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®  Cancer 1s one of the major reason
of death n today’s world
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® Thioredoxin-A (Trx-A) is a multifimctional protein ubiquitously
found m the human body. Tix-A plays an important role m
various cellular functions such as mamtenanoe of redox
homeostasts, prohiferation, and DNA

Antimicrobial Interventions:

Molecular Approach — Short hairpin RNA (shRNA) is effective
for silencing genes by triggering the breakdown of target mRNA. 2. Qpﬁt’«llll ﬂée Tl'(f?i-A Prfi)teln Sttlilucture
Organic Approach — Allicin found in Allium Sativum (Garlic) has }r) th the cocking Sothware, then
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prepare the protein by removing
been shown to mhibit thioredoxin reductase (TrxR), an essential unnecessary molecules, such as
enzyme in bacterial redox systems. The inhibition of this enzyme )rt et
can lead to antibacterial eflects, especially in biofilm-prone bacteria.
Antibiotics- Oxacillin 1s a B-lactam antibiotic that targets bacterial
cell wall synthesis by mhibiting penicillin-binding proteins (PBPs).
. Thus action disrupts cell wall construction, effectively killing
Purpose/ Research Question bacteria
Targeting Bacterial Systems — Auranofin 1s an antimicrobial .
agent, effective agamst Gram-positive bacteria, including multi-
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3. Prepare the 3D structures of
each ligand by loading them into
the docking software and

. s : optimizing the structures required,
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related deaths. Often covered in biofilms, right sided tumors are deadly often used in biochemical research for its ability to reduce disulfide =<~ results.

and often 1dentified m advanced stages. Biofilms cloak the tumor,

bonds. Its antioxidant action prevents the formation of disulfide

Variables Procedures

6. Analyze the results by
comparing the binding affinity,
RMSD values, and the number of
hydrogen bonds formed, to assess
which compound demonstrates the
strongest and most stable binding
to Trx-A, suggesting its potential
effectiveness 1n blocking Trx-A’s
activity in Biofilms.

5. Start the docking simulation for
cach compound to determine
critical data such as binding
affinity, RMSD (Root Mean

Square Deviation), and the number

of hydrogen bonds formed
between each compound and Trx-

A, which will indicate the strength

and stability of each bond.

4. Configure the docking
parameters in the software by
selecting Trx-A as the target
protein and each ligand at a time.
Then define a docking grid around
the active site of Trx-A to focus
the simulation on the area where
binding is likely to occur,
adjusting parameters like the
binding mode and search

formation so the goal of this expenmment 1s to find an antimucrobial
mtervemonthatlsmcst effective m mhibiting Tix-A. Results

Many studies have shown

ShRNA ShRNA gradually demonstrated an inhibitory effect, with a delayed onset compared to other treatments. It showed a targeted 83%
approach, binding specifically to Trx-A related RNA sequences.

progression such as maintain

redox balance and helping
. . . . Allicin Allicin found in Allium Sativum extract exhibited mild inhibition of Trx-A, with weaker binding than synthetic compounds 39%
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Research Question: Which antimicrobial mtervention 1s the most
effective agamst Thioredoxmn-A?

Auranofin Auranofin displayed a strong binding affinity to the active site of the Thioredoxin-A, indicating high potential as an inhibitor. 74%

Dithiothreitol Dithiothreitol showed variable results in its simulated interaction, with some affinity but weaker then Auranofin 52%

Quantitative data showed a clear pattern of binding affinities, Trx-A Inhibition Percentages
with shRNA demonstrating the strongest inhibition across all — EE 3.0
trials. This suggests its highly specific interaction with Trx-A, [ lI
potentially due to its design to target the gene directly.
Auran()ﬁn, while less potent than ShRNA, maintained i ShRNA Allium Sativum ~ Oxacillin Auranofin  Dithiothreitol
consistent inhibition, indicating its potential as a synthetic “Tral1 mTral 2 WTrial3 WTrial4 WTrials
therapeutic. On the other hand, Dithiothreitol and Oxacillin
displayed weaker binding affinities and higher variability in
their effects. Interestingly, Allium sativum exhibited moderate

Hypothesis: If a specifically designed ShRNA strain and other
antrmucrobial mterventions are tested aganst Tix-A m a computer
simulation, then the ShRINA will be most effective at reducing Tix-A
activity, because ShRNA 1s a type of RNA molecule that can silence
gene expression n human cells whereas the other substances are
xternal components and may not impact Tix-A as much.
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An Innovative Approach To Reduce Biofilm Formation &
e, Progression: Evaluating the Impact of Antimicrobial Compounds on

Thioredoxin-A in Biofilm for Colorectal Cancer Treatment
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Abstract

In today's world Colorectal Cancer ranks as the fourth leading cause of cancer-
related deaths. Often covered m Biofilms, right sided tumors are deadly and often
identified in advanced stages. Biofilms are complex bacterial communities that
cover the tumor providing protection from external pressures. Furthermore, many
studies show that Thioredoxin-A (Trx-A) has a huge impact on Biofilm
formation and progression so reducing Trx-A activity might help weaken
biofilms and improve treatment. This experiment investigates which of the five
antimicrobial compounds is most effective against Trx-A.
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Hydrogen bond with Trx-A, suggesting it forms a strong stable mteraction that
could block Trx-A effectively. In conclusion, these findings suggest shRNA, with
its strong and stable binding to Trx-A, might be the most promising choice for
future research mto treatments targeting biofilm-associated infections m cancer.
Further studies could validate these results 1n real-life lab conditions as this project
aims to help Colorectal Cancer m the future.

Conclusion

This experiment found the shRNA was the most effective compound for
targeting the protein Thioredoxin-A(Trx-A) in Biofilms, out of all five tested
treatments. ShRNA had the strongest and most stable bond with Trx-A. This

strong bond can help against Trx-A because the stronger a compound binds, the
more 1t can interfere with the Trx-A’s ability to support biofilm formation and
growth. This 1s important because biofilms protect harmful bacteria making
tumors harder to treat. Furthermore, Auranofin also showed good results but was
not as effective as ShRNA. The other ligands Allicin, Oxacillin, and Dithiothreitol
had weaker bonds with Trx-A. These results suggest that computer simulations
can be a helpful way to test which compounds might work best before trying
them 1n real hife experiments.

Future Work

This project can be expanded by exploring additional compounds or natural
substances that may further inhibit Trx-A activity, potentially identifymg new
therapeutic agents for treating biofilms. Further research could also investigate
the long-term effects of these inhibitors on bacterial growth and biofilms
persistence, offering a broader understanding of their potential in combating
chronic infections. Additionally, scaling up this research to include clinical
trials would help validate the effectiveness of these compounds m humans,
making it possible to develop targeted therapies, By continuing to refine the
methods and expanding, this project could contribute to developing innovative
treatments for Colorectal Cancer. In real-world applications, these findings
could help treat many problems paving the way for more personalized and
sustamable healthcare solutions.
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