JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2007, 55, 6503—-6508 6503

Partial Purification and Immobilization/Stabilization on Highly
Activated Glyoxyl-agarose Supports of Different Proteases from
Flavourzyme

MARIA DEL MAR YusT,*T Justo PEDROCHET MANUEL ALaiz,’
JuLIo GIRON-CALLE," JAVIER VIOQUE," CESAR MATEO,® JOoSE MANUEL GUISAN,®
FRANCISCO MILLAN,T AND ROBERTO FERNANDEZ-L AFUENTE* 8

Instituto de la Grasa, CSIC, Avenida Padre Garcia Tejero 4, 41012 Sevilla, Spain, and Departamento
de Biocatélisis, Instituto de Catalisis, CSIC, Campus UAM Cantoblanco, 28049 Madrid, Spain

The fractioning of some components and their immobilization of Flavourzyme, a commercial protease/
aminopeptidase preparation, has been investigated to improve its specificity and stability. Adsorption
of Flavourzyme on two ionic exchangers yielded two fractions with endoprotease activity and one
fraction containing aminopeptidase activity. The use of an amine agarose gel has made it possible
to purify a 43 kDa protein with only endoprotease activity. Immobilization of this endoprotease and
the original Flavourzyme preparation onto glyoxyl-agarose provided derivatives that were more
thermostable than their soluble counterparts. Tests using immobilized Flavourzyme and immobilized
purified endoprotease for the hydrolysis of chickpea proteins showed that both preparations can be
used for the production of protein hydrolysates and compare very favorably with the original crude
Flavourzyme in terms of reducing the production of free amino acids. This was especially so in the
case of immobilized endoprotease, which produced only 0.2% free amino acids. Keeping free amino
acids content low is very important in protein hydrolysates for nutritional use to avoid excessive osmotic
pressure.
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INTRODUCTION enzymatic activities. Thus, the development of simple and rapid

Commercially available crude proteinase preparations are usedrotocols to purify or at least fractionate the different compo-
extensively in the food industry to prepare protein hydrolysates nents in these preparations is of great interest. Adsorption of
with better nutritional or functional properties than intact protein Proteins on ionic exchangers, requiring the interaction between
(1, 2). Manipulation of the conditions under which hydrolysis active groups in the support and the protes), (s one of the
is carried out can be used, to some extent, to define the simplest and most used techniques for protein purification
characteristics of the final hydrolysates. However, the specifici- (6, 7).
ties of the enzymes that are used determine the type of peptides To use proteases or other enzymes at industrial scale, they
that are produced and, therefore, the properties of the resultingusually need to be modified so that they can be recycled and
food protein hydrolysates (3). reused. Although this can be accomplished using very different

Flavourzyme, commercialized by Novo Nordisk, is a fungal techniques, most efforts have focused on immobilization fol-
protease/aminopeptidase mixture produced by fermentation of|owing different approaches (8). A second limiting factor for
a selected strain oAspergillus oryzaehat is used for the  the jmplementation of enzymes as industrial biocatalysts is
hydrolysis of proteins under neutral or slightly acidic conditions. stability (9, 10). Although several procedures have been
The optimal working conditions for Flavourzyme are reported gmpjoved to achieve stabilization of enzymes (e.g., genetic and
to be pH 5.(}7.0 and 50’_C. The use of Flav_ourzyme facmtate_s protein engineering techniqued)( 12), coupling immobiliza-
the production of protein hydrolysates without the otherwise o o stapilization has the advantage of facilitating both

characteristic bitter taste (4). recycling and stabilization requirements. The immobilization/

Some_ of the enztyr;]"l_atrl](l: prep_?radtmnsdthat ?r_e use(;j in f?)(l)d stabilization of enzymes can be achieved by multipoint attach-
processing are not highly purilied and contain undesirable many 1o porous solid supports, which increases the rigidity of
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be carefully chosen and optimized to succesfully induce intense the supernatant and in the whole suspension at different time intervals.
covalent multipoint attachment (16—18). Additionally, a control consisting of soluble enzyme and no support

Glyoxyl supports constitute a very good substrate for the Was used to determine the possible enzyme-inactivating effect of pH,
imm())/bili);atiogystabilization of proteinﬁ \?ia multipoint covalent temperature, and dilution during the incubation period. The resulting

. derivatives were reduced with sodium borohydride as described by
attachment (18—20). Many proteolytic enzymes have been yaieq et al. (18) and washed successively with 100 mM sodium

stabilized using this technique, including trypsin, quimotrypsin, phosphate buffer at pH 7 and abundant distilled water.
carboxypeptidase A, and Alcalase (18). The active glyoxyl = Enzymatic Activity AssayEnzymatic activities in the soluble and
groups found in these supports are aldehydes moderatelyimmobilized Flavourzyme preparations were determined as followed:
separated from the support surface that form reversible and Endoprotease activity was measured by following the increase of
relatively weak Schiff bases with amine groups in enzym@s ( absorbance at 405 nm that accompanies hydrolysis of the synthetic
21). Because this initial link is weak, attachment of the enzyme Substrate boe-ala-ONp (to 1.98 mL of 50 mM sodium phosphate
to the matrix requires the formation of at least two simultaneous Puffer, pH 7, containing 20% ethanol were added.20of soluble or
bonds (1920). The driving force of the immobilization is not ~ SusPended enzyme and 20 of 100 mM boct-ala-ONp in acetoni-
the reactivity of a single residue but the density of reactive trile). One NPA unit was defined as the amount of enzyme that
. . hydrolyzes 1umol of boct-ala-ONp/min under the conditions de-
grOUPS on the protelln surface.. The Schiff bases can be later ONscribed. The specific activity of commercial Flavourzyme was 19 NPA
stabilized by reduction to amine bonds8j. Pedroche et al.  ypits/mg of protein.
(22) showed that there is a direct correlation between the  aminopeptidase activity was assayed by following the increase of
number of enzyme-support links and thermal stability and that absorbance at 410 nm, which accompanies hydrolysis of the synthetic
some variables such as thickness of the agarose fiber andsubstrateL-leu-pNa (to 2 mL of 50 mM sodium phosphate, pH 7,
reaction time increase the number of enzyme-support bonds and-ontaining 20% ethanol were added -2ID0 uL of soluble or
stability. suspended enzyme and 20 of 100 mM L-leu-pNa in acetonitrile).

- One LAP unit was defined as the amount of enzyme that hydrolyzes 1
The goal of the present work was to purify as much as umol of L-leu-pNa/min in the described conditions. The specific

possible the dlffer_en’_[ enzymatic components in Flavour_zyr_ne aminopeptidase activity of commercial Flavourzyme was 2.1 LAP units/
by adsorption on ionic supports and to explore the possibility mg of protein.

of immobilizing the original Flavourzyme preparation and the  Assays were performed in spectrophotometric glass cuvettes at
purified components on glyoxyl-agarose. The performance of 25 °C with magnetic stirring. The gels in suspension did not interfere
the immobilized preparations has been tested for the hydrolysiswith spectrophotometric measurements.

of a chickpea protein isolate. Thermal StabilitySamples of soluble and immobilized enzymes were
suspended in 0.1 M sodium phosphate, pH 7, and incubated “&.55
Aliguots were withdrawn periodically, and enzyme activities were
measured at pH 7 and 2%C as described above. The thermal
inactivation kinetics of the immobilized enzymes were complex and
could not be described by a simple first-order model. Pseudo-half-life
times, pti, (time necessary to reach 50% of residual activity), were
taken directly from experimental time courses of inactivation for each
sample. These values were representative of the stability of the
derivatives and were used for comparing the stability of different
derivatives.

ElectrophoresisSodium dodecyl sulfatepolyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed as described by Laer@Bli
Gels were stained using Coomassie Brilliant Blue G-250.

Hydrolysis of CPI.The hydrolysis of CPI by soluble or immobilized
enzymes was performed in a reactor with stirring and controlled
pH and temperature. CPl was suspended in distilled water
(5% w/v), and the pH was adjusted to 7 and the temperature t€50
CPI was hydrolyzed using a relation E/S ratio of 2 mg of protein
(soluble or immobilized) per gram of chickpea protein, and the
Me.thods. All results represe.nt mean values of at least three pH was kept constant by the addition of 1 N NaOH as required. The
experiments. In all cases, experimental error was lower than 5%.  pjocatalyst was removed 2 h later by filtration (immobilized enzymes)

Adsorption of Flaourzyme on CM Sepharoséhe support (5 g) or was inactivated by heating at 8& for 10 min (soluble Fla-
was suspended in 50 mL of 25 mM sodium acetate buffer, pH 5, and vourzyme).
stirred for 30 min at room temperature. pH was kept at 5 throughout  Degree of Hydrolysis (DH)The DH, defined as the percentage of
the procedure by the addition of 0.1 M NaOH as necessary. Aliquots peptide bonds that are cleaved during hydrolysis, was measured using
were withdrawn at different times after the addition of 1@0 of the TNBS method according to the method of Adler-Nissz8).(The
Flavourzyme for the determination of enzymatic activities in the total number of amino groups was determined in a sample that had
suspensions and supernatants. The derivatives obtained were washegeen 100% hydrolyzed at 1@ for 24 h in 6 N HCI.

MATERIALS AND METHODS

Materials. Flavourzyme 1000 L was a kind gift from Novo Nordisk
(Bagsvaerd, Denmark). Cross-linked 4% agarose beads (4 BCL) were
purchased from Iberagar S.A. (Coina, Portugal). Bedanine-4-
nitrophenyl ester (boc-ala-ONp) was from Bachem S.A. (Budendorf,
Switzerland)L-Leucine-pnitroanilide (-leu-pNa), sodium borohydride,
and trinitrobenzenesulfonic acid (TNBS) were purchased from Sigma
Chemical Co. (St. Louis, MO). Carboxymethyl (CM) Sepharose and
low molecular weight markers were from Amersham Biosciences
(Uppsala, Sweden). Glyoxyl-agarose beads (4 BCL) activated with 40
umol of aldehyde groups/g of support were prepared as previously
described21). MonoaminoethyN-aminoethyl (MANAE) agarose gel
was prepared from glyoxyl according to the method of Fernandez-
Lafuente et al. Z3). Chickpea protein isolate (CPI) was prepared as
described by Sanchez-Vioque et al. (24). All other reagents were of
analytical grade.

with 25 mM sodium acetate buffer, pH 5. A control run, identical to Determination of Free Amino AcidBree amino acids were analyzed

the immobilization suspension but containing inert agarose beads, wasby high-pressure liquid chromatography (HPLC) of the derivatives

also incubated under the same conditions. obtained by precolumn derivatization with diethyl ethoxymethylenma-
Adsorption of Flaourzyme on MANAE Agarosédsorption on lonate as described elsewhere (27).

MANAE agarose was carried out following the procedure described

above for immobilization on CM agarose, but using 25 mM sodium RESULTS AND DISCUSSION

phosphate buffer at pH 7 instead of pH 5. o .
Immobilization of Flaourzyme on Glyoxyl-agaros€lavourzyme Charagterlzatlon of Flavourzymg 1000, ,L' CommerCIaI' .

(1004L) was mixed with 50 mL of 100 mM sodium bicarbonate buffer, enzymatic extracts_ usually c_ontaln _ additives _that stabilize

pH 10.05, and addedt9 g of glyoxyl-agarose gel. The resulting ~€nzyme molecules into a liquid medium. The time course of

suspension was gently stirred for different times. The progress of the the inactivation of crude and dialyzed Flavourzyme at°60

immobilization was monitored by measuring enzymatic activities in and pH 7 was investigated to check whether commercial
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Figure 1. SDS-PAGE (15% polyacrylamide, 0.1% SDS) of commercial

! ) . . 0 )
Flavourzyme: (lane 1) molecular weight standards; (lane 2) Flavourzyme. Figure 2. SDS-PAGE (L5% polyacrylamide, 0.1% SDS) analysis of the

supernatant resulting from adsorption of Flavourzyme on MANAE

Table 1. Adsorption Yields and Expressed Activity of Different agarose: (lane 1) low molecular weight standards; (lane 2) commercial

Flavourzyme Derivatives Flavourzyme; (lane 3) supernatant after 1 h.
adsorption expressed
yield (%) activity (%) Only a 43 kDa band appeared in the supernatBigufe 2),
support NPA LAP NPA LAP indicating that this endoprotease activity can be isolated in a
CM Sepharose, 1 h, pH 5 48.9 0 115 single, easy chromatographic step. This 43 kDa endoprotease
MANAE agarose, 1 h, pH7 515 100 41.2 87.6 presented a specific activity of 35 NPA units/mg of protein

versus 19 NPA units/mg of protein in the crude preparation.
The obtention of this endoprotease without contamination with
Flavourzyme contains such additives. The half-lives of endopro- aminopeptidase activity is especially important because it could
tease activity for undialyzed and dialyzed enzyme were be used for the production of protein hydrolysates enriched in
0.14 and 0.06 h, respectively, indicating that the crude small peptides and osmotically equilibrated that are of nutritional
preparation probably contains stabilizers that increased 2.3-foldinterest. The relatively high osmotic pressure that results from
the half-life time. Aminopeptidase activity was only 1.5-fold a high concentration of free amino acids may cause intestinal
higher than that corresponding to dialyzed Flavourzyme, secretion and diarrhe8), so that the presence of these amino
indicating that the effect of stabilizers on aminopeptidase activity acids in the form of peptides is a great advantage in this type
was lower. of hydrolysates (29). Moreover, it has been reported that di-

SDS-PAGE analysis of crude Flavourzyme showed that this and tripeptides are more easily adsorbed than free amino acids
preparation contains three major proteins with apparent molec-(30) and that enteral diets containing peptides are more effective
ular masses of 59, 43, and 28 kD@idure 1). Minor electro- than diets containing free amino acids in the nutritional recovery
phoretic bands at 21 and 14 kDa were also observed. This isof starved rats (31).

consistent with this preparation not having a single enzymatic  On the other hand, the proteins adsorbed on MANAE agarose
activity. preserved more than 80% of their initial activities at the end of
Partial Purification of Different Enzymes in Flavourzyme the process. We tried to separate the endoprotease and ami-
1000 L. Considering that Flavourzyme presents aminopeptidase nopeptidase activities by desorption with increasing amounts
and endoprotease activity, the possibility of purifying the of sodium chloride, but desorption was not very effective (only
enzymes responsible for these activities using the ionic ex- 50% desorption could be achieved using 1.7 M NaCl), and both
changers MANAE agarose and CM Sepharose was explored.activities were equally recovered.
Yields of adsorption were expressed as percentage of the initial - Reversible Immobilization of the 59 and 28 kDa Proteins.
activity that was adsorbed on the suppoifaifle 1). The results of adsorption on MANAE agarose indicated
When CM Sepharose was used, only 49% of NPA activity that although this support is not useful for the purification
was bound to the support, whereas the other 51% and the wholeof the 59 and 28 kDa proteins, it may be suitable for their
LAP activity remained in the supernatant (Table 1). A longer reversible immobilization because the retention of activity and
time of contact between the enzyme and the support did notthe adsorption were very high. The thermal inactivation of the
lead to a greater NPA activity adsorption. The same results wereadsorbed enzymes (Figure) 3howed that the endoprotease
obtained when the experiment was carried out using lower activity was less stable than the aminopeptidase activity,
amounts of enzyme, confirming that the adsorption process is suggesting that the activities could be associated with different
not limited by the loading capacity of the support. These results enzymes. Because of its aminopeptidase activity and stability,
indicate that Flavourzyme probably contains, at least, two the MANAE agarose immobilized derivative could be used as
enzymes with endoprotease activity. On the other hand, thea biocatalyst for the removal of the bitter taste that is
enzymatic activity decreased after adsorption on the support tocharacteristically generated during the extensive hydrolysis of
25%. Thus, this support did not seem to be suitable for the proteins. A procedure for recycling of the support could be
purification of these enzymes. incubation in 10 volumes of 10 mM HCI/1 M NaCl after enzyme
Adsorption on MANAE agarose was higher. Thus, all LAP inactivation, which resulted in the complete removal of the
activity and 51% NPA activity were adsorbed on the support. immobilized enzymes.
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times to allow the correct alignment of active groups in enzyme
100 —&— NPA activity and support (18).
——LAP activity On the other hand, the NPA activity of both the purified
endoprotease and Flavourzyme derivatives decreased in a time-
dependent manner at longer incubation times. As small amounts
of the derivatives were loaded (less than 1.5 mg of protein/g of
support) and the maximum capacity of the support is about 20
mg protein/g of support, we can assume that mass transfer
limitations were not masking the activity results. In addition,
the possibility of autolysis taking place should be discarded
because more than 90% of the activity was still bound to the
0 1 2 3 4 5 5 support after 2 h. Therefore, the activity loss could be attributed
at least partially to distortions in the enzyme structure promoted

Residual activity (%)

o Time (h) by the additional enzyme-support attachments, as has been
Figure 3. Thermal inactivation of the Flavourzyme—MANAE agarose reported for other enzyme82). After 23 h, the endoprotease
derivative at pH 7 and 50 °C. derivative maintained 50% of initial activity, whereas the
) - Flavourzyme derivative maintained only 38%.
Table 2. Analysis of the Immobilization of Flavourzyme on C ina the LAP activity of El h .
Glyoxyl-agarose at Room Temperature and 4 °C oncerning the activity of Flavourzyme, the suspension
maintained less than 20% of the initial activity aft2 h of
immobilization expressed incubation. This drop in aminopeptidase activity would have
yield (%) activity (%) the positive effect of reducing the release of free amino acids,
NPA LAP NPA LAP which otherwise would lead to an increase in osmotic pressure
0.5 h, room temperature 875 75.2 88 2042 in the final resuspended hydrolysate. _
0.5h,4°C 735 711 95.3 58.2 Thermal Stability of Glyoxyl Derivatives. One of the main
2 h, room temperature 95.4 918 204 127 requirements for the application of enzymes as industrial
2h,4°C 777 78.0 95.3 386

biocatalysts is their stability under industrial reaction conditions,
typically high temperature, for extended periods of tirti8)(

In this sense, the thermal stability at 88 of the purified

. endoprotease and Flavourzyme glyoxyl derivatives obtained by
_Endoprotea_se on_GI_yoxyI-agarose Supportsﬁ_\_ high dgcrease immobilization of the two fractions was investigated. The
in enzymatic activities was observed after immobilization of - gapijization of each fraction was calculated as the ratio between
Flavourzyme at pH 10 an_d_room temperature. T_hL_JS, the enzyme;q ptu> and thepty, corresponding to the soluble enzyme. The
preserved 49% NPA activity and 20% LAP activity after only  giapilizers in crude Flavourzyme are lost during the washing of
30 min (Table 2) and less than 21% after 2 h. To avoid this gyoxyl-agarose derivatives. Nevertheless, the stability of the
fast decrease in catalytic activities, the immobilization process yerivatives was compared with that of the soluble enzymes,
was carried out at 4C, which slows enzyme inactivatiodg). containing stabilizers, in order to compare enzymatic prepara-
At this temperature, autolysis should be minimized and the {jons as they would actually be used in an industrial setting.

reaction between enzyme and support may be slower. ASThe half-lives of purified endoprotease and Flavourzyme at
expected, the drop in NPA activity was very low at°@, 55°C are 0.2 and 0.1, respectively.

presenting the derivative more than 95% of initial activity after As shown inFigure 5, immobilization on glyoxyl-agarose
2 h, although the effect on aminopeptidase activity was much i, eaqed the thermal stability of all the enzymatic activities.

smaller Table 2). On the other hand, the rate of immobilization s jmprovement may be attributed to several factors including
was lower at #C than at room temperature, which is consistent yeyention of autolysis due to restriction of intermolecular
with previous findings (19). contacts and protection of enzymes from structural rearrange-
Considering these results, the immobilization of Flavourzyme ment due to multipoint attachment to the supp88)(Moreover,
and the 43 kDa endoprotease at'@ for 1 h followed by  the stabilization of the derivatives greatly increased with
different periods of time at room temperature was studied as aincubation time, which is characteristic of immobilization on
possible optimized procedure for immobilization/stabilization. glyoxyl-agarose (1822, 32). This effect could be correlated
A 1 h immobilization time at 4C was chosen to minimize  with an increasing number of lysine residues that react co-
losses of activity, and the subsequent incubation was carriedvalently with the support (22).
out at room temperature to increase immobilization yield and  The stability of the purified 43 kDa endoprotease immobilized
the number of linkages between enzyme and support. The timepn glyoxyl-agarose was higher than that of crude Flavourzyme
course of the immobilization on glyoxyl-agarose is shown in  derivatives. The derivative obtained after 23 h was the most
Figure 4. stable, presenting a half-life 226 times higher than that of soluble
The rates of immobilization were very similar for both endoprotease. Likewise, the LAP activity of all Flavourzyme
enzymatic preparations, reaching more than 90% NPA activity derivatives was also stabilized, and the stability increased with
immobilized after 2 h of contact between enyzme and support. incubation time. However, this stabilization was lower than the
However, longer incubation times were studied because this maystabilization of NPA activity, the 23 h derivative showing a
have an effect on the stabilization of the enzymatic activag)( stabilization factor of 85.
It has been described that immobilization on this support Hydrolysis of a CPl. The performances of crude Fla-
depends on the formation of at least two points of attachment vourzyme, immobilized Flavourzyme, and immobilized 43 kDa
with the enzyme 19, 20). The formation of additional points  endoprotease were compared by carrying out hydrolysis of a
of attachment is more difficult than the initial immobilization = CPI using the same E/S ratio. Considering the activity and
(insolubilization process) and may require longer incubation stability of the derivatives obtained after different incubation

Immobilization of Crude Flavourzyme and the 43 kDa



Protease Supports from Flavourzyme J. Agric. Food Chem., Vol. 55, No. 16, 2007 6507

—— whole suspension —O— supernatant —4— soluble enzyme

100 100J|
S S
Z 80 2 80
2 >
b =1
o 1)
S 60 S 60 |l
= -
| S
b b
W 40 o 40
2 ]
E o
Z 2 < 2|
—a
0 e : — 04 — .
0 4 8 12 16 20 24 [0} 4 8 12 16 20 24
Time (h) Time (h)

Figure 4. Time course of the immobilization of Flavourzyme (open symbols) and purified endoprotease (solid symbols) on glyoxyl-agarose (4 BCL) at
4 °C for an hour followed by incubation at room temperature for up to 22 h.
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Figure 5. Thermal stabilization factors at 55 °C and pH 7 of Flavourzyme (A) and purified endoprotease-glyoxyl derivatives (B) obtained after different
immobilization times. Stabilization was calculated as the ratio between the half-life time of immobilized enzyme and that corresponding to soluble enzyme.

Table 3. Degree of Hydrolysis (DH, Mean + SD) and Amount of Free catalyst, which together with stability is of great interest for
Amino Acids (Mean % SD) of Chickpea Protein Hydrolysates Obtained their application at an industrial scale. Immobilization also
by Treatment of Chickpea Protein Isolate with Different Enzymatic eliminates the need for an inactivation process because the
Preparations derivatives can be easily removed by filtration, facilitating a

better control of the hydrolytic process and avoiding contamina-

free amino : :
catalyst DH (%) acids (%) tion with the catalyst.
Flavourzyme soluble 18.86 £0.19 11.63£0.12 ABBREVIATIONS USED
glyoxyl-Flavourzyme derivative 7.25+0.14 7.06 +0.06 _ala- - ine-4-ni . ick-
glyoxyl-endoprotease derivative 10.58 + 0.26 0.20+0.01 boc+-ala-ONp, Boce-alanine-4-nitrophenyl ester; CPI, chick

pea protein isolate; CM, carboxymethyl; DH, degree of hy-
drolysis;L-leupNa, L-leucinep-nitroanilide; MANAE, monoam-
inoethylN-aminoethyl; pty,, pseudo-half-life time; TNBS,
trinitrobenzenesulfonic acid.

times (see above), the derivatives that were chosen for this stud
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