

***************************************
INST LI:	Okay. I want to have your attention please, happy Wednesday.
Most of you are getting ready to study for the final so we know that this week we have no tutorials as your TA are working really hard to finer marking for midterm and for next week the tutorial will resume I'll release the problem set, last one for this course by the end of this week and attempt to answer all the questions as much as you can. I know the tutorial has been helpful for most of you to complete
answer the questions I would suggest to submit your problem set as and soon as you fill in the blanks or supplement with the answers you already have with right after the tutorials. Do not wait to last minute. Take a picture or come back and refresh the page see if it has been submitted successfully. Okay. I don't know if you got an email about course experience survey. Please fill out the survey. I welcome any feedback, constructive criticism because this course is not just taught by me, there's many other faculty members as well we go through feedbacks very seriously we will have meetings and go over what are the topics that you enjoy the most. What are topics that you think are challenges to understand if you were to take the course again what can be improved to for the lecture notes or pacing and everything. So just in the survey we appreciate your feedback also I didn't put up here, I know you finished a lot of your
Verbatim (draft) transcript -
MARCH 25, 2026 - MMB222 - KD


Accurate Realtime Reporting Inc. - (604) 685-6050
Page 10



midterms but I want toed remind that you the final for your this course is April 14th. One of the earlier one. I think ask Victoria for organic chemistry April 17th. Anyone have the final earlier than the 14th. Yes when?
STUDENT: 13.
INSTRUCTOR LI: What course? STUDENT: 205.
INSTRUCTOR LI: That is why I know that the finals can be you come from variety of different background lot of health sciences all of them impossible to coordinate final exam schedule across different departments so we try to spread around but impossible to schedule close together so my job is I spend entire weekend all my wake be hours I trying to distill down all the remaining lectures so we have three major topics left I want toed leave the last lecture as review. You get a better sense of what topics still need clarification. The same thing I will supply you with practice final so make sure that you go over that. Double the length of the midterm.
Mostly 30 multiple choice, 8 to 10 short answer questions. So it's not going to take full three hours to complete.
You'll have plenty of time to fin shall your final. But just keep in mind double the length of the midterm. Any questions regarding the logistics of the course?
STUDENT: How much of the final [inaudible].
INSTRUCTOR LI: How much the final will cover the previous lecture



material. I am trying to debate I think mostly will be
50 percent on the new material, 50 percent of the previous materials. So I think I think some of the questions will be integrated you'll see some example of that on the final exam. I haven't made it to be honest. But you will get a sense of what type of questions you will get but that that is the breakdown of that. It will be let's move on to one of the three major topics we only have three topics left prokaryotic transcription and eukaryotic transcription and protein synthesis. Today we going to start with one of the major top prokaryotic these are readings from chapter 3 and 21. We go over the RNA structure and function, and we briefly touched on that. We were going with the DNA structure. Then we'll talk about the prokaryotic transcription which will contain the four processes here. Three major ones, initiation, elongation and termination. Before initiation you have to recognize the promoter. So we can start the initiation process. Let's get into it. The central dogma of biology, you see this many many times. The DNA is transcribed into RNA, RNA is translated into the protein. The circling arrows just means DNA replication so don't get confused. We learn about DNA replication for prokaryotic cells because eukaryotic cells always have more complex systems compared to prokaryotes. We learned that replication happens once per cell which is during the S phase. The purpose is to copy the



entire genome before the cell division. In contrast for the purpose of transcription which you have you read the DNA sequence transcribed into the RNA sequence. This happens constantly as needed. The purpose transcription is to make RNA necessary for specific genes. As you can imagine not all the proteins has to be made all the time. Otherwise it will not be economical. It will spend a lot of energy to do that. It takes time to make the proteins for the specific functions. What do I mean by that is that those gene expressions they have to be regulated so we can not just produce a lot of proteins for all the proteins all the time. Some of the absolutely essential protein we call them housekeeping proteins such as DNA polymerase, RNA polymerases or the enzymes that needs to carry out essential functions for cell survival. They need to reproduced all the time. So that can be kind of -- you can get a sense of that from this schematic here. From the DNA you have a gene A and B, right. Right away what do you notice about the RNA expression level? Focus on the RNA. You have a lot more RNA that is transcribed from gene A. So then as a result there's a lot of protein that has been translated from the gene A but you only have a little bit from gene B. Why is that the case.
As I mentioned before there's essential proteins that require for cell survival such as housekeeping proteins, DNA polymerase and RNA polymerase, and all huge protein complexes



make sure you can replicate your DNAs at the right time. Those protein need to be expressed all the time, but you might need express enzymes that are necessary only when you have certain nutrients present. The cymaltripsans or trip sans, that is eukaryotic sample. Prokaryotic sample where you learn about this bacteria they prefer the glucose as energy source, but sometimes the glucose is not there. So it uses lactose. When you have lactose not glucose you will produce the proteins that will help you to digest those lactose. This is not always necessary. That is what I mean by different level of gene expression because you can't just produce all proteins at all time. So that is what I mean by here, why regulate gene expression. Cells need different proteins at different times because the gene expression level can vary dramatically especially at the level of RNA some of the genes are very essential for self survival. You always have messenger RNA being transcribed and translated into the corresponding proteins. And the efficiency also depends --the efficiency transcription also determine how much protein will be put out after the translation process.
What exactly is RNA. We've seen this before. We learned the basic structure of RNA so this is just a quick review of what we've seen already. So RNA, the major difference between RNA and DNA is RNA you have the two prime hydroxyl group in pentyl sugar and in the DNA you have



hydrogen right here. RNA has uracil, base uracil instead of thymine. Thymine is DNA so CH3 in attached in the base but in RNA it's uracil. So structurally they are very similar. Remember when we talking about DNA repair and damage sometimes by accident or the DNA bases the guanine might be turned into the uracil when it goes through some kind of damaging process, the DNA is going to recognize that as thymine. This is exactly why because structurally they are very, very similar. The only difference between the two are the one right here. There is an extra CH3 methyl group attached to it. Thirdly RNA is usually single stranded, so instead of forming a double helix like a DNA, RNA is very, very reactive because it's a single strand. Usually most of the time it compose only single strand and so the two prime hydroxyl group is exposed so it can perform some of the nuclear attack or form different kind of hydrogen bonding with RNA within itself or with a nearby RNA molecule. We are going to see in a second.
So the RNA structure and function so even though RNA is mostly single stranded it must base pair with DNA during transcription. It has to read off the information that is being given by the DNA that forms the base pair with and uracil lacks a methyl group seen a thymine but this does not affect Watson-Crick and Franklin base pairing because DNA is going to recognize as thymine not uracil.



As I said earlier this is a very interesting confirmation that DNA can form. Looks like a little person with legs. This one here too. Is that RNA can form base pairing within itself. So it doesn't have to form a double helix like DNA. It can form interesting base pairing within itself. This is absolutely essential when we talk about transfer RNA, when we talk about the protein synthesis. This is how tRNA form cloverleaf structure in which we talk about last topic for the course.
So here you can see that, just walk through this quickly. The red are indicated these are the conventional base pairing so all A pairs with the U, G pairs with C. So conventional base pairing, but at the same time it can also form non-conventional interactions in the backbones, so let's see that just a second. So can you take a guess what kind of interactions these are? For the non-conventional one. Yes, hydrogen bonds.
There's non-conventional hydrogen bonding in the backbone of the RNA molecule so can turn a bend into different kind of loops and/or junctions actually really important in stabilizing the RNA structure. Highly context dependent. Doesn't just form this randomly. You will see an example for transferring RNA when we talk about the protein synthesis.
So most of the time you probably learn this I think



first time probably biology 12 or something or first year biology. About three major types of RNA molecules that are responsible for protein synthesis. I didn't put on the rest of the table. This table is huge. List of all the other RNAs that are necessary for other functions but most of the time especially pertaining to the remainder of the course we are going to focus on the protein synthesizing RNA. Messenger RNA right here. The figure shown at the bottom shows you there's different confirmation that RNA that can have. This one is transfer RNA folds into the cloverleaf structure, the three cloverleaf structure. The transportation into messenger RNA, so we'll be talking about transfer RNA and ribosomal RNA doesn't have a label in here but ribosomal RNA make up the majority of the ribosomes that is responsible for the translation process but for the lecture for today we are going to focus on the messenger RNA.
So between the two different types of cells prokaryote and eukaryote, what do you notice right away. Shout out the answer? What do you see right away. Spotting the difference. Yeah, nucleus. You can see in eukaryote a lot more complex. Memory bound organelles. Here we refer to nucleus. In prokaryotes everything is happening at the same time in cytoplasm. That is why you always learn the prokaryotic system first. It's a lot simpler. Gives you overview of what it looks like or a particular process. So



this case here it's transcription that we are going to look the. We can see definitely there's no nucleus, and then you can see that this is a RNA polymerase shown in yellow here. So once that messenger RNA being transcribed the ribosomes can latch on to it and start the translation process. This is a highly efficient process in prokaryotic cells and comparison for eukaryotic cells the transcriptions happen within the nucleus. One of the major step that is different is once the messenger RNA are being formed inside the nucleus in a eukaryotic cells, they have to be exported out of the nucleus. Then translation, the protein synthesis can take place outside the nucleus which is in the cytoplasm. That is not the case for prokaryotic cells. Just summarize.
First of all, no nucleus in prokaryotes so DNA is cytoplasm. Transcription process when you transcribe DNA from messenger RNA and RNA into the proteins all happening at the same time in the cytoplasm. Translation begins before transcription is finished. There are some videos I can put up on supplement course material. You can see there's animation video that tells you this process happens simultaneously which very, very fascinating. Multiple ribosomes can translate the same messenger RNA simultaneously so it's very, very efficient process, but overall take-home message from here is prokaryotes transcription and translation happen at the same time in the same place which



is in cytoplasm. The second-last bullet here aminoacyl transferase so this is all these here which is the tRNAs. We will talk about that in the last topic. Focus on the key idea here is the prokaryotes everything happening same time same place. Any questions so far.
So let's move on to how do we start transcription process. So first of all, it just doesn't happen randomly. It has to have signal that tells the system that okay, we need to transcribe some of genes, transcribe some of messenger RNA because we need some of the proteins but it got to have some starting point. So starting point is that to have the RNA polymerase binds to a specific DNA sequence called the promoter region. There is a promoter region on the genes that is going to transcribe. The promoter region can be located on either strands of the DNA templates, not necessarily a mirror image. Most of the time will be located somewhere else not in the same place on the double-stranded DNA. So let's focus on the simple case here. We have a promoter here that RNA is going to bind and initiate the transcription process.
So first of all, what needs to happen. RNA polymerase how does it recognize the promoter region. How does it know that this is a region that I have to bind so that I can initiate the transcription process. So it has the help from a protein factor or a protein complex called sigma



factor in prokaryotes.
What does sigma mean? Awesome, good, no, it means something else. You got to update me I am a millennial so I'm not a lot of times my 13 year old a ask me something I give them a different answer she is mom you have no idea what you are saying you are so uncool. Which is fine. I think I'll be cool again when she turn 22 or something. So when I say sigma, what is it.
Sigma here in the context of the course or the lecture is a very helpful protein. It brings the RNA polymerase close to the promoter because it has a special ability to recognize the specific regions on the promoter. It can position the enzymes at the correct start site plus 1. We are going to see that in a second. So plus 1 means that the first nucleotides that has been recognized by the RNA polymerase at the transcription site. We are going to see that quickly.
Second is that it's going to open the DNA because this is structurally very, very similar to what we've learned so far. You see the bubble. What is the bubble for? We learned about DNA replication. There's replication bubble.
For any replication or transcription that is going to happen you are going to unwind the DNA because if they are formed tightly bound double-stranded DNA nothing can happen. It has to unwind the DNA. Here it's called a transcription bubble.



Just very similar concept. So RNA polymerase colloquially unwinds the RNA but very cool it doesn't need a separate helicase. It Comes with the ability that it can unwind the DNA already. It can open up so the polymerase can bind and carry out its function. Next step is to synthesize the RNA which is doing the elongation process. So it can read the template strand. This is a template. I want you to be really familiar with the terminology. The one that is going to be read by the RNA polymerase is called a template strand. Template that's going to be the read by the RNA polymerase.
Also called antisense. Reason for that is it also runs in the anti-parallel direction. Builds RNA in 5 prime to 3 prime direction. Just like DNA synthesis. Synthesizing DNA from 5 prime to 3 prime. For RNA same thing, and as you can see that if this is read 5 to 3 prime the template runs from
3 prime to 5 prime. That's why it's called the antisense. The other strand is called sense strand or coding strand. For now, keep in mind that the one that is being read by the RNA polymerase is called a template strand.
Here you can see direction of transcription right here, you know the DNA open up and to form what we call the transcription bubble, so the RNA polymerase can wind through it and start the transcription process and RNA -- messenger RNA can be made accordingly. So it can also form as to phosphodiester bond using NTPs. Very similar concept when



you synthesize DNA you use DNTP. Here you use NTP. Notice the D is missing here because it's not deoxy. It's anything that's pertaining to RNA molecule it comes with 2 prime hydroxyl group, nucleotides tryphosphates in here so there's no D in front of NTPs. So just the small nuance you want to keep in mind.
So let's focus on this promoter region. This promoter region is very, very interesting because it contains the important regions that can be recognized by this awesome sigma factor. Am I using it correctly? Does it mean awesome. I guess so. You can tell me after the lecture.
What are the regions that are recognized by this awesome sigma factor. There are two regions right here. At the first glance it looks a little bit complicated. What the heck, there are two lines in here. So these two lines mean the same thing. The first one here tells you the name of each region, so here you have up elements, you have minus 35 region, spacer, then followed by minus 10 region and spacer and RNA start.
So for the DNA or for RNA we always read from 5 prime to 3 prime direction. So the up elements is just simply additional DNA sequence from the upstream in some of bacterial promoters. Usually help with RNA binding. So the sequence found at the bottom here just tells you normally what kind of nucleotides would you find corresponds to each



of the regions here. In the up elements a lot of times you see a lot of AT or TA. Here it says what the heck is N. N means that any kind of nucleotides bind, but mostly it's AT rich region in the up elements. Here is has double A and T on top of T, it means that sometimes it can be A, sometimes T but the point is in the up region mostly you can find a lot of As and Ts in here. N means any kind of A, U, G, C, but most important thing is the minus 35 and minus 10 regions because these are the regions that can be recognized by the sigma factor minus 10 region you can see TATAAT. A lot of times people call it Tataat box. Called many different name. Sometimes called Tataat box minus 10 region or sometimes you see textbook or literature says minus 35 elements or minus 10 elements, so elements, regions or specifically Tataat box, all referring to the regions that can be recognized by the sigma factor.
So the promoter is upstream of DNA regulatory region. What do you mean by that. Remember the plus 1 that I eluded to in the previous slide. Plus 1 basically is the start of the transcription site so this is what being transcribed.
Anything that is above is not being transcribed because these are the region where it does the regulations. That is where the RNA promoter polymerase bind, get ready and start the transcription, and transcription will only start in the plus
1 site.



I mentioned this many times, sigma factor directs RNA polymerase to the promoters. These are the two specific regions specifically recognizes minus 35 and minus 10. And the other thing that you might be wondering why is minus.
Minus 35. Because anything that is downstream, the start, the first nucleotides it is plus 1. Anything that is before the 5 prime end of the transcription site start with minus 1. It tells you exactly where the location of nucleotides on the upstream side of the transcription site. Here minus 10 means that it is located at 10 nucleotides in upstream of the transcription side.
And these two sequence are highly conserved or sometimes say consensus sequence so you can find this minus
35 and 10 regions in all different promoters transcribing different genes but they will all have this consensus sequence, so the sigma factor combined and recruit the RNA polymerase. Some spacer regions in between, see N17 and N6 spacer in between. It means it has to have 17 any kind of random nucleotides in here and 6 of any kind of nucleotides in here because they cannot locate so close to each other because this protein complex sigma factor has molecular shape and size. So in order for it to recognize and bind properly it needs to have space in between so it doesn't bind close to each other. It ensure correct positioning of RNA polymerase so it can start the transcription site. This just



re-emphasize what I just talked about, only downstream DNA is transcribed into RNA so the promoter itself is not being transcribed but the important job is control the gene expression.
Any questions so far?
STUDENT: Promoter [inaudible].
INSTRUCTOR LI: Yes, so it's all part of the DNA. So I'll show you. That is a good question to clarify, right here. So all part of the DNA but not part of the transcription site. Excellent question.
Anything else?
STUDENT: The minus 10 region runs from minus 7 to minus 13? Does it matter for this course where exactly it starts.
INSTRUCTOR LI: I see what you mean. Yeah, I think you are right that there's -- looks like from here only 6 nucleotides so it could be from minus 7 to above depending on how many but this is TATAAT. This is the consensus sequence. Sometimes they could be longer, sometime shorter, but these six nucleotides will always be there. So I think I guess an average they call minus 10 region because it occurs minus 10 is always sitting in the middle of this consensus sequence but that's excellent question.
Anything else? Okay. So let's move on to the next slide which is this just zoom in what we see with RNA polymerase and also sigma factor. Says that RNA polymerase



holoenzyme, Don't worry about this... this is RNA polymerase is such a huge complex. Become active form is called holoenzyme. Don't worry about this name. I am not going to question you on that. Most important thing is that it needs recruitment of sigma factor which binds to minus 10 box and minus 35 box. See here it calls them box instead of regions or elements but these all tells you the same thing. They are interchangeable.
So let's get started with the actual process. How does the RNA transcription start. So as I mentioned before we spend a lot of time on the initiation process. Let's take a look at the diagram here. First of all, the complex right now is closed. It is formed by the gene promoter region in which you have the sigma factors that recognizes minus 35 even though it doesn't say in here but it have a binding regions also recognizing minus 10 as well. So RNA polymerase binds with high affinity to the promoter region in the minus
35 and minus 10 region.
Now it's still closed, and the next step is DNA will be partially unwind at the initiation site because when they stay close nothing can happen. It has to be separated so the RNA polymerase is cool. It doesn't need a separate helicase as you see in DNA replication. It is able to separate the double-stranded DNA. And RNA synthesis is initiated in a primer independent reaction right here. We are going to talk



about that. Goes into the elongation process. So elongation process is RNA polymerase moves along the template from the 3 prime to 5 prime direction so the RNA can be synthesized, again same direction as DNA, always synthesized from 5 prime to 3 prime. What happened to the DNA is that because there's no -- remember there is a single-stranded binding protein that keeps the DNA separated. In here we don't have anything else to bind to so the DNA what happens can reakneel itself. So it can reaneel itself once the RNA finish transcribing in that particular region so the RNA transcript can grow and exit. The termination process will be talking about different type of termination process, there's two different types, but we will talk about that in more detail later on.
But let's focus on the synthesis during elongation for now.
This is very, very similar to the DNA replication or how the DNA is growing the DNA chain. What do you notice here. First in the active site of the RNA polymerase? What is the co-factor that needs to stabilize this transition state? You have the NTP coming in. Yes, magnesium. So you also see this in the DNA polymerase site. They come in with co-factor of magnesium that needs to stabilize all these phosphates that is attached with a incoming nucleoside tryphosphate in here. Very, very similar process to the DNA replication. Major difference for the RNA polymerase, what is so magical about this is that it doesn't need the prior 3



prime hydroxyl site. You remember for the DNA it needs to have RNA primer to provide 3 point hydroxyl site to it can keep growing the DNA nucleotides, the DNA helix. But in here RNA polymerase it's so magical because it combine two nucleotides at once, so it can form the first bond de novo.
That means from scratch. Doesn't need a prior 3 prime hydroxyl site. You don't need to know the in-depth mechanism for this but remember that RNA polymerase can catalyze the first two initial phosphodiester bond without the prior 3 prime hydroxyl group because active site of the RNA polymerase can fit into two nucleotides at once. It can just synthesize the first phosphodiester bond de novo.
And then RNA synthesized as -- is synthesized in 5 prime to 3 prime direction. So the incoming NTPs will base pair with the template to ensure accuracy. And 3 prime hydroxyl group of the growing RNA attacks incoming NTP. This is all similar to what you have seen for the DNA replication but for the RNA the major thing is RNA synthesis do not require the prior 3 prime hydroxyl group. Any questions on that?
So this is just the last point I have. Magnesium ions in the active site can able catalysis because it can stabilized the phosphate charge that is attached with the incoming NTPs.
So as a chain is being grown and all that when do we



know transcription is going to stop it got to have some kind of signal that tells reaction now it the time to stop and it's finished. How do we do that? Termination process in prokaryotes come in two flavours one called Rho dependent, one is Rho independent. We are going to talk about that in detail.
Rho dependent, Rho is referring to this little pumpkin looking protein structure here and this one is definitely a helicase. The job of helicase is to separate the strands. Doesn't matter if it is DNA DNA or RNA DNA, the job is to separate the strand. Is it an enzyme that does that. So in here so Rho dependent, very self explanatory, it depends on the Rho -- activities of the Rho helicase to help to terminate the transcription. What about the Rho independent. Here you don't see the presence of a Rho. You don't see Rho helicase here. How does it know it's going to stop. We see the simple helicase which is the Rho independence reactions here. So what really tells the reaction, the transcription to stop is the GC rich repeat in here. Once it does it reads all the DNA template strand.
When it hits the GC rich repeat which normally will locate it at the termination site of the transcription, when it hits that, it's going to fold into a stable hairpin structure. So remember I was talking about RNA has the very, very flexible and can fold, can form the hydrogen bonds within itself or



with its backbones. So this is a perfect example to show that. When it hits a GC rich regions it's going to form what we call the GC rich hairpin structures. Once it forms that it's already the hybridization between RNA and DNA start to become wobbly. But what really kicks off the messenger RNA is that it's going to follow by a lot of AU pairings in here. So what do I mean by that. So the hairpin is followed by the U rich sequence which is corresponds to A rich sequence in DNA, so leading to the AU weaker AU hydrogen bonding in the RNA/DNA hybrid. Similar that you learn in DNA, AU will have two hydrogen bond pair. GC will have 3.	If you encounter a lot of AU pairing between DNA and RNA it's going to be weaker but on its own it still might not be enough to signal the transcription to stop, but because the combination of the two process which is by the GC rich repeat which form the hairpin structure, so this already comes off, so this you can see that this already come off and then the follow by the weaker AU pairing, now the process can be terminated.
Any questions so far? So that is Rho independent termination. What about Rho dependent termination. Again, see biology or biochem or molecular structure loves the shape of a doughnut. So the Rho protein or Rho helicase is combined to a site called rut site in a newly synthesized RNA. Rut means Rho utilization site is being synthesized early on. When the Rho helicase recognizes a site, it binds



and start to race along the transcription process. So the Rho helicase can migrate along the messenger RNA to the elongating RNA polymerase. It moves along -- it is a pretty big enzyme complex. Has to move along the messenger RNA so it requires the energy of ATP. So the ATP hydrolysis providing energy for that so uses ATP to move along the RNA towards the RNA polymerase. When the RNA polymerase pauses, which happen during the last stable region, so the AU rich region will come into place. When a region has a lot of AU pairing that become more wobbly, so RNA polymerase will stop. When it stop what happens next is that the helicase catch up to this transcription complex and then help to unwind the RNA and DNA hybrid and start -- then release the RNA molecule.
So you wonder how do the systems know that when to use a Rho and when Rho independent? It's highly context dependent. So really depends on the type of the genes that needs to be transcribed. Whatever genes that has the rut site it's going to use the Rho helicase to help them to terminate the process. If it doesn't have the rut site most likely you will see that it will have the GC rich regions at the end of the transcribed genes help to form the hairpin followed by the AU rich region so the process can be terminated without the help from the Rho protein.
Any questions so far? I know this is a little bit new concept but you have to go through it for the problem set



I'll be releasing on Friday definitely will include that.
So let's get into lac Operon. So this is a very interesting topic. I think I learned this back in the day when I was undergrad. I thought it was a little bit confusing but now I think it's a very, very interesting topic to explore and also can resonate what you learned about the gene expression. So there's a different readings that corresponds to this chapter which is all categorized in the same topic which is prokaryotic transcription. We'll be looking at Operon. What is an operon and we'll look at the prime example. There's trip Operon, lac Operon. I removed one of the topic.
I just want you to focus on the lac operon in bacteria. Which is very, very cool because this was discovered in a 1965. These three scientists here, they have started off with the very curious observation. What did they notice? They noticed that E. coli only produce enzyme
beta-galactosidase called when the lactose is present. Not all genes needs to be transcribed and translated into the protein. Some of the essential ones you have to be --produce all the time but not -- some of them are only produced when it's needed. And this is a perfect example for that.
Next couple years later they were mixing all the different bacterial strains together. The ones that always



have they obtained the wild type one which has the genes can be regulated and also obtained a strain that will always have the enzyme present or always have no enzyme present so they mix them together, do some experiment called conjugations and Found out that the traits actually mutant ones can be rescued. The mutant ones now once they are mixed with the blood type, the expression of beta-galactosidase can be regulated again. How does it get regulated? They come up with the theory, called repressor hypothesis. Repressor protein is specifically talking about there is outsider not on the genes but something else that is controlling the gene expression. So later on in 1961 they propose a model called Operon model in which all the necessary genes, not just promoter, but there's other sites that can regulate the synthesis of -- the transcription of particular gene. So when the genes are organized into a single unit you have to fill this in. It's called Operon. And it's controlled by DNA site called operator.
I know quite a bit of concept to digest today but bear with me. I think this is the one of the highlights of talking about prokaryotic transcription. So here remember when we are talking about -- just talk about the promoter, so we focus just on the promoter in which has the Talaat box, minus 10, minus 35 that is recognized by the sigma factor, but if you zoom out there is actually two other areas that



can also control the gene expression. How does it do that. One side is called operator site. The other site is called activator site. Let's see the terminology, just get clear definition of terminology here. Operon means it composed two major regions, one is the regulatory region. The ones right here. The one that is just follow my hands here. I should have boxed this out but it includes activator binding site, space region, promoter region operator. Basically upstream of the transcription site. Then you have the structural genes that is being transcribed as a unit. This is very interesting. We are going to see that in Friday's lecture but today I want you to get familiar with the organization of regulatory region first.
So take a look at each of the site. The simplest one that we already talk about RNA promoter site, that is where the RNA polymerase binds. What about the two additional sites that can help to regulate the gene expression. One is called activator binding site. It means that is where the activator will bind. The operator site is the repressor molecule will bind. When repressor molecule binds in here do you think it binds and move downstream. If there's something else that's blocking here. No. That tells you later on why it's important to have the repressor site because when you have a repressor molecule binds to the operator site it will prevent the RNA polymerase from binding. It's necessary



because maybe at the time there's no need to transcribe the genes that is being transcribed in here. The repressor will regulate, will block off the transcription so that it's because it's not needed at the time. Then if the repressor somehow comes out from the operator which we'll talk about different conditions that do that, when the repressor comes off, then the RNA polymerase can bind to it and start off the transcription process and then will transcribe the genes into the messenger RNA. The messenger RNA, one of the terminology here polycistronic. Just means one messenger RNA codes for different proteins. So for prokaryotic cells this is very commonly seen. One messenger RNA encodes for 3. It contains gene information that encodes 3 different proteins. Called polycistronic. Most of the time for eukaryotic cells it's more complex. It's monocistronic. In the case of prokaryotic cells it's the polycistronic. So it can translate into three different proteins. Most of the time it's called structural genes or different enzymes. Just have little symbols here. Doesn't mean it's going to produce the same amount. It can produce a different amount. So encodes the proteins with related functions. Functions to whatever that is needed at the time.
So we are going to talk about the lac Operon which is the Operon that is necessary that needs to be transcribed and translated for the bacteria to digest lactose. This is a



complicated slide. I don't want to rush it now. Let's come back to this slide on Friday so we can talk about negative and positive regulation on the gene expression.
Let me know if you have any questions. Have a good rest of your day.
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