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The Big Picture
• The 20 amino acids can be grouped 

into four subfamilies based on the 
chemistry of their R groups 
(charged, hydrophilic, hydrophobic, 
and aromatic).

• Understanding how these R groups 
facilitate protein structure and 
function can provide insights into 
how proteins fold, interact with 
water, and function in diverse 
cellular environments.
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• The 20 amino acids can be divided into four subfamilies based on their R group 
that emphasize the chemical interaction of amino acids with the aqueous 
environment of the cell at neutral pH (7.2-7.6):

- Charged (Asp, Glu, Lys, Arg, His)
- Hydrophilic (Ser, Thr, Cys, Asn, Gln)
- Hydrophobic (Gly, Ala, Pro, Val, Leu, Ile, Met)
- Aromatic (Phe, Tyr, Trp)

• Some amino acids could fit into more than one subfamily when considering 
other chemical attributes. For example, the charged amino acids are polar and 
hydrophilic and the aromatic amino acids are nonpolar and hydrophobic. 

Chemical Grouping of Amino Acids
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• The five charged amino acids—Asp, 
Glu, Lys, Arg, His—carry net positive or 
negative charges at neutral pH due to 
ionizable side chains. 

• These five amino acids are key to ionic 
interactions, active site chemistry, and 
protein solubility in aqueous 
environments. 

Charged Amino 
Acids
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• pKa values are affected by the local 
chemical environment of the 
amino acid side chains, so the 
actual pKa may be higher or lower, 
depending on the protein. 

• Boxed ionization states are the 
most abundant at neutral pH.

Ionization of Amino 
Acids
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• Five amino acids in the hydrophilic 
amino acid family (serine, 
threonine, cysteine, asparagine, 
glutamine) are polar and 
uncharged at physiologic pH. 

• These five amino acids all contain 
functional groups that participate 
in hydrogen bonding with H2O and 
have short aliphatic side chains. 

Hydrophilic Amino 
Acids
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• The hydroxyl group on serine and 
threonine residues can be 
phosphorylated by enzymes called 
serine/threonine kinases, which 
use ATP as a phosphate donor. 

• Phosphatases are enzymes that 
remove phosphoryl groups from 
biomolecules by catalyzing a 
hydrolysis reaction. 

Serine and Threonine can be Phosphorylated
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• Cysteine has a reactive sulfhydryl 
group (pKa ≈ 8.3) that can form 
covalent disulfide bonds in oxidizing 
environments, which can stabilize 
protein structure. 

• A reduction reaction readily 
restores the two sulfhydryl groups. 

Cysteine Residues Form Disulfide Bonds
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Hydrophobic Amino 
Acids
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• The six amino acids alanine, 
proline, valine, leucine, isoleucine, 
and methionine are nonpolar and 
have hydrophobic properties and 
reside in the protein interior. 

• Glycine is not a charged, 
hydrophilic, or aromatic amino acid 
and included in the hydrophobic 
subfamily as an orphan.



Aromatic Amino 
Acids
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• The aromatic amino acids are 
phenylalanine, tyrosine, and 
tryptophan. Tyrosine can be 
phosphorylated by kinases.

• The aromatic amino acids absorb 
ultraviolet light at 280 nm, which 
is used to measure protein 
concentration in solutions.

Phosphotyrosine is functional 
in signaling pathways
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• Green fluorescent protein (GFP) from 
jellyfish derives its chromophore from 
Ser65, Tyr66, and Gly67. 

• It emits a green light at 509 nm after 
excitation with blue light at 470 nm 
from either aequorin that is located in 
the jellyfish light organ or a light source. 

GFP: A Case Study in Aromatic Chemistry



GFP: A Case Study in Aromatic Chemistry
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• When cells expressing a recombinant 
GFP–target protein fusion are 
illuminated at a wavelength of 470 nm, it 
results in peak emission at 509 nm that 
can be visualized as green light. 

A variety of autofluorescence 
proteins have been engineered that 
emit light at different wavelengths 
and the genes encoding these 
proteins incorporated into the 
genomes of lab animals.



Key Concepts to Guide Your Learning
• The 20 amino acids can be divided into four subfamilies on the basis of shared 

chemical properties: charged, hydrophilic, hydrophobic, and aromatic.
• Some amino acids can fit into more than one subfamily, for example, the 

charged amino acids are polar and hydrophilic, whereas the aromatic amino 
acids are nonpolar and have hydrophobic properties. 

• Glycine does not fit easily into any of the four subfamilies because its 
hydrogen side chain is chemically inert; Gly is put into the hydrophobic 
subfamily because it is not a charged, hydrophilic, or aromatic amino acid.

• Green fluorescent protein (GFP) is an autofluorescent protein from jellyfish 
that undergoes a spontaneous cyclization reaction involving Ser65, Tyr66, and 
Gly67, which generates an intrinsic chromophore.
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