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**************************************
INSTRUCTOR: Okay. Let's get started. Can you guys access the SFU secure network today it's slow. Have you downloaded notes already and it's fine? I have some trouble accessing my gosfu.ca this morning. You guys are okay. You have the notes and everything. Okay. So today the problem set 5 will be released and the essay key will be posted later today. Quick note even though it's more than halfway through the course I clicked through some of the assignment that was submitted, some of you didn't complete the problem set you cannot get completion mark for that. Quite obvious the reason why.
Make sure you complete all the questions. Even though some of the materials might not be completely covered during the class, still go through the notes or do research yourself. Make sure you answer all the questions. Submit the correct ones. Please do not submit your assignment from physics. So it's pretty obvious but I just wanted to remind everyone to finish all the questions for to get the completion mark and submit the correct assignment.
Okay. So we were talking about the haemoglobin and myoglobin for transport. I posted this figure on the announcement. I believe that when I converted to PDF format it didn't show up in notes. I posted the entire on announcement. I also posted a short YouTube video showing the demonstration of the ELISA technique. It's less than a
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minute to show you how ELISA works in sequence. So you don't have to know the exact details for the technique but you have to know when to use specific technique. For example, if you are asked to -- wanted to study protein... interactions what would be the type of technique you would be using. Your answer would be ELISA. You have to know why you could use such a technique to study the questions. The research question.
So here as we mentioned we were talking about role of hemoglobin, myoglobin and the reason they can store and transport oxygen is because they contain a special group and the name for that is called heme group. So the heme group the structures are showing here, heme is a prosthetic group. You have to fill this in I believe that you need to fill in this keyword. Prosthetic group is a non-protein molecule that is tightly bound to a protein. It's originally not synthesized with a protein but tightly bound. Once it's been released into the cell. And it allows oxygen binding. And there are two main parts for the heme group. As you can see that there's porphyring and the iron in the centre. And the four porphyring is called a protoporphyring. That is the number 9. So that is just a special name. Porphyring many types of protein. The one specifically found in myoglobin, haemoglobin is this is the top view of the structure and if you turn sideways you can see it's kind of a flat structure



you can see that iron is coordinated in the centre with all the porphyring that is surrounding it. So let's just kind of diving into details for the ring structures. So the structure of porphyring made of 4 connected pyrrole rings.
Do they look like the ...	Or slightly different? Look at the structure here. It is five member ring also has nitrogen but is it the same as ...	Histidine, no, that's correct.
How is a histidine different. You know that they are different but you don't know the detail. But it's okay so the ...	Actually shown here is that for the histidine side chain it has two nitrogen instead of one. You can see this nitrogen is important in helping to coordinate the iron in the centre. So each of the porphyring contain nitrogen that coordinate the ferrous iron. You turn it sideways you can see the organization of the octahedral shape. What is that
^ or arrangement, it's that you will have four links binding in the centre atom in the plain structure and you have one, two of the ligands that bind perpendicular fashion. One from the bottom here which is provided by the 5th ligand which is the histidine and 6th ligand is bound with oxygen when used to transport the oxygen or stored the oxygen to the 6th ligand is bound by oxygen and that is a little bit further stabilized by another histamine but it's detail lay it he on, basically this is the structure of the heme group that allows the myoglobin and haemoglobin to coordinate the oxygens.



Any questions? Another reminder if you have questions regarding midterm this week is the only week you can review and schedule some Zoom meeting with the TA that you have a question for. But after this week we do not accept any of the viewing of exam for changes. We have to move on to later part yes.
STUDENT: Does the N always bind to histidine.
INSTRUCTOR: Yes, the bottom one. Part of the coordination, always -- 5th ligand is always bound to the nitrogen from the nidogens...
Group of the histidine. This is the top one the oxygen that is reversible because sometimes for example for the haemoglobin it has to pick up the oxygen from the lungs and deposit the oxygen to the tissue, this part the 6th ligand is the one that has the reversible binding with the oxygen.
STUDENT: So it's detached from the histamine when it's going through the bloodstream or no?
INSTRUCTOR: Right here, it's always covalently bound to the histidine.
The nitrogen of the histidine specifically. Only this part is reversible and we'll see why. The four nitrogens
from the porphyring and the... ligands from the histidine is always bound to the iron at the centre. It does have a charge. It has to have a 2 plus charge. When it is oxidized is 3 plus is not going to work anymore we'll see why. You are really on top of things today which is really nice. You are asking questions ahead of the slides. Let's move on to



myoglobin. Myoglobin is a simpler form because it's a monomer meaning one protein subunit. It compares to hemoglobin there are four subunits coming together.
Myoglobin has one monomer which is one subunit of protein. Myo means muscle, globin means it's oxygen binding protein. We can see that myoglobin is important to store the oxygen in the tissues and in muscles, and as you can see here now you are the experts for depicting the protein secondary structures. What do you see in the secondary structure here? Helices, they are connected by loops. They are quite flexible lot of helices and overall globular shape. Hence the globular protein. Has total of 153 amino acids, you can see 77 percent of a helical structure. Mostly composed of helical secondary structures and connected by different flexible loop regions.
And you know the naming for these alpha helices are not creative, named from helix A to all the way to H. The first helix if you go from the end terminus to C terminus you remember looking at the protein structure we look from end to C terminus. From the first helix that you encounter the scientists name it A, then you go through A, B, C, D, E,F, G,
H. This naming will become important because I'll show you, residues are often numbered with each helix and the interior residues usually are non-polar and there is a reason for that. Remember when we talking about the globular structures



of the proteins when the residues are buried inside the protein showing away from the water what kind of properties would they have? Hydrophobic or hydrophilic? Hydrophobic because they are showing away from the water, and that is particularly important with heme protein as well. You will see why. The two important histidine, remember that we are talking about the histidine in the previous slide. One of the histamine always bound to irons. The other histidine will come into place when oxygen is bound to the iron in centre. Remember there are two important histidines in those globin proteins. One is called his histidine E7, other one is his histidine F8. So the nomenclature from here his means its abbreviation for histidine, E7 means it's 7th residue from helix E. This one here his F8 means that the 8th residue from helix F. So two histidines if you zoom in here. One is here, one is here. This histidine come from the F, this come from the E helix. In particular this is the histidine from the residue 7th on E, this comes from the 8th residue from helix F.
Okay. Any questions so far? Interior residues are mostly hydrophobic residues because they need to show away from the water and will provide important hydrophobic environment for the heme group. We'll see why. And exterior residues contain both polar and sometimes non-polar amino acids. Most of the time it's polar residues on the outside



so they are in contact with water. For myoglobin it has a high affinity for oxygen. We will see it in how the myoglobin Bind to the oxygen in the binding curve but remember myoglobin has high affinity for oxygen. Will only release the oxygen when you are doing exercise conditions or oxygen level drops, then the myoglobin will release the oxygen when it's needed to meet the physiological demand.
Contains only one heme group that binds one oxygen molecule.
Have you seen things like this called a sequence alignment? So I'll walk you through why this is important. As a research scientist we do this very, very often when you work with a new protein first of all you need to get a protein false sequence. Where do we get that, this is a website called Uniprot. It's a website that contain all the protein sequence that has been identified and validated.
There's over 227 million subprotein sequence that is up to date. When the researchers found new genes that translate to new protein they will validate the sequence and deposit into a different platforms and it's the one that combine all the platform together to show you the validated correct sequence of each protein. For example, if I wanted to look at the sequence for myoglobin, so I can type in human. It's not showing up.
Give me a minute. This is the website I was talking about. This is call Uniprot. What I did this is the whole



page, so let's say you are researcher and giving a project to work on myoglobin, for example. Human. So you can type in human myoglobin. You can see it spits out the huge list. So most of the time you go through organisms so you can see different organisms in here but which one would you pick. So there's so many of them. You have to remember that there's different protein names specifically. So they can be myoglobin found in different species or binding partner but the one we are looking at is the first one. Then you click in here, gives you all the bioinformatic information. Tells you heme group, binding to the R in the centre. The ones that you want to look at go to the sequence. You can see all the information, tells you length of the protein, molecular weight and all that.
So you can see that this sequence is spit out one letter amino acid code. Organize into group of 10 so easier for you to know the number. What would he do is usually I do download, and this kind of small here. This give you all the sequence that you need for the particular amino acids that you are looking at.
So once you obtain all the sequence. Let's go back to my presentation here, so let's say I wanted to compare the sequence between human myoglobin and also two of the different subunits of a haemoglobin so we haven't talked about this haemoglobin composed of four subunits, two of



which are alpha, two are beta. I wanted to see how similar these sequences are. Another website that is useful is called Cluster Omega. I wanted to show you where they come from. This is your input sequence. So you have input sequence in here. You can do a sequence alignment between protein sequence DNA or RNA, so I already have the sequence lining up here. I have the sequence for human alpha globin, beta globin and myoglobin. I copy and paste all these ones here. And place it here. We can do submit. Now gives you a sequence alignment like this. Gives you a sequence alignment. Sometimes the protein length might be different.
Myoglobin is 154, alpha and beta units are haemoglobin, little bit shorter, then you can see they try to line up all the protein sequences against each other and there's weird symbols at the bottom. What do those mean?
That is the one I wanted to show you. These symbols give you a lot of important information, so what do they tell you.
First of all, you can see that the one that are completely identical they have asterisk underneath. So the one that is, for example, helix A you have valine, tryptophan, glycine, lycine. What are the two that has been highlighted here is E7 histidine and F8 histidine they are found in all the globin proteins. Particularly for the myoglobin and haemoglobin. A lot of times when you see those residues are conserved, that means that they have a really



important function. That is why throughout the evolutionary process they are not mutated to another different residues. So the ones that are identical when you line up sequence alignment when they are completely identical it gives you asterisk. You what about the one that are slightly similar but not identical, they give you two dots. We can see that this sequence residue here, S is serine and T is theronine and S is serine. You can remember serine and theronine, what is the property they have in common? Amino acids remember.
They contain functional group. Chemical functional group. Hydroxyl group. So they are very similar amino acids but they share the similar properties but not identical so you get two dots. For the column here. What about the one with one dot. You compare alanine and valine, for example they are both hydrophobic but not very -- property-wise they are not very similar to each other. If you have valine and leucine and isoleucine for example, you get a column instead of one dot. This is a way for you to visualize how conserve each amino acid residue is. The take-home message from this slide that we know histidine from position E7 and F8, they are really really important. They are the two histadines that help coordinate the oxygens in the heme group.
Those of you who is going to pursue higher level MBB I think you will be learning more about the sequence alignment, those bioinformatic tools that you will be



learning.
So we know that importance of the histidine. Let's move on to re-emphasize the octahedral coordination of the irons. You asked important questions about the irons is it charged. It has to be charged. Why is that? Because has to bind to oxygen. So when the histidine -- for the iron when it binds to oxygen what does that look like? So here this is just repeating things that I said previously. You can see that histidine F8 provides fifth ligand at the bottom and when iron is bounded with oxygen, this oxygen is stabilized by the hydrogen here from histidine E7.
So why has to be hydrophobic. Remember interior of the protein usually is hydrophobic environment, has to show away from the water. In this case it's important. It has to prevent the iron to be oxidized into F3+. So when it's iron is 2+ it's called ferrous iron. When it's oxidized to iron 3+ it's called ferric iron. If it's oxidized to 3+ it lose the electrons so it can no longer share the electrons with the oxygen with the long pairs of the oxygen atom. When it's oxidized to F3+ it cannot coordinate other oxygen. That is why the interior of the protein has to be kept in a mostly hydrophobic environment. That is why the heme pocket has to be kept hydrophobic. I think this is the notes that you have to write down. Here. I'll give you 10 seconds to write.
How do you visualize such binding on the curve --



yes.
STUDENT: So iron ...	[Inaudible].
INSTRUCTOR: Oxygen. But we won't be talking about how it coordinated with the carbon dioxide, but here we focus on the oxygen. That is a good question.
So how do you visualize such oxygen binding on a curve? So for the ligand binding this is a very generic ligand binding curve. You have probably seen this before in your other classes. But this is a typical way to show you a ligand binding to a protein of interest. Again, when you see a diagram always focus on the axis first. Y axis is fractional saturation. Usually it goes from zero to 1. Zero means that there's no-- zero percent of the protein is bound to a ligand. 1 means 100 percent of a protein is bound to a ligand. The ligand concentration or corresponding ligand concentration is usually plotted on the X axis. The here you can see that there's L here in the square bracket. That means the ligand concentration can be millimolar can be nanomolar. Depending on what type of ligand you are asking. Depends on the different experimental condition.
When biochemists study how... they plot this fractional saturation curve to see how many binding sites versus total binding site corresponds to each different ligand concentration. Very important way to determine how strongly your ligand binds to your protein is to look at the



halfway here, which is the .5. That means that there's
50 percent of the proteins is bound to the ligand and
50 percent is not bound to a ligand and that translate to constant called dissociation constant. Also named as KD. Have you learned this before in chemistry?
When you look at 50 percent binding that gives you dissociation constant that mean this is tells you how much ligand is required to achieve 50 percent of the binding to the protein of interest. This is just one way to represent it. We have two proteins here A and B. This is their corresponding curve. So this is when we translate that to myoglobin and haemoglobin we will be looking at oxygen binding. Here there's protein A and B. This is their corresponding curve. So the question is which protein would have higher binding affinity to the ligand. How do you look at this. Remember the important way to look at this or the important point to extrapolate from such graph is to look at the 50 percent binding or .5 as in terms of fractional saturation. So if you draw a horizontal line here and you see the corresponding ligand concentration. Protein A, what do you see here? A requires 10 nanomolar ligands to achieve
50 percent of the binding and protein B requires 60 nanomolars of ligand concentration to achieve 50 percent of binding on protein B. The question is which protein has a higher binding affinity to the ligand? Think for a minute.



A or B. A, yes. Less amount of ligand concentration to achieve the binding. When you add ligands into the solutions so it's all random process. They are bumping into each other. All molecules are bumping into each other. Protein A is not specified here but somehow has a better geometry, more aligned interactions with the ligands. So when the ligand is colliding into the protein A, it binds a lot more tightly than protein B. That is why for protein B in this case specifically it requires 6 times higher concentration of the ligands to achieve the 50 percent binding.
So this type of graph later on when you take BPK courses or chemistry this type of graph will come again and again. Very commonly seen. It's good to kind of get the basic knowledge in at this stage.
So let's move on to the binding curve for oxygen to myoglobin. Hyperbolic curve shape. You can see the curve goes very, very almost straight up and all the way, this is quite steep and go all the way to 100 percent. So this is the saturation curve. On the Y axis you have fractional saturation ranging from zero to 1. Means from zero percent to 100 percent saturation. And X axis is the Po2. It's unit of kilopascal. Po2 means partial pressure of oxygen. Oxygen is a gas so when it's dissolved into -- carried in the blood it is usually we express it in the partial pressure of oxygen. The unit can be a little bit different from



different graph. Sometimes you see kilopascal Kpa, sometimes you see milligrams of mercury mmHg sometimes you see torr.
They all mean the same thing. They all measure partial pressure of oxygen.
So the fractional binding here you can see myoglobin binds the oxygen very, very tightly. How do we get that information from this graph is that when you look at the .5 which is 50 percent of saturation how much of the partial pressure of oxygen can achieve 50 percent of binding. It's not really big unit in here but anyone can guess how much is in here? Greater than 1 or less than 1? .5, less than .5 but that is a good estimation. Imagine that very, very little amount of oxygen. The myoglobin will come grab it hold on to it tight.
So the myoglobin has a very, very high oxygen binding affinity. You can see that because less than .5 kilopascal very, very little amount of oxygens enough to achieve
50 percent of saturation for the myoglobin that means that the myoglobin will hold on to the oxygen very, very tight and they will only release the oxygen when it's required. For example, when you are doing vigorous exercise your tissue needs a lot of oxygen, the oxygen can be used in the mitochondria to produce ATP which is fuel many different chemical reactions in the body, so myoglobin will only release the oxygen during certain conditions. When does that



happen? You can see that there's two shaded areas in here. During the resting conditions you can see that the myoglobin is almost 100 percent saturated so here .95 kind of estimate you can see that almost 100 percent saturation and during the active phase, exercise conditions, if you kind of extrapolate midpoint it's .78 or .75. The difference between the two is
.17. So round it off to 20 percent. So that mean that is during resting condition and active time condition 20 percent of bound oxygen is released.
Any questions so far? So we can move on to the haemoglobin which is a little bit more complicated but equally interesting. Hemoglobin as you can see here it's a lot bigger than myoglobin because hemoglobin contains four subunits. These are the four subunits, alpha 1, 2, beta 1 and 2. Alpha 1 and 2 they are identical beta 1 and 2 are identical. Each has about the similar number of amino acids for the protein chain. And each alpha and beta subunit individually looks like myoglobin but actually between the myoglobin and also the alpha and beta hemoglobin only 27 amino acids are conserved among myoglobin and each subunit when I say conserved that means only 27 amino acids are identical. This is speaking in terms of bioinformatics language. When we say certain residues are conserved it says these residues are identical through the different polypeptide chain that ou are comparing to. Only 27 amino



acids are identical but the two most important amino acids are the histidine at helix F8 and E7. These are the two important ones.
So each of the subunit also has a heme group.
Instead of binding one oxygen molecule. How many does this bind? 4. So each because it has four subunit. Each subunit has each individual heme group combines to four oxygen molecule. The difference is -- major difference between hemoglobin and myoglobin is the hemoglobin here has a quaternary structure. I think you have to fill this in. The quaternary structure you can see that they are individual subunits. If you take them apart it can be a standalone protein structure itself, but for hemoglobin to work to function as a hemoglobin it has to come together to form a quaternary structure. And these are mostly held together for the interior by hydrophobic residues. These are important for the coordinating structures.
For myoglobin, the oxygen binding is very, very straightforward. It balance the oxygen in high affinity when the partial pressure drops to a certain amount during exercise. Then it will release the oxygen. For hemoglobin the function has to be more flexible. And the reason for that is because hemoglobin has to pick up the oxygen in the lungs so it needs to have a high affinity in the lungs but then when it carries the oxygen in the blood throughout the



body into the tissues, it has to have low oxygen affinity so it can release the oxygen molecule. It needs to have some of the regulations that makes it have high affinity in the lungs and lower affinity in the tissues. We'll see how that can be achieved. That kind of a binding is called cooperative binding to oxygen. And highly regulated by three molecules which is carbon dioxide and also hydrogen and molecule called 2,3 BPG.
This is the two main forms that hemoglobin adopts so it transition between T state and R state. Let's focus on the T state. What is the major difference you see between the two states in just which by looking at it? Big difference. Yes, I think you are right track, so the answer is his HC3 is attached. You are looking at the right area. Ignore the histidine for now. Look at the centre.
You are looking at the centre. So the centre you can see in the T state you can see that there's a centre opening in the R state you don't see much of a opening. So this is actually a very big transition between two different confirmations.
The T stands for tense state and is deoxy state meaning in this state it has low oxygen affinity. In the R state it's relaxed state and also an oxygenated state in which has high oxygen affinity. So just from the information I gave you for hemoglobin can you guess when you found the hemoglobin in the lungs would it be mostly in the R state or T state? When it



has to have high affinity to pick up oxygen for the lungs? Yes, in the lungs will be mostly R state and travels to the tissue where it needs to deposit or release the oxygen it will be mostly in a T state. So it is like switch so has to be able to switch between the two.
There's a important property for hemoglobin is that the R state has increased affinity for oxygen so binding of oxygen any the two subunit will increase the affinity of other subunits as much as 100 fold this property is called cooperativity. So it doesn't matter which units it binds. Any binding of one oxygen molecules will increase the combining of another. We will see in just a second, why that is the case. Because it will trigger overall confirmation or change of the hemoglobin and this doesn't happen in myoglobin remember because myoglobin only has one polymer. It doesn't have another subunit that is located nearby that contribute to the overall confirmational change. I have a note here the R state is differs from the T state by a rotation of 15 degree of the alpha 1 beta ...	[Reading from powerpoint]
...	I don't know about you but every time as undergrad whenever I see explanation like this I prefer to see a video because it's a lot harder to visualize where do you do the representation. Bear with me. The reason why it's called tense state and relaxed state the tense state have lot more covalent exercise actions that we are talking about lot more



weak chemical interactions that hold the deoxygen state in a tense state when it shifts to R state as many a 50
non-covalent interactions are changed from this transition. This is repeat of what I said. I'm going to show you this video. You can also see. On the link. No audio. Show you the structural change for this. You have to determine crystal structure from R state to T state. It's going to show you this is the protein representation, surface representation it looks like moving of the blocks. You can see central cavity change quite a bit between switching between two different states.
So how does the oxygen binding initiate all those structural changes. This is interesting part. The four binding of oxygen the iron is	outside the plain of the heme and the heme is what we call has a puckered shape. So it's not completely flat, it is a little bit puckered shape like that little bit indentation you can see that histidine here forms the bond with the iron, ferrous iron in the middle.
When the oxygen is bound to the iron you can see that it brings the iron or pulls the iron into the centre of the heme group. Upon the binding of oxygen the iron moves into the plane and pulling with its histidine F8 from the F8 here towards the heme. So this triggers the overall confirmational change of the subunits here. There's alpha beta interface, different unit so binding the oxygen it can



trigger this confirmational change. Just to remember that this change confirmation that the graph show on the top here also occurs in myoglobin but myoglobin because it only has one subunit doesn't trigger the changes in interface but in the case for hemoglobin changes the interface so that it gives the cooperativity of the hemoglobin when unoxygen binds it changes the structure, shifts it by destabilizing the ionic interactions that hold it alpha beta subunits together so the other heme group will bind more easily that is what I mean by cooperativity, binding of one oxygen molecule will induce the binding of another molecule.
How does that work? I have another video to show you again this is the website where you can I can post the video on Canvas so you can access it. This is R state and T state. Remember R state is tense state with the oxygen binding that is with oxygen binding. How do we visualize that in the binding curve. Remember in the myoglobin case we have the hyperbolic curve but in the case for cooperative binding the shape is different and this type of shape is called a sigmoidal curve. This type of binding is very, very efficient because it allows full saturation of proteins in the lungs where the partial pressure is high and the you need to release the oxygens in the tissues where the partial pressure is low. So here you can see that again Y axis you have the fractional saturation from zero to 1 and X axis we



have partial pressure oxygen in kilopascal. In the lungs 13 to 14 partial pressure of oxygen which is very, very high.
So when hemoglobin travel to the lungs it will pick up all the oxygens in the lungs. Oxygenated blood in the lung and when travels through the tissue you can see the that partial pressure drops and percent saturation becomes low. The difference between the two is that in the lung is .98 which is 98 percent saturation minus the midpoint where the fractional saturation in the tissue gives you .58. That means that 60 percent of bound oxygen is released because there's 60 percent difference between the fractional saturation of oxygen compared to the lungs and tissues.
Again, hemoglobin has two states. The deoxyhemoglobin where you have zero percent zero oxygen bound and oxyhemoglobin where you have 4 oxygen bound. It's either fully loaded or fully unloaded. Every breath that we take has to do this continuously. So that is to make sure that the oxygen are picked up effectively and deposited in the tissues this process has to become even faster when you are doing exercise for example.
So the communications between different hemoglobin subunits is only possible because the quaternary structure of the protein. Myoglobin doesn't have this kind of communication because it's only one monomer but hemoglobin has this because type of communication because the quaternary



structures. Binding the oxygen molecule from one subunit Will induce oxygen binding for the neighbouring subunit because of the structural changes.
STUDENT: [Inaudible].
INSTRUCTOR: That is a good question. So the question is is a fully unloaded and fully uploaded how come 60 percent. Some of them are still being reserved, some will be bound to 4 oxygen molecules in the tissues. I don't mean that within those same hemoglobin it will be only 2 bounds. So total you have
1 million hemoglobin, so 60 percent of that will be released oxygen will be released.
So again I kind of keep emphasizing this. That is why myoglobin is for storage and hemoglobin is for oxygen transport because of the cooperativity of hemoglobin. If we overlay the two graphs together this is what it looks like. You can definitely -- from here you can compare the differences between the percent saturation their binding affinity. The here the dash line here is the binding curve for myoglobin which has hyperbolic shape and hemoglobin has sigmoidal shape. Remember whenever you see this graph to see how strong your protein will bind to a ligand you always look at percent saturation or binding at 50 percent. If you draw the line at .5, you draw it across, you can see the amount of oxygen that is required to achieve 50 percent saturation. So here myoglobin here is about 2.8 and hemoglobin is 26 and



notice that the number is slightly different because here shows torr. On an exam I will not trick you to give you different units ask you to convert or anything like that. So in exam I'll keep it in the torr or kilopascal. The important thing to remember is how you can extrapolate the binding affinity from myoglobin or hemoglobin.
In the lungs it's 100 torr. Very highly saturated oxygen. Hemoglobin is almost fully saturated. Hemoglobin picks up the oxygen and when it transports to the tissues, it drops -- partial pressure drops from 20 to 40 so saturation drops significantly. That is when the hemoglobin will release the oxygens. And the myoglobin in this case here will remain mostly saturated. Only at intense exercise for example the myoglobin senses okay, oxygen is being used very, very frequently now the pressure drops even further and time for me to release the oxygen to feed all those tissues to meet the physiological demands. Myoglobin acts as oxygen reserve in the muscles.
So do you guys have all the notes in here.
Hemoglobin for oxygen delivery; myoglobin for oxygen storage system. Okay.
For the hemoglobin how do the hemoglobin know when to pick up the oxygen, when to release the oxygen? It's because it has allow allosteric regulation of hemoglobin. Allosteric regulation mean this is type of regulation occurs when



binding on one site on the protein changes the structure and function at the other site. Note that myoglobin has constant high affinity for oxygen and doesn't have the allosteric regulation. So that is why allow it is to function as a storage and particularly for hemoglobin there's three important molecules that regulate the oxygen offloading from hemoglobin. These are the hydrogen, carbon dioxide and 2,3 BPG. This will be the last slide. You can finish the notes and for Friday's lecture we'll talk about how these molecules regulate the hemoglobin function and the problem sets will cover just hemoglobin/myoglobin topic for this week. Have a good day.
***************************************
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