Biology 1305 – Modern Concepts in Bioscience – Campbell Textbook Week 12
Hey hey guys! We are counting down to the end of the semester (thank goodness!). This is
where things can get a little hairy if you do not keep up with the material, so I highly
recommend you try your best to stay on top of things. You have worked so hard all semester, so
now it is time to finish strong! You got this!
Remember that the Tutoring Center offers free individual and group tutoring for this class.
Our Group Tutoring sessions will be every Thursday from 5:00-6:00 PM CST. You can
reserve a spot at https://baylor.edu/tutoring. I hope you sign up!:)
Keywords for this week: leading strand, lagging strand, replication bubble, DNA
polymerase, complementary
As always, some videos!
Evidence of Genetic Material
DNA Structure
DNA Replication Models
DNA Replication
DNA Proofreading and Telomeres
From DNA to Chromosomes
DNA Replication
For many of us, it does not come as much as a surprise to hear that DNA is the basis of heredity.
What makes us, us, is stored within the specific nucleotide sequence of our DNA. While it may
seem common to us, a long time ago, this was a monumental discovery as it was always believed
that proteins were the basis of genetic information. This is not the case!
Remember, proteins may make the phenotype, but DNA is what codes for the specific
proteins to make the phenotype. DNA is passed on between generations, not proteins.
So, since DNA is the basis of our genetic information, our cells need a way to replicate DNA in a
consistent and accurate manner, as even one base wrong could spell disastrous results, and this
is where we have the highly conserved, highly ordered process of DNA Replication. This process
has a lot of enzymes you need to know as well as a lot of processes, so take some time to commit
these to memory.
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First, let us take a look at a basic model of DNA replication to remind ourselves what we have to
work with here:

We need to remember that DNA is made up of 2 antiparallel and complementary strands. One
strand runs in the 5’ 3’ direction, while the other runs 3’
5’. Their bases are
complementary to each other (they pair up well), and this is essential because each strand can
be used to synthesize another strand. I am going to repeat that one more time: each DNA strand
can be used as a template strand to synthesize a new daughter strand!! This is HUGE, as it
means every new strand of DNA will be made up of 1 parent and 1 newly synthesized strand,
giving DNA replication a semiconservative nature.
Notice above how we have to separate the strands first, then lay in those complementary
nucleotides to create our daughter strands.
Let’s break down DNA replication into two steps, initiation and elongation/synthesis
Initiation
Recall that DNA is made up of 2 strands held together at
the nitrogenous bases by hydrogen bonds and van der
waals interactions.
To initiate DNA Replication, we have to separate the
two strands and create a ‘replication bubble’
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Notice how the DNA does not open all at once, rather
little bubbles open up along the length of the DNA to
begin replication. These bubbles will expand and widen
until we have completely separated the DNA into 2
brand new strands.

On the right, you can see what a DNA replication bubble looks like, and there are some key
enzymes and components that you need to be aware of.
The replication fork is where the parental strands of DNA are actually being unwound. It is
pretty much the base of the Y shape you are seeing. The DNA is unwound by an enzyme called
DNA Helicase (remember DNA helicase UNZIPS your genes!). This separation by helicase
can destabilize the DNA, so single-stranded binding proteins bind to the DNA to help keep
those parent strands from getting too crazy.
Additionally, the unwinding of DNA causes strain on the bonds that are downstream from the
replication fork, so topoisomerase works to break, swivel, and rejoin the DNA strands ahead of
the fork to relieve the strain produced by DNA helicase.
You will notice that I have not touched on primase yet, as I will bring that into our discussion on
elongation!
DNA Elongation
When looking at Elongation, it is split into two parts depending on which strand you are
elongating. We are first going to look at the synthesis of the leading strand, and I will explain to
you why it is called the leading strand.
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When observing the replication fork, notice
how one strand of the bubble runs 3’ 5’
while the other runs 5’ 3’. The leading
strand is the strand that is synthesized
from the 3’ 5’ parental strand.

Why is that you may ask? Well, DNA
Polymerase III, the enzyme that actually
ADDS new nucleotides in to synthesize the
daughter strand can only do so in the
5’ 3’ direction. This is due to the fact that
to join DNA nucleotides together, you
NEED a 3’ OH to make a bond on. If there
is no 3’ OH available, you cannot
synthesize DNA. This means the daughter
strand needs to be synthesized 5’ 3’, and
since DNA is antiparallel, we use the
3’ 5’ parent strand.

Unfortunately, DNA polymerase III cannot
just hop on in and synthesize DNA, as it
needs a nucleotide already present with a 3’
OH to latch on to. This is why Primase
comes in and lays down RNA primers for
DNA polymerase 3 to synthesize off of.
Once the primers are in place, synthesis can
begin of the daughter strand, and it will
continue uninterrupted until we reach the
end of the parent strand.
So how does this differ from the lagging strand? Unfortunately it is a little more complicated, go
to the next page to find out as the graphic wouldn’t fit in this space.
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Remember, the leading strand is the leading strand as
DNA polymerase can synthesize new DNA in the 5’
3’ direction completely uninterrupted.
Well, notice on the lagging strand in the picture to the
left, the origin of replication begins at the 5’ end. This is
an issue! We need the parent strand’s 3’ end to kickstart
replication in the 5’ to 3’ direction. To make matters
worse, the 3’ end is not near the origin of replication,
and just keeps on getting further away, so what do we
do?
Thankfully, our bodies are incredibly well made and
came up with a solution through the use of fragmented
replication. Primase is going to come in and lay down
SEVERAL RNA primers from the origin of the
replication down the length of the parent strand. As
the replication bubble grows, more RNA primers are
added further and further from the origin of replication.
Then, DNA polymerase latches on to the closest primer
to the origin of replication, synthesizes the daughter
strand TOWARD the origin, then hops backward to
the next primer to continue the process.
This process is not continuous like the leading strand, so
it is considered LAGGING as it simply lags behind the
leading strand.

So now we have synthesized these daughter strands in both the leading and lagging strands,
but we still have all of those RNA primers in there, we don’t want that!
Absolutely right! We have to have a way of cleaning up those primers, and that’s where DNA
Polymerase I comes in. This enzyme removes the primers, and tacks on the complementary
nucleotides needed. After DNA ligase joins the newly inserted DNA from DNA polymerase I
to the already synthesized strands.
Man that was a lot! If you’re still iffy, check out this amazing video for more
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