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ABSTRACT 

Lysine is an α-amino acid that is a precursor to many proteins. Human body cannot synthesize lysine, but there 

are organisms can produce it. Lysine plays several roles in humans. Therefore, this study aimed to extract and 

purify lysine from different bacterial pathogens. 20 samples, that collected from wound and burn infections, 

were obtained from Baghdad hospitals. Bacteria isolated culturally on different media, then examined and 

identified via microscopic, biochemical tests, the API system, and the Vitek2 system. The predominant bacteria 

being 2 (33.34%) isolates of Staphylococcus aureus, and 2(33.34%) isolates of Pseudomonas aeruginosa, 

followed by 1 (16.67%) isolates of Escherichia coli and 1 (16.67%) isolates of Staphylococcus epidermidis. 

Then, S. aureus, P. aeruginosa and E. coli, that isolated from skin, were utilized to detection of lysine production 

using qualitative method (ninhydrin reagent) and quantitative analysis (ferric ninhydrin reagent). Only S. aureus 

was produced lysine at 6.78 mg/ml. To produce lysine, S. aureus was inoculated in Luria broth and produce 

lysine at 6.621 mg/ml and it reaching 8.45 mg/ml using HCL (1 N). Ion exchange chromatography was utilized 

for lysine purification, whereas its concentration reaching 9.434 mg/mL. The collected lysine solution was 

lyophilized and yielded 1.85 grams of a white-yellowish powder. For characterization of lysine, Fourier-

transform infrared spectroscopy (FTIR) and Ultraviolet–visible spectroscopy (UV-vis) were utilized. UV-Vis 

revealed a maximum absorbance (λmax) of lysine at 300.77 nm. Zeta potential measurement of lysine was -46 

mV, which determined using electrophoretic light scattering (ELS). Purified Lysine has a melting point 

at 271°C.  
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INTRODUCTION 

Proteins, the most crucial macromolecules for the functioning of organisms including humans and animals, are 

built from the building blocks of amino acids. Nine of the twenty L-amino acids are required for proper nutrition 

in humans and other animals, and L-lysine is one of them. Animals can't get enough L-lysine from their food 

alone; it's a necessary amino acid [1]. The α-amino acid used in protein production is lysine, which may be 

represented by the symbols Lys or K. It comprises the following: the α-amino group, which is protonated −NH
3+

 

under biological circumstances, the α-carboxylic acid group, which is deprotonated −COO
−
 under biological 

conditions, and a side chain lysis ((CH2)4NH2) [2].  

There is a wide range of possible uses for amino acids like lysine in the medical, culinary, pharmaceutical, and 

personal care sectors. Some biomaterials used in wound healing are synthesised using amino acids [3]. Since 

lysine is often involved in crucial protein structural processes, its most prevalent function is in protein 

production, also known as proteinogenesis. Additionally, lysine plays a significant role in the metabolism of 

fatty acids and the synthesis of structural proteins for connective tissues. Additionally, lysine has been associated 

with calcium homeostasis, renal retention, and intestinal absorption [4].  

Lysine can be produced by different microorganisms, including S. aureus. Staphylococci are significant bacteria 

that have an impact on industries, ecosystems, and animal and human health. Their varied lives encourage their 

predominance in a variety of habitats, both pathogenic and nonpathogenic, where they may endure for brief or 

extended periods of time. This makes their removal and spread challenging. Since both species are the primary 

reservoirs, staphylococci may spread from these sources to food, colonising both human and animal skin, noses, 

and throats [5].  Significant lysine uptakes were seen during the stationary phase of S. aureus. This amino acid 

may be used by S. aureus in order to maintain cytoplasmic pH homeostasis, which may arise from a proton 

influx [6]. 
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Hence, this study aimed to extract lysine and purify lysine from Staphylococcus aureus, in addition to 

characterize this enzyme using different techniques. 

 

EXPERIMENTAL 

Specimens Collection 

Twenty swab samples were obtained from several Baghdad City hospitals, including AL-Shahid Ghazi Al-

Hariri, which specializes in surgery, Baghdad Teaching Hospital, and others, to test for wound and burn 

infections. To prepare each swab, five samples were taken from burns and other deep lesions; the samples were 

then cleaned with 70% ethyl alcohol and slightly moistened with a little quantity of brain heart infusion media. 

 

Isolation and Identification of bacteria 

Bacteria isolated culturally on MacConkey agar, Eosin methylene blue agar (EMB), blood agar and mannitol salt 

agar (MSA), then bacterial isolates were examined and identified by microscopic (gram staining), biochemical 

tests (catalase, oxidase and coagulase tests), the API system, and the Vitek2 system [7]. 

. 

Detection and screening of lysine production by bacterial isolates 

The following procedures were followed in order to find the optimal isolate for lysine synthesis [8]: To activate 

the bacterial isolates, we took three or four colonies from the first culture and suspended them in a 10-milliliter 

(ml) test tube with Luria broth. Using a spectrophotometer, the turbidity was corrected to 0.5 at 620 nm 

according to the McFarland method. For 72 hours, each tube was incubated at 37°C on an orbital shaker set to 

160 rpm in order to produce lysine. We used centrifugation at 6,000 rpm for 15 minutes to get rid of the cell 

pellets. After that, we collected the supernatant in a dry, sterile flask and kept it at 4°C until we needed it for an 

assay. The general ninhydrin reagent gives a purple colour for a positive result, and the specific ninhydrin-ferric 

reagent compares the concentration of lysine to a standard. The quantity of lysine generated allowed for the 

selection of a powerful hyper-producer of the amino acid from among several bacteria that were isolated. 

Additional research made use of the isolation. 

 

Determine of lysine concentration 

Lysine concentrations of the cultures in test tubes were detected spectrophotometrically using the specific 

ninhydrin-ferric reagent. Unlike the traditional ninhydrin reaction method, which measures the total amino acids, 

with the specific reagent, the interference of other amino acids could be excluded, and lysine in the fermentation 

broth could be determined accurately and reliably [9]. Solution of specific ninhydrin-ferric reagent: 7.3gm of 

ninhydrin was dissolved in 245-mLof methylcellosolve. 01gm of FeCl3 was dissolved in 1 L of citric acid-

Na2HPO4 buffer solution (21 g/L of citric acid, adjusted to pH 2.2 with 0.1M Na2HPO4). Then the solution A and 

B was mixed. 20μL was transferred from supernatants of Luria broth cultures or purified lysine to new test tubes 

containing 180μL of specific ninhydrin- ferric reagent in each well. The tubes were sealed and put in the oven at 

105 °C for 40 min. The tube were cooled to room temperature, and 200 μL of dimethyl sulfoxide (DMSO) was 

added to each well. The reaction mixtures were measured spectrophotometrically at 480 nm. The concentrations 

of lysine were calculated as through a calibration curve obtained with the standard solution of lysine (1, 2, 3, 4, 

5, 6, 7, 8, 9, and 10 mg/ml) [10]. 

 

Extraction of lysine 

Lysine is mainly produced by using selected isolates, which comprises the multi-step process including 

fermentation, cell separation by centrifugation, product separation, and purification [11]. Inoculated Luria broth 

with bacterial suspension and incubated in the shaker at 110 rpm at 37°C for S. aureus, pH was adjusted to 7 for 

72 hours. After incubation, the suitable antibiotic was added and the shaker for 15 minutes, then centrifuged 

(6000 rpm for 15 minutes). The sediment is neglected, and the supernatant was taken and collected in a dry and 

sterile flask at 4°C until use in purification [12]. Then added (1N HCL) to decrease pH to 3 and become ready to 

purified. 

 

Purification of lysine 

Purification of lysine by ion exchange chromatography according to   Sousa and Queiroz [13].  The preparation 

of the ion exchange chromatography column has been prepared by the following steps: The exchange resin 

Amberlite IR 120 was used in this experiment. About 60 gm of the resin was suspended with 500 ml of 1N 

NaOH, for 10 minutes then suspension was washed several times with distilled water. Re-suspended the resin 

with 500 ml of 1N HCl, for 10 minutes, and then resin is used for loading the glass column dimension (15×3 

cm). The column was fixed to the stand in a vertical position, taking care not to allow air bubbles. Loading the 

sample (supernatant crude lysine) on to the column, the sample was let lose into the column, so that it slowly 

penetrates into the ion- exchange resin. After loading the column, it was thoroughly washed with 500 ml of 

equilibrating buffer so that all the unbound compounds (positive charge compounds) were washed off. Using the 
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elution phase with some modifications, the compounds of the extract (negative charge compounds) that were 

bound to the column were eluted begin using (NaOH pH = 8.9) to elute all positive charge amino acids that 

bound to the column that have PI less than the PI of lysine 9.74. Then eluted for lysine by using 212 mL (1N 

NaOH pH = 9.814) [14]. The eluent fractions were collected in 5 mL in serially numbered tubes. The flow rate 

of the column was adjusted to 5 ml/5 minutes. 

 

Characterization of lysine 

UV- Visible Spectroscopy, FTIR, and melting point were used to detect the purification of lysine produced by S. 

aureus.A UV-Visible spectrophotometer (Metertechsp 8001), in the range of 200–800 nm, was used to study the 

optical properties of lysine [15].The FT-IR 8400S (Shimadzu-FTIR) spectrophotometer was used to analyze 

lysine in the 4000 cm-1 to 400 cm-1 range [16].The Stuart melting point apparatus (SMP30) was used to 

measure and record the temperatures of crystalline samples (lysine) held within capillary tubes. These tubes were 

accommodated in an illuminated chamber within the aluminum block. The tubes were viewed through a 

magnifying lens on the front of the unit. All controls were via the membrane keypad. The temperature range was 

from ambient to 400°C. Temperatures on the LCD screen. When the melt cycle was started, once the melt had 

occurred, they stopped the melt cycle, and the cooling was automatic to ambient temperature [17]. 

 

Antibacterial activity 

The antibacterial potential of the lysineagainst Gram's negative and Gram's positive bacterial strains using agar 

well diffusion assay [18, 19]. About 20mL of on Muller–Hinton (MH) agar was aseptically poured into sterile 

Petri dishes. The bacterial species were collected from their stock cultures using a sterile wire loop (18). After 

culturing the organisms, 6 mm- diameter wells were bored on the agar plates using of a sterile tip. Into the bored 

wells, different concentrations of the samples were used. The cultured plates containing lysine and the test 

organisms were incubated overnight at 37°C before measuring and recording the average the zones of inhibition 

diameter [20, 21]. 

 

RESULTS AND DISCUSSION 

Isolation and identification of bacteria  

Twentyswab samples from wound and burn infection were collected from different hospitals in Baghdad City 

including AL-Shahid Ghazi Al-Hariri for specialist surgery, Baghdad Teaching Hospital. Bacterial culture was 

positive in 6 of 20 cases obtained from swab samples with a percentage of 30%. Whereas, the number of isolates 

that gave a negative result was 70%. All samples that were primarily obtained by cultured on Nutrient Agar were 

then sub-cultured on MacConkey Agar, Mannitol Salt Agar, Blood Agar (figure 1).Microscopical inspection of 

P. aeruginosa isolates using the gram stain revealed cells with gram-negative single rod shapes. In the instance of 

S. aureus, Gram stain revealed cocci that were organized in pairs or clusters and were non-spore forming . 

Microscopy of E. coli revealed that it is a gram-negative bacterium that is rod-shaped, aggregates singly or in 

pairs, and does not produce spores were matched to the microscopic morphology. 

The biochemical test results were summarized in Table (1), and indicated that S. aureus were positive for 

coagulase and catalase, while they were negative for oxidative test. P. aeruginosa were positive for catalase and 

oxidase. E. coli and S. epidermidis were positive for catalase and negative for oxidase and coagulase.The 

predominant bacteria being 2 (33.34%) isolates of S. aureus, followed by 2(33.34%) isolates of P. aeruginosa, 

then 1 (16.67%) isolates of E. coli and 1 (16.67%) isolates of S. epidermidis shown in table (2). 

 

Table 1: the biochemical result of bacteria isolates 

Biochemical test S. aureus P. aeruginosa S. epidermidis E. coli 

Mannitol salt agar Yellow colonies Non growth  Red colonies Non growth  

MacConkey agar Non growth  Pink colonies Non growth  Pale colonies 

Gram stain G+ve cocci G-ve rod G+ve cocci G-ve cocci 

Coagulase test + - - - 

Catalase test + + + + 

Oxidase test - + - - 

 

Table 2: percentage of bacterial isolates 

Type of isolates No. of isolates Percentages of isolates 

S. aureus 2 33.33% 

P. aeruginosa  2 33.33% 

E. coli 1 16.67% 

A. baumannii 1 16.67% 

Total 6 100% 
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Burns are defined as tissue damage resulting from extended exposure to intense heat, sunlight, radiation, 

chemicals, or electric currents. Burns may range from mild to potentially fatal. In study conducted by Al-Azzawi 

et al. [22], Staphylococcus aureus (15%) was the most common bacterium identified, followed by A. baumannii 

(12%), P. aeruginosa (10%), Klebsiellapneumoniae (8.3%), Escherichia coli (7.6%), Proteus mirabilis (6%), and 

Burkholderiacepacia (2.3%). A more recent study [23] indicated that P. aeruginosa, E. coli, and Acinetobacter 

spp. were the most common bacteria isolated from infected burn wounds, with the lowest percentages being 

recorded for these two species. Additional researchers also found something similar [24, 25]. Al-bayati and 

Ali[26] indicated that the most prevalent bacterium found in patients was Pseudomonas aeruginosa (48.1%), 

followed by E. coli (8.7%), and Klebsiella spp. (3.1%).  

Of the organisms detected in wounds and burns, Staphylococcus sp. is the most common, accounting for 44.7% 

of all wound microbes and 31.3% of burn microbes. The results showed that 57 out of 163 (35%) were from 

wounds, 25 (44%), and 32 (56%). These results were related to Enterobacteriaceae sp. Additionally, out of the 

total 163 isolates, 14.1% belonged to Pseudomonas sp., 3.1% to Acinetobacter sp., and 1.8% to Corynebacterium 

sp.; from burns, the corresponding percentages were 52.2%, 40%, and 66.7% [27]. 

 

 
Fig. 1: A: S. aureus in mannitol salt agar; B: E. coli in MacConkey agar. 

 

 

Detection and screening of lysine production by bacterial isolates 

In this study, Staphylococcus aureus, P. aeruginosa and E. coli, that isolated from skin, were used to detect and 

lysine production. The first method involved qualitative detection using the general ninhydrin reagent after 

activating the isolates with Luria broth, revealing that only Staphylococcus aureus produced lysine. The second 

method involved quantitative analysis using ferric ninhydrin reagent, determining that the lysine concentration 

produced by Staphylococcus aureus was 6.78 and 5.82 mg/ml respectively. The study by Hato  [28] indicate the 

screening results for identifying the most effective bacterial isolates for lysine production indicated that S. aureus 

isolates were capable of producing lysine more than E. coli Notably, the S. aureus isolates demonstrated a 

significantly higher yield of lysine, with producing  reach to 55.4 mg/mL. 

The purple color indicates the presence of lysine, and the colorless indicates the absence of lysine. While yellow 

color was only ninhydrin reagent. Ninhydrin reacts with amino acids, producing distinguishable colors after 

heating. The assay's mechanism involves the reaction of two ninhydrin molecules (2, 2-dihydroxyindane-1, 3-

Dione) with a free alpha-amino acid from lysine, leading to a purple color upon heating. This process breaks the 

bond to liberate the free alpha-amino acid from lysine [29]. At elevated temperatures, ninhydrin acts as an 

oxidizing agent, causing deamination and decarboxylation of the amino acids. The reaction sequence includes 

the condensation of reduced ninhydrin molecules, released ammonia, and a second ninhydrin molecule, 

ultimately forming a purple-colored diketohydrin complex [30]. 

 

Production of lysine 

After inoculation of Luria broth with Staphylococcus aureus suspension for the crude lysine shown concentration 

reach to 6.621 mg/ml, then centrifuged (6000 rpm for 15 minutes). The sediment is neglected, and the 

supernatant was 72 hrs. taken then added (1N HCL) to decrease pH to 3 and become ready to purified and 

increase the concentration to 8.45 mg/ml. 

 

Purification of lysine 
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Purification was carried out using ion exchange chromatography on an Amberlite IR-120 ion exchange column. 

A total of 100 fractions, each containing 5 mL of elution, were collected. The presence of lysine in each fraction 

was determined using both qualitative and quantitative assays. The purification process revealed a single peak in 

fractions numbered 32 to 51, with the lysine concentration reaching 9.434 mg/mL. This concentration was 

achieved from the Staphylococcus aureus isolate figure 2 and table 3 . 

 

 
Fig. 2: Ion exchange chromatography of lysine produced by S. aureus using ambrlite IR-120 column (3x5 

dimension) by using (NaOH , pH=9.8)for elute lysine from other amino acid. 

 

Table 3: Purification steps of lysine. 

Concentration OD at 480nm The result 

6,621 mg/ml 0,403 Crude lysne 

8,45 mg/ml 0,506 Lysine concentrate wih 1N HCL 

9,434 mg/ml 0,561 Purification of lysineby ion exchange chromatography 

 

Column chromatography was one of the most significant and used method available for the separation and 

chemical analysis of complicated organic mixtures. By loading the mixture into the column packed with 

adsorbent material, the separation and purification process can be considered as the typical polar sorbent. It has 

been used to separate and purify steroids, lipids, amino acids, and colorants [31].  

Purification of lysine was carried out according to  [32] by column chromatography using a clear glass column 

with dimensions of 15x3 cm packed with amberlite IR120 (60g), which is unique for column chromatography. 

The supernatant from the extraction of lysine was poured into the column, pooled, and passed through the 

column. 

A strong acid cation resin, amberlite IR120, was used to adsorb lysine as a cationic species. Lysine, being a basic 

amino acid, has an isoelectric point at pH 9.74. During the adsorption stage, the free biomass cultivated medium 

was contacted with the resin at a pH range of 1.5–6, where lysine carried a positive charge. This allowed the 

adsorption of lysine onto the strong cationic resin. The separation conditions, including pH, eluent concentration, 

and lysine adsorption isotherms, were evaluated in the adsorption system. Lysine solutions were contacted with 

resin in tubes, and the amount of free lysine was then measured using both qualitative and quantitative assays 

[28].  

 

Lyophilization of lysine 

After purifying lysine using an Ambrlite IR-120 ion exchange column, the peak with the highest lysine 

concentration was collected. The collected lysine solution was then subjected to lyophilization using a 

lyophilizer device, operating at -80°C for 22 hours. This process yielded 1.85 grams of a white-yellowish 

powder. The resulting lysine powder used for applications and characterization studies. 

 

Characterization of lysine 

The FTIR spectrum of lysine reveals several characteristic peaks corresponding to various functional groups 

present in the molecule figure 3. Peaks at 512 cm⁻¹ and 546 cm⁻¹ were attributed to C-C and C-N skeletal 

vibrations, respectively. The 685 cm⁻¹ and 780 cm⁻¹ peaks were associated with N-H out-of-plane bending and 
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wagging vibrations, confirming the presence of primary amines. The peaks at 862 cm⁻¹ and 899 cm⁻¹ correspond 

to C-H bending and N-H wagging vibrations, respectively. C-N stretching is observed at 1099 cm⁻¹, while 

symmetric and asymmetric CH2 bending vibrations are seen at 1336 cm⁻¹ and 1420 cm⁻¹. The peak at 1565 cm⁻¹ 

peak related with N-H bending [33], and the peak at 1625 cm⁻¹ attributed to C=O stretching in the carboxylate 

group [34]. Less common peaks at 2114 cm⁻¹ and 2219 cm⁻¹ might be due to overtones or combination bands 

involving C-H stretching and C≡N stretching vibrations, respectively. Finally, the broad peak at 3260 cm⁻¹ 

indicates N-H stretching vibrations [35]. 

 

Fig.3: The FTIR analysis of lysine. 

 

The UV-Vis detection spectrophotometry of lysin in this study revealed a maximum absorbance (λmax) at 

300.77 nm with an absorbance value of 2.45 ABS shown in figure 4.  

The results align with previous studies, the variability occurs may be due to variations in sample preparation and 

environmental conditions. Stagi and their collagous which demonstrated the absorbance band at 278 nm due to 

aggregation formation and intermolecular interactions, suggesting comparable interactions in this study [36]. 

Stagi  [37] observed that the UV-Vis spectra showed the presence of two more overlapping absorption bands at 

higher wavelengths, around 275-300 and 265-310 nm respectively. This result aligns closely with the findings of  

[38] noted near-UV absorption peaks for lysine residues around 275-300 nm, aligning with our λmax and 

suggesting similar interactions within lysin molecules. While  Ansari [39] observed a characteristic peak at 202 

nm for poly-L-lysine, with no absorbance between 300 and 400 nm, indicating no advanced glycation end 

products, contrasting with study findings possibly due to different structural conformations.  

 

 
Fig.4: UV-Vis spectra of lysine. 

 

The zeta potential measurement of lysine was determined to be -46 mV using electrophoretic light scattering 

(ELS) (figure 5). This negative zeta potential value suggests that lysine molecules are negatively charged under 

the measured conditions, likely due to deprotonation of amino groups at a specific pH level. The observed value 

of -46 mV indicates that lysine dispersions are highly stable, as zeta potential values greater than +30 mV or less 

than -30 mV typically denote good colloidal stability due to electrostatic repulsion. This stability is significant 

for pharmaceutical formulations, where controlling the zeta potential through pH adjustments can enhance 
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formulation stability, and in protein interaction studies, where the negative charge of lysine can influence its 

interactions with other positively charged molecules. Wiącek and Chibowski found the zeta potential results 

varying of lysine between -10 and -85 mV. And have stability at ph 6.8 after 60 min in ethanol with the zeta 

potential reach to -48 [40]. in studies by [41] where the zeta potential of lysine was measured in solutions of 

varying pH, the values ranged from positive at lower pH levels to more negative as the pH increased above the 

isoelectric point. This propensity is unique to amino acids and reflects their amphoteric nature which allows 

them to operate as both acids and bases depending on the pH of the environment [42]. 

 

 
Fig.5: The zeta potential of lysine. 

 

Melting point of lysine result indicate that purified Lysine from S. aureus has a melting point at 271°C. the 

thermal characteristic is important to understanding stability and activity of lysine within various temperature 

condition specially when derived from microorganisms. Hato et al. [28]indicate the melting point for purified 

lysine from Staphylococcus aureus was 268 °C. Do et al. [43]shown that amino acids form crystalline solids with 

high melting point from 200°C to 300°C. This high melting point is owing to their zwitterionic structure, 

resulting in strong ionic bonds which require an excessive amount of energy to break down [44] indicate melting 

points of lysine was reaching to 260.91 °C. 

 

Antibacterial activity of lysine 

As shown in figure (6), lysine exhibited moderate activity against S. aureus was 8 mm at 100% and minimal 

effect on E. coli (4 mm at 50% and 100%), aligning with earlier studies on its efficacy against Gram-positive 

bacteria. Li et al.  [45] reported the diameters of inhibition zones of E. coli (10 ± 0.5 mm) and S. aureus (12 ± 0.1 

mm) treated with 200 mg/ml lysine were the minimum inhibition concentration of lysine against both E. coli and 

S. aureus was determined to be 12.5 mg/ml. Additionally, scanning electron microscopy revealed that lysine 

caused noticeable damage to the morphology of the tested bacterial cells.  [46] suggested that peptidoglycan in 

cell wall of S. aureus could be dramatically damaged by high concentration of lysine thus causing cell wall more 

fragile.  [47] reported the antibacterial activity of lysine against E. coli and S. aureus with inhibition zone 

between 7-20 mm. 
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Fig.6: Antibacterial activity of Lysine against (a: E.coli and b: S. aureus). A, Control. B, 25%. C, 50%. D, 100%. 

CONCLUSIONS 

It is worth noting that lysine can be successfully produced from Staphylococcus aureus, which shows that 

microbial sources may be used to provide essential amino acids in a sustainable and economical way. This 

technology is vital for several industrial and medicinal uses, and the purification procedure utilizing ion 

exchange chromatography shows that it is successful in isolating very pure lysine. The lysine-producing 

enzyme's structural and functional characteristics may be better understood using FTIR and UV-Vis analysis. 

This information is vital for figuring out how it reacts in various environments and for improving manufacturing 

procedures. Research suggests that lysine has different levels of antibacterial action against S. aureus and E. coli. 
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