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The  aim  of  this  manuscript  was  to study  the  application  of  a new  method  of  protein  quantification  in
Candida  antarctica  lipase  B commercial  solutions.  Error  sources  associated  to  the  traditional  Bradford
technique  were  demonstrated.  Eight  biocatalysts  based  on  C.  antarctica  lipase  B (CALB)  immobilized
onto  magnetite  nanoparticles  were  used.  Magnetite  nanoparticles  were  coated  with  chitosan  (CHIT)  and
modified  with  glutaraldehyde  (GLUT)  and  aminopropyltriethoxysilane  (APTS).  Later,  CALB  was  adsorbed
on the modified  support.

The  proposed  novel  protein  quantification  method  included  the determination  of  sulfur  (from  protein
in  CALB  solution)  by  means  of  Atomic  Emission  by  Inductive  Coupling  Plasma  (AE-ICP).  Four  different
protocols  were  applied  combining  AE-ICP  and  classical  Bradford  assays,  besides  Carbon,  Hydrogen  and

Nitrogen  (CHN)  analysis.  The  calculated  error  in  protein  content  using  the  “classic”  Bradford  method  with
bovine  serum  albumin  as standard  ranged  from  400  to 1200%  when  protein  in CALB  solution  was  quanti-
fied.  These  errors  were calculated  considering  as “true  protein  content  values”  the  results  of  the  amount
of immobilized  protein  obtained  with  the  improved  method.  The  optimum  quantification  procedure
involved  the combination  of  Bradford  method,  ICP  and  CHN analysis.

©  2016 Elsevier  Inc.  All  rights  reserved.
. Introduction

Comparison of enzymatic activity per milligram of protein
etween the free and immobilized enzyme is the best method to
ddress immobilization efficiency. Protein loading onto the sup-
ort is calculated indirectly, measuring initial and final protein
oncentration in supernatant of immobilization media. UV/visible
pectroscopy-based methods are used to obtain protein content in
mmobilized proteins. Among them, the Bradford assay is the most
mployed technique for total protein quantification [1,2] using
oomassie Brillant Blue G-250 dye (CBB). The CBB-protein com-
lex absorbs at 595 nm.  Bovine serum albumin (BSA) is used as
tandard. Serious limitations have been found in quantification of
roteins different than BSA when applying the Bradford method.

olecular weights, aminoacids sequence and exposed structure of

SA to aqueous solutions and those from the unknown protein are
or may  be) very different [3]. Protein aggregation may  change after

∗ Corresponding author at: PLAPIQUI-UNS-CONICET, Camino La Carrindanga km
, CC 717, 8000, Bahía Blanca, Argentina.

E-mail addresses: mlferreira@plapiqui.edu.ar, ferreiramaralujn@yahoo.com
M.L. Ferreira).

ttp://dx.doi.org/10.1016/j.enzmictec.2016.11.009
141-0229/© 2016 Elsevier Inc. All rights reserved.
stirring and/or after prolonged contact with buffers. Generally, pure
target protein is not available. Other error source is the interaction
among the dye and chemical species from the support [4].

Bradford and bicinchoninic acid methods are fraught with large
deviations in the case of proteins with unusual amino acid com-
position (e.g. lysozyme) [5,6]. These results have been reported in
several published manuscripts devoted to lipase immobilization
and application of lipases in esterification of fatty acids [7–12],
hydrolysis [13–15] acidolysis [16] and diglycerides synthesis [17].

The determination of enzymatic activity in a selected reaction
using an aliquot of the supernatant of an immobilization solution is
not a valid method for protein quantification. An improved method
with the consideration of interferences to quantify protein when
using Candida antarctica lipase B (CALB) in crosslinked-enzyme
aggregates (CLEAs) was proposed in Guauque Torres et al. [13].
Aggregation of CALB was a very serious problem. Careful consid-
erations about linear response of enzymatic activity versus protein
concentration were needed. Even more, enzymatic activity is only
valid for the selected test reaction and it can not be related to

other reactions. Bradford method is still of widespread use in the
field. Serious drawbacks have been not evident. The classical Brad-
ford procedure does not include the checking of full UV/vis spectra
and the analysis of interferences. Among such interferences are

dx.doi.org/10.1016/j.enzmictec.2016.11.009
http://www.sciencedirect.com/science/journal/01410229
http://www.elsevier.com/locate/emt
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enzmictec.2016.11.009&domain=pdf
mailto:mlferreira@plapiqui.edu.ar
mailto:ferreiramaralujn@yahoo.com
dx.doi.org/10.1016/j.enzmictec.2016.11.009
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issolved compounds from supports, the ions of the buffers, the
oordination of ions from buffers to proteins, the use of BSA as
tandard, the nature and extent of the protein aggregation and
he role of colloids or nanoparticles in the solution. The check-
ng of linear response Absorbance-Protein concentration at selected

avelength is the only criteria used to test accuracy but this is not
 good test for suitability. Absorbance increase with the increase of
oncentration of BSA and the absorbance change with the increase
n concentration of the unknown protein (in Bradford method) may
e both linear but not similar in slope. Besides, abnormal results,
uch as higher absorbances than initial ones (not lower) in the
upernatants solutions from immobilization media at the wave-
engths used to protein quantification is an usual finding.

In the field of proteomics, inductively coupled plasma-mass
pectrometry (ICP-MS) is more and more explored, due to great
electivity and sensitivity. The technique allows tackling the
idespread problem of absolute protein quantification in specific

pplications. However, present conventional techniques of MS  for
rotein quantification usually require isotope labeling for both

relative’ and ‘absolute’ quantifications. Sanz-Medel et al. [18] con-
luded that the natural presence of a heteroatom in a protein or

 limited number of them opens new avenues for straightforward
ICP–MS-guided detection”. Derivatization and labeling strategies
re applied to visualize “protein” for ICP–MS detection [18]. A
ecent review of Martínez Sierra et al. [19] presents the approaches
vailable for sulfur isotope ratio measurements by ICP–MS. Spe-
ial emphasis is done in the quantification of peptides/proteins
nd the analysis of metallopeptides/metalloproteins via sulfur by
C–ICP–MS. Unfortunately, this approach is expensive and not
idely available. However, the elemental analysis in biotechnol-

gy is full of methodological advantages and shows the potential in
iotechnological applications [20]. Atomic emission spectroscopy
ith Inductively coupled plasma(AES ICP-), or inductively coupled

lasma optical emission spectrometry (ICP-OES), is an analytical
echnique used for the detection of trace metals. It is usually selec-
ive enough not to be interfered by organic matrix constituents
nd it is very useful with non-contaminated matrixes [20]. See
dditional table in Supplementary material where drawbacks and
enefits of each protein quantification method are presented.

The objective of the manuscript is to find an accurate method
o quantify protein during immobilization procedures when using
ALB. The selected support/lipase system was magnetite nanopar-
icles coated with oleic acid and chitosan and CALB as lipase.
mino-propyl trietoxisilane (APTS) and glutaraldehyde (GLUT)
ere employed as coupling and crosslinking agents.

A novel accurate procedure based on the measurement of sul-
ur (S) content in CALB using Atomic Emission Spectroscopy with
nduced Coupling Plasma spectroscopy (AES-ICP or ICP) combined

ith CHN determination was developed to obtain quantitatively
he amount of protein. Bradford method was applied to measure
he relative decrease of the protein in solution (final versus initial
rotein content). This combined procedure has not been applied
efore to CALB to the best of the authorsı́ knowledge. The solvent-
ree ethyl oleate synthesis was the reaction test to evaluate the
orrelation between amount of immobilized protein with enzy-
atic activity. This method avoids the need of protein labeling and

he use of MS.

. Methods

The supports were magnetite nanoparticles functionalized with

leic acid and chitosan. The procedure to immobilize CALB on
hose supports was previously reported. [21] Impure CALB aque-
us solution (raw broth) was donated by Novozymes (Brazil) batch
CN02103. SDS-PAGE of the commercial solution of CALB was  per-
l Technology 97 (2017) 97–103

formed and the main protein present was  CALB (see Supplementary
material). Bovine Serum Albumin (BSA, 30% w/v) was  purchased
from Wiener (Argentina), Bradford Reagent 5X (BR, 5X means five
times the conventional concentration) was from BioRad, phosphate
buffer pH 7 (which will be referred as buffer from here thereafter)
was from Anedra (concentrations not provided by the manufac-
turer) and NaCl from Cicarelli (Argentina).

2.1. Immobilization procedure and esterification reaction

200 mg  of solid support was  dispersed in 50 mL  of a CALB aque-
ous solution with different concentrations and stirred magnetically
during 7 h at room temperature. The solid was allowed to decant
completely and the supernatant was  withdrawn and stored at
−4 ◦C. Ten milliliter of water were added to the remaining catalyst
to remove unbound enzyme. The dispersion was  stirred five min-
utes and finally decanted using a Nd magnet. This washing step was
repeated twice. This protocol was carried out with supports treated
with APTS and/or GLUT and three different ratio concentrations of
CALB/protein. Experimental design generated eight different bio-
catalysts. In Nicolás et al. [21] preliminary results were reported,
using catalysts prepared by immobilization of CALB onto a magnetic
support including chitosan, pretreated with GLUT.

The biocatalysts were used in the solvent-free synthesis of ethy-
loleate using experimental conditions previously reported: 30 mg
of catalyst were added to 1 g of Oleic Acid (OA), 150 �L of abso-
lute ethanol and 200 �L of distilled water. The reaction mixture
was magnetically stirred at 900–1000 rpm at 24 ◦C for 3 h. Sam-
pling was performed according to the protocol developed in the
aforementioned contribution.

2.2. Bradford’s  assays A—calibration curves

Calibration curves were built using BSA as standard in the range
from 1.2 to 10 �g/mL (microassay) and 0.2 to 0.9 mg/mL (standard
assay) measuring absorbance at 595 nm.

BSA stock solutions were prepared in NaCl 0.15 M. Distilled
water was  used to dilute the Bradford Reactive (BR) 5X (500 mg/L)
to a fifth (Bradford Reactive 1X) when needed for the standard
assay.

2.3. Bradford’s assays B—sample treatment

The raw CALB broth was  analyzed applying both, the micro and
standard Bradford assays at 595 nm.  Immobilization supernatants
and washing solutions were analyzed only in the microassay range,
diluting each sample appropriately to fit the absorbance in the lin-
ear zone at 595 nm.

2.4. Determination of protein/lipase content by AE-ICP

The technique was based on measuring sulfur (S) in the protein
solutions before and after immobilization using ICP. One molecule
of CALB (33 kDa) contains 5 units of methionine and 7 units of cys-
teine [22]. The protein content was calculated considering that 12
atoms of sulfur (from the 5 methionines and 7 cysteines) are present
per each lipase molecule.

An UV–vis spectrophotometer PG Instruments, UK, model T60U
with a silicon photodiode detector was used. Sulfur determina-
tions were carried out in an atomic emission spectrometer by ICP
(Shimadzu Sequential 1000 model III) with conventional nebu-
lization and external calibration by certified patterns (Chem-Lab,

Zedelgem B-8210, Belgium). Traces of S in powdered sample were
qualitatively detected by an X-Ray Fluorescence (XRF) spectrom-
eter PHILIPS PW 1400, with Rh anode and a Ge detector under
He atmosphere. Selected samples were analyzed for CHN, using a
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eries II 2400 CHNO/S Elemental Analyzer from PerkinElmer. SDS-
AGE measurements were done using the procedure reported in
lerena-Suster et al. [23].

. Results and discussion

Several errors have been found using Bradford method. Impor-
ant interferences arose from the reaction of ionic species (for
nstance phosphate ions) from buffer with the dye [24,25]. When
dding a drop of BR to 3,3 mL  of phosphate buffer with 7 × 10−2 M
O4

3−, the solution turns blue. In the micro-macro arrays of Brad-
ord method the phosphate buffer is diluted with BR (1:10 or 1:5)
nd the phosphate or other ions should be considered interferences.

Binding of the BR to basic amino acids is more efficient than to
cidic amino acids. Differences in the relative content of acidic/basic
minoacids among proteins give different results using Bradford
ethod. At pH near 1 the solution of BR is deep green. At pH ≥ 2 the

olution is blue, with BR carrying one negative charge.
It is worth noting that the colours observed in CBB solution
epend on the acidity of the solution and its interactions with
mino acids from proteins. The different colours result from the
ifferently charged states of the dye molecule, corresponding to
he amount of positive charges at the three nitrogen atoms (please

ig. 1. Calibration curves for BSA with CBB using water (squares) or buffer (rhombus) to d
or  absorbance in each point was ±0,0081 in Absorbance units (n = 3).
l Technology 97 (2017) 97–103 99

see Scheme 1 in Supplementary material), while the two  sulfonic
acid groups are normally always negatively charged.

Silvério et al. [5] found that several concentrations of salts and
polymers have considerable effects in the BSA calibration curve
obtained by the Bradford microassay. They assured that only traces
of salts and polymers could be considered as non-interfering. The
authors proposed further dilution of samples to avoid these errors,
but this is not adequate to quantify very low protein concentrations.

3.1. Calibration curves: the media and the standard

Two  calibration curves were built: one using distilled water
and another employing phosphate buffer to dilute the BSA stock
solutions (see Fig. 1).

Different slopes arose. In the case of the microassay, slopes dif-
fered about 12%, whereas the standard assay gave a slope 15%
greater using water instead of PBS buffer.

These differences in the curves slopes are assigned to the pres-

ence of ionic moieties arising from the PBS. Such ions increase the
aggregation of the proteins and also remain partially adsorbed on
their surface. Similar results have been obtained in previous work
using CALB and other proteins [3].

ilute the standard. A) Standard assay, B) Microassay The largest standard deviation
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ig. 2. Calibration curves of BSA (rhombus) and protein in CALB solutions (circles)
ith CBB. Protein concentrations were calculated using EA-ICP. CALB is used instead

f  BSA as calibration standard.

The slope of the calibration curve using impure CALB solution as
tandard was 77% lower than the value corresponding to the slope
sing BSA in Bradford microassay (see Fig. 2).

SDS-PAGE was performed on the raw broth CALB solution to
onfirm composition. Indeed, CALB was the main protein in the
olution provided by Novo (see SDS-PAGE results in Supplementary
aterial). Even if other molecules contain sulfur, the error would

e almost depreciable since their molecular weight would be surely
arger than 33 kDa. SDS-PAGE showed a minor signal near 66 kDa.

The protein content in the commercial “as received” CALB
s 2,7 mg/mL  by Bradfordı́s Standard assay, 3,5 mg/mL using the
radford Microassay, 17,7 mg/mL  using AE-ICP (this work) or
5,2 mg/mL  following reference 23. Protein quantification in three
iluted test commercial CALB solutions (see Fig. 2) gave 12,5, 18,8
nd 25 �g protein (CALB)/mL by EA-ICP and 2,2, 3,4 and 5,0 �g
rotein/mL using Bradford.

The determination of free thiol (SH) groups has been done using
he Ellman procedure. However, this method- that uses 5, 5′Dithio-
is-(2 nitrobenzoic) acid or DTNB known as the Ellmanı́s Reagent-
equires the S as the reduced form in the peptide (SH). The method
ecommends the reduction of sulfhydryl with a reducing agent. The
pplication of Ellmanı́s method would result in erroneous CALB
uantification because of the composition of the lipase in terms of
he aminoacids sequence. In fact, CALB is formed by 357 aminoacids
nd 12 S atoms per molecule, many of them in S-S form [Protein
ata Bank entry 4K6G, see sequence]. Then, the use a calibration

olution containing cystein would interfere in the lipase quantifi-
ation. This turns the Ellmanı́s method unviable to determine the
mount of immobilized CALB [22].

.2. Selection of an accurate method of quantification

Four procedures for protein quantification were selected:
I—To quantify the initial and final protein content in the super-

atant and in the washing residues with BSA as standard and
radford method.

II—To use AE-ICP method to quantify sulfur in the initial CALB
olution and to use conventional, classical Bradford with BSA as
tandard to measure the final protein amount in supernatants after
mmoblization and in washing residues.

III—To use AE-ICP method to quantify sulfur in the initial CALB
ixture but to apply Bradford method with CALB as standard

rotein to calculate the change relative to the initial protein con-
entration. The final protein in supernatants after immobilization
nd in washing residues is calculated with this relative change.

IV—To use AE-ICP method to quantify sulfur in the initial CALB

ixture and the final sulfur content in supernatants after immobi-

ization and in washing residues.
The data of mg  of protein per 100 mg  of support obtained with

he methods presented above are shown in Table 1. Large discrep-
l Technology 97 (2017) 97–103

ancies in Enzyme Loading (EL) were found when comparing data
arising from method I and the average between results of methods
III and IV.

In biocatalysts with high contents of nominal APTS and GLUT,
the protein concentration obtained using Bradford in supernatant
after immobilization time was  higher than initial one (a result
against conservation mass law). This behavior was attributed to
residual, soluble moieties of APTS-GLUT from the support, leaching
during immobilization procedure. These compounds would react
with CBB [4], raising the absorbance signal.

In methods I, II and III the contribution of APTS/GLUT-dye com-
plex was present. The interferences among APTS, GLUT and CBB
were not previously reported in open literature at the best of the
authorı́s knowledge. In many published articles the informed pro-
tein content may  include this error (among others).

Catalyst 2 and 9 were the central replications. The best method
for protein quantification gave 2.1 and 2.5%, w/w  for the protein
content of the biocatalysts, respectively. Conversions of oleic acid
were 3.6 and 3.3% for both catalysts.

Experiments 2 and 9 are replications of the experimental design.
In them, CALB was  immobilized directly on APTS-coated support,
i.e. without GLUT. As a consequence, the coupling mechanism is
entirely different. In fact, their enzyme loadings (EL) were 2.1 and
2.5% but the conversions of oleic Acid to ethyl oleate were only
3–4%, meaning that lipase was  bound in an inactive form. Therefore
EL% did not correlate with conversion in the same fashion than the
other 8 samples. This is a direct result of immobilization protocol
and it is not at all associated to the applied protein quantification
methods, so they were discarded from the discussion in this paper.

The error involved in protein quantification using an average in
methods III and IV was much lower than the error involved when
using methods I or II. The difference between catalysts 2 and 9 in the
oleic acid conversion was lower than 10%. When two  batches of Bio-
catalyst 7 were analyzed using CHN, carbon content was  8.47 and
8.05% whereas nitrogen content was  0.59 and 0.52% and hydrogen
content was  0.88 and 0.81%, respectively for batch 1 and batch 2.
Differences between batches were of 5,1% for C, 12,6% for N and 8,3%
for H. The Biocatalyst 7 batch 1 showed 36% whereas the Biocatalyst
batch 2 showed 38% conversion of oleic acid at the same condi-
tions. Difference is less than 5,5% in oleic acid conversion between
replicates.

Results from method I brought low protein loadings. These val-
ues were mainly affected by the choice of BSA as standard. The
procedure II, which is based on the ICP application for the quantifi-
cation of the initial amount of protein in solution, eliminated the
mistake found in initial protein concentration. Finally, in method III
the analyte protein and the standard protein were the same. Quite
large “apparent” protein concentrations were found in the super-
natants after immobilization. The source of this interference was
iron leaching from the support, increasing absorbance at 595 nm.
The support was  stirred in distilled water under similar condi-
tions than the immobilization but without protein available. The
supernatants and washings solutions were analyzed with Brad-
ford microassay (blank). A significant absorbance of 0.1 was found,
assignable to dissolved iron (results not shown).

The partial dissolution of magnetite from the support was ver-
ified by ICP. Data arising from method IV suggested that the S
content in the immobilization supernatant was  higher than the
total protein fed to the system. A contribution of S from the mag-
netite impurities (i.e FeSO4) was  considered as responsible for this
erroneous value. An intense signal in XRF associated to S moieties
was detected in magnetite (results not shown).
CHN analysis was performed for the supports without protein
and the final biocatalysts 3, 7 and 10. For the Catalyst 3, the direct
comparison between the support with Glutaraldehyde and with
Glutaraldehyde plus the protein gave a total mass difference (or
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Table  1
Protein loadings obtained with four methods for eight biocatalysts and percentage of associated errors.a The values considered more accurate are in bold.

Catalyst Offered
enzyme per
100 mg  support
(mg)b

Enzyme loading-EL (mg  CALB per 100 mg support) Error (%) of
method I by
defect

Error (%) of
method II by
excess

I—Standard
Bradford
method

II—Bradford
method
(standard: BSA)
combined with
ICP

III—Bradford
method (stan-
dard:CALB)
combined with
ICP

IV—ICP only Average III and
IV

1 4,5 0,42 4,0 2,6 1,85 2,2 424 46
3  4,5 0,51 4,1 2,1 3,0 2,6 410 37
4  1,5 0,26 1,5 1,5 1,5 1,5 477 −2
5  1,5 c 1,0 0,8 0,62 0,7 ∞ 31
6  1,5 0,09 1,3 0,9 0,42 0,6 567 54
7  4,5 0,22 3,9 3,0 3,0 3,0 1264 22
8  1,5 0,09 1,3 1,3 0,55 0,9 900 31
10  4,5 0,29 3,9 3,1 3,75 3,4 1072 13

a Percentage error = [(number in bold/value obtained by the evaluated method) − 1] × 100.
b Determined by AE-ICP.
c

 the initially measured in the initial solution following this method.
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Fig. 3. Conversions of oleic acid (in percentage of initial amount) to ethyl oleate with
eigth magnetic catalysts, correlated to protein content calculated with methods III
and  IV (average of both results, circles in blue) and calculated with the classical
Bradford’s microassay (method I in Table 1, rhombus in orange). (For interpretation
of  the references to colour in this figure legend, the reader is referred to the web
version of this article.)
CALB structure from http://www.rcsb.org/pdb/explore.do?structureId=1tca.
The amount of protein detected after the immobilization time was  higher than

rotein content) of 2.0% w/w, whereas for the catalyst 7 and 10
he results were 1.7–1.8% w/w. The CHN analysis of the support of
iocatalyst 7, stirred 7 h, demonstrated partial dissolution of the
PTS-GLUT–Magnetite. In summary, disaggregation/partial disso-

ution of the whole support has two main consequences. One is due
o the coordination of the dissolved transition metal with CBB. The
econd was the overestimation of S content in final biocatalyst.

Correlation of oleic acid conversion with protein content
btained with method I or method III/IV is shown in Fig. 3. The pro-
le of enzymatic esterification activity-protein content is clearly
ell correlated with the protein content in biocatalysts following

he method proposed within this work. The Bradford method is
ot able to discriminate between different CALB loadings onto the
articles.

Mistakes in the Bradford method have been reported before
5,6,26]. The research on quantification of proteins in enzymes or
n food is continuous [6,27]. The main mistake found in this work

ith the Bradford method I was the low initial and final protein
oncentration detected. Method II decreased the errors found in
ethod I. This method II gave very low results for the final protein

oncentration after the immobilization step. The use of Bradford
ethod to measure only the decrease of protein concentration rel-

tive to the initial one is adequate, always when using the protein
o quantify as standard.

It is important to highlight that the proposed procedure is appli-
able for only one enzyme and a limited number of variants of one
asic type of nanoparticle. The authors are aware that the meth-
ds used for comparison [atomic emission, XRF, elemental C, H, N
nalysis] require specialized equipment & skills that will not be
onvenient for, or even available to, many investigators. However,
hey are available as services in many specialized accessible labs.
iven the magnitude of the mistakes that were found, even when

he authors agree in the difficulties involved in the application of
he cited techniques, they encourage researchers in the field to take
nto account these considerations.

Considering a particular enzyme in a protein solution, for exam-
le a commercial one, it is very important, first, to filter the solution
o avoid any insoluble macromolecule to interfere. Later, it is
mportant to analyze the solution using SDS-PAGE to know the dis-

ribution of proteins in the commercial enzyme. If possible nucleic
cids should be separated (but they do not contribute to sulfur
ontent) Third, the structure of the protein should be checked in

http://www.rcsb.org/pdb/explore.do?structureId=1tca
http://www.rcsb.org/pdb/explore.do?structureId=1tca
http://www.rcsb.org/pdb/explore.do?structureId=1tca
http://www.rcsb.org/pdb/explore.do?structureId=1tca
http://www.rcsb.org/pdb/explore.do?structureId=1tca
http://www.rcsb.org/pdb/explore.do?structureId=1tca
http://www.rcsb.org/pdb/explore.do?structureId=1tca
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he Protein Data Bank to know about the Sulfur content. With this
nformation the adequate procedure can be carried out.

. Conclusion

An innovative method was proposed to avoid (or at least min-
mize) mistakes in the application of Bradford method to quantify
roteins using CALB. The magnitude of the mistakes regarding to
rotein immobilization were up to 1200% using “classic” Bradford
ethod. The procedure proposed here is of easy application in the

ase of commercial CALB because:

 the sulfur content of the lipase (through the information about
sequencing included in the Protein Data Bank for CALB) and the
molecular weight of the lipase are known.

 the main protein present in the commercial solution or solid is
CALB and this is checked through SDS-PAGE analysis of the com-
mercial lipase solution.

 a simple step of dissolution and filtration to separate insoluble
solids is performed (if the enzyme is received as solid)

 combined methods are applied, such as CHN analysis plus ICP-AES
and Bradford.

The best result was obtained combining AE-ICP for the abso-
ute protein quantification and Bradford method for the relative
ecrease in protein concentration, using CALB commercial solu-
ion as standard. The methodology may  be applied other lipases,
roteins and supports.

Classical Bradford Method using BSA as standard gives lower
han “true” protein contents (up to ten times lower) in commercial
ALB solutions, diluted with buffer or with distilled water, before
nd after immobilization steps in common procedures for CALB
mmobilization.
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