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Molecules

A group of atoms bonded together, 
representing the smallest fundamental 
unit of a chemical compound that can 
take part in a chemical reaction.

Chemical View

Molecular systems (and three-dimensional 
representations thereof) can be considered 
as objects or graph in Euclidean space.

Geometric View
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SMILES  (Simplified Molecular Input Line Entry System)

A notation system well suited for high-speed machine processing

∘ Atoms: 
∘ Represented by their atomic symbols 

∘ Bonds 
∘ Single, double, triple, and aromatic bonds 

are represented by the symbols —, =, #, 
and :, respectively. 

∘ Branches 
∘ Branches are specified by enclosures in 

parentheses 
∘ Branches can be nested
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SMILES can represent small molecules
Cyclic structures

Disconnected structures

Aromaticity
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Going beyond small molecules: cellular macromolecules
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DNA

The double helix
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DNA
Each strand composed of sequence of covalently bonded 
nucleotides (bases).

A—T, C—G Watson-Crick base-pairing
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DNA
Each strand composed of sequence of covalently bonded 
nucleotides (bases).

∘ Pair of strings from 
4 character alphabet 

∘ Single string from 4 
character alphabet
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DNA forms Chromosomes 
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RNA
Chemically similar to DNA, but  single-stranded

∘ Bases 
∘ A(adenine) 
∘ C(cytosine) 
∘ U(uracil) 
∘ G(guanine) 

∘ RNA base complementarity 
(A—U, C—G)



AI-powered Molecular Modeling | Virginia Tech© Debswapna Bha<acharya 11

RNA can fold
Types of RNA

∘ mRNA (messenger RNA) 
∘ carries a gene's 

information out of nucleus 

∘ tRNA (transfer RNA)  
∘ transfer's mRNA's 

information onto a protein 
chain of amino acids 

∘ rRNA (ribosomal RNA) 
∘ part of the ribosome, 

where proteins are 
synthesized)

RNA can fold into structures due to 
base complementarity
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Protein
String of amino acids (20 le<er alphabet)
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Proteins spontaneously fold

Proteins fold into 3D structures to 
perform various functions in cells 

h<ps://theory.labster.com/protein-structure/
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Three fundamental macromolecules

∘ DNA 
∘ Holds information on how 

the cell works 

∘ RNA 
∘ Acts to transfer short pieces 

of information to different 
parts of the cell 

∘ Provides templates to 
synthesize into proteins 

∘ Proteins 
∘ Form the body's major 

components (hair, skin, etc.) 
∘ Often referred to as the 

“workhorse of the cell”
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Central dogma of molecular biology

h<ps://theory.labster.com/central_dogma_molecular_biology_pre/

DNA→ RNA → Protein 

Information flows from DNA 
through RNA to Synthesize 
Proteins in cells
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Transcription and Translation
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Bacterial ribosome translating RNA into protein

h<ps://www.youtube.com/watch?v=q_n0Ij3K_Ho 

https://www.youtube.com/watch?v=q_n0Ij3K_Ho
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Amino acid

Amino acids are the building block of proteins
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Condensation Reaction
Amino acid residues link together via peptide bonds to form 
polypeptide chain

Peptide bond

h<p://home.cc.umanitoba.ca/~mshaw/BIOL_1020/lab2/biolab2_4.html
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Polypeptide chain
Amino acid residues link together via peptide bonds to form 
polypeptide chain

The Gene Machine - V. Ramakrishnan
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Proteins

20 naturally occurring amino acid residues


