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Building blocks of life

Elements & 
monomers

Polymers=
Macromolecules

Structures & 
organisms



The essential elements 
of life
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Great diversity of possible compounds:

ÅForms stable bonds with important elements: H, 
N, O, P, S

ÅThe bonds can also be broken down, to make 
metabolisms possible

ÅThe energy of different bonds, e.g. C-H (413 
kJ/mol) and C-O (360 kJ/mol), is comparable to 
a C-C (347 kJ/mol) 

ς> easy interchange between these bonds

Å{ǘŀōƭŜ /Ґ/ ŀƴŘ / / ōƻƴŘǎ

C ςthe backbone of organic 
compounds



Chains of life
Polymerization: single molecules are 
covalently bound together into chains

Self-assembly: 
Åintramolecular self-assembly (folding) 

Åintermolecular self-assembly - noncovalent 
interactions (hydrogen bonding, hydrophobic 
forces, van der Waals forcesΧ)



Water: life requires a solvent 
ÅAll macromolecules assembly and biochemical 

reactions must take place in a liquid environment. 

ÅViscosity and density of a solvent must allow 
molecules:
Åat sufficient concentrations
Åmoving around rapidly enough for chemical reactions to 

occur.

ÅCharacteristics of water:
ÅDipole moment ς> dissolves salts and small organic 

molecules
ÅHydrogen bonding ς> wide temperature range of liquid water
ÅIce has a lower density than water



Membranes

ÅHydrological cycle dilutes compounds in water bodies on Earth

ÅMembranes (=cell enclosures) keep molecules together at relatively 
high concentrations

ÅRetain water in desiccating conditions
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Lipids

A wide diversity of chained an ring-containing compounds

Long chained carboxylic acids 
(fatty acids)

Cholesterol 
in animal cell membranes
=> fluidity and integrity 
(change shape and 
move)



Lipids
Phospholipids (amphiphilic molecules)

Fatty acids and triglycerides:
- energy storing molecules of life



Lipids: phospholipids (amphiphilic molecules)

Lipid monolayers and bilayers form 
through self-assemblyin water 
(hydrophobic interactions).
Spontaneous and common process ς
fatty acids extracted from meteorites

In cells lipid bilayer ςa complex system 
containing proteins and carbohydrates. 
Regulation of internal environment and its 
communication to the exterior.



Selective permeability ς
Membrane potential

ÅPassive diffusion of small electrically neutral 
molecules 

ÅPolar molecules (AA, nucleic acids, ionsΧ) cannot 
diffuse 

ÅCell control the movement of these polar molecules 
via transmembrane protein complexes

ÅConcentration gradients across the membrane

ÅNegative voltage in the cell interior as compared to 
the cell exterior => a battery: provides power to 
operate cellular functions



ATP synthases

ÅEnergy: hydrogen ions (H+) moving down 
an electrochemical gradient

ÅChemical energy in the form of adenosine 
triphosphate (ATP) molecule, a common 
"energy currency" of cells 

ÅReversible: Large-enough quantities of ATP 
cause it to create a transmembrane proton 
gradient



The information storage system of life: controls 
ŎŜƭƭΩǎ ōƛƻŎƘŜƳƛǎǘǊȅ

Central dogma of molecular biology: 

unidirectional flow of sequence information between 
information-carrying biopolymers

DNA 
replication

Transcription Translation
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Sugar-phosphate backbone in DNA

Pentose sugar (deoxyribose) Phosphate

Backbone:
ÅHolds the DNA molecule 

together
ÅMediates interaction with 

other molecules

Deoxyribonucleic acid


