
2012 Nobel prizewinners 
announced
The 2012 Nobel prize in chemistry has 
been awarded to Brian Kobilka and Robert 
Lefkowitz. Isaac Bruce profiles the 
winners and looks at the implications of 
their work on guanine nucleotide protein 
coupled receptors (GPCRs)

On 10 December 2012 in Stockholm, Sweden, 
Professors Brian Kobilka and Robert Lefkowitz 
will receive what many in the field of chemistry 

believe to be the ultimate prize. The date will mark 
the 106th anniversary of the death of Alfred Nobel, 
whose name the prize bears. The names Kobilka and 
Lefkowitz will be written into the history books, along 
with the likes of Hodgkin, Curie, Heck and Suzuki.

The early years
Lefkowitz
Following his BA at Columbia College and his medical 
studies at Columbia University, New York, Lefkowitz 
began to investigate cell receptors using iodine 
isotopes. He uncovered several receptors, including the 
β-adrenergic receptors. His team extracted the receptor 
from the cell and gained an initial understanding of 
how it worked.

Kobilka
Kobilka studied for his chemistry degree at the 
University of Minnesota Duluth, before enrolling at 
Yale University’s School of Medicine to complete his 
medical degree. He joined Lefkowitz’s laboratory at 

Duke University, North Carolina, as a postdoctoral 
researcher. They studied the structural biology and 
signal transduction of the β-adrenergic receptors 
(otherwise known as the adrenoreceptors).

In the 1980s, following the cloning of the β2-
adrenergic receptor and eight other adrenergic proteins, 
Kobilka and Lefkowitz discovered that all guanine 
nucleotide protein coupled receptors (GPCRs) 
shared a similar molecular structure. The adrenergic 
receptors bind adrenaline and noradrenaline, which 
causes vasoconstriction (narrowing of the blood 
vessels) and vasodilation (expansion of the blood 
vessels). These receptors play a role in the sympathetic 
nervous system, which is responsible for the ‘flight or 
fight’ mechanism. This was the beginning of Kobilka 
and Lefkowitz’s work on GPCRs, for which they were 
eventually awarded the Nobel prize.
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Questions
1 An alpha helix is just one type of structure 

found in proteins. Can you find and describe 
another commonly found type of protein 
folding?

2 Can you think of some analytical techniques 
that could be used to characterise a newly 
synthesised compound?

3 What issues need to be taken into 
consideration when designing a new drug?

Pharmaceutical importance
GPCRs are integral membrane proteins, meaning that 
they are permanently attached to the cell membrane 
and contain seven transmembrane helices. These are 
alpha helices, which are coiled sections of the protein 
chain held together by hydrogen bonds.

We now know that there are approximately 
1000 GPCRs. Techniques such as nuclear magnetic 
resonance (NMR) and electron paramagnetic 
resonance (a technique similar to NMR that studies 
the energy produced from the excitation of unpaired 
electrons) have been used to discover:
•	 how these proteins work
•	 how they transfer compounds from one side of a 

membrane to the other
•	 their structure

X-ray crystal structures were available for many 
GPCRs, but the Kobilka laboratory obtained two crystal 
structures that were the first discovered structures of 
a hormone/neurotransmitter-activated GPCR. This 
allowed medicinal chemists to design drugs that 
specifically bound to and modulated this family, 
producing more powerful drugs. Now, approximately 
40% of the drugs approved by medical agencies on 
both sides of the Atlantic target GPCRs.

Perfect targets
GPCRs play a significant role in the control of many 
physiological processes, including sight (the opsins), the 
immune system, inflammation regulation (chemokine 
receptors) and nervous transmission (such as serotonin, 
gamma-aminobutyric acid and dopamine receptors). 
This makes them perfect targets for drug-discovery 
efforts. By creating antagonists (chemicals that bind to 
a receptor of a cell and trigger a response by that cell) 
and agonists (which block the natural molecule from 
binding to the receptor) that modulate these receptors, 
we can control a range of the body’s systems.

Perhaps the best-known GPCR-targeting drugs are 
the beta-blockers, which are antagonists of the β2-
adrenergic receptors. Following a heart attack, a patient 
can take beta-blockers to protect the heart from the risk 

Weblinks to follow up
Nobel prize website: www.nobelprize.org
Kobilka lab:  
http://med.stanford.edu/kobilkalab/index.html
Lefkowitz lab: www.lefkolab.org

of a second heart attack. Beta-blockers are also used to 
treat hypertension. Conversely, one of the agonists of 
the β2-adrenergic receptor is salbutamol, the drug used 
to control asthma attacks.

Congratulations
The Nobel prize is a wonderful achievement. 
Kobilka and Lefkowitz must be congratulated for 
their tremendous work. Their genius has allowed us 
to uncover so much about an important family of 
proteins, and ultimately enabled medicinal chemists 
to design drugs to help people. Their award is also a 
reminder that all branches of chemistry are intertwined 
— structural chemistry, physical techniques, drug 
discovery — and can be used together to create some 
of the most important discoveries. 
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