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ABSTRACT 

This study focuses on the extracellular lipase/galactolipase from Burkholderia lata BL02, highlighting its unique 

properties and potential applications. The enzyme was produced through submerged fermentation, reaching peak 

enzymatic activity of 132 U/mL and 396 U/mg at 96 hours. The purification process involved a novel single-step 

method using DEAE-Cellulose, resulting in high recovery (53.9%). The enzyme displayed higher activity on 

substrates rich in unsaturated fatty acids, showcasing its versatility in hydrolyzing various substrates efficiently. 

Particularly, it exhibited remarkable galactolipase activity (2700 U/mg) when applied to plant-derived 

galactolipids in situ, suggesting potential applications in waste treatment and high-value product conversion. 

This study sheds light on the untapped potential of B. lata BL02 lipase/galactolipase, both in terms of its unique 

characteristics and diverse applications, making it an enticing subject for further research and exploration. 
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I. INTRODUCTION 
Based on the abundance of vegetation on 

Earth's surface, galactolipids (GLs) represent the 

most predominant class of lipids in the biosphere, 

primarily found in the leaves of higher plants. 

Chloroplasts and thylakoids are characterized by the 

presence of high proportions of GLs, making them 

particularly vital in the photosynthetic membranes of 

plants, algae, and some bacteria[1], [2]. GLs differ 

from other lipid types, such as triglycerides, due to 

the attachment of one 

(monogalactosyldiacylglycerols, MGDG) or two 

(digalactosyldiacylglycerols, DGDG) galactose 

molecules to glycerol, giving the molecule a polar 

region. They are also characterized by one or two 

unsaturated long-chain fatty acids ranging from C16 

to C20 [3]. 

The enzyme monogalactosyldiacylglycerol 

synthase 1 (MGD1) [EC 2.4.1.46] catalyzes the 

synthesis of the majority of 

monogalactosyldiacylglycerol (MGDG) in the inner 

membrane of chloroplasts. It transfers a galactose 

residue from the donor substrate, UDP-α-D-

galactose, to the acceptor substrate, a diacylglycerol 

(DAG), to form MGDG (Galβ-DAG). Once 

assembled, MGDG is transported via an as-yet-

unknown mechanism to the outer membrane, where 

the synthesis of digalactosyldiacylglycerol (DGDG) 

takes place, playing a significant role in membrane 

function and thermostability. The content of DAG is 

very low in the chloroplast membrane (<1 mol%), 

suggesting it is rapidly converted to MGDG [4]. 

Lipases [EC 3.1.1.3] catalyze the hydrolysis 

of ester bonds in triacylglycerols, preferably at 

positions sn-1 and sn-2, but their substrate selectivity 

is often broad [5]. Specifically, galactolipases [EC 

3.1.1.26] are enzymes that hydrolyze ester bonds in 

galactolipids, such as MGDG and DGDG, producing 

free fatty acids, galactose, and glycerol as products. 

Recently, galactolipases and their reaction products 

have gained significant interest in the food, 

cosmetic, and pharmaceutical industries, as well as 

the chemical industry, owing to their useful 

biochemical properties and bioactive potential [6]. 

The current biochemical knowledge about 

galactolipases remains quite limited, with scant 

information available on their structure and 

characterization, and their detailed functions still 

need to be fully elucidated [6]–[11]. The application 
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of galactolipases has not yet been described, and it 

could be intriguing for the hydrolysis of the cell 

membrane and the extraction of polyunsaturated 

fatty acids from its components. 

II. METHODS 
The bacterial strain Burkholderia lata BL02 

was isolated in our laboratory in a fungal culture 

contamination and identified by morphological and 

molecular methods (16S RNA) at Fundação André 

Tosello (FAT), Campinas/SP – Brazil[12]. 

2.1 Enzyme Production and Purification 

2.1.1 Production of lipase in submerged 

fermentation (SmF) 

The lipase from B. lata LBBIO-BL02 was 

produced through submerged fermentation in an 

optimized culture medium [10]. The bacteria 

cultivation was started with a pre-inoculum in 250 

mL Erlenmeyer flasks containing 50 mL of Luria-

Bertani medium with an incubation time of about 48 

h (10
8
 cells/mL) at 35 ºC, and pH 8.0 and with 180 

rpm orbital shaking. After this, 1 mL of the culture 

was transferred to 500 mL Erlenmeyer flasks 

containing 100 mL of fermentation medium 

maintained under the same conditions. 

The optimized culture medium was 

composed of K2HPO4 (1.0 g/L), MgSO4·7H2O (0.5 

g/L), NaCl (0.38 g/L) and FeSO4·7H2O (0.01 g/L) 

using chicken fat (12.5 ml/L) and Ammonium 

Phosphate (15 g/L) as a carbon and nitrogen source. 

Bacterial growth was monitored during the 

cultivation by counting cells in a Neubauer chamber. 

2.1.2 Enzyme Purification by Single-Step 

Methodology Using DEAE-Cellulose 

The enzyme was purified in a single-step 

process following a protocol exclusively developed 

for this lipase/galactolipase and filed for patent 

application with the National Institute of Research 

and Innovation (INPI) under the number BR 10 2019 

006621 0[12]. 

2.1.3 Protein Assay 

Protein concentration was determined 

according to the procedure described by Bradford 

[13] using BSA as a standard protein. 

2.1.4 SDS-PAGE Electrophoresis 

Analytical protein electrophoresis in 

polyacrylamide gel in the presence of sodium 

dodecyl sulfate (SDS-PAGE) was carried out using 

the Laemmli method [14]. 

2.2 Characterization of galactolipase activity 

The enzyme's characteristics were studied 

using the previously purified enzyme to understand 

its biochemical properties and features for potential 

uses. 

2.2.1 Lipase Activity 

The lipase activity of the enzyme was 

measured by the hydrolysis of p-

nitrophenylpalmitate (pNPP) as first described by 

Winkler andStuckmann[15]. One unit of 

lipaseactivity is defined as the release of 1 

mmol/min of p-nitrophenol (pNP). The molar 

extinction coefficient of pNP (1.5×10
4
 mol/L x cm) 

was used to correlate the concentration ofproduct 

from the absorbance readings. 

2.2.2 Hydrolysis of Different Substrates 

The hydrolytic capacity of the B. lata BL02 

enzyme was investigated across various substrates, 

encompassing model lipids: Triolein (TC18) and 

Tributyrin (TC4); plant oils: Olive, Soybean, 

Sunflower, Flaxseed, Crambe, Canola, Used 

Cooking Oil, Palm, Corn, and Margarine 

(Claybom
®
); and animal fats: Chicken, Pork, Fish, 

Butter, and Cream. The utilized substrates display a 

diverse fatty acid composition (Table 1). 

The reaction mixture was comprised of 0.2 

mol/L substrate, 6% (w/v) Triton X-100, and 74% 

(v/v) citrate-phosphate buffer at 0.05 mol/L and pH 

7.0. To this mixture, 1 mL of enzyme solution was 

added to 5 mL of enzyme reaction medium, 

followed by incubation for 30 minutes at 55 °C and 

300 rpm. After incubation, 16 mL of a 1:1 (v/v) 

mixture of acetone and ethanol was added, and this 

solution was titrated with NaOH 0.1 mol/L. One unit 

of enzyme activity was equivalent to 1 mmol of fatty 

acid released per minute. 

2.2.3 Galactolipase Activity 

To measure the galactolipase activity of the 

purified B. lata LBBIO-BL02 enzyme, natural 

substrates were utilized: Spinach (Spinacia 

oleracea), Grass (Brachiaria sp.) and Sugarcane 

(Saccharum officinarum) green leaves. The leaves 

were boiled for 5 minutes to deactivate endogenous 

lipolytic enzymes, then cut into 1-2 mm pieces and 

lyophilized. 

Hydrolysis assays of galactolipids were 

conducted in 30 mL glass vials containing 100 mg of 

pre-treated leaves and 9 mL of Tris buffer (pH 8.0, 

Tris 50 mmol/L, NaCl 150 mmol) with the addition 

of 1 mL of enzyme solution (5 mg/mL)r. The 

mixtures were incubated at 55 °C under orbital 

agitation (250 rpm) for 24 hours. Using the same 
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protocol, transesterification assays of galactolipids 

were also performed using a Tris buffer solution 

with the addition of methanol at 1 and 3 mol/L. 

After the reaction time, a 500 μL sample 

was remove from each tube, mixed with 3.5 mL of 

FOLCH reagent (CHCl3:CH3OH, 2:1, v/v), vortexed 

for 1 minute, and centrifuged for 5 minutes (4000 

rpm). The organic phase was collected and added to 

a test tube, dried with MgSO4, filtered (0.45 μm), 

and evaporated under a stream of N2. Finally, the 

dried extract was dissolved in 3 mL of FOLCH and 

analyzed by HPTLC. In each case, the experiments 

were performed in triplicate using enzyme-free 

controls to verify the inactivation of endogenous 

enzymes in the leaves through the absence of free 

fatty acids and/or ester formation. 

III. RESULTS 
3.1.1 Strain identification 

Morphologically, the strain introduced in 

the form of large Gram-negative bacilli and the 

sequencing of the 16S RNA, allowed the 

identification of the strain as Burkholderia lata. The 

strain was deposited at the culture collection of the 

Faculdade de Ciências e Letras de Assis – São Paulo 

State University under LBBIO-BL02 code. This 

species was differentiated from Burkholderia 

cepacia complex (Bcc) in 2009 [16], and there are 

no records in the literature of galactolipase 

production by this strain. 

3.1.2 Enzyme Production in submerged 

fermentation 

After submerged fermentation under 

optimized conditions, the enzymatic activity of the 

fermentation broth reached 396.3±9.0 U/mg. In the 

literature, various strains such as B. cepacia[17], B. 

cepacia ATCC 25609, B. multivorans V2[18],as 

well as other lipase-producing bacteria like 

Pseudomonas aeruginosa[19] and Bacillus 

sphaericus MTCC 7526 [20], exhibited average 

enzymatic activities of 51.0, 0.23, 1.76, 0.28, and 

182.8 U/mg, respectively. These findings underscore 

the superior overproduction capability of our B. lata 

BL02 strain, as previously documented by our 

research group [10]. This further highlights the 

advantageous position of B. lata BL02 wild strain in 

comparison to other microorganisms. 

3.1.3 Purification via Non-Conventional Single-

Step Method using DEAE-Cellulose 

Through a non-conventional single-step 

purification method utilizing DEAE-Cellulose, 

which has been developed and patented by our 

research group, it was feasible to purify the B. lata 

BL02 enzyme in both small (5 mL) and large 

volumes (500 mL), in solution, directly from the 

lipid-depleted culture supernatant, eliminating the 

necessity for chromatographic columns. 

The purified lipase exhibited a purification 

factor of 46.5, with a specific activity of 18,422 

U/mg, and an activity recovery of 53%. SDS-PAGE 

electrophoresis revealed the presence of a singular 

32 kDa band (Fig. 1), closely aligned with the 

molecular weights of many well-known 

Burkholderia sp. lipases, which generally fall within 

the range of 29 to 35 kDa [21]–[26]. 

 

Figure 1: SDS-PAGE Electrophoresis. Lane 1: 

Molecular weight markers; Lane 2: Purified lipase 

with DEAE-Cellulose, loading of 100 μg of protein; 

Lane 3: Purified lipase with DEAE-Cellulose, 

loading of 45 μg of protein. Stained with Coomassie 

Blue. 

Therefore, this protocol offers ease (single 

step), cost-effectiveness (cellulose is widely 

available globally), and efficiency in enzyme 

recovery. 
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3.1.4 Hydrolysis of Different Substrates 

The purified enzyme from B. lata BL02 

was employed in hydrolysis assays. The hydrolysis 

results for the different substrates are detailed in 

Table 1. The most significant observation from this 

experiment was that all tested triacylglycerols, both 

natural and synthetic with varying fatty acid 

compositions, were hydrolyzed by the B. lata 

enzyme, confirming that the purified enzyme 

exhibits true lipase behavior. 

Table 1. Activity of purified lipase from Burkholderia lata BL02 against natural and synthetic substrates. 

Substrates 
Purified 

Enzyme (U/mg) 

a 

18:1∆9 

b 

18:2∆9,12 

c 

18:3∆9,12,15 

d 

22:1∆13 

e  

16:0 

f  

18:0 

g  20:5∆5, 

8, 11, 14, 17 

h    22:6∆4, 

7, 10, 13, 16, 19 

pNPP 14,291.3 ± 324 - - - - 100 - - - 

Tributyrin 

97% 
27,571.5 ± 137 - - - - - - - - 

Triolein 98% 21,771.5 ± 321 98.0 - - - - - - - 

Butter 12,444.4 ± 302 20.4 2.0 1.5 - 32.1 9.7 - - 

Heavy Cream 10,079.2 ± 324 22.8 1.6 0.7 - 30.6 12.2 - - 

Lard 8,328.5 ± 374 40.4 12.4 2.2 - 22.4 15.3 - - 

Soybean 

Frying Oil 
10,393.9 ± 602 21.0 54.0 6.0 0.3 16.0 4.7 - - 

Chicken Fat 13,246.5 ± 360 43.0 14.0 0.7 - 25.0 - - - 

Palm Oil 11,395.2 ± 407 40.0 17.0 - - 34.0 - - - 

Margarine 4,539.2 ± 321 13.5 14.3 - - 5.5 5.1 - - 

Corn Oil 11,148.5 ± 297 35.0 45.0 1.0 - 10.0 3.3 - - 

Soybean Oil 13,360.8 ± 489 21.0 54.0 6.0 0.3 16.0 4.7 - - 

Linseed Oil 19,393.1 ± 626 11.0 15.0 40.0 - 2.0 - - - 

Olive Oil 8,173.9 ± 525 70.0 10.0 0.2 - 16.0 3.4 - - 

Fish Oil 15,520.8 ± 586 10.6 1.3 0.2 - 15.5 3.6 16.3 10.6 

Crambe Oil 5,863.1 ± 621 18.0 9.0 6.0 56.0 - - - - 

Sunflower Oil 12,679.9 ± 468 16.0 71.4 - - 6.0 5.9 - - 

Canola Oil 9,034.6 ± 321 60.8 20.8 - - 5.4 2.7 - - 

Fatty acids: a) oleic; b) linoleic; c) α-linolenic; d) erucic; e) palmitic; f) stearic; g) eicosapentaenoic (EPA); h) 

docosahexaenoic (DHA). Assay conditions: 55°C. Substrate concentration: 200 mmol/L. 0.05 M Tris buffer pH 7.0. 

Among the natural substrates, linseed, fish, 

and soybean oils displayed elevated activities with 

the purified enzyme. Notably, linseed oil, containing 

40% α-linolenic acid (18:3
∆9,12,15

) in its composition, 

exhibited the highest enzymatic activity 

(19,393.1±626 U/mg). 

3.1.5 Galactolipase activity 

Galactolipids, also known as 

galactoglycerolipids, are estimated to be the most 

abundant class of lipids found on Earth's surface and 

consequently serve as the primary storage of fatty 

acids [27], [28]. As there is no large-scale process 

for the easy recovery of galactolipids dispersed 

within plant materials, particularly in the forms of 

monogalactosyldiacylglycerol (MGDG) and 

digalactosyldiacylglycerol (DGDG), enzymes with 

galactolipase activity can play a crucial role in 

recovering fatty acids from galactolipids through 

hydrolysis, alcoholysis, or in situ transesterification 

reactions. Thus, the B. lata BL02 lipase was 

assessed for its in situ galactolipase activity on 

Spinach (Spinacia oleracea),Grass (Brachiaria sp.) 

and Sugarcane (Saccharum officinarum) green 

leaves samples for hydrolysis and methanolysis 

reactions. 
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The Fig. 2 illustrates the products of 

MGDG and DGDG lipolysis in spinach leaves. After 

a 10-minute reaction, both hydrolysis and 

alcoholysis proved efficient. The B. lata 

lipase/galactolipase managed to hydrolyze around 

60% of the galactolipids in the sample (line 2), 

reaching 2700 U/mg. Methanolysis transformed 

approximately 20% of the substrate into esters. 

However, as the reaction occurred in an aqueous 

medium, hydrolysis prevailed with a 30% 

conversion, resulting in an overall substrate 

conversion of 50% when using 3 mol/L of methanol. 

 

Figure 2: Hydrolysis and alcoholysis of natural 

galactolipids from spinach (MGDG and DGDG) by 

Burkholderia lata BL02 galactolipase. Lanes: 1: 

Blank; 2: hydrolysis reaction; 3: methanolysis with 1 

mol/L alcohol; 4: methanolysis with 3 mol/L 

alcohol. The galactolipid lipolysis reactions were 

followed by lipid extraction and separation on 

HPTLC plates on silica using dual migration: 30 mm 

in Hexane/Diethyl Ether/Phosphoric Acid (60:40:1, 

v/v/v) and 60 mm in Hexane. Assay conditions: 55 

°C, pH 8.0, and 250 rpm for 10 minutes. FFA: Free 

Fatty Acids. 

The hydrolysis activity of B. lata BL02 

galactolipase against galactolipids was remarkable, 

reaching 2700 U/mg using spinach leaves (Spinacia 

oleracea) as a substrate. When compared to 

pancreatic enzymes known for their galactolipid 

activity [29], [30] and other lipases [31], B. 

lataBL02 galactolipase stood out (Table 2), 

exhibiting specific activity against galactolipids that 

was only lower than recombinant human and porcine 

pancreatic lipases and at least 2.5 times higher than 

any microbial lipase. 

Thus, B. lata galactolipase emerges as a 

significant alternative for utilizing fatty acids present 

in the form of plant galactolipids. When utilizing 

grass family leaves, known for their thick cell walls 

and silica content, the galactolipase still displayed 

substantial activity of 700 U/mg and 380 U/mg for 

Grass (Brachiaria sp.) and Sugarcane (Saccharum 

officinarum) green leaves samples, respectively. 

IV. DISCUSSION 

IV.1.1 Enzyme production 

The enzyme was produced through 

submerged fermentation in stirred flasks by the 

Burkholderia lata BL02 strain, with enzymatic 

activity peaking at 96 hours, reaching 132 U/mL and 

396 U/mg of lipolytic activity. Low-cost byproducts, 

such as chicken fat, and ammonium phosphate were 

used as carbon and nitrogen sources, as previously 

reported by Oliveira et al. [10]. This microorganism 

demonstrates potential as a lipase producer for the 

market, owing to its high enzymatic activity 

achieved in a cost-effective fermentation medium. 

Therefore, investigating the application of this 

enzyme, which combines high catalytic activity with 

low production costs, holds significant importance. 

IV.1.2 Enzyme purification 

The extracellular enzyme of Burkholderia 

lata BL02 was purified to homogeneity in a single 

step using DEAE-Cellulose, eliminating the need for 

chromatographic columns. In comparison with the 

purification processes of most other purified lipases, 

the purification of the B. lata lipase was notably 

straightforward and achieved a high recovery rate 

(53.9%). Lower purification yields, such as 4.8% for 

the B. cepacia ATCC 25416 lipase [24], 3.9% for 

the Burkholderia sp. GXU56 lipase, and 0.96% for 

the B. multivorans V2 lipase [18], have also been 

reported. Rahman et al. [32] achieved a higher 

recovery rate of 52% for the Pseudomonas sp. S5 

lipase, but this involved using affinity 
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chromatography in combination with ion-exchange chromatography. 

 

Table 2. Specific activity (U/mg) of lipases on triacylglycerol (tributyrin, 4:0) and galactolipids (MGDG and 

DGDG) compared to Burkholderia lata BL02 lipase. 

Enzyme 

Enzymatic activity (U/mg) 

Tributyrin (4:0) 
Galactolipids 

(MGDG and DGDG) 

Burkholderia lata BL02 Lipase 8,345 ± 132 2,700 ± 143 

rGPLRP2a 2,700 ± 300 9,795 ± 105 

rHPLRP2b 1,250 ± 150 4,762 ± 85 

Fusarium solaniCutinase 2,596 ± 96 1,284 ± 45 

Thermomyces lanuginosus Lipase 7,834 ± 850 1,122 ± 51 

Candida antarctica A Lipase 309 ± 11 176 ± 7 

RhizomucormieheiLipase 413 ± 44 126 ± 4 

Candida rugosaLipase 753 ± 44 20 ± 1 

Rhizopus oryzaeLipase 3,375 ± 270 41 ± 3 

Pseudomonas glumaeLipase 1,179 ± 35 0 

Pseudomonas cepacia Lipase 86 ± 8 0 

Penicillium camembertiiLipase 875 ± 10 0 

Yarrowialipolytica LIP2 Lipase 8,102 ± 590 0 

Candida antarctica B Lipase 670 ± 15 0 

a: protein related to guinea pig pancreatic lipase; b: protein related to human 

pancreatic lipase. Except for the lipase from this study produced by B. lata BL02, the 

enzymatic activities for the other enzymes were obtained from Amara et al.[31]. 

It is common that the purification of 

lipases/galactolipases often requires multiple steps, 

including one or more chromatographic steps [33]. 

Consequently, a series of processes or combinations 

of purification steps become necessary, raising costs, 

and reducing overall process yield. When comparing 

all these examples from the literature, the 

straightforward purification with relatively high 

recovery becomes highly promising for large-scale 

applications in lipase purification. 

IV.1.3 Strain activity against different substrates 

The substrates used in this study can be 

divided into three groups: plant origin, animal 

origin, and synthetic. Among the substrates of 

vegetable origin, modified lipid margarine stands 

out, even though it exhibits the lowest hydrolysis 

rate. Despite undergoing hydrogenation of part of its 

unsaturated fats and containing up to 7% trans fatty 

acids, margarine is a complex mixture of vegetable 

fats that retains its potential for interaction with the 

enzyme's active site, leading to favorable hydrolysis 

outcomes [34]. 

Additionally, significant attention is drawn 

to used soybean frying oil. Continuous frying 

processes, commonly employed in industries, 

subject oils to hydrolysis, oxidation, rancidity, and 

triglyceride molecule polymerization[35]. The 

outcome is the generation of polar secondary 

compounds, known as total polar compounds; these 

compounds are more polar than triglycerides and are 

non-volatile[36]. Despite these complex 

transformations, the enzyme effectively hydrolyzed 

used soybean oil, displaying only a 22% decline in 

activity in comparison to refined soybean oil. In 

terms of practical applications, the enzyme holds 

substantial potential for treating waste in industries 

employing continuous frying processes or 

converting discarded materials into high-value-

added products. 

Regarding animal-origin substrates, it is 

evident that the highest specific activity increases 

were observed for fish oil. Fish oil has the highest 

percentage of unsaturated fatty acids among animal-

origin substrates, followed by chicken oil. The 

unique composition of fish oil, primarily consisting 

of polyunsaturated fatty acids (PUFA) like 

docosahexaenoic acid (DHA, 22:6
∆4,7,10,13,16,19

) and 

eicosapentaenoic acid (EPA, 20:5
∆5,8,11,14,17

), 

accounts for its distinct behavior. 
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For lipases, natural substrates are typically 

long-chain triacylglycerols, with the capability to act 

on short-chain chains as well, whereas esterases are 

limited to short chains[37]. It is essential to 

emphasize that most lipases can hydrolyze the same 

substrates as esterases, but the reverse is not true 

[38]. Therefore, the enzyme produced by the B. lata 

BL02 strain is a genuine lipase, hydrolyzing triolein 

(18:1
∆9

). 

This study highlights the significant 

capacity and versatility of the lipase from B. lata 

BL02 in efficiently hydrolyzing various substrates, 

thus opening a wide range of possibilities for 

applications that harness its hydrolytic properties. 

IV.1.4 Galactolipase activity 

The current understanding of galactolipase 

biochemistry remains limited, unlike the well-

characterized lipases and phospholipases that find 

widespread application in biotechnological processes 

[9], [39], [40]. This limited knowledge arises partly 

from the lack of commercially available galactolipid 

substrates on a large scale, which are cost intensive. 

Additionally, only a few laboratories have delved 

into developing assays to quantify galactolipase-

specific activities [29]–[31], [41]–[43]. Moreover, 

although the existence of galactolipid hydrolases in 

plants and animals has been recognized for some 

time, their levels are typically low, and their 

purification from natural sources is challenging [42], 

[44]–[46]. Notably, galactolipase activities have also 

been identified in microorganisms, as examples 

listed in Table 2. The selection of galactolipase-

producing strains, their purification, and subsequent 

kinetic and biochemical characterization contribute 

to advancing knowledge in a highly significant 

realm of biotechnology: enzymatic technology. 

The natural B. lata BL02 

lipase/galactolipase exhibited a remarkable activity 

against spinach (Spinacia oleracea) galactolipids in-

situ, reaching an impressive 2700 U/mg, a level of 

activity that stands out in comparison to other 

lipases. Furthermore, its surprising activity when 

tested on grasses family leaves as substrates is even 

more remarkable, with no literature data available 

for comparison. This novel finding presents 

unexploited potential for utilization, warranting 

further exploration of its applications. 

V. CONCLUSION 

The findings of this study underscore the 

novelty of the B. lata BL02 enzyme, an unreported 

biocatalyst with unique characteristics. The 

methodological approach applied for its purification, 

characterized by novelty, simplicity, and cost-

effectiveness, presents the prospect of extending its 

utility to the purification of lipases from diverse 

microbial sources. Beyond exhibiting high lipase 

activity across various substrates, this enzyme also 

demonstrates high galactolipase activity in the in-

situ hydrolysis of plant-derived galactolipids 

(spinach, grass, and sugarcane). This characteristic 

positions it with potential applications in these 

realms, thus substantiating the rationale for further 

exploration of these attributes and potentials in 

forthcoming studies. The emergence of this new 

enzyme underscores its significance and offers a 

compelling pathway for continued research and 

development.  
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