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Preface

Approximately 1000 to 4000 genes that encode small proteins (less than 100 amino acids) are
still officially uncataloged in the human proteome. These sequences, often called smORFs (small open
reading frames), have eluded identification for decades, which has relegated them to the simple
category of “noncoding RNA” [1]. These sequences have eluded identification for three main reasons:
1. Arbitrary criteria: Historically, bioinformaticians have set a minimum threshold of 100 amino acids
to exclude genetic “noise”.

2. Technical difficulties: Small proteins degrade rapidly and are difficult to detect using standard mass
spectrometry.

3. Misclassification: Many are hidden within regions previously classified as “noncoding RNA”
(ncRNA) or in segments overlapping with other genes.

Today, we know that this “genetic noise” hides precision regulators critical to molecular biology,
development, and metabolism [2]. Integrating polymer physics (physical-chemical properties) and
deep learning (AlphaFold) is one of the few ways to scale up the study of the 1000—4000 missing
microproteins. Without these models, we would have to study them one by one with crystallography,
which would take centuries.
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1. Key roles of physicochemical and biophysical properties

Many microproteins are intrinsically disordered (IDP); they do not possess a defined three-
dimensional structure until they encounter their molecular partner [3]. Traditional X-ray
crystallography would require centuries to map the entire catalog.

In this scenario, analyzing the physicochemical properties of the amino acid sequence is among
the best predictive tools for guiding research. Key biophysical parameters include:

» Hydrophobicity: This allows us to predict the microprotein’s propensity to integrate into lipids in cell
membranes.

* Net electrical charge: This helps identify the affinity and localization in specific cellular
compartments, such as the nucleus or cytosol.

» Amino acid residue content: This reveals the flexibility, chemical stability, and folding capacity of
the amino acid chain.

* Alpha-helical propensity: Identifies structural motifs typical of ion channel modulators, guiding the
understanding of their function.

2. Artificial intelligence as a biological accelerator

Integrating biophysical properties and deep learning has eliminated the bottleneck that hindered
the transition from genomics to functional biology [4]. Artificial intelligence operates on multiple
levels:

» Complex prediction (AlphaFold-Multimer): Al algorithms do not analyze the microprotein in
isolation but process its chemical and physical properties to simulate how it changes conformation
when it fits into the molecular “pockets” of larger partner proteins.

» Computational interactomics: Al rapidly screens microproteins against the entire known proteome,
identifying potential biological complexes before they even enter the lab [5].

* De novo computational design: Advanced algorithms enable the design of synthetic microproteins
that perfectly mimic natural biophysical mechanisms, accelerating pharmaceutical research by years.

3. From in silico models to laboratory validation

The modern scientific workflow for mapping the “dark side” of the genome follows a precise
synergy, as follows:

Bioinformatics filter and Al = physico-chemical property analysis => structural prediction (AlphaFold)
-> experimental validation (BiolD/Ribo-seq).

In predictions, Al and physico-chemical analysis suggest where the microprotein is located and
with whom it interacts. Predicted models are verified in vivo and validated by using proximity labeling
techniques (such as BioID), which mark nearby proteins in the cell, and Ribo-seq, which shows the
effective translation of the RNA by following the rhythm of the triplet periodicity [6].

The following diagram illustrates the process of molecular translation, the fundamental biological
step traced by Ribo-seq to show that a “junk” sequence (sSmORF) is indeed read by ribosomes to
produce a stable microprotein:
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Schematic of the integrated workflow from screening to drug

[HUMAN GENOME] = 98% DNA previously considered “junk”

\4

[BIOINFORMATIC FILTER] => Detection of smORFs (<100 amino acids)

v
[TRANSLATIONAL VALIDATION] => Ribo-seq (mapping of ribosomes in action)

v
[BIOPHYSICAL CHARACTERIZATION] => Analysis of hydrophobicity, charge, and IDP

fluctuations

v
[ARTIFICIAL INTELLIGENCE] = AlphaFold-Multimer (interactomic prediction)

v
[BIOMEDICAL TARGETING] = Design of micro-vaccines and therapeutic peptides

4. Emblematic examples of success

* DWOREF: Initially identified as a noncoding RNA, conservation analysis and in silico interaction
studies revealed its ability to bind to the calcium pump SERCA, increasing cardiac contractility.

* PIGBOS: Composed of only 54 amino acids, PIGBOS has been shown, according to chemical and
physical models, to have a strong transmembrane domain, allowing us to identify its role in the
mitochondrial membrane in regulating cellular stress.

* MRLN (Myoregulin): Bioinformatic analysis revealed a single alpha-helical structure (typical of
ionic modulators), confirming its key role in muscle efficiency and energy expenditure.

* MRI-2: A microprotein that regulates DNA repair. Simulation of its biophysical interlocking with the
Ku70/Ku80 complex has accelerated the understanding of how tumors use it to resist chemotherapy.

5. Drug design of the future: a therapeutic revolution
The pharmaceutical industry is investing heavily in microproteins and their synthetic analogs

because they overcome the structural limitations of traditional drugs, combining the specificity of
monoclonal antibodies with the versatility of small-molecule chemicals [7].
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5.1. Overcoming the “undruggable” effect (inaccessible targets)

Many human proteins implicated in serious diseases have flat surfaces or complex structures that
traditional small-molecule chemistry cannot bind tightly to.
» Structural flexibility: Microproteins, due to their intrinsically disordered nature (IDP) or specific
alpha-helical propensities, possess unique flexibility.
* Interlocking mechanism: Acts as a “biomimetic molecular key”, adapting its shape to fit perfectly
into structural pockets previously considered unreachable [8].

5.2. Optimizing pharmacokinetic and biophysical properties

The design of microprotein-based drugs focuses on the targeted manipulation of their chemical
and physical parameters:
* Tissue penetration and the blood—brain barrier: Compared to large antibodies, the small size of
microproteins allows for exceptional diffusion in dense tissues (such as solid tumors). By modifying
their net electrical charge and surface hydrophobicity, researchers are designing micropeptides that can
cross the blood-brain barrier to treat neurodegenerative diseases.
* Low toxicity and biocompatibility: Being composed of natural amino acids, the human body can
metabolize and eliminate them. This dramatically reduces the risk of liver or kidney toxicity and
minimizes side effects due to nonspecific off-target binding.
» Stability engineering: Natural microproteins degrade rapidly within the cell. Through computational
design, scientists introduce artificial chemical modifications (such as peptide cyclization or the
insertion of non-canonical amino acids) to “shield” them from proteolytic enzymes, increasing their
biochemical stability and residence time in the organism [9].

5.3. Cancer immunotherapy and microprotein-derived vaccines

Cancer immunotherapy and “micro-vaccines” are among the most advanced frontiers in the
development of personalized therapeutic vaccines against cancer. They use hidden neoantigens: some
tumors survive by expressing specific microproteins that standard tests cannot detect. The mechanism
of action comprises identifying these tumor smORFs via Ribo-seq [6] and, when possible, synthesizing
peptide “micro-vaccines” in the laboratory. Once administered, these fragments train the patient’s
immune system to recognize and selectively destroy only malignant cells displaying that specific
microprotein on their surface, sparing healthy tissue.

6. Conclusions

In conclusion, global interest in microproteins has exploded over the last 5-10 years, moving
from academic curiosity to a true biomedical frontier. The international scientific community is
investing heavily in microproteins due to the following main reasons:

» New therapeutic targets: Many of these proteins regulate vital processes such as DNA repair, muscle
contraction, and inflammation. Because they are small, they are ideal models for designing new drugs
or can act as drugs (therapeutic peptides).

» The “dark matter” of the genome: Identifying thousands of new genes means rewriting biology
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textbooks. It is the missing piece to truly complete the mapping of the human genome, which began in
2000.

* Oncology: It has been discovered that some tumors survive due to specific microproteins that
standard tests cannot detect. Targeting them could open new avenues for immunotherapy.

* Evolution: The study of smORFs allows us to understand how genes arise “from scratch” (de novo
gene birth), a process previously thought to be extremely rare.

At the institutional level, projects like OpenProt and international consortia [10] are working to
standardize the cataloging of these small peptides, while major pharmaceutical companies are creating
divisions dedicated to screening them. They play a role in specific diseases; microproteins are not
simple byproducts, but “precision” regulators, currently used in oncology and neurodegenerative and
cardiovascular diseases. They are the potential drugs of the future, representing a revolutionary class
of drugs thanks to their high specificity. Unlike small chemical molecules (which often target similar
sites, leading to side effects), they mimic the body’s natural mechanisms with extreme precision. Some
startups are developing “micro-vaccines” that train the immune system to recognize specific
microproteins found only on the surface of cancer cells.
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