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Understanding the fate of energy captured during metabolic pathways such as glycolysis and the citric acid
cycle is fundamental to grasping how cells generate and utilize energy. In these processes, high-energy electrons
are transferred to specialized molecules known as activated carriers, primarily nicotinamide adenine dinucleotide
(NADH) and flavin adenine dinucleotide (FADH2). These carriers act as energy intermediaries, storing the energy
necessary for subsequent cellular activities. This article explores in detail what happens to this energy—how
it is conserved, transferred, and ultimately converted into usable forms such as adenosine triphosphate (ATP).
It will also examine the molecular mechanisms involved, the role of the electron transport chain, and the
overall significance of these processes in cellular metabolism.

Activated Carriers in Glycolysis and the Citric Acid Cycle

Role of NADH and FADH2
During glycolysis and the citric acid cycle, energy-rich electrons are transferred to NAD+ and FAD, forming
NADH and FADH2 respectively. These reduced carriers store high-energy electrons that originated from the
oxidation of glucose and its derivatives.

- NADH is generated when:
- Glyceraldehyde-3-phosphate is converted into 1,3-bisphosphoglycerate during glycolysis.
- During the citric acid cycle, NADH is produced in reactions catalyzed by isocitrate dehydrogenase, alpha-
ketoglutarate dehydrogenase, and malate dehydrogenase.

- FADH2 is produced specifically during:
- The conversion of succinate to fumarate in the citric acid cycle.

These carriers are essential because they transport electrons from the initial breakdown of nutrients to the
electron transport chain (ETC), where this energy is ultimately harnessed.

What Happens To The Energy In Activated Carriers?

Transfer of Electrons to the Electron Transport Chain
The primary fate of NADH and FADH2 is to deliver their high-energy electrons to the mitochondrial electron
transport chain (ETC). This process involves a series of protein complexes embedded in the inner mitochondrial
membrane.

- Electron Donation:
- NADH donates electrons to Complex I (NADH dehydrogenase).
- FADH2 donates electrons to Complex II (succinate dehydrogenase).



- Electron Flow:
- Electrons pass through a series of complexes (I-IV), each acting as a proton pump, moving protons from the
mitochondrial matrix to the intermembrane space.

- Energy Conversion:
- The transfer of electrons releases energy, which is used to pump protons across the inner mitochondrial
membrane, creating an electrochemical gradient known as the proton motive force (PMF).

The Proton Motive Force and ATP Synthesis
The accumulated proton gradient represents a form of stored energy—potential energy—that can be
converted into chemical energy.

- ATP Synthase Function:
- The enzyme ATP synthase utilizes the flow of protons back into the mitochondrial matrix to catalyze the
phosphorylation of ADP to ATP.
- This process is known as oxidative phosphorylation.

- Efficiency of Energy Capture:
- Approximately 2.5 ATP molecules are produced per NADH.
- About 1.5 ATP molecules are produced per FADH2.

This process efficiently converts the energy stored in electron carriers into a readily usable form—ATP—
which powers most cellular activities.

Energy Conversion in Detail

From Electron Carriers to ATP
The entire pathway from NADH and FADH2 to ATP can be summarized as follows:

1. Electron Transfer:
- High-energy electrons are transferred from NADH and FADH2 to the ETC.
2. Proton Pumping:
- Energy from electron transfer drives the pumping of protons, establishing a gradient.
3. Generation of Proton Motive Force:
- The electrochemical gradient represents stored potential energy.
4. ATP Synthesis:
- Protons diffuse back through ATP synthase, providing the energy to synthesize ATP from ADP and inorganic
phosphate (Pi).

Energy Efficiency and Yield
The overall efficiency of converting energy from NADH and FADH2 into ATP is high but not perfect due to
leakages and other cellular processes.

- Theoretical maximum yield:
- NADH can produce up to 3 ATP molecules under ideal conditions.
- FADH2 can produce up to 2 ATP molecules.
- Actual yield:
- Usually, the yield is slightly lower due to leaks and mitochondrial inefficiencies.



The Significance of Electron Carriers in Cellular Metabolism

Energy Storage and Transfer
Activated carriers function as crucial intermediaries, enabling the cell to store and transfer energy efficiently.

- They act as energy "currency," capturing energy in a form that can be transported and utilized later.
- Their reduction during catabolic pathways allows the cell to harness energy from nutrients.

Role in Redox Reactions
NADH and FADH2 are involved in redox reactions, which are fundamental to maintaining cellular redox balance
and facilitating various biosynthetic pathways.

Linking Catabolism to Anabolism
The energy stored in activated carriers is not only used for ATP synthesis but also for biosynthetic
processes, such as fatty acid synthesis, nucleotide synthesis, and amino acid biosynthesis.

Regulation and Efficiency of Energy Capture

Cellular Regulation
Cells tightly regulate NADH and FADH2 production and consumption to match energy demand.

- High levels of NADH signal a high energy state, downregulating catabolic pathways.
- Conversely, low NADH levels stimulate energy production processes.

Metabolic Flexibility
Cells can adapt their energy production based on availability:

- During fasting or low carbohydrate intake, fatty acids can be oxidized, producing more FADH2 and NADH.
- Under anaerobic conditions, cells regenerate NAD+ from NADH to sustain glycolysis, albeit without
producing ATP via oxidative phosphorylation.

Conclusion

The energy captured during glycolysis and the citric acid cycle by activated carriers such as NADH and FADH2
plays a pivotal role in cellular energy metabolism. These molecules act as vital intermediaries, storing high-
energy electrons and delivering them to the electron transport chain. The electron transport chain then
converts this chemical energy into a proton motive force, which is harnessed by ATP synthase to produce
ATP—the cell’s primary energy currency. This elegant process ensures that energy derived from nutrients is
efficiently transformed into a form that can power virtually all cellular activities. The precise regulation of
these pathways allows cells to adapt to changing energy demands and maintain metabolic homeostasis,
underscoring the fundamental importance of activated carriers in life’s energetic economy.



Frequently Asked Questions

What role do activated carriers play in storing energy during glycolysis
and the citric acid cycle?

Activated carriers such as NADH and FADH2 store the energy released from metabolic reactions, acting as
molecular energy currency that can be used in subsequent processes like oxidative phosphorylation.

How is the energy captured by activated carriers utilized in the cell?

The energy stored in activated carriers is transferred to the electron transport chain, where it is used to
produce ATP through oxidative phosphorylation.

What happens to NADH and FADH2 after they capture energy during
metabolism?

After capturing energy, NADH and FADH2 donate their electrons to the electron transport chain, enabling the
production of ATP and regenerating NAD+ and FAD for reuse in metabolic pathways.

Why are activated carriers essential for efficient energy transfer in
cellular respiration?

Activated carriers facilitate the safe and efficient transfer of high-energy electrons from catabolic pathways
to the electron transport chain, maximizing ATP generation and preventing energy loss.

How does the energy stored in activated carriers contribute to cellular
energy needs?

The energy stored in activated carriers is ultimately used to generate ATP, the primary energy currency of the
cell, supporting various cellular functions and activities.

Additional Resources
What Happens To The Energy Captured During Glycolysis And The Citric Acid Cycle By The Activated Carriers

Understanding the fate of energy captured during metabolic pathways such as glycolysis and the citric acid
cycle is fundamental to comprehending cellular energy production. These processes are central to life,
providing the energy necessary for cell function, growth, and maintenance. The energy captured in these
pathways is stored primarily in the form of activated carriers—molecules that transfer high-energy electrons
or phosphate groups to subsequent stages of cellular respiration. This article explores the journey of this
energy, focusing on how activated carriers function, their significance, and what happens to the energy they
carry.

---

Introduction to Activated Carriers in Cellular Metabolism

Cells rely on a series of biochemical reactions to extract energy from nutrients like glucose. Glycolysis and
the citric acid cycle are two pivotal pathways that convert these nutrients into usable energy. During these
reactions, energy is captured and stored in high-energy molecules called activated carriers. These molecules



act as energy intermediaries, shuttling electrons and phosphate groups to other parts of the cell, chiefly the
electron transport chain (ETC), where the energy is ultimately transformed into adenosine triphosphate (ATP).

The primary activated carriers involved in these processes include:

- NADH (Nicotinamide adenine dinucleotide + hydrogen)
- FADH2 (Flavin adenine dinucleotide in its reduced form)
- GTP (Guanosine triphosphate)
- ATP (Adenosine triphosphate)
- NADPH (Nicotinamide adenine dinucleotide phosphate, primarily for biosynthetic reactions)

Among these, NADH and FADH2 are the most crucial in energy transfer during glycolysis and the citric acid
cycle.

---

The Role of NADH and FADH2 in Energy Transfer

NADH: The Primary Electron Carrier

NADH is generated extensively during glycolysis and the citric acid cycle. It serves as a major electron donor
to the electron transport chain. In glycolysis, for example, two molecules of NADH are produced per glucose
molecule, while the citric acid cycle yields three NADH molecules per cycle turn.

- Function: NADH carries high-energy electrons from NAD+ reduction during metabolic reactions.
- Energy Content: The electrons carried by NADH possess a high reducing potential, which can be harnessed in
oxidative phosphorylation to generate ATP.

FADH2: The Complementary Electron Carrier

FADH2 is produced primarily during the citric acid cycle, especially in steps catalyzed by succinate
dehydrogenase. It also carries electrons to the ETC but with slightly less energy potential compared to
NADH.

- Role: FADH2 donates electrons to Complex II of the ETC.
- Comparison to NADH: It contributes to ATP synthesis but results in fewer ATP molecules per FADH2 than
NADH because of its position in the electron transport chain.

---

Energy Flow from Activated Carriers to the Electron Transport
Chain

Electron Transport Chain (ETC): The Final Stage

The ETC is a series of protein complexes embedded in the mitochondrial inner membrane. Here, electrons from NADH
and FADH2 are transferred through various carriers, leading to the generation of a proton gradient across



the mitochondrial membrane.

Process Overview:

1. Electron Donation: NADH and FADH2 donate electrons to Complex I and Complex II, respectively.
2. Electron Transfer: Electrons flow through a series of complexes (I-IV), culminating in the reduction of
oxygen to water.
3. Proton Pumping: As electrons move, complexes I, III, and IV pump protons into the intermembrane space.
4. ATP Synthesis: The resulting electrochemical gradient drives ATP synthase to produce ATP from ADP and
inorganic phosphate (Pi).

Outcome: The energy stored in NADH and FADH2 is converted into a proton motive force, which powers ATP
synthesis.

---

What Happens To The Energy Stored In Activated Carriers?

Conversion to ATP via Oxidative Phosphorylation

The primary fate of the energy carried by NADH and FADH2 is its conversion into ATP during oxidative
phosphorylation. This process is highly efficient, producing approximately 2.5 ATP per NADH and 1.5 ATP per
FADH2.

Key features:

- Efficiency: The process maximizes energy extraction from electrons.
- ATP Yield: Total ATP generated from a single glucose molecule can be around 30-32 molecules, accounting
for NADH, FADH2, substrate-level phosphorylation, and other factors.

Other Fates of Activated Carriers' Energy

While ATP synthesis is the primary outcome, some energy from activated carriers can be diverted into other
cellular processes:

- Biosynthesis: NADPH, a related carrier, provides reducing power for anabolic reactions like fatty acid and
nucleic acid synthesis.
- Thermogenesis: Some energy dissipates as heat, especially in specialized tissues like brown adipose tissue.
- Metabolic Regulation: The NAD+/NADH ratio influences the activity of various enzymes, thus regulating
metabolic flux.

---

Pros and Cons of Energy Transfer via Activated Carriers

Pros:

- High Efficiency: Activated carriers enable the cell to extract maximum energy from nutrients.
- Flexibility: They can be used in various pathways, supporting both energy production and biosynthesis.
- Controlled Energy Flow: Electron carriers facilitate regulation of metabolic pathways, ensuring energy is



produced when needed.

Cons:

- Potential for Electron Leakage: Some electrons may escape from the chain, forming reactive oxygen species
(ROS), which can damage cells.
- Dependency on Mitochondrial Integrity: Efficient ATP production hinges on healthy mitochondrial membranes;
damage can impair energy transfer.
- Energy Losses: Not all energy from electrons is captured; some is lost as heat, which is a disadvantage if
maximal energy efficiency is desired.

---

Summary and Significance

The energy captured during glycolysis and the citric acid cycle is predominantly stored in the form of reduced
activated carriers like NADH and FADH2. These molecules serve as essential intermediaries, ferrying high-energy
electrons to the electron transport chain, where their energy is converted into a proton gradient. This gradient
drives ATP synthesis, the universal energy currency of the cell.

Understanding this process highlights the elegance of cellular energy transfer mechanisms. It reveals how the
cell balances energy production with regulation and how various pathways are interconnected through these
activated carriers. The efficiency of this system underpins cellular vitality and organismal health, emphasizing
the importance of mitochondrial function and metabolic regulation.

In conclusion, the fate of energy during glycolysis and the citric acid cycle is intricately tied to the function
of activated carriers, which serve as critical bridges between nutrient oxidation and ATP generation. Their
role exemplifies the sophisticated nature of biological energy management, ensuring cells meet their energetic and
biosynthetic demands efficiently.

---
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