
A GENERAL PROTOCOL FOR THE 
CONSTRUCTION OF 

STRUCTURE-ACTIVITY LANDSCAPES 
OF NON-CANONICAL PEPTIDES

1 DIFACQUIM Research Group, Departamento de Farmacia, Facultad de Química, 
Universidad Nacional Autónoma de México, Ciudad de México 04510, México. 

2 Departamento de Química y Programa de Posgrado en Farmacología, Centro de 
Investigación y de Estudios Avanzados del Instituto Politécnico Nacional, Apartado 

14-740, Ciudad de México 07000, México.
* elopez.lopez@cinvestav.mx 

Edgar López-López 1,2,*

mailto:elopez.lopez@cinvestav.mx


2

Introduction: What is a peptide and non-canonical peptide? What are their importance?

Non-canonical 
(uncommon) peptides

● Improved 3D stability

● Enhanced bioactivity 
(e.g. affinity, ADMET).

● Improved specificity

Biomolecules 2023, 13(6), 981.
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Methodology

 Database generation

We collected the 
peptide sequences and 
bioactivity data from 
APD3 database of 
natural or synthetic 
peptides, with 
anti-MRSA reported 
activity (mg mL−1), with 
<70 residues.

.

 SMILES 
calculation

The SMILES strings 
were obtained 
manually using each 
peptide sequence 
and their 
non-canonical 
modifications. 

 Descriptors 
calculation

Using Python programming, 
the fingerprint MAP4 was 
calculated for each peptide.

Additionally, paired 
calculations: 

● Molecular similarity
● Paired difference activity
● Paired difference 

molecular weight.

 Chemical 
space analysis

Identification of peptide 
activity cliffs. 

SAS map 
visualization

The paired data was 
visualized and the 
Structure-Activity 
Landscape Index (SALI) 
values were calculated.

J Cheminform 2020, 12 (43), 1758-2946
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Discussion: Structure-Activity(Propertie) Landscape

Fig. 1 Graphical representation of a Structure-Activity Similarity (SAS) map (A) and an extension of a 
SAS map (B). A SAS map is based on a pairwise comparison of each compound on a data set. Each data 
point in the graph in the map represents a pair of compounds. SAS map is based on the activity differences of 
the pair of compounds against a specific biological endpoint and their molecular distance.
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Results

Fig. 2 Structural and sequence 
similarity between the 223 anti-MRSA 
peptides: (A) modified (extended) 
structure-activity similarity map; each 
sphere represents a pairwise comparison 
of the chemical structure (quantified 
utilizing MinHassed distance/MAP4 
fingerprints), activity difference, and 
molecular weight difference. The spheres 
are colored according to the SALI values 
using a continuous scale from low (blue) 
to high (red) values. (B) Sequence 
alignment and (C) summary 
characterization of 11 representative 
peptide activity cliffs (pairs). SALI: 
Structural–Activity Landscape Index.
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Brief discussion

Fig. 3 Representative anti-MRSA 
peptide pairs 12–15. Chemical 
changes observed between each 
peptide pair are colored in red, 
whereas shared chemical 
structures are depicted in black.

What can we identify?

● Small structural changes
● Changes in the -COOH and 

-NH ends
● Non-canonical modifications
● Changes in linear and cyclic 

peptides
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Conclusions and future perspectives

● The fingerprint-based similarity (FP-Sim) 
values positively correlate with the 
sequence-based identity values (R2 = 0.31), 
suggesting that FP-Sim measures 
complement the information derived from 
sequence alignments, but do not replace 
them.

● We introduced the extended SAS map 
(using MW differences values of each 
peptide pair) that facilitated the rapid 
identification of peptide activity cliffs.

● This protocol has a very broad domain of 
applicability.

Structure-property 
relationships in 

peptides

Drug design
(Peptides, 

and 
PROTAC)

Peptidic 
toxicology

Accelerate 
AI-based 
methods

Antibody 
design

and many 
more…
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Check it out!!

Click the following link to read more:
https://doi.org/10.1039/D3DD00098B 

https://doi.org/10.1039/D3DD00098B
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Supporting information

Example:

● For atoms J and K
● MAP4 = Radius 2 

○ (Blue and Pink)

J Cheminform 2020, 12 (43), 1758-2946

Notes:

● Topological FP (e.g. Morgan and 
ECFP)

● Each connectivity of X atom (with a 
radius Y) is represented by a 
unique bit (0, 1)

● 1024 bits … or more.
● Similarity quantification is based on 

MiniHash algoritm (inspired on 
Jaccard  Similarity for large sets).
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Supporting information

J Cheminform 2020, 12 (43), 1758-2946

Notes:

● MAP encoding of A (SA) and B (SB)
● Similarity (A,B)
● π = Random perturbation of SA and SB
● πSA and πSB used by the fingerprint

Fingerprinting

SA = 10011110 
SB = 11100101

Adapted to: Approximating Jaccard similarity with MinHash. September, 2024. 
https://aksakalli.github.io/2016/03/01/jaccard-similarity-with-minhash.html 

.  = In A and B

.  = Only in A

.  = Only in B

1 = Presence 
0 = Absence

https://aksakalli.github.io/2016/03/01/jaccard-similarity-with-minhash.html

