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What is the purpose of
modeling Iin proces\
development’P

Understand

complex
phenomena Accelerate
development
Knowledge Speed

Rigorous mechanistic Empirical or hybrid
representation representation
The oO0bestd model 1 S t he

provides the necessary information
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Our goal at MSD is to develop a standard workflow for chromatography |
that can applied to all new programs

Desired:characteristics ob modelingworkflow

A All programs use same type of column model unless
unigue challenges call for a different choice

Standard model struct

A Leverage highroughput techniques as much as possible

Standard model calibra A Same types of experiments to calibrate specific parameters

A If it takes longer to develop a model than run a DOE
nobody will want to do it

More efficient than DC
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Components of a mechanistic model of chromatography
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Velocity independ
Components of a mechanistic model of chromatography Combinatio

Velocjty depende
I

Velocity dependence determines what techniques can be used for calibratio
N
N\
N Velocityddependent:
Fluid dynamics Calibratéed an!/column at

representative flow rate

Film mass transfe

Velacity independent: \

Calibrated on!/column or
inslurry plate
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Theoretical model calibration workflow:
Equilibrium dispersive model with modified Langmuir isothePnaéeinodel

Equilibrium Dispersive Model: Salt pulse test [STNSI N,
o T o . To p -5
_\ O _\ U 1 y 1
o I w ' o -5 QO

WIplgcietplsl VAN e o¥|1] Effective Porosity

- : test Dispersion
Modified Langmuir Isotherm:
o IS A\ e
05 2 Aa)on h(p 7 ﬁ) Q rn O

MR AEES, |sotherm Parameters

1
1
ES

screen

€9 MSD 6
INVENTING FOR LIFE



Protein A Chromatography Case Study:

Develop a standard workflow for model calibration disrogdglt techniques

ProAresin study used to start developing workflow
A ProAused frequently but not often Elution profiles for ProA resins
modeled
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mAbpulse tests under #onding conditions (pH 3.5) show double peak

Double peak could be caused by mass transfer limitation, binding, or aggregation
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Location of the peaks reveals interesting behavior about pore accessibility of each resin
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Kpscreen used to testrfigkbbinding on each resin
Results show no binding to resin at gHo®8ing is not the cause of the double peak

2.5
All resins showed a Kq)6f zero at
pH 3.5, indicating no binding 5 - .
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Mass transfer limitations are dependent on linear velocity

450
400
350
300
= 250
E 200
150
100

50

Increasing linear velegityecreasing pore accessibility
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Lower linear velocity leads to a larger second peak and a smaller first peak indicating increasec
accessibility

How do we model this?
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Pulse test represents a probability distribution of pore accessibility
Treat sample as multiple populations with different porosity and dispersion parameters

Without isotherm contribution, elution profiles will
nearly gaussian
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How do we capture fast kinetics, w
still minimizing impact of fluid dyna
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mAbpulse test on shallow bed can be used to study binding kinetics

Typical lab scale column has bed height of 20 Tubing
cm
T =
Want to separate the impact of fluid flow and Column
binding/elution
20cme______3 — 0.2cm] (20

: (~35 pl resin)

ion

d
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Isotherm parameter calibration will ideally be independent of fluid dynan
Binding kinetics can be captured using pulse tests on shallow bed
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Pulse test data shows changes in binding rate
Binding rate slows significantly after first pulse, then remains nearly constant

Model

First pulse shows significantly more ,
binding than the following three Q )

Rate of binding likely decreases as
function of loading due to fewer accessible

sites
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