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Introduction

O’Neill J. (2016). Tackling drug-resistant infections globally: final report and recommendations. London: Review on Antimicrobial Resistance.
Laxminarayan R. (2022). The overlooked pandemic of antimicrobial resistance. Lancet (London, England), 399(10325), 606–607. 

o Antimicrobial Resistance

45% related to treatment and 
development of new antibiotics
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Introduction

o Drug Design: A Difficult and Costly Process
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Introduction

o Drug Development

Small molecules 
MW < 500 Da MW ∼ 500–5000 Da

Peptides Therapeutic proteins 
MW > 5000 Da 
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Introduction

o Drug Development

Small molecules 
MW < 500 Da 

Acceptable level of in vivo clearance for a drug is logD of 0−3

log P < 3.25 provided the best odds for obtaining >100 µM solubility 
for a typical drug molecule (melting point of 150 °C) 

Acceptable permeability log D of 1−3.5

LipE should be prioritized based on the importance of enthalpic optimization

to achieve low dose and dosing frequency 

The Rule of 5
1.  5 H-bond donors
2.  10 H-bond acceptors
3. Molecular weight < 500 Da
4. Log P < 5.
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Model 1. pH Correction Model 2. Ionic Partition
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For a weak acid, PXH > PX and the logD curve decreases with pH; for a weak base,
PX > PXH, and the logD curve increases with pH, according to this equation.

An additional and useful property of lipophilicity profiles is that the pKa values
are indicated at points where the horizontal asymptote lines intersect the diagonal
lines (where d logD=d pH ¼ 0:5 ½275#). In Fig. 4.2a, the pKa and pK

oct
a (see Fig. 4.1)
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Figure 4.2 (a) Lipophilicity profile of a weak acid at two values of background salt and
(b) log–log speciation plot at 0.15 M KCl. [Avdeef, A., Curr. Topics Med. Chem., 1, 277–351
(2001). Reproduced with permission from Bentham Science Publishers, Ltd.]

log D 47Hydrophobic (Hpho)

Lipophilicity (Lip)

Hydrophilic (Hphi)

Lip = Hpho - Hphi
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Critical Assessment of pH-Dependent Lipophilicity Profiles
of Small Molecules: Which One Should We Use and In
Which Cases?
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No clear guidelines for 
rational drug design!!! 

MW ∼ 500–5000 Da

Peptides Therapeutic proteins 

MW > 5000 Da 

Rapid clearance, short half-life 

Low membrane permeability
(chemically unmodified peptides)

Complex (often recombinant) production, no 
easy chemical modification 
Immunogenicity 

Low membrane permeability due to size 

Only extracellular or surface-exposed targets

Introduction

o Beyond the Rule of 5 (bRo5) Chemical Space 
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o Drug Design: A Difficult and Costly Process

Introduction

PROTEINS

Experimental
 3D Structures

222,338
(0.01 %)

248,838,887
(99.99 %)

The gap has widened considerably in recent
years (advances in DNA sequencing)

Experimental structure determination can not
keep up with the pace of sequencing

There have been hundreds of millions of
known proteins with unknown structures.



Introduction

o Cationic Host Defense Peptides (HDPs)

Hydrophobicity/Lipophilicity

Amphipathicity

Mookherjee, N., Anderson, M. A., Haagsman, H. P., & Davidson, D. 
J. (2020). Antimicrobial host defence peptides: functions and clinical 
potential. Nature reviews. Drug discovery, 19(5), 311–332.
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Introduction

o Structure-Activity Relationship 

Antimicrobial activity 
increased with amphipathicity, 

but unfortunately, so did 
toxicity 

Antimicrobial activity trends correlated 
with peptide amphipathicity and, to a 

lesser extent, with overall hydrophobicity 

He Y, Lazaridis T. Activity determinants of helical antimicrobial peptides: a large-scale computational study. PLoS One. 
2013 Jun 12;8(6):e66440. 
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Lipophilicity and Amphipathicity

MW ∼ 500–5000 Da
Peptides

Therapeutic proteins 
MW > 5000 Da 

o Computational

AKLDR
RDLKA

LDRKA

Same logP or logD values!!!
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Table 7. Average Solvent Accessible Surface Area (SASA) for the
Side Chain of the Hydrophobic Residues and the Hydrophobic
Effect Contribution Value when the Side Chain is Fully Buried.

0.73 (log P units) per HB

2. Parameter α

3. Parameter β

Residue 
Average SASA 

(Å2) 
H
res
i

 
(log P units) 

Ala 69 1.2 
Val 130 2.2 
Leu 158 2.7 
 Ile 157 2.6 
Met 166 2.8 
Pro 115 1.9 
Phe 188 3.2 
Trp 232 3.9 
Tyr 201 3.4 

	

Application: Lipophilicity of Peptides Using a Local-Context Dependent Lipophilicity

1. Parameter λ

λ i =
S
peptide
i

SAA model
i

λ = 0.10

Methods
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Methods
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Proteins in the Hall of Fame

Predicting the Protein Structure: AlphaFold



Structure–Antimicrobial Activity Relationships of Recombinant Host 
Defense Peptides Against Drug-Resistant Bacteria

Methods
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Methods
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Physicochemical properties of 1st generation antimicrobials

Methods
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Antimicrobial activity

Methods

Minimal inhibitory concentration (MIC, μM)Reduction of colony-forming units (log10 cfu/mL) 

Gram-negative strain 

Gram-positive strains 
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Results

Structure–antimicrobial activity relationships of 
1st generation host defense peptides against Gram-positive 
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Structure–antimicrobial activity relationships of 
1st generation host defense peptides against Gram-negative 

Results
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Results

Structure–antimicrobial activity relationships of 
1st generation host defense peptides against Gram-negative 
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Structure–antimicrobial activity relationships of 
2nd generation host defense peptides against Gram-positive strains

Results
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Results

Structure–antimicrobial activity relationships of 2nd generation 
host defense peptides against Gram-positive and Gram-negative strains
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Results

Structure–antimicrobial activity relationships of 2nd generation 
host defense peptides against Gram-positive and Gram-negative strains
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Structure–antimicrobial activity relationships of 2nd generation 
host defense peptides against Gram-positive and Gram-negative strains

Results
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Results
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Conclusions and Challenges
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Thank you for your attention

william.zamoraramirez@ucr.ac.cr

Gracias!Graciès!

Thanks!

Merci!
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