Genetics: Part 1 Notes DNA & Protein Synthesis

1. Structure of DNA: How did we figure it out? Many different experiments, James Watson and Francis Crick put all of the pieces together in 1953 by building a model

a. Shape: Double Helix, like a twisted ladder

b. Bases: A, T, C, G (Adenine, Thymine, Cytosine, Guanine)

c. Backbone: made of sugar and phosphate

d. Base Pairing: The bases pair in a specific way, this is due to the way they fit together

· A – T

· C – G

· Bases are held together by weak hydrogen bonds

· Genetic information is determined by pattern of bases

e. DNA is long, example: E.coli which is a bacteria has roughly 5 million base pairs. 

· In order to package such a large molecule DNA winds up into chromosomes

f. Chromosomes

· Chromatin: DNA un-wound (think of thread off a spool)

· Histones: Proteins that wind up DNA and organize into compact chromosomes

· Chromosome number differs from organism to organism: 

· Humans = 46

· Fruit fly = 8

· Giant Sequoia Tree = 22

DNA stands for = Deoxyribonucleic Acid = sugar found in nucleus with a pH less than 7

2. DNA Replication: After structure of DNA was determined, it was easy to figure out how it replicates
a. Template: one strand can be used to make another, serves as a template or a way to copy

b. Replication: to make a copy of DNA, a series of enzymes makes this happen (DNA Polymerase)

· 1st unzip

· 2nd DNA Polymerase adds free nucleotides to new strand

· Sometimes mistakes are made, DNA Polymerase proofreads the new strand (like spell check!)

3. What does DNA have to do with protein?

a. DNA is a blueprint for making protein (template)

b. Gene: small section of DNA that carries the instructions for making a protein specific

c. Codon: every 3 set of bases (called a codon or triplet) codes for 1 specific amino acid
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Protein: composed of amino acids strung together in a specific order

e. Dipeptide: 2 aa

f. Polypeptide: more than 2 aa

g. Order of amino acids determines the shape

h. Specific shape = specific job

i. Why proteins are important

· Main structural and functional chemical in body

· Major categories:
1. Enzymes: biological catalysts: speed up and control all of the chemical reactions (synthesis & digestion) in the organism

2. Hormones: carry messages (response to stimuli, regulation of homeostasis) from glands to specific tissues

3. Neurotransmitters: conduct messages between nerve cells

4. Antibodies: chemicals used by white blood cells to fight disease

5. Structural proteins: make up the structure of the organism (collagen, keratin)

4. RNA & Protein Synthesis

a. RNA: ribonucleic acid
· Single stranded complement of DNA

· Uses uracil (U) in place of thymine (T) (*uracil is easier to produce but causes more mutations)

b. 3 types:

· mRNA - messenger

· rRNA - ribosomal

· tRNA - transfer

c. mRNA is produced by a process called Transcription (transcript means copy) = occurs in nucleus

d. mRNA makes a copy of DNA and takes the message outside of the nucleus to the ribosome (in cytoplasm)
e. Translation = ribosomes “read” transcript and signal tRNA to bring the correct amino acid. Amino acids are strung together to make a polypeptide (protein)

f. Amino acids are help together by peptide bonds
g. How does tRNA know which amino acid to pick up? Anticodon
h. Use a codon chart to figure out what each codon stands for
i. There are “repeaters”, only 20 amino acids, 64 total combinations
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5. Gene Expression: keep in mind that every cell contains ALL instructions for 100,000+ proteins… but no one cell needs to make all of those proteins

· Think about it this way… a cookbook contains ALL of the recipes, but no one would make ll of them at once for 1 meal
b. Expressed genes: genes that have been used to make a protein (turned “on” like a lightswitch)
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Cells that have become specialized (nerve, bone, skin) due to the expression of a specific set of genes are DIFFERENTIATED (become different)

d. Stem cells: cells that have not yet become specialized. Early embryo, only a few “survival” genes have been turned on

e. Differentiation of stem cells: controlled by a set of chemical signals that occur in the uterus
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Why would we benefit from being able to control these pathways?
g. How environment influences expression

· A person’s genetic height can be limited by poor nutrition, chemical exposure

· Snowshoe rabbit: brown fur expressed in warm temp, white expressed in cold

· Plants: the chlorophyll gene is only expressed in the presence of light, if light absent plant becomes yellow, white
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Types of stem cells.
Totipotents — At this point these cells have the abilty to become anything
from a complete human being to any type of issue cell,

Pluripotents — These cels are deiived from the inner cell mass of a lastocyst.

Pluripotents can reproduce a number of tissue cells but do not have the

- ‘ability to produce an entire human.

/ —The more specialized stem cells are found in both adults and

children. These stem cells are responsible for replenishing everything from

‘our skin cells to blood cells throughout our ives.

development research (cel decisonmaking and
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6. Mutation: mistake or change in base sequence of DNA
· Leads to mistake in amino acid sequence

· Leads to a change in protein shape and/or ability to produce protein at all
Types of mutation: addition, substitution, deletion, inversion
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Point mutation: 1 change

· Frameshift mutation:  changes reading frame

Some genetic disease is due to a single mutation, others are more complicated

· Harmful vs. beneficial

1. eye color, hair color

2. changed protein that has a useful function

Every difference between you and bacteria is due to mutations!

7. Human DNA

a. 46 chromosomes (23 matched sets)

b. More proteins than genes?

· 24,000 genes which make 100,000 proteins (some genes produce more than 1 different type of protein)

· Non-gene regions: control which genes are active and when they are expressed

c. Human Genome Project: figured out complete base sequence of human chromosomes

d. Finished ahead of time and under budget because of private companies assisting government

e. Patented parts of genome?

f. Proteome: function of each protein produced

g. Epigenome: how environment affects expression of proteins

