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LAB MODULE 3

TRANSFORMATION: TEACHERS' GUIDE

I.
OBJECTIVES:


A.
To introduce/reinforce concepts of sterile technique.


B.
To introduce/reinforce concepts of transformation.


C.
To introduce students to fundamental techniques in microbiology and molecular 
biology.


D. 
To give students practice in interpreting and comparing data.

II.
SUGGESTIONS FOR USE:  This lab could be used in conjunction with units on microbial genetics or molecular biology, but it could be used during a unit on Kingdom Monera or as a stand-alone laboratory that would precede or review any of the units above.

III.
TWO PROTOCOLS:  


A.
Honors/AP Biology Protocol (Version A)

•
A single protocol includes steps for both transformation and control, assuming that teams of 2 or 3 students can divide the labor.  

•
Some questions asked involve chemical concepts of membrane and nucleic acid structure.  

•
Conclusions call for calculation of transformation efficiency and for an essay discussing factors that influence transformation.

•
(The teacher may may prefer to have honors students use the conclusion diagrams from the basic biology version in addition to making a table of their own design for making final comparisons.)


B.
Basic Biology Protocols (Version B)

•
Two separate protocols are provided for basic biology, one for the "Transformation Team" and one for the "Control Team".  Neighboring teams of two students are expected to follow the separate protocols, then neighbors will compare their results at the conclusion of the experiment.  

•
Questions on the two basic protocols are oriented toward understanding or justifying procedural steps.  The two protocols for basic biology have essentially identical questions, although one question is phrased differently (Section 2, question 2).  

•
Conclusion pages include diagrams to aid students in recognizing what they are being asked to compare and what they are drawing conclusions about.  
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IV.
TIME REQUIRED:  Two and one-half class or lab periods of 45-50 minutes plus two hours homework or in-class seat work.

One period:

Prelab discussion/demonstration and sterile technique demonstration and 


practice.

One period: 
Transformation lab.  

One-half period:
Counting colonies after incubation of plates.


Suggested scheduling:

The prelab and sterile technique practice should take place one or two days before transformation lab.  (One period)  

Version A students should fill in illustrated protocol sheet and all students should answer questions given within the protocol (on pages 1-3 of all versions) as they study the lab instructions in advance of the experiment.  This work could be done at home or individually during an additional 45-50 minutes of class time.

Transformation lab can be accomplished in 45-50 minutes period.  It is suggested that the teacher have materials set up at lab stations.  Only classes that work efficiently in lab can afford the ten minutes required to collect materials "buffet style". It is recommended that the students be allowed 5-10 minutes at end of period to clean up (including washing down lab benches).  It is imperative that students have the concluding five minutes for thorough hand washing!    (45-50 minutes)

The final half-period takes place one or more days after transformation.  Next-day is preferable since incubation greatly exceeding 24 hours may allow merging of individual colonies and satellite colony growth (making counting difficult).  Long incubation allows contaminating bacteria and fungi to obscure the plates.  If scheduling dictates, the plates can be removed from incubator after one day and refrigerated until observation.  NOTE: DO NOT STORE CULTURES IN ANY REFRIGERATOR USED FOR FOOD!  It is recommended that the teacher remove plates from the incubator and place them at lab stations or in a central area.  Allow the students time to find and count their colonies, exchange data with neighbors (basic biology version), turn in plates, wash down tables, wash hands.  (20-25 minutes)

Comparisons of colony counts and conclusions may be done at home.  Sample data are provided for practice or absentees in this teachers' guide. (One hour)
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HINTS:

1.  The use of good sterile technique cannot be stressed enough.  Sterile technique is designed to protect the integrity of the experiments (prevent foreign cells from contaminating the cultures, thereby giving spurious results) and to protect the experimenters' health and that of others.  E. coli may be a natural inhabitant of the human large intestine, but avoidance of massive bacterial contamination of our bodies and our food is only prudent.  The bacteria used in this experiment are a laboratory strain artificially selected for efficient transformation and inability to survive in the human gut, making infection unlikely. 

2.  Plates with starter colonies should not be refrigerated because it tends to reduce transformation efficiency.  The best colonies for transformation are rapidly growing and 2-4 days old.  If the lab kit is picked up well in advance of the use date, one colony may overgrow another, and the buildup of waste products may slow colony growth.  Therefore it is desirable to sub-culture the starter colonies two or three days before use (leave plates in incubator overnight, then incubate at room temperature) or arrange to pick up another starter culture

. 

3.  It is recommended that the culture dish lids be attached with small pieces of transparent tape before incubation.  Lids need never be removed again.  Inverting the plates before incubation prevents condensation from flooding the colonies.

4.  Biohazard bags are provided for collecting all contaminated plastic-ware and culture dishes.  These bags of materials should be returned to  where they will be autoclaved and then disposed of.  Disinfection by soaking in a solution of 10% chlorine bleach is an alternative treatment for plasticware and cultures before disposal with ordinary trash.  

5. Ordinary dishwashing soap and paper towels are suitable for washing lab benches and handwashing, since any residual E. coli die rapidly on surfaces that are clean and dry.  Bacterial and fungal spores in dust may contaminate sterile plates, necessitating wash-down before transformation lab.  Washing and drying the lab benches after transformation lab, and after plates with colonies are inspected, will minimize any chance contamination of those who use the lab.  It is prudent to ban food from any laboratory where bacteria are being used.
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PRELAB DISCUSSION

A.
Briefly explain the principle behind transformation.


(See additional information.)

B.
Discuss the need for sterile technique.

C.
Present a demonstration lab station, "check off" all materials supplied, and explain the use of each item.

D.
Demonstrate sterile technique as required to perform the transformation. (See below.)


Sterile technique demonstration and practice


1.
Wash-down of lab bench (pre lab for dust).


2.
Opening sterile culture (petri) dish.


3.
Opening and closing sterile culture tube and test tube.


4.
Opening sterile innoculating loop and sterile transfer pipette.


5.
Using pipette to measure small volume and minimize contamination.


6.
Combine steps 2-5 to make sterile transfers



a. from test tube to culture tube, and      



b. from culture dish to culture tube.


7.
Spreading cells on culture dish.


8.
Wash-down of lab bench (post-lab for safety).


9.
Hand washing. (Make sure that there is soap and enough time for this to be a key 
concluding step).
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Sheet to guide students in sterile technique practice is provided.  

E.
Additional background information:

Fredrick Griffith (of London) first reported transformation and gave it its name in 1928.  Other scientists repeated the work and confirmed the results within a few years.  Oswald Avery (in New York) and his co-workers determined in the 1940s that DNA was the chemical responsible for transformation.  But it was not until the 1960s that biologists began to intentionally move DNA from cell to cell.  By the early 1970s these techniques were refined enough to make transformation easy and quick, at least between bacteria.  Even so, the extremely simple method we will use was only developed within the past ten years.  

A dictionary definition of "transformation" is "a process of change in composition or structure."  In biology, however, transformation refers only to the process of a cell taking in and using a piece of DNA that is free in the environment of the cell.  "Transduction", in contrast, is the transfer of one cell's DNA to another by a virus.  

Ampicillin is an antibiotic related to penicillin, the product of a fungus that prevents formation of the cell wall in certain bacteria.  E. coli is one of the bacterial species that has cell wall synthesizing enzymes that are prevented from functioning normally in the presence of penicillin-type molecules.  Bacteria and fungi compete for space on the surface of dead organsisms, and chemical warfare between the fungi and the bacteria provides a source for many antibiotics. For a discussion of how the plasmid may enter the cell refer to Micklos and Freyer p. 56-57.

The bacterial strain we use is MM 294 (MM stands for Matthew Meselson, in whose lab the bacterial strain was originally cultured).  This strain unable to grow in the large intestine.  Meselson is best known for his work with Stahl.  They conducted key experiments in the 1950s that confirmed the semi-conservative method of DNA replication implied in Watson and Crick's original paper on the structure of DNA.

ANSWERS TO QUESTIONS:

Version A

1.
WEAKENING...

Question 1.  Sterile conditions must be maintained even after bacteria are introduced to the tube because we want to be sure that only the bacteria we wish to study are present.  Cessation of sterile technique would permit the introduction of foreign bacteria with unknown properties and of fungal spores.

Question 2.  There are many ways that a ice cold 50 mM CaCl2 solution could be said to differ from the interior of the large intestine.  Answers may include: 
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a.
The 50 mM CaCl2 solution contains only divalent cations (Ca++).  The large intestine would contain NaCl and other salts so it would also have monovalent cations (Na+).  

b.
Chloride ions are present in both cases, although probably not at the same concentration.  

c.
Energy supplying food molecules, some of which would be present in the large intestine, are absent.  

d.
The solution is far colder than the 37oC of the body.

e.
The total osmotic pressure is probably much less in a 50 mM solution than in the large intestine's contents.

Question 3. Many interactions between the molecules making up the bacterial cells and their normal environment are bound to be distorted or disrupted in the CaCl2 solution.  The negatively charged side groups of proteins, negatively charged carboxyl groups of fatty acids and other negatively charged groups, such as the "heads" of phospholipids, might ordinarily interact individually with Na+ ions, but the different charge and size of Ca++ ions could cause changed arrangements of molecules and their parts.  For example, two negatively charged functional groups could both be attracted to a single calcium ion.  Negatively charged amino acids include glutamic acid and aspartic acid. 

Protein structures at the secondary, tertiary, and quaternary levels could be altered.  

2. INTRODUCING...

Question  1.  DNA molecules have phosphate groups attached to the 5' carbon of every deoxyribose sugar.

Question 2.  DNA molecules could associate with calcium ions and might assume a decreased repulsion from other parts of their own molecule or from other negatively charged molecules as well.  A plasmid might become more compact if its negative charges were partly neutralized by interacting with calcium ions.

6.  RETURNING...

Question:  The non-transformed cells are transferred to solid medium first to prevent the chance of contaminating the control culture with the transformed cells.  The transformed cells are handled last.  If a few control cells contaminated the transformed cells solutions it would not cause any misleading results since we do not expect every one of the cells exposed to plasmid to be transformed anyway.  
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Predictions:      

Version A       








Many colonies would be expected to grow on the "Luria Broth agar" plates since both transformed cells and non-transformed cells are capable of growth on nutrient agar lacking in antibiotics.  

Many colonies are expected on the "Luria Broth agar with Ampicillin" plate that is innoculated with the transformed cells since those cells have received the gene that makes them able to resist the antibiotic.  A student who suspects only a few cells to be transformed might predict "few colonies", but most assume that almost all cells will be transformed. The teacher should not give away the fact that, of the billions of cells exposed to plasmid DNA, only a few will be transformed.

No colonies are expected to grow on the "Luria Broth agar with Ampicillin" plate that is innoculated with non-transformed cells.  These cells are not resistant to ampicillin and will die if placed on such a plate.  Students may predict "few", reasoning that some cells will mutate on their own.  Such mutations do happen, of course, but their incidence is much rarer than to cause a few cells to show up on a single culture dish.  If bacteria mutated to acquire antibiotic resistance that often, think of how ineffective our antibiotics would be (the large intestine contains vastly greater numbers of bacteria than those used in this experiment). 
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OBSERVATIONS pages





 

Version A

"+ plasmid cells on Luria Broth agar plus Amp"

There are usually between one and a few hundred colonies on this plate.  Only a small percentage of the millions of cells are transformed in this experiment.  Sometimes no transformation takes place.  The heat shock may have been omitted, plasmid transfer forgotten, tube mixup (?).

"+ plasmid cells on Luria Broth agar"

Usually a lawn grows on this plate.  Transformed cells (and the many in the "+ plasmid" tube that did not get transformed) grow well on nutrient agar with no antibiotic.

"- plasmid cells on Luria Broth plus Amp"

Non-transformed cells do not grow in the presence of ampicillin.  If there is growth here it is the result of contamination, possibly because a pipette or loop was reused (breakdown of sterile technique) or by a procedural error.

"- plasmid cells on Luria Broth agar"

Non-transformed cells grow well on nutrient agar with no antibiotic.  Usually a lawn will grow here.

Question:  Each individual circular colony visible on the culture dish after 24 hours in the incubator grew from a single cell that was spread on the plate.  Individual variation is apparent from the differences in size of these tiny colonies.  Where colonies have grown together the colonies assume non-circular shapes or form a lawn.  

CONCLUSIONS AND CALCULATIONS

1.
a.
Both transformed and non-transformed cells grow on Luria Broth agar with no 
antibiotic.  


b.
Most cells were able to survive the treatment.

2.
a.
Non-transformed cells do not grow on antibiotic medium, but they grow very well on 
the nutrient agar with no antibiotics.  


b.
The chemical and physical conditions of the experiment did not alter the cells to make 
them able to resist the ampicillin.  

3.
a.
Transformed cells will grow on medium containing antibiotic, but the non-transformed 
cells will not. 


b.
They did not receive the codes for how to go ampicillin destroying.

4.
a.
Although + plasmid cells produced a lawn on the Luria broth agar plate, relatively 
fewer cells survive on the "with ampicillin" plate.  


b.
This shows that all of the cells in the + plasmid tube were not transformed (in fact, 
almost none of them were). and only those cells that did receive new DNA are "selected for" 
on the "with ampicillin" plate.

Unit 2/ Module 3 /Version  Teachers' Guide pg. 9

Calculation of TRANSFORMATION EFFICIENCY

Word equations, example substituted values with units

a.  10 l of plasmid solution was added to the tube.  The plasmid solution was 0.005 g/l.

Concentration (g/l) times volume (l) equals mass (g)

0.005 g/l X 10 l = 0.05 g

b.  250 l of Calcium Chloride solution plus 10 l of plasmid solution plus some volume of bacteria (maybe 25 l) equals about 285 l of solution + 250 l LB.


250 l + 10 l + 25 l + 250 l = 535 l

c.
The volume of cell suspension (l) divided by total volume given in part b (l) equals the fraction of cell suspension plated (no units),

100 l ∏535 l = 0.19 of the total

d.
The total mass transferred into the cell suspension (g)  times the fraction of the cell suspension transferred to the culture dish (no units) equals the mass of DNA transferred to the culture dish (g).


0.05 g  X 0.19  = 0.01 g

e.
Assume that there were 12 colonies on the "+ plasmid cells on Luria Broth agar with Amp" plate.  The number of colonies transformed (colonies) divided by the mass of DNA involved with those colonies (g) equals the transformation efficiency (colonies/g).

12 colonies ∏ 0.01 g = 1.2 X 103 colonies/g.

Factors affecting the transformation efficiency:

The type of plasmid

The quantity of plasmid introduced

The number of cells being transformed

The "health" of the cells to be transformed

The time and conditions allowed for transformation to take place (duration of the heat shock, temperature)

The amount of time allowed for recovery of the cells before they are plated on the solid medium (longer time in Luria Broth (liquid) improves the recovery of the cells).

And So On!
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Answers to questions.                






Version B

1.
WEAKENING...


T&C  Question 1.  Sterile conditions must be maintained even after bacteria are introduced to the tube because we want to be sure that only the bacteria we wish to study are present.  Cessation of sterile technique would permit the introduction of foreign bacteria with unknown properties and of fungal spores.

2. 


T&C     Question 1.  The ways that ice cold calcium chloride solution differs from the inside of the human large intestine are many.  Any of the following could be pointed out as differences.


Temperature, concentrations, molecules present, presence of light and oxygen, absence of "fiber", absence of other bacteria for competition.


Students who have had chemistry might suggest some of the following.


a.
The CaCl2 solution contains only divalent cations (Ca++).  The large intestine would contain NaCl so it would also have monovalent cations (Na+).  


b.
Chloride ions are present in both cases, although probably not at the same concentration.


c.
Energy supplying food molecules, some of which would be present in the large intestine, are absent. 


d. The total osmotic pressure is probably much less in a 50 mM solution than in the large intestine's contents.


T&C   Question 2.  The object of the control experiment is to see if the physical and chemical conditions that the cells are exposed to will change their ability to survive in the presence of the antibiotic ampicillin.  If we did not run the control then we would have no way of knowing for sure if the added plasmid was responsible for the change in the phenotype of the transformed bacteria. 

6.  RETURNING...


Question:  As it says in the previous section of the procedure, the cells are returned to a nutrient-filled warm liquid environment, much like that found inside the body, so that they can recover from the strenuous conditions that influenced them to allow a piece of foreign DNA inside through their cell membrane.
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Predictions:









Version B

Both T and C teams:  Many colonies would be expected to grow on the "Luria Broth agar" plates since both transformed cells and non-transformed cells are capable of growth on nutrient agar lacking in antibiotics.  

T team:  Many colonies are expected on the "Luria Broth agar with Ampicillin" plate that is innoculated with the transformed cells since those cells have received the gene that makes them able to resist the antibiotic.  A student who suspects only a few cells to be transformed might predict "few colonies", but most assume that almost all cells will be transformed.  The teacher should not give away the fact that, of the billions of cells exposed to plasmid DNA, only a few will be transformed.

C team:  No colonies are expected to grow on the "Luria Broth agar with Ampicillin" plate that is innoculated with non-transformed cells.  These cells are not resistant to ampicillin and will die if placed on such a plate.  Students may predict "few", reasoning that some cells will mutate on their own.  Such mutations do happen, of course, but their incidence is much rarer than to cause a few cells to show up on a single culture dish.  If bacteria mutated to acquire antibiotic resistance that often, think of how ineffective our antibiotics would be (the large intestine contains vastly greater numbers of bacteria than those used in this experiment).  
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OBSERVATIONS pages 







Version B

T-team:

"+ plasmid cells on Luria Broth agar plus Amp"


There are usually between one and a few hundred colonies on this plate.  Only a small percentage of the millions of cells are transformed in this experiment.  Sometimes no transformation takes place.  The heat shock may have been omitted, plasmid transfer forgotten, tube mixup (?).

"+ plasmid cells on Luria Broth agar"


Usually a lawn grows on this plate.  Transformed cells (and the many in the "+ plasmid" tube that did not get transformed) grow well on nutrient agar with no antibiotic.

C-team:

"- plasmid cells on Luria Broth plus Amp"


Non-transformed cells do not grow in the presence of ampicillin.  If there is growth here it is the result of contamination, possibly because a pipette or loop was reused (breakdown of sterile technique) or by a procedural error.

"- plasmid cells on Luria Broth agar"


Non-transformed cells grow well on nutrient agar with no antibiotic.  Usually a lawn will grow here.
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