Water-Insoluble Molecules of Life

Defining Lipids
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Lipids are a diverse group of naturally occurring
organic compounds that share one fundamental,
defining characteristic: they are highly
water-insoluble, A
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The Macromolecule Paradox
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Lipids have small molecular weights (strictly under 800
Daltons) and are not true polymeric macromolecules.
However, during tissue disruption, cell membranes break
into fragments and form water-insoluble vesicles.
Therefore, lipids are uniquely found trapped in the
acid-insoluble pool alongside true macromolecules like
proteins and nucleic acids.




Component A: Anatomy of a Fatty Acid
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The Head: The Carboxyl group. The Tail: The 'R’ group. This is the
This is the constant acidic group highly variable hydrocarbon chain.
found in all fatty acids.
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Variable Range of the R-Group

Methyl group (-CH3) i P ) O A R
or :>
Ethyl group (-C2H5) Palmitic Acid: 16 carbons total Arachidonic Acid: 28 carbons total

(including the carboxyl carbon) (including the carboxyl carbon)
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STRUCTURAL VARIANTS: SATURATED VS. UNSATURATED
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Contains only single bonds between carbon atoms. Contains double bonds that create distinct
This linear structure allows the molecules to structural kinks in the hydrocarbon chain,
remain straight and pack tightly together. preventing tight packing.
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DO NOT CONFUSE: The single bonds of a saturated fatty acid tail are entirely different from the C=0 double
bond found in the carboxyl group of all fatty acids. All fatty acids have a C=0 double bond in their head.
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Component B: Glycerol (The Simple Lipid)

3-Carbon Backbone | 3 Hydroxyl (-OH) Groups

Trihydroxy propane TopAll

Universal Structural Backbone: While a simple lipid on its own, glycerol acts as the
foundational docking station for fatty acids to build highly complex macromolecules.




The Assembly: Esterification into Glycerides

Monoglyceride Formation
Glycerol + 1 Fatty Acid -> Monoglyceride
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Diglyceride Formation
Glycerol + 2 Fatty Acids -> Diglyceride

Fatty acids bind
to the hydroxyl

groups of glycerol

via ester bonds.
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Triglyceride Formation
Glycerol + 3 Fatty Acids -> Triglyceride




Physical States: Fats vs. Oils

Melting Point

Oils

‘ Lower Melting Point

e Remains liquid at room
temperature and during winter.

e Typically composed of
unsaturated fatty acids.

\ | Example: Gingelly oil I

Fats

e Remains solid at room
temperature.

e Typically composed of
saturated fatty acids.

ingher Melting Point

Example: Market fats

(e.g., butter, lard)

_

"

The physical state (fat vs. oil) is entirely determined by the melting point, which is directly
influenced by whether the underlying fatty acid chains are straight (saturated) or kinked (unsaturated).

The Driving Mechanism
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Advanced Modifications: Phospholipids
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CH_O)W The primary biological example of a

‘ phospholipid. It features a standard

ﬁ" glycerol backbone with two fatty acid tails,
CH,—CH,—P—0—CH,—CH,—N"(CHa), but the third position is occupied by a
g- phosphate group attached to a choline
molecule.

Phosphorylated Organic Compound

N —————————————————————————————

Cellular Boundaries: Phospholipids are the critical building blocks of all cell membranes.

Specialized, highly complex variations of these lipids are especially prominent in neural tissues.




Synthesis: The Lipid Catalog

Fatty Acid | Simple Lipid
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These structures represent the fundamental, small molecular weight organic compounds found within living tissues.
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