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ABSTRACT KEYWORDS
The separation of chymotrypsin from a crude filtrate of fresh bovine Alginate;
pancreas homogenate was carried out using precipitation with a Chymotrypsin;

commercially available negatively charged natural weak polyelectrolyte;
sodium alginate. The zymogen form of the enzyme was activated by the
addition of trypsin at pH 8.2 in the absence of Ca'*, then, the enzyme was
precipitated by sodium alginate addition at pH 5.00. The non-soluble
complex was separated by simple centrifugation and re-dissolved by a
pH changeto 8.20. The recovery of chymotrypsin biological activity was
36.1 % of theinitial activity in the pancreas homogenate with a 3.2 fold
increase in its specific activity. The volume of the final product decreased
to 6.25 % of the initial feedstock, concentrating the sample up to 16
times. © 2015 Trade Science Inc. - INDIA

Polyelectrolyte;
Enzyme-polyelectrolyte
complex.

INTRODUCTION

Downstream processingisacritical limiting fac-
tor in the commercia development of biotechnol-
ogy because bioseparation step can account for 50-
80 % of the overall production cost*®. The devel-
opment of methods for the separation and purifica-
tion of biological macromolecules has been an im-
portant requirement for much advancement in bio-
technology. Most purification technol ogies employ
precipitation of proteins as one of theinitial opera-
tionsaimed at concentrating the product stream for
further downstream steps.

Proteins interact with polyelectrolytes to form
soluble or non-soluble complexes according to the

experimental conditions of the medium(® 13178 By
changing these conditions, such as pH or ionic
strength, the protein can be released, keeping its sec-
ondary and tertiary structure as well as its biologi-
cal activity. Synthetic polyelectrolytes such as
polyacrylate derivated® 3, polyvinylsulfonate®,
Eudragit’® as well as natural ones like chitosan™®
have been used to precipitate and concentrate pro-
teins as an isolation method.

Chymotrypsin (Chy) is aserine protease widely
used in food and pharmaceutical industry; it has a
molecular weight of 25.7 kDa with an isoelectric
point of 9.1 and optimum activity at pH 8.2, A
great amount of thisenzymeisrequired for different
industrial purposes, which makesit necessary to de-
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velop scaling-up methodol ogiesto obtainiit.

Currently, the main source of serineproteasesis
fresh pancreas because these enzymes have shown a
low level of expression in plants and microorgan-
isms. In the area where our laboratory is located,
meat industriesarevery important and great amounts
of meat waste are produced. One of these products
IS bovine pancreas, which is very rich in enzymes
such as different types of proteases, amylases and
lipases of wide application in numerous biotechno-
logical processes. Chy was early isolated by the
Kunitz’s!*® method, whichiseasy to carry out at |abo-
ratory scalein order to obtain small amounts of these
enzymes. However, the scaling up of the method is
expensive because it requires high amounts of salt
and it also has many incompatibilities dueto the ne-
cessity of recycling the salt which cannot be dis-
carded intheenvironment dueto the high toxicity of
ammonium cation. Infact, Chy and related proteases
are obtained by different protocols involving am-
monium sulfate precipitation, adsorption and chro-
matographi c techniques based on: affinity, ionic ex-
change, gd filtration and hydrophobic principles®
0.7, The need for a new protocol is based on eco-
nomic and environmental issues. High amounts of
saltsare known to be contaminant and chromatogra-
phy is not an economically feasible technique to be
used as an early unit operation of downstream pro-
cessing.

Alginate (Alg) isalinear polymer based on two
monomeric units, B -D-mannuronic acid and o -L-
guluronic acid with carboxilic group substituents,
wich have a pKa around of 3.7(*Y. Alg is refined
from brown seaweeds of cold seas. Since Alg is
non-toxic it is used as food additive, especialy in
the production of gel-like foods and as a pharma-
ceutical incipient.

In aprevious paper* we described the molecu-
lar mechanism of interaction between polyvinil sul-
fonate, a strong anionic polyel ectrolyte (molecular
mass. 220 kDa) and Chy, determining the medium
variablevaluesat which theinsoluble protein—poly-
electrolyte formation is optimal. However, the use
of synthetic polyelectrolytes may have negative ef-
fects on thefina product dueto their toxicity, their
use not being allowed by the codes.
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Thereare not many reports about Alg - Chy non-
soluble complex formation, because the presence of
Ca™, which isnecessary to activate the chymotrypsi-
nogen to Chy, inducestheformation of agel between
alginate and Ca**'* %, |n this paper, we developed
achymotryps nogen activation method in the absence
of Ca™ in order to precipitate Chy usingAlgfroma
fresh bovine pancreas homogenate at low ionic
strength.

EXPERIMENTAL

Chemicals

o chymotrypsin from bovine pancreas (Chy),
Trypsin from porcine pancreas, Alginate sodium salt,
N-benzoyl-I-tyrosine ethyl ester (BTEE) and
Bicinchoninic Acid Kit for Protein Determination
were purchased from Sigma-Aldrich and used with-
out further purification. Buffersof different pH were
prepared: 50 mM phosphate buffer, pH 7.0; 50 mM
acetic acid/acetate buffer, pH 4.0, 4.5 and 5.0 and
200 mM Tris-HCI buffer, pH 8.2. The pH was ad-
justed with NaOH or HCI in each case.

M ethodology
Bovine pancreashomogenate preparation

The pancreaswasremoved from arecently killed
bovine, washed with isotonical saline solution, cut
insmall pieces, mixed with 200 mM Tris-HCI buffer,
pH 8.2 and homogenized for 5 min. withaMinipimer
homogeni zer. The resulting homogenatewas divided
inaliquots and frozen at -30 °C.

Chymotrypsin activation from fresh homogenate
pancreas

Since Chy is produced as chymotrypsinogen in
the pancreas, a previous activation step was re-
quired. Thezymogen activation wasinitiated by add-
ing a small aiquot of Tryp (0.0025% w/w) to the
pancreas homogenate. Thetimerequired to complete
the activation process was determined by measur-
ing Chy activity at different intervals until a maxi-
mum value was reached. Due to the high ionic
strength of the medium buffer used, the homogenate
was dialyzed to lower salt concentration before the
precipitation.
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Solubility diagram of Alg-Chy complex

Turbidity (absorbance at 420 nm) of solutions
of 0.25 mg/ml of Chy with 0.002% w/v Alg was
measured and plotted against pH. The medium pH
variations were obtained by adding NaOH or HCI
aliquots and letting the system equilibrate before
measuring turbidity. Complex formation was fol-
lowed in the absence and presence of different ionic
strengths adding NaCl to the medium. These titra-
tion curves were made in order to estimate the pH
range where the polymer-protein complex is either
soluble or insoluble.

Chy turbidimetrictitration curveswith Alg

The formation of the insoluble Alg-Chy com-
plex was monitored by means of turbidimetrictitra-
tion. A fixed Chy concentration (0.5 mg/ml) in 10
mM acid acetic/acetate buffer was titrated at 25 °C
in a glass cell with Alg solution as the titrant. To
avoid changesin pH during titration, both Chy and
Alg solutions were adjusted to the same pH value.
The absorbance of solution at 420 nm was used to
follow Chy—Alg complex formation and plotted vs.
the total Alg concentration in the tube. The results
were fitted with a 4-parameter sigmoidal function
in order to determine the value of the Alg minimum
concentration required to precipitate Chy. This pa-
rameter was cal cul ated astheintersection of the tan-
gent at the inflection point with the plateau of the
plot. The[Chy]/[Alg] ratio can be calculated as the
rate between Chy total concentration and the [Alg]
calculated®. Absorbance solutions were measured
using a Jasco 520 spectrophotometer with constant
agitation in a thermostatized cell of 1 cm of path
length.

Deter mination of Chy activity

Chy assay isbased onthe hydrolysis of BTEE!Y,
The reaction rate was determined by measuring the
absorbance increase at 256 nm, at 25 °C, which re-
sultsfrom the hydrolysis of the substrate at 0.6 mM

concentration in 200 mM buffer Tris-HCI pH 8.2-
200mM CaCl.,

Deter mination of total protein concentration
It was carried out using the bicinchoninic as-
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say?!, A fresh standard working reagent (SWR) was
prepared by mixing 98 vol of reagent A
(Bicinchoninic acid solution) with 2 vol. of reagent
B (CuSO, solution 4%w/v). A volume of 50 uL of
protein sol ution (maximum concentration of Img/mL)
was added to 1 mL of SWR. The tubes were incu-
bated a37°C for 30 min. After letting them cool down
at room temperature, absorbance was measured at
562 nm using a 1 cm path length cell. The calibra-
tion curve was performed using dilutions of a stan-
dard solution of BSA 1 mg/mL.

Evaluation of the performance of the purifica-
tion processby SDS-PAGE

Aliquotsof activated pancreas homogenate and
re-dissolved precipitate were analyzed by sodium
dodecyl sulphate (SDS) polyacrylamide gel elec-
trophoresis (PAGE) using avertical system. Therun-
ning timewasabout 120 min and the constant i nten-
sity was 25 mA for the resolving gel. Proteinswere
stained with Coomassie brilliant blue.

RESULTSAND DISCUSSION

Influenceof pH on Alg— Chy complex formation

Chy is abasic protein with an isoelectrical pH
of 9.1. Therefore, at pHs between 3to 9, where the
turbidimetry titration was assayed, the protein hasa
net positive electrical charge. Alg possesses car-
boxyl groupswhich aredissociated at pH above 3.6,
this polyel ectrolyte being solubl€*!,

Figure 1 shows the pH variation effect on the
complex solubility obtained at constant Chy / Alg
massratio. Blank titration curves of Algwithout Chy
and the enzyme without Alg were made in the same
pH range, and no absorbance changeswere observed
(data not shown). The decrease of pH below 7 in-
duced an increase in the maximum absorbance val-
ues, which suggested a mgjor amount of complex
formation. The curvereached amaximum absorbance

at pH 5.0. The optimum pH interval where the
polymer—protein complex is non-soluble can be de-
termined from this curve. Figure 1 also shows the
effect of increasing NaCl concentration onAlg- Chy
complex solubility. The presence of salt increases
the solubility of the complex, as it is observed by
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Figure 1 : Turbidimetry acid-base titration of a mixture of Alg—Chy. Alg concentration 0,002 % w/v; Chy concen-
tration 0,5 mg/ml. Medium: 10 mM sodium acetate-phosphate buffer. Temperature: 25°C
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Figure 2 : Titration of Chy with increasing concentration of Alg. Medium: 10 mM acetate buffer, pH 5.00. Tem-

perature 20°C

the decrease of turbidity. The presence of NaCl 200
mM producesthe complete sol ubilization of the com-
plexes. Thisisconsistent with the fact that coulom-
bic interactionsdrive the association between apoly-
electrolyte and a protein of opposite charge'®.

Titration of Chy with Alg

Figure 2 shows absorbance dependence at 420
nm when Chy, at different concentrations, istitrated
with Alg in pH 5.0 media. This pH was selected
becauseit isthe maximum non-sol ubility of the com-
plex (see Figurel). Thetitration curves show apla-

teau at high Alg concentrations.

From these curves, the stoichiometric Chy/Alg
ratio can be calculated, which corresponds to the
point where most Chy has been precipitated as an
insoluble complex. These values are important be-
cause they alow us to calculate the minimum Alg
amount needed to precipitate Chy. From the non-lin-
ear fitting of the data, the Chy/Alg ratio was ob-
tained at pH 5.00. The values obtained are shownin
TABLE 1. The amount of Alg necessary to precipi-
tateChyis

Extremely small when compared with the val-
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ues obtained by other authors for the same polymer
as well as with the values obtained for other poly-
electrolytes used as precipitating agents® 2% or the
classical protein precipitants such asinorganic cat-
ionsand aniong®®. Moreover, it can be seen that the
ratio Chy/Alg does not depend on the total concen-
tration of enzyme. Thisisimportant due to the po-
tential applications of the method in scaling up. In
many cases, the target proteins are present in high
volumes of solution, but even so, a small mass of
this polyelectrolyte is necessary to precipitate the
enzyme.

Alg effect on the Chy activity

Previous reports have demonstrated that poly-
el ectrolytesinfluence enzymatic activity becausethey
induce a modification of the secondary and tertiary
protein structure!® 4. Chy at constant concentration
(0.5 mg/ml) was incubated for 30 min in media of
increasing Alg concentrations at the pH of maximun
enzyme activity (8.2). Under these conditions, the
Chy—Alg complex remains in the soluble form. The
enzymatic activity of Chy was determined with re-
spect to areference medium in the absence of Alg.
The polyelectrolyte does not affect the enzymatic
activity in any of the conditions assayed (data not
shown).

—— Regdular Peper

Zymogen activation from the bovine pancreas
homogenate

Chy is present in pancreasin abiological inac-
tive form, chymotrypsinogen, so that an activation
stepisrequired. Thetraditional method for the acti-
vation of the pancreatic enzyme precursors is car-
riedout at pH 8.2 inaTris-HCl medium 200 mM in
the presence of Ca** and with the addition of asmall
amount of trypsin'®. Under these conditions, precur-
sorsareactiveinlessthan 5 hours. In this particular
case, the presence of Ca?* make the process diffi-
cult dueto the ability of Algtoform gelsinthe pres-
ence of this cation. Thus, activation was carried out
in the absence of C&**, keeping all the other vari-
ables constants. We found that the activation pro-
cess has a good yield in the absence of Ca?* and
goesto completion in 270 min (data not shown).

Chy precipitation from theactivated homogenate
of bovinepancreas

Two experiments were carried out for Chy pre-
cipitation with Alg. First, acontrol experiment was
performed using apure Chy solution, adding increas-
ing concentrations of Alg at pH 5.00, and then mea-
suring enzyme activity in the supernatant and in the
precipitate beforeitsre-dissol ution by change of the
medium pH to 8.2 Figure 3 (insert) shows that an
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Figure 3 : Chy recovery activity in the precipitate and purification factor at increasing Alg concentration, Insert:
Recovery of pure Chy activity in the precipitate and in the supernatant at increasing Alg concentration, Enzyme
activity was measured at pH 8.2. Medium: 10 mM acetate buffer pH 5.00. temperature: 25°C

e, BIOCHEMISTRY
Au Tudian Yournal



218

A new platform for chymotrypsin isolation from fresh bovine pancreas

BCAIJ, 9(6) 2015

Regular Poper ===

increase in Alg total concentration favors Chy re-
covery, reaching a maximum yield of 80% around
Alg concentration of 3. 102 %. At higher Alg con-
centrations, complex formation decreased as a re-
sult of its solubilization caused by the increase in
the mediumionic strength. Therefore, thereisacriti-
cal concentration value of Alg, where higher values
induce adecreasein theamount of complex obtained.
The second experiment was performed with the ac-
tivated fresh pancreas homogenate. It has been re-
ported that the pol yel ectrol yte concentration needed
to precipitate apure enzymein solution is very dif-
ferent from that needed to precipitate the same en-
zymeinacomplex mixture. Inthelatter case, amuch
higher polyel ectrolyte concentrationisrequired due
to the presence of other proteinswith the same elec-
tricd chargeasthetarget enzymethat consumes poly-
electrolyte. Taking this into account, aliquots of 1
ml of activated homogenate at pH 5.0 were titrated
with increasing concentrations of Alg by adding
small aliquots of Alg concentrated solution at pH
5.00. The preci pitate obtai ned was separated by cen-
trifugation (10 min at 5000 g) and then dissolved by
addition of 200 mM Tris-HCI buffer, pH 8.2. Chy
activity and thetotal protein concentration were de-
termined in the supernatant and the re-dissol ved pre-
cipitate. The recovery of Chy (with respect to the
initial total activity in the same mass of homoge-
nate) and the purification factor were calculated.
Figure 3 shows that the best purification of the en-
zymeisreached at an Alg concentration eight times
higher than that required to precipitate the pure en-
zyme, thisdifference may be explained by theinter-
action of the Alg with other positively electrical
charged proteins and also cell membranes. Higher
Alg concentrations induce a decrease in the yield
and purification, consistent with the results obtained
with pure Chy.

To verify the purity of Chy in thefinal solution,
a SDS-PAGE of the different fractions was made,
asshowninFigure4. Thelane corresponding to the
re-dissolved precipitate shows a predominant band
corresponding to Chy.

Finally, the effect of the final volume wherethe
non-soluble complex was dissolved was also as-
sayed. In this experiment, a constant volume of ho-

BIOCHEMISTRY (mm—

mogenate (4ml) was treated with the same concen-
tration of Alg (0.005% W/V). The precipitate was
separated and re-dissolved in different fina volumes
of 200 mM buffer Tris-HCI 8.2. The enzymatic ac-
tivity recovered was constant in the different condi-
tions, i.e., achieving a 16 times decrease in the vol-
ume of the sample.

Figure 4 : SDS-polyacrylamide (13%) gel electrophore-
sis (Coomassie blue staining) of the proteins present in
the re-dissolved precipitate (first lane) and in the acti-
vated pancreas homogenate (second lane)

CONCLUSIONS

In this work, Alg was found to be effective in
precipitating Chy from fresh bovine pancreas ho-
mogenate. Preci pitation using this polysaccharideis
more advantageous compared to other synthetic poly-
electrolytes previously used with the same aim(®- 14
that can be toxic or not allowed by the alimentary
codex. Our finding showed that thispolymer can pre-
cipitate around 80% of Chy when theproteinispure
in an aqueous solution. Higher Alg concentrations
produce the dissol ution of the non-soluble complex
by an increase in theionic strength of the medium,
resulting in a decrease in enzyme recovery. Fresh
pancreas homogenate has a significant amount of
cellular debris and other positively electrically
charged proteins, so ahigher Alg concentration was
necessary to induce complex formation, which, in
turn, led to a decrease in Chy recovery to 36.1%.
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Also, thisfinding may be dueto adisplacement equi-
librium effect, where the Alg concentration is no
enough to totally displace the reaction to the com-
plex formation. However, the method can be per-
formed in only one step, ideally effective in terms
of cost and processing time, with a purification fac-
tor of 3.2 and yield of 37%. On the other hand, this
polyelectrolyte does not modify the biological ac-
tivity of theenzyme at the concentration used to form
the complex. Also, this methodology allowed con-
centrating Chy activity by reduction of thefinal vol-
ume where the precipitate is dissol ved.

We are proposing an economical and environ-
mentally-friendly method to obtain a Chy concen-
trated and clarified extract, from its natural source.
This extract can be further purified, if necessary,
according to itsfinal application, by different tech-
niques, including classical chromatography. The
most remarkabl e advantages of this protocol isthat
wearereducing thevolumeand clarifying thesample,
thus reducing the operation and reagent costs of the
following stepsin the process.
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