KNOCKOUT CONSTRUCTION (KOC) MODULE
OVERVIEW
This schedule is designed for one 4-hour lab period each week, for 13 weeks
Week 1: Start at the beginning
1) Molecular laboratory calculations
2) Micropipeting practice
Week 2: Bioinformatics/Molecular computation tools (Module II)
1) Identify gene to knockout; collect sequences
2) Confirm selected gene annotation using ESTs and BLASTP
3) Design primers to amplify sequence upstream and downstream of gene
Week 3: (KOC LAB 1) PCR of gene flanks
1) Dilute primers for use in PCR
2) Design and set up PCR reactions
Week 4: (KOC LAB 2 & 3) PCR confirmation, cloning, and E. coli transformation
(heat shock method)
1) Analyze PCR reactions by agarose gel electrophoresis
2) Purify and quantify the PCR products
3) Set up ligation reaction of PCR product into pDRIVE vector
4) Transform E. coli with cloning reaction; plate on selective medium
5) Design restriction enzyme digest to confirm cloned plasmids (homework)
Week 5: (KOC LAB 4) Plasmid isolation and restriction analysis
1) Pick transformed colonies from plates, grow overnight cultures (done day before).
2) Isolate plasmids from transformants
3) Set up restriction enzyme digestion of purified plasmids
Week 6: (KOC LAB 5) Design knockout plasmid construction
1) Analyze restriction enzyme digest by agarose gel electrophoresis
2) Determine orientation of PCR insert and make plasmid maps (GCK program)
3) Design method for creating knockout plasmid
4) Set up large-scale digests of plasmids (place in freezer next day)
Week 7: (KOC LAB 5) Gel purification of digested DNA and ligation
1) Analyze digests by agarose gel electrophoresis
2) Excise bands and extract DNA from agarose gel
3) Analyze and quantify purified DNA by agarose gel electrophoresis
4) Set up 1st ligation reaction with controls (place in freezer next day)
Week 8: (KOC LAB 5) E. coli transformation (electroporation method)
2) Transform ligation reactions into E. coli using electroporation
3) Plate on selective media
Week 9: (KOC LAB 4) Plasmid isolation and restriction analysis
1) Pick transformed colonies from plates, grow overnight cultures (done day before)
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2) Isolate plasmids from transformants
3) Set up restriction enzyme digestion of purified plasmids
4) Analyze restriction enzyme digest by agarose gel electrophoresis
5) Determine positive clones and make plasmid maps (GCK program)
Week 10: (KOC LAB 5) Large-scale restriction digest, gel purification, and ligation
1) Set up large-scale digests of positive clone plasmid (done day before)
2) Analyze digests by agarose gel electrophoresis
3) Excise bands and extract DNA from agarose gel
4) Analyze and quantify purified DNA by agarose gel electrophoresis
5) Set up 2nd ligation reactions
Week 11: (KOC LAB 5) E. coli transformation (electroporation method)
1) Transform ligation reactions into E. coli by electroporation
2) Plate on selective media
Week 12: (KOC LAB 4) Plasmid isolation and restriction analysis
1) Pick transformed colonies from plates, grow overnight cultures (done day before)
2) Isolate plasmids from transformants
3) Set up restriction enzyme digestion of purified plasmids
4) Analyze restriction enzyme digest by agarose gel electrophoresis
5) Determine orientation if PCR insert and make plasmid maps (GCK program)
Week 13: Cryopreservation of E. coli strains with plasmids and lab clean up

2

KOC LAB 1

KOC LAB 1: Polymerase Chain Reaction (PCR)
Introduction:
PCR is one of the oldest methods in molecular biology. Since its conception
PCR has become the most widely used method in molecular biology. This
was mainly a result of the discovery of a thermostable DNA polymerase
(Thermus aquaticus [Taq] DNA polymerase) and the ease of synthesizing
DNA oligonucleotide primers for PCR. PCR is a quick way of coping a
section of DNA to a large amount in a fairly short time. Also, in resent
years the methods of utilizing PCR have expanded to contain many
variations of this process.
The Essentials of PCR:
PCR Components: Thermostable Taq DNA polymerase, oligonucleotides
(Primes), deoxyribonucleotide triphosphates (dNTPs), divalent cations (Mg2+),
buffer to maintain pH, monovalent cation, and template DNA.
Steps in PCR Reaction:

Denaturation of template DNA
Annealing of primer to template DNA
Extension of primer (DNA synthesis)
Cycling of Reaction

Cosolvents and Additives: Some times a PCR reaction may not yield a
product due to structure or complexity of template DNA or lengthy size of
product trying to be amplified during PCR. In these cases it is sometimes
required to use a cosolvent or additive.
Cosolvents include: Formamide (1.25 to 10% v/v),
dimethylsulfoxide (DMSO; up to 15% v/v), Betaine (up to 20% v/v),
and glycerol (1 to 10% v/v).
Additives include: tetramethylammonium chloride, potassium
glutamate (10-200mM), ammonium sulfate, nonionic and cationic
detergents, and commercial enhancers (Q-solution, GC-Melt, etc.).
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Lab Procedure:
I.

PCR Oligonucleotide (Primer) Dilutions:

NOTE: CHECK ALL CALCULATIONS WITH INSTRUCTOR OR
TA PRIOR TO MAKING DILUTIONS
a. Make “STOCK PRIMERS” by taking tube containing
lyophilized primer (blue caps) and resuspend primer in sterile
H2O at a concentration of 200 pmol/µL (same as 200 µM).
Calculation for 200 pmol/µL stock primers:
Forward primer:

Reverse primer:

b. Then in a 1.5-mL microcentrifuge tube make 200 µL of a
“WORKING STOCK” by diluting the 200 pmol/µL stock
primers to 20 pmol/µL (same as 20 µM). MAKE SURE TO
LABEL TOP & SIDE OF TUBE WITH PRIMER NAME
AND CONCENTRATIONS!!!
Calculation for 20 pmol/µL working stock primers:
Forward working stock primer:

Reverse working stock primer:
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c. Put stock primers in -20°C freezer in box labeled “BIOL173L
Primers” and put working stock primers on ice to be used for
PCR setup. After finished with PCR setup put working stock
primers in -20°C freezer in “BIOL173L Primers” box next to
stock primers.
II.

Setup Polymerase Chain Reaction (PCR)
a. Using the following regents found in an ice bucket at the end of
your bench setup your PCR reactions to amplify your genes
flanking sequence:
i.
ii.
iii.
iv.

10X TopTaq PCR Buffer (10X Buffer)
5X Q-Solution (5X Q)
10 mM dNTPs (dNTPs)
20 pmol/µL Primers (working stocks diluted in Step I in
your ice bucket)
v. Sterile H2O
vi. TopTaq DNA polymerase (5 U/µL) (TAQ)
vii. Tetrahymena Genomic DNA (DNA; 1:25 Dilution @
0.64 µg/µL)
b. In a 1.5-mL tube make a “MASTER MIX” that is enough for 5
– 25 µL reactions (1 extra to account for potential pipeting
error) that will have the following FINAL concentrations of
each component:
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.

1X PCR Buffer
1X Q-Solution
0.2 mM dNTPs
0.5 pmol/µL Forward Primer
0.5 pmol/µL Reverse Primer
0.65 U Taq
25 ng/µL Tetrahymena genomic DNA
H20 to a final volume of 25 µl per reaction

NOTE: CHECK ALL CALCULATIONS WITH INSTRUCTOR OR
TA PRIOR TO SETTING UP PCR
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MASTER
MIX
(5 Rxn.)

[STOCK]

[FINAL]
1 Rxn.
H2 0
10X PCR buffer
1X PCR buffer
5X Q- Solution
1X Q-Solution
10mM dNTPs
0.2mM dNTPs
20 pmol/µL (+) Primer 0.5 pmol/µL (+) Primer
20 pmol/µL (-) Primer 0.5 pmol/µL (-) Primer
0.64µg/µL DNA
25ng/µL DNA
5 U/µL TopTaq
0.65 U TopTaq
_____________________________________________________________
Total
25 µl
125µl
c. Put 25 µl in 4 – 0.2-ml PCR tubes and LABEL them so that
you know which tubes are yours. (You should have 25 µl
extra check to see if your pipeting is accurate and note that
in your notebook).

d. Calculate the four annealing temperatures to be tested
i. Calculate average Tm for the two primers used in the PCR
(calculate the Tm as illustrated in BIOINFORMATICSMODULE II section IX.a.).
ii. Sample #1 - 3 to 5 °C below the average Tm
iii. Sample #2 - at the average Tm
iv. Sample #3 - 3 to 5°C above the average Tm
v. Sample #4 - 5 to 10°C above the average Tm
e. Proceed to the thermal cycler. Place your PCR tubes in the
thermal cycler at 4 annealing temperatures (See Chart next to
thermal cycler for rows or columns corresponding to the
different annealing temperatures).
f. Record in your notebook the tube name and its corresponding
annealing temperatures used for reference next week.
g. The settings for PCR have been programmed into the thermal
cycler and saved as “MB173L” and are as follows:
i. Step 1: 94°C for 3 minutes
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ii.
iii.
iv.
v.
vi.
vii.

Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:

94°C for 45 seconds
Gradient from 48°C to 60°C for 45 seconds
72°C for 1.5 minutes
Go To Step 2, repeat 34 times
72°C for 10 minutes
4°C forever

h. Once everyone has placed his or her tubes in the thermal cycler
it will be started. Your samples will be removed from the
thermal cycler when finished and stored at –20°C until next
week.
i. Put all of your reagents away and clean up your bench
before you leave!!! DO NOT FORGET TO PUT AWAY
YOUR PRIMERS IN THE PRIMER BOX!!!
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KOC LAB1 - INSTRUCTOR’S GUIDE
Prerequisite: Students should be familiar with polymerase chair reaction
(PCR). They should have an understanding of what each component of the
reaction does in order to understand what would happen if any of them were
changed or removed from the reaction. Students should have a good
understanding on how to make common calculations to make dilutions of the
primers and PCR reactions from stocks.
Objectives:
1. Familiarize Students with doing polymerase chain reaction (PCR).
2. Teach students proper technique for setting up an experiment (negative,
and positive controls).
3. Teach students how to make common molecular biology calculations.
4. Teach proper technique for resuspension of oligo primers and purpose of
stock and working stocks
Time: 3 hours for all parts of this lab. Because this lab does not take the
entire 4 hour lab period one could add an additional component to this week
or even use this time to discuss a journal article (one that makes a deletion of
a gene in Tetrahymena and then uses that to determine the function of the
gene).
Materials:
- Oligonucleotide primers (we have had good success with IDT and
Invitrogen as our suppliers)
- Sterile H2O
- TopTaq DNA polymerase (5 U/µL) QIAGEN Cat.# 200203
o 10X TopTaq PCR Buffer
o 5X Q-Solution
- 10 mM dNTPs (dNTPs)
- Tetrahymena Genomic DNA (0.5 to 1.0 µg/µL from CU428)
- Sterile PCR tubes (0.2 mL)
- Sterile 0.5-mL or 1.5-mL microcentrifuge tubes
- Pipets (p1000, p200, p20, and p10)
- Sterile pipet tips
- Thermal cycler (can do with 1 but if more than 10 students should
have 2)
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Instructor’s Notes:
This is the first time that the students are attempting to do an
experiment in the lab. Observe the students to see if they are using the
pipets correctly, using a clean tip each time they go back into a stock tube,
and keeping the reactions and components on ice. Make a point to go over
with the students the importance of knowing where they are in the protocol
and the importance of the order of addition of each component in the PCR
reaction.
Section I.: PCR Oligonucleotide (Primer) Dilutions:
Make sure that the students give the lyophilized oligo tube a quick
spin so as to make sure they do not loss any of the oligo when adding the
water. Also, stress the importance of using a clean pipet tip and sterile
technique when making the primer stocks (since these primers may be used
for other applications in the future). The calculations for the primers are as
follows:
Part a. Located on the tube will be the nmoles of oligo in the tube. The
student can either convert this number to pmoles by multiplying it by 1000
or the student can convert the final concentration of the STOCK PRIMER
from 200 pmol/µL to 0.2 nmol/µL. Once this is done the calculation to
determine the amount of water to put in the tube is simply dividing the
amount of moles in the tube by the final concentration (i.e. 25 nmols ÷
0.2nmol/µL = 125 µL H20). For each primer the amount of water will be
slightly different but if you ordered 25 nmoles to be synthesized it will be
around this amount of water.
Part b. The calculation for the WORKING STOCK will be the same for
every primer. The student will simply have to make use of the C1V1=C2V2.
The calculation is as follows: (20 pmol/µL)*(200 µL) = (200 pmol/µL)*(x)
Solve for x= (20 pmol/µL)*(200 µL) ÷ (200 pmol/µL) = 20 µL
The student will then have to realize that they have to add 20 µL of the
STOCK PRIMER and ONLY 180µL of sterile water to make the
WORKING STOCK.
Make sure to take the time to check the calculation because if this step is
done wrong it may mean that you will have to reorder the primer.
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Part c. This step is here so that the students do not accidentally use the
STOCK PRIMER set to setup the PCR reaction. Make sure that they put
away the STOCK PRIMERS before proceeding to the next section.
Section II: Setup Polymerase Chain Reaction (PCR)
Part a. For the PCR reagents I would make 3 sets of reagents so that there
are enough for students to not have to wait on each other to use. The only
reagent I would not aliquot out would be the TopTaq DNA polymerase
because so little is used. For the TopTaq, I would keep it in a stratacooler
(maintains -20°C for at least an hour) and put that on ice. Let the students
know that when they need to add enzyme to ask you for permission to pipet
it out. For the sterile water I would have enough for each lab member so
that they can have that to use for the rest of the time throughout the
semester. This prevents the students from cross-contaminating the water
from other students.
Part b. Make sure that the students know the purpose behind making the
MASTER MIX. 1) Larger volumes to pipet
2) Each reaction exactly same
3) Tests accuracy of pipetting
4) Saves time and resources
Make sure to check the calculations in the MASTER MIX chart before
allowing the students to proceed. There are a number of different types of
calculation types in the chart so that they can practice common molecular
biology math.
MASTER
MIX
[STOCK]
[FINAL]
1 Rxn.
(5 Rxn.)
H2 0
14.7µL
73.5µL
10X PCR buffer
1X PCR buffer
2.5 µL 12.5µL
5X Q- Solution
1X Q-Solution
5.0µL
25.0µL
10mM dNTPs
0.2mM dNTPs
0.5µL
2.5µL
20 pmol/µL (+) Primer 0.5 pmol/µL (+) Primer
0.6µL
3.0µL
20 pmol/µL (-) Primer 0.5 pmol/µL (-) Primer
0.6µL
3.0µL
0.64µg/µL DNA
25ng/µL DNA
1.0µL
5.0µL
5 U/µL TopTaq
0.6 U TopTaq
0.1µL
0.5µL
_____________________________________________________________
Total
25 µl
125µl
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Part c. Remind the students to pipet the MASTER MIX carefully into the
PCR tubes to prevent bubbles. Make sure that the students’ check that the
PCR reaction is at the bottom of the tube and there are no bubbles. If needed
the student can spin or flick the tube to remove the bubbles. Ask any
students that did not have 25 µL left in their MASTER MIX to inform you
and note it in their notebooks (you may want to check the calibration on the
pipets to make sure that they are functioning correctly).
Part d-h. The annealing temperature in the PCR program should be set as a
gradient from 48°C to 60°C. This will give for an ample range of
temperatures for the 4 samples. Remind the students to clearly label the
their tubes and the annealing temperature that each tube represents in their
notebook. At this point remind the students to make sure that the tops on
the tubes are securely sealed so that none of the reaction evaporates during
the PCR reaction.
While waiting for all the students to get their samples in the thermal cycler
you can have the block maintained at 4°C in order to keep the enzyme stable
and the reactions from starting prematurely.
Part i. Remind the students of the importance of cleaning up their work
area afterwards. Make sure that they have all put away their WORKING
STOCK primers in the -20°C freezer in the proper box.
POSSIBLE HOMEWORK ASSIGNMENT:
For next week draw a schematic of what you think the gel of your PCR
reactions should look like. Make sure to include the predicted size of the
PCR product(s) you expect to see.
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KOC LAB 2: Agarose Gel Electrophoresis
Introduction:
Electrophoresis is the main process used in molecular biology to separate,
identify, and purify DNA fragments. This technique is rapid and uses a
combination of electrical and frictional forces to separate DNA fragments
that range in size from 50 to 20,000 nucleotides (base pairs; bp). The
location of the DNA within the gel can be visualized by direct staining of the
DNA with dyes that intercalate the DNA, such as ethidium bromide and
SYBR Green, and subsequent exposure of the gel to ultraviolet light (UV)
causes the Dye to fluoresce allowing the detection of as little as 100 pg of
DNA. Agarose is a linear polymer composed of alternating residues of Dand L-Galactose joined by !-(1->3) and "-(1->4) glycosidic linkages.
Gelation of the agarose results in pores from 50 to greater that 200 nm
depending on the composition of the agarose. DNA is negatively charged
and therefore will migrate toward the positive lead in the electrophoretic
chamber.
There are 6 factors that effect the migration of DNA through Agarose gels.
These include:
-molecular size of the DNA (larger the size the greater the frictional
drag and therefore the slower it will travel down the gel)
-concentration of agarose (the higher the percentage of agarose the
slower the DNA will migrate down the gel; see attached handout)
-state of DNA (linear and circular DNA migrate at different rates)
-electrophoresis buffer (dependent on the ions in the buffer for
conductivity of the electrical current; most common buffers include
TAE and TBE)
-voltage applied (lower voltage = slower migration and more
separation; effective separation decreases proportionally with
increased voltage)
-agarose type (standard and low-melting agarose; allow for differing
resolutions; see attached handout)
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Procedure:
I.

Pour Agarose Gel
a. Determine the range in size of DNA that you would like to
see on your gel to determine the percentage of agarose (1.0% is
the most commonly used concentration of agarose).
b. Weigh out the appropriate amount of agarose on the balance
for 50 ml of agarose gel.
c. Then add 50 ml of 1X TAE and swirl to mix
d. Then cover with plastic wrap and microwave for 1 minute and
swirl.
e. Continue to heat in microwave checking every 15 seconds
until all the agarose is dissolved.
f. Allow agarose to cool on bench until cool enough to hold the
flask in hand but do not cool too much or will start to harder
before you can pour the gel.
g. While agarose is cooling setup gel apparatus to pour agarose.
i. Wet casting tray and place in buffer chamber so that
open ends are blocked (make sure that gaskets are in
place so agarose does not leak out).
ii. Place comb in casting tray (1st position; closest to the
top) making sure to use the thick side of the comb.

*************************************************************
NOTE: Ethidium bromide (10 mg/mL EtBr) is a carcinogen so from
this point on you must wear gloves when touching the gel!!!!!!!!!!!!!!!!!
*************************************************************
h. Once the agarose solution is no longer hot add 1/10,000 of
Ethidium Bromide (0.5 µl of 10 mg/ml Ethidium Bromide)
and immediately swirl flask gently to mix making sure not to
create bubbles.
i. Now pour the agarose gel into the casting tray filling it so half
of the comb teeth are submerged in the agarose (you should
have a little extra agarose left over).
*************************************************************
NOTE: Wash the flask immediately to prevent agarose from
solidifying.
*************************************************************
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j. It will take about 30 minutes for the agarose to solidify (it is
complete when the gel has all turned an opaque white. If time
requires that your gel setup be less than 30 minutes you
may place your gel rig in the cold room (at 4°C) to solidify
but make sure it is completely solidified around the comb
before proceeding.
II.

Setup Agarose Gel to Run
a. Take casting tray out from pouring position and place so that
the wells are oriented so the PCR samples run down the gel
(REMEMBER: DNA “Runs to Red”)
b. Fill the electrophoresis chamber with 1X TAE until it just
covers the gel (JUST COVER THE GEL).
c. Remove the comb from the gel and now you are ready to load
the gel.

III.

Preparation of Samples and Loading Agarose Gel

*************************************************************
NOTE: If you do not have any experience loading a gel, get a lab
instructor to show you some loading techniques!!!!!
*************************************************************
a. Add 2µL of 10X sample dye onto a piece of Parafilm for each
PCR tube before loading gel
b. Load 5 µl of 1 kb ladder to the first lane (lane #1)
c. Then pipet 20 µl of your sample to the dot of 10X sample dye
and mix on Parafilm. Then load it on the gel in the lanes next
to the 1 kb ladder (Remember to mark the loading pattern in
your lab notebook).
d. Setup the power supply to run at constant volts (90 Volts) for
1 hr. 15 min. then attach the leads to the chamber and start the
power supply.
e. There are two dyes (xylene cyanol-blue; slower migrating band
and bromphenol blue-purple; faster migrating band) in the 10X
sample dye, when the bromphenol blue band is 3/4 down the
gel, it can be stopped.
f. Now use the UV light box and camera to take a picture of the
gel.
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*************************************************************
NOTE: Ethidium bromide is still in the gel so you must wear gloves
when touching the gel.

IV.

Determine Next Experiment . . .
a. If PCR reaction shows correct sized product and is the only
band:
i. Proceed to the cloning of the PCR product that is still
left in your PCR tube (see Cloning into pDrive Cloning
Vector Lab Exercise handout).
b. If PCR reaction shows correct sized product but there are other
bands present too:
i. Setup 2-50 µL PCR reactions to purify PCR product
c. If PCR did not work at all:
i. Check primers to make sure made correctly.
ii. Check PCR cocktail to make sure did not leave anything
out of PCR reactions.
iii. Setup 5-25µL PCR reactions with a different Taq DNA
polymerase or changing other conditions (Mg2+
concentration).
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1 kb Ladder information:
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KOC LAB 2 – INSTRUCTOR’S GUIDE
Prerequisite: Students should have an understanding of the concept behind
gel electrophoresis and separation using agarose. They should know why
DNA is negatively charged and therefore what direction the current should
be running in the gel. The students should also have a good understanding
about what they predict the samples on the gel should look like.
Objectives:
1. Familiarize students with performing agarose gel electrophoresis
2. Give them the opportunity to interpret their PCR results
Time: 2 hours for all parts. This lab is to be done in conjunction with KOC
LAB 3. This procedure will be used many times throughout the semester
and can be used for gel electrophoresis then.
Materials:
-Molecular biology grade agarose
-Weigh paper and spatulas
-1X TAE buffer
-Horizontal gel apparatus (buffer chamber, casting tray, and
positive/negative leads)
-10-well column (needs to fit 20 µL volume)
-Ethidium bromide (10 mg/mL)
-250 mL flask
-10X DNA sample loading Dye (10X Dye)
-UV illuminator box
-gel imaging camera/system
-1 kb DNA ladder
Instructor’s Notes:
It is a good idea to go over the proper procedure for setting up the
electrophoresis apparatus that you will be using in the lab since there are
many different types and each one can be a little different to set up.
Section I: Pour Agarose Gel
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It is important that the students put in the agarose first and then add the TAE
or the agarose may clump and not dissolve entirely. Also, make sure that
they do not burn themselves while heating the agarose. It can flash boil
when agitated in the flask and boil over.
Remind the students that Ethidium bromide is a carcinogen and that they
need to wear gloves whenever working with something containing it.
If some students are behind and need the gel to solidify more quickly they
can put the gel rig at 4°C to speed it up, but make sure that the area around
the comb is fully solidified before it is used.
Section II: Setup Agarose Gel to Run
When the gel is fully solidified it will turn an opaque throughout the gel.
Have the students pour buffer over the gel before removing the comb and
explain that when the comb is removed this way it washes any gel out of the
wells that has not solidified yet.
PRACTICE LOADING ON GEL: At this point you can have a practice
gel setup so that students that have not loaded a gel or are not confident at
loading samples on a gel can practice loading water with dye in lanes. Give
them tips to loading such as do not go down into the well too far because
you can poke a hole in the bottom of the well and then it will leak. Show
them how they can steady their pipet hand while loading to prevent ruining
the other lanes.
Section III: Preparation of Samples and Loading Agarose Gel
In order to save some of the reaction and minimize the number of tubes
being used in the lab I have the students put 2 µL dots of 10X loading dye
on a piece of Parafilm. It is important that the students know not to press too
hard on the Parafilm so that they do not poke a hole in it and lose their
sample.
I find the gels run with nice looking bands if the gel is not run too fast so I
very rarely go over 90 volts. If there are students that are behind I will have
them move the voltage to 110 after 30 minutes so that they can catch up to
the rest of the class. I try to have the students run the gels for at least 60
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minutes so that there is good separation. This allows them to see any primer
dimers and other non-specific products in the PCR reactions.
I have found that if the gel is viewed under short UV wavelength that the
PCR product is damaged too much to use and therefore if there is a lot of
primer dimers in all of the annealing temperatures, the PCR needs to be
repeated and the dimers removed with a PCR clean-up kit (Montage from
Millipore; see supporting material).
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KOC LAB 3: QIAGEN pDrive PCR Cloning & Chemical
Transformation into E. Coli
Introduction:
QIAGEN pDRIVE PCR cloning is a method of inserting your PCR fragment
into a vector that is highly efficient, rapid, and very few steps. This
procedure uses a linearized plasmid that has a uracil overhang on the 3’ of
each strand (see figure in handout). This method takes advantage of the
single A overhang at the end of each PCR product generated by Taq DNA
polymerase. The ability to identify clones that have your PCR insert is also
aided by the presence of the LacZ gene for blue/white screening in which
blue colonies are empty vector and white colonies contain an insert that
prevents the LacZ protein from being made in the cell. E. coli transformed
with the plasmid can be positively selected through the growth of the
bacteria on Kanamycin or Ampicillin containing agar plates. Additionally,
unlike other methods that require the vector to be incubated for 4-15 hrs in
order to insert the PCR product into the vector, this method only takes 40
minutes.
I. pDrive PCR Cloning Procedure:
1. Determine the amount of PCR product that you need to put in your
reaction (usually 0.5-2.0µL) as follows:
a. ng PCR product= (bp PCR product)*50 ng (pDrive vector)
3519 bp (size pDrive vector)
b. you should need anywhere between 10 and 20 ng of your PCR
product for the cloning reaction
2. In a 0.2 ml PCR tube add the following (in the order listed):
a. Water to a final volume of 10 µL
b. 0.5 to 2.0 µL of PCR product (fresh is best)
c. 1.0 µL of pDrive Cloning Vector (50 ng/µL)
d. 5µL of 2X Ligation Master Mix
3. Mix by pipetting and incubate at 16°C for 30 minutes in a thermal
cycler or water bath (in refrigerator).
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*************************************************************
NOTE: At this time you can freeze the ligation reaction at -20°C until
next week or continue to the chemical transformation protocol.
*************************************************************
II. Chemical Transformation into QIAGEN EZ Competent Cells:
1. Thaw one vial of EZ competent cells (Yellow 1.5-mL tube) on ice.
2. Once cells are thawed add 1 µL of cloning reaction (from above) to
the tube of EZ cells and mix gently (do not pipet to mix because cells
are sensitive to stress).
3. Keep cells on ice for 10 minutes.
4. Heat-shock the cells for 30 seconds at 42°C without shaking in water
bath.
5. Then place the cells back on ice for 2 minutes.
6. Add 250 µl of S.O.C. medium.
7. Shake the tube horizontally (200 rpm) at 37°C for 30 minutes.
8. Take 2-LB+KAN or LB+AMP plates and place a mixture of 50 µL
20 mg/mL X-GAL and 10 µL of 0.8 M IPTG (total of 60 µL per
plate) and spread with glass rod to cover entire plate.
9. Place 20-30 glass beads on plate (make sure to label plate on bottom
side first) and then pipet 20 µL and 100 µL of the transformation
onto the plate (place the remaining transformation reaction in
rack in 4°C refrigerator).
10. mix beads on the plate to spread the bacteria and empty the beads
into the “bead waste container.”
11. Allow cells to completely dry on plate and then place inverted in the
37°C incubator overnight (colonies should be visible and large
enough to see after about 18 hours).
*************************************************************
NOTE: Store the remaining cloning reaction at –20°C in a clearly
labeled tube.
*************************************************************
THE NEXT DAY, TAKE YOUR PLATES OUT OF THE
INCUBATOR AND PLACE IN COLD ROOM ON SHELF MARKED
BIOL173L.
THEY WILL NEED TO BE IN THE COLD FOR AT LEAST 4
HOURS FOR THE BLUE COLOR TO CHANGE COMPLETELY.
2
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KOC LAB 3 – INSTRUCTOR’S GUIDE
Prerequisite: Students should be familiar with ligase and how it is used in
the cell. They should also have an understanding how bacteria can be used
in molecular biology to produce large quantities of your specific DNA and
how it can be stored in the bacteria on a plasmid. They should know the
parts of a plasmid and the process of blue/white screening and how it works.
They should also have an understanding of selectable markers in order to
determine positive transformation results.
Objectives:
1. Familiarize students with techniques of cloning DNA into plasmid vector.
2. Gain an understanding of the chemical method for transforming E. coli.
3. Allow students the ability to do blue/white screening cloning technique.
Time: 2 hours to do all parts. Can stop and place ligation reaction (section
I.c.) at -20°C until next lab if out of time.
Materials:
-Qiagen pDrive cloning vector (Qiagen Cat.# 231222; 10 reactions)
-2X ligation master mix
-Sterile water
-thermal cycler
-EZ competent E. coli cells
-SOC media
-LB agar plates with either 100µg/mL Ampicillin or 50 µg/mL
Kanamycin
-20 mg/mL X-Gal
-0.8 M IPTG
-sterile glass beads and glass rod (spread bacteria and X-Gal/IPTG
respectively on plates)
-42°C water bath
-37°C shaking incubator
-37°C dry incubator
Instructor’s Notes:
The students will have to estimate the concentration of their PCR product
that was run on the gel in KOC LAB 2 by comparing it to the intensity of the
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1 kb ladder bands on the gel. Once the nanograms of product are known it
can then be divided by the amount loaded on the gel (in most cases it was 20
µL). This will give a concentration that then can be used in the cloning
reaction.
Section I: pDrive PCR Cloning Procedure
For most of the PCR products for the knockout construction the products are
going to be between 1 and 1.5 kb and thus will need to use 10 to 25 ng of
PCR product for cloning.
Make sure the students setup the reaction in a PCR tube and keep it on ice at
all times.
Setup a thermal cycler to maintain the block at 16°C forever. This way
students can put their ligation reaction in and take it out when it is done and
allows students to move at their own pace.
Let the students know that they can thaw the EZ competent cells when there
is 10 minutes left on their ligation reaction.
Section II: Chemical Transformation into QIAGEN EZ Competent
Cells
Remind the students to handle the EZ cells carefully because they are
sensitive to mechanical stress such as pipetting and mixing.
Make sure that the students understand that the timing of the heat shock and
its temperature are critical to having an efficient transformation.
The tubes can be taped with label tape to the platform of the shaker to allow
them to shake horizontally.
While the cells are shaking at 37°C the students should spread the X-Gal and
IPTG on the 2 LB agar plates. It is best for them to make a mix up that
contains both X-Gal and IPTG and then plate because this will create a more
even distribution on the plate. Let them also know not to leave it sit on the
plate too long before spreading because it will soak into the plate quickly
and the X-Gal is in DMF which can dissolve the agar in the plate when it is
concentrated in one area.
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Remind the students to label the plate and not the lid because the lids can be
switched on accident. Demonstrate the way to spread the bacteria on the
plates using the glass beads (move the plate back and forth and side to side
to make sure that the liquid is evenly distributed).
The plates should be kept upright until the plate is no longer wet looking
(this will not take very long if the plates were allowed to dry for 2-3 days
after pouring). Once they are dry remind the students to place them inverted
in the incubator because the condensation can form on the lid and fall and
ruin your plate if they are left upright.
Finally, remind the students to come back the next day to remove their plates
and put them at 4°C (it is best if they come 16-18 hrs later). If the plates
stay too long they may form satellite colonies on the plate (mostly on
Ampicillin) and they may start to grow into each other.
They may be able to see blue colonies but the intensity will get better if the
plates are in the cold for a few hours.
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KOC LAB 4: Plasmid Purification &
Restriction Enzyme Digest
Introduction:
In order to determine if the bacteria that grew on the plate has the plasmid
containing your PCR product we will need to isolate the plasmid and
confirm it is the correct plasmid. Many methods have been developed in
order to purify the plasmid from bacteria, but all involve three steps: grow
liquid bacteria culture, harvest and lyse bacteria cells, purify the plasmid
DNA. The bacteria should be isolated from a single colony on the agar
plate. In order to maintain the plasmid in the bacteria they should always be
grown in the presence of the appropriate antibiotic. Cells are harvested by
centrifugation and can be lysed by heat, alkali, or detergents. In this lab we
will lyse the cells with a combination of high sucrose (8%), lysozyme
(degrades the bacterial cell wall), and a detergent (TritonX-100). This
solution followed by boiling the sample allows denaturation of the cell wall,
chromosomal DNA, other proteins that are precipitated out leaving the
plasmid in the supernatant (also containing RNA). Further purification of
the plasmid from the RNA can be done utilizing RNAase, which degrades
the RNA during the purification process.
Reagents for Plasmid Purification:
-LB media with either 50 µg/mL Kanamycin or 100 µg/mL Ampicillin
-LB Agar plate with either 50 µg/mL Kanamycin or 100 µg/mL
Ampicillin
-6-inch wooden applicator sticks
-1.5-mL tubes
-Plastic transfer pipets
-Sucrose Lysis Buffer (SLB)
-10 mg/mL Lysozyme (LYS)
- 3 M NaOAc (pH 5.2)
-100% Isopropanol
-70% Ethanol
-1X TE (pH 8.0)
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Procedure for Plasmid Purification:
I. Grow Bacteria:
a. Place 2 ml of LB with 50 µg/mL Kanamycin (or 100 µg/mL
Ampicillin) in glass test tube for each colony in which you want
to purify the plasmid.
b. Take out a new LB/KAN plate and make a grid that is the same
number as the tubes for the colonies you are starting.
c. Take a 6-inch wooden stick and pick the whole colony from
your plate and the touch it to the corresponding number on the
“grid” plate (you will not be able to see anything on the plate
but the mark the stick made-it will grow just fine).
d. Then take the remaining material on the stick and mix it in the
liquid LB/KAN test tube. Take the stick out and place in the
used stick container (DO NOT THROW AWAY).
e. Place tubes in the 37°C shaking incubator (220 rpm) and let
grow overnight.
f. Proceed to plasmid purification section 2.
II. Purification of Plasmid (Boiling method):
a. For each culture label one 1.5-ml tube.
b. Transfer 1.5 mL of each culture into microcentrifuge tubes
using a plastic transfer pipet.
c. Centrifuge at maximum speed for 5 minutes.
d. Pour off the supernatant into waste container by centrifuge.
Remove as much of the liquid as possible by dabbing on a
paper towel (this will be demonstrated by lab instructor).
e. Add 350 µL of Sucrose Lysis Buffer to each tube and
resuspend by pipetting up and down (to prevent frothing do not
pipet up and down all the liquid in the tube).
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f. Add 25 µL of 10 mg/mL Lysozyme (LYS) to tubes and invert
tubes to mix.
g. Incubate on your bench at room temperature for 5 minutes.
h. Heat tubes at 99°C for 1 minute in a heat block (make sure
that well in heat block are filled with water to create proper
transfer of heat).
i. Centrifuge at maximum speed for 15 minutes.
j. Remove pellets with a toothpick and discard pellets along with
toothpick (SAVE THE SUPERNATANT!!!).
k. Add 40 µL of 3 M NaOAc and 220 µL of isopropanol to the
supernatant in each tube to precipitate the DNA.
l. Invert the tubes to mix and then incubate at room temperature
on the bench for 5 minutes.
m. Centrifuge at maximum speed for 5 minutes.
n. Discard supernatant (make sure that the pellet is not lost when
pouring off the supernatant) and dab on paper towel.
o. Add 1 mL 70% ethanol to each tube to wash the salt off the
plasmid pellets.
p. Centrifuge at maximum speed for 5 minutes.
q. Discard the supernatant and dab on paper towel.
r. Centrifuge at maximum speed for 20 seconds and then remove
liquid from the tubes with p200 pipet.
s. Centrifuge at maximum speed for 20 seconds and then remove
liquid from the tubes with a p10 pipet.
t. Allow pellets to completely dry for 10-15 minutes with the
caps open at room temperature on bench.

3

KOC LAB 4

u. Add 50 µL of 1X TE (pH 8.0) to each tube and let sit on bench
for 5 minutes.
v. Resuspend pellet by pipetting up and down (set pipet at 25 µL
so you do not take up al liquid and create bubbles).
w. Proceed to restriction enzyme digest section 3.
x. Remaining DNA can be stored at -20°C in the “BIOL173L
PCR PLASMID” box.
III. Confirmation of Plasmid Containing PCR Product by Restriction
Enzyme Digestion:
Reagents for Restriction Enzyme Digest:
-0.5 mL microcentrifuge tubes
-10X Restriction Enzyme Buffer (Buffer 1, 2, 3, 4, and EcoRI)
-100X Bovine Serum Albumin (BSA)
-Sterile water
-Restriction Enzymes: KpnI, PstI, BamHI, EcoRI, SalI, HindIII,
XhoI, AvrII, NheI, XbaI, SacI, SpeI, and NotI
Procedure for Restriction Enzyme Digest:
a. Identify Restriction Endonuclease sites within your PCR
insert using your predicted PCR product sequence (from the
Bioinformatics Report WORD file; include the primer
sequence) and NEBcutter Version 2.0
(http://tools.neb.com/NEBcutter2/index.php):
i. Paste predicted PCR product sequence from
bioinformatics report into NEBcutterV2.0.
ii. Click submit
iii. Under main options click on “Custom Digest”
iv. Select all the enzymes from the list of what we have
in the lab (list above; if the enzyme is not listed that
means it is not in your sequence at all; if there are
no enzymes that we currently have within your
sequence contact the professor!!!!).
v. Then click “Digest”
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vi. A screen will display a picture marking the sites on
your PCR product. Under main options click on
“Print”
vii. Select GIF image at 150 DPI resolution, then click on
“Create Image”
viii. Then click on “[Click here to view/download the GIF
file]”
ix. Then save the image to your computer and print it.
x. Go back to the page with the main options and
select “View Gel”
xi. Change the Gel % to 1% and Print out the
information for your notebook.
xii. With the above information you can now determine
the digest that gives a distinct banding pattern
for your PCR product and tell the orientation in
which it was cloned.
b. Setup 2 different restriction enzyme digests for each
plasmid purified:
i. 1st digest will be a restriction enzyme digest that will drop
out the entire PCR product that you cloned
ii. 2nd digest will be a restriction enzyme(s) that will allow
you to determine the orientation that the PCR product
was inserted into the pDrive vector (using restriction sites
from step “a” above and the restriction map of the pDrive
vector from lab exercise 4).
c. Determine the Buffer to be used in both sets of digests
(consult previous handout that listed the restriction enzymes).
If you are using 2 restriction enzymes make sure to use a buffer
in which both enzymes can work (consult the handout).
d. Determine if your reaction requires BSA (consult the
handout).
e. Make a cocktail for both sets of digests in a 0.5-mL
microcentrifuge tube as follows (add reagents in order listed
below):
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NOTE: your cocktail final volume is only 17 µL but the final volume of
the total digest reaction is 20 µL because 3 µL of plasmid DNA is added
later. So calculate all the amounts as if it were a 20 µL reaction
1st DIGEST COCKTAIL:
[STOCK]
H2 O

amount of stocks (µL)
1 Rxn.
5 Rxn.

[FINAL]

0

H2 0

10 X Buffer

1X Buffer

100X BSA

1X BSA

RE #1

0.5 µl

(RE #2)
-------------------------------------------------------------------------------------------Total
17 µl

2nd DIGEST COCKTAIL:
[STOCK]
H2 O

amount of stocks (µL)
1 Rxn.
5 Rxn.

[FINAL]

0

H2 0

10 X Buffer

1X Buffer

100X BSA

1X BSA

RE #1

0.5 µl

(RE #2)
-------------------------------------------------------------------------------------------Total
17 µl
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f. Dispense 17 µl of the cocktail for each digest in the same
number of 0.5-mL microcentrifuge tubes as the number of
plasmids that you purified (you should have enough cocktail for
one extra digest left). Make sure to label the tubes so you
know what each digest contains.
g. Add 3 µl of each plasmid DNA (purified from step 2 above) to
its appropriate tube and mix by pipetting.
h. Incubate the reactions at the specified temperature for that
specific enzyme (consult the handout), for most it will be 37°C,
for at least 1 hour (it can go longer even overnight for most
enzymes).
i. When they are done add 10X RNase Sample Dye to them and
let them sit for 5-10 minutes and then run on a gel or place at
-20°C until next week.

THINGS YOU NEED TO KNOW FOR YOUR DIGESTS:
Restriction Enzyme Digest 1:
Restriction Enzyme Name(s):
Buffer #:
Requirement of BSA:
Digest Incubation Temperature:
Predicted Band Size(s) of digested plasmid on gel:
(Hint: one is the size of the vector)
Restriction Enzyme Digest 2:
Restriction Enzyme Name(s):
Buffer #:
Requirement of BSA:
Digest Incubation Temperature:
Predicted Band Size(s) of digested plasmid on gel:
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KOC LAB 4 – INSTRUCTOR’S GUIDE
Prerequisite: Students should have an understanding of methods for
obtaining purified plasmid DNA. They should also have an understanding
of what a restriction endonuclease is and how it can be used as a molecular
biology tool. They should be familiar with the types of cuts generated by
different restriction enzymes (blunt, 3’-overhang, and 5’overhang). Students
should be able to predict the banding patterns generated by restriction
enzyme digest and the difference between linear and circular DNA (different
states of uncut plasmid DNA-supercoiled and relaxed forms).
Objectives:
1. Familiarize students with growing and harvesting E. coli containing
plasmids
2. Teach students plasmid purification using a lysozyme boiling method
3. Allow students to gain experience setting up restriction endonuclease
digestion experiments
4. design restriction digest experiments to confirm cloning of correct PCR
product and orientation in which it was cloned.
Time: 15-20 minutes the day before lab (anytime during the day) for
Section I. 2.5 to 3 hours for Sections II. Through III.h. If time permits
Section III.i. can be done (or done the next lab period).
Materials:
-LB media with either 50 µg/mL Kanamycin or 100 µg/mL Ampicillin (4
tubes for each student)
-LB Agar plate with either 50 µg/mL Kanamycin or 100 µg/mL
Ampicillin (one master plate for the class).
-6-inch wooden applicator sticks
-1.5-mL tubes
-Plastic transfer pipets
-Sucrose Lysis Buffer (SLB, see Supporting Material: recipes and
reagents)
-10 mg/mL Lysozyme (LYS, see Supporting Material: recipes and
reagents)
- 3 M NaOAc (pH 5.2; see Supporting Material: recipes and reagents)
-100% Isopropanol
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-70% Ethanol
-1X TE (pH 8.0; see Supporting Material: recipes and reagents)
-0.5 mL microcentrifuge tubes
-10X Restriction Enzyme Buffer (Buffer 1, 2, 3, 4, and EcoRI)
-100X Bovine Serum Albumin (BSA)
-Sterile water
-Common Restriction Enzymes: KpnI, PstI, BamHI, EcoRI, SalI,
HindIII, XhoI, AvrII, NheI, XbaI, SacI, SpeI, and NotI (List the
enzymes that you have available to use at the beginning of Section III
above.
-10X RNase Sample Dye
-37°C Water bath
-99°C Water bath (can use a beaker of boiling water)
-37°C shaking incubator
-37°C dry incubator
-microcentrifuge
-pipets (p1000, p200, p20, and p10) and pipet tips
-materials for gel electrophoresis (KOC LAB 2)
Instructor’s Notes:
Section I: Growing Bacteria
I will demonstrate the procedure for this section in lab the week
before so that they can come in at anytime the day before lab and do this
section on their own. To minimize the time that the students have to spend
outside of lab I will place the 2 mL of LB media in the tubes and have made
the grid markings on the plate. I setup a bench that contains all the material
ready for this section so that it only takes the students about 10 minutes to do
this section.
Section II: Purification of Plasmid (Boiling Method)
Stress the importance of clear labeling of all material so that it
prevents confusion of what is in each tube. It is important that the students
remove as much of the media as possible so as to maximize the lysis
procedure (step “d”).
Instruct the students to add the Sucrose Lysis buffer 1st then to go
back and resuspend each pellet. To prevent frothing have them adjust the
pipet to 200 µL and pipet up and down (step “e”).
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Make sure that the 99°C heat block is prepared before students need to
use it. If the lysozyme treatment is allowed to go too long the pellet in step
“j” will be very loose and hard to remove. Make sure to remind them to
keep track what portion of the reaction they are saving and discarding at
each step.
Some types of microcentrifuge tubes do not hold the pellet as well and
if the pellet is moving when discarding the supernatant in step “n”, the
supernatant may have to be removed with a p1000 pipet.
Steps “q” through “s” are necessary to remove most of the ethanol and
allow the pellet to dry in 10-15 minutes. If some students are behind at this
point they can dry the pellets more quickly by turning on the air jacket and
placing the tubes in the rack in front of the air flow. To check if the pellets
are dry you can lightly flick the tube to see if any liquid drops form on the
sides. If not the samples are ready to rehydrate in TE.
If the pellets are not resuspending well in step “v” place the tubes in
the 37°C water bath for 5 more minutes and then repeat step “v.” In TE
samples can be stored for up to 1 month at 4°C and at -20°C indefinitely.
One can resuspend the pellets in sterile water too but these then need to be
stored at -20°C.
Section III: Confirmation of Plasmid Containing PCR Product by
Restriction Enzyme Digestion.
Have the students do step “a” as homework/prelab before the lab
starts or make available enough computers for the students to do this during
the waiting time during section II.
For each plasmid they will setup two digests. Make sure the students
understand what each digest will tell them about the plasmid. Make sure
that the students fill out the restriction digest requirement list and the
MASTER MIX charts and check them with the instructor before proceeding.
A sample of the completed Digest cocktails is listed below. Each
student will use EcoRI for the 1st digest to cut out there PCR product (unless
they have EcoRI within their gene then they will have to choose two
enzymes not within their gene). The second digest will be dependent on the
sites within their gene. Do not use sites that are too close to the middle of
10
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the PCR product because they will give similar bands independent of the
orientation. Also, remind them to try to use a enzyme that is located in the
multiple cloning region to aid in their determination of the orientation. If no
sites are located within the gene remind them that they can use one of the
sites and was engineered in the primers from BIOINFORMATICS
MODULE II Section X (I try to avoid this because most PCR products that
would be cloned could contain these sites because the primer not the PCR
product contained that restriction site; not confirmatory of your specific
gene).
Remind the students that they are working with enzymes and that
they should be maintained at -20°C as much as possible to prevent them
from becoming inactive. Also, remind them not to “double dip” with their
pipet tip into the enzyme stocks. This can create cross contamination with
different enzymes and make it almost impossible to interpret the digests
from these enzymes.
1st DIGEST COCKTAIL:
[STOCK]
H2 O

amount of stocks (µL)
1 Rxn.
5 Rxn.

[FINAL]
H2 0

14.3µL

71.5µL

10 X Buffer

1X Buffer

2.0µL

10.0µL

100X BSA

1X BSA

0.2µL

1.0µL

RE #1

EcoRI

0.5µL

2.5µL

0

(RE #2)
---------------------------------------------------------------------------------------------------Total
17 µL
85 µL
The digests can go as short at 60 minutes (NEB sells fast digestion
enzymes that work in 5-10 minutes and can be substituted if so desired). If
the digests are going at the end of the lab period I usually let them go for 2-3
hours and then I remove them and put them at -20°C until the next lab
period (step “h”).

11

KOC LAB 4

The boiling method of plasmid purification is crude and contains lots
of RNA contamination. This can be removed by incubating the digest with
sample dye containing RNase A (final 100 ng/mL). If looking for PCR
products that are around 100 bp it will be hard to see them using this plasmid
purification method due to the degraded RNA running at this location.
Plasmid preps made using the boiling method can be used for
sequencing but the prep needs to be RNase treated prior to sequencing and
the concentration has to be estimated from a gel of linearized plasmid
because of the degraded RNA contamination. Our sequencing results have
looked just as good doing this (no further clean-up to remove RNase is
needed) and is just as good as that from kit purified plasmid DNA.
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KOC LAB 5: Construction of Knockout Plasmid
Introduction:
In order to make the knockout construct you will have to design a strategy to
take the two flanking sequences (5’NTS and 3’NTS) along with the plasmid
containing the Neomycin resistance gene under the Histone H4 promoter
(pH4NEO) and make the knockout plasmid. This process will require you to
digest the plasmids with different restriction enzymes in order to cut out the
pieces of the plasmids of interest. Then the restriction digests will be run on
an agarose gel and the band of interest will be excised from the gel with a
razor blade and the DNA will be purified away from the agarose gel. Then
the pieces with need to be mixed together and ligated to link the compatible
ends that were generated by restriction enzyme digest. The whole process of
making the knockout construct will take two steps of digestion, purification,
and ligation. Designing a good strategy to make your knockout construct is
dependent on the use of compatible restriction enzymes within a digest. In
order to piece the flanking sequences with the knockout construct you will
have to digest with two different restriction enzymes. Make sure that the
restriction enzymes are compatible in the same buffers (if less than 75%
choose a different set of enzymes). Also, remember that some restriction
enzymes leave a sticky overhang that is compatible with another restriction
enzyme overhang (SalI overhang =XhoI overhang; SpeI = XbaI = AvrII =
NheI overhangs). The end knockout construct must contain the 5’NTS and
3’NTS in the same directionality as one another and the NEO cassette must
be integrated between the two flanking sequence. The directionality of the
NEO cassette is not important because the cassette contains its own
promoter and poly(A) addition site within itself.
Design a strategy to make the knockout construct:
Once your group has come up with a strategy to make the knockout
construct from your individual flanking sequence [5’NTS and 3’NTS; in
either the (+) or (-) orientation] and the pH4NEO (Neomycin resistance
cassette), check the schematic with the instructor to make sure that it will
work. It is best to write each step as a cartoon on paper to better visualize
the process.
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I. Large Scale Restriction Enzyme Digest of Plasmids
Reagents for Restriction Enzyme Digest:
-1.5 mL microcentrifuge tubes
-10X Restriction Enzyme Buffer (Buffer 1, 2, 3, 4, and U)
-Sterile water
-Restriction Enzymes: KpnI, PstI, BamHI, EcoRI, SalI, HindIII,
XhoI, AvrII, NheI, XbaI, SacI, and NotI
-pH4NEO(+)
-parafilm
-waterbath @ 37°C
Procedure for Large Scale Restriction Enzyme Digest:
a. Identify Restriction Endonuclease sites in all three plasmids
that need to be used in the digests.
b. Setup 3 restriction enzyme digests. One for each plasmid
(pH4NEO, p5’NTS, and p3’NTS) that was previously purified
and is stored at -20°C in the “BIOL173L PCR plasmids” box.
The instructor will provide the pH4NEO plasmid for you.
c. Determine the Buffer to be used in the 3 digests (consult
previous handout that listed the restriction enzymes). When
using 2 restriction enzymes make sure to use a buffer in which
both enzymes can work (consult the handout).
d. Determine if your reaction requires BSA (consult the
handout).
e. In 3 separate clearly labeled 1.5-mL microcentrifuge tubes
setup the following restriction enzyme digests (add reagents
in order listed below):
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5’NTS plasmid digest:
0
[STOCK]

[FINAL]

amount of stocks (µL)

H2 O
H2 0
plasmid DNA
25 µL
10 X Buffer
1X Buffer
100X BSA
1X BSA
RE #1
1.5 µL
RE #2
1.5 µL
-------------------------------------------------------------------------------------------Total
50 µL
3’NTS plasmid digest:
0
[STOCK]

[FINAL]

amount of stocks (µL)

H2 O
H2 0
plasmid DNA
25 µL
10 X Buffer
1X Buffer
100X BSA
1X BSA
RE #1
1.5 µL
RE #2
1.5 µL
-------------------------------------------------------------------------------------------Total
50 µL
pH4NEO plasmid Digest:
0
[STOCK]

[FINAL]

amount of stocks (µL)

H2 O
H2 0
plasmid DNA
25 µL
10 X Buffer
1X Buffer
100X BSA
1X BSA
RE #1
1.5 µL
RE #2
1.5 µL
-------------------------------------------------------------------------------------------Total
50 µL
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THINGS YOU NEED TO KNOW FOR YOUR DIGESTS:
Restriction Enzyme Digest 1:
Restriction Enzyme Name(s):
Buffer #:
Requirement of BSA:
Digest Incubation Temperature:
Predicted Band Size(s) of digested plasmid on gel:
Size of band that needs to be excised:
Restriction Enzyme Digest 2:
Restriction Enzyme Name(s):
Buffer #:
Requirement of BSA:
Digest Incubation Temperature:
Predicted Band Size(s) of digested plasmid on gel:
Size of band that needs to be excised:
Restriction Enzyme Digest 3:
Restriction Enzyme Name(s):
Buffer #:
Requirement of BSA:
Digest Incubation Temperature:
Predicted Band Size(s) of digested plasmid on gel:
Size of band that needs to be excised:
f. Mix the reactions by flicking and give them a quick spin in
the centrifuge.
g. Parfilm the top of the 1.5 mL microcentrifuge tube to
prevent evaporation.
h. Incubate the reactions at the specified temperature for that
specific enzyme (consult the handout), for most it will be 37°C,
for at least 5 hour (it can go longer even overnight for most
enzymes).
i. When the digests are done add 10X sample dye with RNase to
make the final concentration of dye 1X.
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j. Let sit at room temperature on your bench for 5-10 minutes
in order for the RNase to degrade the contaminating RNA in
your purified plasmid samples.
k. Proceed to Gel Purification.
II. Gel Electrophoresis & Purification of Digested Plasmid DNA
Reagents for Gel Electrophoresis & Purification:
-1% Agarose gel with Thick 6-well comb (use all 50 mL to pour gel)
-1X TAE
-buffer QX1 (yellow color)
-QIAEX II resin
-buffer PE
-sterile H2O
-waterbath @ 50°C
Procedure for Gel Purification of Digested Plasmid DNA:
a. Pour 1% TAE Agarose Gel containing EtBr using entire 50
mL of agarose and use the thick side of the 6-well comb.
b. Allow the gel to solidify on bench until gel turns from clear to
a cloudy opaque.
c. Once gel is completely solidified fill with 1X TAE to cover
gel. Then remove the comb in order to wash the wells clear of
any unsolidified agarose
d. Load ALL 50 µL of digest in one well and try to leave an
empty well between each sample to prevent contamination from
the other samples.
e. Run the gel at 90 Volts for 60 minutes until the fastest
migrating dye band is near the bottom of the gel.
f. DO NOT LOOK AT YOUR GEL UNDER THE UV
LIGHT BOX WITH THE DIGITAL CAMERA. The UV light
from that light box is a short wavelength that is very high energy
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and will damage the DNA so it will not be useful for the ligation
reaction.
g. Using the LONG wavelength (365nm) setting on the handheld
UV light wand check to see if your gel has run long enough.
h. Using a fresh razor band for each band cut out the band as
close as possible to prevent contamination and having excess gel in
the purification procedure.
i. Place the cut our DNA+gel in a 1.5 mL microcentrifuge tube
and weigh to determine the volume of gel that you excised.
Make sure to subtract the weight of the tube alone. The weight in
grams is equal to the mL (density of water is 1g/mL).
j. Add 3 times the excised band volume of Buffer QX1 to the
tube. If your excised band was greater than 4 kb add an
additional 2 times the excised band volume of sterile H2O to the
tube.
k. Vortex QIAEX II resin to resuspend. Then add 20 µL
QIAEX II resin to each tube.
l. Vortex to mix the sample. Then place Incubate at 50°C
mixing by vortexing every 2 minutes. Once all the gel has
dissolved incubate the mixture for 10 minutes vortexing every
two minutes to keep the resin from settling.
m. Centrifuge sample at maximum speed for 30 seconds and
Pour off supernatant.
n. Add 500 µL of Buffer QX1 and resuspend the resin by
vortexing. This step is necessary to dissolve any residual agarose.
o. Centrifuge sample at maximum speed for 30 seconds and
Pour off supernatant.
p. Add 500 µL of Buffer PE and resuspend the resin by
vortexing. This step will remove any salts from the resin with the
DNA bound to it.
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q. Centrifuge sample at maximum speed for 30 seconds and
Pour off supernatant.
r. Add another 500 µL of Buffer PE and resuspend the resin by
vortexing. This step will remove any salts from the resin with the
DNA bound to it.
s. Centrifuge sample at maximum speed for 30 seconds and
Pour off supernatant.
t. Centrifuge sample at maximum speed for 30 seconds and
Pipet off residual liquid.
u. Air-dry resin pellet until pellet becomes white this could take
10-20 minutes. The air jet at your bench can be used to speed up
the drying but make sure that you do not over dry the pellet or the
DNA will not come off the resin (HAVE AN INSTRUCTOR
SHOW YOU HOW TO DO THIS!!!).
v. Elute DNA by adding 20 µL sterile H2O and resuspend the
resin by vortexing.
w. Incubate resuspended resin at 50°C for 10 minutes.
x. Centrifuge sample at maximum speed for 30 seconds.
y. Pipet supernatant (contains your excised DNA) into a clearly
labeled 1.5 mL microcentrifuge tube (i.e. XPC5’NTS g’pure).
z. The purified DNA can be stored in the -20°C freezer in the box
labeled “BIOL173L Gel Purified DNA” or Run on gel to
determine yield of purification in order to setup ligation reaction.
i. Add 1 µL of purified DNA to tube with 8 µL
sterile H2O and 1 µL 10 Sample Loading Dye.
ii. Run each sample purified on a 1% agarose gel
(don’t forget to run 5 µL of 1kb ladder too.).
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III.

Ligation Reaction of Purified Digested DNA:
Reagents for Ligation:
-Gel Purified DNA
-10X T4 DNA Ligase Buffer (contains ATP)
-T4 DNA Ligase
-sterile H2O
-16°C incubator or waterbath
Procedure for Ligation of purified digested DNA:
a. Using the picture from the gel above determine the relative
amount of cut DNA that you purified for each sample.
b. The sample containing the bacterial drug resistance markers
(AMP and KAN) is called the “VECTOR” while the gene NTS
flanking or H4NEO cassette alone is called the “INSERT.”
c. The ligation reaction needs to contain a 1:5 ratio of Vector:
Insert (in relation to the number of molecules NOT the amount in
ng). NOTE: This means that a purified product band that is 5 kb
with intensity similar to the 40 ng band of the marker has 5 times
less molecules as a 1 kb band with a similar intensity to the 40 ng
band.
d. Determine the amount of the insert and vector to use in the
ligation reaction and CHECK IT WITH THE INSTRUCTOR.
e. Use 10-20 ng Vector for your ligation reaction.
f. For each ligation reaction you will setup 2 reactions in 0.5
mL microcentrifuge tubes as follow:
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Vector alone:
0
[STOCK]

[FINAL]

amount of stocks (µL)

H2 O
H2 0
10-20 ng Vector DNA
10 X Buffer
1X Buffer
T4 DNA Ligase
1.0 µL
-------------------------------------------------------------------------------------------Total
20 µL
Vector + Insert:
0
[STOCK]

[FINAL]

amount of stocks (µL)

H2 O
H2 0
10-20 ng Vector DNA
5 times more molecules Insert DNA
10 X Buffer
1X Buffer
T4 DNA Ligase
1.0 µL
-------------------------------------------------------------------------------------------Total
20 µL
g. Mix by flicking and quick spin to bring liquid to bottom of
tube and Incubate @ 16°C overnight. NOTE: Reactions can
them be placed at -20°C until the transformation of the ligation
reaction (see below).
IV.

Bacterial Transformation of Ligation Reaction by Electroporation
Reagents for Transformation:
-DH10B Electrocompetent E. coli
-SOC media
-5 mL glass tubes
-1 mm Gap Electroporation Cuvettes
-1.5 and 0.5 ml microcentrifuge tubes
-Ice bucket
-glass Pasteur pipets
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-Ligation reactions
Procedure for Electroporation Transformation of bacterial cells:
a. Thaw DH10B bacterial cells and Ligation Reactions from
above on ice and place 2 electroporation cuvettes on ice to cool.
b. Label 2 0.5-mL microcentrifuge tubes (one for each ligation
reaction) and add 1.0 mL SOC media to 2 5-mL glass tubes (label
as done with the ligation reactions).
c. Add 50 µL of DH10B cells to each tube and then add 1 µL
Ligation Reaction to the appropriately labeled tube.
d. Pipet cells/ligation reaction into the cooled cuvettes and tap on
the counter to remove air bubbles and bring down the cells
between the metal plates. (INSTRUCTOR WILL
DEMONSTRATE PROPER WAY TO PIPET INTO
CUVETTE TO PREVENT AIR BUBBLES).
e. Place cuvette in electroporation holder and press “PULSE”
button to send an electrical shock through the cuvette.
f. Add SOC media from glass tube to cuvette with glass Pasteur
pipet and then remove entire liquid and place back into 5 mL glass
tube.
g. Incubate 5 mL tubes containing transformed cells at 37°C,
shaking at 220 rpms for 60 minutes.
h. Then on 2 plates with either KAN or AMP in them add glass
beads and plate 25 µL and 150 µL of each ligation reaction.
(TOTAL of 4 plates). Shake to spread cells and then pour off
beads into bead waste container.
i. Allow the plates to dry upright on your bench, then incubate at
37°C overnight.
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j. The NEXT DAY remove the plates (The vector alone plates
should have less bacterial colonies than the vector + insert plates).
Store at 4°C in cold room until needed to start plasmid
purification and restriction enzyme digest to confirm the correct
plasmid.
The correct transformants from the ligation reaction will be confirmed by
restriction enzyme digestion similar to previous lab handout (KOC LAB 4).
Then the entire ligation and transformation process will be repeated with the
other fragment (other flanking or NEO cassette) in order to make the
COMPLETED KNOCKOUT CONSTRUCT!!!!!
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KOC LAB 5 – INSTRUCTOR’S GUIDE
Prerequisite: The students should have an understanding of how a plasmid
is constructed and the components needed to make a knockout plasmid
(5’NTS and 3’NTS of specific gene and drug resistance cassette-H4 driven
NEOr). They should also come prepared with a schematic of how they want
to make the knockout construct (This can be done using the Gene
Construction Kit program).
Objectives:
1. Students will gain the ability to design multiple ligation experiments
culminating in the construction of a knockout plasmid.
2. Gain experience using restriction enzyme digestion to construct knockout
plasmid.
3. Familiarize students with methods of purifying DNA out of an agarose
gel.
4. Teach students how to setup a ligation reaction with proper experimental
controls.
5. Students will also gain the ability to transform E. coli using
electroporation.
Time: Section I requires 30-90 minutes preparation depending on
preparation time needed to determine restriction enzymes to digest in order
to piece together knockout plasmid and 5-18 hours for the digest. Section II
requires 2-3 hours (less time is needed if agarose gels are prepared for
students before starting lab). Section III requires 30-60 minutes and can be
combined with section II in one lab period. Section IV takes approximately
1.5-2 hours. Following Section IV students will need to use KOC LAB 4 to
confirm the plasmid ligation product is correct (see KOC LAB 4 for time
frame for this section).
Materials:
-1.5 mL microcentrifuge tubes
-10X Restriction Enzyme Buffer (Buffer 1, 2, 3, 4, and EcoRI)
-Sterile water
-Restriction Enzymes: KpnI, SpeI, BamHI, SalI, XhoI, AvrII,
NheI, XbaI, SacI, and ApaI
-BSA
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-pH4NEO(+) (Maxiprep of plasmid so enough for entire class)
-Parafilm
-37°C water bath
-10X RNase sample Dye
-microcentrifuge
-1% Agarose gel with Thick 6-well comb (use all 50 mL to pour gel)
-1X TAE
-Gel electrophoresis equipment (KOC LAB 2)
-buffer QX1 (yellow color)
-QIAEX II resin (QIAGEN cat.# 20021)
-buffer PE
-sterile H2O
-50°C water bath
-vortex
-razor blades
-UV light source (use only 365 nm wavelength UV light “long
wavelength”)
-pipets (p1000, p200, p20, and p10) and pipet tips
-10X T4 DNA Ligase Buffer (contains ATP)
-T4 DNA Ligase (NEB cat. #M0202S)
-sterile H2O
-16°C water bath
-DH10B Electrocompetent E. coli
-SOC media
-5 mL glass tubes
-1 mm Gap Electroporation Cuvettes
-1.5 and 0.5 ml microcentrifuge tubes
-glass Pasteur pipets
-37°C shaking incubator
-37°C dry incubator
-LB agar plates with appropriate antibiotic (Kanamycin or Ampicillin)
-plasmid purification and restriction analysis reagents (KOC LAB 4)
Instructor’s Notes:
The students should come prepared to this lab with a plan on how to
make the knockout construct from the 3 plasmids that they have (2 that they
have made in previous labs and the other that will be supplied by the
instructor). This is a great time to have the students use the Gene
Construction Kit program to simulate the restriction digests and ligation
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reactions. By using this program they can visually see what is going on in
the experiments that they are about to do. If this program is not available
have them sketch out the ligation reactions and the plasmid intermediates
that they are going to make after the first ligation and what steps are needed
to get to the final knockout construct.
Section I: Large Scale Restriction Enzyme Digest of Plasmid
Each group will setup 3 50 µL restriction digests. Only two will be
used for the 1st ligation but the other digest will be ready for the second
ligation once the intermediate plasmid has been made. Students should
check their calculations with the instructor before setting up the digests.
Key of the digests is as follows (if KpnI and SpeI are on the ends of the
5’NTS PCR product and XhoI and ApaI are on the end of the 3’NTS PCR
product the schematic is as setup below):
5’NTS plasmid digest:
0
[STOCK]
[FINAL]
amount of stocks (µL)
H2 O
H2 0
16.5µL
plasmid DNA
25.0 µL
10 X Buffer #1 1X Buffer #1
5.0 µL
100X BSA
1X BSA
0.5µL
RE #1
KpnI
1.5 µL
RE #2
SpeI
1.5 µL
-------------------------------------------------------------------------------------------Total
50 µL
3’NTS plasmid digest:
0
[STOCK]

[FINAL]

amount of stocks (µL)

H2 O
H2 0
16.5 µL
plasmid DNA
25.0 µL
10 X Buffer #4 1X Buffer #4
5.0µL
100X BSA
1X BSA
0.5µL
RE #1
XhoI
1.5 µL
RE #2
ApaI
1.5 µL
-------------------------------------------------------------------------------------------Total
50 µL
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pH4NEO plasmid Digest (some groups in the class can digest with
KpnI/SpeI and the others can digest with XhoI/ApaI:
0
[STOCK]
[FINAL]
amount of stocks (µL)
H2 O
H2 0
16.5µL
plasmid DNA
25.0 µL
10 X Buffer#1(#4)1X Buffer#1(#4)
5.0µL
100X BSA
1X BSA
0.5µL
RE #1
KpnI (XhoI)
1.5 µL
RE #2
SpeI (ApaI)
1.5 µL
-------------------------------------------------------------------------------------------Total
50 µL
These digests can go overnight but make sure to put Parafilm around the top
of the tube to prevent evaporation during the digest (Step “g”).
Make sure to give the digest ample time in the 10X RNase sample dye to
allow for complete degradation of the contaminating RNA. It is best to
incubate it at room temperature for 10 minutes before loading the gel.
Section II: Gel Electrophoresis and Purification of Digested Plasmid
DNA
The gel electrophoresis steps are similar to that in KOC LAB 2 but the
gel is poured using a 6-well comb so that the total 50 µL can be loaded in
one lane. Also, do not forget to remind the students to WEAR GLOVES
when working with EITHIDIUM BROMIDE!!!
It is very important that this gel be run at no more than 90 volts and to
run it at least 60-90 minutes. If the gel is run too fast or for too short of a
time there will be more contamination later on. This is due to the fact that
the uncut supercoiled plasmid can run faster than the linearized plasmid
allowing for background later in the procedure. Make sure to use only
365nm wavelength UV light to cut out the digested plasmid DNA.
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For step “i” the amount of mg = µL. cutting the gel piece into smaller
pieces before placing it in the microcentrifuge tube will increase the rate at
which it dissolves.
After adding the Buffer QX1 to the pellet in step “n” make sure the
resin is fully resuspended so that the remaining agarose is washed away
from the beads/DNA. If there are time constraints students can air-dry the
resin with the air jet but make sure that the pellet does not over dry. The
instant the pellet changes from a wet looking resin to a dry white resin in the
center it is done.
In order to determine the amount of purified DNA to use in the
ligation reaction it must be run on an agarose gel (step “z”).
Section III: Ligation Reaction of Purified Digested DNA
I have found that using a 1:5 ratio of vector to insert seems to work
best in most reactions but sometimes may have to use 1:10 ratio. The higher
the ratio the more chance of the insert multimerizing and going into the
vector as 3 inserts ligated together end over end to give the correct
compatible ends. On average I use 20 ng of vector in my ligation reactions
bit works just as well with 10 ng. The calculation for the ligation reactions
if 1 µL of vector and insert were half as intense as the 1 or 5 kb ladder band
then the reactions would be set up as follows:

Vector alone:
0
[STOCK]

[FINAL]

amount of stocks (µL)

H2 O
H2 0
16.0µL
10-20 ng Vector DNA
1.0µL
10 X Buffer
1X Buffer
2.0µL
T4 DNA Ligase
1.0 µL
-------------------------------------------------------------------------------------------Total
20 µL
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If the vector is 5 kb and the insert is 1 kb and the intensity of each
band is equal that means that there are 5 times as many molecules (or ends)
in the 1 kb band to give the same intensity of Ethidium staining and
therefore one can use equal volumes of each to get the 1:5 molar ratio,
Vector + Insert:
0
[STOCK]

[FINAL]

amount of stocks (µL)

H2 O
H2 0
15.0µL
10-20 ng Vector DNA
1.0µL
5 times more molecules Insert DNA
1.0µL
10 X Buffer
1X Buffer
2.0µL
T4 DNA Ligase
1.0 µL
-------------------------------------------------------------------------------------------Total
20 µL
I like to make a 16°C water bath in a Styrofoam box to do my ligation
reactions in because it seems to allow the ligation to proceed adequately
without having to use the thermal cycler and put wear-n-tear on this piece of
equipment.
Section IV: Bacterial Transformation of Ligation Reaction by
Electroporation
One can buy electro-competent DH10B cells but the cost is fairly
expensive for cells that are not very hard to make on your own. The
procedure for making electro-competent DH10B cells can be found in the
Supporting Materials: recipes and reagents section.
Electro-competent cells can only be thawed once and then they
drastically loose their efficiency so only remove the amount that you need
for the transformation. SOC media can also be made with little effort and is
found in the Supporting Materials: recipes and reagents section.
Make sure that electroporation cuvettes are chilled on ice prior to use.
Also, the cuvettes can be reused if soaked in a SDS solution and all the
detergent is rinsed away and then ethanol treated for 30 minutes and allowed
to dry on paper towels. Then they can be UV treated in a laminar flow hood
to ensure that they are completely sterile.
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The settings for electroporation of bacterial cells is different for each
machine (consult manufacture guidelines for proper settings).
It is best to plate two dilutions for each transformation because this
will ensure that you will not have too many or too few colonies on at least
one of the sets of plates. Also, you should have the students save the rest of
the liquid culture from the transformation and put it at 4°C so that in the case
that there is still too many less can be plated and if there is nothing on any of
the plates the remaining culture (~800 µL) can be centrifuges and most of
the media removed (down to 100 µL) and then plated on a LB plate with the
proper selection.
The vector alone plate should contain fewer colonies than the
vector+insert plate and the ratio of colonies will determine the number of
colonies that need to be screened to find the correct ligation product. If the
numbers on the plates are equal the ligation reaction most likely did not
work. If the numbers are 2 times as many, it would be best to pick 8
colonies to purify the plasmid from and screen by restriction digest. If the
numbers are 3-4 times as many, picking 4 colonies should be adequate to
obtain the correct clone in at least one of the colonies.
In the event that the numbers are less than the numbers on the vector
alone plate (3 times less at least) it is still possible that the ligation worked
but the vector was not properly cut with both restriction enzymes. When the
insert ligates on one end it can not ligate to the other end if the vector was
only cut with one of the enzymes, this makes for a product that is not able to
be circularized and can not replicate now. This would also explain a greater
amount of colonies on the vector alone plate. If this is the case have the
students pick 8 colonies to purify the plasmid and restriction digest.
Once the plasmid containing the correct insert is identified it can now
be digested as done in Section I and the procedure repeated one more time to
put the last piece in to make the knockout construct.
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