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Methylation

Methylation, also referred to as one carbon metabolism, is a process by which methyl groups
are added to molecules. It is involved in almost every biochemical reaction in the body,
occurring billions of times every second in our cells and contributing to numerous essential
bodily functions, including: detoxification, immune function, DNA integrity, regulation of gene

expression, energy production, neurotransmitter balance, inflammation contro

protection (ageing).

Environmental factors such as diet, chemical or drug exposure an

The role of genes in Methylatio
The purpose of analysing gen
context of the methylation path

regulation and subse i e function, in order to provide guidance on how to

Xxpression, protein synsthesis, and function can be

personalised genotype analysis organised by the following methylation

* The Transsulphuration Pathway
» The BH4 Cycle / Neurotransmitter Metabolism

* The Urea Cycle
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Methylation
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Methylation
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Methylation
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Methylation

Transsulphuration Pathway
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Methylation

BH4 Cycle / Neurotransmitter Metabolism

to Urea Cycle

<

MTH
N D

B
r
NS

SAMe
PNMT @VvY

from
Methionine
Cycle

Dopamine
Metabolism

| _JED

COMT @@vy
MAOB @

Noradrenaline and
Adrenaline
Metabolism

COMT ©o@vy
MAOA @

© Copyright 2021, Lifecode Gx® Ltd

LGX



Methylation
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Methylation

Detailed Results for Folate Cycle

DHFR DDAA Deletion genotype - a 19 base point sequence of the DHFR gene

rs70991108 is deleted in both copies of the gene. Associated with up to 4.8x
higher expression of DHFR and increased enzyme activity. This
can deplete the 5,10- methylene -THF pooI the critical substrate

provides the methyl donor (SAMe) for methyla i
This genotype has also been linked to increase
hepatic toxicity from methotrex
folic acid (synthetic folate has bee
activity for this genotype.

FOLH1 Cvy

MTHFD1 T vy

ency has been linked to increased risk of
defects and other developmental disorder.

olate to recycle homocysteine to methionine (via the 'long
route'). Folate insufficiency has been linked to increased risk of
neural tube defects.

Possible increased dependency on the short route (via BHMT)
and betaine (as co-factor) and its substrate choline (found in
eggs). Depletion of choline may increase risk of endometriosis,
and related infertility.
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Methylation

Folate Cycle

Folate, or vitamin B9, is the generic term for
naturally occurring dietary folate and synthetic
folic acid (the monoglutamate form found in
supplements and fortified foods). Folates are
converted (reduced) to dihydrofolate (DHF) with
Vitamin B3 (NADH) as cofactor. DHF is then
further reduced to tetrahydrofolate (THF), also
with the support of Vitamin B3.

The folate cycle is in fact two linked cycles -
tetrahydrofolate (THF) is converted into 5,10-
methylene THF which then either i) supports the
methylation of deoxyuridylate (dUMP) to
thymidylate (dTMP) in the formation of DNA,
required for proper cell division, or ii) converts
to methylfolate (5-MTHF) whose folate
component is recycled (back) into THF.

Methylfolate is an important product of the

folate cycle as it is required to provide methyl
(CH3) to the methionine cycle for the conversi
of homocysteine to methionine and to drivet
conversion of BH2 to BH4 to support th
neurotransmitter cycle. Functional te
serum and erythrocyte (red blood ce
folate levels may be considered.
levels are sensitive to recent diet
supplementary intake, RBC levels m
indicative of tissue folate.s

Ensure adequateji
particularly B9 (fol

be impacted by
ne (food form) and on
(either form of folate).

olase1) codes for GPClII
oxypeptidase Il), which, as a
metallothionein, requires zinc as a cofactor.
GPCll is anchored to the intestinal brush border
and facilitates the absorption of dietary folate by
converting poly-glutamyl folate to mono-
glutamyl forms. Folic acid is a monoglutamate,
so does not require this conversion. Variants are

associated with impaired intestinal absorption
of dietary folate and lower status.

RFC1 (Reduced Folate Carrier 1), also known as
SLC19A1 (Solute Carrier Family 19A1), is a
transporter of folate and is involved in the
regulation of cellular folate. It has significantly
higher affinity for reduced folate

Dihydrofolate re
dihydrofolate (DH

Zer ‘pull’ of 5,10
to support DNA
e) at the expense of 5-MTHF

sed) folic acid levels, particularly
in19-bp homozygous (deleted) genotypes.

ants on the MTHFD1 and SHMT1 (serine
hydroxymethyltransferase 1) genes are both
involved in the conversion of THF to 5,10
Methylene and subsequently impact 5-MTHF
levels. SHMT1 is a vitamin B6 dependent
enzyme which catalyzes the reversible
conversion of serine to glycine and of
tetrahydrofolate to 5,10-
methylenetetrahydrofolate needed for DNA
synthesis and repair. SHMT1 SNPs are
associated with lower activity and availability of
5,10-MTHF, impacting both DNA synthesis and
repair and availability of methyl folate to
support methylation.

MTHFD1 catalyses three sequential reactions
(hence three gene names -
methylenetetrahydrofolate dehydrogenase,
cyclohydrolase and formyltetrahydrofolate
synthetase 1) in the interconversion of THF
metabolites, which are needed for the synthesis
of purine, thymidine (nucleotides) and
methionine. These are reversible reactions that
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Methylation

can be directed towards 5-MTHF - and
homocysteine re-methylation (methionine cycle)
- or away from it. MTHFD1 variants can impact
DNA synthesis and repair, and increase demand
for choline as a methyl-group donor, in the
methionine cycle. MTHFD1 SNPs have been
linked to increased risk of folate sensitive neural
tube defects, and endometriosis related
infertility due to choline depletion.

Thymidylate synthase (TYMS) catalyses the
methylation of deoxyuridylate to
deoxythymidylate using 5,10-
methylenetetrahydrofolate as a cofactor. This
maintains the dTMP (thymidine-5-prime
monophosphate) pool critical for DNA
replication and repair. Functional genetic
variants in TYMS may impact DNA stability which
may increase the risk of certain cancers. It also
produces DHF which is then reprocessed in the
folate cycle.

The MTHFR gene codes for the protein

methylenetetrahydrofolate reductase (also
called MTHFR), the rate-limiting enzyme i
methylation cycle, which catalyses th
conversion of folate to 'active' folate
needed to support the re-methy.
homocysteine to methionine, an

erase) facilitates the transfer of
methyl from methyl folate to B12. The folate
(THF) is recycled (within the folate cycle). The
methyl B12 is used to support the conversion of
homocysteine to methionine in the next
(methionine) cycle.

Methionine Cycle

The methionine cycle, also known as the
methylation cycle, is responsible for making
SAMe (S-Adenosyl-Methionine), referred to as
the universal methyl donor, and for recycling
homocysteine to methionine either via the ‘long
route’ via B12 dependent MTR (5-
methyltetrahydrofolate-homog

he ‘top’ of the cycle, methionine is converted
to SAMe in the presence of magnesium and ATP
(universal energy donor) by the enzyme MATTA.
Variants in MAT1A may down regulate activity
and lower the rate of SAMe synthesis, impacting
methylation status.

When it donates its methyl group to a substrate
S-Adenosyl-Methionine (SAMe) is converted to S-
Adenosyl-Homocysteine (SAH). A high ratio of
SAH to SAMe may inhibit the conversion of
SAMe to SAH (by negative feedback). This may
occur if SAH conversion to homocysteine is slow
- either due to down-regulation of the AHCY
(adenosylhomocysteinase) gene or if
homocysteine levels are high. AHCY catalyses
the reversible hydrolysis of SAH to adenosine
and homocysteine. Metabolic effects of AHCY
deficiency include elevated plasma SAH, SAMe,
and methionine. The same effects may result
from high homocysteine stimulating the reverse
reaction, and being converted to SAH.
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Methylation

How to Read the Report

Genes

Results are listed in order of the gene short
name. The 'rs' number is the reference Personalised Result
sequence number that identifies a specific
location on the genome. It is also known as a
SNP (Single Nucleotide Polymorphism)
pronounced 'snip', polymorphism or mutation.

GPX1 AGY Less efficient removal of hyd
rs1050450 risk of accumulation and

/

Arrow Direction

The direction of the arrow indi
potential effect of the SNP on
where applicable - it can increas
activity, or neither.

The genotype result highlight indicates
the potential effect of the SNP on gene
function in a particular context.

RED the effect of the variant is
negative

AMEER the effect of the variant is
somewhat negative

GREEN no variation, or the effect of
the variant is positive

Pathway Diagram Key

CCofactorD C Inhibitor)
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Disclaimer

be used for diagnostic or treatment
personal medical advice. Use the
e GX® solely at your own risk.

arranties or representations as to the accuracy
erein. If you have any concerns about your
a qualified health professional.
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