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Intrinsically disordered proteins 
(IDPs) are key players in liquid-
liquid phase separation (LLPS) 
and frequently regulate the 
formation of membraneless 
organelles (MLOs). Mutations in 
IDPs can disrupt their 
multivalent interaction network, 
altering the phase behavior, and 
leading to various diseases. 

IDPs: Beautifully Unpredictable
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Results: IDR Conserved Motifs and Diseases

v ESM2 (Protein-LLM) scores reflect evolutionary conservation.
Conservation Score: from multi-sequence alignment (MSA)
ESM2 Score: Log-likelihood ratio value from Protein LLM ESM2 model in PlogP scale

v Mutation on IDR conserved residues are likely to be 
pathological.

References Acknowledgement

1. ESM2 Score Indicates Evolution Conservation. 
2. ESM2 identifies disordered, conserved regions.
3. LLPS-driving IDPs contain more conserved residues.
4. Mutations appear at IDR conserved region are pathological.
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Results: Biophysical Roles behind LLM

Conclusions

v Higher population of conserved disorder residues appear in LLPS-related proteins.

AlphaFold2 Score

v Large Language Model (LLM) ChatGPT (4o)

Innovative Research: 
The lab is consistently producing cutting-edge work 
in areas like computational biophysics or molecular 
dynamics, which sets it apart as a leader in the field.

Interdisciplinary Collaboration: 
The group works across disciplines, 
integrating computational methods with 
experimental data, which broadens its 
impact and appeal.

Strong Publication 
Record: A steady output of high-
impact publications in respected 
journals, which demonstrates that 
the research is not only novel but 
also well-regarded by the scientific 
community.

Supportive Lab Environment: 
Members of the lab often speak highly of the 
collaborative, friendly, and growth-oriented 
culture, indicating that it’s a great place for 
professional development.

Mentorship and Guidance: 
Prof. Bin Zhang is known for being an excellent mentor, 
providing the right balance of independence and 
support, fostering growth for postdocs and students 
alike.

Lab Resources: 
Access to advanced computational tools 
and infrastructure, which allows 
members to push the boundaries of 
their research.

Ø Evolutionary analysis for IDPs is challenging!
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v IDPs evolve fast, fold rarely, yet function precisely
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Ø Sequence conservation for IDRs may indicate conserved functions.

(on IDR) (on IDR) (on OP)

From Words to Protein: Large Language Model 

Ø Context aware
-> Sequence?
Ø Multi-scale
-> Global and local?
Ø Reasoning
-> Evolutionary?
Ø Self-supervised
-> Without explicit 
training like aligning 
but learn “Grammar” 
directly from text 
data.

v LLM can be particularly powerful for IDP
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LLPS Driving/Participating/Non-participating 
IDR segments.

Segment dMLO-IDR Dataset
Based on their LLPS functions

Dataset Preparation

LLPS related, dMLO-IDR, and Driving IDR segments enrich in conserved residues
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v dMLO-Driving IDR show higher Resistance to Mutations.


