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Abstract
A Galactomyces geotrichum strain with lipolytic activity was isolated and identified by the analysis of internal transcribed 
spacer (ITS) sequence of 18 s rDNA. Full-length lipase gene of this stain is composed of 1692 base pairs (bp) without intron, 
which encodes a 563-amino-acid protein. A catalytic triad (Ser217–Glu354–His463) was found by constructing the three-
dimensional structure of the lipase. In shake flasks, the lipase (LIP) catalytic activity in the supernatant of the recombinant 
Pichia pastoris increased 48.7% by codon optimization. LIP purified by anion exchange column showed a single protein 
band on 12% SDS-PAGE. The molecular weight (MW) of LIP was approximately 62 kDa. The specific activity of purified 
LIP reached 1257.9 U/mg. The optimum temperature and pH of LIP catalysis were 45 °C and pH 8.2, respectively. LIP was 
stable over the pH range of 4.2–11.2. LIP maintained its activity constantly at 40 °C and 50 °C for 120 min. Zn2+ inhibited 
LIP activity; Ba2+, Mn2+, Ca2+ and EDTA increased the enzyme activity. Referring the amount of hydrolyzed olive oil by 
LIP as 100%, various oils including lard, peanut oil, rapeseed oil, sunflower oil, soybean oil and linseed oil were efficiently 
hydrolyzed by 17.24 ± 1.34%, 40.34 ± 2.56%, 105.86 ± 2.78%, 115.51 ± 2.32%, 116.21 ± 2.15%, 120.69 ± 1.98%, respectively. 
The characteristics allow LIP as a potential biocatalyst in various fields of industry.

Keywords  Galactomyces geotrichum · Lipase · Pichia pastoris · Codon optimization · Characterization

Introduction

Lipases (triacylglycerol acylhydrolase, EC.3.1.1.3) have a 
catalytic effect on the hydrolysis, esterification, interesteri-
fication, acidolysis and alcoholysis of esters (Mohamed et al. 
2011). Lipases are widely applied in the industries of textile, 
detergent, paper, food processing, tea processing and the 
production of biodiesel (Hasan et al. 2006). Lipases can be 
isolated from animals, plants and microorganisms. Lipases 
produced by bacteria and fungi are extensively available 
(Mazhar et al. 2017). Fungal lipase is an important enzyme 
for its industrial application (Singh and Mukhopadhyay 
2012).

The lipase from Geotrichum candidum has shown the 
substrate specificity for unsaturated long-chain fatty acids 
containing double bond(s) at the position of cis-9 or cis-9, 
12 (Baillargeon et al. 1989). Galactomyces geotrichum is 
the teleomorph of G. candidum (Yan et al. 2007). And G. 
geotrichum lipases are also specified for esters of unsatu-
rated long-chain fatty acids (Phillips et al. 1995). Galacto-
myces geotrichum lipases have great potential in hydrolysis 
of various oils (Maldonado et al. 2016). However, naturally 
produced G. geotrichum lipases in the original strains usu-
ally show low lipase productivity and poor tolerance to nor-
mal factors like temperature, pH and ions for industries (Shu 
et al. 2010).

Heterologous expression is a strategy to improve the yield 
of lipase production. Commonly used system for heteroge-
nous expression is the eukaryotic expression system, such as 
Pichia pastoris and Saccharomyces cerevisiae (Zheng et al. 
2019; Ueda et al. 2002). Literaturally, a lipase gene from G. 
candidum Y162 has been cloned and successfully expressed 
in P. pastoris. The lipase activity reached 55 U/mL (Yan 
et al. 2008). In general, expression level of the exogenous 
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gene is low due to less frequently used codons in P. psatoris. 
Codon usage bias of P. pastoris has been reported based on 
the genome sequence data (De Schutter et al. 2009). The 
common method to improve expression level of the exog-
enous gene is to replace less frequently used codons with 
preferable codons. The production of heterologous proteins 
encoded by exogenous genes has been successfully improved 
by codon optimization (Wang et al. 2018; Lu et al. 2016; 
Sun et al. 2016) and secretion helper factors (Wang et al. 
2019). There is much elevation potential for improvement 
of the productivity of G. geotrichum lipases for an industrial 
biocatalyst.

In this study, a lipase-producing strain was selected and 
identified as G. geotrichum. The lipase gene of this strain 
was expressed in P. pastoris by codon optimization. Then, 
LIP was purified by anion exchange column. And biochemi-
cal characteristics of LIP were analyzed. Different types of 
oils were selected to explore the hydrolysis ability of LIP.

Materials and methods

Strains, vectors, and chemicals

Escherichia coli (E. coli) Top10 competent cell (Beijing, 
China), pSURE-T vector (Beijing, China), yeast expression 
vector pPICZαA (preserved by our laboratory) and P. pas-
toris X-33 (preserved by our laboratory) were used in this 
experiment. Yeast extract and peptone were purchased from 
Oxoid (Hampshire, England). LA Taq DNA polymerase, 
dNTPs, T4 DNA ligase, Xba I, EcoRI, Sac I, BspHI were 
bought from TaKaRa (Otsu, Japan). All other chemicals 
used in this study which were not specifically mentioned 
were analytical grade and commercially available.

Isolation of the lipase‑producing strain

Soil contaminated with oil was collected from the can-
teen drain in Ministry Agriculture of Feed Industry Centre 
(MAFIC) of Chinese Agricultural University. The sample 
was incubated in the enrichment culture (0.50% olive oil, 
0.05% MgSO4, 0.05% NaCl, 0.20% yeast extract, 0.15% 
KH2PO4; pH 8.0) at 28 °C, 150 rpm for 48 h. Then, the 
diluted liquid was plated on the Potato Dextrose Agar (PDA) 
medium. Single colonies were picked up and cultured on 
new PDA plates containing 0.01% of Rhodamine B and 
0.50% of olive oil for 48 h. Strains showed transparent rings 
were fermented in enzyme producing medium (6.00% soy 
flour, 4.00% soybean oil, 0.20% (NH4)2SO4, 0.10% KH2PO4, 
0.05% MgSO4, 1.00% glucose; pH 8.0) at 28 °C and 150 rpm 
for 72 h.

Lipase activity assay

Alkali titration method was used to determine the lipase 
activity (Yu et al. 2007). Olive oil was used as the substrate. 
Olive oil was emulsified by polyving akohol for 8–10 min 
as pretreatment. The reaction was carried out at pH 8.2 and 
45 °C for 15 min. The amount of fatty acids was titrated with 
0.05 M NaOH. One unit of lipase activity was defined as the 
amount of enzyme that released 1 μmol free acid per minute 
at the measuring condition.

Identification of the lipase‑producing strain

Genomic DNA was extracted from the lipase-producing 
strain. Internal transcribed spacer 1 and 2 (ITS1 and ITS2) 
of rDNA were amplified by using primers ITS1-F (5′-TCC​
GTA​GGT​GAA​CCT​GCG​G-3′)/ITS1-R (5′-GCT​GCG​TTC​
TTC​ATC​GAT​GC-3′) and ITS2-F (5′-GTA​TCG​ATG​AAG​
AAC​GCA​GC-3′)/ITS2-R (5′-TCC​TCC​GCT​TAT​TGA​TAT​
GC-3′), with the procedure of reaction: 94 °C for 3 min, 
30 cycles (94 °C for 30 s, 55 °C for 30 s, 72 °C for 1 min), 
finally 72 °C for 5 min. The PCR products were recovered 
from 0.8% of agrose gel and then ligated into pSURE-T 
vector. The ligation products were transformed into E. coli 
Top10. The positive colonies were selected and cultured on 
Luria–Bertani (LB) plates (1.00% tryptone, 0.50% NaCl, 
0.50% yeast extract, and 1.50% agar) containing 100 μg/mL 
of Ampicillin. The recombinant plasmids were analyzed 
with universal M13 primers.

Cloning of lipase gene from G. geotrichum 
Mafic‑0601

Total DNA of G. geotrichum Mafic-0601 was used as the 
template for the amplification of the lipase gene. The prim-
ers, Lip-F (5′-ATG​GAW​TCC​AAA​AGC-3′) and Lip-R (5′-
TTA​ACC​GTA​GAG​ATT AA-3′), were designed according 
to reported G. geotrichum lipase gene sequences (GenBank 
accession no. DQ313172 and JX074060). The PCR reaction 
procedure was set as a denaturation step at 95 °C for 3 min, 
35 cycles of 94 °C 30 s, 58 °C 30 s, 72 °C 1 min, followed by 
an extension step at 72 °C for 5 min. Then, the purified PCR 
products were ligated into pSURE-T vector. The ligation 
products were transformed into E. coli Top10. Recombinant 
plasmid, pSURE-T-lip, was analyzed by using M13 primers.

Construction of lipase engineering strains

According to the full-length gene sequence of G. geotri-
chum Mafic-0601, Lip-mat-F (5′-CGG​AAT​TCC​AGG​CCC​
CCA​CGG​CCG​TT-3′)/Lip-mat-R (5′-GCT​CTA​GAT​TAA​
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CCG​TAG​AGA​TTA​ AGC-3′) were synthesized to clone 
the mature lipase gene (lip). The pSURE-T-lip was used as 
the template for PCR amplification. The PCR reaction was 
performed for denaturation at 95 °C for 3 min, followed 
by 35 cycles of 94 °C for 30 s, 58 °C for 30 s and 72 °C 
for 1 min and extension at 72 °C for 5 min. The mature 
lip that digested with EcoRI and Xba I was ligated into 
pPICZαA vector that pre-treated with the same enzymes. 
The recombinant plasmid, pPIC-lip-wt, was identified by 
enzymes digestion and sequence analysis. The mature 
lip gene sequence was optimized according to the codon 
usage bias of P. pastoris by DNA2.0 (Comso Bio Ltd) and 
synthesized by Tsingke corp (Beijing). The amino acid 
sequence of mature lip was not changed after code opti-
mization. The optimized gene was ligated into pPICZαA 
vector to construct recombinant plasmid, pPIC-lip-opt.

To determine the three-dimensional (3-D) structure of 
the lipase, deduced amino acid sequence was input and the 
structure was predicted by using SWISS-MODEL (https​
://www.swiss​model​.expas​y.org/). The Protein Data Bank 
(PDB; http://www.rcsb.org/pdb/) was used as the template 
sources.

Transformation and fermentation in shake flasks

pPIC-lip-wt linearized with BspHI and pPIC-lip-opt lin-
earized with Sac I were transformed into P. pastoris X-33 
competent cell by electroporation (2000 V, 5 ms), respec-
tively. Transformants were cultured on YPDS plates (1% 
yeast extract, 2% peptone, 2% dextrose, 1 M sorbitol, and 
2% agar) with 100 μg/mL of zeocin. Recombinant strains, 
X-33/lip-wt and X-33/lip-opt were picked up and kept on 
new YPD plates.

Single colonies of X-33/lip-wt and X-33/lip-opt were 
incubated in 20 mL of buffered glycerol-complex (BMGY) 
medium (100  mM potassium phosphate, 0.34% YNB, 
4 × 10−5% biotin, 1.00% glycerol, 1.00% yeast extract, and 
2.00% peptone; pH 6.0) at 28 °C and 250 rpm for 24 h. 
The cells were harvested by centrifugation at 7500 × g for 
5 min at room temperature. The cell pellet was re-sus-
pended in buffered methanol-complex (BMMY) medium 
(100 mM potassium phosphate, 0.34% YNB, 4 × 10−5% 
biotin, 0.50% methanol, 1.00% yeast extract, and 2.00% 
peptone; pH 6.0). The cultivation was maintained at 28 °C, 
250 rpm for 72 h. Methanol (0.5%, v/v) was added to the 
culture every 24 h to induce protein expression. After col-
lecting the supernatant of the culture, the expression of 
the protein was confirmed by 12% sodium dodecyl sul-
fate–polyacrylamide gel electrophoresis (SDS-PAGE).

Protein purification and identification

The culture supernatant was harvested by centrifugation 
at 7500×g for 5 min, then precipitated with 70% saturated 
ammonium sulfate on ice. The precipitate was collected 
by centrifugation at 15,000×g for 30 min and then resus-
pended in 5 mL of buffer A (20 mM Tris–HCl, pH 8.0). 
The solution dialyzed overnight at 4 °C was centrifuged at 
3000 × g for 30 min and then purified using UNOspHere Q 
Strong Anion Exchange Support (1 cm × 20 cm, Bio-Rad). 
The column was pre-equilibrated by adding five volumes of 
column buffer A. 2 mL of dialysis liquid was loaded in the 
column. The non-absorbed protein was washed by buffer A. 
The linear gradient of buffer B (0–1 mol/L NaCl, 20 mmol/L 
Tris–HCl, pH 8.0) was applied at a flow rate of 1.5 mL/min. 
The protein concentration was measured by using Micro-
BCA Protein Assay Reagent (Pierce USA).

Protein digestion was performed using FASP method with 
modifications (Wisniewski et al. 2009). Nanospray ESI–MS 
was performed on a Thermo Q-Exactive high-resolution 
mass spectrometer (Thermo Scientific, Waltham, MA, USA) 
with 70,000 MS scan resolution, 17,500 MS/MS scan reso-
lution and top-10 MS/MS selection. Raw data from the mass 
spectrometer were preprocessed with Mascot Distiller 2.4 for 
peak picking. The resulted peak lists were searched in the 
NCBI database using a Mascot 2.5 search engine.

Enzyme properties

The effect of pH on LIP activity was investigated at 45 °C 
with pH ranging from 2.2 to 8.2 (Na2HPO4-citric acid) and 
9.2 to 11.2 (glycine-sodium hydroxide buffer). The pH sta-
bility was determined by incubating LIP in buffers of dif-
ferent pH (from pH 2.2 to 11.2) for 12 h and 24 h at room 
temperature. Then, the residual activity was measured at 
45 °C and pH 8.2.

To determine the optimum temperature of LIP, the rel-
ative activity of LIP was measured at pH 8.2 from 30 to 
60 °C. To determine the thermal stability, LIP was incubated 
at 40 °C and 50 °C for 30, 60, 90 and 120 min, 55 °C for 10, 
20 and 30 min, 60 °C for 5, 10, 15 and 20 min. The samples 
were collected at different time intervals for the measure-
ment of residual activity as mentioned above.

To determine the effects of chemicals on LIP activity, 
the enzyme was incubated in 10 mM/L solutions of CuSO4, 
KCl, ZnSO4, MnSO4, MgCl2, FeSO4, MgCl2, CaCl2, BaCl2 
and EDTA for 2 h, respectively. The residual activity was 
determined under the optimal condition (45 °C and pH 8.2).

Comparison of hydrolysis rate on various substrates

Various oils including lard, rapeseed oil, sunflower oil, soy-
bean oil, peanut oil and linseed oil were purchased from 

https://www.swissmodel.expasy.org/
https://www.swissmodel.expasy.org/
http://www.rcsb.org/pdb/
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Chaoshifa supermarket of Beijing. These food grade lipids 
were used as substrates to determine the hydrolysis abil-
ity of LIP. All lipids were adjusted to the emulsions of the 
same concentration. One milliliter of emulsified oil was 
mixed with an equal volume of buffer (pH 8.2) and 4 U of 
the enzyme was added. The mixture was kept in a bath for 
10 min at 45 °C. The amount of free fatty acids was meas-
ured by using the titration method (0.05 M NaOH). Each 
experiment was performed in triplicate.

Nucleotide sequence accession number

The nucleotide sequence of lipase gene from G. geotrichum 
Mafic-0601 was assigned to GenBank accession number 
KJ607958.

Results and discussion

Isolation and identification of the lipase‑producing 
strain

Strain Mafic-0601 was isolated according to its ability to 
hydrolyze olive oil. The strain was identified as G. geotri-
chum by ITS sequence analysis. The sequence of this strain 
is 100% homologous to G. geotichum partial ITS sequences 
(GenBank accession numbers KF768312, KF713521 and 
HG532089; data not shown). Mafic-0601 was incubated in 
enzyme producing medium for 72 h. The lipase activity of 
this strain reached 22.77 ± 0.8 U/mL.

Many fungi including Penicillium aurantiogriseum, 
Rhizopus, Aspergillus carneu, Candida cylindracea can 

all produce lipases (Lima et al. 2003; Cordova et al. 1998; 
Kaushik et al. 2006; Kim and Hou 2006). The lipase activi-
ties of the natural strains generally range from 10 to 40 U/
mL. For example, Cihangir and Sarikaya (2004) isolated a 
lipase-producing strain from the soil of Turkey. The lipase 
activity of this strain reached 17 U/mL. Colen et al. (2006) 
isolated a lipase-producing strain from the soil of Brazilian 
savanna. The lipase activity of the strain reached 27.7 U/mL. 
The lipase activity of Mafic-0601 was 22.77 ± 0.8 U/mL, 
which was in the range of lipase activities of natural strains.

Lipase gene cloning of Mafic‑0601

The full-length sequence of lip gene was amplified by PCR. 
The lip gene with no intron is composed of 1692 base pairs 
(bp). The protein deduced from DNA sequence consisted of 
563 amino acid residues with a predicted molecular weight 
of 61.5 kDa. A signal peptide (19 amino acids) presented at 
the N-terminus of the protein was predicted (http://www.
cbs.dtu.dk/servi​ces/Signa​lP/). Two N-glycosylation sites 
(N-X-S/T) have been identified by amino acid sequence 
analysis (one-way arrows represented in Fig. 1). The pro-
tein sequence of LIP was submitted to GenBank (accession 
no. AJF11715). LIP showed 89% identical to the lipase of 
G. candidum FZ-4 (GenBank accession no. ALJ02547), and 
85% identical to the lipase of G. candidum ch-3 (GenBank 
accession no. ABN64097). The amino acid sequence analy-
sis revealed a conserved substrate binding region (Gly-Glu-
Ser-Ala-Gly), the common sequence feature of the serine 
hydrolase (Fig. 1).

By searching the SWISS-MODEL, a crystal structure of 
the G. candidum lipase (Accession Number of 1THG) was 

Fig. 1   Alignment of amino acid sequence of mature mafic-0601 
lipase with other lipases. Identical amino acids were shown with low-
ercase letters at the bottom. The sequence in box was the conservative 
motif G–x–S–x–G. Catalytic sites that containing Ser217, Glu354and 

His463 were marked by triangles. Two glycosylation sites (N-X-
S/T) have been identified by amino acid sequence analysis (one-way 
arrows represented)

http://www.cbs.dtu.dk/services/SignalP/
http://www.cbs.dtu.dk/services/SignalP/
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a preferred template for homology modeling, since their 
amino acid sequence shared 99% identity. The 3D struc-
ture of LIP was shown in Fig. 2. The lipases from differ-
ent sources share limited amino acid homology but similar 
structures, contain eight sheets, six helixes and a catalytic 
triad (Ser-Asp/Glu-His) (Fischer and Pleiss 2003). LIP also 
contained this catalytic triad (Ser217–Glu354–His463).

LIP over‑expression by codon optimization in P. 
pastoris

To reach high expression level of LIP, mature lip gene was 
optimized according to the codon bias of P. pastoris. 348 bp 
of the 1635 bp were replaced (Fig. 3). The synthetic opti-
mized sequence (lip-opt) shared 78.7% identity to the wild-
type lipase gene (lip-wt). The enzyme activities of the strains 
harboring lip-wt and lip-opt gene were compared in shake 
flasks. After 72 h of methanol induction, the lipase activ-
ity of X-33/lip-opt (93.7 ± 1.5 U/mL) was higher than that 
of X-33/lip-wt (63.0 ± 0.9 U/mL). However, there was no 
significant difference in biomass between X-33/lip-wt and 
X-33/lip-ot (data not shown). And the expression of pro-
teins in X-33/lip-wt and X-33/lip-opt was analyzed by SDS-
PAGE (Fig. 4). Methylotrophic yeast P. pastoris has been 
demonstrated as an ideal heterologous expression system 
due to its high expression level, efficient secretion ability 
and post-transcription modification (appropriate folding and 
glycosylation). Codon optimization has been successfully 
utilized to express Aspergillus niger lipase (lip2) gene in 
P. pastoris (Yang and Liu 2010). In this study, the lipase 
activity of X-33/lip-opt also effectively increased by codon 
optimization. 

The recombinant lipase (LIP) was precipitated from 
culture by ammonium sulfate and then purified by anion 

exchange column. The single protein band was observed 
on a 12% SDS-PAGE, showed its purity and homogeneity 
(Fig. 5). SDS-PAGE analysis showed that the molecular 
weight (MW) of LIP was approximately 62 kDa. The MW 
of LIP was consistent with reported G. geotrichum lipases 
(50–70 kDa) (Bertolini et al. 1995). Since P. pastoris secrets 
low level of native proteins and expression plasmid with 
α-factor (coding signal peptide) was used in this study. 
Exogenous LIP was secreted into the supernatant of the cul-
ture medium of P. pastoris. Thus, LIP was approximately 
free from contamination of endogenous protein. The specific 
activity of LIP purified by anion exchange column reached 
1258.21 U/mg (Table 1). The protein band excised from 
SDS-PAGE was confirmed by LC/mass/mass. Peptide mass 
fingerprints analysis were identical to the predicted amino 
acid of LIP (data not shown). The specific activity of LIP 
was higher than reported G. geotrichum lipases (Fernandez 
et al. 2006; Yan et al. 2007; Qiao et al. 2017a, b) expressed 
in P. pastoris (165.90–813.20 U/mg). The high specific 
activity of LIP is meaningful for its potential application 
in various fields such as food, feed manufacture, cosmetic 
and detergent.

Characterization of the recombinant lipase

The optimal pH of LIP was pH 8.2 at 45 °C (Fig. 6a). In 
the pH range of 6.0–10.0, LIP showed above 60% catalytic 
activity. When pH decreased to 4.0, relatively low activity 
of LIP was detected. The pH stability was also determined 
by incubating LIP in buffers for 12 h and 24 h at various 
pH. The residual activity of LIP remained above 70% in 
the range of 4.2–11.2 (Fig. 6b). Generally, the optimum pH 
of Geotrichum lipases were from 6.0 to 7.0 (Maldonado 
et  al. 2016). Compared with the properties of reported 

Fig. 2   3D model of mafic-0601 lipase generated SWISS-MODEL



	 3 Biotech (2019) 9:354

1 3

354  Page 6 of 10

Geotrichum lipases, LIP has shown higher optimum pH (8.2) 
and broader pH stability (4.2–11.2). LIP exhibited a stronger 
preference for high pH than most G. geotrichum lipases (Yan 
et al. 2007; Qiao et al. 2017a). And alkaline lipases were 
considered popular in the industries because of its tolerance 
towards alkalinity (Bora et al. 2013). Besides its alkaline 
resistance, LIP in this study also showed higher acid resist-
ance than reported Geotrichum lipases (Maldonado et al. 
2016). Acidic lipases now are rarely reported. Although 
acidic lipases are highly useful in fields of industries, such 
as the assistance of fat digestion in animal feed (Zhang et al. 
2019).

The optimal temperature of LIP was 45 °C (Fig. 6c). 
From 30 to 55 °C, above 40% relative activity of LIP was 
detected. For investigating the temperature stability, LIP was 
incubated at different temperatures (40–60 °C) for different 
time duration (Fig. 6d). At 40 and 50 °C, LIP maintained its 
activity consistency within 120 min. When kept at 55 °C, 
the enzyme activity remained 40% after 10 min. The activity 

Fig. 3   Alignment of wild type mafic-0601 lipase gene (lip-wt) and optimized gene (lip-opt). Identical bases were highlighted in black

Fig. 4   SDS-PAGE analysis of different expressed recombinant X-33/
lip-opt and X-33/lip-wt proteins. Lane M: protein marker; Lane 1–2: 
recombinant X-33/lip-opt protein in the culture supernatant, Lane 
3–4: recombinant X-33/lip-wt protein in the culture supernatant. wt 
wild-type, opt codon-optimized
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of LIP was lost after incubation for 15 min at 60 °C. Litera-
turally, Geotrichum lipases showed optimum temperatures 
between 20 and 40 °C (Maldonado et al. 2016). Deactiva-
tion of reported G. geotrichum lipases expressed in P. pas-
toris occurred rapidly when the temperature was higher than 
60 °C (Yan et al. 2007; Qiao et al. 2017a). In this study, 
the activity of LIP maintained for 15 min at 60 °C. The 
selection of the lipase for application is due to its stability 
under different circumstances. This significant characteristic 
allows LIP superior as a thermostable lipase for potentially 
applied in industries, with low-cost input and high produc-
tive output.

Effects of various metal ions and EDTA (10 mM) on 
enzyme activity were detected (Table 2). Zn2+ inhibited 
LIP activity by 23.4 ± 1.9%. Ba2+, Mn2+, Ca2+ and EDTA 
increased the enzyme activity by 17.3 ± 2.2%, 10.5 ± 2.1%, 
16.6 ± 1.8%, 18.5 ± 2.3%, respectively. The reason why 
the enzyme activity was activated or inhibited by ions and 
EDTA has not been elucidated. Qiao et al. (2017a) reported 
a possible reason for Ca2+ was formation of fatty acid cal-
cium salts, which might facilitate the hydrolysis of esters. 
And it also has been reported that the effect of EDTA on the 
lipase activity may be stimulatory or null (Carvalho et al. 
2013).

Comparison of hydrolysis rate on various substrates

In this study, lard, peanut oil, rapeseed oil, sunflower oil, 
soybean oil and linseed oil were hydrolyzed by LIP. The rel-
ative hydrolysis rates of these oils were compared with that 
of olive oil regarded as 100%. From the result (Fig. 7), the 
relative hydrolysis rates of lard, peanut oil, rapeseed oil, sun-
flower oil, soybean oil and linseed oil were 17.24 ± 1.34%, 
40.34 ± 2.56%, 105.86 ± 2.78%, 115.51 ± 2.32%, 
116.21 ± 2.15%, 120.69 ± 1.98%, respectively.

The oils from animals or vegetables are composed of 
different fatty acids. It has been demonstrated that hydroly-
sis rates of oils were influenced by the oil type and lipase 
source (Santos et al. 2013). Gupta et al. (2012) found a 
maximum hydrolyzing ability for olive oil of 62.37 U/mg, 
which was more than that of castor oil (24.26 U/mg). The 
hydrolytic activity of the lipase isolated from C. gloespori-
oides was low for lard and high for tributyrin (Colen et al. 
2006). The lipase from Penicillium camembertii Thom 
PG-3 showed the high hydrolysis degree for cotton seed 
oil and low for beef tallow (Tan et al. 2004). Generally, the 
hydrolysis rate of the lipase toward vegetable oil is higher 
than animal oil. It may be associated with the length of 
carbon chains (Pogori et al. 2008). And it also has been 

Fig. 5   SDS-PAGE analysis of 
the purified mafic-0601 lipase 
that expressed by recombinant 
P. pastoris. a Lane M: protein 
marker; Lane 1: crude recom-
binant lipase of X-33/lip-opt; b 
Lane M: protein marker; Lane 
1, purified recombinant lipase 
of X-33/lip-opt. opt: codon-
optimized

Table 1   Enzyme activities and protein concentration of LIP during the course of purification of the enzyme protein

Values were expressed as mean ± standard deviation

Purification step Total protein (mg) Total activity (U) Specific activity (U/mg) Fold purifica-
tion

Yield (%)

Culture supernatant 144.00 ± 2.00 32,217 ± 128 223.73 ± 2.22 1.00 100.00
(NH4)2SO4 precipitation 91.90 ± 2.30 17,905 ± 153 194.83 ± 3.21 0.87 55.58
Q-SeqHacel 0.67 ± 0.03 843 ± 58 1258.21 ± 30.30 5.38 2.62
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reported that G. geotrichum lipases might have great 
potential in utilizing various vegetable oils because of its 
high specificity for unsaturated long chain fatty acids and 
esters (Maldonado et al. 2016). Our results in this study 
are consistent with the reported results. Isolated lipase-
producing fungus is effective for hydrolyzing a broad spec-
trum of substrates, which agrees with Yan et al. (2007). 

LIP was considered to have potential application prospects 
in the biocatalysis industry.

Conclusion

In this study, G. geotrichum Mafic-0601 that produces lipase 
was isolated and identified by ITS sequence. A lipase gene 
(GenBank accession number KJ607958) was cloned from 
this strain and expressed in P. pastoris by codon optimi-
zation. The lipase yield of LIP (93.7 ± 1.5 U/mL) was 4.1 
times higher than the original strain (22.77 ± 0.8 U/mL). LIP 
exhibited optimum activity at pH 8.2 and 45 °C. Compared 
with other G. geotrichum lipases, LIP has shown higher 
temperature stability (40–60 °C) and broader pH stability 
(4.2–11.2). Ba2+, Mn2+, Ca2+ and EDTA enhanced LIP 
activity. LIP could also be effective for hydrolyzing a broad 
spectrum of substrates. Thus, LIP showed potential applica-
tion in industries processing. The potential for G. geotrichum 
lipases application could also effectively increase.

Fig. 6   a Effect of pH on the enzyme activity of LIP. The LIP activ-
ity was investigated at 45 °C by varying pH from 2.2 to 11.2. b pH 
stability of LIP. The enzyme was incubated at pH ranging from 2.2 
to 11.2 for 12 h and 24 h at room temperature (about 25 °C). Then 
the residual activity was measured at 45 °C and pH 8.2. c Effect of 
temperature on the enzyme activity of LIP. The relative activity of the 

enzyme was measured at pH 8.2 from 30 to 60  °C. d Temperature 
stability of LIP. The enzyme was incubated at 40  °C and 50  °C for 
120 min, 55 °C for 60 min, and 60 °C for 15 min, respectively. Then 
the residual activity was measured at 45 °C and pH 8.2. Values were 
expressed as mean ± standard deviation

Table 2   Effects of metal ions and EDTA (final concentration: 
10 mmol/L) on catalytic activity of LIP

Values were expressed as mean ± standard deviation

Chemical agents Relative activity (%)

No addition 100.0 ± 1.2
CuSO4 101.9 ± 2.3
KCl 109.2 ± 2.5
ZnSO4 76.6 ± 1.9
MnSO4 110.5 ± 2.1
MgCl2 105.7 ± 2.3
BaCl2 117.3 ± 2.2
CaCl2 116.6 ± 1.8
FeSO4 103.8 ± 1.8
EDTA 118.5 ± 2.3
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