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Methods

A 1-in Load and Lock column
packed to a 20-cm bed height
was evaluated for plate number
N using the conductivity trace
generated through Cytiva’s
Unicorn Manager software using
3% NaCl as the eluent and 6%
NaCl as the tracer. HETP was
calculated using the following
equation HETP = L/N where L is
the length of the column.

Oligonucleotide purifications
were performed on a Tricorn
10/200 column packed to a
20-cm bed height with 6,320 OD
of CpG7909 with a crude purity
of 72.9% by IPRP HPLC.

Fractions from each purification
were analysed for purity and
concentration by IPRP HPLC
and UV analysis respectively.
Predicted purity of fraction pools
were calculated based on the
purity and concentration of each
fraction included in the pool.

The linear flow rate resulting in the
lowest HETP and the greatest
column efficiency was 50 cm/h for
the anion exchange resin tested.
The HETP at this linear flow rate
was nearly 45% lower than that of
the highest flow rate tested
225 cm/h, demonstrating that
variation in column efficiency with
linear flow rate can be significant.

The CpG7909 peak eluted over a
broader volume as the linear flow
rate decreased indicating that
lowering the flow rate improved
separation. This aligns with the
van Deemter equation determined
in Figure 2 where HETP
decreases with flow rate indicating
better separation.

The purity and yield of potential
fraction pools from these
purifications show that a linear
flow rate associated with a higher
efficiency results in greater yield
at a given purity.

For the resin tested, decreasing
the linear flow rate resulted in a
significant increase in CpG7909
yield for the pools of interest
(typically purity > 90%).

Adjustments to linear flow rate can
be utilized to maximize the yield of
product when the cost of material
outweighs the cost of additional
production time. Lowering the
linear flow rate due to instrumental
limitations does not negatively
impact purification for the linear
flow rates tested but improves the
purity and yield of product
obtained.

Investigating the Impact of Linear Flow Rate on 
Purification Performance
Connor Carr, Adeline Espinasse PhD
LGC Axolabs, 2199 South McDowell Blvd, Petaluma CA 94954 
Corresponding author: Connor.Carr@lgcgroup.com

Introduction
In oligonucleotide manufacturing, purification is a critical downstream
process to remove impurities from the product of interest, and to achieve
high purity and maximize yield. Chromatography column efficiency directly
impacts the resolution of the desired material from impurities and
consequently product purity and yield. HETP is used as a measurement of
column efficiency and the suitability of a column for use. The linear flow
rate at which a separation is performed directly impacts the efficiency and
resolving power, as is described in the van Deemter equation, the most
commonly used model to characterize chromatographic efficiency. When
scaling up purification processes to columns over 10 cm, limitations in the
linear flow rate may arise due to instrumental limits on pressure or
volumetric delivery. In such cases, understanding the impact that a change
in the linear flow rate of a purification has on performance is necessary.

Materials and 
Methods

Results Conclusions

Reference

Materials and Equipment
-CpG7909: Fully   
Phosphorothioated 20-mer, DNA 
bases only
-Cytiva ÄKTA PUR 150M
-NanoDrop One 
spectrophotometer
-Waters Aquity UPLC 
-Anion exchange resin
-Agilent 1-in Load and Lock
-Cytiva Tricorn 10/200

J.J. van Deemter, F.J. Zuiderweg, A. Klinkenberg,
“Longitudinal diffusion and resistance to mass
transfer as causes of nonideality in
chromatography”, Chemical Engineering Science,
Volume 50, Issue 24, 1995, Pages 3869-3882

Figure 1. Schematic of the van Deemter curve (blue; HETP vs
linear flow rate) with traces representing each individual term
included in the equation. “A” represents the eddy-diffusion
parameter (red), “B” represents the longitudinal diffusion
coefficient (green), “C” represents the resistance to mass
transfer coefficient (yellow), and “µ” represents linear flow rate.

Figure 2. Plot of HETP against the
linear flow rate at which the column
evaluations were performed using
an anion exchange resin. Standard
deviation error bars represent
3 to 8 replicates.
A total of 57 column evaluations
were performed at ten linear flow
rates. A manually determined best
fit curve of the van Deemter
equation is included.

Figure 3.
Overlay of purification
chromatograms of
CPG7909 at 280 nm
performed at 200 cm/h,
125 cm/h, and 50 cm/h
shown in blue, orange,
and green respectively.

Figure 4. Plot of yield against purity of calculated fraction pools from
CpG7909 purifications performed at 200 cm/h, 125 cm/h, and 50 cm/h
shown in blue, red, and green respectively. Each calculated pool was
selected by starting with the most pure fraction and including the next
most pure fraction in the previous pool until no fractions remained.
One pool was calculated for each fraction selected, resulting in 34 for
the 200 cm/h run, 38 for the 125 cm/h run, and 41 for the 50 cm/h run.
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