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Structure-based drug discovery and 

development using light sources: 

focused on PPI using examples 
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Targeting the intrinsic mechanism of 

pathogenic bacteria

Various strategies are available

New targets

What can we do ?



Total procedures





Structural study

Function study

Drug-likeness

Discovery and 

development of

New lead candidates

Procedures in detail
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Pathogenesis of Staphylococcus aureus

ÅS. aureus can cause a range of illnesses from 

minor skin infections to life-threatening diseases 

such as pneumonia, meningitis, osteomyelitis, 

endocarditis, toxic shock syndrome, chest pain, 

bacteremia, and sepsis.

ÅIts incidence is from skin, soft tissue, respiratory, 

bone, joint, endovascular to wound infections. 

ÅIt is the main cause of hospital- and community-

acquired infections.

Staphylococcus aureus (pixnio, Janice Haney Carr, Matthew 

J. Arduino, DRPH, USCDCP)

Worldwide prevalence of MRSA

Nature Reviews Disease Primers (2018)

Most available data are from high-income countries.

Japan and South Korea have particularly high MRSA prevalence.



Global burden of bacterial antimicrobial resistance

Global deaths attributable to and associated with bacterial

antimicrobial resistance by pathogen



The development of new antibacterial drugs is 

lagging behind the increasing rate of antibiotic 

resistance.



We need novel antibiotics against new targets 
ÅCapitalists are commercial.

Å Many of the currently used antibiotics will 

sooner or later become ineffective due to 

the acquisition of resistance mechanisms 

by pathogenic bacteria.



TA systems in E. coli

Many kinds of toxin-antitoxin 

systems exist in bacteria.

Ą No human proteins

Ą They are essential to their 

survival.

High specificities with distinct 

structural features

Nat Chem Biol (2016)

Toxin-antitoxin systems in bacteria



Toxin-antitoxin systems in bacteria
Toxin-antitoxin systems

Elimination of persisters

Ą Reduction of the number of recurrent

infections

Ą benefit of reducing the number of antibiotic-

resistant mutations.

Possible approaches

Inhibition of the toxins
Ą inhibiting entry into growth arrest

Dissociation of TA complexes
ĄActivation of toxins, leading to cell death

Nat Chem Biol (2016)

Toxin-Antitoxin 

Complex Formation

Activation of toxins induce 

intracellular cell death by 

inhibiting protein synthesis

Auto-regulation 

of Toxin & 

Antitoxin

Antitoxin Toxin



PemIK toxinïantitoxin complex from S. aureus
ÅTo inhibit the toxins for prevention of growth arrestÅTo dissociate toxin-antitoxin complexes for activation of toxins, leading to cell death

Nucleic Acids Research (2022) 50(4):2319ï2333
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PLoS One (2013) 8(7):e70358

FEBS Journal (2016) 283:3613ï3625

Structure-based drug design (SBDD)

Design of new anti-cancer candidate based upon 

Human Pim1 kinase structure 

FBDD
(3ἚҊ̬Ẉ)
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Rosuvastatin

ezetimibe

Human 

cholesterol biosynthesis

Hypercholesterolemia

Human CHILD and 

CK syndromes

SC4MOL

HSD17B7

Cancers

Human NSDHL

Aims for treatment of EGFR-targeted drugs 

resistance and hypercholestrolemia



Human 

cholesterol biosynthesis

Hypercholesterolemia

Human CHILD and 

CK syndromes

SC4MOL

HSD17B7

NSDHL

Cancers

Am J Hum Genet. 2010 Dec 10;87(6):905-14

CHILD syndrome
Congenital hemidysplasia with ichthyosiform

erythroderma and limb defects

Genetic disorder

Site-mutations in NSDHL

(A105V, A182P, G205S)

CK syndrome 
X-linked recessive intellectual disability 

syndrome 

Genetic disorder

Deletion in NSDHL

(K232ȹ)

Human NSDHL



Differential Scanning Fluorimetry study on the mutants

Human 

cholesterol biosynthesis

Hypercholesterolemia

Human CHILD and 

CK syndromes

SC4MOL

HSD17B7

Cancers

The temperature at which a protein unfolds is measured by 

an increase in the fluorescence of a dye with affinity for 

hydrophobic parts of the protein, which are exposed as the 

protein unfolds.

Human NSDHL



Tm (ɖ)

Wild type = 50

G205S = 39

K232ȹ= 38

Human 

cholesterol biosynthesis

Hypercholesterolemia

Human CHILD and 

CK syndromes

SC4MOL

HSD17B7

Cancers

Human NSDHL



E R   m e m b r a n e

NAD

I n s i d e

C y t o s o l

Human NSDHL (related to CHILD syndrom)

Cellular and Molecular Life Sciences (2021) 78:207ï225
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NAD

B-1

B-2



Human NSDHL (related to CHILD syndrom)

c
c

Cellular and Molecular Life Sciences (2021) 78:207ï225



Human NSDHL (anti-hypercholesterolemia)

Cellular and Molecular Life Sciences (2021) 78:207ï225
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Why Mycobacterium tuberculosis (MTB)?

ÁPathogen of the respiratory system

ÁOne-quarter of the world's population is infected with MTB

ÁTuberculosis (TB) is one of the top 10 causes of death worldwide.

ÁIn 2017, 10 million people fell ill with TB, and 1.6 million died from the

disease (including 0.3 million among people with HIV)

ÁApproximately new 350,000 MDR-TB (Multi-drug resistant tuberculosis)

cases occur annually worldwide.

Global tuberculosis report 2012, WHOWikipedia



https://www.tbfacts.org/latent-tb/

Why Mycobacterium tuberculosis?

Á10% of latent infections progress to active disease which, if left untreated,

kills about half of those affected.

ÁBacteria inside the granuloma can become dormant, resulting in latent

infection.

ÁLatent TB is treated with either isoniazid alone, or a combination of

isoniazid with either rifampicin or rifapentine ( at least three months).

https://www.tbfacts.org/latent-tb/


PptT leads MTB to possess 

"Immune-evasive and latent 

featuresò

Ballinger E. et al., Science (2019)

Why MTB PptT?

PptT inhibitor



Unique lipids in MTB

Why MTB PptT?



Unique lipids covering MTB

Why MTB PptT?



New protein structures from bacterial pathogens

Mycobacterium tuberculosis PptT

Two papers and one patent are in preparation.


