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Acidic and Basic Amino Acids
There are three amino acids that have basic side chains at neutral pH. These are arginine (Arg), 
lysine (Lys), and histidine (His). Their side chains contain nitrogen and resemble ammonia, which is a 
base. Their pKa's are high enough that they tend to bind protons, gaining a positive charge in the 
process.



Two amino acids have acidic side chains at neutral pH. These are aspartic acid or aspartate (Asp) and 

glutamic acid or glutamate (Glu).

Their side chains have carboxylic acid groups whose pKa's are low enough to lose protons, becoming 

negatively charged in the process.



POLAR AND NON POLAR AMIO ACID
• On the basis of polarity, amino acids can be classified as polar and non-polar amino 

acids. Polar amino acids can again classify as positively charged and negatively 
charged amino acids.

• Non Polar Amino Acids have equal number of amino and carboxyl groups and are 
neutral. These amino acids are hydrophobic and have no charge on the 'R' group.



Polar Amino Acids with No Charge



Polar Amino Acids with Positive Charge

Polar amino acids with positive charge have more amino groups as compared to carboxyl groups making 

it basic. The amino acids, which have positive charge on the 'R' group are placed in this category. They 

are lysine, arginine and histidine.



Polar Amino Acids with Negative Charge

Polar amino acids with negative charge have more carboxyl groups than amino groups making them 

acidic. The amino acids, which have negative charge on the 'R' group are placed in this category. They are 

called as dicarboxylic mono-amino acids. They are aspartic acid and glutamic acid.



The alpha carbon (Cα) in organic molecules refers to the first carbonatom that attaches to 

a functional group, such as a carbonyl. The second carbon atom is called the beta carbon (Cβ)



A zwitterion is a molecule with functional groups, of which at least one has a positive and 

one has a negative electrical charge. The net charge of the entire molecule is zero. Amino 

acids are the best-known examples of zwitterions

The isoelectronic point or

isoionic point is the pH at which

the amino acid does not migrate in

an electric field. This means it is

the pH at which the amino acidis

neutral, i.e. the zwitterion form is

dominant.



pKa—an association constant. It’s the negative 
logarithm of the ratio of dissociated acid and 
conjugated base, over the concentration of the 
associated chemical.

pI—called the “isoelectric point,” this is the 
pH at which a molecule has a net neutral 
charge.





Titration of Amino Acids
• Titration of glycine with NaOH
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valine 2.29 9.72

tryptophan 2.38 9.39

9.102.09threonine

serine 2.21 9.15

10.602.00proline

phenylalanine 2.58 9.24

9.212.28methionine

9.742.33leucine

isoleucine 2.32 9.76

glycine 2.35 9.78

9.132.17glutamine

8.802.02asparagine

9.872.35alanine
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Isoelectric Point (pI)
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lysine 2.18 8.95 10.53

6.109.181.77his tidine

glutamic acid 2.10 9.47 4.07

8.0010.252.05cysteine

aspartic acid 2.10 9.82 3.86

arginine 2.01 9.04 12.48
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PROTEIND AND PEPTIDES
• Peptides are amino acid polymers containing 2–50 

individual units

• Peptides with >50 units are called proteins

• By convention, peptide structures are written with the N-
terminal amino acid on the left and the C-terminal amino 
acid on the right.
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glycylalanine = gly-alaA dipeptide
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Peptide bonds form by dehydration 
synthesis
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Peptides
glycylalanine = gly-ala

H3N CH2 C NH CH CO2

O

CH3

glycine

amino-terminal amino acid



Peptides
glycylalanine = gly-ala

H3N CH2 C NH CH CO2

O

CH3

alanine

carboxy-terminal amino acid



Peptides
glycylalanine = gly-ala

H3N CH2 C NH CH CO2

O

CH3

peptide bond



Peptides
• A tetrapeptide:

glycylserylphenylalanylglycine gly-ser-phe-gly

H3N CH2 C NH CH C

O

CH2OH

O

NH CH C NH CH2 CO2

O

CH2C6H5N-terminus C-terminus



Primary Secondary Tertiar
y

Quaternary

There are 4 basic
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The primary structure is the 
sequence of amino acids.



Alpha Helix Beta-Pleated Sheet 

The secondary structure is primarily composed of 

alpha helices and beta-pleated sheets.

Primary StructureFolding Back and 

Coiling



The tertiary structure is the protein’s 3D 
shape.



The quaternary structure is the assembly 
of folded subunits.



Peptides
• The only other type of covalent bond between amino acids 

in proteins and peptides is the disulfide linkage between 
two cysteine units: 
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Peptides
• Note:  

• Thiols are readily oxidized to disulfides.

• Disulfides are readily reduced to thiols. 

R SH HS R R S S R
[O]

[H]
+



Peptides
• Disulfide links serve to connect polypeptide chains:
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Peptides
• … or can form a macrocycle:
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Cys.Tyr.Ile.Glu.Arg.Cys.Pro.Leu.Gly.NH2

S S

bovine oxytocin



Proteins

• Protein function depends on structure.
• Depends on various amino acids.

• Primary Structure: The amino acid sequence.



Proteins
• Secondary Structure: The “local” hydrogen-

bonding scheme.
• -Helix 

Hydrogen 
bonds
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Proteins
• Secondary Structure: The “local” hydrogen-bonding 

scheme.

• -Helix 



Proteins
• Secondary Structure: The “local” hydrogen-bonding 

scheme.

• b-Sheet 
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Proteins
• Tertiary Structure: How the protein, with all of its 

regions of secondary structure (-helix, b-sheet) 
has folded over upon itself

• Interaction between R-groups is important

• All intermolecular forces we have studied are at 
play



Proteins
• Tertiary Structure: Chemical bonds between cysteines

Disulfide bonds

CH2 S S CH2

HS CH2CH2 SH +


