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Vitamins are organic compounds that are not produced by body cells. Therefore, vitamins 

need to be taken from nutrients and supplements daily. They play an important role in 

carbohydrate, fat and protein metabolism, healthy development of the body, immunity 

against infections, and digestive functions. Vitamin B12 is a necessary nutrient; it is widely 

used as a dietary supplement and to treat anemia all over the world.  The present study 

focuses on isolation and extraction of vitamin B12 producing Pseudomonas aeruginosa 

isolated from bladder cancer patients urine samples, the isolate was identified using 

morphological, physiological, biochemical methods, and confirmed by API 20 specific 

media, and named Pseudomonas aeruginosa M20. The vitamin B12 production was 

enhanced by using Trypticase soy broth and vitamin B12  like substance was extracted by 

using methanol –water as solvent. More over Two doses of Gamma irradiation were used 

(1 and 2 kGy) to study its effect on vitamin B12 like substance production.  The extracted 

vitamin B 12 like substance was characterized and identified by using HPLC, IR and EDX 

compared to commercial vitamin B12, different media (Mineral salt - methanol medium 

and Trypticase soy broth medium) were used for Vitamin B12 production.  In addition, 

different solvents (methanol –water and acetone) were used for extraction of vitamin B 12. 

Trypticase soy broth and methanol –water were the most proper medium and solvent for 

Vitamin B12 production with compared by commercial vitamin B12 standard. The results 

presented in HPLC graphs exhibits a peak with RT at 5.422 of standard vitamin B12, while   

on Trypticase soy broth medium and methanol-water as a solvent showing a peak with RT 

at 5.522 which is closely related to standard Vitamin B12. The antimicrobial activities of 

both irradiated and non-irradiated bacterial extracts against bacterial and fungal strains 

were tested and two doses of Gamma irradiation were used (1 and 2 kGy) to study the 

effect of Gamma irradiation on the anti-microbial activity of the extract against the 

bacterial and fungal strains.  
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 INTRODUCTION 

Pseudomonas aeruginosa is pathogenic bacteria 

involved in numerous diseases among which, are urinary 

tract infections (UTIs). The pyocyanin pigment secreted 

as a virulence factor by this bacterium has many 

beneficial applications, but its high cost remains an 

obstacle for its widespread use [1] 

It’s considering an opportunistic pathogen that causes 

severe chronic infections in immune-compromised patients 

and other, such as cystic fibrosis (CF) or chronic 

obstructive pulmonary disease (COPD) patients. The key to 

P. aeruginosa survival in environments and hosts that range 

from soil to various living host organisms is its metabolic 

versatility. It subsists on various carbon sources for energy 

and the uses nitrogen as a terminal electron acceptor under 

anaerobic conditions, requires minimal nutrients, and grows 

at temperatures up to 42°C. Also, P. aeruginosa uses 

anaerobic metabolism process to reduce nitrogen (N2) via 

the denitrification as an essential metabolic condition 

during chronic infection and biofilm [2]. During the 

infection of P. aeruginosa , the bacteria must multiply 

inside the infected organisms (plant, animal, insect, etc.), 

requiring active DNA synthesis for bacterial cell division [3]. 

(E S N S A)     ISSN 1110-0451 

Arab Journal of Nuclear Sciences and Applications 
 

Web site: ajnsa.journals.ekb.eg 

Corresponding author: actinohallo@yahoo.com 

DOI:  10.21608/ajnsa.2023.184230.1705 

©Scientific Information, Documentation and Publishing Office (SIDPO)-EAEA 



  108                                                           Zahira Sayeid Tawfik and Mahmoud Abdel Wahab Mahmoud 

 

Arab J. Nucl. Sci. Appl., Vol. 56, 4, (2023)   

 

Vitamin B12 is considered as one of the most 

structurally complex cofactors synthesized by bacteria, 

however, not all microorganisms encode for the ~25 

genes needed for the complete biosynthetic pathway. In 

nature, two pathways of vitamin B12 biosynthesis exist: 

the aerobic or late cobalt insertion pathway and the 

anaerobic or early cobalt insertion pathway. One of the 

genes involved in the aerobic pathway that participates 

in cobalt insertion is the cobN gene described 

extensively in Pseudomonas denitrificans.[4] 

 Pseudomonas synthesizes vitamin B12 for different 

metabolic reactions, such as methionine synthesis, 

cobalamin biosynthesis, and RNR enzymes. One 

essential reaction is ribonucleotide synthesis by RNR. P. 

aeruginosa PAO1 has been demonstrated to grow in 

filament cell morphology due to cellular stress by RNR 

activity depletion, such as the low expression levels of 

class III RNR under anaerobic conditions. [5] 

Vitamin B12 is a water soluble and one of the smallest, 

but structurally complex molecules widely recognized in 

the field of biological sciences that functions as a 

cofactor essential in many biological fields, as fat 

biochemical reactions, protein metabolism and 

hemoglobin synthesis as well as DNA synthesis and 

regulation [6]. Furthermore, vitamin B12, also called 

cobalamin, has a key role in the normal functioning of 

the brain and nervous system and the formation of red 

blood cells (RBCs). It is one of eight B complex 

vitamins groups [7]. Vitamin B12 exhibited a class of 

chemically related compounds (vitamer) which exhibits 

a pharmacological activity. It contains the biochemically 

rare element cobalt (chemical symbol Co), which is 

positioned in the center of a planar tetra-pyrrole ring and 

called a corrin ring. Vitamin B12 is also produced by 

bacteria in the form of hydroxocobalamin, but 

conversion between different forms of the vitamin 

occurs in the body after consumption. [7] 

 Neither The fungi, plants, nor animals are capable of 

producing vitamin B12.The bacteria and archaeabacteria 

only have the enzymes needed for its synthesis. Proved 

food sources of B12 are animal products (meat, fish, and 

dairy products). Some researchers reported that certain 

non-animal products can possibly be a natural source of 

B12 because of their bacterial symbiosis. It is also noticed 

that vitamin B12 is the largest and most structurally 

complicated vitamin which can be produced industrially 

only through a bacterial fermentation-synthesis. The 

synthetic of Vitamin B12 also used to fortify foods as a 

dietary supplement. [8] 

Other Microorganisms used for production Vitamin 

B12  in the industrial field is achieved through 

fermentation of selected microorganisms such as the  

Streptomyces griseus, which was the commercial source 

of vitamin B12 for many years. Moreover, the 

Pseudomonas denitrificans and Propionibacterium 

freudenreichii subsp. shermanii are more commonly 

used today, and they are frequently cultured at special 

growth conditions to enhance yield. [9] 

The Pseudomonas aeruginosa is a Gram- negative, 

rod-shaped bacterium, which causes disease in animals 

and humans. The microorganism is considered 

opportunistic insofar as serious infection which is often 

super imposed upon acute or chronic morbidity – most 

notably cystic fibrosis and traumatic burns – or found in 

immuno compromised individuals. [10] 

Pseudomonas aeruginosa is a producer of many 

enzymes as citrate, catalase and oxidase , which habitats 

in many environments as soil, water, skin flora, and most 

man-made activities throughout the world. Pseudomonas 

aeruginosa also consider a facultative anaerobe, as it is 

well adapted to proliferate in conditions of partial or 

total oxygen depletion, which can achieve anaerobic 

growth with nitrate or nitrite as a terminal electron 

acceptor. Also when oxygen, nitrate and nitrite are 

absent, it is able to ferment arginine and pyruvate by 

substrate-level phosphorylation process. [11] 

Therefore the present study aimed for the production, 

isolation and identification of B12 by Pseudomonas        

sp isolate and evaluate gamma irradiation effect on 

vitamin B12 production. 

MATERIALS AND METHODS  

-Isolation and purification of bacterial cells from 

clinical sample 

In the current study, a total of fifteen urine samples 

used for the isolation of P. aeruginosa were collected   

from patients suffering from bladder cancer. The urine 

samples were centrifuged at 7000 rpm for 5 minutes in 

sterile falcon tubes, the sediment was inoculated on 

nutrient agar medium. Yeast extract 2.0, Lab lemco 

powder 1.0, Peptone 5.0, NaCl 5.0, Agar 15.0, the 

composition in g/L were dissolved in distilled water up 

to 1000 ml. and the pH was adjusted to 7.0 - 7.4. 

Pseudomonas agar medium was used (for fluorescein 

production). It has the following composition: (g/L) 

(Proteose peptone 20.0, Tryptone 10.0, Dipotassium 

phosphate 1.5, Magnesium sulfate 0.73, Glycerol (Difco) 
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10.0ml, Agar 15 g). These were dissolved in distilled 

water up to 1000 ml, pH was adjusted at 7.1). The 

medium powder and glycerol were added to water; the 

mixture was heated to boiling to dissolve ingredients. 

The blue-green pyocyanin pigment is a well-known 

phenazine pigment produced by about 95% of                

P. aeruginosa strains. It is considered a biomarker for 

identification of P. aeruginosa. Seven genes are 

involved in the biosynthetic pathway of pyocyanin, but 

phzM and phzS are the principle ones in conversion of 

phenazine-1-carboxylic acid to pyocyanin. [12] 

 The samples were collected from El-Noor Lab, Cairo, 

Egypt.  The samples were cultured and incubated in 

proper conditions. The single separated colonies were 

picked up and Purified by several subcultures. [13] 

 -Characterization of bacterial isolate using API 

media 

 These methods were recommended by Bergy,s 

manual of determinative bacteriology ninth edition 

1994 which were used for the characterization of the 

bacterial isolates. The characterization was assessed by 

API media 20. 

- Characterization by Scanning Electron Microscope   

Scanning Electron Microscopy: ZIESS, EVO 15, UK 

at the National Center for Radiation Research and 

Technology (NCRRT), Cairo, Egypt was utilized.  

The basic principles of isolation, fixation, dehydration, 

drying, mounting, and photographing have many 

variations, scanning electron microscopy can be used for 

viewing microorganisms under this study; however, the 

concentration of cells is critical. [14] 

-Catalase test: (3% hydrogen peroxide) and Coagulase 

Test: slide method was carried out according to the 

method recommended by. [15] 

- Oxidase test: Filter paper test was carried out according 

to the method recommended by. [16]. 

-Extraction and purification of bacterial metabolites 

The bacterial strain was inoculated on different 

media (Mineral salt-Methanol medium and Trypticase 

soy broth medium) and incubated at 37°C for 7 days. 

The broth was then filtrated through filter paper 

(Whatman no1) followed by centrifugation at 5000 

rpm for 10 min. The clear filtrate containing the active 

metabolite was adjusted at pH 7.0 then the extraction 

process was carried out using different solvents 

(Methanol –water and acetone) at the level of           

1:1 (v/v). The organic phase was collected and 

evaporated under reduced pressure using rotary 

evaporator. [17] 

-Effect of Gamma irradiation on Vitamin B12 

production   and its antagonistic properties 

The dried bacterial suspension were irradiated at dose 

levels (1.0 and 2.0 kGy) to study the effec of γ-irradiation 

on the production of Vitamin B12 -like substances dried 

bacterial cells was irradiated in the Co60 facility at the       

γ-irradiation unit (4000 A), NCRRT (At Russian unit, 

the dose rate at the time of experiment was 1.854 

kGy)/hr. This method was recommended by [18]. 

-Antagonistic properties of the bacterial isolate 

The antimicrobial activities of the bacterial extract 

were tested using the classical diffusion methods. 

Generally, this method depends on measuring the 

inhibition zones of the microbial growth in millimeter. 

The plates were incubated at 37°C for 18 - 24 hr. for 

pathogenic bacteria and at 28°C for 48 hr. for 

Fungi.[19] 

-Determination of physiochemical properties of 

bacterial extract  

-Solubility 

 The bacterial extract was tested for solubility with 

dimethyl sulphoxide (DEMSO), distilled water, acetone, 

Methanol, Ethanol and ethyl acetate. 

-Spectroscopic analysis For Vitamin B12 like 

substance 

 -Infrared (IR) spectra were recorded using potassium 

bromide discs technique on FT-JASCO IR/6300 

Spectroscopic apparatus (NCRRT, Cairo, Egypt). 

- HPLC spectra recorded the bacterial extract which 

dissolved in the mobile phase (Acetonitrile and water 

60 – 40 respectively) at a wave length of 250 nm, UV 

detector, temperature at 350C, flow rate (1ml/min.) and 

injection volume (5 ul) Colum was used (Agilent, 

Eclipse XDB.CB, PN993967.906, SN USRKD 12619, 

5um and 4.6 x 150 mm) using Agilent 1100 series 

(NRC), Cairo, Egypt). 

-  EDX Spectra recorded the bacterial extract which was 

dried, picked up by spatula and separated on stub for 

SEM-EDX investigation, ZIESS EVO 15, Germen 

(NCRRT, Cairo, Egypt). 
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RESULTS AND DESICCATION 

P. aeruginosa is a highly resistant pathogenic 

bacterium that accounts for several infections among 

which, is the urinary tract infection. The ability of most 

P. aeruginosa strains to form biofilms and adhere to 

urinary catheters and urothelium makes urinary 

catheterized patients at a high risk for developing UTIs. 

Most of research studies have been focused on the effect 

of pyocyanin, a secondary metabolite secreted by P. 

aeruginosa; on human respiratory system. Lately, more 

studies were directed to explain pyocyanin effect on 

different human body systems with special concern to 

the urinary tract. [20] 

[21] Reported that urinary diversion is performed on a 

regular basis in urological practice. Surgeons tend to 

underestimate the metabolic effects of any type of 

diversion. From the patient's perspective, diarrhea is the 

most bothersome complaint after urinary diversion. This 

might be accompanied by malabsorption syndromes, 

such as vitamin B12 deficiency. 

In the present study, fifteen urinary samples were 

used for isolation of P.aeruginosa strains, one strain 

was selected. The results shown in Tables (1& 2) and 

Figure (1) exhibited morphological and physiological 

characters of the clinical bacterial isolate, which was 

Gram negative, motile rods in shape, and it has the 

ability to hydrolyze the starch producing catalase and 

oxidase enzyme. It also exhibited positive result toward 

the beta- hemolysis on blood agar medium. The isolate 

was characterized by the following classical tests 

according to Bergey’s Manual of determinative 

bacteriology ninth edition, 1994, and it was found to be 

Pseudomonas aeruginosa and called Pseudomonas 

aerugiinosa M20. 

Solubility of Vitamin B12 -like substance 

 The extract was soluble in distilled water, ethyle 

acetate, ethanol and methanol, while it was non soluble 

in DEMSO. 

Table (1): Carbohydrate fermentation of bacterial isolate 
 

Test results Test parameters 

+ ve Glucose fermentation 

+ ve Galactoe fermentation 

- ve Rahmenoe fermentation 

- ve Raffinoe fermentation 

Table (2): Physiological and biochemical properties of 

bacterial isolate 
 

Test results Test parameters 

+ ve Nitrate(NO3 ) reduction 

- ve Indol production 

- ve Argenine dihydrolase 

+ ve Urase 

+ ve Esculin hydrolysis 

+ ve Gelatin hydrolysis 

- ve Beta-glucosidase 

+ ve D-glucose assimilation 

+ ve L-arabinose assimilation 

+ ve Mannose assimilation 

+ ve Manitol assimilation 

+ ve N-Acetyle-glucosamine assimilation 

- ve D-maltose assimilation 

+ ve Potassium gluconate assimilation 

+ ve Capric acid assimilation 

+ ve Adipic assimilation 

+ ve Malic assimilation 

+ ve Trisodium citrate assimilation 

- ve Phenylacetic acid assimilation 

- ve H2S production 

 

 
 

Fig. (1): SEM of Pseudomonas aeruginosa M20 
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Fig. (2): HPLC chromatogram of vitamin B12 at peak 

5.422 

Fig. (3): HPLC chromatogram of extracted B12 at peak 

5.622 (Trypticase soy broth medium and 

methanol-water solvent) 

  
Fig. (4): HPLC chromatogram of extracted B12 

(Trypticase soy broth medium and acetone 

solvent) 

Fig. (5): HPLC chromatogram of Vitamin B12 like 

substance on Mineral salt methanol medium 

and acetone 

  
 

Fig. (6): HPLC chromatogram of Vitamin B12 like 

substance Mineral salt methanol medium 

and methanol-water 

Fig. (7): HPLC chromatogram of Vitamin B12 like 

substance on Trypticase Soy broth media and 

acetone after Gamma irradiation at 1.0 k Gry 
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Fig. (8): HPLC chromatogram of Vitamin B12 like 

substance on Trypticase Soy broth media and 

acetone   after Gamma irradiation at 2.0 k Gry 

 

 

Fig. (9): EDX graph of Vitamin B12 like substance produced on Trypticase soy broth medium 
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Fig. (10): EDX graph of Vitamin B12 like substance produced on Mineral salt methanol Medium 

 

 

 

Fig. (11): IR spectrum of standard Vitamin B12 (Yellow color) and Vitamin B12 like substance from 

bacterial extract (blue color)   
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the present study, figure (1) exhibits the morphological 

shape of Pseudomonas aeruginosa M20. The results 

presented in Figures (2 - 8) show HPLC graphs. Figure 

(2) exhibits a peak with RT at 5.422 of standard vitamin 

B12. Figure (3) presents the production of vitamin B12 on 

Trypticase soy broth medium and methanol-water as a 

solvent showing peak with RT at 5.522 which is closely 

related to standard Vitamin B12 and expected to be the 

most accepted medium and solvent for Vitamin B12 

production. Figure (4) reveals the production of vitamin 

B12 on Trypticase soy broth medium and acetone as a 

solvent showing peak with RT at 4.793. Figures (5 and 

6) show peaks with RT at 5.086 and 2.538 respectively 

while Figures (7 and 8) show the effect of gamma 

irradiation at doses 1.0 and 2.0 kGy on the bacterial 

extracts exhibiting peaks with RT.at 5.245 and 5.087 

respectively. 

The results of using the EDX technique shown in 

Figures (9 and 10) reveal 0.02 atomic percentages of 

cobalt in the purified extract. Figure (11) presents the IR 

spectrum of the standard vitamin B12 and the bacterial 

extract. This Figure obviously shows that both standard 

vitamin B12 and the bacterial extract have a similar 

behavior at wave numbers 1578.63 and 1453.44 cm -1. 

Peaks that appeared at 3233 cm1, 2935 cm1, 2875 cm1, 

and 2100 cm1 are due to the stretching of the hydroxyl 

group (–OH), the C–H aromatic group, the C–H aliphatic 

group and C=O group. The result was in agreement with 

[21] Which reported that, the characterization of vitamin 

B12 was performed by using atomic force microscope 

(AFM), Fourier transform infrared-attenuated total 

reflectance (FTIR-ATR) vitamin B12 structure and 

MAGA monomer have N−H bands (amide II) at 3329 

cm−1 , the aliphatic C−H stretching band at 2913 cm−1 

and 2849 cm−1, carbonyl  band 1761cm−1 −CH2 

stretching band at 1435 cm−1, asymmetric C−O−C 

stretching band at. Also [22] who reported that, FTIR 

spectrum of cobalamin is shown as a reference. The 

spectrum of VB12 shows two major parts. The broad 

peak at about 3400 cm1 is assigned to the O–H 

stretching of the hydroxyl groups attached to the surface.  

The second peak is in around of 1665 cm1. The C=O 

stretching vibration due to propionamide side chain of 

VB12 caused the appearance of this intense peak at 1670 

cm1. Peak appeared at 3390 cm1, 3120 cm1, 2930 cm1, 

and 1665 cm1 are due to the stretching of the hydroxyl 

group (–OH), the C–H aromatic group, the C–H aliphatic 

group, and C=O group.   

Table (3): Groups absorbing in IR region of bacterial 

extract 

Assignment )1-Range (cm 

O-H (free) 3996 

O-H (very broad) 2999 

C=O (saturated aldehyde) 1749 

NH2 scissoring (1°-amines) 1608 

α-CH2 bending 1477 

α-CH2 bending 1430 

C-C-C bending 1106 

C-C-C bending 1019 

=C-H & =CH2 895 

 

Table (4): Antimicrobial activity of Vitamin B12 extract 

against clinical bacterial and fungal strains 
 

Inhibition zone n mm of 0.2 ml of irradiated and non-irradiated 

bacterial extract at doses level (0.0, 1.0 and 2.0 kGy) 
2.0 kGy 1.0 kGy 0.0 kGy Clinical isolates 
-ve 12 18 Klebsiellae oxytoca  

-ve 11 18 Citrobacter diversus  

-ve -ve -ve Enterobacter agglomerans  

-ve 15 -ve Escherichia coli  

-ve 19 -ve Staphylococcus aereus  

-ve -ve -ve Citrobacter freundii  

-ve -ve 15 Penicillium citrinum 

-ve 30 18 Penicillium chrysogenum 

 

The isolated strain was used for production of vitamin 

B12 -like substance; this was in agreement with the 

findings of [23] who reported that the new isolate, which 

designated as SP2, was identified to be a Pseudomonas 

strain based on the sequence homology of its 16S rDNA. 

The Pseudomonas strain SP2 had essential genes which 

responsible for vitamin B12 production such as cobB and 

cobQ and produced a similar amount of vitamin B12 -like 

substance (10.6 ± 0.05 μg/mL).  

[24] reported that quantifying vitamin B12 by HPLC-

MS exhibits that, the molecule only in cells that were 

grown aerobically and in the stationary phase. However, 

at exponential growth and in anaerobic conditions, 

vitamin B12 was detected below the technique detection 

limit. 
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In the present study γ-irradiation was used as stress 

factor to study their effect on the production of vitamin 

B12 from Pseudomonas aeruginosa M20. The purified 

extract of Vitamin B12 after Gamma irradiation exhibited 

a positive result at doses level of 1.0 and 2.0 kGy. 

The results given in Table (3) exhibit the antimicrobial 

activities of vitamin B12 -like substance extracted from 

Pseudomonas aeruginosa M20 against  Gram negative , 

Gram positive and fungal strains, the extract exhibited 

antimicrobial activity  against Klebsiellae oxytoca, 

Citrobacter diversus, Penicillium citrinum and 

Penicillium chrysogenum showing inhibition zone ( 

18,18,15 and 18 mm) respectively , on other hand don’t  

exhibit antibacterail activity against Enterobacter 

agglomerans, Escherichia coli  and Citrobacter freundii    

whilst  exhibited positive results at dose of  1.0 kGy  

against Klebsiellae oxytoca, Citrobacter diversus, 

Escherichia coli, Staphylococcus aereus and Penicillium 

chrysogenum, showing inhibition zone ( 12,11,15,19 and 

30 mm) respectively. On the other hand the extract did 

not exhibit   antimicrobial activity at a dose of 2.0kGy 

[26] Demonstrated that vitamins K and E had good 

synergistic activity with piperacillin/tazobactam, 

imipenem and doripenem against A. baumannii, whilst 

vitamins B1, B2 and B12 showed remarkable synergistic 

activity with linezolid against MRSA .  (27) Found that,   

the strain S1 showed highest activity against the entire 

test organism, the inhibition zone was measured as (18, 

20, 20 and 24 mm) against E.coli, Klebsiella 

pneumoniae, Enterobactor faecalis and Staphylococcus 

aureus. The strain S5 showed maximum activity (23, 22 

mm) against Escherichia coli and Enterobactor faecalis.  

CONCLUSION 

The isolated and characterized   Pseudomonas 

aeruginosa M20 produces a wide spectrum of bioactive 

compounds with applications in pharmaceutical like 

vitamin B12 which investigated at bench scale and further 

studies were recommended. 
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