
ABSTRACT
This study was carried out evaluation the antibacterial activity of purified Effect of Purified Exopolysaccharides (EPSs) from 
vancomycin-resistant Enterococcus faecalis against gram-positive bacteria  Staphylococcus aureus, and gram-negative bacteria  
Proteus mirabilis, Pseudomonas aeruginosa  as well as evaluation the immunomodulatory effect on the immunity system, a total 
100 the urinary tract infection sample was contained 1%  vancomycin-resistant E. faecalis.  Moreover, the total carbohydrates 
contents of purified  EPSs was  88% expressed as a percentage of EPS dry weight (w/w%), the results of antibacterial activity 
displayed the  EPSs has activity against studied isolates depending on inhibition zone diameter at 0.5 mg/mL and 1 mg/mL 
concentration, but fewer inhibition zones in both concentrations were recorded in S. aureus, at 0.5 mg/mL was (7 mm), and 
1 mg/mL was (8 mm). Furthermore, the highest inhibition zone was recorded in P. mirabilis at 0.5 mg ̸ mL was (17 mm), 
1 mg/mL was (20 mm); on the other side, the in vitro experiments revealed EPSs acted positively on the immunity system in 
the group that was  injected with EPS combination with S. aureus and the highest value was recorded in the group received 1 
mg/ml concentration combination with S. aureus in all assays as following TLR-2 level was (8.733  ± 2.136) with significant 
differences at (p ≤  0.05) comparison with other groups,  while phagocytic activity was (24.2%) as well as IL-10 level was 
(78.12 ± 3.16),significant different at (p ≤  0.05), whoever Arthus reaction recorded highest results at 1mg/mL (4.26 ± 0.05) 
Furthermore delayed hypersensitivity test was reported (4.14 ± 0.00 , 4.24± 0.00, 3.50 ± 0.50) after 24 hr, 48 hr, and 72 hours 
respectively in the same group. Depending on obtained results in this present study, the (EPSs)  produced by Vancomycin-
Resistant E. faecalis  appeared an antibacterial activity against gram-positive and negative bacteria in vitro, also the in vivo 
experiments showed  EPSs worked positively on the immunity system.
Keywords: Exopolysaccharides (EPSs), Vancomycin Resistant E. faecalis, Antibacterial Activity, Immunomodulatory, innate 
immunity, adaptive immunity.
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INTRODUCTION
E. faecalis is a gram-positive bacterium  caused  various 
nosocomial infections, but urinary tract infections was  the most 
common, E. faecalis can be found anywhere in environments 
such as water, soil, foods, and even in plants,  also be found in 
human and animal gastrointestinal tracts1, in same time this 
bacteria used a probiotics in food biopreservation attributed to 
the development of antimicrobial called bacteriocins2 which 
are live cells with numerous beneficial human body properties, 
such as immune enhancement (anti-inflammatory activity), 
hypocholesterolemic effects3, and disease prevention/treatment, 
using this  bacteria as probiotic was triggered important 
debates due to their opportunistic pathogenicity involved in 
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nosocomial infections as well as their antibiotic resistance to 
their virulence factors.4 However, as a possible strategy to 
modulate the internal microbial environment, probiotics may 
be used to cause beneficial effects without causing harm,5 
for example, applications of probiotic bacteria, could be 
demonstrated in support of healthy microbiota maintenance in 
the intestines6. Lactic acid bacteria LAB as E. faecalis have 
been found in different types of fermented foods. They are 
also enteric microbiota that is often in close contact with the 
intestinal immune system,7 chronic inflammation relief, blood 
pressure reduction and cholesterol, and anti-carcinogenic. 
Immune-modulating effects were the most important benefits 
to the intestinal tract in this study8—primarily focused on 
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related studies documenting the advantageous effects of EPSs 
of E. faecalis on the immune system.9,10 this study aimed to 
evaluate the antibacterial activity of purified EPSs from E. 
faecalis against gram-positive and gram-negative isolates and 
evaluate the immunomodulatory effects.

MATERIAL AND METHODS
The study was included two aspects which are in vitro aspect 
contained isolation and identification E. faecalis, extraction, 
and purification EPSs. While the second aspect was the 
determination of the Immunomodulatory Effect of EPSs on 
the immunity system in albino male mice (Balb-c). 
Isolation  and Identification from UTI
A total of 100 samples of urinary tract infections was collected 
from Al-Hussein Teaching Hospital in Al-Muthanna provinc. 
Samples were activated by nutrient  broth  for 24 hours at 
37 C, then subcultured on esculin azide agar and blood agar 
after diagnosis the E. faecalis isolates depending on the 
morphological characterization and biochemical test, the 
isolates were confirmed by Vitek 2 system,
Extraction of and Purification of EPSs
Exopolysaccharides were extracted according to procedure11 
with some modifications. Firstly E. faecalis  was cultured 
in  (MRS) De Man, Rogosa and Sharpe broth at 37 ° C for 
24 hours, Trichloroacetic acid  14% was added at a final 
concentration to denature all proteins, then the mixture put in 
a shaker incubator at  90 rpm for  30 minutes. The next step the 
mixture by cooling centrifuge at 8000 x g for 20 min at 4°C, 
the supernatant was collected. Absolute cold ethanol (2:1) was 
added to the supernatant at 4°C for 24 hours for precipitation of 
the exopolysaccharide followed by centrifugation 8000 x g for 
15 minutes 4°C; precipitated exopolysaccharides was dissolved 
in an equal volume of deionized water against sugar. The final 
step, the purification of exopolysaccharides, was done with 
dialysis bags (12,000 of 14,000 Daltons) for 24 ~ 48 hours. 
The purified EPSs were dried to remove ethanol incubation 
at 37 for 47 hours.
Determination  Carbohydrate Contents 
The concentration of carbohydrates in the EPSs was estimated 
according to method phenol-sulfuric-acid-method12 relying 
on the standard curve of glucose, as shown in Figure 1. 
Absorbance corresponds to 0.1 mL of the test = ‘x’ mg of 

glucose. A total of 100mL of the sample solution contains = 
(‘x’ ÷ 0.1) × 100mg of glucose = % of total carbohydrate.
Determination of the Antibacterial Activity.
The isolates that used in this assay were  S. aureus, P. mirabilis, 
P. aeruginosa obtained from the microbiology laboratory/
college of science/Al-Mustansiria University,  confirmed by 
Vitek 2  system, later different antibiotics were applied toward 
those isolates to select the antibiotic with high inhibition zones 
to use as a control to comparison with different concentrations 
of EPSs. 
Agar Diffusion Method 
Two concentrations were prepared fromEPSs 0.5  mg ̸mL and 
1 mg ̸ml used to determine the antibacterial activity against 
S.aureus, P. mirabilis, P.aeruginosa, isolates were adjusted to 
1.5 x 108 CFU/mL, cultured on Muller-Hinton agar containing 
wells (6 mm in diameter). The wells were filled with 100 mL 
of prepared EPSs concentrations then incubated at 37 C for 24 
hours, the diameter of the inhibition zones were measured.13

The Laboratory Animals 
The research was achieved on male albino mice (Balb-c), their 
age ranged between (6-8) weeks were obtained from Research 
and Cancer Center in Baghdad, all experiments were done in 
the laboratories of the college of science in Al-Mustansiriyah 
University.
The Studied Groups
This aspect of this study was included groups and used  S. 
aureus  depending on the inhibition zone against EPSs  the 
groups were treated as follows:
Group: the mice without any  treatment,   
Group: injected  Intraperitoneally with normal saline daily, 
Group: injected Intraperitoneally with 100 mL of 1.5 x 108 
CFU/ml of  S. aureus
Group: Injected Intraperitoneally with 100 mL of EPS  (0.5 
mg/mL)  daily.
Group: Injected Intraperitoneally with 100 mL of 1.5 x 108 
CFU / mL of  S. aureus and after  4 hours injected daily with 
100 mL of 0.5mg/mL of EPSs.
Group: Injected Intraperitoneally with 100 mL of EPSs (1 
mg/mL ) daily.
Group: Injected Intraperitoneally with 100 mL of 1.5 x 108 
CFU/mL of  S. aureus and after  4 hours injected daily with 
100 mL of 1 Mg/mL of EPSs.

After 14 days of treatment, the blood was collected from 
the mice and divided; serum was obtained and stored at – 4 
C  for the next assays.
Immunological Assays 

Phagocytic Activity
Based on the method provided by14 .100 ul Blood, the procedure 
was performed, with 175 uL MEM media added to each well 
of the microtiter plate followed by the addition of 25 uL NBT 
and incubated at 28°C for two hours. The supernatant was 
cautiously extracted. Cells were fixed for 5 minutes with 100% 
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Figure 1: Standard curve of total carbohydrate using glucose
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methanol (v/ v) washed twice with 70% 125 mL methanol. 
Finally, 125 mL of potassium hydroxide (2N) and 150 mL of 
DMSO were applied to dissolve NBT, read by Elisa at 650-wave 
length, and measure the percentage using the equivalent below. 

Phagocytic activity percentage (%) = [(A – B)/B]×100 
A = (Average ) Treated groups; B =  (Average) Negative 

control group.
Arthus Reaction and Delayed Hypersensitivity Test
Every animal in the studied groups was injected with 50 uL 
of S.aureus on day 5 in the right footpad and normal saline 
in the left footpad (except positive control injected by normal 
saline) for Arthus reactions, swelling in the footpad after 4 
hours was determined while delayed form hypersensitivity 
was determined by a digital Vernia after 24, 48, and 72 hours 
and given in a unit of a millimeter, as suggested by.15

Measurements of TLR-2 and IL-10 Level
All the procedures were performed according to the 
manufacturer’s instructions of Elabscience.
Statically Analytics 
The values of the parameters were given in terms of mean ± 
standard deviations (S.D), using the computer programmer 
SPSS version 7.5 by performing variance analysis ( ANOVA), 
the least significant difference (LSD).

RESULTS AND DISCUSSION 
The results of the isolation and identification  of E. faecalis 
from UTI  reported  only 4% of the samples contained E. 
faecalis (five isolates) and only one isolate was confirmed 
as Vancomycin-resistant E. faecalis, (1% of the total sample)  
which will be used to the extraction of EPSs  as Figure 2.

This agreed with the obtained results by Li M, et al.,16 
isolated and diagnosed vancomycin-resistant E. faecalis 
from urine samples for urinary tract infections based on the 
next-generation sequencing,  E. faecalis considered to be one 
of the causes of urinary tract infection and quickly became a 
major cause of urinary tract infections Healthcare-associated 
(urinary tract infection). Enterococci spp is considered 15% 
of all urinary tract-related urinary tract infections; catheters 
are more common in men and are usually associated with 
frequent urinary tract infections.17 On the other hand,  the 
results carbohydrates rate in purified EPSs revealed the 

carbohydrate content was 88% expressed as a percentage of 
EPS dry weight (w/w%)  of by using method phenol-sulfuric-
acid-method,12 while the 12% other components such as uronic 
acids, Hexominase and acetyl group and Ketal Linked pyruvate 
group18. However TCA was used to denature the protein during 
the extraction11, This came in line with19 reported that the EPSs 
extraction was long-chain molecules consisting of branched 
units of sugars or sugar derivatives. Glucose, galactose, and 
rhamnose appear mainly in different proportions in these 
sugar units20, E. faecalis is one of the strains that produced 
heterogeneous exopolysaccharides characterized as consisting 
of recurrent linear or branched units21, EPSs displayed 
Carbohydrates contents higher than other components. 

Besides the susceptibility test of isolates was revealed S. 
aureus was sensitive toward tetracycline while P. mirabilis, 
P. aeruginosa were sensitive toward Ciprofloxacin. However 
the current study was revealed the antibacterial activity 
assay of EPSs toward gram-positive isolates as S. aureus 
and gram-negative as P. mirabilis, P. aeruginosa showed 
various responses against those isolates depending on the 
inhibition zones since  S. aureus displayed resistance to EPSs 
in different concentrations which the inhibition zone diameter 
of concentration in 0.5 mg ̸mL was (7 mm) and 1 mg/mL was 
(8mm). Furthermore, the highest inhibition zone was recorded 
in P. mirabilis as in 0.5 mg ̸ mL was (17 mm) and 1 mg/mL was 
(20 mm), while the antibacterial activity against P. aeruginosa 
revealed the inhibition zone diameter in 0.5 mg/mL was (9 mm) 
and (12 mm) in 1mg/ml concentration  as shown in Figure 3.

These findings were accepted with22, which revealed the 
operation of the aqueous EPS extract against S. epidermi and 
S. typhimurium. Numerous theories set due to the antibacterial 
activity mechanism of EPS, the EPS worked to weaken, 
decrease cell division, even disrupt cell wall and cytoplasmic 
membranes, and DNA analysis23. Moreover, the other aspect 
(in vivio) of the present study was evaluation of the influence 
of EPS  particularly on the immune system ( innate immunity 
and adaptive immunity). the EPSs showed positive effects on 
the immune response generally ( innate immunity and adaptive 
immunity ), the assays of determination of influence EPSs 
on innate immunity were included measurement TLR-2 and 
phagocytic activity index. The results of the effect EPSs on  

Figure 2: E. faecalis percentage in UTI samples 
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TLR-2 level showed the groups that injected in EPSs ( different 
concentration) combination with S. aureus was higher than 
other groups but the highest value in the group that injected 
with 1 mg/mL (8.733 ± 2.13) while the group that injection 
with 0.5 mg/mL (6.824 ± 0.88) with a significant difference 
at (p ≤  0.05) while the other group showed various values as 
shown in Table 1.

These findings were in line with several studies using 
EPS from various probiotic strains,24 which identified the 
EPSP from L.Casei in their study induced higher expression 
of TLR-1 and TLR-2 and modulated the pro-inflammatory 
and anti-inflammatory cytokine expression profile in the 
liver fish cells. The common pathway of innate immune 
cells triggered by S.aureus was identified by TLR-2, which 
identifies. Lipoproteins derived from S. aureus25. EPS was 
increased TLR-2 expression on the cells attributed to the living 
probiotics and their products, such as EPSs were promoted 
TLR-2 mRNA transcription, while some studies showed the 
heat‐killed probiotics were enhanced transcription of TLR-2, 
TLR-3, TLR-4, and TLR-9 in the murine macrophage.26 TLR-2 
have roles in attractive the phagocytic cell to the infection sites 
signaling27and this was noticed in results of the phagocytic 
activity index were showed the mice of the group had a 
combination injection by S.aureus and EPSs  recorded high 
values with significant differences at (p ≤ 0.05) comparison 
with another studied group in both concentration, but the 
highest value recorded in the group that received combination 
injection of 1 mg/mL of  EPS and S. aureus (24.2%) followed 
by the group that injected only with 1 mg/mL EPSs (10.4%), 
while in 0.5 mg/mL concentration, the results also reported 
the group that received combination injection of 0.5  mg/mL 
EPSs and S. aureus showed higher (22.4%) than the group that 
received only 0.5mg/mL (8.2%) and S. aureus only (4.4%) with 

significant difference (p ≤  0.05) between the groups in both 
concentrations as in Table 2.

These findings were accepted with data obtained by lei Xiu, 
et al., 28 using the L. casei strain EPSs as an adjuvant and found 
that proliferation and phagocytic activity were enhanced as 
well as the development of NO, TNF-α, IL-1β, and IL-6 in 
macrophages as well as agreed with29, EPS and selenium 
EPS increased phagocytosis and increased secretion of nitric 
oxide, IL-1, IFNγ, IL-6, and IL-12 in peritoneal macrophages, 
but this action itself allowed macrophages to switch from a 
pro-inflammatory to an anti-inflammatory phenotype, also 
referred to as M2 or “alternatively activated” macrophages.30 
However, EPS may play a role in regulating the mRNA level 
of iNOS macrophages through NF-_B activation and induction 
TNF, IL-1and 2 IL-631. 

Moreover the results of measurement IL -10 level in the 
studied group of this study noticed the groups that injected in 
both EPSs( different concentrations ) and S. aureus were given 
high value than other groups but the highest value in the group 
that injected with 1 mg/ml and S. aureus (78.62 ± 3.16 ) while 
the group that injection with 0.5 mg/mL and S. aureus (69.94 
± 3.99) with a significant difference at ( p ≤ 0.05). In contrast, 
the other groups showed various values as shown in Table 3.

This increasing  in the IL-10 level was consistent with 
Mallory L, et al.,32 reported the  EPS from B. subtitles increased 
the level of M2 macrophage and the level of IL-10 in mice. 
Dinić in 33 EPS from L. paraplantarum increased IL-10 level 
by reducing inflammatory mediators, preventing inflammatory 
cells (macrophages)  and enhancement the tissue repair anti-
inflammatory molecules such as IL-1 receptor antagonists and 
IL-1034, the transition from a pro-inflammatory macrophage-
dominant wound to an anti-inflammatory macrophage-dominant 
environment is essential t to overcome the inflammations 

Table 1: TLR-2 level (pg/mL) in studied groups in different  concentrations

Groups
Different concentration of EPS (Mean ± S.D)
0.5 mg/mL 1 mg/mL

Control positive 1.62 ± 0.53 c 1.62 ± 0.53 c

Control Negative 1.31 ± 0.70 c 1.31 ± 0.70 c

S. aureus 3.50 ± 0.14 b 3.50 ± 0.14 b

EPS 4.86 ± 0.31 a 5.58 ± 0.92 b

EPS+  S. aureus 6.82 ± 0.88 a 8.73 ± 2.13 a

*The different letters denoted that  significant differences among the groups at p ≤ 0.05
*The similar  letters denoted that non-significant differences among the groups at p ≤ 0.05

Table 2: Phagocytic Activity in 0.5  mg/mL and 1mg/mL concentration

0.5 mg/mL, 1 mg/mL  concentration of EPS (Mean ± S.D)
Groups Phagocytic  activity %1 mg/mLPhagocytic activity %0. 5 mg/mL

0  %0.47 ± 0.00 c0  %0.47 ± 0.00 cPositive control
0  %0.45 ± 0.02 c0  %0.45 ± 0.02 cNegative control
4.4 %0.64 ± 0.05 b4.4 %0.64 ± 0.05 bS.aureus
10.4 %0.92 ± 0.00 b8.2%0.82 ± 0.06 bEPS only
24.2%1.54 ± 0.497 a22.4 %1.46 ± 0.15 aEPS + S.aureus

*The different letters denoted that  significant differences among the groups at p ≤ 0.05
*The similar  letters denoted that non-significant differences among the groups at p ≤ 0.05



Evaluation of the Antibacterial Activity and Immunomodulatory Effect of Purified Exopolysaccharides (EPSs)...

IJDDT, Volume 10 Issue 4 October 2020 – December 2020 Page 527

and prepare the wound for successful healing.35 EPS has 
been influenced to induce macrophages to switch from a pro-
inflammatory phenotype to an anti-inflammatory phenotype.29 

Furthermore, the effect of EPSs toward adaptive immunity 
in the current study was represented by Humoral immunity 
(Arthus reaction) and by for cell-mediated immunity (DHT). 
Anyway, the results of Arthus reaction and DHT  displayed 
the same results; the group with a combination injection by 
EPS and S. aureus showed higher value than the other group,  
while in the Arthus test both concentrations recorded same 
value in the group injected with EPSs and S. aureus which 
was (4.26 ± 0.05 )  1 mg/mL and (44.20 ± 0.00) at 0.5 mg/mL, 
as shown  in Table 4.

The beneficial effect of EPS on humoral immunity was 
agreed with28 the subcutaneous administration of EPS 
significantly promoted both humoral and cellular immune 
responses by enhancing serum antibodies and T cell 
proliferation, enhancing cytokine expression, and enhancing 
DC maturation. EPS could significantly increase the titers of 
antibodies and significantly enhanced T cell proliferation. 
Mayyada36 was revealed EPSs could increase the expression 
of both IL-4 and INF-π in CD4+T cells affecting TH1 and TH 
2 cells promoting both humoral immunity and cell-mediated 
immunity from infection.   

These results were confirmed by the DHT, the group that had a 
combination injection with EPS and S. aureus expressed higher 
value than the other group,  but the highest value recorded in  
0.5 mg/mL concentration with significant differences after 24, 
48 was (3.50  ± 0.50, 4.24 ± 0.50) respectively as in Table 5, 
while at 1 mg/mL after 24 hours was (4.00 ± 0.00) after 
48 hours was (4.10 ± 0.00) and less value was after 72 hours 
(3.50 ± 0.50) p ≤ 0.05 as shown in Table 6.  

The obtained results agreed with Rubab I, et al.,37 by using 
extracted EPS from C. freundii  to induce an immune response 
against bacteria (C.freundii) explained enhancement of  cellular 
immunity, which characters may be swelling, redness due to 
the infiltration of macrophage, neutrophil and lymphocyte at 
the site of inflammation that recognizes antigen and secreteing 
IL-1 that enhanced proliferation and differentiation of other 
T-cell into Th cells. In turn ,it will produce IL-2 to attract 
macrophages and INF-γ led enhancing the cytolytic activity of 
accumulated macrophages leading to skin thickness. The role 
of EPS in DHT was suggested EPSs may increasing expression 
both of I-4, INF-γ in CD4+T cells that effect on TH1 and TH2 
cells that support both of humoral immunity and cell-mediated 
immunity.36 The reduction in thickness of the footpad after 72 
hours in the group that received 1 mg/ml EPSs and S. aureus 
have attributed the EPS helped the macrophages to transition 

Table 5: Results of DHT in 0.5 mg/mL concentration after 24, 48, 72 hours (Mean ± S.D, mm) studied groups.

72 hr48 hr24 hrGroups
3.00 ± 0.00 c3.00 ± 0.00 c3.00 ± 0.00 cPositive control
3.00 ± 0.00 c3.00 ± 0.00 c3.00 ± 0.00 cNegative control
3.53 ± 0.50 b3.56 ± 0.50 b4.24 ± 0.00 aS. aureus only
3.55 ± 0.50 b3.52 ± 0.50 b3.50 ± 0.50 bEPS only
4.14± 0.00 a4.24 ± 0.00 a3.50 ± 0.50bEPS and S. aureus

*The different letters denoted that  significant differences among the groups at p ≤ 0.05
*The similar  letters denoted that no  significant differences among the groups at p ≤ 0.05

Table 4: Results of Arthus reaction of  studied  concentrations (Means ±S.D, mm)     

(1 mg/mL)(0.5 mg/mL)Groups
3.00 ± 0.00 c3.00 ± 0.00 cPositive control
3.00 ± 0.00 c3.00 ± 0.00 cNegative control
4.15 ± 0.00 a4.15 ± 0.00 aS. aureus only
3.5 ± 0. 00 b3.25 ± 0.25 bEPS only
4.26 ± 0.05a4.20 ± 0.00 aEPS and S. aureus

*The different letters denoted that  significant differences among the groups at p ≤ 0.05
*The similar  letters denoted that no  significant differences among the groups at p ≤ 0.05

Table 3: IL-10 level ( pg/ml ) in studied groups in different concentrations 

Groups
Different concentrations of EPS(Mean± S.D)
0.5 mg/mL 1 mg/mL

Control positive 8.80 ±36.85c 8.80 ± 36.85c

Control Negative 1.33 ±33.41c 1.33 ± 33.41c 
S. aureus 2.43 ± 52.210b 2.43 ± 52.210b
EPS 63.99a ± 0.18 67.25b ± 4.09
EPS +  S. aureus 69.94a ± 3.99 78.12a ± 3.16

*The different letters denoted that  significant differences among the groups at p ≤ 0.05
*The similar  letters denoted that no  significant differences among the groups at p ≤ 0.05



Evaluation of the Antibacterial Activity and Immunomodulatory Effect of Purified Exopolysaccharides (EPSs)...

IJDDT, Volume 10 Issue 4 October 2020 – December 2020 Page 528

from a pro-inflammatory phenotype to an anti-inflammatory 
phenotype, which in turn will reduce the inflammation and 
produce anti-inflammatory mediators as IL-1033, the EPS in 
this study helped to regulate the inflammatory response.

CONCLUSION
Depending on obtained results in this present study, the 
exopolysaccharides (EPSs) produced by Vancomycin-
Resistant E.faecalis were showed antibacterial activity 
against gram-positive and negative bacteria in vitro. While 
in vivo experiments EPSs worked positively on the immunity 
system both innate and adaptive, EPSs were helped to regulate 
the inflammatory response by increasing IL 10 level and 
decreasing in DTH test after 72 hours.
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