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Bromelain is an aqueous extract of pineapple that contains a complex mixture of proteases and non-pro-
tease components. These enzymes perform an important role in proteolytic modulation of the cellular
matrix in numerous physiologic processes, including anti-inflammatory, anti-thrombotic and fibrinolytic
functions. Due to the scale of global production of pineapple (Ananas comosus L.), and the high percentage
of waste generated in their cultivation and processing, several studies have been conducted on the recov-
ery of bromelain. The aim of this study was to purify bromelain from pineapple wastes using an easy-to-
scale-up process of precipitation by ethanol. The results showed that bromelain was recovered by using
ethanol at concentrations of 30% and 70%, in which a purification factor of 2.28 fold was achieved, and
yielded more than 98% of the total enzymatic activity. This enzyme proved to be susceptible to denatur-
ation after the lyophilization process. However, by using 10% (w/v) glucose as a cryoprotector, it was pos-
sible to preserve 90% of the original enzymatic activity. The efficiency of the purification process was
confirmed by SDS–PAGE, and native-PAGE electrophoresis, fluorimetry, circular dichroism and FTIR ana-
lyzes, showing that this method could be used to obtain highly purified and structurally stable bromelain.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Many techniques have been used for the isolation and purifica-
tion of enzymes, including obsolete ones such as precipitation,
solvent extraction and filtration, which usually have high concen-
tration power and low purification. On the other hand, modern
techniques like affinity chromatography, ionic exchange, gel-filtra-
tion, aqueous two phase extraction and extraction by using re-
versed micelle, recover and purify biomolecules, often to the level
of homogeneity. In many biotechnological industries (food, medical
and pharmaceutical) the selective separation of an enzyme from
fermentation broths, animal or vegetable sources has been a pri-
mary research interest for downstream processing operations [1].
It is difficult and expensive to selectively recover a targeted enzyme
from a crude extract due to the low protein concentration among
various contaminants and the similarity of the physical properties
between proteins present in the same solution. Furthermore, of
the steps involving isolation and purification of an enzyme, taking
into account both economical and technical aspects, the purifica-
tion steps correspond to 70–90% of the total production costs [2,3].

The effectiveness of each step in a purification process does not
necessarily include the application of a unique operation. For
example, after protein precipitation by ammonium sulfate it is
ll rights reserved.
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necessary to perform a dialysis to adjust the ionic strength to levels
that allow for ionic exchange chromatography. On the other hand,
there are products such as organic acids and some industrial en-
zymes whose application does not require a high degree of purity,
in which case chromatographic operations are not necessary.
Nevertheless, reducing the number of steps is of fundamental
importance to the technological and economical viability of a puri-
fication process [4,5].

Separation of biomolecules by precipitation from aqueous broth
is the most traditional method for the recovery and partial purifica-
tion of enzymes. It is an easy technique with simple equipment
requirements, low energy needs, easy scale-up and the possibility
of using a large number of precipitants, including some inexpensive
ones, such as ethanol, which is widely produced in Brazil and world-
wide [4]. Organic solvents that do not denature biological products,
like enzymes, can also be used, and the precipitate formed is often
more stable than the soluble material. Interactions between the
solvent and internal hydrophobic areas may cause an irreversible
denaturation of the enzyme that disrupts the normal secondary
forms (a-helix and b-sheets), and uncoils it into a random shape
[6]. This can be minimized by reducing the temperature to values
around zero or below, because at low temperature the flexibility of
the biomolecule is less, reducing the penetration capability of the
solvent and any irreversible denaturation of enzymes, minimizing
the loss of activity [4]. Ethanol precipitation is a promising technique
that can be applied to the purification of different enzymes [6–9].

http://dx.doi.org/10.1016/j.seppur.2012.06.042
mailto:mgcc@ufpe.br
http://dx.doi.org/10.1016/j.seppur.2012.06.042
http://www.sciencedirect.com/science/journal/13835866
http://www.elsevier.com/locate/seppur


390 P.A.G. Soares et al. / Separation and Purification Technology 98 (2012) 389–395
Moreover, ethanol can be recycled in the final process by a simple
distillation, reducing environmental impacts through the release
of effluents, such as precipitation with ammonium sulfate or acids.

Cysteine proteases comprise a family of enzymes widely dis-
tributed in nature and several have been isolated from a number
of plant sources. One of them is bromelain, a mixture of cysteine
proteases extracted from the pineapple plant (Ananas comosus),
in particular, from the stem [10]. This proteolytic enzyme is used
as a phytomedical compound and demonstrates, in vitro and
in vivo, anti-inflammatory, antiedemic [11,12], anti-thrombotic
[13], anti-cancer and anti-metastatic properties [14,15], in addition
to strong immunogenicity [16] and wound healing in burns [17].
Bromelain proteases are usually unstable and sensitive under
stress conditions in the presence of elevated temperature, organic
solvents and chemicals, which may result in a decrease in enzy-
matic activity of this health-promoting enzyme, limiting its phar-
macological, industrial and biotechnological applications [18,19].

The primary structure of stem bromelain is constituted by a sin-
gle polypeptide chain with 212 amino acids folded into two struc-
ture domains stabilized by disulphide bridges and numerous
hydrogen bonds. The active site is located on the surface molecules
between domains, with two catalytic residues, Cys25 and His159,
for hydrolysis of cleaved bonds and substrate specificity [20,21].
The first N-terminal domain of stem bromelain contains mainly b-
sheets while the C-terminal domain is composed of a-helices, which
allows classifying it within the a + b protein class such as other cy-
stein proteases like papain, actinidin and chymopapain [21–24].

Ethanol can alter the secondary, tertiary or quaternary structure
of the enzyme, distorting the binding sites of amino acid residues
arranged along the catalytic site, yet there are few studies that
have been made to confirm if the purification process using this
solvent was efficient without modifying the molecular structure
of the enzymes. The aim of this study was to purify bromelain from
pineapple wastes by ethanol precipitation, and evaluate the effi-
ciency of the process by SDS–PAGE, native-PAGE electrophoresis,
fluorimetry, circular dichroism and FTIR analyzes.
2. Materials and methods

2.1. Chemicals and plant materials

Mature pineapples (cv. Perola) were purchased at a local retail
outlet (Recife, Brazil). Casein, L-tyrosine and purified commercial
bromelain were purchased from Sigma (St. Louis, USA). The con-
centrated reagent of Bradford for protein assay was purchased
from BioAgency (São Paulo, Brazil). All the buffers and reagents
were of analytical grade.

2.2. Preparation of crude extract from pineapple stem and bark

The stem and bark of ripe pineapple fruit were separated from
the fleshy fruit. The stem and bark portions were then cut into
small pieces and crushed in an industrial blender (Siemsen TA-
04, Brazil) with deionised water (1:1 w/w) to get approximately
500 ml of juice, which was filtered through a Vual tissue to remove
the fibrous material. The filtered juice was centrifuged (Jouan BR4i,
France) at 15,000g for 15 min at 4 �C to remove insoluble materials.
The clear supernatant obtained, called crude extract, was stored in
aliquots (2 mL) at �18 �C, and used whenever required.

2.3. Evaluation of the temperature variation over time when ethanol is
added to the aqueous medium

Two tests were conducted in test tubes with deionized water to
observe the change in temperature of the aqueous medium as a
function of contact time with absolute ethanol. The tests were con-
ducted in a cooled water bath (PolyScience, USA) at 0 �C containing
a 40% (w/v) ethylene glycol solution. The temperature was mea-
sured by a precision digital thermometer (Omega 5831, USA).
The first test was conducted by a single application of 9.0 mL of
absolute ethanol in 1.0 mL of deionized water to a final ethanol
concentration of 90%. In the second test, the addition of absolute
ethanol in 1.0 mL of deionized water was performed by three con-
secutive applications to obtain ethanol concentrations of 20%
(t = 0 min), 50% (t = 1 min) and finally 90% (t = 2 min). The temper-
ature variation with time was monitored every 15 s, and the total
elapsed time for both tests was 15 min.

2.4. Bromelain purification from crude extract by ethanol precipitation

The precipitation of bromelain from the crude extract was per-
formed in a single step using different concentrations of ethanol
(20–90%). Test tubes containing 1.0 mL of crude extract were
cooled to 0 �C using a refrigerated water bath (PolyScience, USA).
The volumes of absolute ethanol at 0 �C were added to the tubes
in accordance with the temperature control tests as a function of
contact time with the solvent (15 min). After precipitation, the
sample was centrifuged at 2000g for 20 min at 4 �C, and the precip-
itate was resolubilized in 1.0 mL of phosphate buffer (0.03 M, pH
7.0) and thus called purified bromelain. All precipitations were
performed in triplicate.

2.5. Effect of the cryoprotectors on enzymatic activity of bromelain

The purified bromelain was solubilized in different cryoprotec-
tants (pH 7.0 phosphate buffer as control; 10% w/v of glucose in
phosphate buffer of pH 7.0; 10% w/v of glycerol in phosphate buffer
of pH 7.0; 10% w/v of PEG 4000 in phosphate buffer of pH 7.0; 10%
w/v of sucrose in phosphate buffer of pH 7.0), in order to evaluate
the product stability during the lyophilization process. After this
process, the purified bromelain was resolubilized in phosphate
buffer of pH 7.0, and the enzymatic activity was determined before
and after the process.

2.6. Measurements of protein content and enzymatic activity

Protein content was measured spectrophotometrically accord-
ing to Bradford [25] and bovine serum albumin was used as a stan-
dard. All measurements were performed in triplicate. The enzyme
activity was estimated according to modifications of the method
described by Kunitz [26] and Walter [27], as follows: 2% casein
(w/v) in 0.1 M phosphate buffer (pH 7.5) was used as a substrate.
Aliquots of 50 lL of the samples were added to a centrifuge tube
containing 0.625 mL of buffered solution of casein. The mixture
was maintained for 10 min in a water bath at 37 �C. Subsequently,
1.25 mL of a solution of trichloroacetic acid (TCA) was added and
after 10 min at room temperature (25 �C), the mixture was centri-
fuged at 4000g for 20 min. The absorbance of the supernatant was
determined at 280 nm using a UV/visible spectrophotometer
(Beckman DU 640, USA).

One unit (U) of enzyme was defined as the amount of bromelain
necessary to produce 1 lmol of tyrosine in 1 min at 37 �C and ex-
pressed as U/ml. The specific activity (SA) was determined by the
ratio of enzyme activity (U/ml) and protein concentration (mg/
ml) and expressed as U/mg.

2.7. Determination of the carbohydrate content

The determination of total sugars was carried out using the phe-
nol–sulfuric acid method described by Dubois et al. [28]. The
absorbance at 490 nm of a colored aromatic complex formed be-
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tween phenol and the carbohydrate content of the samples was
determined using a UV/visible spectrophotometer (Beckman DU
640, USA) by comparison with a glucose calibration curve.

2.8. SDS–PAGE electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS–PAGE) was conducted by using 14% (w/v) polyacrylamide
according to Laemmli [29]. Polypeptide bands of crude extract
(10 lg), commercial bromelain (10 lg), purified bromelain (5 lg)
and standards (5 lg) from BenchMark™ Protein Ladders from Life
Technologies (California, USA) were stained with silver using a
silver staining kit purchased from Bio-Rad laboratories Inc. (Sao
Paulo, Brazil).

2.9. Native-PAGE electrophoresis

A native-PAGE with activity staining was conducted, using the
modification of the method described by Garcia-Carreno et al.
[30] in order to show the presence of active protease in purified,
cryoprotected bromelain. During activity staining, the gel was re-
moved to soak in 2% casein (w/v) in 0.1 M phosphate buffer (pH
7.5) for 30 min at 4 �C after electrophoresis. Then the temperature
was raised to 37 �C and gel was incubated for 90 min to digest pro-
tein by the active fraction. After incubation, the clear zones on the
dark blue background by Coomassie blue staining indicate active
protease.

2.10. Fluorescence measurement

Intrinsic fluorescence assay were performed using a spectroflu-
orometer (Jasco FP-6300, Japan). All the samples (commercial bro-
melain and purified, cryoprotected bromelain) were in the range of
0.5 mg/mL with a 1 cm path length. Excitation and emission slit
widths were 5 nm. An excitation wavelength of 280 nm was used
and emission spectra were recorded in the range from 300 to
400 nm.

2.11. Circular dichroism (CD) measurements

CD measurements were carried out on a spectropolarimeter
(JASCO J-815, Japan). The protein concentrations were: commercial
bromelain (2.5 lM) and purified, cryoprotected bromelain (4.2
lM) in phosphate buffer of pH 7.0 at 25 �C. CD spectra were mea-
sured in the far-UV range (190–250 nm) in a 10 mm pathlength
quartz cuvette. The data were averaged for 5 scans performed at
a speed of 50 nm/min, and collected in 0.5 nm steps. The baselines
(buffer alone) were subtracted from the protein spectra. Results
were expressed as mean residue ellipticity, [h], defined as [h] =
hobs/(10 � C � l � n), where hobs is the CD in millidegrees, C is the pro-
tein concentration (M), l is the path-length of the cuvette (cm) and
n is the number of amino acid residues assuming a mean number
of 212 residues.

2.12. Fourier transform infrared (FTIR) spectroscopy

Fourier transform infrared (FTIR) spectra were measured using
a spectrometer (Bruker FT-IR Vertex 70, USA) and analyzed using
PE-GRAMS/32 1600 software, as described by Liao et al. [31].
Briefly, 0.5 mg of the dry commercial bromelain and purified, cryo-
protected bromelain were mixed with 300 mg ground potassium
bromide and compressed to get a pellet. The spectra were
smoothed with a 15-point Savitsky–Golay function to remove
any possible white-noise. The baseline of the spectrum in the
amide I region was leveled and zeroed, then the spectrum of the
sample was normalized for area in the region and the intensity
of a-helical and b-sheet bands was recorded.
3. Results and discussion

3.1. Purification of bromelain from crude extract by ethanol
precipitation

As it is widely known, the temperature has an important effect on
the extraction process of biomolecules, mainly when ethanol is used
as solvent. To avoid the denaturation of bromelain by the ethanol, a
preliminary study was conducted to evaluate the temperature
variation over time when ethanol was being added to the system.
The temperature variation in the aqueous medium as a function of
contact time with ethanol is shown in Fig. 1. It can be seen in
Fig. 1A that when performing a single application of 90% (v/v) of
ethanol, the highest temperature was 5.2 �C. Within about 2 min
after the addition of ethanol the temperature was 1.0 �C, and suit-
able for precipitation without denaturation of the bromelain.
According Kilikian and Pessoa [4], the addition of ethanol in a single
application can lead to denaturation of enzymes by forming ‘‘pock-
ets’’ of ethanol in the solution, even if the temperature is below the
critical temperature (>10.0 �C). For this reason, the addition of etha-
nol was performed with three consecutive applications over 2 min.

The results presented in Fig. 1B show that with the addition of
20% (v/v) ethanol (0 min), the highest temperature recorded was
4.8 �C. After 1.0 min, the temperature decreased to 2.2 �C and when
the ethanol concentration was completed to 50% (v/v), the highest
temperature reached 3.7 �C, a reduction of 21.0% of the tempera-
ture after the addition of the first aliquot of ethanol. At the end
of 2.0 min, the temperature decreased to 1.7 �C and when the eth-
anol concentration was completed to 90% (v/v), the temperature
continued decreasing until 0.1 �C in about 7.0 min, when it
stabilized.

Considering the results here obtained, for the precipitation of
bromelain, the first application (0 min) was set at 0.25 mL (20%
v/v ethanol), at concentrations of ethanol between 20% and 50%
(v/v), the volume was completed to the desired concentration in
the 1st min, and for concentrations above 50% (v/v), the volume
of ethanol was completed in the 2nd min.

The results of enzyme activity present in the supernatant and
fractions precipitated by ethanol are shown in Fig. 1C. The 100%
recovery of proteins with a yield of P99.1% in enzymatic activity
was obtained from the tests of precipitation that showed volumes
P60% (v/v) of ethanol. It was observed that at 30% (v/v) ethanol,
the bromelain did not yet precipitate, however, under these condi-
tions, approximately 26.0% of contaminating proteins were precip-
itated, and with 70% (v/v) ethanol, all bromelain present in the
crude extract was precipitated with an activity yield of 99.7%
(Table 1).

In an attempt to improve the extraction process of bromelain, a
precipitation test was then performed in two steps, the fraction of
F30–70% (v/v). The results showed that it was possible to extract
all the bromelain (100.0%) allowing an increase in purification fac-
tor of 1.18–2.28 as well as an increase of 2–3 times in the initial
specific activity (see Table 1), which is quite considerable for a
technique with a low purification power, as in this precipitation.
It was also observed that there was a large reduction of about
99.4% in the level of carbohydrate content (14.43–0.08 mg/mL),
one of the main contaminants in the crude extract of pineapple,
corresponding to about 35–40% of total impurities [32]. Increasing
by a hundred times the scale purification of the 30–70% (v/v) frac-
tion of bromelain precipitated with ethanol, it was possible to re-
cover 18.33 mg of bromelain with an activity yield of 99.2% of its
initial activity.



Fig. 1. Effect of 90% (v/v) ethanol on the temperature of aqueous medium (initial temperature = 0.4 �C) in only one stage (A) and in three stages (B): Temperature before (j)
and after (h) adding ethanol. Effect of ethanol concentration on bromelain activity (C). SDS/PAGE analysis and native-PAGE of bromelain using a 14% (w/v) polyacrylamide
gel: lane S, molecular mass standards (in kDa); lane 1, commercial bromelain (10 lg); lane 2, purified bromelain (5 lg); lane 3, crude extract (10 lg); lane 4, native-PAGE of
the purified, cryoprotected bromelain (5 lg) (D).

Table 1
Effect of ethanol concentration on bromelain precipitation.

Samples PC (mg/mL) EA (U/mL) SA (U/mg) CC (mg/mL) Y (%) PF

CE 0.23 ± 0.01 2.86 ± 0.15 12.43 ± 0.21 14.23 ± 0.61 – –
F30% 0.03 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.21 ± 0.02 0.00 ± 0.00 0.00 ± 0.00
F70% 0.20 ± 0.01 2.77 ± 0.07 13.85 ± 0.09 0.31 ± 0.10 96.85 ± 2.56 1.11 ± 0.02
F30–70% 0.10 ± 0.02 2.82 ± 0.04 28.20 ± 0.15 0.08 ± 0.01 98.60 ± 1.49 2.27 ± 0.07

CE – crude extract; PC – protein content (mg/mL); EA – enzymatic activity (U/mL); SA – specific activity (U/mg); CC – carbohydrate content (mg/mL); Y (%) – activity yield (%);
PF – purification factor.
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Devakate et al. [5] achieved a bromelain recovery of about 80.0%
in the 34.0% of total protein content extracted with fractions col-
lected at 40–60% and 60–80% (w/v) ammonium sulfate saturation
levels. Other alternative methods with low power purification have
also been used in the extraction of bromelain and showed satisfac-
tory results, as in the work done by Rabelo et al. [33], who recov-
ered 79.5% of the bromelain present in the flesh and stem of the
pineapple using an aqueous two-phase system containing block
copolymers of polyoxide ethylene and propylene, which obtained
a purification factor of 1.25, and Hebbar et al. [34] who achieved
a recovery of 106.0% in the extraction of bromelain from pineapple
wastes, with a purification factor of 5.2 using a liquid–liquid
extraction system by reverse micelles.

The use of the ethanol precipitation method for enzyme extrac-
tion has also been applied successfully as in the work reported by
Golunski et al. [6], who achieved an increase in purification factor
(2.0 fold) similar to that obtained in this work, for the precipitation
of inulinases derived from Kluyveromyces marxianus with 55%
(v/v) ethanol with an activity yield of 86.1%, and the work by Cor-
tez and Pessoa Jr. [9], who obtained a recovery of approximately
100.0% of the xylanase originating from Penicillium janthinellum
by precipitation with 80% (v/v) ethanol.

The SDS–PAGE analysis (Fig. 4D) revealed the efficiency of the
protocol used to purify bromelain from pineapple wastes by etha-
nol precipitation. Two polypeptide bands of 27.1 and 14.9 kDa
were shown, although some authors have reported that up to six
enzyme forms can be obtained from the fractionation of stem bro-
melain [35]. Similar results were reported by Hebbar et al. [34],
Takahashi et al. [36] and Wharton [37], which revealed a molecular
weight of 26 kDa, 28 kDa and 28.4 kDa for polypeptide bands of
bromelain, respectively.

3.2. The effect of cryoprotectors on the enzymatic activity of bromelain

The bromelain fraction precipitated by 30–70% (v/v) ethanol
was lyophilized in order to maintain the enzyme stability in the
long-term. It was observed that after the lyophilization process, a
loss of 48.6% of the initial enzyme activity occurred (Fig. 2). During
lyophilization, the water around a protein is extracted into a ma-
trix of ice crystals and the presumed hydration layer would be



Fig. 2. The effect of the use of cryoprotectors on the enzymatic activity of bromelain purified by ethanol precipitation after lyophilization. PB – phosphate buffer pH of 7.0, PB-
GLU – 10% (w/v) glucose in phosphate buffer of pH 7.0; PB-GLY – 10% (w/v) glycerol in phosphate buffer of pH 7.0, PB-PEG – 10% (w/v) PEG 4000 in phosphate buffer of pH 7.0;
PB-SU – 10% (w/v) sucrose in phosphate buffer of pH 7.0.

Fig. 3. Fluorescence emission spectra (A) and CD spectra (B) of bromelain recorded in phosphate buffer (pH 7.0) at 25 �C: (—) commercial bromelain; (- - -) purified,
cryoprotected bromelain. The arrows represent the signals that were more intense in both fluorescence and CD spectra.
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interrupted. So the hydration, under the same environment, would
cease to exist in solution and during lyophilization, the passage of
the water from solid to gas states could denature some proteins
sensitive to the process, especially enzymes [38].

To compensate for the loss of enzymatic activity of bromelain
after the lyophilization process, some cryoprotectors were used
in order to decrease the tension force generated by the ice crystals
on the bromelain. The best cryoprotector for bromelain was ob-
served for 10% (w/v) glucose in a phosphate buffer of pH 7.0, which
allowed for a 90.3% recovery of initial activity. The efficiency of the
process was confirmed in the native-PAGE shown in Fig. 1D, in
which the presence of white bands is related to the maintenance
of activity after lyophilization. It was also possible to recover about
61.0% of the enzymatic activity of bromelain in the presence of 10%



Fig. 4. FTIR spectra of commercial bromelain (A) and purified, cryoprotected
bromelain (B); insert shows the representative bands of the secondary structures of
a-helical and b-sheet for purified, cryoprotected bromelain.
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sucrose (w/v) in a phosphate buffer of pH 7.0. Sugars, mainly
monosaccharides and some disaccharides, are considered good
cryoprotectors because they act by reducing the water that can
be frozen on the surface of protein molecules, helping to reduce in-
jury caused by water crystallization [39].

In the presence of glycerol and PEG 4000, the loss of enzyme
activity was greater than 80.0% for both cases, indicating that they
were not effective at cryopreserving bromelain. Several investiga-
tors have proposed that PEGs function as chaperones, which are
molecules that favor the folding of polypeptide chains into their
native structures. It has been assumed that this was only possible
to perform when protein molecules were in direct contact with the
PEG molecules [38,40]. In this specific case, bromelain could not be
interacting with PEG-4000 during the lyophilization process,
which explains the loss in enzymatic activity. In a solution contain-
ing glycerol, when temperatures reach below 0 �C, an increase in
viscosity occurs that allows more water to remain unfrozen than
in a solution without glycerol [41]. As the enzyme will not freeze,
it will remain active to exert its catalytic properties, which ex-
plains, once again, the loss of enzyme activity during the lyophili-
zation process.
3.3. Fluorescence and CD measurements

Ethanol can alter the secondary, tertiary or quaternary structure
of enzymes, distorting the binding sites of amino acid residues ar-
ranged along their catalytic site. The fluorescence of the purified,
cryoprotected bromelain remained unaltered after freeze-drying
(Fig. 3A). Bromelain contains five tryptophan residues [42] and
extensive sequence homology with papain, which suggests that
three of the residues are buried in the hydrophobic core whereas
two may be located near the surface of the molecule [43,44]. The
maximum peak of purified, cryoprotected bromelain at pH 7.0
was recorded at 345 nm, similar to commercial bromelain (349
nm), showing the integrity of the hydrophobic centers of the bro-
melain after ethanol precipitation.

The same results have been reported by Gupta et al. [45] in their
studies for the interference caused to the tertiary structure of bro-
melain by methanol. Thus, the tertiary structure of the purified,
cryoprotected bromelain was not affected by the precipitation pro-
cess, as the maintenance of enzymatic activity was confirmed by
native-PAGE electrophoresis (Fig. 1D).

The CD spectra of commercial bromelain and purified, cryopro-
tected bromelain are shown in Fig. 3B. In the far-UV region, both
curves are practically coincident, suggesting that there is no inter-
ference in secondary structures during the precipitation process.
The CD spectra of bromelain obtained in this work are comparable
with those reported elsewhere [43,46]. In the aromatic absorption
region (250–320 nm), data not shown, CD curves of the bromelains
are very similar to the spectrum reported earlier by Arroyo-Reyna
et al. [47]. On the other hand, in the far-UV region those authors
observed considerably weaker bands than those shown in this
work.

In general, the spectral characteristics displayed by commercial
bromelain and purified, cryoprotected bromelain are typical of
a + b proteins, the CD signal of which is more intense at 210 nm
than at 223 nm, as was observed in the case of different fruit pro-
teinases such as papain and proteinase Q [48,49]. Thus it is proba-
ble that bromelain forms may have the same folding pattern
shown in other members of the papain family, namely a bilobal
structure with all a-helical and b-sheet domains [50]. In spite of
the aforementioned similarities, fluorescence and CD curves for
purified, cryoprotected bromelain show one discreet dislocation
to the left at 200 nm when compared to commercial bromelain.
This discrepancy could be caused by the two N-acetylglucosamine
residues present in the carbohydrate moiety linked to the polypep-
tide chain of bromelain that clearly appears in other fruit protein-
ases such as papain and proteinase Q [49,51].

3.4. FTIR analyses

Infrared spectroscopy is one of the oldest and well established
experimental techniques for the analysis of secondary structure of
polypeptides and proteins. FTIR spectra for commercial bromelain
and purified, cryoprotected bromelain are shown in Fig. 4. There
are no differences in the spectra. The spectrum at 3338–3380
cm�1 shows the presence of NHA stretching vibrations. The charac-
teristic CAN stretching vibration frequencies are assigned to ob-
served IR bands at 1517–1587, 1255–1290 and 1179–1149 cm�1.
The band at 1640–1700 cm�1 shows the presence of C@O stretching
groups (amide I region at 1600–1690 cm�1). We also observed the
maintenance of secondary structures of a-helical and b-sheet for
purified bromelain by ethanol precipitation by the presence of bands
at 1658 and 1643 cm�1, respectively.

These results are in agreement with Byler and Susi [52], Dong
et al. [53] and Kong and Yu [54], who reported bands of secondary
structure of some proteins by deconvolved FTIR spectra. Devakate
et al. [5] extracted bromelain using ammonium sulfate and purified
it using ion exchange chromatography. The freeze-dried bromelain
obtained by these authors shows similar FTIR spectra as those
shown in this work.
4. Conclusion

Bromelain was purified by ethanol precipitation with success
and cryopreserved using glucose after the lyophilization process.
Moreover, ethanol precipitation produces a high purification factor
using only a two-step precipitation process (F30–70%). The main-
tenance of tertiary and secondary structure and enzymatic activity
was confirmed by SDS–PAGE and native-PAGE electrophoresis,
spectrofluorimetry, circular dichroism and FTIR analysis. Based
on process time, low ionic strength (which is desirable for further
purification steps) and local ethanol prices, as Brazil is one of the
largest ethanol producers, this technique could be useful to easily
obtain bromelain.
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