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Overview

Å This study explores the impact of newly discovered hydrogen bonds on 

enzymatic activity.

Å Utilizing computational analysis and experimental procedures to find 

binding affinity and thermostability improvements.

Å Investigating the effects of amino acid mutagenesis on enzyme function 

and benefits, with a main focus on the significance of novel hydrogen 

bonds.



Introduction

Clean Energy:

ÅClean energy refers to energy sources that have minimal environmental impact and reduce 

greenhouse gas emissions. These sources are sustainable, renewable, and contribute to a cleaner 

planet.(Awogbemi, et.al)

Ethanol:

ÅEthanol is a biofuel produced by the natural fermentation of sugars, like glucose. With the use 

of yeast, sugars are metabolizing into ethanol anaerobically.



Free Energy

ÅFree energy:

An energy-like property or state function of a system in thermodynamic equilibrium. 

Its value depends on the systemôs state and not its history. Free energy helps determine 

how systems change and how much work they can produce.

Lower Gibbs Free Energy:

Å More stable and higher thermostability.

Higher Gibbs Free Energy:

Å Less stable and lower thermostability.



Production ofEthanol

The Role of BglB in the Production of Ethanol

ÅBglB is a beta-glucosidase enzyme crucial for breaking down sugars, like 

oligosaccharides, into beta-glucose monomers.

ÅKey role in ethanol production process by converting biomass into fermentable 

sugars.
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Foldit Standalone

1. Tool for manipulating amino acids and forming hydrogen bonds.

2. Enhance understanding of protein folding

3. Contribute to developing new, stable protein designs

4. Provide 3D models for interactive study.



Research Objectives

Hypothesis:

ÅNew H-bonds resulting from amino acids mutations enhance BglB enzyme stability. 

Goals: 

ÅComputational biology, using the Foldit Standalone software, aimed to identify new 

beneficial mutations. 

ÅMutations identified either lowered the energy score or facilitated the creation of novel H-

bonds. 

ÅThese mutations led to increased thermostability, as evidenced by reduced energy scores, 

and improved binding affinity through stronger intermolecular interactions.



Methods and Materials

Computational Biology Methods: Foldit Standalone

Å Protein modeling and structure predictions for the 3D structure of proteins with 

introduced mutations.

Å Researchers manipulate protein structures to achieve the lowest energy state.



Foldit Standalone

Energy Score 

These were the settings 

utilized to improve enzyme 

design visualization and 

identify a.a. locations.  



Results 
On enzyme BglB, 15 mutational trails were conducted to test for new beneficial mutations. Out of those 15 

mutations, 3 novel mutations were identified, V320T, T212S, and T296R. However, mutation T296R was 

selected to proceed with to conduct experiments as it is located in the active site and novel H-bonds were 

formed.

On enzymeBglB, 40 mutational trails were conducted to test for new beneficial mutations. Out of those 40 

mutations, 6novel mutations were identified, N293A, H373L, N293A, E136R, F77H and E136K. However, 

mutation F77Hwas selected toproceed with to conduct experiments as itis located inthe active site and novel 

H-bonds were formed.



Figure 1: 3D structure of WT and mutant V320. Mutant is shown by the arrow and 

highlighted in purple.WT energy score shown as ï1089.697.



Figure 2: Zoomed in mutant V320 with WT energy score (right) and mutation V320T with precise energy 

score -1090.097 (left). Precise energy score found using Minimize and Shake tomodel chemical 

interactions. These test find optimal interactions between residues after mutatingthe A.A.



Figure 3: 3D structure of mutation V320T in relation to substrate. The mutated a.a. (highlighted in purple) is 

located on the peripheral edge of the enzyme in regard to the brown substrate in the center (shown by 

arrow).    



Figure 4: 3D structure of WT and mutant T212. Mutant is shown by the arrow and 

highlighted in purple. WT energy score shown as ï1089.697.



Figure 7: 3D structure of WT and mutant T296R. Mutant is shown by the arrow and highlighted in purple.WT energy score 

shown as ï1089.697.



Figure 8: Zoomed in mutant T296 with WT energy score (right) and mutation T296R with a precise energy score -1088.608 (left). 

Precise energy score found using Minimize and Shake tomodel chemical interactions. These test find optimal interactions 

between residues after mutatingthe A.A.Arrow shows formation of a new hydrogen bond. 



Figure 9: 3D structure of mutation T296R in relation to substrate. The mutated a.a. (hightlighted in purple) is 

located at the active side of the enzyme in regard to the brown substrate in the center (shown by the arrow).    



Figure 12: 3D structure of WT and mutant 

N293.Mutant is shown by the arrow 

andhighlightedin purple.WT energy scoreshown 

as ï1089.697.

Figure 13: Zoomed in mutant N293 withWT 

energyscore. Precise energy score 

foundusingMinimize and Shake 

to modelchemical interactions.These test 

find optimal interactions betweenresiduesafter 

mutatingthe A.A.



Figure 14: 3D structure of WT and mutant 

F77.Mutant is shown by the arrow 

andhighlightedin purple.WT energy 

scoreshown as ï1089.697.

Figure 15: Zoomed in mutant F77. 



Figure 16: Zoomed in mutation F77H with a precise energy score.Precise energy score 

found using Minimize and Shaketo model chemical interactions. These test find 

optimalinteractions between residues after mutatingthe A.A.Arrow shows formation of 

a new hydrogen bond.



Methods and Materials

Experimental Methods: Hands-on

Å Phosphorylation of primers

Å PCR on site-directed mutagenesis

Å Ligation reaction

Å Transformation reaction 

Å Plasmid DNA Purification 

Å DNA sequencing preparation 



Experimental 

Results

NegativeControl Colonies 

Mutation T296R Colonies

30 ɛL 270 ɛL



Experimental 

Results

NegativeControl Colonies 

Mutation F77HColonies

30 ɛL 270 ɛL



Experimental Results

Figure 17: DNA sequencing demonstrating that T was mutated to R. 



Experimental Results

Figure 18: DNA sequencing demonstrating that F was mutated to H.  



Discussion

ÅKey findings indicate that the introduction of novel hydrogen bonds 

significantly enhanced enzymatic activity.

ÅThe presence of specific hydrogen bonds in amino acid mutations correlated 

with increased substrate binding and catalytic efficiency.

ÅFuture studies include purification of mutant proteins and characterizing 

their enzymatic activity and thermostability. 
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Å Bacterial ɓ-glucosidase B (BglB) is an enzyme found in 

bacteria thataids in digesting complex carbohydrates.

Å BglB can cleave glucose from polysaccharide such as 

cellulose of plant biomass, together with other enzymes

Å ImprovingBglB activity and stability is crucial for 

industrial use.



Clean energy & Ethanol
ÅClean energy is used to describe energy sources that releaselittle or 

no greenhouse gases such as carbon or nitrogen thathave little to no 

negative environmental impact. Clean energy aims to lessen pollution 

and fight climate change by producing sustainable andrenewable 

energy for the future.

ÅEthanol is regarded as a renewable energy source thatplants can use 

to be refined again. Typically, biomass such as corn, sugarcane, or 

other plant materials is used to make it.
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Mutagenesisgenerating novel enzymes in industry and medicine

Å Mutagenesis is the intentional or natural alteration of 

an organism's DNA sequence, which can be used in 

biotechnology to create unique proteins and enzymes 

with desired characteristics for industry and medicine.

Å This process can modify proteins like hormones, 

enzymes, and antibodies for extended half-life and 

improved treatment effectiveness.
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Research Questions

Å Do mutations that create hydrogen bonds 

make proteins more stable than the score it's 

presenting?

Å How do the wild-type and mutant proteins' 

stability scores compare?

2 / 2 4 / 2 0 2 5
              

3 5

Å Determine and classify mutations that generate hydrogen 

bonds.

ÅGenerate the design of amutation

Å Create models for predicting for stability brought on by 

mutations.

Å Apply research to different kinds of proteins.

Research Goals



Our Hypothesis

Generating additional hydrogen bonds 

can stabilize protein structures
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Foldit Standalone Computer Software

Å Foldit Standalone allows users to manipulate 

proteins in a user-centered manner to solve 

challenges relating to 3D structure in 

biochemistry, including protein structure 

prediction and design.

Å Foldit Standalone is an add-on for Rosetta that 

offers a comprehensive user interface for both 

novice and professional biochemistry structure 

research.
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Figure 1: In figure 1 it shows the 

original form of the enzyme before any 

mutation occurred with it's original 

energy score.

Original energy score



Materials & Methods
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Å Using the computer software Folditstandalone, 

we stabilized the enzyme Bacterial bifunctional 

ɓ-glucosidase (BglB) by clicking on over 20 

randomized amino acids

ÅWe mutatedthe enzyme withdifferent amino 

acids to generate new hydrogen bonds while 

keeping the energy score similar to the energy 

score of the wild-type

Figure 1: In figure 1 it shows the original 

form of the enzyme before any mutation 

occurred with it's original energy score.



After performing many mutations, we decided onthemutations294tyrosineto asparagine with a score of -1084.127 

(Figure 2) and398Valine toglutamine with a score of -1087.572 (Figure 2A) which were found in the active site of the 

enzyme.
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Figure 1: In figure 2 we see thewild-

type that was 294 tyrosinewith 

a hydrogen bond. The energyscore is -

1089.697 which was the originalscore

Figure 2A: In figure 3 we see thewild-

type 398Valine mutated to glutamine 

creating ahydrogen bond. We also see 

the energy score becoming higher 

than the original score.


