Chapter 25 Molecular Basis of Inheritance
25.1 DNA structure and replication

first test on DNA
-in the mid 1900s, chromosomes known to be made of deoxyribonucleic acid 





- unknown which is genetic information

-experiments with T2 (type 2) virus bacteriophage using radioactive tracers




-sulfur (S)-labelled protein coats





- potassium (P)-labbelled DNA





- to determine the genes were made up of DNA or protein.




-2 batches of viruses were prepared, one batch had 32 P-labeled 




DNA, and the other had 35 S-labeled protein





-bacteria were exposed to the labeled DNA and another to 





labeled protein






-only the labeled DNA enters the bacterium






-therefore, only DNA is needed for the reproduction 






of viruses, and only DNA is the genetic material

Structure of DNA
- James Watson and Francis Crick, determine the structure of DNA and build a model 
-sit explains how DNA, the genetic material, can vary from species to species and even from individual to individual




-discovered the way DNA replicates so that daughter cells and 




offspring can receive a copy

- a polynucleotide with each nucleotide composed of three units 


- phosphoric acid(phosphate)


- pentose sugar(deoxyribose)


- nitrogen base

- four types of nucleotides because there are four bases:

-two purines:(double ring)

· adenine (A)

· guanine (G)

-two pyrimidines: (single ring)

· cytosine ( C )

· thymine (T)

- when it is normal, the rungs always have a constant width

-double-helix model shows the base pairs can be in any order

-also the model suggests that complementary base pairing plays a role in replication of DNA

double helix

-a polynucleotide strand has a backbone made up of alternating phosphate and sugar molecules



-the bases are attached to the sugar but project to one side



-DNA has two such strands, and the strands twisted to give
its double helix shape 
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-strands are held together by hydrogen bonding between the bases



-this is called complementary base pairing


-when the DNA helix unwinds, it resembles a ladder
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-purines always bond to pyrimidine 
(25.3)
-individuals have a unique order which they inherit from their parents
carbon attachments

- bases attach at C1 and project outwards 





- phosphates attach C3 of one sugar and C5 of another

-“anti-parallel” strands read C3-C5 down one side, C5-C3 down the other

Advantages to 
- tight packing of bases protects weak hydrogen bonds from 

Double helix

chemical attach




- each strand an exact opposite of the other (complementary)

- tight packing leaves room for only exact pairing of 1 purine and 1 pyrimidine base (A-T orC-G)




- takes less space overall

DNA functions
- replicate: to pass on from cell to cell




- control: cell activities and phenotype




- mutate: evolve permanent changes

DNA replication
-each stranded can act as a template(mold) for new complementary strand in stages

-replication has the following steps: 
-1. unwinding: the 2 strands unwind(“unzip”) due to a special enzyme called helicase 

-2. complementary base pairing: new nucleotides move into place in complementary base pairing

-3. joining: DNA polymerase enzyme joins complementary bases in new strands

- results in 2 identical DNA helices

- DNA replication is termed semiconservative because each new double helix has one old strand in it


-1 of the parental strand is present in each new double helix



-DNA replication must occur before a cell can divide



-Cancer, which is characterized by rapidly dividing cells
25.2 Protein Synthesis

RNA 



- long chain of nucleotides with major differences to DNA 

 (ribonucleic acid)
structure




- 5-C sugar is ribose not deoxyribose




- single strand (some folded over)




- uracil replaces thymine


- unlike DNA: several RNA types, more plentiful and found through out the cell





- not confined to nucleus

- in both nucleus and cytoplasm


- three types of RNA :




- messenger RNA (mRNA)




- ribosomal RNA (rRNA)




- transfer RNA (tRNA)

(Table 25.1)

messenger RNA
- carries a coded sequence of bases to the ribosomes to make polypeptides (proteings, enzymes)
ribosomal RNA
- found in the ribosomes

transfer RNA
- carries amino acids to the ribosomes for assembly
inborn
- because of inherited metabolic disorders, it was believed

errors
genes are responsible for the metabolic workings of a cell
Neurospora’s 

- later broadened the hypothesis to one gene- one 

one gene- one 
 polypeptide
enzyme hypothesis



protein synthesis
- transcription makes mRNA containing base sequence complementary to the DNA sequence


- mRNA passes through nuclear pores to the cytoplasm


- mRNA base sequence holds information to join amino acids in exact order during translation



- amino acid chains form polypeptides (proteins, enzymes that control all cell activity)

genetic code
- combinations of 3 of the 4 bases(A,G,C,U) on mRNA is termed a “triplet code”


- each 3-letter unit is a codon which specifies an particular amino acid


- 64 possible codons: 4(first) X 4(second) X 4(third)



- 61 code for 20 amino acids (some have more than one condon)



- 3 termination or “stop” condons (UAA,UAG,UGA) do not code for protein



- 1 codon (AUG) codes form methionine and is also a “start code”

- all living things from bacteria to human have the identical code
transcription
- DNA helix unzips and base sequences are “copied” into a strand of mRNA
- RNA polymerase joins DNA “promoter” site on one strand to begin the process

- complementary RNA nucleotides pair with DNA nucleotides and form a strand

- base pairing ensures the mRNA is a complementary copy of a DNA strand

translation

- sequence of mRNA bases is “translated” into a sequence of amino acids
· going from sequence of nucleotides (bases) to a sequence of amino acids
· requires several enzymes and two other types of RNA (tRNA and rRNA)
(Fig 25.6)

cracking a code
- artificial RNA added to medium containing bacterial 


ribosomes and a mixture of amino acids


- comparison of bases RNA with resulting polypeptide 


allowed investigators to decipher the code

how transcription
- segment of DNA unwinds and unzips

occurs
- RNA nucleotides pair with DNA nucleotides of one strand

- RNA nucleotide joined by enzyme called RNA polymerase, resulting of a mRNA


- when mRNA forms, it is complementary to DNA


- in this way, the code is transcribed, or copied

- now, mRNA has sequence of codons, three bases that are complementary to DNA triplet code

introns
- segments of DNA that are not paired of the gene

· they are intragene segments

exons
- the other portion of gene

· they are ultimately expressed

· result in protein product

processing
- must be done before existing the nucleus


- occurs in the nucleus


- goes to the cytoplasm later and associates with ribosomes

- when mRNA is transcribed, it has bases that are complementary to both exons and introns

- during processing, nucleotides complementary to intron are removed by enzymes


- unsure of role of introns 



- possible allow crossing over in gene during meiosis



- could divide a gene into domains that joined different combinations  to give novel genes and proten products

- ribozymes are enzymes that remove introns because they are RNA molecules



- discover of this enzyme shows not all enzymes are proteins

how translation
- sequence of codons in mRNA specifies the order of amino

occurs
acids in polypeptide

· this is called translation



- sequence of DNA and then RNA bases translated to sequence of amino acids

· translation require several enzymes and two other type of RNA:



- transfer RNA 



- ribosomal RNA
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transfer RNA
- bring amino acids to ribosomes

- codon sequence on mRNA sets the order tRNA and amino acids arrive

- single-stranded nucleic acid that double back on itself to create regions where bases are hydrogen bonded together


- amino acids binds to one end of molecule

- require ATP energy, and resulting bond is high-energy bond

- a enzyme called tRNA synthetase recognize which amino acid should be joined to which tRNA moelcule

- other end, a anticodon, group of three bases hat is complementary to an mRNA

- tRNA comes to ribosome, where each anticodon pairs with a codon


- mRNA -> tRNA-> amino acids-> ribosome


- the final sequence of amino acids in polypeptide

ribosomal RNA
- made in nucleoli, pass to the cytoplasm and form ribosomes for protein synthesis



- attach to rough ER (polypeptides for exocytosis or secretion from the cell)


      - free in the cytoplasm (polypeptides for cell’s own use)


- ribosomal subunits migrate to cytoplasm where protein synthesis begins
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ribosomes
- made of two subunits of rRNA and many different proteins

-  small subunits contains 1 rRNA molecule and 21 proteins

- large subunits contains 2 rRNA molecules and 34 proteins

- includes enzymes that form peptide bonds between amino acids
- attach and move along mRNA to decide the amino acid sequence for a protein

- several ribosomes (a polyribosome) on one mRNA produce several polypeptides of the same kind at once
the three steps
polypeptides synthesis in three steps

of translation


- initiation, elongation, and termination


- initiation




- mRNA binds to small ribosomal subunits

- then larger subunit joins onto the small one to complete the ribosome structure
-elongation

- ribosome is only large enough to handle two mRNA codons at a time


- “R-site”: new codon location


- “P-site”: old codon location



- polypeptide lengthens one amino acid at a time

-ribosome large enough to take two tRNA molecules:




- incoming tRNA molecule




- outgoing tRNA molecule

- incoming tRNA ~ amino acid complex receives peptide from outgoing tRNA

- ribosome lateral so next mRNA codon can receive incoming tRNA ~ amino acid complex

- then, peptides grow and primary structure of polypeptide comes about

- secondary and tertiary structures of a polypeptide appear after termination

- as amino acids interact with one another, some proteins have on polypeptide and some has more than on polypeptide chain

- termination

- occurs at a stop codon on mRNA ribosome subunits separates and disintegrates


- completed polypeptide is released





- no tRNA for this codon

- ribosome dissociates into its two subunits and falls off the mRNA molecule

polyribosome
- initial portion of mRNA has been translated by one 


ribosome and ribosome begun to move down the mRNA

· another ribosome attach to mRNA

· this called polyribosome which mean several ribosomes

· can move along one mRNA at a time

· several polypeptides of same type can be synthesized using one mRNA molecule 

Review of 
- DNA in nucleus contains triplet code
Protein Synthesis

- each group of three bases stands for a specific amino acid


- transcription

- segment of DNA strand serves as template for formation of mRNA




- bases in mRNA complementary to those in DNA




- every three bases is a codon for certain amino acid




- mRNA is processed before leave of nucleus




- during this time, introns are removed




- mRNA carries sequence of codons to ribosomes



- which are composed of rRNA and proteins

- tRNA that are boned to a particular amino acid, have anticodons that pair complementarily to the codons in mRNA


- translation

- tRNA molecules and their attached amino acids arrive at ribosome

- linear sequence of condons of mRNA determines order which amino acids become incorporated into a protein

(Table 25.2)

Focus on: Finding the Structure of DNA
DNA
- 1951 james Watson and Francis Crick determine the structure of DNA and the way DNA replicates


- they have found out that:


1. DNA is a polymer of nucleotides




- phosphate group, deoxyribose, and a nitrogen base



2. Erwin Chargaff determine that A=T’s amount and G=C’s amount



3. Rosalind Franklin and Maurice Wilkins see the double helix of DNA by X-ray diffraction photo

