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METHODS FOR ANALYZING GLYCAN-DERIVED MONOSACCHARIDES

CROSS REFERENCE TO RELATED APPLICATION

JOQB1]  This application claims the benefit US, Provisional Appdication
No. 61/622,159, filed April 18, 2012, which i incorporated by reference hergin in

IS entivety.

FIELD OF THE INVENTION

j0002]  The present disclosure provides a method For analyzing glycan-derived
monesaccharides in a sample. The present disclosure alzo provides a method for
detecting or momitoring a disesse or disorder i a patient. In addition, the present
disclosure provides a method of determining gberrant glycotvansferase activity.
The present disclosure fiwther provides & system for analyzing or comparing

glveans in a sample.

BACKGROUND OF THE INVENTION

fOR03]  Glycans are complex, heterogenous brological sugar polymers generally
found attached to protein or lipads and are displayed on cell and macromolecular
surfaces. Glvcans are created m the endoplasmic reticelum and golgl apparatus
orgmielies by envymes known as glveotransferases. The molecular structure of
glveans strongly altects the biclogical sctivity of the protein or hipid to which it s
attached. Aberrant glycotransferase activity {wiuch, m turn, produces aberrant
elyvean structures) 1s 3 well-known hallomark of essentially every knowsn iype of

it ¢
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{0004} The altered expression of 4 single glveotransferase can result w the
production of a complex, heterogencous nuxture of # wmgue, abnormal whole-
alvean structures rather than in an uniformly mmcrease expression of a single whole-
ehvean structure {FIG. 1) These heterogenecus mixtures of whole-glycan
struciures ave often very difficalt to fully charactenize. Thus, existing cancer
biomarkers that are based on intact ghyean structure are generally based ononeora
few particular abervant glycan structures {out of #} or perhaps a sef of very closely
refated aberrant glyean structves that resalt in a umigque antibody or lectin epitope.
[005]  One known method for characterizing glycans on the basis of molecular
weight consists of permethylation, release front the protein substrate, and analysis
ntact by mass spectrometry. In this approach, a pre-isolated glycan or pre~isolated
O-hinked ghvcoprotein is permethyiated, porified and analyzed intact by MALDI-
mass spectrometry (MS) or Hquid chronmatography {LCl-electrospray ionization
{ESDI-MS. Goetz ef al. {"Enzymatic/Chemical Release of O-Glycans Allowing
MS Anabysis at High Sensitivity,” dnad. Chem., 2009, 81 (23}, pp 954695523
describe this method. Importantly, Goetz et al. state that thelr method does not
refease Ndinked glycans from proteins and they did not discuss glyeolipids in this
paper. The analvsis of N-linked glyveans by this approach would require
preliminary cleavage from their protein sobstrates (usually by enzyme}, followed
by isolation then permethyiation. Most notably, Goetr et al. describe their method
as & means to analyvze pre-isolated glveoproteins or glyeans. Thay do not consider
complex naxtures of glycoproteins, whole biofluids or tissues.

[ao06] A second known method v charscterizing pre-isolated plvemns known as
glvean methylation analysis was developed by the University of Georgia’s
Complex Carbohydrate Research Center (CCRCY {Heiss et al. ("The structure of
Cryptococeus neoformans galactoxyviomannan contains beta~D-~glucuronic acid,”
Carbohydrare Research 2009, 344(7), pp 915-20)].. This method is g
iriflaoroacetic acid {TFA»based methvlation analysis and consists of
permethviation, hydrolysis, reduction and acetylation

SUMMARY OF THE INVENTION

jO007}  The present disclosure provides a method for analyang glycan-derived

meonosaccharides i a sample. The method comprises (a) permethylating a sanple
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comprising glveans; (b partially purifving the permethylated glyecans; {©)
hydrolvzing the permethylated glycans thereby forming permethylated
menosaccharides; (d) reducing the permethyvlated monosaccharides thersby
forming partially methylated alditols; (e} acatviating the partially methylated
alditol thereby forming partially methvlated aldiol acetates; (1) partially punfying
the partially methylated alditol acetates: and (») analyzing partially methyiated
aldio! acetates (PMAAS) using a subsiance wdentification procedure.

{0008} In some embodiments, the glycans comprise a member selected from the
aroup consisting of N-linked glvcans, glveolipids and O-linked glycans.

jO00%]  In some embodiments, step {a) includes an mitial substep of mixing the
sample comprising glveans with a labeled chemical substance. In some aspects of
this embodiment, the labeled chemical substance is a monosaccharide sslected
from the group consisting of heavy, stable-isotope labeled glucose, heavy fucose,
Leavy xylose, heavy galaciose, heavy mannose, heavy N-acetylglucosaming
{GIeN Ac), heavy N-acetyvigalactosamine {GalNAC) and combinations thereof. In
other aspects, the lzbeled chenucal substance is a polysaccharide comprising o
saccharide selected from the group consisting of heavy, stable isotope labeled
elucose, heavy fucose, heavy xylose, heavy galactose, heavy mannose, heavy N-
acetylelucosamine {GleNAC), heavy N-acetvigalactosannne {(GalNAc) and
combinations thereof.

[0010] In some embodiments, step (b) comprises hquid/hgnid extraction. In
some aspects of this embodiment, step (b} comprises adding 8 solation of NaCl
followed by a halogenated organic solvent. In some aspects, the halogenated
solvent is chloroform,

[O011]  In some embodimenis, step {d} uses a reducing agent selected from the
group consisting of NaBH,, NaBD, and a combination thereof.

[0012]  In some embodiments, step (D) comprises Hguid/higuid extraction.
(9013}  Insome embodiments, analvzing pavtially methyiated alditol acetates
detects an increased or decreased concentration of glycan nodes.

[O014]  In some embodiments, the glvean nodes comprise monosaccharide-and-
hinkage-specific glvean chain links exhibiting molecular surrogacy for

elveotransferase activity. In some aspects, the glvean nodes comprise glycan
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moenesaccharides selected from the group consisting of terminal fucose, 3-Hoked
fucose, terminal xylose, 2-linked xvlose, 4-hinked xvlose, terminal glucose,
ternuinal mannose, terminal galaciose, 2-linked glucose, 3-Imked slucose, 2-linked
manngse, d-linked galaciose, 4-linked mamiose, 4-linked glucose, 3-Hnked
mannose, 2-linked galactose, 3-hinked galactose, 6-haked glucose, 6-hinked
mannoess, G-linked galactose, 3 4-linked galactose, 3.4-linked glucose, 2, 4-linked
ghucose, 3.0-linked glucose, 2.3 4-linked glucose, 3.4.6-linked glucose, 3,4.6-
Linked galactose, 2, 3-linked galaciose, 2 4-linked mannose, 4,6-linked glucose, 2,6-
linked mannose, 3.6-linked mannose, 3 6-hinked galactose, 3,4,6-linked mannose,
terminal GleNAc, terminal GalNAc, 4-linked GleNAc, 3-linked GleNAe, 3-linked
GalNAg, 6-linked GleNAg, 3 4-linked GleNAc, 4-linked GalNA¢, 6-linked
GalNAc, 4,6-lnked GleNAg, 3.6-linked GalNAc.

[0015]  In some embodiments, step {a) includes the substep of initially removing
one of more of compounds selected from the group consisting of glveolipid, N-
tinked glycans and O-hinked glveans.

j0016] In some embodiments, step {e) comprises pre-saturating an acetic
anhydeide reagent with water priov to addmg it to the partially methylated alditol,
188171 The present disclosure also provides 2 method for detecting or monsoring
a disease or disorder in a patient. The method compnises {a) obtaimng a sample
comprising glycans from a patient; (b) permethylating the plveans: (¢} partially
purifving the permethviated glycans; {d) hydrolyzing the permethviated glveans
thereby forming permethylated monosaccharides: (e} reducing the permethylated
monosaccharides thereby forming partially methylated alduols; (f) acetylating the
partially methyiated alditol thereby fornung partially methyviated alditol acetates;
and {g) detecting the altered presence of glycan nodes; wheren the altered
presence of glveans nodes 1s associated with a disease or a disorder.

{0018] In some embodiments, the disegse or disorder is cancer. In other
embodiments, the disease or disorder is a glycan affective disease. In some
embodiments, the disease or disorder is an imnunological disorder.

[O019}  In embodiments in which the disease or disorder is cancer, the cancer 15

selected from the group consisting of ovarian cancer, prostate cancer, pancreatic
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cancer, Hver cancer, mudtiple myeloma, breast cavcer, lung cancer, gastric cancer,
thyrowd cancer and colorectal cancer,

[0020]  in embodiments in which the disease or disorder is an immunolngical
disorder, the immunological disease i3 selected from the group consisting of
rheumatosd arthritis, lupus and multiple sclevosis,

{0021} In some embodiments, step (b) inchudes the nutial substep of mixing the
sample with a labeled chemueal substance.

{0022}  in some embodiments, step {g) comprises using & substance identfication
procedure.

jO023]  in some embadiments, the glycan nodes comprise a monosacchande-and-
hinkage-specific glvean chaim links exhibiting stwrogacy for glycotransferase
activity.

[0024]  In some embodiments, the glycan nodes comprise plvean
monosacchandes selected from the group consisting of {tenminal facose, 3-linked
fucose, terminal xvlose, 2-linked xyvlose, 4-linked xvlose, terminal glacose,
ierminal mannose, terminal galactose, 2-hinked ghucose, 3-hnked glucose, 2-hnked
mannose, 4-finked galactose, $-linked mannose, 4-linked glucose, 3-linked
mannose, 2-iinked galaciose, 3-linked galactose, 6-hinked glucose, 6-hnked
mannose, 6-{inked galactose, 3 4-linked galactose, 3 4-linked ghacose, 2, 4-linked
glucose, 3 6-hinked glucose, 2,3 4-linked glucose, 3 4,6-linked glucose, 34,6~
linked galactose, 2,3-linked palaciose, 2,.4-linked mannose, 4,6-linked glacoss, 2,6-
Hnked mamose, 3,6-linked mannose, 3 6-hinked galactose, 3 4 6-linked mannose,
terminal GleNAc, ternuingl GalNAc, 4-linked GleNAc, 3-linked GieNAe, 3-linked
GalNAc, 6-linked GloMAg, 3 4-linked GloMAc, 4-linked GalNAc¢, 6-linked
GalNAc, 4,6-linked GleNAc, 3.6-linked GalNAc.

[O0251  In some embodiments, the glveans comprise & member selected from the
group consisting of N-linked glycans, glycolipids and O-linked glycans.

[0026] The present disclosure also provides a method of determining aberrant
glveotransferase activity. The method comprises (u) permethviating the glveans;
{b} partially punilving the permethviated glycans; {¢) hvdrolvzing the
permethylated glveans thereby forming permethylated monosaccharides; {d)

reducing the permethvlated monosaccharides thereby forming partiaily methylated

Ly
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alditols; () acetylating the partially methylated alditol thereby forming partially
methylated alditol acetates; () parpally purifving the partally methylated alditol
acetates: and {g) comparmg the profile of the partially methylated alditol acetates
{(PMAAs) with a controd profile to delenming abernmt glyveniransferase activity.
HI02Z7]  In somie embodiments, step {a) includes the inthal sabstep of mixing the
sample comprising glycans with a labeled chemical substance.

{90281 The present disclosure also provides a system for analyzing or compaing
glyeans in a sample. The system comprises {a) a database, tangibly embodied ina
non-transitory computer-readable medium; and (b) a feature extractor adapied to
access the database and compare values theremn with those from the sample, so that
datasets ave generaied and pattern analysis or data mining is performed o generate
or analyze glycans nodes within the database and those from the sample. The
database, contams information descriptive of glycans nodes. This information 1§
ebtained by (1) optionally mixing a sample comprising plveans with a {absgled
chenucal substance; (1) permethylating the ghycans; (1) partially punfying the
permethylated glveans; (iv) hydrolyring the permethylated glveans thereby
formung permethyiated monosacchandes; (v} reducmg the permethyigted
monosaccharides thereby forming partially methylaied alditols; (v1) acelviating the
partially methylated alduol thereby forming partially methylated alditol acetates:
{vii} partially purifiing the partially methylated alditol acetates; and (viil)
analyzing partially methyviated akdito! acetates (PMAAS) using a subsiance
identification procedore.

[0029]  In some embodiments of the methods described above, the sample can be
selected from the group consisting of blood plasma, serun, seminal fluid, prostatic
fluid, other human biological fluid and combinations thereof

16630]  In some embodiments of the methods described above, the labeled
chemical substance can be selected from the group consisting of an internal
standard, a heavy-isoiope labeled glyvcan polymer(s), heavy-isotope labeled
monosaccharides, heavy glucose, heavy fucose and beavy GleNAc. In other
ermbodiments, the labeled chenical substance is a polvsacchande comprising g
saccharide selected from the group consisting of heavy, stable sotope labeled

glucose, heavy fucose, heavy xylose, heavy galactose, heavy mannose, heavy N-

6
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acetyiglucosamine (GleNAcg), heavy N-acetylgalactosamine (GalNAc) and
combinations thereol

[0031}  in some embodiments of the methods described above, the substance
dentification provedure is selected from the group consisting of gas
chromatography—mass spectrometry, niass spectrometry, hquid chiromatography-
mass spectrometry, Hguid chromatography, gas chromatography, flame ionization

detector, and combinations thereof

BRIEF DESCRIPTION OF THE FIGURES

{0032} FIG. 1 shows a conceptual overview of a method for analyring glyvecan-
derived monosaccharides in s sample according to s embodiment of this
disclosure.

[0G331  FHG. 2 shows an expanded view overlaid GU-MS chromatograms of
FIG. 1.

{0034] FIG. 3 schematically illusirates 3 method for analyzing glycan-derived
monosaccharides in a sample according to an embodiment of this discloswre.
[0035]  FIG. 4 shows a GOC-MS chiromatogram of a sample comprising
prepurified Human Seram anylotd P,owhich contains only N-linked glycans and
o O-linked glycans.

fo036]  FIG, § shows a GC-MS chromatogram of a sample comprising pre-
purified Bovine Ribonuclease B (RNase B), which contains only ose N-glycan per
protein molecule and no O-linked glveans.

(9037} FIG, 6 shows a GU-MS clvomatogram of a sample conypising pre-
purified glycolipids from hwman gramstocytes.

[OU38}  In the drawings, wlentical reference numbers identify similar elements or
conmponents. The sizes and relative positions of elemeants in the drawings are not
necessarily drawn to scale. For example, the shapes of various elements and
angles are not drawn o scale, and some of these elements ave arbitrarily enlarged
and positioned to mmprove drawing legibility, Further, the particolar shapes of the
elements gs drawn, are not intended o convey any information regarding the actual
shape of the particutar elements, and have been solely selected for ease of

recognition in the drawings.
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DETAILED DESCRIPTION OF THE INVENTION

{0039]  In ovder thut the nvention herein described may be fully understood, the
following detailed description is set forth,

(0040} Unless defined otherwise, all technical and sutentific iermy used hergin
have the same meaning as those commonly wunderstood by one of ovdinary skill in
the art to which this invention belongs, Although methods and materials similar or
gquivalent to those described herein can be used in the practice or testing of the
present invention, suitable methods and materials are described below. The
materials, methods and examples are iHustrative only, and are not intended 1o be
fimting, All publications, patents and other docaments mentioned heremn are
incorporated by reference in their entirety.

[o041] Throughouot this specification, the word “comprise™ or variations such as
“comprises” o “comprising” will be understood to tnply the inclusion of a stated
iteger or groups of integers but not the exclusion of any other misger or group of
mitegers,

{0042] Reference throughout this specification (o “one example” or "an example
embodiment,” “one embodiment,” “an embodiment” or combinations and/or
variations of these terms means that a particular feature, structure ov charactenistic
described in connection with the embodiment is incloded in at least one
embodiment of the present disclosure. Thus, the appearances of the phrases ™in
onge smbodiment”™ of “in an embodiment” I vanious places throughout this
spectfication are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structores, or characteristics may be combined
i any suitable manner in one of more embodiments.

[0043] The term “a” or “an” may mean more than one of an item.

[o044]  The terms "and” and “or” may refer 1o either the conjunchive or
disjunctive and mean “andior™.

fO045]  The term “abowt™ means within plus or minmus 1094 of a stated value. For

example, “about HMY” would refer to any number between 90 and 110
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Methods for analyvzing phvean-derived monosaccharides

{0046} The present invention provides s method for analyrzing alvean-derived
menosaccharides iy a samyprle. This method provides, for the first time, an analvsis
of O-linked protetn glyveans, N-lmked protein glveans and glyveodipids.

{06471 The method comprises the sieps of! {8} permethylating a sample
conywising glycans: {b) partially purtfying the peonethylated glveans: (o)
hydrolvzing the permethylated glveans thereby forming permethylated
monosaccharides; (d) reducing the permethylated monosaccharides thereby
formung partially methylated alditols; (e} acetylating the partially methylated
atditol thereby forming partially methylated alditol acetates: (1) partially puriiving
the partially methvlated alditol acetates; and () analvzing partially methylated
aldito] acetates (PMAAS) nsing a substance wdentification procedure.

{0048}  Sanmples used in the methods of this disclosure may be obtained from a
patient. As used herein, the ferm “patient” means an animal, preferably a2 mammal,
and most preferably, a mouse, vai, other rodent, rabbit, dog, cat, swine, cattle,
sheep, horse, or primate, and even more preferably g huoman,

j0049] The sample may be blood plasma, serum, seminal Huid, prostanc fluid,
tissue, other hioflwid optionally denived from tissue ex vivo or combmations
thereof. In some embodiments, the sample is derived from a diseased organ, tissue
or secretion therefrom. Samples derived from a diseased organ or tissue include,
but are not lmited © sputum, prostatic fluid or semen, lung tissus, breast tissue,
Hver tissue, colon tissue and prostate tssue.

{0056} The samples used in the methods of this disclosure comprise glycans. In
some embaodiments, the glveans comprise one of nore members selected from the
group consisting N-linked glveans, glycolipids and O-linked glveans.

[O0311  In step (a) of the method for analyring plvean~-denved monosaccharides
1 a sumple, the sanple comprising glveuns 18 permethylated. Permethylation can
be carried out accovding to methods known n the art. In some entbodiments,
permethyviation comprises mixing the sample with & base and a methyl hahde.
The base can be sodium hydroxide and the methvi halide can be 1odomethane.
jO052]  in some embadiments, permethyiation s performed over solid phase

sodipm hvdronide. The permethylating mixture can be allowed o sit on the beads

9
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with occasional mixing. This embodiment sumplifies processing samples in
batches.

[O053]  In some embodiments, step {a) includes an mitial substep of nuxing the
sample comprising glveans with a labeled chenucal substance. The labeled
chenucal substance can be a monosaccharide selected from the group consisting of
hegvy, stable-isotope labeled glucose, heavy fucose, heavy xylose, heavy
galactose, heavy mannoze, heavy N-acetvighwosamine (GlcNAC), heavy N-
acetylgalactosamine (GalNAc) and combinations thereof, Alternatively, the
labeled chemical substance 18 @ polysaccharide comprising a sacchande selected
from the group consisting of heavy, stable isotope labeled glucose, heavy fucose,
heavy xylose, heavy galactose, heavy mannose, heavy N-acetyvighucosamine
{GleNA¢), heavy N-acetyigatactosamine {GalNAC) and combinations thereof The
labeled chemical substance can be added for purposes of quantification.

(0054}  In some embodiments, step (a) includes the substep of inttially removing
one oy more of compounds selected from the group consisting of glycohpid, N-
linked glveans and O-hinked glycans, Pre-isolation of glveolipid, N-linked glycans
and O-linked glveans may be desirable in diagnostic applications., When the
elyeohpid is removed, it can be removed by hguiddhiguid extraction using methods
known in the art. See, e.g., Mills et al., “Synthests of novel internal standards for
the quantiative determination of plasma ceranude tribexoside in Fabry disease by
tandem mass spectrometry,” FEBS Lefr 315 (3-3), pp 171-6. When N-linked
glveans or O-linked glycans are removed, they can be removed by enzvmatic
treatment or chemical methods, respectively, using methods known in the art. See,
e.g, Higems, “Carbohydrate analysis throughomat the development of @ protein
therapeatic,” Gheoconi J27 (23, pp 21125,

[O053]  In step (b) of the method for analyzing glyean-derived monoesacchandes
1 a sumple, the permethylated glveans are partiglly purified. As used herein, the
term “partially purifving permethylated glycans” refers to methods of at least
partially removing permethyiated glycans from a mixture of other compounds.
[o0S6]  In some embodiments, partially purifving permethylated glveans

comprises hguidfiguid extraction. With Hquidiquid extraction, the partially

i
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purified permethyiated glycans i3 n the organic phase. In some embodiments, the
Hquid/liquid extraction 1s repeated unti! the organic phase is clear.

[O057}  Ligudihiquid extraction, m some embodiments, comprises adding a
sohution of NatCl followed by a halogensted organic solvent, The halogenated
organic solvent can be methylene chloride or chloroform. Addmg the solution of
Nat’l prior to the halogenated organic solvent reduces the number of hguididiquid
extractions steps needed to partially punfy the peomethylated glveans. This
reduces the amount of solvent used m the hquidiquid extraction and saves a
stgnificant amount of sample processing time,

JOUSB]  In step () of the method for analyzing glycan-derived monosaccharides
i a sample, the permethyiated glycans are hydrolvzed to form permethvlated
monosacchanides. The permethylated glveans can be hydrolyzed according to any
method known in the art. In some embodiments, the permethylated glyeans are
Livdrolvzed by acid. In some embodinients, the acid can be irifluoroacetic amd.
[O039]  In step (d) of the method for analvuing plycan-denived monosaccharides
in a sample, the permethylated monosaccharides are reduced to parhaily
methviated alditols. The reducing agent used in this step can be gny known m the
art. In some embodunents, the reducing agent selected from the group consisting
of NaBH;, NaBDy and a combination thereol

{0060] In step (e} of the method for analyxing glvean-denved monesaccharides
in a sample, the partially methvlated aldiiols are acetylated thereby forming
partially methylated alditol acetates. The acetylation step can be performed using
any known acetylating reagent. In some embodiments, the scetylating reagent is
acetic anhvdride.

[0061]  In some embodiments, step {e) comprises pre-saturating an acetic
anhydride reagent with water prior to adding # 1o the partially methylated alduol.
in some embodiments, the acetic anhvdnde reagent is acetic anhydride. This
embodiment can unprove the vield and consistency of vield of HexNA¢ residues
{e.g., Neacetylghicosamines and Neacetylgalactosamines.

ja06e2}]  In step () of the method for analyzing glvean-derived monosaccharides in
a sample, the partially methylated alditol acetates are partially purified. Step (0 is

performed in the smme way as described above for step (b}

i1
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063} I step {g) of the method for analyveing glvean-derived monosaccharides
i a sample, the partially methylated alditol acetates (PMAAs) are analvzed using a
substance wentification procedurs.
[0064]  The substance identification provedure used 1w the methods of s
disclosure can be selected from the group consisting of gas chromatography-—mass
spectromelry, mass spectromelry, hquid clromatography--mass spectrometry,
hopad chromatography, gas chromatography, fame tontvation detector, and
combinations theveol
[0065]  In some embodiments, the analysis detects an ncreased or decreased
concentration of glvcan nodes. As used herein, the term “glycan nodes™ refers o
monosacchande-and-linkage specific glvean polymer chain links and branch
points. Ifthe glycan polymer chain hinks and branch points are broken down and
quaniified from the pool of all glvean stroctures v a sanple, these glycan nodes
can represent molecular survogates of aherrant glveotransferase activity. Thus, i
some embodiments, the glycan nodes comprise monosaccharide-and-linkage-
specific glvean chain links exhibiting molecular surrogacy for glyeotransterase
activity.
[o066]  In some embodiments, the glvean nodes comprise glvean
monosaccharides selected [rom the group consisting of terminal fucose, 3-linked
fucose, terminal xylose, 2-lnked xylose, 4-linked xvlose, terminal ghucose,
terminal mannose, terminal galactose, 2-linked glucose, 3-linked glucose, 2-linked
mannose, $-hinked galactose, 4-linked mannose, 4-linked glucose, 3-linked
mannose, 2-hinked galactose, 3-linked galactose, 6-linked glucose, 6-linked
mannose, 6-hinked galactose, 3 4-linked galactose, 3 4-linked ghucose, 2 4-Iinked
alucose, 3 6-hnked glucose, 2.3 4-hnked plucose, 3.4.6-linked glacose, 3.4.6-
linked galactose, 2 3-hinked galactose, 2 4-linked mannose, 4 6-linked ghicose, 2.6+
linked mannose, 3,6-hnked mannose, 3,6-linked galactose, 3 4.6-linked mannose,
terminal GleNAe, terminal GalNAc, 4-linked GleNAg, 3-linked GlcNAc, 3-linked
GalNAc, 6-linked GleNA¢, 3. 4mked GleNAc, 4-hinked GalNAg, 6-hinked
GalNAg, 4,6-hinked GleNAc, 3,6-tinked GalNAc.
[0067] in some embodiments, the steps following pernmethylation are carnied ount

using stlanized glassware (o improve recovery.

e
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[o068]  Advantageousty, i the present method, there are no special sample
handling required. The molecular targets of the present method are stable o
conventional biological sample collection techniques and conventional long-term
storage conditions, This is not the case with other amalytical technologies that are
based on the analysis of RNA or the measurersent of enxyme activity.
{0069] FIGS. 1-3 illustrate a method of analyring glvean-derived
monosaccharides in a sample according 1o an embodiment of the invention. As
shown in FIG. 3, the method comprises (a) obtaining a sample comprising glycans
310 and optionally adding a labeled chenncal substance; (b) permethylating the
glyeans 320; {¢} partially purifying the permethyvlated glycans by liguiddhiquid
{L/L) extraction 328; (d) hydrolyzing the permethylated glveans in 2 M THA at
1244 °C to producing permethyiated monosaccharides 338; {e) reducing the
permethyiated monosaccharides with NaBH4 (or NaBD4) to create pariaily
methylated alditels 348 and () acetyiating 350 the partially methylated alditels to
form partially methyvlated alditol acetates 360; () partially punifying the partially
methviated alditol acetates; and (h) analyvzmg the partially methylated alditol
acetates {(PMAAS) by GO-MS.
[0078]  FIG. 1 provides a conceptual overview of the method of analvzing
glycan-derived monosacchanides. By way of example, healthy sanple 10
comprises 1,000 copies + 3 copies each of larger glycans. Healthy sample 1815
processed i processing step 12 as shown in FIG. 3. When analyrzed nsing GO-MS
techniques, the healthy samples generate (in part) the trace best shown in FIG. 2,
as sohid trace 13, As noted in FIG. 1, uniquely branched mannose residue (2.6~
Man} mcreased in relative abundance due 1o increased expression of the
glveotransterase GleNACT-V in cancer cells.
0711 As tlustrated, upregulated glveotransferases {e.g., GIeNAcT-V as
highlighted here) cause increases in the quantity of specific uniguely linked glycan
monosaccharide residues {glycan “nodes™). The glycan nodes can lead to
formaton of a mixtare of beterogenous ghycan structures at low copy number—
each of which can be difficult to detect and quantify consistently, But when the
glvean nodes are pooled together analytically frony amongst all the aberrant glvean

structures their contbrined nombers add wp (o produce larger-than-normal gas
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chromatography—mass spectrometry {GO-MS) peaks {actual chromstograms 108
shown in FI1G, 1 and FIG 2, for example). Numbers adjacent to monosaccharide
residues in glvean struciures indicate the position at which the higher residue is
linked to the lower residue. (All residues link downward via their 1-position.
Siice no cellulose 1s emiployed doring sample processing, 4-Gle 1s derrved mostly
from glycosphingolipids, 3-GalNAc¢ comes predominately from O-finked glycans.
(9072} Cancer samples 16, 18, and 26 containing 1,000 copies each of larger
glyeans (16}, 15 copies of glycans (18) and 3-10 copies each of new slightly
different glyecans (20), were run through the process step 12. When analvrzed using
GC-MS technigues, the cancerous samples generate the dotted line trace best
shown (in part) in FIG. 2, as dotted hine {race I8

[O073]  Referring now specifically to FIG, 2, an expanded view overlaid GC-MS
chromatogram of FEG. 1 is shown. Note the increased concentranion of 2,6~linked
mannose, amongst other glycan nodes.

[0074] FIGS. 4 -~ 6 Hustrate the use of samples comprising different glveans.
FIG. 4 shows a GCO-MS chromatogram of a sample comprising N-linked glyveans.
The sample shown m FIG, 4 15 a prepurified Human Serum Amylowd P (SAP),
which bears ondy N-linked glvean. The data shown are consistent with the known
subtype of SAP N-linked glycan, namely a “complex”-type N-Hinked glvean,
{0073} FIG. 5 shows 8 GO-MS chromatogran: of a sample comprising only N-
linked ghycan and no O-linked glycans. The same shown i FIG, 8 is pre-purnified
Bovine Ribonuclease B (RNase B). As with SAP, the data shown for RNase B in
F1G. § arve consistent with the known subtype of RNase B N-linked glycan, namely
“high mannose™-tvpe N-linked glyean.

jo076]  FIG. 6 shows a GC-MS chromatogram of a sample comprising
glveohpids. The sample shown s pre~purified ghvcolipids from human
granwlocyles. Notably, FIGS., 4 — 6 are consistent with known glycan structures:
Seram amyloid P carries a complex-type N-linked glvean; RNAse B carties
predominately high mannose-type glveans; and neolacto-tvpe glycosphingolipids
from human blood are largely characterized by their lactose {Gal1-4Gic)-base, 3-

Gal and 4-GleNAc-confaining structures.

Methods for detecting or monitoring a disease or disorder
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077} The present disclosure also provides a method for defecting or monitoring
a disease or disorder in a patient. The method comprises (a} obtaining a sample
comprising glveans from a patient; {b) permethylating the glycans; (¢} partially
parifving the permethyiated glveans; () hydrolyving the permethyvisted glvians
thereby forming permethylated monosacchandes; () reducing the permethylated
monosacchandes thereby forming partially methviated aldiiols; (1) acetvlating the
parttally methylaied alditol thereby forming partially methylated alditol acetales:
and {g) detecting the alteved presence of glyvean nodes; whevein the altered
presence of glycans nodes is associated with g disease or a disorder,

JOO78]  As used herein, the term “disease or disorder™ refers to any disease or
disorder i which glycotransferase activity has become disregalated. Such diseases
or disorders include, but are not limited to, cancer, immunological and
mflammation refated diseases.

(9079}  In some embodiments, the disease or disorder is cancer. In other
embodiments, the disease or disorder is a glycan affective disease. In some
ermbodiments, the disease or disorder 1s an invnunclogical disorder.

[o0B8]  in embodiments in which the disease or disorder is cancer, the cancer i3
selected from the proup consisting of vvarian cancer, prostate cancer, pancreatic
cancer, hiver cancer, multiple myeloma, breast cancer, lung cancer, gastric cancer,
thyroid cancer and colorectal cancer.

(0081} Immunological disorders include, hut are not limited 10, Aufpimnume
disorder selected from the group consisting of Acute Dissenunated
Encephalonyelitis (ADEM), Acute necrotizing hemorrhagic leukoencephalitis,
Addison’s disease, Agammaglobulimemia, Alopecia aresta, Anyvloidosis,
Ankylosing spondvlitis, Anti-GBM/Anti-TBM nephritis, Antiphospholipd
syadrome (APS), Autommmune angioedema, Antommmune aplastic anena,
Autoinunune dysawtonomia, Autoimmune hepatitts, Autotmmune hyperlipidemia,
Axgoimmune immunodeficiency, Autotmmune inner ear disease (AIED),
Awtoimmune myocarditis, Autotmnune ocophoritis, Autoinmumune pancreatitis,
Augtommnune retinopathy, Autoimmune thrombocyiopenic purpura (ATP),
Autoimmune thyroid dissase, Autoimmune urticaria, Axonal & neuronal

nearopathies, Balo disease, Behcet's disease, Bullous pemphigod,
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Cardiomyvopathy, Castleman disease, Celiac disease, Chagas disease, Chronic
fatigue syndronte, Chronic inflammatory demyelinating polyneuropathy (CIDP),
Chronic recurrent mulitfocal ostomyetitis {CRMOY, Churg-Strauss syndrome,
Creatricial pemphigotdhenien mucosal pemphigoid, Crohn's disease, Cogans
syndrome, Cold agglutinin disease, Congenital heart block, Coxsackie myocardins,
CREST disease, Essential nuxed crvoglobwmemis, Demyelinating neuropathies,
Dermatitis herpetiformis, Dermatomyostis, Devic’s disease (neuromyaliiis optica),
Discoid hupus, Dressler’s syndrome, Endometriosis, Eosinophilic esophagitis,
Eosinophihc fasciins, Ervihema nodosum, Experimental allergic
encephalomyelitis, Evans syndrome, Fibromyalgl, Fibrosing alveolifis, Giant cell
arteritis {iemporal arteritis), Giant cell myocarditis, Glomerulonephritis,
Goodpasture’s syndrome, Gramdomatosis with Polvangitis (GPA) (formerly
called Wegener's Granulomatosis), Graves’ disease, Guillain-Barre syndrome,
Hashimoto's encephalitis, Hashimoto's thyroiditis, Hemolviic anemia, Henoch-
Schonlein purpara Herpes gestationis Hypogammaglobulinemia, Idiopathie
thromboeytopenic purpura (ITP), 1A nephropathy, lgGd-related sclerosing
disease, Immunoregulatory lipoprotems, Incluston body myvositis, Interstitigt
cystits, huvenile arthritis, Juvenile diabetes (Type 1 diabetes), Juvenile myvositis,
Kawasaki syadrome, Lambert-Eaton syndrome, Lenkocoytoclastic vasculing,
Lichen planus, Lichen sclerosus, Ligneous conjunctivitis, Linear IpA disense
{LAD), Lupus (SLE}, Lyme disease, chwonic, Meniare's disease, Microscopic
polvangiitis, Mixed conpective tissue disease (MCTD), Mooren’s olcer, Macha-
Habermann disease, Multiple sclerosis, Myasthenia gravis, Myositis, Narcolepsy,
Neuromyelitis optica {Devic’s), Neutropenia, Ocular cicatricial pemiphigoid, Optic
neuritts, Pabindromic rheamatism, PANDAS {Pediatric Autoinunune
Neuwropsvchiatric Disorders Associated with Streptococcus), Paraneoplastic
cerebellar degeneration, Paroxysmal nocturnal hemoglobinung (PNH}, Parry
Romberg syndrome, Parsonnage-Twner syadromme, Pars planitis (peripheral
aveitis}, Pemphigus, Peripheral nearopathy, Penvenous encephalomyelitis,
Pernicious anemia, POEMS syndrome, Polvarteritis nodosa, Type L 1L & Il
autoimmune polvelandular syndrones, Polymyalpia rieunatic, Polynwyositis,

Postmyocardial infarction syndrome, Postpericardiotomy syndrone, Progesierone
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dermatits, Primary biliary cirrhosis, Primary sclerosing cholangitis, Psoriasis,
Psoriatic arthrius, Idiopathic pulmonary fibrosis, Pvoderma gangrenosum, Pure red
cell aplasia, Ravoauds phenomenon, Reactive Arthritis, Reflex syinpathetic
dystrophy, Reiter's svadrome, Relapsing polvchondrints, Restless legs syndrome,
Retropertioneal fibrosis, Rbeumate fever, Rhawmnatowd arthritis, Savcoidosis,
Schamidt syndrome, Scleritis, Scleroderma, Sjogren’s syndrome, Spenm &
testicular automunuanity, Suff pevson syadrome, Subacute bactenal endocardstis
{SBE}, Susac’s syndrome, Svmpathetic ophthabuia, Tokavasw’'s arteritis, Temporal
arteritis/Giant cell arteritis, Thrombocytopenic purpura (TTP), Tolosa-Hunt
syndrome, Transverse myelitis, Type 1 diabetes, Ulcerative colitis,
Undifferentiated comnective fissue disease (LUTD), Uveitis, Vascuhitis,
Vesicalobutlous dermatosis, Vitthigo, and Wegener's granulomatosis (now termed
Granulomatosis with Polyangiitis (GPA).

[0082] In sorne embodiments in wlich the dissase or disorder s
immnnological disorder, the immunological disease 15 selected from the group
consisting of rheumatoid arthritis, fupus and multiple sclevosis.

JOOB3}  Steps {(a) ~ (g} of the method for detecting or monitoring g disease or
disorder are as described above for the method for analvang glyvoans-derived
monosaccharides.

[0084]  In some embodiments, the method uses a sample of secretions or tissues
derived directly from putative cancerous organs {e.g., sputum, prostatic fluid, lung
tssue, breast tsspe, Hver tissue, colon tissue and prostate tissue etc),
Advantageously, such samples are not diluted by glycans prodoced by other
healthy organs. Thus, this embodiment can provide an early and accurate
diagnosis of cancer. In addition, when applied {0 fiwds or homogenized tissues,
this embodiment may aid pathologists 1 making more objective diagnoses,
decreasing their relinnce upon more subjective forms of tssue staining and

visaalization under the microscope.

Methods of determining aberrvant glvestransferase activity
[OO8S]  The present disclosare also provides & method of deternining aberrant
slycotransferase activity. The method comprises (a) permethylating the alyeans;

{b} partially purifving the permethyviated glycans; {c} hydrolvaing the
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permethviated glycans thereby forming permethylated monosacchandes; (d}
reducing the penmethylated monosaccharides thereby forming parbally methylated
alditols; (e} acetylating the partially methylated alditol thereby fonming partially
methviated aldiio] avetates: () partially puriving the purtiadly methyisted alditol
acetates; and (g) comparing the profile of the partially methylated alditol acelates
{PMAAs) with a conirol profile to determune aberrant glveotransferase activity.
[0086] Sieps {a) (g} are as described above m the methods for analyzing
glveans~derived monosaccharides in a sample.

{0087} The profile of the PMAASs comprises glyean nodes, Glyean nodes
represent some of the best possible molecular swrrogates of glycotransferase
activity because they provide a means by which to pool together into a simple,
single molecular entity the glycan structural beterogeneity that nevitably results as
a byproduct of a branclung or extending glycotransferase activity. In other words,
glycomic approaches that study unique mndividual whole glyean structures are
focusing on individpal fractional components from amongst possible dozens of (n)
glvean structures which, as a composite, make up the sum total downsiream
molecular signature of an aberrant glveotransferase. But in thus conventional
approach, because the signal from the aberrant ghyecotransferase 1s often sphit out
mnto n umgue, lghly complex glveans, 1618 nearly mpossible to identify as well as
consistently and routinely quantify each unique, highly complex glyean structure
that corresponds to a single disregulated glycotransferase. Analyzing the glvean
nodes as described herein provides about 111 {rather than 1510 1) molecular

surrogate for an aberrant glycotransferase (FIG. ).

System for analyzing or comparing glycans in a sample

[00BB] The present disclosure also provides a systam for analvzing or comparing
glyeans in a sample. The system comprises {(a} a database, tangibly embodied i a
non-transitory computer-readable medium: and (b) a feature extractor adapted to
access the database and compare values theremn with those from the sample, so that
datasets are generated and pattern analysis or data mining is performed to yenerate
or analyze glveans nodes within the database and those from the sample. The
database, contains information descriptive of glveans nodes. This information is

obtained by (i) optionally mixing a sample comprising ghycans with a labeled

DA
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chemical substance; {1t) permethylating the glveans: (i) partially punfying the
permethylated glveans: (iv) hydrolvring the permethylated plveans thereby
formung permethyviated monosacchandes: (v} reducing the permethylated
monosaccharides thereby formung partially methylated alditols; {v1) acelviating the
partially methylated aldito] thereby forming partially methylated alditol acetates;
{vii) partially purifying the partially methyvlated alditol acetates; and (viil}
anatysing partially methyvlated aldiio! acetates (PMAAS) using a subsiawe
wdentification procedure.
{0089} Siep (1) through (vii) ave as described above in the methods for analvzing
glveans-derived monosaccharides.
[o098]  In order that this invention be more folly understood, the following
examples are set forth. These examples are for the purpose of ilustration only and
are not 1o be construed as Hmiting the scope of the invention in any way.

Examples
Example 1 ~ Glyeolipid Pre-Extraction Protocol

{0091} The following example describes how to pre-isolate glveolipids froma
sample. Theoretically, the targeted analysis of glveolipnds {glycosphingolipids in
particualar) may be of sigmiflicant diagnostic uiilily m certamn cancer / biofhud-or-
tissue combinations.

[0092]  Ahliguot 100 uL. of biofluid or tissue sample and transfer to a 13 x 100
mm plass nbe. (For the sample containing added glveolipids, pre-transfer and drv
the ghveohpids in the 13 x 100 nam glass tube, then add the agueous atbumin.) Add
2 mi. of chloroformmethanol (2:1, v Note: Do not et the tubes st around ot
atl at this stage before inttiating vortex. Lay tubes down horizontally and shake /
vorfex / agitate for 20 minutes. Remove precipitated protein by centrifugation at
3000g for 10 min. Transter the organic laver to another tube and add 400 ul.
water. Shake / vortex / agitate for another 20 nunutes Centrifuge at 3000g for
10 min. Split off ~10-13% of the lower {organic} laver o a new silanized
sutosampler vial and dry pader nitrogen (for MALDI-MS of mtact glvcolipids).
Example 2 — Analvsis of Intact Glycolipids
jO093] MALDI-MS of Intact Glycolipids 1) Reconsiitute the glycolipids in 5 ul

of chlorofornr methanod {2:1, vAv) 23 On a stainless steel MALDI tavged, nux
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sample {11 with DHB matrix solution (10 mgfmd. in 01 (viv) acetone methanol)
and let dry. This procedure should reveal {M+Nal+ adducts. 3) For MS/MS
desired: On a separate spot, mix saple 11 with DHB matnix solution (10 mp/mlL
i 901 {vfv) acetone:methanol) and mix m 0.2 el of 0.1 M L0l m 911

acetone methanol. This procedure should reveal MLk adducts which are
useful for MALDEI-MSMS.

Example 3 ~ Permethvlation and Partial Purification Of Permethylated
Glveans

[0094]  Toa 1.5 mk polypropylene test tube add 9 ol of a whole bioflwid (e g,
blood plasmy, serum, seminal fluid, etc.) or tissue sample to be analyred. (IF
glycolipids have been pre-isolated and dried, simply add 9 ul. of water af this
stage.} Add I ol of a 10 mM stock solution of heavy~isotope labeled glucose as an
mternal standard (IS). (We employ D-glucose from Cambridge Isotope
Laboratortes which is labeled with deuterivum at all protons atiached to carbon and
which is {abeled with 13-C at every carbon atom.} Add 270 ul. of
dimethylsulfoxide (DMSQO) (Quantification precision may be improved by adding

the 15 into 3 stock sohution of DMSO, avoiding small-volume pipetiing errors).

with sodium hydroxide beads to just under the fivst outer bevel and cover
completely with acetonitrite. Spin for a few seconds at SO0G mpm ina
microcenirifuge and discard the acetonitrile. Fill the spin column with DMSQ,
spin and discard the DMSO. Fill again with DMSO and plug the spin colunm.
Add 105 ub ol todomethane using a gas tight syringe to avord pipetting errors due
to low liguid viscosgy. {In total this is triple the recipe of Goete ) Spin the column
to get rid of the DMSO in which it was briefly stored while prepanng the sample.
Apply the sample to the NaOH columm. Let sit for 10-12 punates with oceasional
stirring. {Aliernatively, plug both the bottom and top of the coluran and slowly
rotate end-over-end for the 10- 12 minute incubation period. Spin the sample for
30 s at 4000 rpm o retrieve the glvean-contmning hguid; place the liqud sample in
a silantzed 13 x 100 glass test tube. Add 300 ubl of acetoniirile to the spin colunn
to wash oft all of the permethylated glvean. Spin at 10,000 rpm for 30 5, collect

the acelonitrile and pool it with the rest of the sample. (The NaOH beads in the
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span cohamn can now be discarded.} To the liquad sample add approximately

3.5 mb of 0.5 M NaC (add first) and 1.2 mL of chloroform. Perform liguid/hiquid
extraction, saving the chloroform layer. Tius will need to be repeated a total of 3-4
trmes o get a clear chlovolorm laver

Example 4 - Optional Side Analysis

{0095] MALDI-MS of released permethyiated, sodmted O-glycans: Spli ~10%
of the chioroform laver mio a 600-ul, eppendor! tube. Dry under nitvogen for
analysis by MALDI-MS as follows: 1) Resuspend samples in 4 ul. of ethanol.
Sonicate if needed to ensure complete dissolution. 2) On a MALDI target, mix
samples 1:1 with DHB mairix. This DHB matrix 5 prepaved af 10 mg/mb in 1 mM
sodipm acetate. 3) Dry samples under vacoam once spotted. After splitling off a
portion of the chioroform laver for analysis by MALDEMS, dry samples wnder a
gentle stream of nitrogen.

Example 5, Hydrolysis, Reduction and Acetviation

[0096]  Add 20 drops of 2M TFA (325 ul) to each sample. Heatat 121 °C for

2 h. Dry down after beating. {Concentrated TFA = 13.0 M) Reduction of sugar
aldehvdes: Prepare a fresh 10 mg/ml solution of sodm borohydride or sodium
borodeatende i 1 M ammoniam hydroxide (Concentrated ammonium hvdroxide
= 145 M), Add 10-15 drops of this solution to each sample. 15 drops =475 ul..
Mix and leave for Th. Add § drops MeOH and dry down. Add 10 drops (125 ul.)
of 9:1:MeOH: Acetic Acxd and dry down. Fully drv In a vacuum chamber, ke a
commercial FoodSaver® vacoum chamber, for at least 10~13 minutes before
proceeding. Acetviation of nascent hyvdroxyl groups: Add 250 ul of acetic
anhydreide pre-saturated with water (16 ul. water plus 234 ub acetic anhydnde) to
the sample tube and vortex well o dissolve the solid material as muach as possible.
{Note: Pre-muixing the acetic anhyvdnde with water in this manner just prior o use
dramatically increases the yield of HexNAc¢ residues. Without this step the yield
of fully acetvlated HexNAc residues can be oo low to be useful) Add 23¢G 4l
cone. TFA to the sample. Incabate at 50 °C for 10 minutes. Add approx. 2 ml
methviene chloride and mix well. Add approx. 2 ol water and nux well. Remove
the aqueous (lop) laver. Repeat higuidiguid extraction in this way once more.

Remove the orgapic (hotiom) layer into a silanized autosampler vial. FEvaporate
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the organic layver under nitrogen in g silantxed avtosampler vial and reconstitute in
5 drops of acetone for injection onto the GC-MS.

Example 6 - Analvsis

o097 Oue useful msirument for GC-MS 5 & Waters-brand GC-Time-of-Flight
{TOF-MS. Tradional guadrupole-based mass analyzers are less sensitive than
that instrument 1 “full scan™ mode. However, given that samples used here are
generally injected at an wnlet split ratio of 30 or 100-t0-1 {with most of the sample
going to waste), it is anticipated that by lowering the injechon split ratio the
sanples prepared by the above-described methodology will be easily analyred
with g less seasitive nstrument. Alternatively, since pre-targeted molecules are
being analyred, a traditional quadrupole may be operated in selected ion
monitoring {(SIM) mode, providing comparable sensitivity to our GC-TOF-MS.
Notably, traditional quadrupole-based GC-MS mstruments, while less sensitive,
Lave better linear dvnamic range and therefore may possess something of an
advantage. A bibrary of El-mass spectra for these analyvtes can be found at the
following Internet address: hitp/fwww corc.uga.edu/databases/index php#, The
top 2-3 most abundant and/or diagnostic fragment ions for each analvie are then
sununed {(using a (.15 Da extracted 1on chromatogram mass window) for
guantification. Analys is carvied oot fn a tradibonal manner by integration of
summed extracted ion chromatogram peak areas.

[0098] While particular materials, formulations, operational sequences, process
parameters, and end products bave been set forth to deseribe and exemplify tus
tvention, they are not mtended to be limiting. Rather, it should be noted by those
ordinarily skilled in the art that the writien disclosures are exemplary only and that
various other alternatives, adaptations, and modifications may be made within the
scope of the present invention. Accordingly, the present invention 1s not hmited to
the specific embodiments Hlustrated herein, but is Emited only by the following

claims.

2
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What s Claimed is:

i, A method for analyvzing glvean-denved monosaccharides in

a sample comprising the steps of

{a) permethylating a sample comprising glyveans;

{by  parually puniving the permethylated glycans;

{) hyvdrolvzing the permethylated glveans thereby forming
permethviated monosaccharides;

{d)  reducing the permethylated monosaccharides thereby
forming partially methylated alduols;

{e}y  acetvisting the partially methylated alditol thereby fornung
partially methylated aldiol avetates;

{H pattially purifving the partially methyvlated alduol acetates;
and

(g} analyxng parpally methyvlated alditol acetates (PMAAS)

using 8 substance identification procedure.

2. The method of claim 1, where the sample is selected from
the group consisting of blood plasma, serum, seminal fluid, prostatic hud, other

human biological flnid and combmations therent.

.

3 The method of clann 1, wherein the glycans comprise one or
more members selecied from the group congisting N-linked glycans, glveolipids

and O-linked glveans.

4, The method of claim 1, wherein step (2) includes an minal
substep of nixing the sample comprising glycans with a labeled chenmeal

substance.

5. The method of claim 1, wherein the labeled chamical
substance 1s a monosaccharide selected from the group consisting of heavy, stable-

isotope labeled glucose, heavy fucose, heavy xylose, heavy galactose, heavy

A
b
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mannose, heavy Neacetylghcosamine (GleNAC), beavy N-acetvigalactosamine

=t

{GalNAc) and combinations thereof

O, The method of clatn 1, wherein the labeled chemicad
substance 1s a polysaccharide comprising a saccharide selecied from the group
consisting of heavy, stable isotope labeled glacose, beavy facose, heavy xylose,
heavy galactose, heavy mamose, heavy N-acetvlglucosamme (GleNAc), heavy N«

acetylgalaciosamine (GalNAc) and combinations thereof.

o~

7. The method of claim 1, wherein step (b) comprises

Biqud/liquud extraction.

) The methad of clainy 4, wherein step (b} comprises adding a

sofation of NaCl followed by a halogenated orgamic solvent.

9, The method of claim 8, wherein the halogenated solvent iy

chioroform.

1 The method of claim 1, where step {d) uses a reducing agent

selected from the group consisting of NaBH,, NaBDy and a combination thereol

1 The method of ¢laim 1, wherein step () comprises

hquid/hquid extraction,

12, The method of claim 1, where analyzing partially
miethviated akdito] acetaies detects an ncreasad or decreased concaniradion of

ehvean nodss.

13.  The method of claim 11, whersin the glvean nodes comprise
monosacchande-and-linkage-specific glycan chain links exhibiting molecular

surrogacy for glycotmansierase activity,

14, The method of claimy, 11 wherein the glvean nodes comprise

ghycan monosaccharides selected from the group consisting of terminat fucose, 3-
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Hnked fucose, terminal xvlose, 2-hinked xylose, 4-hinked xylose, termunal glacose,
terminal mannose, terminal galactose, 2-hinked glucose, 3-hnked plucose, 2-hnked
mannose, 3-linked galactose, 4-linked mannose, 4-linked glucose, 3-linked
manngese, 2-linked galaciose, 3-linked galactose, 6-Hnked glucose, 6-hnked
mannese, O-linked galaciose, 3 4-linked galactose, 3 4-linked glucose, 2, 4-linked
ghucose, 3,6-linked glucose, 2,3 4-linked glucose, 3,4.6-linked ghicose, 3,4.6-
hnked galactose, 2,3-linked palaviose, 2.4-lnked mannose, 4.6-hinked glucose, 2.6~
Buked mannose, 3,6-linked mannose, 3 6-hnked galactose, 3.4, 6-linked mannose,
terminal GleNAc, ternuingl GalNAc, 4-linked GleNAc, 3-linked GieNAe, 3-linked
GalNAc, 6-linked GloMAg, 3 4-linked GloMAc, 4-linked GalNAc¢, 6-linked
GalNAc, 4,6-linked GleNAc, 3.6-linked GalNAc..

{5 The method of claim 1, wherein the subsiance identification
procedure 1s selected from the group conststing of gas chromatography—mass
spectromelry, mass spectrometry, liquid clhvomatography—mass spectrometry,
Iiquid chromatography, gas chromatography, flame tonization detector, and

combinations thereof

16, The method of claim 1, wherein step {a) inchudes the sobstep
of nitially removing one or more of compounds selected from the group consisting

of glycolipid, N-linked glycans and Q-linked glycans.

17, The method of clatn §, wherein step () comprises pre-
saturating an acetic snhydiide reagent with water prior to adding i 1o the partislly

methviated alditol.

8. A method for detecting or monitoring a disease or disorder
10 a patient, comprising

{a}  obtaining & sample compnising glycans from a patient;

(b permethviating the glveans;
{c} partially purifving the permethylated glycans:
{d}  hydrolyzing the permethylated glycans thereby forming

permethylated monosaccharides:
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{e} reducing the permethylated monosaccharides thereby
fornung parnally methylated alditols;

{y acetyvlating the partially methviated alditol thereby fornung
partially methylated aldito! acetates, and

{g}  detecting the altered presence of glvean nodes

wheretn the sltered presence of ghycans nodes is associated with a

disease or a disorder.

19, The nwethod of olatmy 18, wherein the disease or disorder 18

canier.

28k The method of clatm 19 wherein the cancer 1s selected from
the group consisting of ovarian cancer, prostate cancer, pancreatic cancer, liver
cancer, sutiple myeloma, breast canver, lung cancer, gastric cancer, thyroid

cancer and colorectal cancer.

21, The method of clatm 18, wherein the disease oo disorder is a

elyean affective disease,

22 The method of claim 21, wherein the glveans affective

disease is an immunological disorder.

23, The method of clam 22, wherein the immwunological
disorder is selected from the group consisting of rheumatoid arthritis, hupus and

mudtiple sclerosis.
24, The method of claim 18, wherein the sample is selected
fron the group consisting of blood plasma, serum, seminal Fhuid, prostatic fhad,

other hurnan biological fluid and combinations thereof,

25 The method of clabn 18, wherein step (b} inclades the imual

substep of mixing the sample with a labeled chenical substance.

26
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26. The method of claim 23, wherein the labeled chenseal

substance is selected from the group consisting of an internal standard, a heavy-

elucose, heavy fucose and heavy GleNAC.

27, The method of claim 25, wherein the labeled chemical
spbstance is a polysaccharide comprising a saccharnde selected from the group
consisting of heavy, stable sotope labeled glucose, heavy fucose, heavy xvlose,
heavy galactose, heavy mannose, heavy N-geetvlplucosanune (GleNAg), heavy N-

acetvigalactosamine (GalNAc) and combinations thereof

28, The method of claim 18, wherein step {g} comprises using a

sibstance wdentification procedure.

2%, The methods of claim 28, wherein the substance
identification procedure is selected from the group consisting of gas
chromatography-mass spectrometry, mass specttarnetry, liguid chromatography-
mass spectrometry, liguid chromatograpby, gas chromatography, Hame fontzation

detecior, and combinations thereof

30, The method of clam 18, wherein the glvean nodes comprise
monosaccharide-and-linkage-specific glyean chain hinks exhibiting surrogacy for

glycotransferase activity,

31, The method of claim I8, wheremn the glycan nodes comprise
glvcan monosaccharides selecied from the group conststing of terminal fucose, 3-
binked fucose, termunal xvlose, 2-hinked xylose, 4-linked xylose, termunal glucose,
terminal mannose, terminal galaciose, Z-linked slucose, 3-linked glucose, 2-hnked
mannose, 4-iinked galaciose, 4-linked mannose, 4-linked glucose, 3-Hnked
mamose, 2-linked galactose, 3-linked galactose, 6-linked glucose, 6-linked
mannose, O-linked galactose, 3. 4-linked galactose, 3 4-linked ghucose, 2 4-linked
glucose, 3,6-hinked glucose, 2,3, 4-linked glucose, 3,4, 6-linked glucose, 3,4.6-

linked galactose, 2.3-linked galactose, 2 4-linked mannose, 4 6-linked plocose, 2,6~
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Hnked mamose, 3.6-linked mannose, 3 6-hinked galactose, 3,4 6-linked mannose,
terminal GleNAc, ternuingl GalNAc, 4-linked GleNAc, 3-linked GieNAe, 3-linked
GalNAg, 6-linked GleMNAg, 3 4-linked GleMNAc, 4-hinked GalNAc¢, 6-lmksd
GalNAg, 4,6-linked GleNAc, 3,6-linked GalNA«.

32 The method of claim 18, whergin the glvean conpriges N-
linked ghycans, glyeohpids and O-linked glycans.

32 A method of determining aberrant glveotransferase activity,
conyprising the steps off

{a) permethviating the glveans;

{b) partially purifving the permethvlated glycans;

{c) hydrolvzing the permethylated glyeans thereby fornung
permethylated monosaccharides:

{dy  reducing the permethylated monosaccharides thereby
forming partially methviated alditols;

{e) acetvlating the partially methylated alduiol thereby forming
partially methyvlated alditol acetates;

{) partially purifving the partially methylated alduol acetates;
and

{e}  comparing the profile of the partially methylated alditol
acetates (PMAAS) with a control profile to determine aberrant glycotransferase

acuvity.

33 The method of claim 32, wherein step (2} includes the nitial
substep of nuxing the sample comprizing glyeans with a labeled chenucal

subistance.

34, The method of clain: 32, wherein the labeled chemical
substance is a monosaccharkde selected from the proup consisting of heavy, stable-
isotope labeled glucose, heavy fucose, heavy xvlose, beavy galactose, heavy
mannose, heavy N-acetylelucosamine (GleNA©), heavy Neacetylgalactosanine

{GalNAC) and combinations thereof

L "
&t
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35, The method of claim 32, wherein the labeled chenseal
substance 15 a polysaccharide compnsing a saccharide selected from the group
consisting of heavy, stable isntope labeled glucose, heavy fucose, heavy xylose,
heavy galactose, heavy mannose, heavy N-acetvlghwosamine (GleNAQ), beavy N-

acetylgalaciosamine (GalNAc) and combimations thereof.

36. A system for analyzing or comparing glycans i a sample
COMprising.

{a)  adatabase, tangibly embodied it a non-franssory computer-
readable medium, containing information descriptive of glvcans nodes, wherein the
tnformation is obtained by:

1) opticnally mixing a sanmple comprising glyveans with
a labeled chemical substance;

(i} permethylating the glveans;

(i) partially purifying the permethyliated glycans;

{1v}  hydrolyzing the permethvlated glvcans thereby
forming permethylated monosaccharides;

{(vi  reducing the permethylated monosacchandes thereby
formung partially methylated alditols;

{viy  aceiviating the parially methylaied alditol thereby
forming partially methylated alditol scetates;

fviy  partially purifving the partially methylated aldiiol
acetates; and

{vii}  analyzing partially methvlated alditel acelates
{PMAAS) using a substance identification procedure;

and

{b} a feature extractor adapted o access the database and
compare vahies therein with those from the sample, so that datasets are generated
and pattern analysis or data mining 15 performed to generate or analyze glveans

nodes within the database and those from the sample.

29
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Note increased concentration of 2 , amongst other glycan nodes
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