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The green fluorescent protein (GFP) from Aequoreavictoria is a fluorescent biomarker 
that has potential use in the study of bacterial pathogenicity.  For studying host-
parasite interactions, we transformed a GFP expression vector in S. tyhimurium, a 
facultative intracellular bacterial pathogen. The expression vector were found to be 
stable and to direct high levels of GFP synthesis. Confocal laser scanning microscopy 
was used to detect S. tyhimurium cells during the early and late stages of infection in 
Caco-2 cells. GFP expression did not adversely affect bacterial survival, nor did it 
compromise entry into Caco-2 cells. GFP plasmids were introduced into these strains 
by a CaCl2 procedure. Stability of the plasmid was determined through sequential 
propagation of transformed cells in the absence of selective pressure, and rates of 
plasmid-loss were calculated. GFP plasmid was stable upto 50 generations with a 
plasmid loss of 2%. Therefore, GFP provides a convenient tool to locate and image 
pathogenic bacteria, internalized in Caco-2 cells. 
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INTRODUCTION  
Salmonella enterica serovar Typhimurium is a gram-negative pathogen, (S. 
typhimurium), causing gastroenteritis in humans and a systemic typhoid-like disease 
in mice. Salmonellosis is one of the most common causes of food-borne diseases in 
humans and is considered to be major public health and global economic problem. In 
infected hosts, Salmonella colonizes several different cell types, including epithelial 
cells, dendritic cells and macrophages (Santos et al., 2009, Salcedo et al., 2001). The 
major virulence factors that enable S. typhimurium to elicit inflammation are its 
ability to penetrate the intestinal epithelium and to survive within 
macrophages.Recent advances in understanding the pathogenesis of S. typhimurium-
induced gastroenteritis indicates that the pathogen triggers intestinal inflammation to 
create specific growth conditions in the intestinal lumen, which enable it to 
outcompete the resident microbiota. This inflammation-adapted lifestyle requires S. 
typhimurium to be resistant against many of the host defence mechanisms 
encountered in the lumen of the inflamed intestine. (Santos et al., 2009)Studies in 
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cultured epithelial cells have shown that approximately 10% of infected cells contain 
hyper-replicating Salmonella (Knodler et al., 2010, Malik et al., 2012).  
Traditionally, bacterial pathogens have been detected indirectly by using fluorescent 
antibodies. More recently, investigators have directly coated microorganism with 
fluorochromes to study real time interactions with live host cells. However, these 
approaches can be of limited value for bacterial pathogens within live host cells; 
hence quantification of internalised bacteria is still challenging. In this study we have 
used gfp bearing plasmid to transform S. typhimurium cells. The green fluorescent 
protein (GFP) gene (gfp) provides an easily detectable phenotype and so has been 
used to label many microorganisms for diagnostic and ecological studies. (Prasher et 
al., 1992, Zhang et al., 2011, Binet et al., 2018) The green fluorescent protein (GFP) 
originally isolated from Aequoreavictoria is a novel fluorescent marker that has 
potential use in the study of bacterial pathogenicity. GFP is a cytoplasmic protein with 
low toxicity and therefore, the presence of GFP has minimal effects on the bacterial 
cell-surface dynamics. (Chalfie et al., 1994) GFP can be continuously synthesized, 
which minimizes the effect of fluorescence-signal dilution during bacterial replication 
and it is easily imaged and quantitated (Shimomura, 1979). 
 
MATERIALS AND METHODS 
 
Materials and Methods: 

 
Bacterial strains, plasmid and growth conditions: 
The bacterial strain used in the present study, Salmonella 
enterica serovartyphimurium2501 was procured from NCIM, Pune. E. coli HB101 
was used as hosts to maintain gfp-containing plasmid pWM 1029 (kind gift from Dr 
Michael Cooley, USDA-ARS-WRRC, Albany, CA). All bacteria were routinely 
cultured in Luria-Bertani (LB) broth and on LB agar plates (Hi Media, Mumbai, 
India). If required for the selection of recombinants or to maintain plasmids, 
kanamycin (30 µg/ml) was added.  
 
Transformation of Salmonella: 
Salmonellatyphimurium cells were made competent and transformed using the 
calcium chloride method as described by Sambrook and Russell with modifications 
(Sambrook and Russel., Qazi et al., 2011)Briefly, the competent cells were prepared 
by collecting overnight culture of bacteria by centrifugation (4000×g, 10 min, 4°C).  
The cell pellet was once washed with ice-cold 100 mM CaCl2, and resuspended in the 
same solution at 1/10 original volume. Transformation was carried out by mixing the 
competent cells with plasmid DNA (on ice for 10 min) before exposing the mixture to 
heat shock at 42°C for 90 sec in a water bath. Transformants were selected by plating 
on LB agar supplemented with Kanamycin (30 µg/ml) and colonies (3–5) that emitted 
green fluorescence under UV light (396 nm) were purified and preserved at −80°C for 
further characterization later. 
 
Plasmid Stability Testing: 

The stability of gfp-containing plasmid was determined under nonselective 
conditions. Overnight culture of GFP-labelled strain grown in the presence of 
Kanamycin was used to inoculate (1∶1000 dilution) LB broth without antibiotic. 
Culture was grown in broth without the presence of antibiotics and was transferred 
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daily (24-h intervals) at a 1∶1000 dilution into fresh medium for 5 consecutive days. 
At 2 and 5 days, culture samples were diluted and spread onto agar plates without 
antibiotics. The plates were incubated until colonies appeared, and the numbers of 
total and green fluorescent colonies were determined. Plasmid loss was calculated as 
the ratio between the plate counts of green fluorescent colonies and total counts on 
nonselective plates. 

Mammalian Cell Lines: 

Caco-2 was purchased from National Centre for Cell Sciences, Pune and used within 
35-45 passages. Caco-2 colorectal adenocarcinoma cells were grown in Modified 
Eagle’s medium (MEM, Hi Media, Mumbai) containing 10% (v/v) FBS and 100 U/ml 
penicillin and 100 U/ml streptomycin, incubation was done at 370C in the presence of 
5% CO2(Knodler et al., 2010). For bacterial assay using confocal microscopy Caco-2 
cells were seeded in 6-well tissue-culture treated plates (Nalgene Nunc, Rochester, 
NY, USA) 21 days prior to infection with seeding density of 4×104 cells/well.   

Detection of internalized S. tyhimurium in Caco-2 cells: 

Caco-2 cells were seeded onto glass coverslips, placed into a 6-well tissue culture 
dish, and grown as described above(Knodler et al., 2010). Overnight grown culture of 
S. tyhimurium, harvested (5000g, 10 min, 4°C), the cells washed twice with sterile 
PBS, and suspended in MEM (without, penicillin and streptomycin) to OD 600 = 0.5, 
i.e. approximately 1.0 * 106cfu/ml. Wells with Caco-2 cells were inoculated with 1 * 
105 viable cells of each bacterial cell suspension and incubated at 37°C for 120 
minutes. After incubation of the Caco-2 cells at 37°C for 30 min, 60 min and 120 min, 
the tissue culture medium was removed and the cells were washed three times with 1 
ml of sterile PBS. Three sets of coverslips were prepared. The cells were fixed with 
4% formalin for 30 min. After fixation, the Caco-2 cells on the coverslips were 
washed three times with PBS and stained with DAPI (1 µg/ml). The S. tyhimurium 
and Caco-2 cells were observed under CLSM, 510 Meta Carl Ziess.  

Result and Discussion: 

Plasmid Stability Testing: 

One of the important concerning the use of a marker gene is the stability of the 
plasmid in transformed cells. Plasmid stability tests, i.e., determining the count of 
cells bearing plasmid, which remain after a specified period of time, were conducted 
by culturing the S. tyhimurium strain in the absence of antibiotic selection for 50 
generations. S. tyhimurium cells were able to retain the plasmid for 50 generations 
without significant loss (Table 1). Plasmid stability or maintenance is primarily 
dependent on its segregational stability in which the plasmid must propagate in 
accordance with the doubling rate of their host cells to be stably maintained in a cell 
population. Hence, the GFP label is likely to be more stable in host cells under 
conditions that are less favourable for growth (Qazi et al., 2011). Earlier studies with 
GFP-labeledL. monocytogenes (plasmid-borne), determined plasmid loss in the 
labelled strain was 50% after 8–10 generations of growth in broth. Also in aerosol 
studies involving GFP-labelled L. innocua and L. monocytogenes, the green 
fluorescent phenotype was consistently retained during aerosolization, through the 
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duration of up to 3 h of the studies (Zhang et al., 2011). When used in a study of the 
fate of foodborne pathogens in manure composts, both GFP-labelled E. coli O157:H7 
and L. innocua were detected on the surface of the compost 56 days after 
inoculation (Erickson et al., 2011). Also, GFP-labelled E. coli O157:H7 strains were 
detected on the surface of lettuce leaves at least 26 days after leaf surface inoculation 
in an environtron (Zhang et al., 2009). 

Detection of internalized S. tyhimurium in Caco-2 cells: 

Caco-2 were infected with S. tyhimurium cells to investigate process of adhesion, 
entry and multiplication. After 30 min of incubation S. tyhimurium adhered to Caco-2 
cells and were seen in close contact with the Caco-2 (Fig1). In enteric infections, 
Salmonella preferentially targets the single layer of polarized columnar epithelial cells 
lining the surface of the gastrointestinal tract (Wallis et al., 1986, Kent et al., 1966), 
triggering an extensive inflammatory response. After invading intestinal epithelial 
cells from the apical side, Salmonella resides and replicates within a membrane-bound 
vacuole, known as the Salmonella-containing vacuole (SCV) (Santos et al., 2011). 
After 60 minutes of infection S. tyhimuriumare seen to be invading deep inside the 
Caco-2 cells and after 120 minutes post infection the number of cells seen inside 
Caco-2 cells increased exponentially. As reported earlier the S. tyhimurium cells 
appeared to be hyper replicating cells inside Caco-2 (Knodler at al., 2010).  

CONCLUSION  
In summary,S. tyhimurium can be effectively labelled with the plasmid-
borne gfp gene which is be stable for many generations without adversely affecting 
growth rates. The best procedure for introducing the gfp gene into S. tyhimuriumwas 
the CaCl2 method. Intracellular bacteria producing GFP were clearly seen after 
incubation times (30, 60, 120 min). Traditionally, immunofluorescent imaging of 
intracellular bacteria involves permeabilizing the host cell, incubating the bacterium 
with bacterial specific Ab; and incubating a second time with a fluorescently-tagged 
Ab specific for the animal species in which the first anti-bacterial Ab was raised. GFP 
eliminates the need for these cumbersome Ab staining steps. The expression of gfp by 
these bacteria permits us to accurately image long-term, real-time interactions 
between live bacteria and live host cells with no obvious dilution of the fluorescence 
signal. Intracellular bacterial pathogens producing GFP can be imaged in association 
with live cells and tissues also. The visualization of gfp-expressing bacteria in 
infected animal cells is useful application of GFP-labelling to the study the 
pathogenesis, precisely for determining exact location host cell interactions in 
infected animal cells. The use of GFP as a biological tracer has a tremendous potential 
in study of the colonization, multiplication, persistence and transmission of 
pathogenic bacteria that are pathogenic to humans and even within animal 
populations. 
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TABLE a: Plasmid stability in GFP-labelled bacterial strains.  

 

GFP-labeled strain 

Plasmid lossa (%) 

20 generations 50 generations 

S. tyhimurium 0.0 2 
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Fig 1. On left, Confocal Microscope acquired images of 
invading and multiplying inside Caco
microscope a) Early attachment of 
addition, b) Salmonella
c) Multiplication of Salmonella
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Confocal Microscope acquired images of S. tyhimurium
invading and multiplying inside Caco-2 cells. Image on right is captured using light 

Early attachment of Salmonella cells to Caco-2 
Salmonella cells invading deep inside Caco-2 cells 60 min post addition, 

Salmonella cells after 120 min post infection. 
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S. tyhimurium adhering, 
cells. Image on right is captured using light 

 cells, 30 min post 
cells 60 min post addition, 


