Biology 1A03 
Chapter 3 - Protein Structure and Function
The hypothesis that chemical reactions in the atmosphere and ocean of Ancient Earth led to the formation of the first complex carbon-containing compounds
· This is called chemical evolution
· The pattern is that increasingly complex carbon-containing molecules formed in the atmosphere and ocean of Ancient Earth
· Due to conversion of energy from sunlight (and other sources) into chemical energy in the bonds of large molecules
· The theory can be broken down into four steps
· Chemical evolution began with the production of small organic compounds such as formaldehyde and hydrogen cyanide with reactants such as hydrogen, carbon dioxide and methane
· Simple organic compounds react to form mid-size molecules called amino acids, nitrogen bases and sugars
· Molecules accumulated in the shallow waters of ancient ocean forming a complex solution called the prebiotic soup
· Mid-size molecules linked to form the types of large molecules found in cells today
· Each molecule is made up of chemical subunits
· Proteins  amino acids
· Nucleic acids  nucleotides
· Complex carbs  sugars
· Life became possible when one of the large molecules made a copy of itself
· Began to multiply by means of chemical reactions that it controlled

Stanley Miller
· Can complex organic compounds be synthesized from simply molecules present in earth’s early atmosphere and ocean?
· Experiment was set up to replicate a smaller lab-sized version of Ancient Earth
· A large flask contained gases methane, ammonia and hydrogen all which have high amounts of free energy (energy that can do work)
· Held gases to replicate the atmosphere
· A smaller flask was connected to the large flask by glass tubing
· Held water to replicate the ocean
· Water was boiled constantly to connect the ocean and atmosphere
· Added water vapour to the experiment
· As it cooled and changed to liquid, it flowed back into smaller flask
· Helped recreate the prebiotic soup
· Miller sent electrical discharges across electrodes
· Held electric charge to replicate lightening
· The samples eventually turned red and were found to contain hydrogen cyanide and formaldehyde
· Sparks and heating lead to the synthesis of compounds that are the building blocks of proteins – amino acids

Amino Acid and Polymerization
Cells in body produce tens of thousands of distinct proteins. Most of the molecules are composed of just 20 different building blocks called amino acids
Amino acids have the following
· Amino functional group
· Carboxyl group
· Hydrogen atom
· R-group

There are three categories of amino acids
· Nonpolar side chains
· No charged or electronegative atoms to form hydrogen bonds 
· Not soluble inwater
· Polar side chains
· Partial charges can form hydrogen bonds
· Soluble in water
· Electrically charged side chains
· Charged side chains form hydrogen bonds
· Highly soluble

A molecular subunit such as an amino acid is called a monomer
When monomers bond together, it results in polymer
The process of linking monomers together is called polymerization

Monomers polymerize through dehydration reactions

Dehydration  water out, monomer in
Hydrolysis  water in, monomer out
· Hydrolysis is favoured more because it’s is exergonic

Amino acids polymerize when they form a bond between a carboxyl group of one amino acid and an amino group of another
· This results in a C-N bond called a peptide bond
· Results in water coming out (dehydration synthesis)

Peptide bonds are stable because the electrons involved are partially shared with the carbonyl group 
· Results in characteristics such as a double bond

Functions of Proteins:
· Catalyze reactions (these proteins are called enzymes)
· Defence (these proteins are called antibodies)
· Movement (such as actin and myosin)
· Signalling (sugar level is low, glucagon binds with proteins on liver cells to release sugar)
· Structure (fingernails, hair)
· Transport (allowing molecules to enter/leave the cell)

Proteins can serve diverse functions because they are diverse in size and in chemical properties due to the amino acids

Every protein has a unique sequence of amino acids
· This is called the primary structure
· Stabilized by peptide bonds
· There are many possible combinations of protein sequences, however one change can drastically alter its function
· Hemoglobin can have a valine amino acid instead of a glutamate
· Results in sickle cell disease, when the red blood cell changes to a sickle-cell shape
· Can block capillaries and cause downstream cells to be starved of oxygen
· Structure relates to function

Secondary Structure is stabilized by hydrogen bonding between carbonyl and hydrogen
Hydrogen bonding only occurs when the polypeptide chain is structured in one of two ways
· Alpha helix (coiled)
· Beta pleated (sheets)
· The structure that a polypeptide forms depends on the primary structure (specifically the geometry and properties of the amino acids)
· A protein’s secondary structure is based on the primary structure

The tertiary structure of a protein is the overall shape of the polypeptide
· Stabilized by the interactions between R-groups and the peptide bone
· Each contact between these two causes bending and folding, giving overall 3D shape
· There are five types of interactions 
· Hydrogen bonding
· Between hydrogen atoms and carbonyl group
· Hydrophobic interactions
· Hydrophobic side of chains tend to form globular masses
· Van der Waals 
· Hydrophobic side chains are close to each other, they are stabilized by these interactions
· Covalent bonding
· Ionic Bonding

The Quaternary Structure is produced by combinations of polypeptides (multiple tertiary structures)
· Stabilized between bonds and other interactions between R-groups, and between peptide backbones of different polypeptides

Folding is often facilitated by specific proteins called molecular chaperones
· Called heat shock proteins
· These are produced after cells experience high temperatures 

Some improperly folded proteins act as infectious, disease causing agents called prions
· Amino acid sequence is the same, however their shapes are drastically different
· Prions are able to infect a neighbouring cell just by simply touching it
· Lead to Mad cow disease which degenerates the brain
· Many cows had to be burned to denature the protein and to prevent further spread of the disease

Chapter 4 – Nucleic Acids and the RNA World
Biology 1A03 – Nucleic Acids and the RNA world
· Life began as a polymer called a nucleic acid (RNA)
· Also known as the RNA world hypothesis
· Chemical evolution led to the existence of an RNA molecule that could make a copy of itself
· What is a nucleic acid?
· Nucleic acids are made up of nucleotides
· Contains three components
· Phosphate group
· Bonded to the sugar molecule
· Sugar
· Organic compound with a carbonyl group and several hydroxyl groups
· Bonded to the nitrogen base
· Nitrogen base
· There are two types of nucleotides
· Ribonucleotides 
· Sugar is ribose
· There are four types of ribonucleotides, each with different nitrogen base
· Purines
· Adenine 
· Guanine
· Pyrimidines 
· Cytosine
· uracil
· Deoxyribonucleotide
· Sugar is deoxyribose 
· Lacks oxygen at the 2’ carbon
· There are four types of deoxyribonucleotides
· Adenine
· Guanine
· Cytosine
· Thymine
· Could Chemical Evolution Result in the Production of nucleotides?
· No one has observed the formation of a nucleotide via chemical evolution
· Simulations have shown that sugars can be synthesized under conditions similar to prebiotic soup
· Formaldehyde heated in solution will react with one another to form sugars with five or six carbons
· In order for RNA and DNA to form, ribose would have to be the most dominant sugar produced
· How this came to be remains a mystery, called the ribose problem

· How do nucleotides polymerize to form nucleic acids?
· Nucleic acids form when nucleotides polymerize 
· Polymerization reaction involves formation of a bond between the phosphate group and hydroxyl group (sugar component) of another nucleotide
· This is called phosphodiester linkage 
· Joining 5’ carbon of one nucleotide to 3’ of the other
· Removes water in the process
· Sequence of base found in RNA or DNA is always written in 5’ 3’
· Additional bases are added to the 3’ of the backbone

· Polymerization is a endergonic process
· Polymerization reactions are catalyzed by enzymes
· The addition of phosphate groups raises the potential energy of substrate molecules enough to make an endergonic reaction possible

· DNA structure and Function
· Secondary structure of nucleic acids is formed by hydrogen bonding between nitrogen bases
· DNA strands are antiparallel 
· Sugar-phosphate backbones end up on the outside of the spiral and the nitrogenous bases on the inside
· A-T and C-G pairing are complementary
· A-T creates two hydrogen bonds
· C-G creates three hydrogen bonds
· Slightly stronger than A-T
· Twisting occurs because it allows nitrogenous bases to line up in a way that makes hydrogen bonding possible between them
· Creates a hydrophobic interior but a hydrophilic exterior due to the phosphate backbone that faces the exterior of the molecule
· Overall the molecule interacts with water

· DNA as an information-containing molecule
· Watson and Crick model explains how DNA can store information
· A sequence of representing information  is similar to a sequence of letters to make up a word

· Is DNA a catalytic molecule?
· Symmetric, held by hydrogen bonding, hydrophobic
· Few chemical groups to participate in chemical reactions
· Less reactive than RNA, therefore more resistant to degradation 
· Structurally, RNA differs from DNA
· DNA has only primary and secondary structure, RNA can have primary, secondary, tertiary and quaternary
· DNA contains deoxyribose, RNA contains ribose
· DNA contains thymine, RNA contains uracil
· RNA evolved before DNA
· DNA contains different nucleotides for two reasons
· Makes it easier to repair
· Allows cells to distinguish between RNA and DNA
· RNA secondary structure contains A-U and C-G pairing
· C-G has three hydrogen bonds, A-U only two

· RNA is a versatile molecule
· Cannot archive information as well as DNA
· Process information stored in DNA
· Synthesize proteins
· Defend against attack by viruses
· RNA is an information-containing molecule
· It can function as an information-containing molecule
· It can furnish the information required to make a copy of itself
· When RNA is copied free ribonucleotides form hydrogen bonds with the complementary bases on the original strand to make the copy strand
· Sugar and phosphate groups form phosphodiester linkages to produce the copy strand
· RNA primary sequence serves as a mould
· RNA can function as a catalytic molecule
· It is more restricted because it can only work with 4 nitrogen bases
· Secondary structure – limits its abilities
· Ribozymes exist in organisms
· Tetrahymena catalyzes the hydrolysis and condensation reactions of phosphodiester linkages
Chapter 5 – Introduction to Carbohydrates
Biology 1A03 – Carbohydrates

· There are four types of macromolecules in the human body
· Proteins, nucleic acids, carbohydrates and lipids
· A monomer of a carbohydrate is called a monosaccharide
· A small polymer of a carbohydrate is called an oligosaccharide
· A large polymer of a carbohydrate is called a polysaccharide
· Chemical formula for carbohydrate is (CH2O)n 
· Molecules with a carbonyl and several hydroxyl groups and C-H bonds

Sugars as monomers
· Sugar provides chemical energy in cells and furnish some of molecular building blocks required for synthesis of larger, more complex compounds

How Monosaccharides Differ
· Carbonyl group found at the end of the sugar chain is called an aldehyde sugar
· Carbonyl group found in the middle of the sugar chain is called a ketone sugar
· shows that they vary by the location of the carbonyl group
· Sugars with three carbon is called triose, sugars with five carbons are called hexoses 
· Shows that monosaccharides can vary by the number of carbons
· Glucose and galactose share the same chemical formula (C6H12O6) 
· However, they do not share the same structure
· Sugars are often found in cyclic structure when in an aqueous solution
· C1 forms a bond with C5 hydroxyl, and carbonyl group becomes hydroxyl 
· Resulting hydroxyl can either be oriented above or below plane
· Produces alpha glucose and beta glucose

Monosaccharides and Chemical Evolution
· Most monosaccharides are readily synthesized under conditions that mimic the prebiotic soup
· When formaldehyde is heated in a solution, it reacts and produces almost all sugars
· These sugars were also found on the Murchison meteorite
· Suspected that sugars were synthesized in hot water near undersea volcanoes
· Suspected that sugars were synthesized on dust particles and other debris in space and could have rained down on Earth
· However, this appears highly unlikely that monosaccharides were able to polymerize to form polysaccharides found in cells today

Structure of Polysaccharide
· Simplest polysaccharide is called dissacharide
· When simple sugars polymerize due to the condensation of two hydroxyl groups, it forms in a covalent bond called glycosidic linkage
· The location and geometry of glycosidic linkages can vary among polysaccharides

Starch: Storage polysaccharide in plants
· In plant cells, monosaccharides are stored for later use in the form of starch
· Consists entirely of alpha-glucose monomers
· Starch is a mixture of two polysaccharides
· Amylose
· Amylopectin
· Branching of this strand is created by glycosidic linkage between C1 and C6
· Occurs 1 out of every 30 monomers

Glycogen: Storage polysaccharide in animals
· Glycogen is stored in the liver and muscles of humans
· When exercising, liver releases glycogen so that it can be broken down into glucose monomers
· Then processed into the muscle cells to supply energy
· Glycogen is exactly the same in structure as amylopectin
· However, branching occurs 1 out of every 10 glucose subunits

Cellulose: Structural Polysaccharide in Plants
· Cellulose is the main component of the cell wall found in plants
· Cellulose is a polymer of beta glucose monomers
· Geometry of the bond is arranged in a way that the monomer is flipped in relation to the one next to it (from glycosidic linkage)
· Overall generates a linear molecule
· Permits hydrogen bonds to form between strands
· Provides structural support

Chitin: Structural Polysaccharide found in Animals
· Monosaccharide involved is called N-acetylglucosamine
· Joined by beta 1.4 glycosidic linkages
· Orientation is similar in cellulose

Peptidoglycan: Structural polysaccharide in bacteria
· Peptidoglycan provides cell walls strength and firmness
· Long backbone, formed by two monomers that alternate with each other and linked by beta 1,4 glycosidic linkages
· Amino acid is attached to one of two sugar types

Polysaccharide and Chemical Evolution
· Cellulose is the most abundant organic compound on earth
· All organisms manufacture glycogen or starch 

What do carbohydrates do?
· Help synthesize amino acids and other complex molecules
· Give strength and elasticity (chitin, cellulose and peptidoglycan) 
· Almost all organisms can break apart linkage of starch and glycogen, but few organisms can break apart chitin, peptidoglycan and cellulose
· Durability of cellulose aids in digestion
· Absorbs water and does not get digested as it moves through the gut
· Adds moisture to feces, making it easier to move through tract

The role of Carbohydrates in Cell Identity
· They display important information
· Acts as a signage on the outer surface of the plasma membrane that surrounds the cell
· Glycoproteins aid in cell recognition and cell-cell signalling
· Used to distinguish between foreign cells and body cells

The role of carbohydrates in energy storage
· Carbohydrates store and provide chemical energy for cells
· Energy in sunlight is transformed into chemical energy that is stored in the C-H and C-C bonds of carbohydrates
· Covalent bonds of C-H have high potential energy due to the equal sharing of electrons
· C-O bonds have low energy because the oxygen atom holds the electrons tightly

Enzymes Hydrolyze carbohydrates to release glucose
· Starch and glycogen are efficient because they polymerize via alpha linkages instad of beta linkages
· Alpha linkages readily hydrolyze, while beta resists degradation 
· Glucose subunits are processed in reactions that result in production of chemical energy that can be used in the cell
· Similar to candy bar with segments – you break off a piece whenever you need a boost
· Phosphorylase helps break down glycogen to provide glucose on demand
· Amylase breaks down starch alpha-linkages
· Secreted in the mouth and small intestine

Energy stored in glucose is transferred to ATP
· When a cell needs energy, exergonic reactions lead to breakdown of glucose and capture released energy through synthesis of ATP
· Synthesized through precursor of ADP and inorganic phosphate
· Carbohydrates store chemical energy, ATP spends it

[bookmark: _GoBack]Chapter 6 – Lipids and Fats
Classes and Functions
· phospholipids, glycolipids and steroids
· membrane structure and function
· other steroids
· hormones and regulators
· triglycerides
· food storage
· waxes
· bee hives and plant leaves surfaces for the protection against H2O loss


Amphipathic lipids containing hydrophillic and hydrophobic elements
	hydrophillic head, hydrophobic tails


Why are membranes importance?
· membranes allow for compartmentalization
· compartments
· may contain different enzymes
· may produce different products
· may increase metabolic capacity


The plasma membrane separates life from non-life
· layer of molecules that surrounds the cell interior and separates it from the external environment
· It serves as a selective barrier by keeping damaging compounds out and allows good compounds to come into the cell
· The plasma membrane isolates the necessary compounds in an enclosed area, therefore the reactants collide more easily and the reactions that help life occur happen more efficiently


Lipids do not dissolve in water because they have a significant hydrocarbon component
· C-H bond is non-polar, therefore the molecule would have no charge
· likes dissolve likes
· A fatty acid consists of hydrocarbon and a carboxyl group attached


There are three types of lipids found in cells
· fats
· three fatty acids attached to a molecule called a glycerol
· linked together by ester linkage
· why do fats store a great deal of chemical energy?
· also known as triglycerides
· Steroids
· bulky, four ring structure shown in orange
· steroids vary by the R-group attached to the rings
· Phospholipids
· consist of a glycerol that is linked to a phosphate group and chains of fatty acids or isoprene
· phosphate group is attached to organic molecule that is either charged or polar
· phospholipids with isoprene is found in archaea 
· phospholipids with fatty acid is found in bacteria and eukarya 
· importantt component of the plasma membrane


Structure of the Membrane Lipids
· membrane forming lipids have a polar, hydrophillic region and a non-polar, hydrophobic region
· water does not interact with the non-polar region of the molecule
· compounds that contain both hydrophilic and hydrophobic regions are called amphipathic 


Phospholipid bilayer
· the lack of interaction with water drives the hydrophobic tails together
· there are two types of structures that phospholipids form
· micelles: tiny droplets created when the hydrophillic heads face the water and hydrophobic tails are away
· lipid bilayers: two sheets of phospholipid molecules align
· micelles form with short tails, bilayers form with longer tails
· micelles and bilayers are stable energetically than independent phospholipids
· have lower potential energy than independent in solution
· independent is unstable because hydrophobic tails get in the way of hydrogen bonds forming
1. amphipathic molecules are more stable when their tails avoid water


Selective Permeability of Lipid Bilayers
· Small, non polar molecules more across bilayers quickly
· large and charged molecules cross slowly, if at all
· ions are unable to move across membrane on its own
· requires help in the form of membrane proteins
· small polar molecules such as glycerol and water can pass immediately


How does lipid structure affect membrane properties?
· hydrocarbons without double bonds are called saturated fats
· butter, beeswax
· hydrocarbons with double bonds are called unsaturated fats
· safflower oil, liquid form at room temperature
· double bonds in tails can cause ‘kinks’ or bends in the tails
· allows FAT to be spaced out a lot further, which allows fluidity 


Bond saturation and hydrocarbon chain length change membrane fluidity and permeability
· when hydrophobic tails have kinks, this creates space among tightly packed tails
· this reduces the strength of the interaction between the tails
· hydrocarbon interactions are stronger as the saturated hydrocarbon increases in length
· lipid bilayers are more permeable and fluid when they are short, unsaturated hydrocarbon tails
· interior is held together less tightly, so more materials can pass
· membranes lacking cholesterol are more permeable
· As temperature drops, individual molecules in the layer move more slowly
· hydrophobic tails are held together more tightly 
· The speed that molecules move within and across membranes is determined by temperature and the structure of the hydrocarbon tails in the bilayer


Why molecules move across lipid bilayers: diffusion and osmosis 
· osmosis only occurs when solutions are separated by a selectively permeable membrane


Osmosis
· water diffuses from less concentrated solution (hypotonic)
· a more concentration solution (hypertonic)
· look up terms of plants when they are in hypotonic, hypertonic and isotonic solution


Contractile vacuole of paramecium 


Fig 6.20 (davson-danielli sandwich model)
· cell membrane are constructed like a ‘sandwich’


Fluid-mosaic model
· membranes are a mosaic of phospholipids and different types of proteins


Systems for studying membrane proteins
· detergents explain what they are


Transport Proteins
· ion channels
· moving ions from areas of high concentration to areas of low concentration
· aquaporins are channels that allow water to cross the membrane ten times faster than it does in absence of these channels
· admits water but not other small molecules or ions
· gated channels
· open and close in response to binding of a particular molecule on the outside of the membrane
· the flow of ions and small molecules through membrane channels are carefully controlled
· in most cases, the movement of molecules is passive
· does not require energy (ATP)
· powered by diffusion along an electrochemical gradient
· active transport requires ATP to move against the concentration gradient
· facilitated diffusion is the passive transport of substances that otherwise would not cross a membrane easily
· carrier proteins or transports
· secondary active transport is when a gradient set up by pump provides energy required to power the movement of different molecules throughout the memberane against its particular gradient 



Why is membrane fluidity importance?
· permits useful nutrients to be transported into the cell
· without it, cannot reproduce, grow, create chemical reactions necessary for life
· permits harmful wastes to be transported out of the cell
· dont want the cell to poison itself


Membrane fluidity is related to:
· presence of unsaturated or saturated fatty acids 
· unsaturated hydrocarbon tails have one or more double bonds
· each double bond forms a kink which results in the fatty acid tails spaced apart and polar heads loosely packed
· decreases the strength of interactions between adjacent hydrocarbon tails resulting in a ‘fluid’ state
· number of carbons in the fatty acid tail
· cholesterol 
· good and bad cholesterol - look up
· ice cream plant is able to grow at cool temperatures
· ambient temperature
· higher temperatures increase fluidity
· as temp. decreases, strong hydrophobic interactiosn between saturated hydrocarbon tails cause them to solidify more readily in comparison to unsaturated hydrocarbon tails


Fracture cell:
· strike frozen cell with a knife
· separate the parts, fracture split the lipid bilayer. Prepare cell surface for scanning electron microscopy
· hydrophobic region had pits and mounds which support the fluid
· mosaic model 


LOOK UP INTEGRIN AND HOW DOES IT RELATE TO MEMBRANE STRUTURE
Integrins are transmembrane protein that connect to fibronectins in the extra cellular matrix to the inside of the cell
· found embedded on the membrane


Exterior of the phospholipid bilayer
· peripheral proteins


· facilitated diffusion is passive, faster than simple diffusion
· example: glucose transport
· occurs down a concentration gradient
· active transport
· requires energy (ATP)
· found in neurons
· occurs against a concentration gradient
BOTH involve transport membrane proteins 


Cystic Fibrosis
· accumulation of mucus in the lungs
· the CFTR protein is a chloride ion channel
· CF patients have thickened mucus in their lungs
· CF patients form an abnormal type of CFTR protein, which results in chloride ions not being moved properly
· water stays within the cells causing the build up of mucus in the lungs


TRANS FATS
*why are they so bad for us?
· partially hydrogenated oils
· unsaturated fats have been chemically altered to be more saturated by adding H atoms
· why are they used?
· maintain semi-solid texture and flavour lasts longer
· causes cardiovascular disease, reduces membrane integrity and free radical damage



Chapter 7 – Inside the Cell
Bacterial and Archaeal Cell Structures and Their Functions
Eukaryotes have a nucleus, prokaryotes do not
According to morphology, there are two categories - prokaryotes and eukaryotes
According to phylogeny, there are three - bacteria, archaea and eukarya 
· members of bacteria and archaea are prokaryotic
· members of fungi, plants and animals are eukaryotic


A Revolutionary New View
· bacteria chromosome is single and circular
· consists of large DNA associated with small number of proteins
· DNA provides information, proteins provide structural support
· DNA contains genes
· information in DNA
· bacteria chromosome is 500 times longer than itself
· DNA double helix forms a ‘supercoil’ to be highly compact in the tiny cell
· bacterial chromosomes are found in the nucleoid
· center of the cell, takes up 20% of cell volume
· bacteria cells contain one or hundred of DNA moecules called plasmids
· contain genes but are independent of the main chromosome
· help cells adapt to unusual conditions such as presence of a toxin
· Observed in all prokaryotic cells that ribosomes are found throughout the inside of the cell
· not unusual to find over 10,000 of them
· consists of RNA and proteins
· known as ‘molecular machines’
· organelles are membrane-bound compartments inside the cell that contains enzymes/structures specialized for a specific function
· storing calcium
· holding crystals
· organizing enzymes
· sequestering enzymes
· bacteria and archaea contain long, thin fibres that serve as a structural role
· basis of the cytoskeleton made up of long polymers of globular proteins
· responsible for the cells shape
1. cell division
1. transport of plasmids
1. organization of the cell’s interior
· contents inside the cell are referred to as the cytoplasm
· flagella allows bacteria to swim through water
. located on the surface of the cell
· stiff cell wall is present since the cytoplasm is hypertonic, allowing water to go inside the cell
. allows the cell’s volume to expand
. gives its shape and rigidity 
2. lipids that contain carbohydrate groups are called glycolipids


Benefits of Organelles
Large cells such as eukaryotes can make a living by ingesting bacteria/archaea 
However, ATP, ions and water cannot diffuse across the membrane as quickly
· Benefits of having multiple organelles
· incompatible chemical reactions can be separated
· new fatty acids can be synthesized in one organelle, while damaged acids can be fixed in another
· chemical reactions become more efficient
· substrates required for reactions can be localized into specific organelles
· if substrates are used up on a particular part of an organelle, it can easily be replaced by substrates that only have a short distance to diffuse
· groups of enzymes can be clustered together instead of floating free in the cytoplasm
3. when the product of one reaction is the substrate of another reaction catalyzed by another enzyme, clustering the enzymes increases efficiency 


Differences between Eukaryotes and Prokaryotes
· eukaryotic chromosomes are found within the nucleus
· eukaryotes are larger
· eukaryotic cells contain extensive amounts of internal membrane
· eukaryotic cells have a dynamic and diverse skeleton
· prokaryotes do not have centrioles 


Eukaryotic Cell Structures
The nucleus  contains the chromosomes and functions as the information storage and processing center
· enclosed by a double-membrane called the nuclear envelope
· contains pore-like openings
· inside surface is linked to proteins called the nuclear lamina which maintains the structure
· chromosomes are attached to the lamina
· membrane-bound sacs that are connected to the envelope is called the endoplasmic reticulum
· rough ER contains ribosomes embedded in its membrane
1. ribosomes synthesize proteins
1. interior of RER is called the lumen
2. where newly-manufactured proteins undergo folding
1. products of RER are packaged into vesicles and transported to
various destinations, majority to the surface of the cell and beyond


· smooth ER contain enzymes that catalyze reactions involving lipids
· may synthesize or breakdown lipids
· manufacturing site for phospholipids
· serves as a reservoir for calcium ions (storage facility)
· detoxification of harmful materials
· no embedded ribosomes
· contains a region called the nucleolus where RNA molecules are manufactured and large ribosomal subunits are assembled
· the products of RER pass through the golgi apparatus before they reach their final destination
· contains flattened sacs called cisternae which are stacked on top of each other
· a site for protein processing, sorting and shipping 
· RER products are processed and packaged for delivery to golgi apparatus
· has a distinct polarity
· ‘cis’ surface is closest to RER
1. receives products from RER
3. ‘trans’ surface is closest towards plasma membrane
2. ships products (From RER) towards the surface
3. goes from ‘cis’ to ‘trans’
· the cytoplasm consists everything except the nucleus
. fluid portion is called cytosol
· eukaryotic ribosomes are complex molecular machines that manufacture proteins
. are not considered organelles because they do not have a membrane
. two components
2. large and small subunit
1. come together and translation of messenger RNA to make proteins
· all eukaryotes contain peroxisomes that have a single membrane and originate from the ER
. center for oxidation reactions
1. removing electrons from atoms and molecules
. different types of peroxisomes contain different suites for oxidative enzymes
2. peroxisomes in liver create products that are harmless
. contains catalase
3. converts hydrogen peroxide to oxygen and water
· in plant leaves,peroxisomes called glyoxysomes are packed with enzymes that oxidize fats and form a compound that can be used to store energy for the cell
1. plant seeds contain peroxisomes that releases energy from stored fatty acids
· the lysosome is the digestive center
. contain 40 different enzymes that break up specific molecules
1. broken products are then recycled or excreted
. single membrane organelles
. acidic interior
. enzymes (Acidic hydrolase) to break down macromolecules 
. solid waste processing and materials storage 


There are two ways that materials are delivered to lysosomes in animal cells:
· autophagy
· ‘same eating’
· damaged organelles are surrounded by a membrane and delivered to a lysosome
· components are then digested and recycled to the cytosol
· phagocytosis
· ‘eat cell act’
· plasma membrane of a cell surrounds a smaller cell or food particle and engulfs it
· forms a structure called a phagosome
1. taken to a lysosome and is digested
· receptor-mediated endocytosis
. macromolecules outside the cell bind to membrane proteins that act as receptors
. plasma membrane folds and pinches off to form a membrane-bound vesicle called early endosome
2. undergoes series of processing steps including activation of proton pumps
. endosome matures into late endosome and receives digestive enzymes from lysosome
3. may end up as a lysosome
· Overall, the result is similar - molecules are hydrolyzed
. not all material that are surrounded by membrane are taken into the cell and end up in lysosomes
· lysosomes, golgi apparatus, RER and SER form the endomembrane system
. primary center for protein and lipid synthesis and processing in eukaryotic cells
· the vacuole are large and take up 80% of a plant cell
. act as storage deposits
1. K+, Cl-, water, poisons
· the mitochondria produces ATP
. inner membrane is called cristae
1. folded for extra surface area to allow production of ATP at a faster rate
. solution inside inner membrane is called mitochondrial matrix
. mitochondria possess a small chromosome that contains genes
3. enables them to make their own proteins
3. can grow independently of nuclear and cell division
· chloroplasts are only present in plant cells
. organelle is called plastids
. convert solar energy into chemical energy
. contains membrane-bound vesicles called thylakoid
3. piles are called granum
3. outside of thylakoid region is called stroma
· cell wall in plants furnishes a stiff, outer layer outside the plasma membrane and provides structural support for the cell
. some plants produce secondary wall called lignin
1. produces wood
· cytoskeleton is an extensive system of protein fibers
. gives shape and structural stability
. moving cell itself and moving materials within the cell
. organizes all organelles into a cohesive whole


Cell Structure correlated with Function
· cell structure is related to size, the number of organelles and the types are related to specialized functions
· Pancreatic cell (fig 7.22)
· function - secretes and manufactures digestive enzymes
· structure - RER and golgi are abundant 
· animal testis cell 
· function - exports lipid soluble signals (testosterone)
· structure - smooth ER is predominant
· leaf cell
· function - absorption of sunlight for the conversion to chemical energy production (photosynthesis) 
· structure - chloroplasts 
· plant root cell
· function - stores starch
· structures - vacuoles 


The Dynamic Cell
differential centrifugation isolates particular cell components and analyze their chemical composition
· separating by a centrifuge 
· dense components sinks to the bottom of the tube
· density gradient centrifugation
· sample gradient that goes from low density to high density solutions
· align to relative density of component
· to extract specific cell components, poke tube with needle and withdraw a specific band
light microscopy magnify light that is passed through a specimen and is capable of 400x magnification
· tissue is sliced to create a section thin enough for light to pass throughout efficiently 
· dyed to increase contrast
electron microscopy allows researchers to examine cross-sections of cells at extremely high magnification or view of surfaces at a lower magnification
· transmission electron microscopy is when electrons pass through a specimen
· treat specimen with a chemical agent that stabilizes cell structure
· permeates the cell that stiffens the structure
· cell can be cut into extremely thin sections 
· impregnated with lead
· scatters electrons effectively
· metal acts as a ‘stain’
· scanning electron microscopy is the most useful tool
· coats surfaces with a metal
· microscope scans the surface with narrow beam of electrons
· reflected electrons strike a detector
· signal from detector controls a second beam which forms an image
confocal microscopy is carried by mounting cells that have been treated with fluorescent tags on a microscope slide and focusing a beam of UV light at a specific depth within the specimen 
· fluorescent light emits visible light in response
· allows you to see processes with clairty
· detector for light is then set up exactly at the position where emitted light comes to focus
· result is a sharp image of a thin plane


Cell Systems I: Nuclear Transport
nuclear lamina provides attachment point for chromosomes
nuclear envelope separates the nucleus from the rest of the cell
· structure is supported by lamina and bounded by two membranes, each a lipid bilayer
· shows that the envelope contains nuclear pores
· connects the inside of nucleus to the cytosol
· each pore consists of over 50 different proteins
· protein molecules form nuclear pore complex
· pores function as the doors to the nucleus
Several types of RNA is produced and each have a distinct size and funtion
· ribosomal RNA are manufactured in the nucleolus, where they bind to proteins to form ribosomes which are then transported to the cytoplasm
· messenger RNA  carry information required to manufacture proteins to the cytoplsm, where protein synthesis takes place


How are molecules imported into the nucleus?
Proteins that are synthesized in the ribosomes (in the cytosol) but are headed towards the nucleus contain a ‘postal code’
· a molecular address tag that marks them for transport throughout the nuclear pore complex
· also known as nuclear localization signal
· 17-amino-acid long section that has to be present to direct proteins to the nucleus
1. nuclear localization signal on protein binds to importin
2. protein-importin complex enters nucleus and binds to Ran-GTP
3. protein dissociates
4. importin+ran-GTP complex moves into cytoplasm
5. GTP is hydrolyzed to GDP; importin dissociates


Importin (delivery truck)
ATP (fuel)
Ran protein (unloading crew)
GTP (supervisor)


How does exporting of molecules out of the nucleus occur?
Process appears to be opposite to that of importing
exportins assists molecules possessing the nuclear export signal to exit out of the nucleus 


Cell Systems II: The endomembrane system manufactures and ships proteins
The movement of proteins and other large molecules is energy demanding and tightly regulated
Pulse-chase experiment
· mark a population of molecules at a particular interval and then follow their fate over time
· secretory pathway exists from rough ER → golgi apparatus → secretory vesicles → secreted exterior of the cell


Entering the Endomembrane System: the Signal Hypothesis
gunter blobel proposed that first few amino acids in growing polypeptide act as a signal that brings protein into lumen of ER
· when proteins are synthesized in the absence of ER, there was an average of 20 amino acids additionally
· extra acids are the ‘send to ER’ signal
· known as the ER signal sequence
· How the signal hypothesis works
· signal sequence is synthesized by ribosome
· signal sequence binds to signal recognition particle
· signal recognition particle binds to SRP receptor in ER membrane
· SRP is released and protein synthesis continues. protein enters ER
· signal sequence is removed and protein synthesis is complete


Actin Filaments
sometimes called microfilaments, they are fibrous structures made up of actin
· actin filaments form when individual actin molecules polymerize
· addition/deletion of actin is called treadmilling
· maintains cell shape
· organelle movement


Intermediate Filaments
· serves a purely structural role in eukaryotic cells
· keratins make up skin and line surfaces inside body
· nuclear lamins make up nuclear lamina and is made of intermediate filaments
· form a flexible skeletal that helps shape cell surface and hold nucleus in place


Structure and Function at the Whole-Cell Level
· Microtubules are composed of two proteins
· alpha tubulin
· beta tubulin
· largest cytoskeletal components (diameter)
· molecules alpha-t and beta-t bind to form dimers
· polymerize to form large, hollow tube called microtubule
· grows at the positive end
· originate from microtubule organizing center and grow outward
· contains a distinct structure called the centrosome
1. contains two bundles of microtubules called centrioles
. microtubules provide stability and involved in movement
. provide structural framework for organelles


Studying Vesicle transport
· vesicles help transport materials to a wide array of destinations
· To study how movement happens, Vale focused on giant axon in squid
· extremely large nerve cell that runs throughout the entire body
· Large enough to see and manipulate
· Large amounts of cargo travel a long distance
· cytoplasm still functioned outside the cell
3. easier to do experiments without membrane
· Vesicle transport occured along a filamentous track
. movement is ARP dependent process
. tracks consisted of microtubules


Canadian Research 7.2
· studying how different pathogenic strains of E Coli form attachments to human cells
· can cause diarrhea, bleeding in intenstine 
· attach themselves to the cells that line intestine 
· membrane protein on human cells is made by the bacterium
· bacterium synthesizes proteins called Tir and punctures into human cell to hold itself in place
· triggers formation of actin filaments
· bacteria injects protein called EspG which diassembles microtubules
· causes cell to bulge outward and immune from human cells outside
A motor protein generates motile forces
· Vales team assembled microtubles from purified alpha tubulin and beta tubulin
· used differential centrifugation to isolate transport vesicles
· when they mixed microtubules, vesicles with ATP nothing occured
· component was missing
1. kinesin
1. motor protein that converts chemical energy into mechanical energy
1. has three regions
2. head with two globular pieces
1. binds to microtubule
2. tail associated with small polypeptide
2. binds to the transport vesicle
2. stalk connects head and tail
1. kinesin ‘walks’ along microtubule 
1. kinesin acts like a delivery truck that carries transport vesicles along microtubule tracks


Flagella and Cilia: Moving the Entire Cell
· flagella are long hair like projections from the cell surface that function in movement
· bacterial flagella are made of a protein called flagellin
· eukaryotic flagella are made of microtubules
· bacterial flagella move the cell by rotating like a propeller
· eukaryotic flagella flap (whip back and forth)
· bacterial flagella are not surrounded by a plasma membrane
· eukaryotic flagella have a plasma membrane
· cilia are short-filament like projections that are found in some eukaryotic cells
· flagella is longer than cilia
· a cell will typically have one or two flagella but many cilia


How are Cilia and Flagella constructed?
· `9+2`arrangement
· nine microtubular pairs (doublets) surrounding two central microtubules
· entire structure is called axoneme
· attaches to cell called basal body
2. where flagellum is attached to the plasma membrane
2. contains triplets to structurally support the flagellum 


What provides force required for movement?
· beating of cilia requires ATP
· arms are made of protein called dynein
· motor protein
· changes shape when phosphate group from ATP attaches to it


How do Flagella bend?
· requires ATP
· dynein arms ‘pull themselves up’ 
· axoneme is fixed at the bottom
1. ATP is hydrolyzed by dynein
2. Conformational (shape) changes occur
3. ‘walking’ proceeds as microtubules slide past each other within the flagella (or cilia)
4. since the entire structure is fixed or anchored by the protein spokes to the two central microtubules, microtubule sliding is limited, this restriction eventually results in the bending of flagella or cilia


Organelle based disease rheumatoid arthritis 
· arthr meaning ‘joint’
· ‘itis’ meaning inflammation
· an autoimmune disease, the body’s immune system becomes confused and begins to attack itself
· inflammation of the synovial membrane
· degrades cartilage 
· leakage of lysosomes into the fluid of joints
· leaked enzymes attack the joint cells and eventually causes the inflammatory joint disease 




Chapter 11 - The Cell Cycle

Meiosis leads to the production of male and female sex cells known as gametes
Mitosis leads to the production of all other types of cells known as somatic cells
· both are accompanied by cytokinesis 
· division of the cytoplasm into two distinct cells
· when completed, two daughter cells are the result


During mitosis, genetic material is copied and divided equally
· daughter cells are genetically identical to the parent cell
During meiosis, genetic material in each cell is different from others and have half the hereditary material as the parent cell


Mitosis and cytokinesis is responsible for three key events in eukaryotes
1. Growth - the cells in your body is the result of mitotic divisions that started in a single fertilized egg
2. Wound repair - when you suffer a scrape, mitosis and cytokinesis generate cells that repair the skin
3. Reproduction - when yeast cells grow in bread they are reproducing by mitosis


What is a chromosome?
· consists of a single long DNA double helix that is wrapped around proteins
· A gene is a portion of DNA that codes for specific proteins
· DNA is the nucleic acid that contains genetic information
· Before mitosis, each chromosome is replicated
· slowly condenses into compact structures that can be moved around
· one copy is then distributed to each daughter cell nuclei
· DNA copies in a replicated chromosome is called chromatid
· The point where two chromatids are joined together is called centromere
· Chromatids from the same chromosome is called sister chromatids


Cells Alternate between M phase and Interphase
· Plant and animal cells do not undergo mitosis continuously
· Growing cells cycle between two phases
· Mitotic phase
1. Chromosomes can be stained and observed as discrete structures during this phase, when they are condensed into compact structures
1. Interphase
2. DNA found within the nucleus is associated with proteins called histones
2. DNA material is called chromatin
2. Cells spend majority of time in Interphase
2. Active time: DNA replication occurs


Discovery of S Phase
· Howard and Pelc looked for black dots when they labeled nucleic acid with radioactive isotope
· found during interphase, but not during mitotic phase
· proof that DNA replication occurs in Interphase
· S phase is part of interphase
· replication of genetic material is separated in time from the partitioning of chromosome copies during M phase


Discovery of Gap Phases
· How long does the S phase last?
· There is a gap in between cycles
· state when chromosome replication is complete but mitosis has not started yet
· known as the G2 Phase
Add onto this section… have no clue what’s going on in the text


The Cell Cycle
· There are four phases in the cell cycle
· M Phase (mitosis and cytokinesis)
· Interphase
· G1 (gap 1)
· S1 (DNA synthesis)
· G2 (gap 2)
· Gap phases exist because the parent cell must be large enough and synthesized enough that the daughter cells will be normal in size and function


· purpose of mitosis is to ensure that each daughter cell inherits a nucleus containing one copy of each chromosome
· Humans have 46 chromosomes


Proteins Needed for Mitosis
· cohesins hold the sister chromatids together until a signal is given
· forms a ring structure that holds them together
· when signal is given, the cohesins would be cleaved and individual chromosomes will occur
· Chromosomes are moved to the poles by microtubules 
· function is to transport vesicles (here used to move DNA)
· Chromosomes are found in the nucleus while microtubules are found in the cytosol
· How can microtubules connect to the chromosomes?
· cell temporarily dismantles the nuclear envelope
· nuclear lamina is a mesh of intermediate filaments that gives nucleus its shape
2. forms interface between chromosomes and the inside of the nuclear envelope
1. nuclear envelope would pull away from the chromosomes and withdraw to the endoplasmic reticulum
1. allows microtubules to move chromosomes
· How do you move 46 chromosomes (measured 2mm) to the poles?
. condense the chromosome even more by condensins 
1. forms ring structures by create loops in same piece of DNA
1. Condenses chromosomes to be 5 micrometers long


· There are four proteins that help with mitosis:
· cohesins
· microtubules
· nuclear lamins
· condensins


· Interphase consists of five subphases
· Interphase
· DNA replication occurs
· Prophase
· chromosomes condense into compact structures
· chromosomes become visible in light microscope
· begins formation of the spindle apparatus
3. produces forces that pull chromosomes to the poles
3. produces forces that push the poles of the cell away from one another
3. consists of microtubule components
3. polar microtubules extend from each spindle and overlap one another
3. kinetochore microtubules attach to the chromosomes
· Prometaphase
. nuclear envelope disappears
. kinetochore microtubules attach to one of the two sister chromatids
2. attachment between kinetochore microtubules and chromatid is a structure called kinetochore
1. located at the centromere region
. centrosomes (spindle apparatus) continue their movement to opposite poles of the cell
· Metaphase
. centrosomes are at opposite ends of the cell
. chromosomes are lined up along a plane called metaphase plate
. formation of spindle apparatus is complete
· Anaphase
. cohesins that hold sister chromatids together split
1. sister chromatids are pulled apart to create independent chromosomes
. motor proteins pull chromosomes to opposite poles of the cell
. replicated chromosomes separate into two identical sets of unreplicated chromosomes
· Telophase
. nuclear envelope begins to for around each set of chromosomes
. spindle apparatus disintegrates
. chromosomes begin to decondense
. mitosis is complete


Cytokinesis Results in Two Daughter Cells
· prior to onset of M phase, organelles have replicated and the rest of cell contents have grown
· during cytokinesis, cytoplasm divides to form two daughter cells
· Plants form a cell plate
· divides the cytoplasm of plant cells 
· Bacteria does not undergo mitosis, but instead undergoes binary fission
· chromosome replicates
· moves apart, protein ring forms in between
· ring constricts and cell wall infolds, fission complete
· in animal cells, cytokinesis begins with the formation of a cleavage furrow
· forms due to actin-myosin interaction that causes the membrane to pinch inward


Mitotic Spindle Forces
· the spindle apparatus is composed of microtubules
· they are composed of alpha-tubulin and beta-tubulin dimers
· number of tubulin dimers a microtubule contains determines its length
· microtubules are asymmetric (plus and minus end)
· during mitosis, kinetochore microtubules grow from microtubule-organizing center until their plus ends attach to a kinetochore
· How do microtubules move chromosomes during mitosis?
· kinetochore microtubules shorten during anaphase due to loss of tubulin dimers at the kinetochore, NOT near the poles
· as they shorten, motor proteins walk the chromosomes down the remaining length of the kinetochore microtubules
· chromosomes are depolymerizing the kinetochore, making it shorter
· The tubulin subunits of the kinetochore microtubules are depolymerized from the kinetochore ends
· motor proteins such as dyenein attach and detach along the kinetochore microtuble’s length 
· results in chromosome movement
Kinetochore Motor
· kinetochore motor proteins walk towards the minus end of the microtubule


Control of the Cell Cycle
· When does a cell divide and when does it stop dividing?
· in humans, intestinal cells routinely divide while nerve cells do not divide at all
· differences are due to variation in the length of the G1 phase
· in rapidly dividing cells, G1 is elimated
· most nondividing cells remain in G1
3. arrested stage is called G0 (G zero)
3. sometimes referred to as post-mitotic
. cell division is vary in response to changing conditions
2. liver cells usually only divide once per year
1. however, if the liver is damaged or lost the remaining cells divide every one or two days until repair is completed
. Cells must be regulated in some way (cell-cell control)


Discovery of Cell-Cycle Regulatory Molecules
· Cytoplasm injection experiments showed that a cell’s entry into mitosis was controlled by an unknown factor in the cytosol
· called the mitosis promoting factor


Cell Fusion Experiments NOT ABOUT THE SEQUENCE OR PHASES OF THE CYCLE
· What happens when a S phase cell is fused to a G1 phase?
· G1 cell begins replicating its DNA (enters S phase)
· What happens when a S phase cell is fused to a G2 cell?
· Chromosomes in G2 phase cell do not replicate (do not enter S phase)


Microinjection Experiments
· What happens when M phase cytoplasm is injected into a G2 phase cell?
· G2 begins M phase
· What happens when Interphase cytoplasm is injected in G2 phase cell?
· G2 cell remains in G2
· aleady completed, waste of eneergy


MPF contains a protein kinase and a cyclin
· MPF induces mitosis in all eukaryotes
· It is made up of two distinct polypeptide subunits
· Protein kinase
· Catalyzes transfer of a phosphate group from ATP to a target protein
· It is always present throughout the cycle, so how can MPF trigger mitosis
· Cyclin
· Build up during interphase and peak during m phase
· MPF can only be active if cyclin is attached to it
· This protein kinease subunit of MPF is called cyclin dependent kinase

How is MPF activated?
· MPF dimers increase during interphase
· why doesn’t this increasing concentration of MPF trigger the onset of M phase?
· Cdk becomes phosphorylated at two sites after it binds to cyclin
· makes MPF inactive
· Late in G2, enzymes cause one of the phosphate groups on the Cdk to drop off
2. changes MPFs shape in a way that activates it
1. triggers a chain of events
1. chromosomes begin to condense and spindle apparatus starts to form
1. therefore, MPF triggers the onset of M phase
How is MPF deactivated?
· during anaphase, enzyme complex begins to degrade MPF’s cyclin subunit
· MPF triggers chain of events that leads to its own destruction
· negative feedback: MPF is deactivated by an enzyme complex that is activated by events in mitosis
· destroying specific proteins is a common way to control cell processes


Cell-cycle checkpoints can arrest the cell cycle
· the dramatic oscillation in cyclin concentration and Cdk activation drives the ordered events of the cell cycle
· There are three distinct points during the four phases of the cell cycle
· G1 checkpoint
· occurs late in G1 
· determines whether the cell will continue throughout the cycle and divide or enter G0
· what determines whether a cell passes the G1 checkpoint?
3. size
3. avaliability of nutrients
3. social signals
3. damage to DNA
4. protein p53 can cause programmed self destruction
1. known as apoptosis
· G2 checkpoint
. occurs after S phase
. if DNA is damaged or of chromosomes are not replicated correctly
. when MPF is not activated, cell remains in G2
· Metaphase checkpoint
. occurs during mitosis
. if not all chromosomes attach properly to the spindle apparatus vis kinetochore, M phase arrests at metaphase
2. if checkpoint did not exist, some chromosomes may not separate properly


Cancer: Out of control Cell Division
· cancer is the disease caused by cells that divide uncontrollably, invading nearby tissues and spread to other sites of the body
· use up nutrients by normal cells and disrupt their function
· cancerous cells have two types of defects
· defects that makes proteins required for cell growth active when they shouldn’t be
· defects that prevent tumor suppressor genes from shutting down the cell cycle
· cell cycle is not regulated and checkpoints fail


properties of cancer cells
· surgery doesn’t cure cancer
· cancer cells are invasive (able to spread to other parts of the body)
· malignant tumor is tumor that is cancerous (invasive)
· become malignant if they gain the ability to detach from the original tumor and invade other tissues
· cancer passes through G1 checkpoint and irreversibly committed to replicating their DNA and entering G2
1. defect in the G1 checkpoint
· benign tumor is non-invasive


social control
· individual cells should be allowed to divide  only when their growth is the best interests of the organism as a whole
· social control of the cell cycle is based on growth factors
· polypeptides or small proteins that stimulate cell division
· When researchers isolated mammalian cells in a flask with adequate nutrients, cells remained in G1 phase
· however, when added serum from blood, it allowed cells to pass throughout the checkpoint
· due to platelets (PDGF) which promote blood clotting at wound sites
· PDGF is produced by an array of cell types in addition to cell platelets


How does the G1 checkpoint work?
· Activation of MPF
· in G1 cells, arrival of growth factors stimulates the production of a protein called E2F
· when activated, it triggers expression of genes required for the S phase
· when it is first produced, it binds to a tumor suppressor called Rb Protein
· As long as Rb stays bound to E2F, cell remains in G0
· if growth factors continue to arrive, situation changes
1. high concentration of growth factors function as a signal that says ‘it’s ok to override Rb. Pass G1 and divide’
1. cancer can develop in the absence of the ‘go ahead signal’
2. either G1 cyclin is overproduced or Rb is defective



Normal children, Rb protein (tumor surpressor) funtions correctly as a cell cycle brake
· retinoblastoma children
· Rb protein is dysfunctional, G1 is disrupted
· cell division is constant and unregulated, malignant tumors in the retina


Chemotherapy
· cancer is often trated with chemotherapy
· chemicals are applied to the whole body via injection
· prevent cancer from spreading


Modes of Action of chemotherapy drugs
· kills rapidly dividing cancer cells / stops them in G1 phase


Side effects
· hair loss, nausea, weight loss, fatigue


Chemotherapy chemicals also kill normal cells that rapidly divide such as intestinal cells and hair follicles


Current Research
· attachment of chemotherapy drugs that bind to specific membrane proteins on cancer cells
· delivery of chemotherapy drugs via liposomes so that they target only cancer cells


Chemotherapy Drugs
· adriamycin
· stops DNA from unwinding correctly, results in disruption of DNA replications, 
· no new cancer cells
· vincristine (rosy periwinkle) and taxol (pacific yew’s tree bark)
· anti-microtubule agents
· plant extracts inhibit spindle fiber formation
1. disrupts mitosis
· discoidermalide
. in deep water spoges have anti-tumor properties
1. research is ongoing


Recent Advances
· Pim 1 Biomarket for pancreatic cancer
· afinitor drug
· pancreatic cancer immunotherapy


Chapter 12 - Meiosis 


The process of uniting sperm with an egg is fertilization
meiosis is nuclear division that leads to a halving of chromosome number


How does meiosis occur?
· each species has a specific characteristic number of chromosomes
· X chromosome is also known as the sex chromosome
· determines the gender
· regular chromosomes are called autosomes
· Two types of sex chromosomes exist in humans
· X and Y
· females have two X, males have X and Y
· homologous chromosomes are chromosomes that share the same size, shape and gene
· one chromosome is inherited from mother, another from father
· e.g chromosomes for eyes
· allele is a term used to denote different versions of the same gene
· Homologous chromosomes carry the same genes but may carry different alleles 
· karyotype is the number and types of chromosomes present
· useful for genetic screening to identify specific chromosomal defects in their number, size and shape	
· 
· multicellular species have two copies of each chromosome called diploid
· have two alleles of each gene
· during reproduction, diploid organisms produce gametes that have only one of each chromosome
· known as haploid
· yeast and other single-celled eukaryotes are haploid almost all the time
· most bacteria and archaea possess a single chromosome
· some plants are polyploid
· more than two of each chromosome set
· biologists use a notation to indicate number and source of the chromosomes present in a particular organism or type of cell
· letter n stands for haploid number
· human sperm and egg cells have 23 chromosomes
· mother carries maternal chromosomes, father carries paternal chromosomes


Overview of Meiosis
· cells replicate each of their chromosomes before undergoing meiosis
· at the start, they are in the same state they are prior to mitosis
· when replication is complete, each chromosome consists of two identical sister 
· chromatids that share the same information
· physically joined at the middle of the chromosome called the centromere


Unreplicated and replicated chromosomes are both considered single chromosomes even though the replicated chromosome comprises of two sister chromatids


Meiosis consists of two cell divisions called meiosis I and meiosis II
In meiosis I
· homologs in each chromosome pair separate from one another
· one goes to each daughter cells
· the diploid parent cell produces two haploid daughter cells (chromosomes are still replicated)
During meiosis II
· sister chromatids from each chromosome separate
· one goes to each daughter cell
· the cells produced by meiosis II also have one of each type of chromosome but now they are unreplicated


· chromosome movements are coordinated by kinetochore microtubules that attach at the centromere of each chromosome


Meiosis is a reduction division
· the outcome of meiosis is a reduction in chromosome number
· explains meiosis is known as reduction division
· the resulting four haploid daughter cells undergo gametogensis
· when two gametes fuse during diffusion, a full complement of chromosomes is restored
· results in a zygote
1. this way, each diploid individual receives both haploid chromosome from its mother and haploid set from its father
· the life cycle shows the sequence of events from fertilization to producing offspring


Meiosis I
· begins after chromosomes are replicated during S phase
· Early Prophase I
· chromosomes condense, spindle apparatus forms and nuclear envelope disappears 
· homologous chromosomes pair together
· known as synapsis
1. resulting structure is called  a tetrad
. chromatids from different homologs in a pair are called nonsister chromatids
· Late Prophase I
. late prophase I the nonsister chromatids begin to separate at many points along their length
. cross over one another so chromatids have both paternal and maternal chromatids
. each crossover forms an X shaped structure called a chiasma 
· Metaphase I
. kinetochore microtubules move the pairs of homologous chromosomes (tetrads) to a region called the metaphase plate
. alignment of homologs from each chromosome is random
· Anaphase I
. homologous chromosomes separate and begin moving to opposite sides of the cell
· Telophase I
. homologs finish moving to opposite sides of the cell
· when meiosis I is complete, cytokinesis occurs and two haploid daughter cells form
. end result is that one chromosome of each homologous pair is distributed to a different daughter cell
. haploid daughter cells still contain replicated chromosomes


Phases in meiosis II
· Prophase II
· spindle apparatus forms in both daughter cells
· kinetochore microtubule move to each sister chromatid and move towards the middle of the cell
· metaphase II
· chromosomes are lined up at the metaphase plate
· anaphase II
· sister chromatids separate
· telophase II
· chromatids move to different daughter cells
· once separated, each chromatid is considered an independent chromasome
· when complete, each cell divides to form two daughter cells
· results in four daughter cells from each original parent cell


Differences between Mitosis and Meiosis
· homologous chromosomes pair early in meiosis but do not pair in mitosis
· meiosis is a reduction division, mitosis is not
· meiosis undergoes two cell divisions, mitosis is one
· daughter cells in mitosis are identical to parent, meiosis varies


Closer look at Prophase I
· after chromosome replication is complete, the sister chromatids stay tightly joined together
· held by network of proteins called synaptonemal complex
· crossing over occurs when a complex of proteins cut the chromosomes and then reattaches the pieces so that segments are swapped between adjacent homologs
· oogenesis have more crossovers than spermatogenesis
· oogenesis takes much longer than spermatogenesis
· begins before woman is born and ends until egg is fertilized
· also helps hold homologous chromosomes together


The Consequences of Meiosis
· changes in chromosome configuration occur only in sexual reproduction, not asexual
· asexual does not involve the fusion of gametes
· sexual reproduction refers to the production of offspring through the fusion of gametes, having different chromosome complements
· changes in chromosomes are significant because chromosomes contain hereditary material
· contain instructions for specifying what a particular trait might be expressed
· e.g eye color, hair 
· two aspects of meiosis that create variation among chromosomes
· separation and distribution of homologous chromosomes
· crossing over


Independent Assortment Produces Genetic Variation 
· each somatic cell in body contains 23 homologous pairs of chromosomes - 46 chromosomes in total
· when pairs of homologous chromosomes line up during meiosis and the homologs separate, a variety of different combinations can result
· known as principle of independent assortment
· the way that the pairs are lined up during meiosis I can produce variation
· In diploid species, they can produce 2^n combinations of maternal and paternal chromosomes


Benefits of Crossing Over
· crossing over produces new combinations of alleles within a chromosome - combinations that did not exist in either parent
· known as recombination, any change in combination of alleles on a given chromosome
· dramatically increase genetic variability of gametes produced by meiosis


How does fertilization Affect Genetic Variation?
· crossing over ensures that each gamete is genetically unique
· two gametes produced by the same individual fuse to form a diploid is called self-fertilization, rare in sexually reproducing species
· outcrossing is the fusion of gametes from two different individuals


The paradox of sex
· the idea of sexual reproduction is a paradox
· ‘two-fold cost of males’
· asexual reproduction is more efficient than sexual because no males are produced
· males do not give birth, only females hence sexual reproduction is less efficient
· The purifying selection hypothesis
· if a gene is damaged or changed in a way that causes it to function poorly, it will be inherited by all of that individual's offspring when asexual reproduction occurs
· however sexually reproducing offspring lack deleterious alleles present in the parent
· overtime, natural selection against deleterious alleles (called purifying selection) steadily reduce the numerical advantage of asexual reproduction
· Changing-environment hypothesis
· offspring that are genetic clones of their parents are unlikely to survive if the environment changes
· if there is a new strain of disease, genetic clones would all be killed off if it had the power to do so
· however with genetically diverse individual's, some may survive while others may not
· maintains biodiversity and adaptations
In the end, sexual reproduction is helpful because the offspring are not doomed to inherit harmful alleles and at least some offspring may be able to fight off new strains of disease-causing agents


How do Mistakes in Meiosis occur?
· Down syndrome is characterized by mental retardation, heart problems, leukemia and degenerative brain disorder
· due to an extra copy of chromosome 21
· known as a trisomy
· For a gamete to get one complete set of chromosomes, two steps must be executed perfectly
· the chromosomes in each homologous pair must separate from each other during the first division, so that only one homolog ends up in each cell
· sister chromatids must separate from each other and move to opposite poles during meiosis II
· when chromatids fail to to separate, it is known as nondisjunction
1. can occur in meiosis I
2. aneuploidy results when gametes have an abnormal number of chromosomes
· Mistakes occur due to random errors that occur during meiosis
· Patau Syndrome 
. trisomy of chromosome 13
. severally mentally challenged
. cleft palate, cleft lip, deaf
. malformed organs
· Edwards Syndrome
. malformed ears
. clenched hands
. receding chin
. webbed neck
. small-sized
· Klinefelter syndrome develops XXY individual's 
. only in males
. sterile with small testes
. *number of X’s does not change that its klinefelters’s 
· Turner syndrome develops XO individual's
. O representing lack of a second X
. female and sterile
. a viable human monosomy
. short stature, webbed neck
· Triple X syndrome
. usually normal phenotype and fertile
. Others have variable expression 
· XYY syndrome
. normal male
. taller than average
. normal fertility
. normal intelligence
· maternal age plays a factor in making mistakes - chromosomal defects in eggs
CML is a large portion of Chromosome 22 switches with a small piece from chromosome 9 → recognizable shortened chromosome (philadelphia chromosome) is a cancer which affects the cells that give rise to white blood cells
BE ABLE TO IDENTIFY SYNDROME AND KARYOTYPE RESPONSIBLE 



Cancer - Integrated model
Chapter 3 Proteins and suppl. info
· tumor suppressors - Rb protein ← related to retinoblastoma
Chapter 4 /nucleic acids and suppl. info
· mismatched repair ← colon cancer
Chapter 5 Carbs and chapter 6 membranes
· glycoproteins, liposomal nanomedicines
Chapter 7 Cells
· breast cancer cells do not look normal
· taxol, adriamycin, immunotherapy
Chapter 11 mitfosis
· cell cycle, retinoblastoma
· disrupted checkpoints, metastasis
· case study with steve jobs
Chapter 12 meiosis and genetics
· CML, karyotypes
Human Genome project
· gene therapy for cancer



Chapter 13 - Mendel and the Gene


Heredity is another word for inheritance 
· transmission of traits from parent to offspring
A trait is any characteristic of an individual, ranging from height to primary structure of a protein
What are the basic patterns in the transmission of traits from parent to offspring?
· two hypotheses were made
· Blending inheritance - a mix of mother and father traits produce an offspring’s traits
· a black and white sheep would produce grey sheep
· Inheritance of acquired characters - claims that traits present in parents are modified and that the modified traits result in the traits the offspring has
· if giraffes always stretch their necks to get food, their offspring should have longer necks
Model organism is a species that is used for research because conclusions drawn from studying it can be applicable to many other species
· Mendel studied peas
Pollen grains are small sacs that mature in the male reproductive structure of the plant
Mendel controlled the matings of his model organism by cross-fertilization
· removing male reproductive organs from a flower before pollen is formed and plant it to a female
Principle of segregation - each pair of hereditary elements (alleles of the same genes) separate from each other during the formation of the offspring
· Genes are all independently assorted which explains 3:1 ratio 


Chromosome Theroy of Inheritance states that mendels rules can be explained by the independent alignment and separation...
Phenotype refers to observable traits of an individual, such as eye color
Pure-line consists of individual's that produce offspring that are identical to themselves
· round seeds would produce round-seed offspring
A hybrid is an offspring that is made from matings between pure-line breeding parents that differ in one or more traits
The adults used in initial experimental cross is called the parental generation
· after, generations of offspring is refered to as F1 generation (and so on)
Mendel cross a round-seed parent with a wrinkle-seed parent and found that the offspring produced round seeds
A mating between parents that each carry two different genetic determinants for the same trait is called monohybrid cross
The wrinkled seed shape reappeared in F2, but disappeared in F1 generation
Recessive trait means that the phenotype appeared to recede, or doesn’t show up as often as a dominant trait
The reciprocal cross justified that it does not matter whether the genetic determinant for seed shape are located in the male or female parent


The particulate inheritance suggests that hereditary determinants maintain their integrity from generation to generation. Instead of blending together, they act as particles
Different versions of the same gene is called allele 
The alleles found in an individual is called the genotype
Each gamete contains one allele of each gene - known as principle of segregation
Homozygous is when individual has two copies of the same allele
· if they mate with an identical individual, the offspring will be the same because no other allele is present
Individual's with two alleles for the same gene are called heterozygous
The term genetic model refers to a set of hypotheses that explains how a particular trait is inherited


Do different genes segregate together, or independently? 
· Another way to look: do alleles of different genes stay together when gametes form?
· No, data resulted that the phenotypes of the F2 offspring gave a 9:3:3:1 ratio
· this is known as the principle of independent assortment


A testcross uses a parent that only has recessive genes and mates it with a parent with a known phenotype, but unknown genotype
· useful because it allows experimenters to test the contribution of the other parent


Chromosomes  are composed of genes
· genes are located at specific spots on a chromosome, known as the locus


The chromosome theory of inheritance explains a pattern - Mendel’s rules can be explained by the independent alignment and separation of homologous chromosomes at meiosis I


What experiments confirmed that chromosomes contain genes? (Thomas Hunt Morgan)
· the common phenotype of each trait in fruit flies was referred to as wild type
· discovered that a fruit fly had white eyes instead of red (Refered to as a mutation)
· Mated red females with white males, F1 all had red eyes
· Mated white females with red males, F1 had all female red eyes and all male white eyes
· definite relationship between inherited traits and sex
1. Morgan proposed that the gene responsible for eye color was on the X chromosome and that the Y chromosome does not carry an allele at all
1. this is known as X-linked inheritance 


What happens when genes are located on the same chromosome?
· genes should not undergo independent assortment if they are located on the same chromosome
· physical association is called linkage
· An example: in fruit flies, body color and eye color are located on the X chromosome
1. Red eye, tan body is wild type
1. X^W, X^Y
1. White eye, yellow body is mutant type
1. X^w, X^y
· Because these genes are physically part of the same chromosome, they should always be transmitted together during gamete formation
. linked genes violate the principle of independent assortment


Linked genes are inherited together unless corssing over takes place. When it does, genetic recombination occurs - linkage is an importantt exception to Mendel’s rules


In many cases, the actual phenotypes in heterozygous individual's conflict with the genotype and phenotype ratios that Mendel observed
· not all combinations of alleles produce a completely dominant or recessive phenotype


Mendel’s pea crosses between purple and white flowered parents produced all purple flowered offspring
However, four o’clock flowers cross with purple and white flowered parents produced lavender offpsinrg
When incomplete dominance occurs, neither purple or white alleles dominate 
· instead, all F1 heterozygous offspring show a phenotype intermediate between the two parental strains
· dominance is not necessarily an all-or-nothing phenomenon



When codominence occurs, heterozygotes have the phenotype associated with each individual allele
· Neither one is dominant or recessive
· Example: blood type - type A and type B can be seen in humans as type AB
· dominance relationships vary among alleles


The existance of more than two alleles in a gene is called multiple allelism 
· the ABO blood group in humans is multiallelic 
· When more than two distinct phenotypes are present in a population due to multiple allelism, the trait is polymorphic 
· oxygen carrying capacity in a highly polymorphic trait because many alleles exist for the beta-globin gene
· beta-globin gene makes up part of hemoglobin which carries oxygen                                                         


Researcher: Nettie Stevens
· Noticed a striking difference in chromosome complements of males and females
· Sex-linked inheritance
· an allele on the sex chromosome (


Phenotype and Environment
· physical environment determines which genes get expressed
· a plant in the light will be taller than one that is in the dark
· expressing genes that allows them to survive in the environment


Epistasis: one gene can impact the action of another gene; one can mask or reduce the effect of another gene


Discrete traits are characteristics that are qualitatively different from one another
· for example: yellow or green, no intermediate phenotypes exist
· human height would not be a good example because humans are not ONLY either 160cm or 180cm, there are variations in this characteristic
· variation in characteristic is called quantitative trait
· greatly influenced by the environment
· when plotted on a histogram, high and low values are plotted at low frequencies, intermediate are plotted at higher frequencies

Chapter 14
The chromosome theory proposed that chromosomes are composed of genes
· complex of DNA and proteins


Hershey and chase experiment
· studied how a virus called T2 infected E coli
· exterior of the virus is left behind, the inside of the capsid gets injected into the host cell
· but was it protein or DNA that hijacks the nucleus of the host cell?
· DNA contains phosphorus, proteins contain sulfer
· Tag DNA and proteins with appropriate radioisotopes 
· If genes consist of DNA, you should find radioactive DNA inside the cells
· Solution was placed in a centrifuge and found that pellet at the bottom of the tube contained DNA while protein was in the solution
· Viral genes consist of DNA. Viral coats consist of protein

Secondary structure of DNA
· DNA is a long linear polymer made up of monomers called deoxyribonucleotides
· Consists of deoxyribose molecule, phosphate group and nitrogen base
· Watson and Crick suggested that the existing strands of DNA served as a template for the production of new strands, with bases being added to the new strands according to complementary base pairing
Meselson-stahl experiment
· How is the copying done?
· If the old strands of DNA separated, each could be used as a template for the synthesis of a new daughter strand. This hypothesis is called semiconservative replication because each new daughter DNA molecule would consist of one old strand and one new strand
· They thought that if they could mark the parental and daughter strands of DNA (to distinguish between the two) they could determine whether replication was semiconservative or not
· Cells replicate their DNA when they undergo cell division
· To separate parental from daughter DNA, the first generation is tagged with 15N isotope and the second generation is tagged with 14N isotope
· Allows parental and daughter strands to have different densities
· When placed in a density-gradient centrifuge, high-density cluster will sink to the bottom while low-density cluster will be higher up

A comprehensive model for DNA synthesis
· How does DNA synthesis proceed?
· Discovery of an enzyme called DNA polymerase 
· Polymerizes deoxyribonucleotides to DNA; catalyze DNA synthesis 
· Three DNA polymerases in bacteria; I, II and III
· I and III are used during DNA replication
· II is used to repair damaged DNA 
· DNA polymerase can only work in one direction (5’3’)
· DNA polymerase can add deoxyribonucleotides to the 3’ end of the parent strand
· Polymerization in cells is exergonic because monomers act a susbtrates are dNTPs (deoxyribonucleoside triphosphates)
· Three phosphate groups close together, therefore have higher potential energy

· How does DNA replication get started?
· ‘bubbles’ form in a chromosome when DNA is actively being synthesized
· Bubble usually starts at a specific sequence known as origin of replication
· Replication bubbles grow as DNA replication proceeds because synthesis is bidirectional 
· A specific suite of proteins is responsible for recognizing the sites where replication begins and opening double helix at those points
· Activated by the proteins that initiate the S phase in the cell cycle
· Once replication bubble opens, another set of enzymes takes over and initiates replication
· Takes place in the corners of the replication bubble at a structure known as the replication fork (Y shaped region where the parent DNA is split into two single strands)
How is the helix opened and stabilized?
· A battery of proteins and enzymes converge on the point where the double helix opens
· Enzyme called helicase breaks hydrogen bonds and causes strands to separate
· Proteins called single-strand DNA binding proteins attach to the separate strands and prevent them from snapping back into a double helix
· Topoisomerase release tension of the strands after unwinding
· Cuts the DNA, allows it to unwind and rejoins it ahead of the advancing replication fork to a more straighter line
How is the leading strand synthesized?
· DNA polymerases only synthesizes in the 5’3’ direction (start at the 3’5’ of the parent)
· Requires a primer which consists of a few nucleotides bonded to the template strand because it provides a free 3’ hydroxyl (-OH) group that can combine with an incoming dNTP to form a phoshodiester bond
· Enzyme that makes primer is called primase (a type of RNA polymerase)
· Once primer is in place, DNA polymerase III starts to add deoxyribonucleotides to the 3’ end of the strand, producing a new strand that is complementary with the template strand
· Has a doughnut shaped clamp that holds the enzyme in place as it synthesizes the strand
· Results in continuous strand because it leads into the fork and is synthesized continuously

How is the lagging strand synthesized?
· Why does the lagging strand synthesize slower?
· DNA double helix is antiparallel (oriented in opposite directions)
· DNA polymerase III is only able to synthesize strands from 5’3’ (3’5’ of the parent strand) into the replication fork
· This means that the other strand must be synthesized away from the replication fork because double helix is antiparallel
· Must create ohkazaki fragments and therefore is not a continuous synthesis of a strand
· Discontinuous replication is the hypothesis that stated that once primase synthesizes DNA primer on the lagging strand, DNA polymerase III might synthesize short fragments of DNA along the lagging strand and these fragments would later be linked together to form a continuous whole
· Tested using a similar idea to the pulse-chase experiment 
· Resulted in the discovery of ohkazaki fragments which are approximately 1000 base pairs long
· How are ohkazaki fragments connected into a continuous whole?
· DNA polymerase I removes primer at the start of each fragment and fills in the appropriate deoxyribonucleotides
· Enzyme called DNA ligase catalyzes the formation of a phosphodiester bond between the adjacent fragments
· Because fragments are synthesized independently and joined together later, it is known as the discontinuous strand
· Although the enzymes are drawn at different locations around the replication fork, most are joined into one large multienzyme machine called the replisome
Replicating the ends of linear chromosomes
· Region at the end of a chromosome is called the telomere
· When replication fork reaches the end of a linear chromosome, DNA polymerase can synthesize all the way to the very end of the template (leading strand results in a normal copy of the DNA molecule)
· On lagging strand, primase adds a RNA primer close to the tip of the chromosome
· DNA polymerase synthesizes final ohkazaki fragment on the lagging strand, another polymerase removes it
· DNA polymerase is unable to add DNA near the tip of the chromosome because there is not enough room for primase to add a new RNA primer
· DNA is left single stranded
· To avoid this, the ends of chromosomes are cut off by 50 to 100 deoxyribonucleotides each time DNA replication occurred
· Telomeres do not contain genes that code for products needed in the cell
· Consists of short stretches of bases that are repeated over and over again
· Telomerase is involved in replicating telomeres
· Catalyzes synthesis of DNA from an RNA template
· Are usually found in reproductive cells (cells that undergo meiosis and produce gametes)
· Mitotic cells get progressively smaller as an individual grows older
· If mitotic cell grows, it may lead to a growth in cancer
Repairing mistakes and damage
· Accurate replication of DNA is a matter of life or death
· How can the enzymes of DNA replication be as precise as they are?
· As DNA polymerases march along a parent DNA template, hydrogen bonding occurs between incoming deoxyribonulceotides and the ones of the template strand
· What happens when DNA polymerase makes a mistake?
· Mutation responsible for high mutation rates was in the gene that encoded a portion of polymerase III enzyme called epsilon subunit
· Acts as an exonuclease; enzyme that removes deoxyribonucleotides from the ends of DNA strands
· If a new deoxyribonucleotide places an incorrect nucleotide, it ‘backs up’ and episilon subunit removes it
· DNA polymerase III can proofread DNA strands
· Mismatch repair occurs when mismatched bases are corrected after DNA synthesis is complete
· Recognizes the mismatched pair, remove a section containing the incorrect base and fill in the correct bases using the older strand as a template
· “acts like a copy editor who corrects the typos that the author (DNA polymerase) did not catch”
· Nucleotide excision repair occur after bases have been damaged by chemicals or radiation
· Once a damaged region is recognized, enzymes remove a segment of single-stranded DNA containing defective sequence
· Presence of a DNA strand complementary to the damaged strand provides a template for synthesis of a corrected strand
Chapter 15
What do genes do?
· How does gene expressive occur?
· Gene expression is the process of converting archived information into molecules that actually do things in the cell
· Beadle and tatum: knock out a gene by damaging it and then infer what the gene does by observing the phenotype of the mutant individual 
· alleles that do not function are called loss-of-function alleles
The one-gene, one-enzyme hypothesis 
· beadle and tatum claims that each gene contains information needed to make an enzyme

The central dogma of molecular biology
· how does a gene specify the production of a protein?
· Primary components of DNA are the four nitrogen-containing bases
· They were connected in a linear sequence by a sugar phosphate backbone
· Highly unlikely that DNA directly catalyzed the reactions that produces proteins (Shape is too regular to suggest that it could bind a wide variety of substrate molecules)
Genetic code hypothesis
· Crick proposed that sequence of bases in DNA might act as a code
· Found that the link between DNA as information repository and proteins as cellular machines is indirect
RNA as the intermediary between genes and proteins
· Jacob and Monod suggested that RNA molecules act as a link between genes and protein manufacturing centres
· Predicted that short lived molecules of RNA called messenger RNA carry information from DNA to the site of protein synthesis
· The enzyme that catalyzes the synthesis of RNA is RNA polymerase
Dissecting the central dogma
· DNA codes for RNA which codes for proteins
· DNA  RNA  proteins
· An organisms genotype is determined by the sequence of bases in its DNA, while its phenotype is a product of the proteins it produces
· DNA is transcribed to RNA by RNA polymerase
· Transcription is the process of copying hereditary information in DNA to RNA 
· “make a copy of information”
· Messenger RNA is translated to proteins in ribosomes
· Translation is the process of using information in nucleic acids to synthesize proteins
· “transferring information from one language to another”
Exceptions to the central dogma
· In some cases, information flows from RNA back to DNA
· Some viruses have genes comprised of RNA
· When RNA infects a cell, specialized polymerase called reverse transcriptase synthesizes a DNA version of the RNA genes
· Strong example is HIV
· Prescribed drugs poison reverse transcriptase and prevent viruses from replicating
How long is a word in the genetic code?
· Three-base code is known as a triplet code
· Group of three bases that specifies a particular amino acid is called a codon
· There is one start codon (AUG - methionine) which signals that protein synthesis should begin at that point on the mRNA molecule 
· There are three stop codons (UAA, UAG, UGA) and signal that the protein is complete, ending translation process
· A single base change in the sequence of DNA is called a point mutation
· A point mutation that does not change the amino acid sequence of the gene product is called a silent mutation (CGC and CGU both code for arginine)
· A missense mutation is one that changes the amino acid specified by codon – may be beneficial, deletious or neutral

Chromosome level mutations
· Polyploidy is a change in number of each type of chromosome
· Aneuploidy is the addition or deletion of a chromosome
· Chromosome inversion is when the chromosome segments become flipped and rejoin
· Translocation is when a chromosome segment is attached to a different chromosome
· Because chromosomes represent massive changes in genotype, chromosomal level mutations are often deletious

Chapter 16 material


The first  step in converting genetic information is to synthesize a messenger RNA version of the instructions archived in DNA
· enzymes called RNA polymerase are responsible for synthesizing mRNA 
· does not require a primer to begin transcription
The strand that is read by the enzyme is called the template strand
The other strand is called the nontemplate strand or coding strand
· this strand’s sequence matches the sequence of the RNA that is transcribed from the template strand and codes for a polypeptide


Eukaryotic RNA polymerases
· RNA polymerase I codes for most of the large RNA molecules (rRNA) found in ribosomes
· RNA polymerase II produce mRNAs
· RNA polymerase III code for tRNAs


Initiation: How does Transcription begin?
· Starts at the initiation phase
· subunit called sigma must bind to RNA polymerase before transcription begins
· sigma is responsible for guiding RNA polymerase to specific locations where transcription should begin
· this forms a holoenzyme
2. consists of a core enzyme which contains active sites for catalysis and other required proteins
. holoenzyme binds tightly at specific sites
2. these sites are known as promoters 
1. 40-50 base pairs long, with a similar sequence of TATAAT (known as the -10 box) because it is centered about 10 bases from the point where bacterial RNA polymerase starts transcription 
· DNA that is located in the direction of RNA polymerase moves during transcription is downstream; DNA located in the opposite direction is said to be upstream
· the place where transcription begins is called te +1 site


· the TATA box is centered about 30 base pairs upstream the transcription start site in EUKARYOTES


Transcription begins when sigma binds to the -35 and -10 boxes
· sigma tells RNA polymerase when and where to start synthesizing RNA
· controlling which sigma proteins are active is one of the ways that bacterial cells control which genes are expressed
· different sigma proteins bind to different promoter sites, and therefore different genes
· for eukaryotes, there are basal transcription factors instead of sigmas
· many proteins are involved instead of one
· not part of a holoenzyme
· they assemble at the promoter first, and then RNA polymerase follows afterwards
· When sigma binds to a promoter for a bacterial gene, the DNA helix opens and creates two sepaeate strands of DNA
· reaction catalyzed by RNA is exergonic and spontaneous because NTPs have large amounts of energy due to the three phosphate groups


Elongation and Termination
· When RNA polymerase begins moving along the DNA template strand from 3’--> 5’ (5’-->3’ synthesizing) the elongation phase occurs
· a group of amino acids called the rudder steers the template and nontemplate strands through channels inside the enzyme
· enzyme’s active site catalyzes the addition of nucleotides to the 3’ end of the growing RNA molecule
· zipper helps separate the newly synthesized RNA from the DNA template 
· Transcription ends when it reaches a specific sequence that terminates transcription 
· as soon as this sequence is synthesized, the structure will form a hairpin shape that will disrupt interaction between RNA polymerase and RNA transcript


RNA processing in eukaryotes
· In bacteria, the information in DNA is convereted to mRNA directly. In eukaryotes, it does not
· the product is primary RNA transcript
· before they can be translated, they have to be processed in a complex series of steps


Unexpected discovery of eukaryotic genes in pieces
· contains regions in gene that are interrupted by hundreds of intervening bases
· intervening bases does not code for any product
· to make functioning mRNA, eukaryotic cells must dispose certain sequences inside the primary transcript and then combine the separated coding sections into an integrated whole
· experiment was done by Phillip Sharp to determine how DNA templates are transcribed
· heated DNA and found that parts of DNA template that were not in the corresponding mRNA formed loops
1. suggests that there is not a one-to-one correspondence between nucleotide sequence of a eukaryotic gene and its mRNA
1. instead of “BIOLOGY IS MY FAVOURITE SUBJECT!” it is “BIOASKJDAJKSHDJKASLOGY IS MY ASAKJSDASJDKJASHDASFAVOURITE ASKJDKLASJDSUB AJSJDKASDASJECT”
1. Parts of the mRNA that do not code for anything (gibberish) must be removed before it can carry an intelligible message to the translation machinery 
1. parts of gene that are in the final mRNA are exons (expressed) 
1. parts of the gene that are not in the final mRNA are introns (intervening)


RNA splicing
· splicing is the process of removing introns from the growing RNA strand
· pieces of the primary transcript are removed and the remaining segments are joined together
· catalyzed by complex of proteins and specialized RNA called small nuclear RNAs
1. protein + RNA complexes are called small ribonuclearproteins (snRNPs)
1. the process can be broken down into four steps
2. snRNPs bind to 5’ exon-intron boundary and to an adenine near the end of the intron
2. other snRNPs arrive to form a complex called splicesosome 
2. intron forms a loop
2. the loop is cut out and a phosphodiester bond links the exons on either side, producing a continuous coding sequence
1. these actions are catalyzed by a ribozyme


Adding Caps and Tails to Transcripts
· enzymes add a structure called the 5’ cap
· consists of molecule 7-methyl-guanylate and three phosphate groups
· enzyme cleaves the 3’ end of most RNAs and another enzyme adds a long row of 100-250 base pairs of adenine called the polyA tail
· these specific structures are not part of the coding region
· protects the mRNA from degradation by ribonucleases and enhance the efficiency of translation
· RNA processing refers to any modifications such as splicing or polyA tail addition needed to convert a primary transcript into a mature mRNA


Introduction to Translation
· to synthesize a protein, the sequence of bases is translated into a sequence of amino acids
· how are the amino acids assembled into a polypeptide according to the information in messengerRNA?
· proteins are synthesized by ribosomes
· pulse chase experiment was performed again
Comparing translation in bacteria and eukaryotes
· in bacteria, ribosomes attach to mRNAs and begin synthesizing proteins even before transcription is complete
· multiple ribosomes attach to each mRNA, creating a polyribosome
· transcription and translation can occur concurrently in bacteria because there is no nuclear envelope to separate the two processes
· transcription and translation are physically connected
· in eukaryotes, primary transcripts are processed in the nucleus and mature RNA is then moved to the cytosol where translation occurs
· transcription and translation are separated in time and space


How does an mRNA triplet specify an amino acid?
· triplet codons in mRNA specify particular amino acids in a protein


The structure and function of Transfer RNA
· ribosomes, mRNA, amino acids, ATP or GTP had to be present for translation to occur
· transferRNA must be present in order for protein synthesis to occur
· ATP is requried to attach an amino acid to tRNA
· enzymes called aminoacyltRNA synthases catalyze the addition of amino acids to tRNAs
· aminoacyl tRNA is when a tRNA molecule is covalently linked to an amino acid
1. amino acids are transferred from aminoacyltRNAs to proteins
· tRNA serves as a chemical g-betweens that allow amino acids to interact with an mRNA template. But how does this connection occur?
. tRNa sequences are short, ranging from 75 to 85 nucleotides in length
1. a CCA sequence at the 3’ end of each tRNA offered a binding site for amino acids, while a triplet on the loop at the far end of the structure could serve as an anticodon
1. anticodon is a set of three ribonucleotides that forms base pairs with the mRNA codon
. tRNA folds into an L-shaped molecule


The wobble hypothesis recalls that many amino acids are specified by more than one codon
· codons for the same amino acid tend to have the same nucleotides at the first and second positions but a different nucleotide at the third position
· e.g CAA and CAG both code for glutamine
· certain bases in the third position of tRNA anticodons can bind to bases in the third position of a codon in a manner that does not match usual pairing
1. allows limited flexibility, or wobble in base pairing


Recall that protein synthesis occurs when the sequence of bases in an RNA message is translated into a sequence of amino acids in a polypeptide.
· ribosomes can be separated into two smaller units - larger and smaller subunit
· smaller subunit holds mRNA in place during translation
· larger subunit is where peptide bond formation takes place
· there are three sites in the ribosome
· A site carries an amino acid
· P site carries polypeptide chain
· E site carries nothing, it is about to exit


The ribosome is a machine that can synthesize proteins in a three-step sequence
· an aminoacyl tRNA diffuses into the A site; anticodon binds to codon in mRNA
· peptide bond forms between amino acid from A site and growing polypeptide held in the P site
· ribosome moves ahead and all three tRNAs move one position down the line
Protein synthesis starts at the amino end (N-terminus) of a polypeptide chain and proceeds to the carboxy end (C-terminus)


Initiating Translation
· to translate an mRNA properly, a ribosome must begin at a specific point in the message, translate the mRNA up to the messange’s termination codon and stop
· three phases are: initiation, elongation and termination
· The presence of start codon (AUG) is the aspect of initiation that is common in both bacteria and eukaryotes
· process officially begins when a section of rRNA in a small ribosomal unit binds to a complementary sequence on a mRNA
· the initiator aminoacyl tRNA bearing f-Met binds to the start codon
· initiation is complete when large subunit joins the complex
· mediated by proteins called initiation factors
· region on mRNA is called ribosome binding site


ELongation: Extending the Polypeptide
· the E and A sites in the ribosome are empty of tRNAs
· an mRNA codon is exposed at the base of the A site
· elongation proceeds when an aminoacyl tRNA binds to codon in the A site by complementary base pairing between the anticodon and codon
· when both the P and A site are occupied by tRNAs, amino acids on the tRNAs are in the ribosome’s active site
· where polypeptide formation occurs
· the active sites of ribosomes consists entirely of ribosomal RNA
· protein synthesis is catalyzed by RNA - ribosomes are ribozymes, not enzymes
· after peptide bond forms, polypeptide chain is transferred from the tRNA in the P site to the amino acid held by the tRNA in the A site
· translocation occurs when proteins called elongation factors move the mRNA so that it ratchets through the ribosome in the 5’--> 3’ direction
· translocation does several things
· moves empty tRNA into E site
· moves tRNA to the P site and opens the A site and exposes a new mRNA codon
There are three steps in translocation
· arrival of aminoacyl tRNA
· peptide formation
· translocation (repeat down the length of the mRNA)


Terminating Translation
· there are three stop codonss: UAA, UAG and UGA
· when hit with the stop codon, a protein called release factor fills in the A site
· ribosome’s active site catalyzes the hydrolysis of the bond that links the tRNA in the P site to the polypeptide chain
· frees the polypeptide
· ribosomal subunits dissociate


Protein function depends on its shape and shape depends on how it folds
· molecular chaperones help speed the folding process
Small chemical groups may be added to the proteins - often sugar or lipid groups
Proteins can also be altered by the addition or removal of a phosphate group


Biology After Midterm Notes

Mechanisms of Regulation - an Overview

· The flow of information from DNA to RNA occurs in three steps
· DNA → mRNA → protein → activated protein
· DNA to mRNA is transcription (slow but efficient)
· important due to its efficiency, stops the process at the earliest possible point
· mRNA to protein is translation 
· control allows a cell to make rapid changes in relative amounts of different proteins
· protein to activated protein is posttranslational modifications (fast but energetically expensive)
· control provides the most rapid response of all three mechanisms 
· There is a clear trade off between the speed of response and the conservation of ATP, amino acids and other resources
· transcriptional control is slow but efficient, posttranslational control is fast but energetically expensive
· Gene expression is not an ‘all or nothing’ proposition
· The level of expression is highly variable
· Variation in gene expression allows cells to respond to changes in environment
Metabolizing Lactose – a Model system
· In studies of gene regulation, the key model system has been the metabolism of the sugar lactose in E.coli
· Lactose can serve as a raw material in the synthesis of amino acids, vitamins and other complex compounds
· Glucose is e.coli’s preferred carbon source
· Lactose is used by E.Coli only when glucose is depleted
· To allow bacteria to use lactose, E.coli must first transport the sugar into the cell
· Once lactose is inside (the cell), the enzyme beta-galactosidase catalyzes a reaction that breaks the sugar down into glucose and galactose
· The glucose that is released goes directly into glycolytic pathway
· Other enzymes convert galactose to a substance that can be processed in the glycolytic pathway
· In the 1950s, biologists discovered that e.coli only produces high levels of beta-galatosidase only when lactose is present in the environment
· Researchers proposed that lactose itself regulates the gene for beta-galatosidase
· This means that lactose would act as an inducer
· An inducer is a substrate in a reaction and stimulates the expression of a specific gene or genes
· An experiment  a Jacques Monod concluded that beta-galactosidase is produced only when lactose is present in the body – not glucose
· The preference over glucose over lactose makes sense
· The steps to convert glucose into pyruvates is less for glucose than for lactose (since glucose is already what it is, lactose would require more steps to convert it to glucose)

Identifying Genes under Regulatory Control
· To understand how E.coli controls the production of beta-galactosidase and the membrane transport protein that brings lactose into the cell, it was required to first find the genes that code for the proteins
· Monod and Jacob analyzed mutated individuals
· Their goal was to find cells that were not capable of metabolizing lactose (lack beta-galactosidase or lactose-transporting protein)
· To find the mutants, they completed two steps
· Generate a large number of individuals with mutations at random locations in their genomes
· Did so by exposing them to mutagens (chemicals that change DNA and increase mutation rates)
· Screen the mutants to find individuals with defects
· How could researchers select cells on the basis of lack of growth?

Replica Plating to find Mutant Genes
· How replica plating works
· When mutants with defects in lactose metabolism are desired, mutagenized bacteria are spread on a ‘master plate’ filled with agar containing glucose
· Forms colonies
· A block covered with a piece of sterilized velvet is pressed onto the master plate
· Colonies on the plate will transfer to the velvet
· The velvet is pressed onto a plate containing a medium
· A liquid or solid that supports growth and differs by a single components (second medium only contains lactose)
· After cells grow, compare colonies that thrive on replica plate medium with those on the master plate
· Monod used an alternative strategy based on indicator plates
· Where mutants with metabolic deficiencies are observed directly
· He added a compound that is acted on by beta-galactosidase
· Colonies with normal beta-galactosidase turn yellow
· Colonies that have a defect in beta-galactosidase stay white

Different Classes of Lactose Metabolism Mutants
· The screening yielded three types of mutants summarized in Table 17.1
· lacZ
· mutant cells were unable to cleave indicator molecule (even if lactose was present inside the cells to induce production of the beta-galactosidase protein
· these mutants must lack a functioning version of the protein
· the gene that codes for beta-galactosidase is defective
· lacY
· cells failed to accumulate lactose inside the cell
· these mutants had defective copies of membrane proteins called lactose permase in their membranes that resulted in the lack of lactose inside the cells
· lacI
· these mutants made the proteins all the time, even if no lactose was present
· these mutants are known as constitutive mutants
· these cells must have a defect in gene regulation
· (gene should be ‘off’ when it’s on all the time)
· Later work showed that the inducer is actually a derivative of lactose called allolactose

Several Genes are involved in Lactose Metabolism 
· LacZ and lacy code for proteins required for metabolism and import of lactose
· LacI was responsible for some sort of regulatory function
· When lactose is absent, the lacI gene shuts down the expression of lacZ and lacy
· Jacob and Monod found that the genes found in bacteria chromosomes were extremely close together
· Suggested that both lacZ and lacY might be controlled by lacI

Mechanism of Negative Control
· Transcription can be regulated by two ways: negative and positive control
· Negative control is when a protein binds to DNA and shuts down transcription
· Positive control is when a protein binds to DNA and triggers transcription
· It was suggested that the lacI gene produces an inhibitor that exerts negative control over the lacZ and lacY genes
· This inhibitor is known as a repressor
· Repressor binds directly or near the DNA for the lacZ and lacY genes
· To explain how the presence of lactose triggers transcription in normal cells, Szilard and Monod proposed that lactose interacts with the repressor in a way that makes it release from its binding site
· Idea is that lactose induces transcription by removing negative control
· “repressor is the parking brake, lactose releases the parking brake”
· For constitutive mutants, a function repressor is broken
· “the parking brake is broken”
· The lacI gene codes for a repressor protein that exerts negative control on lacZ and lacY
· Lactose acts as an inducer by removing the repressor and ending negative control


The lac operon 
·  The genes for beta-galactosidase and lactose permase are controlled together
· Operon refers to a set of coordinately regulated bacterial genes that are transcribed together into one mRNA
· the group of genes involved in lactose metabolism was termed lac operon
· another gene called lacA was found to code for the enzyme transacetylase
· catalyzes reactions that allows certain types of sugars to be exported from the cell when they are abundant

· There are three hypotheses about the lac-operon regulation
· The lacZ, lacY and lacA genes are adjacent and are transcribed into one mRNA
· Therefore, the expression of these genes is coordinated
· The repressor is a protein encoded by lacI that binds to DNA and prevents transcription of lacZ, lacY and lacA
· Proposed that lacI is expressed constitutively and that the repressor binds to a section of DNA in the lac operon called the operator
· The inducer (lactose) binds to the repressor
· When it does, the repressor changes shape and causes the repressor to drop off the DNA strand
· Allosteric regulation: small molecule binds directly to a protein and causes it to change its shape and activity
· The repressor protein shifts from having a high affinity for DNA to having a low affinity
· Each cell contains a few repressor proteins
· If there is a lot of lactose available, inducers will bind to each repressor protein and transcription can proceed
· Later, if the cell consumes all of the available lactose, the inducer concentration falls
· Repressor protein will return back to its high affinity and resume repressing the lac operon
· Years after model of negative control was published, experiments confirmed the existence of a lac operon
· E.coli mutants that had normal forms of the repressor but still expressed lacZ constitutively
· Repressor protein couldn’t function because the operator was abnormal
· Repressor protein physically binds to the DNA sequences of the operator

Why is the lac operon model so important?
· Important for two main reasons
· Numerous bacterial genes and operons are under negative control by repressor proteins
· Gene expression is regulated by physical contact between regulatory proteins and specific regulatory sites in DNA
· Work on the lac operon offered an important example of posttranslational control over gene expression
· Repressor protein is always present because it is transcribed and translated constitutively at low levels
· When a rapid change in lac operon activity is required, it does not occur by means of changes in the transcription or translation of new repressor proteins
· Instead, the activity of existing repressor proteins is altered

Mechanisms of Positive Control: Catabolite Repression
· Transcription of the lac operon is drastically reduced when glucose is present in the environment
· The hydrolysis of lactose into its glucose and galactose subunits is an example of catabolism
· Operons that encode catabolic enzymes are inhibited when the end product of a reaction is abundant
· This is also known as a catabolite repression
· Also known as end point inhibition
· In catabolite repression of the lac operon, glucose is the catabolite
· When glucose is present in the cell, transcription of the lac operon is reduced

The CAP protein and binding site
· How does glucose prevent the expression of the lac operon?
· Positive control of the lac operon depends on a regulatory protein called catabolite activator protein and a sequence in DNA known as the CAP binding site
· The CAP protein binds to the CAP binding site and triggers transcription of the lac operon
· Not all promoters are created equal
· Strong promoters allow efficient initiation of transcription by RNA polymerase
· Weak promoters support much less efficient initiation of transcription 
· CAP binding greatly strengthens the lac promoter, CAP exerts positive control of the lac operon – when CAP is active, transcription increases
· Research has found that CAP is allosterically regulated
· CAP can’t bind to the CAP binding site unless the regulatory molecule cyclic AMP binds to it
· “cyclic AMP is the green light that tells CAP to floor it”

How Does Glucose Influence Formation of the CAP-cAMP Complex
· Glucose regulates cAMP levels (it is an inverse relationship – if there are high levels of glucose, there would be low levels of cAMP which make sense because this means that low levels of cAMP would decrease positive control of the lac operon (making less b-galactosidase) 
· When extracellular glucose concentrations are high, intracellular cAMP concentrations are low
· When extracellular glucose concentrations are low, tracellular cAMP are high
· Adenylyl cyclase produces cAMP from ATP
· Activity is inhibited by extracellular glucose
· Because positive and negative control elements are superimposed, E.coli fully activates the genes for lactose metabolism only when lactose is available and when glucose is scarce or absent

CHAPTER 19 MATERIAL

Analyzing and engineering genes
· Efforts to manipulate DNA sequences are often referred to as genetic engineering 
· Genetic engineering became possible with the discovery of enzymes that cut DNA at specific sites and of other enzymes that paste DNA sequences together
· Techniques used to engineer genes are often referred as recombinant DNA technology 

Case 1 – the effort to cure pituitary dwarfism 
· The pituitary gland in mammals produces a protein that stimulate growth
· This protein is known as the human growth hormone
· In humans, the gene that codes for it is called GH1
· It was suspected that some forms of inherited dwarfism was due to a defect in the GH1 gene
· Confirmed by studies showing that people with certain types of dwarfism produce little to no growth hormone at all
· These people have defective copies of GH1 and exhibit pituitary dwarfism type I
· It is an autosomal recessive trait
· Why did early efforts to treat the disease fail?
· People with pituitary dwarfism could be treated successfully with growth hormone therapy, but only if the protein came from humans
· Only source of growth hormone was from human cadavers, making the protein extremely scarce and expensive
· However, it was discovered that the growth hormone from cadavers carried a prion disease (which infects neighbouring proteins and causing them to denature)
· Therefore, the use of growth hormone isolated from cadavers was banned

· Steps in engineering a safe supply of growth hormone
· To replace natural sources of growth hormone, researchers tuned to genetic engineering
· They plan to find the GH1 gene, obtain many copies of the gene and insert them to E.coli cells 
· Their ability to do this relied on three techniques
· Using reverse transcriptase
· This enzyme catalyzes the synthesis of DNA from an RNA template
· (DNA that is produced from RNA is called complementary DNA or cDNA)
· Researchers isolated mRNAs from pituitary gland cells and used reverse transcriptase to reverse-transcribe those mRNAs to cDNAs
· Using plasmids in cloning (isolating cDNAs and making identical copies of it)
· Researchers can clone a gene by inserting it into a small,circular DNA molecule called a plasmid
· Researchers realized that if they could splice a loose piece of DNA into a plasmid and then insert the modified plasmid into a bacterial cell, the engineered plasmid would be replicated and passed onto daughter cells as the bacterium grew and divided
· When a plasmid is used to make copies of a foreign DNA sequence, it is called a cloning vector
· Using restriction endonuclease and DNA ligase to cut and paste DNA
· Endonucleases are used to cut a gene out for later insertion into a cloning vector
· They cut DNA only at sites that contain specific base sequences
· To insert the pituitary gland cDNAs into plasmids requires three steps
· Identify a palindrome recognition site
· Attach the same recognition site to the cDNA gene that will be inserted into the plasmid
· Add restriction endonuclease
· Results in sticky ends, and two ends can pair up and hydrogen bonds will form between one another
· Complementary base pairs of the plasmid will bind to the sticky ends in the cDNA
· Researchers use DNA ligase to seal recombinant pieces of DNA together
· The ability to create novel combinations of DNA sequences by cutting specific sequences and pasting them into new locations is the essence of recombinant DNA technology

· Transformation: Introducing Recombinant Plasmids into Bacterial Cells
· If recombinant plasmid can be inserted into a bacterial or yeast cell, foreign DNA will be copied and transmitted to new cells as the host cell grows and divides
· Researchers can obtain millions or billions of copies of specific genes
· Cells that take up DNA from the environment and incorporate it into their genomes are said to undergo transformation

· Producing a cDNA library
· a collection of DNA sequences, each of which is inserted into a vector is called a DNA library
· if the sequences are cDNAs from a particular cell type or tissue, the library is called cDNA library
· if the sequences are fragments of DNA that collectively represent the entire genome of an individual, the library is called a genomic library
· libraries are made up of cloned genes
· when needed, any specific gene in the library can be produced in large quantity and isolated in pure form
· they are important because they give researchers a way to store information form a particular cell type or genome in a form that is accessible
· in order to find a specific gene in a library, biologists use probes
· a marked molecule that binds to the molecule the biologist is looking for
· it is a single stranded fragment that will bind to a single-stranded complementary sequence in the sample of DNA being analyzed
· by binding to the sequence, the probe marks the fragment containing that sequence, distinguishing it from all the other fragments in the sample

· Mass producing growth hormone
· To accomplish their goal of producing large quantities of the human growth hormone, the investigators used recombinant DNA techniques to transfer the growth hormone cDNA to the new plasmid
· Plasmid in question contained a promoter sequence that was recognized by holoenzyme and recombinant plasmids were then introduced to e.coli cells
· (transformed e.coli cells that resulted contained a gene for human growth hormone attached to the e.coli promoter)
· Cells began to transcribe and translate human growth hormone gene and it accumulated in the cells and was subsequently isolated and purified
· Today, bacterial cells containing the human growth hormone gene are grown in huge quantities – huge success.

Case 2 – Amplification of Fossil DNA: The Polymerase Chain Reaction
· The polymerase chain reaction is an in vitro DNA synthesis reaction in which a specific section of DNA is replicated over and over by DNA polymerase to amplify the number of copies of that sequence
· A technique used for generating many identical copies of a particular section of DNA

· Requirements for PCR
· PCR is only possible when a researcher already has some information about DNA sequences near the gene in question
· Sequence information is required because to do a PCR, you have to start by synthesizing short lengths of single-stranded DNA that match the sequences

