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Why LLM (and not other AI models) for bio ?

ーCapability to connect with any data.
ーEasy to use.



What should be done now?

ーFeed LLMs with the “right” data.



Inconsistent data: Consistent data: 
Amino acid sequence

CC(C)C[C@H](NC(=O)[C@@H](NC(=O)[C@H](CCCNC(=N)NO)
NC(=O)OCc1ccccc1)C(C)C)[C@@H](O)CC(=O)NCCc1ccccc1

N=C(N)NCCC[C@H](NC(=O)[C@@H](N)Cc1cc(I)c(O)c(I)c1)C(
N)=OCc1ccccc1)C(C)C)[C@@H](O)CC(=O)NCCc1ccccc1

NC(=O)[C@@H]1C[C@H](NC(=O)C(F)(F)F)CN1C(=O)[C@H](N)C
CC/N=C(\N)N[N+](=O)[OH](NC(=O)[C@@H](NC(=O)[C@H](

CC(C)C[C@H](NC(=O)[C@@H](NC(=O)[C@H](CCCNC(=N)NO)
NC(=O)OCc1ccccc1)C(C)C)[C@@H](O)CC(=O)NCCc1ccccc1

N=C(N)NCCC[C@H](NC(=O)[C@@H](N)Cc1cc(I)c(O)c(I)c1)C(
N)=OCc1ccccc1)C(C)C)[C@@H](O)CC(=O)NCCc1ccccc1

・・・

SMILES

PQDPTGAHMDP



?QD?TGAHMD?

Inconsistent data: Consistent data: 
Amino acid sequenceSMILES



• e.g. Nisin :

• Natural antimicrobial peptide

• Uses lanthionine etc  unique structure

• Very few resistance reported

Amino acids
(Usually 20 types)

Peptidomimetic
Canonical

Non-canonical
+

(> 900 known)

“Nisin”
e.g.

Background

in nature use

6

Non-canonical amino acids



Peptidomimetic
sequence

Amino acids
(> 900 types)

Non-canonical
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In databases:

Chemical formula (SMILES)
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Peptidomimetics



Our work
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sequence
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Peptidomimetics



Result

Label peptide bonds
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Monomerizer



Result

Label canonical amino acids
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Monomerizer



Result

BFS 
non-canonical amino acids
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Monomerizer



Algorithms in Monomerizer
Result

Record 
non-canonical amino acids
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Monomerizer



Result

Repeat for all peptides
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Monomerizer



Result

Name all the 
non-canonical amino acids

X6

X7 X8
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Monomerizer



Result

Relabell with recorded
non-canonical amino acids
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X6

X7 X8

Monomerizer



Result

Read labels 
from the N to the C terminal
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Monomerizer
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Result

Output sequence :
X8QDX7TGAHMDX6

Monomerizer
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1. Decompose at peptide bonds

2. Tokenize canonical amino acids

3. Summarize 

    non-canonical amino acids

Data now on Zenodo (https://zenodo.org/records/14720108)

> 17,000 non-canonical amino acids



X8QDX7TGAHMDX6
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・38,138 peptidomimetics 
・4,605 peptides

Overview



Conclusion
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How to Make a Language Model
 Speak the Language of Peptides

Pre-train

Generate

Finetune

X8QDX7TGAHMDX6

LLKLLKHWDY
WWX6GAPPX201

AAGTWDDMPA
RRRRKHII

AWX122PEPTIDE

Any

Active α-E.coli

・
・
・

・
・
・



Conclusion
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How to Make a Language Model
 Speak the Language of Peptides

Train①

Generate

Train②

X8QDX7TGAHMDX6

LLKLLKHWDY
WWX6GAPPX201

AAGTWDDMPA
RRRRKHII

AWX122PEPTIDE

Any

Active α-E.coli

・
・
・

・
・
・



Conclusion
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1. Load the tokenizer, model, and config.

How to Make a Language Model
 Speak the Language of Peptides



Conclusion
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2. Initialize model weights

How to Make a Language Model
 Speak the Language of Peptides



Conclusion
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3. Modify tokenizer

How to Make a Language Model
 Speak the Language of Peptides



Conclusion
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4. Adjust vocab size

How to Make a Language Model
 Speak the Language of Peptides



Conclusion
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5. Pre-train

How to Make a Language Model
 Speak the Language of Peptides

No GPU 
required



Conclusion
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6. Finetune

How to Make a Language Model
 Speak the Language of Peptides

No GPU 
required



Conclusion
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7. Generate

How to Make a Language Model
 Speak the Language of Peptides

No GPU 
required



A designed peptidomimetic showed activity against E. coli
Result

me↑
X556

D-Tryptophan

Z0
Ammonia

X518
N6-(Trifluroacetyl)-L-lysine

X3449
Citruline

MIC=50 μg/mL

29

Experimental validation



A designed peptidomimetic showed better activity against 
E. coli than its canonical counterpart

Result
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L-Tryptophan (canonical)

D-Tryptophan (non-canonical)
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Growth Over Time at 50 μg/mL

Experimental validation



First Peptidomimetic Language Model



Possible applications of GPepT
Discussion

Anti-cancer 
peptidomimetics generation Fiber developmentToxicity classifier

Future Prospects①



Future Prospects②



First Peptidomimetic Language Model


