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Abstract

Endotoxin contamination and microbial infections pose critical risks in pharmaceuticals
and clinical settings. Conventional endotoxin assays rely on clotting factors from
horseshoe crab blood, while microbial identification depends on culture-based growth
assays. Both approaches are slow, prone to interference, and unsustainable. This work
introduces a same-day, animal-free workflow using liquid chromatography-mass
spectrometry (LC-MS) to directly detect molecular fingerprints of microbial contaminants
and endotoxins. The approach leverages specific biomarkers—including Lipid A and
lipopolysaccharide fragments from Gram-negative bacteria, peptidoglycan motifs from
Gram-positive bacteria, and chitin/B-glucan oligomers from fungi (molds)—to deliver rapid
pass/fail results and classification. This innovation eliminates reliance on animal
resources, reduces false positives, and opens the path toward rapid clinical and industrial
diagnostics capable of distinguishing bacterial versus fungal infection within hours.

Scientific Rationale
1. Why LC-MS for Endotoxin?

e Endotoxin = Lipopolysaccharide (LPS): The biologically active fragment, Lipid A,
has a distinct chemical structure (phosphorylated glucosamine disaccharide with
fatty acid chains).

e LC-MS Advantage: Instead of detecting clotting triggered by LPS (as in LAL assays),
LC-MS measures Lipid A ions directly, giving high specificity.

e Accuracy: Chemical fingerprinting avoids false positives from B-glucans or
excipients.




2. Extending to Microbial Differentiation

The same workflow can be expanded beyond endotoxin testing to distinguish bacterial vs
fungal contamination or infection:

e Gram-negative bacteria - Lipid A/ LPS fragments (m/z ranges ~1400-1800).

e Gram-positive bacteria > Peptidoglycan stem peptides, muramyl dipeptide (MDP)
ions.

e Fungi (molds/yeasts) > Chitin oligomers (GlcNAc repeats) and B-glucans (unique
oligosaccharide profiles).

By monitoring a panel of diagnostic ions, LC-MS can assign:
e Bacterial signal > Positive LPS or PGN markers.
e Fungal signal » Positive chitin/B-glucan markers.
¢ Mixed contamination > Both present.

This enables same-day classification of infection type without waiting for culture growth.

Workflow
Sample > Lysis/Extraction > SPE Cleanup > LC-MS - Result
1. Lysis/Extraction: Break open microbes to release biomarker fragments.

2. Solid-Phase Extraction (SPE): Clean up excipients, concentrate diagnostic
molecules.

3. LC Separation (10-12 min): Separate lipids, sugars, and peptides.
4. MS Detection: Targeted high-resolution scan for LPS, PGN, chitin, B-glucans.

5. Result: Pass/fail for endotoxin; classification = bacterial, fungal, or mixed.

Applications
e Pharmaceutical QC »> Animal-free endotoxin release testing.

e Hospital Diagnostics > Rapid bacterial vs fungal infection identification, guiding
treatment.




o Biologics & Cell Therapy - Faster lot release with more informative contamination
insights.

e Environmental/Industrial Microbiology > Quick source-tracking of contamination
events.

Impact This approach:
¢ Protects ecosystems by eliminating horseshoe crab blood use.
e Accelerates results from days/weeks to hours.

o Improves treatment decisions by rapidly telling doctors: bacterial vs fungal
infection.

¢ Future-ready: adaptable for advanced therapies and clinical diagnhostics.




