Academicjobs

FIND ¥ OUR THIESHE

5 February 2026
Prof Clara Voss

NTU Singapore Al Study Maps Over 20,000 Malaria Protein Interactions in
Groundbreaking Research

Unlocking the Plasmodium Falciparum Interactome for Next-Gen Antimalarials

The Global Malaria Challenge and the Role of Cutting-Edge Research

Malaria continues to pose a significant threat to global health, claiming over 500,000
lives annually despite ongoing efforts to control it.82 The deadliest strain, caused by the
Plasmodium falciparum parasite, is particularly concerning due to the emergence of
drug-resistant variants that undermine current treatments like artemisinin-based
therapies. In regions where malaria is endemic, such as sub-Saharan Africa and parts of
Southeast Asia, these resistant strains complicate eradication efforts. Singapore,
though malaria-free since 1982, has positioned itself as a hub for tropical disease
research, with institutions like Nanyang Technological University (NTU) leading
innovative studies that benefit the global community.

Plasmodium falciparum, a protozoan parasite transmitted by Anopheles mosquitoes,
invades human red blood cells during its intraerythrocytic developmental cycle (IDC),
multiplying rapidly and causing severe symptoms including fever, anemia, and organ
failure. This complex lifecycle involves distinct stages—ring, trophozoite, and schizont—
each marked by specific protein expressions and interactions essential for parasite
survival and replication.79 Understanding these protein-protein interactions (PPIs) is



crucial because they form the molecular machinery driving pathogenesis, nutrient
uptake, and immune evasion.

NTU's Innovative MAP-X Method: Revolutionizing Protein Interaction Mapping

Researchers at NTU Singapore's School of Biological Sciences (SBS), in collaboration
with international partners from Germany's Centre for Structural Systems Biology
(CSSB) and Bernhard-Nocht Institute for Tropical Medicine, have developed a
groundbreaking technique called MAP-X, or meltome-assisted profiling of protein
complexes. This method combines thermal proteome profiling (TPP) with artificial
intelligence (Al) to map PPls on an unprecedented scale.8271

TPP works by subjecting parasite samples to controlled heat gradients, measuring how
individual proteins destabilize or 'melt' at specific temperatures. Proteins that interact
within complexes exhibit correlated melting curves because their stability is
interdependent. Traditional methods like co-immunoprecipitation or yeast-two-hybrid
screening are labor-intensive and low-throughput, capturing only a fraction of
interactions. MAP-X overcomes this by generating proteome-wide TPP data and
leveraging Al algorithms—Llikely graph neural networks or machine learning models
trained on known PPl datasets—to infer thousands of interactions simultaneously.

The Al component is pivotal: it analyzes melting curve similarities, co-thermal stability
patterns, and stage-specific expression data to predict high-confidence PPls, including
transient and dynamic ones that evade conventional detection.

Step-by-Step: How Researchers Applied MAP-X to Plasmodium falciparum

The NTU-led team synchronized P. falciparum cultures to capture seven precise time
points across the 48-hour IDC in human erythrocytes: early ring (3-6h), mid-ring (12h),
late ring/trophozoite transition (18h), early trophozoite (24h), mid-trophozoite (30h), late
trophozoite (36h), and schizont (42h).82 At each stage, they performed TPP on lysates
from infected red blood cells, generating quantitative melting curves for over 5,200
parasite proteins—nearly the entire proteome.

Sample preparation: Synchronize parasites using sorbitol, harvest at defined time
points.

TPP execution: Heat samples from 37°C to 67°C in gradients, use mass spectrometry
(MS) to quantify protein abundance via label-free quantification or TMT labeling.

Al prediction: Input melting profiles into machine learning models to cluster proteins by
similarity, validate against known complexes like the ribosome or proteasome.

Network construction: Assemble into dynamic interactomes, identifying stage-specific
assemblies.



This workflow yielded a comprehensive map of the parasite's 'interactome,' revealing
how proteins assemble and disassemble temporally.

Landmark Findings: Over 20,000 Protein Interactions Uncovered

The study's crown jewel is the identification of more than 20,000 PPIs, spanning the IDC
and resolving over 1,000 protein complexes—a tenfold increase over prior
annotations.7182 Notably, MAP-X reproduced established complexes such as the
translation machinery and apicoplast ribosomes, validating its accuracy

(precision >80% for high-confidence predictions).

Dynamic remodeling was evident: early ring stages featured invasion-related
complexes, while trophozoite phases showed nutrient transport hubs. Schizonts
exhibited replication machinery peaks, highlighting stage-specific vulnerabilities.

Discovering Novel Complexes and Moonlighting Proteins

Beyond confirmation, MAP-X unveiled parasite-specific complexes absent in humans,
ideal for selective targeting. Examples include novel exportomes for knob protein
trafficking and unique metabolic pathways supporting heme detoxification.
'Moonlighting' proteins—those switching roles across stages—were predicted, such as
chaperones dissociating from ribosomes to aid folding in stressed trophozoites.

These insights illuminate previously 'dark' proteome regions, where ~50% of P.
falciparum proteins lacked functional context.82 For instance, the study resolved
dynamics in the parasite's var gene expression system, linked to antigenic variation and
chronic infection.

Targeting Drug-Resistant Malaria: New Therapeutic Avenues

With artemisinin resistance spreading—now in Southeast Asia and Africa—identifying
essential, parasite-unique complexes is urgent.69 MAP-X pinpointed hubs in resistance
pathways, like altered proteasome subunits evading artemisinin-induced damage.
Disrupting these via small-molecule inhibitors could restore treatment efficacy.

The interactome also highlights multi-target strategies: inhibiting moonlighting proteins
might collapse multiple pathways simultaneously, reducing resistance emergence.
Future screens using MAP-X perturbations with drugs will quantify complex
disassembly, accelerating hit-to-lead optimization.

For aspiring researchers, Singapore's vibrant ecosystem offers postdoc positions in
tropical medicine at NTU and beyond.

NTU Singapore's Excellence in Al-Driven Biomedical Research

Nanyang Technological University exemplifies Singapore's ascent as a life sciences
powerhouse. Ranked among Asia's top universities, NTU's SBS invests heavily in



interdisciplinary Al-biology fusion, attracting global talent. Prof. Zbynek Bozdech, the
study's corresponding author, leads efforts decoding parasite transcriptomes and
proteomes, building on prior IDC atlases.

First author Dr. Samuel Pazicky, a structural biologist, bridged experimental TPP with Al
modeling. Co-lead Prof. Tim Gilberger from CSSB complements with expertise in
parasite surface proteins. This NTU-centric collaboration underscores Singapore's role
in hosting networks like the Singapore Malaria Network (SingMalNet), convening in
2026.62

Stakeholder Perspectives: Quotes from the Research Team

"With MAP-X, the team not only confirmed the existence of known protein complexes
but also discovered blueprints for novel parasite-specific protein complexes and
biochemical pathways," said Prof. Zbynek Bozdech.82

Dr. Samuel Pazicky added, "By characterizing protein complexes in malaria parasites,
we can identify new targets for treating drug-resistant malaria." Prof. Tim Gilberger
emphasized, "MAP-X is a powerful resource for deciphering the dynamic interactions
and fundamental biological processes of the malaria parasite."

These voices highlight the method's transformative potential, echoed in peer reviews
praising its scalability.

Implications for Higher Education and Research Careers in Singapore

This breakthrough elevates NTU's profile, drawing funding from Singapore's National
Research Foundation and attracting PhD students/postdocs. It exemplifies how Al
integration in biology curricula prepares graduates for high-impact roles. Singapore
universities emphasize translational research, partnering with A*STAR and pharma
giants.

e (Career paths: Computational biologist, structural bioinformatician, drug discovery
scientist.

e Skills in demand: Python/ML for proteomics, MS data analysis, parasite culturing.

e Opportunities: Faculty positions in Singapore's research-intensive unis.

Check tips for academic CVs to apply successfully.
Future Outlook: Extending MAP-X to Drug Screening and Beyond

The team plans TPP-MAP-X on drug-exposed parasites to map resistance mechanisms.
Extending to other Plasmodium species or mosquito stages could inform transmission-
blocking vaccines. Open-sourcing MAP-X pipelines will democratize interactomics for
neglected diseases.



In higher ed, this heralds Al's role in precision medicine training. Aspiring professionals
can leverage such tools via research assistant jobs.

Conclusion: Pioneering the Fight Against Malaria Through University Innovation

NTU Singapore's MAP-X study marks a milestone in malaria research, offering a
blueprint for Al-accelerated discovery. By illuminating the parasite's interactome, it
paves paths to novel therapies amid rising resistance. For those passionate about
science, Singapore's universities beckon with world-class facilities and collaborative
cultures.

Engage further: Rate professors at Rate My Professor, browse higher ed jobs, seek
advice at Higher Ed Career Advice, or explore university jobs. Post your vacancy at Post
aJob.
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