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||| %eve Developing Drugs is Slow and Expensive @Penn

Time: >10 years from lab to the clinic Cost: $2.6 billion per drug in 2014

Drug Discovery and Development: A LONG, RISKY ROAD
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Computational Drug Discovery
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Antibiotic Resistance:
A Global Health Problem

Deaths attributable to antimicrobial resistance every year
compared to other major causes of death

AMR in 2050
10,000,000
O O ‘ .
Tetanus Cholera Measles AMR
60,000 100,000 - 120,000 130,000 700,000

Road Traffic Diarrhoeal Diabetes Cancer
Accidents Disease 1,500,000 8,200,000
1,200,000 1,400,000

1 human death every 3 seconds

Source: Review on Antimicrobial Resistance 2014;

Nature Reviews Drug Discovery 6:28.
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Out of Antibiotic Chemistries
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Can Computers Achieve
Autonomous Molecular Discovery?
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Structure determines protein (peptide) function (Anfinsen’s dogma)
Controlled sequence - controlled function/activity

Glycine Isoleucine Alanine |
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Al for Drug Discovery &Penn
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Explore Sequence Space

Generate New Molecules
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Protein Space is Astronomical:
Opportunity for Engineering

Number of plant and animal species on Earth: 107
Number of people on Earth: 1019
Number of microbial species on Earth: 1012
Number of bacteria in a human: 3.8 x 1013
Number of sand corns on Earth: 1028

Number of stars in the Universe: 1031

25 amino-acid peptide: 1032!
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Selection

Mutation Crossover

Generation 2
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Lead peptide MIC = 6 pg mL"’
VS.
Pg-AMP1 (WT peptide) MIC > 100 pg mL-
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Machine-Made Antibiotics
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FLPII - Antimicrobial and Immunomodulatory
Motif in Natural Peptides
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Biology has encrypted useful information.
How do we decrypt it to discover novel antibiotics?

http://news.softpedia.com/news/new-decryption-key-available-for-cry128-strain-of-crypton-ransomware-family-515363.shtml#sgal _0
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Pattern Recognition for Antibiotic Discovery?
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Antibiotics hidden in the human proteome
A Search algorithm based
Protein Inhibitors on sequence length, net
Neuropeptides charge and average
{ormones hydrophobic residues was
L integrated into fithess
'\f function that selects for
antimicrobial sequences.

Coagulation
factors

D . t. www.nature.com/natbiomedeng /January 2022 Vol. 6 No. 1

Gastrointestinal biomedical
Tract _engineering”

Mining for hidden antimierobial peptides
in the human proteome

Nature Biomedical Engineering, 2022
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A Fibroblast Growth
CUB Domain 3 Factor 5 Natriuretic Peptide von Willebrand Factor
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Nature Biomedical Engineering, 2022
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O pg/ml LL-37 (no urea) O pg/ml LL-37 7.81 ug/ml LL-37
31.25 pug/ml LL-37 125 pug/ml LL-37 500 upg/ml LL-37
Time (s): 0.04

ACS Nano, 2022 25
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Self-Learning Autonomous Platform for Molecular
Discovery
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