

***************************************
INSTR. LI: Can I have your attention, please. It's 11:30. Hi everyone.
Hi. It's 11:30 so I'm going to get started do you feel the room is a little bit warm today. Yeah. As you know the midterm grades have been released you will have until next Friday to review them and contact the TA if you have any questions. I think Al already posted his online office hours that you can review the questions that he marked which is question number 2 for the sere protein mechanism. ...	Also online office hour that you can also review if you want to go over short answer question number 1 and he marked questions 3 and 4 so she will also post any zoom link you can contact her if you have any questions. So really happy that you know the average is 7 percent which is really really high. I have to say this is probably very, very high end compared to all the previous M MB 2 courses I know back in the day when TA the other professors they said that the low 70 for the midterm is already very high. Usually the average is about mid to high 60s to low 70s. I know you have done a great job. For those of you who did really really well, congratulations definitely you are on the right track. For those of you who didn't do as well s expected I want you to know don't give you up. We still have a final which is 35 percent and also I notice that maybe time constraint is one of the factors that you had to rush during the midterm. I think that is will not be a
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problem for the final. Even the final will be double the length of the midterm you will have a whole three hours to write it. If you feel like you need to rush at the end for the midterm 2 be I ware that final is 3 hours. Take your time. Pace yourself. Some of you reach out to me whether or not I'm going to release practice final. I will do that next week. Make sure -- yes. But that is not the only thing that you need to study. Just to be aware. There will be more questions in the final. Not necessarily overlap what you have with the practice final. There will be some overlap.
Most will be from the notes and problem sets I will encourage you to go back to the old problem sets make sure you review them and make sure that is the level of depth and also the answers that I'm looking for. If similar questions come out in the final. You don't write one or two keywords if I ask you definition or compare and contrast difficult mechanism there is a depth of answers that I'm looking for so problem set will be served as one the really good keys for you to review. So just so you know that previously for other instructors some of them provide practice midterm with essay some provide problem sets never the answer key some of them
...	I think this is the first time that everything is provided. I don't want to get in trouble but I think I wanted to do it in a way that will help you study. I want to do it in a way that help you prepare to do your final and



midterms this is a diverse class we have a lot of students from health sciences, chemistry all sorts of different backgrounds I want you to feel prepared.
So anything regarding logistics about the midterms or the final exams or anything like that? No. Okay. All good. All right. So I guess you know some of you might not things go we will. Don't give up. My husband is emergency doctor and has only family practice I ask him what do you see what is the one quality that you see for people who become successful in long-term. He mentor a lot of students during medical schools and now he is mentoring some of the resident students he told me one quality that they are looking for is people who are grit. Do you know what grit is? So just keep showing up. Even though when things don't work your way even if you don't have a perfect record not everyone will have a perfect record. Some of the students I mentor in the lab ... Later on they became the residents mentored by my husband so one of the students that made impression for me is that she now is OBgyn Burnaby Hospital. But I remember she told me that second year she was really struggling so there's some people with family, she had had to support herself financially she had to work few of the part-time job here and there to support herself through that time period so she didn't have much time to study and then like eventually she reached out to her parents, dad decided to support her



financially and that got her through the time where she really needed to have the financial support. So she was struggling in the second year her grades weren't perfect in the second year. Some courses little bit easier she got better some of the core courses MMB 222 she said was tough at the time she didn't do well, once she got over the difficult time, the bump, she was excelling. Third year and fourth year. She did honours thesis in our lab got no med school everything go from there I wanted to encourage you that do not let one test define you. There's always chance to work harder but the most important thing is you keep showing up.
You keep doing what you need to do. Even though things are not going as planned. Doing undergrad education or professional schools I can guarantee you something is bound to happen. Something that happened could be family member's health issues or own health issues or financial difficulties or any kind of setbacks but I want you to know that just keep showing up and keep going and eventually you'll reach your goal. It sounds corny, but that is what happens.
Just wanted to encourage you don't give up there's still final. Final 35 percent. So more detail will follow in terms for the final exam next week. I don't want to overwhelm with the detail. More detail will follow. No tutorial next week we have the long weekends the next time I see you will be on Wednesday. One thing is due this Sunday



is problem set number 7 is due. Make sure take a screenshot once you submit it in case any glitches that happens on canvass you know you have the proof that you submitted it on time. Final exam will be held next next Tuesday April 14 if 3:30 to 6:30 p.m. Any questions?
So we were talking about the splicing mechanisms. I know this is the last part of the Wednesday's lecture --sorry, Monday. I know this is a lot of detail so I wanted to go over it again wanted to make sure you get all the information. One of the new, little bit new notes in here is the functions of the spliceosome. What is that. A spliceosome is represented by the green, whole bunch of the green proteins that are coming together because it's not one giant protein. It's a protein complex that is made of large ribonucleic protein complex that's made of small nuclear RNA. A lot of times they call it snRNPs. The function is to recognize specific site on the introns. You can see that exons are represented by darker orange here. Introns are represented by the lighter orange in the middle so the intron is the one that needs to be spliced out. It's Not the
part that encodes the genes.
We will see why do we need to have introns. I want you to write down the notes that here the spliceosome which is composed of snRNPs and also some associate proteins their job is to recognize the specific site on the introns. This I



added from your previous slide.
This is -- there is two transesterification reactions. The first step is that the 2 prime hydroxyl group of the branch point adenosine will attack the 5 prime splice site right here. By attacking that it will form the structure called lariat structure. It's like a loop structure right here. Then the second step is to complete the structure by having the second transesterification reaction is having the 3 prime hydroxyl group of the upstream exon. This is upstream and downstream. Upstream is meaning that it's on the 5 prime end, downstream is meaning 3 prime end right here. So this is the 3 prime hydroxyl group of the upstream exon which will attack the 3 prime splice side Combining the two exons together and completely remove the introns. So that is called what we call the spliceosome mediated splicing reaction.
I have a video but you can take a look when you get a chance. It's a good video to show how the spliceosomes come together, form the lariat structure and help the introns.
You can have multiple spliceosomes coming to the primary transcript to form the lariat structures and remove the introns altogether. Most of eukaryotic cells use the spliceosomes, mediated splicing mechanism what we called self splicing. It means that it doesn't require the spliceosome. It doesn't require additional component such as spliceosome



to carry out the splicing reactions. So there are two types right here. Group 1 and group 2. This is where we left off last time. So the ribosomes -- sorry, RNA molecules that can catalyze such reactions by itself because it is acting like an enzyme because it can catalyze this reactions like an enzyme sometimes they are referring to ribozyme. Ribozyme means that because these RNA molecule can catalyze the
self-splicing reactions without the help of additional protein. They are called a ribozyme. This is big area of research in the past two or three decades.
So what happens in the group 1 self splicing is you have the free guanosine coming in. As I mentioned before this figure is misleading. The guanosine looks like it's attached to a side of an intron but it doesn't. It's free flowing guanosine. It can be right here, right here.
Anywhere free flowing nearby. 3 prime hydroxyl guanosine is going to attack the 5 prime exon right here, so it will form this structures, the intermediate structures right here. I have all the steps written down. Exon, same thing, the exon will join later on through the second transesterification reaction. You have two exons combined with the introns being spliced out. The intron in this case is not going to form a lariat structure because it is initiated by the free guanosines to perform the first transesterification reaction.
Any questions so far? No.



The second type called group 2 self splicing is very similar to the spliceosome mediated mechanism except it just doesn't use the spliceosome.	It's also initiated by the branch point adenosine right here.	2 prime hydroxyl is going to perform the first transesterification reaction then It's going to close off second transesterification reaction, Then you have lariat form. So depending on the context of the gene that you are looking at some of the genes if they have the recognition site at the intron that is recognized by the spliceosome then spliceosome will come in and do the splicing reactions. But if they don't have that most likely they will perform what we call the self splicing. It's completely depending on the context of the genes that we are looking at.
Spliceosome some of the literature states that it's likely evolved from group 2 self-surprising introns but provides greater regulation because now you need additional help from protein so it requires additional signal for the protein to come in to do the spliceosome mediated one instead of catalyzing the splicing reactions on its own.
Any questions? Okay. So what is the point of having introns? So we have all these introns right there and we going to cut it all out anyway. Why do the cells produce them in the first place. The answer lies within -- provides the diversity. The protein diversity. What do I mean?



Let's take a look. This is the very, very short precursor or primary transcript. One exon followed by intron, exon 2A followed by intron, exon 2B, intron, exon 3. You can see by having different mix and match of splicing sections of different introns and exons, you can have different combinations of proteins being produced. Isoform 1. One of the terminology I want you to remember is isoform. Isoforms are the product that are produced by alternative splicing.
Alternative splicing means that you have supplied different combinations of exons or introns from the same primary transgroup. This case here you can see isoform 1 you have exon 1, exon 2A and exon 3. Isoform 2, you have exon 1, exon 2A and exon 3. Isoform 3 you have all the exons all combined together. Isoform 4 you have only 1 and 4. You can see even having one primary transcript right here you can have so many different combinations. For cells it is a very economical way to reduce proteins. This is the notes that I just talk about. All introns are removed. Some exons can also be removed along with the introns. That gives a lot of diversity from the proteins that can be produced from the same primary transcript.
The RNA products of 30 percent of human genes they are alternatively supplied. In human cells we have 20,000 genes, but we have five times more proteins so we have 100,000 different proteins that is working in a eukaryotic



cells. Really economical way is by doing this because of alternative splicing you can have one primary transcript to produce different isoforms.
What I want you to remember is they can be regulated to give different splicing at different times during development and different cell types. One of the prime example when I was working for my PhD studies I was working with different structures and functions of all the important proteins that -- in our cardio cells. One the protein is triple NI [phonetic]. Triple NI when you look at triple NI in the fetus or babies they have different isoforms from adult. They all produced from the same primary transcript. Because it's needed at different time. Baby have different physiology compared to adult. They have much higher heart rate. 150 compared to 60 to 80 for adult. Also they have different binding affinity to calcium, to all the different molecule. And the reason for that is they have different isoforms for all the essential protein. So when I was working when I need to look at the structure and form of triple NI, I can obtain different isoforms. One form is for baby and fetus stage until they grow about 8 months to
2 years. They slowly transition to adult form but these proteins, triple NI they all produced by the same primary transcript. This is what I mean by the splicing reactions can be regulated to give different splicing at different



times during the development and different cell types. That is why the cells also have intron produced even though it will be cut out later. If do you research in PubMed there's a huge explosive area of research about studying the functions of intron.	Traditionally they thought they were there and provide alternative spicing and actually they can produce non-coding but also functional RNA that is also necessary for our cell functions, so there's later research that recognize the importance of introns.
If there's no more questions this is the learning then we are going to move on to very last lecture for this course. Lecture 24 which is protein synthesis. This is tying everything together. We talk about organic chemistry acid base particularly properties and different properties of different groups of amino acids, so here we come back to the original, how are these amino acids made into polypeptide chain and we talk about prokaryotic transcription, eukaryote transcription. Now we are going to talk about protein synthesis. Used interchangeably meaning it's a process of translation. This is the required chapter reading which is chapter 22.
We will be talking about three key players to transcription which is messenger RNA we talk about quite extensively when we talk about transcription. And also transfer RNA and ribosomal RNA. Talking about the properties



of genetic code. Gets very interesting. We will be talking about why genetic codes are redundant. The redundancy of genetic code. Looking at start and stop codons and what happens when you have mutations in a genetic code, how does that affect the overall products later on. We will be looking at the properties of ribosomes, prokaryotic and eukaryotic ribosomes and how they have four ribosomal biding sites that are important for the translation process. The process We will be looking at for the translation is pertaining to prokaryotic cell. The reason I wouldn't be introducing eukaryotic cell because it is a lot more complex. The example we will be focused on just the prokaryotic cells. And will be talking about polysomes. It's a structure that facilitate to make the translation process more efficient.
So we are just going to look at the protein synthesis first. For the overall overview of comparison for prokaryotic cell and eukaryotic cell. You have seen this many times before. For prokaryotic cell we know protein synthesis occur at the same time as transcription. We said these two process are a couple because there's no nucleus, and definitely that is not the case in eukaryotic cell.
Eukaryotic cells know the messenger RNA. When they first produced they are called primary transcript. They need to be processed so they become the mature RNA so recruit the right signal so they can being transformed out of the nucleus and



can be used for synthesis for the proteins later on. The amount of protein synthesis it also proportional for the amount of RNAs in the cell.
So why translation matters. I think the topic speaks relevance to itself quite strongly because we have been studying the structures of proteins and the properties of amino acids. It's definitely a fundamental process that produce all the primary function unions aka proteins in the cell. The proteins that carry out the structural units, carry out enzymes or signaling molecules that needs to carry out all the essential functions that make us alive. It is also one of the most energy consuming process. So accounts for over 90 percent of all chemical energy used by the cell. Pretty much all the energy we need to produce is used for the translation process.
And there's a difference in translation machinery.
As we are talking about there's differences between eukaryotic and prokaryotic ribosomes. So because of this difference we can design antibody that only targets the bacterial ribosomes or translation machinery without harming the important target for drug host translation machinery. It provides a very, very important target for drug design and development so that you can design antibiotic such as ll these ones here chloramphenicol, tetracycline,.
Streptomycin, erythromycin to specifically only kill



the bacterial pathogens without harming the host translation machinery. So it has a really high importance for a lot of research scientists who are in the drug industry.
So let's look at the key players in the translation. As I mentioned before these are the three main key players. Messenger RNA we see already many times. Being made during the transcription process, and tRNA drawn as a little square right here. We will see that in lot more detail. So tRNA called transfer RNA. They act as key adaptors. What it does is reads the genetic code that is being transcribed in messenger RNA and they can bring the corresponding amino acids to the growing polypeptide chain. Kind of like a translator kind of because it translates whatever code that is being given in the messenger RNA and translate that into the amino acid sequence and the amino acid can be added to the growing protein chains. Lastly we will be looking at the ribosomal RNA. You can see a lot of times the textbook will give you a huge ribosome structures. Where is the ribosomal RNA? Ribosomal RNA is part of the ribosomes.
Ribosomes is a huge protein complex that two third of it is made of RNA nucleotides called ribosomal RNA and other parts they come in with a lot of different accessory proteins that provide structures and stability. We are going to look at transfer RNA and ribosomal RNA in more detail for last part of the lecture.



Let's take a look at the transfer RNA. So you see this schematic before cloverleaf structures right here. I know that four petal one supposed to be good luck.
Back to the tRNA structure, you can see that why does it form this loop structure. Remember I was talking about RNA doesn't exist as the double stranded structure like DNA. It can form this base pairing within itself. We can see that structure right here follow from the 5 prime end to 3 prime end you can see that all these ones here form base pairing within another -- within the RNA structure itself and forms a D loop and T loop and the anticodon loop. The one we want to focus on is anticodon. The D and T loop provide structural stability. Most of the important thing is the three codes right here. They are called anticodons. They are the one is that is going to pair up with the codons and the messenger RNA. We see that in a second.
Even though this is a secondary structure looks like it's flat but in reality it's folded into L shape 3D structures right here. This is what a transfer RNA looks like. So you might be noticing something here. Do you notice two of the things that don't look like a nucleotide. Right. Close to it. You have right here GGUC and this trident looking thing AYAAGUC right here. What are these for. These 2 they are actually modifying nucleotide that help to ensure accurate and efficient translation because



remember all the things are kind of flexible. It's not dynamic. Even though it's perfect form of 3 dimensional structure it is not like a frozen turkey. Every time you see proteins in the cells, they are all the proteins and nucleotides are all dynamic structures. By having these 2 modified nucleotides right there make sure it's these 3 right after the Y right here, that these 3 double pair up with whatever codon from the messenger RNA.
So this is just a summary of what I just said. The transfer RNA can fold into cloverleaf secondary structure and L shape 3D structure. The most important thing is 3 prong end is the end that carries the amino acids. In the end we have anticodon loop that contains the anticodon that form the base pairs with the messenger RNA and other loops provide stability for overall structures and function of the transfer RNA.
We are going to look at transfer in more detail. Do you have to write this down the anticodon? Remember to write it down.
A lot of times in the textbook you can see the words "charging tRNA." What does that mean? Simply it just means that the tRNA has been attached with the correct amino acids with its corresponding transfer RNA. And there are some important properties I want you to remember, but take a look at the process of how they act on the correct amino acids on



to the transfer RNA. One that hasn't been added on you can see it's a naked tRNA. It doesn't have any amino acid attached to it. Then you need the help of an enzyme called Aminoacyl-tRNA synthetase. The shaded green area here. What is it used for? You can see this is enzyme that is help to bring the correct amino acids on to the tRNA itself. You can see here this is amino acid tryptophan, and what do you see here? Do you see a binding pocket that is specific to the tryptophan side chains. Right. So as you can imagine that each of the amino acids will have its own synthetase you will have 20 different tRNA synthetase that specifically have the correct binding pocket that will fit into the side chain of the amino acid. Let's say this is the transfer RNA that goes to connects with the tryptophan, so the tryptophan tRNA synthetase is going to come in bring the correct amino acids and with the energy that is hydrolyzed from ATP, it's going to form this high energy bond. This is the ester bond that form between the hydroxylate group and part of the tRNA structure. It's quite in-depth. You don't need to know the mechanism, but just remember that Aminoacyl-tRNA synthetase matches the correct amino acid with its tRNA and this process requires the ATP hydrolysis produce the high energy bond.
Most important thing is remember the ones that dictate which amino acids going to brought into the tRNA is the codon right here. Not the anticodon associated with the tRNA but it is



the codon that is read from the messenger RNA. We will see that in a second. Remember right here, do you have to write the notes down? It is codon here on messenger RNA that determines the amino acids. So the accuracy depending on the correct tRNA charging. So depending on if whether or not they are attached with a correct amino acids. So this is just a crystal structure for this. The structure biology, the grey area, big block, that is the tRNA synthetase. That is enzyme the brings the tRNA in places as well as this is the tRNA, the green skeletons, that is tRNA and also there's a little red molecule right here, that's the ATP. So it fits perfectly into the enzyme binding sites so it can facilitate the reactions to happen.
I want you to remember it's the codon that dictates which amino acids that we are bringing to the tRNA. It's read from 5 prime to 3 prime. What does this say, UGG. Take a look. Look at this example. How codons and anticodons direct protein synthesis. The directionality as well messenger RNA codons read from 5 prime to 3 prime. Let's see if this set of codon here AUC, and transfer RNA may contain the anticodon, specifically for pairing, pairs with GAU. Also reads in anti-parallel direction so first codon will be paired with G. G pair with C, U pair with A, A pair with U. So codons read from 5 prime to 3 prime. This anticodon is also read from 5 prime to 3 prime but because they are



arranged in antiparallel direction so they will be opposite from each other. Each DNA carry a specific amino acids. So right here you see the isoleucine or theronine.	Two examples right here. You can see again this is a bit more extensive schematic here. So protein, you can see protein has been translate. Also go from end terminus to C terminus. Also has directionality. So this CUC correspond to leucine, AGC correspond to serine, GUU correspond to valine and so on.
Then the anticodon is read from the top right here, goes from the opposite direction. They are pair up in anti-parallel fashion. So what do I mean by the genetic
code. You probably have seen this before. The genetic code. You learn probably biology 12 or first year biology. You know how to read a genetic code. We are going to go into more depth right here. The code is redundant. What do I mean by that redundancy of the genetic code? You have to write this word down. It's very important. Because as you can see that besides the thymine pretty much all amino acids can be coded by more than one set of codons. The isoleucine that we are looking at, it can be coded AUU, AUC or AUA.
What is the importance of having redundancy is that it's important to protect against mutations and allows flexibility of the tRNA pairing to make the protein synthesis more efficient.
Let's say by accident you incorporate wrong



nucleotide in the certain nucleotides right here. Most of the time if it's predominantly -- this is purely hypothetical. Let's say usually coded by AUC but sometimes if you bring the different letter code right here U or A you can still code it for isoleucine. That is what we call silent mutation Which we'll see in just a second. I want you to know that because of the redundancy of the genetic code it provides a lot more flexibility in terms of tRNA pairing and make protein synthesis a lot more efficient.
Let's see the example right here. Isoleucine tRNA Can only bind to the amino acid isoleucine but can bind to three different codons, so AUU, AUC and AUA. All encodes for isoleucine. We have 20 amino acids but we have actually 64 codons right here. So besides methionine, all the amino acids can be coded by more than one set of codons. The three codons, the stock codons, they don't encode for any amino acids but they do encode for a stop codon, which we'll see.
So initiator or start codon AUG at the start of the gene signals the start of protein synthesis. Normally you will always start with AUG as a start codon. So methionine is inserted as the first amino acid in every protein. Doesn't matter is a eukaryotic protein or prokaryotic protein, you always start with AUG which corresponds to methionine.
Then there are three stop codons right here UAA, UAG, UGA. When these are codons are being read by the transfer



RNA you wouldn't add in another amino acid. You will have what we call the release factor proteins which will see in later part of the lecture that binds to ribosomal RNA binding site and will complete the synthesis of the polypeptide chain. So whenever you hit UAA UAG or UGA, you know that it's a stop codon. They do not encode for any amino acids.
So in total you have 61 codons that code for 20 amino acids.
I guess the question is how do the cell know where to start reading and how to group these codons correctly. So that brings us very important topic or come back to that here is called reading frame. Are you familiar with the concept? So the reading frames determines how the nucleotides are grouped. They are grouped into different codons, so frames can determine how they are grouped into three sets of codon. If you see from the top you have first reading frame. You start from here CUC, AGC, GUU, so on. And encodes for protein of amino acid leucine, serine, valine and theronine. Can anyone tell me is this the start of the protein synthesis? No. Why not? Because it's not. What was the first amino acid that is usually always synthesized?
Methionine. So because you can see that this is in the middle of the protein synthesis because it's not methionine. Methionine always act as the first amino acid being synthesized in prokaryotic proteins or eukaryotic proteins.
There's some kind of special properties we will be



looking at so the -- only for the methionine that is not redundant, but there are some signals that will tell the cells that this is the first methionine or compared to rest of the chain, because methionine will not only occur as the first of the peptide chain. It can occur throughout the chain as well. We'll talk about that later.
So the reading frame determine how nucleotides are grouped into codons. So the same sequence can be read in different frames so let's take a look. If you don't read from the first nucleotides right here, you read from the second one. You can see that the amino acids that is being encoded by that different set of reading frame will be completely changed. Then if you go from -- if you omit the first two and read from the third one, then you can see
it encodes completely different amino acids. So the reading frame is very very important where you start reading because otherwise a frameshift can change all downstream codons and drastically change the protein synthesis. You can synthesize the protein that's completely different. This is really important right here.
Let's take a look at a concept of reading frame. So I have sentence here that doesn't make sense. The big red fox ate the egg. So this sentence is only composed of words with three letters. The first reading frame you have big red fox ate the egg. What about the second frame, if you start



reading from the HE instead of THE you can see what is happening to the rest of the sentence. Does that make sense? No. From the third reading frame as well doesn't make sense for the rest of the sentence, but if you start reading from the fourth one, you completely omit the first one. So the first reading frame the is completely omitted then it start to make sense because if you skip entire set of 3 you start from here, you can still compose what is correct later on.
But it's really important that if you start shifting from anywhere else in the first letter code or first codons then what is ever happening later on it will be incorrect. So remember we talked about the frameshift mutations either caused by insertion or deletion. If you have additional nucleotide is added or being removed ultimately it's going to cause a reading of frameshift mutation which is severe or sometimes can result in stop codon. So it's serious. Can be very detrimental because you can run into a stop codon UGA UCC or -- but you can encode stop codon so the later part is completely removed. What happens to a lot of cancer patients, a lot of the mutations that happen is they have the exon deletion meaning that they have Frameshift mutation which the protein that is supposed to synthesis they have half of protein being removed because they have this very detrimental frameshift mutations in their cells.
Any questions so far? Let's look at the mutational



effects. Different types of mutation I want you to take a look. Do some examples here. Let's take a look the gene has the following DNA coding sequence starting with plus 1 nucleotides. This is the coding sequence and then the messenger sequence for this gene is the same except the T is replaced with a U. One of the important thing is that I want you to remember, if on exam I give you the coding sequence, the messenger RNA sequence that is being transcribed will be exactly the same as the coding sequence except T is replaced with a U. But if I give you the template sequence, what do you need to do here when you write out the sequence for the messenger RNA being transcribed? You remember the template sequence is the one that form the anti-parallel base pairing with the messenger RNA. Yes, you have to reverse it. If this is the template sequence, not the coding sequence, then you have to write it out 3 prime A with a U, T with a A, so on so forth. I'll give you an example on the practice final so you definitely need to know how to do this type of question.
So here you are given a coding sequence of the DNA so messenger RNA sequence because coding sequence is not the template sequence, it is the one that form the anti-parallel in fashion with the original DNA double helix. So the messenger sequence simply everything is the same except T is replace with U, and the sequence can translate into the



following protein sequence written N terminus to C terminus. You have methionine, leucine, serine, cysteine, glycine, methionine so on so forth.
Question one, would the protein sequence change if the underlined T was changed or mutated to C? Let's take a look. So that becomes TGT becomes TGC. So where is T?
Right here. Corresponding messenger RNA UGU. So U change to
C. U right here on the codon table, and then G right here, and then C, so originally it's UGU, now it's changed to UGC. Does it change anything? No, because they both encode for cysteine. This type of mutation is called a silent mutation. You have the notes there. Silent mutation because even though there involves a nucleotide change it doesn't change the overall results of the amino acid that it encodes.
Let's do another example. What about if it changed to a G. Changed to UGG. So UGG becomes what? Tryptophan. So now that definitely will result in a change of amino acids. So that amino acid is change from cysteine to tryptophan so it's what we call the missense mutations.
Change one amino acid to another.
What if the underlined A was deleted? Then can you imagine what kind of mutation is going to happen? The frameshift mutation is going to happen. Any deletion or insertion mutation is going to result in the frameshift mutation.



Any questions so far? This is pretty straightforward. So let's take a look at the ribosomal RNA. So ribosomes are composed of ribonucleic proteins or factories that catalyze protein and translation. You can see this is an electro micrograph that shows little dots here.
They are ribosomes so they can flow in around the cytoplasm or attach right here with the endoplasmic reticulum. So ribosomes that are really abundant, they are millions per eukaryotic cells because they have to carry out a really important process, aka the protein synthesis. So you have to have a lot of them. Millions per cell and composed of ribosomal RNA in the proteins and they are composed of two major subunits and each subunit has a lot of proteins that are coming together. A great example for quaternary structure protein. All of the essential components have to be identified by structural biology and Many different biochemical assays so now we know a lot about the ribosomal RNA molecules.
And here shows the differences between the prokaryotic and eukaryotic cells. Prokaryotic cell is here. You have the large ribosomal unit composed of a large unit and a small unit. Same thing with eukaryotic ribosomes. You have a large subunit and small subunit. Each of them is composed of multiple proteins together so these are massive massive protein complex all coming together. You can see the



large one has 34 proteins that composed of the large subunit and small one has 21. Same thing with eukaryotic cells, eukaryotic ribosomes, in the large subunit you have 49 and small one 33. So the important thing is that all the large subunits, they catalyze the peptide bond formation. We see that in the next week's slide. Small subunits they provide the framework. The small subunit for both prokaryotic and eukaryotic cells provide framework on which the transfer RNA can be accurately matched to the codons of messenger RNA. We will see that later part -- next week. So the two subunits will assemble together on to the messenger RNA.
So one last thing I wanted to talk about is that do you see there's something wrong here. Does 50 plus 30 equal to 70? Doesn't make sense, the math isn't adding up right. Why is that the case? It's because the S here is not additive term, additive unit. It's something that we call Svedberg units. How is this determined. It's determined by the different subunits are ribosomes. They are determined by a process called ultracentrifuation.	We learned about this before when we learned protein techniques, right. The ultracentrifugation process is -- You learned what centrifugation process. Means you spin the samples in a very very high speed. Ultra means higher speed. Could be 200,000 rpm. Rounds per minute. So super high ultra speed. And in this process you can separate out different protein subunits



according to their density. So the ultracentrifugation can separate ribosomes into different subunits. So for Prokaryotic cell after the centrifugation is done, you can see that different subunits are sitting at a different density level. You have 30S, 50S, 70S. The S stands stands for sedimentation rate. That depends on mass shape and also density. So not just the mass itself, also depends on te density and molecular shape. So the one that has flatter out of the larger surface area they will be closer to the centre but the one that is more dense will be sitting at the bottom of the tube. So S value are not additive. That is why they don't add together. That conclude the last slide for this lecture. I'll see you next Wednesday. Please submit problem set 7 on Sunday.
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