5.  DNA and protein synthesis
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The genetic code

Nucleic acids carry the genetic code to make amino acids, and proteins, that a cell needs.  

Last year you were introduced to the genetic code and its link to DNA.  This topic looks at the role of the genetic code in the production of polypeptides.  

What are the main features of the genetic code:

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

In order to synthesis proteins the code from DNA is transcribed onto a single stranded molecule called RNA.  There are two types of RNA – mRNA and tRNA which are both involved in the transcribing and translation of the DNA code  to produce a protein.  
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DNA or Deoxyribonucleic acid is a nucleic acid 
Nucleic acids are polymers of a monomer nucleotide.  

Each nucleotide that makes up DNA is made up of

· A 5 carbon sugar (deoxyribose)

· A phosphate group

· A nitrogenous organic base :

·  Purine organic bases are adenine (A) and guanine (G)  
· Pyrimidine bases are Thymine (T) and Cytosine (C)  
It is arranged as a double helix with base pairing always occurring between the same bases – 

T with _________ and G with ____________

How is RNA different to DNA?
Ribonucleic acid is a single strand made up of nucleotides.  Each nucleotide is made up of
· A 5 carbon sugar (ribose)

· An organic base – Adenine (A), Guanine (G) Cytosyine (C) and 

Uracil (U) 

· A phosphate group

Copy Fig 1 page 221

There are two types of RNA molecules – messenger RNA (mRNA) and Transfer RNA (tRNA)
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Messenger RNA (mRNA) 

mRNA is a long strand that is arranged in a single helix.  Once mRNA has been formed it leaves the nucleus via pores in the nuclear envelope and enters the cytoplasm, where it associates with ribosomes.  There it acts as a template upon which proteins are built.

1. Describe why mRNA is suited to its function

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Transfer RNA (tRNA)

tRNA is a relatively small molecule, it is a single-stranded chain folded into a clover-leaf shape, with one end of the chain extending beyond the other.  This is the part of the tRNA molecule to which amino acids can easily attach.  There are several types of tRNA, each able to carry a single amino acid.  At the opposite end of the tRNA molecule is a sequence of three other organic bases, known as the anticodon.  For each amino acid there is a different sequence of organic bases on the anticodon. 




The complimentary base pairing that RNA forms are:

· guanine with cytosine

· adenine with uracil (in RNA) or thymine (in DNA)

During protein synthesis, the anticodon pairs with the three complementary organic bases that make up the triplet of bases (codon) on mRNA.  The tRNA structure, with its end chain for attaching amino acids and its anticodon for pairing with the codon of the mRNA, is structurally suited to its role of lining up amino acids on the mRNA template during protein synthesis.

Protein Synthesis
Protein Synthesis involves the use of DNA, mRNA and tRNA

· DNA  is the code for the order the amino acids are joined together in a polypeptide chain.  – A gene is a small section of DNA that codes for a single polypeptide.  
· DNA is too large to move out of the nucleus so a section is copied into RNA, leaves the nucleus and joins with a ribosome where is it can be used to synthesise  a protein.
· mRNA is messenger RNA that will take the code from the DNA to the ribosomes for protein synthesis

· tRNA is transfer RNA and carries the specific amino acid to the ribosome to produce the polypeptide. 

The main stages involved in protein synthesis are

Transcription – 
occurs in the nucleus       Involves the use of DNA and mRNA

Translation –
 occurs in the ribosomes –   involves the use of mRNA and tRNA in the ribosome
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1 Transcription

During transcription an mRNA copy of a gene (section of DNA) is made in the nucleus.  The steps involved in transcription are:
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sections of DNA are made up of exons and introns.  

What is an exon?________________________________________________________________          

What is an intron?_______________________________________________________________          

During transcription both introns and exons are both copied into mRNA and this strand is called pre-mRNA.  The non functioning introns are removed from the exons which are joined together in a process called splicing.  The mRNA strand leaves the nucleus via the nuclear pores and are attracted to the ribosomes to which is becomes attached ready for the next stage.
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2. Translation

Translation occurs at the ribosomes in the cytoplasm.  During translation amino acids are joined together to make a polypeptide chain.  This involves mRNA and tRNA molecules.
· In the cytoplasm we have transfer RNA (tRNA)- this transports the amino acid, based on its anticodon.

· The anti codon is the 3 base sequence that is complementary to the codon on the mRNA

The ribosome attaches to the START codon at one end of the mRNA molecule.  
Describe the steps involved in translation 
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__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
In the exam you must be able to convert the DNA to mRNA to tRNA to amino acid codes
The genetic code – mRNA base code for an amino acid
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	DNA
	TGG 
	
	
	

	mRNA Codon
	 
	CAC
	
	

	tRNA anticodon
	 
	
	ACA
	CUU

	Amino acid
	 
	
	
	


1. An artificial mRNA was synthesised and used in an experiment to form a protein.  The mRNA sequence was:

UUGUGUGGGUUUGCAGCA   and the protein produced was – Leu-Cys-Gly-Phe-Ala-Ala.  Use the table above to answer the questions:

a) Explain how the results suggest that the genetic code is based on triplets of nucleotides in mRNA?

__________________________________________________________________________________________________________________________________________________________

b) Explain how the result suggests that the genetic coding is non-overlapping

__________________________________________________________________________________________________________________________________________________________

2  The tables shows the mRNA codons for some amino acids.  Show your working for the following question

a) Give the amino acid sequence for the mRNA sequence  GUGUGUCGCGCA

_____________________________________________________________________________

b) Give the mRNA sequence for the amino acid sequence arg-ala-leu-phe

_____________________________________________________________________________

c) Give the DNA template strand sequence that codes for the amino acid sequence 

             Val-Arg-ala

_____________________________________________________________________________

Do Application sections Page 228 and 229
Gene Mutation
A gene mutation occurs when there is a change in the sequence of bases in the DNA forming the coding part of the gene  

If it occurs in a body cell the mutation will not get passed onto the next genertation but if it happens in a gamete/sex cell the mutation can be inherited – this is the basis of discontinous variation. 

Types of mutations
1. Substitution   - This is when a base is substituted with another base

2. Deletion - this is when a base is deleted.  

Because the order of the bases determine the order of the amino acids in a particular protein then a mutation may cause a change in the sequence of amino acids that it code for.
Substitution of bases
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A change to a single base could result in one of the following:
1.  A nonsense mutation

_____________________________________________________________________________________________________________________________________________________________________________________________________
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2.  Mis-sense mutation

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. A Silent mutation

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Deletion of bases
The loss of a single nucleotide causes a ‘frame shift’ as it changes the number of cases present and causes a shift in all the base triplets after the deletion which will in turn alter the code for all the amino acids after the deletion.
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What causes these mutations?

Gene mutations can arise spontaneously during DNA replication.  Natural mutations are aound 1 to 2 mutations per 100 000 genes per generation.  

External factors increase the rate of mutations – these are called mutagenic agents or mutagens.  These include:

__________________________________________________________________________________________________________________________________________________________

Inherited mutations can cause genetic disorders and some cancers.  Acquired mutations cause cancer.  There are two types of genes that control cell division
Proto-oncogenes stimulate cell division

How do they function normally

__________________________________________________________________________________________________________________________________________________________

What happens if a gene mutation occurs

_____________________________________________________________________________

How do these oncogenes affect cell division?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Tumour suppressor genes slow cell division

Describe the role of the tumour suppressor genes and what happens if it becomes mutated
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Exam questions

1 (a) Table 1 shows some of the events which take place in protein synthesis.
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(i) Write the letters in the correct order to show the sequence of events during protein synthesis, starting with the earliest.


(2 marks)

_____________________________________________________________________________

(ii) In which part of a cell does C take place?


(1 mark)
_____________________________________________________________________________
(iii) Which of A - F are involved in translation?


(1 mark)
____________________________________________________________________________
(b) Table 2 shows some mRNA codons and the amino acids for which they code.
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	(i) A tRNA molecule has the anticodon UAA.
 Which amino acid does the tRNA molecule carry?.
      _____________________________     (1 mark)

(ii) Give the DNA base sequence that codes for threonine.
(1 mark)
__________________________________________
0204




2.  The diagram shows part of a pre-mRNA molecule. [image: image7.png]Part X




 (a) (i) Name the two substances that make up part X.

................................................................... and .................................................................

(1 mark)

(a) (ii) Give the sequence of bases on the DNA strand from which this pre-mRNA has been transcribed.

...........................................................................................................................................

(1 mark)

(b) (i) Give one way in which the structure of an mRNA molecule is different from the structure of a tRNA molecule.

........................................................................................................................................................................................................................................................................................................................
(1 mark)

(b) (ii) Explain the difference between pre-mRNA and mRNA.

...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(1 mark)

(c) The table shows the percentage of different bases in two pre-mRNA molecules. The molecules were transcribed from the DNA in different parts of a chromosome.

(c) (i) Complete the table by writing the percentage of uracil (U) in the appropriate boxes.
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(1 mark)

(c) (ii) Explain why the percentages of bases from the middle part of the chromosome and

the end part are different.

..........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)  June 11
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