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Abstract 

Current study included three parts: the first part is the isolation and identification ofOne  case of 

Proteus mirabilis  mixed with Pseudomonas and  the other mixed with E.coli spp. And 1 case of  

Proteus mirabilis   in pure form.from 50  samples were taken from infected ear of sheep. These 

isolates were identified by morphological examination and biochemical tests and vitak2 system. In the 

second  part of this study, lipopolysaccharide (LPS) was extracted from Proteus mirabilis by using hot 

phenol method ,and after that crude extracted LPS purified by gel filtration chromatography using 

sephadex G-200 gel  . 4 g. of partial purified LPS were prepared from cell of P. mirabiliscell , chemical 

analysis of LPS in 1 ml of crud and partial purified LPS showed that the carbohydrate percentages 

were (8, 17) % respectively ,while protein percentage were (14, 6) % respectively. The third part of 

this study Lipid A was separated  from extracted  lipopolysaccharide by A combination of mild-acid 

hydrolysis and solvent extractions (Bligh-Dyer) are used to liberate lipid A from covalently attached 

polysaccharide,830 mg of partial purified Lipid A  were prepared from 1.5 g of lipopolysaccharide .. 
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الدهون أ من عديد السكريد الشحمي المستخلص من بكتريا المتقلبة الرائعة استخلاص وتنقية   

 شيماء جبار حسون  ,عايدة برع علاوي 

العراق  –جامعة ديالى  –كلية الطب البيطري –فرع الاحياء المجهرية   

العراق  –جامعة بغداد كلية الطب البيطري –فرع الاحياء المجهرية   

 الخلاصة  

الدراسة الحالية المتقلبة الرائعة مختلطة مع    تضمنت  ثلاث محاور :المحور الاول عزل وتشخيص حالة واحدة من بكتريا 

من خمسين عينة الزوائف الزنجارية واخرى مختلطة مع الاشريشيا القولونية وعزلة واحدة من المتقلبة الرائعة بشكل نقي  
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المصابة  الاغنام  ادان  من  اخدها  الشكليوالفحوصاتالبيوكيماتم  اما  وهذهالعزلاتشخصتبالاعتمادعلىالفحص  الفايتك  ونظام  ية 

استخلاص عديد السكريد الشحمي من بكتريا المتقلبة الرائعة بطريقة الفينول الساخن ثم المحور الثاني من التجربة تضمن  

غم من عديد السكريد الشجمي    4تم تحضير  كس  نقى جزئيا بواسطة كروموتوكرافيا الترشيح الهلامي باستخدام هلام السيفاد

مل من عديد السكريد الشحمي الخام والمنقى   1اظهر التحليل الكيميائي في  المنقى جزئيا من خلايا بكتريا المتقلبة الرائعة  

بلغت نسبة الكاربوهيدرات ) البروتينات    17,8جزئيا حيث  بينما  التوالي  .الجزء  6,14كانت ) ( على  التوالي  الثالث  ( على 

التحلل   الشحمي عن طريق مزيح من  السكريد  أ من عديد  الدهون  تم فصل   الدراسة  الخفيف  المائي    من هده   الحمضي 

ملغم   830دير( المستخدمة لتحرير الدهون أ من عديد السكريات المترابطة باصرة  تساهميه. –المذيبات)بلاي ب واستخلاص 

.                                                                        يد الشحميغم من عديد السكر 1.5من الدهون أ حضرت من   

 

 الكلمات المفتاحية / المتقلبة الرائعة , الدهون أ, عديد السكريد الشحمي 

 

Introduction  

The genus Proteus encompasses rod-shaped Gram-negative bacteria that belong to the 

family Enterobacteriaceae ,which collected with Providenciaand Morganellastrains create 

the tribe Proteeae(1). 

   Bacterium Proteus mirabilis is one of the most significant species belonged to the genus 

Proteus spp. are Gram-negative aerobic bacteria.. They are named based on their ability to 

undergo morphological changes of colonies. With peritrichouse flagella(2). 

Proteus mirabilis possesses a numerous of virulence factors that would support to the 

events of inflammation factors such as the production hemolysin  fimbria  expression,  

flagella , urease production , movement in waves (swarming) ,the capacity of attaching to 

epithelial cell  and amino  acid  deaminases in  addition  to  the  expression  of  

lipopolysaccharide  (LPS)  antigens  and capsular polysaccharides (CPSs), have been 

described in many studies (3)   

The lipopolysaccharide (LPS) is a central component of the outer membrane in Gram-

negative bacteria and frequently plays a key role in pathogenesis (4). The classical LPS 

molecule has a tripartite structure comprising (i) lipid A, the hydrophobic moiety that 

anchors LPS to the outer leaflet of the outer membrane; (ii) core oligosaccharide (herein 

core), which together with lipid A, contributes to maintain the integrity of the outer 

membrane; and (iii) O antigen polysaccharide or O antigen, which is connected to the core 

and consists of a polymer made of repeating oligosaccharide units in direct contact with the 

external milieu (4).. . 

The LPS molecules only including lipid A and core oligosaccharides, are generally referred to 

as ‘rough’ and often called lipooligosaccharides, while the complete LPS capped with O 

antigen is called ‘smooth. (5).   

https://www.frontiersin.org/articles/10.3389/fcimb.2020.00414/full#B119
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/gram-negative-aerobic-rods-and-cocci
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00414/full#B37
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Lipid A is, in normal circumstances, a phosphorylated glucosamine disaccharide decorated 

with multiple fatty acids. These hydrophobic fatty acid chains anchor the LPS into the 

bacterial membrane, and the rest of the LPS projects from the cell surface. The lipid A 

domain is responsible for much of the toxicity of Gram-negative bacteria.,(6). 

        The Lipid A moiety is a very conserved component of the LPS.,  However Lipid A 

structure varies among bacterial species and Lipid A structure defines an overall host 

immune activation. Discovery of lipid A is present mainly in Gram-negative bacteria; 

however, a recent study indicates it might exist in plants (  7)                                             

Proteus lipid A contains glucosamine disaccharide substituted with phosphate residues and 

fatty acids. It also contains 4-amino4-deoxy-L-arabinopyranose (L-Arap4N), which 

quantitatively substitutes the ester-linked phosphate residue of the glucosamine backbone. 

LPS forms of bacteria contributes to their resistance against bactericidal action of the serum 

(8).                                                           

Material And Method  

Samples collection 

Fifty  samples were taken from infected ear of sheep ,right and left ears from different 

region of baqubah city , Samples were collected from different age groups in the period 

1/12/2020 to 10/12/2021 After collection, all samples were cultured on blood agar media as 

enriched media and MacConkey agar as differentiated media and incubated at 37 ° C for 24 

hr.  

Identification of the isolates   

Identification of suspected isolates was done according to the colony 

morphology,microscopic examination and biochemical tests (9). then confirmed by Vitek2 

system . 

LPS. Extraction: 

LPS was extracted by hot phenol-water Method according to (10). 

Purification of LPS by Gel filtration chromatography: 

Partial purification of crude LPS was done by gel filtration chromatography using sephadex 

G-200 column the partial purified was applied to a sephadex G-200 column (3 by 50 cm) 

previously equilibrated with 0.025 M phosphate buffer, fractions were collected and 

https://www.sciencedirect.com/science/article/pii/S2452316X17300406#bib80
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4624066/#b6-bt-23-510
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endotoxin was recovered by detecting the carbohydrate contents for each fraction according 

to the method of Dubois et al., (11) at 490 nm. 

Isolation and Purification of Lipid A From LPS. (Proteus mirabilis) 

A combination of mild-acid hydrolysis and solvent extractions (Bligh-Dyer) are used to 

liberate lipid A from covalently attached polysaccharide.    Isolation of lipid a molecules from 

whole bacteria involves the extraction of LPS from the bacterial cell surface. Lipid A was 

isolated by mild hydrolysis of the water phase deriving LPS The hydrolysate was cooled and 

then converted into a two-phase Bligh-Dyer system, i.e., chloroform/methanol/ water , 

2:2:1.8 (v/v/v), by adding adequate amounts of chloroform and methanol. The chloroform 

phase containing lipid A was separated by centrifugation and then washed twice with the 

aqueous phase from a freshly prepared two-phase Bligh–Dyer mixture [12]. The lipid A were 

dried byand then stored at – 20 C in chloroform/methanol (3:1, v/v). fig.(1).                                

 

 

Fig.1 Schematic of lipid A isolation procedure. 

FTIR (Fourier Transformed Infrared) Analysis  

Nature and chemical structure of the active compound were examined using the Fourier 

transformed infrared spectroscopy (FTIR) in order to characterized the chemical nature of 

compounds. FTIR spectrometry, an advanced type of infrared spectrometry, which give the 

functional groups that are found in the compound in order to propose a chemical structure 

of the extract. 

Results and discussion  

Isolation of Proteus mirabilis 

The results of current study showed that from 50 swabs collected from infected ear of sheep 

,. Most samples showed growth of more than one species of bacteria on different 
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media.One  case of Proteus mirabilis  mixed with Pseudomonas and  the other mixed with 

E.coli spp. And 1 case of  Proteus mirabilis   in pure form.table 1 

Table (1): Number  of Proteus mirabilis isolates from  infected ear of sheep and goat . 

origin Sp. No. 

Ear 

 

Proteus mirabilis. Mixed with 

Pseudomonas 

1 

Proteus mirabilis 1 

Proteus mirabilis .  mixed with E.coli 1 

 

Pugh ,(13) reported that little is known about otitis in goat and sheep compared with the 

information available on cattle and horses, and  many factors can predispose sheep to otitis 

including the anatomic orientation of the ear canal itself, the skin lining of the external ear 

canal has a large numbers of gland, these include modified porcine gland which produce 

large amounts of secretions which provide good suitable media for irritation and infection 

(14). 

This result was agree with,(15) Who  isolated Proteus mirabilis from infected right and left 

ear in sheep.In addition, (16) who was isolated Proteus mirabilis from ear of sheep  and 

disagree with (17) who  was no isolated Proteus spp. From sheep's otitis media .This may be 

due to the season of collecting samples and the possible medication taken before sampling. 

4-1-2 Identification of Proteus mirabilis :- 

Isolates which were identified as Proteus appeared as small pale colonies, little convex and 

circular with smooth edges on MacConkey's agar plates and were lactose non fermenter, so 

they turned the media to yellow . MacConkey agar was used for growing Proteus strains 

because it differentiates it from other Gram negative species and it contains all required 

nutrients for Proteus growth. In addition, Proteus culture has a special smell (fish smell). On 

blood agar Proteus isolates showed swarming motility which it is very significant character 

to differentiated it from other enterobacteriaceae family. Fig.(2) 
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Fig.( 2) Proteus  mirabilis isolates showed swarming phenomena  on blood agar 

       Several biochemical tests were achieved to identify the isolates of Proteus mirabilis , 

results mentioned in table (2) show that these isolates were positive for catalase, urease , 

Phenylalanine and  gelatin but gave negative results for citrate utilization, oxidase and indole 

tests .  

     This bacteria showed its ability for H2S production when it was cultured on Triple sugar 

iron (TSI) agar while the slant turn to red, and its bottom was yellow this is because of the 

ability of ferment glucose only . 

Table (2): Biochemical tests for Identification of Proteus mirabilis Result 

Biochemical tests Results 

Indole -ve 

Catalase +ve 

citrate utilization -ve 

Oxidase -ve 

Gelatin +ve 

Urease +ve 

Phenylalanine +ve 

TSI k/A          H2S + 
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Gas - 

 

Confirmation diagnosis  

For confirmation of the results, VITEK 2 system (ID) GN cards were used and the results are 

indicated in Table 3. 

 

Table (3): Vitek 2 compact system test for proteus mirabilis isolates. 

APPA - ADO - PyrA - IARL - dCEL - BGAL - 

H2S + BANAG - AGLTp - dGLU + GGT + OFF - 

BGLU - dMAL - dMAN - dMNE - BXYL - BAIap - 

ProA - LIP - PLE - TyrA + URE + dSOR - 

SAC - dTAG - dTRE + CIT + MNT - 5KG - 

ILATk - AGLU - SUCT + NAGA - AGAL - PHOS + 

GlyA - ODC + LDC - IHISa - CMT + BGUR - 

O129R + GGAA - IMLTa - ELLM - ILATa -   

(−) a negative result, (+) a positive result 

 

4-2extraction and purification of lipopolysaccharide 

According to the hot phenol method the extraction of LPS was prepared . Harvest of 4 g. of 

partial purified LPS were prepared from cell of P. mirabilis.. Chemical analysis of the LPS 

extracted from Proteus mirabilis were accomplished by calculating the carbohydrate 

contents according to Dubois method (11), and calculate the protein contents according to 

Bradford method (18). 

The crude LPS was partially purified by gel filtration chromatography via sephadex G-200 

column The 40 collected fractions were first subjected for the determination of protein 

through reading the absorbance of each fractions at 280 nm as submitted by (19). 

Afterward, each fraction was handled by a method of phenol-sulphuric acid (11) to calculate 

carbohydrate content, then the absorbance was read at a wave length of 490 nm. The 

correlation between absorbency and fractions number of both concentration (protein and 

carbohydrate) was drawn figure (3). 
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Figure (3) shows relationship between absorbency and fraction number of each 

component (protein and carbohydrate) . 

in the current study the concentration of carbohydrates in the crude lipopolysaccharide is 55 

(8%)mg\ml and in the partially purified lipopolysaccharide is 120 (17%) mg\ml    table (4) 

Figure(3) shows that at 490 nm one peak  (red color) were saw for carbohydrate. This peak 

has protein components associated with LPS(blue color) and difficult to separation from it  

Table (4): The biological activity of carbohydrate and protein contents 

of crude and partially purified LPS. 

LPS Protein Concentration 

mg/ml 

Charbohy. 

Concentration 

mg/ml 

Crude LPS 112 (14 %) 55 (8%) 
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Partially Purified 40 (6%) 130(17%) 

 

The extraction introduced by  the hot phenol method  is still the most frequent procedure 

employed for LPS extraction not only for its simplicity of application, but is one of the few 

methods that can extract lipopolysaccharide from smooth and rough bacteria and this 

method of extraction provided high-quality LPS (20) . 

      The presence of protein with carbohydrate in the LPS extract in results of current study 

was close to what many researchers have found, and that the presence of protein with LPS is 

an attribute inherent to and difficult to separate from ( 21) 

       The differences in the protein and carbohydrate percentages in the purified LPS may be 

related to the differences in the bacterial strains and their content of LPS, the differences in 

the methods used in extraction and purification of LPS and the experiments 

circumstances(22). 

.Most studies are in favor of that the percentage yield of carbohydrates and proteins  

following endotoxin purification may vary widely. 

         Al-Muslemawi, (23) who found the concentration of carbohydrates in the crude LPS is 

300 mg\ml and in the LPS partially purified is 315mg\ml a high percentage of carbohydrates 

were observed in partially purified extract, as it reached 86% while it was in crud77%. 

     These results also close to a number of local studies conducted on lipopolysaccharide 

extracted from other bacterial types.(24) found that the percentage of carbohydrates in the 

crude and partially purified extracts of the LPS of Citrobacterfreundiiwas 12% and 16%, 

respectively.(25) found that the amount of carbohydrates in the crude extract of LPS for 

Proteus mirabilis 153 mg\ml and in the partially purified extract 221mg\ml. The increase in 

the percentage of carbohydrates in the purified extract indicates the efficiency of the 

purification process used in removing other cellular contaminant or debris, which has a role 

in increasing the degree of purity. 

In our studythe  protein concentration it was found that the percentage of proteins in the 

partial purified LPS 6% while in crud LPS 14%. (23) who found that the percentage of protein 

decreased in the purified LPS from what it was in the crude extract of LPS, as it reached in 
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the LPS partially purified 13.1% and crud 22%,  while (24) found that the percentage of 

protein  in the crude and partially purified extracts of the LPS of Citrobacterfreundiiwas 22% 

and 9 %, respectively. (26) found that the endotoxin of Pseudmonas aeruginosa contains 

72% carbohydrates, 5.8% proteins and 2.2% of nucleic acids, knowing that it did not use 

DNase enzymes RNase and Protease in the extraction and purification process. 

Extraction of lipid A from LPS  

        A combination of mild-acid hydrolysis and solvent extractions (Bligh-Dyer) are used to 

liberate lipid A from covalently attached polysaccharide.mild acid treatment of LPS splits it 

into polysaccharide and lipid A moieties TNF-inducing activity was co-fractionated with lipid 

A in the precipitated fraction.  , in contrast ,  Alkaline hydrolysis of LPS, which cleaves the 

ester bond and releases fatty acid from the lipid A moiety of LPS and decreased the TNF-

inducing activity to LPS.((27).  this result agreement with (28) who extraction of lipid A from 

LPS by mild acid hydrolysis.   

        In our result Harvest of 830 mg of partial purified Lipid A  were prepared from 1.5 g. of 

lipopolysaccharide .The amounts of  lipid A extraction and isolation can also be adjusted 

depending on the bacterial strain you are working with. 

Bligh-Dyer extractions have been  historically utilized for the isolation of whole lipid species 

from various types of preparations (e.g., animal tissue, plant tissue, etc.). The Bligh-Dyer 

method consists of multiple solvent extractions using chloroform, methanol and water to 

extract the lipid species in the organic phase. Unlike other methods, this does not select for 

rough- or smooth-types of LPS, providing optimal recovery of lipid A species. (29). 

      The amount of lipid A extract depended on bacterial strain . For instance, V. 

cholerae requires at least 200 ml of culture in order to obtain high quality mass spectra; 

however, More starting material (larger culture volumes) is required for some bacterial 

species  .A near result was recorded by( 30) who obtained 36 mg. of lipid A from 120 mg. of 

LPS. 

Fourier Transformed Infrared (FTIR) Analysis 

       The FTIR spectrum used to identify the functional group of the active compound present 

in the extracts of the lipid A based on the peaks value in the region of IR radiation.( 31). 

When the lipid A extract passed into the FTIR, the functional groups of components 

separated based on its peaks ratio. Table (5), fig (4) there are many  active group present in 

lipid A  extract which include : 



Nat. Volatiles & Essent. Oils, 2021; 8(4): 12701-12715 
 

12711 
 

The active functional group (2923.69 cm−1) this belong to C-H stretching bands in malignant 

and normal tissues, 2853.72 Asymmetric CH2 stretching mode of the methylene chains in 

membrane lipids(32).the active group 1636.12 belongs to carbonyl group  (C=O) ,    but the 

peak value of1636.12 represented to  C–O–C (CH3) asymmetric bending vibration lipids. The 

other  active component (1344.12) which represented the organic phosphates (P=O stretch) 

, broad absorption band in the range of between 3650 and 3250 cm-1 this band confirms the 

existence of hydroxyl (-OH)  (33). 

       The lipid A is represented by stretching vibrations of C–H (2820–2940 cm−1; 1460–1470 

cm−1) , Organic phosphates (P=O stretch) ( 1350-1250 cm−1) (31)  

       Asymmetric CH2 stretching mode of the methylene chains in membrane lipids (2853-

2860 cm−1) .show a relative increase in fatty acid.(34). 

(Table 5) FTIR Peaks Values and Functional of lipid A  extract. 

Peak Number X (cm-1) Y (%T) 

1 3434.69 56.95 

2 2923.69 61.48 

3 2853.72 63.46 

4 2028.99 65.59 

5 1958.90 65.46 

6 1636.12 61.97 

7 1454.11 64.08 

8 1402.56 64.04 

9 1344.12 63.77 

10 1141.85 63.54 

11 1074.54 61.96 

12 741.77 66.67 
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(Fig.4) FTIR analysis  of lipid A extracts 

CONCLUSIONS 

In this study, P. mirabilis is  the species implicated in otitis media in sheep and isolation of 

lipid A from extracted Lipopolysaccharide for to use in other research because it known as 

the  immune modulator and trigger the immune response  
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