Biology 1305 – Modern Concepts in Bioscience – ICB Textbook
Week of October 11th, 2020
Marco Franco
Hello everyone!! I hope you are all enjoying the Biology ICB class. Remember we continue to
have group Tutoring for this class each week. If you cannot make it to Group Tutoring, also
know that these resources are available to you in the tutoring center website. If you wish to
attend group tutoring, make sure you reserve a spot via the tutoring center website.
Our Group Tutoring sessions will be every Tuesday from 6:00 – 7:00 PM. You can reserve
a spot at https://baylor.edu/tutoring. I hope to see you there!
Last week, we went over how parents produce non-identical offspring, and started getting into
evolution and experiments related to the beginning of life. That resource can be found here:
https://www.baylor.edu/support_programs/index.php?id=967950
This week, we will answer the question on how do genetic diseases arise?
First, we need to be clear about the process of DNA replication and the molecular components
that participate in such process. If you need a quick reminder of that, check out the following
video from the tutoring center:
DNA replication: https://www.youtube.com/watch?v=VrifRN64uKs
Ok, now that we have reminded ourselves about DNA replication, we need to understand that
the bottom line here is that mistakes do occur in DNA replication, and these mistakes can
lead to variations in genotypes that can actually be passed down to generations.
A mistake in DNA replication is usually considered a mutation, and if the mutation is not fixed,
it can get replicated. The enzyme responsible of ensuring
DNA is replicated as accurate as possible is DNA
polymerase, and replication is also known as DNA
polymerization. Back in the day however, scientists did not
know how DNA polymerase worked so they conducted
experiments to evaluate what was needed for DNA
polymerization to occur.
The graphs to the right show the results of a series of
experiments by D. Baltimore and D. Smoler, where they
combined different molecular factors to see which ones were
indeed fundamental for replication. In Panel A, they
evaluated the synthesis of DNA by measuring phosphoruslabeled dGTPs, which are structures similar to nucleotides
that can be traced when they are incorporated in a new DNA
strand. Furthermore, they evaluated DNA synthesis when
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different concentrations of PRIMERS were added. Primers
are small sequences of nucleotides that serve as a base
for DNA polymerase to start replication. As you could
see, over time, the higher the concentration of primers, the
higher the incorporation of dGTPs, which meant more
DNA was being polymerized.
However, the story did not end here. DNA replication is a
specific process that also requires a very specific type of
primer to be more effective. In a second experiment (panel
B to the right), scientists also measured DNA synthesis by
measuring the incorporation of dGTPs into new strands
over time, but in this case by providing different types of
primers. In this case, deoxyadenosine monophosphate
(dAMP) polymers, or Poly dA as shown in the graph,
promoted higher levels of DNA synthesis.
Having provided evidence for the ways in which DNA polymerase works, scientists turned to
evaluate why the same enzyme that synthesizes DNA can also be responsible for mutations. To
explore this, different experiments were conducted where DNA polymerase of different “ages”
were examined to see their replication and error rates. It is important to point out that metal ions
with +2 charges (like Mg and Mn) are fundamental for polymerase to work properly, so
scientists evaluates rates in presence and absence of these ions. The results are in the table below.

Notice how young polymerases were better at DNA replication with fewer mistakes, and
that the addition of Mn2+ further increased the accuracy of the enzyme. So if you answer
the question, how do genetic diseases arise? You can safely say that as polymerases (and
organisms) become older or deprived from certain molecules more mistakes will occur and this
would lead to more mutations, which in turn can be the causative agents of diseases.
Also, even though DNA polymerase makes mistakes, it has proofreading abilities, which are
usually employed to fix base pair mismatches and other types of mutations. Check the following
video to see more information about DNA repair:
https://www.youtube.com/watch?v=83bs2hwgxYY
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Let’s check your understanding!!
1. In the graph corresponding to panel B, why is it important for the poly dAs to have an
OH on carbon 3 (3’ end)?
2. With what you saw about Mg and Mn, do you think all ions with a 2+ charge will have
the same result in the accuracy of DNA polymerase?
3. What is a pmol in both of the graphs above?
Answers!!
1. Remember that in a DNA strand, nucleotides are
connected to each other via carbon 3 of one
nucleotide to the phosphate group of the other.
This is possible by a reaction substituting the OH
in carbon 3 (3’ end) with a phosphodiester bond
to a phosphate group.

2. The answer is NO. In fact, even though there are many more ions with 2+ charges, Mn
has been shown to be the most efficient. In fact experiments evaluating other ions found
significantly lower efficiency and more mistakes caused by DNA polymerase. See the
table below.

3. A pmol is a chemical unit related to the amount of a substance. In this case, it comes from
a given mass of a dGMP molecule based on their molecular mass (all elements in the
structure).

That’s it this week. Please reach out if you have any questions and don’t
forget to visit the Tutoring Center website for further information.
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