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CHALLENGE

The Multicolumn Countercurrent Solvent Gradient Purification (MCSGP) process is a strong possible alternative
to single-column chromatography for improving chromatographic process performances. Mechanistic simulations
can provide an independent opinion as to what criteria can be improved, and a platform of which to make informed
decisions prior to investing.

Here is an illustration of a rational comparison of the single-column and MCSGP processes, with mechanistic
simulation applied to the example of oligonucleotide purification by ion exchange chromatography.
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Data

O Experimental observations @

This case study was inspired by the experimental data 020 v 350
from Deshmukh et al. OPRD (2002) 4, 205-213, which 018 5; w0 0% L
reports the separation of Full Length Product (FLP) from E]i Conductivity . mg
(P=0),, (P=0),, (P=0),, n-1 and shortmers impurities = o :/ g
Fig. 1). £ ° mE
(Fig. 1) 2 g;z °/ (P=0)1°° mg
The experiment was performed as follows: 006 . 0o’ (P:0>2\° ° 100§
* Process: single-column gz;‘ R agr— n‘f"“\ . o -
 Column volume: 1 mL ook > K l

+ Resin: strong anion exchange o (mi‘:f) o

* Flowrate: 1 mL/min )

« Eluent: 20 mM NaOH with linear gradient of NaCl Fig. 1

U Presentation of the model @

The model embedded in lonic accounts for a certain

number of physical phenomena:

* The acid-base equilibria in solution (only the
dissociation of water in this specific example, but
potentially phosphate, tris, etc)

» The variable charge of the oligonucleotide with pH
(Fig. 2)

 The possibility for the oligonucleotide to interact with
the resin with a number of charges lower than the
charge in solution (e.g., the oligonucleotide may bear
30 charges in solution but interact only with 10 of
them) 0.06

» The competition between the oligonucleotide and the ool Simuation
other species in solution at the surface of the resin
(Cl- and OH- in this example)

Charge (-)

® Experiment

0.04

0.03

Only one experiment was used to fit model parameters
(Fig.1). A satisfactory agreement was observed between
the simulation and experimental data (Fig. 3).
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RESULTS

Q Design and simulation of the MCSGP @@ a0s

oos} Single-column

The MCSGP can isolate a product eluting between weakly
retained and strongly retained impurities. In the case under
consideration, a hypothetical strongly retained impurity
(n+1) was included in order to illustrate the capabilities of
the process (Fig. 4). oo e (P
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The MCSGP operating parameters were determined based

on the experimental design approach described in Fig. 4

Steinebach et al. J. Chrom. A (2017) 1492, 19-26 with a 1 "
target purity of 96%. o o ?:chjf';) _________________ ‘-
Two identical columns of 1 mL were used with the AT 2
following time cuts (Fig. 4): 5" "3
= For collection: 47.5 to 50 min (shaded in grey) % w6l o7 i ' ‘_i;_
= For recycling: 45 to 47.5 min and 50 to 52 min (shaded 5 _ "3

in light grey)

A maximum flowrate of 2 mL/min was considered. The e e
MCSGP was simulated over 20 cycles (Fig. 5 and Fig. 6). Fig. 5

s Note that  the ;:’d‘
~==m  experimental  design g us

4 | approach of the MCSGP S
~m=m by no means provides i P

-+ an optimized process, g e

8 . but rather a starting e
... point that can then be B e o G gmm e
.-_ further fine tuned. Fig. 6

O Comparison of the MCSGP with the single-column @

= For the single-column process, fractions of 0.5 min were collected (Fig. 4) and several pooling strategies were
tested (Fig. 7).

= The single-column and MCSGP processes were compared at a target purity of approximately 96% (Table 1).

= The MCSGP was found to improve product recovery to the detriment of eluent consumption and productivity.

100 - - .
. " Single-column MCSGP

95

£ . Purity (%) 96.1 96.5
; 90!
E’ Recovery (%) 94.4 98.6
‘E a5 u  MSCGP i
o Single-Column Eluent consumption (L/g) 484 805
L ]
% ® 9 % 100 Productivity (mg/L/min) 2.1 1.2
Purity (%weight)
Fig. 7 Table 1
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CONCLUSION

TAKE HOME MESSAGES

Mechanistic simulation is a powerful tool capable of assessing several process options. Ypso-lonic can provide
unbiased and rational comparisons of processes based on technical performances.

In the example, moving from single-column to the MCSGP process improved the product yield by 4%, but
increased eluent consumption by a factor of 2 and decreased productivity by a factor of 2. .

In order to implement a fully optimized process, mechanistic simulation can be used to fine-tune operating
parameters.

Visit our website and contact us for a demo or more information!

contact@ypso-facto.com
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