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Introduction

Sample preparation involves a wide range of techniques which, in most cases, make
use of small chromatographic columns, filters, and media to transform a sample
which cannot be directly analyzed into one that fits the requirements of the analyti-
cal technique to be used. In the past, sample preparation techniques have been most
closely associated with classical chromatographic analysis. Currently there is a grow-
ing interest in sample preparation for other analytical methods in molecular biology
and biotechnology. This guide will assist the biochemist or molecular biologist in
selecting appropriate sample preparation methods. It covers common techniques
in sample preparation and explains separation strategies and alternatives.

Bio-Rad offers a complete line of products for sample preparation applications, and

a technical staff to assist you in designing an effective protocol for your application.
For more information on products or applications, contact your Bio-Rad representa-
tive, or, in the US, call 1-800-4BIORAD and press 2 for technical service.
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Preliminary Techniques

Particulate Removal

‘ Sample with particulates ‘

l

[

[

] ]
Volume >2 ml Volume >2 ml Volume >2 ml Volume >2 ml
— Prep-Disc filter — Prep-Disc filter — Prep-Disc filter — Prep-Disc filter
5pum 1pum 0.45 pm 0.2 ym
Volume <2 ml Volume <2 ml Volume <2 ml Volume <2 ml
L Micro L Micro L Micro L Micro
Prep-Disc filter Prep-Disc filter Prep-Disc filter Prep-Disc filter
5pum 1pum 0.45 pm 0.2 ym

Table 1.1. Guide to Particulate Removal

Filtration for particulate removal is the simplest and most common sample prepa-
ration procedure. It is commonly used before sample injection to minimize
particulate clogging of lines and valves, to protect valuable HPLC columns, and to
maintain the integrity of liquid chromatography columns. Filtration is also used
for the clarification of liquids, sterilization of tissue culture media and other lig-
uids, and ultracleaning of water and alcohols.

Prefiltration, clarification, filtration, and sterilization techniques are defined by the
size of the particles removed from solution (Table 1.1). Prefiltration is the removal
of large particulates (>5 um), clarification is the removal of visible particulates (>
1 pum), filtration is the removal of most particulates (> 0.45 um), and sterilization
is filtration that also removes bacterial contaminants (> 0.2 um). The 0.45 um
pore size is the most commonly used filter and is employed in most HPLC applica-
tions. Prefiltration is also highly recommended to remove large particles that may
clog smaller pore size filters.

Bio-Rad offers two filter types, the Prep-Disc and Micro Prep-Disc filters. Each type
is available in four pore sizes (5, 1, 0.45, and 0.2 um). The filters are syringe mount-
able and provide quick and easy particulate removal. They may be autoclaved for

: [8]




sterile use, and offer a high surface area for fast flow rates. The filters are non-conta-
minating, and contain no extractables detected with UV absorbance at 190-370 nm.

Membrane filters.

Table 1.2. Membrane Filter Specifications

Construction

Dimensions

Connections
Inlet
Outlet

Retention volume
(with air purge)

Process volume

Solvent and sample
compatibility

Filter area

Prep-Disc Filter

Polypropylene housing;
PTFE membrane

2.5 cm long x 2.5 cm diameter
Female luer lock with locking tabs
Male luer taper

<0.5ml

2-100 ml

Organic solutions, acids, and bases

4.3 cm?

Micro Prep-Disc Filter

Polypropylene housing;
PTFE membrane

2.0 cm long x 0.3 cm diameter
Female luer lock with locking tabs
Male luer taper

<10l

<2ml

Organic solutions, acids, and bases

0.07 cm?
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Buffer and Reagent Ultrapurification

Contaminated buffer
or reagent

UV absorbing

. organic

contaminants

Bio-Beads SM-2
adsorbents

— Endotoxins

Affi-Prep
polymyxin gel

— lonic contaminants

lonic
contaminant
in non-ionic
reagent

AG 501-X8 resin

Anionic
contaminant

AG 1-X8 resin

Cationic
contaminant

AG 50W-X8 resin

Metal cation
contaminant

Chelex 100 resin

Polar compounds

in organic solvents

Bio-Beads SM
adsorbents

Table 1.3. Guide to Buffer and Reagent Ultrapurification

In the purification and separation of proteins, extremely pure buffers must be used
to obtain optimal results. High buffer purity is required for electrophoresis, HPLC,
and sensitive enzyme studies. For example, in electrophoresis applications, urea
and formamide frequently must be deionized prior to use. Deionization removes
impurities that can cause band broadening, high background noise, and gel arti-
facts. Similarly, buffers contaminated with heavy metal ions and UV absorbing
impurities can cause high background noise and unstable baselines with the sensi-
tive detectors used in HPLC analysis.
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lonic Contaminants

lonic contaminants in buffers and reagents are easily removed using ion exchange
chromatography. Strong anion and cation exchange resins, such as AG 1-X8 resin
and AG 50W-X8 resin, are used for reagent clean-up, while Chelex 100 chelating

resin is used to purify aqueous solutions and buffers.

AG 501-X8 mixed bed resin contains equivalent amounts of AG 1-X8 and AG
50W-X8 resins, making this exchanger ideal for general purpose deionization of
non-ionic reagents such as urea, glyoxal, formamide, and acrylamide. Deionization
is fast and easy; contaminated reagents can be completely deionized within an
hour using simple batch techniques.

Buffer purification is easily accomplished using Chelex 100 chelating resin. Chelex
100 resin is highly selective for polyvalent cations, making it uniquely suited to
specifically remove heavy metals from aqueous solutions and buffers without alter-
ing the concentration of monovalent ions. Chelex resin has been used to purify
many buffers, including HEPES-KCI, Tris-HCI, PIPES, and phosphate buffers.

UV Absorbing and Polar Compounds

Endotoxins

Neutral macroporous polymeric beads, like Bio-Beads SM-2 adsorbents, are useful
for removing UV absorbing impurities from buffers and unbound fluorescent dyes
from labeled antibodies. Bio-Beads SM-2 and SM-4 non-polar polystyrene
adsorbents are particularly useful for the removal of non-polar substances or sur-
face-active agents from aqueous solutions. Bio-Beads SM-7 adsorbents are slightly
more polar than the other types of Bio-Beads adsorbents and can adsorb polar
compounds from non-polar solvents or non-polar compounds from polar solvents.

Endotoxins, pyrogenic lipopolysaccharides of gram negative-bacteria, are widespread
contaminants of aqueous and physiological solutions. The removal of endotoxins
from solutions intended for biological applications is especially crucial for in vivo
applications. The Affi-Prep polymyxin support binds endotoxin molecules with high
capacity and selectivity. The support is pressure rated to 1,000 psi and can be sani-
tized and regenerated, making it ideal for both research and process applications.
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Protein Concentration and Enrichment

{ CM Bio-Gel A gel ‘

Macro-Prep CM
| support or Econo-Pac

Weak cation CM cartridge
exchanger [
# Bio-Rex 70 resin
—{ Basic protein
Strong cation Macro-Prep S
exchanger | supports or Econo-Pac
S cartridges
DEAE Bio-Gel A gel
Weak anion
exchanger
Protein sample — Macro-Prep
DEAE support
— Acidic protein pp!
Strong anion Macro-Prep Q
exchanger [ supports or Econo-Pac
Q cartridges
Albumin Affi-Gel blue gel or
removal 1 Econo-Pac blue
cartridge
— Serum proteins
Antibody
purification See Table 1.6
Bio-Gel HT and
HTP supports or
Econo-Pac HTP
cartridge
— Dilute protein
Bio-Gel P-6DG gel

Table 1.4. Guide to Protein Concentration and Enrichment
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Protein concentration is often necessary following analysis or purification so that
further procedures can be performed. In addition, proteins are generally more
stable in relatively concentrated solutions. The optimal method of protein concen-
tration depends on the volume of the sample, the type of protein, the type of
buffer employed, and whether or not the application requires separating the pro-
tein from other components.

Dilute Proteins

A rapid and inexpensive method for protein concentration, which eliminates the
problems associated with lyophilization and chemical precipitation, is accomplished
with Bio-Gel hydroxyapatite media. Hydroxyapatite, a form of calcium phosphate,
has a high capacity for proteins and other macromolecules, yet does not bind low
molecular weight substances. Selective elution with either step or linear phosphate
gradients separates proteins from small molecules and can also concentrate or frac-
tionate proteins. A batch technique, however, provides the most efficient method for
concentrating very dilute protein solutions. Hydroxyapatite media is available either
hydrated or as a dry powder. It is also available in convenient prepacked Econo-Pac
HTP cartridges suitable for small sample preparation applications.

Dilute protein samples can also be concentrated using Bio-Gel P-6DG desalting
gel. The solution to be concentrated is placed in dialysis tubing which is then cov-
ered with dry gel. The sample is concentrated as water diffuses out of the tubing
into the gel. Bio-Gel P-6DG gel provides a simple concentration method for sam-
ples of 5 ml or greater.

Acidic and Basic Proteins

lon exchange chromatography can be used to concentrate and purify many proteins.
Since proteins are amphoteric molecules, the net charge of a given protein can be
manipulated by altering its pH. Ata pH > pl, proteins are negatively charged, while
at pH < pl, proteins are positively charged (Table 1.5). Thus, cation or anion
exchange resins can be used to bind any given protein. However, since most pro-
teins maintain activity at a physiological pH, it is usually desirable to keep protein
solutions at or near neutral pH. It is also important to consider the pl of the mole-
cule of interest in relation to the pls of the contaminants to be removed, as it may be
necessary to select a pH range outside of the physiological range to obtain the
desired separation.
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Table 1.5 Properties of Acidic and Basic Proteins at Physiological pH

Protein Type Binding pH Range AtpH7 Resin Type

Acidic protein
pl<7 pH =1 unit > pl Negative net charge Anion exchange resin

Basic protein
pl>7 pH =1 unit < pl Positive net charge Cation exchange resin

Bio-Rad offers strong and weak cation and anion supports for protein concentra-
tion and purification. Strong ion exchangers like the Macro-Prep Q and S supports
can be used over a wide pH range (1-10), while weak ion exchangers operate over
narrower pH ranges (see table 1.6). The Macro-Prep supports are available in
Econo-Pac cartridges, which are ideal for small sample preparation applications.
In addition, due to their exceptional mechanical and chemical stability, these sup-
ports are ideal for scale-up applications.

Table 1.6 lon Exchange Supports for Protein Concentration and Purification

Support Functional Operating Capacity
Type Ligand pH Range
Macro-Prep Q support strong anion N*(CH,), 1-10 >15 mg BSA/ml
Macro-Prep high Q support strong anion N*(CH,), 1-10 >25 mg BSA/ml
Macro-Prep S support strong cation SO, 1-10 >35 mg 1gG*/ml
Macro-Prep high S support strong cation SO, 1-10 >55 mg 1gG*/ml
Macro-Prep DEAE support weak anion N*(C,Hy), 4-8 >30 mg BSA/ml
DEAE Bio-Gel A gel weak anion N*(C,Hy), 2-95 4510 mg/ml
hemoglobin
Macro-Prep CM support weak cation COO 4-13 >20 mg BSA/ml
CM Bio-Gel A gel weak cation COO 4.5-10 4510 mg/ml
hemoglobin
Bio-Rex 70 resin weak cation COO 5-14 0.5 meg/ml

*Human IgG




Serum Proteins
Albumin

Antibodies

Albumin, the major serum constituent, can be effectively removed from plasma and
serum by affinity chromatography with Affi-Gel blue gel. This gel can quickly
remove more than 95% of the serum albumin with little non-specific adsorption of
the other serum proteins. The binding of albumin is so strong that a high concen-
tration of salt or chaotropic reagent is required to desorb it. Other serum proteins
either do not hind to Affi-Gel blue gel or can be eluted with relatively low concen-
trations of salt. Affi-Gel blue gel is available in two mesh sizes; a faster flowing
50-100 mesh, and a higher capacity, slower flowing 100-200 mesh. It is also avail-
able in convenient Econo-Pac blue cartridges for easy sample preparation.

Bio-Rad offers chromatography supports, columns cartridges, and Kits for sample
preparation in antibody purification applications. lon exchange, affinity, gel filtra-
tion, hydrophobic interaction (HIC), and hydroxyapatite techniques are all used
for antibody samples. The choice of technique depends upon many factors, includ-
ing sample complexity, sample volume, and the purification goal. Combinations of
these techniques can be used to increase the final level of purity (Table 1.7).

Dye-ligand affinity chromatography, using DEAE and CM Affi-Gel blue products,
is useful for the purification of monoclonal and polyclonal antibodies from serum.
CM and DEAE Affi-Gel blue gels are bifunctional gels that combine ion exchange
and dye affinity chromatography to bind albumin and other serum proteins. These
gels will remove albumin and protease from serum or ascites fluid for the prepara-
tion of protease-free antibodies or enriched serum samples. DEAE Affi-Gel blue
gel is available in convenient Econo-Pac cartridges, Econo-Pac serum IgG purifica-
tion columns and in a kit format which includes everything necessary to purify
IgG from serum.

Hydroxyapatite, a crystalline form of calcium phosphate, provides excellent reso-
lution using gentle separation conditions. Hydroxyapatite can be used for the
purification of polyclonal and monoclonal antibodies, the separation of IgG from
IgM, light chain analysis, and the concentration of antibody from large volumes of
cell culture supernatant. Econo-Pac HTP cartridges provide the most convenient
format for using hydroxyapatite with low pressure chromatography set-ups.
Hydroxyapatite chemistry is also available in a Macro-Prep support. The Macro-
Prep Ceramic Hydroxyapatite support is ideal for scale-up applications due to its
high chemical and mechanical stability.
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Antibody Sample

Purification of IgG

i

[

[

[

1

Immunoaffinity Protein A lon exchange | | Hydroxyapatite Hydrophobic
affinity interaction
| |
Immobilized Econo-Pac Econo-Pac Econo-Pac Econo-Pac
antigen protein A Q,S,CM HTP methyl
column columns cartridges cartridge HIC
using ] and cartridge
Affi-Gel 10 cartridges
gel
Affi-Gel Macro-Prep Bio-Gel and Macro-Prep
L | protein A ion Macro-Prep L HIC
supports exchange Hydroxyapatite supports
and kits supports supports

’Purify IgM or separate 1gG from IgM ‘

l l

’Hydroxyapatite‘ ’ lon exchange ‘ ’ Gel filtration ‘
Econo-Pac Econo-Pac Bio-Gel
i HTP — Q,S,CM A gels
cartridge cartridges
Bio-Gel and Macro-Prep
|| Macro-Prep | | | ion
Hydroxyapatite exchange
supports supports

Table 1.7. Guide to Antibody Purification

Protein A, a bacterial-coat protein from Staphylococcus aureus, binds the Fc portion
of immunoglobulins. This specificity insures a high level of purity. Protein A affin-
ity chromatography is especially useful for the purification of monoclonal mouse
19G, including mouse IgG, as well as human and rabbit IgG. Protein A affinity
supports, kits, prepacked columns, and cartridges are available to make these
applications convenient.
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Gel filtration with Bio-Gel A-0.5 ml gel may be used for the separation of IgG from
IgM by exploiting the molecular weight and size differences between them.
Additionally, desalting columns (packed with gel filtration supports) such as
Econo-Pac 10DG columns or Econo-Pac P6 cartridges are useful in many proto-
cols. Desalting or buffer exchange is often required between purification steps and
the use of desalting columns rather than dialysis can save time.

Hydrophobic interaction chromatography (HIC) can be used as a faster and higher
resolution alternative to ammonium sulfate precipitation steps. HIC has been
shown to be the technique of choice for the purification of certain rat antibodies
and as a second step after ion exchange for the purification of mouse antibodies.
Bio-Rad offers a mildly hydrophobic Macro-Prep methyl HIC support and a more
hydrophobic Macro-Prep t-butyl support. The Macro-Prep HIC supports are avail-
able in 1 ml and 5 ml Econo-Pac cartridges for easy sample preparation.

Econo-Pac cartridges.
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Table 1.8. Econo-Pac Cartridge Specifications

Application
Protein and plasmid
purification

Protein and plasmid
purification

Protein purification
Protein purification

Protein purification
cartridge

Protein purification

Protein purification

Protein and nucleic
acid purification

Antibody purification

Desalting, buffer
exchange

Purification of
growth factors,
proteases, DNA-
binding proteins,
endonucleases

IgG purification

Albumin removal,
purification of
serum proteins,
various enzymes

Cartridge
Name

Econo-Pac

high Q cartridge
Econo-Pac Q
cartridge

Econo-Pac
high S cartridge

Econo-Pac S
cartridge

Econo-Pac CM

Econo-Pac
t-Butyl HIC
cartridge

Econo-Pac
methyl HIC
cartridge

Econo-Pac HTP
cartridge

Econo-Pac
protein A
cartridge

Econo-Pac P6
cartridge

Econo-Pac
heparin
cartridge

Econo-Pac DEAE
blue cartridge

Econo-Pac blue
cartridge

Functional
Group

-N*(CH,),

-N¥(CH,),

-OCH,

[Ca,(PO,),0H],

Protein A

Heparin

Cibacron Blue
F3GA and DEAE

Cibacron blue
F3GA dye

Bed
Volume

5ml
1ml

5ml
1ml

5ml
1ml

5ml
1ml

5ml
1ml

5ml
1ml

5ml

1ml

5ml

1ml

5ml

5ml

5mil

5mil

Protein
Capacity

2170 mg BSA
40 mg BSA

75 mg ferritin
15 mg ferritin

2230 mg human IgG

55 mg human IgG

175 mg human IgG

35 mg human IgG

125 mg hemoglobin
25 mg hemoglobin

>65 mg HSA
>15 mg BSA

40 mg BSA
8 mg BSA

15 mg BSA

30 mg lysozyme
3 mg BSA

6 mg lysozyme

34 mg mouse
monoclonal IgG
70 mg human IgG

8 mg mouse
monoclonal IgG
16 mg human IgG

100 plto 3.0 ml
sample volumes

Varies greatly
depending on
the protein

0.3-1.0 ml serum
sample volumes

0.3-1.0 ml serum
sample volumes

Recommended
Flow Rate

0-3.0 ml/min
1.0 ml/min

. 0 ml/min
ml/min

. ml/min
ml/min

0
0
0
0 ml/min
0 ml/min
0 ml/min
0 ml/min
0
0

ml/min
ml/min

1
0.5~
1.0-3.
0.5-1.
1.0-3.
0.5-1.
1.0-3.
0.5-1.
1.0-3.
0.5-1.
0.5-3.
0.5-1.

0.5-3.0 ml/min
0.5-1.0 ml/min

0.5 ml/min

0.6-0.8 ml/min

0.5-1.5 ml/min
0.1-0.5 ml/min

0.5-1.0 ml/min

1.0-3.0 ml/min

0.5-2.5 ml/min

0.5-2.5 ml/min
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Bio-Rex 70 resin
Hydroxyapatite
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Affi-Gel 10 gel
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Desalting and Buffer Exchange

| T
MW 6,000 - 40,000 | | Bio-Spin 6
or 5 bp nucleic acid columns
Volume < 0.1 ml
MW >40,000 | | Bio-Spin 30
or 20 bp nucleic acid columns

Volume 1 - 3 ml
— Econo-Pac
10DG column

MW > 2,000 |»

Volume > 3 ml
{ MW > 6,000 }~ Bio-Gel
P-6DG gel

Volume 0.1 - 3 ml
Econo-Pac P6

Volume > 0.1 ml cartridge
{ MW 4,000 - 6,000 H Bio-Gel P-4 gel \

{ MW 2,000 - 4,000 H Bio-Gel P-2 gel \

[

AG 11 A8 resin

Amino acids and
peptides

AG 50W-X8 resin
MW < 2,000 {Hydrophobic sample F Bio-Beads SM

adsorbents
|| Peptide with tyrosine| | Bio-Beads SM
or tryptophan residue adsorbents

Table 2.1. Guide to Desalting and Buffer Exchange

Introduction

Desalting and buffer exchange are often required in order to perform many
analytical assays or for the next step in a purification scheme. Dialysis, the most
common technique for desalting and buffer exchange can be very time consuming.
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Methods

A more desirable alternative for desalting and buffer exchange is gel filtration.
This method is as effective as exhaustive dialysis in far less time. Other desalting
and buffer exchange methods include ion retardation, adsorption, and ion
exchange chromatography. The method to be used for salt removal or buffer
exchange depends on the properties of the sample, its molecular weight, and the
volume to be desalted. Table 2.1 can help you select among the products available
for desalting and buffer exchange.

MW > 2,000 Daltons (Gel Filtration)

Desalting and buffer exchange of samples with molecular weights greater than
2,000 daltons is easily accomplished using Bio-Gel P polyacrylamide gel filtration
media. In gel filtration chromatography, small molecules enter the pores of the gel
and are retained, while large molecules are excluded from the pores and eluted in
the void volume. In this way salts, including buffer salts, are separated from larger
molecules such as proteins and nucleic acids. Bio-Gel P gels are available in
several particle size ranges with exclusion limits ranging from 1,800 to 100,000
daltons. Bio-Gel P-2, P-4, and P-6 gels are excellent for removing salts from
samples containing biomolecules larger than 1,800, 4,000, and 6,000 daltons,
respectively. Bio-Gel P gels are available in bulk for self-packing or in convenient
prepacked columns and cartridges. Bio-Spin 6 and 30 columns are recommended
for small sample volumes (< 100 ul). These columns combine gel filtration and
centrifugation to provide rapid, convenient desalting while minimizing sample
dilution. For samples larger than 100 pl, self-packed or prepacked Econo-Pac
10DG columns and Econo-Pac P6 cartridges are recommended. These columns
can desalt samples up to 3 ml in minutes (Figure 2.1 and 2.2).

MW < 2,000 Daltons (lon Exchange and Adsorption)

lon retardation, ion exchange, and adsorption chromatography are extremely
useful techniques for desalting and buffer exchange applications when the biomol-
ecules to be desalted are smaller than 2,000-4,000 daltons. Small amphoteric
molecules, such as amino acids and peptides, can be desalted using AG 11 A8 ion
retardation resin or AG 50W-X8 cation exchange resin. AG 11 A8 resin is used for
desalting and buffer exchange of amphoteric compounds up to 4,000 daltons,
while AG 50W-X8 ion exchange resin is used for desalting cationic compounds up
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to a molecular weight of 1,000 daltons. AG 50W-X8 resin is especially useful for
amino acid samples, and is the resin of choice when the sample is in acetate or cit-
rate buffer. AG 50W-X8 resin should not be used for hydrophobic compounds
because they will non-specifically adsorb to the resin matrix. AG 50W-X8 resin is
available in several particle size ranges and in prefilled Poly-Prep columns for
added convenience. Bio-Beads SM adsorbents are ideal for desalting hydrophobic
compounds and are recommended for desalting peptides containing tyrosine or
tryptophan residues.

Conditions
Column: Econo-Pac 10DG
desalting column

Sample: Bovine serum albumin in
250 mM NacCl, 3.0 ml
Eluant: H,0 1 2
Flow rate: 1.0 ml/min
Peaks: 1. BSA,
2. NaCl
Conductivity
0.D. 280

Fig. 2.1. Protein desalting with the Econo-Pac 10DG desalting column.

Conditions

Column: Econo-Pac 10DG
desalting column

Sample: 125] Jabeled follicle stimulating
hormone, 3.0 ml

1 Eluant: H,O
Flow rate: 1.0 ml/min
Peaks: 1. 125 |abeled FSH,

2. 125] (unincorporated)

Fig. 2.2. Separation of radiolabeled protein from unincorporated radiolabel.
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Plasmid Purification and Probe Clean-up

| - TTTT—
Cellular | | Prep-A-Gene
contaminants matrix or kit
— InstaGene kit
| | PCR-inhibiting | | Volume > 3 ml
contaminants 1 Bio- N
Chelex 100 resin Bio-Gel P-6DG gel
Contaminants | || {eleme 0431
m < gﬁ)c(l)((a)icogg’idbp [ column or Econo-
Pac P6 cartridge
| | Volume < 100 pl
Bio-Spin 6 column
Nucleotides or
Nucleicacid | |  otherionic [ Volume > 100 pl
sample contaminants Contaminants Bio-Gel 30 gel
H < 40,000 or 20 bp
nucleic acid Volume < 100 pl
- Bio-Spin P-30
column
Contaminants
1< 60,000 or 55 bp Bio-Gel P-60 gel
nucleic acid
| | DNAisolation | | Prep-A-Gene
from agarose gel matrix or kit

Molecular Biology
Grade AG 50W-X8

| | Ethidium bromide resin
removal .
Bio-Beads SM
adsorbents

Table 3.1. Guide to Plasmid Purification and Probe Clean-up

Introduction

It is often necessary to separate plasmid DNA from cell lysates or compounds such
as unincorporated nucleotides, unincorporated linkers, and ethidium bromide, or
to remove radiolabel or perform buffer exchange on nucleic acids and oligonu-
cleotides. Table 3.1 can help you select among the products available for plasmid,
oligonucleotide, and probe purification.
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Applications

Ethidium Bromide and Propidium lodide Removal

The intercalating dye reagents, ethidium bromide and propidium iodide, are com-
monly used to visualize single- and double-stranded nucleic acids. The presence of
these dyes may inhibit restriction enzyme function, transformation efficiencies,
and other applications utilizing DNA and RNA. AG 50W-X8 ion exchange resin is
useful for removing both ethidium bromide and propidium iodide after use. The
fluorescent labeled nucleic acid is simply passed over a column of the AG 50W-X8
resin, which removes the dye, and the pure preparation is collected in the void
volume. Alternatively, ethidium bromide can be removed from nucleic acid prepa-
rations using Bio-Beads SM adsorbents.

DNA Isolation from Agarose Gel
The Prep-A-Gene DNA purification matrix provides an easy, efficient method for
recovering DNA from agarose gels. The novel matrix can be used to extract,
purify, and concentrate DNA in less than 20 minutes. In a simple procedure, DNA
is bound to the matrix while contaminants are washed away. The DNA is subse-
quently eluted from the matrix, yielding recoveries in excess of 85%. The purified
DNA can be used for transformation, restriction enzyme digestion, ligation, and
sequencing procedures. The Prep-A-Gene matrix is available separately or in con-
venient Prep-A-Gene DNA purification kits which include the binding, wash, and
elution buffers.

Radioactive Label Removal

The removal of unincorporated radioactive label is often required in nucleic acid
experiments or is necessary to prevent interference in subsequent assays. For
example, unincorporated radioactive label removal is very important to determine
the labeling efficiency of a labeling reaction. Also DNA free of unincorporated label
is required when the DNA is to be used as markers for gel electrophoresis, as
substrates for enzymatic reactions, or as probes for hybridization. Bio-Rad offers
several alternatives for radiolabel removal including gel filtration and adsorption
chromatography. Gel filtration chromatography using Bio-Spin columns is ideal
for removing unincorporated nucleotides. Separation occurs as the small nucleotide
molecules are retained in the pores of the gel while the larger DNA molecules

are eluted in the elution volume. These prepacked columns are quality-control
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certified to insure a high recovery of DNA and a high retention of unincorporated
nucleotides. Bio-Spin 6 columns are suitable for the purification of nucleic acids
greater than ~ 5 bp in length, while Bio-Spin 30 columns are best suited for nucleic
acids greater than ~ 20 bp in length. Bio-Gel P gel is also available in bulk,
prepacked cartridges, and Econo-Pac 10DG columns for larger sample volumes.
Alternatively, the Prep-A-Gene DNA purification kit efficiently removes nucleoside
triphosphates from radiolabeling reactions. DNA binds to the matrix while the
unincorporated nucleotide triphosphates do not. The unincorporated label is
washed away with other reaction components and the DNA is subsequently eluted
in a purified, concentrated form. Finally, nucleotides can also be concentrated
using Bio-Beads SM-2 or SM-7 adsorbents.

End cap

Fully autoclavable

Graduated volume
markings

Collection tube adaptor

ring

Porous polymer bed
support

Luer column tip,
with snap off tip

Bio-Spin columns.

Plasmid Purification
Methods for plasmid purification include adsorption, size exclusion, and ion
exchange chromatography. Bio-Rad offers the following products for
plasmid purification.
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Prep-A-Gene DNA or plasmid purification kits provide a fast and efficient means
for DNA purification. The kits provide everything necessary for the purification
and concentration of DNA > 200 bp. Using a batch technique, DNA is adsorbed
onto the silica-like matrix, and RNA, protein, and other cellular components are
washed away. The purified DNA is then eluted using elution buffer and is recov-
ered in a form immediately available for use in cloning protocols. Using the Prep-
A-Gene matrix and the GS Gene Prep manifold, 24 single-strand DNA (M13,
phagemid) samples can be purified for nucleotide sequence analysis from phage
supernatants in 45 minutes. Up to 24 double-strand DNA (plasmid) samples can
be purified for either restriction enzyme analysis or nucleotide sequence analysis
from cleared bacterial lysates in 2 hours.

lon exchange chromatography is yet another method for plasmid purification.
Plasmids can be purified using the Macro-Prep Q support without the need for
cesium chloride gradients or phenol/chloroform extractions. This method produces
plasmid DNA of the purity necessary for restriction enzyme digests, ligation reac-
tions, and transformation protocols (Figures 3.1 and 3.2). The Macro-Prep Q sup-
port is available in convenient Econo-Pac cartridges in both 1 ml and 5 ml sizes.

Sample: 10 ml lysate from 1 liter overnight culture 1 2 3 4 5
Conditions:  Buffer A: 50 mM MOPS, pH 8.0
15% ethanol

0.3 M NaCl
Buffer B: 50 mM MOPS, pH 8.0
15% ethanol

0.75 M NacCl
Gradient: 0-100% B

in 40 min aPY T
. } cc E
Flow rate: 1.5 ml/min ‘; §2S g

- —
Cartridge: Econo-Pac Q 8 59899 <o
cartridge, 5 ml 2 E < 3
Detection: 254 nm, £ “g
2.56 AUFS a

-

c

2

e}

2 s

< 2

IS

&

Lane 1: pUC19 uncut Lane 4: pUC19 Hae Il
Lane 2: pUC19 EcoR | Lane 5: | Hindlll
Lane 3: pUC19 BamH |

Time 100 min

Fig. 3.1. Purification of pUC19 using Econo-Pac Fig. 3.2. Verification of plasmid purity. 1%
Q cartridge. agarose gel of 0.5 ng pUC 19 purified with
Econo-Pac Q cartridge.
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Removal of PCR Inhibiting Contaminants

The InstaGene kit provides convenience and dependability in removing
PCR-inhibiting components from genomic DNA preparations prior to PCR ampli-
fication. The unique matrix binds contaminants of the PCR procedure while the
DNA remains in solution. A simplified protocol eliminates phenol/chloroform
extractions and deproteinization steps. The kit is functionally tested to insure its
ability to provide a useful DNA template for PCR amplification. Biotechnology
grade Chelex 100 resin can also be used in DNA preparations prior to PCR ampli-
fication, however, the resin is not functionally tested for this application.
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Oligonucleotide desalting

Oligonucleotide purification

Plasmid purification

Propidium iodide removal

Bio-Gel P-100 gel

Econo-Pac 10DG
desalting columns

Bio-Gel P-60 gel
Bio-Gel P-6DG gel
Chelex resin
Hydroxyapatite
Prep-A-Gene DNA
purification kit
AG 50W-X8 resin

Bio-Beads
SM adsorbents
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Detergent Removal

Dilute
—  protein
samples

Sensitive
— protein
samples

Sample
with
detergent

Most
— protein [+
samples

Hydrophobic
protein
samples

[

Bio-Gel HT
or HTP
supports

Econo-Pac
HTP
cartridge

Bio-Gel HT
or HTP
supports

Econo-Pac
HTP
cartridge

lonic

(] detergents ||

Non-ionic

Triton
X-100

Bio-Gel HT
or HTP
supports

Econo-Pac
HTP
cartridge

Table 4.1. Guide to Detergent Removal

Introduction

Cationic
detergent

AG 50W-X8
resin

[

Anionic

detergent
SDS

Bio-Beads
SM-2
adsorbents

AG 11 A8
resin or
AG 1-X2
resin

| | detergent | |

Bio-Beads
SM-2
adsorbents

Bio-Beads
SM-2
adsorbents

Detergents are used to solubilize proteins in many purification protocols and ana-
Iytical assays. It then becomes necessary to remove the detergents due to their
interference with subsequent procedures. In some cases, detergents interfere with
protein analysis and quantitation. Detergent molecules are amphiphilic molecules
consisting of a hydrophobic “tail” and a hydrophilic “head”. The hydrophilic head
may contain either ionic or nonionic chemical structures. The type of detergent
and the stability or sensitivity of the protein present in the sample determines the

optimal detergent removal method.
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Methods

Non-lonic Detergents

lonic Detergents

Hydrophobic interaction chromatography with Bio-Beads SM-2 beads is ideal for
removing non-ionic detergents such as Triton X-100, NP-40, Tween-20, and octyl-
glucoside. The hydrophobic beads adsorb the hydrophobic tail of the detergent for
easy removal. Removal can be accomplished by either batch or column methods
and the beads can be used in aqueous solutions or with a variety of solvents.

lon exchange chromatography is recommended for the removal of ionic deter-
gents. lon exchange resins are available to remove either cationic or anionic
detergents. AG 11 A8 ion retardation resin provides a rapid and efficient method
for removing anionic detergents such as SDS from proteins. AG 50W-X8 strong
cation exchange resin is recommended for removing cationic detergents from pro-
tein samples. Alternatively, Bio-Beads SM-2 adsorbents can be used to remove
ionic detergents from small sample volumes. As with non-ionic detergent removal,
the hydrophobic tail of the ionic detergent is adsorbed by the hydrophobic beads.

Sensitive or Dilute Protein Samples

Hydroxyapatite is recommended for removing detergents from samples containing
sensitive enzymes or other proteins which may be affected by exposure to ion
exchange resins. Hydroxyapatite is particularly useful with dilute protein solu-
tions. Protein binds to the hydroxyapatite support, while the detergent is
unretained. The protein is subsequently eluted from the column.
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Detergent removal, Triton X-100

Detergent removal, Tween-20

Bio-Beads
SM-2 beads

Bio-Beads
SM-2 beads

1]

30

Bonomi, F. and Kurtz, D., Anal. Biochem., 142, 226 (1984);
Bonomo, E. A.and Swaney, J. B., J. Lipid Research, 29, 380
(1988); Braun, P., et al., Biochem., 29, 10376 (1990);
Drexler, G., et al., J. Inmunol. Methods, 95, 117 (1986);
Holloway, P. W., Anal. Chem., 53, 304 (1973); Metsikko, K.,
etal., EMBO Journal, 5, 3429 (1986); Welling, G. W., et al.,
J. Chromatog., 297, 101 (1984).

Lamphear, B. J. and Panniers, R., J. Biol. Chem., 265, 5333
(1990).



lonic Contaminant Removal

Introduction

lonic contaminant removal is an important sample preparation step prior to analy-
sis or purification of compounds. Applications vary from general protocols for
buffer deionization and metal ion removal to unique applications for removal of
specific ionic contaminants. Bio-Rad products for ionic contaminant removal
include anion exchange resins, cation exchange resins, mixed bed resins, and ion
retardation resins.

Deionization

Volume > 1 liter
AG 501-X8 resin
using column method

Reagents, buffers,
and water

Volume < 1 liter
AG 501-X8 resin
using batch method

AG 501-X8 resin
using batch method

Deionization

%{ Carbohydrate sample

AG 2 or AG 4 resin
followed by AG 50W resin

AG 501-X8 resin
with dialysis tubing

{ Protein sample

AG 11 A8 resin

Table 5.1. Guide to Deionization

Typical deionization applications include deionization of carbohydrates, separa-
tion of unincorporated label from a labeled sample, removal of ionic contaminants
from protein solutions, and deionization of other reagents such as water, for-
mamide, acrylamide, urea, and glyoxal. Table 5.1 lists products for specific

deionization applications.
» K




Mechanism

Methods

AG 501-X8 mixed bed resins are specifically designed for deionization protocols.
Mixed bed resins consist of equivalent amounts of strong cation and strong anion
exchange resins, in their respective hydrogen and hydroxyl forms. Deionization is
achieved by exchanging solute cations for hydrogen and solute anions for
hydroxyl, with the resulting neutralization yielding water.

Resin-H + Resin-OH + NaCl - Resin-Na + Resin-Cl + H,0

The separation mechanism of the AG 11 A8 resin is ionic adsorption rather than
conventional ion exchange. The AG 11 A8 resin contains strong anion exchange
groups and weakly acidic cation exchange groups which retard ions as they pass
through a column. Adsorbed salts move down the column during water elution
because the fixed exchange groups compete with the mobile salt ions to become
self-adsorbed.

Deionization may be achieved by either batch or column methods. With the batch
method, the resin is added directly into the solution to be deionized, followed by
stirring to achieve deionization. The column method requires preparing a chro-
matography column and pouring the solution to be deionized over the column.
The results shown in Table 5.2 demonstrate that the column method provides
higher purity in less time. However, the batch method is more commonly used,
since it provides reagents of acceptable quality and is more convenient.

Table 5.2. Batch vs Column Deionization of Urea with Mixed Bed Resin

Batch Column
Sample 100 ml 6 M urea 100 ml 6 M urea
Starting conductivity 70 umho/cm 70 umho/cm
Amount of AG 501-X8 resin 5¢g 5¢g
Final conductivity 5.0 pmho/cm 0.2 ymho/cm
Time 5 hours 10 minutes
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Applications
Reagents, buffers,
and water

Protein samples

Reagent preparation applications include deionization of water and other non-ionic
solutions. AG 501-X8 mixed bed resins are recommended for complete deioniza-
tion of non-electrolyte solutions. The batch method provides a convenient way to
deionize electrophoresis reagents. The procedure was originally described by
Maniatis® for deionization of formamide, but can be used for other non-ionic
reagents such as urea, glyoxal, and acrylamide. Generally, for reagent preparation
applications, the batch method is recommended for sample sizes of less than 1
liter and the column method is recommended for sample sizes in excess of 1 liter.

Protein samples can be deionized using AG 501-X8 mixed bed resins. However,

care must be taken to eliminate non-specific binding of hydrophobic proteins to
the resin matrix. Non-specific binding of protein is of special concern when pro-
tein concentrations are low or when protein samples are very valuable. Non-spe-
cific binding may be eliminated by placing the mixed bed resin in dialysis tubing
to prevent direct contact between the protein and the resin.

Carbohydrate Carbohydrate samples are also deionized using AG 501-X8 mixed bed resins. Non-
samples specific adsorption of carbohydrates and polyhydric alcohols can be minimized by
using a batch technique and removing the resin from the carbohydrate solution
immediately following deionization. Alternatively, tandem columns of AG 2-X8
and AG 50W-X8 resin can be used to remove ions from carbohydrates, dextrans,
and polyhydric alcohols. Additionally, sucrose, fructose, and glucose are success-
fully deionized with AG 4-X4 and AG 50W-X8 resins.
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Application Product Reference
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Urea AG 1-X8 resin Nelson, D. A, et al., Biochem., 21, 4350 (1982); Senear, D.
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Metal lon Removal

‘ Metal lon Removal ‘

I
[ [ 1

Anions and cations Cations Anion complexes
AG 501-X8 pH > 4 pH<4 pH <2
resin
T ‘ T
Chelex 100 AG 50W or Chelex 100
H resin AG MP-50 | H resin
resin
AG 50W or AG 1 or
- AG MP-50 L AG MP-1
resin resin

Table 5.3. Guide to Metal Removal

lon exchange resins are the products of choice for metal concentration and
removal. Many methods of trace metal analysis depend on the prior separation and
concentration of metals from such samples as air, soil, industrial waste water, and
biological extracts. Trace metals can be concentrated directly by adsorption to
Chelex 100 chelating resin or AG 50W strong cation exchanger, or indirectly
through the adsorption of metal-anion complexes on AG 1 strong anion exchange
resin.

34



Mechanism

Metal cations

Metal anion
complexes

Metal cation and
anion removal

Applications
Trace metal removal,
concentration,

and metal analysis

In ion exchange chromatography, ions are adsorbed by electrostatic forces. lons
bind to cation and anion exchange resins according to specific selectivities.
Alternatively, Chelex chelating resin contains paired iminodiacetate ions which
act as chelating groups to bind polyvalent metal ions. Chelex has a high preference
for heavy metals over monovalent cations and has a very strong attraction for tran-
sition metals. Any metal removed from solution is replaced by an equivalent
amount of the resin’s counterion.

Chelex chelating resin has a high selectivity for polyvalent cations and is the pre-
ferred method for metal ion removal. Cation adsorption is very low at pH < 2,
increases sharply from pH 2-4, and reaches a maximum at a pH > 4. Therefore, for
cation removal, Chelex resin is recommended for use at pH > 4. AG 50W strong
cation exchange resin can also be used for metal concentration, separation, and
removal. However, the selectivity for transition metal cations is very high and elu-
tion is difficult.

The concentration or removal of metal-anion complexes can be achieved through

adsorption on AG 1 anion exchange resin. Alternatively, Chelex 100 resin can be

used to bind anion complexes, since it has been found to act as an anion exchang-
eratpH <22

AG 501-X8 mixed bed resin can be used to remove metals and anionic metal
complexes from solutions. Since AG 501-X8 mixed bed resin consists of equiva-
lent amounts of AG 1-X8 strong anion exchange resin and AG 50W-X8 strong
cation exchange resin, it is ideal for removing metals from solutions containing
both anionic metal complexes and metal cations.

Chelex resins’ high affinities for copper, iron, and other heavy metals, as well

as calcium and magnesium ions, make them uniquely suited for removing, con-
centrating, or analyzing trace metals in solutions, even when large amounts of
sodium and potassium are present. The resins have been used for analysis of trace
metals in natural waters, reagents, biochemicals, physiological fluids, culture
media, soils, and enzyme systems. Trace metals can be concentrated by adsorption
to Chelex chelating resin. The use of Chelex resin to pre-concentrate samples for
analysis has been extensively reviewed.® Determination of subnanogram levels of
Cd, Co, Cu, Fe, Mn, Ni, Pb, and Zn can be achieved using Chelex 100 resin.*
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Buffer purification

Chelex 100 resin is recommended for removal of heavy metal ion contaminants in

buffers and reagents. It is a very powerful tool in the preparation of high purity
buffers, since it has a very strong attraction for transition metals even in the pres-
ence of high salt concentrations.
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Product

Reference

Metal removal from ATP
sodium salt

Metal removal from buffer

Metal removal from buffer
biological samples

Metal removal from
enzyme preparations

Metal removal from
$100b and melittin

Oligonucleotide purification

Paramagnetic impurities
removed from oligonucleotides

PCR signal enhancement

Potassium chloride purification

Preirradiation separation
mechanism

Protease inhibition

Protein dialysis

Protein solution clean-up
Reagent purification for NMR
Sample preparation

Sea water analysis

Selenium determination in fat
materials and petroleum
products

Trace metal extraction
from seawater

Trace metal separation
Transition metal separation
Uridine 5'-diphosphate

chloroacetol synthesis

Vanadium in seawater

Chelex resin

Chelex resin

Chelex resin

Chelex resin

Chelex resin

Chelex resin

Chelex resin

Chelex resin

Chelex resin

Chelex resin

Chelex resin
Chelex resin
Chelex resin
Chelex resin
Chelex resin
Chelex resin

Chelex resin

Chelex resin

AG 50W-X4 resin

Chelex resin

Chelex resin

Chelex resin
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Vanadium separation from Chelex resin Fassett, J. D. and Kingston, H. M., Anal. Chem., 57, 2474
biological materials (1985).
Water purification Chelex resin Grimshaw, C. E., et al., Biochem., 29, 9936 (1990).

2. El Sweify, F. H., Shabana, R., Abdel-Rahman, N. and Aly, H.F., J. Radioanal. Nucl. Chem., 91 (1), 91 (1985).
3. Riley, J. P. and Skirrow, G., Chemical Oceanography, Vol 3, Academic Press, New York (1975).
4. Kingston, H. M., Barnes, I. L., Brady, T.J. and Rains, T. C., Anal. Chem., 50, 2064 (1978).

Anion and Cation Removal

AG 4-X4
resin
| Hydrophobic
sample
AG MP-1
resin
MW < 1,000
M AG 1-X8
| | Carbohydrate| | AG 2-X8 resin
sample resin
MW 1,000 - 1,400
m AG 1-X4
Other resin
anions
MW 1,400 - 2,700
B AG 1-X2
Mixed anions resin
Sample | — and cation [— AG r5e(s)i%1_X8
with anions sample MW > 2.700
1 AG MP-1
|| Radioactive | | AG MP-1 resin
sample resin
| | Organicacid | | Bio-Rex5
sample resin
AG 4-X4
resin
Without
proteins
AG 3-X4
|| Mineral acid resin
sample
With || AG 11 A8
proteins resin

Table 5.4. Guide to Anion Removal
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MW < 1,000
AG 50W-X8
resin

MW 1,000 - 1,400
AG 50W-X4
resin

Sample
with cations

Mixed anions
and cation AG r%gi%]'xs
sample
Other
cations
Metal cation Chelex 100
sample resin
| | Organic base Bio-Rex 70
sample resin
Radioactive AG MP-50
sample resin
pH>6
Bio-Rex 70
resin
|_| Hydrophobic
sample
pH2-12
AG MP-50
resin

Table 5.5. Guide to Cation Removal

Resin Selection Parameters

MW 1,400 - 2,700
AG 50W-X2
resin

MW > 2,700
AG MP-50 resin
or Bio-Rex 70
resin

lon exchange resins can be used to remove or concentrate molecules in a variety
of samples (Tables 5.4 and 5.5). Applications of these resins range from inorganic
ion removal to concentration of large proteins. In general, for zwitterionic com-
pounds, a cationic molecule will be exchanged onto a cation exchanger if the pH
is at least 1 unit below the pl of the cation, and an anion will be exchanged onto
an anion exchanger if the pH is at least 1 unit above the pl of the anion. Inorganic
ions will exchange for the counterion of the resin if the resin selectivity is higher
than that of the counterion. lon exchange resins allow concentration of dilute
samples and isolation of compounds of interest from complex materials to be
accomplished easily and inexpensively.

The following important parameters should be considered when selecting an ion
exchange resin.
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pH

lonic form

Porosity

Particle size

Time and
temperature

The operative pH range determines which ion exchange resins can be used. Strong
anion exchangers such as AG 1, AG 2, and Macro-Prep high Q resins exchange
ions at any pH from 1-14, as do strong cation exchangers, like AG 50W, AG MP
50, and Macro-Prep high S resins. Conversely, weak cation exchangers, like
Bio-Rex 70 and Macro-Prep CM supports, function as cation exchangers only
when their functional groups are ionized (pH > 5). Weak anion exchange resins
such as AG 3-X4 and AG 4-X4 resins also only work when their functional groups
are protonated (pH < 7). When selecting a resin for a particular sample, check the
pH to confirm that the resin functional groups and the sample are oppositely
charged. A zwitterionic compound will be anionic if the pH is at least 1 unit above
its pl and cationic if the pH is 1 unit below its pl.

The ionic form (counterion) of a resin is the ion presently adsorbed by the resin.
The selectivity of the ion to be exchanged (the sample) must be higher than that
of the counterion of the resin. The relative selectivity of various ions is shown in
Table 5.6. If the selectivity of an ion is not known, success can be assured by
selecting the most reactive form of resin; e.g. AG 1 resin in the OH- form or AG
50W resin in the H* form.

The porosity of a support refers to the total pore volume within the matrix of the
support. The greater the pore volume, the greater the porosity. A very porous sup-
port may have either many small pores or few large pores. Porous supports with
high exclusion limits are recommended for high molecular weight compounds
such as proteins and other biomolecules. Low porosity supports are recommended
for low molecular weight compounds such as inorganic ions and organic acids.
Bio-Rad's high porosity supports include Macro-Prep, Bio-Gel, and Bio-Rex 70
supports. Less porous resins include AG, Dowex, and Chelex resins.

lon exchange resins are available in several particle size ranges. Large particle size
ranges such as 300-1,180 pm, or 20-50 mesh, are recommended for batch tech-
niques because they are easiest to remove from the sample. For column techniques,
particle selection is very important and depends on the column size. In general, the
38-75 pm particle size (200-400 mesh) is recommended for columns less than 1 ml,
75-150 pm (2100-200 mesh) for columns up to 10 ml, 150-300 um (50-100 mesh)
for columns up to 30 ml, and 300-1,180 um (20-50 mesh) for larger columns.

For column applications, a minimum retention time of 1-2 minutes is necessary
for ion exchange to occur. In batch applications, ion exchange continues for up to
24 hours, but for most sample preparation applications 30-60 minutes is suffi-
cient. lon exchange applications can be performed between 4-85 °C.
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Table 5.6. Relative Selectivity of Various Counterions on AG Resins

AG 50W-X8 resin AG 1-X8 resin
Relative Relative
Counterion Selectivity Counterion Selectivity

H* 1.0 OH 1.0

Li* 0.85 F 1.6

Na* 15 Propionate 2.6
NH,* 1.95 Acetate 3.2
Mn*2 2.35 Formate 4.6

K* 25 HPO, 5.0
Mg*2 25 10, 55
Fe*? 2.55 HCO, 6.0

Rb* 2.6 Cl 22

Cst 2.7 NO, 24
Zn*? 2.7 Bro, 27
Co*? 2.8 HSO, 27
Cu*? 2.9 CN- 28
Cd*? 2.95 Br 50
Ni*2 3.0 NO; 65
Ca'? 3.9 Clo, 74

Srt? 4.95 HSO, 85

Cu* 5.3 Phenate 110
Hg*? 7.2 I 175
Pb*2 75 Citrate 220

Ag* 7.6 Salicylate 450
Ba*2 8.7 Benzene- 500

sulfonate
Applications

Ampholyte removal Ampholytes are amphoteric molecules used in isoelectric focusing. Since

AG 501-X8 mixed bed resin has both anion and cation exchange capabilities, it is
ideal for removing carrier ampholytes of either positive or negative net charge.
Additionally, mixed bed resins can quantitatively remove carrier ampholytes from
protein fractions or separate ampholytes from peptides with a molecular weight
greater than 4,000 daltons.
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Organic acids

Peptides and
amino acids

Low molecular weight anionic molecules such as organic acids are removed using
AG 1-X8 resin. The resin has an approximate molecular weight exclusion limit of
1,000 daltons and is ideal for removing, concentrating, or separating low molecu-
lar weight molecules.

Since peptides and amino acids are amphoteric compounds, they can be concen-
trated or separated using either AG 1 strong anion exchange resins or AG 50W
strong cation exchange resins. The pl of the molecule and the operating pH will
determine which ion exchange resin to use. Generally, at pH > pl an anion
exchange resin is used, and at a pH < pl, a cation exchange resin is used. The
lower crosslinked resins have higher exclusion limits and are recommended for
high molecular weight molecules like peptides. Similarly, the higher crosslinked
resins have lower exclusion limits and are recommended for low molecular weight
molecules like amino acids.

Sugars and sugar

Sugars and sugar alcohols are optimally deionized using AG 2-X8 strong anion

alcohols exchange resin. The resin is similar to AG 1 resin but is capable of deionizing
sugars without isomerization. A stepwise gradient and borate buffers can be used
to separate the sugars.
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Organic Compound Removal and Concentration

[ TS
Sample with
organic
molecules
I
[ ]
Separate organic Separate organic
molecules in molecules from
organic solvents proteins and
MW 400-14,000 nucleic acids
[ I ]
Bio-Beads S-X lonic Non-ionic
beads organic organic
molecules molecules
[ : ]
AG 50W-X8 Non-polar Polar
resin compounds compounds
<40A <90 A
| AG3-X4 Bio-Beads Bio-Beads
resin SM-4 SM-
adsorbents adsorbents
40-90A
|| AG11A8 Bio-Beads
resin SM-2
adsorbents
|| AG MP-50
resin

Table 6.1. Guide to Organic Compound Removal and Concentration

Introduction

Several methods exist for removing or concentrating organic compounds. Either
the organic compound can be bound and the other compounds of interest can be
eluted, or the compounds of interest can be bound and the organic compound can
be eluted. In many cases, as in many environmental applications, the organic com-
pound is the compound of interest.
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Mechanisms

Hydrophobic Interaction

Gel Permeation

lon Exchange

Bio-Beads SM adsorbents use hydrophobic interaction chromatography to separate
molecules. The adsorbents are neutral, macroporous polymeric beads with high
surface areas for adsorbing organic molecules from aqueous solutions. Bio-Beads
SM-2 and SM-4 adsorbents are used for the adsorption of nonpolar substances.
Alternatively, Bio-Beads SM-7 adsorbents can be used for adsorbing polar sub-
stances from nonpolar solvents or for adsorbing nonpolar substances from polar
solvents. Bio-Beads SM adsorbents have been used to remove detergents, emulsi-
fiers, and wetting agents, as well as to separate water soluble steroids, phenols,
drugs, and pesticides.

Bio-Beads S-X beads are ideal for gel permeation separations of lipophilic polymers
and other solutes using organic eluants. The beads have exclusion limits from 400
to 14,000 daltons and are particularly useful for separating low molecular weight
organic polymers and other hydrophobic substances. Many different compounds
have been separated on Bio-Beads S-X beads, including pesticides, rodenticides,
polycyclic aromatic compounds, lipids, alkalines, fatty acids, polystyrenes, and a
variety of hydrocarbons.

Several ion exchange resins can be used to concentrate or separate ionic organic
molecules. For example, AG 11 A8 ion retardation resin has the ability to adsorb
mineral acids while allowing salts and organic molecules to pass through the
column. The strong acid adsorption properties of AG 11 A8 resin make it ideal for
the removal of hydrochloric acid from protein hydrolysates.

Applications

Biological Applications

Bio-Beads SM adsorbents are useful for removing polar and nonpolar compounds
from solutions of proteins and nucleic acids, since the macroporous matrix of the
adsorbent does not interact with the large biomolecules. Two common biological
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applications are detergent removal with Bio-Beads SM-2 beads and ethidium bro-
mide removal from nucleic acid preparations with Bio-Beads SM beads.

Additionally, Bio-Beads SM-2 beads can be used to remove excess rhodamine and
fluorescein from their respective conjugated antibody solutions.

Environmental Applications

Pesticides, PCB,
and PAH

Bio-Beads S-X2 beads are very effective for cleanup of pesticides and polychlori-
nated biphenyl (PCB) residues in fish extracts.* Bio-Beads S-X3 beads have been
used for specific separation of chlorinated pesticides from animal fat.> Clean-up of
organochlorine compounds in dairy products was achieved using Bio-Beads S-X3
resin with a cyclohexane-ethanolacetate (EtOAC) eluant.® Recoveries were approx-
imately 99% for most of the compounds studied. A rapid, easily automated

method for the detection of polycyclic aromatic hydrocarbons (PAHS) in shellfish
such as American lobster and blue mussel uses the gel permeation chromatography

technique on Bio-Beads S-X beads.* The Bio-Beads procedure is ideal as a screen-
ing method in the range of 25-18,000 ng PAH per gram of tissue.
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Application

Product

Reference

Organophosphorous pesticide
determination in food

PAH determination in shellfish

PCBs adsorption from seawater

Pesticide residue analysis

Phenol adsorption

Phenolic acid adsorption
from soil

Phosphatidylcholine and
adsorption

Phosphatidylethanolamine
adsorption

Plant growth hormone
adsorption

Plant hormone adsorption

Plasma clean-up

Porphyrin purification

Proline isolation from
fossil bone

Prostaglandin adsorption
from biological fluids

Pulmonary reaction to IV
injected polymer beads

Purine, pyrimidine, and
nucleoside adsorption

Rodenticide analysis in
animal tissue
Sludge clean-up

Steroid adsorption

Steroid binding measurements

Bio-Beads S-X3
beads

Bio-Beads S-X3
beads

Bio-Beads SM-2
beads

Bio-Beads S-X3
beads

Bio-Beads SM-7
beads

Bio-Beads SM-4
beads

Bio-Beads SM-7
beads

Bio-Beads SM-2
beads

Bio-Beads SM-7
beads

Bio-Beads SM-2
beads

Bio-Beads SM-2
beads

Bio-Beads S-X4
beads

Bio-Beads SM-2
beads

Bio-Beads SM-2
beads

Bio-Beads S-X8
beads

Bio-Beads SM-4
beads

Bio-Beads S-X3
beads

Bio-Beads S-X3
beads

Bio-Beads SM-4
beads

Hydroxylapatite
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Application Product Reference

Sulfathiazole concentration AG MP-1 resin Schwartz, D. P. and Sherma, J., JAOAC, 69, 72 (1986).
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Columns and Accessories

Sample

[

[

l

\

Small volume

Intermediate

Large volume

volume
Polv-Pren columns Econo-Pac Econo-Column
y-rrep columns chromatography columns

l

[

l

{

Accessories

[

[

[

|

Econo
System

Racks

Flow adaptors
and funnels

Fittings and
valves

Table 7.1. Accessories for Sample Preparation

Introduction

Columns

Small Volume
Bio-Spin
columns

Bio-Rad offers a complete line of low pressure polypropylene and borosilicate glass
chromatography columns, plus a wide selection of column accessories. Accessories
include flow adaptors, reservoirs, funnels, valves, fittings, tubing, and racks; all

essential components of high performance, low pressure chromatography.

Bio-Spin columns are disposable, polypropylene columns for centrifuge and gravity
flow chromatography applications. The Bio-Spin columns hold up to 1.2 ml of
chromatography media and can be used with most 1.5 ml microtubes or 12 x 75 mm
test tubes in centrifuge column applications. The columns have bed supports and
are completely autoclavable.
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Poly-Prep
columns

Poly-Prep chromatography columns provide a number of conveniences for sample
preparation and other small scale chromatography applications. The graduated
0.8 x 4 cm columns, constructed of high density polypropylene, hold a standard
bed volume of 2 ml of chromatographic media and include a 10 ml reservoir. At
the bottom of the column is a snap-off seal which leaves a male luer tip when
removed. Poly-Prep columns are ideal for routine applications in which a small
amount of chromatographic medium is used and then discarded, or for multiple
sample clean-up applications.

Chromatography columns.

Intermediate Volume

Econo-Pac
column

Econo-Pac chromatography columns offer all the features of Poly-Prep columns
with a 20 ml bed volume and a 10 ml reservoir to accommodate larger samples. In
addition, the columns include an upper frit which protects the gel bed from
disruption and prevents the column packing from drying.

56




Large Volume

Econo-Column
columns

Econo-Column chromatography columns are borosilicate glass columns for low
pressure (< 15 psi) chromatography applications in aqueous solutions. The
columns have translucent end fittings for visualization of the entire the gel bed.
The column tips have male Luer lock end fittings for easy connection to low
pressure systems. Flow adaptors are available for the 1.0, 1.5, 2.5, and 5.0 cm
ID columns.

Systems and Accessories

Econo System

Automated Econo System.

The Econo System brings a higher level of convenience, quality, and performance
to low pressure chromatography than is possible using an assemblage of equip-
ment. Designed for the purification of milligram quantities of proteins and
nucleic acids, the Econo System is a series of high quality instruments and
prepacked cartridges that combine to create an integrated low pressure chro-
matography system which delivers outstanding performance at an economical
price. The system can be completely automated, from sample injection to fraction
collection, allowing for walk-away operation.
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Flow Adaptors

Flow adaptors improve column performance by reducing sample dilution and by
protecting the gel bed. Econo-Column flow adaptors have a three position cam
and a Derlin housing that snaps on to the column. They are available for 1.0, 1.5,
2.5, and 5.0* cm Econo-Column chromatography columns and are compatible
with jacketed Econo-Column chromatography columns as well as Econo-Pac
columns.

Tubing and Fittings

Bio-Rad carries a complete line of fittings, tubing, and valves for plumbing low
pressure chromatography set-ups. Fittings are constructed of polypropylene and
exhibit excellent chemical compatibility. Luer fittings can be quickly and easily
fitted to most flexible tubing. Small, medium, and large barbs are available for
0.8 mm, 1.6 mm, and 3.2 mm ID tubing. Bio-Rad supplies silicone, Tygon, and
PharMed tubing for any low pressure application.

Poly Column Rack

The Poly Column Rack provides convenience in using Poly-Prep and Econo-Pac
columns. The rack holds up to 20 Poly-Prep columns or 10 Econo-Pac columns,
and includes a collection trough for large volumes of effluent.

*5.0 cm flow adaptor lacks cam mechanism.
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Product Information

Membrane Filters for Particulate Removal

Catalog
Number Product Description

Prep-Disc Membrane Filters

343-0002 0.2 um Prep-Disc Membrane Filter, 50
343-0001 0.45 pm Prep-Disc Membrane Filter, 50
343-0004 1.0 pm Prep-Disc Membrane Filter, 50
343-0005 5.0 um Prep-Disc Membrane Filter, 50

Micro Prep-Disc Membrane Filters

343-0011 0.2 um Micro Prep-Disc Membrane Filter, 50
343-0012 0.45 pm Micro Prep-Disc Membrane Filter, 50
343-0014 1.0 pm Micro Prep-Disc Membrane Filter, 50
343-0015 5.0 um Micro Prep-Disc Membrane Filter, 50

lon Exchange Chromatography Resins

Catalog Product lonic Mesh Package
Number Description Form Size Size
Analytical Grade Resins

140-1231 AG 1-X2 Resin Chloride 50-100 5009
140-1241 AG 1-X2 Resin Chloride 100-200 50049
140-1251 AG 1-X2 Resin Chloride 200-400 5009
140-1253 AG 1-X2 Resin Acetate 200-400 5009
140-1331 AG 1-X4 Resin Chloride 50-100 5009
140-1341 AG 1-X4 Resin Chloride 100-200 5009
140-1351 AG 1-X4 Resin Chloride 200-400 50049
140-1421 AG 1-X8 Resin Chloride 20-50 5009
140-1422 AG 1-X8 Resin Hydroxide 20-50 5009
140-1431 AG 1-X8 Resin Chloride 50-100 50049
140-1441 AG 1-X8 Resin Chloride 100-200 5009
140-1443 AG 1-X8 Resin Acetate 100-200 5009
140-1444 AG 1-X8 Resin Formate 100-200 50049
140-1451 AG 1-X8 Resin Chloride 200-400 50049
140-1453 AG 1-X8 Resin Acetate 200-400 500 g
140-1454 AG 1-X8 Resin Formate 200-400 5009
140-2421 AG 2-X8 Resin Chloride 20-50 5009
140-2441 AG 2-X8 Resin Chloride 100-200 50049
140-2451 AG 2-X8 Resin Chloride 200-400 50049
141-0831 AG MP-1 Resin Chloride 50-100 5009
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lon Exchange Chromatography Resins (continued)

Catalog Product lonic Mesh Package
Number Description Form Size Size
Analytical Grade Resins (continued)

141-0841 AG MP-1 Resin Chloride 100-200 500 g
141-0851 AG MP-1 Resin Chloride 200-400 500 g
140-4341 AG 4-X4 Resin Free Base 100-200 5009
140-5341 AG 3-X4 Resin Free Base 100-200 5009
142-1231 AG 50W-X2 Resin Hydrogen 50-100 500 g
142-1241 AG 50W-X2 Resin Hydrogen 100-200 500 g
142-1251 AG 50W-X2 Resin Hydrogen 200-400 500 g
142-1331 AG 50W-X4 Resin Hydrogen 50-100 500 g
142-1341 AG 50W-X4 Resin Hydrogen 100-200 500 g
142-1351 AG 50W-X4 Resin Hydrogen 200-400 500 g
142-1421 AG 50W-X8 Resin Hydrogen 20-50 500 g
142-1431 AG 50W-X8 Resin Hydrogen 50-100 500 g
142-1441 AG 50W-X8 Resin Hydrogen 100-200 500 g
142-1451 AG 50W-X8 Resin Hydrogen 200-400 500 g
142-1641 AG 50W-X12 Resin Hydrogen 100-200 500 g
142-1651 AG 50W-X12 Resin Hydrogen 200-400 500 g
143-0841 AG MP-50 Resin Hydrogen 100-200 500 g
142-6424 AG 501-X8 Resin H* & OH 20-50 500 g
142-6425 AG 501-X8(D) Resin H* & OH 20-50 500 g
142-7425 Bio-Rex MSZ 501(D) H* & OH 25-35 500 g
142-7834 AG 11 A8 Resin Self adsorbed 50-100 500 g
142-2822 Chelex 100 Resin Sodium 50-100 500 g
142-2832 Chelex 100 Resin Sodium 100-200 500 g
142-2842 Chelex 100 Resin Sodium 200-400 500 g
142-2825 Chelex 100 Resin Iron 100-200 100 ¢
745-7000 Chelex 20 Resin Sodium 20-50 500 g
745-7001 Chelex 20 Resin Sodium 20-50 10 kg
140-7841 Bio-Rex 5 Resin Chloride 100-200 500 g
140-7851 Bio-Rex 5 Resin Chloride 200-400 500 g
142-5822 Bio-Rex 70 Resin Sodium 20-50 500 g
142-5832 Bio-Rex 70 Resin Sodium 50-100 500 ¢
142-5842 Bio-Rex 70 Resin Sodium 100-200 500 g
142-5852 Bio-Rex 70 Resin Sodium 200-400 500 g
Prefilled Poly-Prep Columns

731-6211 AG 1-X8 Resin, 2 ml Chloride 100-200 50
731-6212 AG 1-X8 Resin, 2 ml Chloride 200-400 50
731-6221 AG 1-X8 Resin, 2 ml Formate 200-400 50
731-6213 AG 50W-X8 Resin, 2 ml - Hydrogen 100-200 50
731-6214 AG 50W-X8 Resin, 2 ml  Hydrogen 200-400 50
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lon Exchange Chromatography Resins (continued)

Catalog Product lonic Mesh Package
Number Description Form Size Size
Biotechnology Grade Resins

143-1255 AG 1-X2 Resin Hydroxide 200-400 100 ¢
143-1345 AG 1-X4 Resin Hydroxide 100-200 100 g
143-2445 AG 1-X8 Resin Hydroxide 100-200 100 g
143-2446 AG 1-X8 Resin Hydroxide 200-400 100 g
143-3341 AG 4-X4 Resin Free Base 100-200 100¢g
143-5241 AG 50W-X2 Resin Hydrogen 100-200 100 g
143-5341 AG 50W-X4 Resin Hydrogen 200-400 100 ¢
143-5441 AG 50W-X8 Resin Hydrogen 100-200 100 g
143-5451 AG 50W-X8 Resin Hydrogen 200-400 100 g
143-7424 AG 501-X8 Resin H*& OH 20-50 100 g
143-7425 AG 501-X8(D) Resin H*& OH 20-50 100 g
143-7834 AG 11 A8 Resin Self adsorbed 50-100 100 ¢
143-5832 Bio-Rex 70 Resin Sodium 50-100 100 ¢
143-5852 Bio-Rex 70 Resin Sodium 200-400 100 ¢
143-2832 Chelex 100 Resin Sodium 100-200 100 ¢
Molecular Biology Grade Resins

143-1441 AG 50W-X8 Resin Sodium 100-200 100 ¢
143-1451 AG 50W-X8 Resin Sodium 200-400 100 g
143-6424 AG 501-X8 Resin H* & OH 20-50 100¢g
143-6425 AG 501-X8(D) Resin H* & OH 20-50 100¢g
Macro-Prep lon Exchange Supports

156-0040 Macro-Prep High Q Support 100 ml
156-0041 Macro-Prep High Q Support 500 ml
156-0042 Macro-Prep High Q Support 5 liters
156-0043 Macro-Prep High Q Support 10 liters
156-0050 Macro-Prep Q Support 100 ml
156-0051 Macro-Prep Q Support 500 ml
156-0052 Macro-Prep Q Support 5 liters
156-0053 Macro-Prep Q Support 10 liters
156-0030 Macro-Prep High S Support 100 ml
156-0031 Macro-Prep High S Support 500 ml
156-0032 Macro-Prep High S Support 5 liters
156-0033 Macro-Prep High S Support 10 liters
156-0060 Macro-Prep S Support 100 ml
156-0061 Macro-Prep S Support 500 ml
156-0062 Macro-Prep S Support 5 liters
156-0063 Macro-Prep S Support 10 liters
156-0020 Macro-Prep DEAE Support 100 ml
156-0021 Macro-Prep DEAE Support 500 ml
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lon Exchange Chromatography Resins (continued)

Catalog Package
Number Product Description Size
Macro-Prep lon Exchange Supports (continued)

156-0022 Macro-Prep DEAE Support 5 liters
156-0023 Macro-Prep DEAE Support 10 liters
156-0070 Macro-Prep CM Support 100 ml
156-0071 Macro-Prep CM Support 500 ml
156-0072 Macro-Prep CM Support 5 liters
156-0073 Macro-Prep CM Support 10 liters
Econo-Pac Cartridges

731-0026 Econo-Pac High Q Cartridge, 5 ml 1
731-0027 Econo-Pac High Q Cartridge, 5 ml 5
731-0028 Econo-Pac High Q Cartridge, 1 ml 5
732-0021 Econo-Pac Q Cartridge, 5 ml 1
732-0025 Econo-Pac Q Cartridge, 5 ml 5
732-0023 Econo-Pac Q Cartridge, 1 ml 5
731-0066 Econo-Pac High S Cartridge, 5 ml 1
731-0067 Econo-Pac High S Cartridge, 5 ml 5
731-0068 Econo-Pac High S Cartridge, 1 ml 5
732-0061 Econo-Pac S Cartridge, 5 ml 1
732-0065 Econo-Pac S Cartridge, 5 ml 5
732-0063 Econo-Pac S Cartridge, 1 ml 5
732-0001 Econo-Pac CM Cartridge, 5 ml 1
732-0005 Econo-Pac CM Cartridge, 5 ml 5
732-0003 Econo-Pac CM Cartridge, 1 ml 5
Bio-Gel A lon Exchangers

153-0740 DEAE Bio-Gel A Agarose 250 ml
153-0840 CM Bio-Gel A Agarose 250 ml
Hydrophobic Interaction Chromatography Supports

Catalog Package
Number Product Description Size
Macro-Prep Supports

156-0080 Macro-Prep Methyl HIC Support 100 ml
156-0081 Macro-Prep Methyl HIC Support 500 ml
156-0082 Macro-Prep Methyl HIC Support 5 liters
156-0083 Macro-Prep Methyl HIC Support 10 liters
156-0090 Macro-Prep t-Butyl HIC Support 100 ml
156-0091 Macro-Prep t-Butyl HIC Support 500 ml
156-0092 Macro-Prep t-Butyl HIC Support 5 liters
156-0093 Macro-Prep t-Butyl HIC Support 10 liters

62




Hydrophobic Interaction Chromatography Resins (continued)

Catalog Product Wet Particle Package
Number Description Size (um) Size
Econo-Pac Cartridges
732-0051 Econo-Pac Methyl HIC Cartridge, 5 ml 1
732-0055 Econo-Pac Methyl HIC Cartridge, 5 ml 5
732-0053 Econo-Pac Methyl HIC Cartridge, 1 ml 5
731-0056 Econo-Pac t-Butyl Cartridge, 5 ml 1
731-0057 Econo-Pac t-Butyl Cartridge, 5 ml 5
731-0058 Econo-Pac t-Butyl Cartridge, 1 ml 5
Bio-Beads SM Adsorbents
152-3920 Bio-Beads SM-2 Beads 300-1,180 100 ¢
152-8920 Bio-Beads SM-2 Beads, 300-1,180 259
biotechnology grade
152-3924 Bio-Beads SM-2 Beads 63-150 25¢9
152-3934 Bio-Beads SM-2 Beads 63-150 100 ¢
152-4020 Bio-Beads SM-4 Beads 300-1,180 100 ¢
152-4320 Bio-Beads SM-7 Beads 300-1,180 100 ¢
152-4334 Bio-Beads SM-7 Beads 63-150 100 ¢
Gel Filtration Chromatography Supports
Catalog Product Wet Particle Package
Number Description Size (um) Size
Bio-Gel P Polyacrylamide Gels
150-4114 Bio-Gel P-2 Gel, fine 45-90 100 ¢
150-4115 Bio-Gel P-2 Gel, fine 45-90 500 g
150-4118 Bio-Gel P-2 Gel, extra fine <45 100 ¢
150-4120 Bio-Gel P-4 Gel, medium 90-180 100 ¢
150-4124 Bio-Gel P-4 Gel,fine 45-90 100 ¢
150-4128 Bio-Gel P-4 Gel, extra fine <45 100 ¢
150-4130 Bio-Gel P-6 Gel, medium 90-180 100 g
150-4134 Bio-Gel P-6 Gel, fine 45-90 1009
150-4138 Bio-Gel P-6 Gel, extra fine <45 100 ¢
150-0738 Bio-Gel P-6DG Gel, medium 90-180 100 ¢
150-0739 Bio-Gel P-6DG Gel, medium 90-180 1kg
150-4140 Bio-Gel P-10 Gel, medium 90-180 100 ¢
150-4144 Bio-Gel P-10 Gel, fine 45-90 100 ¢
150-4150 Bio-Gel P-30 Gel, medium 90-180 100 ¢
150-4154 Bio-Gel P-30 Gel, fine 45-90 100 ¢
150-4160 Bio-Gel P-60 Gel, medium 90-180 100 ¢
150-4164 Bio-Gel P-60 Gel, fine 45-90 100 g
150-4170 Bio-Gel P-100 Gel, medium 90-180 100 ¢
150-4174 Bio-Gel P-100 Gel, fine 45-90 1009
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Gel Filtration Chromatography Supports (continued)

Catalog Product Wet Particle Package
Number Description Size (um) Size
Econo-Pac Columns and Cartridges

732-0011 Econo-Pac P6 Cartridge, 5 ml 90-180 1
732-0015 Econo-Pac P6 Cartridge, 5 ml 90-180 5
732-6000 Bio-Spin 6 Chromatography Column 90-180 10
732-6002 Bio-Spin 6 Chromatography Column 90-180 25
732-6004 Bio-Spin 30 Chromatography Column 90-180 10
732-6006 Bio-Spin 30 Chromatography Column 90-180 25
732-2010 Econo-Pac 10DG Column, 10 ml 90-180 30
Bio-Gel A Agarose Gels

151-0130 Bio-Gel A-0.5m Gel, coarse 150-300 500 ml
151-0140 Bio-Gel A-0.5m Gel, medium 75-150 500 ml
151-0150 Bio-Gel A-0.5m Gel, fine 38-75 500 ml
151-0430 Bio-Gel A-1.5m Gel, coarse 150-300 500 ml
151-0440 Bio-Gel A-1.5m Gel, medium 75-150 500 ml
151-0450 Bio-Gel A-1.5m Gel, fine 38-75 500 ml
151-0730 Bio-Gel A-5m Gel, coarse 150-300 500 ml
151-0740 Bio-Gel A-5m Gel, medium 75-150 500 ml
151-0750 Bio-Gel A-5m Gel, fine 38-75 500 ml
151-1030 Bio-Gel A-15m Gel, coarse 150-300 500 ml
151-1040 Bio-Gel A-15m Gel, medium 75-150 500 ml
151-1050 Bio-Gel A-15m Gel, fine 38-75 500 ml
151-1330 Bio-Gel A-50m Gel, coarse 150-300 500 ml
151-1340 Bio-Gel A-50m Gel, medium 75-150 500 ml
151-1901 Gel Filtration Standard, 18 mg 6 vials
Bio-Beads S-X Beads

152-2150 Bio-Beads S-X1 Beads 40-80 100 ¢
152-2151 Bio-Beads S-X1 Beads 40-80 1kg
152-2750 Bio-Beads S-X3 Beads 40-80 100 ¢
152-3350 Bio-Beads S-X8 Beads 40-80 100 ¢
152-3650 Bio-Beads S-X12 Beads 40-80 100 ¢
Affinity Chromatography Supports

Catalog Package
Number Product Description Size
Ready-to-Use Affinity Supports

153-7301 Affi-Gel Blue Gel, 50-100 mesh 100 ml
153-7302 Affi-Gel Blue Gel, 100-200 mesh 100 ml
153-7307 DEAE Affi-Gel Blue Gel 100 ml
153-7304 CM Affi-Gel Blue Gel 100 ml
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Affinity Chromatography Supports (continued)

Catalog Package
Number Product Description Size
Ready-to-Use Affinity Supports (continued)
153-6153 Affi-Gel Protein A Agarose 5mi
153-6154 Affi-Gel Protein A Agarose 50 ml
153-6159 Affi-Gel Protein A MAPS |1 Kit
153-6160 Affi-Gel Protein A MAPS 11 Buffers
153-6161 Protein A MAPS 11 Binding Buffer 5 liters
153-6162 Protein A MAPS I Elution Buffer 5 liters
153-6166 Affi-Gel Protein A MAPS |1 Regeneration Buffer 5 liters
156-0006 Affi-Prep Protein A Support 5ml
156-0005 Affi-Prep Protein A Support 25ml
153-6165 Affi-Prep Protein A MAPS 1 Kit
153-6164 Affi-Prep Protein A MAPS |1 Buffers
153-6173 Affi-Gel Heparin Gel 40 ml
156-0010 Affi-Prep Polymyxin Support 25ml
153-5199 Affi-Gel 501 Gel 10ml
153-6101 Affi-Gel 601 Gel 59
Activated Affinity Supports
153-6099 Affi-Gel 10 Gel 25ml
153-6046 Affi-Gel 10 Gel 4x25ml
153-6051 Affi-Gel 15 Gel 25ml
153-6052 Affi-Gel 15 Gel 4x25ml
153-6098 Affi-Gel 10/15 Combination 2x25ml
of each
156-0002 Affi-Prep 10 Support 1x25ml
156-0001 Affi-Prep 10 Support 4x25ml
156-0003 Affi-Prep 10 Support 500 ml
156-0004 Affi-Prep 10 Support 1000 ml
153-6047 Affi-Gel Hz Hydrazide Gel 25 ml
153-6060 Affi-Gel Hz Immunoaffinity Kit
153-6054 Affi-Gel Hz 10x Coupling Buffer Concentrate 500 ml
153-6055 Affi-Gel Oxidizer 250 mg
156-0015 Affi-Prep Hydrazide Support 5ml
156-0016 Affi-Prep Hydrazide Support 25 ml
156-0017 Affi-Prep Hydrazide Support 500 ml
Carbodiimide Activated Supports
153-2401 Affi-Gel 102 Gel 50 ml
153-0840 CM Bio-Gel A Gel 250 ml
153-0990 EDAC 59
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Affinity Chromatography Supports (continued)

Catalog Package
Number Product Description Size

Econo-Pac Columns and Cartridges

732-2026 Econo-Pac Serum IgG Purification Column, 10 ml 5
732-2027 Econo-Pac Serum IgG Purification Kit

732-0101 Econo-Pac Blue Cartridge, 5 ml 1
732-0105 Econo-Pac Blue Cartridge, 5 ml 5
732-0031 Econo-Pac DEAE Blue Cartridge, 5 ml 1
732-0035 Econo-Pac DEAE Blue Cartridge, 5 ml 5
732-2022 Econo-Pac Protein A Column, 2 ml 5
732-2020 Econo-Pac Protein A Kit

732-0091 Econo-Pac Protein A Cartridge, 5 ml 1
732-0093 Econo-Pac Protein A Cartridge, 1 ml 5
732-0071 Econo-Pac Heparin Cartridge, 5 ml 1
732-0075 Econo-Pac Heparin Cartridge, 5 ml 5

Hydroxyapatite Chromatography Supports

Catalog Package
Number Product Description Size

Bio-Gel Hydroxyapatite Media

130-0150 Bio-Gel HT Hydroxyapatite 250 mi
130-0151 Bio-Gel HT Hydroxyapatite 500 ml
130-0420 Bio-Gel HTP Hydroxyapatite 100 ¢
130-0421 Bio-Gel HTP Hydroxyapatite 1kg
130-0520 Bio-Gel HTP Hydroxyapatite, DNA grade 100 ¢
Macro-Prep Hydroxyapatite Supports

157-0020 Macro-Prep Ceramic Hydroxyapatite, 20 pm 100 ¢
157-0021 Macro-Prep Ceramic Hydroxyapatite, 20 pm 1kg
157-0025 Macro-Prep Ceramic Hydroxyapatite, 20 pm 5kg
157-0040 Macro-Prep Ceramic Hydroxyapatite, 40 pm 100 ¢
157-0041 Macro-Prep Ceramic Hydroxyapatite, 40 pm 1kg
157-0045 Macro-Prep Ceramic Hydroxyapatite, 40 pm 5kg
157-0080 Macro-Prep Ceramic Hydroxyapatite, 80 pm 100 ¢
157-0081 Macro-Prep Ceramic Hydroxyapatite, 80 pm 1kg
157-0085 Macro-Prep Ceramic Hydroxyapatite, 80 um 5kg
Econo-Pac Cartridges

732-0081 * Econo-Pac HTP Cartridge, 5 ml 1
732-0085 * Econo-Pac HTP Cartridge, 5 ml 5
732-0083 * Econo-Pac HTP Cartridge, 1 ml 5

* Contains Macro-Prep ceramic hydroxyapatite, Type 2

66




DNA Purification Supports

Catalog Package
Number Product Description Size
Prep-A-Gene DNA Purification Reagents

732-6012 Prep-A-Gene DNA Purification Matrix 2ml
732-6013 Prep-A-Gene DNA Purification Matrix 12ml
732-6010 Prep-A-Gene DNA Purification Kit 2ml
732-6011 Prep-A-Gene DNA Purification Kit 12ml
732-6017 Prep-A-Gene Plasmid Purification Kit 2ml
732-6019 Prep-A-Gene Plasmid Purification Kit 12ml
732-6021 Prep-A-Gene Plasmid Buffer Kit

732-6022 Prep-A-Gene Binding Buffer 500 ml
732-6023 Prep-A-Gene Plasmid Binding Buffer 500 mi
732-6024 Prep-A-Gene Wash Buffer 250 ml
732-6026 Prep-A-Gene Elution Buffer 125 ml
InstaGene DNA Purification Matrix

732-6030 InstaGene DNA Purification Matrix 20 ml
Chromatography Columns

Catalog ID Length Area Max Package
Number (cm) (cm) (cm?) Vol (ml) Size
Standard Econo-Column Columns

737-0506 05 5 0.20 1 5
737-0507 05 5 0.20 1 2
737-0511 0.5 10 0.20 2 5
737-0512 0.5 10 0.20 2 2
737-0516 05 15 0.20 3 5
737-0517 0.5 15 0.20 3 2
737-0521 0.5 20 0.20 4 5
737-0522 0.5 20 0.20 4 2
737-0706 0.7 5 0.39 2 5
737-0707 0.7 5 0.39 2 2
737-0711 0.7 10 0.39 4 5
737-0712 0.7 10 0.39 4 2
737-0716 0.7 15 0.39 6 5
737-0717 0.7 15 0.39 6 2
737-0721 0.7 20 0.39 8 5
737-0722 0.7 20 0.39 8 2
737-0731 0.7 30 0.39 12 5
737-0732 0.7 30 0.39 12 2
737-0751 0.7 50 0.39 20 5
737-0752 0.7 50 0.39 20 2
737-1006 1.0 5 0.79 4 5
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Chromatography Columns (continued)

Catalog ID Length Area Max Package
Number (cm) (cm) (cm?) Vol (ml) Size
Standard Econo-Column Columns (continued)

737-1007 1.0 5 0.79 4 2
737-1011 1.0 10 0.79 8 5
737-1012 1.0 10 0.79 8 2
737-1021 1.0 20 0.79 16 5
737-1022 1.0 20 0.79 16 2
737-1031 1.0 30 0.79 24 5
737-1032 1.0 30 0.79 24 2
737-1051 1.0 50 0.79 40 5
737-1052 1.0 50 0.79 40 2
737-1091 1.0 100 0.79 79 2
737-1093 1.0 120 0.79 103 2
737-1506 15 5 1.77 9 5
737-1507 15 5 1.77 9 2
737-1511 15 10 1.77 18 5
737-1512 15 10 1.77 18 2
737-1516 15 15 1.77 27 5
737-1517 15 15 1.77 27 2
737-1521 15 20 1.77 35 5
737-1522 15 20 1.77 35 2
737-1531 15 30 1.77 53 5
737-1532 15 30 1.77 53 2
737-1551 15 50 1.77 89 5
737-1552 15 50 1.77 89 2
737-1576 15 75 1.77 124 2
737-1591 15 100 1.77 177 2
737-1593 15 120 1.77 230 2
737-1598 15 170 1.77 301 2
737-2506 2.5 5 491 25 5
737-2507 2.5 5 491 25 2
737-2511 2.5 10 491 49 5
737-2512 2.5 10 491 49 2
737-2521 2.5 20 491 98 5
737-2522 2.5 20 491 98 2
737-2531 2.5 30 491 147 5
737-2532 2.5 30 491 147 2
737-2551 2.5 50 491 246 2
737-2576 2.5 75 491 344 2
737-2591 2.5 100 491 491 2
737-2593 2.5 120 491 638 2
737-5011 5.0 10 19.63 196 1
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Chromatography Columns (continued)

Catalog ID Length Area Max Package
Number (cm) (cm) (cm?) Vol (ml) Size
Standard Econo-Column Columns (continued)

737-5021 5.0 20 19.63 393 1
737-5031 5.0 30 19.63 589 1
737-5051 5.0 50 19.63 982 1
737-5071 5.0 70 19.63 1374 1
Standard Jacketed Econo-Column Columns

737-6108 0.7 15 0.37 6 1
737-6116 1.0 15 0.79 12 1
737-6131 1.0 30 0.79 25 1
737-6151 15 50 1.77 89 1

Opened-Ended Jacketed Econo-Column Chromatography Columns, two flow

adaptors included

737-6201 1.0 30 0.79 25 1
Catalog Product Column Functional
Number Description ID (cm) Length (cm)
Flow Adaptors

738-0014 Flow Adaptor 1.0 1to7
738-0015 Flow Adaptor 1.0 1to 14
738-0016 Flow Adaptor 15 1to 14
738-0017 Flow Adaptor 25 1to 14
738-0018 Flow Adaptor 5.0 1to 14
738-0019 Econo-Pac Flow Adaptor 15 1to7
Glass Reservoirs

737-9112 Econo-Column Reservoir, 500 ml

737-9113 Econo-Column Reservoir, 1,000 ml

Econo-Column Funnels
731-0003 Econo-Column Funnel, 250 ml, 5

Bio-Spin Columns

732-6008 Bio-Spin Chromatography Columns, empty, 100
Poly-Prep Columns

731-1550 Poly-Prep Columns, empty, 50

731-1555 Poly-Prep Column Stack Cap, 50

731-7005 Poly Column Rack, 20 place, with removable tube rack
732-8102 2-way Stopcock, 10

731-8232 Female Luer Plug, 25
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Chromatography Columns (continued)

Catalog
Number

ID Length Area Max Package
(cm) (cm) (cm?) Vol (ml) Size

Econo-Pac Columns

732-1010
738-0019
732-8102

Econo-Pac Columns, empty, 50
Econo-Pac Flow Adaptor, 1
2-way Stopcock, 10

Econo Systems and Accessories

Catalog
Number

Product Description

Econo Systems

731-8101 Econo System, complete, includes pump, UV monitor, Model 2110 fraction
collector, system controller, rack, and single-pen chart recorder (Model 1325)
731-8098 Econo System, complete. Same as 731-8101 except 220/240 V
731-8114 Automated Econo System, includes pump, UV monitor, Model 2128 fraction
collector, system controller, rack, and dual-pen chart recorder (Model 1327),
buffer selector, organizer, and gradient monitor.
731-8099 Automated Econo System, complete. Same as 731-8114 except 220/240 V
Catalog Product ID Wall Length
Number Description (mm) (mm) (meters)
Tubing
731-8210 Silicone Tubing 0.8 0.8 10
731-8211 Silicone Tubing 1.6 0.8 10
731-8212 Silicone Tubing 3.2 0.8 10
731-8214 Tygon Tubing 0.8 0.8 10
731-8215 Tygon Tubing 1.6 0.8 10
731-8207 PharMed Tubing 0.8 0.8 10
731-8208 PharMed Tubing 1.6 0.8 10
731-8209 PharMed Tubing 3.2 0.8 10
732-8204 Teflon Tubing 1.6 0.8 5
731-8240 Pump Tubing Kit, 20 precut tubes and 0.8 mm ID silicone, 4 sets of fittings
731-8241 Pump Tubing Kit, 20 precut tubes and 1.6 mm ID silicone, 4 sets of fittings
732-8242 Pump Tubing Kit, 20 precut tubes and 3.2 mm ID silicone, 4 sets of fittings
731-8247 Pump Tubing Kit, 20 precut tubes and 0.8 mm ID PharMed, 4 sets of fittings
731-8248 Pump Tubing Kit, 20 precut tubes and 1.6 mm ID PharMed, 4 sets of fittings
731-8249 Pump Tubing Kit, 20 precut tubes and 3.2 mm ID PharMed, 4 sets of fittings
731-8232 Female Luer Plug, 25

Poly Column Rack

731-7005

Poly Column Rack, 20 place,with removable tube rack
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Literature Available

Chromatographic Supports

Bulletin
Number Product Information

General Chromatography Applications

1800 Nucleic Acid Analysis Applications

1801 Protein and Peptide Purification Applications
1802 Antibody Purification Applications

1803 Environmental Analysis Applications

1825 Guide to Sample Preparation, 1994

lon Exchange Chromatography

1075 DEAE and CM Bio-Gel A lon Exchange Gels
1224 Chelex 20 Resin for Industrial Heavy Metal Removal
1441 Guide to lon Exchange (see page 84)

1747 Econo-Pac HTP and Protein A Cartridges
1752 Process Scale Media Guide

1840 A-100 Macro-Prep Q Support
1840 A-200 Macro-Prep S Support
1840 A-300 Macro-Prep CM Support
1840 A-400 Macro-Prep DEAE Support

Affinity Chromatography

1066 Affi-Gel 601 Affinity Chromatography Gel

1085 Affi-Gel 10 and 15 Activated Supports

1092 CM Affi-Gel Blue Gel for Protease Free Globulin Fraction From Serum
1099 Immunoaffinity Chromatography

1107 Affi-Gel Blue gel for Enzyme and Blood Protein Purification
1298 Affi-Prep 10 Medium and High Pressure Affinity Matrix
1424 Affi-Gel Hz Immunoaffinity Kit

1429 Affi-Prep Polymyxin Endotoxin Removal Gel
Hydrophobic Interaction Chromatography

1461 Bio-Beads SM Adsorbent Applications Bibliography

1841 B-100 Macro-Prep HIC Support

Hydroxyapatite Chromatography
1115 HPHT Hydroxyapatite Column
1842 C-100 Macro-Prep Ceramic Hydroxyapatite
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Chromatography Columns and Accessories

Bulletin
Number Product Information

Empty Low Pressure Chromatography Columns

1728

Low Pressure Chromatography Columns and Accessories

Prefilled Low Pressure Columns

1726
1789
1826
1827
1836

1837

Bio-Spin 6 and 30 Spin Chromatography Columns
Econo-Pac Cartridges

Enzyme Purification with the Econo-Pac Q Cartridge
Plasmid Purification with the Econo-Pac Q Cartridge

Antibody Purification with the Econo-Pac Protein A Cartridge and the Econo
System

Enzyme Purification with the Econo-Pac Q Cartridge

Chromatography Instruments and Accessories

Bulletin
Number

Product Information

Low Pressure Chromatography Systems

1605
1703
1730

Econo System Technical Specifications
Automated Econo System Components
Purification Systems

Low Pressure Chromatography Detectors

1793

Econo Gradient Monitor

Fraction Collectors

1823
1780

Model 2128 Fraction Collector Recorders
Model 1327 Recorder
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