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Abstract:  

In the present study lipase purified from an improved strain of Penicillium citrinum 

KU613360 was subjected to biochemical characterization. The lipase showed maximum 

activity at optimum pH of 6.5 andtemperature 40°C respectively.It wasobserved that lipase 

showed specificity for long chain fatty acids (Triolein (C18;1) and Trilinoclenin (C18; 3)) 

than short chain fatty acids.The metal ion stability studies indicate that the lipase activity was 

maximum with Mn
2+

, Ca
2+

, Mg
2+

(1mM and 10mM)and the lipase activity is inhibited by Hg 

and Zn.The kinetic parameters of improved strain ofP.citrinumwere also evaluated and the 

recorded value of Km was found to be 19.33±0.010mM and Vmax was 83.33±0.06 (µmole min
-

1
mg

-1
) respectively. Thus, from our results it was concluded that the improved strain has 

considerable capability and potentiality for the industrial applications. 

Key words:Lipase, Penicillium citrinum,mutated strains, medium, Optimization. 

Introduction: 

Various microscopic classes of organisms of prokaryotic and eukaryotic origin (bacteria, 

yeast,moulds and few protozoan’s)were identified to exudes lipase enzyme for digestion of 

lipid compounds (Luciane et al., 2015; Sarmaet al., 2016).Among themfilamentous fungi are 

identified as good sources of extracellular lipase for mass production and are believed to be 

having many industrial applications.Many species belonging to Mucor, Rhizopus, 

Aspergillus, Geotrichum and Pencillium are broadly indentified as excellent sources for 

lipase production. (Nema et al., 2019; Contesini et al., 2010).The copious industrial purposes 

of lipases have stirred along termsignificance in isolation of new forms of lipases from novel 

fungal sources and robust efforts have been shown on the modular engineering of enzyme 

with preciseactivities or capable of showing improved performance for industrial applications 

(Mehta et al., 2017).Not only at the industrial application has the lipases gained its own 
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implications in bioremediation technology in varied environment (Balajiet al., 2014; Kargir 

and Rao, 2011). Industrial and domestic waste harbour fungal species of greater potential in 

degrading fats and oils. Besides waste disposal, bioconversions by fungal activities results in 

the production of vast number of useful substances. Thus, unused and vast quantity of waste 

can be transformed into a useful resource for further use(Gopinath, 2013). Keeping all the 

above factors in mind and wide prospective of lipase enzyme, an attempt was made to 

analyse the biochemical parameters ofpurified lipase isolated from a mutant strain of 

Penicillium citrinumKU613360. 

Materials and Methods: 

Microorganism and Lipase production:  The experimental fungal strain used in the present 

work was isolated from vegetable oil contaminated soil samples collected from the oil spill 

mills near Guntur District, Andhra Pradesh, India. The qualitative screening for hydrolytic 

activity of the lipids was done on Olive oil-Rhodamine B Agar and tributryin Agar medium. 

The micro-morphology of the isolated fungal strain was studied by viewing lactophenol 

cotton blue wet mount preparation. Based on the data, the isolate was assigned to the genus 

Penicillium. Confirmation of the assigned toxon was carried out using 18S r RNA gene 

sequence analysis. 

The Sequencing analysis was carried out by Macrogen, South Korea. The sequence obtained 

was initially analyzed at National Center for Biotechnology Information (NCBI) server 

(http://www.ncbi.nlm.nih.gov) using Basic Local Alignment Search Tool (Blast) and 

phylogenetic tree was constructed to identify the isolate. Based on the similarity studies, the 

sequence of the isolate showed 97.4% similarity to Pencillium citrinum. Then, the sequence 

of the identified species was deposited in Genbank with accession number KU613360. To 

enhance the lipase activity, mutational analysis was carried for the isolated strain Penicillium 

citrinumKU613360. The strain improved by the combination of UV and Et. Br treatment 

(Data not shown here) was selected used in these further experiments. 

 

Lipase assay and estimation:Lipase activity was assayed quantitatively by titrimetric 

method using olive oil as substrate and by measuring the liberated fatty acid as described by 

Burket et al., (2004) with slight modifications. The reaction mixture (5ml) containing 1 ml 

olive oil (emulsified with 7% W/V gum Arabic in 50 mM phosphate buffer pH 6.5) as 

substrate. The reaction was initiated by adding 1ml of appropriately diluted enzyme solution 

to the reaction mixture and incubated 15 min at temperature 37 ± 2°C. The reaction was 

http://www.ncbi.nlm.nih.gov/
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stopped by adding of 15 ml of acetone:ethanol (1:1 v/v). The released free fatty acid was 

titrated with 0.05 N NaOH to a thymolphttalein end point. Control was made with similar 

conditions without the inoculation of enzyme source. One IU of lipase was defined as the 

enzyme that liberates 1 µmol of fatty acid per min at 37°C ±2, pH 6.5. 

Biochemical characterization and enzyme kinetics 

The mutated strain which showed improved enzyme production (data not given) was grown 

on optimized medium containing Peptone (0.7gm), fructose (0.5 gm)  and inducers [Lin seed 

oil (5.0%w/v)], and substrate like NPP (p-nitrophenyl Palmitate (C16:0), in presence of 2mM 

Mn
2+ 

metal ion, incubated at a temperature of 40°C and   pH of 6.5 for 96 hrs. Then, the 

purified enzyme, after salt precipitation, dialysis, Ion exchange chromatography (DEAE-

Sepharose) and Gel chromatography (Sephacryl S-100 column), wasthen subjected to 

biochemical characterization and study of enzyme kinetics by applying the following steps. 

a) Effect of pH and pH stability: The effect of free enzyme, isolated from mutated P. 

citrinumstrainwas by subjected to pH, in the range of 4.0-10.0 at 55°C in the improved 

medium by using olive oil as substrate. A relative activity was calculated as the ratio of the 

activity of free enzyme measured at different pH to the activity of enzyme at the standard 

conditions (pH 8.0, 55°C). Free Enzyme stability was also determined in the improved 

medium by exposing free lipase to pHs in the range of 4.0-11.0 for 1 hr at 4°C, by using four 

different buffers: 50mM Glycine-HCl (pH3.0-4.0), 50mM sodium acetate (pH 5.0-6.0), 

50mM Phosphate buffer (pH7.0), 50mM Tris-HCl (pH8.0-10.0). Residual activity was 

calculated as the ratio of the activity of lipase enzyme measured after incubation to the 

activity of the enzyme under standard condition. 

b) Effect of Temperature and Temperature stability:To indentify the effect of temperature 

lipase and its stability, the experiment was carried out in the range of 30-90°C at standard pH 

8.0 using olive oil as substrate in improved medium. A relative activity was calculated as the 

ratio of the activity of free enzyme measured at different temperatures to the activity of 

enzyme at the standard conditions (pH 8.0, 55°C). Free Enzyme thermo-stability was also 

determined in the improved medium by exposing free lipase to temperature (40-90°C) for 1 

hr. The enzyme was then cooled to room temperature and activity was measured under 

standard conditions. Residual activity was calculated as the ratio of the activity of lipase 

enzyme measured after incubation to the activity of the enzyme under standard condition. 
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The first order thermal deactivation constant (kd) and half-life (t1/2) for free enzyme was 

calculated by using the equations (i) and (ii) 

ɭn A= ɭn A0˗ kdt-------------------------------------(i) 

t1/2 =       ɭn 0.5/ -kd ------------------------------------------------------(ii) 

In addition, the free enzyme of activation (ΔGd) for the deactivation process was calculated 

from equation (iii) 

ΔGd =   -RT ɭn [kdh/ kBT]…………………………(iii) 

Where kd is the deactivation constant (h
-1

). kB Boltzmann’s  constant (1.38 x 10
-23

 jK
-1

), h 

planck’s constant (1.84 x 10
-37

), R the gas constant (8.314 j mol
-1

 K
-1

) and T the temperature 

(K) 

c) Effect of Metal ions and its Concentrations: 

Different metal ions like Ba, Ca, Co, Cu, Fe, Hg, Mg, Mn, Ni, and Zn were tested with the 

concentration of 1mM and 10 mM on the activity of the mutated strain of P. citrinumby 

keeping all the other optimum conditions stable. 

d) Kinetic analysis of free enzyme: 

The Michaelis –Menten (MM) equation was used to correlate the dependence of enzyme 

activity on substrate concentration for free lipase enzyme. The kinetic parameters of Vmax and 

Km was derived from MM model and estimated from the experimental data by using non-

linear regression function in Graph Pad PRISM software. 

V= Vmax S / Km +S 

Where, Vmax is the highest value of lipase activity (IU mg
-1

) and Km half – saturation constant 

(mM) determined from substrate concentration (S) that gives a ½ Vmax of free lipase isolated 

enzyme(Dheeman et al., 2011). 
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Results and Discussion: 

Enzyme purification:  

The enzyme produced after optimization of the mutant strain on the culture conditions are 

subjected to purification methods and molecular mass was estimated by SDS PAGE analysis 

and was found to be 35kDa (data not shown here)and was studied for biochemical 

characterization  and enzyme kinetics study. 

Biochemical characterization of lipase: 

i) Effect of pH and pH stability: 

The optimum pH of purified lipase from mutant strain P. citrinumwas assayed at pH 4-10 by 

both standard p-NPP spectrophotometric and tritrimetric assay. The pH 6.5 was found to be 

the optimum pH at which the lipolytic activity was maximum followed by a gradual decrease 

in the enzyme activity with the further increase in the pH (Fig 1).The enzyme showed good 

stability retaining more than 80% of its activity in the pH range 6-8.5 after 24hrs (Fig 1). This 

may be due to the alterations in the protein active domains and ionization in the protein 

molecule and thus reducing the availability of active sites for substrate binding. The 

observations are in agreement with work done on other fungal lipases by Dheeman et 

al.,(2011) and Tako et al.,(2017). Jayaprakash and Ebenezer,(2012) andPera et al.,(2006) also 

reported similar observations regarding the pH stability of fungal lipases from  Aspergillus 

japonicusandA. niger, respectively. 
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Effect of Temperature and Temperature stability: 

In order to determine the optimum temperature of the enzyme, the isolated lipase enzyme was 

incubated at different temperatures ranging from 20
o
C to 60

o
C. The temperature optimum 

was observed to be 40°C and retained 100% of initial activity after 1hr incubation in the 

temperature range 40-50°C, above 50°C to 60°C, upon incubation the enzyme activity 

declined. (Fig2a).The observation and recorded values are in correlation with the study and 

results obtained from other Penicilliumspecies (Ferrer et al., 2000; Dheeman etal., 

2011).Similar reports are also published with various other fungal strains like A. japonicus 

(Jayaprakash and Ebenezer,2012), T.harzianum (Ulker et al., 2011) and A.niger (Pera et al., 

2006; Sarkar and Laha,2013). To confirm the tolerance of free lipase towards high 

temperatures, investigation was carried out on the thermal stability of free enzyme. The free 

enzyme lipase was incubated at various temperatures (40-90°C) for 1hr and the residual 

activity was measured. Free lipase enzyme retained 100% of initial activity after 1 hr 

incubation in the temperature range 40-50°C. Above 60°C-70°C, upon incubation for 1 hr, 

the free lipase enzyme was completely inactivated. At 50°C the lipase displayed a significant 

thermal stability with residual activity of 35% (Fig 2b).Thus, the high activity and stability of 

the purified lipase from mutant strain of P. citrinumKU613360 can be used as a potential 

biocatalyst in processes operating at high temperatures.  

 
 

 

Time-dependent thermal inactivation of free enzyme: 

To investigate the effect of free enzyme stability the purified enzyme was incubated with 

different time intervals at 40°C and their residual activity was determined ( Fig 3). The lipase 
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after 60 min, the enzyme in solution lost its activity. The enzyme deactivation constant (Kd) 

was calculated from the slopes of the best fit curves obtained by exponential regression when 

residual activity was plotted against pre incubation time. The deactivation of free lipase 

enzyme obeyed first order exponential deactivation kinetics .reaction.  The 1.22 Kd (h-
1
 ) and 

t ½ (hr) was calculated from the graph (Fig 3; Table 1)as 0.55 . 

Table 1: Time-dependent thermal inactivation of free enzyme: 

Enzyme form Kd (h-1) t(1/2) ΔGd (KJ mol-1) 

Free Lipase 1.06 0.55 106.15 

 

 

Effect of Substrate specificity on lipase activity: 

Various types of substrates specificities among lipases will contribute for differences in the 

geometry and size of their active domains (Aloulou et al., 2006).Many of the lipases reported 

from penicillium strains prefer short chain fatty acids triglycerides or their methyl esters 

(Bancerz et al., 2005; Song et al., 2008). However the lipase obtained from the mutated stain 

of P. citrinumKU613360 showed specificity for long chain fatty acids triglycerides, which 

suggests the potentiality of the enzyme in bioremideation applications and food industries 

(Rodrigues et al,2010; Dheeman et al., 2011)(Table 2). Similar results are also reportedby 

Jayaprakash and Ebenezer, (2012)onA.japonicus strain. 

Table 2: Effect of substrates (Triacylglycerol and fatty acids methyl esters) on lipase 

activity. 
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(mM) 

Triacyl glycerols 

Triacetin (C2:0) 

Tributryin (C4:0) 

Tricaprylin (C8:0) 

Triolein (C18;1) 

Trilinolein (C18:2) 

Trilinoclenin (C18:3) 

 

 

20 

32.53±2.17 

49.51±2.24 

56.78±2.84 

131.91±4.01 

90.39±2.07 

92.98±3.08 

Fatty acids methyl esters 

Caproic acidmethyl esters (C6:0) 

Lauric acid methyl esters (C20:0) 

Stearic acid methyl esters (C18:0) 

Oleic acid methyl esters (C18;1, Cis-9) 

 

 

 

20 

4.92±1.03 

5.25±1.18 

9.92±1.01 

12.25±2.30 

 

Effect of metal ions on lipase activity: 

The effect of metals ions was tested at 1 and 10mM concentration on thepurified enzyme 

protein at its optimum pH of 6.5 in 20mM citrate-phosphate buffer (Fig 4). Lipase activity 

was enhanced or stabilised in the presence of Ca
2+

, Mg
2+

 and Mn
2+

. This type of enhancement 

in the lipase production and stabilisation was also reported in other fungal Penicilliumspecies 

(Bancerz et al., 2005; Dheeman et al., 2011). Hg
2+ 

and Zn
2+

 metal ions showed the inhibitory 

effect on the lipase activity as it was previously reported from the P. aurantiogriseum and P. 

simplicissimum (Lima et al., 2004 and Sztajer et al., 1989). This evidence explains the 

presences of cysteine amino acid residues in the lipase (Sugihara et al., 1996). With 10mM 

concentration of metal ions (Ca, Mg and Mn) the lipase activity was stabilised and 

enhanced(Fig 4). The results are also in agreement with the other fungal stains of Rhizopus 

oryzae and Rhizomucor mieheias reported by Miklos Tako et al.,(2017). Other investigations 

by Yu et al.,(2009), Katiyar and Ali,  (2013), Costa-Silva et al.,(2014) and Colla et al.,(2015) 

on fungal lipase supports our study. 
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Determination of Kinetic constants of free lipase enzyme isolated from mutated strain of 

P. citrinum : 

The kinetic analysis of purified  lipase from the mutated strain of  P. citrinumKU613360, 

performed using p-NPP at 40 °C produced a linear Lineweaver-Burk plot corroborating the 

Michaelis-Menten behaviour of the enzyme (Fig 5a,b), The Vmax of 83.33 ±0.06 µmol min
-

1
mg

-1
, Km of 19.33±-.010 mM. (Table 3) 

 

 

Fig 5a: The kinetic behaviour of 

Mutant lipase. 

Fig 5b: The kinetic behaviour of Mutant lipase 
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Table 3: Kinetic parameters of free lipase isolated from mutated strain of P. citrinum. 

Enzyme -form Km (mM) Vmax (IUmg
-1

) Vmax/Km 

Free lipase 19.33±-.010 83.33±0.06 4.31 

The Vmax/Km value is expressed as the catalytic efficiency (Hu et al., 2006; Kermasha 

and Bisakowski, 1998). 

Conclusions: 

An extracellular lipase purified from mutated strain of  Penicillium citrinumKU613360 

showed maximum activity at 40° C with optimum pH was found to be 6.5 and metal ion 

Mg
2+

 has 100% relative activity providing stability to the lipase. We havesuccessfully 

developed a promising mutant strain, byemploying a simpler technique of 

chemicalmutagenesis, which can be exploited at bioreactor levelfor industrial production of 

lipase. 
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