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In Short

• Characterization of bovine hemoglobin and bovine
serum albumin adsorption on Q Sepharose FF

• Atomistic resolution molecular dynamics (MD) sim-
ulations for a deeper understanding of the protein
adsorbent-interaction

• Determination of the parameters of the Steric
Mass Action isotherm with MD simulations

• Free energy calculation for the determining of the
equilibrium constants of protein adsorption

This project is a close collaboration of the Institute of
Thermals Separation Processes and the Institute of
Process Systems Engineering at the Hamburg Uni-
versity of Technology (TUHH). The project is funded
by the ’Deutsche Forschungsgemeinschaft’ ( DFG,
Project-ID: 461481804) [1]. The main goal of this
project is the characterization of protein adsorption
and the prediction of protein isotherms with molecu-
lar dynamics (MD) simulations. The MD simulations
will be performed in the Institute of Thermal Separa-
tion Processes, whereas experimental investigations
will be conducted in the Institute of Process Systems
Engineering. This project continues work previously
done within both involved groups [2]. A close collab-
oration between experimental and simulative work
will be ensured since the involved research assistant
will be involved in both fields.

The MD simulations will be performed for a deeper
understanding of the interactions between proteins
with the surrounding media and the adsorbent. Re-
cently, we have published a proof of concept study to
show how to calculate protein adsorption isotherms
with MD simulations. This was done with a coarse-
grained force field and one conclusion was that sim-
ulations on the atomistic scale are necessary. All
atom models contain a large number of interacting
atoms and as such parallel calculations are required.

Within this project the parameters for the Steric
Mass Action Model [3] will be determined, which
is a physically reasoned protein adsorption model.
Two parameters can be determined with relatively
low effort [4] [5]. However, to calculate the third
parameter, the equilibrium constant, computation-
ally demanding free energy calculations are needed.

Such equilibrium constants have been successfully
determined by our group in previous studies [2].

The target of this project is not only to determine
an adsorption isotherms but also to get a deep un-
derstanding of the influences on protein adsorption,
which will help to design more effective and there-
fore more cost-efficient processes. Especially, the
influence of the adsorbent is not fully understood to
this point.

A growing part of the pharmaceutical products
are biomolecules. In 2020 about 29 % of the rev-
enue in the pharmaceutical industry were made with
biomolecules [6]. A majority of these biomolecules
were proteins for example vaccines or hormones
[7]. The down streaming processing takes up to
70 % of the product cost. Therefore, the enhance-
ment of these processes has a lot of potential. The
most used purification process type is ion-exchange
chromatography. In our project, the adsorption of
proteins on such media will be investigated.

Even though the ion-exchange chromatography is
the standard in pharmaceutical protein downstream
processing, a deep understanding of the process
has not been reached up to now. For the process
design numerous experiments have to be carried out
and the demand of ion-exchange media is large to
ensure effective separation.

As a model system for our investigations we will
use bovine hemoglobin and bovine serum albumin.
These proteins are widely used for protein adsorp-
tion investigations and differ significantly in their ad-
sorption behavior, while having nearly the same size
and are therefore ideal for the research of different
adsorption effects. Q Sepharose FF will be used as
the model adsorbent. It has an highly linked agarose
matrix with a quaternary amine group as ligand. It
is a strong anion exchanger, which is widely used in
the research and in the industry. Recently, we have
developed a method [2], which is able to determine
a whole protein adsorption isotherm with MD simula-
tions. As a starting point for the method we use the
Steric Mass Action (SMA) isotherm [3]

cp = qp

K ·
(

cs

Λ−(σ+νp)·qp

)νp

with cp and cs being the protein and the salt
concentration in the bulk phase.

qp stands for the protein concentration on the ad-
sorbent, Λ for the total ionic capacity of the adsor-
bent, ν for the ligands which are in contact with
the protein and σ the ligands which are blocked
(sterically hindered) by one protein to interact with
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Figure 1: Visualization of the methods used for the determination of the number of ligands in contact with the protein on the left side
in red and the number of ligands that are sterically hindered on the right side in yellow. In both cases ligands with a certain distance
to the protein are considered in contact with the protein (left) or sterically hindered by the protein to interact with another protein
(right). The difference between the methods is the defined distance to the protein.

another protein. The total ionic capacity has to be
determined experimentally, whereas ν and σ can
be determined by the distance to the protein. Fig. 1
shows the adsorbed protein on the adsorbent repre-
sented by the ligands at the bottom. The red bubble
serves as a visualization of the determination of the
ligands which are in contact with the protein. Any
Ligand which is touched by the red bubble is con-
sidered in contact with the protein. Analogically, the
yellow bubble serves as the visualization of the de-
termination for the sterically hindered ligands.

The main difficulty in this approach however, is
the determination of K, which is the equilibrium con-
stant of the salt ions and the proteins. It is pos-
sible to calculate the equilibrium constant for the
proteins through free energy calculations [2]. A
proof of concept has already been done and has
shown reasonable results for a protein adsorption
isotherm [2]. However, it was concluded that the
used coarse-grained force field lacks the desired
accuracy and that the sampling of protein orienta-
tion was not sufficient. In this project we will use
all-atom force fields and a new technique to ensure
sufficient sampling. For that a large number of in-
dividual MD simulations are needed, whereby each
has about 216 thousand atoms, this is only possible
with the high performance computing at the HLRN.
The project also includes experimental work which
is needed for the determination of the total ionic
capacity. Furthermore, different influences on the
protein adsorption are investigated for example the
influence of different salts, pH-value, temperature
and salt concentration. Moreover, experimental data
are needed for the validation and refinement of the
method.
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