
22

OBJECTIVES
Students will be able to:

1.Understand the DNA replication process.

2. Identify reasons for replication of DNA.

3.Understand the need for an exact copy of DNA.

4.Understand the function of complementary base-pairing.

MATERIALS
Each student group should have the following:
• 1 K’NEX DNA, Replication and Transcription kit with building instructions booklet

• Student journals (1 per student)

* NOTE: Each student group should have completed Lesson 1 and have built a flat DNA ladder before
proceeding with this lesson. It is also recommended that students complete Lesson 2 so that they
understand that DNA exists in a twisted, or helical, state.

PRELIMINARY ACTIVITY: Replication of a DNA Molecule
• Students should replicate the DNA double helix following the directions on Pages 10 through 13 in
the K’NEX DNA, Replication and Transcription building instructions booklet.

* NOTE: If Lesson 2 has been performed, the DNA model should be uncoiled (and taken off its stand
or tubing) to perform the steps on Pages 10 - 13.

• Once the construction shown on Pages 10 - 13 has been completed and understood, students
can continue by building a large, flexible DNA molecule shown on Pages 14 –17 of the building
instructions.

INTRODUCTION: The Basic Replication Process
When a cell divides by either mitosis or meiosis, each new cell must have an exact and complete
copy of the DNA from the original cell. The process by which each cell receives an exact copy of the
original cell’s DNA is called replication. The word replication implies “replica,” reinforcing the concept
of a process to form an exact duplicate of the DNA molecule.

DNA is duplicated using a “semiconservative” replication process to help ensure that exact copies
of the DNA are formed. This semiconservative process means that each new DNA molecule contains
one strand from the original or parent molecule (the parent strand). The other strand of the new DNA
molecule that is created by using the parent strand as the template is called the daughter strand.
Thus, DNA replication produces two identical DNA molecules, each consisting of one parent and
one daughter strand as shown in Figure 1.
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DNA replication is a systematic process. Assisted by specific enzymes,
the process is as follows:

1. Helicase, an enzyme, unwinds DNA and breaks the hydrogen
bonds between the nucleotides creating a replication fork (a “Y”)
in the DNA molecule. This process is sometimes referred to as
an “unzipping” of the double-stranded molecule. The replication
fork or “Y” is the site in the parent DNA molecule where DNA
replication occurs. The nitrogen-containing bases are now
exposed for complementary pairing (DNA separates into single-
strands at the fork).
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Figure 1: Semiconservative DNA replication means that one of each of the two strands found in the parent DNA
molecule (black) appear in each daughter molecule. Each daughter molecule contains one new strand (gray) formed
by complementary base pairing with the strand from the parent molecule.

2. DNA polymerase moves along each open side of the DNA at the replication fork, attaching
free nucleotides to the exposed nitrogen-containing bases on both of the separated strands by
complementary base pairing.

[∆ - The free nucleotides are called “dNTPs” for deoxy-nucleotide-triphosphates because they
actually have three phosphate groups attached before they are incorporated in the DNA.]

DNA polymerase only works in a 5’ to 3’ direction, so these bases are added in a complementary
fashion to the original DNA molecules in a 5’ to 3’ direction along the replication fork. This creates
two phenomena: the leading strand and the lagging strand. These strands are represented in the
K’NEX DNA, Replication and Transcription building instructions booklet on Pages 10 and 11 and
are represented diagrammatically in Figure 2.
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3. The leading strand begins to be built first in a continuous 5’ to 3’ direction toward the
replication fork. The lagging strand (or opposite side) is built in pieces [∆ - Okazaki fragments]
that are also being built in the 5’ to 3’ direction. Because the overall direction of the lagging
strand of the replicating molecule is 3’ to 5’, large segments of new DNA are assembled in
the 5’ to 3’ direction as the replication fork moves down the lagging parent strand, and these
fragments are later joined together by an enzyme to form the lagging daughter strand of the
replicating DNA molecule.

[∆ - The enzyme joining these Okazaki fragments is called DNA ligase.]

Because the fragment assembly is not continuous and begins only after a large enough segment
of the parent molecule is exposed, completion of the strand’s replication lags behind the leading
strand. Thus, this side of the replication fork is named the lagging strand because of this contrast
with the continuously building leading strand.

4. It should be noted that this sequence of events is happening at numerous sites throughout the
original DNA molecule. Several replication forks may be present during the replication of any one
DNA molecule. Remember, a DNA molecule may be one meter in length.

5. The end result of the replication of a single DNA molecule is two DNA molecules, identical in
nucleotide base sequence. Each of the newly replicated DNA molecules consists of a daughter
strand and a parent strand.M
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Figure 2: The replication fork of a parent DNA molecule (represented by solid lines) with 5’ to 3’ synthesis of
the daughter of the leading strand (represented by a solid line with dots) and the daughter of the lagging strand
daughter strand (represented by a dashed line). This figure should be compared with the K’NEX DNA, Replication
and Transcription building instructions booklet Pages 10 and 11.
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CREATE/ASSESS
Student groups should make DNA molecules with short nucleotide sequences of their own design
and then trade them with another group. Both groups should perform the necessary steps to complete
one cycle of DNA replication, but with at least one intentional error in the process. Replicated DNA
molecules should be exchanged back between partners and any “errors” should be identified and
recorded in their student journals. Students may begin to form hypotheses about how replication
errors may occur or be corrected. These hypotheses should also be recorded in the student journals.
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• ∆ Advanced students may create a large DNA molecule by using multiple K’NEX DNA,
Replication and Transcription kits or the K’NEX DNA, Replication and Transcription Class Pack.
Replication should then be demonstrated to include Okazaki fragments, applicable enzyme labels or
simulated enzyme molecules, and labels for lagging and leading strands.

APPLY
Questions/Activities for students:
• Students should (diagram) create and correctly label a poster showing their preliminary DNA
replication activity using different colors or shading to indicate the parent and daughter strands as
shown below.

• Students should draw the cell cycle and indicate where replication occurs. (The cycle should be
drawn in the student journals with the phase where replication occurs highlighted.) Students should
be asked why is it important that DNA replication take place at that stage of the cell cycle.

* NOTE: most textbooks present mitosis and the cell cycle before DNA. If this material has not been
previously presented, please refer to the appropriate section of the text before assigning this activity
to students.
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EXTENSION ACTIVITIES (∆ Primarily for advanced students)
• ∆ - Ask students to compare and contrast DNA replication in eukaryotes to DNA replication in
prokaryotes.

• ∆ - Ask students to discuss the classic Meselson and Stahl experiment1 and how their research led
to the concept of semiconservative replication.

• ∆ - Students may research and discuss the terms: proto-oncogene and tumor-suppressor gene.
Students may explore how these genes work in the cell and how they tie in with DNA replication.

• ∆ - Students may research, discuss, and give examples of how cancer drugs can affect DNA
replication. Specific drugs/drug-types should be identified and their effects noted in the student
journals. Questions approached during this exercise may include:

• How do these drugs target cancer cells?

• What new research is on the horizon that is improving the effectiveness of cancer-treating drugs?

• In your opinion, what would be the perfect cancer-treating drug?

• How might that drug work?

• What type of testing would need to be done to see if your drug was working as you had hoped?
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