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An organic solvent and surfactant stable a-amylase
was obtained from soybean seeds. The direct and indi-
rect effect of various organic solvents (non-polar, polar
protic, and polar aprotic) and surfactants on the activ-
ity and stability of free enzyme was determined. The
enzyme showed a very high catalytic efficiency and sta-
bilization against most of the organic solvents and sur-
factants tested, except for few. Those organic solvents
and surfactants (like chloroform, dimethyl formamide,
n-butanol, and Tween 20), which caused an inhibition in
enzyme activity, were used to study their effects on im-
mobilized enzyme. The inhibitory effect was found to be
decreased in immobilized enzyme as compared to free
enzyme indicating that immobilization imparted stability
to the enzyme. Moreover, the possibility of reuse of the
enzyme in the presence of the organic solvents and sur-
factants was increased upon immobilization. The stabil-
ity of soybean a-amylase towards organic solvents and
surfactants shows that it is a potential candidate for use
in organic-solvent biocatalysis as well as in detergent in-
dustries.
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INTRODUCTION

Over the past few decades, the use of enzymes to car-
ry out reaction in organic media has gained considerable
interest and has emerged as a major area of biotechnol-
ogy research and development (Koskinen & Klibanov,
1996). However, native enzymes almost exhibit low ac-
tivity in organic solvents, often four or five orders of
magnitude lower than in aqueous solutions (Serdakowsli
& Dordick, 2008). Thus, the enzymes that naturally re-
main stable in the presence of organic solvents without
the need for special stabilization could be very useful
for biotechnological applications in which such solvents
are used (Ogino ez al, 2000). Therefore, the search for
organic solvent-tolerant enzymes has been an extensive
area of research (Sellek & Chaudhuri, 1999). Lipase ap-
pears to be the only enzyme, which has received maxi-
mum attention in the field of non-aqueous enzymology
(Zaks & Klibanov, 1984; Klibanov, 1989; Catrea ef al.,
2000). Organic solvent-tolerant enzymes isolated from
various microorganisms have been reported (Ruiz &
Castro, 2007; Thumar & Singh, 2009; Doukyu & Ogina,
2010). An organic solvent-tolerant, halophilic x-amylase
has been purified from Nesterenkonia sp. (Shafiei et al.,
2011). Fukushima and associates (2005) also reported

an organic solvent-tolerant halophilic «-amylase from
the extremely halophilic archaea, Haloarcula sp. Strain
S-1. However, no such reports regarding the isolation
of organic solvent a-amylases from plant sources have
been made. In the present study, we report the stabil-
ity of soybean a-amylase to various organic solvents.
Besides, the considerable importance of this enzyme in
detergent industries has led us to study the effect of
some surfactants on the activity and stability of soybean
a-amylase. Moreover, the possibility of reusing the en-
zyme for organic-solvent catalysis or detergent applica-
tions has been studied by immobilizing it on various ma-
trices.

MATERIALS AND METHODS

Soybean seeds were procured from the local market.
Sodium alginate, Maltose, Gelatin and 3,5-dinitrosalicylic
acid (DNS) were purchased from Sigma Chemicals Co.
(St. Loius, MO, USA). Soluble starch was obtained from
Qualigens Fine Chemicals, Mumbai. All other reagents
were analytical grade chemicals, either from BDH or E.
Merck, India.

Isolation and purification of «-amylase. a-amylase
was isolated from soybean (Ghcine max) seeds, procured
from the local market, and was purified to electropho-
retic homogeneity as described previously (Prakash &
Jaiswal, 2010).

«-amylase assay. a-amylase activity was estimated
following the method as described by Bernfeld (1955).

Immobilization of «-amylase on various matrices.
Immobilization of a-amylase on agarose, agar and gela-
tin matrices was carried out as described by Jaiswal and
Prakash (2011a and 2011Db).

Immobilized enzyme assay. For the assay of im-
mobilized o-amylase, a desired number of immobilized
chips containing 2.0-3.0 pg protein/chip) suspended
in 0.5 mL assay buffer (Ttis acetate, 150 mM, pH 5.5)
was incubated with 0.5 mL of 1% potato starch solu-
tion at 27°C for 3 min and the reaction was stopped
with 1.0 mL of 3,5-dinitrosalicylic acid followed by heat-
ing the reactants in a boiling water bath for 5 min and
then cooling down to room temperature. After the ad-
dition of 10.0 mL of double distilled water, the amount
of reducing sugar (maltose) produced was determined
by spectrophotometer at 540 nm. In order to check the
reusability, the chips were recovered from the reaction
mixture, rinsed thoroughly with the buffer and stored in
an extraction buffer (sodium acetate, 25 mM, pH 5.5) at
4°C.
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Protein estimation. Protein was estimated by the
method of Lowry e al. (1951) with Folin-ciocalteau rea-
gent calibrated with crystalline bovine serum albumin.

Effect of organic solvents on soluble enzyme. The
activation/inhibition effect of different concentrations
(10-50%, v/v) of vatious organic solvents (non-polat,
polar aprotic, and polar protic) on the enzyme activity
was tested by assaying the activity of the suitably diluted
enzyme in their presence (indirect exposure). In order to
explore the stability of the enzyme to the organic sol-
vents, the enzyme was pre-incubated with different con-
centrations of organic solvents (direct exposure) for 30
and 60 min and then the residual activity of the exposed
enzyme was determined.

Effect of surfactants on soluble enzyme. The in-
direct effect of various surfactants (sodium dodecyl sul-
phate, Triton X100 and Tween 20) on the activity of the
suitably diluted enzyme was determined by varying their
concentrations (10-50%, v/v) in the standard assay mix-
ture and assaying the enzyme activity. Simultaneously,
the suitably diluted enzyme was pre-incubated for 30 and
60 min with the varying concentration of the surfactants
in order to determine the stability of the enzyme to the
direct effects of these surfactants.

Effect of organic solvents and surfactants on im-
mobilized enzyme. The solvent and surfactant, which
showed an inhibition in the enzyme activity with soluble
enzyme, were used to study their effects on the immo-
bilized enzyme. The activity of the immobilized enzyme
was assayed in the presence of varying concentrations
(10-50% v/v) of these solvents/surfactants added in
the standard assay mixture. The direct effect of the or-
ganic solvents/sutfactants on the enzyme was explored
by treating the immobilized a-amylase chips (2.0-3.0 ug
protein/chip) with varying concentrations of these (in
absence of substrate) for 30 min and then assaying for
activity. The reusability of the immobilized chips was
studied by assaying the activity of the same chips ex-
posed to the reagents (at a concentration of 50% v/v
for 30 min) with a time interval of 24 h between each

activity determination. The used chips were rinsed again
with sodium acetate buffer (25 mM, pH 5.5) 3—4 times
and stored in the same buffer at 4°C for subsequent use.

RESULTS AND DISCUSSION

a-amylases have found potential applications in a wide
number of industrial processes such as food, fermenta-
tion, textile, paper, detergent, pharmaceutical and fine
chemical industries. However, given the advances in bio-
technology, its application has widened in many fields
such as clinical, medicinal and analytical chemistry as
well as in starch saccharification and in the textile, food,
brewing, and distilling industries (Gupta e/ al., 2003; Pan-
dey e al., 2000, Arpana et al., 2010). Here, we investigate
the potential of the soybean a-amylase in detergent and
pharmaceutical industries.

Effect of organic solvents on soluble enzyme

The impact of various organic solvents: non-polar
(viz. cyclohexane, benzene, toluene and chloroform),
aprotic polar (viz. dichloromethane, acetonitrile, acetone,
dimethyl sulfoxide and dimethyl formamide) and protic
polar (viz. methanol, ethanol, n-propanol, n-butanol and
ethylene glycol) in the concentration range of 10-50%
(v/v) added in the standard assay system was studied.
Besides, the direct effect of these solvents on the en-
zyme was explored by treating the enzyme preparations
with varying concentrations of organic solvents (in the
absence of substrate) for 30 and 60 min and then assay-
ing the activity.

Both the former and the latter case revealed a concen-
tration dependent effect (either activation or inhibition)
on soybean a-amylase activity with all the solvents stud-
ied. All the non-polar solvents used except chloroform
showed an increase in the enzyme activity and also were
quite stable (observed upon 30 and 60 min direct expo-
sure of the enzyme to these). Chloroform showed a con-
tinuous and time-dependent decrease in enzyme activity
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Figure 1. Effect of non-polar organic sol-
vents on soybean a-amylase activity.

(A) Indirect exposure: Suitably diluted en-
zyme (13.0-15.0 U/mL, 4.0-5.0 pg protein/
mL) was incubated with varying concentra-
tions (10-50%, v/v) of solvents (in presence
of substrate) added in the standard assay

mixture and then assayed for activity. (B) Di-
rect exposure (for 30 min): Suitably diluted
enzyme (13.0-15.0 U/mL, 4.0-5.0 pg protein/
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mL) was pre-incubated for 30 min with vary-
ing concentrations (10-50%, v/v) of solvents
(in absence of substrate) and then assayed
for activity. (C) Direct exposure (60 min): Suit-
ably diluted enzyme (13.0-15.0 U/mL, 4.0-5.0
Hg protein/mL) was pre-incubated for 60 min
with varying concentrations (10-50%, v/v) of
solvents (in absence of substrate) and then
assayed for activity.
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with its increasing concentration (Fig. 1). The enzyme
retained about 73% residual activity upon indirect expo-
sure of the enzyme to this solvent. However, it showed
only about 36 and 21% residual activity upon 30 and 60
min of direct exposure to chloroform, respectively. A
similar trend of the concentration and time-dependent
increase in the activity and stability of the enzyme upon
indirect and direct exposure of the enzyme to aprotic
polar solvents was found, except for dimethyl forma-
mide, which showed a concentration and time-dependent
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solvents on soybean a-amylase activity.
D 40 €

(A) Indirect exposure: Suitably diluted
enzyme (13.0-15.0 U/mL, 4.0-5.0 pg
protein/mL) was incubated with varying
concentrations (10-50%, v/v) of solvents
added in the standard assay mixture
and then assayed for activity. (B) Direct
exposure (for 30 min): Suitably diluted
enzyme (13.0-15.0 U/mL, 4.0-5.0 pg pro-
tein/mL) was pre-incubated for 30 min
with varying concentrations (10-50%,
v/v) of solvents (in absence of substrate)
and then assayed for activity. (C) Direct
exposure (for 60 min): Suitably diluted
enzyme (13.0-15.0 U/mL, 4.0-5.0 pg pro-
tein/mL) was pre-incubated for 60 min
with varying concentrations (10-50%,
v/v) of solvents (in absence of substrate)
and then assayed for activity.
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inhibition in soybean a-amylase activity similar to chlo-
roform (Fig. 2). The enzyme retained only about 25 and
18% residual activity upon 30 and 60 min of direct ex-
posure to dimethyl formamide, respectively, which was
about 57% upon indirect exposure to this.

The protic polar solvents also followed the same
trend as non-polar and aprotic polar ones, except for
n-butanol, which showed an inhibition of about 37%
upon indirect exposure and 40% and 50% upon direct
exposure of the enzyme to this solvent for 30 and 60
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Figure 3. Effect of protic po-
lar organic solvents on soybean
a-amylase activity.
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(A) Indirect exposure: Suitably diluted
enzyme (13.0-15.0 U/mL, 4.0-5.0 pg
protein/mL) was incubated with vary-
ing concentrations (10-50% v/v) of
solvents added in the standard assay
mixture and then assayed for activity.
(B) Direct exposure (for 30 min): Suit-
ably diluted enzyme (13.0-15.0 U/mL,
4.0-5.0 ug protein/mL) was pre-incu-
bated for 30 min with varying con-
centrations (10-50%, v/v) of solvents
(in absence of substrate) and then as-
sayed for activity. (C) Direct exposure
(for 60 min): Suitably diluted enzyme
(13.0-15.0 U/mL, 4.0-5.0 pg protein/
mL) was pre-incubated for 60 min
with varying concentrations (10-50%,
v/v) of solvents (in absence of sub-
strate) and then assayed for activity.
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Figure 4. Effect of surfactants on soy-
bean a-amylase activity.
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min respectively (Fig. 3). Fukushima and coworkers
(2005) found the halophilic a-amylase (isolated from
a Haloarchaeon, Haloarcula sp. Strain S-1) to be active
and stable in benzene, toluene, and chloroform. How-
ever, no activity was detected in the presence of etha-
nol and acetone. Shafiei and associates (2011) found a
remarkable stability of «-amylase (isolated from Nizer-
enkonia sp.) towards organic solvents like cyclohexane,
benzene, toluene, and chloroform.

(A) Indirect exposure: Suitably diluted
enzyme (13.0-15.0 U/mL, 4.0-5.0 g
B protein/mL) was incubated in varying
concentrations (10-50%, v/v) of sur-
factants added in the standard assay
mixture and then assayed for activ-
ity. (B) Direct exposure (for 30 min):
Suitably diluted enzyme (13.0-15.0 U/
mL, 4.0-5.0 ug protein/mL) was pre-
incubated for 30 min in varying con-
centrations (10-50%, v/v) of surfactants
(in absence of substrate) and then as-
sayed for activity. (C) Direct exposure
(for 60 min): Suitably diluted enzyme
(13.0-15.0 U/mL, 4.0-5.0 pg protein/
mL) was pre-incubated for 60 min in
varying concentrations (10-50%, v/v)
of surfactants (in absence of substrate)
and then assayed for activity.
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Thus, it was observed that the enzyme showed a
remarkable enhancement in its activity and stability
upon the exposure to the organic solvents (both in-
direct and direct) studied here except for few. This
stability of the enzyme against these solvents may be
due to the rigid enzyme structure or its lowered wa-
ter requirement. These solvent stable amylases could
be potentially useful in the pharmaceutical and fine-
chemical industries.
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(A) Chloroform, (B) Dimethyl forma-
mide, (C) n-Butanol) on agarose, agar
and gelatin immobilized a-amylase ac-
tivity. Two immobilized chips (2.0-3.0
Hg protein/chip) were incubated with
varying concentrations (10-50% v/v)
of chloroform added in the standard
assay mixture and then assayed for ac-
tivity.
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Figure 6. Effect of direct exposure
(for 30 min) of various organic
solvents.

(A) Chloroform, (B) Dimethyl for-
mamide, (C) n-Butanol) on aga-
rose, agar, and gelatin immobilized
a-amylase activity. Two immobi-
lized chips (2.0-3.0 pg protein/
chip) were pre-incubated with var-
ying concentrations (10-50%, v/v)
of chloroform for 15 min (in ab-
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Effect of surfactants on soluble enzyme

The impact of varying concentration of surfactants;
SDS (in % w/v), Triton X100 and Tween 20 (both in
% v/v) on the enzyme activity both upon inditect and
direct exposures (30 and 60 min) of enzyme to these
is presented in Fig. 4. As observed from the results,
there was a continuing increase in the enzyme activity
for SDS and Triton X100 both upon indirect and direct
exposures (for 30 and 60 min). Similar activating ef-
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sence of starch) and then assayed
for activity.

fect on the enzyme activity with SDS was observed by
de Oliviera and associates (2010). Tween 20 showed a
concentration dependent decrease in the enzyme activ-
ity but the enzyme still retained about 93%, 82% and
79% residual activity upon indirect and direct exposure
for 30 and 60 min, respectively. a-amylase isolated from
a moderately halophilic Nesterenkonia sp. Strain F showed
a remarkable stability towards surfactants like Tween 20
and Triton X100 (Shafiei ez al., 2011).
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cinl Figure 7. Bar representation of reusability
of agarose, agar, and gelatin immobilized
e a-amylase after direct exposure (for 30
2 ;g‘?s min) to:
< B Glting (A) Chloroform, (B) Dimethyl formamide,
-9 (€) n-Butanol (50%, v/v). Two immobilized
g chips (2.0-3.0 pg protein/chip) exposed to
£ o chloroform (50%, v/v) for 30 min and kept
at 4°C in Tris acetate buffer (150 mM, pH
o 5.5) were assayed for the activity on the
respective day. The residual activity left af-
& ter direct exposure for 30 min was taken as
c 0 1 2 3 4 100% and the residual activities after every

24 h of reuse was calculated accordingly.
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Figure 8. Effect of Tween 20 on agarose, agar, and gelatin im-
mobilized a-amylase activity.

Two immobilized chips (2.0-3.0 pg protein/chip) were incubated
with varying concentrations (10-50% v/v) of Tween 20 added in
the standard assay mixture and then assayed for activity.

Effect of organic solvents and surfactants on
immobilized enzyme

The impact of some organic solvents like chloro-
form, dimethylformamide and n-butanol (which showed
an inhibition in the activity of soluble enzyme, (as de-
scried above) on the immobilized system was studied in
the concentration range of 10-50% (v/v) added in the
standard assay system. The results revealed a concentra-
tion-dependent effect of the solvents on the immobilized
chips (Fig. 5) similar to the case with soluble enzyme.
The effect of chloroform (50% v/v) on soluble enzyme
showed a residual activity of about 73%, while it was
86%, 89% and 93% in case of agarose, agar, and gela-
tin immobilized enzyme, respectively. Similarly, dimethyl
formamide and n-butanol with soluble enzyme showed
a residual activity of about 57% and 63%, respectively.
However, the agarose, agar and gelatin immobilized en-
zyme retained an activity of about 64%, 68% and 75%
(in case of dimethyl formamide) and about 68%, 73%
and 77% (in case of n-butanol), respectively.

When the immobilized enzyme was first exposed to
varying concentrations of organic solvents for 30 min
and then assayed, it was noticed that the immobilized
enzyme was fairly stable to the direct exposure to organ-
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Figure 9. Bar representation of reusability of agarose, agar, and
gelatin immobilized a-amylase after direct exposure (for 30
min) to Tween 20 (50% v/v).

Two immobilized chips (2.0-3.0 pg protein/chip) exposed to
Tween 20 (50% v/v) for 30 min and kept at 4°C in Tris acetate
buffer (150 mM, pH 5.5) were assayed for the activity on the re-
spective day. The residual activity left after direct exposure to
Tween 20 for 30 min was taken as 100% and the residual activities
after every 24 h of reuse was calculated accordingly.

ic solvents (in the absence of substrate; Fig. 6). The im-
mobilized enzyme upon an exposutre of 30 min to chlo-
roform showed a residual activity of 78%, 81% and 84%
(with agar, agarose and gelatin). Similatly, the residual
activity of the enzyme immobilized in agarose, agar, and
gelatin upon the exposure to dimethyl formamide was
60%, 62%, and 67%, respectively and to that of n-bu-
tanol was 60%, 64% and 69%, respectively. Besides, the
immobilized enzyme after the exposure to these solvents
(at 50% v/v) for 30 min was found reusable for upto
four times showing a decline in its activity after every
time of use (Fig. 7).

The effect of the surfactant, Tween 20 (as it showed
an inhibition in case of soluble enzyme as already de-
scribed in Materials and Methods section), on the im-
mobilized system was studied in the concentration range
of 10-50% (v/v) (Fig. 8). The enzyme retained more or
less about complete activity as compared to about 93%
of residual activity found in case of soluble enzyme.
Upon 30 min of direct exposure of the immobilized
chips to varying concentration of these surfactant, it was
found that agarose, agar, and gelatin immobilized chips
retained about 86%, 90% and 93% activity, respectively.
Moreover, the exposed immobilized chips (for 30 min)
to this surfactant showed reusability for upto six times

(Fig. 9).
CONCLUSION

The good stability of soybean a-amylase to the organic
solvents facilitates the remarkable and significant use of
the enzyme in non-aqueous organic media, organic syn-
thesis and chiral resolution. The enzyme was significantly
more stable even in the presence of surfactants. Thus, it
can be stated that the surfactants were not harmful to
the structural integrity of the enzyme and thus the en-
zyme can work efficiently in detergent industries. Upon
the comparison of the behaviour of soluble and immo-
bilized enzyme in some organic solvents as well as sur-
factant tested here, it can be suggested that the organic
solvents/surfactants are much more deleterious to solu-
ble a-amylase than the immobilized enzyme. Thus, the
immobilization imparted the stability of the enzyme for
use in organic media as well in presence of surfactants.
This stability could be an outcome of the interplay of
water activity and support. Moreover, the reusability of
the enzyme after immobilization upon the exposure to
these suggests that besides imparting stability, it also
keeps the enzyme active for a longer duration of time.
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