< ol 1
g2 JJoldl s
King Saud University B

i

RN

BIO T=AM

Amino Acids

Don’t forget who you are, there’s a rise after a fall

Color index: Don’t lose hope and don’t quit.

437 Biochemistry Team




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.
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What are amino acids?

* Chemical units= Monomers

Amino acids play central roles:

 The building blocks of proteins.
 As intermediates (lbbuwg) in metabolism.

When proteins are digested or broken down,
amino acids are left.
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General structure of amino acids [ *mzgman

C) Carboxylic acid

A) Hydrogen atom (H) group (COOH)

Alpha carbonj paaes. Qoo =
. fou: each amino carboxyl and the D
that 1S acid. amino groups. —
k attached to: J . >
1 : : : Amino Acid Structure

B) Side chain ( R ) (Which D) Primary Amino acid @
is distinctive for each group NH, Hydrogen =
amino acid and gives the (except for Proline which Ammo Carboxyl ﬁ
amino aCId a unigque set Of has a Secondary amino \ H 8
characteristics A~
) group). @ G / s
/ | N oH 5
Alpha Carbon: is between the Carboxyl and the Amino i ~

group. R-group

(variant)




Isoelectric point (PI) and Zwitterion

» Isoelectric Point (PI): R
Is the PH at which the molecule carries no net charge +
(neutral). ( The sum of the positive charge equal the sum of HN O CO0~
the negative charge). 3

Zwitterion all> (89 ;o dbluw susy %
=
» Ziwitterion: H >
Is a neutral Amino acid with both 452
positive and negative electrical H =
charges. (BASE) 2
The sum of those charges must equal -Proton (ACID) S
7ERO Acceptor c -Proton ﬁ
’ (Take Donor (give -
protons) ] protons). céﬁg
Zwitterions Simultaneously have both Zwitteri
Cationic and Anionic states. witterion




Cationic Zwitterion Anionic

Low PH PH=PI
Positively charged No net charge
When put in Acidic Isoelectric point
Solution
0
@ || @ ” =
HgN E|:H c OH HaN c|H
R 3

High PH
Negatively Charged
Alkaline Solution (Basic)
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PH increasing (adding base)

The carboxylic acid will Zwitterion is used to
gain a proton (Hydrogen describe the molecule.
atom) and lose its negative

charge.

Isoelectric point is used

Th 11 ch th :
coverar charge on ti€  to describe the PH level.

molecule is now positive
(Cationic).

v

The amino group will
lose a proton and lose its
positive charge.

The negative overall
charge on the molecule
is now (Anionic).
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pK Value:

also known as pka or acid dissociation constant

e It is the ability of an acid to donate a proton (dissociate). Pissociate=splitinto smalleratoms
pKa let us know how strong or weak an acid is .
lower pKa mean stronger acid (iwse @)

e The pK values of a-carboxylic group is in the range of 2.2. “low
pK,stronger acid”

» The pK values of a-amino group is in the range of 9.4. “higher pK, weaker
acid”

Dr. notes (436) : carboxylic group 1s 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

Titration is the slow addition of one
solution of a known concentration
(called a titrant) to a known volume
of another solution of unknown
concentration until the reaction
reaches neutralization
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third state

pH

second state

first state

1.5 2
OH ™ (equivalents)

Adding base

dr. notes (436) :
- 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.
- Buffer is a solution resists change in pH when an acid or base i1s added into it.
- At physiological pH,(7.3) the a-carboxyl and a- amino groups are dissociated.
- All free amino acids and charged amino acids in peptide chains,(protiens) can serve as buffers.




First state pK1 : pH=2.3

COOH group 1n glycine has lower pk then it will start donating its
H first and become COO-

50% of the molecules are in cation form ( net charge is positive )
And 50% are 1n zwitterion (net charge is zero)

the buffering will be at its max .

Second state PI : pH=5.9

All COOH groups donated their H

100% of the molecules zwitterion net charge is zero
the buffering will be at its minimum .

Third state pK2 : pH=9.6

At this level the ammonia group start donating its H and become
NH2

50% of the molecules are in anionic form (net charge is negative)
And 50% are 1n zwitterion (net charge is zero)

the buffering will be at its max.

H anion form
H2N —c¢ —COO
H

H cation form

L]
H3N—¢ —COOH

\
H

H Zwitterion
- _
H3N —c¢ —COO

H
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Classification Of Amino Acids e

I—Body 2-properties
requirement of the side
[ chain
l I I
. non e | |
essential . conditional
essential Non-Polar Uncharged
. Zero net charge at Polar
hydrophobic neutral pH
cannot be not essential
—{ produced by the — produl():eg by the except in time of
bod ody illness or stress
y
| |1-With acidic
phenylalanine side chain
. Proline
Threonine Alanlne_ Glycine
Tryptophan _| Asparagine Cysteine ' |2-With basic
— Isoleucine Aspartic acid Arginine side chain
Methionine Tyrosine
Histidine Serine
Leucine Glu Ala AsAs PG CATS
IyS|ne U'*"L“ul L.S\Lc CLIS “P 9
Big cats

PVT TIM HALL




Non Polar

- Each amino acid does not bind or give off protons or participate in hydrogen or ionic
bonds.

- They promote hydrophobic interactions

LOCATION OF NON POLAR AMINO
ACIDS IN PROTEINS :

~

Proteins in aqueous
solution

“polar environment”

Y
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Proteins in
Hydrophobic
environment

Such as membrane )

Loyl @il csulnd yue o=l

N
The non polar side The non polar R group
chain cluster together| fill up the folded
in the interior of the | protein thus giving its
protein 3D shape
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The non polar R
group found on the
outside surface of the |
protein

J
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Interacting with lipid
environment to
stabilize protein

structure
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Non-polar Amino
Acids:

The structure of the
proline amino acid
differs from other
nonpolar amino acids
that the side chain of
proline and its a-amino
group form a ring
structure (an imino

group).
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”secondary”

Secondary amino Primary amino
group group

J\} COOCH G COCH
|

A +H3N—c|: —H
CH,4

Proline Alanine

?OOH aj— pK1 =23

s

pK2 = 9.6
Glycine

?OOH
|
CH,

|
,CH

H,C CH,

Leucine

COOH
*H;N—C —H

Tryptophan

(|300H
|
CH,

Alanine

COOH
HN-C—H
H—C—CH,
cH,

|
CH

Isoleucine

C|200H

“HN-C—H
T
o
T

CH,

Methionine

(IJOOH
|
Py
HsC CHs

Valine

COOH
*HyN—C —H
CH,

B
R T

| | |
\ A /;
7

Phenylalanine

Proline

You don’t need to
memorize the
structures




Uncharged amino acids: = zero net charge at neutral pH

HOWEVER:
Hydroxyl group COOH ~— pK; =22
*HyN—-C —H
COOH COOH (|:H
| i 5
0H3N _? = H ’HSN—? -— H pK2 = 91 ‘/:;_‘\“\
H—C -OH) H_C | J
g CH N
2 @—pK3= 10.1
Serine Threonine Tyrosine C

2- Serine, Therionine and Tyrosine each contain a polar hydroxyl
group that can participate in hydrogen bond formation.

cI:oou clzoon
both can *HaN—(I: ~H ’H3N—c|; “H
participate CH, CH,
In hydrogen C CH,
bonds. 0" NH, -4
O NH,

Asparagine Glutamine

i ) H — pK;=22
1- The side chains ek

- *"sN—C—H
of cysteine and | on,
tyrosine can losea = "™ ﬂ
proton at an N
- H Ky=10.1
alkaline pH. ... < OH~—K,
LS alls as lgig,ull Tyrosine

Oligigy oSy Jslw 9o
p~._1_|3

COOH — PK;=17
|
*H,N-C—H
|
CH,

= |
PKe=108 gy pK,=83

Cysteine

3- The side chains of
asparagine and glutamine each
contain a carbonyl group and
an amide group, both of which
can also participate in
hydrogen bonds.




POLAR amino acids

Amino acids with acidic side
chains:

- Aspartic - glutamic acids
proton donors

At neutral pH, these amino acids are fully
ionized (negatively charged). So, they
are called aspartate and glutamate.

Amino acids with basic side
chains:

-Histidine -Lysine -Arginine
proton acceptors

At neutral pH, lysine and
arginine are fully ionized

(positively charged).




EXRA revision of amino acids and their classifications

ESSENTIAL NON ESSENTIAL CONDITIOMAL
phenylalanine -+ Glutamic acid. - Proline
Valine Negative | Alanine - Glysien
: (ate) : :
- Threonine N Asparagine * . Glutamine Contain C=0 and NH2- < make H bonds
- Tryptophan -+ Aspartic acid - Cysteine
: GLU ALA ASAS . Negative at an
- Isoleucine - Arginine+ alkaline ph
Methionine - Tyrosine _
Histidine + - Serine %i
. PGG CATS e
Leucine §
_ Non polar &
lysine + Uncharged “zero net charge at neutral %
PVT TIM HLL Contain polar ph.

hydroxyl group = Polar
make hydrogen bonds




Optical properties

Optically Active amino acids Optically Inactive amino acids
They rotate the plane of polarized light in a polarimeter

= symmetric
= asymmetric
groups = a-carbon attached to less than 4
= a-carbon attached to 4 different

chemical groups

v

Only
v Glycine
wbag
All mammalian COO™ o s ug,stl*
amino acids ” ﬁ c| . ots?zm
except Glycine M | i o5 L asd
H symmetric

Schematic diagram of a polarimeter

b)j)A.lJ.GM\;@\&wd\)}jJ\MwMeMWD\J5.% gl.hﬁlw‘i\u.ul:\la
e B 4 (3 (S e A

Optically active: they rotate the plane of polarized light in a (polarimeter)./



https://ar.wikipedia.org/wiki/%D8%B6%D9%88%D8%A1_%D9%85%D8%B3%D8%AA%D9%82%D8%B7%D8%A8
https://ar.wikipedia.org/wiki/%D9%85%D8%B1%D9%83%D8%A8
https://ar.wikipedia.org/wiki/%D9%86%D8%B4%D8%A7%D8%B7_%D8%B6%D9%88%D8%A6%D9%8A

Amino acid configuration

I.-Amino acids D-Amino acids

Rotate polarized light to the Rotate polarized light to the
eft. Right.

Both L and D forms are chemically same.

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

TCHS)B
_CH, P
5—N
CH, /% s
H OH 5 N ,\)
i
% CH, 5
Y > |
5 3 | |
e a CH, CH,
g ‘ |
,C00~ —NH—CH—C0— —NH—CH—CO—

4-Hydrox e-N,N,N—Trimeth 3-Meth
0
|

NH—C—CHj

|
ETHZ
~00C COO~ $CHe
Ve A |
? -PO2~ ‘,?H -.-'(sz
(“,Hg p(|:112 B(|:u2
—NH—CH—CO— —NH—CH—CO— —NH—CH—CO—

O-Phosph y—Carbox s-N-Acet

NHj

CH,
6 ‘ -
CH—OH

CH,
4 ‘ =
' .(‘3112

—NH—,CH—,CO—
5-Hydrox

HZN\(/ NH— CH,
:
NH
CH,
|
ﬁ:H2
CH,

—NH—CH—CO—

o-N-Methylprginine |

S—CHg
(|: H,
0 CH,—OH CH, 0 CH,
CI[;;—(|3|—NH—CH—CO— (0113):3I(I—CH—CO— I'll(E—NH—CH—CO—
N-Acetvlserine N.N.N-Trimethvlalanine N-Formyvlmethionine

non standard lgl s8,cl ks (@gllho juc Lpiloowl®

Aside from the twenty -
standard amino acids, there are a
vast number of "non-standard"

.amino acids o iall oLVl e B3Ls

Awlwl jue Joloxl 8505 aus

These nonstandard amino acids -
are usually formed through
modifications to standard amino

acids.
Aoz IS o uolasVl (Sid GeSs
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Amino acids derivatives

Derivavtive of

dopamine neurotransmitters
terS| ne Thyroxine an important thyroid
hormone.
= 1 A The meaﬁfor of allergic

G I Utam | C Gamma amino butyric
aC|d acid (GABA)

neurotransmitters




Mnemonics

- Non-polar
- ProGAV PIL TM

-proline, glycine, alanine, valine, phenylalanine, isoleucine, leucine,
tryptophan, methionine

CHARGED
"SomeTimes Cats Try A Growl"

-serine, threonine, cysteine, ,tryrosine asparagine, glutamine

POLAR
"A Good Lawyer Aims High"

-Aspartate, Glutamate, Lysine, Arginine, Histidine
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Amino acids are
a) building blocks of carbohydrates
b) building blocks of nucleic acids

c¢) building blocks of lipids
d) building blocks of proteins

2. Acidic amino acids include
a) Arginine and glutamate

b) Aspartate and asparagine

c) Aspartate and lysine

d) Aspartate and glutamate

3. Amino acids with hydroxyl groups are
a) serine and alanine

b) Alanine and valine

c¢) serine and threonine

d) Valine and isoleucine

.4Positively charged basic amino acids
are

a) Lysine and arginine

b) Lysine and asparagine

c) Glutamine and arginine

d) Lysine and glutamine
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Contact us:
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