁ.ll'ﬁt i Wniff 2671 ?‘FH&EIa*té i h¥lydeE inl #W&cah Auorescence
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scanner.
The results are shown in Figure 11 (intensity of fluorescence on the y
25 axis). This example demonstrates that the wells of the polystyrene plate
functionalized by means of the polymer PsAcArF5 allow binding of the
cysteine peptide 1) and not of the control serine peptide 2). The very weak
signal obtained with the control polymer PsAcAr1 for the two peptides shows
the importance of having a 2,5-dithiazepane function on the polystyrene

30 surface for binding of the cysteine peptide 1).

Example 34 — preparation of a biochip with antibodies at the bottom of 96-
well polystyrene plates
In this example, the wells are functionalized by means of a
35 polysaccharide, then the antibodies are printed to form a biochip. These
proteins bind to the surface by the formation of non-covalent bonds. The
biochips are then incubated with the target proteins.




Overall, these results show the superiority of treatnment A for
preparing biochips. 44 CLAIMS 1.Device for detecting anal ytes,
conprising a plastic substrate at 5l eastygpartly covered directly with
bondi ng polyners fixed to the substrate non-coval ently, said bondi ng
pol ymers conprising a polysaccharide skel et on provided wth:

aromatic groups of \Wafs BPra”@ A Frﬁcrg late MaX|sorp, Nunc- Immuno
Bt 20 s 1% Gted of ot LS

represents a _linear or branc nsubsti tuted al kyl

chain, conpr P4ty aret dregtedr WER 208 M, Ozf\nBSéCPEBﬂegbﬂﬁs %54 ar9/-|26) at’ a
function; andonsarithaey d>1C1 @ggﬂnun@umﬁ@‘r (Ebsdifionsna) X8 G, amhﬂfaﬂea(wnth

represents a | i or nc tuted or unsubsti d
chai n, conpr % %’%frt% ol &é’r” NSt g&nstljhfS reatrpRIt k5 CAY Lﬁ a?@n¥b|ent
clhai m1, sin Mmpdaratthrre qmﬂmght;ahﬂerd’errmgel eton is a dextran skel et on,
t he nol ecul ar wei o f t
000 Da, and nore é ﬁaaér(‘h H1'?£|c')1re ées(rﬁa I h)étt@% Wﬁ% égﬁgand%%g é%gsher
Da. 20 3. De(2@xp B n@shmgsl @tlmng)d ep, withh defivrgred weater using a plate
pol ysacchari gg ﬁgﬁgﬁd)q_,}ﬂ,%” gr“r,gypﬁnggr QUi ﬁl@ﬁ with reactive F groups,

re | Tr

said reactive groups p e form-X-CONH-2Z', where X
represents a |ine& eora"lyr%tfﬁprﬁ@d '"s@gtbpﬂﬁt depkbit @andisisentavidicy polgclonal

al kyl Clhél In aﬁﬂlﬁ'ﬁ?dy sAftbolidoR IR b@%r@ﬁMBINwEOQU) rﬁ)ﬂ%n prlnted at the
par {1 oular Y B SESS R wSle <ol oSBTt & R
t he reacti vetdtaboidpspatsp 30sel ect ed f rom
Saturation of the wells is carried out with 200 UL of buffer with 2% of
BSA for 2h.

15 The wells are washed with the automatic washer (3 cycles, stirring)
with buffer with the addition of 0.05% of Tween 20.

Then the streptavidin-HRP (Streptavidin-HRP, reference Thermo-
Pierce 21130) is incubated with a 1:10 000 dilution in buffer with the addition
of Tween 20 at 0.05% and BSA at 0.2% for 1h (100 pL/well).

20 A supplementary experiment is carried out with a control protein: goat
anti-mouse IgG HRP conjugate, Southern Biotech, ref 103105, diluted 1:6000
in the same solution.

The wells are washed with the automatic washer (3 cycles) with buffer
containing 0.05% of Tween 20. Then it is incubated with an insoluble solution

25 of TMB (3,3',5,5"tetramethylbenzidine) for 12 minutes at ambient
temperature. The wells are washed with 200 pL of deionized water.

An image of the bottom of each well is obtained using a CCD camera
(resolution: 3 ym), which makes it possible to generate grey-scale images.
The spots are then quantified by means of standard software for the

30 guantification of microarrays.

The resuits of the intensities for all of the spots after incubation with
streptavidin-HRP are shown in Figure 12 (intensity in arbitrary units on the y
axis; A: wells treated with PsAcArF1 (1.15; 0.64; 0.26); B: untreated control
wells). Incubation with the control protein goat anti-mouse IgG HRP

35 conjugate did not give any detectable signal.

This figure shows that the median intensity obtained for the spots of
anti-streptavidin antibody within wells A is significantly higher than that of
wells B.



groups of the form-X-CONH X -N3; groups of the form -X- CONH NH2|
groups of formula (V): 45 groups of formula (V): 00 (V) _xN
where X and X each represent a substituged or unsubstituted al kyl
chain conprising from1l to 6 carbon atons and Pep represents a

pepti de fragnment. Device according to one of clains 1 to 4, in which:

X is CH2; and/or %g' ﬁesuﬁ%‘zfo'?hth@r stagb‘%féjdo 'Ei'eﬂ%rtlé%f @?é"ﬁﬁel@%?réﬂd'}‘xg shét

one of clalms lto ymers conpri se;

0.4 to 0.8 alnaM @Ir@@-@uwth B}ee'fr@ﬂéﬁﬂ andg ﬂ%%l@emtt%t"@ %e\a@feﬂﬁafqrca" of the
elf Ofpsf ItOL ef epat%l Yark L@rmv@n 4r5kF| u?e 61 @rngat sta?@ar@uaéwaﬂbn suemqhathedgpots
unit o e saccha ele and/.or from

oroupe,  pr of SIS arPolarEes 6 age Rat POk, (pay Tpuch BudertfEF Fbicifian A
of the pal yssoniparédiwithlosinditiom;Band/ or from0.5 to 1.5 aromati c,
carboxylic acid a v, i I r

1.3 aromatic, car E&? éﬁ?gﬁéasce '&e%é‘ﬁg% {é\’gplb\c/géj% 8}”’8@%&%\@%}% Aafé]é?)rgpérﬁlg
sacchari de ubiachigfs. t he pol ysacchari de skel eton. Device according to
one of clains 1 to 6, in which the substrate is a substrate of

pol ystyrene, polycarbonate, poly(methyl nethacrylate) or

pol ypropyl ene, and preferably of polystyrene. Device according to one
of clains 1 to 7, conprising capturing elenments immobilized on the
bondi ng pol yners, said capturing el enents preferably being

i mmobi i zed on the bonding pol ymers by adsorption or by coval ent
bonding to the reactive F groups.



46 9. Device according to claim8, in which the capturing elenents are
selected from polypeptides, optionally nodified and/ or conjugated;
sacchari des, oligosaccharides and |ipopokysaccharides; 5-viruses or
virus fragnents and cells. 10. Device according to one of clains 1 to
9, conprising a plurality of detection zones, the detection zones
preferably conprising different capturg enents. 10 11. Device
according to one of clains 1 to 10, ind—:gvﬁ'lﬂ—n@% the substrate is an
opaque or transparent slide, a mcrotitre plate, a collection of
beads, a culture plate, a strip or a stick. 1512.Use of a device for
detecting anal yteg accprding to one of clains 1 tq 11, for .detecting
and optionally quint i fg’ﬁﬁﬁegfﬁéﬁ%eg%ﬁ%“ﬁo@'aﬂfeés‘EO'BPB?'Bgi%Q%Sﬁlﬁﬁéf’éhag‘% at
cells orsliving organi kst paghViedverdd afirectip withchbonding polyegrscixddto the
detecting anal ytes 20a ' 0 cl.al : | Sk Nng.
supplying a plastic su%‘gt?%tg%tg%é%gﬁ%j%ﬁyngsl'%ﬁg;% Qébrﬁ Pé&’g‘ %Q{EE{ ngﬁﬁé?ﬁ’g a
| east one sol uti on conpelysacehaverdkeietpoipyerdded witb14. Met hod accor di ng
to claim 13, further comgjsshak cg Gt 149 tﬁ@eﬁﬁﬁstf(%@hw-‘zh APRRrOT X
nore sol utions conprising capturihg elenents. . Method o T
manuf act uri ng a devi ce fofeRIes@Msi ng aHBESt e ST 30BEENEANg JuUbsHiteds or
claims Yoto 11, conprisi ngasulsstieRed a0yl ahimsdonipridifg Ul & 8;carbon atoms,
contacting the substrate Wlé%t one or _nore ﬁgl uttl ons gonprl si ng
bondi ng pol yners bound t 0?0336t GPIFRENLS afgfyldunction; an

— carboxylic acid groups of the form -X-COOH, where X

represents a linear or Dbranched, substituted or
unsubstituted alkyl chain, comprising 1 to 6 carbon atoms.

15
2. Device according to claim 1, in which the polysaccharide
skeleton is a dextran skeleton, the molecular weight of which is
preferably between 15000 and 100000 Da, and more
particularly preferably between 30 000 and 60 000 Da.
20

3. Device according to claim 1 or 2, in which the polysaccharide
skeleton is further provided with reactive F groups, said reactive
groups preferably being of the form -X-CONH-Z', where X
represents a linear or branched, substituted or unsubstituted
25 alkyl chain, comprising 1 to 6 carbon atoms, X being more
particularly preferably CH,, and Z' represents a group that is
able to bind to another molecule.

4. Device according to claim 3, in which the reactive F groups are
30 selected from:
— groups of the form -X-CONH-X"-Nj3;
— groups of the form -X-CONH-NHj;
— groups of formula (V):

35 o K\S\
S

O
Vv '
V) _X_U_H_XJJ/N



3516. Bondi ng pol ynmer that can be used in the device according to any
one of clainms 1 to 11 conprising a polysacchari de skel eton provided
wth: 47 0.4 to 0.8 aromatic groups pesssaccharide unit of the form
-XCONH Z, where X represents a linear or branched, substituted or
unsubstituted al kyl chain, conprising 1 to 6 carbon atons, and Z

represents an aryl fungtrq}gu §0Fﬁfrﬁﬁﬂ‘é/£\y'§ acid groups of the form
-X-COOH, where X represents I'1 near ranched al kyl chai n,

conprising 1 to 6 carbon atoms. 17.Bonding pol yrrer accordl ng to the

preceding claim in which the 10 ol ysaccharid KH eton is a
dextran skel eton, the @Lecul ar ht of |ch Cef erably between
15 000 and 100 000 Da, d m)rex erabl y between 30

[

e
000 and 60 000 Da. 1518. Bondi ng pol yrhlar accor}d ng gff aim 17 or 18,
in which the polysaccharide skeleton is further provi ded with
reactive F groups, said reactive )?roups preferably being of the form
-XCONH-Z', where X repwbsehisaad X' meagh mpreseinichsdbstiuted pr wnsdbsituted

unsubstituted al kyl Ché!k?lb%ﬂﬁm ekt ,g}lnzqt 9rcfPn CAItBO8 é’érﬁﬂﬁ atd PRI Pep

nore particularly prefera represents group that iIs
able to bind to anot herenrewﬁaraeoept@eé@wﬁ@ pol ymer according to
claim18p in which the reactive F groups are selected from 25- groups

8; ]E ngrrLF;m( il)x- CO%I'( V) Devgeﬂ%cgrdong o oh0%s LRI T Eh WG 9roups
— Xis CHg; and/or
— Zis -CH2-Ph or -CH»-Ph-paraOH.

15 6. Device according to one of claims 1 to 5, in which the bonding
polymers comprise:

- from 0.4 to 0.8 aromatic groups, preferably from 0.4 to 0.6
aromatic groups, preferably from 0.45 to 0.6 aromatic
groups per saccharide unit of the polysaccharide skeleton;

20 and/or

-~ from 0 to 0.8 reactive groups, preferably from 0 to 0.6
reactive groups, per saccharide unit of the polysaccharide
skeleton; and/or

— from 0.5 to 1.5 aromatic, carboxylic acid and reactive

25 groups in total, preferably from 0.9 to 1.3 aromatic,
carboxylic acid and reactive groups in total, per saccharide
unit of the polysaccharide skeleton.

7. Device according to one of claims 1 to 6, in which the substrate
30 is a substrate of polystyrene, polycarbonate, poly(methyl
methacrylate) or polypropylene, and preferably of polystyrene.

8. Device according to one of claims 1 to 7, comprising capturing

elements immobilized on the bonding polymers, said capturing

35 elements preferably being immabilized on the bonding polymers
by adsorption or by covalent bonding to the reactive F groups.



groups of forrmula (V'): 48 where X and X each represent a
substituted or unsubstituted al kyl chain conprising from1l to 6
carbon atons and Pep represents a peptidggfragnment. 520. Bondi ng
pol ymer according to one of clainms 16 to 19, in which: X and/or X
is CH2; and/or X and/or X is (CH2)2; and/or Z is -CH2-Ph or

- CH2- Ph- paraCH 1§21. B%dicega&szirmertoa@mﬁ% nigh walcﬁnmeoéa@thﬁhgfeléﬁeh%
20, conmprising: from0.4 to 0.6 aromatic groups, preferably

0.45 to 0.6 aromatic g?EﬁJ%%leCtﬁgrrosrﬁccharl de unit of the
pol ysaccharide skel et on; anﬂél?peﬁfijefsr @mlanalq/ Podified atid/orecajogated;

preferablyfrom0t006reactlve. S, S har j ¢ge |t e .
pol ysacchari de skel et on; an?ﬁ lfjg g?xéhaﬁt?%%qp@&sgg%gﬁ@%,C
aci d andsreactive groups mwﬂnﬁe&lor\pmlsffeagmelytsfamim&blsQ to 1.3

aromati c,

10. Device according to one of claims 1 to 9, comprising a plurality
of detection zones, the detection zones preferably comprising
different capturing elements.

10
11. Device according to one of claims 1 to 10, in which the
substrate is an opaque or transparent slide, a microtitre plate, a
collection of beads, a culture plate, a strip or a stick.
15 12. Use of a device for detecting analytes according to one of

claims 1 to 11, for detecting and optionally quantifying chemical
molecules, biological molecules, cells or living organisms.

13. Method of manufacturing a device for detecting analytes
20 according to one of claims 1 to 11, comprising:
-~ supplying a plastic substrate;
— contacting the substrate with at least one solution
comprising bonding polymers.

25 14. Method according to claim 13, further comprising contacting the
substrate with one or more solutions comprising capturing
elements.

15. Method of manufacturing a device for detecting analytes
30 according to one of claims 1 to 11, comprising:
— supplying a plastic substrate;
— contacting the substrate with one or more solutions
comprising bonding polymers bound to capturing elements.

35 16. Bonding polymer that can be used in the device according to
any one of claims 1 to 11 comprising a polysaccharide skeleton
provided with:



20car boxylic acid and reactive groups in total, per saccharide unit
of the polysaccharide skel eton. 22. Met hod of manufacturing the
bondi ng pol yner according to one of claigps 16 to 21, conprising: 25
suppl ying a dextran pol ysaccharide; grafting carboxylic acid groups
on the polysaccharide; nodifying a proportion of the grafted

carboxylic acid QLOUDS0'4‘td’0cbeérdrﬁat'§d1pFHdbsaﬁé’r@éé&]a%@‘mﬁt oBthe form -X-
optionally nodifying a _propartion o he car boxylic acid groups
order to supply reacti 92) tupehere X represents a lihear of branc ed, Substituted
or unsubstltuted alkyl chain, comprising 1 to 6 carbon atoms,
and Z represents an aryl function;
5 - carboxylic acid groups of the form -X-COOH, where X
represents a linear or branched alkyl chain, comprising 1 to 6

carbon atoms.

17. Bonding polymer according to the preceding claim, in which the
10 polysaccharide skeleton is a dextran skeleton, the molecular
weight of which is preferably between 15 000 and 100 Q00 Da,
and more particularly preferably between 30 000 and 60 000
Da.

15 18. Bonding polymer according to claim 17 or 18, in which the
polysaccharide skeleton is further provided with reactive F
groups, said reactive groups preferably being of the form -X-
CONH-Z', where X represents a linear or branched, substituted
or unsubstituted alkyl chain comprising 1 to 6 carbon atoms, X

20 being more particularly preferably CH,, and Z' represents a
group that is able to bind to another molecule.

19. Bonding polymer according to claim 18, in which the reactive F
groups are selected from:
25 - groups of the form -X-CONH-X'-Na;
- groups of the form -X-CONH-NHj;
- groups of formula (V):

!

0O 0O
30 (V) _ XJJ_N_X-JJ/N
H

A4
— groups of formula (V"):
35 Pep
. 0 Q 0
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where X and X' each represent a substituted or unsubstituted
alkyl chain comprising from 1 to 6 carbon atoms and Pep
represents a peptide fragment.

Bonding polymer according to one of claims 16 to 19, in which:
- X and/or X' is CHy; and/or

- X and/or X' is (CHz),; and/or

- Z is —CH2-Ph or —CH2-Ph-paraOH.

Bonding polymer according to one of claims 16 to 20,

comprising:

- from 0.4 to 0.6 aromatic groups, preferably from 0.45 to
0.6 aromatic groups, per saccharide unit of the
polysaccharide skeleton; and/or

- from 0O to 0.8 reactive groups, preferably from 0 to 0.6
reactive groups, per saccharide wunit of the
polysaccharide skeleton; and/or

- from 0.5 to 1.5 aromatic, carboxylic acid and reactive
groups in total, preferably from 0.9 to 1.3 aromatic,
carboxylic acid and reactive groups in total, per
saccharide unit of the polysaccharide skeleton.

Method of manufacturing the bonding polymer according to one
of claims 16 to 21, comprising:

— supplying a dextran polysaccharide;

— grafting carboxylic acid groups on the polysaccharide;

— modifying a proportion of the grafted carboxylic acid groups
in order to supply aromatic groups;

— optionally modifying a proportion of the carboxylic acid
groups in order to supply reactive groups.



