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Experiment 5: Polymerase Chain Reaction (PCR) and
DNA purification
Assistant: Jun Min Kwon (virusburst@kaist.ac.kr)
Purpose
• To understand the principle of the polymerase chain reaction (PCR)
• To amplify the target DNA sequence using the PCR machine
• To purify the PCR product using the PCR purification kit
Materials
• Template DNA: GFP(-9)* - TEV site - 6His (in pET21a(+) vector)
* GFP(-9): a GFP construct having a net charge of -9. Refer to
doi:10.1038/ncomms8134
• Primer (10 pmol/ul )
- Forward primer : actg CATATGAAAGGAGAAGAACTTTTCA
- Reverse primer : actg GGATCCTGTAATCCCAGC
• Pfu DNA polymerase (BIONEER, cat. no. E-2015-1)
• 10mM dNTPs (BIONEER )
• 10x Reaction Buffer (BIONEER): 300 mM Tris-HCl pH 9.0, 200 mM KCl, 100 mM
(NH4)2SO4, 0.75% Triton X-100, 0.5 mg/ml Acetylated BSA, 15 mM MgSO4
• Restriction enzymes
- NdeI (Thermo Fisher SCIENTIFIC, cat. no. FD0583 )
- BamHI (Thermo Fisher SCIENTIFIC, cat. no. FD0054 )
• FD buffer (Thermo Fisher SCIENTIFIC, cat. no. B64)
• Agar (LPS solution, cat. no. AGA500 )
• Micropipettes, PCR tubes, PCR tube racks, EP tubes, EP tube racks
DNA sequences to use in the experiment
CATATG
AAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTG
ATGTTAATGGGCACGAATTTTCTGTCCGTGGAGAGGGTGAAGGTGATGCAACAA
TCGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCATGG
CCAACACTTGTCACTACTCTGACTTATGGTGTTCAATGCTTTTCCCGTTATCCGGA
TCACATGAAACGGCATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTATGTACAG
GAACGCACTATATCTTTCAAAGATGACGGGAAATACAAGACGCGTGCTGTAGTC
AAGTTTGAAGGTGATACCCTTGTTAATCGTATCGAGTTAAAAGGTACTGATTTTAA
AGAAGATGGAAACATTCTCGGACACAAACTCGAATACAACTTTAACTCACACGAT
GTATACATCACGGCAGACAAACAAGAAAATGGAATCAAAGCTGAATTCACTGTT
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CGCCACAACGTTGAAGATGGCTCCGTTCAACTAGCAGACCATTATCAACAAAATA
CTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCGACACA
AACTGTTCTTTCGAAAGATCCCAACGAAAAGAGAGACCACATGGTCCTTCACGA
GTACGTAAACGCTGCTGGGATTACA GGATCC GAAAACCTGTATTTTCAGGGC
CTCGAG CACCACCACCACCACCAC TGA
NdeI : CATATG
BamHI : GGATCC
XhoI : CTCGAG
GFP(-9)
TEV site
6Histidine tag
STOP codon :TGA
Machines to use
Polymerase chain reaction machine
(TAKARA, model. TP600)

Electrophoresis
machine
(Advance,
model. Mupid2plus)
Centrifuge
(Hanil, model.
smart-R17)
Principles
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1. Polymerase Chain Reaction (PCR)
Polymerase chain reaction (PCR) is the technology that amplifies DNA by repeatedly
replicating specific DNA sequence. The DNA amplification time is short and a large
amount of DNA can be obtained from very small amount of DNA.
In living organisms, DNA replication is very complicated, requiring many components
including (Figure 1):
1. Short complementary oligomer synthesized by Primase
2. DNA polymerase
3. Helicase for unwinding double stranded DNA
4. Nucleotides
In contrast, thanks to thermophile DNA polymerases, we can amplify the gene-ofinterest in a much simpler way using only these components (Figure 2):
1. Primer, which is artificially synthesized short oligomer
2. Heat-stable DNA polymerase (pfu/Taq)
3. PCR machine for the cycle of heating and cooling step
4. Nucleotides and buffer for polymerase

Figure 1 A summary of DNA replication
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Figure 2 Summary of Polymerase Chain Reaction in the laboratory

2. Restriction enzymes
A restriction enzyme, restriction endonuclease, or restrictase is an enzyme that
cleaves DNA into fragments at or near specific recognition sites within molecules known
as restriction sites. Restriction enzymes are one class of the broader endonuclease
group of enzymes. Restriction enzymes are commonly classified into five types, which
differ in their structure and whether they cut their DNA substrate at their recognition site,
or if the recognition and cleavage sites are separate from one another. To cleave DNA,
all restriction enzymes make two incisions, once through each sugar-phosphate
backbone (i.e. each strand) of the DNA double helix (Figure 3).
These enzymes are found in bacteria and archaea and provide a defense mechanism
against invading viruses. Inside a prokaryote, the restriction enzymes selectively cut up
foreign DNA in a process called restriction digestion; meanwhile, host DNA is protected
by a modification enzyme (a methyltransferase) that modifies the prokaryotic DNA and
blocks cleavage. Together, these two processes form the restriction modification
system.
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More than 3,600 restriction endonucleases are known which represent over 250
different specificities. Over 3,000 of these have been studied in detail, and more than
800 of these are available commercially. These enzymes are routinely used for DNA
modification in laboratories, presenting a vital tool in molecular cloning.

Figure 3 Restriction Enzymes (https://www.addgene.org/protocols/restriction-digest/)

4. DNA purification

Figure 4 Spin column for DNA purification (en.wikipedia.org)

Spin column-based nucleic acid purification is a solid phase extraction method to
quickly purify nucleic acids. This method relies on the fact that nucleic acid will bind to
the solid phase of silica under certain conditions.
The stages of the method are lyse, bind, wash, and elute. More specifically, this
entails the lysis of target cells to release nucleic acids, selective binding of nucleic acid
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to a silica membrane, washing away particulates and inhibitors that are not bound to the
silica membrane, and elution of the nucleic acid, with the end result being purified
nucleic acid in an aqueous solution.
5. How to use micropipettes
Here is the procedure for using micropipette:
1. Select the volume
2. Set the tip
3. Press and hold the plunger at the first stop
4. Place the tip in the liquid
5. Slowly release the plunger
6. Pause for a second and then move the tip
7. Insert the tip into the delivery vessel
8. Press the plunger to the second stop
9. Pause for 2 seconds
10. Remove the tip
11. Release the plunger
12. Eject the tip into the waste container
▶Caution:
- Use within a specific capacity range for each
pipette
- Do not apply more force than necessary
- Works slowly when transferring solution
- Do not place pipette upside down or lay down while containing solution
- Suction slowly from the top of the solution
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Procedure
<PCR experiment>
1. Place all the required materials on your bench. Enzymes, dNTP, and DNAs should
be placed on ice.
2. Add the components of the PCR mixture except Pfu-DNA polymerase to a pcr tube in
order. After adding all the components, mix well with pipetting
❖ When you add reagents to make the PCR mixture, look at the pipet tip carefully to
make sure you add the accurate amount of the reagents. Excess droplets around the tip
can cause changes to the final concentrations of the components
Order to add

Component

Volume

1

3rd distilled water

11 ㎕

2

10X Reaction buffer

2㎕

3

Primer 1 (Forward)

1㎕

4

Primer 2 (Reverse)

1㎕

5

Template

2㎕

6

10mM dNTPs

2㎕

7 (add later)

Pfu-DNA polymerase

1㎕

Total volume

20 ㎕

3. Add the polymerase to the mixture and mix well by sucking and disposing the whole
mixture multiple times with a P20 pipette.
4. Set the Denaturation, Annealing, Extension time and number of cycles.
Cycle step

Temperature

Time

Cycle number

Initial denaturation

95℃

2min

1

Denaturation

95℃

30sec

Annealing

55℃

30sec

Extension

72℃

30sec

Final extension

72℃

5min

4℃

hold

7

25~35
1

2022 Spring CH353 Chemistry Major Laboratory III
5. Insert the PCR tube and run the program on the PCR machine.
6. While the PCR machine is running, make agarose gel.
<Agarose gel making>
1. Add 1.5g ~ 2g agar powder to 200ml 1xTAE buffer.
2. Dissolve the agar powder by heating it in the microwave for 30 seconds at a time and
shaking it.
3. When the agar powder is completely dissolved, cool it at room temperature for about
30 minutes (Shake in between to avoid hardening).
4. Add an appropriate volume of safe red reagent to the solution and mix.
5. Pour the solution into the gel mold and wait until it hardens.
6. When the solution hardens, remove it from the mold.
<Electrophoresis>
1. Add 6x DNA dye to PCR products.
2. Load DNA marker and PCR products in the well and run the gel with 130V for 20
minutes.
3. Place gel on long wave UV lamp, cover the lamp with transparent plastic plate, and
turn on UV to observe DNA bands.
Caution: Do not see UV directly. Do not allow agarose gel touch your skin.
<DNA purification (Gel extraction)>
1. Check the size of bands. Excise the DNA band with a razor. Add 600 ul of buffer FB
to the gel.
2. Incubate for 10 minutes for 60 oC with occasional mixing by vortexing.
3. After the slice has dissolved completely, transfer the mixture to a spin column.
4. Centrifuge the column for 1 minute and discard the flow-through.
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5. Add 700 ul buffer 80% EtOH to spin column and centrifuge spin column for 1 minute,
discard the flow-through. Repeat one more time.
6. Centrifuge spin column for 2 minutes again to remove residual buffer.
7. Transfer the spin column to a new 1.5 ml tube, and apply 30 ul of EB buffer or
distilled water directly to the spin column membrane without touching it with the pipet tip
8. Let stand for 1 minute, then centrifuge for 1 minute.
<Restriction>
1. In a 1.5ml tube, make a restriction enzyme digestion mixture as in the table below.
Material (concentration)
insert DNA (PCR product) or vector (plasmid)
Restriction enzyme 1
Restriction enzyme 2
+ additional restriction enzyme (if required)
FD buffer
ddH2O
Total

Volume (μL)
20
2
2
4
12 (up to final volume)
40

2. Let the mixture solution react for 1.5~3hr in 37℃ heat block.
3. Add DNA loading dye to the reaction solution, and run the sample in an agarose gel
electrophoresis to check whether a band appears at the expected size.
4. Purify the digested insert and vector DNAs using gel extraction.
5. Measure the DNA concentration (optional)
Result
1. Describe your experiment experience by adding details to the procedure above and
your observations.
2. Add gel loading images (PCR product & Vector/DNA Restriction) to your lab report
Analysis
1. Is the PCR product band present in the appropriate DNA size?
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2. Is the PCR product band bright enough?
3. Are the vector and PCR product band present at the appropriate location after the
restriction step?
Discussion
1. Briefly describe about five types of restriction enzymes.
2. How could you increase the amount of PCR product?
3. What is the principle of agarose gel electrophoresis?
4. If the vector and insert DNA restriction failed, what would be the reason? How could
you increase the efficiency of the restriction reaction?
Reference
1) https://en.wikipedia.org/wiki/Restriction_enzyme
2) https://www.thermofisher.com/
3) https://takara.co.kr/web01/product/productList.asp?lcode=TP600-1
4)
https://technomartinc.com/33/?q=YToxOntzOjEyOiJrZXl3b3JkX3R5cGUiO3M6MzoiYW
xsIjt9&bmode=view&idx=170196&t=board
5) http://m.danas.kr/shop/item_p.php?it_id=1329991576
6) Pearson Education, Inc., publishing as Benjamin Cummings
7) Department of Chemistry at KAIST, Analytical Biochemistry Laboratory, Jung Lab
protocol
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