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The three winners of the 2013 Nobel prize in 
chemistry — Martin Karplus, Michael Levitt and 
Arieh Warshel — changed the face of chemistry 

forever. Their work has led to a revolution in the way 
that many facets of chemistry are conducted, taking 
the discipline from the seemingly dark ages all the way 
into the modern era.

Karplus, Levitt and Warshel were awarded the 
prize for ‘the development of multiscale models for 
complex chemical systems’ — in essence allowing 
chemical reactions and interactions to be analysed and 
predicted with a computer. Let’s delve into what their 
work has done for a process in which chemistry plays a 
crucial role: drug design.

Trial and error
Chemistry has always been fundamental to the 
development of medicines, from the discovery of the 
active ingredients in ancient remedies through to 
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modern-day rational- or structure-based drug design. 
As the field moves on, the drugs of the future will need 
complicated chemical and computational techniques 
to bring them from the lab bench to the clinic. 

Before the 1970s, when the prize-winning trio 
carried out their work, drug design was based, to a 
large extent, on pot luck. Maybe you tried to find the 
source of the therapeutic benefit of a natural substance, 
or serendipity took hold, or you took a systematic 
and ‘scientific’ trial-and-error approach to try and 
find a molecule that inhibited or enabled a biological 
function. Timelines were vast and the methods used 
did not guarantee anything. A properly scientific way 
of creating a drug was needed.

Modelling the molecules
Computational chemistry provides such a method. 
Forget about the drug for one minute, we will come 
back to that, let’s focus on the target instead.
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Proteins are large amino acid sequences that — due 
to a number of enthalpic and entropic processes — are 
folded up into three-dimensional structures, such as 
helices, pleated sheets and barrels. These structures 
come together to create an overall structure.

For example, paracetamol binds to COX-2, an 
enzyme that is approximately 140 kDa in mass 
(1 dalton = 1 atomic mass unit), or to put it another 
way, approximately 900 times the mass of the 
paracetamol molecule that binds to it. Modelling 
paracetamol is easy and can be done with balls and 
sticks; modelling the protein, predicting the way it 
folds and predicting the way it would interact with an 
external molecule was seemingly impossible.

Drug binding is an interaction between two 
chemical entities that eventually leads to a therapeutic 
effect. Karplus, Levitt and Warshel’s work laid the 
foundations for the modelling of both small-molecule 
drugs (such as paracetamol) and proteins (such as 
COX-2), and therefore, importantly, the modelling of 
the interaction between the two.

Designing a drug
So you can model your protein, see where the binding 
sites in the protein might be, see how big these sites are 
and what sort of amino acids are present in them and 
the shape they take. So how do you make a drug?

Trial and error is still involved, but it is a different 
process. Rather than synthesising hundreds or even 
thousands of compounds to test, you can run computer 
models in order to test millions of compounds. You 
can see which compounds might bind to the active 
site of the target protein without even having to put on 
your safety specs and lab coat.

Once you know — which can take days, rather than 
weeks and months as was the case in the past — you can 
start to create your drug: modifying certain aspects of 
the molecule, making it more hydrophobic, substituting 
bulkier groups for smaller groups. A strong chemistry 
brain is still necessary, but computational chemistry 
takes away the guesswork and allows drug design to 
move forward faster and in a rational manner.

Useful resources
Warshel Group research interests:  
www.tinyurl.com/ptbrfqf

Nobel prizes in chemistry: www.tinyurl.com/6cjy2al

See Chemistry review, Vol. 22, No. 4, pp. 18–22 and 
the references therein for more information about 
drug discovery.

Revolutionary chemistry
Karplus, Levitt and Warshel’s work goes deeper than 
just drug discovery. It has allowed us to see into the 
depths of the quickest chemical reactions, mimic and 
explore the most complex chemical entities known, 
and attempt to harness nature’s power. The trio’s work 
has allowed for the deeper study of photosynthesis, 
at the heart of which is the creation of hydrogen and 
oxygen from water. Using their methods we can see 
how the specific active site of the protein responsible 
for this reaction works. If we could mimic it, we 
could create hydrogen to power our vehicles, thereby 
reducing both greenhouse gas emissions and our 
reliance on fossil fuels.
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Questions
1 What sort of interactions between a drug and 

a protein would help a compound bind to an 
active site?

2 Paracetamol, ibuprofen and aspirin are well-
known analgesics. How might they interact 
with the amino acid sequence phenylalanine–
serine–aspartic acid?

3 What is the chemical reaction equation for 
photosynthesis? What might be its mechanism?
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