
                     CELLS   
                  CHAPTER 6     

  



A. The Cell Theory is one of the basic principles 
of biology. Credit for the formulation of 
this theory is given to German scientists Theodor 
Schwann, Matthias Schleiden, and Rudolph 
Virchow. 
   1. All living organisms are composed of one or 
more cells.  
   2.The cell is the basic unit of structure and 
organization in organisms.  
   3. Cells arise from pre-existing cells. 
                
 

I. CELL THEORY  



B. The invention of microscopes contributed 
to the knowledge of cells and their organelles, 
especially electron microscopes (EMs) - 
microscopes that use accelerated electrons as a source 
of illumination and can magnify to 500,000x 
1. Scanning electron microscopes (SEMs) focus a 
beam of electrons onto the surface of a specimen less 
than a millimeter in size, providing images that look 3-D 
2. Transmission electron microscopes (TEMs) use a 
high voltage beam of electrons through a specimen. 
    TEMs are used mainly to study the internal structures 
of cells.  Structures that measure in micrometers or 
nanometers. 



SEM 3D picture of a water bear about 
1 mm in length  



TEM picture of a chloroplast 





II. Prokaryotic vs. Eukaryotic Cells 
Prokaryotes – include the Domains Eubacteria 
and Archaea bacteria. Prokaryotes do not have 
any membrane bound organelles. 
Eukaryotes  - include the Protist, Fungi, Plants 
and Animal Kingdoms 
•   Organelles common to all cells: 

1. Plasma membrane  
2. Cytoplasm  
3. DNA  
4. Ribosomes  



A. Prokaryotic Cell (Bacteria) Structures 

 No membrane-bound organelles  
1. circular DNA molecule in a region called 
the nucleoid 
2. Cytoplasm enclosed by the plasma 
membrane; the liquid portion is known as the 
cytosol 
3. Cell wall 
4. Ribosomes 
5. sometimes flagella 
 



B. Eukaryotic Cells  

1. DNA in a nucleus that is encapsulated by a 
membranous nuclear envelope 
2.  membrane-bound organelles; mitochondria, 
chloroplasts, endoplasmic reticulum, Golgi 
apparatus, lysosomes, vacuoles, vesicles, cilia, 
flagella 
3. Cytoplasm in the region between the plasma 
membrane and nucleus 
4. Ribosomes 
•  These cells are generally much larger  and more 

complex than prokaryotic cells 
•  Evolved after prokaryotic cells  
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Eukaryotic Organelles 
A. Nucleus 
•  Contains the DNA in a cell and is the most 

conspicuous organelle 
•  is enclosed by a nuclear envelope 
Function: heredity, protein synthesis, and   
reproduction  

B. Nucleolus  
•   located within the nucleus  
 Function: produces ribosomal RNA (rRNA) and      
ribosomes  
 
 





C. Ribosomes: Protein Factories 

•  are small particles made of ribosomal 
RNA (rRNA) and protein 

•  Function: the site of protein synthesis 
•  found in two locations 

– in the cytosol (free ribosomes) 
– on the membrane of endoplasmic reticulum 

(bound ribosomes) 



D. ENDOMEMBRANE SYSTEM  
 •  Components of the endomembrane 
system: 

   - nuclear envelope 
   - plasma membrane 
   - endoplasmic reticulum 
   - Golgi apparatus 
   - lysosomes 
   - vacuoles 
   - transport vesicles 



1.  nuclear envelope – a bilayer lipid membrane 
that encloses the nucleus, separating it from 
the cytoplasm 

•   pores in the envelope regulate the movement 
of molecules in or out of the nucleus 

 
2. plasma/cell membrane-  
  Structure:  a bilayer of phospholipids with 
proteins in the bilayer 
   Function: a selective barrier that regulates the 
passage of materials in or out of cells 
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3.  Endoplasmic Reticulum:  

•  The endoplasmic reticulum (ER)  is 
continuous with the nuclear envelope and 
is a series of membranous channels that 
go to the plasma membrane 

Function: it is a transportation system in 
the cell. 
Types:  
Smooth ER - lacks ribosomes  
Rough ER - surface has ribosomes 
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a. Functions of Smooth ER 

1)  Synthesizes lipids 
 
2)  Stores calcium ions 
 
3) Metabolizes carbohydrates 
 
4) Detoxifies drugs and poisons in the cell 



b. Function of Rough ER 
•  is based on the existence of ribosomes on the ER 
•  Function: synthesis of secretory proteins - proteins 

that will be secreted by the cell. 
 Ex:  hormones or enzymes 
•  after secretory proteins are formed in the ER they will 

go to the Golgi apparatus or plasma membrane in 
transport vesicles ‒ membrane enclosed sac   

 Example: certain pancreatic cells make the hormone 
insulin in their ER, which is then transported to the 
plasma membrane by a vesicle, where it is secreted out 
of the cell into the bloodstream. 

 



•   consists of flattened membranous sacs called 
cisternae 

•  Functions: receiving, modifying, sorting, shipping 
proteins from the ER and even some manufacturing 
of materials. 

1) Modifies proteins by adding carbohydrate chains on 
the proteins, making them glycoproteins.    
2) Manufactures lysosomes. 
3) Sorts, packages and ships out  proteins & lipids in 
transport vesicles to discharge their contents out of 
the cell. 

4. Golgi Apparatus –  named for Camillo 
Golgi, who discovered it in 1898. 
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5. Lysosomes: 
  •  A lysosome is a membranous sac that contains 
acidic hydrolytic enzymes used to breakdown 
proteins, fats, polysaccharides, and nucleic 
acids. 

•  In unicellular organisms, lysosomes will fuse 
with food vacuoles and digest the molecules 
into nutrients for the organism (phagocytosis) 

•  WBC engulf bacteria using lysosomes to 
destroy  bacteria infecting an organism 

•  Lysosomes also play a role in autophagy - a 
normal physiological process that deals with 
destruction of damaged cells in the body. 
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6. Vacuoles:  Maintenance Compartments 

•  are membrane bound organelles for storage of 
materials 

•  In animal cells, many small vacuoles are for 
storage and excretion of waste materials. 

•  A central vacuole, found in plant cells, holds 
organic compounds and water that will be 
recycled in the plant. 

•  contractile vacuoles, found in freshwater 
protists, pump excess water out of cells 
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E. Mitochondria  
•   are in eukaryotic cells only 
•  They have a smooth outer membrane and an 

inner folded membrane. The folds are called 
cristae. 

•  They have ribosomes and mtDNA 
(mitochondrial DNA). 

•  In sexually reproducing organisms, mtDNA is 
inherited from the maternal side. Only 
mitochondria found in the egg is past on to the 
offspring during fertilization. 





•  are double membrane bound green organelles that 
are the site of photosynthesis. 

•  The chloroplast is one of a group of plant organelles, 
called plastids 

•  are found mainly in leaves of plants and in algae 
•  Chloroplast structure includes: 
 Thylakoids ‒ stacks of membranous sacs with 
chlorophyll ‒ a green pigmented molecule necessary for 
photosynthesis 
 Stroma-  the internal fluid; analogous to the cytoplasm 
 DNA 
 ribosomes 

 
  

 
F. Chloroplasts: 
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•  Mitochondria and chloroplasts have many 
similarities with prokaryotes 

•  It is believed these organelles once existed as free  
living primitive cells, similar to prokaryotes 

•  Similarities to prokaryotes:   
 

–  contain free ribosomes 
–   a single circular DNA molecule that is used to 

produce proteins and enzymes 
- Their method of reproduction is like bacteria   
 



G.  CYTOSKELETON 

•   a network of protein fibers extending 
throughout the cytoplasm  

•  It is composed of three types of fibers: 
 

a.  Microtubules  
b. Microfilaments  
c.  Intermediate filaments 

 
 

 



a. Microtubules 

•  Microtubules are hollow rods composed of a protein 
called tubulin. 

•  Functions of microtubules 
- Maintaining cell shape 
- Used by motor proteins for movement of 
transport vesicles to the plasma membrane 
- They make up the spindle fibers used during cell 
division (mitosis, meiosis), for chromosome 
movement  
- composition and movement of cilia and flagella 
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b. Microfilaments (Actin Filaments) 

•   are solid rods built as a twisted double chain of a  
protein called actin 

•  Microfilaments in muscle cells contain the proteins 
myosin and actin 



•  The structural role of microfilaments is to 
 
1.help support cell shape 
     keeps the cell intact when the cytoplasm and 
plasma membrane are moving during 
phagocytosis 
2. muscle cell movement 
 
3. in plant cells, drives cyclosis - cytoplasmic 
streaming to distribute materials 
 
 
 
 
 
 



c. Intermediate Filaments 

•  Intermediate filaments are larger than 
microfilaments but smaller than 
microtubules 

 
•  They support cell shape and hold 

organelles in place in the cytoplasm 



 H. Cilia and Flagella 
 1. Cilia (cilium) - microscopic hair like 
projections extending from the surface of a 
cell or unicellular organism.  
•  Capable of rhythmical motion, they act in 

unison, to bring about the movement of 
the cell or of the surrounding medium 

•  They are one of the most widespread 
cellular organelles in nature, found in 
many unicellular and multicellular 
eukaryotic organisms 

 

 



•  They play a critical motile role;  involved in 
normal organogenesis during embryo 
development. 

•  Defects in ciliogenesis and function can 
give rise to developmental disorders and 
diseases, such as blindness, kidney cysts, 
neural tube defects and obesity 

2. Flagella (flagellum) - A long, threadlike,  
whip-like extension for swimming found in  
certain eukaryotic cells or unicellular 
organisms. 
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I. Extracellular components 
 

•  These extracellular structures include 
– Cell walls of plants 
– The extracellular matrix (ECM) of 

animal cells 
– Intercellular junctions – 

connections between cells for the 
exchange of materials 



1. Cell Walls  
•  The cell wall is an extracellular structure found 

in plants, prokaryotes, fungi, and some protist 

•  The cell wall protects the cell from lysing 
during excessive uptake of water and 
maintains cell shape. 

•  Prokaryote cell walls are made of peptido- 
glycan – combination of protein and 
polysaccharide 

 - Fungi cell walls are made of chitin  

 - Plant cell walls are made of cellulose  
  



2. The Extracellular Matrix of Animal Cells 

•  Animal cell membranes are covered by 
an elaborate extracellular matrix (ECM) 

•  The ECM is made of proteoglycan 
complexes that consist of two types of 
proteins; collagen and fibronectin  

•  The ECM also coordinates the 
behavior of the cells within tissue – 
group of cells with the same function 
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3. Intercellular Junctions 
•  Neighboring cells in tissues, organs, or 

systems interact and communicate through 
intercellular junctions  

 
a. Plant Intercellular Junctions 
 
 1. Plasmodesmata –  are cell junctions with cytoplasm 
to cytoplasm connections between adjacent plant cells, 
for the exchange of materials, such as, water, salts, 
ions, proteins and RNA. 
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b. Animal cell junctions 

•  All are common in epithelial tissue, which lines the 
internal surfaces of organs 

1. tight junctions, sections of membranes of 
neighboring cells are fused together to prevent leakage 
of fluid across a layer of cells. 
2. desmosomes are anchoring junctions that adhere 
cells together into strong sheets of tissue 
3. gap junctions  provide channels between adjacent 
cells for small molecules to pass through; cytoplasm to 
cytoplasm connections analogous to plasmodesmata in 
plant cells. 








