GENETICS 

Introduction to Genetics 

Genetics - From Latin word "genesis" meaning birth


*study of heredity and variation

Heredity (Webster’s dictionary) - the transmission from parent to offspring of certain characteristics; tendency of offspring to resemble parents

Three main branches of Genetics

1. Transmission Genetics - seeks to explain the pattern of transmission of traits from one generation to the next

*Trait - variant of a character (varieties) ex. Purple vs. white flowers

*Character - heritable feature

*Variation - difference in traits between parents/siblings (individually)

2. Molecular Genetics - the study of the activities of genes
*Gene - functional unit of heredity

3. Population Genetics - study of variations of genes between and within population
*Population - localized group of organisms belonging to the same species

*Species - organisms that possess similar anatomical characteristics and have the ability to interbreed, that is produce fertile offspring

Example:  Drosophila (genus) melanogaster (species) X Drosophila simulans 

= sterile offspring and therefore, two different species

Father of Transmission Genetics - Gregor Mendel

· "Mendelian Genetics"

· 19th century (1865) Austrian monk

· worked with garden peas

Some useful definitions:

1. gene- functional unit of heredity

2. allele- alternate form of a gene

3. mutation- change in DNA and source of genetic diversity

4. mutant- organism that carries mutations

5. haploid- cell/organism that contains one set of chromosomes, one copy of each gene

6. diploid- cell/organism that contains two sets of chromosomes, two copies of each gene

7. homozygous- having two identical alleles for a given trait

*Organism is called a homozygote

8. heterozygous- having 2 different alleles for a given trait

*Organism is called a heterozygote

9. phenotype- the physical and physiological traits of an organism

10. genotype- the genetic make-up of an organism, "allelic constitution"

11. dominant- determined by the phenotype of the heterozygote (allele is dominant when heterozygous phenotype = homozygous phenotype

12. wild type (n.)- an individual with a "normal" phenotype (adj. wild-type)

*Also called normal or standard type
Recessive gene designated by lower case:  example:

g = gene

g+ = wild-type allele = +

g+/g = + phenotype

G = gene

dominant allele


G+/G = G phenotype

13. locus- map position of a gene, location of a gene on a chromosome
*Chromosome (eukaryotic)- physical structure of a gene composed of DNA and proteins 

What is a gene?

Most genes are composed of nucleic acids and proteins.

A polymer is a macromolecule that is composed of repeating sub-units 

A single unit of nucleic acid is called a nucleotide and is composed of a nitrogenous base, a sugar (pentose), and PO4 (phosphate).

There are two types of nucleic acids:

DNA = deoxyribonucleic acid   

RNA = ribonucleic acid 

*There are four major groups of macromolecules:

1. nucleic acids

2. proteins

3. carbohydrates

4. lipids

Relationship between genes and proteins
Central Dogma - states that the information in nucleic acid can be perpetuated or transferred, but the transfer of information in to protein is irreversible

1. genes are perpetuated (DNA replication)

*Exception - retroviruses possess RNA genome

2. genetic information is expressed in one direction, unidirectional

Transcription: DNA to RNA.  

Translation: RNA to protein 

Recombinant DNA technology - gene cloning

*Enables individual fragments of DNA from any organism to be inserted into a replicating molecule "vector", which can be amplified into a cell

Why study genetics?
1. produce new and improved drugs to combat disease or genetic defects like diabetes(insulin) and cancer

2. agriculture - engineer new crops

*Ex. tomatoes with anti-freeze proteins

"The greatest advances in the next 40 years will be in the field of molecular genetics."

Mendelian Genetics 

Mendelian "Transmission" Genetics

blending inheritance vs. particulate inheritance 


*Blending inheritance- offspring has intermediate phenotype


*Particulate inheritance- specific units passed through generations

Gregor Mendel worked with garden peas to prove particulate inheritance.

True breeding lines

*Parental plants produce offspring with the same characteristics via self-fertilization, 

 Fig 2.1

*In garden peas, pollen is transferred from the anthers (male) to the stigma (female)

Hybridization- mating of two true-breeding varieties, fig 2.2

*Ex. purple flowered plant crossed with a white flowered plant

Monohybrid cross- tracks the inheritance of one characteristic

True-breeding parents = P generation (parental)

Hybrid offspring = F1 generation (first filial)

F1 crossed with F1 = F2 generation (second filial)
IMPORTANT: Mendel's quantitative analysis of F2 plants revealed the TWO FUNDAMENTAL PRINCIPLES OF HEREDITY:
1. Law of Segregation

2. Law of Independent Assortment

Law of Segregation: states that allele pairs separate during gamete (a haploid reproductive sex cell) formation, and then randomly reforms pairs during the fusion of gametes at fertilization.   Table 2.1 gives the results of Mendel's monohybrid crosses.

Mendel's Hypotheses:

1. alternative versions of genes(alleles) account for variation in inherited characters

2. for each character, an organism inherits 2 alleles, one from each parent

3. if the 2 alleles differ, then one, the dominant allele, is fully expressed in the organism's appearance; the other, the recessive allele, has no noticeable effect on the organism

4. the two alleles for each character segregate during gamete production

test cross (back cross) - breeding of an organism of unknown genotype with a homozygous recessive individual to determine the unknown genotype; the ratio of phenotypes in the offspring determines the unknown genotype (fig. 2.6)

Ex. 
RR (round)   x  rr (wrinkled) = Rr, 100% round     


Rr  x   rr = 50% Rr round and 50% rr wrinkled

Law of Independent Assortment: states that each allele pair segregates independently during gamete formation; applies when genes for two traits are located on different chromosomes.

dihybrid cross (fig. 2.7)- a breeding experiment in which parental varieties differing in two traits are mated


F2 generation is a 9:3:3:1 phenotype ratio


Fig. 2.7
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**Mendelian inheritance reflects rules of probability.

Probability- number of times a particular event occurs divided by the total number of opportunities for the event to occur


Ex.  probability of heads in coin flip = 0.5


heads vs. tails is an example of mutually exclusive events
THE RULE OF ADDITION (sum rule) - the probability that an event can occur in two or more ways is the sum of their separate probabilities


Ex.  probability of one head and one tail with two coins



1 head, 1 tail  =  1/2  x  1/2  =  1/4 (rule of multiplication)



1 tail, 1 head  =  1/2  x  1/2  =  1/4 (rule of multiplication)



1/4 + 1/4 = 1/2

THE RULE OF MULTIPLICATION (product rule) - the probability that two or more independent events will occur simultaneously is the product of each individual probability event


Ex.
2 heads in 2 flips



1/2  x  1/2  =  1/4

Human Genetics

Pedigree- a family tree describing the occurrence of heritable characters in parents and offspring across as many generations as possible


*Analysis reveals Mendelian patterns in inheritance 

recessive traits- skip a generation, both parents could be heterozygotes (carriers)

1. cystic fibrosis - defect in Chloride ion transport channel, causes mucus build-up in lungs

2. albinism

3. sickle-cell disease

dominant traits - one parent must be affected

1.  dwarfism

2. Huntington's disease, degenerative disease of the nervous system 

Amniocentesis (fetal testing) - a technique for determining genetic abnormalities in a fetus by the presence of certain chemical or defective fetal cells in the amniotic fluid, obtained by inserting of a needle into the uterus 

Extension of Mendelian Genetics:

1. incomplete dominance (fig. 3.1) - a type of inheritance in which F1 hybrids have an appearance that is intermediate between the phenotypes of the parental varieties

*ex.  flower color


Red  x  White  =  Pink (F1)


Pink (F1)  x  Pink (F1)  =  ¼ RED, ½ Pink, ¼ White

*in this case, the genotype/phenotype ratios are the same (1:2:1)

2. codominance - a phenotypic effect in which both alleles are expressed in the heterozygote

*ex.  blood type AB (will consider later in the discussion of multiple alleles)

3. Lethals- an allele that causes mortality

· recessive allele causes mortality when homozygous, fig 3.2

4. Pleiotropy -  phenomenon in which a single gene affects 2 or more characteristics

*analogy - human disease can have multiple symptoms

5. Penetrance - the proportion of individuals with a given genotype that expresses it at the phenotypic level

· if all show the phenotype, the level of penetrance is 1.0

· if 5 out of 8 show the phenotype, the penetrance is 0.625  (fig 3.5)

6. expressivity -  the level of phenotypic expression for a particular genotype 


ex.  enzymatic levels could vary from affected individuals to affected individuals

· the cause of penetrance and expressivity is mainly environmental

7.   conditional mutant -  genetic evidence that a gene gives rise to a protein




-  can be useful in determining the time/space of gene expession





(temperature - shift experiments)

A. Temperature-sensitive mutations (heat-sensitive) -  a mutation that causes a product to be made that is defective at high temperature (restrictive temperature), but will function at lower temperature (permissive temperature)
*non permissive condition (restrictive) - conditions under which a    

  conditional mutant gene cannot function

*permissive condition - conditions under which a mutant gene will 

  function 

B. Cold sensitive mutation - a mutation that causes a product to be made that is defective at low temperature (restrictive temperature), but functional at the higher temperature (permissive temperature)

*suggests that defect is in a hydrophobic region of the gene product (protein) 

8. modifier gene - alters the expression of another gene (unlinked)

*occurs frequently in laboratory cultures of Drosophila
9. phenocopy - occurs when environmental factors induce a particular abnormal phenotype that resembles a genetically determined phenotype

10. Multiple genes and epistasis - a phenomenon in which a single gene alters the  

expression of another gene that is independently inherited

· complementary gene action - two genes act jointly in order to produce a product, 9:7

· duplicate gene action - either of two genes can function to produce dominant (+) phenotype, 15:1 ratio

example:   One gene (C) controls whether there is color (pigmentation) or whether there is no color.  This affects the phenotype of a 2nd gene which determines coat color

      black
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*polygenic inheritance - an additive effect of 2 or more gene loci on a single  

  phenotypic character, ex.  height in humans and skin pigmentation

*quantitative character - a heritable feature in a population that varies continuously as a result of environmental influences and the additive effect of 2 or more gene (follows a normal distribution)

Chromosomes and Heredity  

Chromosomes - physical structure, composed of DNA and histones, that contain the genes 

 of an organism (after replication, chromosomes consist of 2 chromatids)
Chromosomal morphology
1. karyotype -  a pictorial or photographic representation of all the different chromosomes in a cell of an individual

· chromosomes are usually ordered by size and numbered from largest to smallest

2. centromere - constricted region on the chromosome where spindle fibers are attached during cell division

· kinetochore - specialized region on centromere that link each sister chromatid to the mitotic spindle(composed of microtubules)

· metacentric – centromere is near the middle of the chromosome

· submetacentric - centromere is toward one end

· telocentric - centromere is at the end fig 4.3

3. telomeres - end of chromosome

4. heterochromatin - dark staining bands on chromosome, little or no gene expression

5. euchromatin - light staining bands of chromosomes, genes are expressed

· constitutive- permanent part of the of genome that is not convertible to euchromatin

· facultative- consists of euchromatin that takes on the staining and compactness characteristics of heterochromatin during some phase of development fig 4.4 and fig 4.5

Cell Division - process where 1 cell divides into 2 cells

· May be reproduction of an organism (unicellular organisms)

· Unequal cell division (budding in yeast)

In multicellular organisms:

· reproduce (sexual and asexual)

· to replace/repair existing cells

Cell division usually involves the distribution of identical genetic material (DNA) to the 2 daughter cells. 

Genome - complete complement of an organisms’ genetic material (DNA)


- bacterial genome, approximately one million bases (megabase)


- yeast, 12.5 megabases


- worm, 100 megabases


- fruit fly, 200 megabases


- human, 3000 megabases

Prokaryotic Cell Division (bacteria)

· contain one circular chromosome

· chromosomes duplicates into 2 and then cell divides into 2 cells

Eukaryotic Cell Division

· contains more than one chromosome (linear), example human somatic cells contain 46 chromosomes 

· reproductive cells contain 23 chromosomes

Chromatin - the aggregate mass of dispersed genetic material formed of DNA and proteins 

(histones) and observed between periods of cell division in eukaryotic cells

Cell cycle - an ordered sequences of events composed of interphase and cell division

I. Interphase - the period in the cell cycle when the cell is not dividing.  Accounts for 90% of the time of each cell cycle - cell has high metabolic activity (e.g. cellular respiration)

II. Cell Division - separation of a cell into 2 daughter cells

· division of the nucleus = mitosis

· division of the cytoplasm = cytokinesis

Phases of Cell Cycle

I. Interphase

1. G1 phase (gap1 or growth1) - 1st growth phase of the cell cycle, consisting of the portion of interphase before DNA synthesis begins

2. S phase - DNA replication

3. G2 phase - period after DNA replication

4. G-zero phase - withdrawl from the cell cycle (usually from G1, often seen in differentiated cells like nerve cells)

II. Cell Division

A. Mitosis- division of nucleus

1. Prophase - chromosomes condense, nucleolus disappears, spindle assembly appears; breakdown of nuclear envelope,

2. Metaphase - chromosomes attach to spindle at equator

3. Anaphase - chromosomes move to poles

4. Telophase - chromosomes at poles, chromosomes condense, nuclear envelope reforms

B. Cytokinesis - division of cytoplasm to form two separate daughter cells immediately after mitosis

· Cleavage - process of actual division in animal cells/pinching of plasma membrane(cleavage 

     furrow)

· Cell plate - plant cells/precursor to cell wall

Meiosis - a two stage type of cell division in sexually reproducing organisms that results in gametes with 1/2 the chromosome # of the original cell.  Before meiosis, each of the chromosomes replicates to form sister chromatids that remain attached until Meiosis II.


-replication of chromosomes(in interphase), followed by two nuclear divisions produces 

 four daughter cells with 1/2 as many chromosomes in each cell

Homologous chromosomes - 2 chromosomes (chromosome pair) of the same length, centromere position, and staining pattern that possess genes for the same traits at corresponding loci

· inherited form different parents

· appear the same under the microscope, but are genetically different

1st division (Meiosis I)


*segregates the 2 chromosomes of each homologous pair, packaging them in separate daughter cells - produces 2 haploid daughter cells

2nd division (meiosis II)


*separates the sister chromatids of each chromosome - 2 haploid cells form 4 haploid cells 

Three Events Unique to Meiosis

1. Duplicated chromosome pair with their homologues (synapsis occurs here during Prophase I, chromosomes exist as tetrads)

2. Homologous pairs of chromosomes, rather than individual chromosomes, align on the metaphase plate (Metaphase I)

3. The two sister chromatids of each chromosome remain attached and go to the same pole of the cell (Anaphase I, centromeres do not divide and sister chromatids do not separate).

*Meiosis I separates homologous pairs of chromosomes, not sister chromatids of individual  

 chromosomes.
Genetic Variation Via Sexual Reproduction

1.  independent assortment of chromosomes

a. n = haploid # of chromosomes

b. # of combinations is equal to 2 raised to a power of n

· example in humans, 223 = 8 million combinations

2.  crossing over - the reciprocal exchange of genetic material between non sister chromatids during synapsis of Meiosis I 

3.  random fertilization - of 2 gametes

· example in humans:  ( 8 million combination from male) x (8 million combinations from female) = 64 trillion possible combinations for zygote!

Genes and Chromosomes

1. sex chromosomes - the pair of chromosomes responsible for determining the sex of an organism

· example  in humans: XX = female and XY = male

2. autosome - a chromosome that is not directly involved in determining sex of an organism

***sex chromosomes contain genes for non sex characters, fig. 4.15 and 4.16

sex-linked genes -  genes located on the sex chromosome, 

***any male receiving a recessive sex-linked allele from its mother will express the trait 

hemizygous gene - a gene present in only one copy in a diploid organism (e.g. x-linked genes in a human male)

Human X-linked diseases (heterozygous female = carrier) 

1. color-blindness

2. muscular dystrophy - progressive weakening of the muscles and loss of coordination

3. hemophilia - defined by the absence of a certain protein (clotting factors) required for blood clotting

Alterations of Chromosome Number 

1. nondisjunction - an accident of meiosis or mitosis, in which both members of a pair of homologous chromosomes (Anaphase of meiosis I) or both sister chromatids (Anaphase of Meiosis II/ mitosis) fail to move apart properly 

· In this case, one gamete receives two of the same type of chromosome and the other    

      receives no copy, fig. 4.17.  Offspring will have abnormal # of chromosomes.

2. Aneuploidy - a chromosome aberration in which certain chromosomes are present in extra copies or are deficient in number

· Trisomic - cell has 2n + 1 chromosomes

example 47 chromosomes, Down Syndrome is caused by trisomy 21

· Monosomic - cell has 2n - 1 chromosomes

example  45 chromosomes, Turners Syndrome XO = sterile female

3. Polyploidy - a chromosomal alteration in which the organism posses more than 2 complete sets

example triploidy (3n) and tetraploidy (4n) is common in plants

Alterations of Chromosome Structure

1. deletion  

· a deficiency in a chromosome resulting from the loss of a chromosome fragment

· a mutational loss of 1 or more than 1 nucleotide from a gene, fig. 4.21

2. duplication - the situation in which a chromosomal segment or gene (base pair) is represented twice

· original order (tandem)

· opposite order (reverse tandem)

· displaced (not adjacent)

3. inversion - alteration in the sequence of genes in a chromosome

· pericentric includes the centromere

· paracentric does not include centromere, fig. 4.23

4. translocation - attachment of a chromosomal fragment to a non-homologous chromosome

· reciprocal translocation equals 2 every exchange of fragments, Fig. 4.26 

Genetic Linkage 

Chromosome Theory of Inheritance:

1. Mendelian genes have specific loci (map positions) on chromosomes

2. Chromosomes undergo segregation/independent assortment

More genetic terms:

1. linked genes - genes that are located on the same chromosome

2. coupling - both dominant alleles on 1 chromosome / both recessive alleles on 1 chromosome

example 

A B

                  a b

3. repulsion - both dominant and recessive alleles on the same chromosome

example 

A  b

                                       a  B  

Linked genes do not undergo independent assortment.

example of 2 tightly linked genes (fig. 5-3)

pr+  vg+ (female)
X
pr  vg (male)

pr     vg



pr  vg

same phenotype as parents (non-recombinants)
non-parental chromosome type (recombinants)
pr+  vg+ 

(non-recombinants)
pr     vg




pr  vg 


(non-recombinants)
pr  vg


pr+  vg 


(recombinants)
pr    vg


pr  vg+ 


(recombinants)
pr  vg


The purple (pr) and the vestigial (vg) genes are on the some chromosome - tend to be transmitted together to offspring, thus alleles at these genes tend to remain associated between generations because they are physically linked to each other.

Crossing over - is the reciprocal exchange of genetic material between non-sister chromatids during synapsis at prophase I of meiosis

Recombination - is the physical exchange (crossing over) through which new chromosomal types are formed

** when half of all offspring are recombinants (genes assort independently), geneticists say that there is a 50% frequency of recombination.

** a 50% frequency of recombination is observed for any 2 genes that are located on different chromosomes

rate of recombination - proportion of recombinant offspring in a genetic cross

recombination frequency (RF) - proportion of exchange between 2 linked genes

Crossing over occurs when homologous chromosomes pair during prophase of meiosis I.  Non-sister chromatids break and the fragments join the homologous chromosome.  In this case, the crossover occurs in the region between the (pr) and the (vg) loci.  If we follow the chromosomes through meiosis, we see that crossing over results in ova that, when fertilized, give rise to recombinant offspring.

Linkage of the (pr) and the (vg) genes explains the prevalence of parental phenotypes among offspring.  Recombinant offspring, those with genotypes and and phenotypes different from either parent, result from crossing over.  We can calculate the recombination frequency from the proportion of recombinant flies out of the total pool of offspring.

Genetic map (linkage maps) - a linear relationship which uses recombination data to discover the physical relationship of genes on a chromosomes.

Map unit - 1% recombination frequency = centimorgan

*remember: maximum recombination value = 50%, means genes are not linked
One can use crossover data to construct genetic map, associate physical abnormalities of chromosomes to genetic defects, and to construct cytological maps (fig 5.7)

Limitation of 2 point cross (involves two genes), fig 5.4

· cannot determine linear order

· underestimates gene distance (only single and odd number multiple crossovers between two loci produce new combinations

Three Point Crosses (used to order genes)

a. Identify reciprocal classes

b. Add numbers of pooled reciprocal classes

c. Identify parental and double cross-over classes

d. Determine gene order

e. Determine map distance

· double cross-over event is least frequent. 

·  In the double crossover event, the center gene is the one separated by the double crossover from its former parental combination (in other words, each class of double recombinants will be identical with one of the nonrecombinants except for the marker (gene/mutation) in the middle

example  three point mapping cross
+  +  + (female) 
X 
 y  w  m (male) 

 

y  w  m  


     y

A. reciprocal classes

1. a.   +  +  +                                    






      y  w  m

b.   y  w  m


                   

      y  w  m  

2. a.   +  +  m
                  y  w  m

b. y  w  +
 

y  w  m

      3.   a.   y  +  + 

                  y  w  m

b.   +  w  m

                   y  w  m

      4.   a.   +  w  + 

            y  w  m

a. y  +  m
y  w  m

B. compute frequency of pooled classes

1. 3501 + 3471 = 6972

2. 1754 + 1700 = 3454

3. 28 + 32 = 60

4. 6 + 3 = 9

C. identify parental and double crossover classes - class 1 and class 4, respectively

D. determine gene order - y  w  m
E. determine map distance

y to w = (60 + 9)/10,495 = .0066 x 100 = .66 map units

w to m = (3454 + 9)/10,495 = .330 x 100 = 33.0 map units

y to m = (3454 + 60 + 9)/10,495 = .3357 x 100 = 33.57 map units

Generally, double crossovers occur less frequently than expected.

· if a crossover between one pair of loci is independent of a crossover between a neighboring pair of loci, then a double crossover event should occur with a frequency equal to the product of the single crossover events

· example.  

single crossover for:  y to w is (60 + 9)/ 10,495 = .0066

w to m is (3454 + 9)/10,495 = .330

expected double crossover freq. = .0066 x .330 = 00218

observed double crossover freq. = (9/10,495) = .00086

observed lower than expected!

Coincidence  of coefficient (cc) = observed freq. of double crossovers divided by the 

                                                  expected frequency of double crossovers




          = .00086/.00218 = .39

interference (I) - the degree to which one crossover interferes with a second crossover in a 

   neighboring region = 1 - cc

I = 1 - .39 = .61, about 61% interference

cc = 0 (within 10 map units)

cc approaches 1 as map distance increases above 10 map units

as distance increases, crossover interference decreases

Factors Affecting recombination Frequency

1. environmental factors

a. temp. - 22 degrees Celsius is optimal for Drosophila

b. nutrition

c. age

d. sex 

2. centromere effect

a. crossovers suppressed in centromeric region, related to heterochromatin

3. map function - linear only over short distances

a linkage map is constructed by combining map segments from 3 point crosses when 2 of the 3 genes are held in common

Chemistry of the Gene 

1869 - Friedrich Miescher isolated “nuclein”, nucleic acid.


DNA - deoxyribonucleic acid


RNA - ribonucleic acid

DNA - a double stranded, helical nucleic acid molecule capable of replicating and determining the inherited structure of a cell’s protein

EXPERIMENTS THAT SUGGESTED DNA WAS INHERITED MATERIAL:

1.  1928 - Frederick Griffith demonstrated that DNA could transfer genetic information in bacteria, fig. 6.1 and 6.2

transformation- a change in the phenotype of a bacterial cell due to the incorporation of external genetic material

2.  1944 - Scientists Avery, MacLeod, and McCartny defined nature of transforming substance (DNA)


*remove proteins, no effect


*remove DNA, lost transforming ability

3.  1952 - Alfred Hershey and Martha Chase demonstrated that DNA in a virus could be transferred to a bacterial cell

4.  1953 - James Watson and Francis Crick elucidated structure of DNA, fig 6.5, 6.6, 6.7, 6.8, 6.9, 6.10, 6.11

remember, subunit of a nucleic acid is a nucleotide


sugar - ribose (RNA) and deoxyribose (DNA)


base - four bases are composed of purines (A & G) and pyrimidines (C, T & U)            

· (DNA   A T C G)  (RNA   A U G C)

            phosphate group - PO4
Eight Structural Characteristics of DNA:

1.  DNA contains two nucleotide chains that wind into a right handed helix, fig. 6.14

2.  backbone of DNA molecule consists of alternating sugar and phosphate groups

3.  space between the two nucleotide chains filled by a purine/pyrimidine base pair which lies in a flat plane and is perpendicular to the backbone

4.  base pairs are held together by hydrogen bonds, A and T connected by two H bonds, G and C connected by three H bonds

5.  each turn of the double helix is ten base pairs

6.  2 surface grooves on the DNA helix, major groove & minor groove

7.  nucleotide chains of helix run in opposite directions, 5’ →  3’ and 3’ ←  5’

8.  anti-parallel arrangement requires that a new DNA chain which is being copied from an existing strand must run in the opposite direction

· parent strand – template

· new strand - complementary strand

Physical Chemistry of Nucleic Acids 

Watson/Crick - B form and A form, both right handed

Z-DNA is left handed helix, function unknown

Reassociation Kinetics

I.  DNA denaturation - DNA double helix will separate into single strands

a.  Heat

b.  high pH

c.  exposure to chemicals

· break in the H bonds holding the base pairs discharges the hydrophobic interactions  

   between the attached bases, permitting the two strands to separate from each other

· reverse process is renaturation (reannealing)

· measurement of DNA renaturation/denaturation based on the hyperchromic effect
· nucleic acids have a strong absorption (optical density) maxima at 260 nanometers    

  (proteins, 280 nm)

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

· 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 attached bases 

   reduces the OD reading(absorbance)

· When 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

INCREASE OF OPTICAL DENSITY = HYPERCHROMIC EFFECT

Different DNA’s can have different melting profiles!

· For example, a DNA molecule that contains a high % of A=T base pairs will have a lower melting temp than a DNA molecule with a high % of G, C  base pairs
1. Heat a DNA solution to denature double helix
2. Cool solution 10 to 15 degrees below the melting temp(renaturation)
3. The separated strands will collide with each other and, once in a while, the complementing regions will find each other and renature creating a double stranded helix
Rate of Renaturation: is limited by the rate at which collisions occur between complementary sequences

2nd order rate reaction is based on: 

C = the concentration of single complementary strands

m = the molecular weight, or length, of the strands (the longer they are, the harder it will be for complimentary sequences to find each other)

T = the temp (degrees C)

t = time (seconds)

DNA of an organism is characterized by the value of Cot at half (50%) renaturation,

comparing mammalian DNA to bacterial DNA

· mammalian DNA shows three plateaus on the graph vs. one for bacteria 

1. 1st plateau indicates highly repetitive DNA, 

2. 2nd plateau indicates middle repetitive DNA 

3. 3rd plateau indicates slow reassociating DNA, single copy sequences 

C value – amount of DNA in picograms (10-12g) in a haploid genome of a given species

C value paradox – the fact that the C value of a given species is not necessarily related to the genetic complexity of that species

· example  Snails have more DNA than mammals

In prokaryotes: DNA to mRNA to protens

In eukaryotes: 

Transcription: DNA to  hnRNA

RNA processing: hnRNA to mRNA 

Translation:  mRNA to proteins

template strand = transcribed strand

non-template strand = non transcribed strand

codon = triplet in mRNA        1 amino acid 

Replication / Recombination 

DNA replication - occurs by a "semi-conservative mechansim"  fig. 7.2

· Franklin Stahl/Matthew Meselson, 1958   (fig. 7.9, 7.10, 7.11)

· in this type of replication, the 2 DNA strands of the parental molecule replicate and each functions as a template for synthesis of a new complementary strand

Summary of DNA Replication

1. DNA double helix unwinds (topoisomerase) and the strands replicate (helicase)

2. The unwound parental DNA is stablized by single-stranded binding proteins (SSB)

3. One strand is synthesized continuously (leading strand) in 5' to 3'.  

· Reaction is catalyzed by enzyme DNA polymerase III 

4. The other strand (3' to 5') is synthesized in 5' to 3' fragments.(discontinuous synthesis = lagging strand)

A. 1st step, enzyme called primase synthesized as a short strand of RNA sequence complementary to DNA sequense (RNA primer - provides free 3' OH Group)

B. RNA sequence is extended as a DNA fragment (Okazaki fragment) using DNA polymerase III

5. a.  RNA primer replaced with a DNA fragment DNA polymerase I 

· process called nick-translation
· adjacent Okazaki fragments are joined together using DNA ligase
4 types of recombination 

1. generalized (homologous) - occurs at the 4 strand stage of meiosis but only involves 2 strands

a. chiasmata - actual site of crossover

2. site-specific -  integration of bacteriophage (virus) genomes into the bacterial chromosome

3. transposition - movement of DNA sequenses within a chromosome

4. copy choice - used by RNA viruses, polymerase switches templates while synthesizing RNA

Model for recombination must explain:

1. breaking and rejoining of homologous chromosomes

2. exchange between chromosomes

3. separation of chromosomes after recombination events

Model formulated by Dr. Robin Holliday (Holliday Model)

crossover occurs between non sister chromatids when there is breakage and rejoining of 2 double stranded DNA molecules, fig. 7.31

A. 4 chromatids synapse at prophase I of meiosis

B. need to break strands with an endonuclease, an enzyme that cuts internal DNA sequences

C. exposed DNA protected by protein (ex. REC A, SSB), then strand exchange (crossing over)

D. sealing nicks – ligation

E. branch migration - requires energy (helicase),  ATPase, RUVB

F. resolution (nicking and rejoining) Ruv C.  At least 16 proteins have been identified in homologous  recombination

Gene Conversion - describes a non-reciprical transfer of information from one chromatid to another

· can be detected in fungi as a variation in the expected segregation of meiotic products

Gene Expression 

Transcription - synthesis of mRNA, rRNA, tRNA, snRNA and scRNA from a DNA template (genes copied into RNA)

· messenger RNA (mRNA) - ribonucleic acid (RNA) that specifies the amino acid sequense of a polypeptide

· ribosomal RNA (rRNA) - makes up ribosomes(site of protein synthesis), 90% of total RNA

· transfer RNA (tRNA) - carries amino acids to ribosomes during translation

· small nuclear RNA (snRNA) - involved in splicing introns

· small cytoplasmic RNA (scRNA) - performs a variety of functions in cell

· part of signal recognition molecule   (involved in transport of secretory proteins, attaches ribosomes to endoplasmic reticulum)

RNA transcription requires (catalyzed by enzyme RNA polymerase):

1. a DNA template

2. Mg++ ,  Mn++
3. 4 RNA nucleoside triphosphates (ATP, GTP, CTP, UTP)

3 phases of transcription:

5' to 3' direction - the 5' end has a free PO4 linked to the sugar, the 3' end has a free OH group on the sugar

1. initiation - attachment of RNA polymerase to DNA template (promoter) and binding of 1st nucleotide

2. elongation - reaction in which RNA nucleotides are added sequentially according to the DNA template (60 nucleotides per sec)

3. termination - end of polymerization - RNA polymerase and newly synthesized strand released

· DNA footprinting – technique that determines the length of a promoter sequence 

3 types of RNA polymerase (Eukaryotes)

1. RNA polymerase I - transcribes rRNA

2. RNA polymerase II - transcribes mRNA

3. RNA polymerase III - transcribes tRNA, snRNA, scRNA

Transcription Initiation Complex (Eukaryotes)

· RNA polymerase binds to specific region of DNA = promoter

· with aid of transcription factors

transcription factors - accessory proteins (not part of polymerase) that are required to 

initiate and regulate the process of transcription

4 types of transcription factors

1. leucine zipper

2. helix-loop-helix

3. zinc finger proteins

4. helix-turn-helix

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

1)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

2)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

3)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

4)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

Upstream DNA sequences

1. TATAA box is -35 base pairs upstream, initiation and binding of RNA polymerase

2. CAAT box is -75 base pairs upstream, modifies rate of transcription

Further upstream regions include enhancers which increase gene expression, and silencers which decrease gene expression.

In eukaryotes, RNA is synthesized in a 5' to 3' direction from a DNA strand into a precursor form of RNA called heterogeneous nuclear RNA (hnRNA).

RNA processing - steps where hnRNA is converted into mRNA, tRNA, and rRNA.

1. Addition of the cap - 5' end of hnRNA molecule (modified "inverted or reversed" guanine)

A. The cap has two functions

a. protects hnRNA molecule from hydrolytic "digestive enzymes

b. used as site of attachment for ribosomes during the process of translation

2. Addition of the 3' poly A tail, synthesized during transcription, puts a string of AAAA's at end of hnRNA molecule

A. The tail has two functions

a. protects hnRNA molecule

b. regulates transport of RNA from nucleus to cytoplasm

3. RNA splicing - removal of internal RNA sequences prior to the export from nucleus to cytoplasm

Exon - segment of gene that codes for a protein

Intron - segment of gene that is transcribed but not translated

Spliceosomes - nuclear complex that contains snRNA + proteins

"SNURPS" - small nuclear ribonucleoproteins, interacts with the ends of a RNA intron to release the intron (lariat) and joins 2 adjacent exons

Structure of mRNA molecule

1. 5' cap

2. 5' untranslated region - increase/inhibit translation

   - aids in initiation of translation

3. coding sequence - starts with AUG, ends with UGA, UAA, or UAG

4. 3' untranslated region - signals end of transcription

   - aids in stability of RNA

5. poly A tail – stability

           - aids in translation

Structure of rRNA genes

1.   genes encoding large pre-rRNA molecules occur in clustered multiple copies

pre-rRNA gene - intergenic spacer - pre-rRNA gene - intergenic spacer

· intergenic spacer is not transcribed 

· intragenic spacer is transcribed

2.   5 S rRNA - also occur in clustered multiple copies

Eukaryotic ribosome - composed of a large and small subunit each consisting of RNA

and  proteins

A. 18 S rRNA + proteins = small subunit

B. 28 S, 5.8 S, and 5 S rRNA + proteins = large subunit

"S" = sedimentation coefficient which refers to the migration of a molecule in a centrifugal field 

· related to size of molecule

Translation - assembly of a polypeptide chain with mRNA as the template 

· occurs at ribosomes in cytoplasm

Protein Structure:

· polymer (repeating subunits) = amino acid
· amino acids held together by peptide bonds

· peptide bonds are between COOH and NH2 groups 

· formed/broken down via condensation/hydrolysis reactions
Know name, three letter and one letter abbreviations, and structure of 20 amino acids

Four levels of Protein Structure:

1. 1o (primary) - sequence of amino acids, fig 10.22.

2. 2o (secondary) - interaction with neighboring amino acids, fig. 10.3
3. 3o (tertiary) - 3-D shape of polypeptide, fig 10.5
4. 4o (quaternary) - 3-D shape of 2 or more polypeptides, fig. 10.6
codon - a triplet of adjacent bases in mRNA that codes for a specific amino acid

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

ribosome - a cell organelle consisting of 2 subunits (small and large) and functions as the site of protein synthesis (cytoplasm)

· 2 subunits form a ribosome when they attach to mRNA

· each subunit composed of proteins and ribosomal RNA (rRNA)

· rRNA is most abundant RNA

· each ribosome has 2 binding sites for tRNA

P site (peptidyl - tRNA site) - holds the tRNA carrying the growing polypeptide chain

A site (aminoacyl - tRNA site) - holds the tRNA carrying the next amino acid to be added to the chain

Ribosome holds the tRNA and mRNA molecules close together and catalyzes the addition of an amino acid to the carboxyl end of the growing polypeptide chain (remember chain polarity)




N' terminus ----------------------- C' terminus



        (free amino group)

  (free carboxyl group)

transfer RNA (tRNA) - functions as an interpreter between nucleic acid and protein language by picking up specific amino acids and recognizing the appropriate codons in mRNA, fig 10.17, 10.19
Four Phases of Translation

1. Charging (activation) reaction - amino acid is joined to a tRNA molecule through a high 

energy bond

A. catalyzed by enzyme aminoacyl-tRNA-synthetase
B. reguires energy (ATP), fig. 10.21

2. Initiation - process where the large and small ribosomal subunits assemble with mRNA and a 

specialized charged aminoacyl – tRNA

A. initiator tRNA carries amino acid methionine initiator codon AUG

B. process catalyzed by initiation factors (proteins)

C. requires energy (GTP)

D. at completion of initiation, initiator tRNA is in the P site of the ribosome (A site is vacant and ready for the next tRNA

3. Elongation - process where aminoacyl-tRNA complexes bind to the ribosome in sequence according to the mRNA code.  As the sequential pairing proceeds, amino acids are transferred from tRNAs into a gradually lengthening polypeptide chain

A. catalyzed by a series of proteins called elongation factors

4. Termination - process where mRNA and the completed polypeptide is released and the ribosomal subunits separate

A. process catalyzed by a series of proteins called termination factors

B. protein synthesis stops when A site of ribosome encounters one of 3 terminator codons; UAA, UAG, UGA (nonsense or stop codons)

C. protein called a release factor binds directly to the termination codon in the A site

D. causes ribosome to add a H2O molecule instead of amino acid to the polypeptide chain

E. this reaction hydrolyzes the completed polypeptide from the tRNA that is in the P site

F. frees the polypeptide from the ribosome

G. ribosome then separates into its large and small subunits

several ribosomes may be engaged in elongation for a given mRNA molecule

mRNA + attached ribosomes = polyribosomes = polysome

Elongation Occurs in a 3 - Step Cycle

A. Codon recognition - an incoming aminoacyl-tRNA binds to the codon in the A site, binding requires energy (GTP)

B. Peptide bond formation - a peptide bond is formed between the new amino acid and the growing polypeptide chain

C. Translocation - the tRNA that was in the P site is released.  The tRNA in the A site moves to the P site (translocation); ribosome moves along the mRNA through a distance equivalent to one codon, requires energy (GTP)

Genetic Code, fig 10.27

Problem:  How could genetic information stored in the 4 nitrogen bases of DNA be transferred to 20 amino acids?

· 1 base = 1 amino acid


4 bases = 4 amino acids

· 2 bases = 1 amino acid


4 bases = 42 amino acids

· 3 bases = 1 amino acid


4 bases = 43 amino acids

*experiments in the 1950's and 60's (characterization of genetic revertants and extensive studies which involved polynucleotide substrates) demonstrated that 3 nucleotides provided the information for 1 amino acid

3 Features of the Code

1. three codons UAA, UAG, UGA code for "stop", AUG codes of initiation

2. code is degenerate - 2 or more codons for all amino acids except 2 (methionine/tryptophan)

3. code is universally used by all cells

Wobble Hypothesis - proposed by Francis Crick, accounts for the observed pattern of degeneracy in the 3rd base of a codon and says that this base can undergo unusual base pairing (fig 10.28) with the corresponding 1st base of the anticodon

Wobble base (5' anticodon and 3' codon) - less specific in its interaction with its corresponding base in the codon than the other 2 anticodon bases

· ex. alanine coded for by: GCU, GCC, GCA, GCG (1st two bases are GC)

*note:  anticodon probably does not stick too tightly to the codon, because the rate of disassociation of the H bonds holding complex together maybe too slow to keep up with protein synthesis

triplet - optimal compromise between specific H bond formation and association/dissociation rate of 

             complex

nonsense mutations - mutations that change the codon for an amino acid to one of 3 "stop" codons

· UAG (amber), UAA (ochre), UGA (opal)…usually lead to complete or partial loss of function of gene product

 Phenotype effects of nonsense mutations can be altered or suppressed by a 2nd mutation called a nonsense suppressor

Nonsense suppressor - 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, fig. 10.38

· in a cell that contains a nonsense mutation and a nonsense suppressor, when the nonsense codon is read, at least a fraction of the time the amino acid carried by the nonsense suppressor tRNA is inserted into the growing polypeptide chain

nonsense suppressors
1. prevents chain termination

2. allows protein function

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 and the nonsense suppressor mutations.

DNA Repair and Mutations 

DNA double helix is constantly being modified = DNA damage, which ultimately causes 80-90% of human cancers.  DNA damage = DNA adducts = DNA lesions

2 major classes of DNA damage

1. spontaneous

2. environmental

· MAY OVERLAP

Spontaneous DNA modifications can occur via:

A. errors in base-pairing during DNA replication

B. errors in proofreading (3' -5' exonuclease function of DNA polymerase I)

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 1949 by Dr. Albert Kelner (Streptomyces)

· found that visible light protected micro-organisms (Streptomyces) from the lethal effects of ultra violet (UV) radiation

Four different types of DNA repair mechanisms

1. direct repair

2. base excision repair

3. nucleotide excision repair

4. mismatch repair

I. Direct Repair of DNA 

1.  photoreactivation - is the enzymatic reversal to monomers of pyrimidine cyclobutane dimers

A. dimers are former by the ultraviolet component of sunlight and are the major cause of skin cancer

B. dimers are removed from DNA by an enzyme called photolyase, which binds to the

pyrimidine dimer in DNA; absorbs a blue light photon and splits the cyclobutane ring by elcetron transfer

from the photo excited FADH2 at the active site (not in humans) 

      2.  alkyl transfer 

A. Two major mutagenic alkylation sites on DNA are O6 methylguanine and O4 methylthymine

B. Methyl (alkyl) group can be attached via a variety of reactions during normal cell metabolism

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

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

E. Fortunately, all cells have enzymes which remove alkyl groups from DNA

O6 methylguanine DNA repair methyltransferase (MGMT), fig. 11.26

F. MGMT transfers alkyl (methyl) groups from O6 methylguanine and O4 methylthymine to a cysteine amino acid in the active site of the protein.  The transfer is an irreversible reaction (suicide reaction), thus MGMT is not a true enzyme per se (not a catalyst).

G. MGMT is found in all species

H. Humans have 1 MGMT protein )1 gene) - E coli has 2 proteins (2 genes)

I. O6 methylguanine is cyto-toxic, mutagenic, and tumorgenic

J. Human cell which lacks MGMT actively form tumors

K. MGMT likely plays a significant role in cancer prevention

II. Base excision repair

1. DNA adduct is removed by a special enzyme called a DNA glycosylase 

A. Leaves an empty site, or an abasic (AP) site in the DNA double helix

2. AP site recognized by AP endonuclease
A. removes sugar - PO4
3. Missing nucleotide is then replaced using DNA polymerase
4. DNA helix sealed with DNA ligase
III. Nucleotide excision repair  

· works together with the base excision repair system, and removes large bulky DNA adducts

1. A multisubunit ATP dependant nuclease (excision nuclease/excinuclease) makes two cuts, or incisions, one on either side of the DNA adduct and removes damaged oligonucleotide (12 -13 base pairs in E coli, and 27 -30 base pairs in humans)

2. Excised oligonucleotide replaced by copying the complementary DNA strand using DNA polymerase
3. DNA helix sealed with DNA ligase, fig. 11.28
IV. Mismatch repair  

· recognizes DNA base mispairs and eliminates these mistakes after DNA replication from the newly synthesized DNA strands.  The system relies on 2o signals within the DNA double helix to identify the newly synthesized DNA strand (contains the replication errors).  Signal is in a GATC sequence.  Parent strand contains a methylated A, the new does not.

1. 4 proteins recognize the base mispair on the new strand

2. oligonucleotide removed (exonuclease/helicase)

3. correct strand synthesized (DNA polymerase)

4. DNA helix sealed with DNA ligase

*cells can also bypass DNA damage through:

1. recombination repair, fig. 11.30

2. error-prone repair, fig 11.31

mutations - change in DNA sequence and source of genetic diversity

spontaneous mutations - appear without explanation

induced mutations - attributed to a particular event

germ-line mutations - inherited in gametes

somatic mutations - non sex cells (not inherited)

mutagenesis - process by which mutations are produced (spontaneous and induced)

*remember mutant, wild type, genotype, phenotype, pleiotropic

forward mutation - a mutation that changes the phenotype from wild type to mutant

reverse mutation - mutation that changes the phenotype from mutant to wild type

Mutations can be obtained by selection or screening.

selection - a condition arranged in which all the members of the population die or fail to 

      grow except for the class of mutants

· ex. selection for ampicillin resistant bacterial colonies (cells contain a plasmid)

· auxotroph requires ingredient, and prototroph (+) "nutrient" conditions

screening - it is necessary to examine all the members of the population to identify the 

      mutants having the desired phenotype

· ex. White-eyed fly in a (+) population

mutagen - an agent (chemical, physical, or biological) that leads to an increase in the 

     frequency of occurrence of mutations

mutation frequency - refers to the proportion of mutants in a population

mutation rate - mutations/base pairs/ cell division(DNA replication)

2 classes of mutations (simple vs. complex)

complex mutations - involve extensive changes in DNA, ie. deletion, insertion, 

          duplication, inversion, translocation 

Simple (Point) mutations

1. base-substitution

A. transition - purine to purine (GC to AT or AT to GC)
       pyrimidine to pyrimidine 

       B.   transversion - purine to pyrimidine 

       

pyrimidine to purine 

(GC to TA ; AT to CG ; GC to CG ; AT to TA)

missense mutations - base-substitution mutations that change the codon for 1 amino acid 

                                   to another amino acid

Effects of missense mutations

1. no detectable effect

2. partial loss of function

3. gain of function

4. alteration of function

5. change in protein stability (temperature effect, pH effect)

6. complete loss of function

silent (neutral) mutation - when a base-substitution mutation changes a codon from one 

      amino acid to a different codon for the same amino acid

*due to degeneracy of the genetic code

nonsense mutations to "stop" codons

2. Addition/deletion of base pairs
A. frameshift - alters the translational reading frame

detect mutations/Ames Test - reverse mutation assay, his(auxotroph) to his+ (prototroph)

PROKARYOTIC GENETICS 

Organization of Prokaryotic genome  (compared to eukaryotic genome0 

1. Much smaller - E coli = 4700 Kb (kilobases)

                               Humans = 3,000,000 Kb

2. circular chromosome (genes genetically linked, no telomeres)

3. most of DNA is coding sequences

4. physical grouping of functionally related genes = operons

5. introns rare

6. cells routinely contain extrachromosomal pieces of DNA = plasmids

operon - a group or cluster of structural genes whose coordinated expression is controlled by a regulator gene

1. transcribed as a single mRNA (polycistronic message)

2. cistron = DNA to polypeptide (via RNA)

3. controlled by one promoter

Prokaryotic Promoter Sequences

1. 2 consensus sequences - set basal rate for transcription

a. -10 sequence = TATATT (Pribnow Box)

b. -35 sequence = TTGAGA

c. basal rate adjusted by regulatory proteins

repressors = reduce transcription

activators = elevate transcription

Example of a bacterial operon (Lac Operon - lactose metabolism)


I
P     O

Z
Y
   A

 

LacZ - beta-galactosidase converts lactose ( glucose and galcatose

LacY - galactoside permease - involved in sugar transport

LacA- galactoside transacetylase, function unknown

O - operator = section of an operon involved in the control of the synthesis of the gene 

products

LacI - repressor = regulatory protein that binds to the operator

Induces - molecule that binds and inactivates the repressor (lead to expression of lac 

                 structural gene)

Negative Control of lac operon, fig. 8.7

lac I+ - repressor binds to operator and shuts off transcription - operon repressed

· If  an inducer is present, it will bind to repressor, the repressor falls off the operator and the operon is turned "on".

Constitutive mutants - always express structural genes

· Jacob/ Monod created partial diploids via conjugation

· Merodiploids - a bacterium that is only partially diploid- that is, diploid with respect to only some of its genes

· 2 copies of lac operon

Effects of regulatory mutations in lac operon

I.       I- mutations recessive to I+
A.   I+ gene provides functional repressor that binds to both operators - blocks   

        lac operon expression

II. IS mutations are dominant to I+
A. IS repressor not inactivated by inducer; it binds to operator - no gene   

        expression in IS/I+ merodiploid even with inducer

III. OC mutations are dominant in cis position
A. repressor cannot bind to altered operator (OC)

B. expression of lac genes even in absence of inducer

trans dominance - reflects a diffusible product

cis dominance - reflects the action of an element that affects only the genes directly 

                          adjacent to it

E coli prefer to use glucose over lactose so it keeps lac operon off in the presence of glucose - catabolite repression (due to the presence of a breakdown product of glucose metabolism)

Catobolite repression - influence of glucose breakdown product (catabolite) on lac operon

Positive control of lac operon composed of 2 parts

1. cAMP (cyclic adenosine menophosphate)

2. CAP (catabolite activator protein - binding protein)

Summary (fig. 8.11):

1. CAP binds to cAMP

2. Complex binds to lac control region

a. CAP on left

b. RNA polymerase on right

3. helps RNA polymerase to bind only when cAMP is high--that is, [glucose] is low so cell needs to use another energy source

Complementation - refers to the ability of independent (non-allelic) genes to provide diffusible products that produce a wild-type phenotype when two mutations are tested in the trans configuration in a herterozygote

Cis-trans test
(M1 and M2 are mutant alleles)

Cis


trans
M1      M2

M1    +
  +      +


 +   M2

· if mutant phenotype, then alleles are on the same gene

· if normal (+) phenotype, then alleles are in different genes

· when two mutations fail to complement in trans, the inference is that both affect the same function, change mutations are assigned to the same

Complementation group = cistron = DNA sequence which codes for 1 polypeptide chain

Exceptions to cis-trans test:

Interallelic complementation (intragenic 

· occurs with defects in genes that encode a subunit for a multimeric protein

· ex.  catalase is a homotetramer

· individual mutant monomers are inactive, but can combine to form an active, functional multimer

· characteristic of interallelic complementation is that there is only partial complementation for protein function

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

Steps in producing Recombinant DNA molecules:

1) Isolating DNA- both donor and vector DNA

-donor DNA isolated by “genomic prep” procedures

-vector DNA:

plasmid also isolated using a variety of procedures “mini”, “midi”, “maxi” preps

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

Cloning a specific gene:

-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

Cloning vectors:

I.  Plasmids:

-autonomous, self-replicating, extrachromosomal circular DNA

-distinct from bacterial chromosomes

-1st plasmid that was identified was the F plasmid

-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

examples of plasmids:

1) pBR 322- contains 2 drug resistance genes

a) tetR = tetracycline resistance

-tetracycline- binds to a protein on the 30S subunit of the ribosome and inhibits ribosomal translocation

b) 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 tetR gene = insertional inactivation

-select for tetR/ampR colonies

2) pUC plasmids:

a) plasmids have a mutation in a replication gene (rop gene) which leads to increased copy number

b)   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

b) polylinker inserted (insertion as in-frame with ß-gal coding sequence) in the lac Z gene (ß-galactosidase)

-vector contains DNA sequence encoding the 1st 146 amino acids of ß-galactosidase, thus, pUC vectors express the NH2 terminal of ß-galactosidase

d   )recipient cells (e.g. DH5 alpha) express the COOH terminal fragment

e) active ß-galactosidase protein is a homotetramer

-multimeric enzyme with each polypeptide consisting of 1173 amino acids in length

f) 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 ß-gal protein) = called alpha-complementation

g)thus, one can detect lacZ expression (ß-gal activity)

1) vector + cells (e.g. DH5 alpha)(lac-) => ß-gal activity (lac+)

-ß-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

2)vector + insert + cells => no ß-gal activity = white colonies

-colony- a visible clone of cells

h) 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

i)pUC plasmids usually accept foreign DNA up to 10 kb

II.  Bacteriophages:

-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

-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

B) 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

C)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

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

Different types of libraries:

-based on:

-type of vector

-source of DNA

-different cloning vectors carry different amounts of DNA

-choice of vector depends on size of genome

a)small genomes = plasmids/phages

b)middle genomes = cosmids

c)largest genomes = YAC’s/BAC’s

1)genomic library- contains entire genome (introns, exons, etc.)

2)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

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

Where does probe come from?

1)you can synthesize it

2)you can get it from a friend “clone by phone”

Cloning Steps:

1)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)

2)bath membrane with solution containing probe

-probe must be denatured first- heat it

3)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

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

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

CANCER 

Cellular reproduction:

-according to cell theory, new cells originate from other living cells

-process = cell division = cellular reproduction

mother(parental) cell  (  daughter(offspring) cell

Review cell cycle:

Control of cell cycle(2 control events in cell cycle):

1)initiation of DNA replication which occurs at the transition between G1/S

2)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)

-restriction (“start”) point- during the G1 phase of the cell cycle, the point at which the cell is committed to divide

-factors influencing restriction point:

1)cell size- ratio of cytoplasmic volume to genomic size

2)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 

-cyclin-dependent kinases (Cdk’s)- a protein that is active only when attached to a particular cyclin

B) cyclins- proteins whose concentration fluctuates over time (amount of protein varies in a cycle = periodic fluctuations)

-entry into M phase (mitotic phase) triggered by the activation of a protein kinase called maturation-promoting factor (MPF)

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)

-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)

-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

In summary, 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 which 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

Cancer:

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

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

-oncogenes

-tumor suppresser genes

-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

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 which 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. 

Most cancers are divided into 3 major groups

1)carcinomas

2)sarcomas

3)leukemias/lymphomas

1)carcinomas:

-comprise approximately 90%  of human cancers

-arise from epithelial cells

2)3)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

-Next slide is a multistep pathway which leads to colon cancer

-This pathway includes 5 genes:

-p53, DCC, 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

-Next slide illustrates an experiment where DNA was extracted from human cancer cells and this DNA was introduced into non tumor mouse cells

-These 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

New slide:

a)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

b)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

c)Thus, a molecular characterization of chromosomal rearrangement associated with cancer should lead to the identification of genes involved in cancer

d)This molecular characterization has lead to the cloning of DNA sequences at specific parts of human chromosomes which are associated with cancer and

e)a molecular map of the human genome is being constructed using overlapping DNA fragments

f)It is important to determine which DNA sequences are responsible for the transformation from normal cells to metastatic tumor cells

-There is a new and ongoing project to sequence the entire human genome and the project is expected to be completed in the 2000

Next slide:

-shows several different chromosomal abnormalities that are associated with human cancers

-top left is a translocation between parts of chromosomes 18 and 14 where an oncogene is placed next to a gene which normally expresses an Ab

-this rearrangement is associated with follicular B-cell lymphoma

-top right depicts a chromosomal abnormality associated with chronic leukemia (Philadelphia chromosome)

-this abnormality is a translocation between chromosomes 9 and 22 and activates an oncogene.

-bottom represents a chromosomal abnormality associated with 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

Next slide:

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 tumorgenic

-studies on oncogenes in the 1980’s led to the discovery that the host cell has an inactive form of the oncogene (proto-oncogene)

Proto-oncogene:

1)cellular counterpart of the oncogene

2)not expressed in the cell or expressed at low levels relative to the activated viral oncogene

3)cellular proto-oncogene can be activated to an oncogene by mutation

4)mutational event can be a simple base substitution or a more complex chromosomal rearrangement

Product of oncogenes are called oncoproteins:

these proteins carry out a variety of cellular functions:

a)protein tyrosine kinases- enzyme that phosphorylates tyrosine residues- involved in signal transduction pathways

b)growth factors- signal molecules that are involved in regulatory cell growth

c)G proteins- heterotrimeric GTP-binding proteins that are involved in signal transduction pathways

d)transcription factors- proteins which fxn in modulating gene expression

Next slide:

-more than 3 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 fxn in signal transduction pathways where a chemical or physical siganl is recognized by the cell

-the cell will eventually start producing a specific set of proteins in response to the signal

Next Slide:

Signal transduction pathway using an oncogene:

-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

a)growth factor binds to a receptor

b)binding activates a tyrosine protein kinase

c)activates Ras

d)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

e)activation of MAPK (phophorylation) allows the kinase to move from the cytoplasm through the nuclear envelope into the nucleus

f)MAPK then activates Jun and Elk I (transcription factors) by phosphorylation

g)Jun and Elk I will bind to the promoters of jun and fos genes respectively and these 2 genes will be expressed

h)and begin to produce jun and fos mRNA which will then be transported out to the cytoplasm where the 

i)messages(mRNA) will be translated to Jun and Fos proteins 

j)Jun and Fos will bind together to form a (heterodimers) transcriptional activating complex (AP-1 complex)

k)AP-1 complex will be transported from the cytoplasm through the nuclear envelope to the nucleus

l)AP-1 complex will activate a number of target genes (??) 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.

New slide:

Tumor suppresser genes:

-5 features of tumor suppresser genes:

a)in contrast to inactive cellular proto-oncogenes, tumor suppresser genes are highly active in normal cells and they fxn to repress cell growth

b)inactivation of a tumor suppresser gene by mutation leads to a deregulation of cellular growth

c)cancers which are formed due to the inactivation of tumor suppresser genes are inherited in a dominant fashion

d)however, tumor suppresser genes act in a recessive manner (heterozygote is non tumorgenic)

e)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)
Next slide:

-illustrates a number of tumor suppresser genes which are associated with cancer

a)p53-is the most common target of mutations in human cancer (p53 mutations are in > 50% of cancerous tumors)

1)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 DCC gene are associated with colon cancer

-bottom right panel is a plot of the annual death rate from colon cancer with age.  The nonlinear relationship between age and colon cancer mortality strongly suggests that this cancer results from a multi-step process

Next slide:

-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 which 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 tumorgenic) 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

-The right side of the slide shows a human pedigree (or a family tree)(history of genetic inheritance) for the disease 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

Next Slide:

-the autosomal dominant mode of inheritance can be explained by the following:

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 which 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 which 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.

Next slide:

-Karyotypic analysis of retinoblastoma tumors shows that part of chromosome 13 is deleted which contains the tumor suppresser gene RB1

-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 tumorgenic

Next Slide:

-recent studies have identified a new class of cancer genes

-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)

Next slide:

-shows the activation of a tumor suppresser gene (p53) and an oncogene (p21) after the cell has been exposed to agents (ex: UV radiation) which 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

Next slide:

-The molecular characterization of cancer genes and their gene products has lead to the 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
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