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“The fight against malaria 
has stalled” 

“We need new tools”
P e d r o A l o n s o
Head GMP WHO
April 2018

Transporters proposed as 
excellent drug targets (1991)

“We studied cation motive 
ATPases..”

1. “Intraerythrocytic
parasites regulate their 
ionic composition”

2. “Essential and 
phylogenetically
ubiquitous”

3. “Considerable 
divergence..”

4. “Experience with 
isoform selective 
ATPase inhibitors”

K r i s h n a & R o b s o n i n
Biochemical Protozoology..



Sugar transporter PfHT - background

• Glucose essential primary energy source for parasites

• Anaerobic glycolysis, no gluconeogenesis or stores

• Glucose use increases up to 100 fold in infected cells

• PfHT only hexose transporter in genome in this class

• No known  polymorphism in PfHT (clinical and lab 
isolates examined)

• Antimalarials take hours to turn off glycolysis

• Interferes with disease process (metabolic diversion)
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Functional studies - PfHT
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✓Selective inhibition 
possible - CM3361 
inhibits PfHT and 
kills malarial 
parasites without an 
effect on mammalian 
GLUTs

Joët et al. 2003. PNAS 100:7476-9 
Woodrow et al. 1999. JBC 274: 7272-7



NPP

EPM

PVM

PPM

GLUT5

PfHT1

GLUT1

EPM

CH2OH
HO

O

HO OH H,OH

D-glucose

OCH2OH

HO

HO
CH2OH,OH

D-fructose
(furanose)



PCR analysis of PbHT-GFP transfectants

Wild-type 
locus

PbHT can not be knocked-out but can be GFP-tagged 

Erythrocytic stages



Liver stages: growth inhibition by CM3361

Slavic K, et al (2010). Molecular Microbiology 75: 1402-1413.



PbHT-GFP in sexual stages

Female gametocyte / 

zygote

Ookinete



Slavic et al. 2011 Malaria J

1. PfHT identified – first possible 
target from the genome initiative

2. Expression system set up to study 
functionally – now used widely

3. Validated chemically and 
genetically – and susceptible in all 
species

4. Life cycle importance established



D Deng et al. Nature 000, 1-5 (2014) doi:10.1038/nature13306

Overall structure of the human glucose transporter GLUT1.



Target – P type ATPases
1993

2001

2010

Na+ efflux transporter on the plasma membrane

2018



Artemisinins

Fig 1: Artemisia Annua (Sweet Wormwood) Fig 2: Tu Youyou, Chinese Scientist, ‘Project 523’
Nobel Prize Medicine 2015



Artemisinins

Qing hao su or artemisinin 1 and derivatives dihydroartemisinin 2, 
artemether 3, arteether 4, and artesunic acid 5. 

Artemisinin is a sesquiterpene - a natural product containing 15 
carbon atoms
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Artemisinins

• Used to treat malaria in combination therapies

• Effective against multidrug resistant parasites

• Act very rapidly, od dosing for uncomplicated disease

• Active in severe malaria

• MOA controversial

• Cheap

• Can be used po, im, iv, ir

• Safe in malaria (experience in millions)



Artemisinins – the new aspirin?

And also useful in the following infections, based on
clinical trials, case reports or lab models:

• Schistosoma infections

• Drug resistant CMV

• In vitro activity against other infections 

(e.g. Toxoplasma gondii)

•Haemorrhagic shock

Now being trialed as anticancer agents….open to recruitment at SGUL

Neoadjuvant treatment for colorectal cancer ‘NeoArt’ Phase II trial



-10 -9 -8 -7 -6 -5 -4
0

20
40

60
80

100
120
140

log[inhibitor](M)



Thaperoxide

Sun et al. (2010) J Med Chem 53: 7864-8



SERCA + TG PfATP6 + artemisone









Wang 2016 Ismail 2016 Zhou 2016

actin I (ACT1) Actin-1 Actin, cytoplasmic 1*13164

alpha tubulin 1 Tubulin alpha chain Tubulin alpha-1C chain*7424

Calcium-transporting ATPase (ATP6) Calcium-transporting ATPase
Sarcoplasmic/endoplasmic reticulum 
calcium ATPase 2*

heat shock protein 70 (HSP70) Heat shock 70 kDa protein Heat shock 70kDa protein 1A

Heat shock 70kDa protein 4

heat shock protein 90 (HSP90) Heat shock 90 kDa protein homolog (Fragment) Heat shock protein HSP90-beta*

L-lactate dehydrogenase (LDH) L-lactate dehydrogenase L-lactate dehydrogenase A chain *54



How artemisinins work? 
• Important to examine relevance of chemistry in in vivo

models

• No single MOA is likely to account for activities against:

- Apicomplexan parasites

- Other protozoan parasites

- Schistosomes

- CMV

- Cancer cells

- SLE

- Schizophrenia

- Haemorrhagic shock



Prediction of treatment failure

First evidence of TFACT?



“Target Product Profile” for RDTs

• Rapid < 15m ‘bleed to read’/swab/sputum/urine

• PoC – power, robust, simple

• Accurate – precise characteristics dependent on disease prevalence

• eRecord - communicable

• Added value – 1 pathogen vs. many
Drug resistance markers

• Throughput

(not for environmental screening)

QuantuMDx

CoI Advisor and shareholder


