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To start with, there are four major classes of biological macromolecules that 
exist in our bodies which are: nucleic acids, carbohydrates, lipids and proteins. 
We’ve finished talking about 3 of them & now we will discuss the last type. Our 
subject will be about amino acids since they are the monomers of proteins. 

 Amino acids:  
- Molecules that have a common structure which consist of a central 

carbon (alpha carbon “Cα”), basic amino group (ــNH2), an acidic 
carboxyl group (ــCOOH), hydrogen atom (H) and side chain (R group). 

- They are monomers of proteins, i.e. they function as the building 
blocks of proteins. 

- They are 20 in number, which only differ in the side chain (R group). 
- The α-carbon in all amino acids is considered as a chiral carbon, 

since it’s connected to 4 different groups. 

Note: The only amino acid that doesn’t have a chiral carbon is known as 
“Glycine”, since it’s connected to 2 H’s. 

 

 

 

 

Since most of the amino acids have a chiral carbon, they can have 
stereoisomers which are known as L/D-amino acids. 

Basically, you can define “the difference between L and D isomers” as different 
ways of drawing amino acids. You can differentiate an amino acid if it’s in L or 
D form by just Looking at the orientation of the amino group (ــNH2) that is 
attached to the α-carbon. 

 If it’s oriented to the left, left-handed  L-amino acid 
 If it’s oriented to the right, right-handed  D-amino acid 
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Note: Amino acids that occur in proteins naturally are L-amino acids. 

D-Amino acids occur in nature, in bacterial cell walls and in some antibiotics 
but not in proteins. 

 
 R groups of amino acids can be in chain or ring structures. Thus, to indicate 

a specific carbon it should be designated in Greek letters as the following :- 
 Alpha (α) carbon for the central carbon hence the name, followed by 
 Beta (β) carbon for the 2nd carbon, followed by 
 Gamma (Υ) carbon for the 3rd carbon, then Delta (δ) carbon and finally 

Epsilon (ε) carbon. 

 

 
 

Note: If a carbon atom is terminal, i.e. at the end of the chain, it’s referred as 
Omega (ω) carbon, same as fatty acids. 

 

As we mentioned earlier, all amino acids have the same structure except that 
they differ in the side chain (R group). Thus, there is a great variety between 
amino acids. This variation might be in:- 

1. Size: As if the side chain is long or short. 
2. Shape: The side chain might be in its chain (linear)/ring structure. 
3. Charge: Some might have positively/negatively charged side chains or 

might have no charges. 
4. Hydrogen-bonding capacity: the ability of an amino acid to form H-

bonds. It differs among amino acids because of the polarity (some are 
polar, others are non-polar). For sure, polar amino acids have higher 
ability to form H-bonds than non-polar amino acids. 

5. Hydrophobic characteristics: we have amino acids that are highly 
hydrophobic such as non-polar amino acids. 

6. Chemical reactivity: some amino acids are inert (no rxn), others are 
highly reactive. 
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There are different ways by which we can categorize amino acids, one of them 
is according to the (R group), by which they are classified into 4 different 
groups as the following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notice the following:  

- Cysteine, as in doctor slides, is considered a polar amino acid. 
- Positively charged amino acids  Basic amino acids. 
- Negatively charged amino acids  Acidic amino acids. 
- Doctor Mamoun mentioned that you need to know their structures in 

terms of characterization depending on the R groups + you need to 
know their 3 letter abbreviation. 
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 Glycine: 
- Abbreviated as Gly 
- Simplest amino acid, its R group is basically hydrogen atom (H). 
- Achiral amino acid, the only amino acid that is not chiral. 
- Derivative of both acetic acid and aminoethane 
- It’s classified under the category of non-polar side chains, but the 

molecule in an overall view, collectively, is actually polar amino acid, 
because of the minimal effect of hydrogen atom on the polarity or 
hydrophobicity (non-polarity) of this amino acid. 

 
 Non-polar, aliphatic amino acids: 

Non-polar amino acids having chain structures in their side chains. 

 

 Alanine:  
- Abbreviated as Ala 
- R group  Methyl group (ــCH3) 

 
 Valine, Leucine and Isoleucine: 

- Abbreviated respectively as Val, Leu and ile 
- All of them are branched amino acids. 
- This branching helps in folding, which is forming three dimensional 

structure for proteins. Thus, creating repulsions due to Van Der Waals 
reactions. 

- You should distinguish the difference in branching of Leu and ile, 
which is the branching in Leu is at the Υ-carbon, whereas in ile is at 
the β-carbon. 

- All of them are essential amino acids, meaning that our body can’t 
synthesize them and we have to get them from our diet. 

 
 
 
 
 
 
 

 

α α 

β β 

Υ Υ 

α 

β 
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 Methionine: 

- Abbreviated as Met 
- One of the 2 amino acids that have sulfur group in their side chains 

(The other one is cysteine). 
- It contains thioether group in its side chain.  
- It’s the first amino acid that is inserted in forming proteins during 

translation process (REMEMBER its codon AUG). 
- It forms a structure known as S-Adenosyl-L-Methionine (SAM), which 

serves as a donor of methyl group (ــCH3). 
- The molecule to the right indicates the structure of SAM, you don’t 

need to memorize it, but notice the Methyl group that is donated. 
 

 

 

 

 

 

 

 

 Proline:  
- Abbreviated as Pro 
- Another term for Proline is imino acid 
- It has an imino structure. 
- R group extends from α-carbon, goes back to form a covalent bond 

with the α-nitrogen forming secondary nitrogen. “Follow the arrows” 
- It’s a very rigid amino acid which has a very strong effect in 

determining protein structure.  
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 Polar amino acids: 
Amino acids having polar R groups. 

 

 Serine and Threonine: 
- Abbreviated as Ser and Thr, respectively. 
- Both of them have (ــOH) group in their R groups. 
- Reactive amino acids which are important for protein 

phosphorylation (A process by which PO4-3 group is linked to the OH 
group in their side chains). 

- They are related to the structures of Alanine and Valine, respectively 
as the following: (Helps you memorizing) 
Serine and Alanine:  
 group in Ser (OHــ) group in Ala was replaced by (CH3ــ) in the (Hــ)
Threonine and Valine: 
 group in Thr (OHــ) group in Val was replaced by (CH3ــ)
 

 

 

 

 

 Cystiene: 
- Abbreviated as Cys 
- The 2nd amino acid that has a sulfur group in its side chain. 
- Reactive amino acid, since it contains Thiol group (ــSH) in its side 

chain that can form disulfide bonds. 
Disulfide bonds might occur within a protein itself which helps in 
protein folding and forming the final structure or it might link 
different polypeptides together forming what is known as quaternary 
structure. (Will be discussed later) 
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 Asparagine and Glutamine: 
- Abbreviated as Asn and Gln, respectively. 
- Both have amide group in their side chains. 

 
 

 Aromatic amino acids: (3 amino acids only) 
Amino acids having ring structures in their R groups. 
 Phenylalanine: 

- Abbreviated as Phe  
- It’s a large hydrophobic molecule that has a similar structure to Ala, 

replacing one of the H’s in the (ــCH3) group in Ala by a benzene ring 
in Phe, hence the name (Phenyl group attached to alanine). 
 

 Tyrosine: 
- Abbreviated as Tyr 
- It can be formed by replacing one of the H’s in benzene ring in Phe by 

 .group, thus making the amino acid polar (OHــ)
- Important for protein phosphorylation 

Note: Protein phosphorylation can happen only to amino acids that carry 
 .group in their side chains, which are serine, threonine and tyrosine (OHــ)

 

 Tryptophan: 
- Abbreviated as Trp 
- The bulkiest amino acid, it has a double ring structure in its R group. 
- It can be formed by replacing one of the H’s in Ala by Indole ring, 

which has a nitrogen atom that make the amino acid a little 
hydrophilic, but overall it’s a hydrophobic amino acid since the ring 
structure is large. 
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 Charged amino acids: (5 amino acids only) 

o Positively charged amino acids (Basic): (3 amino acids only) 

 Lysine: 
- Abbreviated as Lys 
- Chain structure ends with an amino group (ــNH2). 

 Arginine: 
- Abbreviated as Arg 
- Having guanidino group (Red circle). 

 Histidine: 
- Abbreviated as His 
- Having imidazole ring. 
- Notice the Nitrogen, appointed by arrow, can be charged. 
- Has an important physiological implication, Pka of nitrogen group 

 .is close to physiological pH (around 6) (NHــ)
 
 
 
 
 
 
 
 
 
 
 

o Negatively charged amino acids (Acidic): (2 amino acids only) 

 Aspartic acid (Aspartate) and Glutamic acid (Glutamate): 
- Abbreviated respectively as Asp and Glu 
- Both have carboxyl group (ــCOOH) at the end of R group. 
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 Specialized and uncommon amino acids: 

These amino acids can be derivative of important molecules in our body. 
Not only they make up proteins, but they are important for the synthesis of: 
 Porphyrins, such as heme molecule in hemoglobin 
 Neurotransmitters 
 Purines and Pyrimidines of DNA structure 

They can also be used in metabolism for the synthesis of ketone bodies, 
fatty acids and steroids, or for the formation of glucose in a process known 
as gluconeogenesis. (Will be discussed later) 

Note: -nitrogen atom of amino acids is a primary source for many 
nitrogenous compounds such as hormones, neurotransmitters and biologically 
active peptides. 

 Amino acids and their derivatives: 

 Tyrosine: 
- Is a precursor of three important neurotransmitters (dopamine, 

epinephrine and norepinephrine), which are known as 
catecholamine neurotransmitters. 

Note: You don’t need to memorize their structures or the enzyme that is 
responsible for the synthesis of each one of them. All you need to know is 
that they are derivatives of tyrosine. 
- Precursor for 2 important molecules:  
o Melanin, which is responsible for skin color. 

Types of Melanin: 
1. Eumelanins: Responsible for the dark skin color. 
2. Pheomelanins: Responsible for the red hair/skin color. 

o Thyroxine (Hormone) 

- Tyramine, which is made from tyrosine, found in high amounts in 
cheese that is considered as a source of energy. It acts as epinephrine 
and has a similar structure to it.  
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 Tryptophan:  
- Large bulky amino acid. 
- Serves as the precursor for the synthesis of the following 

Neurotransmitters: 
1. Serotonin (Neurotransmitter-sedative): The neurotransmitter 

that gives the sense of sedation, relaxation and calmness. 
(That’s why people drink milk before they go to sleep, because 
milk contains a lot of tryptophan which can be converted into 
serotonin later on). 

2. Melatonin (Day-night cycle): Controls day and night cycles. 
(That means, when a person travels from Jordan to USA, for 
example, he will suffer from Jet lag, so he takes melatonin to help 
him adjust his day and night cycle) 
 
 

 Histidine:  
- Precursor of histamine, which is released 

from immune cells as a reaction to allergies, as 
well as inflammation. 

- Histamine functions: 
 Regulates physiological function in the gut. 
 Acts as a Neurotransmitter. 
 Causes allergic symptoms (A major cause of 

asthma). 
 Contributes to inflammatory response. 
 Causes constriction of smooth muscles. 

 
 

  Glutamate: 

- Precursor of a neurotransmitter known as -aminobutyric acid, 
which is abbreviated as “GABA”. 

- Also serves as a precursor of a modified amino acid, which is a part of 
protein known as thrombin.  

- It can be carboxylated, i.e. adding another carboxyl group, which helps 

in blood clotting. (-carboxyglutamate, abbreviated as Gla) 

   :Sedative مهدئ
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- Vitamin K plays a vital role in carboxylating glutamate, that’s why it’s 
important for blood coagulation. 

 

 

 

 

 

o  GABA is:  
 An inhibitory neurotransmitter, 

which reduces neuronal excitability. 
 Is synthesized in the brain, since it 

can’t cross the Blood Brain Barrier 
(BBB). 

 Has relaxing, anti-anxiety and anti-
convulsive effects. 
 

 Arginine: 
- Precursor of Nitric oxide (NO), which is a small gas molecule that has 

a huge effect on endothelial cells and blood vessels. It also has a very 
short half-life. 
o Nitric oxide (NO) functions: 
 Vasodilation. 
 Inhibition of platelet aggregation/adhesion. 
 Inhibition of leukocyte adhesion. 
 Antiproliferative action. 
 Scavenging superoxide anion (anti-inflammatory). 
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 Lysine and Proline: 
- Both of them can be modified after 

protein synthesis by hydroxylation  
(Post-translational modification), which 
produces hydroxylysine and 
hydroxyproline, respectively. 

- These amino acids when hydroxylated, 
serve as important components of 
collagen structure.  

 
 

 Biochemical applications: Let’s talk about an important derivative of 
glutamate known as monosodium glutamate (MSG). 
(MSG) is used in food industry; it’s added into Asian food. It gives a nice 
taste, but it also causes physiological reactions in certain people resulting in 
feeling of chills, headaches, dizziness and it’s related to a syndrome known 
as Chinese restaurant syndrome. 

 

 

 

 Amino acid and Protein molecular weight: 
The average molecular weight of an amino acid residue is about 110 Dalton. 
Thus, we can estimate the size of a certain protein depending on the 
number of amino acids this protein is made of. 
 
We refer to the mass of a polypeptide in units of Daltons  
For example: A 10,000 MW protein has a mass of 10,000 Daltons. 
 
Note: The MW’s of most proteins are between 5500 and 220,000. 

 
 
 
 
 

Monosodium glutamate 
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QUIZ 

 
1. The following amino acid is achiral: 

A. Valine 
B. Histidine 
C. Glycine 
D. Lysine 

 
2. An acidic amino acid is ……………… at physiological condition. 

A. Negatively charged 
B. Positively charged  
C. Has no charge 
D. None of the above 

 
3. Which of the following amino acids share the same group in their side 

chains: 
A. Lysine and Proline 
B. Asparagine and Glutamine 
C. Serine and Threonine 
D. B+C 

 
4. Two amino acids are negatively charged: 

A. Asparagine and Glutamine 
B. Aspartate and Glutamate 
C. Lysine and Arginine 
D. Serine and Threonine 

 
5. One of the following is specific about Proline: 

A. It contains a ring structure in its side chain 
B. It’s a non-polar amino acid 
C. It contains imidazole ring in its side chain 
D. It has an imino structure 

 “Thank you all, I love you all Have a good time” 

THE END 


