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Chapter One: The Correct Controls in Molecular Biology – 
what is a control? 
 

Throughout this manual the concept of a control will be brought to your attention. Controls are 

of undeniable importance in all biological disciplines but are a necessity in molecular biology. 

The molecular biologist can rarely directly observe the processes being studied. We depend on 

the controls to assure us that our experimental results are valid. Each procedure will have its 

own type of controls, but each should include an appropriate positive and a negative control. 

 
Aim of this Chapter:  

1. Understand the concept of both a positive and negative control 

2. Explaining the concept of using the correct controls by providing examples in the 

following arenas: 

 restriction digests  

 transformation of the potential recombinant 

 detection of positive clones 

 

 

1.1 Experimental Controls 
For each experiment, you should carefully consider the purpose of your experiment and how 

you are planning to accomplish this purpose.  

 

 Positive control: a positive control should give the desired outcome of the experiment, 

provided that all the reagents and equipment are functioning properly. For example, if 

your experiment results in the ability of bacteria to grow on a petri plate containing 

antibiotic, your positive control will be bacteria that are known to carry the appropriate 

drug resistance marker. Even if none of your experimental bacteria grow, if there is 

growth of the positive control you know that growth was possible. 
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 Negative control: a negative control should be designed to not give the desired 

outcome of the experiment. In the example above, bacteria which do not carry a drug 

resistance marker should not be able to grow on a petri plate containing antibiotic. If 

growth is observed, it is a red flag that something is wrong with the experiment. 

(What could be one reason for growth?) 

 
1.2 Examples of how controls could be used in Molecular Biology  
Transformation of the potential recombinant  

The process of inserting plasmid DNA into bacteria (transformation) contains many steps. Cells 

must be treated to make them competent to take up plasmid DNA. The cells undergo heat shock 

to drive the plasmid into the cell. Cells recover and are finally plated on antibiotic plates. Thus, 

there are many things that could prevent the experiment from being successful. The following 

controls help to monitor the progress of the experiment:  

   

 Competent cells without plasmid added - this viability control ensures that the cells 

have not been killed by the manipulations. This control uses a sample of the same 

competent cells used for the rest of the experiment. The cells are treated the same as 

the experimental cells through the heat shock, recovery, and plating steps. However, 

they do not have a plasmid added to them. These cells should grow on a plate without 

antibiotic (positive control) but not on an antibiotic-containing petri dish (negative 

control). The viability control is important when using competent cells which have 

been frozen at -80'C and thawed for the experiment. 

 Competent cells transformed with a known plasmid - the competency control shows 

that cells can take up plasmid DNA. An intact plasmid is used for transformation. Often, 

a sample of the intact, uncut vector plasmid is used. After recovery, the cells are plated 

on antibiotic-containing plates. If the cells were indeed competent and the 

transformation was successful, colonies will grow on the petri dish. 

These controls not only test the ability of the bacteria to be transformed, they also verify that 

the antibiotic resistance plates are functioning properly.   
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Detection of positive clones – controls in restriction digests 

 

 Uncut plasmid - this is an important control. Uncut plasmid should always be run with 

the plasmid digest. By comparing the conformations of uncut plasmid with the cut 

plasmid, you can verify that the digest is complete. By examining the lane of the uncut 

plasmid, you can judge the purity and the condition of the DNA. 

 Uncut insert DNA - whether the fragment is a PCR product or a piece of another 

plasmid, you want to be able to compare the size of the cut and uncut insert DNA. 

Again, this helps to verify that the digest is complete. 

 Marker or ladder DNA - a digest containing fragments of known sizes is used as a 

guide to confirm that the cut DNA is the expected size.  

 

While other methods are used, researchers often screen for potential recombinants by 

performing a small-scale isolation of plasmid DNA (miniprep) from several colonies. The 

DNA is cut with restriction enzymes and analysed by gel electrophoresis. To verify that the 

cloning was successful, you should have DNA bands on the gel that represent the correct size 

of both the vector and the insert DNA. The new construction should have both of these pieces 

and the size of each can be matched with the known bands:  

   

 Cut and uncut vector - the cut vector will show the correct size of the "backbone" of the 

new construction. Uncut vector is compared to the cut vector to verify a complete 

digest. The uncut vector is also compared to the uncut plasmid DNA of the potential 

recombinants. The recombinant plasmids should be larger than the starting vector. 

 Cut and uncut insert - the cut insert DNA will show the correct size of the new DNA 

fragment in the plasmid "backbone". 

 Marker or ladder lane, such as a 1-kb ladder or the Pst digest of Lambda. 

 Uncut DNA from the experimental samples - this is an important control. If the new 

construction is larger than the starting vector (which is often the case), then the band 

representing supercoiled DNA should be slightly closer to the well. Occasionally, the 

new construction will be present totally in the DIMER form. If you do not run uncut 
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plasmid but only run your digest DNA, you will not know this. It can be a problem for 

you in later manipulations if you use a dimer plasmid. 

 

NOTE: Throughout this manual you will be required to insert 
the controls (think carefully about what you choose as this will 
affect the interpretation of your results) you will use during 
each experiment! 

  



 
 

Designed and Edited by Loedolff B 
Contributing Authors: Guzha T, Jewel J, Van der Vyver C, Wolf M, Burger NFV, Ellis A, Loedolff B 
Molecular Biology Techniques, the laboratory manual 
 
 

8

NOTES: Chapter One 
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Chapter Two: A molecular scientist’s most valuable laboratory 
tool – the pipette 
 

Pipetting skills are critical in any laboratory environment and somewhat of an art in science. 

The accuracy and precision with which pipetting is executed greatly influence the 

reproducibility of your experimental data sets.  

 

Aim: In this chapter you will learn: 

1. How to choose and set the correct pipette for the volume intended 

2. How to operate your pipette – modes of pipetting and transferring of liquids 

3. Confirming the reproducibility of your pipetting – EXERCISE accuracy and precision: 

graphical data analysis 

 

Materials required: 

 A full set of four pipettes 

 Water 

 Eppendorf tubes 

 Weighing scale 

 NOTEBOOK! 

 

The above key areas (aims) will assist in avoiding technical and volumetric errors, far too often 

introduced as the main culprit for non-reproducible/inconsistent data. Practising pipetting skills 

will give any potential scientist the necessary foundation for everyday operations in the 

laboratory environment. Remember, knowledge from science relies on its results! 
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2.1 Choosing your pipette 
Micropipettes are designed to dispense small volumes of liquid. There are different volumetric 

ranges for each type of pipette. 

The four most used sizes of pipettes have very specific volume indications; see Fig. 2.1 for 

assistance when choosing your pipette and the relevant tip. 

 

Fig. 2.1: A tabular guide for the different volumetric ranges in pipettes. 

 

2.2 Operating the pipette 
Practise using a pipette following the seven steps outlined below: 

 Using the thumb knob correctly: Turn knob clockwise to decrease volume and anti-

clockwise to increase volume. DO NOT exceed the volume range as indicated on the 

pipette. 

 Find the three positions on the pipette: Stop1 is the holding position, Stop2 is for the 

volume intended to transfer, Stop3 is the dispensing position…see Fig. 2.2 
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 Fit the tip to the end of the shaft. Press down and twist slightly to ensure an airtight 

seal.  

 

 

 

Fig. 2.2: Annotate your pipette. Indicate each position is and what its intended purpose is. 
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 Draw some liquid with your pipette. Keep the plunger at position 2, place pipette in 

liquid, and gradually release the plunger to position 1. Note: Always keep your pipette 

in a vertical upright position. 

 Check the tip of you pipette. Ensure that there are no air bubbles inside, or droplets on 

the outside of your tip. 

 Release the liquid from the pipette. Place the tip at an angle (10° to 45°) onto the surface 

it will be dispensed into. Slowly depress the plunger to position 2, and then to position 

3 to ensure that ALL your liquid is dispensed from the tip. Note: Keep the plunger in 

position 3 as you take the pipette out of the tube, and then slowly release it to holding 

position. 

 Eject the tip into a waste-bin. 

 

2.3 Reproducibility: Exercising accuracy and precision  
(1) Accuracy- Pipette various amounts of water into a disposable weigh boat and determine 

the volume of water you actually transferred knowing that the density of water is 0.998 g/ml 

(at room temp); that is, 1 ml of water has a mass of 1 gram so 50 µl (0.05 ml) volume of water 

has a mass of 0.05 gram (50 mg). 

(2) Precision/Reproducibility- pipette the same volume multiple times.  This will allow you 

to determine the mean volume and see if you get the same reading each time. Try re-using a 

tip multiple times and see if that affects your measurements.   

 

You will design your own experiment. Each person should pipette a range of volumes of 

liquid using each of the 4 micropipettes and measure the corresponding mass on the balance. 

It is best to design the experiment and set up a grid in your notebook and then take the pipettes 

to the balance and carry out the measurements.  Make sure you record all your data in your 

notebook as you do the experiment. 
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Present your data: For this experiment, you each need to make several graphs that display 

your data; one each from your measurement using p20, p200 and p100 micropipettes. The X 

axis will be the volume (in µl) and the Y axis will be the Mass (in mg or grams). 

 

Present your graphs: 
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Notes: CHAPTER Two 
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Chapter Three: Polymerase Chain Reaction (PCR) 

 

Whether you obtain a “working” PCR protocol with existing primers from an article or 

colleague, or have to design a new protocol from scratch and implement it in your lab chances 

are good that you have to go through some steps of optimisation to get to the desired results. 

Correct planning and knowledge of how each component of a PCR function will limit the 

frustration, time spend and waste of expensive reagents during the process in obtaining your 

desired results. 

 

Aim: In this chapter, you will learn: 

1. How to set up a basic conventional PCR reaction and thermal cycling conditions 

2. The function of each PCR component and reaction condition and apply these to 

optimise or troubleshoot your PCR reaction(s). 

3. Multiplexing PCR 

4. PCR for sequencing 

 

Materials/equipment required: 

 Protocol -calculations for making your master mix 

 Set of pipettes 10 µl to 200 µl 

 Autoclaved 1.5 & 2ml tubes, 0.2 µl pcr tubes, 10 µl, 20 ul, 100 ul, 200 ul filter tips. 

 Clean organised working area 

 Gloves 

 70 % ethanol to sterilise pipettes, working area and hands. 

 ICE & ice bucket 

 PCR reagents: Sterile PCR grade water, Taq, Buffer, dNTPs, MgCl2 , Primers 
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 PCR-rack 

 PERMANENT fine marker 

 Microcentrifuge 

 PCR machine 

 To analyse the amplicons resulting from your PCR experiment, reagents and 

equipment for agarose gel electrophoresis is required. To determine if you amplified 

the correct expected size of PCR product, an appropriate molecular weight size 

standard is needed.  

Aliquot, Aliquot, Aliquot! Just as when you make a stock solution for buffers/reagents and have 

an aliquot bottle as working stock you must also aliquot the stocks of your PCR reagents. This 

will prevent having to throw away your entire stash of precious and expensive reagents in the 

event of any contamination. 
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3.1 Setting up a PCR reaction 

For all the sets of PCR reactions you do in this practical complete a table as below. 

Although everyone in class are provided the same working stock solutions and concentrations, 

your specific final volumes for reagents will depend on the group you are in for optimisation.  

 

 

 

 

Table 3.1:  PCR reagents in the order they should be added 

Reagent [Stock solution] ul volume 

(for x 1 reaction) 

ul volume 

(for 5 x Mastermix 

[Final Reaction] 

PCR grade water     

Buffer* 10X   1X 

dNTPs  (10 mM)    

MgCl2  (50 mM)    

Fwd Primer  (10uM)/10pmol/ul    

Rev Primer  (10uM)/10pmol/ul    

DNA polymerase  (5U/ul)   1.25 U 

Template DNA (100ng)    

Final Volume  50 250  

*Some buffers already contain MgCl2-make sure of the starting concentration as this will 
influence the final concentration 
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Tabel 3.2: Standard 3 step PCR cycling 

 Standard 3-step PCR Cycling 

Cycle step Temperature Time Number of Cycles  

Initial Denaturation 94 °C 1 minute 1  

Denaturation 

 

Annealing (Ta) 

 

Extension 

94 °C 

 

5 °C below Tm 

 

70 °C to 80 °C 

10 to 60 seconds 

 

30 seconds 

 

Amplicon and DNA 
polymerase dependent 

 

 

 

25-35 

 

Final Extension 70 °C to 80 °C 5 minutes 1  

Hold 4 °C ∞ 1  

 

Did you determine your Ta from the Tm of the given primer sets(s)? Are you using the 

suggested Tm from the provided article? Did you use the thermal cycler to calculate your Tm? 

Did you use a web-based tool i.e.  https://eu.idtdna.com/calc/analyzer 

 

Method:  

Moving into action after you have worked out your reagent volumes that will be added to your 

reaction mixture and thoroughly cleaned your working space and pipettes. 

 

 Switch on the PCR machine to ensure the lid is already heated by the time you put 

in your reaction tubes. Do you know how to program your thermal cycler? 

 

1. Place all your PCR reagents ON ICE to THAW. The DNA polymerase can be put IN 

the ice as the DNA polymerase is suspended in a glycerol buffer and does not freeze. 
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2. Place your PCR tube holder on ICE. If you use a whole PCR plate, the plate can be put 

on ice as is. Allowing PCR reagents to be added into cold 0.2 ml thin walled PCR tubes 

will help prevent nuclease activity and nonspecific priming. 

 

3. LABEL your PCR tubes with the permanent marker and put in the PCR tube holder. 

Always try to order your PCR tubes in the same order/orientation as your samples, this 

helps you to keep track of where you already added your template. 

 

*Remember to label extra tubes for your controls 

 

4. Make sure all the reagents have completely thawed. No tiny ice crystals should be 

visible in any of the tubes. Mix your reagent tubes by inverting or tapping with your 

finger. Do a quick spin down to ensure there are no liquid left in the lids of your reagent 

tubes before opening. Prepare your Master Mix ON ice in a 1.5ml or 2ml centrifuge 

tube in the order of your table. NO DNA is to be added to your Master Mix! 

 

5. Gently mix the reagents in you Master Mix by using your pipet, set at half the total 

Master Mix volume, and pipetting up and down 10-20 times or by a quick vortex. 

 

6. Do a quick spin down of your Master Mix to ensure there is no liquid left in the lid 

before opening. 

 

7. Transfer the total volume needed per reaction from your Master Mix (minus the volume 

needed for DNA) to your PCR tubes on ice. Keep the Master Mix tube on ice, or when 

you hold it between your fingers, hold it above the liquid level to avoid the heat from 

your hands warming up your reaction mixture. The same pipet tip can be used for each 

transfer of the Master Mix. 
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8. Now add your template DNA into each reaction tube. What do you add to your negative 

control with NO DNA?  

 

9. Close the lids of your individual tubes as you go along or complete a row and put on 

the strip caps when using strip tubes or a plate. 

 

10.  Make sure there are no bubbles at the bottom of your reaction. Mix your tubes gently 

by flicking with your fingers and a short spin in a centrifuge. 

 

11. Place your PCR tubes in the thermal cycler. Firmly close the lid and THEN start the 

program you selected or programmed on the machine. 

 

12. When the PCR program has finished remove your PCR tubes with samples and store at 

4°C. 

 

 Make a 1.5 % agarose gel and run your samples for 1 H @ 100mV 

 

*If your PCR buffer does not already contain a loading dye REMEMBER to add loading dye 

to your samples before loading your gel. 
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3.2 Analysing your results and troubleshooting1,2 

Do you observe any of the following? What does it mean? What parameters are you going to 

change in your follow up PCR to rectify these issues? 

 

 Smears in your wells 

 Multiple non-specific amplified fragments per lane 

 Amplicons in your water control 

 A false positive 

 A false negative 

 

3.3 Multiplex PCR 
 

What is Multiplexing of PCRs? 

What are the advantages of doing a multiplex PCR? 

What do you think is the criteria to be able to multiplex different PCRs in one reaction? 

 

Task: Perform a multiplex reaction of the 2 sets of primers that were optimised separately in 

the practical until now. Analyse the results, troubleshoot (if necessary) with your newly gained 

knowledge and skills and repeat the PCR one more time to (hopefully) end up with a crisp, 

clear and specific multiplex reaction. 

 

 
1 Lorenz, T.C. Polymerase Chain Reaction: Basic Protocol Plus Troubleshooting and Optimization Strategies. J. 
Vis. Exp. (63), e3998,doi:10.3791/3998 (2012). 
 
2 Optimization and troubleshooting in PCR. Cold Spring Harb Protoc; 2009 doi:101101/pdp.i66 Vol. 4, Issue 4, 
2009 
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PCR multiplexing….the next frontier…fluorescently labelled primers and fragment analysis 

(NOTE-we are not sequencing….yet) 

 

Tabel 3.3. The fluorescent labels and size standards compatible with Stellenbosch Universities 
CAF sequencer. Try not to mix a reaction containing both old and newer generation primers, 
this might influence your results negatively 

 

The intensity of emitted fluorescence is different for each dye, and you must optimize sample 

concentration to account for differences in dye signal strength. Examples: • 6-FAM™dye emits 

a stronger signal than NED™dye. Therefore, to generate signals of equal intensity, you must 

load approximately three times as much NED™ dye-labeled fragments as 6-FAM™dye-

labeled fragments. • VIC® dye emits a stronger signal and is more stable than HEX™ dye. Use 

VIC® dye for weak amplicons. 

 

Task: Design a multiplex PCR with the available dyes in Table z, for the set of known 

microsattelite markers (given in class) you need to genotype your plant population. Keeping in 

mind the general criteria of primer compatibility that you have learned by now should also be 

considered. 

 

 What is the difference in protocol of doing a PCR with fluorescently labelled 

primers? 

 

Dye Colour  

6-FAM Blue (most intense dye) Newest Generation labels 

VIC Green 

NED Yellow 

PET Red 

Liz (500, 600, 1200) Orange size standard 

6-FAM Blue Older Generation labels 

HEX Green 

Rox 500 Red 
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As the fluorescently labelled primers are light sensitive, protect your primers and resultant 

PCR product from light by covering with tinfoil for example when storing in the fridge or 

transporting them. You might also have to do a dilution of your PCR product before submitting 

samples for sequencing electrophoreses or fragment analysis.  Look at the specific 

requirements of the institution you are submitting your samples to.  

 

Workflow of fragment analysis of PCR with labelled primers 

 

1. Isolate DNA 

2. Quantify DNA 

3. Perform PCR with labelled primers (single or multiplex reactions).  This is how you 

label your fragments as you amplify them with the primers. Multiple different 

coloured fluorescent dyes can be detected in one sample. 

4. Run a sub sample of your product to see if you have any amplification before 

submitting it to your service provider. (You will not see a specific profile, but at 

least you will know if you had successful amplification before submitting it for 

expensive analysis). 

5. Capillary electrophoresis –the separation of fragments based on size using a genetic 

analyser 

6. Data analysis-Sizing and optional genotyping by software such as GeneMapper® 

and Peak Scanner™ 
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3.4 PCR for sequencing3 
Workflow of DNA sequencing experiment by capillary electrophoresis 

Sequencing is the determination of the base-pair sequence of a DNA fragment 

 

1. Isolate DNA 

2. Quantify DNA 

3. Perform PCR with UNLABELED PRIMERS to multiply fragment of interest 

4. A. Perform gel electrophoresis of your product to determine if you amplified the 

correct fragment or separate multiple amplified fragments. 

B. Excise the desired fragment size from your gel and use a gel extraction kit to purify it. 

How can you be sure that you have the desired amplified fragment and not just an amplicon 

with the same coincidental fragment size? 

 

C. This purified fragment can be used for  

a) direct sequencing if the extracted yield is high enough. 

b) re-amplification with the original primers to optimise yield 

c) cloning of the fragment into a suitable plasmid vector for multiplication of the fragment in 

i.e. E.coli 

5. Purification of your template 

A. Plasmid extraction if fragment is cloned into a vector and multiplied in bacteria or 

yeast. 

 
3 DNA Fragment Analysis by Capillary Electrophoresis. Applied biosystems by Life technologies user manual 

available at :  https://www.thermofisher.com/content/dam/LifeTech/global/Forms/PDF/fragment-analysis-

chemistry-guide.pdf 

 



 
 

Designed and Edited by Loedolff B 
Contributing Authors: Guzha T, Jewel J, Van der Vyver C, Wolf M, Burger NFV, Ellis A, Loedolff B 
Molecular Biology Techniques, the laboratory manual 
 
 

25

B. PCR products can be purified through gel-electrophoresis as before mentioned or 

cleaned with a PCR clean up kit to remove access primers and dNTPs. 

6. Prepare your sample (and primers if needed) as per the requirements of the service 

provider. 

Do you want your fragment to be sequenced from both ends? What does this mean? 

7. Complete the sample submission sheet to accompany your samples for sequencing. 

 

What are the Pros and Cons of direct sequencing your template fragment vs first cloning your 

fragments into a plasmid Vector? 

 

Why would you use these two different approaches? 

 

Task: Select any of the bands from your optimised PCR reactions to sequence. 

Describe your workflow and method and complete your sample submission form. 

 

3.5 Sequencing of your inserted DNA fragment 
Now you have reached a point where you should be certain that you cloned your gene of interest 

in the correct orientation, in the correct plasmid. But what would happen if there is a single 

amino acid change present in the insert. Could this affect downstream applications? How can 

we ascertain that our gene of interest is mutation free? Send it for sequencing off course!  

 

Preparation of DNA: 

 Samples (in the form of plasmids) to be send for sequencing need to be isolated with a 

miniprep kit, as you will require extremely ‘clean’ DNA for this purpose. 

 The specific concentration requirements for your DNA will be stipulated by the 

company you wish to send it to for sequencing. 
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 Primers need to be selected – you could either send your own primers (recommended) 

or select primers supplied by the company. 

 

There are several facilities available for sequencing of DNA. At Stellenbosch University we 

make use of the Central Analytical Facility (CAF). Visit their website, download the 

application form and follow the instructions provided for sample submission. 

 

http://www.sun.ac.za/english/faculty/science/CAF/units/dna-sequencer 

 

A sample submission form must also be completed with you and your supervisors’ details as 

well as the specifics of your analysis you want. This must be submitted electronically to the 

institution (CAF) and DON’T forget to cc your study leader. 
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Notes: CHAPTER Three 
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Chapter Four: The avatars for transformation – preparation of 
bacterial “competent cells” 
 

Transformation is the process during which the genetic makeup of a bacterial cell is changed 

through the introduction of foreign DNA. For cells to take up foreign DNA they need to 

undergo a series of processes which will enable them to become competent for this purpose. 

Several methods exist for the preparation of either electro- or chemically competent cells, in 

this chapter we will examine and execute only one of these methods – a chemical competent 

cell preparation method. 

 

The reason for this process relies on the fact that bacterial cells consist of a cell membrane 

(phospholipid bilayer), with hydrophobic tails pointing inward and hydrophilic heads pointing 

outward. These hydrophilic heads are negatively charged (due to an electronegative phosphate 

group)…herein lies the dilemma – DNA also has an electronegative phosphate group. How 

will ‘negatively charged’ DNA move into the bacterial cell through a ‘negatively charged’ 

membrane? This scenario is much like trying to push the negative poles of two magnets 

together…they never meet, unless there is a way to neutralise the situation. This requires the 

addition of positively charged salts which will result in the bacterial membranes (and DNA) 

becoming neutral. Repelling of DNA is therefore no longer a threat during the transformation 

process. 

 

Now that we can bring the bacterial cells and DNA in close proximity, how will it enter into 

the cell? Generally (using chemical competent cells) a heat-shock is required. This process is 

done at a temperature of 42 C. It is believed that this heat pulse effectively opens the pores on 

the bacterial cell membrane, allowing plasmids to enter into the cells due to a temperature 

gradient created (the inside of the cell is ice cold, while the outside is introduced to a sudden 

increase in temperature). 
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Aim: In this chapter you will learn how to: 

1. Prepare Escherichia coli (the laboratory bacterial ‘workhorse’) chemically competent 

cells for plasmid transformation purposes 

2. Transform your competent cells via heat-shock  

3. Determine the transformation efficiency of your competent cells 

 

Materials/media required: 

 LB agar plates 

 E. coli DH5 cells 

 LB media (liquid) 

 TB media 

 DMSO 

 pUC19 vector 

 

Procedures:  

4.1 Preparation of competent cells  

(Modified from Inoue et al (1990)4) 
 

METHOD: 

a) Culture bacterial cells on LB agar plates at 37⁰C overnight 

b) Pick a colony and grow starter culture in 3 ml LB at 37⁰C overnight, with vigorous 

shaking (200 rpm) 

 
4 High efficiency transformation of Escherichia coli with plasmids. Inoue et al (1990), Gene, 96:23-28 
https://doi.org/10.1016/0378-1119(90)90336-P 
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c) Inoculate 200 ml LB with the starter culture and grow cells at 37⁰C, shaking at 200 

rpm, until it reaches OD600 = 0.5 (takes approximately 4 hrs) 

d) Place the flask in ice for 10 min 

e) Pellet cells by centrifugation (4000 rpm) for 10 min at 4⁰C (cells can be divided into 

four 50 ml tubes) 

f) Resuspend each pellet in 20 ml ice-cold TB (hereafter, combine appropriately so that 

there are two tubes containing 40 ml TB) and store on ice for 10 min 

g) Centrifuge (4000 rpm) for 10 min at 4⁰C 

h) Gently resuspend each pellet in 10 ml ice-cold TB and 700 µl DMSO (DMSO needs to 

be stored at -20 ⁰C overnight before use) 

i) Aliquot the cells in volumes of 50 µl, snap-freeze in liquid nitrogen and store at -80⁰C 

j) Use aliquots for transformation as per “The magic E. coli transformation protocol” 

instructions 

 

4.2 Transformation of E. coli competent cells 
METHOD (1): THE “MAGIC” TRANSFORMATION 
 

a) Take the ultra-competent cells out of the -80 ⁰C freezer and thaw on ice 

b) Put your selection plates (LB+antibiotic) on the bottom shelf of an incubator to pre-

warm (37 ⁰C to 45 ⁰C) 

c) Add 5 µl of ligation to cells (DO NOT MIX BY PIPETTING UP AND DOWN), 

leave on ice for 5 min 

d) Add the cell/ligation mix onto the pre-warmed plates, turn the plate quickly to spread 

the cells 

e) Spread cells evenly onto the plates, using sterile glass rod 

f) Air dry the plates in the laminar flow for 5 min  
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g) Culture the cells overnight at 37⁰C 

 

METHOD (2): THE “HEAT-SHOCK” TRANSFORMATION 
 

a) Take competent cells out of -80 ⁰C freezer and thaw on ice 

b) Add 5 µl of ligation reaction to cells. DO NOT MIX BY PIPETTING UP AND 

DOWN 

c) Incubate mixture on ice for 30 min 

d) Set heating block to 42⁰C 

e) Heat-shock the cell mixture at 42 ⁰C for 45 s 

f) Place back on ice for 2 min 

g) Add 250 µl LB to cells and incubate at 37 ⁰C, with 200 rpm shaking, for 30 min 

h) Plate 50 µl and 100 µl of each transformation onto selective plates (LB+antibiotic) 

i) Culture cells overnight at 37 ⁰C 
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4.3 Determining transformation efficiency of E. coli competent cells  
 

NOTE: The transformation efficiency (TE) is generally defined as the number of colony 

forming units (CFU) produced (as visualised on a LB plate) by transforming with 1 µg of 

‘supercoiled’ control plasmid into a given volume of competent cells. A good transformation 

efficiency ideally equates to 1 x 108 CFU/µg DNA or higher. 

 

METHOD: 

Transformation efficiency (TE) equation:  

TE  Colonies/µg/Dilution  

Colonies  the number of colonies counted on the plate  

µg  the amount of DNA transformed expressed in µg  

Dilution  the total dilution of the DNA before plating 

Calculate your transformation efficiency with the following equation: 

(# colonies on plate/ng of DNA plated) X 1000 ng/µg = CFU/µg of DNA 

 

NOTE: "ng of DNA plated" refers to the amount of DNA that was plated onto each agar plate, 

NOT the total amount of DNA used per transformation. Calculate this number with the 

following equation:  

volume of plasmid used in µL x concentration of DNA in ng/µL x (volume plated / total 
reaction volume) 

 

Example: You transformed 1µL of 0.05 ng/uL plasmid (note: 50 pg/µL = 0.05 ng/µL) into 100 

µL of competent cells. You added 900 µL LB to your cells to get a total reaction volume of 

1000 µL and then plated 100 µLs of the transformation. The plate has 250 colonies on it 

the next day.  

 

ng of DNA plated calculation: 1 µL x 0.05 ng/µL x (100 µL plated / 1000 µL total reaction 

volume) = 0.005 ng DNA plated  
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Efficiency calculation: (250 colonies / 0.005 ng) X 1000 ng/µg = 5 x 107 CFU/µg DNA  

 

NOTE: Bacterial streaking methods are shown in figure (Fig. 3.1) below.  

  

 

 

Fig. 3.1: Two of the classical ways of streaking bacteria onto LB plates. Top – streak plate and, Bottom – spread 
plate technique. 
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NOTE: How to make and pour LB plates 
Protocol to make 500mL of LB agar (makes about 25 LB agar plates): 

1. Weigh out the following into a 1L bottle: 

o 5g NaCl 

o 5g Tryptone 

o 2.5g Yeast Extract 

o 7.5g Agar 

o add dH2O to 500mL 

2. Swirl to mix - the contents do not have to be completely in solution, but any powder 

left on the sides of the flask will caramelize on the glass during autoclaving. 

3. Autoclave on the liquid setting for 20 min or according to your autoclave's 

specifications. 

4. After removing the solution from the autoclave, allow the agar solution to cool to 55°C. 

Note: This can be done by placing the flask in a 55 °C oven or water bath, as this will hold the 

temperature and it can be left unattended for some time.  

5. When pouring plates, keep your bench area sterile and work in the laminar flow. 

6. Add the appropriate amount of desired antibiotic to the solution and swirl to mix. 

7. Pour ~20 mL of LB agar per 10 cm polystyrene Petri dish. 

Note: Pour slowly from the flask into the center of the petri dish. When the agar has spread to 

cover about 2/3 of the dish stop pouring and the agar should spread to cover the entire plate. 

You may need to tilt the plate slightly to get the agar to spread out completely. If you pour in 

too much, the plate will be fine, but it will reduce the number of plates you can make per batch.  

Note: If bubbles are introduced during the pouring, these can be removed by quickly passing 

the flame of an inverted bunsen burner over the surface of the plate. Be careful, if you leave 

the flame too long it will melt the petri dish. Also be careful not to burn yourself.  
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8. Place the lids on the plates and allow them to cool for 30-60 min (until solidified), then 

invert the plates.  

9. Label the bottom of plates with antibiotic and date and store in plastic bags or sealed 

with parafilm at 4°C. 

 

NOTE: What are antibiotics used for? Which antibiotic do we use and how do determine 
this? 
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NOTE: Antibiotic concentrations for bacterial selection 
Plasmids carry antibiotic resistance genes, which confer antibiotic resistance to the bacteria 

carrying them. The presence of these antibiotic resistance genes on plasmids allows researchers 

to easily isolate bacteria containing the plasmids from those that do not by artificial selection 

(i.e. growing them on or in a medium containing the antibiotic).  

You should check your plasmid's datasheet or the plasmid map to determine which antibiotic 

to add to your LB media or LB agar plates.  

 

Preparing Antibiotics 

1. Create a stock solution of your antibiotic. Make a 1000X stock solutions, filter sterilize 

and store aliquots at -20 °C. 

2. To use, dilute your antibiotic into your LB medium at 1:1,000. For example, to make 

100 mL of LB/ampicillin growth media, add 100 μL of a 100 mg/mL ampicillin stock 

(1000X stock) to 100 mL of LB. 

 

 

Antibiotic Concentrations: 

Antibiotic Recommended Stock Concentration  Recommended Working Concentration  

Ampicillin 100 mg/mL  100 µg/mL  

Chloramphenicol  25 mg/mL 
(dissolve in EtOH)  

25 µg/mL  

Gentamycin  10 mg/mL  10 µg/mL  

Kanamycin  50 mg/mL  50 µg/mL  

Spectinomycin  50 mg/mL  50 µg/mL  

Tetracycline  10 mg/mL  10 µg/mL  

Note: Unless otherwise indicated, the antibiotic powder can be dissolved in dH20.  
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NOTES: Chapter Four 
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Chapter Five: Triumphant transformation? – Verification of 
your insert DNA 
 

Before you can declare your transformations as victorious, a few diagnostic tests need to be 

completed for final verification of the presence of the correct transgene into the desired 

plasmid. Numerous methods have been developed for this purpose and in this Chapter we will 

discuss four of them: Blue/white screening, colony PCR, plasmid isolation and restriction 

digest analyses. 

 

Blue/white screening is a quick and easy method of distinguishing between recombinant 

(containing the insert) and non-recombinant (not containing the insert) colonies on your LB 

agar plate, through a simple colour visualisation. Blue/white screening is based on an amino 

acid deletion in the Lac operon of E. coli. This renders the β-galactosidase (β-Gal) encoding 

gene (LacZ) non-functional. It was later discovered that the function of the mutant β-Gal could 

be rescued by an alpha-peptide (containing the missing amino acid pieces…these are usually 

present on the plasmid you should use for this method). This is called alpha-complementation. 

HOW does it work? The β-Gal enzyme hydrolyses lactose. For plate-based screening in the 

lab, we use x-gal which is a colorless analogue of lactose. When β-Gal hydrolyses x-gal 

(REMEMBER: this means that the function of the enzyme is restored….), a blue colored 

product is created which enables us to distinguish between recombinant and non-recombinant 

colonies.  

 

NOTE: which color would colonies be if they contained your gene of interest? 

 

HOW WERE PLASMIDS CREATED TO ENABLE THE EFFECTIVE USE OF 

BLUE/WHITE SCREENING IN MOLECULAR BIOLOGY? 

 

NOTE: What is Blue/white screening? What does alpha-complementation refer to? Use 

Fig.5.1 to help with answering these questions… 
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Fig. 5.1: A schematic illustration demonstrating the use of alpha-complementation/blue-white screening (From: 
Sigma-Aldrich5,6) 

 

However, you will still need to confirm whether these ‘recombinant’ colonies contain your 

actual gene of interest. The simplest and fastest method to confirm this is via a colony PCR. 

After your overnight colony growth on the LB agar plates, you could use a selected few directly 

from the plate and subject them to a PCR reaction. Here, you will be introduced to the simplest 

form of PCR and how to set up a PCR reaction. This method could also help you determine the 

size and orientation of your gene in the plasmid.  

 

NOTE: why is the orientation of the gene important? When answering this question, keep in 

mind that plasmids contain promoters….what do promoters do? 

 

Once you have confirmed the presence of your gene in the correct orientation, you will need to 

isolate your plasmid (separate it from the bacterial host) for subsequent uses or further 

verification procedures (such as sequencing or restriction analyses). Numerous methods have 

been developed and optimised to isolate plasmids from bacteria. The most widespread method 

 
5 https://www.sigmaaldrich.com/technical-documents/articles/biology/blue-white-screening.html 
6 Molecular cloning: A laboratory manual. Sambrook et al (1989), Cold Spring Harbor, New York: Cold Spring 
Harbor Laboratory Press 
https://doi.org/10.1016/0092-8674(90)90210-6 
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is termed ‘Alkaline lysis’ which allows you to isolate plasmids on large scale for further 

verification of your gene of interest by means of restriction digest. Companies have developed 

multiple kits specialized for this purpose and these kits should only be used after ALL 

verification has been done and you wish to send it for sequencing or to use it for downstream 

cloning purposes.  

 

Aim: In this chapter you will learn how to verify and analyse the presence of your insert into a 

plasmid by means of: 

1. Blue/white colony screens 

2. A colony PCR – the setting up of a basic PCR reaction 

3. Agarose gel visualisation of results (this includes the PCR and restriction digest results) 

4. Isolate plasmids from bacterial liquid cultures 

5. Analyse a plasmid (possibly containing an insert) with enzyme restriction digestion 

6. Send a plasmid for sequencing (how to prepare for it and where to send it at 

Stellenbosch University) 

 

Materials/media required: 

 LB agar plates 

 E. coli DH5 competent cells 

 Plasmid (with and/or without gene of interest) 

 LB media (liquid) 

 X-gal (20 mg/ml) 

 Isopropyl β-D-1-thiogalactopyranoside (IPTG) 10 mM 

 Antibiotic for selection of the plasmid 

 Restriction enzymes – which ones? 
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 PCR components – what does this entail? 

 Solutions for alkaline lysis mini-preparations  

 TE buffer 

 Plasmid isolation kit (we use a kit manufactured by Promega Corporation) 

 1% Agarose gel for analyses/visualisation 

 

  

5.1 Blue/white colony screening 
Prepare the following:   

 20 mg/ml X-Gal solution in Di-methyl-formamide (DMF). This solution is stable when 

stored at -20 C for subsequent use. (NOTE: Please note the warning signs when 

working with molecular chemicals!!).  

 Prepare 100mM IPTG from a stock solution in dH2O (WHAT IS A STOCK 

SOLUTION AND HOW DO WE MAKE IT?). The stock solution should be aliquoted 

and stored in -20C.  (NOTE: IPTG must be filter sterilised! How do we do this?) 

 LB agar media 

 

Before pouring the plates, add: 

2 ml of IPTG stock solution (0.1 M) – final concentration: 0.2 mM 

2 ml of X-gal stock solution (20 mg/ml) – final concentration: 40 μg/ml 

 

Spread your bacterial culture (by this stage you should already have a plasmid to work with for 

the purposes of learning, MAKE SURE you understand your plasmid map!) out on the LB agar 

plates and incubate it @ 37 C for overnight growth. Determine whether the plasmid given to 

you was recombinant or not….. 
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You could use these colonies for your next experiment – the colony PCR – so be sure of the 

colour you pick!  

 

NOTE: Which colour should the recombinant colonies be? 

NOTE: What could you use from your blue/white screen plate as the control for the colony 

PCR? 

 

5.2 Colony PCR 
This method was designed to rapidly screen for plasmid inserts directly from the bacterial 

colony. In involves the lysing of bacterial cells for the amplification of the insert/portion of the 

plasmid. You have a few options for PCR screening, (i) use insert specific primers to determine 

the presence of your transgene, (ii) use plasmid specific primers to determine recombinant 

plasmid or, (iii) use a combination of the first two options to determine the orientation of your 

insert. Please download the full manual for Promega Corporation GoTaq®7, a commercially 

available DNA polymerase. 

 

NOTE: What are primers? 

 

Colony Prep for Colony PCR 

 

1. Pick a well isolated colony and transfer to 50 μl of sterile water. 

NOTE: Part of the colony may be transferred to LB media containing the appropriate 

antibiotic for overnight culture and miniprep if desired. 

2. Boil for 10 minutes. 

3. Centrifuge at 16,000 x g for 5 minutes. 

4. Use 5μl of the supernatant in a 50μl PCR. 

 

  

 
7 https://worldwide.promega.com/products/pcr/endpoint-pcr/gotaq-dna-polymerase/?catNum=M3001 
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Colony PCR with GoTaq® DNA Polymerase - Typical Reaction. 

Nuclease-Free Water to   50μl 

5X Green GoTaq® Reaction Buffer  10μl 

PCR Nucleotide Mix     1μl 

GoTaq® DNA Polymerase (5u/μl)  1.25u 

Downstream Primer (10μM)  1.5 μl 

Upstream Primer (10μM)  1.5 μl 

Colony Lysate    5μl 

 

NOTE: Assemble the reaction on ice in the order listed. A master mix containing 

everything but the colony lysate can be prepared and dispensed into reaction 

tubes, thereafter add the colony lysate. 

Cycling Conditions For GoTaq® Reactions. 

 
Step  Temp Time 

(min) 
Cycles  

Initial 
Denaturation  

94 °C  2 1  

Denaturation  94 °C 0.5–1.0  
Annealing  42–65 °C* 0.5–1.0 25–35 
Extension  72 °C 1 

minute/kb 
 

Final 
Extension  

72 °C  5 1 

Soak  4 °C Indefinite 1 
 

NOTES: Reactions are placed in a thermal cycler that has been preheated to 94°C. 

*Annealing temperature should be optimized for each primer set based on the 

primer melting temperature (Tm).  

The extension time should be at least 1 minute/kilobase of target. 

Typically, anything smaller than 1kb uses a 1-minute extension 

 

Analyse your results on a 1% Agarose gel. How would you load your Agarose gel, in a 

logical manner? Outline an illustrative example in the space below: 
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5.3 Gel electrophoresis - Agarose gel analyses (visualisation of DNA) 
Making the Agarose Gel: 

1. Measure out 1g of agarose. 

 

NOTE: Agarose gels are commonly used in concentrations of 0.7% to 2% depending on the 

size of bands needed to be separated  

 

2. Pour agarose powder into microwavable flask along with 100 mL of 1xTAE 

3. Microwave for 1-3 min (until the agarose is completely dissolved). 

 

NOTE: Caution HOT! Be careful stirring, eruptive boiling can occur. 

NOTE: It is a good idea to microwave for 30-45 s, stop and swirl, and then continue towards 

a boil. Keep an eye on it as the initial boil has a tendency to boil over.  

 

4. Allow the agarose solution to cool down for 5 min. 

5. Add a visualizing reagent, such as ethidium bromide!!!8 (a stock solution of 10 mg/ml, 

add 2.5 µl per 50 ml agarose gel – what final working concentration does this calculate 

to?)  

6. Pour the agarose into a gel tray with the well comb in place. 

 

NOTE: Pour slowly to avoid bubbles which will disrupt the gel. Any bubbles can be pushed 

away from the well comb or towards the sides/edges of the gel with a pipette tip. 

 

7. Let it solidify completely at room temperature for 20-30 min. 

 
8 HAZARD WARNING: Wear gloves! Ethidium bromide is carcinogenic. 
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NOTE: Loading Samples and Running an Agarose Gel: 
 

1. Add loading buffer to each of your samples (UNLESS you used a PCR buffer already 

containing loading/tracking dye). 

 

NOTE: Loading buffer serves two purposes: 1) it provides a visible dye that helps with gel 

loading and will also allow you to gauge how far the gel has run while you are running your 

gel; and 2) it contains a high % glycerol, so after adding it your sample is heavier than water 

and will settle to the bottom of the gel well, instead of diffusing in the buffer. 

 

2. Once solidified, place the agarose gel into the gel box (electrophoresis unit). 

3. Fill gel box with 1xTAE (or TBE) until the gel is covered. 

4. Carefully load a molecular weight ladder into the first lane of the gel (we use either the 

1kb ladder from Promega or more generally a self-made lambda pst ladder, see below 

for ladder size annotation) 

5. Carefully load your samples into the additional wells of the gel. 

6. Run the gel at 80-150V until the dye line is approximately 75-80% of the way down 
the gel. 

 

NOTE: Black is negative, red is positive. (The DNA is negatively charged and will run 
towards the positive electrode.) Always Run to Red. 

 

7. Turn OFF power, disconnect the electrodes from the power source, and then carefully 
remove the gel from the gel box. 

8. Using an alpha-imager, UV light!!!9 ,visualize your DNA fragments. 

 

NOTE: When using UV light, protect your skin by wearing safety goggles or a face shield, 
gloves and a lab coat. 

 
9 HAZARD WARNING: UV light can cause damage to your DNA 
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Molecular weight ladders (Fig 4.2) – this is a DNA marker of known fragment sizes 

 

         A                    B 

  

Fig. 5.2: (A) Promega Corporation Benchtop 1 kb DNA ladder10, (B) lambda pst DNA ladder 

 

  

 
10 https://worldwide.promega.com/products/cloning-and-dna-markers/molecular-weight-markers/1kb-dna-
ladder/?catNum=G5711 

Table 5.1: Correct Agarose gel concentration for 
resolving different DNA fragment sizes 
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5.4 Plasmid isolation (mini-preparations) 
Many companies have developed kits specialized for the isolation of plasmids from bacteria. 

In our laboratory a commercially available kit, from Promega Corporation is used (see 

manufacture instructions, protocol 2). However, plasmids can also be isolated without the use 

of a kit (refer to protocol 1 below).   

 

PROTOCOL 1: The alkaline lysis method 
1. Prepare the following solutions:  

Solution I - Resuspension Buffer  

 25 mM Tris-HCl (pH 8)  

 50 mM glucose  

 10 mM EDTA  

Store Solution I at 4 °C  

 

Solution II - Denaturing Solution  

 0.2 N NaOH  

 1.0% SDS  

Store Solution II at room temperature  

 

Solution III - Renaturing Solution (Potassium Acetate)  

 120 mL 5M Potassium acetate  

 23 mL glacial acetic acid  

 57 mL of dH2O  

Store Solution III at 4 °C  
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TE buffer 

 10 mM Tris·Cl, pH 8.0 (5 ml Tris 1 M) 

 1 mM EDTA (1 ml EDTA, 0.5 M) 

 

NOTE: Tris·Cl [tris(hydroxymethyl)aminomethane], 1 M 

Dissolve 121 g Tris base in 800 ml H2O 

Adjust to desired pH with concentrated HCl 

Mix and add H2O to 1 liter 

 

NOTE: EDTA, 0.5 M (500 ml stock, pH 8.0) 

93.0 g EDTA (disodium ethylenediaminetetra-acetate·2H2O) in 400 ml of H2O 

Adjust pH to 8.0 (~10 g NaOH pellet), it dissolves when pH is right, add H2O to 500 ml 

 

2. Grow 2 mL overnight cultures from single colonies of bacteria containing your plasmid 

of interest.  

3. Add 1.5 mL of the stock culture to a 1.75 mL microfuge tube.  

4. Centrifuge in microfuge tube at 10,000 x g for 30 s.  

5. Pour off the supernatant, being careful not to disturb the bacterial pellet.  

6. Resuspend the pellet in 100 μl of cold Solution I.  

7. Vortex the solution for 2 min or until all bacteria are fully resuspended.  

8. Add 200 μl of Solution II and invert the tube carefully 5 times to mix the contents. The 

contents will become clear and thicker as the proteins and DNA are denatured.  

 

NOTE: Do not vortex at this stage or the genomic DNA will become sheared and will therefore 

contaminate your purified plasmid DNA. 

9. Incubate solution on ice for 5 min.  
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10. Add 150 μl of cold Solution III to each tube.  

11. Mix by inverting several times. A white precipitate will be formed which contains the 

bacterial proteins and genomic DNA.  

12. Incubate tube on ice for 5 min.  

13. Centrifuge the tube for 5 min at 12,000 x g.  

 

NOTE: Pellet contains proteins, cell fragments, salt and other extra particles from solutions.  

NOTE: Supernatant contains the plasmid DNA separated from bacterial chromosomes. 

 

14. Collect the supernatant into a new tube by pipetting or carefully pouring.  

15. Add 350 μL room temperature isopropanol to the solution and invert the tube several 

times to precipitate the plasmid DNA. 

16. Centrifuge the tube for 10 min at 13,000 x g. 

17. Pour out the supernatant.  

18. Wash the pellet with 70% ethanol.  

 

NOTE: This step removes excess salt from the pellet which can cause problems with some 

common reactions. 

 

19. Air dry the pellet (can be done by inverting the tube at an angle over tissue paper) for 

20-30 min.  

20. Resuspend pellet with 25-50μl of TE.  
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PROTOCOL 2: Plasmid isolation using a commercial kit  
Wizard® Plus SV Minipreps DNA Purification System, a commercially available kit, from 

Promega Corporation11,12. Download the instructions from the Promega’s website (provided in 

the footnotes) and write out the protocol in the space below: 

 

 

 

  

 
11 https://worldwide.promega.com/resources/protocols/technical-bulletins/0/wizard-plus-sv-minipreps-dna-
purification-system-protocol/ 
 
12 https://worldwide.promega.com/-/media/files/resources/protocols/technical-bulletins/0/wizard-plus-sv-
minipreps-dna-purification-system-protocol.pdf 
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5.5 Enzyme digestion – how to do a proper restriction analysis 
Restriction enzyme digestion takes advantage of naturally occurring enzymes that cleave DNA 

at specific sequences. There are hundreds of different restriction enzymes, allowing scientists 

to target a wide variety of recognition sequences. For a list of many commonly used restriction 

enzymes, visit the New England Biolabs13,14 website, provided in the footnotes section.  

 

Protocol/setup of an appropriate restriction digest: 

1. Select restriction enzymes to digest your plasmid.  

 

NOTE: To determine which restriction enzymes will cut your DNA sequence (and where they 

will cut), use a sequence analysis program such as NEBcutter®15  

2. Determine an appropriate reaction buffer by reading the instructions for your enzyme.  

 

NOTE: If you are conducting a double digest (digesting with two enzymes at the same time), 

you will need to determine the best buffer that works for both of your enzymes. Most companies 

will have a compatibility chart, such as the double digest chart from NEB. If you cannot find a 

buffer that is appropriate for both of your enzymes, you will need to digest with one enzyme 

first in the buffer for enzyme 1, repurify the cut plasmid, and then conduct the second digest in 

the buffer for enzyme 2. 

 

 

 

  

 
13 https://www.neb.com/ 
 
14 https://enzymefinder.neb.com/#!#nebheader 
 
15 http://nc2.neb.com/NEBcutter2/ 
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The setting up of your digest: 

 

1. In a 1.5 mL tube combine the following:  

 DNA  

 Restriction Enzyme(s)  

 Buffer  

 BSA (if recommended by manufacturer)  

 dH2O up to total volume  

 

NOTE: A typical restriction digestion reaction could look like this: 

 1μg DNA  

 1μL of each Restriction Enzyme  

 3μL 10x Buffer  

 3μL 10x BSA (if recommended)  

 x μL dH2O (to bring total volume to 30 μL)  

 

2. Mix gently by pipetting.  

3. Incubate tube at appropriate temperature (usually 37°C) for 2 hr. Always follow the 

manufacturer’s instructions.  

4. To visualize the results of your digest, conduct gel electrophoresis. 
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NOTE: There is a very specific DNA polymerase used ONLY for cloning purposes (such that 

errors should not be introduced into your gene during initial amplification), which polymerase 

is being referred to in this context? How is it different from the commonly used DNA 

polymerase that is used for general screening purposes? 
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NOTES: Chapter Five 
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Chapter Six: Extraction of animal genomic DNA 
 

Aim of this Chapter: 

To extract and analyze genomic DNA (gDNA) from animal tissue, using a modified method 

first described by Saghai-Maroof et al (1984) PNAS 81: 8014.  

All DNA extractions follow the same basic principles. In this section we aim to link your 

theoretical and practical understanding of DNA extractions as well as give you an opportunity 

to utilize some stoichiometry for practical application.  

Three general steps are required for DNA extraction, namely, 1) Cell lysis to expose the nucleic 

material. 2) Precipitation, following separation of nucleic acids from other cellular 

components. 3) Purification to isolate the desired nucleic acid. 

It is important to realize that there are many different methods of DNA extraction but 

understanding the core concepts will allow one to understand why various methods differ from 

one another. Most importantly, understanding all the component steps in a protocol allows for 

troubleshooting when things don’t go to plan! 

 

Material required: 

 Tissue sample (kob, abalone or black soldier fly, BSF). 

 Mortar and pestle (if using BSF). 

 Liquid nitrogen (if using BSF). 

 Scalpel blade (if using kob/abalone). 

 Extraction buffer (see constitutes below). 

 Isopropanol. 

 Ethanol. 

 Ice. 

 Foil. 
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 Distilled water (dH2O). 

 

List of stock solutions: 

The following solutions have to be prepared before starting your extraction. Give yourself 

enough time to make all solutions and factor in autoclaving times. The volumes of the below 

solutions are those commonly made in the lab. NB: Table 1 shows the amounts of chemicals 

required for stock solutions of 20 mL and 100 mL volumes, respectively – this is the 

volume range you need to work within. 

 

Solution 1: Chloroform-isoamylalcohol (24:1) (1 L) 

 960 mL chloroform 

 40 mL isoamylalcohol 

Keep at room temperature (RT) and protect from light using foil. 

 

Solution 2: 5 M NaCl (1 L) 

 292.2 g NaCl 

 800 mL dH2O 

 Adjust final volume to 1000 mL with dH2O 

 Autoclave and store at RT 

Mixing of solution can be quickened with application of heat. 

 

Solution 3: 0.5 M EDTA (pH 8.0) (1 L) 

 186.1 g EDTA 

 800 mL dH2O  
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 pH to 8.0 by addition of sodium hydroxide (NaOH) pellets 

 Adjust final volume to 1000 mL with dH2O 

 Autoclave  

Stir vigorously with magnetic stirrer whilst adding NaOH pellets (~20 pellets / grams). Pellets 

will start to dissolve as the pH reaches 8. Sore at RT. 

 

Solution 4: 1 M Tris-HCl (pH 6.5) (1 L) 

 121.1 g Tris base into 700 mL dH2O  

 Adjust pH to 6.5 with concentrated HCl (~70 mL) 

 Adjust final volume to 1000 mL with dH2O 

 Autoclave 

 

 

Note that solution will begin to heat while the Tris dissolves. Allow solution to cool to RT for 

storage. 

 

 

Table 6.1: Quick guide of extraction buffer stock solutions:  

Stock concentration 20 mL Vol 100 mL Vol 

5 % CTAB  1 g 5 g 

5 M NaCl  5.844 g 20.59.22 g 

0.5 M EDTA (pH 8.0)  3.722 g 18.612 g 

1 M Tris-HCl (pH 6.5)  2.423 g 12.114 g 

Make up individual stock solutions as described above for each solution separately.  
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Table 6.2: Extraction buffer (prepared from stock solutions) working stock with -
mercaptoethanol. 

Final concentration 10 mL Vol 50 mL Vol 100 mL Vol 

2 % CTAB 4 mL 20 mL 40 mL 

1.4 M NaCl  2.8 mL 14 mL 28 mL 

0.2 % β-mercaptoethanol (v/v) 20 µl 100 µl 200 µl 

20 mM EDTA (pH 8.0)  400 µl 2 mL 4 mL 

100 mM Tris-HCl (pH 6.5) 1 mL 5 mL 10 mL 

dH2O 1.78 mL 8.9 mL 17.9 mL 

 

 

Protocol for extracting gDNA from animal tissue:  

1. Cut up your tissue sample with a sterile scalpel blade (or grind in liquid nitrogen for 

BSF) and place into a sterile 1.5 mL reaction tube. 

 

WORK IN THE FUME HOOD WHILE USING (β-ME) 

 

2. Add the β-mercaptoethanol (β -ME) to the prepared CTAB extraction buffer. 

3. Add 300 µl working extraction buffer to the tissue sample. 

4. Add 2 µl proteinase K (10 mg/mL stock, supplied). 

5. Digest the tissue sample for at least 1 hour at 60°C in the water bath. Invert from time 

to time.  

6. Add an equal volume (i.e. 300 µl) of chloroform:isoamylalcohol (24:1). 

7. Mix thoroughly by inversion or briefly vortex (2 second pulses). 

8. Centrifuge at top speed for 5 minutes (4°C optional). NB: Make sure the centrifuge is 

balanced. 

9. Transfer upper aqueous layer (~120 µl) to a new previously labelled 1.5 mL tube. 
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10. Repeat steps 6 – 9 two to three times or until the supernatant is clear. 

11.  Precipitate the DNA by adding 2 volumes of ice cold 100 % ethanol [OR ice cold 

isopropanol]. 

12. Allow to precipitate for at least 1 hour -80°C (OR overnight at -20°C). 

13. Centrifuge at top speed for 20 minutes at 4°C. 

14. Discard supernatant, being careful not to lose the pellet.  

15. Wash the pellet with 200 µl ice cold 70 % ethanol. 

16. Mix by gentle inversion and then centrifuge at top speed for 10 minutes 4°C. 

17. Discard supernatant. 

18. Dry pellet by placing tubes opened and upside down on paper towel in the fume hood 

for 45 – 60 minutes. Alternatively, dry pellets in a drying oven at 55°C for ~10 minutes. 

19. Resuspend DNA pellet in 20 – 100 µl dH2O, depending on the size and opaqueness of 

the pellet. 

20. Nanodrop a 2 µl sample of DNA samples and record the absorbance readings. 

21. Prepare a 20 ng/ µl working stock in dH2O and store at -20°C. 
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Notes: Chapter Six 
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Chapter Seven: Extraction of plant genomic DNA from leaves – 
the concept of ‘genotyping’ 
 

For centuries people have tried to unravel the secret life of plants by means of observation, 

breeding, cultivation and experimentation. Technologies have developed to such extent that we 

are now able to determine the specific function of single genes. In order to do this, plants are 

often transformed with a gene of interest (thereby introducing a new trait to a plant for the 

purposes of functional analyses and subsequently for functional purpose). Often to study the 

functions of genes, plant biotechnologists will make use of the model plant Arabidopsis 

thaliana. Arabidopsis will be transformed by means of a floral dip or floral inoculation 

(described in Chapter Eleven) method. To confirm the insertion of your transgene you need to 

genotype the putative transgenic plant. Genotyping is thus used to determine differences in 

genetic make-up of a plant – meaning you compare the presence/absence of inserted genes in 

the transgenic (putative) plant to a non-transgenic (wild type) plant. Once a plant has been 

genotyped (the first transgenic plant is referred to as the T1 generation), it is further selected 

and offspring propagated to generations (referred to as T2 etc. generation) which are used for 

downstream characterisation of the gene of interest. 

 

 

Aim of this Chapter: 

To extract and analyse genomic DNA (gDNA) from plant leaves using a method adapted from 

Edwards et al (1991)16. 

 

Material required: 

 Arabidopsis leaves to be genotyped 

 Mortar and pestle 

 Liquid nitrogen 

 Extraction buffer 

 10% Sodium dodecyl sulphate (SDS) 

 
16 A simple and rapid method for the preparation of plant genomic DNA for PCR analysis. Edwards et al (1991), 
Nucleic Acid Research, 19(6): 1349 
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 Isopropanol 

 70% ethanol 

 TE buffer 

 PCR components for analyses 

 

 

Protocol for extracting gDNA from leaf material: 

Make your extraction buffer using the following components: 

For 200 ml: 

 4.844 g Tris base (Fw 121.1) dissolving in 180 ml ddH2O. Adjust pH to 7.5 with 

concentrated HCl 

 Add 2.922 g NaCl (Fw 58.44) 

 Add 1.861 g EDTA (Fw 372.2), alternatively 10 ml 0.5 M EDTA (pH 8.0) 

 Bring to volume of 190 ml with ddH2O 

 Autoclave 

 Add 10 ml 10% SDS to make up 200 ml final volume 

 

 METHOD: 

1. Grind tissue (one leaf generally; either fresh or pre-frozen in liquid N2) in 1.5 ml 

Eppendorf tubes on liquid  N2 with plastic pestle until well macerated 

2. Add 400 µl of buffer (200 mM Tris-Cl pH 7.5, 250 mM NaCl, 25 mM EDTA, 0.5% 

SDS) 

3. Vortex vigorously for approximately 1 min (place samples on ice until all preps are 

ready) 

4. Centrifuge (full speed, 13000 x g) at RT for 10 min 

5. Transfer 300 µl of supernatant to a fresh tube (keep on ice) 

6. Add 300 µl of isopropanol, mix by inversion, incubate at -20 ⁰C for 60 min 

7. Centrifuge (full speed, 13000 x g) at RT for 15 min, remove and discard supernatant 

8. Rinse the pellet with 1 ml of 70% ETOH, drain and air-dry pellet (approximately 1 hr 

until all residual ETOH has evaporated) 
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9. Resuspend pellet in 100 µl TE (pH 8.0). NOTE: Pellet will not dissolve completely, 

gently pipette up and down for 1 min, centrifuge at full speed for 1 min and use 

the supernatant for PCR) 

10. Use 5 µl in a 50 µl PCR reaction 

 

 

NOTE: Storage of the DNA: For short-term storage (24-48 hours) of the DNA, 2-8 C is 

recommended. For longterm storage, -20 C or lower temperature (-80 C) is recommended. 

Avoid repeated freezing and thawing of the sample which may cause denaturing of DNA. 

 

 

Analysing your gDNA (quantity and purity) prior to PCR: 

 Determine the concentration spectrophotometrically (using the NanoDrop: 

spectrophotometer which will measure DNA and RNA concentrations from small 

volumes, such as 1 µl, of your sample)  

 

NOTE: What do we use to calibrate the NanoDrop with? 

 

NOTE: What does the A260/A280 ratio refer to and what is the preferred outcome of this 

reading? Is this ratio sufficient for determining the concentration of DNA? 

 

 Prepare a 0.8% Agarose gel 

 Prepare the gDNA sample for electrophoresis 

 

NOTE: Remember, the gDNA sample does not contain loading buffer…… 
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Observation on Agarose gel (Fig. 5.1 for example of what to expect): 

  
Fig. 5.1: An example of gDNA on an agarose gel. 
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Notes: Chapter Seven 
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Chapter Eight: RNA – understanding the language of 
transcription (before translation….) 
 

DISCLAIMER: The following Chapter contains different methods for RNA extraction. You 
may not necessarily execute all protocols, but certainly will use at least one for teaching 

purposes. Two of the protocols provided are from commercially available kits. 

 

SEE APPENDIX AT THE END OF MANUAL 

 

Aim of this Chapter 

An important step to any gene expression studies is the isolation of high quality and yield RNA 

samples. Purified RNA can then be utilised to generate cDNA (complementary DNA) which 

in turn can be used as starting material in transcript abundance quantification methodologies 

such as microarray analysis, RNA sequencing and semi- or quantitative PCR (sq-PCR or q-

PCR). PCR amplification of genes from cDNA can also be useful in identifying splicing 

variants and isolating CDS regions for cloning work. 

 

At the end of this section you will be expected to be able to autonomously: 

 Harvest and prep plant tissue 

 Extract total RNA from the tissue using the CTAB method, and an extraction kit 

 Assess the yield and integrity of your RNA 

 

You will subsequently use your RNA to make cDNA for gene expression analysis so obtaining 

high quality samples is important.  Additionally, you are expected to know or investigate the 

purpose of all the steps and chemicals used within the protocol as you will find this important 

for troubleshooting, should the need arise. 

 

Considerations for RNA work 

Aseptic scientific technique is of importance in all lab work but is absolutely paramount during 

RNA isolation work. RNA turnover is much higher than that of DNA due to the action of 

RNases within the plant tissue material and on contaminating surfaces such as human skin and 

the apparatus used during the extraction protocol. Furthermore, multiple freeze-thaw cycles 
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can significantly compromise the integrity of the RNA sample. With this is mind the following 

precautions should be considered before beginning RNA isolation. 

 

 Wear gloves always and avoid touching your skin or other surfaces unnecessarily 

 Prepare all your solutions with DEPC-treated water 

 Autoclaving containers is not an adequate approach to removing all traces of RNases 

from your glassware – either use nuclease-free plasticware, bake your glassware at 

250 oC (overnight) or rinse your metalware in chloforom 

 Harvest your tissue and immediately flash-freeze it in liquid N2 or grind it immediately 

in liquid N2 and transfer to your extraction buffer. Work quickly and never allow the 

samples to thaw 

 Ideally, source chemicals for all RNA work should be separate from general lab stocks 

and reserved only for RNA work 

 Store your samples at -80 oC for long-term storage and avoid repeated freeze-thaw 

cycles. If it’s possible and not space consuming, make one use aliquots of your RNA 

(in this specific instance enough to make cDNA) 

 Commercial surface denaturants such as RNase-Away can also be used to wipe down 
instruments and bench surfaces 
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8.1 RNA extraction using guanidine thiocyanate (GITC) 

(Adapted from Chomczynski and Sacchi, 2006) 

 

Most commercial kits make use of GITC during extraction of nucleic acids. Alterations of this 

protocol have been successfully developed for many different species and have the benefit of 

being a lower toxic alternative. 

 

Materials required 

 Unopened bag of 2 ml Eppendorf tubes 

 Mortars and pestles  

 Submerge mortars and pistils in a 20-30 % bleach solution for at least 1 hour. Rinse 

thoroughly with dH2O. 

 Wrap in foil and bake in an oven at 180 °C overnight (or at least 3 hours) 

 Benchtop centrifuges at RT 

 Ice box 

 Vortex 

 Gloves 

 Plant tissue 

 Tweezers, scissors and spatulas (wrapped in foil and baked in an oven at 180 °C 

overnight) 

 Nuclease-free micropipette tips 

 

Solutions required – all made with DEPC water when water is required 
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 0.5% DEPC-treated water 

 Add 0.4ml DEPC (diethylpyrocarbonate) to 800ml of distilled water and mix to 

bring the DEPC into solution. 

 Wrap bottle in foil to protect from light. 

 Incubate overnight (or at least 12 hrs) and autoclave for 15 minutes. 

 Remove foil and let stand in light for at least 2 hours. 

 

 RNA Extraction buffer (1ml per sample) 

 4 M Guanidineisothiocyanate 

 100 mM Tris-HCL (pH 8) 

 25 mM Sodium citrate (pH 8) 

 0.5 % N-lauryl sarcosine 

 

 2M Sodium Acetate (pH 5.2)  

 Wipe down pH probe with choloroform and rinse with dH2O 

 Filter sterilize after pH 

 

 Chloroform 

 Water buffered Phenol 

 β-mercaptoethanol (2-Mercaptoethanol) 

 100% ethanol 

 75% ethanol 

 Liquid N2 

 

 

Important NOTE: 
Phenol is prone to oxidization. For this reason, 
liquefied phenol has a mineral oil layer above it 
to prevent contact with oxygen. To prevent 
transferring this oil layer ensure your pipette tip 
is well below the mineral oil layer before you suck 
up your phenol. Phenol changes colour 
(Pink/Brown) when oxidized. DO NOT use the 
phenol if it is not perfectly clear! 
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Protocol 

 

1) Add 1 ml extraction buffer to an Eppendorf tube 

o One Eppendorf tube per RNA sample. 

2) Add 14 µl 2-Mercaptoethanol for every 1 ml extraction buffer to be used. 

o After addition of Mercaptoethanol buffer stability decreases daily so don’t 

add it to stock solution! 

3) Grind tissue in RNase free mortar with liquid N2. 

o Mortars and pistils should be at -20⁰C before this. 

o Tissue must stay frozen at all times!! 

o If tissue thaws it will reduce RNA quantity! 

4) Transfer tissue to Eppendorf tubes with clean RNase free spatula and gently mix 

tissue with buffer. 

o 100-200 mg tissue / ml buffer --- roughly above the 100µl line 

o Ensure all the tissue is covered! 

5) Incubate for 10 min at room temperature 

 

6) Centrifuge Eppendorf tubes at 6 000– 10 000 rpm for 20 min 

o Ensure that all debris is pelleted, if not, increase centrifugation speed or time. 

7) Transfer supernatant to a clean tube 

o Will be less than the original 1ml. 

o Any contaminants carried over will reduce RNA quality! 

8) Add 50 µl of 2M Sodium Acetate (pH 5.2) 

 

9) Add 250 µl phenol and 250 µl chloroform 

o Or 500 µl pre-mixed phenol/chloroform. 

10) Gently invert and incubate for 10 min at room temperature. 
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11) Centrifuge Eppendorf tubes at 10 000 rpm for 10 min 

 

12) Transfer top aqueous phase to a clean tube. 

 

13) Aliquot 1 µg of RNA into an eppie for gel electrophoresis and another microgram 

into a PCR tube for cDNA synthesis.  

 

14) Store the latter and any remaining RNA at -20 °C (for short term, ± 1 month) or -80 

°C (long term storage). 
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8.2 RNA extraction using cetyltrimethylammonium bromide (CTAB) 
It is important to note that the CTAB method is useful in when isolating RNA from Arabidopsis 

and other plant species, but it is often inapplicable for some species and tissue types. 

 

Materials required 

 Unopened, sterile 2 ml Eppendorf tubes 

 Sterile PCR tubes 

 Mortars and pestles 

 Benchtop centrifuges at RT and 4oC 

 Ice box 

 Vortex 

 Gloves 

 Plant tissue 

 Tweezers, scissors and spatulas rinsed in chloroform 

 Nuclease-free micropipette tips 

 Heating block set at 65oC 

 

 

Solutions required – all made with DEPC water when water is required 

 DEPC-treated water 

 Add 0.1% ml DEPC (diethylpyrocarbonate) to distilled water and mix vigorously to 

bring the DEPC into solution  

 Incubate overnight (at least 12 hr) at 37 oC and then autoclave for 15 min  

 

 

 

 

 

 

 

 



 
 

Designed and Edited by Loedolff B 
Contributing Authors: Guzha T, Jewel J, Van der Vyver C, Wolf M, Burger NFV, Ellis A, Loedolff B 
Molecular Biology Techniques, the laboratory manual 
 
 

73

 
CTAB buffer 
  Final 

[conc] 
100 ml 500 ml 

CTAB 2% 2 g 10 g 

NaCl 1.4 M 8.1 g 40.6 g 

0.5 M EDTA, pH 8.0 20 mM 4 ml 20 ml 

1 M TRIS, pH 8.0 100 mM 10 ml 50 ml 

Polyvinylpyrolidone (PVP40) (M.W. 
40,000) 

2% 2 g 10 g 

DEPC-water   add to 100 
ml 

add to 500 
ml 

 Autoclave before use 

 
 Chloroform 

 β-mercaptoethanol 

 Isopropanol (propan-2-ol) 

 70% ethanol  

 8 M LiCl 

 Liquid N2 

 

 
METHOD: 

1. Add β-mercaptoethanol (1% v/v) to an appropriate volume of CTAB-buffer (once 

you add β-mercaptoethanol the buffer is only useful for the day). 

2. Make 600 µl CTAB-buffer aliquots in your 2 ml eppies. 

3. Harvest your plant material with Grind tissue into a fine powder in liquid N2. 

4. Transfer tissue-powder to the eppi and mix briefly – work quickly and don’t allow the 

sample to thaw. 

5. Add 600 µl chloroform and vortex well. 

6. Spin down at max speed for 2 min. 

7. Transfer upper phase into a new eppi – be careful not to disturb the white interphase 

(what’s in the interphase?) between the organic and aqueous phases. 

8. Add 600 µl chloroform and mix well. 

9. Spin down at max speed for 2 min. 
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10. Transfer upper phase into a new eppi and avoid aspirating any of the organic phase 

(do you still see the interphase? Why or why not?). 

11. Add equal amounts of isopropanol (1:1) and mix well (what does isopropanol 

precipitate out?). 

12. Spin down at max speed for 15 min . 

13. Keep the pellet, discard supernatant - the pellet should be white, clean and easily 

visible. Discard as much of the supernatant as possible but the pellet does not have to 

be dry. 

14. Add 600 µl 70% ethanol to wash the pellet and vortex briefly (what are we trying to 

wash off here?). 

15. Spin down at max speed for 5 min. 

16. Keep the pellet, discard supernatant. 

17. Dissolve pellet in 90 µl water for 15 min at 65 °C. 

18. Spin down at max speed for 5 min to remove contaminating debris. 

19. Transfer the liquid into a new eppi. 

20. Add 30 µl 8 M LiCl and mix well (what does LiCl precipitate out?). 

21. Precipitate the RNA for at least 20 min at -20 °C (can go for longer but no more than 

4 hrs). 

22. Spin down at max speed for 30 min at 4 °C. 

23. Keep the pellet, discard supernatant – be extra careful here, if your pellet is clean it 

may be transparent and hard to see. Be careful not to aspirate it with the supernatant. 

24. Add 100 µl 70% ethanol and vortex briefly (what’s the purpose of THIS wash?). 

25. Spin down at max speed for 2 min. 

26. Keep the pellet, discard supernatant. 

27. Dissolve pellet in 20 µl DEPC water for 15 min at 65 °C. 

28. Spin down at max speed for 5 min to remove debris. 

29. Transfer the liquid into a new eppi. 

30. Assess the yield and quality of your RNA prep using the NanoDrop spectrophotometer. 

31. Aliquot 1 g of RNA into an eppie for gel electrophoresis and another microgram into 

a PCR tube for cDNA synthesis. Store the latter and any remaining RNA at -80oC. 
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NOTE: Remember to label all your samples clearly with sample ID, your name and date.  

 

Responsible waste disposal is an important part of all lab work. Chloroform, beta-

mercaptoethanol, isopropanol, CTAB and ethanol all need to be disposed of in a safe fashion. 

Please ask your demonstrator for the appropriate disposal method. 
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ALTERNATE METHOD 1 
A protocol using the RNeasy® Plant Mini Kit (supplied by Qiagen™) for extraction of RNA 

in the lab. Download the complete RNA mini handbook manual, READ it and UNDERSTAND 

what you need to do before you do it! 

 

Should you be using this commercially available kit, please download the full manual, 

accessible at the Qiagen website, refer to footnote for link17. 

 

You may write out the protocol in the space provided below: 

 

 

 

 

 

 
17 https://www.qiagen.com/nl/resources/resourcedetail?id=14e7cf6e-521a-4cf7-8cbc-bf9f6fa33e24&lang=en 
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ALTERNATE METHOD 2 
We routinely use the Maxwell® 16 LEV Plant RNA Kit (supplied by Promega™) for 

extraction of RNA in the lab (this method makes use of a robotic platform, NOTE: you are 

NOT allowed to operate the RNA robot by yourself at ANY given time! Ensure that you 

fill in the provided timeslots for when you would like to use the robot and the operators 

will ensure the robot is switched on). Download the complete Maxwell® RNA handbook 

manual, READ it and UNDERSTAND what you need to do before you do it! 

 

Should you be using this commercially available kit, please download the full manual, 

accessible at the Promega Corporation website, refer to footnote for link18  

 

You may write out the protocol in the space provided below: 

 

 

 

 

 

 

 

 

 

 

 

 

 
18 https://www.promega.com/-/media/files/resources/protocols/technical-manuals/101/maxwell-16-lev-
plant-rna-kit-protocol.pdf 
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8.3 RNA quality and yield assessment 
The first step after RNA isolation should be concentration and purity determination. The 

NanoDrop spectrophotometer is useful in determining total RNA concentration in your sample 

and the machine outputs concentration and purity ratios of your samples.  

 

Numerous chemicals are involved in the extraction process and if the protocol is not followed 

effectively, there is often carry over of contaminants including solvents, salts, proteins and 

other debris. Ideally the A260/A280 (proteins absorb at 280 nm) and A260/A230 (carbohydrates and 

salts can affect the 230 nm measurements) ratios should be approximately equal to 2 but can 

vary due to contaminants. 

 

Unfortunately, NanoDrop concentrations can only inform you as to how much nucleic acid you 

have in solution, but it tells you nothing about the integrity of the RNA. Long chain 

polynucleotides or their single nucleotides equivalents (due to degradation and RNase activity) 

will cause an equal change in absorbance readings and so it is important to assess RNA integrity 

via gel electrophoresis. 

 

High quality RNA has a very characteristic banding pattern following electrophoresis and the 

different rRNA and tRNA fragments can be used as indicators of RNA integrity. 

Contaminating genomic DNA (gDNA) can also be visualised following electrophoresis. If the 

sample prep was optimal and there is no sample degradation one should observe sharp bands 

corresponding to the different RNA fragment sizes and the 28S rRNA fragment should be twice 

as intense as the 18S fragment (there should be more than two bands though, why?). Smearing 

is a sign of RNA degradation. 

 

NanoDrop spectrophotometer 

1. Wipe the top and bottom sections of the NanoDrop pedestal with 70% ethanol 

2. Select ‘RNA’ from the ‘Home’ screen 

3. Establish a blank by pipetting 1-2 l of your blank solution (DEPC water in this case), 

lowering the arm and pressing ‘Blank’ 
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4. Once the blank is established wipe off the water and load another volume and confirm 

the blank. Wipe off the water. 

5. Once the blank is confirmed measure your actual sample by loading 1-2 l onto the 

pedestal, lowering the arm down and pressing ‘Measure’. Record your concentration 

and ratios before wiping the sample off. Repeat for the next sample. 

6. Return the machine to the home screen upon completion. 

 

If the concentration is above 1000 ng/l dilute an aliquot of your sample appropriately in DEPC 

water and measure again (why is this necessary?). 

 

TBE non-denaturing gel electrophoresis 

1. Prepare a 1% TBE agarose gel as per standard protocol 

2. Make a 1 ug aliquot of RNA in an eppie and make it up to at least 10 l with DEPC 

water and add an appropriate amount of RNA loading buffer. 

3. Load, run and visualise your samples as according to the standard DNA electrophoresis 

method. 

 

NOTE: Take note of the banding profile. How many other bands do you see? What do the 

different band sizes equate to? Can you see gDNA contamination? Can you proceed with 

this quality of RNA? 

 
 
 
 

  

 

TAE buffer 
 

o Larger size range resolution - Acetate 
Separates nucleotide fragments >2kb better 

o Extracted bands amenable for downstream 
enzymatic work – Borate carry over will 
inhibit enzyme activity 

 

TBE buffer 
 

o Smaller size range resolution - Borate 
Separates nucleotide fragments <2kb better 

o More conductive – prolonged electrophoresis 
does not heat up gel as much 
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Visualization option 1: Bleach-gel electrophoresis 
(adapted from Aranda, et al., 2012)19 

 

1. Add 1g agarose to 50ml of either 1x TAE or TBE in a bottle 

o 2% agarose gel will give improved separation of rRNA bands  

2. Add 2ml of commercial bleach and swirl gently and allow to rest for 5 minutes 

o NO fragranced bleach! 

3. Melt agarose in microwave in 30s bursts with swirling until gel liquid crystal clear 

4. Make a 0.5 µg and 1 µg aliquot of RNA in separate eppies and make it up to at least 

10 l with DEPC water. Add an appropriate amount of RNA loading buffer 

(contains formamide and formaldehyde). 

5. Load, run and visualise your samples as according to the standard DNA 

electrophoresis method. 

 

Visualization option 2: TBE non-denaturing gel electrophoresis 

1. Prepare a 1% TBE agarose gel as per standard protocol 

2. Make a 1 ug aliquot of RNA in an eppie and make it up to at least 10 l with DEPC 

water and add an appropriate amount of RNA loading buffer (contains formamide 

and formaldehyde). 

3. Load, run and visualise your samples as according to the standard DNA 

electrophoresis method. 

  

 
19 Aranda, P. S., LaJoie, D. M., & Jorcyk, C. L. (2012). Bleach gel: a simple agarose gel for analyzing RNA quality. 

Electrophoresis, 33(2), 366-369. 
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Notes: Chapter Eight 
 

  



 
 

Designed and Edited by Loedolff B 
Contributing Authors: Guzha T, Jewel J, Van der Vyver C, Wolf M, Burger NFV, Ellis A, Loedolff B 
Molecular Biology Techniques, the laboratory manual 
 
 

82

Chapter Nine: Complementary DNA (cDNA) 
 

cDNA synthesis from purified total RNA 
Synthesizing complementary DNA (cDNA) from RNA is useful and necessary because all the 

molecular tools available for DNA analysis become applicable to RNA-based work. 

Additionally, cDNA is more stable than RNA, isn’t susceptible to RNases and can be stored 

for longer periods of time. 

 

 

Considerations before generating cDNA 

 gDNA contamination can skew your gene expression analysis so it’s important to 

either: 

o design CDS-specific PCR amplification primers that do not amplify gDNA 

sequences or span an intronic region 

o or treat your RNA samples (some genes do not have introns, what are the 

implications here?) with DNase to remove any traces of contaminating gDNA 

 any residual DNase from this treatment could potentially degrade your 

cDNA samples so it is crucial that all traces of the protein are purged 

from the RNA sample via precipitation or column purification 

 Ideally you should use equal starting amounts of RNA from all your samples when 

generating cDNA. One microgram of RNA is adequate but should some of your 

samples be less than that (in the maximal reaction volume), scale down the starting 

material for all samples to correspond to the lowest value. 

 Use primer and dNTP stocks that are reserved only for cDNA synthesis to avoid 

potential contamination from stocks utilised for PCR 
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9.1 First Strand cDNA synthesis 
There are numerous commercially available kits for the synthesis of cDNA. In our lab we use 

a commercially available kit from Thermo Fisher Scientific™, please download the complete 

manual from the website provided in the footnote20. 

 

The following cDNA synthesis protocol has been adapted from the manufacturer’s 

instructions, according to the RevertAid First Strand cDNA Synthesis kit protocol: 

 

Materials required 

 Sterile 1.5 ml Eppendorf  

 Sterile PCR tubes if you didn’t aliquot your RNA after isolation 

 Vortex 

 Ice box 

 Benchtop centrifuges and PCR centrifuges at RT 

 PCR machine 

 Gloves 

 High quality RNA (1 g is ideal but can use 0.1 ng to 5 g) 

 Nuclease-free micropipette tips 

 

 

Kit components and additional reagents 

 RevertAid H Minus M-MuLV reverse transcriptase (200 U/l) 

 RiboLock RNase inhibitor (20 U/l) 

 5X reaction buffer 

 10mM dNTP mix 

 Oligo dT18 primer (100 M, 0.5 g/l) – do you know why we utilise oligo dT18 primers 

for cDNA synthesis? What else could we use? 

 DEPC-treated water 

  

 
20 https://www.thermofisher.com/order/catalog/product/K1621 
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9.2 First strand cDNA synthesis protocol 
1. Thaw all the kit components (except the enzyme*, only obtain this once you need to 

use it) and RNA samples and store on ice. 

2. To your RNA aliquot (in PCR tube) add 1 l of oligo dT18 and water up to 12 l 

3. Mix by gently flicking the tube and briefly spin down the tubes and incubate at 65oC 

in the PCR machine for 5 min. Chill on ice while you prepare for the next step. 

4. Prepare a master mix with the following components in the given order: 

 1 rxn (l) __ rxns (l) 
5X reaction buffer 4  
RiboLock RNase inhibitor (20 U/l) 1  
10 mM dNTP mix 2  
RevertAid H minus M-MuLV reverse transcriptase (200 
U/l) 

1  

Total volume 20  

 
5. Vortex and spin down briefly before adding 8 l of the master mix to the RNA tubes. 

6. Mix gently by flicking and spin down briefly. 

7. Incubate at 42 oC for 1 hr. 

8. Terminate the reaction by heating at 70 oC for 5 min. 

9. Transfer and store your cDNA in 1.5 ml centrifuge tubes at -20 oC (short-term) or -80 

oC (long term).  

 

 

 

NOTE: Remember to label all your samples clearly with sample ID, your name and date.  

 

 

 

* enzymes are typically the most expensive and unstable part of most molecular tool kits and 

as such always add them last to your reactions and do not keep on ice indefinitely.   
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Notes: Chapter Nine 
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Chapter Ten: An old dog with new tricks – how can we use 
PCR as a quantitative measure for gene expression? 
 

Gene expression studies is the most used application for semi-quantitative (sq) and quantitative 

(q) PCR. Researchers will use the cDNA (see previous Chapter on RNA and cDNA) as 

template for this purpose. NOTE: WHY cDNA? As opposed to gDNA? 

These studies involve the observation of changes in gene expression patterns (increase or 

decrease) due to environmental effects, responses to certain chemicals.  

Keep the following in mind before for subsequent reading (see Fig 8.1) - a PCR consists of 

three phases: (i) Exponential, (ii) Linear and (iii) Plateau. During phase (i) there is exact 

doubling of the product at every cycle due to the freshness of reagents. As the reagents are 

consumed during amplification, phase (ii) kicks in and exact doubling of the product seizes to 

occur at each cycle. During phase (iii) a plateau is reached, reagents are no longer available for 

amplification of the product, and this is referred to as the end-point in traditional (normal) PCR 

and often used for agarose gel detection of a product. 

 

 

Fig 7.1: The three PCR phases. Illustration adapted from Thermo Fisher Scientific™: An Introduction to Gene 
Expression. 
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10.1 sq-PCR - “comparitive intensity on an agarose gel” 
The application of sq-PCR is often used to determine in which tissue (and to what degree) a 

gene is expressed. As such, there are two main areas in which utilising sq-PCR as a strategy is 

very useful; these are termed (i) COMPARATIVE and (ii) TIME-COURSE studies. During a 

comparative study mRNA levels in cells from different sources are determined. A time-course 

experiment determines temporal and spatial patterns of gene expression – harvested at different 

times/from different organs. 

 

Aim of this Chapter, you will learn how to: 

 Set up a physiological plant stress experiment where gene expression changes are 

expected to occur 

 (FROM PREVIOUS CHAPTER) extract RNA and make cDNA from appropriate 

samples collected (NOTE: remember to have a control…..) 

 Set up a semi-quantitative PCR for determining gene expression changes in transgenic 

plants during physiological stress (environmental) 

 Select and use a reference gene as control 

 Determine the linear (which cycle) range in which your experiment needs to be 

performed 

 Analysing and interpreting your results via comparative agarose gel diagnostics 

 

Materials: 

 Plant material (Arabidopsis) – to be discussed during experimentation 

 Kit for the extraction of RNA 

 cDNA synthesis kit 

 Components to set up a PCR 

 0.5 mM EDTA (NOTE: what does EDTA do in a PCR reaction….?) 
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METHOD: 
You should be familiar with most of the protocols by now, thus refer to previous Chapters as 

reference (RNA extraction, cDNA synthesis and PCR set-up). 

1. You may design, with your mentor, a physiological stress experiment such a drought/salt 

stress experiment over a selected period of time (to be informally discussed and filled in 

below): 

 1 - 

 2 - 

 3 - 

 4 - 

 5 - 

 6 - 

 7 - 

 8 - 

 9 - 

 10 - 

 

NOTE: AGAIN: what is the appropriate control during this experiment??? 

 

2. Extract RNA from ALL appropriate samples using the the appropriate extraction method. 

3. Make cDNA from your extracted samples using a selected cDNA synthesis kit. 

4. Determine which reference (housekeeping) gene you will be using as control. 

5. Determine the optimal Tm (annealing temperatures) of the primers you will be using. 

6. Determine the linear range* in which your subsequent sq-PCR will be executed. 
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*NOTE: What occurs during the linear range in a PCR?  

 

7. Do your sq-PCR experiment, using 3µl of cDNA, at the optimised cycle conditions. 

8. Load your samples onto an agarose gel…. IN A LOGICAL MANNER FOR 

INTERPRETATION! 

9. Analyse and interpret your results – also to be discussed during session 

 

 

*NOTE: How do we determine the linear range in which gene expression occur? Design an 

experiment to execute this topic. 

HINT: EDTA….. 

 

10.2 q-PCR - “real time, graphical quantification” 
When using q-PCR, gene responses are monitored (HOW? A fluorescent reporter molecule is 

used – as the amplicon quantity increases, so does the fluorescence emitted from the 

fluorophore) by measuring gene-specific transcript abundance as it occurs in real time (hence 

the term REAL-TIME PCR, which is the same term referring to qPCR). This real-time 

amplification of targets thus makes it possible for researchers to determine starting 

concentrations/abundance of nucleic acids. NOTE: Why is this not possible with a ‘normal’ 

end-point PCR? 

 

There are two types of assays to be executed with q-PCR depending on what you want to 

measure/quantify; these are termed (i) ABSOLUTE and (ii) RELATIVE quantification assays. 

During absolute quantification a standard curve is required (made from a serial dilution of 

known concentrations) which is then used a comparison tool for an unknown sample (these 

assays are often used in viral titre determinations). Relative quantification is used to determine 

the fold change (increase/decrease) of the same gene in different samples (used in gene 

expression profiling). 
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Although the set-up of a q-PCR is relatively simple (it is a PCR after all …), it requires 

immaculate precision and accuracy (REMEMBER YOUR PIPETTING COURSE?) in your 

experimental technique, exceptional good quality RNA and cDNA, understanding of the 

CORRECT controls and practising to obtain reproducible data. The analyses of the data is 

another story, this is all done via software programs (however, it can be done manually as long 

as you understand the mathematical calculations and biological controls required).  

 

It is obligatory during absolute quantification to obtain a serial dilution standard curve (Fig. 

7.2) from a known concentration. This method is often used to obtain absolute concentrations 

from unknown samples. Data output is in numbers.  

NOTE: a standard curve is also required during relative quantification, BUT for which 

purpose? 

 

 

Fig 7.2: A general standard curve used during q-PCR analyses, including the most important information obtained 
from it annotated in text boxes. 
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Relative quantitation measures gene expression, relative to a reference gene control, using 

normalization methods and statistical analyses. Data obtained is in ratios (NOT 

concentrations). Several algorithms have been developed to obtain the ratio values, of which 

two are published: 

 ∆Ct method  fold change = 2∆C 

 ∆∆Ct method  relative fold change = 2-∆∆Ct 

 

 

 

 

NOTE: Do yourself a favour…if you ever do q-PCR, make sure that you comply with the MIQE 

guidelines for publishing your results (Bustin et al 2009)!! 

Please download these guidelines from the DOI provided in the footnote21. 

 

 

 

 

NOTE: For further assistance and guidance in understanding the basics of q-PCR download 

the following: The Real-Time PCR handbook, at lifetechnologies.com 

Please download this handbook from the website provided in the footnote22. 

 
21 The MIQE guidelines: minimum information for publication of quantitative real-time PCR experiments. 
Bustin et al (2009), Clinical Chemistry, 4:611-622. DOI:10.1373/clinchem.2008.112797 
22 http://www.gene-quantification.com/real-time-pcr-handbook-life-technologies-update-flr.pdf 
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Glossary for q-PCR – TERMINOLOGY (and the importance of each term in 
quantification) YOU NEED TO UNDERSTAND: 

 Baseline………………………………………………………………………………… 

 Threshold……………………………………………………………………………….. 

 Ct (threshold cycle)…………………………………………………………………….. 

 Melting curve (dissociation curve)……………………………………………………... 

 Standard curve………………………………………………………………………….. 

 Correlation coefficient (R2)…………………………………………………………….. 

 Y-intercept……………………………………………………………………………… 

 Exponential phase……………………………………………………………………… 

 Slope……………………………………………………………………………………. 

 Efficiency………………………………………………………………………………. 

 Dynamic range…………………………………………………………………………. 

 Gene of interest (GOI)………………………………………………………………….. 

 Reference gene (RG) or housekeeping gene (HK)……………………………………... 

 Absolute quantification…………………………………………………………………  

 Relative quantification ………………………………………………………………… 
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REAGENTS for qPCR 
There are numerous commercially available kits for the setup of a qPCR experiment. In our lab 

we use the commercially available PowerUp™ SYBR™ Green Master Mix kit from Thermo 

Fisher Scientific™ 

Please download the complete manual from the Thermo Fisher Scientific™ website, provided 

in the footnote23. 

You may write out a general reaction setup (how much in volume, of which component, 

concentrations etc.) in the space provided below: 

 

 
23 https://www.thermofisher.com/order/catalog/product/A25780 
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METHOD 
During this training course you will learn the difference between a standard curve setup, and a 

gene expression analyses. You need to understand the difference and IMPORTANCE of these 

types of experiments. 

1. Serial dilution experiment 
The serial dilution – efficiency test: WHAT DOES THIS REFER TO? 

Plan your experimental setup in the space below (using the recommendations from the 

following page): 
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Gene expression experiment 
WHAT DOES GENE EXPERSSION REFER TO? 

Plan your experimental setup in the space below: 

 

NOTE: Keep in mind the endogenous control and the calibrator. 
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The Quantstudio 3 (qPCR machine) setup 
PLEASE NOTE: There are numerous qPCR machines commercially available. In our lab we 

use the QuantStudio™ Real-Time PCR (qPCR) system, manufactured by Applied Biosystems. 

This demonstration is therefore only relevant to the specified machine. However, the concepts 

described in this manual are important for all qPCR experiments. Any other commercially 

available reagents and machines are to the discretion and explanation of its manufacturers. 

  
NOTE: It is not necessary to create multiple users, there is a single administrator for this 

machine. If you wish to use the ‘cloud’ system, you may create a file for yourself, but discuss 

this with the administrator beforehand! 

NOTE: Download the “Applied Biosystems QuantStudio™ 3 & 5 Real-Time PCR System” 

software and example files. Do this before attempting to use the QuantStudio 3, such that you 

may familiarise yourself with the layout. This download is available at the Thermo Fisher 

Scientific™ website, provided in the footnote24. 

  

 
24 https://www.thermofisher.com/za/en/home/technical-resources/software-downloads/ab-quantstudio-3-
and-5-real-time-pcr-system.html 
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Start run or open a run file 
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It is extremely important HOW you assign the samples! Pay attention to 
the demonstrator as this will be explained in detail. These details can also 
be deduced from the example files provided by Thermo Fisher Scientific™. 
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NOTES: CHAPTER TEN  
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Chapter Eleven: Recombinant protein expression (Prokaryotic 
system) and analyses (SDS-PAGE) – translate that… 
 

All the previous Chapters have led to a point of “how do we translate” what is happening – in 

science this refers to the functional characterization of the gene …. (the protein) ….. 

 

More importantly, how do we ascertain that our gene is even producing functional protein to 

start with? Remember, you might have done all the diagnostic tests to verify the presence of 

your gene in a plasmid, but many things could influence protein expression, especially in a 

prokaryotic system. NOTE: What could these “things” be? 

 

The easiest way to verify protein expression is visually on an electrophoresis gel. In this method 

(SDS-PAGE, or sodium dodecyl sulfate polyacrylamide gel electrophoresis) proteins are 

moved through a gel matrix by applying an electrical field, and separated according to size 

(almost like an agarose gel…). However, unlike DNA, proteins can be positively or negatively 

charged. Furthermore, these molecules often have complex secondary and tertiary structures. 

All these hurdles must be overcome if proteins are to be accurately separated on a gel according 

to size. This is where detergents (such as SDS) and reducing agents (such as DTT, 

dithiothreitol; or β -mercaptoethanol) are exceptionally important in denaturing and unfolding 

of complex protein structures, aiding the successful separation of proteins. 

 

NOTE: SDS also has another very important role during the electrophoresis process of 

proteins. What is this role? HINT: how does a protein separate on a gel if it could be either 

positively OR negatively charged? 

 

Once proteins have been separated on a gel according to size, it must be visualised for analyses. 

Like agarose gels, two types of ‘stains/dyes’ are required to complete the visualisation process. 

Firstly, a loading dye again serves a dual role by (i) serving as dye front such that you can 

assess the movement of protein through the gel matrix and, (ii) increases the density of the 

sample to ensure that the sample is weighed down to the wells of the gel. Secondly (once the 

gel run has been completed), a separate dye is required to bind to the protein in the gel for 
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visual analyses. Generally (although many other dyes exist for this purpose), Coomassie 

Brilliant Blue (CBB) is used to stain the proteins (almost like the pronasafe used during DNA 

analysis) after the electrophoresis process. Subsequent to staining, gels must be fixed and de-

stained for the final product. 

 

Aim of this Chapter:  This Chapter will focus on the analyses of denatured proteins which 

will include the following techniques/skill acquisition: 

 Choosing the correct plasmid for protein expression in prokaryotes 

 Protein induction methodology 

 Protein extraction – how to extract and handle proteins 

 How to purify the protein of interest – native purification 

 Preparing ALL components for the electrophoresis (SDS-PAGE) and subsequent 

analyses 

 Setting up the gel electrophoresis tanks 

 How to pour the protein gels 

 How to load the samples 

 How to visualize and analyse the extracted, denatured and purified proteins….. 

 

11.1 Protein expression vectors  
Expression vectors are designed to contain regulatory elements (enhancers, inducible 

promoters, purification assisting tags etc…) that lead to efficient production of proteins. Apart 

from the expression vector, specially developed E. coli strains have also been developed to 

overcome post-translational problems that could occur when engineering a prokaryote with a 

eukaryotic gene.  
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NOTE: What problems could occur when a eukaryotic gene is introduced to a prokaryotic 

expression system? Explain the concept of ‘bias’. WHAT ARE INCLUSION BODIES? 

 

The most used inducible promoters are based on the promoter of the lac operon, the T7 

promoter or the araBAD promoter system. 

 

NOTE: Annotate in the space below the mechanism of each system AND which substrate is 

used for induction of protein expression 
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11.2 Protein induction methodology – and verification process to ensure that 
your recombinant protein was successfully induced and expressed before 
purification 
At the end of this chapter is a tutorial which provides you with a map of an expression vector 

used to execute the recombinant protein expression experiment. Do the tutorial and ask your 

demonstrator questions if you do not understand. 

 

NOTE: Which substrate is required for induction? 

 

Materials: 

 LB Agar plates (with appropriate antibiotic) 

 LB liquid (prepare an additional 100ml LB liquid in a 250 ml Erlenmeyer flask, secure 

the top with a cotton wool plug and foil  prepare as many of these flask as required 

for the experiment) 

 Appropriate antibiotic (see vector map) 

 Single colony from appropriate strain containing construct (REMEMBER: ask which 

strain is being used!) 

 50 ml falcon tubes 

 Preparations/materials for a colony PCR (see previous Chapters) 

 IPTG (which concentration?) 

 Eppendorf tubes 

 Heating block, set at 95 C 

 Protein loading buffer 

 SDS-PAGE set up equipment (plates, tanks, electrophoretic units) 
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 SDS-PAGE gel chemicals 

 Staining solution (1 L) 

 Dissolve 2.5 g Coomassie Brilliant Blue R-250 in a mixture of 450 ml methanol, 

100 ml acetic acid, and 400 ml H2O 

 Adjust volume to 1 liter with H2O 

 Store at room temperature (+15 to +25 °C) 

 De-staining solution (1 L) 

 Mix 450 ml methanol, 100 ml acetic acid, and 400 ml H2O 

 Adjust volume to 1 liter with H2O 

 Store at room temperature (+15 to +25 °C) 

 Tupperware container big enough to fit the gel 

 WORK IN THE LAMINAR FLOW AT ALL TIMES! 

 

METHOD 
1. You will receive various plates with single colonies – determine, using a colony PCR, 

whether the colonies contain the gene of interest, in the correct vector 

2. Which colonies/plates will you use as controls…….? 

3. Prepare 5 ml of LB liquid in 50 ml Falcon tubes; make sure you add the correct 

antibiotic/s! NOTE: how many tubes will you need, considering the controls? 

4. Inoculate single colonies into the 5 ml LB liquid 

5. Incubate overnight at 37 C, with shaking – this is to obtain your starter culture 

6. Immediately the following day, place the Erlenmeyer flask containing 100 ml LB liquid 

in the shaker and let it aerate at 37 C for at least 30 min 

7. Determine the OD590 of your starter culture 
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NOTE: How do we determine the OD of a bacterial culture? 

 

8. Determine the amount of starter culture you need to add to your 100 ml, pre-warmed 

LB liquid, to obtain a final density count of OD590 = 0.1 

9. Add the calculated volume of starter culture to the 100 ml LB liquid 

10. Add appropriate antibiotic/s 

11. Incubate the flask containing your culture at 37 C, with shaking 

12. Allow this culture to grow until it reaches an OD590 = 0.4. NOTE: You need to measure 

the OD at intervals, until it reaches the desired density. 
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NOTE: WHY is this (#12) important? Draw a diagram below representing the growth curve 

of bacteria. 
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13. When the culture has reached the desired OD, weigh out the appropriate amount of 

IPTG, add it to the culture in powder form.  

 

NOTE: BEFORE you add IPTG, aliquot out 1 ml of the culture, centrifuge it at 4 C for 2 

min at top speed, discard the supernatant and freeze away the pellet at -20 C 

 

14. Place the culture back into the incubator and allow for the induction process, at least 4 

hours 

15. EVERY hour, aliquot out 1 ml of the culture and follow the same procedure as 

annotated in the note above 

16. LABLE all your tubes with the time points! 

17. Once the induction is finished, centrifuge the rest of the culture at 4 C for 10 min, at 

10 000 g (you can store the pellet at -20 C until you are ready to purify it). NOTE: 

You need to use the centrifuge that can accommodate for such large volumes…..it is 

required that you BOOK IT beforehand, and set it to the correct temperature 

beforehand! 

18. Assemble and prepare your SDS-PAGE equipment and gels (see below for instructions) 

to analyse protein induction samples (the  [1 ml] pellets that you stored away)  

19. Thaw your pellets ON ICE 

20. Add 100 µl of protein loading buffer to each pellet 

21. Heat the samples in a heating block for 10 min 

22. Centrifuge at full speed, at 4 C for 10 min 

23. Load the supernatant onto the SDS-PAGE gel. NOTE: Remember your protein ladder! 

24. Run the gel (as described below) 
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25. Stain and de-stain the gel (as described later)  
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11.3 Protein purification with a kit 
Numerous methods and commercial kits have been developed to purify the protein of interest 

after recombinant expression methods. Often the choice of purification methodology depends 

on the tag used in your expression vector. You will be introduced to a simple gravity-flow 

column system, commonly used to purify His-tagged proteins. In our lab we use the Protino® 

Ni-TED 1000 His-tag purification kit from Machery-Nagel. Please download the complete 

manual from the website provided in the footnote25. 

 

NOTE: How does this gravity-flow column separate your protein of interest from all the other 

proteins present in your sample? 

 

 

NOTE: DO YOURSELF A FAVOUR TO MAKE MOLECULAR BIOLOGY LIFE EASIER  

Download the following two manuals:  

 Roche FAQs manual26 

 QIAGEN QIAexpressionist handbook27  

 

 

Materials: (Obtain the purification kit, Macherey-Nagel): 

 Protino® Ni-TED 1000 Packed Columns 

 1x LEW buffer (NOTE: take note of the stock concentration provided in the kit!!) 

 1x Elution buffer (NOTE: take note of the stock concentration provided in the kit!!)) 

 Lysozyme (final concentration in sample = 1mg/ml) 

 
25 http://www.mn-net.com/Portals/8/attachments/Redakteure_Bio/Protocols/Protino/UM_ProtinoNi_TED.pdf 
26  http://lifeserv.bgu.ac.il/wb/zarivach/media/Documentation/Lab%20Faqs-Roche-
Diagnostic%20bench%20mate.pdfs 
27 http://kirschner.med.harvard.edu/files/protocols/QIAGEN_QIAexpressionist_EN.pdf 
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 DOWNLOAD THE CORRECT MANUAL FOR THIS SECTION, read it BEFORE 

you start and be familiar with each step  come prepared! 

 

 

METHOD  
(You should at this stage have your downloaded manual at hand for protocol procedures): 

1. Prepare cleared lysates (your total proteins) under native conditions, according 

to the manufacturer MANUAL. NOTE: Work on ice with proteins! WHY? 

2. Prepare your working solutions and set up the equipment for gravity-flow 

protein purification. 

3. Equilibrate your column. 

4. Purify your protein, accordingly (binding, washing and elution)! NOTE: You 

will be required to run all extracts on the SDS-PAGE gel for complete analysis. 

5. Clean and store the used column appropriately, as this can used for the same 

purpose with the SAME PROTEIN…. 

 

11.4 SDS-PAGE set up and analyses 
Solutions required: 

For the gels 

 10% ammonium persulfate 

 30% acryl-bisacrylamide mix. NOTE: This is TOXIC! Work with gloves! 

 H2O 

 10% SDS 

 1.5 M Tris (pH 8.8) 

 1.5 M Tris (pH 6.8) 

 Tetramethylethylenediamine (TEMED). NOTE: What is the purpose of this chemical 

in the SDS-PAGE? 
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For the running buffer 

10x SDS PAGE running buffer (Dissolve 10 g SDS, 30.3 g Tris, and 144.1 g glycin in 800 ml 

H2O. Adjust volume to 1 liter with H2O) 

 

 

How to prepare the SDS-PAGE gel 
Firstly, a SDS-PAGE gel consists out of two gel layers. The first (bottom) layer is termed the 

resolving gel. The second (top, where samples are loaded) is termed the stacking gel. 

 

NOTE: Stacking and resolving gels have very distinct purposes. What are these purposes and 

what occurs within each gel to effectively separate/visualise proteins? 

 

The stacking gel always remains constant, at a percentage of 5%. Table 2 outlines the 
components and volumes required to make the stacking gel. 

 

 

 

Table 11.1: Stacking gel components for assembling a denaturing SDS-PAGE. This table was 
obtained from the Roche FAQs manual.  
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The resolving gel percentage depends greatly on the size of protein you are going to analyse. 

See Table 3 for a detailed outline on the components, volumes required and percentages you 

could use. 

 

 

Table 11.2: Resolving gel components for assembling a denaturing SDS-PAGE according to 
protein size. This table was obtained from the Roche FAQs manual. 
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Assembling your casting frame (modified from Bio-Rad Laboratories. Please watch the 
video demonstration, website provided in footnote28) 

1. Assemble the casting gel components: a tall glass plate (these are either spaced with 0.75 or 

1 mm spacers) a small glass plate, a green casting frame and a casting stand. 

2. Place the green casting frame on the bench with the green “feet”resting firmly against the 

bench and the clamps open (perpendicular to the frame) and facing you. 

3. Place the two gel plates in the frame. Insert the taller spacer plate with the “UP” arrows up 

and the spacers facing toward you into the casting frame. Insert the short glass plate in the front 

of the casting frame. There should be a space between the plates. 

4. Secure the plates in the casting frame by pushing the two gates of the frame out to the sides. 

 

NOTE: the bottom edges of the two plates should be flush with the lab bench before you clamp 

the frame closed to ensure a watertight seal. To do this, rest the frame vertically on the bench 

BEFORE closing the gates. 

5. Clamp the casting frame with glass plates into the casting stand, with the gates of the casting 

frame facing you. Repeat steps 1-5 to prepare a second gel in the casting frame. 

6. Ensure that the assembled plates in the casting stand are sealed properly by pipetting a 

small amount of deionized water into the gap between the plates. If the glass plates hold water 

and don’t leak, you are ready to make the gels. Pour the water out by holding the entire casting 

platform over a liquid waste container or sink. Use Whatman filters to absorb any residual 

water. If the gel leaks, disassemble the frame, dry the plates and go back to step 3. 

7. Once you have assembled the casting frame, pipet your resolving gel, up to a mark (usually 

1-2 cm from the top). 

8. Overlay the resolving gel with iso-propanol. NOTE: What is the purpose of the iso-propanol 

overlay? 

 
28 https://www.youtube.com/watch?v=bdBXwuuwSBo 
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9. Allow the resolving gel to polymerize, approximately 40 min. 

10. Pour off the iso-propanol, wash thoroughly with water, and ensure complete dryness of the 

casting chamber by drying with Whatman filters. 

11. Prepare the stacking gel. 

12. Carefully pipet the stacking gel on top of the resolving gel, MAKE SURE there are NO 

bubbels. 

13. Insert the correct size comb. 

14. Allow stacking gel to polymerize. 

 

 

How to assemble the apparatus for running your protein gel 

1. Retrieve one of the SDS-PAGE gels from the refrigerator. 

2. Carefully remove the comb from the spacer gel. 

3. Remove the casting frame from the gel cassette sandwich and place the sandwich against 

the gasket on one side of the electrode assembly, with the short plate facing inward. Place 

a second gel cassette or a buffer dam against the gasket in the other side of the electrode 

assembly. 

4. Clamp the green clamps on the sides of the electrode assembly (below). 

5. Lower the chamber into the electrophoresis tank. 

6. Fill the space between the two gels with SDS running buffer. This forms the upper 

chamber for electrophoresis. 

7. Add SDS running buffer to the outer (lower) chamber until the level is high enough to 

cover the platinum wire in the electrode assembly. 
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Loading samples and running the gel 

1. Load up to 15 µL of sample into each well. NOTE: Remember which samples is loaded 

where! 

2. Load 5 µL of protein molecular weight marker into one of the wells. 

3. Connect the tank to the power supply (RED to RED, BLACK to BLACK) 

4. Run the gel at a constant voltage of 120-150V. 

5. Allow the gel to run until the blue dye front nearly reaches the bottom of the gel. This may 

take approximately 40-50 min. 

 

 

Removing the gel from your apparatus, staining and de-staining 
 

1. Switch off the power supply. 

2. Pour out the buffer. 

3. Remove holding chamber (containing the gel) from tank. 

4. Remove the glass plate/gel assembly. 

5. CAREFULLY lift the glass plate to release the gel. 

6. Place the gel in a plastic container. 

7. Add staining solution, allow for staining to occur with gentle agitation. This could be done 

overnight OR at 37 C for 2 hours. 

8. After staining, pour off the staining solution. 

9. Add the de-staining solution (leave until bands are clearly visible and most of the dye has 

been removed from the gel – de-staining solution can be replaced once or twice) and allow for 

de-staining with gentle agitation. 

10. PHOTOGRAPH your result. 
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NOTE: Let’s discuss and interpret your results….. 
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TUTORIAL  
Determine whether your gene of interest is in the correct open reading frame (ORF) 

EcoRI – G[]AATTC 

NotI – GC[]GGCCGC 

 

What does the concept of ín frame’ refer to? Use the diagram below to guide your answer. 

FRAME A 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GAT CCG GAA TTC … … … 
… … … … … GTG CGG CCG CTT … … … … … … … … … … … … … … … … TGA 

FRAME B 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GGA TCC GGA ATT C..  … 
… … … … … .GT GCG GCC GCT T … … … … … … … … … … … … … … … … TGA 

FRAME C 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GGG ATC CGG AAT TC. 
… … … … … … ..G TGC GGC CGC TT. … … … … … … … … … … … … … … … TGA 

 

 

Tutorial question: 

You want to clone the following sequence ‘in frame’ into one of the pProEx vectors (from pGemTeasy 

vector) using either EcoRI or NotI….. 

 

Sequence, as it was cut out from pGEM-T easy, with EcoRI: AAT TCG ATT ATGgcattcgataggcta….. 

Sequence, as it was cut out from pGEM-T easy, with NotI: GGC CGC GGG AAT TCG ATT 
ATGgcattcgataggcta…. 
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EcoRI 

FRAME A 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GAT CCG G[AAT TCG 
ATT ATG…..]AA TTC … … … … … … … … GTG CGG CCG CTT … … … … … … … … … … … … … … … … TGA 

FRAME B 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GGA TCC GG[AAT TCG 
ATT ATG…..]A ATT C..  … … … … … … .GT GCG GCC GCT T … … … … … … … … … … … … … … … … TGA 

FRAME C 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GGG ATC CGG [AAT 
TCG ATT ATG…..]AAT TC. … … … … … … ..G TGC GGC CGC TT. … … … … … … … … … … … … … … … TGA 

 

NotI 

FRAME A 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GAT CCG GAA TTC … … … 
… … … … … GTG C[GGC CGC GGG AAT TCG ATT ATG….]GG CCG CTT … … … … … … … … … … … … … … … … 
TGA 

FRAME B 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GGA TCC GGA ATT C..  … 
… … … … … .GT GC[GGC CGC GGG AAT TCG ATT ATG …]G GCC GCT T … … … … … … … … … … … … … … … … 
TGA 

FRAME C 

ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC ………………………….** GGC GCC ATG GGG ATC CGG AAT TC. 
… … … … … … ..G TGC [GGC CGC GGG AAT TCG ATT ATG …] GGC CGC TT. … … … … … … … … … … … … … … … 
TGA 

 

Explain your answer. 
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Notes: Chapter Eleven 
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Chapter Twelve: Sugar extractions 
 

Aim of this Chapter: To isolate water soluble carbohydrates (WSC) from any plant tissue 

The following protocol is a basic ethanol series extraction method to isolate water soluble 

carbohydrates (WSC) from plant tissue. Methods within this chapter is routinely used in our 

lab and has been obtained from the following sources: Peters et al (2007)29; Peters and Keller 

(2009)30. 

 

Materials required: 

 Plant material 

 Liquid nitrogen 

 Freeze-dryer 

 Retsch mill 

 Mortar and pestle 

 80% ethanol 

 50% ethanol 

 ddH2O 

 Heating block set at 85 C 

 2 ml Eppendorf tubes 

 
29 Protection mechanisms in the resurrection plant Xerophyta viscosa (Baker): both sucrose and raffinose 
family oligosaccharides (RFOs) accumulate in leaves in response to water deficit. Peters et al (2007), Journal of 
Experimental Botany, 58(8): 1947-1956. https://doi.org/10.1093/jxb/erm056 
 
30 Frost tolerance in excised leaves of the common bugle (Ajuga reptans L.) correlates positively with the 
concentrations of raffinose family oligosaccharides (RFOs). Peters and Keller (2009), Plant, Cell and 
Environment, 32(8): 1099-1107. https://doi.org/10.1111/j.1365-3040.2009.01991.x 
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 10 ml tubes 

 1.5 ml Eppendorf tubes 

 Vacuum concentrator centrifuge (speed-vac) 

 Mobicol spin columns 

 Cation exchange = AG 50W – X8 resin® 

 Anion exchange = AG 1-X8 resin® 

 10 µm frit 

 Polyvinylpolypyrrolidone (PVPP) 

 Swing bucket rotor centrifuge set at 4C 

 

12.1 Preparation of plant material 
1. Collect plant material 

2. Snap-freeze samples in liquid nitrogen prior to placing it in the freeze-dryer 

3. Freeze-dry your samples overnight. NOTE: You will be demonstrated on how to 

operate the freeze-dryer, pay CAREFUL attention, make notes of how this equipment 

works!!  

4. Collect samples from freeze-dryer the following day 

5. Grind samples into a fine powder, using the Retsch mill. NOTE: Again, pay careful 

attention on the usage of this equipment!! 
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12.2 Extraction of WSC 
METHOD 

 

NOTE: At the end you will have a total sugar extraction volume of 6 ml 

 

1. Weigh out 200 mg of your powdered samples in 2 ml Eppendorf tubes 

2. Add, to the sample, 1 ml 80% ethanol 

3. Incubate, shaking, at 85 C for 10 min.  

NOTE: secure the lids of your tubes….WHY? 

4. Centrifuge at full speed (13 000 x g), room temperature, for 10 min 

5. Aliquot, without disturbing the pellet, the 1 ml supernatant into a new 10 ml tube 

6. Repeat steps 2-5 

7. Add, to the same pellet, 1 ml 50% ethanol 

8. Incubate, shaking, at 85 C for 10 min 

9. Centrifuge at full speed, room temperature, for 10 min 

10. Aliquot, without disturbing the pellet, the 1 ml supernatant into THE SAME 10 ml tube 

11. Repeat steps 7-10 

12. Add, to the same pellet, 1 ml of ddH2O 

13. Incubate, shaking, at 85 C for 10 min 

14. Centrifuge at full speed, room temperature, for 10 min 

15. Aliquot, without disturbing the pellet, the 1 ml supernatant into THE SAME 10 ml tube 

16. Repeat steps 12-15 

17. Ensure that you have 6 ml final volume 
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18. If you do not have 6 ml, bring to the volume with ddH2O 

19. Make 1 ml aliquots, from your total sugar extraction, into 1.5 ml Eppenndorf tubes 

20. Place samples in a vacuum concentrator centrifuge (speed vac); this will take 

approximately 4 h to evaporate ALL ethanol and H2O. NOTE: Pay CAREFUL 

attention as to how this equipment must be set!!! 

21. Collect samples from speed-vac, ensure that complete evaporation occurred. NOTE: 

Ensure not to over-evaporate your samples, and that the temperature is not too high. 

You will know if this occurs, because your samples will turn black. WHY – what is the 

Maynard reaction? 

22. Resuspend the concentrated sample in 200 µl of ddH2O 

23. Proceed to desalting process 
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12.3 Desalting of sugar samples 
METHOD: 

1. Pack the Mobicol spin column with cation/anion exchange resins, and PVPP.  

See Fig. 12.1 for the set-up of this column.  

2. Secure the 10 µm frit (filter) at the bottom of the column 

3. Tightly pack a ‘volume’ of 150 µl (measure with modified syringe) AG 1-X8 resin 

4. Tightly pack a ‘volume’ of 100 µl PVPP 

5. Tightly pack a ‘volume’ of 50 µl AG 50W-X8 resin 

6. Clean your packed column in a swing bucket centrifuge as described in steps 7-13.  

NOTE: PAY VERY CAREFUL attention how to adjust settings on this centrifuge!!!  

7. Place a 2 ml Eppendorf tube inside a 10 ml, round-bottom tube 

8. Place the packed column into the 2 ml Eppi 

9. Place your tube-column setup in the centrifuge 

10. Add 600 µl H2O directly onto the resin in the column 

11. Centrifuge at 3000 x g for 2 min at 4 C 

12. Discard flow-through 

13. Repeat steps 10-12 

14. Pipette your 200 µl WSC sample on the column 

15. Centrifuge at 3000 x g for 2 min at 4 C 

16. DO NOT discard the flow through 

17. Keep the sample in the centrifuge setup 

18. Pipette 400 µl H2O onto the column 
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19. Centrifuge at 3000 x g for 2 min at 4 C 

20. DO NOT discard the flow through 

21. Repeat steps 17-20 

22. WHAT IS THE DILUTION FACTOR OF YOUR SAMPLE? 

23. Proceed to Enzyme assay Chapter to determine the concentration of sucrose in your 

sample 

24. CALCULATIONS ARE IMPORTANT HERE! Make sure you know how to calculate 

the mole concentration of sucrose 
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Figure 12.1: The set-up of a Mobicol spin column for the desalting of sugar samples prior to 
analytical analyses (e.g. LC-MS).  
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Notes: Chapter Twelve 
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Chapter Thirteen: Basic principle of an enzyme assay using the 
spectrophotometer - SUCROSE 
 

Enzyme assays are common biotechnological tools that can be used in various applications. At 

the Institute for Plant Biotechnology (IPB) these assays are mainly used in the study of enzyme 

kinetics as well as in the determination of various metabolites from a given plant or bacterial 

extract. During the application of these assays, commercially available enzymes (such as 

hexokinase (HK) and/or glucose-6-phosphate dehydrogenase (G6PDH)) and metabolites (such 

as Nicotinamide adenine dinucleotide (NAD+) and/or Adenosine triphosphate (ATP)) are often 

used in conjunction with other compounds, in a buffered environment, to complete a particular 

reaction mechanism.  In combination with enzyme assays, microplate readers are machines that 

can be used to track and quantify changes occurring before, during and after a given enzymatic 

reaction. To get a better understanding of enzyme assays and their applications, a standard 

enzyme-linked assay for the measurement of sucrose (table sugar) will be discussed31. 

 

13.1 Sucrose assay procedure 
Principle: 

During the measurement of sucrose (Suc), Suc is broken down into glucose (Glc) and fructose 

(Fru) by the enzyme invertase (Inv).   In order to calculate the amount of sucrose both the 

glucose and fructose amounts are measured via specific reactions. For the measurement of Glc, 

a Glc molecule is phosphorylated by HK in the presence of ATP leading to the production of 

glucose-6-phosphate (G6P). G6P is then subsequently oxidized to 6-phosphogluconate by the 

action of G6DH, while NAD+ is reduced to NADH (Fig.1a).  Similar to the measuring of 

glucose, Fru is also phosphorylated by HK producing fructose-6-phosphate (F6P). However, 

F6P is then converted to G6P by phosphoglucose isomerase (PGI) (Fig.1b). Once converted to 

G6P, the G6P can then be oxidized leading to the production of NADH.  Ultimately, as more 

and more NADH accumulates an increase in the absorbance at 340 nm (Abs340) is evident 

.This increase in absorbance can be measured at Abs340 on a microplate reader.  The amount 

 
31 Metabolite levels in specific cells and subcellular compartments of plant leaves. Stitt et al (1989), Methods in 
Enzymology, 174: 518–552. http://dx.doi.org/10.1016/0076-6879(89)74035-0 
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of NADH produced is thus directly linked to the amount of glucose and fructose present and 

therefore equivalent to amount of sucrose. 

 

 

Figure 13.1: An overview of the various enzymatic steps involved during the measurement of 

sucrose. 

 

Solutions:  

a) Stocks and enzymes 

• 100 mM  HEPES/KOH, 3 mM MgCl2, pH 7.0 (buffer )  

• 100 mM ATP  

• 50 mM NAD+  

• HK: Hexokinase (from Roche: 15 000•U mL‐1, 120 μl suspension dilute to 500 μl with 

buffer)  

• PGI: Phosphoglucose isomerase (from Roche: 175 U•mL‐1, 60 μl suspension dilute to 

500 μl with buffer)  

• Inv: Invertase (from Sigma – lyophilized powder – dissolve as much as possible of the 

powder –approx. 100 mg in 500 μl buffer)  
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Assay mixture for 1 microplate (96 wells):  

 15.5 ml buffer, 480 μl ATP (3 mM), 480 μl NAD+ (1.5 mM), 60 U G6PDH grade II (from 

Roche- 80μL)  

 

b)   Standards 

• Fructose, glucose and sucrose standards (0 mM; 0.1 mM; 0.5 mM ; 1 mM; 2 mM; 5 

mM and 10 mM) 

• NADH standards can also be included 

 

Procedure  
NOTE: This part of the procedure will require the use of a microplate reader; always refer to 

the manual and an experienced user before using the equipment. 

 

Protocol:  

1. Transfer 20 µl of the samples to be tested and the standards to a 96-well microtiter plate. 

2. Add 160 µl of the assay mixture to the wells (use a multi-channel pipette!) Ensure that 

the samples are always measured in triplicate or more (preferable between 3-6 wells if 

possible). Refer to Figure 13.2 as an example of a typical layout.  

 

 

 1 2 3 4 5 6 7 8 9 10 11 12 
A x x x          
B S1 S1 S1          
C S2 S2 S2          
D S3 S3 S3          
E S4 S4 S4          
F S5 S5 S5          
G S6 S6 S6          
H             

            

Figure 13.2: A 96-well Microtiter plate scheme, where x= unknown and S1-S6= s standards. 
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3. Setup the plate reader for a kinetic run at 340 nm with shaking as required. Ensure that 

the appropriate wells are selected and place the plate in the reader and select run/start.  

4. Click on the output window to track the various changes in Abs340. When the Abs340 

has stabilised (basically a flat line), stop the run and save the data. This is endpoint zero (T0). 

5. Now add 5 µl of the HK enzyme mix to each well. Start a new kinetic run and when 

the Abs340 has stabilised take an endpoint reading. This is endpoint 1 (T1). 

6. Add 5 µl of the PGI enzyme mix to each well. Start a new kinetic run and when the 

Abs340 has stabilised take an endpoint reading. This is endpoint 2 (T2). 

7. Add 5 µl of the Invertase enzyme mix to each well. Start a new kinetic run and when 

the Abs340 has stabilised take an endpoint reading. This is endpoint 3 (T3). 

Note: See Fig. 3 below for an overview of the increase and stabilization in the absorbance at 

340 nm following the addition of the various enzymes.  

 

NOTE: The above-mentioned protocol is also available in a kit format. We routinely use the 

commercially available kit from Boehringer Mannheim/ r-biopharm®. Please downlowd the 

complete manual from their website, provided in the footnote32. 

 
32 https://www.aafco.org/Portals/0/SiteContent/Regulatory/Committees/Lab-Methods-and 
Services/Methods/11c_sucrose_d_glucose_d_fructose.pdf  
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Figure 13.3: The increase and stabilization in the absorption at 340 nm plotted against time. 

 

13.2 Assay Analysis 
For the analysis of the data, setup a standard curve by plotting the change in Abs340 as a 

function against the concentration for the various standards. The concentration of the 

unknown(s) can then be determined by substituting the change in Abs340 into the generated 

equations from the standard curves.  

E.g. If the solution that is being tested only contains sucrose, a notable increase in the Abs340 

should be only be evident after the addition of Inv.  

 

 
NOTE: You will be challenged with a practical to test your skills on sucrose measurements 
and calculations! Your demonstrator will design an experiment with you to be completed 
during the module allotment. 
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Design your experiment: 

Let’s think about everyday consumables. Is there something you enjoy drinking, like a soda or 

juice? Have you ever thought about the amount of sucrose contained within this favourite of 

yours? 

Let’s design an experiment to test this. Use your knowledge of standard curves and dilution 

series to guide your thought process. Write down your experimental procedure in the space 

below: 
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Notes: Chapter Thirteen 
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Chapter Fourteen: Agrobacterium-mediated plant 
transformation  using Arabidopsis thaliana as model plant 
 

14.1 Preparation of electro-competent Agrobacterium cells 
Materials: 

 Agrobacterium tumefaciens single colonies on a LB plate (with appropriate antibiotics, 

this depends on the strain you use) 

 250 ml Erlenmeyer flask with 100 ml liquid LB (containing appropriate antibiotics) 

 50 ml Falcon tubes 

 Sterile water 

 10% glycerol 

 20% glycerol 

 Eppendorf tubes 

 Liquid nitrogen 

 

NOTE: What is the difference between the following two Agrobacterium species, and what are 

their intended purposes within the laboratory: A. tumefaciens and A. rhizogenes? 

 

METHOD 
1. Streak the Agrobacterium out on the LB agar plate (containing appropriate antibiotics) 

and incubate plate at 28 C for two days, to obtain single colonies 

2. Inoculate a single colony in 5 ml LB and incubate overnight, at 28 C, with shaking – 

starter culture 

3. Measure OD600 and calculate which volume of starter culture you need to add to the 

100 ml LB liquid to obtain a final density of 0.1 
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4. Incubate the culture until an OD600 of between 0.8-1.0 is reached 

5. Centrifuge this culture at 4000 rpm, at 4 C for 10 min 

6. Discard supernatant 

7. Resuspend pellet 2.5 ml ice cold H20 by pipetting up and down, add H20 to a volume 

of 50 ml 

8. Centrifuge resuspension at 4000 rpm, 4 C, 15 min 

9. Discard supernatant 

10. Repeat steps  #7, #8 and #9 

11. Discard supernatant and resuspend pellet in 20 ml COLD, sterile 10% glycerol 

12. Centrifuge for 15 min, at 4000 rpm, 4C 

13. Discard supernatant (WORK QUICKLY) 

14. Resuspend in (0.25-0.5 ml) of 20% COLD, sterile glycerol 

15. Aliquot 50 µl cells per Eppi 

16. Snap freeze in liquid nitrogen 

17. Store at -80C 

 

14.2 Transformation of Agrobacterium competent cells 
Materials: 

 Elctro-competent Agrobacterium 

 Plasmid 

 Electroporation cuvettes (2 mm) 

 Electroporation apparatus 

 LB liquid 
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 LB agar plates with appropriate antibiotics 

 

METHOD 
1. Add 50 µl competent cells in the electroporation cuvette 

2. Add 500 ng – 1 µg of plasmid to the competent cells in the cuvette 

3. Electroporate the cells using the following settings (2.47 V, 2000 ohms, 25 µF) 

4. Add 450 µl LB liquid and shake for 2 hours at 28C 

5. Plate onto LB agar plates containing appropriate antibiotics 

 

 

14.3 Transformation of Arabidopsis – floral dip/inoculation 
 

Please see the following two articles for extended protocols, links are provided in the 

footnote: 

1. Floral dip method – Clough, S.J. and Bent, A.F. (1998) Floral dip: a simplified 

method for Agrobacterium-mediated transformation of Arabidopsis thaliana. 

Plant J. 16: 735-74333 

2. Floral inoculation method - Narusaka, M., Shiraishi, T., Iwabuchi, M. and 

Narusaka, Y. (2010) The Floral Inoculating Protocol: A Simplified Arabidopsis 

thaliana Transformation Method Modified From Floral Dipping. Plant 

Biotechnol. 27: 349-35134 

 

NOTE: How do we select for Arabidopsis transgenics? 

 
33 https://doi.org/10.1046/j.1365-313x.1998.00343.x  

34 https://pdfs.semanticscholar.org/eb1c/93c90c6b71cf99e730fa5d161e423c23be9d.pdf  
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Notes: Chapter Fourteen 
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Chapter Fifteen: Tissue culture/Plant transformation 
 

Plant cell culture – Tobacco transformation 
 

Material and equipment: 

Applicable chemicals: Macro- and micronutrients, hormones, antibiotics, ethanol, etc. 

Consumables and laboratory tools: Tips, tubes, filters, blades, petri dishes, filter paper, Scott’s 

bottles, scalpels, forceps, Erlenmeyer flasks. 

Equipment: Autoclave, balance, pH meter, laminar flow cabinets, centrifuge, shaking 

incubator, PCR machine. 

Plant material: In vitro grown tobacco plantlets (Nicotiana tabacum cv. Samsung). 

Vector construct: Agrobacterium cell line (LBA4404) containing the appropriate plasmid, 

pCambia2301. 

 

 

Instructions 

1)Culture transformation vector in Agrobacterium:  

 Culture appropriate vector (pCambia2301) in Agrobacterium (strain LBA4404) from - 

80°C stock (stock will be provided) on YEP-medium plates with antibiotics at 28°C for 

two days.   

   

WHICH ANTIBIOTIC WILL YOU USE? WHY? 

 

 Inoculate 100 ml liquid YEP-medium containing antibiotics with the required 

Agrobacterium clone and incubate at 28°C overnight until OD600 = 1 – 1.4 (20-24h). 

 Spin the cells down (10 min at 5500 rpm at room temperature), decant the supernatant 

and re-suspend the cells in infection medium (OD600 – 0.8).  
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HOW MUCH INFECTION MEDIUM WILL YOU NEED TO OBTAIN THE CORRECT 

OD? 

WORK IN A STERILE ENVIRONMENT! 

 

2) Plant tissue preparation and transformation: 

 Prepare the tobacco leaves for transformation.  Make use of the necessary sterile 

techniques and cut the young leaves of in vitro plants into squares (1 cm2). 

 

 

 

 Add the plant tissue to the cell suspension prepared in step 1. 

 Incubate for 15 min at room temperature.  Ensure that all the leaves are wet in the 

suspension. 

 Blot the leaf disks dry on sterile filter paper and place upside down on top of the co-

cultivation medium.  Seal the petri dish with parafilm and write the date, your name, 

and vector information on top of the plate.    

 Co-cultivate for 2 days in the dark at 22-25°C. 

 

WHAT WILL HAPPEN DURING THE CO-CULTIVATION PERIOD? 
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3) Tissue selection and regeneration: 

 If bacterial growth are visible around the edges of the leaf disks remove the leaf disks 

from the co-cultivation medium and rinse 3 times with sterile water in a sterile 

container. 

 Wash the leaf disks for 30-60 min in 25 ml of the cefotaxime washing solution 

(infection media + 400 mg/l cefotaxime) at room temperature shaking slowly (50 – 100 

rpm).    

REMEMBER: YOU HAVE TO WORK STERILE AND USE STERILE EQUIPMENT AND 

SOLUTIONS! 

 

 Blot the leaf disks dry on sterile filter paper and place upside down on top of 

regeneration medium containing the appropriate antibiotic.  Seal the petri dish with 

parafilm and write the date, your name, and vector information on top of the plate.    

 

WHICH ANTIBIOTICS WILL YOU INCLUDE IN THE REGENERATION MEDIA? 

WHY? 

 

IF YOU CANNOT GET RID OF THE AGROBACTERIUM IN YOUR CULTURES, 

YOU WILL HAVE TO START OVER! 

 

 Placed the dish in a growth room for around six to eight weeks to initiate tissue 

development.  You need to sub-culture after the first week and then every two weeks 

onto fresh media (or if you see bacterial growth).  After the incubation period, the organ 

development should be visible.  

WHY ARE SOME LEAF DISKS TURNING BROWN OR SHOWING SIGNS OF CELL 

NECROSIS? 
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 Transfer developed shoots onto rooting media with the appropriate antibiotics. 

ORGANOGENESIS WILL OCCUR DUE TO THE HORMONES YOU INCLUDED IN 

THE GROWTH MEDIA.  WHICH HORMONES ARE RESPONSIBLE FOR THE 

SHOOT FORMATION? 

 

IF YOUR CULTURE IS CONTAMINATED YOU WILL HAVE TO START OVER! 

 

4) Transgene confirmation: 

HOW CAN YOU BE SURE YOUR REGENERATED IN VITRO TOBACCO PLANTLETS 

ARE ACTUALLY GENETICALLY TRANSFORMED? 

 Test your plantlets to confirm the insertion and activity of your transgene. 

HOW WOULD YOU DO THIS?   
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Growth media 
 

YEP medium: 

Component Final [ ] / litre 

NaCL 5 g 

Peptone 10 g 

Yeast extract 10 g 

  

Agar (for solid media) ? G 

 

- Autoclave, allow to cool to around 50°C and add antibiotics 

- Solid media: pour into petri dishes (~25 plates per litre) 

- Store at 4°C 

 

Note: Antibiotics used will depend on the Agrobacterium strain and the 
trans-plasmid. 

 

 

Infection media: 

Component Final [ ] / litre 

MS macro- and micro nutrients 4.4 g 

Sucrose 2% 

 

- Adjust pH to 5.4 with KOH 

- Autoclave and store at 4°C 
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Co-cultivation media: 

Component Final [ ] / litre 

MS macro- and micro nutrients 4.4 g 

Sucrose 3% 

Casein 0.5 g 

BAP 1 µM 

Gelrite 2.2 g 

- Adjust pH to 5.4 with KOH 

- Autoclave 

- Pour into petri dishes (~25 plates per litre) 

- Store at 4°C 

 

 

Regeneration media: 

Component Final [ ] / litre 

MS micro en macro nutrients  4.4 g 

Sucrose 3% 

Casein 0.5 g 

BAP 1 μM 

Gelrite 2.2 g 

Cefotaxime 300 mg 

Antibiotic for selection  

 

- Adjust pH to 5.8 with KOH 

- Autoclave, allow to cool to around 50°C and add antibiotics 

- Pour into petri dishes or sterile glass bottles (depending on the size of the shoots) 

- Store at 4°C 

 



 
 

Designed and Edited by Loedolff B 
Contributing Authors: Guzha T, Jewel J, Van der Vyver C, Wolf M, Burger NFV, Ellis A, Loedolff B 
Molecular Biology Techniques, the laboratory manual 
 
 

148

Rooting media: 

Component Final [ ] / litre 

½ MS micro en macro nutrients  2.2 g 

Sucrose 3% 

Casein 0.5 g 

Gelrite 2.2 g 

Cefotaxime 300 mg 

Antibiotic for selection  

 

- Adjust pH to 5.8 with KOH 

- Autoclave, allow to cool to around 50°C and add antibiotics 

- Pour into sterile glass bottles 

- Store at 4°C 

 

Stock solutions: 

Antibiotic Final [ ] / litre 
Stock  [ ] / 
ml 

Solvent Sterilisation Storage 

Kanamycin 100 mg 100 mg sdH2O Filter 4°C 

Rifampicin 50 mg 100 mg DMSO Filter 4°C + dark 

Cefotaxim 300 mg 300 mg sdH2O Filter Use 
immediately 

BAP 1 µM 10 mg NaOH Filter/Autoclave 4°C 
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Notes: Chapter Fifteen 
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APPENDIX 
 

RNA differs from DNA in 3 main broad aspects: 

 

1) RNA is structurally different 

RNA, unlike DNA, occurs mainly as a single stranded molecule that has a looser 

confirmation due to the lack of a second phosphate backbone (Figure 6.1). RNA also 

consists of ribose phosphate backbone (vs. deoxyribose phosphate backbone) and has the 

base Uracil (vs. Thymine in DNA). The looser confirmation of RNA and the presence of 

the additional hydroxyl group at the 2′ position means that RNA is much more chemically 

labile in various reactions through easier enzymatic access and the energy rich –OH bond.  

 

Figure A1. The main structural and chemical differences between RNA and DNA35 

 
35 https://www.thoughtco.com/dna-versus-rna-608191 
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2) There are various types of RNA classes – many functions, many forms 

DNA, being the heritable material of life, has the sole purpose of transferring genetic 

information from one generation to the next (transgenerational focus). RNA on the other 

hand, partakes in the temporary and selective role of responding to environmental 

conditions to perform the basic operations necessary for the maintenance of life (living in 

the moment). To accomplish this, and with our limited focus, RNA has three main classes 

that need to be distinguished: 

 

a) mRNA 

Messenger RNA facilitates the extremely temporally limited transfer of coding 

information from DNA to proteins. It can be produced at phenomenal speeds and 

generally has a very short half-life. Unlike DNA which remains relatively constant 

between neighboring cells, mRNA levels can differ greatly based on inter- and 

intracellular conditions. Thus, when we study RNA levels of a specific tissue, a 

generalized snapshot in time is taken of the whole tissue/organism, generally 

focused on a controlled environmental exposure, and averaged out. Although 

arguably the most important of the 3 main RNA classes when considering 

maintenance of life, the abundance of mRNA to the total RNA pool generally falls 

under 2% and the size range can be extreme (from under 100bp up to several 

Kbp). 

 

b) tRNA 

Transfer RNA is directly involved in the translation of mRNA transcripts into 

proteins. tRNA’s facilitate the transfer of amino acids to the growing polypeptide 

chain of proteins in the ribosomal complex based on matching 3 bp motifs 

(anticodon) to the ribosome docked mRNA. There are 20 different tRNAs that 

correspond to the 20 amino acids present within a polypeptide chain (Figure 6.2) 

and tRNA abundance and diversity normally remains constant and is highly 

organism specific. For this reason, transgene introduction needs to account for 
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relative host tRNA diversity as proteins containing runs of amino acids that are 

poorly represented by their respective tRNAs can greatly affect the speed and 

yield transgene protein production. The abundance of tRNA to the total RNA pool 

generally falls between 4 – 5% and the size range is quite small (under 100bp). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A2. A codon degeneracy table representing the tRNA 3bp motifs (anticodons) and 

the corresponding amino acid transported. “Stop” codons do not carry an amino acid and 

terminates the growing polypeptide chain. 
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c) rRNA 

Ribosomal RNAs are responsible for forming ribosomes within cells where 

protein synthesis occurs. The ribosomal complex is made up of different rRNAs, 

and proteins, that differ slightly between prokaryotes and eukaryotes (Figure 6.3). 

As the function of ribosomes are essential to all life there has been relatively small 

alterations to these molecules across the branches of life. The most noticeable 

difference is the differently sized ribosomal complexes between Prokaryotes and 

Eukaryotes (Figure 6.3). As structural folding of rRNAs are essential to their 

functioning, the sizes of rRNA subunits are generally given in Svedberg units 

(measurement of the time taken for particle to pass through a gradient during ultra-

centrifugation), as gel electrophoresis is not a reliable method to measure their 

size. rRNA genes have proven quite useful in elucidating evolutionary 

relationship between different species. 

Figure A3. The rRNA composition of ribosomes in Eukaryotes and Prokaryotes36 

 
36 https://www.mun.ca/biology/scarr/MGA2_03-23.html 
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