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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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[0004] Currently, there are a few nomenclatures available to describe glycan
structures, some of which are illustrated in FIGURES la-1d. The IUPAC-IUBMB
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three-letter codes stand for individual nonosaccharide
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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
language has also led to the proposal of XML-based representations of glycan structures
such as GLYDE (Sahoo SS, Thomas C, Sheth A, Henson C, York WS (2005) “GLYDE-
an expressive XML standard for the representation of glycan structure.” Carbo“h‘ygir Res
340:2802-2807) 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
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[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.



representing the structure of at least a portion of an
ol i gosacchari de. [000111 These and ot her objects of
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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.



[00016] FIGURE Ib is a full-word representation of the

N-I'inked glycan structures of FIGURE 1 A [00017]
WO-R@BREBs)L i s a representation of the N I|inkedP@l/yGzmn8/000212

structures of FIGURE I A wusing the LINUCS format.

[00018] FIGURE 1 d is a representation of the NIinked

gl ycan structures of FIGURE 1 A, using the Linear

Code. [00019] FIGURE 2 depicts the pentasaccharide
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l?s?‘tlébr. al FIGHRESIb adullsiosd rearq%%?teqal o the Nelgked c&yeam structures

and its corresponding representation using the first
oé ifodREdft- of the A ycoDigit code in accordance wth
t he present invention.

[00017] FIGURE 1c is a representation of the N-linked glycan structures of

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™

[00019] 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.



[00024] FIGURE 5a is a pictorial representation of a
conplex N-linked glycan and its corresponding

WO 2B@SIsH at i on using a second enbodi ment of tPET/SG2008/000212
A ycoDigit code in accordance with the present

i nvention. [00025] FIGURE 5b is a pictori al

representation of a high-mnnose N-linked glycan and

its correspondi ng representation using the second
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the present invention. [00026] FIGURE 5c is a .
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spongj coDi_gjt. c f C Lex type . '
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invention. [000281 FIGURE 7 illustrates using a
cafle naaceqrdance pathdhepresent fnverfiathe st ruct ur al
di fferences between two gl ycans, using their
correspondin Glée/c_oDi git codes in  accordance with the
196023} enbglﬁ"gr%ﬁt cof atmetonplgsprssentation o jagibridd¥dipked glycan and
FIGURE 8 illustrates using a difference operator to
ifsi qetrespondigg representation dising ethe lics senitwdineent of the GlyaPigit code in
gl ycan structure and a hybrid N-1inked gl ycan
aséardamicel with theysresegt inkeitfoncor r espondi ng G ycoDi git codes
i n accordance with the second enbodi nent of the
present invention. [000301 FIGURE 9 shows two gl ycans
[00024] he r EKEURBPass & petorimbokpdestitatiomnofer ¢ongpiex N-linked glycan and
structure to another, using the first enbodi ment of
ifstRr&ppadibk GefreBftion MsiAg GOJcdAC&nbodiment 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,



with the present invention. [000311 FI GURE 10 shows

t he pseudocode for the isrxn and rxmmatrix functions

W@ 2@d/15350p0pul at e an adj acency matrix of gl ycaPCT/SG2008/000212
reactions. [000321 FIGURE | la is a visualization of a
network of glycans and reaction links for a reduced

data set of 64 two-branched glycans, arranged in a

hi erarchi cal way. [000331 FIGURE 1 Ib is an

uSifg Q8RR lboldfifen® 08 I €3y @MAEie dode iP aéddrdah&dRkith thE present
a. [000341 FIGURE 12a is a visualization of the entire
ifle¥ggsy! ation network for 1,024 conplex type glycans
commonly secreted in CHO cells, arranged in a

hi erarchical way. -8 WO 2008/ 153504 PCT/ SG2008/ 000212
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using lthidhe soredsporidighGlycaDigitgenides ire atcerdahed wish éhasaeond emhodiment
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of the present invention.

[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
11a.
[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.



[ 000391 Met hods [ 000401 One aspect of the invention is
a nethod for representing the structure of at |east a
w@oooBisasoHf an ol i gosaccharide. Preferably, theCT/SG2008/000212

representation will be one which is easily stored on

and anal yzed by a conputer. The nethod of the

i nvention as described below nmay be applied to

produce the specific "AycoDigit" code described
[D8035] N, DEFIGURE Mbl is deenliigeméitaicthé heda ddsigiBeed a25dn FIGURE
applied to generate different representations of the
suructure of an oligosaccharide. -9 WO 2008/ 153504

PCT/ SG2008/ 000212 [000411 The first part of the

met hod of the invention involves the creation of the
[06U36§ S € Nt IGORE! 18R LAl APEMER BT the Bfeal NRignBMel q\Qb riE FIGURE
steps: [00042] (a) selecting a base oligosaccharid

By ucture; [ 00043] (b) identifying a nunber of

p055|ble substitution points on the base structure
selected in step (a) and assigning a p03|tion to each

(09137, [ COPRIIRER i3 REOR R Ayl SPALAPIAIREOTE 23, fde, So-

tution point ere arac
n que |dent|f|er t he two- character code
5ﬁ§%ﬁﬁ§%g¥?Tf%t character and a second character;
[ 00045] (d) assigning one or nore unique identifiers
for the first character of the two-character code and
one or nore unique identifiers for the second
character of the two-character so that the first
Iﬁgﬁ&@%@fblz%ﬂlp Bk 6?‘*‘1%’1)@% EE“E BERIINAIN T quel y
a resi ue on ‘a  specl c su stltu i on point
|dent|f|ed in step (b); and. [00046] (e) repeating

[Q(L(@@l (d) LP&esa%ﬁH% f)Haz cired (#1& ﬂn&ﬂé Of the ?Bfgs@ﬁtm\?e%ﬁgn 1llus%rated in

itution poin In step

‘tltlél\gra%vrllr?gsa(s:pe%lﬁc 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.



codes which identify the possible residues for that

substitution point. [00047] In step (a), a base
W@PRkiogosxsechari de structure is selected. Preferedi/§G2008/000212

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 nunber of conmon structural features in
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nmeans any unique identifier. Typically, one character

[(‘Md4|4] be agu nb%m@ﬁ% 2 (WdEchAtdcler R8détol dBubitutidioimtGEdin step (b),
coul d be nunbers, letters. Non-roman al phabets can

al so be used, h?rg) %ngﬁet * m ezhrytth fiquy  Q¥htif Cthe two-character

[ 000491 In step nmeani ngs for haract ers

e G scussed | ROUIKPE TR AR ER A BeBi T TR

dycoDigit code, but any systemmuy be used. The

[G00aB] Nat i @@y of agBAlig@t dromoratiqieMdentifsraddrahe first character of
grouping is used to speC|f|caIIy define the residue

present at eackhheyds@heler dofUBRE bilbd ﬁﬁreplﬁhﬂ.te idbrtifierss for the
|rrp0rtant to note that it is not necessary t t the

dentifiers be aBhEcldadditihd doufikaier3b At aleﬁf}éééhmaeter and

residue at a particular su Ut T on poi nt,

all the ones of inter re,co ered e)

step (d) isr eH@afeean‘folar@%E% together, eu“é(ﬂlﬁg't ‘{CH& residue on a
oints identified in

P specific 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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step (b). [000501 The second part of the clained
nmet hod i nvol ves appl ying the system devel oped above
W0 2008/1§3%04 | cul ar ol i gosaccharide: [000511 (f) PEWE@W08(00212
the structure of an oligosaccharide structure
contai ning the base oligosaccharide structure
selected in step (a) and optionally one or nore
resi dues on that base structure; and [ 000521 (Q)

[0UBIBP NI NOInt o (}I:Y\Qaé}h@ﬂ'tli@ beNsibleaBstithRort Psints ©f itkiiRSe Stfucture are
the oligosacc aride structure of step (f) to match

i uu%g;' gggm%%possm e yl\@ lgiggf% %&g@%ﬁasglgré%dsa Eualglber gom 1 to x,
i PSSR0 BT AR SRR P BB e e

skill in the art that the AycoDigit codes de crlbed
njuRberaf spbstifition pRints, &he g gEip Ei’é?‘? 24y dhe pthod can represent.
met hod. [000541 N-linked glycan structures 1000551
InNstepnied da givpeahasacter icode dgs sakested.nwhble &aieactest imecape|any unique
with N1inked glycans sharing a conmon
ideatifiers Agpioally, daec charactst wilt bemenube@r ahd dné wilIbEUREtRr, but both
Several nonosaccharide chains can attach to this core
cSii14 Y6 hmBers, ordkttdre MR- roliaf lBhab RO Sart A1 Be B3ed, &5 Russian, Greek,
action of different gl ycosyl transferase enzynes.
E%bkhngﬁq gl ycan structures can be of the ,
I'gh- mannose, conpl ex, or hybrid subtype. Hi gh-nannose
N-1inked glycans contain only mannose (Man) residues

[ddo%]ed tort 86 BT ﬁxe%ﬁé&cf‘owtl?e cwamcke%s GABRLE Hep | w ki€l assigned.
P

glycaris have Nacetyl gl ucosam ne (GLcNAc) residues

B 0 B A0 JETA A g ot v
axrg)fe %%ﬁ}eg‘a&égrul%@ w%lx@g&j of %%999 Fﬁﬁcﬁﬁgﬂ %iarac?er grouping

is used to specifically define the residue present at each preselected substitution point. It

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

-11 -



Laboratory Press ("Varki et al"). [000561 In a first
enbodi nent of the invention, shown in FI GURES 4a-4c, a
W@ 2008/183564 act er al pha-nuneric code is used to BPEBESG2008000212
gl ycan structures on the basis of the nonosaccharide
chains attached to the different branches of the core
structure shown in FIGURE 2. The first four

characters correspond to the four possible antennaries

l'inked to the e sC €l An¢ réordifig! Bifem in th
whil e the frft Q%ﬁ chaﬁac rsaﬁggresent 1§g in the

bi secti ng GLcNAc and Q up respectively.
FI GURE 3 shows ?Sﬁté"“ﬁc?% efciég'%‘:‘?gﬁm 2008/ 153504

PCT/SG2008/000212 branching fromthe core structure
| so, orre n
‘ [ﬁiﬂgﬂahe a ﬁlng? f’/‘ppats[%'gggﬁ(%?h Hlfrs thfq'our ranct@é"él&%1 etcodes
epresented b ers_if the branch.is a conplex
eSS i deEm i riBeler AULGE TPHFHEGE BuPBR e ent ed by
l-etters. Conplex branches ‘termnating as a GLcNAc,

ﬁtose neuranrnlc aci d residue are represented
l@@”@ dglyeanSrugtyres 5o ot vel y. The mannose

resi dues of hybrld and hi gh-mannose N- |inked glycans

epre Ietters e ch
(G5l ot BPRRSH eRsoion iy n il Gokatielnd B Rl glycans
etc. For each branch e letter value. corre
SHSINg @ OO, meﬁacsrarwignﬁag st slepicii aﬁr@@ﬂﬁ 5 Several
that branch, i.e. A=2 inplies that one _mannose
manobatkaride chains eheattach-ta thigsprecsiruetise at differeahlielaee positions by
residues are attached, etc. The fifth and sixth
tiohadtian tof diffdnent gl;&ov;dtrmsfenise&nizymes. bi-Bdceti ghyrathodétareangh be of
fucose residue are present respectively. If a branch

thé higRimdah8see Bémplek Sordybri@ $PBYHe. MighinginhodeSN-linkédI liyb@is contain
rul es are defined that limt the nunber of nannose

\%\lﬁﬁhﬁﬂfg (dn)CR%4dR&G ﬁﬁl&eﬁcﬁefhet &)r@ stRERHS tWihif 88tfplex N-linked

onblnatlon of conpl ex and hi'gh mannose branches
re.al l owed. .
SR S B BB LIS 05 R P AR e o
subtype contains branches with both GIcNAc and unsubstituted mannose residues (Varki

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-4c, 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 GIcNAc and a fucose group respectively. FIGURE 3 shows the possible
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gl ycans. [000581 d ycosyltransferases are enzynes .
that sequentially add one nonosaccharide at atine to
w@Rkoosassss4 ruct ures. Six G cNAc transferases (GCNEGH08/000212
I-VI) can add GIcNAc to the three core mannose in
different |inkages. As shown in FIGURE 2, on the a
1-3 linked core mannose, GLcNAcT | and 1V add resi dues
inthe R1-2 and [1 1-4 |inkages, respectively.
bEdnelnhEr orn tHRcokd1SnRAur® ah® ARE SBe ched¥P6riding posttiNs ddch character
attach (31- 2 (31-6 and (31 4 1inked residues.
ﬁﬁqﬂ%%h one bisecting GLcNAc can attach through
nk to the central core mannose (Canpbell C
St anl ey P (1984) "A domi nant -13 WD 2008/ 153504
[%5/7]3(3200%9 G4 ¥our M(ﬁ&% ?t'é rkftedenfeld by’ &l rﬁﬁ%?self Ithe branch is a

se hanster ovary ce duces UDP- GLcNAc:

I a- 4- N— cet yucosani nsf ras

Hpple R ﬁfﬁ B gt B Eee b PR Y b LR Bl branches
AR Unana Prati EG Bailey JE (1998) "S ntheS|s of

g A (}&N% aloss G BFYARIME aPRNeTds aggyrepresented by the
over - expression of beta-1,4-N ) )
ngwbery B.gb we Iseespasiively.afled mapnese|residyey afhyhad eanddrigh-gyannose N-
ovary cells." Biotechnol Prog 14:189-192 ("Sburl ati
liakedagl¥y¢ans Anareprddentdd by tHdbliettat AIF, Whiidach IRterAdestgusted bk an even
Bailey JE (1999) "Engi neered gl ycoforms of an

nambéM ebll AL ABENNE=d @& FoMeabh BRhEH SISt &N aldRQsbyresponds to double
dependent cellular cytotoxic activity." Nat Bi otechno

thie’ o \:.I-ré er L8O nlanhbdeNRsiBhes? lfltta)ciled t§ 'tﬁ]ﬁlﬂrhchalgu%@elmplm that one

residue can attach in a 't nkage to the core GI

! hatseCr Si wlsé :siat{a%ledt %6_461?!8)316%8%? Ew on A egiélg& zir@ eattached etc.
Tﬁﬁﬁth RS S gﬁa%lquan@gﬁ%% @ri’f{ fumerwdue

uses seven digit-letter pairs to represent gly

akgt prgent) Fespectivglyn fga Branch & pefpresgnts ity corrpponding ﬁieglt is 1. Further
enbodi ment of the dycoDigit code corresponds to a

rijesaarchdefiond dleat diit tlemurhleercefrmargiose exsidues tak gan batagtached to a
in

structure and which combination of complex and high mannose branches are allowed.

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 (GlcNAcT I-Vi)
can add GIcNAc to the three core mannose in different linkages. As shown in FIGURE 2,
on the a1-3 linked core mannose, GIcNACT [ and IV add residues in the 1-2 and p1-4
linkages, respectively. Similarly, on the a1-6 mannose GlcNACcT II, V and VI attach B1-2,
B1-6 and B1-4 linked residues. Additionally, one bisecting GIcNAc can attach through a

B1-4 link to the central core mannose (Campbell C, Stanley P (1984) “A dominant
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FIGURE 2. The first six digit-letter pairs correspond
to the six possible branches |inked to the upper and

WO oens350+ € mannose resi due. A bisecting A cNARCTHBRGHWO®N0212
the mannoses is represented by the sixth digit-letter
pair, and the final seventh position corresponds to
fucose nol ecul es that can be attached to the core or
peri pheral G cNAc residues. The digit portion of each

niAdtlonC & FRMP Piitank® ih NEhiRERPRIMMér 6RHPS@NUS NAdicEe UDP-GlcNAC:
attached at that branch while the letter serves as an

AR oSN A SRR 57 e
A e o2 3, S

enbodi nent_ of the G ycoDi git code. H gh mannose an

bispeied delyeqfomrsy rof s recambinant” IFN-hets Jyo@vessgyuession of beta-1,4-N-
PCT/ S&G2008/ 000212 represented by using the first four
aditggtucomantimyltrasiferaset 81 dor Chispsenblamssera ovarg, cells.T- Biogaglind Prog
1-6 linked mannose chains attached to each of the two
14889092 (TSbuildti esali’y) Urhahad JeansMaisettJy MoudfsR sAtsmtz H, Bailey JE
FIGURE 2. In order to differentiate between conpl ex

(B5%9) RESnERONRSEofoRhABERE SntinkSbRAKORATOh WBIGRHSiZed antibody-

residues is represented by letters instead of nunbers.

d lﬂlﬁentacepqlgp g{%&?ﬂg%’cﬁ;{;ﬁ” Nt ﬁéfé'c\b?ol DL U 0 ﬁgﬂ%ﬁg b& al)).

r'epr ésent e | € a” branch contal ni

nose resi due woul er esented by ' Aa.  H gher
Fivelly o Sicogopes it S disTin gr THKaRD Gt Bospre gitAS IR Fonncts to
the branch, i.e., B=2, C=3, D=4, etc. If no glycan is
the spaREEe aning-3sid on thepoteig(Yakhet alakage it is
represented as "Ox'. The letter "u'" is reserved to
depi ct nonosacchari des that, are attached in a known
§00REge.  Paredadhesesieven Rastle inkasesion n  Sopt wupimAy of the
‘the bisecting GILcNAc there are only two possible. )
invghtiers showipja FISFURES 4e-5geibe flyseRigihcegdeaisprosevemdigh-letier pairs to
nol ecul e attached or not. The final digit- letter pair
répesesiedlycan ctuctures hEachudiggt-letiér paic as ethe egcahdeembodiment of the
attached to the core structure or any periphera
AlyeoDrigit 3bdeac@Spdds lig abedhchstomibctedBloac theadre dhuckire illustrated in

details about the types _
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 GIcNAc 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 GicNAc residues. The
digit portion of each pair corresponds to the number of monosaccharides attached at that

branch while the 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 each digit-letter pair corresponds to in the

second embodiment of the GlycoDigit code. High mannose and hybrid structures can be
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of glycans that can be added to the structure are

descri bed hereinafter. Table 1. Correspondi ng |inkages
w@eestsasget position for each of the seven PCT/SG2008/000212

digit-letter pairs of @ycoDigit Position Linkagea

Attached to Conplex H gh-mannose branch branch 1 01-2

al-2 al-3 linked mannose 2 (31-4 al-6 al-3 |inked

mannose 3 131-2 al-3 al-6 |linked mannose 4 01-6 al-6

r@;&m&ntédrusg@(irggmem folr digit-1dtelNphirsoadorasond 3 ub-2, unideshd al-6

mannose 1-4 (31-4 bl'-4 linked mannose 7 al-3/4/6
lg)!rkéﬁi5 hihhBode Unkin8 BthcRE toPhAeh BF Hle@vﬁ Bse LGRS in PFRBAS Qructure

ucose residues can attach to the core structure

t hr ough t Lnka -15. 0 53504 .
oo RE DB 2ol D BT AL DIRR fomplon, gy high mannose
pol yl act osam ne chains [00062) After cNAc .resi dye
brancher dbe PEbYTf B0 'Eeé'é‘tl?ﬁr ’)é,feléré%‘ |bYoletigrs instead of numbers.
nonosacchari des can sequentially be attached to it.

Thais o brageh c@thiningeomic (2le Agrmolgeule#iould ber rgpresentesicby “1a’, while a
through a 01-4 link and the branch is then represented
basnch 2&@ntadsing ioht anhninose &sldue vould b sefiaten®id- ByGleNAdigher letters
structure is called a lactosam ne unit and additiona

coftedpoRa ﬁ%h@ﬁhﬁxﬁb&@ﬁf Aah@B ik thel Bi@ndhi .61 BSE) O€3,Up#4, etc. If no
through a 01-3 link to form pol y-

glycan is attached at a particular branch linkage it is represented as ‘0x’. The letter ‘v’ is

reserved to depict monosaccharides that are attached in an unknown linkage. For the sixth

digit-letter pair representing the bisecting GIcNAc there are only two possible values:

‘0x’ or ‘la’ depending on whether there is a molecule attached or not. The final digit-

- letter pair is used to count the number of fucose residues attached to the core structure or

any peripheral fucose attached to branch GlcNAc 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 p1-2 al-2 al1-3 linked mannose
2 p14 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 14 b1—4 linked mannose
7 al-3/4/6 al-3/4/6 core and peripheral
GlcNAc
? GIcNAc, mannose or fucose residues can attach to the core structure
through these linkages
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| act osam ne chains. The second enbodi nent of the
A ycoDigit code allows up to four |actosamne units
W@ 00B@s5350£sent in a single branch. Although theCTBGE08/000212
G cNAc and gal actose npi eties can be added
i ndividually, further additions are restricted in that
they nust be added together as a single |actosam ne
unit. This fact is reflected in Table 2 where digit
[006UES f OGIENABCMsctovelandPelyladtesantifachains units are
assigned to even nunbers. Thus, a branch with two
| actosamine units is depicted by "4a'; three units by
[00082] et c Afiefal @iENAe residuenlss addetit @cthet aprédsaiiétare, several other
through a 01-3 Iink to form a neo-|actosam ne unit
mfoYi@5debhdidedtban se-ﬁhSntfall G [AtSdhed EPHEGEAGSsE (?Ial)%él&%s are attached
repeati ng neo- | actosan1ne units and the rst unit
n I h
W RHQ¥AS SyroBR SIL Tk Mha Eburith 14 B Sehhclal aé.a d% fisted in
dto it

3biécp gus G L RiaadeTrefinds Fuldf SaEaitag b oRgs Hditonal

G cNAc and gal actose chains Digit Letter Si dL
lagtqsampnsdunitsniaigattach tg e g stpictute ﬂzmagfeéﬁélcé 3§§ {91 fogm poly-
2 b Galactose 01-3 4 a Gal (31-4GIlcNAc 01-3 6 a
lagtbahintGhaldac The se@nd gnzbodimhent ofl GiecfisoR @it @de -allgwyyop to four
2008/ 153504 PCT/ S&2008/ 000212 [000631 Ter m nal

ldcesshalites uhiGOA6HE proeeno i ar single tyanche tAltheugte shel fiesti GicNAc and
branch- can be capped by several termna

gIRBRsARBIAEL 685be Rd¥ASn@VRIGaINY Flee addifonsSR6 rdsiididddinithat they
the presence of a
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 GIcNAc through a f1-3 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
GlcNACc and galactose chains

Digit Letter Residue attached Linkage

1 a GlcNAc p1-4

2 a Galactose p14

2 b Galactose B1-3

4 a GalB14GIcNAc p1-3

6 a GalB1-4GIcNAc p1-3

8 a Galp1-4GIcNAc p1-3
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gal actose unit, odd nunmbers (3, 5, 7 and 9) are used
to represent a different termnal sugar in the second
weedsdsisent of the A ycoDigit code. Table 3 |iBCEHSGCH®8/000212
nonosacchari des that can be added to the outernost
gal actose in several different |inkage positions.
Table 3. Letter values for different conbinations of
terrri nal sialic aci d, fucose and gal actose Letter
[ ue Alty Eﬁ]ﬂpﬁ die@ge a NeuNAc a2-3 b NeuNAc a2-6
¢ NeUNAc Unknown t.!i NeuGc a2-3 e NeuCGc a2-6 f NeuCc
Unknown g Fucose al-2 h Galactose al-3 The digit
[Yoe4f for Thb&rfermdse d@dlmeb(‘ésﬁue ™ a britich Scaf CREEHPBY b9 several

ow many Glcl\lAc an al act ose resi dues have beeéen

t& d Clir?q m?nosacc gqs LSPanQ,6 3%1& %dﬁ bef:s % S Bﬁ tHE° thesence of a

ycans errm

g Iact ose and a che |ther

£165¢ Wl a9 MuPhgaGh % Rad Phfeas ﬁoaeprmﬁ %ﬁe nf {eppinal sugar
di verse, N-acetyl-neuram nic acid (NeuNAc) an
inths| Wdquhvéungwpﬁﬂ@ GlyeqRigit edesdpblg3dists ke ﬁmpsacchaﬂdes that
common sialic acids observed. M ce produce
caih e adifed tte theuteminost ghlactost insievarhhdifferent ikagecpositions.e
CHO cells are a m'x of rmstly NeuNAc and a snmall

ﬁ‘,l”";fﬁ‘é‘.g,gé_ﬁ‘l%gg g S it ten e Al S ST by ot
r ec q36in] Pserﬂ“ﬁ gét%@ gl \/Pan_pmces&_ng_l—n—NSO—a;d
cHO|dsiters " Bi of Betides Attachedy 73- | hmkeg®)  Neuce s
abse¢mt i n_humans NenAc a2-3

b NeuNAc a2—6

C NeuNAc Unknown

d NeuGce a2-3

€ NeuGe a2-6

f NeuGce Unknown

g Fucose al-2

h Galactose al-3

The digit value for these cases can be 3, 5, 7 or 9 depending on how

many GIcNAc and galactose residues have been added in a branch

[00065] Sialic acids are the mosf common type of glycans added to the outermost
galactose and are often attached either in a2-3 or a2-6 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 NeuGc, 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 ycoproteins containing it are actually inmunogenic
to humans (lrie A Koyama S, -17 WO 2008/ 153504
wEPADRSEIE008/ 000212 Kozutsum Y, Kawasaki T, UkG2008/000212
(1998) "The nol ecul ar basis for the absence of N
gl ycolyl neuramnic acid in humans.” J Biol Chem
273:15866-15871). In Table 3 the letters "a to P
are assigned to represent NeuNAc and NeuGc in various
Ko WREET, Kavashki T Sk/di Al @H98) “ahé efolecilat Bhkiffor Adaisence of N-
a2-3 sialic acids, are currently not represented in
ehISyIREERNGCSRP H WERbaO® /L BB ChihiOIske6.2971)| BPAAE 3 the
r termnal residues that can attach to the
out er ppst,, gal act ose, are  f S represent.ed by th
I B o fenenn gl et Rl NRES if dpdtys ifloses. o2
(represented by the letter "~h'"), Fucose units )
lipkadaaliscacids, MHGH aitaph ime2nd tsindis acids,age curently not genggented in the
are found in sone blood group antigens such as the
s¢oomd smiodiment efithe GBcaPigigesds. (Varki et al). The al -3
gal actosyl -transferase enzyne in nouse cells attaches
an additional term nal galactose residue to the P1-4
[0006&ked gaPéer dsmip@uresidnes\vihap oas attachpto Hesentpmipshizalaplese are
cel lul ar nmetabolism of glycosylation for reconbi nant
fiR&d @eprescnteddiyohel dotyr rgnaval dncadditivedl| a1s/ Eblexdrgatactose (represented
Cytotechnol ogy 50:57-76). This Gala | -3G1(31-4GlcNAc

by U6k B)| Bucold @ils)atthéH¥ RO @ERInal falackisgBithe 0 itikage Me found
arekh RB,” James DC (1996) "Cetting the glycosylation

S PERTIEOGE4 080,80 1 DLGGCEHOL 0K B ULV
i%%ggf%l%&g%ypltfaﬁ%fe%sg Iglta)z_l:gj!ngelt tnerrngo IGCrellllg qltjté%%s t%gca(aﬁgional terminal
slaterersttueani Pl BRee s s el Go0BE hoBfmisaien, of the

core structure. Fucose is attached to the core GLcNAc )
celbarauetabolisou gh syroslation| for recombingntt pratepis rrpdiiced by mammalian
fucosyl ati on can occur through the al-3

cell systems.” Cyfotechnology 50:57-76). This Gala1-3Galf1-4GlcNAc structure is

highly immunogenic in humans (Jenkins N, Parekh RB, James DC (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 GlcNAc and on the outermost GlcNAc
residues in branches attached to the core structure. Fucose is attached to the core GIcNAc
residue through an a1-6 link while the peripheral fucosylation can occur through the al-3

or al-4 linkage (Ma B, Simala-Grant JL, Taylor DE (2006) “Fucosylation in prokaryotes
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or al-4 linkage (Ma B, Simala-Gant JL, Taylor DE
(2006) "Fucosylation in prokaryotes -18 WD
WwWQe®811B8604 PCT/ SG2008/ 000212 and eukar yot esPCT/SG2008/000212
G ycobi ol ogy 16: 158R-184R). It is inmportant to note
that this digit-letter pair only counts fucose
nol ecul es attached to GLcNAc and does not i ncl ude
fucose attached to the outernost gal actose which is
adPRaBdtds? GHELisIsH51d: PISR- SE ¥ infportakit@d b dhat this digit-letter
residues. The digit portion of the last digit-letter

p@gioge‘é W rf]&ét'&gee B0 es CttaciidC RS E1¢RPAE GHE SR efhbEfillfifle fucose

structure, while the letter is use

o, represent which,branches, are fucqsyl ated an :
a‘%"r‘fP%‘EB‘ﬁe‘&?ni°&‘h""|‘“f’ﬁk§"d%°.t°ﬁenwﬁ‘r°8 e gogegg@e%l &'ﬁe,caé%sd orfgpresenting
conci se_as possible, not all conbinations of possible
termughs yesiduey, nThg digit porion of the; dast digitlstter; pair seunty, the number of
enbodi nrent of the GycoDigit code. Only the outernost
fucpseNnelecules aftashédtoGIcNAg e theistruetirep while the lgiter is used to represent
fucosyl ated. Additionally, if nore than one branch is
whichdsyicheedre fidiaplatdlanfl roagh whithdinkagenlss brdee teakdepthe code as
t hrough the sanme type of |linkage. Thus it is possible
cSRisBAY Positlé, 'ée bl cBmBinhfiodsWT pobkiBIe FudoS b sited hicdeprRsented in
on the outer branches through al-3 |inkages, but not
5si hl . t -13. .
tl{%l%gédnka ae (yotﬁﬁ&\’ %ﬁﬁl@%l%&ﬁﬂ cg(?;]é. a@i’_iﬁﬁr#%te?ﬂ%%ﬁl@%k résidue in a

n e other throu
lists all the conbinations.of fucesylakion that . c
a8 e FEnE BIFPuRELL AT rahbhiiis o P fidhon & Heosytated
AycoDigit code. Tahle 4. Digit and letter vaglues f .
thepall %?seoqeaﬂ?@w Bpstdie Hrhed; Propehy ¢ sBngHpe c}g',iage- Thus it is
representing different conbinations of core and
pgrsiblp e have f sveipreawith #wpi ceseligsidugs sttachgd: o ghe outer branches

attached Linkage 1 a Ca al-6 1 b 131" al-3 1 c Bl
thadugh o113 tinBes|buBnot possible to have one fucose attached through an a1-3 link

and the other through an al-4 link. Table 4 lists all the combinations of fucosylaﬁon 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 Cc? al-6

1 b B! al-3

1 c Bl al—4

1 d B2 ' al-3

1 e B2 al4

1 f B3 al-3

1 g B3 al—4

1 h B4 al-3

1 i B4 al—4

2 a C+ Bl 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 +al-4

2 e

C+B3 ol-6+al-3
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| eB2al-4 | f B3al-3 1 gB3al-4 | hB4al-3 1

i B4 al-4 2 aC+Blal-6 +al-32b C+t131 al-6 +
W@R008/15330&£ C+132 al-6 + al-3 2 d C+B2 al -6 +aPCHSGR08000212

~ C+133 al-6 + al-3 -19 WO 2008/ 153504

PCT/ S&G2008/ 000212 Table 4. Digit and letter val ues

for the last digit-letter pair in a AycoD git code,

representing different conbinations of core and

per | wabled. Digit ) btedr valedXod tHe 1hst digat-letter: rruﬂhumsacomgit code,
att 3&@%3&:&1@%@&&% oo GfQ:oi‘é aﬁ‘x'djpénp 18l f6coB¢lafibn 6
;2 [ Bt Dikner oo o7 I Bfaget” T 57
+ Bhlat all a3 CaBTpy" gy oy A A BFI AT oo o
al -B2+ o1 18 C+ B4 al-6+01-3

2 h C+B4 al-6+al4

2 1 B1+B2 al-3+al-3

2 j B1+ B3 al-3+al-3

2 k B1 + B4 al-3+al-3-

2 1 B2+ B3 al-3 +al-3

2 m B2 + B4 al-3 +al-3

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

2 0 B1 +B2 ol-4+al-4

2 p B1 + B3 ol-4+al4

2 q B1+ B4 al4+al4

2 r B2 + B3 ol4+al-4

2 s B2 + B4 ol4+al4

2 t B3 + B4 ol4+al4

3 a C+Bl1+B2 ol-6 +al-3 +al-3

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

3 c C+B1+B4 al-6 +al-3 +al-3

3 d C+B2+B3 ol-6 +al-3 +al-3

3 e C+B2+B4 al-6 +al-3 +al-3

3 f C+B3+B4 al-6+al-3 +al-3

3 g C+Bl1+B2 ol-6+al4+al4

3 h C+B1+B3 al-6+al4+al4

3 i C+Bl+B4 al-6 +al4+al-4

3 j C+B2+B3 ol-6 +al-4+al4

3 k C+B2+B4 ol-6+al4+al-4

3 1 C+B3+B4 al-6 +al4 +al4

3 m Bl +B2+B3 al-3 +al-3 +al-3

3 n B1 +B2 + B4 al-3 +al-3 +al-3

3 0 Bl +B3 +B4 ol-3 +al-3 +al-3

3 P B2 + B3 +B4 ol-3+al-3 +al-3

3 q Bl1+B2+B3 al4+al4+al4

3 r Bl +B2 + B4 al-4+al4+al-4

3 S B1+B3 + B4 ol-4+al-4+al4

3 t ‘B2 +B3 +B4 ol-4+al-4+al4

4 a C+Bl1+B2+B3 al-6+al-3 +al-3+al-3

4 b C+Bl1+B2+B4 al-6 +al-3 +al-3 +al-3

4 c C+B1+B3+B4 al-6+al-3+al-3+al-3

4 d C+B2+B3+B4 al6+al-3+al-3+al-3

4 € C+Bl1+B2+B3 al-6 +al4+al4+ol4

4 f C+Bl1+B2+B4 al-6+al4+al-4+al-4

4 g C+Bl1+B3+B4 al-6+al4+al4+al4
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2 0B +B2 al-4 + al-4 2 p Bl +B3 al-4 + al-4 2 q Bl
+B4 al-4 +al-4 2 r B2 + B3 al-4 + al-4 2 s B2 + B4
w@bood/1335e4 -4 2t B3 +B4 al -4 +al-4 3 a C+Bl +HB2I/SG2008/000212
al-6+al -3 +al-3 3 b C+B1+B3 al-6+al-3+al-3 3 ¢ C+ B

| +B4 al-6 + al-3 + al-3 3 dC+ B2 + B3 al-6 + al-3

+ al-3 3 eC+ B2+ B4 al-6+ al-3+ al-3 3f

C+B3+B4 al -6+al -3+al-3 3 g C+Bl +B2 al-6 + al-4 +

al - fTaBlely. Bifht and3tt@ vafied ﬁIr'tK’eﬂﬁ!‘»t d‘lﬁt—le@teﬁ paq} EJBGI Bikit @ode,
+a re‘bré’éeﬁﬁpg 1ff§reht(g ﬂaﬁ Qﬂ) mdﬁ)*éﬁbh +B4

Al PDigif Lefie™ | Structurk G > o' Linka ;‘;,,1;;"'

N <PJ

g}iim _3lhy 75 THCH BT B3mB4 Bng o136 al-45 gl 4+ gl-4,

p B24+ B3 |1 R4 a| BAHBRH B3I 1B . 3 | &l palegotel34) ol3,

al -44+ al 14 3 r|Bl +BD+Bs B5B44+al | @l-fgt a4 +al-4 +al-4

5 a C+B1+B2+B3+B4 |al-6+al-3+al-3+al-3+al-
3

5 b C+B1+B2+B3+B4 |al-6+al4+al4+al4+al-
4

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

[00069] Results
[00070] Representing N-linked glycans with the GlycoDigit code
[00071] The GlycoDigit code can be used to represent complex, high-mannose and

hybrid type N-linked glycans. FIGURES 4a-4c 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-4c and 5a-5c; 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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3sBl +B3+B4 al-4+al-4+al-4 3t -B2+B3+B4

al -4+al -4+al -4 4 a C+B1+B2+B3 al -6 +al -3+al-3+al-3 4
wh2@88338B2+B4 al -6 + al-3 + al-3 + al -3 4 ¢ rEUSE3984d00212
al-6 + al-3 +al-3 +al-3 4dC+ B2+ B3 + B4 al-6 +
al-3 + al-3 +al-3 4 e C+B1 +B2+B3 al-6 + al-4 + al -4
+al-4 4 f C+Bl +B2+B4 al -6 +al-4 +al-4+al-4 4 ¢
C+B1+B3+B4 al -6 +al -4+al -4 +al-4 -20 WD 2008/ 153504

[060745G2008hQ B3R 123: TheBkMcH terflifbtds iR GIcN LS ([I)ieﬂapét?l'gli%samine )
for the last digit-letter pair in a dycob git code,
representing different conbinations of core and

[psv7spher al3rd digRs)s: ahé BAantA Gihinaft EGaldttostct ur e
attached Linkage 4 h C+B2+B3+B4 al -6 +al -4 +al -4+al -4

41 Bl +B2 +B3 +B4 al-3+al-3+al-3+al-3 4
{60078 +B3+Bh difit 41aiThée & a dorabxigtentbranch+Bl+B2+B3+B4

al -6 +al -3+al -3+al-3+al 3 5 b C+Bl1 +B2+B3+B4 al -6 +
al-4 + al-4 + al-4 +al- 4 a Cinplies that the fucose
[06073) t ach&ch digit ENeNobisectinC RN AT iBaitattied i this brdtichh
branch's outernost GIcNAc is fucosylated [000691
Resul ts

[00078] 6th digit = 3: Fucose is attached in this structure

[00079] Thus the final code for the structure in FIGURE 4ais (73 51 1 3). The
detailed linkage information of the monosaccharides attéched in each branch can be
deduced by looking up the digit value in Table I. The code for a high-mannose type
glycan structure is shown in FIGURE 4b. The value for each digit is based on the number
of mannose residues attached at each branch. 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 F IGURE 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

possible to have branch 1 with a mannose residue and branch 2 with a GIcNAc 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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[ 000701 Representing N-linked glycans with the

A ycoDigit code [000711 The G ycoDigit code can be
wWQIs@d/153504 epr esent conpl ex, hi gh-mannose and PYB8G208/000212

type N-linked glycans. FI GURES 4a-4c depict three

different N-linked glycan structures of different

sub-types and their correspondi ng representati on using

the fi rst enbodi mrent of the A ycobDigit code, and

Jd(fl&htl& NMhRees. didptigisition 04 theNcellular metabolism of
structures and their correspondlng representation in

PSSR  f yANE i  s

ranch i.rcl ed
L e R e Fong R FERgple linkages have
underllned al pha-numerj c code is_the G ycoD git_code
beetp pRcEYRdaly eﬁelf pecss (S chachise thyr Brockhaysen fa 4l EodP$%n High-
in FIGURES 4a-4c is the core structure comon to al
pHoimsnesl liglig c sheomdte@aphy1 #ssa3sREorl aNFasetylgloensaminyltyapsferases
N-Iinked glycan with the following digits for the
inobed ih 00ARd D-glytardsyattesis.” MetAdds Bizpmaelh 1701351 +387 Nevartheless,
NeuNAc (N-acetylneuramnic acid) -21 WO 2008/153504
fmmﬁg/cg@@%-%ufﬂc%% HppRebldlit® ichost MammBARarP s that are

termnates in GLcNAc (N-acetyl gl ucosam ne ) [00075]

“TBBIRILSH o B proOBRh iR oRRe! 0, St ant br anch
-

[00077] 5th digit = 1: No bisecting GlcNAc is attached
(000811 S bTROGR: eMBOSARKt Hiihe @i'ldg:’%blgit defpi6A8& d Simple means for

attached in this structure 9] Thus the final code

gfél%trat q%eaéﬁéosﬁﬁfe}éfﬁahggr@%%ég%& %¥An%}ﬁés7l t% P th%relaf{g )10 Egb%lé alpha-

Ion o € nobnosacc

attached b anc b. | ookin p
neher 3ot PR Syl Aesopfe Ui pggtore . . 6 1908,
h- mannose typ .
and F), while there are two possible numbers for the 5th and 6th branch (1, 3). Thus,

10x10x10x10x2x2=40,000 different structures can be generated and represented in the
six digit-letter pair embodiment of the GlycoDigit code. However, not all of these
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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gl ycan structure is shown in FI GURE 4b. The val ue for

each digit is based on the nunber of mannose resi dues
wW@eaaassso4 at each branch. It is inportant to nRPCESGIA8/000212

this format allows a maxi num of ni ne mannose resi dues

to be attached in a structure, as is the case for

secreted manmal i an gl ycoproteins, as described

herei nafter. The structure in FIGURE 4b contains this

MERABIE ] DSﬁﬂIh&iSthgnt AR for BHe dBRFRBSEIMing modORAdcHarile/ad Tinkage

St ﬁlﬂﬁﬁl’dﬁ' arySofC M I Qﬁ’l@d{/zﬂgesc Rﬁ{edéif@aﬁth OXiBit | gositions with
Fl =¥ @%&é B@ﬂg?% d1 QHR ujrdlﬁzﬁé‘ that value is
,notpos%qﬁ Eor %t a- ant ennary

elﬁuw %Mn;bsé”c%?u tgfig{tgon'pi ;;Ptc;/;olevc w?'g't 6" digit

exX%IHFPMWFos?Q.c Aride possible to have branch | with a

mahnos e Noassxistaacaind BYemetstonegi t h a G cNAc Nefsi due. Non-

[ 00080] The rul es described herein are not éxistengeed existence
cover tI@cMALi nked glGlcHAc- structures for abGlcNgyeci &Fscose
Sofre verGatdetosé e St ruatdpbaGheNAac been observed to have

five bnNaaNARS, a thiNeéINARROGaASL-aGhathd-0 1 he upper
coke manppsssd Varki eifagl .). In CHO cells, a simlar

brgnch pgen obserpy lth@ present only. as an .
i nger neqical ¥ Step in y 3/ 153504 .
P%/ S& :q/m(,)OOle gll%ﬁ sly 1\91 (Butl er M _
2006. "Msat i on e cert u% ar abol I sm of

cosy on for re elns produced by
é\ﬁmegﬁ syste mal% 121}4 logy, 50:57-76).
In addltlon sever al atlons on possible

| iFkageMamaoee been dYarrly@ane] l-species -
(Schachter H, BrockhaﬁM@wleMmlﬂMaanQ "Hi gh-

performance |iquid chromatography assays for
N-acetyl gl ucosanm nyl transferases involved in N- and

[0903y can  Sprechedditional Nutehoars Befinedolo  desaribe3the- Bbimked glycan
Neverthel ess, the GycoDigit code is sufficiently

sapptures adifl @ected)ed‘npm‘teinmﬁmi IGHO sepdlsi s thehatx elrapacter alpha-numeric
commonly used in the production of reconbi nant

dbRURRS of he GdycbDidihépdei r st embodi ment of the
G ycoDigit code provides a sinple neans for

[00084] Rule 1: For high-mannose and hybrid subtypes in secreted mammalian
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.

-24 -



generating all possible glycan structures. For

branches 1 to 4 there are 10 possi bl e al pha- nuneric
w@h@sasises s t hat can be used to describe the bramnsé2008/000212

structure (1, 3, 5, 7, A B, C D, E and F), while

there are two possible nunbers for the 5th and -6th

branch (1, 3). Thus, 10x |10x I 0x 10x2x2=40, 000

di fferent structures can be generated and represented

[0008the SThe @b@iplex! ©h¢ Qlydani struenilbo dhh IMIGURE %2h#B a tri-antennary

G ycoDigit code. However, not all of these structures

@?1 £ ré Q\llihda Ldwiy & tZHedﬁﬁfoHG Et‘tgcﬁéd &ithe Bfanich lcbRREEd thei -3 linked

rul es descri herei nafter, thus resulting in

4860 }I:%‘L nked ?1%@ r%élr e fohiGent, A }ﬁ c%(aﬁ %(')rqﬁ{s%g'ucture

|ca ycan s ruc

is;@%‘é%‘:fe%%@%' &t gnseié@f?%l sgr’ﬁ?%m?%ﬁﬁimﬁg@? G s

rules to give rise to the glycan popul ation

stoeqturgi tiahgs tthe t ferting ppoinsr ifen J I vtusther i glycosiation jrgactions in the
[ 00082] Table 5 sunmarizes the definition for each

endopl dsmiicnretibwludni andt G¢lgi appatatisa Sinee maahpsearesidney are yepresented by
enbodi nent of the AycobDigit code, and al so shows the

1dttétsl indéRANST MumbErs Wk Wr@sﬁtﬂﬂlrgfb@daﬁﬁ) Ak sQudtinekKa PBa 0x Ba Ba 0x 0x
information. Blank cells in ate that the value is

0%3‘1} 2SR EreliOShdwtbih FIGORE RAFikY v high4Pini6le branches and two
8 504 PCT/ S&2008/ 000212 Table 5.7 Definition of

oftnfllk bYALHE A LRl 1A% SR L EIRE Q%re&f,mwé ARE RARBALE bRt with a

AJE nfor t|on oss

for desi nat d di 0 i ned. ant enn .
fispre B RLE AT e b éﬂg{‘&n‘% ey affclobnipdl h%‘i‘d%f%’w“ in
t hat value |s not 033|ble for that digit position

thoi sgpandhsanehnAs shogn m4be Hewps thisistractyreris ggpresented by (hg GlycoDigit
Monosacchari de | Non-exi stence Non- eX|stence Non- Non-

cedd sst[dnteAeBadxdnle)l.

[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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3 A cNAc GIcNAc- d cNAc- Fucose 5 (Gal actose

Gal (31-4GLcNAC - - 7 NeuNAc NeuNAca2-3Gal(31-4GlcNAc-
WO 2008/ 153880hose Man- - - B Mannose Manal - 2Man- -PET/8152008/000212
Mannose Manal - 2Manal - 2- Man- - - D Mannose *
Manal - 2Manal - 2Manal - 2- - - Man E Mannose
Manal - 2Manal - 2Manal - - - 2Manal - 2- Man- F Mannose
Manal - 2Manal - 2Manal - - 2Manal -2Manal -2-Man [ 00083]

[00092E addThé €uath bratlchshad tigedl adsiduedendinglBsar ab8 linked sialic acid.
N—Ilnked glycan structures of secreted proteins from

} ghiddratdhGs 8§aX character al pha-nuneric
I ment of the GycoDigit code. [000841 Rule 1: For

hlgh nannose and hybrid subtypes in secreted manmalian

[GROBF. t hehdRth A sBAR BldakRes 8RB find BRI Both ir@?éﬁb‘é%‘ﬁted by
attached to the core structure is 'six, nmakingt

tal nunber of mannose residues in a structure equa
0" nine (counting the three residues in the
trinannosyl core) (Varki et al.). [000851 Rule 2: The

hara t: >t
D| gl ?’flee '{/alglé ?%%Q%@FP{%%S@ gﬁdﬁgﬁ)ﬁ ds gicatsﬂﬁg sutl add1t10n to the
anch 000861 Ryl I ryct
Qﬂ e Gsds g‘ﬁasebeﬂ ‘&eh% °%e<§{9&9%519}§‘r 3 Caﬁ%ﬁiemch in
sane ty e respecti vel [ , either both mannose L
ap lp3 edseq gblg 4).0 he fucose attached to the galactose in that branch is

represented in the code for the second branch and is not counted here.
[00095] Thus the code for the entire structure results in [0x 3g-1a 3a 0x 0x 2c].

[00096] It should be noted that the GlycoDigit code does not aim to provide
comprehensive coverage of all possible glycan structures found in all species. Instead it
focuses primarily on structures found in secreted glycoproteins in mammalian cell lines
such as CHO cells, while still remaining extensible. For this reason the seven digit-letter
pairs are chosen to 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, GlcNAc, galactose, fucose and
sialic acid residues present in them. It can distinguish 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}nes.
These include bisecting GIlcNAc (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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WD 2008/ 153504 PCT/ S&2008/ 000212 [000871 The conpl ex

type glycan structure in FIGURE 5a is a tri-antennary
W@R08as3ine with a Lewis Y type epitope attacheRCDBG2008000212

branch connected to the al-3 linked mnannose. In the

seven digit-letter pair enbodi ment, the dycobDigit

code for this structure is [Ox 3g la 3a Ox Ox 2c].

The Man9GLlcNAc2 structure in FIGURE 5b is a high

cDRIATOF BiolSCHMEL6Y: B205DAR0TE) dnbl G ewifblobd grdvdi sttuchudés @hbmas LJ,
further glycosylation reactions in the endoplasmc

. cosy) at tions | !
Phleb SR ig]%eeg& IbreRReLANP. & ri;:ekﬂ@%g%%: rdSv@,tS Wﬁﬁ Jr HC,

1C
are represent by lTetters 1 hstead of

orrespgndi o for this,strycture | Oxp B
HagpmgpaP By i )t e cagis Hs BERGRS  (20RpIG pRuin of o
W th two, high-mannose b[? ches. and two onpl ex )
cofpplgmERis inhybitor ogsessipgistalyl Lewis oK mgieties Ewesne iitrq ghyepgylation
first conplex branch with a fucose residue attached
technalogy. b r@nedbiddagyNAG;883+89B e Barrgbes SctRagdnPors dhaRaddligfe CM,
shown in the second branch. As shown in the figure,
Tabirés G} FoicE R@ylé B, Hapee D vechnoyM, Develtl RA,00idgi RM, De déorens R,
as [3a 4a Aa Ba Ox la 2a]. [00088] FIGURES 6a- 6f

Perabdt®d RADEVH “Sléﬂ:ﬁsﬂéﬁoﬂt(ﬁ'@,eﬁlﬁpﬁ&ﬁﬁekﬁei 10ihdRhtek RGnajor endothelial
correspondi ng ycoDigit code (seven digit-letter

olﬁgngﬁ,g[gggéaga&@gceﬁge £O00L fcobyiREon @l lsa[ae,tegfgg oBi&se r@a@@biozogy

digit-letter palr can

12§%$QW®: [00089] Starting fromthe first digit-letter

aft, i‘n this case the corresponding branch is enpty

and so the representation is ~Ox'. [00090] Looking at

econgd,.br an he [ 3 .

(o575, B § SRR difbolibfer® T fudiBfy PRRORS B required
its representation.is, ' 39 .as |ist j abl .
1§ BR15D Sffer e B R Bl ebaih et PR aged e GpT i fepresgpt them.
has one G cNAc residue and is rg@resented as 'l a'

Furshery fhe dytes/bpselslgiierpdor) reprssrming @ddional linkage informat?on' allow the

easy addition of further linkage and residue type options. Conversely, the code can be

simplified in cases where there are fewer than seven branches 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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[00092] The fourth branch has three residues ending in
an a2-3 linked sialic acid. The code for this branch
WO 2008358504 [ 00093] The fifth and sixth branchesPE¥/8G2008/000212
enpty and thus both are represented by [00094] The
value for the last digit-letter position is "~2c' since
in addition to the core fucose, there is also a
fucose residue attached to the GlcNAc in the second

pRAGRSE NHbwWeveR Nsudh -abedrititkf @R &t Birdcly! Hpfitablel K6 theleSEBarison of
attached to the galactose in that branch is

RSB U I 08T Y IS g s
R EeAREeB e B ek e Nefol pBFRRE . oo

aimto provide conprehensive coverage of all possible
- SgKpaaehisa M (200 KER HKHGO drarbehydpate Mateheg): ¢ goftware tool for

focuses primarily on structures found in secreted
amlyaing thetseriucteres rof wanbnlydrata sugir|chhing 2 dVuckinchcids RGHE2:W267-272
cells, while still remaining extensible. For this

(‘rAekS analt’)h A okEN B/ Mdinitinikal It Alitsu P dnshig B (Q00SETA tedre matrix to
represent the six Ilnkage sites on the core structure

réé@él il fi¥en 1ihESin ?l?&n@" Wnﬂhﬁﬁ‘nctsrﬂq ABi7114kY) iR this research area

scri be attache cose nol ecules. Currently the

isdit}iﬁﬁplltgllrtlﬁaﬁ%d §n Cb% tePdiks SEH seVeh Wikit{efer g’ln} I% B of the

t 0Se, UCOSG and “siralTc aci resi dues

AR 3 T P A S

| act ose and fucose. Several structures that are not
@FﬂSW?1@%5PE§%ed in CHO cel |l s have been produced in
englneered CHO cel | Ilnes These incl ude bisecting

(Shurlati_et al; na et al] repea
(00§08 ari FOURR Aepigiscompion, el N Bkepetyta, structures and
Fukuda M 51987) " Carbohydrate structure of
theinomespeoiliogi Glyeoldigis sedas fomthesix-hseacier alphanugere gmbodiment of
cells by a human erythropoietin -26 WO 2008/ 153504 ‘
tHeCT1ySaDMB¢dde 0 Phdte acDiNA diffbrddiced bativeen thestriploEs; hROMSY) one is
and Lewi s bl ood group structures (Thomas LJ,
missing a fucose residue attached to branch 6 while 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 the 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 branch 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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Panneer sel vam K, Beattie DT, Picard MD, Xu B,

Rittershaus CW Marsh Jr HC, Hammond RA, Q an J,
wee@saessson T, Zopf D, Bayer RJ (2004) " ProductPOnS&1008000212

conpl enment i nhi bitor possessing sialyl Lewis X

noi eties by in vitro glycosylation technology."

d ycobi ol ogy 14:883-893; Barrabes S, Pages-Pons L,

Radcllffe Tabares G Fort E, Royle L, Harvey DJ,

[d6G10RET , tabl¢d(raBM 6Pds Ldefihed 3o Rise fHer &satsl &rom the
R (2007) "GI ycosy ation of serum ribonucl ease 1

diftdet@ls Z)éraﬁ)r RRERA %lﬁ%gsy{?@}ebﬁbe arfl lifllaBe aﬂfj,'réh@é’mltﬁeeﬂ%tructures

I nCrease I n core ation I n pan reatl C cancer.

o o e R o s

t o cover er cases,_nore di |t-Ietter pairs can b
agasgstplk BOS§ eagng élffeéwess S‘tdﬁ’é'i’ﬁ only, fromplex typg tructures for
i ndex-based letters for resenting additional

expmplggebian¢howith theovalug 7 (N@ ) camenly de¢pmparad ggainst the values 7
further |inkage and residue type options. Conversely,
(NeaNAO)I 8 (Gal), bEGIcNAn)kbnd 1 adeaningahatdbe windting dififerences @n only be
fewer than seven branches or if linkage information is
0)eh, NE.REds (st BifidkiteBRNRSInSTable 6)TEhdeys CAldindicaRe 8o change,
is on the fact that the code keeps a nuneric

an@ PRRGBLorddinChe @JbY@ Fof ic'i’xeoftlﬁés Ag,o&%le sm&&ﬁdes the table

conmput ational applica | ons. 00098] ['1cations

B RGBS ok SRR JFTRR Bt a f eond
SF G ?‘plbg%ﬂltwgc; gﬁqq,gcms '\g@ggw{lg&e‘ xgmgv%ﬁ:]whégl 39 21egat1ve values

215 403- 412% a&"Alt al") provided a solution
linkages arpadded nkakle Gjisdhe 10@hun table fpg %ﬂn@ig%i‘lslnﬂfs@ glys@h comparisons
asking, i.e., howto neasure simlarity between

betveferr emgle derapobas eldsing theigksult colles obtamed -iR7FMIDRE 7, the exact
2008/ 153504 PCT/ SG2008/ 000212 proteins. However, such
diffgreridet IheByeah etha Givo ditfuetiitdsycanpd ifemidl €ohsidériig the digits in each

compari son of

structure for the 3rd branch we can see that the larger of the two digits is 5, and the
difference value is 2. The corresponding highlighted cell in the lookup table shows that
GlIcNAc residue attached via the Bl1— 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 11 & 39 digit 2" & 4™ digit 5T digit 6" digit
Steps

. 02—-3(0) a2—3(-)
6 3 B1—4(-) B1—4(-) N/A N/A

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

p1—4(-) p1—4(-)
7 2 1 a2—3(-) a2—3(-) N/A N/A
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gl ycans due to their tree-like structure. Recently a

few techni ques have been devel oped for conparing
w@Rkoosassso4 Aoki KF, Yamaguchi A, Ueda N, Akut suPdT/SG2008/000212

Mam t suka H, Goto S, Kanehisa M (2004) "KCaM ( KEGG

Car bohydrate Matcher): a software tool for analyzing

the structures of carbohydrate sugar chains." Nucleic

Aci ds Res 32:\W67-272 ("Aoki et al"); Aoki KF,

THBII 6. Audoaddnsed Akision f the 1dGinetabls for lthe( dBPajsott Af rammhes in complex N-

likddrglycat @ructueyeal the hidden links in glycans.”

Birgbf Miffedenées 2INdM57- 1463) but t hiLinkags€hanpls ar ea

iDEgigt i |1 in its Reatwcy. 17TR 30N { N &I¥-qiand M0 6" digit

digit-letter pairstggbodi nents of the dycoDigit code,

we defline-a difference opepaBipn, , wap-eB(xgl | owsNfor N/A

easy ¢onpagison ofa diffepenungl ycanpgst-aggt ur esn/A N/A

[0001011 FI GURE 7 depi cts qgonphex and2hyppni d N-1inked

gl ycan structures and theit4eqrrespgndppg G ycoDigit

codes |for 4 he six gharact g1—al#pha- nuperig)enbodment N/A

of the AycoDgit code. %&egegare t wo-d(hf erences

pbetwegn the structpres; T JgHst ongrlsy-)mM SSINM a N/A

fucosg residue attached tgibsgypch 6 whibe)the second

structure yoes not (have T Ipgsagg act ope—aesl due N/A N/A

atg achhed tp branch;3. TheB 'q§rence bsuypgen t hg/a N/A

structures, s obtapned  ap{dy 2 0 gLﬁ4@9 e N/A N/A

resulting code is not a vghgq@glycanﬁgLngture but

proviges J nformatjon aboy J4a§ di T T gfenes DEH”EQH)IH@Lqﬁ()

twp |mput structures. Zer qivalyes indicarg thal.ow FESEE

branctresom botthrof —thestructures are exXactly sarne,

whi | e non-zero val ues nean the branches are

[006108] €Nt -LoBMEITIHEB SIS dofRinY iffBAbatAA thE aﬁlﬁba-&,fb@acﬂan steps

conpared are of the sane type, either both conplex or

n%géss?rg fgg tﬁ@ﬁﬁ%?e%cg%tv&’e%g 19&%&9%1 Whgﬁ I e)énttn@tstréctures The

ranc el ng con‘pare - mannose

branch.. The result from v exa Ie verifies. ..
PRI O PR R oy e BY S0 ISR 0 TGP BrPbLnbdding the
in the 3rd and 6th branch. -28 2008/ 153504
abgotptgualiggyfdhgdifisrence between two branches by 2. For the above example two

reactions steps must take place to convert the first structure into the second one, i.e. 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 digits 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 high-
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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10001021 A | ookup table (Table 6) is defined to use

the results fromthe difference operator to find the

W@ p®8i1535¢4 r esi due and |inkage differences betwe@&nSG2008/000212
structures. For each branch being conpared, the

larger digit fromthe two input structure is indexed

agai nst all possible resulting differences.

Consi dering only conplex type structures for exanple,
bafoloe amy bthei tonddaechasitiesecan HeNetablial) Coatpanng brahehes represented by
conpared agai nst the values 7 (NeuNAc), 5 (Gal), 3

thedi ) and@Wodld iﬂ?ﬂnﬂhﬂt&hé Agbe hfafindse %Hlddeﬁ flave to be removed and

dif erences can only be 0, f2, 4, and 6 (see

ngﬁEIQRS afa%lohé%d ﬂetﬁ@&!: ﬁa(pt)o be-gaﬁedzlﬁr télaﬂ; ﬁgction steps.

|cates ange, and 1s not recor
Iookup tabl e. For each of these possible differences,

RGP o ELURE 2%;% SR i R AL IR o

F“’ Bl S BT RRs fon R REGRISHE i f nif PP Efiment, There
is the | ookup table for conpl ex I inked gl ycan
apcothieer ¢1§f6¥?§ce8bl&twen&g iSHBFtReeE i delsone o8 iifrgmisiiae faeqrp residue

code obtained in FIGURE 7, the exact differences

afaqhgg énthe iserct WeNAc; theseqond ictha nesinggalastosemsidugan layger branch;
the digits in each structure for the 3rd branch we
apdfingby theh fiturthhisrahdhr geof diffetehietypen idilg twe steucBiresas shown in
the difference value is 2. The correspondi ng

FIGURIE ghthe diff&@thcel betwéa the @luiguiealid ebamedvas [Mato 5 0 0 -1]. The
G cNAc residue attached via the 01-* 4 linkage is

EEFNR bpefatdNén1$ ec%ﬂ%gréttﬁéj QI%M 9a1uesslnnlhtz%h¥ ah@ rlgﬂd}@s the letter

6th branch, it tTan be shown tThat a fucose residue

VQI%QQ Aasdsqgl({l tl){é %s&lng% F&*eﬁ)roYl 1“' %Qt%(fen abﬁ@f f!‘n? ﬁﬁ‘feré%ce between the

condense Ver st on

&0 PR R P LS s Eﬁeg%fﬁ ey B B SR BRE, g xactly

. Reactlon 1s' & 3rd digit nd & 4 digit 5th digit 6t
sgngyi whilegiasrzere; yaluesgpean 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.

[000106] The result code ﬁém 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+5+0+0 +

1). In the case of two complex branches being compared if the difference digit for that
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6 3 (31--*4(-) f31-*4(-) NANA 131-- 4(-) 1-->2( 4

2 a2-*3(-) a2--3(-) NANA 1-4(-) 1-) 721
W@20083%3594 a2--*3(-) NNA NA -29 WO 2008/ 15350BCT/SG2008/000212

PCT/ SG2008/ 000212 Table 6. A condensed version of the

| ookup table for the conparison of branches in conpl ex

N- |inked glycan structures Larger Difference Num

Li nkage Changes Digit Reaction |ls & 3 h digit 2 & 4h

b%ﬂhtls osifiVeédihlen @ infpligh that ? 3)@5&% must be Q@deﬁﬁs"‘ﬁarﬁgf th&(cohversion,
402 J3 1-%4(+) 3 1-->4(+)

v?‘%l'f ﬁ% %@@ﬁéﬁﬁaﬁ E’ﬂefﬁ“g{?cgﬂl? (bF r)emgv%l. f%%.f cﬁ)%{f)}mson between

131- >4 131-
oRPRIeR e N Baihcpe binclesyn ﬁlhﬂff& ey FoRise s 05 ganpicied. n
1->4(+) 131 -+4(+) NA NA 1-*4(+) 1->2(+) .
order to convert a high-mannose branch to a complex one, all of the mannose residues

must first be removed before any other monosaccharides can be attached. Comparing the
fourth branch represented by the digits B and 3 in the two structures respectively would
imply that the two mannose residues have to be removed and that a GlcNAc, galactose
and NeuNAc have to be added for a total of five reaction steps. Tables 1 through 3 can be
used to find out which monosaccharide is added for each digit and in which linkage. This
information can be used in reverse to find out which linkages are removed when

converting one structure to another.
[000107] A distance measurement between two N-linked glycan structures

[000108] Equation (1) represents an algorithm for comparing two valid glycan
structures in terms of reaction distance, for the six character alpha-numeric embodiment

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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2 1 131-*4(-) 131--+2(-) 131-->2(-) al-*6(-) 3 -2 1
Pl--*4(+) B1---),2(+) 31--*2(+) a 6 [0001031 Lookup
waaiBasBo4al so contains i nformati on on the nunbRCT/862008/000212
reaction steps necessary for the difference between

i ndi vi dual branches between the structures. The

nunber of required reaction steps for each branch can

be obtai ned by dividing the absolute value of the

[600fi 16} enCEIGIER BOshows\vdglgeut and thy réactib®stepditeddiddto@onvert one
exanple two reactions steps nust take place to

st td addiferf Tlﬁes&ru%ﬁﬁéé%élfeﬁrés&{t&i B)hﬁ‘ne%@@é%r(?' 19NE1 ,lb afd %1 117
the renoval of the GLcNAc residue and the addition o

f [ 0 The Lyl | | ookup table al so contains
1ilk%%?hn%??igﬁgélns%ﬁe&?ﬁgr{iges that occur when conpari ng
branches where both inputs are of the high-mnnose

[a0ppEl] For Foretharfizhtefour branchegathe mepxirem tnmber afisdaetionsfneaded to
hi gh- mannose structure with digits B (value of 4) and

chhvierad Bearh With shenfdhAdsereaiges\iaty & hamch Wit aCRAmB] NeuNAc

descri bed as adding two nannose residues to the first

resbdub ¢ MBE rea ﬁ@&?ﬁ@é{{g% ?Iﬂ: ﬁ%{i%ﬁ%&ﬁ@hﬁ@sﬁﬂfé B @ns would be

mannose pbrancnes I n ycan structures IS nore

liicated. |In order. t onvert i gh- nenngse
GHBAEE rsattorfa i’ Bt oA K BRGNS 36d the fucose a
resi dues. nust. be renove -30 WO 2008/ 153504
braagh ar0.0iFdrostbls reactigns 8}01'% S%ﬁ?ﬁ%ﬁh@}beﬁf%g&% hari des
can be attached. Conparing branches represented by

the digits C angd_7,mPpuld idmly that the three mannose
resi &u@@rmeaggo—b%—g’?mged—gﬁwo that a GlcNAc, Eq.(2)
gal act ose and NeuNAc-“Rad to be added in a total of six

reaction steps. [0001051 FI GURE 8 depjcts conpl ex and
[G008121d N- Vsingdbe Grsyaad lat tvie stipetures iy FIGHRE, 7 as an example, the
corresponding A ycoDigit codes for the seven
difterense -ili tgims phireactior stpsrdatweetibe dwo astmictubaseie 2. Therefore the
di fferences between the structures: the first one is
né¢digesybetsieny thewwo sgudterss cdancbe catdubatddetd beo t he core
G cNAc; the second is the m ssing gal actose residue in
| ower branch; (38-2) 36

% Nearness = x100 = gx 100 =94.7% Eq. (3)

[000113] Six reaction steps are needed to convert the first structure of FIGURE 9 to
the last one. Therefore, the nearmess 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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and finally the fourth branch is of different types in
the two structures. As shown in FIGJURE 8, the
walrdoBassmce bet ween the structures i s obtai nedP@ESEB08/000212
0500 -1]. The difference operator only conpares

the digit values in the code and ignores the letter

val ues. As such, the resulting code provides

i nformati on about the difference between the two

iftbrfatet hak Geen developed! tb Gfnplentbin€ SHeCcureat alpbAeh@sd provietidtuitive
of the structures are exactly same, while non-zero

r&ﬁhy%§d ﬂﬂaiﬁﬁmﬁ&ﬂﬂChes are different. A special case
I Ses mannose branches are conpared
agalnst conpl ex branches. In this situation, the
018K eNCe LRI NBRR S RHEARERES nkSodgf | ned as the sum of
[Q%e ?no d|8?? vaJ%gg‘%gr thgt granch The result from
t he above exanple verifies that there are differences

[BRYSEN t ge g}wosyﬁtfoﬂ%a&lsls nbtravohb smse&%dghtf&% taggr@pmdwith the

sevent h branch positions. The result co
%ﬁ&@eﬁ&%{)ghy 5§ CQIH‘QJ ﬁ{ sagho%n ﬁgsqib'ieoerfz %H{; ?éa@tions. A
rea Ion S neces O convert one
ture to anot her for he seven it- .letter pajr
S50 B UG A Bet S aaﬁé’a%? o e resetiomeand R b the end
in the difference code reveals the nunber of

Prashiet jof nseverb dieactions.c gy e ereatinge o ihighly shr r getyvpgkp Another
the second. From the difference code, we can
chathgteristicefeatore ofutheeglyoh mthepk isobeany {Bermediary Gtructdrecan be
O+ 0+ 1). In the case of tw conpl ex branches bei ng

comsigraéd an iehd tphedudt bhdneudce e Jarge fvatieyheft strucBitesen in natural
2008/ 153504 PCT/ SG2008/ 000212 branch is positive then

systtemmlsmzﬁlg %hclga HERRdK BHSInpRS Al RHd@StaRBAg oPthe tdRosylation
conver si on, |l e a negativeée difference neans gl ycans

Eﬁﬁfay'&ﬁd E&U@ngadbasﬂé'?ﬁn%m% y%ﬁe?gnéﬁl L ween conpl ex and

mannose branches in gl'ycan structures is
nor e conpllcated In order to convert a hi gh-mannose

[MO"’}T@]P 1019 eGR4 gye?&gémgfa sl i R RGREn YR @i &Fas created

nmust first be renD ed ore any ot her nmbnosacchari des

) g%rreseﬁ%etag&qgleg?ﬁg%ggg‘m atg&%wﬁnj%t?@ %th each (i, j) value
resctogciJ r?é \%lilet?lelr g ecltrlea\llc?sl \Xlth gPycan 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 isrxh takes two glycan structures as input and returns 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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imply that the two mannose resi dues have to be renoved

and that a GLcNAc, gal actose and NeuNAc have to be
w@odweds¥ses a total of five reaction steps. TabP@®Sa2008/000212

through 3 can be wused to find out which

nonosaccharide is added for each digit and in which

linkage. This information can be used in reverse to

find out which |inkages are renoved when converting

[60021F} I uCHilbRict Go Aivahler the[ AP P ZlorAndiwaiignglgcans were arranged

measur enent between two N-I1nked glycan structures

APt Wdic @féastu‘u@ﬁre( zlﬂd LB RSAMSvEB aBA &0t I8 §tﬁfcture was fully

conparing two val i d gycan structures in terns of

smﬁ@ﬁ%ﬂ Qﬂx?ang Rn% nlglass[goed lﬁt&%&lpé oﬂ%g flurﬂi)ém)? %ﬁ%ﬂgﬁ ht‘e‘ps that
ECIEIRC I TR

al gorithm the nearness score between two structures
cergrityeturesyvordil e senresentad asl 11 b1l dpthefirshembpstimentiaf dhg GlycoDigit
of the nunber of reaction steps needed to convert one
cade; wdtilerthe tad point enld txsa ddbcsialplattdnsuetunafapeesented by the code
shoul d be noted that the score is just a naive
TAPB30TheRsisizatiGalgslabm diows theisdividial @iyaah shhalegicédch group
significance. -32 WO 2008/ 153504 PCT/ S&G2008/ 000212

ah PR H0 T E R w e thRBVSs tiubRir3 |t Alve ARActidigindkeact i on

steps needed to convert one structure to another. The
Sstructures are represented by the codes (7 1 1 1 1 1)

(@018 1 Fwé dala dots oi’\’?fylaa@ stthdiirbPetey crefed @o @dst &b vhalization
[000111] For the first four branches, the maxi num

%UHE)% "ﬂ{e ﬁl%?gét' WALStHE Qﬁﬂi 8906 Pheofl @Xl \A#l?ﬁsﬁls %eﬂ&'ﬁ{%d‘%yt @lycoDlglt

X NEnnose r esi dues into a branch erm nal
wmw g%gé’la?rslf g&lgc smag ({é'lh Cief 8(}%1?%% (gnrl% 84 structures and 160
reactions was also created that only contained those complex type glycans with only twol
of the first four branches present. In both cases the resulting network showed a highly
branched tree structure that diverged at first and then converged. 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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(9 x 4) plus one reaction each for the bisecting

GlcNAc at branch 5 and the fucose at
w@omsiltkdsed r eact i ons.
reactions) x 100 Eqg.

(2)

%Near nes

branch

S (38 -

6 i.e: 38

total 38

[000112] Using the first and |last two structures in
FIGURE 7 as an exanpl e,
reacti on steps between the two structures is 2.

t he

difference in terns of

The score can then be defPCESGHHS/000212

The
be

!

(3

8-2) x 100 =
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[000119]

A list of enzymes involved in the addition and removal of monosaccharide

units to the glycan structure were obtained from KEGG (Kanehisa M., Goto S., Hattori

M., Aoki-Kinoshita K.F., Itoh M., Kawashima S., Katayama T., Araki M., and Hirakawa

M. “From genomics to chemical genomics: new developments in KEGG.” Nucleic 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-12c.
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single glycan structure can act as a substrate to
mul tiple reactions and al so be the end product of

W@ 20081184504 eact i ons, thus creating a highly braPChee2008/000212
networ k. Another characteristic feature of the glycan
network is how any internediary structure can be
consi dered an end product and lead to the |arge
variety of structures seen in natural systens.
[000423) | zi ABingUhd seonid embodimentofi the GhyoDigit code, we enumerated all
under st andi ng of the glycosylation pathway and serve
pRSsiBle RampRx ftfe glficadl drubr BRI retdDROGHB cells, RAERg from

storage and processing, a synmmetric adjacency matrix

ﬂ#a %)68 § . g whih f‘s e%x?e% z{sﬁ@)‘f E)J( ﬁg PR ‘rﬁer?( O)q] P Qudineration was

I X> Was cre eac

ordln et her an reac
xcwgé’% laﬁtdnfﬁieaeﬁycgla%%@a&d Esgine
cans, while a value of 1 means _that there is

su&aa @@sn s pychias GieplAcgalaciase faeose prd sl aid a@es%?qns@év attached
above in connection with the first enbodi nent was
tei tfeedcdre stretatei thrpugh pazyme processong pnselevant glyoogyltransterases. This
the adjacency matri x; these functions were
protRssdvatihgsd vnfil WA BlydEn Benichietetia-amienimsp AN siddylated structure with
pseudocode versions are shown in FIGJRE 10. The

CBH:%& Ditibff réPreledkeiShyt e BliY PRBaSTd w@msaapsmsr%e%ranng 1024
and urns 1'if thére is one and only one reac

Pt%?ﬁ& q¥1§ gqlic%ﬂy SId 4008 Feahiby &E}Bjsr &ch f 19% tv%] L\ﬁ)fs%uléﬁ@%&éﬁ'nh

structures I's passe er
function, which creates the adjacency matrix and

[@ﬁﬂ%]at €S 1 ord¥ &8 Jisudli ﬂ%@&dé%%% ; GOELE otk athreel%gdlhﬁg graph was

tween two glycans. - 153504

PCT/ S&2008{000212 00011 1 In.order to visua

oHTOATST) A PERNLEhIPRReG y% éhs"mgr%anarwarﬁgeassﬂiéie i Fifrerent
basi c core siructure an ar resjdue re
higigreicqlevest based op dhc,aHentes of gueaty %ﬁaﬂ“‘af e C@“;ﬁé‘éﬂﬁ%‘re [0x Ox 0x
were classified into groups based on the nunber of

Ok i Ol wescivifiatedaas the S daseadobewed by fheasecondlayemeomposed of
core structure. For the case of conplex type glycans,

glyvens that bad hddedt aneesugmutaghbe theporestmtiod: amd $d of umtil tast layer
the first enbodi nent of the dycoDigit

containing a fully sialylated glycan structure [3a 3a 3a 3a O0x la 1a]. Once all glycans are

placed in their corresponding layers, associated reaction edges linking glycan pairs are
visualized within the network graph. FIGURES 12a-12¢ 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 network 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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code, while the end point would be a fully sialylated
structure represented by the code 777733. The
wae@eabiseat i on al gorithm draws the individual BCT8G2008/000212
structures in each group and then draws |ines between
those structures that have a reaction |ink. [0001181

Two data sets of glycan structures were created to

test the visualization algorithm The first set was

i it profein Niglrosylatomepatioedy ol maamaligecstis ZtBiotebhnol Bioeng 95:946-
GycoDigit wth 19372 reaction pairs. A nmuch smaller

988 {(BoSRE cCAMDW e NG Ml Mmﬁf’de?édrdi&ﬁlF 1RSnedRétk E8Rstruction.
reacti ons was al so created that only contained those
conpl ex type glycans with only two of the first four

[DoERgeS MEEEiBlogichpddldys@aS et dotnpl@SMIAVIRRALIARE \WiKstructure
showed a highly branched tree structure that diverged

i@lmé of @Etlﬁ({eg? g&?@&té@%ﬁ% §%Jg§'igl¥ thm ! 'Pff'e ﬁét@ﬁltks(ﬂfes €d herein can be

net wor ble sites to attach sugars

PR o i s e b el Bnd B85 G pates than

the network converges to the final few structures.
weRRPreviously kaevi iR e @imeat %105?1 ééerg praRfterseveRtlnessiblgagtinyays to
of 15 Ilevels, while the smaller set had a depth of 9.

£%h &omu ake strefturg | tp cametheanbutr haset paths niight eefcwhesy be Hielpgically
both cases are summarized in Table 7. FIGQURES 1l a and
plaukibles Hiapending onetvhioh kspetist s buinigomodeled, t ddditeaalondes of which
data set. -35 WD 2008/ 153504 PCT/ SG2008/ 000212 Tabl e

glycahddanaictafly edace@nfosih lodfdrd) E2:SbiMdorpBRAEId t8 hakleth€ A€tork more
| evel of the network for both data sets. Nunber of

rOMRE THe fm (P Bhtul of tHE YEBAHNE MRS Userd hy GaHR thédlr qwn énodel of

reactions 1n structures in reactions in reduce at

n%%g&gsgﬁg%h%mua%%gﬁmgylI set full set set set 1 1 10 1

[000124] Metabolic flux analysis is one application that greatly benefits from the
presence of a visual interface. Additional information can be added to the data model to
allow in silico re-engineering of the pathway. The visualization system provides a good
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’ areas. 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 mammalian cells. Compared to other
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2 10 74 4 14 3 41 264 , 8 26 4 112 668 12 36 5 240
1340 14 36 6 424 2232 12 26 7 644 3000 8 14 8 784
WR1®4/183504 9 761 2934 1 0 10 670 2498 0 0 1HCHSG2008/000212
1744 0 0 12 356 964 0 0 13 189 394 0 0 14 7486 0 O
15 15 0 000 [0001191 A list of enzynmes involved in

the addition and renoval of nonosaccharide units to

the glycan structure were obtained from KEGG (Kanehi sa

stéhdar@aéx® répresetiationy for glVcansAtHel Gligcoigiti code s tuch $Ho®ler and more
M, Kawashima S., Katayama T., Araki M, and Hi rakawa

lMlltll;/E raQ Mt J5HSLY 81§ b}é?lcﬁéiefﬁkt‘éi’d ogimlﬁsrgeﬂﬁgﬁ describing individual

eve o ments in KEGG " Nucl eic Acids

nosac ?Znntsz %@ex 0%1? gthg gfé'% egtni: 1 l%/s e? ar%us formats in

ree subtypes vvere hE&d 1 F'om

nt of t copDi git nd 19372 reactio
FS«SB%E drimply ol W oath oot JNDaE sEvecdiel gmbodiment of
that were |inked together through an enzymatic
theaGlycpBigit cofde bo 1eppgsenisitsnygructyee. fy fRatics repaersrtation {seasier to enter
second enbodi nent of the A ycobDigit - code, an N-linked
npinyabs yhdais oot asetusceptiblea® typographicl ext fohaattingrenbes unlike other
represented as a graph with the nodes and edges

Isifger Aitendiabd standatdgcan structures and reaction steps,

1000127] Although the GlycoDigit code may be unable to provide comprehensive
coverage of all possible glycan structures, it is adaptable and can be customized according
to the user’s requirements. For example, the number of branches allowed in a structure
can be increased or decreased by adjusting the number of digit-letter pairs, while more
choices can be added to the letter index to represent different linkage information. The
GlycoDigit code is also interoperable, which allows it to be incorporated into a laboratory
glyco-information management system in a retrievable format, thereby providing useful
resources for biomedical and biotechnological applications (Hashimoto 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 S,
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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respectively, as shown in Fl GURES 12a-12c. -36 WO

2008/ 153504 PCT/ SG2008/ 000212 [000121] Using the
w@ewensBsenbodi nent of the A ycoDigit code, we PCT/SG2008/000212

enunerated all possible conplex type glycan

structures conmmonly secreted in CHO cells, starting

from the core structure, which is represented as [ OX

X Ok Ox Ox Ox Ox]. This enuneration was sinply

swchi frélevhno Wlyday strocturesssahi begessighstatied)i dccessed, hetrieved and rapidly
~ GycoDigit code by 1, indicating that sugar residues
cSeRedmtdihepiotordid kaifilaSe, fucose and sialic acid are

sequentially attached to the core structure through

enzynme processing by relevant glycosyltransferases.

[00®138] Pr ORESarchOBH | tho e glybdkyldtioh NPatBWNMEAD BARAIEhe diversity of

tetra-antennary fully sialylated structure with core

g%&i&dg?tik othEE eSS L ﬂ%ﬁthﬁ‘oxﬁotﬂg dl?@oﬁigit glﬁdé’?aA Rmplified

,thus generating conpl ex’typ ycans

and.4096 reaction, ste a | i,nki n sybseguent
g Ao B SFieph B oy RE Pl FprftnlaliSp i B Rhuctures can
constructed network, the resulting graph was arranged
fyrthep, adyancs rthgjdexslopmpept computer aidefl ambysisniooliefoestudy such a
classified into different hierarchical |ayers based _
cemplet ectwonioGlospler et By The farmehelthe fecobgie casterag despribed herein
[Ox Ox Ok Ok Oxk Ox Ok] was initiated as the first
camplyedasily appliedsdcdngtridiing and oisdalizrygetetworkp of glycof interactions. This
gl ycans that had added one sugar each to the core
aSplcHBility fhagiht R HYOvIdBd iak dadisy bl a¢erbaséd Répaésehtaford. Moreover,
%I 'y ?iral §| at ed lgflaycan stru?tu!rye [3a 3a :gésa X la

dblibin ﬁﬁfgf’énkesg b¥GRBS AY&ns Phaketls| &F Fd3€iidn steps and having an

correspondi ng | ayers, associ ated reaction edges

l.inking. gl ycan.pai.rs _are Vi i Y . .
KR PR e Aoty B g PO S wit provide
resulting network, —which is i ghly branched. -
ther et BeeTPPE BAEHANA ety B et ety (Hossler P
represented as nodes in the network while edges i
Mulpruslg e, B NHE2008) T atamsommabysispf Nrelyraw Arocggsing in mammalian
glycans. It should be noted that the current network '
cells."aRLap O i2(0te7d3; Bfambeek H| Peteshiughi M (@A Way mathematical
CHO cells since the enzymatic requirenents and
nfodsl 6f Ntlinkss 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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(Hossler P, Goh LT, Lee MM Hu WS (2006) "d ycoVis:

visualizing glycan distribution -37 WO 2008/ 153504
wWEMNREEBAO8/ 000212 in the protein N glycosyl apC8G2008/000212

pat hway in manmalian cells." Biotechnol Bi oeng 95: 946-

960 (Hossler et al I") were not fully considered

during the network construction. [0001231 Mbst

bi ol ogi cal pat hways are often conplex and visuali zi ng

2B64)1 TheGlyeoDigitcode $n auterdaiicet wigh the presestdfivantish exdsa extendable to

studyi ng them The networks descri bed herein can be

aH§® $he repreSiMtionYorRAete PhrfedRah VeI lihRed diidanGti&iares.

structures, or find shorter paths than ~were

previously known. In the current nodel there are often

[0U1362|  PREsH tlaBioRA At \RtfatibRs oPfffe dboVEQRALSEE EMBédinents of the
to anot her, but these paths m ght not -al ways be

ju &&ltng&gé Béaa(? %%ﬁ%,%%gp@?@%@?%&o%ﬁ?ﬂé&g‘ HREHH BSlidR of the

erng no i on ycans ca

ctual Ly regct to formothers, c e_Lncor porate 0
shiedSianesellin tePofamu oPaiirSico el it 37hecit b appended
of the algorithms allows users to define their_ own .
clapeandgheir equixalends, theinyentionanay e pipsticed ptheryise thep apspecifically
Met abolic flux analysis is one application that
dgyoshed.y benefits fromthe presence of a visua
interface. Additional information can be added to the
data nodel to allowin silico re-engineering of the
pat hway. The visualization system provi des a good
basis for building nodels for this kind of analysis.
It can be inplenented with an interactive user
interface to incorporate experinental data and provide
a web browser based service. 10001251 Di scussi on
[ 0001261 Research in glycone informatics is slowy
catching up with the progress that has been nmade in
other “omi cs' areas. As described herein, the
G ycoDigit code in accordance with the present
invention is based on a pre-defined branching
structure of N
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I i nked gl ycans that are conmonly found in nost
mamal i an cells. Conpared to other -38 WO 2008/ 153504
weEFQNsAB0N8/ 000212 standard text represent atiPOESEGEZN08/000212
gl ycans, the dycobDigit code is nuch shorter and nore
intuitive as it focuses on branches instead of
previ ous net hods descri bing individual nonosaccharide
units. For exanple, the glycan structure illustrated
in various formats in FIGURE 2 is sinply coded as [ Ox
2a la 3a Ox Ox la] by the seven-digit enbodi nent of
the dycoDigit code to represent its structure. A
WaEHSE 1S¢L @HEQé@ntatlon is easier to enter nmanually
and is not as susceptible to typographical or
Lf or utsystan Eorresprssenting laé leash@r portiem @é rang pligasaceharisigs dhf system
standards. 10001271 Al though the dycoDi git code may
congprisingld Bxdddength uiptenowenr edlenslieren theosode agpeeseiits dlid number and
possi bl e glycan structures, it is adaptable and can be
pdsitioh @t Rllcoaokicdite the dligodabichatider ' s requi renments. For
exanpl e, the nunber of branches allowed in a structure
can be increased or decreased by adjusting the nunber
of digit-letter pairs, while nore choices can be

2.2ddeft @ sfehadcBdify td Elgi?ﬁ( 1t QurtheP E&ﬁ]tﬁﬂ‘mgdhrf b &MHkion management

i nkage i nformati on. The d ycoDi gi ode is al so

st@fm%&H% }M}jeqﬁl th&%le fhmlap be incorporated into

co-Intormation managenent systemin a
retrlevable fornat t her eby providi ng usef ul
resources for bionedical and bi ot echnol ogi ca

applj.cations to S, ..Kawanpo.S,. .
3 Aokt T WS 2eE0RE QLA by W o AR A g pn 3-lnked glyoan
Kanehi sa M (2006) "KEGG as a glycone informatics
SBuSWHr ce. " G ycobi ol ogy 16: 63R-70R; Lutteke T,
Bohne-Lang A, Loss A, Goetz T, Frank M von der Lieth
CW (2006) "GLYCOSCI ENCES. de: an I nternet portal to
support glycom cs and gl ycobi ol ogy research.
4.3 ycHisi vbegyact@dingRo 8laRn RavhareirRthe Ve Hilend 61 gaan strigture is one of a
Ramakri shnan S, Lang W Raguram S, Sasi sekharan R

conH0O6 highAdamenss and hgbrydope.cs: i npl enent ati on

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

the number of monosaccharides attached to a branch of an N-linked glycan core structure.
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strategies at the consortiumfor functiona
gl ycomcs." dycobiology 16:82R-90R). As -39 WO
wQe®811BBH04 PCT/ SG2008/ 000212 such, rel evant PQi/g6z108/000212
structures can be easily stored, accessed, retrieved
and rapidly converted into their pictorial formats.
[ 0001281 Research on the glycosylation pathway to
control the diversity of glycosylation is another
area that can benefit fromthe GycoDigit code. A
simplified nuneric representation instead of a
t ext - based representation of glycan structures can
75 ur t R systetmprecerdingatogdaigy bpwhereinghe alphp perdion genfesgnts the type of
anal ysis tools to study such a conplex network
ligkdge sAndr spetifia | supjr. miplecult matiachedofo a Hwarchyefo@i @N-linkeddglycan core
as described herein can be easily applied to
stagnsé.r ucti ng and vi sual i zi ng networks of gl ycan
interactions. This applicability may not be provided
as easily by text-based representations. Mbreover,
descri bing differences between glycans in terns of

81 eactheOsysieht Bcorlifl B ¢ialtl 12Rvhefoifd kS bddéCoonippisesOfix alpha-numeric
possi bl € glycan structures as illustrated in FI GURES

S I AIN-
et Pea e arshE, HEHR ey S SR LB Nipked slyoan core
ler P, Milukutla BC, Hu W5 (2007) "Systens
anal ysis of N-glycan processing in mamalian cells.”
PLoS ONE 2(8):e713; Kranmbeck FJ, Betenbaugh M (2005)
"A mathematical nodel of N-Iinked glycosylation.'
Bi ot.echnol Bi oeng 92: 711-728; Unmana
9(199M4° SYAteﬁ’af“P‘Ee & E"aF"‘%gel""hi’)‘F“‘l\EhﬁffP}R‘eg L&%ﬂ%r‘)&ﬂ“" N-linked
bi osynt hesi s." Bi otechnol Bioeng 55;890-908)
elyerm0pe Srysite BES TeREspRILtGdsh m%@an%f‘és Heths hesngh ka complex type and
bi ol ogi cal |y neani ngful neasure of simlarity anong
highymeanoss tranchesrassrepresentasl ydetest of the G ycoDigit
code. As was the case wth protein structures, it is
expected that a simlarity of glycan structures wl|
imply a simlarity of function as well (Al tschul et
al ; Aoki et al; Bertozzi CR, Kiessling LL (2001)
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" Car bohydrates and gl ycobi ol ogy revi ew. chem ca

gl ycobi ol ogy." Science 291:2357- -40 WD 2008/ 153504
WERDRBEBO8/ 000212 2364). The G ycoDigit codeP¢TISG2008/000212

accordance with the present invention is also

extendable to allow the representation of a nore

varied range of N-linked glycan structures. 10001301

Modi fications and variations of the above-descri bed

enbodi nents of the present invention are possible, as

appreci ated by those skilled in the art in light of

the above teachings. is therefore to be understood
1Q-hat Th%)’?‘ﬁinrﬁct?‘ﬁé‘ngé‘bﬁémb? wheeeiippended cl ai ms and

their equivalents, the invention may be practiced

ot hesomplex braschentsripeting dsealiciAcdgalastdsh erineurapinig@cid residue are

2008/ 153504 -PCT/ SG2008/ 000212 WHAT IS CLAIMED | S: 1.
repressgedyp the numbgrr3eSent raspgectively;east a portion of an

ol i gosacchari de, the system conprising a fixed-Iength

al phiie mbiBéeGesidits ofMMgbral fdt Kigh-fafkeose ePligiced Hlyeatiddte represented

nunber and position of residues attached to the

b}O{HeQQt%ﬁ‘&: abandifieack letEP @, By & ONEAGHPF déspeciivelydesipibted as an even
further conprising an i nformati on managemenf system

nﬁﬂ&QQP@Qﬁh'ﬂEaﬁJTQCOde in aretrievable format. 3. The

systen1accord|ng to claim1, wherein the

ol i 93y %?gm%;angl? tbg 18k '\ba n&%\%&)l &.ﬁ%‘ doﬁl;l% ﬁﬁé ﬁl{uﬁber of mannose

The system accaor |ng to claim erern nked

can one of a conpl ex, high-mannose
“%ﬂ'&ﬂv% %fbﬁg ach ' The systen1accord|ng to claimli,

mher he re es are ele ed f
const g?@ﬁgﬂ%ﬁﬂﬁhﬂﬁ%@m N dig ﬁfrvglr&?c lf % °§ago<§1@NAc and
fucose and sialic acid residues.
fucose residue are present, respectively; an

if a branch is not present, its corresponding number is 1.

11.  The system according to claim 1, wherein the code comprises seven alpha-numeric

pairs.

12.  The system according to claim 11, wherein the first through fifth alpha-numeric pairs
respectively represent the five linkage sites on an N-linked glycan core structure, the sixth
alpha-numeric pair represents a bisecting GlcNAc between the mannoses, and the seventh
position corresponds to fucose molecules that can be attached to the core or peripheral

GlcNACc residues.



6. The system according to claim1, wherein the
nunmeri c portion of the code represents the nunber of
worweasssehar i des attached to a branch of an N-PCTRE€ZH08/000212
gl ycan core structure. -42 WO 2008/153504
PCT/ SG2008/ 000212 7. The system according to claim1,
wherein the al pha portion represents the type of
| i nkage and specific sugar nol ecule attached to a
branch of an N-linked glycan core structure. 8. The
system according to claim1, wherein the code
conprises six al pha-nuneric characters respectively
13r eprideepttém geaopdingiocldimiRawhersint es on an N-1i nked
gl ycan core structure. 9. The system according to
cl aidigiB, postier evfh dable hlphstutherir pairarvolresponds tthe the number of
N-1inked glycan core structure are represented by,

m&dadthsriRs sttdched ftghdbrambilepreseated 6y Healphhnpmendiphir; and
hi gh- mannose branches are represented by letters. -43

VO 200RtdSpdelich ShEPEHPRLRMREA Jatr sebids ad i€ ind¥6 toedMtable containing
according to claim9, wherein: conplex branches
L NAo Ao Sb6u £ IGRhACIAR: PEcifte Hipaf hBiebul@sdddd.
M@@%ﬁﬂue are. repfgggﬁﬁg% by ?ﬁ% nuﬁ%e# 3,g%ﬁgr 7
respectively; the mannose residues of hybrid and
hi gh- mannose N-|inked gl ycans are represented by the

letters A-F, wit.h each letter A .B. C.D .E and F.
14 o Jeevan pottiding fdam B WRfre b sovgtinglphrguiic fair gepresents
10, and 12; for .each branch, the letter. .val ue .
ﬁwﬂa@%%&%@%&rmwﬁ FrsidlierAtiached fo Et‘?ﬁﬂh%‘g‘&c Qe Gues
attached to that branch; the fifth and sixth
characters are digits having a value of 3 if a

bi secting G cNAc and ) _ o
15.  The system according to claim 1, wherein the oligosaccharide is an N-glycan

structure and is secreted glycoproteins from mammalian cell cultures.

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

operator defined to qualitatively differentiate between glycan structures.
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fucose residue are present, respectively; and if a
branch is not present, its correspondi ng nunber is 1.

WA 2008/Ths06yst em according to claim1l, wherein PCESGCHU000212
conpri ses seven al pha-nuneric pairs. 12. The system
according to claim 11, wherein the first through fifth
al pha-nuneric pairs respectively represent the five
| i nkage sites on an N-linked glycan core structure,
the sixth al pha-nuneric pair represents a bisecting
GlcNAc between the mannoses, and the seventh position
corresponds to fucose Iecules t hat can he a ﬁtac

7o thadhndgloprensesentfigdps strucayre @t foadj 3 jpprtion o Ssaccharide,
2008/ 153504 PCT/ SG2008/ 000212 13. The system

Coamﬁﬁm@ﬂﬁgﬁﬂﬁ<%laln112 wherein: digit portion of each
al pha-nuneric pair corresponds to the nunber of
nondsac c selectthes tase elidosatclaride Maudrainch represent ed by
t he al pha-nuneric pair; and the letter portion of each
al phey nundsmiti€yipgaiar nsshey ©f passitde substiexion ointt ablthe base structure
containing additional information about the type of
l'i nkage agidctbdm $PAE) dld@sSgiGRg a paitmaubd eachdded. 14. The
system according to claim111l, wherein the seventh

al pI‘(@)- nu%{lbﬁngjﬁ'tﬁofcﬁﬂ'ﬁ&&em to fale®SMh#nl SYIntOfom step (b), whcre
N-acetyl gl ucosami ne residues attached to the

ol i gonuclagﬁ&a‘{é » mkdns %&2 éﬁ&mlﬂ&cme%mhatr&tgrl Blidhaving a first

wherein t I gosacc e is an N-glycan structure

and is seﬁi§&8¥wgg%%&gdgﬁgaga_fron1nannal|an cel

cul tures sten1accofd|ng to claiml1, wherein

t he stem.further includes a. erat or

bt iALS RN PR or Drs Sfifed iRt FBe (TR ShAREr of the two-
structure -45 an5)08/153504 PCTQEnuPOS/OO 212

aracter co one or more unique 1 ters for the second character of
the two-character so that the first character and the second character together
uniquely identify a residue on a specific substitution point identified in step
(®);

(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;

® 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

(2) assigning the two-character codes to the residues on the oligosaccharide
structure of step (f) to match the two-character codes developed in steps (d)

and (e) and recording them in the positions assigned in step (b).
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17. A nmethod for representing the structure of at
| east a portion of an oligosaccharide, conprising the
wee@passhs (a) selecting a base ol i gosacchari deCT/SG2008/000212
structure; (b) identifying a nunber of possible
substitution points on the base structure selected in
step (a) and assigning a position to each one; (c)
assigning a two-character code to a substitution point
fromstep (b), where "character"™ nmeans any uni que
identifier, the two-character code having a first
character and a second character; (d) assigning one or
nore uni que identifiers for the first character of the
two- character code and one or nore unique identifiers .
18.0r Thremebedoliclaiml horhsreinthe bappeoliapencelnsida stregture of step(a) is an
the first character and the second character together
Nlimkediglyyan strectiief y a resi due on a specific substitution
point identified in step (b); (e) repeating step (d)
for each substitution point so that each substitution
point identified in step (b) has a set of

19.Wo- EiAnhathé B hccbkitSto Wi 8] dértinftie NHBike glysdn¥t@cture is one of a
resi dues for that substitution point; (f) review ng

cdniifle:s highGhatnBseXnddgbRd fygesacchari de structure

containing the basé oligosaccharide structure
selected in step (a) and optionally one or nore
resi dues on that base structure; and (g) assigning the

Zd.m-'ﬁllqeal{l%ﬁ(gf ac gr%fjn%ts’totc i 1% &l%?éslx?{‘eflg %s?ci&e% %ﬁiﬁ% taré:ﬁm%qlg]lgly identified

ol i gosaccharide ructure o

b, i FBEGPioHgnd HERPP ST R Bo LD AEoUEt ol dppoising of
b). -46 VIO 2008/ 153504 PCT/ SG2008/ 00021

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.
24.  The method according to claim 23, wherein the letter represents the type of linkage

and specific sugar molecule attached to a substitution point of an N-linked glycan core

structure.
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18. The nmethod of claim 17, wherein the base
ol i gosaccharide structure of step (a) is an N-linked
w@bkaosanmsss ruct ure. 19. The net hod accordi ng t oPCI/aGIN08/000212
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 17, wherein the residues which are
uniquely identified by the first and second
characters in step (d) are selected fromthe group
consi sting of mannose, N-acetyl gl ucosam ne,
al act ose ucose and. sialic acid residues. . .
2 th tggté%(; ﬁﬁcmﬁhen(g&o g‘aiﬁl s vgl}ereaﬂ Sixsp : 1?1#13131 pp%g'star(;r g]e?ected in step
character of step (c) is a nunber. 22. The nethod
Bccording to claim2l, wherein the nunber represents
t he nunber of nonosaccharides attached to a
substitution point of an N-linked glycan core
structure. 23. The nmethod according to claim 21,
26vher Bheméthed aeoding to kklima 25 ,evhendin gtedrst(foyr substigutioatpoants of the N-
24. The nethod according to claim23, wherein the
lihlet tebycah efre @& 8¢S afdepieydntedty dddicabers ifithd bedgnek isf 4 complex type
sugar nol ecul e attached to a substitution point of an
aﬂﬂ'ﬂj%lmiﬁﬁ‘n(gb BfantheS QfeQeprédentdd biyildters: 47 WO 2008/ 153504
PCT/ S&008/ 000212 25. The nethod according to claim
19, wherein six substitution points are selected in
step (b) 26. The method according to cl ai m 25,
Zrherﬂcf'hfztﬂgd E&c%ﬁﬁnegf f?)%rlair?xuﬁs Whbidld &Oexpgubgﬁtﬁti(gf Jlﬂt? g‘ selected in
i nked gl'ycan cor€ structufe are represente %y od
Stnug;ﬁers if the branch is a conplex type and
I gh- mannose branches are represented by letters. 27.
The net hod according to claim19, wherein seven
substitution points are selected in step (b). 28. The

ZQITE :. gﬁ%fggt g gplcg{gﬁ%rg qo::clllﬁ?x%ng,?,zébpr\é\{]ng[lg Iﬁpst Ehrr](?ugfhl tjl’ftsht substitution points

alpha-numeric pairs represent the five linkage sites on an N-linked glycan core structure, the

- sixth substitution point represents a bisecting GlcNAc between the mannoses, and the
seventh substitution point corresponds to fucose molecules 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.

30.  The method according to claim 29, wherein the second character of step (c) is a letter.
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al pha-nuneric pairs represent the five |inkage sites
on an N-linked glycan core structure, the sixth
W@ st153504 | on poi nt represents a bisecting GLCNATISG2008/000212
bet ween t he mannoses, and the seventh substitution
poi nt corresponds to fucose nol ecul es that can be
attached to the core or peripheral GLcNAc residues.
29. The nethod according to claim28, wherein the
first character of step (c) is a nunber. 30. The
nmet hod according to clain129 wherein the second
character step aletter. .48 WO 2008/ 153504
3]PCT/'%®‘B %{f@gfglg tgflamTﬁ% YRS d according to claim
30, wherein: the first character nunmber corresponds to
t he the#ine chaspctergwabstedreespands tofthe gember of monpspscharides attached at
substitution point branch represented by the
the wobstihvdion poiat brandhaeprasedtet g thegworrtiarattar code;emd| et t er
serves as an index to a table containing additiona
I nf otheresecond eliagaster t lagert sopees ods 4n rideg etoan dablb econfading iadditional
sugar nol ecul e added. 32. The net hod according to
in€dratidnl houvdhe typle f lilieigo bk DIBS SeeiTRishgte nidlecalt Add@l. ycan
structure and is secreted glycoprotelns from mamal i an
cell cultures. -49

32.  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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