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Folic Acid and Glyphosate

Synergistic Toxicity

Neural tube defects (NTDs), such as spina bifida, anencephaly and exencephaly, are
severe birth defects that result from failure of neural folds closure during embryonic
development.  While many factors may be involved in disrupting development in this
way, it has been known since the 1970s that folate deficiency during the first
trimester is a significant risk factor.

As a consequence, the United States and many other countries have introduced laws
to require fortification of certain staple foods with folic acid. In the U.S., in particular,
a regulatory requirement was introduced in 1998 for wheat-based products to be
fortified with folic acid and iron. Pregnant women are also encouraged to take folic
acid supplements during the first trimester, which often continue throughout the
pregnancy.

At first glance, this seems like a good idea, but the European Union (aside from the
United Kingdom) has steadfastly refused to adopt this requirement, despite pressures
from the U.S. Is there a down side to folic acid supplementation? Do the Europeans
know something that the U.S. government does not?

If you were paying attention, you noticed that I said “folate” deficiency and “folic acid”
supplementation. Folate and folic acid are the same thing, right? Interchangeable.
Wrong! I have seen research papers use these words interchangeably, but they are
definitely not the same thing. The folic acid supplement that’s added to flour is a
synthetic version of the B vitamin, which is oxidized and missing the methyl group.
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The active form of the vitamin is technically called methyltetrahydrofolate. Folic acid is
much more stable, whereas folate easily breaks down with aging or with heat (as in
baking the bread). Folic acid is a (cheaper) synthetic molecule whereas folate is
natural.

According to the U.S. government’s Code of Federal Regulations, Title 21, Volume 2,
fortified wheat products must contain 0.7 milligrams of folic acid and 20 milligrams of
iron. This regulation became law in 1998, at a time when genetically modified (GM)
RoundUp-Ready corn and soy crops had been on the market for a few years and were
rapidly expanding market share. Correspondingly, glyphosate usage as an herbicide
on these crops was also growing at an alarming rate. Glyphosate is the active
ingredient in RoundUp, and the crops were engineered to be resistant to glyphosate’s
toxicity through the insertion of a bacterial gene. The incidence of spina bifida was
also increasing at that time, which is what alerted the government to a potential
problem with folate deficiency.

One has to wonder whether somebody involved in the introduction of this law knew
something about the potential of glyphosate to cause spina bifida. It would not take a
rocket scientist to think that disruption of the gut microbes that naturally produce
folate for the host would lead to folate deficiency. In fact, it is a direct hit: folate is
produced from products of the shikimate pathway, and this is the pathway that even
Monsanto admits is disrupted in plants and microbes by glyphosate. Furthermore,
the microbes that synthesize folate for the host, lactobacillus and bifidobacteria, are
the ones that glyphosate preferentially kills.  A continued rise in spina bifida would
raise public awareness of a hidden environmental toxicant that might be causing this
rise. Making sure that pregnant women were well supplied with external folic acid
might mask the problem.

A definitive study from 1991 involving thirty-three centers in seven countries seemed
to support the decision, suggesting a clear benefit from folic acid supplementation
with little down side.  A bold assumption in supplementing with folic acid rather than
folate was that the gut microbes would take care of reducing folic acid to folate
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(adding two hydrogen atoms and reducing double bonds) and then adding the all-
important methyl group, prior to its absorption into the blood stream. If this doesn’t
happen, the folic acid is useless, and may even have toxic effects. Figure 1 shows the
molecule for methyltetrahydrofolate with the methyl group and the four hydrogens
circled.
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Figure 1: The methyltetrahydrofolate molecule, with the four hydrogens and the
methyl group circled for clarity.

A much more recent study, from 2014, suggests that this assumption was wrong.
Through direct measurements of folic acid metabolites in the hepatic portal vein, they
discovered that the human gut can methylate folate but it can’t efficiently reduce folic
acid, a step that is necessary prior to methylation. This means that the unreduced and
unmethylated folic acid makes its way to the liver, which then is tasked with both
reducing it and methylating it. This costs the liver dearly, both in antioxidant capacity
and in methylation capacity. In fact, it can be expected to drive the liver toward a
hyperoxidized state, with a high ratio of oxidized-to-reduced glutathione and a
depletion of an important compound called nicotinamide adenine dinucleotide
phosphate (NADPH) and methionine, all of which lead to liver stress. Unfortunately,
glyphosate does all of these things in the liver as well.

In a study comparing three hundred sixty autistic children to two hundred five
controls, it was found that children with autism had a high ratio of oxidized-to-
reduced glutathione in the blood, indicating impaired antioxidant capacity, along with
low serum methionine, and a low ratio of methionine to homocysteine, a direct
indicator of low methylation capacity.  In other words, these children exhibited
features you would expect from toxic exposure of the liver to excess amounts of both
folic acid and glyphosate.

FOLIC ACID, FOLATE AND CANCER
Folate is intimately involved in the complex biological pathways that maintain S-
adenosylmethionine, the universal methyl donor, and it also feeds into the synthesis
of purine and thymidine units in DNA and RNA. The one-carbon metabolic pathway
(one-carbon = the methyl group), mediated by folate, plays a vital role in hemoglobin
synthesis and DNA synthesis, repair and methylation.  For these reasons, it is
generally believed that a diet high in folate should be protective against cancer, which

7

8

5

9



2018-08-29, 5*24 PMFolic Acid and Glyphosate - The Weston A. Price Foundation

Page 5 of 22https://www.westonaprice.org/health-topics/environmental-toxins/folic-acid-glyphosate/

arises from DNA mutations. In particular, there is a fairly compelling case for folate
being protective against colorectal cancer (CRC).  Folate may also be protective
against breast cancer and uterine cancer.

Given the above, one would expect that folic acid supplementation would decrease
the incidence of colorectal cancer. Ironically, epidemiological data in both the U.S. and
Canada showed an increase in the incidence of colorectal cancer beginning when folic
acid fortification in wheat-based products became mandatory.  These authors wrote
in the abstract: “We therefore hypothesize that the institution of folic acid fortification
may have been wholly or partly responsible for the observed increase in CRC rates in
the mid-1990s.”

A study by Troen and others confirmed that unmodified and therefore inactive folic
acid was present in the blood among 78 percent of one hundred five post-
menopausal women.  Over half of them were taking a folic acid supplement daily.
The study found that the ability of natural killer cells to destroy neoplastic (potentially
cancerous) cells was reduced when folic acid levels were elevated. What is probably
happening is that the inactive folic acid is binding to the folate receptors and
preventing access by the methyltetrahydrofolate. This gives a hint as to how excess
folic acid might increase risk to cancer: by getting in the way!

(Methyltetrahydro) folate protects from cancer by preventing DNA mutations, which
can turn off cancer-protective genes and cause cells to start proliferating
uncontrollably. However, folate also fuels proliferation, because it is necessary for the
synthesis of certain DNA nucleotides. Once you have a cancer growing, folate will
encourage the cancer to grow bigger. Part of the chemotherapy program used to
treat cancer involves anti-folate drugs: drugs that interfere with folate signaling.
While these drugs prevent growth of the existing tumor, they also encourage further
DNA mutations, which could lead to metastasis from the tumor, and it will also cause
an increased risk of new cancers.
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A randomized placebo-controlled trial intended to test the potential benefit of folic
acid supplements in colon cancer showed instead that people with a history of
colorectal adenomas had an increased risk of a more severe recurrence if they took 1
mg folic acid per day.  Another paper showed that oral folic acid supplements
increase the risk of prostate cancer. Meanwhile, anti-folate chemotherapy treatments
are being widely administered to actively reduce the bioavailability of folate, which
has been shown to fuel cancer growth, for both breast cancer and non-Hodgkin’s
lymphoma.

HOW MUCH IS TOO MUCH?
On top of the folic acid that is present as fortification of flour, bread and pasta, about
30-40 percent of North Americans also take folic acid supplements. And supplements
are usually recommended during pregnancy, with a disregard for potential toxicity.
There is an increasing concern that the widespread practice of folic acid fortification is
leading to an over-consumption of folic acid. A study of four healthy adult volunteers
involved administering folic-acid-enriched bread and then analyzing for the presence
of synthetic unmodified folic acid in the blood. Serum folic acid was found in all
subjects at all doses tested.

In an experiment to test the effects of folic acid on mammary tumors in female
Sprague-Dawley rats, rats with tumors were randomized to receive a diet containing
varying amounts of folic acid supplements, for up to twelve weeks, and the growth of
their tumors was monitored.  Folic acid supplementation at all levels significantly
promoted the progression of mammary tumors, with increases in both weight and
volume compared to the control diet without any supplement. These authors wrote:
“This is a critically important issue because breast cancer patients and survivors in
North America are likely exposed to high levels of folic acid owing to folic acid
fortification and widespread supplemental use after cancer diagnosis.”

GLYPHOSATE AND NEURAL TUBE DEFECTS
I have claimed that glyphosate causes neural tube defects. Is there any evidence that
this is true? Fifty-two cases of malformations in the offspring of pregnant women
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exposed to agrochemicals included anencephaly, microcephaly, facial defects,
myelomeningocele, cleft palate, ear malformations, polydactily and syndactily.  Of
course, they were exposed to many different chemicals, so it is not possible to place
the blame on glyphosate without more direct evidence of glyphosate’s ability to
induce these problems.

The U.S. Centers for Disease Control have reported on an excessive number of
anencephaly births in Tacoma, Washington, at four times the national average rate.
This increase coincided with a large increase in the use of glyphosate to control
waterway weeds. Alarming trends of increases in birth defects such as microcephaly,
anencephaly, cleft palates and other facial defects have occurred in regions of South
America and Paraguay where glyphosate is used extensively on core crops.
Recently, an epidemic in microcephaly was reported in northern Brazil, where GM
RoundUp-Ready corn and soy crops are a major export commodity. While this
increase is being attributed to the Zika virus, glyphosate may well be a contributing
factor. An investigation of forty-nine deaths linked only five of the cases directly to
Zika virus, leaving much room for alternative explanations.

A study on tadpoles, specifically focusing on glyphosate formulations, conducted by
Carrasco and others,  showed similar defects, including a reduction in head size,
cyclopia (only one eye), reduction of the neural crest territory at neurula stages and
craniofacial malformations. These defects occurred upon exposure to minute
amounts of glyphosate: dilutions of 1/500,000 produced developmental
abnormalities in 17 percent of the embryos. They suggested that the mechanism
might involve over-production of retinoic acid, which is a known teratogen. This
makes sense, because retinoic acid is broken down in the liver by cytochrome P450
enzymes, which glyphosate disrupts.

However, I believe that there may be more to the story than retinoic acid, and more
than glyphosate’s disruption of folate synthesis by gut microbes. This has to do with
glyphosate’s potential disruption of the folate one-carbon cycle, due directly to
suppression of glycine metabolism. Glyphosate is a synthetic amino acid, an analogue
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of glycine. Hiding inside the glyphosate molecule is a glycine molecule, and there is
potential for protein-making machinery to get confused and place glyphosate instead
of glycine when constructing a brand new protein according to a DNA code for
glycine. As we will see in the next section, there are multiple ways that glyphosate
could mess up the machinery that produces the one-carbon (methyl group) that feeds
into the one-carbon cycle.

GLYPHOSATE AND GLDC
Glycine decarboxylase (GLDC) is likely an enzyme you have never heard of. However,
its importance for one-carbon metabolism is nonpareil. This is how you link impaired
glycine metabolism directly to folate deficiency and neural tube defects, as well as to
autism.

The chemistry involved is not completely straightforward, but it is not too hard to
grasp. Figure 2 schematizes the most important parts. First of all, glycine, as one of
the twenty-two amino acids that are building blocks of proteins, is nonetheless toxic
to microbes and to human cells if it is present in too high concentrations as a free
amino acid in the environment. The gut microbes normally metabolize glycine, using
GLDC, among other enzymes, to carbon dioxide, ammonia and a methyl group. The
methyl group is very important, because it feeds into folate one-carbon metabolism;
that is, it methylates tetrahydrofolate.

An elegant and compelling study by researchers in London, published in 2015, goes a
long way toward explaining how glyphosate could lead to both spina bifida and
autism, without, however, ever mentioning glyphosate.  If GLDC isn’t working, two
problems quickly arise: glycine toxicity and a deficiency in the supply of methyl
groups. A mutation in GLDC, if inherited from both parents, causes a rare disease
called non-ketotic hyperglycinemia (hyperglycinemia standing for high glycine). This
enzyme has also shown up as a mutation linked to neural tube defects, in both mice
and humans.  The focus of the London study was to explain how these very different
outcomes could arise from the same defect. What they found was that mice
engineered to have defective GLDC genes inherited from both parents fell into two
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Figure 2: Simple schematic of biological pathways by which glycine is stripped of a methyl
group to methylate tetrahydrofolate, which then provides methyl groups to other

biologically important molecules. GLDC, GCSH, AMT, and DLD are all enzymes involved in
the metabolism of glycine.

distinct groups: those whose neural tubes failed to close (and this group didn’t survive
long after birth) and those who were relatively spared but suffered from
hyperglycinemia during their entire lifespan.
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Mice that were homozygous for the defective gene (meaning that the copies of this
gene inherited from both parents were defective) did not fare well. Half of them
developed hydrocephalus (water on the brain) with evident brain swelling and
dramatic enlargement of the ventricles in the brain (which house the cerebrospinal
fluid). These mice all died within the first twelve weeks of life. Some of the embryos
displayed exencephaly, a brain defect whereby neural tissue bulges from the brain.
Others had strikingly enlarged ventricles, even prenatally. Autism, attention-deficit
hyperactivity disorder (ADHD), and schizophrenia have all been linked to enlargement
of the ventricles in the brain,  although fortunately these individuals don’t suffer
from the more severe defects observed with the double gene mutation.

Glyphosate could disrupt glycine decarboxylase in at least two ways. One is through
displacing glycine as substrate. Glyphosate has been shown to disrupt other enzymes
that have glycine as substrate, such as the rate-limiting enzyme in the synthesis of the
pyrrole ring, a building block of cobalamin and hemoglobin. But another possibility is
more insidious: insertion into the amino acid chain in place of glycine at a location
where glycine is essential for proper function of the protein. A glycine-rich region is
very near the active site of glycine decarboxylase, and it maintains the shape and
flexibility of the active site.  Glycine is a very special amino acid because, unlike all
the others, it has no side chains. This makes it tiny and flexible, and proteins have
taken advantage by putting glycine residues where flexibility is needed. Substitution
of glyphosate for any of the glycines in this region is likely to impair enzyme function.
This would be true regardless of the gene variant, and therefore has little to do with
genetics. Glyphosate could thus suppress the activity of glycine decarboxylase by
inserting itself into the protein in place of glycine, and this could cause effects that
mimic, but to a lesser degree, the pathology of the homozygous mice.

An interesting observation from the London study was that the female mice were
more susceptible to neural tube closure problems than the male mice. This might be
part of the explanation for the skew of autism toward males. Affected females are
more likely to be “weeded out” early on due to life-threatening defects, probably often
manifested as a spontaneous abortion early in the pregnancy.
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The London authors found that GLDC is intensely expressed in the neural tube during
its development, and that this enzyme is required for neural tube closure, and
beyond, during brain development.  By examining the timing of events in embryos
with the genetic defect compared to normal mice, the authors noted that neural tube
closure was delayed in the defective mice, along with delayed development in
general. In some cases it never closed, but, if it did succeed in closing, then the
pressure built up due to accumulating fluids, resulting in hydrocephaly and
exencephaly. They also confirmed, as expected, that the defective mice had a reduced
supply of methylene tetrahydrofolate, the immediate precursor to
methyltetrahydrofolate, as can be anticipated by examining Figure 3.

Previous research from a subset of these authors had shown that maternal folate
deficiency alone can induce neural tube defects in the offspring.  It is interesting to
note that it was not enough to simply remove dietary folate from the mouse dams.
They also had to expose them to antibiotics in order to remove folate-synthesizing
gut microbes, beginning even before the dams were mated. This makes it very clear
that our gut microbes supply important amounts of folate under normal
circumstances, and this supply is at risk if they are chronically exposed to glyphosate,
a patented anti-microbial agent.

CEREBRAL FOLATE DEFICIENCY
Cerebral folate deficiency (CFD) is defined as a condition where the serum levels of
folate appear to be fine, but the levels in the cerebrospinal fluid are low, leading to
deficiencies in the brain and central nervous system. Idiopathic CFD is a
neurometabolic syndrome that develops from the age of four months, starting with
irritability and sleep disturbances, and progressing to limb stiffness, impaired balance
and gait, and involuntary muscle movements.  Many of these children also develop
epilepsy, as well as slowed head growth, reminiscent of the microcephaly in the
Brazilian infants. As the children grow to ages three to six years old, they develop
visual disturbances and hearing loss. The condition is due to a malfunctioning of the
folate receptors in the brain, which blocks the transfer of folate from the blood to the
cerebrospinal fluid. One possible reason for this is that excess folic acid in the serum
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Figure 3: Simplified schematic of the methylation pathways. AdoHcy:
adenosylhomocysteine; AdoMet: adenosylmethionine; DHF: dihydrofolate; DMG:

dimethylglycine; MS: methionine synthase; MTHFR: methylenetetrahydrofolate reductase;
THF: tetrahydrofolate. Adapted from Figure 1 in Refsum, 2001.

has bound to the receptors and blocked their access to methyltetrahydrofolate.
Clearly, over-exposure to folic acid through diet and supplements can promote the
development of CFD.
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A study on twenty-five low-functioning autistic children revealed a clear link between
autism and low cerebral folate levels.  Despite normal serum folate, CSF 5-
methyltetrahydrofolate was low in twenty-three of twenty-five autistic patients
examined. Folate receptor antibodies were identified in nineteen of the patients.
Although this was investigated, no link was found with any genetic mutations in the
gene coding for the folate receptors. It seems likely to me that irreversible binding of
folic acid to the folate receptors could induce an autoimmune response to the
receptor-folic acid complex that leads to the development of antibodies to the folate
receptors.

Antibodies to the folate receptors in the mother are also linked to neural tube defects
in the fetus. A study from 2004 showed that women in the United States who have
had a pregnancy with a neural tube defect were more likely to have autoantibodies to
the human placental folate receptor,  which will then block the supply of folate to
the fetus.

MTHFR, B  and METHYLATION-TRANSSULFURATION PATHWAYS
An article on folate would not be complete without a diagram of the methylation
cycle; these biological pathways may seem daunting to the novice but are actually
fairly straightforward once you follow the logic. A simplified diagram of the
methylation cycle is given in Figure 3. Most notable are two very important enzymes,
methylene tetrahydrofolate reductase (MTHFR) and methionine synthase (MS).
Defects in MTHFR have been linked to chronic fatigue syndrome  and to autism,  as
well as other conditions. These defects are a major source of the so-called “folate
trap,” because the all-important methyl group piles up in useless accumulations of
methylene-tetrahydrofolate, while methionine synthesis can’t happen, so
homocysteine piles up as well.

Methionine synthase is also a vulnerability point in the pathway. This is the crucial
reaction that converts homocysteine to methionine, after which methionine can
deliver its cargo of a methyl group to all kinds of recipients. The methyl group is
transferred from methyltetrahydrofolate to methionine, but, crucially, vitamin B
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(cobalamin) is an essential cofactor to catalyze the reaction. Cobalamin, in turn,
depends crucially on the mineral cobalt to function, and cobalt is one of the minerals
that is chelated by glyphosate, making it unavailable. Furthermore, glyphosate
disrupts the synthesis of the corrin ring in cobalamin, with glycine being one of the
important substrates for pyrrole synthesis, and pyrrole forming a core building block
of corrin.  Once again, glyphosate getting in the way of glycine can cause trouble, in
this case leading to vitamin B  deficiency.

Postmortem studies on brains of people with autism and schizophrenia, as well as
elderly people, revealed low levels of cobalamin in the brain in all three groups.  In
the autistic subjects, this was associated with decreased activity of methionine
synthase and elevated levels of homocysteine.

Folic acid supplementation masks the symptoms that doctors have been trained to
look for in vitamin B  deficiency, also known as pernicious anemia. As a result,
doctors are missing cases of severe B  deficiency, which can lead to significant loss
of myelin, brain fog, and extreme physical weakness and fatigue, along with back pain
due to degeneration of the spinal cord if the deficiency lasts too long. All of these
symptoms seem to be more and more prevalent in our society. Pain killer
prescriptions are at an all-time high and people are overdosing in record numbers.

Folic acid supplementation insidiously corrects for macrocytosis associated with B
deficiency, as has been explained very well by Sally Pacholok in her excellent book,
Could it be B ?.  This idea is also supported by at least one published study.  This
results in a delayed testing for B  deficiency for elderly presenting with symptoms of
dementia and fatigue linked to B  deficiency. It is tragic when a B  supplement
could restore mental health but there is no awareness among the medical
practitioners that this is the problem. This effect applies not only to the elderly.
Among those younger than sixty-five years old, the percentage with low serum
vitamin B  without macrocytosis significantly increased from 45 percent in the pre-
fortification period to 85 percent in the post-fortification period.
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Vitamin B  is only found in animal products, so vegans have a difficult time getting
adequate amounts. Many medicines, including metformin, statin drugs and acid
reflux drugs, interfere with B  absorption from the gut. It is estimated that as many
as 30 percent of people in the U.S. suffer from B  deficiency. Fortunately, there is
another pathway from homocysteine to methionine where betaine serves as the
source of methyl groups, and this depends on neither folate nor B . It is likely that a
diet high in betaine can reduce the need for folate and B .

Celiac disease has become an epidemic in recent years, and untreated celiac patients
often suffer from deficiencies in both folate and B  due to absorption problems.  In
previous work together with Anthony Samsel, I proposed that the epidemic in celiac
disease may be due to glyphosate contamination in the wheat, because glyphosate is
increasingly being used as a desiccant on wheat right before the harvest.

Nitrous oxide can cause irreversible oxidation of B  to an inactive form, such that
levels can test as adequate even when usable levels are much too low. Nitrous oxide
can arise through oxidation of ammonia, which will build up if glutamine synthase is
defective. Glutamine synthase combines ammonia with glutamate to make
glutamine. This process depends on manganese, a metal that glyphosate chelates,
making it unavailable.

Finally, homocysteine itself, the precursor to methionine, can be deficient. In fact, the
bottom of the graph in Figure 3 that shows other ways homocysteine can be used
should not be neglected. Sulfate, cysteine and taurine are biologically important
molecules that play many roles in the body. These molecules all contain sulfur, a
mineral that is neglected by the nutrition experts and widely deficient in the
population.  Sulfur deficiency can be induced by glyphosate as it has been shown to
interfere with sulfur uptake in plants. Methylation capacity can be reduced simply
because homocysteine is more urgently needed as a precursor to these other
biologically active molecules.
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CONCLUSION
Folate deficiency, together with vitamin B  deficiency, are widespread in the U.S.
population today, despite the fact that most people are not lacking resources for
adequate nutritional intake. The problem, I believe, mainly stems from disruption of
the gut microbes due to chronic low-dose exposures to glyphosate, a patented anti-
microbial agent. Various popular drugs and antibiotic treatments compound the
problem. In 1998, the U.S. implemented a plan to fortify wheat-based products with
folic acid, in the hopes of decreasing the incidence of spina bifida and other neural
tube defects. Unfortunately, folic acid is a synthetic form of folate, and converting it to
the active form is costly to the liver. Unconverted folic acid accumulating in the blood
can cause unanticipated problems related to cerebral folate deficiency.

Folic acid supplementation during early pregnancy protects from spina bifida and
avoids either a spontaneous miscarriage or a severe developmental defect causing
early postnatal death, associated with spina bifida, microcephaly or anencephaly.
However, continued folic acid supplementation throughout pregnancy can result in
an accumulation of unmodified folic acid in the fetal blood, causing fetal cerebral
folate deficiency during the second half of gestation. This will disrupt methylation
pathways in the brain, and may result in hydrocephaly and enlarged ventricles, and,
in the extreme case, exencephaly. Impaired methylation pathways, enlarged
ventricles, and disrupted folate homeostasis are all features of autism.

The best way to maintain adequate supplies of folate and cobalamin is to eat a strictly
organic diet that is rich in fresh vegetables, seafood, eggs, and grass-fed beef and
liver. Particularly good sources of folate include beef liver, spinach, black-eyed peas,
asparagus, Brussels sprouts, avocado, broccoli, mustard greens, green peas and
kidney beans.

SIDEBARS
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THE METHYLATION PATHWAY OR THE ONE-CARBON CYCLE
Carbon is one of the basic elements in the periodic table and the core building block
of living systems (carbon-based life forms). Methane gas is one of the simplest
carbon-based molecules, containing a single carbon atom bound to four hydrogen
atoms. A methyl group is essentially a methane molecule that’s missing one
hydrogen: it is a constituent of a larger molecule where the displaced hydrogen atom
has been substituted by a biological molecule that has thus become “methylated.”
The “methylation pathway” is the biological pathway by which a methyl group is
passed around from one molecule to another—usually from glycine or betaine to
tetrahydrofolate to homocysteine—to finally produce methionine. Methionine then
becomes a “methyl source,” as it can donate its methyl group to multiple types of
biologically important molecules, such as to various proteins (protein methylation) or
to DNA molecules (DNA methylation). DNA methylation is an epigenetic process that
can turn on or off the expression of various genes. DNA methylation is an important
component of embryonic development. The entire biological pathway from
glycine/betaine to methyl folate to methionine and finally to protein and DNA
methylation is referred to as the “methylation pathway” or the “one-carbon
cycle/pathway.”
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