
ModuLM:Enabling Modular and Multimodal Molecular 
Relational Learning with Large Language Models

Introduction

To address these challenges, reduce redundant coding, and ensure fair model 

comparison, we propose ModuLM, a framework designed to support flexible LLM-

based model construction and diverse molecular representations. ModuLM

provides a rich suite of modular components, including 8 types of 2D molecular 

graph encoders, 11 types of 3D molecular conformation encoders, 7 types of 

interaction layers, and 7 mainstream LLM backbones. Owing to its highly flexible 

model assembly mechanism, ModuLM enables the dynamic construction of over 

50,000 distinct modelconfigurations. In addition, we provide comprehensive results 

to demonstrate the effectiveness of ModuLM in supporting LLM-based MRL tasks.

• Molecules can be represented in 1D, 2D, and 3D forms, most MRL models 

support only a single input modality, limiting structural information utilization.

We conducted validation experiments on MRL tasks using ModuLM to demonstrate 
the framework’s ability to support a wide range of experiments, comparisons, and 
analyses. The following sections present the results for DDI and SSI tasks, 
highlighting the impact of different inputs and encoders on LLM performance in MRL. 
This also validates the effectiveness of our framework.
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Lack of diverse input support:

Methond

Lack of Flexible Architectures:

• Current LLM-based MRL models are limited by rigid encoders and weak 

interaction modeling, highlighting the need for a flexible, integrated framework.

The work proposed in this study

Experiment
In addition to supporting existing model configurations, our ModuLM framework 
allows for custom model design, which can be combined with existing configurations 
to conduct relevant experiments.

Custom Model

We conducted further experimental comparisons between the best-performing 
model configuration from previous experiments and our custom-designed model.

The above experiments demonstrate ModuLM’s strong capability in supporting 
user-defined models. Following our provided protocol, users can create custom 
encoders and flexibly integrate them with other encoders and interaction layers 
as modular components. These custom models can involve more complex 
configurations, including user-defined blocks and additional operations such as 
stacking and flattening the outputs of ModuLM components. Furthermore, 
ModuLM’s dynamic model construction mechanism allows users to easily adjust 
the model architecture to perform ablation studies.

Future Work
In the future, we will continue to expand and maintain ModuLM by adding new 
encoders, interaction layers, evaluation metrics, and broader LLM support to 
enhance its flexibility, generalizability, and scalability. We will also deepen its 
application in molecular relational learning, especially in drug discovery and 
protein interaction analysis, aiming to make ModuLM a powerful, flexible, and 
efficient tool for advancing interdisciplinary research.


