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Marco Franco
Hello everyone!! I hope you all have enjoyed the first couple of weeks in Biology ICB class and
that the first exam went great. We had a great Group Tutoring session this past week, and I’m
sure we will continue to do so for the rest of the semester. If you cannot make it to Group
Tutoring, remember these resources are available to you in the tutoring center website. However,
if you want to attend group tutoring, make sure you reserve a spot via the website as well.
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!
In previous weeks, we went over the experiments and data that provided evidence for DNA to be
the genetic material, a form of biological information that is passed down from generation to
generation. This week, we will explore a little more into the structure of DNA and how the
genetic code is used to communicate information to the whole cell. We will tackle four main
questions:
1. How does DNA communicate information to the cell?
2. How is gene transcription regulated?
3. How can you measure the strength and speed of gene induction?
4. How do cells make proteins?
Let’s begin with the first question: How does DNA communicate information to the cell? TO
understand this, we need to discuss the CENTRAL DOGMA of biology. This concept refers to
the processes of transcription and translation; in other words, how DNA is used to make RNA,
and how RNA is used to make proteins. These processes have specific differences for both
prokaryotes and eukaryotes.
DNA can be seen as an assembly manual to
make a car. The manual itself cannot be used
to drive, but it contains the instructions to
build the components of the vehicle, so that
driving is possible. This means that DNA
contains all of the instructions to allow cells
to function. Let’s look at some definitions:
Transcription: the process of converting
DNA to RNA by enzyme call RNA
polymerase.
Translation: the process of converting RNA
to amino acids (proteins) by ribosomes.
What happens in translation is that a strand of DNA is used to make a strand of RNA, similar to
what happens in DNA replication, but instead of adding Thymine, RNA is assembled with
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Uracil. Once an RNA strand is made, then translation takes place, but before we get into that, we
need to talk about the three forms of RNA:
Messenger RNA (mRNA): This is the type of RNA that is used as the template to make
proteins.
Transfer RNA (tRNA): This RNA is responsible for transferring amino acids during the
polymerization of proteins.
Ribosomal RNA (rRNA): This is the most abundant form in the cell and is closely attached to
ribosomes during translation.
The following videos are a great summary of the processes of transcription and translation:
Transcription: https://www.youtube.com/watch?v=vLqBFZoVZk&list=PLYjFOc4FIyikoVfco6z-axMx5_CDDHj2m&index=74
Translation: https://www.youtube.com/watch?v=l3ayESyldd0&list=PLYjFOc4FIyikoVfco6zaxMx5_CDDHj2m&index=75
Now let’s get into the second question: How is gene transcription regulated? This is a complex
topic and specific differences apply for prokaryotes and eukaryotes. Therefore, I strongly suggest
going over the following video to get into the details of the regulation of transcription, as it is
almost impossible to show this in a couple of pages.
REGULATION OF TRANSCRIPTION: https://www.youtube.com/watch?v=ypH-hDKpCY0
Now, How can you measure the strength and speed
of gene induction?
To get into this question, we will look at the induction of
beta-galactoside after exposure to lactose, shown by the
graph to the right >>>>>>>>>>>>>>>>>>>>>>>>>>>
REMEMBER to always understand your X and Y axes
before getting into what the graph shows. Here we have
a relationship between the amount of bacterial protein
(x-axis) and the amount of beta-galactoside produced (yaxis) as a function of the bacterial protein.
The importance of this figure is to understand the
indirect function of time; in other words, how
bacterial growth, shown by the amount of bacterial protein was used to indirectly measure
the time to produce beta-galactoside.
However, it is important to realize that the tick marks on the horizontal axis do not represent
equal increments of time. In other words, the horizontal scale of this graph is not linear in time.
To understand why, you need to know that E. coli divides approximately every 20 minutes, so
the total protein mass in an aliquot would also double every 20 minutes. If time zero corresponds
to the first measurement of 2 mg total protein mass, then 20 minutes have passed when the total
mass is 4 mg, 40 minutes have passed when the total mass is 8 mg, and so on. This is how we
can measure the strength and speed of gene induction
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Finally, how do cells make proteins?
This goes back to the process of translation, where mRNA is used to make proteins by action of
ribosomes, tRNA, and rRNA. However, we like experiments, right?? So experimentally, how
can we show these processes?
Scientists wrote down a table of all 64 RNA nucleotide triplets, referred to as codons, and began
the slow process of filling in which amino acids were encoded by which codons. Mathematics
dictated that some of the 20 amino acids would be encoded by more than one codon, since there
are over three times as many codons as amino acids. To begin deciphering the genetic code, they
synthesized a polymer of uracil-containing nucleotides, UUUUUUUU…, which was added to
an in vitro translation mixture instead of natural mRNA. They conducted the experiment at three
different temperatures because the in vivo rate of translation of naturally produced mRNA was
known for these temperatures. They also conducted negative control experiments that omitted
mRNA polymers of uracil, also called poly-U. The results are below.

As you can see, based on their results, the investigators determined that phenylalanine had been
polymerized into an artificial protein, which cracked the genetic code for the first codon: UUU =
phe or F. You can see this by understanding the role of time, in the x-axis and how time
influences the amount of phenylalanine being produced, on the y-axis. Notice that without the
poly-U, almost no phenylalanine was made, but in the treatments with poly-U, the production
was significantly higher.
What about temperature? Biological processes often depend on temperature, and these become
faster when temperatures increase, but there is a limit as very high temperatures, may denature
molecules that are used in the processes, so that these cannot take place. We can see that at 0
degrees, there is some production, then this increases at 24 degrees, but completely stops at 37
degrees.
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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