Bio 12
Cells
Name: __________________


CELLS (The Building Blocks of Life)
By the end of this unit, you should be able to:
· Describe the following cell structures and their functions:
· Cell membrane, mitochondria, smooth and rough endoplasmic reticulum, ribosomes, Golgi bodies, vesicles, vacuoles, lysosomes, nuclear envelope, nucleus, nucleolus, and chromosomes.
· Identify the functional interrelationships of cell structures
· Identify the cell structures in diagrams and electron micrographs
VOCABULARY

_____ ATP
_____ Cellular respiration
_____ Centriole 
_____ Chromatin
_____ Cytoskeleton
_____ Endoplasmic reticulum
_____ Eukaryotic
_____ Flagellum
_____ Golgi apparatus
_____ Hydrolysis
_____ Hydrolytic enzymes
_____ Lipid manufacture
_____ Lysosome 
_____ Mitochondria
_____ Nucleolus
_____ Nucleoplasm 
_____ Nucleus
_____ Prokaryotic
_____ Protein synthesis
_____ Ribosomes 
_____ Rough ER
_____ Saccule 
_____ Smooth ER
_____ Vacuole
_____ Vesicle
INTERESTING FACTS
· The longest cells in the human body are the motor neurons. Sciatic nerve runs from spinal cord near buttocks to the big toe. 
· Every square inch (6.5cm2) of the human body has an average of 50 million bacteria on it. 
· We are made up of 75 trillian Cells
· Humans shed about 600,000 particles of skin every hour - about 1.6 pounds a year. By 70 years of age, an average person will have lost 112 pounds of skin.
· Humans shed and regrow outer skin cells about every 35 days - almost 730 new skins in a lifetime
· The largest cell in the human body is the female egg cell. It is about 100 um in diameter. The smallest cell in the human body is the male sperm cell (5um) 
· Three-hundred-million cells die in the human body every minute. 
· https://www.youtube.com/watch?v=URUJD5NEXC8

TYPES OF CELLS (p62-63)
There are two types of cells:
1. ____________ Cells
2. ____________ Cells
[image: image1]PROKARYOTIC CELLS 
1. pro = before
2. karyotic = nut/kernal
3. These were the first cells.  
4. They were primitive, small (0.2-2.0 u), had plasma membrane, cell wall, single chromosome loop within nucleoid region (no nuclear membrane), and no membrane bound cell organelles. 
5. They have ribosomes. 
6. May have flagella, cilia
7. Cell wall different
EUKARYOTIC CELLS
1. eu = true 
2. karyotic = nucleus 
3. These are modern cells.  
4. They have a nucleus and membrane-bound organelles.  
5. They are much larger (up to 10-100u[image: image10.png]The Golgi Apparatus
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). 
http://www.life.umd.edu/classroom/bsci424/BSCI223WebSiteFiles/ProkaryoticvsEukaryotic.htm
CELL THEORY
· All living things are made up of ________
·  The cell is also the basic unit of life _____________
·  All living cells come from __________________________   cells
Role of Microscopes

Compound ligh microsceop uses light rays, resolving power = 200um, 1000x

Transmission (TEM) uses electrons to view preserved tissue, resolving power 0.5um, 30 000x mag

Scanning electron microscope (SEM) uses electrons scanned over metal-coated specimen, forms 3D image of prepared tissue

CELL STRUCTURE
The cell is made up of three main components: 

· Plasma membrane

· Cytoplasm

· Nucleus
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Plasma Membrane
· Flexible outer surface separating cell’s internal environment from the external.
· Phospholipid bilayer with proteins embedded
· Regulates flow of material into and out of cell. 
· Plays key role in communication among cells and between cells and environment. 
Cell wall-primary CW of cellulose, several layers of fibrils lying at right angles for strength, Secondary cell wall of lignin for more strength
Cytoplasm

· Includes all cellular contents between plasma membrane and nucleus. 
· This is a jelly-like fluid that contains mainly water with dissolved salts, proteins and other organic compounds.  
· Its functions are to keep organelles in place, maintain cell shape, and to provide water for all of the cell’s functions. [image: image12.png]plasma cell
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     Two main components: 

· cytosol – (intracellular fluid ) liquid portion of cytoplasm, 
· 55% of cell volume is water
· contains dissolved solutes and suspended particles 
(ions, glucose, amino acids, fatty acids, proteins, 
lipids, ATP, waste products). 

· Site of many chemical reactions 

· Cytoskeleton- network of 3 different types of 
Protein filaments and tubules giving them shape.
· organelles - (little organs) each with characteristic structure 
and function.

Frost bite 
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Nucleus (5um)
· Usually most prominent feature of cell. 
· Controls metabolic/cell functions (and protein synthesis 
· Contains genetic information
· Contains nucleolus
· reproduction and cell differentiation
RBC’s don’t have a nucleus. What can’t they do? 
Parts of Nucleus:

Nucleolus
· dark stained area in the nucleus.  
· Specialized part of chromatin that produces rRNA for ribosome formation
rRNA joins with proteins ( cytoplasm where it becomes part of ribosomes

· site of RNA synthesis and assembly of ribosomes. 

· Cells may contain one or many.

· It has no membrane 
· What cells might have large nucleoli? (cells that produce lots of proteins such as liver cells since ribosomes are used in protein synthesis.
· Difference between nucleus/nuclei and nucleolus/nucleoli
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Nuclear Membrane/Envelope:

· A double layer of cell membrane.
· Continuous with endoplasmic reticulum.
· Large molecules travel from nucleoplasm (nuclear fluid) to cytoplasm through pores in membrane. 
Nuclear Pores (100nm) allow 
· proteins into nucleus and 
· ribosomal subunits out. (hormones and proteins needed for the function of the nucleus
· What leaves the nucleus through nuclear pores? (newly formed RNA, ribosomes)
Nucleoplasm – contains DNA

What cells don’t have nucleus? 

What cells have more than one nucleus? (skeletal muscles bc they are long)

List functions of nucleus. 
Chromatin
· DNA wrapped around histone proteins.
· Contains the coded sequence  for all proteins in the body
· Is condensed into chromosomes before cell replication.
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RIBOSOMES
· These are small dark granules composed of two sub units of proteins and RNA. (assemble in cyto)
· site of protein synthesis
· [image: image17.png]Subunits
large small

Oh




They ensure the sequence of amino acids in the protein chain. 
· Occur singly or groups called polyribosomes. (translation)
· Found in free in cytoplasm (involved in synthesis of proteins used in cell, or 
· attached to the ER, so proteins produced can be secreted (sent out of the cell).
· Some also located within mitochondria.
ENDOMEMBRANE SYSTEM

Contains endoplasmic reticulum, Golgi apparatus, lysosome, vacuoles:
ENDOPLASMIC RETICULUM
· extensive network of folded membranes extending throughout cytoplasm.
·  Connects the nuclear membrane to the plasma membrane.  
· manufacturing and packaging system. 
· works closely with the Golgi apparatus, ribososmes, mRNA, and tRNA
· [image: image18.png]-
l 3 Ribosomes

Polysome

- ‘
Polypeptides ('%
e




There are two types: 
a) ____________________________

b) ____________________________

ROUGH ER:
· Has attached ribosomes
· double membranes of smooth and rough ER form sacs called cisternae
· Usually continuous with the nuclear membrane. 
· allows for the movement of molecules through both membranes.
· Proteins synthesis and packaging (sends to Golgi for repacking (out of cell
· mRNA moves from the nucleus to a ribosome on the surface of the RER. As the ribosome builds the amino acid chain, the chain is pushed into the cisternal space of the RER. When the proteins are complete, they collect and the RER pinches off a vesicle. can move to the cell membrane or the Golgi apparatus. Some of the proteins will be used in the cell and some will be sent out into intercellular space.
· (glycoprotein added) and sorting. [image: image19.png]Vander/ Sherman/ Luciano Human Physiology, Tth edition. Copyright € 1996 McGraw-Hill Companies, Inc. All Rights Reserved.
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· Glycoproteins and phospholipids. 
· Factory for synthesizing secretory proteins 
· In pancreas RER produces and secretes digestive enzymes
SMOOTH  ER:
· Continuous with Rough
· Has no attached ribosomes.
· Lipid Production: Creation and Storage Lipids and steroids.
· Sends products to Golgi
· Differing functions depending on location: 
· In liver, enzymes of sER release glucose into the blood stream, inactivate or detoxify drugs/harmful substances (drugs, alcohol, carcinogens) 
· In muscle cells, calcium ions needed for muscle contraction are stored and release from a sarcoplasmic reticulum. 
· In testes- testosterone production, estrogen in ovaries
· Cells in your body that release oils also have more SER than most cells.
Both form vesicles to transport proteins to Goli apparatus 
Detox: those who chronically take some narcotics devel change in sER in liver. Repeated exposure ( increased amount of sER and enzymes to protect cell( higher doses required for same effect( tolerance. (incr prob of overdose and dependence. 
sarcoplasmic reticulum (SR) is a variation of the SER. 

able to store many ions that the cell will need at a later time. When a cell needs to do something immediately, it doesn’t make sense to search the environment for extra ions that may or may not be floating around. It is easier to have them stored in a pack for easy use. For example, when you are running around and your muscle cells are active, they need calcium (Ca) ions. The SR can release those ions immediately. When you are resting, they are able to store them for later use.
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GOLGI APPARATUS

· These are made up of 3-20 curved saccules (cisternae) loosely stacked on top of each other. 
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The inner (cis) face (forming) is closest to the nucleus and receives vesicles containing proteins from the ER. 
· The outer (trans) maturing) face is nearest the cell membrane and pinches off vesicles for export.
· Lipids and proteins still need to be sorted, packaged and tagged so they wind upn I right place. 
· There are usually vesicles at the edges of the Golgi.
· cell's post office 
· Processing, packaging of proteins for secretion
· Carbohydrate production – many polysaccharides are made here
· transport of lipids around the cell, and the 
· creation of lysosomes.
· As proteins move through, they are modified depeding on intended function
a) Folding custom shape
b) Add lipid
c) Add carb
· Proteins synthesized by ribosomes on rER enter Golgi complexes and are modifed to form glycoproteins and lipoproteins.
· Sorted packed into vesicles exported by exocytosis (insulin)
· Works closely with RER
· Proteins made by Ribsomes on RER, enter lumen of RER, move to smooth ER—where they are processed and modified, (transport vesicles(cis Golgi, fuse with Golgi, release proteins into interior, modified (add carb( glycoprotein or lipid (lipoprotein) –sercretory vesicles trans Golgi ( pm
· Forms membrane vesicles that carry new molecules to the pm, 
· forms transport vesicle that carry molecule to other organelles  (lysosomes) 
What cells would you expect to have more extensive goli complexes? Those involved in protein secretion. In another example of form following function, cells that engage in a great deal of secretory activity (such as cells of the salivary glands that secrete digestive enzymes or cells of the immune system that secrete antibodies) have an abundance of Golgi
· vesicles contain proteins for export from the cell

· vesicles containing digestive enzymes form lysosomes

· attaches polysaccharides to form glycoproteins
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https://youtu.be/rvfvRgk0MfA
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RELATIONSHIPS BETWEEN THE ORGANELLES WE’VE TALKED ABOUT SO FAR…
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VESSICLES.  
· cellular envelopes for transport (from ER)  and storage (secretory from golgi)
· Used to: move molecules, secrete substances, digest materials, or regulate the pressure in the cell.
· lipid bilayer – completely self contained= separate from the cytoplasm
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· also function in metabolism and enzyme storage as well.
· to pinched off at the plasma membrane, or are made by the Golgi body.
· vacuoles, lysosomes, transport vesicles and secretory vesicles.
VACUOLES
· Vacuoles are large membranous sack like structures for storage.
· Store water, ions, salts, sugars, aa, macromolecules, toxic substances
· Plants have large vacuoles for water.turgor
· What happens when plant cells don’t have enough water in its central vacuole?
LYSOSOMES
· Membrane-bound vacuoles with digestive enzymes (enzymes created in RER)
· Made by the golgi apparatus 
· They are also known as garbage collectors.  
· Can fuse with with food vacuole ( secondary lysosome
· digest macromolecules or bacteria that are in the cell
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digest worn-out organelles (autophagy) 
· cause self-destruction of cells when injured (autolysis) release..
· found in large numbers in WBCs which carry out phagocytosis
· lysosomal storage disease: instead of macromolecule being degraded, accumulate, crowd, swell, illness

· inability to make Lyso enzyme: LAD: Tay Sachs disease-cell that surrounds nerve cells cannot break down lipid and nervous system is affected. 6mo blindness, hearing movement, death 3-5 yrs
[image: image30.jpg]
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Peroxisomes
· similar to lysosomes but smaller
· bud off from ER

break down biological molecules and toxic substances (break down fats or produce bile salts from cholesterol in liver cells)

break down alcohol
· detoxify various substances such as alcohol and formaldehyde
· detoxify free radicals (oxygen with an extra electron; very toxic to cells) by converting them to (toxic) H2O2 which is then immediately converted to water and O2 gas by a enzyme catalase.  What if we could not make Catalase?
· break down fatty acids to be used for forming membranes and as fuel for respiration; 
· enzymes depend on function of cell-prevalent where fat is synthesized and broken down. Liver, bile salts
In your own words, describe the relationship between the smooth ER, vesicles, Golgi apparatus and lysosomes
MITOCHONDRIA:

· This is the power house of the cell.  
· Double-membraned - consist of a smooth outer membrane and a folded inner membrane surrounding the interior matrix.
· Inner membrane is very folded (increased surface area) = cristae 
· Inner fluid filled space – matrix.
· Matrix contains DNA, ribosomes, enzymes.
· Mitochondria have their own DNA and ribosomes
· site of oxidative metabolism-- consume oxygen, breakdown nutrients and produce ATP and CO2 (byproduct)
Chloroplasts

· Double membrane enclosing fluid filled space – stroma
· Interconnected layers of stacked disks called thylakoids. Stacks are called grana inside them. (granum)
· the individual sacks which make up a granum are called thylakoids.

· contain chlorophyl (in grana)
· site of photosynthesis: use solar energy to synthesize carbohydrates ( glucose) from carbon dioxide and water. This glucose can be converted into pyruvate which releases adenosine triphosphate (ATP) by cellular respiration. Oxygen is also formed.to produce ATP 
· Could we use chloroplasts for energy in our cells?
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CYTOSKELETON
· Extends from from nuc to pm
· Provides structure, support and shape
· It also serves as a monorail to organelles around the cell. Also achors them
· Movement of cell membrane, organelles, and cytoplasm 
· Includes:

a) microfilaments threadlike
b) microtubules thin hollow tubes, 
c) intermediate filaments
[image: image32.jpg]Copyright © The McGraw-Hill Companies, Inc. Penmiesion required for reproduicion or displey.
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Microfilaments or Actin filaments
· long, thin, solid, rod-like fibers of protein, 2 twisted chains of Actin and Myosin
· found everywhere within the cell
· work with microtubules:
a) provide skeletal framework for the cell cytoskeleton
b) assist in cellular movement (WBC)
c) anchor (and movement-chromosomes) of organelles 

· Myfibrils (microtubules in muscle tissue) myosin and actin work together to contract muscle

· stiffen microvilli (fingerlike projections of the cell membrane that increase the cell surface area)
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· in muscle cells, myosin is a motor molecule. The head interacts with ATP and actin and the tail interacts with the membrane. Myosin pulls actin filaments along, using ATP for energy. 
[image: image33.jpg]Copyright © The McGraw-Hill Companies, Inc. Penmiesion required for reproduiction or displey.
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Microtubules
· Long hollow tubes made of coiled protein called tubulin
· found in cilia, flagella and centrioles

· maintain cell structure
· provide platforms for intracellular transport (movement of secretory vesicles, organelles)
· major constituents of mitotic spindles, (pull apart chromosomes during cell division)
· Able to assemble and disassemble quickly
· provide strength and rigidity to cell ( give cells shape

· give cells motility ( structural component of cilia and flagella

· anchor organelles and guide the movement of organelles and vesicles

· structural component of centrioles ( form the mitotic spindles during cell division (migrate chromosomes) 
· Fibroblasts in animal tissue contain microtubules. The drawing shows that microtubules are hollow tubes composed of tubulin subunits. The skin cells of a chameleon rely on microtubules to move pigment granules around so they can take on the colour of their environment.
[image: image34.jpg]


Intermediate filaments
· composed of fibrous proteins
· support the nuclear envelope and the plasma membrane
· strengthen the cell (give it tensile strength – resists pulling) and help maintain its shape
· intermediate size between microtubules and actin filaments

· i.e. keratin fibres of skin are specialized intermediate filaments that make the skin strong and able to resist stretching

· neurofilaments strengthen the long axons of neurons
· hair strengthened by intermediate filaments
· provide supporting framework within the cell and stabilize the position of organelles

Microtubule Assembly: Centrosome contains mtubule organizing center

Microtubules radiate out from centrosome

Before cell division, microtubules disassemble then reassemble into a spindle, which attaches to chromosomes for proper distribution and participates in dividing the cell.
After cell division, the spindle disassembles and microtubules reassemble into their former arrangement.
Centriole:

· short cylinders with 9+0 pattern of microtubule triplets

· involved in microtubule formation and in the organization 

of cilia and flagella.
· Centrioles replicate before cell division and each pair becomes part of a centrosome. The centrosomes move apart at cell division.
· They attach to and move chromosomes during mitosis.
· create spindle apparatus during cell division
· also produce the basal bodies for flagella and cilia
· usually 2, on either side of the nucleus at 90O angles   
· Only in animals.
Centrosomes are composed of a pair of centrioles (at right angles) 
· Major microtubule organizing center for the cell.
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note – RBCs, skeletal muscle cells, cardiac muscle cells, and typical 
neurons do not have centrioles (unable to divide)

essential for chromosome movement during cell division (centrioles 
form the spindle apparatus during cell division) c

Cilia & Flagella:

· hair like microtubule projections, which use energy to
produce movement/locomotion 
· 9+2 (9 pairs of microtubules and two unpaired microtubules 
in the center)
· move as the pairs of tubules slide past each other.
· The protein dynein acts as a motor molecule [image: image9.png]The side arms
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· Both have basal body at base in cytoplasm
1. Same circular arrangement of microtubule triplest as centrioles and are belied to be derived from them. 
2. Initiates polymerization of the nine outer doublets of a cilium or flag
Cilia are short and numerous. 
· found in the respiratory and reproductive tracts

· Eg In trachea: coated in mucus, move upward, cough
· Or nasal cavity: move downward motion, swallow.

· move objects along a cell surface (versus flagella that move cells)

· Move by bending caused by the sliding of the enclosed microtubules (same as flagella)

FLAGELLA 
· long are long tail-like structure for locomotion.
· usually occur singly

· 9+2 (9 pairs of microtubules and two unpaired microtubules in the center)
· Provide mobility to sperm (only example of a flagellum in the human)

· Move by bending caused by the sliding of the enclosed microtubules

· Some bacteria
· Humans- sperm cells
1. Identify the structural makeup of actin filaments, intermediate filaments, and microtubules.

2. Describe the structures of cilia, flagella, and centrioles.

3. Explain how cilia and flagella move.

Answers

1. Actin filaments are composed of actin monomers, microtubules are composed of tubulin monomers, and intermediate filaments are composed of various types of fibrous polypeptides.
2. Cilia and flagella have a 9 + 2 pattern of microtubule doublets, while centrioles have a 9 + 0 pattern of microtubule triplets.
3. The dynein side arms on the microtubule doublets slide past each other using the energy of ATP.
Cell Wall 

· outside cell membrane

· never in animals

· shape, support, protection

Chloroplasts

autotrophic: capture sunlight for energy

only in plant cells
· made of cellulose (sugars linked with a peptide bond)

· very rigid (but porous) and difficult for animals to digest.

· three layers; primary cell wall, middle lamella, and secondary cell wall
See page 49 of text book for list of organelles and their functions.
Cell Structure video: 
https://www.youtube.com/watch?v=URUJD5NEXC8
Differences Between Plant and Animal Cells:
plant cells have a cell wall , animal cells don't

plant cells have plastids , animal cells don't

plant cells usually have a large central vacuole , animal cells don't

animal cells have centrioles , plant cells don't 

Why are cells so small? Ted video

acitivity: sA to volume calc

Conclusion: nutrients and wastes enter and exit cell respectively at it’s surface. 

Amount of surface area represetsn the ability to get material in and out of the cell 

A large cell requires more nturents and produces more wastes than a small cell (the volume represents the needs of the cells) 

But as volume increases, proportionate surface area decreases. 

A cell needs a Surface Area-to-volume considerations require that cells stay small. 

What cells would have high surface area? Those involved in absorption. microvilli

