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1. Overview of Amino Acid Metabolism
Amino acids. obtained from dictary proteins. are primarily used for proten synthesis. However.
excess amino acids cannot be stored in the body and must be metabolized. This metabolism

imohes: .
Deamination: Removal of the amino group (-N1 12) to form ammonia. which is excreted

{as ured.
. Transamination: Transfer of the amino group 10 another molecule, forming new amino

acids.
Carbon Skeleton Utilization: The remaining carbon skeletons enter metabolic pathways

inect with carbohydrate and lipid metabolism.

that col
and Carbohydrate Metabolism
o intermediates of the citric acid

I'he carbon skeletons of amino
which is a key pathway in carbohyvdrate metabolism. This occurs in several ways:

2. Link Between Amino Acid

acids can be converted int

(Krebs) evele.

Gluconcogenesis: Certain amino acids (glucogenic amino acids) can be converted into
.

J glucose through gluconeogencsis in the liver, Examples include alanine and glutamine.

[ 4

Entry into the Krebs Cycle: Some amino acids are broken down into intermediates like

pyruvate, oxaloacetate, or a-ketoglutarate, which can then be used to generate ATP.

roduction: When carbohydrates are scarce. amino acids provide an alternative

o [Lnergy?
lysis and the Krebs cycle.

energy source by feeding into glyco
Simple Pathway Representation

1. Protein — Amino Acids — Deamination — Carbon Skeletons

arbon Skeletons — Pyruvate — Glucose (via gluconeogenesis) — Energy (ATP)

[S9]
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Carbon Skeletons — Krebs Cycle Intermediates — Energy Production
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3. Link Between Amino Acid
Amino acid metabolism

Ketogenic Amino Acids:
into acetyl-CoA. W hich can be use

. Fatty Acid Synth
formation of ace
synthesis.

« Energy Stor
triglycerides (fav) for storage in adipose ti

Simple Pathway Representation

1. Protein — Amino Acids — Deamination
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The Krebs cycle serves as a central hu
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integrate with pathways of carbohydrat

« During fasting or starvation, amino acids contribute t0 both glucose production and

energy generation through ketone bodies.

Conclusion

The metabolism of amino acids is intricately linked to carbohydrate and lipid metabolism, .
ensuring a balance between energy production, glucose availability, and fat storage. This )
interconnection allows the body to adapt to varying energy demands and dietary conditions,

maintaining homeostasis.

This fundamental understanding of metabolism is crucial for further studies in biochemistry.

physiology, and medical sciences.
Metabolism of One-Carbon Units

Introduction

al for various biochemical processes,

The metabolism of one-carbon (C1) units is essenti
actions. One-carbon

including amino acid metabolism, nucleotide synthesis, and methylation re
metabolism primarily involves the transfer of single carbon groups, such as methyl (-CH3),

methylene (-CH2-), and formyl (-CHO) groups, between molecules. The key carriers of these

one-carbon units are folate and S-adenosylmethionine (SAM).
Folate and One-Carbon Metabolism

s a crucial role in one-carbon metabolism. 1t exists in several forms,

Folate, or vitamin B9, play
a carrier of one-carbon units in

with tetrahydrofolate (THF) being the active form. THI serves as
different oxidation states-and is involved in important cellular processes.
Conversion of Folate into Active Forms

| Folate Reduction: Dietary folate is converted to dihydrofolate (DHF) and then to

tetrahydrofolate (THF) via the enzyme dihydrofolate reductase (DHFR).

5 Addition of One-Carbdn Units: THF can receive one-carbon units from sources such as
amino acids (serine, glycine, histidine) and convert them into different derivatives:
o Formyl-THF (-CHO): Used in purine nucleotide synthesis.

o Methylene-THF (-CH2-): Important for thymidylate (DNA synthesis).

Methyl-THFE (-CH3): Involved in methylation reactions via homocysteine to

methionine conversion.

The Methionine Cycle and SAM
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Homocysteine can either:

. Be remethylated back to methionine using methyl-THE and methionine
synthase.

steine and glutathione.

o Enterthe transsul furation pathway 0 form cy

Importance of One-Carbon Metabolism
bolism is critical for several physiological functions:
‘). :

1. DNA and RNA Synthesis: Essential for the production of purines and t
are needed for DNA replication and cell division.

cine, and histidine contribute to

One-carbon meta
hymidine, which

Amino Acid Metabolism: Serine, gly one-carbon

2
metabolism and are interconverted through THF-dependent reactions.
3. Methylation Reactions: gAM-mediated methylation regulates gene expression,
neurotransmitter synthesis, and lipid metabolism.
| » . . . . . . . . .
4. Detoxification: The methionine cycle and glutathione synthesis play a role in oxidative

stress protection and detoxification.

Clinical Relevance

Distuptions in one-carbon metabolism can lead to various health issues:

. Folate Deficiency: Causes megaloblastic anemia and neural tube defects in developing
i=]

embryos.

. lI_vpcrhonwcystcincmia: Elevated homocysteine levels are linked to cardiovascular

diseases and neurodegenerative disorders.

Cancer Risk: Abnormal DNA methylation patterns due to defective one-carbon

metabolism are associated with cancer development.

Conclusion




One-carbon metabolism is a fundamental biochemical pathway that supports DNA synthesis,
amino acid metabolism, and methylation reactions. The interplay between folate, SAM, and
homocysteine ensures proper cellular function, making it vital for health and disease prevention.
Understanding these pathways can help in diagnosing and treating metabolic disorders linked to

one-carbon metabolism.

One-carbon (C1) metabolism refers to biochemical reactions that transfer and utilize single-
carbon groups. These reactions are crucial for the synthesis of amino acids, nucleotides, and
other important biomolecules. The key player in one-carbon metabolism is tetrahydrofolate
(THF). a coenzyme derived from folic acid that carries and transfers single-carbon units in
different oxidation states. Other molecules like S-:ulcnosylmcthi(minc (SAM) and cobalamin

(Vitamin B12) also play important roles in these pathways.

Sources of One-Carbon Units
One-carbon units can be derived from several sources:

1. Serine and Glycine — The primary donors of one-carbon units via their conversion to

5.10-methylene-THF.

2. Formate — A one-carbon donor converted to 10-formyl-THF.
3. Iistidine — Provides ong-carbon units in the form of 5-formimino-THF.

4. Choline and Methionine — [mportant in the methionine cycle, contributing to

methylation reactions.
One-Carbon Pool and Tetrahydrofolate (THF)
THF carries one-carbon groups in different oxidation states:
« Formyl (-CHO): Used in purine synthesis.
« Methylene (-CHz-): Involved in thymidylate synthesis.
« Methyl (-Clls): Used in methylation reactions, particularly in methionine synthesis.

These one-carbon units interconvert through enzymatic reactions, forming the one-carbon pool,
which serves as a central hub fo distributing these units for biosynthesis.




One-Carbon Metabolism Pathiw n
Ihe metabolis I
{ s ot one-¢, X pri i
o . carbon units primarily occurs in the folate evele, methioni
ranssulfuration pathway ' . e

1. Folate Cyele:

Scerine hydroyy

1 : ‘_-‘ droxymethyltransferase (SHMT) converts serine into glycine while

ranster ; re : ’ 2 I8 - s
1slernng a one-carbon unit to THE, forming 5,10-methylene-THF.

3.10-me ‘ne-THFE ¢ ; 3 THY
‘ methylene-THF can be converted into 5-methyl-THF, the most reduced
form. which is crucial for methionine synthesis.

It can also be converted into 10-formy1-TIF, required for purine nucleotide
biosynthesis.

o .. :
2. Methionine Cvele:

S-Methyl-THF donates its methyl group to homocysteine, converting it into

methionine via the enzvme methionine synthase (MS), which requires Vitamin
B12 as a cofactor.

Methionine is then converted to S-adenosylmethionine (SAM), an important
methyl donor in numerous methylation reactions, including DNA and protein
methylation.

o After donating its methyl group, SAM is converted back into homocysteine,
completing the cycle.

3. Transsulfuration Pathway:
o If homoeysteine is not remethylated to methionine, it s directed towards the

transsulfuration pathway to form eysteine, which is important for synthesizing
glutathione (an antioxidant).

Biological Significance of One-Carbon Metabolism
« Nucleotide Synthesis: The formy] groups of THE are essential for purine biosynthesis,

while methylene-THF is necessary for thymidylate (dTMP) formation, which is crucial

for DNA replication.

. Methylation Reactions: SAM donates methyl groups for DNA methylation, histone

modification. and neurotransmitter synthesis.

Amino Acid Metabolism: One-carbon units contribute to methionine, serine,

metabolism, linking these ¢

and glycine
amino acids to essential cellular functions.
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Conclusion
/4 1e-carbon metabolism ig essential for numerous biochemical processes, including DNA
P synthesis, methy]

ation, and amino acid metabolism. THF, SAM, and Vitamin B12 are key
acilitating the transfer of on
disruption in this cycle

molecules f ¢-carbon units across various metabolic pathways. Any

can lead to serious health problems such as neural tube defects,
cardiovascular diseases. and cancer. Ensuring adequate intake of folate, vitamin B12, and

methionine-rich foods supports proper functioning of one-carbon metabolism.
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