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Motivation

Importance of Protein Prediction:

e Drug Discovery & Development: Helps identify potential drug
targets by predicting protein structures and interactions with
drug molecules

e Disease Understanding: Assists in uncovering the molecular
basis of diseases by predicting how mutations in protein
sequences may alter structure and function.

e Synthetic Biology & Bioengineering: Facilitates the design of
novel proteins for industrial, environmental, and therapeutic
applications, such as enzymes for biofuels or bioplastics.

Figure 1: Covid-19 3D structure
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Alpha Fold 2 Architecture
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Sequence alignment

Generate a multiple sequence alignment
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Figure 2: Output of the Alignment Sequence

Database of sequences
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Sequence alignment

e« Sample pLDDT (predicted Local
Distance Difference Test) for a
predicted protein structure

e AlphaFold2 assign a low confidence
to a region of a protein if:

* highly flexible or intrinsically
disordered

* does not have any well-defined
structure
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Figure 3: Final Output from AlphaFold

Hasan Aldhahi - Industry Internship



Making Advanced Prediction Accessible

1. The Challenge:

o Predicting 3D molecular structures is crucial (Function, Therapeutics,
Materials).

o Breakthroughs (Alpha Fold, ColabFold) offer high accuracy.
o BUT: Using these tools is complex:
a. Requires High-Performance Computing (HPC), GPUs.
b. Demands bioinformatics expertise.
c. Often involves command-line interfaces, dependency management.

The Gap: Need for an easy-to-use, accessible interface for these powerful tools.
Central Research Question:

How can GPU-intensive models (ColabFold, Boltz) be optimally integrated into a
secure, user-friendly web app on HPC?

4. Key Objectives: Optimization, User Experience, Scientific Accuracy, Security &
Privacy.

W~
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A Full-Stack Approach

° Front-End:
e Complete overhaul from legacy JS to
Next.js
e Focus on performance, scalability,
maintainability.
° Back-End:
e Next.js acting as the intermediary API.
e Designed for seamless, asynchronous
data flow.
e HPC Integration:
e Connecting web requests to GPU jobs
via robust scripting.

® Handling long-running computations
efficiently.

[ Input Form 3D Viewer
FASTA/SMILES Results Display

V Client Validation * Al Chat Assistant
RDKit WebAssembly

{5/ REST API
Node.js Backend

7 HPC Cluster
GPU Processing

i Job Queue
CSVFile

GDPR Compliant

Figure 4 : Full Architecture
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http://next.js

Creating an Intuitive Interface

Choosing the Model for prediction

Boltz
Alpha Fold 2

Client-Side Validation:

Leveraged WebAssembly to run RDKit
Checks if entry is Protein, DNA, RNA

Frontend-Fetching Jobs:

Downloadable Output
Write Description for Jobs

Accept up to 2500 Molecules
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Figure 5: Home Page of Protein Ai
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The LLM Analytical Assistant - Innovation & Security

e Context-Awareness:

e Backend process parses output PDB
file.
e Extracts key structural features
(helices, sheets, confidence scores).
e End-to-End Encryption (GDPR Compliance):
e encrypted User conversations before
storing using AES-256 with a unique e

key.
® Adversarial Defense: Sets behavioral

guardrails against: Code Injection and
Payload Splitting techniques.
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Test Cases

Model Analysis

Structure Analysis

Based on the provided structural analysis, here's a summary of the protein's features:

Overall Structure: The protein consists of 2 chains, comprising a total of 142 residues and 1076 atoms. There is only 1 model available for this structure.
Secondary Structure: The estimated secondary structure features include:

+ 13 helices: These are likely to be alpha-helices, which are common in proteins and play a crucial role in their stability and function.

+ 7 beta-sheets: These are flat, extended structures that can be involved in various functions, such as protein-protein interactions or enzyme active sites.
Confidence and Quality: Although the analysis provides a general overview of the protein's structure, there are some potential regions of low confidence:

+ The selected model number is 5, but the analysis states that there is only 1 model available (Number of Models: 1). This discrepancy may indicate a potential issue with the
model selection or numbering.

* The absence of heteroatoms, water molecules, and identified ligands might suggest that the structure is not fully resolved or that some important details are missing.

+ The estimates of helices and beta-sheets are based on the provided analysis, but the actual structure might differ. The accuracy of these estimates depends on the quality
of the input data and the methods used for the analysis.

Ask about the structure.

Model Analysis

Structure Analysis

It seems like you forgot to include your question about the structure.
Please go ahead and ask, and I'll do my best to provide a detailed and
accurate answer based on the provided structural analysis.

According to the Structure Analysis Results, the answer is: No, this
molecule does not have water molecules. The report specifically
states: "Water Molecules: 0".

Ask about the structure...

Figure 7: A screenshot showing the LLM chat
interface. The user's prompt, "Summarize the
structural features of my protein and highlight
regions of low confidence."
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Figure 8: A screenshot of the LLM's response,
answering the question "Does this Molecule
contain water molecules"
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3D Protein Structure
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Figure 9: Protein Structure from Boltz Figure 10: Protein Structure from AlphaFold
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Results

Performance: Reduced job failures, improved web app uptime, efficient job queuing.

User Experience: Responsive interface, accessible features (dark mode), helpful notes.
Security & Privacy: Full GDPR compliance, end-to-end encryption, defense against LLM attacks.
Scientific Accuracy: Real-time input validation (RDKit), comprehensive analysis tools,
context-aware LLM.
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Future Work: BioSmol

e Moving beyond single models to a Multi-Agent Orchestration
Framework.

e Leveraging the Smol-agent library.
Potential Application: End-to-End Drug Design Pipelines.

® Includes Human-in-the-Loop (HITL) for complex decisions.

e MCP tools for Alpha Fold and Boltz
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