3.1.5-6 Nucleic Acids and ATP

3.4.1-2 DNA and protein synthesis

3.4.3 Genetic diversity
Name TEACHER
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	Reflection on Learning objectives
	( or (
	Target

	Explain the significance of DNA to organisms.
	
	

	Explain what is meant by the terms chromosome and gene and what a gene codes for
	
	

	Explain what the terms genome and proteome.
	
	

	Describe the structure of DNA and identify structural components from diagrams.
	
	

	Apply knowledge of complementary base pairing rules to work out the frequency of certain bases, when provided with information about the frequency the other bases.
	
	

	Compare and contrast DNA in eukaryotes with that of prokaryotes, mitochondria and chloroplasts
	
	

	Explain why much of eukaryotic DNA can be considered as non-coding
	
	

	Describe the structure of RNA and identify structural components of an RNA nucleotide from diagrams.
	
	

	Describe the structure of mRNA and tRNA and how it is related to its function
	
	

	Describe the structure of ATP.
	
	

	Explain the role of enzymes in hydrolysing and synthesising ATP.
	
	

	Explain the significance of ATP in numerous processes within organisms, as a supplier of energy or phosphate
	
	

	Compare and contrast the similarities and differences between DNA and RNA and ATP
	
	

	Describe and explain the process of DNA replication.
	
	

	Evaluate and apply knowledge to the work of scientists in validating the Watson-Crick model of DNA replication.
	
	

	Explain the terms degenerate, universal and non-overlapping
	
	

	Relate the base sequence of nucleic acids to the amino acid sequence of polypeptides, when provided with suitable data about the genetic code.
	
	

	Explain the process of transcription in prokaryotes.
	
	

	Explain the process of transcription and splicing in eukaryotes, linking this to knowledge of introns
	
	.

	Explain what is meant by an intron and an exon
	
	

	Explain the process of translation including specific roles of ribosomes, ATP and tRNA
	
	

	Explain what a gene mutation is and how it arises.
	
	

	Explain how mutations can arise spontaneously, and the effect that mutagenic agents have on the rate of mutation.
	
	

	Describe and explain what is meant by a deletion, addition, inversion, duplication, translocation and substitution mutation and the potential consequences of each (linked to primary protein structure).
	
	

	Interpret base sequences to identify gene mutations and their impact.
	
	

	Relate the nature of a gene mutation to its effect on the encoded polypeptide.
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Outcome:
· Explain the significance of DNA to organisms.
· Explain what is meant by the term’s chromosome and gene and what a gene codes for

· Explain what the terms genome and proteome.
DNA is vital for all living beings – even plants. It is important as coding for proteins and the genetic instruction guide for life and its processes. DNA holds the instructions for an organism's or each cell’s development and reproduction and ultimately death.

There are many different types of proteins that include structural proteins, messenger proteins, enzymes and hormones. These perform various functions from forming the organs, skin and bones and the body to performing actions and functions via messengers, enzymes and hormones.
Terms to add to diagram:

	DNA helix
	Histone
	Chromatin
	Chromosome

	Chromatid 
	Sugar phosphate backbone
	Centromere 
	Nucleus



[image: image4]
[image: image19.emf] 

TTG   GTA    TAT   TGG AAC   CAU   AUA  ACC 


[image: image20.png]SIS9YuAs|d

SO|JISaA JO JUBWBNOA

1eapAyoqaed/pidij/uiaioid

A8i3ud
uoljennde
uoneaidsaa diqosay siamo
¢s52004d yorym ybnouyy (q ¢Alipoau auow uaddoy
eLIpUOYIOoUIN U0139024 PasA|D4D0 dwAzuz
édLy seonpoud UD 2YDW g1y UDO MOH /L
2)j2unbuo yoym (© °g
:mtmg=
suoneal awAzuz
9q3,ued ASiau3
*,4N220
dav 04 s2s52204d uD|N||20

yodsues) anndy
Abuzud siyy burainbas

sas52004d Jo sa|dwox3 ‘b W

91eydsoyd auesiQg

[ <

<OP Id SIY4 S20P 4OYM € T

Jo4 Abuaua saxow
41 'pasAjoupAy sid1 v
U2YM, 1UBWIDIDIS SIY4
199 Joj ABiouz Pooj woyy AB1ou3 Yim buoum s1 Joym ‘g

Q

sejopAy n_E\wmmn_E

awonN awAzu3 (q
sisAjoupAH

2wop uoloody (0 "2

aseyiuAs d1v
@g@ N e
uol}esuapuo)

2wop uoooay (0 °T

sajeydsoyd g 1sej usamiag
¢Abuzua 2pirosd
04 pashjouphy s

puoq 230ydsoyd yoym -9




Definition:

Genome: The number of different genes within an organism. 
Proteome: The number of different proteins the genome is able to code for. 

Gene: Section of DNA that codes for a protein/primary structure
Allele: Variation of a gene 
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This process (from genome to proteome) is what this booklet will explain.

Nucleic acid structure- DNA, RNA and ATP
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Outcome: 

· Describe the structure of DNA and identify structural components from diagrams.
· Apply knowledge of complementary base pairing rules to work out the frequency of certain bases, when provided with information about the frequency the other bases.
· Compare and contrast DNA in eukaryotes with that of prokaryotes, mitochondria and chloroplasts
· Explain why much of eukaryotic DNA can be considered as non-coding
Monomer: Nucleotide/Nucleic Acid
Polymer: Polynucleotide
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Components: 
Phosphate group

Pentose sugar – either Deoxyribose (in DNA) or Ribose (in RNA and ATP)

Nitrogen containing base.
Draw and label a generalized nucleotide structure. 
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There are 5 nitrogen containing bases which complementary base pair together. 
DNA contains: Adenine to Thymine, cytosine to Guanine 
RNA contains: Adenine to Uracil, Cytosine to Guanine 
ATP contains: Adenine only 
Condensation of nucleotides to polynucleotide chain. 
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Definition: (recap) 
Condensation: Monomer to Polymer, water is released, covalent bond formed __________________________________________________________________________________

Hydrolysis: Polymer to monomer, water is used, covalent bond is broken. 
______________________________________________________________________________________
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On the diagram circle 1 nucleotide and label:
	Phosphate
	Ribose sugar
	Adenine
	Uracil

	Guanine
	Cytosine
	Phosphodiester 
	Condensation reaction
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	Sugar phosphate backbone
	


Name the type of nucleotide shown on the diagram. Explain your answer.

RNA nucleotide

Contains Ribose sugar and Uracil nitrogen containing base  
Deoxyribose Nucleic Acid molecule- DNA
Monomer: DNA nucleotide.


Polymer: DNA molecule.

	Structure
	Function 

	Sugar phosphate backbone
	Provides stability and protects bases to keep code sequence intact 



	Longer molecule
	Can store lots of “information” in DNA base sequence



	Helix
	Compact shape



	Double stranded
	Semi-conservative replication with both strands acting as templates 



	Many weak Hydrogen bonds between bases for replication 
	So strong but can be unzipped 

	Strands run in opposite directions/Antiparallel
	Bases face inwards for complementary base pairing, protects DNA base sequence 

	Complementary base pairing 
	Accurate replication 




Practice comprehension skills. Using page 38-39 of Toole and Toole research the questions below. 
How many hydrogen bonds between cytosine and guanine? 

3 H bonds 
How many hydrogen bonds between adenine and thymine? 

2 H Bonds 
Why would a higher proportion of cytosine and guanine make a more stable molecule?

More H bonds which provide stability, takes more energy to break the bonds
DNA is very stable. Does this mean it mutates rarely or frequently? 
Mutates rarely, important so genetically identical every time DNA is copied 
The two strands forming the double helix (providing strength) are joined only by hydrogen bonds. What does this allow to happen?
DNA to be unzipped/separated during replication
Why can it carry a large amount of genetic information?
DNA is a large molecule
What does base pairing allow to occur?
Allow DNA molecule to be accurately replicated and transfer information to mRNA
Maths activity. Using the information above can you apply your knowledge to the exam maths question?
Scientists investigated the number of bases in a chromosome. They discovered 22% of the bases were adenine. What % of thymine would there be? What % of guanine bases would there be? Show your working. 
The scientists worked out the DNA molecule contained 3600 bases. Calculate the actual number of thymine bases and cytosine bases. Show your working 

22% = Adenine 
22%= Thymine 
28% = Guanine
28%= Cytosine 
The scientists could also work out the number of H bonds, and therefore the stability, of the DNA molecule. Work out how many H bonds would be between the cytosine and guanine bases in this DNA molecule. Show your working. 
If DNA molecule was 100 bases, 28 would be C-G, 28 x 3= 84 H bonds. 
Prokaryotic vs Eukaryotic DNA 
Complete the flipped learning activity. Use the learning to complete the information below.
1. Mitochondria and chloroplast both contain DNA separate from the cell. This DNA is similar to prokaryotic DNA. Describe the structure of mitochondrial and chloroplast DNA.

Smaller, no histones (naked), circular. 
Found in the Matrix of the Mitochondria and Stroma of the chloroplast

2. Briefly describe the main points of the endosymbiosis theory.
Smaller prokaryotic cells being absorbed within a membrane by larger cells forming eukaryotic cells. Smaller cell and larger cell live together. 
3. Compare and contrast table.


4. 99% of our DNA is known as non-coding. Give 2 functions of this non-coding DNA. We will be learning more about these non-coding sections later in this booklet and in Year 2. 
Promotor region- RNA polymerase can bind during transcription
Terminator region- RNA polymerase released after transcription
Enhancer region- allow proteins for transcription to bind 
Silencer regions- allows proteins to bind to prevent transcription
AVP
Exam question:
(a)     Compare and contrast the DNA in eukaryotic cells with the DNA in prokaryotic cells.
Comparisons 1.      Nucleotide structure is identical;

Accept labelled diagram or description of nucleotide as phosphate, deoxyribose and base

2.      Nucleotides joined by phosphodiester bond;OR
Deoxyribose joined to phosphate (in sugar, phosphate backbone);

3.      DNA in mitochondria / chloroplasts same / similar (structure) to DNA in prokaryotes;

Accept shorter than nuclear DNA/is circular not linear/is not associated with protein/histones unlike nuclear DNA;

Contrasts 4.      Eukaryotic DNA is longer;

5.      Eukaryotic DNA contain introns, prokaryotic DNA does not;

6.      Eukaryotic DNA is linear, prokaryotic DNA is circular;

7.      Eukaryotic DNA is associated with / bound to protein / histones, prokaryotic DNA is not;

Figure 1 shows one base pair of a DNA molecule.
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(a)     Name part F of each nucleotide.

_Deoxyribose sugar_(1)
(b)     Scientists determined that a sample of DNA contained 18% adenine. What were the percentages of thymine and guanine in this sample of DNA? (2)

 

	Percentage of thymine
	18

	Percentage of guanine
	32


During replication, the two strands of a DNA molecule separate and each acts as a template for the production of a new strand. Figure 2 represents DNA replication. The arrows in Figure 2 show the directions in which each new DNA strand is being produced.
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(d)     Use Figure 1, Figure 2 and your knowledge of enzyme action to explain why the arrows point in opposite directions.

(d)     1.      (Figure 1 shows) DNA has antiparallel strands / described;

2.      (Figure 1 shows) shape of the nucleotides is different / nucleotides aligned  differently;

3.      Enzymes have active sites with specific shape;

4.      Only substrates with complementary shape / only the 3’ end can bind with active site of enzyme / active site of DNA polymerase.
Ribose Nucleic Acid molecule- RNA
Outcomes:

· Describe the structure of RNA and identify structural components of an RNA nucleotide from diagrams.

· Describe the structure of mRNA and tRNA and how it is related to its function
Monomer: RNA nucleotide 

Polymer: RNA molecule
RNA is a single, shorter polynucleotide chain with ribose pentose sugar and the nitrogenous base uracil instead of thymine.

There are 3 types of RNA:-

1. mRNA – Messenger- transfers genetic information from DNA to ribosomes, made in transcription.
2. rRNA – Ribosomal- component of ribosomes (along with proteins), used in translation. 
3. tRNA – Transfer- used in translation.

mRNA: 
Structure: 

Long single strand, no H bonds 
Complementary to the template DNA strand.
Contains Codons


Definition

Codon: 1.      Triplet / three nucleotide bases on mRNA;
      2.      That code for an amino acid;2
Function:

mRNA leaves the nucleus and attaches to a ribosome.
Carries coded sequence for amino-acid sequence to the ribosomes.
On the diagram:

Circle and label 1 nucleotide

Label the phosphate group, ribose sugar and phosphodiester bond






Write in the complementary RNA sequence to the DNA sequence below:


DNA Sequence

A  G  G  A  T  C  A  G  C  C  T  T  G  C  T

RNA Sequence                          ______________________________ 
Suggest why RNA is less stable than DNA and explain why this is a necessary feature of mRNA.
mRNA is single stranded so doesn’t have H bonds between complementary base pairs
H bonds provide stability 

tRNA:

Structure:

Forms clover-leaf shape held by H bonds 
One end attaches to a specific amino acid.
Other end has a specific anti-codon

Definition:

Anticodon: _____________________________________________________________________________
Function:
Convert codon sequence on mRNA into amino-acid sequence on ribosome making primary structure. 
On the diagram:
Label the anticodon, amino-acid, hydrogen bonds 


Is tRNA single or double stranded? 
Single stranded 
Write down the codon for the anticodons on the image ACC
Write down the DNA triplet for the anticodon on the diagram _TGG__
Suggest if tRNA will be more or less stable then mRNA. Explain your answer.

More stable , Folded into clover shape so had H bonds, H bond provide stability 
rRNA: 

Structure:

Made in the nucleolus then moves to the cytoplasm.
Long folded chain combined with proteins held by H bonds  
Small sub unit for mRNA to attached

Large subunit for tRNA to attached 
Function:

Translation for protein synthesis. 


Maths practice.

In exam you will be given information about % or number of bases, you will need to use this to work out the % or number of other bases. You also need to use this information to work out the number of bases or amino-acids in a sequence.

A DNA sequence is 363 bases long. 
1. How many bases will there be on the mRNA?  363_
2. How many codons will this mRNA contain? 121
3. How many anti-codons will be attracted to the mRNA? 121
4. How many tRNA molecules will be required? 121
5. How many amino-acids will be in the primary structure? 121
6. Define the secondary and tertiary structure for this protein. 

Secondary: Folded, A-Helix, B-pleated sheet, held by H bonds 

Tertiary: Specific 3D shape, held by H, ionic and disulphide bonds between R groups 

7. 30% of the DNA sequence is thymine. What % will be:
Adenine: 30%

Guanine: 20%
8. How many cytosine containing nucleotides will be in the DNA chain? 72.6
Exam skill: Describe how you work this calculation out. 
Comparison of DNA and RNA 
	RNA
	Feature


	DNA

	Single
	Polynucleotide chain – single or double

	Double

	Smaller
	Mass – larger or smaller

	Larger

	Ribose
	Pentose sugar name

	Deoxyribose

	Adenine, uracil, cytosine, guanine
	Nitrogen containing bases


	Adenine, thymine, cytosine, guanine

	mRNA- nucleus +Cytoplasm
tRNA, rRNA- cytoplasm 
	Location in cell


	Nucleus

	Temporary

	Temporary or Permanent?


	Permanent 

	mRNA, tRNA, rRNA
	Types


	DNA



Now draw your own comparison table for the 3 types of RNA- mRNA, tRNA,  rRNA.
  

Exam questions.
Q1. Figure 1 shows a short section of a DNA molecule. Figure 1
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(a)     Name parts R and Q.

(i)      R _Deoxyribose
(ii)     Q _Phosphate (2)
(b)     Name the bonds that join A and B.

H bonds (1)
(c)     Ribonuclease is an enzyme. It is 127 amino acids long. What is the minimum number of DNA bases needed to code for ribonuclease?

381 / 384 / 387 (1)
(d)     Figure 2 shows the sequence of DNA bases coding for seven amino acids in the enzyme ribonuclease.Figure 2
G  T  T  T  A  C  T  A  C  T  C  T  T  C  T  T  C  T  T  T  A
The number of each type of amino acid coded for by this sequence of DNA bases is shown in the table.

 

	Amino acid
	Number present

	Arg
	3

	Met
	2

	Gln
	1

	Asn
	1


Use the table and Figure 2 to work out the sequence of amino acids in this part of the enzyme. Write your answer in the boxes below.

 

	Gln
	 
	 
	 
	 
	 
	 


(1)

(e)     Explain how a change in a sequence of DNA bases could result in a non-functional enzyme.

(e)     Change in (sequence of) amino acids / primary structure;

Change in hydrogen / ionic / disulfide bonds leads to change in tertiary structure / active site (of enzyme);

Substrate cannot bind / no enzyme-substrate complexes form;

Q Reject = different amino acids are formed
Q2. (a)     The mRNA codon for the amino acid tyrosine is UAU.

(i)      Give the DNA triplet for tyrosine._ATA (1)
(ii)     Give the tRNA anticodon for tyrosine.__AUA (1)
(b)     Give two ways in which the structure of a molecule of tRNA differs from the structure of a molecule of mRNA.

(b)     tRNA ‘clover leaf’ shape, mRNA linear/straight; (allow reference to loop / folded structure)
tRNA standard length, mRNA length depends on gene;
tRNA has an amino acid binding site, mRNA doesn’t;
tRNA has anticodon available / three exposed bases, mRNA has codon;
tRNA has hydrogen bonds (between base pairs), mRNA doesn’t;

Q3. (a)     The diagram shows one pair of nucleotides of a DNA molecule.
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D  phosphate;
E  pentose sugar/deoxyribose;
F  (nitrogenous) base/ organic base/ thymine/adenine/ cytosine/guanine;

 (b)     Complete the table to give two differences between the structure of DNA and the structure of RNA.

 


[image: image11](2)
Adenosine Triphosphate- ATP

Outcome:

· Describe the structure of ATP. 

· Explain the role of enzymes in hydrolysing and synthesising ATP. 

· Explain the significance of ATP in numerous processes within organisms, as a supplier of energy or phosphate
ATP is a phosphorylated nucleotide. 


Definition:

Phosphorylation: Addition of a phosphate group__________


Label the diagram showing the structure of ATP.




Complete the table:

	Equation
	Water Added or Removed?
	Reaction Type
	Enzyme Used

	ATP             ADP +Pi


	
	
	

	ADP + Pi             ATP


	
	
	



Explain why ATP is used as an energy source.

· Releases energy in small amounts.
· One bond broken to immediately release energy. 

· Phosphorylates other molecules to lower activation energy. 

· Can be easily reformed/resynthesised.

· Soluble but cannot leave the cell.
Complete the revision poster for ATP

[image: image12]
Exam questions:

Q1. (a)     ATP is useful in many biological processes. Explain why.

(a)     1.      Releases energy in small / manageable amounts;

1. Accept less than glucose
2.      (Broken down) in a one step / single bond broken immediate energy compound / makes energy available rapidly;

2. Accept easily broken down
3.      Phosphorylates / adds phosphate makes (phosphorylated substances) more reactive / lowers activation energy;

3. Do not accept phosphorus or P on its own
4.      Reformed / made again;

4. Must relate to regeneration
Q2. Cells constantly hydrolyse ATP to provide energy.

(a)     Describe how ATP is resynthesised in cells.

(a)     1.      From ADP and phosphate;
Reject P/Phosphorus, Reject use of water in the reaction
2.      By ATP synthase;
3.      During respiration/photosynthesis;
(b)     Give two ways in which the hydrolysis of ATP is used in cells.

(b)     1.      To provide energy for other reactions/named process;
Reject ‘produce’ energy
2.      To add phosphate to other substances and make them more reactive/change their shape 

(c)     This is a photograph (micrograph) of a mitochondrion taken using a scanning electron microscope.
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What is the evidence that a scanning electron microscope was used to take this photograph?

(c)     (Can see) 3D image;

 (d)     Name the part of the mitochondrion labelled X in the photograph.

(d)     Crista/cristae;

Ignore matrix
 (e)     The actual length of the mitochondrion between points A and B in the photograph is 4 μm. What is the magnification of the mitochondrion in the photograph? Show your working.

Magnification ____________________(2)

Outcome:

· Compare and contrast the similarities and differences between DNA and RNA and ATP

	
	DNA molecule
	mRNA
	tRNA
	ATP

	Pentose sugar
	Deoxyribose

	Ribose
	Ribose
	Ribose

	Nitrogenous base(s)
	Adenine, thymine, cytosine, guanine

	Adenine, uracil, cytosine, guanine
	Adenine, uracil, cytosine, guanine

	Adenine 

	Bonds 
	H between N bases
Phosphodiester in backbone


	Phosphodiester in backbone
	H to form cloverleaf shape
Phosphodiester in backbone
	Neither

	Size 
	Double stranded, longer


	Shorter single stranded 
	Shorter single stranded 
	Single nucleotide

	Shape 
	Double helix

	Linear/straight
	Cloverleaf
	None 

	Function/Role
	Carries genetic information for cell

	Copies DNA transcription
	Bring Amino-acids in translation
	Releases energy for the cell


DNA Replication and the Semi-Conservative Theory

Outcome:

· Describe and explain the process of DNA replication

· Evaluate and apply knowledge to the work of scientists in validating the Watson-Crick model of DNA replication.

When cells divide, each new cell must receive an IDENTICAL copy of the genetic material. DNA must be able to copy itself exactly to form 2 new DNA molecules. This is so the daughter cells have the genetic information to produce the enzymes and other proteins needed. 

· DNA Helicase separate strands/unzips DNA breaking H-bonds,
· Both strands act as template,

· Free nucleotides attach by complementary base pairing, 
· Adenine to Thymine, Cytosine to Guanine (You must write out full words),
· DNA polymerase joins nucleotides on new strands forming phosphodiester bonds, 
· Forming sugar-phosphate backbone,

· H-bonds reform between bases,
· Semi-conservative replication / new DNA molecules contain one old strand and one new strand.
Definition:
DNA Helicase: Breaks H bonds between nitrogen bases separating DNA strands
DNA Polymerase: Joins NUCLEOTIDES forming phosphodiester bonds
In the space below draw out the mark scheme perfect answer for replication. 
Meselsohn & Stahl 
How do we know that semiconservative replication is how DNA actually replicates?
You do not need to learn this method, you do need to understand it. 

To prove semi-conservative replication scientists used the bacteria Escherichia coli (E.coli) and two Nitrogen isotopes – N14 (light) & N15 (heavy)
1. E.coli were grown on a media containing N15 (heavy isotope) for many generations.
2. All the nitrogenous bases in the bacteria now contained N15.
3. Sample of bacteria removed, the DNA was centrifuged and only 1 heavy band was obtained.
4. E.coli then transferred to media containing N14 only (light isotope) and allowed to replicate for 1, 2 and 3 generations.
5. Sample of bacteria removed, the DNA from each generation was extracted and centrifuged. The results were compared.
Answer the questions below using the diagram on the next page. Produce a revision poster on the next page to DESCRIBE and EXPLAIN the results of this experiment.

1. Explain the importance of the control tubes.
Control proves what you have changed is causing the affect in the results. 
Controls proved where the N15 and N14 density would be on the tube 

2. Explain the results for the first generation tube 
DNA molecule seperates, each strand used as a template. 
All original DNA was N15, new DNA made from N14. 

One N15 strand (old) and one N14 strand (new)

DNA molecule weighs N14.5

3. Explain the results for the second generation tube 
DNA molecule seperates, each stand used as a template
New DNA made from N14. 

Some DNA molecules contain both N15 and N14, some DNA molecules contain only N14. 

4. Predict the results if you did a third generation tube. Explain your prediction. 

DNA molecules containing both N14 and N15, 
DNA molecules containing only N14, more than in generation 2. 









Exam Questions:
(a)     There are two forms of nitrogen. These different forms are called isotopes. 15N is a heavier isotope than the normal isotope 14N.

In an investigation, a culture of bacteria was obtained in which all the nitrogen in the DNA was of the 15N form. The bacteria (generation 0) were transferred to a medium containing only the normal isotope, 14N, and allowed to divide once. A sample of these bacteria (generation 1) was then removed. The DNA in the bacteria of generation 1 was extracted and spun in a high-speed centrifuge.
The bacteria in the 14N medium were allowed to divide one more time. The DNA was also extracted from these bacteria (generation 2) and spun in a high speed centrifuge. The diagram shows the results of this investigation.
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(i)      Which part of the DNA molecule contains nitrogen?

_Nitrogen bases(1)
(ii)     Explain why the DNA from generation 1 is found in the position shown.

it has been produced by semi-conservative
replication / one old strand and one new;
One strand has 15N bases and the other 14N; 

(iii)     Complete the diagram to show the results for generation 2.

(2)

(b)     The table shows the percentage of different bases in the DNA of different organisms.

 

	Organism
	Adenine%
	Guanine%
	Thymine%
	Cytosine%

	Human
	 31
	19
	 31
	19

	Bacterium
	24
	26
	24
	26

	Virus
	25
	24
	33
	18


(i)      Complete the table to show the percentages of different bases in human DNA.

(2)

(ii)     The structure of virus DNA is different from the DNA of the other two organisms. Giving evidence from the table, suggest what this difference might be.
viral DNA single-stranded / not double-stranded;
evidence from table e.g. not equal amount of A and T
/ C and G / all different;
Q2. The diagram shows a molecule of DNA.  It is replicating.
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(a)     Name two substances in the region labelled X.

(Pentose) sugar/deoxyribose and phosphate;

Reject ribose and phosphorus

1

 (b)     Describe how, after the parent DNA strands separated, the second strand of DNA in region Y was formed.

Semi-conservative replication;
Complementary pairing;
Hydrogen bonding (of bases/nucleotides);
Condensation/described of nucleotides;
DNA polymerase involved;

Accept example (A, T and C, G)

3 max

Protein synthesis

Outcome:

· Explain the terms degenerate, universal and non-overlapping
· Relate the base sequence of nucleic acids to the amino acid sequence of polypeptides, when provided with suitable data about the genetic code
Video which explain the point of DNA and the 2 processes we will be looking at: 

https://www.youtube.com/watch?v=zwibgNGe4aY- 
Definitions:
Degenerate: _________________________________________________________________________

____________________________________________________________________________________

Non-overlapping: _____________________________________________________________________

____________________________________________________________________________________

Universal: ___________________________________________________________________________

____________________________________________________________________________________

In the space below draw and label an amino-acid structure 



In the space below draw the condensation of a dipeptide 

Complete the definitions:

Primary structure: Sequence of amino-acids in polypeptide chains, peptide bonds
Tertiary structure: Specific 3D shape held by H, ionic, disulphide bonds between R groups
Complete the table below showing how DNA is converted into primary structure. Use the mRNA sequence to work out the amino-acid sequence 
	DNA triplet
	TAC
	GCA
	CCA

	TCT
	ACT

	mRNA Codon
	AUG
	CGU

	GGU
	AGA
	UGA

	tRNA Anticodon
	UAC
	GCA

	CCA
	UCU
	ACU

	Amino-acid 
	MET
	ARG

	GLY
	ARG
	STOP


Protein synthesis- Transcription 

Outcomes:

· Explain the process of transcription in prokaryotes. 
· Explain what is meant by an intron and an exon
· Explain the process of transcription and splicing in eukaryotes, linking this to knowledge of introns.
 
Definition:
Transcription: Copy DNA into an mRNA chain. 

Intron: Non-coding section of a gene in DNA of eukaryotic cells 

Exon: Coding region of a gene in DNA of eukaryotic cells. 


The process: 

1.      DNA Helicase breaks hydrogen bonds;
2.      Only one DNA strand acts as template;

3.      RNA nucleotides attracted to exposed bases by complementary base pairing;

4.      Adenine to Uracil, Thymine to Adenine, Cytosine to Guanine;
5.      RNA polymerase joins (RNA) nucleotides together;

6.      Forming phosphodiester bonds forming pre-mRNA chain;

7.      Pre-mRNA spliced to remove introns in eukaryotic cells. 
Protein synthesis- Translation

Outcomes:

· Explain the process of translation including specific roles of ribosomes, ATP and tRNA

The process:

1. mRNA attaches to ribosome;
2. Ribosome moves to the start codon; 
3. Codon on mRNA binds to an anti-codon on tRNA;
4. Each tRNA brings a specific amino acid;
5. Ribosome moves along to next codon; 
6. Sequence of codons on mRNA determines order of amino acids;
7. Formation of peptide bonds between amino acids by condensation reactions;
8. Using ATP.
On the next page draw out the process of transcription and translation from the mark scheme. In the exam you WILL NOT be asked about both at the same time. 

Protein Synthesis revision poster.
Exam questions:
Q1. The diagram shows part of a pre-mRNA molecule.
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(a)     (i)      Name the two substances that make up part X.

Phosphate  and Ribose (1)
(ii)     Give the sequence of bases on the DNA strand from which this pre-mRNA has been transcribed.

TAGGCA (1)
(b)     (i)      Give one way in which the structure of an mRNA molecule is different from the structure of a tRNA molecule.

Does not contain hydrogen bonds / base pairs / contains codons / does not contain anticodon / straight / not folded / no amino acid binding site / longer;

Assume that “it” refers to mRNA.

Do not accept double stranded.

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

 (pre-mRNA) contains introns / mRNA contains only exons;

Assume that “it” refers to pre-mRNA.

Accept non-coding as equivalent to intron.

 (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.

 

	Part of chromosome
	Percentage of base

	
	A
	G
	C
	U

	Middle
	38
	20
	24
	18 

	End
	31
	22
	26
	21 


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

(1)

(ii)     Explain why the percentages of bases from the middle part of the chromosome and the end part are different.

1.      Have different (base) sequences / combinations of (bases);

2.      (Pre-mRNA) transcribed from different DNA / codes for different proteins;

Q2. (a)     The genetic code is degenerate and non-overlapping.
Explain the meaning of:

Degenerate more than one (base) triplet for each amino acid
Non-overlapping each base is part of only one triplet
The table shows a short section of a messenger RNA (mRNA) molecule and the section of a polypeptide for which it codes.

 

	mRNA
	G G G
	G C U
	U C A
	C C G
	G C A
	A C G

	Polypeptide
	glycine
	alanine
	serine
	proline
	alanine
	threonine


(b)     Name the bases represented in the table by:

A Adenine_________________________________
C Cytosine_________________________________
G Guanine_________________________________
U Uracil_________________________________(2)
(c)     Use information in the table to give the sequence of bases in DNA that codes for serine.

AGT_(1)

Q3. (a)     Figure 1 shows the exposed bases (anticodons) of two tRNA molecules involved in the synthesis of a protein.Figure 1
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Complete the boxes to show the sequence of bases found along the corresponding section of the coding DNA strand.(2)
(b)     Describe the role of tRNA in the process of translation.

anticodon complementary to codon / reads message on mRNA;

specific amino acid;

carried / transferred (to ribosome);

correct sequence of amino acids along polypeptide;

(c)     Figure 2 shows the sequence of bases in a section of DNA coding for a polypeptide of seven amino acids. Figure 2
TACAAGGTCGTCTTTGTCAAG
The polypeptide was hydrolysed. It contained four different amino acids. The number of each type obtained is shown in the table.

 

	Amino acid
	Number present

	Phe
	2

	Met
	1

	Lys
	1

	Gln
	3


Use the base sequence shown in Figure 2 to work out the order of amino acids in the polypeptide. Write your answer in the table below.

 

	Met
	Phe 
	Gln
	Gln
	Lys
	Gln
	Phe


(2)

Q4. (a)     What is the proteome of a cell?
 (The proteome is the full) range of / number of different proteins that a cell is able to produce (at a given time);

OR
(The proteome is the full) range of / number of different proteins the genome / DNA is able to code for;

Do not accept number of proteins unqualified

(b)     Give two structural differences between a molecule of messenger RNA (mRNA) and a molecule of transfer RNA (tRNA).

1.      mRNA does not have hydrogen bonds / base pairing, tRNA does;

OR
mRNA is linear / straight chain, tRNA is cloverleaf;

2.      mRNA does not have an amino acid binding site, tRNA does;

Accept mRNA cannot carry an amino acid, tRNA can

3.      mRNA has more nucleotides;

Accept mRNA is longer or converse

4.      (Different) mRNAs have different lengths, all tRNAs are similar / same length;

5.      mRNA has codons, tRNA has an anticodon;

Statements must be comparative

(c)     Starting with mRNA in the cytoplasm, describe how translation leads to the production of a polypeptide. Do not include descriptions of transcription and splicing in your answer.

1.      mRNA associates with a ribosome / ribosome attaches to mRNA;

Idea of association is required

2.      Ribosome moves to / finds the start codon / AUG;

3.      tRNA brings / carries (appropriate / specific) amino acid;

Must be explicitly stated and not inferred.

4.      Anticodon (on tRNA complementary) to codon (on mRNA);

5.      Ribosome moves along to next codon;

OR
Ribosome ‘fits’ around two codons / can fit two tRNAs;

Must be explicitly stated and not inferred.

6.      (Process repeated and) amino acids join by peptide bonds / condensation reaction (to form polypeptide);

OR
(Process repeated and) amino acids joined using (energy from) ATP (to form polypeptide);

5

Gene Mutations.
Outcomes:

· Explain what a gene mutation is and how it arises.
· Explain how mutations can arise spontaneously, and the effect that mutagenic agents have on the rate of mutation.
· Describe and explain what is meant by a deletion, addition, inversion, duplication, translocation and substitution mutation and the potential consequences of each (linked to primary protein structure).
· Interpret base sequences to identify gene mutations and their impact.
· Relate the nature of a gene mutation to its effect on the encoded polypeptide

Definition:
Mutation: Change to one or more nucleotide bases or a change in the sequence of bases in DNA. 
Mutagens: Chemicals that increase the mutation rate. 



Mutations can be advantageous or disadvantageous to the organism. 

Advantageous: Produces allele which provides a selective advantage to the organism.
Dis-advantageous: Produces allele which provides a selective disadvantage to the organism. 

This links to the process of evolution by natural selection which we will look at in another booklet. 
Research task. For your exam there are no examples you need to LEARN, these will be APPLICATION questions and will be linked to the Evolution booklet. Complete the research and answer the questions. 
	Example of mutagen
	Effect of mutagen on DNA 

	1.


	Any suitable example given by students. 

	2. 


	


An example of an advantageous mutations and explain why this is an advantageous to the organism
Mutation:_ Antibiotic resistance, pesticide resistance, increased muscle mass, increased length of neck, change in colouring etc
Advantage to ORGANISM: Increases chances of survival, reduces chance of predation, increases chances of mating etc
An example of a disadvantageous mutations and explain why this is a disadvantageous to the organism

Mutation:_Diseases _
Disadvantage to ORGANISM: Decrease chances of survival, increases chance of predation, decreases chance of mating etc. 
Suggest why a mutation in an intron would not be advantageous or disadvantageous.

Introns are non-coding sections so wont change the shape of the protein so wont affect the functioning of cell. 
Suggest why a mutation in an exon would be advantageous or disadvantageous.

Exons are coding sections so will cause a change in the primary structure, tertiary structure, functioning of the protein/cell
Do all mutations lead to cancer? Explain your answer. 
No, only mutations that affect the rate of mitosis. Cancer is uncontrolled mitosis. 
What affect do mutagens have on the mutation rate?
Increases the likelihood/rate of mutations
Type of Gene mutation.

Mutations can occur in the DNA sequence- known as a gene mutation. 

Mutations can occur which change the structure of the chromosomes- known as chromosomal mutations, these will be covered in a different booklet. 

Definition:

Substitution mutation: A DNA base is replaced with another DNA base.
Deletion mutation: A base is lost from the DNA molecule.
Addition mutation: A base is inserted into the DNA molecule.
Duplication mutation: One or more bases is repeated.
Inversion mutation: A group of bases separate and re-join to DNA molecule at the same location but in reverse order. 
Translocation mutation: A group of bases from a different chromosome become inserted into the DNA molecule. 
Frame shift: Change in the triplet sequence.
You will need to learn these definitions and be able to apply them to different examples. 

	DNA sequence
	TAG


	GTA
	TAT
	TGG

	mRNA sequence
	AUC

	CAU
	AUA
	ACC

	Amino-acid sequence
	ILE
	HIS
	ILE
	THR


Remember to use the mRNA sequence to work out the amino-acid sequence. 
	Mutation
	New DNA sequence (and mRNA below)
	Type of mutation
	Effect on the amino-acid sequence and polypeptide

	If the 2nd DNA base is mutated to a T
	

	
	

	
	
	
	

	If the 12th DNA base was mutated to a T
	

	
	

	
	
	
	

	If a G was added after base 7
	

	
	

	
	
	
	

	If the 5th DNA base was deleted 
	

	
	

	
	
	
	

	If base 6 was repeated
	

	
	

	
	
	
	


Explain the effect of a mutation on polypeptide chain/functional protein.
Change in DNA base sequence;
Deletion/substitution/addition of a DNA base.
Change in amino acid sequence/primary structure;
Alters position of hydrogen/ionic/disulfide bonds;

Change in tertiary structure;

_______________________________________________________________________________________

Exam questions: 
Q1. (a)     What name is used for the non-coding sections of a gene?
Introns _____(1)
 Figure 1 shows a DNA base sequence. It also shows the effect of two mutations on this base sequence. Figure 2 shows DNA triplets that code for different amino acids.

 

	Original DNA base sequence
	A
	T
	T
	G
	G
	C
	G
	T
	G
	T
	C
	T

	Amino acid sequence
	Ile 
	Gly 
	VAL 
	SER

	Mutation 1 DNA base sequence
	A
	T
	T
	G
	G
	A
	G
	T
	G
	T
	C
	T

	Mutation 2 DNA base sequence
	A
	T
	T
	G
	G
	C
	C
	T
	G
	T
	C
	T


 

	DNA triplets
	Amino acid

	GGT, GGC, GGA, GGG
	Gly

	GTT, GTA, GTG, GTC
	Val

	ATC, ATT, ATA
	Ile

	TCC, TCT, TCA, TCG
	Ser

	CTC, CTT, CTA, CTG
	Leu


(b)     Complete Figure 1 to show the sequence of amino acids coded for by the original DNA base sequence.










(1)
(c)     Some gene mutations affect the amino acid sequence. Some mutations do not. Use the information from Figure 1 and Figure 2 to explain

(i)      whether mutation 1 affects the amino acid sequence

Has no effect / same amino acid (sequence) / same
primary structure;

Q Reject same amino acid formed or produced.

1

Glycine named as same amino acid;

1

It still codes for glycine = two marks
 (ii)     how mutation 2 could lead to the formation of a non-functional enzyme.

(ii)     Leu replaces Val / change in amino acid (sequence) / primary structure;

Change in hydrogen / ionic bonds which alters tertiary structure / active site;

Q Different amino acid formed or produced negates first marking point.

Substrate cannot bind / no longer complementary /
no enzyme-substrate complexes form;

Active site changed must be clear for third marking point but does not need reference to shape.

3

 (d)     Gene mutations occur spontaneously.

(i)      During which part of the cell cycle are gene mutations most likely to occur?

 Interphase / S / synthesis (phase);
(ii)     Suggest an explanation for your answer.

DNA / gene replication / synthesis occurs / longest stage;

Allow ‘genetic information’ = DNA.

Allow ‘copied’ or ‘formed’ = replication / synthesis

Q2. Read the following passage.

The sequence of bases in a molecule of DNA codes for proteins. Different sequences of bases

code for different proteins. The genetic code, however, is degenerate. Although the base

sequence AGT codes for serine, other sequences may also code for this same amino acid.

There are four base sequences which code for the amino acid glycine. These are CCA, CCC,

5       CCG and CCT. There are also four base sequences coding for the amino acid proline. These

are GGA, GGC, GGG and GGT.

Pieces of DNA which have a sequence where the same base is repeated many times are called

“slippery”. When “slippery” DNA is copied during replication, errors may occur in copying.

Individual bases may be copied more than once. This may give rise to differences in the

10     protein which is produced by the piece of DNA containing the errors.

Use information in the passage and your own knowledge to answer the following questions.

(a)     Different sequences of bases code for different proteins (lines 1 – 2). Explain how.

Protein made of (chain of) amino acids;
Each amino acid has its own base / triplet code; 
(b)     The base sequence AGT codes for serine (lines 2 – 3). Give the mRNA codon transcribed from this base sequence.

UCA = 2 marks
TCA – 1 mark_(2)

(c)     Glycine-proline-proline is a series of amino acids found in a particular protein. Give the sequence of DNA bases for these three amino acids which contains the longest “slippery” sequence.

CCG;
GGG GGG;_(2)

(d)     (i)      Explain how copying bases more than once may give rise to a difference in the protein (lines 9 – 10).

Changes base sequence;
Of later triplets / amino acid codes(2)

(ii)     At what stage in the cell cycle would these errors in copying DNA bases occur?

S-phase / interphase__(1)

(e)     Starting with mRNA in the nucleus of a cell, describe how a molecule of protein is synthesised.

 1.      mRNA leaves (nucleus) through nuclear pore;

2.      To ribosome;

3.      tRNA molecules bring amino acids (to ribosome);

4.      Specific tRNA molecule for specific amino acid;

5.      Anticodon of tRNA corresponds / complementary to codon on mRNA;

6.      Peptide bonds form between amino acids;

7.      tRNA detaches and collects another amino acid;

8.      Ribosome moves along mRNA;

(6)
(a)     (i)      Why is the genetic code described as being universal?
(In all organisms / DNA,) the same triplet codes for the same amino acid;

Accept codon / same three bases / nucleotides

Accept plurals if both triplets and amino acids

Reject triplets code for an amino acid

Reject reference to producing amino acid

(1)

(ii)     The genetic code uses four different DNA bases. What is the maximum number of different DNA triplets that can be made using these four bases?

64 

(1)

Transcription of a gene produces pre-mRNA.

(b)     Name the process that removes base sequences from pre-mRNA to form mRNA.

Splicing___(1)

(c)     The figure below shows part of a pre-mRNA molecule. Geneticists identified two mutations that can affect this pre-mRNA, as shown in the figure.

 

	Base sequence coding
for amino acids
	Base sequence removed
from pre-mRNA
	Base sequence coding
for amino acids
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	Mutation 1,
single base
deletion
	Mutation 2,
single base
substitution


(i)      Mutation 1 leads to the production of a non-functional protein. Explain why.

__(i)      1.      (Mutation) changes triplets / codons after that point / causes frame shift;

Accept changes splicing site

Ignore changes in sequence of nucleotides / bases

2.      Changes amino acid sequence (after this) / codes for different amino acids (after this);

Accept changes primary structure

Reject changes amino acid formed / one amino acid changed

3.      Affects hydrogen / ionic / sulfur bond (not peptide bond);

4.      Changes tertiary structure of protein (so non-functional);

Neutral 3-D structure

(ii)     What effect might mutation 2 have on the protein produced? Explain your answer.

1.      Intron non-coding (DNA) / only exons coding;

Context is the intron
Do not mix and match from alternatives

Neutral references to introns removed during splicing

1.and 2. Ignore ref. to code degenerate and get same / different amino acid in sequence

2.      (So) not translated / no change in mRNA produced / no effect (on protein) / no effect on amino acid sequence;

Accept does not code for amino acids

OR
3.      Prevents / changes splicing;

4.      (So) faulty mRNA formed;

Accept exons not joined together / introns not removed

5.      Get different amino acid sequence;
Translation





Transcription





Adenine


Thymine


Cytosine


Guanine


Uracil 





Phosphodiester bond
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1.      Triplet / three nucleotide bases on tRNA;


      2.      Complementary to codon on mRNA
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More than one (base) triplet for each amino acid





Each base is part of only one triplet/codon





The same triplet codes for the same amino acid in different organisms





AGC			TTC





If mutations occur in the DNA of a gamete they will be inherited (germ line mutation)





If mutations occur in DNA in a somatic (body) cell they will not be inherited/passed on to the next generation





ILE changed to ASN


Change in primary structure


Change in tertiary structure 


Change in bond position 


Change in 3D shape 





�





Substitution 





THR stayed as THR,


No change in primary structure


DNA is degenerate


Silent mutation  





TAG   GTA    TAT   TGT


AUC   CAU   AUA   ACA





Substitution 





ILE, HIS, THR, ASN- Frame shift


Change in primary structure


Change in tertiary structure 


Change in bond position 


Change in 3D shape 





TAG   GTA    TGA   TTG   T


AUC   CAU   ACU   AAC   A





Addition 





ILE, LEU, STOP- Frame shift 


Change in primary structure


Change in tertiary structure 


Change in bond position 


Change in 3D shape 





TAG   GAT   ATT   GT


AUC   CUA   UAA   CA





Deletion  





ILE, HIS, TYR, ASN- Frame shift 


Change in primary structure


Change in tertiary structure 


Change in bond position 


Change in 3D shape 





TAG   GTA    ATA   TTG    G


AUC   CAU   UAU   AAC   C





Duplication  
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