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ABSTRACT

Studies were carried out on the partition of amgl&®m Bacillus subtilis in a minimal medium at %7 and 110
rpm. Enzyme recovery was carried out in aqueouspinase system PEG-Phosphate salt were carriedTtnat.best
purification factor (5.4) was obtained in systemGEO000 (16.7% w/w) with potassium phosphate (14:896), at
pH 6.0, resulting in a recovery of 45.2% activitygmatic in the salt-rich phase.

Key words: Amylases, aqueous two-phase systdBagjlius subtilis partition, poly (ethylene glycol).

INTRODUCTION sweetener manufacture, nourishing, detergents and
ethanol. Other applications include textile and
Amylases are extracellular enzymes of greapaper industries. Amongst amylolytic enzymes,
industrial interest. They are involved in theamylases3-amylases, glucoamylase, pullulanase
hydrolysis of starch molecules (Paquet et al.andisoamylase can be found, being the former two
1991), decomposing them in glucose. Starch is af bigger economic interest (Pandey et al., 2000).
major source of carbohydrates in the nature, beinghere are several sources for the production of
an abundant carbon source. Every starcamylases, such as bacteria, fungi and plants.
polysaccharide molecule possesses one reduciBacillus spp. is considered the most important
terminal, able to reduce dinitrosalicylic acid;source of amylase. Bacteriatamylase, however,
therefore, measurement of reducing sugars is a8 preferred over fungal amylase due to several
useful method to determine the molarcharacteristic advantages that it offers. The
concentration of starch molecules in solutionamylase has generally been obtained from plant

Amylases possess important applications in thgources. Filamentous fungi apparently constitute
production of syrup with high glucose content,
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the major source of glucoamylase among althrough ATPS, properties such as pH and
microbes (Pandey et al., 2000). temperature stability of the crude and partially
In order to perform large-scale purification ofpurified extract determined.

enzymes and proteins an efficient downstream

processing techniqgue amenable to preserve

biological activity is needed (Tanuja et al. 1997). MATERIALS AND METHODS

Extraction in aqueous two-phase system (ATPS) is

a suitable method for the first step of a separatioReagents

procedure removing some contaminants in ®EG (1000, 3350 and 8000) was obtained from
simple and economic process (Chaves et al. 2008jgma (St. Louis, MO, USA). All other reagents
Hatti-Kual 1996; Kula et al. 1982). Aqueous two-are of analytical grade.

phase systems are based on water-soluble

polymers and salts and/or two different wateriMicroorganism

soluble polymers. Phase separation occurs ov@acillus subtilis DA 15 was obtained from the
certain concentrations of the phase componentBepartment of Antibiotics-UFPE.

The binodial line is the boundary condition of

concentrations for phase separation. Above thamylase production

binodial line, the phase component separates to tlBacillus subtilis was grown in fermentation
upper phase and the lower phases. Howevemedium described by Haddaoui et al. (1999)
below the binodial line, one mixed phase existgvhich contained the following components:
(Albertsson 1986). The overall composition ofminimal medium supplemented with 1% (w/v)
phase-forming components has been exploited §lucose and 0.1mM CagCin a 110 rpm rotary
influence the phase preference of proteins (Kula &haker at 37C, during six hours. The fermentation
al. 1982). Two-phase systems made by organisroth was centrifuged for 15 minutes at 12500 x.
solvent and aqueous solution are being used fdame supernatant was used as enzyme source.
separation. Two-phase systems sometimes cannot

be applied to the separation of active biologicay-Amylase activity assay

materials, ~ which  require  mild aqueousThe activity of extracellular amylase was
environments. On the others hand, ATPS have lowstimated by determining the amount of reducing
osmotic pressure, high water, buffering effectsugars released from starch. The sugars were
added salts and very low interfacial tensiorquantified by the method of 3,5-dinitrosalicylic
between the wupper and the lower phasegcid (DNSA), according to Miller (1959). The
(Albertsson 1986). Aqueous two-phase systemstarch solution was prepared from 1% (wiv)
have been used for separating plant and animgbjuble starch in 0.1M citrate/phosphate buffer pH
cells, cell organelles, membranes, enzymes.6, at 37°C. Volumes of 0.25 ml of the enzymatic
nucleotides and other biological ~materialsextract were added to 2.5 ml of the starch solution
(Albertsson 1986; Kohler et al. 1993). Theand the mixture incubated at 37°C in a water bath
aqueous two-phase systems have been designied 10 min. After 1 ml of mixture was added to 2
for scale up of downstream processes fom| of DNSA and boiled at 100°C for 10 minutes.
biomaterial separation (King 1992; Mistry et al.The amount of reducing sugars in the final mixture
1993). Partition characteristics depend on surfacgas determined spectrophotometrically at 570 nm.
hydrophobicity; specific-binding sites on the One unit of enzymatic activity is defined as the
surface properties of the biological materialsgmount of enzyme that producesufol/min of
which will be separated (Albertsson et al. 1970g|ycose. The specific activity is expressed as units
Walter 1977). This separation procedure, i.eper milligrams of protein. The calibration curve
partition, is influenced by phase systemfgr DNSA was established with several standard

parameters, such as the molecular weight of thg,| tions of glucose ranging from 109 ml* to
polymer, pH, type and concentration of phase\.;oqlg mrt

forming components (Chaves et al. 2000). The
PEG/salt system is suitable for downstream
processing of amylase, due to its high capacity
biocompatibility and low costs. The aim of this
work was to study the recovery of amylase
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Protein quantification Preparation of the two-phase systems
Protein content was determinated using th&he systems (total mass 6g) were prepared from
method described by Bradford (1976) with bovinestock solutions of the polymers 50% (w/w) (PEG
serum albumin as standard. 1000, 3350 and 8000) in water, and 40% (w/w)
salt stock solution as a mixture of potassium
Effects of pH and temperature on amylase phosphate monobasic, potassium phosphate
activity dibasic. All the systems, in duplicate, were
Amylase activity was measured at different pHprepared in graduated centrifuge tubes. The PEG-
and temperature values using starch as substrapdosphate salts systems were assumed to be close
The enzyme activities, before and afterthe original phosphate stock solution (pH 6.0, 7.0,
purification, were assayed using 1% (w/v) starct8.0). The partition experiments were performed at
in 0.1M citrate/phosphate buffer solution (pHroom temperature (2% 2°C) by mixing the
ranging from 4.0 - 7.0). The pH optimum assayssystems with crude extract from fermentation
the enzyme were incubated at 25°C, for 1Q1 ml). After separation of the phases by
minutes, in buffers solutions of different pH centrifugation for 236 x g, samples of each phase
values. The amylase activity was also assayed @lere taken with a pipette for the quantification
various temperatures (40°-100°C) at pH 6.6. protein and activity of enzyme. The study of
enzyme partitioning at different tie lines was
carried out varying the PEG and salts
concentrations as show on the Table 1.

Table 1- Composition of the two phases system

PEG (% w/w) and salt (% w/w)

Polymer

Tie line 1 Tie line 2 Tie line 3
PEG 1000 16.7/14.8 17.7/15.7 19.7/17.7
PEG 3350 14.0/11.8 17.7/15.7 19.7/17.7
PEG 8000 11.8/9.8 14.0/11.8 -

Determination of the partition coefficient (K):  Determination of recovery enzymatic activity

The relative distribution of the enzyme in theThe recovery enzymatic activity is defined as the
agqueous two-phase system is characterized by thatio of the enzymatic activity after purification by
partition coefficient (K), calculated according toenzymatic activity of crude extract multiplied by

the following equation: 100.
REA = Enzymatic activity after purification X
K=C /G, 100/ enzymatic activity of crude extract.

Where @ stands for enzyme activity in the top
phase, genzyme activity in the bottom phase. RESULTS AND DISCUSSION

Determination of the purification factor Studies of amylase partition in the polyethylene
The purification factor (PF) is defined as the ratiqylycol/phosphate system

of the enzymatic specific activity of the crudeThe development of purification procedure using
extract by the enzymatic specific activity afteraqueous two-phase systems involves the variation

purification. 3 N o of several factors until a good result is achieved.
PF = Enzyme specific activity after purification / The partition coefficient, recovery of enzyme
Enzyme specific activity of crude extract. activity and factor of purification were studied to

characterize the distribution of amylase between
the two phases of the system. The enzyme
partition in the ATPS depends on the size of the
biomolecule, superficial properties, molecular
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load, ionic composition of the phases, polymefactoglobulin in PEG/hydroxypropyl starch
concentration and molecular length of the polymesystems, showed that the increase of the tie line

(Harries et al. 1997). resulted protein displacement to the bottom phase,
thus decreasing the K value. Further studies with
Effect of polymer molecular weight bovine serum albumin accomplished by Christian

Fig. 1A, 1B and 1C indicated that the systemet al. (1998) also showed the decrease of K with
studied were slightly influenced by the PEGthe increase of the length tie line in the PEG
molecular mass. The partition coefficients showe®350/arabinogalactan system. Cunha et al. (2003)
no regular tendency in all the cases. This could bstudied the extraction of recombinant and wild
attributed to different two effects. cutinase observing that wild cutinase had a
One of these effects was the increase in the uppendency for salt rich phase, similar results was
phases hydrophobicty. In fact, as PEG chain lengtbbtained in present work.

increased there were less hydroxyl groups for th€able 2, 3 and 4 show the effects of the tie line
same concentration of the polymer and hence tHength in different PEG-phosphate system.
polymer-richer upper phase increased irinthe PEG 3350 and 8000/phosphate system at pH
hydrophobicy. On the other hand, the chain length.0, a decrease of recovery of enzyme activity
increase also caused the increase of the excludé®EA) and purification factor (PF) was observed
volume, which mean less space available for theith the increase of the tie line length in both
protein in the PEG rich phase (Marcos et al. 1999phases. Similar was noted for PEG 3350 and 1000/
Similar behavior was observed by Marcos et alsalts systems at pH 7.0 (Table 2 and 3,
(1999) and Almeida et al. (1998) studing therespectively).

purification of penicillin acylase frorkscherichia Bottom phases, following continuous re-
coli and cutinase frork. coli WK-6 recombinant, equilibration of the levels in both phases. The
respectively, using poly (ethylene glycol)-sodiumsame didn't occur in PEG 8000 system at pH 8.0,
citrate and poly (ethylene glycol)- hydroxypropyl where there was no significant difference in the K

starch. value. Study carried by Almeida et al. (1998),
Furuya et al. (1995) and Chaves et al. (2002) for
Effect of the tie line length the extraction of cutinase in the PEG

The partition coefficient (K) ofi-amylase in PEG 4000/hydroxypropy! starch, hydrolytic enzyme in
(1000, 3350 and 8000)/phosphate systems aREG-dextran system and extraction of Sm-13
showed in Fig. 1A, 1B and 1C, respectively. In alfecombinant antigen fror&scherichia coliin the
systems studied in this work at pH 7.0, withPEG (1000, 3350 and 8000)/Reppal PES 100
increasing the tie line length, K of enzymesystem, respectively, showed that the partition
decrease. This effect was caused by the increasingefficients were significantly influenced by the
PEG concentration witch cause continuou$?EG molecular weight. Ortin et al. (1991),
molecular exclusion of amylase from the top tostudying the partition ofa-lactoalbumin andp-
bottom phases, following continuous re-lactoglobulin in PEG/hydroxypropyl starch
equilibration of the levels in both phases. Thesystems, showed that the increase of the tie line
same didn't occur in PEG 8000 system at pH 8.0gsulted protein displacement to the bottom phase,
where there was no significant difference in the Khus decreasing the K value. Further studies with
value. Study carried by Almeida et al. 1998bovine serum albumin accomplished by Christian
Furuya et al. 1995 and Chaves et al. 2002 for thet al. (1998) also showed the decrease of K with
extraction of cutinase in the PEGthe increase of the length tie line in the PEG
4000/hydroxypropyl starch, hydrolytic enzyme in3350/arabinogalactan system. Cunha e{(2003)
PEG-dextran system and extraction of Sm-13tudied the extraction of recombinant and wild
recombinant antigen fror&scherichia coliin the cutinase observing that wild cutinase had a
PEG (1000, 3350 and 8000)/Reppal PES 10tendency for salt rich phase, similar results was
system, respectively, showed that the partitiombtained in present work.

coefficients were significantly influenced by the

PEG molecular weight. Ortin et al. (1991),

studying the partition ofx-lactoalbumin andB-
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PEG 1000

Log K

Log K

Log K

Figure 1 - Effect of tie line length and pH in log K for PEGQ0 (A); PEG 3350 (B); and PEG 8000 (C).

Table 2 - Purification factor and recovery of amylase\dttiin the PEG 1000/salt systems

Tie line 1 2

3
pH 6 7 8 6 7 8 6 7 8
REA (%) Top phase 33.8 * 22.7 * 438 143 448 104 228
Bottom phase 45.2 * 25.2 * 41.0 194 28.3 28.6 47.9
PE Top phase 0.1 * 0.2 * 0.2 0.05 0.2 0.01 0.04
Bottom phase 5.4 * 0.3 * 0.1 0.03 0.1 0.03 0.2
REA - recovery of enzyme activity; PF-purification factor;

* - Formation of phases was not observed
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Table 3 - Purification factor and recovery of amylase atyiv the PEG 3350/salt systems

Tie line 1 2 3
pH 6 7 8 6 7 8 6 7 8
REA (%) Top phase 187 191 320 430 18.5 13.0 7.8 14.0 .3 36
Bottom phase 55.3 39.2 18.3 16.0 324 30.0 42.8 9 25.30.0
PE Top phase 1.8 0.4 0.5 1.0 0.8 0.2 0.8 0.6 1.0
Bottom phase 3.8 0.5 0.7 1.9 0.3 1.3 3.5 3.0 2.8

REA- recovery of enzyme activity; PF- purification factor.

Table 4 - Purification factor and recovery of amylase atyiv the PEG 8000/salt systems

Tie line 1 2
pH 6 7 8 6 7 8
REA (%) Top phase 224 12.4 40.5 18.9 27.1 40.1
Bottom phase 46.1 64.8 41.9 30.2 23.7 26.6
PE Top phase 1.1 0.3 0.8 0.3 1.3 1.8
Bottom phase 1.5 2.3 0.8 0.9 0.3 1.3

REA - recovery of enzyme activity; PF- purification factor.
* - Formation of phases was not observed

Table 2, 3 and 4 show the effects of the tie lingolygalacturonase into the bottom phase with the
length in different PEG-phosphate system. increase of pH. The results presented in PEG
In the PEG 3350 and 8000/phosphate system at pl3350 and 8000)/ phosphate systems (Table 3 and
6.0, a decrease of recovery of enzyme activityl, respectively), tie line 1, demonstrated that PF
(REA) and purification factor (PF) was observeddecreased with increasing pH. Increase of pH
with the increase of the tie line length in bothresulted a decrease of PF. Similar behavior was
phases. Similar was noted for PEG 3350 and 1000btained in the PEG 1000 and 3350 at tie line 2
salts systems at pH 7.0 (Table 2 and 3(Table 2 and 3). However, except in the PEG 8000

respectively). at pH 8.0, tie line 1, no observed a significant
difference in the recovery of the enzymatic activity
Effect of pH in the bottom phase (41.9%) and in the top phase

As general rule, negatively charged proteins prefg@d0%) were no observed (Table 4). In this system
the upper PEG-rich phase and positively chargedas observed recovery maximum of enzymatic
proteins partition to the lower phase (Schmidt e#ctivity (64.8%) occurred in the bottom phase, tie
al. 1994). As the pH increases above théine 1, at pH 7.0. In present work highest
isoelectric point (pl) of a protein, it becomespurification factor (5.4) was obtained at pH 6.0, tie
negatively charged, its interaction with PEGIine 1 in the salt-rich phase of PEG 1000 (Table 2).
becomes stronger (Huddleston et1#191), and the

partition coefficient increases. In the system PE&ffect of pH and temperature in amylase
1000/ phosphate (Fig. 1A) it was observed that iactivity in crude extract and partially purified

did not have a regular trend. However, in systemsxtract

with the biggest molecular weight, an increase oThe profile of pH and temperature over the
the coefficient of partition occurred with the enzymatic activity of amylase were evaluated
increase of pH (Figs. 1B and 1C). Same resultsefore and after purification. Fig. 2A shows the
were obtained by Xu et.g2002) who studied the optimum pH of the crude extract before and after
extraction of glucose-6-phosphate dehydrogenagaurification in the PEG/salt system (PEG 1000, tie
and hexokinase in PEG/PES systems. Wu et dine 1, pH 6.0). An optimal pH was obtained at pH
(2001), working with two consecutive aqueouss.0 for both the samples (crude extract and
two phase extraction steps in PEG 8000/polyvynilpartially purified extract). As shown in Fig. 2B,
alcohol system, followed in PEG 8000/(§tBO, the optimal temperature was 60°C, in both the
system, observed strong partitioning of endosamples. In general, these results were in
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agreement with studies carried out by Tigue et athe production amylase. The results demonstrated
(1994); Dercova et al(1992) and Swamy et.al that after the purification with PEG
(1995) workingwithB. flathermus, B. subtiliand 1000/phosphate system there was no change in the
Clostridium thermosulfurogengsespectively, on optimal pH and temperature of the amylase.
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Figure 2 - Effect of pH (A) and temperature (B) on amylasevéyt before and after
purification in the PEG 1000/phosphate system.
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