Amino Acids

‘ Introduction ‘ Structure of Amino Acids

= Amino acids are biologically important molecules = Each amino acid has 4 different groups

made from amine (-NH,) and carboxylic acid (- attached to a- carbon ( which is C-atom next
COOH) functional groups, along with a side-chain to COOH). These 4 groups are :

specific to each amino acid. Ami
= Amino Acids are the building units of proteins. = Amino group,

o Proteins are polymers of amino acids linked together by 2 COOH gp,
what is called “ Peptide bond” o Hydrogen atom and
= There are about 300 amino acids occur in nature. o Side Chain (R)

o Only 20 of them occur in proteins.
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‘ Structure of Amino Acids ‘ Structure of Amino Acids
Carboxylic group o
= Amino acid carbons are -
. 1 named in sequence + (,:OO
Amlno group using the Greek H3N—(I:H o
alphabet (o, B, v, 8, ¢€) CH, B
. 2
starting at the carbon (I:H
between the carboxyl rre v
and amino groups. CHz 5
CHy ¢
*NH
—_ H 3
R group H = Glycine
CH, = Alanine
3 4
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‘ Structure of Amino Acids ‘ Structure of Amino Acids
? = All amino acids have a common structural unit that is built around the alpha
Aanine acids may be = carbon.
chesutterimd s o, F}‘ oy CH3-CHz - [FH =-C-0H o Lets call this the “core” structure.
snilng acids gepending en “""‘2 = The figure shows the core with one of the bonds on the a-carbon
the locatlon of the aming = PRI AR: acid unassigned. A group in this location is represented by the letter R.
gruup In the earben chaln, o Lo
L ang o the cabon ¥ E . o *HN— Cc — H
adfevent to the carowy| b mz CHg-€ -OH ° FL :
grovp. R
[ are on the 2 carbon £ - eminohutamole poid ) )
o the B carban from Hhe = R gro‘ups are the only variable groups in the structurg
ot grovp ¥ 9 = Consider R the only unknown and focus on this group to learn the
CHg= CHz CHz-€-0H structures.
““2 u Hence, Rule (1) is amino acids are composed of a core group and an R group.
- drltonels aski o Rule (2) is the R group gives an amino acid its structural identity
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Amino Acids

‘ Structure of Amino Acids

Building an R Group

Glycine Alanine Phenylalanine  Tyrosine
H CH, CH, CH,
P
00
N\
N~
OH
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‘ Structure of Amino Acids

Lysine Arginine Histidine
CH, (‘:H2 CH,
C‘H2 CH,

CH,

Imidazole

Guanidinium

Epsilon amino

‘ Structure of Amino Acids

Acidic and Amide Amino Acids

ASBF:::‘C G‘:L?;“‘C Asparagine Glutamine
Mo g b
COO- " CH, c=0 CH,

| -

Aspartate Co0- NH, ¢=0

Glutamate NH,
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‘ Structure of Amino Acids

Serine, Threonine, Cysteine and Methionine

Serine Threonine Cysteine Methionine
CH,OH H-C-OH CH,SH CH,
CH, GH,
i
CH,
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‘ Structure of Amino Acids

Valine, Leucine, Isoleucine

Valine Leucine
~
C
C/ C\ c |
/ C\
C C

Isoleucine

n

c-C

|
} Ethyl group
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‘ Structure of Amino Acids

Tryptophan and Proline

Tryptophan
Proline
H,C — CH

CH, ) V2 ‘H

| H,C c,

| SN7 “coo-
N H
H

Indole
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Amino Acids

‘ Classification of Amino Acids

Amino Acids: Classification
Common amino acids can be placed in five basic groups
depending on their R substituents:

= Nonpolar, aliphatic (7)
= Aromatic (3)

= Polar, uncharged (5)

= Positively charged (3)

= Negatively charged (2)
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‘ Classification of Amino Acids

Aliphatic Amino Acids
D.  Amino Acids with Hydraphabic Side Chain

Alanine Valine Isaleudne Leucine Methionine
(Ala) tval) (lle) (Leu)
L
o o] =] O
=§—~, 3 H, L
A v l L M
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‘ Classification of Amino Acids

Aromatic Amino Acids

Phenylalanine Tyrosine Tryptophan
(Phe) (Tyr} (Trp)

4o o )

o
3 N, M,
Nty
pKa 10,10
F Y w
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‘ Classification of Amino Acids

Charged Amino Acids

A Armra i, wrth Eivcrrasty Clrarged S Chora
rasive

ﬂm Histiding Ili:!n&
Q (]
pka 203 "D pHa T.70 plaLis
o o
H, , N,
pKads.00 pEad0s pHa%ia
- Zy A
praboa
Hr—( ® NH,
BNH, Pk 1007

pKe 1210
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‘ Classification of Amino Acids

Polar Amino Acids
B A Ard verh Pl Uinchanged Sk Gesim

Yo Fo =5 o

T Pl

www.anilmishra.name

Lecture Notes of Prof. Anil Mishra from
www.anilmishra.name

‘ Classification of Amino Acids

Special Amino Acids
Glycine Proline Cysteine Selenocysteine

(Gly} @ (Pro) e (Cys) G (Sech 0
pkalid 6b ﬂil.ﬁ% L 1‘91,4/0 K

13 %
O=<_ o pa 10.47 © <
NH, NH,
pKNa‘:.gl NH ke 1028 mwz
SeH

SH

a8 14
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Amino Acids

Classification of Amino Acids by Polarity Classification of Amino Acids by Polarity

A- Polar amino acids: Acidic Neutral Basic
with L. T ina5e Bmio Beide, F may Sonthn. Co orme ydrogen bond A A
:” - OT—! group : as in serine, threonine and tyrosine Sp sSn Sel’ Arg
o - amide group: as in glutamine and aspargine Tyr CyS i

a ;r;\ilrlj—:%sg?]%phgﬁgmggen act as a base (basic amino acids ): as lysine, Glu Gln

o - SH group : as in cysteine
a - COOH group ( acidic amino acids): as aspartic and glutamic .

POLAR

B- Non polar amino acids:
= Ris alkyl hydrophobic group which can’t enter in hydrogen bond formation.
2 9 amino acids are non polar

glycine, alanine, valine, leucine, isoleucine, phenyl alanine, tryptophan, proline and
methionine

Ala e

Phe Trp
Val Ley Met pp

NON-
POLAR

Polar or non-polar, it is the bases of the amino acid properties.

19 20
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Amino Acid Subway Mag

 Optical Activity

ng@ ‘ This is NOT a metabolic pathway ‘

-C-CONH, _C-C-CONH, Nan-Kan line

= All amino acids show optical activity except for
Asn GInE Amide e Y P
|

glycine , the rest of the amino acids contain at least

-C-C-C-C-NH;*
; - one asymmetrical carbon atom
3 Asp[Bm=Glu [§ Acidic = What is an asymmetrical carbon atom ?
ceoon oo o It is a carbon atom that is attached to four different
Central line | Gly [€] chemical groups (four different substituted groups).

= Why does glycine lack optical activity?
o Since its” R-group” is a Hydrogen atom thus its a-carbon
atom is not asymmetrical.

Non-polar
Polar Hydroxy  Sulfur »
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| Optical Activity ' Acid — Base Character
= What does possessing optical activity mean? = All amino acids contain at least two ionizable
o It means that the amino acid in solution can be groups
present in two isomers; o The a-amino group and

= The (dextrarotatory)(+) isomer which has the ability to

g : a The a-carboxylic group
rotate the plane of polarized light to the right.

= The (laevorotatory)(-) isomer which has the ability to = Some contain an additional acidic or basic

rotate the plane of polarized light to the left group in their side chain ,which are

= So both isomers can rotate the plane of responsible for the amino acids , acid- base
polarized light by the same magnitude but in behaviour.

opposite directions.
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Amino Acids

‘ Acid — Base Character

= Amino acids are amphoteric:
o They can react as either an acid or a base.
= Ammonium ion acts as an acid, the carboxylate as a base.
= Amphoteric properties of amino acids;

o Amino acids due to the presence of their ionizable a-amino
and a-carboxylic group can act sometimes as acids and
sometimes as bases depending on the pH of their media .

Bnino: Acis Structure
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‘ Acid — Base Character

= Majority of amino acids has amphoteric character — functional
group —COOH is the reason of acidity and —NH, group
causes basic properties.

= In basic environment AA dissociate proton to form carboxyl
anion —COO".
o Basic surround defends —NH, against dissociation.

= In acidic environment AA accept proton to form amonium
cation -NH;".
o Acidic environment defends —COOH against dissociation.

= =2
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‘ Acid — Base Character

= In solutions more basic than the pH of the amino acid, the amino group —NH,*
in the amino acid donates a proton.

= In solution more acidic than the pH of the amino acid, the carboxylic group
COO- in the amino acid accepts a proton.

= Thus behaving sometimes as an acid and other times as a base depending on
the pH of the solution.

Amino Ackd Structure Amino Acid Structure

Amine Acid Structure Todhoaen - Hydrogen
Fydrogen - Netiass " Lo Amino Carboxyl

s caen H H = H o

i 8 W
g eyl H W © € v, Ko

W o H o L

"
Atacidie pH at physiclogical pH Atbasic _l'“
iy iy Ve
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‘ Acid — Base Character

Proton : abundant and small, affects the charge of a molecule

lone pair Hiah .
electrons 3\ «---... gh pKa "

( N
— 4 h |

Amino /N\\H H" — _~-N-q

H “H
Low pKa High
o-H 0.
Carboxylic —Cio — — Ci_o ™

Ampholyte contains both positive and negative groups on its molecule

2
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‘ Acid — Base Character

= Amino acids exist as a zwitterion: a dipolar ion
having both a formal positive and formal negative
charge.

o All neutral amino acids are present in the Zwitterions form at
physiological pH (around 7.4) the carboxyl group will be
unprotonated and the amino group will be protonated.

= lonization of the -NH, and the ~-COOH group
= Zwitterion has both a + and - charge

= Zwitterion is neutral overall
NH,—CH,~COOH —— H3N*-CH,—COO-

glycine Zwitterion of glycine
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‘ Acid — Base Character

Acidic environment  Neutral environment ~ Alkaline environment

Isoelectric point

30
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Amino Acids

' pK, Values

[ELCITEEN o, Volors of Commen Amics Adch

Armirss Acid -COOH pk,
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‘ Physical Properties

= Amino acids are mainly water soluble which is explained by its
polarity and the presence of charged groups. They are soluble
thus in polar solvents and not soluble in non-polar solvents.

= They have a high melting point reflecting the high energy
needed to break the ionic forces maintaining the crystal
lattice.

= It is important to note that the general properties of amino
acids is shared by all the amino acids and is in many cases
contributed by its a-amino and «- carboxyl group . Amino
acids can posses other specific properties dictated by they
unique side chain.
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| Stereochemistry of Amino Acids

= All common AA except cio aio
glycine are chiral at the HO= C=H H=C=0H
a-carbon atom. CH,OH CH,0H
o L-amino acids

. . LGlyceraldehyde pGilyceraldehyde
predominate in nature

and are the only ones
used in ribosomal protein

synthesis. COOH COOH
o D,L-nomenclature is IJ,;-—l:-H u.-:;-.;'u]

based on D- and L-
glyceraldehyde. CH,OH CHyOH
LSerine D-Serine
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| Stereochemistry of Amino Acids

= AA are optically active molecules and 0o "ﬁ’“'
asymmetry of their mirror images is not n;u...i;-a 2,
superimposable (except in the case of % .

3, £
glycine where the R-group is o Alemiae T
hydrogen) a 2
r/ \i
(s T -
& P Yoo
> 1 !
7—¢—3 )—45—1
= according new [UPAC nomenclature 4 H

L- D-forms were replaced for (S)- — #Alasine  #Frikmine
and (R)- system
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‘ Stereochemistry of Amino Acids

= R,S-nomenclature system is more convenient, since amino acids
like isoleucine and threonine (with two chiral centers) can be named

unambiguously.
(2L 'r'“ A on

Ho—C = > ([ Hom £ =0l > (i

8 o e Ve
] o b i AN ok
iterralacbyde (1 Ghvrerabshyde wtihaerabdeliyde 3 Ghyreraideinde
it
Ol \
[{Resr -] g
oc’ =,
o, ¥
Llasine (83 Alamine
The as ko () sl (5] o 2 ghrrabletde sl Lalar
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‘ Stereochemistry of Amino Acids

COOH COOH COOH COOH
HN—C—H H—C—NH, HN—C—H H—C—NH,
HE € H H G CH, H C CH, HE € H

CH, H, CHy CH,
Isal, L [ i L i T L L L
(2535} Isoleucine (2RI Isolevcine (2530 Hsobeurine (2R 35} Isoleucine

COOH COOH COOH COOH
H‘\" C—H H—C :Qu‘ H‘i C—H H—C .-'m,
H—C—OH HO—C—H HO—C—H H— G OH

CH, CH, CH, CH,

- Threonine e Threanine Thisthy i R
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Amino Acids

| Synthesis of Amino Acids

= The Strecker synthesis

.
R 'l‘"‘z EO hest s
\"/" + NHy 4 HON I R——t
a CN Hzo .
o o
o-amino nitrile . )
ceamino acid
-
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‘ Reactions of Amino Acids

Peptide Bond Fomation

= Amide bond formed by the -COOH of an amino acid and the —
NH2 of the next amino acid

= Amino acids are connected head to tail

NHz—@-COOH NHz-@—COOH

Carbodiimide Dehydration
-H,0
%
NHZ—@— C~ le —@— COOH
? H

Reactions of Amino Acids

= Acylation Reactions.
o The amino group reacts with acetic anhydride.

HaC
v j\ j\ =0 _ AHN H
HsN H HiC” 0" “CHj HN H = %
3 ™ 707 "CHy >,
, R >CoH
R” >Co, (Ac,0) R” NCOLH 2
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Reactions of Amino Acids

= Esterification Reactions.
o The carboxylic acid group can undergo Fischer

esterification
+
Hﬁ'E(H HOCH,CH, H2N;<H
b _ B —— e Z,
R™ CO, H* R” > CO,CH,CH,
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Reactions of Amino Acids

= Reaction with Ninhydrin.
o Primary amines react with ninhydrin

o o- o
NHg & N 9
R - s NN + + co,
Lot Qe — Q<10+ A
o \O o
Ninhydrin
Intense purple
color
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Reactions of Amino Acids

= Disulfide linkage — conversion of cysteine to cystine is like a conversion of
thiols to disulfides by mild oxidizing agents. This conversion can be
reversed by mild reducing agents.

= Disulfide bonds stabilize protein structure by providing cross-link.

2 H\s/" -=-:: H/E\E/

thial digullide

i Disulfide linkage
HA, ety o1 : r
s TR NN
o | ey
Z-amino-3-mercapeopropanaic ackl 3.5 dtiobes-ammapropanoic ackd)
cysteing cystine
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