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21
22 SUMMARY:
23 This article provides a step-by-step guide to investigate protein subcellular localization dynamics
24 and to monitor morphological changes using high-resolution fluorescence microscopy in Bacillus
25  subtilis and Staphylococcus aureus.
26
27  ABSTRACT:
28 Investigations of factors influencing cell division and cell shape in bacteria are commonly
29  performed in conjunction with high-resolution fluorescence microscopy as observations made at
30 a population level may not truly reflect what occurs at a single cell level. Live-cell timelapse
31  microscopy allows investigators to monitor the changes in cell division or cell morphology which
32  provide valuable insights regarding subcellular localization of proteins and timing of gene
33  expression, as it happens, to potentially aid in answering important biological questions. Here,
34  we describe our protocol to monitor phenotypic changes in Bacillus subtilis and Staphylococcus
35 aureus using a high-resolution deconvolution microscope. The objective of this report is to
36 provide a simple and clear protocol that can be adopted by other investigators interested in
37 conducting fluorescence microscopy experiments to study different biological processes in
38  bacteria as well as other organisms.
39
40 INTRODUCTION:
41  The field of bacterial cell biology has been significantly enhanced by recent advancements in
42  microscopy techniques’2. Among other instruments, microscopes that are capable of conducting
43  timelapse fluorescence microscopy experiments remain a valuable tool. Investigators can
44  monitor various physiological events in real-time using fluorescent proteins such as, green
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fluorescent protein (GFP)-based transcriptional and translational reporter fusions, fluorescent D-
amino acids (FDAA)3, or use other stains for labeling the cell wall, membrane and DNA. It is
therefore of no surprise that fluorescence microscopy remains popular among microbial cell
biologists. In addition to simply showing the end phenotypes, providing information as to how
the observed phenotypes arise using timelapse microscopy could add significant value to the
findings and potentially offer clues as to what cellular processes are being targeted by potential
drug candidates®.

The protocols to conduct high-resolution imaging using a fully motorized, inverted, wide-field
fluorescence microscope (see the Table of Materials) are provided in this article. These protocols
could be adapted to suit the needs of other fluorescence microscopes that are capable of
conducting timelapse microscopy. Although the software discussed here corresponds to the
specific manufacturer-supplied software as indicated in the Table of Materials, software
commonly supplied by other microscope manufacturers or the freely available Imagel®, have
equivalent tools for analyzing microscopy data. For conditions where timelapse is not conducive,
time-course experiments could be conducted as described in this article. The protocols described
here provide a detailed guide to study the phenotypic changes in two different bacterial species:
B. subtilis and S. aureus. See Table 1 for strains used.

PROTOCOL:

1. General growth conditions

1.1. Inoculate 2 mL of appropriate growth medium supplemented with antibiotics (where
required) with a single colony of the strain(s) to be imaged. Incubate these seed cultures

overnight at 22 °C in a shaking incubator.

NOTE: The specific bacterial growth conditions used in this article are provided under the
representative results section.

1.2. Dilute overnight cultures 1:20 in fresh media in a 125 mL flask, supplement with antibiotics
(where required).

1.3. Grow culture(s) at 37 °C in a shaking incubator until mid-logarithmic phase (ODeoo = 0.5).

NOTE: Inducer or inhibitor could be added directly to growing culture(s) at the appropriate
growth phase.

1.4. Harvest cells at desired culture conditions for microscopy sample preparation as described
in the following section.

2. Sample preparation

2.1. Prepare 1% agarose by combining 0.25 g of molecular biology grade, low EEO, agarose with
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either 25 mL of growth medium supplemented with appropriate antibiotics (where required) for
timelapse microscopy or sterile water. Heat the mixture with the help of a microwave for
approximately 30 s and pour it into a sterile 100 mm x 15 mm Petri dish and let it solidify.

2.2. Take a 5-50 pL aliquot of the cell culture depending on the need and stain the cells. Stain
cells with appropriate dyes at this stage (e.g., add fluorescent dye FM4-64 (membrane stain) for
an experiment (Figure 1)).

2.2.1. Pipette a 5 pL aliquot of the culture sample or stained sample to be imaged onto the
bottom of a 35 mm glass bottom culture dish (with 14 mm microwell diameter and uncoated No.
1.5 coverslip; see the Table of Materials).

CAUTION: Do not use poly-L-lysine coated coverslips especially for timelapse microscopy as they
could induce different growth pattern (we have observed this with poly-D-lysine as well; data not
shown) and/or affect protein dynamics®.

2.2.2. To minimize the use of dyes, stain 3—4 pL cell suspension (harvested at ODggo = 0.5;
approximately 2.7 x 107 and 3.4 x 107 for B. subtilis and S. aureus respectively per 1 mL culture)
directly on the glass bottom dish.

2.2.3. Place a pre-cut agarose slab (11 mm in diameter or of any desired size to overlap the area
of the coverslip; cut using the open end of a sterile tube or a razor blade) on top of the sample
and gently tap to make sure the agarose slab is lying flat against the coverslip.

2.3. Subsequent to imaging (see following section), if the number of cells in the field of view are
not desirable, adjust the cell density of the sample via dilution or concentration by centrifugation
and alter the ratio of cells in the sample using growth medium/buffer as necessary.

NOTE: To minimize autofluorescence emanating from the culture medium, cells can be washed
in buffer (for example in standard 1x phosphate buffer saline) and resuspended in appropriate
amount of buffer prior to imaging. It is possible that in this step smaller cells or vesicles may not
be retained after centrifugation and will hence be lost.

2.4. Add water using a pipette (~5 pL drops) to the space inside the culture dish (around the
coverslip) to prevent the agarose pad from drying, and to help maintain humidity during the
course of image acquisition, especially for timelapse experiments.

2.5. Allow culture dishes to equilibrate to the temperature inside the incubation chamber, a built-
in opaque compartment provided by the manufacturer, of the microscope for 15-20 min.

NOTE: Turn on the heating element and set the incubation chamber to a desired temperature
several hours prior to imaging. This will ensure that the hardware stabilizes to the new
temperature. For prolonged timelapse imaging, place a beaker or flask with water inside the
microscope chamber, away from the working area, to maintain humidity.
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3. Imaging

3.1. On the day of the experiment, turn on the microscope system. Start the imaging software
(see Table of Materials) by clicking the appropriate icon on the desktop. Initialize the microscope
by clicking the Initialize Microscope option (button depicted with a microscope on it) on the
software’s start-up dialog box. Ensure that the objective is fully lowered using the microscope
coarse adjustment prior to initialization.

NOTE: Following initialization three additional dialog boxes should appear in addition to the start
menu: resolve3D, data collection, and filter monitor.

3.2. Place a drop of 1.517 (refractive index) oil on the 100x oil immersion objective supplied by
the manufacturer (Numerical Aperture = 1.4, Working Distance = 0.12 mm; see Table of
Materials).

NOTE: It is important to choose the appropriate immersion oil for the temperature at which
imaging is conducted.

3.3. Load the glass bottom dish containing sample into the metal housing (coffin) and gently slide
into the stage clamp.

3.4. Use the coarse adjustment knob to raise the objective until the oil makes contact with the
glass bottom of the dish. Use the eye piece and fine adjustment knob to bring the sample into
focus. Once the cells are in focus turn the knob from the eye piece to camera mode by moving
the selector switch located on the front of the microscope body to the left.

3.5. Begin experiment using the imaging software. On the resolve3D window, select the
Design/run experiment icon depicted by a flask. A new dialog box should appear entitled
design/run experiment.

3.5.1. Set the number of Z-stacks and sample thickness using the design and then sectioning tab
on the design/run experiment dialog box.

NOTE: For the experiments in representative results section, 17 Z-stacks at 200 nm interval for
still images and four Z-stacks at 200 nm interval for timelapse microscopy were used.

3.5.2. To measure the thickness of the cells in the sample, manually adjust the Z-plane
incrementally by using the up and down arrows on the resolve3D dialog box. Mark where the
cells go out-of-focus as the upper and lower limit for image acquisition. Import this information
prior to running the experiment.

3.5.3. To help minimize phototoxicity and photobleaching during timelapse imaging, reduce the
number of Z-stacks and choose the mid-plane of the cells for image acquisition.
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3.6. Select the appropriate filter set for the experiment using the design and then channels tab
on the design/run experiment dialog box (TRITC: EX 542/27; EM 597/45; FITC/GFP: EX 475/28;
EM 525/48; mCherry: EX575/25; EM 632/60; Cy5: EX 632/22; EM 676/34).

3.6.1) Also, select a reference for the collection of POL/DIC information. Adjust percentage
transmission (light intensity) and duration of exposure for individual channels selected prior to
imaging by selecting the appropriate options on the resolve3D dialog box.

NOTE: In a test field of view that is not considered for the experiment test these settings to
identify if the selected parameters obtain meaningful fluorescence data without missing weak
signal or oversaturating it. Then import these parameters for the experimental set up.

3.7. Open the points list by selecting the Points list button on the resolve3D dialog box. A new
dialog box should appear entitled points list. Mark several fields of view to be used in the
experiment by finding appropriate fields of view using the microscope stage controls and
selecting the mark point option on the points list dialog box.

NOTE: A replace point will have to be selected each time the microscope is refocused on a point
in the points list. This can be done by focusing the microscope on the appropriate point in the list
and then selecting the replace point button. It is important to not touch the analog coarse/fine
adjustment knob when refocusing; use only the software to adjust the focus.

3.8. Set timelapse parameters by first selecting the design and then timelapse tab on the
design/run experiment dialog box. Select the timelapse check box. Enter the appropriate
timelapse parameters in terms of timelapse images/total time.

3.9. Set points to be imaged from the points list by first selecting the design and then points tab
on the design/run experiment dialog box. Select the visit points list option and enter points to be
imaged in the text box separated by commas or hyphens if it is a complete sequence.

3.10. Prior to beginning an experiment, edit file names and file locations using the run tab on the
design/run dialog box. File location can be changed by selecting the settings button, selecting the
data folder, and by then selecting the appropriate folder or creating a new one. Change file
names by entering in the new file name in the image file name text box.

3.11. Begin the experiment by selecting the play button on the begin experiment dialog box.
NOTE: For timelapse, continually check focus at each field of view throughout the experiment
using DIC setting (to avoid unnecessary photobleaching) and refocus and update the information

in points list as cells tend to go out of focus over time.

4. Image processing
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4.1. Open the desired raw (R3D) image files for generation of figures.

NOTE: Recently saved files can be located using the data folder button on the imaging software’s
start-up dialog box.

4.2. Run the deconvolution program, to remove out-of-focus fluorescence light’2, in order to
produce a deconvolved D3D image file. Select the process tab on the start-up dialog box, and
then select deconvolve. A new dialog box will appear entitled deconvolve.

4.2.1. Set the deconvolution parameters by dragging the appropriate image number (located in
the upper left-hand corner of each image file) to the input on the deconvolution dialog box. On
the deconvolution dialog box, select the more options button, and deselect the crop border
rolloff after processing check box (otherwise the images cannot be superimposed over the
corresponding DIC file).

4.2.2. Click the do it button on the deconvolution dialog box to deconvolve raw image file.

NOTE: The deconvolution parameters could be adjusted as indicated by the software
manufacturer’s guidance manual for desired results.

4.3. If necessary, perform manual background noise subtraction and brightness/contrast
adjustment in any or all wavelength (color) channels. Do this by selecting the contrast
adjustment button on the deconvolved image file.

4.4. Save the image as a TIFF file by first selecting the file option at the top of the D3D dialog box.
Then select save as TIFF, identify and select appropriate Z-stacks (that are within focus), select or

unselect desired filter sets.

4.5. Perform data quantification using any manufacturer-supplied software or freely available
programs such as ImageJ>.

4.5.1. For cell size quantification click on the tool tab on the appropriate D3D image file, and then
select the measure distances option. Measure distances by selecting start and end points on the
desired image file using the mouse through left clicks.

NOTE: It is best to zoom in on the image during cell size quantification.

4.5.2. For fluorescence signal quantification use the data inspector option under the tool tab on
the appropriate D3D image file.

NOTE: It is best to zoom in on the image and to have only relevant filters selected when
completing fluorescence signal quantification.

4.5.3. To quantify the fluorescence signal, draw a box with column/row option set to specific
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dimension. Select an area with signal to be quantified and record the value. Measure the
background signal by using the same size box to select an area immediately outside of the cells.
Subtract the background value from the value recorded from the fluorescence signal obtained
within the cell.

REPRESENTATIVE RESULTS:

GpsB phenotypes

Previously we have shown that Sa-GpsB is an essential protein as depletion of GpsB using an
antisense RNA results in cell lysis®. Here we describe how the emergence of various cell division
phenotypes and changes in protein localization could be captured using the timelapse
microscopy protocol described in this article. For this purpose, S. aureus strains RB143 [SH1000
harboring pEPSAS5 (empty vector)] and GGS8 [SH1000 harboring pGG59 (Px,-gpsB°"tse™e pla cat)]
reported previously®, were grown as follows. Strains RB143 and GGS8 were inoculated in 2 mL of
tryptic soy broth (TSB) supplemented with 5 ug/mL chloramphenicol (chlor) in a 15 mL test tube
and were incubated overnight at 22 °C while shaking. The overnight cultures were diluted 1:20
in 10 mL of fresh TSB + chlor in a 125 mL flask and grown at 37 °C with shaking until mid-
logarithmic phase (ODsoo = 0.5). The inducer, 1% xylose, was added to the culture medium to
trigger the expression of antisense RNA of gpsB and the culture was grown for another 3 h. Cells
were then stained with fluorescent dye FM4-64 (membrane stain), where required, by the
addition of 0.5 pL of a 10 pg/mL stock of FM4-64 directly onto the 5 pL aliquot of culture on the
microscope dish as described in the protocol section. As shown in Figure 1 and Video 1, addition
of xylose to induce GGS8 strain resulted in a “sick” cell phenotype, as described previously®, while
empty vector control (RB143) appeared similar to our control—cells grown in the absence of
inducer.

Our group also reported that overproduction of S. aureus GpsB (Sa-GpsB) disrupts cell division in
B. subtilis®. We use this overexpression phenotype as an example to demonstrate the protocol
described here. To this end, a B. subtilis strain GG9 (amyE::Phyperspank-gpsB>? spc; ftsAZ::ftsAZ-
gfpQerm) was used®. Subcellular localization of fluorescently-labeled FtszZ, a key cell division
protein which marks the cell division sites'®!, was used to monitor the status of cell division. The
sample for microscopy was prepared as follows. A single colony of GG9 was inoculated in 2 mL
Luria-Bertani (LB) medium and incubated overnight at 22 °Cin an incubator shaker. The overnight
cultures were 1:20 in 10 mL of fresh LB, and grown at 37 °C with shaking until mid-logarithmic
phase (ODeoo = 0.5). GG9 cells (5 L aliquot) to be imaged were placed on the bottom of a glass
bottom culture dish and covered with a 1% agarose pad made with LB supplemented with 250
UM (final concentration) of isopropyl B-D-1-thiogalactopyranoside (IPTG) to induce the
expression of Sa-gpsB (Figure 2 and Video 2). Timelapse microscopy and cell length quantification
were performed as described in the protocol section.

Inhibition of FtsZ

FtsZ, being a protein essential for cell division, is considered an attractive drug target and multiple
groups are developing FtsZ inhibitors as a way to develop new antibiotics!?. Localization patterns
of FtsZ or one of the proteins associated with it, such as ZapA, can be used as a reporter to study
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and/or identify novel antimicrobial compounds. We use the protocol provided here to
demonstrate this approach using S. aureus RB197 [SH1000 harboring pRB42 (Pc4-zapA3°-gfp bla
erm)]® and B. subtilis PE92 (ftsAZ::ftsAZ-gfpQerm)*? strains. RB197 and PE92 strains were grown
as described above in TSB (containing 5 pug/mL erythromycin; and 1.25 uM CdCl; to induce the
expression of zapA-gfp) and LB respectively. At mid-logarithmic phase, a well-characterized FtsZ
inhibitor, PC190723 415, was added at 2 ug/mL final concentration and its effect on the S. aureus
and B. subtilis cells were monitored using microscopy at different time intervals (Figure 3 and
Figure 4). Quantification of cell diameter of S. aureus and cell length of B. subtilis was performed
as described in the protocol section.

FIGURE AND TABLE LEGENDS:

Figure 1: High-resolution micrograph of S. aureus cells displaying sick phenotype. Fluorescence
micrographs of S. aureus strains harbouring either empty vector (left; RB143) or an inducible copy
of antisense RNA of gpsB*° (right; GGS8) in the presence and absence of 1% xylose (inducer). Cells
awere stained with FM4-64 membrane stain (stocks dissolved in sterile water) and imaged using
TRITC filter set. Scale bar: 1 um.

Figure 2: Representative data showing cell division inhibition in B. subtilis. (A) Timelapse
micrographs of B. subtilis strain GG9 with images acquired at 20-min intervals for 120 min using
the DIC/FITC channels. Fluorescence data of FtsZ-GFP (green) are shown. Arrows follow one cell
throughout the experiment. Scale bar: 1 um. (B) Quantification of cell lengths at all time points.
Average cell length with error bars indicating standard deviation (n = 50) are shown.

Figure 3: Time course investigation of cell division inhibition in S. aureus. (A) Mid-logarithmic
phase cells of strain RB197 untreated (top) or treated (bottom) with FtsZ inhibitor (PC190723),
subsequent to 30 min growth, aliquots of growing cultures were taken every 10 min for 90 min
and imaged using DIC and FITC filter sets. Fluorescence from ZapA-GFP is shown. Scale bar: 1 um.
(B) Quantification of microscopy data. Average cell width with error bars indicating standard
deviation (n = 50) and percentage of cells (n = 50) displaying proper ZapA-GFP localization (mid-
cell and periphery) are shown. Data points of cells treated with inhibitor are shown in red. Shapes
with green outline corresponds to the right Y-axis.

Figure 4: Investigation of cell division inhibition by a synthetic inhibitor in B. subtilis. B. subtilis
strain PE92 was either untreated or treated with an FtsZ inhibitor (PC190723) at mid-logarithmic
phase and were monitored for the subsequent 90 min. Aliquots of growing cultures were taken
every 10 min for microscopy and images were acquired using DIC/FITC channels. Fluorescence
from FtsZ-GFP is shown. Scale bar: 1 um. (B) Quantification of microscopy data. Average cell
length with error bars indicating standard deviation (n = 50) and percentage of cells (n = 50)
displaying proper mid-cell FtsZ-GFP localization are shown. Data points of cells treated with
inhibitor are shown in red. Shapes with green outline corresponds to the right Y-axis.

Video 1: Timelapse microscopy of S. aureus cells developing sick phenotype. Strain GGS8 (gpsB
antisense) treated with 1% xylose. Cells were stained with FM4-64 membrane stain and imaged
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at 10 min intervals for 60 min using the TRITC channel as described in the protocol.

Video 2: Overexpression of Sa-gpsB leads to inhibition of cell division in B. subtilis. Timelapse
video showing filamentation and change in FtsZ-GFP localization in GG9. Images were taken at
20 min intervals for 120 min using DIC and FITC channels.

Table 1: Strains used.

DISCUSSION:

Microscopy has remained a mainstay in studies pertaining to microbial organisms. Given their
micron-scale cell size, single-cell level studies have traditionally relied on electron microscopy
(EM). Although EM has become quite a powerful technique in recent years, it has its own intrinsic
limitations in addition to limited user access'®. Improvements in fluorescence microscopy
techniques and development of different fluorescent probes, such as FDAA3, have provided
microbial cell biologists with a vast array of tools to study various cellular processes in live cells.
Researchers are also actively building fluorescent tools to monitor changes, for example in the
level of signaling molecules such as c-di-GMP among others, in living cells'”*8, In addition, high-
resolution timelapse fluorescence microscopy allows investigators to monitor changes as they
happen and to study relevant phenotypes.

We have provided detailed protocols to conduct microscopy experiments with a high-resolution
fluorescence microscope (see Table of Materials). However, the steps in the protocols could be
altered to fit the needs of the user and the microscope used. We use S. aureus and B. subtilis as
our model organisms to show how to monitor various cell division phenotypes, track the changes
in protein localization, and quantify the data. In addition, for cases where timelapse is not
conducive, we show with the help of an FtsZ inhibitor, how to set up a time course experiment.

The inherent limitation with fluorescence microscopy is the resolution set by the diffraction limit,
which could be overcome to some extent with the aid of advanced super-resolution microscopy
techniques!®?°, Other issues such as phototoxicity and photobleaching could be circumvented by
collecting fewer Z-stacks or minimizing the duration and/or frequency of exposure to laser. Other
guidance materials specific to live-cell microscopy are available?!. Apart from Gram-positive
organisms B. subtilis and S. aureus, using this set up, we have successfully imaged Gram-negative
bacterium Escherichia coli, yeast Saccharomyces cerevisiae, and nematode Caenorhabditis
elegans.

In addition to the experiments described here, similar methodologies could be used to identify
compounds that target specific cellular processes in a high-throughput fashion. Algorithms that
automate the quantification process can also be incorporated for large datasets??23. There is an
immense need to study different bacterial species to address the antibiotic-resistance crisis and
more studies are warranted to understand the mechanisms of basic biological processes and to
identify novel therapeutic compounds. Various fluorescence microscopy techniques have gained
the power and momentum to aid researchers in addressing these challenges among others.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Seeing is believing: high resolution fluorescence timelapse microscopy to investigate protein
localization and cell division in bacteria

Author(s):

Robert S. Brzozowski, Maria L. White, and Prahathees J. Eswara

Item 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

I:I Open Access

g:rhe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3 Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other [anguages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JOVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JOVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JOVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE'’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Prahathees J. Eswara
Department:
Department of Cell Biology, Microbiology, and Molecular Biology
Institution: University of South Florida
Title: Assistant Professor
LN
)
Signature: o /p}\(ﬂ/\ Date: 2/26/2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe documentto +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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UNIVERSITY OF
SOUTH FLORIDA

August 1, 2019
Dear JoVE Editor,

Please find below our point-by-point response to the comments of the Editor and peer reviewers for our
manuscript titled “Live-cell fluorescence microscopy to investigate subcellular protein localization and cell
morphology changes in bacteria.”

Sincerely,

2
A

Prahathees Eswara, Ph.D.
Assistant Professor

Editorial comments:

You will find Editorial comments and Peer-Review comments listed below. Please read this entire email before
making edits to your manuscript.

NOTE: Please include a line-by-line response to each of the editorial and reviewer comments in the form of a
letter along with the resubmission.

Editorial Comments:

* Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or
grammatical errors.

We have fixed all errors that we were able to find.
* Please avoid the split title (i.e., remove the colon), and make the it more concise.
We have now fixed the title as per your recommendation.

Department of Cell Biology, Microbiology and Molecular Biology
College of Arts and Sciences
School of Natural Sciences and Mathematics

University of South Florida 4202 East Fowler Avenue, ISA2015, Tampa, Florida 33620-7115
(813) 974-8434 Fax (813) 905-9919

The University of South Florida is an Affirmative Action/Equal Access/Equal Opportunity Institution
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* Protocol Language: Please ensure that all text in the protocol section is written in the imperative voice/tense as
if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be
written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions
should be described in the imperative tense wherever possible.

1) For example lines 78-80 should be a note.

We believe the protocol language has been updated as suggested.

* Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must
contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks
for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in
each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

1) 1.1: Please list growth conditions in the protocol. We have added a new section.

2) 2.5: What should sample thickness and number of z-stacks be set to? It depends on the sample. We elaborate
on that point in our note.

3) 2.8: What should the timelapse parameters be set to? Again, it depends on the experiment. We elaborate on
that point in our note.

4) Section 3: Mention add menu selection and button clicks to explicitly describe all software actions. \We have
now updated this as per your suggestion.

* Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly
focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs):
1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing
methods, 4) future applications and 5) critical steps within the protocol.

We believe the discussion section has been updated as suggested.

» References: Please spell out journal names.
We have now manually spelled out the journal names in EndNote.

» Commercial Language:JoVE is unable to publish manuscripts containing commercial sounding language,
including trademark or registered trademark symbols (TM/R) and the mention of company brand names before
an instrument or reagent. Examples of commercial sounding language in your manuscript are DeltaVision Elite
(GE), SoftWoRx, DeltaVision Core microscope system (Applied Precision/GE Healthcare), etc

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in
your manuscript with generic names that are not company-specific. All commercial products should be
sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table
of materials)” to draw the readers’ attention to specific commercial names.

We have now made the suggested changes.

Department of Cell Biology, Microbiology and Molecular Biology
College of Arts and Sciences
School of Natural Sciences and Mathematics

University of South Florida 4202 East Fowler Avenue, ISA2015, Tampa, Florida 33620-7115
(813) 974-8434 Fax (813) 905-9919

The University of South Florida is an Affirmative Action/Equal Access/Equal Opportunity Institution



» Table of Materials:Please revise the table of the essential supplies, reagents, and equipment. The table should
include the name, company, and catalog number of all relevant materials/software in separate columns in an
xlIs/xlIsx file. Please include items such as microscope, cell strains, culture reagents, agarose, software etc.

We have now updated the table of materials.

« If your figures and tables are original and not published previously or you have already obtained figure
permissions, please ignore this comment. If you are re-using figures from a previous publication, you must
obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter
from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text
of the re-print permission (may be copied and pasted from an email/website) as a Word document to the
Editorial Manager site in the "Supplemental files (as requested by JOVE)" section. Please also cite the figure
appropriately in the figure legend, i.e. "This figure has been modified from [citation]."

Our figures, videos, and tables are original.

Department of Cell Biology, Microbiology and Molecular Biology
College of Arts and Sciences
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Comments from Peer-Reviewers:
Reviewers' comments:
Reviewer #1:

Manuscript Summary:

The authors propose a simple and effective methodology to investigate bacteria cell division utilizing live cell
microscopy. Utilizing membrane dyes and the expression of recombinant proteins, the authors followed the
bacteria cell division and filametous growth caused by the inhibition of bacteria cytokinesis. The reported
methodology allowed the authors to capture and measure morphological changes of bacteria growing between
the coverslip and agarose pads. The proposed methodology may help researchers interested in studying bacteria
cell biology and antimicrobials.

Major Concerns:

The authors must provide more information on the microscope set up they utilized in this report. It is possible to
infer that the authors utilized a fully motorized, inverted, wild field fluorescence microscope. However, this
must be explicitly indicated and fully described in the text, including camera, illumination system, stage and
optics.

We now explicitly state the information requested in lines 54-55 and in the table of materials.

Minor Concerns:

Paragraph 1.2 line 73: Please indicate if any particular quality grade for agarose is required to minimize
autofluorescence background

We have updated this information in line 87 and in table of materials.

Paragraph 1.3 line 80: Indicate size and supplier and model for the glass bottom culture dish.
This information can be found in lines 95-97 and in table of materials.

Paragraph 1.3 line 81: Indicate a range for bacteria cell numbers in the suspension

We have provided this information in lines 100-102.

Paragraph 1.3 line 83: Indicate appropriate dimensions for the pre-cut agarose slab

We have provided this information in lines 102-105.

Paragraph 1.6 line 101: A comma is missing after "away.

We updated this information in paragraph 2.5 line 124.
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Paragraph 2.1 line 104: Provide more information on the microscope utilized: optics, illumination system,
camera (sensor and pixel size), motorized stage etc.

This information is now provided in table of materials.

Paragraph 2.2 line 106: Provide more information on the objective lens utilized.
This information is now provided in table of materials.

Paragraph 2.2 line 108: What is the meaning of "imaging temperature™?

We have clarified this in lines 135-136.

Paragraph 2.5 line 19: Please indicate appropriate z intervals for deconvolution and to avoid oversampling and
photo damage of the sample

We have provided the Z-stack information used in the experiments conducted in lines 146-148.

Paragraph 2.6 line 122: Does percentage of transmission refers to light intensity ?

Yes, we have now clarified that in line 157.

Paragraph 2.7 line 127: The terminology used is probably specific to software and microscope brand used by
the authors. The authors should consider utilizing more generic terms applicable to other microscope and
software brands.

As per the Editor’s guidelines, we have to be very specific in how the experiments were conducted (down to
even specific button click commands), therefore unfortunately we are unable to explain the details in generic
terms.

Paragraph 3.1 line 134: Please replace "fluorescence signals” for "fluorescence light™.

Fixed this in line 188.

Paragraph 3.1 line 135: Please indicate optimal parameters, confidence limit and number of iterations utilized
for imaging deconvolution

This was conducted with software manufacturer’s default settings, we have added that the parameters can be
altered to obtain desired results. See lines 195-197.

Paragraph 3.2 line 136: Please consider replacing "brightness adjustment” for “contrast adjustment”.

Fixed this in line 200.
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FIGURE 1.

Please, indicate solvent utilized for FM 4-64 stock. Provide additional information about experimental
conditions: Bacteria numbers, dye concentration, incubation time, temperature. Was the dye kept or washed
after incubation?

We have now provided this information in the protocol section (also line 234) and line 274.

Discussion:

The authors may consider to remove "high resolution” from the title, since the microscope utilized is a
conventional wide field system and no additional improvement of its limit of resolution has been applied. On
this regard the authors should considering to discuss the use of the proposed methodology in combination with
spinning disk or any other type of fast confocal technology, to increase imaging contrast an apparent resolution.
Can the proposed methodology be applied for Gram negative bacteria?

Although the manufacturer advertises this DeltaVision Elite as a high-resolution microscope (as the image
quality is enhanced due to deconvolution and better optics). We have now removed “high resolution” from the
title. We have, in lines 336-338, indicated that this methodology can be used to image other organisms.

Reviewer #2:

Manuscript Summary:

In this article, Brzozowski et al describe a single cell fluorescence microscopy protocol to monitor changes in
cell morphology during different stages of cell cycle and in response to different environmental cues. The
protocol can be adapted to investigate different cellular processes for various bacteria.

Major Concerns:

While the protocol claims to employ a high resolution fluorescence microscopy method, it lacks clear
description of how they achieve sub-diffraction limit resolution. Describing the "high resolution deconvolution™
microscopy method in the "Introduction™ section will be of use to readers, in determining the scope of the
method. The protocol also does not mention the resolution that is achievable by the method and the resolution
obtained in the included figures. None of the included figures appear to be superresolution images.

The manufacturer advertises this DeltaVision Elite (now Ultra;
https://www.gelifesciences.com/en/us/solutions/cellular-analysis/products-and-technology/microscopy/high-
resolution) as a high-resolution microscope as the image quality is enhanced due to deconvolution and better
optics. We apologize for the confusion, we never claimed that our method is a super-resolution technique. We
have briefly discussed the details of deconvolution in lines 187-189. We have now also removed “high
resolution” from the title. We hope this alleviates your concerns.
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The protocol described is extremely specific to the SoftWoRx software. The manuscript will be of use to a
greater audience, if at least equivalent ImageJ (a more commonly used software) plugins are mentioned in the
article.

As per the Editor’s guidelines, we have to be very specific in how the experiments were conducted (down to
even specific button click commands), therefore unfortunately we are unable to explain the details for ImageJ.
However we have explicitly stated that other software such as ImageJ can be used in lines 204-205.

In line 119, how is the mid plane of the cells determined?
It is section where the cells are mostly in focus, where the cell width is the largest.

In Fig.1 (-Inducer, gpsB anti sense), presence of FM464 in non-membranous region of the cell is shown. Is this
a common occurence or only occurs in rare instance?

It is not a common occurrence. Few cells in which there is a leaky expression (of gpsB antisense) that are en
route to lysis sometimes appear like that.

Minor Concerns:

In step 1.6, more details on the incubation chamber would be helpful.

We have given more details now in lines 119-120.

In step 2.5 (Line 114 -118), it might be better to include the maximum number of z-stacks possible.

We have imaged C. elegans (mentioned in line 338), and for that we taken more than 50 z-stacks (200 nm
interval), but we are unsure of the exact maximum limit. We will contact the manufacturer to find this
information if you think it is essential to include.
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