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Dear Editor,

Many current super resolution (SR) microscopic tech-
niques [1-6] have been successfully applied to image cel-
lular dynamics in living cells, but their applications have
remained technically challenging. Live cell stimulated
emission depletion (STED)/reversible saturable optical
linear fluorescence transitions (RESOLFT) microscopy
and structured illumination microscopy (SIM)/nonlinear
SIM require sophisticated expensive optical setups and
specialized expertise for accurate optical alignment. Live
cell photo-activated localization microscopy (PALM)/
stochastic optical reconstruction microscopy (STORM)
use less complicated setup; however, a scientific com-
plementary metal-oxide-semiconductor (sCMOS) cam-
era, whose pixel-dependent noise must be characterized
and calibrated before use [7], is required for extremely
high acquisition speed over tens of thousands of frames.
Recently, wide field-based SR microscopies have been
developed to improve temporal resolution using much
fewer time-lapse images (hundreds to thousands) than
PALM/STORM [8, 9]. One of them, Bayesian analysis of
the blinking and bleaching (3B) [8], offers enormous po-
tential to resolve ultrastructure and fast cellular dynamics
in living cells beyond the diffraction limit. Despite its
potential, 3B analysis is impractical when imaging the
nanoscale dynamics in large fields of view over long time
periods, as the calculation is extremely time-consuming
[8] and/or the analysis consumes large amounts of web
resources [10]. Another major problem of 3B imaging is
the artificial thinning and thickening of structures both in
simulated image data and in experimental data [8, 10].

In the present study we first developed a Quick-3B
algorithm, which can calculate 17-fold faster than 3B;
however, it still artificially produces discontinuous dot-
shaped structures (Supplementary information, Figure
S1A). We therefore developed SIMBA (single mole-
cule-guided Bayesian localization microscopy) to further
improve the fidelity of the method, as well as the compu-
tation speed and temporal resolution by combining single
molecule localization and other algorithms (Supplemen-

tary information, Data S1 and Figure S2). SIMBA can
produce an appropriate 50 nm SR image of actin in fixed
cells, and calculate a series of whole cell live structures
with a 0.5-2 s temporal resolution for 50 time points on a
desktop computer.

To validate that SIMBA can reconstruct an underlying
SR structures, we labeled actin with lifeact-mEo0s3.2 in
U20S cells and performed correlative experiments. The
actin network is highly dynamic and exhibits different
subtype structures criss-crossing at various distances and
angles, including stress fibers and bundles with different
sizes and diameters [6]. To determine whether SIMBA
can discriminate between these different structures, we
compared the result of SIMBA analysis with that of 3B
analysis and PALM imaging (Figure 1A-1C). A small
area (15 x 30 pixels, 1 pixel = 160 nm) of actin ruffles
(Figure 1A) was chosen for comparison because 3B anal-
ysis is impractical for calculating the entire field of view
(Figure 1B1-6). Compared with 3B analysis, the actin
ruffles produced by SIMBA analysis from 200 frames
resembled more closely to the PALM data from 20 000
frames (Figure 1B4-6). Notably, the thin and discontinu-
ous structures, artifacts seen in 3B analysis (Figure 1B2),
were similar to what were previously reported [8]. These
artifacts were absent in the images produced by SIMBA
(Figure 1B3), Furthermore, unlike in 3B analysis, where
the running time increases exponentially as the field
of view (FOV) enlarges, the running time for different
FOVs is nearly constant in SIMBA (Figure 1C1). Most
strikingly, the larger the image areas are, the more advan-
tage SIMBA has over the 3B analysis. For an area of 50
x 50 pixels, SIMBA’s computing time was approximate-
ly 100 times shorter than that of the 3B analysis (Figure
1C2).

Encouraged by the superior computing speed and lo-
calization accuracy within small areas, we reconstructed
a whole cell SR image of actin structures by SIMBA
analysis using only 200 raw frames and compared the
result with that made by PALM using 20,000 frames.
The whole cell SIMBA image shows various distinct ac-
tin structures, such as actin filaments, actin bundles, and
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ruffles, which are confirmed by PALM (Supplementary
information, Figure S1B). An example is the ruffle struc-
ture resolved by the SIMBA analysis (Supplementary
information, Figure S1B), which has very similar details
as that resolved by PALM (Supplementary information,
Figure S1B), with features separated by the same dis-

tances in both data sets (Supplementary information, Fig-
ure S1B). We determined the spatial resolution by mea-
suring the distance at which two actin strands could be
visually separated (Supplementary information, Figure
S1B) and found that the SIMBA method achieved 49-nm
resolution at an intersection of two strands (Supplemen-
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Figure 1 SIMBA imaging of actin network in a fixed U20S cell and CCPs in a living HeLa cell. (A) Superimposed fluorescence data
from the 200 TIRF frames in the SIMBA data set showing the diffraction limit resolution. (B1-3) Reconstruction of the actin ruffles in-
dicated in the cyan box in A using PALM (B1), 3B (B2) and SIMBA (B3). (B4) Overlay of B1 and B2. (B5) Overlay of B1 and B3. (B6)
Normalized cross correlation between 3B and PALM is 0.55, between SIMBA and PALM is 0.79. (C1) Computation time for 3B and
SIMBA analysis of different image areas (10 x 10 pixels to 50 x 50 pixels). Blue dotted line: 3B; red solid line: SIMBA. (C2) Compari-
son of the speed of SIMBA and the speed of 3B for different imaging areas. (D) Diffraction limit image of mEos3.2-CLC (clathrin light
chain) created by summing the first 100 TIRF frames. (E) The reconstructed SIMBA image of mEos3.2-CLC. (F) Time-lapse images
at selective time points of region outlined by the cyan box in E. (G) Time-lapse images at selective time points of region outlined by
the yellow box in E. Scale bars are 2 um (A), 1 um (D, E), 500 nm (B1-5) and 200 nm (F, G).
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tary information, Figure S1B). Also, by calculating the
averaged half width at half maximum (FWHM) from a
few thinnest filaments, we found the mean localization
precision of SIMBA is 44 + 5.6 nm (data not shown).

We next performed SR imaging of actin-based struc-
tures and clathrin-coated pits (CCPs) over large FOV in
live cells by the SIMBA analysis. Lifeact-mEos3.2 was
used to label the actin network in U20S cells. A series
of time-lapse images with an 18-ms exposure and a 20-s
interval were acquired and each 100 frames were used
to reconstruct one SR image by the SIMBA analysis. An
example of the reconstructed results from the experiment
is shown in the Supplementary information, Movie SI.
Compared with the whole cell wide field image (Sup-
plementary information, Figure S1C), the reconstructed
SIMBA SR image showed much higher resolution and
contained many more details (Supplementary informa-
tion, Figure S1C). Highly dynamic movements of the
actin network and the formation of actin ring structures
were observed (Supplementary information, Figure
S1C). To further increase the temporary resolution of the
SIMBA method, we increased the acquisition speed and
found that actin structures could still be well resolved at
a 5-ms exposure time (Supplementary information, Mov-
ie S2), thus achieving a minimum acquisition time of 0.5
.

Next we examined CCP formation in live Hela cells.
As a control, the PALM images from 100 frames could
not resolve the ring structures characteristic of CCPs due
to low molecular density, neither could images from 5
000 frames that had much higher molecular density but
reduced temporal resolution (Supplementary information,
Figure S1D). On contrast, mature CCPs imaged at 37 °C
can be successfully resolved as rings at one or more time
points by the SIMBA method using the same 100 frames
(Figure 1D-1G and Supplementary information, Movie
S3). Both isolated rings and larger aggregates were ob-
served, similar to the structures reported in COS-7 cells
[6]. Most strikingly, CCPs resolved by SIMBA showed
more complete and continuous structure than the previ-
ous live cell PALM result using high acquisition speed
achieved by sCMOS [7]. Our time-lapse imaging showed
that some mEos3.2-CCPs were dynamic, appearing and
disappearing during the experiment (Figure 1F). More
interestingly, we observed that in almost the same area,
one CCP remained stationary for a long time, while other
CCPs underwent dynamical reorganization — segregat-
ing into isolated rings and then associating with each oth-
er again (Figure 1G). These results suggest that CCPs are
highly dynamic structures, assembling, disassembling,
and interacting with each other.

We next applied SIMBA to image structures inside the
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cells, the ER and mitochondria, and found SIMBA could
image intracellular structures with very high spatial reso-
lution (Supplementary information, Figure S1E).

In summary, our study finds that Quick-3B analysis
can greatly accelerate the computation speed of 3B. We
next present a powerful live cell SR method, SIMBA,
with several remarkable advantages. First, SIMBA is
easy to use and is easy to combine with total internal
reflection fluorescence microscope (TIRFM), PALM,
STORM and light-sheet microscopy without any addi-
tional hardware and expertise. Second, it can achieve a
50 nm spatial resolution as judged by the measurement
of actin structures in the fixed cells. Third, it requires
much less computational resource compared with 3B and
can be done on a desktop computer. Fourth, it extends the
3B technology to SR imaging of whole cells with a 0.5-2
s temporal resolution over a long observation period with
significantly fewer image artifacts.
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