Gene expression: the path from gene to protein Bacterial transcription cycle The in vitro world: are we missing the big picture?
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stochasticity and noise for low-copy molecules
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Sub-cellular RNAP distribution in fixed E.coli
Ding Jin lab (NIN)

Diffraction limits the resolution of optical microscopy

Spatial organization of transcription in bacteria?
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Are RNA polymerases spatially organized in bacteria?
Diffraction limits resolution (Rayleigh criterion)
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Functional units?

Re-organization at different cellular states? . -
* RNA polymerases form “transcription foci’

and kinetics of « differences for different growth media

« study limited by spatial resolution and sensitivity

PALM of RNA polymerase in fixed E.coli

High-precision localisation Super-resolution imaging by single-molecule localization
anp P 9ing by sing PALM with photoactivated fluorescent proteins
PALM (photoactwvated locaizabon microscopy) - Betzig el sl 2006 Hess et sl 2006

(4:19!. {stochastc optical recanstruction microscopy) - Rust et al 2006, Heilemann et al 2006
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(mainly Poissonian noise)  for 104 photons,
precision of 125nm/100
~1.25nm (!)

. PAmCherry, mEos, PA-GFP. etc

Betzig et al Science 2006
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Clustering analysis within bands

DBSCAN: density-based clustering

(s 3 7 of ocazanans witwn & smarch radus)

* cluster size/shape

« localizations per cluster
« molecules per cluster

« cluster location

« clusters per cell

« intercluster distances

+ % molecules in clusters

Endelsfeider et al. Biophysical Joumal 2013

but...

what about the RNAP
distribution in live cells?

KNAF gistripution in rich media (L5)

+ 3,685 £1,275 (s.d.)
localizations per cell

+ no. of localizations:
lower bound for copy number
(detection efficiency 50-90%)

+ RNAP in 2-8 nuclecids
depending on cell size

+ within bands, RNAP
distribution is non-uniform

Endelstelder et al. Biophysical Joumnal 2013
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large clusters (~70 and >100 RNAPs) in LB

Endelsfeider el al, Biophysical Joumal 2013

Tracking PALM: photoactivation, localization, tracking

6000 copies of RNAP per E.coli cell

PAmCherry: photoactivatable GFP variant
561 nm|
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Origin of clusters in LB: RNAPs on ribosomal RNA operons?

+ 80% of active RNAPs are on
rRNA operons (6000 bp each)

« mn operons heavily occupied:
80-90 RNAPs per operon (EM)

Imaging movement of single DNA Pol |
molecules in live E.coli

Pol1 — PAmCherry fusion expressed from native promoter

Number of RNAP
bands scales linearly
with cell age

Bands: nucleoids
(copies of condensed
bacterial chromosome)

KNAF dIiStributon In rich vs. minimai meaia

not dividing
septum initiated
wvery clear septum

502 (s.d.) localizations per cell

in M9:
molecular density per cell simiar (~700 RNAPS per um?)
RNAP found in 1-2 nucleoids

RNAP distribution more uniform than in LB

3,685 £1,275 (s.d.) localizations

rm operons: highly compact regions ~100 RNAPs each
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Tracking DNA Pol | in live and fixed E.coli

Copy numbers and diffusion analysis for DNA Pol |
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