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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)

� Amino acids: organic acids with one or more  
amino groups (NH2)

ϝ�ϥϋ�ϩίϳϣΗΑ�ΔρϘϧ�ϱΎϫϭfatsϝϭcarbohydrates

ϝ�ϝϣόΗΑ�ϲϠϟ�ΕΎΑϛ˷έϣϟprotein



Importance of amino acids/  
peptides/ proteins

� Amino acids participate in the biosynthesis of:
� Porphyrins
� Purines
� Pyrimidines
� Urea

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

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

ϝ�ϲϓ�ΓΩϭΟϭϣϟhemoglobin

ϝ�ϲϓ�ΓΩϭΟϭϣϟDNA

Æ

Æ

ϝ�ΝέΧ�ϥϋ�Δϟϭ΅γϣϟnitrogenous compoundsϡγΟϟ�ϥϣÆ

ϝ�Ϫϧ�ϝϭϘϧ�έΩϘϧΑdefinitionϝϟpeptides�
a combination of 2-50 amino acid



� Amino acids are carboxylic acids containing an  
amino group.

� With the exception of the proline which is an
imino acids (NH), the  
proteins are L-ɲ- amino

building blocks of  
acids, having the

general formula:

�ϡϬϳϓ�ϡϬϠϛamino groupϝ�˯ΎϧΛΗγΎΑproline�ϪϳϓNH

�ΔϐϳλΑ�ϥϭϛΑNH2�ϭNܪଷା



Optical Activity
� Except in glycine, in which R is a hydrogen atom, ƚŚĞ�ɲ-

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.

ϝ�ϝϛamino acidsϝ�ϭϧϭ˷ϛΑ�ϲϠϟprotein�ϥϋ�ΓέΎΑϋ�ϡγΟϟΎΑalpha AA���
�ϲϧόϳ�εϳalphaϝ�Ϫϧ�ϲϧόϳ�ˮamino groupϝΎΑ�ρΑΗέΗΑ�ΎϣϳΩalpha C

�ϝΎΑ�ΕέϛΫϧ�ϲϠϟFAϝΎΑ�ΔρΑΗέϣ�ϥϭϛΗΑ�ϲϠϟ�ϲϫϭcarboxyl group�����ϥΎϣϛϭ
ϝ�ϥϣ�ϰϣυόϟ�ΔϳΑϠϏϷAA�ϝΎΑ�ϥϭϛΗΑL form�ϝ�ϊϗϭϣ�ϥΎϛ�Ϋamino 

groupϝ�έΎγϳ�ϰϠϋalpha C�ϥϭϛΗΑL�ϥϭϛΗΑ�ΎϬϧϳϣϳ�ϰϠϋ�ΫϭD�

Alpha C

Æ

Carboxylic group

Carboxylic group

The alpha C
�ϲϫϭoptically active

Æ

ϝ�έΎγϳ�ϰϠϋC

ϝ�ϥϳϣϳ�ϰϠϋC



Amino acid (AA) structure
� Contain carboxyl group (COOH) Æ acid

� Contain amino group (NH2) Æ amino

� 300 naturally occurring AA, but only 20 constitute monomer units of protein & coded by DNA

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

� Nineteen L-ɲ- amino acids and 1 imino acid (proline) are required for the synthesis of all
proteins

� Selenocysteine is 21st L-alpha amino acid

?? carbon

�αΑ��ϝΎΑ�ΕΩϭΟϭϣDNA�ϡϬόϧλϳ�έΩϘΑ�ϡγΟϟ
�ϡϬϧϻcoded�˯ΎϳΣϷΎΑ�ΎϧΫΧ�Ύϣ�ϱί�ΕΎϧϭΩϭϛ�ϡϬϟ���

�ϥϣ�ΕέΎλΗΧ�ϡϬϟϭ�ϑϭέΣ

Not coded by DNA , but too 
important in the body

(Addition of selenium to cysteine)
Æ



Classification of amino acids
� Chemical classification: according to their chemical  

structure

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

� Acidic vs basic

� Nutritional classification: according to their nutritional  
importance (essential vs non-essential)

� Metabolic classification: according to their metabolic  
fate

ϭϫϭϫϷϡ

Positive or negative

Water soluble ϥϭϛΑ

Æ

Æ

��ϡϬϣγ�Ϫϧ�ϥϋ�έυϧϟ�νϐΑacids�ϡϬοόΑ�ϪοέΑ�αΑbasics�

όϧλϳ�έΩϘΑ�Ύϣ�ϡγΟϟϡϬ
ϝnon-essentialϡΗΑϡϬόϳϧλΗ

ϳϛέΗ�ΔϘϳέρ�Ύϧϣ�ΏϭϠρϣ�ϑγϸϟϭ�ϡγΟϟ�ϝΧΩϡϬΑ

ϡϫέϳγϛΗ�ΞΎΗϧ�ΏγΣ����ϲρόΗΑglucose���ϻϭketone bodies��νόΑ�ϊϣ�ϥϳϧΛϟ�ϥϛϣϣ�ϭ



ργΑϷ��Ύϣ�ϲϠϟ�ΩϳΣϭϟϭ
�Ϫϳϓasymmetric C

ϥϳϣϬϣϝ�ίϳϳϣΗϭ�ϥϳϠϣΎϛ�ϡϬυϔΣ�ΏϭϠρϣϭ�ΩΟstructureϡϬϟ��ΩΣϭ�ϝϛϟ�ϲϣϠόϟ�ϡγϻϭ�ϲλΧηϟ�ϡγϻ�υϔΣϧ�ϡίϻϭ

ϡγϻϭϡγϻ�ϭϫ�ϥϳγϭϗ�ϥϳΑ�ϲϠϟ�ϝϳϭρϟ
ϲϣϠόϟ�Ώόλ�εϣ�ϝϬγ�ϭϫϭ����ϥϋ�ΓέΎΑϋ
ϝ�ϡγacidόϗϭϣϭ�ωέϔΗϟ�ϡγ�ϝ�ΔϓΎοϹΎΑϪ�

�ϲλΧηϟ�ϡγϻ�

Æ

ϝ�ϊϗϭϣ�ϥϋ�έυϧϟ�νϐΑNH3�ϡϬϠϛ�αΑL

heterocyclic

Ϭόϗϭϣϟ�˱ΔΑγϧ�Ύ
ϝ�ϰϠϋring



ϝ�Ϫϧϻgamma C�ΎϬϳϣγ�έΩϘΑ�ϥϳϋέϔΗϟ�ΎϬϳϠϋgamma thiol methylΩΣϭ�ϪϠϛ�ϪοέΑ

(Branched amino acid)

��ΎϬϳϠϋ�ΔϧϭΑέϛ3N�

Æ

(Branched amino acid)

(basic amino 
acid)

(basic amino acid)

(Branched amino acid)

(acidic amino acid)



�ϝbranched amino acidsϝΎϋ�ΡϭέΗΑ�ϲϠϟ�αΎϧϟ�ϊϣ�ϡϬϓϭηϧΑgym���ϝΎΑ�ϭΩϋΎγΑ�ϡϬϧϻmuscle 
recoveryϝ�ϭϠϠϘΑϭfatigueϝϟmusclesΕϼοόϟ�ϭϭϘΑϭ�ϥϳέΎϣΗϟ�ΩόΑ

�ϝamino acidϪϳϓ2 functional groups��ϙΩϧϋϝcarboxyl groupϝϭamino group���ΓΩΣϭ
�ϡϬϧϣacidic�ϝcarboxyl���ΓΩΣϭ�ϭbasic�ϝamino��ϡϬϣυόϣϭϥϭϛΑ�ϻ�ϡϬϳϓ�Ύϣ�ΓΩΣϭ�ϝΑΎϘϣ�ΓΩΣϭ�Ϫϳϓ
acid�ϻϭbasic�neutral����ϝ�ϥϋ�ϲϛΣΗ�ϲΟϳΗ�Ύϣϟ�αΑarginineϱϭΗΣΑ�ϲϠϟϰϠϋ4 amino groups

�ϥϭϛϳ�Ρέ�Ωϳϛ�ϭϬϓbasic��ϝ�ϱί�ϯέΧ�ΕΎΑϛέϣΑ�ΎϣϧϳΑaspartateϝϭglutamate�ϡϬϳϓ�ϝϭοϬϓ2 
carboxyl groups�ϪϣϬϓacidic�ϲϧΎΛϟ�ϰϠϋ�ϰϐρϳ�Ρέ�ϲη�ϲϓ�ϪϧϹ�

ϕϭϓ�ϊγϭ�ϲϓ�Ύϣ�Ϫϧϻ�έΧϼϟ�ΎϬΗϛέΗ�ϲϛΣ�ΎϫΩΑ�ϲϠϟ�ϊϳοϭϣϟ���Οέ�ΔρϘϧ�ϝϛ�ϭϛϧϳόΑ�ௌ�ϑ�ϭέϭΩ�ϭό
ϝ�ϰϠϋacid�ΎϬϋΎΗ-

�ϝheterocyclic ringΔϔϠΗΧϣ�Γέ˷Ϋ�ϥϣ�έΛϛ�ΎϬϳϓ�ϥϭϛΑ�ϲϠϟ�ΔϘϠΣϟ�ϲϫ���ϝΎΑ�ϲϠϟ�ϱίtryptophan
ϝringϝ�ϥϣ�ϝϛ�ΎϬϳϓCϝϭN�ϝ�ϥϣ�ΔϠϣΎϛ�ΔϘϠΣ�εϣC atoms�

(acidic amino acid)

Ύϣϟ�ΎγϫϭϛΩΑϡϫϭγέΩΗ���ϩίϳϣΑ�εϳ�ΩΣϭ�ϝϛ�ϰϠϋ�ϭίϛέΗ�ϭϛΩΑ���ϡϬϳϓ�ϲϠϟ�εϳhydroxyl�ϲϠϟ�εϳ
branchedϝ�εϳbasicϙϳϫϭ��Ϫϧϻϝ΅γϟΡέϙϠϘϳεϳϥϳΑΫϛ�ϰϠϋ�ϱϭΗΣΑ�ϝϭοϫ

heterocyclic



Histadine

tryptophan

Different atoms in 
the same ring

ϭϫprolineϪϳϠϋ
hydroxy group

Has benzene  
or benzene 

like ring 
No rings

Branched

Hydroxy

sulfur

Amides



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  
chain

ϝ�ϝ�ϲϫ�ϱΎϫ�ϑέΣcodons



Amino acids with aliphatic side  
chain containing a hydroxyl group

Amino acids with aliphatic side  
chain containing sulphur atoms



Amino acids containing acidic  
groups or their amides



Amino acids with basic groups

ϡϬϣϝΎΑmetabolism 



Amino acids containing aromatic  
rings

These are amino acids that contain an aromatic ring



Imino acids: contain imino group



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
υΣϼϧΑϪϧϥϛϣϣacidΩΣϭϥϭϛϳϪϳϓ
έΛϛϥϣΔϳλΎΧϝ�ϱίhistidine



Trytophan

Proline



�Acidic amino acids and their amides:
� The acidic amino acids are monoamino-dicarboxylic acids

� They include Aspartic acid, Glutamic acid

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





�Basic amino acids

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

� Ornithine is not found in proteins (non-proteinogenic)  
but is important in metabolism

ϻϝ�ϊϳϧλΗ�ϲϓ�ϝΧΩϳprotein





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
� leucine, isoleucine
� Lysine
� Histidine

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

� 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

ϝarginineϥϭϛΑessentialαΑΩϧϋ
ϝΎϔρϷ�ϝΎϓinfantesϡϫΩϧϋ10

essentialϝ�ΎϣϧϳΑadults�ϡϫΩϧϋ�





� NONESSENTIAL (Dispensable )AMINO 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

� 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

(14 acids)



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)
� 2- Cysteine (contains SH group)
� 3- Asparagine and glutamine (contain amide group)

ϱΏϛέϣ�Ϫϳϓextra functional group�ϭϫ
polar�ϝΎϋ�ΓΩΎϳί�ϲη�Ϫϳϓ�Ώϛέϣ�ϱC atoms�



¾Amino acids having charged or ionic polar 
side chains:

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

� Ionization of the acidic groups (aspartic and glutamic  
acids) Æ 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

�ϲϫ�ϝϫ�ϱΎϫ�ΓΩΎϳίϠϟ�ϪΑΗϧ�ϱΩΑϭacidic��ΎϬϳϠϋnegative charge�ϻϭbasic��ΎϬϳϠϋpositive 
charge����ϝϭcharge�ϭϠϣόϳ�Ύϣϟ�ΎϫϭΩϘϔΑ�ϱΎϫpeptides




