Acta Agrophysica, 2007, 9(1), 233-244

ENHANCEMENT OF THERMAL STABILITY OFASPERGILLUS ORYZAE
ALPHA-AMYLASE USING STABILIZING ADDITIVES

Katarzyna Samborska

Department of Food Engineering and Process ManageifRaculty of Food Technology
Warsaw Agricultural University
ul. Nowoursynowska 159 C, 02-776 Warszawa
e-mail: katarzyna_samborska@sggw.pl

Abstract. The thermal degradationAspergillus oryzae a-amylase in the presence of sug-
ars (sucrose, trehalose) and polyols (sorbitolcagiyl) as stabilization additives was investigated.
The aim of the study was to test whether it is jibsg0 estimate the heat stability of the enzyme
based on the amount of hydroxyl groups provided buffer solution from different sources. The
thermal inactivation experiments were performe@8C. Every additive tested showed a protective
effect on the enzyme heat stability, the effechestrongly dependent on the added compound
concentration. Among all the stabilizing compouriagestigated, sucrose exhibited the greatest
protective effect. The decimal reduction time cwwhmylase activity increased 33.9 times when
420 mg/ml of sucrose was added to the environnwhen the same concentration of trehalose was
used, theD-value increased 6.4 times compared to the valubarbuffer system. The number of
hydroxyl groups provided in the enzyme solutionldawt be related to the D-values for the en-
zyme thermal inactivation, meaning that the enzieat stability was not dependent on the number
of hydroxyl (OH) groups.
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INTRODUCTION

Enzymes as processing aids have been widely used in foodrinfhustnore
than fifty years. Among themyspergillus oryzae a-amylase (E.C. 3.2.1.1) is one
of the most important. It is used in the brewing industry to iseréermentability
of beer worts (including those made from unmalted cereals), in tioh staustry
to produce high maltose and high DE syrups, in the alcohol industedt@e
fermentation time, in the cereal industry for flour supplentemtaand improve-
ment of chilled and frozen dough.
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The application of enzymes on industrial scale is stilitichdue to their low
stability. As proteins, enzymes are inactivated rapidihést and other environ-
mental modifications such as changes in pH, ionic strengttideatalysts, en-
zymes used in industrial food processing have to show an acceygtpiton in
specific activity during their storage as well as dutimg process in which they
are used. Especially during processes where heat is indyodveyme stability
becomes of utmost importance. The stabilization of enzymes reomaénsf the
most important concerns in modern biotechnology (Ayneaed. 2000).

Additional substances such as sugars, polyhydric alcohols, hedaganic
solvents are used to stabilize enzymes in the liquid form. Thédadodi sugars
and polyols strengthens the hydrophobic interactions among non-polar anmdiino a
residues. These interactions, together with hydrogen bonds and ioniarader
Waals interactions, are essential for maintaining the eatatalytically active
structure of the enzyme. Thus, the strengthened hydrophobic interaciides
protein macromolecules more rigid, and therefore more resistahermal un-
folding (Leeet al. 1981).

According to Leest al. (1981), the mechanism of enzyme stabilization in the
presence of sugars and polyols in aqueous media is an “indiotici,aneaning
that the additives do not change the protein conformation bueirde the phys-
icochemical properties of the system, such as solvent teycesulting in pro-
tein stabilization. The solvent composition in the immediate domatmegfriotein
is different from that of the bulk solvent. Moreover, the défere is a function of
the concentration of co-solvent. As presented by Timastiedf. (1989), co-
solvent added to the enzyme aqueous solution is excluded from tlee piot
main. The free energy of the system increases, which is unféledram the
thermodynamic point of view. If the protein is unfolded, the surface of the zone of
exclusion and free energy increases, which induces less fal®uhermody-
namic conditions. As a result, the equilibrium of the reactibn. U (whereN
represents the native), reversibly unfolded enzyme) is shifted to the left, toward
the native state of the protein (Timashef 1993).

The mechanism of exclusion is different for different compoundss, the in-
teraction with the unfolded state of the protein. Accordiniinoet al. (1996), in
the case of sugars there is a good correlation between thiveguaferential
interactions and the positive surface tension incremeadijrig to the suggestion
that the stabilization of proteins is due to increase ostinace tension. Glycerol
(and other polyols) slightly decreases surface tension of watdrexclusion re-
sults from the solvophobic effect. Polyols fit well in the wdtdtice and their
structure permits them to form the proper hydrogen bonds thabneénfvater
interactions. This makes contacts between non-polar region® gfrtiein and
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the glycerol-water mixture even more entropically unfavourdiza tontact with
water. As a consequence, polyol molecules migrate away froprdkein surface
(Timasheffet al. 1989, Timasheff 1993).

On the contrary, Combes al. (1992) and Grabegt al. (1989) conclude that
polyols stabilize enzymes against thermal dendburdiecause of direct interactions
with proteins, while water organization is very Wigaaffected by their presence.
Graberet al. (1989) found polyols to be competitive inhibitéos a-amylase, and the
interactions with the active site of the enzymédoone of the factors of the enzyme
stabilization mechanism. Moreover, the stabilizfigct is connected to the number
of hydroxyl groupsrfOH) contained in the moleculex-amylase affinity for polyhy-
dric alcohols increases as th@H in the molecule increases. Timastabffl. (1989)
suggest that the global effect is a balance bettfeetwo types of interactions, with
preferential exclusion generally predominating.

The aim of the present work was to investigate the pintgetfect of sugars
and polyols onAspergillus oryzae a-amylase when the latter is submitted to
thermal treatmentThis study focused especially on the relation between the
number of hydroxyl groups provided by the stabilizing additives per dnaf m
enzymatic medium and the thermal stability of the enzyme.

MATERIALS AND METHODS

Aspergillus oryzae a-amylase Fungamyl 806" produced by Novozymes
A/S was purchased from Sigma (Germany) in a liquid form withaetivity of
800 FAU/g. 1 FAU (Fungabi-Amylase Unit) is the amount of enzyme which
dextrinizes 5.26 g of starch dry basis per hour at 37°C and pH 4.@inPcon-
centration of Fungamyl 800L was 183 ¢determined by bicinchinonic acid
method, Sigma, Germany).

Addition of stabilizers

Prior to the thermal inactivation experiments, the enzymzs diluted
(1.8 FAU mi*) in 20 mM Bis-Tris buffer pH 7.0, and in sugarsof@se, trehalose)
or polyol (sorbitol and glycerol) solutions — contrations as presented in Table 1.
Control experiments, without sugars or polyols aldeere also performed. In
order to compare the stabilizing capabilities & tifferent additives, the concen-
trations of the latter were calculated (based omrtblar mass of the compound and
the Avogadro number) in order to provide the samehaunof hydroxyl groups
(nOH) per volume unit (ml) of the enzymatic medium. &al concentrations of
hydroxyl groupsfOH/mI) were investigated, as presented in Table 1.
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Tablel. Concentrations of sugar and polyol solutions ig+ Bis buffer, pH 7.0, and corresponding
number of hydroxyl groupsiOH mi’%) provided by the additives

nOH mr? Sorbitcil Glycerol Trehalolse Sucrosle

mg ml % (VIVv) mg ml mg ml

0.198x 107 100 8.1 140 140

0.281x 107 200 200

0.314x 107 13.0

0.396x 107 200

0.595x 107 300 24.8 420 420

0.725x 107 30.0

0.992x 107 500 41.0 705

| sothermal treatment

Solutions (samples of approximately 80 ul) were enclosed in gtgsilary
tubes (Hirshman, 1.15 mm i.d., 150 mm length) in order to ensure fast heating and
cooling. Isothermal experiments were performed in a water batheshperature
of 68°C for all concentrations of additives. After preset tintervals, samples
were withdrawn and cooled in an ice-water bath to stop heat inactivation.eSampl
were kept in the ice-water bath till the activity measurement

Assay of a-amylase activity

The activity ofa-amylase was measured spectrophotometrically according to

the procedure CNP-G3 of Chema Diagnostica (Jesi, Italy). Thedunaces based

on progressive hydrolysis of 2-chloro-4-nitropheaybd-maltotrioside, thus
gradually releasing 2-chloro-4-nitrophenol which has the maximbsorption at
405 nm. During measurement the temperature was kept constant atT3@*C
enzyme activity was calculated by linear regression amalykiabsorption in

a function of reaction time. The residual activitycohmylase subjected to heat
treatment was expressed as the ratio between the acfidtheat-treated sample
and of a native sample.

Kinetic data analysis

Isothermal inactivation afi-amylase can be described by a first-order kinetic
model (Guiavarc'tet al. 2002, Terebiznilet al. 1997). The integral effect of an
inactivation process at constant temperature, where thiivatan rate constant
is independent of time, is given in Eq. 1:
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In(A/ A) = -kt 1)

To describe the thermal inactivation kinetics of first-ordeactions the
TDT model (thermal death time concept) is also commonly used (\day L
1997). TheD-value is defined as a time required, at a constant temperadur

reduce the initial enzyme activitfp) by 90%. For first-order reactions, the
D-value is directly related to the rate consta(g. 2).

D = 2.303/k @)

The decimal reduction timB was estimated from the slope of the regression
line of log A/Ay) vs. time.

log(A/ A))=(-1/D) [ 3)

RESULTS AND DISCUSSION

Heat inactivation kinetics

Isothermal inactivation kinetics dispergillus oryzae a-amylase in a buffer
solution and with addition of stabilizing compounds was accuratalgritbed by
the first-order inactivation model. The correlation coefficientirafar regression
of log(A/Ay) versus time varied between 0.94 and 0.99 (Fig. 1-4).
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Fig. 1. Isothermal inactivation ofi-amylase in 20 mM Bis-Tris buffer, pH 7.0, with &igh of
sorbitol: 100 mg mt (A), 200 mg mif (A), 300 mg mif (o), 500 mg mif (m)
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Fig. 2. Isothermal inactivation ofi-amylase in 20 mM Bis-Tris buffer, pH 7.0, with dituh of
glycerol: 8,3 % viv4), 13 % viv @A), 24,8 % viv §), 30 % v/v @), 41 % viv ()
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Fig. 3. Isothermal inactivation ofi-amylase in 20 mM Bis-Tris buffer, pH 7.0, with &ieh of
trehalose: 140 mg mi(A), 200 mg mift (A), 420 mg mif (o), 705 mg nif (m)
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Fig. 4. Isothermal inactivation ofi-amylase in 20 mM Bis-Tris buffer, pH 7.0, with &ileh of
sucrose: 140 mg Mi(A), 200 mg mift (A), 420 mg mif (o)

Sugars and polyhydric alcohols had a positive effect orhdieal stability ofx-
amylase, meaning thBtvalue was higher when the additions were applied(2).
Table 2. Decimal reduction time (D) fom-amylase isothermal inactivation at 68°C with arithw

out addition of stabilizing compounds, in relattorthe number of hydroxyl groups (nOH) provided
in the system. (concentrations of sugars/polydistiems as presented in Table 1)

20 mM Bis-
nOH/ml Tris b;Jf(f)er, pH Sorbitol Glycerol Trehalose Sucrose
D (min) at 68°C
2.4 (£0.2%
0.198x 107 3.8(+ 0.2) 53(x05) 54(x0.7) 10.2 (+0.4)
0.281x 107 75(+05) 14.2(x0.4)
0.314x 107 6.9 (£ 0.4)
0.396x 107 45 (+0.2)
0.595x 107 79(x04) 11.4(+1.0) 154(+0.9 813 (x)L.5
0.725x 107 145 (+ 1.2)
0.992x 107 13.2(+0.7) 337 (x1.8) 47.4(£4.1)

2in brackets — standard error of regression; nurabegplications — 3.
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The most pronounced stabilizing effect was obsenitidsucrose. When the concen-
tration of 1.2 M (420 mg i) was used, the decimal reduction tibéncreased by a
factor of 34 compared to the buffer system wittamyt additives.

Increased thermal stability of lipoxygenase (LOX) in the gmes of sucrose
was also observed by Bustbal. (1999). One to two mol sucrose increased pea
LOX stability at 70°C by 400-600%. Polyols like mannitol, sorbitoithaitol
and glycerol were less efficient or had no effect.

The protective effect of all compounds was stromgdigher concentrations (Fig.
5). This behaviour was described before by Grabalr. (1989) who observed a pro-
tective effect (defined as a ratioiehmylase half-life with additive ta-amylase half-
life without additive) of sorbitol by a factor o0Q in 2.5 M sorbitol solution, and
even a factor of 2000 when sorbitol concentratias imcreased to 4 M. In the current
work, the relationship between the concentratiothefstabilizing compound and the
obtainedD-value was found to be exponential, with a conaatoefficient R be-
tween 0.97 and 0.99 (Fig. 5). Based on the resfiltse present work, stabilizing
compounds can be classified in terms of their ptote effect ona-amylase heat
stability, as follows: sorbitol < glycerol < trebak < sucrose, sugars being more fa-
vourable than polyols. Each compound showed aarexyially increasing stabiliz-
ing effect.

D gsc (Min)

Concentration (M)

Fig. 5. Decimal reduction time D far-amylase isothermal inactivation at 68°C in cotietawith
the concentration of sorbitah), glycerol (A), trehalose ®), sucrose©)
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If the mechanism of stabilization is considered to be prefatamtclusion of
co-solvent from the protein domain, as described before, it can lmedadkiat
sugars, for which the source of exclusion is increase of sutéarsion, showed
a higher stabilizing effect than polyols, for which the sourcexofusion is the
solvophobic effect. Liret al. (1996) suggested that the increase of surface tension
of water in the presence of sugar co-solvent can be respofwsilpl®tein stabili-
zation. In the results of current work, sugars, which raisestiniace tension of
water (Washurn 1928) and do not demonstrate any affinity to or possiac-
tions with the protein molecules neither in native form moam unfolded state,
were more effective in the enzyme stabilization. Accordingitoet.al. (1996),
due to high correlation between negative preferential interecind the positive
surface tension increment, the stabilization of proteins bydtiti@n of sugars is
a result of increased surface tension of water. Polyals tie opposite behav-
iour and are known to have an affinity to the polar groups of &iprot even are
described as competitive inhibitors @amylase binding to the active site of the
enzyme (Timashefét al. 1989, Timasheff 1993, Grabet al. 1989). During
protein denaturation, large non-polar regions of the protein become exposed to the
solvent. Although the co-solvent is excluded from the protein domain, some
molecules can migrate into the zone of preferential hydration a@éntwith the
protein at specific sites (Timasheff 1993).

Several authors have discussed the influence of polyolsumads, and/or more
specifically the influence of hydroxyl groups prositiby the latter, on the thermal
stability of enzymes (Oboa al. 1996, Matsumot&t al. 1997, Noelet al. 2003).
Graberet al. (1989) observed that the stabilizing effect ofypls on Aspergillus
oryzae a-amylase was related to the number of OH groupsnmaecule (for
a given fixed molar concentration of polyol). Om thther hand, Guiavarcé al.
(2003) observed, in specific experimental condgjahat the total number of OH
groups in the system could be related to the thestahility of purified pectin me-
thylesterase (PME) independently of the type oftaddused. These authors have
shown that théD-values of purified tomato PME were strongly catetl to the
nOH provided by polyols and sugars at different emi@ations, whereas the source
of hydroxyl groups (used in the study) did not iefiae the thermal stability of
PME. They concluded that the thermal stability ofified tomato PME could be
predicted based on the type and concentrationdifieglin the system.

Based on the first observation (number of OH groups per moleculs)athie
lizing power of additives used in this study should have been daadkdollows:
glycerol (3*OH) < sorbitol, (6*OH) < trehalose, sucrose (8*OFfom Table 2 it
can be noticed that it is not the case. The protective affesthbilizers with the
samenOH per molecule was different (trehalose, sucrose).
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In Table 2 it can be observed that there is no correlation befsalue and
the number of OH groups per one ml of solution, which is also in dsagmt
with the observations made by Guiavarethal. (2003) discussed above. Differ-
entD-values are observed for the san@H value achieved with different polyols
or sugars, thus showing that the stabilizatiodgtfergillus oryzae a-amylase, as
opposed to the stabilization of tomato PME, is sensitive tsdahece of hydroxyl
groups used as a stabilizing substance. A possible reason for sliffbrance is,
as demonstrated by Graletral. (1989), that polyols used during the study act as
competitive inhibitors ofAspergillus oryzae a-amylase with different inhibition
constants, while the same polyols were never demonstrated asribebitprs of
tomato PME. These differences in inhibition constants migh¢igee differences
between the stabilizing power of polyols as well as diffezsrmetween the stabi-
lizing power of polyols and the stabilizing power of sugars (secrisshalose).
The later, which are disaccharides, have never been deseslgeing (competi-
tive) inhibitors of Aspergillus oryzae a-amylase which only acts on polysaccha-
rides containing three or more 1,4-alpha-linked D-glucose unitsseThathors
showed that interaction of polyols with the active siteAgfergillus oryzae a-
amylase contributed to its improved thermal stability. It candied here that the
inhibitory effect of polyols has also been demonstrated on xyldraselricho-
derma reesal which, like Aspergillus oryzae a-amylase, is also a fungal hydrolase
glycosidase (Coboat al. 2003).

CONCLUSIONS

1. The effect of sugars (disaccharides) and polyolsAgmergillus oryzae o-
amylase thermal stability was investigated.

2. The largest protective effect was obtained with the additiosuofose.
The influence of trehalose, sorbitol and glycerol on the enzyntestadality was
also positive, but less pronounced.

3. The protective effect was strongly related to the concenirati the pro-
tective compound, following an exponential function.

4. The number of hydroxyl groups per molecule and the total amount of hy-
droxyl groups provided by additives to the syste@H) did not correlate with
the heat stability ofAspergillus oryzae a-amylase.

5. The source of hydroxyl groups was found to be more important, with sug-
ars (especially sucrose) being more effective than polyolsrfidlasnOH values.
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ZWIEKSZENIE STABILNOSCI CIEPLNEJa-AMYLAZY Z ASPERGILLUS
ORYZAE POPRZEZ ZASTOSOWANIE DODATKOW STABILIZUACYCH
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Streszczenie. Celem pracy byto zbadanie wptywutanif dodatkowych na kinetgknak-
tywaciji cieplneja-amylazy zAspergillus oryzae. Badano, czy efekt stabilizgy alkoholi wielowo-
dorotlenowych (sorbitolu i glicerolu) i dwucukrowrghalozy i sacharozy) zwdany jest z liczl
grup hydroksylowych wyspujacych w ich casteczkach lub z ogddriczba tych grup w roztworze.
Zastosowane dodatki we wszystkickzshiach spowodowaly wydkenie czasu dziegiiokrotnej
redukcji aktywnéci enzymu w temperaturze 68°C, &wiadczy o ich dziataniu stabilizagym na
enzym. Zauwzalne byly rénice w efektywnéci stabilizacji w zalenosci od rodzaju substancji
oraz jej stzenia. Zastosowane cukrow byto bardziej korzystrieatkioholi wielowodorotlenowych
a najbardziej skutecznym dodatkiem stabilieyin okazata si sacharoza. Dodatek 420 migi®
sacharozy pozwolit na uzyskanie ponad trzydziestolego wzrostu czasu dziesiokrotnej reduk-
cji w poréwnaniu z roztworem buforowym beadnych dodatkéw. Taka samasiiarehalozy po-
zwolita za széciokrotne zwikszenie czasu dziesiokrotnej redukcji. Otrzymane wyniki nie po-
twierdzity hipotezy o wptywie iléci grup hydroksylowych w esteczce substanciji dodatkowej lub
catkowitej liczbie grup OH w jednostce roztworu stabilnag¢ ciepln a-amylazy. Wykazanoze
wigkszy wptyw mialo stzenie i rodzaj zastosowanej substancji — w systemaef samej zawarto-
$ci grup OH czas dziegtiokrotnej redukcji rénit si¢ w zaleznoéci od zastosowanej substanciji.

Stowa kluczowe: inaktywacja cieplna, dodatki stiabjhce



