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EDITORIAL

ChoKs, such as those found in parasites. Therefore, ChoK

Alterations in cell metabolism represent a common cause

inhibitors (ChoKIs) are promising therapeutics, not only

of human diseases [1]. Changes in lipid profiles are not an

for cancer [4], but for malaria and other diseases caused

exception to this rule, including those lipids that are

by parasites [5]. This family of inhibitors are also

produced via the choline kinase (ChoK) pathway. ChoK

promising therapeutics for autoimmune diseases such as

catalyzes the conversion of choline to phosphocholine via

rheumatoid arthritis (Figure 1) and inflammatory

the transfer of a phosphate group from ATP to choline

conditions [3].

[2]. The formation of phosphocholine is the first step in

For example, in the case of rheumatoid arthritis (RA)

the Kennedy pathway, which is responsible for the

the ChoKI MN58b was found to block the cell migration

generation of phosphatidylcholine, a critical cell

and proliferation of fibroblast-like synoviocytes (FLS) in

membrane component. ChoK functions as a mediator of

mouse arthritis models. FLS are responsible for cartilage

cell growth and division and is upregulated in many types

destruction in RA and reverse the effects of FLS

of cancers including breast cancer, pancreatic ductal

abrogated joint inflammation in these models [3]. In

adenocarcinoma, and others [3]. A number of inhibitors

addition, ChoKIs have shown therapeutic promise in

have been developed that can block the activity of

animal models for the treatment of diseases stemming

human ChoK (hChoK) and other eukaryotic

from altered inflammatory responses, such as LPSinduced shock and Muckle-Wells syndrome [3].
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Figure 1: Choline kinase plays a role in a variety of pathologies. Consequently, inhibiting choline kinase is a therapeutic strategy for a wide
range of pathologies from bacterial infections to inflammatory disorders.

Importantly one ChoKIs RSM-932A, has been
developed to the point of reaching stage I clinical trials
for patients with advanced tumours. This suggests that
research into ChoKI therapy is beginning to show promise
(https://clinicaltrials.gov/ct2/show/NCT01215864) [3].
Despite widespread optimism regarding the
benefits of ChoK-based therapies, the therapeutic
potential of this system has not yet been fully explored.

strategy is to explore bacterial analogs of eukaryotic drug
targets, such as the choline kinase pathway (Figure 1)
[3,6]. In this way, the same therapies that were
developed at considerable expense for eukaryotic
systems

can be

repurposed

as

antibiotics

and

antimicrobials for Gram positive bacterial pathogens
such as S. pneumoniae.
Choline is an essential nutrient for S. pneumoniae,
and choline kinase of S. pneumoniae (sChoK) is an

However, the use of ChoKIs as a possible therapeutic to

essential

treat bacterial infections is currently being examined.

phosphorylates choline into phosphocholine (Figure 2).

Choline kinase inhibition and bacterial pathogens: The
emergence of antibiotic resistant strains of bacterial
pathogens is a continuous challenge, which underlines
the need for continual research into alternative therapies
and the discovery of novel drug targets. One promising

enzyme.

As

in

eukaryotes,

sChoK

However, the subsequent metabolic pathway diverges
from the Kennedy pathway as PCho is utilized in the
pathways responsible for the synthesis of bacterial
teichoic acids such as lipoteichoic acid (LTA) and cell wall
teichoic acid (CTA) [3,6].
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Figure 2. Choline is an essential nutrient for S. pneumonia and choline kinase of S. pneumoniae (sChoK) is an essential enzyme. As in
eukaryotes, the choline kinase of S. pneumoniae (sChoK) phosphorylates choline (Cho) into phosphocholine (PCho). However, the
subsequent metabolic pathways diverge from the Kennedy pathway: PCho is utilized in the pathways responsible for the synthesis of
bacterial teichoic acids. These are lipoteichoic acid (LTA) and cell wall teichoic acid (CTA) Cytidylyl transferase catalyzes the production of
CDP-choline from PCho. Choline phosphotransferases transfer the PCho to the N-acetyl galactosamine (GalNac) residues found on preteichoic acid glycan precursors [7]. The precursors are then assembled by an uncharacterized enzyme into pre-teichoic acid [8]

LTA and CTA are chemically similar, although LTA is

With this rationale in mind, the well- known choline

embedded in the cell membrane via a glycolipid lipid

analog and competitive ChoKI, HC-3 was studied and

anchor, and CTA is covalently attached to peptidoglycan

found to inhibit sChoK and cell growth with a high IC50 (in

molecules in the cell wall via peptidoglycan molecules.

the mm range).

Meanwhile, LTA is a known virulence factor, and the LTA

lipoteichoic acid production, which was consistent with

synthesis pathway has been shown to be a source of drug
targets 8.
Pcho decoration of the cell surface is required for
normal cell-functioning because the Cho moiety anchors
choline binding proteins (CBPs) such as murein
hydrolases LytA and LytB. LytA and LytB are critical
factors for cell division, CBPA which is a determinant of
virulence and many others which are involved in
colonization and even sepsis. Many other CBPs are

This was also found to disrupt

the cell wall deformations that were observed by
scanning electron microscopy. This established sChoK as
a putative drug target [9-11]. Later, hChoKIMN58b and
RSM-932A were assayed and found to inhibit both sChoK
activity and S. pneumoniae cell growth at moderate and
low uM concentrations, to modulate lipoteichoic acid
production and assembly, and to affect the cell wall [12].
Interestingly, in the case of in vitro studies with purified

involved in colonization and even sepsis. Therefore, the

sChoK, MN58 functions as a competitive inhibitor against

choline metabolic pathways, of which sChoK is an integral

both choline and ATP, while RSM932A functions as a

part, play an important role in both S. pneumoniae

competitive and non-competitive inhibitor against

growth and invasion.

choline and ATP, respectively. This result against
RSM932A is in sharp contrast to the observed
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uncompetitive behavior of this drug in the case of

fully understand the physiological effects of these drugs

parasite ChoKs. This would indicate that there are likely

and to fully establish this system as a viable drug target.

enough differences in the largely conserved active sites

Ultimately, choline kinase presents us with an important

of the different ChoKs to modulate ChoKI behavior.

new therapeutic avenue to follow in the development of

This promising outcome suggests that it will likely

novel antibiotics, antimicrobials and dietary compounds

be possible to rationally design ChoKI that are effective

that could be used to treat or prevent bacterial infections

but selective between the different isoforms. In addition,

stemming from Gram positive bacteria. Research in this

plant derived sChoKIs have been discovered, which

area thus represents a promising new chapter in

leaves open the prospect that dietary compounds could

enhancing our understanding of the role that choline

be used as an adjunct to traditional therapeutics

kinase plays in human health.

(unpublished data). However, much research remains to
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