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01 LIPIDS 
Executive Summary 

Lipids are a vast and chemically diverse group of biological molecules unified by a single 
defining feature: their insolubility in water. While this property may seem simple, it is the 
foundation for their critical and varied functions within living organisms. This guide provides 
an overview of the three primary biological roles that lipids fulfill. First, as fats and oils, they 
serve as the body's most efficient and compact form of long-term energy storage, packing 
more than twice the energy of carbohydrates per gram. Second, lipids are the fundamental 
architectural components of all cellular membranes. Their unique structure allows them to 
spontaneously form the lipid bilayer that encloses every cell, creating a vital barrier between 
the internal cellular environment and the outside world. Third, beyond these structural and 
storage roles, other lipids, though present in much smaller quantities, act as potent signaling 
molecules, hormones, and essential vitamins. These active lipids regulate a wide array of 
processes, from inflammation and blood pressure to gene expression and embryonic 
development. This document will explore each of these functions in detail, providing a clear 
and memorable foundation for understanding lipid biochemistry. 

--------------------------------------------------------------------------------  

1. Storage Lipids: The Body's Primary Energy Reserve 

All organisms require a method to store energy for future use, whether for short-term needs 
or long-term survival. While carbohydrates like glycogen offer a quick source of fuel, lipids—
in the form of triacylglycerols—have evolved as the most efficient and compact long-term 
energy reserve. This section deconstructs how the chemical nature of their fundamental 
building blocks, fatty acids, makes them perfectly suited for this essential role. 

1.1. Fatty Acids: The Building Blocks of Fats 

A fatty acid is a carboxylic acid featuring a long hydrocarbon chain, which can range in 
length from 4 to 36 carbon atoms. The vast majority of naturally occurring fatty acids 
conform to a few common structural patterns: 

• Chain Length: They typically possess an even number of carbon atoms, most 
commonly between 12 and 24. This pattern is a direct result of their biosynthesis, 
which involves the successive condensation of two-carbon acetyl units. 

• Saturation: The hydrocarbon chain can be saturated, meaning it contains no double 
bonds, or unsaturated, meaning it contains one or more double bonds. 

• Double Bonds: In nearly all naturally occurring unsaturated fatty acids, the double 
bonds are in the cis configuration. This creates a rigid "kink" or bend in the 
hydrocarbon chain, which has significant consequences for the physical properties of 
the lipid. 

A simplified nomenclature system is used to describe fatty acids, specifying the chain length 
and the number of double bonds. For example, oleic acid is designated as 18:1(Δ⁹), 
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indicating it has 18 carbons, one double bond, and that bond is located between carbons 9 
and 10. 

 

 

1.2. Triacylglycerols: The Ultimate Energy Storage Molecule 

Triacylglycerols (also known as triglycerides) are the simplest lipids constructed from fatty 
acids. They consist of three fatty acids joined to a single glycerol molecule through ester 
linkages. As stored fuel, triacylglycerols offer two significant advantages over polysaccharides 
like glycogen: 

1. Higher Energy Yield: The carbon atoms in fatty acids are more reduced than those in 
carbohydrates. Consequently, their complete oxidation yields more than twice the 
energy per gram (about 9 kcal/g for fats versus 4 kcal/g for carbohydrates). 

2. Efficient Packing: Because triacylglycerols are hydrophobic, they are stored in an 
unhydrated, or water-free, form. This spares the organism from carrying the extra 
weight of water associated with stored polysaccharides, as glycogen binds 
approximately 2 grams of water for every gram of carbohydrate. 

In addition to energy storage, triacylglycerols serve a secondary function in some animals, 
forming a thick layer of subcutaneous fat that provides crucial thermal insulation against cold 
temperatures. 

1.3. Physical Properties and Health Implications 

The structure of fatty acids directly influences their physical properties. The straight, 
extended shape of saturated fatty acids allows them to pack together tightly, resulting in a 
waxy, solid consistency at room temperature. In contrast, the kinks introduced by cis double 
bonds in unsaturated fatty acids prevent tight packing. This results in weaker interactions 
between molecules, making them oily liquids at room temperature. 

To make vegetable oils more solid and stable for use in products like margarine, a 
commercial process called partial hydrogenation is used. This process converts many of the 
cis double bonds to single bonds. A primary negative consequence of this process is the 
creation of trans fatty acids, where some cis double bonds are converted to the trans 
configuration. 

The consumption of trans fats is strongly linked to an increased risk of cardiovascular disease 
due to several harmful effects: 

• They raise the level of triacylglycerols in the blood. 
• They raise the level of LDL (“bad”) cholesterol. 
• They lower the level of HDL (“good”) cholesterol. 
• They increase the body’s inflammatory response. 
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Having explored how the structure of lipids makes them ideal for energy storage, we now 
turn to their role in forming the fundamental architecture of life: the cell membrane. 

2. Structural Lipids: The Architecture of Cell Membranes 

Every living cell is defined by a membrane, a crucial barrier that separates its internal 
contents from the external environment and regulates the passage of substances. The 
foundational structure of all biological membranes is the lipid bilayer, and the key to its 
formation lies in the unique chemical nature of membrane lipids. These molecules possess a 
dual character—being both "water-loving" and "water-fearing"—which drives their 
spontaneous self-assembly into the elegant and essential architecture of the membrane. 

 

 

2.1. The Amphipathic Nature of Membrane Lipids 

Membrane lipids are described as amphipathic, a term that signifies they have one 
hydrophobic (water-fearing) end and one hydrophilic (water-loving) end. This dual nature is 
the critical driver of membrane formation. In an aqueous environment, these molecules 
spontaneously organize to achieve the most energetically favorable state: 

• The hydrophobic tails aggregate in the interior of the structure to minimize contact 
with water, a process driven by the hydrophobic effect. 

• The hydrophilic head groups arrange themselves to maximize their interaction with 
the surrounding aqueous environment. 

This behavior spontaneously drives the molecules to form a lipid bilayer, a two-layered sheet 
where the hydrophobic tails form the interior and the hydrophilic heads face the aqueous 
environment on either side. This bilayer is the core structure of all biological membranes. 

2.2. Key Classes of Membrane Lipids 

Biological membranes contain several major classes of lipids, each with distinct structural 
features. 

• Glycerophospholipids: 
o Structure: These are the most abundant lipids in most membranes. They are 

built on a glycerol backbone, with two fatty acids attached by ester linkages 
and a highly polar head group attached to the third carbon via a 
phosphodiester linkage. 

• Sphingolipids: 
o Structure: This class of lipids is built on the long-chain amino alcohol 

sphingosine, not glycerol. A fatty acid is joined to the sphingosine backbone, 
along with a polar head group. 

o Biological Significance: Sphingolipids play a crucial role as sites of biological 
recognition on the cell surface. A prime example is the determination of the 
human blood groups (O, A, B). The specific oligosaccharide head groups of 



 

 

Prof. Sergio Oddi 
Professor of Biochemistry 

glycosphingolipids on the surface of red blood cells define an individual's 
blood type. 

• Sterols: 
o Structure: The characteristic feature of sterols is the steroid nucleus, a rigid 

system composed of four fused hydrocarbon rings. 
o Example: Cholesterol is the major sterol in animal tissues. It is amphipathic, 

with a small polar hydroxyl group acting as the head and the nonpolar fused 
rings and hydrocarbon chain forming the body. 

o Function: Beyond its structural role in modulating membrane fluidity, 
cholesterol also serves as a precursor for other biologically active products, 
including potent steroid hormones and the bile acids that aid in fat digestion. 

Beyond their roles in large-scale energy storage and membrane architecture, a third class of 
lipids functions in much smaller quantities to serve active roles as potent biological signals. 

3. Active Lipids: Messengers, Cofactors, and Vitamins 

While storage and structural lipids are present in relatively large quantities, another class of 
lipids, found in much smaller amounts, plays highly active and dynamic roles in the cell. 
These lipids are not passive components but function as potent signaling molecules 
(hormones), enzyme cofactors, and essential vitamins. They are critical for regulating a vast 
range of metabolic processes, carrying messages between and within cells. 

3.1. Eicosanoids: Local Chemical Messengers 

Eicosanoids are derived from fatty acids (specifically arachidonic acid) and function as 
paracrine hormones. This means they act only on cells near their point of synthesis rather 
than being transported through the bloodstream to distant targets. They are involved in a 
wide variety of physiological processes, including: 

• Inflammation, fever, and pain associated with injury or disease 
• The formation of blood clots 
• The regulation of blood pressure 
• Reproductive function 

3.2. Steroid Hormones: System-Wide Messengers 

Steroid hormones are oxidized derivatives of sterols, such as cholesterol. They function as 
powerful, system-wide messengers with a distinct mechanism of action: they move through 
the bloodstream on protein carriers to target tissues, enter cells, bind to specific receptor 
proteins, and trigger changes in gene expression and, consequently, alter metabolism. 

3.3. Fat-Soluble Vitamins as Hormone Precursors 

Vitamins are compounds that are essential for health but cannot be synthesized by humans 
and must therefore be obtained from the diet. Two of the fat-soluble vitamins, D and A, 
function as precursors to hormones. 
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• Vitamin D: This vitamin is converted in the body into the hormone calcitriol. 
Calcitriol is essential for regulating the body's calcium metabolism, controlling 
calcium uptake in the intestine and its levels in the kidneys and bones. 

• Vitamin A (Retinol): This vitamin serves as the precursor for two key functional 
molecules. It can be converted enzymatically to retinoic acid, a hormone that 
regulates gene expression, particularly in embryonic development and cell 
differentiation. It can also be converted to retinal, the light-absorbing pigment 
essential for vision. 

From providing the raw energy that fuels our cells and the structural scaffolding that contains 
them to regulating the most complex biological functions, the immense diversity and critical 
importance of lipids are central to the chemistry of life. 

 


