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ABSTRACT

Amyloglucosidase enzyme was produced by Aspergilyjer NRRL 3122 from solid-state fermentationngsi
deffated rice bran as substrate. The effects otgse parameters (pH, temperature) in the equilibripartition
coefficient for the system amyloglucosidase - r&3HAE-cellulose were investigated, aiming at olitagnthe
optimum conditions for a subsequent purificatioomgass. The highest partition coefficients were iokth using
0.025M Tris-HCI buffer, pH 8.0 and 25°C. The conditionattisupplied the highest partition coefficient were
specified, the isotherm that better described tmglaglucosidase process of adsorption obtainedials observed
that the adsorption could be well described by Lrang equation and the values of,@nd K, estimated at 133.0 U
mL* and 15.4 U mt, respectively. From the adjustment of the kinetioves using the fourth-order Runge-Kutta
algorithm, the adsorption (kand desorption @ constants were obtained through optimizationHsy least square
procedure, and the values calculated were 2.2xh0 U* min for k and 0.037 mit for k .
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INTRODUCTION amylase and amyloglucosidase since it is
economical and efficient, and a pure product is
Glucoamylase or amyloglucosidase (E.C. 3.2.1.3)btained in the final stages of the process (Rani et
is an exo-splitting enzyme, which removes theal., 2000).
successive glucose units from the nonreducintn recent years, solid-state fermentation has shown
ends of the substrate chain (Whitaker, 1994). Thigwuch promise in the development of several
enzyme is widely used in food and fermentatiorbioprocesses and products (Pandey et al., 2000).
industries in the process of starch saccharificatior.raditionally, =~ amyloglucosidase has  been
Amyloglucosidase fromAspergillus nigeris one produced by the submerged fermentation and used
of the most economically important industrialin a one-way process in solution. Nowadays, the
enzymes. At present, glucose is mainly producesolid-state fermentation process has been
by the enzymatic hydrolysis of starch using
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increasingly applied for the production of thisExtracellular amyloglucosidase production
enzyme (Ellaiah et al., 2002). The solid substrate used was the defatted thermally
When amyloglucosidases are produced, they amstabilized rice bran. Mineral salts and urea were
often contaminated by a number of other enzymesdded as nutrients and rice straw as medium
that are active on starches. Therefore, enzymmupport. The medium was adjusted to 50%
preparations with a higher glucoamylase activitymoisture. The starch gelatinization and mixture
are in demand in the food industry (Harsa andterilization were carried out at 121°C for 15 min.
Furusaki, 1994). Fermentation was carried out by taking 100 g of
Isolation and purification of amyloglucosidasethe wet substrate in a 500 mL Erlenmeyer flask
have recently been reported (Gouveia andnd inoculating it with 4x10 spores ¢ of
Kilikian, 2000; Marlida et al., 2000; Chen et al.,medium. The flask was incubated at 30°C for 72 h
2005). Purification procedures are usually basefCosta et al., 1998).
on series of techniques such as affinity
chromatography, size-exclusion chromatographygEnzyme extraction
ion exchange chromatography and bioaffinityWater was added in Erlenmeyer flasks with the
extraction. fermented samples (in a 1:10 ratio) and the
lon exchange chromatography is an establishegktraction was done in a shaker at 200 rpm for 3 h
technique used in the separation of chargedt 25°C (Ghildyal et al., 1991). The sample was
molecules across a range of applications anthen filtered and the extract obtained was used for
industries. Chemically, ion exchange involves théhe adsorption studies.
exchange of solutes of like charge from a solid
support bearing the opposite charge (adsorbent). Enzyme activity assay
lon exchange is a widely used technique irBamples were collected and analysed as soon as
bioseparations since peptides, proteins, nuclejgossible.  Amyloglucosidase  activity was
acids and related biopolymers have ionisabléetermined by the amount of glucose produced by
chemical moieties, which render them susceptibléhe action of the enzyme. A 0.5 mL of the sample
to charge enhancement or reversion as a functigreviously diluted was added to 12.5 mL of starch
of pH (Levison, 2003). Therefore, there is a needolution (4%, w/v) pH 4.2 at 60°C over a period of
to explore the adsorption-desorption60 min (Gouveia and Kilikian, 2000). The amount
characteristics of glucoamylases on ion exchangef glucose produced after 60 min was quantified
to provide data for an alternative separatiorby the 3,5-dinitrosalicilic acid method (Miller,
process design. The selection of optimum proces959). One unit of enzyme activity was defined as
parameters (e.g. pH, temperature) for purificationhe amount of enzyme that liberated 1pmol
is important not only for the maximum adsorptionreducing sugar (as glucose) per min under the
conditions but also for removing other standard assay conditions.
contaminating enzymes.
The aim of this work was to study the effect of theAdsorvent resin
key process parameters (pH, temperature) on the all the assays, the anion exchange resin DEAE-
phase equilibria of amyloglucosidase - resircellulose (SIGMA) was used, with density 1.13 g
DEAE-cellulose. The adsorption isotherms ofmL™, specific superficial area 0.056°m*, mean
glucoamylase enzyme as well as the adsorptiofiameter 95um, capacity 1 meqf The resin
kinetics were investigated. consisted of an inert, cellulose matrix that carried
diethylaminoethyl functional groups. This was a
weak anion exchange resin. At the beginning of

MATERIAL AND METHODS each experiment, the resin was washed into a
buffer solution in desired pH until reaching the
Microorganism equilibrium. For stage of resin regeneration, it was

Aspergillus nigerNRRL 3122 was maintained at washed with 0.5M NaOH and let it for 12 h at

4°C in a test tube containing potato-dextrose agaroom temperature. After this stage, the resin was

The subculturing was realized on potato-dextrosevashed in the following three step: first with

agar incubated at 30°C for 72 h until complet@lesmineralized water, second with 0.1M Tris-HCI

sporulation. buffer, pH 7.5, and third with 0.025M Tris-HCI, in
desired pH until reaching the equilibrium.
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Effect of pH on partitioning Calculation of Ky, Qm, ki and k;

The effect of pH on amyloglucosidase partitionThe kinetic equation of amyloglucosidase
was studied using systems at different pH (6.5adsorption was expressed by Equation 2, which
7.5; 8.0; 8.5 and 9.0). Resins were equilibrated iturned into the Langmuir model (Equation 3) at
appropriate 0.025M buffer solutions, equilibrium.

amyloglucosidase was added in the appropriate

pH. Adsorption experiments were carried out in adQ _

shaker for 200 min. Later, the equilibrium samples §; ~ ki-A-Qm-Q)—k2.Q @
were immediately assayed and the partition
coefficients calculated at different pH values.
Partition coefficients indicated the fraction of Q" = ~m~__ (3)
adsorbed protein at equilibrium, given by the Kq+A

Equation 1 (Harsa and Furusaki, 1994).

Equations 2 and 3 were used to determine the

~Q kinetic parameters by means of dynamic fitting to
f= A L) the experimental data. The fitting procedure was
performed using the fourth-order Runge-Kutta
algorithm to integrate Equation 2 and the least
squares procedure to optimize the fitting. In
Equation 2 and 3, Q is the amount of

T amyloglucosidase activity adsorbed per unit
Effect of temperature on partitioning volzmg Q is the m);ximum amoEnt of

This experimental was conducted using

amyloglucosidase solution in 0.025M Tris—HCIamylogIUCOSIdalse activity adsorbed per unit

. volume, A is the amyloglucosidase activity in
buffer, pH 8.0. Samples were placed in shaker ‘rﬁtquid phase, kand k are kinetics constants and

different temperatures (15; 18; 21 and 25°C) un% (equal to kkj) is the equilibrium constant. The
reaching the equilibrium, quickly assayed and the'® quat v 9 C
Symbol * in Equation 3 represents concentrations

partition coefficients were calculated using e
Equation 1. at the equilibrium.

*

Where Q* and A* were the equilibrium activity of
adsorbed enzyme and free enzyme, respectively.

Adsorption kinetics

The filtrate of crude broth with 40 mL of
amyloglucosidase solution in 0.025M Tris-HCI . -
buffer at pH 8.0 was mixed with 10 mL of wet Eﬁe.CF of pH on the partition coefficients

resin (fresh prepared or recovered) in a stirreg artition coefficients were calculated from t_he
reactor at 25C for 200 min. Samples were takenlnltla| and ad'sorbed fraction of enzymes in ion
from the reactor at predetermined time interval xchange resin DEAE-cellulose.

and rapidly analyzed by enzymatic analysis an igure 1 shc_)wed that the _partition cogfficient of
subsequent construction adsorption kinetic. amyloglucosidase adsorption on resin DEAE-
cellulose was affected by pH.

The minimum value for the partition coefficients
was obtained at pH 6.5. Above this value, the
partition coefficient increased and reached its peak
t pH 8.0. Above this value, the partition
coefficient decreased. Harsa and Furusaki (1994)
and Cruz and Santana (1996) obtained similar

RESULTS AND DISCUSSION

Adsorption Isotherms

Experimental data were obtained from the batc
adsorption with 1 mL fresh prepared resin
suspension in 10 mL of different concentrations o
crude amyloglucosidase in 0.025M Tris-HCI
buffer, pH 8.0. After two hours of incubation in curves behavior workina with  affinity and  ion
the shaker (282 and 175 rpm), the amount of h . tg | y
adsorbed amyloglucosidase was determined by ga‘enange resins, respectively.
analysis of the activity of the soluble phase.
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Figure 1 - Effect of pH on partition coefficient of amyloglosidase on ion exchange resin DEAE-
cellulose with 0.025M Tris-HCI buffer.

Effect of temperature on the partition As seen, temperature slightly affected the phase
coefficients equilibria. With the decrease of the temperature,
In this study, the influence of temperature on thehe partition coefficient decreased.

partition  coefficient for amyloglucosidase Similar situation was observed by Bautista et al.
enzymes was investigated at certain temperatur¢$999), where there was an increase of about 10%
between 15 and 25°C. Figure 2 shows the effect ¢f the amounta-amylase adsorbed on the anion
temperature on partitioning. exchanger Duolite A-568 when the temperature

was increased from 20 to 30°C.

f (part. coef)
L=l (= & e += +=
4 (=] 5] [=2% = =

G
=]

T T T T T T
334 334 358 340 3437 3.44 346 345
Temperature (1000/T, K)

Figure 2 - Effect of temperature on partition coefficient ayloglucosidase on ion exchange
resin DEAE-cellulose with 0.025M Tris-HCI buffer p8l0. R=0.97 (y=-20.98x +
74.68).

Adsorption isotherm The results of free enzymatic activity versus the
The enzymatic activity of the adsorbedadsorbed amount at equilibrium are shown in
amyloglucosidase was measured in relation to thieigure 3 (a). The parameters were estimated from
equilibrium concentration in the liquid phase. the slope and an intercept of a linearized form of
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the Langmuir expression shown in Equation 4 andccording to Liao et al. (2005), Langmuir

Figure 3 (b). equation is based on the following assumptions:
the adsorption is a reversible reaction, the binding
K sites of the adsorbents are identical, and the target
1 1 p 1 ) i - .
@ = Q_ + Q_ e (4) protein molecules only bind to the binding sites.
m m
a0
50
4n
=)
=304
2
*D-' 20 4
10
D T T T T T
2 4 a 3 10
A* (U/mL)
(a)
0.z20
0.16 o -
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=
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0.04 o
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Figure 3 - Adsorption isotherm for amyloglucosidase using eslir prepared ion exchange resin
DEAE-cellulose with 0.025M Tris-HCI buffer, pH 8#& 25°C.(a) The solid line
represents the fitted Langmuir equation (Equatign (B) Linear fitting for the
determination of @ and K. R?=0.99.

The assumptions are valid to the isotherm as statechich were 133.0 U mt and 154 U mL,
above since the models are actually in the samespectively. It was seen that the isotherm for
form. A Langmuir-type curve (Equation 2), fitted amyloglucosidase adsorption could be described
to these experimental data, is represented by soliy the Langmuir equation with good adjustment.
line. Figure 3 (b) showed the linear fitting of thePessoa Jr. et al. (1996) obtained the adsorption
Langmuir equation to obtain values fop, @nd Ky,  isotherm for inulinase fromCandida kefyron
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Streamliné" SP at pH 4.0 with Qof 5.3x10° U  Adsorption kinetics

g'and K; of 14.0x10° U mL™ Figure 4 shows the adsorption  of
Barboza et al. (2002) studying clavulanic acidamyloglucosidase on the ion exchange resin
adsorption on anion exchanger Amberlite IRA 40MEAE-cellulose. Practically more than 90% of the
observed that the equilibrium was also obtainetbtal adsorbed enzyme was adsorbed during the
for Langmuir isotherm with Q2.28x10* g g*, K4  first 60 min of reaction. This mean that there was
3.94x10° g LY, ky 1.11 L g* min® and k 0.04 high adsorption between the enzyme and the resin
min™. and this behavior was useful for purification

process design.

il

0.95 + " A0=85UWmL
N 4 AD=92 WmL
e A0=143 UkmL

0.90 4

0.85 1
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Figure 4 - Adsorption kinetics of amyloglucosidase on ion exule resin DEAE-cellulose at
25°C, in different initial activity of enzyme ®) A0=8.5 U mL* (fresh resin);(&)

A0=9.2 U mL* (recovered resin) #) A0=14.8 U mL* (fresh resin).

Calculation of k; and k, prepared resin); (b) = 75.0 U mL* (A0 =9.2 U
The fitting procedure was performed using themL™ with recovered resin) and ()& 133.0 U
fourth-order Runge-Kutta algorithm to integratemL™ (A0 = 14.8 U mL* with fresh prepared resin).
the Equation (2) and the least squares method Table 1 showed that adsorption efficiency ang Q
optimize the fitting. Figure 5 (a-c) shows thewere lower for the recovered resins, this value was
dynamic fitting of Equation (2) to the experimentaladjusted (experiment b with 22.5%), than for fresh
data in order to obtain;land k, and Q, for each prepared resins (experiments a and ¢ with 44.3%
kinetic assay. and 38.1%, respectively).

Table 1 shows initial amyloglucosidase activity,According to adsorption isotherm carried out with
the efficiency value in percentage,,(Xq and the fresh resins, the assays a and c presented the same
fitted kinetics constants {kand k) for all the Q, and K values. It was interesting to test the
kinetics adsorption assays. recovered resin (assay b) which showed that the
In order to assesshe adsorption behavior of Q, value should be fitted to a lower value
glucoamylase on the ion exchange resin, efficiencgomparing with fresh resins (assay a and c).

of adsorption was defined by the Equation 5. This probably occurred because the recovered
resin was used in this assay and the enzymatic
efficiency= (amounbf glucoamylaeretainecbyresin)_ ;4 (5)  extract was maintained frozen, which could

(amounbf totalglucoamylaeactivity applied toresin)

denature the enzyme due to the prolonged storage.
This enzyme would occupy active sites of the resin

For all the runs, kand k were similar, 2.4x10  reducing the capacity of adsorption in relation to

Qm changing according to fresh or recovered resin:
(@) Q.= 133.0 U m[* (A0 = 8.5 U mL* with fresh

Braz. arch. biol. technol. v.51 n.5: pp.1015-102dpt/Oct2008
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Figure 5 - Dynamic fitting of amyloglucosidase adsorptionion exchange resin at 25°C. Solid

lines represent the predicted curve from Equatiam@® (a), & (b), + (c) symbols,
the experimental data.
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These problems could happen when working witlaccount the phenomena of internal diffusion and
crude broth instead of a system model, because te&ternal convection on adsorbent, including also
kinetic assays was made by activity analysis anthe mass transfer in the liquid film, the diffusion in
not by the absorbance reading (280 nm), making the particle pores as well as the surface adsorption
difficult to verify if a denatured enzyme was orrate (model proposed by Horstman and Chase,
wasn't adsorbed by the resin. A similar situatiornl989).

was observed by Kamimura et al. (1999), wherét was noted for both case that for smaller initial
the value of Q obtained in the kinetic curves wasconcentration the simulated curves for the
inferior to the isotherm and when the recoveredimplified model and complete model were
resin was used, the capacity of adsorptiompractically identical to the experimental kinetic
decreased strongly. curve. Figure 5 (a-c) showed that the simplified
However, the decrease in the adsorption efficiencgnodel (purely intrinsic model) used in this work
for the recovered resins suggested that thitted very well with the experimental data.
regeneration step should be studied carefully it was observed that kand k were essentially the
order to improve it. Barboza et al. (2002) andsame for all the runs, in contrast tq, @alues,
Adriano et al. (2005) in the study of adsorption ofwhich changed according to the adsorption
clavulanic acid on anion exchanger resin anefficiency of the resin. Table 1 showed thagkd
amoxicillin  on chitosan beads, respectivelyk, were 2.4x1G mL U* min' and 0.037 min,
compared the simplified model for the adsorptiorrespectively.

(Equation 2) with a complete model that took in

Table 1 —Experimental results for amyloglucosidase adsonpdfficiency (%) and the fitted values for,(Kgq, ki
and k.

Kinetic Resin AO Adsorption Qnm Ky kq ko
assay (UmL™Y  efficiency (UmLY)  UmLYH)  mLUmin® (min™®)
(%)
a fresh 8.5 44.3 133.0 15.4 2.4xX10 0.037
b recovered 9.2 22.5 75.0 15.4 2.4%10 0.037
c fresh 14.8 38.1 133.0 15.4 2.4410 0.037

Table 2 —Comparison of kinetic parameters of this presesrkwvith the related work reported in literature.

Adsorbent Protein Qn Kg ki ko Reference
DEAE- Amyloglucosidase 133.0 U mL* 15.4 2.4x10°* 0.037* This work
cellulose Aspergillus niger UmL? mLU'min®  min®
Cross-linked a-amylase 39.84mgd  12.6x10° - - Liao et al.,
B-CD-IDA- mg mL?! 2005
Cu"
Chitosan Amoxicillin 8.71mg ¢ 0.60 = 0.007 =0.004 Adriano et al.,
beads mgmL*  mLmg*min?  min? 2005
Amberlite Clavulanic acid 2.28xIbg g* 3.94x10° =111~ =0.04* Barbozaetal.,
IRA 400 anion gL? L g min® min™ 2002
exchanger
EAH- Lipase 98.90 U ¢ 241 6x10% 0.14 Kamimura
Sepharose 4B Geotrichum sp UmL*! mL U™ min™ min™ et al., 1999

= = mean, * simplified model (Eq. 2)
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Table 2 presents some results about thACKNOWLEDGEMENTS
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the resin EAH Sepharose 4B gel, as 6k U™

min? for k; and 0.14 mitt for k,. Adriano et al.

(2005) studied the adsorption of amoxicilin oOnNOMENCLATURE

chitosan beds and found the values of 8.71 fgr Q

(mg amoxicillin g* wet adsorbent), 0.6 forK(mg partition coefficient

mL™), a mean of 0.007 for,KmL mg'min®) and A:  enzymatic activity in the liquid (U mb)

a mean of 0.004 for,k(min®). In this study, the AQ: initial or inlet enzymatic activity in the

concentration of amoxicillin varied from 0.236 to liquid phase (U mL)

2.761 mg mL" in order to get the kinetics curves. A equilibrium enzymatic activity in the liquid
According to Adriano et al. (2005), although the (UmL?Y

simplified model was a gross simplification of theQ:; enzymatic in the solid phase (U L

real adsorption processes, it could be useful in the*:  equilibrium enzymatic activity in solid
system analyzed, given its simplicity and the small phase (U mL)

amount of computer required for complete modety :  Langmuir isotherm constant (U m)L
that took in account the phenomena of diffusiork,:  dissociation constant (U rit}.

and mass transfer. Complete model provides moig: adsorption kinetic constant (mL'unin™)
insight on the diffusion inside the particle, but it isk.: desorption kinetic constant (rfin
more involved, conducting essentially to about the
same fitting to their experimental data. The present
work showed that the simplified model fitted well RESUMO
with the experimental data obtained for
amyloglucosidase adsorption on ion exchang@ enzima amiloglicosidase foi produzida por
resin. Aspergillus niger NRRL 3122 através de
CONCLUSIONS fermentacdo em estado solido, tendo como
substrato farelo de arroz desengordurado. Os
In this work, adsorption studies were carried ougfeitos dos parametros de processo (pH e
for the amyloglucosidase—resin DEAE-Ce”LIlosetemperatura) no coeficiente de partigao no
system. The effect of process parameters (pH andequilibrio, para o sistema amiloglicosidase - resina
temperature) on the equilibrium partition DEAE-celulose foram investigados, com o
coefficients was studied in order to optimize thQ)bjetivo de se obter as melhores Condigﬁes para
adsorption conditions for glucoamylase enzymeum posterior processo de purificacdo. Os maiores
The results showed that 0.025M Tris-HCI bUﬁel’,Coeﬁcientes de partigao foram obtidos usando
pH 8.0 and a temperature of 25°C were the optimghmp&o Tris-HCl 0,025M pH 8,0 e 25°C.
operating conditions. Determinadas as condicbes que forneceram o
The adsorption isotherm of amyloglucosidasenaior coeficiente de particdo obteve-se a isoterma
measured for pH 8.0 at 25°C showed a good fit tgue melhor descrevia o processo de adsorcdo de
the Langmuir model. The model parameters wergmiloglicosidase. Foi verificado que adsorcéo
estimated from the linearized form of the iSOthel'n'pode ser bem descrita pe|a equagéo de Langmuir e
equation and Q and K; were 133.0 U mE and s valores de Qe K, foram estimados em 133,0
154 U le, respectively. The kinetic constantsy mL? e 15,4 U mit respectivamente_ A partir do
that were determined by the dynamic fitting usinggjuste das curvas cinéticas utilizando o método de
the fourth-order Runge-Kutta algorithm WereRunge_Kutta de quarta ordem, obteve-se as
24X103m|_ U mint and 0.037 mit for k; and k constantes de adsorgao 1)(ke dessorgao ﬂ(
respectively. através da otimizacdo pelo método dos minimos
guadrados, os valores encontrados foram 2:3x10
mL U min™ para k e 0,037 mift para k.
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