
Switching Src with RNA
Src family tyrosine kinases mediate signal 
transduction cascades through two func-
tional states. In its inactive state, the SH2 
domain of c-Src binds to an intramolecular 
phosphotyrosine near the C terminus of 
the protein. In the cell, kinase activity can 
be switched on by dephosphorylation of 
the key tyrosine residue. Proteins, small 
molecules and synthetic phosphopeptides 
also can relieve kinase inhibition in trans by 
targeting the Src SH2 domain. Röglin et al. 
now report the design of a phosphopeptide–
nucleic acid conjugate that can regulate Src 
kinase activity by reversible hybridization 
with complementary DNA or RNA. To cre-
ate Src kinase activators, the authors syn-
thesized peptide–nucleic acid conjugates in 
which a Src-specific phosphopeptide (pSrc) 
was flanked by two short sequences of pep-
tide nucleic acid (PNA). Hybridization of 
the PNA segments with a complementary 
nucleic acid (PNA, DNA or RNA) changed 
the conformation of the embedded peptide 
and altered its binding affinity for the Src 
SH2. Hybridization of a PNA-pSrc con-
jugate with a short complementary DNA 
sequence forced the pSrc peptide into a low-
affinity Src-binding conformer. This conju-
gate could be converted into a high-affinity 
Src ligand that triggered kinase activation 
by the addition of a complementary RNA or 
DNA. These studies open up the possibility 
that small cellular RNAs could be hijacked 
to endow synthetic peptide–nucleic acid 
conjugates with protein targeting functions. 
(Chembiochem 10, 758–765, 2009) TLS

Drug combo for drug-
resistant TB

With the rise 
of multidrug-
resistant strains 
of Mycobacterium 
tuberculosis, tu-
berculosis (TB) 
has become 
increasingly diffi-
cult—and some-
times impossi-
ble—to treat. Despite the success of broad-
spectrum penicillin derivatives in treating 
most bacterial infections, β-lactam antibiot-
ics are ineffective against M. tuberculosis. This 
resistance most likely arises from a chro-

mosomally encoded β-lactamase, because 
knocking out the blaC gene increases the 
susceptibility of the resulting M. tuberculosis 
strain to β-lactam antibiotics. In previous 
work, Blanchard and colleagues had shown 
that, although most β-lactams are rapidly 
hydrolyzed, meropenem was hydrolyzed very 
slowly by BlaC. Because this reaction results 
in a long-lived acylated-enzyme complex, 
Hugonnet et al. were able to characterize the 
covalent BlaC-meropenem adduct by mass 
spectrometry and crystallography. Based on 
these results, the authors propose a hydrolysis 
mechanism involving isomerization of the 
C2-C3 double bond, perhaps concomitantly 
with ring opening. Meropenem, in combina-
tion with the β-lactamase inhibitor clavulan-
ate, was effective in killing actively growing, 
nonreplicating and extensively drug-resistant 
clinical strains of M. tuberculosis. As both 
meropenem and clavulanate are clinically 
approved, this synergistic combination may 
rapidly be useful for treating TB. In addi-
tion, these new insights into the mechanism 
of BlaC-catalyzed meropenem hydrolysis 
may provide an opportunity for designing 
β-lactams with increased potency against tu-
berculosis. (Science 323, 1215–1218, 2009) JK

How to Asp out a kinase
Chronic myelogenic leukemia is caused by 
the fusion of Bcr with Abl (Bcr-Abl), which 
can be targeted by imatinib, an inhibitor 
of the Abl tyrosine kinase domain and an 
effective treatment of the disease. Even 
though Bcr-Abl and the kinase c-Src are 
highly structurally homologous, c-Src is 

not inhibited by imatinib.Indeed, success-
ful targeting of Abl function is achieved 
through binding to an inactive conforma-
tion of the kinase domain, but imatinib 
does not have high affinity for the structur-
ally homologous kinase domain of c-Src. 
Among the three distinct c-Src and Abl 
kinase domain structures (one active and 
two inactive), an Asp-Phe-Gly (DFG) motif 
is a key feature that distinguishes them and 
was thought to be important in determin-
ing imatinib binding of Abl over c-Src. 
However, a strand-loop-strand motif called 
the P loop is clinically important, as numer-
ous resistance mutations are found there 
and different contacts are made between 
Abl and c-Src to imatinib. To understand 
this selectivity better and to identify inhibi-
tors that can overcome the drug resistance 
associated with imatinib therapy, Seeliger 
et al. designed a series of imatinib variants 
(DSA compounds) that bind and inhibit 
kinases in the inactive or DFG-Asp out 
conformation thought to underlie the se-
lectivity between the kinases. Kinetic and 
structural studies of the panel of inhibitors 
complexed with the kinases revealed two 
that had similar binding modes as imatinib 
and that could bind an elusive Asp-out con-
formation of c-Src. The DSA compounds 
were more potent against P-loop resistance 
mutations than imatinib and could also 
block proliferation of BCR-Abl–expressing 
cells. These results point to the importance 
of the P loop over the DFG motif in binding 
to imatinib. (Cancer Res., published online 
15 March 2009, doi:10.1158/0008-5472.
CAN-08-3953) MB

Written by Mirella Bucci, Catherine Goodman, 
Joanne Kotz & Terry L. Sheppard

2 – 1 = 3?
Cribrostatin 6 is a unique tricyclic natural product with potent 
antimicrobial activity against Streptococcus pneumoniae. The 
total synthesis of the molecule has been completed, but the 
lengthy strategies reported present hurdles for further study or 
production of this interesting molecule. Knueppel and Martin 
envisioned a shorter route might be possible based on the 
one-pot combination of several unusual reactions. Reaction of 
the tosylate of a commercially available alcohol with 2-meth-
ylimidazole, followed by deprotonation and addition of a known squarate, provided a structure 
poised for conversion into cribrostatin 6. Ring opening of this squarate derivative, which initi-
ated a two-step cyclization cascade through a benzenoid intermediate, was followed by in situ 
oxidation to generate the desired product. Though each of these individual transformations 
had been demonstrated before, the combination of steps and extension to a different scaffold 
significantly expands the scope of the reactions. The synthetic pathway proceeded in four 
linear steps with 14.1% yield; preparation of an ethoxy-substituted analog demonstrated the 
versatility of the reaction sequence. This strategy should provide new opportunities to explore 
the biological function of cribrostatin 6 and related structures, and may enable the develop-
ment of the compound as an effective antibiotic. (Angew. Chem. Int. Ed., published online 
23 February 2009, doi:10.1074/anie.200806269) CG
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Recipe for the 3′ end
The path from a 
gene to a functional 
mRNA has many 
steps, including 
transcription, RNA 
splicing and poly-
adenylation. Great 
strides have been 
made in character-
izing the molecular machines that mediate 
transcription and splicing. However, the 
composition and dynamics of the pre-mRNA 
3′ processing machinery are less completely 
understood, in part because studies to date 
have focused on the individual components. 
Shi et al. now provide a detailed inventory 
of the proteins involved in the 3′ processing 
complex and our first low-resolution glimpse 
of this macromolecular machine. Functional 
3′ complexes were purified from nuclear ex-
tracts using an engineered pre-mRNA as an 
affinity reagent. The isolated complexes were 
shown to be competent for 3′ end forma-
tion when supplemented with some known 
cleavage factor components. The complexes 
contain ~85 different proteins, as demon-
strated by a proteomic mass spectral tech-
nique (MudPIT). In addition to identifying 
virtually all known 3′ processing factors, the 
authors uncovered several proteins that pre-
viously had not been associated with 3′ end 
formation. Using electron microscopy, the 
authors showed that the core 3′ end process-
ing complex is roughly the same size as a 
bacterial ribosomal large subunit, and adopts 
a kidney-like shape. The current proteomic 
inventory and EM study are likely to stimu-
late many detailed investigations of the struc-
ture and mechanism of this macromolecular 
RNA processing machine. (Mol. Cell 33, 
365–376, 2009) TLS

Inspecting InsP 
metabolism

Inositol pyrophosphates serve a num-
ber of important biological roles and 
are metabolically interlinked via a series 
of kinases and phosphatases. N2-(m-
trifluoromethylbenzyl)-N6-(p-nitrobenzyl)
purine (TNP) was previously identified as 
an inhibitor of IP3-3K, a kinase that acts 
on inositol(1,4,5)trisphosphate (Ins(1,4,5)
P3). However, Padmanabhan et al. now show 
that, under in vivo conditions, TNP is a se-
lective inhibitor of IP6K family members, 
which phosphorylate InsP6. The authors 
discovered that, although the IC50 value for 
TNP inhibition of IP3-3K was fairly low, the 
Km value would not allow TNP to compete 
with intracellular levels of ATP. Indeed, in 
vivo quantification of InsP3, InsP4 and InsP7 
levels, which showed a decrease in InsP7 with 
increasing TNP concentrations, indicated 
that TNP was acting only on IP6K proteins. 
Rescue of InsP7 concentrations by overex-
pression of IP6K1 further supported this 
conclusion, as did the absence of any interac-
tion between TNP and a panel of additional 
kinases. With a selective inhibitor in hand, 
the authors probed the role of IP6K proteins 
in InsP8 biosynthesis, providing additional 
support for the existence of two pathways 
from InsP6 to InsP8, but also demonstrat-
ing that one pathway, in which IP6K activity 
precedes Vip/PPIP5K function, is dominant. 
Application of TNP was also able to reca-
pitulate known biological phenomena asso-
ciated with the loss of IP6K or InsP7, which 
indicates that these processes can vary on 
short time scales and sets the stage for more 
detailed investigations. (J. Biol. Chem., pub-
lished online 10 February 2009, doi:10.1074/
jbc.M900752200) CG

Transcriptional inhibitors 
get into the groove

Small molecules that modulate the activity 
of specific transcription factors would be 
valuable chemical tools. However, identifying 
compounds that selectively interact with a 
desired DNA sequence and as a result inhibit 
gene transcription has been very challenging. 
To develop a systematic approach, Stover et al. 
first synthesized nearly 7,000 compounds to 
complement a previously reported library of 
three-pyrrole-subunit analogs of the natural 
product distamycin, resulting in a cumula-
tive >9,000-compound library of potential 
DNA minor groove binders. As an initial 
application, the authors sought compounds 
that would inhibit the activity of LEF-1, a 
transcription factor that binds in the minor 
groove of DNA and is overexpressed in many 
colon cancers. The library was first screened 
in a fluorescence-based assay for selective 
binding to the LEF-1 consensus DNA binding 
sequence over a closely related DNA sequence 
not recognized by LEF-1. The top hits in the 
primary assay were then screened for inhibi-
tion of LEF-1–mediated transcription in a 
cell-based assay. Of the hits that showed the 
desired activity, specificity and lack of toxic-
ity in cellular assays, two compounds were 
shown to inhibit oncogenic transformation in 
cells overexpressing LEF-1. Profiling the DNA 
binding selectivity of the most promising lead 
compound using a high resolution fluorescent 
intercalator displacement assay established 
its preferential binding to a site found in the 
LEF-1 consensus sequence. These results es-
tablish a directed small-molecule library and a 
sequential screening approach for identifying 
transcription factor inhibitors. (J. Am. Chem. 
Soc., published online 13 February 2009, 
doi:10.1021/ja809083d) JK
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To kill a trypanosome
Trypanosoma brucei is a protozoan parasite that causes ‘sleeping sickness’ in hu-
mans. Currently, few drugs exist that target the parasites, and their effectiveness 
is becoming limited by parasitic resistance. Trypanosomes have a highly negatively 
charged coat, and like other pathogens with such coats, this makes them suscep-
tible to cationic antimicrobial peptides. Delgado et al. now identify endogenous 
human neuropeptides with diverse functions that can kill the bloodstream form of 
T. brucei. These highly divergent peptides, including vasoactive intestinal peptide 
(VIP) and urocortin (UCN), were internalized by endocytosis and caused alterations 
in the normal vesicular traffic in the parasites, most notably by causing lysosomal 
rupture. Glycolytic enzymes of these organisms are found in the peroxisome-like 
glycosomes, which are among the organelles perturbed by the peptides. From the cytoplasm, the peptides seem to become contained 
within compartments that resemble autophagic vesicles, which are induced upon peptide addition—a phenotype that has not been 
seen with other trypanolytics. The peptides significantly delayed the death of animals infected with trypanosomes, which suggests that 
targeting glycosomes and inducing autophagy is an effective strategy to treat infection. (Cell Death Differ. 16, 406–416, 2009) MB
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