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TCA CYCLE

IMPORTANCE:
Oxidation of 2C Acetyl Co-A  2CO2 + 3NADH + FADH2 (8e-s donated to O2 in the ETC) + GTP (energy) + Heat
OVERVIEW:
Occurs In the mitochondrion matrix.
1. the acetyl portion of acetyl-CoA combines with the four-carbon intermediate oxaloacetate to form citrate, which is
rearranged to form isocitrate.
2. oxidative decarboxylation reactions, electrons are transferred, NADH and 2CO 2 released.
3. a high-energy phosphate bond in guanosine triphosphate (GTP) is generated from substrate-level phosphorylation
4. Regeneration of oxaloacetate, and generation of FADH and NADH.
COENZYMES of the TCA cycle:
The TCA cycle requires a large number of vitamins and minerals to function. These include niacin (NAD_), riboflavin (flavin
adenine dinucleotide [FAD] and flavin mononucleotide [FMN]), pantothenic acid (coenzyme A), thiamine, Mg2_, Ca2_, Fe2_,
and phosphate.
Role of Coenzyme-A: CoASH + pantothenate (vitamin precursor)
A thioester bond differs from a typical oxygen ester bond because S, unlike O, does not share its electrons and
participate in resonance formations. This has 2 consequences:
- CoA thioester can be activated for participation in different types of reactions
- thioester bond is a high-energy bond that has a large negative d G0_ of hydrolysis
This is used in two ways:
- When the succinyl-CoA thioester bond is cleaved by succinate thiokinase, the energy is used directly for activating an
enzyme-bound phosphate that is transferred to GDP.
In contrast, when the thioester bond of acetyl-CoA is cleaved in the citrate synthase reaction, the energy is released, giving the
reaction a large negative _G0_ of _7.7 kcal/mol, that drives TCA in forward direction.
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ENERGETICS:
• The net standard free-energy change for the TCA cycle, _G0_, can be calculated from the sum of the _G0_ values for the
individual reactions. Three reactions has large -ve dG values. Hence, reactions with +ve dG values are driven due to the
large -ve dG of other reactions.
• Within the TCA cycle, some reactions are physiologically irreversible for two reasons:
• The products do not rise to high enough concentrations under physiologic conditions to overcome the large -ve G0, and
• the enzymes involved catalyze the reverse reaction very slowly.
These reactions make the major contribution to the overall negative _G0_ for the TCA cycle and keep it going in the forward
direction.
• The Reversible reactions are for regulation:
• The accumulation of citrate instead of isocitrate facilitates transport of excess citrate to the cytosol, where it can provide
a source of acetyl-CoA for pathways such as fatty acid and cholesterol synthesis.
• Oxaloacetate to Malate Conversion Is favoured to downregulate the TCA cycle  [NAD+] drives it forward.
• The oxidation of NADH and FAD(2H) in the electron transport chain helps to make acetyl oxidation more energetically
favorable and pulls the TCA cycle forward.
• The reactions of the TCA cycle are extremely efficient in converting energy in the chemical bonds of the acetyl group to
other forms. Thus, the TCA cycle reactions are able to conserve about 90% of the energy available from the oxidation of
acetyl-CoA.

REGULATION:
Two major messengers feed information on the rate of ATP utilization back to the TCA cycle:
(1) the phosphorylation state of ATP, as reflected in ATP and ADP levels; and
(2) the reduction state of NAD+, as reflected in the ratio of NADH/ NAD+.
Regulation of the TCA cycle serves two functions:
(1) It ensures that NADH is generated fast enough to maintain ATP homeostasis, and
(2) it regulates the concentration of TCA cycle intermediates.
•
•
•
•
•

-

PDH regulation
Citrate synthetase:
Allosterically regulated by [Oxaloacetate] i.e. substrate and [Citrate] i.e. product: Product Inhibition.
Isocitrate dehydrogenase: The rate limiting step
Allosterically activated by ADP
Inhibited by NADH
Ca is its activator molecule.
α-ketoglutrate:
product inhibited by NADH, [succinyl-CoA] and GTP,
Ca is its activator molecule.
Malate- Oxaloacetate equilibrium:
The malate–oxaloacetate equilibrium favors malate, so the oxaloacetate concentration is very low inside the
mitochondrion. When the NADH/NAD+ ratio decreases, the ratio of oxaloacetate to malate increases.
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BETA- OXIDATION OF LONG-CHAIN FATTY ACIDS:

Double bond is formed b/w α and β – Carbon by an enzyme;
An – OH from water is added to the β – carbon and a H from water is added to the α – carbon;
the hydroxyl group on β – Carbon is oxidised to ketone + NADH + FAD(2H) by an enzyme
the bond between the α- and β-carbons is cleaved by a reaction that attaches Coenzyme A (CoASH) to the β-carbon, and
acetyl-CoA is released  TCA cycle.
The shortened fatty acyl-CoA repeats these four steps until all of its carbons are converted to acetyl-CoA.
1.
2.
3.
4.

Cleavage of fatty acyl group = 2 acetyl CoA units  β – oxidation occurs  yield FAD(2H), NADH, and acetyl-CoA 
oxidation of acetyl-CoA to CO2 in the tricarboxylic acid (TCA) cycle OR converted to ketone bodies (liver)  e-s from NADH/
FADH are fed into ETC + ATP generation.
Odd-chain-length fatty acids undergo β-oxidation to the
terminal three carbon propionyl-CoA, which enters the TCA
cycle as succinyl-CoA.

The rate of fatty acid oxidation is linked to the rate of NADH, FAD(2H), and acetyl-CoA oxidation and, thus, to the rate of
oxidative phosphorylation and ATP use. Additional regulation occurs through malonyl-CoA, which inhibits formation of the
fatty acyl carnitine derivatives. Fatty acids and ketone bodies are used as fuel when their level increases in the blood, which is
determined by hormonal regulation of adipose tissue lipolysis.
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DIGESTION OF TRIACYLGLYCEROLS:

Triacylglycerols are the major fat in the human diet, consisting of three fatty acids esterified to a glycerol backbone.
•
•

Limited digestion in mouth and stomach by lipases.
When partially digested food enters the intestine, the hormone cholecystokinin is secreted by the intestine, which signals
the gallbladder to contract and release bile acids, and the pancreas to release digestive enzymes (lipase + colipase).

1.
•

Action of bile salts:
Intestinal lumen: emulsification by bile salts (amphipathic molecules made in liver and released from the gall bladder) by
formation if micelles.
Bile salts act as detergents, binding to the globules of dietary fat as they are broken up by the peristaltic action of the
intestinal muscle.
This increases the available surface area of the lipids for pancreatic lipase to digest triglycerides.

•
•
2.
•
•
•
•

Action of Pancreatic lipase:
Secretin (intestine)  signals liver, pancreas and certain intestinal cells to release bicarbonate (alkaline pH)
Bile salts inhibit pancreatic lipase activity by coating the substrate and not allowing the enzyme access to the substrate.
The colipase binds to the dietary fat and to the lipase, relieving the bile salt inhibition and allowing triglyceride to enter
the active site of the lipase.
Degradation products are free fatty acids and 2-monoacylglycerol.
In addition to triacylglycerols, phospholipids, cholesterol, and cholesterol esters are also present in the foods we eat.
Phospholipids  phospholipase A2, and cholesterol esters  cholesterol esterase (secreted from the pancreas).

3. Absorption of dietary lipids:
•
•

•

The fatty acids and 2-monoacylglycerols produced by digestion are packaged into micelles, tiny microdroplets that are
emulsified by bile salts; along with other dietary lipids, such as cholesterol, lysophospholipids, and fat-soluble vitamins.
The micelles interact with the enterocyte membrane and allow diffusion of the lipid-soluble components across the
enterocyte membrane into the cell. The bile acids, however, do not enter the enterocyte at this time. They remain in the
intestinal lumen, travel farther down, and are then reabsorbed and sent back to the liver by enterohepatic circulation.
This allows the bile salts to be used multiple times in fat digestion.
Short and medium-chain fatty acids are directly absorbed.
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4.

Synthesis of chylomicrons:

The intestinal epithelial cells resynthesize triacylglycerol from
free fatty acids and 2-monoacylglycerol and package them
with a protein, apolipoprotein B-48 (VLDL carrier),
phospholipids (hydrophilic head interacts with water), and
cholesterol esters into a soluble lipoprotein particle
known as a chylomicron.

5.
•
•
•
6.
•
•
•

Transport of dietary lipids in the blood:
By exocytosis, the chylomicrons are secreted into the lymph and eventually end up in the circulation where they can
distribute dietary lipids to all tissues of the body.
Once they are in the circulation, the newly released (“nascent”) chylomicrons interact with another lipoprotein particle,
high-density lipoprotein (HDL).
They acquire two apoproteins from HDL that mature the chylomicrons.
Fate of chylomicrons:
The apoCII on the mature chylomicron activates the enzyme lipoprotein lipase (LPL), which is located on the inner
surface of the capillary endothelial cells of muscle and adipose tissue.
The LPL digests the triglyceride  free fatty acids + glycerol.
The fatty acids enter the adjacent organs either for energy production (muscle) or fat storage (adipocyte). The glycerol
that is released is metabolized in the liver.

As the chylomicron loses triglyceride, its density increases and it becomes a chylomicron remnant, which is taken up by the liver
by receptors that recognize apoE. In the liver, the chylomicron remnant is degraded into its component parts for further disposition
by the liver.

