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Citric Acid Cycle for Dummies: The citric acid cycle, also known as the Krebs cycle or the
tricarboxylic acid (TCA) cycle, is a vital metabolic pathway that plays a crucial role in energy
production within our cells. Understanding this cycle can seem daunting, but with a little guidance,
you’ll find that the concepts behind it are not only fascinating but also essential for grasping how our
bodies generate energy from the foods we consume. This article will break down the citric acid cycle
into digestible parts, making it easier for beginners to grasp the fundamentals and significance of this
essential biochemical process.

What is the Citric Acid Cycle?

The citric acid cycle is a series of chemical reactions that occur in the mitochondria of cells. It is a
central component of cellular respiration, the process by which cells convert nutrients into energy.
This cycle is responsible for breaking down carbohydrates, fats, and proteins into carbon dioxide and
water while releasing energy stored in the chemical bonds of food molecules.

Why is it Important?

The citric acid cycle has several critical functions:

Energy Production: It generates ATP (adenosine triphosphate), the energy currency of the
cell.

Metabolite Generation: It produces important metabolic intermediates that serve as building
blocks for other biological molecules.

Oxidation of Nutrients: It helps in the oxidation of nutrients, allowing for the release of
energy stored in their chemical bonds.

The Steps of the Citric Acid Cycle

The citric acid cycle involves a series of enzymatic reactions that convert acetyl-CoA into carbon
dioxide and energy-rich molecules. Here’s a simplified overview of the steps involved:

1. Formation of Citrate

The cycle begins when acetyl-CoA, a two-carbon molecule derived from carbohydrates, fats, and
proteins, combines with oxaloacetate, a four-carbon molecule. This reaction forms citrate, a six-



carbon compound, and is catalyzed by the enzyme citrate synthase.

2. Isomerization to Isocitrate

Citrate is then converted into isocitrate through an isomerization reaction facilitated by the enzyme
aconitase. This step rearranges the molecular structure but does not change the overall number of
atoms.

3. Oxidation to Alpha-Ketoglutarate

Isocitrate undergoes oxidative decarboxylation, losing one carbon atom in the form of carbon dioxide.
This step generates NADH (nicotinamide adenine dinucleotide + hydrogen), a crucial electron carrier.
The product of this reaction is alpha-ketoglutarate, a five-carbon compound.

4. Oxidation to Succinyl-CoA

Alpha-ketoglutarate is further oxidized, resulting in the formation of succinyl-CoA, a four-carbon
molecule. This step also produces another molecule of NADH and releases another carbon dioxide
molecule.

5. Conversion to Succinate

In the next step, succinyl-CoA is converted to succinate, and in this process, a molecule of guanosine
triphosphate (GTP) or ATP is produced, depending on the cell type. This step is catalyzed by the
enzyme succinyl-CoA synthetase.

6. Oxidation to Fumarate

Succinate is then oxidized to fumarate by the enzyme succinate dehydrogenase, which generates
FADH2 (flavin adenine dinucleotide), another important electron carrier. This step is unique as it
occurs in the inner mitochondrial membrane.

7. Hydration to Malate

Fumarate is then converted to malate through a hydration reaction, which adds a water molecule.
This step is catalyzed by the enzyme fumarase.



8. Regeneration of Oxaloacetate

The final step of the cycle involves the oxidation of malate back to oxaloacetate, producing another
molecule of NADH. This reaction is catalyzed by malate dehydrogenase. The regeneration of
oxaloacetate allows the cycle to continue as it can combine with another acetyl-CoA, starting the
process over again.

The Energy Yield of the Citric Acid Cycle

The citric acid cycle is not just about producing carbon dioxide; it’s also about harvesting energy. For
each turn of the cycle, the energy yield is as follows:

3 NADH molecules

1 FADH2 molecule

1 GTP or ATP molecule

These high-energy electron carriers (NADH and FADH2) are then utilized in the electron transport
chain, where their stored energy is converted into a larger amount of ATP. This process is crucial
because the amount of ATP generated from one molecule of glucose is substantial, with the complete
oxidation of glucose yielding around 30 to 32 ATP molecules.

Factors Influencing the Citric Acid Cycle

The citric acid cycle can be influenced by various factors, including:

Availability of Substrates: The presence of acetyl-CoA and oxaloacetate is essential for the
cycle to proceed.

Enzyme Activity: The activity of enzymes involved in the cycle can be affected by factors such
as pH, temperature, and the presence of inhibitors.

Cellular Needs: The cycle may be upregulated or downregulated based on the energy
requirements of the cell.

Conclusion

The citric acid cycle is a fundamental biochemical pathway that is vital for energy production in living



organisms. By breaking down carbohydrates, fats, and proteins, this cycle not only generates ATP but
also produces essential metabolites that support various cellular functions. While the details of the
cycle can seem complex, understanding its basic steps and significance can provide valuable insight
into how our bodies convert food into usable energy.

Embracing the intricacies of the citric acid cycle can enhance our appreciation for the elegance of
cellular metabolism and the remarkable processes that sustain life. Whether you are a student, a
science enthusiast, or simply curious about how your body works, knowing about the citric acid cycle
is a stepping stone towards a deeper understanding of biology and biochemistry.

Frequently Asked Questions

What is the citric acid cycle?
The citric acid cycle, also known as the Krebs cycle or TCA cycle, is a series of chemical reactions
used by all aerobic organisms to generate energy through the oxidation of acetyl-CoA derived from
carbohydrates, fats, and proteins.

Where does the citric acid cycle occur in the cell?
The citric acid cycle occurs in the mitochondria, the powerhouse of the cell, where it plays a central
role in cellular respiration.

What are the main inputs of the citric acid cycle?
The main inputs of the citric acid cycle are acetyl-CoA, water, NAD+, FAD, and GDP (or ADP) along
with inorganic phosphate.

What are the main outputs of the citric acid cycle?
The main outputs of the citric acid cycle are carbon dioxide (CO2), NADH, FADH2, and GTP (or ATP),
which are used for energy production.

How many times does the citric acid cycle turn for each
glucose molecule?
The citric acid cycle turns twice for each glucose molecule because one glucose molecule is broken
down into two molecules of pyruvate, which are then converted into two acetyl-CoA.

What role do NADH and FADH2 play in the citric acid cycle?
NADH and FADH2 are electron carriers that store energy during the citric acid cycle. They transport
high-energy electrons to the electron transport chain, where they help produce ATP.



Why is the citric acid cycle important for aerobic respiration?
The citric acid cycle is crucial for aerobic respiration because it provides the electron carriers NADH
and FADH2, which are essential for the production of ATP through oxidative phosphorylation.

What happens if the citric acid cycle is disrupted?
If the citric acid cycle is disrupted, it can lead to decreased ATP production, accumulation of metabolic
intermediates, and can result in various metabolic disorders or decreased cellular function.
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