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INSTRUCTOR: Okay so let's get started seems like you are happy today I hear a lot of laughter. It's pretty lucky that we are getting all the sunny days this week and continuing from last week so hopefully the nice weather will last. So let's get into it. So problem set it due this Sunday submit it on time, you can submit it any time before the due date, I would submit whenever I'm ready. Instead of leaving to the last minute. Problem set has also been released and the
answer key for problem set 2 will be posted on Monday. Same places where you can find the lecture notes so I created room as I cede problem set answer key is I think all of you can see the problem set answer key for the first one right? You can see that the answer key. Good. So I'll post that for the second one on Monday. So the first midterm the big thing for this course is that the first midterm is coming up on February 6 which is next next Friday. So just make sure that you keep up why your course material, don't leave it until last minute, there's tons of stuff that you need to go over for this course but I'm hoping that I can give a quick review on Wednesday, the two days before the midterm. No guarantee but hopefully that will be where we are. One important thing is that there's no makeup midterm that will be offered before this course for a large course like this will be impossible to accommodate everyone's needs so if you are unable to write
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the midterm due to a documented medical or compassionate reason the way of midterm will be transferred to the final. This works a lot better for all the students. So instead of finding the time and usually the makeup midterm will be assumer hard. So I know that TA for different instructors more than ten years ago instead of having the multiple choice and short answer there will only be short answer and long essay questions. A lot of students struggle. To be fair and consistent we decided collectively that the weight of the Missed midterm will be transferred to the fine. Instead of having the 35 percent final you will have a 60 percent final.
So that is just some housekeeping stuff. Any questions regarding the logistics of the course before we move on?
Okay. So I think I have some students came to ask me good questions kind of clarifications about the what I mean when you have Keg greater than 1 that means the forward reaction is favoured more productions stage than reactants.
The confusion part is that if the reaction forward reaction if you really have more forward reactions why is the proceeding forward that was a question from one of the students I don't think he is here today but it's okay. So Keq is greater than one does not mean the action is proceeding forward it means that when he reactions has finished change it's equilibrium... more product. Keep in



mind reaction reaches ...	It only means that the rate of going forward and rate of going reverse is equal and at that stage you can have end up having more product or more reactant depending on the different situations. So equilibrium the forward rate equals the reverse rate and the net Delta AG equal to zero. Nothing is driving forward.
This is what I mean by Keq equal to 1 at that stage more products than reactant that the forward reaction is for favoured. More products reactant describe it's final balance not the direction of motion. Kind of just goes through the concept and make sure that you understand this equation here and you will be asked to calculate for example the Delta G non-prime which is the Gibbs free energy change at the spender state and also you will be asked to calculate Gibbs free energy change under the cellular information... popular condition for that ...	Centre state condition and taking into account of the concentration term here. So that is just clarifications.
So last lecture we were talking about enzymes and catalysis. They are the some of the compounds they have to make the enzyme work some of the enzymes cannot work by themselves. They need the presence of other somethings to make it happen. So small non-protein organic molecules that cannot by themselves catalyze a reaction but they help enzymes to do so. They bind to the protein molecules which



is apoenzymes they are inactive without required cofactor. Some of the cofactors that we talk about just really simple ions like a copper or zinc all that stuff that you see in the last lecture slide but these ones here they are little bit more bigger, chemical species such a vitamins and foe late, foe late acid this is one I had to take within I was pregnant with all three kids. The folate acid is really important for pregnant women, if you are vegan for example, then vitamin B12 is something you have to take. This is all the vitamins cannot be synthesized by your own body you have to take bystander from natural sources of course but so these are the cofactors that needs to be present to work with the enzymes so that it can make the enzyme catalysis to happen. Without binding those cofactors they are apoenzymes they are inactive enzyme protein and once they are found to cofactors they now turned into active enzyme and the holoenzyme. I won't expect to you memorize the table it's for your interest. So just be familiarized with the terminology here.
So these cofactors cannot be synthesized by the cell must be taken up in diet often as part of vitamin the provide a functional group ha is involved in catalytic reaction. One of the example I wanted to show you here, this is just additional information prosthetic group don't worry about this now we are talk about prosthetic group or co-enzymes are tightly bound to enzymes. Tightly bound means that they are



irreversible so that like a heme ...
But a lot of the coenzymes that will bind to certain bind to the enzymes actually will be not irreversible instead it will be reversible. The reason for that is they have to be able to turn on and off the enzyme activity. Again we will talk about more enzyme catalysis after this first midterm. One of the example which is NAD compound it acts as electron carrier. What it does is accept a hydrite. So a hydrite is a combination of two electrons plus a proton itself can become NADH during oxidation reaction. NADH plays important role in donating ...	Helps to drive energy production and metabolic pathway such as ATP synthesis and glycolysis. You learn a lot about this in MMB 231. Anyone taking that? Learn a lot about this glycolysis citric acid cycle. You will have to memorize all the different metabolic and synthesize pathways you have to commit to memorization.
I don't know if it's the case for now but for 231 that was the case.
So I won't expect you to memorize this equation here just to say that you know just see that this is an example that I can show you that this is different types of cofactors that can make enzyme work.
So this is very simple simplified cartoon representation that tells you the mechanism of how different enzyme work. Enzyme sometimes they can bind to more than one



substrate, two substrates together and then position precisely in a way such that they will encourage a reaction to occur between them. This sometimes can be strengthened by having a favourable electrostatic intersections. Here you can see within the enzyme yourself ...	Aligns perfectly ... Within the substrate so they have a very favourable electrostatic interactions within them so make sure they can bind to the favourable reaction to occur sometimes you have induce bond strain. Looks like a hot doing bun. But the enzyme strain help to strain the balance of strain molecule forcing to transition state so reaction can happen keep in mind it doesn't just happen one way or the other. A lot of times a combination of two or three of all these can happen at the same time.
So this just show very simple cartoon diagram here that without the presence of enzyme all the substrates will randomly collide with each other to each other so this is can take a lodge time to happen for the right orientation to occur. This could take a long time to happen. But with the presence of the enzyme it could position those substrate into a favourable position so the reaction drive from being the substrate into the product more effectively.
Any questions so far before we move on to the exciting part which is the amino acid and structure.
STUDENT: [Inaudible].



INSTRUCTOR: In terms of the time to enter they have to be in the enzyme. If the reaction requires a two substrate binding then both of them has to be present for the reaction to proceed forward.
I wouldn't I don't have a good answer tore that but I would imagine that if you have a higher concentration the chance of having them at the same time will be a lot higher than the lower concentration it ...
So if no more question this is a learning outcome for lecture 6 and 7 I'm happy to see some of you go over this very, very carefully make sure that you can answer all this learning object correctives outcomes so helps you to study for your midterm.
Exciting part that we get into that actual heart of MMB 22 is the protein structure we talk about amino acids and the peptide bonds linking amino acids together. So the required reading for this part is chapter 3 page 157 to 176 we go over the basic structure of free amino acids and different properties of amino acid groups non-polar hydrophobic polar charged hydrophilic group and polar uncharged hydrophilic group and special cases.
So proteins are really the engines of life. So most of the cellular processes and more than 95 percent of all drugs they actually target protein, the rest will target non-protein structures such as DNA RNA memory brain cells, more than 59 percent of the drug targets protein.



Understanding the functions of protein is so important if you decided to work in a biotech for example or research and academia, you know, this is the huge drive for a lot of research projects to develop drug to treat various diseases and proteins are the most important target that is we work on.
They have more sequential and chemical complexity than DNA and RNA so for first half we focus on structure and function of protein later on the function and structure of DNA DNA and RNA protein has more variations and more complexity than other nucleotides. The property and structure defined by the sequence and side chains of the constitute amino acids we talked about this today. These are some examples of the proteins this serine inhibitor here we talk about the mechanism, catalysis mechanism in the materials for midterm number 2 and you can see protein is found everywhere. It's very, very abundant so important for us to understand how do protein works and how they drive different kind of reactions that happen in our body. So there's different levels of protein structures so when we talk about primary structure it's just a linear sequence of amino acids when you link one amino acid to another via the peptide bonds then it's called a primary sequence but those primary sequence they don't exist just flopping primary structures or linear structures within the body often folded



into three dimensional shape before they do that they have to go through what we call the secondary structures so
the seconds structures are most studied and mischaracterized and most commonly found ones called alpha helices. Are you familiar with the turns here? Turns and loops. Expose to the secondary structures before the we talk about a lot more detail and the interactions that hold them together which hydrogen bonds see ha how that makes the helices the way they present themselves for the loops and turns. Tertiary structures are secondary structures coming together to form folding of the protein chains they ...	Also remember the hydrophobic effect that will make the non-polar residues to bury inside the interior of the protein they want to get away from water it helps with the protein folding and the outside residue that is exposed to the water they hydrophilic they make hydrobonding interactions as well as other nitrostatic interactions with other niche protein molecule. Quaternary structures massive protein one of the ...	Random receptor protein it comes from tetra margin of error huge protein found in all our body, heart and skeleton muscles and the mutation can cause various kind of vascular diseases the protein I was working with it has four monomers coming together to form a really large complex. So these quaternary structures assembly of more than one protein coming together so we will be focusing on the primary structure and secondary



structure for this part of the lecture.
So this is a free amino acid structure. We all seen this before you can see that amino acids most the amino acids are chiral molecule or achiral molecule, chiral because they have four different groups attached to it with the exception of one amino acid and we will talk about that amino acid very, very soon. So you can see that four different groups. They have include one amino group and one carboxylate group and one hydrogen and it's a side chain that is different from all the amino acids so the amino carboxylate and hydrogen they are all identical among all amino acids it's side chain that gives amino acids its distinct property. Notice there is a charge here. Positive charge and negative charge. So this shows you the protonation state or ionization state of free amino acid under physiological conditions remember the pH of a physiological condition is 6 to 8 under that physiological condition the amino group will be pronated and cashbox late group will be depronated that is why there is a charge. And our R group expending on basic amino acid or acidic they are charged states will also be changed accordingly.
Any questions so far? Okay.
So just quick question here alpha carbon this is alpha it goes from the Greek numerical numbers if you have more carbons attached to a side chain go from alpha delta



gamma so on so forth just a quick question here, alpha C what is the hybridization for chiral for the alpha, C alpha here? Yes, SP3. What is its geometry? Tetrahedral. The alpha C is definitely SP3 hybridized and ...	Roughly in the shape of a tetrahedral shape.
Kind of repeat the information here. There are 20 naturally occurring amino acids each with a different group or side chain or sometimes call side arm group or residue. Residue referring to the whole thing. Res r residue is referring to a particular amino acids found in a polypeptide chain. If it's amino acid by itself we call free. In literature you can see a lot of times they are referring to specific residue, residue means that amino acid incorporate into a chain it's called a residue. By convention. Every amino acid has alpha carbon covalently attached to four distinct substituent. Amino carboxylate R and hydrogen. So
...	It has tetrahedral geometry. 4 single ...	Bonds ... Example here is one of the smallest amino acids which is a side chain is a methyl group very simple amino acids but we talk about the property for each different groups later on very soon. So C alpha like I mentioned chiral centre. The chiral molecule mean that is if you put the molecules in front of a mirror it's going to produce a mirror image, the molecule itself and mirror image cannot be superimposed no matter how much you rotate a molecule from one another they



cannot be identical because they have four different groups attached to it. So amino acid the they exist as mere image as isomers, they are call L and D and they describe their 3D configurations relative to glyceraldehyde. This is what the early days scientists were doing compare the orientations of amino acids to very simple chiral compound and they named that if you put it in the projection this is called Fisher projections. If you put the carboxyl group on the top R on the bottom if you have amino group on left it's L, if you have it on the right, that is D amino acids. Okay. So this is just the way of naming those different orientations. I know in organic chemistry you have a more complicated system but for this course just stick with the D and L only for amino acids. All these 20 naturally occurring amino acids are L-isomers. Just I was digging into why that specific case. So apparently evolution nature when they first started making all those compounds and making into more complex molecules the L amino acids are being preferred. I don't have a good answer for that but it's that is just what nature uses to choose.
So how do you sell L- and D-isomers apart. If you put Fisher projection in which you place carboxyl group on top r on the bottom when amino group is on left then it's L, when it's on right it's D. So like I mention all amino acids except for one that except for one amino acids all of them or



chiral except for one. Do you have this in your notes? Glycine. Remember this glycine is the only amino acid that is not chiral because glycine has two hydrogens. The side chains for glycine is also a hydrogen. Glycine as you can imagine it be flexible. Found in the turns and flexible domain of the protein. This is amino acid table that you often see from the textbook or online that they are usually grouped by their ...	Properties. Non-polar amino acid residues polar uncharged so they don't have a positive or negative charge to their side chains but they are polar, polar because you can see that has hydroxyl group, serine cysteine has SH group and asparagine and glutamine. They have charged group but non-polar. When we move into polar negatively charged group you will find aspartate acid or glutamate. So they mean the same thing. Used interchangeably. Sometimes they call aspartate acid or ... Positively charged R groups that of course polar because they have a charge residues with the side chain you have histidine lysine and arginine here. Non-polar aromatic residues you can see there's a lot of benzenes attached to the side chains.
We can going to go over all the amino acids according to different properties the one with the smallest side chain is glycine. Because it has two proteins attached to it not chiral the other word for non-chiral is achiral. Two



hydrogens here. So not necessarily found in interior of the protein found in the side chains or loops and turns very, very flexible. Alanine is one of the smaller one. Compared to glycine it is slightly bigger it has a methyl group as a side chain.
What about the other hydrophobic side chains where would you expect them to be in the protein molecule? Is it in the exterior or interior? Interior, yes, because they are hydrophobic waterfearing they tend to get away from the water. Oftentimes you will find groups of hydrophobic residues buried inside the 3D shape of the protein. All these include the valine, leucine, isoleucine and methionine. It has sulphur which is very ...	All these ones here in comparison they are a lot more hydrophobic than methionine.
One of the interesting property for isoleucine it has a second chiral carbon. Do you have in isoleucine here? So you can see that this one here this beta carbon the carbon order goes from alpha beta gamma is on and so forth.
When I was working on this I thought of something pretty funny my daughter said to me, she was born in 2013 that is general alpha, was it ...	She is mom the other day, mom I was so happy I was born in general alpha. I said why because general beta sounds so inferior, it's not cool.
Okay...
Isoleucine has a second chiral carbon you can see



that there's because this carbon here you can see it four different substituting groups attached to the carbon one of my favourite amino acid here is called proline. Proline has special properties as you can see that proline the side chain of protein it's circles back to form a covalent bond with the...	It's very cool I have exciting slide to show you.
Let's walk through the structure of the protein together. This is the central alpha carbon here. So you have amino group carboxylate group and hydrogens here you can see our group starting from here you have the first beta carbon and go to the next carbon next carbon next carbon circles back into the amino carbon here and form the covalent bond between the side chains and amino group. Because of these special property it's it has to introduce kinks and turns in a polypeptide chain will disrupt the secondary structures. If you have a ...	I can guarantee you that most of the time it is a proline right at the turning point so it breaks the continuity of the alpha helice. Because of the special property of the side chains it restrict the backbone rotation of the protein molecule to it make it is more rigid locking into specific confirmation. Also it's hydro phobic and still has a little bit of MR residence but it's weaker you can see there's no hydrogen atoms in here more rigid and restricted backbone rotation. Why is it one of my favourite? Because proline the presence of it plays important role when it comes



to the design the COVID-19 vaccine. I remember back in 2020 I had my first teaching assignment which is protein structure and function, maybe some of you taking that in the future.
But I was taught that course as a structure in 2020 it was really fun at the beginning and all of a sudden it turns into remote learning very, very challenging for me at the time and...	Good thing we have the vaccines millions of lives can die and why proline is so important in terms of developing a COVID-19 vaccine Siena this is not going to be on midterm I thought it was interesting trivia I wants you to remember the importance and applications of MMB, this is what SARS COVID virus looks like it has all these spikes proteins that looks like raise the coronas the sun. Those first contact of the host cells so the structures of the host protein the spike proteins is determined by cryo-EM this is what we learn after the first midterm later part of the course. Chiropractor yo EM is technique that allows you to see high resolution structure of a large protein molecule.
In this case here they use cryo-EM to study and solve the structure of the spike proteins that's a technique I learned during my postdoctorate for four years I love this technique. We don't have electron microscope at SFU we have one at UBC if any of you interested in structural biology ...
So the structures the spike protein was determined how do they actually make those into a vaccine that we can



use. Is that they wanted to introduce a different kind of engineer spike protein that looks similar enough to the actual spike protein but it wouldn't elicit any disease response. Has to be similar enough to the virus spike protein with some modifications. Once enter the body it will be stability. One our immune system recognize this a foreign object, I need to produce the antibody so I can destroy it the ...	But they have to make modifications guess what the fear of the modifications that they made is introduce the prolines so a lot of the parts of the spike proteins they original structures doesn't have protein they introduce proline in there so they can look it into specific confirmation. Spike protein come from the virus very, very flexible so they wanted to lock it into place so once that is inserted into the vaccines that we were getting so the Pfizer and Moderna the one that is use mRNA they contain the RNA information that enclose those engineered spike proteins they put I believe it's either several four residues they mutate it into the protein and then get the RNA information packaged into a nanoparticles and inject it into your body. Once those vaccines get into your body the nanoparticle dissolves those peptides translated into engineered spike proteins your body sees it this a foreign object I'm going to produce antibody so stored the information keep the memory of this is is what a spike protein look like the next time when you are



infect the with COVID-19 your body has a lot of antibody that can attack those virus that is why you don't get as sick if you don't have the vaccine. I thought that was really really cool this came out during the time when I was teaching so I thought this is one my favourite biochem examples of how understanding biochemistry can understand how this develop vaccines this was developed this record time usually a vaccine will take 10 to 15 years this one takes a year doesn't mean it will skip over all the important parts the nanoparticle technologies a lot of these were actually in place at very... they just speed up a lot of process in terms of fundings and testing and all that stuff.
So next one we move on to aromatic side chains. As the name implies R groups have a lot of aromatic rings. So here you see that there's a phenylalanine tyrosine and tryptophan. Mostly hydrophobic. You can see phenylalanine is more hydrophobic than tyrosine or tryptophan. Reason is tyrosine has ...	Even exposed to the surface of the protein it can make favourable hydrogen bonding. This one is indole group, it's a side chain that has one membrane fused with a six membrane. One of the hem is hydrogen. This is indole group. The phenylalanine is more hydrophobic because it doesn't have any hydroxyl groups attached to it or more electronegative atoms attached to it. So that oftentimes you can find that all those aromatic residues tend to come



together they form a stable pi pi interactions oftentimes you can find in the interior of the cellular protein or the membrane exposed to area so because if a membrane protein is embedded ins to know lipids some of them are oftentimes you will find lots of hydrophobic residues in here. And they actually place a really really important properties when it comes to research. Why is that, because they can absorb UV absorbants at 280 nanometres. Let's say if I purify a protein I want to know how much do I purify it what is a yield of my protein samples. So I showed you a picture of a NanoDrop machine you will learn how to use that in all your lab courses so all you do is that you take one microlitre of purified protein and it tells you how much protein that you have. So it looks like magic but what it does is it takes so let's say here this is a ...	In that machine you just have a little ...	Where you can put your protein sample.
Imagine that this is a protein solution here with various amount of aromatic hydrophobic amino acids you have light all this light will be absorbed by the aromatic residues of phenylalanine tyrosine or tryptophan. That is called the transmitting light will be less compared to the incident light this difference can be used to calculate how much protein concentration you have according to the Beer Lambert law. I will not be asking you for the law here but remember these are the three important amino acid residue that is



allows you to determine the protein concentration and as you can imagine if you have more of these aromatic residues you have a higher absorbance or higher, if I give you a peptide that have more of these residues, absorb stronger light or less light? More, yes. So imagine that if you are proteins that have seven or 10 of these residues compared to a protein have one or two, you will see having a stronger UV absorption on the spectrum.
Okay. So any questions so far?
STUDENT: [Inaudible].
INSTRUCTOR: The wavelengths all the same they all absorb at 280 nanometre but the spike will be stronger. I'll show you here. All here they will have just stronger absorbance but the absorption all oy occurs at 280 depends on the number of aromatic residues the higher you have the more number of aromatic residue you have the stronger the absorption but it occurs at roughly 280. So I won't be expecting you to know the mechanisms about why the absorption 280 that it beyond the scope of the course I put them here for your interest.
So the other two important amino acid residues contain hydroxyl group, serine and threonine. They are very, very similar except for the threonine has extra methyl group attached to it. Very, very important property for these two amino acids is that they can be phosphorylated. When you see a protein chain with a threonine and threonine most often



time they are the target for phosphorylation. Have you learned kinase and phosphatase. Kinase is an enzyme that adds phosphoryl group whereas phosphatase removes it by hydrolysis. ...	You can see serine here and through the kinase it's going to facilitate the process where you add the phosphate group to the hydroxyl group... Turn it back to serine, similar mechanisms shown in threonine here. You can see once it's phosphorylated what do you know about the charge it turns from being polar uncharged to negative charge. Definitely it's going to affect the protein structure interactions and activity. This is also very dear to my heart when I was doing post-doc project so I have to study why the heart will respond differently under different physiological conditions such as when you are exercising under stress your heart rate increase because the pathway is activated with...actually at this time a lot of proteins in your body gets phosphorylated. Those are the ones with the threonine and threonine so they can phosphorylated when that happens it helps increase the heart rate to meet the higher demand. A lot of times during the undiagnosed heart disease lot of the time the patients will appear normal only during severe stress and exercise conditions all of a sudden they collapse the heart rate increase so much to a respondent they cannot accommodate normally your heart can respond to a much higher rate but for these parents they will have a very



severe arrythmia conditions for sustained period of time, it's if you are interested in doing this type of research you can look up the PPK groups that I showed you before. It's really fascinating to do that.
Any questions before we move on? Amino acids charged with charged side chains the one here we look at lysine arginine and histidine. Lysine, arginine you can see they have very long side chains, they are hydrophilic because he have the positive recharge here amino group and lysine, it's guanidinium group for this part of the side chain here.
Usually found in the surface of the protein. Histidine is a very, very important buffer molecule or amino acids because it has PK that is close to the physiological pH so it can get depronated and pronated very easily. Can respond to different pH situations depending on the environment. These are positively charged under normal physical condition and there's amino acids with acidic and amide side chains.
Aspartate and glutamate, they have negatively charged side changes under physiological conditions, PKA for these two groups around 4 as you can imagine that usually when they are placed in environment has pH of 7 then they have a PK that is lower than the P pH environment so it's going to be more basic than the environment. More acidic than the environment when it's act as acid it will donate proton to the environment itself will get depronated will become negatively



charged. So we are going to practice different ionization state of different amino acids under different pH conditions. We'll get to practice that later probably next week. So asparagine and glutamine you can see they actually structurally very similar to aspartate and glutamate except one of the ...	Group is replaced with amino group. Nq like D and E they are hydrophilic. By the way the amino acids you've seen this before sometimes you can spell the full name sometimes used as three letter code or one letter code.
Amino acid table will be provide today you in the midterm but I will not group them into different groups you have to understand their property and back in the days when I learned this we have to memorize all the amino acid structures. I wouldn't be that cruel I think it's just at this stage it's much better for you to understand how to use it the table properly, but you have to be able to understand the different properties of amino acids.
One last one for the day, cysteine this is important.
It has thiol group which is SH group important in the redox because it's a redox sensitive. What do I mean by that. It means that it can form a disulphide bond with another group under oxidizing condition. You can see here under oxidized condition you can cystine form disulphide bond with another cysteine that brings location that is could be far apart from each other in a primary structure if you have one cysteine



here they are cysteine here it brings the protein from far away to coming together to form the three dimensional shape. Such disulphide bond plays an important role in stabilizing protein structure. It can be intra or inter. Inter is happening with a nearby molecules.
So this is just shows you zoom in about what oxidation and reduction processes is. Each individual cysteine is spelled had way when you have two of them together it's called cysteine. You won't be asked to memorize, cysteine is contains thiol group and sensitive to redox.
One last slide before we go. Keratin this protein that come in hair and feathers they are held together by the disulphide bonds. Those perming chemicals they disrupt all those disulphide bonds reducing it to individual thiol groups then you wrap around your hair with curlers adding different chemicals then reform the disulphide bond again. Chemistry is actually everywhere in our daily lives. That is it for today.
**************************************
