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Unit VI – Molecular Genetics


Nelson Biology chapters 22, 23

Biology Directions chapter 25

The History of DNA

· we now know that the basis of inheritance is DNA (deoxyribonucleic acid) – how did they find out?

· 1868 – Miescher first isolated DNA from the nucleus of cells

· 1920 – Scientists had determined that chromosomes contain protein, DNA and RNA (ribonucleic acid)

· 1928 – Griffith performed mouse studies

· virulent pneumonia bacteria ( mice died

· avirulent (harmless) pneumonia bacteria ( mice lived

· heat-killed virulent bacteria ( mice lived

· heat-killed virulent bacteria + avirulent bacteria ( mice died

· Something in the dead bacteria was able to transform the avirulent bacteria

· 1944 – Avery, MacLeod & McCarty – repeated the mouse studies but first separated the components of the dead virulent bacteria before adding it to the mice containing avirulent bacteria ( only the mice injected with DNA died

· Therefore – the DNA contains the information necessary to turn harmless bacteria into killer bacteria

· 1952- Later experiments by Hershey and Chase using bacteria and a virus (phage) indicate that the DNA from the virus is what enters the cell – causing the host to produce virus particles instead of its own functions – DNA is the genetic information

· 1953 – Watson & Crick published a paper on the structure of DNA – the double helix,  using information garnered from x-ray diffraction

The Structure of DNA – The Double Helix (see p.522)

· looks like a twisted ladder

· made of sugar (deoxyribose) and phosphate (backbone) with nitrogen bases as rungs

· each unit of sugar/phosphate/nitrogen base held together with covalent bonds( nucleotide 

· nitrogen bases from one of the backbones connects to a complementary nitrogen base on the other backbone by hydrogen bonds)

· four possible bases ( adenine, thymine, guanine and cytosine

· bases are divided into two types - purines (double ring structure ) – A & G

- pyrimidines (single ring structure) – T & C

· adenine always forms bonds with thymine, guanine with cytosine

· the strands are put together anti-parallel so that one strand is “upside-down” compared to the other

· Experiments suggest that each chromosome is made of a single DNA molecule, about 50 000(m in length, (=50 mm, = 0.5 cm) but up to 12 cm, coiled up to be about 5 (m in length during mitosis

· the chromatin is wrapped around proteins (called histones), the complex of DNA and histones is called a nucleosome

DNA Replication

· to synthesize DNA, your cells must have nucleotides available – these nucleotides come from the DNA that you eat in your food!

During the synthesis of interphase, the DNA must be replicated

· DNA replication is called semi-conservative – when DNA is replicated, the new double helices each contain one of the strands from the original double helix

· a number of enzymes are required to make replication happen

· unwinding enzymes – helicase, single-stranded binding proteins, topoisomerases

· primers – to get replication started – primase, RNA primers

· polymerase – to add new nucleotides onto the parent DNA strands (can only build 5’ to 3’)

· one is the leading strand – which will be opened 5’ to 3’ and makes DNA replication continue and cause more unzipping

· the other is the lagging strand – which can’t be read continuously, but in chunks of 5’ to 3’ that are open already

· polymerase to remove the RNA primer

· ligase – to glue the fragments together when synthesis is complete

· during replication, the DNA polymerase double checks to make sure mistakes aren’t made during DNA replication (# mistakes made: 1/1x109 of the bases copied – compared with 1/1x104 of the bases copied originally before DNA polymerase double checks)

· mistakes that are not repaired ( mutations 

· if the mutations are in the germ cells (cells ( eggs/sperm), these mutations are passed on to every cell of the offspring

· mutations may cause cancer

· mutations may produce more viable offspring

· the rate of mutation goes up with exposure to mutagens (toxic chemicals, radiation) – usually these mistakes will be repaired by being cut out and fixed, however occasionally these mutations are not fixed and are passed on

The Genetic Code

DNA not only must replicate itself, but must contain information that is used to direct the business of the cell – protein synthesis

· proteins are responsible for muscle, transport, hormones, colour of eyes, hair, enzymes, antibodies

· one gene ( one protein ( up to 50 000 amino acids (Beadle & Tatum with bread mold – traced enzyme inactivation with a gene mutation in the 1940s)

· how can DNA contain the information needed to make every single protein in the body? GENETIC CODE

· like Morse code or the alphabet – a series of symbols or sounds to represent information to be translated by the receiver

· the genetic code contains only the four bases found in DNA that has to represent all of the amino acids that when put together make all of the proteins for the cell

· there are 20 amino acids – how many bases are needed to code for all of the amino acids?

· if 1 – only 4 amino acids could be coded

· if 2 – only 16 amino acids could be coded (4x4)

· if 3 – up to 64 amino acids can be coded (4x4x4)

· in 1960, it was confirmed that 3 bases are used to determine an amino acid, and the order of the bases in the gene determines the order of the amino acids in the protein.

· the group of three bases that determine an amino acid ( codon

· DNA never leaves the nucleus, but protein synthesis takes place in the cytoplasm – there must be an intermediate

Central Dogma
DNA 
 mRNA 
 protein




transcription
translation
Transcription

A copy of the DNA required to synthesize the protein needed is made in the nucleus 
( mRNA (messenger RNA)

· one strand of the DNA is copied onto ribonucleic acid – similar to DNA synthesis except:

· much shorter strand

· single stranded

· no thymine ( uracil pairs with adenine instead (AUGC)

· sugar backbone made from ribose instead of deoxyribose

· RNA polymerase is used to make mRNA

· promoter sequences and terminator sequences tell the RNA polymerase where to start and stop (these sequences are before and after the gene that needs to be made)

· once the mRNA is made, it is processed (some of the parts are snipped out, leaving only the exons as the template – introns are removed)

· the mRNA moves to the cytoplasm where it is used for protein synthesis on the ribosomes

Translation (see translation table, p. 536)

The interpretation of the mRNA to make protein takes place on the ribosomes, which are a protein/RNA complex

· the mRNA attaches to the ribosome, which provides a place for translation

· tRNA (transfer RNAs) that have two specific ends – one that reads the mRNA triplet (anticodon) and the other that attaches to a specific amino acid  translates the message

· the anticodon end of the tRNA complements the codon on the RNA, delivering the amino acid to construct the protein

· all proteins must start with an initiator codon – AUG, which is always methionine

· all proteins end with a terminator codon – UAA, UAG or UGA (stop codons)

· ex: UAG-AUG-UCG-UCC-UUG-UGC-GGG-UCC-UAC-GAA-CCU-UGG-UGA


1
2
3
4
5
6
7
8
9
10
11
12
13


-
start
ser
ser
leu
cys
gly
ser
tyr
glu
pro
trp
stop

· the first codon will not be translated because it’s not a start codon

· the second codon – AUG will be read by the tRNA anticodon UAC which will bring a methionine

· the third codon – UCG will add serine … this will continue until a stop codon (UAA, UAG and UGA) is read

· as amino acids are brought together, a peptide bond forms between the amino acids, releasing the tRNA to go and get another amino acid

The Effect of Mutations on Protein Synthesis

· Four types of DNA mutations:

· point mutations – one base is mispaired (chromosomal mutations are the ones that affect entire chromosomes or large parts)

· addition mutations – an extra base is slipped in

· deletion mutations – a base is missing

· silent/negative/positive mutations – either cause no effect, negative effect, positive effect

Depending on which base is mispaired or moved or deleted, the mutation in the DNA can cause BIG problems, cause little or no problems, or maybe even make the organism better off – better or worse off, it leads to ( genetic variation

Which type of mutation causes the biggest problems?

· point mutations – only changes one of the bases, so one of the amino acids (maybe or maybe not because more than one codon will code for the same amino acid)

· addition/deletion – will shift the codons over by one (either way) – a whole new protein with different amino acids will be formed – very good or more likely VERY BAD

· if the mutation occurs in a sperm or egg cell, that mutation would be passed on to EVERY SINGLE cell in an embryo

How our Understanding of DNA furthers understanding

Genetic Engineering

The science of manipulating genes that carry hereditary information

· recombinant DNA

· cloning

· gene therapy

Tools of the Trade:

1. Restriction Enzymes

· The key to much of the advances in molecular genetics

· restriction enzymes cut DNA into pieces when they recognize specific sequences of nitrogen bases

· When they cut the DNA, the ends are not cut evenly, so the ends are sticky – these sticky ends can be combined with other sticky ends

2. Ligase

· Used to rejoin sticky ends of DNA cut with restriction enzymes

3. Vectors

· Vectors provide a means (organism/DNA) to get the genes where you want them viruses may act as vectors to bring genes into the human genome (or other multicellular organisms) for gene therapy

· plasmids are vectors to bring genes into a bacterial genome (they will be taken up by transformation)

Recombinant DNA

· DNA from a plant or animal cell is removed and a piece cut out 

· That DNA is inserted into the genome of another cell

· once inserted, that DNA will be replicated, transcribed and translated as is the rest of the organism’s genome

Applications

· to insert human genes into other organism’s genomes that cause some human traits to be expressed – ex: HGH, insulin

· gene therapy – providing “fixed” genes to people with faulty genes (must use a vector)

· using genes that naturally fight a disease – ex: p53 into a virus vector that can be given to patients and may be incorporated into their genome

· do high tech selective breeding – instead of crossing individuals with desirable traits hoping for a suitable offspring, take an offspring and specifically insert genes – resistance to disease, increased productivity

· biological warfare (insert genes for harmful toxins into harmless bacteria, transfer to food, infect water/food with bacteria immune to available antibiotics)

Techniques in Recombinant DNA (photocopied diagram of recombinant DNA technology)

1. use restriction enzymes to cut the DNA of both organisms to isolate the gene(s) you want

2. place cut pieces of DNA together with DNA ligase, allow recombination

3. Have(hope) the cells take up the DNA

4. use a selection technique to determine if the DNA has recombined the way you want it to in a bacterium
One way:

· include a gene for antibiotic resistance beside the gene you really want 

· try to grow the bacteria in that medium – only those bacteria that have incorporated the DNA you want will be able to grow

· clone these bacteria

Other technologies/advances with DNA

Gene Mapping

· linkage studies determined the basic map for many genes, but could not actually sequence the human genome

· The Human Genome Project has three basic goals

· determine the location of all of the genes in the human genome

· sequence the bases in the human genome

· determine the function of the genes

· The Human Genome project uses probes, restriction enzymes and DNA sequencers to do their work

DNA fingerprinting

· Unless you have an identical twin, the chance of you sharing a genetic fingerprint with another person is 2 billion:1

· restriction enzymes are used to cut up a sample of your DNA

· the cut DNA is separated using electrophoresis – the longer the strand, the slower it will move

· the DNA is compared with other DNA – are you the father?  If so, you will share some of the bands with your child (as does the mother), are you the culprit? If so, your bands will match the bands of the criminal’s DNA

· new technology (PCR – polymerase chain reaction) allows REALLY small samples of DNA to be used in fingerprinting – PCR will copy DNA outside of a cell as long as nucleotides and enzymes are present.

Genetic Testing

· once either the specific gene for a disease is identified (or a marker gene – a gene that is REALLY close to the disease causing gene), a probe can be made

· a probe is a complementary strand of DNA (which will attach to the complementary strand in your DNA if it exists) that has been made radioactive

· your DNA is cut and run on a gel electrophoresis, then the probe is put on top of the gel, the gel is washed, and if the probe sticks, then the gene is present (you have the allele – ex: you have the marker gene for Huntington’s and will develop the disease, or you are a carrier for a recessive allele that they can test for)

· once the human genome project is complete, they will be able to test for many other genes

DNA not part of the Human Genome

· Although most of the discussion and work is focused on the human genome (the DNA in the 46 chromosomes found in the nucleus of every cell (almost) in your body), there are some organelles that contain their own DNA (their jobs are such that they need to be able to function somewhat on their own)

· DNA is found in both mitochondria and chloroplasts

· Since sperm are designed for travel and therefore don’t bring their own organelles with them in their cytoplasm, all of the mitochondria you have, you got from your mom

· Another type of inheritance, mitochondrial disorders, are inherited by everyone from their mothers

· mitochondrial DNA is much more limited, and has a structure more like that found in bacteria

DNA structure assignment

Translation/protein activity

labeling activity

Translation activity

crossword puzzle – review of terminology

fingerprinting activity
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