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Abstract

In this study, we tried to extract and purify the LPS from E. coli local isolate and
determine the molecular weight, purity, and pyrogenic effect of the product and compare it
with standard E. coli O55:B5 LPS, the E. coli LPS was extracted by using hot phenol
method then SDS- PAGE was used with both Coomassie blue and silver nitrate stain to
determine its molecular weight and protein contamination also we used HPLC to the
estimation of E. coli LPS purity and finally the pyrogenicity of extracted E. coli LPS was
tested by using rabbit pyrogen test. The result showed that the hot phenol method with
enzymatic treatment gave highly pure LPS with a high yield reach up to 242.4 mg,
staining the SDS page gel with Coomassie blue and silver nitrate uncover the high
purification of the extracted LPS (ELPS) with no protein contamination, with a molecular
weight range between 15-23 kDa, HPLC test reveals that purity of ELPS was 100 %
compared with standard LPS. The rabbits' pyrogen test confirmed that the biological
activity of ELPS. In conclusion, the LPS was extracted with high purity compare with
standard LPS and without any protein or DNA contamination by using the hot phenol
method also the extracted rough LPS was slightly lighter than the standard LPS used but
this did not affect its biological activity which remained intact.
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Introduction lipopolysaccharide which reflected the inner and outer layer

of the membrane. The main components of

Enterobacteriaceae family is a large diverse group of
Gram-negative rods considered as normal flora in the
intestinal tract of both animals and humans (1). Escherichia
coli the wide world distribute bacteria belong to this family
and could be found in food and cause infection in human
and animals (2-5), according to virulence, pathogenicity,
and site of infection E. coli is classified as commensal,
enteropathogenic, and extraintestinal pathotypes strains (6-
10). All Gram-negative bacteria are enveloped by a cell
wall consisting of the cytoplasmic inner membrane, an
intermediate layer of peptidoglycan, periplasm layer, and
finally, outer membrane layer (11,12) which connected
covalently to peptidoglycan by lipoprotein (13). E. coli
outer membrane composed of phospholipid and
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lipopolysaccharide LPS are lipid A, core oligosaccharide,
and O- antigen. All compartments help to protect the
bacteria and play role in antigenic variation, both lipid A
and core oligosaccharide involved in bacterial virulence,
and O- antigen also has attachment properties as well as
acts to resist many antimicrobial drugs and phagocytosis
effect (12). The O- antigen alone capable to protect the
bacteria from lytic action of complement and bacteriophage
(14,15). There were different protocols for extraction and
purification of bacterial LPS these protocols differ in their
yield and purity such as Trichloroacetic acid, Aqueous
butanol, Triton /Mg*%, Aqueous ether, Chloroform:
methanol: petroleum-ether, and EDTA method. The hot
phenol extraction method was mostly used due to the short
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time required with high yield production. (16,17). The LPS
of Enterobacteriaceae is characterized by its high molecular
weight ranging from 10-100 kDa and the most LPS of
smooth E. coli strain reach up to 25 kDa (1,17-19).

Bacterial LPS (endotoxin) consider as a potent pyrogen
which means that have the ability to induce fever with
several  pathophysiological  effects after injected
intravenously; only a very small quantity (Nanogram/kg) of
LPS was able to stimulate the response of an immune
system and exaggerated host response to the removal of this
toxic substance from body circulation by releasing many
types of mediators that mediated in pyrogenic response.
(20) the liberation of LPS from the cell wall in the host
relates to a wide range of bad effects such as releasing of
pro-inflammatory cytokine as TNF-a, IL-1 by macrophages
which were responsible for fever production and lead to
hyperthermia as a result of the pyrogenic response, and lead
to inflammation, capillary leak, tissue toxicity (21)
coagulation (22), aseptic shock, lethality (12). The aims of
this study, is to extract and purify the LPS from E. coli
local isolate, determine the molecular weight and pyrogenic
effect of the extracted LPS (ELPS), and compare it with
standard LPS(SLPS) purified from E. coli O55: B5 as a
positive control.

Materials and methods

E. coli bacterial isolate and purity determination

Three Shiga Toxigenic E. coli (STEC) local isolates
which isolated from cattle in Basrah governorate were
gifted from the Department of Microbiology and
Parasitology, University of Basrah, College of Veterinary
Medicine (23). The purity of the isolates was confirmed by
culturing on brain heart infusion broth, Eosin Methylene
Blue agar, and MacConkey agar at 37°C for 24 h. The
isolates were confirmed using polymerase chain reaction
PCR. Briefly, five single colonies from each isolate were
selected for DNA extraction using DNeasy® Blood and
tissue Kit (Qiagen, USA) kit and amplification of uid A
gene. The PCR conditions were set as similar to that
described by (24). The final PCR product was detected in
2% agarose using 60 V for 1.5 h and the band was
visualized by using a transilluminator (23,25) the amplicon
size was 623 bp according to (24).

Preparation of bacterial isolate

For extraction of lipopolysaccharide. five single
colonies of STEC were transferred from eosin methylene
blue agar to tubes containing 5 ml brain heart infusion broth
and incubated aerobically at 37°C for 24h, then the bacterial
growth turbidity was adjusted with 0.5 McFarland standard
tubes to obtain 1.5%108 CFU/ml as starting bacterial
inoculum. The suspension was transferred to one liter of
brain heart infusion broth and incubated aerobically at 37°C
for 24h. The final bacterial turbidity was adjusted to 1.84
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by spectrophotometer using OD=600 nm this
approximately equal to 2*10° CFU/ml. E. coli
lipopolysaccharide was extracted by using the hot phenol-
water method described by (16) with some minor
modifications. in our study 4 patches (Each patch
represented 1 liter of E. coli culture (2x10° CFU/ml) was
used for extraction LPS from E. coli local isolate, bacterial
suspension in each patch was collected by cold centrifuge at
4100 rpm/15 min, after washing the bacterial pellet with
phosphate buffer saline (PBS) pH=7.2, contain 0.15mM
CaCl, and 0.5 mM MgCl,. the pellet was resuspended in 10
ml of PBS, to liberate the LPS in solution, the bacterial
cells in suspension were destroyed by sonication (29 MHz /
10 min). The next steps including treatment of sonicated
bacterial suspension with 100 pg/ml Proteinase K in
65°C/lh to remove the protein contamination farther
enzymatic treatment was extended to overnight at 37°C
with 40ug/ml RNase, 50 ul of working solution of Dnasel
(2U/ul), 1 pL/mL 20% MgSOa4 and 4 pL/mL chloroform to
remove any DNA or RNA contamination. The separation of
LPS was done by adding an equal volume of hot (65-70°C)
90% phenol and incubate the mixture in 70°C/15 min with
vigorous shaking, the LPS mixture was cooled in ice and
centrifuged at 10000 rpm/15 min to separate aqueous phase
from the phenolic phase, the phenolic phase was re
extracted with 300 pl distilled water, all aqueous phase was
collected in 15 ml conical centrifuge tube and the LPS was
precipitate in -20°C overnight after adding 0.5 M (final
concentration) of sodium acetate and 10 volume of 95%
ethanol then the LPS was collected by centrifuge in 4°C at
4100 rpm /10 min and resuspended in 1ml distill water, for
farther purification and removal of any chemical substance
extensive dialysis against double distilled water occur in
4°C /48 hours using 13 cm long Dialysis tube (3500D cutoff
value,34 mm, Special laboratory, USA) (26), the final step
was lyophilized The purified LPS under -55°C in 0.001
mbar for 24 hours then stored at 4°C for farther analysis.

Detection of impurities of protein and nucleic acids

Two ul of ELPS from E. coli were used for
electrophoresis in 2% agarose containing ethidium bromide
for detection of any DNA and/or RNA contaminants.
However, the sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was used according to (27-
29) to determine the purity of the product from protein
residues and the detection of the molecular weight of LPS.
The SDS-PAGE gel was stained with both instant Blue™
(expedeon, UK) for detection of protein (26,29-31) and
sensitive silver stain (26,31-34) to visualized both protein
contamination and the lipopolysaccharide.

Analysis of extracted LPS by High-performance liquid
chromatography

High-performance liquid chromatography (HPLC) was
used to identify and quantify the components of the mixture
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of ELPS and comparing with SLPS of E. coli O55: B5
(Chem Cruz®). Separation of both Lipopolysaccharide done
by HPLC 1200 series system (Agilent Technologies, USA

pressure 110 bar, and flow rate 0.8 ml/min with 210 nm UV
wavelength detector, the column Supelco™ C18 of 25 cm
length x 4.6 mm inner diameter, 5 um pore size was used
for separation of Lipopolysaccharide), the mobile phase
consisted from acetonitrile and water in concentration 5:95.
10 pl from both standard and extracted LPS were injected
into the HPLC for analysis (16,35,36). The purity of the
product was calculated as follows: The purity of sample =
(area under the peak of the test sample/ area under the peak
of standard) x100. When it reaches 90 -115 this indicates
high purity of the sample.

Detection of the biological activity of extracted LPS

Six white albino rabbits weighing 1.5-2 Kg were used in
the pyrogen test, animals were divided into three groups.
The first group was the negative control group and the
rabbits were given normal saline, the rabbits in the second
and third groups were given an intravenous injection of 10
pg/kg of both standard E. coli O55: B5 LPS and extracted
E. coli LPS respectively. Rectal temperature before and
after injection was recorded in all groups in the period
interval of 30 mint up to 4 hours by using a medical rectal
thermometer. The positive result was recorded as elevated
in body temperature by 1-2 ° C (20,26).

Results

The E. coli isolates were confirmed by amplification of
uid A gene using conventional PCR and separated in
agarose gel, and the results confirmed the presence of uid A
gene with 623 bp product size (Figure 1).

Figure 1: Escherichia coli uid A gene (M: ladder 100 bp, 1,
2 and 3: Shiga toxigenic E. coli).

Extraction of E. coli lipopolysaccharide

The results of the hot phenol extraction method used to
isolate the LPS from - E. coli cultures (2x10° CFU/mlI),
showed that the bacteria gave about 242 mg of purified LPS
after dialysis. The difference in the percentage of ELPS
purification before and after dialysis was about 29.76%
(Table 1).

Table 1: Percentage of E. coli LPS lost in the extraction and
purification procedure

Weight of crude LPS (mg)

Patih before _after- lost during Lost %
No. dialysis purification purification
by dialysis

1 10 6 4 40%
2 148 124.1 23.9 16.14%
3 147 88.2 58.8 40%
4 40 24 16 40%
Total 345 242.3 102.7 29.76%

* Each patch represented 1 liter of E. coli culture 2x10°
CFU/ml.

Detection of DNA and RNA contaminants

The ELPS was separated in agarose gel to detect the
presence of any traces of nucleic acids (DNA and RNA).
All patches of extracted LPS were 100% free from nucleic
acid contaminants due to the effect of DNase and RNase
added during the extraction procedure (Figure 2).

1234 56 78

Figure 2: Extracted LPS of STEC in agarose gel (1:
molecular weight marker, 2-6: ELPS, 7: bacterial
suspension after sonicating and before DNase and RNase
enzymes digestion, 8: negative control).
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Detection of protein contaminants

The SDS-PAGE electrophoresis followed by staining
with instant Blue (Coomassie blue-based) stain specific for
protein was used to detect any residues of protein in LPS
extract. The extracted LPS was 100% free from protein
contaminants (Figure 3).

Figure 3: Electrophoresis of ELPS on SDS -PAGE (1:
ELPS, 2: Standard LPS of E. coli O55: B5, 3: Protein
weight marker [11- 190] kDa, 4: negative control).

Detection of the molecular weight and structure of
extracted LPS

The result of SDS-PAGE electrophoresis which was
stained with sensitive sliver stain for LPS shows that the
ELPS has three-bands with molecular weights ranged
(15,20 and 32) kDa, however, the standard LPS molecular
weights ranging between (15-50) kDa. The upper bands
represent rough O-polysaccharide containing LPS (30-50)
kDa, the ELPS lighter than that of standard E. coli O55: B5
LPS, while the lower bands of both extracted and standard
LPS represent the core lipopolysaccharide with lipid A and
have molecular weights (15- 20) kDa. The intensity of the
band was different when using different concentrations of
LPS injected in the SDS-PAGE. The intensity of the bands
was the best with 20 ng/ul followed by 100 ug/ul then
500ng/ml as in (Figure 4). The addition of 4M Urea in
resolving gel was not effective in-band separation but it
gives more clear background gel.
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Figure 4: SDS-PAGE of the standard and extracted
lipopolysaccharide from E. coli stained with the silver stain.
A: (1: protein marker, 2: 20ng/ul standard E. coli O55:B5
LPS,3: 20ng/pl Extracted E. coli LPS,4:100ng/pl standard
E. coli O55:B5 LPS,5: 100ng/pl Extracted E. coli LPS). B:
(1: protein marker, 2: 1.7ug/ul standard E. coli 055:B5,3
LPS: 1.7ug/pl Extracted E. coli LPS,4:500ng/pl standard E.
coli O55:B5 LPS, 5: 500ng/ul Extracted E. coli LPS,4)
upper band show rough O-polysaccharide containing LPS
and lower band show core lipopolysaccharide with lipid A.

Detection of purity of extracted E. coli LPS using HPLC
analysis

The purity of extracted E. coli LPS was analyzed by
HPLC method using both extracted E. coli LPS and
standard E. coli O55: B5 LPS, the result shows the
appearance of one single peak with different retention time
which reaches 1.650 in extracted E. coli LPS and 1.829 for
standard E. coli O55: B5 LPS (Figure 5). The purity of
ELPS was 100 % in comparison with a standard.

e T

A

Figure 5: HPLC electropherograms of standard E. coli
055:B5 LPS (A) and extracted E. coli LPS (B).

Detection of pyrogenic activity of extracted E. coli LPS
The rabbit pyrogen test was used to detect the
pyrogenicity of ELPS and SLPS by intravenous injection
into the rabbits. The body temperatures reached 39.9°C and
40.6°C of the ELPS and SLPS respectively in comparison
with the temperature of the control rabbit 38.5°C (Figure 6).
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Figure 6: The mean body temperature of rabbits after
intravenous injection with 10 pg/kg of E. coli LPS.

Discussion

The LPS also called endotoxin, is an essential structural
part of the E. coli cell wall, as control permeability,
antibiotic resistance, and further of its role as a structural
component also it can modulate the immune response so
play an important role in parasite-host interaction (15).

Many methods were used to extract the LPS with
keeping high purity and biological activity as
Trichloroacetic acid, Aqueous butanol, Triton /Mg+2,
Aqueous ether, Chloroform: methanol: petroleum-ether,
and EDTA method (37) and hot-phenol extraction method.
The hot-phenol extraction method still the best method used
although it has many dangerous and poisoning materials as
phenol (26). The result of this study shows a high yield of
242.3 mg of purified LPS from 4-liter of E. coli cultures
with a mean 60 mg/liter. These results were different from
other related studies (17,26,37-39) and this difference in
LPS vyield maybe explain by differences in extraction
methods and differences of Gram-negative bacterial species
(40,41).

Most methods used to extract bacterial LPS were not
given a high purity LPS and many proteins and nucleic acid
contaminants were found in ELPS, the hot phenol method
was not excluded from this disadvantage and may contain
up to 24% of RNA (36). The results of this study show that
the LPS product was 100% free from protein in Coomassie
blue staining and nucleic acid contaminants. these results
were in agreement with that recorded by (16,26) who used
the proteinase k and DNase and RNase enzymes during the
hot phenol extraction method.

The results of SDS-PAGE electrophoresis stained with
silver stain showed that a more clearly detectable band was
found in LPS concentration 20ng/ul and this agrees with
(34), the sliver stain was highly sensitive to detection of
LPS. The effect of the addition of urea on the SDS-page
does not affect the separation of the band but is believed to
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give more clear ground of gel as its increased oxygen
permeability and water vapor transmission rate (42). The
ELPS product has both rough and smooth parts of LPS,
molecular weight ranged from 15-32 kD in comparison
with standard LPS used which have 15-50 kD which lie in
the standard molecular weight of LPS ranged between 2-
100 kD (1,17,18).

The difference in molecular weight between standard
and ELPS may be due to differences between bacterial
strains which have different LPS structures to give E. coli
five core types K1, R1- R4 (19,43). The ladder formation
appeared in rough LPS and this can explain by increasing
of polysaccharide unit in the rough LPS core (44) as a
modification of core LPS by adding more galactose,
rhamnose, PEtN, or Kdo group as a response to stress or to
increase bacterial resistance to the antimicrobial peptide
(15,45).

The HPLC result confirms the high purity of ELPS by
showing only one sharp peak in comparison with the
standard LPS this result agrees with (16) as a result of using
enzymes to remove all contamination from ELPS. The most
important in any extraction method is to preserve the
biological activity of LPS, and its purity at a high level by
removing chemical materials (used in the extraction
process), protein, DNA, or RNA that affect and interfere
with the signal downstream of biological and
immunological responses (26).

The rabbit pyrogenic test was performed to evaluate the
biological effect of the product, results showed that the
mean rise of rabbit temperature was 1.4 ‘C which give the
test a positive result and indicate the biological activity of
the extra pure E. coli LPS and this agrees with (20,46).

This elevation in animal’s body temperature related to
bacterial LPS which considered as a potent trigger for the
immune system and capable to produce pro-inflammatory
cytokine such as TNFa, IL1 as well as Prostaglandin E2
that mediated in the production of pyrogen reaction and
appear its biological effect (16,20,21).

Conclusion

In conclusion, the LPS was extracted with high purity
compare with standard LPS and without any protein or
DNA contamination by using the hot phenol method also
the extracted rough LPS was slightly lighter than standard
LPS used but this did not affect its biological activity which
remained intact.
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