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AMINO ACIDS

- Color Index:
= |Important.
= Extra Information.
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= Doctors slides.



Objectives:

» What are the amino acids?
» General structure.

» Classification of amino acids.
» Optical properties.

» Amino acid configuration.
» Non-standard amino acids.
» Derivatives of amino acids.




What are the amino acids ?

- Amino acids play central roles:

A. The building blocks of proteins.

B. They play intermediates role in metabolism.

When proteins are digested or broken
down amino acids are left.

There are 20 amino
acids
A) Humans can
produce about half of
amino acids.
B) The others must be
supplied in the food.




General structure of amino acids:

» Alpha carbon that is attached to:

A) hydrogen atom ( H )

B) side chain ( R ) (which is distinctive for
each amino acid and gives the amino acid a
unique set of characteristics).

C) carboxylic acid group ( COOH )

D) Primary Amino acid group ( NH2 ) ( except
for proline which has a secondary amino
group).

Common to all c-amino
acids of proteins

Side chain
is distinctive

for each amino
acid.

a-Carbon is
between the

» ALPHA CARBON: is between the carboxyl
and the amino group.

carboxyl and the
amino groups.




Isoelectric point (Pl) and Zwitterion:

Zwitterions are neutral amino acid. R
Zwitterions can have more than one
charge. However, the sum of those

charges MUST equal zero.

.|.
Unlike other compounds, zwitterions HSN—C— COO

Simultaneously have both cationic and

Anionic states.

» The isoelectric point (Pl): is the pH at which the
molecule carries no net charge. H
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* Zwitterion is used to describe the molecule. Isoelectric point is used to
describe the pH level.

The molecule in its isoelectric point. If we put it in an acidic or
a basic solution, what will happen?

- In an acidic solution:
Acidic solutions have low pH,

The carboxylic acid will gain a proton (Hydrogen atom) and
lose its negative charge. Due to that, the overall charge on

the molecule is now positive. It becomes cationic.

- In a basic solution:
Basic solutions have high pH,

The amino group will lose a proton and lose its positive
Charge. Due to that, the overall charge on the molecule is

now negative. It becomes anionic.

Pl and Zwitterion video




PK Value

It is the ability of an acid to donate a proton (dissociate).

>

» Also known as pKa or acid dissociation constant.

» The pK values of a-carboxylic group is in the range of 2.2.
>

The pK values of a-amino group is in the range of 9.4.

cx>9, )l Gl o ausell pue (sde Lpi)a8g dcgomol] dunnls wal; pK doud s LodS
PK and acidity: Inverse relationship.
dr notes: carboxylic group is a stronger acids (with low pk value) than the amino group, so it will give

off it's proton first (first pk value = 2.2 ) then the amino group ( higher pk value) will donate afterward
(second pk group =9.4) .




Titration curve of glycine

» When pK1= pH (2.3) 50% of molecules are in cation form and 50% are in
zwitterion form. Jgl=oJy eSSl &uoS Js5 I3 2.3 o0 ST (S ol doud gaiyi Lod)

(Vslyigy WSyoll JS jeaw L « 5.9 daoud xic Juai (si>

» When pK2 = pH (9.6) 50% of molecules are in anion form and 50% are in zwitterion
form. Weu VI duws Raiys 105 9.6 (o LS| (S Lol @oud Ra3,5 o) Bgd sl 6,Sall s
(Jol=oll

» Buffering action is maximum around pK values and minimum at PI.

dr. notes:
- zwitterion the amino acid itself that has no net charge.

- If the side chain contains an ionized group, in this case the amino acid is not a zwitterion. o

- Buffer is a solution resists change in pH when an acid or base is added into it.
- At physiological pH, the a-carboxyl and a- amino groups are dissociated.

- All free amino acids and charged amino acids in peptide chains, can serve as buffers.

0 0.5 1 1.5 2
OH™ (equivalents)



We are adding
alkaline to the
solution which
means we are
adding ( OH-) to
the solution. This
will increase the
ph value of the
medium .

Titration curve of glycine

Since the COOH group in
Glycine has lower pk value
it will start donating its H
proton to the medium
first. at ph 2.3, So it
becomes COO and
Zwitterion will formed.
At this stage (around pk
value 1) the buffering will
be at its max

The buffering here is at its
minimum

IpH

13

s bl = 5.97

NH, NH,
K, ,
#HZ B ML +H2
COOH €00~ €00~
— IGlycine

0 0.5 1.5

OH™ (eqyivalents)

When the ph value reaches a
certain level (9.6) the
ammonia group starts

donating its H protons and
becomes NH2.

At this point anionic formed.

The buffering hear is at its
Max.
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[ body CANNOT [ body CAN [ not essential, P
y y except in time of (hydrophobic)
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- Histidine Gutamic —+ Arginine |
- isoleucine Alanine — Cysteine
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positive negative

charge
(acceptors)

charge
( donators)

* Big cats




* The side chain of the nonpolar amino

NO n p0| ar am i n O aCi d S acids tend to cluster together.
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Uncharged polar amino acid§ .

In an alkaline pH -> cysteine

d tyrosi |
Contain  Polar hydroxyl and tyrosine can lose a

* Serine, Threonine and tyrosine ——— proton
group
GOOH ~— pKy=22 | \
*HN—C—H
L foor GooH | &n,
*HaN—C—H ’II,N—(':—H pK,=9.1
e h Participate in
OH~—pK;=10.1
Serine s - hydrogen bonds
COOH COOH
‘HaN—t:i—H “I'ISN—(::—H ?oon -~ pK,=17
<|=Hz tliﬂz *H3N—c|: —H
P e t CH,
0" NH, O/C\NH PKs=108 & . oK,-83
Asparagine Glutamine Cysteine

Contain CATbONYl group
* Side chain of asparagine and glutamine——— ¥

Amide group
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*  Won’t mixed

* Side chain does not bind or give off zero net charge at normal pH. * Acidic amino acid - on -R
protons or participate in hydrogen or  (if we change pH they can become * Basic amino acid + on -R
ionic bonds. charged)

* has no charge on the side chain

* amino acid with Polar Acidic side chain:
have a negative charge on the R-group

Hydrophobic interactions Hydrophilic (Beacause they are fully ionized at neutral pH)
(Does not love H) (Loves H) 2 types:

Aspartic acid , Glutamic acid
When they are ionized we call them
aspartate and glutamate.
+And they are proton donors.

Examples: Glycine, Alanine, Valine, * amino acid with Polar Basic side chain:
Leucine, Isoleucine, Methionine, Examples: Serine, Threonine, have a positive charge on the R-group
Phenylalanine, Tryptophan and Proline.  Asparagine, Glutamine, Tyrosineand ~ (Beacause they are fully ionized at neutral pH)
* Proline is an Imino acid. Cysteine. 3 types:
(because it has a secondary amino Histidine , Lysine , Arginine

group NH2) And they are proton acceptors.




Mnhemonics

» Non-polar

ProGAV PILTM
proline, glycine, alanine, valine, phenylalanine, isoleucine, leucine

, tryptophan, methionine

» Polar

"SomeTimes Cats Try A Growl"
serine, threonine, cysteine, tryrosine , asparagine, glutamine

» Charged

"A Good Lawyer Aims High"
Aspartate, Glutamate, Lysine, Arginine, Histidine




Optical properties

Asymmetric Symmetric

- The a-carbon of most of the amino acids
is attached to four different chemical

groups.

- Glycine is an example of symmetric
amino acids “a-carbon is not attached
to 4 different groups”

- Asymmetric molecules are active

- All mammalian amino acids are optically
active "except glycine” H2N-—C—COOH

- They rotate the plane of polarized light in

. glycine
a polarimeter

Analyzer
(can be rotated)

- symmetric molecules are optically
inactive.

(fixed)

Polarimeter

Plane of polarization You don't have to

Fixed

. of the emerging light : it o3
polarizer Ehdngpatlastbuient s MEMOrize it just fgr
that of the entering better understanding
Optically active polarized light

substance in solution

in the tube causes

the plane of the polarized
light to rotate



Amino acid configuration

L-Amino acids D-Amino acids

Rotate polarized light to the left. Rotate polarized light to the  right

Both L and D forms are chemically same.

All mammalian amino acids are found in L-  D-amino acids are found in antibiotics, plants
configuration and in the cell wall of microorganisms.




Non-standard amino acids

e o T » Aside from the twenty standard
ik FN/ : o amino acids, there are a vast
CH, 3 CH—OH n n .
H OH 5(';}: Ny I number of "non-standard” amino
o By acids.
i a i
,C00~ —NH—CH—C0— —NH—CH—C0—  —NH—CH—C0—
4-Hydroxyproline e-N,N,N-Trimethyllysine 3-Methylhistidine 5-Hydroxylysine
0
NH—p:—CH H2N\C¢NH_CH3
| ¢ | » These nonstandard amino acids are
(CH, NH
L L usually formed through
i o - 2 2 oo . .
00c, 000 'l | modifications to standard amino
(’)—PO?,‘ Y(le 7(I:H2 (|:H2 ”
(|JH2 B(])H‘z ﬂ(’]H2 C|H2 aC] S .
—NH—CH—CO— —NH—aCH—CO— —NH—aCH—CO— —NH—CH—CO—
0-Phosphoserine y-Carboxyglutamate e-N-Acetyllysine -N-Methylarginine
Ot *you don't have to
(Hy memorize the names.
0 CHy—OH CH, 0 CH,

| F |
CH;—C—NH—CH—C0— (CH,);N—CH—CO— HC—NH—CH—CO—

N-Acetylserine N.N.N-Trimethvlalanine N-Formylmethionine




Amino acids derivatives

Name Derivative of Role
*Gamma anmiGiaE «glutamic acid *neurotransmitters
acid (GABA) g
*Dopamine *tyrosine *neurotransmitters
*Histamine *Histidine e med‘atO'.’ of alleie
reactions
Thyroats Tyronits *An important thyroid

hormone




Review

I O L

NON POLAR SIDE Isoleucine, Leucine, alanine Glycine, proline
CHAINS methionine,
phenylalanine,
tryptophan and
valine.
UNCHARGED threonine asparagine Cysteine, glutamine,
POLAR SIDE tyrosine and serine
CHAINS
POLAR ACIDIC  mmmmmmmmmmmeeee- Aspartic acid, @ -----ee---ee--
SIDE glutamic acid

CHAINS BASIC Histidine, lysine ~  -------emeoee- arginine




MCQs + useful videos

» Proline has a. ............ . .amino group ? chj;:ﬁne is an imino
A) Primary  B) secondary C) tertiary D) quaternary
» Histamine derivative of ?

A) Glutamic acid B) tyrosine C) tyrosine D) histidine

» PK value
» Classification of amino acids

» Introduction to amino acids

» Isoelectric point and zwitterion




Pl Calculation

Formula Example

neutral side chains: pl = 1/2 (pKa; + pKa,) Glycine: pKa1=2.34 and
pKa2=9.6 ----> pl=5.97

Aspartic acid: pKa1= 1.88,
pl = 1/2 (pKa; + pKas) pka3=3.65 pKa2=9.68
---->pl=2.77

acidic side chains

Histidine: pKa1=1.82,

basic side chains _ pka3=9.17 pKa2=6.00
pl = 1/2 (pKa; + pKas) o> pl=7.59

More details about pl calculation:
http://www.mhhe.com/physsci/chemistry/careybe/Ch27/ch
27-1-4.html
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