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and the pH values were assayed. Under all the experimental conditions, the enzyme has a positive net
electrical charge whereas alginate is negatively charged. After performing steps of washing and desorp-
tion in 25 mM Tris–acetate–500 mM CaCl2 buffer pH 7.0, chymotrypsin was purified 9 times with an
enzyme recovery of 62%. The eluate fractions resulted in two bands in sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE). The method allows purification with suitable values from a

hom
lginate beads
hymotrypsin

raw sample like pancreas

. Introduction

The development of techniques and methods for the separa-
ion and purification of biological macromolecules has been an
mportant requirement for much advancement in Biotechnology.
t is often argued that the downstream processing is a critical
imiting factor in the commercial development of biotechnology
1]. Most purification technologies employ precipitation of pro-
eins as one of the initial operations aimed at concentrating the
roduct stream for further downstream steps. Diluted feedstock
ften requires an additional concentration step by ultrafiltration.
n initial adsorption step can also be employed for product con-
entration; an ion-exchange process is usually used, which has the
dvantage of simultaneously yielding partial purification. Thus, this
dsorption can be applied for the primary recovery of a desired
roduct directly from crude feedstock containing particulate mate-
ials such as cells, cell debris and other fine particles. This, in turn,
reatly simplifies the subsequent operations in a downstream bio-

rocess [2].

Alginate is a natural non-toxic polysaccharide and it forms
nsoluble gel beads due to its ion binding properties to multi-
alent cations such as calcium. Alginate beads were used not

Abbreviations: ChTRP, chymotrypsin; TRP, trypsin; CAB, calcium alginate
eads; BTEE, benzoyl-l-tyrosine-ethyl-ester; BAPNA, N�-benzoyl-dl-arginine-p-
itroanilide.
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only as adsorbent for protein purification but also in studies of
encapsulation and delivery of biomolecules [3] and entrapment of
enzymes for immobilization [4]. Sometimes, the matrix of adsorp-
tion has a specific affinity towards the protein/enzyme targeted for
the separation. Alginate beads were used to isolate wheat germ
alpha amylase and were purified 45 times and 70% recovery in
alginate matrix, which has an inherent affinity for the enzyme
[5].

The main alkaline enzymes in pancreas are chymotrypsin,
trypsin and elastase, all belonging to the serine-protease family.
They are characterized by serine, histidine and aspartic residues
in their active site. As a group, serine proteases are active at neu-
tral and alkaline pH, and inactive or unstable in acid pH [6]. Serine
proteases are of considerable interest, in view of their activity and
stability at alkaline pH and they are used in various industrial mar-
ket sectors, such as detergent, food, pharmaceutical and leather.
With regards to serine protease purification, researchers obtained
an enzyme with chymotryptic activity from camel pancreas, which
was purified 52-fold in a 48% yield by a three-step chromato-
graphic procedure consisting of anion-exchange, cation-exchange
and affinity chromatography [7]. Burton and Lowe had designed
ligands, which were attached to Sepharose CL-4B and purified pan-
creatic kallikrein 110-fold from a crude pancreatic extract [8]. Other
researchers purified ChTRP from viscera of sardine with a purifica-
tion factor of 13 and 6% recovery after the saline precipitation, gel

filtration and ion exchange chromatography [9]. However, these
methodologies are not suitable for scaling up in industry. Boeris
et al. have developed a method for the isolation and purification
of chymotrypsin by precipitation with acidic polyelectrolyte from
pancreas homogenate [10].

dx.doi.org/10.1016/j.procbio.2010.11.011
http://www.sciencedirect.com/science/journal/13595113
http://www.elsevier.com/locate/procbio
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The aim of this work was to assay the adsorptive behav-
or of non-soluble calcium alginate beads (CAB) applied to the
ecovery and purification of bovine chymotrypsin from its natu-
al source. Desorption of enzymes was carried out applying high
onic strength, and the recovery and the purification factor of the
rocess were evaluated.

. Materials and methods

.1. Chemicals

Alginate, bovine serum albumin, chymotrypsin (ChTRP), benzoyl-l-tyrosine-
thyl-ester (BTEE), N�-benzoyl-dl-arginine-p-nitroanilide (BAPNA), sodium dode-
yl sulphate (SDS) and molecular weight markers (prepared with aprotinin
6500), �-lactalbumin (14,200), trypsinogen (24,000) carbonic anhydrase (29,000),
lyceraldehyde-3-phosphate dehydrogenase (36,000), ovalbumin (45,000) and
ovine albumin (66,000)) were purchased from Sigma, and used without further
urification. The pancreas was kindly supplied by a local slaughterhouse. All the
ther reagents were of analytical grade.

.2. Alginate beads formation

Non-soluble calcium alginate beads (CAB) were prepared by dripping 3% (w/v)
odium alginate solution into a cross-linking solution composed of 0.1 M CaCl2.
he beads were incubated in the cross-linking solution overnight and then washed
everal times with distilled water [11].

.3. Bovine pancreas homogenate preparation and activation

The pancreas was removed from a recently killed bovine, washed with isotonical
aline solution and cut in small pieces, mixed with Tris–HCl–sodium citrate buffer,
H 2.5 (ratio 1:3) and homogenized for 5 min in a Waring laboratory variable speed
lender at a rate of 4000 rpm thermostatized in an water-ice bath. The resulting
omogenate was divided in aliquots and frozen at −30 ◦C without further treat-
ent. Chymotrypsinogen and trypsinogen are inactive precursors of chymotrypsin

ChTRP) and trypsin (TRP), respectively; therefore, a previous activation step was
equired. The zymogen activation was initiated by adding a small aliquot of TRP
0.0001%, w/w) in 90 mM Tris–HCl–45 mM CaCl2 buffer pH 8.2. The time required to
omplete the activation process was also determined by measuring the ChTRP and
RP activity at different intervals of time until a maximal value was reached [10].

.4. Determination of ChTRP and TRP activity

ChTRP assay is based on the hydrolysis of BTEE [12]. The reaction rate was
etermined by hydrolysis of the substrate at 0.6 mM concentration in 100 mM
ris–HCl–100 mM CaCl2 buffer pH 8.2. The production of benzoyl-tyrosine was mea-
ured by monitoring the increase in Abs 256 nm every 2 s for 3 min. One ChTRP unit is
efined as 1 �mol of substrate hydrolyzed per minute of reaction and was calculated
ith the following equation: U (�mol/min) = (�A 256 nm/min) × 1000 × 1/964,
here 964 is the benzoyl-tyrosine molar extinction coefficient [13].

TRP activity was determined with the substrate BAPNA using a method modified
y Gildberg and Overbo [14]. BAPNA was used in the assay at a final concentration
f 0.85 mM in 100 mM Tris–HCl buffer pH 8.2. The reaction rate was determined by
easuring the absorbance of the released reaction product, p-nitroanilide, which

bsorbs at 400 nm. BAPNA hydrolysis units (U) were calculated with the following
quation: U (�mol/min) = (�A 400 nm/min) × 1000 × 1/8800, where 8800 is the p-
itroaniline molar extinction coefficient [9].

.5. Protein determination

Protein determination was carried out according to the method of Lowry et al.,
sing bovine serum albumin as a standard.

.6. Batch ChTRP adsorption on CAB

For adsorption of commercial ChTRP, 2 mL of 0.05% (w/w) ChTRP in 25 mM
cetate–Tris–CaCl2 buffer were mixed with different dry masses of CAB. Three pH
alues, 3.8, 5.0 and 7.0; two temperatures, 6 and 20 ◦C and the following ionic
trengths, CaCl2 5 mM, 50 mM and 100 mM were assayed. The mixtures were stirred
ntil the adsorption equilibrium was reached. ChTRP activity was determined over
ime.

For the bovine pancreas homogenate adsorption experiment, aliquots of
–10 mL of homogenate were mixed with two different dry masses of CAB. Ratios

f 2.6:1 and 0.7:1 for ChTRP units:CAB dry mass weight values were selected. The
dsorption was carried out in the following conditions: 25 mM acetate–Tris–5 mM
aCl2 buffer. The same temperatures and pH values were assayed. ChTRP and TRP
ctivity and total protein were determined over time. Analyses of adsorbent-free
ontrols over the time scale of the experiment were carried out to evaluate the
tability of the ChTRP in that period.
Fig. 1. Rate constant value dependence on pH and temperature for adsorption in
25 mM acetate–Tris–5 mM CaCl2 buffer. Temperature: 6 ◦C (black bar) and 20 ◦C
(gray bar).

ChTRP elution from CAB was carried out at 20 ◦C, after solid–liquid separation
and exhaustive CAB washes with 25 mM acetate–Tris–5 mM CaCl2 buffer until a
negligible 280 nm absorbance measurement. For desorption, CAB were suspended
in 25 mM acetate–Tris–CaCl2 buffer and enzymatic activity and total protein were
measured over time. The pH values assayed were: 3.8, 5.0 and 7.0 and CaCl2 con-
centrations were: 100 mM, 300 mM, 500 mM and 1000 mM.

2.7. Polyacrylamide gel electrophoresis

SDS–polyacrylamide gel with 12% gel was performed using a BioRad Mini Pro-
tean II electrophoresis unit. 20 �L of the sample were boiled for 3–5 min. Gel was
run at constant voltage (150 V). Then, gel was stained with Coomassie brilliant blue
R-250 for 15 min and then destained in 40% methanol and 10% acetic acid.

3. Results and discussion

3.1. Commercial ChTRP adsorption

The experiments of batch kinetic adsorption of ChTRP onto
alginate beads were carried out measuring the ChTRP activity in
the supernatant. This allowed us to determine the kinetics of the
process and the time required to reach the adsorption equilib-
rium. The experimental time course of residual ChTRP activity in
the supernatant showed that the amount of ChTRP in the super-
natant decreased with time. An exponential decay model is used to
describe the adsorption kinetics, according to the following equa-
tion:

ln(C − Ce) = −kt + i

where Ce is the activity of adsorbed ChTRP at equilibrium; C is
the activity of adsorbed ChTRP in time; i is the integration con-
stant; t is the time in minutes and k is the rate constant [15].
The values of the kinetic constant for the adsorption of commer-
cial ChTRP at different pH and temperatures are shown in Fig. 1.
The temperature has increased the value of the kinetic constant.
The k was also dependent on pH of the medium. The lower the
pH assayed the higher rate constant and the amount of ChTRP
adsorbed onto the CAB. The best results were obtained at the low-
est ionic strength (data not shown), maybe due to a coulombic
interaction between the matrix and the enzyme. ChTRP concentra-

tion decreased sharply and adsorption was almost complete within
100 min.

The extent of the ChTRP (0.05%, w/w) adsorbed onto the CAB
was highly dependent on the dry mass of CAB added to the system,
as shown in Fig. 2. The ChTRP activity remaining in the supernatant
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ig. 2. Adsorption of 0.05% (w/w) ChTRP on CAB; medium 25 mM Tris–25 mM
cetate–5 mM CaCl2 buffer, pH 3.8, temperature 20 ◦C.

ould not be diminished adding more CAB. The value of the activity
n supernatant was about 40% of the initial activity.

.2. Commercial ChTRP desorption

In a direct method for measuring enzyme activity the measure
s made directly onto the adsorbed enzyme. In this paper is used
n indirect method measuring the activity of not adsorbed enzyme
at supernatant) and calculating the activity of adsorbed enzyme
y difference.

The elution of adsorbed ChTRP was carried out at higher ionic
trength. The activity of ChTRP recovery in the supernatant after the
lution step was higher at pH 7.0. This is in agreement with the fact
hat the adsorption was lower in this pH. A possible explanation is
hat at this pH value there is a low charge difference between the

atrix and the enzyme, allowing its release from the CAB. As it was

xpected, the elution was favoured by increasing the ionic strength
p to 500 mM of CaCl2. Adding more salt was useless for the elution
ield. The time course of desorption in the best experimental con-
itions is shown in Fig. 3. The initial concentration of ChTRP was

ig. 3. Time course of desorption of ChTRP from CAB; medium 25 mM Tris–25 mM
cetate–500 mM CaCl2 buffer, pH 7.0, temperature 20 ◦C.
Fig. 4. Time course of adsorption of ChTRP from pancreas homogenate onto CAB
(140 mg dry mass); medium 25 mM Tris–25 mM acetate–5 mM CaCl2 buffer, tem-
perature 20 ◦C.

4.7 U/L, after adsorption and elution process, about 1.7 U/L were
measured in elution supernatant.

3.3. ChTRP purification from bovine pancreas homogenate

The pancreas produce chymotrypsinogen and trypsinogen;
hence, the activated bovine pancreas homogenate contains ChTRP
and TRP. These enzymes have pI 9.6 and10.5, respectively and they
have net positive electrical charges at pH 7.0; the adsorption onto
CAB, which has negative charges, was assayed.

The time course of ChTRP activity in supernatant for the adsorp-
tion onto CAB in 25 mM acetate–Tris–5 mM CaCl2 at different pH is
shown in Fig. 4 for a given amount of CAB (140 mg of dry mass). The
results indicate that CAB capacity increases when the difference of
charges is higher between matrix and ChTRP.

Although the adsorption capacity was higher at pH 3.8, desorp-
tion step was slower at this pH (data not shown). Therefore, elution
was carried out at pH 7.0.

The elution step was carried out in different volumes of buffer. In
all the cases, the yield and purification factor obtained were sim-
ilar. However, it was possible to concentrate the ChTRP up to 10
times by decreasing the volume of elution respect of the volume of
homogenate.

The adsorption process, in 25 mM acetate–Tris–5 mM CaCl2,
and desorption process, in 25 mM acetate–Tris–500 mM CaCl2, for
bovine pancreas homogenate were performed during 90 min and
20 min, respectively at pH 7 and 20 ◦C. Results of the purification
procedure are summarized in Table 1.

The ChTRP yield considerably diminished when
homogenate:CAB ratio values diminished but the purification
factor increased from 6 to 9 in the eluate fraction. Due to similarity
of isoelectric point and size between both, ChTRP and TRP, the
yield and purification factor for TRP adsorption on CAB were also
calculated. The results showed the same trend of ChTRP, but the
values were lower. Although both enzymes have similar isoelectric
point, the performance values for TRP were lower. The difference
observed is perhaps due to the aminoacidic composition of the
protein surface. Identity as ChTRP and TRP was established by its

catalytic specificity for BTEE and BAPNA, respectively. Analysis
of adsorbent-free controls confirmed that there was a negligible
loss of protein and enzyme activity over the time scale of the
experiment.
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Table 1
Purification of pancreatic peptidases from pancreas homogenate onto CAB. Volume pancreas homogenate: 5 mL, elution fractions volume: 10 mL. Adsorption: in 25 mM
acetate–Tris–5 mM CaCl2. Desorption: in 25 mM acetate–Tris–5 mM CaCl2. pH 7.0 and temperature 20 ◦C.

Ratio
U (ChTRP):mg dry
mass CAB

Activity (U/mL) Protein (mg/mL) Specific activity (U/mg protein) %Yield Purification factor

ChTRP
Pancreas homogenate 41.6 ± 0.5 43.4 ± 0.4 0.96 ± 0.02 100 1
Eluate 2.6:1 13.0 ± 0.2 2.29 ± 0.02 5.7 ± 0.1 63 ± 2 5.9 ± 0.2
Eluate 0.7:1 7.1 ± 0.1 0.80 ± 0.01 8.9 ± 0.2 34.1 ± 0.9 9.3 ± 0.4

TRP
Pancreas homogenate 1309.1 ± 0.6 43.4 ± 0.4 30.1 ± 0.3 100 1
Eluate 2.6:1 91.8 ± 0.1 2.29 ± 0.02 40.1 ± 0.4 14.02 ± 0.02 1.33 ± 0.02
Eluate 0.7:1 60.2 ± 0.1 0.80 ± 0.01 75 ± 1 9.20 ± 0.02 2.49 ± 0.06
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ig. 5. SDS–polyacrylamide gel. Lane 1: molecular weight standards; lane 2 pancr
ass ratio; lane 4: supernatant homogenate adsorption 0.7:1 ChTRP unit:CAB dry

.7:1 ChTRP unit:CAB dry mass ratio.

The homogenate and the different adsorption and desorption
liquots were analyzed in SDS-PAGE gels, as shown in Fig. 5. In the
luate fraction, 2 bands of about 25 kDa molecular weight were
etected (lanes 5 and 6) while the impurities were retained in
he supernatant fractions (lanes 2 and 3). In lanes 5 and 6, the
pper band may be chymotrypsinogen, from a partial activation of
omogenate, and the lower band may be chymotrypsin. The super-
atant and pancreas homogenate lanes displayed several bands
anging from 60 to 20 kDa in MW. Another band, smaller than 6 kDa,
an be observed in all lanes perhaps due to degradation products
rom proteases present in the pancreas. These degradation products
ave not been removed during the process of adsorption. The activ-

ty yield of trypsin in eluate fraction indicates that 75% of trypsin
as not adsorbed onto CAB. The trypsin band could overlap chy-
otrypsin band in lanes 2, 3 and 4.
In the adsorption/desorption conditions assayed, the CAB have

howed chemical and mechanical resistance due to the presence of
aCl2 in the buffers used. NaCl was not used in the elution buffers
ecause an ion-exchange process takes place between Na+ and Ca2+

ons. This process is supposed to be responsible for the swelling and
ubsequent degradation of the beads [16,17].

From the results of activity measurements, this method allows
he separation of ChTRP from TRP in a non-affinity fashion.
. Conclusions

In this work, chymotrypsin was isolated from pancreas
omogenate without previous treatment. Chymotrypsin adsorp-
ion onto CAB was presented and applied here as an integrative
mogenate; lane 3: supernatant homogenate adsorption 2.6:1 ChTRP unit:CAB dry
atio; lane 5: eluate from 2.6:1 ChTRP unit:CAB dry mass ratio; lane 6: eluate from

technology combining clarification, concentration, and initial
purification in a single step. The adsorbent used is inexpensive and
easy to manufacture. The matrix does not have specific affinity for
ChTRP; the interaction between the CAB and ChTRP seems to be
due to electrostatic interactions. The adsorption–desorption steps
took 1.5 h. After protein elution with ionic strength, the purification
factor and yield were 9.34 and 34%, respectively. The whole process
performed allowed obtaining a clarified solution. This allows us to
avoid another step like filtration or centrifugation. This is an impor-
tant advantage since the process is simple, economical and easy to
scale up. CAB does not break or solubilize due to the presence of
CaCl2.

We believe that adsorption on CAB may have wide applicability
to many other bioseparations. TRP, may be adsorbed by chang-
ing variables like pH or ionic strength, which promote interactions
between TRP and CAB.
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