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Overview

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

A

A

enzymatic activity.

Utilizing computationabnalysisand experimental proceduresfind

binding affinity andthermostabilityimprovements

Investigating the effects of amino acid mutagenesis on enzyme function
and benefits, with a mailmcus on the significance of novel hydrogen
bonds.



Introduction

Clean Energy:
A Clean energy refers to energy sources that have minimal environmental impact and reduce
greenhouse gas emissions. These sources are sustainable, renewable, and contribute to a cleane

planet.(Awogbemi et.al)

Ethanol:
A Ethanol is a biofuel produced by the natural fermentation of sugars, like glititbethe use

of yeast, sugars are metabolizing into ethanol anaerobically.
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Free Energy y

A Free energy:

An energylike propertyor statefunction of a systemin thermodynamiequilibrium
Its valuedepend®nthes y s t state@ndnotits history. Freeenergyhelpsdetermine
how systemshangeandhow muchwork they canproduce

Lower Gibbs Free Energy:
A More stableandhigherthermostability

Higher Gibbs Free Energy:
A Lessstableandlowerthermostability
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Production ofEthanol "

The Role ofBgIB in the Production of Ethanol

A BgIB is a betaglucosidase enzyme crucial for breaking down sugars, like
oligosaccharides, into beglucose monomers.

A Key role in ethanol production process by converting biomass into fermentable
sugars.
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Leaf Plant Cells

Poo

Cellulose degradation by
enzymesof cellulase complex

Cellulose breaksinto

oligosaccharideswhich finally cleaves
by beta-glucosidasdnto glucose
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Foldit Standalone

Tool for manipulating amino acids and forming hydrogen bonds.

Enhance understanding of protein folding
Contribute to developing new, stable protein designs
Provide 3D models for interactive study.
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Research Objectives

Hypothesis:
New H-bonds resulting from amino acids mutations enh&giB enzyme stability.

Goals:

A Computational biology, using the Foldit Standalone software, aimed to identify new
beneficial mutations.

A Mutations identified either lowered the energy score or facilitated the creation of novel H
bonds.

A These 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

A Protein modeling and structure predictions for the 3D structure of proteins with
Introduced mutations.
A Researchers manipulate protein structures to achieve the lowest energy state.



Foldit Standalone

J FUILIL = CAUSEIS \PRSY0\UUWTIUGUS LS 1LLUNLpUL
C View Options,
» View Options: Color:
& Show clashes Score
Show exposed Score/Hydro
Show voids Score/Hydro+CPK
Show backbone issues - -
Energy Score
y Show bonds (sheet) Binding Site

Show bonds (helix) Cartoon
Cartoon Ligand
Cartoon Thin
Show bonds (sidechain) Uhe

Show bonds (loop)

Show bonds (non-protein) Sphere
Show bondable atoms —

Show buried bondable atoms e Hydrogens:
Show constraints

Hide AllH
Show Bondable H
Show All'H

Show expected residue burials

Show isosurface

Show Symmetric Chains View SIAcoRaInS

C:\Users\pksy8\Downloads\LG1... -1089.697

» No Objectives Available

Symmetric Chain Colors
Don't Show (Fast)

Show Stubs
Color mutated PGW residues Show All (Slow)
X-ray tunnel for ligand

Color mutated residues

Show sidechains with

r s
& Use relative score coloring clashes or exposeds

Show outlines
Light background
& Pulse when working

These were the settings
utilized to improve enzyme
design visualization and
identify a.a. locations.
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Jﬂl Results

On enzymedBgIB, 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 andaves Mere
formed.

On enzymd3gIB, 40 mutational trails were conducted to test for new beneficial mutations. Out of those 40
mutations, Grovel mutations were identified, N293A, H373L, N293A, E136R, F77H and E136K. However,
mutation F77Hwvas selected tproceed with to conduct experiments as located irthe active site and novel
H-bonds were formed.
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C:\Users\pksy8\Downloads\LG1... -1089.697

P No Objectives Available

Segment lnformatlor!

320:Valine

PDB#:A 320

Score: -0.529

1 selected

Figure 1: 3D structure of WT and mutant V320. Mutant is shown by the arrow and
highlighted in purpleWT energy score shown 83089.697.
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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 Shalcsiegd chemical
Interactions. These test find optimal interactions between residues after mitatig.



C:\Users\pksy8\Downloads\LG1... )

P No Objectives Available

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).
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Segment lnforma(ior!

212:Threonine

Figure 4: 3D structure of WT and mutant T212. Mutant is shown by the arrow and
highlighted in purple. WT energy score showrn $889.697.
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Segment lnformatior!

296: Threonine a

PDB#:A 296

Score:-0475

P. B0 | [T\
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1 selected

Figure 7: 3D structure of WT and mutant T296R. Mutant is shown by the arrow and highlighted in\Wir@eergy score
shown as 1089.697.
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» No Objectives Available g » No Objectives Available
]

Segment lnformanorB
296: Threonine -

Figure 8: Zoomed in mutant T296 with WT energy score (right) and mutation T296R with a precise energhyO8&608 (left).
Precise energy score found using Minimize and Shak®oidel chemical interactions. These test find optimal interactions
between residues after mutatithge A.A. Arrow shows formation of a new hydrogen bond.
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Figure 9: 3D structure of mutation T296R in relation to substrate. The mutatddghtightedin purple) is
located at the active side of the enzyme in regard to the brown substrate in the center (shown by the arro
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Figure 12: 3D structure of WT and mutant
N293.Mutant is shown by the arrow
andhighlightedin purple. WT energy scorgahown
asi 1089.697.

Figure 13: Zoomed in mutant N293 witT
energyscore. Precise energy score
foundusingMinimize and Shake

to modelchemical interactiong hese test
find optimal interactions betweeasiduesafter
mutatingthe A.A.

[ Foldit - C:\Users\pksy8\Downloads\LG1.conf.pdb
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N Foldit - C:\Users\pksy8\Downloads\LG1.conf.pdb

C:\Users\pksy8\Downloads\LG1... -1089.697

» No Objectives Available

Segment Informatiora
77: Phenylalanine -

Figure 14: 3D structure of WT and mutant
F77.Mutant is shown by the arrow
andhighlightedin purple.WT energy
scoreshown ag 1089.697.
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Figure 15: Zoomed in mutant F77.
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Figure 16: Zoomed in mutation F77H with a precise energy sEoeeise energy score
found using Minimize and Shake model chemical interactions. These test find
optimalinteractions between residues after mutatimgA.A. Arrow shows formation of
a new hydrogen bond.



Methods and Materials

Experimental Methods: Handson

Phosphorylation of primers

PCR on sitedirected mutagenesis
Ligation reaction

Transformation reaction

Plasmid DNA Purification

DNA sequencing preparation
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Mutation T296R Coloni€
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Experimental Results

1A7DDAABBO_pre... FindMicmatches ¢ >  AddComment SomBy - Expote @ O
Template

Z FWD BagelB ATGGTATGGCACCTATCTGAATGGTCTGGATTTTGTTCAGCCTGGT GATATGGAACTGATTCAGCAGCCAGGTGATTTTCTGGGCATTAACTATTATACCCGTAGCATTATTCGCAGCACCAATGAT GCAAGCCTGCTGCAAGT TGAACAGGTTCACATGGAAGAACCGGTTACCGATATGGGTTGGGAAATTC,
(Bagel B.fasta) & ;

T [
880 900 920 940 960 950 1,000 1,020 1,040 1,06

I T T
800 820 840 860 880 960 920 940 960 980

E W2 )G )T P )L )N )G X oD Y E PN X0 R G )P M E YL )T 200 YR )G D) E YL )G T FN Y NN PR IS )T XL RIS YT NGB YA NS AL L YO ONPE O IV JRDPMIE FE ROV )T D IMIGIW IE )T )

v Z FWD
1A7DDALGE0_premix

e e

Mismatches: 48

Painwise Identty: 9579% | AATGGTATGGCACCTATCTGAATGGTCTGGATTTTGTTCAGCCT GGTGATATGGAACTGATTCAGCAGCCAGGTGATTTTCTGGGCATTAACTATTATCGCCGTAGCATTATTCGCAGCACCAATGATGCAAGCCTGCTGCAAGTTGAACAGGTTCACATGGAAGAACCGGTTACCGATATGGGTTGGGAAATTC,
850 900 920 940 960 950 1,000 1,020 1,040 1,06

160 880 900 s20 940 960 980 1,000 1,020 1,040
EQWRY )G )T Ayl N )G YL XB E N0 R G Y YM PE JL )T ¥a )P )G YR XE )L JGEYE FN )Y )N ER SYEDE FR IS IFIN D YA )SDHL YL )OIV )IE JO )N JH)IMIE JE )P )V T )D )M )G )M )E )E)I
v Z REV x

1A7DDAAGE1_premix
(IA7DDAABET_premix.a

880 960 920 940 960 980 1,000 1,020 1,040 1,06

E )W R )G )T YL )N DG YL YD YE )V YO )P )G D )M FE YL )T )0 )g )P )6 D YE YL )G )T NIV )Y JBR )S )T )T )R )S )T YN ID YA )S JE YL )@ )V JE Y@ )V )H YM )E YE )P YV )T )D )M )G )W )E )T )

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

1A7DDAAB74_pre...

Template
Z FWD BagelB
(Bagel B.fasta) (4

B

Find Mismatches ¢ > Add Comment

Sort By «

Expot

TGTTGCCTGTGATCATTTTCACCACTTTAAAGAAGATGTGCAGCT GATGAAACAGCTGGGTTTTCTGCATTATCGT

340 360 380 400

160 180 200 220
D VA )C YD DHPE YR H DE K PE YD N 2O )L M K PO )1 )G )E L PR Y )R

TTTIRGCGTTGCATGGCCTCGTATTATGCCTGCAGCAGGTATTATCAATGAAGAGGGTCTGCTGTTTTATGAGCATCTGCTGGATC

420 449 460 450

240 260 280 300
BRPES 2V A FW )R DR )T IM )P YA DA PG )T )T JNIPE PE )G )L 210 yE XY JE R )L YL )D

Z FWD
1A7DDAAGTE_premix
(1A7DDAAGT4_premix.a
bl &

Length: 932
Mismatches: 54
Palrwise [dentity: 94.21%

Z REV
1A7DDAAGTE_premix
(1A7DDALAGTE_premix.a
by &

Length: 1160
Mismatches: 45
Palrwise [dentity: 96.12%

340 360 380 460

240 260 260
DE M A 2C )DDH PE DR JH QE 2K 2E QDN 2O L )M QK X0 21 )G QE 2L 2R )2 )R

ol A e My

AATTTGCCCTGGTTCTTTTTCACCCCTTTAAGGAGANNNNGCAGCT GATGAAACAGCNGGNTTTTTGCCTTTATC

340 360 380 400

340 360 380 400

O AL

CA AGCGTTGCATGGCCTCGTATTATGCCTGCAGCAGGTATTATCAATGAAGAGGGTCTGCTGTTTTATGAGCATCTGCTGGAT(

420 440 460 450

I I I
300 320 340 360 380

-'SVAWPRIMPAAGIINEEGLLFYEHLLD

o MMU“M.&JL&L W ol

il GCGTTGCATGGCCTCGTATTATGCCTGCAGCAGGTNTTATCAATGAAGAGGGNTTGCTGTTTTATGAGCATCTGCTGGAT(

420 440 460 450

420 440

460 480

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



Discussion

A Key findings indicate that the introduction of novel hydrogen bonds
significantly enhanced enzymatic activity.

A The presence of specific hydrogen bonds in amino acid mutations correlated
with increased substrate binding and catalytic efficiency

A Future studies include purification of mutant proteins and characterizing
their enzymatic activity and thermostability.
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Introduction

A Ba ct eglucosidaseBEgIB) is an enzyme found in

bacteria thatids in digesting complex carbohydrates.
cellulose of plant biomass, together with other enzymes

A ImprovingBgIB activity and stability is crucial for

industrial use.

2/24/2025
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Clean energy & Ethanol

A Clean energyis used to describe energy sources that relétdser
no greenhouse gases such as carbon or nitrogematvatittie to no
negative environmental impact. Clean energy aims to lessen polluti
and fight climate change by producing sustainablerandwable

energy for the future.

A Ethanol is regarded as a renewable energy sourcepthats can use

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

other plant materials is used to make it.

2/24/2025 33



Mutagenesisgenerating novel enzymes in industry and medicine

A Mutagenesis is the intentional or natural alteration of
Mutant selection by fluorescent-activated cell sorting

algae sample -/

an organism's DNA sequence, which can be used in Autofiuorescence & o—
Mutagenesis@ ﬂuorescentstaining/ :.
biotechnology to create unique proteins and enzymes W .:
_____________ )
Laser Detectors
with desired characteristics for industry and medicine. Wildtype Culture scale-up o Forward scatter
]
O Side scatter &
A This process can modify proteins like hormones, o ruorsscence
B SR Quantification of
. . ] target compounds
enzymes, and antibodies for extended-htdfand A
Improved strain
improved treatment effectiveness. Screening on pathway inhibitors

2/24/2025 34



Research Questions

A Do mutations that create hydrogen bonds
make proteins more stable than the score it's

presenting?

A How do the wildtype and mutant proteins'

stability scores compare?

2/24/2025

Research Goals

A Determine and classify mutations that generate hydroge
bonds.

A Generate the design ofiautation

A Create models for predicting for stability brought on by
mutations.

A Apply research to different kinds of proteins.
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Our Hypothesis

Hydrogen bond

Generating additional hydrogen bonds
can stabilize protein structures

2/24/2025 36



Foldit Standalone Computer Software

Original energy score

A Foldit Standalone allows users to manipulate
proteins in a usecentered manner to solve
challenges relating to 3D structure in
biochemistry, including protein structure

prediction and design.

A Foldit Standalone is an aduh for Rosetta that

offers a comprehensive user interface for both

novice and professional biochemistry structure Figure 1: In figure 1 it shows the
original form of the enzyme before any

mutation occurred with it's original
research. energy score.

2/24/2025 37



M ate r| al S & M eth 9) dS A Using the computer softwaFlditstandalone

we stabilized the enzyme Bacterial bifunctional

. /Users/cheyennewright/Desktop/Research/BglB_minim... _1 089 697

» No Objectives Available

b-glucosidaseBgIB) by clicking on over 20

randomized amino acids

A We mutatedhe enzyme withlifferent amino
acids to generate new hydrogen bonds while
keeping the energy score similar to the energy

score of the wiletype

Figure 1: In figure 1 it shows the original
form of the enzyme before any mutation

2/2472025 occurred with it's original energy score. 38



After performing many mutations, we decidedtbemutations294tyrosineto asparagine with a score e1084.127

(Figure 2) and898Valine toglutamine with a score 6L087.572 (Figure 2A) which were found in the active site of the

enzyme.

2/24/2025

Figure 1: In figure 2 we see thewild-
type that was 294 tyrosinewith

a hydrogen bond. The energyscore is-

1089.697 which was the originadcore

Figure 2A: In figure 3 we see thavild-
type 398Valine mutated to glutamine
creating ahydrogen bond. We also see
the energy score becoming higher
than the original score.
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