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ABSTRACT

Pantoea agglomerans is firstly a plant epiphyte frequently established in various ecological niches, such as
soil, aquatic habitats or sediments and food. Four isolates of P. agglomerans (4 %) were collected from drinking
water samples that were obtained from various sites in Baghdad. Investigation of P. agglomerans LPS activity
as inducer of DNA fragmentation and its role as antibacterial also anti adhesion agent were studied in the
present study. Results of current study revealed that LPS of P. agglomerans have an effect on DNA
fragmentation of human lymphocyte cells, this effect depends on concentration and exposure time, that
suggest the possibility of P. agglomerans LPS to play a role as apoptosis inducer, that may make it as anticancer
agent. The results showed that LPS inhibit the bacterial growth of the tested isolates (Aeromonas hydrophila,
Rahnella aquatilis, Stenotrophomonas maltophilia and Burkholderia cepacia) with a range of inhibition zone between
(15-25) mm. The recent results reported the anti adhesion ability of P.agglomerans LPS on three different
abiotic surfaces, this effect have significant values in cases of polystyrene and glass but not significant value
in case of galvanized iron.
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Introduction

P. agglomerans is firstly a plant epiphyte frequently
established in various ecological niches, such as soil,
aquatic habitats or sediments and food (Pindi et al.,
2013; Nicoletti et al., 2015). It is a rod-shaped gram -
ve aerobic bacillus, a yellow -pigmented, that be
part of the Enterobacteriaceae family, and has for-
merly been well called as Erwinia herbicola or
Enterobacter agglomerans) Cheng et al., 2013;
Walterson and Stavrinides, 2015. In 1989 reclassified
into a new genus (Tindall, 2014), this microorganism
is considered as an opportunistic bacteria, caused
infection in immuno compromised individuals, also
is isolated from hospitals) Dutkiewicz et al., 2016).
Recently, the useful characteristics of P. agglomerans
have been suggested, such as its a set of antibiotics
producing and the action of the immunepotentiator

in the stopping and treating of the human and ani-
mals infections or preservation of food versus the
tested pathologic effect of P. agglomerans (Cheng et
al., 2013). Lipopolysaccharide (LPS) of bacteria, a
great elements of the outer membrane of gram –ve)
Leone et al., 2007), also is familiar as a powerful
immunostimulator in animals and humans. Funda-
mental basis of P. agglomerans LPS is alike to other
gram-negative species, but several unique proper-
ties have also been stated (Cimmino et al., 2008).
Even though the biological action of P. agglomerans
LPS is chiefly  associated to the constriction of lipid
A, several researchers also ascribe an essential action
to the system of the O-specific polysaccharide OPS
as a determinative of its role) Leone et al., 2007). The
goal of this work was investigation of P. agglomerans
LPS activity as inducer of DNA fragmentation also
Its role as antibacterial and anti adhesion agents.
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Materials and Methods

Isolation and identification: One handrud drinking
water samples obtained from various sites in
Baghdad, then applied to microbiological examina-
tions depending on Standing Committee of Ana-
lysts, 2017. Isolation was carried out by Membrane
Filtration method by using of  Reasoner’s 2A agar
(R2A agar), morphology of isolates were studied by
Gram’s stain, applied to several biochemical tests
and additional verification was achieved by ID 32
mini API system (Nicoletti et al., 2015; Standing
Committee of Analysts, 2017).

Extraction and partial purification of
Lipopolysaccharide

Hot phenol-water method was used to extraction
Lipopolysaccharide as reported formerly  with few
modifications (Westphal, Jann, 1965; Bulyhina et al.,
2020). In short, suspensions of bacteria (108 CFU /
mL) were centrifuged at 10,000×g for five minutes.
Phosphate Buffer Solution (pH=7.2) (0.15 M) consist
of 0.15 mM CaCl2 and 0.5 mM MgCl2 was used in
rinsing of the pellets twice, then ten milliliters (ml)
PBS were used in resuspension of pellets. The fol-
lowing stage is adding of an identical amount of hot
phenol 90% at (65-70°C)  to the mixture then strong
shaking at 65-70°C for 15 minutes was performed ,
ice was used to cooling suspension, also centrifuga-
tion at 8500×g for 15 minutes was carried out, super-
natant was put in fifteen milliliters conical centrifuge
tubes and phenol phases were re-extracted by 300
L distilled water DW. At final concentration (0.5 M)
of sodium acetate  and ten volumes of ethanol (95%)
was added to the extract then was kept at -20 °C
overnight to precipitate lipopolysaccharide. Cen-
trifugation at 2000×g 4 °C for ten minutes and the
pellets were resuspended in one milliliter (ml) DW ,
great dialysis against double DW at 4°C was per-
formed until phenol residual in the liquid phases
was completely removed .

Human peripheral blood lymphocyte isolation

Human peripheral blood lymphocytes were isolated
as reported by previous studies (Oleiwi, 2015), four
concentrations of LPS (0 (control), 15, 20, 25, 30  g/
ml) were tested at three incubation periods (expo-
sure times) 24, 48 and 72 hr.
DNA fragmentation test : DNA fragments of iso-
lated lymphocyte cells were obtained depending on
the procedure reported  previously (Fernandez-

Botran, Vetvicka, 2000; Oleiwi, 2015) as explained in
the coming stages:

1. At the end of incubation periods (24, 48 and 72
hr.), the tubes were centrifuged one thousand
rpm for ten minutes, these tubes were defined
as letter A.

2. The supernatants were discharged to another
tubes, these tubes were defined as letter B.

3. One ml of triton x-100 tris EDTA (TTE) solution
was added to pellet in the A tubes  and with
strong shaking.

4. The A tubes were centrifuged at 14000 rpm for
ten minutes in 4°C.

5. The supernatant of A tubes were discharged
into another tubes and were defined as letter C.

6. One milliliter of TritonX-100 Tris EDTA (TTE)
solution was added to the pellet in A tubes .

7. One milliliter of Trichloro Acetic Acid TCA
25% was added to the (A, B, C) tubes with
strong shaking, the tubes were incubated over-
night at 4 °C

8. At the incubation period end, the tubes were
centrifuged at 14000 rpm for ten minutes to
precipitate of DNA, the supernatant was dis-
carded.

9. A volume of 320  L 5% of Trichloro acetic acid
TCA was added to the tubes and were placed
in water bath at 90°C for fifteen minutes

11. At water bath period end, 640 l of Dipheny-
lamine reagent (DPA) were added, shaked the
tubes softly and incubated them over night at
37°C, the color must alter to blue.

12. Optical density OD was measured  at 600 nm.
13. The percentage of DNA fragmentation was de-

termined as formula:

B + C
F% = × 100

A + B + C

F%: Percentage of DNA fragmentation
A: O.D of A tube  -B: O.D of  B tube - C: O.D of  C

tube
Antibacterial activity of LPS:  Antibacterial activity
of LPS was tested against several bacterial species
were isolated from drinking water (Aeromonas
hydrophila, Rahnella aquatilis, stenotrophomonas
maltophilia and burkholderia cepacia) that achieved by
agar well diffusion method  (Prescott et al., 2002).

Study the effect of P. agglomerans LPS as anti
adhesion agent

Investigation the anti adhesion property of P .



S310 Eco. Env. & Cons. 27 (October Suppl. Issue) : 2021

agglomerans LPS on abiotic surfaces was achieved
according to (Adetunji and Isola, 2011; Oleiwi et al.,
2020), three types of surfaces were used (polysty-
rene, glass and galvanized iron) after preparation
them as described by (Mafu et al., 2011), control was
prepared without adding of LPS. Anti adhesion abil-
ity of LPS was tested by using drinking water
Aeromonas hydrophila isolate , the concentration of
crystal violet was detected by reading of optical den-
sity of de-staining solution at 492 nm (OD 492 value
- C value).
Statistical Analysis: Detection of the effect of differ-
ence factors in parameters was achieved by the sta-
tistical analysis system- SAS 2012) program, least
significant difference –LSD test (Analysis of Varia-
tion-ANOVA) was used to significant compare be-
tween means.

Results and Discussion

Isolation and Identification : Four  isolates of P.
agglomerans (4 %) were collected  from drinking
water samples. Current results came in agreement
with former results (Pindi et al., 2013; Al-Bayatti,
2013; Nicoletti et al., 2015).

P. agglomerans is usually isolated from surfaces of
plant, fruit seeds, water and human or animal feces
( Stockwell et al., 2002 ; Nicoletti et al., 2015) in addi-
tion P. agglomerans  can grow symbiotically with dif-
ferent edible plants ( Kobayashi et al., 2018).
DNA fragmentation test:  Results of current study
revealed that LPS of Pantoea have an effect on DNA
fragmentation of human lymphocyte cells , this ef-
fect depend on concentration and exposure time.
DNA fragmentation was determenated by reading
of optical density at 600 nm under treatment with
different concentrations (15, 20, 25, 30 µg/ml) of LPS
at three exposure time (24, 48, 72 hr.), results were

summarized in (Table 1).
Depending on LPS concentrations, the results

suggested there was significant increasing of DNA
fragmentation percentage under all LPS concentra-
tions compared to control, but depending on expo-
sure time (24, 48, 72 hr), DNA fragmentation per-
centage showed significant increasing at (25, 30 µg/
ml) only. The results of recent study suggest the pos-
sibility that P. agglomerans LPS play a role as
apoptosis inducer, that may make it as anticancer
agent. Previous study conducted by (Hiroi et al.,
1998) found that LPS induce apoptosis of human
peripheral blood polymorphonuclear leukocytes,
this researcher reported that LPS  lightly increase the
production of DNA fragments, also (Hirai et al.,
2003) studied effect of gram negative bacteria LPS
on apoptosis. In addition, P. agglomerans gave a posi-
tive result by induction the formation of materials
useful for the therapy of cancer and other diseases
(Dutkiewicz et al., 2016; Morishima and Inagawa,
2016). At the chemical structure level, the biological
action of P. agglomerans LPS is chiefly associated
with structure of lipid A.

 This bacteria have essential rol in biological
controlling and prevention of bacterial diseases on
fruits  (Nunes et al., 2001), there are previous studies

Table 1. Effect of P. agglomerans LPS  on  DNA fragmentation (three concentrations and three exposure times)

Concentration of Mean ± SE LSD value
LPS (µg/ml) 24 hr. 48 hr. 72 hr.

Control 58.00 ± 2.19C a 59.00 ± 1.98C a 57.00 ± 1.75B a 2.71 NS
15 69.285± 2.77B a 71.21± 2.63B a 71.99± 3.09A a 4.59 NS
20 73.012± 3.05AB a 70.92± 2.08B a 70.52± 2.66A a 4.08 NS
25 72.011± 2.82AB ab 75.233± 3.16AB a 70.021± 2.62A b 4.79 *
30 75.532± 2.94Aa 77.378± 2.86A a 69.381± 2.61A b 4.93 *
LSD value 5.28 * 6.04 * 4.62 * —-

Means having with the different big letters in same column and small letters in same row differed significantly. * (P 
0.05).

Table 2. Action of P. agglomerans LPS as antibacterial
agent

Inhibition zone Bacteria
diameter (mm)

15 ± 0.62 c Aeromonas hydrophila
17 ± 0.71 bc Burkholderia cepacia
20 ± 0.76 b Stenotrophomonas maltophilia
25 ± 1.04 a Rahnella aquatilis
4.091 * LSD value

Means having with the different letters in column differed
significantly. * (P  0.05).
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of beneficial effect of P. agglomerans LPS such as oral
administration is related to some essential health
advantages like stopping of diabetes (Iguchi et al.,
1992), atopic dermatitis (Wakame et al., 2015) and
development of influenza virus vaccine efficiency
(Fukasaka et al., 2015). Kobayashi et al., 2018 inves-
tigated the ability of P. agglomerans LPS  in inflam-
matory - oxidative responses to stopping atheroscle-
rosis and associated metabolic diseases.
Antibacterial activity of LPS :  The results showed
that LPS inhibit the bacterial growth of the tested
isolates with a range of inhibition zone between (15-
25) mm. The results of recent study found that bac-
teria Rahnella aquatilis was the most affected bacteria
by LPS of P. agglomerans (25 mm), followed by
Stenotrophomonas maltophilia (20  mm ), Burkholderia
cepacia (17 mm) and Aeromonas hydrophila (15
mm)(Table 2).

Giddens and Bean, (2007) investigated antibacte-
rial activity of one of P. agglomerans products is D-
alanylgriseoluteic acid (AGA) considered as a pow-
erful antimicrobial phenazine compound that have
antibacterial property against range of bacteria.

Study the effect of P.agglomerans LPS as anti
adhesion agent

This test is useful to investigation of adhesion on
abiotic surfaces, the recent results suggested the anti
adhesion effect of P.agglomerans LPS on three differ-
ent surface, but in different degrees. This effect have
significant value in case of polystyrene and glass but
in case of galvanized iron the effect was not  signifi-
cant, the explanation of these results is the rough-
ness of surfaces, surface with more roughness  is
considered to be difficult to remove it’s biofilm
(Tables 3, 4, 5). Other researchers reported that
P.agglomerans LPS have ability to reduced the adhe-
sion (Zdorovenko et al., 2017; Bulyhina et al., 2020).

Conclusion

Current study investigated the role of drinking wa-
ter P.agglomerans LPS isolates as inducer of DNA
fragmentation, that may make it as anticancer agent.
Also possible act as antibacterial and anti adhesion
factor on abiotic surfaces that may have potential
applications in clinical and environmental fields.

References

Adetunji, V.O. and Isola, T. O. 2011. Crystal violet binding
assay for assessment of biofilm formation by Listeria
monocytogenes and Listeria spp on wood, steel and
glass surfaces. Global Veterinaria. 6(1) : 6-10.

Al-Bayatti, K.K. 2013. Detection of three uncommon bac-
teria in Tigris river and purification stations. Al-
Mustansiriyah Journal for Pharmaceutical Sciences.
13(2) : 82-86.

Bulyhina, T.V., Zdorovenko, E.L., Varbanets, L.D.,
Shashkov, A.S., Kadykova, A.A., Knirel, Y.A. and
Lushchak, O.V. 2020. Structure of O-Polysaccharide
and Lipid A of Pantoea Agglomerans 8488.
Biomolecules. 10(5) : 804.

Cheng, A., Liu, C.Y., Tsai, H.Y., Hsu, M.S., Yang, C.J.,
Huang, Y.T., Liao, C.H. and Hsueh, P.R., 2013. Bac-
teremia caused by Pantoea agglomerans at a medical
center in Taiwan, 2000–2010. Journal of Microbiology,
Immunology and Infection. 46(3) : 187-194.

Cimmino, A., Marchi, G., Surico, G., Hanuszkiewicz, A.,
Evidente, A. and Holst, O. 2008. The structure of the
O-specific polysaccharide of the lipopolysaccharide
from Pantoea agglomerans strain FL1. Carbohydrate
Research. 343(2) : 392-396.

Dutkiewicz, J., Mackiewicz, B., Lemieszek, M.K., Golec, M.,
Skórska, C., Góra-Florek, A. and Milanowski, J.,
2016. Pantoea agglomerans: a mysterious bacterium of
evil and good. Part II-Deleterious effects: Dustborne

Table 3. Effect LPS as anti adhesion agent on polysty-
rene (OD at 492)

Mean ± SE Group

0.478 ± 0.03 b Polystyrene
0.591 ± 0.02 a Control
0.091 * T-test

* (P0.05).

Table 5. Effect of LPS as anti adhesion agent on galva-
nized iron (OD at 492)

Mean ± SE Group

0.429 ± 0.05 Galvanized iron
0.570 ± 0.03 Control
0.163 NS T-test

NS: Non-Significant.

Table 4. Effect of LPS as anti adhesion agent on glass
(OD at 492)

Mean ± SE Group

0.221 ± 0.02 b Glass
0.345 ± 0.04 a Control
0.105 * T-test

* (P0.05).



S312 Eco. Env. & Cons. 27 (October Suppl. Issue) : 2021

endotoxins and allergens-focus on grain dust, other
agricultural dusts and wood dust. Annals of Agricul-
tural and Environmental Medicine, 23(1).

Fernandez-Botran, R. and Vetvicka, V. 2000. Advanced
Methods in Cellular Immunology, CRC Press, Boca
Raton.pp192.

Fukasaka, M., Asari, D., Kiyotoh, E., Okazaki, A., Gomi, Y.,
Tanimoto, T., Takeuchi, O., Akira, S. and Hori, M.,
2015. A lipopolysaccharide from Pantoea agglomerans
is a promising adjuvant for sublingual vaccines to
induce systemic and mucosal immune responses in
mice via TLR4 pathway. Plos One. 10(5): p.e0126849.

Hirai, K., Yoshizawa, H., Hasegawa, H., Ueda, O., Shibata,
Y. and Fujimura, S. 2003. Comparison of ability of
apoptosis induction by lipopolysaccharide of
Porphyromonas gingivalis with Escherichia coli. Euro-
pean Journal of Medical Research. 8(5) : 208.

Hiroi, M., Shimojima, T., Kashimata, M., Miyata, T.,
Takano, H., Takahama, M. and Sakagami, H. 1998.
Inhibition by Porphyromonas gingivalis LPS of
apoptosis induction in human peripheral blood
polymorphonuclear leukocytes. Anticancer Research.
18(5A) : 3475.

Iguchi, M., Inagawa, H., Nishizawa, T., Okutomi, T.,
Morikawa, A., Soma, G.I. and Mizuno, D.I., 1992.
Homeostasis as regulated by activated macrophage.
V. Suppression of diabetes mellitus in non-obese
diabetic mice by LPSw (a lipopolysaccharide from
wheat flour). Chemical and Pharmaceutical Bulletin.
40(4) : 1004-1006.

Kobayashi, Y., Inagawa, H., Kohchi, C., Kazumura, K.,
Tsuchiya, H., Miwa, T., Okazaki, K. and Soma, G.I.,
2018. Oral administration of Pantoea agglomerans-
derived lipopolysaccharide prevents development
of atherosclerosis in high-fat diet-fed apoE-deficient
mice via ameliorating hyperlipidemia, pro-inflam-
matory mediators and oxidative responses. PloS
One. 13(3) : e0195008.

Leone, S., Silipo, A., Nazarenko, E.L., Lanzetta, R., Parrilli,
M. and Molinaro, A., 2007. Molecular structure of
endotoxins from Gram-negative marine bacteria: An
update. Marine Drugs. 5(3) : 85-112.

Mafu, A.A., Plumety, C., Deschênes, L. and Goulet, J. 2011.
Adhesion of pathogenic bacteria to food contact
surfaces: influence of pH of culture. Inter. Jour. of
Microbiol. Article ID 972494, 10.

Morishima, A. and Inagawa, H. 2016. Clinical effects of
orally administered lipopolysaccharide derived
from Pantoea agglomerans on malignant tumors. An-
ticancer Research. 36(7) : 3747-3751.

Nicoletti, G., Corbella, M., Jaber, O., Marone, P., Scevola,
D. and Faga, A. 2015. Nonpathogenic microflora of
a spring water with regenerative properties. Bio-
medical Reports. 3(6) : 758-762.

Nunes, C., Usall, J., Teixidó, N. and Viñas, I. 2001. Biologi-
cal control of postharvest pear diseases using a bac-
terium, Pantoea agglomerans CPA-2. International Jour-
nal of Food Microbiology. 70(1-2) : 53-61.

Oleiwi, S.R. 2015. Study the Effect of Pyocyanin Extracted
from Pseudomonas aeruginosa on DNA Fragmenta-
tion of Human Lymphocytes Cells. Iraqi Journal of
Science. 56(2B) : 1366-1371.

Oleiwi, S.R., Ahmed, E.F. and Rasheed, S.F. 2020. Study the
Adhesion Capacity on abiotic surfaces by
Acinetobacter baumannii isolated from drinking wa-
ter. Eurasia J Biosci. 14 : 4217-4223.

Pindi, P.K., Raghuveer Yadav, P. and Shiva Shanker, A.
2013. Identification of opportunistic pathogenic bac-
teria in drinking water samples of different rural
health centers and their clinical impacts on humans.
Bio Med Research International pp.1-10

Prescott, L.M., Harley, J.P. and Klein, D.A. 2002. Microbi-
ology 5th Ed, McGraw-Hill New York.; pp809-811.

SAS, 2012. Statistical Analysis System, User’s Guide. Statisti-
cal. Version 9.1th ed. SAS. Inst. Inc. Cary.N.C. USA.

Standing Committee of Analysts. The Microbiology of
Water and Associated Materials, 2017. Practices and
Procedures for Laboratories Methods for the Exami-
nation of Waters and Associated Materia

Tindall, B.J. 2014. The combination Enterobacter agglomerans
is to be cited as Enterobacter agglomerans (Beijerinck
1888) Ewing and Fife 1972 and the combination
Pantoea agglomerans  is to be cited as Pantoea
agglomerans (Beijerinck 1888) Gavini et al. 1989.
Opinion 90. Judicial Commission of the Interna-
tional Committee on Systematics of Prokaryotes.
International Journal of Systematic and Evolutionary
Microbiology. 64(10) : 3582-3583.

Wakame, K., Komatsu, K.I., Inagawa, H. and Nishizawa,
T. 2015. Immunopotentiator from Pantoea
agglomerans prevents atopic dermatitis induced by
Dermatophagoides farinae extract in NC/Nga
mouse. Anticancer Research. 35(8) : 4501-4508.

Walterson, A.M. and Stavrinides, J. 2015. Pantoea: insights
into a highly versatile and diverse genus within the
Enterobacteriaceae. FEMS Microbiology Reviews.
39(6) : 968-984.

Westphal, O. and Jann, K. 1965. Bacterial lipopolysaccha-
rides. Extraction with phenol-water and further ap-
plications of the procedure. In: Whistler RL, Wolfan
ML (eds). Methods in Carbohydrate Chemistry. New
York: Academic press; 83-91.

Zdorovenko, E.L., Kadykova, A.A., Shashkov, A.S.,
Varbanets, L.D., Bulyhina, T.V. and Knirel, Y.A.
2017. Lipopolysaccharide of Pantoea agglomerans
7969: Chemical identification, function and biologi-
cal activity. Carbohydrate Polymers. 165 : 351-358.


