

********************************
INSTRUCTOR LI: Okay. Hello everyone can I have your attention, please. Okay. So how is everyone doing I know that midterm day has been switched back to the 18th, some students just came to talk to me before the class you have other midterms that is on Monday with the classroom of 300 students it's just impossible for me to satisfy all the requests from everybody that's not possible. So I know that originally I said 18th, my intention was to make sure that all of you get the help both Monday tutorial and Wednesday. But I did not real ice that announce it in the beginning of March some people might have plans already or other things so I received quite a about the of emails scheduling conflict. Although it shouldn't happen because this is taking place during a regular class time, it's not like I'm scheduling in the evening or in the hour before hour after. So I decided to switch back to the 18th not just because of the midterm but there's various other reasons as well, I completely understand that some of you do have other midterms on
Monday organic chemistries, how many will have? So I understand that. But at least it's not on the same day. It's not around the same day back to back so then it's like I said it's impossible to satisfy everyone so. How about ...
There's few. Anyway but there's this is not just 300 people there's more people here as well. Some of you ...	Probably
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less than 200 students show up every time I am he going to stick with the original schedule but just to be fair all the tutorials will be cancelled but you will still have the help that is required. Monday Karm offered that he will have review session at 2:00, 3:30 I know that students went to his previous review sessions found that they are useful you can go there from 2:30 to 3:30 and he is going to have 3:30 to 4:30 as open office hour. Anyone has questions you can ask questions. Also going to have a zoom office hour as well like last time, I think a lots of you showed up more than 30 people showed up so it's going to be on zoom. I'm thinking about maybe in person for one hour or online for another hour, would that work? Yeah. Okay. So I am going to make announcement from 1130 -- 11 to 12 on Tuesday so the day before the midterm in person and 12 to 1:00 as the zoom meeting. Okay. So my intention was good but I didn't realize I cannot back fire either way. I if I pick 18 or 20 it's going to back fire either way. Stick with 18th give me a lesson as well. Do not change the schedule in two weeks before the so you guys won't have expectation. I never in/TEPDZed to switch to 20th you guys would not have expectations like okay I can have two more days. Now switch it back to 18. So just understand from a perspective as well as really hard job to do especially teaching 300 students class impossible to satisfy everyone but I wanted do my best



to provide structures and discipline and do with it lots of kindness and empathy but not being too lenient. Like treating my kids they are never happy with me most of the time. Some will have she has candies she not supposed to have screen time. Constant battle. The moment I wake up in the morning. So of course you guys are a lot more mature and I really enjoy teaching this class as you can see I wanted to let you know that this is finalized and let's stick with it. We still have time. Same thing I am going to give you a practice midterm I want to lit know that is going to give you a good indications about difficulty level on midterm. Many of you had feedback from TA, practice midterms are really use. As long as you go over the problem set lecture notes and most important thing is practice midterm as well, you can get a good sense of what the midterm is it going to look like. Is that okay with everyone? Okay.
So the problem set will be released later this week will be the last problem set before the second midterm so the TA will problem problem set 6 next week then the answer key will be posted after all the tutorials are completed.
Set 6 will be due on March 15. You have more time to work on them to cover material this week an part of next week for the problem set some of the lectures that I haven't gone over look at the lecture notes and try to attempt the questions by yourself. Like I said the last bullet point



here tutorials will be cancelled during midterm week on Monday Wednesday will be the midterm it will be cancelled that week. Karm offered to review session from 2:30 to 4:30 I highly encourage you to attend review sessions. People found it useful. We'll see later on announcement.
Any logistics before we move on? Sorry in the announcement I sounded like I was really really strict one more thing I wanted to reinforce that this is definitely necessary. I cannot offer any makeup midterms or alternative time to write the exam. It's impossible to have two midterm that is have exactly same difficulty I cannot give the same exams two different times. Not possible to do that. So there's some students miss the midterm one for the reason that is are not stated in the course policy, they receive a zero for that midterm. Some of them dropped the class. That policy is strictly enforced. Most of the assignments still getting assignments asking about late handing and all that.
Not going to happen. This is the fifth problem set next one is 6. You know the rodeo we have two more problem set have to be hand in. You have to hand in on time. I want to respect the people who do their best to hand in on time. I cannot give any late submission mark.
Let's just get back to the lecture notes you have all these already I just wanted to try review you were introduced concept of serine proteins as enzyme ...	I want to make



sure I go over this briefly what we were talking about. Serine proteases, called that because serine is used as a strong nucleophile to initiate the reaction. So in here it shows that there's only one polypeptide breaking down to two polypeptide chains but there's several steps involved.
Chymotrypsin is enzyme made in the pancreas became activated in the small intestine to activate to break down proteins for digestion.	I put this here for background information but this information is important in terms of when we design the drugs. If the remember the enzymes they have a specific activity. They cut proteins at a specific time at the right location. Imagine in the chymotrypsin is reproduced in the pancreas they start cutting the proteins already what is going to happen. It's going to cut the proteins inside the pancreas and that is when the disease conditions happen. We see that in the next few slides but this is just kind of overview for that. So where do the enzymes cut. Many enzymes have different cutting sites, specifically for chymotrypsin we are looking at the peptide bond on the C terminal side of these residues... tryptohpan and tyrosine
...	Share among all these residues is because they are large they have big aromatic side chains and hydrophobic. So sometimes the methionine can fit into the specific binding pocket as well. The bonds specifically that will be cleaved by the enzyme is called a scissile bond. This is the new



information I haven't updated. But if you don't take a picture because some of you have a question. Scissile bond is the covalent bond in a substrate that the Enzyme cleaves during a chemical reaction. Different enzymes will cleave different scissile bonds. It's the name terminology that is used to tell in the textbook literature to tell this is the bonds that specific enzyme will cut. So with chymotrypsin it will have the scissile bonds right after phenylalanine, tryptophan tyrosine and methionine But for trypsin or elastase, it will have different scissile bonds so that changes according to what enzymes you are looking at.
So just a very generalized name for the peptide bond that will be cleaved by that specific enzyme.
So this is a summary slide of what we just talked about. Wednesday's lecture. So this is a bit blurry but bear with me. This is put everything all together on the same slide we can see everything in overview perspective. So in the first let's zoom in. First you have the polypeptide substrate that coming into the specific specificity binding pocket so remember it has binding site that is large enough and hydrophobic enough to accommodate the large aromatic side chains. So coming in this one here is which one is this?
Tyrosine, tryptophan or beta alanine? Tyrosine hydroxyl group. Tryptophan is bigger. It comes that the hydrophobic binding pocket position itself so that, you know, it can get



close to the catalytic triads...	There are two subunits in the catalytic triads, serine 195, histidine 57 and aspartame
102. These are important residues that I as I mentioned last lecture you have to refer the name and residue number and role that it plays. You have to remember this. This is really important because these catalytic triads, they are conserved not just in chymotrypsin but also in trypsin and elastase as well. Even though... the Same reaction mechanism happens in all the other serine proteins.
Let's take a look here. So first of all remember the serine OH itself is not a strong nucleophile so the role of histidine 57 extract the protons from the serine. So that turns the serine into a very strong nucleophile because after that it turns into what we call alkoxide ion. Alkoxide ion is very strong nucleophile and is going to attack the carbonyl carbon right here. After the attack it's going to form a very unstable tetrahedral intermediate. So here this is oxyanion intermediate but change to that tetrahedral intermediate. Some textbook use oxyanion intermediate. You can change it to tetrahedral intermediate. This is the first one after the first nucleophilic attack. It's very unstable. So remember how does the enzyme work, to stabilize -- what is being stabilized by the enzyme? Yes, transition state.
Enzyme is stabilizing the transition state. And how does the enzyme do that? Specifically what is the location that can



do this? The name for the location? Oxyanion hole. You have to know the rule of oxyanion. What are the two residues that participate in repeat can provide this stabilization.
Oxyanion hole. This one doesn't show but if you go back to each individual steps that I showed in the previous slides it's provided by glycine 193 as well as serine 195. It's backbone hydrogen that stabilized this very unstable oxyanion. Oxyanion is referring to the oxygen that has a negative charge and single bond with the carbon here. That is referring to oxyanion. That is why it says this is an oxyanion hole that stabilized this oxygen species. This is very unstable so what happens is going to collapse. Once it collapse, that is actually the release of the first substrate. The first substrate is being released and notice that the histidine 57 was acting as a base, which it extracted the protons from the serine 195, now it acts as acid. Gives off the protons to the leading group which is amine leading group. By donating the protons in here it helps to make it a stronger leading group so you can release the free peptides right here. This step right here is called acyl–enzyme intermediate. Acyl group is any carbonyl group attached to R group. Right here you have carbonyl group attached to R group... this is somewhat more stable if you see the free energy diagram, you can see it's at the valley of two transition state. The first tetrahedral intermediate



corresponds to the first transition state, then you go through acyl-enzyme intermediate because it is somewhat kind of stable in between two transition state.
What happens next is the water will come in.
Remember the really generalized reaction I showed you earlier. The water has to come in and helps to lease the second product. How does the water do that. Water is not very strong nucleophile. What is the role of the histidine 57? It's going to obstruct the hydrogen from the water molecule make the water molecule become Hydroxide ion.	it becomes OH-. Once it becomes OH- it's going to be very, very strong so here it is not drawn very well right here it if you go back to what we had in the previous slide you can see there's negative charge oxygen right here and it's going to attack the nucleophilic attack on the carbonyl carbon again. now form the second tetrahedral intermediate. This is again very, very unstable. What is going to happen is oxyanion hole is going to come into place to hold the oxyanion in place, make sure the transition stages they don't go back to the previous state. Make sure they are being stabilized so the reactions can proceed forward. You can oxyanion hole that stabilizes the oxygen negative charge. What happens next is the negative charge is going to perform double bond
O. You can see double bond O and second product can be released. Remember at this stage the histidine is still



being pronated and now coming back to this 6th step here remember the enzyme it doesn't change pronation state when the reaction is over. Remember that the serine proteins --serine 195 here originally has 0 minus so it has to donate the protein back to the oxyanion making it back to the OH group. This is just the overview of what we talk about in the last lecture. So just make sure that I will not ask you to draw the steps right here. That will be the third year level. But you should be able to recognize if I give you any of the step here you should be able to recognize what step am I referring to. And what are the important steps that are being involved in each of the step. So if you understand, if you don't just memorize without really understanding it. You should be able to derive the logic and information from the figure that is given. But by the third year or fourth year, you will see these type of questions will come up in exam and you will be asked to draw the reaction mechanism.
As I alluded to in the previous slides there's different types of serine proteins as well the ones that are found in the digestive system. Trypsin and elastase.
Trypsin is the one that you know, as you can see it has in the specific binding pocket. It has aspartic acid here. As you can imagine what type of substrate would we be looking for in the binding pocket. So answer is kind of binding pocket with negatively charged residue accommodates residue



with a positive charge such as arginine. Can anyone provide another amino acid that has a long chain positive charge.
STUDENT: Lysine.
INSTRUCTOR LI: Yes, that's right. Lysine, arginine they were the two positive charged residues that trypsin targets. And for the case elastase, you can see that there's thionine and valine in the binding pocket. They can only accommodate smaller residues such as alanine, or glycine and sometimes serine.
These are the different target residues depending on the property of their binding pocket. But all of them use the same catalytic triad, they all have histidine 57, all have serine 195 and aspartame 102. Any questions?
Let's move on to sometimes -- I always try to provide a slide or two just to let you know that the importance why do we study this because I remember whack back in the day second rear I was also given a lot of information sometimes I get lost about why do we care about this type of information. So structural biology ties back in a lot of rational drug design I was talking about the trypsin or all these enzymes, they have to cut at a specific place at the right time. So what happens is that if you -- if the protein start to cut at the places where they shouldn't what is going to happen? So some patients develop gallstones. This is a show an example here the gallstone can be lodged in the block the duct of the pancreas and what is going to happen is that a lot of enzymes



that is being produced by pancreas they cannot be released into the small intestine. One example is trypsin or chymotrypsin. Chymotrypsin before it becomes active form is called chymotrypsinogen. That is active form. That is the form that is supposed to stay in the pancreas and release in the small intestine it becomes active. How? By the help of the trypsin, by the other enzyme that will make it active.
The mechanism for that you don't have to know. So the trypsin would activate the chymotrypsin but if the trypsin --if they cannot be released in the small intestine slowly those chymotrypsinogen will be activated into chymotrypsin and start to trigger a protease cascade and lead to the disease that is very, very painful for the patient.
So a lots of times the scientists will design the drug that will mimic the transition state they are called mimic transition state analogue so they will lock the enzymes into the place and then it cannot proceed forward. So make sure that the enzyme activity is not being activated at the place where it's not supposed to. That is why we want to study the mechanism of these. When we study the mechanism we design the drug that can be help.
So that kind of concludes the lectures for serine protease. Anybody have any questions? Let's move on the DNA and RNA structure. So we kind of take a step back. Looking at theory actions preceding the proteins when we talk about



the protein. You all have the notes? Lecture 17. Okay.
So the required reading part of the lecture is chapter 3 page 93 to 115 will be describing the general nucleotide structures and distinguish some of the structures that are different in DNA and RNA and why base pairing is important. And also describe learn to describe the DNA double helix structure and going over some of the important experimental technique that allows us to study the DNA structure and function. You've seen this many times before. You've seen many different versions of this which is essential dogma of biology in which the DNA is BEING transcribed into RNA MOLECULE and RNA being translated into the protein molecule. So also before the cell division the DNA has to go through the replication process. So I updated these two information here you can also take a picture. Or if you go back to Canvas you should have the most updated summaries in here. So DNA is important genetic material for all free living organisms. They are individual organisms.
Not for the case such as viruses or parasites that need another host to survive. For these organisms they usually have RNA instead of DNA. The reason is RNA allows rapid replications and it requires last checkpoints to see if there's any mistakes happen, so RNA for the goal for RNA or parasites because they rely on the host cells to survive.
They need quick turnaround. That is why they don't need DNA



but that is why I say here it's genetic material for all free living organisms and the part the DNA that encodes information required for producing a product function of product is called a gene. I just wanted to give you a definition for that. So the part of the DNA molecule that encodes information for producing functional product is called a gene. I think you need to fill in this blank.
DNA replication begins at specific DNA sequence called origin of replication. We talk about have entire lectures just on DNA replication next week but this is kind of going to give you a quick preview where the protein recruit DNA polymerase to copy the entire DNA molecule using complementary base pairing. The transcription process begins when RNA polymerase and transcription factors binds the promoter regions of the DNA sequence and synthesize rna copy of a specific gene.	Seems like a lot of information right now but we are to go through this step by step in terms of the synthesize of DNA and transcription and transmission.
Just like protein structures we also have a different level of DNA and RNA structures. So first of all you have the primary structures which is again just a nucleotide sequence so it's analogous to just a the primary sequence of protein you have a long chain of amino acids. This is a long chain of nucleotides. So notice that it has a 5 prime and 3 prime. There is a significance for that because the



nucleotides are always synthesized by 5 prime to 3 prime. There is a directionality. Just like protein synthesized from N terminus to C terminus. Same thing apply but in nucleotides synthesized from 5 prime to 3 prime and these are the individual building blocks which are the nucleotides.
And secondary structure is same thing any regular stable structures that adopted by a segment. DNA typically as a base pairing double helix. Again same thing, base pairing one of the main weak chemical interactions that hold these base pairing together is what we already learn. Can anyone venture a guess? Yes. Yes, hydrogen bonding. And I kind of alluded to many many lectures ago. Hydrogen bonding accounts for 20 percent of holding the DNA double helix together.
What are the major forces that hold them together? Relates to.
STUDENT: [Inaudible].
INSTRUCTOR LI: That's right. So the stacking of the bases. So majority of the forces that hold them together is the stacking of the bases and we will see that in detail later on. The tertiary structure is a 3D fold in which complex folding of the DNA into eukaryotic chromatin and supercoiled or nucleoids. DNA molecule is super super long. If you take out the DNA is one single cell going to stretch out to 2 metres. So how many cells do we have in average human body about 30 to 40 trillion cells so I remember this I remember this from my



second year because I thought it was so interesting. So if you were to stretch out all the DNA molecules from all the cells in your body they stretch out to be really long distance, sorry I can't remember the number. 74 billion kilometres. So how is that it's just a number that is so astronomical we cannot fathom. A lot of time scientists like to use the distance travel from the earth and sun. You can travel back from the earth and sun 500 times if you stretch out all DNA materials from the human body. It's fascinating and how do the cells back all these informations inside a tiny cell or inside a how many body is by folding DNA into very, very tight coil structures like this. So this is the focus of this lecture but it will be nor next week we'll be learning that next week.
And it's going to organize it into the chromosomes and in the larger structure you can see they organize them into a chromosome we not going to focus on this. RNA can fold into a different type of tertiary structures. Here is structure of the transfer RNA so can instead of having the double stranded RNA molecule which is pretty rare the RNA molecule will use to be translated into protein or it can fold back into itself to form the base pairing within itself for the RNA and perform different functions. So we just going to focus on the basic structure for this part of the lecture. What are the primary structures, you see this is



very generic structures of nucleotide first of all you have? Need to fill in this blank. The basic building block of DNA is nucleotide which is comprised of phosphate sugar group and base. The base can be purine or pyrimidine base. The sugar group is called pentose. 5 carbons. This is just very basic structures and you can see that the sugar and phosphate form the backbone of the DNA double helix. It looks like a shape of a ladder. They form the straight part or sides of the ladder and base pairing in the middle forms the rungs of the ladder. Always G is paired with a C, T paired with a A. We will see why that is the case. Can I move on to the next slide? Okay.
So the pentose sugar, there's an important feature that distinguish DNA and RNA is because the pentose sugar is ribose in RNA and deoxyribose in DNA. Why is it called deoxy? Why is the other called ribose? Deoxy means that D means there's no oxygen molecule at the 2 prime position. In RNA molecule at the 2 prime position of the pentose you have the hydroxyl group. In the deoxy which referring to the DNA molecule you have the protons right here. And the carbons in the ribose or deoxyribose are numbered with the prime. The reason for that is you also have a pretty complex structure for nitrogenous base so in order to distinguish a different numbering you always say 1 prime, 2 prime 3 prime, so on so forth. The 2 prime position in a pentose is that important



position that distinguish a DNA from RNA molecule.
So the pentose covalent nucleotides, there's different attachment point as well. Where are they? We focus on the 2 prime but the two attachment point are important. 1 prime is where the nitrogenous base covalently attach to it. And 5 prime is where the phosphate group attach to it. This is generalized structure you should know where the attachment points are. I will not be asking you to draw all the structures or anything like that. Although I kind of remember the memory that I was being asked doing my second year. That was quite brutal but I will not be asking you. But just remember that for purine you have two aromatic residues fused together. Pyrimidine you have one ring structure. For purine you have adenine and guanine. For pyrimidine you have cytosine, uracil and thymine. Uracil is the one that is different. This is the base that is used by RNA which thymine is the one that is used by DNA.
Bases, important features is that they are highly conjugated aromatic ring structures. They are called bases. Referring to a base acids and bases that we learned. They are called bases because some of the ring nitrogens can be pronated and always this is the case is that purine always pair with pyrimidine. A will not be paired with G, C will not be paired with D but A will be paired with T, and G will be paired with C. We'll see why that is the case. Mostly



due to geometric constraints and favourable hydrogen bonding interactions. You will not need to draw the bases on exams. You should be able to distinguish the purines and pryimidines, predict the H bonding patterns and know where pentose attaches to each base.
Any questions? So the pentose they form a covalent bond with a base we call beta-glycosidic bonds at 1 prime carbon. If you want to fill in now? Do you have this.
Okay. Take a moment to fill in this keyword. The base attach to the sugar via the beta-glycosidic bonds at the 1 prime carbon. So this is a 1 prime attach site. 2 prime is the group attached to the 2 prime is what distinguish DNA from RNA. 5 prime carbon is where it attach to the phosphate. So the linkage why is it called beta. Because it's in the upper position so above the sugar plane. If it's at this position it's called alpha. But in nucleotides you always use beta because otherwise it's going to form a lot of clashes at this position. Alpha position. When it's pointing upwards above the sugar plane it's called
beta-glycosidic linkage.
So let's look at the examples and all those structures in more detail. So I know that there's a lot of names in here bear with me even though seems pretty complicated but we can break this down step by step. The nucleotides the purine deoxyribonucleotides, let's focus on



the hydrogenous base. If you focus on the base, adenine base when attached to the sugar which is shaded in the pink area here called adenosine and guanine is referring to the base when attached to the sugar is called guanosine, and when you adding the phosphate in here the whole group is called nucleotide. But if you are just seeing base in the sugar called nucleoside. Pyrimidine in the deoxynucleotides look like this. Same rule apply when you have thymine which is the base and attached with the sugar is the name thymidine, and cytosine is base when attached to the sugar called cytidine. Just like amino acids you have three letter code one letter code in the nucleotides as well. Simplest one we go for adenine A or dA or dAMP the D is referring to the deoxyribonucelotides. These are the nucleotides used in DNA all them also used in RNA as well except for the T. Thymine and we'll see that in RNA it uses uracil instead of thymine. If you see D in front of any nucleotide that means these are nucleotide used by the DNA. Referring to the DNA structure. For RNA very, very similar as I mentioned before but the major difference is the 2 prime carbon instead of having the hydrogen. Here you can see it has all the hydroxyl group attached to the 2 prime. Instead of the thymine it has uracil, so uracil if you compare the difference between uracil and thymine you can see uracil there's group that is missing. They are almost identical but lacks the methyl



groups in the uracil which is used by RNA. RNA is a very short-lived not for long-term storage of genetic information by adding the methyl group it makes base more stable. In RNA doesn't have the methyl groups so has more reactivities to it. The detail you don't have to won't get into the that but basically that is the gist of it because RNA is short-lived not for long-term storage so molecules are more unstable.
Even when you work in the lab you will know when you work with RNA you have to be really really careful because RNA can break down more easily on more susceptible to contamination and have pristine very, very careful technique when you isolate RNA for a sample. That is the whole reason why. So here you can see the symbols change. All the D being removed. Even though A, because the rest of the nucleotides are the same but uracil and thymines that are different. Any questions so far?
So how do these nucleotides link together how do they put out the just like proteins you building a polypeptide chain adding amino acids from end terminus to C terminus how do they link together. DNA also has directionality as I mentioned already so the nucleotides sequence is always written in red from the 5 prime end to 3 prime end. As shown here. In growth you will have so the 3 prime carbon is where the addition of the next nucleotide is being added when you add the next you add at the 3 prime carbon here. If you



write out the sequence for this specific one here, nucleotide sequence will be 5 prime, sometimes they add a P or sometimes the P is omitted means the phosphate side, 5 prime AC GTA and then the 3 prime. And then DNA for the case in the DNA here, the 2 prime hydrogen enhances stability by preventing the backbone cleavage. So it's a lot more reactive and that is why RNA is less stable. So there's different features of RNA molecules that make it less stable molecule and reason why it has to be become less stable or in other words more flexible.
So there are also some properties DNA and RNA nucleotides I want you to know the terminology which we already learned in first or second lecture. The first term I want you to know is remember the bond that links the amino acids together is peptide bonds, but the bond that links different nucleotides together is called to phosphodiester bond. This is the bond right here. So the phospho means phosphate in this group here diester because one ester bonds and second ester bond, so phosphodiester bond linkage by linking two amino acids. And this phosphate is part of the next nucleotide and that is where it links which is at the 3 prime hydroxyl group. Therefore the DNA are said to be asymmetric or polar because you have 3 phosphate on one end and 3 prime hydroxyl on other. This is a negative charge here. When it has a negative charge usually the phosphate group is an acid. So the physiological pH at the which is



around 6 to 8, the phosphate group of every nucleotide within DNA is depronated so it carries a negative charge. That is why we talk about RNA and DNA is called a ribonucleotide or ribonucleic acid or deoxy level nucleotide acid. Why is it an acid? Because the phosphate of the 5 prime end are usually depronated ,so usually acid, like acidic species under physiological condition. Carries a negative charge.
Any questions so far? This shows us the structures about the DNA how they hold doing as double helix. So they are actually hold together in anti-parallel fashion, so why is it called anti-parallel? As you can see one strand run from 5 to 3 prime the other see runs from 3 prime to 5 prime. Even though DNA are always synthesized from 5 to 3 prime position. But when they form the double helix structure together they are arranged in a way that they are anti-parallel. If you see from one direction to another, one strand will be 5 prime to 3 prime, the other one will be 3 prime to 5 prime. We are going to talk about how it's being synthesized and replicated. Because if it always synthesize from 5 to 3 how does it link together? This is something we'll be talking about in the next week lecture or maybe Friday's lecture.
One of the important feature I want you to know is about the base pairing, how the bases are paired together. One of the most important features that hold or weak chemical interaction hold them together is hydrogen bonding. You have



to write this down? Base pairing means hydrogen bonds between the bases in the two DNA strands. It's specific because it base on the hydrogen bond complementary. Guanine and cytosine, how many hydrogen bonds do they form with each other? Yes 3. What about adenine and thymine? 2. There's a significance to this. If you have a specific DNA nucleotides that has more GC pair rather than AT pair, do you think it's going to be more stable or less stable? If you have more hydrogen bonds that hold DNA strands double helix together would it be more stable or less? More. So if you zoom in to look at any specific sections of a double helix DNA, if you see that in textbook or literature we referring to the GC rich region, so that means that if a specific region of DNA has a lot of GC pairing that means that these regions are more stable. So because of the hydrogen bond.
More hydrogen bonds between GC pair compared to the AT pair. So these two types of base pairs predominate double stranded DNA and RNA because they are the most complementary. The specification pairing of all these bases they allow duplication of genetic information because each strand is a template for its complementary strands. This is important but we can going to talk about this next time but I just wanted to let you know that if a specific DNA has more GC pairs, what we call GC pairs than AT pairs, it's more stable that way. In research there's important implications for



these.
So we still have 3 minutes. I am going to talk about
very interesting trivia. So you have you heard about Watson and Crick? Some of you do, some don't. The DNA structure actually it's these are two scientists that awarded with a noble prize to come up with DNA structure. So this is back in the 1950s and 60s. So the Watson and Crick, they won the noble prize. They were awarded. There is somebody else that was actually confirmed the DNA structures who is Rosalind Franklin. So the discovery of DNA structures, one of the most celebrated moments in biology but also reminder that the credit hasn't been distributed fairly. This is interesting. Please stay seated with me I want you to tell you this story because this is really important in terms of later on when you go work and stuff when you give a presentation in a lab meeting or any kind of meeting you want to make sure you give the credit for the people that contribute to whatever information that you present. So this is a prime example for that. So what happens is that Rosalind Franklin at the time female scientists definitely the minority. So she was the one actually came up with really famous photo 51 which is
x-ray refraction of the actual DNA samples that she obtained. So Watson and Crick, what happens is that one of their colleagues showed this photo to Watson and Crick because this is a very concrete experimental data that support theory.



Watson and Crick came up with the calculations but it was never confirmed by any experiment, but it was only confirmed by looking at this photos. So not going to go into detail this photo contained a lot of information about the spacing of the base pairing, spacing or measurement of the DNA nucleotides. So they never -- also they obtained a report unpublished report from Rosalind Franklin that show it to Watson and Crick. They actually published a paper without her knowledge and unfortunately she passed away at the age of
37 due to ovarian cancer. Even though the noble prize was awarded to the previous two scientist, it was never awarded to Rosalind Franklin because she passed away the noble prize will never be awards today feeling who pass away which is unfortunate, but that brings us lot of books and documentary about this. One of the movies coming out Natalie Portman is one of my favourite actresses. She's great. I watch all her movies this movie is going to come out by the end of this year. I highly recommend you can see this movie and also read the books about this. Okay. Let me know if you have any questions have a great rest of your day.
*******************************************.
LANA G. ALLEN, RPR, RCR.
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