Cell Biology Lecture Notes

Introduction:

A. Definition of a cell: fundamental structural and functional unit of all living organisms

B. Characteristics of cells:

1) Contain highly organized molecular and biochemical systems and are used to store information

2) Use energy

3) Capable of movement

4) Sense environmental changes

5) Can duplicate (transfer genetic information to offspring)

6) Capable of self-regulation

-Most cells are microscopic (invisible to the naked eye) and thus, a microscope is needed to view most cells.

C) History:

-Discovery of the cell followed by the development of the microscope

A. 1665-Robert Hooke- observed cells from the fruiting bodies of fungi 

B. Anton van Leewenhoek- observed a variety of cells and called them "animalcules" 

C. 1830’s-Theodor Schwann and Matthias Schleiden developed the cell theory

-Cell Theory states:

1. All living organisms are composed of cells 

2. Cells are the functional units of living organisms 

3. Cells arise from preexisting cells via division

D) Louis Pasteur-developed the theory of spontaneous generation that is that cells could develop from non-living matter 

-Also worked on problem associated with the fermentation of French wine

-1857-developed a partial sterilization process called pasteurization- involves heating at a moderate temperatures to reduce the number of living microorganisms

E) 1865-Mendel-demonstrated that cellular traits (phenotypes) were inherited

- Seed shape and color in garden peas

- Named "Father of Genetics"

F) 1871-Johan Freidrick Miescher-isolated nucleic acids from cells "nuclein" 

G) 1889-R.Altman-purified nucleic acids 

 

H) 1944-Oswald Avery, Colin MacLeod, and MacLyn McCarty- 

-Demonstrated that DNA was the heredity molecule

-DNA could transform bacterial cells

I) 1952-Alfred Hershey and Martha Chase-also demonstrated that DNA was the heredity molecule 

-Radioactive DNA from a virus was able to infect and transform bacterial cells

J) 1953-James Watson and Francis Crick-developed the 3-D structure of DNA 

K) 1958-Mattew Meselson and Frank Stahl-demonstrated that DNA replicated by a semi conservative method

L) 1961-Brenner, Jacob, Meselson-discovered RNA 

M) 1966-Nirenberg and Khorana-elucidated the chemical nature of the genetic code 

N) 1972-1973-Berg, Boyer, and Cohen- discovered gene cloning 

O) 1975-Gilbert and Sanger-developed chemical techniques to rapidly sequence DNA

 Cell Structure:

I. Most cells are microscopic and cannot be seen by the naked eye. 

II. Microscopes were developed to visualize cells. 

III. Resolution is the minimum distance where 2 objects can be visually separated

-Unresolved

-Partially resolved

-Resolved

-Depends on:

a. Wavelength of light 

b. Refractive index of the medium 

c. Of the light

-The naked eye can resolve two separate objects separated by 200 um

Metric system:

-1 meter = 3.3 feet, 1 km = 103 m, 1cm = 10-2 m, 1mm = 10-3 m, 1um = 10-6 m, 1nm = 10-9 m, 1 A = 10-10 m, 1pm = 10-12 m

IV. Light microscope:

-Can resolve two objects 100-200 nm apart (including cells and large sub cellular organelles) 

-Uses different light sources and patterns of image formation

a. Bright field d) differential interference 

b. Dark field e) fluorescence c) phase contrast

V. Electron Microscope:

-Uses a beam of electrons (e-) rather than light as an illumination source

A. Transmission Electron Microscope (TEM)

-Electrons forming the image focused through the specimen

-Short wavelength of e- beam improves the resolution of TEM to 5 A (.5nm)

-Can resolve small sub cellular organelles and large proteins

B. Scanning Electron Microscope (SEM)

-Used to examine surfaces of cells or isolated cellular structures

-e- beam "scans" the specimen

-Resolution 5 to 10 nm

Prokaryotic Cells- small and primitive bacteria and blue-green algae (cyanobacteria)

Greek: Pro=before karyon=nucleus

-Lacks specialized internal membrane-bound compartments known as organelles

-Cell membrane- functions in transport, the movement of substances in and out of the cell, and in energy production (breakdown of large molecules, photosynthesis)

-Cell wall- gives structural strength (rigidity) to the cell

-Capsule- jelly-like substance which protects the cell wall from environmental damage

-Nucleiod- contains a single circular molecule of DNA (stores genetic information)

-Cytoplasm- region surrounding the nucleiod and within the cell membrane

-Contains ribosomes and RNA (site of protein synthesis)

-Vacuole (vesicles)(blue-green algae)-site of photosynthesis (storage)

-Flagellum- protein fiber the functions in movement

Eukaryotic Cell- (eu=true karyon=nucleus)

1. Possesses a complex membrane system 

2. Has a true nucleus 

3. Distinct membrane-bound intracellular compartments called organelles

-Nucleus- dark-staining body within the cell by enclosed an intracellular membrane called the nuclear envelope 

-Nuclear envelope contains pores, which are filled with a ring of proteins called annulus

-Contains DNA in the form of chromatin fibers

-DNA is linear (linear DNA + proteins = chromosome)

-Nucleolus- a cell organelle in the nucleus that disappears during part of cell division. Contains rRNA genes

-Nucleus also contains RNA (mRNA, rRNA, and tRNA)

-Transcription- conversion of genetic information from DNA to RNA occurs in the nucleus

-DNA replication-duplication of genetic material

-Cytoplasm: major portion of the protoplasmic substance within the cell membrane

a. Ribosomes-a cytoplasmic particle that contains RNA and protein and is involved in the process of protein synthesis

-Translocation-process which takes place in the cytoplasm and converts genetic information in RNA into proteins 

-Ribosomes can either be freely suspended in the cytoplasm or attached to intracellular membranes

a. Endoplasmic reticulum (ER)- a network of intracellular membranes where secreting proteins are synthesized

-Rough ER- the ER + ribosomes

-Smooth ER- the ER without ribosomes

- Functions in the breakdown of fats attached to the rough ER in the Golgi complex

a. Golgi apparatus-a membranous organelle that packages and sorts newly synthesized secretory proteins

a. Lysosome- organelle which contains digestive enzymes 

e. Mitochondrion-semiautonomous eukaryotic cell organelle 

-Site of respiration

-Consists of an outer membrane and a convoluted inner membrane

-Site of ATP production within the cell

a. Microbody-organelle within a cell containing specialized enzymes whose functions involve hydrogen peroxide (peroxisome) 

b. Microtubules-composed of tubulin

h. Microfilaments-composed of actin

-Both (g and h) are involved in cellular movement

a. Intercellular-includes flagella and cilia 

b. Intracellular- cytoplasmic streaming

Plant cell organelles:

-Chloroplast- involved in photosynthesis

-Central vacuole- provides support to the plant via osmotic pressure

-Cell wall- composed of cellulose, which provides extra strength and rigidity

i. Specialized protozoan cell organelle:

-Contractile vacuole- used to maintain proper osmotic pressure and secretes waste and excess H2O

-Two types of nuclei

1) Macronucleus- involved in asexual reproduction

2) Micronucleus- involved in sexual reproduction 

Chemical Bonds:

I. 4 types of molecules make up cells:

1) Carbohydrates

2) Lipids

3) Proteins

4) Nucleic acids

II. Biological macromolecules are held together by several different types of bonds:

1) Ionic bond-a transfer of electrons

2) Covalent bond-the sharing of electrons

3) H-bonds-weak attraction when H+ serves as a bridge between 2 electronegative atoms by a covalent bond and electrostatic attraction

4) Nonpolar associations-hydrophobic vs. Hydrophilic

5) Van der Waals-a momentary dipole that will affect the electron distribution of neighboring molecules

Acids and Bases:

Lewis definition:

1. Acid-a substance that can take up an electron pair to form a covalent bond 

2. Base-a substance that can donate an electron pair to form a covalent bond 

3. H2O dissociates into H+ ions and OH- 
4. [H+] + [OH-] = 1x10-14 moles/liter (M) 

5. pH = -log10 [H+] 

6. Acid pH is from 0 to 7 

7. Base pH is from 7 to 14

-Condensation reaction-when two molecules are combined into one molecule with the release of one water molecule

- A + B == C + H2O 

Ex: 2 amino acids are joined together to form a dipeptide molecule 

-Hydrolysis reaction-when one molecule is broken into two molecules with the addition of water molecule

- C + H2O == A + B

Ex: disaccharide maltose + water == 2 glucose molecules

Reactive Organic Molecules:

1. Hydroxyl group - strongly polar and highly reactive

2. Carbonyl group - weakly polar and highly reactive

3. Aldehyde

4. Ketone 

5. Carboxyl group - strongly polar and acts as an acid 

6. Amino group - polar and acts as a base

7. Phosphate group - acidic and polar

8. Sulfhydral group - readily oxidized

-Two sulfhydral groups can bond together to form a disulfide bond

Carbohydrates:

A. Function:

1. Store energy (starches in plants / glycogen in animals) 

2. Provides rigidity to plant cells (cellulose) 

3. Involved in cell-cell communication (glycoproteins)

B. Structure

-Carbohydrates have a characteristic content of C, H, O atoms in the ratio of 1C:2H:1O

1) Monosaccharide is the subunit of a carbohydrate

2) Disaccharide contains 2 monosaccharide subunits

3) Oligosaccharide contains 2-10 monosaccharide subunits

4) Polysaccharide contains >10 monosaccharide subunits

C. Most carbohydrate subunits contains 3 carbons (triose), 5 carbons (pentose), or 6 carbons (hexose)

glucose - glucose - glucose

D. 2 common monosaccharides are:

fructose and galactose  

 

E. Disaccharide = 2 monosaccharide subunits linked together

-Ex: maltose = 2 glucose molecules linked together

 -Glycosidic bond = is the bond between 2 carbohydrate subunits formed by the eliminated of water 

F. Examples of Polysaccharides:

1) Cellulose- comprises plant cell walls; molecule composed of repeating B- glucose units (monomers) held together by B 1=4 linkages

2) Starch- (primary storage compound in plants) is a macromolecule composed of repeating - glucose units held together by 1=4 linkages

3) Glycogen- (primary storage compound in animals) is a branched macromolecule composed of repeating 1=4 and 1=6 glycosidic linkages

Sucrose:

 

 

 

 

 

Lactose:

 

 

 

 

 

 

-Most monosaccharides can exist in alternative forms when molecules, which are attached to the carbon chain, can be oriented in different positions

-Stereoisomers - two molecules, which have the same molecular formula and the same chemical formula and physical properties, but are different in the spatial arrangement of atoms

-Most carbohydrates exist in D and L forms

Lipids:

A. Definition- fats or fat-like substances that are insoluble in water and soluble in nonpolar solvents like acetone, ether, chloroform and benzene.

B. Function:

1) Primary component of cell membranes

2) Store energy

C. There are 3 types of lipids: neutral lipids, phospholipids, and steroids

D. Neutral lipids (fats and oils)

1) Composed of fatty acids and glycerol (alcohol)

2) Fatty acid is a long, unbranched chain of carbon atoms attached by hydrogen and other groups and a terminal carboxyl group 

3) CH3(CH2)nCOOH saturated fatty acid since the carbons have the maximum possible # of H atoms

4) CH3(CH2)nCH=CH(CH2)nCOOH unsaturated fatty acid because of the one double C-C bond.

5) Structure of neutral lipids

 

 

- Glycerol has 3 OH groups each of which is attached to a fatty acid

E. Phospholipids-primary lipids in cell membranes

-Most common phospholipid is a phosphoglyceride

-2 fatty acids + glycerol + phosphate group

-One end is hydrophobic; the other end is hydrophilic =called amphipathic (amphiphilic)

-To satisfy these solubility properties, phospholipids arrange themselves into a lipid bilayer

-The lipid bilayer is the basic arrangement of the cell membrane

F. Steroids

-Based on a framework of 4 carbon ring

 

-Sterols are the most abundant group of steroids

-A nonpolar side chain is attached at one end of the ring structure and a polar side group is attached to the opposite end of the ring structure 

-R’ is a polar unit and R is a nonpolar unit

-The combination of polar and nonpolar side groups gives phospholipids dual solubility properties

-An example of a sterol is cholesterol

 

 

-Cholesterol is an important component of the cell membrane in all animal cells

-Cholesterol also can be deposited inside arteries causing blockage, which contributes to the disease arteriosclerosis (hardening of the arteries)

-Hormones are steroids and they play major roles in cell regulation, cell metabolism, and cell growth

 I. Proteins carry out many cellular functions:

1) Provide cellular support (cytoskeleton: microtubules – tubulin; microfilaments - actin)

2) As enzymes, they catalyze cellular reactions

3) Stabilize and control gene activity via interactions with other proteins and nucleic acids (DNA or RNA)

4) Used in cell transport and cell recognition (cell membrane)

5) Involved in cell-cell transport via secretory proteins and hormones

II. Proteins are composed of subunit structures called amino acids

A. 20 major biological amino acids 

B. General structure of amino acid

C. 20 amino acids - commit to memory:

1) Structure

2) Name

3) 3 letter abbreviation

4) 1 letter abbreviation

D. Amino acids can be linked together in chains of 2 or more units 

-Peptide bond - is a bond in which the carboxyl group of one amino acid is joined to the amino group of a second amino acid via a condensation reaction

-Peptide - is a chain composed of 2 or more amino acids and contains one or more peptide bonds

-Ex: dipeptide = chain composed of 2 amino acids

-Tripeptide = chain composed of 3 amino acids

-Polypeptide is an amino acid chain composed of 3 or more amino acids

-The amino acid sequence of a polypeptide chain is called the primary structure of a protein

E. Secondary structure of proteins - is the conformation imposed on the polypeptide chain by hydrogen bonding between amino acids

- There exists physical constraints on the rotation of the alpha carbon atoms that flank the peptide bond

- It has been determined that there are only 2 or 3 stable arrangements of amino acids which conform to these restraints

1. Alpha helix 

2. Beta strands (sheets) 

3. Random coil

- These arrangements compose the secondary structure of a polypeptide chain

-Secondary structure - is the arrangement of alpha helices, beta sheets, and random coils in a polypeptide chain

1) Alpha helix - common structural motif of a polypeptide chain in which the linear sequence of amino acids folds into a right-handed helix

-Helix is stabilized by internal hydrogen bonding between backbone atoms

2) Beta sheet - common structural motif of a polypeptide chain, which is composed of beta, strands that are oriented in an antiparallel fashion

-Stabilized by internal hydrogen bonds

-Beta strand - is an extended zigzag arrangement of amino acids in a polypeptide chain

-Beta barrel - is a cylindrical arrangement of beta sheets

-Example of a protein that is composed primarily of beta sheets is the silk protein secreted by silk worms (contributes to the high strength of silk fibers)

3) Random coil - an irregular configuration of amino acids within a polypeptide chain

-Usually composed of proline - cannot fit into an alpha helix or beta sheet

-Allows the protein to bend and flex

-Allows the protein to compact into its most stable energetic structure

F) Tertiary structure of proteins

-The three-dimensional arrangement of a polypeptide chain within a protein (monomeric protein)

G) Quaternary structure of protein

-Three-dimensional relationship between 2 or more polypeptide chains within a complex protein

-Ex: coiled coil & triple helix

-Dimer = 2 subunits

-Homodimer = identical subunits

-Heterodimer = distinct subunits

-Multimeric protein - composed of 2 or more subunits (identical or distinct)

Nucleic acids:

I. Definition - a large, chain-like macromolecule containing phosphoric acid, sugar, and a nitrogenous base

-2 examples are deoxyribonucleic acid (DNA) & ribonucleic acid (RNA)

a. Sugar is 5-carbon sugar called a pentose

ribose deoxyribose

 

 

 

b. Phosphoric acid is composed of one or more phosphate groups (PO4-)

c. Nitrogenous base = 2 types

purine pyrimidine

 

 

 

  1. Two common purine bases, adenine and guanine

6-aminopurine (adenine) 2-amino-6-hydroxypurine (guanine)

 

 

 

2. Three common pyrimidine bases, cytosine, thymine, and uracil

4-amino-2-hydroxypyrimidine 2,4-dihydroxypyrimidine 2,4-dihydroxy-5-methyl pyrimidine 

(cytosine) (uracil) (thymine)

 

 

 

 

 

II. Nucleoside - macromolecule composed of a nitrogenous base joined to a pentose 

III. Nucleotide - is a macromolecule composed of a nitrogenous base, a pentose, and linked (esterified) to one or more phosphate groups

-5’-ribo(deoxyribo) - nucleotide

- Phosphate is linked to the 3’ OH of the pentose = 3’-ribo(deoxyribo) - nucleotide

IV. Nomenclature of nucleosides:

A-deoxyriboside = deoxyadenosine A-riboside = adenosine

G-deoxyriboside = deoxyguanosine G-riboside = guanosine

C-deoxyriboside = deoxycytidine C-riboside = cytidine

T-deoxyriboside = deoxythymidine U-riboside = uridine 

V. Nomenclature of nucleotides in DNA

base - deoxyribose - phosphate

5’-dAMP = deoxyadenosine-5’-PO4

5’-dGMP = deoxyguanosine-5’-PO4

5’-dTMP = deoxythymidine-5’-PO4

5’-dCMP = deoxycytidine-5’-PO4

VI. Nomenclature of nucleotides in RNA

base - ribose - phosphate

5’-AMP = adenosine-5’- PO4

5’-GMP = guanosine-5’- PO4

5’-UMP = uridine-5’- PO4

5’-CMP = cytidine-5’- PO4

VII. Nomenclature of nucleoside triphosphates

ATP = adenosine-5’-triphosphate

dATP = deoxyadenosine-5’-triphosphate

VIII. Nucleic acids RNA and DNA

-Nucleotides held in chains by bridging a phosphate group that extends between the 5’-carbon of one sugar with the 3’-carbon of a second sugar (held together by a phosphodiester bond)

-Produces a backbone chain of alternating sugar and PO4 groups

-DNA exists in a double helix that contains 2 intertwined chains of nucleotides

-RNA is single-stranded

Enzymes:

1. Review thermodynamics

-First and second law of thermodynamics

-Reversible reactions

-Coupling reactions

-Standard free energy change

2. Definition of an enzyme - is a protein which increases the rate of a spontaneous reaction (catalyzes the reaction)

a) Lowers the activation energy of the transition state

b) Reaction would proceed without the enzyme

c) Enzyme cannot make a reaction occur that would not proceed spontaneously without the enzyme

d) Enzymes do not alter the equilibrium of a reversible reaction

e) Enzymes increase the rate at which a reaction reaches equilibrium

Classification of enzymes:

1. Oxidoreductases - catalyzes a reaction in which electrons are removed from the substrate are donated directly to molecular oxygen

-Catalyzes oxidation-reduction reactions

-Act on alcohols, ketones, aldehydes, amines, etc.

2. Transferase - catalyze the transfer of functional groups

-Sulfhydral, glycosyl, aldehyde, acyl, etc.

 

3. Hydrolases - catalyze hydrolysis reactions

-Glycosidic bonds

-Peptide bonds

4. Lyases - catalyze the addition of groups to double bonds

- C=C, C=N, C=O

-Ex: AP lyases involved in repairing DNA

5. Isomerases - catalyze an intramolecular rearrangement 

-Catalyzed isomerization reaction

-Isomerization - rearrangement of atomic group within the same molecule without any loss or gain of atoms

6. Ligases - a group of enzymes that catalyze reactions in which a bond is formed between 2 substrate molecules using energy (ATP) obtained from the cleavage of a pyrophosphate bond

-Ex: DNA ligase & RNA ligase

 

Characteristics of enzymatic proteins:

-Enzymes combine briefly with reactants during an enzyme-catalyzed reaction (enzyme-substrate complex)

-Enzymes are released unchanged after catalyzing the conversion of reactants to products

-Enzymes are specific in their activity; each enzyme catalyzes the reaction of a single type of molecule or a group of closely related molecules

-Enzymes are saturated by high substrate concentrations

-Many enzymes contain nonprotein groups called cofactors 

-Inorganic cofactors = metal ions

-Organic cofactors = coenzymes (ex: vitamins)

I. Activation energy: the energy in excess of the ground state that must be added to a molecular system to allow a chemical reaction to start (e.g. rock on a cliff must be pushed to roll down the hill)

-One way to supply energy is to heat the reactants

-Second way is to add a catalyst

-Catalyst forms a complex with the reactant, thus bringing the reactants closer together so they can react

-In biological systems a catalyst is called an enzyme, which lowers the activation energy of the system

-Graph:

 

 

 

 

 

II. Three enzymatic mechanisms which can contribute to the formation of a transition state is a catalyzed biological reaction

a) Enzyme brings reacting molecules into close proximity

b) Enzyme orients reactants into positions to induce favorable interactions

c) Enzymes alter the chemical environment of the reactants to promote interaction

-E.g. is to create a nonpolar environment 

-Favorable condition for reactant nonpolar molecules

III. Factors affecting enzyme activity

a) Substrate concentration

b) Enzyme inhibition

- Competitive

- Noncompetitive

c) Temperature - optimum temp. 40C

-If temp. increases will denature the proteins

d) pH - optimum pH 7 for most enzymes

IV. Substrate concentration - reactants (substrates)   products

-As the reaction proceeds, the concentration of substrate decreases with time

-If we increase the concentration of substrate, we will increase the rate of an enzymatic reaction to a point

-From this point, if add more substrate, the rate of the reaction will not increase

-The enzyme is said to be saturated with substrate

-This effect is seen with all enzymes

-Graph:

 

 

 

 

 

 

-Phenomenon led Michaelis and Menten (1913) to the explanation that the enzyme (E) and the substrate (S) form a reversible complex ES. The ES then breaks down to give the product P and the free enzyme

-They derived an explanation to describe enzyme reactions

7. Derivation of the Michaelis Menten Equation:

 

 

 

 

 

 

 

 

 

 

 

Enzyme inhibition:

-Model for an enzyme-catalyzed reaction requires that the enzyme and substrate form a recognizable chemical complex ES (transition state) 

-In general, enzymes are much larger in size than substrate molecules

-Portion of the enzyme that complexes with the substrate are called the active center (site) of the enzyme

-It is not known exactly how enzymes lower the energy required to form the transition state or ES complex

-We do know that the complex exists by an experiment completed by Lerner and Schultz who generated Ab’s against molecules which closely resemble a theoretical transition state (transition state analogs-act as enzymes by catalyzing reactions = abzymes)

-A good amount of chemical information concerning the active sites of enzymes has been obtained by studying enzyme inhibitors

-Chemical inhibitor - is a substance that represses or stops a chemical reaction

-Inhibition - reduction in the rate of enzymatic activity 

E + S   ES   E + P

E + I   EI  no products

a) Competitive inhibition -

b) Noncompetitive inhibition - 

1. Competitive inhibition - the inhibition of enzyme activity caused by the competition of an inhibitor with a substrate for the active (catalytic) site on the enzyme; impairment of the function of an enzyme due to its reaction with a substance chemically related to its normal substrate

-Very common situation in the study of drug action

-Many drugs work by competing with the normal substrate molecules for the active site of enzymes

-Lineweaver-Burke plot:

 

 

 

 

 

 

 

 

  

2. Noncompetitive inhibition - inhibition of enzyme activity by a substance that does not compete with the normal substrate for the active site and thus cannot be reduced by increasing the substrate concentration

-Lineweaver-Burke plot:

 

 

 

 

 

 

 

 

 

 Regulation of Enzymatic Activity:

-In living cells, chemical equilibria for reactions are seldom, if ever, reached

-Due to the fact that cellular chemical reactions are coupled to form metabolic pathways

A   B   C   D   E 

-Three major known mechanisms by which enzyme activities appear to be regulated:

a) Change in the rate of synthesis of the enzyme

-Induction of the enzyme & repression of the enzyme contribute to gene regulation

b) Feedback inhibition of the enzyme - cellular control mechanism by which the end product of a series of metabolic reactions inhibits the activity of an earlier enzyme in the metabolic pathway; thus, when the end product accumulates, its further production ceases

c) Allosteric regulation (inhibition):

-Occurs by reversible combination of substances with sites on the enzyme other than the active site

-Enzyme is called an allosteric enzyme - an enzyme whose active site can be altered by the binding of a small molecule at a non-overlapping site

-Enzyme can be activated by this binding = allosteric activation

-Enzyme can be inhibited by this binding = allosteric inhibition

RNA based enzymes (ribozymes):

-First discovered in the protozoan Tetrahymena

-RNA molecule involved in splicing (or modifying) RNA intermediate structures

-Discovered by Tom Cech

DNA structure:

-Structure of DNA was deduced by x-ray diffraction and proposed by Watson and Crick

8 characteristics:

1) Contains 2 nucleotide chains which wind into a right-handed double helix

2) Backbone is composed of alternating sugar and phosphate groups separated by 1.1nn

3) Space is filled by a purine: pyrimidine base pair, which lies in a flat, plane perpendicular to the backbone

4) Each turn of the double helix is 10 bp

5) The bp are held together by H-bonds 

6) There are 2 surface grooves on the helix, major groove and a minor groove

7) The nucleotide chains of the helix run in opposite directions

5’ 3’

3’ 5’

8)This antiparallel arrangement requires that a new DNA chain being copied from an existing strand must run in the opposite direction

-Parent strand = template

-New strand = complementary strand

Modifications to DNA Structure:

1. Alternative DNA forms (B-DNA)

-Left-handed helix (Z-DNA)-involved in gene transcription and gene recombination

2. Chemical modification

-5 methyl cytosine-involved in gene regulation

-The methylation of DNA leads to a shut down of transcription

3. Supercoiling-compaction of DNA

-Supercoils induced by a group of enzymes called topoisomerases-an enzyme that changes the extent of supercoiling of the DNA complex

-These enzymes can also remove supercoils or relax them

-Supercoiling plays a major role in gene regulation, transcription, and DNA replication

Proteins Associated with DNA:

A. Histones-basic proteins rich in arginine and lysine that occur in close association with the nuclear DNA of most eukaryotic organisms

1. Major types of histones - H1, H2A, H2B, H3, and H4

-The last four are associated with each other and together with DNA they form a structure called a nucleosome

2. Nucleosome-the functional unit of chromatin in eukaryotes

-Nucleosomes pack DNA in a stable coiled form

-Contribute to gene regulation (changes structure during process of DNA replication, and transcription)

3. Nucleosome structure

4. Core particle-of a nucleosome consists of 2 each of the four core histone proteins 2 H2A, 2H2B, 2 H3, and 2 H4 plus 2 left hand turns of DNA that is wound around the proteins

5. Linker-is the DNA that links one nucleosome to the next

6. H1 associates with DNA at the end entering and leaving the core particle

  

B. Nonhistone Proteins-proteins other than histones that are associated with DNA in chromatin

1. Types of nonhistone proteins 

a) Transcription regulatory factors-proteins regulating in the process of transcription

b) Enzymes catalyzing reactions of transcription, replication, recombination, DNA repair, and modification of DNA and chromosomal proteins

c) Proteins contributing to maintenance of chromatin structure

 

 

Organization of Nucleosomes with Chromatin Fibers:

-Nucleosomes form solenoid structures to further compact chromatin

-This structure depends on H1 

-In humans 1 meter of DNA is compacted 104 fold

Chromatin in Interphase nucleus:

-Euchromatin-loosely packed regions of chromatin fibers=where genes are expressed

-Heterochromatin-densely packed regions of chromatin fibers=inactive genes

DNA Replication:

-The process where the parental DNA molecule is duplicated into 2 exact copies

-Process occurs by a semi-conservative mechanism

-Semi-conservative replication- is the production of a double-stranded DNA molecule containing one new strand and one parental strand 

-Illustrated by Meselson and Stahl

-They labeled DNA in dividing bacterial cells with an isotope of nitrogen (15N) 

-Remove label and grew cell in 14N

-After one generation, isolated DNA and found that the DNA was composed of one strand of 14N and one strand of 15N

-If DNA replicated by a conservative mechanism, DNA would exist in two forms (14N and 15N)

Overview of Mechanism:

1. DNA replication is catalyzed by an enzyme DNA polymerase

2. DNA polymerase requires a short stretch of nucleotides to initiate replication called a primer

3. Replication of new strand occurs in a 5’ 3’ direction

4. DNA polymerase binds to the 3’ OH group of the sugar of the primer and recognizes the first base to be copied

5. Binding of the base favors the linkage between the 3’ OH group of the primer and the innermost (alpha) phosphate group bound to the 5’ carbon of the incoming base

-The beta and gamma PO4 are removed

-The alpha phosphate is bound to the oxygen of the 3’ OH group on the sugar of the primer creating a 5’ 3’ phosphodiester bond or linkage between the primer and the added nucleotide

-This is a linkage between 2 alcohols and a PO4 group

6. DNA polymerase moves to the next base on the template and repeats steps 4 and 5

-During this process, each nucleotide is added to an exposed 3’-OH group

-A 3’-OH group is always present at the newest end of the growing chain

-Synthesis proceeds in a 5’ 3’ fashion

Fundamental Features of DNA Replication:

1. Two nucleotide chains of template DNA double helix must unwind and separate prior to replication

2. Unwinding and replication must proceed in the same direction

3. Replication of the 3’ 5’ template occurs in a 5’ 3’ direction, which produces a continuous, or leading strand

4. Replication of the 5’ 3’ template also occurs in a 5’ 3’ fashion

-Forms short lengths or Okazaki fragments 

-Produces a discontinuous or lagging strand

-Fragments are then joined together with covalent bonds catalyzed by the enzyme DNA ligase

Steps in DNA Replication:

1. Unwinding of DNA double helix

-Catalyzed by enzymes that require energy (ATP) called DNA helicase

-ssDNA region is then stabilized by DNA binding proteins

-unwinding induces supercoils into the DNA molecule

-supercoils are removed type of enzyme DNA topoisomerase that introduces single or double-stranded breaks in the DNA

-primer-is a short nucleotide sequence (often RNA) that is paired with one strand of DNA and provides a free 3’-OH at which a DNA polymerase starts synthesis of a new DNA chain 

2. after unwinding, RNA primers are attached to ssDNA through the actions of a specialized RNA polymerase (primase) 

-primase layers 5-10 nucleotides in length in a 5’ 3’ direction down a strand

-primer provides a free 3’-OH group that is necessary for DNA polymerase to operate

3. DNA polymerase then directs the incorporation of the proper base during the 5’ 3’ replication of the template strands (leading and lagging strands)

-in addition to its polymerization function, DNA polymerase also has a proofreading function

-DNA polymerase searches for DNA bp mismatches)

-accuracy of DNA replication is 1/107 bases

Prokaryotic DNA polymerases:

-I and II=function in DNA repair

-III=DNA replication

Eukaryotic DNA Polymerases:

- =DNA replication

- =DNA repair

- =DNA replication in mitochondria and chloroplasts

- =DNA replication

- =DNA repair

-proofread function- carried out in a 3’ 5’ or a 5’ 3’

-exonuclease-enzyme that removes nucleotides one at a time from the end of a nucleotide chain

-endonuclease-an enzyme that catalyzes the cleavage of DNA at a specific internal site (restriction enzyme)

-DNA can exist as a circular or a linear molecule

-replication of linear end of DNA is carried out by an enzyme composed of RNA called a telomerase

-telomerase adds repeated nucleic acid sequences to the end of DNA

-repeating ends are used for primer synthesis to generate duplicate DNA, which corresponds to the sequence end of the linear DNA molecule 

RNA:

1. Transcription:

-the synthesis of mRNA, rRNA, and tRNA from a DNA template

-messenger RNA (mRNA)-is the ribonucleic acid (RNA) that specifies the amino acid sequence for a particular polypeptide chain

-ssRNA

-ribosomal RNA (rRNA)-is the ribonucleic acid of various sizes that makes up part of the ribosomes

-constitutes up to 90% of the total RNA of a cell

-ssRNA, with helical regions formed by bp between complementary regions within the strand

-transfer RNA (tRNA)-is the ribonucleic acid involved in carrying amino acids to the ribosomes during translation

-for each amino acid there are one or more corresponding tRNA’s that can bind it specifically

2. the enzyme that catalyzes transcription is called RNA polymerase

3. each RNA is transcribed from DNA in a precursor form = (hnRNA) heterogeneous nuclear RNA, pre- mRNA, or pre-RNA

4. the conversion of hnRNA  mRNA, rRNA, and tRNA is called RNA processing

-steps:

1. addition of a 5’ cap

2. addition of a 3’ poly-A tail

3. splicing out of introns

4. RNA structure

-single stranded molecule composed of ribonucleotides

-molecule can form a variety of double-helical structures-which play a major role in gene expression

-structures:

hairpin stem loop

 

 

 

-double-helical hairpin structures contain inverted repeats (IR)

-which are symmetrically reversed sequences (palindrone sequences)

-primary structure-sequence of nitrogenous bases

-secondary structure- double-helical structure derived from base-pairing of inverted repeats

-tertiary structure- 3-D structure such as rRNA and tRNA

-2o and 3o structures are important as recognition sites for enzymatic, structural, and regulatory proteins active at all levels of RNA function from transcription, processing, and RNA transport through protein translation

5. RNA transcription:

-requires: 

1) a DNA template

2) Mg2+ or Mn2+

3) Four RNA nucleoside triphosphates (ATP, CTP, GTP, UTP)

a)RNA polymerase binds to the DNA template and recognizes the first base (ex. Guanine)

b)RNA polymerase recognizes and binds to CTP (bp with guanine); undergoes a conformational change

c)RNA polymerase reads the next base (adenine)

d)RNA polymerase binds UTP (bp with adenine)

e)RNA polymerase catalyzes the linkage between CTP and UTP

-terminal two phosphates of UTP ( and ) are removed

-alpha phosphate binds to the OH at carbon 3 of the ribose sugar

-enzyme reaction creates a phosphodiester linkage between the 3’ carbon of the first sugar and the 5’ carbon of the second sugar

f)repeat steps b  e for the next base

g)at one end of the DNA template, newly synthesized RNA molecule and the enzyme are released from the DNA template, and transcription is terminated

-the first nucleotide retains 3 phosphates (linked to the 5’carbon of sugar)==5’ end of the molecule

-last nucleotide has an OH group at the 3 carbon of the sugar==3’ end of the molecule

-since the 5’ carbon marks the beginning and a 3’ OH marks the end of a RNA molecule transcription is said to proceed in a 5’  3’ direction

6. Three phases of transcription:

1. initiation-attachment of RNA polymerase to the DNA template and binding by the enzyme of the first nucleotide in the new strand

2. elongation-reaction in which RNA nucleotides are added sequentially according to the DNA template

3. termination-end of RNA polymerization where RNA polymerase and the newly synthesized transcript are released from the template

Transcription:

I. Initiation:

-TFIID is a complex multimeric protein, which includes one polypeptide called the TATA-binding protein(TBP) which binds to the TATA sequence in the promoter

-upstream DNA sequences:

-transcription starts at +1 on the DNA template

a)TATA box functions in:

-initiation of transcription and the binding of RNA polymerase

-located -20 to -30 bases from the startpoint of transcription

b)CAAT box- sequence -80 bp upstream from the start of transcription

-functions: sequence binds regulatory proteins that modify the rate of transcript initiation

c)further upstream (or downstream) (1000’s of bp) there are DNA sequences 

-enhancers-a DNA sequence that can stimulate transcription at an appreciable distance from the site where it is located.

-contains DNA sequences which bind regulatory proteins

-coactivators-"adapter" molecules that integrate signals from activators or repressors and binds or relays to basal transcription factors

-repressors-bind to selected sets of genes at sites known as silencers, which slow the rate of transcription

1. RNA polymerase binds to a specific region of DNA called the promoter with the aid of transcription factors

-promoter- region of the gene that signals RNA polymerase binding and the initiation of transcription

-transcription factors-accessory proteins not part of RNA polymerase that are required to initiate and regulate the process of transcription

2. only one of the 2 DNA nucleotide chains contains the correct promoter sequence and acts as the template

-promoter length is determined by a technique called DNA footprinting

3. RNA polymerase binds the first RNA nucleotide (creates the 5’ end of the transcript)

II. Elongation:

-this is a polymerization reaction

-during elongation, RNA polymerase:

1. binds a nucleoside triphosphate and matches it to the template

2. splits two phosphate groups from the nucleoside triphosphate and forms the phosphodiester linkage

3. moves to the next template base

-during elongation, some of the initiation factors are replaced by elongation factors

-RNA polymerase like DNA polymerase has a proofread function and uses a 3’ 5’ exonuclease activity to remove incorrect or base mispairs during transcription

III. Termination:

1. there are specific termination DNA sequences, which signal the end of transcription

2. termination factors-function in releasing RNA polymerase and elongation factors from the DNA template and also release the transcript from the template

3 Types of RNA polymerases:

1. RNA polymerase I - transcribes rRNA

2. RNA polymerase II - transcribes mRNA

3. RNA polymerase III - transcribes 5S rRNA, tRNA, and snRNA’s

Structure and Processing of mRNA:

1. mRNA transcription is the first step in the sequence of events leading to protein synthesis

2. mRNA is transcribed from the DNA template as a precursor molecule called pre-mRNA or hnRNA

3. Structure of an mRNA molecule:

a. 5’ cap- consists of 3 nucleotides where the first is an inverted or reversed guanisine nucleotide

-cap is added immediately after transcription

-3 functions of the cap:

1. aids in the initiation of translation 

2. acts as a signal, which is recognized by the nuclear envelope

3. protects the RNA from degrading enzymes called nucleases

b. 5’ untranslated region (5’ UTR)-DNA sequence that is transcribed into RNA but the RNA sequence is not translated into an amino acid sequence 

-functions of the 5’UTR:

1. can increase or inhibit translation of RNA molecule

2. contains sequences which are recognized by ribosomes and accessory proteins for initiation of translation-called consensus sequences

c. coding sequences-an RNA sequence that begins with AUG initiator codon  Met and terminates with terminator codons UAG, UGA, or UAA.

-also called transcribed sequences they are composed of exons and introns

-exon-is a segment within a gene that carries part of the coding information for a protein (DNA sequences that are eventually translated into amino acid residues)

-intron-is a region of a gene, which is transcribed into a RNA transcript that is removed but not translated, by splicing (DNA sequences which are not eventually translated into amino acid residues)

-introns are also called intervening sequences

-splicing-is the excision of a segment of RNA followed by a rejoining of the remaining fragments (exons) which is catalyzed by DNA or RNA ligase

d. 3’ untranslated region (3’UTR)- RNA sequence which follows the coding sequence and consists of RNA molecules that are not translated into amino acids

1. 3’UTR contains a short AAUAAA that signals the end of transcription

-processing signal-fixes length of 3’UTR and indicates the site for attachment of the poly(A) tail

-poly(A) tail-unbroken string of adenine nucleotides(30-200) added to the 3’ end of the RNA molecule by an enzyme poly(A) polymerase (may function in stability and aid in translation??)

2. 3’UTR sequences provide stability for the RNA molecule

Processing Pre-mRNA’s:

-occurs in the nucleus

1. addition of 5’cap (while transcription is occurring) and 3’ polymerase (A) tail (after transcription)

2. removal of introns by splicing

a)occurs by interactions of the hnRNA with a spliceosome-a nuclear complex composed of RNA (in the form of snRNA) and proteins

-steps:

1)spliceosome binds to the intron

2)induces a conformational change in the intron where the intervening sequence forms a lariat or branched RNA structure

3)intron is removed and the two neighboring exons are joined (by RNA ligase)

-there are consensus-splicing sequences at the boundaries of the intron

- 5’ GU sequence and a 3’ AG sequence  called a GU/AG boundary sequence

-Ribosomal RNA (rRNA)-most abundant RNA found in the cell

-identified in Suedberg units which is expressed in the sedimentation constant (S) 1S = 10-13 sec

-the sedimentation constant is proportional to the rate of sedimentation (migration) of a molecule in a given centrifugal field and is related to the ring and shape of the molecule

-the faster the molecule descends the larger the S number and in general, the higher the molecular weight

-eukaryotic ribosomes- composed of 2 subunits each subunit consists of one or more RNA species and 30-40 different proteins

4 types of rRNA:

a)18S rRNA is associated with the smaller subunit

b)28S, 5.8S, and 5S rRNA is associated with the larger subunit

-28S, 18S, and 5.8S rRNA are transcribed as a precursor RNA molecule by RNA polymerase I

-Look at pre rRNA gene schematic

-intragenic spacer vs. Introns

-5S rRNA is transcribed separately as a hn rRNA molecule by RNA polymerase III—pre 5SrRNA

Large pre-rRNA genes (Structure of rRNA’s):

1. gene encoding large pre-rRNA’s occurs in multiple copies in all eukaryotes

-concentrated in clusters on eukaryotic chromosomes

-in contrast to mRNA genes, which occur largely in single copies

-each repeat in the large pre-rRNA gene cluster consists of a coding segment and a long intergenic spacer (region that is not transcribed)

-intergenic spacers contain sequences which signal initiation and termination of transcription

2. each gene within the cluster contains one copy of 18S, 5.8S, and 28S rRNA coding sequences

-coding sequences separated by intragenic spacers (sequences which are transcribed but are later removed during pre-rRNA processing)

-2 primary promoter sequences:

1. core promoter element -30 to +15

2. upstream promoter element -150 to -50

-no TATA or CAAT boxes

-order of sequences 5’  3’ are: enhancer promoter transcribed intragenic spacer 18S coding sequence transcribed intragenic spacer 5.8S coding sequence transcribed intragenic spacer 28S coding sequence (exons and introns) intergenic spacer (not transcribed) contains terminator sequences

Transcription and Processing of Pre-rRNA:

1. binding of RNA polymerase I to 5’ flanking promoter (needs transcription factors)

- SL1 transcription factor-binds with polymerase I to the promoter-contains TATA binding protein

-upstream binding factor-UBF-binds to core and upstream promoter elements

-stimulates binding of both SL1 and RNA polymerase I to the promoter

2. transcription continues through the large pre-rRNA gene

-copies both coding sequences and spacers without interruption

3. transcription stops at intergenic spacer (terminator signals)

4. RNA processing follows transcription

-pre-rRNA is cut to 18S, 5.8S, and 28S rRNA molecules

-first step liberates 18S + 5.8S joined to 28S =>then 5.8S and 28S are separated

-reactions thought to be catalyzed by RNA exonucleases and endonucleases

 5. some pre-rRNA contain introns which must be removed by splicing

-not well understood but it is thought to involve secondary structures of RNA molecules

-self-splicing of RNA (ribozymes)

-group I intron removal (Tetrahymena)-depends on the pattern of secondary structures set up by inverted sequences in the Tetrahymena intron

-group II intron removal (mitochondria and chloroplasts)-forms an intermediate lariat structure similar to removal of mRNA introns

5S rRNA:

-gene encoding 5S pre-rRNA also occurs in clustered, multiple copies (Why? The cell needs a lot of ribosomes)

-each gene contains a 120 bp coding sequence separated by a nontranscribed intergenic spacer

-promoter within the transcribed gene contains 2 consensus sequences

-gene transcribed by RNA polymerase III

Transfer RNA (tRNA):

-small molecules 75-95 nucleotides with a distinct "cloverleaf" structure

-acceptor stem- functions in the binding of the amino acid to the tRNA

 

-modified bases:

1. influence the fidelity of codon-anticodon pairing

2. ensures bases read three at a time

-actual 3-D structure by x-ray diffraction shows tRNA molecule is l-shaped

tRNA genes:

-occur in clustered, multiple copies

-each gene in a cluster consists of :

1. a short transcribed spacer (3-10 bases)

2. coding sequence

3. 3’transcribed spacer

-copies of genes separated by nontranscribed intergenic spacer

*-promoter is within the transcribed gene and is split into 2 blocks: A and B

-transcribed by RNA polymerase III

-some tRNA genes contain introns

-immediately following the 3’ side of the sequence corresponding to the anticodon

Transcription and Processing of tRNA’s:

-cleavage of 5’ spacer catalyzed by RNase P (RNA endonuclease)

-RNase P contains some snRNA + proteins both of which are required

-addition of the CCA sequence which is added by tRNA nucleotidyl transferase-uses CTP and ATP as an energy source

-introns removed by an RNA endonuclease 

-recognizes exon boundaries

-exon ends are joined by RNA ligase

Thus there are 3 distinct splicing pathways:

1. intron removal from pre-mRNA depends on recognition of consensus sequences at intron boundaries (participation of snRNA’s)

2. removal of introns from pre-rRNA depends on recognition of 2o structure in the intron

3. intron removal from pre-tRNA’s recognition of the intron and location of the splicing reactions depend primarily on regions forming the exons

Small nuclear RNA’s(snRNA’s):

-U snRNA -participates in pre-mRNA and rRNA processing and splicing (uridine is a frequent base)

-M1 snRNA-forms part of the RNase P complex which processes pre-tRNA

Small cytoplasmic RNA’s (scRNA’s):

-form part of the signal recognition particle

-this ribonucleoprotein complex participates in the reaction attaching ribosomes to the endoplasmic reticulum during the synthesis of secretory proteins

snRNA’s and scRNA’s:

-transcribed by RNA polymerase II (sn) and III (sc)

-U snRNA’s joined to several polypeptides to form ribonucleoproteins = snRNP’s or snurps

-scRNA’s joined to polypeptides called scyrps

-codon-a triplet of adjacent bases in a polynucleotide chain of a mRNA molecule that codes for a specific amino acids; the basic unit of genetic code specifying an amino acid for incorporation into a polypeptide chain

-anticodon-a sequence of 3 nucleotides in a tRNA molecule that is complementary to the codon triplet in mRNA

Translation:

-the assembly chains with mRNA serving as the template, a process that occurs at the ribosomes

Four Phases of Translation:

1. Charging (Activation) reaction

-amino acid is joined to a tRNA molecule through a high energy bond

2. Initiation

-process where the large and small ribosomal subunits assemble with a mRNA molecule and a specialized charged aminoacyl-tRNA called an initiator tRNA

-process catalyzed by a series of proteins called initiation factors

3. Elongation

-process where the aminoacyl-tRNA complex binds to the ribosome in sequence according to the mRNA code. As the sequential pairing proceeds, amino acids are transferred fro tRNA’s into a gradually lengthening polypeptide chain

-catalyzed by a series of proteins called elongation factors

4. Termination

-process where mRNA and the completed polypeptide are released and the ribosomal subunits separate

-process catalyzed by a series of proteins called termination factors

*All four phases require energy in the for of ATP or GTP

Charging Reaction (AA Activation):

-activation takes place in 2 steps (both steps catalyzed by the same enzyme an aminoacyl-tRNA synthetase)

a. AA + ATP  AA-AMP(alpha) + PiPi (beta and gamma)

-called aminoacyl-adenylate complex

b. AA-AMP + tRNA  AA-tRNA + AMP

-high energy molecule (5000-7000 cal/mol)

-provides the energy to form peptide linkage during polypeptide lengthening 

-aa is linked to tRNA by a covalent bond to the terminal adenine of the CCA at the 3’ end of the acceptor stem of tRNA molecule 

-there are 20 different aminoacyl-tRNA synthetases one for each of the 20 amino acids

-NOTE: the amino acid itself does not recognize the mRNA code, only the anticodon of the tRNA

Study by Lipman (1963): 

-cysteine joined to cysteine-tRNA by the proper synthetase

-cysteine-tRNA was treated with H2 and Ni

-SH group changed to H (Cys  Ala)

-thus Cys-tRNA was changed with Ala

-this complex added to a test tube (in vitro) system that would synthesize Hb, resulting Hb contained Ala in place of Cys

-code had been fooled into inserting the wrong amino acid

I. Initiation (5 steps)

a) ribosome separates into large and small subunits

b) Met-tRNAi + GTP  Met-tRNAi-GTP complex

-Met-tRNAi is unique since it will associate with the P binding site on the ribosome

c) Met-tRNAi-GTP associates with the small subunit of the ribosome

d) mRNA is added (requires energy in the form of ATP)

-also attaches using the 5’ cap which also involves an initiation factor

-small subunit will scan downstream from the cap for the first AUG codon

e) addition of the large ribosomal subunit (requires energy in the form of GTP)

-completed ribosome with mRNA and Met-tRNAi attached is now ready elongation

II. Elongation (5 steps)

-Process where amino acids add one at a time to a growing polypeptide chain

-Study by Dintzis (1963):

-Elongation proceeds from NH2  COOH direction

-Labeled RBC with 3H-Leu

-Amino acid sequences of Hb in the RBC’s was already known

-Samples were taken at different times between 4 and 60 min

-Isolated Hb  separated polypeptide chain (alpha and beta)

-Cleaved end chain into fragments (used trypsin)

-Separated fragment by paper chromatography

-At 4 min only C fragment contained 3H

-At 30 min C half fragment was labeled

-At 60 min all fragment was labeled

1. Aminoacyl-tRNA links to GTP (catalyzed by an elongation factor)

2. Aminoacyl-tRNA binds to the ribosome at the A site

-A site-binds aminoacyl-tRNA (tRNA’s with a single linked amino acid)

-P site- binds tRNA’s linked to a polypeptide chain (peptidyl-tRNA’s)

-During initiation, the initiator tRNA attaches to the Psite, even though it carries only a single amino acid

a) Elongation factor and GTP bind to ribosome with the aminoacyl-tRNA

b) Aminoacyl-tRNA binding depends on a correct codon: anticodon pair with mRNA positioned at A site

c) GTP  GDP + Pi

d) Elongation factor and GDP released

e) Energy released by GTP hydrolysis contributes to the binding of aminoacyl-tRNA at the A site

3. Formation of peptide bond between amino acids at A and P site

a. Catalyzed by peptidyl transferase (large ribosomal subunit)

a. Met at P site links to amino acid at A site 

b. Energy required by Met-tRNA complex derived from the charging reaction 

c. Both amino acids of dipeptide are attached to tRNA at the A site 

d. tRNA at the A site is converted from an aminoacyl-tRNA into a peptidyl-tRNA 

e. "Empty" tRNA remains at the P site

4. a) empty tRNA in P site is released

b) Peptidyl-tRNA moves from A to Psite

-Requires GTP hydrolysis and is catalyzed by elongation factor

5. Ribosome moves along the mRNA through a distance equivalent to one codon

-This movement is called translocation

-Carries the codon formerly at the A site, with it attached peptidyl-tRNA, to the P site and exposes a new codon at the A site

-Translocation requires GTP hydrolysis

-3 elongation factors are involved in elongation 

-They act as enzymes do, binding to reacting molecules speeding their interaction, and releasing unchanged at the end of the reaction

-Several ribosomes may be engaged in elongation for a given mRNA molecule mRNA + attached ribosomes =

III. Termination:

1. Protein synthesis step when A site of ribosome encounters one of three terminator codons

-Polypeptide is released from the ribosome

-Empty tRNA at the P site is ejected

-Ribosomal subunits separate from the mRNA

-These reactions are catalyzed by a single termination factor RF or release factor

2. Terminator codon causes RF and GTP to bind at A site instead of aminoacyl-tRNA

3. RF binding stimulates hydrolysis of the bond holding the polypeptide chain to the tRNA at the P site (GTP  GDP + P)

4. Since no new amino acid is located at the A site, hydrolysis frees the polypeptide chain

 

 

 

 

Diffusion: is the movement of molecules across a concentration gradient from the area of higher concentration to the area of lower concentration. 

Osmosis: the passage of a solvent (water) through a membrane from a dilute solution into a more concentrated one. 

Osmotic pressure: is the force resulting from differences in solute concentrations on opposite sides of a semipermeable membrane. 

Solute-is the substance dissolved in a solution. 

Solvent-is the substance used for dissolving another substance. 

Solute concentration-is the total number of dissolved particles for unit volume of solution. 

Descriptions of relative solute concentrations: 

Hypertonic-is a solution whose osmotic pressure is greater than that of a standard solution. 

Hypotonic-is a solution whose osmotic pressure is less than that of a standard 1. 

Isotonic- is a solution whose osmotic pressure is equal to that of a standard one ex: salt solution has same osmotic pressure as blood 

Plasmolysis-is the shrinking of the protoplasm of a cell due to the loss of water by osmosis. 

Passive transport (diffusion)-assisted movement of molecules from areas of high concentration to areas of low concentration. 

Rate of diffusion depends on: 

1. Solubility of the permeant (in membranes, hydrophobic molecules diffuse faster) 

2. Molecular structure of the permeant. 

3. Molecular size of the permeant 

Facilitated diffusion-is the movement of molecules from a region of high concentration to one of low concentration that occurs more rapidly than it would through the basic concentration gradient; at an enhanced rate. 

Active transport-the movement of materials across cell membranes from regions of lower concentration to regions of higher concentration, requiring the expenditure of metabolic energy. 

Fluid mosaic model: 

-Proposed in 1972 by Singer and Nicholson 

-Is the currently accepted model of the structure of the cytoplasmic membrane that describes this membrane as a lipid bi-layer of proteins distributed in a mosaic-like pattern on the surface and in the interior of the membrane, with lateral as well as transverse movement of proteins occurring through the structure. 

-Lipid bi-layer is amphipathic-molecule having of hydrophobic and hydrophilic regions (dual solubility properties) 

-Hydrophobic regions, concentrated in the membrane interior, create a barrier that prevents free movement of polar molecules across the membrane. 

-Hydrophilic regions face the watery-polar surface of the membrane 

-In addition to proteins and lipids, carbohydrates are also present in cell membranes in the form of glycoproteins and glycolipids. 

Lipids (in membrane): 

1. Phosphoglycerides:

-Most abundant lipid in membranes 

-Composed of two fatty acids chains, a phosphate group, and an alcohol or glycerol group 

-Amphipathic (polar and nonpolar groups) 

2. Sphingolipids (glycolipids): 

-Lipid with attached carbohydrates groups 

-Backbone structure is called a sphingosine which is a serine attached to a fatty acid 

-NH2 group of serine attaches to a second fatty acid chain-OH group of serine 

-If OH group is unbound it is called a ceramide 

-OH group can attach to a phosphate-alcohol molecule is called a sphingomyelin (2 fatty acid chains + serine + phosphate group + choline) 

-OH group can also attach to a carbohydrate group, which is called a glycosphingolipid 

3. Glycosphingolipids have 2 functions: 

a) Function in membrane stabilization 

b) Also function in nerve cells (gangliosides) 

-There are human diseases related to malfunction in the metabolism of glycerol as such as neurological disorders (Tay-Sach's disease) 

4. Sterol: 

-Based on framework of 4 carbon ring

-Predominant sterol is cholesterol

a) Molecules disturb the close packing of hydrocarbon chains of membrane phospholipids 

b) Membranes containing cholesterol remain fluid at low temperatures rather than "freezing" into nonfluid forms 

c) Cholesterol also increases the flexibility and mechanical stability of membranes 

Membrane proteins:

1. 10-50 different types of membrane proteins: 10,000 to 250,000 molecular weight 

2. Hydrophobic (hydrophilic) amino acids are clustered this forms an alpha helix that can span a membrane 

-These transmembrane segments act as anchors to hold the protein in the lipid bi-layer 

-A membrane protein can be composed of several transmembrane segments, which extend back and forth through the lipid bi-layer 

-Each segment connected by a stretch of hydrophilic amino acids that are present on either the outside or the inside of the membrane 

-Some membrane proteins may have repeating amino acid sequences, which can form secondary structure such as an alpha helix 

-Arrangement can place hydrophobic amino acids on one side and hydrophilic amino acids on the other 

-Can create a polar channel (this is used to transport molecules through the membrane) these proteins are called Transport proteins 

-Membrane proteins can also contain attached carbohydrate groups that are straight or branched (2- 60 units) 

-Carbohydrates are usually on cell membrane surfaces 

-Cell membrane + surface glycoproteins = glycocalyx 

A. Functions of the glycocalyx: 

1. Add stability to membrane by hydrogen bonding 

2. Act as recognition sites (bind signal molecules) of membrane receptors 

3. Cell-cell adhesion 

Cell membrane function: 

1. Singer proposed an alternating confirmation model to explain how transport proteins carry out facilitated diffusion 

A. Transport protein shifts between 2 conformations within the membrane 

B. Initially, proteins folded so the exposed binding site is facing the region of higher concentration 

-High affinity state binds strongly to transported molecule 

-Binding of transported molecule to binding site occurs via random collisions 

C. Binding of transported molecule to binding site causes a conformational change of the integral membrane protein so the binding site containing the transported molecule is exposed to the site of the membrane where there is a low concentration of the transported molecule =low affinity state 

D) Low affinity state allows the transported molecule to be released

E) Returns the integral membrane protein to the high affinity conformation 

 

Cellular protein transporters: 

1. Organic transporters-facilitates the diffusion of small organic molecules (E. X. glucose) 

2. Anion carriers-facilitates the diffusion of negatively charged inorganic groups 

3. Ion transporters- (transports sodium, potassium, calcium, chlorine) 

-Most ion channels are gated (composed of proteins)-control and can exist in open, close, or intermediate states 

-Gated-ion channels-conduct nerve impulses 

-All transporter proteins are 

1. Integral membrane proteins containing several alpha-helical segments that zigzag back and forth across the membrane 

2. Glycoproteins (plasma membrane) with carbohydrate groups directed toward the cell exterior 

A) Glucose transporter-six different types: 

-Consists of: 

1. A single protein with 12 alpha helical segments, which span the cell membrane 

2. Segment 7, 8, and 11 from transporter pore 

-Glucose more concentrated outside of cell (seven X.) 

-Glucose immediately converted to glucose-6-phosphate when it is in the cytoplasm

-Glucose-6-phosphate cannot pass back through membrane 

-Some glucose transporters regulated by hormone insulin, which stimulates muscle and fat cells to allow glucose to enter 

B) Passive ion protein transporters: 

-Conduct charged ions sodium, potassium or calcium and also chlorine ions 

-Most on channels are open or closed by gates 

-There are three types of gates: 

1) Voltage-gated channel - opens or closes in response to changes in the voltage difference across the membrane housing the channel 

-Sodium, potassium, calcium involved in conduction of nerve impulses 

2) Ligand-gated channel-opens or closes in response to binding specific control molecules (hormones, neurotransmitters) (a chlorine-ligand channel defect involved in cystic fibrosis) 

3) Mechanosensitive (stretch-gated) channel-opens or closes in response to mechanical stress on the membrane; gates occur in multiple, closely related forms 

E. X.: mammalian brain cells have three related voltage-gated sodium channels 

E. X.: > 30 types of potassium channels (some voltage some ligand) 

Active Transport: 

-Substance transported actively sodium, proteins, calcium (other ions); glucose (six carbon shutters); amino acids 

1) Goes against chemical or electrical gradient 

2) Requires energy and is sensitive to metabolic factors 

3) Depends on the presence of functional membrane proteins 

4) Can be saturated 

5) Is specific for certain substances or closely related groups of substances 

-Active Transport pumps (directly dependent on ATP) (direct active Transport pumps):

1) P-type pump - temporarily binds a phosphate group removed from ATP during the pumping cycle 

2) V-type pump (v = vesicle) - pump breaks down ATP as their energy source from active transport 

-Pumps do not bond a phosphate (from ATP) during their pumping action 

-Examples are F0F1 ATPase in mitochondria 

I. P-type pumps: 

1) Proton ATPase pump-moves protons out of cell (ATPase can work in both directions) 

2) Calcium-ATPase pump-pushes calcium out of cell 

-Pushes calcium into cytoplasm

3) Sodium / potassium-ATPase-moves three sodiums outward; moves potassium 2 inward 

-A charge is set up outside the membrane 

II. Operation of sodium / potassium ATPase pump: 

1) Pump binds and hydrolyzes ATP 

-Phosphate from ATP transferred to transporter (ATP to ADP + Pi still bound) 

- Phosphorylated pump is a high energy complex 

2) Phosphate binding converts sodium-binding site to its high affinity state 

-Binds three sodiums on the cytoplasmic side of membrane 

3) Sodium binding triggers "a conformational change" of the transporter so the sodium-binding site is forcing the medium outside the cell 

4) Sodium binding site changes from a high affinity State to a low affinity State for sodium 

-Releases sodium to medium outside of the cell 

5) Potassium binding site is altered to a high affinity state and potassium outside the cell binds to the transporter 

6) Binding of potassium induces a conformational change of the transporter so that the potassium-binding site faces the cytoplasmic of the cell

-Remaining phosphate group released into cytoplasmic 

7) Potassium released into the cytoplasm and a transporter conformational change reverts the potassium-binding site to a low affinity state 

III. Indirect active Transport pumps (sugars, amino acids, and ions): 

-Use an ion concentration gradient maintained by another, direct active transport, as an energy source 

-Cotransport- molecules carried in or out of cells by indirect active transport always moves across membrane with ions which supply the driving force for transport 

1) 2 types of indirect active Transport: 

a) Symport- cotransported substance moves in the same direction as the driving ion (E. X. of molecules transported in this fashion are sugars, amino acids, and ions) 

b) Antiport- cotransported substance moves in the opposite direction to the diving ions (also sugars, amino acids, and ions)

-Note: there are size limitations 

IV. Cell surface: 

-Cell surface contains glycolipids and glycoproteins 

-Serves as site of recognition 

-E. X. major systems compatibility complex (MHC) the genetic region in human beings that controls tissue compatibility and the development and activation of part of the immune response 

-Presents intends to the immune system 

-E. X. blood type-an immunologically distinct, genetically determined set of antigens (glycoproteins) on the surface of RBC's (A, B, AB, and O) 

1. Surface receptors and intracellular signaling: 

-Surface receptors are membrane-spanning glycoproteins-segments extending on both sides of the cell membrane 

-Recognize and bind signal molecules in extracellular medium 

-Segment on outside recognizes the signal (peptide hormones, growth factors, neurotransmitters) 

-Binding by the receptors triggers a complex internal response in cell receiving the signal 

-Increase or decrease in rate of transport 

-Secretion 

-Oxidative metabolism 

-Initiation of cell division 

-Cell movement 

V. Characteristics of receptors-response signaling pathways: 

1) Signal model does not penetrate into the cell to induce a response (binding to a surface receptors is sufficient) 

2) No response is produced if the signal model is directly injected into the cytoplasm 

3) Receptors remain in the cell membrane; it does not enter the cell to initiate the response 

-S. T. A. T. S. -signal transduction and blank of transduction 

4) There are a limited number of internal response pathways that share several common features 

a) 1 shared feature of all is the use of protein kinases in internal response pathways 

1)-protein kinase is an enzyme, which attaches phosphate groups derived from ATP to specific target proteins 

2)-edition of the phosphate group inhibits or stimulates the activity of the target protein or proteins in carrying out a cellular reaction 

-Examples of target proteins: 

A) Enzymes carrying out critical steps in metabolic pathways 

B) Transport proteins (ion channels) 

C) Represents all proteins 

D) Proteins regulating gene activity 

E) Other receptors 

3)- protein kinases usually function in the final steps of a reaction sequence activated by a receptors 

-Protein kinases may be associated with membrane or suspended in solution in the cytoplasm or nucleus 

b) Protein phosphatases-enzymes that remove phosphate groups from target proteins (counterbalance the activity of protein kinases) 

VI. Receptors with integral protein kinase activity: 

-Examples: 

1) Insulin-controls glucose uptake and metabolism by the cell

2) Epidermal growth factor (EGF) 

3) Platelet-derived growth factor (PDGF) 

-EGF and PDGF regulate cell growth and division in animals 

1. Structure (transmembrane receptors) 

-Extracellular-contains binding site for the signal 

-Intracellular (cytoplasmic)-contains protein kinase site 

-Extracellular and intracellular connected by alpha helix which spans the membrane 

2. Binding of signal induces conformational change of intracellular receptors, which binds phosphate groups to tyrosine (y) residues on the receptors or to tyrosine residues on target proteins (tyrosine protein kinases) 

3. Addition of phosphate groups to the receptors is called self-phosphorylation of receptors = autophosphorylation can lead to activation of other protein kinases in the cytoplasm 

4. Addition of phosphate to target proteins may either stimulate or inhibit activity of target proteins in the metabolic pathway 

VII. Example of receptors with integral protein kinase activity: 

-EGF receptor-involves the Ras protein 

1. Binding of hormone or signal or growth factor at the cell surfaces induces a conformational change that activate the protein kinase site 

2. Phosphate groups bind to receptor complex in cytoplasm 

3. Phosphate groups on receptor are recognized by an adapter protein 

4. Adapter + a phosphorylated receptor activate a second protein (guanine nucleotide release factor-GRF) 

5. Activated GRF removes GDP from Ras protein-Ras in the "off state" is bound to GDP 

6. Ras protein binds GTP and becomes activated "on state" 

7. Activated Ras can activate one or more protein kinases, which leads to the phosphorylation of target proteins 

-If receptor is bound to extracellular signal, Ras stays on and the pathway stays on. 

-If receptor becomes unbound to extracellular signal, Ras is turned off and pathway shuts off. 

-There exists altered (mutant) forms of Ras that have defective GTPase activity; protein is continually on 

-Present in many types of cancer 

IX. Receptors with separate protein kinase activity 

1. Receptors are complex proteins with seven transmembrane segments 

2. Binding and extracellular signal module, termed the 1st messenger in these pathways, activates an enzymatic site on the cytoplasmic end of the receptors 

3. Cytoplasmic site catalyzes the first step in the series of separate reactions leading to the activation of one or more protein kinases reaction series: 

a) Primary reaction series following activation of receptor follows one of two pathways 

b) First step is activation of a G protein 

-G protein-one of a large family of heterotrimeric GTP-binding proteins that are important intermediaries in cell-signaling pathways. Usually activated by the binding of a hormone or other signaling ligand to a 7-pass transmembrane receptor protein 

c) G protein activates an enzyme known as an effector 

d) Effector generates one or more 2nd messengers-small molecules that activate protein kinases

-These protein kinases are activated by the addition of PO4 groups to serine or threonine amino acids 

G proteins: 

-Bind GTP and GDP 

-Consists of three polypeptide chains associated with cytoplasmic side of the plasma membrane as a heterotrimer

I. Peripheral proteins 

1) Alpha chain contains GTP / GDP binding site 

-GDP bound; alpha chain bound to beta and gamma chains; alpha chain inactive 

-If "Off" state, it is a trimer 

2) If 1st messenger bound to receptor, GTP becomes bound to alpha chain (replaces GDP)-activates alpha chain that releases from beta and gamma chains 

3) Alpha chain activates effector 

4) GTP ->GDP and then alpha chain then shuts off (reactivated by another molecule of GTP) on and off states

II. Two major 2nd messenger pathways that utilize G proteins:

-Both major pathways receptor-response pathways generate 2nd messengers to activate protein kinases (effectors and second messengers are different) 

1) c A M P-cyclic AMP - nucleotide that is generated from ATP in response to hormonal stimulation of cell surface receptors 

-cAMP acts as a signaling molecule by activating a kinase it is hydrolyzed to AMP by a phosphodiesterase 

-Effector adenylate cyclase will activate c AMP as the second messenger 

-In this pathway hormones and neurotransmitters act as the 1st messenger 

-Protein kinases activated by c AMP are called protein kinase A. 

-One example of a cAMP receptor-response pathway is the series of reactions use to breakdown glycogen-glucose 

2) InsP3 / DAG pathway: 

-The second pathway generates two 2nd messengers generated through the breakdown of a membrane phospholipid, phosphatidyl inositol (catalyzed by the effector phospholipase c) 

-Inositol triphosphate (InsP3) 

-Diacylglycerol (DAG) 

III. Operation (mechanism) of InsP3 /DAG pathway 

a) Binding of hormone or neurotransmitters activate receptors 

b) Activation allows GTP to be bound to the receptor 

c) Dissociation of alpha chain of G protein and binding of alpha chain to phospholipase c 

d) Activation of phospholipase c causes the breakdown of phosphatidyl inositol to InsP3 and DAG 

e) InsP3 is released from the cell membrane diffuses through the cytoplasm to the endoplasmic reticulum 

-InsP3 binds to the InsP3 receptor (ligand-gated calcium channel; InsP3 is the ligand) 

-InsP3 binding opens the channel and releases calcium to the cytoplasm 

f) Calcium acts as a supplemental second messenger in the pathway activating protein kinases 

g) The other 2nd messenger, DAG, is in the plasma membrane 

-Primary function is to activate protein kinases 

-Activation takes place on the inner side of the plasma membrane 

h) DAG activates protein kinases (protein kinase C family) (C =calcium activated kinases) (serine/threonine protein kinases) 

IV. Targets of protein kinase C: 

a) Chromosomal proteins 

b) Transport proteins 

c) Contractile and cytoskeletal proteins 

d) Proteins regulating secretion and endocytosis 

e) Enzymes-metabolic 

-Kinases may inhibit or stimulate a metabolic pathway 

-Calcium may interact with a control protein called calmodulin 

-Ubiquitous calcium-binding protein where binding to other proteins is governed by changes in intracellular calcium concentrations 

-Its binding modifies the activity of many target enzymes and membrane transport proteins 

-Calmodulin-recognizes a 20 amino acid sequence that contains positive amino acids (R, K, H) that alternate with hydrophobic amino acids which forms and amphipathic alpha helix 

Cell adhesion: 

-Cell attachments are accomplished using glycoproteins-CAM-cell adhesion molecule 

-Integral glycoproteins that span the cell membrane 

-Can bind to similar CAM's from neighboring cells (homotypic binding) 

-Can bind to different CAM's (heterotypic binding) 

-CAM's are important for: 

1) Proper antibody function in the immune system 

2) Cell-cell connection in the nervous system 

-During embryonic development, cell adhesion is quickly followed by the formation of intercellular junctions.

I. Cell junctions

-Specialized regions of connection between two cells or between a cell in the extracellular matrix 

1. Adhesive junctions-cell-cell junction that holds cell together in help maintain cells in their fixed position in tissues 

a) 2 types of adhesion junctions: 

1) Desmosome-specialized cell -cell junctions characterized by dense plaques of protein into which intermediate filaments in the two adjoining cell insert under the cell membrane 

-Abundant in skin, muscle, and epithelial cells 

a) Hemidesmosome (half desmosome)-is a specialized cell junction between a cell and the basal lamina (extracellular matrix) of neighboring cells. 

-Example: collagen underlying epithelial cells 

2) Adheren junctions-heart muscle, line body cavities

-Cell junction in which the cytoplasmic face of the plasma membrane is attached to actin filaments 

 

2. Tight junction-cell-cell junctions that seals adjacent cells together, preventing the passage of most dissolved molecules from one side to the other 

3. Gap (communicating junction)-cell-cell junction that allows ions and small molecules to pass the cytoplasm of one cell to the cytoplasm of a neighboring cell 

Extracellular matrix:

-Complex network of polysaccharides and proteins supported by the cell 

-Functions: 

1) Support 

2) Regulation of cell division 

3) Adhesion 

4) Cell motility 

5) Cell differentiation 

-Composed of fibers and surrounding network 

-Fibers-long, semi crystalline elements at provide resistance to stretching 

-Network-interlocked assembly of branched molecules that holds the rigid fibers in place (elastic) 

Animal extracellular matrix: 

-Composed of collagens (fibers); proteoglycans (network) = both glycoproteins 

-Collagen-fibers protein rich in glycine and proline that is a major component of the extracellular matrix in connective tissues 

-Exists in many forms: 

-Type I- (most common) is found in skin, tendon, and bone

-Type II-found in cartilage 

-Type IV-present in the basal lamina 

-Collagen composed of three alpha-helical polypeptide chains 

-Alpha chains regularly spaced glycine residues 

I. Assembly of collagen

-Synthesized secretory protein 

1. Alpha polypeptide chains of collagen molecule are assembled on the ribosomes attached to membranes of the endoplasmic reticulum 

2. Carbohydrate, oligosaccharide, groups are added at the endoplasmic reticulum via specific enzymes 

3. Collagen synthesized as a precursor molecule called procollagen 

4. Procollagen transported to the Golgi complex where it is packaged into secretion vesicles 

5. Fusion of the vesicles with the plasma membrane releases the procollagen to the cell exterior 

6. In extracellular regions, processing enzymes remove the extra amino acid sequences of procollagen molecules 

-Procollagen (soluble)-> collagen (insoluble) 

II. Proteoglycans

-Glycoproteins with high (80%-90%) content of carbohydrates 

-Macromolecules consisting of one or more glycosaminoglycan chains (GAG) attached to a core protein, which is modified by sulfhydral groups 

-GAG-is an unbranched chain, which consists of hundreds of repeating 2-sugar units 

-Function of proteoglycans: 

-Trap and impede the flow of water molecules 

-Most abundant in cartilage-provides flexibility and elasticity to this structure 

III. Molecules linking collagen and proteoglycans to the cell surface 

-Fibronectin and laminin are glycoproteins 

-Collagen, proteoglycans, fibronectin, and laminin can bind to all surface receptors called integrins-membrane-spanning glycoproteins 

-Integrin-is a member of a large family of transmembrane proteins involved in the adhesion of cells to the extracellular matrix 

-Structures that tie cells to the extracellular matrix and also form connections with the cytoskeleton in the cytoplasm 

-Many integrins are used in signal transduction pathways to trigger internal cellular responses from external stimuli 

-Integrins play roles in cell growth, cell division, and cell differentiation 

-Oxidative phosphorylation-process in the mitochondria in which ATP formation is driven by the transfer of electrons from organic molecules to molecular oxygen. Process involves the intermediate generation of a pH gradient across a membrane and chemiosmotic coupling 

 

 

 

 

Respiration (breathing) 

I. Composed of: 

1. Glycolysis (cytoplasm) 

2. Pentose cycle (cytoplasm) 

3. Citric acid cycle (matrix of mitochondria) 

II. Divided into three parts: 

1. A series of reactions, which provide a source of electrons at, elevated energy levels 

2. An electron transport system, embedded in a membrane, that uses the energy of the electrons to build a proton gradient across the membrane 

3. An ATP-synthesized enzyme embedded in a membrane that uses a proton gradient as an energy source to convert ADP to ATP 

III. Mitochondria structure: 

-Membrane-bound cell organelle that carries out oxidative phosphorylation and produces ATP 

1. Contains two separate membrane systems, outer and inner boundary membranes (cristae) 

2. Inner most compartment is the matrix 

IV. Oxidative reactions: 

1. Glycolysis (Embden-Meyerhoff pathway) 

-Ubiquitous metabolic pathway in the cytosol (cytoplasmic) in which sugars are incompletely degraded with production of ATP "sugar splitting" 

1) In 10 steps, glucose is split in half and converted to 2 3-carbon acids (pyruvic acids) 

A) 2 coenzymes are reduced 

B) Net formation of 2 ATP molecules 

C) Original carbons 1 and 6, 2 and 5, and 3 and 4 of glucose become equivalent 

2) All enzymes are soluble and the whole pathway is carried out in the cytoplasm 

3) Pyruvic acid highly reactive and proceeds to form further products 

A) Substrate for the citric acid cycle (aerobic respiration) 

-Reduced coenzyme is eventually oxidized by oxygen 

B) Anaerobic respiration: 

-2 types:

1) Lactic acid formation- 

-Pyruvate is reduced to lactic acid 

-Pyruvate + NADH -> lactate + NAD+ 

-Occurs in muscle cells or heart cells in animals-temporary storage for electrons 

2) Alcohol fermentation (yeast): 

-Pyruvic acid is decarboxylated (releases carbons 3 and 4) and reduced to ethyl alcohol 

-Pyruvate + NADH -> ethyl alcohol + CO2 + NAD + 

-Strict anaerobes- (bacteria, fungi) can produce ATP only by fermentation 

-Facultative anaerobes-can switch between fermentation and oxidation pathways 

-Strict aerobes-unable to carry out fermentation

4) The net gain of 2 ATP molecules per glucose yields free energy 

-Potential free energy still in pyruvic acid 

-Yields approximately 2% 

2. Citric acid cycle (pyruvate oxidation; TCA cycle; Kreb's cycle): 

-Central metabolic pathway found in all aerobic organisms 

-Oxidizes acetyl groups derived from sugars (glucose) to CO2 and water 

-Occurs in mitochondria (matrix) in eukaryotic cells

1) Reactions all occur in mitochondria (or the membranes) starting with the substrate (pyruvate) generated in cytoplasm 

2) Pathway is a cycle of reactions involving the interconversion of 10 organic acids. CO2 and reducing power are formed from pyruvic acid, with one for carbon intermediate being used up and one regenerated for each turn of the cycle 

-Removes to electrons, 2 hydrogens, and moves one carbon (CO2); acetyl groups transferred to coenzyme A acetyl groups-energy source for TCA cycle-electrons from NADH 

1) Carbons released as CO2 in the cycle derives from carbons 3 and 4 of glucose 

2) Pyruvate oxidation catalyzed by a complex protein called pyruvate dehydrogenase complex 

3) The 2-carbon product of decarboxylation of pyruvic acid condenses with a 4-carbon acid (oxaloacetic acid) to form a 6-carbon acid, citric acid 

4) Subsequently, the carbon of pyruvic acid (originally carbons 2 or 5 of glucose) and then lastly the methyl carbon of pyruvate (from carbons 1 or 6 of glucose) are metabolized to CO2 

-The sum of the reactions for one turn of the cycle is: 

1) Pyruvate + 3 H2O + 5 coenzymes+ + ADP + Pi  3 CO2 + 5 coenzymes. H2 + ATP 

2) CO2 is released as a gas or solution, reducing power transferred to electron transport chain to oxygen 

-Electrons transfer is coupled to generation of ATP 

3. Pento phosphate pathway (pentose phosphate shunt): 

-Pathway where glucose is oxidized and converted to a 5-carbon sugar (pentose) (ribose-5-phosphate) 

-Pathway also reduces NADP+ -> NADPH 

-Pathway generates reducing power in the form of NADPH 

V. Mitochondria electron transport system: 

1. Contains 4 large protein -based complexes that work in sequence to deliver electrons from NADH and FADH2 to oxygen 

2. Each complex contains: 

A) A major enzyme that catalyzes electron transfer

B) Nonprotein organic groups (prosthetic groups) that directly except and release electrons carried by the complex 

C) Structural proteins that contribute to movement of protons across the membrane 

-NADP+ = nicotinamide adenine dinucleotide phosphate 

-Coenzyme closely related to NAD+ that is used extensively in biosynthetic pathways 

-Ubiquinone-electron carrier 

3. System also contains two carriers, which shuttle electrons between the complexes: cytochrome C, and ubiquinone (coenzyme Q) 

A) 4 complexes: 

-Complex I-conducts electrons from NADH to ubiquinone 

-Complex I contains: 

A) Enzyme NADH dehydrogenase-oxidizes NADH 

B) Electrons from NADH transferred to FMN (prosthetic group bound to complex) 

C) FMNH2 oxidized to ubiquinone 

-Complex I contains > 30 proteins; 7 encoded by mitochondrial DNA, rest encoded by nucleus 

-FMN]-flavin mononucleotide

-FAD-flavin adenine dinucleotide 

-(Vitamin B) riboflavin -> 2 phosphates -> ribose -> adenine 

-Reduced form by adding hydrogens to central nitrogen of isoalloxazine ring

-Complex II-carries electrons from succinate (TCA cycle) to ubiquinone 

-Complex II contains: 

A) Enzyme succinate dehydrogenase (catalyzes reaction 6 of TCA cycle) 

-Succinate -> fumerate 

B) Electrons transferred to FAD -> ubiquinone 

C) Contains three polypeptide subunits + (contain iron and sulfur) (iron /sulfur centers) + succinate dehydrogenase 

D) All 4 subunits encoded in the cell nucleus 

-Complex III-conducts electrons from ubiquinone to cytochrome C 

-Complex III contains: 

A) Cytochrome C reductase-catalyzes transfer of electrons from ubiquinone to cytochrome C

B) Contains 11 polypeptides: 1 (cytochrome B) encoded by mitochondrial DNA, other iron / sulfur subunits

-Complex IV-conducts electrons from cytochrome C to oxygen 

-Complex IV contains: 

-4 subunits + 13 polypeptides 

A) Cytochrome A 

B) Cytochrome A3 

C) 2 copper center subunits CuA and CuB linked by 3 polypeptides (I, II, III) III encoded by mitochondrial DNA 

-10 additional (auxiliary subunits) encoded by nuclear DNA 

VI. Proton pumping by electron transport chain: 

1. Mitochondrial electrons transport system pumps protons from the matrix into the intermembrane compartment as electrons flow from NADH / FADH to oxygen 

A. 4 protons are pushed across the inner boundary membrane as 2 electrons move through complex I 

B. From matrix to intermembrane compartment 

2. Two protons use two electrons move through complexes II or IV 

3. Proton gradient developed through electron transport is the energy source for the F0F1-ATPase (ADP + phosphate  ATP)-catalyzes the conversion 

Structure of F0F1 ATPase (adenosine triphosphatase):

-Can be separated into 2 subparts F0 and F1 

-F1-coupling factor 1 

-F0-oligomycin-sensitive factor-drug that inhibits ATPase 

-F0F1 ATPase is a lollipop-shaped particle 

-Contains a headpiece connected to a basal unit or stalk 

-F1-site of ATP synthesis 

-F0-supplies protons (membrane channel) 

-F0F1 ATPase of E.coli contains 8 subunits 

-F1 has five subunits 

-F0 has three subunit-proton channels composed of 6-12 C subunits 

Photosynthesis: 

-Process in which light energy is absorbed by specialized pigments of a cell and is converted to chemical energy 

1. Composed of light and dark reactions 

-Light reactions-requires light 

-Photoreduction-products are reduced carriers and oxygen 

-Noncyclic photophosphorylation-ATP 

-Cyclic photophosphorylation-GTP

- ATP and reduced carriers are used in dark reactions to convert CO2 to carbohydrates 

-Conversion of inorganic CO2 to organic compounds 

2. Process in eukaryotes (plants and algae) occurs in chloroplasts

-Membrane-bound organelles where the biochemical conversion of light energy to ATP occurs 

 

I. Structure of chloroplasts: 

1. Surrounded by two continuous membranes, outer and inner boundary membranes 

-Membrane separated by intermembrane compartment 

2. Boundary membranes enclose an inner compartment called the stroma (analogous to mitochondria matrix) 

3. Within stroma, there is a third membrane system consists of flattened sacks called thylakoids

4. Thylakoids ranged in stacks called grana 

5. Stacks are connected by membrane called stromal lamellae 

II. The light reactions: 

1. Light energy (photons) is absorbed by pigment molecules in the chloroplasts (chlorophyll) causing electrons in their ground state to move to a new orbital of higher energy (excited state) 

A) In photosynthesis, light is converted to chemical energy through the transfer of electrons, excited by white absorption in chlorophyll, to stable orbit in primary receptor molecules 

B) Also exist accessory pigment molecules in addition to chlorophyll, which can absorb light energy called carotenoids 

1) Pass energy to chlorophyll molecules 

-Chlorophyll and carotenoids are lipids bound to thylakoids membranes and stromal lamellae 

-Chlorophylls are molecules based on a tetrapyrole ring 

-2 major chlorophylls a and b 

-Electrons in ring can absorb light at different wavelengths

2) Light reactions organized into 2 complexes: photosystem I and photosystem II 

-Each system (in chloroplasts) contain: 

A) 50 to 100 chlorophyll a molecules plus a small number of carotenes 

B) 20 polypeptides carry out structural, enzymatic, and regulatory functions 

-Reaction center-one or 2 chlorophyll a molecules within the photosystems where excited electrons are transferred to stable orbitals

C) Also contain a sequence of carrier molecules that are involved in the transport of electrons away from primary acceptors 

D) Photosystem II contains the mechanism for splitting water into protons, electrons and oxygen, this is called photolysis

E) Light-harvesting complexes (LHCs)-internal membranes of chloroplasts, which contain pigment- protein assemblies that act as accessory light-gathering "antennas" 

-Do not have reaction centers / primary acceptors 

-Do not convert light to chemical energy 

-Pass on energy of absorb light to the to photosystems 

-LHC-1-associated with photosystem I 

-LHC-2-associated with photosystem II 

2. Structure of photosystem I: 

A) Contains 110 chlorophyll a molecules + 16 beta-carotenes + 21 additional proteins in a light-absorbing structure called the core antenna 

B) Light energy passed from core antenna to the reaction center-specialized chlorophyll a molecule called P700-absorbs light maximally at wavelength = 700 nm 

3. Structure of photosystem II: 

A) Contains 40 chlorophyll a molecules + beta-carotenes + 22 proteins 

B) Reaction center contains a specialized form of chlorophyll a, P680-absorbs light maximally at wavelength of 680 nm 

C) Photolysis associated with 3 peripheral polypeptides and 4 manganese atoms complexed into a manganese center 

-Calcium and chlorine necessary cofactors for the center 

4. Structure of the light-harvesting complexes (LHCs):

A) LHC-1 complex (antenna) contains about 80 to 120 molecules of chlorophyll a and chlorophyll b + four polypeptides 

B) LHC-2 complex contains about 50 chlorophyll a and b molecules (1:1 ratio) + 4 polypeptides plus a beta- carotene 

-Energy of photons absorbed by the LHCs is passed through the 2 photosystems 

C) Electron transport system links the 2 photosystems 

-2 photosystems are linked in chloroplasts by an electron transport system that conducts electrons from one system to the next and delivers electrons to NADP+ at the end of the pathway 

-Photosystems are arranged in a Z-pathway 

5. Z pathway: 

A) Electrons enter pathway (photosystem II) from the breakdown of water to protons, electrons, and oxygen (photolysis) 

1) Carried to reaction center by electron carrier Z -water -> electrons -> Z -> P680 -> P680 (excited) 

-Z + tyrosine residue on D1 polypeptide 

2) After excitation, electrons travel from P680 to a primary receptor of photosystem II (Qa) (plastoquinone) -> 2nd plastoquinone (Qb) (final electron carrier in photosystem II) 

B) Electrons move from Qb to a pool of plastoquinone molecules (PQ pool)

-Analogous to quinone carrier in mitochondria 

-Electrons move from PQ pool to 3 carriers 

-Cytochrome b6 

-Iron / sulfur protein 

-Cytochrome f-related to cytochrome C 

-B6 / f complex-analogous to complex III of mitochondrial system 

-Electrons move from b6 / f complex to final carrier which links the photosystems, plastocyanin (PC)- shuttles electrons from b6 / f complex to photosystem I-analogous to cytochrome C of mitochondrial electron transport system 

C) Electrons flow from PC to P700 chlorophyll at reaction center of photosystem 1 

1) After excitation by light, electrons are transferred from P700 to primary receptor of photosystems. I (modified chlorophyll called A0) 

2) Electrons flow from A0 to A1, a quinone derived from vitamin K 

3) Electrons then flow through 3 iron / sulfur centers in photosystem 1

4) Electrons pass from photosystem 1 to production, an iron / sulfur protein that access a separate electron care 

5) Electron pairs from ferredoxin to FAD to NADP 

-FAD is a coenzyme, which is part of ferredoxin-NADP oxidoreductase 

III. Features of photosynthesis: 

1. Electrons receive 2 inputs of energy 

-Energy reduces NADP 

-Used to establish proton gradient (proton pumps from the stroma into the thylakoids compartments) 

-One in photosystem II 

-One in photosystem I 

2. Electron flow in the Z pathway from water to NADP is called noncyclic photosynthesis (noncyclic photophosphorylation) 

3. Process of photolysis utilizes water as an electron source 

-Also produces oxygen 

4. Electrons can also flow in a cycle within a closed circuit of photosystem 1 (cyclic photophosphorylation) 

-Electrons flow from ferredoxin back to the b6 / f complex (instead of going to NADP +) 

-Cycle pumps additional protons each time electrons flow through the b6 / f complex 

-Proton gradient drives the synthesis of one ATP molecule for each electron pair, thus, ATP is formed without reduction of NADP + 

5. Proton gradient of Z pathway: 

-Proton produced during: 

A) Photolysis 

B) As electrons pass from ferredoxin to NADP via ferredoxin-NADP oxidoreductase carrier 

C) As electrons flow through b6 / f complex 

6. Chloroplasts use the proton gradient to produce ATP 

-Contains a CF0-CF1 ATPase (similar to F0F1 ATPase in mitochondria) 

7. Summary of photosynthesis and the chemiosmotic hypothesis

-Proposed by Dr. Mitchell in 1962-connection between proton gradient and ATP synthesis in chloroplasts 

A) Supporting features / evidence: 

1) Photophosphorylation depends on the presence of closed membranous vesicles (chloroplasts) 

2) Electron transport through photosystem II and photosystem 1, or cyclic transport around photosystem 1, results in an accumulation of protons inside isolated thylakoids or enzyme vesicles derived from thylakoids 

3) Destruction of the proton gradient by agents that increase permeability of thylakoid membranes to protons stops ATP synthesis 

-Imposition of an artificial proton gradient across thylakoid membranes stimulates ATP synthesis 

 

IV. Dark reactions: 

-Chemical energy produced in the light reactions is used in the dark reactions (do not require light) to convert CO2 into carbohydrate and other organic products 

-Require products of light reactions (ATP / NADPH) 

-Calvin cycle (Calvin-Benson cycle)-major metabolic pathway by which CO2 is fixed during photosynthesis, C3 cycle-uses CO2, ATP, NADPH as reactants 

-Releases ADP, NADP +, and 3 PGAL as products 

-8 step pathway 

-Transketolase-transfers 2 carbon molecules from one sugar to another 

-Transaldolase-transfers 3 carbon molecules from one sugar to another 

-Aldolase-transfers dihydroxyacetone phosphate to a variety of aldehydes

 

1. C4 cycle:

-Alternative dark reaction pathway 

-Due to the fact that the key regulatory enzyme RUBISCO can also act as an oxygenase

-C4 cycle can keep CO2 back into the C3 cycle 

-C4 cycle occurs when oxygen levels are high in plants

-Oxygen stimulates oxygen as activity of RUBISCO 

-One product of support pathway, malate, diffuses to cell where oxygen levels are low 

-Malate -> pyruvate with loss of CO2, which enters C3 cycle in cells where oxygen content is low

 

Microtubules:

I. Two structures involved in cell movement:

1) Microtubules- unbranched cylinders about 25 nm in diameter with an open central channel and is composed of tubulin (protein)

2) Microfilaments- are extremely fine unbranched solid fibers about 5-7 nm in diameter and are composed of the protein actin

-Both act separately and together to produce cellular movement

-EX:

1) Flagella/cilia beating-microtubules

2) Muscle contraction-microfilaments

3) Cytoplasmic streaming-microfilaments

4) Movement of mitochondria/vesicles-microtubules

5) Both involved in cell division

-Microtubules divide and distribute chromosomes

-Microfilaments divide the cytoplasm

-Molecular mechanisms for movement occur through an active sliding

II. Microtubule structure:

-Consists of a circle of 13 spherical subunits

-Subunits line up in parallel, lengthwise rows called protofilaments 

-These protofilaments form a wall

-Each wall particle is a unit of tubulin

-Heterodimer of 2 tubulin proteins (alpha & beta)

-Microtubules can occur as doublets or triplets

-Consist of one complete microtubule (13 subunits) with one (doublet) or two (triplet) partial, C-shaped microtubules fused to it at one side

-Doublets occur in flagella/cilia

-Triplets occur in centrioles (structures that give rise to flagella and anchor them in the cytoplasm)/basal bodies

1. Assembly of Tubulin into Microtubules:

-Reversible reaction that is in equilibrium

A) Depends on concentration of:

1) GTP

2) Ca2+

c) pH

2. Microtubule-associated proteins (MAP’s):

A) One end of a microtubule can assemble or disassemble 2 to 4 times faster than the other =polarity

-The end with the faster rate of assembly or disassembly is the plus end of a microtubule

-The end with the slower rate is the minus end

B) Stable microtubules can achieve a balance point at which tubulin heterodimers add to the plus end while the minus end is disassembling

-Heterodimers can migrate through a microtubule or treadmill through a microtubule from one end to the other

C) Large scale production of microtubules occur in distinct structures called microtubule organizing centers (MTOC’s)

-There are 4 types:

a) Centrioles (basal bodies)-generate microtubules of flagella

b) Cell centers (centrosomes/asters)-dense material located near the nucleus and organize cytoplasmic microtubules

c) Kinetochores- plate-like structures on the surface of chromosomes (nuclear division)

d) Spindle pole bodies-give rise to structure (spindles) in fungal cells that are involved in nuclear division

-MTOC’s provide a nucleation center for heterodimer polymerization

3. Function of Microtubules-convert chemical energy to mechanical energy by sliding=involved in cell movement

-Dynein-member of a family of large motor proteins that undergo ATP-dependent movement along microtubules via a crossbridge cycling event

-Composed of 2 arms extending

4. Crossbridge mechanism (hypothesis):

A) Dynein arms undergo conformational changes that adjust their angle of attachment to the microtubule surface between approximately 90’ and 45’

B) ATP binding, but not hydrolysis, is required to release dynein arms attached in the 90’ position 

C) ATP is hydrolyzed at some point after release of dynein arms; hydrolysis precedes or accompanies movement of the arms to the 45’ position

5) Release of the products of ATP hydrolysis (ADP + Pi) does not occur until dynein arms reattach to an adjacent microtubule after ATP hydrolysis

5. Structure of Microtubules in Flagella/Cilia:

-Consist of a circle of nine fused, double microtubules, the peripheral doublets, arranged around 2 central microtubules, the central singlets=9+2 system (flagellar axoneme)

A) Each of the 2 central singlets is a complete microtubule

B) Peripheral doublets contain one complete MT (A subtubule) and one partial MT (B subtubule)

C) Connecting elements:

1) Central singlets connected by a bridge and a surrounding sheath

2) A subtubule of each doublet is connected to the central sheath by a spoke

3) Nexin link connects peripheral doublets-A subtubule of one doublet to B subtubule of the next doublet

D) Dynein arms connected to A subtubule doublet

E) Microtubules of cilia and flagella arise from structures or basal bodies called centrioles

1) Centrioles contain a related 9+2 system

2) Nine sets of triplet MT’s make up the outer circle of the centriole

-A subtubule =complete MT

-B&C subtubules =partial MT’s 

Microfilaments:

-Actin filaments

I. Function in:

1) Cytoskeletal support

2) Movement

a) Cytoplasmic streaming- segments of the cytoplasm flow actively and directionally from one region of another

b) Contraction- sliding microfilaments forcibly constrict or shorten cell segments or whole cells

II. Structure of Microfilaments:

1) Actin- abundant protein that forms MF’s in eukaryotic cells. 

-The monomeric form is called globular or G-actin; the polymeric form is filamentous or F-actin

-Actin can polymerize to MF’s

-Polymers have polarity (rates of assembly)(similar to MT’s)

-Plus end adds subunits 12x faster than minus end disassembles subunits

-Polarity can be determined by myosin decoration developed by Dr. Huxley in 1963

-Myosin decoration-MF reacted with myosin, which produces an "arrowhead" pattern that is characteristic of microfilaments

-Reflect binding of myosin segment to actin

-"Arrows" point toward the minus end of a MF or the "pointed" end

-Opposite end "plus" is called the barbed end

2) Actin binding proteins (ABP’s)

-There are > 60 ABP’s which function to shift polymerization reactions to unassembled subunits

-Blocking polymerization

-Capping MF subunits

-Severing or breaking MF subunits

A) ABP’s regulated by:

1)Ca2+/calmodulin complex

2) Phosphorylation (kinases)

-Myosin- type of motor protein that uses ATP to drive movement along actin filaments (7 classes of myosin) using a crossbridge cycle

-Myosin I- is widely distributed within the cell, often membrane-bound, and is not assembled into filaments

-MyosinII- is a very large protein that forms the thick filaments of skeletal muscle that slide over actin filaments during contraction

3. Myosin:

A) Composed of 1 or 2 large polypeptide chains "myosin heavy chains" and 1 or 2 smaller polypeptide chains "myosin light chains"

B) Heavy chains composed of a head and tail; the light chains associate with the head

C) Head contains:

-Actin binding site

-Hydrolyzes ATP-> ADP

D) Myosin II can be split into 2 parts by protein-digesting enzymes (protease) such as trypsin

-Head fragment = heavy meromyosin (HMM) fragment - contains ATPase activity

-Tail fragment = light meromyosin (LMM) contains binding sites that assemble myosin II into superstructures called thick filaments

4. Myosin Crossbridge Cycle:

-Is an attach-pull-release cycle, which generates MF-based motion

-Cycle is the power source for microfilament sliding which is responsible for muscle contraction

-Similar to crossbridge mechanism utilized by MT’s

A) Regulation of crossbridging:

-2 pathways regulate myosin crossbridging cycle:

1) Actin-linked regulation- involves proteins that bind to actin and form regulatory units located on the surfaces of microfilaments

a) Actin-linked regulation-depends on 2 proteins, tropomyosin and troponin

-These two proteins control the crossbridging cycle by undergoing Ca++-dependent conformational changes

-Changes alternately block and expose the sites on actin bound by myosin during the crossbridging cycle

2) Myosin-linked regulation- based on the regulatory myosin light chains

a) Both are controlled by [Ca++] in cytoplasm

1)Ca2+ ions bind to calmodulin

2) Calmodulin undergoes a conformational change and activates the myosin light chain kinase (MLC kinase)

3) Activated MLC kinase adds PO4 groups derived from ATP to the myosin light chains-crossbridging cycle is turned "on"

4) If Ca2+ is released from calmodulin, there is an inhibition of MLC kinase activity (no phosphorylation activity)

5) PO4 groups are removed from the regulatory light chains by an enzyme MLC phosphatase

6) Crossbridging stops

Cytoskeleton:

-Composed of MT’s, MF’s, IF’s and additional support proteins

-Extend from plasma membrane to the nuclear envelope

-1/3 of total # of proteins are cytoskeletal proteins

I. Intermediate Filaments:

-Diameter of 10 nm (between MF and MT)

1. 5 classes in animal cells:

A) Keratin-epithelial cells, line body cavities

B) Vimentin-blood, bone, cartilage

C) Desmin-muscle

D) Neurofilament-neurons

E) Glial filament

-Observed in vertebrates, invertebrates, slime molds, protozoa, but not plants

2. Filaments assembled from a variety of proteins:

A) Cytokeratins

B) Vimentin

C) Desmin

D) Neurofilament

E) Glial fibrillary acids

 

3. Assembly of Intermediate filaments:

A) Subunits assemble into a tetramer (consists of 2 coiled-coiled polypeptide chains)

-Tetramer associate to form a protofilament, which is an octamer of intermediate filament polypeptide chains (contains 2 rows of tetramers)

B) Assembly requires accessory proteins

-IF-associated proteins (IFAP’s)

-One example is filaggrin-crosslinked protein

4. Major Cytoskeletal Functions:

A) Supports plasma membrane

B) Supports outer cytoplasm (cortex)

C) Supports the inner cytoplasm between the cortex and the nucleus

 

Organization of Prokaryotic Genome:

I. 6 major differences from the eukaryotic:

1) Prokaryotic genomes (complete set of genetic information organized into a chromosome) are much smaller than eukaryotic genomes

-E.coli- circular chromosome 4,700 kb

-Humans- 23 linear chromosomes 3,000,000 kb

2) In bacteria circular chromosome, all genes are genetically linked 

-There are no telomeres

3) In prokaryotes, almost all of the DNA is used as genes or used as coding sequences

4) In prokaryotes, there is a plasmid grouping of functionally related genes into operons

5) Introns are extremely rare in prokaryotes

6) Prokaryotic cells contain extrachromosomal pieces of DNA called plasmids

II. Arrangement of Coding Sequences in Prokaryotes (operons):

-mRNA genes arranged in operons-a group or cluster of structural genes whose coordinated expression is controlled by a regulator gene

1. Operons:

A) Operons are transcribed as a single mRNA

B) Cistron- a segment of genetic nucleic acid that codes for a specific polypeptide chain

C) Operons are controlled by a single promoter, which lies in front (5’) of the transcribed segment

-Promoter contains DNA (consensus) sequences that provide recognition and binding sites for RNA polymerase

-Regulate the rate of initiation of transcription

-Indicate the startpoint for transcription

2. Promoter sequences:

A) 2 consensus sequences

1)-10 sequence TATATT (Pribnow box) is about 10 nucleotides upstream (5") from the startpoint of transcription

2)-35 sequence TTGACA (35 nucleotides upstream from the startpoint of transcription

-These two sequences set a basal rate for transcription

-Basal level adjusted by regulatory proteins (repressors/activators)

a) Repressors are regulatory proteins which reduce the level of transcription

b) Activators are regulatory proteins which elevate the level of transcription

3. Example of a bacterial operon (lac operon)-lactose metabolism

A) Composed of 3 genes:

-z- codes for beta-galactosidase-breaks down lactose to glucose & galactose

-y- galactoside permease

-a- thiogalactoside transacetylase

-y & a involved in protein transport

-Organized into promoter and coding sequences

B) Operator-a section of an operon involved in the control of the synthesis of the gene products encoded within the operon (region of DNA); a regulatory gene that binds with a regulatory protein to turn on and off transcription of a specified region of DNA

-Regulatory protein, which binds to the operator and inhibits the transcription of structural genes, is called a repressor

-Encoded by a separate gene

-In this example of the lactose operon, there exists a lactose repressor, which binds to the operator in the absence of lactose

 

II. Lactose Repressor:

-Also has a binding site for lactose

-When lactose is present, will bind to repressor induces a conformational change of the repressor molecule to which will not bind to the operator, thus, transcription will proceed

-Drs. Jacob and Monod first discovered repressor regulation in the 1960’s

-Following transcription (polycistronic message-mRNA that codes for more than one cistron), translation occurs where information of the mRNA is converted to a polypeptide chain. (Processed to mature functional proteins

Organization of Eukaryotic Genome:

-Genome-entire collection of genes and all other functional and nonfunctional DNA sequences in the nucleus

I. Functional sequences:

-For example, encode mRNA, rRNA, tRNA, sn/sc RNA’s

-Replication origins

-Regulatory element TATA CAAT box enhancers for gene expression

II. Nonfunctional sequences:

-Consist of repetitive sequences-DNA sequences, which are repeated thousands or millions of times

-Arrangement of functional; and nonfunctional sequences are not fixed in the genome

-Existing sequences have been observed to move from one location to another =genetic rearrangement

1. Examples:

-Production of immunoglobulins

-Expression of mating genes in yeast

-Expression of surface glycoproteins in protozoa

III. Organization Definitions:

-Chromosome- linear DNA molecule + histones + nonhistone proteins

-Telomeres- end of a chromosome

-Centromere- holds 2 chromosome arms together 

-Haploid genome- contains one copy of each chromosome

-Diploid genome- contains 2 copies of each chromosome

-Triploid- contains 3 copies (common in plants)

-Tetraploid- contains 4 copies (common in plants)

-Psuedogene- nonfunctional copies of expressed genes

IV. Organization of Coding Sequences:

1. mRNA genes

A) 80% of coding DNA codes for mRNA

B) Most occur in single copy (one copy per genome)

C) Some mRNA genes have multiple copies

-Myosin, tubulin, histones, collagens, Hb’s, immunoglobulins

2. rRNA, tRNA, sn/scRNA genes

-Exist as gene families in multiple copies

V. Repetitive Noncoding Sequences:

-Discovered in the 1960’s by Drs. Britton and Kohne

-Developed a method for detecting repetitive DNA sequences= reassociation kinetics

1. Under certain conditions, the DNA double helix will break down to a random coil or single stranded molecule

A) Heat

B) High pH

-Both of these break the H bonds holding the base pairs, discharges the hydrophobic interactions between the bases, permitting the two strands to separate from each other

C) Exposure to chemicals such as urea or dimethyl sulfoxide 

-This process is called DNA denaturation

-Reverse process of denaturation is renaturation or reannealing

-Since renaturation is limited by the frequency of collision of complementary sequences, the rate at which it occurs will be slower as the size of the DNA molecule increases

-Ex: PCR reaction

-Most common method to measure DNA denaturation is based on the hyperchromic effect of DNA

2. Concepts:

A) Nucleic acids have strong absorption (optical density) maxima at 260 nm

 

-Absorbance (turbidity of a solution)- the fraction of incident light absorbed by a solution at a given wavelength and is related to the thickness of the absorbing layer and the concentration of the absorbing molecule

-Absorbance is measured quantitatively by the Lamert-Beer Law: log Io/I=ecl

Io =intensity of incident light

I =intensity of transmitted light

e =molar extinction coefficient (liters/mole-cm)

c =concentration of absorbing molecule

l =thickness of the light absorbing sample

B) Absorbance of double stranded DNA is not the sum of the absorbance for each of the bases

-The hydrophobic interactions and H bonding between the stuck bases reduces the OD (absorbance) reading

C) When the DNA double helix is broken or denatured these forces are destroyed and the optical density of the solution of DNA is increased because each base now contributes its normal optical density

1) Increase in OD is called the hyperchromic effect:

  -Different DNA’s can have different melting profiles

-For example, a DNA molecule that contains a high % of AT bp will have a lower Tm than a DNA molecule with a high % of GC bp.

2) Example:

a) Heat a DNA solution to denature double helix

b) Cool solution 10-15’ below the Tm (renaturation)

c) The separated strands will collide with each other and once in a while the complementary regions will find each other and renature == double helix

D) Rate of renaturation is limited by the rate at which collisions occur between complementary sequences

1) This is a 2nd order rate function based on: rate = k[A][B] or rate = k[A]2 

[ ] =the concentration of single complementary strands (at time t)

2) DNA of an organism is characterized by the value of Cot at ½ (50%) reassociation

  -Reassociation of mammalian DNA quite different from the bacterial DNA (uniform size)

-There is a rapidly reassociating fraction = represents repetitive DNA sequences

-There is a moderately reassociating fraction = represent moderately repeated sequences

-There is a slowly reassociating fraction = represents single copy DNA sequences

VI. Types of Repetitive DNA Sequences:

1. Moderately Repeated Sequences (100-1000):

A) Functional sequences:

1) Gene coding for rRNA, tRNA and repeated mRNA genes

2) Repeated genes at the telomeres

-Function to stabilize ends of the chromosomes

B) Nonfunctional sequences

1) Psuedogene-mutated nonfunctional genes arising from gene duplication events

2) Celo genes

-Some copies contain a RNA polymerase III promoter

-Active in transcription

-Function of most unknown

2. Highly Repeated Sequences (103 to 106):

-Highly conserved within a species

-Account for the large content of genomes in eukaryotic cells

-Ex: snails have more DNA than mammals & plants

-Function of the sequences still not understood

A) Genetic rearrangement - DNA sequences can move around within the genome

-Production of antibodies

-Expression of mating genes in yeast

-Expression of surface glycoproteins in protozoa

-One source of genetic rearrangement occurs by transposable elements- segments of DNA that can move from one position in a genome to another

3. Two classes of transposable elements:

A) Transposons-DNA sequence that moves by a mechanism that cuts the sequence from its original location in the genome and inserts it in a different site

-Contains inserted repeat DNA sequences at each end

B) Retrotransposon (retroposon) - DNA sequence which duplicates and moves to new locations via an RNA intermediate DNA –transcription RNA --reverse transcriptase cDNA --"integrase" inserted into genome

-Reverse transcriptase - enzyme first found in retroviruses that makes a double stranded DNA copy from a single-stranded RNA template molecule

-Primary source of transposable elements are retroviruses

-Can be harmless or pathogenic (AIDS/cancer)

 

DNA repair/mutations:

-DNA double helix is constantly being modified = DNA damage

-This ultimately causes 80 - 90% of human cancers

I. 2 Major Classes of DNA Damage:

1. Spontaneous

A) Spontaneous DNA Damage:

1) Can occur via:

a) Errors in base-pairing during DNA replication

b) Errors in proofreading (3’ - 5’ exonuclease function of DNA pol.)

c) Errors in accessory proteins (ex: DNA binding proteins)

d) Post DNA replication mismatch errors

-Cells eliminate DNA damage (lesions that damage) by molecular DNA repair

-First described in 1945 by Dr. Kelner

-Found that visible light protected microorganisms from the lethal effects of UV radiation

2. Environmental

-These factors may overlap

II. Four different types of DNA repair mechanisms:

1) Direct repair of DNA

2) Base excision repair

3) Nucleotide excision repair

4) Mismatch repair

1. Direct repair of DNA:

A) There are 3 types:

1) Spore photoproduct repair

-Restricted to 1 species of bacteria Bacillus subtilus

-Repairs cyclobutane dimers in spores and requires light

2) Photoreactivation

-Is the enzymatic reversal to monomers of pyrimidine cyclobutane dimers

-Dimers are formed by the UV component of sunlight and are the major cause of skin cancer

-Dimers are removed from DNA by an enzyme called photoliase, which binds to the pyrimidine dimer in DNA, absorbs, a blue-light photon, and splits the cyclobutane ring by electron transfer from the photoexcited FADH2 at the active site (not in humans)

3) Alkyl transfer 

-DNA alkylation adducts: 

-2 major mutant alkylation sights on DNA bases are at the O6 position of guanine and the O4 position of thymine 

-Methyl groups can be attached via a variety of reactions during normal cell metabolism 

-During DNA replication, the DNA polymerase will match (base-pair) O6 methyl guanine with thymine. If DNA mismatch is not corrected, the GC base pair will be replaced with an AT base pair (mutation). 

-During DNA replication, the DNA polymerase will match (base-pair) O4 methyl thymine with guanine. If DNA mismatch is not corrected, the AT base pair will be replaced with a GC base pair (mutation) 

-Fortunately, all cells have enzymes that remove methyl groups from DNA. The major enzyme is called O6-methylguanine-DNA-methyl transferase (MGMT) 

-Transfers methyl groups from 06-methyl guanine and 04 methyl thymine to a cysteine amino acid in the active site of the enzyme 

-This transfer is an irreversible reaction "suicide reaction" thus; MGMT is not a true enzyme per se (not a catalyst) 

-MGMT found in all species

-Humans have one enzyme 

-E. coli has 2 enzymes 

-O6 methyl guanine is cytotoxic, mutagenic, and tumoragenic, tumor cells which lack MGMT activity form tumors. This MGMT likely plays a significant role in cancer prevention. 

 

2. Base excision repair: 

A) A DNA adduct (modified or damaged DNA base) is removed by a special enzyme called a DNA glycosylase which leaves an empty base site, in the DNA double helix (AP site) 

B) AP-deoxyribose is removed by 2 enzymes called AP endonucleases 

-AP liase-enzyme that catalyzes the addition of functional groups to double bonds 

-AP hydrolase-enzyme that catalyzes hydrolysis reactions 

C) The missing nucleotide is then replaced using a DNA polymerase and the DNA double helix is sealed together using a DNA ligase 

D) Base excision repair system or repairs the following DNA base adduct:

1) Uracil (results from the deamination of cytosine) 

2) Hydroxymethyl uracil (oxidation of thymine) 

3) Thymine glycols (damaged thymine example thymine dimers) 

4) 8 hydroxyguanine (oxidation product of guanine) 

3. Nucleotide excision repair: 

-Works together with base excision repair 

-Removes large bulky DNA adducts 

-Adduct formed with: cisplatin, nitrosoureas, nitrogen mustard = anti-cancer drugs 

A) In nucleotide excision repair: 

1) A multisubunit ATP-dependent nuclease (excision nuclease, excinuclease) makes 2 cuts or incisions, one on either side of the DNA adduct 

2) Excises or removes an oligonucleotide which contains the adduct 

3) The excised oligonucleotide is then replaced by copying the complementary DNA strand using DNA polymerase 

4) DNA double helix is then sealed together using DNA ligase 

4. Mismatch repair: 

A) Both prokaryotic and eukaryotic cells are capable of repairing mismatched DNA base pairs after replication

B) Molecular mechanisms of mismatch repair processes are related to the molecular mechanisms of base excision repair and nucleotide excision repair 

C) It is the function of the cellular mismatch repair system to recognize DNA base mispairs and to eliminate these biosynthetic mistakes from newly synthesized DNA strands 

D) Mismatched repair systems rely on secondary signals within the DNA double helix to identify the newly synthesized DNA strand, which by definition contains the replication errors 

E) Signal is in a GATC sequence; the adenine base is methylated (in parental GATC sequence); newly synthesized GATC is not methylated 

1) 4 proteins recognized these base mispairs on new strand (including an endonuclease) 

2) Oligonucleotide sequence (either 3 ' or 5 ' to the base mispair) is removed from the newly synthesized strand (this involves 3 proteins-includes a helicase-introduces or removes DNA supercoils) and an exonuclease 

3) A correct strand is resynthesized using DNA polymerase 

4) DNA double helix is sealed together using DNA ligase 

III. Mutations:

-Mutation-is the original source of genetic variation caused by a change in a DNA base or a chromosome 

-Spontaneous mutations- is those that appear without explanation 

-Induced mutations- is those attributed to a particular mutagenic (chemical and /or physical) agent 

-Mutations can be introduced into an organism's DNA as a result of unrepaired DNA damage 

-Mutations can have a variety of distinct cellular and/or molecular effects 

-Alter the structure of a protein /RNA 

-Cause a change in gene expression 

-Effect can range from undetectable to lethality of an organism 

1. Mutations and mutants: some definitions: 

-Mutation-is a heritable change in the sequence of an organism's genome 

-Genome-full complement of an organism's genetic material 

-Mutant-is an organism that carries one or more mutations in its genome 

-Gene-basic unit of heredity 

-Allele-alternate form of a gene 

-Different mutations that are located at the same gene (genetic locus) are said to be alleles of each other 

-Locus-map portion of a gene 

-Genotype-is the genetic information that an organism encodes in its genome 

-Phenotype-observable characteristics of an organism 

-A mutation that as multiple effects on an organism's phenotype is said to be pleiotrophic

-Wild-type genotype-refers to the normal or parental observable characteristics of an organism (phenotype) (operational definition) 

-Scientists use a superscript plus sign when referring to the wild-type gene (ex: lacZ+) 

-A mutation that changes the phenotype from wild-type to a mutant genotype is said to be a forward mutation

-A mutation that causes change of genotype from mutant to wild-type is said to be a reverse mutation 

-Mutants can be obtained by selection or screening 

-If a condition can be arranged in which all the members of the population die or fail to grow except for the desired class of mutants, the mutant can be identified or obtained by selection 

-Example: selection for ampicillin resistant bacterial colonies (or bacterial cells which contain pUC 19) 

-If it is necessary to examine all the members of the population to identify the mutant having the desired phenotype, the mutants are identified or obtained by screening 

-A mutagen is an agent (chemical /physical) (biological viruses transposable elements) that leads to an increase in the frequency of occurrence of mutations 

-The process by which mutations are produced is referred to as mutagenesis 

-Mutagenesis that occurs without treatment of the organism with an exogenous mutagen is referred to as spontaneous mutagenesis 

-These mutations can occur because of replication errors 

-Occur as a consequence of DNA lesions that are introduced into an organism’s genome during normal growth of the cell 

-Mutagenesis that results from treatment of an organism with a chemical, physical, or biological mutagen is referred to as chemical mutagenesis; historically called UV mutagenesis 

-General term is induced mutagenesis 

-Spontaneous mutations and induced mutations can be the same; they refer to how they were identified or obtained 

-If the presence of a particular adduct (modification or lesion) in DNA can result in a mutation at the site where the adduct is located, the DNA adduct is termed a premutagenic lesion: ex: O6metG & O4metT

-Mutations occurring at sites in DNA where there was not known to be a DNA adduct are referred to as untargeted mutations 

-Mutation frequency-refers to the proportion of mutants in a population 

-Mutation rate-expresses mutations giving a particular observable phenotype per DNA replication, this can be expressed as mutations per base pair per cell division (replication) 

-Genomic mutation rate-expresses mutations per genome per DNA replication (cell division) 

2. Two classes of mutations-different types of mutations: 

A) Simple mutations (point mutations) - are mutations that result from the substitution of 1 base pair for another or from the addition or deletion of one or a small number of base pairs 

-Most commonly results or arise from exposures to physical or chemical mutagen 

B) Complex mutations-involve extensive changes in DNA structure 

1) Deletion-is a mutation which involves a loss of one or more base pairs; where a chromosomal segment or gene is missing 

2) Insertion-a mutation which involves the addition of genetic material; where a chromosomal segment or genes are added 

3) Duplication- situation in which a chromosomal segment or gene is repeated 

-Linked-tandem duplication

-Or not linked 

4) Inversion-alteration in gene sequence in a chromosome 

-Pericentric inversion includes the centromere

-Paracentric inversion does not

-Furthermore, for organisms that have >1 chromosome, mutational events can occur that involve the joining of the DNA of one chromosome to the DNA of another, thereby causing a chromosomal rearrangement (ex: a translocation- movement of a chromosome segment from one chromosome to another chromosome)

3. Types of point mutations:

A) Base substitution mutations-result from the substitution of one base pair for another

1) Transition mutation- a mutation that involves a change from one purine for another or one pyrimidine for another

GC  AT AT  GC

2) Transfusion mutation- a mutation that involves the interchange of a purine for a pyrimidine or the interchange of a pyrimidine for a purine

GC  TA GC  CG AT  TA AT  CG

B) Missense mutations- is base substitution mutations that change the codon for one amino acid to that for another amino acid

1) Effects of missense mutations:

a) No detectable effect

b) Partial loss of function

c) Gain of function

d) Alteration of function

e) Change in protein stability

-Temperature effect

-pH effect

f) Complete loss of function

C) Silent or neutral mutations- is when a base substitution mutation changes a codon from one amino acid to a different codon for the same amino acid

-Due to the degeneracy of the genetic code

D) Nonsense mutations- is mutations that change the codon for an amino acid to one of the three stop codons

-TAG, TAA, TGA = usually lead to complete or partial loss of function of the gene product

-Phenotypic effects of nonsense mutations can be altered or suppressed by a second mutation = nonsense suppresser

-Nonsense suppresser- is a mutation occurring within a gene encoding a tRNA and alters the anticodon of that tRNA so that it can recognize a nonsense codon

-In a cell that contains a nonsense mutation and a nonsense suppresser, when the nonsense codon is read, at least a fraction of the time the amino acid carried by the nonsense suppresser tRNA is inserted into the growing polypeptide chain

-Prevents chain termination

-Protein functional

-Phenotype of the mutant organism is wild-type even though its genotype differs from that of its wild-type parent by the presence of both the nonsense codon and the nonsense suppresser mutations

E) Addition/Deletion of base pairs:

-Frameshift mutations- mutations that alter or shift the translational reading frame (not in groups of 3) 

Cancer:

I. Introduction:

-Cancer is the leading cause of death for women in the U.S.- due to the consistent decline in heart disease mortality in the last 40 years

-Cancer will be the leading cause of death in the U.S. by the year 2000.

-Most common cancers are caused by tobacco and alcohol

1. Cancer- a malignant tumor resulting from a progressive series of genetic and cellular events which occur in a single clone of cells due to alterations in a limited number of specific genes

A) Oncogenes

B) Tumor suppresser genes

C) Tumor susceptibility genes

-Cancer, or the process of carcinogenesis, can be divided into 2 or more stages depending on the type of cancer

-Initiation-is a clonal expansion of cells that gain a selective advantage by genetic changes in the cells (mutations) pre-cancerous state

-Promotion (progression)- when there is an accumulation of genetic alterations in these pre-cancerous cells

-These alterations are caused by initial genetic changes and can also occur by exposure of the cells to tumor promoting compounds such as phorbol esters

-These alterations cause the phenotype of these cells to change into more malignant ones

-Measurement of age-dependent cancers suggest that at least 2 or more than 7 independent events are necessary for the development of malignant tumors

II. There are two types of tumors:

1) Benign (primary or premalignant) tumors are growths, which remain confined to its normal location

-Ex: warts

2) Malignant (cancerous) tumors are growths that can invade non-tumorous tissues via the circulatory or lymphatic systems

-Movement of cancerous tumors to non-tumor tissues is called metastasis

-More than 100 different kinds of human cancers are recognized and historically classified according to their cellular origin. 

III. Most cancers are divided into 5 major groups

1) Carcinomas

2) Sarcomas

3) Leukemias/lymphomas

4) Carcinomas:

-Comprise approximately 90% of human cancers

-Arise from epithelial cells

5) Sarcomas, leukemias, lymphomas:

-Sarcomas are cancers of connective tissue or muscle tissue; develop from mesodermal cells and/or circulatory cells of the blood and lymph system

-Leukemias are cancers derived from hemopoietic cells (blood bone marrow cells)

-Lymphomas are cancers derived from lymph cells

-Tumors are further classified to their tissue of origin

- Is a multistep pathway that leads to colon cancer

-This pathway includes 5 genes:

-p53, DDC, APC, ras k

-In this pathway there must be at least 7 independent genetic events (2 each for p53, DDC, and APC and one for ras k) for a normal cell to change to a metastatic tumor

-It has been known for several years that changes in DNA and not changes in other subcellular components such as lipids and proteins are responsible for the formation of cancerous tumors

-Transgenic mouse cells changed into tumor cells

-It was further shown that the DNA in the human cancer cells contained an activated oncogene, which was not present in the non-tumor mouse cells. However, the transgenic tumor mouse cells contained the activated human oncogene

III. Chromosomal rearrangements

-Many genetic changes, which lead to cancer, are large chromosomal rearrangements that are visible under the light microscope. Human chromosomes can be prepared in culture plates/tubes and there are specific bonding patterns that are unique to each chromosome and these patterns are genetically inherited

-Chromosomal aberrations (genetic rearrangements), which lead to cancer, can be translocated between chromosomes, deletion of all or part of a chromosome or an inversion within a chromosome or other more complex rearrangements

-Thus, a molecular characterization of chromosomal rearrangement associated with cancer should lead to the identification of genes involved in cancer

-This molecular characterization has lead to the cloning of DNA sequences at specific parts of human chromosomes which are associated with cancer and

-A molecular map of the human genome is being constructed using overlapping DNA fragments

-It is important to determine which DNA sequences are responsible for the transformation from normal cells to metastatic tumor cells

-Burkitt’s lymphoma. In this case there is a reciprocal translocation between chromosome 8 and 14 and places a proto-oncogene next to an Ab gene

-This event causes the activation of a proto-oncogene to an oncogene

IV. Oncogenes:

1. Early 1980’s Dr. Bishop discovered oncogenes:

A) Gene that causes a tumor

B) First discovered in retroviruses (ras gene)

C) Product of an oncogene is required for the transforming activity of the virus (ability of the virus to change normal cells into tumor cells)

D) Oncogene act in a dominant manner

-Heterozygote is tumoragenic

-Studies on oncogenes in the 1980’s led to the discovery that the host cell has an inactive form of the oncogene (proto-oncogene)

2. Proto-oncogene:

A) Cellular counterpart of the oncogene

B) Not expressed in the cell or expressed at low levels relative to the activated viral oncogene

C) Cellular proto-oncogene can be activated to an oncogene by mutation

D) Mutational event can be a simple base substitution or a more complex chromosomal rearrangement

E) Products of oncogenes are called oncoproteins; these proteins carry out a variety of cellular functions:

1) Protein tyrosine kinases- enzyme that phosphorylates tyrosine residues- involved in signal transduction pathways

2) Growth factors- signal molecules that are involved in regulatory cell growth

3) G proteins- heterotrimeric GTP-binding proteins that are involved in signal transduction pathways

4) Transcription factors- proteins that function in modulating gene expression

-More than three-dozen tumor viruses have been identified and this is a list of 29 retroviruses, the name of their transforming oncogene and their oncoprotein gene product

-Oncogenes such as rasH, raf, jun, and fos can function in signal transduction pathways where a chemical or physical signal is recognized by the cell

-The cell will eventually start producing a specific set of proteins in response to the signal

3. Signal transduction pathway using an oncogene:

A) Relaying of a signal by conversion from one physical or chemical to another; the process by which a cell converts an extracellular signal into a response

1) Growth factor binds to a receptor

2) Binding activates a tyrosine protein kinase

3) Activates Ras

4) Ras activates, in sequence, 3 cytoplasmic protein kinases: Raf, MEK (mitogen extracellular-signal-regulated kinase), MAPK (mitogen activating protein kinases)

-Serine/threonine protein kinases called intracellular transducers

-MAPK a protein kinase that performs a crucial step in relaying signals from the plasma membrane to the nucleus. Kinase activated by a wide range of proliferation or differentiation inducing signals

5) Activation of MAPK (phosphorylation) allows the kinase to move from the cytoplasm through the nuclear envelope into the nucleus

6) MAPK then activates Jun and Elk I (transcription factors) by phosphorylation

7) Jun and Elk I will bind to the promoters of jun and fos genes respectively and these 2 genes will be expressed

8)And begin to produce jun and fos mRNA which will then be transported out to the cytoplasm where the 

9) Messages (mRNA) will be translated to Jun and Fos proteins 

10)Jun and Fos will bind together to form a (heterodimers) transcriptional activating complex (AP-1 complex)

11) AP-1 complex will be transported from the cytoplasm through the nuclear envelope to the nucleus

12) AP-1 complex will activate a number of target genes (??) w, which leads to cell transformation, or the conversion of normal cells to tumor cells

-The early steps in this signal transduction pathway have been elucidated in great detail, but the actual mechanisms of cellular transformation which arises from the expression of host cell target genes is still poorly understood.

4. Tumor suppresser genes:

A) 5 features of tumor suppresser genes:

1) In contrast to inactive cellular proto-oncogenes, tumor suppresser genes are highly active in normal cells and they function to repress cell growth

2) Inactivation of a tumor suppresser gene by mutation leads to a deregulation of cellular growth

3) Cancers, which are formed due to the inactivation of tumor suppresser genes, are inherited in a dominant fashion

4) However, tumor suppresser genes act in a recessive manner (heterozygote is non tumoragenic)

5) Following inactivation of the first allele by mutation, the chromosome containing the second, and only other wild type allele is usually lost

-Process of chromosomal loss is called loss of heterozygosity (LOH)

B) Human cancer:

1) p53-is the most common target of mutations in human cancer (p53 mutations are in > 50% of cancerous tumors)

a) Cellular p53- appears to regulate cell division and mutations in this gene lead to deregulated cell growth

-Has a "hot spot" for G  T transversions (benzopyrene)

b) Mutations in the RB 1 gene are associated with retinoblastoma- human childhood disease and involves the formation of a tumor on the retina

c) Mutations in the DDC gene are associated with colon cancer

-The recessive nature of tumor suppresser genes can be visualized through the construction of cell hybrids. In this experiment, normal cells are fused with tumor cells that contain a mutation in a tumor suppresser gene. The resulting cell hybrid is non-tumoragenic. This result demonstrates that the wild- type allele (form of the gene) from the normal cell is sufficient to restore a normal (non tumoragenic) phenotype

-Cell hybrids are typically unstable

-If the wild-type tumor suppresser gene is lost, the hybrid cell is transformed back to a tumor cell

-Retinoblastoma, which is caused by the inactivation of a tumor suppresser gene, RB 1

-This disease is inherited in an autosomal (not sex-linked) dominant manner

5. The autosomal dominance

A) After inactivation of one tumor suppresser allele by mutation, the second allele is inactivated by a non-disjunctional, event during mitosis where the chromosome containing the wild-type tumor suppresser allele is lost and the chromosome that contains the mutant (inactivated) allele is duplicated

-Nondisjunction- defined as an abnormal separation of chromosomes in mitosis (meiosis)

B) This process is termed loss of heterozygosity (LOH)

C) LOH can be detected by a change of gene expression of closely linked loci and by the absence of chromosomal DNA sequences that are linked to the tumor suppresser genes

-Individuals who have a family history of cancers, which are associated with tumor suppresser genes, are more likely to develop cancers than individuals that have no history of family cancers

-In heredity cancer associated with tumor suppresser genes, the first mutation is already present in the germ line

-This individual only needs to acquire a second somatic mutation that will lead to the formation of a cancerous tumor.

-However, in sporadic cancers, the development of a tumor requires at least 2 somatic mutation events in the tumor suppresser gene.

-Thus, one can see that individuals who already carry a mutant form of a tumor suppresser gene are much more likely to develop cancer since only one somatic mutation, rather than two, is needed for tumor formation.

-Karyotype- a photographic or pictorial representation of the chromosomes in a given individual

-RB1 is recessive in nature because if a wild-type RB1 gene is introduced into a retinoblastoma tumor (transvection)?

-Transfection- introduction of DNA into a non-bacterial cell the resulting cell is non-tumoragenic

6. Tumor susceptibility genes:

A) Genes do not actively cause cancer

B) Mutations (inactivation) in these genes lead to an increased incident of cancer

C) Several of these genes are associated in DNA repair

-Examples defect in DNA ligase, methyltransferase

-With the identification of tumor susceptibility genes, studies have shown an interaction between oncogenes, tumor suppresser genes, DNA repair genes, and genes involved in regulating the cell cycle (cell cycle genes)

-Activation of a tumor suppresser gene (p53) and an oncogene (p21) after the cell has been exposed to agents (ex: UV radiation) that can damage DNA.

-The products of these genes can interact with cellular proteins to arrest the cell prior to mitotic division (in order to repair DNA damage).

-The cell has sensory mechanisms (p53/p21), which can interrupt normal cell division until genetic and subcellular damage can be repaired

7. The molecular characterization of cancer genes and development of new prospects to prevent and treat cancer

A) Molecular techniques can be used to identify individuals with inherited susceptibilities to cancer

-These techniques could reliably detect early pre-malignant stages

B) The development of diagnostic applications for the analysis of oncogenes has already been used in clinical practice

-Abnormalities of oncogenes have provided useful assays (detection method) for monitoring the course of the disease during treatment (amplification by PCR of an oncogene fusion event (bcr/abl) to detect leukemia cells

C) The development of drugs that target against oncogenes

-For example, the fusion of a retanoic acid receptor to an oncogene leads to one form of leukemia if you treat the patient with retanoic acid (RA)

-RA will bind to the RA receptor and this binding will prevent activation of the oncogene

-When patients with this type of leukemia are treated with RA treatment leads (> 90%) to remission of the tumor

 

Transcription Factors:

-Structural motifs (structural design)(families) found in transcription factors- auxiliary proteins (beyond the 8 to 14 distinct polypeptides that make up the polymerases) that assist in the operation of eukaryotic polymerases

I. Leucine zipper- is a stretch of amino acids rich in leucine residues that provide a dimerization motif

-Leucine zipper proteins can form dimers through a hydrophobic interface

-Dimer formation required for DNA binding

-c-jun/c-fos = leucine zipper proteins

-Heterodimers- zippered pairs of nonidentical proteins (used to turn other genes "on"/"off")

-Heterodimers of c-Jun/c-Fos oncoproteins bind DNA much more strongly than homodimers of c-Fos or c-Jun alone

II. Helix-loop-helix (HLH protein)- a family of proteins in which a portion of the polypeptide forms 2 alpha- helices separated by a loop (the HLH domain)

-This domain acts as a sequence-specific DNA-binding domain

-c-myc encodes a HLH transcription factors

III. Zinc finger protein- has a repeated motif of amino acids (rich in cytosine/histidine) that bind to Zn

-protein can bind to DNA and/or RNA forms zinc fingers

IV. helix-turn-helix- a highly conserved family of sequences (60 amino acids/ 180 bp’s)(homeobox) in, length (homeodomain)

-bind DNA in a sequence-specific manner

-helix 3 = is the recognition helix and makes important contacts with DNA

-helices 1&2 = makes contact with other proteins 

Recombinant DNA technology:

-enables individual fragments of DNA from any genome to be inserted into vector DNA molecules (e.g. plasmids, viruses) and these fragments can be introduced into bacteria (e.g. transformation) and then amplified

-donor organism- organism under study that donates DNA

-ex: fruit fly Drosophila melanogaster

-vector DNA molecules- plasmids/viruses that can accept foreign DNA sequences; capable of replicating

-transformation- introduction of vector DNA (plasmid DNA) into a bacterial cell

-transfection- introduction of a virus into a host cell

-ex: introducing lambda bacteriophage(virus that infects bacteria) into bacterial cells

-recombinant DNA(chimeric DNA; after Greek monster Chimera)- vector molecule + DNA insert

-recombinant (DNA) clone- a large population of identical DNA inserts

 

I. Steps in producing Recombinant DNA molecules:

1) Isolating DNA- both donor and vector DNA

-donor DNA isolated by "genomic prep" procedures

-vector DNA:

1) plasmid also isolated using a variety of procedures "mini", "midi", "maxi" preps

2 )viruses can also be purified using "phage preps"

2) Cutting DNA:

-exonucleases- cleave nucleotides one at a time from the end of a polynucleotide chain; they may be specific for either 5’ or 3’ end of DNA or RNA

-endonucleases- cleave bonds within a nucleic acid chain 

-restriction enzymes- endonucleases that recognize specific short sequences of (usually) unmethylated DNA and cleave the double-stranded molecule

-produced by bacteria as a defense mechanism against phages (part of the restriction/modification system)

-enzymes cut DNA into fragments of a size suitable for cloning

-enzymes can make "staggered" cuts, which generate single-stranded "sticky" ends conducive to the formation of recombinant DNA

-most restriction enzymes either recognize a specific 4 bp "four cutters" or a specific 6bp "six cutters" DNA sequence

-"4 cutters" will cut once, on average, every 44 bases = 256 bases

-"6 cutters" will cut once every 46 bases = 4096 bases

-2 examples of restriction enzymes:

-named after the organism from which it was identified or purified from

1) Eco R1 - from bacterium Escherichia coli

2) Hind III - from bacterium Haemophilus influenzae

-both are 6 cutters

-Eco R1 = recognizes a 6 bp palindrome sequence

-both DNA strands have the same nucleotide sequence but in antiparallel orientation

5’ - GAATTC - 3’ => 5’ - G AATTC - 3’ 3’ - CTTAAG - 5’ => 3’ - CTTAA G - 5’

-staggered cut- leaves a pair of identical single-stranded "sticky ends"

-ends can H bond to a complementary sequence

3) Joining DNA:

-donor DNA (foreign DNA) + vector DNA = digested with restriction enzyme/mixed => recombinant DNA

-join fragments (via H bonding of complementary sequences)(annealing); catalyzed by enzyme DNA ligase

-seals nicks that have available 3’-OH and 5"-PO4 termini

-uses ATP as an energy source

4) Amplifying recombinant DNA:

-recombinant plasmid DNA is introduced into host cells by transformation

-vector will replicate (donor DNA will also replicate)

-will have multiple copies of vector in cell

-cell will also replicate (cell division)

-from 1 to 109 cells/ml

II. Cloning a specific gene:

1. Choosing a cloning vector:

-must be small (for manipulation/convenience)

-must be able to replicate

-must contain convenient restriction sites

-must be able to identify/recover recombinant molecules

2. Cloning vectors:

A) Plasmids:

-autonomous, self-replicating, extrachromosomal circular DNA

-distinct from bacterial chromosomes

-1st plasmid that was identified was the F plasmid

1) episome- can exist in 2 forms

a)self-replicating

b)integration into chromosome

-sex plasmid involved in bacterial conjugation- the union of 2 bacterial cells, during which chromosomal material is transferred from the donor(Hfr) to the recipient(F-) cell

 

2) examples of plasmids:

a) pBR 322- contains 2 drug resistance genes

1) tctR = tetracycline resistance

-tetracycline- binds to a protein on the 30S subunit of the ribosome and inhibits ribosomal translocation

2) ampR = ampicillin resistance

-ampicillin- inhibits enzyme that are involved in the synthesis of the cell wall

-bla- codes for an enzyme that is secreted to cell wall and breaks down amp

-donor DNA can be inserted into tctR gene = insertional inactivation

-select for tctS/ampR colonies

b) pUC plasmids:

1) plasmids have a mutation in a replication gene (rop gene) which leads to increased copy number

2) has a polycloning site (polylinker; multiple cloning site)

-a DNA sequence that was genetically constructed in vitro and contains many sites, which are recognized by restriction endonucleases

3) polylinker inserted (insertion as in-frame with B-gal coding sequence) in the lac Z gene (B-galactosidase)

-vector contains DNA sequence encoding the 1st 146 amino acids of B-galactosidase, thus, pUC vectors express the NH2 terminal of B-galactosidase

4) recipient cells (e.g. DH5 alpha) express the COOH terminal fragment

5) active B-galactosidase protein is a homotetramer

-multimeric enzyme with each polypeptide consisting of 1173 amino acids in length

6) the 2 fragments will then join together in trans to form a functional gene product (partial proteins coded by 2 fragments unite to form a functional B-gal protein) = called alpha-complementation

7) thus, one can detect lacZ expression (B-gal activity)

A) vector + cells (e.g. DH5 alpha)(lac-) => B-gal activity (lac+)

-B-gal activity in the presence of a colorless substrate called X-GAL (5-bromo-4-chlero-3-indoyl-B-D-galactoside) will produce a colored (chromogenic-produces a colored pigment)(blue) product

B) vector + insert + cells => no B-gal activity = white colonies

-colony- a visible clone of cells

8) insertion of a fragment of foreign DNA into the polycloning site of pUC results in production of an amino-terminal fragment that is not capable of alpha-complementation

9) pUC plasmids usually accept foreign DNA up to 10 kb

3. Bacteriophage:

-viruses that infect bacteria

A) lambda-convenient cloning vector

1)accepts foreign DNA usually 10-15 kb

2)central portion of phage genome not required for replication packaging

-can be removed using restriction enzyme

3)lambda can be amplified to get large amounts of foreign DNA

B) cloning in lambda:

1) nonessential region of genome discarded (leaving left/right arms)

2) foreign DNA digested into 10-15 kb fragments

3) foreign DNA ligated into arms (ends of arms connected to form a long linear molecule consisting of multiple phage genomes (concatenated DNA)

-concatemer-series of unit genomes repeated in tandem

4) DNA then placed into a viral head (capsid = composed of viral proteins) in vitro packaging

C) Cosmids:

-hybrid vectors of lambda phages + plasmids

-can replicate in a cell like a plasmid or be packaged like a phage

-cosmids can accept foreign DNA up to 45 kb (reason that most of the lambda genome has been deleted)

-however, cosmids still contain the signal sequences that promote phage headstuffing (cos sites)

-shuttle vectors- is a plasmid constructed to have origins for DNA replication for 2 hosts (E. coli/S. cerevisiae) so that it can be used to carry foreign sequences in either prokaryotes or eukaryotes

D) Single-stranded phages (M13):

-useful in DNA sequencing

-expression vectors- where cloned genes can be transcribed and translated into a protein

-open reading frame (ORF)- a DNA sequence that can be converted to an amino acid sequence (via RNA)

-can synthesize a foreign protein in a bacterial cell (remember, bacteria cannot process introns = thus, clone cannot contain introns)

III. YAC’s -yeast artificial chromosomes:

-foreign DNA + yeast centromere sequences + yeast telomere sequences

-can be assembled into artificial chromosomes (up to 1000 kb)

-YAC’s use yeast cells as hosts

IV. BAC’s - bacterial artificial chromosomes:

-based on F factor (sex factor)

-accept up to 300 kb (usually 100 kb)

-one advantage of BAC’s over YAC’s is that one uses bacterial cells rather than yeast cells

 

V. Cloning/constructing a DNA library:

-source of foreign DNA

-library- is a set of cloned fragments together representing the entire genome

-"shotgun" cloning- experimenter clones (isolates) a large sample of DNA fragments hoping that one of the clones will contain a "hit" the desired gene

1. Different types of libraries:

A) based on:

1) type of vector

2) source of DNA

3) different cloning vectors carry different amounts of DNA

4) choice of vector depends on size of genome

a) small genomes = plasmids/phages

b) middle genomes = cosmids

c) largest genomes = YAC’s/BAC’s

B) genomic library- contains entire genome (introns, exons, etc.)

C) cDNA library (complementary DNA)- is synthetic DNA made from mRNA (catalyzed by an enzyme called reverse transcriptase- originally isolated from retrovirus (tumor virus)

mRNA –reverse transcriptase ssDNA –DNA pol  dsDNA

-thus, for example, if a scientist knows that a particular gene is highly expressed (i.e. there is lots of protein) in a particular tissue of an organism, then one can construct a cDNA library using the mRNA from that tissue

2. Using Probes to isolate specific clones:

-probe- a nucleic acid molecule that can be detected by radioactive (32P/3H) methods or chemiluminescent methods

-probes depend on the natural tendency of one single-strand of nucleic acid to find and base-pair (hybridize) to a complementary base sequence via H bonding

A) Where does probe come from?

1) you can synthesize it

2) you can get it from a friend "clone by phone"

3. Cloning Steps:

A) transfer colonies/plaques - containing foreign DNA of interest form the petri dishes to membrane filters composed of nitrocellulose or nylon = colony lifts/plaque lifts

-DNA must be denatured on filters often by chemical treatment (e.g. NaOH)

B) bath membrane with solution containing probe

-probe must be denatured first- heat it

C) remove probe/ develop filters to detect presence of complementary DNA sequences

-Southern blotting (DNA-DNA hybridization)- describes the procedure for transferring denatured DNA from an agarose gel to a nitrocellulose filter where it can be hybridized with a complementary nucleic acid

-restriction digests of genomic DNA produces a wide array of DNA fragments differing in size

-will look like a smear on an agarose gel

-a probe can detect a specific DNA restriction fragment

1) separate digested genomic DNA using agarose gel electrophoriesis (gel fractionation)(DNA fractionation)

2) lay absorbent membrane (nitrocellulose/nylon)on top of the gel

-DNA transferred/"blotted" from gel to membranes by capillary action (DNA stays in the same position)

3) expose membrane to a probe of interest (radioactive probe)

4) remove probe and lay a photographic film over membrane 

-expose and develop film

-will see a specific band on this film

-Autoradiography- process that detects radioactively labeled molecules by their effect in creating an image on photographic film

-Southern blotting = DNA-DNA hybridization

-Northern blotting = DNA-RNA hybridization

-Western blotting = protein-AB interactions

4. Finding specific clones by functional complementation:

-cloned genes can be detected through their ability to confer a missing function on a transformation recipient

-ectopic expression- describes the expression of a gene in a tissue in which it is not usually expressed

-ectopic insertion- insertion of recombinant DNA (vector + insert) into a recipient’s genome at a location that is different from its original site

-positional cloning- any method that uses information about a gene’s location or position on a chromosome in order to isolate that gene

-chromosome walking- describes the sequential isolation of clones carrying overlapping sequences of DNA allowing large regions of the chromosome to be spanned. Walking is often performed in order to reach a particular locus of interest

A) Cloning a Gene by Tagging- can isolate a specific gene by inducing a mutation in that gene(insertional mutagen = transposable element)

1) P-element - clone genes in Drosophila

2) Ty1 element - clone genes in yeast

 

Cellular reproduction:

-according to cell theory, new cells originate from other living cells

-process = cell division = cellular reproduction

-mother(parental) cell  daughter(offspring) cell

I. Review cell cycle:

1. Control of cell cycle(2 control events in cell cycle):

A) initiation of DNA replication which occurs at the transition between G1/S

B) initiation of mitosis which occurs at the transition between G2/M

-research on factors controlling the cell cycle began in yeast with the discovery of a gene called cdc2 

-budding yeast Saccharomyces cerevisiae

-fission yeast Schizosaccharomyces pombe

-revealed a large # of genes whose products function to maintain the proper cell cycle

-were identified( > 80 genes identified) as conditional mutations (ts = temperature sensitive) called cdc mutations (cell cycle division)

-will grow normally at low temps (permissive temp - 23’C)

-will stop growing at higher temp (restrictive temp 36’C)

-a particular cdc mutant will stop growing at a specific time in the cell cycle (all cells will exhibit a similar morphological phenotype)

-in contrast to a typical ts mutation, cell will stop at varying points in the cell cycle (numerous phenotypes)

C) restriction ("start") point- during the G1 phase of the cell cycle, the point at which the cell is committed to divide

1) factors influencing restriction point:

a) cell size- ratio of cytoplasmic volume to genomic size

b) regulatory proteins- function as a molecular clock to carry out the cell cycle

-types of regulatory proteins:

A) protein kinases -an enzyme that regulates the activity of another protein, or target molecule, by adding a PO4 derived from ATP 

B) cyclin-dependent kinases (Cdk’s)- a protein that is active only when attached to a particular cyclin

C) cyclins- proteins whose concentration fluctuates over time (amount of protein varies in a cycle = periodic fluctuations)

2. entry into M phase (mitotic phase) triggered by the activation of a protein kinase called maturation-promoting factor (MPF)

a) MPF contains 2 subunits:

1)catalytic subunit ATP  ADP + PO4 (ser/thr)

2)regulatory subunit = cyclin

--first yeast cdc mutation = cdc2 (S. pombe)/cdc28 (S. cerevisiae)

-when mutated, cell stops growing at :

1)either just prior to DNA replication or

2)just prior to mitosis

-product of cdc2 is catalytic unit of MPF

-cdc2 regulated at end of G1 and at end of G2(determined by temperature-shift experiment)

-both cell cycle stages represent points in the cell cycle when a cell becomes committed to beginning crucial events

a)DNA replication

b)nuclear division

-passage through these points requires the transient activation of Cdk’s by specific cyclins

-passage through START (G1/S restriction point) requires the activation of cdc2 by a G1 cyclin (cig2)

D) cdc2 cig2 dimer - passage through the second point of commitment just before the end of G2 requires activation of cdc2 by a different group of cyclins (mitotic cyclins)(cdc13)

E) cdc2 cdc13 dimer - Progression through the cell cycle requires the phosphorylation and dephopsphorylation of certain critical amino acids

-prior to mitosis(G2/M checkpoint)- Cdk subunit must be phosphorylated at threonine-161 = catalyzed by CAK (Cdk-activating kinase)

-there is also phosphorylation at threonine 14/tyrosine15 = catalyzed by wee1 and mik1

-this inhibits CAK activity

-active wee1 or mik1 produces an inactive cdc2 cdc13 enzyme complex

-tyrosine15/threonine 14 PO4’s can be removed by a phosphatase cdc25

-thus, the cdc25 phosphatase and wee1/mik1 kinases act as competitors to one another, one stimulating cdc2 and the other inhibiting its activity

II. protein kinases/control of cell division:

1) the cyclin is synthesized throughout the cycle and accumulates during interphase

2) Cyclin attaches to Cdk (cdc2) and the protein complex is activated at the end of interphase

3) The active complex, MPF (maturation promoting factor), coordinates mitosis by phosphorylating various proteins that include protein kinases phosphatases

4) One of the proteins activated by MPF is a cyclin degrading enzyme that destroys MPF activity

5) The Cdk component of MPF is recycled, its kinase activity restored by association with a new cyclin that accumulates during interphase

 

 

Cytoplasmic Membrane System:

-internal cytoplasmic structures first observed by biologists in the 1940’s with the development of the electron microscopes (scientists saw membrane-bound vesicles of varying electron densities

-electron microscopes portray static, not dynamic processes

-cisternae - flattened membrane-bound compartment

-cytoplasm of eukaryotic cells subdivided into a variety of distinct compartments (bounded by membranes)

-endomembrane system - functionally and structurally interrelated group of membranous cytoplasmic organelles including the endoplasmic reticulum, Golgi complex, endosomes, lysosomes, and vacuoles (nuclear envelope can be included - not a cytoplasmic organelle)

-transport vesicles - the shuttles, formed by budding from a membrane compartment, that carry materials between organelles

-budding fission cycle - vesicles move through the cytoplasm in a directed manner on tracks (cytoskeleton then fuse to the next compartment

I. Distinct cytoplasmic pathways:

1. biosynthetic pathway (secretory pathway) - route through the cytoplasm by which materials are synthesized in the endoplasmic reticulum or Golgi complex, modified during passage through the Golgi complex, and transported within the cytoplasm to various destinations such as the plasma membrane, lysosome, or a large vacuole (plant cell) (alternate term secretory pathway has been used because many of the materials synthesized in the pathway are destined to be discharged outside the cell)

-this includes the flow of lipids, carbohydrates, and proteins

A) 2 types of secretory pathways:

1)constitutive secretion - discharge of materials synthesized in the cell into the extracellular in a continued, unregulated manner (contributes to formation of plasma membrane/extracellular matrix)

2)regulated secretion - discharge of materials synthesized in the cell that have been stored in membrane-bound secretory granules in the peripheral regions of the cytoplasm, occurring in response to an appropriate stimulus

-production/release of hormones, digestive enzymes, or neurotransmitters

2. Endocytic pathway - route for moving materials from outside the cell (and from the membrane surface of the cell) to compartments, such as endosomes (ex: lysosomes), located within the cell interior

-transport requires traffic patterns:

ex: salivary  secretory vesicles digestive enzymes  lysosomes

-proteins are targeted through sorting signals - recognized by receptors in the walls of transport vesicles

 

II. Study of Cytomembranes:

1) Autoradiography (historical) - a technique for visualizing biochemical processes by allowing an investigator to determine the location of radioactively labeled materials within a cell. Tissue sections containing radioactive isotopes are covered with a thin layer of photographic emulsion, which is exposed by radiation emanating from the tissue. Sites in the cell-containing radioactivity are revealed under the microscope by silver grains after development of the overlying emulsion

2) pulse-chase experiments - are performed by incubating cells very briefly (pulse) with a radioactively labeled precursor (of some pathway or macromolecule); then the fate of the label is followed during a subsequent incubation with a nonlabeled (chase) precursor

3) cell fractionation - separation of vesicles derived from fusion of the ends of membrane fragments that form upon homogenization of cells. Vesicles formed from each of the different membranous organelles (nuclei, mitochondria, plasma membrane, endoplasmic reticula, etc.) have different biochemical/physical properties that allow this separation

-e.g. cytoplasm -(homogenization) fragment  fuse into vesicles

-microsomes - a heterogeneous collection of similar-sized vesicles formed from the endomembrane system (primarily the endoplasmic reticulum or Golgi complex) 

4) Use of mutants (yeast) - Dr. Randy Schelman

-isolation of secretory defective mutants (cloned genes; analyzed gene products such as proteins)

-revealed that components of endomembrane system

-highly conserved (yeast, plants, human have similar secretory proteins) (can correct yeast defects with mammalian gene)

 

Endoplasmic Reticulum (ER):

-rough ER - attached ribosomes

-smooth ER - no ribosomes

I. fluid of cytoplasm - divided by ER into 2 compartments:

1) luminal (cisternal) space - space between ER membranes

2) cytosolic space -region outside ER membranes

-ribosomes face cytosolic space

II. Smooth ER (SER) -present in skeletal muscle, kidney tubules, steroid-producing endocrine glands

1. Functions:

A) synthesis of steroid hormones in the endocrine cells of the gonad/adrenal cortex

B) detoxification (liver)

-oxygenases (P450 system) - converts hydrophobic molecules to hydrophilic molecules

-benzopyrene  BPDE (carcinogen)

C) converts glucose-6-PO4  glucose (liver)

-allows glucose to be released into the bloodstream

D) sequesters Ca++ - can be used in a variety of cellular reactions

III. Rough ER:

1. Functions:

A) site of synthesis of secretory proteins

B) secretory proteins contain a signal sequence at N-terminus (6-20 nonpolar amino acids)

C) triggers attachment of ribosome to ER membrane/movement of nascent polypeptide into cisternal space (signal hypothesis)

1) mRNA translated into polypeptide on free ribosome (w/ signal sequence)

2) signal sequence recognized by signal recognition particle (SRP)

-6 polypeptides

-75L RNA (scRNA)

-stops translation/protein folding

3) SRP + polypeptide = SRP complex binds to ER receptor on the cytosolic side of ER

-translation then proceeds

4) SRP released (requires energy GTP) (G proteins) (second messenger pathways)

-polypeptide enters cisternae (translocation)

5) signal sequence is removed using signal peptidase

6) addition of oligosaccharides (oligosaccharyl transferase)

7) protein properly folded (uses specialized enzymes e.g. disulfide isomerase)

2. Glycosylators:

N - linkages to asparagine

O - linkages to serine/threonine

-addition of sugars to a growing oligosaccharide chain catalyzed by glycosyltransferases - enzymes that transfer a monosaccharide to a sugar receptor

A) Golgi complex - 1898 Camillo Golgi - Nobel Prize (1906)

1) Network of smooth membranes organized into a characteristic morphology, consisting of flattened, dislike cisternae with dilated rims and associated vesicles and tubules

2) Golgi cisternae are polarized:

-cisternae closest to ER = cis face

-opposite cisternae = trans face

3) Golgi complex - processing plant, modification of proteins

-divided into 4 functionally distinct compartments:

1)cis cisternae

2)medial cisternae

3)trans cisternae

4)trans Golgi Network (TGN)

4) Passage of molecules from ER through Golgi:

-coated vesicles - are vesicles whose membrane has on its surface a layer of protein coat

-COP’s - non-clathrin-coated vesicles (part of non discriminatory pathway)

-requires GTP as energy source

-Retaining proteins in ER - proteins contain (Lys, Asp-Glu-Leu)

-e.g. disulfide isomerase

-molecular chaperones - involved in protein folding and remain inside compartment

-Targeting vesicles during transport occurs by specific interactions between proteins located on membranes of vesicles (V-SNARE proteins) and receptors on target membrane (t-SNARE proteins)

-e.g. V-SNARE from ER binds to t-SNARE cis Golgi not t-SNARE in lysosome)

5) Trans Golgi Network (TGN) - a network of interconnected tubular elements at the trans end of the Golgi complex that sorts and targets proteins for delivery to their ultimate cellular/extracellular destination

-2 types of vesicles:

1)nonselective non-clathrin

2)selective, clathrin-coated vesicles

-Exocytosis - process of membrane fusion and content discharge during which the membrane of a secretory granule come into contact with the overlying plasma membrane with which it fuses, thereby forming an opening through which the contents of the granule can be released

IV. Asymmetry of Membrane: 

-membranes arise from pre-existing membranes

-asymmetric membranes - established in ER - membrane passes by process of budding/fusion  Golgi  vesicles

-Integral membrane proteins contain hydrophobic amino acids, which anchor protein in membrane (stop-transfer sequences)

-Synthesis of membrane lipids -synthesized in ER

-exceptions: sphingomyelin and glycolipids - start in ER, finishes in the Golgi

1. Phospholipids:

-enzymes are located on ER as integral proteins; active site faces cytosol

-inserted into ½ of bilayer facing cytosol

-move to opposite ½ of bilayer under direction of flippases

- phospholipid exchange proteins - transport phospholipids from one compartment to another compartment

 

V. Cellular uptake:

1) phagocytosis - engulfment of particulate material

2) endocytosis - process by which proteins at the surface of the cell are internalized, being transported into the cell within membranous vesicles

a) bulk-phase - unregulated endocytosis

b) receptor-mediated (RMF) - specific endocytosis

