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SEQUENCE DETERM NATION Field of the invention This invention relates

the fiel WOSP/68BB uct ural anal ysis of saccharide .chains, SHfcHILE$6se t hat
occur either attached to proteins (proteoglycans, glycoproteins) or
lipids, or as free saccharides. Introduction digosaccharides and

pol ysacchari des consi st of nonosaccharide (sugar) wunits that are connected

to each other Vizpo{ymsCHNARINE STRUCPURRANG SERTENGE, |ike a chain
of DNA or protein, two dissimTlar ends. In the case o sacchari de chai ns,
these are the reducing end (cor DEDBRMINATIOMe al dehyde group of the

| i near sugar nol ecul e) -and the non-reducing end. Unlike proteins and DNA
however, saccharides may al so be branched, with essentially each of the
sugar uni tg | S :i.de serving as an optional branching point.
There areF%ehT ?Q%eiiﬁ%&@?é&hs that bind to saccharides. Many of these
proteins bind specifically to a certain short oligosacchari de sequence.

Lectins are proteins isolated fromplants that bind saccharides, For the
pur pose ofThihi invepsionc zelases tonshe efield” pk stTuctuzal spnalysimeissacchande

sacchari des bi ndi ng, pr.og,ei ns,.f rrom ani mal ' paL tins").
Ant i bodi e<ShaMS Er"gpear%ghcfsﬁap%tpoecf” ie@ff %Pfaééggrﬁlé gggt(::eé? a @%?@géﬁg'r
struct Ureélyéﬂgfrbéﬁﬂé)e& HBsabs as frRecaptEaidacchari de structures, as do

| ectins. ycoOsi dases are enzynmes that cleave glycosidic bonds within the
saccharide chain. Al so glycosidases may recogni ze certain oligosaccharide
sequences specifically. dycosyltransferases are enzynes that cleave the
saccharide chain, but further transfer a sugar unit to one of the newy

Introduction

Oligosaccharides and polysaccharides consist of monosaccharide (sugar)
units that are connected to each other via glycosidic bonds. The saccharide
chain has, like a chain of DNA or protein, two dissimilar ends. In the case of
saccharide chains, these are the reducing end (corresponding to the
aldehyde group of the linear sugar molecule) and the non-reducing end.
Unlike proteins and DNA, however, saccharides may also be branched, with
essentially each of the sugar units in the saccharide serving as an optional

branching point.

There are a number of proteins that bind to saccharides. Many of these
proteins bind specifically to a certain short oligosaccharide sequence.
Lectins are proteins isolated from plants that bind saccharides. For the
purpose of this application, the term “lectin” also encompasses
saccharide-binding proteins from animal species (e.g. “mammalian lectins”).
Antibodies are proteins that specifically recognize certain molecular
structures. Antibodies may also recognize saccharide structures, as do
lectins. Glycosidases are enzymes that cleave glycosidic bonds \within the
saccharide chain. Also glycosidases may recognize certain oligosaccharide
sequences specificaily. Glycosyltransferases are enzymes that cleave the

saccharide chain, but further transfer a sugar unit to one of the newly
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2 3 NOV 2003 WO 00/ 68698 PCT/|L00/ 00256 -1 created ends. The aﬂzraé; l\%
tructural determ nation of pol ysaccharides has not devel oped \érﬂﬂmy

as the art of protein analysis and DNA analysis. This is fact
t hat inYWOM&ERe of fundanental discoveries in the field m#’ggat ed

research, it was recogni zed that the inportance of DNA had been grossly
underestimated. This resulted in sevei2al decades of intense research into
DNA anal ysis nethods and into DNA itself. Mreover, with the advent of
ever inpreyefdedegddsi nplified DNA anal ysis nethods, the art of protein
structure and function analysis began to use nore and nore DNA-technol ogy
derived tools. For instance, the structural determnation of a proteinis

usual ly carried qut by reverse geneti i , [ J smal |
fraction 2¢het‘% @P&#W@e‘%ﬁ%’ff&&%ﬁ% gghﬁ%%ﬁggﬁéd‘?%ri%aglsnﬁ?%@ép‘;ry%%dngsam' no -
aci d sequenend HRTHNer AiGERAMHPSITRN DN Leanalysi This s duodaybeasi |y
avai l abl e i st cases, as a large part of the nRNA sequences of a nunber.
of speci e<act thak inlithg walmef fuardansantal discoveniegdnahesiaeld ghPNaraplated of a
very inportant part of nost mapmal | proteins, i. f. their hed
sacchar i degseatgh.gityWas s{ecqﬁ’ézq}ggﬁab Zﬁ% HEW%PB‘?NQF el%%‘%p gﬂaéldge?% %%é%qﬁdvanc e
made i n DNA ' 1S qtec I JIRkE AEE Sedarch 1

gl yconol ec‘fﬂ‘%ggslds%g%egiﬁwlgﬁ?eeéag%dtﬁegﬁggggvmgféhg? dfgeﬁi cill Fn,argn linl’tl:?li bit or
of gl yconuhNauhgaly¥ist heshsds andHatdDNAr itaelfcdorenntst, winhi thossiveny afhe

most successful antibiotic discovered to ciat.e. Antgltsger ﬁxa le.is the
medi cal usweofimaspyed randssynplifiad (RN ianalpsiss Mathods: LRt 2itngf BREMEIR ¢ oday

i del ' di_ci Furth | dical | Y4 t
waely usggr@u{neﬁ C:a.%lslg?ﬁbr}cwoh eanggéﬁ% %%ggin GAg R | YadfB0LhaNt more

gl yconol e ycosaim n can ), heparan sul phate,

cyt oki nes fRAGtechhoBgy Q¥tivedabe0 Fobdastancey, theisdhurtufalbdetermsbatonwih
factor) and various growth factors. The aforementioged cyt oki nes, .
chenoki nesa preigrisvisnalliceasriedaout by 50Vesap SN L5 tesh AR €. obtaining

a small fraction of the protein sequence and deducing the remaining protein
amino acid sequence from the corresponding mRNA sequence, which 1is
today easily available in most cases, as a large part of the mRNA sequences

of a number of species, including human, are available in databases.

The analysis of a very important part of most mammalian proteins, ie. of
their attached saccharides and glvcans, has been generally slower compared

to the advance made in DNA and protein analysis technology.

The importance of glycomolecules is highlighted by the discovery of
penicillin, an inhibitor of glycomolecule synthesis in the bacterial cell-walil

and possibly the most successful antibiotic discovered to date.

Another example is the medical use of Heparin, a glycan that inhibits blood
clotting _and is today widely used in medicine. Further faxamples of
medically-important glycomolecules include: glycosaminoglycans (GAGs), _
heparan sulphate, cytokines (e.g. IL-8, TNF), chemokines (e.g. acidic
fibroblast growth factor) and various growth factors. The aforementioned

cytokines, chemokines and growth factors are also capable of binding to
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and therefore they nay al so be considered to be lectins. The s

det er i WEx006#E88f pol ysaccharides is of fundanental i nporttdide¥yEse t he
devel opment of gl ycobi ol ogy. Research in glycobiology relates to subjects
as diverse as the above-nentioned bacgerial cell walls, blood glycans, to
grom h factor and cell surface receptor structures involved in viral

di t
| sease, Gﬁ‘@"‘b@?‘% g&%énf 0156 Rg@édcﬁandag theﬁeféhéewmwatsﬁe bmhe fed

dependent eumatoid arthritis, and abnormal cell gro

It occurstolse leatiaer. I n other fields of medi ci ne, |ike the provision of
contact lenses, artificial skin, devel opnent of prostheses,

pol ysacchari des are good candidate materials. Furt her nore, polysacchari des
are used p_a_punber :of ;_.non- al gfi he ¢p ry
Additiona‘lrﬂfl E%";LP rs%ewf “{H%?drgd gn %dfsiaccﬁbffé guggs?ﬁg%ig%g#%tnts of
vari ous pﬁhy&%ﬁ&@mﬂa&e @@deloﬁhi&ﬁlﬁsﬁﬂigh&bbﬁﬂﬁgy J rR@éeJar@lﬁ inhglyabiotodyi el ds,
there is a need for inproved saccharijde analysis technologies, for the

pur poses rHlatesato sybpoust aoldiverse st Ghe ahswermentioned barteriabealcwalland for

duct t f t I Ad d I t hod b
i oduceblop AR & GESBT FraPerRd Gk BNAC SRerBer A Rt MARBN oD car s

ago. The ﬁPfH&I‘EﬁEﬁ ge%hrmﬂ\u&fe@menaadtamﬁn@%gé@se%@mﬁvése&shﬂneach
ot her by on one of connection (the 5 to 3' phosphoric acid bridge
i n DNA, ad@bdddenpdnabeies addRhewmpartotdearmiritioNmd ahnarmsl eellygrowth as
di fferent conponents (the nucleic acids), while proteins contain about 20
di f f er ent ICERMEISHRAREFhe anino acids). Al though nodified am no acids
exist, a protein nust first be synthesized, according to the genetic code,
by using a DNA tenpl ate.

In other fields of medicine, like the provision of contact lenses, artificial

)

skin, development of prostheses, polysaccharides are good candidate
materials. Furthermore, polysaccharides are used in a number of
non-medical fields, such as the paper industry. Additionally, of course, the
food and drug industry uses large amounts of various polysaccharides and

oligosaccharides.

In all of the above fields, there is a need for improved saccharide analysis
technologies, for the purposes of quality control, structure determination in

research, and for conducting structure-function analyses.

Advanced analysis methods have been introduced in the fields of protein
and DNA sequencing a number of years ago. The components that make up
DNA and proteins are connected to each other by only one kind of
connection {the 5 to 3’ phosphoric acid bridge in DNA, and the peptide bond
in proteins). DNA contains only four different components (the nucleic
acids), while proteins contain about 20 different components “(the amino
acids). Although modified amino acids exist, a protein must first be
synthesized, according to the genetic code, by using a DNA template.

Therefore, the number and kind of amino acids that exist in a newly



Therefore, the nunber and kind of amno acids that exist in a newWly WO
00/ 58688 -4 0 3 NOV 2003 PCT/LO0O/ 00256 synthesized protein is :\iﬂ@ éhﬁ
tothe limted repertoire of anmino acids represented in the gg t .
This c olsgegdni versal, with only mnor differences, faicralLbodozie forns.
For the above structural reasons, the structural analysis of proteins and
of DNAis today a sinple, rapid, and relatively cheap procedure that does
not require highly skilled personneH‘ In contrast, a nultitude of nethods
for the analysis of saccharide structures have been devel oped, each with
its own symshesizeidnpeotein is$ seswictedntn thedimitsderepentipe mdeaming acids degr ee

of sophistication of the nethod used,.to .determ ne the .antitre sequence of
o ol remrase e, f sheredeti codes ibis 2add s GikESal; Rt omly gRgabr
t echni qutgﬂ- easons for this difficulty. First, .
sacchari es?Iggéeéaséﬁlteﬁggilfgg nt:‘ge'rrpl ate-independent. In the absence of

structural information, the researcher must therefore assune that the
buil ding_units are selected fromany of the séicch ri.de .units known _today.:
2 @na

I n addi t Fomthe gdaxe siructupplyraaspaspien stryaru 75S ofpreteans @adiofon  of

sul fate RS ri_ng _synt hesi,s. e b.0NS t

sacchari %éﬂ‘ﬁ AT F%&i% é %ﬂﬁig‘f %’}p(?d ﬁnés%i%ﬁ%?lm%e%ggﬂ §gé%lg%nte%%e%ﬁs (rjhoatny of
the Cl, feduifedhidly skilléPpatdMrel. the sugar unit it is connected to is a
hexose. Moreover, the connection to the CI atommay be in either ci or (3

configuration. Thirdly, saccharides may be branched, which further
conplicajes thei struct ure.and, t he .nugber aof possible structures that
have an TUGRTESH ML AE BISHON ik SR e O RaPORPERe BIEPEtR y | s
present ey iy Pa® 1daGEIdpRAL dall§ w_i; 6t §66n | Thortddisingse 1tPR! We@Ay MRty sugars
is minute, as a sugar unit may differ from another

possible, independent of the degree of sophistication of the method used, to

determine the entire sequence of a polysaccharide or even of an

oligosaccharide by using a single technique. There are several reasons for

this difficulty. First, saccharides are synthesized template-independent. In

the absence of structural information, the researcher must therefore assume

that the building units are selected from any of the saccharide units known

today. In addition, these units may have been modified, e.g. by the addition

of sulfate groups, during synthesis.

Second, the connections between saccharide units are multifold. A
saccharide may be connected to any of the C1, C2, C3, C4, or C6 atom if the
sugar unit it is connected to is a hexose. Moreover, the connection to the Cl

atom may be in either a or B configuration.

Thirdly, saccharides may be branched, which further complicates their
structure and the number of possible structures that have an identical
number and kind of sugar units. .
A fourth difficulty is presented by the fact that the difference in structure
between many sugars is minute, as a sugar unit may differ from another

merely by the position of the hydroxyl groups (epimers).



nmerely by the position of the hydroxyl groups (epiners). V[)OO/@g6ﬁ§V ﬂmg 3
NOV 2003 PCTnLOOr 00256 The Prior Art A nunber of nethods for t

st ruct urvab omxe8ss/si s of sacchari des have been devel oped. PADIDBIR2K03

di scl oses a net hod wherei n nonosaccharide units are sequentially renoved
fromthe reducing end of an oligosacchgride by converting the
nonosacchari de at the reducing end to its keto- or aldehyde form and then
cl eaving the glycosidic bond between said nonosacchari de and the next
nonosaccharide in the oligosaccharide chain by using hydrazine. The free

rmnosaccha-fgg§$l%|i.eAﬁepar ated fromthe oligosaccharide chain and

I denti fi graphi c nethods. The process is then repeated unti

al | nonosagahambeeef msthode dor cheastedcturid) a8lpae 26 saicelrdides haveebésnd of
sequenci ng_an_unknown ol i gosacchari de by maki ng assunptions upon the basic
structure dewelersd: and t hen choosing froma nunber of sequencing tools
(such as gl ycosi dases) one which is predicted to give the highest anount
of structural information. This nethod requires sone basic information as

to the ol i geyaggirasode deddlssekure meshul |whereite monosmehhaidedaumsiogpase tion) .
The method also illustrates the fact that, reactions wth sﬁg}enm ng

reagent s asequenpiahlyi \remrvd dt frema cthes eiHgRgared efhancfoligesaerhiarides BY need

f t hod t hat th 7 hod
For dot ectSaRyeROPECAREoRS SEDBFAY & CHORALIPH, SRy iy t5top SEaaeendihn as
ol i godeoxypugl egld ¢hen AdHRRL! theeplycOildR bofldShetWten: saili fdneBhbaRiride

t eaches t hat %ﬁ{arge nunber  of probes can be bound to an i mpbilized
surface, aaggdt bige reextt imoneseerbafidei ih the alighsacsharideechain bbyau\samz ety of

met hods, u3| ng | ogi rcuitr VLS | P 4 2 dis S a
met hod f or hydwazent 'f}ge tn‘zfe dﬁ%%%s@ﬁgb?‘ﬂ &s ip s,eaBE{)tleﬂgrom%Eé oixgosacc arl
chain and identified by chromatographic methods. The process is then

repeated until all monosaccharides have been cleaved.

WO 93/22678 discloses a method of sequencing an unknown oligosaccharide
by making assumptions upon the basic structure thereof, and then choosing
from a number of sequencing tools (such as glycosidases) one which is
predicted to give the highest amount of structural information. This method
requires some basic information as to the oligosaccharide structure (usually
the monosaccharide composition). The method also illustrates the fact that
reactions with sequencing reagents are expensive and time-consuming, and

therefore there is a need for a method that reduces these expenses.

WO 93/22678 discloses a method for detecting molecules by probing a
monolithic array of probes, such as oligodeoxynucleotides, immobilized-on a
VLSI chip. This publication teaches that a large number of probes can be
bound to an immobilized surface, and the reaction thereof with an analyte

detected by a variety of methods, using logic circuitry on the VLSI chip.

EP 421,972 discloses a method for sequencing oligosaccharides by labeling

one end thereof dividing the labeled oligosaccharide into aliquots. and



one end thereof, dividing the | abel ed oligosaccharide into ali onugntﬁ Zﬂ]ﬂ 0
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di fferent re&gent m x (e.g. of glycosidases). pooling tP&:ﬂloBzBE‘{sE“t

react i oOP%8888 and then anal yzing the reaction products, using

chr omat ogr aphi ¢ nmet hods. This nmethod is useful for N-linked glycans only,
as they have a common structure at tRh& point where the saccharide chainis
linked to the protein. O-linked glycans are nore varied, and the nethod
has as yetreatingbesdh adiqpioedvithr a slifferentl reppeaxtc ki (tog. of tglycpsidases).
variability in their basic structure. |t |p§ tgerefor an ob%ect of. t he

i nvent i onpoding dhieddifferent neraction £HEes.sARdctheRl 2RANFBEs LY BECERR i des

whi ch overco al | .of the proble at <\ o [ art
met hods. ?ﬁ?ﬂ;&%ﬁ'h&s}%ewpﬂﬁtﬁg&?ﬁ%sﬂ?ﬁ%&dasbo% %Vlt H}glg?a??aﬁa f)%l g:rrof -
sacchari des;R¥ed 31wiaRg! gl o4 thejURave'h icbiithoh itri@Rde tat thenpoine wissrel t s

obt ai ned w tﬁkedi f'ferent techni ques in order to achieve a final result. The
met hod of théieapeteside chaireis livkedstos the PbteinorO dinkesh glqamsafreyMO%Esi s of

ol i gosaccharj des, as |1 as af pol ysaccharides., The th of..th resent
i nvent i on VAEiedlyr aRgr t8g; t%?ﬂi’«?%f oﬁasau?%nﬁ{*?oﬁ‘,"%arhfent h%? e&/i }f%s sgl% npl e
and rapid L L8 Al il ' .0 uni quely
identify Qﬁgﬁ%ﬁg%ﬁq%{g%% %%I%%a%?ﬁ%%lﬁg%%ﬁgwp%féeﬁdicﬁeg;nt ion further

provi des a nethod for identifying the sequence of a given oligo-or

pol ysacchari de. Further objects_and advantages of the inventi wi || becone
cl ear as thdsdewezefopeiom q:bdefée@fjstheGHXENBVUZ%3PW‘€®/%8’§§SI‘?QE%8£0%0256

7 Summar %tr%ct&rg? z'u?é./l?rgfs' 9P saccharides which overcomes all of the problems

associated with the above prior art methods.

Thus, the invention provides the above structural analysis of saccharides by
a single technique, without the need to combine results obtained with

different techniques in order to achieve a final result.

The method of the present invention is suitable for the structural analysis of

oligosaccharides, as well as of polysaccharides.

The method of the present invention is further suitable for automation, and
thus provides a simple and rapid assay providing essentially enough

information to uniquely identify a given oligo-or polysaccharide.

The present invention further provides a method for identifying the

sequence of a given oligo-or polysaccharide.

Further objects and advantages of the invention will become clear as the

-

description proceeds. : o



The invention is primarily directed to a method for the structural analysis
of a saccharide, conprising: a) providing on a surface a pl ural@@yNGV ZK
essentially sequence-specific and/or site-specific binding agents; b)

cont act witoo8gssl surface with a saccharide to be anal yzedPCDILOBIOZSSa

m xture conprising a plurality of fragnents of said saccharide; c) washing
or otherw se rempving unbound saccharide or saccharide fragnments; d)
adding to the surface obtained in step (c) an essentially sequence- and/or

site-specific marke ot a m.xture of essentially sequence- and/or
site-speci&@%ﬂl@ﬁ%}?—ey%&%i ng one or nmore i mages of the markers that
are bound to said surface; and f) deriving information rel ated to t he
identity of the saccharide being analyzed fromsaid inage. preferred
enbodi nmentThef inveetiontis eimarilhdirenteshta armethed dors the smucyuraéMMax&

and/ or site-specific markers are chronogeni c binding agents. The term
"chromgenf@sbcmxég@ﬁfm% used herein includes all agents that bind

to sacchari des ich t I

mar ker, such tﬁ ‘\éwﬁi“%ﬁm"ﬁga g‘l"ﬁ%ﬁ%} aufsegc%%#%garahg ggtﬁgrg{:gﬁl
acquires %%rg@ﬂeogpe@{ﬁ@glhg{nmsgﬁs I n addition to chem cal structures
having intrinsic, readil y-observabl e colors_in the visi biz,’iaz range,. ot her

mar kers used i b):bmtachhg@%é@tfﬂcgmﬁpé S%Cbtiﬂﬁlett&g@e 2pAlZRdsOY PHER ammy be
used in a reaction that | ored product),
magneti c &W&t‘i‘%eoqo&?r& Wﬁﬁ(élﬂ‘gaﬁ%afé'ﬁgﬁ% gﬁk r%{f&?ﬁ%‘ "I'st of detectable

markers is for, Wa‘éﬁiﬂ%ﬁi‘ \Sﬁx&‘ﬁl?@?@ﬁo@fﬁg’ unbddinidSsddghBsideayr sauchadirie to be
limtative or a haust | In a simlar vein, the term"color" as used

herein (drggméntsi he context of step (e) of the above descri bed nethod)

al so includes V\D 91 r?cig?oB?he surface obtained in step (c) an essentially sequence-

and/or 51te-spec1ﬁc marker, or a mixture of essentially sequence- and/or
site-specific markers;

e) acquiring one or more images of the markers that are bound to
said surface; and

f) deriving information related to the identity of the saccharide being

analyzed from said image.

In a preferred embodiment of the method of the invention, the essentially
sequence- and/or site-specific markers are chromogenic binding agents. The
term “chromogenic binding agent” as used herein includes all agents that
bind to saccharides and which have a distinct color or otherwise detectable
marker, such that following binding to a saccharide, said saccharide
acquires said color or other marker. In addition to chemical structures
having intrinsic, readily-observable colors in the visible range, other
markers used include fluorescent groups, biotin tags, enzymes (that may be
used m a reaction that results in the formation of a colored product),
- magnetxc and isotopic markers, and so on. The foregoing list of detectable
markers is for illustrative purposes only, and is in no way intended to be
limitative or exhaustive. In a similar vein, the term “color” as used herein

(e.g. in the context of step (e) of the above described method) also includes



any detectable marker. 0 3 Nov 2003 PCTIILOOWRS56 In a prefer@%dyﬁg‘o larent
of the nmethod of the invention, the structural information i%¥o i by

simpl e visual inspection of the surface and conparison p¢tdLodessgndar d.
Al ter néY‘?%qs?",s i n another preferred enbodinent, step (f) conprises the use
of optical filters. In a further preferred enbodinent, the imge of the
col ors that devel op on the surface is8 captured by photography and then
digitized. Al though the nmethod of the invention may be perfornmed using any

sui t abl e neTetedtablé Yn&dauwence- speci fic binding agent, the invention is
particularly directed to the use of lectins as essentially sequence-
and/or site-specific binding agents. In another preferred enbodi nent of

the invention, the ,essent. - iSvdrtig etel frubtutdl ng .
agents arf@ %r&rpim?@nggﬂ@@%,{lgggﬁgg%g@oggafgggé otherwi se det ect abl e)

subst ancq_phat, BiNdS bBtaiB8ECH tideslei visanl dnspedticanl lof geqsunieee and/ or
site-specitic manner may be used as an essentially sequence- aﬁd/ ok *
R&Fér,prte €

Si t e- speiokiguridvromegeni @ bstadidagd. agemltermatiealyy 12 A

essentially sequence- ang{or sit.e-specific .C L& bingdi pt is a
chr onmogerambodizzant. o?teEhﬂﬁ)rﬁ?&éﬂTlée%ﬁgﬁb%%Fy.Of %‘%gﬁlg?%f erlr}feidan g‘rlrb?ac;lgi ment of

the invention e JH]’&E%‘? L £ ; Diandifghe 26RRE that devedbpoadheentriate iEur t her
preferrecP‘@?PJBﬁé ﬁﬁﬁs ca 'P(Il)ér:n?lﬁreéguse of fluorescent or biotin-I|abeled
| ectins F{ap@{g}émﬁip@@tompﬂﬁtaﬁd&hen degitizedf erred enbodi nent, the

essentially sequence-specific chronogenic binding agent is an
enzyne- | abel ed anti body. I n another aspect, the nethod of the invention

further conprises,treati ; ?g,&fm ' b i rAbmed sedihg alnyysuitable
sequence-48C1E &hﬁg@ﬁ%h%gggwglé T eav}.MFlté])rét1 he saqcha_rgi de chain after
bi ndi ng tgggﬁﬁgyﬁﬁgéguéﬁ@a@’@mﬁc rindhez agent.othednieiider ShE2EAEHARYI de i s

contacted W e surface. Alternativel Y the treatne may bsep &S or med
after 'rerr&itad:tedftomhlaomﬂjoﬁegtm@@sz@ggentlaly sequence- amnd/or site-speti

binding agents. In another preferred embodiment of the invention, the

essentially sequence- and/or site-specific binding agents are antibodies.

Any suitable colored (or otherwise detectable) substance that binds to
saccharides in an essentially sequence- and/or site-specific manner may be
used as an essentially sequence- and/or site-specific chromogenic binding
agent. Generally, however, the essentially sequence- and/or site-specific
chromogenic binding agent is a chromogenic lectin or chromogenic antibody.
In one preferred embodiment of the invention, the chromogenic binding
agent is a colored lectin. Further preferred embodiments call for the use of
fluorescent or biotin-labeled lectins or antibodies. In yet a further preferred

embodiment, the essentially sequence-specific chromogenic binding agent 1s

an enzyme-labeled antibody.

In anoth,ef aspect, the method of the invention further compri\ses treating
the saccharide with an essentially sequence-specific agent capable of
cleaving the saccharide chain after binding thereto. This treatment may be
performed before the saccharide is contacted with the surface.

Alternatively, the treatment may be performed after removal of unbound
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essentially sequence-specific chronogenic binding agents. In

particul arl referred enbodi nent of the nethod of the i tion,  the
surfaceWPso"és&PI ter paper, and the essentially sequence-E%&&"b’ﬁ@S?ﬂgents are
arranged in a pre-defined order on said filter paper. In another aspect,
the invention provides a gl yconol ecul €9« dentity (GM D) card, listing
saccharide structural analysis data obtained according to the immediately
pr ecedi ngsgpechbeidec dutiedotienrddingf thehessemtiadly sejuehes-speniBotchoomogenia
preferred enpodi nent, the essentially sequence-specific reagents used are
r epr esent BindiRgtagent D card by code nunbers. In another preferred

enbodi ment of the GM D card, conbinations of essentially sequence-specific
reagents used in the analysis are represented by unique code nunbers. The

i nventiongi s ?Aﬁ%ahflwﬁﬁdeﬁred@cﬁsb&i&@mmhte wethud of tie inventivnetHef i ned
order a plurality of visual or otherw se detectable markers representative

of a sacshrfaceldsa fltarchapenicand jhenessestially sgauance-specifiotagentagsect, the
i nvention al so ﬁncont%aeg a rreftlhod for g_ﬂoosi ng a set of essentially
sequence- 3F@AgeAdBHPETAEERPE OBASTPR SURBHEEPIRT  Use in the

above-descri bed nethod, conprising the steps of: a) obtaining the full or
partial nonosaccharide conposition (MJ) of the saccharide to be anal yzed;

b) choosi hy amoskér aéperteshennivahliyn prouateser ghndmotecsie edespityi (GRIDNar ker s
et e SRS S L LR R oS P
mar ker o 1 e R e e B T b L er Vi
00/ 68688 jinvention. In a preferred embodiment, the essentially sequence-specific
reagents used are represented on the GMID card by code numbers. In
another preferred embodiment of the GMID card, combinations of
essentially sequence-specific reagents used in the analysis are represented

by unique code numbers.

The invention is also directed to a solid support comprising in a pre-defined
order a plurality of visual or otherwise detectable markers representative of

a saccharide or saccharide sequence or fragment.

In another aspect, the invention also encompasses a method for choosing a
set of essentially sequence-specific chromogenic binding agents for use in
the above-described method, comprising the steps of:

a) obtaining the full or partial monosaccharide composition (MC) of
the saccharide to be analyzed;

b) choosing a set of n essentially sequence- and/or site-specific
markers that are capable of binding to the monosaccharides present in said

. saccharide; ) : z

¢) revising the set of essentially sequence- and/or site-specific markers

obtained in step b) in order to ensure that no two markers in said set have

the same color or otherwise detectable marker;



-10 0 3 NOV 2003 PCT/1L00/ 00256 d) revising the set of essenti@ lXIQ
sequence- and/or site-specific markers chosen in step c) in or ér ¥ 2003
reduce Gigyassdsgactivity with either the essentially seqPeTaec/mmess or
site-specific binding agents or with other essentially sequence- and/or
site-specific markers. In one preferrad enbodi ment of this method, the MC
of the saccharide to be analyzed is estimated fromthe MC of a related

sacchari de. | n_ anot her ref erred enbodi t e C, tde to
be anal yzed i sSbUeYISBE B TR PO ATSTHVR o%lqéltggc%% %él%flo?sisgt%b ggﬂf%
sacchar | dg,, kg ARRIdGTin REFLFA SldAROAIaREtcrEks thictiviey hoith dlthastice val ue

between 1 an e present invention is also directed to software for
choosi ng asseatiadiy seqaemde- aahg/osesipespesifpebindivgnagkats snrwithe othexhe .
above-described nethod of saccharide. gtructural analysis, conprising: a)

i nput  f or egrentiadiyrgpaueaCceABERL SiterEPRfAlE Ffion (MJ); b) matching
sub-programto match it essentially sequence- or site-specific markers
that are capable of binding to the nonosaccharides present in said

sacchari dfﬁ ofk Jreftrséd gmbuBiRe RObEIRIE edthud sthaM@iofahe saccharide to be
essential ['y-sequence- or site-specific markers mat ched,(ggz fijb- progr am b),
o)

sai d sub- phabyzat Beestimateh fitsme e MO «fta rglatgidsarthios 1 [dnofBer s of
reduced cross-reactijvit Wit h. et t he .e Ll NGes

(i te- specPFRarY RHGLRH oM e i aaE shied pa R b Atned

Si te-specib%i ?e{fﬁﬁhﬁ{&;a qzmém@nmzeaﬁaayga sfikaid c@canabideng hmpatBepf
ensuring that not tw nmarkers in said set have the sane col Qr or otherw se
det ect abl gréfeetddr embddirseritrofahis methdd @ has atvadue detwveenhbanddh obt ai ni ng

structure-related data of saccharides, conprising, in any order, the steps
of a) reacting the saccharide with a essentially sequence-specific agent

capabl e V\Qh%O/p?essggg invenrion is also directed to software for choosing a set of
essentially sequence-specific markers for use in the above-described method

of saccharide structural analysis, comprising:

a) input for providing the monosaccharide composition MCOC);

b) matching sub-program to match n essentially sequence- or
site-specific markers that are capable of binding to the monosaccharides
present in said saccharide;

¢) revising sub-program to revise a set of essentially-sequence- or
site-specific markers matched by sub-program b), said sub-program being
capable of selecting said markers on the basis of reduced cross-reactivity
with either the essentially sequence- or site-specific binding agents or with
other essentially sequence- or site-specific markers;

d) second revision sub-program being capable of ensuring that not
two markers in said set have the same color or otherwise detectable feature.
This in§ention also relates to a method for obtaining structure-related data _
of saccharides, comprising, in any order, the steps of

1

a) reacting the saccharide with a essentially sequence-specific agent capable




-11 0 3 NOV 2003 PLTI'[LOO/00256 of cleaving the saccharide ﬁgai n bd
reacting the saccharide with an essentially sequence-specific gﬁﬂv 2003
capabl e of binding to the saccharide, c¢) introducing a | ob/g28s t he
saccharVO&%6888 oi ther directly or indirectly including t i
| abel ed essentially sequence-specific agent capable of binding the
saccharide, and d) detecting the prekkence of the |abel in reactions where
t he cl eavage agent was present and in reactions where the cleavage agent
was not pifediving fhe sadeharideahain)rt her relates to a nethod for the
structural analysis of saccharides, conpri sjaggfthe stegs of. .a) grovi ding a
sacchari de); regctingachien gaechiagidea Fibur 2R e SHeR  eguenseSspesific| pgent
sequence- specj fi g .agent ; react i. t he saccharide or fragnent thereof
with a se@cﬂ?@%‘%@@ﬁ&%ﬁﬂ/@%@&&%@gspecific agent, d) reacting the
sacchari d@ ﬁl’:ﬁd&ﬁﬁ{@t 120REH8QS thé shcchalrite, thyeesehr dlreytly segimdieectdpeci f i c
agent, , €) optionally, repeating steps c to d using at |east one different
second orinchiling thsamptdfal lapeleajessantialpseauenceypaeifioggant; sapabdeof a) to

e) may be carried out, usi,ng the sane saccharide in . parallel independent
reactionsl?md-éﬁﬁléﬂeaﬁaché’é‘fie different first, second, or third

essenti al @’ﬁg%&ﬁ&%ﬁé ek Gf 23S bel%f‘x%a&élﬁn@rﬁﬂé@tﬁéﬁékabﬁ?% sgeabari de

is | abel e orcone“or nore of the sai irst, second, and/or third

essent i al s pesseaneadsipaeatiionaghatetliesclbabagedgent Wastnadiresenta | abel to
the saccharide, and the | abel is detected at one or nore of the steps
subsequent to the step wherein it is introduced, and with the further

provi so that .at | east. one of I S | SgRbivald Bf
sequence-?S%&PV?%“%@efh‘trgh%rsreeg%?'e{é’lv?nltéyeggﬁlga gT‘ﬁ% %gylyé:?uf\ag girq%fygréabl y a
saccharides, comprising the steps of:

a) providing a saccharide;

b) reacting said saccharide with a first essentially sequence-specific agent;

¢) reacting the saccharide or fragment thereof with a second essentially
sequence-specific agent,

d) reacting the saccharide or fragment thereof with a third essentially
sequence-specific agent, .

e) optionally, repeating steps ¢ to d using at least one different second or

third essentially sequence-specific agent;

wherein steps a) to e) may be carried out using the same saccharide in
parallel independent reactions, using at least one different first, second, or
third essentially sequence-specific agent,

with the proviso that the saccharide is labeled and/or one or more of the.said
first, second, and/or third essentially sequence-specific agents is labeled or
introduces a label to the saccharide, and the label is detected at one or more
of the s:t.eps subsequent to the step wherein it is introduced, and with the
further proviso that at least one of the first, second or third essentially
sequence-specific agents is a cleaving agent. The label is preferably a

fluorescent label.



fluorescent label. 0 3 Nov 2003 WD 00/68688 FCT/1L00100256 -1 gtm 03
invention also relates to said nethod wherein at | east one of th \{gp

second, ..ar '
wher ei n" Sog}Is

d essentially sequence-specific agents is pcennivdotseed,

I obi | i zed agent is not the essentially sequence-specific
agent which 1is the cleavage agent. Further conprised within the scope of
the invention i s said nethod wherein -kne first essentially
sequence-specific agent is a cleavage agent. Al so conprised within the
scope of the invention is said nethod wherein the second essentially

sequence-specjfic age Is,imobili.zed. .In, a,prefe emhod he

cl eavage éﬁ@ﬁ’cn"ﬁﬁﬁmﬁegfé"de}%@éi @agaééoqletlchg,gfgge§§ﬁ é#]gjaesrta(g% 8'{ ﬁg@tgg%%nd
essentially se S PEGhEH sel dcS-shecifRCd gdhts 30 tmikubilibéd, dvherent i al |y
sequence- 5%8‘%?cﬁi%gqg§£€%%guaaﬁlﬁnt eo&y@lmr:l a pgr eferred enbodi nent, the
third essenid ahmohiHgedagens peciotithe ageentially sequencd-apedific migent sduphi sed
within the scope of the invention is said nethod, wherein the third -
essenti al |iy tbegieemage 8geBt.fi c agent is a cl eavage agent. The invention al so

relates to said nethod which further conprises the step of deducing the
sequence of the saccharide. The invention further relates to said nethod

wherein t meuﬁpéf foBSsRaIwithin thEGEsHCer Speltivientioagisniaid snethgdywberedase or
glycosyltransterase. In a preferred enbodi nent of the above nethod of the

i nvent i on,the firstrbesentidllyt brg denast spesificagantdsacflearagrydBeRt-are i mobi | i zed
on the same substrate. Preferably, all first sequence-specific agents are
I mmobi lized on a single substrate. The first essentially sequence-specific

agents. useghdRohd}tidtal HR%iA thENRoPe 3f MY/ iAARINI i EHEAAGTRE LI thE256
second essentially sequence-specific agent is immobilized. In a preferred
embodiment, the cleavage agent may be a glycosidase or
glycosyltransferase, the second essentially sequence-specific agent is a

lectin, and the third essentially sequence-specific agent is an antibody.

In a preferred embodiment, the third essentially sequence-specific agent is a
Jectin. Further comprised within the scope of the invention is said method,

wherein the third essentially sequence-specific agent is a cleavage agent.

The-invention also relates to said method which further comprises the step

of deducing the sequence of the saccharide.

The invention further relates to said method wherein the third essentially

sequence-specific agent is a glycosidase or glycosyltransferase.

In a preferred embodiment of the above method of the invention, a number

of the first sequence-specific agents are immobilized on the same substrate.

Preferably, all first sequence-specific agents are immobilized on a single

substrate.

The first essentially sequence-specific agents used in the method of the



I nvention are preferably selected fromlectins and anti bodi es. ﬂTmec‘zﬂﬁfl
or third essentially sequence-specific agent is preferably a
gl ycosyl wowueseasase that introduces a | abel ed nonosaccharigg W#ﬁonto t he

saccharide. In another preferred enbodi nrent of said nethod, nore an one
| abel is wused and each of the | abels ysed is detectabl e independently. The
invention also relates to said nethod Wherein the second and third

present at the sanme tinme in the

tiall - i £ t
feaction, LRYECHAR AE¢ Preerebly selonted framdbamneang angiboniesy T hersdoatd or
diti _ _ ; ; T ) of te i
Coacti var ot espehedly SouafhelsERR'IBnt ¥s BRAMENNIS ¢ SRR Eriage 1
agent is achatnatesiudesrd hbeldd sictioaidcharievaiidlont KOs K88/ gLal | Y

sequence-specific agents nmay be added sinmultaneously, but are activated
one after the other by a change in buffer conditions, so that one or nore

change. it Aaiiyt? e SELE EriReGmeck fEHEE. Spbind [ Roes, e oneslabelas o

Pref er abl yusqig#n@leaBIdf t8k 1466 s dbAds defeeible 3hisheRRLERCe- speci fic agents
are gl ycosi dases or glycosyltransferases. The 1nvention also relates to

sai d met hod wherein each of the first or second essentially
sequence- speci.fic ents is,inmobilized on separate unit in a_ virtual
T igyepts fibed. e

array. The'8FrRYePEOh @fsé‘r ralpips, 195815 T raiRethe serond,aadtihird
| at t [ hatide b
B R R D T

sequenti al digestion ase, an equi val

preferred eabtidnmebut dreeactitdted anal yftenghehetisdrr bt Hr higed inSBEEEHAr | de
by sequenti al,.di gestion conprises the steps of a) blocking the reducing end
of the sac‘i‘%’i‘éﬂ'ilafg?- P &Rpbinty o Fand espentdallyi srauendespedificubaentsninf sai d

sacchari dejuietiDa fe d\B;00h868REnsd A whik tRY <4187 esEthE/ixlalll“ngegggr?ge-speciﬁc

agent is activated.

Further preferably, several third essentially sequence-specific agents may
be added simultaneously, but are activated one after the other by a change
in buffer conditions, so that one or more of said essentially sequence-specific
agents is 1inactivated by that change, while another essentially
sequence-specific agent is activated. Preferably, one or more of the third

essentially sequence-specific agents are glycosidases or glycosyltransferases.

The invention also relates to said method wherein each of the first or second
essentially sequence-specific agents is immobilized on a separate unit in a

virtual array. The array is preferably a MASDA array.

Further, the invention relates to a method for analyzing the structure of a
saccharide by sequential digestion using a glycosidase, or an equivalent
thereof. In a preferred embodiment, the method analyzing the sfructure of a
saccharide by sequential digestion comprises the steps of

a) blocking the reducing end of the saccharide;

b) exposing a further reducing end by incubation of said saccharide with a




S

gf ycosi dase, or an equivalent thereof, <c¢) labeling said furt hﬁr r educi ng

end, d) optionally, repeating steps a-c using different glycos cﬁasNﬂé/, 2003
equi val ents thereof. Still further, the invention relates to a nethod of
anal yzi nfOONE8%8 r uct ure of a saccharide as described furf$EHLOYPBse

| wherein data are gathered according to the above described nethod for

| obtai ning structure-related data of déccharides and said data are used in
conmbi nation to therefrom derive structural information on the sacchari de.
The i nventglynosiiase, roxl ant eguiveleat theteofl of creating a sequence map of a

sacchari de, .using data.obfained according to the above described nethod for
obt ai ni ng @tlﬁgﬁlﬁggé-a?‘ f‘é"(‘éﬁi" Eﬁi‘t"éu}ﬁe%‘gcchari des, conprising the steps of a)

|l ecti . _ _ e : _ b
Cdent 1 fyi ) RiRR; speRtiagUhidsie SRHHANIRTent BlyIBLIIReS W EITRINGS ) oo
(first recgypredfion site) - (gl ycosidase)-(second recognition site), c)

identifying triplets of type 2, which triplets are triplets of the sequence
(gl ycosidase)-(first recognition site)-(second recognition site), d) )

11 orent Sycbiefhel S8R reiReedi P Hobhd oF hnBBRRRE AT SRR 3 (e

order of ogCUidBAEROMY NBsSAbEd Murtifor aBhvall ikt HREa 91_11‘;’&0?&@@?%
recognition sites, h) checking the conpatibility to the triplets, i)

arrangi ng acoodinigt tortheegbevec desaribeyl yoasbod afoesobtadniofg fskrwstusertelatednd
essentially sequence-specifi¢ agents in a single file order, and |

transl ati ngattahg Féﬁé&ﬁgg?%ﬁnéeﬁgn‘ﬁ?éé S Pé%é]qpn?‘ﬁn mifé%ctﬂaﬁ?e(fgk%ghuence.
Further, the.] | rs : creating a sequence nmap of a
sacchari de%?%@%ﬁ%&ﬁ%gﬁ%}oﬁ&@%&gﬁﬁgebf WO 00/ 68688 -15

The invention also relates to a method of creating a sequence map of a
saccharide, using data obtained according to the above described method for

obtaining structure-related data of saccharides, comprising the steps of

a) collecting triplets of recognition sequences, using the above method

b) identifying triplets of type 1, which triplets are triplets of the sequence

(first recognition site)-(glycosidase)-(second recognition site),

¢) identifying triplets of type 2, which triplets are triplets of the sequence
(glycosidase)-{first recognition site)-(second recognition site),

d) sorting said triplets according to similarity,

e) comparing triplets with different glycosidase recognition sites, |
f) arranging the triplets in the order of occurrence on the saccharide, ‘
g) arranging the glycosidase recognition sites,

h) checking the compatibility to the triplets,

i) arranging recognition sequences of glycosidases and of first and second

essentially sequence-specific agents in a single file order, and

b)) tranél-ating the recognition sequences (sites) into polysacchari‘de sequence, -

Further, the invention relates to a method of creating a sequence map of a

saccharide, which further comprises the steps of



k) correcting overlap problenms 1) outputting a sequence n) ch [
a%gai nst all available data, to thereby create a nodel of the a?’%eﬂw 2003

sacchar ivieomes§8hence. 0 3 NOV 2803 PCTn400/ 00256 The i nv@SENbHRRSS0
-relates to said of creating a sequence map of a saccharide, wherein step
m conprises checki ng agai nst additiggp,l obtained according to the above
nmet hod for obtaining structure-related data of saccharides, thereby

further creating.a f the saccharide . The invention al so
rel ates td‘aﬁoﬁgﬁﬁéﬁﬁéﬁ%&a §P§zi ng the structure of a saccharide,
provi di ng I?Buﬁf\{tﬁ‘ﬁgoi séquetke essential Iy sequence-specific agents in a

pl anar structure, so that each first essentially sequence-specific agent is
| ocat ed i nnpchenking aganss alfavadlableodatdar structure, further providing means

for reacting,anglyte with t [,ray, shi ans, neans for reacting one
or nore sé@ghﬂr%rﬁﬁﬁﬂ‘@égﬂf tha ¥?u\é\€ﬂ%ﬁ§ﬁg§l &P agents with the
array, and detection neans for detecting a | abel associated wth the
saccharide or the second or third essentially sequence-specific agents. In
anot her asflectinvehtiohnuisot relatey avi deid af carpasmg us $equencal wEmMptt e

structure of a saccharide, having a pultjtude of aliguqts.of beads, gach
2l i quot  ceaegharade Wherean SHaP ) COmPEwes heoliPg ARainshaddiionalBtaiisd;

further providi E?H’g‘%ﬁgz ab&Ve rﬁ@ﬁltohgrﬂ;ra%kﬁ%é“’i {thublifredld1gQl %lagﬁ peads

separatelya, ns, means reacti1ng  one or nore second and third

essenti al |gacclA986d)¢Re St Futiher agedtise Miskuétiee mlapqfothe, saxharideect i on
nmeans for detecting a | abel associated with the saccharide or the second

or third essentially sequence -specific agents. The nethods of the
o< B Rl NG G0 RIS SR AR o
are coupl editRaRBPCHrdRERS UL SrrSy of firfepidetieinllypsodeéice-spucific 3gldé 2003
in a planar structure, so that each first essentially sequence-specific agent is
located in a certain area of said planar structure, further providing means
for reacting analyte with the array, washing means, means for reacting one
or more second and third essentially sequence-specific agents with the
array, and detection means for detecting a label associated with the

saccharide or the second or third essentially sequence-specific agents.

In another aspect, the invention provides an apparatus for analyzing the
structure of a saccharide, having a multitude of aliquots of beads, each
aliquot carrying a different first essentially sequence-specific agent, further
providing means for reacting analyte with the aliquots of beads separately,
washing means, means for reacting one or more second and third essentially
sequence-specific agents with the aliquots, and detection means for
detecting a label associated with the saccharide or the second or third
essentially sequence-specific agents.
The methods of the invention may be used to investigate the structure of
oligo- or polysaccharides. They may also be used when such oligo- or

polysaccharides are coupled to other molecules, e.g., peptides, proteins, or



00 68688 PG ! {LOO 00256 -16 lipids. Specifically, the net hodj o'f~I t he
ifnvention may be used for the structural investigation of 3 Nov 2003
gl ycosam nogl ycans (GAGs), including heparin, heparin-sul phate,

chondr oj4yioBzsssd!| Phat e, dermat an-sul phate and the |ike. Apcifeoneiasye and
ot her characteristics and advantages of the invention will be further
understood fromthe following illustrative and non-limtative exanples of
preferred enbodi nents thereof. Brief "B&scription of the Draw ngs The
present invention will be nore clearly understood from i)ge detail ed

descrmtib'pﬁdaf Spesifinadbyer they metbad nefthe alnyention tRayabeassed Wrathengs in
tPP which: Fig., 1. i || ust rat f th i ' GM D
car ds. obt SHeal Spvessainn DT AT R Roeltirk CHECR) "l falsiebbato: M O
goat's mi hé‘pz{n}‘gn% P%te,%ﬁgna%’iitﬂ:ﬁ- dUlpKateEHermiabanulshacd £hd ebaitikeon of the

GM D car ds "obt ai ne or various |ipopolysaccharide sanples. Cards Ato E
correspond to LPS# 1, 7, 10, 15 and 16 respectively. Fig. 3 is a

hi gh- | | logi¢ fl t that illustrat I it f h '
AL IR L ARG IRICE LA T ey R e T
pur pose of g, 'eﬁ'ﬁﬁﬁgﬁ%ﬁgoéwfthfehﬁllbﬁr]ﬁﬂs URRHE NS Th AN fordBR 4 thRa

her ei nbel ow. ssent | sequence-speci f1¢ ‘agent” means an agent capabl e
of bi ndi ngxdmplas Qf préfeyraDedbodiments shexebfiri de, the binding is usually
sequence-specific, i.e., the agent will bind

Brief Description of the Drawings

The present invention will be more clearly understood from the detailed
description of the preferred embodiments and from the attached drawings in

which:

Fig. 1 is an illustration of the Glycomolecule identity (GMID) cards obtained
for pasteurized goat's milk (A and B), non-pasteurized goat’s milk (C and D)
and bovine milk (E).

Fig. 2 1s a reproduction of the GMID cards obtained for various
lipopolysaccharide samples. Cards A to E correspond to LPS# 1, 7, 10, 15

and 16 respectively.

Fig. 3 is a high-level logic flowchart that illustrates an algorithm for

choosing a set of colored lectins.

Detailed description of the invention

For the purpose of clarification, some of the terms used herein are described -~

hereinbelow:

“Essentially sequence-specific agent” means an agent capable of binding to a



a certain sequence of nonosaccharide units only. However, this $m%03
specificity may. not be absolute, as the agent nmay bind other
sequencesvi¢suetr as nonosacchari de sequences wherein one or-«sme+-efvt he
sacchari des have been del eted, changed or inserted). The agent may al so
bind, in addition to a gi ven sequencejpf nonosaccharides, one or nore
unr el at ed sequences, nonosaccharides. The essentially sequence-specific

a _ e- |
agent s %%H@Aal%(;é tB@?Jaﬁaih ﬁlﬁ%aﬁ%s’é 86ibéBpedRALEN A dfgsengfﬂegie bigd

anti body or cosi dase or COSy ransterase

i ncl ude | eCtémtain ise@hércedoff ﬁmmotsmhﬁﬂldleomnng cﬁnlg-ntHow@memvﬁiik aeqnent®r m s
Angui l la anguilla Triti cum vul garis Datura stranoni gi, m G%Iﬁant hus nivalis
Macchi a arﬂmeenﬁslt&' mesaciitsbhyaRsghis. Satbecagent gray bigd nethes selagedigal |

Lens culinaris e max__Pha h
Dol i chos LeAPEPEFS ét‘ﬁﬁﬁs P@PP%@cﬁﬁgFgg e\dﬂﬁlﬁg% &Jhrégﬁgrgtr%{ € E&am nusgfcg!g%um s
In additi qpectiosddes Bho6 VEBALIANRE, *kanBéE Droindetdd)NTheokigeht bhay cdigal | y
active conpounds such as cytokines, chenmokines and growt h factors also 0 3
NOV 2003 -Himd, in addition to a given sequence of monosaccharides, one or more
unrelated sequences, or monosaccharides. The essentially seq_uence-specxﬁc
agent is usually a protein, such as a lectin, a saccharide-specific antibody or
a glycosidase or glycosyltransferase. Examples of lectins include lectins

isolated from the following plants:

Conavalia ensiformis
Anguilla anguilla
Triticum vulgaris ‘
Datura stramoniutm

Galanthus nivalis

Maackia amurensis

Arachis hypogaea

Sambucus nigra

Erythrina cristagalli ‘
Lens culinarts

Glycine max

Phaseolus vulgaris

Allomyrina dichotoma

Dolichos biflorus

Lotus tetragonolobus

Ulex europgeus

Ricinus communis

In addition to«the aforementioned examples of lectins, other biclogically

active compounds such as cytokines, chemokines and growth factors alse



possess the ability to bind GAGs and ot her pol ysacchari des, anﬂfh@mnpgﬂmpr
the purposes of the present invention are considered to be |ectins.

Exanpl es“of "glr'ycosi dases i ncl ude a- Gal act osi dase, j 3-Gal act osi dase,

N-acet yl hexosani ni dase, a-Mannosi dase,g P- Mannosi dase, a-Fucosidase, and

the like. Sone of these enzynes nay, J%pending upon the source of isolation

th f, h di ff t Lficity., Th bqv i all
avai | abi POsEesy ther ablitmGoopind BAD &bl erher el SackHARies, I penddier' (y
Si gma Ch%e%rgg?es ofthe #é,i,s%nt iMbntiddodre esndideferio RORctind/, Rockford,

61105. USA. aving agent” 1s an essentially sequence-specific agent that
cl eaves the saccharide chain at its recognition sequence. Typical cleaving
agents are gl ycosidases, including,exo- and endo

cosi dases, and -
gl ycosyl tExarmplesaset. glyenmidases alndueser-&alaries s c%gég}"é‘)%aaﬁq'eavi ng
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“Cleaving agent” is an essentially sequence-specific agent that cleaves the
saccharide chain at its recognition sequence. Typical cleaving agents are
glycosidases, including exo- and endoglycosidases, and glycosyltransferases.
However, also chemical reagents capable of cleaving a glycosidic bond may
serve as cleaving agents, as long as they are essentially sequence-specific.
The term “cleaving agent” or “cleavage agent” is within the context of this
specification synonymous with the term “essentially sequence-specific agent

capable of cleaving”

“Recognition sequence” is the sequence of monosaccharides recognized by an
essentially sequence-specific agent. Recognition sequences usually comprise
9.4 monosaccharide units. An example of a recognition sequence is Galf1-3
GalNAc, which is recognized by a lectin purified from Arachis hypogaea.
Single monosaccharides, when specifically recognized by an essentially
sequence-specific agent, may, for the purpose of this disclosure, be defined

as recognition sequences. .

“Saccharide” is any oligo- or polysaccharide, linear or branched. This term is

used hereinabove and hereinbelow different from its general meaning in the



art, in that it conprises also polysaccharides, and the sugar sﬂthﬂ[ﬁ\brza% of

gl ycans‘,ug‘gg‘mwe i ke. "Mappi ng"- neans defining a sequential.order of
certain predefined patterns on the polysaccharide chain, a process that

results finally in obtaining the se nce of a saccharlde i.e., in
conplete determ nation of all U|Id|ﬂi§'e bl ocks of the sacchari de. "SeQuence

map" 1S a ordered succession ¢ an site s the ccur
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hexose, S Epﬁ{g ose. Specific exanples of nonosaccharides include
Gal act osgl’?{aé% %nd&h ce - Gal act osam ne (Gal NAc), Mannose (Man), GG ucose
(dc), and the like..In apreferred enbodlrrent of the invention, the

nmet hods descri bed here| nabove and illwu &t ed_ her ei nbel %)ﬁ{v, cgax be used to
screen foMaRmGg'a*pm@mé defanng aieayen! of geataip RrefgfRed,patterns
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optim zatblocksodft}kaesmq@harudeal |y active agents inasnuch as they permt the
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active agents, and the-conparison therebetween. For exanple, it is well
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chain ma associ ated with rapid clearance “from the circul atory system
of the gltheaarcohatideof which said chain 0 3 NOV 2003 WD 00/ 69688 -

PCTI 1 LOOro0256 -20 is an integral part. This in turn can dramatically
effect the pharnokinetic paranmeters associated with these glycoproteins,

when used‘ﬂgnosaccharide" is a single sugar unit, such as for example a hexose,
| tetrose, or pentose. Specific examples of monosaccharides include Galactose
(Gal), N-Acetyl-Galactosamine (GalNAc), Mannose (Man), Glucose (Glc),

and the like.

In a preferred embodiment of the invention, the methods described
hereinabove and illustrated hereinbelow, may be used to screen for
therapeutic agents by determining the structure of therapeurically active
agents or active fragments thereof. The invention is thus directed to the use

of the above described method in the screening of therapeutically active

agents.

In a further preferred embodiment, the analytical and mapping methogis of
the invention are further useful in the optimization of therapeutically active
agents inasmuch as they permit the assessment of the degree of
glycosylation of various therapeutically active agents, and the-comparison
therebetween. For example, it is well known in the art that galactose' at
the non-reducing end of the glycan chain may be associated with rapid

clearance from the circulatory system of the glycoprotein of which said chain



Eherapeuti cally active agents. The invention is therefore al so og m‘%ﬁio
he use of the nethods described hereinabove in the devel opnerqt 0

optim zation of therapeutically active agents. In another preferred

enbodi meYYO 0968688 nyention is directed to-the use of the METABY0IS&ECri bed
herein in disease diagnosis. One exanple of the diagnostic use of the

anal ytical methods of the invention is2ihe conparison and/or

identification of |ipopolysaccharides (LPSs) isolated frombacteria, in

order to déd ennntegraheartdeThid in ohrmizn dbzmlaticalip edfens thehgharmphiriesien of
different mcrobial LPS san‘g&es by use of the nethpd of the present
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wi th known standards, in order to determne their species origin. By way

of exanpl eoptimizappmof thergpputieallyiarkve agpntsés of differing originis
illustrated in Exanple 5 hereinbelow A further exanple is the detection

and identification of bacterial contam nants in food and drink

prepar ati ong.andtidl Peféded leBtholidleys) thedavehiibeds Aireeidibed ehe iusefofakel e 6. |
In a further preferred enbodi ment, the invention provides the use of the

her ei nabovmatggds i desdribedhbdreinn in hdisaase ydiagnosis. gekdng cexampledef ithe (GQV)

agriculturgl_ crops and the prqducts deriyve herefrom .Ex | es _of. GM
crops | nol QUASTIORBE 3P i H, SRR EERT meroSco v 5 B8R i, PHF shEpRsiieEs
bei ng gl ycaRaRqHBRMificRAGoNBE lipBPolss2Rhatidat (DPSEEe]tRdi frbRObALRIEL 1A
ot her _ polysaccharides. The invention provides a nethod for the anal ysis

of sacchar brterctadetsrmihe the Sdmﬂdbaimm/mbwnsz 1Thjenmp'aoisonsmfs
bi ol ogi cal dE.&ear%Ellt Orgicr;% Pﬁntﬁg‘; ’satn%rles(a)‘t%n?.llsee (E ?ﬁg Ilng 1?(:'1&” (r)lp the present

invention is illustrated hereinbelow in Example 6.

In a still further preferred embodiment, the invention is directed to the use
of the methods of the invention in food and/or beverage analysis. Such
analysis may include the use of the GMID method for comparing samples of
food or drink with known standards, in order to determine their species
origin. By way of example, the GMID analysis of milk samples of differing
origin is illustrated in Example 5 hereinbelow. A further example is the
detection and identification of bacterial contaminants in food and drink

preparations, such as the LPS analysis described hereinbelow in Example 6.

In a further preferred embodiment, the invention provides the use of the

hereinabove described methods in the analysis of genetically modified (GM) ‘
agricultural crops and the products derived therefrom. Examples of GM o
crops include those that produce humanized antibodies (said antibodies ‘ ‘
being glycoproteins), as well as crops that produce modified starch or other .

polysaccharides.

The invention provides a method for the analysis of saccharide chains. The



agents that are able to recogni ze short oligosaccharide sequenge%,%wml
as enzynes. In contrast to prior art nethods, the invention use

mul titude of reactions (i.e., an information-rich analysis). This enables
t he met NS "WP*PRe invention to entirely avoid the use of " tHe EEYPty
technol ogi es used in nost prior art nethods, such as, e.g., post source
decay matri x-assisted | aser desorbti-dl¥/ionization mass spectronetry (PSD
MALDI - M5), HPLC-Ms, or fast atom bonbardment coupled with nass

spect r onetinyenfioaOisdslological Ré£dtin @dcleamiedis)ydor evhmigle thovenhvalvingdf t er
the reaction of a saccharide (|abeled at  the reducing end) with a first

essenti al lagenseghahazs splectofiecognjenshors oligosaqcharidst sgvencesy a5 vglloaa . The
presence of the label indicates the presence.of the recaogniti ite a for
bhe Tirst W@ JRICPRteash EEREE abemerhatsa diF iy sno iR s il fEuds of ¢

| mportant fQcfighe &bt todPribh AhHAR)! ThidieRabNS! the MeBhdmbf o
concerning which. 'of the lectin binding sites are present in the

sacchari deipvAhtien toeemtitein avoidtle seeofithe essdpttieahhologesiased-ispmesti c
agent, which cleaves the saccharide at its regggni tion .seha%genc t he
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further il e Invention, we now assumne t he
first essefakt atdnyi eshdesrpoapledoritlyemissi speatdoemdtrin, wWith a recognition
site a. The saccharide to be analyzed is unlabeled. In a second step, a

| abel ed anti body recogni zing a certain saccharide sequence.b is added. A

detection step;i.S. NOW. C ' . | i has
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gl ycosi dase is added. The gl ycosi dase has the recognition sequence c. A
second detsequienae-speqific agent.ra detestion step 18 rFarreat PRENS harRyegendteot thgynal
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sequence-specific agent in the saccharide. It is important to note that this
step provides the user with information concerning which of the lectin
binding sites are present in the saccharide. After reaction with a second
essentially sequence-specific agent, which cleaves the saccharide at its
recognition sequence b, the detection step is repeated. Absence of the label
shows that the sequence of the first and second recognition sites is

a-b-reducing end.

In order to further illustrate the method of the invention, we now assume
that the first essentially sequence-specific agent is a lectin, with a
recognition site a. The saccharide to be analyzed is unlabeled. In a second
step, a labeled antibody recognizing a certain saccharide sequence.b is
added. A detection step is now carried out, which shows whether the
antibody has recognmized the saccharide. In that case, all reactions,
indepeﬁdently of the lectin used, are positive. After washing off unbound
antibody, a glycosidase is added. The glycosidase has the recognition
sequence c. A second detection step is carried out. In all reactions where the

signal has been lost. the sequence of recognition sites must be either b-c-a or



&2 a-c-b.. On the other hand, where the signal remains, the eﬁtﬁ[ﬁ;@e &;
cognition sites may either be c-b-a, a-b-c, b-a-c or c-a-b. U Wby e
enbodiwiakeeade t he i nvention, the relation of these sites to the reducing
end, is not established. However, a conbination of the first above

descri bed embodi ment wherein the sacharide is |abeled, and of the

I mredi atel y above descri bed enbodi mnent wherein the, second essenti all

sequencerF-_%Bec' fd'hqhggsfﬁeri handbewadre whiel sigrall yeAiRg d8he rf‘&ﬂuFPﬁ%rorfra%/i on.
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Thus, i f'urther enbodi ment of the i@ve tion ‘{He&[ saccharide is |abeled
at  its jpesiidtion sites. mpy eitherHhc Bt % 5915 ¥t %Hep to the various
lectins. In a second step, the | abeled antibody is bound. The |ectin and.
anti body are |abeled by different |abels which can be detected

i ndependgent,| . ehher théHusentionhthabelationaef thage mitegdpdbeed

I ndepen fq%al}gr%%%g%ﬁl%te%er, in a first and second ﬁfegichg%{na%@p. In a
third stleeraélcﬁlgqéﬂ@piy' fats estiablishedd Howe viem Foc%@'n[ag{ﬂnt ection step is
now carried out to verify the present Nl 144 eagl bfagHei on. |f
bot h Iab@ésaﬂbedeemwémenﬁef"g}%e%dﬁ% gsfnacg#?ghtlaﬁegﬁleifégsi dase, there are a
nunber of | POSSIBld labo§s: ddskiitled binblaifiehaheherein ol seetmdeesseadiallyon of

t he gl ycHBsP§ sequence of recognition _sites.is ,c.a. h-reducing end.
Second, ir%;q‘g%c@.saé@iﬂcoﬁgeaﬁ tier latetded,i vrillopasie @Wé%%i%efnqo{rﬁéﬁggquence
of recoghition sites must then be a-c-b-r i Jhi labkled &
sacchari ghukaineh fumrrﬁn%fgq?ﬁt eblﬁﬁag%é%lélqg? gg ohs%%?a{ %e aseqeuence of

recognition sites nust -0 Bat 54 4 ianfr enske pFouttiehyaribus hectins ilBady | abel
remai ns aﬁdeéﬁé‘%%’a 'ap'lblgetlglegbg? x?s | ost, the seagence of recogpition sites

may eit hgre ?P%g Efég CeHee tiled) midbody bs dannddThe ngceRdanAro g8tk set of
reaction y be“carried out wherein the sacchayi ' £ | ed with
a avi nghaleé iy, deffatenh lémewgéﬁ't cag sa?%e&?%(]fq %Q%deat%?ﬁgi gggé]t s. For

exle, , in a preferred ' , dGhdeheedd mihe e ahch lothers educi ng
end is reasberd HHs ﬁ°§1E%eéggggg%ﬁiryglc}%ei%quencg-specific agen

l t,,
00! 68688 in a first and second detection step. In a third step, a glycosidase 1s addem

third and fourth detection step is now carried out to verify the present of

both labels in each reaction. If both labels were present before addition of

the glycosidase there are a number of possibilities. First, if both labels

remain after addition of the glycosidase, the sequence of recognition sites 1s

c-a-b-reductng end. Second, if both are lost after addition of the glycosidase,

the sequence of recognition sites must then be a-c-b-reducing end. Third, if

the sacchaﬁde label remains and the antibody label is lost, the sequence of

pition sites must be b-c-a-reducing end. Fourth, if the antibody label

recog 0 -
. remains and the saccharide label is lost, the sequence of recognition sites

may either be a-b-c-reducing end or b-a-c-reductng end.

An analogous set of reactions may be carried out wherein the saccharide 15

first digested with a cleaving agent, and in subsequent steps reacted with

-

binding agents.

For example,,.in a preferred embodiment, 2 saccharide labeled at the

I ' 3 ' ence-specific agent,
reducing end 1s rea with a first essentially sequence
ducing end i cted
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recognition sequence a. In a control reaction, the |abel ed satcth ﬁs
| eft untweewsssk8 The reactions are then independently f ur RGTAILOYRI354 ed Wit h
an i mmobilized second essentially sequence-specific agent, which may be a
lectin with the recognition sequence2. After washing off unbound
saccharide, a detection step is <carried out. The presence of the | abel

i ndi cat es t i @8quBceCQPRIA Béhtislact i ons
wher e thevéﬂl:{?ﬁeztn-%gr ?sete)at@gﬁﬁasgéecwg%cdgﬁsﬁ%gl&fﬁ?? age%‘t1 V\?&S present, wth

i ndependerbagiivi, rtble latrdéd Gaschatide dstle€ funtstateds Sipe; aeacylons are then
sequence-speci fic reagent was absent, the effect . of the yc05|ng on t he
presence dhdeneadently] Tuphese raaete i) aFoqu‘Mﬁ@eseq" di S8

detected in_ th { t d t |
recogni L1 CRISERSCEEE: AR PR SRy L ekl Wigh' R0 's‘fb"“"“ass‘aﬁ ally

sequence- %@gﬁéﬂdec b20eftbr | washiilgy @0 dddand shcdhmridcagdetecton steguence a,
t he sequenc recognition sites is b-a-reducing end. On the other hand,

if the | alaai-ned; Opt cThatpresernst of theolabedlindicaten thagsside delsiRrgeentomsthe ¢ hj s
I ndi cates that { uence of, reco nition si i b u The
recogni t i GACEHAT n§§ nEPBETIRE A% ﬂcﬁl?@?d t‘ﬁ’ée gghaﬁgﬁd %E%tm&ay not
exist in t?ﬁ & tﬂv?elfciﬁjtfe apet CHas- F&%n@b‘?ﬁ@h eindege ABE QBnirbB reAMEsHd on may

be used w I st esse tially sequence-specific agents. These
are usual Ivyhmeu];el ﬁrstn@hspatnm}yt SECILEBaE'B1S@Ie§l,ﬁCt vepgens rwas ahsentc she efect

reaction. It is also possible to use m)rte Wﬁ% ne f gssen ir:
sequence- Sfcidier plycagidase on paesencenol the Ief Ftée of ™2 ?Iéeadc %%s
eniarges LHe AR A Lkl %HE{&téfkgkﬁg Cfoh&foqwga&h@ﬁ dleér Bl i el her

enbodi ment™ ‘e i ivent on, an un saccharide is used. After
di gestion Iw.-t‘iﬂﬂ witH| deeshiteat seiqtibneedodnit hon mezqueacsoa where tlmé'n‘hhr i de

is reacted with an i nmobi |l ized |ectin. After £| nbound
essentially sequence-specific agent is a glvcos1 ase w1th the recogmtmn
sequence g, the sequence of recognition sites is b-a-reducing end. On the | |
other hand, if the label is present in both, control and glycosidase reactions,
this indicates that the sequence of recognition sites is a-b-reducing end. The
recognition site a may not be located inside the saccharide, i.e., may not

exist in the saccharide sequence.

The above embodiment of the invention may be used with multiple first
essentially sequence-specific agents. These are usually used in independent
reactions, together with a control reaction. It is also possible to use more
than one first essentially sequence-specific agent in one reaction. The

multiplicity of reactions enlarges the amount of structure-related

information gained.

Ina further embodiment of the invention, an unlabeled sacchande 1s used.
After d1gest10n with a glycosidase with recognition sequence a, the

saccharide is reacted with an immobilized lectin. After washing off unbound

saccharide, a ldbeled antibody with the recognition site ¢ is reacted with the

bound saccharide fragment. Detection of the label after washing off



facchari de, a labeled antibody with the recognition site c is B@WZM}h
he bound saccharide fragnment. Detection of the |abel after washing o 0
3 NOV 2aodo/cs¥8800/ 68688 PCTI | LOO/ 00256 -24 unbound anti bBEl/ALE0EMt es t hat
c is located on the saccharide fragnent that binds the lectin. The
sequence of binding sites may be eithgy. c-b-a or b-c-a. The | ocation of
the reducing end with respect to the sequence of recognition sites cannot

be determgpggté@@g@téﬁa&v Gﬁ@fctg%éQ‘BhJPE GiEtlb&fte&foﬁ BRe daA@Bhride fifa@meeny rol

(wi t hout reac ut not 1n the reaction wth glycosidase,

i ndi cat es spiabiddiet e tneic eTld séguagnidfibindiig eises mdy é:ecelthmt seb-arott hi s
embodi ment, further independent reactions using dlfferen# | ycosi dases,
al one andbarai Theokhisiatm of thei redacing epdcWiths Tespest o0 dhe s ce o

anti bodies w |l .enhance the anmount of e that
t he enbodFeROFRALIORN Sites ‘?Wﬁ%l '#laé?ﬂedg&gﬁlf % %g?&%%vcebeeek 1(g?leé;i{n e

third ess | a&gfa whthe it fd1Fcor Rk Pézﬁ:\tidixefblithﬁochﬂetMQﬁeaaidm and -
t he errbodiﬂrrgeér%fi!g1 Qlesc qul reg!ttl%}?%bove )vvherel nthe first essentially

sequence- saegidlyesidesy, 1|ndmamehe$haheh& sequenye of resognitdon Sitest Endradt y

equivalent. A difference etwee? th .enbodi pents of. the_ inve eﬁis t hat
while in teo finr thisr e Amgat.c (VST SRBBRA sTeACHIONS, HFING tFe

cl eavage age entbd%§ PSlonas a//&du@éoﬁﬁifﬁﬁm%ﬁ@&mgéﬁﬂseaﬁa/otrrwiffekabel

before re |rd essent y sequence- £eC|f|c agent, in the

directly abewpdiaseill ataasbesé Arnuat af bxfbtmationgadnédn without cl eavage
agent nust be used in order to determ ne the effect of said cl eavage
reagent. Neverthel ess, the extent of information gained with the different

embodi Ten L 10T ELbAMBke: BPUR RuldAioREA IO P FuaHAP digel hat

i nformat i F\léﬁbe@e recognl ion sites, i.e., triplets, fromit.
The above €Be qhﬁ@gmtmyt afqlﬁawspémﬁm aglaat pthmcbadbleadedeag%

| i near and the gl ycosi dase has a recogniti.on |te within the s

Sequence Hoegvand the prbodioentr daseRsdgfirDl STe | SIRSKAR gy Jhace
essentially sequence-specific agent provides the cleavage step, are
substantially equivalent. A difference between both embodiments of the
invention is that while in the further above described embodiments, the
effect of the cleavage agent may be observed by detecting the presence of the
label before reacting with the third essentially sequence-specific agent, in
the directly above described embodiments a control reaction without
cleavage agent must be used in order to determine the effect of said cleavage
reagent. Nevertheless, the extent of information gained with the different
embodiments is substantially equal, as are the methods for ordering that

information and sequences of recognition sites, i.e., triplets, from it.

The above examples are based on the assumption that the saccharide is
linear and the glycosidase has a recognition site within tha saccharide
sequence. ' However, the presence of a recognition site for the glycosidase
within the sacchande will usually be readily verifiable from the analysis of -
reactions with other lectins. If any of the two labels in any reaction with a
lectin is lost after addition of the glycosidase, then the glycosidase must

have a recognition site within the saccharide.



Wi thin the saccharide will usually be readily verifiable fromth analcﬁﬁis

on

of reactions with other lectins. If any of the two labels in dhy N@w

with a- 1S lost after addition of the glycosidase,
aﬁ@@&lkﬁgtﬁ pcri en&og\%

gl ycosi mu have a recognition site within the sacchari

00/ 68688 -25 0 3 NOV 2003 PCTi LO0O/ 00256 As essentially sequence-specific
agent, a glycosyltransferase may be uded. A gl ycosyltransferase wll add a
sugar unit at a certain point in the saccharide sequence; according to a
speci fic sequence pattern (recognition sequence). Therefore, if the

nonosaccharide used, in the reaction is |ahkel ed, . a ngw |abel .can he

ot r oducodts FesPEIALS, St Ret SRCCPORRETY ABICT HG S PRGBS SIHEBS gisefind
recogniti ' fz8F A3 afh cERYIS Poidt B tIADSAcCh uced
by the g%’é@?&ﬁf%ﬁ%@#éﬁ@éﬂ% BAE Bt aca cEdin Boint i LR BAHRIORS
used. Wherseqaenys;nacconding teh specifieasenuence \pattera (rabedmmidicmnsedpoetyceds

descri bed _aboye, t anti body may bind in nost of the reactions, t there
may be v&@ﬁrpéMe mghesacearids used i § YaREtionSs; abﬂe@y ao!r*e%»léﬁ p

bet ween sgacchati j t Qf - ' | \ such a
case. 1 he AADE IASANERE Ao AL A R, shERRLRLCH BRlodiRlor dHd

i nf or mat i gacegitidn $ivefobglyeasyltiadsibedsec Ofcsnrset the dab8l Inrodatedibyt s, as
the recognition sequences of |ectin and, antibody are 2-4 sugar upi ts each.
The above thesgliceedtransferase shosid he distingyishablee Fommatheatbendapels y pe
carried out iisrrultaneously, If there is no interference between the two

det ecti ons5€ a further exanple, if, in a first sequence of reactions, the
first reaction wth a lectin occurs at site a on an end-| abel ed

pol ysacchari de chain, and the second reaction wth a_gl&osi dase _occurs at
site b on Whenpeirysme pay et of rasctionshwitheadabelgdvantibede asnhdeseribed

essenti al la}go%g,q e Caedtistpoecﬁ'l In'a?r g‘i%grﬁtn’ mdbt 3F tfie reactions, but there may be

very few exceptions. This is due to the possibility of overlap between

saccharide recognition sequences of lectin and antibody. In such a case, the
reaction with a certain lectin would be negative. This information could
then be used to deduce a stretch of 3-7 sugar units, as the recognition

sequences of lectin and antibody are 2-4 sugar units each.

The above described first and second detection steps may alternatively be

carried out simultaneously, if there is no interference between the two

detections.

As a further example, if, in a first sequence of reactions, the first reaction
with a lectin occurs at site a on an end-labeled polysaccharide chain, and
the second reaction with a glycosidase occurs at site b on the polysaccharide
chain, the reaction with the third essentially sequence-specific agent, at site

¢, introduces then a second label, which can be distinguished from the first
label. T;I;e presence of both labels would therefore indicate that tixe sequence _
of the three sites is either b-a-c-reducing end or b-c-a-reducing end.

On the other hand, if only the first label is detected, then two possibilities




c, Iintroduces then a second | abel, whi ch can be distingui shed ]braf;&é he

first Ilabel. The presence of both | abels would therefore indi %2003 he

sequencew%%“ three sites is either b-a-c-reducing endp®fqdinfols" €duci ng
€0

end. On 1 er hand, if only the first label is detected, then two

possibilities WO 00/ 66698 -26 0 3 NOV 5003 PCTIL LDO 06256 exist: (1) the

recognition site for the third essent?8r| y seqguence-specific agent 1is

absent in the {)ol ésacchar.i,de, .or (2% tsgg part of .t he pol ysacchari de

cont ai ni ngxistatl) the sgsnsmition sitedon she bixd egseRtBllYpaeDCe SPRFicAgeBht i al | y

sequence-speci fic agent. i . be richi b d .
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reactions sequence- speci fi'c age
om tted orgoHpfdinteRst PatbbRitiorC gitdiKdsObéen tdda vkl bptthal deevnd|ceaymgsally | f, in

that second sequence of reactions, the second | abel is not detected after °

reacti on vdetihemndeespecificlageagsenti al |y sequence-specific agent, this
I ndi cates that the third essentially sequence-specific agent |acks a

bi nding site on the saccharide. On the other hand, presence of the second .

| abel i ndi?lﬁ%%a.nt Pebetifedd L aVRe8nd| de§uletick AFaAdtioRS WRERi A HBeSidcBnd Or the

first and essentially sequence-specific agent, i.e., the sequence of
sites on tdseemdalinaseqierics-spebifie- raghnti g emlitted nor husedt hodeof r

i nvention, there is ,no peed to_carry out these.reactions .one after
anot her . 1oeRditiAnse/thabh it ABAM IAeAAgR { L ot (8L 5750 SBARRRE of; he

I nvention proyides d rab Itqu f i 4%, aC &4 €d
out, such ¥ﬁ§¥6€%et%bg€%&§e%? i %n)séogrdég{%%ﬂse?i %i&g'?i %éage’??’ngﬂg‘ stiglte gI]@lEH
react i ons. egshitiall Sbqueece-specifitcageit, ahis éadichtesthati tHeetkard dsisestially
essentially sequence-specific agents ,are,usedé&loget er . 't@ s%(f:on and
third essecieauaneessperificagert laske o Pindiggfite PRAPe [AERYBART OB theoPthesch
reaction. second set | T | l &l y the
Feacti ons BEEERERRE of Hhe RO UM ihBicRetc PRAPth BRShR ke i J0GIEDY |,

t he secondpaesentthaldite for the first and third essentially sequence-specific agent,

i.e., the sequence of sites on the saccharide is c-b-a-reducing end..

In the method of the invention, there is no need to carry out these reactions
one after another, the latter depending on the results of the former. Rather,
the invention provides a method whereby a multitude of reactions is carried
out, such that the above deductions are possible in a single set of reactions.
For instance, in one set of reactions, different first essentially
sequence-specific agents are used together with second and third essentially
sequence-specific agents that are identical for each reaction. A second set of
reactions is performed in parallel, whereby the reactions are identical with
the reactions of the first set except for the second essentially

seguence-specific agent, which is omitted or inactivated.

However, the information obtained in an intermediate detection step may
advanta;geously be used to exclude certain choices of essentially R
sequence-specific agents in the following steps. It is clear that an essentially
sequence-specific agent that does not have a recognition site on the

saccharide to be analyzed would not provide information when used as a




sequence-specific agent, which is omtted or inactivated. Howmar hm

I nformati on obtained in an internedi ate detection step may nNgge gl y

be used @8 ofugsd/de certain choices of essentially sequeng@rfig6edikd C agents

in the followng steps. It is clear that an essentially sequence-specific

agent that does not have a recognition_site on the saccharide to be

anal yzed woul d not provide i nf or mat i orffwhen used as a 0 3 Nov 2003 WO

00/ 68688 PCr 11 L00/ 00256 -27 second or third essentially sequence-specific

agent . | n secomdropthirdrassettialy sequener-sprrifinegent Inhan sa jeaid of the

| abel ed, theref.ore, . the results gf g de; ctIi ncarried qut after té.he
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agents that have bound sacchari the second essenti al

sequence- sqpguehicspadfit .agenty etanrbet heed aobahtisep fromf thdhenimbenbf divst t he
addition of a thjrd essentially sequence-specjfic,agent i.s repeated, with a
di fferent ¢Rgentiallyseguencengpesahic agrRis @}aé ‘f%'li%@“b‘%éﬁc %tfga sefepd
i nformat i O&sgﬁ‘ﬁaﬁﬁ%gqggﬁc@%@iﬁgﬁgﬁtﬂri bed above. For reactions in which

é a

bot h | abel ST emnal prese r the third agent had been added for the

first tinmeln tyee sadthercCembotdemant ool ther iveineion, etled | addiofont bé 4 egiitd s as
descri bed above apply. In case only one of the |abels renmmined, it can
nevert hel esssentdallpseauenseenerefic agnat és sepgatgd aithia differamtiagens, afer

recognition site of the fiirst,essentiall nece:. | f1 . d the
recognitio esn#ettgctbqn Fﬂa savebrei FyaP eéa%gﬁ?ﬁ%ﬁ%ﬁ%@@ﬁ%%h&fﬁﬁ&%‘g ries

the |abel foHeiditbddedy6vd10F6P Fractitng hdtwhivhSBotH Nebélenbdmaiied phebnt | |

also be lost after the reaction with a different third essentially ‘

sequence- spiter fthe abirdt agentahhdr bren addedi fasnthef firhk timeenthorsame
R T e WU A e e R
essenti al | y,s3@AUPPRE o8 PRC1dbels remained, it can nevertheless be deduced whether
the cleaving agent cuts between the recognition site of the first essentially
sequence-specific agent and the recognition site of the essentially
sequence-specific agent that carries the label (or the reducing end). In that
case, the remaining label will also be lost after the reaction with a different

third essentially sequence-specific agent.

In a further embodiment of the invention, a different second essentially
sequence-specific agent may be added, which may carry a label different
from or identical to the label of the second essentially sequence-specific
agent added in the first set of reaction. The addition of another third
essentially sequence-specific agent which cleaves the saccharide chain will

then provide further information.

In a still further embodiment of the invention, two or more different second
essentiafly sequence-specific agents are added, each with its own label,
which is detectable independently of any other label used. The kind of label
lost after addition of the cleaving agent will then provide information as to

the position of the second essentially sequence-specific agent binding sites,



agent added in the first set of reaction. The addition of anot Hq(ﬂgy rﬁ%
essentially sequence-specific agent which cl eaves the sacchari de i 3 |1
t hen pryoiogesssdrt her information. In a still further ensdinent02sé t he

i nvention, two or nore different second essentially sequence-specific
agents are added, each with its ow Lzel, which is detectable

I ndependently of any other |abel used. The kind of |abel |lost after

addi ti on g(};m%a@ GoCaid %oesmgcﬁpkh doBeRePARM L Eorl eiﬂéfmfe'theﬂiiaswmcht he

position second essentiall'y sequence-specific agen ndi ng sites,
WO OO 6864108 2 $idele 8edvnd 3303tially. sEues¥a-sfe2ffic agemt liskgdt o t he
above-descri bed considerations for experinents in which only a single
second essentially sequence-specific agent is used. As will be apparent tao

a person Qf skily inthe art, b f qQren f I gt nber of
reaction sw@tbeoﬁppazﬁggg,toa i ?ﬁ?%g‘i“pﬁfn ]Hgf th r%gc |tgn§ cg%rf%%{l%% gelp ned,
whi ch is sFfeichtly 19r@ @RI ofacabisnslas sdtusuthabomy,ea fikgdprigssfble to

“col | apse" the partial sequence information  obtained as outlined above
into a comakctivas seameheeoblainkd, subichaiy dwecifis tohe eemtair sfcchasidei ons may

b | detailed b vee L thod of. ;the i it ' t,
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sacchari des many sugar units. In one enbodi ment of the invention, the
first esstetnanbyrofqesctomssmayilid verydgege (aissletailadcbélaw) Tihe miethed of

essential ly sequence-specifj.c agent may al,sa be. an ntipod r._anggher
sequence-Sife M fIREIR it Poﬁniiﬁﬁegfleﬁﬁd'ﬁi‘?’rﬁéﬂc’%ﬁf iﬁ\‘ée# ;\?eﬁﬁf o‘#%_ya\?i fes a
mul t t udegifoshtiidde L I SRATNAUILE S AGRHT kE AMNeHRIE Cera difuchuirb copnt
sequence-specificlities ichare inmmobilized in an array on a substrate,
such as apolgsacchargiessi.al large shedyaxided wivh idnysugariunighi p sinmilar to the
chips currently used to form

In one embodiment of the invention, the first essentially sequence-specific

agent is a lectin. The first essentially sequence-specific agent may also be an

antibody or another sequence-specific agent.

Another embodiment of the invention provides a multitude of lectins or
saccharide-specific antibodies with different sequence-specificities which are
immobilized in an array on a substrate, such as a very large scale
integrated (VLSI) ci::cuit chip similar to the chips currently used to form
oligonucleotide arrays. Methods for producing such chips and for binding

reagents thereto are described, e.g., in WO 93/22678.

In another embodiment, the invention provides a virtual array of
immobilized first essentially sequence-specific agents. An example for such
a virtual array, using MASDA particles, is described in a PCT application
the preseﬁt inventor, IL-97/00105, which is included herein in its entirety
by reference. Said first essentially sequence-specific agents are immobilized
in separate reaction on MASDA particles, e.g., in 23 different reactions.

Each part of the virtual array may then be reacted with either the same



ol i gonucl eoti de arrays. Methods for produci ng such chips and fﬂ)g Rovdﬂm?
reagents thereto are described, e.g., in WD 93/22678. |In anot her
enbodi g, F‘“’“”t“g‘? invention provides a virtual array of ipg¥RPiddessd first

essentiall'y sequence-specific agents. An exanple for such a virtual array,
usi ng MASDA particles, is described in a PCT application the present

i nventor, |L-97100105, which is inck¥#ted herein in its entirety by
reference. Said first essentially sequence-specific agents are i mmobilized
i n separ atendeassammaliy seySEAcpsperifid egents. this Liean@ Slatief prefenablyebyt i ons.

Each part of fhe virtual arra t be reacted wth,ei.ther the,sane 0 3
NOV 2803r‘€/@°6m€5888%11‘ﬁ@ﬂ %m%@%’éﬁg TEaeoRy MIXDG s aliquots, and
Sequence‘éﬁgi fie 20&hre WiHSsA181sBE Oééﬁ%eﬂfi‘ipgrséglnxgnwspéc?ﬁé)\élgﬁﬁt.% al i quot

from each DA reaction, m xing sal i quot s, reacting the mxture
with sai it 3ecdesirehs tentreadt! paseqofnhe-wpbnlf arraggevith different isecdadired to

react parts of the virtual array with di ffﬁraﬁé]t%i- cond , essentj al l
sequenceesseasiall sageemes-snastie agantipdsn Ay negjcHan | pay b%é?)‘%r ate, or
a fracti f.th [ el gﬁgnm i . xture. . reaction
with a s?érkﬁ}gtés'eg%\édﬁ tggglé?\taqfat?%y@éagenc -sﬁem?icgm%é%liﬁwﬁﬁ%i%'her
parts of faratahetiont Wath ar siagleas@ohéfebsanpalyniceqiancerspreifioagamt, whilet i nct
second essentially sequence-specific agents. In_the same vva;Ar the parts of

the virt otherapants ofefald Vi ugd aseayoriselgliopenasate furprpagtiant Githy dBEICsn with

the thir sent.iall ence- I r i S may be
used as PASTOR Py SERUERRSpRRRE AnsBe STl the ol Pk, e paspt B

pur pose ¢he birtdaharRaPinageds@be combieidsr leftvsepacete fod @ssctidresvith thbe art,
see e.dg., the Pierce catalog, p, 0-222 to 0-231. and T-155 to T-200. The
first esthindiegsentiaHysequenesenacificaesgbnt, which is preferably a lectin,
may be bound to beads. An advantage of this nmethod is that the beads may

| ater be divided into aliquots and reacted with different second andl or

third esagiirhativiilys BRIRICEaIPBE idskd adlitRinobilldilg dgentdleA multitude of
different beads for the purpose of binding peptides and proteins have been

described in the art, see e.g., the Pierce catalog, p. 0-222 to O-231. and
T.155 to T-200. The first essentially sequence-specific agent, which is
preferably a lectin, may be bound to beads. An advantage of this method is
that the beads may later be divided into aliquots and reacted with different
second andfor third essentially sequence-specific agents, thus further
enhancing the amount of information provided by the method of the

invention.

The reaction conditions for the various essentially sequence-specific agents
are known in the art. Alternatively, the skilled person may easily perform a
series of tests with each essentially sequence-specific agent, measuring the
binding activity thereof, under various reaction conditions. Advantageously,
knowledge of reaction conditions under which a certain essentially
sequedcé-speciﬁc agent will react, and of conditions under which it remain
inactive, may be used to control reactions in which several essentially
sequence-specific reagents are present. For example, the second and third

sequence-specific reagents may be added to the reaction simultaneously, but



enhanci ng the anmount of information provided by the nethod of UI@ENGV 2003

I nvention. The reaction conditions for the various essentially
sequence-specific agents are known in the art. Alternatively, the skilled
per sonWePP/688%i | y performa series of tests with each BEHHM0I0ARISY
sequence-specific agent, neasuring the binding activity thereof, under
various reaction conditions. Advantggeously, know edge of reaction
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control reactions 1n ich several essentiall'y sequence-specific Teagents
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the secoiguessssidcifid hijerite Biane dilapgaitivec e geiples8fl ragtiivat @ddiciohbi r d
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react i oraredifd¢d imtbe table 1 belomy lonaddisionats tha pbbpad, tempperpdiire datao t he pH
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inactive.

Table 1:
Reaction conditions for some essentially sequence-specific agents
codes for condition Condition pH Temp (C) | Enzyme(s)
sets serial number
& W 1 3.5 30 Jackbean B-galactosidase
v 2 5.0 37 Endo a-N Acetylgalactosidase
a 1,2 Fucosidase
p1.2 galactosidase
& A 3 - 5.0 25 bovine kidnev o Fucosidase
v A 4 7.2 25 coffee bean o galactosidase
v 4 5 5.8 55 B. Fragilis
endo B-galactosidase
8 6.2 25 Chicken egg lvsozvme
7 43 37 Bovine testes 8 1-3.4,6,
Galactosidase
from 2.9.5 | 50 Gly 001-02
Biodiversa
from 3.0-8 | 50 Gly 001-04
Biodiversa .0
from 2-11 50 Gly 001-06
Biodiversa i

» Symbols represent enzyme groups which are separable by external conditions.

« Diversa Corp. produces Thermaphilic Endo/Exo glycosidases with a wide variety of
activity in various pH and Temperatures -

e also possible conditions could be metals and others Zn, Mn, Ca, NaCl

The immobilization of the first essentially sequence-specific agent may
utilize functional groups of the protein, such as amino, carboxy, hydroxy, or

thiol groups. For instance, a glass support may be functionalized with an



v25. 037Endo a- N Acetyl gal act osi dase a 1,2 Fucosi dase 1.2 gal act WZU@
i 3 -5.025bovi ne kidney a Fucosidase v A47.225cof fee bean of gal actosi dase 4
v 455. 85pBsoidgka@oi | i s endo 6-gal act osi dase 66. 225Chi cken
74. 337Bovine testes (3 1-3,4,6, Galactosidase fronR.9. 55%}#%@@%@3
Bi odi versa fronB. 0-850G y 001-04 Bi odi versa. 0 fronR. 11503y 001-06
Bi odi versa Synbols represent enzyne-3roups whi ch are separabl e by external
conditions. Diversa Corp. produces Thernophilic Endo/ Exo gl ycosi dases with
a w de vapp@tige groumby ireaction wivkuepowy splanends Hespribed unche abave BOEsi bl e
condi tiong ul.d be,nmetal s,and others Zn,. M1, Ca. NaCl The, i bili zation
of the 1 PUpBtRstom THR £oraf EIRBD. AR LD BHD REGRDS, AR A5 TfnEes onal
groups of ¢lahfinBEPd s bf 15 MER 28I AndtRED Ryt QUM sisPL in ROV oups.
For instance, aggtls‘gﬂss sgpport lcrrgiygsb(eh#cﬁnét ??régfil zedg\é\nx?ﬁgghn 8%&%52003
WO 00/ 6868a&fa@TwithoéleOiam@taBin atpoidls augh gy, neaadso atesetribedeposaidsi | ane,
as descri ﬁ(@ﬂ, in hhe,above PCT  publ iir%iéi n. The epoxi de argtroup__reacjts wth
anino gro Siblication.n st sagh matsr gﬁé@pﬁ%‘?lel genngatesi wWitds thishot her
mechani s $i St SrotdnC [ : f | c eriahs such
o hart "EERRL 8" Srdt i B bR Rleed o 368h hblbThISALr8ERY by LS thiYY

groups of cysteine residues. Alternatively, thiol groups mayv be introduced

into the protein by conventional chemistry, or by reaction with a molecule
that contains one or more thiol groups and a group reacting with free amino
groups, such as the N-hydroxy succinimidyl ester of cysteine. Also
thiol-cleavable cross-linkers, such as dithiobis(succinimidyl propionate) may

be reacted with amino groups of a protein. A reduction with sulfhydryl

agent will then expose free thiol groups of the cross-linker.




PCT publication. As such materials formstable conjugates withgh w 2003
groups, a protein may be linked to such materials directly by free Y] (qp

gr oupsverUedpEt o ne residues. Alternatively, thiol groups may be-introduced
into the protein by conventional chem stry, or by reaction with a nolecul e
that contains one or nore thiol group3 and a group reacting wth free am no
groups, such as the N hydroxy succinimdyl ester of cysteine. Al so
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may be reacted with am no groups of a protein. A reduction W|th sul f hydryl -
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sequence-specific agent does not interfere with its function. Labels
may be a[ﬂd/r;m,sphatﬂseaslrppmmnpiasalsoaﬂmsphmpheh aseglucoseppridaispl and al so

h I d 3- d | d |t t

Then bo (-BRLAs osiasa ol ber 1. Thausto e ATy BADORY EREE PR i1 |
t t th
[abel s (HEARAYSoRa: 8 ERBELLE 1t SPAaibS Rt} a%%ﬁ§a%§%%&§szﬂ*‘p‘|?§u£P§§£e. ﬁr

Texas R%acLU%imrsNﬁ{ | ewgyméhodantine; lhbels- tkat, may be used include

t et ramet hyl - r hodani ne-5-i sot hi ocyanate, . Vil - h tr| ene,
ci s- Par i flaprescens dlabshssc saxcht as “OA??CS%yE% g %ﬁ ]1-'“"1{9" Feflow

4', 6- d| g%é]o 2- phenyl ngol_ (DAPI )te gg i aSine- gls%@hmpﬁ@g@n de, and

the Iike ' | abel § 1 nel tide elec ron nse netals, such” as gold,
|'i gands, 1 Bag ﬁeﬁ l-auch Kekabiiene), T ediPaitarie | abelds, Bhycotwythrine.

Exampl es of [abe g saccharides include: e 0 | abel t he

reduci ngAanlhr@Cganmunﬁaﬁ -glamighin Q-t]é}ée’%iflm]iiﬁgs @A%Q c]"Fs:i"b .%;ugar +

gl ycosi df-sa%:i Bdnzimide,” Red fthg RO SYREEYeld include electron dense
metals, such as gold, ligands, haptens, such as biotin, radioactive labels,

and the like.
Examples of labeling saccharides include:

1.Use of color labels for the reducing end (e.g. Coumarin-120)

9 Use of MC radioactive-labeled sugar + glycosidase (sequence
specific sugar synthesis)

3.Use of 3H- radioactive-labeled sugar + glycosidase (sequence
specific sugar synthesis)

4.Use of fluorescently-labeled sugar + glycosidase (sequence specific
sugar synthesis)

5.Use of fluorescently-labeled lectin or mAbs

6.Use of fluorescently-labeled colored or enzyme linked mAbs

7.Use of biotin-end labeling

8..Creating a special sugar sequence and using antibodies or lectins
that specifically recognize them.

The detection of enzymatic labels is well known in the art of ELISA and



3. Use of 3H radioactive-I|abel ed sugar + gl ycosi dase (sequence Udim fj' ﬁ
sugar synthesis) 4.Use of fluorescently-I|abel ed sugar + gl ycosi 003
(sequenceaf@ecsi fic sugar synthesis) 5.Use of fl uorescen}’ﬁ/-l abeled lectin

r mAbsYBOVREEBE,f | uorescent!y-1abel ed col ored or enzymeP¢TIREMZAps 7. Use
of biotin-end | abeling 8. Creating a special sugar sequence and using '
anti bodies or lectins that specifica&3ly recognize them The detection of
enzymatic | abels is well known in the art of ELISA and 0 3 Nov 2003 WO

00/ 68688 ofel! {ekRRI PR hetd ehzy Rl dutectivh e eoRtiAyIBhsed. dHecstizyaibsi S

routinely used. The enzynmes are available comercially, e.g., from
conpani esreavhilablertammpercigllyo pas cloom ¢appaniessyghras Bisreeccitation at a
certain wavel ength and detection at a different wavel ength. The nethods
for fluorescent detection are well known in the art and have been

publ i shedifr-a8dt AhbeG! 28qaNd ahC¥kbieRkisn At S£! &GkhR WivdleithCahidons on
this topic can be found at 'p. 0-124 to 0-126 in the 1994 catal og of

Pi erce. Hetmtioncann differbst avavealengudy. Fhe myethadsaifonflusréscent detgstiones such

as SIGWA, or above noted Pierce. upling,l abels to protei,ns and sugars

are techﬁﬁd&ép%&"f’v‘k% € ATk Hﬁdg?%".ecgfi‘g? H"ﬁ’%‘tsz‘ﬁgel,n &ﬂfﬁ'e?ﬁ‘ﬁ?s E‘PHS f or

| abel i ng i x ' | I rg.1avai | abl e
@gsgg«% A81eM6R %#&%%%&%ﬁ}{i S thisR0ackh 3 f7BEIE 1010y

from Oxfo osyst ens, Reagents and instructions for
t hei r useo iB126 dhethentoPt oatxilog cdRierceaiFlabteaceritr abelh eraboueencalg Pi er ce.

Coupling is. usually carried out by Log fungtional gro , such as
hydr oxy, avaﬂa@ﬁ%@w ﬁerfn@,ana?ﬁ fach §§|gi¢13 yPT ﬁt%?%‘i?yﬁ?@ﬁ PEF® or the |ike
groups. A nunber of |abels, such as fluorescent |abels, are comrercially
avai lable that react with these groups. In addition, bifunctional
cross-| i eaplinglabelsaagiroteinsandeudabare declmgues seelhkdowntih thlarpr ot ei n
or saccharide on the other . ] ) . .
For instance, commercial kits for labeling saccharides with fluorescent or
radioactive labels are available from Oxford Glycosystems, Abingdon, UK.
Reagents and instructions for their use for labeling proteins are available

from the above-noted Pierce.

Coupling is usually carried out by using functional groups, such as hydroxy,
aldehyde, keto, amino, sulfhydryl, carboxylic acid, or the like groups. A
number of labels, such as fluorescent labels, are commercially available that
react with these groups. In addition, bifunctional cross-linkers that react
with the label on one side and with the protein or saccharide on the other
may be employed. The use of cross-linkers may be advantageous in order to
avoid loss of function of the protein or saccharide. However, any other
suitable coupling technique which permits retention of the native function

of the protein or saccharide may equally be employed.

It is obvious to the skilled person, however, that a large variety of published
methods may be used to couple a protein to a given support, or to couple a
label to a protein or saccharide.

L}

Detection of the label may be carried out by any suitable means as known in



may be enpl oyed. The use of cross-linkers may be advant ageous Q]r-: o&aﬁr tﬂ?
avoid loss of function of the protein or saccharide. However, ; ezﬂ
sui tabl'e coupling technique which permts retention of the native function

of theaﬁﬁ’&!&iﬁﬂ or saccharide may equally be enpl oyed. 'EC‘I‘EL&’R]\S%&US to the
person, ed t

skille however, that a large variety of publis ods may be
used to couple a protein to a given support, or to couple a |abel to a
protein or saccharide. Detection of $fe | abel nay be carried out by any
sui tabl e neans as known in 0 3 Nov 2003 WO 00/ 68688 PCTI|ILO010C2S6 the
art. SonsghdearctSamenéeteotionametheds ardeatbscribed cinabbe cabamestotsd WO 22678,
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bl ock t helep&itbr afetholipdésdritgiit irssaidqaiblioatiba. YhSl methiddiaeay be usedtint he CCD
sensors detect a dimnished |ight quant _igt% in the, area where the_ | abeled -
agent hasopdinatioqhwithelaheds tbat abserhdighdeat Grataln frravanciss 2ndesos,

maki ng u t h Cle 1 such . I | [ j on

f requencfﬁo{% Pléﬁ' ﬁgﬁﬁfgl%/?ea#hlé%@gﬁstgrtggsn@;ﬁloéh%gé%a%%ttgg% g§€ (%%\?

eni ssi on sghsdmeddteupae dbaitishadaightaduiaitityx i the iaoea Whped ahé dabeled he
em ssion signal fromthe excitation |ight may be achieved either by using

sensors agenh hiisf bennd: Thenmiathodtmay #len henvsed Mith dieongscentetapals, or by

tenmporal resolution r orbi nat ion ;of bat h. presgnt invention wll
now furt I’Fé‘?‘%g’e PPE uS rtg? e_@cgyt _es‘f%’! ?aolwl%ga%s&baﬁ%ené:s ?‘?Eﬁ%\ehﬁxglt%emn
G yconol ?féﬂtﬁ_n@ﬁalm%ﬁldﬁdé}'% 3Rk 0OP @ens6rsl MAHt RNAiseAC@Hddetect the
sequence- speci f1c aagents is exanple further illustrates the technique of
anal yzi ngmjissioorofithe fluescent label, after excitation. Separation of the emission

signal from the excitation light may be achieved either by using sensors

with different sensitivities for the different wavelengths, or by temporal

resolution, or a combination of both.

The present invention will now further be illustrated by the following

examples.

Example 1
Glvcomolecule analysis using antibodies as first and second
sequence-specific agents

This example further illustrates the technique of analyzing glycomolecules
according to the invention. As a first and second seguence-specific agent,
antibodies are used. The following tables lists the results of reactions with

two different saccharides denoted for purposes of illustration, HS and NS.

The structure ¢f the sugars 1s as follows:

MFLNH-II (HS):



FTW_
a

anti bodies are used. The followng tables lists the results of
W|th t rent sacchari des denoted for purposes of 6 On.
wﬁog’h{%éﬁucture O the sugars is as foll ows: I\/FLl\ﬁﬁ‘)ftb?)Hg?g 03 NO\/
2003 wo 00/ 68688 PCT/ILOQ 00256 -35 T antigen NS: Lex Fuca(l -3) -. A cNAc
i (1-6 Gall3(1-4) Gal (3(1-3) GIcNAc®3{1-3 Galp -6~ Fur,a(1-3) - GlcNAcp
(1 &E~(1-4) Glp(1-4) dc - Glp(l-4) Gc Leb Fuca(l-Z)GaI 3(1-3) Fuca(1l
-4) ° A cNAc{} (1-4 Table 2 lists the results of the reaction between the
saccharide and the first and second essentially sequence-specific agents,
whi ch are anti bodies against T-antigen, Lewis (Lex), or Lew sb antigen

(Leb). The first essentially sequence-specific agent is immbilized on a
matrix, preferably a solid phase mcroparticle. The second essentially

sequence- spectf d wth a fluorescent agent, i.e.,
nile-red_or gl’eetil:aa@j)g% n addltlon the reducing end of the saccharide
i's |abel &4 [usi Gg!pEl-4) eflRifdd |_sti ngui shable from the nile-red or
green col or Tabe_wWhiTh ArT r ko r &I bf) A¢ie~second
Galp(l-3) GIcNAcB (1-3)
T antigen
NS: ‘
. Fuca(1-3) y
Le Galp(14) > GIcNACB (1-6}
> Gaip(1-4) Gl ~~~
F 1-2)Galp(1-3 .
Leb | Fuca( Z)Fuig§1_4;> GIcNACP (1)

Table 2 lists the results of the reaction between the saccharide and the first |
and second essentially sequence-specific agents, which are antibodies |
against T-antigen, Lewis® (Lex), or Lewis® antigen (Leb). The first essentially
sequence-specific agent is immobilized on a matrix, preferably a solid phase
microparticle. The second essentially sequence-specific agent is labeled with
a fluorescent agent, i.e., nile-red or green color. In addition, the reducing
end of the saccharide is labeled, using a label clearly distinguishable from
the nile-red or green color label which act as markers for the second
essentially sequence-specific agents. Table 2 lists the reactions for the

saccharide HS, while table 3 lists the reactions for the saccharide NS. *




essentially sequence-specific agents.
saccharide HS, while table 3 lists the reactions for the sacch

Table 2 lists

the reacti

00/ 6869 cosks8dTabl e 2 0 3 Nov 2003 PCTI LOOr 00256 On t hepopiidonesssi

enanti

Leoanti -

Lee Sacchari deHSHS bound Second mAbril e-red anti

B 6%l

T-anti
- Lex

Si gnal ni ce-red, reduci ng endnone red.%i_ ng end Table 3 On the matrixanti

T-antigenanti -

?Et is;JLeb.,':qﬂhg--zrf ed anti

—.tne followi ng signals are now detectable in the reactions of

Le-.anti -
- LeX Signal green,

Leb Sacchari deNSNS bound Second mAbgreen

reduci ngni |l e-red, endreduci ng end

the saFQRaRE @eatdx O | Nat{ TOMRIzef e HALNOLAVE 1 N fahed. pa8 1 DOATEp as

first E&;ﬂ&ﬁgkl Yy SEY TCE-SpecriTc it (col anmsj . tapre & orthe

mat ri xaﬁl I anfi gena - Lexanti - HSni | e-red} .reducing end{reducing-
end NSg educi-ngiile-red -

Second mAb

nile-red anti -
LeX

Signal nile-red, reducing end none
reducing end
Table 3
On the matrix anti T-antigen anti - LeX anti - Leb
Saccharide NS NS
bound
Second mAb green anti-Le® nile-red anti -
LeX
Signal green, reducing | nile-red,
end reducing end

In summary, the following signals are now detectable in the reactions of the

saccharide HS or NS (rows) when using the indicated antibodies as first

essentially sequence-specific agent {columns):

Table 4

On the matrix anti T-antigen anti - Le® anti - Leb

HS nile-red, reducing end

reducing end

NS { green, reducing | nile-red,
end reducing end

NS green, reducing | nile red,
end reducing end

After the label has been detected and the result recorded for each reaction, a

third essentially sequence-specific agent is added. In this example, two

independent reactions with a third essentially sequence-specific agent are

used. The solid phase carrying the sugar molecule may now be

advantageously divided into aliquots, for reaction with either «l-2

Fucosidase or ,Exo P galactosidase (third essentially sequence-specific

agents). Alternatively, three sets of reactions with a first and second



endr educi ng end NSgreen, reducingrile red,
has been detected and the result recorded for each reaction,

essentially sequence-specific agent is added. In this exanple, t wo

i ndepermtond/sssgsact i ons with a third essentially sequence- pogfidologzsggent are
used. The solid phase carrying the sugar nol ecul e may now be

advant ageously divided into aliquots,_for reaction with either al-2

Fucosi dase or , Exo J3 gal act osi dase €?h|rd essentially sequence-specific
agents). Alter tively, three sets of actiqns with a first and second 0 3

Nov 2003 e§e574H 8@88’91113‘?'53% ﬁﬁgépFP@é BEAEBEd 98¢ fic agent may be carried

endr educi ng end Aft%" hﬁ%lmﬁfl

out . Table 5: reactions after a22 loin al-3.4 Fucosidase: On the matri X
ant i aqt&gee{:’l HS reduci ng end PCTI| LOO/ 00256 anti - Lexanti - Leh NS
Table 6: 12 C |or} after apl f, gal actosi dase from D. pneunoni ae (EC
3. 2. 1. 23 Teagiians AIET AR VIOIEAR A a-‘ nhei m
Ger man ) Omthenesatmixy | xaantll Tranti g gendrﬂntl- Xanti -} anth -Highi | e- r ed
NSgr eenniH®-red Tabl e |7Zeducing end

NS

Table 6:

reaction after applying Exo B galactosidase from D. pneumoniae (EC
3.2.1.23 catalog number 1088718 from Boehringer Mannheim, 68298

Mannheim, Germany)

On the matrix anti T-antigen anti - LeX anti - Leb
HS nile-red '

NS green nile-red
Table 7:

reactions after applying o:1-2 Fucosidase:

On the matrix anti T-antigen anti - LeX anti - Leb

HS

nile-red,
reducing end

reducing end

NS

reducing end

From the data gathered as explained above,

(GMID) card can now be created. An example for such information is listed

a glycomolecule identity

in Table 8 for saccharide HS and in Table 9 for saccharide NS.

Table 8
On the matrix anti T-antigen anti - Lex anti - Leb
0 nile-red, reducing end
reducing end :
1 reducing end - - ‘
2 nile-red
3 nile-red, reducing end
reducing end




reactions after applying al-2 Fucosidase: On the matrixanti T-Bgt NOYn2iggi -

LeXant i

- Leh HSnile-red, reducing end reduci ng end NSreducing end Fromthe
dat a g HEPEY as expl ai ned above, a gl yconol ecul e identity*"{GWD) card can

now be created. An exanple for such jnformation is listed in Table 8 for
saccharide HS and in Table 9 for sac%gr'iaride NS. Table 8 On the matri xanti

T-antigenanti - Lexanti - Leb Onile-red, reducing end reducing end
1reduci kaldad® 2rile-red 3nile-red redycing end reducing end 0 3 N
-38 Qheheahairiant i| ahtaftagegent | |anteXbeti - Lgbagrded, redudi ng nice
red, enqyeducing end }-- 2greennile negeet,edtedubchgensile red, :
end reducing end
1 - - -
2 green nile red
3 reducing end

The identity of the second and third essentially sequence-specific agents
need not be disclosed in such a data list. For the purpose of comparison, it is
sufficient that a certain code number (1, 2 or 3 in the above tables) always

identifies a certain combination of reagents.

Example 2

A scheme for the sequential labeling of reducing ends
As has been indicated in the description and example above, the method of

the invention advantageously uses labeling of the saccharide to be
investigated at its reducing end. However, this labeling technique may be
extended to sites within the saccharide, and thus contribute to the method
of the invention, by providing more information. As it is possible to label the
saccharide within the chain, by cleavage using an endoglyéosidase fo-llowed
by labeling of the reducing end, it is therefore possible to obtain a labeled
reducing end within the saccharide chain. As that reducing end is
necessarily closer to the binding sites for the first, second and third
essentially sequence-specific agents, compared to the original reducing end,
the use of an internally created labeled reducing end provides additjonal
information. Moreover, it is possible, by sequentially labeling of reducing
ends according to the method described further below, to identify the sites
for distiﬁct glycosidases in sequential order on the chain of the saccharide to

be investigated.

2003



The identity of the second and third essentially sequence-spegi i S
need not be disclosed in such a data l'ist. For the purpose ofq¥gngg??@m§,

it is swobdessssnt that a certain code nunmber (1, 2 or 3 pardteocsieve
tables) always identifies a certain conbination of reagents. Exanple 2 A
schenme for the sequential |abeling of.4educing ends As has been i ndicated
in the description and exanpl e above,"’é'he nmet hod of the invention

advant agegusly useas J abel i f. the saccharide to be jnvestigated at its
Feduci ng SH8 Mo Eedirr Y] FhaiNe st Narg sBohay oY AEKTRRAA O ¢ es
Wi thin t hge@ACiahiHel fdBlowdRg stdppts contribute to the method of the invention,
by providing nore information. As it is possible to | abel the saccharide

within the chain, by cleavage using an endogl ycosi dase followed by

| abel i ng gfgfhg.rgducing end, it is therefore possible to obtain a |abel ed
reduci ng :n the saccharide chain. As that reducing end is
necessarily closer to the binding sites for the first, second and third
essentially sequence-specific agents, conpared to the original reducing
end, theAudelyfacelmaride ehaaidy &r esduzihd adiel eid isoibated enda pselwitidas

additional inpformation. Myreover, it_is possible, by sequentially |abeling
of reduciﬁ'fi’(jﬁta’é’rﬁgE@:%%Qéiwb(5 tPE HePhod described further bel ow, to
identify the sites for distinct glycosidases in sequential order on the

chain of the saccharide to be investigated. Table 9 0 3 NOvV 2003 WO
00/ 63688 Phib/ tirkaxthen bbock3dtheThel uttidiedd ofo sk palyshedigliridigihoweduci ng

ends is npw desgribed in np detail in the follow ng steps: 1. Bl ocking:
A Pol ysac&f’&?‘fﬂgaﬁﬁ Pﬁé‘génré&ga-ng end is incubated in a solution
contai ning NaBH4 1 NaOH at pH 11.5.

2. Exposing;:

The polysaccharider of step 1 is treated with an endoglycqsidase. If the
recognition site for that endoglycosidase is present within the
polysaccharide, a new reducing end will be created by cleavage of the
polysaccharide. The solution now contains two saccharides: the fragment
with the newly exposed RE in the endoglycosidase site, and the second
fragment whose RE is blocked.

3: labeling of the reducing end

This reaction may be carried out using e.g., 2.aminobenzamide
(commercially available in kit form for labeling saccharides by Ogcford
Glycosystems Inc., 1994 catalog, p. 62). After the reaction under conditions
of high concentrations of hydrogen and in high temperature (H+/T), followed
by reduétioh, has been completed, the mixture contains twe fragments, one
of which is labeled at its reducing end, while the other remains unlabe.led

due to the fact that its reducing end is bilocked.



| This treatnent bl ocks the reducing end, so that the pol ysacch@

devoid of a reducing end (RE). 2. Exposing; The polysaccharid 3 ﬁﬁgt 1 S

treated with an endogl ycosidase. If the recognition site for that

endogl MpWicBE8e is present within the polysaccharide, acngivgoiogsgici Nng end

will be created by cleavage of the polysaccharide. The sol ution now

contains two saccharides: the fragngpt wth the newy exposed RE in the

endogl ycosi dase site, and the second fragnent whose RE is bl ocked.

3 | abel i | \ 4l usi ng
e.g. Za%ﬁ%ugg rigﬁntggmc%qnngﬁ% g‘lﬂlls;lsg éx@?naxgﬁ% r mﬁﬁl (9%%%5@ I ng

sacchandmpdsmcks(mmthmﬁayaoﬂﬁmmesgﬁWS ai99ﬁemédilwg,h RRhe 62ldehpdEer the
reaction,under cond{.tlons of hi ghg‘goncentrations of hgdro gen and in high

t enper at fnctipnakisy of the reducing gy gaespiing{cHrdbdon lﬁpb@mdeaﬁ them ni xture

t r f i C s,.Label ed. [ ng..end, while
contal nevted OISO U1l ol gl phbe! 80l 1Rohs e s
bl ocked. tebhiBoldgy 2008artOoD OGS EBSCRCTFLARFRIRRE -a40ishat Uﬁi-béﬂg;)’drfa‘ﬂ 'abe' |

reduci ng_ends js by reductjve am nation. Fluorescent co S contai ni ng
aryl ani nélegep a%reérsé kib graidablgifrem tGie,erIasmMevatfoum .Idsal. atletkilede

d I h d d CH2- N
gl Bk CIEY. I EaRtleR, BT R85, MAienrih 1oSioerAieHoforaid Bart of

t he FACEefdrktigw.ophore assi sted Carbohydr at e Electrophoresis) kit available
fromdyko Inc., Novato, CA, USA as detailed e.g., in the dyko, Inc. :
catal og, p. 8-13, which is incorporated herein by reference. 4. Reaction

x EE ?hstgcr&ggi-gn%gi]%po%diggdé SECo é(‘jseendogl ycosi dase nay now be reacted

A second endoglycosidase may now be reacted with the saccharide mixture.

The new reaction mixture has now three fragments, one with an intact
reducing end, a second with a reducing end labeled by 2-aminobenzimide,

and a third with a blocked reducing end.

Example 3
Derivation of structural information from a series of reactions with

essentially sequence-specific agents

This example further illustrates the method of the invention, ie., the
generation of data related to the structure of the saccharide by using a set of
reactions as described further above. The example further demonstrates

that sequence information can be deduced from said set of reactions.

In some cases, the reagents used may not react exactly as predicted from
published data, e.g. taken from catalogs. For instance, the lectin Datura

stramonium agglutinin as described further below is listed in the Sigma

catalog as binding GlcNac. However, in the reactions detailed further below,
DSA is shown to bind to Coumarin 120-derivatized Glc (Gle-AMC). It
appears that Glc-AMC acts like GleNac for all purposes, because of the

structural similarity between these compounds. Further, as apparent from



The new reaction nixture has now three fragments, one with an {r NOV 2003
reduci ng end, a second with a reducing end | abel ed by 2-am nobenzi m de,

and a WHJogaéf%th a bl ocked reducing end. Exanple 3 Deri patiQydogisgSt ruct ural
informati on Troma series of reactions with essentially seguence-sl2ecific

agents This exanple further illustrates the method of the invention, i.e.,
the generation of data related to the structure of the saccharide by using
a set of reactions as described further above. The exanple further

denonst r thesesuibmbebaqgubncndoghlacresiiase sgad lﬁéeadfeéuwdogﬁ’oﬁﬁ galagteset of

reactions. I'n sqne gases,,the reagents_ us ot react, exactly.,as |
pr edi ct e&eﬁlﬁB?ﬁs%di}mﬁF%gﬁ%bB‘a gongediing éﬁ%ﬁﬂPmdgﬁ{%Po %Tth%(')'?sﬁ?g nce, the
| ectin Dal hid ridit ranmeni um aggl utinin as described further belowis |isted
in the Signma catal og as binding dcNac. However, in the reactions detail ed

further below, DSA is shown to bind to Coumarin 120-derivatized Ac (dc

AMC). It _ appears that G ¢-AMC acts |ike G cNac 'E){%r] al | gu‘fr_(%gfes because
r in

of the dti8ERRAAEDEthAL dhet §S9sBtiReldn SERBERCERRTYYh fSenE ad€appar ent

from0 3 “P&i%%%h‘é“?ngt@%ﬁ%%?a?ﬁ? b QY0256 veltind BEeligRitidsStIDal the

endogalangS| ase used eaves not only at gal actose residues, buf also
t he bond fgenndet ispacifibiy Gof: -tAbEe grgemtst givelne inepubbthedemasadaharigle It is

t that th tiall - i.fi t d.i t
et cecotalegt SushaReruRn AR ARKDBedaeeanad Py TiRg dEFined of B ¢ nat
ar fromthe s i ficity [ i ' ial,
2oy Chanr REH dehhiall of NER6 P0G RPud, TER b Ml EACR ARG P

net hod obet fEmparede it resticcted aeshias, dasl dhe kdifferentesiovill ellofhetheesul t s
found may then be cqgonpared with expected results :ixflmd the. differgences

will al | adenticationersf| Yariant shegficiigs At thesersnintly esettencresnetime i al 1y
Sequence- sPsfy ik&3. Such variation from published data in fine specificities of

essentially sequence-specific agents may then be stored for future analysis

of unknown saccharides structures using these agents.

In the following, the method of the invention is illustrated using an
end-labeled pentasaccharide and various lectins and glycosidases. The
pentasaccharide has the structure
Gal-B(1,4)[Fuc-a(1,3)]-GlcNAc-p(1,3)-Galp(1,4)-Gle. The pentasaccharide is
branc-lié& at The GlcNAc' position having fucose and galactose bound to it in
positions 3 and 4 respectively. The pentasaccharide 1is labeled at its
reducing end (Glc) with Coumarin-120 (7-amino-4-methyl coumarin,
available, e.g., from Sigma, catalog No. A 9891). The coupling reaction may
be carried out as described above for the labeling of reducing ends by using
arylamine functionalities. Coumarin-120, when excited at 312 nm emits
blue fluorescence. As first and second essentially sequence-specific agents,
Endo-B-Galactosidase (EG, Boehringer Mannheim) and Exo-1,3-Fucosidase
(FD, New England Biolabs) are used. The reaction conditions for both
reagents are as described in the NEB catalogue for Exo-1,3-Fucosidase.

Three reactions were carried out. The first included Fucosidase (FD) and



agents used. Such variation from published data in fine specif?giqusz
essentially sequence-specific agents nmay then be stored for future analysis

of unwRdReseShccharides structures using these agents. [A™fTE ToOll owi ng, the

met hod of the invention is illustrated using an end-|abel ed

pent asacchari de and various |ectins4@nd gl ycosi dases. The pentasacchari de-",.r
has the structure Gal-P(1,4)[Fuc-0(1,3)]-GlcNAc-13(1,3)-Glp(1l,4)-Ac. The:

pent as aﬁ;ﬁﬁg.r(}g%ctésidﬁ’géfﬁ@ﬁdﬂ?é sétendGIEDenlypainti the tlairdnEC vadpeAand
gal actose bound to 1t in positions 3 and 4 respectively. The

pent as afgirel régction debeded eazyimessenvedAs M’C@r}ud (Gc) with Coumarin-120
(7-am no-4-nethyl coumarin, available, e.g., fromSigma, catalog No. A

9891). The coupling reaction nay be carried out as described above for the

| abel i ng_of .r equc s ‘ d REdN@ighstedt ifpnahidhiagide, the

Coumar i QIOZSFF\%%e%E%ﬁ# e%ﬁgg't k@%;&rﬁﬁ%’n ts blgge fl uorescence. first and
second ¢gsieqsi bhdticienuaRc eizpeepdiatedganing thimdayer] Fhcaraseerardise (EG
Boehri nger Mannhei n) and Exo-1, 3- Fucosi dase (FD, New Engl and Bi ol abs) are
used. THELE®action conditions for both' reagents are as described in the
NEB cat al ogue for Exo-1, 3- Fucosi dase. Three reactions were carried out. The
first included Fucosidase (FD) and 0 3 Nov 2003 WO 00/ 686M -42

Endo- Galpggd0%kgasaiéHOrhe t fecchaeised, oBiDthal FLCamdatehanayi detected &Ml y. A
fourth reaction devoid of enzyne serv,egr a contqrjr‘gl. In obder t tahsecertai n
that thexposipgetheaplage gosderavieles aHgREr (1die, TEHELS \AIFi SBLVPeXtTOns are

Si ze-segﬁiated Hﬁ_i}flreg#u hi n-1 ayer chromatography (TLC). After separation,

t he sacdfrad¥ s 2% LC plate may detected by exposing the plate to
ultraviolet light. The results are showmn in the followng illustration. !
2 34 '
L eETe
1 2 3 4

In reaction 4, no glycosidase was added, so the saccharide is intact and
moves only a small distance on the plate. The fragment of reaction 2 is
second in molecular weight, while the fragments of reactions 1 and 3 appear
to be equal. From these data, it can be concluded that the sequence of the

glycosidase sites on the saccharide 1is FD--EG--reducing end

(coumarin-label).

»

The above pentasaccharide is now tested by a set of reactions as described
further above. As first and second essentially sequence-spfciﬁc agents,
lectins were used. The lectins (Anguilla Anguilla agglutinin (AAA), catalog
No. L4141, Arachis Hypogaea agglutinin (PNA), catalog No. L0881, Ricinus

communis agélutinin (RCA T) catalog No. L9138, Lens Culinaris agglutinin
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(PNA), catalog No. L0881, Ricinus_ co nis agglutinin (RCA 1), catal og No.
L9138, Lewmmaniesafps ingignge RGA d @a% Qbmn%ﬁm gees: patlpE d¥9.00256

-43 (LCA boa. N, L9267... " i ni SPA) . |
o Lorass (e ay |‘E‘“P?%'ﬁrz§#3’&@18E‘Z’%:??%@s%?‘g’%gv{s‘%ﬁg%ﬁ(’gb| O o i hor

conpani es. For-instance, RCA | may be obtained from Pi erce, catal og No.

39913. Lectins are imobilized by blotting onto_nitrocel | ul o%g filters. The
react i on Phe teaction pniephnphosplifterkufiersisating kBSS) writh Lmeh €aClandd |1 mv

Myl . After, bipdi f_the.lectins, the ti l. o - M BSA in
reaction Mﬁ&mﬁéﬁgg OE(EQ%#?C(SH%S' 3\# % ﬁg‘%f %c ngégﬁ%:% ?ﬁ' %%((A\/g BSA
as i mmbic}bi a0t BRI Y, M8 @ndfdlY, redreionestithéutdlectihaandeadth D0S1gaBEA
indicated in Table 9. A plus indicates the presence of 312 nm

f | uor escascigpmphbilited prditelax were heedr esence of the coumarin-1 abel ed
reduci ng. end. The nunerals 1-4 in the table indicate reactions as defined
above. Table 10 AAAPNALCADSARCA | 1++ 2++++++

The results of the reactions are indicated in Table 9. A plus indicates the
presence of 312 nm fluorescence, which indicates the presence of the
coumarin-labeled reducing end. The numerals 1-4 in the table indicate

reactions as defined above.

Table 10
AAA PNA LCA DSA RCAl
1 =+
2 ++ ++ ++
3 -
4 ++ ++ ++ s

From the results as listed in Table 9 (reaction 4-control) it is evident that
lectins AAA, PNA, DSA and RCA-I bind the saccharide. Therefore, Fucose,
Gal(1-3)GlcNAc, GlcNAc, and Galactose/GalNAc must be present ir} the
saccharide, as these are the respective saccharide structures that are
recognized by AAA, PNA, DSA and RCA-L Tt is further evident that the

above - ‘described glycosidases Fucosidase and Endo-B-Galactosidase

recognize cleavage sequences in the saccharide. These sequences are

Fuc (1-3/1-4) GlcNAc and GlecNAcp(1-3)Galp(1-3/4)Gle/GleNAc, respectively.




3++ 4++++++++ Fromthe results as listed in Table 9 (reaction Qﬁgcmrmng It
c

is evident that lectins AAA, PNA, DSA and RCA-1 bind the sacchari de.
Theref?qumﬁégose, Gal (1-3) GLcNAc, GIlcNAc, and Gl act o,scell&h%, g MuUst be
[ e cchari de

presen saccharide, as these are the respective sa
structures that are recognized by AAA, PNA, DSA and RCA-1. It is further
evident that the above - "describedMgl ycosi dases Fucosi dase and

Endo- P- Gal act osi dase recogni ze cl eavage sequences in the sacchari de. These*
sequencedt earefiithey bhe deduetd tHatWach ghaosidabiisizes a3y Gadated beddépithed cNAC,
respectively. 0 3 NOV 2003 00/ 68688 PCT/ |00/ 00255 -44 It can_further be-
deduced f‘h@ﬁebﬁgﬁfgl%ég@ia’\é\g“ﬂ%e§n r 29 eR e‘ts\/\éé‘??‘[eﬁe%yf G¥BEE sugar
and the r 4 qngi A% AS@Y ' [ A; WSREE When
AAA (whi & glrﬁlggeto nucose@'llggﬁ&g%%ggﬁfu?%%wsfgdﬁ]g%ﬁ%lﬂgﬁg reaction -

Wi th DS AheorattienarHBDAEN6k the behws K], ddlbved tlon detattiohtthat eithee GICNAC
nonosaccharide is | ocated between the gl ycosidase sites and the reducing.

end, or theaGldNAcimongsasecharydaislaented hetween thamlycosidaspsitereanddhecosi dase

cl eaves off the reducing e when D ' e [ i.lize )

Mor eover [© Lhcél_lgee& d %’h‘ﬁﬁ %qﬁl\’li ‘§§e°| r%w%ﬁ}lﬁlazgod%g%e!n% shlél\?/é %151?9@% _
reduci ng g%-w,@isﬂd,%s@!c@@dﬁg dENthe bddenePenf3EtRDSSiidassed asusefokilredt i ons 1
and 3). This indicates that the Endo-1 Gal actosi dase site is |ocated

bet ween wpgent.site for PNA and the reducing end. On the other hand, the
Fucosi dase site nust be | ocated between the PNA site and the other end of
t he saccharide. When taking into account the above data, it is now possible
t 0 propoygo@over WRNGEa@iont RAtIS ABCAALE A BsbilFedOdBent Widws that the

(1-3, 1- 4?@1&/&(:(1- 3) Gal (1-n4) Gltct G cNAC-------- reqﬁgi ng end The above

exper i mepedudingeny Wedeavet romiy if Ehdd-fGadactesidade ¢f ushd (

3). This indicates that the Endo-BGalactosidase site is located between the

reactions 1 and

site for PNA and the reducing end. On the other hand, the Fucosidase site
must be located between the PNA site and the other end of the saccharide.

When taking into account the above data, it is now possible to propose a

sequence of the saccharide as follows:
Fuca(1-3,1-4)GlcNAc(1-3)Gal(1-4)Glc/GlcNAc-~~~~~ reducing end

The above .experiment clearly demonstrates that the method of the
invention can yield a variety of data, including sequence information, based
upon relatively few reactions. Some details in the sequence information may
not be complete, such as the (1-3) or (1-4) connection between Fucose and
GlcNAc in the above saccharide. Had the monosaccharide composition of
the pentasaccharide been known, then the above analysis would have
yielded all of the details of said pentasaccharide. Nevertheless, the
information gained even in the absence of the monosaccharide compos;tion
data is very precise compared to prior art methods.



invention can yield a variety of data, including sequence infqy sregfwrgio3
based upon relatively few reactions. Sone details in the seqguence

i nf or meid) Gksk@Y Nnot be conplete, such as the (1-3) or jdrfieoeyzgection
bet ween Fucose and G cNAc in the above saccharide. Had the npbnosacchari de

conposition of the pentasacchari deggeen known, then the above anal ysis
woul d have vyielded all of the details of said pentasacchari de.
Neverthel ess, the information gg.ped A¥ep in the absence of the
nonosacchari de conmposition data reci se conpared to prior art

met hods. 0 3 NIMi@GHn ¥WpALHiaE 63 cdiaplét®8daiznce-idFolumitiiba 4 Derivation

of partial or conplete sequence infqrnat ié)n The nethod_of the invention is
0

sui t abl e Ther matueshaf ithe invepidon tissuitalle fogeautomptaonhdhas, the $RBSpl e, in

o1l o= gl oK. BS SATHIECPULMEAID1 A0 U0 ELRUPLED i ™ ¥ 70

aut omat ednpi @eafutediystehe fob enikitid, heliquitdegs sertting) aididetdc@iorc ofh@apse” the
mappi ng information to partial or conplete sequence information. The
met hod f datasektained by greft apsiutgmased seeqssamay thephe futherprogessrd ow.

After all_ dat,a Ve en .C ect ed, . [.SoN, | t wee etection
signal s Bbtoszlﬁ’élc}%f r°8§ng%cﬂ‘%n%‘a§sf%’ra l?’g&?ﬁéhggdﬂ ;%O%E%? .gfyc\éée&?qag e, to.
si gnal s gk} 1inde Anfriitiohh ThaddethdfdrasecH dacd ippbcesbidp) iPledirikedsiflase.
Those sighals that disappear after reaction with gl ycosi dase are marked.

Thi s nayfuribemdrtadwlety be done by preparing a |ist of those signals,
referred to hereinafter as a first list. The identity of two sites on the
pol ysacchari de nay now be established for each such data entry. The
position in the (optionally virtual) array indicates the first essentially
sequence-specific agent. |If a.signal has been detected before reaction
wi th t heAfley edldataskave bren eallssted.ta epmpiarisonds made batwnen wesection st in
the pol yr?f%%%. sarobgaeihe&_ r]'JC*\om reactions prior to the addition of glycosidase, to.
signals obtained after the addition (and reaction with) of glycosidase. Those
signals that disappear after reaction with glycosidase are marked. This may
advantageously be done by preparing a list of those signals, referred to
hereinafter as a first list. The identity of two sites on the polysaccharide
may now be established for each such data entry. The position in the
(optionally virtual) array indicates the first essentially sequence-specific
agent. If a signal bas been detected before reaction with the glycosidase, the
recognition site for that agent must exist in the polysaccharide. The
disappearance of a signal, for instance, of the signal associated with the
second essentially sequence-specific agent, now indicates that the |
glycosidase cleaves between the recognition sites of the first and second
essentially sequence-specific agents. The sequence of recognition sites is
therefore (first essentially sequence-specific agent)-(glycosidase)-(second

essentially sequence-specific agent). If the signal for the reducing end is still

present after digestion with the glycosidase, then the relative order of the
recognition sequences with respect to the reducing end can be established;

otherwise, both possibilities (a-b-¢ and c¢-b-a) must be taken into account.

For the purpose of illustration, the term “recognition site of the first




di sappearance of a signal, for instance, of the signal associ gtENOy tz[m; he
second essentially sequence-specific agent, now indicates that the

gl ycosi“q?Fﬁ“gAseaves bet ween the recognition sites of theF” rst and second
ially

essent sequence- speci fi ¢ agents. The sequence of recCogt®PBsites is
therefore (first essentially sequence-specific agent)-(glycosidase)-(second
essentially sequence-specific agent).46Lf the signal for the reducing end is
still present after digestion with the glycosidase, then the relative

order of ebdtmtidlBe eghdéh@IsFRUEEASBEWERAT] HRSASEIted Ant IR f hBor can be
established;” oqtherw se, both po§si bilities (a-b-c and c-b- gﬁhﬁugt?g%e t aken
i nt 0 accderdnitignyrsitee phe plerm oirecdgnitionasitenfort e t szcondr essgiidliyon site

of the first 0 3 Noyv.2003 WD.0 8688 PGF|,1L00/,00256 -46 essentially
sequenceSEHIEAEPesHim AR a?haqi)geo&wgl— $eropferecogmgignnsite s jangk the

recogni t i&¥n StdcBenitidie site 18} ¢ e b [ .SEE wessentially
sequence- speci fi gnéigenfq" s%grﬁ%%g%o%ﬁbéggé%e%g@%%ﬁ?#%n' site", and
the term"recognition site for glycosidase" shall be denoted E

"glycosidase". It is, now possible tq ¢reate a second list of triplets of
recogni tﬂb’ﬁ %‘?‘i’é’é’s%‘?’le tPETeAI8 A SE lﬁ%%é"ﬂpa}??ﬁ of recegmityom giges elecogni ti on

site) -(ehyLB éj@’?’%) % ognition site). By the same token, a third
list can now@e eaqtggg(rie tllﬁﬁs “to (optionally wvirtual) array |ocations

where all signals iemain after addition of glycosidase (type 2 triplets):
(gl ycosi dasar- first recognition sjite) -((second recognition site) Cobviously,
a suf fi ci entirgt Feognition site) delycasidase)s(sacons sragpBition sidehs of its
sequence, i.e., there can only be one sequence of saccharides that wll
contain all of the triplets found. A lower nunber of triplets may be

requi r edBywhesaity eolia, iz0thied lish @ah 9108 be efedth@ reitaca!t £(dptichully abl e. The
nunber of, required triplets may be_even lower if the total sugar content

of the Yistua) armay lerakpnsBothereaath signnds niareain aftanciagditiomdoft ot al
glycosidase (type 2 triplets):

(glycosidase)-(first recognition site)-(second recognition site)

Obviously, a sufficient number of triplets defines a molecule in terms of its
sequence, l.e., there can only be one sequence of saccharides that will
contain all of the triplets found. A lower number of triplets may be required
when information on the length of the molecule is available. The number of
required triplets may be even lower if the total sugar content of the
molecule is known. Both saccharide molecular weight and total
monosaccharide content may be derived from prior art methods well known
to the skilled person.

The process of obtaining sequence information, i.e., of collapsing the triplets

into a map of recognition sites, is described below.

The second and third lists of triplet recognition sites are evaluated for
identity (three dut of three recognition sites identical), high similarity (two

out of three recognition sites identical), and low similarity {(one out of three



monosacchari de content may be derived fromprior art methods vghl h@t)\oma to
the skilled person. The process of obtaining sequence information, i. of

col | ap@brbgm&&g triplets into a map of recognition si teperh L?m&%grl bed

bel ow. "'The 'second and third lists of triplet recognition sites are
evaluated for identity (three Qut of,three recognition sites identical),
high simlarity (two out of three r"gzognltlon sites identical), and | ow

simlarit e out. of ree 2003 WD 0 8 PCT/ LOO/ 00256 -47
recogni ﬁ%ﬂg’%\ %% ?%Eé%%ﬁ“ﬁal?ﬁr" ® RHPOSRS 9 fﬁﬁlsl%{?&%t folF B%is now
assuned éi&%&néd‘ﬂ:hﬁ@'bh?%&ﬁééb&?aﬁ&e gsld 1far l_%§§&ﬁﬁﬁﬁbd§uc§‘é%h fgs, for
exanpl e, the saccharide”portion of the glycan parin he above second and
third |ietznples thbeacelsaidd poytiepaef the phcefirllepaaimet of |ists of triplets

wherein each list in said set of lists contains triplets that share the
same gl ycosi dase recognition sequence. By conparing all triplets

contai nifig ap66L ts@%éhc?!aﬁ&‘%ﬁi f6s" SLOHU LU & %ﬂéﬁﬁ?@tﬂ\é&ﬁroﬂi h skt bP! ets

contai ning a second gl ycosidase recogni £ on se I's now possible to
di vi de tlhstspofl pipletharhateis equhnést imtaid ser ofilists contants ngpletovhatie first

end of the rml ecule gl ycosi dase 1,(fragnent fromgly se lto

gl ycosi ﬁﬁifc%} dasenFecogBHIH 986%?%&3?3'2‘:%‘61’%%& §®c(5ﬁ§e&§1d of the
nol ecul e n I S aﬁﬁ% <second
end> | den%1 Eaﬂﬁﬂge%ogﬁfthu%nélzh?éggﬁ ?%cégl?"rﬁliégﬁet C%tgl%ig&Zml t'Sf ferent

gl ycosi dpaairinges sevdrnd glytosﬁladerzeeoguujtidmmecgiehes frie nowe possiblentd he sane

directionin rela anon to the respective gI ycosi dase si tﬁ_ are andl dat es
for the digtde the PolysacchaBie Raquenee dnem feuiareas. JapERE amoFbes

| ocati Orl![nd de e Cglole&ﬂg %nbfy‘cg\gld%sfaef (Mgl ﬁé}ltt 5, Pr&hS e REodidRG jth

differen glycos asée si n sal eCogni t1onesites are ocated in

di ff er englycbsidase @ngradgment bpnend froni lgbyabsidaseiDdro die sémudeamboﬁgmend, in

the other triplet, in the direction of the
molecule (fragment c¢):

<first end> <glycosidase 1> <glycosidase2> <second end>

Identical recognition sites within triplets of type 2 with different glycosidase
sites, wherein said recognition sites are located in the same direction in
relation to the respective glycosidase site, are candidates for the location
within either the area a or c, depending on said location. Identical
recognition sites within triplets of type 2 with different glycosidase sites,
wherein said recognition sites are located in different directions (e.g., one in
the direction of the reducing end, in the other triplet, in the direction of the
non-reducing end), are candidates for the location within the area b, i.e.,

between the two glycosidase sites.

Identical recognition sites within triplets of type 1 with different glycosidase
sites are candidates for the location of gne of the first or second recognition
sites in area a (or ¢), and the other of said first or second recognition sites

being located in the area c¢ (or a). That is, if one of the first or second

recognition sites is located in area a, then the other of said first or second




non-reduci ng end), are candidates for the location within the anha €
between the two gl ycosidase sites. ldentical recognition si tega%m\f)@”“

tri plﬁbsm;g%wgype 1 with different glycosidase sites aveirgasdivgsit es for the -
| ocat1on of one of the first or second recognition sites in area a (or c),
and the other of said first or secoyd recognition sites being located in
the area ¢ (or a). That is, if one of the first or second recognition
sites is |located in_ar the, - S i 0 3 Nov
2003 WOrORBIAES sichs B8 B IceRl b Ercll B vieA oy Mo oL PSRN 2 Vice
versa. HNegteorodechi@ reabghitibh sites aiiaysbe tovdted tmgned bon sites may be | ocated
in area b. ldentical recognition sites within triplets of type I with
different glycosidase sites, wherein a given recognition site is |ocated

[ the,triplets, in the . di ' f Walel | n the -

ot her -t RisgtaRal tprSpmEon s GacTprL R o LT SEeich dftodted 0 ¢ O

the | OCe&ggwére%ﬂi#ﬁv@ﬁ%éﬁéﬁaan%mqs%éma inaefofthdHawplegs eiaf e i shed .
r

t he above positional "relationships for a nunber of recognition sites
within dhectiohpifahs, retheingeral and in hbe pskexytriplebnins the diressioncahthow be
arranged in a certain order using logical reasoning This s '

r ef er r eQORGeAYCIRGG &K éﬁ&g“{i’éﬁﬁ fqrf thﬁolg’ﬁ?tf‘?% iog et ﬁ?r%eﬁmglfonr %&%gﬁitt‘&o n
sequencg%gkg arranged, the full sequence of the saccharide nmay be derived
t herefr S the met hod does not determ ne the nol ecul ar wei ght of the
saccharide, the chain length is unknown. Therefore, if the degree of
overl ap__between the various recognition sittes is.insufficient,. there my
be regi &aying e%‘ﬁb@hﬁ‘geﬁh@eahﬁ@ é’oéﬁéﬁqarqoﬁ%a%é’gé W i ﬁn??gmrﬁfyo e
present . Such ' ht ipTER PBe WoGg i sTciRtrd dogliiyn e qincé ! |

W t hin 5e$o§8'*}é%§fsﬁgé%%g@§%%§§ tzl y of t%e essenti al | yg?équencg- specific

agents usgGhowbuRreingddim a enftaircosiequesingldgitarieasoningrilhisi stageds obt ai ned
in this case, by first ) "
referred to as a sequence map. If a sufficient number of recognition

sequences are arranged, the full sequence of the saccharide may be derived
therefrom. As the method does not determine the molecular weight of the
sacéharide, the chain length is unknown. Therefore, if the degree of overlap
between the various recognition sites is insufficient, there may be regions in
the sequence where additional saccha:.:ide units may be present. Such
saccharide units may be undetected if they do not fall within a recognition
site of any of the essentially sequence-specific agents used. However, the
entire sequence information may also be obtained in this case, by first
obtaining the molecular weight of the saccharide, which indicates its chain

length, and secondly its total monosaccharide content.

Another possibility of closing gaps in the sequence map is the method of
example 2, wherein sequential degradation by glycosidase is employed to

derive sequence information.

-

The existence of branching points in the saccharide may complicate the
method as outline above. One remedy to that is to use glycosidases to

prepare fractions of the molecule, and analyze these partial structures. The



obt ai ni ng the nol ecul ar wei ght of the saccharide, which indicafgsNO¥s2803ai n
| ength, and secondly its total nonosaccharide content. Another possibility
of clos in the sequence map is the nethod of ex,a(nﬁ erein
sequentlwz? %%gr adation by glycosidase is enployed to derive seqazémnce

I nformati on. The exi stence of branchi ng' points in the saccharide may
conplicate the nethod as outline aboé One renedy to that is to use

gl ycosidases to prepare fractions of the nol ecule, and anal yze these

parti al sextﬂnuﬂfdxan?rhmgans’smaﬂ@ﬂ stmwﬁesasmxmry lldm b 6n thH® ext ent

of branching. in s [ structures i s o Vi OUS than in.the
ontir o oo eBBisk cofestil e g 1?%a§%"’rﬁ°§‘t§ré9336 tepmpiared’ SE%@F Ially
recogni ze S a r

ant i bodi egpée%g‘?%yre%alaﬁh%(arﬁ) eﬂgpgg 3% %ﬁm'{Cﬁ 2 es e%atﬁtl od| gs EI nds a

sacchar i densibgdéscemphyeddaneedamplal dteast Eanke of rthemeh angbpdiest binklsreover

certain enz nd Iectln are avail ab] e that recqgni ze .brapched
sacchari déaé{i}g&‘feu?eé%‘enﬁﬁr AR SPRRRIS athleaghogenbr %1536&5&“( ogegrer, 41)

200N 2egeall 20EARH ot BHE! Y ind NaPIChidifible MO WBenUBY thenprneT At o

by usi ng aride Structures as ant i gens.
possi bl e sacohamsieate upaptesd&ort itdrahite) dtheeehame gadbdeased@ESt 812C1.40ES,

MRS s A AT i i e
si ngl e-ch t e di 9. by
phage di sp ¥ﬁ{g %E fﬂ&%h %%gb 88%‘%% %Q%t n %‘% )Eno%/)\,{ edge
of the sltpoxy;wee tof generate Pgebmdénﬁh}xdt abind wefthm maeﬁhm;ideasasmlmﬁﬁl gt
accurately . exi stence o ranchi ng points. nstance, N-1inke

gl ycans p@&i'ég’él"é"]ai“ﬁg?‘i&tmﬁﬁs ee &tg- uQFBSc,Ss’ facHemag &K, Fadpwekai t he
oxf ord GJCQE%ﬁhtﬁfﬁcf%‘ a?&gnaﬁt?ﬁfethEslﬁ?uc 31?312&&9956‘15&%1 TR sdary to

pent aant enhary nmore conpliicdte
single-chain variable fragments with improved carbohydrate binding by

phage display. J. Biol. Chem. 269, 9533-38, 1994) .

In addition, knowledge of the structure of existing carbohydrates will in
many cases predict accurately the existence of branching points. For
instance, N-linked glycans possess a limited number of structures, as listed
at p. 6 of the oxford Glycosystems catalog. These structures range from
monoéntenﬁary to pentaantennary. The more complicated structures
resemble simpler structures with additional saccharide residues added.
Therefore, if monoantennary structure is identified, it is possible to predict
all of the branching points in a more complicated structure, simply by
identifying the additional residues and comparing these data with a library

of N-linked glycan structures. .

Moreover, it will often be possible by analyzing data gathered according to
the method of the invention, to deduce the existence and location of
branching points logically. For instance, if two recognition sites, denoted a

and b, are located on different branches, then digesting with a glycosidase

whose site 1s located between the reducing end and the branching point will




resenbl e sinpler structures with additional saccharide resi due@ 3aﬁgvd 0
Therefore, if nonoantennary structure is identified, it is possib Z)U
predict all of the branching points in a nore conplicated structure,

si mpl y Vo ooskségnt 1 fyi ng the additional residues and CO”p%fdrﬂﬂoﬁfflﬁ&.e dat a

with alibrary of NIinked glycan structures. Mreover, It w often be
possi bl e by anal yzi ng data gat hered,@ccordl ng to the nethod of the
i nvention, to deduce the existence and |ocation of branching points

| ogi cal I 'y sungfl?'l&;Qst & reli cir (E:Ldaﬁn%gﬁbf "Phe $hdA%rs 6P Yoth r@aoé’lﬂeigio\%h are

| ocat ed on eren ranc Igesting wth a glycosi ose

site is Isixesteedntiebwhoweidre w@ldtmm dfich ghrtotshﬁsbrmwed]gaemwh thel | O 3
NOV 2003, WD 00/ 68688 PCT/ 1LOQ 00256 -50 result _in_loss of the redu0| ng end .
mar ker . mgnempgepglmoﬁnéomqmwhﬁweom igj nsed.a thag shenoyarker, for | |

remain. |Lf a cos a bet ween t he r a. t .
recognit i 8?‘?@19? u%lé‘iii%’f' U ﬁﬁak’éﬁarkﬁ? '?‘ggj %}et%ivgﬁ gﬁn&&ﬁ and t he
reduci ng tﬁﬁﬂ:oﬂﬁa&&%a&ﬁﬁd tHapSdsalas opbian&lﬁhg ﬁoahtélgcmgt&omcﬁim&aﬂehe
possibility of branching points, this would I'ndicate that the recognition
site b i shavths eetogmitieesite r!oexsrleca:tgdlhetwaemthe racogmiitidre sxte@landr@eend

However osj dase |.qcat.ed between t reco tion site and t he
br anchi nﬁeé‘é‘?lﬁg }_@ ver,hid ar geRss V\ﬁ ﬂ‘dh}eeﬁ%‘ij’ﬁf“ﬁlﬁﬂ sitg;’ te a

will be g ﬂE’e Rid cg%?gg&nﬂ%sh@kﬂﬂagre'd%ﬁ@sﬁ&qﬂarmeaame@%ﬁ& 0 Ween

branchlng, 'S wou cate t recognition site ais

t he redui:uertg valldbartbaved off)i Again, abt eakingTitseactodnetthenpossibilitpvefousl| y
|nconpat| ble with one another, and can only be resolved if one as urres t hat
r ecogni t bsanehingsthis yauld indisatethat dgcesmitinn siter £ df dogatglhrsvesn

branchi ng. #ELok L3a! 968 RlBBINGC NG, T 959901 bfcabhesate A06liBudl i the

first of ove her "above gl ycosli Cl ases use ar e
| ocat ed iRdbrRpdYilleGhitEanl addeh¥eandidaa dilgdehieaglved iffonRdbsilited tifgtect i ve

recognition site (a or b).
recognition sites @ and b are located on two different branches. The
branching point is located between the recognition sites a and b and the
first of the above glycosidases. The other above glycosidases used are located
on a branch each, between the branching point and the respective

recognition site {a or b).

Therefore, when using agents that recognize branched structures in the
method of the invention, as essentially sequence-specific agents, it is
possible to derive information on the existence and location of branching
points in the saccharide molecule. This information can then be used to
construct sequence maps of each branch of the structure, yielding a
sequence map of the entire branched structure. The gaps in such a structure
may then be closed as in the case of unbranched saccharides, according to
the invention, ie., by using additional reactions, by digestion with
glycosidases, whereby the regions of the molecule where gaps exist are
speciﬁcélly isolated for further analysis according to the method of the
invention, and by sequential glycosidase digestion as described further

above. ‘



Therefore, when using agents that recognize branched structurqfaiN0¥h3m3
nmet hod of the invention, as essentially sequence-specific agents, It IS
possi ble to gﬁ{ive i nformation on the existence and Iocg ion of branching
poi nts VAY#E¥sacchari de nol ecule. This information can %hgﬂmﬁ@uﬁsed to
construct sequence maps of each brangr of the structure, yielding a
sequence map of the entire branched structure. The gaps in such a structure
may then be closed as in the case of unbranched sacchari des, according to

the invention, i.e., by using additional reactions, by digestion with
gl ycosi da M%[e regl : r i re
speci fi caﬁa?/mflso tgﬁn%%?dffﬁgp Egb?ng%g?%glﬁggggg#?ﬁ %gtsgc%ﬁ%?%?h%rgf t he

i nvent i onforandppings eligiathicthregby caid daschavidesddcordiag tezhei hr@nitiont her
above. ' 0 3 Nov 2003 W) 00/68688 PCT/1LOQO 00256 -5 In sunmary, a nethod
for deterfAmRmELS the sserffnce of a saccharide and/or for mapping the
structure of said saccharide according to the invention conprises the
steps of 1. collecting triplets of type 1 and type 2 2. sorting said
triplets nccolldetigg thpkitstof Bipetlyasd typofparing triplets with different

gl ycosi dase recognition sites 4. arranging the triplets in the order of
occurrence on the saccharide 5. arranging the glycosidase recognition sites

6. Checkifg thQility to t riplet,s 7. Arrangi ng recognition
sequencesé]‘ofsggﬁ%ﬁggg@gg@%&aan Q%ﬁngiqgg’i‘mg%ﬁl%second essentially

sequence-specific agents in a single file order S. Translating the
recognition sequences_(sitesg i_nto polysaccharide sequence 9. correcting
"over | ap"3 prompaging wpleuwisnidiffarend gluensddase recognition sites

4. arranging the triplets in the order of occurrence on the saccharide

(%]}

. arranging the glycosidase recognition sites
6. Checking the compatibility to the triplets

7. Arranging recognition sequences of glycosidases and of first and

second essentially sequence-specific agents in a single file order

8. Translating the recognition sequences (sites) into polysaccharide

sequence

9. correcting "overlap" problems

10. outputting a sequence

11.7 Checkiﬁg against all available data -

After the above step 3 has been carried out, a preliminary order of

glycosidase sites has been established. In step 6, it is now checked for each




11. Checking against all available data After the above step ?@aﬁm}o%m
carried out, a prelimnary order of glycosidase sites has been -
est abl i shed n step 6, it is now checked for each 0 3 00/ 68688
PCT/ | LU@/‘B@%E -52 triplet whether predictions based th?&ﬂﬁ&g’gﬁs\é\ion
agreenent with that order. Then, based on contradiction in the data, a new

nodel is generated that fits the daga of the ' triplet. This nodel is then
tested against the data of all triplets. Furthernore, additional reactions

may be C&E@h?%}f&her!ﬁ}eamﬁfnstlfhsea&hé?@an i heRRimat@CkRhi that iopd&y, mat i on

regarding the recognition sites that involve said triplet. After the above
step 8, Thendhasehen sequedictadn in she datmd newogodel isrgesierated thas fits ansl at ed -
into a sequence qf _actual qQsaccharide units, ,a made] .of ,the chari de
sequencet Ea% OgLfé'Er'eﬁ’@éﬁt%%r’H@ glt!? then tested agrfast tge drﬂ}ﬁb‘grsggf -
guesti ong.: S e SE ti m ni nmu
Sequencelipar aouy HeapRia! Bl fionk Sebkhidhs Shaf 13 Gurid fi¥iin Grdkfle

i nf or mat éxupactnadditizaid lavecesi ghinfertationasgantiagittie reoogmsivhi sires thit

avai l able, is not taken into account. This approach nerely serves the

cr eat i oninyplvg #éédé%ﬁlétMi ch incorporates all of the available data wth as
few as possible contradictions. In that respect, the second question to be
answered is, does the mninmum sequence still agree with all of the data
avai | abl gftat thbalbopei sdep( & xwhethindhepieiqanatially! &euhged wetoghitiamdites
nonosacchari de conposition data)? The third questiaon to be answerﬁg s, do
ot her seamectreasiatedsintonatsequence pf actuad mepesarebandp unite andelwdd? | n

the affjrmative. .the additiapal jng th
ocst [ ort i Bhrbui SRl SRR SOHEReEE, TReiRe ot SEFhoslng 10,
and Wi t hpuaddi bF QilstioRisi RRdl t8ajetanSvérddaThenfiat Bitthest 2wt isvhecul ar

wei ght, nonosaccharide conposition, and nodel saccharide structuyres known
from bi pioigyum sequence that would still have the same sequence map? At this

stage, information on molecular weight and monosaccharide composition, if
available, is not taken into account. This approach merely serves the
creation of a sequence which incorporates all of the available data with as
few as possible contradictions. In that respect, the second question to be
answered is, does the minimum sequence still agree with all of the data
available at that point (excluding optional molecular weight and
monosaccharide composition data)? The third question to be answered is, do
other sequences exist that would fit the sequence map as established? In the
affirmative, the additional sequences may then be tested using the question:
How does each sequence model agree with the triplet information, and with
additional optional data, such as information on the molecular weight,
monosaccharide composition, and model saccharide structures known from

biology. .

Finally, the sequence model that has been found to be best according to the
steps 1-10 described above, will then be tested against "all triplets,
monosaccharide composition, prior kndwledge on the molecﬁlar welght and
structural composition of the saccﬁaride, and predictions from biologically

existent similar structures. By such repeated testing, the contradictions



Finally, the sequence nodel that has been found to be best acg q‘pz}]%the
steps 1-10 described above, will then be tested against all iple

NoNosaGgHahkdees Conposi tion, prior know edge on the nol eqq-_L,?, g ght and
rom Di

structural conposition of the sacchari de, and prediction ol ogically
existent simlar structures. By such;—epeat ed testing, the contradictions O
3 Nov 2003 WD 00/ 68688 PCT1lL00/ 00256 between the avail able data and the

sequence || enty.fi e s

adapted. (EOHETe ARE, BPFIAYR: Bt A0, e olRRR odd e HARRER. TRENK: 1)

(GM D) anpk¥bis the srélthén@@ﬁwcm idh@a@fed t@fbemh:&e@eaeﬁt thé 8at0 denonst rat e

the application of the GMD technique to the anal ysis and conpari son of

m |k sanples. A Menbranes and 1" |l ayer |lectins: The supporting surface

used in the experinents described hereinbelowis a nitrocellul ose

menbrane. The nenbranes were prepared as follows: 1. Nitrocellul ose

menbranes were cut out and their tE§a§%¥gqpe mar ked out into an array of

9x6 squares (3mmR each square) The menbranes mere then placed on

absor bent pap- 1vopl 5 (M ED o fa neady$is amiplest h a pen. 2.
| ecti ps. wer e re end din wa I on of

Lyophi | It nal
1%13}0 n1I ! %ﬁl@ AHE el ERife X3P ‘? r’l €a ?fnﬁnﬁgﬁﬁe?(rt}l’e %BSHF?QE\I“ %“O/ﬁ’d?oﬁﬂzbser um
al bum n) ¥k %%FS dg@fgagg_gdléc?nglg opﬁhgtslagﬁ,lé§ added to one of the

28 squares on't | cate ading in the followng illustrative
representation of a typical bI ot: 0 3 NOV 2003 WO 00/ 68688 PCTI 1L00/ 00256
.54 The Ie% used |g t >i§er| ment are listed in Table 11. Table 11

embranes and 1%t ayer tins:
The supporting surface used in the experiments described hereinbelow is a

nitrocellulose membrane. The membranes were prepared as follows:

1. Nitrocellulose membranes were cut out and their top surface marked out
into an array of 9x6 squares (3mm? each square). The membranes were
theh placed on absofbent paper and the top left square of each one marked
with a pen.

2. Lyophilized lectins were resuspended in water to a final concentration of
lmg/ml. The resuspended lectins (and a control solution: 5% bovine serum
albumin) were vortex mixed and 1 pl of each solution is added to one of the
28 squares on the blot, indicated by shading in the following illustrative

representation of a typical blot:




Lecti nManuf acturerCat. No. WGAVect or MK2000 SBAVect or MK2000 PNAﬁmNy@OO
DBAVect or MK2000 UEA | Vect or MK2000 CON AVect or MK2000 RCA | Vect o

| Vect or MK3000 SJAVect or MK3000 LCAVect or MK3000 SwgaVect or MK3000 |

PHA- L \We0 bos8688000 PSAVect or MK3000 AAA- PHA- EVect or MK30MSTARR/R03SEnLE- 408
LCASI gmal9267 DSAlI Si alL2766 APA- WGALeuvenLE- 429 Jacal i nLeuvenLE- 435 5%
BSASa onML21-033 3. The prepared bl o.t4$ were placed in 90 nm petri dishes.
4. The blots were bl ocked by addi ng *#0 each petri dish 10 m of any

sui tabl e blockln lutlon wel. | knowntoth ed artisan (e.g. 5%
bovi ne s&PPREFting kglﬁ‘?ﬁ?mt ig experiment AL listed iny ‘%iﬁ& he blots in the bl ocking
solution were agitated gently by rotation on a rotating table (50 rpm for
2 hours at room terrperature (or overnight at 4 C, without rotation).

Table 11
Lectin " | Manufacturer | Cat. No. l
WGA Vector MEK2000 |
SBA Vector MK2000 |
PNA Vector MEK2000 :
DBA Vector MEK2000 |
UEA1 Vector MEK2000 i
CONA Vector MEK2000
RCAI Vector MEKZ2000
BSL I Vector MEK3000
SJA Vector MEK3000
L.CA Vector MEK3000 i
Swga Vector MEK3000
PHA-L jector MEK3000
PSA Vector MEK3000
AAA - - .
PHA-E Vector MK3000
PNA Leuven LE-408
LCA Sigma L9267
DSA Sigma 12766
APA . .
WGA Leuven LE-429
Jacalin Leuven LE-435
5% BSA Savyon M121-033 |

3. The prepared blots were placed in 90 mm petri dishes.

4. The blots were blocked by adding to each petri dish 10 ml of any suitable
blocking solution well known to the skilled artisan (e.g. 5% bovine serine
albumin).

5. The dishes containing the blots in the blocking solution were agitated
gently by rotation on a rotating table (50 rpm) for 2 hours at room
temperature (or overnight at 4° C, without rotation).

6. The biots were then washed by addition of 10 m]l washing solution to each
petri dish. Any commonly available buffered solution (e.g. phosphate
buffered saline) may be used for performing the washing steps. The dishes

were washed by rotating gently (50 rpm) for 3 minutes. The procedure was



6. The blots were then washed by addition of 10 ml washi ng sollud iNQV 280Fach
petri dish. Any commonly avail able buffered solution (e.g. phosphate
bufferéﬁog‘é{fq‘%) may be used for performing the washing ng"ég%o!““ﬁfe di shes
were washed by rotating gently (50 rpm for 5 mnutes. The procedure was O

3 NOV 2003 WO 00/68688 PCT! I L0O0/ 002 -55- perfornmed a total of three

times, discarding the old washing solution and replacing with fresh

sol ut i on Rezfrmedia . toml ofgidire gimes, distardingphesoldrivashing sehitpireandsed wer e
as follows:: 1. Bovin HT Jlong-life.mlk (3% fat) obtained from Ramat

haGol an SEFHJC&" %Ilg} §'§fLL f?lbl?mgf’ffgﬁ?e‘z. Past euri zed goat's nmilk, obtained
from Mechek dairies, Israel (lots 1 and 2); 3. Non-pasteurized goat's

m | ked obtained as in 2. (lots 3 and 4). The mlk sanples were diluted to
10 % v/ v BrAddiponmfimdk ekmplest of each sanple applied to separate blots.

Duplicate blots were prepared for each of the aforenentioned mlk sanples.
In addition a further pair of blots were prepared wi thout the addition of

sacchari 4§ MEABHYRs ©QBd WRlré as Filfowd:0t s were then incubated at room

tenperature wth agitation for one hour. C Colored lectins: Fromprior
knowl edgd. ®oviree UkH deegelifeamilite 3¢0fmppsbtained dforh Hamiak haGdas dadriegnd by

application of a ter program based on the al gorithm- described
her ei nbellﬁ‘iﬁe?ﬁloﬁﬁggg&gi 7, the following colored | ectins were chosen: Con

A, WA i f . . . tion.
B o Bl Skl 544 RO ARREEL| NEANAG Pt o
2),

3. Non-pasteurized goat’s milked obtained as in 2. (lots 3 and 4).

The milk samples were diluted to 10 % v/v and approximately dml of each

sample applied to separate blots.

Duplicate blots were ‘prepared for each of the aforementioned milk samples.
In addition a further pair of blots were prepared without the addition of

saccharides (negative control).

The blots were then incubated at room temperature with agitation for one

hour.

C. Colored lectins:

From prior knowledge of the monosaccharide composition of the milks
tested, and by application of a computer program based on the algorithm
described hereinbelow in Example 7, the following colored lectins ;vere
chosen: Con A, VVA,

-

A mixture of these two lectins was prepared in washing solution, such that

the concentration of each colored lectin was 2 mg/ml.




0 3 Nov 2003 WD 00/68688 PC IIL OO O0OMZ556 56 500 | of each Ioa%gﬂyn%@awas

I ncubated on the blots prepared as described above. Each bl ot e

both by nmeasuring the fluorescence of fluorescein at 520 nm and, in the

case owotovés6Bs ot i nyl ated | ectin, measuring the signal ®cThhénnbdd bl ue

col or produced follow ng reaction of biotin with an HRP-streptavidin

solution The results obtained for thg FITC | abel ed and biotin-Iabel ed

| ectins are given in Tables 12 and , respectively. The results presented
presents a

in th t abl d 0tg 3 .. Wh in. 0
!singnalestefwgt!ﬁi %fegatf" rge\ﬁ/gﬁ%%gwgg%g%tﬁgaﬂm%ﬁgﬁﬁﬁrP‘i%trE’%?‘i§5r esgried opr esent

posi ti veyhpvelnTash HISPRME raal f ' RS L§S |

obtained in thé1 no-§acck$§rgiti£etgoﬂr%{#g#%nﬁ%o%%?gh?%e&n@{ﬁ%%wD) cards

obt ai neditfa26nminhasd, ie dhiet caseosf thedsiveinylated lgodh, smeddusifg ke sigrand 2) '
and bovine mlk are shown in -

non-.past eur.i z oat's mlk (lots d 4) il )
Fig. 1 (¢ the E,Chgei’ég%t??}@w??o‘&ﬁ?@ﬁ WitghJFeastioncof fioting aviphh ame shown

in one rgpRpiERthefdintBlidight at the top of each card 1. D. Interpretatian
of results: ST%? bO\ﬁHr%e n‘ﬁl sanple yielded a GM D indicating that the

pol ysaccharide in the sanple contains saccharides that yield positive

results, for lectins specific for: a. glucose/ mannose (ConA, PSA and LCA);
b. d CNQILbe( mﬁgﬁnegmﬂy.ﬁ fove the st idifr-lakeded and dpkinslabsless leqtinsdade posi ti ve

results tor: . an / o] R n . .b. G DSA): No
di 1 er ofies in ffeacb?’f%q%i%&“? 33 3’8 e%%%ﬁ“'t h?é? %Fg“#g?%‘ée&e%eg 6%32‘?%%. 03
Nov 2003ables are measured on a O to 3 scale, wherein 0 represents a signal that is

below the noise level, and wherein results of 1-3 represent positive signals

(above noise) following subtraction of the results obtained in the

no-saccharide control.

Glycomolecule identity (GMID) cards obtained from these results for
pasteurized goat’s milk (lots 1 and 2), non-pasteurized goat’s milk (lots 3
and 4) and bovine milk are shown in Fig. 1 (A to E, respectively). The
positions of lectins 1 to 24 are shown in one row from left to right at the top

of each card 1.
D. Interpretation of results:

The bovine milk sample yielded a GMID indicating that the polysaccharide
in the sample contains saccharides that yield positive results for lectins
specific for:

a, glucose/mannose (ConA, PSA and LCA);

b. GlcNac (WGA and DSA).

The pastehrized goat milk samples yielded positive results for:
a. glucose/mannose (conA, PSA and LCA);
b. GleNac (DSA).

No difference in lectin reactivity between the lots tested was observed.




WO 00/ 68688 PCT/ |1 LOQ 00256 -57 The non-pasteurized goat m |k suagrghﬁ\bg@ni a
positive reaction for: a. glucose/ mannose (ConA, PSA and LEA)Y YD C
(DSA). In summary, the bovine mlk differed fromthe goat's mlk in that

only tReoofiedsp®er reacted with WGA. There was essenti al | o0 BidchEr ence
between the pasteurized and non-pasteurized goat's milKk sanples, with the

exception that the signal intensi ty swas significantly lower in the
pasteuri zed sanples. 0 3 NOV 2003 WJ”"UuMooad -58 4S11VW.vv~-/V

:c\kr) 2&&&&&%@0&5&%%%;2%% go'%‘n)fﬂ]z %a%nsplg glavle\l.za.:ﬁosiiéi\sfé refeion for: ~ "1
a. glucose/mannose (Cond, PSA and LCA);
b. GleNac (DSA).

In summary, the bovine milk differed from the goat’s milk in that only the
former reacted with WGA. There was essentially no difference between the

pasteurized and non-pasteurized goat’s milk samples, with the exception

that the signal intensity was significantly lower in the pasteurized samples.
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Example 6

Glycoinolecule identity (GMID) analysis of lipopolvsaccharides

A GMID analysis was performed on five different bacterial
lipopolysaccharides obtained from Sigma Chemical Co. (St. Louis, Missouri,
USA)(LPS#1, 7, 10, 15 and 16), essentially using the method as described in
Example 5, above. The colored lectins used were ECL, WGA, WA and SBA.

The GMID cards obtained for samples LPS# 1, 7, 10, 15 and 16 are shown in
Fig. 2 (A to E, respectively). It may be seen from this figure that the GMID
cards provide unique “fingerprints” for each of the different
lipopolysaccharides, and may be used for identifying the presence of these

compounds in samples containing bacteria or mixtures of their products.

Example 7
Method for selecting colored lectins |

A number of factors must be taken into consideration when selecting colored
lectins for use in the method of polysaccharide analysis illustrated in
Examples 5 and 6. Among these considerations are the need for each of the
chosen lectins to have a distinguishable color or other detectable marker,
and for the need to reduce interactions between lectins. A flow chart
illustrating an algorithm for use in colored marker selection is shown in Fig.
3. The algorithm shown in Fig. 3 begins with the selection of n colored
lectins (or other detectable markers) 101, said initial selection being made
in accordance with information obtained about the partial or full
monosaccharide composition of the saccharide to be analyzed. In the next
step 102, the colors of the selected lectins are examined in order to check for

identity/non-identity of the colors selected. If there are identical colors in

the selected group, then the process proceeds to step 103, otherwise the flow
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G yconol ecul e identity (GM D) analysis of |ipopolysaccharides A GMD

anal ysi¥viE®eprerformed on five different bacterial |ipopelyseaeebrari des

obt ained from Sigma Chem cal Co. (St. Louis, Mssouri, USA)(LPS#1, 7, 10,
15 and 16), essentially using the nejghod as described in Exanple 5, above.
The colored lectins used were ECL, WGA, WA and SBA. The GM D cards obt ai ned

for sanp : 1 | R Rivg. ( 0,
respecti \l?g?cf;e.ﬁ%&l’rlrg;e%éggéeﬁl ?%g’mi?%ﬁaiﬁ% ?g%l#ﬁlﬁs l!t é %@I %etncfgrﬁag provi de
uni que " fto hgeepr hom-ainifoe coRehisafepldveddhyf haotimr letiinabal trisadiaoithes, and
may be used for j.dentifying the presence of these conpounds in sanples
cont ai ni ﬁ@ml?ag%"édr-‘-l“ﬁ eAtempsf (Elaat 3. oReithas, Basidhe. samgnmanozacpbarids f or

sel ecti ng; r Ly fa t | nt

consi dergfrlﬁgkg eﬁﬁgﬁ}gcﬁhﬁgﬁéy g:{rgcgéedlsegc% %rli]%p 1&0@'t 'uls)lgn isggfhr&ed‘ﬂre@ﬁoﬁ of
pol ysaccheéletsdd Rbtihy%re. teistddish lortlefl td Metdotadi)} efos3-raBetifity WRRGakhese
consi derations are the need for each of the chosen lectins to have a

di st i nguptheabpradspitbrthernan-peloreddessinsonsedrin keg firstast@cemf thranethod t o

ol gor 1 t hAPRBIOs BORIRERT Bt SRR 2ol U RPoRRTAc b TR, ¢hen The
process continues to step 105, otherwise the flow proceeds to step 106,
where the algorithm ends. In step 105, one of the lectins determined to
cross-react with another lectin is replaced by a lectin which does not
cross-react; the flow then proceeds to 102. The algorithm ends with step
106.

It is to be emphasized that while for values of n which are small, and for
saccharides with a simple monosaccharide composition, the above-described
algorithm may be applied by the operator himself/herself manually working
through each step of the selection procedure. Alternatively (and especially
for cases where n is a larger number or the monosaccharide composition is
more complex), the algorithmic processes described hereinabove may be

performed by a computer program designed to execute said processes.

The above examples have demonstrated the usefulness of the method
described herein. However, they have been added for the purpose of
illustration only. It is clear to the skilled person that many variations in the
essentially sequence-specific agents used, in the reaction condi‘tions
therefor, in the technique of immobilization, and in the sequence of labeling,
reaction and detection steps may be effected, all without exceeding the scope

of the invention. -



3. The algorithmshown in Fig. 3 begins with the selection of igt%q@a\f)r ﬂia
| ecti.ns (or other detectable markers) 101, said initial selectio r‘@
made in accordance with information obtained about the partial or full
nonosacchari de conposition of the sac@aride to be anal yzed., In the next
step 102, the colors of the selected lectins are examned in order to check
for identj tél non-identity of the colors selected. If there are identical

colors in el ected group, then the process proceeds to step 103,
otherwise the flow O 3 Nov 2003 -61 proceeds with step 104. In step 103,
one of the lectins that has been found to have a non-unique color is

repl aced by another lectin that belongs to the sane binding category (that
is, one that hag the raelplot¥-te i hindi EANY . .the flow
proceeds to ste% 10i§§?ﬁﬁgtep %%ﬁﬁgﬁﬁgﬂﬁamggﬁg%?gﬁ§#§@¥9%%C%¥é“?3%?€ﬁyin
order to dewdecthestepsef oss-reactivity with each other, and with the

non-col ored-l ectiins used .n the first stage of the thod described

her ei nabove in @xanﬁFaeC%gg hﬁefsa%;ﬁ%féds?-"?’@aa&ui“&’lef eﬁ%ﬂ?ﬂd@%&?ﬂﬁ?%ﬂ@?ﬁ%ageﬁ} ocess
continues taableepciéding Bt Bethire clidig wheRM RiearRds dpocist 8RnkG& Where the
algorithmends. In step 105, one of the lectins determned to cross-react
wi th anot h&PPPREEGdthe samesibsialéd by a | ectin whi ch does not cross-react:
the flow then pgocegds.tih® hbQiecchddie vAndQ ekdehss it isto
be enphasizpd_tﬁgt mhile?for val ues of n %ﬂﬁ%ﬁ@gﬁgﬁ%ﬁﬁfﬁﬁgﬁﬁaéggyﬂéBf
sacchar i debingingfio theshqeptredenpnosacchari de conposition, the above-descri bed
al gorithm may bg, appl]j t e hi f/ hersel f manual I.y..wor ki ng
t hr ough each stgp 018 Lljfrﬁe g Iae]c%l1 lg'ﬁo %‘?%)ag(téh(?ﬁlrdg%ﬁiﬁrtdg'racﬁ%tolr mrﬁa%dﬂﬂxcgg%@'& ally
for cases wiverfe labeles easeh@allysequencsbepecific agehecapalidosttediay theleacelymaesi tion i s
nore conpl ex), the al gor.ithm c procgss descr i bed_ herei nabove may be
performed by a é)orrpu‘%egerd"&g B P&ﬁ?"&%gﬁgﬁE’Eelt"&feé%éﬁeat”éﬂgéwlwwé@@was The
above exanplessnt BAdH réREOMRSI 86 cleb@gtisRhuhapbprefent he met hod

2. A method for the structural analysis of saccharides, comprising the steps of:
a) providing a saccharide;
b) reacting said saccharide with a number of first essentially sequence-specific

agents, wherein said first essentially sequence-specific agents are immobilized the same
substrate,

c) reacting the saccharide or fragment thereof with a second essentially sequence- |
specific agent,

d) reacting the saccharide or fragment thereof with a third essentially sequence-
specific agent; and

e) optionally, repeating steps c to d using at Jeast one different second or third
essentially sequence-specific agent;

wherein steps a) to €) may be camed out using the same saccharide in parallel
mdependent reactions, using at least one different first, second, or third essentially sequence-
specific agent, wherein the saccharide is labeled and/or one or more of the said first, second,
and/or third essentially sequence-specific agents is labeled or introduces a label to the

sacchande, and the label 1s detected at one or more of the steps subsequent to the step wherein



descri bed herein. However, they have been added for the purposge,of
illustration only. It is clear to the skilled person that nanﬁlaaNﬂﬁtmmas
in the essentially sequence-specificgagents used, in the reaction
conditions therefor, in the technique of inmmbilization, and in the

sequence of . l.abeling, .reacti and detectjon steps be effected, all
wi thout - exkisdaFRyerhand ¥Eh P araviio i P Bnes sy Botrsonse toHd s 1. A
met hod f oreseditiailNbdd@erfbspechfity Sehie s @shviRlage®f Ssacchari.des, conprising, in

any order, the steps of a) reacting the saccharide with a nunber of
essentially sequence-specific agent capable of cleaving the saccharide

chain, wherein paid gsgn %ﬁ%?clﬁﬂﬁg}vyggin\%gfe%gt%ng!épthe h{gg'aap‘{'o@h,zo%ghﬁdﬁe%se%ﬁ

substrate, b) reacting the sacc an essen sequence-specific
agent capatrqeenot-spdgifincigagts isominindilzad ctterdidsid Tymobilized dgit isgoathe akyehtidlligt o

t he sacchari de, eit@gr diR@cHl. or.indirectly including the use of a

| abel ed es¥8RTICAISPSF RIS %%élﬁcﬂ‘?agag&‘éig?ﬂt' capabl e of binding the
saccharide, d) detecting the presence of the |abel in reactions where the
cl eavage agent was resent and in reactions where the cleavage agent was
not present. 2.4A rsthol of cleme2.srherran thedirst gprapyadly seqypnasfipedifie aagatis a
conprisingc$g5,§&§ﬂg of a) providing a saccharide; b) reacting said
sacchari de mﬁt% a nunber of first essentially sequence-specific agents,
wherein said first essentially sequence-specific agents are inmobilized the

same substrate, c) i cchanide or fr nt thereof.wth .a
second essenti a?'l y s%%ﬁﬁ?g e%? °1t§‘g‘gf:‘1 |ege“g81§ r?? ?Ong SSF‘%%QE F?\qg‘;m%cﬁésl:’%cé%ccif%flﬁ 'de or
fragnent timemedlized.th a third essentially sequence- specific agent; and e)
optionally, repeating steps ¢ to d using at | east one different second or

third
6. A method of claim 6, wherein the cleavage agent is a glycosidase or

glycosyltransferase, the second essentially sequence-specific agent is a lectin, and the third

essentially sequence-specific agent is an antibody.

7. A method of claim 2, wherein the third essentially sequence-specific agent is a

cleavage agent or a lectin.

8. A method of claim 2, further comprising the step of deducing the sequence of

the saccharide.

9. The method of claim 2, wherein the third essentially sequence-specific agent is a

glycosidase or glycosyltransferase.

10.  The method of claim 2, wherein all first sequence-specific agents are

immobilized on a single substrate.

11.  The method of any one of claims 1-3 or 7-10, wherein the first essentially

sequence-specific agents are selected from lectins and antibodies.



essentially sequence-specific agent; wherein steps a) to e) rraﬁsi)wr nzgd
out using the sanme saccharide in parallel independent reactioNs HZB t
| east one different first, second, or ghird essentially sequence- specific
agent, wherein the saccharide is |abeled and/or one or nore of the said

first, second, ..and/Qr third_.essentially sequence-specific agents is

| abel ed or int rlgducé@wg"qt&é’géﬂf a?yoonfﬁétahegéf‘é‘ﬁ‘é% ?%EH%’,S “iEs e sqcapser thigd det ect ed

at one or d@ern@alg,f sehb&c%ﬂﬁc%éaﬁ%ﬁlﬁgosﬂﬁaﬁsﬁ@aséTtlﬁPinYi’Gé%Ic@é DMaPercy Nov 2003 - 63
u

it is introduced, and with the fur proviso that at |east one of the
first, secféﬁépsﬁchilmﬂer‘@“Oé@stémaicémh?&sequence- specific agents is a cleaving
agent. 3. A nethod of claim2 wherein at |east one of the first, second, or
third essentially sequence-specific agents is immobilized, wherein said

i obi | i zed agedt i SThaatethddef elamed vhakinymors dguene Rbapeaid bl agestthwhi ch is

t he cl eavage .agent. . 4. met hod of claim 2, wherein the first essentially
JRRIT Vet l%ﬁé?ﬁaﬁleéﬂiep%qea

sequence-s age agent. 5. A nethod of claim4,
wherein the second essentially sequence-specific agent is imobilized. 6.
A nmet hod of claim®6, wherein the cleavage agent is a glycosidase or

gl ycosyl t r ansf eifase, Thetethod b alging 3 sdipreinghe secendopnd tluul esgratiali sequegent is a

lectin, angd.tiRe.tddhd He ol t ; - ' I s -Aan.anti body.
7oA et hod=op af ardepRRRER b G RS BB S L y E eh L
agent is aby ztleagagdusigerndidiongsd thettdne of Siid Asemtibpetqodince baicific 2gerftaiist her

conprising._the st of deduci.ng.the sequence of the ccharide. 9. The

met hod of € %fvﬁﬁa‘ﬂ?’?\%aéFlé%nﬁe’twggflﬁio f%%‘é’ﬁﬁﬁ%’ ﬁqqflvlcg'éﬂﬁﬁgﬁ@‘é?’gbse"lff‘?"i“ﬁd'agent i's
a glycosidase or glycosyltransferase. 10. The nethod of claim 2, wherein
all first sequence-specific agents are, immbilized on a single substrate.
11. The net hod lr;‘?r aﬁﬁlﬂd?réh%roa}elaav fravherein s5yeral thigd esigndialby seapenec-preeidic

es ts egt ijal | YenBRAKIRIACE sifRRGIbh Ty, BOERE StidhiBd S St 8 ofheORy) J8GhINR vRRL
ant 1 bodil es.

conditions, so that one or more of said essentially sequence-specific agents is inactivated by

that change, while another essentially sequence-specific agent is activated.

16.  The method of claim 14 wherein one or more of the third essentially sequence-

specific agents are glycosidases or glycosyltransferases.

17. The method of claim 2 wherein each of the first or second essentially sequence-

specific agents is immobilized on a separate unit in a virtual array.

18.  The method of claim 17 wherein the array is a multi-antigen-serological

diagnosis array (MASDA).

16, A method for analyzing the structure of a saccharide by sequential digestion
using a glycosidase, or an equivalent thereof, said method comprising the steps of

a) blocking the reducing end of the saccharide;

b) exposing a further reducing end by incubation of said saccharide with a
glycosidase, or an equivalent thereof,

c) labeling said further reducing end,



0 3 NOV 2003 -64 12. The nethod of any one of the preceding clai in
the second or third essentially sequence-specific agent is aﬁnﬁombf
gl ycosyltransferase that introduces a.Label ed nonosaccharide unit onto the
saccharide. 13. The nethod of claim 2 Wwherein nore than one | abel is used
and each of the, label.s used is detectable jpdependently. 14. The nethod of
clai m 2 wherei it he RHEGRY ERETRHTIFRY a§s‘ésé}$t41§?r? SHTER 0T EPBalenisc agent s
are presenge@bfthe sane tinme in the reaction, but are activated one after
the other by a change in buffer conditions, so that one of said
essentially sequence-specific agents is inactivated by that change, while
t he ot her essenyq all i i e, | ctivated, . 15. The net hod
of claim 2 V\hepiedl'n sﬁé\l}%ﬁ%?%g‘ ﬁﬁ%&g?éefegr?t% F%%]%?é%ﬂ%ﬁ%@@%%g 19 Cgalma%ent s are
added si nuivhanmciaglays gdhtredoaceordmg itvit edtimdef albingr? ddd 9pirddenididtaarclhadge i n
buffer condit.iaons, ao i&hat one or nmre of said essentially
sequence- sfERyIPFongQ dtedromyderiye stpyctuzg! dnfopRatiop qu thespechgride. whi | e anot her
essentially sequence-specific agent is activated. 16. The nethod of claim
14 wherein one or nore of the third essentially sequence- specific agents
are gl ycosi dasedl-or Aymeswdyorat kaspartigdedeterprmingy geqyeiic 962 sfccleride.m 2 wherein
each of thg,fifsl,.or second essentially sequence- specific agents is
i mmobi |l i zed on a separate unit in a virtual array. 18. The method of claim
17 wherein the datermymingpattemslof bindmg iofe plusditiodiognohllizedigyn os sxd sacclayide
(MASDA) . 19. h r_anal yzi t he.structur f_a saccharide by .
sequenti al grcﬁaéﬁess%?%hgﬁge ﬁgﬁnﬁeé]?saa né Iogi(;:ﬁ%glln%%%?m‘g?lbaorﬁ éaglﬁ'?‘%téﬁ S%'ﬁitsa%ch%r% ol ?éalgai d
met hod conpactlsaride filapmems.eprl of a) bl ocki ng the reduci ng end of the
sacchari de; b) gX 0Si n% a furgher redyci ng eand by .i.ncubati on og ,ssi d
sacchari de wi t hTOATTE 30 EgY PANEES AR ORI RN T TP TOIHRS Bt PetEms pLatNEy sai d
further redmeienOsa@ishites dreNeMriBOBacc@irdlio apbhpMald: y, repeating steps a-c
usi ng different )gl ycosi dases, or_ equivalents

a

providing on a surface of a substrate a plurality of essentially sequence- and/or

site-specific binding agents, wherein a number of the plurality of said essentially sequence-
and/or site-specific agents are immobilized on the same surface of said substrate;

b) contacting said surface with a saccharide to be analyzed, or with a mixture
comprising a plurality of fragments of said saccharide;

c) washing or otherwise removing unbound saccharide or saccharide fragments;

d) adding to the surface obtained in step ¢} an essentially sequence- and/or site-
specific marker, or a mixture of essentially sequence- and/or site-specific markers;

e) acquiring one or more images of the markers that are bound to said surface; and

) deriving information related to the identity of the saccharide being analyzed

from said image.

22. A method according to claim 21, wherein the markers are chromogenic binding

agents, and wherein the images of the markers are colors that develop on the surface.

23. A method according to claim 21, wherein step f) comprises visual inspection of

the surface and comparison with a standard.



t hereof. 20. A nethod of analyzing the structure of a sacchari ﬂg# Wrszg
to claim2, wherein data are gathered according to the nethod ali 2
and 19, and said data are used in co%gi nation to therefromderive

[

structural information on the sacchari'dé. 21. A nethod for at | east
partially determ ning a sequence of a saccharide, conprising: determ ning
patterns of bindtng HMEEP EefoxlNg {p cdpmiddywhairein stepl Dagentises ths usapfioptiselchar i de
or said saggharide fragnments and of binding of a plurality of markers to
said saccharide or said saccharide fragments,; and form ng at | east

partial sequence information by conbining said patters of binding, wherein

sai d patterns def ermi ned accordin o] conprising:. a) providing on a
surface of a sa%sgt ra(% gleg}oglaﬁcfoécﬁﬁ{?chﬂ'”%@és‘@ﬁet“?%g@?/e)sfé’all?élﬁ‘??éj-ho@ﬁ’aplé‘flg

si t e- speci hidtorligidiingthegmnges, wherein a nunber of the plurality of said
essentially sequence- and/or site-specific agents are imobilized on the
sane surface of said substrate; b) contacting said surface with a

saccharide to bg anal yzafd a&ror%}%né {\/Z:’/a c@w{ﬁ‘%f Whétein ﬁ{%@{ehﬂ]f?}'g‘ﬁ%ﬂ\;?&ﬁ% %ﬁdﬁl %rts (1 Of

fragments of said sacchari de; or otherwse ound
sacchar i despseifis birehng dgduts fredeptiont s;  d) adding to the surface obtained in
step ¢c) an essentially sequence- and/or site- specific marker, or a mxture
of essentially sequence- and/or site-specific markers; e) acquiring one or
nore i mages of 2The nimegiod atdvadingitor 1N fwhedeis Bietbs&ufif B ueadtd and/dr ster i vi ng
information r %tedg’é&to t he ide%tlty of the saccharide being analyzed from
sai d i mage PeSRIC TGRS HE0fS AT "to claim 21, wherein the narkers are
chronmogeni ¢ binding agents, and wherein the i mages of the markers are
colors that develop on the surface. 23. A nethod according to claim 21,
wherei n step f)2tonptinedwdppending iorrdamc2; wherein thetepsentalbyfsaquenemandtwmiar i son
W th a stagdafd chfbnbgR¥ bindfs apdfs ag?t:ol@reﬁ?etcf?ﬁs? according to claim4l,

wherein step f) conprises the use of optica ilters.

29. A method according to claim 22, wherein the essentially sequence-and/or site-

specific chromogenic binding agents are fluorescent lectins.

30. A method according to claim 22, wherei the essentially sequence-and/or site-

specific chromogenic binding agents are biotin-labeled lectins.

31. A method according to claim 22, wherein the essentially sequence- and/or site-

specific chromogenic binding agents are fluorescent antibodies.

32. A method according to claim 22, wherein the essentially sequence-and/or site-

specific chromogenic binding agents are biotin-labeled antibodies.

33, A method according to claim 41, wherein the essentially sequence- and/or site-

specific chromogenic binding agents are enzyme-labeled antibodies.

34, A method according to claim 40, further comprising treating the saccharide with

an essentially sequence-specific agent capable of cleaving the saccharide chain.



25. A nethod according to claim 21, wherein step e) conprises nggvaﬂqgng
and/or* digitizing the inmage. 26. A nethod according to claim 21 e

the essentially sequence- and/or site- ?peci fic binding agents are |ectins.
27. A method according to claim 21, whéfein the essentiall y sequence-
and/or site- specific binding agents are antibodies. 28. A nethod according
to claim22,” whelein PtFi‘éth@%§Q§ﬂ{dFIEItP9la§7eq'ﬁseﬂ®esi1aﬂndbmh$idte&tréﬁ&ﬂ%fdr@being
chronogeni cobiabdbRgmageR-Scar € colored lectins. 29. A method according to
claim 22, wherein the essentially sequence-and/or site- specific

chronogeni ¢ bi nding agents are fluorescent |ectins. 30. A nethod according

to claim 22, m§%ei n the. e sentdl al |y sequence-and/or site- specific
chr onogeni ¢ bi ndi’hg AyBRPED &Ferdpiede Fiain Aherherpin e sacekarids is. treatedmfttidmoval

accordi ng tof uabaindsaethadRehR bBfotd MR S Wbl ge-..and/ or si.te-
specific cgqr’,or_mgeni ¢ binding agents gre f%eﬁlgél s%@%ygé;?ﬂef’gﬁgﬁrgg’f’g@é‘? A

met hod accd¥RfiRgagedtsc| ai m 22, wherein the essentially sequence-and/or site-
speci fic chronogeni ¢ bi nding agents are biotin-|labeled antibodies. 33. A
met hod according to claim4l, wherein the essentially sequence- and/or

site- specific Gfrondgmethod icodinggo agedfiching Bl-86) ZyeR @b el ede ant & Eeé’ﬂb&?

]
34. A neth ording to.claim40, further conprising treating t
sacchari.d e%\%" t%/ %%reénn{hg g%“%‘?ﬂ‘*ﬁé FWG‘?&&H@R@@%&@ geRrangsd éha preaisfingdeordér aplseidvi ng
t he saccharfildepgleai n. 0 3 NOV 2003 -67 35. A nethod according to claim 54,
wherein the saccharide is treated before being contacted wth the surface.
36. A nethod according to claim 35, wherein the saccharide is treated after
renoval of unbound saccharide, but before adding the essentially
sequence-speci fic chronogenic binding agents. 37. A method according to
any of clains 21-36, wherein the surface is a filter paper, and wherein
the essentially sequence-specific agents are arranged in a pre-defined
order on said filter paper.




