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Comprising more than one third of all proteases, serine 
proteases are the largest known category in the prote-
ase enzyme subclass. These enzymes are ubiquitous in 
nature, are present in all known organisms, and can be 
active under temperatures ranging from 4˚C to 65˚C. 
Additionally, serine protease-based products occupy 
over 90% of the current global protease market, span-
ning household detergents, waste management, leath-
er processes, food processing, biomedical applications, 
and more. However, issues behind the hydrolysis reac-
tion mechanism via this enzyme have arisen recently in 
literature—particularly regarding a high-energy transi-
tion state called the “histidine (His) flip.” We propose an 
alternative, charge-neutral (with no charge separation) 
step that potentially allows for a more favorable reac-
tion pathway. Better understanding this new hydrolysis 
reaction pathway will allow us to develop more accurate 
reaction rate law expressions to increase the efficiency 
of industrial processes involving these enzymes.

Investigation of the serine protease reaction pathway 
involves implementing a quantum mechanics (QM) 
cluster analysis on the enzyme active site, employ-
ing density functional theory (DFT) methodology. 
QM-cluster calculations allow for a more accurate and 
higher theoretical level and free transition state (TS) de-
termination, as opposed to just a free energy surface, 
for example. To choose how big of a cluster to include, 
we decided to include all amino acid residues that are 
directly involved in the catalytic process, as well as all 
neighboring amino acids that are important to main-
tain the active site topology and those participating in 
hydrogen bonding with the reacting atoms. We propose 
that the inclusion of all these factors provides a robust 
model with minimal geometry restriction (i.e., freezing 
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of the atoms at the boundary of the cluster).1

This project is still ongoing, but we have discovered cer-
tain preliminary results regarding the serine protease 
reaction pathway. Our reaction coordinate results are 
in accordance with the historical reaction profile shape 
but seem to be overestimating the activation barriers as 
compared to literature. We expect that increasing the 
cluster size will result in lowering these energies. Our 
proposed alternative mechanism has indeed yielded a 
more favorable reaction profile, and we will continue 
to investigate this new profile by calculating its cor-
responding transition states, along with comparing 
against profiles calculated with other density function-
als.

The impact of this study is to provide more efficient re-
action parameters for chemical processes using serine 
proteases, from length scales ranging from industrial 
bioreactors to drug design. From our calculations, we 
will soon be able to determine the reaction rate con-
stants, which could eventually be used in reaction rate 
law expressions. An effective reaction rate law would 
enable better prediction of many reaction properties, 
such as how much reactant is needed, what concentra-
tions of reactants is ideal, or how long it would take for 
the reaction to proceed—all highly important factors 
when optimization large-scale bioreactors or targeted 
drug delivery dosages.
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engineering and chemistry concepts to real-world ap-
plications.
- Dr. Andrew J. Adamczyk, Chemical Engineering, Sam-
uel Ginn College of Engineering
 

Fig. 1. Fig. 1. QM-cluster active site of serine protease used in 
this study.
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