Biology Exam Review
Endomembrane System

Endoplasmic reticulum: 

· network of membranous tubules and sacs (cisternae)

· space enclosed by membrane is called the cisternal space

2 types of ER

· smooth ER

· rough ER

Rough endoplasmic reticulum:

· Bound ribosome’s synthesize proteins that will end up in other compartments of the endomembrane system, or that will be secreted from the cell.

Most proteins made on the rough ER go to the golgi complex which packages and sorts them out for delivery to their final destinations

Smooth Endoplasmic reticulum:


Does not have ribosomes
Has primarily a metabolic function:

· Lipid metabolism

· Carbohydrate metabolism

· Drug and xenobiotic metabolism

· Enzymes convert drugs, poisons and toxic byproducts of cellular metabolism into substances that can be tolerated or more easily removed from the body

Golgi apparatus:

· Important for the processing of proteins that were synthesized on the ER

Endocytosis: materials from outside of the cell are enclosed in a segment of the plasma membrane that pockets inward and pinches off as an endocytic vesicle

Exocytosis: a secretory vesicle fuses with the plasma membrane and spills the vesicle contents to the outside. Vesicle becomes a part of the plasma membrane. 
Lyosomes:
· Contain digestive enzymes
· Lyosomal proteins are most active at low (acidic pH)
· These enzymes break things down, so they would be dangerous if they escaped, which is why pH is so low
· They will become less active
Vacuoles ( plants):

· Central vacuole: stores macromolecules, ions, pigments, toxins (plants) 
· Contractile vacuole: stores water (protists)
Mitochondria and chloroplasts are the organelles that convert energy to forms that cells can use for work

Mitochondria: site of cellular respirations, generating ATP from the catabolism of sugars, fats and other fuels in the presence of oxygen

Chloroplast: found in plants and eukaryotic algae, are the site of photosynthesis. They convert solar energy to chemical energy, produce oxygen, and synthesize new organic compounds from CO2 and H2O.

Theory of endosymbiosis:
Both mitochondria and chloroplast are decendants of prokaryotic cells

1. Morphology of bacteria, mitochondria, and chloroplasts. (the form or shape is similar)

2. Reproduction of mitochondria and chloroplasts (are derived only from pre existing mitochondria and chloroplasts)

3. Genetic information encoded in mitochondria and chloroplast (contain separate DNA which contain protein-coding genes that are essential for organelle function)

4. Can generate ATP through electron transport processes

Peroxisomes

· Contain enzymes that transfer hydrogen from various substrates to oxygen

· Main function is to break down fatty acids (transported to mitochondria for fuel)

· An intermediate product of metabolic processes is hydrogen peroxide (H2O2) which is a posion

· Peroxisomes have enzymes (catalase) that convert H2O2 to water

· They segregate harmful things to protect the cell

Cytoskeleton:

· Interconnected system of protein fibres and tubes that extends throughout the cytoplasm

· Cytoskeleton of animal cells contain microtubules, intermediate filaments, and microfilaments
· Cytoskeleton less prominent in plants because plans have the support of the cell wall and large central vacuole

General Functions:

· Maintain cell shape

· Cell locomotion

· Cell division

a) Movement of chromosomes during mitosis

b) Physical division of the cell (cytokinesis)

· Movement throughout the cell

· Specialized functions in some cells (ex. Muscle contraction in muscle cells)

Protein Fibres

Microtubule (α-tubulin, β-tubulin, y-tubulin)

· Maintains cell shape

· Cell locomotion

· Chromosomal movement during mitosis

· Organelle movement

Intermidiate filament (keratins)

· Mechanical strength to cells

· Tissue specific roles

· Anchorage of the nucleus and other organelles

· Formation of the nuclear lamina

Microfilament (actin)

· Maintains cell shape

· Muscle contraction

· Cell division

· Cytoplasmic streaming

· Cell motility

Cell junctions
Anchoring junctions: create flexible adherence points and are anchored beneath their plasma membrane by the cytoskeleton

Important flexible tissues = skin tissue

Tight connections: form between adjacent cells. The seal is tight enough to prevent leaks of ions of molecules between cells

Direct channels: allow small molecules and ions to flow between the cytoplasm of adjacent cells.

Advantages of compartmentalization

1. Separation of function

a) Physical separation of molecules

b) Simplification of metabolism

2. Isolation of potentially harmful products

3. Organelles increase quantity of membrane as a function of volume

Biological macromolecules are complex polymers that are assembled from simple building blocks (monomers)

Polymers are built up by dehydration (condensation) reactions and broken down by hydrolosis

Dehyration: the components of a water molecule are removed as subunits join into a larger molecule

Hydrolosis: the components of a water molecule are added as molecules are split into smaller subunits.

	
	Polymer 
	monomer

	1. Lipids
	Triacylglycerol
	Glycerol

Fatty acids

	
	phospholipids
	Glycerol phosphate derivative

Fatty acids

	
	
	Steroids (cholesterol derivatives)

	2. Carbohydrates 
	polysaccarides
	Monosaccharide’s(simple sugars)

	3. Proteins 
	polypeptides
	Amino acids

	4. Nucleic acids
	DNA and RNA
	nucleotides


Dissacharide: 2 monosaccarides joined by glycosidic bond 

Glycogen: A branched polymer of glucose molecules joined by a α(1-4) linkage that provides a mobilizable source of glucose in animals

Advantage of branch structure:

· Multiple branches are hydrolyzed at the ends by enzymes

· Quicker than just 1 branch

      Cellulose: a polymer of glucose molecules joined by β-(1-4) linkages that is very difficult to break down
Proteins are polymers of amino acids

Amino acids are joined by peptide bonds
Cofactors (prosthetic groups) 

· A nonprotein compound that is bound to a protein and is essential for that protein’s function

· Many vitamins and minerals act as cofactors

Polynucleotides: such as DNA and RNA are polymers of nucleotides
Nucleotides are joined together by phosphodiester bonds

Lipids: a diverse group of molecules that share the property of being hydrophobic 

Fatty Acids: glycerol and fatty acids are joined together by ester linkages

Phospholipids
· Consists of a head group attached to two long chains of carbon and hydrogen, called a fatty acid
· The head group consists of glycerol linked to one of several types of alcohols or amino acids by a phosphate group
Phospholips are amphipathic – molecule contains a region that is hydrophobic (water fearing) and a region that is hydrophilic (water loving). 

Fatty acid chains of a lipid are non-polar, the phosphate containing head group is polar

Polar molecules tent to be hydrophilic
Non polar molecules tend to by hydrophobic
Saturated: all the carbons are bound to the maximum number of hydrogen atoms
Unsaturated: the 2nd fatty acid contains a carbon-carbon double bond

Fully saturated fatty acids are linear, which allows lipid molecules to pack tightly together. Lipid molecules with one or more unsaturated fatty acids are prevented from packing closely together because the presence of double bonds introduces kinks in the fatty acid backbone. As a result, the more unsaturated the fatty acids of the lipid molecules, the more fluid the membrane. 

Fluid Mosaic model: proposes that membranes are not rigid with molecules locked into place but rather consists of proteins within a mixture of lipid molecules the consistency of olive oil.

Frye- Edidin Experiment:

· Membranes consist of a fluid lipid bilayer in which proteins are embedded and float freely

· Simple membrane has consistency (fluidity) of olive oil

Movement of phospholipids in Membranes
· Phospholipids have a high degree of lateral movement, do not flip flop across the membrane
· Fluidity decreases with temperature
· Unsaturated fatty acids increase fluidity at low temperatures
· Role of desaturases in modulating membrane fluidity at low temperatures
Cholesterol modulates the fluidity of membranes

· Increases fluidity at low temperatures
· Decreases fluidity at high temperatures
Proteins in membranes

· Integral membrane proteins (IMPs)  are embedded into the membrane
· Hydrophobic interactions between fatty acids and hydrophobic amino acids in the protein
· Peripheral proteins bind to the exterior of membranes
· Proteins have relatively slow lateral movement in the membrane
How do molecules move through membranes?
The membrane is selectively permeable

· Very limited number of molecules can cross

a) Hydrophobic molecules (oxygen, hydrocarbons) pass through the molecule easily

b) Polar but uncharged molecules

· Very small molecules such as H2O and CO2 can pass between the lipids of the bilayer

· Larger molecules (glucose, sugars) cannot pass

c) Charged molecules cannot pass

· Even small ions such as H+ and Na+ cannot pass easily through the membrane

Passive membrane Transport:

· Molecules move high-low concentration
· Process is called diffusion

· Does not need chemical energy- ATP

· The larger the gradient, the faster the rate of diffusion

Facilitated Diffusion:

· Some substances cannot pass freely through the membrane, but can diffuse with the help of a transport protein
· Net flow of molecules along the concentration gradient

· When the gradient falls to zero, diffusion stops

Facilitated diffusion is carried out by 2 types of transport proteins
Channel proteins

· Form hydrophilic (water loving) pathways in the membrane through which molecules can pass

· Channel helps the diffusion of molecules by providing an avenue that is shielded from the hydrophobic core of the bilayer

· Channel proteins are involved in the transport of water

The diffusion of water is facilitated by water specific transport proteins called aquaporins
· Narrow channel with positive charges in the center that are to repel the transport of protons\

Gated Channel

· Transporters switch between open, closed, and intermediate states

· Critical to the movement of most ions (Na+, K+, Ca2+, Cl-)

· Gates may be opened or closed by changes in voltage across the membrane, or by binding signal molecules

Carrier Proteins

· Carrier proteins bind to a single specific solute, such as a sugar molecule or amino acid, and transports it across the lipid bilayer

· The solute binding site moves from one side of the membrane, to the other 

Active Transport
· Occurs when molecules are transported across the membrane against the concentration gradient

· Active transport is carried out by proteins

· Requires the input of energy (ATP)

· Are specific to the molecule being transported

· Can be saturated

· Includes complex systems such as pumps and cotransporters
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