






BIOC 202 - May 28, 2026

..............................................

INST MICHAEL KRISINGER:	We should probably get started.

Two weeks, what happens in two weeks?	World cup starts.	A fun little item if you're into that, not such a fan of how much money it costs, I've been following it since I've been this big so, it's fun to have it in your backyard.
Anyway, other events, we've of course got the midterm coming up, what is that, next Tuesday.	So it's coming quite quickly.		What do we have to cover still, not a lot.	We're approaching the end of the midterm material, so we went through carbohydrate, linear structural, ring structures and pretty much finished them off.	 We'll talk more about anomers.	I had to rush through that.	I spent way too much time
blabbing.	I hoped ending up early, but we were rushed to finish it.
We'll get into sugar linkages we still have to cover.	Much like we have amino acids can be linked to peptide bonds.	Sugars can be linked through a glycosidic bonds.	We'll talk about how sugars linked to things like proteins.	And this tiny classification thing is really a sidenote.	And we'll spend a bit of time talking about the midterm.	Kind of what's coming
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at you.	And we'll take a break, and then we'll start on material that is coming up for the final exam. We'll get into glycolysis, which is not on the midterm, but start into that part of the course. Question?
STUDENT:	I don't think the screens are turned on.

INST MICHAEL KRISINGER:	Oh, that's fun.	Let's see, what is going on here.	Hopefully we can sort this out. That was easy.	Okay, make this big.	 Okay, and then the other screen, and see -- yeah, thanks for telling me, would I have otherwise kept on talking.
No, now we did it wrong.	Okay, now we're good,

thanks for letting me know about that.	Today we'll -- after the discussion of -- after the break we'll have
a -- talk about the midterm and have a break and then talk about -- get into the meat of metabolism, glycolysis for starters, and then we'll walk through those 10 reactions, and see how that works in the body
STUDENT:	The screen is still not on.

INST MICHAEL KRISINGER:	Oh, it went off again. FROM THE ASSEMBLY:	Never came on.
INST MICHAEL KRISINGER:	That is troubling because they're

on down here.	Let me just try to close down the whole system.	It doesn't look promising, so you guys might as well relax, I'll make a couple of trouble calls.	I








don't know if you overheard but they're sending somebody, but I doubt if it's going to get resolved in the next 10 minutes, we'll not be starting for another
10 minutes, at least, if you want to go outside.

[Pause].

..................................................... INST MICHAEL KRISINGER:	Thankfully that's fixed.
Difficult to have a lecture without a projector.	I'd

have to revert to a chalkboard.	We don't have to go there, luckily.	Let's do it.
Get back into carbohydrates.	We talk about how we can turn linear structures into restructures (?). You have essentially that OH group attacking the carbonyl carbon as I talked about already.
And then you can -- every time you do this, you will get two new sets of molecules, the anomers.	We talked about the definitions already.	The OH is pointing down at that anomeric carbon.		You have the alpha and the beta.	Where is the anomeric carbon?
It's the one that got attacked.	So that, for example,

in this situation carbon 1, 2, 3, 4, 5s, OH attack on carbon 2 fructose carbonic, which then turns into the OH either pointing down or up alpha beta anomers.	You can also close it up with carbon 6 and OH, forming the bigger ring system as shown.








How do you know where to put all the OHs on your ring structures?	Let's figure that out.	So let's do
a little tutorial on how to convert linear structures into ring structures.	 How to convert open chain or linear to ring structure.	Let's do it with D glucose, start it off with the structure of D glucose, our favourite sugar.	What did I eat this morning for breakfast.	The kids bought Honey Crisps.	I looked at the side of the box.	It has 52% refined sugar, crazy amount of sugar, over half of what you're buying is just sugar.	 Anyway, little humming birds, they go off and do their things.
Glucose.	How do you draw it?	Six carbons, throw them down, 1 to 6.	And is glucose a ketose or an aldose sugar.		Aldose, that carbon is taken care of.	CH2OH.
Okay, now we get into got to do a bit of thinking.		D glucose, that's easy.	D means that the chiral centre furtherest from the carbonyl, that one, the OH is facing to the right.	Then you have a D sugar.	You have a D hexyl at this point.	There's no other way of knowing if you're drawing the D glucose. You have to memorize the position of the three other carbons.	That's the only one that is left.	Carbon 2 goes to the right, 3 to the left, and carbon 4OH goes








to the right.	Put in the hydrogens, and you're done.

How do we convert this to ring structures.	What you do is follow the atoms that face left, these guys here.	They will eventually point up in your ring structure, and therefore these guys on the right,
these point down.	But before we even get there, we

have to draw the ring structure.	What kind of ring structure do aldehyde exo aldose sugars make?
6-member rings.	Pyreknoll's ring.	Biochemists always put the oxygen on the right, a standard way of drawing your ring structures.	Something like that, 6-member ring with oxygen in the back right.
So let's label carbons here. Carbon 1, 2, 3, 4, carbon 5, and carbon 6 goes upstairs, CH2OH is already done with.
Then what do we do?	So what we want to do here

is carbon 5 -- where is 5's OH?	It doesn't have one. The oxygen is in the ring.	It did the nucleophilic... This is the new bond.	It did the attack on carbon 1 with the oxygen of carbon 5.
So this is the new bond to make the ring structure.	So you can use your little rules to put in the OHs at position 2, 3, 4, using your rules.	In red what is pointing up?	The OH on carbon 3, and in green the OHs point down at carbon 2 and 4.	Something like








that.	Just following your rules.

What else do we need to do?	Carbon 1 has an OH group.	But you can choose which way to put it, up or down, if you want to draw the alpha or beta anomer. Let's draw the beta version of this molecule just for argument's sake.	So we'll will become beta D glucopyranose.
So in the beta glucopyranose.	Carbon 1 for your

aldehyde sugars, and the OH is pointing up here, OH is up.	Therefore this is the beta anomer.	If you were
to draw alpha D glucopyranose, you would put the OH

down.

Okay.	So using these rules you can essentially turn any linear structure into a ring structure.	So all you really need to memorize is D glucose, linear structure and D fructose.	That's it.	And then you can use the rules to derive ring structures.	So you want to also decorate the rest of these carbons with hydrogen, make sure they have four bonds.	Something like that so the structure is complete.
So what about glucose?	So it turns out glucose in solution exists as one-third alpha ring anomer, and two-thirds beta ring anomer, as we drew upstairs
there.	And how can I have an "and"?	One-third +

two-thirds equals 1.	So very, very little, less than








1%, tiny, tiny amount of open-chain form.

So if you were a little water molecule floating around, you would bump into, most likely, the beta anomer of glucose and a bunch of alpha ring anomer. The ring can open, as I'll mention again later, and close again.	There's an equilibrium there.	So you have all three forms present.
What about fructose?	Your other supercommon

monosaccharide.	It exits predominantly -- so many letters -- predominantly, as a pyranose ring in solution.	But most derivatives exist as furanoses. And we'll see a whole bunch more of those later,
especially as we get into glycolysis later, what these derivatives are.	What about the conversion going between alpha to linear back to beta, this conversion between the alpha and beta anomers, it has a name. Maybe you remember it from organic chemistry. Conversion between alpha and beta anomers is known as mutarotation.	That's a term you should know. Mutarotation.	And indeed, as I already mentioned,
I'll write it down here, this is a spontaneous process, spontaneous process for glucose.	Oh, sorry. Thanks.	This is a spontaneous process for glucose and fructose.	In other words, there's no enzyme required to catalyze that reaction between the alpha and beta








anomers. This happens by itself.

Another little note about these anomers, modified sugars at the an metric carbon anomeric carbons cannot mutate.		And we'll get back into that concept later as well.		For example, if we put back our structure and drew our glucose, just put it back up here for a second.	So if you modify the anomeric accordance OH, this is it for glucose, if you hang something like a phosphate or other stuff, then it's locked in the ring, it can't go into linear anymore
and change it, it stays put.	So we'll see examples of that later.
So modified sugars at the anomeric carbon cannot open the ring and muta....
Let's talk about sugar linkages, just like amino acids we can also link sugars.	Sugar linkages, sugars or monosaccharides, saying the same thing.	So cyclic sugars can react via the anomeric carbon with a hydroxyl group or amine group, to form a glycosidic bond.	You can write the same statement now in another way, so that is the hydroxyl groups or amine lone
pair, attacks the anomeric carbon. Let's have a look

at how this works. We'll draw a picture of these two statements, put these statements to life. Let's make a glycosidic bond. Why don't we draw alpha D glucose








pyranose, something to sink our teeth into.	Alpha D glucose pyranose ring structure, pyranose once again, oxygen in the back.	Carbon 5 is already taken care of.	We want to draw the acyl ring...that's the alpha anomer.	And you have to know 2, 3, and 4, which ways the OH are going, as I showed you earlier, it goes down at 2, up at 3, and down at 4.	Something like
that.	You can also if you want give it some 3Dness, a

bit heavier in the back, if you're into that kind of thing.	And decorate the rest with hydrogens, carbons of course like four bonds.	Something like that.
Okay, so that's alpha D glucose pyranose.	If you want

to make bonds, you have to attack the anomeric carbon. It got a one to make it into a ring structure. The...attack the anomeric carbon already once, now we'll do another nucleophilic attack, so you have to having a nucleophile that comes from a hydroxyl group or amine group, and the hydrogen has to leave.	This happens on enzymes that take hydrogens away.	And you're going to make an attack here.	Let's do it in green, green nucleophilic attack on the anomeric carbon.	That carbon is going to yell out, something has got to happen.	Five bonds.	This guy takes a
hike.	OH leaves.	Okay, let's look at the product

now.	I'll put it up here, I'll redraw the exact same








structure.	Copying our pyranose ring, and I'll just decorate all these OHs.	Nothing is happening on this end of the molecule.	Going to leave the hydrogens out for simplicity's sake, you should label them.
And the bond, the globally acidic bond that we just made, thanks to the attack can be facing down or up *, so there's going to be two products, making it
go down.	In was the new bond we just created from the

other molecules oxygen coming from that other molecule R that had the OH doing the nucleophilic attack.	And the other molecule that comes out is water, so the OH is going to pick up a hydrogen from solution, you're
at PH7, so you form water, so you form a glycosidic bond, which label it, here is the glycosidic bond that we just created.	So you can have this reaction close off two ways, you can go have it facing down as shown, or you can have it facing up.	So you can just draw a second product here, I'll copy it exactly except I'll put the bond facing up in the final structure.
And here comes the glycosidic bond finishing up

thanks to that nucleophilic attack from the hydroxyl group from R.
So you can make a glycosidic bond not only with hydroxyl groups as shown, but also an amine group, amine has a lone pair.	Do the same thing, do a








nucleophilic attack.	There will be an enzyme that will make the hydrogen making it into a strong nucleophile and then you'll get the attack.
These modified sugars, we just modified the

anomeric carbon hydroxyl group.	Whatever molecule the

R is is hanging off the anomeric carbon's hydroxyl.

So note, as I already mentioned, these modified sugars at the anomeric carbon no longer mutarotate.	They can't open up the ring anymore.	They can't open up anymore.	So you locked it into the ring structure.
They are locked into the ring.	So knowing that bit of chemistry there, we attacked the anomeric carbon to make a glycosidic bond, if you think about
the possibilities now are huge; right?	If you look at

the chemistry, this general chemistry.		What could R be?	What molecules have an OH group?	Lots of them. What have primary amine.	You can make them left, right and centre to these sugars.	So indeed -- so sugars can be linked to all kinds of stuff.	Let's make a list.	Do proteins have an OH group on the
surface?	Primary amines on the surface.	Yep, you can link sugars to proteins.
Do other sugars have OH groups?	Yeah, obviously they have OH groups all over the place.	So you can link it to other sugars, and even link sugars to even








purines and pyrimidines, the bases in your nucleic acids, for example, ATP.	Adonin liked to a ribose, it's a glycosidic bond, that linkage.
Let's have a look at some of these examples.	Do

A first, so a figure not in your textbook.	 Where is the figure?	 There it comes.	So this figure shows a monosaccharide linked to a protein.	Okay, let's have a look.	This is going to be fairly easy.	If you've been studying already, you know proteins can be modified.	You can stick sugars onto proteins.	We looked at it already from the protein angle.		So here is a serine residue.	I told you serine can be linked to sugars.		Here is the beta anomer glucose... yeah, that's beta facing up.	Down, up, down, up.	Glucose ring, good.
NC acyl C naught, serine, side chain.	You have

to do a nucleophilic attack.	There's a lone pair, attack the anomeric carbon, and you just linked the OH group of your protein to the sugars.	This is an O
link glycosylation.	Serine, tyrosine and threonine,

they can perform the reaction.	You need an enzyme to do it, very specific where this happens in the body.
What about -- you can also do it with -- an asparagine residue, N link glycosylation happens by asparagines only.	Here is the asparagine side-chain.








So lone pair of the N-H 2 does the attack.	Water is leaving every time you make a glycosidic bond, that you've created right there, and right there.
STUDENT:	I was wondering if tyrosine can also do this

reaction?

INST MICHAEL KRISINGER:	If you look back on -- the question is can tyrosine also do this?	Absolutely. If you look back to your post-translational modifications, how do you add, you can add sugars to things, threonine (?) , purine, tyrosine, and then asparagine.	 Those are the four you can do this reaction with.	Technically you think why not also glutamine?	You have the exact same chemistry. Theoretical you can, but there's no enzyme that does it.	There's no example of it where as asparagine is
used.	It should work but there's no enzyme that does

it.

Let's get into linking sugars to sugars.	So of course a monosaccharide can be linked to another monosaccharide.	And what do you form?	You form a disaccharide, very generically.	And there's many disaccharides out there that you probably heard of. For example, maltose, lots of maltose found in many plants.	Barley especially has lots of maltose in it. You can grow it up in Pemberton.	 They grow lots of








barley up there.		Make beer with it; right? -- whoops, beer, two ee's.	Maltose.	 Tons of it in barley.		And you can ferment maltose.	Yeast can ferment it.	We'll talk about fermentation, that how that whole process works.	But it's just a disaccharide.	Specifically it's alpha D glucopyranose and beta D glucopyranose.
We already know what those monosaccharides are.	Those are just simply joined.	They're joined to form the disaccharide.	We'll have a look at a picture of it. There are two monosaccharides.	You have to join these up somehow.	How do you link two of them?	You have to attack the anomeric carbon's OH.	So that would be
this guy here.	So this OH happens to attack that anomeric carbon.	If you do that, you're going to form that bond to that glycosidic bond linking them.
This is figure 7-10 on page 237.	So

specifically to make maltose, what's happening here is the anomeric carbon, which is carbon 1 in glucose, the aldehyde, specifically of the alpha anomer, is
attacked by the hydroxyl of carbon 4 of the beta

anomer.	Or we can write the whole thing out, beta D glucopyranose.	So if you do that, if you complete this nucleophilic attack, water of course comes out, as always every time you do that water comes out.
You're going to form a glycosidic bond.	It's








called a glucose.	The shorthand notation is GLC.	All the monosaccharides have a three-letter code.	Don't worry about memorizing those, but glucose forms a
so-called glucose alpha 1-4, to glucose, glycosidic

bond, or a glucose alpha bond is formed.

When you read these globally acidic bonds, you always know there an anomeric bond.	It's always going to be alpha or beta is getting attacked.	So in
glucose is carbon 1, and the other question is where do the attacks come from, all over the place is possible, but it comes from 1 to 4 attack, the anomeric carbon.
That's the whole name of it.	And you can name it in different ways, as we already discussed.	So alpha 1-4 glycosidic bond for short.
Maltose, this disaccharide, can be cleaved.	You

can also break disaccharides apart by adding water back across the glycosidic bond, going in reverse, going back upstairs.		So hydrolysis is done by the yeast.	If you're fermenting beer, that's what's happening in your big vat of barley as it's fermenting, the yeast is breaking apart the maltose into glucose units.	If you eat barley, we also have an intestinal enzyme that does the same thing. Intestinal, so hydrolysis by the yeast or intestinal








enzyme called maltase.	So maltose is broken down by maltase.	Okay, and why do we want to do this?	The glucose that comes out as a product, you can absorb it through your gut, and you can go do stuff with it.
It's an energy fuel source.	The yeast will ferment it, as we'll see later.
Let's do another example, lactose.	Another very well-known disaccharide found of course in all kinds
of milk products.	What is lactose?	It's beta D

galactopyranose, joined to beta D glucopyranose.

Let's have a look at this guy.	Lactose.	So you have, again, two 6-carbon sugars coming together, galactose and glucose unit.	And what about the type
of glycosidic bond that we see there?	Well, it's a

Gal for galactose beta 1.	So the beta 1 carbon, carbon 1 of galactose gets attacked by the carbon 4s OH of glucose.	So you have a Gal beta 1-4 glycosidic bond, or simply a beta 1-4 glycosidic bond.
That's shown up there, figure 7-11 on page 240, and we can eat lactose.	Of course we like eating milk products, so you're going to be consuming this disaccharides, comes down to your intestines where you have digestive enzymes waiting, just like you have maltase, you also have lactase waiting.	So hydrolysis of this guy is possible by the intestinal enzyme








lactase.	So, again, if you see an ending in a-s-e, it generally means breaking something apart, often with
water.

So some people don't have enough of this enzyme; right?	Probably know somebody or maybe you're that person, can't eat too many milk products.	If you do not have enough of this enzyme, what happens?	You start feeling not so well; right?	So all the good lactose disaccharide goes into your intestine.	 If you're not breaking it apart, absorbing the sugar, guess what is down there waiting, a mount of bacteria. They love this stuff, they have lactase, and start using the sugar and ferment it, and make all kinds of gas, and you don't feel well.	Of course you can
remedy that, you can eat the enzyme, and kind of come back to square 1.
So one more disaccharide.	Another really common one.	Sucrose.	Sucrose also known as table sugar, icing sugar.	Icing sugar it was actually a disaccharide sucrose.	What is sucrose?	It's alpha D glucopyranose once again.	This time is joined by beta D fructofuranose.	First time we're seeing it in one
of our saccharides.	How is the glycosidic bond made. Here is the anomeric, we have to be talking about glucose, because the anomeric is actually C2.	So the








anomeric C1, configuration or anomer of glucopyranose is attacked by the OH of the -- just happens to be at the anomeric carbon of fructose.	So the anomeric carbon 2 beta configuration of fructofuranose.
What kind of bond do you form, glycosidic bond, specifically you get a so-called glucose alpha 1 to beta to fructose.	Glycosidic bond or because the anomeric carbon of each of these is involved, we can also write it in reverse, so you can also write -- so fructose 2 beta to alpha 1 glucose -- whoops, that should be a C there.	Glucose glycosidic bond.	And just like all these other disaccharides, we have the...present.	Sucrose is...by sucrase.	Hydrolysis is by the intestinal enzymes.
Let's draw this one out.	How do we draw these guys?	Let's try to draw this stuff here.	Going to draw the two monosaccharides and draw the glycosidic
bond.

First, let's draw alpha D glucopyranose. Essentially copy what we've done before.	Alpha D glucopyranose.	Alpha anomer, so carbon 1, OH, goes downstairs.	Got the alpha ready.		We know the glucose is down at 2, up, and down at 4.	Carbon 5OH is
already taken care of.	Carbon 5 OH is over there.

Carbon 6 is always upstairs.	CH2OH.	So that's the








alpha anomer of glucopyranose that you need to form glucose.	And we also need to draw beta D.	Beta D fructofuranose.
We haven't drawn a 5-member ring yet.	How do

you do that?	You put the oxygen in the back, and just slam in your pentagon shape, something like that.	So for fructose, that's the anomeric carbon, C2, so we also need a carbon 1, which starts off downstairs, CH2OH, carbon 2 is there, carbon 3 you have to know, there's no way of knowing this one.	Up.	Down you can use your rules from your linear structure to this. They'll still work.	This is carbon 5.	Let's just label the numbers here, 1, carbon 2, carbon 3, this is carbon 4, carbon 5OH was here.	This is the bond we
use to make the ring structure to the anomeric carbon, and we need carbon 6.	Always finish it off upstairs, CH2OH.	So the OH group, if we want to draw it's not always down.	Because we're drawing the beta version, the carbon 2OH is up, that's then beta.
So how do we make a glycosidic bond?	The

anomeric carbon, for example, from fructose, this guy here, this OH, is going to attack the glucose anomeric carbon.
STUDENT:	It's upside down.

INST MICHAEL KRISINGER:	There we go.	Here comes a








nucleophilic attack.	That carbon yells out, and you get the release of water.	So just draw this bond straight up, get the water out, and you have your disaccharide sucrose.	 If you look at the structure in the diagram, it doesn't look exactly how we drew it.
We drew it top to bottom to preserve the orientation

of our oxygens, what the cartoon in the book does, it has flipped the ring numbering around.	If you look here, normally you always label your rings in this clockwise orientation.	That's how the biochemists generally do it.	If you flip the ring around in the fructose example, you need more rules, there's nothing wrong with this image, but we haven't learned the
rules for it, so just draw it like this and maintain

that position and all the rules we talked about are correct.
All right.	What else should we talk about?	A

couple of other things, if the anomeric carbon is

free, [repeating], many monosaccharides can be linked. [Repeating].	So if you go back to, for example, the lactose structure, does it have a free anomeric
carbon?	Well, it has two anomeric carbons; right?

This is one of them.

This one isn't free because it's linked to something.	Here is another one that is free.	So this








anomeric carbon is prone to get another nucleophilic attack.	You can add more to it.
Sucrose, does it have any free anomeric carbons? Here is the anomeric carbons.	That's not free.	It just happens to be joined by the other anomeric carbon O.	So it doesn't have another one to be attacked.	So sucrose can't extend further.	Just because the anomeric carbons were used in the formation of the glycosidic bond.
But if you have a free anomeric carbon, then you

can link more monosaccharides to form the trimer, tetramer, etc.	So keep linking them, trisaccharides, tetrasaccharide and you can just call them polysaccharides.
So two important polysaccharides out there are glycogen, which we'll spend a whole bunch time talking about way later in the course.	But this is a polymer of alpha D glucopyranose, linked by alpha 1-4, glycosidic bonds and alpha 1-6, glycosidic bonds.
We have a bunch of glycogen, these polymers in

your muscles and your liver, we'll talk about that later, why you have these reserves of polysaccharides, lots of fuel in there, fuel tank.
Another really important polysaccharide that is

everywhere outside is cellulose.	This is a polymer of








beta D glucopyranose, linked by beta 1-4 glycosidic bonds.		So just by inspecting these two statements, between these two polymers they're very similar, glycogen has another branch, but acyl 1-4, beta 1-4, very, very similar.	This stuff here we can break down and get sugar out of it and run around like we'll see later.		Can you digest cellulose, no, you can't eat grass or a tree.	The only difference is this slight change in glycosidic bond.	Otherwise it's exactly the same.	Figure out how to take a pill to go eat cellulose.	You don't have to take food anymore when camping go.	 As long as you're not walking around in the alpine where there's nothing to eat, there's vegetation everywhere.
We'll get into more of glycogen and all that stuff later.
One last thing we have to wrap up, talking about carbon hydrates, any questions on that, glycosidic
bonds.

Let's talk about reducing and nonreducing sugars, which is a topic we need to cover, one of these prescribed topics that is just there that we should do.	So let's have a look here.
What is this?	Humans love classifying things,

putting things in groups and compartments.	So we can








do the same thing with sugars, you can dump them into different categories known as reducing and nonreducing sugars or sugar classification.
So how does this work?	So sugars that have a

free aldehyde group -- think glucose linear chain form...can reduce.	So if they have an aldehyde group, they can reduce the cupric ion, copper ion 2+. Reduction to cuprous copper + ion.	So you can't just have a reduction, something must get oxidized.	So the sugar gets oxidized in this reaction.	The sugar in this redox reaction, the sugar gets oxidized to a carboxylic acid.	Going from an aldehyde to a carboxylic acid oxidation.	And that allows the copper
2 to go to a copper+ reduction.	Okay, who cares?

That's a way of classifying sugar. You can mix your sugar of unknown entity with copper 2 plus.	If it gets reduced to copper+ is easier to follow visually. It changes colour, you know you have an aldehyde
group.	If the reaction occurs, these sugars are known as reducing sugars.	So they get binned into that category.
What about ketones?	Well, ketones don't have an

aldehyde group.	We have to make an extra note here. Ketones or ketoses -- ketone sugars or ketoses can undergo this process of tautomerization to form








aldoses.	We'll talk more about that later, but just for the time appreciate a ketone can turn into an aldehyde through this process of tautomerization. We'll see how it happens later.	They can convert quite easily by themselves, no enzyme needed.	So guess what?	Well, right now all the sugars can do this stupid reaction; right?	All the aldehyde and
ketones can apparently convert to aldehyde and then do

the redux reaction.

What is the point of classification, everything is lighting up your reaction.	So where are the nonreducing sugars.	It turns out modified sugars at the anomeric carbon cannot open the ring and thus cannot form a free aldehyde.
Okay, so now we're getting somewhere.	You can't open the ring, it can't form the free aldehyde.	Well, they then cannot keep thinking about what is going on here.	They cannot reduce copper 2 +.	If they can't
do the reactions, these sugars are known as nonreducing sugars. [Repeating].
Let's do some examples of some of the things we've seen already, and think about are these reducing or nonreducing sugars.	So we'll just look at figure beta on page 240, again, we've seen these already.	We can also think about disaccharides and add them to our








reaction with copper and ask the question, can they -- are these reducing sugars.	So let's start with lactose, a reducing or nonreducing sugar, which camp does it live in, does it have a free aldehyde?	No,
not right now as we're looking at it.	But this anomeric carbon is free.	What can free anomeric carbons do?	You can open you up the ring.	So you have a ring structure here and a linear structure here.	With an aldehyde, guess what, reducing sugar, it'll do your reaction.
What about this one?	Here both anomeric carbons are locked up in the ring because they're both modified.	Can't open up the ring.	No reduction is possible, nonreducing sugar.
So that's how you have to always ask the question:	Is the anomeric carbon free?	If it is, well, then you can open the ring and perform your reaction.	Even if it's a ketone, because it can do the tautomerization.	We'll talk about that tautomerization later.
One other thing we can talk about -- it will come up in the course as well.	If you have polysaccharide or even a disaccharide, you often talk about polarity of the molecule.		Just like you do with peptide, there's an N terminus and C terminus, you can








think about lactose, two sides of the molecule. There's the so-called reducing end.	 This is the area that can do the reduction reaction, opens up aldehyde. So it's known as the reducing end.	And then the other end is just by definition called the nonreducing end.
So the unmodified anomeric carbon is the

so-called reducing end.	So that's a term, reducing end, and the other end is known as the nonreducing
end. So you can add to, for example, with lactose, if there's an enzyme you can add to the reducing end, the carbon is free, you can add more sugars on that end.
Okay, that is the end of the midterm material.

Any questions on carbon hydrase sugars?	So hopefully some of that stuff should be review, but yeah?
STUDENT:	I was wondering if should we memorize the

formation of glucose and the other one, with -- INST MICHAEL KRISINGER:	The important structure to
memorize are glucose and fructose.	Linear structures. If you know your rules on how to make ring structures, you can convert them to ring structures.	Don't memorize the ring structures, memorize the rules. Because you can apply the rules to all kinds of stuff. I can ask you to convert something into a ring structure.	That is not glucose or fructose someone








else had your hand up.

STUDENT:	I asked -- I was going to ask the memorization, but you said --
INST MICHAEL KRISINGER:	We'll talk about tautomerization

later.	It's not going to be on the midterm.

Let's talk about the midterm before the break. Where is it, when is it, all that good stuff.	Next Tuesday, 10 o'clock, half your final course grade just as prescribed in the course outline.	Nothing new
there of.	We're in this room.	Two-and-a-half hour

exam.	Lots of time.	It's not a time-pressed exam. It's not -- the idea isn't to have to rush through it.
What you should bring.	To go to war you need stuff.	You need a calculator, maybe you have to calculate, delta G reactions.		Enzyme kinetic calculations, pencil or pen, I don't care what you write with.	Don't use a red pen or a big jiffy marker.	 I had someone write in red pen.	We'll have to use a different pen to mark your exam.
What else is there?	Provided.	You get page 2

will have all the equation and constants, look at the practice exam, it will look just like that.	You get the typical pKa values in a protein.	There's other pKa values, I'll give them to you in the question header, information like that is provided, you do not








have to memorize formulas, constants, etc.

Graph paper might be provided to do one of the...plotting a Michaelis-Menten plot.	Another important thing is I try to write the exam that there's equal weighting between the content.	You're not going to have half the exam on Michaelis-Menten kinetics.	It's going to be representative of the stuff we've done.	If you're still spinning your
wheels on acid base questions, just move on. Take the hit. I just do not get that. Move on. There's other stuff to learn.
This is something I always have on my exams.

There's no questions during the exam.	I have a question about this.	I don't want to have that
one-on-one conversation.	It's really disruptive to everybody else, and 2, it's superunfair; you're getting an advantage by having a conversation about the question.		For those two reasons, it's a dead silent exam.	If I make a mistake -- which I always do -- write some stuff that doesn't make sense, just
write about it. Your multiple-choice question sucks. There's two answers here. Often I have to throw away a multiple-choice question. We'll fix it afterwards. Just write about it.
No cheating.	I put that in there because








cheating cases take up way too much of my time when I have to deal with them.	They're like crazy time consuming.	And they're no fun for me, and I'm pretty sure they're not fun for the cheater either.
Format.	Check the practice exam.	It has the exacted same format that you'll see.	There will be some structure recognition.	Some matching questions, multiple choice, and then half the exam, approximately is in short answers, or you have some expected white parts of a page that you know.	Just fill up the stuff with your knowledge.
So do the -- check the practice exams.	Check

the answer keys, too, of the practice exam.	I give part marks
Show what you know, and you'll get some part marks awarded, even if you do not know everything.
Problem sets 1 to 6, the ones that will help you.	Try to get those questions done before, so if you've been doing them, you shouldn't have too many issues.
Office hours.	There's a bit of a mistake there. Have to be at another meeting today, but I'll be back in office in around 3, and I'll stay for quite a
while.	So that's incorrect.	I'll be -- I have to go

to another meeting today after lunch.	But I'll be








there later in the afternoon.	And then Piazza's going to be hot all weekend long; right?	I'll try to lift
as much as I can.	I ask you guys to help answer each other's questions, nothing like practising
biochemistry to give an answer, if you know an answer, write about it.
Any question on the exam?

What else?	Previous 202 student comments. Let's have a look.	"The questions asked are far too detailed."	It's like this is a bio-chem course; right?	Have you looked into Lehninger.	It's a bunch of details.	 That's the nature of biochemistry.	If you don't want to learn the details, stay in biology. If you want more details, go into hard-core chemistry
or physics the biochemistry the nature of the material we're trying to understand how the molecular shit works.	It has to be that way.
Subject matter is by definition detail oriented,

I mean I have to teach you guys the stuff that we're supposed to learn; right?
So much memorization.	That's true.	There is a lot of -- bio-Chem is a labour intensive subject, I totally get it.	It's not like a geography course where you can read at night how glaciation works and
you get it and write about it.	This stuff takes elbow








grease, there's no way to get here.	In the history of people, it wasn't a shortcut to get there.	So there
is a bunch of memory work, but if you're just memorizing it all, you're missing the point.	You should be doing the problem sets, understanding all the stuff first, and the memory should be going away. If it's not going away, there's holes in your understanding.
So learn the material, and often use your intuition, often you can use the lodge toxic get to the answer, I don't memorize everything.	I start guiding my -- the thing to get me the answer; right? Just draw it out a bunch.	It will come to you, if you're memorizing each one of those images, oh, man you'll never get to the finish line; right?
Hard test but fair.	He screwed us over.	Way

too hard.	So what do I say to that?	Well, this course runs at 70% for the last 10 years.	That's a pretty fair average I think.	So eventually I will -- after the exam, I often have to scale it if I wrote it too hard,but we'll sort it out.
There are exam questions on topics I've never

seen before.	Well, yeah, of course, we're not here to just regurgitate what I wrote.	You're supposed to be
a university student, you're supposed to be able to








take new stuff, apply your knowledge and spit out some actual knowledge thinking answer; right?
So there's also not enough example questions covering the lecture, that's true, it would be fun if we had an extra two hours a day to do problem-set questions and walk through them all.	We can't do five hours every day, it would be nuts.	But that's the way it is.	That's why I gave you guys to do the
problem-set questions.

So what I want you guys to do is, you know, I don't want you guys to become regurgitaters.	That's not the point of biochemistry.	That is the wrong kind of thing to ascribe to a biochem course.	You're supposed to become problem solvers; right.	You have
to start somewhere, learn the language of the amino acids.	But then you start understanding how to make use of all that stuff.	You start to understand enzymes use these side chains to get stuff done.	You start building the theory of how it all connects, and
you use that to start applying to the other questions.

If you're doing the problem sets, it's constantly asking you to get outside of lectures, that's the whole point, to let you to learn in that way, so you can take on new issues.
We're going to test all three components.	I'm








going to get you to do some memory work.	Is this the structure of arginine.	Really boring questions.
If I do not have some of those, there will be people screaming bloody murder. "You did not put any of that stuff in the exam," because people spend a bunch of time learning that stuff.	I'll try to get all those problem-set questions in there, too.
All right.	That's it for now.	Let's take a

break.	Unless there's more questions on the exam. Let's take a 10-minute break and then we'll start on section 2 material.


[RECESS].



INST MICHAEL KRISINGER:	All right, let's get started on the second half of the course.	Surprised there's still people here, I thought you guys would go home and start studying.	-- all right, some of the stuff we're going to talk about, although you're not responsible for, helps you learn the stuff for the exam, as you'll see here in a second.
Okay, where are we at?	We're starting off

carbohydrate metabolism now.	So in reality here, so we're going to start glycolysis, one of our catabolic pathways.








Section D.	Do an introduction, just define glycolysis, as the name already implies, so lysis breaking apart glucose.	So it's the sequence of reactions that break down one molecule of glucose into two molecules of pyruvate with the net generation of 2
ATP.

So let's a catabolic pathway, so catabolism generates ATP, we talked about that in general, and glycolysis is one of the pathways where ATP is going to be generated.	The entire pathway of these reactions is already up there, figure 14-2.	On page
512.	7.

So glycolysis is a pretty important metabolic pathway.	Every single organism on the planet earth does this pathway, bacteria, fungi, plants, you want
to name whatever you want to talk about, it does this.

There's very few exceptions.	Some strange bacteria that have very minor variations for this, but for all intents and purposes, everybody does this.	It's as old as it gets, this pathway.		It's pretty important, all life depends on it, pretty much.
What is happening in this pathway?	The

big-picture, glucose goes in and it goes through 10 reactions, and eventually you make two pyruvate, which I already wrote, two molecules of pyruvate come out.








And in that process -- interesting.	ATP goes in.	ATP goes in.	What?	Okay, two ATP come out and two come out.	So the net 2 ATP.	Minus 1, minus 1, you have to feed in energy at the top of the pathway, but then you get paid out at the bottom for next production of two ATP, as we wrote..
Okay.	Another topic here, another point we should make.		This is an anaerobic process for the microbiologists know what that is.	Anybody know what anaerobic means?	I.e. no oxygen required.	Aerobic processes are oxygen requiring; anaerobic, no oxygen require.	In other words, if you look up there, the oxygen that the haemoglobin has been transporting to the tissues, there's no oxygen anywhere in those reactions required as a substrate.	It's anaerobic process.
All right.	What is the point of all this?	So if you do glycolysis, you obviously make ATP.	That's great.	What about the pyruvate that comes out at the bottom?	 Pyruvate can be either -- you have a bunch of options for the pyruvate that comes out at the bottom. Those two molecules are pyruvate.	What can you do
with it? Answer 1, it can be converted into CO2 and water. In other words, turn glucose to pyruvate and fully oxidize and burn it; right? That's already








making the fire right there.	You can convert the carbon, pyruvate into CO2 and water.	That happens not directly but something value acetyl coA by the citric acid cycle and oxidative phosphorylation.	Just write this down, huge overarching comments that we'll get into later.	And oxidative phosphorylation.
Okay.	So option A1.	All we need to remember now, not even remember, it turns it all into C02 and water.	That's one option for pyruvate, or as we'll learn next Wednesday after the exam, you can ferment it into lactait.	Pyruvate can be fermented into
lactait.	Most people heard of lactic acid build up in

muscles; right?	We can do fermentation.	We'll talk about that when you do too many reps or your Grouse Grind, lactic acid build-up.
Another option for pyruvate called B2.	It can

also be fermented into -- carbon can be fermented into ethanol.	We'll talk about that fermentation as well so that you can have a good party on Friday and Saturday when the course is over; right?
Let's have a look at these options, A1, B1, B2, and this figure that kind of shows fermentation routes and kind of pathways for pyruvate.
We're not going to get into glycolysis just yet,

just an overview.	Glucose can be turned into 2








pyruvate as we just learned, and the question is what can you do with pyruvate, the option is you can completely oxidize it to CO2 and water.	That's one option.	Does it make sense?	Glucose 6 accordance. There's 2 carbon dioxides and four more.		Making 6
CO2s.	That's one option.	A1.	We'll talk about what

this other stuff is later.

Another option for pyruvate is we can ferment

it, mammals can ferment it to lactait, and many organs can do pyruvate into ethanol.	So we'll see how all these processes work.
But first we have to talk about glycolysis, how

does that work?	Coming back to glycolysis here. Lactate.
Glycolysis can be broken down into two phases. What are those two phases?	They're already kind of shown up there, on the right I write 6 carbon phase and 2 x three carbon sugars.	So phase 1 is the
so-called trapping and destabilization of glucose, followed by the cleavage of fructose.	We'll see that in a second.	So gly col scission starts with glucose, you can see it at the top there, and if you go further down, you'll start seeing the name glucose gets
changed into fructose, after the reaction 2 it's

called fructose.	The first phase, the top part there








is the trapping and destabilization of glucose, and then cleave fructose.	So the top half of glycolysis, energy goes in.	Let's just doublecheck that.	We're putting ATP in, the top half, we're investing energy. Putting energy, it's a catabolic pathway, it's the exact opposite of what you expect, it should generate ATP, but glycolysis, you actually have to invest energy first.	You're putting ATP into the system, in the top half of the pathway.	6 carbon sugar goes in, glucose 6 carbon, fructose is 6 carbon, and at one point the sugar gets split in half, into these two,
three-carbon molecules.	So the first half energy goes

in, and as I just mentioned and showed you sugars are modified and split.	[Repeating].	So if you look at what kind of modifications are being added to the sugars in the top half there?	Anybody have a microscope and see what is going on there?
STUDENT:	Phosphorylation.

INST MICHAEL KRISINGER:	Phosphorylation, phosphates are being put on, and those phosphates destabilize those ring structures to the point where they are able to break apart.	We'll get back to that.	So sugars are modified with phosphates and then break apart into two, three-carbon pieces.
Phase 2, the bottom half.	Here ATP and pyruvate








are made.	We have ATP and pyruvate generation. Pyruvate is the carbon product of the pathway, as I mentioned several times now, and ATP is made for profit at the bottom end.
So glycolysis, what is going on in detail here? Glycolysis occurs by 10 enzymatic reactions in the cytoplasm.	So essentially you have 10 enzymes, cytosolic enzymes, floating around, soluble, and they will look for their substrates and convert them to products.
Let's have a look at the preposition phase now

or phase 1 as I called it, the top half of glycolysis. Reaction 1, let's see how that works.	On page 514. Let's talk about how the glucose arrives in the cell later.	We haven't talked about that yet.	You had
your cereal this morning and it gets absorbed through

the gut wall into your blood stream, and we talk about how the glucose circulates in the blood, we'll get
into diabetes later on, glucose goes through the membranes and gets into the cytoplasm.	Glucose has just arrived in one of your cells, we'll talk about how it got there later.	If it's your cytoplasm, you'll have an enzyme, hexokinase is sitting there. So glucose is phosphorylated.	So there is glucose
just arrived in your cytoplasm, there it is.	And you








can name it in more detail.	This is -- did I not, alpha D glucopyranose, but glucose is fine for now. What happens with the glucose?	So glucose is phosphorylated, using -- well, the phosphate has to come from somewhere, it doesn't come from outer space and land on it.	It comes from ATP.
Glucose is phosphorylated using ATP by -- hexokinase is the enzyme specifically on carbon 6, yielding -- glucose 6 phosphate.
Let's look at the reaction.	Here is hexokinase.

It's going to take glucose and stick the phosphate on the carbon 6s OH, phosphorylate that hydroxyl group using the ATP as a phosphate donor.	We looked at this reaction.	We looked at the delta G in the last class. This is an example from earlier.	You can make glucose
6 into phosphate.	The phosphoryl transfer potential

of ATP allows that reaction to move in a forward direction.
Why is this reaction important?	This traps glucose in the cell. [Repeating] so what we're doing is we compare glucose to glucose 6 phosphate, the structural difference.	You just introduced the -2 charge by phosphorylating it.		So the charge group cannot diffuse or the charge group of glucose cannot diffuse across the membrane.	Once you phosphorylate








it, glucose can no longer leave the cell.	So once

it's gone through the transporter, it could go back if it's not phosphorylated, leaving the cell.	But if the cell wants to hoard that it phosphorylates and now it gets to keep it.
And putting a phosphate on the structure also

destabilizes the structure.	This also destabilizes glucose.	The reaction is also irreversible.
So if you look up there, it has a single-headed arrow.	It only goes in the forward direction.	There is no way of changing the reactant concentrations to make it go in reverse.	The delta G prime of the reaction is under standard conditions shown.	It's negative.	Wants to go in that direction.	But you can't change a reactant concentration to make ADP to make it so high it goes in reverse.	Impossible.	So the delta G prime naught is an irreversible reaction.
It's a kinase.	What is a kinase?	We'll use the

metabolic pathways to show facts about different types of enzymes.	 So here we have something called a kinase generally.	What is a kinase?	A kinase is a type of enzyme.	So it's defined kinase, definition coming up. It's an enzyme that transfers a phosphoryl group from ATP to another molecule, or more uncommonly, vice versa.








We already saw a kinase last class, creatine kinase.	Did the exact same thing.	It's moving a phosphate from one molecule to another.	So kinases, you can think of kinases -- enzymes do stuff.		You can give them these verbal definitions.	 Kinases, they phosphorylate things.	Phosphorylate things.	They go around sticking phosphorylate on different molecules. They go around stick phosphates on different
molecules.	And generally the phosphate donor is ATP. But it doesn't have to be.	Let's have a look at the hexokinase in particular showing a wire that kind of structural representation of a protein, enzyme in this case.	What are we looking at?	Stryer figure 16 on page 457.
What are we looking at?	In blue is hexokinase alone.		It looks like there's an alpha helix here. Bunch of loops, yada-yada.	If you put the substrate glucose into the active site, what happens?	There's a conformational change occurs when the substrate binds. For the midterm exam, what kind of mechanism is that for general enzymes?	Induced fit; right?	It's not lock-and-key because there's a structural change occurring when the substrate is binding the active site.	So the substrate is introducing a change, conformational change in the enzyme.








So let's make a note of that.	So glucose, the substrate for this enzyme, induces a conformational change.	This is that induced fit as opposed to the lock-and-key sort of mechanisms.	So glucose induces a conformational change in hexokinase.		We can write
such that glucose becomes enclosed in the active site,

except the carbon 6 of glucose and its OH.

Essentially the enzyme closes down on glucose, and the only thing that is left sticking out slightly from the active site is the carbon 6OH, whereby the ATP will bind and phosphate...	So recall it's the C6OH, that hydroxyl group, that becomes phosphorylated.
So that is the first reaction.	Okay, so glucose

6 phosphate is going to be made, leaves the active

site product, leaves the active site.	What happens to it?	Floats around in solution, and eventually finds and fuses to the active site of the next enzyme, which is the phosphohexose isomerase.	If we look at this reaction, we're turning glucose into fructose.	So we'll taking an aldehyde sugar and turning it into a ketose or ketone sugar.	We talked about this this is tautomerization happening here, and we'll talk about how this works now.	So an enzyme can really further this process along, speed up this rate of this reaction, that otherwise would happen in solution but








would take a very long time to reach equilibrium.

So what is this overall reaction occurring here. So glucose 6 phosphate is converted to fructose 6 fructose 6 phosphate by the enzyme phosphohexose isomerase.	So the overall thing we're seeing here is we're converting an aldose -- aldehyde sugar, into a ketose.	So how does this work?	If you look at the
two structures, they look very different.	The

6-membered ring, 5-membered ring, how can this happen like this.	Let's look at how this actually works.	So this is a multi-step process.	And what we're going to do here is we're going to be converting glucose 6 phosphate we're starting off in pyranose ring form. We're going to change this one, we're going to open
the ring up.		If you look at glucose 6 phosphate, the starting material, the carbon 1, is not modified, so there's nothing preventing this ring structure from opening up.	You can make the linear structure like we talked about already earlier, you can just open it up. So glucose 6 phosphate will turn then into a linear form. :so you're going to make the -- change it to the open-chain form or linear form, and then what we're going to do is do the tautomerization so form fructose
6 phosphate in open chain form.

And when you have the fructose in open chain,








it's going to close up to form the ring structure.	So then forming the cyclic furanose.	Let's put this little path, sort of sequence of specifics into an image, and it will make a lot more sense.	We'll look at the picture form of it, which is reaction to the mechanism, how it actually works on the enzyme
surface, on page 515.	So this is the overall reaction shown up there, which is how am I supposed to remember why would it turn from glucose to fructose as such? Let's have a look at the active site of this enzyme. Here is the enzyme, phosphohexoisomerase.	And the enzyme's active site binds the the open chain form.
It doesn't...the ring structure.	Glucose can open it up.	It does it all the time, between alpha and beta...the enzyme doesn't care -- it binds the linear form of it.	What does it do, then?	You're going to take the aldehyde, and turn it into a ketone.	Glucose to fructose structure.	Who cares they're phosphorylated.		Aldehyde to ketone.		That's the tautomerization.		How does that work?		You're going to play catch with a proton.	So the enzyme is able to take a hydrogen, and in doing so, you're going to form a double bond.	So you form this e-diol intermediate. You have 2 hydroxyl groups, with a double bond in the middle.	E-diol, double bond two hydroxyl groups.	And








the hydrogen is going to get donated back to the intermediate but in a different position.	So what you've done is essentially moved the carbonyl group down by 1.	From an aldehyde to a ketone, thanks to the e-diol.
How does the enzyme help?	It does lowers the

transition state by playing catch with the proton, ripping and giving protons that would otherwise be very slow to happen in solution.	But it's perfectly
positioned to start yanking the hydrogen and giving it

back.

Then the product, fructose 6 phosphate leaves the...site and closes up.	They prefer to be closed
up.

So the net reaction is the glucose 6 phosphate goes to fructose 6 phosphate.
What about an isomerase?	This is the net reaction again.	What is an isomerase?	It's just generally speaking, isomerase.	Well, it's an enzyme, as we just saw, speeds up rates of reactions, lowers the transition state, an enzyme that catalyzes the structural rearrangement of isomers.
Any questions on that?	Hopefully that comes together nicely for you.
Reaction 3.	So what are we doing next with our








product?	Well, the product will diffuse out again, you can go find it in the cytoplasm, there's a concentration of this stuff floating around; right, in your cytoplasm of all your cells.
So fructose 6 phosphate will eventually find the active site of the next enzyme reaction...glycolysis. So here we have of phosphofructo kinase 1, as you can see up there, also known as PFK1 for the phosphofructo kinase.	What does it do?	It's a kinase.	We've already been through them.		What's the verb. They phosphorylate.	So PFK1 it's going to phosphorylate substrate.	Fructose 6 phosphate 2.	We're going to
put a phosphate somewhere on its structure.	So you'll have two of them now.	So the only question now is where are you going to put the phosphate now.	We're putting it on carbon's 1OH.	So you'll form fructose
1, 6 bisphosphate.

Can we see that up there?	Yeah, sure.	We've got phosphate groups attached to carbon 1 and carbon
2's OHs.	What is this Bis?	Why isn't it called

fructose 1 diphosphate?

STUDENT:	To differentiate that it has two phosphates. INST MICHAEL KRISINGER:	The diphosphate also says 2;
right?

STUDENT: ...








INST MICHAEL KRISINGER:	So the answer is di always means that the units, whatever in this case phosphate are in succession, they're linked to each other, adenosine
dye phosphate, there's in a row.

Bis also means 2, but somewhere else on the molecule.	Two separate areas.
This is an important reaction.	We'll get to why later, but this reaction is the key regulatory step or enzyme, the key registry enzyme, and is the committed step what do I mean by that?	If a cell wants to do glycolysis and it gets passed to reaction 3, it's
going to go the whole way, we'll below through the

glycolytic pathway.	We'll make a decision at reaction

3, should we actually do glycolysis or not?	This enzyme is the one that really controls, yes, or no. We'll get back to that later.
This reaction is irreversible.	Okay.	Reaction

4.	Page 516.	From fructose 1, 6 phosphate.	That's a very unstable metabolite, sugar molecule, look at all those negative charges?	They do not like each other. This molecule wants to break apart.	All the negative charges on the phosphate, it is much happier to be separated.	And that's exactly what the next enzyme will help it do.	Aldolase breaks our 6 carbon sugars into three 6 carbon sugars.








So aldolase, and the a-s-e, usually means breaking things apart.	Aldolase cleaves fructose 1, 6 biphosphate into -- I have two products here,
dihydroxy acetone phosphate, or DHAP for short, and

the other guy is glyceraldehyde 3 phosphate, or GAP

for short.

Those are the two smallest carbohydrates.	They have to be at least three carbons big.	If you go back to carbohydrate lectures, dihydroxy acetone is the
only achiral sugar there is.	There is acetone -- what

am I saying -- ketone -- my brain is getting tired -- carbon 2 is a ketone, ketone sugar, and just happens to be phosphorylated on carbon 1, so it's dihydrate phosphate aldehyde, the simplest aldehyde sugar, and phosphorylated on position 3.
STUDENT:	How does the reaction occur if the delta...23?

INST MICHAEL KRISINGER:	So very good observation.	Glad you asked.	So this reaction in the forward direction, down to the right direction is drawn, the delta G
prime naught is 23.8 kilojoules per mol.	Will that go

in the forward direction?	No, no way.	Is the cell under standard conditions?
STUDENT:	No.

INST MICHAEL KRISINGER:	No, that means the reactant concentrations are set in such a way that it does go








in the forward direction.	So the delta G of the reaction will be negative so it goes in that direction.	Yeah, makes sense.
All these reactions under cellular conditions

must have a negative delta G in the forward direction.

So the reversible reaction, and importantly now we have two times three carbon sugars.	So essentially our pathway has split in 2.	I told you metabolism is normally a linear process occasionally at a branch point, this is a branch point, we have to work with both of them.	There's a branch in the pathway, which is -- there's no branching, in glycolysis, it looked all linear.
So -- but we do have these two different

3-carbon sugars, but we only want GAP, glyceraldehyde three phosphate...and not dihydroxy...phosphate.	So one way to get rid of it, the die doxy...we can throw it in the garbage.	There's no garbage can to get rid of waste.	So what else can we do?	We can turn the dihydroxyacetone phosphate, to another DHAP. Triosephosphate isomerase, we'll turn it into something we do not want a second molecule of...
Let's have a look.	So you can take the dihydroxyacetone phosphate and turn it into a second molecule of glis aldehyde three phosphate.	So








reaction 5 this enzyme here is another isomerase, or simply this enzyme, as you can see up here converts DHAP to GAP.	So reversible reaction.	Interesting enzymatic reaction, this one.	It's a very fast reaction.	So side detour into kinetics here of this dihydroxyacetone.	This is known as a kinetically perfect enzyme.	What does that mean, perfect enzyme. It has such a fast rate it's only limited by diffusion.		The K cat has nothing to do with how fast...the diffusion constant.		So it's limited only by diffusion.
This is like the Ferrari of all enzymes.	What's

the fastest car, some F-formula car.	Whatever, I'm making it up.	Limited by diffusion.
How do you turn a ketone, or this ketose sure, this ketone sugar into an aldehyde?	We just saw it before.	What's that term.	Tautomerization via an indol intermediate.	Let's look at the enzyme.	I'll
do it again.	This enzyme also works through an enzyme how it does the work.
So they're showing you the little active site where all the business goes on.	What are they showing us.	First off make sure it's receiving the right, dihydroxyacetone phosphate, and there's a bunch of steps, and out comes glyceraldehyde.	That's the net








reaction.	And so what else is happening here?	If you think about the substrate, it's got the ketone, okay. And the product has the aldehyde.	So, again, we've just got to go through an e-diagonal.	Enzymes are
good with that.	They can often pKa values that can help plug -- take hydrogen.	So this glucaemic acid very close to 7.		PKas can change depending on microenvironments.	So you can pronate the site, and then it can also give the hydrogen back to a different position such that you make the aldehyde.	All the usual customers are often found in this, glucaemic acid, histidines, reactive residues.
That's from Stryer.	I have to put the figure legend in, 16.5 on page 460.
Once you do problem sets for this section on glycolysis after the midterm of course, this figure will be quite useful to have around your desk when you're doing glycolysis questions.	So for carbon tracking questions, you can refer to this figure here,
14-6a on page 518.	And what this figure shows is

where the carbons, from originally glucose, glucose carbon 1 will turn into fructose carbon 1, which will then go into dihydroxyacetone this carbon here, and when you convert that into glyceraldehyde, it will turn into this here.	So it will help you where the








carbon has gone.

So that's the first half of glycolysis, we've broken our 6-carbon fructose into two, three-carbon sugars.	They're both glyceraldehyde 3 phosphate, so then we get into phase 2 the pay-off phase.	Phase 2 where we see ATP and at the very end pyruvate generation.
So just coming out of the -- looking at the

overview, where are we at in our big map?	So we've made now not one but two molecules of glyceraldehyde 3 phosphate, a little 2 there because we've converted
the dihydroxyacetone phosphate into a second molecule

of glyceraldehyde 3 phosphate.

Reaction 6, what are we going to do with glyceraldehyde 3 phosphate, a complicated reaction, we'll spend quite a bit of time on this reaction.	So reaction No. 6.		The overview of this reaction is shown there on page 518.	So what do we see?	GAP, glyceraldehyde 3 phosphate as shown up there, is oxidized, and phosphorylated to the product here 1, 3 bisphosphoglycerate.	It has positions 1 and 3, also known as 1, 3, BPG as done by glyceraldehyde 3 phosphate.	Dehydrogenase.	We'll get into dehydrogenase.	We'll define it later.	But before we even go there, a bunch of other stuff is required for








this reaction, it needs a cofactor, a soluble cofactor that is acting more as a substrate.	It requires something called NAD+.	In this reaction we phosphorylate the substriate.	The phosphate donor
here is not ATP.	It's just good old inorganic phosphate comes into this active site to cause the phosphorylation.	So phosphate comes from inorganic phosphate or Pi or orthophosphate.
I'll try to break it down into two subreactions. So imagine this reaction as two separate reactions. This is not true, but will help in our initial understanding. .
So if we can break this into two separate reactions, let's have a look at that.	So shown here in figure from Stryer shows these imaginary two subreactions.	The first reaction is the oxidation.
If we go back to what we have to accomplish here.	The verbs are oxidation and phosphorylation.	Oxidized and phosphorylated, so knows are the two processes the enzymes are carrying out.	Two separate things they're doing, so let's break those two things apart.	The first thing it's dying is doing an oxidation of our substrate gap, glyceraldehyde 3 phosphate, to a carboxylic acid using NAD+.	So if you think about the substrate in organic chemistry terms it has an








aldehyde, and you're turning it into a carboxylic acid, that's oxidation, if you're going to oxidize something, something will get reduced, that's what the NAD+ is doing, being reduced to NADH, and we'll talk way more about that later.
We'll get to redux reactions and demystify in

this course.		But what the NAD+ is doing is being reduced.	So we'll write it down.	Pick up two electrons and two protons forming the product here, NADH, and just write that other proton next to it as well, which is kind of weird.	You have protons on both sides.	Just write it like that.
That's the first part of the reaction.	Where is the oxidation occurring again?	It's happening around that carbon 1, we're oxydizing from aldehyde to a carboxylic acid.	Oxidation part of the reaction.
Part B is then the phosphorylation that we still need to do.	So specifically the carbonyl group, is
now a carboxylic acid, so the carbonyl of the carboxylic acid group is attacked by inorganic phosphate.	Let's have a look there.	Do we see that. Here is your carboxylic acid that we made from the previous oxidation state.	The phosphate now comes in here, it's going to phosphorylate this carbon, so you can do a lone pair here, it's always the carbonyl








carbon that gets it; right?, nucleophilic attack, and you'll have phosphate attached.	But you're going to be why would that happen?	OH is not a good leading group, we'll get to that.	These are theoretical. We're phosphorylating in the second step.
Reaction A or the top 1 in our sequence,ts

oxidation reaction has a negative delta G prime naught.	You can also see it from the arrows, equilibrium, big arrow in the forward direction wants to make that carboxylic acid, no problem.
Reaction B, the bottom one, the phosphorylation one has a positive delta G prime naught, not favourable in the forward direction.	Doesn't want to go in that, we need it to go in that direction, it doesn't really want to go in that direction.
Let's have a look at the thermodynamics of these

two steps, these theoretical steps.	Figure from Stryer, 16.6 on page 462.	 Two-step process.	So first here is your substrates.	Your substrate, you're going to oxidize the aldehyde to the carboxylic acid, that works, delta G would be very negative going down
there, reaction A, the oxidation has a negative delta
G, going down, down the hill, ending way at the bottom here.

The phosphorylation is positive; right?	Not








favourable.	All right, so what do we see here? There's thermodynamic reaction progress curve is showing us or we're looking at the free energy of the two uncoupled reactions, these theoretical reactions.
So let's talk about reality now so the two reactions are actually coupled. [Repeating] by a thioester so that the first reaction drives the second reaction forward.	So the first reaction, A, drives
the second reaction, or reaction B, forward.	We'll have a look at the mechanism here in a second.	But when we look at the mechanism, we're going to find a thioester.	What's a thioester?	Well, there's an ester, or thioester, if you put a sulphur here.		Here is a thioester on some molecule.	 What we do not see in the mechanism is a carboxylic acid that we saw in our theoretical picture.	So just comparing the carboxylic in terms of organic chemistry.	There is your carboxylic acid.	So when we look at the mechanism, we're not going to find this carboxylic acid intermediate going from oxidation to the...we'll never find the carboxylic acid.	So this guy leer we're not going to find in the mechanism.
What you'll see in the mechanism, you'll see the thioester.	Let's look at the mechanism now, how the enzyme actually does a conversion.	16.8 from Stryer,








463 shows the mechanism of reaction No. 6.	Before we go there, the overall reaction that we're trying to accomplish, we're trying to change glyceraldehyde 3 phosphate we're trying to oxidize and phosphorylate into this thing, going in are these two guys, actually there's three substrates, 1, 2, and 3, and then products are NADH and one bisphosphoglycerate, let's
go check it out.

So enzyme looks like this.	What do we see here? What kind of residue is that?	Histidine.	I told you histidines are pretty important; right?	Over and over and over again you see histidines in active sites,
what residue is that one?	Cysteine.	Okay.	So you have a residues in the active site important for this mechanism, these 2s Guys, and this is another substrate in this reaction, they're break -- glycerin
3 phosphate are only showing carbon 1, that's where all the business is going expected happening, that's where you're phosphorylating, the rest of the molecules are shown as R.
The first step is you're going to make the cysteine is going to attack the carbonyl of carbon 1 and you're going to make the tetrahedral carbon here as such, linking it covalently to the enzyme via that cysteine.	Let's make a note of that.








So step 1 first.	You form the so-called hemi thioseatal [phonetic] with the cysteine residue. That's step 1.
Now we're going to do the oxidation.	You're

going to turn this thing.	The NAD+ here will receive electrons, reduced.	Oxydizing the carbon.	Carbon gets oxidized.	You're burning the carbon, you're oxydizing the carbon.	 You're going to form here not the carboxylic acid.		You won't see that there.
You'll see a thioester there.	It's linked to the

protein or the enzyme active site.	That's the oxidation step.
So step 2, we just saw then oxidize to a thioester.	That's the carbon being oxidized, and we also in that process then forming NADH, essentially
the NAD+ got reduced to NADH.	And steps 3 and 4 we'll

take as one.	So what happens next?	We have to do the phosphorylation to finish this thing off.	What
happens next is the NADH leaves, and a new NAD+ comes in first.	It's kind of strange, it's really loading it already for the next sequence of reactions.	Only when that new NAD+ comes in the phosphate comes in,
the plus lures in the phosphate, and the phosphate now does a nucleophilic attack on the carboxyl carbon, and the sulphur is a good leaving group. In other words,








the cysteine is a good leading group.	So you phosphorylate your intermediate forming the product.
So steps 3 and 4, when the NADH is replaced by a fresh NAD+ inorganic phosphate can attack the carbonyl and cleave the reaction intermediate from cysteine forming the product.
All right. Lots going on there. We'll -- I'll show you the thermodynamics of this reaction and talk about this image next after the exam, on Wednesday,
but essentially what you're seeing is a massive change

in thermodynamic progress curve, we'll talk about that on Wednesday next week.	But by going through that thioester intermediate we do not fall into that hole and allow that reaction to proceed.	Thanks, guys, we'll see you latest on Tuesday for the exam, good
luck studying this weekend, and then I will try to

answer your e-mails in Piazza posts.
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