Recombinant DNA technology 

Name: TEACHER
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	Reflection on learning outcomes
	 or 
	Target

	Explain what is meant by recombinant DNA technology.

	
	


	Explain the methods which could be used to isolate a gene and produce a DNA fragments including: 

· conversion of mRNA to cDNA, using reverse transcriptase

· using restriction enzymes to cut a fragment containing the desired gene from DNA

· creating the gene in a ‘gene machine’.

	
	

	Explain what is meant by a restriction endonuclease and how they work to leave sticky ends.

	
	

	Explain the importance of the use of restriction enzymes and sticky ends

	
	

	Describe the stages involved in in vivo gene cloning.
	
	


	Explain the importance of the addition of promoter and terminator regions

	
	

	Explain the methods used for transformation.
	
	


	Explain the use of marker genes and replica plating.
	
	


	Interpret information provided in exam questions, to interpret which colonies have been successfully transformed with recombinant DNA.

	
	




Outcome:
· Explain what is meant by recombinant DNA technology.

[image: ]Definition: 
Recombinant DNA: DNA from two different sources joined together (The 2 sources do not need to be from the same species). 
In vivo: Experiments performed within the living organism.  
In vitro: Experiments performed test tubes/petri dishes outside of the living organism. 

The process of making a protein using DNA technology of gene transfer and cloning involves a number of stages:
OVERVIEW of Recombinant DNA Technology
	Donor DNA
	Restriction site
	Gene probe
	Same
	Sticky ends

	Vector
	Plasmid
	Sugar-phosphate
	Bacterial
	Recombinant

	Recombinant
	Transgenic
	Protein synthesis
	Product 
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Use the two links below to help you consolidate your understanding of the process if needed. 
Video 1: http://highered.mcgraw-hill.com/sites/0072437316/student_view0/chapter16/animations.html#
Video 2: http://m.youtube.com/watch?v=8Dd7M9PGhgQ 
We most commonly use bacteria for this form of cloning but in modern labs there is a steady increase in the use of viruses and liposomes.

Now you need to look at the different stages in more detail. [image: ]

1. Isolation 
2. Insertion
3. Transformation
4. Identification
5. Growth/Cloning 

Outcome: 
· Explain the methods which could be used to isolate a gene and produce a DNA fragments including; conversion of mRNA to cDNA, using reverse transcriptase, using restriction enzymes to cut a fragment containing the desired gene from DNA, creating the gene in a ‘gene machine’.
· Explain what is meant by a restriction endonuclease and how they work to leave sticky ends.
· Explain the importance of the use of restriction enzymes and sticky ends.

Step 1: Isolation.
The gene may be a few hundred bases amongst many millions in the human genome. There a number of methods used to isolate the gene: 
· Method 1: conversion of mRNA to cDNA, using reverse transcriptase
· Method 2: using restriction enzymes to cut a fragment containing the desired gene from DNA
· Method 3: creating the gene in a ‘gene machine’. 
Method 1: conversion of mRNA to cDNA, using reverse transcriptase
[image: ]Example – Isolating human insulin gene 
	1.1. Beta Cells from islets of langerhans in the human pancreas –where the insulin gene is transcribed into mRNA (no introns)


	2. mRNA coding for insulin is extracted from the cell



	3. mRNA coding for insulin (no introns)



	4. mRNA acts as a template  on which a cDNA strand is formed using reverse transcriptase




	5.Single stranded DNA


	6.New nucleotides form hydrogen bonds with complementary base pairs.
Adenine- Thymine, Cytosine- Guanine, 



	7.DNA Polymerase joins the new adjacent nucleotides/forms phosphodiester bonds and double stranded cDNA is formed


	8. Copy of Human Insulin gene can now be inserted into host cell/cloned.  




[image: ][image: ]


















Why do scientists have to use mRNA to produce insulin, why can’t the scientists use the DNA instead?
· Insulin has a specific 2 separate mRNA chains which combine together
· The pre-mRNA has to be spliced to get usable instructions to make insulin
· Bacteria cannot splice mRNA
· 
Match the complementary base pairs:



T/F quiz. If you think the statement is false, can you correct it[image: ] [image: ]Advantages of using reverse transcriptase 
· mRNA is easy to obtain as it can be found outside of the nucleus. 
· Using mRNA isolated from cytoplasm means introns have been removed.











Method 2: using restriction enzymes to cut a fragment containing the desired gene from DNA
[image: ]Restriction enzymes are also known as restriction endonucleases.
Restriction endonucleases are enzymes which cut (hydrolyse) DNA at specific base sequences (recognition sequences). 
Different restriction endonucleases cut DNA at different specific sequence of bases (recognition sites) because the shape of the recognition site is complementary to the enzymes active site. 
These recognition sites occur in the DNA of all species of organisms- but not in the same places!
These recognition sequences are palindromic - base pair read the same in opposite directions. 
If recognition sequences for these enzymes are present at either side of the DNA fragment you want, you can use restriction endonucleases to separate it from the rest of the DNA. The DNA sample is incubated with the specific restriction endonuclease, which cut DNA fragment out of DNA.  

NOTE: It is important that the recognition sequence for the selected restriction endonuclease does not occur within the gene you want to isolate. 
Restriction enzymes are made by bacteria to cut out viral DNA sequences from the bacterial DNA. 

The cut made at the recognition site is either straight (giving a blunt end) or staggered (producing a 'sticky end'). 
[image: ]
[image: ]Definition: 
Sticky end:  Short, single stranded section at the end of a DNA molecule, the result of staggered cutting with a restriction endonuclease.
Sticky ends can be used to bind (anneal) DNA fragments together, if other DNA molecule has complementary 'sticky' end. 
Sticky ends are important as they allow the DNA fragment to be inserted into another organism / species DNA, if the other organism’s DNA is cut using the same restriction enzyme.

Below are 5 identical bacterial DNA sequences and 5 different restriction endonucleases. On each DNA strand:
a) Highlight the recognition sequence
b) The enzyme reads the top chain of the recognition site first from left to right. On the top line draw a vertical line between the 2 bases the enzymes cuts 
c) The enzyme reads the bottom chain of the recognition site second from right to left. On the bottom line draw a vertical line between 2 bases the enzyme cuts 
d) Connect the 2 vertical lines with a horizontal line. 
The first two have been done for you. Complete the rest of the activity. 
[image: ][image: ]

[image: ]Complete the definitions table using page 5
	Term
	Definition 

	Restriction endonuclease/enzyme
	Enzymes
Cut DNA at specific recognition site 


	Recognition site
	4-8 bases long nucleotide sequence
Where restriction enzyme attaches and cut


	Palindrome
	Base sequence reads the same forwards and backwards



	Blunt sticky end
	Recognition site cuts in a straight down



	Staggered sticky end
	Recognition site cuts leaving staggered exposed bases 
Allows/ attached to complementary exposed bases.  





[image: ]Method 3: creating the gene in a ‘gene machine’.
1. Protein sequence analysed 
2. Amino-acid sequence worked out (determined)
3. mRNA sequence worked out
4. DNA nucleotide base sequence worked out 
5. DNA nucleotide base sequence is uploaded into the computer
6. Computer produces DNA base sequence by producing overlapping single strands of nucleotides called Oligonucleotides which can then be assembled into the gene. 
Advantages of using the gene machine:
· Faster to use the gene machine rather than using reverse transcriptase or restriction endonucleases 
· There are more steps involved in isolating the gene/mRNA as well as the enzyme catalysed reactions. 
· Highly accurate.
Complete the table below: 
[image: ]
Maths question. The DNA sequence for insulin is normally 237 base pairs long, the mRNA chain is only 153 base pairs long. What is the % decrease in base pair length? Show your working.
Difference/original x 100
	237 – 153 = 84 / 237 x 100 = -35% or 35% decrease
How long is the amino-acid sequence that the mRNA codes for. Show your working? 
153 nucleotides long
	3 nucleotides code for 1 amino-acid 
	153/3 = 51 amino –acids in length 
Extension: Can you give a suggestion for the difference in base pair length? 
DNA has introns which are removed/spliced out of the mRNA chain




REMEMBER: Gene cloning involves fragments of DNA being amplified by in vitro and in vivo techniques.
· In vitro – Polymerase chain reaction (PCR) - DNA techniques booklet
In vivo – Culture of transformed host cells - This booklet!
Outcome: 
· Describe the stages involved in in vivo gene cloning,
· Explain the addition of promoter and terminator regions
Step 2: Insertion of the desired gene into a suitable vector. 
Before a gene can be copied it has to be inserted into a suitable vector so the transgenic organism will be able to read and use the inserted genetic information to produce the protein we want. 
[image: ]Step 2(a): Preparing the DNA fragment for insertion.
	Promotor region:
	Binding site for RNA Polymerase on DNA


	RNA Polymerase: 

	Enzyme that joins RNA nucleotides to form mRNA during transcription


	Transcription factors: 

	Bind to RNA polymerase and promotor to begin transcription 


	 Terminator region: 

	Region of DNA that releases RNA polymerase to stop transcription



Preparing the DNA fragment. Identify the promotor region by colouring it RED, add a label to this region and give its definition. Identify the enzyme RNA polymerase by colouring it BLUE, add a label and give its definition. Identify the terminator region by colouring it in YELLOW, add a label and give its definition. Identify the sticky ends by colouring them in ORANGE, add a label and give their definition. 
[image: ]


Answer the questions below, use and apply your knowledge. 
1. Explain why each of steps are important in preparing the gene of interest for insertion into a vector. (Can you remember what explain means in your exam?)
a. A specific promotor region is added in front of the gene of interest 
So RNA Polymerase can bind , so transcription of the gene can start , producing the mRNA chain

b. A terminator region is added at the end of the gene of interest
So RNA Polymerase can unbind , so transcription of the gene can finish, the mRNA chain has been produced 

c. Sticky ends are added at the beginning of the promotor region and at the end of the terminator region. 
Sticky ends will be complementary to sticky end of the vector/plasmid , so the gene can be inserted into the vector. 

d. Extension: The promotor region is complementary to RNA polymerase but not DNA polymerase. 
Enzymes have specific active sites, which bind to a specific sequences on bases  on promotor 	(maybe be aided by the transcription factors).
Step 2(b): Inserting the gene of interest into a vector. 
[image: ]Definition: 
Vector: A DNA carrier (i.e. bacterial plasmid or virus) used to transfer DNA into cells.
[image: ]
· The most common type of vector is a PLASMID which can be inserted into a bacterial cell. 
· To prepare the vector for the gene of interest the vector has to be opened by using the SAME restriction enzyme
· So the sticky ends are complementary 
· DNA Ligase is then used to recombine the 2 pieces of DNA 
· This is known as RECOMBINANT DNA 
· https://www.youtube.com/watch?v=8rXizmLjegI 
Draw A diagram below to repreent the information above to help remember this information. 

                                                               
                                                       





Outcome: 
· Explain the methods used for transformation
Step 3: Transformation.
[image: 18d195a4cad40d49c5c552aeeb99417a4076fc22.png]Now we have our vector which carries the gene of interest we need to get the recombinant DNA into our microorganisms so the microorganisms can get on with producing the gene that we require. 
 





[image: ]
Step 1: Chemical transformation  
Ca 2+ has a positive charge
DNA has a negative charge
+ charge attracted to – charge so DNa will not be repelled by membrane 
Step 2: Heat shock
Drop temperature (Less kinetic energy)
QUICKLY increase temp (Burst of kinetic energy, lots of vibrations)
Create gaps in membrane for DNA to move into bacterial cell. 

Draw a diagram to represent the 2 steps above. 
[image: 18d195a4cad40d49c5c552aeeb99417a4076fc22.png]






Outcomes: 
· Explain the use of marker genes and replica plating, 
· Interpret information provided in exam questions, to interpret which colonies have been successfully transformed with recombinant DNA 
Step 4: Identification of the transformed bacteria. 
Only 1% of the bacteria that we try to transform actually take up the vector. The other 99% of the bacteria are useless to us. There is no point wasting time and money allowing all 100% of the bacteria to reproduce if we only want 1%. So, how do we identify the correct bacteria and what’s happened to the other 99%?
[image: ]Firstly, we need to consider what might happen to the bacteria as shown below:
· Some of the plasmids will have resealed without becoming recombinant- we don’t want this.
· Some of the gene of interest will have resealed without becoming recombinant – we don’t want this. 
· There will be some recombinant DNA – this is what we want. 
· Some of the bacteria will not have transformed at all- we don’t want this. 

In the boxes labelled below draw what this might look like. (Plasmid = blue, gene of interest = red, bacteria = green.) 
	






	
	[image: ]
	

	Bacteria with resealed plasmid
	Bacteria with resealed gene of interest
	Bacteria with recombinant DNA
	Bacteria that has not transformed. 



[image: http://www.st-augustines.worcs.sch.uk/intranet/departments/sci2007a/Biology/Year%2012%20Biology/AS%20Topic%2012%20Gene%20Technology/Lessons/AS%20Topic%2012.4%20Genetically%20Modified%20Microorganisms%20-%20Plasmids_files/image007.gif]To help us identify the recombinant DNA in the transformed bacteria we use specialised plasmids as the one shown below- known as an R-plasmid. 
                   



                                                   
[image: ]Definition: 
Antibiotic resistanceThe ability for microorganisms to withstand the adverse affects of antibiotics. 
Genetic markers: Is a gene or DNA sequence with a known location on a chromosome that can be used for identification. Can be modified to be fluorescent or radioactive 



Our R plasmid has two antibiotic resistant gene: 1) Resistant to ampicillin known as the AMP gene. 2) Resistance to tetracycline known as the TET gene. 
Activity: 
1. If we use the BamIV restriction enzyme draw below what the recombinant plasmid would look like (AMP gene= red, TET gene= blue, gene of interest= green) using the gene of interest (e.g. Insulin gene) TAC GGA GCG GAC AAG AAC 

2. To your drawing add if the AMP gene would work (provide the bacteria with resistance) and if the TET gene would work (provide the bacteria with resistance). Justify your answer. 
No recognition sequence in AMP gene , AMP gene intact /not disrupted, AMP gene works/bacteria are resistant to ampicillin antibiotic
Recognition sequence in TET gene, TET gene is not intact/TET gene contains gene of interest, TET gene doesn’t work/not resistant
[image: ]	 			R – plasmid			Recombinant plasmid 
[image: ]
[image: ]
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Complete the table below: 
	Drawing
	















	
	[image: ]
	

	Bacteria 
	Bacteria with resealed plasmid
	Bacteria with resealed gene of interest
	Bacteria with recombinant DNA
	Bacteria that has not transformed. 

	Resistance to AMP (/ or x)
	
	
	
	

	Resistance to TET (/ or x)
	
	
	
	


Activity: Read the method below and complete the diagram to show how we use the R plasmid to identify the bacteria that have transformed and carry the recombinant DNA. 
Replica plating: Method used to Identification of the transformed bacteria. 
Master plate 

[image: ]1. On the MASTER plate ALL the bacterial colonies are grown. 


2. The colonies on the MASTER plate are transferred onto a plate containing antibiotics. This is called replica plating. 
NOTE: The colonies must be transferred in exactly the same position 





1st replica plate 

3. The first REPLICA PLATE medium contain the antibiotic AMPLICILLIN. 
4. The REPLICA PLATE is incubated.
5. On the diagram identify which bacterial colonies have died and describe these bacteria.  
· Bacteria in colonies 3,4,6 and 13 died on AMP plate

[image: ]








6. The surviving colonies are transferred onto a second replica plate. 
NOTE: The colonies must be transferred in exactly the same position 
7. The second REPLICA PLATE medium contains the antibiotic TETRACYCLINE. 
8. The REPLICA PLATE is incubated. 
9. On the diagram identify which bacterial colonies have died and describe these bacteria. 
10. Now we go back to the master plate and can identify which is the recombinant bacteria. These were the colonies that survived the ampicillin plate but NOT the tetracycline plate. 
Bacteria in colonies 2,8,11 and 12 died on TET plate, Bacteria not resistant to antibiotic TET/ Bacteria doesn’t have functional TET resistance gene , Return to MASTER plate and use the identified colonies.
We have now identified the RECOMBINANT bacteria- colonies 2,8,11 and 12
2nd replica plate 


[image: ]

Exam questions: Enzymes
Q1.    Scientists are working to produce a genetically modified bacterium to treat patients suffering from a disease of the digestive system. They plan to collect mRNA from human cells. This will be used to produce the DNA of the gene for the protein interleukin. They will then transfer this human gene into the bacterium Lactococcus. The scientists intend patients to swallow the genetically modified bacteria. These bacteria will release interleukin inside the digestive system to treat the disease.
(a) 	(i)      Name the type of enzyme which will be used to produce the DNA from the mRNA.
Reverse transcriptase ._________________________________________________________________________________________(1)
(ii)     It is easier to obtain the interleukin gene from mRNA rather than directly from the DNA removed from   human  cells. Explain why
mRNA is present in large amounts in cell making the protein/mRNA has been edited/does not contain introns/mRNA codes for single protein 
(b)     	The scientists propose to put the gene directly into the DNA of Lactococcus.
Describe the role of the enzyme ligase in this process.
Splices/joins two piece of DNA/”Sticky ends”

Forming recombinant DNA
Q2.      Plasmids can be used as vectors to insert lengths of foreign DNA into bacteria. The diagram shows how this is achieved.
[image: ]

(a)     Name enzyme E.
Restriction/endonuclease/named example
 (b)     Cut plasmids and lengths of foreign DNA can join. What features of their ends allows them to join?
Unpaired bases/sticky ends/staggered
Complementary/explained 
 (c)     Draw three different structures that could be formed by incubating cut plasmids and lengths of foreign DNA with ligase. Use the spaces provided on the diagram.						 (3)
[image: ]
Questions on Vectors and identification 
[bookmark: _GoBack]Q3.          (a)     (i)      Some human DNA was cut into separate pieces using a restriction enzyme which produced a staggered cut. A scientist wanted to insert these pieces of DNA into plasmids and used the same restriction enzyme to cut the plasmids. Explain why the pieces of human DNA would be able to join to the cut DNA of the plasmids.
Sticky ends/description
Reference to complementary base pairing 
(ii)     Which other enzyme must the scientist have added to the mixture to form recombinant plasmids?
Ligase

(b)     A plasmid may be used as a vector. Explain what is meant by a vector in this context.
Carrier of DNA/gene
Into cell/other organism/host
 (c)     Molecular biologists often use plasmids which contain antibiotic resistance genes. Explain the reason for this.
Act as marker gene
Allows detection of cells containing plasmis/DNA



 
Q4.Haemophilia is a genetic condition in which blood fails to clot. Factor IX is a protein used to treat haemophilia. Sheep can be genetically engineered to produce Factor IX in the milk produced by their mammary glands. The diagram shows the stages involved in this process.
 
	 
	Stage 1
	[image: ]
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	Stage 2
	[image: ]
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	Stage 3
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	Stage 4
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	Stage 5
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	Stage 6
	[image: ]


 

(a)     Name the type of enzyme that is used to cut the gene for Factor IX from human DNA (Stage 1) .
Restriction enzyme/endonuclease
 (b)     (i)      The jellyfish gene attached to the human Factor IX gene (Stage 2) codes for a protein that glows green under fluorescent light. Explain the purpose of attaching this gene.
[image: ]

(ii)     The promoter DNA from sheep (Stage 3) causes transcription of genes coding for proteins found in sheep milk.
Suggest the advantage of using this promoter DNA.
[image: ]

Q5.Silkworms secrete silk fibres, which are harvested and used to manufacture silk fabric. Scientists have produced genetically modified (GM) silkworms that contain a gene from a spider. The GM silkworms secrete fibres made of spider web protein (spider silk), which is stronger than normal silk fibre protein.
The method the scientists used is shown in the figure below.
 [image: ]
(a)     Suggest why the plasmids were injected into the eggs of silkworms, rather than into the silkworms.
[image: ] 
(b)     Suggest why the scientists used a marker gene and why they used the EGFP gene.
[image: ]
The scientists ensured the spider gene was expressed only in cells within the silk glands.
(c)     What would the scientists have inserted into the plasmid along with the spider gene to ensure that the spider gene was only expressed in the silk glands of the silkworms?
[image: ]

(d)     Suggest two reasons why it was important that the spider gene was expressed only in the silk glands of the silkworms.
[bookmark: _Hlk1674895][image: ]
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Match the complementary base pairs:   a)  mRNA strand for insulin:      A U G C C U C G C C U G U U C U U G   b) Single strand of DNA     T  A C G G A G C G G A C A A G A A C       Using reverse transcriptase   c) Double stand of DNA     A T G C C T C G C C T G T T C T T G   Using DNA polymerase    Write out the gene for insulin:      T A C G G A G C G G A C A A G A A C  


Microsoft_Word_Document.docx
Match the complementary base pairs:

a) mRNA strand for insulin: 		A U G C C U C G C C U G U U C U U G

b) Single strand of DNA		T A C G G A G C G G A C A A G A A C		

Using reverse transcriptase

c) Double stand of DNA		A T G C C T C G C C T G T T C T T G

Using DNA polymerase 

Write out the gene for insulin: 	 T A C G G A G C G G A C A A G A A C


image8.png
. There are 2 H bonds between Cand G False- 3

. Thereare 3 H+ bonds betweenAand T False 2 H bonds
. Tin DNAis replaced by U in RNA True- Uracil
. The sugar in DNA is deoxyribose True

DNA nucleotides are joined by phospho bonds False- Phosphodiester
DNA polymerase makes peptide bonds False- Phosphodiester

Reverse transcriptase forms a DNA chain from an mRNA template.  True
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1. Define a palindrome (also known as a restriction site)
2. The enzyme cuts the sugar phosphate backbone, name the type of bond broken and
name the bond itself.

‘This is a part of the DNA sequence for haemoglobin that needs to be split. The
‘palindrome for the restriction enzyme you want touse is:

GGTAAGTACTGTTATGCC GTGCAATGCAGTACTGTGTGTGATACCG TAATGCCCGGGTCTCTCTCTGTAAGE

C CAT TCATGACAATACGGCACGTTACGTCATGACACACACTATG GCATTACGGGCCCAGAGAGAGCATTCG

Restriction enzymes:

EcoR1 | HindIl EcoRIIL Bamll
AGTJACC A[GTACT GITATAC C|GTTAACG
TCATGG TCATGIA CATATIG GCAATTGIC

Select which restriction enzyme you would use
Give your reasons for not using the other restriction enzymes

2. Restrictionenzymes cur around a palindrome, what is a palindrome?

3. Here are 4 DNA sequences draw the central axis of the palindrome

6AATTC ACCGE6T 66c6CC
cTTAAG T66CCA €CC6C66
A) The restrictionenzyme for the first set cuts betweenA and T, why
would this not a good restrictionenzyme?
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Bacterial sequence 1:

AIEIAIE 6 CAGTATACTATCG6CE6TTAACGCTAG HindII

A|GTACT
qCGTCATATGATAGC$CAATTGCGATC TCATGIA
Sticky end R ¢ DNA | 4
esto Blunten
Bacterial sequence 2:
q l’ /
AGTACTGCAGTATACTATCGC6TTAACG EN|AG EcoR1
CTAG
TCATGAC6TCATATGATAGCGCAATTG cEIAITE sjATc
Bacterial sequence 3:
Bamll
AGTACTGCAGTATACTATCGCICHTIAAIGE cTAG CGTTAACG
GCAATTGC
TCATGACGTCATATGATAG CEIAIARTGIEG A TC
Bacterial sequence 4:
AGTACTG CABITIAIAIE TATCGC6TTAACGCTAG EcoRIIL
GITATAC
TCATGACGTEIIANE ATAGCGCAATTGCEATC CATATIG
Bacterial sequence 5:
AGTACTGCAGTATACTATCGCGTIEAMAcecTAG Bziml\'
T|TAA

TCATGACGTCATATGATAGCGCAIAIEcceATC AAT|T
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Box 3: The gene machine .  

Amino - acid  sequence  GLY             ILE  VAL  GLU     GLN  CYS  CYS  

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

DNA  sequence   C C A  T A T  C A A  C T T  G T T  A C G  A C A  
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palindrome for the restriction enzyme you want to use is: B
AGTACT
TCATGIA

GGTAAGTACTGTTATGCC GTGCAATGCAGTACTGTGTGTGATACCGTAATGCCCGGGTCTCTCTCTGTAAGE

€ CAT TCATGACAATACGGCACGTTACGTCATGACACACACTATG GCATTACGGGCCCAGAGAGAGCATTCG

You are going to be the restriction enzyme.
) Read the top chain from left to right.
b) Draw a vertical line between the first 2 bases of the restriction site as shown.
<) Read the bottom chain from right fo left.
d) Draw a vertical line between the first 2 bases of the restriction site as shown.
¢) Connect the 2 vertical lines with a horizontal line between the complementary
base pairs.

3. Draw the restriction site(s) using HindII on the haemoglobin sequence.

4. Below are other possible restriction enzymes that are available. Read through
the sequence above again, drawing (with a different colour) if /where these
Prestriction enzymes would cut the sequence.

Bam IV EcoRIL Bamll
T|TAA
AAT|T

5. The restriction enzyme for the first set cuts between A and T, why would this
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To help us identify the recombinant DNA in the transformed bacteria we use
specialised plasmids as the one shown below- known as an R-plasmid.

Activity: Use the internet to find out what an R plasmid is, can you add labels and
annotations o example of a simplified R plasmid shown below?

v Definition: Antibiotic resistance

v Definition: Genetic markers

Our R plasmid has 2 antibiotic resistant gene: 1) Resistant to ampicillin known as the
AMP gene. 2) Resistance to tetracycline known as the TET gene.

Activity If we use the BamHI restriction enzyme draw below what the recombinant
plasmid would look like (AMP gene= green, TET gene= blue, gene of interest= red)

Page130f 16 3061words [¥ English (United Kingdom) &

AaBbCcDe AaBbCecD: AaBbC(

ic. 0~ ¢ || B8 Camel College Connect > ho

Kim Edgell

8 Kim Edgel

s | wransier n

Q share
pel

Editing

G whatis an R plasmi - Goo

| Jsuemyen /
Old student booklet [Compatibility Mode] - Word

~Outlook Wes App | @ REMS Pt [LNR Jeamerstart]
B-Lactam "
.

Review View ACROBAT Kim Edgell

3y

Editing

Layout References _ Mailings Q share

Comic Sans M5
B I U -aecx X
F-A-ma- KA D
Font B Paragraph 5 styles
Identification of Transformed Bacteria

AaBbCcl AaBbC |AaBbCel|
Heading 1

L3
Paste

Emphasis 7 Normal

-

Clipboard &

MASTER PLATE
1. All bacteria are grown on
nutrient agar and grow fo
form COLONIES = the
IMASTER PLATE.

2. Master plate is pressed onto

3. Velveteen now has an imprint
of

4. A REPLICA PLATE is made by
transferring imprint of colonies to a plate.
with media containing

AMPICILLIN PLATE

Incubate

PN

i)

k)

Page 150265 4306 words English (United Kingdom)





image23.png
° G tps/wanw googlecoskisearchiqzhatss-an R plasmidasafe-stric © < G | BB Carmel Colge Comnect > o | G K Edaei- Outock et App | @) RV Poria LR Ieameran | G what s an R plasrid - Goo
. > e = = 5 /

mbinant DNA student booklet - Word Old student booklet [Compatibility Mode] - Word

=T o -

Layout References Mailings Review View ACROBAT Q Tellme.. KimEdgell £, Share i Giomes Wb e (oo SRS @ e G BUE

Cormic Sans M
Comic Sans MS - ’ = o
D& Mo 0 | maswcend| masbecoc AaBbCe | Z > B 1 U | ® ~ 7 daBCcl AaBbC AdBbCE

= N < = Editing Paste

Paste . t lormal | TTNo Spac.. Headin
S e p-WeA-mae KA Beme A A TNormal | TNo Spac... Heading 1

Clipboard Font & Paragraph 5 Styles G B oud] k] Farapraph e
IUENITY 111 DUCTErIU 161 TGV 1TUNSTOTTTIEd AN Crry 111 FECOmDINGit DINA.

mphasis  Heading jormal BT
- WA ma- KA Emph: Heading 1 | T Normal

wjstes

4. A REPLICA PLATE is made by
AMPICILLIN PLATE transferring imprint of colonies to a plate

On the MASTER plate ALL the with media confaining

bacterial colonies are grown.
. The MASTER plate if replica Tncubate
plated

5. The bacterial colonies that
must have taken up
the i.e. they have the
gere.

But which ones have the

plasmids, and
which have the
Restriction endonucleases activity sheet: plasmids?

Bacterial sequence 1:
ARG 6 CAGTATACTATC6C6TTAACG6CTAG
TEATEIA Co TCATAT6ATAGCE6CAATIGCEATC

Bacterial sequence 2:
AGTACT6CAGTATACTATC6CGTTAACG GG
TCATG6AC6TCATATGATAGCGCAATT G C GG

TETRACYCLIN PLATE

k)

Page 150116 3078 words (12 _English United Kingdom) g : Greboz (Ehumts 1 Gl





image24.png
G hitps//wvnwgoogle.couk/searchiq=uhate s+ Rplosmidéisafe=stiic © = O || B Carmel College Connect > ho... | 37 Kim Edgell - Outlook Web App | @ REMS Portl [LNR leamerstat] | G whatis an R plasmid - Goo

e e 7§ R

onugation. nibratie iY\
N i

resistance | Jswermmren

Old student &

patibiliy )

Recombinant DNA student booklet - Word

Loyout References Mailings Review View ACROBAT Q Tellme.. KimEdgell £, Share bgzy Mpens Uohm G ten GEERT RN O sher=

Comic Sans MS. =

Comic Sans Vs == »
e e—w nabccnc| Assboede AaBDCC S TR AL 4aBbCcl AaBbC |AaBbCCI|
Paste. - N N

Edtin
e jormal | TNoSpac... Headin Editing Paste o Do Moo | o T E e Emphasis  Heading 1 | Normal | = 9
Y A-¥-A-ma | KK D Thormal | TN Spac... Heading 1 - « W-A-ma- AN D

Clipboard & Paragraph Styles

Clipboard Font & Paragraph Styles

TETRACYCLIN PLATE

6. Another imprint of the
3. The REPLICA PLATE medium contain the surviving colonies is made
antibiotic AMPLICILLIN.

4. The REPLICA PLATE is incubated.

5. On the diagram identify which bacterial 7. Transfer imprint of colonies fo
colonies have died and describe these a2 plate with media containing

bacteria using the table you've filled in on —
page 1. another replicate plate is

formed
Incubate

8. The bacterial colonies that survive must have
taken up the plasmid because
| ‘they have the functional

Restriction endonucleases activity sheet: These colonies have
taken up the recombinant plasmid.

Bacterial sequence 1:
ARG 6 CAGTATACTATC6C6TTAACG6CTAG
TEATEIA Co TCATAT6ATAGCE6CAATIGCEATC

9. We now o back to the first plate and
N O select the colonies of bacteria that were
Bacterial sequence 2: able 1o grow on the tetracycline

k)
Page 160126 4306words [[¥  English (United Kingdom) B B - 1

MASTER PLATE

Page 150f 16 3116words [[¥ English (United Kingdom)





image25.png
Plasmid

O

l Incubate with enzyme E

Length of
foreign DNA.

@Jr/

l Incubate with ligase enzyme





image26.png
Answers to booklet exam question s - Word

I | Deign  Lsout  References  Maiings View  ACROBAT  Q Tellme what youwant to do Kim Edgell ), Share
Cut rem T <& x| nan | % nE; —— =T
0 & oy via A & 2 naocepe asebcede AZBDCC AedbCet AQB aseboer aasbeen assbced: 4cebceoi askbeede AasbCedi AcEbCeD ol
Paste g B AW A B ormal | TNo Spac... Heading 1 Headin itle ubtile  SubtieEm.. Emphasis Intense ron uote  Intense Q.. [7] |
e omatpaimer | B Uk X A-¥ oA & TNormal | TNoSpac.. Heading1 Heading2 Tt Subtile _SubtleEm.. Emphasis IntenseE.  Stong  Quote ImenseQu 5|y gy
Clipboara 5 Font 5 Paragraph 5 styles . Edting ~
M1 (a) .{) Reverse ranscriptase; N () ) 1. (Acts as a) marker gene to show that the (human) gene B
has been taken up / expressed;
(i) Idea that mRNA i present in large amounts in cell making 1. Accept: gene marker
the protein / mRNA has been edited / does not contain
introns / MRNA codes for single protein; 2._(Only) implant cells | embryos that show fluorescence /
1 contain the jllyish gene;
2 a
(b) _.(Ligase) splices / joins two pieces of DNA / “sticky ends";
1
(i) 1. Faclor IX presentin/ extracted from mik;
m2. rict / endonuclease / named exampl
() restiction (enzyme) / endonuclease  named example; 1 2. Gene only expressed in mammary glands / udder / gene
not expressed elsewhere;
(6)  unpaired bases / sticky ends / staggered] 2. Ignore references to milk
complementary / explained; N The ‘only’ aspect is important here.
3. Donot need to killsheep (to obtain Factor IX);
e
() 1 mark for each correct outcome
plasmid with foreign DNA joined in ring:
”"9“‘“["P'zs";;"‘;"'Y-”"g"”“’e'ﬂ"“"‘w“'yv M5a) 1. (finjected into egg). gene gets into all / most of cells of silkworm:
Ignore linear structures 3 2. So gets into cells that make silk.
2
M3.  (a) () Stickyends/description;
Reference to complementary base-p:
2 (©) 1. Notall eggs will successiully take up the plasmid;
. 2 Sikworms that have taken up gene vil glow:
(i) Ligase; 2
1
Promoter (region /
(b) Carrier of DNA / gene; (context of foreign DNA) (©) Promoter (region/ gene). N
Into cel / other organism / host;
2
(@ 1. Sothat protein can be harvested;
2 ther cels might cause
© Actas markor gone: Fibres in other cells might cause harm. R
Allows detection of cells containing plasmid / DNA; m
2
m
M4(a) Restriction / endonuclease;
Ignore specific names of restriction enzymes e.g.
EcoR? u
1

Page10f2 323words [[¥  English (United States) L] -+ 9%





image27.png
Gene for Factor IX is cut
from human DNA

—4





image28.png




image29.png
Jellyfish gene is attached to
the human gene

| —





image30.png
Promoter DNA from
sheep is attached

[ S —





image31.png
Copies of this DNA are
inserted into the nuclei of
body cells from sheep





image32.png
Each nucleus is
transplanted into a sheep
egg cell from which the
original nucleus has
been removed





image33.png
The egg cells divide to form
an embryo. Each embryo is
implanted into the uterus
of a different sheep





image34.png
(b) (i) 1. (Acts as a) marker gene to show that the (human) gene
has been taken up / expressed;

1. Accept: gene marker

2. .(Only) implant cells / embryos that show fluorescence /
contain the jellyfish gene;

"




image35.png
M4,(a) Restriction / endonuclease;

(b) .0

(i)

Ignore specific names of restriction enzymes e.g.
EcoR1

1. (Acts as a) marker gene to show that the (human) gene

1.

has been taken up / expressed;
1. Accept: gene marker

. .[Only) implant cells / embryos that show fluorescence /
contain the jellyfish gene;

Factor IX present in / extracted from milk;

Gene only expressed in mammary glands / udder / gene
not expressed elsewhere;
2. Ignore references to milk

The ‘only’ aspect is important here.

Do not need to kill sheep (to obtain Factor IX);

"




image36.png
Step 1
Isolate gene from spider.

Step 2
Insert spider gene into a plasmid
with a marker gene, called
EGFP. This gene codes for a
protein that glows brightly in
ultraviolet (V) light

Step 3
Inject copies of this plasmid into
many eggs of silkworms.

Step 4
Allow silkworm e
taken up the plasmid to grow vand
produce spider silk




image37.png
Answers to booklet exam question s - Word

I .. Deign Lot Refernces  Mailings View  ACROBAT  Q Tell mewhatyou want todo Kim Edgell £, Share
a T e PR e || prna~
D) % con mes New Ro A S 2 naocepe asebcede AZBDCC AedbCet AQB aseboer aasbeen assbced: 4cebceoi askbeede AasbCedi AcEbCeD ol
Paste J B %A e jormal | TNoSpac.. Heading1 Headin e Subtile SubtleEm.. Emphasis Intense ron uote  Intense Q.. [7] |
e o ipame BT U e AW oA 2y- i | TNomal | TNoSpac. Headingl Heading?  THe  Subiile SubtieEm. Emphass IntenseE. Stong  Quote ImemseQu | g
Gipboard 5 Font 5 Farsgraph 5 syies 5 eating ~
introns / mRNA codes for single protein: N () ) 1. (Acts as a) marker gene to show that the (human) gene B
has been taken up  expressed:
(6) _(Ligase) splices / joins two pieces of DA “sticky ends’: 1. Accept: gene marker
1
2. _(Only) implant cells / embryos that show fluorescence /
Contain the jelyfish gene:
p
M2 (a) restiction (enzyme)  endonuclease ! named example:
1
(5)  unpaired bases I stcky ends  staggered: ||
complementary / explained; (i) 1. FactorIX presentin / extracted from milk:
p
2. Gene only expressed in mammary glands / udder/ gene
not expressed elsewhere;
2. Ignore references to milk
(©) 1 markfor each correct outcome The ‘only"aspect i important here.
plasmid with foreign DNA joined in rng:
ting with plasmid only;ring of foreign DNA only: 3. Do not need to il sheep (to obtain Factor IX);
lgnore linear siructures
s
M3 () () Stickyends/ description: )
el b tan, base-pai M5() 1. (Finjected into egg). gene gets into al/ most ofcells of slkurorm;
. 2. S0 getsinto cels that make sik.
p
(i) Ligase:
1

(b) 1. Notall eggs will successfully take up the plasmid;
2. Silkworms that have taken up gene will glow.
(b)  Carrier of DNA / gene; (context of foreign DNA) 2
Into cell/ other organism / host;

2
(Q)  Promoter (region / gene).
1
(Q) Actas marker gene;
Allows detection of cells containing plasmid / DNA;
2
m (d) 1. Sothat protein can be harvested:
2. Fibres in other cells might cause harm.

2

m
Page2of2  323words ¥ English (United States) &

i wd 3





image1.png
:

Poswid

Pecombinant
DNA




image2.tiff




