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Biomolecules (Organic molecules)
Are synthesized by living organisms and contain 
carbon atoms.
Four major classes: carbohydrates, lipids, 
proteins and nucleotides.
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Carbohydrates: Cn(H2O)n = (CH2O)n
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Notice the hydroxyl groups: These 
make carbohydrates polar.



Lipids
Nonpolar molecules do not dissolve in 
water (fat & oil).
Four main classes: triglycerides, 
phospholipids, eicosanoids and steroids.
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Triglycerides (Neutral fat)
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Triglyceride = glycerol + 3 fatty acids
Glycerol = 3-carbon alcohol
Fatty acid = long carbon acid chain

Saturated fatty acids
Unsaturated fatty acids

Fatty acid chains make triglycerides hydrophobic



Phospholipids
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Amphipathic molecules

Structures formed by 
phospholipids in an 
aqueous environment



Eicosanoids
Modified 20-carbon unsaturated fatty acids 
that function in intercellular communication.
Polar molecules and include prostaglandins, 
thromboxanes, leukotrienes.
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Steroids
A (acetyl-coenzyme A, 

acetyl-CoA) 

Estrogen, Testosterone, Cortisol, Aldosterone
Cholesterol
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Proteins
16.3% of the body weight (~9.8 kg protein/60 kg 
BW).
Polypeptides=Polymer of amino acids (20 
different kinds).
Peptides (generally 2–50 aa) & Proteins (greater 
than 50 aa).
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Functions of Proteins
Construction of human structures
Repair of human tissue
Normal metabolism and substances transport
Osmotic balance (albumin)
Acid-base balance
Immune functions
Various enzymes
Hormones synthesis
Neurotransmitters
Collagen
Energy sources of life
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Nucleotides
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Pyrimidines

Purines
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The Generalized Cell 
Cell Biology is the study of cellular structure and 
function. 
The cell is a living structural and functional unit 
of the body.
The three main parts of a cell are the plasma 
membrane, cytoplasm, and nucleus.
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Cell Structure
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1. Cytosol - intracellular fluid, surrounds the organelles
- the site of many chemical reactions
- energy is usually released by these reactions
- reactions provide the building blocks for cell maintenance, 
structure, function and growth

2. Organelles - specialized structures within the cell

Cytoplasm - 2 components
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Cell Structures and Functions
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Cell Structures and Functions



18

Plasma Membrane
(Cell Membrane)
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Membrane Functions
• Barrier between inside and outside of cell

– Fluid inside cell = intracellular fluid (ICF)
– Fluid outside cell = extracellular fluid (ECF)

• Controls entry of materials- Transport
• Receives chemical and mechanical signals
• Transmits signals between intra- and extra 

cellular spaces (cellular communication)
• Link adjacent cells together by membrane 

junctions
• Anchor cells to the extracellular matrix
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Extracellular Matrix
gel matrix

fiber grid

ECF
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Membrane Lipid
– (membrane 

lipid)

– (phospholipid)
(cholesterol) (glycolipid) 

–
(amphipathic molecule)

–
(lipid bilayer)
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1. 
• 50% 

(sphingosine) 
•

– (phosphatidylcholine= )
– (phosphatidylethanolamine=
– (phosphatidylserine)
– (sphingomyelin) 
– (phosphatidylinositol)

2. 

1 1
3. 

5%
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Membrane Protein
– (intrinsic proteins) 

• (integral proteins)
70~80%

• (mosaic protein) 
(transmembrane protein) 

•

•   

• (hydrophobic bond) 
(ionic bond) 
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– (extrinsic proteins) 
• (peripheral proteins) 20~30%

•

Integral membrane 
protein (amphipathic)

Peripheral membrane 
protein



25

Membrane Protein 
Functions
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– 2~10%

– (
) (cell coat=glycocalyx)

Membrane Carbohydrates

Glycolipid

Glycoprotein
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Adds fluidity to membrane
Interferes with hydrophobic interactions between  
phospholipids
Prevents crystallization of phospholipid

Decreases permeability of membrane to water

Membrane Cholesterol
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Fluid-Mosaic Model of 
Membranes

1972, Singer & Nicolson
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Membrane Junctions
Desmosome

(a) Desmosome

Heart muscle
cell

Plaque

Plasma membranes
of adjacent cells

Intercellular
space Intercellular laments

(cadherins)

Intracellular
laments
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Membrane Junctions
Tight Junction
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Membrane Junctions
Gap Junction
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Nucleus
Structure

Nuclear envelope
Nuclear pores
Nucleolus—site of 
rRNA synthesis 

Function
Transmission and 
expression of genetic 
information

– Contains DNA—
stores genetic code

– DNA transcribed to
RNA—necessary to 
express code
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5~10 m

(chromatin) 

(chromosome)

(nucleolus)

(nuclear envelope) 
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Endoplasmic Reticulum (ER)
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rER
Functions in synthesis of proteins to be packaged 
into vesicles

Exported out of cell
Incorporated into plasma membrane 
Destined for certain organelles

sER
Functions in lipid synthesis, including triglycerides 
and steroids
Stores calcium (sarcoplasmic reticulum)
Specialized in some cells
Example: Smooth ER in the liver contains detoxification 
enzymes(cytochrome P450 enzyme system).
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Ribosomes

Ribosomes = rRNA and 
proteins (15~25 nm)
Important in protein synthesis
Fixed

Attached to endoplasmic 
reticulum (rER)

Free
Loose in cytosol

mRNA
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Transcription & Translation

RNA polymerase

TranscriptionProtein Synthesis
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Translation

mRNA

rRNA

tRNA
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Golgi Apparatus
consists of 3-20 flattened, membranous sacs 
called cisternae 
modify, sort, and package proteins for 
transport to different destinations
proteins are transported by various vesicles 
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Processing & Packaging
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Lysosomes
Membranous vesicles
– formed in Golgi 

complex
– filled with digestive 

enzymes (>50)
– pumps in H+ ions until 

internal pH reaches 5.0
Functions
degrade cellular or 
foreign substances
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Mitochondrion
“powerhouses” of the cell

More prevalent in physiologically active cells: 
muscles, liver and kidneys
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Mitochondrion Structure

(matrix)

(ETC/ cristae of inner 
membrane)

DNA 
( )

65~70%
(~120)



Peroxisomes
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Function
Degrade certain waste molecules
– Amino acids
– Fatty acids
– Toxic foreign substances (alcohol, 

abundant in the liver)

By-product of degradation = H2O2
Contain catalase, oxidase, peroxidase, etc.

2H2O2 2H2O + O2
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Centrosome
Found near nucleus
Pericentriolar area
– formation site for mitotic 

spindle and microtubules

Centrosome 
– 2 centrioles (90 degrees to 

each other)
– 9 clusters of 3 microtubules 

(9+0 array)
– role in formation of cilia & 

flagella
– role in cellular energy 

metabolism (ATPase)
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Network of protein filaments throughout the 
cytosol
Functions
– Mechanical support and structure
– Intracellular transport of materials
– Suspension of organelles
– Formation of adhesions with other cells
– Contraction
– Movement

Cytoskeleton
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Cytoskeletal Filaments
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Micro lament
(actin)

Microvilli

F-actinG-actin

Actin laments

(b)

Glycocalyx Microvilli

Microfilaments
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Microfilaments Functions
1.
2.
3.
4.
5.
6.
7.
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Intermediate Filament Functions
1. 
2. 
3. 
4. 
5. 
6. 
7. 
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Microtubules
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Microtubules Functions
1.
2.
3.
4.
5.
6.



Cilia and Flagella
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Body Fluid Compartments
Maintaining the volume and composition of 
body fluids are important
– Body fluids (TBW = total body water) are defined as 

dilute, watery solutions containing dissolved 
chemicals inside or outside of the cell

– Intracellular Fluid (ICF)
• Fluid within cells

– Extracellular Fluid (ECF) = “internal environment”
• Fluid outside cells
• Interstitial fluid  (3/4) is ECF between cells and tissues
• Blood Plasma (1/4) is ECF within blood vessels



Body Fluid Compartments
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Total Body Water


