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Protein

* Definition: Organic compounds with high
molecular weight formed from amino acids

— Composed of carbon, hydrogen, oxygen, nitrogen +/- sulphur
— Nitrogen forms appx 16% of their weight (characteristic for
proteins)  carbohydratesdls fatsd) o » i ddaii 5\ 2

proteind! Jaxiy A cilL
 Amino acids: organic acids with one or more

amino groups (NH2)



Importance of amino acids/
peptides/ proteins

 Amino acids participate in the biosynthesis of:
* Porphyrins = hemoglobind! 2 82 s> sl

* Purines o
. Pyrimidinesj% DNAJ! 8 8252 5l
* Urea> ~uall (1 nitrogenous compoundsd) zl Al G 4l gl

e AA form peptides (2-50 amino acids) which have a roles as:

* Hormones : peptidesd! definitiond! 43} Js& i,
Neurotransmitters a combination of 2-50 amino acid

e AA form proteins (>50 amino acids) which have a roles as:
* Plasma membrane
* Hormones
* Enzymes



NHT sl NH2 das (55
EAmino acids are carboxylic acids containing an
amino group. NH 4 prolined Ll amino group aed aelS
* With the exception of the proline which is an

imino__acids (NH), the building blocks of

proteins are L-a- amino acids, having the
general formula:

COO

+
o| CH-NH,4

I

R




Alpha C ..alpha AA (e ke auall proteind! ) 5% A amino acidsd! JS
A y  alpha CJu L i Lals amino groupd! 43) (= € alpha s U
a7 OS5 : (carbczxyl grogpd\e alasi ya C)JS.-‘-.‘.g,sm s FAJL &{SM‘ &)
amino J! @8 se S 1) L form Jb o585 AAD) (e (obaal) dle )
Carboxylic group (D ¢S leay e 135 L oSt alpha CJ) Uk (e group

Optical Activity

* Except in glycine, in which R is a hydrogen atom, the a-
carbon is chiral, being connected to 4 different groups

 Therefore, amino acids are optically active, and each

may exist in the D- or L-form.

Carboxylic group
=

CHO
HO—C—H
CH, OH
L-glyceraldehyde

CJl b e
S CE)
HNFECHH

L-amino acid

T\

(oo

HZ-NHZ

R ThealphaC g
optically active (2 s

D

-amino acid




Amino acid (AA) structure

* Contain carboxyl group (COOH) - acid )
agriay )8 avall DNAJL Ol ga 50 20 o

« Contain amino group (NH2) = amino (sLa¥l LAl Le (55 @l sa S agll) coded aeY
e 300 naturally occurring AA, but only 20 constitute monomer units of protein & coded by DNA

e Only L)alpha amino acids occur in protein in humans (except D-serine and D-aspartate in brain
tissue

* Nineteen L-a- amino acids and 1 imino acid (proline) are required for the synthesis of all

proteins
(Addition of selenium to cysteine) Not coded by DNA , but too
* Selenocysteine is 21stL-alpha amino acid = important in the body
H M 0 COOH COOH
| l I
H-—N —gs— C—0OH H,N H ¥ NH,
Amine ' Carboxyl
group R group R R
Variable L-Amino Acid D-Amino Acid

greup ?? carbon



Classification of amino acids

Y s
Chemical classification: according to their chemical
structure

Water soluble (&

A
Polar vs non-polar: according to the polarity of the
side chain; can be charged or neutral

Positive gr negative

Acidic vs basic (basics pgar: a p w acids s 4l (e Hlaill (an)

Nutritional classification: according to their nutritional
importance (esiential vs hon-essential) .exizi 24 non-essentiald!

periay 53 L pual aeS i 4Gy Hla Lie gllae (ol auall Ja

Metabolic classification: according to their metabolic
fate

s ae (il (Sas sl | ketone bodies Y, glucose by | ad yaSi il o



a5 IS alall a5 ad Bl aull Jadas o Y 5 agdl structured) Jaai s (kS agdaia cosllaa g Jan (hrege

Alpha

Beta

Gamma

Delta

E

Fatty acids Amino acids
1- acetic acid: 2 : | | L.y Hfen—coo ) |
- acetic acid: 2¢ (CH3-COOH): Glycine| & 1) 251l 5 oY) e
- Glycine: (alpha amino acetic acid). asymmetric C 4 NH,
- Propionic: 3¢ (CH3-CH,-COOH): Alanine ’
e . doca o o NH,*
i Alanfne: (alpha am!no Propionic acid) s cn,F C'H ——
- Serine: (alpha amlrfo l?eta !'\ydroxy om | NHy*
. Propnom.c acid) . — cr, | c'u —
- cysteine: (alpha amino beta thiol, sH | NHy*
Propionic acid) 7 N\ .
- Phenylalanine: (alpha amino, beta T < b > .
Leadi sal S Phenyl Propionic acid) . Rithy
ringd <= - Tyrosine: (alpha amino, beta e | HO O CH,+CH
parahydroxy phenyl Propionic acid) i P NH,
- Tryptophan: (alpha amino beta indole heterocyclic | CH,
Propionic acid) ‘
Tryptogha N
- Histidine: (alpha amino beta imidazol it H =
2
Propionic acid) H HNI \/Nl
S ——————— v — =
. (il anl L s NH3J) adsa e il (i
O boke | cma (e Jew sa g) (alal) A B r A
(4xd 50 5 & ) and J ALYl acidd)

Z

Epsilon

Zeta




sl g 4lS a3y gamma thiol m

ethyl Laeu) H38 (pe )&l Lale gamma CJ) 43V

3- butyric acid: 4¢ (CH3-CH2-CH-COOH)
- Threonine:(alpha 'av!lplno.‘ beta hydroxy

4 Valeric acid:5¢ (CHs-CH2-CH,-CH2-COOH) -t i
- Isoleucine: (alpha amino, beta methyl Isoleucine cH
Valeric acid) (Branched amino acid) cH, N
- Arginine: (alpha amino, delta guanido < H-N CH, ~CH, - CH, = (
Valeric acid) Arginine NH,™
(3N L@-‘k 4352 %) |(basic amino acid)NHa
- H,C
5- Isovaleric acid: 5¢ - Sp—
- Valine: (alpha amino, Isovaleric acid) (Branched amino acid)  H.& v
6- Caproic acid: 6¢ Lysine CH, -CH,—CH,—CH,
- Lysine: (alpha amino, epsilon amino caproic |(pasic amino NH.*
acid) acid) °
7- Isocaproic acid: 6¢ s
Leucine CH — &

- Leucine: (alpha amino isocaproic acid)

(Br

Branched amino acid) H,C

8- Succinic acid:@_g hicgr_boxylic acid
- Aspartate: (alpha amino succinic acid)
- Asparagine:(alpha amino succinic

"OOC — CH, = CH
Aspartic acid
acidic.amino.acid)

THLN — c— cx: N
o

(

Asparagine




9- Glutaric acid: 5¢ dicarboxylic acid ~ OOC—CH,-CH;, ~CH —COO"
. Glutamic acid b=
- Glutamate: (alpha amino glutaric acid) akidic amina acid) NH,
- Glutamine: (alpha amino glutaric acid "H,;N-C—CH,-CH, =CH — COO"

amide) Glutamine

10- pyrrolidine ring: 4¢
- Proline: Proline heterocyclic

5053 sma ) Al JS ) sSimy bl (38 s (B Lo 4B DD LGS i (Sa Loy ) sl sl
© el acidd) e
B o) hydroxyl agd G (il o e (i) 2al s JS (e 1538 5 S a8 su xS0, Lal L™
IS e g siny Jgmt G () Gy = 5 Jh gl a3 | el 5 basicd) gl branched

tryptophandl (U (s . Adlisa 373 (pe ST L o 5S5 A daladl . heterocyclic ringd) -
(C atomsd! (e AlalS dala (fia) N5 CJ) (e IS e ringd)

muscle Ju | seba ag?Y gymdle 75 % A Gl xa 2gd 355 branched amino acidsd) -
C a9 585 o laill a2y musclesd! fatigued! sl s recovery

33 5 amino groupd's carboxyl groupd &xie | 2 functional groups 42 amino acidd -
Y agd e Baa g Jilia Bas 5 48 () 5S4 agalana s (aminod)) basic 335 5 (carboxyld)) acidic a¢is
4 amino groups = s AV arginined! oe (Sad a8 Wl G L (neutral) basic Y acid
2 agd Jngd glutamated) s aspartated) s sl Gl e L | basic 058 7 ST sed
(G Je aday 7 25) 8 43Y) acidic 4«ed carboxyl groups



Chemical Classification of = i

Amino Acids | Different atoms in
Has benzene

. -~ the same rin
No rings Vﬂ 4 or benzene :'I v A °

Aliphatic like ring _Aromatic Heterocyclic
Amino Acids Amino Acids Amino Acids
Phenylalanine Histidine
Tyrosine : Proline :
Tryptophan Hydroxyproline
tryptophan
<2 . ale proline s
Neutral aliphatic Acidic aliphatic Basic aliphatic hydroxy group
Amino Acids Amino Acids Amino Acids
Glycine Aspartic acid Lysine
Alanine Glutamic acid Hydroxy!lysine
Valine Arginine
:‘e‘:ei“? Branched chain amino acids Histadine
sQieucing
Serine . :
Threonine Hydroxy amino acids
a(::he:(:\eim sulfur containing amino acids
Asparagine

Glutamine Amides pof acidic amino acids




Neutral aliphatic amino acids

* These are amino acids that contain no ring
structure.

 According to their side-chain, these are
classified into 3 groups:

(1) Amino acids with a hydrocarbon side chain

(1) Branched amino acids
(2) Unbranched amino acids

(2) Hydroxyl-containing amino acids
(3) Sulfur-containing amino acids



Amino acids with aliphatic side

codonsd & sl <l 3J)
g\
1- Glycine (Gly or G) 2- Alanine (dla or A)
a-aminoacetic acid a-aminopropionic acid

3- Branched Chain Amino Acids

A-Valine (Val or V) B- Leucine (Leuor L)
a-aminoisovaleric acid a-aminoisocaproic acid

CH CHi
’>CH JCH - CH,
CH; CH;

C- Isoleucine (Zle or 1)

a-amino, -methyl, B-ethylpropionic acid  CH;- CHax
_CH




Amino acids with aliphatic side
chain containing a hydroxyl group

1- Serine (Ser or S) 2- Threonine (Thror T)
a-amino, B-hydroxypropionic acid a-amino, B-hydroxybutyric acid

CH; - (|3H
OH

Amino acids with aliphatic side
chain containing sulphur atoms

1- Cysteine (Cys or C) 2- Methionine (Met or M)
o~amino, [-thiolpropionic acid a-amino, y¥methylthiolbutyric acid

(I:H2 - CH: |




Amino acids containing acidic
groups or their amides

1- Aspartic acid (4sp or D) 2-Asparagine (Asn or N)
a-aminosuccinic acid Amide of aspartic acid
CH;-COOH NH; H,O CH; - CO-NH;
3-Glutamic acid (Glu or E) 4- Glutamine (Gin or Q)
a-aminoglutaric acid Amide of glutamic acid

CH,- COOH NH; H,O CH, - CO-NH,

| |
CH, L.L. CH,




Amino acids with basic groups

NH,
1- Arginine (Arg or R) HN = c/ y B
& amino, &-guanidovaleric acid NN — CH; CH; - CH; -
® & ¥ B
2- Lysine (Lys or K) CH; - CH; - CH, - CH,
a, s-diaminocaproic acid |
NH;
metabolism Jb pg= _
3- Hydroxylysine |CH2 - ICH - CH; - CH; |
NH, OH ;

4- Histidine (His or H)
a-amino, B-imidazole propionic acid




Amino acids containing aromatic
rings

These are amino acids that contain an aromatic ring

1- Phenylalanine (Phe or F) 2- Tyrosine (Tyr or Y)
a-amino, P-phenylpropionic acid —P-hydroxyphenylalanine
CH,

OH
3- Tryptophan (Trp or W)
aramino, P-indole propionic acid @\ J CH; -
\ "
H




Imino acids: contain imino group

1- Proline (Pro or P) 2- Hydroxyproline
(2-Pyrrolidine, carboxylic acid)

HO

|

N.B. Heterocyclic amino acids are those containing rings other than phenyl ring and
they include tryptophan, histidine, proline and hydroxyproline.



Neutral Heterocyclic amino acids

 These are amino acids that contain a heterocyclic ring

* Heterocyclic ring: A ring containing at least one atom
other than carbon

* They include tryptophan, histidine, proline,
hydroxyproline

* Proline is an imino acid (contain imino group (NH) rather than
amino group)

** Note: Histidine is also a basic amino acid

a8 S as) g gcid oSee ad) Jaadly
histidined! ) dxala e S




< T CHs

.
N CH-NH5

COO™

N COOH
H

Histidine; His H
(imidazole group)



*+* Acidic amino acids and their amides:

e The acidic amino acids are monoamino-dicarboxylic acids

 Theyinclude Aspartic acid, Glutamic acid

* Asparagine and glutamine, the amides of aspartic and glutamic acids,
respectively, are neutral

COO CO0O COO COO

I + + + +
(IZH—NH3 CH-NH, o |CH-NH, o |CH-NH,
|

cI;H2 CH, B CH, B CH,
CO-NH, CH, COO™ Y CH,

Asparagine Glutamine Aspartic acid Glutamine acid
Asn; N Gin; Q Asp; D Gin; E




B- Acidic Amino Acids (monoamino-dicarboxylic acids
They include the following:

1- Aspartic acid 2- Glutamic acid
(lle — COO°
CH,

CH,-COO



*»*Basic amino acids

* Histidine, Arginine and Lysine are the only members of
this group required for protein synthesis

proteind sl 4 Jan Y
* Ornithine is not found in proteins (non-proteinogenic)
but is important in metabolism

COO™ COO CcOO

Arginine; Arg; R Lysine; Lys; K
(Guanidium group)




A- Basic Amino Acids (diamino-monocarboxylic acids)

They include the following:
I- Lysine and hydroxylysine CH, - CH, - CH, - CH; -
NH;*
3

/NH,
+I‘iz]q =C

2- Arginine

3- Histidine




Nutritional Classification of Amino acids

20 amino acids are needed for protein synthesis

* 9 of these amino acids can not be synthesized in the body:
* Phenylalanine
* Valine
* Threonine
* Tryptophan

 Methionine die w essential OsSe arginined!
* leucine, isoleucine 10 padic jnfantesdé ,Jiky)

* Lysine O aadic gdultsd Lin essential
 Histidine

 They should be supplied in the diet, and hence the name ESSENTIAL
(Indispensable) AMINO ACIDS.

e Arginine is only essential for growing infants, but not for adults hence the
name semiessential (10 essential amino acids for infants)

* Proteins that are rich in essential amino acids are known as proteins of high
biological value



Essential Amino Acid Mnemonic

Prnivate Tim Hall => PVT TIM HALL

LA |
e F = Pheny "\
- aine
o 1 bhreorn
T.IL.M
o T Try wall
o | » g
- e -
H.ALL
- His Dadmnea
. Argreree"
. LeLor
. LyS™
<10 ESSENTIAL AMINO ACIDS
22
ryptoghan @
Threonlne/ s >
Histidine__
Valine - ‘b TRY THIS VIP MALL
Isoleucme = =
Phenylalanlng/- Pl e
Methioniny MegE
Arginine/ A
Lysine _~ A-T
Leucme\{

CJ'doubtmut

- l')-‘v,.- s

senbial dunng ¢+ Ntreger Baance



NONESSENTIAL (Dispensable JAMINO ACIDS:

Nonessential means that our bodies produce an
amino acid, even if we do not get it from the food
we eat

Nonessential amino acids include: alanine,
asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, proline, serine, and tyrosine

Proteins that are deficient in one or more of the
essential amino acids are of low biological value,
e.g. zein of maize (deficient in tryptophan).



Metabolic classification

* According to their metabolic fate, amino acids
can be classified into 3 main groups:

* Pure glucogenic: give glucose inside the body

— include all amino acids except the members of the other two
groups (14 acids)

* Pure ketogenic: give ketone bodies inside the body

— Include leucine and lysine

* Mixed glucogenic and ketogenic: give both glucose and
ketone bodies inside the body

— include phenylalanine, tyrosine, tryptophan and isoleucine



Polarity and charge classification

 AA with non-polar R groups:
— 1 -Glycine & 2-Alanine
— 3-Valine
— 4-Lucine and 5-Isoleucine
— 6-Methionine and 7- Phenylalanine
— 8-Tryptophan and 9-Proline

* AA with uncharged polar groups: These are more
soluble in water than the first group

— Their (R) groups contain neutral polar functional groups,
which form hydrogen bonds with water, they include:
* 1-Serine, threonine, tyrosine and hydroxyproline (contain hydroxyl

group) s extra functional group 4 S % !
* 2- Cysteine (contains SH group) (C atomsdle 5L ) &l 48 S 4 1) polar

* 3- Asparagine and glutamine (contain amide group)



» Amino acids having charged or ionic polar

side chains:

positive L) basic ¥ s (negative charge le) acidic =2 Ja sl 320 U 4l s g
peptides | sexy Lol W 5338y sla charged) s, (charge

* These are amino acids in which the R group
carries a full charge due to:

* lonization of the acidic groups (aspartic and glutamic
acids) = giving amino acids negative charges

* Protonation of basic groups (arginine, lysine and
histidine) giving amino acids positive charge

When amino acids are connected together to form peptides and proteins their
carboxyl and amino groups lose their charges




- Basic Amino Acids
They include the following:
1- Lysine and hydroxylysine CH; - CH; - CH, - CHz-
| +
NH;
NH,;
2- Arginine 'HzN =

3- Histidine

’I'hey mclude the followmg:
1- Aspartic acid 2- Ghutamic acid

CH,-COOr



