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                                                                       Chapter 2
                                                           WHAT IS A CELL?

History of discovering the cell: 

- Mid 1600s
Robert Hooke was the first to name the cell by its modern name. 
He gave them the latin name “cellulae” which means “small rooms”.

- Late 1600s
Anton Van Leeuwenhoek discovered and described protists, sperm cells, and even Bacteria. 

- 1820s
Robert Brown discovered the nucleus

- 1838 
Matthias Schleiden helped in the development of the cell

- 1839
Theodor Schwann expanded the idea that all animals and plants consists of cells with nucleuses 
and that each cell has a life of its own. 

- 1849 
Rudolf Virchow proposed that cells arise only from pre-existing cells by a process of division. 

Cell Theory:
- After that, the cell theory formed:
1) All organisms are composed of one or more cells. 
2) The cell is the basic structure and functional unit of all living organisms
3) Cells arise only from the division of pre-existing cells.

Domains of life:

- Three domains of life:
1) The Bacteria
2) The Archea
3) The Eukarya

The Groups of Organisms:

- Two groups of organisms: 
1) Prokaryota : Includes Bacteria and Archea
2) Eukaryota: Includes Eukarya 

Measurements used in Biology: 

- Humans cannot see objects smaller than about 0.1 mm in diameter. 

- 1 µm (micrometer) = 1000 mm (millimeter)

- 1 m = 102 cm
         = 103 mm
         = 106 µm
         = 109 nm

- The smallest bacteria have diameters of about 0.5 µm 
- The cells of a multicellular animal range from about 7 to 30 µm
- Our red blood cells are 7 to 8 µm 
- Plant cells range from 10 µm to hundreds of µm

Equipments used in Biology: 

- Microscopy: the technique used to produce visible images of objects. 

- Microscope: The device used for microscopy.

- 2 most common types of microscopes are: 
1) Light Microscopes: use light to illuminate the specimen. (Specimen: the object being observed)  
2) Electron Microscopes: use electrons to illuminate the specimen. 

- Magnification: the ratio of the object as viewed to its real size.  

- Resolution: the minimum distance by which two points in the specimen can be separated and still be seen as two points. 
- It depends on the wavelength of light or electrons used to illuminate the specimen. The shorter the wavelength, the better the resolution will be.  
- Electron Microscopes have higher resolution than Light Microscopes. 

Volume and the Surface Area of a Cell:

- The volume of a cell determines the amount of chemical activity that can take place inside the cell.  
- The area determines the amount of substances that can be exchanged between the inside and the outside of the cell. 
- Some cells increase their ability to exchange materials with their surroundings by increasing their surface area. (Ex. Flattening, or developing extensions). 
- Example: Human intestinal cells have finger-like extensions which increase their surface area and allow them to absorb more food. 

Cell Components:

1) Plasma membrane: 
- a phospholipid bilayer made of lipids with embedded protein molecules. 
- It is a hydrophobic barrier that contains the cells inside, and separates it from the outside environment. 
- It protects the inner organelles 
- Controls what enters and what comes out of the cell. 
- Water-soluble substance can’t pass through it. Instead, they pass through protein channels. 

2) Cytoplasm: Contains: 
    1)   Organelles: small, organized structures that have different functions in the cell. 
    2)   Cytosol: an aqueous solution containing ions and various organic molecules. 
    3)   Cytoskeleton: is a protein-based framework of filamentous structures that help maintain cell shape and plays a key role in cell division and chromosome segregation. 

- All major eukaryotic cytoskeletal proteins have equivalents in prokaryotes. 


Cell Occur in 2 Forms: 

1) Prokaryotic (No nucleus) 
2) Eukaryotic (With a nucleus) 

Nucleus vs. Nucleoid

Nucleus: has a membrane, and appears in Eukaryotes 
Nucleoid: Does not have a membrane, and appears in Prokaryotes
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- Mostly small cells
- Have three shapes:  1) Spherical 
                                   2) Rod-like 
                                   3) Spiral 


The Inner Part of Prokaryotic Cells: 

- The prokaryotic chromosome: is the genetic material of Bacteria and Archea. It is a single circular molecule that unfolds when released from the cell.
- The DNA contains genes that have the code to make proteins in the cell. 
- Information from the DNA is copied into a type of RNA molecule called messenger RNA (mRNA), and then sent to the ribosomes.
- Ribosomes, then use this information in the form of mRNA, and collect amino acids into proteins. 
- The prokaryote ribosome: it is made out of a combination of a special class of RNA molecules known as rRNA (ribosomal RNA), and a specific collection of different protein molecules. 
Each prokaryotic ribosome is composed of only 3 types of rRNA molecules and more than 50 kinds of proteins. 

The outer part of a prokaryotic cell:

- Almost all prokaryotic cells have a plasma membrane and a cell wall.
- Some prokaryotic cells have capsules, which works as extra protection. 
- The cell wall provides rigidity to prokaryotic cells, and with the capsule, protects the cell from physical damage. 

- In some prokaryotic cells, the cell wall is coated with an external layer of polysaccharides called Glycocalyx . 
- When the Glycocalyx is diffused with the cells, it is called a slime layer. 
- When it is gelatinous and more firmly attached to cells, it is called a capsule. 
- This Glycocalyx layer helps protecting the cell from physical damage, and may enable a cell to attach to a surface. 


Plasma membrane of Prokaryotic Cells:

- Helps in transporting materials into and out of the cell. 
- Contains most of the molecular systems that metabolize food molecules into the chemical energy of ATP. In photosynthetic bacteria, the plasma membrane contains molecules that absorb light energy and convert it into the chemical energy of ATP. 

Internal membrane a prokaryotic cell’s organelles:

- Prokaryotic cells have very few internal membranes. 
- The lack of internal membranes distinguishes them from eukaryotic cells. 
- Therefore, most of the cellular functions happen in the plasma membrane or in the cytoplasm. 

The Prokaryotic Cytoskeleton: 

- Prokaryotic cells have filamentous cytoskeletal structures with functions similar to those in eukaryotes. 
- Those cytoskeletons play an important role in 1) maintaining the proper shape of cells 2) in cell division 3)and for certain bacteria it play an important role in determining the polarity of the cell. 

Prokaryotic Movement: 

1) Prokaryotic Flagella
- Many Bacteria and Archea can move through liquids or wet surfaces, using their flagella.
- Flagella: long, threadlike protein fibres which extend from the surface of the cell, and help the cell move through a liquid medium. (Singular: flagellum). 
- Prokaryotic flagella are different, and less complex than the Eukaryotic flagella. 
- The Archean flagella and the bacteria flagella are similar, but they differ significantly in their structure and mechanism of action.  

2) Prokaryotic Pili
- Pili: hair- like shafts of protein extending from the cell wall. (Singular: pilus)
- The main function of pili is attaching the cell to surfaces, or other cells. 
- Ex. A special type of pilus, the sex pilus, attaches one bacterium to another during mating. 






Eukaryotic Cells: 

This domain of eukaryotes is divided into 4 major groups: 

1) Portists
2) Fungi
3) Animals
4) plants

The Inner Part of a Eukaryotic Cell:  

Genral information about Eukaryotic Cells:
- Cells have a true nucleus with a membrane. 
- The cell contains organelles, with internal membranes. 
- The cytosol participates in energy metabolism and molecular synthesis, and performs specialized functions in support and motility.

The Eukaryotic Plasma Membrane:
- The plasma membrane contains proteins. 
- Some of these proteins act as channels to transport materials into and out of the cell. 
- The rest of these proteins act as receptors that recognize, bind specific signal molecules in the cellular environment, and trigger internal responses.
- There are some plasma membrane proteins that are important markers in the immune system. Therefore the immune system can identify cells without those markers as being foreign, most likely pathogens (disease-causing organisms or viruses). 
- Fungal, plant, and many protest have an extracellular cell wall that supports the plasma membrane.
The Eukaryotic Nucleus:
- The eukaryotic nucleus contains much more DNA than the prokaryotic nucleus. 
- The nucleus is covered with a nuclear envelope. 
- The nuclear envelope consists of 2 membranes. One layered just inside the other one, and separated by a narrow space. 
- A network of protein filaments called Lamins lines the inner surface of the nuclear envelope in animal cells. 
- Lamins are a type of intermediate filament. 
- Different proteins line the inner surface of the nuclear envelope in protists, fungi, and plants. 
The Nuclear pore Complex:
- Inside the nuclear envelope, there are hundreds of nuclear pore complexes. 
- A nuclear pore complex is a large, symmetrical, cylindrical structure formed of many types of proteins, called the nucleoporins, (the largest protein complexes in the cell)
- It exchanges components between the nucleus and cytoplasm, and prevents the transport of material not meant to cross the nuclear membrane.  
- Large molecules such as proteins and RNA molecules are assisted into the nucleus through the nuclear pore complexes, whereas the small molecules simply enter unassisted. 
- The Cargo Protein: Any protein that is carried to nuclear membrane and that is shuttled away from the nucleus through the nuclear pore complex, with the assistance of a transport protein.   
- The proteins that are meant to enter the nucleus are different that the ones that are meant to stay in the cytoplasm. These proteins are distinguished by the presence of a specific protein in the cytosol called the nuclear localization signal, which recognizes and binds to the signal and moves the protein to the nuclear pore complex, where it is transported through the nuclear pore complex into the nucleus. 
- The liquid or semi liquid substance within the nucleus is called the nucleoplasm.
- Chromatin: a combination of DNA and proteins, takes most of the place in the nucleus.  

- Eukaryotic Chromosome: most of the hereditary information of a eukaryote is distributed among several DNA molecules in the nucleus. (Refers to one complete DNA molecule, with its associated proteins). 

- a eukaryotic nucleus also contains one or more nucleoli (singular: nucleolus). 
These structures form around the genes coding for the rRNA molecules of ribosomes. 
- Within the nucleolus, the information in rRNA genes is copied into rRNA molecules, which combine with proteins to form ribosomal subunits. The ribosomal subunit then leave the nucleolus and exit the nucleus through the nuclear pore complex to enter the cytoplasm, where they join on mRNAs to form complete ribosomes. 
- There is also DNA in the mitochondria and in the chloroplasts. 

Eukaryotic Ribosomes:

- The structure of prokaryotic and eukaryotic ribosomes is similar but not identical. 
- Eukaryotic ribosomes are larger than the prokaryotic ribosomes. 
- They contain 4 types of rRNA molecules and more than 80 protiens.  
- Their function is identical to the prokaryotic ribosomes; they use the information in mRNA to assemble amino acids into proteins. 
- Some eukaryotic ribosomes are suspended in the cytosol; others are attached to membranes (Ex. Rough ER) 

The Eukaryotic Endomembrane system: 
- Eukaryotic cells are characterized by the endomembrane system. 
- is composed of all the different membranes that are suspended in the cytoplasm.  
- The membranes are connected either directly, or indirectly by vesicles. (Vesicles: small membrane-bound compartments that transfers substances between parts of the system.
The endomembrane system has many functions: 
- It divides the cytoplasm into functional and structural compartments.
- It is included in the synthesis and modification of proteins, and their transport into membranes and organelles, or to the outside of the cell.
- It is also included in the synthesis of lipids.
- It is included in the detoxification of some toxins. 

The endomembrane system contains: 
- The nuclear envelope
- Endoplasmic reticulum (traffic)
- The Golgi complex (distribution station) (mail office)  
- Lysosomes
- Vesicles
- Plasma membrane 

Endoplasmic Reticulum: 
- An interconnected network of membranous channels and vesicles called cisternae (singular: cisterna)
- Each cisterna is formed by a single membrane that surrounds an enclosed space called the ER Lumen. 

- The endoplasmic Reticulum occurs in 2 forms: (The membranes of these 2 types are connected)

1) Rough ER
- Gets its name from the many ribosomes on its surface.
- The outer membrane of the nuclear envelope is closely related in structure and function to the rough ER. 
- Ribosomes on the ER make proteins which then go to the Lumen. In the Lumen, these protiens get modified into their final form, and then they are delivered to other parts of the cell within small vesicles that pinch off from the ER. 
- for most of the proteins made on the rough ER, the next destination is the Golgi Complex, which packages and sorts them for delivery to their final destination. 
- included in the synthesis of proteins. (Ex. Pancreatic cells contain more rough ER, and very little smooth ER because they need to secret or make more digestive enzymes) 

2) Smooth ER
- No ribosomes attached to the surface, therefore named smooth ER.
Has many functions: 
- it is included in the synthesis of lipids that become part of cell membranes. (phospholipids) 
- In some cells, the smooth ER contains enzymes that convert drugs, poison, and toxic by-products of cellular metabolism into substances that can be tolerated or more easily removed from the body. (Ex. Liver cells has these types of smooth ERs)

Golgi Complex: 

- Camillo Golgi discovered in the late 19th century.
- It consists of a stack of flattened, membranous sacs known as cisterna.
- The cisterna in the Golgi Complex are different than the cisterna in the ER, because they are separated and not interconnected. 
- Generally the Golgi Complex consists of between 3 to 8 cisternae. However, the number and size of golgi complex can vary depending on the type of the cell. 
- the Golgi complex is usually located between the ER and the plasma membrane.
- the Golgi complex works as the transport system of proteins in the cell. It regulates the movement of several types of proteins
- Cis-face: the part of the golgi complex that faces the nucleus. In this part, the vesicles coming from the ER fuse with the golgi complex and release their contents directly into the cisterna.
- Within the golgi complex, the proteins are modified, processed, and then transported to the trans-face of the golgi complex.
- Trans-face: the part of the golgi complex that faces the plasma membrane. In this part, the modified proteins are put into vesicles and then budded off from the golgi complex to be transported to other places in the cell. 
- Some proteins are placed in lysosomes. (Digestive enzymes) 
- The modification of the proteins includes adding “postal codes” to those proteins so they can reach their final destination. 
- Secretory vesicles: are vesicles used for the transportation of the proteins that need to be out of the cell. It fuses with the plasma membrane and spills the vesicle contents o to the outside by the process of exocytosis. 
- the membrane of a vesicle that fuses with the plasma membrane, becomes part of the plasma membrane. This process is used to increase the size of the surface of the cell during cell growth. 
- Vesicles can also form by the reverse process called endocytosis, which brings molecules into the cell from the exterior. The plasma membrane forms a pocket which bulges inward and pinches off into the cytoplasm as an endocytic vesicle that goes to the golgi complex or to the lysosome. 

Lyosomes: 

- small membrane-bound vesicles that contain more than 30 hydrolytic enzymes for the digestion of complex molecules, including proteins, lipids, nucleic acids, and polysaccharides. 
- Occur in animals only. (the function of lysosomes in plants are performed by the central vacuole) 
- A human cell contains about 300 lysosomes. 
- Lysosomes are formed by budding off the Golgi complex. 
- Their hydrolytic enzymes are synthesized in the rough ER, modified in the lumen of the ER to identify them as being bound for lysosomes, then transported to the Golgi complex in a vesicle, and then packaged in the budding lysosome)
- the pH within a lysosome is acidic (pH=5) and is significantly lower than the pH of the cytosol (pH= 7.2) 
- The digestive enzymes inside the lysosome function only in pH level of 5, but they don’t function well in the cytosol pH.
- Autophagy: the process of the digestion of lysosomes to organelles that don’t function correctly. 
- Lysosomes also play a role in phagocytosis: a process in which some types of cells (ex. white blood cells or phagocytes) engulf bacteria or other cellular debris to break them down. 
- In certain human genetic diseases known as lysosomal storage diseases, one of the hydrolytic enzymes is absent. As a result, the substrate of that enzyme accumulates in the lysosomes and this accumulation eventually interferes with normal cellular activities. An example of this is TaySachs disease: a fatal disease of the central nervous system caused by the failure to synthesize the enzyme needed for hydrolysis of fatty acid derivatives found in brain and nerve cells. 

Mitochondria: (cellular respiration) 

- Membrane-bound organelles in which cellular respiration occurs. 
- Cellular respiration is the process by which energy-rich molecules such as sugars, fats, and other fuels are broken down to water and carbon dioxide by mitochondrial reactions which release energy and capture it in the form of ATP. 
- Mitochondria requires oxygen for cellular respiration. 
- Mitochondria have 2 membranes:
1) the outer membrane is smooth and covers the outside of the organelle. 
2) The surface area of the inner membrane is expanded by folds called cristae (singular: crista) 
- the 2 membranes surround the inner component of the mitochondria which is the matrix. 
- The ATP-generating reactions of mitochondria occur in the cristae and matrix. 
- The mitochondria have their own DNA and ribosomes stored in the matrix which are equivalent to the ones in bacteria. This suggests that mitochondria originated from ancient bacteria that evoluted into mitochondria)
- The space between the outer mitochondrial membrane and inner mitochondrial membrane is called the inter-membrane compartment.


The Cytoskeletion of the Cell (The support system) 

- The shape of cell is maintained in parts by cytoskeleton.
- The cytoskeleton: is the interconnected system of protein fibres and tubes that extend through the cytoplasm. 
- The cytoskeleton also helps in the movement of the cell. 
- it is most highly developed in animal cells
- Cytoskeletal structures are also present in plant cells, but the fibres and tubes of the system are less useful. (Much of the support comes from the cell wall and the central vacuole.) 
- The cytoskeleton of animal cells and plant cells contains structural elements of 3 major types: 

1) Microtubules
- The largest cytoskeletal elements.
- Microscopic tubes that give support to the cell
- Assembled from proteins called Tublins. 
- The wall of microtubules consists of 13 protein filaments arranged side by side. 
- Microtubules are dynamic structures, changing their lengths as required by their functions. (They change shape by the addition or removal of Tublins.)
- Many of the cytoskeletal microtubules are formed from the cell centre or centrosomes. 
- Centrioles are usually in the middle of the cell and in the middle of the microtubules. 
- Vesicles move around the cell through the microtubules. 
- Microtubules play a role in separating and moving chromosomes during cell division. 
-  “motor” proteins push or pull against microtubules. They have 2 ends. The upper end is connected to a cell structure such as vesicle, and the other end “walks” along by attaching and releasing the “feet”.
- ATP supplies the energy for these walking proteins 
- Motor proteins that walk along microtubules are called dynein and kinesin . 

2) Intermediate Filaments
- fibres that occur singly. 
- Only found in multicellular organisms.
- Have specific composition of proteins in their composition. 
- They provide structural support for the cell.
- Intermediate means that these filaments are intermediate in size between microtubules and microfilaments. 
- assembled from a varied group of intermediate filament proteins.
-  The keratin of animal hair, nails, and claws contain a common form of intermediate filament proteins known as cytokeratin.


3) Microfilaments. 
- The smallest cytoskeletal elements. 
- Occur in almost all eukaryotic cells.
- Assembled from proteins called Actins. 
- Thin protein fibres that consist of two polymers of actin subunits that are symmetrical in shape, wound around each other. 
- The motor proteins that “walk” along microfilaments are called Myosin.
- They are known for being one of the two components of the contractile elements in muscle fibres of vertebrates.
- Microfilaments are involved in a process called the cytoplasmic streaming, which can transport nutrients, proteins, and organelles in cells. This process is also responsible for amoeboid movement. 
- When animal cells divide, microfilaments are responsible for dividing the cytoplasm.


Eukaryotic Flagella, and Cilia:

- cilia (singular: cilium) 
- structures that extend from the cell surface. 
- Cilia and Flagella are identical in structure, but cilia are usually shorter than flagella and occur on cells in greater numbers.
- The wipe-like movements of a flagellum pushes a cell through a watery medium. 
- Cilia move fluids over the cell surface (ex. Cilia in the lungs helps sweep out mucus containing bacteria, dust particles) 
- If you take a cross section of a flagellum or a cilium, you will see a circle of 9 double microtubules surrounding a central pair of single microtubules, forming what is known as the 9+ 2 complex. 
- Dynein motor proteins slide the microtubules of the 9+2 complex over each other to produce the movement of a flagellum or cilium. 
- Flagella and cilia arise from the centrioles. 
- Centrioles have the same structure as the 9+2 complex, except they don’t have the two microtubules in the middle. Also, the circle is formed from a ring of nine triple microtubules. 
- During the formation of a flagellum or cilium, a centriole moves to a position just under the plasma membrane. The 2 of the 3 microtubules of each triplet grow outward from one end of the centriole to form the ring of nine double microtubules. The 2 central microtubules also grow from the end of the centriole microtubules. 
- The centriole remains in the end of the flagellum or the cilium (becomes the Basel structure) 
- The genes coding for the making of eukaryotic Flagella are different than the genes coding for the making of prokaryotic flagella, which suggests that they have evolved independently. 

Specialized structure of plant cells: 

Chloroplasts: 

- Chloro= yellow- green
- a part of a family or plant organelles known collectively as plastids. 
- Plastids contain their own genomes coding for their own proteins that help them with the process of photosynthesis. 
- Plastids occur in 3 forms: 

1) Chloroplasts
- Similar to mitochondria 
- Surrounded by 2 membranes: a smooth outer boundary membrane, and an inner boundary membrane. 
- The space enclosed by the membranes is called the Storma. 
- Inside the storma, there are enclosed sacs called thylakoids. 
- The structure when a group of thylakoids are stacked together is called granum (plural: grana) 
- Chlorophyll: A green pigment that is present in all chloroplasts. It is the primary molecule that absorbs sunlight. 

2) Amyloplasts: 
- Amylo= starch.
- Colourless plastids that store starch.
- They occur in large numbers in the roots of some plants. 

3) Chromoplasts: 
- Chromo= colour.
- Contain red and yellow pigments and are responsible for fruit colours.


Central Vacuoles (storage, structural support, and cell growth) 

- They take a large space of a plant cell 
- The pressure within the central vacuole supports the cells. 
- The membrane that surrounds the central vacuole is called the Tonoplast. It contains transport proteins that move substances into and out of the central vacuole. 
- Central vacuoles store salt, organic acids, sugar, storage proteins, pigments, and in some cells, waste products. 
- Some vacuoles contain digestive enzymes (which function as lysosomes) 

Cell wall: 

- Cell walls surround plants, fungi, and protists.
- Cell walls provide support, contain the pressure produced by the central vacuole, and protect cells against invading bacteria and fungi. 
- Cell walls contain cellulose fibres which give tensile strength to the walls
- Cell walls contain Plasmodesmata (singular: Plasmoodesma): 
- Plasmodesmata allow ions and small molecules to move directly from one cell to another through the connecting cytosol without having to penetrate the cell wall of the plasma membrane. They form openings in the cell wall that directly connect the cytoplasm of adjacent cells. 
- Some cell walls contain chitin (fungi cell walls) 


Questions: 

1) what is the plasma membrane and what are its main functions?
2) Eukaryotic ribosome vs. Prokaryotic ribosome
both cell types have many, many ribosomes, but the ribosomes of the eukaryotic cells are larger and more complex than those of the prokaryotic cell. Ribosomes are made out of a special class of RNA molecules (ribosomal RNA, or rRNA) and a specific collection of different proteins. A eukaryotic ribosome is composed of five kinds of rRNA and about eighty kinds of proteins. Prokaryotic ribosomes are composed of only three kinds of rRNA and about fifty kinds of protein.
3) Where in a prokaryotic cell is DNA found? How is that DNA organized?
4) What is the difference between chromatin and chromosome?
5) Exocytosis vs. Endocytosis
6) Cis-face vs. Trans-face
7) Mitochondria vs. Chloroplasts
8) Storma vs. Thylokoids
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