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Storage:
Store entire experiment in the refrigerator.
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Experiment Objective:

The objective of this experiment module is to develop an

understanding of the biological process of bacterial trans-
formation by plasmid DNA. This experiment enables the
.. - students to observe an acquired phenotypic trait
exhibited by transformed bacterial cells. -

hitp://'www.edvotek.com + email: edvotek@aol.com

CEE . EE T : : T
N b : .
All components are intended for educational research only. They are not to be used for
diagnostic or drug purposes, nor administered to or consumed by humans or animals.
AT g L B 3 - " D -

U e sibisdmns [ —

EVT 002290AMt



2 EDVO-Kit # 201: Transtormation of E. coli with Plasmid pBR322
e e

EDVOTEK + The Biotechnology

Education Company ®

e e .

Important READ ME!

This transformation experiment can be conducted by two different
methods.

Protocol A: Conventional Method Using EDVOTEK
LyphoCells'™

Protocol B: Revised Method (1997} for Advanced
Placement Biology, Lab 6A

Two protocols are provided with this experiment. There are subtle
differences throughout the experiment, but the major difference be-
tween the two methods are illustrated in the figure below.

Resuspended
Freeze-tried
E. coli cells

Protocol A Protocol B
Conventional AP Biclogy
Method Lab 6A
Incubate viat of catls Plate c?lls and grow
overnight at 37°C ovemight at 37°C
Add Competency

incuction Solvent
Intubate on ice - 30 minutes
Transfer 2-3
large colonies

CellsfControl Cells/DNA

17 i

0-3ml Cell 250ul
Suspension CaCly
Continue with
Transformation Pracedures
Protocol A Protocol B

After choosing a protocol, perform all pre-lab and
experimental procedures consistently in accordance

with instructions for the chosen protocol.

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only. This
document, or any part, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, inc.
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Experiment Components

This experiment is designed for 10 lab groups.

Contents

Storage:
Store entire experiment
in the refrigerator

Transformation LyphoCells™ (DO NOT FREEZE)
Supercotled pBR322 DNA

Control Buffer (no DNA) (not used in Protocol B)
Ampicillin

Cell reconstitution media

Solvent for induction of competency (not used in Protocol B)
CaCl, {notused in Protocal A)

This experiment is a
simulation. None of the
experiment components are

derived from human -
sources. 1 Bottle ReadyPour™ Luria Broth Agar Base, sterile

1 Bottle Recovery Broth, sterile

40 Petri plates, small
5 Petri plates, large

40 Plastic microtipped transfer pipets (sterile)
3 Wrapped 10 ml pipet (sterile)

20 Toothpicks (sterile)

20 Inoculating loops (sterile)

50 Microtest tubes with attached lids

ammga s

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/aboratory use only. This
document, or any part, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, Inc.
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Requirements

» Automatic Micropipet (5-50 ul} and tips (required for PreLab prep)
* Two Water baths* (set at 37°C and 42°C)

s Incubation Oven (37°C)

Bunsen burner, hot plate or microwave oven

Marking pens

* Hot gloves

* Ice

If a second water bath is not available, water can be heated to 42°C
in a beaker. The cells will require this temperature for only a few
minutes, Alternatively, 42°C water can be put in a small styrofoam
container with a cover. The temperature will hold for 10 to 15 min-
ites.

Dugplicaticn of this document, in conjunction with use of accompanying reagents, is permitted for classroom/aboratory use oniy. This
document, or any part, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, Ine.
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BACKGROUND INFORMATION

m

Bacterial Transformation

Bacterial transformation is a phenomenon of central importance in
molecular biclogy. It allows for the propagation, genetic expression
and isolation of recombinant DNA molecutles that have been con-
structed in vitro as well as natural DNA molecules. Transformation is
also of historical importance since it led to the discovery by Avery, in
the late 1940's, that DNA was the genetic material.

The transformation process involves the uptake of exogenous DNA by
the cell which results in a newly acquired genetic trait that is stable
and heritable. Bacterial cells must be in a particular physiological state

before they can be transformed. This state is

referred to as competency. Competency can
) . .. . occur naturally in certain species of Hacmophilus
Bacterial Transformation Efficiency Calculation and Bacillus when the levels of nutrients and
final vol at oxygen are low. Competent Haemophiliss express
Nur;"tber of recovery (mi) Number of a membrane associated transport complex
transformants = transformants which binds and transfers certain DNA mol-
g of DNA vol (ﬁ_[:‘;ted perig ecules from the medium into the cell where they
are incorporated and their genes are expressed.
Specific example; Tn nature, the source of the external DN A is from
115 i d lysed.

100 100,000 other cells that have died and lyse
_transfarmants _tml =, (1 fx 10°) . Much of the current research and experimenta-
0.0t ug 0.1 ml ransiormants tion in molecular biology involves the transfor-

per ug . - / ; .

mation of E. coli. However, this organism does
niot enter a stage of natural competency. E. coli
Figure 1 can be artificially induced to enter competency

when they are treated with the chloride salts of the metal cations cal-
cium, magnesium and rubidium. In addition, sudden cycles of heat
and cold help to bring about competency. The metal ions and tem-
perature changes affect the structure and permeability of the cell wall
and membrane so that DNA molecules can pass through. The reasons
why this occurs are still unknown. Competent E. coli cells are fragile
and must be treated carefully.

The amount of cells transformed per 1 microgram of DNA is called the
transformation efficiency. In practice, much smaller amounts of DNA
are used (5 to 100 nanograms) since too much DNA inhibits the trans-
formation process. For example, 10 nanograms (0.01 microgram}) of
DNA was used to transform cells that were in a final volume of 1T mi
after recovery. Assume 0.1 ml of these cells were plated on agar media
that would allow only the cells that acquired the DNA to grow. This
procedure is called selection. After incubation, 100 colonies were found
on the plate. Keeping in mind that each colony originally grew from

Duplication of this document, in conjunction with use of accompanying réagents. is permitted for classroom/laboratory use only. This
document, or any part, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, Inc.
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Background Information,

i ] : > sformation efficiency in this case is out-
continued one transformed cell, the transformation efficiency in ¢

lined in Figure 1. In research laboratories, transformation efficiencies
generally range from 1 x 10 fo 1 x 107 cells per microgram of DNA.
There are special procedures which can produce cells having transfor-
mation efficiencies approaching 10. Transtormation is never 100%
efficient. Approximately 1 in every 10,000 cells successfully incorpo-
rates the DNA in preparations having average competency. However,
there is such a large number of cells in a sample (typically 1 x 10°) that
only a small fraction needs to be transformed to obtain colonies on a
plate. These ideas can be demonstrated by plating the same volume of
recovered cells on selective and nonselective agar media. The nonse-
lective media will have many more growing cells. In this case, all the
untransformed cells also survive. The bacterial agar plates will be cov-
ered heavily with untransformed cells, forming a “lawn”, in contrast
to individual colonies.

Plasmid DNAs are extrachromesomal, double-stranded circular mol-
ecules that are found in different strains of bacteria. Many plasmids
contain genes that code for antibiotic resistance. The E. coli plasmid
PBR322 consists of 4362 base pairs and contains antibiotic resistance
genes for ampicillin (amp) and tetracycline (tet). Ampicillin is a de-
rivative of penicillin and inhibits bacterial growth by interfering with
the synthesis of cell walls. The product of the ampicillin resistance
gene is the enzyme beta-lactamase. This enzyme is secreted by the cell
and it destroys the ampicillin in the surrounding media. Cells that
were not transformed are able to undergo limited growth in the zones
Relaxed that have been cleared of ampicillin. Colonies consisting of these
Plasmid _ untransformed cells are called satellites since they only appear around

DNA Supercoiled the larger colonies of transformed cells. Larger plating volumes of
DNA cells and longer incubation times increase the amount of satellite colo-

nies.

Figure 2

Plasmids naturaily exist as supercoiled molecules. The two strands of
DNA in the supercoiled molecule are wound and folded around each
other in a way that produces a condensed, entangled structure when
compared to relaxed {non-supercoiled) DNA (Figure 2). Competent E.
coli are sensitive to the conformation of the DNA they will accept. Su-
percoiled DNA gives the highest transformation efficiencies.

The objective of this laboratory is to transform a strain of competent E.
coli which has no antibiotic resistance with supercoiled pBR322 DNA.
The cells will be selected for the presence of plasmid by plating them
on agar media containing ampicillin. The transformation efficiency
will then be estimated.

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroomvlaboratory use only. This
document, or any part, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, Inc.
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EDVO-Kit # 201: Transformation of E. cofi with Plasmid pBR322 7
“

EDVOTEK e The Biotechnology EXPERIMENTAL PROCEDURES

Education Company ®
L

EXPERIMENT OBJECTIVE:

The objective of this experiment module is to develop an understand-
ing of the bioclogical process of bacterial transformation by plas-
mid DNA. This experiment enables the students to observe an
acquired phenotypic trait exhibited by transformed bacterial ceils.

LABORATORY SAFETY:

1. Gloves and goggles should be worn routinely as good laboratory
practice.

2. Exercise extreme caution when working with equipment which is
used in conjunction with the heating and/or melting of reagents,

3. DO NOT MOUTH PIPET REAGENTS - USE PIPET PUMPS OR
Gloves and goggles should BULBS.
always be wom.

4. The E. colf bacteria used in this experiment is not considered patho-
genic. Although it is rarely associated with any illness in healthy
individuals, it is good practice to follow simple safety guidelines
in handling and disposal. At the end of the experiment:

A. Wipe down the lab bench with a 10% bleach solution, disin-
fectant or soapy water.

B. All materials, including petri plates, pipets, transfer pipets,
loops and tubes, that come in contact with bacteria should be
1 ml disinfected before disposal in the garbage. Disinfect materials
as 800n as possible after use in one of the following ways:
*  Autoclave at 121° C for 20 minutes.
Tape several petri plates together and close tube caps be-
fore disposal. Collect all contaminated materials in an au-
toclavable, disposable bag. Seal the bag and place itin a
L — 0.5 ml metal tray to prevent any possibility of liquid media or
agar from spilling into the sterilizer chamber.

* Soak in 10% bleach solution.

— — 0.25 ml Immerse petri plates, open tubes and other contaminated
materials into a tub containing a 10% bleach solution. Soak
the materials overnight and then discard. Wear gloves

— ~ 0.06 ml and goggles when working with bleach.

— < 0.02 mi C. Always wash hands thoroughly with soap and water after
handling contaminated materials.

Cuplication of this document, in conjunction with use of accompanying reagents, is permitted for ctassroomiaboratory use only. This
document, or any part, may not be repreduced or distributed for any other purpose without the written consent of EDVOTEK, Inc.
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Protocol A/Option 1 - Conventional Method Using EDVOTEK Lyphocells™

TRANSFORMATION EXPERIMENT FLOW CHART

Control Buffer pBR322 DNA

— Incubate on ice for -

For optimal resuits, store 10 minutes
covered plates in the upright
position after streaking to allow — Inoubate at 42°C  ———
the cell suspension to be for 90 seconds
absorbgd by the agar. After Place on ice
approximately one hour, you or for 1 minute
your instructor will invert the
plates for ovemight incubation — Add 0.75 ml recovery broth
at 37°C.
Incubate in 37°C

- water bath for ——
v 30 minutes v

[ Streak .25 mlofgell ———
suspension on plates

Control 1 Control 2 EMNA 1 DMA 2

NO AMP PLUS AMP NO AMP PLUS AMP

Incubate incubate
overnight in 37°C ovemight in 37°C
incubation oven incubation oven
Control 1 Contral 2 BNA A DNA 2

NO AMP PLUS AMP NO AMP PLUS AMP
White Colonies No Colonies White Colonies White Colonies

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroomAaboratory use only. This
document, or any part, may not be reproduced or distributed for any other purpose without the writien consent of EDVOTEK, Inc.
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Protocol A/Option 1 - Conventional Method Using EDVOTEK Lyphocells™

SETTING UP THE TRANSFORMATION AND
CONTROL EXPERIMENT

1. Put your initials or group number on the tubes labeled “pBR322
DNA” and “Control Buffer”. Place them back on ice.

2. Setup the Control:

* Using a sterile transfer pipet, transfer all the cell suspension

(0.3 ml} in the tube “Cells/Control” to the tube “Control
WEAR SAFETY GOGGLES Buffer”. Carefully place the pipet back into the wrapper.
AND GLOVES * Cap the tube; mix by tapping. Put the tube back on ice.

3. Set up the transformation:

. * Using a the same pipet from Step 2, transfer all the cell sus-
Quick Reference: pension (0.3 mi)in the tube “Cells/DNA” to the tube “pBR322
DNA".

DNA and competent cells are * Cap the tube; mix by tapping. Put the tube back on ice.

combined in & 0.3 ml suspension.
After the cells have incubated with
the DNA, growth media (recovery

broth) is added. Cells continue to Procedure for Transformation

grew through the recovery

process, during which time the 4. Incubate the cells prepared in steps 1-3 on ice for 10 minutes.
cefls repairtheir membranes, grow

and express the genes of the newly 5. Place the cells in 42°C waterbath for 90 seconds.

acquired DNA.
6. Place the tubes back on ice for 1 minute.

7. Add 0.75 m] of the Recovery Broth to the tube “Control Buffer”.

8. Add 0.75 ml of the Recovery Broth to the tube “pBR322 DNA",

Remember! 9. Incubate the closed tubes in a 37°C water bath for 30 minutes for a
recovery period.

10. While the tubes are incubating, label 4 agar plates as follows:

Add the recovery broth . * Label the two unstriped plates:  Control1 NO AMP
with a sterile 1 ml pipet. Avoid DNA 1 NO AMP

touching the cells with the pipet.
* Label the two striped plates: Control 2 PLUS AMP
DNA2  PLUS AMP

* Put your initials or group number on all the plates.

11. After the recovery period, remove the tubes from the water bath
and place them on the lab bench.

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/aboratory use only. This
document, or any part, may not be reproduced or distributed for any other pumose without the writien consent of EDVOTEK, Ing.
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EXPERIMENTAL PROCEDURES

Protocol A - Experimental
Procedures, continued

Figure 3: Figure 4:
Spread cells Same plate:
in one direction spread cells 90°

to first direction

G

If you do not have an incubation
oven, the plates can be left at
room temperature. Colonies of
transformed cells should appear
between 24 - 48 hours.

G

PLATING AND SELECTION OF BACTERIAL CELLS

Plating cells from the tube labeled "Control":

12, Use a fresh, sterile 1 mi pipet to transfer recovered cells from the
tube "Control Buffer” to the middle of the following plates:

* 025ml tothe plate labeled Controll NO AMP
¢« 025ml tothe platelabeled Control2 FPLUS AMP

13. Spread the cells with a sterile inoculating loop. (See Figures 3 & 4)

14. Cover both control plates and allow the liquid to be absorbed.

Plating cells from the tube labeled "DNA"

15. Use a fresh, sterile T ml pipet to transfer recovered cells from the
tube "pBR322 DNA" to the middle of the following plates:

* 025ml totheplatelabeled DNA1 NOAMP
* 025ml totheplatelabeled DNA2 PLUS AMP

16. Spread the cells with a sterile inoculating loop. (See Figures 3 & 4)

17. Cover the plate and allow the liquid to be absorbed.

Preparing Plates for Incubation

18, Stack your group's set of plates on top of one another and tape
them together. Put your initials or group number on the taped set
of plates.

The plates should be left in the upright position to allow the cell
suspension to be absorbed by the agar.

19. Place the set of plates in a safe place designated by your instructor.

After the cell suspension is absorbed by the agar for approximately
1 - 2 hours, you or your instructor will place the plates in the in-
verted position (agar side on top) in a 37°C bacterial incubation
oven for overnight incubation (15-20 hours). The plates are in-
verted to prevent condensation on the lid, which could drip onto
the culture and interfere with experimental results.

Dupiication of this document, in conjunction with use of accompanying reagents, is permitted for classrocomfaboratory use only. This
document, or any part, may not be reproduced or distributed for any cther pumose without the written consent of EDVOTEK, Inc.
Copyright © 1087,1988,1989,1990,1993,1994,1995,1997, 1998, 1999, EDVOTEK, Inc., all rights reserved. EVT 0D02200AMt



EDVO-Kit # 201: Transformation of E. cofi with Plasmid pBR322 11

%

EDVOTEK + The Biotechnology EXPERIMENTAL PROCEDURES

Education Company @

Protocol B / Option 2 - Revised (1997) AP Biology Lab 6A

TRANSFORMATION EXPERIMENT FLOW CHART

Source Plate

€. coli cofre

Transfer 2-3
large colonies

l l pBR322
DNA

-DNA + DNA {PAMP)

N ==
: | ,I |1 o] ml}
\ F_ 0.25 mi—— /“‘“-l'-_ \ /
k, CaCl, i i

Incubate on ice

" The 37°C incubation for 30 minutes (after adding o ate on ¢
the Recovery Broth) is not described in the AP
Biology Student Labaratory Manua! {1997 Edi- Incubate at 42°C
tion D). However, EDVOTEK recommends that for 90 seconds
you perform this step to allow the celis to re-
cover and begin to express the antibictic resis- 'f“grl‘g?;?nfj?eige
tance genes. The Recovery Broth does not con- - DNA l + DNA
tain antibiotic, =3 =

Luria

—— Add 0.25 m—|
J Recovery Broth

ll"k 8 — arCtor —

Streak 0.25 mi of ! 30 minutes Streak 0.25 ml of

- DNA celis + DNA cells

on each plate on each piate

LE - LBiamMP - LB+ LB/AMP
Ineubate Incubate

overnight in 37°C overight in 37°C
incubation oven incubation oven

LB/AMP -

LB/AMP+

Duplication of this decument, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only.  This
dogument, or any part, may not be reproduced or distributed for any other purpose without the written censent of EDVOTEK, Inc.
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EXPERIMENTAL PROCEDURES

Protocol B / Option 2 - Revised (1997) Advanced Placement Biology Lab 6A

" This step (#11) is not described in the
AP Biology Student Laboratory
Manual (1997 Editton D). However,
EDVOTEK recommends that you per-
form this step to allow the cells to re-
cover and begin to express the anti-
biotic resistance genes. The Recov-
ery Broth does not contain antibictic,

1.

w

4.

ul

7.

8.

9.

F

Label one microcentrifuge tube ” + *. This wilt be the transforma-

tion tube with plasmid DNA.

Label a second microcentrifuge tube “ - “. This will be the experi-
mentai contral tube without plasmid DNA.

Using a sterile 1 ml pipet, add 250 pl (0.25 ml) of ice cold CaCl,
solution to each tube.

As is done in research laboratories, pick colonies from the source
plate of E. coli cells. To each of the test tubes labeled “ + “ and ” -

¢ use a sterile toothpick to transfer 2 colonies (2-4 mm) from the
source plate to the test tubes.

* Between your fingers, twist the toothpick vigerously in the
CaCl, solution to dislodge the cells.

Suspend the cells in both tubes by tapping or vortexing.

To the tube labeled “ + “ add 10 ul pBR322 DNA.

This is a plasmid that contains the ampicillin resistance gene, often
referred to as pAMP.

Incubate the two tubes on ice for 15 minutes.

Place both tubes at 42°C for 90 seconds for the heat shock step.
This facilitates the entry of DNA in bacterial cells.

Return both tubes immediately fo the ice bucket and incubate for
two minutes.

10. Using a sterile pipet, add 250 ul of Recovery Broth to each tube

and mix.

11.* Incubate the cells for 30 minutes in a 37°C waterbath for a recovery

pericod.

12. While the tubes arc incubating, label 4 agar plates as follows:

* Label the two unstriped plates: LB -
LB+

* Label the two striped plates: LB / AMP -
LB / AMP +

¢ Put your initials or group number on all the plates.

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only. This
document, or any part, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, Inc.
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EXPERIMENTAL PROCEDURES

Protocol B - Experimental
Procedures, continued

Figure 3: Figure 4:
Spread cells Same plate:
in one direction spread cells 90°

to first divection

If you do not have an incubation
oven, the plates can be left at
room temperature. Colonies of
transformed cells shouid appear
between 24 - 48 hours.

13. After the recovery period, remove the tubes from the water bath
and place them on the Iab bench.

Plating cells from the tube labeled " - ";

14. Use a sterile 1 ml pipet to transfer recovered cells from the tube
labeled * - " to the middle of the following plates:

* 0.12-025ml fothe plate labeled LB -
* 012-0.25ml tothe plate labeled LB/ AMP -

15. Spread the cells with a sterile inoculating loop. (See Figures 3 & 4)

16. Cover both plates and altow the liquid to be absorbed.

Plating cells from the tube labeled "+"

17. Use a sterile 1 ml pipet to transfer recovered cells from the tube
labeled " + " to the middle of the following plates:

e 012-025m! tothe plate lIabeled LB+
0.12-0.25m]  fo the plate labeled LB / AMP +

18. Spread the cells with a sterile inoculating loop. (See Figures 3 & 4)

19. Cover the plate and allow the liquid to be absorbed.

Preparing Plates for Incubation

20. Stack your group's set of plates on top of one another and tape
them together. Put your initials or group number on the taped set
of plates.

The plates should be left in the upright position to allow the ceil
suspension to be absorbed by the agar.

21. Placethe set of plates in a safe place designated by your instructor.

After the cell suspension is absorbed by the agar for approximately 1 -
2 hours, you or your instructor will place the plates in the inverted
position (agar side on top) in a 37°C bacterial incubation oven for
overnight incubation (15-20 hours). The plates are inverted to prevent
condensation on the lid, which could drip onto the culture and inter-
fere with experimental resuits.

Dupilication of this decument, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only. This
document, or any pant, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, Inc,
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Determination of Transformation Efficiency

] 1. Count the number of colonies on the plate with ampicillin labeled:
Quick Reference for

Protocol A: Protocol A: DNA2 PLUS AMP

) ] Protocol B: LB/ AMP +
In this experiment, 125 ng

{0.125 mg) of DNA is used. A convenient method to keep track of counted colonies is to mark

The final volume at recovery is the colony with a marking pen on the outside of the plate.

1.05 ml. The volume plated is

0.25ml. 2. Determine the transformation efficiency using the formula:
Number o final vol(atl) Number of
- transformants recovery {m
Quick Reference for X = transformants
Protocol B: ug of DNA vol plated Perkg
{ml)
In this experiment, 50 ng {0.05 ng)
of DNA is used, For example, assume you observed 40 colonies using Protocol A:
The final volume at recovery is
0.50 ml. The volume plated is 40 1344
0.25 ml. _transformants 1.06ml | {1.3x 109
0.125 ug 0.25 ml transformants
perug

Study Questions

1. Exogenous DNA does not passively enter E. coli cells that are not
competent. What treatment do cells require to be competent?

2. The recovery broth used in this experiment did not contain
ampicillin. Why?

3. The antibiotics, kanamycin and tetracycline, interfere with trans-
lation by binding to the ribosomes. Competent E. cofi cells can be
transformed with plasmids encoding resistance to these drugs.
When the cells are plated on agar media containing kanamycin or
tetracycline, satellite colonies are not found. Increasing incuba-
tion times and the amount of cells plated do not give rise to satel-
lites in this case. Why?

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classrcom/laboratory use oniy. This
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