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- Abstract

Global food security is limited by the low efficiency of biological
photosynthesis (<1%). Inspired by NASA’s Artemis Il "LEAF"
experiment and deep-space electro-agriculture, this study
investigates the potential for light-independent growth in Vigna
radiata (Indian Mung Bean). Using bioinformatic mining, we
identified the LOC106757116 gene as a target for acetate
metabolism. Molecular docking using the PatchDock algorithm
confirmed a stable binding affinity between acetate and the
predicted protein structure (ACE: -43.52). These findings provide
the first computational roadmap for implementing "Dark-Farming"
systems in India.

1. Introduction

Traditional Indian agriculture is vulnerable to climate instability and
seasonal light limitations. NASA-funded research has recently
demonstrated that plants can be grown in complete darkness by
bypassing photosynthesis and "feeding" them electricity-derived
acetate. While this has been tested in model organisms like
Arabidopsis, it has not been applied to Indian staple crops. This
paper identifies the genetic gaps in Vigna radiata and validates the
feasibility of acetate-binding via 3D structural modeling.



2. Methodology

Sequence Homology: The Acetyl-CoA Synthetase (ACS) gene
from Arabidopsis thaliana was used as a reference to perform
a BLASTn search against the Vigna radiata genome (NCBI
Database).

Structural Prediction: The 3D protein structure for the
identified candidate (LOC106757116) was retrieved from the
AlphaFold Protein Structure Database (Entry: AF-
AOA1S3TNS38-F1).

Molecular Docking: Rigid-body docking was performed using
PatchDock. Acetate was used as the ligand. Parameters were
set to a Clustering RMSD of 1.5 with the "Protein-Small
Ligand" complex type.

3. Results

—_
3
<
>
£
b=
C
[}
ke
)
3]
<
(o)
=)
g

Figure 1 (Genetic Gap): Homology analysis revealed a 74%
sequence identity between the NASA reference and the Indian
Mung Bean, indicating a 26% divergence in metabolic
efficiency.

Figure 1: Genetic Homology Analysis of ACS Gene
(Acetate-Processing Pathway)

Arabidopsis thaliana Vigna radiata
(Reference) (Mung Bean)




The analysis reveals a 74% sequence identity between the NASA
model organism (Arabidopsis thaliana) and the Indian staple crop
(Vigna radiata). The identified 26% sequence divergence
represents the targeted genetic bottleneck for implementing high-
efficiency heterotrophic agriculture in India.

Figure 2: Predicted 3D tertiary structure of the Vigna radiata ACS-
candidate protein (Entry: AF-AOA1S3TN38-F1) generated via
AlphaFold2."

The structural model was generated via AlphaFold2 (Entry: AF-
AOA1S3TN38-F1), displaying a highly stable fold. Dark blue regions
indicate high-confidence pLDDT scores (>90), confirming the
structural integrity of this metabolic target for acetate-based
growth.



Figure 3: In-silico molecular docking analysis of the Vigna radiata
ACS-candidate complexed with Acetate.”

The visualization confirms the successful binding of the acetate
ligand (ligand) within the predicted catalytic pocket of the Vigna
radiata protein (receptor). The PatchDock simulation yielded a
highly stable configuration with an Atomic Contact Energy -43.52,
theoretically validating the potential for acetate-mediated nutrient
uptake in this Indian staple crop.
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* The visualization confirms the successful binding of the acetate
ligand (shown as the red/multicoloured fragment) within the
predicted catalytic pocket of the Vigna radiata protein (receptor).
The PatchDock simulation yielded a highly stable configuration
with a geometric complementarity score of 1328 and an Atomic
Contact Energy (ACE) of -43.52, theoretically validating the
potential for acetate-mediated nutrient uptake.
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