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Abstract— The surface of Bacteria bears a long hair like appendages called as Pili which were previously believed to play an 
important role in Bacterial conjugation. Recent researches find their role in motility, virulence and biofilm formation. 
Consequently, it becomes important to understand the subcellular assembly and localization patterns regarding the formation 
of Pili which acts as a mediators of initial host pathogen interaction which in turn results in the development of bacterial 
diseases. The pilus assembly in Gram positive bacteria takes place with the help of membrane anchored sortase enzyme. E. 
faecal is includes two classes of sortases as SrtA and SrtC. SrtA also called as housekeeping sortase functions by attaching the 
proteins to the cell wall and SrtC also known as pilin sortase aids in pilus fibre formation once when the pilin subunits are 
translocated across the cell membrane by the protein conducting channel, SecA. Here we describe a high throughput image 
analysis method based on a modular software suite, PSICIC done to quantify the localization of virulence protein –SrtA of a 
gram positive bacteria E.faecalis. 
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I. INTRODUCTION 
 
In Gram positive bacteria, proteins are displayed on 
the cell surface using sortase enzymes. These cysteine 
transpeptidases join proteins bearing an appropriate 
sorting signal to strategically positioned amino groups 
on the cell surface (3,4,5). Working alone or in 
association with other enzymes, sortases either attach 
proteins to the cross bridge peptides of the cell wall or 
they link the proteins together to pili (6,7). Here we 
report an optimized high throughput quantitative 
image analysis method for the precise localization of 
fluorescence tagged virulence protein SrtA of E. 
faecalis using a matlab based image analysis tool 
known as Projected System of Internal Coordinates 
from Interpolated Contours (PSICIC). 
 
PSICIC is a modular set of MATLAB functions 
designed to find smooth cell borders from phase 
contrast microscope images and establish an internal 
coordinate system for each individual cell (1). This 
allows precise measurement of cell shape and 
subcellular localization of proteins, as well as 
facilitating comparisons between cells of various 
shapes (1). PSICIC is not a stand-alone software, the 
functions require MATLAB to run and some require 
the Image Processing Toolbox. MATLAB is a widely 
used commercial platform for scientific computing. 
The CLOAD function is the heart of PSICIC: it takes 
an image of the cells, finds the cell borders and 
generates the internal coordination system for each 
cell. It also performs intensity function which 
calculates the linear intensity profile for the cells. 
Therefore, using PSICIC one can estimate the average 
cell count, trace the fluorescence intensity by 

establishing an internal coordination system, and sort 
the cells based on cell perimeter. 
 
II. MATERIAL AND METHODS 
 
A. Bacterial Strains and Culture Methods 
HA epitope tagged strain E. faecalis OG1RF∆SrtA: 
pAK1-SrtA-2HA strain was used throughout this 
study. Details on genetic manipulations can be found 
in previous publications (3) strains were streaked from 
glycerol stocks stored at -80 ⁰C,  inoculated and grown 
overnight statically in brain heart infusion broth (BHI 
broth; BD Difco, USA) or BHI agar at 37 ⁰C. 
Overnight strains were then sub-inoculated in 1:10 
ratio of fresh media and grown to the appropriate 
optical density (OD ~0.5) corresponding to mid- log 
phase and harvested at 1hr 45 min. Antibiotic 
kanamycin was added in a concentration of 500 µg/ml 
into the nutrient mediums when necessary (2). 
 
B. Immunofluorescence assay 
100µl of cells diluted in PB or hBD2-Cy3-treated cells 
were re-suspended in 4% paraformaldehyde and 
incubated for 20 min. 20µl of fixed cells were smeared 
on to the poly-L-lysine slides and dried in dark for 15 
min at room temperature. The cell wall was then lysed 
on the slide by adding 20µl of lysozyme (20mg/ml) to 
the smear and incubating for 2 hr at 370C. Removal of 
the cell wall was validated the removal of cell wall, the 
smears were labeled with 20µl of the 
polysaccharide-binding Calcofluor White Stain (Cat. 
# 18909, Sigma Aldrich, USA) immediately after 
lysozyme treatment, incubated for 1min, and viewed 
under microscope, Absence of cell wall was confirmed 
by absence of red fluorescence on the cell surface. 
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After incubation the smear was washed with PB, 
blocked with 2% bovine serum albumin in PB 
(P-BSA) for 20 min, incubated with 20µl of primary 
antibody rabbit α-HA (1:500 dilution in P-BSA) 
(H6908, Sigma Aldrich, USA) or rabbit α-SecA 
(1:500 dilution in in P-BSA) at 40C overnight. Slides 
were then washed extensively with PB, incubated with 
Alexafluor 488 goat anti-rabbit secondary antibodies 
for visualizing SecA (Cat. # A-11034, Invitrogen Inc, 
USA) or Alexafluor 568 goat anti-rabbit secondary 
antibodies for visualizing SrtA-HA (Cat. # A-11011, 
Invitrogen Inc, USA), both diluted 1:1000 with 
P-BSA, incubated for 1hr at room temperature, 
washed extensively with PBS, mounted with 
Vectashield mounting media (Vector Laboratories, 
Inc. USA), covered with 0.16-0.19 mm thick 
coverslips, dried, and imaged.considered for analysis 
as described in (8,9). 
 
Fluorescence microscopy 
Immunofluorescent imaging was performed using an 
inverted epi–fluorescence microscope (Zeiss Axio 
observer Z1, Carl Zeiss GmbH, Germany) fitted with 
100X oil immersion objective with numerical aperture 
1.4 optovar 1.5X. Exposure times on the wide-field 
microscope were fixed to 1500ms for all experiments 
for unbiased image analysis. The co-staining images 
are acquired using AF488/FITC filter cube sets fitted 
with a 460-490 nm band pass excitation filter and a 
515-550nm band pass barrier filter, and AF568/cy3 
filter cube sets fitted with 530-550nm band pass 
excitation filter and 590nm long pass barrier filter. 
Control labeling experiments were performed in 
parallel with controls omitting the primary antibody 
and were consistently negative at the concentration of 
secondary antibody used in these studies as indicated 
in (2). Images were processed using Adobe Photoshop 
CS5.1. 
 
III. RESULTS AND DISCUSSION 
 
C. Focal presentation of SrtA in E. faecalis 
Figure 1 shows the focal presentation of SrtA at the 
divisome, this spatial localization of SrtA is in good 
agreement with earlier observations in E. faecalis (3) 
and Streptococcus pyogenes (8,9). SrtA localization 
was observed during three stages of cell cycle. Early 
division is the stage where the cell has no visible 
septum, however a clear srtA foci is observed on the 
potential septation site as shown in Fig.1. 
As the cell approaches to the pre-division stage a clear 
septum is visible, with prominent single, equatorial as 
shown in Fig.1. Finally, a multi-focal pattern at late 
division stages observed as shown in Fig.1. The polar 
localization of SrtA is observed only during the late 
division, which is the site of nascent septum or future 
site of septation. 

D. Grouping of cells based on cell cycle 
Cells were divided into 3 cell cycle stages based on the 
perimeter of the cells at each stage of cell cycle, as 
defined by inequalities: 3.6μm≥ Pp ≤4.8 μm, 
4.8μm>PE ≤8 μm and PL>8μm , PP, PE  and PL 
perimeter of cells at pre (Pp), early (PE), and late (PL) 
division stages of cell cycle respectively. Early 
division cells were the most abundant size as shown in 
Fig.2 within the log phase population (72%), and were 
therefore chosen for quantitative analysis. Cell 
perimeters were detected on phase contrast images 
using the PSICIC software (1). The perimeter 
fluorescence intensity profiles of detected cells were 
calculated by sampling intensity values of the pixels 
identified by PSICIC (Projected System of Internal 
Coordinates from Interpolated Contours) as the cell 
border. These intensity values were then plotted 
against the total distance along the cell border at 
which they were found. To calculate the average 
perimeter profiles for many cells, individual cell 
profiles were normalized along the x (distance) axis. 
This was achieved by sampling the profiles at 
evenly-spaced points along the x-axis using 
MATLAB’s interp1 function with the original profile 
as the reference curve and the default ‘linear’ method. 
Quantitative analysis was performed on at least 100 
cells/condition, from atleast 2 independent 
experiment. 
E. Quantitative analysis of SrtA Foci 
To quantify the focal localization of SrtA, 
immunofluorescent images from multiple FOV’s were 
analyzed using a high-throughput image analysis suite 
known as PSICIC, a MATLAB based image analysis 
program (1). Our high-throughput image analysis 
supports the hypothesis that SrtA are localized in a 
spatially restricted spots on single cells as shown in 
Fig.3. The analysis was performed for atleast 100 cells 
as recommended by earlier publication (10). 

 

 
Fig.1. SrtA Foci at the Septum and nascent septum of E. faecalis 

cells. Cells were imaged using widefield epifluorescence 
microscope 



International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Vol-6, Iss-3, Spl. Issue-2 Sep.-2018, http://iraj.in 

Localization Analysis of Bacterial Virulence Proteins using MATLAB 
 

36 

 
Fig.2. Cell counting and grouping of E. faecalis cell based on cell 

cycle 
Fig.2. Cell counting and grouping of E 

 
Fig.3. Quantified datasets showing focal localization of SrtA on 

planktonic E. faecalis cells 
 
CONCLUSIONS 
 
Localization of virulence protein- SrtA have been 
analyzed using PSICIC, a matlab based program. 
Optimized immunofluorescence assay and PSICIC 
allowed us to assess large numbers of cells and to 
quantify localization of virulence protein - SrtA  in E. 
faecalis. Upshift in fluorescent peaks at the septal 
points 25 and 75 indicates that SrtA localizes in a 

focal pattern on actively dividing cells. Such spatial 
understanding of SrtA localization is crucial to target 
them using antimicrobial compounds 
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