

BIOC 202, May 13, 2026,
INST KRISINGER: Okay. Good morning, am I on? Hear me?
We should start. 10 o'clock.
Has everyone found the documents on pizza for the course? Raise your hand if you have not found the documents.
Okay. Good.
That is essential, what else is there? Bunch of other business items to deal with.
Start working on problem sets. Problem set one, acid base questions. Lots of them to work through.
Read the documents I put on there. If you have trouble finding the problem set questions -- have a issues?
So if you have the text books, you should have a pair. Text book and study guide, if you have just the one you don't have the extended answers.
So for example, the problem set question at the end of the chapter go back there are the questions and the extended answers are in the second half of the book. Some people just look in the front of the book. The second half has the extended answers. Read the documents on Piazza and it states where too find this stuff. If you have -- you can do extra questions from
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the front of the study guide but those are not assigned. Focus on the problem set questions. They are mirrored with the stuff we do in class.
And feel free to come up here and take photos of whatever you need.
I have no issues with that. What else?
Other admin items, let's look at the course outline quickly.
Topic outline what we are doing today. Get of PH and buffers but they will come back when we look at amino acids. They have ionizable sites. Refresh those idea. Amino acid today. Devoted to understanding the 20 amino acids. Spend time on that.
And then we move into how we link amino acids to start to form primary structure of proteins. How do we use our building blocks to build proteins.
And we should be able to finish that today so we will end up here where my finger sits. We will take a break at some point probably after the amino acid section.
Yeah.
Coming back to this, one question we didn't answer yesterday is I asked in the notes how do cells maintain a PH of 7.2 to 7.4. Never really answered



it. I want to mention that now.
In your body we have all kinds of molecules that act as weak acids or weak bases and some key ones that keep the PH buffer exactly where we want are the phosphate buffer system. We will start to draw that in the second half of the course but if you draw phosphate it has three protons attached. So you can draw [reading] and each one of those hydrogens can fall off their own...this PKA of 6.9. Where this hydrogen falls giving [reading]. If the PKA of that dissociation here it's a great buffer from the PKA ads...with the acetic acid system. Another important buffer is carbonate. 6.1 here and you have carbonic acid...lots of problem set questions look at those two buffering system so if you do problem set questions you will get a good hang of that. Additional two molecules that help to keep the PH around neutral is [reading] two amino acids we will cover today. They have ionizable...around that range, the sweet spot.
Let's get into today. Protein structure now.
Any other questions from you before I roll into the next part of the course. I will get into the actual meat of the course, protein structure. Let's do it.
Section two, I think.



Protein structure. Protein structure.
Covering the first bio molecule.
We will do intro. I like to do always before we dive into the details.
So protein we can put down a definition here of a protein. It's a linear polymer built out of amino acids.
Which I like to abbreviate AA, amino acids.
Instead of writing that over and over again.
A couple of overarching comments about proteins. Proteins final three dimensional shape depends on the sequence of the amino acids.
So you have 20 amino acids to choose from. As soon as you start to pile them up you get amazing diversity you can build. It's mind numbing the variation you can get with a stretch of 10 amino acids.
So proteins then proteins contain a vast number of functional groups.
Okay. Allowing massive diversity.
Think of these proteins are big molecules and have functional groups sticking out into three D space and also point inwards so you have chemical diversity that you can build.



One of the over arching themes of the course, chemical diversity. You have so many different amino acids and how you can string them together. What about proteins. Once you have them assembled -- they can interact with each other.
So proteins can bump into each other and forms complexes. If there's a binding site between two complementarity...they can bind and form...they can interact with each other and other bio molecules.
Already mentioned for example you can have a protein binding DNA. Transcription factor or protein binding the surface of a membrane of a cell. Protein membrane interaction. So protein can interact with each other and other bio molecules to form complexes.
Another little point here is proteins can be flexible.
Or rigid.
So we are used to looking at still images on the computer and text books so we always think of proteins as these rigid objects.
But in reality, many proteins have some inherent flexibility to them, may be certain region may have movement to it. We will see that in this course.
Let's get into building block.
Before we can start to talk about protein



function we have to know what they have built out of. Amino acids we will look at. This is the ultimate Lego set.
Think about Lego, you know the Danish toy kit, you have amazing diversity of what you can build. In a store hundreds of thousands of deferent things you can build. Amazing diversity of end products. Think about how many pieces you need to establish that diversity. Quite diversity in the building blocks.
Amino acids you only have 20, and you can build a massive diversity of outcomes.
So you know, amino acids are a much superior building block in terms of simplicity and still allowing for the massive diversity that define the living world. What about amino acids? They contain chemically a central carbon known as the alpha carbon.
And that guy is attached to four groups, carbon likes to form four bonds so the alpha carbon is attached to an amino group.
Attached to a carboxylic acid group.
So hence amino acid and then it's attached to a hydrogen atom.
And then a unique side chain which is often denoted as R or R group.
Something unique. There's 20 different side



chains to choose from that will define then your specific 20 amino acids.
I will draw a generic amino acid here. Not complicated. Just start with the alpha carbon in the middle. There.
And then I like to put the amino group to the
left.
So like that. Pronated(protonated?) We will
draw this at PH7. Carboxylic acid group on top and at PH7, the carboxylic acid group...depronated. Here is the hydrogen.
And then unique side chain R is down stairs like
that.
This is at pH7.
If we drew at PH one you would draw the
carboxylic acid pronated. If you draw at PH14 you will depronated the...let's look at the picture here. Also in the text. Doesn't show anything different.
Figure 3 dash 2 on page 71 shows the same thing.
Starting to colour code groups. Red is negative. Oxygen have the negative usually on red. Blue is the positive. Associate with...usually.
Carbon is black...I think organic chemistry using the same colours too. One thing to note here is the alpha carbon, focus on that central carbon, is chiral. Why?



Well it has four different things, groups around something, therefore it's CHIRAL. To have a CHIRAL center need four things around it. It's definitely CHIRAL. Probably a good time to define that here --CHIRAL center definition coming up. It's an atom with its substituants arranged so the molecule is not super imposable on its mirror image.
So we will look at picture that tries to illustrate this point. Figure 119A on page 16.
So if you take a CHIRAL compound, and carbon with four different substituants around it. AB and X and Y. Put a mirror to it, there's no way you can take the actual molecules in your hand that you present to the mirror you can't rotate it any way to look just like the mirror image. If you rotate it like that there's no way of making it look like the mirror image.
Okay so because there's a CHIRAL center there are two...of each amino acid. One exception. Except GLYCINE. Two ENANTIOMERS of each...what are ENANTOMERS? Let's define that.
Enantiomers. It's a pair of molecules.
Each with one or more -- we can write in brackets -- with one or more CHIRAL centers.
That are mirror images of each other.



Okay. So if you had have CHIRAL center you will have then a pair of molecules to deal with. So therefore, each amino acid, except glycine, exists in the D form and L form.
D and L, ENANTOMERS. We have to figure out which is which when we draw them.
So let's do that now.
One way to do this is drawing fisher projections. In fischer projection, if you position the carboxyl group above...it's how we do it above. Put the carboxyl group above and the R group below, just like we did above. So we have a carbon chain running top to bottom, I just briefly show it to you again here. Carbon chain. Carboxyl group.
Then the C alpha and often the R group has more carbon. There's a carbon chain running north to south.
So fisher projection you position the carboxyl group above C alpha and the R group below. Then the amino group --
STUDENT: I wonder --
INST KRISINGER: Yeah. Just yell if I'm off the page. [Reading].
Then the amino group, you have two options. Will be left of C alpha in the L designation.



Or will be right of C alpha in the D designation.
So if you look at the cartoon we drew above, we drew the L designation above.
All right so let's look here. More pictures to show you.
Figure 3.3. On page 72. They are showing you just the same sort of thing. They are different drawings showing you but there's a kind of a spatial representation at the top. We have drawn fisher projections so here a example...Al mean so the --define what the R group is. CL in the middle.
Carboxylic acid on top and carbon chain down the middle. North to south. Nitrogen facing left you have the L Al mean. Facing to the weird right tell you why it's weird in a sec. Then D Al mean.
You can do it in perspective drawings too as shown in B.
So different ways of representing the same
thing.
So we drew a generic amino acid and they are
showing a specific one of ALANINE.
Turns out only the L amino acids exist in proteins.
Okay so we truly only have 20 building blocks.



Not 40.
Because we are only using the L amino acids.
So only L amino acids exists in proteins and living systems.
Okay. With some very isolated exceptions.
Okay do you remember that we just use the L amino acids?
Again, ask this guy. Know who that is? Lots of muscle.
Protein on him. Right? Samuel L jackson.
Not Samuel D jackson. All right. Stupid joke but may be you will remember made of L amino acids.
Okay.
So what else? More stuff we need to cover. Talk about this concept of zwitterion.
It's a German term. Two ions opposite...plus and minus. It's a molecule, it's a molecule with both negative or -- negative and positive or positive and negative charges.
So why do we care about zwitter ions. We are showing this here. Plus charge and minus charge.
Already fit the bill. Amino acids are zwitter ions.
Let's look at zwitterions more. Page 27, good time to review our PKAs.
Titration curves.



Okay. What looking at? Let's start here.
Generic amino acids. [Reading].
C alpha. Everything is there. If you think about pH take a compound, whatever, I like to start at PH0. No thought needed. Everything that can be...will be. Amino group...PH0, the species will look like that the pink one here.
Now, at you increase the PH, you are taking away protons from solution. Those sites will depronate.
Which one will depronate first? Which functional groups have the lowest PKA?
Carboxylic acids. Right? The PKA, is indicator of a affinity for a hydrogen atom. ...they are terrible at holding on to the hydrogen. Poor affinity. PKA gives you indicator of affinity for hydrogen. Around 2 here...pretty weak.
So yeah, they will depronate and you will lose the species and it's turning into this blue species. It will turn into a car box laton...that also can't hang on to it anymore. There's less and less protons in solution. It will depronate. Prime...around nine. So here those depronate forming NH two neutral group.
So your zwitter ionic compound is only in the middle range. The extreme ends are not zitter ionic.



Think about the net charge too. The net charge on your amino acids change where you look at the compound. From negative one to neutral -- sorry. From plus one to neutral to negative one.
Lot of problem set questions will get at those points too.
Back to the amino acids, you can vary the amino acids by varying the side chain.
Or R group.
So there are as I mentioned there are 20 key amino acids or slight modifications of -- and these are used in all living systems.
So that show cases how chemically similar we are or simple chemical similarity we will write down.
Back of your fridge or whatever it is, plant outside, is identical to you in the building blocks. 20 amino acids. Let's look at the amino acids. Now get into who these guys are.
So table 3.1 on page 73 shows them as a nice
list.
So this list amino acids abbreviation for
starters.
Abbreviations.
And we will look at these in a sec. So how do they organize these? We like to organize things in



different ways. Alphabetical order or molecular weight order or but they -- generally amino acids are groups by the chemical property. Make sense. Group amino acids by the chemical property. [Reading].
Polar like to hang out with water. Same with charged. Could be positive or negative charged, also like to hang out with water. Classified by their chemical properties.
They have full names or they have three letter abbreviations as you see in the this list. And they also have single letter abbreviation as shown there and of course they have structures that actually define them exactly.
So figure 3 -- 5 on page 74 shows the structures.
Which we will go over one by one.
Let's look starting with the non-polar group.
Top left there.
So these are the non-polar, aliphatic...aliphatic let's put more meaning to that word.
These are compounds with open chain structure.
So think alkane like, hydro carbon, alkane structure, we will see that in a sec.
If we think about the alpha carbon and build out



the side chain, the simplest thing you can add is the hydrogen atom. Not really...glycine is a weird amino acid. You can put it in a group by itself.
Let's start with glycine.
Glycine abbreviations. Straight forward. This is the simplest amino acid.
And the R group is a hydrogen atom as we can clearly see up there.
And because the R group a hydrogen atom that's another group on C alpha and that's why it's a chiral. This is the only achiral or non-CHIRAL amino acid.
There's no such thing as L or D glycine. Technically, this is not aliphatic, there's no hydro carbon chain or hydrophobic, we can just place this amino acid in its own group. Just don't know where to put it. What else? Want to build the R group bigger, you can stick on a methyl group and then you have ALANINE, ALA, A. Indeed contains a methyl group.
Okay. Expanding the side chain further, we have valine, val, v.
Leucine, abbreviation straight forward. And isoleucine, abbreviation is ile.
So the first I and LE.
Those three amino acids all contain hydro carbon side chains.



They really show off the alkane like side chain here. Let's look. Branching starting to see here.
You have just Al nine...leucine and iso...are set up differently. Leucine you have a branch at the end. Like adding another carbon to...making it longer.
Or iso leucine the branch point is at the beta carbon. This is alpha carbon. You can name... alpha, beta, there's a branch off the beta carbon.
All hydrophobic aliphatic like. Extra point on iso leucine, also has a second CHIRAL carbon.
Just point out here, so iso lucine is -- look at this, the beta carbon has four different substituants around it. Don't worry about how to draw it. Not the point of this course. Keep going.
If you -- the bottom right there.
Methionine. For iso leucine, you don't need to be able to draw the different...isomers around the beta carbon. If you look up there, first, amino acid has something other...there's a sulfur in it. Sulfur is sometimes used...meth ionine simple abbreviations also has a hydro carbon side chain.
Except or in addition it has an essentially non-polar thioether, what is that? When you have a carbon sulfur carbon. A sulfur flanked by two carbons. So that's what you see in meth ionine.



Okay. One last customer of this group, still a hole there, proline, strange one to draw. We will spend a bit of time. Abbreviations are straight forward still.
Proline also has a aliphatic side chain. But with a twist.
So what does this look like?
Weird. Forms a ring structure. Has three carbons in the side chain. C alpha here.
And it has a hydro carbon side chain. Three carbons. But the last carbon is covalently bonded to the amino group. Strange. Unusual. It's the only one of the amino acids that does that, bonding back to its generic cell at the top. Put that in writing --the end of the R group is bonded to the nitrogen.
Or the amino group. As you see up there.
So that introduces some interesting properties for proline when we talk about structure -- I will make notes. The ring structure we see makes proline more restrained.
So it's more stiff, ring structure not as bendy and you think about the other characters here all have carbon carbon single bonds or a carbon sulfur single bond. Things can rotate. This branch will rotate for



you in three D and same with valine but proline is locked into this ring. It's fairly restrained, stiff.
Proline once you start to string together amino acids and you have proline the polymer, this often introduces bends or kinks into the chains.
Often introduces kinks or bends whatever you want to call them, into your amino acid chains.
So we start to string them together, there might be a bend in the chain because of that restrained in the side chain.
Okay. All of these amino acids we look at, all the non-polar characters on the slide here, all of the above amino acids except glycine are hydrophobic.
And will tend to cluster together. So the hydrophobic effect we talked last time. The hydrophobic side chains like to hang out together.
So these are often found in the center of proteins.
So if you think about proteins most live in the aqueous environment of the cell...and the aqueous environment is polar but these are non-polar so when you form a protein these usually hide inside the protein. The core of the proteins is hydrophobic.
These groups hang out in there. Another thing you can look at, think about building stuff, Lego, put the



three D thinking cap on. You have deferent building blocks.
You have different sized R groups.
Different sizes. Think about what volumes they occupy. Different sized R groups allow for close packing.
So the center of a protein, you look at proteins, and you see the surface but the interior is packed with atoms. There's no voids. Just full of at atoms so you have the fill that -- having deferent shapes allows you to fill the voids. You have deferent building blocks to fill that space.
So you can pack the center.
The side chains of these guys pretty boring terms of reactivity. Not much happens with hydro carbon groups so not very reactive or not reactive.
Not a lot of action happening there. Okay moving on.
Get into the next group. The aromatic R groups.
More hydro carbon. More non-polar hydrophobic side chains coming out. The second group.
Aromatic amino acids.
So these contain as the title indicates aromatic rings. Out of organic chemistry. These are also just like the -- aliphatic ones, they are usually found in



the center of proteins.
Hydrophobic, like to hang out with the other hydrophobic guys.
And they participate then in hydrophobic interactions.
Just like we talked about yesterday.
Hydrophobic interactions, you are hiding from water. The ENTROPY driven process driving them in the core.
Phenylalanine abbreviation phe -- can't use P. That's for proline. Sounds like F.
Contains a hydrophobic phenyl ring.
Okay. Phenyl ring so has the spacer. These are CH two spacer from the alpha carbon and then --benzine ring to a phenyl ring.
Okay. If you compare the next guy, tyrosine it has hydroxyl group on the other end of the structure. Easy one to learn. Come as a package.
Tyrosine, three letter abbreviation. Second letter in tyrosine. Like phenylalanine but has a reactive oh group.
Which can hydrogen bond. As we discussed.
Right?
Hydrogen bonding. Think of a hydroxyl group.



Oxygen electro negative [reading] allow to directly participate in a hydrogen bond and the oxygen has two loan pairs. It can receive -- be a hydrogen bond accepter too.
...will be able to hydrogen bond.
So the hydroxyl group gives tyrosine some hydrophilic property.
Okay.
Let's -- over all it's still a hydrophobic side chain. The giant phenyl ring. Tons of hydro carbon there. Mainly hydrophobic.
But certainly the OH group is hydrophilic. It's antipathic side chain, if you will. Mainly hydrophobic. It has some hydro...the most difficult amino acid -- it's the largest side chain.
Highest molecular weight. Tryptophan.
Use a W there.
This guy contains an indole group. What is that? Those are the two fused rings.
Essentially just clip off this bond here. So these two rings here is the indole group.
Two fused rings with a nh group inside it.
NH group also has tiny bit of hydrophilic property. Can also hydrogen bond but mostly



hydrophobic...okay. Getting into let's get into the next group.
That covers already our hydrophobic characters.
Next group are getting into some of the ones that have charges on them now.
Start off with the positively charged ones or basic or positively charged amino acids.
So they are positively charged at neutral pH. We will see why here in a second.
Start with lysine.
K is a single letter abbreviation and arginine shown there. Or R.
So these contain long side chains. With ionizable groups.
So ionizable groups. In other words we have a PKA associate with them. They can play catch with a proton. Lysine what is the functional group on the end? NH three? ...it has another prime...what is PKA...proximately? Like nine-ish? Car...those PKA have them in your head because we will do them over over over again. Carboxylic acids are down stairs in the two to three range...in the 8 to 10 ranges.
STUDENT: Is there a list of PKA range to know for this course.
INST KRISINGER: You don't need to memorize PKA values but



have a ball park of what I just said. Acids and primary ameets.
You will be given PKA values.
But it's really useful to understand how they
work.
And to have some idea that a carboxylic acid
that pronate around two three four.
Lysine has a primary amine -- has a amine group and the arg you probably don't recognize that group. It's a strange group. This four atom chunk here with three -- this is called a...group. Strange group.
Guandinium group.
And importantly, these are positively charged at pH7. Where we normally find these side chains. PH7.
So all the structures show and are drawn at pH7.
That's because the PKA is well above 10 for both of those.
Or above 10.
The lys is around 10.
Okay. Another -- one more positively charged group is histidine.
Or H.
Also has ionizable group. Okay.
And that group is called imidazole ring.







site.

With a PKA around 6.
That's why it's actually shown as a neutral


So the imidazole is this five...ring system

here. And this one can take on a hydrogen easily and become positively charged. The it's neutral now because the PKA is below pH7.
Let's look at how we play catch with a proton with HIS, bring this to life.
Page 31. Showing it now in a protein structure.
Focus on the side chain. Here is alpha carbon and [reading].
The five membered ring system. The two nitrogens that can pronate. If both pronating you have a plus charge on the ring system. The ring system is positively charged.
...so at PH0, stick it into PH0, you know it's pronate. PH0 protons everywhere the thing will pronate. PKA is 6. Once you start to raise the PH, PH two and three and four looks like that. Then start to think about pronate. PK6 if it's the same...you have have 50, 50, mix and then above PH6, like PH7 it mainly look like that. Lost the hydrogen. Kicked it off.
So PKA is around 6. Not a great affinity for



the hydrogen. The PKA is near PH7. This is really important to understand because we are constantly having to deal with both versions of the species.
Take time drawing HIS, you will see is over over over again. Super reactive. Draw it in two different favours. Important side chain to really think about.
Make a couple more notes on the thing I just
said.
This means I just mentioned -- his can be either
charged as shown on the figure on the left, or uncharged depending on its location.
So called micro environment within the protein.
And that statement will become more clear as we move on and start to do problem set questions.
This amino acid side chain is often found in the active sites of proteins or enzymes I should say.
Often when you think about enzymes you have to cat laze a reaction...you have to often move a...this is a great place to do it on. Surface of the enzymes. His can play catch with a proton. Store it there and give it back. We will see that later on.
Couple of tricks to drawing HIS, you can draw it in many different ways. You can draw in two ways there. If you take your hand, you can rotate -- this is a carbon, carbon single bond. And you can rotate



it around like that and then you will have a different orientation of this. Sometimes when you see it, that is not how I draw -- you can flip it around like that and have has another way of drawing it. It's the same structure but you can rotate. Don't be confused. You can draw it the other way around.
Several ways of representing histidine. Those are the positively charged one. They can be positively charged. Let's look at the other end of the spectrum.
Acidic amino acids or negatively charged.
Amino acids. These guys contain a carboxylic acid in the R group.
So if you look up there, side chains, they end with carboxylic acids, depronate, PH7.
Protons is kicked off...by the time you get to PH7 already depronate.
Aspartate or asp, D, and glutamate, abbreviation is glu and E. D, E are the two acidic amino acids.
It's just like acetate, you can also called it aspartic acid and...if pronate but they are depronate so called...as drawn there.
You can if you put them into PH0 they will be aspartic acid and glue...acid. Same as you acetic acid and acetate.



So the deference between aspartate and glute mate...this is plus one carbon longer than aspartate.
And as I already mentioned these are negatively charge at pH7.
Why? Well, because the PKA is really poor.
They have a terrible affinity for hydrogen atoms. PKA way down stairs, less than 4.
Okay. So the summarizing groups three and four, essentially the charged amino acid, so the basic and acidic amino acid that we just covered are found on the surface of proteins.
Okay.
Interacting with water.
So those guys are found on the surface of proteins interacting with water and away from the hydrophobic amino acid just like as you expect. They don't want to hang out with the...they don't like each other. Different camps. Nothing to do with those guys. They go to the surface of the protein.
Last group, number five, the polar amino acids, these are neutral.
In other words, not charged.
And these guys certainly can just like the acidic and base amino acids can also hydrogen bond and they are hydrophilic.



Let's look here.
So these ones -- what are the functional groups you see on the side chains of those two amino acids?
Serine -- anyone?
OH group. Hydroxyl group.
Serine simple abbreviations and threonine, as you will expect with the abbreviations. Here we use the T.
So these guys as you just saw they contain a OH group, so hydroxyl group.
In their side chain. And these are reactive.
As we will see later in the course, you can do sometimes reactions on the hydroxyl groups -- hydrogen bonding...as I already mentioned. Like tyrosine, that has the OH group too. Another amino acid in this group is cysteine simple abbreviation and this guy contains a sulfhydryl group.
Or a thiol group. These are saying the same thing. Whatever you want to call it. Review of organic chemistry.
SH group. Look at the cysteine. ...CH...OH and SH are similar properties. Under each other in the periodic table.
Very similar properties these two, amino acids




have.


Certainly, polar.
And can hydrogen bond.
It's weaker. It's not as polar, can't hydrogen

bond as strongly as the OH group.
And it's very reactive.
Another important feature of cysteine, it can form a disulfide bond.
A di sulfide bond or bridge.
You can form a di sulfide bond between two cysteine residues.
We will get into what residues mean later.
Foreshadowing.
Figure 3, 7, page 76. If you have two cysteines shown here, here and here, you can link the two side chains, okay, to form this so called die sulfide bridge or bond. With the loss of the two hydrogens come out...oxidation reaction going in that direction.
Okay. So then you form cystine, there's a spelling difference there. This is the amino acid, cysteine...you combine two cysteine through this bridge. Why is there important? The chemistry. It's very reactive. This is important because this can link two parts of a chain.
Or even two separate chains together.



Okay. So the chemistry we are looking at here is done by oxidation in the forward direction.
Done by oxidation. So remember, oxidation is the loss of electrons. Right? We will get into redox chemistry in the second half of the course. Loss of electrons of two cysteines to a cystine and the product cystine is non-polar. When you form the die sulfide bridge you lose the polarity of that site.
Why is this all important? Let's look at a primary structure, we will get into after the break today.
Three -- 24 on page 92. Foreshadowing.
We will talk about how to string together amino acids, but you can start stringing them together as shown. Showing a single letter abbreviation, [reading].
Here are a cysteine. Showing you can make a bring between two cysteine. Within the chain or as I mentioned you can link two different chains together. These are now linked to cysteine di sulfide bridge or bonds. Co-veiling a link, two separate chains together or make a bridge...we will talk about how to link them after the break.
Okay. We have a couple more amino acids to go.
We are at 18. And 19, 20 are shown at the bottom there.



[Reading]. Asparagine. Asn or N.
And glutamine. Gln or Q.
N and Q are the -- these two guys.
These guys are derivatives of aspartate and glutamate similar spelling and similar side chain. When you learn these two, learn them together with a aspartate and glutamate. These are derivatives of aspartate and glutamate and contain a terminal car box amide.
What is that?
Just it out here so -- this is this guy, flanked by NH2.
So that there is a car box amide group.
You see that in both asparagine and glute mean.
If you look up there you can see both have that terminal group. Functional group.
Instead of a terminal car box late group.
So if you lock at -- compare those to aspartate and glutamate, they are identical but they end up with a car box late group at the end as we saw earlier.
Look like that. Otherwise they are identical. Only change is really the NH two for the O minus.
So they become fairly easy to learn as a set.



And another point to know is terminal a...is uncharged. Let's write, the terminal amine...is uncharged. Doesn't have a PKA associated to it.
Coming back to the table now, let's look at the table.
20 amino acids, this table lists all PKAs so let's start there for a second.
So shows you all the amino acids. Both three letter codes and single letter codes. Shows the molecular weight. You can add them up. Look through here. The king on the list is trip fan. 204 grams per mole. The big guy and the smallest is glycine.
As you would expect. PKA value. Here is three columns. Every amino acids has a PKA associated to the acid.
Okay.
And the amino group. They all have acid and amino group. So you will have value in all of those. The acid around one and a half to two and a half. The primary amine between 8 and 9 or 10. As you expect.
Details don't matter but you should a ball park understanding that -- you will find that value there.
So now third column, is for the side chain.
And there's a lot of holes there because most things don't have ionizable group in the side chain. Glycine...neither does alanine and all these hydro



carbons. A few that do. Tyrosine has a PKA of ten. The hydroxyl group op the ring -- go back. Show you tyrosine again. Didn't mention it. That hydrogen is acidic. Fall off. Not a typical hydroxyl group. It has aromatic ring...can fall off. PKA around ten.
Holds on tightly but it will fall off if you push it.
So that's that one. Go back to the table.
Cysteine, also can fall off.
Around 8. Not far from PH7. That's why acting as a buffer in our cells...[reading]. They help us buffer the cells, the blood et cetera.
Along with the carbonate system and phosphate system I mentioned at the head of class. [Reading] mentioned these in the notes and these have the acidic side chain. 7 of the 20 also have ionizable groups in their side chain. You will be given those values in exam or problem set questions. Don't need to know those.
Okay. So this lists all PKAs for the different functional groups.
Okay.
One other note I want to make is the PKA can change.
Why would they write something like that on



there?
Specific number when I write it can change?
That's dumb. For the amino acids those are the values. You can take them to the bank. That's the number. No arguing about it.
But in proteins, you are not talking about amino acids, you are talking about a new molecule, protein. So you have the amino acid embedded in a chain.
So then these numbers become fuzzy what they are actually. It's a new. PKAs can change depending on protein micro environment.
Whole bunch of the problem set questions will get at that.
So the PKA of a for example of a lysine is shown there as ten.5. May be in a protein is 9.5 or change to 11. There will be a shift there depending where you find that specific residue in a protein.
What else?
Couple of things to note there, so why learn all this? This is the language of protein bio chem. This is the vocab. This is how you describe proteins and discuss things. If you don't know the words you can't talk to a bio chemist. It's talking about what functional group are you dealing with. How it works. This is like got to learn the vocab before you can



start to speak. No way around it.
What else?
I think that might be it. Practice, have --don't hammer the amino acids in your head like a phone book. Start by understanding, doing the problems, having the structures. You will write them out so many times this will start to come to you, and start by working the material. Do the remember at the end. Understand the stuff first. Have notes out and have the table out, have your structures out. Refer to them. Do problem set questions.
Leave the memory work at the end. Your brain will strike say, why learning this? Do it the other way around.
And that will be way easier. Okay. Let's take a break.
Good ten minute break. Come back at 11:35. [Break].
INST KRISINGER: All right. We should start. Now that we have learned our building blocks we can get into how to string them together. Building protein for the rest of the class and tomorrow will we will spend the entire class understanding how to building a protein structure. Incredible doing this in a few days. It goes quick. I find that quite -- after these few



lectures you can go listen to advanced lecturers that come to campus and understand what they are saying.
It's cool to get to the bones of things.
Let's look at primary structure of proteins and we already looked at primary structure when I foreshadowed the die sulfide bridges. We looked at protein primary structure. For example, we saw in figure 3 -- 24.
Page 92. You can look at it again.
This time, through the lens of protein primary structure.
Let's define a primary structure. A definition coming up. It's the linear sequence of amino acids.
Okay.
Linked by peptide bonds to form a protein.
We have to make covalent linkage between neighbouring amino acids and those are called peptide bonds.
Let's look at how we make that linkage. Figure
313 on page 81. It's a linear sequence. There's no branch points. No branch and then -- it's just linear.
Single protein chain is just a linear sequence.
You can link separate chains by those die sulfide bridges as we saw but this individual chains



are just linear sequences. Proteins are linear sequences of amino acids linked by peptide bonds. Look at what that means. Peptide bond chemically. The top of the image are two generic amino acids. Amino group, carboxylic acid...we don't know, generic.
20 options. Another one. Amino acid. Same thing.
Okay. So what is happening? To make a peptide bond, you need to ram together the carboxylic acid group and the amino group. When they come together, what kind of bond do you form when you put those together from organic chemistry. Amite group. Same thing. So there's a loss of water that comes out. OH and hydrogen comes out. And you form the amite bond.
Amite bonds or peptide bonds can be broken. You can put water across. The bond. You reform carboxylic acid and the primary amine.

STUDENT: If this occurs under acidic conditions.
INST KRISINGER: When did it occur? For starters, enzymes are required to bring this reaction about. Up or down direction. Amino acids are stable. If you put into water...there's an activation barrier to keep them the way they are...you need enzyme to cat lies the break and we will get into that later, why that is.
What is a -- think about peptide bonds more.



Peptide bond, define what that is.
Definition coming up. Linkage of the carboxyl group of one amino acid to the amino group of another amino acid.
Okay. With the loss of water.
So as I -- as the question also asks, this is not energetically favourable.
Okay.
To make a peptide bond but once formed, are stable.
So we don't get too in this course, we won't talk about process of transcription and translation. Where you actually make proteins.
Where you combine amino acids but as energetically expensive process on the ribosome to make peptide bonds. Dogma you have to first understand DNA,...et cetera. What about a polypeptide? Let's define that. A series of amino acid residues linked by peptide bonds.
Essentially many amino acids linked by these peptide bonds. You can call that little chain a polypeptide.
Starred using this term residue, let's define that. What is that?
Definition coming up.



Residue, an amino acid unit in a polypeptide.
They are not called amino acids anymore. Once you talk about polypeptide or proteins you have amino acid residues. They are deferent. Look at this guy here. This is a die peptide. This is -- the product is not two amino acids anymore. It's called a die peptide. You can do it again. Tripeptide.
Polypeptide. Et cetera.
Made up of many amino acid residues.
Okay. So polypeptides have polarity. Let's talk about this concept.
Polypeptides have polarity.
So what does that mean? That is one end has an amino group, so that's the NH3 plus -- where am I?
Not on the sheet.
So polypeptides have polarity for starters.
One end has the amino group and the other end has a carboxylic group.
So your COO minus group.
You can already see that in the die peptide.
Essentially, here is your NH3 plus, that's one end and the other is COO minus. ...terminus is the other is the C terminus. Amino group and the carboxylic groups on either end. Let's do another example of a polypeptide. Here are five amino acids



strung together. This is a penta peptide.
Small polypeptide.
So look at this guy here, this penta peptide.
And figure 3 dash 14 on page 81 that we are looking at. Is written as SGYAL.
So serine, glycine, tyrosine, alanine and leucine. Written in that direction. It's not written in reverse. LY -- LAYGS.
Okay.
So that is wrong.
That will represent a totally different polypeptide.
So there's a sequence to it, the sequence is always from the end terminus...they are polarity. From the end terminus to the C terminus. Always that direction. Never the other way around.
Okay. Another thing you start to notice when you stare at polypeptides is repeating back bone going from...to the carboxyl terminal residue. Polypeptides consist -- consist of a back bone which repeat and the repeating unit there is N then comes the alpha carbon then the carbonyl carbon. So N C alpha and I call it C nought for the -- I will point it out in a sec.
Polypeptides consists of this back bone which repeat with variable side chains.



Pointing out now. Let's look. We fin the repeating unit. There's the N -- this is C alpha.
R group attached. C nought. That's one residue. Peptide bond. [Reading].
Next residue. Next one. [Reading].
Peptide bond again [reading]. Repeating always.
Every time you get to a C alpha, that's the alpha carbon of the...you have the unique side chain at that...[reading].
Et cetera. Okay.
Hopefully that's fairly straight forward.
All carbonyls -- carbonyl, this guy, all carbonyl and NHs in the back bone can hydrogen bond. Except proline, which has limited hydrogen bonding ability.
It has that ring structure.
Let's look again. Where are the carbonyls NH groups. Always in the back bone. [Reading]. We see the carbonyl groups. Two loan pairs here. That can be perfect place to do the hydrogen bond accepter.
And...this can easily form hydrogen bonds. All the carbonyls and NHs love hydrogen bonding...as we will see later. This is important in forming three D



structure. As we will see later.
Shift gears a bit here. Molecular mass, so M, often abbreviated, of proteins.
Molecular mass of proteins is commonly expressed in daltans.
Abbreviated Da. What is a Daltan?
Daltan is equal to the mass of one hydrogen atom which is approximately one gram per mole.
So think about an example protein, floating around in your blood stream. Albumin protein in your blood, different functions. Carries fatty acids and many other things it does.
But for us, think about the size of this. Albumin has 585 amino acid residues.
Big.
Big molecule.
Linking together 585 amino acids. How many water molecules come out?

STUDENT: 584.
INST KRISINGER: Every time you make one. Last one you didn't make one. Two amino acids come together make one water out -- et cetera. So lots of peptides bonds are formed for this to exist.
And this guy has a mass equal to 66, 437



Daltans, huge.
How big is a water molecule?
Grams per mole? 16 plus one plus one, 18 grams per mole.
Right?
So you present yourself as a water molecule next to this thing.
It's like water is landing on a planet. Right?
Massive ball. ALBUMIN is huge.
Huge molecule.
66.4 kila daltans.
Can this be true? Let's do math here to verify this is all bogus that we are talking about here. Can it be true? This big? How can we figure out mass of a protein. The number of amino acids times the average molecular mass of an amino acid residue.
So multiply that out. In this case, albumin, we have 585 amino acids to deal with.
And we will average molecule mass of amino
acid -- you can look. It's 110 Daltans per amino acid residue.
You can also go to a table of amino acids, add up all the molecular weights divide by 20. You get the average. You subtract 18 off it to get the residue because one water gone. Average molecular



mass of a [reading].
Okay. Multiplied together you get a massive number. 64350daltons. Why not the same? We didn't add up exactly the amino acids that are in albumin. It's slightly bigger so disproportionate amount of...than average. Pretty close. These are massive molecules we are dealing with. Huge.
Yes.
STUDENT: Grams per mole equivalent to... INST KRISINGER: Daltan...more or less. Yeah.
Okay. So each protein coming back to the main story now, each protein has unique primary amino acid sequence. Has a unique primary --
STUDENT: Move the paper up.
INST KRISINGER: Thank you. Each protein has a unique primary amino acid sequence which is determined by the DNA.
The DNA has the chain that encodes a specific messenger RNA unique which is translated into that protein. Gives you the unique primary amino acid sequence. Every protein has a unique sequence that gives them a unique shape. Knowing the primary amino acid sequence allows us to make a list here, why is it important to know primary amino acid sequences?
Understand structure.



We will have idea where the side chains are.
Order. And understand the structure of that protein.
So the three dimensional shape of a protein depends on its primary...sequence. Deference sequences give you different three dimensional shapes.
Structure leads to function.
Difference shapes, you can have -- gives you different functions. Knowing the primary -- allows us to understand the structure which then in term allows us to understand function.
Right?
Most proteins have their unique function. Over lapse and redundancies but they do something unique.
Once we understand function, we can understand when function is not working.
So we can start to understand disease states. If there's mutation in the DNA...change in the amino acid sequence then the protein doesn't function as it's supposed to because the structure is altered.
The function doesn't work anymore, probably disease associated or the thing is just dead in the first place.
And then with disease you can start to design drugs, and understanding all that as well.
Another thing that's important, knowing the



primary amino acid sequence we can also really quickly understand evolutionary history.
You can compare albumin sequence of humans and chimps. This will be very closely related. Will lock almost the same. Some small changes. Compared to mouse albumin. Similar but different. You can rank and compare the sequences. The more closely related in sequence the more close you are in evolutionary history. Let's get into primary structure in terms of flexibility and confirmationally restrainness.
Put up a statement and then we will dissect this for a while.
Kind of a small statement that has a lot of meaning.
So polypeptides are flexible but confirmationally restrained.
Sounds like oxy moron. Flexible but restrained. Okay. We will unpack that statement. Meaning,
what is the meaning of this statement?
So we will start off with the confirmationally restrained part of this statement first. The peptide bond has double bond characteristics.
And as a result, is planar.
Okay. Write that down for now. We will get to that as well.





plane.

So this in turn locks a series of atoms in a


So called co-planer atoms.
Let's draw out this stretch of polypeptide and

we will bring the two statements to life. Let's have a look.
Draw a piece of polypeptide. Let's drew albumin.
Not all. We will be here for hours. End terminus. Start there.
Get all that stuff down here. Forms all this.
Then do a bit of specifics now. Two residues in the middle of the protein.
N, back bone. C alpha. C nought. Second residue. N, C alpha, and C nought. The protein continues. Won't draw the rest. C terminus there.
Detail or back bone more.
All the Ns get Hs. NH, NH. N C alpha -- C nought, carbonyl.
[Reading]. Okay.
That's already done. N is done. Carbonyls are done. Now the alpha carbons. What is an that?
Hydrogen atom and R group. Give it some stereo



chemistry. Four bonds -- to the back. R group to the front.
You decide what you want to put this. Depends on the sequence what number this is. Look it up. And define. This -- you can look up what the R group would be in a human ALBUMIN. There R group goes in the back. Hydrogen to the front.
Okay. We decorated our two residues. Nothing else to talk about there.
Okay.
What else can we say?
For example, this might be residue, make up a number, amino acid number 22 and this is the next one in line.
Amino acid 23 of your stretch that goes on to
585.
Where is the peptide bond, between the two
residues. [Reading] this here is the peptide bond. Label that.
Peptide bond.
Linking residue 22 to 23.
Okay. What else can we talk about?
Let's talk about the co-planer atoms next.
Green pen. Put a green around the co-planer atoms. So that's these guys here.



One two three four five six atoms in the green boxed area. These are co-planar atoms.
Meaning they are all in the same plane. If you lay this down on paper, they are all laying flat on that paper.
And the reason why that is, is because the peptide bond although we draw as a single bond has double bond characteristics. I will allude to that. There's no rotation around the double bond. No rotation. And we will give the reason for that in a sec. Peptide bond, no rotation. Like a double bond, fixed in place and therefore you have these -- this is...planer. This carbon. Trigonal planer. This is also trigonal planer. All on the same plane.
We can also look at it -- the picture from Stryer showing the same thing we are illustrating.
218, page 36. Shows nothing new. Six atoms on the same plane. Labelled here in black. Which ones are on the plane. Here is the plane. The paper. All the other atoms are either going into the page or coming out. [Reading].
Think about your N -- nitrogen blew, and H...C nought. Peptide bond. [Reading].
Peptide bond. No rotation.
I said many times, let's write it down. There's



no rotation in peptide bonds.
There's no rotation in peptide bond.
And this is because of resonance in the peptide

bond.



And carbonyl.
I will show you a picture.
Figure from the text book, page 110, although we

always draw peptide bonds like single bond like I did there, here is another example of it. Peptide bond.
And N c alpha, C nought. Not shown...shown leek a single bon. It's not a single bond. This shows why.
Think about the end, the nitrogen, what else...put it on there. On. Loan pair can fold in here. It has folded in. Starts to make a bond here.
Or put a -- now plus charge if you put it in. And this carbon yells I have too many bonds. So the oxygen says I will take the negative charge...push it through.
So idea, peptide bonds is -- this is the actual structure -- hybrid of all this. We draw for simplicity like this but because it actually has some double bond characteristics there's no rotation there, it's fixed.
Okay. So double bond do not rotate for that



reason.
Okay. So since the peptide bond acts like a double bond, okay, the rest of the polypeptide chain can be in cis or trans orientation.
Let's show a picture of that now. Figure from Stryer 220 on page 36.
Now showing colours. No more labelling of the atoms. First every time you lock at polypeptide structure go after the back bone. Sing the song.
Repeating units. They show the colours. N, C alpha, C nought.
N, C alpha, C nought. This is the peptide bond here. Peptide bonds have double bond characteristics, in other words, you can now position the peptide bond either in trans, so the big stuff facing away from this -- think of this as a double bond or on the same side of the double bond. Cis and trans definition.
We drew -- in trans for a reason because we tried to draw in CIS you will run into a problem. The green balls unless hydrogens of the glycine there's big stuff here. Good luck trying to draw...or a trip fan. They will hit each other. There's no room for it. So you have to draw them in trans.
Okay so you can draw them technically you can draw them in cis or trans orientation but because of



steric hindrance, all peptide bonds are in trans.
Except -- always exception -- except those preceding proline. Proline is involved in a peptide bond we have to think a bet. We have a sequence of amino acids, for example, amino acid X followed by a proline and then comes another amino acid, call it X again. This can be any amino acid -- any amino acid, so we go through the sequence. The N terminus is here and comes this residue and then peptide bond and then proline, another peptide bond and another amino acid, towards the C terminus. So after proline, that's just always a normal peptide bond, trans, like you see everywhere else. Regular. The peptide bond preceding, before, proline is unique.
This is the exception here. This can be trans or cis.
And the reason for that is the side chain of proline, as we studied, has three carbons that wrap back towards the front to the NH -- N group, so because of that, it impacts how we can draw proline.
Don't try to draw proline peptide bonds, bio chem 402 devote a whole lecture on proline structure and putting into proteins. Just accept that because of the ring structure there's issues that you can get around by having cis or trans. That scribes



confirmational restrainness of poly...and there's no rotation in the peptide bond. It's fixed. Peptide bonds are fixed and putting them pretty much all into trans. Putting limitations on what we can do.
Peptide are restrained in that nature. What about the other part of the statement. I will put it up again.
This is the statement here. [Reading]. Flexible but confirmational and restrained.
Covered that. Let's talk about the flexibility now.
What about flexibility? Question mark.
So the bond between N and C alpha and the bond between C alpha and C nought, the carbonyl, are free to rotate.
Let's look at the picture here. Figure from Stryer 2.22A on page 37.
Okay. What looking at? Polypeptide back bone.
Find the sequence. Sing the song. [Reading].
Going from left to right.
Pretty easy now. Always going left to right.
Not always the same. They can go any direction. Okay. So if you think about this sequence,
here, if the bonds in the back bone are all fixed what are you have? Long sticks. Would that be conducive to making three D structure? No. Long rods.



Completely useless.
Right?
So you need some flexibility so it can start to turn the back bone back on to itself. So you can make three D shape.
Is this the peptide bond. There's no flexibility there. As we talked about.
[Reading].
Peptide bond. No flexibility there. Other bonds that repeat, N C alpha, as indicated there, [reading], are free to rotate. Good old single bond. You can twist them. The chain will go all the kinds of directions, you start to twist them. Those are free to rotate.
So this provides flexibility -- this provides flexibility.
I have too many Ts in there. Flexibility.
This provides flexibility, allowing the protein to fold in many ways.
So we can measure the amount of rotation about the two bonds.
So you can -- start rotate them and measure the -- you have 360 degree rotation ability around
those bonds, if you think about rotating a single bond



all the way around.
And those bonds are called dihedral angles. You can measure dihedral angles around those two bonds and their range is from minus 180 degrees to plus 180 degrees. So you have the 360 degrees of rotation for some reason they give minus 180 to plus 180 instead of
0 to 360. The die hedral angles have names for each of the sites. The N C alpha bond dihedral angle is called phi, the Greek letter. Like 0 and a line through it.
And the C alpha, C nought carbonyl die hedral angle is called psi, the pitch fork character.
Shown up there too. Measuring -- you can measure the angles around the bonds.
So note, not all combinations of phi and psi are allowed.
You are not just free to rotate in any of those
360 degrees of space.
You will run into trouble trying to do that. This is due to steric hindrance again.
This further -- although we have flexibility limiting the flexibility -- this further limits the number of structures a protein can adopt.
So phi and psi angles are commonly represented on these mathematical plots. Let's look at one. The



next figure shows us how to show these angles. Figure
4 dash 8 on page 115. Shows a ramachagdran plot. Named aft person who came up with this plot. Kind of a complicated thing initially to look
at.
We will come back to these plots tomorrow.
What are they showing? They are showing you phi
angles at the bottom. And PSI angles.
Okay. So how to we make use of this? Showing us structure. Let's focus on the structure. What look at here? N C alpha, C nought.
Okay.
Here is another C nought. The chains run from here. [Reading].
N C alpha -- shows extra pieces outside the residue. Compare this structure to this one, what is the major change between these two?
Well, take your hand and grab here, take other hand and you twist around this bond, you will flip it over like that. See that?
Doing a 180 rotation around the C alpha to C nought bond. That's fiddling around with the PHI angle.
You just switched it by 180 degrees. You moved it up 180 degrees approximately. You can do the same



thing taking this structure and comparing to this one. This time they have -- they moved the other one around. Take this in your hand and twist. Messing with PHI. Changing that angle by approximately 180 degrees. Showing how you can play those. Angle combinations depending how much you move.
And shows up in deferent colours there, we will see why in a sec, what are the different areas in the RAMACHANDRA plot? Areas, regions in dark green are favourable, you are allowed to rotate the two bonds and there will be space to allow those structures to exist.
Areas in light green are boarder line.
So may be you can twist it into those regions depending who the specific amino acid residues are. Big residues -- may be running into a steric hindrance problem.
Three-quarters of all angle combinations --those areas in white, three-quarters of the space, is white, are not possible because of steric hindrance. Physically won't be able to rotate there because you will have clashes between side chains.
So most of the region is no good.
You can't -- can't twist it there. So you have a not that much space to play with. You can only



twist so much. Those areas in dark green is where most bond angle combinations are found.
Let's put it all together.
So large molecules that can freely rotate among many bonds will assume random coils.
Okay. So what does that mean?
IE, a mixture of many different structures. Show an example of this.
Put this statement to life with a picture. Not from the text book. Here is a molecule, not a protein, polyethylene glycol. Used for all kinds of reasons -- you can buy this -- all kinds of molecular weights. Repeating. ... carbon, carbon. You can get hundred thousand. Massive molecule. Whatever. It's a long polymer. Look looks that. All these bonds are single bonds. [Reading].
They are free to rotate. Like that snake. Take a snap shot of any of these molecules, a second later it looks different.
...they will all look different all the time.
Useless to assign a function to that like that...rotational freedom. Changing shape. [Reading].
Completely useless if you want to have function ascribed to it. Because proteins have a series of



limitations on what orientations they adopt they will just review the limitations here in brackets. Planer peptide bond, we talked about, not free to rotate, are fix. Double bond characteristics. And we also have a bunch of limits of the PHI and PSI angles as we talked about.
So because proteins have a series of limitations on what orientations they adopt they can spontaneously fold into a single structure.
Okay. Usually.
I will put that in brackets.
Some exceptions there we will talk about those exceptions later.
They can spontaneously fold into a single structure under physiological conditions.
If you give a protein like albumin, the right conditions, right temperature and salt concentration...reread that. It's profound. You can have a molecule that big with so much flexible that actually forms the same structure every time.
That's an interesting thing that's happened.
So to review that whole section, that statement, peptides -- where was it? Are flexible but confirmation restrained, this slide has all the pieces on it. For review, primary structure review is all on



this slide, figure 4 dash 2B on page 110. Shows what we talked about since the break.
So showing you amino acid structure and [reading].
You can find your pole peptide -- sorry peptide bonds. There's a peptide bond. [Reading].
They are showing the co-planer atoms. Pieces of paper with the five atoms on. [Reading].
All are there and the next co-planer set. One two three four five six. Showing where you can wiggle. Rotate there. The planes are moving thanks to the rotate around the PHI, PSI.
But because of that rotation we can move this stuff so they are not long linear things...we can move the polypeptide back bone into three D space now. We will talk about that tomorrow.
All right.
Any questions on that?
I will end a bit early today and see you guys tomorrow. One other thing, my office hours today have to be postponed, normally they are from 2 to 3. Today is from 3 to 4. Not there at the regular office hours. Thanks. See you tomorrow.
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