
A new high-throughput method for 
synthesizing and screening peptides for 
antimicrobial activity has been used to 
identify novel broad-spectrum antibiotic 
candidates. Robert Hancock and colleagues 
describe in Nature Biotechnology the 
optimization of a bovine antibacterial peptide 
by amino-acid substitution. Combining 
favourable substitutions generated small 
peptides with activity against several common 
microbes, including Escherichia coli and 
Staphylococcus aureus. The authors estimate 
that with the assistance of two robots, 100,000 
single peptides could be synthesized and 
screened per year using this method. 

Novel antibiotics are urgently needed 
to address the rapid emergence of drug 
resistance among Gram-positive bacteria 
such as multidrug-resistant S. aureus and 
vancomycin-resistant enterococci, against 
which most new classes of antibiotic are 
largely ineffective. However, the recent 
worrying isolation of Gram-negative 
‘superbugs’, such as multi-drug resistant 
Pseudomonas strains, suggests that the 

development of broad-spectrum antibiotics 
would be desirable. Cationic antimicrobial 
peptides have the advantage that they often 
kill both Gram-positive and 
-negative bacteria, including clinically 
common drug-resistant strains, and they 
have also been shown to activate host innate 
immunity and ward off sepsis. 

The authors used a variant of a bovine 
cationic peptide called Bac2A — a small, 
linear peptide with moderate activity against 
both Gram-negative and -positive bacteria 
— as a starting point for synthesizing a 
library of peptides containing every possible 
amino-acid substitution on a cellulose 
support. This method of peptide synthesis 
is very high-throughput, but the amount 
of peptide generated is not enough to use 
in conventional assays for establishing the 
minimal inhibitory concentration (MIC) 
of antimicrobials. The authors therefore 
developed a more sensitive assay to evaluate 
antimicrobial activity. They created a strain 
of Pseudomonas aeruginosa containing a 
luciferase reporter gene incorporated into a 
constitutively active gene involved in ATP-
dependent flagellar biosynthesis. So long as 
the bacterium produces ATP, the flagellum 
is synthesized and light is produced that can 
be quantified; a reduction in luminescence 
therefore reflects a decrease in ATP 
production caused by antimicrobial action 
of the peptide.

The authors used this screen to evaluate 
their substitution library and found 
46 peptides that had improved activity 
compared with Bac2A, a finding confirmed 
by screening using a conventional MIC 
assay. Multiple substitutions, based on data 
revealing the relationship of certain amino 
acids to antimicrobial activity, were found 
to further improve potency; in particular, 
variants with three and five favourable 
substitutions had excellent broad-spectrum 
activity. Additional optimization to reduce 
the length of the peptides resulted in an 
8-mer peptide, Bac8c, which was particularly 
effective at killing Gram-positive bacteria 
and E. coli, and could be a candidate for 
further investigation. 

In addition to identifying new 
antibiotic candidates, this study describes 
methodology that enables the screening 
of novel antimicrobial peptides in a high-
throughput manner that has not previously 
been possible using conventional assays. 
Moreover, in demonstrating its use the 
authors have revealed much about the role 
of specific amino acids in antimicrobial 
activity that could be useful for future drug 
discovery efforts.

Joanna Owens
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Emerging infectious diseases pose the threat 
of a looming global pandemic. As illustrated 
by the outbreak of the SARS coronavirus 
(SCV) in 2003, there is a pressing need for 
new effective treatments that can be rapidly 
developed in response to previously unknown 
viruses. Reporting in Nature Medicine, Li et al. 
took a step towards this goal by demonstrating 
that intranasal delivery of SARS-specific small 
interfering RNA (siRNA) was effective against 
SARS in a rhesus macaque model — providing 
hope that siRNA could provide the means to 
move rapidly from gene sequence to targeted 
therapeutics for many previously intractable 
diseases.

The recently established rhesus macaque 
SARS model, based on intranasal instillation 
of a highly virulent SARS strain, mirrors the 
sequence of pathologies in humans with SARS. 
Taking advantage of previously identified 
siRNA sequences that have a synergistic anti-
SCV effect in vitro, the authors used a clinically 
approved aqueous carrier solution (D5W) to 
intranasally administer the therapeutic siRNA 
either 4 hours before, concurrently or 4 hours 
after infection of the animals with SCV. The 
effectiveness of this treatment was evident as 

macaques from all three treatment regimes 
had a lower increase in body temperature, 
reduced viral loads and a reduced level of 
lung damage, indicating potent suppression of 
SCV-induced SARS pathology compared 
with SCV-infected animals that received no 
siRNA or unrelated siRNAs.  

These results might be attributable to a 
protective effect conferred by siRNA on cells 
against SCV infection (the prophylactic treat-
ment could even lead to direct degradation of 
viral RNA by pre-existing siRNA in the upper 
airway tract upon entry of the viral particle); 
the inhibition of viral protein synthesis in 
infected cells caused by the degradation of 
SCV mRNA; or preventing the replication of 
the SCV genome and the spread of virions 
to uninfected cells. As neutralizing antibodies 
were also detected soon after infection, the 
authors speculated that several antiviral 
mechanisms were operative.  

Importantly, the effect of the siRNA did 
not seem to be caused by the induction of 
a pro-inflammatory interferon response, 
which can potentially exacerbate symp-
toms and lung damage. Specific emphasis 
was placed on tolerability and safety — as 
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Computational techniques that can ‘dock’ small 
molecules into the structures of protein targets 
and ‘score’ their potential complementarity with 
putative binding sites have become popular in 
lead identification and optimization, and many 
different programs are now available that can 
perform these tasks. But just how good are they? 
To survey the current state of the art in this field, 
Warren and colleagues set out to compare as 
many docking programs and scoring functions as 
possible, and the intriguing results of their study 
have recently been described in the Journal of 
Medicinal Chemistry. 

For their analysis, the authors evaluated 
the performance of 10 docking programs and 
37 scoring functions against eight proteins of 
seven protein types, including a kinase, two 
proteases, a nuclear hormone receptor and a 
polymerase. Three tasks were assessed: binding-
mode prediction, virtual screening for lead 
identification and rank-ordering by affinity for 
lead optimization. 

In the first task, the multiple docking 
protocols were used to predict bound 
conformations for 136 compounds for which 
protein–ligand crystal structures were available. 
Overall success rates were quite good across all 
protein targets, and all of the docking programs 
were able to generate ligand conformations 
similar to the crystallographically determined 
structure for at least one of the targets.

For the second task,  a test of virtual 
screening capability, the authors used a 
challenging test compound set similar to a 
typical corporate collection: it contained a large 
number of diverse chemical classes, each of 
which contained a number of active and inactive 
close chemical analogues. For all but one target, 
at least one docking program–scoring function 
pair was very successful at identifying active 
molecules from the pool of decoy molecules, 
although no single program performed well 
for all of the targets. The ability to identify 
chemically diverse leads across diverse targets is 
also important and, except for one target, at least 
one algorithm identified at least one member of 
all the active chemotypes within the top 10% of 
the docking-score-ordered list. 

However, in the final task, rank-ordering by 
affinity, there was no statistically significant 
relationship between docking scores and ligand 
affinity for any of the eight protein targets. 
Furthermore, in most cases reproduction of 
the correct binding mode did not improve 
rank-order or potency-prediction performance. 

These findings, which represent the first 
extensive evaluation of this aspect of docking 
and scoring, demonstrate that considerable 
improvements are needed in compound 
scoring by docking algorithms before such 
approaches will be consistently valuable in 
lead optimization. 

The authors also make a number of other 
interesting observations related to each task. 
Overall, the results of this systematic and 
extensive study highlight the strengths and 
weaknesses of the current docking and scoring 
approaches, and should provide a useful 
benchmark against which future progress in 
this field can be measured. 

Peter Kirkpatrick
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Docking on trial
siRNA-treated animals showed 
no evidence of inflammation or 
toxicity not attributable to the SCV 
infection, intranasal administration 
of siRNA could hold tremendous 
potential for new prophylactic and 
therapeutic treatment strategies.  

This first successful therapeutic 
use of siRNA in primates provides 
further support for the growing 
expectation that siRNA will provide 
a powerful new means to combat 
emerging infectious diseases, which 
could translate into massive reduc-
tions in development time for new 
targeted therapeutics.

Alexandra Flemming
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