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AcroSep™ HEA and PPA HyperCel™ Columns

Mixed-Mode Chromatography Columns for Protein Separation

Description

e HEA and PPA HyperCel resins; represent new “mixed-mode” chromatography,
sharing some features of hydrophobic interaction chromatography (HIC)
combined with some features of ion exchange chromatography (IEX).

— Separation is based on hydrophobicity and protein isoelectric point (pl).

— Bi-dimensional separation mechanism can be used to separate proteins with
very close isoelectric points.

— Buffer choices influence the degree to which each mode contributes to separation.

¢ Two different robust synthetic ligands, aliphatic (HEA — hexylamine), and aromatic

(PPA — phenylpropylamine) exist to offer different selectivity options.

— PPA is more hydrophobic than HEA resin.

— The hydrophobic portion of the ligand is generally the dominant mode for
protein capture and requires less salt than typical hydrophobic interaction
chromatography media.

— lonizable amine groups are utilized to promote elution via electrostatic repulsion.

— These ligands are generally effective at physiologic pH and salt concentration,
although they are functional at a broad range of pH and salt concentration.

¢ HEA and PPA HyperCel resins are novel industry-scaleable chromatography
resins designed for protein capture and impurity removal.
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Description (continued)

e Versatile use
— Fully automated in combination with an automated chromatography instrument.
— Semi-automated in combination with pumps.
— Manual operation in combination with a syringe.

Ordering Information

Part Number Description Color Column Volume  Pkg
20250-C001 HEA HyperCel Black 1mL 5/pkg
20060-C001 PPA HyperCel Yellow 1mL 5/pkg
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please contact Pall Life Sciences technical service.
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Specifications

Materials of Construction
Column Housing, Cap, Plug, and Adapter: Polypropylene
Column Frit: Polyethylene

HEA and PPA HyperCel Resin Properties

Particle Size: 80-100 pm

Bead Composition: High porosity, cross-linked cellulose
HEA Ligand: Hexylamine (Aliphatic)

PPA Ligand: Phenylpropylamine (Aromatic)

pKa both Ligand: ~8

Typical Working Pressure: < 1 bar (100 kPa, 14.5 psi)
Dynamic Binding Capacity (DBC) BSA: 40-60 mg/mL for HEA and PPA resin’
Typical Adsorption pH: 7.0-9.0

Typical Elution pH: 7.0-2.6, gradient or step elution
Cleaning pH: 1-14

Column Geometry

Column Volume (CV): 1.04 mL
Bed Height: 1.48 cm (0.58 in.)
Bed Diameter: 0.94 cm (0.37 in.)

"Determined at 10% breakthrough using 5 mg/mL BSA in PBS, flow rate = 50 cm/hr, column dimension = 1.6 cm
ID x 3.75 cm; residence time (Tr) = 4.51 min.



Specifications (continued)

Device Dimensions
Diameter: 1.6 cm (0.6 in.)
Length (Without Plugs): 4.8 cm (1.9 in.)

Connections
Inlet: Threaded female luer
Outlet: Rotating male luer locking hub

Flow Rates
Recommended Flow Rate: 0.2-1.0 mL/min
(Tr = 5.18-1.02 min)

Maximum Column Pressure
Back Pressure: 1 bar (100 kPa, 14.5 psi)

Storage
2-8 °C (36-46 °F); do not freeze
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Technical Overview

HEA and PPA HyperCel resins operate on the basis of a mixed-mode mechanism,
where both hydrophobic and ionic effects are present. Protein binding is
predominantly hydrophobic while elution is driven by electrostatic repulsion. This
dual interaction mechanism has several advantages over traditional hydrophobic
chromatography methods (HIC or reverse phase). These ligands are more
hydrophobic than traditional HIC chemistries, thus less salt is required for protein
capture. The use of charge repulsion in the presence of low salt concentrations
significantly improves the elution efficiency. Thus, purification methods using HEA
or PPA resin rather than other hydrophobic separations are likely to result in less
protein structure alteration (less extreme salt and pH conditions) and higher
recovery. The aromatic PPA ligand is more hydrophobic than the aliphatic HEA
ligand. The best choice for a specific protein separation must be determined and
optimized on a case-by-case basis.

Protein binding on both ligands is typically achieved at physiologic salt and pH (PBS)
in contrast to conventional HIC or IEX resins where adjustments to conductivity
must be made. In certain cases, salt (e.g. sodium chloride, ammonium sulphate)
may be added to act on either the hydrophobic or the ionic effects (salt enhances
the hydrophobic component and decreases the ionic component). The amine
group has a pKa of approximately 8. Thus, about 50% of the ligand is charged at
pH 8, with increasing ligand charge as pH decreases. Proteins will also take on a
positive charge as the pH nears then drops below their pKa. When the ligand and
protein are both positively charged, repulsion occurs and prevents binding or
promotes elution. In the absence of salt, electrostatic repulsion will occur at
moderate pH for basic proteins, and lower pH for acidic proteins. Thus, buffer pH
can be used to separate proteins of similar hydrophobicity but different pl.



Working Conditions

e Equilibration
— Equilibrate the column in appropriate running buffer, typically PBS, pH 7.4
(5-10 CV). Alternatively, 50 mM Tris-HCI, pH 8.0 can be used. For very basic
proteins, high pH buffers such as carbonate can be used to reduce charge
repulsion and promote protein binding. Salt concentration and conductivity in
the equilibrium buffer should match that in the sample loading solution.

e Protein binding

— Protein binding generally occurs via hydrophobic interaction. At neutral pH, both
resins will carry some positive charge. The more basic proteins in a sample are
also positively charged in this pH range, and will typically not bind either ligand
due to charge repulsion. In contrast, more acidic proteins will be retained
(those with pl > 1 pH unit below binding buffer). If target proteins have a high pl
and/or low hydrophobicity, either use a higher pH for binding (pH 9-10) in the
presence of 0.5 M sodium chloride or ammonium sulphate, or stay at neutral
pH and increase the salt concentration to 1 M (@ammonium sulphate). Ensure
that proteins in the sample will not precipitate at chosen pH and salt
concentration. Intermediate conditions can also be used to maintain protein
solubility and structure if appropriate.

— Initially load sample at flow rates of 0.2 mL/min and increase velocity if needed.
The sample can be loaded directly onto HEA or PPA HyperCel AcroSep
columns without preliminary diafiltration or concentration. Typical residence
times of 5-7 minutes are recommended for optimal capacity (< 0.2 mL/min).
Testing with pure proteins shows a significant increase in DBC when the
sample load flow rate is reduced from 0.5 to 0.2 mL/min.

Notes: Temperature — The hydrophobic component of the mixed-mode mechanism
is sensitive to temperature, and significant variations in capacity may be observed.
Ensure that all buffers reach desired temperature prior to use to avoid variation.
Chaotropic agents — The presence of agents such as 4-8 M urea or CHAPS will
alter the conformation of proteins and may modify their binding to HEA and PPA
HyperCel resins.
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Working Conditions (continued)

e Elution is performed either by gradient or step elution. Elution generally occurs
via electrostatic repulsion when the pH nears or is below the protein pl. For
gradient elution, decrease the pH in mixed phosphate-citrate (or acetate) buffer —
typically from pH 7.4 to 2.6. For example, use 5 CV of 0.2 M phosphate/0.1 M
citrate, pH 7.0 to pH 2.6 in 60 minutes. Check that changes in pH and ionic
strength during elution do not cause precipitation.

— A decrease of the salt concentration can also contribute to elution as this
reduces hydrophobic interaction.

® Regeneration is achieved with 0.5-1.0 M NaOH for 30 to 60 minutes. Re-
equilibrate with 10 CV appropriate buffer before the next use.
Protein Separation Example with HEA and PPA HyperCel Resin

Method: Four proteins (below) were used to demonstrate mixed-mode separations
with HEA and PPA HyperCel.

Protein Isoelectric Point (pl)
Lysozyme 10 - 11
Chymotrypsinogen A 8.8-9.6

Ovalbumin 4.8

Bovine Serum Albumin 4.9

These proteins were eluted with stepwise pH decrease from loading pH to pH 7.0,
then a further drop to pH 5.4. Then a gradient from pH 5.4 to 2.6 was used. All
elution buffers were created by mixing 0.2 M phosphate and 0.1 M citrate buffers
at appropriate ratios to reach desired pH. Water was added for a final buffer
dilution of ~2 fold.

Note: Throughout the elution sequence the conductivity decreases (increased
citrate vs phosphate buffer ratio) and thus reduces hydrophobic interaction
(conductivity trace shown in chromatograms).

HEA HyperCel Resin: Binding of lysozyme and chymotrypsinogen to HEA
HyperCel requires a pH 10 buffer (carbonate + 150 mM NaCl) to minimize charge
repulsion (HEA ligand uncharged). Lysozyme elutes when the pH drops to 7.0
while chymotrypsinogen A does not elute until the pH decreases further. This
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Working Conditions (continued)

suggests that chymotrypsinogen A binding is maintained at pH 7.0 via
hydrophobic interaction even in the presence of charge repulsion. Ovalbumin and
BSA elute during the gradient and are separated based on differences in
hydrophobicity rather than pl as their pl values are very similar.

PPA HyperCel Resin: Lysozyme does not bind to PPA at pH 7.4 (PBS) due to
charge repulsion. However, chymotrypsinogen A binds to PPA at this pH in spite of
charge repulsion, suggesting that the hydrophobic interaction is quite strong. The
elution of chymotrypsinogen A occurs quite late with PPA, due to changes in
hydrophobic interaction at lower pH combined with charge repulsion. Ovalbumin
and BSA, which have very similar pl (4.8 vs 4.9), are separated on PPA HyperCel
due to hydrophobicity differences.

Note: Chymotrypsinogen A elution from HEA HyperCel occurs much earlier as
compared to PPA HyperCel, indicating that this hydrophobic interaction is not as
strong as the PPA HyperCel interaction. Ovalbumin and BSA also elute later from
PPA HyperCel. These observations are consistent with expectation since the PPA
ligand is more hydrophobic than the HEA ligand.

Figure 1
Separation of a Protein Mix on HEA and PPA HyperCel Resin
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Examples of protein separation using HEA and PPA HyperCel resin. Step elution
with pH at 7.0 and 5.4 followed by gradient elution from 5.4 to 2.6 is shown
(changes in conductivity correspond to changes in pH, phosphate and citrate
buffers used for elution as described above). Protein loading on HEA occurs at
pH 10, while protein loading with PPA is done at pH 7.4.
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Instructions for Use — Automated or Pumped Chromatography Systems
Materials Required

e Chromatography System (AKTAdesign*, pump, or equivalent)

e Filtered, degassed buffers

Automated System Protocol

1. Attach column to pre-primed system. To prevent air from getting into the
column, fill the neck of the column dropwise while system is running very slowly.
Allow the buffer to flow through the column until all bubbles in the outlet of the
column have been evacuated, prior to connecting downstream tubing.

. Equilibrate with 5-10 CV of loading buffer.

. Load desired amount of sample.

Wash column with 5-10 CV loading buffer.

Elute with chosen elution buffer, stepwise or gradient.
Strip with 5-10 CV of elution buffer.

Re-equilibrate with 5-10 CV loading buffer.

NooreN



Instructions for Use — Manual Use with Syringe
Materials Required
e Syringes (5-30 mL) with luer lock fittings
e Filtered buffers
Syringe Protocol
Note: /t is important to avoid introducing air into the column. Remove air bubbles
from fluid filled syringe before attachment to the column each time the syringe
is changed.
When pushing fluid through the syringe, maintain a relatively constant flow rate with
minimal backpressure, typically 0.2-1.0 mL/min for protein capture.
1. Fill a syringe with loading buffer.
2. Equilibrate the column with 5-10 CV of loading buffer.
3. Fill a syringe with sample.
4. Load sample onto the column avoiding the introduction of air bubbles.
— Collect all effluent for analysis.
5. Wash column with 5 CV of loading buffer to remove unbound proteins.
— Collect all effluent for analysis.

Fill a syringe with elution buffer. Secure this syringe to the column luer
connector. Check that there are no air bubbles at the site of attachment.

. Run 10-20 CV of elution buffer through the column to elute bound protein.
Repeat with additional elution buffers if desired.

— Collect all effluent containing eluted protein(s) in appropriate sized fractions.
If the column will be reused, strip residual protein with 5 CV of low pH buffer.

9. Fill the syringe with loading buffer. Equilibrate the column with 5-10 CV of
loading buffer.

o

~
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Procedure for the Determination of Target Protein DBC Using an
Automated Chromatography System

For the most accurate prediction of DBC during a purification scheme, choose
conditions that closely match those to be used during target protein purification.
System Parameters
® Protein loading step

- Flow rate: 0.2-0.5 mL/min (or intended flow rate)

— Equilibrate: 10 CV loading buffer

— Sample load: inject sufficient quantity of protein-containing sample to exceed
column capacity

— Wash: 10 CV loading buffer
— Clean: 5-10 CV elution buffer
— Re-equilibration: 5-10 CV loading buffer

* \oid volume (V,): To determine V,, either perform a run in the by-pass position
(fluid by-passes the column) or run the procedure using conditions which prevent
protein binding. For example, use an elution buffer instead of a loading buffer for
the equilibration and sample loading steps.

e Formula: DBC = C x (V.-V,)
C = Concentration of load
V, = Volume at 10% or 50% breakthrough

V, = From the void volume determination described above, V, is the total volume
passing through the system from the time of injection (0% deflection of OD.s)
until protein is detected (increase in OD,g), determined as described above.

Note: 7o convert the column DBC to resin DBC, divide the DBC value above by
the column volume (1.04 mL resin).
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Cleaning and Maintenance

To avoid frequent regeneration and column fouling, use pre-filtered (0.2 pm)
samples and buffers. The following regeneration procedures are recommended for
general and specific cleaning challenges.

Situation Recommendation
General cleaning-in-place Wash with 0.5-1 M sodium hydroxide,
30-60 min contact time.
Adsorbed contaminants Wash with 6 M guanidine (2-3 CV) or 8 M urea.

Wash with 40% isopropanol (2-3 CV).

Storage Recommendations
e The column must be stored at 2-8 °C (36-46 °F) and cannot be frozen.
® Between runs, store the column at 2-8 °C (36-46 °F) in loading buffer.

¢ The storage buffer may also contain bacteriostatic agents such as 20% (v/v)
ethanol and/or 1 M NaCl.
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Adapter Recommendations

AcroSep pre-packed columns are made with a luer inlet and outlet for easy
connection to syringes. The following table lists recommendations if adapters are
needed to connect the columns to other types of tubing.

Connection To Adapters (Upchurch Scientific®)

1/16" OD Teflon* and Tefzel* Tubing 1 kit (P-837)
Instructions provided with kit

1/8" OD Teflon and Tefzel Tubing 1 kit (P-838)
Instructions provided with kit
1/16" Stainless Steel Tubing 1 inlet fitting (P-658),

1 outlet fitting (P-655),
2 ferrules (P-259), 2 nuts (LT-115)
Instructions provided with fittings

1/32" Stainless Steel Tubing 1 inlet fitting (P-658),
1 outlet fitting (P-655),
2 ferrules (P-248), 2 nuts (LT-115)
Instructions provided with fittings

WARNING

Employment of the products in applications not specified, or failure to follow
all instructions contained in this product information insert, may result in
improper functioning of the product, personal injury, or damage to property
or the product. See Statement of Warranty in our most recent catalog.

ATTENTION

L'utilisation de nos produits dans des applications pour lesquelles ils ne
sont pas spécifiés ou le non-respect du mode d’emploi qui figure sur ce
document, peut entrainer un disfonctionnement du produit, endommager le
produit ou d’autres biens matériels ou représenter un risque pour I'utilisateur.
Se référer a la clause de garantie de notre catalogue le plus récent.
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ACHTUNG

Der Einsatz dieses Produktes in Anwendungen fiir die es nicht spezifiziert ist,
oder das Nichtbeachten einiger, in dieser Bedienungsanleitung gegebenen
Hinweise kann zu einem schlechteren Ergebnis, oder Zerstérung des
Produktes oder anderer Dinge oder gar zu Verletzungen fiihren. Beachten Sie
auch unsere Garantiebedingungen im aktuellen Katalog.

ADVERTENCIA

El uso de este producto en aplicaciones no especificadas o el no considerar
las instrucciones indicadas en la hoja de informacién del producto puede
ocasionar un mal funcionamiento del producto, dafos en las instalaciones o
en el producto y riesgo para el personal del laboratorio. Consulte el apartado
de Garantia en nuestro ultimo catalogo.

ATTENZIONE

L’impiego dei prodotti in applicazioni non specificate, o il mancato rispetto
di tutte le istruzioni contenute nel presente bollettino tecnico, potrebbero
portare ad un utilizzo improprio del prodotto, ferire gli operatori, o
danneggiare le caratteristiche del prodotto stesso. Consultare la
dichiarazione di garanzia pubblicata nel nostro piu recente catalogo.
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