
B Y  S A R A  R E A R D O N

For decades, drug development was 
mostly a game of trial and error, with 
brute-force candidate screens throw-

ing up millions more duds than winners. 
Researchers are now using computers to get a 
head start. By analysing the chemical structure 
of a drug, they can see if it is likely to bind to, 
or ‘dock’ with, a biological target such as a pro-
tein. Such algorithms are particularly useful for 
finding potentially toxic side effects that may 
come from unintended dockings to structur-
ally similar, but untargeted, proteins. 

Last week, researchers presented a compu-
tational effort that assesses billions of poten-
tial dockings on the basis of drug and protein 
information held in public databases. “It’s the 
largest computational docking ever done by 
mankind,” says Timothy Cardozo, a pharma-
cologist at New York University’s Langone 
Medical Center, who presented the project 
on 19 November at the US National Institutes 
of Health’s High Risk–High Reward Sympo-
sium in Bethesda, Maryland. The result, a 
website called Drugable (drugable.com) that 
is backed by the US National Library of Medi-
cine (NLM), is still in testing, but it will eventu-
ally be available for free, allowing researchers 
to predict how and where a compound might 
work in the body, purely on the basis of chemi-
cal structure (see ‘Mining for drugs’). 

Cardozo acknowledges that the computa-
tions are just an initial step in drug discovery. 
After predicting whether a protein can bind 
to a compound, drug developers must test the 
drug’s action on the same protein in a cell to 
see what actually happens to the protein’s func-
tion, as well as how much of the drug is needed 
and under what conditions. Then come ani-
mal trials and, if researchers are lucky, human 
trials. But these extra data are often proprietary 
and held by pharmaceutical companies, says 
Brian Shoichet, a computational biologist at the 
University of California, San Francisco. Some 
public databases such as PubChem, maintained 
by the NLM, hold the results of automated tests 
of drugs on proteins in yeast cells, but they con-
tain inaccuracies and false positives, he says. 

Still, scientists have already shown that the 
computational approach can provide some 
short cuts. In 2012, Shoichet and researchers at 
the Novartis Institutes for BioMedical Research 
in Cambridge, Massachusetts, developed an 
algorithm that predicts side effects on the basis 
of similarities between drugs’ chemical struc-
tures. When the researchers tested the program 
on 656 approved drugs and 73 biological tar-
gets, they found that it predicted hundreds of 
previously unknown interactions — and that 
these side effects turned out to be real about 
half of the time (E. Lounkine et al. Nature 486, 
361–367; 2012). For known drugs, Shoichet 
says, this type of computation provides a 

Researchers obtained 
publicly available pro�les 
of 600,000 drugs and 
chemical compounds. 

They evaluated each 
molecule’s abilities to bind to 
some 7,000 chemical ‘pockets’ 
on 570 human proteins.

They looked at the bodily 
expression of those proteins 
to predict where the drugs’ 
e�ects might be seen.

1 2 3

MINING FOR DRUGS
Researchers are using Google supercomputers to examine billions of drug–protein interactions.

D R U G  D I S C O V E R Y

Project ranks billions 
of drug interactions
Drugable.com predicts mechanisms through computation. 
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B Y  J A N E  Q I U  I N  Q I N G D A O

When China kicked open the doors 
to international trade in the late 
1970s, not everything that came 

in was welcome. Along with Western goods 
and new technologies, alien organisms infil-
trated the country. A comprehensive survey 
now reveals that almost 550 non-native spe-
cies, from viruses to fish and mammals, have 
become invasive in the country (see ‘Space 
invaders’). They are costing an estimated 
US$15 billion in losses each year, with dam-
age to crops and forests a particular problem.

“As the volume of international trade has 
grown exponentially, so has the number of 
alien species,” said Li Bo, director of the Office 
for Management of Alien Species in the Minis-
try of Agriculture, Beijing, at the second Inter-
national Congress on Biological Invasions in 
Qingdao last month. 

Since 2000, China has tightened its regula-
tions on importing plant materials and has 
enforced strict quarantine requirements. It 
has also spent more than $1 billion establish-
ing databases of invasive species, monitoring 
their spread, researching invasive mechanisms 
and ecological impact, and developing control 
technologies. This has led to an “explosion of 
research”, says Wan Fanghao, an ecologist at 

the Chinese Academy of Agricultural Sciences’ 
Institute of Plant Protection in Beijing.

Wan is currently finalizing a $10-million, 
decade-long project funded by the Ministry 
of Science and Technology to study invasive 
species in agriculture and forestry. At the 
Qingdao meeting, where some of the results 
were presented, scientists showed how a better 
understanding of what makes an alien species 
invasive could aid in the development of effec-
tive controls.

A case in point is the whitefly Bemisia tabaci, 
an insect that feeds on plant vascular tissue 
called phloem. It causes damage both directly 
through feeding and indirectly through the 
transmission of plant viruses, and has wreaked 
havoc on vegetable and cotton production in 
all of China’s provinces except Tibet. In a major 
outbreak in 2009, “a quarter of vegetable farms 
nationwide, about 200,000 hectares, were 
plagued, which reduced the yields by 50% to 
80%”, says Liu Shusheng, an entomologist at 
Zhejiang University in Hangzhou. 

Researchers have now managed to halt the 
whitefly’s march. Strategies such as planting 
crop varieties that are resistant to the pest, sep-
arating individual seedlings to minimize pest 
spread, applying low levels of pesticides and 
implementing biological control with natural 
enemies means that “there haven’t been major 

E C O L O G Y

China battles 
army of invaders
Raft of control measures slows the march of alien species.

The red turpentine beetle has wiped out more than 10 million pine trees in China in the past 15 years.

quick way to identify interactions that 
should be investigated further.

Predicting how untested compounds 
will interact with proteins in the body, as 
Drugable attempts to do, is more challeng-
ing. In setting up the website, Cardozo’s 
group selected about 600,000 molecules 
from PubChem and the European Bio-
informatics Institute’s ChEMBL, which 
together catalogue millions of publicly 
available compounds. The group evalu-
ated how strongly these molecules would 
bind to 7,000 structural ‘pockets’ on human 
proteins also described in the databases. 
Computing giant Google awarded the 
researchers the equivalent of more than 
100 million hours of processor time on its 
supercomputers for the mammoth effort. 

The team came up with ranked docking 
scores describing some 4 billion poten-
tial drug–protein interactions. Then the 
group cross-referenced the target proteins 
with those in the NLM’s Gene Expression 
Omnibus database, which shows where 
in the body different genes that code for 
proteins are expressed. This allowed them 
to predict where the drug might act, says 
Cardozo: if Drugable finds an interaction 
for a protein that is highly expressed in a 
certain tissue, chances are good that the 
effect would manifest itself in that tissue. 

Pharmaceutical companies have been 
doing similar computational predictions 
for years, says Jeremy Jenkins, a researcher 
at the Novartis Institutes. But he says that 
Novartis, which has a library of 1.5 million 
public and proprietary compounds, has 
never attempted to analyse as many proteins 
and drugs at once as Drugable has done. 

Cardozo hopes that Drugable will be par-
ticularly helpful in evaluating psychiatric 
drugs, which often act in ways that are dif-
ficult to measure. As a demonstration, Car-
dozo’s group applied Drugable’s algorithm 
to clozapine and chlorpromazine, two drugs 
often prescribed to treat schizophrenia. 

As expected, Drugable showed that the 
two drugs bind most strongly to receptors 
for the neurotransmitters serotonin and 
dopamine, which are expressed in the parts 
of the brain involved in higher information 
processing. But it found that clozapine, 
which also stabilizes mood disorders such 
as depression, binds strongly to a particular 
dopamine receptor called DRD4, which is 
expressed in the brain’s pineal gland — a 
known mood regulator. 

The group also found that clozapine 
binds to a receptor in the part of the brain 
that regulates saliva production; excessive 
salivation is a known side effect of clozap-
ine. Although the biochemical explanations 
for mood regulation and salivation have 
been proposed before, Cardozo says that 
Drugable can be used to reveal the most 
plausible mechanisms. ■
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