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ABSTRACT

The application of computational design of protein is mainly seen in the mutations of its active sites for increasing the
reliability of that particular protein. Two essential examples from our groups are the stability improvement of
riboflavin synthase and lipase enzyme. Specific mutations were introduced to their active and binding sites. Thus, by
running molecular dynamics simulations, it is confirmed that the mutations improve the protein stability significantly.
However, as the future of green chemistry is eventually aligned with nanotechnology, the atomic and even the sub-
atomic features of the protein improvement will be put into the discussion. Nanotechnology is nowadays could not
separate by the computational procedures. Besides molecular dynamics, finding the binding and active sites, as well
as their chemical interactions, are important aspects of the nano-based computational design. In this respect, it could
be related that the bioinformatics tools in Green Chemistry should be aligned with nanotechnology to produce fine-
grained protein design that environmentally friendly.
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INTRODUCTION

Protein is the modular biomolecules that could act as the independent processing unit.! The utilization of
protein in our metabolic system is acting as an enzyme, the biocatalyst of a biochemical reaction.>? In this
respect, as biocatalyst, the enzyme has multitudes of feature that could be applied for facilitating organism’s
metabolism.* This feature is of great importance when discussing the production of biochemical substances
for the interest of drug, food, and vaccine products.’

Fermentation is the method that is a great use for producing biochemical products.®’ In an industrial context,
fermentation is always utilized using large-scale bioreactor with at least 1000 liter capacity.® Hence, there
are some constraints in bioreactor parameters. Firstly, bioreactor could only operate at the certain value of
pressure and temperature. Secondly, overutilization of bioreactor means wasting energy and water supply.
These constraints should be taken into consideration when operating a full-scale bioindustry, as options
with the parameters of the working environment are limited®. In this end, due to the constraints, certain
optimization measures should be taken possibly until the molecular level.

As a measure to leverage the bioreactor versatility, the bacteria and protein themselves should be optimized.
Optimizing bacteria could mean optimizing the enzyme. In classical biochemistry, optimizing the enzyme
means to find optimum condition within the threshold of the certain value of pH, temperature, and
pressure'’. However, in order to gain more flexibility toward optimization pipeline, the more sophisticated
molecular approach should devise as the most optimum value is difficult to reach within the boundary of
conventional methods.!! Using conventional methods also have their drawbacks, namely energy and water
wasting. Then, the molecular mechanism of the particular enzyme should be analyzed in a fine-grained
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manner, especially with computer modeling.'>!* Optimization of enzyme molecular mechanism would
usually be involved mutations on the active and binding site of the particular cavity or crevice.!* Usually,
the mutations were introduced with site-directed mutagenesis PCR or with radioactive bombardment
toward the bacteria or fungus.'>! However, without the assistance and guide of computational measures,
the experiment could produce random results in some cases and induce unsatifactionary production in the
bioreactors.

The most common method for improving the performance of enzyme with computational measures is with
improving the protein stability.!” The pipeline sequence for this methods is started with sequence alignment,
structural alignment, search for an active and binding site, inducing mutation with molecular visualization,
and lastly, molecular dynamics simulation.'®?° The protein stability computation has eventually widely
applied for various enzymatic performance improvement that eventually could save energy and water.?!
Thus, more details on the impact of computational methods on the bench-side laboratory in protein stability
improvement will serve as the objective for this review.

Application of Bioinformatics in Green Chemistry

The science for computational measures of protein design is Bioinformatics.?? As an independent research
group and study program, Bioinformatics has provided guidelines to leverage the bench-side research to be
smarter and more efficient.”*?* Thus, bioinformatics also the frontier research and studies for overcoming
constrain in bioreactor capacity and environmental hazards.>>2® In this respect, the technical specification
of the pipelines should be supported with proper methods in accordance to its respective order, such as
CLUSTAL for sequence alignment, VAST for structural alignment, PROSITE for the search for active site,
visualization and mutation with Pymol or Deepview, and GROMACS/NAMD for molecular dynamics."~
32 Herewith, the applications of bioinformatics into the realm of green chemistry will be shown here.

Food Supplements Production

Riboflavin or vitamin B-2 is an important co-factor for supporting the metabolic system of the organism,
especially human.**% However, producing riboflavin as a food supplement in large scale remain a big
issue, as the default condition of the bioreactor remains too harsh for the biosynthesis of that particular
compound.**?” In this end, some groups have already tried different approaches to remedy this situation,
mainly by introducing mutation to the proteins that responsible for the synthesis of riboflavin.*® These
approaches were introduced to many different micro-organisms that commonly utilized in the
bioreactor.’*4° However, an important breakthrough was achieved when the riboflavin synthase of
Eremothecium gossypii successfully optimized with bioinformatics methods to improve the thermal
stability of the enzyme. In this respect, the molecular dynamics simulation at 300K, 315K, 325K, 335K,
and 350K can determine the substrate-interacted residues of Ser152, Thr154, Ser167, and Thr172 at the C-
terminal domain and Glu22, Cys54, Thr56, Ala70, Thr73, and His108 at the N-terminal. His108 was
elucidated as the important active site from N-terminal that could be optimized with a directed mutagenesis
method.*!

Moreover, the utilized computational parameters for protein mutation was mainly centered on root mean
square fluctuation (RMSF), average solvent accessible surface area (SASA) and Rg parameter.*>* RMSF
is the value of the fluctuation of proteins a carbon that is comparable to the scattering data of X-ray B-
factor.***> The RMSF value should be elucidated optimally as it is important for protein not to be too rigid,
as this would deter the occurrence of a biochemical reaction, and not be too flexible, as this would, in the
end, denatured the protein. SASA is the total, hydrophobic, and hydrophilic accessible surfaces of protein.*
Lastly, Rg parameter is a parameter that describes the equilibrium conformation of the total system of
protein structure compactness.’ These three parameters are equally important in the protein stability
computation, especially for the enzymes that commonly utilized in the industrial applications. Candida
Antartica Lipase B (CALB) is one most common example in that regards.

CALB is hydrolyzing enzyme that works on the ester bonds of carboxyl esters as a means to degrade lipid
polymers.*4 It is already applied in a wide range of fields, such as agriculture, food, environment, and
others. The main problem that revealed in CALB optimization is the difficulties to reach an optimum
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condition in the harsh temperature of the bioreactor. In our fine-grained examples, the utilization of SASA
and Rg parameters to obtain the most optimum protein conformation of CALB will be exposed accordingly.
In Fig.-1, within the frame of the molecular dynamics method for CALB enzyme, it is seen that both SASA
and Rg parameters would rise up when the temperature is increased. This is unsurprisingly true as the
kinetics of the atoms will be more dynamics as the temperature increases. Both SASA and Rg parameters
are directly affected by the dynamics of the temperature.
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Fig.-1 : Average solvent accessible surface area. (Up) Average Solvent Accessible Surface Area (SASA) of final
2000 ps simulation of wild-type CALB; and (Down) average Radius of gyration (Rg) of final 2000 ps simulation of
wild-type CALB (Figure is taken from Tambunan et al 2014%)

In Fig.-2, it is seen that there is a significant difference between the SASA value of Mutant-1 and wild type
CALB, both in 450 K and 550 K. Temperature difference plays a trivial role in this case. This is surprising
as temperature always play role in protein dynamics. The SASA value of the Mutant-1, which is the product
of a site-directed mutagenesis experiment, is significantly lower than the wild-type one. This phenomenon
also observed in the Rg value of Fig.-3. Direct correlation of SASA with Rg value is predictable as they
both depend on the temperature of the system.
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Fig.-2: SASA value of Mutant-1 and wild type CALB 450 K (up) and 550 K (down) simulation (Figure taken from
Tambunan et al 20144%)
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Fig.-3: Rg value of Mutant-1 and wild type CALB 450 K (up) and 550 K (down) simulation (Figure is taken from
Tambunan et al 2014*)

Cancer Drug Production

Nowadays, cancer drug production was devised by using modern biotechnology approach, namely with
cutting-edge bioreactors. Large-scale mammalian cells bioreactors have been utilized for producing
vaccines and drugs in bioindustry, and this pipeline is becoming commonplace.’® Gendicine, a gene therapy
agent for cancer, was produced in a large-scale culture of HEK293 cell with patented bioreactor”'. This
enhancement could be achieved because the titers of mammalian cell cultures could do away beyond the 5
g/l threshold, as it is optimized for the non-chromatographic separation process.’>3 Thus, plant culture cell
already successful to be optimized for producing taxol using cell suspension culture technology **. In this
end, bioreactor technology has been successful in producing anti-cancer agents. In this end, producing
natural products, gene, and protein-based products are doable and feasible within the frame of current
technology. However, current drug and vaccine products for cancer are proved to be volatile >, The
biochemical substance such as silencing (si)RNA is very prone to the degradation process in the bioreactor.
In this respect, the modification for the improvement should be conducted to the ligand as the product, not
only the protein. This provides to be difficult as the mechanism to create a stable product is still not
determined yet. Some possible scenarios are including sulfide bonds and incorporating pro-drugs into the
lead. However, this scenario is not proven yet. The stability of products should be determined based on
outputs of both in silico and wet laboratory experiments. 3-8

CONCLUSION
Protein optimization in the bioreactor is necessary to obtain optimal condition to produce the necessary
products such as food supplements and drugs. This optimization condition could be achieved with the
assistance of solid bioinformatics tools. In this respect, it is concluded that the protein stability optimization
could help to increase the production of the therapeutic agent. The particular optimization was reached by
inducing mutations to the active and binding sites of the proteins.
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