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Vesicular Acetylcholine Transporter (VAChT) is a kind of membrane protein that is
usually found in SVs of cholinergic nerve system'. VAChT is 500-amino acid polypeptides
consisting of 12 trans—membrane helices (TMs) (Figure 1), with an N-C terminal in the
cytosol, and a large Mglycosylated loop between the first and second TMs. It is similar to
VMATs (VMAT1 and VMAT2). These two have 60% amino acid similarity and they are 40%
identical to VAChT (Figure 2). VAChT protein is coded by the SLC18A3 segment and this
segment is expressed by the SLC18 family. SLC18 itself is a member of MFS. VAChHT is
the part of the drug H' antiporter—1 family (DHA1, TCID 2.A.1.2)**,

As for how of its name, VAChT performs the function as an active transporter
(Figure 3) for the acetylcholine into the SVs'*. VAChT expressions also regulate the
amount of ACh in the SVs®. It means that the decreased VAChT expression will directly
reduce the level of ACh in SVs. VAChT exchanges two protons per substrate molecule
with very similar initial velocity kinetics and pH dependencies’. It relates to the activity of
VAChHT that is able to change tonicity and morphological in SVs®.

A research was conducted by Rodrigues, et al. in 2013 to understand the affection
of reduced VAChT and neurotransmitter content to the distribution and shape of SVs in
mouse NMJ. The research concludes that VAChT expression plays a role in the recycling
and mobilization of specific pools of SV in NMJ. Normal expression and activity of VAChT
are important for maintaining tonicity and morphology of SVs in nerve terminals from
diaphragm NMJ’. But, this research could not prove the relationship of the reduced
VAChT to the SVs’' shape—changing.

Diseases and Disorders Related to VACht

As we know that acetylcholine performs the function of wiring the neuromuscular
junction. ACh is one of neurotransmitters where its primary function is to deliver
information between the NMJ. Some researches show that ACh relate to learning and
memorizing process®. ACh itself plays a vital role in neurons developing process®"'. This is
important to know the function of ACh as how of this protein is regulated by VAChHT,
before we study the disease relates to VAChT disorder. But, scientists found no specific
disease relates to the mutation of SLC18 family member*.

Later in 2016, Sugita et al. showed that over—expressing VAChT increases ACh
accumulation in matured synaptic vesicles. They noticed that the increased amount of
ACh in NMJs contributes to the age— and disease—related motor deficits such as ALS. In
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the development of NMJs, ACh acts as an anti—synaptogenic molecule by decreasing the
stability of AChRs, and through this activity, it is believed to function together with the
neural—derived factor, z—agrin, in sculpting the NMJ. Thus, an increase in the amount of
synaptic ACh together with less functional z—agrin in adult NMJs would result in
structural changes due to increased destabilization of AChRs. Sugita et al. confirmed that
dysregulated ACh level causes pathophysiological changes in NMJs and contributes to
the motoric functional loss during aging and the progression of ALS'2. This result was
reinforced by the next research conducted by Vaughan, et.al in 20192

Figure 1. Homology model of human vesicular acetylcholine transporter ('WAChT) showing mutated residues. Non—
transmembrane helix (TM) regions are clipped off. The first bundle of TMs is cyan and the second bundle is gray. The
cytoplasm is at the top in (a) and (b). (c) An observer inside the vesicular lumen would see this view. Figures were
rendered using PyMOL'4.

VMATI

VMAT2
VMAT
YMAT4
VMATS

VACRT1
vAQYT2
VACKT3
VAChT4
VACKHTS

AL T

TTONEE LAFLEF TIATRCINAA
SWI < LAFLRFTTSLWMI VTG

Figure 2. VMAT and VAChT’ s multiple sequence alignment. These multiple sequences show that VAChTs’ His replaces
VMATs’ Tyr in TM82.

Another research said that VAChT defect may contribute to CMS. Most cases of
CMS are due to defect in postsynaptic proteins, some 10% is due to a defect in synaptic
proteins, and fewer than 5% are due to defect in pre—synaptic proteins. Meanwhile, the
CMS that was caused by the mutation of VAChT appears in a rare frequency. This
research was done on two brothers from a nonconsanguineous Yemeni Jewish family. The
first brother died at the age of 5 days due to respiratory failure, meanwhile, the younger
brother was 4,5 years when the research conducted. The 4,5 years brother use a
mechanical ventilator since he was born. It gives a conclusion that the complete
functional loss of VAChT disrupts cholinergic neurotransmission, resulting in severe

hypotonia and respiratory failure'.
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Figure 3. The illustration of how the ACh is synthesized in a cholinergic terminal and synaptic cleft. The ACh is
catalyzed by ChAT and then carried by VAChT to cross the synapse terminal®.

Another report said that recessive mutations in SLC18A3 results in mild pre—
synaptic CMS suffered by 2 patients come from 2 different families. The first patient, a
14—year—old boy has heterozygote genomic deletion including SLC18A3 and for SLC18A3
p.Gly186Ala. This patient undergoes ptosis, ophthalmoplegia, and mild facial weakness, as
well as mild cognitive deficits. The second patient, a 6—year—old girl has homozygous for
SLC18A3 p.Asp398His (Figure 5). The second patient presents hypotonia, feeding
difficulties, apneic episodes, ptosis, and ophthalmoplegia'’.

In 2018, Schwartz, et al. explained how chromosomal deletion can unmask
recessive mutation. They showed that deletion in segment 10g11.2 associated with
SLC18A3 lead to the CMS. They reported for the first time hemizygous mutation in
CHAT in a patient with CMS and a 10q11.2 deletion inherited from a healthy parent
(Figure 6). They also informed that detecting a 10gq11.2 deletion should lead to looking for
CMS symptoms, such as hypomimia and ptosis since birth, or recurrent respiratory
distress episodes'®.

The latest research that was conducted in 2019 gave information that SLC18A3
mutation causes lethal disease in the fetus. Two fetuses showed fetal akinesia,
arthrogryposis, edema, and partial cleft palate. That research confessed for the first time
SLC18A13 variants were known to associate with a severe prenatal phenotype
compatible with FADS. They ended up listing SLC18A3 to the growing up genes that
should be investigated in cases of fetal arthrogryposis of unknown origin'®.

To the case of pathophysiological changes in NMJs that are caused by over—
expressing VAChT, some research usually used vesamicol (—trans—2—(4-phenyl[3,4-
3H]piperidino)cyclohexanol). Vesamicol works by inhibiting VAChT. Vesamicol binds to the
cytosolic side of VAChT*. But, unfortunately, scientist and pharmacologist do not yet find
the right drugs or treatment procedures for curing the case of CMS that caused by the
mutation of SLC18A3 gene or VAChT .
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Figure 5. Schematic diagram showing the 12 trans—membrane domains as owned by VAChT. The Gly186Ala variant
identified in patient 1 is shown in yellow in the fourth trans—membrane domain. The Asp398His variant identified in

patient 2 is shown in yellow in the 10th trans—membrane domain'’.
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Figure 6. Schematic drawing of the VAChT protein with its 12 trans—membrane helixes, and localization of the four

CMS-associated miss—sense mutations known to this day, including the new mutation that we report (V52F)'®.
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