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An amino acid contains nitrogen through its amino group. Beyond
an amino acid’s role as the backbone structure for a peptide, they can
also be utilized to make nitrogen-containing non-protein compounds
that have nutritionally relevant roles. We will discuss four of these
compounds plus their role in neurotransmitter synthesis.
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Learning Objectives

• Understand the metabolism of nitrogen-containing compounds
from amino acids

• Explain the role of these compounds in our body

• Explain the role of amino acids in neurotransmitter biosynthesis

• Understand the role of these compounds in our body

• Describe MAOIs influence in serotonin production and on tyra-
mine

Review of Amino Acid Structure and Role in the Body

An amino acid consists of four distinct functional groups, a car-
boxyl, a hydrogen, an amino, and a side (R) group. The amino group
makes the amino acid a nitrogen-containing structure within our
body. Amino acids are the building blocks of proteins but they can
also be used for the synthesis of other compounds within our body.
Nitrogen-containing non-protein compounds are found in dietary
sources but can also be biosynthesized. Once synthesized, they have
varying roles in the body such as an antioxidant, a methyl donor, a
transporter, or a neurotransmitter. In the following sections, we will
discuss the constituents, biosynthesis, and main roles of glutathione,
carnitine, choline, creatine, and serotonin, all nitrogen-containing
compounds.

Glutathione

Glutathione is synthesized in the liver from glutamate, cysteine and
glycine. It plays an important role as an antioxidant, thus it is found
in the majority of cells in our body. The cysteine of glutathione pro-
vides the structure with a thiol (-SH) group. The majority of glu-
tathione present in our cells is in the reduced form, but it can be
oxidized in the presence of free radicals and lipid peroxides. The
glutathione donates its hydrogen group to stabilize free radicals and
lipid peroxides. Following oxidation, NADPH, from the pentose
phosphate shunt, quickly reduces glutathione again. The ratio of
reduced glutathione (GSH) to oxidized glutathione (GSSG) is com-
monly used as a biomarker for disease and inflammation. For exam-
ple, if the hepatocyte cells have undergone stress or become dam-
aged, the tissue GSH:GSSG would be low [Zitka et al., 2012, Sentellas
et al., 2014]. Depending on the tissue and purposes of measuring
GSH:GSSG, varying analytical techniques are utilized which include
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high performance liquid chromatography, ultraviolet absorbance
and fluorescence detection, mass spectrometry or electrochemical
detection.

Carnitine

Carnitine is made in the liver and to some extent the kidneys. Three
methyl groups are added to lysine by the universal methyl donor S-
adenosyl methionine (SAM) via one-carbon metabolism. Methylated
lysine is hydroxylated to form carnitine. Once synthesized, carnitine
is stored in muscle. Because muscle is the reservoir of carnitine, we
can also obtain carnitine through dietary sources, specifically animal
sources such as meats and fish. Carnitine is also made in supplemen-
tal form. About 60–80% of carnitine is absorbed with intake levels of
0.5–0.6 grams [Rebouche, 2004]. One of the primary roles of carnitine
is to transport long chain fatty acids through the inner mitochondrial
membrane. The fatty acid is covalently joined to carnitine through a
reaction catalyzed by carnitine palmitoyltransferase 1 (CPT 1)1. Once 1 Sometimes you may find that this is

refered to as CAT (carnitine acyltrans-
ferase).

bound, the fatty acid-carnitine complex moves across the inner mem-
brane and is released by carnitine pamitoyltransferase II (CAT II).
The long chain fatty acid can then undergo oxidation. This process
was discussed in detail in the Lipid Unit.

Choline

Choline is synthesized in the liver and to some extent the kidneys.
Serine is decarboxylated until it forms phosphatidylethanolamine
(PE). Three methyl groups are donated by SAM to PE via one-carbon
metabolism to form phosphatidylcholine, which is the body’s internal
source of choline. Choline is also abundant in dietary sources like
eggs, wheat germ, legumes, salmon and liver. In can be in the free
form or bound to lecithin.

Role in One-carbon Metabolism

Choline is formed from the addition of methyl groups from SAM,
but it can also serve as a methyl donor (Figure 3B) by feeding methyl
groups into one-carbon metabolism. Thus, adequate levels of choline
are required for one-carbon metabolism to run efficiently, a concept
that has been studied and manipulated extensively. Altered function-
ing of one-carbon metabolism can result in homocysteine build-up
and altered nucleic acid synthesis and cell division. Homocystin-
uria is a condition of high blood homocysteine levels. Build up of
homocysteine in the blood can cause vascular wall damage leading
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to atherosclerosis associated with stroke and heart disease [Millard
et al., 2018]. Altered cell division can increase risk of neural tube
defects like spina bifida [Zeisel, 2006].

Role in Neurotransmission

Choline is necessary for the synthesis of a neurotransmitter called
acetylcholine. Choline crosses the blood brain barrier and acetyl-
choline is formed by the transfer of acetyl (from acetylCoA) to
choline – this reaction is catalyzed by choline acetyltransferase.
Acetylcholine is important in long-term memory, muscle control
and motor skill development. Choline deficiency during pregnancy
and the effects of offspring has been studied extensively. Mothers
deficient in choline result in offspring with neural tube defects and
structural abnormalities in brain resulting in impaired long-term
memory [Craciunescu et al., 2010].

Role in Fatty Acid Transport

Choline is structurally part of very low-density lipoprotein (VLDL).
Thus, a deficiency of choline directly affects the transport of fat and
cholesterol out of the liver by VLDL. This results in an accumula-
tion of fat in the liver leading to a fatty liver, a topic also heavily
discussed in the Lipid Unit.

Creatine

In the kidney, glycine and arginine react to form guanidoacetate.
Guanidoacetate is then methylated via SAM from one-carbon metabolism
mainly in the liver. Following methylation, creatine is transported out
of the liver to muscle where about 95% of resides within the body.
Creatine can also be taken in through diet. It is found in meat, fish
products and is commonly used as a performance enhancement sup-
plement. The main role of creatine in our body is that it acts as a
storehouse for high-energy phosphate because it can exist in a phos-
phorylated form, phosphocreatine. More than half of the creatine in
resting muscles is in the form of phosphocreatine. When the muscle
contracts the phosphocreatine can phosphorylate ADP producing a
quick source of ATP for the muscle. The ATP then phosphorylates
creatine making it a coupled reaction. This cyclic reaction is catalyzed
by creatine kinase (Figure 4). This process acts as a buffer of ATP
during contractions from anywhere to 8-30 seconds resulting in the
delay of the breakdown of muscle glycogen. Over time creatine and
phosphocreatine do get eliminated from the muscle in the form of
creatinine. Creatinine is transferred from the muscle to the kidney
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where it is excreted from the body through urine. Urinary creatinine
levels are often used as a biomarker of muscle mass and kidney func-
tion. Because creatine plays a critical role in energy availability in the
muscle, it has been used as a supplement for performance enhance-
ment especially in short-duration maximal exercise like sprinting and
weight lifting [Kreider et al., 2017].

Neurotransmitter Synthesis

There are active transport systems for amino acids present at the
blood brain barrier. Thus amino acids can enter the brain and biosyn-
thesis of neurotransmitters can occur locally. Tryptophan is needed
for the synthesis of serotonin. Serotonin is a neurotransmitter that
can affect mood and appetite. Serotonin levels have been widely
studied with the association of depressive disorders. Nitrogen groups
are removed from serotonin by monoamine oxidase (MAO). MAO
also plays a role in breaking down tyramine, which is a compound
found in cheeses, alcohol, meats and fish. If not broken down prop-
erly, tyramine can build up in the brain causing neural dysfunction.
Monoamine oxidase inhibitors are a common class of antidepressants
that block the action of MAO to increase levels of serotonin in peo-
ple with mild to moderate depressive disorders. Thus individuals
taking MAOs must take dietary precautions by eliminating tyramine-
containing foods.
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