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MMSite: A Multi-modal Framework for

the Identification of Active Sites in Proteins 



Active sites in Proteins

• The region where substrate molecules bind and undergo chemical reaction

Factor Xa binds prothrombin

X-ray Crystallography

Site-Directed Mutagenesis

Mass Spectrometry

Traditional approaches often:

• Time-consuming

• Expensive

• Specialized equipment and 

operations

• Extensive experiments

Yeh C H, Fredenburgh J C, Weitz J I. Oral direct factor Xa inhibitors[J]. Circulation research, 2012, 111(8): 1069-1078.



Sequence

Text
+

Zuobai Zhang. https://drive.google.com/file/d/1RDbaAmajox7vDZN9kqTUHEi6FrxZYzO3/view?usp=sharing. 2024.

Protein Representation Learning

• Treat protein sequences as a special “biological language”



Step 1:
Collect and clean data from Swiss-Prot in UniProt

(more than 570,000 pairs of sequence and multi-

attribute text description)

Step 2:
Cluster sequences based on the similarity using

MMSeqs2

Step 3:
Adopt k-selected strategy to build train/validation/

test dataset

Dataset Preparation

The UniProt Consortium. UniProt: the Universal Protein Knowledgebase in 2023. Nucleic Acids Research, 51(D1):D523–D531, 11 2022.

Mirdita, Milot, et al. "Fast and sensitive taxonomic assignment to metagenomic contigs." Bioinformatics 37.18 (2021): 3029-3031.

ProTAD (ProTein-Attribute text Dataset)



                                  

                

         

       

          
 

                                               

       

            

                                                      

                                                       

                                              

   

                                    

 

 

         

        

         

      

                    

        
         

         

      

           

         

      

         

          

          

             

 
              

         

              

                

 

            

               

  

 

                               

         

        

        

    

       

        

      

         

        

     

 

          

          

          

          

          

  
  
   

     
 
  
  
 
 
  
 

 

 
  
 
 
  
   

 
   

 

 
 
  

    

  

      

                

        

                

             

              

         

               

      

              

                

            

      

MMSite - First Align, Then Fuse



➢ Protein Sequence Branch

Adopt PLM       to extract sequence embeddings

➢ Multi-attribute Text Description Branch

Adopt BLM       and MACross to extract text embeddings

MMSite - First Align, Then Fuse

• Stage 1: Feature Extraction

In MACross:



➢ Similar protein sequences give

rise to similar structures and

functions.

➢ Traditional “hard-label” align-

ment assigns positive pairs a

label of 1 and negative pairs a

label of 0, pushing them apart in

feature space, which is not ideal

in our scenario.

MMSite - First Align, Then Fuse

• Stage 2: Semantic Alignment

Inter-modality Similarity:

Intra-modality Similarity:

Target Intra-modality 

Distribution:

Predicted Inter-modality

Distribution:

Loss Function in 

Align Phrase:

Soft-label 

Alignment

Huang H, Nie Z, Wang Z, et al. Cross-Modal and Uni-Modal Soft-Label Alignment for Image-Text Retrieval[C]//Proceedings of the AAAI Conference on Artificial 

Intelligence. 2024, 38(16): 18298-18306.



➢ In Fuse phrase, cross-attention mechanism

is used to obtain text-empowered sequence

representation.

MMSite - First Align, Then Fuse

• Stage 3: Fusion and Prediction

➢ In inference stage, SOTA biomedical text generation model is employed as an agent to 

complete missing text modality when dealing with newly-discovered proteins, for example:

Loss function:

Then we fuse it with the original sequence representation via skip concatenation



Experiments

• Main Comparison Results

BLM enhances PLM’s performance

MMSite achieves SOTA 

performance compared 

with other 21 PRL models



Ablation Study

• Effectiveness of each components in MMSite

• “First Align, Then Fuse” vs “Align While Fusing”



Ablation Study

• Ablations on training strategies

• Impact of different clustering thresholds • Impact of the length of protein sequence 

• Temporal-based evaluation

(Taking 115 newly discovered samples as test data)



Visualization Results 

Justification: The palecyan surface/sticks

(residues) represent the background, while

the green, blue, and red surface/sticks

(residues) indicate the correctly predicted

sites, unpredicted sites, and incorrectly

predicted sites, respectively.



✓ We propose a new and meaningful task in biological science: identifying active

sites in proteins using both sequence and textual descriptions, and construct the

ProTAD dataset.

✓ We introduce a framework that integrates both modalities for predicting protein

active sites, utilizing a “First Align, Then Fuse” strategy.

✓ Our comprehensive experimental validations confirm the effectiveness of our

approach, demonstrating that our framework can be effectively applied to

different PLMs and BLMs.

Conclusion



Thanks for watching!

Project

Also feel free to contact me at ouyangsong@whu.edu.cn 
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