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LAB 10 

DNA TRANSFORMATION  
 

STUDENT GUIDE 

 
GOAL 

 

The objective of this lab is to successfully perform DNA transformation of a recombinant 

plasmid and use blue-white selection to select recombinant clones.  

 

OBJECTIVES 

 

After completion, the student should be able to: 

 

1. Perform DNA transformation and transformed colony selection.  

2. List and describe the important structures found on plasmid vectors used in many 

biotech laboratories. 

3. Explain how to select cells that have received a recombinant plasmid, given 

information about pertinent genes contained in the plasmid vector and/or insert. 

4. Explain the molecular basis of blue-white selection after transformation. 

 

 

BACKGROUND 
TRANSFORMATION 

Transformation is the process whereby DNA is taken inside cells that are highly 

competent, i.e., that allow exogenous DNA to enter and then do not destroy it by 

restriction. E. coli Hb101 and JM109 are strains of competent cells used often in the 

biotech lab because they do not have any natural antibiotic resistance and lack restriction 

enzymes (hsdR17 genotype). These cells also lack an important enzyme involved in 

recombination (recA1 genotype), which makes it valuable for cloning and subcloning 

experiments. These strains of E. coli carry an episome, a plasmid or a fragment of DNA 

inserted into the main bacterial chromosome, which is used for blue/white selection using 

-complementation (see the following section on PLASMID VECTORS AND 

SELECTION).  High copy plasmids used in cloning will replicate independently of the 

cell’s chromosome - as many as 500-700 times - because of a mutation in a gene that 

normally controls the number of times a plasmid can replicate. Cells are prepared for 

transformation by treatment with calcium chloride. It is believed that the Ca
++

 ions 

interact with the cell membrane allowing the negatively charged DNA to adhere to the 

cell. A small amount of DNA (10 nanograms or less) is used because large amounts can 

actually interfere with transformation. Plasmid DNA is taken up better than is linear 

DNA, but the plasmid cannot be too large. The author has transformed recombinant 

plasmids as large as 10 kb, but plasmids should be kept smaller than about 8 kb to 

increase transformation efficiency. The cells are kept cold after the plasmid DNA is 

added. The cold may cause the membrane to become crystallized, resulting in slight gaps 

between the phospholipids where the DNA will enter the cell. The cells are then heat 
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shocked, which causes them to take in the DNA adhering to the outside. The transformed 

cells are then added to a rich medium, such as SOC, which provides all the ingredients 

they need to recover, including a sugar such as glucose. The cells incubate for 60 minutes 

to allow time for the antibiotic resistance gene on the plasmid to be expressed. This 

allows those cells with a recombinant plasmid to survive on the antibiotic in the agar on 

which they are placed next.   

 
PLASMID VECTORS and SELECTION 

The plasmid vectors used in most genetic engineering have five common features: they are small 

in base pair size, they contain an antibiotic resistance gene or ‘cassette,’ they have an origin of 

replication (ori), a lacZ gene, and they have a polylinker or multiple cloning region (MCR). For 

example, Bluescript, pBC KS+, is an engineered cloning vector from Stratagene. It has 3400 base 

pairs and a chloramphenicol resistance cassette. See the map of this plasmid in Figure 1. 

 

ori

Xba I
Spe I

Bam HI
Sma I

Pst I

Eco RI

Eco RV

Hind III

Bsp106

lacZCmr
pBC KS+
 3400 bp MCR

 
 

Figure 1. Map of Bluescript (pBC KS+) Cloning Vector  

 

Figure 2. pUC 18 Map 
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Replication of bacterial plasmids originates at a specific DNA sequence called the origin of 

replication or ori. The origin of replication is recognized by DNA polymerase and is the 

initiation site of DNA replication in E. coli. It must be present or the plasmid DNA will not be 

replicated. Bluescript is a high copy number plasmid, which means that replication occurs 

repeatedly until as many as 500-700 plasmids are present within the cell.  

 

The gene for chloramphenicol resistance (cm
r
) in Bluescript, or ampicillin resistance (amp

r
) in 

pUC18, Figure 2, enables any cell that contains these plasmids to grow in the presence of the 

given antibiotic. This feature allows the selection of transformed cells by their ability to grow on 

media containing antibiotic. Transformed cells will grow and produce colonies, while those 

without the plasmid will not grow or reproduce in the presence of Cm. In this lab, pUC 18, which 

contains the ampicillin resistance gene, will be used. When using ampicillin resistance for 

selection, further care must be taken in choosing transformants because of the possibility of 

satellite colony formation. Satellite colonies are opportunistic non-transformed cell growth due to 

selection plates being left in the incubator long enough for them to grow where -lactamase has 

diffused into the agar. -Lactamase (Figure 3) secreted by adjacent transformed cells, is the 

compound that protects the cells from ampicillin. By allowing the transformation plate to 

incubate more than 24 hours, these opportunists persist and grow into observable colonies that 

surround true transformed colonies. Look for smaller colonies growing in the halo of larger 

colonies on a transformation plate; be warned that they are to be generally disregarded. 

 

 
 

The multiple cloning region/sequence, MCR, MCS or polylinker, is a DNA sequence 

containing 13 different and unique restriction sites. It has been genetically engineered 

into the plasmid vector’s lacZ gene. The polylinker is small enough and in-frame with the 

lacZ gene so a functional -galactosidase enzyme is still produced in the cell. (In-frame 

means that the number of nucleotides inserted is a multiple of three, so that the reading 

frame of codons of the lacZ gene does not get changed.) The plasmid can be digested 

with any of the restriction endonucleases that recognize these sites, giving a linear rather 

than circular molecule of DNA that no longer synthesizes -galactosidase. If the plasmid 

is digested with the same restriction enzyme used to cut out the insert DNA, fragments of 

insert DNA will have ends compatible with the ends of the linearized plasmid. This 

allows the fragments to be joined together by ligation to create a recombinant DNA 

molecule that can be used to clone a gene of interest.  

 

The lacZ gene, one of three genes in the lac operon of E. coli, codes for the enzyme -

galactosidase that hydrolyses the disaccharide lactose to galactose and glucose. In E. coli 

the β-galactosidase protein is a tetramer, consisting of four identical polypeptides, each 

1,021 amino acids long. Many E. coli strains used for cloning have a defective lacZ gene 

Figure 3. The action of 

-Lactamase 
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(signified as lacZ
-
 or ΔlacZ and called -acceptors) in an episome of the cell. A small 

deletion of DNA that codes for amino acids 11 to 41 causes the cell to produce defective 

β-galactosidase polypeptides. The dysfunctional tetramer can be corrected by supplying a 

short peptide containing these missing amino acids. Many common cloning vectors, 

including Bluescript and pUC, contain the DNA coding region (the -donor) of the lacZ 

gene missing in -acceptor lacZ
-
 E. coli strains. This DNA region contains the first 145 

amino acids of the β-galactosidase gene. The polylinker is inserted in-frame between the 

operator site of the Lac operon and this α-donor region, which allows the peptide to be 

functional. (Karcher)  When a strain of -acceptor E. coli is transformed with non-

recombinant Bluescript or pUC plasmid, the resulting transformed cells are 

phenotypically Lac
+
, meaning that they produce β-galactosidase and can hydrolyze 

lactose. This lacZ complementation can be prevented if the DNA coding sequence for 

this complementing -donor DNA in the plasmid vector is disrupted by cutting the 

plasmid open and ligating into it a DNA fragment of interest. If ligation and 

transformation are successful, the peptide required for complementation is not produced 

and the β-galactosidase tetramer remains nonfunctional. This lacZ complementation is 

used as a screening tool to differentiate between transformed colonies with recombinant 

plasmids and those transformed with non-recombinant plasmids. The key to this 

screening is the compound 5-bromo-4-chloro-indolyl- -D-galactoside (also called 

galactopyranoside or X-gal), another substrate for -galactosidase. -galactosidase 

cleaves X-gal, producing a product that is blue in color once it comes into sufficient 

contact with oxygen. If X-gal is in the agar, colonies containing plasmid DNA without an 

insert will be blue in color because -galactosidase is produced and X-gal is cleaved. 

The blue color will intensify over time as the cleavage product comes in contact with 

more oxygen, turning the colony more and more blue. Inserted DNA ligated into the 

polylinker disrupts the production of the -galactosidase , producing colonies that are 

white in color because X-gal is not cleaved. Also added to the agar is 

Isopropylthiogalactoside (IPTG), a chemical that induces transcription of the lacZ gene 

by binding with the Lac repressor protein, which is present in abundance in the cells used 

for transformation. If no dephosphorylation of the plasmid vector was performed, some 

transformed cells may contain a self-ligated plasmid producing blue colonies.  

 

Selection is a process that identifies what cells were transformed with a plasmid. 

Transformed cells, whether they contain recombinant plasmid or not, have antibiotic 

resistance and can grow on antibiotic L-agar plates. The advantage of blue-white 

selection is that it can also identify what cells were transformed with a recombinant 

plasmid when the recombinant gives no easily detectable phenotype. Selection of 

recombinants is based on the fact that the insert DNA disrupts the lacZ function, making 

cells unable to hydrolyze lactose or X-gal, which makes these colonies white. See Figure 

4. 
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Figure 4. A biotechnician holding a transformation plate using blue-white selection of 
recombinant colonies. 
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MATERIALS For TRANSFORMATION 

Per Class 
6 plates per team of L-agar + Amp

50
+ IPTG + X-gal plates – bring to 37°C by placing in 

incubator   

3 L-agar Amp plates  

Jm109 Competent cells – 2 tubes per team (one for ligation, one for control) 

Recovery broth (SOC or other recovery broth) 

Tape to attach tubes to floor of shaker-incubator 

42 C heating block for transformation (check instructions with competent cells) 

Shaker-incubator set at 37 C  

Incubator set at 37 C for plates 

 

Per team  

Qualified water 

Sterile loops  

1.5 ml microcentrifuge tubes – sterile 

ice and ice buckets with the following tubes to be assembled by the teams: 

1 tube of supercoiled control DNA (supplied with competent cells for + control) 

Ligation reaction from previous lab 

Qualified water  

 

Sterile plastic spreaders for plating cells 

Personal microcentrifuge 

P-1000 l micropipetter and sterile tips 

P-100 or P-200 l micropipetter and sterile tips 

Sharpie marker 

Microcentrifuge tube rack 

 

MATERIALS FOR LIQUID CULTURE INOCULATION 

Per class 

Sterile toothpicks or sterile inoculating loops 

Two bottles of 100 ml sterile L-broth media  

Two 1.5 ml tubes of Ampicillin stock [10 mg/ml] 

10 ml (16 mm) test tubes with loose fitting caps (two per student)  

One test tube rack must be wired into the shaker incubator at an angle, so that the liquid 

cultures shake at a slant and receive aeration, which is required for growth.  

Test tube racks – one more than the number of groups in the class 

Sterile 5 ml glass pipettes and pipette pumps 

Shaker-incubator set at 37 C 
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Recipes for Transformation 

L agar-Cm
25

 -X-gal - IPTG plates (1 liter) 
Make plates within one week of the lab. 

Make enough L agar for 25 mls per plate.  Mix 10 g Bacto-tryptone (Difco #0123-17-3), 5 g 

Bacto-yeast extract (Difco #0127-17-9), 10 g NaCl, 15 g Bacto agar (Difco # 0140-01), and cold 

ddH2O to make 1 liter.  Use containers at least twice as large as the volume of agar, or it may boil 

over in the autoclave.  It is not necessary to boil the solution, as the autoclaving will dissolve and 

mix the agar with the ddH2O.  Autoclave 15 - 20 minutes at 15 p.s.i.   

 

After agar has cooled to 50  C (agar is cool enough when you can hold your hand on the flask 

with no discomfort), add sterile antibiotic (50 g/ml final concentration for ampicillin; use 10 ml 

of 10 mg/ml sterile ampicillin). Final concentration of X-gal should be > 40 g/ml (use 3 ml 20 

mg/ml sterile stock).  Final concentration of IPTG should be > 120 g/ml (use 10 ml 20 mg/ml 

sterile stock).  Stock solution instructions are below. 

 

Pour into petri dishes.  Let plates cool to room temperature.  You may want to let them sit out 

overnight at room temperature to get rid of the condensation on the lids.  Sleeve plates, upside 

down, in the plastic bag they came in, and store at 4  C.  Bring to room temperature before using. 

 

X-gal 20 mg/ml stock. 

Dissolve 200 mg in 10 ml dimethyl formamide in a glass, not plastic, test tube with lid.  Do not 

filter sterilize.  Store in dark (wrap aluminum foil around tube) at -20 C.  Dimethyl formamide is 

sterile. 

 

IPTG 20 mg/ml stock 

Dissolve 200 mg in 10 ml dH2O.  Filter sterilize into sterile 15 ml centrifuge tube using a 0.22 

micron filter attached to a 10 cc syringe. 

 

Antibiotic stock solution- [10mg/ml] 

Dissolve 100 mg in 10 ml ddH2O (or 95% ethanol for chloramphenicol).  Filter sterilize into 10 

sterile 1.5 ml microcentrifuge tubes using a 0.22 micron filter attached to a 10 cc syringe. 

 

L-Broth (1 liter) 

Use 10 g Bacto-tryptone (Difco #0123-17-3), 5 g Bacto-yeast extract (Difco #0127-17-9), 10 g 

NaCl, and cold distilled ddH2O to make 1 liter.  Aliquot to bottles.  Autoclave 15 - 20 minutes at 

15 p.s.i.  After cooling, add sterile ampicillin (final concentration = 50 g/ml), if required.  

 

SOC  Broth 

Buy pre-made. Contains the following: 

2% Tryptone 

0.5% Yeast Extract 

10 mM NaCl 

2.5 mM KCl 

10 mM MgCl2 

10 mM MgSO4 

20 mM glucose 
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PROCEDURE  

Each team will do a control transformation as well as transforming their ligation: 

Team 1 transforms 2 µl of the negative control ligation #1 (no insert) 

Team 2 transforms 2 µl of the negative control ligation #2 (no ligase) 

Teams 3 and 4 each transforms 1 μl of the control plasmid DNA (pUC18) supplied with 

the competent cells. This will serve as a positive control #1 in the experiment. 

Team 5 transforms a recombinant plasmid from a previous semester. This will serve as a 

positive control #2. 

 

PART I.  TRANSFORMATION USING COMPETENT CELLS 

 

1. Record the concentration of the pUC DNA used for positive control #1. (Check the 

product information supplied with Sigma’s JM109 competent cells.)  

 

2. Thaw your ligation reaction and briefly centrifuge. Store on ice.  

 

3. Thaw a tube of supercompetent E. coli cells ON ICE (this takes 5 minutes or less). 

Stir the cells in the tube gently with a sterile pipette tip and re-ice. 

 

4. Add 2 l of your ligation mixture to the tube of cells and swirl the tube gently to mix. 

Incubate on ice for 30 minutes. (For the positive controls, add only 1 L of plasmid.) 

 

5. Heat shock the cells by placing the tube of cells in a 42 C water bath for EXACTLY 

45 seconds. 

 

6. Place the tube of cells on ice and incubate for 2 minutes. 

 

7. Add 450 l of recovery broth (SOC) to the tube of cells and incubate at 37 C for 1 

hour with shaking at 225 rpm. 

 

8. While waiting, each group should label 5 L-agar plates containing X-gal, IPTG and 

ampicillin. NOTE: label the bottom of the plates by writing small on the 

circumference of the bottom so any colonies that grow will be seen clearly. Three 

plates will be for each team’s experimental transformation, two for the control 

transformation.  

 

9. Use sterile technique to add 10 μl of SOC to the middle of each one of the plates. 

Transformation culture will be added to each of these spots of SOC and sterile 

spreaders will be used to equally distribute the cell mixture on each plate. Follow the 

information and diagrams, below. 
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Experimental Plates 
#1. Add 20 μl of transformation 
#2. Add 50 μl of transformation 
#3. Add 100 μl of transformation 

Control Plates 
#1. Add 10 μl of the control transformation 
#2. Add 50 μl of the control transformation 

 

                                             
 

 

 

10. Incubate the plates at 37  C until colonies of at least 1 mm in diameter form. This 

usually takes 12-17 hours. You could have 300-500 colonies per plate or you may 

have only 25-100 per plate.  (The plates can be stored at 4 C after removal from 

incubation.) 

 

PART II. PREP FOR LIQUID CULTURE INOCULATION 

 

NOTE: each student will do two minipreps; therefore, there should be two test tubes of 

liquid media prepared for each student. 

 

1. Use a Sharpie permanent marker to label two sterile culture tubes to hold L-broth 

with ampicillin for each student on your team. Your team number, contents, and date 

should be on each tube. 

 

2. Use sterile technique to aliquot 3 ml of sterile L-broth into each of your own tubes. 

 

3. Calculate the volume of ampicillin stock that must be added to each 3 ml of L-broth 

so that the final concentration is 50 ug/ml. Verify your calculation with your 

instructor. 

 

4. Use sterile technique to add the correct volume of ampicillin stock to each of your 

tubes. 

 

5. Place the capped tubes at 4°C. Transformed colonies will be picked and used to 

inoculate each tube the day before the miniprep lab.  

 

 

Add 10 
μl SOC 
to each 
plate. 

Add transformation or control DNA 

Spread evenly over the entire plate 
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PART III. LIQUID CULTURE INOCULATION 

 

A volunteer from each team must perform this procedure the day prior to the next lab 

session, to provide cells for miniprep isolation of plasmid DNA. 

 

The shaker-incubator with the wired-in tilted test tube rack should be on and set at 37 C. 

 

1. Remove your team tubes of sterile ampicillin liquid media from the refrigerator and 

place into a tube rack.  

 

2. Use a sterile loop or sterile toothpick to pick a SINGLE, WELL-ISOLATED white 

colony from one of your Amp-Ligation transformation plates. 

 

3. Transfer the picked colony to one tube of sterile liquid ampicillin media. Recap the 

tube. 

 

4. Repeat the inoculation procedure for each team tube, using a different isolated colony 

for each. 

 

5. Take the team tubes to the shaker-incubator and load them into the tilted, wired-in 

test tube rack. Close the lid and set the shaker at 200 rpm. Incubate the tubes for 12-

15 hours. 

 

6. Return the transformation plates to 4 C. You will need to observe and count colonies 

on these plates to answer questions at the end of this lab. 

 

 

DATA ANALYSIS 

Before the next laboratory session, predict what results to expect on all the transformation 

plates and construct a table in your lab notebook Data Analysis section. See the example 

in Table 1, below. 

 

Table 1. Predicted Transformation Results 

DNA Used Ligation/Transformation 

Possibilities (Plasmid types) 

*Transformation Results 

Positive Control #1 (pUC18)   

Positive Control #2 (pStudent)   

Negative Control #1 (No insert)   

Negative Control #2 (No ligase)   

 

Experimental ligation 

  

*What you observe on the plate, such as no colonies, many colonies, white colonies, and blue colonies. 
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QUESTIONS 

 

1. A transformation of a plasmid carrying an antibiotic resistance gene was 

performed into E. coli. The cells were plated on antibiotic media. The results of 

growth after 24 hours at 37°C are shown, below. Explain these results and what 

caused the growth of E. coli in the manner shown. 

 
 
Transformation efficiency is defined as the number of transformants (transformant colonies, since 

each transformed cell becomes one colony) per micrograms of DNA used to transform the 

competent cells. The mass of DNA used is based on the competent cell manufacturer’s protocol. 

A transformation efficiency of 10
7
 to 10

8
 is required in genomic cloning experiments, where 

chromosomal DNA is digested and ligated into vectors to make a genomic DNA library. In 

subcloning experiments, such as was performed in this laboratory lesson, the transformation 

efficiency need only be as high as 10
5
 to 10

6
. The transformation efficiency of one type of super 

competent cells used for genomic cloning, for example, is  1 x 10 
9
 cfu/ g. 

 

Example Problem: 10 nanograms of DNA were used for a transformation 

and the cells were allowed to recover in a final volume of 1 mL. One tenth of 

this volume was plated and 100 colonies grew on the selective agar. That 

means that if all 1,000 mL had been plated, there would have been 1,000 

colonies. One nanogram is the equivalent of 0.001 microgram, so 10 

nanograms is 0.01 microgram.  

 

1,000 transformants  0.01 micrograms = 1 x 10
5
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2. Retrieve the team transformation plates from cold storage. Calculate the transformation 

efficiency using the positive control #1 plates (using the plasmid provided with the 

competent cells). What was the concentration of control plasmid DNA, and what volume 

was used for your transformation? What was the final volume of resuspended cells and 

broth? What volume of this resuspension was transferred to the plate? Show all of your 

calculations in your notebook. 

3. Would you say that the transformation efficiency in this experiment was successful? 

Explain. 

4. Would you say that the ligation experiment done earlier was successful or not? Explain. 

5. Explain what is meant by lacZ complementation and how this was used in this 

experiment. 

6. List and describe the important structures found on plasmid vectors used in biotech 

laboratories. 

7. List and describe the important properties of E. coli strains used in transformation. 

8. The polylinker is inserted into the lacZ gene, interrupting its nucleotide structure. The 

lacZ gene continues to function with this extra DNA within it, as long as there is no insert 

in the polylinker. Explain why this is possible. 

9. You must add an antibiotic, stock concentration 10 mg/mL, to 100 mL of liquid culture 

so that the final concentration is 50 g/mL. How much of the stock antibiotic will you 

add? Show your calculation. 

10. Explain why SOC rather than L-Broth is used in the recovery step of transformation.  

11. (A.) Calculate the transformation efficiency from the results of the positive control plate 

pictured below. One microliter of [10 ng] of pUC18 supplied with the competent cells 

were used in the transformation. The cells were incubated in a total of 500 μL of SOC 

and 100 μL of this culture was used to inoculate the plate. (B.) If the transformation 

efficiency was supposed to be 10
8
 cells when 1 μL of pUC was used, explain whether the 

transformation was successful. (C.) If on the experimental plates there were white 

colonies that proved to contain recombinant plasmid, was the ligation successful? 

 

 


