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Article Summary

* Successful traditional diets provided many nutrients that cooperate with one another to
produce excellent health. This article provides several illustrative examples of this type of
cooperation.

* Methionine from muscle meat contributes to cell growth and repair, cellular communication,
antioxidant defense, and detoxification. In order to fulfill these functions, however,
methionine must be balanced with B vitamins, choline, and glycine from organ meats, egg
yolks, legumes, leafy greens, skin and bones.

+ Vitamins A, D and K cooperate to protect our soft tissues from calcification, to nourish our
bones and teeth, and to provide children with adequate growth. We obtain these nutrients
together by consuming organ meats, cod liver oil, fatty fish, grass-fed animal fats, green and
orange vegetables, and fermented plant foods.

* Magnesium is required for every process in the body. Among its many interactions,
magnesium is required for proper calcium metabolism. Magnesium is abundant in many
plant foods and some seafood, but there is little magnesium in meat and almost none in
refined sugar and refined grains. Consuming a balanced diet devoid of refined sugar and
refined grains is the best way to obtain adequate magnesium.

* These interactions demonstrate that biology is very complex. Rather than thinking about
whether certain nutrients from traditional diets are good for us or bad for us, we should seek
to understand how they all work together in proper balance to promote radiant and vibrant
health.
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Synergy and Context with Dietary Nutrients

Successful traditional diets provided a rich array of nutrients that cooperated with one
another to produce vibrant health. As modern diets have shifted towards nutrient-poor foods
fortified with the favored nutrients du jour, we have gazed askance at the degeneration that
has resulted and embarked on a series of searches for the dietary villains that we imagine
lurking in the shadows.

We have blamed heart disease on cholesterol, mortality on meat, osteoporosis on vitamin A,
and diabetes on fat. Yet somehow it has eluded us that we are asking all the wrong questions.
Biology is not a war between good molecules and evil molecules, nor is it a war between
“wholesome” natural foods like vegetables and “poisonous” natural foods like meat. Biology is
a system wherein many parts work together in synergy to produce a context within which
each part benefits the whole. Several examples of this type of synergy follow.

METHIONINE, B VITAMINS, GLYCINE

Successful traditional diets provided muscle meats together with organ meats and gelatinous
materials such as bones, gristle and other connective tissue. These combinations provided a
healthy balance between the methionine found in muscle meats, the B vitamins found in
organ meats, and the glycine found in connective tissue. Modern diets, by contrast, provide
abundant quantities of methionine-rich muscle meats while organs and connective tissue
have fallen by the wayside. The result of this imbalance is that methionine is unable to fulfill
its proper cellular functions and generates toxic byproducts instead, while the supply of
glycine is depleted. Together, these changes are likely to contribute to reduced longevity and
chronic disease (Eigure 1 (http://www.westonaprice.org/wp-

content/uploads/fall2012masterjohnfig1.jpg)).

Methionine is an amino acid that we obtain from most dietary proteins, but is especially
abundant in animal proteins (Table 1 (http://www.westonaprice.org/wp-

content/uploads/fall2012masterjohntab1.jpg)). As shown in Figure 2,3 folate and vitamin By,

and to a lesser extent vitamin Bg, niacin, and riboflavin, assist methionine in carrying out one
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of its major cellular functions: the addition of a single carbon atom together with a small
assortment of hydrogen atoms to a wide variety of molecules, a process known as
“methylation.” Methylation is important for the synthesis of many cellular components and for
the regulation of gene expression. As a result, it is critical for the maintenance and repair of
existing tissue, the building up of new tissue, and cellular communication. Methylation is
especially important for the passing along of epigenetic information from parent cells to their
daughter cells as they multiply. Liver is rich in all of the B vitamins important to this process.
Muscle meats provide smaller amounts of most of them, but are relatively poor in folate.
Folate is found primarily in liver and legumes, with modest amounts in egg yolks and some
seeds, seafood, and leafy greens (Table 2 (http://www.westonaprice.org/wp-

content/uploads/fall2012masterjohntab2.jpg)). When any of these vitamins is missing,

methionine fails to contribute properly to methylation and instead generates homocysteine, a
potentially toxic byproduct that may contribute to cardiovascular disease.*

In support of the relevance of these pathways to human nutrition, a randomized,
placebocontrolled trial showed that three months of combined supplementation with folic
acid and vitamin B4, lowered homocysteine concentrations.” In the same study, a single large
dose of methionine temporarily increased homocysteine concentrations, while
supplementation with B vitamins protected against this effect. This study demonstrates the
critical need for balance between methionine and these B vitamins, and suggests that many
people may not be getting enough folate or vitamin B4, to properly handle the methionine
they are obtaining from muscle meats.

As shown in Figure 2,"-3 once our needs for methylation are met, we use vitamin Bg and
glycine to convert any additional methionine in our diet to glutathione, which is the master
antioxidant and detoxifier of the cell as well as a key regulator of protein function. The
conversion of methionine to glutathione is not instantaneous, however, and our liver requires
a buffer system to protect itself against excessive methylation and the accumulation of
homocysteine.

This buffer system is comprised primarily of three nutrients: glycine, which is found most
abundantly in bones and other connective tissue (Table 3 (http://www.westonaprice.org/wp-

content/uploads/fall2012masterjohntab3.jpg)); choline, which is found primarily in liver and

egg yolks (Table 4 (http://www.westonaprice.org/wp-
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content/uploads/fall2012masterjohntab4.jpg)); and betaine, which we can either make within

our own bodies from choline or obtain directly in our diets from spinach, wheat, and beets
(Table 5 (http://www.westonaprice.org/wp-content/uploads/fall2012masterjohntab5.jpg)).

Muscle meat provides its own vitamin Bg, but provides relatively little glycine, choline and
betaine. In order to safely use extra methionine from muscle meat to support our antioxidant
defenses and detoxification systems, we therefore must balance muscle meat with liver and
egg yolks as well as with soups, gravies, sauces, or other creative dishes made from bones
and other connective tissue, including skin. As useful adjuncts to these foods, some people
may also benefit from incorporating spinach, wheat or beets into their diet.

Several studies support the relevance of these pathways to human nutrition. In one such
study, a large dose of methionine increased the excretion of a metabolic byproduct of glycine,
choline and betaine in the urine,® suggesting that excess methionine causes the irreversible
loss of these nutrients. Randomized, placebo-controlled trials have shown that two weeks'’
supplementation with choline’ or six weeks' supplementation with betaine’ lowered
homocysteine levels both in the fasting state and after consuming a large dose of methionine.
In a similar study, three months' supplementation with vitamin Bg made a small improvement
in homocysteine levels after a large dose of methionine.”

There are, unfortunately, very few nutritional studies using glycine because scientists have
not considered it an “essential” amino acid. Although our bodies can synthesize glycine,
primarily from the amino acid serine, one group of scientists recently estimated that our
ability to produce glycine may fall short of our needs for this amino acid by up to ten grams
per day.” This is roughly the equivalent of an ounce of bone meal each day. These authors
pointed out that markers of glycine deficiency appear in the urine of vegetarians, people
consuming low-protein diets, children recovering from malnourishment, and pregnant
women. They further suggested that most of us adapt to a subtler degree of glycine deficiency
by decreasing our own turnover of collagen, which may lead to the accumulation of damaged
collagen with age, thereby contributing to arthritis, poor-quality skin, and many of the other
negative consequences of aging. Indeed, while some studies have shown that restricting

dietary methionine lengthens the lifespan of rats and while these have generated a great deal
of interest, a similar study recently showed that the same effect can be achieved by
supplementing the diet with extra glycine.®
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Some authors have recently suggested that a vegan diet would lengthen lifespan because of
its naturally low methionine content.? If methionine restriction primarily increases lifespan by
increasing the ratio of glycine to methionine, however, then this suggestion could not be
more wrong, because vegetarians show signs of glycine deficiency.! Vegan diets are low in
total biologically available protein, not just methionine. Human studies suggest that low-
protein diets waste glycine by using it simply as a source of much-needed nitrogen.'©

A better way to improve the balance of glycine to methionine would be to replace a
substantial proportion of muscle meats in the diet with bones and skin. Adding organ meats,
egg yolks, and plant foods rich in folate and betaine to the diet would also be likely to improve
longevity by working with glycine to support the safe and effective utilization of methionine.
When these nutrients are all provided in rich supply, methionine supports the growth and
repair of tissues, our defense against oxidants, detoxification and proper cellular
communication.

VITAMINS A, D AND K,

Successful traditional diets also provided a balance between vitamins A, D, and K,. Vitamin A
is most abundant in liver and fish liver oils, such as cod liver oil.'! Plant foods rich in
carotenoids also provide vitamin A, although they do so much less reliably than liver and cod
liver oil because the ability to convert carotenoids to vitamin A varies about ten-fold between
individuals. 12

Vitamin D is most abundant in cod liver oil and fatty fish. Sunshine is also an important source
of vitamin D, though our ability to use sunshine to synthesize this vitamin depends on where
we live, our skin color, how much time we spend outdoors, and the type of clothing we

13
wear.

Vitamin K is found primarily in animal fats and fermented foods.'* We can also synthesize
vitamin K, from the vitamin K; found in leafy green vegetables, but this conversion seems to
be very inefficient in humans. To a certain extent vitamin K; can also substitute for vitamin Kj,
but this substitution is limited because our bodies distribute vitamin K4 primarily to the liver



and vitamin K, primarily to other tissues. The specific form of vitamin K, found in animal fat,
moreover, has unique functions that are shared neither by the forms of vitamin K, found in
fermented plant foods nor by the vitamin K4 found in leafy greens.' As shown in Figure 3
(http://www.westonaprice.org/wp-content/uploads/fall2012masterjohnfig3.jpg), toxicity

results when the supply of these vitamins is thrown off balance. When vitamins A, D, and Ky
are all available in rich supply, by contrast, as shown in Figure 4
(http://www.westonaprice.org/wp-content/uploads/fall2012masterjohnfig4.jpg), they

cooperate to promote growth, to nourish strong bones and teeth, and to prevent the
calcification of soft tissues.

When large imbalances between vitamins A and D favor vitamin A, phosphorus accumulates
at the expense of calcium, promoting bone loss.'® Vitamin A may also overwhelm the storage
capacity of the liver under these conditions, contributing to liver damage. When the
imbalance favors vitamin D, calcium accumulates in soft tissues, leading to stones in the
kidney and bladder, and calcification of the blood vessels and aortal valves."3 In a growing
child, this imbalance would be likely to favor premature calcification of the growth plates,
thereby preventing the child from reaching his or her full potential for growth.'* This aberrant
pattern of calcification occurs at least in part because the imbalance contributes to the
overproduction of vitamin K-dependent proteins in great excess of the capacity for vitamin K
to activate them."” These include proteins that direct calcium to our bones and teeth and
away from our soft tissues. Since vitamin Kj fails to activate these proteins, the proteins in
turn fail to ensure the adequate nourishment of our bones and teeth and fail to protect our
soft tissues. One remaining question is whether vitamin K; protects against vitamin D toxicity
just as vitamin A does. This seems likely, but no studies have yet shown it to be true.

One study thus far has demonstrated the interaction between vitamins A and D in humans. In
1941, Irwin G. Spiesman published a trial showing that massive doses of vitamins A and D
caused toxicity when either vitamin was provided alone and failed to protect against the
common cold. When massive doses of both vitamins were provided together, by contrast,
they failed to induce any toxicity and offered powerful protection against the common cold."®

Some authors have argued that a second study published in 2001 showed antagonism
between the two vitamins.'® This study, however, did not show a true interaction. Vitamin A
decreased blood levels of calcium by 1.0 percent when given alone, and by 1.4 percent when
given in combination with the hormone form of vitamin D. The authors did not measure
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blood levels of phosphorus, and failed to show that vitamin A did anything different in the
presence of vitamin D than in its absence.

Recent evidence from experiments performed on isolated cells suggests that vitamins A and
D may synergistically suppress the development of autoimmune diseases?® and perhaps even
cure diabetes by causing the regeneration of pancreatic stem cells.?! Forming any conclusions
from these studies would be premature, however, since we need to follow them up with
nutritional studies in humans or live animals.

Altogether, the available evidence supports the rich provision of vitamins A, D, and Ky
together by consuming organ meats, animal fats, fermented foods, fatty fish, cod liver oil, and
colorful vegetables, while spending plenty of time outdoors. Obtaining a rich supply of these
vitamins together allows each of them to carry out its biological functions safely and
effectively.

Magnesium : The Universal Metal

Some nutrients play so many roles in the body that literally everything depends on them. One
such nutrient is magnesium.?? Magnesium is abundant in many whole grains, nuts, seeds,
legumes and vegetables, some fruit, and some seafood. It is less abundant in meat, by
contrast, and almost entirely absent from refined grains and sugar (Table 6). Modern diets
rich in refined grains and sugar thus provide far less magnesium than traditional diets
wherein these “displacing foods of modern commerce” were absent.

Magnesium contributes to more than three hundred specific chemical reactions that occur
within our bodies.?? The most basic energy currency of our cells, ATP, exists primarily bound
to magnesium. Magnesium is thus essential for every reaction that depends on ATP.
Magnesium also activates the enzyme that makes copies of DNA, as well as the enzyme that
makes RNA, which is responsible for translating the codes contained within our genes into the
production of every protein within our body. Magnesium is thus literally involved in every

single process that occurs within the body, making a specific enumeration of all of its
interactions impossible to contain even within a large book, far less an article such as this. The
well known interaction between magnesium and calcium, however, provides a classic
example (Eigure 5 (http://www.westonaprice.org/wp-
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content/uploads/fall2012masterjohnfig5.jpg)).

Magnesium deficiency decreases blood levels of calcium in humans and most animals.??2 The
reasons for this are complex and reflect the universal importance of magnesium rather than a
specific interaction between the two minerals. In a healthy individual, parathyroid hormone
activates vitamin D to its hormone form, which in turn maintains blood levels of calcium
within the appropriate range, in part by helping us absorb calcium from our food.

Magnesium deficiency causes a failure in this system through several mechanisms. Without
magnesium, the liver cannot convert vitamin D to its semi-activated storage form, 25-
hydroxyvitamin D. When we are deficient in magnesium, we not only produce less
parathyroid hormone, but even what we do produce fails to work properly. This resistance to
parathyroid hormone appears to result from the failure of at least four different categories of
biochemical reactions that are needed to support the hormone. Without properly functioning
parathyroid hormone, our kidneys fail to fully activate the storage form of vitamin D to its
hormone form, 1,25-dihydroxyvitamin D. On top of all of this, even fully activated vitamin D
fails to function properly when we are deficient in magnesium, probably because all of the
proteins it controls are at least indirectly dependent on the mineral. This cascade of
biochemical failures ultimately depresses calcium absorption, and obtaining sufficient
magnesium from food or supplements is the only remedy that will restore calcium levels to
normal.

Not only do we fail to absorb enough calcium when we are deficient in magnesium, we also
fail to put calcium where it belongs.?? Over 99 percent of the calcium in our body belongs
outside of our cells, primarily in our bones and teeth. While only a small amount is found in
our blood at any given moment, it is our blood that provides calcium to our bones and teeth
where the bulk of it is stored. Only a small portion of calcium belongs inside our soft tissue
cells. Our cells keep this small amount in storage vesicles, and release it when needed to
stimulate certain functions such as muscular contraction.

Magnesium is needed to utilize the most basic energy currency of our cells, ATP, which is in
turn needed to activate the pumps and channels that maintain the proper distribution of
calcium and other minerals within our cells. When we are deficient in magnesium, our cells
accumulate sodium and lose potassium. The potassium is lost in our urine, while the sodium
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draws excess calcium into the cell. In the absence of magnesium, our cells are unable to store
calcium in the appropriate vesicles. The accumulation of calcium within our cells robs calcium
from the blood, which means less calcium is available to our bones and teeth. This total
failure of mineral metabolism contributes to excessive excitation of nerves and muscles,
disturbances in the rhythm of the heart, a tendency of the blood to clot too much, and poor
mineralization of the bones and teeth.

Synergy and Context

The human body is a biological system characterized by astounding complexity. Nutrients
often cooperate with one another to produce vibrant health. Quite often when one or more
nutrients is missing, others may appear to contribute to disease. Methionine from muscle
meats may appear to contribute to disease, for example, when the B vitamins, choline, and
glycine found in bones, skin, organ meats, egg yolks, legumes, and leafy greens are absent.
Vitamins A and D may each appear to contribute to disease when the other is absent. In the
absence of other nutrients such as magnesium, some nutrients such as vitamin D and calcium
may simply fail to function at all. The complex biology that makes the human body tick may
operate very differently in the context of a diet rich in magnesium than in the context of a diet
poor in magnesium.

Nutrient-dense, traditionally balanced diets, however, provide all of these nutrients together
so that they synergize with one another to nourish our bodies to health and protect them
from harm. Rather than seeking dietary villains from among our most ancient traditional
foods to blame for our most recent modern diseases, we should elaborate our understanding
of how the many components within successful traditional diets work together to promote
radiant and vibrant health.

SIDEBARS

Figure 1: SYNERGY BETWEEN METHIONINE, B VITAMINS, CHOLINE, AND GLYCINE'-3

A. B. C.
Methionine Methionine Methionine

1 ‘k B Vitamins Glycine Y B Vitamins The figure presents a
Choline Choline simplified model of the
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Homocysteine Excessive Proper synergy between

Methylation Methylation, .. . .
l /\ Glutathione methionine, B vitamins,
l choline, and glycine.
Vascular Disease Breakdown Glycine
In Cellular  Depletion, Proper Cellular See text as well as
Communication Aging Communication, Figure 2 for a more
Antioxidant Defense, ) )
Detoxification detailed view.

A. Excess methionine

from muscle meats, in
the absence of protective nutrients, generates homocysteine, a toxic byproduct that may
contribute to vascular disease.
B. With adequate B vitamins and choline, found especially in organ meats and egg yolks,
methionine will not generate excess homocysteine, but it may lead to excessive methylation,
a breakdown of cellular communication, and depletion of glycine, all of which may contribute
to the negative consequences of aging. See text as well as Table 2
(http://www.westonaprice.org/wp-content/uploads/2013/07/fall2012masterjohntab2.jpg),
Table 4 (http://www.westonaprice.org/wp-
content/uploads/2013/07/fall2012masterjohntab4.jpg), and Table 5
(http://www.westonaprice.org/wp-content/uploads/2013/07/fall2012masterjohntab5.jpg) for
additional sources of protective nutrients.

C. Adequate glycine from gelatinous materials such as bones, skin, and other connective
tissue, works together with B vitamins and choline to prevent excessive methylation and to
ensure adequate conversion of methionine to glutathione. This in turn ensures that
methionine will be used for proper cellular communication and as part of the cellular defense
against oxidants and environmental toxins.

Animal products have a higher percentage of their total protein as methionine than plant
products. Although not shown in the table, they also contain much more protein per unit of
weight or volume. The main sources of methionine in the diet, then, are milk, eggs, fish and
meat. Although liver and egg yolks provide methionine, they are also rich in nutrients that

Table 1. PROPORTION OF TOTAL PROTEIM AS METHIONINE IN SELECTED FOODS™ cooperat
e with
Animal Foods Plant Foods
Calmon 3.0% Cashews 1.8% meth 1oni

Chicken Breast 2.8% Walnuts 1.6% ne to
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Liver 2.7% Kidney Beans 1.5%
Hamburger 26% Tofu 1.3%
Whole Egg 2.6% Almonds 0.9%
Milk 2.3% Lentils 0.8%

main text as well as Table 2 and Table 4 (http://www.westonaprice.org/wp-

render it
safe and
effective
(see the

content/uploads/2013/07/fall2012masterjohntab4.jpg)). Muscle meats, by contrast, including

fish, are rich in methionine but poor in key cooperative nutrients.

Table 2. FOLATE COMNTEMNT OF SELECTED FOODS*

Food Folate (ug/ 100 g Food Folate (ug/100 g
Duck Liver 738 Asparagus 191
Cowpeas 633 Collard Creens 166
Chicken Liver 568 Egg Yolk 146
Diried Agar Seaweed 580 Sesame Seeds 97
Lentils 479 Fish Roe &80
Lamb Liver 400 Mussels 76
Kidney Beans 394 Broccoli 63
Chicken Ciblets 379 Whole Egg 47
Leeks 366 Kale P
Calf Liver 330 Salmon 9
Beef Liver 200 Clams 29
Peas 274 Pumpkin, Squash Seeds 6
Sunflower Seeds 238 Hamburger 6
Spinach 194 Chicken Breast 4

Folate is
especially
abundant
in liver
and
legumes,
with
moderate
amounts
in egg
yolks,
some
seeds,

some seafood, and some leafy greens, but very little in muscle meats. Folate content tends to

be widely variable within a food group, and only a small selection of foods is reported in the

table above.

Figures 2A and 2B (below):
METHIONINE METABOLISM AT LOW AND HIGH CONCENTRATIONS OF METHIONINE."3
We obtain methionine from most dietary proteins, but primarily from muscle meats. We use it

to build our own proteins, but also for two other important processes: methylation and the

synthesis of glutathione. Of these, methylation takes priority. Methylation is the addition of

one-carbon units to a wide variety of molecules, which aids in the synthesis of many cellular

components and in the regulation of gene expression.

When cellular concentrations of methionine are insufficient or just barely sufficient to meet


http://www.westonaprice.org/wp-content/uploads/2013/07/fall2012masterjohntab4.jpg
http://www.westonaprice.org/wp-content/uploads/2013/07/fall2012masterjohntab4.jpg
http://www.westonaprice.org/wp-content/uploads/2013/07/fall2012masterjohntab4.jpg

the demand for methylation, the pathways shown in panel A predominate. During each
methylation reaction, methionine is converted to homocysteine, which is potentially toxic.
Folate and vitamin B4, help recycle homocysteine to regenerate methionine, which allows
methylation to continue and prevents homocysteine from accumulating to toxic levels.
Although not shown in panel A, niacin, riboflavin and vitamin Bg also assist in this process.
When the supply of methionine exceeds that needed for methylation, the excess is
metabolized mainly in the liver and the pathways shown in panel B predominate. Glycine
accepts the extra methyl groups, while choline and betaine recycle part of the extra
homocysteine. These processes all result in the accumulation of dimethylglycine, part of
which is lost in the urine.® Vitamin Bg and glycine assist in the conversion of part of the extra
homocysteine to cysteine and then to glutathione, which is the master antioxidant and
detoxifier of the cell, and a key regulator of protein function. When the flux through this latter
pathway exceeds the capacity for glutathione synthesis, the excess cysteine is converted to
taurine and sulfate. Thus, B vitamins, choline, betaine and glycine all cooperate with
methionine to allow optimal methylation and synthesis of glutathione. When methionine is
provided in the absence of these partners, methylation and glutathione synthesis fall by the
wayside and homocysteine accumulates to potentially toxic levels. It may also be the case that
if only glycine is limiting, the capacity to absorb extra methyl groups diminishes and rogue
methylations occur.

(\[—) Methionine A. During each
Methyl methylation

Folate B .

é\/— 12 Acceptor (reaction 3),

methionine
poe i sl P Methylated adenosyltransferase
Folate B,; Product
Homocysteine uses ATP to convert

methionine to S-
adenosylmethionine
(SAM). Methyltransferases then use SAM to methylate a wide variety of molecules, generating

S-adenosylhomocysteine (SAH). S-adenosylhomocysteine hydrolase then allows a small
amount of SAH to generate homocysteine, which is potentially toxic. Vitamin B4, and folate
assist in the recycling of homocysteine back to methionine. 5-methyltetrahydrofolate (a form
of folate, abbreviated as methyl-folate in the figure) methylates vitamin B¢5 (reaction 1), and



methionine synthase then uses B1, to methylate homocysteine and thereby form methionine
(reaction 2). Folate is then remethylated through several different pathways not shown in the
figure, which depend on niacin, riboflavin, and vitamin Be.

Methionine

Dimethyl-
Glycine

Choline-@-) Betaine Dimet-hyl-
Glycine
Homocysteine
Glycine f—@') Serine @
B, % Bs

Taurine
Cysteine
Glycine
Sulfate

Glutathione

Glycine

B. When methionine concentrations are high, an alternative set of reactions predominates in
the liver. Choline dehydrogenase and betaine aldehyde dehydrogenase convert choline to
betaine with the assistance of niacin and oxygen (reaction 1). Betaine-homocysteine
methyltransferase uses betaine to convert homocysteine to methionine, generating
dimethylglycine (reaction 2), part of which is converted to glycine and part of which is lost in
the urine.g More SAM is generated than is needed for methylation reactions.

With the assistance of vitamin Bg, cystathionine b-synthase and cystathionine g-lyase use
serine to convert homocysteine to cysteine in two successive steps (reaction 5). Serine is
obtained directly in the diet or derived from glycine with the assistance of vitamin Bg (reaction
4). Using glycine, glutamate, and ATP, glutamate cysteine ligase and glutathione synthase



convert cysteine to glutathione in two successive steps (reaction 6). Excess cysteine is

converted to taurine and sulfate (reaction 7). As a result, glycine, obtained directly from the

diet or synthesized from dietary serine with the assistance of vitamin Bg (reaction 4), accepts

methyl groups from SAM, generating dimethylglycine (reaction 3), part of which is lost in the

urine.® N-methyltransferases catalyze this reaction in two successive steps.

Table 3. PROPORTION OF TOTAL PROTEIN AS GLYCIMNE IN SELECTED FOODS™

Chicken Breast 5%
Chicken Skin 16%
Bone 31% (estimate)

Glycine makes up only five
percent of the amino acids in
typical muscle meats, but is
much richer in proteins such as

collagen and elastin, found in connective tissues like skin and bone. Most of the protein in

bone is collagen, which is about one-third glycine, making any dishes made from bone,

including soups and sauces, excellent sources of this amino acid.

Table 4. CHOLINE CONTENT OF SELECTED FOODS™

Food Choline (mg/ 100 g} Food Choline (mg100 g)
Egg Yolk 682 Pork Loin 80
Beef Liver 333 Pistachios 72
Viaal | iver Eali] Hami hniroer RiA




- - T —— -
Whole Egg 251 Salmon 63
Turkey Liver 222 Pine Nuts 56
Chicken Liver 195 Bacon 47
Wheat Cerm 152 Macadamia Muts 45
Turkey Heart 127 Broccoli 19
Turkey Gizzard 90 Asparagus 16
Shrimp 81 Egz White 1
Choline is found primarily in egg yolks and organ meats.
Table 5. BETAINE CONTENT OF SELECTED FOODS™
Food Betaine img 100 g) Food Betaine img/ 100 g
Wheat Bran 1507 Chicken 9
Wheat Cerm 1396 Hamburger 9
Spinach 675 Bacon 1
Whole \Wheat Bread 180 Brown Rice 0.5
Beets 129 Carrots 04
White Bread 102 White Rlice 0.3
Sweet Potato 35 kale 0.3
Cod 10 White Potato 0.2

Betaine is found primarily in wheat, spinach, and beets.

Figure 3: IMBALANCES BETWEEN VITAMINS A AND D LEAD TO TOXICITY13.16.17

When a severe imbalance between vitamins A and D favors vitamin A, phosphorus
accumulates at the expense of calcium and bone loss ensues. When such an imbalance favors
vitamin D, the production of vitamin K-dependent proteins greatly exceeds the capacity of
vitamin K to activate them. This results in defective proteins, which in turn fail to direct
calcium away from soft tissues and into bones and teeth. This results in soft tissue
calcification, including the formation of kidney and bladder stones, and the calcification of
blood vessels and aortal valves.
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When vitamins A and D are available in an appropriate balance, cells produce a healthy
amount of vitamin K-dependent proteins. When vitamin K5 is available in rich supply to
activate them, these proteins protect against soft tissue calcification and direct calcium to
where it belongs: in the bones and teeth. During growth, these proteins protect the growth
plates from premature calcification, ensuring that a child will reach his or her full growth
potential.

Table 6. Magnesium Content of Selected Foods?3

Figure 4 A D
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Food Magnesium (mg100 g Food Magnesium (mg 100 g
Pumpkin and Squash Seeds | 534 Salmon 122
Brazil Muts 376 Kelp 121
Sesame Seeds 356 Bananas 108
Sunflower Seeds 325 Spinach 79
Caviar 300 Cod 4
Almonds 286 Peaches 57
Buckwheat 23 Oysters 47
Lima Beans 224 Potatoes 43
Tomatoes 194 Bacon 36
Bell Peppers 185 Chicken Breast 3
Oats 177 Hamburger 27
Peanuts 176 Liver 18
Kidney Beans 140 Enriched White Flour 16
Madacamia Muts 130 White Rice 13
Whole Wheat 126 Table Sugar 9
Lentils 140

Magnesiu
m is
especially
abundant
in many
seeds,
and also
found
abundant
ly in
many
whole
grains,
nuts, and
vegetable

s. Some fruits and types of seafood are also good sources. Meat, however, even liver, is low in

magnesium. In contrast to whole grains, refined grains contain almost no magnesium. Like

refined grains, refined sugar also contains almost no magnesium.
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Figure 5: Contribution of Magnesium to Calcium Metabolism 22

Magnesium (Mg?*) is necessary for virtually every function in the body. As a result, proper
calcium metabolism breaks down in the absence of sufficient magnesium. Magnesium helps
convert vitamin D to the semi-activated storage form, 25-hydroxyvitamin D, abbreviated in
the figure as 25(OH)D. It contributes both to the production of parathyroid hormone (PTH)
and to its conversion of 25(0OH)D to the fully activated hormone form of vitamin D, 1,25-
dihydroxyvitamin D or 1,25(0OH),D. Magnesium helps 1,25(0OH),D stimulate calcium
absorption, and assists the variety of pumps and channels that help distribute calcium
properly into the bones and teeth, blood, and storage vesicles where it belongs. In the
absence of sufficient magnesium, we fail to absorb enough calcium from our food. The
calcium we do absorb accumulates within our cells rather than in our blood, bones, and teeth,
where it belongs. Our cells, moreover, fail to sequester it in storage vesicles. These changes as
well as other failures of mineral metabolism that occur during magnesium deficiency
contribute to excessive excitation of nerves and muscles, blood coagulation, and poor
mineralization of bones and teeth.



REFERENCES

1. Melendez-Hevia E, De Paz-Lugo P, Cornish-Bowden A & Cardenas ML. A weak link in
metabolism: the metabolic capacity for glycine biosynthesis does not satisfy the need for
collagen synthesis. J Biosci. 2009;34(6): 853-872.

2. Martinov MV, Vitvitsky VM, Banerjee R & Ataullakhanov FI. The logic of the hepatic
methionine metabolic cycle. Biochim Biophys Acta. 2010;1804(1): 89-96.

3. Carmel R. Folic Acid. /n Modern Nutrition in Health and Disease (eds M.E. Shils et al.)
(Lippincott Williams & Wilkins, 2006).

4. Stipanuk MH. Homocysteine, Cysteine, and Taurine. /n Modern Nutrition in Health and
Disease (eds M.E. Shills, et al.) 545-562 (Lippincott Williams & Wilkins, 2006).

5. Bleie O et al. Changes in basal and postmethionine load concentrations of total
homocysteine and cystathionine after B vitamin intervention. Am J Clin Nutr. 2004;80(3): 641-
648.

6. Atkinson W, Elmslie J, Lever M, Chambers ST & George PM. Dietary and supplementary
betaine: acute effects on plasma betaine and homocysteine concentrations under standard
and postmethionine load conditions in healthy male subjects. Am J Clin Nutr. 2008;87(3): 577-
585.

7. Olthof MR, Brink EJ, Katan MB & Verhoef P. Choline supplemented as phosphatidylcholine
decreases fasting and postmethionine-loading plasma homocysteine concentrations in
healthy men. Am J Clin Nutr. 2005;82(1): 111-117.

8. Brind J, et al. Dietary glycine supplementation mimics lifespan extension by dietary
methionine restriction in Fisher 344 rats. FASEB J. 2011;25(528.522.

9. McCartv MF, Barroso-Aranda | & Contreras F. The low-methionine content of vegan diets



” - ()

may make methionine restriction feasible as a life extension strategy. Med Hypotheses.
2009;72(2): 125-128.

10. Meakins TS, Persaud C & Jackson AA. Dietary supplementation with L-methionine impairs
the utilization of urea-nitrogen and increases 5-L-oxoprolinuria in normal women consuming
a low protein diet. / Nutr. 1998;128(4): 720-727.

11. Masterjohn C. Vegetarianism and Nutrient Deficiencies. Wise Traditions. 2008;9(1).

12.Tang G, Qin J, Dolnikowski GG & Russell RM. Short-term (intestinal) and long-term
(postintestinal) conversion of beta-carotene to retinol in adults as assessed by a stableisotope
reference method. Am J Clin Nutr. 2003;78(2): 259-266.

13. Masterjohn C. From Seafood to Sunshine: A New Understanding of Vitamin D Safety. Wise
Traditions. 2006;7(2).

14. Masterjohn C. On the Trail of the Elusive X Factor: A Sixty-Two-Year-Old Mystery Finally
Solved. Wise Traditions. 2007;8(1).

15. Ichikawa T, Horie-Inoue K, lkeda K, Blumberg B & Inoue S. Vitamin K2 induces
phosphorylation of protein kinase A and expression of novel target genes in osteoblastic cells.
|/ Mol Endocrinol. 2007;39(239-247.

16. Masterjohn C. Vitamin A on Trial: Does Vitamin A Cause Osteoporosis? Wise Traditions.
2006;7(1).

17. Fu X et al. 9-Cis retinoic acid reduces 1alpha,25-dihydroxycholecalciferol-induced renal
calcification by altering vitamin K-dependent gamma-carboxylation of matrix
gammacarboxyglutamic acid protein in A/) male mice. / Nutr. 2008;138(12): 2337-2341.

18. Spiesman IG. Massive Doses of Vitamins A and D in the Prevention of the Common Cold.
Arch Otolaryngol Head Neck Surg. 1941;34(4): 787-791.

19. lohansson S & Melhus H. Vitamin A antagonizes calcium response to vitamin D in man. /



- () 1 -

Bone Miner Res. 2001;16(10): 1899-1905.

20. Ikeda U, et al. 1alpha,25-Dihydroxyvitamin D3 and all-trans retinoic acid synergistically
inhibit the differentiation and expansion of Th17 cells. Immunol Lett. 2010;134(1): 7-16.

21. Ng KY, Ma MT, Leung KK & Leung PS. Vitamin D and vitamin A receptor expression and the
proliferative effects of ligand activation of these receptors on the development of pancreatic
progenitor cells derived from human fetal pancreas. Stem Cell Rev. 2011;7(1): 53-63.

22. Rude RK & Shils ME. Magnesium. In Modern Nutrition in Health and Disease (eds M.E.
Shills et al.) 223-247 (2006).

23. SelfNutritionData: know what you eat., <http://nutritiondata.self.com
(http://nutritiondata.self.com)>, accessed August 27, 2012.

24. Howe JC, Williams JR & Holden JM. USDA Database for the Choline Content of Common
Foods. U.S. Department of Agriculture Agricultural Nutrient Data Laboratory. 2004.

This article appeared in Wise Traditions in Food, Farming and the Healing Arts, the quarterly
magazine of the Weston A. Price Foundation, Fall 2012 (http://www.westonaprice.org/get-

involved/journal-fall-2012-vitamin-mineral-synergies/).

8 Print post

About Christopher Masterjohn

Chris Masterjohn, PhD, is creator and maintainer of

www.chrismasteriohnphd.com. Chris is a freauent contributor to Wise


http://nutritiondata.self.com/
http://nutritiondata.self.com/
http://www.westonaprice.org/get-involved/journal-fall-2012-vitamin-mineral-synergies/
http://www.westonaprice.org/get-involved/journal-fall-2012-vitamin-mineral-synergies/
http://www.westonaprice.org/get-involved/journal-fall-2012-vitamin-mineral-synergies/
javascript:window.print()

W Traditions, the quarterly journal of the Weston A. Price Foundation,
and is a perennial speaker at the annual Wise Traditions conference.
He has written five peer-reviewed publications, and has submitted two additional
experimental papers for peer review, one of which has been accepted for publication. Chris
has a PhD in Nutritional Sciences from the University of Connecticut and has worked as a
Postdoctoral Research Associate at the University of lllinois where he studied interactions

between vitamins A, D, and K. The contents of this blog represents his independent work
and does not necessarily represent the positions of the University of lllinois.

Member Yet?

The Weston A. Price Foundation is a tireless advocate for nutrient-dense food and is wholly
member supported. Becoming a member is incredibly affordable and has valuable benefits.

LEARN MORE AND JOIN (HTTPS://WWW.WESTONAPRICE.ORG/WHY-JOIN)

This site uses Akismet to reduce spam. Learn how your comment data is processed

(https://akismet.com/privacyy/).

Copyright © 2024 Weston A. Price -


https://www.westonaprice.org/why-join
https://akismet.com/privacy/
https://akismet.com/privacy/

