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Proteins

· Comprise of amino acids, of which there are 20 different types

· Gives digital impression of all life forms

· Technically comprise of amino acid residues, or simply residues, which are amino acids minus a water molecule

· Residues form peptide bonds (C atom of amino acid Ai bonds with N atom of amino acid Ai+1
· Proteins are peptide bonds and form a polypeptide chain

Nucleic Acids

· RNA : ribonucleic acid

· DNA : deoxyribonucleic acid. Has a sugar backbone attached to a phosphate residue. Is a double helix structure with two complementary chains. Comprises of four different types of bases, A (adenine), T (thymine), C (cytosine), G (guanine)

· RNA : much like DNA but has U (uracil) instead of T, among other structural differences

Chromosome

· DNA molecule

Gene

· Protein encoding sequence along DNA

· Triplets of nucleotides (codon) specify each amino acid

· There exists redundancy with different codons specifying the same amino acid, for example AAG or AAA specify lysine

· Assignment – find genetic code in tabular form

Computational problems

· Finding start and stop sequences in DNA, RNA 

· Gene finding

· Map of DNA to protein amino acid

· DNA correspondence to protein

· Finding protein encoding part of a gene – intron

· Gene expression

· Prediction of RNA structure

· Protein folding problem – secondary (topology), tertiary (3-dimensional)

· Protein family classification
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Central Dogma of Biology – figure 1.9, page 12

Transcription 

· Promotor : recognition of gene/gene cluster. Lies ‘ahead’ of a gene

· Assignment – find examples of promoter

· AUG is a start condon : translates to methionine/MET/M amino acid

· Assignment – are there any more start condons

· Gene is copied to mRNA (messenger RNA)

· mRNA production is a complementation process

· mRNA – a copy from one of two strands of DNA, antisense/coding strand, complement of the other strand, sense, anticoding/anticoding strand/template
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Prokaryotes

· Bacteria or blue algae

· Simpler transcription because of no nucleus

· Typically circular DNA, mostly genes

Eukaryotes

· mRNA comes out of nucleus

· introns (useless for protein encoding) + exons

· mRNA spliced out of introns within nucleus by some enzymes (shorter nRNA)

· Reverse transcriptase enzymes can copy this clean mRNA back to a gene (intron)

Assignment – what is the third type and how is it different

Ribosome

· Produce proteins out of mRNA

· Ribosome = proteins + ribosomal RNA (rRNA)

· Takes as input (i) mRNA, (ii) tRNA (transfer RNA)

· tRNA really does that translation, double edged, one edge attaches to a codon on mRNA, other edge attracts an amino acid

· Finite number of tRNA (e.g ecoli bacteria has 40 tRNA), each meant for an amino acid, none for STOP signal

Reading frame

· There exist six open reading frames (ORF) per gene

· For example: 

1) TAA TCG AAT GGG C

2) T AAT CGA ATG GGC

3) TA ATC GAA TGG GC 
Chromosomes

· Genome : complete set of chromosomes inside a cell (question : does this include mitochondria) 

· Prokaryotes : one chromosome and circular 

· Eukaryotes : ‘diploid’ having pairs of attached chromosomes. Each is the same except having possibly different versions of genes (alleles)

· One allele may dominate over other (for example, black hair over blonde) or may work together (for example, blood group A & B giving rise to AB)

Eukaryotes

· Sex cells are ‘haploids’ having a single chromosome and produced by meiosis

Gene expression

· All cells have the same chromosome. Genes express themselves to perform the cells respective function

Question : is the genome analogous to a computer program?

· Genome is too complex and gene expression to transcription in also a complex process

· Further questions

· Is everything deterministic?

· If so, then can we handle the combinatronics?

· If not, can we develop a model using probability theory, like quantum mechanics, or do we need a new math? Secondly, can computer science aid in developing a new paradigm?

Genome studies

Sequencing : extracting base pairs. An old generating style (pertaining only to genes)

1) a pair of genes are on the same chromosome if they propagate together in generations (for example, eye color and hair color)

2) independent heritage / ‘segrate’ independently, giving less chance of inheriting both the characteristics. Thus, genes are not linked.

3) Crossing over of genes (or any DNA fragments) from one chromosome to its homologous chromosome. Sometimes genes cross over, termed ‘recombination’ for diploids. The closer genes are, the smaller the chances of crossover.

4) ‘Genetic linkage maps’ are produced by studying the recombination possibilities from generation to generation. Distances are measured in 1 centimorgan, which is equivalent to 1/ recombination probability (or approx. 1 million base pairs)

5) Problems: (a) distance is very relative (b) very close genes have zero recombination probability so cannot be resolved (distance cannot be measured)

Physical mapping

· Using ‘markers’ (fragment of identifiable DNA) precise positions of genes are being located in base pairs. Question : what is physical mapping?

Large scale sequencing

· Problem :  present technology allows sequencing of fragments of approx. 700bp long. (Find updated number). However, human chromosome is 108 bp long.

· Sequencing technique:

· split DNA apart in smaller fragments

· sequence them

· computationally, put them back together

DNA cutter

· Uses ‘restriction enzymes’ for ‘restriction sites’

· Sites are typically palindromes and complementary reverse

· EcoRI is a restriction enzyme and cuts a sequence G | AATTC and is termed a 4-cutter.


  = GAATTC, a palindrome

…. ATCCAG|AATTCTCGGA…>

<…TAGGTCTTAA|GAGCCA….

There also exist 6 and 8 cutters.

Endonucleosis 

· Cutting inside DNA

Enonculeosis

· Cutting at end of DNA

Restriction enzymes
· A form of immunity from viral infection. Bacteria saves themselves by putting caps in restriction sites

Primary media for DNA replication are viruses and bacteria

Viruses

· DNA/RNA coated with protein (capsid)

· Propagates

1) infects cell and cell misinterprets it as its own DNA. Cell produces respective protein/enzyme for DNA replication. This, in turn, promotes viral DNA replication which kills the cell by breaking the cell wall and infecting other cells. 

2) infects cell by attaching to cell DNA. Remains dormant until switched on and advances to step (1)

Retroviruses 

· for example, HIV

· infect one type of cell only

Bacteria

· Single cell

· Great replication capability

DNA cutter 2 

· Shotgun method

· Vibration for breaking DNA at random places

DNA cloning

· To get needed amount of DNA, insert DNA sequence into a vector or host (eg. EColi)

· Let if replicate. Kill host and extract original sequence

· Example :plasmids, phages, least artificial chromosome

Cloning 2

· PCR : Polymerase Chain Reaction

· DNA polymerase enzyme elongates DNA by one of the strands
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Reading DNA

· Fragments of DNA (or RNA) with ends T,G,C or A are separated into containers

· ‘Gel Electrophorosis’ (gel medium + strong characteristic perpendicular to the aligned molecules)

· Fig. 1.12
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