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High performance liquid
chromatography
for the isolation and purification of
oligosaccharides from glycoconjugates.

Waters Glyco-Pak™ DEAE and N
Obtain high purity carbohydrates for NMR and MS.
Prepare carbohydrates for use as substrates or to
determine biological activity.

Fast and easy separation of acidic and neutral
carbohydrates
Polymeric columns permit recovery of carbohydrates
without interference and provide high stability for
consistent chromofogrop%wy.

Non-destructive purification
Methods provide unaltered and intact carbohydrates
ideal for structural analysis or biological activity
elucidation.

Fetuin oligosaccharides

Monosialylated 3
Disialylated
Trisialyloted
Tetrasialyloted

60 minutes

N



Glyco-Pak chemistries for the isolation
and purification of oligosaccharides

The oligosaccharides {polymers of
2-50 monosaccharides) derived
from glycoconjugates are one of the
most challenging groups of biologi-
cal molecules to separate and purify
due to the large number of possible
structures and linkages. High purity
oligosaccharides are required for
structure determination by NMR or
MS as well as for use as substrates
to determine their biological activity

(i.e., enzymology of oligosaccharide

biosynthesis, glycoconjugate modifi-
cation, efc.). Single mode chromo-
tography frequently is inadequate
to purify these compounds to
homogeneity.

Waters has developed a multiple
column approach for oligosac-
charide purification using two new
column chemistries. The Waters
Glyco-Pak DEAE and Glyco-Pak
N are highly stable polymeric
columns. They have been specifi-
cally developed and tested to
provide consistent chromatography
and yield carbohydrates without
interferences due to the stationary
phase. The Glyco-Pak DEAE column
is designed for the purification of
acidic oligosaccharides. The Glyco-
Pak N column is a hydrophilic
polymer column with distinctly
different chemistry from the tradi-
tional silica based amino columns.
This column is for the purification of
neutral oligosaccharides.

A multi-column separation approach for the purification of
oligosaccharides.

Oligosaccharide mixture

Glyco-Pak™ DEAE Column
7.5mm x 7.5¢m (PN 26730)

Acidic Oligosaccharides
(Complex and hybrid)

Glyco-Pak™ DEAE Column
7.5mm x 7.5¢m (PN 26730)

Oligosaccharides can be released
chemically or enzymatically from
glycoconjugates. After the removal
of the sugars, the mixture of oligo-
saccharides is initially fractionated
by gradient elution on the Glyco-Pak
DEAE column. On this column, the
neutral oligosaccharides are not
retained and elute in the column
void volume. Acidic oligosac-
charides are eluted from the column
according to the number of sialic
acids or degree of sulphation. The
acidic fractions can be further
purified by an isocratic run on the
Glyco-Pak DEAE column. The neutral
fraction is then run on the Glyco-Pak
N column. For more complex neutral
mixtures, a subfractionation may be
performed using a variety of Waters
column chemistries. In the approach
outlined above, the Waters Carbo-
hydrate Analysis column is used to
fractionate the neutral carbohy-
drates. Fractions from the Waters
Carbohydrate Analysis column are
then further purified on the Glyco-
Pak N column. Used with the
Waters 600E System Controller,
which features a multisolvent deliv-

Neutral Oligosaccharides
(High mannose, complex and hybrid)

Waters™ Carbohydrate Analysis Column
3.9mm x 30cm (PN 84038)

Glyco-Pak™ N Column
7.8mm x 30cm (PN 26725)

ery system and unique dual piston
design, highly reproducible gradi-
ents are achieved ensuring consis-
tent chromatography.

When isolating oligosaccharides
for analysis by NMR, MS or for use
as substrates, a minimum of 100ug
of material is generally required. It is
important that the mobile phase and
detection be non-destructive.
Ultraviolet and Refractive Index
detection meet these requirements
(detection limits of about 750ng for
UV and 100ng for RI). Waters offers
a full range of detection options from
single or multi-channel UV/Visible to
full spectral analysis as well as high
sensitivity Rl. Many of these detec-
tors come with additional capabili-
ties such as baseline correction for
subtracting gradient shifts or spectral
libraries for directly comparing peaks
to previously acquired spectra.




Ovomucoid oligosaccharides

Fraction | Sample: Hydrazine releasea ovomucoid
oligosaccharides
Column:  Giyco-Pok™ DEAE
Eluent A: H,O
Eluent B:  100mM NoCl
Gradient: 0-100% B, 20 minutes, curve 6
Flow Rote: 0.6ml/min
Detection: UV o* 205nm with beseline subtraction

fraction 2 Fraction 3

_ A

| i

60 minutes

The initial fraction of oligosaccharides derived from ovomucoid is performed

on the Waters Glyco-Pak DEAE column. Fraction 1 contains neutral carbohy-
drates and fractions 2 and 3 contain acidic carbohydrates.

Purification of neutral oligosaccharides

Sample: Hydrozine released ovomucoid neut:cl
oligosaccherices ootained from froction 1 of the
Glyco-Pok DEAE <un
Column:  Warers™ Corbohydrate Ana'ysis
froction C Eluent: CH,CN/H,O 65:35 (v/v}
Flow Rote: 1.0ml/min
Deteaction: LV at 197nm with boseline subtraction
Temperature: 25° C

70 minutes

The neutral oligosaccharides obtained from fraction T of the DEAE run are
now fractionated on the Waters Carbohydrate Analysis column.

Final purification of the neutral oligosaccharides

Sample: Ffraction C from "ne above chromaiagram
- Column: Glyco-Pok™ N

Elvent: CH;CN/H,0O 75:25 (viv)

Fiow Rate: 1.0ml/min

Detection: UV ot 197nm with baseline subtraction

Temperature: 50° C

240 minutes

Fraction C collected from the Waters Carbohydrate Analysis column is now
fractionated on the Glyco-Pak N column. This column provides an additional

mode of separation with selectivity that is distinctly different from traditional NH,

columns.

The Waters HPLC systems for
complex carbohydrate analysis are
complete gradient HPLC systems,
featuring multisolvent inlet capability
which permits the blending of up to
four solvents or buffers. The micro-
processor based control unit of the
600E can be programmed to store
up to 15 complete gradient proto-
cols allowing for quick conversion
between modes of chromatography
when performing multi-column
carbohydrate separations.



High resolution separation of acidic
oligosaccharides with anion exchange HPLC.

Fractionation of fetuin oligosaccharides on the
Waters Glyco-Pak DEAE column

Oligosaccharides released chemi-

Sample: Hydrozine released fetuin oligosacchorides 1
kiR e 3 cally or enzymatically can be
Elvont A: H,O puritied on the Glyco-Pak columns.
Elvent B:  100mM NaCl
Gradient: 0-50% B, 30 minutes, curve 6 Samples ?UCh as the Gerjzyme/
Flow Rate: 0 émi/min Wiaters high mannose oligosac-
Detection: UV at 205nm with boseline subtraction h . Na
charide standard can be purified ;
1. Monosiolyloted 4 in a single step.
2. Disialylated |
3. Tisiclylated |
4. Tetrosiolylated
2
|
|
|
| J |
60 minutes

Acidic oligosaccharides are purified using the Glyco-Pak DEAE column in
an anion exchange mode. This separation is bosed on degree of sialylation.
Fractions can be collected and further purified isocratically on the Glyco-Pak

DEAE column.

Neutral oligosaccharide separations through

partition HPLC.

High mannose oligosaccharides

Sample: Genzyme Endo H released high mannose
oligosaccharide
Column: Glyco-Pak™ N

|
I
|
i
|
|

Eluent: CH;CN/H,O 70:30 (v/v)

Flow Rate: 1.0ml/min

Detection: UV at 197nm

Injection:  100mcg of high mannose standard

—— (N

1. Man,Gn
3 2. MansGn
3. Mon,Gn
4. Man,Gn
5. MongGn

!

120 minutes

The Genzyme/Waters high mannose oligosaccharide standard separated on
the Glyco-Pak N column.



Neutral oligosaccharide standards

Sample: Mixed neutral oligosoccharide standords

Column: Glyco-Pak™ N

Elvent: CH3CN/H,0 (68:32) {v/v)

Flow Rate: 1.0ml/min 1 5
Detection: UV at 200nm

I |

40 minutes

Separation of mixed neutral oligosaccharide standard on the Glyco-Pak N
column.

Neutral oligosaccharide standard structurest
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The above structures are of the neutral oligosaccharide standard separated
on the Glyco-Pak N column.

| t Dato courtesy of Brad Bendick, Jeanne Orr, Inka Brockhausen, George Vello, and Chuck Phoebe, Analytical Biochemistry,
174 {1988).

Neutral oligosaccharides are
separated on the Glyco-Pak N col-
umn with a mobile phase consisting
of water and 65 to 75% acetonitrile.
Structures as diverse as monosac-
charides, Man 9 high mannose and
multiantennary complex carbohy-
drates can be separated isocratically
free of contamination that is found
with silica based amino columns.
These columns provide consistent
chromatography and because of
nondestructive detection and mo-
bile phase, yields carbohydrates
without altering their structure.




NMR of peak 5 of neutral oligosaccharide standard

|
JJQW s J

Structural reporter regions of 500-MH; proton NMR of peak 5 of neutral
oligosaccharide standard, a biantennary structure with terminal galactose
(from fibrinogen) ofter purification on the Glyco-Pak N column.

NMR of peak 6 of neutral oligosaccharide standard

Structural reporter regions of 500-MH, proton NMR of peck 6 of neutral
oligosaccharide standard, (Man 9 from soybean agglutinin) after purification
on the Glyco-Pak N column.

Oligosaccharides purified on the
Glyco-Pak N column can be taken
directly to NMR or mass spectrome-
try without additional purification
steps to remove contaminants. The
Glyco-Pak N column has been found
to yield cleaner NMRs without loss
of the carbohydrate due to addi-
tional sample clean up.




Complex carbohydrate separation systems

The Waters family of complex carbohydrate separation systems are complete
gradient HPLC systems, featuring precise gradient control, variable volume
injection, sensitive and stable absorbance detection, dato reduction, and full
automation. They are modular in design and can be configured for either high

pressure or low pressure chromatography.

Ordering information

Glyco-Pak DEAE Column 7.5mm x 7.5cm
Glyco-Pak N Column 7.8mm x 30cm
Waters Carbchydrate

Analysis Column 3.9mm x 30cm
Options

Waters 600E Gradient Controller

Waters 484 Tunable UV/Visible Absorbance Detector
Waters 490 Programmable Multiwavelength Detector
Waters 410 Differential Refractometer

PN 26730
PN 26725

PN 84038

PN 62710
PN 80560
PN 46000
PN 70390

Waters HPLC systems for complex carbohydrates are modular in design and
can be optimally configured to the needs of your laboratory. As your needs
expand, your Waters complex carbohydrate system can grow with you.



Waters Chromatography Division
Millipore Corporation

34 Maple Street

Milford, MA 01757

Telephone (508) 478-2000

Waters and Glyco-Pok are trademarks of Millipore
Corporation. N-Glycanose is o registered trademark of
Genzyme Corporation.

U.S.A. Sales Offices

New England Waters Chromatogrophy
Division / Millipore Corporation / 34 Maple
Street / Milford, MA 01757 / Tel. 508-478-2000
Chicago Waters Chromatography Division

1555 Mittel Boulevard / Wood Dale, 1L

60191/ Tel. 312-766-6060

New Jersey Waters Chromatography Division
35 Airport Park / Suite 230 / Morristown, NJ
07960 / Tel. 201-285-1404

North Carolina Waters Chromatography
Division / 117 Edinburgh South / Suite 206

Cary, NC 27511 / Tel. 919-469-2501

San Francisco Waters Chromatography Divi-
sion c/o Millipore Corporation / 448 Grandview
Drive / South San Francisco, CA 94080

Tel. 415-952.9200

Southwest Waters Chromatography Division
2626 South Loop West / Suite 170

Houston, TX 77054 / Tel. 713-665-7310
Washington Waters Chromatography Division
3702 Pender Drive / Fairfax, VA 22030

Tel. 703-273-4435

Overseas Offices

Australia Millipore Pty. Ltd. / Waters
Chromatography Division / Locked Bag 18
87-89 Mars Road / Lane Cove, N.S.W. 2066
Tel. Inwats {008) 222-111/ In Sydney

Area (02) 427-0511 / Telex 25934

Austria Millipore Ges.m.o.h. / Hietzinger
Haupstrasse 145/ A-1130 Wien

Tel. (0222) 82 89 26 / Telex 131464 Miliv A
Belgium and Luxembourg Millipore-N.V.
Waters Chromatography Division / Roketstraat
60/ Rue de la Fusée 60 / 1130 Bruxelles-Brussels
Tel. (02) 242.1740 / Telex 22798 milwat b
Brozil Millipore Industria e Comercio Ltda.
Waters Chromatography Division / Rua Prof.
Compos de Oliveira, 430 / CEP 04675-Caixa
Postal 19065 / Sao Paulo / Tel. (011) 548-7011
Telex {11} 25078

Canada Woaters Chromarography Division
3688 Nashua Drive / Mississauga / Ontario
L4V-1M5 / Tel. 416-677-C580

Toll-free 1-800-268-4881 / Telex 06-948513
Denmark Millipore A/S/ Waters
Chromatogrophy Divisior / Roskildevej 342
2630 T8strup / Tel. (02) 52 88 11

Telex 33544

Finland Millipore Oy / Woters Chromatography
Division / Ruukinkuja 1 /02320 Espoo

Tel. 90-801 90 77 / Telex 12-2123 milpor sf
France Millipore S.A. / Waters Chromatography
Division / Boite Postale 307 / 78054 Saint
Quentin/ Yvelines Cédex / Tel. {1) 30.45.70.00
Telex 698 371 F

India Woters Instruments {india) Pvt. Ltd.

1 Floor Shankar House / 1 Rajmahal Vilas Extn. /
Mekhri Circle / Bangalore 560 080

Tel. (812) 34-9203 / Telex 8452028 SWPLIN
Haly Millipore S.p.A. / Waters Chromatography
Division / Via Achille Grande, 23/20090
Vimodrone Mi/Tel. {2)250781

Telex 312284 milspoifTelefax {2)2650324

Italy Millipore S.p.A. / Waters Chromatography
Division / Viole del Caravaggio 107 / 00147
Roma RM / Tel. (06} 51.32.452 / {06} 51.31.593
(06) 51.31.512 / Teletox {06) 51.26.267

Japan Nihon Millipore Ltd. / Waters
Chromatography Division / No. 5 Koike Bldg.
3-12, Kita-Shinagawa 1-chome / Shinagowa-Ku,
Tokyo 140/ Tel. 81-3-471-7191

Telex 781-02324161

Mexico Millipore S.A. de C.V. / Waters
Chromatography Division / Avenida Ingenieros
Militares 85 / Mexico 11230 D.F.

Tel. 576-9688 / Telex 1777 442

The Netherlands Millipore B.V. / Waters
Chromatography Division / Penningweg 33
Postbus 166 / 4870 AD Etten-Leur (N.B.)

Tel. {0 16 08) 22000 / Telex 54 840 milwa ni
Norway Millipore AB / Woters Chromatography
Division / Enebakkveien 133 / 0680 Oslo 6

Tel. (02) 67 82 53

Peoples Republic of China (Beijing) Nihon
Waters Service Center Rm. 638, Xiyuan Hotel
Erligou Xijioo, Beijing -

Tel. 8022018 / Telex 22685

Peoples Republic of China Millipore China Ltd.
Waters Chromatography Division / Hope

Sea Industrial Centre / 26 Lom Hing

Street / Suite 105/ 1st Floor / Kowloon

Bay / Hong Kong / Tel. 3-796 3736

Telex 3-7967374

Puerto Rico Millipore Corporation Puerto Rico
Branch / Waters Chromatography Division

KM 7.7 / Siate Road 172 / Cidra, Puerto

Rico 00639 / Tel. 809-747-8444

Telex 38572 76

Spain Millipore Ibérica S.A. / Waters
Chromotography Division / Avdao del Llano
Costellano, 13 /28034 Madrid

Tel. {91} 729.03.00 / Telex 23545 millii e

Spain Millipore Ibérica S.A. / Waters
Chromatography Division / Entenza 28

08015 Borcelona / Tel. (93) 325.96.16

Telex 50524 wirs e

Sweden Millipore AB / Waters Chromatography
Division / Box 233 / L8ngebergsgatan 30

421 23 Véstra Frdlunda / Tel. {031} 28 98 60
Telex 21064 milipor s

Sweden Millipore AB / Waters Chromatography
Division / Grohomsvagen 15 '

172 46 Sundbyberg / Tel. (08} 98 89 60
Switzerland Millipore AG / Steinackerstrasse 11
8302 Kloten / Tel. 41-181-41-363 / Telex 56067
The United Kingdom and Ireland Millipore
{U.K.} Limited / Waters Chromatography Division
11-15 Peterborough Road / Harrow, Middlesex
HA1 2YH / Tel. {O1) 864-5499

Telex 24 191 milpor g

USSR, Middle East, Eastern Europe and Africa
Millipore Ges.m.b.h. / Hietzinger Haupstrosse
145/ A-1130 Wien / Tel. {0222) 82 89 26

Telex 131464 Miliv A

West Germany Millipore GmbH / Waters
Chromatography Division / Hauptstrasse 71-79
6236 Eschborn / Tel. 06196-494.0

Telex 4072704 mil d

For all other countries: Waters Chromatography
Division / Millipore Corporation / 34 Maple Street
Milford, MA 01757 / USA / Tel. 508-478-2000
Telex 174166
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