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TSK-GEL: The Origin of a Legend

The TSK-GEL product line was launched by Tosoh in 1972 with the introduction of H-type,
polymer-based columns for the analysis of organic-soluble polymers. In 1977, Tosoh
introduced SW-type columns, the first of a long line of high performance gel filtration
columns that have become synonymous with analyzing biomolecular compounds.

1978 saw the start of the PW-type column line for gel filtration of water-soluble polymers.

Over the years we've introduced several other column lines, including ion exchange,
affinity and hydrophobic interaction columns. Tosoh Bioscience has a proud history of
innovation in liquid chromatography. All of our HPLC columns continue to undergo
improvement as advances in particle synthesis and column technology are made.

In this brochure:
m Discover why TSK-GEL size exclusion columns are the most popular on the market today.

@ TSK-GEL SW Series @ TSK-GEL PW Series @ TSK-GEL Alpha

@ TSK-GEL SuperAW @ TSK-GEL H Series

A broad line of TSK-GEL ion exchange columns are available for highly efficient analysis
Exchange . . .
and isolation of biomolecules:

@ TSK-GEL DEAE Series @ TSK-GEL SP Series @ TSK-GEL CM Series

@ TSK-GEL BioAssist Series @ TSK-GEL NPR Series @TSK-GEL STAT Series

TSK-GEL hydrophobic interaction columns contain a polymethacrylate base material and
anterdction a choice of three ligands with varied hydrophobicities.

@ TSK-GEL Butyl-NPR @ TSK-GEL Ether-5PW @ TSK-GEL Phenyl-5PW

Fttinity Did you know that Affinity Chromatography offers the greatest potential specificity and
selectivity for the isolation or purification of biomolecules? To enhance this advantage,
TSK-GEL affinity columns containing three group specific ligands and one chemically active
functionality are available.

O TSK-GEL Boronate-5PW O TSK-GEL Chelate-5PW O TSK-GEL Heparin-5PW

O TSK-GEL Tresyl-5PW





























































































Immunoglobulin G (1gG)

Immunoglobulin G (IgG) is a monomeric immunoglobulin, built of two heavy chains and two light chains.
Each IgG has two antigen binding sites. It is the most abundant immunoglobulin and is approximately
equally distributed in blood and in tissue liquids, constituting 75% of serum immunoglobulins in humans.

IgG was digested using pepsin and separated on a TSKgel Q-STAT column and a competitive hon-porous
WAX-10 column. As shown in Figure 30, three peaks were isolated from the TSKgel Q-STAT column and
assigned as F(ab")2, pFc and intact IgG by SDS-PAGE. There wasn't any correlation between the peaks

obtained on the WAX-10 column and SDS-PAGE.

Figure 30: Analysis of IgG
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A: TSKgel Q-STAT, 7pm, 4.6mm ID x 10cm
B: ProPac WAX-10, 10pum, 4mm ID x 25cm

Mobile phase:  A: 20mmol/L Tris-HCI, pH 8.5
B: 0.5mol/L NaCl in buffer A

Gradient: 0%B (0min), 100%B (10min)

Flow rate: 1.0mL/min

Detection: uv@280nm

Sample: pepsin digested mAb

Order Information

TSK-GEL STAT Cation Exchange Columns

Description
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Matrix

Intact 1gG

Non-reduced SDS -PAGE

Housing

1D

(mm)

2010
Price

Length
(cm)

21963 | TSKgel SP-STAT, 10um Polymer | Stainless Steel 3 35 $876
21964 | TSKgel SP-STAT, 7um Polymer | Stainless Steel | 4.6 10 $927
21965 | TSKgel CM-STAT, 10pm Polymer | Stainless Steel 3 3.5 $876
21966 | TSKgel CM-STAT, 7um Polymer | Stainless Steel | 4.6 10 $927

TSK-GEL STAT Anion Exchange Columns

Description Housing (nl"ll:r)n) L?Qn%;h é?l](':(;
21960 | TSKgel Q-STAT, 10pm Polymer | Stainless Steel 3 3.5 $876
21961 | TSKgel Q-STAT, 7um Polymer | Stainless Steel | 4.6 10 $927
21962 | TSKgel DNA-STAT, 5um Polymer | Stainless Steel | 4.6 10 $927
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TSK-GEL BioAssist IEX Columns

BioAssist Q, BioAssist S

Especially designed for the separation of large biomolecules such as antibodies, the very large pores of the
TSK-GEL BioAssist columns offer high capacity and resolution at a low column pressure drop. The
polymerization technique used to construct these columns results in a homogenous distribution of ion
exchange groups without significantly reducing pore size. TSK-GEL BioAssist S (7 and 13um) and BioAssist Q
(10 and 13um) ion exchange columns are packed in PEEK hardware in a 4.6mm ID x 5cm and a 10mm ID x
10cm semi-preparative column for scale-up. These columns are an excellent choice for your high throughput
applications.

Product Highlights:
= 4000A and 1300A pore sizes for the TSK-GEL BioAssist Q and BioAssist S respectively

< Polymethyl methacrylate backbone onto which a network of polyamines (TSK-GEL BioAssist Q) or
sulfopropyl (TSK-GEL BioAssist S) groups is bonded.

< High capacity and resolution versus conventional ion exchange columns prepared by graft
polymerization techniques

Mouse Ascites Fluid

Figure 31 compares chromatograms of mouse ascites fluid. Excellent separation between the antibody and
albumin has been obtained using aTSKgel BioAssist Q column versus a competitive Q-type product.

Figure 31: Analysis of Mouse Ascites Fluid

295 T

«— Albumin
245T  Antibody TSKgel BioAssist Q, 4.6mm ID x 5cm
/ Commercial Q-type product A, 5.0mm ID x 5cm

1951 Commercial Q-type

Product A Mobile phase: 15 min linear gradient of NaCl from 0 to 1.0mol/L
145+ in 20mmol/L Tris-HCl buffer, pH 8.0
Antibody Flow Rate: 1.0mL/min
95+ N Albumin Detection: UvV@280nm
/ Temperature:  25°C
45+ / TSKael Injectionvol.:  5uL
BioAsSit Q Sample: mouse ascites fluid (3-fold dilution with initial eluent)
-5 } T 1
0 5 10 15

Minutes
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Immunoglobulin M (IgM)

IgM is known to possess unique and beneficial characteristics relative to other immunoglobulin classes; it is a
large molecule comprised of five IgG subunits, resulting in a relatively unstable and difficult to purify protein.
Unlike single chain antibodies, IgM cannot be purified by Protein A (an affinity material commonly used for
its high binding capacity and excellent selectivity for antibodies) due to steric hindrance. Alternative affinity
methods have been developed with thiophillic absorbents but these methods often result in low binding

capacity.

uoj

An alternative purification method of IgM by ion exchange chromatography using a TSKgel BioAssist S
column was developed. As shown in Figure 32, baseline separation of IgM from other contaminants is
achieved using a 0.3mol/L NaCl step gradient after elution of albumin.

apunydIxy

Figure 32: Analysis of IgM

3.0 08
! |07 TSKgel BioAssist S, 7pm, 4.6mm ID x 5cm
25 |
106 Mobile phase:  20mmol/L sodium phosphate buffer, pH 6.0
Gradient Omol/L - 0.3mol/L NaCl (5min)
z 0.3mol/L - 0.5mol/L NaCl (10min)

E 2 Flow Rate: ImL/min
2 = Detection: Uv@280nm
a a2 Sample: 500pL of 9.5mg/mL IgM in mouse ascites
< § fluid; shaded peaks represent albumin

and IgM respectively

0 5 10 15
Retention time (min)

Protein Standards

Figure 33 shows a comparison of a standard protein separation on a TSKgel BioAssist S column and
conventional ion exchange columns. It is clear that the TSKgel BioAssist S column is more retentive and
provides a higher resolution of the sample proteins compared to the conventional products.

Figure 33: Analysis of Protein Standards

4 TSKgel TSKgel BioAssist S, 4.6mm ID x 5cm
2 5 BioAssistS Conventional S type product C, 5.0mm ID x 5cm
1 3 Conventional S type product D, 4.6mm ID x 5¢cm
Mobile phase:  A: 20mmol/L sodium phosphate buffer, pH 6.5
B: 20mmol/L sodium phosphate buffer
- 4 5 containing 1.0mol/L NaCl, pH 6.5
. Conventional S Type I(:;Ii)?lelrear}te éS?nS?nn?rzn)
Product C Detection: uv@280nm
A 5 Temperature: 10°C
23 Injection vol.: 20L
Conventional S Type Samples: 1) myoglobin, 1g/L
1 Product D 2) a-chymotrypsinogen A, 2g/L
3) ribonuclease A, 4g/L
: : 4) cytochrome C, 2g/L
0 5 10 15 20 25 min 5) lysozyme, 2g/L
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Order Information

TSK-GEL BioAssist Anion Exchange Columns

Description Matrix Housing (nlﬁ[r)n) L?;?];h é(rjljc-:g
19685 | TSKgel BioAssist Q, 10pum Polymethacrylate PEEK 4.6 5 $1,092
21410 | TSKgel BioAssist Q, 13um Polymethacrylate PEEK 10 10 |$4,177

TSK-GEL BioAssist Cation Exchange Columns

. - . . 1D Length 2010

Description Matrix Housing (mm) (cm) Price

19686 | TSKgel BioAssist S, 10pum Polymethacrylate PEEK 4.6 5 $1,092
21411 | TSKgel BioAssist S, 13um Polymethacrylate PEEK 10 10 |$4,177
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TSK-GEL SuperQ-5PW Anion Exchange Columns

TSK-GEL SuperQ-5PW columns are packed with porous hydrophilic polymer beads which are modified
with strong anion exchange functional groups. The resulting product exhibits very high protein capacities.
TSK-GEL SuperQ-5PW columns are used for the separation and analysis of proteins, oligonucleotides and
other biologically active molecules.

Figures 34A & 34B demonstrate the stability of the TSK-GEL SuperQ-5PW columns. Ovalbumin and trypsin
inhibitor were initially loaded onto a TSKgel SuperQ-5PW, 7.5mm ID x 7.5cm column (Figure 34A). The column
was then cleaned in place (CIP) using a solution of 0.5mol/L NaOH. This cleaning procedure was repeated
once each day for a total of 15 days. The resolution after this cleaning protocol was equivalent to the
resolution of the initial injection of the compounds on the column (Figure 34B).

apunydIxy
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Figure 34: Stability of TSK-GEL SuperQ-5PW Columns

[
0 30min 0 30min
TSKgel SuperQ-5PW, 10pm, 7.5mm ID x 7.5cm

Mobile phase:  A: 50mmol/L Tris-HCI, pH 8.6
B: 0.5mmol/L sodium cloride in 50mmol/L Tris-HCI, pH 8.6

Gradient: A-B (60min)
Flow rate: 1.0mL/min
Detection: uv@280nm
Temperature: 25°C
Injection vol.: 100uL
Sample load: each of Img
Samples: 1) ovalbumin

2) trypsin inhibitor
Note: A: before CIP

B: after 15 times (15 days)
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Oligonucleotides

Figure 35 shows the analysis of a 16-mer morpholine oligonucleotide on a TSKgel SuperQ-5PW column using

a NaCl gradient in a 10mmol/L sodium hydroxide mobile phase.

Figure 35: Analysis of 16-mer Oligonucleotide

TSKgel SuperQ-5PW, 7.5mm ID x 7.5¢cm

Mobile phase:  A: 10mmol/L NaOH

AAG AAG AAG AGG GGA G
Sample load: 0.5 0.D. (optical density)

T T T T
0 10 20 30 40

Minutes

Order Information

TSK-GEL SuperQ-5PW Anion Exchange Products

B: 10mmol/L NaOH with 1mol/L NaCl

Gradient: 0%B (0min), 50%B (40min), 100%B (41min), 100%B (46min)
Flow Rate: ImL/min

Detection: Uv@254nm

Sample: 16-mer morpholine oligonucleotide,

Description Matrix
18386 | TSKgel SuperQ-5PW, 10um Polymethacrylate Glass 8 75 $1,236
18257 | TSKgel SuperQ-5PW, 10um Polymethacrylate |Stainless Steel| 75 75 $1,183
18388 | Guardgel Kit for P/N 18257 Stainless Steel $733
18387 | TSKgel SuperQ-5PW , 13um Polymethacrylate |Stainless Steel| 215 15 $4,211

For complete information, including ordering information, on the TSK-GEL anion and cation
exchange columns not discussed in detail in this brochure, please visit our website at

www.tosohbioscience.com.
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TSK-GEL Hydrophobic Interaction
Chromatography Columns

TSK-GEL Hydrophobic Interaction Chromatography (HIC) columns are polymethacrylate-based with a choice
of three ligands (butyl, ether and phenyl) varying in hydrophobicity. Shown in Figure 36 are structures of the
functional ligands available. As other 5PW-type columns, TSK-GEL Phenyl-5PW and Ether-5PW columns
contain 10um spherical particles. TSK-GEL Butyl-NPR columns are filled with 2.5um spherical non-porous
resin particles.

The polymethacrylate base resin for the TSK-GEL Ether-5PW and Phenyl-5PW HIC columns is a porous
material with a 1000A pore size and 1,000,000 Da exclusion limit, offering high capacity and high sample
loads. TSK-GEL Butyl-NPR features a non-porous support in which only the outside surface of the bead is
available for adsorption. The TSK-GEL HIC columns are compatible with water-soluble organic solvents at
concentrations below 50% (20% for TSK-GEL Butyl-NPR). Table 7 lists well known applications for each type
of TSK-GEL HIC column.

e TSK-GEL Ether-5PW is less hydrophobic and displays weaker interaction, and thus shorter retention
times, compared to TSK-GEL Phenyl-5PW. TSK-GEL Ether-5PW columns are stable in either acid or
caustic cleaning regimens and provide excellent access to larger molecules with low diffusion
coefficients. The TSK-GEL Ether-5PW columns are the best choice for the separation of very
hydrophobic proteins such as membrane proteins or monoclonal antibodies.

e The most hydrophobic among the three TSK-GEL HIC columns, TSK-GEL Phenyl-5PW is an excellent
choice to screen for the selectivity, retention and recovery of most biomolecules. As with the
TSK-GEL Ether-5PW columns, the TSK-GEL Phenyl-5PW columns are stable in either acid or caustic
cleaning regimens and provide excellent access to larger molecules with low diffusion coefficients.

< In terms of hydrophobicity, the TSK-GEL Butyl-NPR columns are the least retentive among the three
TSK-GEL HIC columns. They require a higher salt concentration for binding. The small non-porous
particles provide shorter run times and excellent recovery, making the TSK-GEL Butyl-NPR columns
an optimal choice for high throughput or QC analysis.

Figure 36: Structure of TSK-GEL HIC Ligands Table 7: Column Selection for TSK-GEL HIC Columns
- —(CH,CH,0)—H
TSKgel Ether-5PW  (_5000PW )— 0—(CH,CH,0)y; 'V'V\’(g;”ge TSK-GEL Column
- —O0
TSKgel Phenyl-5PW (_5000PW @ Peptides <10,000 |Butyl-NPR
TSKgel Buty-NPR - (C_NPR_)— 0—CH,CH,-CH,-CH Medium to large Phenyl-SPW
PASRV ARV - >10,000 Ether-5PW
proteins
Butyl-NPR
DNA, RNA & Phenyl-5PW
PCR products >500,000 Butyl-NPR
. . Phenyl-5PW
Oligonucleotides >10,000 Butyl-NPR
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Column Stability

Polymer-based columns are stable when cleaning at alkaline pH. All TSK-GEL HIC columns can be routinely
operated from pH 2-12. Table 8 shows that the phenyl groups on aTSKgel Phenyl-5PW column are stable for
more than 10 days upon exposure to 0.5mol/L NaOH or 0.5mol/L acetic acid.

Table 8: Stability of a TSKgel Phenyl-5PW Column

Acid/Base

Phenyl Content
mmol/mL resin

Before exposure

After 10 days

exposure
0.5mol/L CH,COOH 0.105 0.106
0.5mol/L NaOH 0.105 0.104

Antibiotics

ATSKgel Ether-5PW column was used to determine the relative purity of the antibiotic components C-1027
and C-1027-AG as shown in Figure 37. Antibiotic C-1027 is composed of a protein consisting of many
hydrophobic and hydroxyamino acids with a non-protein chromophore. Antibiotic C-1027-AG is composed of

the hydrophobic and hydroxyamino acids without the chromophore.

Figure 37: Purity of Antibiotic

g 0.067 TSKgel Ether-5PW, 7.5mm ID x 7.5cm
‘g) 0.04. Mobile phase: linear gradient from 1.5mol/L to Omol/L (NH,),SO,
3 in 0.1mol/L phosphate buffer, pH 7.0
;E 0.02- Flow Rate: 0.8mL/min
a2 Detection: uv@220nm
< i Injectionvol..  20pL
0 e . : Sample: C-1027  seeeeeeeeee
0 5 10 15 20 2 concentration: 1mg/mL
Minutes
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Figure 38 illustrates the separation of 16S and 23S ribosomal RNA on aTSKgel Phenyl-5PW column. The
approximate molecular weights of these RNAs are 560,000 and 1,100,000Da, respectively.

Figure 38: Analysis of Ribosomal RNA

23S rRNA
TSKgel Phenyl-5PW, 7.5mm ID x 7.5¢m

Mobile phase: 60min linear gradient from 2mol/L to Omol/L (NH,),SO,
165 rRNA in 0.1mol/L phosphate buffer, pH 7.0
Flow Rate: 0.5mL/min
Detection: Uv@280nm
Sample: 16S and 23S rRNA from E.coli, 0.05mg in 0.1mL

L
0 30 60
Minutes

Antibody Fragments

Figure 39 shows the separation of Fab and Fc fragments of an antibody on aTSKgel Butyl-NPR column.

The appearance of additional Fc fragments is due to the oxidation of methionine residues by 0.10%
t-butylhydroperoxide (tBHP). The numbers above the Fc peaks correspond to the number of oxidized residues
in each fragment.

Figure 39: Separation of Antibody Fragments

F,, beaks F. peaks
100+
5 C - Incubated with 0.1% tBHP 1
2 504 P 0 TSKgel Butyl-NPR, 4.6mm ID x 3.5¢cm
e |2 |
0- 0 2 ) T 1 Mobile phase: Buffer A: 2mol/L (NH,),SO,, 20mmol/L Tris, pH 7
100 Time (m|n) 16 Buffer B: 20mmol/L Tris, pH 7
5 Incubated with 0.01% BHP Gradient: 10%B (_Omln), 100%B (34min)
T 504 4/\/\ Flow rate: ImL/min
0 . , Temperature:  30°C
Time (m|n 10
100+
5 —ﬁumed with 0% tBHP (control)
< 50
1S
- SIS
16
Time ( mln)
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Order

Information

TSK-GEL Ether-5PW HIC Products

. L. . . ID Length 2010
Part # Description Matrix Housing (mm) (cm) Price
14013 [TSKgel Ether-5PW Glass, 10pm Polymer Glass 5 5 $954
14014 [TSKgel Ether-5PW Glass, 10um Polymer Glass 8 75 $1,229
Glass Guardgel Kit for 5 & 8mm ID TSK-GEL
14025 Ether-5PW glass columns Polymer Glass $598
18760 [TSKgel Ether-5PW, 10pm Polymer |Stainless Steel 2 75 $927
42156 Guard Cartridge for 2mm ID TSK-GEL Ether-5PW Polymer | Stainless Steel 2 1 $329
columns, 3 pk
19308 (Guard Cartridge Holder for 2mm ID Cartridges Stainless Steel 2 1 $301
08641 [TSKgel Ether-5PW, 10pum Polymer |Stainless Steel| 7.5 75 $1,229
Guardgel Kit for Z5mm ID .
08643 TSK-GEL Ether-5PW column Polymer |Stainless Steel $560
TSK-GEL Phenyl-5PW HIC Products
.. . . 1D Length 2010
Part # Description Matrix Housing (mm) (cm) Price
20023 [TSKgel BioAssist Phenyl, 10pm Polymer PEEK 78 5 $1,229
13063 [TSKgel Phenyl-5PW Glass, 10um Polymer Glass 5 5 $954
08804 [TSKgel Phenyl-5PW Glass, 10pm Polymer Glass 8 75 $1,229
18759 [TSKgel Phenyl-5PW, 10um Polymer |Stainless Steel 2 75 $927
Guard Cartridge for 2mm ID .
42155 TSK-GEL Phenyl-5PW column, 3 pk Polymer |Stainless Steel 2 1 $329
19308 |Guard Cartridge Holder for 2mm ID Cartridges Stainless Steel 2 1 $301]
07573 [TSKgel Phenyl-5PW, 10pm Polymer |Stainless Steel| 7.5 75 $1,229
Guardgel Kit for 7Z5mm ID .
07652 TSK-GEL Phenyl-5PW column Polymer |Stainless Steel $560
07656 [TSKgel Phenyl-5PW, 13um Polymer |Stainless Steel| 215 15 $4,181
Guardgel Kit for 21.5mm ID .
16095 TSK-GEL Phenyl-5PW column Polymer |Stainless Steel $864
07938 [TSKgel Phenyl-5PW, 20pum Polymer |Stainless Steel| 55 20 |$13,657
Guard Column for 55mm ID .
07936 TSK-GEL Phenyl-5PW column Polymer [Stainless Steel| 45 5 $3,860

TSK-GEL Butyl-NPR HIC Products

Description

Matrix

Housing

Length 2010

14947

TSKgel Butyl-NPR, 2.5um

Polymer

Stainless Steel

4.6

(cm) Price
3.5 $936

42168

TSKgel Butyl-NPR, 2.5um

Polymer

Stainless Steel

4.6

10 $1,169

TOSOH
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TSK-GEL Affinity Chromatography Columns

The TSK-GEL Affinity Chromatography (AFC) column line consists of three group-specific stationary phases:
Boronate-5PW, Chelate-5PW and Heparin-5PW as well as one activated packing material, Tresyl-5PW. All
TSK-GEL affinity columns are based on the well-established 10um rigid TSK-GEL G5000PW resin. This resin
features 1000A pores that have an estimated exclusion limit of 1 million Dalton, along with excellent stability
from pH 2 to 9. Affinity chromatography offers the highest level of specificity and selectivity in biomolecular
separations and purifications.

The structures of the available functional ligands are shown in Figure 40. The choice of a specific ligand is
dictated by the expected interaction between the sample and the bonded phase. Table 9 lists well known
applications for each type of TSK-GEL affinity column.

e TSK-GEL Chelate-5PW utilizes the tendency of iminodiacetic acid (IDA) to form a complex with
metal ions, such as Zn*, Ni** and Cu*.The column is loaded with divalent metal ions by chelation.
Peptides and proteins containing histidine residues will normally adsorb to these chelated ions at
neutral pH.

e Coupling of m-aminophenyl boronate to the TSK-GEL 5PW polymeric support results in a ligand
capable of forming a tetrahedral boronate anion under alkaline pH conditions in TSK-GEL
Boronate-5PW columns. This anionic structure can bind with 1,2 cis-diol groups such as those
found in carbohydrates, carbohydrate-containing compounds and catecholamines. Interaction
between the boronate anion and the 1,2 cis-diol groups is enhanced in the presence of Mg* ions
and is inhibited by amine-containing buffers.

e The heparin ligand in TSK-GEL Heparin-5PW affinity columns can interact with sample molecules
by cation exchange as well as affinity chromatography. Cation exchange interaction takes place
through O-sulfate and N-sulfate groups. The elution strength is similar to that of a TSKgel SP-5PW
column.

e Unlike other TSK-GEL affinity columns, the TSK-GEL Tresyl-5PW columns, which are derivatized with
the 2,2,2-trifluroethanesulfonyl ligand, require activation with a user-selected ligand containing
amino, thiol, phenol, or imidazole groups. The resulting structure is literally a "custom" affinity
ligand with excellent pH stability and minimal ligand loss due to leaching. TSK-GEL Tresyl-5PW
columns readily react with amino or thiol groups to form stable covalent alkylamines or thioethers.

Figure 40: Structure of TSK-GEL Affinity Ligands

TSKgel Boronate-5PW TSKgel Heparin-5PW

G5000PW)- O-R Q COONa CH,0S0,Na
0 0
B-OH G5000PW OH 0 @o
/
HO OSONa  HNOSO;Na|

TSKgel Chelate-5PW
_ CH,COOH
G5000PW)—0-R TSKgel Tresyl-5PW

™ CH,COOH
G5000PW)-0-R — CH,0S0,CH,CF4

Approximate Ligand Density: 5mg/mL
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Table 9: Applications of TSK-GEL Affinity Chromatography Columns

TSK-GEL Column Applications

Boronate-5PW

Carbohydrates, catecholamines, nucleic acids
nucleosides, nucleotides

Chelate-5PW

immunoglobulins, transferrin
lectins, milk proteins
membrane proteins, peptides

Heparin-5PW

blood clotting factors:

antithrombin Ill, Factor VII, Factor IX, etc.
anti-heparin proteins:

glycoproteins, endoglycosidase, hyaluronidase,
lipases, growth factors, RNA polymerases
other nucleic acid-binding proteins

Tresyl-5PW

glycoproteins, antigens

Catecholamines

Catecholamines are "fight-or-flight" hormones that are released by the adrenal glands in response to stress.
They are called catecholamines because they contain a catechol group and are derived from the amino acid
tyrosine. Figure 41 demonstrates the applicability of a TSKgel Boronate-5PW column for the analysis of
catecholamines, carbohydrates and other compounds containing cis-diol groups.

Figure 41: Analysis of Catecholamines

3 |4 5
19 TSKgel Boronate-5PW, 7.5mm ID x 7.5¢m
Mobile phase: 0.1mol/L phosphate buffer, pH 6.5
Flow Rate: 1.0mL/min
Detection: uv@280nm
Sample: 1. tyrosine
2. normetanephrine
3. metanephrine
4. DOPA
5 1" . 45 5. epinephrine

Minutes
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Standard Proteins

The proper selection of metal ions for chelation and the elution buffer to desorb the analytes is the key to
successful use of the TSK-GEL Chelate-5PW columns. In general, Cu* interacts better with protein; however,
resolution is usually enhanced with Zn* ions. A gradient mobile phase containing increasing imidazole or
glycine concentrations is used to elute the retained compounds. A decreasing pH gradient can also be used.
Glycine, as well as HEPES buffers, will also elute the metallic ion, so column regeneration is necessary.
Conversely, imidazole in phosphate buffer will extract the metal ions very slowly, avoiding frequent column

regeneration.

Figure 42 demonstrates the separation of ribonuclease A (bovine) and transferrin (human) on a TSKgel
Chelate-5PW column containing the metallic ion Zn*.

Figure 42: Separation of Ribonuclease A and Transferrin

20mM

omM =

o =+ L

T
15
Minutes

TSKgel Chelate-5PW, 5mm ID x 5¢cm

Metal lon:
Mobile phase:

Flow Rate:
Detection:
Sample:

7n2+

30min linear gradient from Immol/L to
20mmol/L imidazole in 20mmol/L HEPES-NaOH
buffer, pH 8.0, containing 0.5mol/L NaCl
0.8mL/min

uv@280nm

1. ribonuclease A (bovine)

2. transferrin (human)

Isolation of Antithrombin Ill from Human Plasma

Heparin binds to the enzyme inhibitor antithrombin causing a conformational change that results in its
activation through an increase in the flexibility of its reactive site loop. The activated antithrombin then
inactivates thrombin and other proteases involved in blood clotting, most notably factor Xa. The step

gradient purification of antithrombin from plasma is illustrated in Figure 43, demonstrating the affinity

properties of a TSKgel Heparin-5PW column.

Figure 43: Isolation of Antithrombin Il from Human Plasma

TSKgel Heparin-5PW, 7.5mm ID x 7.5cm

Mobile phase: 0.15mol/L NaCl in 0.02mol/L Tris-HCI, pH 7.5,

followed by a step gradient to 0.5mol/L NaCl
at 30min, followed by a step gradient to
1.5mol/L NaCl at 60min

Flow rate: 1.0mL/min

Detection: uv@280nm

Recovery: Antithrombin 111 activity was quantitatively
recovered from the fraction collected
between the vertical lines.

Sample; human plasma, 0.5mL
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Purification of Peroxidase

Concanavalin A is a lipoprotein lectin that binds to glycoproteins such as peroxidase. TSK-GEL Tresyl-5PW is
activated by binding concanavalin A to the resin. The chromatogram in Figure 44 shows the purification of
peroxidase by the concanavalin A ligand coupled to the TSK-GEL Tresyl-5PW affinity support resin.

Figure 44: Purification of Peroxidase

TSKgel Tresyl-5PW modified with concanavalin A

Binding: 0.05mol/L acetate buffer, pH 5.0, containing 0.5mol/L NacCl,
and Immol/L each of CaCl,, MnCl, and MgCl,

Elution: Step gradient at 4min (see arrow on diagram) to
25mmol/L a-methyl-D-glucoside in binding buffer

Flow rate: 1.0mL/min

Detection: Uuv@403nm

Sample: crude peroxidase, 0.5mg

Washing step:  Wash TSKgel Tresyl-5PW, 6mm ID x 4cm, with DI H,0
Ligand solution: Dissolve 40mg of concanavalin A in 10mL of

0.1mol/L NaHCO,, pH 8.0, containing 0.5mol/L NaCl
Coupling step:  Recycle the ligand solution overnight through the

column at 0.2mL/min at 25°C
‘ \ Blocking step:  Block the residual tresyl groups with 0.1mol/L Tris-HClI,
pH 8.0, at 1.0mL/min for 1 hr at 25°C

0 4 8
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Order Information

TSK-GEL Affinity Chromatography Products

ID Length 2010

Description Matrix Housing (mm) (cm) Price
14449 | TSKgel Boronate-5PW Glass, 10pm Polymer Glass 5 5 $1,072
14451 | Glass Guardgel Kit for P/N 14449 Polymer Glass $577
13066 | TSKgel Boronate-5PW, 10um Polymer |Stainless Steel| 7.5 75 $1,144
13125 | Guardgel Kit for P/N 13066 Polymer |Stainless Steel $539
20022 | TSKgel BioAssist Chelate, 10um Polymer PEEK 78 5 $1,157
14440 | TSKgel Chelate-5PW Glass, 10pm Polymer Glass 5 5 $963
08645 | TSKgel Chelate-5PW, 10um Polymer |Stainless Steel| 7.5 75 $1,157
08647 | Guardgel Kit for P/N 08645 Polymer |Stainless Steel $553
08646 | TSKgel Chelate-5PW, 13um Polymer |Stainless Steel| 215 15 $4,680
14443 | TSKgel Heparin-5PW Glass, 10um Polymer Glass 5 5 $963
14444 | TSKgel Heparin-5PW Glass, 10um Polymer Glass 8 75 $1,253
13064 | TSKgel Heparin-5PW, 10pum Polymer |Stainless Steel| 7.5 75 $1,157
14455 | TSKgel Tresyl-5PW, 10pm Polymer 6 4 $1,130
14456 | TSKgel Tresyl-5PW, 10um Polymer 75 75 $1,260
16208 | TSKgel Tresyl-5PW Guardgel, 10um, 2g Polymer $432
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Tosoh Bioscience, TSK-GEL, TSKgel, and TSKgel SuperMultipore are registered trademarks of Tosoh Corporation.
ProPac and ProSwift are registered trademarks of Dionex Corporation

Visit www.tosohbioscience.com
for the latest information on the HPLC columns
TOSOH BIOSCIENCE Tosoh Bioscience offers in all modes of chromatography







