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= TSKgel Ether-5PW
TSKgel Phenyl-5PW
TSKgel Butyl-5PW

= TOSOHFACT
Tosoh Bioscience provides solutions for today’s
biological purification needs. In fact, some of the
first commercial HIC products were manufactured
by Tosoh. We take pride in our ability to design new
products based on existing chemistries to solve
specific customer applications.

We encourage you to have a confidential discussion
with us about your specific needs. Whether it is a
surface modification of an existing product or the
creation of a new one, we encourage you to call on
us to meet your needs for a customized solution.
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INTRODUCTION TO TSK-GEL HIC COLUMNS

Hydrophobic Interaction Chromatography (HIC) is based on the
interaction between hydrophobic groups on a protein and a
hydrophobic ligand on the solid support. HIC offers a distinct
advantage for easily denatured proteins; it can be run using
moderate concentrations of ammonium sulfate, which favors the
stability of many proteins.

The binding of proteins to a hydrophobic matrix is affected by a
number of factors including (1) the type of ligand, (2) the ligand
density on the solid support, (3) the backbone material of the
matrix, (4) the hydrophobic nature of the protein, and (5) the type
of salt used. All of these factors help to make HIC a powerful
technique for the separation of biomolecules.

Tosoh Bioscience offers three different HIC column types in
analytical format: TSKgel Phenyl-5PW, Ether-5PW and Butyl
NPR. TSKgel Phenyl-5PW and Ether-5PW are also available in
preparative column formats.

Column Selection

The HIC packing materials are based on the polymeric TSKgel
G5000PW size exclusion resin (a hydrophilic gel with an estimated
protein exclusion limit of 5,000,000 Da) which is then derivatized
with oligoethylene-glycol (Ether-5PW) or phenyl (Phenyl-5PW)
groups. Columns, depending on diameter, are packed with 10, 13
or 20 ym particles.

TSKgel Ether-5PW is less hydrophobic than TSKgel Phenyl-5PW.
It displays weaker interaction and thus shorter retention times
compared to Phenyl-5PW, as shown in FIGURE 1. TSKgel Ether-
5PW is the best choice for the separation of very hydrophobic
proteins such as membrane proteins or monoclonal antibodies.

The TSKgel Phenyl-5PW columns were the first commercially
available, polymer-based columns for high performance HIC.
These columns have been instrumental to the increase in
popularity of this technique for analytical, preparative, and

= FEATURES

= Choice of three hydrophobic ligands (ether, phenyl or butyl)

process scale separations of biopolymers. FIGURE 2 compares
the separation of standard proteins on the Ether, Phenyl, and
Butyl supports under similar operating conditions.

The base material of TSKgel Butyl-NPR is of the same chemical
composition as the G5000PW base material used to prepare
Phenyl-5PW and Ether-5PW. The difference between the two
packings is that the G5000PW packing is porous, whereas the
base material of the TSKgel Butyl-NPR column consists of
spherical 2.5 pm nonporous particles. Nonporous resins (NPR)
are typically used for high-speed analytical applications. See
FIGURE 3 for the structure of the HIC resins.

TSKgel Butyl-NPR is the least hydrophobic among the three
TSK-GEL HIC columns and requires a higher salt concentration
for binding. TSKgel Butyl-NPR columns provide fast and
quantitative HIC, because smaller particles provide higher
efficiency. By packing the 2.5 pm nonporous resin particles into
shorter columns, typical analysis times are reduced to less than
10 minutes. Pore diffusion is often the rate-limiting step in the
overall mass transport of large biomolecules through a porous
column. Eliminating the pores provides higher resolution at
higher flow rates. Another benefit of NPR resins is excellent
mass recovery, allowing quantitation down to nanogram levels.
These properties make TSKgel Butyl-NPR the preferred choice
for process monitoring and quality control.

TSK-GEL HIC columns are compatible with water-soluble organic
solvents at concentration below 50 % (20 % for Butyl-NPR).

= 21 =1\ 1 5 ) s ——
= Added flexibility during method development

= Rigid polymeric base resin

= Wide pH range (2-12) enabling robust cleaning options

= Similar chemistry to Toyopearl resins

= Seamless scalability from analytical to preparative scaley

= TSKgel Phenyl-5PW offered in PEEK hardware

= Eliminates undesirable interactions with column hardware

= Ether and Phenyl available in 2 mm ID format

= LC-MS applications
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Column selection for TSK-GEL HIC Columns

Sample MW range (Da) TSK-GEL Column

Peptides < 10,000 Butyl-NPR

Medium to large proteins > 10,000 Phenyl-5PW
Ether-5PW
Butyl-NPR

DNA, RNA, and PCR products > 500,000 Phenyl-5PW
Butyl-NPR

Oligonucleotides > 10,000 Phenyl-5PW
Butyl-NPR

FIGURE1

Separation of o-amylase

TSKgel Ether-5PW

TSKgel Phenyl-5ﬂ/¥
h

0 30 60 )

Minutes
Column:  TSKgel Ether-5PW, 7.5mm ID x 7.5cm
TSKgel Phenyl-5PW, 7.5mm ID x 7.5¢cm
Sample:  a-amylase
Elution:  A.0.1mol/L phosphate buffer (pH 7.0) + 1.1mol/L Na,S0,

B. 0.1mol/L phosphate buffer (pH 7.0)

60min linear gradient from A—>B(1.1mol/L->0mol/L Na,S0,)
Flow Rate: 1.0mL/min
Detection: UV @ 280nm

= FIGURE3

Structure of TSK-GEL HIC resins

TSKgel Ether-5PW  C 5000PW )— 0—(CH,CH,0)— H
TSKgel Phenyl-5Pw (_5000PW O—0—0)

TSKgel Buty-NPR  (C_ NPR_)— 0— CH,CH,-CH,-CHj

= FIGURE2

Comparing conventional and nonporous HIC columns

Ether-5PW Phenyl-5PW Butyl-NPR
5
3
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3 2 4
2
4
0 15w 45 o % 0 0 2 4 6 8 10
Minutes Minutes Minutes
Column:  TSKgel Ether-5PW & TSKgel Phenyl-5PW, 7.5mm ID x 7.5¢m

TSKgel Butyl-NPR, 4.6mm ID x 3.5¢cm

Sample: 1. myoglobin, 2. ribonuclease A, 3. lysozyme,
4. a-chymotrypsin, 5. a-chymotrypsinogen
Injection: 5PW-type columns: 100uL (50-100pg);
NPR-type column: 20pL (1.5-40ug)
Elution: 60min linear gradient from 1.8mol/L to Omol/L (NH,),SO,

in 0.1mol/L phosphate buffer, pH 7.0, for 5PW-type columns;
12min linear gradient from 2.3mol/L to Omol/L (NH,),SO,
in 0.1mol/L phosphate buffer, pH 7.0 for TSKgel Butyl-NPR
Flow Rate: 1.0mL/min
Detection: UV @ 280nm

Sample capacity

One definition of sample capacityisthe amount of pure compound
injected onto the column at which the peak width is 10% larger
than the peak width under low loading conditions. Using this
definition, the capacity of a 7.5 mm ID x 7.5 cm L TSKgel Phenyl-
5PW column varies from 0.1 to 1 mg of protein. Resolution
and peak width are dependent on sample loading, as shown
in FIGURE 4. Therefore, sample loading should be kept within
0.1-0.5 mg in order to obtain the highest resolution.

Separations on TSKgel Ether-5PW columns usually take 30-60
minutes. 0.5 mg of pure protein can be purified from a 5-10 mg
crude protein mixture using a 7.5 mm ID x 7.5 cm L column.

Since almost all of the surface area of a porous particle is
inside the pores, the capacity of the 4.6 mm ID x 3.5 cm L TSKgel
Butyl-NPR column is significantly less than that for the 7.5 mm
ID x 7.5 cm L Phenyl-5PW column. Capacities for the Butyl-NPR
column are 100 pg for crude sample and 2 pg for pure sample.
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Chemical stability The addition of organic solvents or chaotropic agents in the

TSK-GEL 5PW-type HIC columns are physically and chemically
stable in water-soluble organic solvents (at < 50% methanol,
ethanol, ACN, DMF, DMSO or < 30 % chloroform). Change the
solvent gradually by reducing the flow rate (preferably with
a gradient) because rapid change may cause degradation of
column efficiency. Note: When changing to an organic solvent,
reduce the salt concentration to prevent precipitation of the salt
on the column. Also, chaotropic agents (urea, SDS, etc.) will
reduce the adsorption of biomolecules; therefore, use low levels
of these agents (<2 mol/L).

= FIGURE4

Dependence of peak width on sample loading in the
separation of proteins
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Column: TSKgel Phenyl-5PW, 7.5 mm ID x 7.5 cm L
Sample: 1. myoglobin; 2. ribonuclease A; 3. ovalbumin;
4. a-chymotrypsin; concentration: 0.025 % to 1.6 %
Elution: 60 min linear gradient of (NH 4),S0, from 1.5 mol/L to
0 mol/Lin 0.1 mol/L phosphate buffer (pH 7.0)
Flow Rate: 0.5 mL/min
Temperature:  25°C
Detection: UV @280 nm
= M\ BBE" TYTHFPO T

Long-term exposure of TSKgel Phenyl-5PW to acid and base

= FIGURES

final buffer can improve separations. However, relative elution
positions may change. Therefore, add chaotropic agent and
organic solvent in small quantities. See FIGURE 5 for the effect of
chaotropic agents and organic solvents on the HIC separation of
two different samples.

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

Effect of urea and isopropanol on the separation of
commercial lipoxidase and a standard protein mixture

0 30 60 90 0 30 60 90

Minutes 1

Minutes
5

D 4

% 60
Minutes
TSKgel Phenyl-5PW, 7.5mm ID x 7.5¢cm
A &B: commercial lipoxidase
C & D: protein mixture:
1. cytochrome C; 2. myoglobin
3.ribonuclease A; 4. lysozyme
5. a-chymotrypsinogen; 6. a-chymotrypsin
A: 60min linear gradient from 0.1mol/L phosphate buffer
containing 1.5mol/L (NH,),SO, (pH 7.0) to 0.1mol/L
phosphate buffer (pH 7.0)
B: 60min linear gradient from 0.1mol/L phosphate buffer
containing 1.5mol/L (NH,),SO, (pH 7.0) to 0.1mol/L
phosphate buffer containing 2mol/L urea (pH 7.0)
C: 60min linear gradient from 0.1mol/L phosphate buffer
containing 1.8mol/L (NH,),SO, (pH 7.0) to 0.1 mol/L
phosphate buffer (pH 7.0)
D: 60min linear gradient from 0.1mol/L phosphate buffer

0 30 60
Minutes

o

Column:
Sample:

Elution:

containing 1.8mol/L (NH,),S0O, (pH 7.0) to 0.1mol/L
phosphate buffer (pH 7.0) containing 7% isopropanol

Acid/base Phenyl content (mmol/mL - resin)
Before exposure  After 10 days exposure

0.5 mol/L CH,COOH 0.105 0.106

0.5 mol/L NaOH 0.105 0.104

Flow Rate:
Temperature:
Detection:

A & B: 0.5mL/min; C & D: 1.0mL/min
25°C
UV @ 280nm
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APPLICATIONS OF TSK-GEL ETHER-5PW COLUMNS

HIGHLIGHTS .

= Ether, phenyl, and butyl functionalities are available.

= TSKgel Ether-5PW and Phenyl-5PW columns are available in
a2mm ID format.

= |Large 1000 A pore size of the base matrix accommodates pro-
teins up to 5 x 108 Da.

= Polymeric resin is chemically and physically stable to chang-
es in pH and ionic strength and compatible with a variety of
organic solvents.

= High binding capacity is achieved for TSK-GEL 5PW-type HIC
packing materials.

= Nonporous resins (NPR) allow fast analysis for quality control
or process monitoring

Monoclonal Antibodies
Monoclonal antibodies (mAbs) play a part in many research,
diagnostic, and therapeutic applications. Monoclonal antibodies
are generally the most hydrophobic proteins in ascites fluid and
cell culture supernatant. FIGURE 7 shows typical results from the
screening of two mAbs.

Antibiotics

The TSKgel Ether-5PW column was used to determine the
relative purity of the antibiotic components C-1027 and C-1027-
AG as shown in FIGURE 8. Antibiotic C-1027 is composed of a

= FIGURE7

Screening of mouse monoclonal antibodies
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Minutes Minutes
Column:  TSKgel Ether-5PW, 8.0mm ID x 7.5cm, glass
Sample:  A.20pL unequilibrated mouse g G,k ascites
B. 20pL unequilibrated mouse IgMxk ascites
Elution:  linear gradient from Buffer A to B as shown

Buffer A: 0.05mol/L sodium phosphate, pH 7.0, 2.0mol/L
ammonium sulfate, 1.0mol/L glycine
Buffer B: 0.05mol/L sodium phosphate, pH 7.0, 1.0mol/L glyci
Flow Rate: 1.0mL/min
Detection: UV @ 280nm

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.

Human serum
FIGURE 9 displays the excellent recovery of albumin when 16 mL
of human serum was purified on a 55 mm ID preparative TSKgel
Ether-5PW column.

= FIGURES

Purification of anti-tumor antibiotic
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Minutes
Column: TSKgel Ether-5PW, 7.5mmID x 7.5cm
Sample: C-1027  eeeveeeee C-1027-AG
concentration: Tmg/mL
Injection: 20uL
Elution: linear gradient from 1.5mol/L to Omol/L (NH,),SO,
in 0.1mol/L phosphate buffer, pH 7.0
Flow Rate: 0.8mL/min
Detection: UV @ 220nm
= FIGRE —/—YTY]/]/YHYH¥H1™™™/M/m/m/m/m/m/m/M////////—
Human serum fractionated on preparative scale
albumin
I t {
0 30 60
Minutes
Column: TSKgel Ether-5PW, 55mm 1D x 20cm
Sample: 16mL human serum,1.2g total protein
Elution: 36min linear gradient from 1.7mol/L to 0.68mol/L (NH,),SO,
followed by step gradient to Omol/L (NH,),S0,in 0.1mol/L
phosphate buffer, pH 7.0
Flow Rate:  40mL/min
Detection: UV @ 280nm
Recovery: 92% of the albumin was recovered in the fraction

indicated by the vertical lines

HIC
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APPLICATIONS OF TSK-GEL PHENYL-5PW COLUMNS

Recovery of biological activity for milligram to sub-gram amounts
of enzymes eluted from TSKgel Phenyl-5PW columns is shown
in the table below. In all cases, at least 80 % of the enzymatic
activity was recovered.

= TABLEII

Recovery of enzymatic activity from TSKgel Phenyl-5PW at
various loadings

Enzyme Recovery (%)
o-Chymotrypsin, 0.4 mg 92
B-Amylase, 1.3 mg 80
Ferredoxin NADP reductase, 3.0 mg 100
Lactate dehydrogenase, 54 mg 93
Lipoxidase, 1.0 mg 89
Lipoxidase, 200 mg 86
Lysozyme, 0.05 mg 90
Lysozyme, 0.2 mg 90
Phosphoglucose isomerase, 100 mg 96
= FGUREO TTTTYT—T—TTT™T™T™/F™/T™T™T™T™T™T?T!?!?™?D¥?}¥Y¥Y¥/} ™
Retain large RNAs on TSKgel Phenyl-5PW
23S rRNA

16S rRNA

: T 1
0 30 60

Minutes
Column: TSKgel Phenyl-5PW, 7.5mm ID x 7.5¢cm

Sample: 16S and 23S rRNA from E. coli, 0.05mg in 0.1mL

Elution: 60min linear gradient from 2mol/L to Omol/L (NH,),SO,
in 0.1mol/L phosphate buffer, pH 7.0

Flow Rate: 0.5mL/min

Detection: UV @ 280nm

RNAs

FIGURE 10 illustrates the separation of 16S and 23S ribosomal
RNA on a TSKgel Phenyl-5PW column. The approximate
molecular weights of these RNAs are 560,000 and 1,100,000 Da,
respectively.

Proteins
FIGURE 11 compares the resolution of standard proteins on
analytical and preparative TSKgel Phenyl-5PW columns.
Different flow rates compensated for the change in particle size
and column dimensions. High resolution was obtained on both
columns.

= FIGUREM

Scale up to preparative separations

A. Analytical Column B. Preparative Column

L. UL

T T
0 30 60 0 30 60

Minutes Minutes
Column:  TSKgel Phenyl-5PW, A.) 7.5mm ID x 7.5¢m and

B.) 21.5mm ID x 15¢cm

Sample: 1. myoglobin, 2. ribonuclease A, 3. lysozyme,
4. o-chymotrypsinogen, 5. a-chymotrypsin
Elution:  60min linear gradient from 1.8mol/L to Omol/L (NH,),SO,
in 0.1mol/L phosphate buffer, pH 7.0
Flow Rate: 0.5mL/min (7.5mm ID) or 4mL/min (21.5mm ID)
Detection: UV @ 280nm
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APPLICATIONS OF TSK-GEL BUTYL-NPR COLUMNS

Proteins Visit our website:
Although loading capacity is limited on NPR columns, small scale www.tosohbioscience.com for additional applications, product
separation of proteins is possible. specifications and literature.

Almost identical separations were obtained at sample loads
from 25 pg up to 100 pg in the separation of a crude sample of Contact our Technical Service specialists to discuss your
phosphoglucose isomerase as shown in FIGURE 12. specific application: +49 (0)711 13257-0 or techsupport.sep@

tosoh.com.
FIGURE 13 shows the separation of Fab and Fc fragments of an
antibody on TSKgel Butyl-NPR. 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.

Please see next page for ordering information.

FIGURES ="

Separation of F_ and F_fragments on
TSKgel Butyl-NPR

= FGURED s F,, peaks F. peaks
100+ _
. 2 C - Incubated with 0.1% tBHP
Effect of sample load on the separation of g emma et , ~0°
phosphoglucose isomerase - , : : . .
10 12 Ti (min) 14 16
Ime {min
A B 100
. de with 0.01% tBHP J/K
1<
0- 1
1I0 1I2 . ) 1I4 lIB
Time (min)
1 1 1 1 1 L 1007
0 5 10 0 5 10 ?é 504 A- Incubated with 0% tBHP (control)
Minutes Minutes / N\
0- 1
1|0 1|2 : ) 1'4 IIG
Column: TSKgel Butyl-NPR, 4.6mm ID x 3.5cm Time (min)
Sample: crude sample of phosphoglucose isomerase
Loads: A. 25ug; B. 100ug Column: TSKgel Butyl-NPR, 4.6mm ID x 3.5¢cm
Elution: 10min linear gradient of (NHg ), SO4 from 1.8mol/L Elution: Buffer A: 2mol/L (NHA)ZSOA’ 20mmol/L Tris, pH7
to Omol/L in 0.1mol/L phosphate buffer, pH 7.0 Buffer B: 20mmol/L Tris, pH7
Flow Rate: 1.0mL/min Gradient: linear from 10%B to 100%B in 34 minutes
Temperature:  25°C Flow rate: TmL/min

Detection: UV @ 280nm Temperature: 30°C
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Part# Description ID Length  Particle Number Flow Rate (mL/min Maximum
(mm) (cm) Size (pm) Theoretical Range Max Pressure
Plates Drop (kg/cm?)
Glass columns
14013 Ether-5PW Glass, 1000A 5.0 5.0 10.0 > 600 05 -038 1.0 20
14014 Ether-5PW Glass, 1000A 8.0 15 10.0 >1,000 05 -10 1.2 20
14015 Ether-5PW Glass, 1000 A 20.0 15.0 13.0 > 3,000 40 -6.0 8.0 20
13063 Phenyl-5PW Glass, 1000 A 5.0 5.0 10.0 > 600 05 -08 1.0 20
08804 Phenyl-5PW Glass, 1000 A 8.0 15 10.0 >1,000 05 -10 1.2 20
14018 Phenyl-5PW Glass, 1000 A 20.0 15.0 13.0 >3,000 40 -6.0 8.0 20

Stainless steel columns

18760 Ether-5PW, 1000 A 20 15 10.0 > 1,000 0.05-0.10 0.12 6
08641 Ether-5PW, 1000 A 15 15 10.0 >1,000 05 -10 1.2 20
08642 Ether-5PW, 1000 A 215 15.0 13.0 >3,000 40 -6.0 8.0 20
16255 Ether-5PW, 1000 A 55.0 20.0 20.0 > 1,500 20.0 - 30.0 40.0 5
18759  Phenyl-5PW, 1000 A 20 15 10.0 > 1,000 0.05-0.10 0.12 8
07573 Phenyl-5PW, 1000 A 15 15 10.0 >1,000 05 -10 1.2 20
07656 Phenyl-5PW, 1000 A 215 15.0 13.0 > 3,000 40 -6.0 8.0 20
07938 Phenyl-5PW, 1000 A 55.0 20.0 20.0 > 1,500 20.0 - 40.0 50.0 4
14947 Butyl-NPR, nonporous 4.6 35 2.5 05-1.0 1.2 200
PEEK columns
20023  BioAssist Phenyl, 1000 A 78 5 10.0 >1,000 05-1.0 1.2 20
Guard column products 1D Length Particle

(mm) (cm) Size (pm)
42156 Ether-5PW Guard cartridge 20 1.0 10.0 For P/N 18760
14025 Ether-5PW Guardgel Kit, Glass 20.0 For P/Ns 14013 and 14014
08643 Ether-5PW Guardgel Kit 20.0 For P/N 08641
16091 Ether-5PW Prep Guardgel Kit 20.0 For P/N 08642
14470 Ether-5PW Guard column, Glass 20.0 2.0 13.0 For P/N 14015
16253 Ether-5PW Guard column 45.0 5.0 20.0 For P/N 16255
42155 Phenyl-5PW Guard cartridge 20 1.0 10.0 For P/N 18759
08808 Phenyl-5PW Guardgel Kit, Glass 20.0 For P/Ns 08804 and 13063
07652 Phenyl-5PW Guardgel Kit 20.0 For P/N 07573
16095 Phenyl-5PW Prep Guardgel Kit 20.0 For P/N 07656
14469 Phenyl-5PW Guard column, Glass 20.0 2.0 13.0 For P/N 14018
07936 Phenyl-5PW Guard column 45.0 5.0 20.0 For P/N 07938

19308 Guard cartridge holder 2.0 15 For all 2 mm ID Guard cartridges
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AFC PRODUCTS

= TSKgel ABA-5PW
TSKgel BORONATE-5PW
TSKgel CHELATE-5PW
TSKgel TRESYL-5PW

= TOSOHFACT

The Tosoh logo symbolizes the corporate
philosophy of Tosoh’s vision of the ideal .

The curved lines represent the realization of
happiness, reflecting Tosoh’s management
philosophy of putting people first. The square inthe
center expresses the advanced nature of Tosoh’s
technology and also represents the outstanding
quality of Tosoh’s products. The right-angle cut
at the top portrays an image of contributing
to society, Tosoh’s stance towards the outside
world. The red corporate color symbolizes the
Tosoh spirit, which guides the ceaseless efforts
to realize the ideal.
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INTRODUCTION TO TSK-GEL AFFINITY CHROMATOGRAPHY COLUMNS

The Tosoh Bioscience TSK-GEL Affinity Chromatography
(AFC) column line consists of three group-specific stationary
phases: ABA-5PW, Boronate-5PW and Chelate-5PW as well
as one activated packing material called Tresyl-5PW. Affinity
chromatography offers the highest level of specificity and
selectivity in biomolecular separations and purifications. Tosoh
Bioscience supplies a full range of products for analytical,
preparative and process scale affinity chromatography.

TSK-GEL affinity chromatography columns are based on the
well-known G5000PW porous resin, which is the basis for high
performance size exclusion chromatography columns. The TSK-
GEL 5PW-type resin is a hydrophilic media with 1,000 A pores
and an estimated protein exclusion limit of 5x10° Da. Tosoh
Bioscience's process scale affinity media are based on the 65 ym
particle size, semi-rigid Toyopearl HW-65 resin. Since analytical
and semi-preparative columns are made from the same polymer
chemistry as the process scale media, seamless scale-up from
lab to process scale is achievable. Consult the chapter on bulk
media for more information about resins for packing columns to
purify medium to large volume samples.

TABLE I onthe next page lists the ligand concentration, adsorption
capacity and the test analyte used to determine the capacity of
each column type.

= FEATURES

BioAssist Columns

= High size exclusion limit (>5 x 10° Da)

Column Selection

TSK-GEL affinity chromatography columns have been developed
for purifying peptides, proteins, and nucleic acids. In addition,
some columns have been successfully applied to the selective
separation of small biomolecules such as nucleosides and
catecholamines.

The structures of the functional ligands available from Tosoh
Bioscience are shown in FIGURE 1. The choice of a specific ligand
is dictated by the expected interaction between the sample and
column bonded phase. For example, the TSKgel Chelate-5PW
column will bind high concentrations of Zn%* ions. If a given
protein is known to bind to Zn%* ions, the Chelate-5PW would be
a candidate column for the isolation of that target compound.

Tosoh Bioscience offers AFC columns in both glass and
stainless steel formats. Glass columns are available in two
formats: 5mm ID x5 cm Land 8 mm ID x 7.5 ¢cm L. Stainless steel
columns are available as 7.5 mm ID x 7.5 cm L and 6 mm ID x
4 cm L (Tresyl-5PW only). TSKgel Chelate-5PW is also supplied in
a semi-preparative size: 21.5 mm ID x 15 cm L. TSKgel BioAssist
Chelate is packed in 7.8 mm ID x 5 cm L PEEK hardware. The
shipping solvent is distilled water for ABA-5PW and Boronate-
5PW. The Chelate-5PW is shipped in 10 mmol/L acetate buffer,
pH 4.5, and the Tresyl-5PW column shipping solvent is acetone.
Stainless steel or Pyrex frits are employed in the body of
the column end-fittings for the metal and glass columns,
respectively. The nominal frit size for stainless steel
columns is engraved in the end-fittings and all Pyrex® frits

= =151\ 5 5 b s ——

= Enhanced access of large proteins to affinity ligands

= Small particle size

= High efficiency for analytical (10 pm) and semi-preparative (13 pm)
affinity applications.

= Rigid polymeric base resin

= Wide pH range (2-12) of the base resin, enabling robust cleaning
options

= Stable affinity ligands

= Choice of four affinity ligands

= Long lifetime, solvent compatibility, autoclavable

= Application flexibility, scalability from lab to commercial
production.

= TSKgel BioAssist Chelate offered in PEEK hardware

= Eliminates undesirable interactions with column hardware.
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Characteristics of TSK-GEL AFC columns
Column packing Ligand type Ligand concentration Adsorption capacity Sample
ABA-5PW p-aminobenzamidine not available 3-4 mg/mL resin trypsin
Boronate-5PW m-aminophenyl-boronate not available 40 pmol/mL resin sorbitol
Chelate-5PW iminodiacetic acid 20 pmol/mL resin not available not available

Tresyl-5PW tresyl

ca. 20 ymol/mL resin

>60 mg/g dry resin soybean trypsin inhibitor

(coupling capacity)

are 10 pym nominal pore size. At the recommended flow
rates (see Ordering Information) the pressure drop across
a TSK-GEL AFC glass or stainless steel column is less than
20 kg/cm?.

Separation columns should be protected with a guard column.
Tosoh Bioscience offers a unique Guardgel kit consisting of
guard column hardware and gel packing, allowing the user to
repack the guard column as required. Guardgel kits are available
for most affinity columns, both glass and stainless steel.

As with all columns used in gradient elution chromatography,
affinity columns should be washed with final elution buffer prior
to re-equilibration with initial (binding) buffer.

= FIGURE1

TSK-GEL affinity chromatography column packings

TSKgel ABA-5PW
+NH,

(G5000PW)—0-R —@—C\
“NH
TSKgel Boronate-5PW

G5000PW)— 0-R —Q
B—OH
/
HO

TSKgel Chelate-5PW
- CH,CO0H

G5000PW)—0-R
~N

CH,COOH

TSKgel Tresyl-5PW

G5000PW)—0-R — CH,0S0,CH,CF,

TSK-GEL ABA-5PW

The p-aminobenzamidine ligand of the ABA-5PW affinity column
mimics a serine protease inhibitor. Proteins are loaded onto
the column in an alkaline buffer such as Tris and are desorbed
by lowering the pH. The column operates in a pH range of 2-9.
Given this ability to bind complex proteins, the applications of
ABA-5PW are numerous.

Applications for TSKgel ABA-5PW include: trypsin, urokinase,
kallikrein, enterokinase, and blood coagulation factors such as
thrombin, factor X, and plasminogen activator.

FIGURE 2 compares the isolation of crude trypsin on a TSKgel
ABA-5PW column and a purity check of the collected fraction by
reversed phase liquid chromatography.

= FIGURE2
Affinity purification of trypsin and purity check by RPC
A. TSKgel ABA-5PW B. TSKgel Phenyl-5PW RP

Fraction1  Fraction 2
trypsin
trypsin
v
0 15 30 0 15 30
Minutes Minutes
Column: A. TSKgel ABA-5PW, 7.5mm ID x 7.5¢cm
B. TSKgel Phenyl-5PW RP, 4.6mm ID x 7.5cm
Sample: A. 10mg crude trypsin
B. fraction 2 from A.
Eluent: A. step gradient at 10min (see arrow on diagram) from 0.05mol/L
Tris-HCI, pH 8.0, to 0.05mol/L glycine-HCI, pH 2.8, both in 0.5mol/L
NaCl and 2mmol/L CaCl,
B. 2min linear gradient from 5 to 20% acetonitrile in 0.05% TFA
followed by 46min linear gradient from 20% to 80% acetonitrile
in 0.05% TFA
Flow Rate:  1.0mL/min
Detection: UV @ 280nm
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APPLICATIONS OF TSK-GEL AFFINITY CHROMATOGRAPHY COLUMNS

TSK-GEL BORONATE-5PW

Coupling of m-aminophenyl boronate to the TSK-GEL 5PW-
type polymeric support results in a ligand capable of forming a
tetrahedral boronate anion under alkaline pH conditions. 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. Adsorption
onto the TSKgel Boronate-5PW takes place in basic buffers
such as HEPES and morpholine, while desorption takes place in
carbohydrate or amine-containing mobile phases like sorbitol or
Tris.

= FIGURE3

Isocratic separation of nucleosides
1 4

0 10 2 30
Minutes
Column: TSKgel Boronate-5PW, 7.5mm ID x 7.5cm
Sample: 1. cytidine, 2. uridine, 3. guanosine, 4. adenosine
Elution: 0.1mol/L phosphate buffer, pH 8.0
Flow Rate: 1.0mL/min
Detection: UV @ 280nm

Applications for TSKgel Boronate-5PW include: nucleic acids,
nucleotides and nucleosides. This affinity column has also
been used to isolate catecholamines and other biomolecules
containingthe 1,2 cis-diol functionality. FIGURES 3 & 4 demonstrate
the applicability of the TSKgel Boronate-5PW affinity
chromatography column for the separation of nucleosides and
catecholamines.

TSK-GEL CHELATE-5PW
TSKgel Chelate-5PW utilizes the ability of iminodiacetic acid
(IDA) to chelate ions such as Zn%*, Ni** and Cu?. The column is

= FIGURE4

Separation of catecholamines on TSKgel Boronate-5PW
3 4 5

0 15 30 45
Minutes
Column: TSKgel Boronate-5PW, 7.5mm ID x 7.5¢cm
Sample: 1. tyrosine, 2. normetanephrine, 3. metanephrine,
4. DOPA, 5. epinephrine
Elution: 0.1mol/L phosphate buffer, pH 6.5
Flow Rate: 1.0mL/min
Detection: UV @ 280nm
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pre-loaded with divalent metal ions by chelation. Peptides and
proteins containing histidine residues will normally adsorb to
these chelated ions at neutral pH. The retained compounds are
then eluted with buffer containing imidazole or glycine.

The key to making successful use of this retention mechanism is
the proper selection of metal ions for chelation and the elution
buffer to desorb the analytes. 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.

Applications for TSKgel Chelate-5PW include: immunoglobulins,
transferrin, lectins, milk proteins, membrane proteins, and
peptides.

In FIGURE 5, the separation of ribonuclease A (bovine) and
transferrin (human) are compared on TSKgel Chelate-5PW
columns (glass, 5 mm ID x 5 cm L) containing different metal
ions.

= FGWREETTTTTTT— ————  ——  "T™7mf] T T T/T—mTITm—m—m—m—m——mm—m————m/mmm
Separation of standard proteins by immobilized metal ion affinity chromatography

A. Cu2+ B. ZnZt C. Niz+

: P
20mM _ 1 v 20mM | L.
omM : ' ' s ' ' ; ' } }
m 0 15 30 0omM 0 15 30 0 15 30
Minutes Minutes Minutes

Column: TSKgel Chelate-5PW, 5mm ID x 5¢cm

Metal lon:  A. Cu2t. B.Zn2+, and C. NiZ

Sample: 1. ribonuclease A (bovine), 2. transferrin (human)

Elution: A. and B.: 30min linear gradient from Tmmol/L to 20mmol/L imidazole in 20mmol/L HEPES-NaOH buffer, pH 8.0, containing 0.5mol/L NaCl
C. 30min linear pH gradient from 20mmol/L HEPES-MES-acetic acid, pH 8.0, to 20mmol/L HEPES-MES-acetic acid, pH 4.0, both in
0.5mol/L NaCl

Flow Rate:  0.8mL/min

Detection: UV @ 280nm
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TSK-GEL TRESYL-5PW =  FIGURES
Unlike other TSK-GEL affinity columns, the TSKgel Tresyl-5PW
(tresyl; 2,2,2-trifluoroethanesulfonyl) requires activation with a
user-selected ligand containing amino, thiol, phenol, orimidazole
groups. The resulting structure is literally a custom affinity
ligand with excellent pH stability and minimal ligand loss due to
leaching. TSKgel Tresyl-5PW readily reacts with amino or thiol

groups to form stable covalent alkylamines or thioethers.

Purification of peroxidase on concanavalin A coupled to
TSKgel Tresyl-5PW

Principal applications for TSKgel Tresyl-5PW include the
selective purification of antigens after coupling the appropriate
antibody to the solid support. The antibody coupling yield at pH

>7.5is more than 90 %, with the maximum binding occurring at pH
7.5. Antigen adsorption to the antibody ligand is most effective * J L
when the antibody concentration is < 2-3 mg/mL of affinity resin. 0 4 8
To increase binding capacity, more antibody should be added to Minutes
the coupling reaction. Washing step:  Wash TSKgel Tresyl-5PW, 6mmID x 4cm, with DI water
H high trati f antibod It in steri Ligand solution: Dissolve 40mg of concanavalin Aiin 10mL of
owever, higher concentrations of antibody can result in steric 0.1mol/L NaHCO,, pH 8.0, containing 0.5mol/L NaCl

hindrance, thus lowering the binding capacity of the column. Coupling step:  Recycle the ligand solution overnight through the

As a general rule, the time required for antibody attachment to column at 0.2mL/min at 25°C
g a y Blocking step:  Block residual tresyl groups with 0.1mol/L Tris-HClI,

the TSKgel Tresyl-5PW column is directly proportional to the pH 8.0, at 1.0mL/min for 1hr at 25°C
antibody concentration. Small amounts of antibody require about ~ Column: TSKgel Tresyl-5PW modified with concanavalin A
L . . Sample: Crude peroxidase, 0.5mg
2 hours to complete the cross-linking reaction, whereas it may Binding: 0.05mol/L acetate buffer, pH 5.0, containing 0.5mol/L
take 6-7 hours to fully attach an antibody at the concentration of NaCl and Tmmol/L each of CaCl,, MnCl,, and MgCl,
Elution: Step gradient at 4min (see arrow on diagram)

10 mg/mL-resin. A
. L . to 25mmol/L a-methyl-D-glucoside in binding buffer
Examples of the wide range of applications using TSKgel Tresyl- Flow Rate: 1.0mL/min

5PW include the binding of such ligands as concanavalin A Detection: UV @ 403nm
(a lipoprotein lectin that binds to glycoproteins), numerous

antibodies and enzymes. The chromatogram in FIGURE 6 shows

the purification of peroxidase by the concanvalin A ligand

coupled to the TSKgel Tresyl-5PW affinity support resin.
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* ORDERING INFORMATION T—

Part# Description ID Length Particle Number Flow Rate (mL/min Maximum
(mm) (cm) Size (pm) Theoretical Range Max. Pressure
Plates Drop (kg/cm?)
Glass columns
14449 Boronate-5PW Glass, 1000 A 5.0 5.0 10 >500 05-1.0 1.2 20
14440  Chelate-5PW Glass, 1000 A 5.0 5.0 10 >500 05-08 1.0 20
14441  Chelate-5PW Glass, 1000 A 8.0 15 10 >1,300 05-1.0 1.2 15
14457  Tresyl-5PW Glass, 1000 A 5.0 5.0 10 >500 02-08 1.0 10
14458  Tresyl-5PW Glass, 1000 A 8.0 15 10 >1,300 05-1.0 1.2 10

Stainless steel columns

13067  ABA-5PW, 1000 A 15 15 10 >1,300 05-1.0 1.2 10
13066  Boronate -5PW, 1000 A 15 15 10 > 1,300 05-1.0 1.2 10
08645 Chelate-5PW, 1000 A 15 15 10 > 1,300 05-1.0 1.2 10
14455  Tresyl-5PW, 1000 A 6.0 4.0 10 02-05 1.0 10
14456 Tresyl-5PW, 1000 A 15 15 10 05-1.0 1.2 10

PEEK columns

20022  BioAssist Chelate, 1000 A 18 5.0 10 =800 05-10 1.2 10

Guard column products

13127  ABA-5PW Guardgel Kit For P/N 13067

14451 Boronate-5PW Glass Guardgel Kit 20 For P/N 14450 and 14449
13125 Boronate-5PW Guardgel Kit For P/N 13066

14442  Chelate-5PW Glass Guardgel Kit 20 For P/Ns 14440 and 14441
08647 Chelate-5PW Guardgel Kit For P/N 08645

Bulk packing

16208  Tresyl-5PW, 2 g dry gel* 10

*1gis approximately 3.5 mL
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PROCESS DEVELOPMENT PRODUCTS
AND BULK RESINS FOR LABORATORY

SCALE PURIFICATION

PROCESS DEVELOPMENT
BULK RESINS FOR LAB

PROCESS DEVELOPMENT & RESINS

~ TOYOSCREEN PROCESS DEVELOPMENT COLUMNS
TOYOPEARL AND TSK-GEL LABPAK
TOYOPEARL AND TSK-GEL BULK RESINS

= TOSOHFACT
Tosoh Bioscience offers a range of technical support
services to our TSK-GEL, ToyoScreen, and Toyopearl
chromatography products.

Whether you need help developing an HPLC assay
for the analysis of a new therapeutic target, want to
know how to monitor drug metabolites in the human
body or need regulatory files to support a submission
to the FDA, our technical support specialists will
provide assistance in all of these areas and more.

We offer on-site training and application-specific
seminars and are committed to providing prompt and
courteous service for these and other requests.
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TOYOSCREEN PROCESS DEVELOPMENT COLUMNS

ToyoScreen Process Development columns are easy-to-use, pre-
packed columns containing Tosoh Bioscience’s most popular
Toyopearl resins. These columns provide a convenient, low-
cost method for the evaluation of Toyopearl ligand chemistries.
ToyoScreen Process Development columns are available
in packages of 6 x 1 mL and 6 x 5 mL volumes for affinity, ion
exchange and hydrophobic interaction chromatography.See the
chapter on bulk resins for detailed information on the Toyopearl
resins.

Screening

Historically, resin screening was accomplished by manually
packing various bulk resins into small columns requiring
a significant investment in time and cost. In order to
improve the efficiency of resin screening experiments, pre-
packed ToyoScreen Process Development columns were
developed for the evaluation of different Toyopearl resins.

Scalability

Initial results from resin screening and optimization with
ToyoScreen columns can accurately predict the separation
behavior atlarger scales. FIGURE 1 illustrates the similar retention
time behavior between 1 mL ToyoScreen columns and con-
ventional 7.5 mm ID x 7.5 cm L analytical columns. Additionally,
FIGURE 2 depicts a practical antibody scale up in which conditions
were set using a 1 mL ToyoScreen column and applied toa 10 mL
semi-preparative columnwithadifferentinnerdiameterandlength.
Similar resolution results are predicted by the following equation:

1 Z1/2

" G T

FEATURES

= Pre-packed columns

= FIGURE1

Comparison of selectivity between ToyoScreen
and Conventional Column

Conventional (a-ChymotrypsinogenA)
ToyoScreen (o-ChymotrypsinogenA)
Conventional (Lysozyme)

ToyoScreen (Lysozyme)

Conventional (RibonucleaseA)
ToyoScreen (RibonucleaseA)

500 O

——
——
e

—_——
——

20

Retention Time (min)

Columns:
Eluent A:
Eluent B:
Flow Rate:
Gradient:
Inj. Vol.:
Samples:

ToyoScreen (1 mL), Conventional Column (7.5 mm IDx 7.5 cm L)
0.1 mol/L phosphate buffer + 1.8 mol/L sodium sulfate (pH 7.0)
0.1 mol/L phosphate buffer (pH 7.0)

1 mL/min

30 min linear

50 pL

Ribonuclease A, Lysozyme, a-Chymotrypsinogen, 1 mg/mL

Retention time of conventional column was plotted after converting
following equation: plotted value = actual measurement value - 4.82

Method Optimization

Besides the determination of what sticks during resin screening
experiments, ToyoScreen Process Development columns can
be used to quickly establish optimum elution conditions.
Varying pH, salt type, salt gradients and flow rate are common
experimental parameters explored. The effect of varying salt
type and pH are shown in FIGURES 3 & 4 for anti-TSH in cell culture
supernatant on ToyoScreen Phenyl-650M.

BENEFITS—T/T/—7n 997-—7—75-—-—-—-—-—-—-—-—-1-—-1"-—— -

= Easyto set up and screen an entire resin series for a specific
chromatographic mode

= 1mland5ml columns

= For sample limited applications with up to milligram purifications

= (artridge design

= Provides low cost, efficient alternative to hand packing with bulk
resin

= Easy connections with AKTA, FPLC and HPLC systems

= Seamless integration with any platform

= Qffered in mixed or single chemistry six packs optimization

= For cost savings in screening or process experiments
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APPLICATIONS - TOYOSCREEN PROCESS DEVELOPMENT COLUMNS

FIGURE 2

Comparison chromatograms between ToyoScreen and Semi-preparative columns

1mL ToyoScreen column

115 350
100 -——‘
_ 300
=
80 1 2 250
=
60 S 200
s 2 %
= “ E T 150
i 055
= 100
0} <
50
0 0 0
0 10 20 30 40 50
Time(min)
Packing: Toyopearl Phenyl-650M
Eluent:
Sample:  Anti-TSH from cell culture supernatant (x4 diluted)
1mL ToyoScreen
Column Dimensions: 6.4mm ID x 3cm
Injection Volume: 500pL

Flow Rate:
Gradient Profile:

0.5mL/min; 0.5CV/min; 93cm/hr
25% B; 0-5min (isocratic)

50% B: 5min (step)

50% to 100% B; 5-35min (linear)

Gradient Slope*: 0.06M/mL

fry

10mL Semi-preparative column

Fr2 Fr3 Fr4

—_

ot
o

Ammonium Sulfate(mol/L)

1 1 1 0

10 20 30 40 50

Time(min)

(A) 0.1mol/L phosphate buffer containing 1.8mol/L (NH,),SO,, pH7.0 (B) 0.1mol/L phosphate buffer, pH7.0

10mL Semi-preparative

14.6mm ID x 6cm

5000pL

2.5mL/min; 0.25CV/min; 90cm/hr
25% B; 0-10min (isocratic)

50% B: 10min (step)

50% to 100% B; 10-40min (linear)
0.012M/mL

* The gradient slope is the change in ionic strength per unit volume. Gradient volume is the product of flow rate and gradient time.

FIGURE3 =™
Optimizing eluent pH in HIC

140

120

100

80

(mV)

60

40

20

0 1 1 1 1 ]
0 10 20 30 40 50

Time(min)

Column:  ToyoScreen Phenyl-650M (1mL)

Eluent A:  0.1mol/L phosphate buffer + 1.8mol/L ammonium sulfate (pH7.0)
Eluent B:  0.1mol/L phosphate buffer (pH7.0)

Flow Rate: ImL/min Gradient: 30min linear (30CV)

Inj. Vol.:  200pL

Samples: Cell culture supernatant (x4 diluted) (antibody: Anti-TSH)

FIGURE 4

Optimizing salt conditions in HIC
140

120

100 r

80 n
Ammonium
Sulfate

(mV)

60

40
1 NaCl

20

0 1 1 1 1 ]
0 10 20 30 40 50

Time(min)

Column:  ToyoScreen Phenyl-650M (1mL)

Eluent A:  0.1mol/L phosphate buffer containing 1.8mol/L each salt (pH7.0)
Eluent B:  0.1mol/L phosphate buffer (pH7.0)

Flow Rate: TmL/min Gradient: 30min linear (30CV)

Inj. Vol.:  200pL

Samples: Cell culture supernatant (x4 diluted) (antibody: Anti-TSH)



96

BULK

TOSOH

TOSOH BIOSCIENCE

= WWW.TOSOHBIOSCIENCE.COM

* ORDERING INFORMATION

Part# Description

lon Exchange

21360
21361

21362
21363

21364
21365

21859
21860

21392
21393

21366
21367

21951
21952

21368
21369

21370
2131

21868
21869

21392
21393

2139
21395

21396
21397

ToyoScreen DEAE-650M, 1 mi
ToyoScreen DEAE-650M, 5 ml

ToyoScreen SuperQ-650M, 1 mi
ToyoScreen SuperQ-650M, 5 mi

ToyoScreen QAE-550C, 1 ml
ToyoScreen QAE-550C, 5 ml

ToyoScreen GigaCap Q-650M, 1 ml -NEW-
ToyoScreen GigaCap Q-650M, 5 ml -NEW-

ToyoScreen IEC Anion Mix Pack, 1ml
ToyoScreen IEC Anion Mix Pack, 5ml

ToyoScreen CM-650M, 1ml
ToyoScreen CM-650M, 5ml

ToyoScreen GigaCap CM 650M,
ToyoScreen GigaCap CM 650M, 5 ml -NEW-

ToyoScreen SP-650M, 1ml
ToyoScreen SP-650M, 5ml

ToyoScreen SP-550C, 1ml
ToyoScreen SP-550C, 5ml

ToyoScreen GigaCap S-650M, 1 ml -NEW-
ToyoScreen GigaCap S 650M, 5 ml -NEW-

Package
Description

1mlx6ea
5mlx6ea

1Tmlx6ea
5mlx6ea

1mlx6ea
5mlx6ea

1mlx6ea
5mlx6ea

Tml x 3 Grades x 2 ea
5ml x 3 Grades x 2 ea

1Tmlx6ea
5mlx6ea
Tml-NEW- 1mix6ea
5mlx6ea

1Tmlx6ea
5mlx6ea

Tmlx6ea
5mlx6ea

1mlx6ea
5mlx6ea

ToyoScreen IEC Anion Mix Pack, 1 ml 1mlx 3 Gradesx2ea
ToyoScreen IEC Anion Mix Pack,5ml 5mlx3 Gradesx2ea

ToyoScreen IEC Cation Mix Pack, 1 ml 1 mlx 3 Grades x2 ea
ToyoScreen IEC Cation Mix Pack, 5ml 5 mlx 3 Grades x2 ea

ToyoScreen IEC Mix Pack, 1 ml
ToyoScreen IEC Mix Pack, 5 ml

Hydrophobic Interaction

21372
21373

21892
21893

21374
21375

21494
21495

21376
21377

21378
21379

ToyoScreen Ether-650M, 1 ml
ToyoScreen Ether-650M, 5 mi

ToyoScreen Phenyl-600M, 1 ml -NEW-
ToyoScreen Phenyl-600M, 5 ml -NEW-

ToyoScreen Phenyl-650M, 1 ml
ToyoScreen Phenyl-650M, 5 ml

ToyoScreen Butyl-600M, 1 ml -NEW-
ToyoScreen Butyl-600M, 5 ml -NEW-

ToyoScreen Butyl-650M, 1 ml
ToyoScreen Butyl-650M, 5 ml

ToyoScreen Hexyl-650C, 1 ml
ToyoScreen Hexyl-650C, 5 ml

Tml x 6 Grades x 1 ea
5ml x 6 Grades x 1 ea

Tmlx6ea
5mix6ea

1mlx6ea
5mix6ea

1mlx6ea
5mix6ea

1mlx6ea
5mlx6ea

1mlx6ea
5mlx6ea

1mlx6ea
5mlx6ea

Part # Description

21380
21381

21382
21383

21398
21399

Affinity

21386
21387

21384
21385

21390
21391

21388
21389

ToyoScreen PPG-600M, 1 ml
ToyoScreen PPG-600M, 5 ml

ToyoScreen SuperButyl-550C, 1 ml
ToyoScreen SuperButyl-550C, 5 ml

ToyoScreen HIC Mix Pack, 1 ml
ToyoScreen HIC Mix Pack, 5 ml

ToyoScreen AF-Blue HC-650M, 1 ml
ToyoScreen AF-Blue HC-650M, 5 mi

ToyoScreen AF-Chelate-650M, 1 ml
ToyoScreen AF-Chelate-650M, 5 ml

ToyoScreen AF-Heparin HC-650M, 1 ml -NEW-
ToyoScreen AF-Heparin HC-650M, 5 ml -NEW-

ToyoScreen AF-Red-650M, 1 ml
ToyoScreen AF-Red-650M, 5 ml

ToyoScreen Accessories

21400

ToyoScreen column holder

ToyoScreen columns are
cartridge columns. They
require a column holder

(P/N

the column onto the LC
system.

21400) to install

R H i

i
H

HH

Package
Description

1mlx6ea
5mlx6ea

1mlx6ea
5mlx6ea

1 mlx 6 Grades x 1 ea

5mlx6 Gradesx 1ea

1mlx6ea
5mlx6ea

1mlx6ea
5mlx6ea

1mlx6ea
5mlx6ea

1mlx6ea
5mix6ea

TOYOPEARL®
Butyl-650M

i m e g K g o e

100mL
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TOYOPEARL AND TSK-GEL LABPAK MEDIA

Toyopearl and TSK-GEL LabPak Media products are small
package sizes of Toyopearl and TSK-GEL bulk media products.
Typically they contain three or four different ligand types offered
for a particular chromatography mode.

They are useful for developmental scientists and engineers who
wish to familiarize themselves with resin physical properties in
different buffer systems:

slurry and reslurry mechanics

resin handling during column packing

mechanical strength relative to agarose

= degree of compressibility

The larger resin amounts in LabPak products allow the packing of
wider bore and longer columns than available in the ToyoScreen
products. This helps the developmental scientist or engineer to
more accurately determine the resin’s:

= dynamic binding capacity

= selectivity

= column efficiency

= operating conditions

* ORDERING INFORMATION

Part# Description Container Size

TSK-GEL LABPAKS

lon Exchange Chromatography
43380 |EXPAK PW, 20 ym

(DEAE-5PW, SP-5PW, SuperQ-5PW) 3x25ml
43280 |EXPAK PW, 30 ym

(DEAE-5PW, SP-5PW,SuperQ-5PW) 3x25ml
Hydrophobic Interaction Chromatography
43278 HICPAK PW, 20 ym

(Ether-5PW, Phenyl-5PW) 2x25ml
43175 HICPAK PW, 30 pm

(Ether-5PW, Phenyl-5PW) 2x25ml

TSKgel® ;
~uperQ-5PW (20) -
5PW (20) f_.‘““"-",;;"‘-“'"o

et e e

42183
¢ s amaBRRTHR o

Y s aa—

Part# Description Container Size

TOYOPEARL LABPAKS

Size Exclusion Chromatography
19820 SECPAK HP, 30 ym

(HW-40, 50, 55, 65S) 4 x 150 ml
19821 SECPAK LMW, 45 pym

(HW-40, 50, 55F) 3 x 150 ml
19819 SECPAK HMW, 45 ym

(HW-55, 65, 75F) 3 x 150 ml
lon Exchange Chromatography
19817 |EXPAK HP, 35 pm

(DEAE-650S, SP-650S,CM-650S, SuperQ-650S) 4 x 25 ml
43210 AIEXPAK, 65/100 pm

(DEAE-650M, SuperQ-650M,QAE-550C) 3x 100 ml
43220 CIEXPAK, 65/100 pm

(SP-650M, CM-650M,SP-550C) 3x 100 ml
Hydrophobic Interaction Chromatography
43150 HICPAK HP, 35 ym

(Ether, Phenyl, Butyl-650S) 3x25ml
19806 HICPAK, 65 pum

(Ether, Phenyl, Butyl-650M) 3x25ml
43125 HICPAK-C, 100 pm

(Phenyl, Butyl, Hexyl-650C) 3x25ml
Affinity Chromatography
43400 AFFIPAK ACT, 65 pm

(AF-Epoxy, Tresyl-650M) 2x5¢*
43410 AFFIPAK, 65 pm

(AF-Amino, Carboxyl, Formyl-650 M) 3 x 10ml

*1 g is approximately 3.5 mli



98

BULK

TOSOH BIOSCIENCE

= WWW.TOSOHBIOSCIENCE.COM

TOSOH

INTRODUCTION TO BULK RESINS FOR LABORATORY PURIFICATION

Tosoh Bioscience offers Toyopearl and TSK-GEL resins (media)
in bulk quantities (< 1 L) for laboratory-scale applications.

Although the resins can be applied to the purification of small
as well as large MW compounds, Toyopearl and TSK-GEL resins
are most useful for the separation of peptides, proteins, and
oligonucleotides.

The focus of this section is on the use of bulk resins in laboratory
applications. Please request the Process Chromatography
catalog for information about the use of Toyopearl and TSK-
GEL for larger scale separations or visit our website at:
www.tosohbioscience.com.

= FEATURES

Toyopearl Bulk Resin

Toyopearlresins are hydrophilic, macroporous media for medium
pressure liquid chromatographic applications.

The polymethacrylate backbone structure of Toyopearl packings
assure excellent pressure/flow characteristics. Toyopearl is
mechanically stable up to 3 kg/cm?, which simplifies column
packing by reducing the setup time and improving reproducibility
from column to column.

The media is stable over the range of pH 2-12 for normal
operating conditions and pH 1-13 for cleaning conditions. In most
modes, Toyopearl is available in three grades, S (superfine) for
highest performance, F (fine) and M (medium) for economical
purification, and C (coarse) and EC (extra coarse) for capture.
Consult TABLE 1 for particle sizes associated with the various
chemistries and pore sizes.

BENEFITS .

= chemistries available in Size Exclusion, lon Exchange,
Hydrophobic Interaction and Affinity chromatography

= added flexibility during method development

= methacrylate backbone has hydrophilic surface properties

= |ess non-specific adsorption

= high recovery of proteins, enzymes, glycoproteins

= TSK-GEL and Toyopearl bulk resin product lines feature the same
ligand and backbone chemistries from 20 pm to 150 pm particle
sizes

= simplified scale up from laboratory isolation to process

= SEC product line available in 5 pore sizes

= suitable for fractionation of large and small biopolymers

= |EC, HIC and AFC products are based on 1000 A, 750 A and 500 A
pore size particles.

= high capacity and efficient chromatography of small protein
and large biopolymers due to unrestricted access of available
surface area

= chemical stability

= can clean resins in strong base or acid (pH 1-13)
= compatible with all water soluble organic solvents

= stable in chaotropic agents such as: guanidine chloride, sodium
dodecyl sulfate and urea

= thermal stability

= can be autoclaved at 120°C

= flexible operating temperature (4-60°C)

= mechanical stability

= linear relationship between flow rate and pressure drop

= column bed stability

= constant packing volume over a wide range of salt concentrations
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Toyopearl Bulk Resins

Toyopearl HW-type resins, available in pore sizes ranging from
50 A to >1000 A, are employed in size exclusion chromatography
(SEC). Toyopearl HW-65 and HW-55 resins are used as starting
materials for the production of all other functionalized Toyopearl
resins. The large pore size of HW-65 (1000 A) allows unhindered
access of large proteins to the stationary phase, resulting in
faster separation and shorter recycling times.

For predictable results during scale up, Toyopearl resins are
based on the same chemistry as the prepacked TSK-GEL
columns. This allows for seamless scale up from the laboratory
to manufacturing.

TSK-GEL Bulk Resins

TSK-GEL resins are larger particle size versions of the chemically
equivalent methacrylic packing of analytical-scale TSK-GEL
columns used for protein analysis and purification. The TSK-
GEL resin product line consists of DEAE-5PW, SuperQ-5PW,
SP-5PW resins for ion exchange, Tresyl-5PW resins for afffinity
chromatography and Ether-5PW and Phenyl-5PW resins for
HIC. All types are available with average particle sizes of
20 ym and 30 pm.

TSK-GEL resins are often employed to simplify scale-up from
analytical columns, as only the particle size is different. Their
small particle sizes, high degree of cross-linking and high
mechanical stability make TSK-GEL resins the preferred choice
for high efficiency purifications.

= TABLE1

Characteristics of Toyopearl and TSK-GEL media

Mode Resin Grade/particle size (pm) Pore MW range Operating Max.
size (A)” Proteins (Da) pH range pressure
SEC Toyopearl HW-40 S (20-40), F (30-60), C (50-100) 50 1x10%-1x 10 2-12 7 kg/cm?
Toyopearl HW-50 S (20-40), F (30-60) 125 5x 10*- 8 x 10 2-12 7 kg/cm?
Toyopearl HW-55 S (20-40), F (30-60) 500 1x10°-7x10° 2-12 7 kg/cm?
Toyopearl HW-65 S (20-40), F (30-60) 1000 4x10*-5x10° 2-12 7 kg/cm?
Toyopearl HW-75 S (20-40), F (30-60) > 1000 5x10°-5x 10 2-12 7 kg/cm?
IEC TSKgel SuperQ-5PW 20 and 30 1000 <5x10° 2-12 20 kg/cm?
TSKgel DEAE-5PW 20 and 30 1000 <5x10° 2-12 20 kg/cm?
TSKgel SP-5PW 20 and 30 1000 <5x10° 2-12 20 kg/cm?
Toyopearl SuperQ-650 S (20-50), M (40-90), C (50-150) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl DEAE-650 S (20-50), M (40-90), C (50-150) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl GigaCap S-650 M (50-100) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl SP-650 S (20-50), M (40-90), C (50-150) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl CM-650 S (20-50), M (40-90), C (50-150) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl GigaCap S-650 M (50-100) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl GigaCap CM-650 M (50-100) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl QAE-550 C (50-150) 500 <5x10° 2-12 7 kg/cm?
Toyopearl SP-550 C (50-150) 500 <5x10° 2-12 7 kg/cm?
Toyopearl MegaCap Il SP-550 EC (100-300) 500 <5x10° 2-12 7 kg/cm?
HIC TSKgel Ether-5PW 20 and 30 1000 <5x10° 2-12 20 kg/cm?
TSKgel Phenyl-5PW 20 and 30 1000 <5x10° 2-12 20 kg/cm?
Toyopearl Ether-650 S (20-50), M (40-90) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl PPG-600 M (40-90) 750 <5x10° 2-12 7 kg/cm?
Toyopearl Phenyl-600 M (40-90) 750 <5x10° 2-12 7 kg/cm?
Toyopearl Butyl-600 M (40-90) 750 <5x10° 2-12 7 kg/cm?
Toyopearl Phenyl-650 S (20-50), M (40-90), C (50-150) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl Butyl-650 S (20-50), M (40-90), C (50-150) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl Super Butyl-550 C (50-150) 500 <5x10° 2-12 7 kg/cm?
Toyopearl Hexyl-650 C (50-150) 1000 <5x10° 2-12 7 kg/cm?
AFC TSKgel Tresyl-5PW 10 1000 <5x10° 2-12 10 kg/cm?
Toyopearl AF-Chelate-650 M (40-90) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl AF-Tresyl-650 M (40-90) 1000 <5x10° N/A 7 kg/cm?
Toyopearl AF-Epoxy-650 M (40-90) 1000 <5x10° N/A 7 kg/cm?
Toyopearl AF-Formyl-650 M (40-90) 1000 <5x10° 6-9 7 kg/cm?
Toyopearl AF-Amino-650 M (40-90) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl AF-Carboxy-650 M (40-90) 1000 <5x10° 2-12 7 kg/cm?
Toyopearl AF-Red-650 M (40-90) 1000 <5x10° 4-9 7 kg/cm?
Toyopearl AF-Blue HC-650 M (40-90) 1000 <5x10° 4-9 7 kg/cm?
Toyopearl AF-Heparin HC-650 M (40-90) 1000 <5x10° 5-10 7 kg/cm?

** nominal values
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TOYOPEARL BULK RESINS FOR SEC

HIGHLIGHTS T—— i = S €1V e —————
= Pore sizes ranging from 50 A to >1000 A Calibration curves for globular proteins on Toyopearl HW-type resins
= Three particle sizes (S, F, C) 10T

= HW-40 is ideal for desalting applications
= Easy to pack in semi-preparative and process scale columns

HW-75

10° 7T
Size exclusion chromatography (SEC) is a common technique for
separating molecules based on their apparent molecular weight. 0T
For nearly twenty-five years, Toyopearl SEC bulk resins, with
their macroporous packings, have been used for laboratory and s 0T
production-scale biochromatography. =
Toyopearl SEC resins are semi-rigid, spherical polymethacrylate = o A

beads. The resins have hydrophilic surfaces due to the presence
of ether and hydroxyl groups. The numerous surface hydroxyl
groups provide attachment points for other functional groups and 0° T
ligands. Toyopearl HW-65 resins are used as the principle base
matrix for the Toyopearl ion exchange, hydrophobic interaction . . . . . .

- . . . 10 J T T J T J
and affinity resins. TABLE Il provides an overview of the Toyopearl 030 040 050 060 070 0.80
SEC resin productline including corresponding molecular weight Ve/Ve
ranges of common target samples. Calibration curves of the Column: 22mm 1D x 30cm
. . . . Sample: protein standards
T rl HW- resins determined with globular proteins ar
oyopea . type resins dete ed g obula proteins are Elution: 0.06mol/L phosphate buffer, pH 7, in 0.06mol/L KCI
presented in FIGURE 5. Legend: V=elution volume, V =column volume

Ordering information for quantities <1 L is provided at the end
of this section. For larger quantities, please contact customer Applications: proteins, peptides, amino acids, nucleic
service at +49 (0)711 13257 0. LABPAK kits are also available in  acids, and small molecular weight molecules. Please visit our

popular combinations of Toyopearl media. See the page 97 for  website: www.tosohbioscience.com for extensive data
additional information. on applications.

= B®WMlY ==-—-—--r— o/ ————————————————— .

Properties and molecular weight separation ranges for Toyopearl HW-type resins
(HW = Hydrophilic, Water-compatible polymeric base resins)

Molecular weight of sample (Da)

Toyopearl Particle Pore, PEG and PEO Dextrans Globular
Resin Size (pm) Size (A) proteins
HW-40S 20- 40 50 1x102-3x10° 1x102-7x10° 1x102-1x10
HW-40F 30- 60 50

HW-40C 50 - 100 50

HW-50S 20- 40 125 1x102-1.8x 10 5X102-2x 10 5x102-8x 10
HW-50F 30 - 60 125

HW-55S 20- 40 500 1x102-1.5x10° 1x10°-2x10° 1x108-7x10°
HW-55F 30 - 60 500

HW-65S 20- 40 1000 5x102-1x10° 1x10°-1x108 4x10*-5x10°
HW-65F 30 - 60 1000

HW-75F 30 - 60 >1000 4x10°-5X10° 1x10°-1x10 5x10°-5x 107
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TOYOPEARL AND TSK-GEL BULK RESINS FOR IEC
= FGUREG ==

HIGHLIGHTS T

= lEW- Toyopearl GigaCapS®-650M, CM-650M and Q-650M
resins are high capacity ion exchange resins featuring high
dynamic binding capacities for both small proteins like insulin
and larger proteins like monoclonal antibodies.

= \Veak and strong anion and cation exchangers are offered in
both product lines.

= Standard 1,000 A pore size for large biopolymers and 500 A
pore size packing for optimal binding capacity are available.

= High efficiency TSK-GEL resins scale up directly from TSK-
GEL analytical columns.

For separating mixtures of biomolecules, lon Exchange
Chromatography (IEC) is known for its high resolution and
high capacity. It is very effective in the initial capture step of a
chromatography process. IECis also useful for further purification
and/or polishing. It can complement other chromatographic
techniques in the design of an economical downstream
purification process. IEC is often used as a purification step
before HIC, SEC, and RPC. IEC will also purify and concentrate
the target molecule in one step when the sample is dilute. This
also allows it to be used as a concentration step after SEC.

A 5000-fold scale-up of a o -galactosidase enzyme purification
was accomplished using Toyopearl DEAE-650M. The
chromatograms in FIGURE 6 demonstrate the excellent scale up
characteristics of Toyopearl ion exchange media. Gradient slope
and particle diameter remained unchanged. Linear velocity was
reduced by 15% in the largest scale separation, and resolution
actually improved relative to the smallest scale separation. This
may be partly attributed to increased bed height and the slower
linear velocity. Although the column volume was increased in
part by increasing the bed height, the principal change in column
volume was a result of the greater column diameter (1.4 cm to
60 cm L). This example illustrates how Toyopearl media can be
conveniently scaled up from laboratory to production scale
applications using the same particle size if desired.

Because the correct choice of an ion exchange resin can have
a considerable impact on the economy of a process, Tosoh
Bioscience provides many product options in both Toyopearl and
TSK-GEL IEC bulk polymeric media. See TABLE Il for a complete
listing of the particle sizes.

Ordering information for quantities < 1 L is provided at the end of
this section.

Process scale-up purification of B-galactosidase with

Toyopearl DEAE-650M

A. 23mL column
(14mmID x 15¢cm)

B. 2.7L column
(108mmID x 30cm)

Absorbance at 254 nm

C. 113L column
(600mmID x 40cm)

Relative Elution Volume (Vg/Vy)

1% B-galactosidase: A. 8mL; B. 1L; C. 40L

Column: Toyopearl DEAE-650M
Sample:
Elution:

in 0.014mol/L Tris-HCI (pH7.7)
Flow rate:

A. 1.0mL/min; B. 60mL/min; C.1.6L/min

Linear velocity: A.39cm/h; B. 40cm/h; C. 34cm/h

Detection: UV @ 254nm

linear gradient from 0.03 to 0.10mol/L NaCl

= V21 2] I S | | s ——

Toyopearl and TSK-GEL lon Exchange Resins

Description Type* Part. Size (pm)
Anion Exchange

TSKgel DEAE-5PW W 20, 30
TSKgel SuperQ-5PW S 20, 30
Toyopearl DEAE-650 W 35, 65, 100
Toyopearl SuperQ-650 S 35, 65, 100
Toyopearl QAE-550 S 100
Toyopearl GigaCap Q-650M S 75
Cation Exchange

TSKgel SP-5PW S 20, 30
Toyopearl CM-650 w 35, 65, 100
Toyopearl GigaCap CM-650M W 75
Toyopearl SP-550 S 100
Toyopearl SP-650 S 35, 65, 100
Toyopearl MegaCap Il SP-550EC S 100-300
Toyopearl GigaCap S-650M S 75

*W = Weak; S = Strong



102

BULK

TOSOH BIOSCIENCE

= WWW.TOSOHBIOSCIENCE.COM

TOSOH

TOYOPEARL AND TSK-GEL BULK RESINS FOR HIC

HIGHLIGHTS

= A wide range of hydrophobicities is suitable for most
proteins.

= Standard 1,000 A pore size is available for large biopolymers,
and three Butyl pore sizes (500 A, 750 A and 1,000 A) are
available.

= Toyopearl “600M"” series of HIC resins with optimized pore
size of 750 A for antibody separation. NEW Toyopearl Phenyl-
600M and Butyl-600M with highest DBCs for IgG.

= Seamless scale up from high efficiency TSK-GEL 5PW-type
analytical columns is possible.

Hydrophobic Interaction Chromatography (HIC) has become
a popular mode of chromatography for the purification of
biopolymers at analytical as well as preparative scale. This is
accomplished by the interaction of hydrophobic ligands on the
base matrix with the hydrophobic areas located on the surface
of proteins. HIC is an excellent complement to size exclusion
and ion exchange chromatography in difficult separations,
particularly those where the contaminants are of similar pl or
molecular weight. It is often preferred over reversed phase
chromatography when preservation of biological activity of the
protein is of utmost importance.

Tosoh Bioscience offers both the TSK-GEL and Toyopearl
resin product lines for HIC. See TABLE IV for a complete listing
of functionalities. Each product line has similar backbone
chemistry. TSK-GEL 5PW-type resins possess a higher degree
of cross-linking than the corresponding Toyopearl resins.
Additionally, choices in particle size are offered to match the
desired resolution and throughput. HIC bulk media is offered
in quantities < 1 L and in a combination of resins with varying
functionalities as LABPAK kits. Additionally, HIC media are
available in ToyoScreen process development columns for
convenient scouting and methods development.

Ordering information for quantities < 1 L is provided at the end of
this section.

Applications: proteins with similar chemical or structural
properties, plasmids and monoclonal antibodies. See FIGURE 7 for
separation of large glycoprotein from crude extract on Toyopearl
Butyl-650S. Please visit our website: www.tosohbioscience.com
for extensive application data.

= TABLEIV

Toyopearl and TSK-GEL HIC Resins

Description Strength® Part. Size
Grades (pm)

TSKgel Ether-5PW 1 20, 30
Toyopearl Ether-650 1 35, 65
Toyopearl PPG-600 2 65, 100
TSKgel Phenyl-5PW 3 20, 30
Toyopearl Phenyl-600 4 65
Toyopearl Phenyl-650 3 35, 65, 100
Toyopearl Butyl-600 4 65
Toyopearl Butyl-650 4 35, 65, 100
Toyopearl SuperButyl-550 4 100
Toyopearl Hexyl-650 5 100

* Relative scale: 1 = least hydrophobic, 5 = most hydrophobic.

= FIGURE7

Large glycoprotein purified on Toyopearl Butyl-650S

— Absorbance, 280nm

10 20 30 40 50 60 70 80 90 100

o Antibacterial activity (%-Inhibition)

Fraction Number (8mlL/fraction)

Column:  Toyopearl Butyl-650S, 22mm ID x 26¢cm
Sample:  crude protein from sea hare Aplysia kurodai
Elution:  multi-step (NH,4),S0, in 50mmol/L phosphate buffer, pH 7.0

A.load & wash: 40% saturated (NH,),S0,
B. 20% saturated (NH,),S0,
C. 0% saturated (NH,),S0,
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TOYOPEARL RESINS FOR AFC

HIGHLIGHTS

= Active, reactive and group specific resins

= Provided in standard 1000 A pore size for high capacity of
large biopolymers.

= The chemical stability of the final product depends on the
ligand.

= Toyopearl AF-Blue HC-650 is available for albumin and
interferon applications with the lowest leaching blue.

= Toyopearl AF-Heparin HC-650 high capacity resin exhibits an
Antithrombin Il dynamic capacity of 4 mg/ml.

Toyopearl AF-Heparin HC-650 high capacity resin exhibits an
Antithrombin Il dynamic binding capacity of 4 mg/mL.

Toyopearl media for Affinity Chromatography (AFC) are based on
Toyopearl HW-65 resin and functionalized with either chemically
active groups or group-specific ligands. Resins with activated
functional groups are ready for direct coupling of a protein or
other ligand, while resins with reactive groups employ coupling
or reductive amination to achieve covalent bonding. The 1000 A
pore size common to all Toyopearl affinity resins accommodates
proteins up to 5,000,000 Da. In general, Toyopearl AF-Tresyl-650M

= FIGURES
Activated and reactive Toyopear! affinity resins

Toyopearl AF-Tresyl-650M m
—0-R-0-S0,-CH,-CF;

€

Ligand Density: 80 umol/g (dry)

Toyopearl AF-Epoxy-650M "

€

—O-R—O-CHZ-C\HO-/CHZ

Ligand Density: 800 umol/g (dry)

Toyopearl AF-Formyl-650M @

€

—0-R-0-CH,-CHO

Ligand Density: 60 peqg/mL

Toyopearl AF-Amino-650M

€

—0-R-0-CH,-CHOH-CH,NH,

Ligand Density: 100 peq/mL

3
Toyopearl AF-Carboxy-650M( )

0-R-0-CH,-COOH

@

Ligand Density: 100 peq/mL

(1) Provided as dry, free-flowing powder.

One gram of dry powder produces about 3.5 mL of hydrated resin.
(2) Provided as aqueous slurry, containing 1% gluteraldehyde.
(3) Provided as aqueous slurry, containing 20% ethanol.

and Toyopearl AF-Formyl-650M are recommended for coupling
proteins, while Toyopearl AF-Epoxy-650M is suited for coupling
low molecular weight ligands. Toyopearl AF-Amino-650M and
Toyopearl AF-Carboxy-650M may be used in either application.
Toyopearl AF-Heparin HC-650 interacts with a wide range of
biomolecules including plasma components, lipoprotein lipase,
collagenase, and DNA polymerase. The structures of Toyopearl
activated and reactive ligands are given in FIGURE 8, while the
structures of Toyopearl group-specific ligands are listed in
FIGURE 9.

LABPAKkitsare alsoavailable,whichgroup popular combinations
of chemically active functionalized Toyopearl media. Some
Affinity media are available in ToyoScreen process development
columns for convenient scouting and methods development.
Ordering information for quantities < 1 L is provided at the end of
this section.

Applications: bacteria, proteins, ligands, saccharides and
synthetic oligonucleotides. Please visit our website:
www.tosohbioscience.com for extensive application data.

= FIGURE9

Group-specific Toyopearl affinity resins

Toyopearl AF-Red-650(")

N303S© QSO3Na
N N
1 1
NaOS 0 Na
OH o)
NK NH 0,Na
Na0,8 - W= 3
N /)—NH—Q—NH—(\ N
>N N
Ligand Density: 7umol/mL
Toyopearl AF-Chelate-650 2
_ CH,C00 Na
— 0-R-0—CHy-N_
CH,C00 Na
Ligand Density: 20pmol/mL
Toyopearl AF-Blue Hc-650 (1)
SONa

0 NH,
O‘O SO;Na
O NH —ég_/ NHG

Toyopearl AF-Heparin HC-650

COONa CHZOSU Na
0S0;Na HN0303Na

Approximate Ligand Density: 5Smg/mL

Na0,8

(1) Provided as an aqueous slurry containing 20% ethanol, v/v in Tmol/L NaCl.
(2) Provided as an aqueous slurry containing 20% ethanol.



104 o TOSOH BIOSCIENCE = WWW.TOSOHBIOSCIENCE.COM

TOSOH

BULK

* ORDERING INFORMATION T—

Part# Description Container Size Part# Description Container Size
A. Size Exclusion Chromatography 43275 SuperQ-650C, 100 ym 100 ml
17231 SuperQ-650C, 100 pm 250 ml
Toyopearl Bulk Resins 43271 QAE-550C, 100 100 ml
19809 HW-408, 30 pm 150 ml 14025 QAE-550C, 100 pm 250 mi
07451 HW-40S, 30 pm 250 ml !
o N
07448 HW-40F, 45 ym 500 ml !
19807 HW-40C, 75 150 m 0473 DEAE 850N, 6 250 m
07449 HW-40C, 75 pm 500 ml '
19811 HW-508, 30um 150 m 07988 DEAE-650C, 100 pm 250 ml
07455 HW-50S, 30um 250 mi 21854 GigaCap 0-650M, 75 um -NEW- 100 ml
19810 HW-50F, 45 pm 150 ml 21866 GigaCap Q-650M, 75 pum -NEW- 250 ml
07453 HW-50F, 45 pm 500 ml C. Cation Exchange Chromatography
19813 HW-55S, 30 ym 150 ml .
07459 HW-55S, 30 um 250 ml TSK-GEL Bulk Resins
43382 SP-5PW (20) 25ml
19812 HW-55F, 45 pm 150 ml 14714 SP-5PW (20) 250 ml
07457 HW-55F, 45 pm 500 ml
43282 SP-5PW (30) 25ml
19815 HW-65S, 30 ym 150 ml 14716  SP-5PW (30) 250 ml
07467 HW-65S, 30 pm 250 ml
19814 HW-5F. 45 150 ml Toyopearl Bulk Resins
-65F, 45 pm m
07485 HW-65F, 45 m 500 m 19603 - CM-6508, 35 um 25 ml
! 07474 CM-650S, 35 pm 250 ml
21481 HW-65C, 75 pm 150ml
! 07475 CM-650M, 65 pm 250 ml
19816 HW-75F, 45 um 150 m 07991 CM-650C, 100 ym 250 m|
07469 HW-75F, 45 pm 500 ml
. 19822 SP-650S, 35 pm 25 ml
B. Anion Exchange Chromatography 08437 SP-650S, 35 gm 250 ml
TSK-GEL Bulk Resins 43202 SP-650M, 65 pm 100 ml
43381 DEAE-5PW (20) 25 ml 07997 SP-650M, 65 pm 250 ml
14710 DEAE-5PW (20) 250 ml
07994 SP-650C, 100 pm 250 ml
43281 DEAE-5PW (30) 25 ml
14712 DEAE-5PW (30) 250 ml 43272 SP-550C, 100 pm 100 ml
14028 SP-550C, 100 ym 250 ml
43383 SuperQ-5PW (20) 25 ml
18535  SuperQ-5PW (20) 250 ml 21804 Toyopearl MegaCap Il SP-550EC, > 100 ym 100 ml
21805 Toyopearl MegaCap Il SP-550EC, > 100 ym 250 ml
43283 SuperQ-5PW (30) 25 ml )
18536  SuperQ-5PW (30) 250 ml 21833 GigaCap S-650M, 75 pm -NEW- 100 ml
21834 GigaCap S-650M, 75 pm -NEW- 250 ml
Toyopearl Bulk Resins 21946 GigaCap CM-650M, 75 ym -NEW- 100 m
19823 SuperQ-650S, 35 ym 25 ml 21947 GigaCap CM-650M, 75 um -NEW- 250 ml
17223 SuperQ-650S, 35 ym 250 ml
43205 SuperQ-650M, 65 pm 100 ml

17227 SuperQ-650M, 65 pm 250 ml
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Part# Description Container Size Part# Description Container Size
D. Hydrophobic Interaction Chromatography E. Affinity Chromatography
TSK-GEL Bulk Resins TSK-GEL Bulk Resins
43276  Ether-5PW (20) 25 ml 16208  Tresyl-5PW (10) 2 g*
16052 Ether-5PW (20) 250 ml
Toyopearl Bulk Resins
e ) am 43411 AF-Amino-650M, 65 pm 10 mi
08002  AF-Amino-650M, 65 pm 25 ml
43277 Phenyl-5PW (20) 25 m 08039  AF-Amino-650M, 65 pm 100 ml
14718 Phenyl-5PW (20) 250 mi 19688  AF-Blue HC-650M,65 ym 25 ml
43177 Phenyl-5PW (30) 25 m 19689  AF-Blue HC-650M, 65 ym 100 ml
14720 Pheny-5PW (30) 250 mi 13412 AF-Carboxy-650M, 65 ym 10 mi
08006  AF-Carboxy-650M, 65 pm 25 ml
Toyopearl Bulk Resins 08041 AF-Carboxy-650M, 65 ym 100 ml
19955 SuperButyl-550C, 100 uim 25 ml 14475 AF-Chelate-650M, 65 ym 25 ml
19956 SuperButyl-550C, 100 ym 100 ml 19800  AF-Chelate-650M, 65 ym 100 ml
21448 Butyl-600M, 65 pm - NEW- 25 ml 43402 AF-Epoxy-650M, 65 pm 5 g*
21449 BUW|-600M, 65 pm - NEW- 100 ml 08000 AF-Epoxy-650M, 65 pm 10 g-x-
08038  AF-Epoxy-650M, 65 pm 100 g*
43153 Butyl-650S, 35 pm 25 ml
07476  Butyl-650S, 35 ym 100 ml 43413 AF-Formyl-650M, 65 pm 10 ml
08004  AF-Formyl-650M, 65 pm 25 ml
19802 Butyl-650M, 65 im 25 ml 08040  AF-Formyl-650M, 65 ym 100 ml
07471 Butyl-650M, 65 pm 100 ml
20030  AF-Heparin-HC650M, 65 pym -NEW- 10 ml
43127 Butyl-650C, 100 ym 25 ml 20031  AF-Heparin-HC650M, 65 pm -NEW- 100 ml
07478 Butyl-650C, 100 ym 100 ml
08651 AF-Red-650 ml, 65 pm 25 ml
43151 Ether-650, 35 ym 25 ml 19801  AF-Red-650 ml, 65 ym 100 ml
16172 Ether-650S, 35 pm 100 ml
14471 AF-Tresyl-650M, 65 pm 5g*
19805 Ether-650M, 65 ym 25 ml 14472 AF-Tresyl-650M, 65 um 100 g*
16173 Ether-650M , 65 pm 100 ml
*1 g is approximately 3.5 ml
44465 Hexyl-650C, 100 pm 25 ml
19026 Hexyl-650C, 100 pm 100 ml
21887  Phenyl-600M, 65 pm -NEW- 25 ml
21888  Phenyl-600M, 65 um -NEW- 100 ml
43152 Phenyl-650S, 35 pm 25 ml
14477 Phenyl-650S, 35 pm 100 ml
19818 Phenyl-650M, 65 ym 25 ml
14478 Phenyl-650M, 65 pm 100 ml
43126 Phenyl-650C, 100 pm 25 ml
14479 Phenyl-650C, 100 pm 100 ml
21301 PPG-600M, 65 pm 25 ml

21302  PPG-600M, 65 pm 100 ml
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About TSK-GEL Columns, their Maintenance and Scale Up
Tosoh Corporation closely monitors all stages of the manufacturing
process for chromatographic media that is used to pack TSK-GEL
columns. Packing materials are produced in large gel batches which
must pass stringent quality control specifications for particle size
distribution, pore size distribution, pore volume, and surface area. After
producing the particles, each lotis then used to prepare multiple batches
of bonded phase by attaching the appropriate ligand. Each gel lot is
again tested to ensure that it meets the specifications for parameters
such as ligand density, retention, selectivity, etc.

TSK-GEL columns are designed for general purpose HPLC or FPLC
applications. They are not guaranteed to work for specific customer
applications. Suitability of a column hasto be determined by the end user.
Good Laboratory Practice (GLP) demands that a rugged method must be
developed by testing at least three different gel lots to understand the
type of variability in retention and selectivity that may be encountered
with future columns.

Tosoh Bioscience recommends that shipments are inspected for
the presence of the Inspection Data sheet, Operating Conditions and
Specifications (OCS) sheet, and column appearance. After review of the
shipping contents, the column should be tested within 30 days according
to the conditions listed in the Inspection Data sheet to confirm that the
column meets the specifications listed in the OCS sheet.

Troubleshooting column problems

Listed below are the five most common causes of poor column
performance and the precautions that must be taken to prevent
these problems:

1. Void or dead space at the column inlet or channeling

of the packing
Sudden pressure surges and higher than recommended flow rates can
compress the column packing, which can result in a void or a channel,
especially with large pore size columns such as TSKgel G4000SW and
TSKgel G4000SWXL. We recommend using an injector that ensures
continuous flow onto the column during injection, i.e., no pressure
pulse due to interrupted flow, and installation of a pulse dampener to
suppress the sudden pressure surges encountered with quick-return
pumps.
Bulk packing material is available to refill voids in some of the analytical
and semi-preparative columns. We highly recommend the use of a
guard column to protect your analytical column from pressure surges
and to prevent irreversibly binding impurities from reaching the
analytical column. A guard column also helps to neutralize the pH of the
sample solvent if it is different from that of the mobile phase. The pH of
the sample will be equilibrated with the mobile phase before it reaches
the analytical column. This is particularly important in the silica-based
SW-type columns because this silica-type is not stable at a pH higher
than 7.5.

2. Airin Column

The column should be tightly capped when not in use to prevent air
from entering it. Air dissolved in the mobile phase must be removed
before it can enter the column. This is particularly important for
polymer-based columns. Air can be removed by sparging with helium,

mobile phase filtration or other degassing procedures. If air does enter
the column, follow the rehydration procedure described on page 107.

3. Column contamination or incomplete sample recovery
Cleaning conditions for all column types are provided on the OCS sheets
that are shipped with each column. Cleaning solvents are discussed in
the cleaning section below.

4. Frit plugging and high pressure

Solvents and samples should be filtered through at least a 0.45 pm
filter to prevent clogging the column frits. If the frit becomes partially
plugged, the result may be split peaks or high pressure. The entire end-
fitting can be removed and sonicated in 6 M nitric acid. Rinse the end-
fitting thoroughly after cleaning. (Be careful not to disturb the packing.)
Alternatively, this end-fitting can be replaced. Installing a membrane
filter prior to the injector is recommended to prevent particles created
by pump seal wear from reaching the analytical column. Consult the
Accessories chapter for these and other hardware products.

5. Peak splitting

Column overload, whether in volume or concentration, can cause peak
splitting and poor resolution. Consult the sample capacity information
for each column type to determine the appropriate concentration and
volume of analyte.

Cleaning

Columns should be cleaned at regular intervals. The frequency depends
onthe purity ofthe samples. Occasionally, samples are run which adsorb
onto the packing material. If one of the performance characteristics
(asymmetry factor, retention time, theoretical plates, or resolution)
changes by 10% or more, it is prudent to clean the column.

A Data Inspection sheet and an Operating Conditions and Specifications
(OCS) sheet accompanies all TSK-GEL columns. The Data Inspection
sheet identifies the testing method that was used to verify the column’s
performance. The column’s specifications are listed on the OCS sheet.
However, a well resolved sample component could be used to monitor
the column. Establish that the column is performing properly using the
standard test probes listed on the Data Inspection sheet. Calculate the
asymmetry factor, theoretical plates and resolution of one or more of
the sample components. Note the retention time. This becomes the
baseline test mix which provides a basis for comparison.

Basic rules for cleaning TSK-GEL columns - all types

1. Clean the column in the reverse flow direction.

2. During cleaning, do not connect the column to the detector.

3. Runthe column at half the maximum flow rate making
sure to monitor the pressure.

4. If cleaning with a high or low pH solution, make certain
that the rest of the chromatographic system (pump,
pump seals, injector, etc.) is compatible.

5. Use at least 5 column volumes (CV) of each cleaning
solution and rinse with 5 CV of ultra pure water between
each cleaning step.

6. Equilibrate with 5 CV of the mobile phase for the method.

Each type of TSK-GEL column has a recommended set of cleaning
solutions specific to the column, as described below and on the 0CS
sheet. Choose a cleaning solution based upon the column and sample
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type. In general low pH salt solution will remove basic proteins,
and organics will remove hydrophobic proteins. Chaotropic agents
will remove strongly adsorbed materials (e.g. hydrogen bonded).
For columns or column types not listed below, please contact
Tosoh Bioscience Technical Service Specialists at +49 (0)711 13257-0.

Cleaning Solutions

Size Exclusion, TSK-GEL SW and SW, types

1. Concentrated salt (e.g. 0.5 mol/L Na,SO,) at
(e.g. pH 3.0)

2. Water soluble organic (MeOH, ACN, EtOH, 10 % - 20 %)
in aqueous buffer

3. Note: Chaotropic agents are difficult to remove. They
require rinsing with 20 to 40 CV of 20% ACN. Therefore
they should be used only when the previous cleaning
solutions are not effective.
Buffered solutions of SDS (0.1 %),
guanidin (6 M)

low pH

urea (8 mol/L), or

Size Exclusion, TSK-GEL PW and PW, types

1. High concentration salt (e.g. 0.5 mol/L - 1.0 mol/L Na,S0,) in
aqueous buffer

2. Buffered solutions at low pH (e.g. 2 - 3) or high pH
(e.g.11-12)

3. Water soluble organic (MeOH, ACN, EtOH, 10% - 20%) in
aqueous buffer

4, Note: Chaotropic agents are difficult to remove. They
require rinsing with 20 to 40 CV of 20% ACN. Therefore
they should be used only when the previous cleaning
solutions are not effective.
Buffered solutions of SDS (0.1 %),
guanidine (6 mol/L).

urea (8 mol/L), or

lon Exchange, TSK-GEL SW-type

1. High concentration salt (e.g. 0.5 mol/L - 1.0 mol/L Na,SO,)
in aqueous buffer
2. Buffered solutions at low pH (e.g. 2 - 3)

3. Water soluble organic (MeOH, ACN, EtOH, 10% - 20%) in
aqueous buffer

4, Note: Chaotropic agents are difficult to remove. They
require rinsing with 20 to 40 CV of 20% ACN. Therefore
they should be used only when the previous cleaning
solutions are not effective.
Urea (8 mol/L) or non-ionic surfactant in buffer solution.

lon Exchange, TSK-GEL PW-type

1. Inject up to 1 CV in 250 pL increments of 0.1 mol/L - 0.2 mol/L
NaOH on analytical columns. Inject proportionally larger
volumes on semi-preparative columns.

2. 20 % - 40 % aqueous acetic acid* (Since acid can precipitate
protein it should be used after other cleaning methods.)

3. Water soluble organic (MeOH, ACN, EtOH, 10% - 20%) in
aqueous buffer
4, Note: Chaotropic agents are difficult to remove. They

require rinsing with 20 to 40 CV of 20% ACN. Therefore
they should be used only when the previous cleaning
solutions are not effective.

Urea (8 mol/L) or non-ionic surfactant in buffer solution.

Note: Rinse lon Exchange columns with 5 CV of the appropriate solution
to restore the correct counter-ion before equilibrating with loading
buffer.

Hydrophoblc Interaction, TSK-GEL PW-type
0.1 mol/L - 0.2 mol/L NaOH*

2. 20 % - 40 % aqueous acetic acid* (Since acid can
precipitate protein it should be used after other
cleaning methods.)

Reversed Phase, Silica-based

1. 100% acetonitrile or methanol

2. Gradient from 10% - 100% acetonitrile in 0.05% trifluoro- acetic
acid

Reversed Phase, Polymer-based

1. 100 % acetonitrile or methanol

2. 0.1 mol/L - 0.2 mol/L NaOH*

3. 20 % - 40 % aqueous acetic acid* (Since acid can precipitate

protein it should be used after other cleaning methods.)

HILIC, TSK-GEL SW-type

1. Water

2 45 % acetonitrile or acetone

3. 0.1 % triethylamine in at least 75 % acetonitrile

4 50 mmol/L phosphate buffer pH 6.0 in 50 % acetonitrile

Affinity Columns, TSK-GEL PW-type

Consult the OCS sheet of the specific column type for cleaning
directions.

*Inject up to 1 CV in 250 uL increments of solutions 2 & 3 on analytical
columns. Inject proportionally larger volumes on semi-preparative
columns.

Guarding your column

GLP procedures demand that the separation column be protected by
a guard column. Tosoh Bioscience supplies an assortment of packed
guard columns and guardgel kits. Guardgel kits contain the hardware
and the gel packing material to fill a guard column using an aspirator.
For those columns where a guard column is not available, Tosoh
Bioscience recommends the use of an in-line filter with a 0.5 pm cut-
off to avoid frequent plugging of the 1.0 pm pores in the column frit. A
pre-injector membrane filter is also recommended to prevent particles
generated by pump seal wear from reaching the column. Consult the
Standards and Accessories section for these and other hardware
products.

Rehydration

Dehydration of TSK-GEL liquid chromatography columns can occur
during long-term storage or from improper use. Dehydration can also
occur if the plugs are not tightened or if air inadvertently is pumped into
the column during use. Itis easier to detect dehydration in glass columns
because the dry packing will appear to pull away from the column walls.
This condition can be remedied by using the following procedure:

1. Connect the column to your LC system in the reverse flow
direction.
2. Do not connect the column to the detector.
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3. Pump a filtered mobile phase of 20 % methanol in ultrapure
water over the column at half of the recommended
maximum flow rate.

Note: reversed phase columns require 60 % methanol.

4, Continue this procedure until the column has been
rehydrated. Rehydration can take several hours, depending
on the column size.

5. Connect the column to the LC system in the proper flow
direction.

6. Rinse with 3 column volumes (CV) of ultra pure water to remove

the organic if it is not part of the normal mobile phase.
1. Equilibrate with loading buffer (usually 3-5 CV).

8. Perform the recommended QC tests to ensure that the column
is performing properly. Evaluation methods are available from
the Technical Service Department of Tosoh Bioscience.

Column Storage

When the column will be used the next day, allow it to run overnight at
a low flow rate in a buffer that does not contain a halide salt. When the
column will not be used for more than a day, clean it first, then flush salt
from the column and store in 0.05 % sodium azide or 20 % ethanol. Seal
tightly to prevent the column from drying out.

Scaling Up for Size Exclusion Chromatography

Tosoh Bioscience offers semi-preparative (21.5 mm D), preparative
(55 mm ID), and larger ID stainless steel columns packed with TSK-
GEL SW-type or PW-type resin for seamless scale-up to commercial
production of therapeutic proteins and other biopharmaceuticals.
These packing materials have a larger particle size that is appropriate
for use in process scale equipment. The packing materials, however,
have the same pore size and provide the same selectivity as the
corresponding TSK-GEL analytical column. The column volume (CV) of
the preparative column that is needed to produce the required amount
of product (per injection) is given by the relationship:

(CV)pc/ (CV)ac = (mg product)pc / (mg product)ac

in which pc and ac refer to the preparative and analytical column
respectively. The volume of a column is equal to Va 7 (IDPL, in which
ID is the internal diameter and L the length of the column. In scaling up,
column length (L) is usually kept constant. If so, to achieve a 100-fold
increase in product per run, the ID of the prep column should be 10
times larger than that of the analytical column. As noted, the particle
size in the preparative column is usually larger, and one should select
a larger ID column than predicted by the above equation. As a rule of
thumb, a 2-fold increase in particle size reduces resolution and thus
output by the square root of 2.

Since scale-up from analytical columns is relatively straightforward,
preparative TSK-GEL SW columns may be an economical route for
the rapid production of biomolecules for clinical testing. See the SEC
section of this catalog for more information and request a copy of the
process media catalog. For more detailed analysis of your scale-up
requirements, please contact Tosoh Bioscience’'s Technical Service
Specialists .

Scaling Up for Hydrophobic Interaction and lon Exchange
Chromatography

Tosoh Bioscience provides various ID preparative columns for
hydrophobic interaction (HIC) and ion exchange (IEC) chromatography.
As shown above, to calculate the sample capacity of a larger column,
multiply the capacity obtained on a 7.5 mm ID column by the ratio of the
column volumes. The table below lists the column volumes for TSK-GEL
HIC and IEC columns and their ratios relative to the 7.5 mm ID x 7.5 cm L
column.

Dimensions
(mmID xcml) Volume (mL) Volume Ratio*
5x5 1.0 03
15x75 3.3 1.0
8.0x75 3.8 1.2
20x 15 471 14.3
21.5x 15 54.4 16.4
55x 20 474.9 143.6
108 x 20 1831.2 554.8

* Relative to 7.5 mm ID x 7.5 cm L column

Based on a 1 mg capacity fora7.5mm ID x7.5 cm L column, the capacity
for a 55 mm ID x 20 cm L column is expected to be about 150 mg. Much
larger amounts of crude sample can be injected as long as impurities do
not co-elute from the column with the compound of interest.

Beware of extra-column band broadening

In recent years Tosoh has introduced several high efficiency column
types with small internal diameters. Examples are:

-1mmID, 2 mm ID and 4.6 mm ID x 30 ¢cm L TSKgel SuperSW3000,
-46 mm ID and 6 mm ID x 15 ¢cm L TSK-GEL SuperAW columns.

It is well known that when the column diameter decreases, peak
volumes decrease by the square of the ratio of column diameter.
In contrast, a decrease in column length results in a proportional
decrease in peak volume. Thus, when changing column dimensions
from 7.8 mm ID x 30 cm L to 6 mm ID x 15 cm L results in a reduction of
peak volume by a factor of (7.8/6)2*(30/15) = 3.4. Similarly, the reductions
in peak volume are 5.8 when going from 7.8 mm ID x 30 cm L to 4.6 mm ID
x15cmL, and 21.1 when replacing a 4.6 mm ID x 30 cm L column by one
thatis 1 mm ID x 30 cm L. Such large reductions in peak volume require
that the HPLC system is optimized with respect to external factors
that contribute to the sample band broadening that takes place inside
the column. Neglecting to optimize the HPLC system can seriously
detract from the true column efficiency, which ultimately can result in
unacceptable analysis results.

Main contributors to extra-column band broadening are capillary tubing
that connect the column to the injector and the detector, injection
volume, detector cell volume, detector time constant, and others.

Separation Report 95 discusses some of the variables to check
when working with a smaller ID column, in this case the use of a 4.6
mm 1D x 30 cm L TSKgel SuperSW3000 column (4 micron) compared
to a 7.8 mm ID x 30 cm L TSKgel G3000SW, column (5 micron). You
can download this and other separation reports from our website:
www.tosohbioscience.com
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Recommended standards for quality control of TSK-GEL

Columns

Standard

Adenylate Kinase
Alcohol Dehydrogenase
Aldolase

B-Amylase

Blue Dextran

Bombesin

Bovine Serum Albumin (BSA)
Carbonic Anhydrase
a-Chymotrypsin
a-Chymotrypsinogen
Conalbumin

Cytidine
Cytidine-5-monophosphate
Cytochrome C
D-Mannitol

Dopamine HCI

Enolase

Ethylene glycol

Ferretin

v-Globulin

Glutamate Dehydrogenase
Glycine Monomer

lgG

IgM

Insulin

Lactate Dehydrogenase
Lysozyme

Myoglobin

Ovalbumin
p-Aminobenzoic Acid
Peroxidase
Phosphorylase B
Polyethylene Glycol Kit

Approximate*

Molecular Weight (Da)

6,000
150,000
158,000
200,000

2,000,000
1,620
67,000
29,000
25,200
25,700
70,000
243
323
12,400
182

190
67,000
62
460,000
150,000
55,000
246
160,000
900,000
6,000
36,500
14,500
16,900
43,000
137
40,200
94,000
1.1K, 1.5K, 3.7K, 10.9K, 19.7K

Polyethylene Oxide Kit 18K, 39K, 86K, 145, 252K, 594K, 996K
Polystyrene Kit 530, 950, 2.8K, 6.2K, 10.3K, 15.7K, 43.9K,

Pyruvate kinase
Ribonuclease A
Thyroglobulin
Transferrin
Trypsin

Trypsin Inhibitor
Trypsinogen
Tryptamine«HCI
Uric Acid

102K, 186K, 422K, 775K, 1260K
58,000

12,600

660,000

80,000

23,300

20,000

24,000

24,000

168

* exact molecular weight will depend on the species
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United States Pharmacopeia (USP) specifications and
corresponding Tosoh Bioscience columns

L1 - Octadecyl silane chemically bonded to porous silica or ceramic
micro-particles, 1.5 to 10 ym in diameter, or a monolithic rod.
Recommendations: TSK-GEL 0DS-100V, 0DS-100Z, 0DS-100S,
Super-0DS, 0DS-80TM, ODS-80TS, 0DS-120A, 0DS-120T
See: Reversed Phase section

L7 - Octylsilane chemically bonded to totally porous silica particles, 1.5
to 10 ym in diameter.
Recommendations: TSK-GEL Super-Octyl, Octyl-80TS
See: Reversed Phase section

L-9 - Irregular or spherical, totally porous silica gel having a
chemically bonded, strongly acidic cation-exchange coating, 3 to
10 ym in diameter.
Recommendations: TSK-GEL SP-2SW
See: lon Exchange section

L10 - Nitrile groups chemically bonded to porous silica particles, 3 to
10 ym in diameter.
Recommendations: TSK-GEL CN-80TS
See: Reversed Phase section

L11 - Phenyl groups chemically bonded to porous silica particles, 1.5
to 10 ym in diameter.
Recommendations: TSK-GEL Super-Phenyl
See: Reversed Phase section

L13 - Trimethylsilane chemically bonded to porous silica particles, 3 to
10 ym in diameter.
Recommendations: TSK-GEL TMS-250
See: Reversed Phase section

L20 - Dihydroxypropane groups chemically bonded to porous silica
particles, 5to 10 ym in diameter.
Recommendations: TSK-GEL QC-PAK 200 and 300, SW series, SW
series
See: Size Exclusion section

L21 - Arigid, spherical styrene-divinylbenzene copolymer, 5to 10 ym
in diameter
Recommendations: TSK-GELH _and H_ series
See: Size Exclusion section

L22 - A cation-exchange resin made of porous polystyrene gel with
sulfonic acid groups, about 10 pm in size
Recommendations: TSK-GEL SCX
See: lon Exchange section

L23 - An anion-exchange resin made of porous polymethacrylate or
polymethacrylate gel with quartenary ammonium groups, about 10
pm in size.

Recommendations: TSK-GEL SuperQ-5PW, BioAssist Q, IC-Anion PW
See: lon Exchange section

L24- A semi-rigid hydrophilic gel consisting of vinyl polymers with
numerous hydroxyl groups in the matrix surface, 32 to 63 pm in
diameter.

Recommendations: Toyopearl HW-type
See: Size Exclusion in the Bulk Resin section

L25- Packing having the capacity to separate compounds with
a molecular weight range from 100-5000 (as determined by
polyethylene oxide), applied to neutral, anionic, and cationic
water-soluble polymers.
Recommendations: TSK-GEL G2500PW, G2500PW _, Alpha-2500,
SuperAW2500
See: Size Exclusion section

L33- Packing having the capacity to separate dextrans by molecular
size over a range of 4,000 to 500,000 daltons. It is spherical, silica-
based, and processed to provide pH stability.

Recommendations: TSK-GEL SuperSW, SW , QC-PAK, and SW
series
See: Size Exclusion section

L37- Packing having the capacity to separate proteins by
molecular size over a range of 2,000 to 40,000 daltons. Itis a
polymethacrylate gel.

Recommendations: TSK-GEL G3000PW , G3000PW
See: Size Exclusion section

L38- A methacrylate-based size-exclusion packing for water-soluble
samples
Recommendations: TSK-GEL PW
series
See: Size Exclusion section

PW, Alpha, and SuperAW

x!

L39- A hydrophilic polyhydroxymethacrylate gel of totally porous
spherical resin.
Recommendations: TSK-GEL PW, PW
series
See: Size Exclusion section

Alpha, and SuperAW

x’

L52- A strong cation exchange resin made of porous silica with
sulfopropyl groups, 5to 10 pm in diameter.
Recommendations: TSK-GEL IC-Cation-SW, SP-2SW
See: lon Exchange section

L58- Strong cation-exchange resin consisting of sulfonated cross-
linked styrene-divinylbenzene copolymer in the sodium form, about
7to 11 ym diameter.

Recommendations: TSK-GEL SCX (Na*)
See: lon Exchange section
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g
L59- Packing having the capacity to separate proteins by molecular L60- Spherical, porous silica gel, 10 pm or less in diameter, the surface
weight over the range of 10 to 500 kDa. It is spherical (10 ym), of which has been covalently modified with alkyl amide groups
silica-based, and processed to provide hydrophilic characteristics and endcapped.
and pH stability. Recommendations: TSK-GEL Amide-80
Recommendations: TSK-GEL G2000SW, G3000SW and G4000SW See: HILIC section

See: Size Exclusion section
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Columns Pages 0DS-80T, 15,18 G6000H,, 50 - 55
0DS-80T, 15,18 G6000H 50 - 55
Affinity OligopDNA RP 16,19 G6000PW 30-32,39-45
ABA-5PW 86 - 91 Phenyl-5PW 17,19-20 G6000PW 30-32,39-45
BioAssist Chelate-5PW 86 - 91 Super-Octyl 16,19 G6000PW, -CP 30-32,39-45
Boronate-5PW 86 - 91 Super-0DS 16,19 G7000H_ 50 - 55
Chelate-5PW 86 - 91 Super-Phenyl 16,19 G7000H, 50 - 55
Tresyl-5PW 86 - 91 TMS-250 16,19 GMHh_-H mixed-bed 50 - 55
GMH_-H(S) mixed-bed 50 - 55
Hydrophobic Interaction Size Exclusion GMH, -L mixed-bed 50 - 55
BioAssist Phenyl-5PW 76 - 83 Alpha-2500 30 - 32,46 - 49 GMH_-M mixed-bed 50 - 55
Butyl-NPR 76 - 83 Alpha-3000 30 - 32,46 - 49 GMH_-N mixed-bed 50 - 55
Ether-5PW 76 - 83 Alpha-4000 30 - 32,46 - 49 GMHxI mixed-bed 50 - 55
Phenyl-5PW 76 - 83 Alpha-5000 30 - 32,46 - 49 GMH -HT 50 - 55
Alpha-6000 30 - 32,46 - 49 GMH _-L mixed-bed 50 - 55
lon Exchange Alpha-M 30-32,46-49 GMPW 30-32,39-45
BioAssist Q 60 - 68 GMPW 30-32,39-45
BioAssist S 60 - 63,69 - 73 BioAssist G2SW 30 - 33,37 Multipore H -M 50 - 55
CM-25W 60 - 63,69 - 73 BioAssist G3SW 30 - 33,37 QC-PAK GFC 200 31
CM-3SW 60 - 63,69 - 73 BioAssist G4SW 30 - 33,37 QC-PAK GFC 300 31
CM-5PW 60 - 63,69 - 73 BioAssist GBPW 30-32,45 SuperAW2500 30-32,46 - 49
CM-STAT 60 - 63,69 - 73 G-DNA-PW 30-32,39-45 SuperAW3000 30-32,46 - 49
DEAE-2SW 60 - 68 G-Oligo-PW 30-32,39-45 SuperAW4000 30-32,46 - 49
DEAE-3SW 60 - 68 G1000H,, 50 - 55 SuperAW5000 30-32,46 - 49
DEAE-5PW 60 - 68 G1000H 50 - 55 SuperAW6000 30-32,46 - 49
DEAE-NPR 60 - 68 G1000PW 33, 38-39 SuperAWM-H 30-32,46 - 49
DNA-NPR 60 - 68 G2000H 50 - 55 SuperH1000 50 - 55
DNA-STAT 60 - 68 G2000H 50 - 55 SuperH2000 50 - 55
Q-STAT 60 - 68 G2000PW 30-32,39-45 SuperH2500 50 - 55
SAX 60 - 68 G2000SW 30 - 37 SuperH3000 50 - 55
SCX 60 - 63,69 - 73 G2000SW 30 - 37 SuperH4000 50 - 55
SP-2SW 60 - 63,69 - 73 G2500H 50 - 55 SuperH5000 50 - 55
SP-5PW 60 - 63,69 - 73 G2500H 50 - 55 SuperH6000 50 - 55
SP-NPR 60 - 63,69 - 73 G2500PW 30-32,39-45 SuperH7000 50 - 55
SP-STAT 60 - 63,69 - 73 G2500PW 30-32,39-45 SuperHM-L 50 - 55
Sugar AXG 60 - 68 G3000H 50 - 55 SuperHM-N 50 - 55
Sugar AXI 60 - 68 G3000H 50 - 55 SuperHM-M 50 - 55
SuperQ-5PW 60 - 68 G3000PW 30-32,39-45 SuperHM-H 50 - 55
G3000PW 30-32,39-45 SuperHZ1000 50 - 55
HILIC G3000PW, -CP 30-32,39-45 SuperHZ2000 50 - 55
Amide-80 24-21 G3000SW 30 - 37 SuperHZ2500 50 - 55
G3000SW 30 - 37 SuperHZ3000 50 - 55
Reversed Phase G4000H 50 - 55 SuperHZ4000 50 - 55
0DS-100vV 8-12 G4000H 50 - 55 SuperHZM-N 50 - 55
0DS-100Z 8-12 G4000PW 30-32,39-45 SuperHZM-M 50 - 55
CN-80T, 15,18 G4000PW 30-32,39-45 SuperHZM-H 50 - 55
Octadecyl-2PW 17,19-20 G4000SW 30-37 SuperSW2000 30-37
Octadecyl-4PW 17,19-20 G4000SW 30-37 SuperSW3000 30-37
Octadecyl-NPR 17,19-20 G5000H 50 - 55
Octyl-80T, 15,18 G5000H 50 - 55
0DS-120A 15,18 G5000PW 30-32,39-45
0DS-120T 15,18 G5000PW 30-32,39-45

0DS-140HTP 13-14 G5000PW, -CP 30-32,39-45
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Toyopearl AF-Formyl-650 99, 103, 105
Toyopearl AF-Red-650 99, 103, 105
Toyopearl AF-Heparin-HC650 99, 103, 105
Toyopearl AF-Tresyl-650 99, 103, 105
Hydrophobic Interaction
Toyopearl Butyl-650 99,102, 105
Toyopearl Butyl-600 99,102, 105

Toyopearl Ether-650
Toyopearl Hexyl-650
Toyopearl Phenyl-600M
Toyopearl Phenyl-650
Toyopearl PPG-600M
Toyopearl SuperButyl-550C
TSKgel Ether-5PW

TSKgel Phenyl-5PW

lon Exchange
Toyopearl CM-650
Toyopearl GigaCap CM-650
Toyopearl GigaCap Q-650
Toyopearl GigaCap S-650

99,102, 105
99,102, 105
99,102, 105
99,102, 105
99,102, 105
99,102, 105
99,102, 105
99,102, 105

99,101, 104
99,101, 104
99,101, 104
99,101, 104

Toyopearl MegaCap Il SP-550EC 99,101, 104

Toyopearl QAE-550
Toyopearl SP-550
Toyopearl SP-650
Toyopearl SuperQ-650
TSKgel DEAE-5PW
TSKgel SP-5PW
TSKgel SuperQ-5PW

Size Exclusion
Toyopearl HW-40
Toyopearl HW-50
Toyopearl HW-55
Toyopearl HW-65
Toyopearl HW-75

99,101, 104
99,101, 104
99,101, 104
99,101, 104
99,101, 104
99,101, 104
99,101, 104

99 - 100, 104
99 - 100, 104
99 - 100, 104
99 - 100, 104
99 - 100, 104
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