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present patent application is based on, and clains
priority from U S. provisional Application No.

60/ 929, 163, filed June 15, 2007, which is incorporated
herein by reference inits entirety. BACKGROUND OF
THE INVENTION 1. Field of the Invention [0002] The
present invention relates to a systemfor describing

R R e
@ ycans are conpl ex & %T (i chari des t hat

play critical roles in several structural and

nmodul atory functions in cells. Although glycans are
considered as one of the nost inportant classes of

(RS REEBRENCH TORELATEp APPEICOATION® devel opnent  of
informati cs nethods to support and advance their

research has | agged behind those available for other
[0093ks of Th¢ pres¢nt patentoapiplicationrie basetl ope amdsclaingst priduity &om, U.S.
has been an increase in the availability of
ptoVisisriibApplication Dlel 6079251630 fikd Johy £32007witistsR SncdRsbrated herein
algorithms for -1 WD 2008/153504 PCT/ SG2008/ 000212
baREbEEE i8letiG@Ry, St ructures and their interactions

?Perez S, Mulloy B (2005) "Prospects for

gl ycoinformatics." Curr Opin Struct Biol 15:517-524
"("Perez et al."). Such disparity 1is minly

attributable to the structural conplexity of

car bohydrates conpared to the sinpler linear
BACKGROUND OFYE INYERTRORI ns. Wil e nucl eoti de and

am no acid residues can be represented by four and

twenty letters respectively, glycan sequences are

1. Field of the Invention

—

[0002] The present invention relates to a system for describing glycan structures

that can be easily stored and interpreted by computers.

2. Related Art

[0003] Glycans are complex chains of oligosaccharides that play critical roles in .
several structural and modulatory functions in cells. Although glycans are considered as
one of the most important classes of molecules after DNA and proteins, the development
of informatics methods to support and advance their research has lagged behind those
available for other types of data. It is only in recent years that there has been an increase

in the availability of informatics resources such as glycan databases and algorithms for
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conprised of a larger nunber of base residues and
contain additional information on Iinkages and

W@E@Qf?ﬁaﬁ‘aﬁ (von der Lieth CwW(2004) "An endorsleérﬁg(t;?oge)%{mzn

create open databases for analytical data of co

car bohydrates.” J Carbohydr Chem 23:277-297 ("von der
Lieth I"); Laine RA (1994) "A cal cul ation of al
possi bl e ol i gosaccharide isoners both branched and

| i nea ields 1.05 x SL.ruc ure

Y2k el Sehutine i Bitrartemtiondpbies Sabdiliog g E20S) Prospects
S|ngle nethod saccharide sequencing or synthesis o
for gy egigformatiog.d S OggyStstcr&ﬂ 48:P17-5A4 “6'Persg ot 2l,”). Such disparity
several research projects suffer fromthe |ack of a
is uatimlp | atriblingbleato ther statcturdl adompbestity ofecuterhydiayes aconsiaral fo the
freely available to other researchers and

sirfpley mﬁf ahicturé bf ONA and Efotéiﬂsp kiRt hiRTebtidey M Aifiino acid residues
Lieth Bohne-Lang A, Lohmann KK, Frank M (2004)

cafl By s@ﬁﬁﬂ Tt She/ GREAGSI ;ter%t ﬁgéé%%l 1 tgggén sequences are

requi réments a d perspectives

1 1 nece 0 deve
%P#ﬁ?%{ 9% okl By Qs FFDEE e PP AR jpformation on
I eprese tatl n of gl n.structures that is easily
lxaaﬁ&@s direnping, (vom; 1 wgh@%@me@aaamd@rwmt to Greate open
onputers (Brazma A, Krestyani nova M Sar kans
d@@b@@; forsﬂ@lmml datafof complex sabohydshtesyy J- Cawbahydﬂé‘her@éa &X77-297
:593-605. (00041 Currently, there are a few

(ﬁ@med’ﬂﬂ Latthr By Baine [Rabl(@994) ‘tesalculatiorgbf @Hnpossible oligosaccharide
structures, sone of which are illustrated in FlI GURES

itoderg botfh ®rantRACahd/BiMRar C?Jxélasﬁ st kON@(1 2) Rtr@éuledr foPUs Q‘educmg
and Applied Chemistry and International Union for -

h\é@sg&ﬂ%@3&g4l§3 % Sﬁ%@f@/ Qo%éaﬁpd%ﬁan drgu% %eﬁ{bq gacchande

Mol ecul ar Bi ol ogy) provi des exte revi ate

%@ﬁﬁ%‘%hﬁ‘% 89 sk X GERBIRS, A AL B S uerl rescare
kS T o e a.sattéﬁ ﬁ?aaﬁa@ (6 VoBHaEndH ghypen data

for i ndi vi dual nonosaccharide units, wth each unit
figely civpuahlete othyr wercasehsrerndcintrsenerably ior diffszentyapplications (von der
stereochem stry and |inkage informati on. The
Lieth CW, Bohne-Lang A, Lohmann KX, Frank M (2004) “Bioinformatics for glycomics:

status, methods, requirements and perspectives.” Brief Bioinform 5:164-178). Thus, it is
necessary to develop a simple, flexible and versatile data format for the representation of
glycan structures that is easily understood by scientists and also readable by computers
(Brazma A, Krestyaninova M, Sarkans U (2006) “Standards for systems biology.” Nat

Rev Genet 7:593-605.

[0004] Currently, there are a few nomenclatures available to describe glycan
structures, some of which are illustrated in FIGURES la-1d. The [UPAC-IUBMB

(International Union for Pure and Applied Chemistry and International Union for
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| UPAC descriptions are, however, anbi guous and not
sufficient to conprehensively describe all glycans in
a er readable format. To overcone this

wq ?‘ﬁﬁ%&%“o , LINUCS (Linear Notation for Uni qP J/SG2008/060212
description of Carbohydrate Sequences) was devel oped
to create a linear representation of the glycan by
ext endi ng | UPAC description along mﬁth t he glycosidic
|.i nkage i nformation (Bohne-Lang A, Lang E, Forste
Rmhe@@trymnétl\r{olevﬁar(l?zebgy) prem@mﬂefrqeﬂém abtaﬁ‘a@ﬁeé rﬁ°>ﬁ¢ &mﬂats to
uni que description of carbohydrate sequences.
faly drstrylotr gliRem BR6tufics (WcNawght tAT2 (1997 h Nerhénsldiure ofi catbghydrates”
G ycom nds' Linear Code which exploits a speci al
(feositimpndatibhe 1696). dé¥ CarborvdOChée Bisdhem 3%.431 ZMC Mhe Gibbreviated
(Banin E, Neuberger Y, Altshuler Y, Halevi A nbar O,

ﬂh‘bé—le@er Qb %n&f((r%@(ﬁ%hu&l%%‘éf&hﬁd&%ts \ﬁﬁg@ach unit accompanied

nonmencl ature for conplex carbohydrates.™ Trends

c n I h o)
iy SRhert REL S, i e%%é%,fs&?l%m@ DABAGEE GRS, he
ers i.n. this resentation. Recently, the
BT afeiftions i DOEEr AR OHEBS Aot i oA Hgaehsvely
also led to the proposal of XM.-based representations
dggerife o glycaas ip@tagmpyter sagdable forupty fhio OV ESEHTS thgsstimitatepm JINUCS
C, Sheth A, Henson C, York WS (2005) "G.YDE- an
(ElnpareNatiatien Xivl Usitjae descdptier off Gaboleyirde Sequenices) vafs developed to
gl ycan structure." Carbohydr Res 340:2802-2807) and
cfeate0s theat ifepteehitatibh of<@RBY AR 1A: exiridingAIUPAC tescHpti&igblong with
T, Shikanai T, Takahashi Y, Narimatsu H (2005) "The

ﬂ%ﬁ% d em BhiGig8 GG (BbIHPLan A AUAG &, @‘QQE‘? TMvdn d&Lieth CW

Scri pt| on of carbohydraté& structuures.

@f?a%&%@%?iearh%%ggfﬁ%%@%5é’%ﬁ T RSO Spquences
e dtes BoREDL qf?r%gf’eéia“c SHiF Torgl 7S Linear Code™
Wi oo 15 o B e i e R i 5,
carbohydrate-rel ated digital resources: online

Neubgrgent Y o Altstfulern¥, Haleviedi Wmbac @y b@h?dpakler As2002) Uh eovel linear
dat abase and GYCOSCI ENCES. de." Nucl ei ¢ Aci ds Res
cade iBéhckBbrk. for complex carbohydrates.” Trends Glycosci Glycotechnol 14:127-

137). The monosaccharide units and linkages are represented by one- to two- letters in
this representation. Recently, the growing popularity of XML as a data descriptive
langnage has also led to the proposal of XML-based representations of glycan structures
such as GLYDE (Sahoo S8, Thomas C, Sheth A, Henson C, York WS (2005) “GLYDE-
an expressive XML standard for the representation of glycan structure.” Carbo.f;y;lr Res
3?0:2802—2807) and CabosML (Kikuchi N, Kameyama A, Nakaya S, Ito H, Sato T,
Shikanai T, Takahashi Y, Narimatsu H (2005) “The carbohydrate sequence markup

language (CabosML): an XML description of carbohydrate structures.” Bioinformatics



[ 0005] Mammalian cell lines are ideal for producing
reconbi nant proteins that require post-translationa

W bhdss@t i ons such as glycosylation. Since PCT/SG2008/000212
glycosylation has an effect on various biologica

properties such as folding, stability and efficacy,
the quality of secreted proteins is dependent on the
consi stency of attached gl ycan structures. Thus,

t [ the conpl ex..gl ycosyl ati gn .reaction pathway in
23}#@% 2% There are additonal Tormass gyaighle for describing glycan structures
| ycosylation is a very active area of research
v e been revicwed glsewbérat(Péaz ef aly vaosder dgith &t Feukach P, Joshi HJ,
probl ens that the present invention is directed.
RahAEERYR (RnifdHEY | WuENE! Dt @O 7R007) “iShakgys of atonldivydeadistributed
primary object of the present invention to provide a

cabiRRRite Aitad idP%itaf sofiREE ! drilink LoBALAE of thd BhdkrRE cafRhydrate
can be easily stored and interpreted by conputers.
| ” * r
s bk 07 XL QNS (8 MU HERE R LENSR0 280,
of glycan structures that can facilitate the

Iopnep%nﬁﬁ : ' 1.5 1 .
[?hl?é e conpl ex %‘gﬁ %gg;ign%g agfé 8%%2%8%%@%@64& %ﬁblh&tsﬂr%xw that
PCT/ S&2008/,000212 009] It . is.still anqQther . object
renE RO POY AP MoHERaST by PPl at G Rt gt iaton has an
ha- nuneri.c representation of glycan structures that .
e@%ﬁ% %‘arlaesebltﬂ@stca{)a@esmesr é’ﬁﬁhe?éﬂ‘%é&gi’ SfAkility] angloetbipacy; theguality
still another object of the invention toﬁgrovide a
ofreacriell proteinsrie dependenti angthe isensistengy wofi pbached glychre stsucteres. Thus,
portion of an oligosaccharide. [00011] These and ot her
silyieg tls: ainpldxeglpcamshativn reactont pahway @ acdffeet®dcoatrobthe diversity
al pha- nuneric code, hereinafter referred to as the

of floyeOBlyGisy1ationl B a varphctivearédaTesseath.on of N- 1inked
gl ycan structures that are commonly observed in

secreted gl ycoproteins from
[0006] It is to the solution of these and other problems that the present invention

is directed.

SUMMARY OF THE INVENTION

[0007] It is accordingly a primary object of the present invention to provide a
compact notation for describing glycan structures that can be easily stored and interpreted

by computers.

[0008] It is another object of the present invention to provide a simplified alpha- -
numeric representation of glycan structures that can facilitate the development of

computer aided analysis tools to study these complex pathways.



engi neered mammal i an cell lines such as Chinese
hanster ovary (CHO cells. [00012] In one aspect of

' ntion, a six character al pha-nuneric '

w‘%@@%{hﬁg@ descri be glycan structures on the ba}éﬁﬁgﬁ%ifoﬁsmoozu

t he nonosaccharide chains attached to the different
branches of the core structure. In another aspect of
the invention, structures in the A@ycoDigit code are

esented. by, _seven digit-]etter pairs for an oqverall _
(0 eng't‘ﬁ stiffanp e PEst ofrfhe REEAtIIveptian o EMIGe a Smplified
conponent of the al pha-nuneric code allows for the
atphgranmsrie nrepofsentatinef fofr @hicsan opiesctres tad can atndanei tiénh based
to make conveni ent conparison of glycans based on the
repnesgotatiadspha- nunmeri ¢ code for each structure. [00013]
O her objects, features and advantages of the present
invention will be apparent to those skilled in the
[00d0Lipon E isesiili rapothier tdbjest syfiethief inverdtionntd pedvidé g nietted for
acconpanyi ng drawi ngs. -5 WO 2008/ 153504 '
r?%emséﬁmaafat%&p&mml sédchatids. DRAW NGS

00014] The invention is better understood by reading

the followng Detailed Description of the Preferred
[EB0DMi menThesaiahd) othef 66jedts 6f the piddentASEANHR AN AeBicUEENY Mdalpha-
figures, in which like reference nunerals refer to

n{'.lzlllngl% S RMBAERa R RRAREYW as AREGITLoYiE Bode 1P l@fkﬁ%fggipﬁon of N-

GURE |a 1s a synbolic representatton of N

o ' I pited fromih .
AR E] BAGAMEE T 43 B OIRE B sl roteins rom
Institute ). ta .represent _a structure pi ially.
st it 1o HEP SR GF et el GBI ne
N-1inked glycan structures of FIGURE | A. [00017]
RE Ic.is a representati.on of. the li,nked gl ycan .
TR o G s RBORRE et G 4 e e P Sod is used
[800 8] FIGURE Id is ﬁlrepresentation of the N-Iinked
tog Sedy ghyFan-stpchuegen the basis of the monosaccharide chains attached to the
different branches of the core structure. In another aspect of the invention, structures in
the GlycoDigit code are represented by seven digit-letter pairs for an overall fixed length
of fourteen characters. The numeric component of the alpha-numeric code allows for the

development of a difference operator and an algorithm to make convenient comparison of

glycans based on the unique alpha-numeric code for each structure.

[00013] Other objects, features and advantages of the present invention will be
apparent to those skilled in the art upon a reading of this specification including the

accompanying drawings.



FIGURE 1 A, using the Linear Code. [00019] FI GURE 2
depi cts the pentasaccharide core structure comon to
| N-__|inked glycans sharing a commopn penta [

WO?%‘P%!‘?P# cture, along with possible sites mwﬂhg&mm

addi ti onal branches of sugars can attach. [00020]

FI GURE 3 shows the possible branching fromthe core

structure of FIGURE 2, and the correspondi ng position

of each diqgit for the antennary for a six character

%ﬁ@%@?@@ﬁeﬂﬁ%&%ﬁce with a first

enbodi nent of the AycoDigit code of the present

i nvention, -6 WD 2008/153504 PCT/ 008/.00021 ) )

l?‘?ﬁidlzl] FITRgRRvaRgon Js zl’f’BchPB‘ﬁf%'{Po‘f Szﬁr@%‘@ﬂ% ¢ dligying Detailed

conplex N-linked glycan and its corresponding . )

Deseripgivnrnf4hé Brefarsidigmbodiments svithenefroeticadn theofccpimpanying drawing

A ycoDigit code in accordance with the present

figaxes ninivdtich iKeQeRPdncEhithEEls4tfet ® likeplaants thtoughout, and in which:

representati on of a high-mannose N-Iinked glycan and

its correspondi ng representation using the first

[@0816Hi nenFIGUREhE & y cuibbglid reprascetation af dblinkedcgyvant structures

the present invention. [00023] FIGURE 4c is a

ubing t9fibdls AdRpleBSEdth ahé @Bmehclatulty Prop8seli-by HeeOx rd Glficobiology

an its correspondi ng representation using the first

nt%ﬂigﬁg' esﬂoﬁémgé?,@aﬁny&g ' &it&ﬂaflgde in accordance wth

ent Tnvention. 0024] "FIGURE 5a is a
pictorial representation of a conplex N Iinked glycan

[60i6) | 1S FREURBABTEL FS-WRRI RPRALAAHRA bIUEE Rlirked §BRM structures
enbodi ment of the @ ycoDigit code in accordance wth

o sent invention. [00025] FIGURE 5b is a
pictorial ‘representation of a hi gh-nmannose N-Iinked
glycan and its correspondi ng representation using the

[g(g@gpd en’@ﬁﬁ’bgﬁng%% d Eéjrresglt}iﬁapiog! the CGRIGRKED glycan structures of

dance w e present 1 nvention.
FIGURE 1A, using the LINUCS format.
[00018]. FIGURE 1d is a representation of the N-linked glycan structures of

FIGURE 1A, using the Linear Code™.

[60019] FIGURE 2 depicts the pentasaccharide core structure common to all N-
linked glycans sharing a common pentasaccharide core structure, along with possible sites

where additional branches of sugars can attach.

[00020] FIGURE 3 shows the possible branching from the core structure of
FIGURE 2, and the corresponding position of each digit for the antennary for a six
character alpha-numeric code in accordance with a first embodiment of the GlycoDigit

code of the present invention.



[00026] FIGURE 5c is a pictorial representation of a
hybrid N-Iinked glycan and its correspondi ng
ent ati on using the second enbodi nent of
W@’%i%”g’n code in accordance with the pr ese%‘%lt}secmosmmmz
i nvention. [00027] FlI GURES 6a-6f illustrates a
step-by-step representation of the correspondi ng
A ycoDigit code for the conplex type structure

resent in Fl GURE 6a,, -7 WD 2008/ 153504 __
B ECS0oBHyaRE 5o & yEiclngial Frereseniaing o Aomplenti-ligkeq glycan and
.dycobDigit code in accordance with the present . ]
itsrppeasnonding [repesealation GSIRE the ifirst gmbodimeant withg GlycoDigit code in
di fference operator to find the structural
ackordancewith thdyetsspeinvéntongl ycans, using their
corresponding AycoDigit codes in accordance with the
first enbodi nent of the present invention. [00029] .
[(U0GRRE 8 FIGURE r4lt és aupictogal refirdstmtniiorr of ap ightmannbge N-linked
find the structural differences between a conpl ex

eBfciie adl ¥4 Eotfekpbndingtepresdmytioh dsibg tha i@ tler@bodimBnt of the GlycoDigit

structure, using their corresponding dycoDigit codes
chdb RS S ,.%g,g _enbodi nent of the
pr ese%‘?ﬁ%gﬁt‘w&% 0 t()%g%ﬁ{é?leE 9 shows two gl ycans
and the reaction steps needed to convert one
[8029Ft Ur eFiURB QLIS %;piéiéﬁileeISﬂa?enfa!tibﬁ for QIAAH RNk &S glycan and
the AycobDigit code in accordance wth the present
. [ . Q A .
i 5B ing ceblekbibuod Sl 10 ot otk REURCRAEDIEN code in
an _adj ac mat rj x of. gl ycan reactions. 1000321
aggo Wﬁﬁﬁy‘?fgesgn{/‘i"&fﬁ‘logzati on of a network of glycans
and reaction links for a reduced data set of 64

-pranc cans,. arranged i.n.a hi erarchigcal .
(HBAE ;" o e SR piciaP Br S of oMl Sy ¥ can and

designated 1l b in FIGURE 11 a.
its corrgspon ing representation usl}ng a second embodiment of the GlycoDigit code in

accordance with the present invention.

[00025] FIGURE 5b is a pictorial representation of a high-mannose N-linked
glycan and its corresponding representation using the second embodiment of the

GlycoDigit code in accordance with the present invention.

[00026] FIGURE 5c is a pictorial representation of a hybrid N-linked glycan and
its corresponding representation using the second embodiment of the GlycoDigit code in

accordance with the present invention.

[00027] FIGURES 6a-6f illustrates a step-by-step representation of the

corresponding GlycoDigit code for the complex type structure represented in FIGURE 6a,



[00034] FIGURE 12a is a visualization of the entire
gl ycosyl ati on network for 1,024 conplex type glycans
c Ly secreted in CHO cells, arranged in
wo RIS O way. 8 WD 2008/ 153504 PCT/ SOOI 00212
[ 000351 FIGURE 12b is an enl argenent of the area
designated 12b in FIGURE 12a. [00036] FIGURE 12c is
an enl argenent of the area designated 12c in FI GURE
12b. [00037] FIGURE 13 is for t he synpol s %
using Hhecesmemy jembodinent of the. @éyco igit gpde gaggprdance it fgs present
9. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI NENTS
ifveft@88] | n descri bing preferred enbodi nents of the
present invention illustrated in the draw ngs,
specific term nology i's enployed for the sake of
[09028] t y. FXGERBr7 illustrates nvipgta differencespetatnretodbud tlee pguctural
limted to the specific term nology so sel ected, and
differdnged Gbetd@nUndergynas ukiag teirhcapsporidicg EIBEmHDigit codes in
includes all technical equivalents that operate in a
T‘dofa aﬁ RChirst QniRAGRR bf §i pResehtThidfioRUr POSe.
00039] Met hods [ 00040] One aspect of the invention is
a method for representing the structure of at Ieast a

[0002d] ONn OfIGURE! 8 ARRRSENAGINGs dITFRERE alpeatort I6efind the structural
representation will be one which is easily stored on

dﬁfégen% {)éﬁrggn g Soft Pﬁ:g @&1@ es}rg&nl% 4Rt J‘Hﬁ)rﬁif Ntlgﬁed glycan structure,

|nven I on as w may be “applie

uff e e, oGR8 B hesaBic V1R ik F8nd gmbodiment

tE}gl ied to generate different representations of the
okthe presgatdnysntigh o | gosacchari de. -9

[00030] FIGURE 9 shows two glycans and the reaction steps needed to convert one
structure to another, using the first embodiment of the GlycoDigit code in accordance

with the present invention.

[00031] FIGURE 10 shows the pseudocode for the isrxn and rxm_matrix functions

used to populate an adjacency matrix of glycan reactions.

[00032] FIGURE 11a is a visualization of a network of glycans and reaction links

for a reduced data set of 64 two-branched glycans, arranged in a hierarchical way.

[00033] FIGURE 11b is an enlargement of the area designated 11b in FIGURE
1%a.
[00034] FIGURE 12a is a visualization of the entire glycosylation network for

1,024 complex type glycans commonly secreted in CHO cells, arranged in a hierarchical

way.



WD 2008/ 153504 PCT/ S&008/ 000212 [00041] The first
part of the nethod of the invention involves the

' of the representational system an
W(g%“ﬁr%?@@“s the fol | owi ng steps: [00042] (a) sg'l’%Té?‘i”r?S"’%{‘“m
base ol i gosaccharide structure; [00043] (b) '

identifying a nunber of possible substitution points
on the base structure selected in step (a) and

i_gni ng ition to each one, 00044]. (c .
@R850: P, ohal aur el agauan ol e e <iebietfibh 12 dp AIOURE
fromstep (b), where "character” neans any uni que
12gentifier, the two-character code having a first
character and a second character; [00045] (d)
assi gning _one or nore unique identifiers for the first
[Q(Hlaﬁﬁct er FEFURE H2ctigancondgaement of dhe apalesignated 136 FIGURE
unique identifiers for the second character of the
12bwo- character so that the first character and the
second character together uniquely identify a residue
on a specific substitution point identified in step
[80037] and. FIGIORB AP i @ key Eypdlae sympolstuspd (dFIGURER da12, 3, 4a-4c, Sa-
substitution point so that each substitution point
St drardf] 1,i8cahdn step (b) has a set of two-character
codes which identify the possible residues for that
substitution point. [00047] In step (a), a base
ol i gosaccharide structure is selected. Preferably,
this base structure will be one which is present in a
great many of the oligosaccharide structures of
DERALES DESORIPTIONEF THE\ERBEERREDIEMBOMEMENES t he
greater the nunber of conmon structural features in
the oligosaccharides of interest) the |ess conplicated
[00088] r epr bedascritiing prefersadoamehndineends pEthe ptgem@nvention illustrated in
2008/ 153504 PCT/ SG2008/ 000212
the drawings, specific terminology is employed for the sake of clarity. However, the

invention is not intended to be limited to the specific terminology so selected, and it is to
be understood that each specific element includes all technical equivalents that operate in

a similar manner to accomplish a similar purpose.
[00039] Methods

[00040] One aspect of the invenﬁon is a method for representing the structure of at
least a portion of an oligosaccharide. Preferably, the representation will be one which is
easily stored on and analyzed by a computer. The method of the invention as described
below may be applied to produce the specific “GlycoDigit” code described herein, but it
will be understood that it may also applied to generate different representations of the

structure of an oligosaccharide.



[00048] In step (b), each of the possible substitution
points on the base structure are identified.

Tynically, each possible substitution point i
Woa%"ﬁ?@%s%‘ya nunber . from i to x. which will FCUSG2008000212
correspond. to a position in the final structural
representation. The larger the nunber of substitution
points, the nore conplicated a structure the nethod

can represent. In step (¢), two-character cqde is,
[GOOHLE od, Thin e peg of o meibod ol 4he myegtioninyplyes the creation of the
identifier. Typically, one character will be a nunber
repnchentatienalsystenand comprises thetfolowigtstepsoul d be nunber s,

or letters. Non-roman al phabets can al so be used, e.g.

| an, eek brew  etc, step (d),
[@aﬁ ngs ﬁg r t%eéecgﬁ Pg?:‘%ee{)?@%%aécpga&%g%lwén&& ep (c) are
assigned. An exanple of this is discussed in detail
[00B4Bv Wi t (b)r esfiedtifying 4 hemBey ob Pogpitile coloktifutiontpoirtmyn the base
system may be used. The conbi nati on of neani ngs for

each two- char aghffur85detiéd g stdpSa)iRihstiBnifi @ pbiitisatd each one;
define the residue present at each presel ected
substitution point. It 1is inportant to note that jt

[00944bt nefdssapspigningta teechatreter cpdedos sybstitpion pognt from step (b),

identify every single possible residue at a

particul ar subwheredchanactpdi means smy| wrigpesidentifier,t the teyawharacter
of interest are covered. In step (e), step (d) is
repeated for easde Habinghdirsihafattetl hndnsqoondélmracter;
identified in step (b) [000501 The second part of the

cl ai med hod i nvol ves applying the syste ev.el oped
0949k ¢ onzé)par BYSEERITEr OTt51 ‘?rg‘gg C‘Uﬁ%\‘f"i ’giﬁl.l%?“(ﬁ)gglﬁqe }%F ( Raracter of

reviewing the structure of an oljgosaccharide | .
structure cont Hierivacrhatapier pedecans) PrfoRBErFYgHe identifiers for the
structure selected.in step (a) and optionally one or

mor e resi dues seondehiardrbe of the twor-chagctenisel thap 685t ghgyacter and
assigning the two-character codes to the residues on

the ol i gosacchlgr sedend chatadter eogethes tumpquely) identifyat clesidue on a
the two-character -11 WD 2008/ 153504

PCT/ SG2008/ Ooogﬂe%iﬁc substitution point identified in.step (b); and.

[00046] (e) repeating step (d) for each substitution point so that each
substitution point identified in step (b) has a set of two-character
codes which identify the possible residues for that substitution

point.

[00047] In step (a), a base oligosaccharide structure is selected. Preferably, this
base structure will be one which is present in a great many of the oligosaccharide
structures of interest. The “larger” the base structure (i.e. the greater the number of
common structural features in the oligosaccharides of interest) the less complicated the

representational system need be.
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codes devel oped in steps (d) and (e) and recording
themin the positions assigned in step (b). [000531
e apparent to those of skill in the
Wd %chwéi;ﬁ%‘gu git codes described in detail her@r:#‘f%{;{@&mmm
can be applied using this nmethod. [000541 N-Iinked
glycan structures [00055] N-linked glycosylation

occurs in all eukaryotic cells with N-1inked glycans
sharing a conmpn pentasaccharld core structure

[498481:t e fnrstap) (Bhympcipof the pessible supgiuonraintsog dhechage pgucture are

can attach to this core structure at different |inkage
identified. diypichly, eatte pessiblosnbstitution peintistassigned a number, from 1 to x,
gl ycosyl transferase enzynes. N-linked glycan

whichugillugoespomd. tba wifsitiohlia thdé ghatrernoest represvptativn. Thie Jarger the
hybri d subtype. Hi gh-mannose N-|inked gl ycans contain

n@bt JTRARBARIOR %ﬁﬁs "tl?e%h&%%niph@df@dja btfudnli® fOkthod can represent.
structure, mhl e conpl ex N-1inked glycans have

%ée&%h brl c{;’? C%ﬁ% qmgl)gﬁ e‘g’lshvg ?:';(%c es w Jhaﬁ%y@ﬁ unique
ldgpmcggﬁ%@ nsubsg@gﬁ R S s aqﬁgwey@,fgut both

(USA): Col d Sprlng Fbrbor Laborat ory Press "Var ki . et
cepld he npr@ber%]r lettery Nonrromag ainkabete gan gso bmsqdn%nﬁwwns Greek,
shown in FI GURES 4a-4c, a six character al pha-nuneric
Hebwtw, fs. used to describe gl ycan structures on the

basis of the nonosaccharide chains attached to the

di fferent branches of the core structure shown in _
[0004RIRE 2. InT¥tep (d)r mearings foe e eherasters eddegied postep (© arpassigoed.
four possible antennaries |linked to the upper and
Ancrxemplecrfahisas dissesedeimni ditadlshelavinivtith debpect fof the GipabB git thde, but
characters represent a bisecting G cNAc and a fucose

Ay Ssfent RSPBE ukME I The boBidRlioms of iRWEnE or RASSIWY-characle? grouping
VWO 2008/ 153504 PCT/ SG2008/ 000212 branching fromthe

isCREE 16 bl BichiP it Bk $Qiduk Heset! 4t RaRPHYEALIRPSIbLiRoP boint. It
each character for the antennary.
is important to note that it is not necessary that the identifiers be able to identify every

single possible residue at a particular substitution point, so long as all the ones of interest

are covered. In step (e), step (d) is repeated for each of the substitution points identified in
step (b).

[00050] The second part of the claimed method involves applying the system

developed above to a particular oligosaccharide:

[00051] ) reviewing the structure of an oligosaccharide structure containing
the base oligosaccharide structure selected in step (a) and

optionally one or more residues on that base structure; and

[00052] (g) assigning the two-character codes to the residues on the
oligosaccharide structure of step (f) to match the two-character

-1t -



[ 000571 The first four branches are represented by odd
nunbers if the branch is a conplex'type while
I ah- ose branches are represented by lett

W&@gﬁlg‘g&gr anches term nating as a GlcNAc, fé@?(&%ﬁgsmoozu
or neuramnic acid residue are represented by t he
nunber 3, 5 or 7 respectively. The mannose resi dues of
hybri d and hi gh-mannose N |inked glycans are
represented by the letters A-F, with each letter
desi gnat ed as eadesievelopadninestepsi (& and AeP and regording them in the
etc. For each branch, the letter value corresponds to
doubl e the nupﬁ@ﬁmﬂh&ﬂgﬁﬁdse&pﬂsidues attached to
that branch, i.e. A=2 inplies that one nmannose
residue is attached, B=4 inplies that two nmannose

. [0088BHues Hrwilbbé aggupdhi tetitnse offskillf inf the amnthatthet GlycoDigit codes
characters have a value of 3 if a bisecting G cNAc and
dEMEIBEPIn REiEcin e citl BSAplied SRS Melhyd. | f a branch
IS not present, its corresponding digit is 1. Further
riles are defined that Iimt the nunber of nmannose
[gm@m,ues btmﬁk&¥§léxhsﬁhkﬁﬁh§d to a structure and
whi ch conbi nati on of conpl ex and hi gh mannose branches
are allowed. Fromthese definitions, the GycoD git

. [o00d8] can belinked ¢licosydativardcbers ilall sikadyitidreels with Sllked glycans
gl ycans. [000581 d ycosyltransferases are enzymes .

shdtile 8CUMERSA FlehdsREFhIARE corBDRRRARE NMRPicHA & FAGUREE 2! Geveral
gl ycan st ruct ures. Six G cNAc transferases (G cNACT

i A S ﬁﬁiagﬁewgeﬁ@ea}mgﬁﬁ@%@ grons o

“'%"%te’%df%?‘rﬂ R eDE e TR ety NG iR sESreb San be of

Simlarly, on the al-6 mannose G cNACT 11 ggﬁa?

the l@la'armapsqsezcomlels’i»fa hyhed spbiyps. .PH anangetedy glycans contain
Addi tional ly, one bisecting GIcNAc can attach through

oply (@nnose] GMﬂo)tr@mdh@ bedeedr 9l theorase rdmpwse Wigkerperaplex @Y-linked
Stanley F (1984) "A dom nant -13 WD 2008/ 153504
gBCHsHREQA8/a08 0 hizosamiha (GIwN Ao) redidien attechiedttartbe coma. The hybrid
Chi nese hanster ovary cells induces UDP- GLcNAc:

ab&kawiﬁlmoqp el A MEOSRObANkES BRAGHEE a6 d

Bi ol Chem
A et al. (eds) (1999) Essentials of glycobiology. New York (USA): Cold Spring Harbor

Laboratory Press (“Varki et al”).

[00056] In a first embodiment of the invention, shown in FIGURES 4a-4¢, a six
character alpha-numeric code is used to describe glycan structures on the basis of the
monosaccharide chains attached to the different branches of the core structure shown in
FIGURE 2. The first four characters correspond to the four possible antennaries linked to
the upper and lower core mannose residues, while the fifth and sixth characters represent

a bisecting GlcNAc and a fucose group respectively. FIGURE 3 shows the possible

212 -



259: 13370-13378; Sburlati AR Umana P, Prati EG
Bail ey JE (1998) "Synthesis of bisected glycoforns of
i.nant | FN-beta by over-expression of b - -
“Kg§@86¥6@€cosaninyltransferase [l in Chinese%hg%é?éyghmzu
ovary cells." Biotechnol Prog 14:189-192 ("Sburl ati
et al"); Umana P, Jean-Mairet J, Mondry R Anstutz H,
Bailey JE (1999) "Engi neered gl ycoforms of an
antineyroblastoma 1gG wjth optimzed anti body-
baging &em the oot s;wcgw #balse tﬁ% £9Rgspqnding\pgsitin gfecagh gharacter
17:176-180 ("Umana et al")). Finally, a fucose
fordke ahennegn attach in at-6 |inkage to the core G cNAC
that connects to the asparagi ne am no-acid on the
protein (Varki et al). [000591 Based on these seven
[49952) bl e The kiesydousibranches are seprescoied bymdddivmbers ibithe branch is a
i nvention, shown in FI GURES 5a-5c, the A ycoDigit code
coraplex sypeavhildi igh-nlasitdse branghessaré reprasapedby letteryl Complex branches
Structures. Each digit-letter pair in the second

tepmitatdhgasta afeNAre fgaﬁ;m&& HeitraRRfE aG@ TERGRONE Srepr@séhted by the

branch connected fromthe core structure illustrated

ol S bl e, DA IR iy
PR e RO RTTIR 808 1P, i e B e o o v
o e PEL 0 b e et i

attached to the core or peripheral G cNAc residues.
tpheumibie o mgtmase GRsidtescattahoshia b trenshones A nmdics that on

nunber of nonosaccharides attached at that branch '
mahhdse redidud Btdtiachede Bvd Snplica that e xnanoose egiblies are attached, etc.

containing additional information about the type of

Thé ARBAA 8ixth EfieackRERdVel LCvaltost 3 Tl lﬁfe_uﬁm% 6Lk arldRRE Fesidue
Table 1 lists which |inkage each digit-letter pair

ale PrERAPRIFS ANy I 4 BiEnct RO Dr&EROHL KBREspBhdihE Qigit is 1. Further

A'ycoDigit codé. H gh nmannose and hybrid structures
€y .a- 0
o R AP R PR PBABORHE e pe st o o
to,correspand to al -2, al-3 and al - | i nked mannose
StpfpR and o PaEh et pgedit Al sneRs spd s mabitss braifoas; glowed.
the core structure o )
From these definitions, the GlycoDigit code can be used to describe the structures of 5100

glycans.

[00058] Glycosyltransferases are enzymes  that sequentially add one
monosaccharide at a time to glycan structures. Six GlcNAc transferases (GIcNAcT EVI)
can add GIcNAc to the three core mannose in different linkages. As shown in FIGURE 2,
on the al-3 linked core mannose, GIcNACT I and IV add residues in the B1-2 and p1-4
linkages, respectively. Similarly, on the al-6 mannose GlcNACcT II, V and VI attach p1-2,
p1-6 and p1-4 linked residues. Additionally, one bisecting GlcNAc can attach through a

B1-4 link to the central core mannose (Campbell C, Stanley P (1984) “A dominant

-13-



as shown in FIGURE 2. In order to differentiate
bet ween conpl ex and high mannose branches, the nunber
of nannose residues is represented by letters

WOIMB s, Thus, a branch containing one Gl%(’;ﬂ%éz%ggooozn

nol ecul e woul d be represented by "la', while a branch
cont ai ni ng one mannose resi due woul d be represented by
"Aa'. Higher letters correspond to higher nunbers of
mannose in the branch, i.e., B=2, C=3, D=4, etc. If no

myfajionntoi Sciat resistiaer dn @blp@ﬁthmﬂt@romweﬂs |indnessyy & R-GIcNAC:
is represented as Ox'. The letter "u'" is reserved to

ghtegpeptiderobetadeNnactylbhrosdnanylmnesfarnteacHbd activitgr’¥  uhkBighn Chem
| i nkage. For the sixth digit-letter pair representing

259133705183 8. SbdAkGiNAR, thas®: B PrabiNEG, tB/agejaQES(hibb@ “Synthesis of
val ues: X' or ‘la dependl ng on whether there is a

bﬂgétgf %9? oRhRC R Iredbmbiibnt TFR- ge#an% dial éxprésﬁbﬁ 6t Ridlal1,4-N-
1S er

0 count the nu se residues

%&v@%&ﬁg AR e bt CttbR B oty RE A Botechnol Prog
e Enes cRbutu vy Uia st iebingnd: isrﬂ%g"ﬁ” > B Baitey 12

Correspondi ng |inkages and target position for each of
(1998) SEngimeeradi glircofprms efr amantinguroblagtpipe d 255 §ivwithrepdimizeshantibody-
Li nka ea Attached to Conplex H gh-nmannose branch
dfrendal cblilhr 2ymltoxdc aktdty).? MNee Biomenodd7:1761180 EUnGina et al”)).
al -3 linked mannose 3 131-2 al-3 al-blinked nmannose

thaﬁ;ﬂa ﬁw@ﬁeﬁ@sﬂﬁe Barl AttkR Gl Wﬁﬁ(ﬁ%e B the €oNoGIcAWa thatdoBinects to

al-% |linked mannose 6 01-4 1-4 bl -4linkedmannose 7

aséér%ée ahindl Y Lot BE BrABH (P&AI Bhpy 2l  GleNAc

[00059] Based on these seven possible linkage sites, in a second embodiment of the
invention, shown in FIGURES 5a-5c¢, the GlycoDigit code uses seven digit-letter pairs to
represent glycan structures. Each digit-letter pair in the second embodiment of the
GlycoDigit code corresponds to a branch connected from the core structure illustrated in
FIGURE 2. The first six digit-letter pairs correspond to the six possible branches linked to
the upper and lower core mannose residue. A bisecting GlcNAc between the mannoses is
represented by the sixth digit-letter pair, and the final seventh position corresponds to
fucose molecules that can be attached to the core or peripheral GlcNAc residues. The
digit portion of each pair corresponds to the number of monosaccharides attached at that
branch while tﬁe letter serves as an index to a table containing additional information

about the type of linkage and the specific sugar molecule added.

[00060] Table 1 lists which linkage cach digit-letter pair corresponds to in the

second embodiment of the GlycoDigit code. High mannose and hybnd structures can be

-14-



a G cNAc, mannose or fucose residues can attach to the
core structure through these |Iinkages -15 WO
[ 153504 PCT/ SG2008/ 000212 [00061] G eNA

W"é’gﬁ‘ggt%g ‘e and pol yl act osam ne chai ns [ 00062] CP&T{%(?ZO%SIOOOZIZ
G cNAc residue is added to the core structure, several
ot her nonosaccharides can sequentially be attached to
it. Galactose (Gal) residues are attached to GLcNAc
through a [31-4 link and the branch is the
renspeaied by aiingshe fist fopr digitleligr pairs tp goTrespond g ks2, 01-3 and al-6
Gal (31-4GIcNAc structure is called a | actosam ne unit
linkell mduhidse obvhs attaglheddozatnef thaitwe maaposgresidies intheleere structure
first structure through a 01-3 link to form pol y-
a$ 3hdwWs aTFIGURIEAR Nk. ord&ietos differsatieseiietisva ndonplext el high mannose
A ycoDigit code allows up to four |actosamne units

b@cﬁ’@s, leSiffiler 0P nianfibdeHeSididsAi8 ¢Epreddhicd %5’(99%&@ éhstdatl Df numbers.

iLlCNAC and gal actose noieties can be adde

i ndi vi dual f.urther Lt (W iR, Hhatywh:
THRE A bl SofnaitifE o€ GIGAL W AR R Bull R bl ditha B 1B while o
unif. This fact is reflegted i able 2 ere, di gj.t
byl sontayng, O, SHBEOSE TRAG |"§P“F%§? Seupenisd Ji tAd, Pligher letters

assigned to even nunbers. Thus, a branch wth two
cpmesposd in higherumberssoigapmosein Hip branch, 1¢.nBee (i dXhytc. If no
“6a', etc. Galactose can also attach to G cNAc )
ghylean isgittaghdd3d s FPparticukar thoarich limk agenié - reprssentedrais(i@x u e letter “u’ is
‘(Varki et al). The dycoDi git code does not allow

résepRAltd BepiateRododsichades ket urel ditactaddn b enknioivhdinkagy. For the sixth
woul d be represented by 2b' as listed in Table 2. The

AL RBP4 Seh@RetHe M) 18N Ak Bdre HRNOH Wﬂaf%dsgiﬁlc values:
;@uch_ a_sﬁfﬂg?sfe oﬁjﬁg:\ Si a‘ls?cﬂha%pi d attached _togi t. Table

‘é’e ghi a%a%}l&ﬁ g}ﬁ%ﬂ&é rftﬁérquBfrﬁél e GRIHRLd 8L ggﬂ;%gfﬁnal digit-

C and ga ose chal ns gt Letter Resi
: léﬁetr %girxl ?sdus%:ld rt]ch( g&lent thle n%m%le? Iélﬁ c%§e4resi?1ueas aﬁ%clzh%ﬁttg e (go:t)’elétﬁuctme or
any peripheral fucose attached to branch GicNAc molecules. More details about the types

of glycans that can be added to the structure are described hereinafter.

Table 1. Corresponding linkages and target position for each of the seven
digit-letter pairs of GlycoDigit
Position Linkage” Attached to
| Complex High-mannose -
branch branch
1 Bl1-2 al-2 al-3 linked mannose
2 B1—4 al-6 al-3 linked mannose
3 p1-2 al-3 al-6 linked mannose
4 p1-6 al-6 al—6 linked mannose
5 p14 Not Available | al-6 linked mannose
6 p14 Bi—4 bi—4 linked mannose
7 al1-3/4/6 al-3/4/6 core and peripheral
GlcNAc
# GlcNAc, mannose or fucose residues can attach to the core structure
through these linkages

-15-



2 b Galactose [11-3 4 a Gal 1-1G cNAc [31-3 6 a @Gal
1-1G cNAc 1-3 8 a Gal 1-4GIlcNAc 1-3 -16 WO

504 PCT/ SG2008/ 000212 [00063] Term
W‘f%@%é@ [ 00064] The outernpst gal act ose resmsewogooozlz
branch can be capped by several termnal
nonosacchari des. Since even nunbers are used to inply

the presence of a galactose unit, odd nunmbers (3, 5,
and 9) are used to represent a dlffé{ent t erm nal

[@93&} i nGleNAGgaltrtose 38d PolaptosmING haths, c oD gi ¢

code Table 3 lists the rmnosaccharl des that can be

d to the outernpst | act o everal different
(440 g%age pégﬁef o oA pesidug 18LéCfffﬂe /I € spgpotore, several other
di fferent conbinations of termnal sialic acid,
nfonesrsehanides ganl sequentially be ntiachrd & iy Galaetossd(Gal) residies gee attached
a NeuNAc a2-3 b NeuNAc a2-6 c¢ NeuNAc Unknown d
"t\EkBiAa Zhrdugte a NduSlink 208 thd bidedCes {biok mepresentgd Faw ¢ 3% eas llsted in
al-2 h Galactose al-3 The digit value for these

Tasees. Th GRPB-4GlcNAc WtruBrufle ReBalledla AictbamiindTaily and additional
GLcNAc and gal act ose resi dues have been added in a
Ianc@Qrﬁﬂxe units can attach to the first structure through a $1-3 link to form poly-
lactosamine chains. The second embodiment of the GlycoDigit code allows up to four
lactosamine units to be present in a single branch. Although the first GlcNAc and
galactoee .moieties can be added individually, further additions are restricted in that they
must be added together as a single lactosamine unit. This fact is reflected in Table 2
where digit values for branches with only lactosamine units are assigned to even numbers.
Thus, a branch with two lactosamine units is depicted by ‘4a’; three units by ‘6a’, etc.
Galactose can also attach to GlcNAc through a p1-3 link to form a neo-lactosamine unit
(Varki et al). The GlycoDigit code does not allow repeating neo-lactosamine units and the

first unit would be represented by ‘2b’ as listed in Table 2. The outermost galactose can

have a final monosaccharide such as fucose or a sialic acid attached to it.

Table 2. Digit-letter values for different combinations of
GleNAc and galactose chains

Digit Letter Residue attached Linkage

1 a GlcNAc g1-4

2 a Galactose p1—+4

2 b Galactose p1-3

4 a Galf14GIlcNAc p1-3

6 a Galp1-4GlcNAc B1-3

8 a Gal14GlcNAc p1-3
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[00065] Sialic acids are the nbst common type of

gl ycans added to the outernost galactose and are

often_attached either in a2-3 or a2-6 |inkage. Eé) %
WQHWBLM ¢ acid fanil y is very diverse, PCT/5G2008/000212

N-acetyl -neuram nic acid (NeuNAc) and

N-gl ycol yl -neuram nic acid (NeuGc) are the nost

common sialic acids observed. M ce produce

gl ycoproteins al nost exclusively with NeuGc, while

[@m663L el | s Tarmimal mesidwes nostly NeuNAc and a snal |

anount of NeuGc (Baker KN, Randall MH, Hills AE, Hoare

M Freedman RB, Janmes DC (2001) "Metabolic control of

[0006d]rbi nafhe putrmbst gdlagkose aasiguc ite g diranghi ean NgSGeapaed by several

CHO cel I s." Biotechnol Bioeng 73:188-202). NeuCc is

tetheRi tménbshcthadidesa 8thce vt Qe A wsod) ttal imiphg thet p@tance of a

actual Iy i mmunogenic to humans (Irie A Koyama S, -17 _
ggpcl%%tl 2d0 Htmb&I 433@299&6 @99(%1\36:(1 Q&b di¥ferent terminal sugar
Kawasaki ~T, Suzuki A (19 "The nol ecul ar basis for

I oa%&ﬁgg&%@%éﬁwﬁ@ T e o

to repres and. Neu
cpoe e o Breonfeigud Bilaotoge I B Rl rpea ok G b
attach to a2-3 si allc acids, are currently not
r epl g RLettdr JahRs fGRRFREnCORMINANORE ofdbmiind sialic
Ay ¢QRiaGfukoetl8 gala@B8R661 Ot her terminal residues that
can T}E:{“t Cimto 1 IRE&H#GFA lédgal dC Eﬁﬁag’ge —fUucose

(r epesent byrthReetter—g)—ang, am addit U||a| al -3

[inl gad b Fepfesente byHt+Retetter—h)
Fuccm%m%%ﬁa%m—t—w
al - 2¢linkage areNeBNAS in sone bl HMI¥Hp antigdns

suclidas the Lewl Ne¥Gand Lewis B ah#?dens (Varki et
al)]e The al -3 gdeaGtosyl -transfelad® enzyne i n _nyuse
cel ll§ attaches ameaddi ti onal term Daknovgal act ose
resifgue To the PEndski nked gal act pge-2Butler M (2006)

" Qpfymrsarton 0 G‘afb%tos&e' rurar mefghg 1'sm of

+

gl y“‘ﬁﬁé'd TR by
Th e-‘ el e- il R 12 Drane )

i Munogeni c i n humans (Jenkl ns N, Parekh RB Janes DC
[66'(%%?) 1a 1cna%1dts ‘e the most common type of glycans added to the outermost

galactose and are often attached either in 02-3 or «2-6 linkage. Though the sialic acid
family is very diverse, N-acetyl-neuraminic acid (NeuNAc) and N-glycolyl-neuraminic
acid (NeuGc) are the most common sialic acids observed. Mice produce glycoproteins
almost exclusively with NeuGe, while CHO cells are a mix of mostly NeuNAc and a
small amount of NeuGc (Baker KN, Rendall MH, Hills AE, Hoare M, Freedman RB,
James DC (2001) “Metabolic control of recombinant protein N-glycan processing in NSO
and CHO cells.” Biotechnol Bioeng 73:188-202). NeuGc is absent in humans and

glycoproteins containing it are actually immunogenic to humans (Irie A, Koyama S,
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gl ycosylation right: inplications for the
.bi otechnol ogy industry.” Nat Bi otechnol 14:975- 981).
000671 Fucosyl ation [00068] The final digit-
Wci)?ﬂ"?”?ﬁmt he second enbodi nent of the G ycoDi &&/&%}8@00212
is used to represent fucosylation on the core G cNAc
and on the outernost G cNAc residues in branches
attached to the core structure. Fucose is attached to
the core G cNAc residue through an al-6 |ink while
Komessyrir Y pRewagakt TicSiapkiadi (390%) é‘ﬁ'h% melaculan basigfer teabspacg of N-
or al-4 linkage (Ma B, Sinmala-Gant JL, Taylor DE .
gyeOl9Beurafminio Atda i hombus. byolial Yhere 273:15866AM05871). In Table 3 the
2008/ 153504 PCT/ S&2008/ 000212 and eukaryotes."
160 aDIO% abGied@BR-rdfrént NelNAS and DGRk vaflowdirkages. 02-8
that this digit-letter pair only counts fucose

liﬁgédes%ﬂcea}titﬁggﬁg%%g&? ho%f—gl'%&li@ ngidg,o.ﬁ? chiPdnt! i &'%ﬁes_ented in the

cose e outernost gal act osé whi 'S

SEBUY e ARG PR Bor the 1ast di gi -l etter

pair counts the nunber of fucose nol ecul es attached
1o6bl pr o< imEH P SHE el S SpdeCis i Slpolpt Bictose ar
b i o R

fucosylation sites are represented in the second
by fitsddikerh). Bicosdwnitsiajtedr ¢ termimaksalacinsy i the odd linkags pre found
G cNAc residue in a branch is allowed to be
irf stens ploat esbuplatdigensoneh|ag the Lewisre anhfawonB aptigensHViagk et al).
fucosylated then all fucose residues nust be attached
ThE 19180 BalhfiBsyi-aisfedBE effynld Tik@@ase cElll ittadhes Sn 4dditRinbl ®rminal
to have a structure with two fucose residues attached

gﬁﬂctB%TeQMhs ft% g@egfﬁ@hﬁﬁnkédhgﬂmeqiﬂuaeﬂ M kaoe ,“OBtiﬁllisﬁﬁbn of the

possible to one fucose attached through an al-3

oyt mBRForisE 3@ %Pﬁshaﬁaﬁ?{"g {500 bl ke by mammalian
C‘%Fﬁ&gtpﬁ%gﬁf Eﬁf’géfé’ gxofﬂ:g@fe ES% % g ﬁlélr?sg gﬂ&[ﬁng%é i ‘3@ ClH‘Ie%C fsg}lcture is

the last digit-letter pair in a coD git _code .
highly immunogegic in humans (Jenkins N, Par % RB, Jaxgnes 516) ?1996) “Getting the

glycosylation right: implications for the biotechnology industry.” Nat Biotechnol 14:975-

981).
[00067] Fucosylation
[00068] The final digit-letter pair in the second embodiment of the GlycoDigit

code is used to represent fucosylation on the core GlcNA¢ and on the outermost GlcNAc
residues in branches attached to the core structure. Fucose is attached to the core GlcNAc
residue through an a1-6 link while the peripheral fucosylation can occur through the al-3

or a1-4 linkage (Ma B, Simala-Grant JL, Taylor DE (2006) “Fucosylation in prokaryotes
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representing different conbinations of core and
peri pheral fucosylation Digit Letter Structure

t Linkage 1 a Ca al-6 1 b 1310 al-3
W‘i?"-"gﬁ&%g“d B2 al-3 | e B2 al-4 1f B3 al-3 ﬁéﬂg%g’%s’mm
al-4 1 hB4al-3 1i B4 al-4 2 aC+Bl al-6 +al-3 2
b C+Bl al-6 +al-4 2 c¢c C+tB2 al-6 +al-3 2 d C+B2 al-6
+al-4 2 e C+B3 al-6+al-3 -19 WO 2008/ 153504
PCT/ SG2008/ 000212 Table 4. Digit and letter values
andogukaryetesa Stlvenbiplegn e 1 38R- 4R It is importgutdonefethat ghig digit-letter
representing different conbinations of core and
paie onfyheowits fevoss yiaktduies Maghad toe Gla¥AShndigloes ot include fucose
attached Linkage 2 f C+B3 al-6 +al-4 2 g C+B4

attdch&t- b tBe odtdimbstBéal@iose which4is chvereBl ihBheadas&+fdr- Rpresenting
terminal residues. The digit portion of the last digit-letter pair counts the number of
fucose molecules attached to GlcNAc in the structure, while the letter is used to represent
which branches are fucosylated and through which linkage. In order to keep the code as
concise as possible, not all combinations of possible fucosylation sites are represented in
the second embodiment of the GlycoDigit code. Only the outermost GlcNAc residue in a
branch is allowed to be fucosylated. Additionally, if more than one branch is fucosylated
then all fucose residues must be attached through the same type of linkage. Thus it is
possible to have a structure with two fucose residues attached on the outer branches
through al-3 linkages, but not possible to have one fucose attached through an «1-3 link
and the other through an ol1-4 link. Table 4 lists all the combinations of fucosylatibn that

can be represented by the second embodiment of the GlycoDigit code.

Table 4. Digit and letter values for the last digit-letter pair in a GlycoDigit code,
representing different combinations of core and peripheral fucosylation
Digit | Letter | Structure attached Linkage

1 a C’ al-6

1 b BI’ al-3

1 c B1 al-4

1 d B2 ‘ al-3

1 € B2 al—4

1 f B3 al-3

1 g B3 at—4

1 h B4 al-3

1 i B4 al—4

2 a C+B1 al-6+al-3

2 b C+Bl1 al-—6+al-4

2 c C+B2 al-6 +al-3

2 d C+B2 al-6 +al4

2 e

C+ B3 al—6 +al-3
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2 |

Bl +133 al-3 + al-3 2 k BI

+134 al-3 + al-3 2 1

B2+B3 al-3+al-3 2 mB2+B4 al-3+al-3 2 n B3+B4

al-3+al-3 2 o B1+B2 al -4+al-4 2 Bl +133 al -

, wozzﬂa&gﬁ(& al-4+al-4 2 r B2+B3 al-4 +al-4 2 %C'%%Q%QSIOOOZIZ
al-4+al-4 2t B3+B4 al-4 +al-4 3 a C+Bl +B2

al -6+al -3+al-3 3 b C+B1+B3 al-6 +al-3+al-3 3 ¢

C+Bl +B4 al -6 +al -3+al-3 3 d C+B2+B3 al -6 +al - 3+al -

C+Bl1+B2+B3

al6+al-3+al-3+al-3

C+Bl1 +B2+B4

gl-6+al-3+al-3+al-3

C+Bl1+B3+B4

al-6+al-3 +al-3 +al-3

C+B2+B3+ B4

al-6+al-3 +al-3+al-3

3 e CtB2+B4 al-6_+ gl -3 + gl-3 .3 §f C+B3+B4
al - |gFable . Rigitand detipr walpes fop the)lass digit-lether pair an aﬁlwoDlglt code,
C+Bl1rep@seriting diffgrent egmbinatigny of cers) ang periphegal fagosylation 4
3 j| Digh2+PRetadr- 6HSttuctirahttathe® k CHHdniRgeal - 6+al - 4+al -
3 i £+B3+Bg al - a+834 + al -4 3 ImiB§+Ba+B3 al -3 +
al -By+aljg 3 nELpdl32+134 al - 3 [fiab+H1t3al - 3
2 h C+B4 al-6+al-4
2 i B1+B2 al-3 +al-3
2 i B1+ B3 al-3 +al-3
2 k Bl +B4 al-3+al-3-
2 I B2 +B3 al-3 +al-3
2 m B2 + B4 al-3 +al-3
2 n B3 + B4 al-3 +al-3
2 ) Bl + B2 al-4+al-4
2 p B1 +B3 ol-4+al—4
2 q Bl1+B4 al-4+al-4
2 T B2 + B3 al4+al-4
2 s B2 + B4 al4+al4
2 t B3 + B4 al—4 +al-4
3 a C+Bl1+B2 al-6+al-3 +0al3
3 b C+Bl +B3 al—-6+al-3+al-3
3 C C+Bl1+B4 al-6+al-3+al-3
3 d C+B2+ B3 al—6+0al-3 +al-3
3 e C+B2+B4 al-6 +al-3 +al-3
3 f C+B3+B4 al-6+al-3 +ai-3
3 g C+Bl +B2 al-6 +al—4+al4
3 h C+Bl +B3 al-6+tol-4+al4
3 i C+Bi+B4 al-6+ol-4+al4
3 i C+B2+B3 al-6+al-4+al4
3 k C+B2+B4 al-6+al4+al-4
3 1 C+B3+ B4 al-6+al-4+al4
3 m B1+B2+B3 al-3 +al-3 +al-3
3 n Bl +B2+B4 al-3+al-3 +al-3
3 0 B1+B3+ B4 al-3+al-3+al3
3 p B2+ B3 + B4 al-3 +al-3 +al-3
3 q Bl +B2 + B3 al4+al-4+al-4
3 r Bl +B2 + B4 al4+al4+al-4
3 s B1 +B3 + B4 ol4+al-4+al4
3 t ‘B2 +B3 + B4 ol-4+al4+al4
4 a
4 b
4 c
4 d
4 e
4 f
4 g

C+Bl1+B2+B3 ol-6 +al4+al4+al4
C+Bl1+B2+B4 al-6+al4+al4+al4
C+Bl1+B3+B4 al-6+al-4+al4+al—4
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3 o B1+B3+B4 al-3 + al-3 + al-3 3 B2+B3+B4
al -3+al -3+al -3 JPL 3 q B1+B2+B3 al -4+al -4+al -4 3 r
4 al -4+al -4 +al-4 3 s B1+B3+B4 al -4 +
W‘gg‘%“?’%@g UB3+B4 al -4+al -4 +al-4 4 a C+Bl +B2+B3 PliéRbiibonn
al -6+al -3+al -3+al-3 4 b C+Bl +B2+B4 al-6 + al-3 + al-3
+ al-3 4 c¢c C+Bl +B3+B4 al -6+al -3+al -3+al-3 4 d
C+B2+B3+B4 al -6+al -3+al -3+al -3 4 e C+Bl +BZ+83 al -
+al -4+al -4 +al-4 4 f C+B1+B2+B4 al -6 _+al -

+al | Tabig4. Rigivang letiqe1alges-for the lag dlﬂt-lsttmarmr4ma|Glxcoﬂlgl© code,
WO papssaBigaitiee sabbagogogree anfgsripheral fibogylatiomd

| et | Bigitval| Lesterf of Strircurk attsichdd gi t - | [ekinkggepair in a

d yeaDigi {pcode, [ crepr egani Bag di fif gr-ent o canbiRat+ @Rst

of "£gre ang peri PAgGAl; § BG0BY ! At | R B-0LI3LREE8+ o13

bpyin]

Strpgture tidbilualglﬁz;_gggéﬂgéj ﬁm@@u&*ﬁ.@&pﬁ

+ afA4—+—fi—4—+4 DO
al-B° 4|8 +BZ+BS+E§1¥{Bz Efx‘gllg‘zt a1a-|6°5r4a1’3+&'i 3o gl-3 +al-

C+BL+B2+BB+B4 alt6 + gl - al-3 + 5 h C

+ Bl 5+ B2|b B3 + @zr%l+ﬂ2*13%+c134 1i-és+%h=&t+%hé+u1—4+al—

fucpse islattachked to the core GlcM\c

2 C implies that the fucose is attached to the core GlcNAc
® B indicates which branch’s outermost GIcNAc is fucosylated

[00069] Results
[00070] Representing N-linked glycans with the GlycoDigit code
[060071] The GlycoDigit code can be used to represent complex, high-mannose and

hybrid type N-linked glycans. FIGURES 4a-4¢ depict three different N-linked glycan
structures of different sub-types and their corresponding representation using the first
embodiment of the GlycoDigit code, and FIGURES 5a-5c¢ depict three different glycan
structures and their corresponding representation in the second embodiment of the
GlycoDigit code. In all of FIGURES 4a-4¢ and 5a-5¢; circled numbers depict the branch
position; un-circled numbers define the terminal monosaccharide of each branch; and the
underlined alpha-numeric code is the GlycoDigit code representation for each structure.

The shaded portion in FIGURES 4a-4c is the core structure common to all N-linked

_glycans.
[00072] FIGURE 4a is a complex type N-linked glycan with the following digits
for the code:
[00073] 1st digit = 7: The branch terminates in NeuNAc (N-acetylneuraminic acid)
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b B indicates which branch's outernost G cNAc is
fucosylated [00069] Results [00070] Representing

' glycans with the dycoDigit code [0
W%Ob%g%?%it code can be used to represent corr%%&%cigwwmz
hi gh- mannose and hybrid type N-1inked gl ycans.
FI GURES 4a-4c depict three different N-|linked glycan
structures of different sub-types and their
correspondi ng representation using the first .
[38Li; rronZod et ro: ahy bpslyiormingiss in GlalAq @lngetylglicasamine)
depict three different glycan structures and their
correspondi ng representation jn the _second enbodi nent
Bhe & Pt TeRranch tgrminates,m Gialegtpses 4a- 4c and
5a-5c; circled nunbers depict the branch position;
-circled nunbers defjne the term nal nonosacchari de
ﬂﬂ%@’ach bﬂtgrﬁ’éﬁ:éh@qrﬁ’é“lﬂ‘heé‘ﬁt‘?nﬁg]@ﬂgh pha- nuneri c code

is the AycoDigit code representation for each

A o SRR BB, LR pic”

[00072] FIGURE 4a is a conplex type N-linked glycan

g

(N-acetylneuramnic acid) -21 WO 2008/ 153504

7t o o B o8 W0 e itk 5% o8 3ek 31 he

3rd digit = 5 The branch termnates in l.act os
dfte%h%‘%ﬁﬁngwﬁ%owf ?11%@}0@0%61&“9% a@%@éﬂtwﬁb Zaﬁ%wh can be
.[000771 5th digit = 1: No bisecting G cNAc is attached
deducedby lpeldng mp thodizitgvales in digfetl. Thg:cofe derse high-mannose type

attached in this structure [00079] Thus the final code
glyoan $thetwse istshown én FIGURIBYRET Meavalee o7 e8hlidit s Wped dthéhe number

detailed Iinkage information of the nonosacchari des
ofiiadfibkCrehidu@agtrchddamcench abtaid. It is important to note that this format

allows a maximum of nine mannose residues to be attached in a structure, as is the case
for secreted mammalian glycoproteins, as described hereinafter. The structure in FIGURE
4b contains this maximum permissible amount of mannose. A hybrid glycan structure and
its corresponding code are shown in FIGURE 4c. As described in Methods, branches 1
and 2, and branches 3 and 4 in a tetra-antennary N-linked glycan must be of the same type
respectively, i.e. either both mannose, or both complex type. For example, it is not

possibie to have branch 1 with a mannose residue and branch 2 with a GlcNAc residue.

[00080] The rules described herein are not intended to cover the N-linked glycan
structures for all species. Some vertebrate structures have been observed to have five
branches, a third branch attached to the upper core mannose (Varki et al.). In CHO cells, a

similar branch has been observed to be present only as an intermediary step in the
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deduced by |l ooking up the digit value in Table I. The
code for a high-mannose type glycan structure is
i_n, FI GURE 4b. The value for each digit j S

W‘iﬂﬂ%%%’sﬂ%wber of mannose residues attached a]%égg@w‘ﬁgooozn

branch. It is inportant to note that this format

al l ows a maxi mrum of ni ne nmannose residues to be

attached in a structure, as is the case for secreted

mammal i an gl ycoproteins, as described hereinafter. The

glstepydationcpaliivay GRrtler My 2006 Kintisnisation qfathergeliplar metabolism of
per m ssi bl e anount of nmannose. A hybrid glycan
ghicosyddtione fam decanitdnant r pmd;epm dirodpced dby amanshadian icell  systems.”
FI GURE 4c. As described in Methods, branches 1 and 2,

Grdedhhsibg)) 80: sa-n?.qﬂédaiﬁo@ sb@dril bt tvanaiing obipoksikle qinkagm have
gl ycan nust be of the sane type respectively, i.e.

b&drt Bﬁsfen%atﬁ %@%es%cmmr GPMBiRkhu¥Ee 1 BRI E. . 1989, “High-

exanple, it Is not possible td have branch | mn

T TR b i obppyees
SR N ol S, B ARl o3 A et

five branches a third branch attached to the upper

theo FbyoeRigib sedq Vo swificiently | applicable EHmQest mammglians spgciesy that are
branch has been observed to be present only as an
cominenlyadedinthe pegdudtiontdf eecordihaitPracids/ 153504

PCT/ SG2008/ 000212 gl ycosyl ati on pathway (Butler M

2006. "Optimsation of the cellular netabolism of

[H108tbsy| aThofirst embedimentyifithe GlysoBigt ensle proddescuisitnple means for
manmal i an cell systens.” Cytotechnol ogy, 50:57-76).
ghrieraihgi all ppssible @lvpan ktradtires. Fotbiaatharistoehtheasae B0 @ossible alpha-
I i nkages have been observed in other species

nﬁﬁ&h@&%ﬂaﬁthaEEﬁP@ﬁ’é&Q@ dbscribbl ke BranchO%B3ficturé{Qh; 5, 7, A, B, C,

performance |iquid chromatography assays for

d\'an% '] OhNARSRT U RORICSRABES fol LSSt 6 bl S@@ﬂ 3). Thus,

n synthesis EnzynolL, 179 351- 397

IQ%ID |1§2E4x2§?46 Or,f%(m3 d‘%ﬁ % recoa%ebe gct:rh {ltf?r(!l %h(? ?épré{sented in the

Ccl es

sty QedIper Trg0pmRadmenl pf %%@8&@% nal"{]"%‘éc’ not all of these

d ycoDigit code provides a simple neans fo
structures are valid. Invalid structures can be filtered out by the rules described

hereinafter, thus resulting in 4860 N-linked glycan structures that can be considered as
theoretically valid glycan structures in the six character alpha-numeric embodiment of the
GlycoDigit code. Of course, it is possible to further refine the rules to give rise to the

glycan population pertaining to the appropriate mammalian cell line.

{00082} Table 5 summarizes the definition for each digit in the first (six character
alpha-numeric) embodiment of the GlycoDigit code, and also shows the full branch
structure and the anomeric linkage information. Blank cells indicate that the value is not

possible for that digit position.
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generating all possible glycan structures. For
branches 1 to 4 there are 10 possi bl e al pha- nuneric

s that can be used to describe the
W@?@%ﬁﬁ& (1, 3, 5, 7, A B, C D E and F) b‘;@ﬂ%@”s’”““m
there are two possible nunbers for the 5th and -6th

branch (1, 3). Thus, lox |ox10x10x2x2=40, 000
dlfferent structures can be generated and represented

nt_of the
a weﬁgpvﬁr@wf digihualngs igon the comespomdinganenosagcharide anddinkage

arigformbiich. Summedry cofsall pessiblesvalens foe dasignated dligititposijions with
t hiefined estenhagchby berdespireling digittpesitionh Blankesalis tindicpté that value is
48 pbésiblefoe thapdiyit positiés uct ur es that can be consi dered
aPightNc Tepiirap! 1 Y ValrFd g#F gipin structures 5P gisg Si %™ digit
CWI@ELMo:ﬁJsmﬁaHHE‘er' ¢ enbodi nent of the @G ycoDigit

COH O O Rice ' ﬁ?ﬁm&wee o T T ter wef e Thggy.

rules to give rrse t ycan popul ati Q.

existence
p taini o the ap ri ate manmmal i an cel e
0821 ® 5 su FYac- i definition f ];L]]é\é"ch Fucose
d| it i Haalese st (ﬁ‘* ]c‘f'ig Cer aI ha ndmeric) -~

odi mEYPUNAE t he G NADIAS At so shows the
fu‘hl br Masnosest r uct urMamnd the anorrerl c linkage -
i i or ratMapnoseBl ank ceMamlidMarate that the val ue is-
nat podddnhbee f or t haamilgdMagpds2-Mamn. - 23 WO
2008/ 153pdiofCT/ SG2003 4 OB Zno 1 P2 ke 152- Defd ni ti on ef
digit values for the ygatrespondi ng nonosacchari de and

| ignkage pdnfbr mat i on. Mg OB RnALl 2 MbAe 0SS bl e val ues
for designated digit MggidiioRNesWM th defined antennary

by, corr ing digi S @k cells indicate
Y COT T gzRRAd J ﬁm&:‘%siell%m 23{1@1

that value T's not dlglt posi tion

Val ue Mbnosacchari de | Non-exi stence Non-exi stence

an ' SE(F(P fihaf Iség eg}%edcfﬁleg NS NG N-linked glycan

FUCOSE

structures of secreted proteins from CHO cells by the six character alpha-numeric

embodiment of the GlycoDigit code.

[00084] Rule 1: For high-mannose and hybrid subtypes in secreted mamsmalian
cells, the maximum possible number of mannose residues attached to the core structure is
six, making the total number of mannose residues in a structure equal to nine (counting

the three residues in the trimannosyl core) (Varki et al.).

[00085] Rule 2: The six character alpha-numeric embodiment of the GlycoDigit

code only allows six mannose at most in a single branch.

[00086] Rule 3: For hybrid structures branches 1 and 2 and branches 3 and 4 must

be of the same type respectively, i.e., either both mannose, or both complex type.
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5 Gal actose Gal pl -4GLlcNAc - - 7 NeuNAc

NeuNAca2- 3Gal] 3l -4G1lcNAc- - A Mannose Man- - -
Mannose Manal - 2Man- - - C Mannose Manal - 2Manal
WO 2008/ k538 hnose Manal - 2Manal - 2Manal -2- - - Man @@%8%’%00212
Manal - 2Manal - 2Manal - - - 2Manal - 2- Man- F Mannose
Manal - 2Manal - 2Manal - - 2Manal - 2Manal - 2- Man- [ 000831

Three additional rules are defined to describe the
N-|inked glycan structures of secreted proteins from
(008 ke | slqltﬁ/cernﬁlew%p%mtwc@repﬁa E} E&E a 13 a tri-antennary
enbodi nent of the A ycoDigit code. [000841 Rule 1: For
stivicgiire mithradseavia i dybpitope sttashgdersthi brasek ceanegtedorthel o 1ahlinked
cells, the maxi mum possi bl e nunber of mannose resi dues

ke 18dhé el digitdeteer phit efibudiment thesGlycoDight vage fidrethis structure
total nunber of mannose residues in a structure equal

ist[@Bx ngrlﬁ SQQRLU%tﬂcT grhetbhﬁlng@czrsﬁﬁétdfﬁﬁ HFIGURIESD is a high mannose
trimannosyl core) (Varki et al.). [00085] Rule 2: The

%L e OD@%@% She ? ﬁg Wl (lt;o\?rvs ﬁig?gﬂﬂr}lgiﬁ %%&fs%l%ﬁ&l react:ons in the
eafopsmicteqe ﬂzg a5d a(?fﬁg%qu 3 Sigos manose, igsidug uc%%éqer%sgnted by

same type respectively, e., either both mannose, or
legetstingengynf aumbeis dhe Qog@sgmd%@gﬂqug tiga structure is [Ba Ox Ba Ba 0x 0x

PCT/ S&G2008/ 000212 [00087] The conplex type glycan
Ozs]t Aulybod strictwl iGRENSa FIGURE: Soi wighntveninghynannose branches and two

complex branches. A sialyl Lewis X structure is present in the first complex branch with a
fucose residue attached to the branch GlcNAc, while a di-lactosamine chain is shown in
the second branch. As shown in the figure, this structure is represented by the GlycoDigit

code as [3a 4a Aa Ba0x 1a 2a).

[00088] FIGURES 6a-6f illustrate a step-by-step representation of the
corresponding GlycoDigit code (seven digit-letter embodiment) for the complex type

structure presented in FIGURE 5a. Each digit-letter pair can be coded as follows:

[00089] Starting from the first digit-letter pair, in this case the corresponding

branch is empty and so the representation is ‘0x’.

[00090} Looking at the second branch attached to the al-3 core mannose, it has

three residues and ends in a terminal fucose; its representation is ‘3g’ as listed in Table 3.

[00091] The branch in the third digit-letter position has one GlcNAc residue and is

represented as ‘1a’.
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structure with a Lewis Y type epitope attached on the
branch connected to the al-3 |inked nannose. In the

weenesids@i t -l etter pair enbodi nent, the d ycoly %G
code for this structure is [Ox 3g la 3a Ox ()l?d%l(/: \.2008’000212

The Man9d cNAc2 structure in FIGJURE 5b is a high
mannose structure that is the starting point for all
further glycosylation reactions in the endoplasmc

fdhqul um j Slnce manngse residues .. .
lrg?e epr es:ler%l;jf 8%9}mﬁgﬁ%;@£&?rﬁs§%%cf ngding i r‘?‘Bé’lzge ﬁﬂ%ﬂﬁ sialic acid.

or r espongi code for this structure is [Ba Ox Ba Ba
—%}?ﬁae?ggﬁsg%"ﬁ@lﬁ?ﬂ‘structure is shown in FI GURE 5c

with two high-mannose branches and two conpl ex

hes. ialyl, Lewm,s X structure i resent in the

I?lb rst c on‘[ﬁg iﬁfﬂ} %‘H‘cﬂ“x Yrpnches are cyapty raé‘aﬁg'ffeb‘ﬁl? fEcCREpSented by
rto, the branch GlcNAc, while a di-lactosam ne chain is

own in the second branch. As shown in the figure,
this structure is represented by the AycoDigit code

a 4a B | a 2a], [00088] .FI GURES 6a- 6f .
[ﬁi?‘PJdi trat Véﬁ@%’bﬁteslﬁ-‘éphﬂgkﬁﬁ@s BAHEEN #n 26T sipgein addition to the
corresponding G ycoDigit code (seven digit-letter :
Orlbgpseethenc it also aHecosorgsides attyghed testhe ddltNAe iptheseatnddranch in
in FIGURE 5a. Each digit-letter pair can be coded as
anot1-dinkage) (308 Tlablst Hr Thadudosemithbtedf forthe gdiagiote ke tHal branch is
pair, in this case the corresponding branch is enpty

réyitSschtedtif thelcOBE Ry B REIRAbrich sy 'is ndtBARALLdr@OKI Ng at
t he second branch attached to the al-3 core mannose,

it has three residues and ends in a term nal fucose;

[00095] epr eT@ns thicicode fos the2gtiredfrutiugd RSultsiin FAAEL1a3a 0x 0x 2¢].
[000911 The branch in the third digit-letter position
has one GLcNAc residue and is represented as 'la'.

[BEB6D 20084HimBE 64 ol el S RISt bHAOABE] ndiheim to provide
fourth branch has three residues ending in an a2-3

gl e eSS AT e
eSS Rahii9oh HBPARIGHIRAinRbcreted glycoproteins in mammalian cell lines
such as CHO cells, while still remaining extensible. For this reason the seven digit-letter
pairs are chosen fo represent the six linkage sites on the core structure for GlcNAc
residues along with the ability to describe attached fucose molecules. Currently the ‘
GlycoDigit code can represent structures with mannose, GléNAc, galactose, fucose and
sialic acid residues present in them. It can distingnish between NeuNAc and NeuGc; and
is capable of representing terminal galactose and fucose. Several structures that are not
naturally expressed in CHO cells have been produced in engineered CHO cell l.ines.
These include bisecting GlcNAc (Sburlati et al; Umana et al] repeating lactosamine

chains (Sasaki H, Bothner B, Dell A, Fukuda M (1987) “Carbohydrate structure of

erythropoietin expressed in Chinese hamster ovary cells by a human erythropoietin
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"Ox, [0000094] The value for the last digit-letter
position is "2c' since in addition to the core

§ﬁﬁ here is also a facose residue attac
w cﬁ@%ﬁ?ﬁ the second branch in an al-3 Iinkgg /%@%@Q&mzu

Table 4). The fucose attached to the gal actose in that
branch is represented in the code for the second
branch and is not counted here. [00095] Thus the code

r., .entire st r esylts.i 39 la 3a Ox

CQ@]‘\.- & ?agcéfw 262 ST SRd s {’9( %P@W&@Eﬁsg’fhomas LJ,
code does not aimto provide conprehensive coverage
Painegnselvarn sk Beattigl DEa Xiesrd MPuZas B, Ritigrshapsa OW, Marsh Jr HC,
species. Instead it focuses primarily on structures
Hamumond | RAS dgine tle Btepepomp TotZnpfisD, BapanRil (2604)c EPdoduction of a
lines such as CHO cells, while still remaining
ciplementdIndibitoP pobkdekding SRKANLAWME X embRtied wzt il ©ftf Llycosylation
pairs are chosen to represent the six |inkage sitées on

L8 BB S it K
TSRl o AR R P REICE oy s .

sialic acid residues present in them It can . .
Peracauia R (2Q03) b@fm@ tiqa pliaeruayabouugiegse loindicates agmaigfndothelial
of representing term nal gal actose and fucose. Severa
oggin (of ueeslst anaiincrgase inotore %@p&brldidnyina;apm@gtéfe daricar. Cdycobiology
cell's have been produced in engineered CHO cell |ines.
17:B&8-400)ncl ude bi secting GLcNAc (Sburlati et al; Umana
et all repeating |actosam.ne chains (Sasaki H
Bot hner B, Dell A, Fukuda M (1987) "Carbohydrate
[0909Tct ur eWdth respestith fiepeocweiliembediment s Latiditionghbmeshes are required
hanster ovary cells by a human erythropoietin -26 WO
to2@R S 4thabOdeLHrEBINNHEGARE 2an 6OMAICd tdBho codd®Mepresent them.
262:12059-12076) and Lewi s bl ood group structures

FéclHp S inddx-balBNBReS §2 A RelinBedifidal Hikadd iGRHatdd allow the
Xu B, Rittershaus Marsh Jr  HC, Hammond RA, Q an

cw
eaéy a§hﬁi}§ﬁ o Tei'r I %éct Md RARUEL ?gsll;ncéa%gﬂé)cé'ﬂe%%ﬂé Et&go&dgfcm be

~conpl ement _ O possess| sraly
sinrrl%iiggé Elsca?é/s where telteoarglf Vot alnastewlleonnbranches or if linkage information is

not needed. The main emphasis in the GlycoDigit code is on the fact that the code kéepS' a

numeric component, which can serve as the basis for several computational applications.
[00098] Applications of the GlycoDigit code
[00099] Comparing glycan structures

[000100] The development of BLAST (Altschul SF, Gish W, Miller W, Myers EW,
Lipman DJ (1990) “Basic local alignment search tool™ J Mol Biol 215:403-410)
(“Altschul et al”) provided a solution to a fundamental question that biologists had been

asking, i.e., how to measure similarity between different sequences of nucleotides and
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technol ogy." d ycobiol ogy 14:883-893; Barrabes S,
Pages-Pons L, Radcliffe CM Tabares G Fort E, Royle

DJ, Moenner M Dwek RA, Rudd PM
W(k?ﬁag%gg%aul a R (2007) "dycosyl ation of serD(LJ]l?T(rL’J"'&["2%@1%“)00212

ri bonucl ease 1 indicates a major endothelial origin
and reveals an increase in core fucosylation in
pancreatic cancer." dycobiology 17:388-400). [00097]
Wth respect to the second enbodi nent, if additional |
proteinse Hiaveyen suely@lgosithms grecBRfedirestly cAppligable; to thy gomparison of
digit-letter pairs can be added to the code to
glyeprsalertd thdietee-likusttucre. Rdventlynal dow aheiuéschaverbsed developed
representing additional |inkage information allow the
foR @bpae %g/éﬁihs PAKiKE, MeimdgubiiancU &N, Bitslie, Mypitsuka H, Goto

opt i ons. nversely, the code can be sinplified in

8¢ il K1 2200257 K G (ke é:ﬂﬁ&hgg{-’a‘(@ MAERPE N SotBlark frool for

I nkage information is not need The mai'n enphasi s

im the,.dycaDigit code is on the fagt,that  t. 0
e 0% siEReR oF cfitste Stk BBnE SV oR, A RES S w6727
basis for several conputational lj.cafj «4 00098] .
CASHi Pk 076 K Ymereakp b G b Aeh5obbED e shers auix o
gl ycan structures [000100] The devel opnent of BLAST
revpdltthe hidderstnkscinsglyoans. RiBidinformpgtiangd i I4SEMAG3) pus whip resgarch area
(1990) "Basic local alignnent search tool." J Ml Biol
is2&fll #DRs 4dfagcy. (1 Aotls theudix-esndabeven pligiiletted pair solbodinmnts of the
to a fundanental question that biol ogists had been

G?:K'Di‘@t cddeSwe dEFMY o RHFBRASI IR ra%drN | which Wil&®4$ fu@ @ky comparison of
i fferent sequences of nucleotides and -27 WO

ﬂa{%@é}ﬁ' 04 RGHSG2008/ 000212  proteins. However, such
da gor%ﬁﬁ ;

nms are not directly applicable to the
conparison of glycans due to their tree-like

RIGT Ur epTRACE Y ldpids (BMipleRCAHAl BytRRl Rauked tructures and
[devgfl]oped for con%@ijérisﬁg 5| ycans (Aoki KF,e muschf o

ofs Rl DAL, B o
o i, LR B TS 63yl 3 AN o e s
missing a fucose residue attached to branch 6 whﬂe the second structure does not have the
galactose residue attached to branch 3. The difference between the structures is obtained
as (0 0 2 0 0 -2). The resulting code is not a valid glycan structure, but provides
information about tile difference between the two input structures. Zero values indicate
that branches on both of the structures are exactly same, while non-zero values mean the
branches are different. Even numbers imply that both branches being compared are of the
same type, either both complex or both high-mannose. An odd number would imply that a
complex b-ranch is being compared to a_high—mannose branch. The result from the above

example verifies that there are differences between the two structures in the 3rd and 6th

branch.
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("Aoki et al"); Aoki KF, Mam tsuka H, Akutsu T,

Kanehi sa M (2005) "A score matrix to reveal the

hi dden | inks in glycans." Bioinfonnatics 21:1457-1463
WORISHRPY research area is still in its infanfyl/S¢3)08/000212

both the six- and seven digit-letter pair enbodi nents

of the dycoDgit code, we define a difference

operator, , which allows for easy conparison of

di fferent glycan structures. }000101] FI GURE 7 depicts

[PUMP2lex andAhlaskip bl (Tlable 6) & alsfined te tuse dthe ageplts from the

their corresponding GycoDigit codes for the six

diffaerme bperatar phiindihespécificariidok aerlinkage differenGisyhebBicgistructures.

code. There are two differences between the

Fof EathibiaRE befnp&olrpafell, BB 2arksr dipik B9t he dwd GRS Stnlichsre d4! rdexed
attached to branch 6 while the second structure does

ve .t : [ : r

Bt ISR redBAE NIRRrES (CSIBUIEENT Cobplell ABE Sudbtures for

0 200.-2). .The.r { ] code .is not a li.d
chigels,? Eepviorth (e e TR 81 Gk B el Bt grpovatoes 7
di fferen et t he i nput_ structyres.,..Zero
aES: P Grbat TN AGK et hermalpeshrtshs Ffins igftences can only be
structures are exactly sanme, while non-zero val ues
One2urtdy el =hisemPifssence solynmfiaTahle 6) Elherzervades indicatss po change,
that both branches being conpared are of the sane
ahy penot eedoindad inahdlookaptable. For bachhoitihesh possible differédnreg dbe table
nunber would inply that a conplex branch is being
lisRMaNRptagR tRathintibe PR GRAREd Bh angdt- toThe @t Uthé frsto thBesecond
above exanple verifies that there are differences ,

I

e ith O ' {18 foPhéRfle val
AP S 5o 18 000 RA. vt
1l nokup t ahl T i j [ .
PR B TT 8 Bl BHTEF b ISR bomparicons
resi due andg |ipkage .di fferences between,str S
bl ARHD IS T IGE O P oo e dp BRITEETFoffe exect
the two input structure is indexed _against, all L
diffrsences bepresn|the hyo gitueEresRaashe Eymd; fepnfdgingnthy digits in each
conpl ex type structures for exanple, a branch with
strhaureafor éhe73ridNsanthcve cam som that e of dbe twraidigts i6 (e and the
val ues 7
difference value is 2. The corresponding highlighted cell in the lookup table shows that

GlcNAc residue attached via the $1— 4 linkage is removed in the second structure.
Similarly for the 6th branch, it can be shown that a fucose residue has been added via the

al— 6 linkage.

Table 6. A condensed version of the lookup table for the comparison of branches in complex N-
linked glycan structures

Larger Difference Num ' Linkage Changes
Digit Reaction ~ 1" & 37 digit 2™ & 4™ digit 5 digit 6" digit
Steps

o 02-3() a2—3(-)
6 3 B1—4(-) B1—-24(-) N/A N/A

pl1—4() p1—2(-)
4 2 02—3(-) a2—3(-) N/A N/A

B1—4() p1—4(-)
7 2 1 a2—3(-) a2—3(-) N/A N/A
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(NeuNAc), 5 (@Gal), 3 (G@cNAc), and 1, neaning that the
resulting differences can only be 0, f2, t4, and f6
see Difference colum in Table 6 The zero

Wé?‘?&?"&ﬁ‘é"s no change, and is not Zecorded in %(ﬂtg&oosmﬂozu
| ookup table. For each of these possible differences,
the table Ilists the |linkages that nust be changed in
order to get fromthe first to the second structure.

'l!‘amﬁe' ArcopacARd TR Os'gﬁ frsker ?%é‘ée&glp@saﬂ ]eib‘a“%’ gorgplex N-

qu?— ar I%Eﬂ@ncebetvﬁ@ﬁ Si l;. "0 an age Gy '—-- result
dBglk obt ai ned | RPFHIVRE 7' &8 éi@xacﬁ &gy o edigit 6" digit
bet ween_t he two cstﬂﬁci.u.t.es_can_be_f_o;md_cgnsmr' ng

the digit2in each! struc®?rdCor th8233¢) hy ancWAe . NA
can s¢e tiht the |arger ofltieltwo dfhrflis 5, Nighg NA
the difference value is 223 corr82pdldi ng

hi ghl {ghted cell in the | & )t abl eBEREM t hat

G cNAG restdue attached viBhd 01-. P f{dkage N N/A
renpved in the second strgerdtd S @Ay for the

gth bfancH, it can2be shoﬁi—t‘*ﬁ'&t a f@évﬁ‘é;resn d¥er has N/A
een i

condel ASE N/A
conpalisor? of branthes i nﬁéﬁ#b‘i)ex N- Bh"ﬁ(("éd gl yN&k N/A
struc{urest Larger Differefite4m Li nREgd(:Change®/Di gi t NA
Reactiion 1ft& 3 digit nd $1446igit SPh—ad(idit 61h digit
Steps|a2-23(-) a2l.3(-) @B13401--. 4(H—20). 4(-BINA  al—6()
NWA 1-4(-) 1- 2( & 2 a2- B3e4fHa2-. 3BIP2ANA NPA=AE)- . BIE6E)
"1 7 2 1 u2-.3(-) a2--+3(-) NA NA -29

[600103] Lookup Table 6 also contains information on the number of reaction steps
necessary for the difference between individual branches between the structures. The
number of required reaction steps for each branch can be obtained by dividing the
absolute value of the difference between two branches by 2. For the above example two
reactions steps must take place to convert the first structure into the second 6ne, ie. the

removal of the GlcNAc residue and the addition of fucose.

[000104} The full lookup table also contains information on the changes that
occur when comparing branches where both inputs are of the high-mannose type. For
example, in comparing the two branches of a high-mannose structure with di gi'ts B (value
of 4)_ and D (value of 8) the difference would be 4 and can be described as adding two
mannose residues to the first structure. The comparison between complex and bigh-
mannose branches in hybrid glycan structures is more complicated. In order to convert a

high-mannose structure to a complex one, all of the mannose residues must be removed
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WD 2008/ 153504 PCT/ S&20081000212 Table 6. A condensed
version of the | ookup table for the conparison of

es in conmplex N- linked glycan structur r
W@@%&éﬁ%e Num Li nkage Changes Digit Reacti on&i’m&@&%&ooozu
digit 2 & 4" digit 5 digit 6 digit Steps -2 1
a2-.3(+) a2-*3(+) NANA -42P1-.4(+) fit--*4(+)
I\VA NA a2--*3(+ a2-3(+) f31-*4(+) P1l-'2(+) -6 3

FG ﬁ,pﬂ +&1T'io %onés%fgl?yﬂfs&';vﬂﬁ)& attfilche%f(> don%%@ggs %%IC es ze@esented by
awe) I-*4(7) NA 5 -2 1 1-*4(+) 1-*4(+) NANA
the4d1g1tspg_) and (T+yoyld mply) thay the Krpe mansose Fysidues have tosberemoved and
-*4(-) 01-.2(-) 01-.2(-) al-*6(-) 3 -2 1 f1-+4(+)
ﬂBIa 'CﬂQNAc,\ghlanQ@&)mcthnNAcﬁ bad to®@addallinladotaligf sbalehetidh steps.
al so contains information on the nunber of reaction
steps necessary for the difference between individual
[#0afzihes BEKIWREMS depicts toouplaxr esl hihrel Nalinkedrglpdan structures and
required reaction steps for each branch can be

thedxt eorieepbrding0GlyicoDRgE dodes falthekenen lvidrifiigiDpait BRbodiment. There
di fference between two branches by 2. For the above

aRXRRTR BbNRces BRAFEINABS sRHGRRs: S irktadtR P MRCRidRg fucose residuc
convert the first structure into the second one, i.
altdficd to the core GlcNAc; the second is the missing galactose residue in lower branch;
and finalty the fourth branch is of different types in the two structures. As shown in
FIGURE 8§, the difference between the structurés is obtained as [0 1 0 5 0 0 -1]. The
difference operator only compares the digit values in the code and ignores the letter
values. As such, the resulting code provides information about the difference between the
two structures. Zero values indicate that branches on both of the structures are exactly
~ same, while non-zero values mean the branches are different. A special case arises when
high-mannose branches are compared against complex branches. In this situation, the
difference between branches is defined as the sum of the two digit values for that branch.

The result from the above example verifies that there are differences between the two

structures in the second, fourth and seventh branch positions.

[0060106] The result code fr(;m the difference operator can be used to calculate the
number of reaction steps necessary to convert one structure to another for the seven digit-
letter pair embodiment. Adding the absolute values of the digits in the difference code
reveals the number of reactions needed to convert the first structure into the second. From
the difference code, we can calculate the number of stepstobe 7(0+1+0+54+0+ 0+

1). In the case of two complex branches being compared if the difference digit for that
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renoval of the G cNAc residue and the addition of

fucose. [000104] The full | ookup table also contains

i hf ion on the changes that occur when
““%ﬂgﬁiﬁgéamhere both inputs are of the high- nﬁﬁﬂﬁ@éﬁﬁ%mmzu

type. For exanple, in conparing the two branches of a

hi gh- mannose structure with digits B (value of 4) and

D (value of 8) the difference would be 4 and can be

descri bed as_addi ng two nannose residues to the first

benely dy pesitiverthen #dmplies Swh slystnnaavst be wgdekaspart R ig-conversion,

mannose branches in hybrid glycan structures is nore

whalel Regatied difference demans glycansvrenst be reinbyddl: The mosparison between

structure to a conplex one, all of the mannose

cthﬂ Jcfl UA8 highSthadiRsé BRAMRE in hptid By QEudiarRG¢ more complicated. In
/ S&008/ 000212 before any ot her rmnosaccharl desp

Oﬁ%e t$d)l gl tﬁ Chga Z wou ﬂgﬂ& g% S(tﬁﬁlg ?pegl%%%%lggeerwdues
ol SPEY B8 iitiGa heRal R iRofas it °"?“ ?t@%ﬁt‘i Somgaging the
W@f‘it»r'agqrﬁt PR B G 1 ant P the (90 Sryaiures Tspectively would

corresponding G ycoDi git codes for the seven

implytthat-the Give mpanesegrtidensrhane to i mmoved and that @eGlcNAc, galactose
di fferences between the structures: the first one is
atdNeulNAs hage tobeadded fos adotel ofdfiveacdetch $tepst Mebleoi ¢hrough 3 can be
G cNAc; the second is the m ssing gal actose residue in

ubedVi6 Finkiloa Ghich mdtbsddcR@ide)is hitRed ffordat i dipitamahin i linkage. This
different types in the two structures. As shown in

1[&!)%%n cant Bce uqecf ﬁrr@‘g&?e *&?tﬁ’t‘ﬁe&tt WEICRUEHGLLY & benoved when

obt al ned as 105 The difference operator
values in the code and ignores
. cc?rw&(t}n%t %%&S&u{eggg%t such, the resulting code
provi des informati on about the difference between the
[GORDOE) r ucH ulieence Zenourembridatwead heaNdirkbdglybrremelegeson
bot h of the structures are exactly sane, while

RO R L R AL
O Ao B RS b W RS s

of the two digit values for that branch.
of the GlycoDigit code:

(max_ possible _reactions —total _reactions)

%100 Eq. (1)

%Nearness = - -
max_ possible _reactions

[000109} Using this algorithm, the nearness score between two structures can be
simply calculated, allowing the determination of the number of reaction steps needed to
convert one structure to another, as described hereinafter. It should be noted that the score

is just a naive approximation, and does not have any clear biological significance.
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The result fromthe above exanple verifies that there
are differences between the two structures in the
second, fourth and seventh branch positions.
WOr@8/t3s% t code fromthe difference operator ][c(gﬁg%@%mom
used to calculate the nunber of reaction steps
necessary to convert one structure to another for the
seven digit- letter pair enbodi ment. Adding the
absol ute values of the digits in the difference code
(0084 HY| s + WOURREB shows twosglpgans aad the &enetion ¥ tocpgvert one
first structure into the second. From the difference
stotiore tovenotizen. Treel structaites ardwepreserntest byothe sodgs{7dd bé 1yagd(1 117
+1+0+5+0+0+ 1). In'the case of two conpl ex
1 by, avighesimitalifyGcoeaidnth. i f the difference digit for
that -31 WD 2008/ 153504 PCT/ SG2008/ 000212 branch is
gsitive then it inpljes that glycans nust be added as
(4087 HTlor ¢ ey B e CRoRranchiyp, the MAXHBYR PBerPF Fariafs@iceded fo
means gl ycans nust be renoved. The conpari son between
canyers| & kraackl withy ixnmanaose reviduesHato p branghrwith @l treminal NeuNAc
structures is nore conplicated. In order to convert a
residyh iswEnacaetidus ATledrefore, theanmayiiem mumber af possibletrhactions would be
mannose residues nust first be renoved before any

(PPl EPHRSREGIAT ddR ForCh Hicidd IdNest atOpamdy 5 Rgd e fucose at
fourth branch represented by the digits B and 3 in the

Lalh & 1.6 BB LS TERAGH! THELbrd\OM!iHon B WIENed RAt the two
brrannggé%gsﬁ%%ﬁgg&ﬁave to Eerr ermvend and that a G cNAc,
gal actose and NeuNAc have to be added for a total of
five act i on (88epstal Timbttéms ough 3 can be

to fiJﬁIge%ﬁ‘f”\Whl ch nmggsaccha)rl)f i s added for eaga'e&)
digit and in which linkage. This information can be

[dopEtz) " BYRL e B¢ fah @ 9as® Woo WbhGilrel 1) %ﬁgre_fm% gﬁ%ﬁr@ﬂ%gle, the

when  converting one structure to anot 1071

.St ance neasurenepnt between two, N-|inke Ly
At RF i SR8 TR Honc iy e e b SRR Therefore the
algorithm for conparing t val|d gl ycan structures
neaRness PRy ceR thedwe s r&?%%%ﬁ’“*%‘?d%f’%’ﬁ si x character

al pha- nuneri c enbodi nrent of the G ycoDigit code:

(38-2) 100 =§—Z~x100 ~ 94.7% Eq. (3)

% Nearness =

[000113] Six reaction steps are needed to convert the first structure of FIGURE 9 to
the last one. Therefore, the neamess between the first and last structures of FIGURE 9
can be calculated using Equation (1) to be 84.2%. However, these structures are only
intermediate and the final structure is always valid. Note that the first structure and the
final converted structure in FIGURE 9 are isomers of each other and may be biologically
indistinguishable, a fact not represented by the 84.2% similarity score. Further work is

needed to establish a more biologically relevant scoring system. A web based graphical
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(max_ possible_ reactions -total reactions) %\earness
= X100 Eq. (1) max-Possible reactions [0001091 Usi ng
this algorithm the nearness score between t
WO s can be sinply cal cul ated, allow :ﬁégjcy%‘ézoosmoozu
determ nation of the nunber of reaction steps needed
to convert one structure to another, as described
hereinafter. It should be noted that the score is
_just a naive approximation, and does not have any . |
hes beeyilevglopsd deiimplemesaethe_cysrentrrigerishmianglsprovide intuitive
PCT/ SG2008/ 000212 [0001101 FI GURE 9 shows two gl ycans
rednlts, hidesciblttiessinafteeps needed to convert one
structure to another. The structures are represented
by the codes (7 111 11) and (1117 1 1), with a
[600#d]ar i t Comtractngdly@sylation p@@¥¥21] For the first four
branches, the maxi mum nunber of reactions needed to
convert a branch with six nmannose residues into a )
[@oarEh wi The glycesyhitinareasdomnetworkeeindeecthpaghtiofigs a graph with the
reacti ons. Therefore, the maxi num nunber of possible
nbd&8 Geprogeating plydarbstrucqieskand) edgesushootigg paaibld enzymatidiréactions. A
the bisecting GLcNAc at branch 5 and the fucose at

siﬁ%ﬁ@gcaﬁ druBluie S ROSS ANBsHAA Rlifple TABHGHEAUNE A be the end
then be defined as 38 %N\earness=(38-total reactions)

1&81198 II:S% se(rgx.)al r%?c%ééz éluys l:lrégtu{gz gin%f%i?} tlﬂ'ﬁe}ﬁhwslﬁet&rw. Another

structures’in as an difference

in terms of re ion ste between the.two structure
chafacist dPeps, &f DR EYABIFRETE BAvNeeh PREMer SHAES can be
structures can be calculated to be 9%\earness = (38 -
considerefoan endprodnghaad dead g, thy large varigly ofgstrughyses) sppn dp yatural
reaction steps are needed to convert the first )
systems: Misuglining BhdUREEty otkocantimprovesiur gnderstaingplothe glicpeylation
near ness between the first and | ast structures of
phth@efREn@serve as a basis for in silico experiments.

[000116] To ease storage and processing, a symmetric adjacency matrix was created
to store the reaction pairs. A 5100 x 5100 matrix was created with each (i, j) value
recording whether glycan i reacts with glycan j. A zero value implies there is no reaction
between these two glycans, while a value of 1 means that there is a reaction link. The
difference operator  as described above in connection with the first embodiment was
used in creating a pair of functions which populate the adjacency matrix; these functions
were implemented in MATLAB and their corresponding pseudocode versions are shown
in FIGURE 10. The function isrxﬁ takes two glycan structures as input and refurns 1 if
there is one and only one reaction needed to convert one structure to the other. The full
list of glycan structures is passed to the rxn_matrix function, which creates the adjacency

matrix and populates it with 1’s each time there is a reaction between two glycans.
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can be cal cul ated using Equation (1) to be 84.2%
However, these structures are only internediate and

fi structure is always valid. Note th
wé%&b‘%@r ucture and the final converted Strﬁl%q'{jg(gzopwoouzu
FIGURE 9 are isoners of each other and may be
bi ol ogically indistinguishable, a fact not
represent ed by the 84.2% simlarity score. Further

is needed to_establish a nore bIO|OgI al
(0801 Kt Buoidendp Sjsaim tha Sssnaby ngeh Saant gse snged
2008/ 153504 PCT/ SG2008/ 000212 interface has been
from,/ bk bpsid cors stmpiuemand: suptraresiduesarvare afdpdryntil theagtppcture was fully
provide intuitive results, as described hereinafter.
siaBdd] Glydans sereidissifigd @ty gesupk bhded onnbkd innbe of 0@0EdD§teps that
The gl ycosyl ati on reaction network can be thought of

séparaledERR B1pthh Frohlie cBRASHCHRD P8 fRldaftido Ttk type glycans, the
Structures "'and edges show ng possi ble enzymatic

MR A K LR iy i

C&i gﬁgdﬁ) ﬁéer WRH@( %ﬂ@’hsﬁlh fﬁr%el? ¢ é)é?SﬁI}tggl 5}% the code

the glycan network is hom1an i.nt.ermediary structure
7 w@%ﬁe wevAlizationetl s tay %relyﬁmaw& alyeah strgctpses in each group

| arge variety of structures seen in natural systens.
and them diamishigesbrtiveen thesestuktuees that hpyepakgagiin link.
under st andi ng of the glycosylation pathway and serve
as a basis for in silico experinents. [0001161 To ease
[@0818lge afwoptarcestsphglycan symatses Wereaeipaied he Jesirther yigualization
was created to store the reaction pairs. A 5100 x
algdOthmelhei firstvaet veasethe doll Wil OO tleacdticgli gly¢ans \geherated by GlycoDigit
recordi ng whether glycan i reacts with glycan j. A

witBI193 YRddetidn fliss €4 nifeh sfallér dae: seCoshpriving dify 68 etfudtives end 160
two glycans, while a value of 1 neans that there is a

réa@ﬁ&fs'v@:ﬁ dldodtfeatdd at SHi E@ﬁt@l’ﬂ@@tfﬁ@@&ﬁﬁ Ex &pedniahd RRH only twol

above in connection with the first enbodinent” was

ot’l ﬁ]%dﬁljgp fouk %?Z{rllcﬂgs ]?re&m rlﬁ %fotlI ? Ises. P‘l%r}%sﬁ@mvé HefRBU itfvied a highly

acency I ons
bliﬁlg rr%g% gtgle/cgfrg h{gﬂL gerge(g ﬁgrﬁslt "and thér %BS\Pe‘i“ge'?ig At the start of the |
network there are many possible sites to attach sugars which leads to the divergent nature,
but as these fill up the number of possible choices decreases and the network converges to
the final few structures. The first network showed a tree structure with a depth of 15
levels, while the smaller set had a depth of 9. The number of glycans and reactions in

each level for both cases are summarized in Table 7. FIGURES 11a and 11b show the

network distribution for the second data set.
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in FIGURE 10. The function isrxn takes two glycan

structures as input and returns I if there is one and
reacti on needed to convert one stru;]!;S

W(?%Héﬁ%?sﬁ@‘r The full list of glycan structur (’Z’lf/gcfogsmoozu

passed to the rxn matrix function, which creates the

adj acency matrix and populates it with I's each tine

there is a reaction between two glycans. -34 WO
2008453504 PRCELSG2008/ 000212 00011 Al n-order—to

vi sydiapler. twfg %‘Eﬁiﬁ‘é@%@éﬂ&aﬁm@lw% eygLpEthe
arrrrﬁlﬁ’a?ﬂ)f core structure and sugar

resildues wer e |dusherafitifl the strUd¥embenads
si allyl ated. djebaas wer ¢ Ninatssiof i gdzlyeahoingr
on tthe nunber |gfruéte@sin qreRtionsint Nakduceé dawa altreduced dhita

gl ygarvélr om t Hgulggdte St riuall bite. Fdrset he case f
conphiex Type ghiycans, THgg core stjructure

nnnnnn

rep tzben'l ed—as ﬁJ_J_J_J_J_ T ﬂne f | st ZFIIUUUI IIEI

G ™ HI - hao o f .l 1 .\,
Yy gogtrt €€ li e :2§§ etd patfit wotH—¢t a—TrthrTYy

si alpfated—stryct ure re; eht-ed-Hy-—the——cod 7433~

The _&m_._&_al fﬁﬁgﬁ draws f]P?-p Lndivi rﬁ@-‘nl

gl yédn struct 4248 in eaqH3@®oup dnd then drlds 1ines
bet wen t hose |4Rfuct ur eq 22Ba4t havd R reacti dr2fl i nk.
[000F18] Two d&Hd sets af30fdycan Ht§ uctures jvidh e
credqged to tegt7gghe visuahpzation |4l gorithmg The
firgp Set was 7g¢ TUl'T Ybggstheor gty cal grygaps

geng rlgt eu by :@;gou gII 2‘49%” 193 @TE&CTI o) (pa-i IS A

¢
m.IC JZIIU.I I Tl ;SE& set—Cq Iiga& ST 1TTY U

O
r ocraont + hn
T ™

and reactH-oRs—was—a ereatg
contéz—uad—l-h@jég onplex 19\6;:3 ol \/Pér with o IyQ/ two  of
thefl8rst foud 18P anches @Pﬂ&qent Irp_hm‘ h cadek the

‘reslllfi ng net \ldfk showed 88 highly | ®ranched [t% ee
strydbure thatl 18i verged |8k first 4qrid t hen cdrver ged.
At the start of the network there are nany possible
sites to attach sugars which | eads to the divergent
[dPle, WBulistafendyewe irfvolved iptheladditionized resfiovabsSmbhasaccharide
choi ces decreases and the network converges to the

uhith & theqilycah fstitétureeere bbaidedr Bdm IKEGOT(Kagdhoweld., aGdto €2, Hattori
structure with a depth of 15 |levels, while the

M IMAbkeKindShit RE., atoheMt, KaWasiBima I eK Y TOfArali WA 288d Hirakawa
and reactions in each level for both caseés are

M UWEGL! g%ﬁanfcgt T alnfical ; genﬁn%%%wldé%l%ggle&ts LR RESYS WAleic Acids

Res., 34:D354-357, 2006). 5100 theoretical glycans of all three subtypes were obtained

—

from the first embodiment of the GlycoDigit code, and 19372 reaction pairs were created

for pairs of glycan structures that were linked together through an enzymatic reaction.

[000120] Using the numeric index of the second embodiment of the GlycoDigit
code, an N-linked glycosylation network was constructed that can be represented as a
graph with the nodes and edges corresponding to glycan structures and reaction steps,

respectively, as shown in FIGURES 12a-12¢.
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network distribution for the second data set. -35 WD
2008/ 153504 PCT/ SG2008/ 000212 Table 7. Nunber of

| vcan _structures and reactions in each Ievel%crglt ME
W(ﬁ@%w&"‘f or both data sets. Nunber of Number / 00212
of glycan Nunmber of glycans in reactions in

structures in reactions in reduced data reduced data
Level full set full set set set 111014 2 10 74 4

41 264 , 8 26 68 1 240 1340 14 36
(90331 5736ing thegsesondsammbaBimantoptife 8@@%@@@ we gnugerated all
761 2934 1 0 10 670 2498 0 O 11 539 1744 0 12 356
pesible comples tweRlBRn sgugures gommogly SerptediB QEOWeUs,@tarting from
[000119] A list of enzynes involved in the addition
fhengre sroviae, whichisoprassnitedras €x 0x Ox Ox Ox Ox 0x]. This enumeration was

simply carried out by incrementing each digit in the GlycoDigit code by 1, indicating that
sugar residues su(-:h as GlcNAc, galactose, fucose and sialic acid are sequentially attached
to the core structure through enzyme processing by relevant glycosyltransferases. This
process continued until the glycan became a tetra-antennary fully sialylated structure with
core fucosylation, represented by the code [3a 32 3a 3a 0x 1a 1aj, thus_ generating 1024

complex type glycans and 4096 reaction steps each linking two subsequent glycans.

[000122] In order to visualize the constructed network, the resulting graph was
arranged in a hierarchical manner. First, all glycans were classified into different
hierarchical layers based on the number of sugars attached. The core structure [0x Ox Ox
0x Ox Ox 0x] was initiated as the first layer, followed by the second layer composed of
glycans that had added one sugar each to the core structure and sé on until last layer
containing a fully sialylated glycan structure [3a 3a 3a 3a Ox 1a la]. Once all glycans are
placed in their corresponding layers, associated reaction edges linking glycan pairs are
visualized within the network graph. FIGURES 12a-12c¢ illustrate the resulting network,
which is a highly branched structure in which individual glycan structures are represented
as nodes in the network while edges represent enzymatic reaction steps between two
glycans. It should be noted that the current metwork is an approximation of the
glycosylation pathway in CHO cells since the enzymatic requirements and restrictions

(Hossler P, Goh LT, Lee MM, Hu WS (2006) “GlycoVis: visualizing glycan distribution
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units to the glycan structure were obtai ned from KEGG
(KanehisaM Goto S., Hattori M,Aoki-Kinoshita

[toh M, Kawashi ma S., Katayama T.,
Woa?'%]s‘ﬁ:’?%kawa M " From genonics to chenical g‘k‘}%ﬁ/‘#’é’gs’“““z”
new devel opnents in KEGG " Nucleic Acids Res.
34: D354- 357, 2006). 5100 theoretical glycans of al |
t hree subtypes vvere obtained fromthe first

odi nen ft oDigit code, and 19372 reaction
i the PEOL N Do L%ﬁ}waadflﬂ%m’ama - dhoteehnaf Bioens 95:946-
that were |inked together throu an enzymatic
96@ ddesslsnet al PHoEIRmt msm@drﬂ%meg the nefierk copstiugon.
second enbodi nent of the dycoDigit code, an N1inked
ycosyl ati on network was constructed that can be

[9@;3285 ent Mestljolesical pahvasistare effrn Geatalex %@b@@g their structure

corresponding to glycan structures and reaction steps,

iy expefcthe wedsy ysefid stdpeim studyifR GuiRESTHiOretddiks de@Bibedherein can be
2008/ 153504 PCT/ S&2008/ 000212 [0001211 Using the

uSRC RN eRTH) GdbITEIB tpatiwal g@@t) Gk GOFdaflistru6tQete, omfind shorter paths than
enunerated all possible conplex type glycan

“ﬂ‘é %%%HEQ? KRR e &E&ﬁ%@gel'tﬂer% Sl s%verﬁt[i%%hbﬁ%athways to

e  core structure, which is represented as

L1 BT Torell AHER o e v sty
EHCHR Mot ot Wi oo

sequenti al | at tached to the core st ruct ure through
ghyeagmeanmctiely ssasttonprm etheynean bg y’@@@yraﬁdatﬁ@@iea%%etwork more
This process continued until the glycan becane a
réabibtia-The tnerdobar patued ¢fithe algboyithenseallossrugers te defisict their ogmgnodel of
fucosyl ation, represented by the code [3a 3a 3a 3a X

réa@ub,abmrstﬁasqsgﬂmrtmrn ng 1024 conplex type glycans and

4096 reaction steps each |inking two subsequent

gl ycans. 10001221 In order to visualize the

[@aD124) uct dfttabetindluk, antlysisrie onk tapplicagiona phatvgeatl ydrenafigeltorn the
in a hierarchical manner. First, all glycans were

phdsif@! dfiaS¢lsua trerthict f Kddifbnal i fBFrASHRIA 2l bel et & hasiadk model to
on the nunber of sugars attached. The core structure

8 527 Sl O B LA i o

basis for building models for this kind of analysis. It can be implemented with an
interactive user interface to incorporate experimental data and provide a web browser

based service.
[000125] Discussion

[000126] Research in glycome informatics is slowly catching up with the progress
that has been made in other ‘omics’ arcas. As described herein, the GlycoDigit code in
accordance with the present invention is based on a pre-defined branching structure of N-

linked glycans that are commonly found in most maminalian cells. Compared to other
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gl ycans that had added one sugar each to the core
structure and so on until |ast layer <containing a
full i alylated glycan structure [3a 3a 3a 3

wq gﬂos%ﬁq % all glycans are placed in their PotRchdsioma
correspondi ng | ayers, associ ated reaction edges
linking glycan pairs are visualized within the
network graph. FIGURES 12a-12c illustrate the
resulting network, whjch is a_highly branche
standasd fext senrepeniations fonalysansy the Gly topfe) i mpels shorigr and more
represented as nodes in the network whil e edges
inteitive e rit famzgsnern branckescinsterd of ppeyidst metbnds describing individual
glycans. It should be noted that the current network
niohoSHtclaRide AXitsTHFok exariile.l the glyghy stosyibra il wsirated til warjousrformats in
CHO cells since the enzymatic requirenents and

| £l sﬁﬁél y ollfad Rk 53 1200 0x 1408 MMseldh- M@t €AB0&iment of

coVi s |suaI|2|n gl ycan distribution -

20%%&%@@ | B, é%gﬁﬁé&% Fh haris C%{r?&eﬁ aﬁon is easier to enter

Bi ot.echnpl Bi oen 46- 960 ler.et al 1") wer
0l B . B RIS PR 1 § PO AP et rioafioe ey Bike otber
[ 0001231 Mbst bi ol ogi cal pat hways are often conpl ex
longer anddexdttiasedstandaedSs structure is one of the nost
useful steps in studying them The networks descri bed
herein can be used to _identify p055|ble at hways to
{9904R7ly) y cAlheysh the (FlyeoDigyt cpde ayihsy waableyior providh samprehensive
were previously known. In the current nodel there are
coverage of all gostiblp glysimbiticpuesh ity adaptablegind chp bercestamized according
structure to another, but these paths m ght not always
td thehiset’ géqu&bmwts.pmmahﬂnbh, tHeapmitedt o beanchdsi alowsed g iaestructure
i s being nodel ed, additional rules of which glycans

cifBe dtdrétaed dr 8&Gked By hajubil fhe mhintbeh oP digitrle@érRis] ®Hile more
to make the network nore realistic. The nodul ar

cﬂtﬁf:éér&gq{ atdfagd & B ehd R {ONBredst rd’*f’ffér@nﬂ?tﬁda@@ ilfB@hdtion. The

reaction palrs and visualize them

C{[l%cg él? é% 1s wé%ro{;el:rgl%ie Ov%%{:% glllo%@ iP to b in rﬂ)}a?e%tlhﬁnal laboratory

presence 0

nterface, Addltlonal i nformation

oA BHEon TGP PO P BBy RGOS e Yidine vicfl
pat hway. The visualization system provi des_a good
resources for biomedical and biotechnological applications (Hasiumoto K, Goto S,

Kawano S, Aoki-Kinoshita KF, Ueda N, Hamajima M, Kawasaki T, Kanehisa M (2006)
“KEGG as a glycome informatics resource.” Glycobiology 16:63R-70R; Lutteke T,
Bohne-Lang A, Loss A, Goetz T, Frank M, von der Lieth CW (2006)
“GLYCOSCIENCES.de: an Internet portal to support glycomics and glycobiology
research.” Glycobiology 16:71R-81R; Raman R, Venkataraman M, Ramakrishnan §,
Lang W, Raguram S, Sasisekharan R (2006) “Advancing glycomics: implementation

strategies at the consortium for functional glycomics.” Glycobiology 16:82R-90R). As
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basis for building nodels for this kind of analysis.
It can be inplenented with an interactive user
interface to incorporate experinental data and Vi
WO 53 Mowser  based service. [0001251 Di scus%(fﬁ%&mg&om
[ 0001261 Research in glycome informatics is slowy
catching up with the progress that has been nmade in
other "omits' areas. As described herein, the
G ycoDigit code in accordance with, the present .
 sychy ElevaBh glysan sauciuigs can d%ee@*’agii%aimﬂﬁ?ﬁé ;fgtrieved and rapidly
structure of N- linked glycans that are commonly found
convertebintathampictaaial foempts. Conpared to other -38 WD
2008/ 153504 PCTI SG20081000212 standard text
representations for glycans, the GycoDigit code is .
[000828B]s hor Researshdomthe glyensilatipy epatkwayt to oeantiel thp diversity of
branches instead of previous nethods descri bing .
glyoshylatidnds anstheromes diat rcan denefitt Som Fbe Glyaipgie coddieA simplified
gl ycan structure illustrated in various formats in

nith&RFepfesbftafd MHstead @ QteRBbASEH répredcntation Of ghfcahadtrbures can
the seven-digit enbodinent of the dycoDigit code to

fulrfRef %ﬁ?zpl'i:e 'tﬁ? élr%\t.rél Ht Ie?f;/ ég_ﬁglﬂ&t &lded SRGESE Nodls! Bgst'u8¥ such a

easl er 0O en nua I's not as’susceptible 10

t ypogr aphi.c r fo i errors Anl ikke, other . .
cqifige peue Blostlenct 3L I The APl RLE e bt e RI4ERS dsrorbpd herein
G ycoDigit code nmay be unable to provi de conprehensive .
canRrcagibbanpliod fq cqpeBustins and vispaliing vfi!i?f?%ﬁ oL giypan interacions. This
adapt abl e and can be custom zed according to the
appdisabibity wayinot erprovide as exrsifip by, textHeased, Agpsescpfations. Moreover,
branches allowed in a structure can be increased or
debefibiag sdiffehyrcasd petsicem elydaas ninnizems off diagiion |s@ps eand having an
pairs, while nore choices can be added to the letter

exHadGvellt bEpYsSIBRMyddh sfr@tert ab ilfkaged inFIGURES 82-8c TR provide
G ycoDigit code is also interoperable, which allows it

tﬂé:%agﬁ fb %\{eﬁﬁﬁ R8thkRAbRea? nl RIBRI GFLAE ¥lycosylation pathway (Hossler P,

l'yco-1n tion managenent system’in a retrievable
Cat, r Vi ¥ . .
M REB LY (7L SRl o1 FRRKAE Bockling in mammalion
ccgli—slé’spkg? tO(}\’gg 2(8?%5?3;%(1’ambeck FJ, Betenbaugh MJ (2005) “A mathematical
model of N-linked glycosylation.” Biotechnol Bioeng 92:711—728; Umana P, Bailey JE

(1997) “A mathematical model of N-linked glycoform biosynthesis.” Biotechnol Bioeng

55:890-908).

[000129] Further work is needed to define a biologically meaningful measure of
similarity among glycan structures in the context of the GlycoDigit code. As was the case
with protein structures, it is expected that a similarity of glycan structures will imply a
| similarity of function as well (Altschul et al; Aoki et al; Bertozzi CR, Kiessling LL (2001)

“Carbohydrates and glycobiology review: chemical glycobiology.” Science 291:2357-
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Kawano S, Aoki-Kinoshita KF, Ueda N, Hamajim M
Kawasaki T, Kanehisa M (2006) "KEGG as a glycone
i nformatics resource." d ycobiology 16: 63R-7 éﬁﬂ
W%’P?’é"véé“r Bobne-Lang A, Loss A Goetz T, FridniS§jtos/000212
von der Lieth CW(2006) "GLYCOSCI ENCES. de: an
Internet portal to support glycom cs and gl ycobi ol ogy
research.” dycobiology 16: 71R-81R, Ranan R

2%%31 ﬁéﬂ%&p@ﬁlgﬁ Rggngt;(crc@l)rs gql}:ggy::&h e@?%glg%@gggg {szzilrt‘];ose’xtendable to
i npl ementation strategies at the consortiumfor
allew thei reprasentsitipo offa owre vagiedcangesif dylinke): ghymn gymytureps
-39 WD 2008/ 153504 PCT/ SG2008/ 000212 such, rel evant
gl ycan structures can be easily stored, accessed
lmsmlevedlvmdcﬁqaamsdanﬁ varighons ofg@euabpveﬂmnbeqaemb@mams of the
formats. [0001281 Research on the glycosylation
prisént\iawention acnpeossibld, lae apprecintedthy thbse siifabmythatarioim light of the
anot her area that can.benefit fromthe dycoD git

abRRaeachings "Rii Hecbdorett HRinders®BH QBANWRthinQHe stspeaFth®hppended
a text-based representation of glycan structures can

clatth J]ﬁthéi?%ﬁ e t;‘?tl V&R bc?ra HinBiwisd @Eﬁias specifically

ana ysSi's to such ex networ

er et al The for mat * of the A ycoDigit code
d§§“§%£cr|bed hereln can be easily applied to
constructing and visualizing networks of glycan
interactions. This applicability may not be provided
as easily by text-based representations. Moreover,
descri bing di fferences between glycans in terns of
reacti on steps and having an exhaustive |list of
possi bl e glycan structures as illustrated in FI GURES
8a-8c wll provide the basis for devel oping
mat hemat i cal nodel s of the gl ycosyl ation pat hway
(Hossler P, Milukutla BC, Hu W5 (2007) "Systens
anal ysis of N-glycan processing in mammalian cells."
PLoS ONE 2(8):e7l3; Kranmbeck FJ, Betenbaugh M} (2005)
“A mat hemati cal nodel of N-linked glycosylation."
Bi ot echnol Bioeng 92:711-728; Umana P, Bailey JE
(1997) "A mat hemati cal nodel of N linked glycoform
bi osynt hesi s." Bi ot echnol Bi oeng
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55b89|0 908)I I [000129] Fulrther wor k |fs needled to defiper/9G2008/0006212
a biologically nmeaningful nmeasure of similarity a

gl ycan structures in the context of the GycoDigit rﬁecgwed?Ap"l 2009
- code. As was the case wth protein structures, it is

~expected that a simlarity of glycan structures wll

inply a simlarity of function as well (Al tschul et

al ; Aoki et al; Bertozzi CR, Klessllng LL (2001)

"Carbohydrates and gl ycobi ol ogy review chenica

gl ycobi ol ogy. " Science 291:2357- -40 WD 2008/ 153504

P 8/.0 2 2364). The dycoDigit code in
é%%ﬁﬁgggéﬁmﬁﬁﬁﬁthe present invention is also

teng- aIIOMItge representatjon égdg.nvre g
vari e %yﬁtﬁfﬁé"fd?l”ﬁ?’}tﬁ“ﬁ Riderst Rpeien of 1 igpsaparides hoeveisen
Modipﬁslﬁgazt ﬁmaserfgrmhiphammaédo&a& ok cbdeee;fm@meﬁxe S filier hﬁnbosition

i nvention are
FIPETeGoBl deiea BRSPSl AR b thoa
tMemamnt@andmtm@mumuer ofSesidaes aeﬁdfeé tottbe ﬁl%othﬁdﬁﬁ&d‘ ood
€ it

iirs nteqwgflgﬁ'n&%ﬁﬁ “l ﬁri?jetnn ?l&h% mo“ Bfeac '%a'ngglﬁm pair

@Pmeramas mdehters table @pleining iadditidogl mﬁemnpn btexdt the tyfe of linkage and

éﬁ/[p%%qggé,godqgehz Received 7 April 2009 WHAT IS

A system for representing at |.east a

portion of an oligosaccharide, the system conprising
a fixed-1ength al pha-nuneric code, the code represents
£he n%@iﬁtealn%fcifélgs i SAim &f furthesj ompgsieg e EHematen mARsgement
oI| osaccharide, wherein the nuneric portion of each

ncorporatinedharefs inagstrivable fmal o t he nunber of,
reS|dues attached to the oligosacchari-de represented
by the alpha-nuneric pair; and the al pha portlon of

h I
S TR AP T u S
s&ﬁ%ﬁ&e and

4. The systerﬁ hccording to claim 3, wherein the N-linked glycan structure is one of a

complcx, gh—mannosc and hybrid type.

5. The system according to claim 1, wherein the residues are selected from the group

. consisting of mannose, N-acetylglucosamine, galactose, fucose and sialic acid residues,

6. ., The system according to claim 1, wherein the numeric portion of the code represents

' .‘ﬂlem_l_mber of monosaccharides attached to a branch of an N-linked glycan core structure.

.~42:‘
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7.

the specific residue added.- 2. The system accordi ng gE1/5G2008/000212
claim1, further conprising an information nanageng&kdv“Y?Apﬁlzom)
systemincorporating the code in a retrievable fornmat. '
3. The system according to claim1, wherein the

ol i gosaccharide is an N-linked glycan structure. 4.

The system according to claim3, wherein the N-Iinked

gl ycan structure is one of a conplex, high-mnnose

and hybrid type. 5. The system according to claim1,

wherein the residues are selected fromthe group

consi sting of mannose, N acetyl gl ucosam ne, gal act ose,

fucose and sialic acid residues. 6. The system

di [.ai wh Ln | i C. [ f
205 S AL, e B SR i GBas e ooeof

inkg5 564 PR SUEBR BB SHBEREd 1o Pty of an Nifnked glyean core

PCT/ SG2008/ 000212 Received 7 April 2009. 7. The

StUgi em according to claim 1, wherein the al pha portion

8.

represents .the type of |inkage and specific sugar

nol ecul e attached to a branch of an N-|linked glycan

core structure. 8.  The system according to claim1,

wh dihei systeeaasonkng: omplairs els wlicxeinlthh godrpempmses six alpha-numeric
characters respectively representing the six |inkage

charatte®s respecainel)- teprekeading| sheasix clinkage sftesicnune. N9inkddheglycan core

system according to claim8, wherein the first four

strufii@nches of the N-lIinked glycan core structure are

9.

- represented by odd nunbers if the branch is a conpl ex

type and hi gh-mannose branches are represented by
letters.

The system according to claim 8, wherein the first four branches of the N-linked

glycan core structure arc represented by odd numbers if the branch is a complex type and

high-mannose branches are represented by letters.

10.

represented by the number 3, 5 or 7 respectively;

The system according te claim 9, wherein:

complex branches terminating as a GlcNAe, galactose or neuraminic acid residue are

1,

the mannose residues of hybrid and high-mannose N-linked glycans are represented

by thé letters A-F, with each letter A, B, C, D, E, and F respectively designated as an even

number 2, 4, 6, 8, 10, and 12;

for each branch, the letter value corresponds to double the number of mannose

‘residues attached to that branch;
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10. The system according to clai‘m9, wherein: conpl PCT/SG008/000212
branches term nating as a 3 cNAc, gal actose or #gcelved7Aprll 2009

neuramn ni c acid residue are represented by the nu

3,. 5 or 7 respectively; the mannose residues of hybrid
and hi gh-mannose N-1inked gl ycans are represented by
the letters A-F, with each letter Al B, C, D, E and F
respectively designated as an even nunmber 2, 4, 6, 8,
10, and 12; for each brarich, the letter val ue
corresponds to doubl e the nunmber of mannose residues

A oo T~

fu iXth char cteg ngtS having a value of 3 if
°%§°I5?5§ A Y CEPENRE GG F 8C0se residue are present,
tively; and if, a branch is n esent its

corf &8 t s $y28g 8 ~
cortd ﬁaﬂﬂﬁﬁ@tWﬁﬁﬁeﬁscgnTmoi’ng?wa ¥yitem according to
claim1, wherein the code conprises seven :
.al pha-nuneric pairs. 12. The system according to
claim1l, wherein the first through fifth”
11. a| e yysier acsopsking t clpias hewhereia) he cedsr eaapiiscs pevepalpha-numeric
| i nkage sites on an N-linked glycan core structure,
paitshe sixth al pha-nuneric pair represents a bisecting
GlcNAc between the mannoses,. and the seventh position
corresponds to fucose mol ecul es that can be attached
to the core or peripheral GlcNAc residues. 13. The

12. SY SR BySemQic8brdmg!te chimilm Wherehre Bisntirfighsfieslpha-numeric pairs
al pha-nuneric pair represents fucosylation on -

resﬂgb A Y J:s'éﬁtoﬁ@'ﬁv@%dkﬁg% §l18 Dnant RIARED ERcidore structure, the sixth
_ |gonucleot|
alpha-numeric pair represents a bisecting GIcNAc between the mannoses, and the seventh

position cone'sponds'to fucose molecules that can be attached to the core or peripheral

GlcNAc residues.

13.  The system according to claim 11, wherein the seventh elphaenumeric pair represents

fucosylation on N-acetylglucosamine residues attached to the oligonucleotide.

'14.  The system according to claim 1, wherein the oligosaccharide is an N-glycan

structure and is secreted glycoproteins from mammalian cell cultures.

15.  The system according to claim 1, wherein the system further includes a difference
H

operator defined to qualitatively differentiate between glycan structures.
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14. The systemaccording to claim1l, wherein the - pe1sG2008/000212
ol i gosaccharide is an N-g{ycan structure and is Received 7 April 2009
secreted gl ycoproteins frommnmalian cell cultures. pri
15. The system according to claim 1, wherein the
system further includes a difference operator defined
to qualitatively differentiate between gl ycan
structures. -44- Anended Sheet | PEA/ AU _

PCT/ SG2008/ 000212 Received 7 April 2009 16. A pethod
for representing the structure of at |east a portion

!, RS SERAEH 5 SR % 58l oo,

identifying a.nunber of possible substitution points
COBRIPAR! éggsgﬁructure selected in step (a) and
assigning a position to each one; (c) assignhing a
t wo{®har sdleading @duee QligosacshidestritttGn’ point from step
(b), where "character" means any unique identifjer,
t he (Bwo- ideatifvingep nuobsr lwhoaybls substiution: peiptEceR they Rgpegstructure
second character; (d) assigning one or nore unique '
i denti fi etlectéin stdpda) andsissigiing aptationto eagheons)po-
character code and one or nore unique identifiers for
t he (9ecoashiglivey acweichahcteit belet tove sitatimtbe posw fidmastep H(b), where
first character and the second character together

uni quel y «jiedtdrf means BivaiRieQdentifisn @l falocciatiaek icbdd having a first
point identified in step (b); (e) repeating step (d)

for each guhstd HhdhiseddnBhithets® that each substitution
point identified in step (b) has a set of

1oL RO, M I e RO B of e o
character code and one or more unique identifiers for the sécond character of
the two-character so that the first character and the second character tuéether
uniquely identify a residue on a specific substitution point identified in step
(b); | |

(e) repeatihg step (d) for each substitution point so that each substitution point
identified in steﬁ (b) has a set of two-character codes which identify the
plossible residues for. that substitution point;
wherein the ﬁr}st character is a number corrésponding to the number of

. residues attached at the substitution point branch represented by the two-
character code; and the second character is a letter thatrserveé asanindexto a

table containing additional information about the type of linkage and the

specific residue added.

- 45 -

Amended Sheet
IPEA/AU



wherein the first character .i's a.nunber correspondi NBCT/SG2008/000212
to the nunber of residues attached at the Received 7 April 2009
substitution point branch represented by the two- P
character code; and the second character is a letter
that serves as an index to a table containing

addi tional information about the type of |inkage and
the specific residue added. -45- Anended Sheet

| PEA/ AU PCT/ SG2008/ 000212 Received 7 April 2009 17.
The met hod of claim 16, further conprisingreview ng

the structure pf .an aoligpesacchari de. st ure
l7'conirﬁ? NI oilhgpscé?glc?lgd @'5‘38‘ oﬁowgglgg{ﬁ%%ﬁﬂgé’% Sty of an
.and optionally one or nofe residues on.thatilbase
oliggsp %;S@ﬁﬂg"as@fl@ﬁ’i% B SARE™ cﬁﬁ?“"a&h&f’s“‘&l&é‘ © gigcture and
the residues on the oljggsaccharide structure to match
optiqnally @pe ehEpEcesilus ehal e stisBlc: anAassieppg the) fWosRkpracter codes
' ég) and recording themin the positions assigned in :
to theapsidusy on1le olitnsaqebarkdschtigbtued i atels tha fwer diarcter sodsgieveloped
ol i gosaccharide structure of step (a) is an N-linked
in gepsqd) amslt(plaiducerdin thefhie thepdsstnaessigndd mrgsterp(bdd ai m
18, wherein the N-linked glycan structure is one-of a
conpl ex,- hi gh-mannose and hybrid type. 20. The net hod
according to claim 16, wherein the residues which are

18.UNi YHE Inérhiod &IFlcldhih 8@, whdrelnh@e bhseSdligasudchiaiievtucture of step (a) is an
characters in step (d) are selected fromthe group

N-6RRE loffchMGnfRfure TRNNOSE, N-acetyl gl ucosan ne,
gal act'ose, fucose and sialic acid residues. 21. The
"met hod according to claim 18,- wherein the first
character of step (c) is a nunber. 22. The nethod

d. | . . V\h H R F . .
5 R ek I g AL s oo

cogRE A SRRyl G N1 nked olvean core

.20.  The method according to claim 16, wherein the residues which are uniquely identified
by the first and second characters in step (d) are selected from the group consisting of

mannose, N-acetylglucosamine, galactose, fucose and sialic acid residues.
"21.  The method according to claim 18, wherein the first character of step (c) is a number. ~

22.  The method according to claim 21, wherein the number represents the number of

monosaccharides attached to a substitution point of an N-linked glycan core structure.

23. The method according to claim 21, wherein the second character of step (c) is a letter.
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23. The net hod accordi ng to.claim 21, wherei n the PCT/SG2008/000212
* second character of step (c) is a letter. -46- }hmdvmi7Apﬁlzmm

Anended Sheet | PEA/ AU PCT/ S&008/ 000212 Recei ved
April 2009 24. The nethod according to claim 23,
wherein the letter represents the type of |inkage and
speci fic sugar nol ecule attached to a substitution
poi nt of an N-linked glycan core structure. 25. The
met hod according to claim 19, wherein six substitution
points are selected in step (b). 26. The nethod
according to claim25, wherein the first four
substitution points of the N |inked glycan core

structur re represented_by odd nunbers if the branch..
2475 Lhe Bieodsaceqriive 1a chiZgn Wheo e THi Femenchltae b8 CF inkage
represented by letters. 27. The nethod according to
and; ppecificl sigapymealequip aitashed & Bswpstitionh PpBE 9f sngidinked glycan core
selected in step (b). 28. The method according to
stnghae.m 27, wherein the first through fifth substitution
poi nts al pha-nuneric pairs represent the five |inkage
sites-on an N-linked glycan core structure, the sixth
substitution point represents a bisecting G cNAc
25.bet TRemeihbe ab@dIAg &SclaidNID, thRreis SiX subdiinAish Polrtsiire e¢lected in step
poi nt corresponds to fucose nol ecul es that can be
Gﬂattached to the core or peripheral G cNAc residues.
29. The nethod according to claim28, wherein the
first character of step (c) is a nunber. -47- Anended
Sheet [ PEA/ AU ‘

26.  The method according to claim 25, wherein the first four substitution points of the N-
linked glycan core structure are represented by odd numbers if the branch is a complex type

and high-mannose branches are represented by letters.

27.  The method according to claim 19, wherein seven substitution points are selected in

step (b).

28. - The method abcordipg to claim 27, wherein the first through fifth substitution points
aIpha»numeﬁc pairs represent the five linkage sites on an N-linked glycan core structure, the
sixth substitﬁtion point 'repfesents a bisecting GlcNAc between the mannoses, and the
seventh substitution point corresponds to fucose mo}ecules that can be attached to the core or

peripheral GIcNAc residues.

29. _ The method according to claim 28, wherein the first character of step (c) is a number.

- 47 -

Amended Sheet
IPEA/AU



PCT/ S&G2008/ 000212 Recei VEd .7 April 2009 30. The PCT/SG2008/000212

met hod according to claim?29, wherein the second Received 7 April 2009

character of step (c) is a letter. 31. The nethod . P
.according to claim 18, wherein the oligosaccharide is

an N-glycan structure and is secreted gl ycoproteins

frommammalian cell cultures. -48- Anmended .Sheet

| PEAV AU .

30.  The method according to claim 29, wherein the second character of step (c) is a letter.

31. . The method according to claim 18, wherein the oligosaccharide is an N-glycan

structure and is secreted glycoproteins from mammalian cell cultures.
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