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Introduction
Planktonic or sessile cells are the two distinct states in
which bacteria generally exist in nature. Planktonic cells
are classically defined as free flowing bacteria in
suspension’ as opposed to the sessile biofilm state: ‘a
structured community of bacterial cells enclosed in a self-
produced polymeric matrix and adherent to an inert or
living surface (Costerton et al., 1999).  They may also be
found in chronic infections as suspended in host materials
(Burmolle et al., 2010).
Glycocalyx (Costerton et al., 1981) is a matrix (synthesized
by the bacteria) containing extracellular fibrous
polysaccharide and is very important for biofilm
formation as it helps in the adherence of biofilms of
bacterial cells permanently to the substratum (Fletcher
and Floodgate, 1973), and also offers structural stability
and increased tolerance to antimicrobial and immune cells
(Mulcahy et al., 2008; Ma et al., 2009).
Biofilms may form in varying environments and surfaces
when supplied with moisture and nutrients. They are
usually composed of polysaccharides, proteins, nucleic
acids and cell components with a high concentration of
minerals and nutrients from the surrounding
environment (Sutherland, 2001; Dunne, 2002; Allison,
2003).
Biofilms grow on the contact surface with moisture and
nutrients and have been reported to occur in nature as
well as in food and medical industries. Formation of
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biofilms contribute to serious problem as they cause severe
damage to various equipments, contaminate surface of
food and various processing systems (Kumar and Anand,
1998; Poulsen, 1999).
Cronobacter sakazakii (MTCC-2958), an opportunistic
pathogen (Johler et al., 2010; Hartmann et al., 2010), belongs
to the family Enterobacteriaceae, earlier known as
Enterobacter sakazakii (Iversen et al., 2008). It is a Gram-
negative, motile, rod shaped, non-spore-forming
bacterium which can grow in both aerobic and anaerobic
conditions. It is found in neonates, first reported by
Urmenyi and Franklin (1961), and causes meningitis
(inflammation of the protective membranes covering the
brain and spinal cord) and sepsis (whole-body
inflammatory state called asystemic inflammatory
response syndrome or SIRS) that is triggered by an infection
and enteritis(inflammation of the small intestine) among
the neonates(Acker et al., 2001; Hunter et al., 2008; Muytjens
et al., 1983; Biering et al., 1989; Bar-Oz et al., 2001). It has
been known that the pathogen forms biofilms on latex,
polycarbonate, silicon rubber and glass (Iversen et al.,
2004; Lehner et al., 2005).
E. sakazakii infections in infants and immune-
compromised adults are caused by foods such as
powdered infant formula and fresh produce, respectively.
Contact of the pathogen, E. sakazakii, with any of the food
in abiotic or biotic surfaces may result in the formation of
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biofilms especially on equipment surfaces used in formula
preparation and feeding areas or in produce processing
plants. The surfaces such as spoon, brush, and blender
used for infant formula preparation are found to be prone
to the E. sakazakii colonization (Bar-Oz et al., 2001; Muytjens
et al., 1983; Noriega et al., 1990; Acker et al., 2001) and also
it has been reported that re-use of enteral feeding tubes
and delivery bags after washing has greater risk of
infection of the microbes (Robbins et al., 2005). The fruits
and vegetables during harvesting, transporting,
processing, and storage have been encountered to form
biofilms and potentially increase the risk of diseases in
individuals consuming these products (Bar-Oz et al.,
2001). It was observed by Kim et al., 2006 that E. sakazakii
is able to grow on fresh-cut fruit and in its juice. Scheepe-
Leberkuhne and Wagner (1986) have reported that E.
sakazakii, produce viscous capsular material, and therefore
the organism could form a biofilm on feeding equipment
and contact surfaces.
Proteomic profiles of biofilm and planktonic cells were
studied by Yingwang et al., 2016 which significantly
revealed 28 differentially expressed proteins between
biofilms and planktonic cells. PPIase (Peptidyl-prolyl
isomerase), FlgE and DsbC were found expressed in only
sessile cells while other proteins such as LuxS, ompC,
TolB, Mg1B activity increased in biofilm cells. Jielin et al.,
2016 provided data regarding the cellular requirements
for the cells to undergo biofilm formation and survival in
extreme conditions and accordingly expression of about
1190 proteins related to biological binding, cell structure,
signal transduction, cell adhesion and cellular interaction
were increased.

Materials and Methods
Isolation and identification of bacterial strain

The isolate (Jal1) from goat milk sample, under study was
procured from Cell Biotechnology Lab, DEI, Agra (Sharma
and Prakash, 2014a). Standard strain of Enterobacter
sakazakii (MTCC-2958) was used as positive control. EE
(Enterobacter enrichment) broth was used for enrichment
after 24 h of incubation.
The reference strain (MTCC-2958) and Jal1 were
biochemically characterized through Gram’s staining,
Methyl red test, Voges-Proskauer test, Nitrate test, Indole
production test, Catalase test, Oxidase test, Citrate
utilization test, Triple Sugar Iron test, Gas production,
H2S production test, and a sugar fermentation tests.
The isolate was confirmed to be C.sakazakii as per Sharma
and Prakash (2014b) by molecular characterization based
on ompA gene specific to C.sakazakii.

Harvesting biofilms of the type strain (MTCC- 2958) and
Jal

The revived cultures were streaked on Trptone Soya Agar
(TSA) plates. An isolated colony from TSA was grown at
370C for 24h in 10ml Tryptic Soya Broth (TSB) with 1%
glucose (Bose et al., 2009) and adjusted to cell density of
108 CFU ml-1 using Mc Farland standard along with
sterilized substrates such as glass, steel coupons and
aluminium to compare the adherence of biofilms on each
substratum. These substrates were selected because they
are commonly used.
Fixation of Biofilms on Substrates

Incubation of cultures in TSB for 24 h led to formation of
biofilms on various substrates. The broth was decanted
and the substrata with biofilms were washed with PBS
buffer (Phosphate Buffered Saline- 1.4g 0.2M-Disodium
hydrogen phosphate, 1.56g 0.2M-Sodium dihydrogen
phosphate and 0.4g 0.8%(w/v)-NaCl in 100ml water; pH
7.3) After washing, the substrates were dried and were
fixed in fixing solution as per the modified Karnovsky’s
method (Oliveira et al., 2010).
Later, substrates were incubated for 24h in 0.05M sodium
cacodylate buffer at pH 7.2 containing 0.001M calcium
chloride. After incubation, the substrates were washed
thrice with 0.05M sodium cacodylate buffer at pH 7.2 for
about 10 min. Fixation was done in osmium tetraoxide
(1% in distilled water) for 1h at ambient temperature and
then again washed thrice with distilled water. The biofilms
on substrates were dehydrated in acetone dilutions of 25%,
50%, 75%, 90% and 100% for 2-3 min in each. Washing
with each dilution was done thrice. The substrates were
then transferred to the critical point apparatus for
complete drying. Each substratum was sputter coated
with gold. The samples were subjected to scanning electron
microscopy (SEM) for comparison of the biofilms.
Preparation of planktonic cells for SEM

The enriched cultures of the reference strain (MTCC- 2958)
and Jal1 (108 CFU ml-1) were centrifuged at 6000 rpm for
10 min. The supernatant was discarded and pellet
obtained was washed with PBS buffer. This was again
centrifuged for 5min at 6000 rpm. The supernatant was
discarded and the pellet was obtained. The pellet was
used to make a smear on the slide and was allowed to dry
for the fixation process. Fixation was carried out in the
same manner as that for biofilms. These arrested cells were
then subjected to SEM.

Results and Discussion
Results in Table 1 depict biochemical characterization of
the isolate. MTCC-2958 was taken as a positive control
for all the biochemical tests performed. Fermentation tests
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revealed Jal1 and MTCC-2958 fermented glucose, maltose
but not arabinose (Table-1)

Table 1 : Biochemical characterization of Reference
MTCC-2958 and the Isolate

Comparison of the biofilms of MTCC-2958 and the isolate,
on different substrata (steel, glass and aluminium) and
planktonic cells was done by scanning electron
microscopy.
Scanning Electron Micrographs (Fig. 1 & 2) depict the
growth of biofilms formed on steel by MTCC-2958 cells
and Jal1 respectively. On comparison it was observed that
the growth of the latter was denser than that of the former.
Whereas it was observed in case of glass substrata that
the MTCC-2958 cells (Fig. 3) adhered more to the glass
substratum as compared to the cells Jal1 (Fig. 4).

Fig.1. Scanning electron microscope micrograph of
biofilms of the reference Cronobacter sakazakii
MTCC-2958 grown on steel substratum at 40KX

magnification

Fig.2. Scanning electron microscope of biofilms of Jal1,
grown on steel substratum at 37.78KX magnification

Fig.3. Scanning electron microscope micrograph of the
reference Cronobacter sakazakii MTCC-2958 grown on

steel substratum (a) at 35.11KX magnification (b) at
156.90KX magnification showing adhesion threads

Fig.4. Scanning electron microscope micrograph of
biofilms of Jal1, grown on glass substratum at 16.38KX

magnification

Interestingly no growth was observed for both the biofilm
cells of the MTCC 2958 cells (Fig. 5) and Jal1, on the
aluminium substrate (Fig. 6).
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Fig.5. Scanning electron microscope micrograph of
biofilms of the reference Cronobacter sakazakii

(MTCC-2958) grown on aluminium substratum at
4.36KX magnification

Fig.6. Scanning electron microscope micrograph
biofilms of Jal1, grown on aluminium substratum at

9.19KX magnification

The SEM micrograph of planktonic cells of MTCC-2958
cells and their dimensions are shown in Fig. 7.

Fig.7. Scanning electron microscope of planktonic cell
of the reference Cronobacter sakazakii (MTCC-2958) at

421.27 KX magnification and its dimensions

From the present findings it was observed that the
adherence of biofilms formed by MTCC-2958 cells on the
surface of steel is less dense as compared to the biofilms
of Jal1 (Fig. 1 and 2). A large number of clumps of the
biofilms of the isolate were observed in the SEM
micrograph. Although no reports have been reported in
reference to this observation. The formation of biofilms of
Jal1 therefore shows a thicker growth. Chemical differences
between planktonic and sessile cells of C.sakazakii have
been clearly elaborated through FTIR and Raman
spectroscopy (Sharma and Prakash, 2014).
Aluminium is the third most abundant metal which is
extensively used for utensils in homes since ancient times.
It is a highly reactive metal which reacts more readily
with oxygen to form aluminium oxides. The aluminium
oxide thus formed is a protective layer on the surface which
helps in prevention of corrosion of the metal. The biofilms
formed on the surface of aluminium MTCC-2958 cells and
the isolate did not adhere to aluminium. This could be
supported by the fact that the formation of aluminium
oxide on the surface may be hindering the pathogen to
form adhesion threads over the surface (Fig. 5 and 6).
From the experiment it was concluded that biofilms are
found to be more adherent to glass surface. Fig. 3 shows
the biofilms of C.sakazakii (MTCC-2958) on glass substrata.
From the figure it can be observed that pathogenic cells
form adherence threads with the surface that leads to the
formation of small colonies and subsequently the mature
ones. This can be of concern as glass has become a popular
domestic and industrial material of use over the years.
FTIR-spectra depicted the shift in functional groups
related to carbohydrates and proteins on comparing the
planktonic and biofilm cells (Schmitt and Fleming 1998;
Bosch et al., 2006; Mukherjee et al., 2011). Virulence
characteristics of the biofilms are contributed by an
increase in the production of uronic acid in EPS (Bosch et
al., 2006). Uronic acid, an acid sugar, may help the
stabilization of glycosidic linkages with the help of the
carboxylic acid moiety and thus sessile cells attain higher
resistance to acid hydrolysis (Fett et al., 1995). On
comparison of the biofilm formation of Jal1 (Fig. 4) to that
of the MTCC-2958, it was observed that the former had a
larger number of biofilm cells in clumps.
In the present research, increase or decrease in biofilm
cells on different substrates (glass, steel, and aluminium)
can be supported with difference in expression profile of
proteins estimated through FTIR and Raman Spectroscopy
(Sharma and Prakash 2014). In addition to
polysaccharides, proteins (Gerlach and Hensel, 2007) and
lipopolysaccharides (Donlan and Costenton, 2002; Hall-
Stoodly and Stoodly, 2002) present in EPS may aid in
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initial attachment of bacteria to abiotic surfaces and thus
help in biofilm formation.

References
Acker, V., De Smet, J., Muyldermans, F., Bougatef, G.,

Naessens, A.,  Lauwers, S. (2001) Outbreak of
necrotizing entercolitis associated with Enterobacter
sakazakii in powdered milk formula. J Clin Microbiol
39(1):293-297 doi:10.1128/JCM.39.1.293-297.2001

Allison, D. G. (2003) The biofilm matrix. Biofouling
19(2):139-150. doi: 10.1080/0892701031000072190

Bar-Oz, B., Preminger, A., Peleg, O., Block, C., Arad, I. (2001)
Enterobacter sakazakii infection in the newborn. Acta
Paediatr 90(3):356-358. doi: 10.1111/j.1651-
2227.2001.tb00319.x

Biering, G., Karlsson, S., Clark, N.C., Jonsdottir, K. E.,
Ludvigsson, P., Steingrimsson, O. (1989) Three cases
of neonatal meningitis caused by Enterobacter sakazakii
in powdered milk. J Clin Microbiol 27(9):2054-2056.
doi: 0095-1137/89/092054-03$02.00/0

Bosch, A., Serra, D., Prieto, C., Schmitt, J., Naumann, D.,
Yantorno, O. (2006) Characterization of Bordetella
pertussis growing as biofilm by chemical analysis and
FTIR spectroscopy. Appl Microbiol Biotechnol 71(5):736–
747. doi: 10.1007/s00253-005-0202-8

Bose, S., Khodke, M., Basak, S., Mallick, S.K. (2009)
Detection Of Biofilm Producing Staphylococci: Need
Of The Hour. J Clin Diagn Res 3(6):1915-1920.

Burmolle, M., Thomsen, T.R., Fazli, M., Dige, I.,
Christensen, L., Homoe, P., Tvede, M., Nyvad, B.,
Tolker-Nielsen, T., Givskov, M., Moser, C., Kirketerp-
Moller, K., Johansen, H.K., Hoiby, N., Jensen, P.O.,
Sorensen, S.J., Bjarnsholt, T. (2010) Biofilms in chronic
infections – a matter of opportunity – monospecies
biofilms in multispecies infections. FEMS Immunol Med
Microbiol 59(3):324–336.  doi: 10.1111/j.1574-
695X.2010.00714.x.

Costeron, J. W., Irvin, R. T., Cheng, K.J. (1981) The role of
bacterial surface structures in pathogenesis. Crit Rev
Microbiol 8(4):303-338. doi: 10.3109/
10408418109085082

Costerton, J.W., Stewart, P.S., Greenberg, E.P. (1999)
Bacterial biofilms: a common cause of persistent
infections. Science 284(5418):1318-1322. doi: 10.1126/
science.284.5418.1318

Donlan, R.M., Costerton, J.W. (2002) Biofilms: survival
mechanisms of clinically relevant microorganisms.
Clin Microbiol Rev 15(2):167–193. doi: 10.1128/
CMR.15.2.167-193.2002

Dunne, W. M. (2002) Bacterial adhesion: seen any good
biofilms lately? Review Clin Microbiol Rev 15(2):155-
166. doi: 10.1128/CMR.15.2.155-166.2002

Fett, W.F., Wells, J.M., Cescutti, P., Wijey, C. (1995)
Identification of exopolysaccharides produced by
fluorescent pseudomonads associated with
commercial mushroom (Agaricus bisporus) production.
Appl Environ Microbiol 61(2):513–517.

Fletcher, M., Floodgate, G. D. (1973) An electron-
microscopic demonstration of an acidic
polysaccharide involved in the adhesion of a marine
bacterium to solid surfaces. J Gen Microbiol 74:325-
334.

Gerlach, R. G., Hensel, M. (2007) Protein secretion systems
and adhesins: The molecular armory of Gram-negative
pathogens. Int J Med Microbiol 297(6):401–415. doi:
10.1016/j.ijmm.2007.03.017

Hall-Stoodley, L., Stoodley, P. (2002) Developmental
regulation of microbial biofilms. Curr Opin Biotechnol
13(3):228–233.

Hartmann, I., Carranza, P., Lehner, A., Stephan, R., Eberl,
L., Riedel, K. (2010) Genes involved in Cronobacter
sakazakii biofilm formation. Appl Environ Microbiol
76(7):2251-2261. doi: 10.1128/AEM.00930-09

Hunter, C. J., Singamsetty, V. K., Chokshi, N. K., Boyle, P.,
Camerini, V., Grishin, A. V., Upperman, J. S., Ford, H.
R., Prasadarao, N. V. (2008) Enterobacter sakazakii
enhances epithelial cell injury by inducing apoptosis
in a rat model of necrotizing enterocolitis. J Infect Dis
198(4):586-93. doi:  10.1086/590186

Iversen, C., Lane, M., Forsythe, S.J. (2004) The growth
profile, thermo tolerance and biofilm formation of
Enterobacter sakazakii grown in infant formula milk.
Lett Appl Microbiol 38(5):378-382. doi: 10.1111/j.1472-
765X.2004.01507.x

Iversen, C., Mullane, N., McCardell, B., Tall, B.D., Lehner,
A., Fanning, S., Stephan, R., Joosten, H. (2008)
Cronobacter gen. nov., a new genus to accommodate
the biogroups of Enterobacter sakazakii, and proposal
of Cronobacter sakazakii gen. nov., comb. nov., Cronobacter
malonaticus sp. nov., Cronobacter turicensis sp. nov.,
Cronobacter muytjensii sp. nov., Cronobacter dublinensis
sp. nov., Cronobacter genomospecies 1, and of three
subspecies, Cronobacter dublinensis subsp. dublinensis
subsp. nov., Cronobacter dublinensis subsp. lausannensis
subsp. nov. and Cronobacter dublinensis subsp. lactaridi
subsp. nov. Int J Syst Evol Microbiol 58(Pt6):1442–1447
doi: 10.1099/ijs.0.65577-0.

Jielin, Y., Yuping, H., Jing, J., Wanyi, C., Qin, G., Liangwen,
P., Chunlei, S. (2016) Comparative proteomic analysis
by iTRAQ-2DLC-MS/MS provides insight into the



10
IISU

IISUniv.J.Sc.Tech. Vol.6(1),5-10 (2017)

key proteins involved in Cronobacter sp. biofilm
formation. Food Control 63:93-100. doi 10.1016/
j.foodcont.2015.11.029

Johler, S., Stephan, R., Hartmann, I., Kuehner, K.A., Lehner,
A. (2010) Genes involved in yellow pigmentation of
Cronobacter sakazakii ES5 and influence of
pigmentation on persistence and growth under
environmental stress. Appl  Environ  Microbiol
76(4):1053-1061.  doi: 10.1128/AEM.01420-09

Kim, H., Ryu, J. H., Beuchat, L. R. (2006) Attachment and
biofilm formation by Enterobacter sakazakii on stainless
steel and enteral feeding tubes. Appl Environ Microbiol
72(9):5846–5856. doi: 10.1128/AEM.00654-06

Kumar, C.G., Anand, S.K. (1998) Significance of microbial
biofilms in food industry: a review. Int J Food Microbiol
42(1-2):9–27.

Lehner, A., Riedel, K., Eberl, L., Breeuwer, P., Diep, B.,
Stephan, R. (2005) Biofilm formation, extra-cellular
polysaccharide production, and cell-to-cell signaling
in various Enterobacter sakazakii strains: aspects
promoting environmental persistence.  J Food Prot
68(11):2287–2294.

Ma, L., Conover, M., Lu, H., Parsek, M.R., Bayles, K.,
Wozniak, D.J. (2009)    Assembly and development of
the Pseudomonas aeruginosa biofilm matrix. PLoS Pathog
5(3):e1000354. doi: 10.1371/journal.ppat.1000354

Mukherjee, J., Ow, S.Y., Noirel, J., Biggs, C. A.  (2011)
Quantitative protein expression and cell surface
characteristics of Escherichia coli MG1655 biofilms.
Proteomics 11(3):339–351. doi: 10.1002/
pmic.201000386

Mulcahy, H., Charron-Mazenod, L., Lewenza, S. (2008)
Extracellular DNA chelates cations and induces
antibiotic resistance in Pseudomonas aeruginosa
biofilms. PLoS Pathog 4(11):e1000213. doi:10.1371/
journal.ppat.1000213

Muytjens, H. L., Zanen, H. C., Sonderkamp, H. J., Kolee, L.
A., Wachsmuth, I. K., Farmer, J. J. (1983) Analysis of
eight cases of neonatal meningitis and sepsis due to
Enterobacter sakazakii. J Clin Microbiol 18(1):115–120.
doi: 0095-1137/83/070115-06$02.00/0

Noriega, F.R., Kotloff, K.L., Martin, M.A., Schwalbe, R.S.
(1990) Nosocomial bacteremia caused by Enterobacter
sakazakii and Leuconostoc mesenteroides resulting from
extrinsic contamination of infant formula. Pediatr
Infect Dis J. 9(6):447-449. doi: 10.1097/00006454-
199006000-00018

Oliveira, M.M.M., Brugnera D.F., Alves E., Piccoli R.H. (2010)
Biofilm formation by Listeria monocytogenes on stainless
steel surface and biotransfer potential. Braz J Microbiol
41(1):97-106. doi: 10.1590/S1517-83822010000100016

Poulsen, L.V. (1999) Microbial biofilm in food processing.
LWT-Food Sci Technol 32(6):321–326. doi: 10.1006/
fstl.1999.0561

Robbins, J. B., Fisher, C. W., Moltz, A. G., Martin, S. E.
(2005) Elimination of Listeria monocytogenes biofilms
by ozone, chlorine, and hydrogen peroxide. J Food
Prot 68(3):494–498.

Scheepe-Leberkuhne, M., Wagner, F. (1986) Optimization
and preliminary characterization of an
exopolysaccharides synthesized by Enterobacter
sakazakii. Biotechnol Lett 8(10):695–700. doi: 10.1007/
BF01032564

Schmitt, J., Flemming, H.C. (1998) FTIR-spectroscopy in
microbial and material analysis. Int Biodeterior
Biodegrad 41(1):1–11.

Sharma, G., Prakash, A. (2014a) Isolation and molecular
characterization of planktonic and biofilm grown cells
of C.sakazakii . DEI J Sci & Tech 17(1&2):31-37.

Sharma, G., Prakash, A. (2014b) Combined use of Fourier
Transform Infrared and Raman Spectroscopy to study
planktonic and biofilm cells of Cronobacter sakazakii. J
Microbiol Biotech Food Sci 3(4):310-314.

Sutherland, I. W. (2001) The biofilm matrix- an
immobilized but dynamic microbial environment.
Trends Microbiol 9(5):222-227. doi: 10.1016/S0966-
842X (01)02012-1

Urmenyi, A.M., Franklin, A.W. (1961) Neonatal death from
pigmented coliform infection. Lancet 1(7172):313–315.
doi: 10.1016/S0140-6736(61)91481-7

Yingwang, Y., Rui, J., Jina, G., Hui, L., Na, L., QingPing,
W., Jumei, Z., Xiaoke, X. (2016) Proteins involved in
responses to biofilm and planktonic modes in
Cronobacter sakazakii LWT-Food Sci Tech 65:1093-1099.
doi: 10.1016/j.lwt.2015.


