BIO 1090 EXAM REVIEW

Lecture 9
Lysosomes/ Microtubules I

Cytoskeleton
- Dynamic network of filaments and tubules that extend through the cytosol
- Functions:
· Structural support
· Intracellular transport
· Contractility and motility
· Spatial organization within cell
Microtubules (MT)
- Largest cytoskeletal element 
- 2 types:
· Axonemal
· Organized and stable
· Cytoplasmic	
· Dynamic
· Located in cytosol
- Structure:
· Structural polarity is important for MT growth/shrinkage direction of movement of material along MT
· Shrinkage can occur very rapidly at the ‘plus’ end (catastrophe) 
· Dynamic instability
· Formation is controlled
· Microtubule-organizing center-MTOC Central site of MT assembly)
Microtubule-associated Proteins (MAPs)
- Stabilize MTs or stimulate assembly
- 2 classes:
· Non-motor
· Control MT organization in cytosol
· Motor
· Two types (can power intracellular transport):
· Kinesin (plus end directed) and dynein (minus end directed)
· Use ATP to generate force
· Can move material along MT ‘track’
· Can generate sliding force between MTs
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Microtubules II/ Intermediate Filaments 

Intermediate Filaments
- Exclusive to multicellular animals
- Provide structural support and mechanical strength
- Stable
- Structure:
· Contains a-helical domains
· Wrap around each other forming a coiled dimer
· Monomers are aligned in parallel if dimers are polar
· Aligned anti-parallel if filaments are non-polar
Microfilaments
- Polymer of protein actin
- actin = action 
- Individual molecules: G-actin
- Polymerized microfilament: F-actin
- Several functions:
· Maintenance of cell shape
· Cell movement
· Cytokinesis
· Muscle contraction
- F-actin microfilament:
· Polar structure 
· Highly branched networks
· Assembly:
· G-actin polymerizes reversibly 
· Nucleation (slow):
· G-actindimerstrimersshort filaments
· Elongation (fast):
· Monomers add to both ends
· Faster at + end
· Polymerization/depolymerization and structure/organization of F-actin filaments are regulated by actin-binding proteins 
· Filaments can be lose or tight
· Myosin is a motor protein associated with it
· Large family of proteins
· Most move its toward + end
· Divide into 2 groups:
· Conventional (type II)
· Unconventional (all other types)
· Generate force and contribute to mobility in non-muscle cells
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Actin Microfilaments/Nucleus I

- The coordinate activity of actin-binding proteins controls microfilament formation in a lamellipodium to allow directed movement of cells
Nucleus
- Functions:
· Storage, replication, and repair of genetic material
· Transcription (mRNA, tRNA, rRNA) and splicing 
- Envelope:
· 2 parallel phospholipid bilayers
· outer membrane binds ribosomes and is continuous with RER
· Inner membrane:
· Bears integral proteins, which connect to nuclear lamina
- Structure:
· Envelope:
· Nuclear membrane
· Nuclear pores
· Nuclear lamina
- Contents:
· Chromatin
· Nucleoplasm
· Nuclear matrix
· Nucleolus
- Function:
· Envelope (NE):
· Separates nuclear content from cytoplasm 
· Separates transcription and translation
· Selective barrier
· Allows limited movement of molecules between nucleus and cytoplasm
· Supported by nuclear lamina
- Pores:
· Gateways between cytoplasm and nucleoplasm
· Inner and outer membranes fusepores
· Pores contain a complex protein structure
· Nuclear pore complex (NPC)
· Composed of nucleoporins (NUPs)
· Octagonal symmetry
· Fits into the pore
· Projects cytoplasm and nucleoplasm
· Large, super-molecule structure
· Functions:
· Passive diffusion of smaller molecules 
· Regulated movement of large molecules
· Regulated movement of proteins into the nucleus requires a nuclear localization signal (NLS)
· Short stretch of positively charged amino acids within the protein
- Lamina:
· Thin meshwork of filamentous proteins
· Lamin
· Bound to inner surface of NE
· Provides structural support for NE
· Attachment sites for chromatin
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Nucleus II

- Cellular function is acutely dependent upon nuclear import and export (nucleocytoplasmic trafficking)
· Nucleotides
· Structural proteins
· DNA packaging proteins
· Histones
· Proteins for DNA replication, repair, transcription
· Proteins for RNA processing and export
· Proteins for ribosome synthesis and export
Nucleolus:
· Ribosome biogenesis
· Synthesis of RNA
· rRNA processing
· Assembly of subunits
· tRNA synthesis
Nuclear Matrix:
· Network of insoluble protein fibres
· Maintains shape and organization of the nucleus
· Organizes chromosomes into discrete and specific regions within the nucleus
Anchor machinery required for nuclear process
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DNA and Chromosomes

· Ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) are polymers
· Each have nucleotides comprised of:
· A phosphate group
· A sugar
· Ribose (RNA) / Deoxyribose (DNA) (doesn’t have a hydroxyl group)
· Base 
· Connected by phosphodiester bonds
· Pyrimidines (U/C/T)
· Purines (A/G)
DNA
· Double stranded
· Strands are anti-parallel


· Strands are held together by hydrogen bonds between bases and on opposing strands
· Opposing strands are complementary
· Hydrophobic bonds between adjacent stacked bases
· Double helix is right handed
· Strands are polar
· 5’ end has free phosphate group
· 3’ end had free hydroxyl group
· Condensation
· 1st level
· Packaging DNA as a negative supercoil into nucleosomes
· The linker region (which connects the histones) is susceptible to digestion by an endonuclease
· DNA is wrapped around a nucleosome core of 8 histones proteins and anchored by a 9th 
· 2nd level
· More supercoiling 
· Driven by supercoiling interactions
· Solenoid and zip-zag
· 3rd level
· Attachment of fibre at many positions to a (non-histone_ protein scaffold
· Histones removed
· Chromosome ends are protected by telomeres
· Functions
· Resist degradation by DNases
· Prevent fusion of chromosomal ends
· Facilitate replication of the ends of the linear DNA
· Centromeres 
· Provide the point of attachment of chromosomes to microtubules in the mitotic spindle
· Regions I and III are conserved sequences that bind proteins involved in spindle attachment 
· Region II ~90 base pairs, >90% A/T
· In multicellular eukaryotes are much larger and more complex
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DNA is the Genetic Material

· Type IIS
· Bad
· Virulent 
· Type IIR
· Not so bad
· Avirulent
· The “transforming principle”

· The transfer of information from DNA to protein is a two step process in all organisms
· The central dogma of molecular biology
· DNA with gene in it  transcription  RNA transcript  RNA processing + stability mRNA  translation  protein
· RNA uses uracil instead of thymine
· RNA synthesis
· Involves template strand and non-template strand
· Step One: RNA chain initiation
· Localized unwinding
· Step Two: RNA chain elongation
· Genes closely spaced
· Several genes can be encoded on a single RNA molecule
· Step Three: RNA chain termination
· Transcription terminator sequence (ρ rho- independent)
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Transcription and Translation

· Eukaryotes are more complex
· The primary transcript is processed and exported to the cytoplasm for translation
· There is a promoter 
· Position the RNA polymerase for accurate initiation of transcription
· TATA box
· Step One: Cleavage by endonuclease
· Step Two: Addition of poly(A) tail by poly(A) polymerase
· Step Three: Removal of introns
· Final mRNA transcript still contains coding but also non-coding sequence at both ends
· Non-coding will be un-translated
· UTRs; un-translated regions
· Introns
· Non-coding sequences located between coding sequences
· Removed from the pre-mRNA and are not present in the mature mRNA
· Vary in size and may be very large
· Exons
· Both coding and non-coding sequences
· Composed of sequences that remain in the mature mRNA after splicing
· In prokaryotes an RNA sequence positions the ribosome to begin translation at the beginning of a coding sequence or open reading frame 
· Transcription and translation occur simultaneously
· In eukaryotes the RNA sequence around the AUG influences where translation begins and the ribosome scans from the 5’ end until a suitable start codon is found 
· Proteins are assembled on the ribosome according to the mRNA sequence (genetic code)
· Codons are adjacent there is no spaces
· The genetic code is non-overlapping; each nucleotide is part of one codon
· The genetic code is degenerate; most amino acids are specified by more than one codon
· The genetic code is ordered; amino acids with similar properties are specified by related codons
· The genetic code is universal; each triplet /codon has the same meaning 
· Translation terminates at specific codons
· Step One: enzyme binds to the UAG termination codon in the A site of the ribosome and the tRNA leaves the E site
· Step Two: Release the nascent polypeptide and transfer of tRNA from the P site to the E site
· Step Three: Dissociation of the mRNA/tRNA ribosome complex

Lecture 16
Cell cycle and Mitosis

· Each mitotic chromosome is comprised of a pair of sister chromatids
· Called identical sister chromatids
· Mitosis
· What happens? (see PMAT)
· Cellular contents (mitochondria, chloroplasts, other organelles) get divided between the daughter cells
· Chromation duplicates and condenses
· Centrosome duplicates 
· Nuclear envelope dissolves
· Nucleolus dissolves
· ER and Golgi are broken down
· Micro tubules become reorganized via MTOC
· Nuclear chromosomes must be duplicated exactly and distributed equally to the daughter cells
· Cell cycle 
· Can take 30mins-several years
· G1 phase - growth/cellular metabolism 
· S phase- DNA replication (chromosome duplication)
· G 2 phase - preparation for mitosis
· M (mitosis) phase – chromosomal separation and cytokinesis 
· Duplicated chromosomes condense under the influence of condensing 
· Cells that exit the cell from G1 and enter the G0 stage are said to be quiescent 
· No invariant clock that regulates cell cycle
· Interphase 
· The time between successive mitosis (G 1 + S + G 2)
· Chromosomes duplicate to produce sister chromatids
· Prophase
· Duplicated chromosomes condense 
· Initiation of spindle formation
· Fragmentation of ER and Golgi
· Nucleolus disappears
· Nuclear membrane starts to break down
· Spindle microtubules invade the nuclear space
· Pro-metaphase
· Microtubules attach to the kinetochores (which are on the outer surface of centromeres)
· Chromosomes move towards the equator of the spindle
· Metaphase
· Duplicated chromosome migrate to the equatorial plane (metaphase plate) of the cell 
· Nuclear membrane breaks down 
· Anaphase
· Sister chromatids of each duplicated chromosome move to opposite poles of the cell
· Spindle poles move further apart
· Telophase
· Chromosomes de-condense and new nuclear membranes form
· Nuclear envelope assembles around chromosomes
· Golgi and ER reform
· Daughter cells form cytokinesis
· Membrane forms around daughter cells
· Centrosome cycle
· Centrioles are duplicated 
· Progresses with the cell cycle 
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Meiosis and Gametogenesis

· Meiosis 
· Begins with a duplicated chromosome 
· After the sister chromatids are formed, they separate again producing 4 (where mitosis produces 2)
· Meiosis I (division of the diploid into 2 sister chromatids) (reduction)
· Prophase I
· Leptonema
· Chromosomes begin to condense
· Zygoema
· Chromosomes begin to pair (synapsis)
· Facilitated by formation of a synaptonemal complex
· Pachynema
· Chromosomes are fully paired
· Crossing over/recombination happens here
· Involves breakage of chromatids and the exchange of broken pieces between homologous chromosomes (non-sister chromatids)
· Diplonema
· Chromosomes separate
· But remain joined at the cross over junctions (called chiasmata)
· Diakensis
· Metaphase I, Anaphase I, Telophase I
· Meiosis II (division of sister chromatids into 4 final)
· Prophase II, Metaphase II, Anaphase II, Telophase II
· The same as mitotic division but products are haploids 
· Spermatogensis
· Mitosis (4 final), ¼ then go through: Meiosis I, Meiosis II (2 final), they then create 2 sperm cells each (4 final)
· Oogenesis
· Meiosis I (2 final; one big and one small), big: creates another big and small one where the big one become the egg and the small one is a polar body, small: produces another 2 polar bodies
· A true alternation of generations in plants
· Sporophyte (diploid)
· Conspicuous part of life cycle
· Gametophyte (haploid)
· Much reduced
· Consists of a few haploid cells in the  anther (ovary of plant)
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The Basic Principles of Inheritance 

· Mendel’s experiment
· He in-bred peas
· Designed so he could study one trait at a time
· Homozygous: both alleles are identical
· Heterozygous: the two alleles are different
· In a genetic cross: Parental Generation (P)their offspring (F1) their grand-offspring (F2)
· A monohybrid cross (small box) where the dominant:recessive is a 3:1 ratio
· Mendel’s principle of dominance
· In a heterozygote, one allele may conceal the presence of another
· Mendel’s principle of segregation
· Neither allele is typically changed by coexisting with the other in a heterozygote
· 1 locus, 2 alleles, 1 pair of homologous chromosomes
· A dihybrid cross (big box) where there is a ratio of 9:3:3:1
· Mendel’s principle of Independent Assortment
· The alleles of different genes assort/segregate independently of each other
· 2 locus, 2 alleles, 2 pair of homologous chromosomes
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Applications of Mendel’s Principles

· Locus
· Is a fixed position on a chromosome
· At least one gene is located at a single locus
· Punnett square
· Monohybrid: Combining 2 different gametes from 2 parents created 4 possible haploid genotypes (ie. Tall and short)
· Dihybrid:  Combining 4 different gametes from each of 2 parents creats 16 possible diploid genotypes
· General rule: for n different genes assorting independently there are 2n possible haploid genotypes
· Fork-Lined method
· Involves 3 independently assorted genes
· The probability method
· Multiplicative rule
· If the events A and B are independent, the probability that they occur together is the product of their individual probabilities of occurrence
· P(A) x P(B)
· Additive rule
· If the events A and B are independent and do not overlap, the probability that at least one of them occurs is the sum of their individual probabilities 
· P(A) + P(B)
· In a test cross, the individual of unknown genotype must be crossed with a homozygous recessive individual 
· The further apart two genes are on a chromosome, the more susceptible they are to the effects of crossing over (recombination)
· Genotype: AA
· Frequency: ¼
· Phenotype Dominant 
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Pedigrees and Human Genetics
 
· Pedigrees show the relationships between members of a family
· Phenotypes are typically used 
· Female
· Male 
· Individuals with the trait 
· A trait is dominant if
· Every affected individual has at least one affected parent
· The trait is manifested in at least one individual in every generation once the trait appears
· A trait is recessive if
· The trait suddenly appears in a pedigree
· The trait “skips” a generation
· Binomial probability: exactly x progeny will fall into one class, and y into another class as
· [N!/X!Y!]pxpy
· Where the two classes are P and Q, with probabilities of occurrence of p and q and p+q=1
· P= percent getting disease 
· Q= percent not getting disease 
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Mutations and their Effects

· Mutations arise spontaneously
· As a result of an error during DNA synthesis
· Incorporation of rare isoforms of the four bases that have altered base pairing properties
· The inherent fallibility of replication proteins
· Incorporation of a rare isoform during DNA replication can lead to a change in DNA sequence 
· Mutations in the germ line are inherited 
· Mutations can be induced by exposure to chemical mutagens 
· Mutagenic only to replication DNA  
· Mutagenic to both replicating and non-replicating 
· Induced by exposure to radiation
· Absorption of UV energy results in their dimerization 
· Gene mutations can affect the encoded proteins 
· Silent
· AGGAGA
· Non-Sense 
· Takes out a piece of the sentence 
· AGGTGA “stop”
· Missense
· One letter change
· AGGAAA conservative
· AGGAGT non-conserved
· Frameshift 
· Adds a letter somewhere in the gene, changing all the codons
· Deletion
· Deletes a codon
· Insertion
· Adds a codon
· Can be induced by DNA itself
· Expanding triplet/trinucleotide repeat disease can show increased severity and/or earlier onset from one generation to the next
· Many ways to lose protein function
· Mutations that affect the coding region
· Change the protein to a non-functional form
· Changes to protein folding
· Prevent proper localization of the protein
· Targeted for degradation
· Compromised activity
· Post-translational modification
· Prevent proper localization of the protein
· “Unactivatable”
· Mutations that affect non-coding regions
· Prevent or reduce transcription
· Prevent or reduce translation
· mRNA is unstable
· ribosomes can’t bind
· mutation of the start codon 
· Mytotonic dystrophy type I + II
· In both cases, the mRNA may become too large for export to the cytoplasm
· Co-translational protein import
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Allele Variation and Gene Function

· Genes usually have more than two alleles
· Wild type (A+ / c+)
· Any allele found at appreciable frequencies in the population is considered to be a polymorphism
· All others are considered mutants (cch  ch or c)
· Recessive allele
· Recessive mutations almost always involve a loss of gene function
· This is because one functional copy is enough for a normal (wild) phenotype
· Complete loss (null allele)
· Partial loss (hypomorphic allele)
· Dominant allele
· Interfere with the function of the wild type polypeptide
· Only if it has the same phenotype in heterozygotes as in homozygotes
· Involve a loss of protein function or a gain (enhances normal function)
· Loss of function mutation 
· Incomplete 
· Dominant negative
· A loss of function mutation that interferes with the normal function of the w+ allele

· Different alleles affect the phenotype in different ways
· Incomplete dominance
· Heterozygotes have half the functional gene dosage
· The phenotype of the heterozygote is between the two phenotypes of the homozygotes
· One allele is partially or completely dominant over the other
· Co-dominance
· The heterozygotes express the phenotypes of both homozygotes
· Dominance hierarchy
· Allelic series
· Describes the dominance hierarchy of multiple alleles
· A single gene may control many traits
· Variation among the effects of mutations
· Visible, sterile, lethal
· Multiple genes may control a single trait
· Complementation test
· For allelism involving recession colour mutations on Drosophila
· Recessive mutations
· a+ produces a functional polypeptide
· a (amorphic) does not produce a functional polypeptide
· ah (hypomorphic) produces a partially functional polypeptide
· Dominant mutations
· a+ produces a functional polypeptide
· [bookmark: _GoBack]aD (dominant negative) produces a polypeptide that interferes with the wild type polypeptide
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From Genotype to Phenotype

· Phenotypes are influenced by both genetic and environmental factors
· The environment can be both physical (external) and biological (internal)
· Conditional mutations
· Expressivity is environmentally-dependent
· Ex the lobe eye mutation
· Diet influences a missense mutation in the PAH protein (Phenylketonuria)
· Can cause mental impairment, light hair colour and metabolites in blood and urine
· Temperature influences a missense mutation in the Drosophila Dynamin protein
· Affects egg production
· Gender influences a missense mutation in pattern baldness
· A gene that affects many phenotypes is pleiotropic
· Incomplete Penetrance
· Individuals do not express a trait even though they have the appropriate genotype
· Gene interactions
· Different combinations of alleles from two genes result in different phenotypes
· Epistasis
· An allele of one gene overrides the effect of other genes on the phenotype
· When homozygous, each recessive allele is epistatic over the dominant allele of the other gene
· Pleiotropy and epistatic relationships change the distribution of phenotypes
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Genomes and Gene Regulation

· Different cells do not have different DNA
· They all contain exactly the same complement of DNA
· It is the expression of different genes that makes them different
· If they have different mRNA
· Genome size increases with organismal complexity but the number of genes does not increase in proportion 
· A gene
· Includes all the DNA elements that are involved in transcriptional regulation
· Including: promoters and enhancers
· These constitute additional regulatory regions of  a gene and make defining the physical boundaries of a gene difficult
· Transcription is a major point of regulation of gene expression
· Regulated by interactions between proteins and DNA sequences within or near the genes, or far from them
· Genes consist of both regulatory and coding regions 	
· Proteins that regulate transcription 
· Basal 
· Proteins that bind to specific sequences within the promoter to facilitate RNA polymerase binding
· Expressed in most, if not all cells
· Regulatory
· Proteins that bind to sequence elements in promoters or enhancers, thereby facilitating the function of the basal transcription factors and RNA polymerase
· Expressed in more restricted tissue-specific patterns
· DNA compaction is regulated and is an additional level of control over gene expression




