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Abstract 

 Lipase is an enzyme that catalyzes the breakdown of fats into fatty acids and glycerol. Lipase plays a crucial role in 

various industries. Bacterial lipases are widely studied and utilized in the biotechnology industry because of their 

adaptability, efficiency in large-scale production, and abundance in lipid-rich environments. The objectives of this 

research were to isolate and identify lipase-producing bacteria from grease traps in canteens at the University of Phayao. 

The bacterial isolates were analyzed for the lipase gene through PCR amplification and sequencing. Characteristics of the 

lipase protein were predicted through in silico studies. The results revealed that the two isolates were Acinetobacter 

gerneri (A. gerneri) CE4.3 and PKY2.2, which contain the lipase lip50 and lip66 genes. The nucleotide sequences of the 

lipase genes and amino acid sequences in both strains showed high similarity to the A. gerneri DSM 14967 (EPR83194.1). 

The predicted physicochemical properties of Lip50 and Lip66 proteins from both strains indicate that they are slightly basic, 

thermostable, and hydrophilic. Lip50 and Lip66 proteins of both strains contain conserved domains of the lipase enzyme. 

The analysis of the phylogenetic tree and multiple sequence alignment of Lip50 and Lip66 proteins from both strains 

indicated that they belong to lipase family V. In conclusion, Lip50 and Lip66 from A. gerneri CE4.3 and PKY2.2 are the 

foundations for the study of lipase enzymes for biotechnology. 
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Introduction 

Lipase (triacylglycerol acylhydrolase, E.C. 3.1.1.3) is 

an enzyme that plays a significant role in biotechnology and 

can be widely applied in industries such as the food 

industry, detergent production, and environmental 

management [1,2]. Lipases are hydrolases that catalyze the 

hydrolysis of ester bonds in long-chain triglycerides at the 

water-oil interface, generating free fatty acids, glycerol, 

monoglycerides, and diglycerides [3]. Lipases are found 

in nature and are produced by plants, animals, fungi, and 

bacteria [4]. 

At present, bacterial lipases are one of the 

preferred choices for various applications due to their  

 

ability to produce diverse types of lipases and their 

stability in organic solvents [5]. Additionally, bacterial 

lipases are inducible enzymes that are produced in the 

presence of lipid sources such as oils, triacylglycerols, 

and fatty acids. This characteristic enables the large-

scale production of bacterial lipases [6]. Bacterial 

lipases are found in various genera such as 

Acinetobacter, Bacillus, Burkholderia, and 

Pseudomonas [7-10], which are recognized as important 

sources of enzymes that play important roles in 

industrial applications and environmental lipid 

degradation. These bacteria are commonly isolated from 
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lipid-rich environments such as oily wastewater 

treatment ponds, fat-rich industrial wastewater, 

restaurant wastewater, and grease traps, which serve as 

excellent sources of lipases. Since lipid composition 

varies across different environments, lipase-producing 

bacteria from these areas may represent valuable 

sources of highly efficient lipases for lipid degradation. 

A grease trap is a chamber specifically designed to 

separate fats and oils from wastewater before it is 

discharged into a treatment system [11]. Grease traps are 

commonly installed in restaurants or cafeterias. The 

wastewater accumulated in grease traps contains high 

levels of organic compounds and lipids [11]. This 

wastewater serves as a suitable source for isolating lipase-

producing bacteria, which play a key role in lipid 

degradation and have diverse potential applications in 

biotechnology. However, studies on the isolation of 

lipase-producing bacteria from grease trap wastewater 

remain limited compared to those from other sources. 

The objective of this study was to isolate lipase-

producing bacteria from grease traps of canteens located 

at the University of Phayao in northern Thailand. In this 

study, bacterial strains exhibiting lipase production were 

described following a screening process. These strains 

were identified as A. gerneri CE4.3 and PKY2.2. To 

investigate the predicted lipase genes and their 

enzymatic properties, lipase gene sequences from A. 

gerneri DSM 14967 were used to design primers for 

gene detection and nucleotide sequence analysis. 

Additionally, the properties and structures of the lipase 

proteins were predicted through in silico analysis. 

Furthermore, phylogenetic and multiple sequence 

analyses of their lipase proteins were performed to 

confirm the high potential of lipase enzymes in A. 

gerneri CE4.3 and PKY2.2. 

 

Materials and methods 

Sample collection and enrichment of lipase-

producing bacteria 

The wastewater samples were collected from the 

grease traps of three canteens located at the University 

of Phayao in northern Thailand, including Phu Kam Yao 

(PKY) canteen (latitude 19°02'65.9"N; longitude, 

99°89'34.3"E), the Classroom Education (CE) Building 

canteen (latitude 19°03'09.8"N; longitude, 99°89'55.7"E) 

and Wiang Phayao (WP) canteen (latitude 19°03'23.9"N; 

longitude, 99°89'09.3"E). Approximately 10 mL of 

wastewater was collected in sterile plastic bags and 

transported to the laboratory. The sample was added to 

90 mL screening medium (5 g (NH4)2SO4, 5 g Bacto 

peptone, 1 g MgSO4.7H2O, 5 g KH2PO4, 1 g yeast 

extract, 0.064 g bromocresol purple, 1,000 mL distilled 

water) [12] and incubated at 37 °C in a shaking incubator 

(200 rpm) for 2 days. Subsequently, 1 mL of the 

enriched lipase-producing bacteria was serially diluted 

ten-fold in sterile distilled water. Then, 100 µL of each 

dilution was spread on screening medium agar 

supplemented with 0.01% olive oil and incubated at 37 °C 

for 24 h. The yellow colonies were selected for further 

studies. 

 

Screening of lipase-producing bacterial isolates 

  Twenty microliters of 108 CFU/mL bacterial 

isolates in Tryptic Soy Broth (TSB) were inoculated 

onto a Tributyrin Agar (TA) plate (10 mL of 3.42 M 

Tributyrin, 5 g peptone, 5 g yeast extract, 15 g agar and 

1,000 mL distilled water) and incubated at 37 °C for 2 

days. Lipolytic activity was shown by clear zones 

around the colonies [13]. The Enzyme Activity Index 

(EAI) was determined by using the following formula: 

EAI = clear zone diameter/colony diameter [14]. 

Bacterial isolates with high EAI values were identified 

as strong lipase-producing bacteria and were selected 

for further testing. 

 

Lipase activity of bacterial isolates 

One mL of 108 CFU/mL bacterial isolates in TSB 

was cultured in 9 mL of the screening medium and 

incubated at 37 °C for 3 days. The supernatant was 

collected by centrifugation at 15,000xg for 10 min. 

Lipase activity of the supernatant was determined using 

the Lipase Activity Assay kit 11760 (Biosystems S.A., 

Costa Brava, Spain), following the manufacturer’s 

protocol. 

 

Phenotypic analysis and identification of lipase-

producing bacteria 

Cell morphologies of lipase-producing bacteria 

were identified by the Gram staining procedure. The 

bacteria were identified by a Bruker mass spectrometry 

system (Bruker Company, Bruker MALDI Biotyper 

TOF, USA) according to the manufacturerʼs 

recommendations. The identification of bacterial 

samples at the genus and species levels was performed 
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by comparing with the spectra in the database using 

Biotyper software. 

 

PCR amplification and sequencing for lipase 

genes 

The lipase-producing bacteria were cultured in 

TSB and incubated in a shaking incubator (200 rpm) at 

37 °C for 24 h. The cell pellet was collected by 

centrifugation at 15,000xg for 15 min. Genomic DNA 

was extracted using cetyltrimethylammonium bromide 

(CTAB) [15]. The primers for PCR amplification were 

designed based on the coding sequences of lipase-

encoding genes from A. gerneri DSM 14967. Two lipase 

genes of A. gerneri DSM 14967 are located at nucleotide 

positions 1892 - 2869 of contig 50 (lip50) and 14905 - 

15903 of contig 66 (lip66). The primers used in this 

study are listed in Table 1. The lipase genes were 

amplified using PCR with i-Taq™ DNA Polymerase. 

The PCR conditions were initial denaturation at 94 °C 

for 2 min, followed by 30 cycles consisting of 

denaturation at 94 °C for 20 sec, annealing at 45 °C (for 

lip50) or 60 °C (for lip66) for 20 sec, and extension at 72 °C 

for 1 min. The final extension was at 72 °C for 5 min. The 

PCR product was purified and resolved by 0.8 %(w/v) 

agarose gel electrophoresis to confirm the amplicon 

size. The purified PCR product was sequenced using the 

Sanger sequencing method with primers listed in Table 

1. The sequencing was performed by Macrogen (South 

Korea). These sequences were subsequently translated 

into predicted amino acid sequences by the Expasy 

translation tool (https://web.expasy.org/translate/).

 

Table 1 Primer sequences for PCR amplification and DNA sequencing. 

Primer name Sequence (5’-3’) 

lip50-F 

lip50-R 

AAACGGACTTTTCCCAA 

TTTTGCATTCTTCTTTA 

lip66-F 

lip66-R 

TTCGAATGCGCGCCT 

TTGCTGGGGTTGGGTGTTATTGA 

lip50_5’-lipase-R GCAGGGACTTTACTATCGCCT 

lip50_3’-hypothetical protein-R GCAATTGATCGTGACGGTGC 

lip66_5’-lipase-R TGTGTACGACCTGAGCTTGG 

lip66_3’-lipase-F GCCGGGTGATCTTGATTTTGT 

 

Homology analysis of nucleotide and amino 

acid sequences 

Homology searches for both nucleotide and amino 

acid sequences of the lipase genes (lip55 and lip66) from 

lipase-producing bacteria and A. gerneri DSM 14967 

were performed using BLAST software at the National 

Center for Biotechnology Information (NCBI) 

(http://www.ncbi.nlm.nih.gov/BLAST/). Similarity 

searches of nucleotide sequences were performed using 

BLASTN, which is effective for identifying closely related 

sequences based on nucleotide-level alignment. For protein 

sequences, PSI-BLAST was used to detect distant homologs 

through iterative, profile-based searches, while BLASTP 

was employed for accurate pairwise alignment of closely 

related proteins. 

 

 

In silico prediction of properties and structures 

of lipase proteins 

The properties and structures of lipase proteins were 

analyzed using online tools. The deduced number of amino 

acids, physicochemical properties including molecular 

weight, theoretical isoelectric point (pI), negatively and 

positively charged residues, extinction coefficient, 

instability index, aliphatic index, and grand average 

hydropathicity (GRAVY) were determined using the 

ProtParam ExPASy tool 

(https://web.expasy.org/protparam/). The prediction of 

conserved domains of lipase proteins was performed using 

CD-Search on the NCBI website 

(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). The 

three-dimensional structures of the lipase proteins were 

predicted in silico using the intensive mode of Phyre2, 

available at http://www.sbg.bio.ic.ac.uk/~phyre2 [16]. The 

http://www.sbg.bio.ic.ac.uk/~phyre2
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resulting models were visualized using UCSF Chimera 

version 1.16 [17]. 

 

Phylogenetic and multiple sequence analysis 

The phylogenetic tree, based on the amino acid 

sequences of the lipase proteins from lipase-producing 

bacteria, A. gerneri DSM 14967, and other lipolytic 

enzymes from the NCBI database, was constructed 

using the Neighbor-Joining and Maximum Likelihood 

(ML) methods with 1,000 bootstrap replicates in MEGA 

X [18]. The phylogenetic tree was visualized using 

FigTree software version 1.4.0 

(http://tree.bio.ed.ac.uk/software/figtree/). Multiple 

sequence alignment of amino acid sequences of lipase 

proteins with those of closely related lipases was 

performed using ClustalW. 

 

Results and discussion 

The lipase-producing bacteria isolated from grease 

traps in canteens at the University of Phayao revealed a 

total of 42 isolates that hydrolyze olive oil in the 

screening medium, resulting in the production of 

glycerol and free fatty acids [19]. These products cause 

a color change in bromocresol purple, leading to the 

formation of yellow colonies. All isolates were tested 

for lipolytic activity on tributyrin agar plates. The two 

isolates, PKY2.2 and CE4.3, exhibited large clear zones 

(Figure 1) and had EAI values of 2.4 ± 0.1 and 1.9 ± 

0.1, respectively. The lipase activity was 8.6 U/L for 

PKY2.2 and 7.2 U/L for CE4.3. The higher EAI value 

of PKY2.2 indicates stronger extracellular enzyme 

diffusion, while its lipase activity supports catalytic 

potential, consistent with that observed in Acinetobacter 

junii [20], Acinetobacter haemolyticus KV1 [21], and 

Bacillus altitudinis Ant19 [22]. These findings suggest 

that PKY2.2 may represent a promising candidate for 

further research and potential biotechnological 

applications. Additionally, the phenotypic 

characteristics of CE4.3 and PKY2.2 revealed that they 

are Gram-negative coccobacilli, which were identified 

as A. gerneri. After CE4.3 and PKY2.2 were confirmed 

to be A. gerneri, information about the lipase genes of 

A. gerneri was searched from the GenBank database 

(May 2024). The search provided specific data on the A. 

gerneri DSM 14967 strain, which was annotated to contain 

two lipase genes. The first gene is located at nucleotide 

positions 1,892 - 2,868 of contig 50 (lip50), and the 

second gene is located at nucleotides 14,905 - 15,903 of 

contig 66 (lip66). The comparative analysis of the 

nucleotide sequences of these 2 genes revealed 

differences. This information led to the question of 

whether the A. gerneri CE4.3 and PKY2.2 have lipase 

genes similar to those of the A. gerneri DSM 14967 

strain. To investigate, nucleotide sequence data from A. 

gerneri DSM 14967 were used to design primers for 

detecting and sequencing the two lipase genes. The PCR 

results revealed that A. gerneri CE4.3 and PKY2.2 

contain both the lip50 and lip66 genes, with PCR 

products of approximately 900 bp and 1,000 bp 

corresponding to lipase genes in lip50 and lip66, 

respectively (Figure 2). Therefore, the results indicate 

that A. gerneri CE4.3 and PKY2.2 contain genes 

encoding lipase, enabling both strains to degrade fats.

 

 

 

Figure 1 Clear zone of bacterial isolates on tributyrin agar (TA). (A) PKY2.2 and (B) CE4.3. 

http://tree.bio.ed.ac.uk/software/figtree/
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Figure 2 PCR products of the lipase genes. M: 100 bp DNA ladder; lanes 2 and 3: lip50 from A. gerneri CE4.3 and 

PKY2.2; lanes 5 and 6: lip66 from A. gerneri CE4.3 and PKY2.2. 

 

The complete sequences of the lip50 and lip66 

genes from A. gerneri CE4.3 and PKY2.2 revealed that 

the coding sequences (CDS) were 978 bp and 999 bp in 

length, respectively, in both strains. These complete 

gene sequences were deposited in the NCBI GenBank 

under accession numbers PV424653-56. 

A comparison of the nucleotide sequences of the 

lip50 and lip66 genes between A. gerneri CE4.3 and 

PKY2.2 was performed. The results showed a high 

nucleotide sequence similarity for both the lip50 and 

lip66 genes between A. gerneri CE4.3 and PKY2.2, with 

both genes also exhibiting strong similarity to their 

counterparts in A. gerneri DSM 14967 (Table 2). 

Furthermore, comparison of the amino acid sequences 

revealed that the Lip50 and Lip66 proteins from both 

strains share a high degree of similarity. The amino acid 

sequence similarity of Lip50 and Lip66 proteins in both 

strains showed a high similarity to the amino acid sequence 

of A. gerneri DSM 14967 (EPR83194.1) and to the 

alpha/beta hydrolases of A. gerneri in the NCBI 

database (Table 2). Therefore, the high similarity in the 

nucleotide and amino acid sequences of these bacterial 

strains suggests that A. gerneri CE4.3 and PKY2.2 share 

common biological processes and a similar ancestry. The 

amino acid sequences of Lip50 and Lip66 of A. gerneri 

CE4.3 and PKY2.2 showed high similarity to the 

alpha/beta hydrolases of A. gerneri (WP_308956982.1, 

WP_317117561.1) and (WP_308956046.1, 

WP_346803911.1, WP_312969239.1), respectively, 

indicating lipase proteins of A. gerneri CE4.3 and PKY2.2 

were members of the alpha/beta hydrolases, which are a 

large group of structurally related enzymes with diverse 

catalytic functions [23].

 

Table 2 Comparison of nucleotide and amino acid sequences of lipase gene in A. gerneri CE4.3 and PKY2.2. 

Gene Bacterial strain 

Nucleotide sequence 

similarity (%) 
Amino acid similarity (%) 

Between 

bacterial 

isolates 

 

A. gerneri 

DSM 

14967 

 

Between 

bacterial 

isolates 

A. gerneri 

DSM 14967 

(EPR83194.1) 

Alpha/beta hydrolases 

of A. gerneri (Accession 

no.) 

lip50 

A. gerneri CE4.3 

98.47 

98.47 

98.77 

98.77 99.38 

(WP_308956982.1, 

WP_317117561.1) 

A. gerneri 

PKY2.2 
99.49 99.38 

lip66 

A. gerneri CE4.3 

96.9 

97.20 

99.70 

100 99.70 

(WP_308956046.1, 

WP_346803911.1, 

WP_312969239.1) 

A. gerneri 

PKY2.2 
97.50 99.70 
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Predictions of physicochemical properties of Lip50 

and Lip66 from A. gerneri CE4.3 and PKY2.2 were 

performed using the ProtParam tool. The results of the 

physicochemical properties are shown in Table 3. The 

molecular weight of all proteins ranged from 35.84 to 

37.20 kDa. As reported, the lipase proteins obtained 

from Acinetobacter spp. have a variable molecular 

weight from 23 to 62 kDa [24]. The isoelectric point (pI) 

values of all proteins ranged from 8.72 to 8.84, 

suggesting that these proteins are slightly basic. The 

extinction coefficient (EC) values range from 0.988 to 

1.072 M−1 cm−1, indicating that the proteins have a 

moderate absorbance of light during interaction with 

substrates. The aliphatic index (AI) of all proteins 

ranged from 96.09 to 99.25, suggesting that these 

proteins are thermostable. Thermostability is considered 

a key characteristic of lipase proteins [25]. The 

instability index of Lip50 in both strains was within the 

stability range, indicating resistance to denaturation or 

solubilization under different environmental conditions, 

while Lip66 in both strains exhibited instability. The 

stability of these proteins depends on the amino acid 

composition of their structures [26]. The grand averages 

of the hydropathy indices (GRAVY) of all lipases were 

negative, suggesting that these proteins are hydrophilic 

[27]. This characteristic promotes solubility and activity 

in aqueous environments. These lipases are particularly 

well-suited for applications in water-based systems, 

such as food processing, detergents, and bioremediation.

 

Table 3 Physicochemical properties of lipase proteins. 

Physicochemical properties 

Lipase proteins 

Lip50 Lip66 

A. gerneri 

CE4.3 

A. gerneri 

PKY2.2 

A. gerneri 

CE4.3 

A. gerneri 

PKY2.2 

1. Number of amino acids 325 325 332 332 

2. Predicted molecular weight (kDa) 35.87 35.84 37.20 37.19 

3. Theoretical isoelectric point (pI) 8.72 8.73 8.84 8.84 

4. Negatively charged residues (Asp+Glu) 33 33 30 30 

5. Positively charged residues (Arg+Lys) 36 36 33 33 

6. Extinction coefficient (M -1 cm -1) 1.029 0.988 1.072 1.072 

7. Instability index 39.05 39.53 48.85 48.94 

8. Aliphatic index 96.40 96.09 99.25 98.07 

9. Grand averages of hydropathy (GRAVY) −0.111 −0.128 −0.211 −0.227 

 

The nucleotide sequences of the lip50 and lip66 

genes from A. gerneri CE4.3 and PKY2.2 were 

translated into amino acid sequences, which were 

predicted to consist of 325 and 332 residues, 

respectively (Figure 3). Analysis of the conserved 

domains revealed that these lipase proteins contain 

MenH superfamily domain spanning amino acid 

positions 52 to 323 in Lip50 and 53 to 325 in Lip66 in 

both isolates. This domain belongs to the alpha/beta 

hydrolases fold family (Domain Structure ID: 11426811), 

which is responsible for hydrolyzing ester bonds in lipids 

[28]. Furthermore, the amino acid sequences of the Lip50 

and Lip66 from A. gerneri CE4.3 and PKY2.2 reveal 

conserved regions, including the catalytic triads of Lip50 

(Ser148, Asp59/119/201, and His79) and Lip66 (Ser150, 

Asp61/121/203, and His81) which enable the lipase 

enzyme to catalyze hydrolysis reactions by utilizing a 

nucleophile as a catalytic agent to break chemical bonds 

[29]. The oxyanion holes of Lip50 (His79 and Gly80) 

and Lip66 (His81 and Gly82) stabilize the interaction 

between the enzyme and the substrate [30]. The 

calcium-binding sites of Lip50 (Asp59/119) and Lip66 

(Asp61/121) enhance protein structural stability, 

allowing the lipase enzyme to efficiently perform its role 

in lipid degradation [31]. 
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Figure 3 The nucleotide and deduced amino acid sequences of the lip50 and lip66 genes from A. gerneri CE4.3 and 

PKY2.2. The start codon (ATG) and stop codon (TAA) are shown in red letters, while amino acids at the C-terminal 

domain (mature protein) are shown in blue letters. Bold letters indicate the expected catalytic triad. Green, yellow, and 

blue highlights represent the expected conserved regions (active site), while aspartate (D) residues involved in calcium 

binding are underlined. 
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The protein structures of Lip50 and Lip66 of A. 

gerneri CE4.3 and PKY2.2 were predicted using 

Phyre2. The 3D models of these lipase proteins were 

generated based on the crystal structure of a putative 

lipase (Lip1) from A. baumannii (c4opmB). The models 

for Lip50 of CE4.3 and PKY2.2 exhibited identity 

scores (percentage of amino acid sequence similarity 

between the query protein and the template sequence of 

protein used by Phyre2) of 62% and 63%, respectively. 

In contrast, the models for Lip66 of CE4.3 and PKY2.2 

isolates showed lower identity scores of 54% and 55%, 

respectively. Despite these variations in identity scores, 

all generated models achieved a maximum confidence 

score (the reliability of the 3D model predicted by 

Phyre2) of 100%. The 3D structure displayed an 

alpha/beta hydrolase fold, with Ser201, His79, and 

Ser148 forming the catalytic active site (Figure 4).

 

 

 

Figure 4 3D model of lipase proteins with a zoomed-in view of the catalytic triad. (A) Lip50 of A. gerneri CE4.3, (B) Lip50 of 

A. gerneri PKY2.2, (C) Lip66 of A. gerneri CE4.3, and (D) Lip66 of A. gerneri PKY2.2. 

 

The phylogenetic tree analysis showed that Lip50 

from both strains are closely related to A. gerneri 

DSM14967 (EPR83194.1) and Lip66 from both strains 

are closely related to A. gerneri DSM14967 

(EPR82373.1) (Figure 5). Additionally, Lip50 and Lip66 

from both strains are closely related to lipase proteins 

from Moraxella sp. (CAA37863.1), Psychrobacter 

immobilis (CAA47949.1), Acetobacter pasteurianus 

(BAA25795.1), and Sulfolobus acidocaldarius 

(AAC67392.1) (Figure 5), which are members of the 

lipase family V [32,33]. The lipase enzyme group in 

family V originates from a variety of organisms adapted 

to different environments, such as mesophilic bacteria 

(Acetobacter pasteurianus), cold-adapted bacteria 

(Moraxella sp., Psychrobacter immobilis), and the 

thermoacidophilic archaeon (Sulfolobus 

acidocaldarius) [32,33]. Furthermore, the lipase from A. 

gerneri has never been previously classified into any 

family. Therefore, the data of Lip50 and Lip66 from 

both strains of A. gerneri can serve as preliminary 

information for the classification of A. gerneri lipases 

into the family V.
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Figure 5 The phylogenetic tree shows the lipase proteins from contig50 and contig66 of CE4.3 and PKY2.2, represented 

by a red and a blue circle, respectively, together with lipase proteins from various bacterial esterase/lipase family 

members. The numbers at the nodes represent the bootstrap values based on 1,000 bootstrap replicates. 

 

The multiple sequence alignment analysis of the 

amino acid sequences of Lip50 and Lip66 from A. 

gerneri CE4.3 and PKY2.2 was performed using closely 

related lipases. The results show that these proteins 

exhibit highly conserved features found in members of 

family V lipases (Figure 6). The catalytic triad of these 

lipases is composed of Ser209, Asp263/Asp335, and 

His140/His364, which form a conserved region. The 

catalytic nucleophile Ser209 is located within the 

conserved Gly-His-Ser-Met (Leu)-Gly-Gly motif, which 

corresponds to the Gly-X-Ser-X-Gly motif (where X 

represents any amino acid). This sequence is a 

characteristic feature of family V lipases [32,33]. The 

oxyanion hole is formed by the His-Gly motif (His140-

Gly141), which stabilizes the tetrahedral intermediate 

during catalysis [21]. Additionally, these lipases contain 

aspartate residues (Asp263 and Asp335), which act as 

calcium-binding sites crucial for lipase activation [34]. 

The GH motif, which contains a histidine at the putative 

active site, is found in family V lipases and plays a role 

in hydrolysis [32]. The PTL motif is another common 

feature of family V, although the functions of PTLs 

remain less understood [35]. Based on sequence 

analysis, Lip50 and Lip66 from A. gerneri CE4.3 and 

PKY2.2 may represent novel members of the family V 

lipolytic enzymes. This study provides fundamental 

insights into the lipase-encoding genes in A. gerneri 

CE4.3 and PKY2.2, which can be further applied in 

recombinant enzyme production for various 

biotechnological purposes, such as the treatment of 

lipid-rich wastewater. Furthermore, the lipolytic 

capabilities of these strains should be evaluated in 

synthetic wastewater as a basis for treating lipid-

contaminated environmental wastewater.
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Figure 6 Alignment of the amino acid sequences of Lip50 and Lip66 from A. gerneri CE4.3 and PKY2.2 with other 

members of the lipase family V, including Acetobacter pasteurianus (BAA25795.1), Moraxella sp. (CAA37863.1), 

Psychrobacter immobilis (CAA47949.1), and A. gerneri (EPR82373.1, EPR83194.1), showing high sequence identity. 

Symbols: Asterisk (*) indicates amino acid residues of the catalytic triad; filled circle (●) represents aspartate residues 

involved in calcium binding sites; red highlighted boxes show conserved oxyanion holes and serine active site regions. 

The multiple amino acid alignments indicated that Lip50 and Lip66 from A. gerneri CE4.3 and PKY2.2 would be new 

members of family V.  

 

 

Conclusions 

Two lipase-producing bacteria were isolated from 

grease traps of canteens at the University of Phayao in 

Northern Thailand. They were identified as A. gerneri 

CE4.3 and PKY2.2. Both strains contain the lipase lip50 

and lip66 genes. The nucleotide sequences of lipase 

genes in both strains closely matched that of A. gerneri 

DSM 14967, and their amino acid sequences showed 

high similarity to A. gerneri DSM 14967 (EPR83194.1). 

The Lip50 and Lip66 proteins from both strains were 

predicted to have slightly basic, thermostable, and 

hydrophilic characteristics. These proteins contain 

conserved domains characteristic of the alpha/beta 

hydrolase fold family and conserved regions including 

the catalytic triad, oxyanion hole, and calcium-binding 

site. Phylogenetic tree analysis showed that Lip50 and 
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Lip66 proteins from both strains are closely related to A. 

gerneri DSM14967 [EPR83194.1] and [EPR82373.1], 

respectively. The analysis also indicates that they are 

closely related to lipase proteins belonging to family V. 

Therefore, the lipase genes of A. gerneri CE4.3 and 

PKY2.2 provide a foundation for further study of these 

lipolytic enzymes for biotechnological applications. 
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