






BIOC 202 - May 14, 2026

..................................................... INST MICHAEL KRISINGER:	Check, check.	Can you guys hear
me in the back?	Am I on?

All right we should probably get started, the slide advance isn't working but that's okay, we'll make it work regardless.
Let's start with a couple of admin items,

problem sets you should be working on; right?, acids and bases, hopefully you guys are working on those, problem set 2 is on protostructure what we're talking on now, PS2 is primary structures, which we did last class, and we'll keep walking through protein structure today, we'll zoom out and start bending the polypeptide chain into secondary structure, and then look at tertiary, quaternary and problem sets is on essentially amino acids and proteins, you can start working on that after today's lecture.	It is imperative that you guys have the solutions manual somewhere.	It's not good enough to work the problem sets, you have to know if you're on the right track; right?, so important and read the answers to the -- you know, check them with the answer key to make sure you're on the right track, you want to check your
progression that you're not going off, either have the
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study guide of an older book or if you bought the newest edition that you have, some copy of an answer key, either from our line somewhere, or the achieve or whatever it is; right?
Any questions from your end?	No questions.	All quiet.	Okay.	Questions grumblings gripes, sooner
than later, there's no time for it to boil over, we have to get to it right away.
What else do we got?	I think that's it from my end.	Cool, let's do it.
Okay, what are we doing today as I mentioned

zoom out of the details and look at the other types of protein structure coming out of the amino acid details zooming out all the way till we see the whole protein from afar to see what that looks like.
We'll get into protein folding, make some

remarks about that, what we know how proteins fold, how their structures are determined, really briefly talk about some of the techniques used out there to give you all the nice pictures that we see when we look at proteins in three dimension, and then look at modifications of proteins, we'll talk about that when we get there.
And then we will just in the last 10 minutes or

so, introduce the next major topic in the course,








which is enzymology, we'll spend about 10 minutes getting into it a little bit.	That's really the focus starting next week, we'll get into enzymes, thermodynamics in a big way.
Let's talk about secondary structure.	So I

think we're on part C, secondary structure so

secondary structure, definition here, it's the spatial arrangement of amino acid residues that are relatively close to one another in the linear sequence so we're going to study them again, and trying to understand
how they're interacting when they're relatively close to one another in the linear sequence.	So the key part of the definition is they're relatively close, next door or not that far away from each other within the linear sequence.	Once you see examples of this, the statement will make a lot more sense.		There's only three types of secondary structure.	We'll look at each one of these in turn, so let's look at the first one, first type of secondary structures, proteins can fold into or are known as alpha helices or singular alpha helix.
They're already shown up there in the figure,

we'll have a look at that in more detail in a second. But you can see part A on the far left-hand side-side, a helixes, a ribbon that the polypeptide is forming.








So alpha helix, how do we describe this verbally?

It's a polypeptide, so a polypeptide backbone, so any time we see polypap tight, backbone, L...forms the inner part of a right-handed helixes with side chains sticking outwards.
And we'll have a look at a picture here, so the

picture is already up there, 4-3 from your textbook Lenninger on page 112.	So let's have a look.	So first-off let's look at the most complicated picture, has the most information, the one on the left here, it's a helixes, first-off it starts getting a little more complex, yesterdaydated all of them were running
from left to right, that's obviously not the case here anymore, which way is the back-boned running, up or down?	Someone yelled up.	Let's have a look.	So how do you figure it out?	You find yourself an N, and you have to sing a song, NC alpha C naught, and where is the C alpha?	It's there.	That's a C alpha because it's got a side chain and a hydrogen right, then comes C naught, the carnal, so it runs down, actually.
Here is an N, which way is the chain running, up or down, it's going to be down again, NC alpha, side chain, our group, C naught, NC alpha C naught.	You
can try to sing the song, that is not C alpha, not

naught so it has to go down.	So the chain is








certainly running spiralling down in this helixes.	So

I think I labelled that, too.	The amino terminus is up there and it's running down towards the carboxyl terminus.
So the helixes, we'll make a whole bunch of notes now on this helixes, how we define these, the specifications of this type of secondary structure. So the helixes is stabilized by intrachain hydrogen bonds or H bonds between the N-H and carbonyl groups of the backbone.		So the helixes are stabilized by intra, not inter, intra.	So within the same chain, not between chains, that would be inter.	Intra hydrogen bonds.	So do we see any hydrogen bond in
this highlander helixes, of course we do.	The stipple

lines, they're in between the N-H, the hydrogen, making a hydrogen bond to an oxygen.	Here is another one, here is another clearly shown one, and N-H bonding to a carbonyl oxygen, it's within the same chain, interchain hydrogen bonds.	Any one of these
NHs and are carbonyl are in hydrogen formation.	Let's

describe the pattern of this bonding, this hydrogen bonding.	So the carbonyl of course has those two lone pairs if we want to detail it a bit more, on residue, call it (i) forms a hydrogen bond with the N-H of residue I plus 4.	What the heck does that mean?








Let's have a look at a -- if we take this helixes and stretch it out again into something we're more familiar to see, the pattern of hydrogen bonding is really clearly shown in this diagram.	If you have residue I, whatever number that might be.	Here is residue i, here is the...it's going to hydrogen bond
with this carbonyl oxygen to the N-H to residue i plus

4, since...plus 1, plus 2, plus 3, I plus 4.	If this is residue whatever, 82, and this would be 86 would make that hydrogen bonding pattern.
Same thing.	This one bonds then to that one. It's the same pattern over and over again.
If we go back to our helixes, we can see that pattern, if you're very careful, you can count that out.	For example, chis, if you choose this carbonyl group, NCLC naught, it's making a hydrogen bond to this N-H.	Is that the one that's a few residues ahead, i plus 4 ahead?	Let's have a look.	So this
would be residue i.	So then comes i plus 1NC alpha is in the back, C naught, then comes NC alpha C naught, i plus 2, i plus 3, there's i plus 4, if you carefully study it, the that pattern repeats itself all the way
down.

Certainly easier to see if you stretch it out

and show it like this, but an alpha helix is of course








shown as we saw previously.	So this figure here that we're looking at is figure from Stryer 2-25 page 39 to show you clearly that hydrogen bonding pattern.
Another thing that we note is mention...write it down

again, all N-H and carbonyls in the backbone are hydrogen bonded.	There's no exceptions.	There we go. Every single one is a hydrogen bond formation pattern. There's no -- N Hs left out, it repeats that pattern.
Another thing we see is residues, residues are separated by 1.5 angstroms.	What does that mean? Well, moving through three dimensional space using these alpha helixes as secondary structures, you're moving one-and-a-half angstroms, in this case the helixes is running up and down you're making
one-and-a-half angstroms from, for example, a C alpha carbon to the next one.	So that would be the distance up this helixes would be one-and-a-half angstroms, every time you're making a distance of one-and-a-half angstroms in that direction the helixes is running.
More characteristics of alpha helixes.	R groups

i and i + 1, and i + 2, so essentially if you're this residue i, the next residues in sequence, the next one and the following one, the next two, are far apart how can that be, they're right next door, they're pointing in completely different directions in








three-dimensional space.		If you're, for example, this residue right here, you're pointing this way, the next one is pointing to the front, and the following one points completely the opposite direction, they're in different three dimensional spaces.	If you keep turning around the helixes, you'll come back to that original residue again.	So by extension for starters, i, i + 1 and i + 2 are far apart in three dimensional space, and .5 is the extension of that thought.
R groups i and I + 3 and i + 4 are close

together.

So essentially what you have is if your residue i, you're sticking out this way, i + 1 sticks this way, i + 2 sticks this way, i + 3 goes to the same side you were, plus i + 4, so their sharing the same dimensional space, whereas i + 1 and i + 2 are on the other side.
More characteristics, we're making a big list of

specifications of what an alpha helix is.	These are the exact specifications of what they are.	 So
left-handed helices are permitted, but are rare due to steric hindrance. This business about left handed and right handed helices, don't worry about it too much
but you can take a ribbon and thread it in two

different orientations, so this one is threaded in








this orientation, you can also thread it in the other way around, that changes the right and left
handedness.	Don't worry which handedness it is.	It's not that important, that point.	Just that the point
is there's only one type of helixes and they're all generally all right handed helices.
Point 7 here is alpha helices shown as ribbons which can you see that already putting that ribbon overlaying it on to the atoms of the backbound there. So sometimes when you see proteins structures you'll see a ribbon like that and you'll know right away alpha helix and you know specifications are happening in that helixes.
So helices are often shown as ribbons or

sometimes as rods.	So cylinders, and we'll see examples of that coming up.	And one turn of a helixes is equal to 3.6 residues.	Three residues you don't make it quite the way around and four you've already gone past your starting point.	So it takes 3.6 residues to make one rotation.	More general comments here, alpha helical content in proteins vary.	So in other words, some proteins have lots of alpha helices, some have very few, some have none, as we'll see later as well.
Look at an example of a strange protein keratin,








we'll do that in a second. One other point I want to make before we get to keratin is a helixes is usually less than 45 angstroms. So in other words,
one-and-a-half angstroms per residue, so 30 amino acid

residues is kind of the maximum length you would have a run of a helixes, and then it changes to something else, some other secondary structure that we'll talk about later.
Let's look at a protein that has alpha helical content to the maximum.	I forgot to show you this picture.	Here is your ribbons and rods.	So helices are often denoted with these ribbons and rods.	And if you see those in a protein structure, you know you
have an alpha helix with all its specifications.

Let's look at keratin.	So a protein I introduced on Tuesday in the introductory lecture, in your hair, your fingernails, it's a protein.	So, for example, keratin is a good example protein that has alpha helices in it, and it actually only has alpha helical content, no other secondary structure.	So figure 4-10 on page 117 gives us an example of a protein, keratin that has a whole pile of alpha helices.	So it actually has two alpha helices, thinking about the specifics a little bit, that can or that -- two alpha helices can intertwine all right.








Into something called a coiled coil,	so that's the case in keratin, so if you look at the structure of hair, we can do another way, we can start with the details and move outside out into the -- or start with...let's start with a molecular detail.	That's where we're coming from.
So amino acids, we can put them in a string, forming polypeptide structure as we learned yesterday, and then that structure can twirl up into a ribbon.
So there's your alpha helix of keratin.	If you want a

sequence of it, you look up the sequence of it and you can define all those residues on that helixes A. and two of them coil up.	So you have two of them bundling together as shown in these pictures here, and then in the cell, they start stacking, sort of in this arrangement, sort of the staggered stacking, and they form these protofibrils, and that defines then the
hair the main thing in hair is just a pile of keratin.

Let's get into the next secondary structure, that's alpha helices and all their specifications. Let's have a look at the second one down, beta pleated sheets.	Two or more beta strands, and what the heck
is a beta strand, let's put that in brackets.	This is simply polypeptide strands usually from the same molecule.	You have two or more of these beta strands








associated as stacks of chains in an extended zigzag form, that are stabilized by interstrand hydrogen bonds.	That are stabilized by inter-strand * hydrogen bonds or just simply H bonds.	It's such a long wordy description.	It's really difficult to describe structure verbally; right?	It's much easier to look
at it.	So let's have a look at a picture of this, and then all these words will kind of start making sense;
okay?

Figure 4-5a on page 114 for starters shows us what a beta strand is.	So let's start off with a beta strand.	Beta strand are pretty easy to identify.	All it is is good old polypeptide structure, more or less stretched out in this zigzag pattern.	Which way is
the backbone running? STUDENT:	To the right.
INST MICHAEL KRISINGER:	That way, big arrow helps you out too, right.	So the beta strands are usually shown
with big broad arrows pointing in the direction of the sequence textbook makes all kinds of mistakes, if you're doing...it shows a long sequence of errors.
And NCLC naught, going that way.	So all it is is

polypeptide backbone stretched out in this zigzag pattern.	So beta strand.	And now let's look at a beta sheet, so there's an extra figure, not from your








textbook, that shows a beta pleated sheet.	So you can have multiple of these beta strands stacked together. So there's stacks, there's three of them stacked together, and they all have that same zigzag pattern, doing it together, synchronized patterns, pleaded sheets, like pleat the pads, folds of them all ever going in the same direction.
Which way are the beta strands running?	What

about this top one?	NCLC naught, what about the middle one, which direction is it going, going that way, that's a CL, that's a C naught, going in that direction, and this is one running in that way again. So they're running in this one happens to be running in alternating directions.
So the statement now should make more sense, two or more beta strands, yap (?) polypeptide strands from the same molecule associated as stacks of chains in an extended zigzag form.	That makes sense now, and that are stabilized by interstrand hydrogen bonds, hydrogen bonds are between the strands this time.	Look at the hydrogen bonds, they're keeping the stacks together between the strands as opposed to alpha helices the hydrogen bonds within the stand, intrahydrogen bonds. This is interstrand hydrogen bonds.
Just like with the alpha helices, specifics for








these beta pleated sheets.	So the first one is the distance.	Kind of compare them now to alpha helices, the distance between amino acid residues is 3.25 to
3.5 angstroms, so the distance you're making in three

dimensional space when you move from one residue to

the next.	Here is a C alpha.	Go to the next C alpha. You're making a distance in that direction of 3.25 to
3.5 angstroms if they're more spread out compared to

alpha helices where we only made a distance of 1.5 angstroms in space.
Second point.	The R groups of adjacent residues or neighbouring residues pointing in opposite directions.	We see that in the picture up here?	Sure we can.	Focus on the R groups.	So, for example, here is a C alpha, the purple pointing at us, and the next one is pointing into the page, and the next one comes at us again, the next one into the page, the next one comes at us.		So they're alternating, up down, up, down, with the plane of the sheet.
Okay, more specifications of beta strands.	So

beta strands are often depicted as broad arrows, pointing to the carboxyl terminal end.	So if you sing your song, NCLC naught going in that direction, the arrow often points that way.	So I think I showed you there's a broad arrow, so often they're depicted as








arrows, this one isn't showing arrows.	Here is another example of a beta pleated sheet showing the arrows.
Make some comments about the hydrogen bonding

now. So the strands can be arranged in pleated sheets for starters stabilized by interchain hydrogen bonds H bonds. ...definition of them. Let's talk about how
we can arrange these beta strands in a sheet, there's

different ways of doing that, so point 4 will break it apart a little more.
So the sheets can have strands that are several options now, we can have them being antiparallel, and we'll start with that one. Antiparallel beta sheet.
So an antiparallel beta sheet, the N-H and carbonyl --

so the N-H and the carbonyl, just focus.	It's not that complicated, just do it.	I shouldn't talk mean to it.	[Chuckling].
All right.	So the N-H and the carbonyl.	I made

it green.	Let's say you're the green residue.	 You're the green residue, the N-H and the carbonyl hydrogen bond to a single residue on the other strand.	Let's have a look at this one.	It's a fairly simple one to understand.	Figure 4-5 b on page 114.	Yes, this one. So for starters, these -- antiparallel beta sheet because the strands are running in opposite








directions, you can prove it to yourself, again, by singing the song, NCLC naught, the arrows are showing you that as well, what about the hydrogen bonding pattern.	Let's say you're this residue, this green one, I just made it green.	The pattern is you're just simply pairing up with a buddy across the street and essentially holding hands, it's like going like this, holding hands, N-H, the carbonyl, and the N-H, the carbonyl.		Same pattern repeats itself all over the place.	That's a characteristic pattern bonds for the antiparallel beta sheet.
Let's have a look -- you can also have beta

sheets that are parallel.	So here the N-H binds to a carbonyl on one amino acid residue.	And the carbonyl of the green residue, that's you, binds to the N-H two residues further.	Let's have a look to see if we can find that pattern.	 So here is a beta sheet there. Parallel they're all going in the same direction; right?	All the beta strands in this case are going to the right, parallel.	And let's have a look at the hydrogen bonding pattern.	Do we see what I've just described.	Make yourself one of them, let's pretend we're this guy here, this green residue that we made notes on, this is you, of course you're going to be hydrogen bonding, the N-H, you're not doing it with








the guy right across the street, you're not hydrogen bonding with him.		You're bonding with the NCLCF naught, and two residues further you're bonding with that amino acid.	So you have something that looks like this, you're right across the street from this
residue and you're bonding like that on angle, so this

one and that one.	That's the pattern you see.

So with these hydrogen bonds they're kind of on angles, 45 degrees angles.
Notice the difference, I'll flip back and forth,

parallel beta sheets antiparallel from parallel, looks different, is different.
So that parallel one.	Let's make an annotation here, figure 4-5 c on page 114.
The other type of sheet we could have is mixed, essentially a combination of the...shows a figure beta sheet, beta pleated sheet, S2-3 on page 42.	So Stryer uses green balls as the residues, different colouring for the residues instead of purple, it's a mixed
sheet, the top 2 are parallel, and the bottom 2 have

an antiparallel pattern.	So we find all the same rules, between the antiparallel one you're pairing up with a guy right across the street from you, and the other one you have them on angles, just like we described.








A couple of other small notes on more general notes on beta sheets.	So the distance in primary amino acid sequence between two beta strands can be small or large.	What does that mean?	Well, it means essentially you have a protein like albumin 500.		I don't remember 570 whatever number amino acids.	It means this residue is maybe 100, this is 102, 103,
104, and this could be, I don't know, 305, 306, 307.

The distance in amino acid sequence doesn't need to be small or large.	Or maybe this is a strand and right away it goes and folds back on itself.	This could be quite small, this is residue, whatever, 18, 19, and right away come back to it, 27, 28, 29.
So we have no idea of what kind of distance

where we are in primary amino acid sequence.	And it will become a lot more apparent once we zoom out a lot further.	Beta sheets can be flat or twisted.		We've been mainly looking at flat ones for simplicity.	I'll show you more pictures of the beta sheets, just
showing those arrows now.	A bunch of references here.

I just put together a bunch of different pictures from the textbook, 4-18C, 4-16B, some other stuff, extras. So let's have a look at this kind of montage of pasted together figures.	What we see essentially are a bunch of beta strands; right?	And they're arranged in








different configurations, so the top one antiparallel going on here, some parallel beta strands, all these are parallel, antibeta.		Mixed beta sheet, then it's not totally flat, it's got some twisting, but mainly fairly flat.	But something like this is obviously twisted in three dimensional shape.	Same with this one.	It's got some twisting going on.	So obviously not going to have the hydrogen bonding pattern complete out here, you probably have it perfect here but then it fails on this end.	But the beta strand keeps doing its thing, it has more hydrogen bonding between this and this.	You can also have the beta strands twist up into this barrel, another configuration that we see in proteins that they form these beta parallel, a bunch of antiparallel strands coming together.
I want to now come back to the...plot, the

Romwin Shan or Ramanathan (sp?) figure 4-4 on page

115.	So Rom...plat, the reason we have alpha helixes and secondary strands is because they fit the bill for the five sided angles.	The twisting of the primary structure into the secondary structure is allowed because that's where you're permitted to twist.
That's why we're seeing these specific specifications

of these two types of secondary structures.	So if you








look at a Romwin Shan plot and you pop in these, the helices are right in this area, if you make a helixes your 5-sided angle is right here.	That's exactly where you're allowed to be.
Beta strand are occupying this region up here. So they satisfy those regions.
So left handed helices are permitted, they

occupy another little area here, so to some extent you sometimes see them.	But, again, this right handed helixes is a lot more fascial.
Let's look at a pyruvate kinase, only about 200 amino acid residues, happens to be an enzyme but for our purposes it's a protein.	If you take that and map it out every single five side and put a dot on for
that protein, on the RC plot, each plot represents one of those residue points where what the angle combinations are for phi and chi.	You can see it's hammering the errors.	These proteins would have a bunch of alpha helixes and a bunch of beta strands.
And it also seems to also have a little bit of a

left-handed helixes

STUDENT:	So these dots represent essentially on the amino acid sequences.
INST MICHAEL KRISINGER:	The dots represent the angle

combination of phi and chi.	So remember phi and chi








can be twisted about the N, N-H, C alpha.	Single bond that you can move and then C alpha, C naught, not one that can move.	Where those angles are, exactly worry about it.	How would you know what a 37 degree angle
is exactly, that's not point of the course.

STUDENT:	Do you know how they tested what angles work and what angles don't work.
INST MICHAEL KRISINGER:	How do you know what angles work

and don't work?	So we have this data -- you know the structures of proteins, so we have a structure, then you can go in and measure what the angles actually are.	So you're working backwards essentially.	You have a structure and say what worked here.	If you do that with all proteins, you get this generalized
picture.	This is one protein.	You can do this with a thousand proteins, and then you get this average on
the left.

All right.	So we've done alpha helixes and beta strands, the only other type that are tack about are loops and turns.	So peptide chains can often reverse direction.	So if you think about beta strands,
they're kind of going in one direction, alpha helixes

are going in only one direction, if we only had those types, we would only be going in one direction.	We have to accomplish some type of a turn, so that's








where this type of loops and turns can reverse direction.		There's a couple of ways of doing it.	So this can be accomplished by a so-called reverse turn, which is a common structure or by a larger loop, which has no common structure.	So what do I mean by that common structure?	A reverse turn is something very specific.	It's just like an alpha helix, we're not going to go into the details of doing the specifications of a reverse turn, but that's a very specified structure on how to make that bend in the rope.	We're not going to go into the details.	Or it could be some larger loop that has all kinds of variation, tons of possibilities, as we'll see in a
sec.

Let's look at an example now.	Figure 4-19 on page 125.	We'll look at pyruvate kinase.	It's an enzyme, a protein unfortunately, you saw the RC plot there.	Let's look at the actual structure now of the pyruvate kinase.	Zooming out even further.	So what
do we see?	Pyruvate kinase, there it is.	Ignore that

little detail they're pulling out there, I should delete that.	What do we see, what kind of secondary structure does it have?	Does it have alpha helixes, yep, beta strands, yep, how are they arranged?	Looks pretty damned twisted to me, it looks like a parallel








twisted beta sheet.	And what else do we see?	Well, if whatever isn't in alpha helices is in loops and turns.	They're in one or the other.	So niece are the loops and turns that are connecting your beta strands and alpha helixes.
So how many termini does it have...C termini.

So somewhere there is the start, somewhere is the end, I can't seem to, I can't see it anywhere, it would be nice to move it in three dimensions, maybe that comes in here and leaves there somewhere there's a start and an end.	The start is the end term nulls, and the end terminus, it runs all the way.
STUDENT:	The N...

INST MICHAEL KRISINGER:	Here you point to it. STUDENT:	Here.
INST MICHAEL KRISINGER:	Yeah, okay.	Yeah, you're right,

because this looks like a continuous.	That is one terminus, it spins there and goes that way, and it goes that way, i.e. that is the end terminus.	Starts
there and continues this way.	It's much easier if you

have it on your computer, you can find the termini quite easily.
That is pyruvate kinase.	So a couple of other little bits we can add.	So note, although the primary sequence determines the final 3D shape.	We're talking








about structure, you cannot always predict the secondary structure from the primary structure.	We're certainly getting better at this, we'll talk about protein folding and AI in there.	But we're getting better at doing this, but it's still pretty difficult often.	If you have a primary structure sequence, it's analogous with sequence of your polypeptide, if you have a piece of that, you don't know if a part of a sequence will turn into a helixes, a same sequence could also another protein could turn into a beta strand.	 So there's no definition for that is a
helixes or that is a beta strand.

So depending, we just extend that thought.	So depending on the surrounding or -- depending on the surrounding environment, a set of residues could become an alpha helix or a beta strand or a loop or turn.	Any one of the types of secondary structure.
Any questions on secondary structures?	That's

it, there's nothing else to talk about.	Essentially all proteins in the -- that we know of, they only ever form alpha helix, beta strands or loop.	Let's talk about tertiary structure.
We're going into part D, tertiary structure. So always at the beginning I have to define these to talk about what tertiary structure, this time it's the








spatial arrangement of amino acid residues.	Same start of the definition, so spatial arrangement of amino acid residues that are far apart, it's the key part of the definition here, from each other in the linear sequence.
First part of the deferential is a little

extension to this.	So when acids are far apart from each other in a linear sequence as well as the pattern of die sulphite bonds disulphide bonds.	So when you think about tertiary structure, you're really talking about three dimensional structure, you're talking
about the whole thing now.	So tertiary structure is

really synonymous is 3D structure already.	Looking at the whole thing, fully zoomed out.	That there, what we're looking at there is tertiary structure, looking at the whole thing, of course we see secondary structure.	Well, you don't have any primary
structure, we don't know the sequence, not shown.	But

we see how all the secondary structures are stacked together, how residues far apart from interacting with each other.
We'll make more comments about that here in a

second.	So each -- each protein's tertiary structure is different.	Different structure, gives us different function.	So we have different structures for all our








proteins.

Some example, use myoglobin, come back to myoglobin from what it does later.	But just to give you a snapshot, protein as in your muscle, an oxygen storage protein.	So the oxygen that you breathe gets delivered to your blood stream to your muscles, where you have a bunch of myoglobin, and they can hold on to the oxygen, and when you have to start exercise, muscles need a lot of work, burning fuel, they need to oxidize fuel, we'll talk about that in second hand reports, there's a little essentially oxygen tank, you store it on a pile of myoglobin molecules, so there's an oxygen storage in muscles.	We'll talk about the myoglobin, it's a single polypeptide of 153 amino acid residues.	So fairly small proteins, much smaller than ammine that we talked about earlier.	How many N terminus and C terminus, one each, one N terminus, residue 1 is N, and 351 has the C terminus, how many peptide bonds?	152.	1...so very compact molecule.
And 70% of the polypeptide is in alpha helices.	So it

happens to have 8 alpha helices, so 70% of its sequence is in alpha helices.
Most of the rest -- so the other 30% -- is in loops and turns.	What kind ever secondary structure doesn't it have?	Various strings.	Okay.	It didn't








make any use of those in shaping its final structure. It has no symmetry, and complex folding.	We'll talk about folding later.	Let's have a look of it.	Figure
4-15 on page 122.	There's a myoglobin.	Myoglobin

shown in four different illustrations.	Let's start -- something we're used to seeing already, tertiary structure showing the whole structure.	Always see a pile of alpha helices.	There's eight of them there, and they're connected by loops and turns.	Okay.
And what is B showing us?	Well, if you were to

add back all the atoms, it would look like that.	So if you're a water molecule and you bumped into this thing, this is what you would run into, this is a surface contour model of the protein, myoglobin, showing you all the surface residues.	Obviously you can't go through this, it's full of atoms, inside it's full of atoms.	There's no spaces, we're just showing how it's folding with this secondary structure illustrations.	This is is what it actually looks
like.	So you're seeing the surface contour model of

that molecule.

Let's talk about the figure c and d here in a second.	But before we get to that, let's talk about that red thing.	So it contains a buried haem, which is also known as protoporphyrin, with protoporphyrin








ring containing an iron 2+ atom.	We'll talk about haem later when we talk about myoglobin function, but for the time being we'll just write it down.		It's a little extra molecule that it's bound to, and that's where oxygen binds, so it's able to bind on that red haem molecule that is bound by the protein.	So the core of the protein is like most globular proteins, like myoglobin, so the core of the middle of the protein, the core of the protein is almost exclusively hydrophobic.	So we talked about that last class, when we talked about the amino acid residue, all the air surfactants, aromatics, they like to be inside in the
core.

So figure D or let's do C, C has taken a second...added back all hydrophobic side chains.	So you can put a hydrophobic side chains on it and stick representation, and they're almost all pointing inwards, hiding away from the water.	D is showing you the yellow hydrophobic atoms, although a side chain. You can hardly see all of them.	If you were to cut them open, it would be all yellow inside, mainly
yellow inside.

The blue atoms are the polar charged amino acid chains interacting with water.	I'll make a note of that in a second, too.








So the core protein is almost exclusively hydrophobic except it has one histidine residue which is also needed to bind to oxygen.
We'll talk about the function again later of

that histidine, histidine is a polar, sometimes even positively charged residue, but it's in the inside what about the surface of myoglobin, what do we see there?	So the surface as already mentioned, the surface is a mixture of polar charged and very few nonpolar residues.	So very few yellow is showing up on the surface.	It's mainly those blue groups, blew atoms that are the polar charged, yesterday, the spar tats, supper denoting, etc.
Make a couple of other notes here, putting some

of this all together.

Part 1 is many beta sheets and alpha helixes are amphipathic.	What does that mean?	How can you have
an amphipathic secondary structure.	Yeah, sure you

can.	Let's say this is an alpha helix, my cup, maybe longer, you could have one side of this helixes hydrophobic, and the other side hydrophilic, so you can think about how you can bury an entire helixes
there.

For example, the helixes that is sitting up here, it's probably amphipathic, it's probably








sticking out, all the ones down are hydrophobic.	So is the...probably the case for most of these, depending on how you orient these.
You can see all the hydrophobic side chains are

sticking in to the core.	They're not -- if you were

to put on hydrophilic side chain and put them in blue, they would all be sticking out.
So many beta -- you can do the same thing with

beta sheets, have an amphipathic, one is hydrophobic and the other side is hydrophilic.
IE, one side is hydrophobic and the other side


i.e.



Another point here, in order tore bury the


polypeptide backbone in the hydrophobic core the backbone needs to be hydrogen bonded.
So if you think about the secondary structure we

talked about already, alpha helices, we already satisfied that, they're all hydrogen bond; right?, that's done.	Beta sheets, they're pretty much all hydrogen bond.	N-H and...you buried that already into the core.	If you think about N-H, the H has partial positive charge on it, you do not want to be in a hydrophobic core.	The same with the carbonyl group,
it has two lone pairs.	It doesn't want to be there,

but if you hydrogen bond, you kind of knock them out.








The diebol (?) moments knock themselves out.		You want to hydrogen all that backbone N-H carbonyl.	So parts of the backbone that aren't in alpha helixes or beta strands, you want to hydrogen bond with something
else, maybe with some of the other residues or other residues; right?	You can figure out some other way of figuring out hydrogen bonds, it doesn't need to come from a backbone, it could come from a side chain residue.
One other point here, some proteins have

multiple compact regions called domains.	Underline that, domain, domains gets lost there in the middle of the sentence.	So some protein have multiple compact regions called domains joined by flexible regions of polypeptide chain.	Look at some protein examples with domains.	Myoglobin does not have separate compact regions, just one blob.	One kind of soccer ball
there, that's all you see.	But let's look at some

other protein examples that have domains.	4-17 on

page 124.	Let's look at the bottom one first, surface contour model.	Who knows what kind of structure this troponin canal binding structure, two things are stuffed together, two soccer balls glued together. Proteins with two domains.	They're independent
folding regions.	Evolutionary they were probably at 1








point separate proteins, and their genes got stuck together and at one point transcribed in one go, and now translate in one go.	So you have one polypeptide chain, there's only one N terminus, one C terminus where you have two separate domains.
Here is another example, protein with four

domains.	This one is easy to find the terminus, you can label them, one N and one C.	Thanks to the strands you know which direction the primary structure.
STUDENT:	Is the haem group on myoglobin a domain (?). INST MICHAEL KRISINGER:	So the hemo group in myoglobin,
the question is, is that a domain?	No.	Domains are protein structure, hemo is not a protein.	We'll
talk -- we'll look at the structure of it later.	It's a small molecule, it's not a protein.	We'll talk
about what it is later when we talk about myoglobin function.	The only thing we see here are the myoglobin...
The top has got four domains, and the

polypeptide chain starts here, the arrow is showing

you that, that's the end terminus, so at PH7 the N-H C plus, and the residue 1, 8 residues, I don't know how many.	[Counting]...	here minus C terminus.	Any questions on tertiary structure?	Pretty








straightforward; right?

Let's have a look at quaternary structure.	When you get to this spot, how can there be more, you can't zoom out any further.	Why can there be more?	Well, let's have a look at what quaternary structure is now. So this is the spatial arrangement of subunits, and
the nature of their interactions.	So subunits will kind of unpack that term here in a second.
So some proteins are composed of more than one polypeptide chain.	Let's pause there for a second.
Up to this point we've only looked at things that have a single polypeptide chain.	Myoglobin, all these examples here, one polypeptide chain.	Albumin, some proteins have more than one polypeptide chain.	That's when you start talking about quaternary structure.
So the chains -- the polypeptide chains can be

identical or different.	So, for example, if you have a protein that has two polypeptide chains, they are just simply two chains, it could then be a so-called home dimer or there are two different chains, two different sequences coming together, that would be called a heterodimer, so if they're identical, it's a homo dimer, if they're different, heterodimer.
You could also have a protein not just two

polypeptide chains, but three chains.	It would be a








trimer.	Maybe a homeo trimer, three identical chains. You can have four poly, tetramer, etc., you can have many.	There's proteins with many polypeptide chains. And it's called a multimer, a generic term that has many chains.
So some proteins, as we'll see later in the

course, some proteins must be multimers to function. So, for example, haemoglobin, wel talk about haemoglobin in great detail in not too long, a couple of weeks from now before the midterm.	We'll look at figure 4-22 on page 128.
So here is haemoglobin, at first look it looks

like all the other stuff we've seen, we inspect what type of secondary structure we see in haemoglobin, what do we see?	Alpha helices loops and turns.	What is not apparent, it's not one, two, three, there's four polypeptide chains that are stuck together to form this one structure.	And they're showing different colours.	So there's a light grey, dark grey, light blue, dark blue, those are all four different polypeptide chains.	They're polypeptide four chains coming together, four subunits as they're sometimes called, polypeptides coming together.	Left
side shows you secondary structure, and the right side

is, again, the surface contour, the water molecule, it








would be as big as this dot, bumping into it.

We also look at haemoglobin, another depiction, as we'll learn about it later.	It also binds oxygen, it brings oxygen from your lungs to your tissues, we'll talk about that whole process in great detail later.	But it's a protein that can bind to oxygen, because the oxygen molecule binding on some site, there's a bunch of movement, proteins aren't static, they have ability to go conformational change and wiggle around as we'll see later.
So haemoglobin is composed -- let's go back to this is composed of four subunits for four polypeptide chains.	So it's called a tetramer there's two identical alpha subunits, and two identical beta subunits.
Okay, that is such uncreative thinking, whoever

named these things, they could have named these subunits anything, why did they call them alpha and beta again, so confusing, they could have named them Bob and Sue.	Just the names for the specific subunits.	So it's composed of two identical alpha subunits, and two identical beta subunits, unique sequences and they come together to form the tetramer that you see up there.
So it's often called the tetramers are often








called alpha 2 beta 2 as we'll see later.	We'll talk a lot more about haemoglobin.
Let's have a look at another protein with quaternary structure, extra figure.
This protein here is a capsin protein of a viruses, it affects mice, this thing has 9 so called VP1 subunits, 9 polypeptide chains called VP1, and it has 51 VP2 subunits, so massive pile of subunits.	60 some subunits to form together this capsid on this virus.	It forms together into one giant protein.
All right, any questions on quarternary structures.	Let's take a break.	Let's come back in
10 minutes, so 11:33, we'll get going again. [RECESS]
INST MICHAEL KRISINGER:	All right, we'll get starts again.	Let's have another brief look at the outline, we kind of motored right through all the protein structure, so at this stage you can go for it, you understand protein structure, there's nothing else to understand.	Any proteins that you follow will follow these rules of primary structure, secondary structure, if it only has only one polypeptide and you've done
the tertiary structure, and some proteins have








multiple polypeptide chain, and you also have to deal with quaternary chain, but that's it, there's nothing else to talk about.
What we do next is talk about how they fold, how

do proteins actually get to these nice pictures that we've been looking at, if you flip through the laureate, litter, we'll look at what folding and approaches that give us the structures that we get to see, myoglobin, etc.
Then we'll spend time on protein modification,

which is quite an important add-on at the end here,

has so many implications, and as I mentioned we'll end off with an introduction on enzymology.
Protein folding, it's in the area that is still

kind of evolving a lot.	Still a lot being learned in this area of biochemistry, protein folding.
Even with limitations in the backbone, we're talking about those limitations, talk about, you know, mainly trans peptide bonds, peptide bond has got
double bond characters, therefore it's maybe also in

trans, and we talked about the limitations of phi and chi angle.	There are nearly an infinite number of possible structures a polypeptide could adopt.	If you think about -- you know, if you give a single residue just even three options for five chi angles, there's








some wiggle room there, if you multiplied that out by

150, if you get exponential add length, it turns into a giant number; right?
Really interesting problem.	Infinite number a

polypeptide could adopt, and it would take forever for each polypeptide to try each structure.	Because the amazing thing you have to think about is, you know,
you have a myoglobin, and you're looking at albumin,

they all have the same structure, it's not that sometimes they have a different structure.	They fold into the same structure, eastern though they have the ability to maybe try out these different possible conformation, they always look like exactly the same. That's exactly my next point.
So however, most proteins like albumin or fold into one structure in milliseconds.	So you give them the right physiological conditions, and boom, they snap into the right structure every single time.
So we currently cannot predict the 3D shape of a protein by analysing the primary structure.	So
primary structure or sequence; right?, you can write either/or there.	That last sentence is kind of on shaky ground.	So over the last two, three, four years that is becoming -- with all the AI technology, we're getting and better to starting to predict 3D shapes








from sequence.	But regardless, nature can figure it out every single time.	You give the environment, the aqueous environment, the right protein, the right PDF, the right	temperature, you fold together into the right structure.	It somehow knows how to do it.
What do we know about protein folding?

So what we're really -- want to talk about is if you have, for example, a protein and you have it unfolded, so just showing the backbone there, it's unfolded in a random coil, wiggling around in
solution, hasn't adopted a fold yet.	What do we know about it going to the folded structure?	What is that process like for it to fold?	How does it adopt okay, I've got to make an alpha helix and some boot strands and they are pair up, and the final structure is down here, so we have 100 of these, they fold up into the same thing.	What do we know about the process, from the unfolded state to the folded structure?
For starters, folding is driven by thermodynamics.	So what does that mean?	Well, we're trying to find or nature is trying to find the most stable complex with the lowest free energy.	So every time you make those noncovalent interactions, that's good, you're stabilizing the structure, making hydrogen bonds, great.	Vanderbilt (?) interactions.








We talked about in the interaction, there's an ionic interaction, great, stabilizing it, finding the lowest...by making all these non-covariant interactions.
So we're trying to minimize the change in free energy, gives energy.	So interestingly the delta G between the unfolded structures, there's many of them because it's unfolded, wiggly coil with the red thing on the top, and the folded state is small.	 So what do I mean by that?	Well, there's only about -20 to -60 kilojoules per mole when you go from unfold to fold. It's not a huge number there.	It's not like these proteins, once they form are rock stable.	There's not a lot of energy there.		In other words, proteins can quite easily unfold again if you mess around with the environment, pH changes slightly or something isn't quite right, they fall apart again.	These things are not superglued together into that structure is what that says.
Some of the stuff on folding is a nice review on

what we already talked about, bringing some of these things back.	So folding is mostly driven by entropy of burying the hydrophobic residue in the core.	So you have that hydrophobic effect, hydrophobic interactions.		So we want to bury those in the core








away from water, and positioning the hydrophilic residue on the surface.
So just like we've talked about before.	That's one of the main drivers.	If a bunch of these noncovalent interactions are helping out, but the main driver is the entropy approaches of getting those side chains and stuffing them internally.	These are the core of the protein.	So it's a good time to recall again the part that we just talked about before the
break.

So many beta strands, a single strand or maybe they're in sheets, beta sheets, you can also say here. And alpha helices are amphipathic.	So in order to
bury the backbone in the core or before I even get

there, why is this point important? Well, if you have an entire strand that is amphipathic, you can now bury the secondary structure, flip itself in the position
to orientate a whole piece of secondary piece of

structure, you're not dealing with a single residue anymore, you can deal with a whole piece of secondary structure that's already formed.	Also if a helixes is amphipathic, it will figure out how to position itself to hide away all those hydrophobic residues.
Another point to recall is in order to bury the

backbone in the core, we need to be hydrogen bonded.








It will need to be hydrogen bonded.	So hydrogen bonding partners will have to be made first if you want that backbone running through the core.
Let's have a look at this diagram now, this

strange-looking diagram up there, figure 4-27 page

132.	What is it trying to show.	It takes a bit of imagination, protein folding funnels as they're called.	They're trying to show what it might be like
if you think of yourself as this unfolded protein, and you're trying to get to the folded state.	So what these protein funnels are, energy minimization plots, so down into the hole is delta G is decreasing, so the lowest part of the funnel at the bottom has the lowest G value.	The higher up you are on this funnel, the higher the G value.	Free energy.
Okay, so what are these paths.	So essentially

there's many structures, each one of these green dots that I'm putting there, there's one, would be different structures of the unfolded proteins, many
different structures, it can wiggle around and take on

different structures.

As you get to the folding there's less and less options, and eventually there's a dot at the bottom, there's only one folded structure at the end.
What about all these weirdness in here?








Depending on how you fold, you might run into barriers in folding, so these are folding pathways, if you make lines through here, you're trying to get to the
bottom, and we'll talk more about that in a second.

So in its unfolded state there are many different possible structures, there are many
different possible structures with high free energy so delta G will still be a big number, hasn't changed
yet.	But as these species start to fold and the free energy decreases as we going down the folding funnel, the number of species also decreases until you reach the folded state.	So the final folded state is,
again, that, the pinnacle of that, or the end point in your funnel, it's often called protein structure when it's totalled folded are often called native structures.	So the final folded state or native structure to distinguish it from an unfolded
structure, which could have many different shapes,

different structures.

So what kind of conditions again, let's review that, what kind of conditions do you think you need for a protein to fold?	What kind of external conditions do you think you need for this to happen?
STUDENT:	Temperature.

INST MICHAEL KRISINGER:	Temperature is an important one;








right?	If temperature is too high, too much thermal motion, too much wiggling around, all kinds of things, hydrogen bonds.
STUDENT:	pH.

INST MICHAEL KRISINGER:	Why is pH important? STUDENT:	It could change the form of the sequence. INST MICHAEL KRISINGER:	Totally changes everything;
right?	You're going to have all those side chains

that have ionizable groups change what they look like. All of a sudden new charges appear.	It's going to totally disrupt all kinds of stuff.	So in other
words, if you have a folded protein and you stick --

change the PhD on it, it's going to unfold in a hero. Usually proteins are fold for somewhat narrow PhD range, maybe 1, 1.5 PhD units, if you go outside that, things unfold.	So they're made for their environment. If you have proteins that exist in your symptomatic,
pH 2, pepsin, it's made to live there, if you put it

in pH7 , it's unfolded.	That's how it...so, yeah, temperature, pH, salt concentration is a big one.	Too much salt is going to compete for charges.
So you have to have the right physiological

conditions for it to even entertain this folding process.
What else do I write.	Part 2 here.	Folding is








an all-or-none process.	What I mean by that is either the protein is folded or it's not.	So if the conditions aren't right, it stays as wiggly coil red thing up there.	The conditions are correct physiological conditions, it will fold into the native structure.	You do not have 70% of the structures folding, like 70% of your proteins fold, there have been an all fold, all or none.	You also do not have these situations where only half of the polypeptides chain did or.	It's all or none.
Another point to make here on folding.	It's a cooperative process so different parts of the protein help each other fold.	So in other words, as one portion of the protein folds, for example, let's say an alpha helix folds first.	So maybe a helixes just folded, you can imagine that, red thing up there, wiggly random coil, boom, a helixes just formed.	So that helixes will now influence how other parts fold. Let's look at a picture of this, figure 4-26 on page
131.	So here is a small little protein, 56 residue

protein, calling it a peptide, I would say it's a small protein.	Peptide -- sure.	 What's a peptide, what's a polypeptide, what is a protein?	There's no strict definition there; right?	The term peptide is used fairly loosely, normally small chunks of sequence








are peptides.	When you're getting into that 50 range, I start calling it a small protein already.
Anyway, they're showing us the sequence at the top. All 56 residues are shown, and the question is how might this thing fold? The final thing that
you're trying to get at is that.	So final protein has

a -- what is that, a mixed sheet, I see there, in blue, and then alpha helix lying on top of it, linked by a few loops and turns.	And the idea is there's not just one folding pathway, but maybe, you know, that little section residue 28 to 37 forms an alpha helix, maybe it starts forming a little bit, and then more of the helixes forms.	And maybe that helixes is probably amphipathic, and because it's am panic, it will start pairing up with hydrophobic groups on maybe this beta strand.	So it's positioning itself so it's hiding
away the hydrophobic characters from solution.	You

can make up 100 stories how it might work, but they're cooperating somehow
STUDENT:	I had a question.	I was wondering if we were to

change the pH and the structure of the amino acids start to change, would it fold into an alternative structure or not fold at all?
INST MICHAEL KRISINGER:	Okay, so you want to change the

pH and amino acids.








STUDENT:	No, the sequence is the same but we change the pH, does it fold into another alternative.
INST MICHAEL KRISINGER:	I got you.	So the question is, you have a protein, like this sequence, 56 amino acids, and let's say this folds nicely at pH 7 to the structure.	So the question is if we change the pH to pH 5 or four, would it form something else?	Very
unlikely.	I'm going to say no.	I have no examples of

that.

STUDENT:	It would just remain.

INST MICHAEL KRISINGER:	It would stay in its unfolded state, it would stay looking like random coil.
Okay.	So thinking about the pathways there,

it's not a linear sequence of events that is occurring to get to your native structure.	They're showing multiple pathways coming down to form this structure. So we can write:	Thus proteins do not have to sample every possible structure.	However, there might not just be one folding pathway.	So it's not a linear event, there's many folding pathways that are
happening at the same time, cooperative process.

All right.	One other important note to make, which I've said already many times, the vast majority of proteins follow a rule, which states that -- what's the rule?	The one amino acid sequence gives rise to








one structure rule.

I said it many times already, but it's good to write it down at one point.		So single amino acid sequence, you know, gives you that unique structure. That's pretty much a rule.		There are some very few exceptions to this rule that we'll talk about now. Some rare exceptions to this rule.	Okay, the first one is some proteins exist in equilibrium between two structures.	Super-rare, they will exist in equilibrium between two structures under the same physiological conditions.	So it's not this example that you're referring to where you change the physiological environment, same environment, but they can exist in two structures.	 Very interesting. They're essentially -- there's an equilibrium between those two structures, they're moving back and forth between these two.	And they're usually not drastically different, there are minor changes, but regardless they're not -- they're two different
efferently structures.	Even if there's minor changes,

they're still two different structures.

Second one.	Some proteins are completely or in part intrinsically unstructured.	What the heck does that mean?	Intrinsically unstructured.	So intrinsically means they're supposed to be








unstructured.	So they're made into the physiological environment where they're supposed to be, and they're still like random coil.	Well, how is that useful. They're supposed to be unstructured.	You can't assign function to a random coil.	So what is the point of that?	Well, the statement continues.		So some
proteins are completely or just part of it.	Maybe there's a loop that just doesn't fold, wiggly random thing, unstructured, and fold when bound to a binding protein.		So some other protein, another protein. Essentially this intrinsically unstructured protein is completely dependent on some other protein to be around.	Then it takes on its final shape, and then it does its work.	So a way of essentially turning on the protein.		It's an "on" switch.	It essentially has no role until its buddy shows up, this other protein, and then it can fold up.	It's almost like a -- it
triggers the crystalization of it to start folding

this other protein.	Both of these are super-rare exceptions to the rule.	Remember this part here.	One amino acid, one structure rule.	That is generally speaking always true, but I should mention those rare exceptions.
Let's get into -- let's talk about how

structures are actually determined.	We're going to








just briefly outline this here.

So determining structure of intact proteins.	So here are some pictures of proteins, you're going to flip open your textbook.	Lots and lots of structures are known as proteins.	How do we know what these look like.	Where are these pictures coming from; right?, you can't just take your magnifying glass and look and find these things; right?	 They're too small to take pictures of this.	How do we know what these things actually look like?	Is it extra slide here that shows the protein data bank repository.	PDB, protein data bank, any time there's a structure published, researchers that find these structures, they put them into this bank, protein data bank, it's an archival of all structures and all organisms have been solved in the protein data bank, you can look at it online, I don't know where we're at now, over 180,000 different structures are known of proteins.
So how are they determined?	First technique out threw that is used, experimental, is X-ray crystallography and this technique measures the electron density of a protein crystal.	We're not
going to get into the details of this.	If you take Biochem 402, spend 10 hours' worth of how this works. But in a nutshell, you take a protein, very high








concentrations of it, and try to get it to crystalize, purify the protein, and try to crystallize it, you can crystallize salt, they're very pure, it's the exact same lattice of this protein in a crystal, and you can shoot X-rays at the crystal, and a defraction of the
X-rays behind that you can pick up on the screen, take

a picture of it, and that weird defraction pattern, you can back-calculate where all the electron densities with where where the atoms were in three dimensional space, and you can calculate where the atoms were in three dimensional space.	Kind of mind blowing, but they've been doing it since the '60s.
So a technique used very much in biochemistry is protein structure.
Another technique is a technique that you probably learned, numb, nuclear magnetic resonance, NMR, has limitations up to 20 kilodaltons, and this measures of course the location of nuclei, where they are in space.	You can figure that out on a structure from that.
Another technique that's kind of come on line in the last 15 years is something called cryoelectron microscopy, and this technique uses an electron beam
to image a protein.	We're not going to get into

these, I want to give you at least some names of








techniques used that where these images come from.

Okay, and then the last one, that's just come on line here in the last few years, three, four years now is deep learning AI.	Something called alpha fold, is one of the main ones out there.	And it's used -- because there's so many structures known, it can start figuring out what maybe a new sequence that we do not have a structure for, what it might fold into.	And it's getting pretty damned good at it, it's not 100% perfect, but it's getting pretty close.
Any questions on that?	I mean, just giver you some -- something to just skim over really, on how structures are determined.	They're not just -- they don't just appear there from thin air, but there's some experimental techniques or computational
techniques now to help figure out what they look like.

Let's get into modifications of proteins, then. So it turns out some amino acid residues can be posttranslationally modified.	What does that mean? Translation, you all know; right?	Transcription, translation, so proteins are made on the ribosome, boom, there they could, they get made, they get made because they're in the right environment.	And after the protein is made, the surfaces, the aqueous environment, and some things can be done to it.	It








can be modified after it's made.	I think of it like a

Christmas tree decoration, protein is a Christmas

tree, and you can hang things off, attach new stuff to it.	These are the modifications you can add to proteins.
Let's go through some of these.	Figure from

Stryer 2-64 on page 57.	Forgot to show you this protein data bank slide.		So you can see the number of structures, how it's exponentially grown since essentially the '70s when myoglobin is the first protein to be solved.	So that first one you see in
1975 was myoglobin, and pretty much nothing happened

until the early '90s, we hardly had any idea what proteins looked like, end of story.	Before the '70s, we had no idea what they looked like at all and when some of these techniques got going, it's been an expansional rise.		So that curve, what does it look like, it ends in 2014.	It's gone like that, it's kind of plateauing now.	 And AI is kind of bringing it back up a little bit.	But I think we're at, like, nearing
200,000 structures are known.

Modification of proteins.	Let's look at some of these different modifications that we can add to proteins.	Start with the first one here, hydroxylation.	I'll give you examples.	Often when








you see these things, so, for example, collagen fibres in connective tissue.	Proteins in your collagen have many hydroxylations added to them.	So what is this specifically?	It's the addition as the name implies, addition of an OH group, hydroxyl group, and it
happens not just anywhere, it happens to proline

group, proline residues in this -- on these collagen fibres.	So on the surface of these proteins in collagen, so here is your big protein here on the surface, here is a proline residue, NC...CH2, normally CH2, someone added an OH, it's not a normal protein anymore, it's hydroxylated protein.	Hydroxyl protein. It's been added posttranslationally.
Another example.	Something called gamma

carboxylation.	So the addition of that hydroxyl group makes them absorb a whole lot of water.	It makes the proline way more water soluble, and allowed it to
glide and have a lot of water in it.	So that

definitely helps that function part of it.	Gamma carboxylations.	Look at that one.	This is found in your blood clotting factors, so blood coagulation is highly dependent on having gamma carboxylation occurring.	So first off, chemically what is this?
This is the addition of a COOH group.	Carboxylic acid

group to a glutamate residue.	Let's have a look at








the picture up there.	First can we identify glutamate?	So backbone is NCLC naught, normally this is a CH2, and the carboxylic...shown in black there. Now it's been carboxylated, so it's in additional expected addition ever COOH group, and it's happening on the gamma cash, gamma carbon of glutamate has been carboxylated, gam carboxylation.
So why is this important for blood clotting?

It's a long story but the proteins involved in blood clotting, if you found off your mountain bike or whatever, you're bleeding, the blood clotting where platelets are gathering, and they bind calcium, calcium two + can be bined (?) the site of damage and they start the blood clotting process, so you stop bleeding.	But you can't form this posttranslational modification, you have big trouble if you start bleeding, you would bleed out.	Important modification.
It always happen on glutamic acid residues. Another one you probably heard of before, in
other courses, perhaps, glycosylation.	So many cell surface proteins that stick out from the cell are glycosylated.	And what is this chemically is the attachment of one or more sugars to a residue.	So what residue is it?	Well, there's only some residues








that fit the bill. Asparagine, serine, threonine, or tyrosine, spermidine side chain, the serine...and all the hydroxyl containing side chains.
Let's have a look.	Here is a sugar being added

to an asparagine they're showing us, backbone,

spare-gene and CH...here, carbonyl N-H 2 normally, but now it's got a sugar added to it.	Maybe you've heard of N link glycosylation, cell biology class?	Sugar N link to the protein, to an asparagine.	There's also oh, link glycosylation.	That's using the threonine,
or tire...glycosylation.

Essentially you can have a protein and put a sugar on it.	We're showing how the sugar is attached to a protein.		And it happens only on these sites.
Who puts these sugars on there?	They don't just magically attach.	There's enzymes that do all these modifications.	There's enzymes that attached all
these sites, not just any serine, not any spermidine,

very specific sites, specific proteins that will have these modifications happening to them.
What else have we got?	The list goes on.	This one here, star this number 4, superimportant. Phosphorylation.	I'm sure you've heard of that
before.	Anybody heard of signal transduction?	Taking

microbiology, cell biology.	Is in a transduction








pathways, nobody has heard of this?	Some people have,

okay.

We'll talk about it later in this course.	So don't worry, we'll get you caught up on phosphorylation.	This is the attachment of a phosphate group to an OH group.	So on the surface of
your protein, where do you find OH groups, they're the side chains of same three customers, serine,
threonine, and tyrosine.	So enzymes can add a phosphate to those sites.	 Here is a picture of it, here is a serine shown that has been phosphorylated. Where is my pointer?	I'm losing it, I can't find my stuff anymore.	That's annoying.	I'm just going to use my -- I'll just point to it with my finger. Phosphoserine, in black OH, that's serine.	Does that change the protein having a phosphate on that site? Before it was just an OH group neutral, all of a sudden there's a minus 2 sitting there, complete
different protein, taking a big blob, changes what the protein does.
Phosphorylation often turns on or off the function of the protein, depending on what it is. It's an easy way, it's a reversible, take it off again, you can do it and then not anymore.	Single
transduction, on off, on off, make it go, not go.	And








we'll see that later in the course.

Another one acetylation.	So this may affect protein stability.
So first-off, chemically what is it?	It's the

addition of an acetyl group to -- where does the addition occur -- it's got to happen -- acetyl groups are generally attached to nitrogen.	So addition of the acetyl group to the N terminus or the other place
you can add an acetyl group, where else do you have an amine?	What side chain has a primary amine?	It's lysine.	 So the lysine residue.	So when you have an acetylation, it eliminates the positive charge that's normally associated with the N terminus, N-H 3 or the lysine N-H 3.	So if you put it on there, it
eliminates the positive charge.

Again, you're changing the look of your protein with this modification.
Let's do an example of acetylation, we can do it

on the N terminus, just draw the little N terminus of a little terminus here.	N, C alpha, C naught. Decorate this a little bit here.	R group.	This is
our C alpha, so it must be the hydrogen there, NCL for

C naught, and I'm not going to draw the rest of the protein, maybe it's sitting over here, C terminus,
it's the rest of the protein.	Nicely folded, I didn't








draw all the secondary structure because I'm too lazy, and NC...C naught, this is the N terminus, so normally you would put N-H 3 there +, if you're at pH 7, PKa is around 9.	So at PH7 it's pro -- it hasn't lost it's proton yet.	But acetylate, what's the acetyl group, the acetyl group is a two carbon chunk, carbonyl and methyl.	That there -- just put a little red sort of thing around it.	That's the acetyl group.	You
post-translational modification that we're currently looking at.	So the N terminus is...it doesn't have a
+ charge anymore.	When you acetylate, you lose that positive charge, no more charge, and I have a little extra bit here.	This addition to the N terminus stabilizing protein, so this protein gets to live longer having this, and it comes to half lives of protein, gets addressed in bio chem...gets to have that on their N terminus.
All right, another one.	Farnesylation, this

anchors a protein to a membrane farnesylation.	What the heck is farnesylation?	Chemically it's the addition of farnesyl group specifically it happens to cysteines.
Way hidden in the back of the book, figure

27-35, page 1139.	Post-translation modification, now where is my pointer, still haven't found it.	Here it








is.	All right, let's have a look, this is another interesting posttranslation modification.	Here is a protein, Ras, who cares what it is, we're not interested in the function right now, we're just interested in these Christmas decorations, here is your protein, on the surface of course you have all
the polar hydrophilic charge groups, including what is this residue here?	What is an SH group, cysteine,
it's a free...cysteine, so that would be SH2SH would be the full side chain of cysteine.	So here it is, what this farnesyl group is a essentially a hydrocarbon what property does it have?	Nonpolar, superhydrophobic.	So this protein here floats around happily in the society sol of your cells, guess what happens when you link this hydrophobic to the surface of the protein, where is it going to go.		It wants to hide that thing somewhere.	What do we write down, it anchors to a membrane, so it jams itself into a membrane, you've localized the protein to the membrane, you've changed the location where it
operates.	Before the post- it's free to float around, afterwards it's now on the surface of a membrane. Completely change where you've localized it, thanks to just a single modification.	So the list goes on, there's many others, I'm not going to cover every








single type of protein modification ut there's bio

502, with specific functions.

I would say phosphorylation and glycosylation are probably the most important ones that you'll come across a lot.	A couple of other things, modifications that are not chemical additions to proteins not only can we add to them but we can also cut them apart. Proteins can be cleaved after synthesis.	So this can activating or inactivate them, depending on which specific protein you're talking about.	So this can activating or inactivate.	Let's do an example here to clean this up a bit, it's always easy to see an example, general points often do not make sense until you see an example.
So fibrinogen is another protein you have floating around in your blood.	Fibrinogen.	It's a protein that's cruising around in your bloodstream, and it does absolutely nothing.		Inactive, nothing wrong with the function.	You have your wipe-out on
your skateboard and you're bleeding, blood clot starts

happening, and there's a protein in the blood pathway called thrombin, that's an enzyme that cleaves, so it can cut a peptide bond within fibrinogen, you're going to cut the polypeptide, make some cuts into it, and
the resulting product is fibrin, which is has a








function, it's active.	There's also some small peptides that fly out from the cutting, the clipping. But importantly, fibrin forms, and that's like a fishing net that can be put over your platelets that stop the bleeding.	So fibrinogen is there as a starting material, you're only going to make use of the active product, make the stuff on the site where you need it.	So this has fibrin has function, but it really requires the cutting to occur in the polypeptide chain somewhere for it to become active can come from one long polypeptide.
So this is especially true for bacteria,

bacteria tend to like to transcribe long stretches, translate long stretches of sequence, and then what they do is they cut them up into maybe four chunks, and then they fold into four different proteins.	So it's also posttranslationally we're seeing stuff happen to get to your final functional protein.
Okay, so you can add things to your proteins like Christmas decorations or sometimes we require
some cleavage to get to your final functional protein.

Any questions on that, so that should hopefully come together?
Okay, I'll spend the last 10 minutes introducing

enzymes.	So okay, up to here is problem set 2,








problem set 2 is on amino acids, peptides, proteins, all that structural stuff.	So over the weekend, problem set 2, check mark, you've got four days now, and start reading into enzymes, do your reading, so that you're caught up.
Section 3.	Enzymes.	Do a little intro, like I

always like to do.	Definition coming up, biomolecule that acts as a catalyst for biochemical reactions. Usually a protein, there's also examples of RNA that act as catalyst, but usually it's a protein.	What's a catalyst?	Let's just define that here, too.
Catalyst.	Definition coming up, it's a chemical that

can increase the rate of a reaction.	That's the first part of the statement, and then without being
consumed.	Continue -- whoops I'm off the page here. Getting recycled essentially, you can do many turnover events, substrate to product conversions.
So an enzyme, putting it all together, speeds up

the rate of a reaction.	And I'll show you some examples of that here in a second.	Why is this important?	Well, this is needed in biological systems.	We are just a bag of chemicals, we
constantly need to convert one chemical substrate into a chemical, it happens all the time.	And we need enzymes to speed up these reactions.	If you don't








have the enzymes, you are going to be in trouble.

We'll spend the last few minutes staring at this beautiful table, nothing like ending off with a big table of numbers, after a two-and-a-half hour lecture, let's look at a table of numbers for a while.
Let's look at a table from Stryer 8.1 on page

220.	And one thing that scares students a lot, enzymatic rates, the mathematics of how fast things go, and I want to kind of just put that to bed, it's not a big deal.	And I'll tell you why in a second let's take an example of a protein that you're happy to have in your stomach working or in your digestive
track, let's look at car box...they tell you all kinds of stuff about it, yada-yada, look at what it does.
So carboxypeptidase.	Even if you're eating a cucumber, not much protein, but it's a plant, and plants have proteins in them, not very many, or maybe
a big giant T bone steaks, lots of protein coming down

the pike.	Point being you're going to have proteins going through the digestive tract, and in the intestines is a number of proteases that we'll talk about next week that break down dietary shall
including car box peptidase A, its function is to clip off the last residue of a peptide, this may be a dietary peptide, puts water, in this case it releases








a tyrosine, you could cut off the leucine, etc., away from the carboxyl amino acids into your dietary track. Great tyrosine, absorb that, and I don't know what you want to do with it, maybe build some more muscle. That's good.
You want these proteases breaking down dietary

proteins into amino acids that we can absorb.	Why would we want to have a...or bovine.	We want to take the amino acids so we can build our own stuff.	 So what about the rate of this reaction?		This reaction occurs if the enzyme is present, with the C, it says
578, what does that mean, if you make yourself into

the carboxy peptidase A, what can you do for me?	A molecule, carboxyl peptidase A breaks 578 substrate molecules converted per second.		It does 578 cleavages in one second.	That's how fast the engine is running. Every second essentially liberates 578 amino acids, it's eating away 578 peptide bonds, saying the same thing.	So pretty fast; right?	Well, whatever, that's the rate.	Okay.	So that's nice to know.	This reaction also happens by itself, so how fast does it happen by itself, well, the uncatalyzed rate there is
3 times 10 to the minus 9, it seems like a pretty

small number, I don't know with those kind of numbers, there's a number in nonscientific, 3 times 7 to the 9,








....substrate molecules converted per second, is that

a lot per second ?	No, that's terrible.	That doesn't mean anything to me.	The half life of this would be
7.3 years.	So it would take 7-and-a-half years to

sort of get half of the whatever amount you have to break down.	Do you have time to wait around that long for your dietary proteins to break down in your stomach, probably not.	We need enzymes is the whole point of the game.	We need the enzymes to get the job done that needs to be done.	And that's the case for all of these examples, they will work by themselves, but it's always too slow.
STUDENT:	I was wondering what is KUN and...near the S, K

cat.

INST MICHAEL KRISINGER:	So we'll talk about that next week, the catalyzed rate, we'll talk about rates next week, and that's per second.	Second to the minus 1.
I'm just going to make one last comment here

which is exactly that so K cat is a rate.	So, for example, it's molecules converted per second per enzyme.	So hopefully I demystified what a K cat is, you're just asking the question what does the enzyme do, for example, per second for you.	Okay, guys, have a good weeks, see you on Tuesday.
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