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The  aim  of  this  work  is to find  the  best  conditions  to isolate  lipase  from  a solid  culture  medium  of
Aspergillus  niger  NRRL3  strains  using  aqueous  two-phase  systems  formed  with  polyethylene  glycol  and
potassium  phosphate  or polyethylene  glycol  and  sodium  citrate.  We  studied  the partitioning  of a  com-
mercial  lyophilizate  from  A.  niger.  Also,  the  lipase  enzymatic  activity  was  studied  in  all  the  phases  of  the
systems  and  the results  indicate  that  citrate  anion  increases  lipase  activity.  An  analysis  by  fluorescence
spectroscopy  of  the  interaction  between  lipase  and  the  bottom  and  top  phases  of the  systems  shows  that
the protein  tryptophan-environments  are  modified  by the  presence  of  PEG  and  salts.  Separation  of the
enzyme  from  the  rest  of  the  proteins  that  make  up  the  lyophilized  was  achieved  with  good  yield  and
separation  factor  by  ATPS  formed  by  PEG  1000/Pi  at pH  7, PEG  2000/Ci  at pH 5.2  and  PEG 4000/Ci  at  pH

5.2.  The  above  mentioned  systems  were  used  in order to  isolate  extracellular  lipase  from  a  strain  of  A.
niger in  submerged  culture  and  solid  culture.  The  best  system  for solid  culture,  with  high  purification
factor  (30.50),  is  the  PEG  4000/Ci  at pH 5.2. The  enzyme  was  produced  in  a solid  culture  medium  whose
production  is  simple  and  recovered  in  a phase  poor  in  polymer,  bottom  phase.  An additional  advantage
is  that  the  citrate  produces  less  pollution  than  the phosphate.  This  methodology  could  be used  as  a first
step  for  the  isolation  of the  extracellular  lipase  from  A.  niger.
. Introduction

Lipases (EC 3.1.1.3) are a group of enzymes which catalyze
ydrolysis and synthesis of triglycerides in vivo, producing or con-
uming fatty acid esters and even the synthesis of the latter in
ow water content environments. This feature has increased the
iotechnological interest in these enzymes for a number of industri-
lly significant biotransformations. Potential applications include
odification of sugars, synthesis of flavor esters for the food indus-

ry, the resolution of racemic mixtures and obtention of biofuel [1].
rom an industrial standpoint, fungi are more interesting sources
f these enzymes than animals or plants for their potential use in
iotechnology due to their availability and high stability. In the case

f the Aspergillus niger yeast, the produced lipase is mainly used in
ndustry [2].  It has 298 amino acids, of which 4 are tryptophans
3]. It is of great interest from the theoretical and practical point

Abbreviations: PEG 1000, PEG 2000, PEG 4000 and PEG 8000, polyethylene glycol
f average molecular weight 1000, 2000, 4000, and 8000 g/mol; pNPL, 4-nitrophenyl
aurate; ATPS, aqueous two-phase system; Pi, phosphate buffer; Ci, citrate buffer;
CM, solid culture medium; LCM, liquid culture medium.
∗ Corresponding author. Tel.: +54 3414804592; fax: +54 3414804598.

E-mail address: bfarrug@fbioyf.unr.edu.ar (B. Farruggia).
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of view to learn about the conditions of the medium that stabilize
the enzyme for the design and development of a biotechnological
process where the macromolecule participates as a catalyst.

Downstream process is defined as a sequence of procedures that
results in a purified product [4].  Aqueous two-phase systems (ATPS)
extraction is one of them. Protein partition involves adding one or
more neutral polymers to a buffered salt solution, to separate the
protein into two phases enriched with polymer or salt. Proteins
tend to partition differentially between the phases depending on
size, conformation, net electrical charge (pI) and specific interac-
tions with phase-forming polymers. A single partition step involves
adding the material to be partitioned to a two-phase system. Then,
they are mixed gently until the system reaches the equilibrium. Par-
tition has a variety of advantages such as low energy consumption,
large scale and high cost-efficiency according to the biotechnolog-
ical processes [5]. Enzymatic extraction from culture media should
allow the partition with aqueous two-phase systems without loss
of activity.

In this work, we studied the partitioning of a commer-
cial lyophilized from A. niger using aqueous two-phase systems

formed with polyethyleneglycol and potassium phosphate or
polyethyleneglycol and sodium citrate. An analysis by fluorescence
spectroscopy and enzymatic activity of the interaction between a
commercial lipase and the bottom and top phases of the systems

dx.doi.org/10.1016/j.jchromb.2011.05.042
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:bfarrug@fbioyf.unr.edu.ar
dx.doi.org/10.1016/j.jchromb.2011.05.042
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Table 1
Composition of the two-phase systems, partitioning coefficient of total proteins (Kp) and lipase (Kr) of the commercial lyophilized, recovery (Y%) in both phases, separation
and  purification factors (ˇ, PF).

Systems PEG MM %  PEG (w/w) % Pi (Ci) (w/w)  Kr Kp Y (%) top Y (%) bottom  ̌ PF

PEG/Pi pH 7 1000 17.00 16.20 17.23 2.23 95.23 4.77 7.73 2.92
2000 15.00 15.00 4.86 2.25 84.93 15.07 2.16 0.53
4000  15.08 12.03 0.27 1.16 22.09 77.91 0.23 0.26
8000  14.30 10.90 0.11 1.33 9.01 90.99 0.08 0.65

PEG/Ci pH 5.2 1000 15.92 13.97 1.05 0.78 54.91 45.09 1.35 2.83
2000  14.50 10.00 0.02 0.43 2.27 97.73 0.05 8.34
4000 10.50 14.20 0.08 0.58 8.49 91.51 0.14 6.93
8000  11.69 9.52 0.04 0.35 4.21 95.79 0.10 3.74

PEG/Ci pH 8.2 1000 10.50 13.13 0.34 0.64 28.28 71.72 0.53 0.48
2000  9.75 10.87 0.08 0.51 7.06 92.94 0.16 0.37
4000  9.70 8.82 0.12 0.43 13.31 86.69 0.28 0.15
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8000  6.24 8.48 

.d., not determined.

entioned was also made. The best systems were chosen in order to
urify a lipase from a solid culture medium of A. niger NRRL3 strains
ith the aim of applying it as a first step to isolate the enzyme from

 culture broth.

. Materials and methods

.1. Chemicals

Lipase from a lyophilized culture medium of A. niger and lipase
rom A. niger were purchased from Sigma Chem. Co. (USA) and
sed without further purification. Its solutions were prepared for
irect weighed into 50 mM,  pH 7 potassium phosphate buffer or

nto 65 mM,  pH 5.2 sodium citrate buffer. PEGs of average molecu-
ar weight 1000, 2000, 4000, and 8000 g/mol (PEG 1000, PEG 2000,
EG 4000 and PEG 8000) were purchased from Sigma Chem. Co.
USA). All other chemicals were of analytical grade. The specific sub-
trate for the lipase determination, 4-nitrophenyl laurate (pNPL),
as acquired from Sigma Chem. Co. (USA).

.2. Lipase assay

Lipase activity was determined by the enzymatic capacity to
ydrolyse the substrate p-nitrophenil lauric (pNPL), which liber-
tes p-nitrophenol (pNP) that absorbs at 400 nm at pH 7. A solution
5 mM of pNPL in ethanol–water (1:1) was prepared. The reaction
as carried out for 30 min  at 37 ◦C, with 100 �L of an adequate
ilution of the enzymatic sample in 800 �L of 50 mM phosphate
uffer at pH 7. Then, 100 �L of substrate was added for saturation
nal concentration (0.4 mM).  After that, 250 �L of 1 M Na2CO3 were
dded and kept at 0 ◦C for 15 min. The mixture was centrifuged
t 16,000 × g for15 min  and the supernatant was read at 400 nm.
he pNP molar absorptivity coefficients were determined on each
edium studied (data not shown). Blanks with all the reaction com-

ounds and the corresponding phase without the enzyme were
ssayed [6].  One unit of activity lipase is the amount of enzyme
hat liberates 1 �mol  of pNP/min from pNPL/mg of protein under
he conditions mentioned above.

.3. Preparation of the aqueous biphasic system

Table 1 shows the composition of the systems used in this work
ccording to the binodial diagrams from the bibliography [7,8].
he systems were prepared with PEG of four different molecular

asses. In order to prepare 50 mL  two-phase aqueous systems,
e mixed the corresponding amount of PEG and a 28% w/w pH

 potassium phosphate buffer or 25% w/w pH 5.2 or pH 8.2 sodium
itrate buffer stock solutions and water. Low-speed centrifugation
n.d.

was used after gentle mixing of the system components to speed
up phase separation; then 2.0 mL  of each phase were mixed. The
prepared systems have a top phase volume/bottom phase volume
ratio (RV) equal to the unity. Then, the systems were stored at the
corresponding work temperature (6 ◦C and 37 ◦C).

The systems used for the partitioning of the culture medium
supernatant were prepared replacing a percentage of water on the
previous systems and then RV was  measured in each case.

2.4. Determination of the partition coefficient (Kr) and the
purification parameters

The partition coefficient of the lipase lyophilizate between both
phases was  determined by adding 100 �L of a 24.56 mg/mL solu-
tion in the two-phase system containing 2.0 mL  of each equilibrated
phase, obtained from a pre-formed system. After gently mixing by
inversion for 1 h and letting it to settle for 30 min, the system was
centrifuged at low speed for the two phase separation. Samples
were withdrawn from separated phases; the lipase activity and
the total protein concentration in each phase were determined in
order to calculate the partition coefficients defined as Kr and Kp,
respectively:

Kr = [Act]TOP

[Act]BOTTOM

Kp = [TP]TOP

[TP]BOTTOM

where [Act]TOP and [Act]BOTTOM are equilibrium enzymatic activ-
ities of the partitioned enzyme in the PEG and phosphate rich
phases, respectively. [TP]TOP and [TP]BOTTOM are the total protein
concentration in the same phases.

The  ̌ factor was calculated as the quotient between Kr and Kp

and indicates the capacity of the systems to separate the target
protein from the impurities.

In order to evaluate the purification process, the enzyme recov-
ery percentage in the bottom and top phases (YTOP(%)) were
calculated according to the following equations:

YBOTTOM(%) = 100
1 + RVKr

, YTOP(%) = 100
1 + 1/RVKr

(4)

where RV = VT/VB, VB and VT being the bottom and top phase volume,
respectively, and Kr the lipase partition coefficient [9].

The purification factor (PF) was calculated as:
PF = Actphase

ActLIOFILIZATE
(5)

where ActPHASE and ActLIOFILIZATE are the lipase specific activities in
the corresponding phase and in the original mixture.
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.5. Determination of the thermodynamical functions associated
ith protein partitioning

Lipase partitioning coefficients were determined at two  dif-
erent temperatures (T1: 6 ◦C and T2: 37 ◦C), applying van’t Hoff
quation and considering independent �H  on the range of tem-
erature [10–12]:

n
K2

K1
= �H◦

R

(
1
T1

− 1
T2

)
(6)

here K1 and K2 are the coefficients determined at temperatures T1
nd T2, R is the constant of the gases, the enthalpic change (�H◦)
as determined. The change of free energy (�G◦) was obtained

rom the following equation:

G◦ = − RT ln K (7)

nd the entropy variation (�S◦) from:

S◦ = �H◦ − �G◦

T
(8)

.6. Quenching of the intrinsic fluorescence of lipase by
crylamide

The measurement of the native fluorescence of the enzyme was
nalyzed and the fluorescence emission spectrum of the protein in

 50 mM phosphate buffer medium was obtained. The scanning rate
as 60 nm/min and the data acquisition was obtained every 0.2 nm
ith a slit of 0.2 nm.  The fluorescence spectra were obtained in

n Aminco Browman spectrofluorometer Serie 2000 Model FA354
sing a thermostatized cuvette of 1 cm pathlength and were cor-
ected using a software provided by the instrument manufacturer.
he fluorescence spectra were obtained for solutions of 1.27 mg/mL
ipase in the presence and absence of the corresponding phases,
n order to determine the fluorescence (F0) on the wavelength
f the maximum emission (�max) for tryptophan (Trp). The same
rocedure was carried out with aliquots of 4 M acrylamide and
he fluorescence intensity was redetermined (F). Final quencher
oncentrations ranged from 0 to 0.14 M.  The data were analyzed
sing the mathematical model for the sphere of action according
o Lakowicz [13]:

F0

F
= (1 + KD[Q ])e([Q ]�N/1000) (9)

here [Q] is the quencher concentration, KD is the Stern Volmer
onstant related to the lifetime of the fluorophore and the bimolec-
lar quenching constant, KD

−1 is the quencher concentration at
hich F0/F = 2 or 50% of the intensity is extinguished [13], N is the
vogadro’s number and v is the volume of the “sphere of action”,

.e., the sphere within which the probability of immediate quench-
ng is unity, and whose radius is only slightly larger than the sum
f the radii of the fluorophore and quencher.

.7. A. niger production

Strains of A. niger NRRL3 were provided by the culture collection
f Agricultural Research Service, USDA. The production of lipase
rom A. niger NRRL3 strain, was carried out with a solid culture

edium (SCM) according to Adham and Ahmed [14] with some
odifications. Liquid culture media (LCM) were used as control.

he organism was reactivated on a potato-dextrose agar medium
PDA) at 30 ◦C for 5 days. The spores were removed from the PDA

ith sterile distilled water, with the help of a sterile magnetic stir-

er. The numbers of spores were counted using a Thoma counter
hamber type. A spore suspension was prepared in sterile dis-
illed water to get 106 spores/mL concentration in each specific
B 879 (2011) 2135– 2141 2137

medium. This solution was  used as a source of inoculum. The cul-
ture medium (pH 6) components were: 1% glucose, 1% olive oil,
3% casein peptone, 0.05% MgSO4·H2O, 0.05% KCl and 0.2% K2HPO4.
This medium was autoclaved at 121 ◦C for 15 min  and was  inoc-
ulated when it reached room temperature. The SCM was  carried
out in 250 mL  Erlenmeyer with 6 g of milled polyurethane (particle
size: 1.68–3.36 mm,  approximately); it was  sterilized and 14 mL  of
culture medium was added. Then the SCM was homogenized and
incubated for 5 days at 30 ◦C. The extract was  obtained by addition
of 14 mL  of 50 mM phosphate buffer at pH 7 to the SCM, compressed
with a syringe, filtered and centrifuged at 6000 rpm during 20 min
al 8 ◦C. The LCM was carried out in 250 mL  Erlenmeyer containing
50 mL  of the culture medium and was incubated on a shaker at
150 rpm and 30 ◦C for 5 days. The extract was obtained by filtration
through No. 40 filter paper.

The content of protein and nucleic acid was estimated by the
Warburg and Christian method [15].

3. Results and discussion

3.1. Lipase partitioning in PEG/phosphate or citrate systems

Phosphate/PEG systems are well-known conventional systems.
Citrate systems were selected since citrate is a salt that does not
pollute the environment. For this latter type of systems, the binodial
diagrams are available at pH 5.2 and 8.2. At that pH, the lipase is
either near its isoelectric point (lipase IP: 4.4) or negatively charged.

Table 1 shows the results of partitioning coefficients of the com-
mercial lyophilized, and the recovery, separation and purification
factors for the systems assayed at 6 ◦C. Enzyme partition coeffi-
cients in the PEG 1000/Pi and PEG 2000/Pi systems were the largest
and higher than the unity, which indicates that the protein is parti-
tioning towards the polymer-rich phase. In the other systems, the
partition coefficients are close to 1 or less, which indicates that the
protein is partitioning towards the salt-rich phase.

The difference in the protein behavior between the systems with
Pi pH 7 and Ci pH 5.2 led us to use another pH for the citrate sys-
tems (pH 8.2) where the protein have net negative charge, the same
on the pH 7 PEG/Pi systems. The partitioning results are similar
at pH 5.2 Ci or pH 8.2 Ci. This would suggest that the electric pro-
tein charge is not an important factor on its partitioning in this pH
range. Lipase from A. niger has a molecular mass around 35,000 Da,
with capacity to form dimmer, the structural characteristic gives
to this enzyme high hydrophobic balance. Works previous [11]
has reported a poor pH effect on its partitioning coefficient in
ATPSs. This hydrophobic characteristic can explain a pH insensitive
of K.

Some of the drivers for lipase partition are the excluded volume
of the protein, given by the free solution available to the protein, and
the medium–protein interactions. The Kr values decrease according
to an increase in the PEG molecular mass for both PEG/Pi or PEG/Ci
systems. Our finding suggests that, in systems with PEG 1000 or PEG
2000/Pi pH 7, the lipase partition is driven by the enzyme–polymer
interaction, which accounts for Kr coefficient with values greater
than one, while in PEG 8000 the excluded volume had an effect
over the protein–polymer interaction, resulting in a decrease in
the partition coefficient. There is a tendency to a decrease in the
partition coefficients with increasing molecular mass of PEG, con-
sistent with the increase of the PEG excluded volume, because this
produces the transfer of protein to the salt-rich phase, this effect
has been reported for others proteins [16].

The recovery percentage results in the top phase of PEG 1000

and PEG 2000/Pi systems and all the bottom phases of the citrate
systems with molecular mass above 1000 are appropriate although
the separation and purification factors can be determinants for the
choice of the best ways to work on the culture media.
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Fig. 1. Thermodynamics functions associated to the lipase partitioning process into
two-phase systems: PEG/Pi pH 7 and PEG/Ci pH 5.2. (A) Enthalpy change as a function
o
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sodium citrate buffer as a hundred per cent.
f  the PEG molecular mass and (B) entropic change as a function of the PEG molecular
ass.

.2. Temperature effect on lipase partitioning

The partition coefficients of lipase were determined at differ-
nt temperatures in order to calculate the enthalpy change and the
ntropic change associated with the protein partition by applying
he Eqs. (6), (7) and (8).  Fig. 1 shows the enthalpic (A) and entropic
B) changes for lipase partition equilibrium in both systems stud-
ed (PEG/Pi and pH 5.2 PEG/Ci). The enthalpy and entropic change
alues obtained for the PEG 1000 systems are positive; while for
EG 8000 both functions acquire negative values, both for systems
EG/Pi and PEG/Ci.

The interaction between PEG 1000 and lipase, in both systems
Pi or Ci), is driven by the entropic factor possibly due to the sig-
ificant loss of structured water in the hydrophobic region of the

ipase. Interaction between PEG of low molecular mass and a pro-
ein is carried out when a previous loss of the structured water
round the hydrophobic region of both molecules occur [17]. In
aline medium, the proteins are well hydrated due to the exclusion
f the salt, which increases the protein hydration. When the macro-
olecule is transferred to a hydrophobic phase (like a PEG of low
olecular mass) the polymer have the possibility to access to the

rotein domain, displacing the hydration water, as result there is

n increase in the disorder of the system and positive entropic val-
es. According to the equation: �G = �H  − T�S, positive �S  values
ontribute to making negative the free energy of the protein par-
Fig. 2. Lipase activity in Pi buffer at pH 7.0, Ci buffer at pH 5.2 and Ci buffer at pH
8.2  of different concentrations.

titioning. On the other hand, the loss of water molecules from the
hydrophobic surfaces is associated to positive enthalpic changes,
however, these values are not enough to exceed the term (−T�S).
A similar explanation can be applied to the case of PEG 2000/Ci and
PEG 4000/Ci systems.

On the contrary, the interaction between PEG 8000 and lipase,
for both PEG/Pi and PEG/Ci systems, is driven by the enthalpic
factor possibly due to the predominance of electrostatic inter-
actions. For the partitioning in PEG/Pi systems (except for PEG
1000), the negative entropy changes observed suggest the for-
mation of an ordered final state when the protein is transferred
from the bottom to the top phase. In the PEG/Pi systems, there
is enthalpic–entropic compensation (data not shown), which sug-
gests that liquid water plays a role in the molecular mechanism
of this process. This compensation is the thermodynamic mani-
festation of structure-making and structure-breaking effects of the
cosolute on the solvent [18]. The pattern of compensation was  not
observed for the enthalpic–entropic changes of the PEG/Ci.

3.3. Biological activity of lipase in different buffers

The enzymatic activity can be modified by the medium compo-
sition where it is placed. The A. niger lipase activity was analyzed
at different pHs and in the presence of some specific anions. Pinna
et al. [19] found that the lipase has its maximum activity at pH
6 and that salts induced water structure modification, this affects
the activity more than the pH, and it can be justified in terms of an
interaction specific of the anions on the enzyme surface [19].

Fig. 2 shows the activity of lipase in Pi or Ci buffers at different
concentrations. The pHs were chosen according to the pH of ATPS
used in previous sections. The pNP molar absorptivity was  deter-
mined in all the studied media (data not shown). Lipase activity
increases with citrate molar concentration at 5.2 pH and decreases
with Pi concentration or Ci at the other analyzed pH. It is not possi-
ble to state from the result which of the two  factors is the important
one.

In Table 2, the relative activity percentages to the lipase activity
in the top and bottom phases used in the ATPSs are expressed. The
lipase relative activity was calculated taking its activity in a medium
of 50 mM,  pH 7.0 potassium phosphate buffer or 65 mM,  pH 5.2
In the phases where the PEG is in high concentration (top
phases), the relative enzymatic activity decreased as the PEG
molecular mass increased. In the saline phases, it has higher
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Table  2
Wavelength of maximum fluorescence emission spectrum (�), Stern Volmer con-
stant (kQ), sphere action volume (�) for the native fluorescence quenching with
acrylamide and relative biological activity for the lipase in the absence and presence
of  the different phases.

Lipase in phase % Act � (nm) � (Å3) kQ

50 mM Pi pH 7 100 342 7604.3 8.2
Top  phase PEG/Pi PEG 1000 283 ± 5 337 9998.7 3.3

PEG 2000 96 ± 4 336 7076.6 4.3
PEG 4000 59 ± 4 324 12850.0 5.0
PEG 8000 46 ± 4 337 11056.0 1.4

Bottom phase PEG/Pi PEG 1000 106 ± 2 338 7207.9 6.2
PEG 2000 107 ± 6 338 7030.7 5.9
PEG 4000 115 ± 3 340 4843.6 7.8
PEG 8000 126 ± 4 338 4727.9 7.2

65  mM Ci pH 5.2 100 342 6268.1 10.0
Top  phase PEG/Ci PEG 1000 1109 ± 4 338 5117.1 8.2

PEG 2000 300 ± 5 336 7274.5 3.9
PEG 4000 323 ± 5 325 14422.0 2.1
PEG 8000 153 ± 2 338 10537.0 3.7

Bottom phase PEG/Ci PEG 1000 289 ± 5 334 5094.8 4.5
PEG 2000 1166 ± 4 336 3945.4 4.5
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PEG 4000 1456 ± 5 336 5430.3 3.1
PEG 8000 1259 ± 5 334 5413.1 2.9

elative activities than in the corresponding Pi and much higher
n Ci. An increase in the activity was observed for the top phase of
EG 1000 both for systems PEG/Pi and PEG/Ci.

The presence of the PEG molecules probably acts as a barrier
round the protein domain in the proximity of the active site, intro-
ucing a steric hindrance in the interaction between the substrate
nd the lipase specific site in the case of the Pi buffer. When the
nion is citrate, the presence of PEG molecules never decreased
he activity of the enzyme compared with 65 mM citrate. From the
esults presented in Table 2, we can state that the most important
actor in the activity is the kind of anion used.

The medium effect on the enzyme activity is an evidence of the
nteraction of the medium with the protein, which results in a mod-
fication of the tertiary structure of the active site. This fact is very
mportant in the sense that these polymers are used in the bio-
eparation process of different proteins; therefore, a previous study
bout the polymer effect on the protein structure is important to
etermine if the method could be used.

.4. Determination of the ATPS separation capacity for lipase

The experiments above were performed using a non-pure
yophilizate of lipase which contains other unknown proteins. The
election of the best systems for the recovery of lipase was made
ased on the analysis of the parameter ˇ, Y (%) and PF. When
he above experiments were carried out, the total protein con-
entrations in the top and bottom phases were determined and
he partition coefficients of the total proteins were calculated. In
able 1 the mentioned parameters are presented. According to the
esults of the previous section, the purification factors (PF) were
alculated as the ratio of the specific activity in the phase and the
pecific activity of the lyophilizate in the Pi or Ci buffer as required.

The systems chosen to work on the culture media were PEG
000/Pi at pH 7, PEG 2000/Ci and PEG 4000/Ci at pH 5.2 and PEG
000/Ci at pH 8.2 according to the best value of the percentage
f recovery in combination with the values of the purification and
eparation factors.

.5. Fluorescence measurements
This methodology was used to analyze the interaction between
he phases of the chosen systems and lipase. The native fluores-
ence spectra of lipase in both top and bottom phases were obtained
Fig. 3. Quenching of the native fluorescence of lipase by acrylamide in 50 mM Pi
buffer at pH 7.0, and 65 mM Ci buffer at pH 5.2.

(data not shown). The peak position is a measure of the accessible
tryptophan perturbation of the protein. The energy of the emit-
ted photon is a direct measurement of the fluorophore–medium
interaction [13]. In our case, the position of the peak allows us to
have an idea of the strength of the PEG perturbation on the protein
surface exposed to the solvent. Table 2 shows the values of the flu-
orescence emission peak of the protein in the assayed medium. In
a medium of 50 mM,  buffer phosphate pH 7.0 or 65 mM buffer cit-
rate pH 5.2, lipase showed native fluorescence spectra centered at
342 nm,  which suggests that the tryptophan residue environment
is similar to many proteins which have a peak at about 340 nm.
Except for the top phases of PEG 4000 systems where a blue shift is
very important (18 and 17 nm in Pi and Ci, respectively), the protein
showed a blue shift (2–8 nm)  in the native fluorescence emission in
the presence of other phases. The magnitude of the shift, in general,
does not depend on the PEG molecular mass or its concentration. It
suggests that the solvent reaches the protein tryptophan and that
an increase in the hydrophobicity on the tryptophan microenviron-
ment is produced in the presence of either the top or the bottom
phases [13].

Fig. 3 shows the quenching of the native fluorescence of pro-
tein by acrylamide in the presence of 65 mM,  pH 5.2 sodium citrate
buffer and 50 mM,  pH 7.0 potassium phosphate buffers at con-
stant concentration of protein. The data were presented as a Stern
Volmer plot. Positive deviations from the Stern–Volmer equation
were observed for lipase when the extent of the quenching was
large. This phenomenon is frequently interpreted as a “sphere of
action”, within which the probability of quenching is the unity [13].
From the fitting data and applying Eq. (9),  the diffusion quenching
constant (KD) and the sphere radio were calculated, as shown in
Table 2. According to Lackowitz [13], KD

−1 is the quencher con-
centration at which F0/F = 2 or 50% of the intensity is quenched,
therefore, an increase of KD indicates greater affinity between the
quencher and the fluorophoro. This technique gives information
about the quencher-fluorophore accessibility and affinity. More-
over, this technique provides information about any modifications
at the tryptophan microenvironment induced by the presence of
cosolute [13].

It can be seen that the rich polymer phases induce decreased
KD values with increases of radii (except the top phases of PEG

2000/Pi and PEG 1000/Ci systems) for the PEG/Pi and PEG/Ci sys-
tems, which suggests a decrease in the quencher accessibility and
affinity by the presence of the phases. Furthermore, in all cases, the
area of the microenvironment of the tryptophan residues affected
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Table 3
Partitioning coefficient of total proteins (Kp) and lipase (Kr) of the solid and liquid culture mediums, recovery (Y%) in both phases, separation and purification factors (ˇ, PF).

Culture medium ATPS Kr Kp Y (%) top Y (%) bottom  ̌ RV PF

SCM PEG 1000/Pi pH 7.0 8.61 17.13 85.77 14.23 0.50 0.70 1.57
PEG  2000/Ci pH 5.2 0.03 2.77 5.20 94.80 0.01 1.83 10.90
PEG  2000/Ci pH 8.2 0.08 67.90 3.85 96.15 0.0012 0.50 26.00
PEG  4000/Ci pH 5.2 0.07 47.76 4.86 95.14 0.0015 0.73 30.50

LCM PEG  1000/Pi pH 7.0 1.11 3.91 43.01 56.99 0.28 0.68 0.72
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PEG  2000/Ci pH 5.2 0.04 1.32 

PEG  2000/Ci pH 8.2 0.29 3.14 

PEG  4000/Ci pH 5.2 0.36 1.73 

y the phase is greater than when the protein is alone. When the
nzyme is in contact with the bottom phase, there is a minor effect
n the values of KD or the radii for PEG/Pi systems. In contrast, in
ystems PEG/Ci, KD decreased with similar radii in all cases. PEG
ich phases of higher molecular mass produce major effects on the
phere volume. Therefore, it can be assumed that the PEG, which is
n higher concentration in the top phase, induces the changes. This
nding agrees with the minor capacity of the quencher to interact
ith the protein domain due probably to a steric hindrance.

The quenching with iodide was carried out (data not shown). The
pectra of the protein native fluorescence at constant concentration
f protein in the corresponding buffers (Pi or Ci) overlap with the
pectra in presence of iodide. This fact indicates that the tryptophan
esidues are inside of lipase from A. niger.

.6. Isolation of lipase from LCM and SCM culture media

To control the lipase production, activity measurements were
arried out for both culture media extracts. The SCM culture
edium extract reported higher activity than LCM (data not

hown). These extracts were subjected to bioseparation studies.
n 10 g of the chosen ATPS, a 23 ± 2% of total system was  replaced
y the filtering of culture media both the LCM and SCM. The Kr,
p, Y%,  ̌ and PF were determined and presented in Table 3. The RV
as also determined and indicated in the table. These values are
ifferent from one in all cases. Kp values differ greatly from those
ith the commercial lyophilized, they are higher in all cases. Kr

alues are more similar to those obtained with the lyophilized. All
hese results indicate that the composition of the culture media
iffers greatly from to the two-phase systems and the results of
he partitioning in them. With the Warburg method, used for total
rotein determination, the content of nucleic acids is also measured
hese are much higher in the culture media than in the commer-
ial lyophilizate, this is at least an important difference between
hem. All differences are reflected in the PF results. Taking all this
nto account, the citrate systems are the best for the isolation of
ipase from both culture media (LCM and SCM). Considering the
CM results and the simplicity in the preparation, we believe it to
e ideal for lipase isolation.

. Conclusions

In order to isolate lipase from a culture media using ATPSs, it is
ecessary to recover high enzymatic activity in the corresponding
hase. The methodology should be simple, inexpensive, it should

nvolve recyclable materials and produce no impact on the envi-
onment. Lipase was partitioned in PEG/Pi systems and in PEG/Ci
ystems with less pollution. The PEG 1000–protein interaction is
asically hydrophobic and allows lipase, in the PEG 1000/Pi or Ci
ystems, to be partitioned towards the polymer-rich phase. The

pposite effect occurs in PEG 8000/Pi or Ci systems and it can be
een that PEG 8000–lipase interaction is fundamentally electro-
tatic. Partitioning of lipase in PEG/Pi two-phase systems with high
olecular mass (PEG 2000, PEG 4000 and PEG 8000) is an enthalpi- [
6.82 93.12 0.03 1.83 7.90
12.66 87.34 0.09 0.50 0.75
15.25 84.75 0.21 0.50 0.32

cally driven process, which indicates that electrostatic PEG–protein
interactions predominate. PEG 8000/Ci systems function in the
same way.

It is important to know how the media employed affects the
protein. The different phases of the systems affect the enzymatic
activity in various ways. The top phases of the PEG/Pi systems
modify the activity far more than the bottom phases where it is
little affected. In bottom phases, there is low polymer concentra-
tion in relation to the top phase. The presence of polymer would be
producing occlusion of the active site of the enzyme. The PEG/Ci sys-
tems considerably increase the activity in relation with the PEG/Pi
systems in both top and bottom phases. All the systems studied
turn the environment of protein tryptophan more hydrophobic;
they modify the diffusion quenching constant (KD) and increase
the “sphere of action” radio, which would indicate a modification
of the enzyme tertiary structure in the presence of the phases. These
effects are more important in the top phases; therefore, they would
probably be produced by the presence of PEG. The difference in the
values of KD and � (Å3) between PEG/Pi and PEG/Ci systems cannot
explain the large variation in the enzymatic behavior of the pro-
tein in the presence of Pi or Ci. The tryptophan residues may  not be
involved in the active site of the protein.

Separation of the enzyme from the rest of the proteins that make
up the lyophilized was achieved with good yield and separation fac-
tor with the ATPS formed by PEG 1000/Pi, PEG 2000/Ci at both pH
studied and PEG 4000/Ci at pH 5.2. The above mentioned systems
were used in order to isolate extracellular lipase from a strain of
A. niger in submerged and solid culture. PEG 4000/Ci at pH 5.2 pre-
sented high purification factor for the solid culture. This has several
advantages: the enzyme is recovered in a medium poor in polymer,
from a solid culture medium which is simple to produce, and the
citrate produces less pollution than the phosphate. This methodol-
ogy could be used as a first step for the isolation of the extracellular
lipase from A. niger.
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