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Abstract 
The purification of a lipase isoenzyme from an Aspergillus niger lipase A is reported in this manu-
script. Purification was carried out in a simple adsorption step, in which the lipase was offered at 
low ionic strength to the commercially available C8 modified magnetic particles, MaKProt C8. 
When the isoenzyme was desorbed with a 0.2% solution of Triton X-100, the SDS-PAGE gel showed 
a single pure band with a molecular weight of 35 KDa. The purified fraction showed 66.75-fold pu-
rification compared with the crude extract. The pure fraction was characterized along with the 
crude extract and the lipase adsorbed on the MaKProt C8. The purified and the adsorbed lipase 
showed better activity for the tested substrates (p-nitrophenyl acetate, decanoate, myristate and 
palmitate) than the crude extract, the preferred substrates being myristate (26.7 µmol∙min−1∙mg−1) 
and decanoate (17.4 µmol∙min−1∙mg−1), respectively. The temperature and pH profiles showed no 
change for the three enzymes, the optimum temperature being 37˚C and the best pH 7.0. 
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1. Introduction 
Lipases (EC 3.1.1.3) are the most widely used enzymes in biotransformation since they offer a broad range of 
reactions that can catalyze: hydrolysis, aminohydrolysis, esterification, enantio and region selectivity [1]-[4]. 
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Lipases are produced by many microorganisms either alone or together with other members of the hydrolase 
family, like esterases. Among microorganisms, fungi are widely recognized as preferable lipase sources because 
they generally produce extracellular enzymes, which facilitate enzyme recovery from the fermentation broth. 
Aspergillus niger is one of the most important microorganisms used in biotechnology. It has already been in use 
for decades to produce many extracellular enzymes that are considered GRAS (Generally Regarded As Safe) by 
the FDA (Food and Drug Administration of the United States of America) [5]. 

The crude extracts obtained from the fermentation broth of Aspergillus niger contain many enzymes with li-
pase and esterase activities that have shown affinities for the target substrate [6]. The different properties of each 
enzyme in the mixture could be a problem for characterizing and optimizing the process, and, moreover, the re-
sults may change from batch to batch. It is, therefore necessary to develop an easy and fast process for lipase 
purification for processes in which pure enzymes are needed. The interfacial adsorption of lipases on hydro-
phobic supports has been proposed as a simple purification method, since lipases are well known for the ease 
with which they are adsorbed onto such supports [7]. 

Magnetic particles have a unique property that permits their quick and selective removal from almost any 
reaction medium, also can be modified with any of the ligands already used in chromatography (anionic, catio-
nic, hydrophobic or affinity ligands), making them ideal for use in downstream protein purification processes. 
The development of magnetic particles for protein purification use has attracted a lot of attention in the last 
decade, e.g., the use of magnetic particles modified with iminodiacetic acid and charged with nickel for the se-
lective purification of a histidine modified GFP as reported by Franzred et al. [8], and the work of Tong et al. [9] 
in which a purified lysozyme of hen egg-white is obtained through a purification process mediated with Ciba-
cron Blue 3GA, also Holschuh et al. [10] reported the purification of Ig2b antibody from mouse with magnetic 
particles that had Protein A as a ligand. 

In this work, a lipase isoenzyme was isolated from an Aspergillus niger crude extract using commercial mag-
netic particles functionalized with a C8 aliphatic chain, the MaKProt C8. Also, the characteristics of the lipase 
adsorbed onto the C8 support were tested, because when the lipases are adsorbed onto a hydrophobic interphase, 
their conformational structure changes due to strong interaction with the interphase, resulting in an activity in-
crease associated with the change of conformation [11] [12]. The magnetic properties of the support permit a 
fast recovery from the medium without the need for centrifugation or filtration, minimizing the overall purifica-
tion time. 

2. Materials and Methods 
2.1. Materials 
Amano Lipase A from Aspergillus niger was purchased from Sigma Aldrich (Sigma-Aldrich Quimica SL Ma-
drid, Spain). MaKProt C8 magnetic particles functionalized with hydrophobic aliphatic chain were purchased 
from MagBioteK (www.magbiotek.com). The lipase substrates and the rest of the reagents were also purchased 
from Sigma Aldrich. Protein marker SpectraTM Multicolor Broad range Protein ladder with a molecular weight 
between 260 - 10 KDa was purchased from Thermo Scientific (Thermo Fisher Scientific Inc., Spain). 

2.2. Methods 
2.2.1. Lipase Purification 
Three grams of the MaKProt C8 magnetic particles were washed three times with phosphate buffer (5 mM, pH 
7.0), following the manufacturer’s instructions. The support was sonicated for 10 minutes in 3 mL of the same 
buffer, and then 3 mL of lipase solution (20 mg/mL) were added. The mixture was incubated at 25˚C for 1 hour. 
Then the particles were thoroughly washed with phosphate buffer (5 mM, pH 7.0) ten times, and the lipase 
isoenzymes were desorbed with a 0.2% Triton X-100 solution in phosphate buffer (5 mM, pH 7.0) for 15 mi-
nutes 25˚C. All the experiments were made for triplicate and the errors were calculated as the typical deviation 
of the mean value. 

2.2.2. SDS-PAGE Analysis 
The desorbed samples were firstly concentrated with trichloroacetic acid: briefly, 100 µL of the sample were 
mixed with 100 µL of TCA (20%) for 20 minutes in ice, before centrifuging at 13000 × g; 10 minutes, the pel-

http://www.magbiotek.com/
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lets were washed with ethanol and left to dry. The pellets were then resuspeded in 30 µL of 0.125 Tris base con-
taining 0.2% bromophenol blue, 10% 2-Mercaptoethanol, 40% Glycerol and 4% SDS, and boiled for 15 minutes. 
Samples (25 µL) were loaded onto a mini-PROTEAN electrophoretic unit (Bio-rad. Inc.) using gels with a 12% 
acrylamide separation zone and a stacking zone of 4% acrylamide. The gels were stained following the coomas-
sie blue method. 

2.2.3. Densitometry Analysis 
The gel was scanned and submitted to densitometry analysis with Image Scanner II (Amersham science), using 
Image Quant TL (GE Healthcare Life Sciences) software. 

2.2.4. Lipase Immobilization 
The magnetic particles were also tested as immobilization support: 2 mL of lipase solution (20 mg/mL) in 
phosphate buffer (5 mM, pH 7.0) were mixed with 2 grams of MaKProt C8 magnetic particles (suspended in 2 
mL phosphate buffer 5 mM, pH 7.0) and incubated at room temperature for 1 hour. Then the immobilized lipase 
was washed up to ten times with the same buffer and stored at 4˚C in 4 mL of phosphate buffer (5 mM, pH 7.0) 
for further analysis. 

2.2.5. Protein Assay 
Protein concentration was estimated with the Bicinchoninic acid method [13]: in brief, the determination reagent 
was prepared adding 1 mL of Copper (II) Sulfate Pentahydrate 4% Solution, (Sigma Product No. C2284) to 49 
mL of bicinchoninic acid solution (Sigma Product No. B9643). Then 2 mL of this reagent was mixed with 0.1 
mL of protein solution, and the tube was incubated for 30 minutes at 37˚C. Then, the tubes were left to cool and 
the adsorbance was determined at 562 nm. BSA (10 mg/mL) was used as protein standard. 

2.2.6. Lipase Activity Assays 
The lipase, the immobilized lipase and the extracted fraction activities were tested against 4-nitrophenylcar- 
boxylates of different aliphatic chain lengths, namely 4-nitrophenylacetate (C2), decanoate (C10), myristate 
(C14) and palmitate (C16) [14]. In a normal assay an enzyme sample was added to a 1 mL spectrophotometric 
cuvette containing 5 µL of substrate (1mg/mL in acetone) and phosphate buffer (50 mM, pH 7.0). The release of 
4-nitrophenol was measured at 400nm in a Shimazu spectrophotometer UV 2401 PC (SHIMAZU CORPOR- 
ATION Japan) equipped with a temperature controller Shimazu TCC CONTROLER 24017. The Specific activ-
ity was defined as the micromoles of p-nitrophenol that a 1 mg of enzyme releases in 1 minute. The optimum 
temperature was obtained in the range between 25˚C and 50˚C, and the optimum pH between 5.0 and 9.0, for the 
range 5.0 - 8.0 50 mM phosphate buffer was used and for 8.0 - 9.0 50 mM tris/HCl was used. All the experi-
ments were made for triplicate and the errors were calculated as the typical deviation of the mean value. 

Other set of experiments were made to assure than the lipase did not leach from the support in aqueous me-
dium, it was a normal assay where the adsorbed enzyme was attracted with a magnet then the supernatant was 
removed and refilled with fresh reaction medium, three cycles were made. The substrate was p-nitrophenyl-  
decanoate (5 µL) in phosphate buffer (50 mM pH7) at 37˚C. 

3. Results and Discussion 
3.1. Lipase A Purification 
Lipase A was adsorbed onto a C8 hydrophobic magnetic support. As can be seen Figure 1, more than the 85% 
of the supplied lipase was adsorbed within one hour (the C8 support adsorbed pproximately17.7 mg of lipase per 
gram of support). Once the lipase was adsorbed on the support surface, the support was submitted to an exhaus-
tive washing to remove the more hydrophilic isoenzymes, while maintaining the more hydrophobic ones. 

Then a 0.2% Triton X-100 solution was used to extract the remaining fraction. As Figure 2 shows, the iso-
lated fraction obtained was a single protein band with a molecular weight of around 35 KDa. There are few oth-
er reports of Aspergillus niger isoenzyme purification. For example Höfelmann et al. who characterized two li-
pases from a crude extract with a molecular weight of 31 and 19 KDa, respectively, using a three step purifica-
tion method: DEAE-Trisacryl M ion exchange chromatography, Sephadex G 50 gel filtration and hydrophobic 
chromatography using Phenylsepharose CL-4B [15]. Namboodiri et al. that obtained an extracellular lipase from  



S. Hernández-García et al. 
 

 
636 

adsorption time (min)

0 10 20 30 40 50 60 70

A
ds

or
be

d 
Li

pa
se

 (%
)

0

20

40

60

80

100

 
Figure 1. Lipase adsorption curve onto MaKProt C8 hydrophobic support, 60 mg of lipase 
comercial extract was added to 3 g of MaKProt C8 magnetic particles, aliquots were with-
draw at time intervals. The protein concentration in the supernatant was determined by the 
bicinchoninic acid method.                                                     

 

 
Figure 2. SDS PAGE of purified lipase A from Aspergillus niger. 
Lane 1 is the protein marker, Lane 2 lipase crude sample; Lane 3 pu-
rified extract from the MaKProt C8 magnetic particles.             

 
Aspergillus niger with a molecular weight of 35.5 KDa by pH precipitation followed by a series of chromato-
graphic steps [16]. The Figure 2 was submitted to a densitometry analysis, and the analysis showed that the 
majority of the peaks of the crude extract had disappear in the purified extract leaving only a single well shaped 
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peak. 
As can be seen in the SDS gel the commercial extract from lipase is a mixture of enzymes with various mo-

lecular weights, which can be fast purified in one step with a hydrophobic support, such as MaKProt C8.The 
magnetic properties of the support make it fast to recover without filtration or centrifugations, and it only takes a 
few seconds to separate the particles from the solution by magnet. Table 1 shows the properties of the different 
fractions involved in the lipase A purification steps. As can be seen in the table, although most of the enzyme 
was adsorbed on the support a high amount was washed away in the washing step, probably because these 
isoenzymes were not hydrophobic enough and were removed within the washing buffer. Even with this loss of 
enzyme the extracted fraction showed more specific activity towards the p-nitrophenyl acetate than the commer-
cial extract, reaching a 66.75-fold purification. 

The mechanism proposed for the lipase purification is showed in Figure 3, as can be seen that the lipases with 
hydrophobic zones were adsorbed on the support leaving the hydrophilic ones in the supernatant. In the washing 
step the lipases that had weak hydrophobicity get washed away leaving only on the support the strong hydro-
phobic ones. The adsorbed lipases can be used within the support as immobilized on magnetic particles for reac-
tions in aqueous mediums, or can be eluted with a Triton X-100 solution. 

3.2. Characterization of Lipase A, Extracted Lipase and Immobilized Lipase on C8 
Magnetic Particles 

The crude lipase extract and the purified lipase, and also the isoenzyme immobilized onto the C8 particles used 
for the purification were characterized. Figure 4 shows the different substrate affinities of the free commercial 
extract from lipase, the extracted isoenzyme and the immobilized isoenzyme. As can be seen the extracted 
isoenzyme and the immobilized extract had much more specific activity towards the four substrates than the free 
one. The free enzyme showed more affinity for a more hydrophilic substrate such as p-nitrophenyl acetate than 
for the more hydrophobic substrates, the activity for the p-nitrophenyl palmitate, which has the longest aliphatic 
chain of all the tested compounds, being negligible. 

The purified extract shows the highest specific activity of all those studied, its preferred substrate being the 
p-nitophenyl myristate. This increase in activity was due to the purification process and also to the surfactant 
used in the desorption step (Triton X-100), as it is well know that surfactants such as Triton, Tween or Brij act  
 
Table 1. Purification of lipase A from Aspergillus niger.                                                        

 Total protein (mg)a Yield (%)b Specific Activity 
µmol/min/mgb 

Purification 
(x-fold) 

Lipase 59.3 ± 2.1 100 ± 1 0.4 ± 0.05 1 

C8 supernatant 7.48 ± 1.2 21.33 ± 3.2 0.1 ± 0.025 0.25 

C8 Extract 1.25 ± 0.1 59.25 ± 2.8 26.7 ± 0.5 66.75 
aBicinchoninic acid method; bp-nitrophenyl myristate as substrate. 
 

 
Figure 3. Proposed mechanism for the lipase purification with MaKProt C8 magnetic particles. 
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Figure 4. Free lipase, extracted lipase and adsorbed lipase specifity toward nitrophenyl 
substrates, the reaction medium contains 5 µL of substrate, 50 µL of enzyme and 945 µL 
of phosphate buffer 50 mM pH 7, at 25˚C.                                       

 
as lipase activating compounds [17]-[20]. The p-nitropheny ldecanoate seems to be the preferred substrate for 
the immobilized enzyme, which is more hydrophobic than the p-nitrophenyl acetate with a longer aliphatic chain. 
The activity for the more hydrophobic substrates myristate and palmitate was lower but nerveless still higher 
than for the free enzyme. This higher activity for all the substrates shown by the immobilized enzyme could be 
due to the purification process that the lipase undergoes when adsorbed on the particles and its adsorption in a 
more active structural conformation. In comparison with Wang et al., who immobilized Candida rugosa lipase 
on handmade C8 particles, the lipase immobilized on MaKProt C8 magnetic particles showed more specific ac-
tivity for p-nitrophenyl acetate. The immobilized lipase described by these authors had a specific activity of 1.5 
µmol∙min−1∙mg−1 [7], while our immobilized lipase showed 11.3 µmol∙min−1∙mg−1, an increase of activity that 
could be attributed to the particle size. The MaKProt C8 particles have a mean size of 300 nm, as reported the 
manufacturer, while Wang et al. reported a mean size of 10 nm. The bigger particle size of MaKProt C8 means a 
bigger gap between the end of the aliphatic chains, preventing enzyme clumping and steric hindrance. It also in- 
creased the availability of the substrate. Other set of experiments were made to assure that the lipase did not 
leach from the support in aqueous medium, the absorbed lipase was reused three times in p-nitrophenyl deca- 
noate hydrolysis, the assays showed almost the same specific activity 45.2, 46.7 and 43.1 µmol∙min−1∙mg−1 res- 
pectively, meaning that in the assay conditions the lipase was strong attached to the hydrophobic support and did 
not tend to leach from it. 

The temperature profiles of the free enzyme, the purified enzyme and the immobilized one could be seen in 
the Figure 5. As can be seen, all the profiles have a curved shape, the optimal temperature being around 37˚C - 
40˚C for the three enzymes, which agrees with the consulted bibliography [16] [21]. Of note is, the increase in 
activity between 25˚C and the optimal temperature: the increase was 62.3% in the case of the extracted lipase for 
p-nitrophenyl myristate, the immobilized enzyme has a 65.4% activity increase for the p-nitrophenyl decanoate, 
and the free lipase has an increase 43.81% for the p-nitrophenyl acetate, this data shows how important the tem-
perature profile is for an enzyme, such as lipase. The pH profiles for the three enzymes were also studied and are 
represented in Figure 6. The optimum pH for the enzymes was 7.0 which agrees with the literature [22]. 

4. Conclusion 
This work describes the purification and characterization of a lipase from an Aspergillus niger commercial ex-  
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Figure 5. Temperature profiles for the crude enzyme extract, the purified isoenzyme and 
the immobilized enzyme. The reaction medium contains 5 µL of substrate, 50 µL of en-
zyme and 945 µL of phosphate buffer 50 mM pH 7, at different temperatures.           

 

 
Figure 6. pH profiles for the free lipase, the purified lipase and the immobilized onto C8 
particles. The reaction medium contains 5 µL of substrate, 50 µL of enzyme and 945 µL 
of buffer phosphate 50 mM pH (5.0 - 8.0) or 50 mM Tris/HCl (8.0 - 9.0), at 37˚C.        
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tract using the commercially available MaKProt C8 magnetic particles modified with hydrophobic aliphatic 
chains, in a fast and easy one-step purification method. The magnetic properties of the particles facilitate super- 
natant removal and the washing steps, as it takes less than a minute for the particles to be attracted by a magnet, 
reducing considerably the purification time. The obtained lipase, with a molecular weight of 35KDa, is 66.75- 
fold that was more pure than the crude extract source, and had better specific activity for all the tested substrates 
than the crude extract. The preferred substrate was p-nitrophenyl myristate while the preferred substrate for the 
free enzyme was p-nitrophenyl acetate. Additionally, the lipase adsorbed onto the MaKProt C8 magnetic par-
ticles, was characterized. The immobilized enzyme showed more affinity for the substrate p-nitrophenyl deca-
noate and more specific activity for the four tested substrates than the crude extract, indicating the interfacial ac-
tivation that the lipases undergo when adsorbed onto hydrophobic surfaces. 
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