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Some information are posted on the course blackboard.

1-jmol structure of all  L-amino acids and two D-amino acids.

You can download the jmol software at http://jmol.sourceforge.net/ .  You can use 
jmol with the jmol structure files to familiarize yourself with the structures of amino 
acids and the differences between L and D amino acids. 
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An amino acid is a carboxylic acid, a primary amino group, and a  variable side 
chain attached to a carbon.  Most amino acids are alpha- amino acids i.e. the amino 
group is attached to the alpha-carbon.  Proline is the exception to this rule. It has a 
secondary amino group that participates in two bonds with the alpha and the delta 
carbon.  Proline alpha carbon and the secondary amino group are part of a ring 
structure.  

3

Thomas M
Sticky Note
you have carbon right in middle - carbon. any other carbon attached to it is named as such. 

Thomas M
Sticky Note
attached to alpa carbon is alpha carboxylic group, then on other side we have primary amino group. the H doesn't change. as you change the R you change the amino acid. 

Thomas M
Sticky Note
you can have R on amino gorup - proline is ONLY amino acid that doesn't have this structure. 
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The isoelectric point (pI) is the pH at which the molecule will be neutral.  At pH 
below this point the molecule will be positively charged whereas at pH above this 
point the molecule will be negatively charged.  

You will notice that the pKa of the alpha-carboxylic acid and the protonated alpha-
amino groups are relatively similar across the 20 amino acids .  The side chain R 
will affect the pKa.  Largest differences for proline and cysteine.

Some of the amino acids have different groups that can be ionized beyond the 
alpha-carboxylic acid and the alpha-amino group.  For example, lysine has one 
alpha-carboxylic acid, one alpha-amino group and one epsilon amino group.  These 
ionizable side chain will contribute to the pI.

Thomas M
Sticky Note
we can have positive and negative charge on amino group. zwitterions - has positive and negative charge. doesn't HAVE to be neutral pH, its hjust the pH where the two groups cancel out. 

Thomas M
Sticky Note
middle - if you increase pH, the amino group will deprotonate and overall molecule will be negatively chargeed. 



You need to learn the one and the three letter codes.  The three letter codes are utilized for amino 
acids and short peptides.  Long peptides and proteins use the one letter codes.  As well, many public 
databases prefer to use the one letter codes because they save storage space (3x less space when 
using one letter codes instead of three letter codes). Dr. Margaret Oakley Dayhoff developed the one 
letter codes for the amino acids.  For some amino acids the logic is pretty apparent while for others 
(as she was running out of letters) the codes were pretty far fetched.   Here are how the one letter 
codes were selected.

Most of the one letter codes are easy to remember as the amino acid either start by the same letter 
or is phonetically the same sound.

Alanine A First letter of the name

Glycine G First letter of the name

Leucine L First letter of the name

Proline P First letter of the name

Threonine T First letter of the name

Phenylalanine F sounds like Fenylalanine

Tryptophan W tWiptophan (or, contains Double ring)

Arginine R aRginine

Tyrosine Y tYrosine

Aspartic Acid D asparDic

Asparagine N Contains N (or asparagiN)

Glutamic Acid E gluE (or glutamEke)

Glutamine Q Q-tamine

By the time Dr. Dayhoff got to lysine, there were not too many letters left, so she used the letter K, 
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Thomas M
Sticky Note
this is single letter code. some of these come from german. 



explaining that K is at least near L in the alphabet.

Lysine K K is near L in the alphabet
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Interestingly, human cannot synthesize many of the amino acids it requires to 
survive.  Instead, it must acquires these amino acids through feeding.  Plants can 
make all of the amino acids.  So eating plants can provide the essential amino 
acids.  Another way of obtaining these essential amino acids is to eat other animals 
(that have obtained these amino acids from plants). Human do not have the 
enzymes essential for the biosynthesis of all of the amino acids.

If you do not obtain these amino acids from your food, then your body will catabolise 
itself!!

Please note that tyrosine is synthesized from phenylalanine, so if the diet is 
deficient in phenylalanine, tyrosine will be required as well. 

Thomas M
Sticky Note
tyrosine requires phenylalanine, our body can make tyrosine, but it needs phenylalanine. 
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For these amino acids, you have the enzymes to either perform a denovo synthesis 
or to do semi-synthesis based on other amino acids.

Thomas M
Sticky Note
we can make these de novo, body will detect these amino acids and make them accordingly. 
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Amino acids can be classified according to different criteria.   Here they are 
classified according to the properties of their side chains based on basic, acid, 
uncharged polar side chains, and non polar side chains (next slide).  

Three of the common amino acids have side chains with net positive charges at 
neutral pH: histidine, arginine, and lysine 
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These amino acids do not have a dipole present within their side chains.  Basically, 
as the length of the side chain increases the hydrophobicity increases.  In proteins, 
these amino acids will often be positioned in a way to avoid water molecules and 
form hydrophobic regions.

When present in proteins alanine and glycine, because of their weak hydrophobicity, 
can be either facing water molecules or in hydrophobic regions.

Please note that isoleucine has two centers of asymmetry.

As you should remember from organic chemistry, these side chains are not very 
reactive and therefore are rarely involved in post-translational modification.

The contribution to the pI of these amino acids is primarily determined by the alpha 
carboxylic acid and alpha primary amine.  They have very similar pI ranging from 
5.97 to 6.02.

Thomas M
Sticky Note
glycine is smplest amino acid. you cannot have missing R. if you put methyl, you get alanine. then leucine. centre of chirality

Thomas M
Sticky Note
more hydprphobic ones - like to hide in proteins. core structure doesn't change, just side structures. they ARE NOT reactive. there isn'y much reaction. they tend to stay the way they are.

Thomas M
Sticky Note
glycine can have polar OR non-polar side chain. 

Thomas M
Sticky Note
glycine is only one that isnt chiral.

Thomas M
Sticky Note
isoleucine has two chiral centres, so two configurations possible
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Both Methionine and cysteine contain sulfur in their side chain.  However, 
methionine is classified as having a non-polar side chain whereas cysteine is 
classified in Voet as having an uncharged polar side group (due to the presence of 
the thiol/sulfhydryl which can form a thiolate anion).  Please note that in some other 
biochemistry books cysteine is classified as having a non-polar side chain.  The side 
chain is primarily composed of carbon with one sulfur.   Sulfur is much more 
reactive and therefore methionine and cysteine are involved in many post-
translational modifications.  For example, methionine and cysteine can be oxidized 
into a sulfoxyde or even as sulfone.  As well, cysteine can form a dimer (cystine)  
and when this occurs in a protein, it forms a bridge within the protein or even 
between different proteins.

Methionine has a pI of 5.74.  In contrast cysteine which has a sulfhydryl group (SH) 
has a much lower pI of 5.07, because the sulfhydryl side chain has a pKa of 8.37.   
This means that cysteine SH group is a slightly acid.

Thomas M
Sticky Note
likes to get hidden in protein structures. 
methionine - has sulphu that increases hydrophilicity AND reactivity. sulfur can react. methionine is oxidized , it can have double bond O.
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Thomas M
Sticky Note
this is only one that has R chain that loops back. feature - its stiff - so it can have freedom in protein structure. conformational stiffness is can be present in protein structure. 
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Tryptophan and phenylalanine have also non polar side chain.  Moreover, they have 
an aromatic ring within their structure.  All of the amino acids that have aromatic 
rings (regardless of their hydrophobicity) can participate in pi stacking (π-π 
stacking), hydrogen to pi interaction and cation to pi interaction.  For example, 
although the phenyl moiety in phenyl alanine does not have a dipole, it has a slight 
negative charge on the aromatic ring compensated by a slight positive charge on 
the plane of the ring.    This slight negative charge permits interactions to occur with 
positively charged molecules (Na+, NH4+, Li+ and metals).  As well phenylalanine 
and others can participate in pi-pi stacking in which two multiple aromatic rings 
(from different molecules) form a multilayer sandwich.  Finally, they can also form 
hydrogen bond through weak hydrogen bond to the pi stack of phenylalanine (we 
will come back to this in the section on protein structure).

Thomas M
Sticky Note
they have rings BUT they feed back to alpha carbon. 

Thomas M
Sticky Note
there is aromatic ring here.  - these two amino acids wouldLIKE to be buried in protein?. these strucutres provide other tyupes of bonding. we hav earomaticity in both moleecules - when you have this cycle, the electrons are more free and can bond. you can have Ch3 come and bind there, or nitrogen bond straight to electrons. 

Thomas M
Sticky Note
tryptophan is less hydrophobic bc of amino group. this creates more dipole. 
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Thomas M
Sticky Note
there is chirality - isomers. its also an aloholl. chiral centre - four possible threonine. 

Thomas M
Sticky Note
yrosoine - considered non polar bc of aromatic, but also POLAR bc of OH. 

Thomas M
Sticky Note
you can have substitution reaction - you have receptor. 

Thomas M
Sticky Note
these strucutre all like to be neear water - hydrophilic. 



15

Thomas M
Sticky Note
after the first carbon there is double bond O - polar molecules - H bonding. they contribute to polarity. 

Thomas M
Sticky Note
there are enzymes that can catalyze asparigine into aspartic acid. 

Thomas M
Sticky Note
they look like aspartic.
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Thomas M
Sticky Note
tricky - it likes to make bridges. there is a thiol group - SH. there are elcetrons all on sulfur - its a very reactive group. it can form bridges with other cysteins. you can have reaction where you lose water and make sulfur bridge. 

Thomas M
Sticky Note
cystein is only one that can make bridge in between them. in cel lyou can EASILY reverse this. helps in stability. 
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When arginine is protonated on its epsilon amino group the positive charge is 
stabilized by resonance between the two amino groups.  

Histidine is also classified as basic because the two nitrogens in its ring structure 
have a weak affinity for protons. 

The side chains of lysine and arginine are fully protonated at pH 7, whereas 
histidine (side chain pKa of 6.04) is only 10% protonated at pH 7. 

Because histidine side chain has a nearly neutral pKa, its play important functions in 
many enzyme catalysis by acting as proton donors and acceptors. 

In contrast, arginine and lysine side chains are protonated under physiological 
conditions and often participate in electrostatic interactions in proteins.

Thomas M
Sticky Note
epsilon group. lycine has two amino groups - they have DIFF pK values. you MUST know lycine and areginine are basic. we now have side chain that can provide charge - can be protonated. it can also participate in H bonding, it can be mthylated etc.

Thomas M
Sticky Note
we have NH2, these can also provide charge, and can be reactive. this has pKa of itself. instead of having another carbon, you have gunaidio group - excchange betwee  aminos. 

Thomas M
Sticky Note
basic side chain - there is amino group that is not protonated is basic. carboxyliuc is acidic. lysine has four carbon chains, and the amino group is called epsilon. 

Thomas M
Sticky Note
need to know average pKa, you need to know that argininie and lycine are basic

Thomas M
Sticky Note
weak base - it has ring strcutre with two nitrogen. histidine side chain is discussed as base. 

Thomas M
Sticky Note
why do we put side chains  in? they are hydrphilic, and depening on condition they will represent charge - charged surface. 

Thomas M
Sticky Note
should say pH 6 just to the right here instead of 7. 
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Thomas M
Sticky Note
there is just an extra CH2 is difference. the carboxylic group - can have modificaitons, but not as much as nitrogen group. asparigine with side chain - there are enzymes that can remove the H from CH2 and add an OH. 
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Thomas M
Sticky Note
glutamate is most produced amino acid in world
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Here are some amino acids that are found in proteins, but are relatively rare.   Most 
typically they are formed after the protein is made in cells through a process called 
post-translational modifications(PTMs) of the protein.  PTMs are catalyzed by 
specific enzymes.

Common PTMs include glycosylation, oxidation, hydroxylation, methylation, 
acetylation, and phosphorylation. 

You need to 1-be able to recognize that they are not one of the common 20 amino 
acids. 2-know the ones underlined in red. 
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Thomas M
Sticky Note
histidine can bemethylated. lycine - can have OH replace. you can alter the amino group. 



Here are some amino acids that are found in proteins, but are relatively rare.   Most 
typically they are formed after the protein is made in cells through a process called 
post-translational modifications(PTMs) of the protein.  PTMs are catalyzed by 
specific enzymes.

Common PTMs include glycosylation, oxidation, hydroxylation, methylation, 
acetylation, and phosphorylation. 

You need to 1-be able to recognize that they are not one of the common 20 amino 
acids. 2-know the ones underlined in red. 
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Thomas M
Sticky Note
know all these structures - monomethylationg of arginine - adding methy group to EITHER nitrogen group. this is iimportant in protein interaction - you can change this with methylation. methylation is also used in histones of genes. 

Thomas M
Sticky Note
lysine - can be mono, di or tri methylated. the steric hindrance increases. say you have an enzyme that wants to cleave a certain spot, but has to bind to the protein, the more you methylate it the less the enzyme will be able to bind. methlated can PROTECT the group. 



Here are some amino acids that are found in proteins, but are relatively rare.   Most 
typically they are formed after the protein is made in cells through a process called 
post-translational modifications(PTMs) of the protein.  PTMs are catalyzed by 
specific enzymes.

Common PTMs include glycosylation, oxidation, hydroxylation, methylation, 
acetylation, and phosphorylation. 

You need to 1-be able to recognize that they are not one of the common 20 amino 
acids. 2-know the ones underlined in red. 
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Thomas M
Sticky Note
you need to know this. phosphorylation is important - it is regualted. there are kinase enzymes to put them on, and phosphatases remove them. they work based on whats around that protein in amino acid sequence. 



The two enantiomers of fluorochlorobromo methane are presented.  Please note 
that they are mirror images.  However, you would not be able to superpose the left 
image with the right image by rotation.  If you try to rotate the left image to 
superimpose with the right image it will not work.

Enantiomers are types of stereoisomers that are mirror images of each other and 
that are not superimposable.
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The two enantiomers of fluorochlorobromo methane are presented.  Please note 
that they are mirror images.  However, you would not be able to superpose the left 
image with the right image by rotation.  If you try to rotate the left image to 
superimpose with the right image it will not work.

Enantiomers are types of stereoisomers that are mirror images of each other and 
that are not superimposable.
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Glycine does not have a stereoisomer.  The mirror images of glycine can be 
superposed.  Please note that I have only depicted the side chain of the alpha 
carbon.  The NH2 and CO2H are free to rotate on their bond axis with the alpha-
carbon.

Here the blue ball is NH2 whereas the red ball is CO2H
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Thomas M
Sticky Note
you can superimpose its mirror image. 



Glycine does not have a stereoisomer.  The mirror images of glycine can be 
superposed.  Please note that I have only depicted the side chain of the alpha 
carbon.  The NH2 and CO2H are free to rotate on their bond axis with the alpha-
carbon.

Here the blue ball is NH2 whereas the red ball is CO2H
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Tyrosine has only one chiral center (the alpha carbon).  Therefore it has two 
stereoisomers and one pair of enantiomers.

Grey=Carbon

White=Hydrogen

Red=Oxygen

Blue=Nitrogen
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Tyrosine has only one chiral center (the alpha carbon).  Therefore it has two 
stereoisomers and one pair of enantiomers.

Grey=Carbon

White=Hydrogen

Red=Oxygen

Blue=Nitrogen

30



Except for glycine, all of the amino acids have stereoisomers.  

Threonine has two different chiral centers and therefore 4 stereoisomers
L-Threonine (2S,3R) and D-Threonine (2R,3S)

L-allo-Threonine (2S,3S) and D-allo-Threonine (2R,3R)

Grey=Carbon

White=Hydrogen

Red=Oxygen

Blue=Nitrogen
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Thomas M
Sticky Note
has FOUR stereoisomers. they don't superimpose so they have chiral centres. 



Except for glycine, all of the amino acids have stereoisomers.  

Grey=Carbon

White=Hydrogen

Red=Oxygen

Blue=Nitrogen
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Thomas M
Sticky Note
why is this important? you must be careful. cell cannot make enzymes that will handle BOTH configurations (S and R). from structure POV, a system has been developed to take care of only one of these. 
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Thomas M
Sticky Note
able to isolate compound that they would call say valine, they saw different angles of light. 
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Thomas M
Sticky Note
this system has nothing to do with structure that is being selected by cell. alanine is L, but from optical point of view its small d. 



Fischer projections are characterized by one or more chiral centers surrounded by 
four bonds arranged in a plus-shaped pattern.  The adjacent chiral centers are 
aligned vertically. The Fischer projection was originally intended for carbohydrates 
and its use with other molecules (such as amino acids) can lead to ambiguous 
structure.

Rules:  Chiral carbon is at the center. if multiple carbons connected together they 
are set on the vertical line.

The vertical line is going behind the plane of the page.

The Horizontal is going out of the plane of the page.
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Thomas M
Sticky Note
fischer developed strucutre. take carbon with grou diff groups attached, you can have two in the plane.



Fischer projection of L-Glyceraldehyde. I have color coded the chiral carbon orange.   
The rest of the carbons are grey, oxygens are red, and hydrogens are white.

I also show that 180 degree rotation of the fisher projection does not change the 
enantiomer

The L-Glyceraldehyde had been previously measured to be (-) by polarimetry 
whereas the D-glyceraldehyde had been measured to be (+).  Fischer selected the 
representation for L and D glyceraldehydes as illustrated in the two figures.  He had 
a 50% chance of properly selecting and he did.    All of the amino acids have an L-
configuration.   Although the L/D configurations were selected based on 
glyceraldehyde, it has nothing to do with the levo/dextro system.
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Thomas M
Sticky Note
predicted that 50% of L would line up with l (optical). no mater how you rotate it you get same formation(D or L)



Fischer projection of D-Glyceraldehyde. I have color coded the chiral carbon 
orange.   The rest of the carbons are grey, oxygen is red, and hydrogen is white.
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I have color coded the chiral carbon orange.   The rest of the carbons are grey, 
oxygen is red, and hydrogen is white.  The bounds are color coded from the chiral 
carbon.
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Thomas M
Sticky Note
any 90 degree rotation gives you DIFFERENT form. 



All alpha- amino acids have an L stereochemical configuration (except for glycine 
which is not stereochemical).  The easiest way of remembering the configuration is 
to use the mnemonic “CORN crib”  looking at the alpha carbon through the 
hydrogen one should read clockwise CO, R, and N where CO stands for the alpha-
carboxylic acid, R for side group and N for alpha-amino group.  Please remember 
that in the Fischer projection the carbons are set on the vertical axis.  This will be 
helpful when you try to figure out the configurations of the different amino acids as 
most R are attached to the alpha-carbon through a carbon.

The Fischer projection is ambiguous when dealing with molecules that have multiple 
chiral centers. 
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Thomas M
Sticky Note
bc of L form, what turns out is thatall amino acids are of L strucutre. 

Thomas M
Sticky Note
if you face hydrogen towards you and you can read CORN from left to right, its L form. 



Here is an example on how to verify if a 3D model is the L or D form.   At the top 
right you can see D-alanine and at the bottom right you can see L-Alanine.  I have 
color coded the groups attached to the alpha-carbon according to the color used in 
the CORN mnemonic.  Carboxylic in red, amino group in blue and the CH3 side 
chain (R) in purple.  You should be able to see that:

1-When you look at the carbon through the hydrogen, the L-alanine forms the 
clockwise CORN mnemonic.

2- When you look at the carbon through the hydrogen, the D-alanine does not form 
the clockwise CORN mnemonic.

3-You can perform a rotation of the structure of L-Alanine to align it with the L-
Amino acid Fischer projection.  

4-Rotation of D-alanine will never lead to the Fischer projection for L-amino acid.
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Thomas M
Sticky Note
hydrogen is always to thte right if you put COO on top. 



In the Cahn-Ingold system the residues attached to a chiral center are labelled in 
the following descending order SH > OH > NH2 > COOH > CHO >CH2 OH > 
CH3>H.  You can either used the reversed alphabetic labelling approach 
(W>X>Y>Z) or numbers (4>3>2>1)

The a-carbon configuration of all the L-amino acids except for cysteine is (S) with 
the exceptions of L-cysteine and L-cystine , which are ®.

In most amino acids the order of preference in the RS system of the groups around 
C-alpha are NH', COO-, R, H.  However, for cysteine and cystine the group R takes 
precedence over carboxylate because the atomic number of sulfur attached to C-3 
is higher than that of oxygen attached to C-1.

Please note that some amino acids have two chiral centers and the second chiral 
center is not necessarily the same as the first.
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Thomas M
Sticky Note
you need to know this. 



The a-carbon configuration of all the L-amino acids except for cysteine is (S) with 
the exceptions of L-cysteine and L-cystine , which are ®.

In most amino acids the order of preference in the RS system of the groups around 
C-alpha are NH', COO-, R, H.  However, for cysteine and cystine the group R takes 
precedence over carboxylate because the atomic number of sulfur attached to C-3 
is higher than that of oxygen attached to C-1).

Please note that some amino acids have two chiral centers and the second chiral 
center is not necessarily the same as the first. (See next slide)
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Here I provide the Newman projections and the Fischer projections of Threonine 
and isoleucine.  Learn those.

Thomas M
Sticky Note
you need to know these 2 strucutres. just know what it looks like. 

Thomas M
Sticky Note
why? we have stereoisomers - in cell you have some D amino acids that are present. when L is incorperated in protein strucutre, and as protein structure ages, some amino acids can FLIP, and this indicates protein age. 

Thomas M
Sticky Note
D is something that enzymes usually won't use - its too expensive to develop enzyme that will handle every single isoform. 



The ionization of the alpha amino and alpha carboxyl groups of amino acids will 
allow three distinct states.  At neutral pH, the Zwitterionic state predominates.  In 
this state, the overall charge (disregarding the R group) is 0.  At significantly higher 
pH, loss of a proton from the amino group occurs.  This gives the anionic (-1 
charged) form.  Notice how the pKas for the carboxyl ionization differ from that of 
acetic acid in solution.  You should be familiar with the pKa values of ionizable side 
chains.  
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Thomas M
Sticky Note
amino acids are zwitterions - they can be present at SPECIFIC pHs - isoelectric point - point at which molecule is neutral. 

Thomas M
Sticky Note
you can go more basic and get negative charge



The Henderson-Hasselbach predicts that the pH will be equal to the pK when in this 
case an acid HA is present 50% as HA and is 50% dissociated to A-.  This means 
that the concentration of HA and A- are equal, and their ratio is equal to 1 (log 1=0).
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Thomas M
Sticky Note
this applies to amino aicds et.c 
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At low pH, both the amino and the carboxyl acid-base groups are fully protonated 
and the amino acid is in its cationic form .  

Thomas M
Sticky Note
glycine  - two groups - amino and carboxylic. 

Thomas M
Sticky Note
at 0.5 - one proton group being attached wil lbe disscoaitated 100%. at low pH we have totally protonated glycine. as you add base - next slide
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However, by the addition of a base (such as NaOH) the equilibrium can be slowly 
shifted towards the zwitterion.  You will notice that the value of the pH does not 
change drastically before 1.0 equivalent of NaOH added.  In this range the amino 
acid has buffering capacity (generally +/- 1 pH unit aroud the pK).  The pK1 
correspond to the pH when 50% is present in its acid and base conjugate. 

Thomas M
Sticky Note
you start losing protons, the amino group protonated doesn't care. at certain point it will reach equilibrium between two - this is point where pKa=pH. so half of molecules are present in each form. pI is when 100% of molecule is strucutre on rright. 
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You will notice that at the equivalent of 1.0 (i.e. 1 equivalent of NaOH added) the pH 
increases very quickly, at this point the alpha carboxylic acid is fully ionized and 
cannot provide protons to neutralize OH- and therefore the pH increases.

Thomas M
Sticky Note
fully deprotonated carboxylic - amino group still doesn't care. as we add base, the pH increases then goes flat - why? as you add base, you pull of proton and get water, so the pH stays relatively flat - this is called buffer zone - if you add a little bit of base or acid - pH will not change very much, this is buffer zone. 

Thomas M
Sticky Note
as we moive up more, we add morebase, then we get to point where carboxylic becomes fuly dperotonoated - no more buffer capacity - no more protonation - large spike. the OH is being added now so pH rises quickly. this is point where zwitterion is fully present. the PI is where zwitterion is present. 



49

As the pH nears the second pK of glycine, then the buffering capacity will start 
again and more protons will be liberated that can neutralize the OH- and therefore 
the pH change decreases.  Finally, once all of the protons have been displaced (at 
2.0 equivalent) and glycine is in its anionic form then the pH will increase to the pH 
of the solution of NaOH.

Thomas M
Sticky Note
now amino group is starting to observe and reccts - so we get closer to pKa of amino group, so protons start to be pulled from amino - so you flatten out pH. 



Please pay attention to the fact that when an amino acid has more than 2 pK, then 
the pI is found using the pKs that surrounds the zwitterion.  In this case pK1 and 
pK2.   Therefore the pI is (pK1+pK2)/2
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Thomas M
Sticky Note
glutamic acid - pH vs OH being added. important to draw the strucutr eof different forms that will be present (top). 

Thomas M
Sticky Note
this second structure - it is your zwitterion - charges cancel out

Thomas M
Sticky Note
this strucutr eis NOT switterion - carboxylate on R group is deprotonated. 

Thomas M
Sticky Note
3 equivalent points. titration  - as we have halfway point beteen 0 and 1 equivalnace, there is mix between first and second strucutre.s this represents first pKa. 

Thomas M
Sticky Note
at first equivalent its ALL zwitterion - its the PI point. at 1.5 you have half and half of GLU0 and GLU -. and here is where you have your pK2. 

Thomas M
Sticky Note
at 2.0, no protons left from carboxylates 

Thomas M
Sticky Note
isoelectric point is Pk1 + pK2 deividided by 2. 



Same issue applies here.    In this case the zwitterion will occur at pH between pK2

and pK3.   Therefore the pI is (pK2+pK3)/2.   One easy way to figure this out is to 
draw the structure of the amino acid in its different charge states along the titration 
and to find out which structure represent the neutral zwitterion.   
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Thomas M
Sticky Note
the proton with the lowest pK value will be deprotonated first. 




