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This  paper  presents  a  rational  strategy  to identify  and  quantify  the  components  of a commercial  extract
of  the  lipase  B  of  Candida  antarctica  that  can  be extended  to  the analytical  investigation  of  other  crude
extracts  of  enzymes.  These  information  provided  the  fundamental  knowledge  for  the development  of  a
methodology  to  obtain  highly  pure  and  catalytically  active  CALB  enzyme.

The  commercial  extract  Lipozyme® was  subjected  to  a series  of  analytical  techniques  that  allowed
determining  the  presence  of  a non-soluble  fraction;  nucleic  acids;  benzoate  and  sorbate  species  and  a
mixture  of  three  proteins.  Particularly,  it is  worth  noticing  that  the  Bradford  assay  using  CALB  as  standard
rotein quantification
ALB
V absorbance
ize exclusion chromatography
on exchange chromatography

instead  of  BSA  proved  to be  a  more  reliable  and  accurate  methodology  to  quantify  the  protein  con-
tent  of  the  assayed  enzymatic  samples.  Size  exclusion  chromatography  coupled  with  anionic  exchange
chromatography  using  a  non-conventional,  easy  to remove  buffer  system  such  as  ammonia–ammonium
acetate  afforded  a sample  that retains  47%  of  the  proteins  (being  CALB  the only  enzymatic  component  of
the  purified  sample)  with  a hydrolytic  activity  higher  than the crude  extract.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

A cutting edge topic in bio-catalysis is the development of new
aterials based on immobilized enzymes. New biocatalysts facing

urther technological applications are synthesized with commer-
ial extracts of enzymes which are far less expensive than pure
nzymes. However, at this point new questions arise such as the
ature of the components of such commercial extracts and how
o determine its protein content. This is fundamental informa-
ion in order to develop a reliable and reproducible synthesis of
iocatalytic materials and a purification methodology. The com-
lexity and variety of crude extracts of enzymes made necessary
ailoring not only the analytical characterization but the purifica-

ion strategies that sometimes are required to isolate an enzyme
r mixtures of enzymes for further fundamental investigations on

∗ Corresponding author at: Centro de Investigación y Desarrollo en Ciencias
plicadas-Dr. Jorge J. Ronco, Universidad Nacional de La Plata, CONICET, CCT La Plata,
alle 47 No 257, B1900AJK La Plata, Buenos Aires, Argentina.
el.: +54 221 4211353.

E-mail address: carlollzz@yahoo.com (C.R. Llerena-Suster).

ttp://dx.doi.org/10.1016/j.colsurfb.2014.05.029
927-7765/© 2014 Elsevier B.V. All rights reserved.
the relationships between biocatalytic activity-molecular structure
and stability.

The lipase B of Candida antarctica immobilized onto polymethyl-
methacrylate is the most widely heterogeneous biocatalyst (known
as Novozym® 435) used in industrial processes. Actually, the litera-
ture reports several methodologies to purify such enzyme that goes
from single to multi steps purification methodologies depending on
the particular sample and the impurities.

The lipase B of C. antarctica regularly possesses two other pro-
teins with approximately 18 and 50 kDa. The 50 kDa have been
removed on a diethylaminoethyl-cellulose column equilibrated
with 25 mM Tris–HCl at pH 7.0 [1]. Further dialysis against distilled
water for 24 h afforded 40–50% pure CALB.

The purification of C. antarctica lipase B fused to a cellulose-
binding domain expressed in the yeast Pichia pastoris requires also
two steps in order to afford a yield of 69% [2]. This particular culture
medium was  first purified through hydrophobic interaction chro-
matography using a butyl-Sepharose fast flow column. However,
this procedure did not separate a 70 kDa protein which required

a gel filtration step for further purification. A similar methodology
was used by Magnusson et al. in order to purify CALB which active
site (specifically the Thr40 amino-acid) was  mutated in order to
modify its enantioselectivity [3].

dx.doi.org/10.1016/j.colsurfb.2014.05.029
http://www.sciencedirect.com/science/journal/09277765
http://www.elsevier.com/locate/colsurfb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.colsurfb.2014.05.029&domain=pdf
mailto:carlollzz@yahoo.com
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To the best of our knowledge, the most complete investiga-
ion of a one-step purification strategy was reported by Pleiss and
oworkers [4]. The authors developed a one-step method for purifi-
ation of recombinant CALB from a culture and a crude extract
Chirazyme L-2) by ion-exchange chromatography adjusting the
H to 3 which enables bounding the enzyme to a cation-exchange
esin. The enzyme was recovered from the column with a mixture
f sodium formate, sodium citrate and sodium acetate at pH 5.5.
nterestingly, they found that CALB shows isoelectric behavior in a
road pH range of pH going from 4 to 8.

More recently, Li and coworkers reported one-step purification
ased on biomimetic affinity chromatography. This methodology
sed synthetic ligands to bind and recover CALB from a pro-
ein extract [5]. The authors found that the ligands based on
yclohexylamine-propenylamine, cyclohexylamine-1-amantadine
nd M-aminophenylboronic acid-4 aminobenzamidine yield 73%
ecovery and 91% purification of CALB.

The literature demonstrates that each enzymatic system
equires a specific purification methodology and necessarily the
omposition of the sample must be known in order to apply a ratio-
al design. Online with this observation, the present investigation
athers fundamental information about the nature and quantity
f the components of the commercial extract known as CALB L
rom Novozymes. This information allowed tailoring a purification

ethod in order to isolate the lipase B of C. antarctica.  The strat-
gy to develop such a purification methodology can be extended to
ther enzymatic systems.

. Experimental

.1. Enzymatic based materials

Highly pure bovine serum albumin BSA (lot 126H0255, 99%)
nd C. antarctica lipase recombinant from Aspergillus oryzae (Fluka,
.2–10.8 U/mg) were purchased from Sigma Aldrich Argentina
10.9 U/mg). Additionally, the lipase B of C. antarctica CALB L
Lipozyme® LCN02102) provided by Novozymes Brazil (Paraná,
razil) was used. This commercial extract of CALB (1.0 ml)  was
entrifuged at 9600 g for 30 min  at 4 ◦C in a refrigerated Hermle
entrifuge.

.2. SDS-PAGE electrophoresis for proteins recognition

The samples for the SDS-PAGE were denaturalized by adding
 buffer solution containing sodium dodecyl sulfate (SDS) and �-
ercaptoethanol followed by heating at 100 ◦C for 10 min. The 12%

olyacrylamide gel was prepared with stacking in a BioRad Mini
rotean® III equipment and a Tris–glycine running buffer at a pH
.8 was used [6]. A volume of 5 �l of each simple was  analyzed
long with molecular weight markers of known molecular weight
from 14 to 90 kDa) LMW  of GE-Healthcare. The electrophoresis
as carried with a 30 mA  current during stacking and 60 mA dur-

ng resolution. After the electrophoresis, the gel was stained with
oomassie Brilliant Blue R-250 (USB) allowing visualization of the
eparated proteins.

.3. Agarose gel electrophoresis for nucleic acids recognition

The amount of agarose corresponding to 1% (w/v) load-
ng was dissolved by heating in a microwave in 30.0 ml  of

ris–acetate–EDTA buffer and then 3 �l of the specific dye
elRedTM (Biotium) was added. The samples (20–40 �l) were pre-
ared with 2–4 �l of the buffer. The electrophoresis was performed
t 70 V and the nucleic acids were revealed with UV light.
ces B: Biointerfaces 121 (2014) 11–20

2.4. Procedure for the quantitative precipitation of proteins with
ammonium sulfate

A quantitative precipitation was  performed by adding 2.00 ml
of saturated solution of (NH4)2SO4 to 1.00 ml  of sample and cooled
at 4 ◦C overnight. The sample was  centrifuged at 9600 g for 30 min
maintaining the temperature at 4 ◦C in order to separate the precip-
itated solid that contains ammonium sulfate crystals. The solid was
further dried for 5 days under vacuum until constant weight and re-
dissolved in 3.00 ml  of distilled water. A solution aliquot (250 �l)
of the solution was  taken and further diluted with 200 ml  of dis-
tilled water and 2.00 ml  of concentrated HCl. The sulfate species
SO4

2− were precipitated by adding 10.0 ml  of a solution contain-
ing 5% (w/v) BaCl2. The solid thus obtained was  filtered, washed,
dried, calcined at 800 ◦C and finally, weighted. The assay that was
performed by triplicate possesses an accuracy in the ±3.3–4.8 mg
range.

2.5. Determination of the protein content through the Bradford
assay

The calibration curves were performed with pure bovine serum
albumin (BSA) and C. antarctica B lipase both from Sigma Aldrich
as indicated in Section 2.1. Standard solutions of about 1 mg/ml of
BSA and CALB enzymes were prepared and their concentrations
were determined through their absorbance at 280 nm.  The extinc-
tion coefficient ε of BSA 43 820 M−1 cm−1 was  obtained from the
literature [7]. However, a reliable value for the CALB enzyme was
not found. The literature indicates that the extinction coefficient
ε can be calculated through the contributions of the aminoacids
tyrosine (Tyr), tryptophan (Trp) and cystine (disulfide bonds) to the
absorbance at 280 nm according to Eq. (1) [7]. In this context, the
extinction coefficients of CALB results equals to 41 285 M−1 cm−1.

ε280 (M−1 cm−1) = n◦ Trp × 5500 + n◦ Tyr × 1490 + n◦ Cystine

× 125 (1)

Then, the protein concentration C was  calculated with the extinc-
tion coefficient ε, the molecular weight M (MBSA = 66 296 [8] and
MCALB = 33 273 [9]), the optical path length b and the absorbance of
the solution A at 280 nm with Eq. (2):

C (mg/ml) = A × M

ε × b
(2)

The solution of CALB containing theoretically 1 mg/ml  possesses an
absorbance (at 280 nm)  equals to 0.2797 indicating a real concen-
tration of 0.2267 mg/ml of proteins. A new solution of 1.016 mg/ml
was prepared considering that 1 mg  of CALB possesses only 22.67%
of protein.

In contrast, the absorbance of the starting solution of BSA was
A280 = 0.6003 indicating that the concentration was 0.9080 mg/ml
(close to the theoretical value).

The standard solutions of BSA and CALB were further diluted
in 1/5, 2/5, 3/5 and 4/5 ratios. The absorbance at 595 nm of the
mixtures between 50 ml  of these dilutions and 2.5 ml  of Bradford’
reagent was  determined for quadruplicate in an Agilent 8453 E
spectrophotometer in order to perform a calibration curve [10].

2.6. UV–vis spectroscopy
The UV–vis spectra of all samples in the range between 200 and
400 nm were registered using an Agilent 8453 spectrophotometer.
The samples were diluted properly so that their absorbances were
within measure range of the equipment.
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.7. Isoelectric focusing analysis

Isoelectric focusing was performed in polyacrylamide gels (5%)
ith pH immobilized gradients. Wide range ampholytes (Biolyte

-10 carrier ampholytes, Bio-Rad) were used to prepare the gels
11]. After the runs, the gels were fixed and colored with the dye
oomassie Brilliant Blue R-250.

.8. Determination of the esterase activity of the CALB

The esterase activity of the various samples obtained from the
rude extract was determined using p-nitrophenyl dodecanoate
Sigma) as substrate. The reaction mixtures contained 2.70 ml  of
uffer Tris–HCl 0.1 M pH 8.0 with 0.0075% (v/v) of Triton X-100;
00 �l of sample and 200 �l of p-nitrophenyl dodecanoate 2 mM

n acetonitrile: 2-propanol 20:80. Measures were performed in a
hermostatized cell in an Agilent E 8453 spectrophotometer. The
ample and the buffer were incubated at 37 ◦C prior the addition
f the substrate. When the substrate was added to the mixture,
he reaction began and the kinetic curves corresponding to the
elease of p-nitrophenol due to enzymatic hydrolysis were obtained
hrough the measurement of the absorbance at 405 nm during 90 s.

he activity was calculated using the initial rates in saturating sub-
trate condition (0.133 mM in the reaction mixture) and the amount
f p-nitrophenol released was estimated by performing a calibra-
ion curve of this substance in the same conditions used for the
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ig. 1. Comparison of the UV–vis spectra of the various fractions isolated from the crude e
he  non-soluble fraction; (b) solid precipitated from E with ammonium sulfate (ESp) and
ulfate (CESp) and supernatant solution (CELp) after separation of the non-soluble fractio
ces B: Biointerfaces 121 (2014) 11–20 13

activity measures. The enzymatic activity was  expressed in Interna-
tional units (IU), being one unit the amount of enzyme that releases
1 �mol  of p-nitrophenol/min under the assayed conditions.

2.9. Chromatographic purification of CALB

Size-exclusion chromatography. The crude extract Lipozyme®

and the commercial lipase B of C. antarctica from Sigma were
purified using size-exclusion chromatography. A Tricorn 10/50 (GE
Healthcare) column filled with Sephadex G-50 (GE Healthcare) was
equilibrated with a mixture of Tris–HCl 0.1 M with NaCl 25 mM at
pH 8.0. A sample volume of 500 �l of the samples (previously fil-
tered using a nylon membrane Osmonic 0.45 �m)  was  loaded onto
the column at a flow rate of 0.5 ml/min.

Alternatively, a XK 16/40 column (GE Healthcare) filled with
Sephacryl S-200 HR (GE Healthcare) and Sephacryl S-100 (GE
Healthcare) were used to further purify the crude extract after
removal of the non-soluble fraction and a fraction eluted from the
size exclusion chromatography previously mentioned. In each case
1.0 ml  of the samples were loaded onto the column at a volumetric
flow rate of 0.5 ml/min and eluted with one column volume (CV) of
the buffer at 0.5 ml/min. In this particular case, a mixture of ammo-

nium acetate (0.1 M)–ammonia NH4CH3CO2–NH3 at pH 8.4 was
used as buffer solution.

Ion exchange chromatography. As the last step of the purification,
the partially purified fraction of CALB obtained by size exclusion
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Fig. 2. SDS-PAGE analysis of the crude extract of enzyme Lipozyme® CALB L before
E  and after centrifugation CE;  non-soluble fraction; solid precipitated from E with
ammonium sulfate (ESp) and supernatant solution (ELp) and the solid precipitated
from CE with ammonium sulfate (CESp) and supernatant solution (CELp) after sep-
aration of the non-soluble fraction. Additionally the molecular weight size markers
of 21.5, 31.5, 45, 66 and 90 kDa are presented.

Fig. 3. Agarose gel electrophoresis of the crude extract of enzyme Lipozyme® CALB

the species that composes the fractions (see Figs. 2 and 3, respec-
tively). Fig. 2 shows that the commercial extract with and without
the non-soluble fraction (lanes 1 and 2), the solids precipitated with
ammonium sulfate (lanes 4 and 5) and the non-soluble species (lane

Candida antarctica  B
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hromatography was loaded onto anionic or cationic exchange
olumns using different elution conditions, depending on the par-
icular case. On the one hand, anion-exchange chromatographies
AEC) were performed using a Tricorn 10/50 column filled with
ource 15Q (GE Healthcare) at different pH conditions. The selected
H value (7.7, 8.5 and 9.5) were fixed with ammonium acetate
NH4CH3CO2 (0.1 M)-NH3] buffer. After loading the sample onto
he column, the unbound material was eluted by three column
olumes (CV) of the buffer without NaCl. After that, a gradient
f NaCl 1 M was applied on the following 10 CV. On the other
and, cation-exchange chromatographies (CEC) were performed
sing the same column filled with Source 15S (GE Healthcare). The
H values of the elution (3.7 and 5.5), in these cases, were fixed
ith mixtures of ammonium acetate (NH4CH3CO2) 0.1 M and acetic

cid (HCH3CO2). Although such solutions were not commonly used
n the chromatography separations, they were selected because
hey are composed of volatile salts. In this context, it is expected
hat these substances and water would be quickly removed upon
yophilization.

. Results and discussion

.1. Investigation of the components of a commercial extract of
ALB

This section describes a series of procedures performed on the
ommercial extract of CALB (called E from now on) in order to
stablish the nature and quantity of its major components. Initially,
he commercial extract of CALB was centrifuged according to the
rocedure described in Section 2.1 in order to separate a bottom

ayer composed of a non-soluble material of jelly, yellowish appear-
nce and a clear supernatant layer (called CE). In a second step,
aturated solution of ammonium sulfate was added to E and the
raction CE in order to assess the precipitable materials (see Section
.4 for details). The precipitated solids (the solid fractions recov-
red from E and CE were called ESp and CESp, respectively) were
eparated from the clear supernatant solutions (the liquid fractions
ecovered from E and CE were called ELp and CELp, respectively).
he samples E, CE,  ESp, ELp, CESp, CELp and also the non-soluble
raction of the commercial extract of CALB were analyzed through
V–vis spectroscopy. Fig. 1a shows the UV–vis spectra of the sam-
les E, CE and also the non-soluble fraction; Fig. 1b compares the
pectra of the commercial extract E with the fractions ESp and ELp
btained after precipitation with ammonium sulfate and Fig. 1c
hows the clear supernatant fraction CE after centrifugation and
he fractions CESp and CELp obtained after precipitation.

The commercial extract possesses intense signals at 230 and
60 nm that dominate the spectra even after separation of the non-
oluble materials. The signal at 230 nm could be attributed to the
resence of sodium benzoate and the signal at 260 nm might be
ttributed to either potassium sorbate or nucleic acids [12,13]. The
ommercial extract known as Lipozyme® CALB L possesses total
rganic solids (TOS) (4%), glycerol (25%), sorbitol (25%), water (46%),
odium benzoate (0.2%) and potassium sorbate (0.1%) according to

 technical document provided by Novozymes [14]. The separa-
ion of benzoate and sorbate of the enzymatic extract is necessary
ince these substances have absorbance maxima that interfere
ith some measurements such as the quantification of proteins

y absorbance at 280 nm.  Moreover they interfere in reactions
atalyzed by the CALB extract [15]. Sodium benzoate, potassium
orbate and the nucleic acids remained in the clear supernatant
ayer CE after centrifugation and even after precipitation although

n a lesser extent (see the spectra of ELp and CELp). The solids
btained after precipitation (see the spectra of ESp and CESp) show
n absorbance maxima shifted toward higher wavelengths than
he corresponding supernatants that might indicate the presence
L  before E and after centrifugation CE; non-soluble fraction; solid precipitated from
E  with ammonium sulfate (ESp) and supernatant solution (ELp) and the solid pre-
cipitated from CE with ammonium sulfate (CESp) and supernatant solution (CELp)
after separation of the non-soluble fraction.

of proteins that typically absorb at 280 nm.  Additionally, the lower
intensity of the signals at 230 and 260 nm would indicate a less con-
tent of sodium benzoate and potassium sorbate. The SDS-PAGE and
agarose electrophoresis provided further evidences of the nature of
Protein Concentration (mg/ml)

Fig. 4. Absorbance at 595 nm versus protein concentration in mg/ml  of various
aqueous solutions of bovine serum albumin and the lipase B of Candida antarctica
subjected to the Bradford methodology.
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Fig. 5. Elution patterns of the crude extract after centrifugation CE subjected to size exclusion chromatography SEC (a and b); AEC (c) and CEC (d) exchange chromatography.
(a)  Sephadex G-50 at pH 8 with Tris–HCl 0.1 M NaCl 25 mM,  flow rate: 0.5 ml/min, column volume: 3.9 ml,  sample volume: 500 �l. The fractions F1(1), F1(2), F2(1), F2(2)
and  F3(3) were collected for analysis. (b) Sephacryl S-100 HR at pH 8 with NH4Ac/NH3 0.1 M NaCl 25 mM;  0.5 ml/min for sample injection and 1 ml/min for elution; column
volume: 50 ml, sample volume: 1 ml.  The fractions P1, P2, P3 and P4 were collected for analysis. (c) AEC (Source 15Q) at pH 8.5 with two buffer systems A: NH4Ac/NH3 0.05 M
and  B: NH4Ac/NH3 0.05 M with NaCl 1 M,  column volume: 2.5 ml,  sample volume: 100 �l of the fraction P3 lyophilized and further diluted in NH4Ac/NH3 0.05 M.  (d) CAC at
pH  5.5 with two buffer systems A: NH4Ac/HAc 0.05 M and B: NH4Ac/HAc 0.05 M with NaCl 1 M;  column volume: 1.82 ml,  sample volume: 100 �l of the fraction P3 lyophilized
and  further diluted in NH4Ac/HAc 0.05 M.
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Table 1
Quantification of protein in the various fractions of the crude extract CALB L using
bovine serum albumin and the lipase B of Candida antarctica as standards in the
Bradford assay. E, crude extract; CE,  centrifuged extract clear layer; ELp and ESp,
clear fraction and solid fraction obtain after precipitation of the crude extract with
ammonium sulfate, respectively; CELp and CESp, same as before with the crude
extract without the non-soluble fraction.

Sample Bradford assay

BSA standard (mg/ml) CALB standard (mg/ml)

E 5.93 15.19
CE  5.05 13.03
Non-soluble fraction 1.72 4.87
ELp 0.16 0.60
ESp 5.41 13.90
6 C.R. Llerena-Suster et al. / Colloids and

) possess a similar profile composed by a major band between
he 31.5 and 45 kDa which might corresponds to the CALB enzyme
typically, 33.5 kDa), as well as two other bands of less intensity
elow 21.5 kDa and at 66 kDa. Instead, the clear supernatant solu-
ions after precipitation (lanes 6 and 7) do not contain proteins
hich indicate that the precipitation is quantitative. Additionally,

s shown in Fig. 3, the commercial extract before and after pre-
ipitation (lanes 1 and 2) and the solids precipitated from these
amples (lanes 4 and 5) contain a certain amount (low according to
he intensity of the bands) of nucleic acids. The supernatant solu-
ions remaining after precipitation (lanes 6 and 7) do not contain
ucleic acids while the non-soluble fraction (lane 3) shows a band
f low intensity at the starting point of the electrophoresis.

These analyses demonstrated that both the proteins and the
ucleic acids are precipitated all together with ammonium sul-

ate. This precipitation method was not selected as a strategy of
he purification of CALB, due to the co-precipitation of other sub-
tances as nucleic acids and the precipitation agent, ammonium
ulfate. Instead, various chromatographic techniques were assayed
n order to develop a methodology to recover the most pure CALB
s possible. This investigation required an accurate and reliable
echnique to quantify the proteins in the crude extract before and
fter the purification steps. In this context, the following sections
ddress the quantification of proteins considering various method-
logies. Moreover, the use of both bovine serum albumin BSA and
he lipase B of Candida antarctica CALB as standards in the protein
uantification is compared.

.2. Comparison of CALB and BSA as standards in the
pectrophotometric determination of the protein content: direct
bsorbance measurement

It is well known that the aqueous solutions of bovine serum
lbumin BSA and the lipase B of Candida antarctica CALB, as most of
roteins, possess the maximum of absorbance at 280 nm regardless
f the concentration. The UV absorbance at 280 nm is attributed
o the aromatic amino acids, mainly Trp, Tyr and Phe in a lesser
xtent. In this context, it is interesting to compare the contribution
f such residues to the sequence of amino acids of the proteins. BSA
ossesses two Trp residues and twenty Tyr residues in its sequence
f 583 amino acids [16].

The contribution of Tyr residues is less abundant (only nine
esidues) in the sequence of 317 amino acid of the lipase B
f C. antarctica compared with BSA, however, it possesses five
rp residues [9]. The contribution of these residues to the UV
bsorbance at 280 nm allows the calculation of the extinction
oefficient ε through the equations provided in Section 2.5.

hile the extinction coefficients of both proteins are similar
43 820 M−1 cm−1 for BSA and 41 285 M−1 cm−1 for CALB), their

olecular weights are very different (66 296 for BSA and 33 273
or CALB). It comes clear that the quantification of a protein using
ne or the other standard will be rather different. Nevertheless,
ost if not all the quantification methodologies use BSA for cal-

bration purposes regardless of the nature of the protein to be
uantified. Now, how is the impact (if there is one) of using BSA
r CALB in a specific colorimetric method for protein’s quantifica-
ion? This question is addressed in the following sections through
he investigation of the Bradford assay.

.2.1. Comparison of CALB and BSA as standards in the
pectrophotometric determination of the protein content through

he Bradford assay

Fig. 4 shows the absorbance at 595 nm (Bradford assay) versus
he concentration of various solutions of BSA and CALB in aqueous

edia (prepared according to Sections 2.5 and 2.6).
CELp 0.26 0.85
CESp 4.70 12.15

The results clearly demonstrate that there is an underestimation
of the concentration of CALB when BSA is used as a standard. For
example a 0.60 mg/ml  of CALB possesses an absorbance equal to
0.56 that would corresponds to a concentration equal to 0.21 mg/ml
when using BSA calibration curve.

At this point, it is important to remark Bradford’ method bases.
Bradford assay relies on the binding of Coomassie Brilliant Blue G-
250 to protein, especially to the arginyl and, in a lesser extent, to
lysyl, and histidyl residues. This electrostatic interaction is mainly
due to the negative charge of the dye in its more anionic form,
which has an absorbance maximum at 595 nm;  secondarily other
aromatic residues, as Trp, Phe and Tyr participate in the binding of
anionic species to the protein [17]. Furthermore, the neutral species
of Coomassie Brilliant Blue G-250 also bind to proteins, indicating
the participation of hydrophobic interaction and Van der Waals
forces between proteins and the dye [18]. This finding confirmed
the fact that both hydrophobic and electrostatic interactions sta-
bilize the anionic form of the dye [19]. Bearing this in mind, it is
clear that the binding of the protein to the dye would be different,
according to the amino acid composition of the protein. Proteins
poorly binded to Coomassie Brilliant Blue G250 result in an under-
estimation of protein content when Bradford method is used for
quantification [20]. In this sense, it is interesting to remark that
CALB possesses 317 amino acids with 18 positive residues (9 Lys, 8
Arg and 1 His). In contrast, BSA has 583 amino acids with 98 pos-
itive residues (59 Lys, 22 Arg and 17 His). Therefore, BSA presents
a considerable higher proportion of its amino acids with a positive
charge than CALB (16.8% versus 5.7% for CALB). This observation
clearly shows that the interaction between the dye and each pro-
tein would be considerably different for both proteins, explaining
why the underestimation takes place when BSA is used as standard.

The present results provide evidences of the non-accurate
results that might be obtained with the protein taken as a standard
(BSA in this case) is not the one to be quantified. In this context,
Noble and Bailey reported a comparison between the concentration
of model proteins obtained both through a highly accurate quan-
titation of specific amino acids (AAA assay) and a dye-based assay
using BSA as standard [21]. The authors observed that the variation
between the concentrations of protein derived using BSA standard
when compared to the true value using AAA ranged from 2% to 8%.
Actually, this observation is further proved when the amounts of
protein in the various fractions of the crude extract (as previously
described in Section 3.1) using BSA and CALB in the Bradford assay
are compared. Table 1 shows that the content of protein is lower
when BSA is used as standard compared to CALB. In this particular
case, the lipase B of C. antarctica is the standard of choice consider-

ing that is the major component of the crude extract as discussed
before. Besides this observation, the results show that the crude
extract after the removal of the non-soluble fraction possesses
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Fig. 6. UV–vis spectra of the crude extract CE after centrifugation along with the
fractions F1(1) and F1(2) that belongs to the first peak eluted from Sephadex G-50
C.R. Llerena-Suster et al. / Colloids and

3.0 mg/ml  of protein that is quantitatively precipitated (93%) with
mmonium sulfate (the fraction CESp has 12.15 mg/ml). Surpris-
ngly, the weight of the fraction CESp was much higher than the
ne expected if only proteins where involved in the precipitation.
his observation that will be further discussed in the following sec-
ions provided evidence that not only proteins but also nucleic acids
nd other substances are precipitated with ammonium sulfate.

.3. Tailoring a purification strategy to isolate CALB from a crude
xtract

Size-exclusion and ion exchange chromatography were
creened with the aim of isolating the lipase B of C. antarctica from
ipozyme®. In the first case, three chromatographic phases such
s Sephadex G-50, Sephacryl S-200 HR and Sephacryl S-100 HR
ere investigated. For the ion exchange chromatography, Source

5Q and Source 15S were used. Regularly, Tris–HCl is the buffer of
hoice when the working pH is in the range comprised between
.5 and 9.5. Nevertheless, volatile buffers such as NH4Ac–NH3 or
H4Ac–HAc (depending on the pH of the assay) were also used in

his investigation [22]. In this context, it is worth noticing that the
alts that compose the buffer system Tris–HCl interfere with some
pecific analyses, such as infrared analysis of proteins in the Amide

 region. Therefore, is desirable to use an alternative buffer such as
he ammonia–ammonium acetate which is quickly eliminated by

 simple lyophilization process.
In each case, the components of the resultant fractions were

nalyzed through UV–vis, SDS-PAGE, agarose gel electrophoresis
nd isoelectric focusing. The amount of proteins was  determined
hrough the Bradford methodology and the esterase activity was
ssessed through the hidrolysis of p-nitrophenyl dodecanoate as
ubstrate as described in Section 2.8.

The results presented in the previous sections demonstrated
hat the crude extract is composed of both small molecules
glycerol, sorbitol, potassium benzoate, sodium sorbate) and

acromolecules such as nucleic acids. Additionally, the crude
xtract possesses not only CALB enzyme (33.5 kDa) but two  other
nes with 66 and 21.5 kDa. Despite the general recommendations
or protein purification, which indicate size exclusion chromatog-
aphy as a polishing step at the end of the entire process, knowledge
f the composition of the crude sample led to the conclusion that
his separation method would be more effective as a first step for
he proposed purification.

In order to discuss the ability of each methodology as build-
ng blocks for the tailoring of the more suitable method for CALB
urification from Lipozyme® CALB L, the results of the various
urification strategies are presented in the following sections.

.3.1. High recovery of proteins from the crude extract through
ize-exclusion and exchange chromatography

Initially Sephadex G-50 was used to purify CALB since allows the
eparation of large macromolecules heavier than 30 kDa that eluted
n the non-retained fraction. Moreover the separation is achieved
n short times and large sample volumes can be used. The purifica-
ion of both the commercial CALB and the crude extract Lipozyme®

ALB L through size exclusion chromatography using Sephadex G-
0 provided two fractions as observed in Fig. 5a. The first eluted
raction shows an UV signal at 280 nm and a second one of less
ntensity at 260 nm.  The second eluted fraction predominantly pos-
esses an UV absorbance at 260 nm.  Fig. 5a shows five fractions that
ere collected for further analysis through UV–vis spectroscopy.

he spectra of the fractions F1(1) and F1(2) (both correspond to

he first elution) along with the spectra of the centrifuged crude
xtract are presented in Fig. 6a. Fig. 6b shows the UV–vis spectra
f the fractions F2(1), F2(2) and F2(3) (correspond to the second
lution) along with the centrifuged and filtered crude extract.
(a).  (b) Compares CE with the fractions F2(1), F2(2) and F2(3) belonging to the second
peak eluted from the same chromatography.

The results show that the first eluate possesses an absorbance
peak at 280 nm indicating that it is composed mainly of proteins,
while the second one is composed of species with absorbance peaks
at 230 nm (benzoate) and 260 nm (sorbate and nucleic acids). The
Bradford assay further confirmed the presence of 1.2 mg/ml of pro-
teins in the first eluate while proteinaceous components are not
detectable in the second peak. Interestingly, SDS-PAGE analysis (see
Fig. 7a) demonstrates that the protein profile of the commercial
lipase and the first eluate are similar and both possess the most
intense band of about 33 kDa that corresponds to the lipase B of C.
antarctica. Additionally, two other bands of about 66 and 21 kDa
are observed. A weak band at 33 kDa is observed in the second
eluate providing further evidences of the negligible amount of pro-
teins. The observation that this fraction did not possess nucleic
acids according to the agarose gel electrophoresis proved that it
is composed of sorbate and benzoate species (see Fig. 8, lane 4).
In contrast, the purification with Sephadex G-50 was  not able to
separate the nucleic acids that were observed in the sample E, CE
filtered (called CFE from now on) and the first retentate (see Fig. 8,
lane 3).

Additionally, the steps involved in the purification such as
removal of the non-soluble fraction, filtration, removal of sorbate
and benzoate did not alter the esterase activity of the lipase (data
not shown).

In a second attempt, the samples were purified using size
exclusion chromatography media which allows the separation of
macromolecules of different sizes. Sephacryl S-100 HR and S-200

HR allow proteins separation between 5 kDa and 100 kDa, and
between 5 kDa and 250 kDa, respectively. However, the chromato-
graphic runs are slow and only small volumes of sample can
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Fig. 7. SDS-PAGE analysis of the crude extract after centrifugation CE and the various fractions obtained after purification through SEC, AEC and CEC. (a) CE,  commercial
CALB  (Sigma Aldrich) and the two peaks F1 and F2 eluted from Sephadex G-50. (b) CE, commercial CALB (Sigma Aldrich) and the three peaks P1, P2 and P3 (two fractions
P  (E an
a

b
a
t
s

S
m
f
S
o
I
w
s
i
b
t
t
i
a
2
z

3(1)  and P3(2)) eluted in the SEC. (c) Crude extract before and after centrifugation
nd  NRc in the AEC and CEC chromatography, respectively.

e loaded. In this particular case, both the buffers Tris–HCl and
mmonia–ammonium acetate were assayed with similar results
herefore, this last buffer system was chosen since its removal is
traightforward.

In this context, the purification was improved through Sephacryl
-100 HR and Sephacryl S-200 HR, allowing the separation of a
ajor fraction of the nucleic acids. Fig. 5b shows the profile of the

ractions obtained when the sample CE was loaded onto Sephacryl
-100 HR using the buffer NH4Ac–NH3 0.1 M at pH 8.4. The profile
btained with Sephacryl S-200 HR was similar (data not shown).
n both cases, three peaks (called P1, P2 and P3) were obtained: P3

as collected in two fractions [P3(1) and P3(2)]. The first peak P1
howed similar absorbance levels at 260 and 280 nm which would
ndicate the presence of nucleic acids which was further confirmed
y agarose electrophoresis (see Fig. 8b, lane 1). The second and
hird peaks absorbed at 280 nm indicating the presence of pro-
eins, whereas a minor contribution of the signal at 260 nm and an

ntense absorption at 230 nm was observed. The last peak eluted
fter one column volume showing intense signals of absorbance at
30 and 260 nm which evidenced the presence of sorbate and ben-
oate species. SDS-PAGE analysis (see Fig. 7b) indicated that two
d CE,  respectively), peak P3 eluted in the SEC, and the fractions not retained NRa

fractions of the third peak P3 had the highest proportion of the
lipase CALB along with minor contribution of a protein of 21.5 and
66 kDa. Moreover, these fractions showed a similar electrophoretic
profile as the commercial CALB provided by Sigma Aldrich. How-
ever, in the P3, the 66 kDa band was  much less intense than in the
commercial CALB since that protein eluted in the P2 fraction (see
Fig. 7b). The isoelectric focusing analysis of the third fraction fur-
ther confirmed the presence of the lipase B of C. antarctica with
pI around 6.5 with a minor contribution of another proteins of
pI around 3.7 and 8.2 that might have 21.5 and 66 kDa accord-
ing to the SDS-PAGE analysis discussed before (data not shown)
[9].

This third fraction had 8.18 mg/ml  of proteins that constitutes
82% recovery of the proteins present in the crude extract after
removal of the non-soluble fraction (9.96 mg/ml  proteins). The
analysis through the Bradford method showed that the quantity of
proteins in the samples P1 and P2 was much less than in P3. More-

over, the enzymatic activity assays showed practically null levels
of activity for samples P1 and P2 (data not shown).

Further attempts to isolate the three proteins described before
were performed by purifying the third fraction P3 eluted from
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Fig. 8. Agarose gel electrophoresis of the crude extract after centrifugation CE and
the various fractions obtained after purification through SEC, AEC and CEC: (a) crude
extract before and after centrifugation (E and CE,  respectively) and the two  peaks
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Table 2
Amount of proteins, yield %, specific activity (IU/mg) and purification factor obtained
in  the crude extract before and after centrifugation (samples E and CE,  respectively)
and  further purified through size exclusion chromatography SEC (sample P3), anion
AEC and cation CEC exchange chromatography (samples NRa and NRc, respectively).
The amount of proteins calculated in each step is referred to the original sample
volume (1 ml).

Sample Procedure Proteins
(mg)

Yield (%) Specific activity
(IU/mg)

Purification
factor

E None 13.72 100 2.1 –
CE Centrifugation 9.95 72.5 1.8 0.84
P3 SEC 8.18 59.6 2.5 1.19
NRa AEC pH 8.5 6.49 47.3 2.9 1.38
1  and F2 eluted from Sephadex G-50; (b) sample CE and the three peaks P1,  P2 and
3 as eluted in the SEC and further concentrated 10 times (×10).

he size-exclusion chromatography (using Sephacryl S-100 HR)
hrough anion and cation-exchange chromatography.

Three pH values (7.7, 8.5 and 9.5) were screened in the particular
ase of the anion-exchange (Source 15Q) and pH 3.7 and 5.5 for
he cation-exchange (Source 15S) chromatography. Surprisingly,
o binding of CALB on the column was observed regardless the pH
alues as observed in the Fig. 5c and d. In fact, these results are
n agreement with the investigation reported by Trodler et al. [4].
he authors found that the lipase B of Candida antarctica is neutral
ith only a slight decrease of total charge from pH 5.0 to 9.0. At pH

alues lower than 5.0, CALB is positively charged and at pH values
igher than 8.0, is negatively charged. This broad isoelectric region
f CALB prevents its binding to the ion exchange columns due to
he absence of a net charge of the enzyme. However, in this report,
he pI value about 6.5 was determined by an IEF assay. The CALB is
lectrically charged in the pH range comprised between 5.0 and 8.0
positive charge below pH 6.5 and negative charge above pH 6.5).
espite this finding, the protein was not retained by the tested ion
xchange media. This observation could be explained considering
hat CALB possesses only 5% of basic amino acids and the same
roportion of acidic amino acids. Therefore, the scarce charge that
he CALB possesses in the pH values near its pI might be insufficient
or an effective adsorption to the chromatographic phase.

Nevertheless, the analysis of the non-retained fraction using AEC
t pH 8.5 and CEC at pH 5.5 demonstrated an improved degree of
urification. The SDS-PAGE of the non-retained fraction in the AEC
t pH 8.5 (NRa) showed practically, only one protein band at about
3 kDa (see Fig. 7c, lanes 4 and 7). In return, in the non-retained frac-
ion of CEC at pH 5.5 (NRc) a weak band at 21.5 kDa was found (see
ig. 7c, lanes 5 and 8). Additionally both chromatograms showed
ignals of low intensity that elute within the NaCl gradient region

r in the wash region. These fractions presented a more intense
bsorbance at 260 nm rather than at 280 nm which evidenced the
resence of nucleic acids in their composition (see Fig. 5c and d).
NRc CEC pH 5.5 6.89 50.2 1.9 0.87

4. Conclusions

Scheme 1 summarizes the procedures applied on the commer-
cial extract Lipozyme® CALB L and the quantification of its various
components. The addition of a saturated solution of ammonium
sulfate on 1.00 ml  of the starting extract (after elimination of the
non-soluble species) afforded 144.3 mg/ml of a solid mass con-
taining proteins, nucleic acids and other soluble species. On the
other hand, the centrifugation of the extract allowed determining
that the amount of the non-soluble species is equal to 51.4 mg/ml.
Moreover, the specific quantification of proteins through the Brad-
ford methodology indicated that the protein content equals to
13.0 mg/ml  after the removal of the non-soluble fraction. There-
fore subtracting the amount of proteins and non-soluble species
from the precipitated solid is possible to estimate that the com-
mercial extract Lipozyme® CALB L possesses 131.3 mg  of nucleic
acids and other non-identified substances (benzoate and sorbate
species within them).

In view of the results described above, a tailored made rational
purification methodology was developed for this particular crude
extract. In this context, Table 2 summarizes the amount of pro-
teins, yields, specific activity and the purification factor involve
in the successive steps of such methodology. As a first step, the
non-soluble fraction of the crude extract was  removed through
centrifugation. The non-soluble fraction retained 27% of the pro-
tein content of the crude extract being the step that afforded
to the highest removal of proteins of the present methodology
(see the amount of proteins in Table 2). The treatment of the
centrifuged sample CE with Sephadex G-50 medium with a conven-
tional Tris–HCl buffer allowed the removal of small molecules such
as, benzoate and sorbate species. However, the size exclusion chro-
matography SEC using a non conventional, easy to remove buffer
system such as ammonia–ammonium acetate further improved
the purification process. It is worth noticing, that the liophiliza-
tion of 5 ml  of purified sample with Sephacryl S-100 HR using
both Tris–HCl 0.1 M and NH4Ac–NH3 0.1 M buffers afforded 72 mg
and 7 mg  of solid residue, respectively. This simple experiment
demonstrated that ammonia–ammonium acetate buffer provides
a cleaner, residue free sample. Additionally, the specific activity of
the sample obtained with the NH4Ac–NH3 buffer before and after
the liophilization showed similar values as the one already shown
in Table 2 (see entry corresponding to P3 sample).

SEC allowed to obtain an enzymatic sample free of nucleic acids,
benzoate and sorbate species (see sample P3 in Table 2). Moreover,
82% of the protein was retained with a similar specific activity as
the crude extract. This enzymatic sample possesses mainly CALB
with minor amount of two  other proteins of 21.5 and 66 kDa. These
two proteins were retained in anionic and cationic exchange chro-

matography columns at pH values equal to 8.5 and 5.5, respectively.
The specific activity increased slightly with AEC at pH 8.5 (show-
ing a purification factor of 1.38) and decreases when CEC at pH 5.5
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Mass of proteins 
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Sample t reated  aft er 
centrifugation CE

Mass of non 
soluble species 

51.4 mg

Mass of proteins, 
nucleic acids, others  

144.3 mg

Mass o f 
ammonium 

sulfate 

156.6 mg 

S quant
a

w
b
T
b
c
t
s
T
8
m

A

N
C
v
A
0
R
l

R

[

[

[

[

[

[

[

[

[

[

[

cheme 1. Procedures applied on the commercial extract Lipozyme® CALB L and 
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as used (the purification factor was 0.87). This observation might
e associated to an activity loss due to the low pH of the solution.
he slightly increase in the purification factor for the AEC could
e explained due to the fact that the main protein present in the
rude extract is CALB since the different purification steps allowed
he separation of others components as nucleic acids, preservatives,
alts, cellular constituents, and small quantities of other proteins.
he results discussed above allow to conclude that the AEC at pH
.5 as the last step of purification of CALB is of choice in the present
ethodology.
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