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shorter lengths. For all of these modifications, our results show no systematic
change in the abortive amounts or profile.

A much simpler model argues that short RNA:DNA hybrids are intrinsically
unstable simply because of their short lengths. In both the T7 and E. coli sys-
tems, we show that stabilizing the hybrid by initiating transcription using a
pyrene-conjugated RNA dinucleotide eliminates abortive cycling altogether
(the pyrene is known to add stabilizing stacking interactions). This result fur-
ther argues against the scrunched intermediate model in that addition of the
extra pyrene bulk should increase steric stress and so increase abortive cycling.
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Regulated transcription initiation is a complex process that involves multiple
protein factors and a series of polymerase-DNA complexes that are intermedi-
ates in the reaction. This complexity presents a significant challenge for ensem-
ble experiments that aim to elucidate the reaction pathway. We here report the
kinetic mechanism of initiation at the o>* promoter of the gInALG operon in
Salmonella typhimurium. This prototypical activator-dependent promoter is
regulated by nitrogen stress. To circumvent the complexity of ensemble anal-
ysis, we used multi-wavelength single-molecule fluorescence colocalization
methods to follow initiation reactions on individual surface-anchored DNA
molecules that contain o>* promoters. Three distinguishable dye labels enabled
us to follow reactions in which RNA polymerase binding, open complex forma-
tion, escape into transcription elongation and departure of the ¢>* subunit were
detected in individual transcription complexes, and the interconversion kinetics
for all states were measured. Transcription initiation from this promoter occurs
only following a polymerase isomerization that is induced by interaction with
the NtrC activator protein in the presence of ATP. However, we observed that
with NtrC present the polymerase leaves the promoter faster than the combined
rates of initiation plus closed complex departure. Thus, a fraction of activator-
mediated polymerase isomerizations displace the polymerase from the pro-
moter without initiating transcript synthesis. This activator-induced abortive
isomerization is a non-productive branch off of the initiation pathway and is
more common than productive transcription initiation. We speculate that abor-
tive isomerization is a consequence of the large energy input required to disrupt
promoter-polymerase interactions prior to promoter escape. Taken together,
our results define the full pathway and dynamics of initiation at this activa-
tor-dependent promoter and illustrate the power of multi-wavelength single-
molecule colocalization methods in the elucidation of complex biological
regulatory mechanisms.
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The use of DNA templates sustaining varying degrees of supercoiling has
established that mechanically stressed DNA can influence transcription by
RNA polymerase (RNAP). However, the interpretation of supercoiling studies
is complicated by the lack of a detailed description of the bending and torsional
conditions present on length scales that are relevant to RNAP activity. A quan-
titative understanding of how bending and twisting DNA influence trans-
cription has yet to emerge, largely owing to the lack of an assay capable of
quantifying the transcriptional competency of an RNAP from DNA templates
sustaining well-defined levels of mechanical stress in the absence of supercoil-
ing or other DNA-binding proteins. To directly test the hypothesis that mechan-
ical stress imparted to tightly looped DNA is sufficient to repress transcription,
we have developed an assay capable of quantifying the ability of bacteriophage
T7-RNAP to transcribe circular transcription templates on the order of 100bp in
size, thus restricting our observations only to the effects of mechanical stress on
transcription. By encoding the promoter sequence for T7-RNAP within mini-
circles 100bp, 106bp, and 108bp in size, we have also characterized the effects
of three distinct torsional stress states (within comparably bent minicircles) on
the transcriptional activity of T7-RNAP. From these minicircle templates, we
observe that the elongation velocity and processivity of T7-RNAP is reduced
by roughly two orders of magnitude, confirming that highly bent DNA alone
is capable of repressing transcription. Additionally, we observe a fivefold
enhancement of elongation velocity as the template is untwisted, a finding qual-
itatively supported by previously reported observations. Our results establish
that DNA mechanics can directly control RNAP activity, and given the
required use of DNA templates by all RNAPs, necessitate the consideration
of template-mediated effects in repression studies.
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During transcription initiation, RNA polymerase (RNAP) must find specific
promoters in the genome in response to different physiological conditions. It
has been suggested that 1-D sliding along DNA may accelerate this process
so that it can be faster than 3-D diffusion limit. However contradicting ensem-
ble and single molecule experiments have reported drastically different 1-D
diffusion coefficients (10 'pm?s ™" vs. 1072 and 10~ pm?s~'). Here we used
our high throughput single molecule technology to simultaneously observe
hundreds of double tethered lambda DNA molecules in an effort to determine
how Qdot-labeled E. coli RNAP searches for promoters. Using this system we
have observed specific binding to known promoters, formation of heparin resis-
tant open complexes, and transcription from know promoter regions. Analysis
of the time courses of promoter search showed two populations: The first pop-
ulation binds DNA nonspecifically and dissociates with an average life time
3.5 sec; The second population binds DNA specifically to the promoter regions
and never comes off within our observation time. We have not observed evi-
dence of extensive 1D diffusion with either population, and we estimate upper
boundaries for the diffusion coefficients and sliding lengths of 10 *um?s ' and
170bp, respectively; these values are much smaller than reported by ensemble
experiments. Our data suggest that 3-D diffusion is the main pathway for E. coli
RNAP to search for promoters and 1-D sliding does not play a significant role in
this process. The biological context of this result is discussed.
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PhoB is a response regulator of the two-component signal transduction system.
Structurally, PhoB can be divided into two domains. A N-terminal Receiver
Domain (ED) that adopts a flavodoxin-like fold shared by receiver domains of
other response regulators. The C-terminal Effector Domain (ED) of PhoB
adopts a winged-helices fold that recognizes and binds to its targeted DNA du-
plex. Structures of PhoB molecule have been well-studied including the homo-
dimers of the ED (PDB accession code: 1GXP), the RD (PDB accession code:
2JB9) and the two domains structure (PDB accession code: 1KGS). However,
the functional form (DNA-binding) of the PhoB two-domains structure is still
not available. Here, we engaged in an
exercise to develop a structural model
of the molecule in its dimeric func-
tional form binding to its targeted
DNA duplex. The model was devel-
oped using the observed crystal con-
tacts between the domains of various
response regulators. The modeled
structure of PhoB/DNA complex is
assembled into the RNAP/DNA com-
plex (also modeled by our group) to
study the interactions between PhoB
and RNAP as shown in the attached
figure.
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The organization of biomolecules into macromolecular assemblies is often
closely related to biomolecular function. However, such structures often remain
unresolved using conventional light microscopy. By applying novel high-
resolution single-molecule fluorescence techniques, it becomes possible to
study biomolecular structure and interaction below the diffraction limit of light,
reaching a lateral resolution of ~20 nm [1, 2]. We use photoswitchable and pho-
toactivatable fluorescent probes in combination with direct stochastic optical
reconstruction microscopy (dSTORM) [2] and photoactivation-localization
microscopy (PALM) [3]. Following light-induced activation of a subset of fluo-
rescent probes attached to target proteins, the fluorescent state is read out and
single emitters are localized with nanometer precision. This procedure is



