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Objectives:

What are the amino acidse
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 are :

- Chemical units that combine to form protein, also known as (the building blocks of proteins)

- Organic acids that contain Carboxyl group (COOH) and an Amino group (NH,). The functional group is the (COOH)
since it is the strongest.

Central roles of Amino Acids:
- Building blocks of proteins
- Intermediates for metabolism

In the human body, there are 20 amino acids
- Humans produce about half (11) of the amino acid.
- Therest (9) are supplied in food (human should obtain from diet).
- When proteins are digested or broken down, amino acids are left.

General structure of amino acids

These are common to

Alpha carbon is e R differs in each amino acid, which gives the amino ———
attached to : acid its unique structure and set of characteristics.
° NH, -~ allamino acids have a primary amino group, *HyN (';a_H o
except for Proline which has a secondary amino
group)
l ° Alpha carbon: is between the carboxyl and the
Hydrogen Side chain  Carboxylic  Primary Amino amino group & if's a carbon atom that bonded fo E‘ézzié"ﬁ;;eo E‘ﬁ}:"%’k&mo
atom (H) (R) acid group (M) a functional group in an organic compound acid. and R groups.

(COOH)


http://www.ochempal.org/index.php/alphabetical/e-f/functional-group/

[&’A_A/ﬁu ] Isoelectric point ( Pi)

Isoelectric point (PI) : I

- The pH of the medium at which the molecule carries no net charge, and becomes a ! [ J
zwitterion. : 5

- Each molecule has its own isoelectric point depending on the side chain (R). ™ /‘\"”

- Isoelectric point is always in the zwitterion form ! o

- Amino acids with ionized R can not be zwitterions.
- The (neutral) zwitterion is the usual form amino acids exist in solution. Depending on the pH,
there are two other forms, an anion and a cation.

. . |
Lwitterion | R
' +
Zwitterion (neutral amino acid) : - HN C COO™
- amolecule that has at least two functional groups: one having a positive charge (NH,") and !
the other having a negative charge (COO), with an overall net charge of zero. : H
|

' Structure of zwitterion

‘Net charge is zero on the |
' molecule '

pH increasts
B — High pH

About the pic on the left

Zwitterion is used to describe the molecule. Isoelectric point is used to describe the pH level.

- In an acidic solution (low pH which means high conc. of H+): The carboxylic acid will gain a

0 0 0 . . )
proton (Hydrogen atom) and lose its negative charge. The overall charge on the molecule is now

® ” ® il 0 i| positive. It becomes cationic. (+)

iH,N—CH —[—0H HyN e CH e ) HoN—CH —C—T - In a basic solution (high pH which means low conc.of H+ ): The amino group will a give a profon

[ | and lose its positive charge. The overall charge on the molecule is now negative. It becomes

I anionic (-)

r__
|
|
|
|
i
i
i
i
i
|
|
|
i
i
i
Ix
|
|
|


https://youtu.be/42llTiRn-b8

[WME@/W ] PK value

PK value: (acid dissociation constant) (pKa)

a-carboxylic group is

The ability of an acid to donate a proton (dissociate) PK values .

in the range of 2.2

Amino acids with ionized R can not be zwitterions. a-amino group is in

pK and acidity have an inverse relationship. (high pK value = low acidity = low amount the range
of protons)

carboxylic group is a stronger acids (with low pk value) than the amino group, so it will

give off its 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: a technique where a solution of known concentration is used to determine the concentration of an unknown
solution.
Buffer: itis a solution that resists a change in pH when an acid or base is added to it.

Ex: glycine (simplest amino acid). S

of 9.4

- Buffer action is max: high resistance to pH change ”
- Buffer action is low: low resistance to pH change

- Glycine

pK = 9.60

The titration curve on the right display what happens to glycine as you change the pH by L
adding OH (base). _
Pk = measurement of the acidity of the GROUP while pH= measurement of the acidity of the SOLUTION [ e
When pk= ph the group starts donating hydrogen instead of the medium 5

The carboxyl group loses a proton first, then the amino group g

pl = 597

o 05 1

15

All free amino acids and charged amino acids in peptide chains can serve as buffers OR=Goivdiontal

2


https://youtu.be/7ZLjzp7thNI

* Important slide

[&’ A helpful video ]

Titration curve of glycine, contd..

Buffer capacity is low:

All COOH donate their H (protons) Acidic environment Zwitterion Basic environment

and become COO-. All of Cation (+) Net charge 0 Anion (-)

molecules are in zwitterion form. + + o

The COOH group in Glycine has EH" K, NH; K, NHy PK, :Buffer capacity |s.mc1x..

lower PK value, so it will donate its CH, — JZHz = é}i2 50% of molecules are in anion (-)
protons first to neutralize the OH- in (IJOOH COO- (ItOO— form and 50% are in zwitterion form.
the medium, and becomes COO-. The ammonia group starts donating
As a result, zwitterions will be 13 pquOﬂ.S, Ond.becomes NH3 — NH,.
formed. — Glycine Zwitterions will lose a positive

charge, & anions (-) are formed.

PK, : Buffer capacity is max:
50% of molecules are in cation (+)

form and 50% are in zwitterion form. pl = 5.97

1

0 0.5 1 15 2
OH™ (equivalents)

Buffering action of proteins is maximum around pK values and minimum at isoelectric point.


https://youtu.be/UT_YFQItvhM

* Important slide

Properties of side chain

Polar
"uncharged”

O )

-Threonine
-Serine
-Tyrosine
-Asparagine
-Glutamine
-Cysteine

Polar
* charged *

Y4

Basic side chain:
-Histidine -Lysine
-Arginine

Acidic side chain:
-Glutamic acid
-Aspartic acid

-/

-/

Non-polar

-Glycine
-Alanine
-Tryptophan
-Valine

-Proline
-Isoleucine
-Phenyl Alanine
-Methionine

-Leucine
o

~

)

mnemonics about this part in the next slide

Body requirements

Essential Amino
acids

Non -essential
Amino acids

J

Conditional
Amino acids

Our bodies

N/

~

/

cannot make it
therefore we
obtain it in diets i
-Phenyl Alanine Ouér%%if; icfon
-Valine -Glutamic acid
-Threonine -Alonine
-Tryptophan - i i
-Isoleucine .ﬁng::;c icrlmgld
-Methionine parag
-Histidine
-Leucine
\Lysine / \
PVT TIM HLL

dia a4l JW& ¢ Jla a2y

( Our bodies \

can make it
exceptin
times of illness
or stress
-Proline
-Clycine
-Glutamine
-Cysteine
-Arginine
-Tyrosine

\_ -Serine ),

Glu Ala AsAg‘? PGG CATS

R

Sounds like ( Big cat)



% Extra slide

ProGAV PIL TM
Ao AU gain anl b ghas

Proline, Clycine, Alanine, Valine,
Phenylalanine, Isoleucine,
Leucine , Tryptophan,
Methionine

Mnemonics

SomeTlimes Cats Try A Growl

Serine, Threonine, Cysteine,
Tryrosine , Asparagine, Glutamine

A Good Lawyer Aims High

Aspartate, Glutamate, Lysine,
Arginine, Histidine



'T\;\weed:jﬁ chain of the nonpolar amino N O n p O | O r O m i n O O Cid S

.acids tend to cluster together
* S Jga galii;
W QA,_CAH,LL;J clall g a3l Tani Ll (5
Sl e osd J 3 ) el
) e ians ga ganl a5 (s,

. . L In protein located in hydrophobic
In protein found in aqueous solution region such as membrane (non polar
hycrophiic * (polar environment) environment)

The nonpolar R-group fill interactin e
e ; g with lipid
up the interior of the Outside surface of environment 1o Stabilize

folded protein and help the Protein A
give it its 3D shape protein structure

Interior of the protein

Med435: R Medass:
L s 2al g5 W proteins Jl & non polar amino acids Ji ¢S W
L oS dida i non polard) sas i s LY eld) e asls oS5 21 Gle

a0 s (il non polar amino acids Ll s e eesii
..3D ¥l AN Al s e ) o shaed | protein JI
Lzl elall aglly sd

* S5l gl 45
LI S O la¥l (s ) slall o S iy hydrophobic daw s 4 <l 1)
G s Al allally bl allaiy | non polar aslS Lebia L A
Ll allall a5 le WY L profein JI cas 5 cuds

e The structure of the proline amino acid differs from wm ""’""""'"""’
other nonpolar amino acids that the side chain of {} {}
proline and its a-amino group form a ring structure CooH '

(an imino group). *"’"_c'" '“s“"c'“
*Keep in mind each amino acid has an a-carboxyl and a primary a-amino Hzc\gzc“z CHs’

group (except for proline which is an imino acid) TR Ak




Uncharged amino acids

neutral charge, (Zwitterion form).

OOH — pK;=22
e These amino acids have zero net charge at neutral pH. coon coon L%
. . . . *HN-C—H *HN-C—H pKp=9.1
e At an alkaline PH chains of cysteine and tyrosine can lose a proton . o F
e Serine, Threonine and Tyrosine each contain a polar hydroxyl group that can m . "’ o
participate in hydrogen bonds. v o o 17
e The side chains of asparagine and glutamine each contain a carbonyl group and " ’"f"’i;,"
an amide group. both can participate as well. . ey B A
Asparagine Glutamine Cysteine
Polar (charged)amino acids
e S |
' Amino acids with acidic side chains: . . . . . |
: they are ionic(charged). : Amino acids with basic side chains. : Ao B
. R { LI o oo LI oo
. | B L e
' ) o b . - ' ow & o O o O o oHy
| Aspartic and glutamic acids are proton | Histidine, lysine and arginine are proton | g c'f o oty oy N
| donors. | accepfors | 3 o o . oy é,,z &
i At neutral pH, these amino acids are fully i At neutral Ph, Lysine and Arginine are fully | o o oy NH
i ionized (negatively charged). i ionized (positively charged). i E NHg* c‘ Ny
i So, they are called aspartate and i Histidine (Pk around é) is a weak base and i i Ny
- glutamate. - therefore when fully ionized it carries a ASPARTIC ACID  GLUTAMIC ACID LsiNe ARGINNE  HISTIDINE
| [ I (Asp) (Glu) (Lys) (Arg) (His)
| | |
i

A P PSSP |



Optical properties

Valine (Asymmetric)

CH; NH,
|

SRR R R R |
! Asymmetric : Symmetric

Asymmetric molecules rotate

|
|
|
|
the plane of polarized light in a [ H
polarimeter - i _
......................................................... _l e
The a-carbon of most of the They Glycine is an example of : Glycine (symmetric)
amino acids is attached to four | symmetric amino acids |
different chemical groups . "a-carbon is not attached to 4 | H H @)

- Asymmetric molecules are
active
- Al mammalian amino acids
are optically active”except
glycine”

|

|

|

|

i

' | |

' | i

: | ! !

i different groups” | : \ |/ :
............................. !_._._._._._._._._._._._._._._| | |

' | |

' | |

|

|

|

|

|

|

|

i

symmeftric molecules are
optically inactive

—————— = ———

Analyzer

-
(can be rotated) ’R

Polarimeter

Plane of polarization
of the emerging light
is not the same as
that of the entering

S : cmishi asttie polarized gt
substance In solution |
in the tube causes

the plane of the polarized

*so All mammalian amino acids are optically active except glycine , andall ~ — PIOE
mammalian amino acids are found in L-configuration*



Amino acids configuration

I
I . . . I
| Allmammalian amino acids are i
left | found in L-configuration |
I I

|
| D-Configuration amino acids are found in |
|
|

|
|
Rotate polarized light to the antibiotics, plants and in the cell wall of | *Both L and D Amino
right microorganisms i Acids are chemically
........................... L fhe same
Non standard amino acids
.- b :
i iy |
. . | g en. Vi) o I
e Apart from the twenty standard amino acids, there are Oy \2 |
a vast number of "non-standard" amino acids P i, avicililinomcigiiens oo ool
e These nonstandard amino acids are usually formed ! o IS aiadll
through modifications to standard amino acids. ' — = :
| o— POz e Len, en, |
Dr ; It is not necessary to memorize the names and the structures I ,NFZ:‘:LC% ﬂmff_j[:;cof ﬂmfﬁ;';cof N
i " Vv |
| i '
I cu:,—g—Nn—(CI:::ZH— (cu,),il—z:q—co— HE—NH—E:X—CO— I
| |




AMIiNo acids derivatives

| |

! !

glutamic acid Tyrosine : Histidine :
| |

| |

| |

thyroid hormone

| |
! !
: The mediator of :
: allergic reactions :
i i

|
!
neurofransmitter : An important
|
|



Review

Isoleucine, Leucine,

I I I
i i i

methionine, i i i
phenylalanine, ! alanine I Glycine, proline |
tryptophan and : : :
valine. I I I

| | |

..................... L S
I ! . ]

threonine ' asparagine | Cysteine, glutamine, |

I | tyrosine and serine |

i i i

..................... ]
i ! i

_ : Aspartic acid, : _ :

| glutamic acid i I

i i i
_____________________ I_._._._._._._._._._._:r_._._._._._._._._._._I
i ! i

Histidine, lysine : _ : arginine :

| i |




Take home messages

Buffering action of proteins is maximum around pK values and minimum at isoelectric
point.

7/ Allmammalian amino acids are opftically active except glycine.

7 Allmammalian amino acids are found in L-configuration




Quiz @
o1 mevammeitegoctonser |

A) Pk, B) Pk, C ) Isoelectric point D)AandB :
|
' non polar amino acids, explain how.
A') Essential Amino B ) Non-essential C ) Conditional D) A hormone i . . .
Acid Amino Acid Amino Acid + Q2: Enumerate the essential amino acids
i

A ) Positive charge B ) Negative Charge C ) Neutral charge D)AandD

A ) -ve charge B ) carries a neutral C ) +ve charge D) none *  SAQs Answer key:
chorge P oo
1)  Theside chain and the alpha carbon of

Proline form a ring structure with the
amino group (the amino group is
} Primary B) secondary C) tertiary D) quaternary aftached to two groups) hence it has a

Proline unique

A ) Tyrosine B ) glutamic acid C ) thyroxine D) arginine

2)  Remember " PVT TIM HLL"

é secondary amino group which makes E
i ( PhenylAlanine , Valine , Threonine... efc ) :
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