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Objectives

 What are the amino acids?

* General structure.

* Classification of amino acids.
e Optical properties.

* Amino acid configuration.

* Non-standard amino acids.» Standard amino acids: the basic
amino acids which are coded in

* Derivatives of amino acids. the nucleus
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extra information that might help you

« Acids are proton donors.
« Bases: proton acceptors.

* PHis a numeric scale used to specify the acidity or alkalinity

of an agueous solution.

Low PH = acidic solution = high protons concentration
High PH-> basic solufion 2 low protons concentration



1- the chemical units that combine to form proteins.

2- Type of organic acid that contain both a carboxyl
group ( COOH ) and an amino group ( NH2 ).

- 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.

Amino Acids are usually
formed from by-products
of major metabolic
pathways. Humans lack
the ability to synthesize
the necessary enzymes
aiding the biochemical
pathway reactions to
make Essential Amino
Acids, but can obtain
the Essential Amino
Acids through diet.

Note:

20 standard amino acid (not
necessarily all of them) join
together to make proteins



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).

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

Common to all c-amino '
acids of proteins

a-Carbon is
between the

Side chain
is distinctive

for each amino
acid.

carboxyl and the
amino groups.




Isoelectric point (Pl) and Zwitterion:

e Zwitterions: neutral amino acid. * THE ISOELECTRIC POINT (PI):
they can have more than one charge. However, the sum
of those charges MUST equal zero. IS THE PH OF THE MEDIUM AT WHICH THE MOLECULE

CARRIES NO NET CHARGE.
Unlike other compounds, zwitterions
Simultaneously have both cationic and
Anionic states.

R
Zwitterion is used to describe the molecule. Isoelectric point is used to
—+ _ describe the pH level.
H:N C COO
H
note: Different molecules can have
an amino acid that has ionized R side chain can not be different isoelectric points
zwitterion. because they have different side

chains.



We have a molecule in its isoelectric point (zwitterion) . 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 onthe molecule is now negative. It becomes anionic.

Acidic solution pH increases Basic solution
Low pH i
: _ _ = High pH Above the
Below the ] Isoelectric point o 0 isoelectric point
isoelectric (D || (T ” = ||
point HgN |:|H C OH HaN |:|H C d HoHN CH —C %j
R R R

cation zwitterion anion



The amount of acid that dissociated into

PK Value g ) salt

Proton +
: k. . ok = [H¥][A7]
* It is the ability of an acid to donate a proton ~  [HA]
(dissociate). v
. . . The amount of acid that
* Also known as pKa or acid dissociation constant. haven’t dissociated 2
* The pK values of a-carboxylic group is in the range
of 2.2. 0K s 35 eliall 1S L5
* The pK values of a-amino group is in the range of
9.4. K dasd S Lawdl S LS
e pSalls

danl> C0l)) g o 29yl Dbl e Ljall e (e de gazeall )08 o) pK degd 3 LS w
(de gazxall

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 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

* When pK1=pH (2.3) 50% of molecules are in cation form and 50%
are in zwitterion form. ( o AST 5&” dosd 2a3y3 WJ2.3 4SS a3 1o

Mm&mydwbgy&”59 Qyﬂg)u,sjo.‘\dswb&c)
 When pK2 = pH (9.6) 50% of molecules are in anion form and 50%

are in zwitterion form. e 81§ (ol dad i35 Ll §g8 (N1 8,Sal ;w4396
Jgloealb O gl A 25,3 %)

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

dr. notes 436:

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

. . . . . . . . . . . . H “ =
- If the side chain containsianionized group, in this case the amino acid is not a zwitterion. : Pl = 897

- Buffer is a solution that 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)



_Titration curve of glycine

| AtpH=pkl=23:

The COOH group in Glycine
has lower pk value, so it will
donate its protons first to
neutralize the OH- in the
medium, and becomes COO-

be formed.

Buffering action is at its
ma

. As a result, zwitterions will ||

13

At pH=Pl=5.9

All COOH became COO-, so there
are no more protons to donate.
100% of molecules are zwitterions.
Buffering action at its min.

.I_
NH, NH, NH,
P, Pk
‘JT'H‘: —_ H, —_— ‘#Hs
COOH Co0~
| Glyecine
- pK, = 9.60

At pH =pk2 =9.6

The ammonia group
starts donating
protons, and
becomes NH3 -
NH2

Zwitterions will lose
a positive .charge, &
anions are formed

Buffering action is
at its max.



https://youtu.be/UT_YFQItvhM
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Classification of amino acids i3 s
'%‘ﬂ‘_’w' 118 ll.:"lfng \'|‘\'t+
q.ul.u'ﬂ a‘gﬂyb 5 .
e Amino acids
Gy ke dagally
According to:
Body Properties
requirement of t:e.s'de
cnain
Essential Nonessential Conditional p
olar

[ body CANNOT [ body CAN ei:f;ﬁ;sfﬁfléf hN;np:I::

make ] make ] iliness or stress ] [ Yarapie IC)
— Histidine Glutamic —> Arginine
> |solgucine Alanine » Cysteine
— leucine Asparagine —» Glutamine
: methionine Aspartic acid _» Tryosine charged uncharged
', bhenylalanine —» Glycine
|, threonine > Proline
, tryptophan . 5 —» serine
T Valmerwmn : ol e i positive negative
Valine Histidine 0 charge charge

N\ [ by A=
meere PVT TIM HALE™

Threonine / N Methionine
Isoleucine

(acceptors) ( donators)

* Big cats

436
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Nonpolar am

4 3
Location of nonpolar §
amino acids in ]
proteins
\. J \

Location of protein?

( A

no acids

* The side chain of the nonpolar amino
acids tend to cluster together.

SN g 4l

In protein found in

Location of protein?
4 A

Interior of the

agueous solution
(polar environment)

J

& . . \
In protein located in
hydrophobic region

protein.

\ J

[ \
Qutside surface of
the protein.

Such as membrane

4non polar environment)
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Gives the protein
its 3D shape.

- J

(" interacting with )

lipid environment
to Stabilize

\_protein structure. /
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Continued ...

* 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).

Secondary amino Primary amino

group group
u COOH LE COOH
. |
Hﬂr:l_ﬁ:_H +H3H—?—H
HC.. _CH, CH,
CH,

Proline Alanine




Uncharged polar amino acids

These amino acids have zero net charge at neutral pH.

COOH — pK;=22
*HaN—C—H
CI:OOH c|:oou tl:";
‘HsN—(;: —H "“aN_(l; —H pK,= 9.1
H—C—OH H—C—OH
PII (l:Ha Y
OH~—pK;=10.1
Serine Threonine Tyrosine
COOH COOH
.HaN—t::—H *HsN—C:—H COOH — Pi=1.7 e N\
GHz GHz Al in alkaline pH ,
P CH2 t e . .
o” “nH, B PKa=108 4y poic,-83 cysteine + tyrosine
O NH,
Asparagine Glutamine Cysteine | Can |OSG a pl’OtOn
- )
: ’ : contain
serine , threonine and tyrosine ~ polar hydroxyl

group \
participate in

_ hydrogen bone
side chain of asparagine and glutamine __°"@"__ carbonyl group /
+ amide group




THAEDUR) T8 Structure F11 U T

1 "9 DRI T
Nonpolar Uncharged polar polar
* Won't mixed
* Side chain does not bind or give off zero net charge at normal pH. » Acidicamino acid —on-R
orotons or participate in hydrogenor  {if we change pH they can become * Basicamino acid + on -R

jonic bonds. charged)
* has no charge on the side chain

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

H‘,v'd rop hobic interactions Hydroghi”c (Beacausethey arefully 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.
TAnd they are proton donors.

Examples: Glycine, Alanine, Valine, » amino acid with Polar Basic side chain;
Leucine, Isoleucine, Methionine, Examples: Serine, Threoning, have a positive charge on the R-group
Phenylalanine, Tryptophan and Proline.  Asparagine, Glutamine, Tyrosine and  {Beacause they arefully ionized at neutral k)
PBroline is an Imino acid. Cysteine, 3 types:
[because it has a secondary amino Histidine , Lysine , Arginine

group NH2) And they are proton acceptors.



*Important slide

Mnemonics

 Non-polar

ProGAVPILTM . . o .
proline, glycine, alanine, valine, phenylalanine, isoleucine,
leucine

, tryptophan, methionine

e Polar

"SomeTimes Cats Try A Grow/|" . _ _
serine, threonlne, cysteine, tryrosine , asparagine,
glutamine

 Charged

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




Optical properties

Asymmetric Symmetric

The a-carbon of most of

the amino aCIdS IS. Glycine is an example of symmetric
attached {o fOUF dlfferent amino acids “a-carbon is not attached
chemical groups. to 4 different groups’ @
Asymmetric molecules are HaN—C— COOH
active

All mammalian amino glycine
acids are Optica”y active symmetric molecules are optically
"except glycine” inactive.

They rotate the plane of

polarized light in a
polarimeter

You don't have to
memorize it just for better
understanding




.

- \ 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.

[~ X\
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4-Hydroxyproline

0—P0%
ﬁm

—NH—CH—CO—

0-Phosphoserine

0
|

CH;—C—NH—CH—CO—

N-Acetvlserine

Non-standard amino acids

N(CHy);
CH, CHy
s N
CH, /s
0
N1 4
CH, \%A
oy |
CH, CH,
B ° |
—NH—CH—CO0— —NH—CH—CO—
¢-N,N,N-Trimethyllysine 3-Methylhistidine
0
|
.\|'[l —C—CH;
CH,
-00C €00 s
£
.{,(iH .CH,
ﬁm ﬁm
—NH—CH—CO0— —NH—CH—CO0—
1-Carboxyglutamate e-N-Acetyllysine
CH,—OH CH,4

I
(CH,),N—CH—C0—

N.N.N-Trimethylalanine

NHj
CH,
fi‘ -
CH—OH

CH,

|
CH,

—NH—CH—C0—

5-Hydroxylysine

HQN\ Z NH—CH;,4

—NH—CH—CO0—

©-N-Methylarginine

HC—NH—CH—CO—

N-Formylmethionine

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

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



AmMmino acids derivatives

Gamma amino butyric | Dopami thyroxine
acid (GABA) ne

Derivative of: Glutamic acid Tyrosine Histidine

Role Neurotransmitter An important thyroid  the mediator of allergic
hormone reactions



_ ESSENTIAL NON ESSENTIAL CONDITIONAL

NON POLAR SIDE Isoleucine, Leucine, alanine Glveina proline
CHAINS methionine,

phenylalanine,
tryptophan and valine.

UNCHARGED threonine asparagine Cysteine, glutamine,
POLAR SIDE tyrosine and serine
CHAINS
POLAR ACIDIC Aspartic acid, glutamic =~ ---m-m-memee-
SIDE acid

CHAINS BASIC Histidine, lysine ~ —-oemeeme- arginine



Amino acids
1 |
ave composed of whean protonaied can
] v I
a-Carboxyl group a-Amino group Side chains [ Release H* ]
(-COOH) (-NH2) (R groups)
T l (20 different ones) andactes
s
: acids
pk value 2.2 pk value 9.4 &~ I
a-aT-d»
( PK value
Uncharged polar Acidic Basic ‘,-]‘.
side chains side chains side chains side chains l
Alanine Asparagine acxd Argmine
Glycine Cystane Glutamic acc Histine | Buttering capachy |
Isoleucne Glutarmene Lysne
Methionine Threonine charactorized by chavacterized by roaaces
Phenylalarsne | Tyrosne l ‘
Sace chain is pro-
Tryplcphan Side chaln dissocistos
Valine .,_coo-.’“ m.:-. :::‘ngo:.c.
| | at prysiciogic p |
| p—
found found found {
* * 3 Maximal butter
On the 0utsido of Protoins IRat TUAEHON IN AN AQUOOLS Baviroronl M’_""‘O
2nd In the Aterior of membeano sted pr
In the interior of protoins that function
N an acp orviro art on
e suriace of protoins (such as mombrane
protoins) that Interact with lipads
Proted 2
ns
tei aat Thus, the chemical — -—
:—OOO‘“ nature of the side how the .
-~ Therefore, these chain determines .h
a-NH3" of amino groups are not the that the > protein folcs E— -2
acids are available for M'*wﬂm into s native 7 —
combined through chemical reaction. n & protein, conformation. Srem
particularty . .




group ?

A- Primary
B- secondary

\E- tertiary

/Ill; Proline has a ............. amiQ

/

/Il3: dopamine is a derivative

from :

A- Tyrosine
B- glutamic acid

\E-thyrnxine

~

/IIZ: essential amino acid :

A- Leucine
B- asparagine

C- Cysteine

\_

~

/

‘0

chain :

A- alanine
B- asparagine

\E- arginine

4: amino acid with basic side

~

Answer key:

J

D (¥
v (€
v (¢
a (1




® Name three essential amino acid

----------------------------------------------------------------------------------------------------------

------------------------------------------------------

®  Name the mediator of allergic reaction

Answer key:

aulwe)siH
auluoaJy) ‘sulbeledse
auluoIYlaW ‘auionaT ‘aulona|os|

(¢
(2



» Special thanks to:

Our logo designer:

Reem AlMazyad

m swereem@hotmail.com

)iochemistryTeam 'j:g"&é"f‘

BIOT - AM Biochemistry team 436

y @435biochemteam m teambiochem437@gmail.com ,z 436biochemteam
=

a




<« Girls team: <« Boys team:
> el y Jl aal .
A -‘3 ;Lﬁx_ﬂ grv
> bl ol
P daedl 3L
> dﬁﬁhj\ RN
S G_\_u.d\ SPEN
> I B
> dasall agd
S L_s.\.ﬁ!” o .ﬁ.:l-s

> 2aaly den
. Sjg :b. p Sji %
8l g
M\ s._ub

\74

Y VvV V¥

>
> uadll jue
> ool elas
P (savandl Ll
oS Als
> g0l 35
> amaall Gy
> Gl elia

«wContact us.

U apy >



mailto:Biochemistryteam438@gmail.com
mailto:Biochemistryteam438@gmail.com

