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Abstract

The activation and stabilization @hromobacterium viscosulipase (glycerol-ester hydrolase, EC 3.1.1.3) by a simple pretreatment with
acetone was studied in AOT/water/isooctane reverse micellar systems, using the hydrolysis of olive oil as a model reaction. The maximum
activity of acetone treated lipase was found to be 160% higher than that of native lipase. These observations were rationalized by the assumption
based on the lipase conformational changes accompanied by the enhancement of lipase surface with hydrophobic amino acids. The dependenc
of catalytic activity on the various parameters relevant to the pretreatment procedure such as acetone content, the pH of water—acetone solution
agitation time of the lipase in water—acetone solution and freeze-drying time were investigated. The change in lipase conformation due to
the treatment with acetone was confirmed by typtophyl fluorescence spectroscopy as well as lipase microencapsulation methods in reverse
micelles. The acetone treated lipase entrapped in AOT reverse micelles was very stable, retaining over 83% of its initial activity after 40 days,
whereas the half-life of native lipase was 38 days.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Compared with other interfacial media, reverse micelles pro-
vide a larger interfacial area that promotes contact between
The production of fatty acids through the hydrolysis of enzyme and substraf6]. In reverse micelles, enzymes are
oils and fats has emerged as a major area of biotechnologysolubilized in a micellar core, hence protected from the detri-
research and development. Conventional methods of hydroly-mental effect of organic solvents by the surfactant ldygr
sis operate at high temperature and pressure, and these drastithe anionic double-tailed surfactant, AOT [sodium bis(2-
conditions demand high-energy consumption as well as theethyl-1-hexyl) sulfosuccinate], is frequently used in micel-
formation of undesirable byproducts. But enzyme-catalyzed lar technologies. However, activities of enzymes entrapped
hydrolysis is carried out under mild conditions, reducing the in AOT reverse micelles are inhibited by strong interactions
secondary reaction to a very low level of pronounced enzyme with surfactant moleculef8—11]and the distinctive proper-
selectivity. Although enzymes are typically used in the aque- ties of micellar watef12].
ous media, there are several advantages of enzymatic hydrol- To overcome these problems, an improvement of enzyme
ysis in organic solvents, such as high substrate solubility, lessactivity has been reported using a newly synthesized sur-
microbial contamination and less product inhibitifir-3]. factant[13] or a modified surfactant (AOT[L4]. But such
Catalytically, lipases act only at or near the interf§¢). modification and synthesis of surfactants are laborious and
time-consuming. Many researchers modify reverse micel-
* Corresponding author. Tel.: +81 76 234 4806; fax: +81 76 234 4811. |ar Systems by using additives to enhance the lipase activ-
E-mail addressyohayasi@t.kanazawa-u.ac.jp (Y. Hayashi). |ty [15—19]. Another approach is to Chemica”y m0d|fy the
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the modification to be performed in water. It is evident that
Nomenclature the conformational change in lipase during the pretreatment

is retained after freeze-drying.
AOT  sodium bis(2-ethyl-1-hexyl) sulfosuccinate

Cpor  AOT concentration (mol dm?)

Cipase lipase concentration (mg dr) 2. Materials and methods

Cnaci  NaCl concentration in buffer (mol dn?)

Coliveoil Olive oil concentration (moldn’?) 2.1. Materials

C. viscosum Chromobacterium viscosum

wo molar ratio of water to AOT in the micellar PurifiedC. viscosuniipase (glycerol-ester hydrolase, EC
system 3.1.1.3) was provided by Ashahi Chemical Industry Co. Ltd.

Itis a mixture of lipase A with a molecular weight of 120 000

(pl =3.7) and lipase B with a molecular weight of 30000

(pl =7.3). Lipase B is the main portion of the mixture and

enzyme surfacf20-22] But specific hydrolytic activities of  its content by weight is over 80§27]. AOT [sodium bis(2-

lipase are significantly reduced by the chemical modification ethyl-1-hexyl) sulfosuccinate], isooctane, benzene, pyridine,

[20]. No reports are available about the enhancement of theolive oil, copper (Il) acetate and acetone were purchased from

lipase activity entrapped in AOT reverse micelles by pretreat- Wako Pure Chemical Industries Co. The average molecu-

ment with organic solvents that may cause the changes in thdar weight of the olive oil was 875 g mol and density was

lipase conformation. 0.91 gcnt3. All chemicals were analytical grade and used
The enhancement of catalytic activity of enzymes in or- without further purification.

ganic media by pretreatment with organic solvents has pro-

gressed graduall23,24] The pretreatment of enzymes with  2.2. Pretreatment of lipase with acetone

organic solvents is relatively simple and less time-consuming

than chemical modifications. The protein surface is balanced The pretreatment was performed by adding 1 mg/ml of li-

with hydrophilic—hydrophobic residues, and thus the enzyme pase into a solution of 50% (volume) cold acetone in Brinton

surface is primarily responsible for the interaction with sur- buffer, followed by agitating for a desired time by a mag-

rounding environments. Enzymes are generally structured tonetic stirrer at 500 rpm in an incubator at@. After freez-

keep a majority of hydrophilic amino acids on the surface ing the solution at-80°C for about 12 h, the sample was

and hydrophobic amino acids in the core. The active site dried under a freeze dryer (EYALA, FDU-506) at a pres-

of lipolytic enzyme (e.gC. viscosunlipase) locates in hy-  sure of approximately 8 Pa and a condensed temperature of

drophobic amino acid regions and combines with hydropho- —50°C. Lyophilized lipase powders were stored in a freezer

bic substrates (e.qg. olive oil) at the micellar interface through at —20°C.

hydrophobic interaction. Therefore, the affinity (the energy

of binding between the enzyme and hydrophobic substrate)2.3. Lipase microencapsulation methods in reverse

may be improved by increasing the exposure of hydropho- micelles

bic amino acids on the enzyme surface. It has been reported

that pretreatment with organic solvents such as acetone con2.3.1. Injection method

verts the lipase conformation from closed form (active site  This method is mostly used to microencapsulate enzymes

is covered by a lid) to open form (active site is uncovered) due to its simplicity. The powder lipase was first dissolved

through the exposure of hydrophobic amino acids to the lipasein a buffer solution and then an appropriate amount of lipase

surface[23]. A similar phenomenon has previously been re- solution was injected into the reverse micellar solution (the

ported in the literaturf25,26] It is reasonable to assume that amount of water determined accordingutg). The mixture

pretreatment may lead to a change in lipase conformation towas stirred until a clear and optically transparent solution was

some extent, which improves the interaction between lipaseobtained.

active site and substrate. In addition, increased hydropho-

bic amino acids on the enzyme surface may contribute to 2.3.2. Dissolution method

enzyme activation and stabilization by making the lipase en-  The treated lipase (freeze-dried powder) was directly

vironmentally compatible inside the hydrophilic water pool added to the reverse micellar solution and agitated by a mag-

that usually inhibits the access of the lipase active site to the netic stirrer at 500 rpm in an incubator atZ5for 15 min. Af-

micellar interface. ter centrifuging (HIMAC centrifuge, Hitachi, model CR15) at
The objective of this study is to enhance the activity and 1000 rpm for 5 min, the upper phase was separated carefully.

stability of lipase entrapped in AOT reverse micelles by pre- The lipase content in the upper phase was determined by UV

treatment with acetone. Another aim is to investigate the op- method. The absorbance was detected at 278 nm by double

timum pretreatment conditions. The choice of acetone as abeam Spectrophotometer and the lipase concentration was

modifying reagent is based on its water miscibility, allowing calculated from the standard curve. In this work, treated and
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untreated lipases were dissolved by the dissolution methodphan residues are sensitive in water or AOT/water/isooctane

unless otherwise specified. media.
2.4. Preparation of reverse micelles 2.7. Lipase stability
Dissolving AOT in isooctane with a limited amount of The reverse micellar solutions containing native or pre-

water formed reverse micelles. Reverse micelles contain-a5teq lipase was incubated at°Z5 pH 8 andwo =10 in

ing lipase (2mgdm°) were prepared by adding an ap- e apsence of substrate. After incubation, the samples were
propriate amount of reverse micellar solution in which \ithdrawn at regular time intervals in order to measure the
the freeze-dried lipase had been dissolved in advance..emaining enzyme activity by the addition of substrate (olive
Water—AOT molar ratioto) was adjusted by adding the de- iy The stability of lipase was expressed as the residual ac-
sired amount of b_uffer solution. _The reverse micelles vol- tivity, which was calculated as a percentage of the original
ume was also adjusted by adding the desired amount ofcjyity (considered 100%), obtainedtat0 min incubation.

AOT/isooctane solution. Reverse micelles containing na- The half-life of lipase was calculated directly from residual
tive lipase were prepared using the same procedure Sactivity profiles.

pretreated lipase. A magnetic stirrer was used to agitate the
mixture until a clear and optically transparent solution was
obtained. The micellar solution containing lipase was placed
in an incubator at 25C until the hydrolysis reaction was
initiated.

3. Results and discussion

3.1. Pretreatment parameters
2.5. Determination of lipase activity 3.1.1. Effect of acetone content on enzyme activity

Fig. 1 shows that with the increase in acetone content,
31y e L . the lipase activity increases to a maximum value at an ace-
(mol d.m S )’. using olive oil as awater msolu.ble substrate. tone volume fraction of 50%, and then decreases slightly. In
R.eactltl)n. was |n|t|at'ed by addlng an appropriate amount of general, when the enzyme is dissolved in water, the majority
ql|ve oil into a p_re-lnc_ubated mlcel_lar solution conta|_n|ng_ of its hydrophilic amino acids face toward the surface and
lipase. The reaction mixture was agitated by a magnetic stir- hydrophobic amino acids toward the core. However, when
rzesrofét ;500 rom Iln 38 mpubatqr ata cfons:janrt] temPf\Tat“r:? Ofthe enzyme comes into contact with organic solvents, its hy-
. or exactly min, as It was foun t gt within this drophobic amino acids are induced to the enzyme surface.
time range, free fatty acid production was linearly depen- It has been reported that 2-propanol-water favors a more
dent on t|me[28]_. The resultant fa’_[ty acid was analyze_d by hydrophobic-open conformation while pure water favors a
t_he Lowry technlqu¢2_9]. The detalils of activity determma- less hydrophobic-closed conformatif88]. Thus, the activ-
tion have heen described elsewhi®). All data were given ity enhanced by the pretreatment with acetone is attributed to

as the average of five repllcate experiments and were reprone change in lipase conformation from a less hydrophobic-
ducible within£5%. In this study, all of the concentration

terms were based on the total volume of the reverse micellar
system unless otherwise specified. 16

Lipase activity was defined as the initial reaction rate,

2.6. Tryptophan fluorescence spectroscopy — o | n

Fluorescence emission spectra for both native and acetone
treatedC. viscosuniipases were measured in AOT reverse
micellar systems abg = 10. Total lipase concentration in re-
verse micellar systems was kept constant at 10 mgdithe
emission spectra were recorded from 300 to 400 nm by a Hi-
tachi F-3010 fluorescence spectrophotometer at an excitation
wavelength of 280 nm, the selective excitation wavelength Qq;x\*‘e’ O P PP
for tryptophan residug$0,31]. Emission and excitation slit Acetone fraction [%]
widths were 5nm. Spectra were uncorrected for instrument
sensitivity, but the emission of blank reverse micelles (with- Fig. 1. The effect of acetone content in water—acetone solution on the activ-
out lipase) was subtracted. Three-dimensional crystal struc-ity of pretreated lipase. Pretreatment conditidigase= 1 mg/ml (in water—
ture[32] and amino acid sequence indicate tBaviscosum acetone), temperatgre during agitation'“-m.lipase agitat_iqn time 1h, '
lipase contains 3 tryptophan, 10 tyrosine and 8 phenylala- v_vate.r—ac.eton_e solution ?;?H 8, f‘reelZf-drylng time Zih.Actlvn_y assay condi-

) - S tions: Ciipase=2mgdnT®, Cojiveoil =0.055moldn®, Caor =0.05mol
nine residues as fluorophores whose excitation wavelengthsyn-3, =10, buffer pH=8,Cnaci (in buffer) = 0.3 mol dm?3, reaction
are 280, 257 and 270 nm, respectively. However, only trypto- temperature = 25C.

V [umol dm 24
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closed form to a more hydrophobic-open one, which im- 16
provesthe interaction between lipase active site and substrate.
Since the acetone favors a more hydrophobic-open confor-
mation, the activity of lipase increases with the increase in
acetone fraction until 50%. The later decrease in activity is
due to the enzyme denaturation caused by the strong interac-
tion with acetone, which leads to the precipitation of enzyme.
Infact, the addition of more organic solvent to the media leads
to considerable changes in the structure of enzymes such as
the increase i8-sheet content, mainly at the expensexef
helix andp-turn[34,35] The increase@-sheet content can 4 e :
be attributed to the aggregation of the enzyme. The results in 01 2 38 4 5 6

Fig. 1show this fact clearly. Agitation time ]

. Itis evident fromFig. 1 that the activity of lipase, tregted. Fig. 3. The effect of lipase agitation time in water—acetone solution on the
with only water (acetone 0%), is lower than that of native i- activity of pretreated lipase. Pretreatment conditions: water—acetone solution
pase. Enzymatic activity may be diminished by the process of pH 7.2, acetone fraction in water—acetone solution 50%, freeze-drying time
dehydration during freeze-dryiri§6—38] Acetone enhances  24h. Activity assay conditions are the same as thoségnl
the rigidity of the enzyme structure through the increase in the
hydrophobic interactions between peptide chains; therefore, AOT molecules is minimizefil8] and lipase activity is max-
enzyme denaturation can be minimized during freeze-drying. imized at this pH. At highly acidic or basic pH environments,
Furthermore, acetone may act as a stabilizing additive thatthe enzyme suffers from denaturation.
appears to inhibit the unfolding through freeze-drying.

ik
n

V [umol dm® s
[o+]

3.1.3. Effect of agitation time on enzyme activity
3.1.2. Effect of pH on enzyme activity Fig. 3indicates that with an increase in agitation time, li-
The effect of water—acetone solution pH on the activity pase activity increases to a maximum value and then begins
of treated lipase entrapped in AOT reverse micelles is shownto decrease. The optimum agitation time is found to be 1 h.
in Fig. 2 The highest activity is obtained at pH 7.2, which The lipase agitation time in water—acetone solution favors the
is almost equal to the isoelectric pHIYwf the lipase (7.3).  exposure of hydrophobic amino acids to the surface. Thus,
At this pH, lipase has no net charge on its surface, and thethe concentration of hydrophobic amino acids on the lipase
interaction with other charged surfaces is minimal. The cat- surface increases with the increase in agitation time, so it can
alytic activity of enzymes is significantly dependent on the be hypothesized thatthe increase in hydrophobic amino acids
pH of the solution from which it is lyophilizefB9]. Activity on the lipase surface enhances the affinity between lipase and
of lyophilized enzymes can be greatly enhanced, with the pH the hydrophobic substrate. Affinity as the major driving force
of aqueous solutions coincident with the optimum pH for the for the enzymatic catalysis depends on the binding energy be-
lipase activity in watef40,41]. As noted above, atisoelectric  tweenthe enzyme and substrgd2]. In order to obtain proper
pH (i.e., 7.2) lipase has no net charge on its surface, and thisbinding, a greater net binding energy (high affinity between
non-ionization state is then retained during lyophilization as substrate and enzyme) is required. Therefore, it is reasonable
well as solubilization in AOT reverse micelles. Therefore, to assume that the optimum agitation time corresponds to a
the interaction of pretreated lipase with the head groups of state in which the affinity of treated lipase reaches a maxi-
mum. As a consequence, the active site of treated lipase can
16 easily access the micellar interface as well as the substrate
when it is solubilized in reverse micelles. At higher agita-
tion times, the decrease in lipase activity may be attributed to
lipase denaturation due to long-term interaction with acetone.

-
n
T

@
T

3.1.4. Effect of freeze-drying time on enzyme activity
The activation of lipase is highly sensitive to freeze-drying
time, as it could cause a change in enzyme conformation in-
duced by the process of dehydration. Water content of the
0 : : : : final pretreated sample (lyophilized powder) has a signifi-
o 3 6 9 12 15 cant effect on the activity of lipagd2-44] In fact, protein
PH requires water to maintain secondary and tertiary structures.
_ _ iy If this water is removed, materials may be denatured with
Fig. 2. The effect of water—acetone solution pH on the activity of pretreated . .
lipase. Pretreatment conditions: lipase agitation time 1 h, acetone fraction in concomitant IO_SS of some O_r all activity. Ru et[éB] demon-
water—acetone solution 50%, freeze-drying time 24 h. Activity assay condi- Strated thata direct correlation between water contentand en-
tions are the same as thoseFiig. 1 zyme activity was obtained through the freeze-drying time.

V [umol dm = s']

~
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Fig. 5. The effect of lipase microencapsulation methods in AOT/water/

isooctane reverse micelles. Symbdi) @nd (J) represent the activity of

paste dur;ng f_retr'eatmtent. Prettreatantt_ corg?;;ons: :|pase atgltatlonltltrpe 1 :Ii'native and acetone treated lipases, respectively. Pretreatment conditions: li-
acetone Iraction in water—acetone sojution 5t%, waler-acetone solution p pase agitation time 1h, acetone fraction in water—acetone solution 50%,

7.2. Activity assay conditions are the same as thogégnl water—acetone solution pH 7.2, freeze-drying time 20 h. Activity assay con-
ditions are the same as thoseHig. 1

Fig. 4. The effect of freeze-drying time on the activity ©f viscosumi-

Fig. 4 shows that lipase activity increases with the in-
crease in drying time until 20 h and then begins to decrease.lyophilization-induced reversible change in the structure of
This result is in good agreement with results reported in the Proteins. On the other hand, when lyophilized lipase pow-
literature[43], where it has been reported that the concentra- ders are suspended directly in reverse micelles, the change
tion of active site increases during the initial freeze-drying in lipase conformation accompanied by the pretreatment is
time, when sublimation of volatile components is still oc- retained due to insufficient water and the hydrophobic state
curring. However, as freeze-drying time increases and waterof micellar bound water. This observation further indicates
content decreases, the concentration of active site in freezethat pretreatment leads to a change in lipase conformation by
dried samples decreases due to the removal of critical waterltering surface residues, which favor the exposure of binding
from the active sit¢43]. It should be noted that dehydration-  Sites (hydrophobic residues) in the open conformation.
induced changes in secondary structures of proteins, accom-
panied by the increasing and decreasingihelix content 3.3. Fluorescence spectroscopy of acetone treated lipase
and B-sheet content respectively, affect the catalytic activ-
ity in non-aqueous environmeni37]. Moreover, at longer Proteins contain several chromophores that absorb light in
drying times, the water required for maintaining a catalyti- ultra-violet and infrared regions. Many chromophores called
cally active structure may be lost, resulting in less activation. fluorophores can also display fluorescence. The conforma-
Hence, in this study, the treated lipase attains an optimumtional change inC. viscosunlipase by pretreatment with
structure to fully exert catalytic activity at a freeze-drying acetone was investigated, measuring fluorescence intensity.

time of 20 h. The most important fluorophores @f. viscosunlipase
are the aromatic rings of phenylalanine, tyrosine and tryp-
3.2. Lipase microencapsulation and its activity tophan. Fluorophores display shifted spectra with increasing

or decreasing protein surface charge, changes in wavelength

To understand the principle of lipase conformational of maximum absorbance ax), and molar extinction coeffi-
change, both the native and treated lipases are microencapeient. In general, lipase fluorescence emission is dominated
sulated in AOT/isooctane reverse micelles by two different by the contribution of tryptophyl. Conventional amino acid
methods called the injection and dissolution methods. The analysis frequently underestimates the content of this impor-
activities obtained from each method are showFion 5. It tant amino acid, which is frequently involved in enzymatic
is found that the method of lipase encapsulation has no effectcatalysis. Fluorescence spectra®@f viscosumlipase also
on the activity of native lipase. However, when the treated li- show that only tryptophan residue exhibits a distinctive peak
pase is encapsulated in AOT reverse micelles by the injectionat an excitation wavelength of 280 nf80]; thus, our ex-
method, its activity decreases to a lower value than that of na-periment was performed at an excitation wavelength of 280.
tive lipase. A plausible explanation for this behavior is that There are three types of tryptophan residues (30, 209, 283)
when freeze-dried lipase is dissolved in water, it may return in lipase. Among them residues 209 and 283 are very close
to its pre-acetone treatment conformation and thus its surfaceto the active site in any active conformation®f viscosum
hydrophobic amino acids are further hidden in the lipase core. lipase.
This hypothesis is also supported by the results obtained by The fluorescence emission spectra for native and treated
Griebenov and Klibanoy36], where they have reported a lipases in AOT/water/isooctane reverse micellar system are
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Fig. 6. Fluorescence spectra of native and treated lipases in AOT/water/ ihe stability of native and acetone treated lipase respectively. Storage con-
isooctane reverse micelles. Symbols (---) and (—) represent the fluores- yitions: C. viscosurmipase = 2 mg dn3, incubation temperature = 2§,
cence intensity of native and acetone treated lipases respectively. Experimen-w0 =10,Caor =0.05 mol dnT3, Caci = 0.03 mol dnt3, pH = 8. Activity as-
tal conditions:C. viscosumlipase =10 mgdm3, Caor =0.05mol dnr3,

say conditionsCojve oil = 0.055 mol dnT3, reaction time =20 min and reac-
Cnaci=0.03mol dnT3, pH=8,w=10.

tion temperature = 25C.

shown inFig. 6. It is found that the fluorescence intensity

of acetone treated lipase is higher than that of the native li- i, AoT reverse micelles is increased significantly by pretreat-
pase. However, the maximum emission wavelengthal) mentwith acetone. Froffig. 7,itis evident that the pretreated
is the same (328 nm) for both lipases. It is well known that jinase is very stable, retaining over 83% of its initial activity
chromophores display shifted spectraigfax Only uponin-  atter 40 days. In contrast, native lipase retains only 43% of its
creasing or decreasing polarity of their environment. In this jniia) activity after the same duration. Itis also found from the
study, the polarity of reverse micelles is unchanged for both regjqal activity profiles that the half-life of acetone treated
native and treated lipases. Therefore, only a conformational lipase in AOT reverse micelles is 120 days, whereas the half-
rearrangement could cause the enhancement in fluorescencgra of native lipase is 38 days. It may be assumed that the
intensity. Thisinprease in fluorescence inten'sity syggests t,haﬁncreased hydrophobic residues on the protein surface may
the pretreated lipase may have a better orientation, leadingimnrove its stability in reverse micellar systems, thus making
to more tryptophan (hydrophobic) residues on the surface. ihe |ipase more adaptable in partially hydrophobic micellar
Since the active site dT. viscosuniipase is located in the  nq water, and also increasing the affinity between the li-
hydrophobic amino acid region, it can easily access the mi- pase and the hydrophobic substrate. Vinogradov d64l.
cellar interface. As a result, the combination of active site o reported that hydrophobic amino acids on the enzyme
with the substrate (olive oil) becomes more effective. Isabel g ,r5ce stabilize the enzyme against denaturation in organic
del-Val and Oter45] have reported that the change in tryp-  megia. In addition, the observed increase in lipase stability is
tophyl fluorescence spectra is sufficient evidence of protein 4yihyted to the suppression of the interaction between lipase
conformational change. and AOT molecules because of the change in lipase surface
residues.

In this study, the stability o€. viscosuntipase entrapped

3.4. Stability of lipase

A major concern for the application of lipase to triglyc- 4. Conclusions
eride hydrolysis is the stability in AOT/water/isooctane re-
verse micellar systems. In bioprocesses, itis a very important  The activity and stability of acetone treat€d viscosum
factor to have high activities as well as to maintain these activ- lipase-catalyzed hydrolysis of olive oil was carried out in
ities during the elapsed time. Although the enzyme exhibits AOT/water/isooctane reverse micelles. A surprising depen-
an appreciable activity in AOT reverse micellar systems, itis dence of catalytic activity of the treated lipase on the pretreat-
deactivated in reverse micellg546—49] A fast deactivation ~ ment conditions was observed. Lipase microencapsulation
of C. viscosuntipase in AOT reverse micelles occurs due to methods in AOT reverse micelles supported the hypothesis of
the reversible denaturation process. Denaturation is proba-a change in lipase conformation. Fluorescence analysis sug-
bly due to two factors: first, the interaction between the head gested that the treated lipase may have a better orientation,
groups of AOT molecules and the enzyme results in deacti- which leads to exposure of more hydrophobic amino acids to
vation[50], and secondly, partially hydrophobic bound water the lipase surface. Since the active sit€ofiscosuntipase
is an unfavorable environment for the lipase inside the water is located in the hydrophobic amino acid region, it can easily
pool, which also inhibits the exposure of the active site of the access the micellar interface, and comes into contact with hy-
lipase to the micellar interfadé2]. drophobic substrate more effectively. Acetone treated lipase
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exhibited higher stability in AOT reverse micelles than that
of native lipase. The half-life of acetone treated lipase was
3.2 times higher than native lipase.

References

[1] C.H. Wong, G.M. Whitesides, Enzymes in Synthetic Organic Chem-
istry, Pergamon Press, Oxford, England, 1994.
[2] H.W. Blanch, D.S. Clark, Biochemical Engineering, Marcel Dekker,
New York, 1995.
[3] A.M.P. Koskinen, A.M. Klibanov (Eds.), Enzymatic Reactions in
Organic Media, Chapman & Hall, Glasgow, Poland, 1996.
[4] H.L. Brockman, H.L. Borgstrom, Brochman, Elsevier, Amsterdam,
1984, p. 3.
[5] Y.L. Khmelnitsky, A.V. Levashov, N.L. Klyachko, K. Martinek, En-
zyme Microb. Technol. 10 (1988) 710.
[6] P. Walde, P.L. Luisi, Biochemistry 28 (1989) 3353.
[7] S. Barbaric, P.L. Luisi, J. Am. Chem. Soc. 103 (1981) 4229.
[8] D.G. Hayes, G. Gulari, Biotechnol. Bioeng. 35 (1990) 793.
[9] R. Kuboi, D.R. Li, Y. Yamada, |I. Komasawa, Kagaku Kogaku Ron-
bushu 18 (1992) 66 (in Japanese).
[10] S. Sarkar, T.K. Jain, A. Maitra, Biotechnol. Bioeng. 39 (1992) 474.
[11] P. Walde, D. Han, P.L. Luisi, Biochemistry 32 (1993) 4029.
[12] Y. Yamada, R. Kuboi, I. Komasawa, J. Chem. Eng. Jpn. 27 (1994)
404 (in Japanese).
[13] L.Y. Iskander, T. Ono, N. Kamiya, M. Goto, F. Nakashio, S. Fu-
rusaki, Biochem. Eng. J. 2 (1998) 29.
[14] J.C. Wu, J.M. He, C.Y. Yao, K.T. Yu, J. Chem. Technol. Biotechnol.
76 (2001) 949.
[15] B.D. Kelly, D.I.C. Wang, T.A. Hatton, Biotechnol. Bioeng. 42 (1993)
1209.
[16] Y. Yamada, R. Kuboi, |. Komasawa, Biotechnol. Prog. 9 (1993) 468.
[17] M.J. Hossain, T. Takeyama, Y. Hayashi, T. Kawanishi, N. Shimizu,
R. Nakamura, J. Chem. Technol. Biotechnol. 74 (1999) 423.
[18] Y. Hayashi, M.M.R. Talukder, J. Wu, T. Takeyama, T. Kawanishi,
N. Shimizu, J. Chem. Technol. Biotechnol. 76 (2001) 844.

[19] M.M.R. Talukder, T. Takeyama, Y. Hayashi, J.C. Wu, T. Kawanishi,
C. Ogino, Appl. Biochem. Biotechnol. 110 (2003) 101.

[20] B. Mahiran, A. Kamaruzzaman, M.D. Wan, W.Y. Zin, C.N.A. Razak,
A.B. Salleh, J. Chem. Technol. Biotechnol. 64 (1995) 10.

[21] Y. lto, in: C.J. Salamone (Ed.), The Polymeric Materials Encyclo-
pedia, CRC Press, Boca Raton, FL, 1996, p. 2157.

[22] Z. Shao, F.H. Arnold, Curr. Opin. Struct. Biol. 6 (1996) 513.

[23] M.G. Kim, E.G. Lee, B.H. Chung, Process Biochem. 35 (2000) 977.

[24] R.M. Casa de la, J.M. Sanchez-Montero, J.V. Sinisterra, Biotechnol.
Lett. 21 (1999) 123.

155

[25] S. Chamorro, J.M. Sanchez-Montero, A.R. Alcantara, J.V. Sinisterra,
Biotechnol. Lett. 20 (5) (1998) 499.

[26] M. Matsumoto, K. Kida, K. Kondo, J. Chem. Technol. Biotechnol.
76 (2001) 1070.

[27] M.A. Tapia, K. Liebeton, J.V. Costa, J.M.S. Cabral, K.E. Jaegar,
Biochim. Biophys. Acta 1256 (1995) 396.

[28] M.J. Hossain, Y. Hayashi, N. Shimizu, T. Kawanishi, J. Chem. Tech-
nol. Biotechnol. 67 (1996) 190.

[29] R.R. Lowry, J.I. Trinsley, J. Am. Oil Chem. Soc. 53 (1979)
470.

[30] E.D. Brown, R.Y. Yada, A.G. Marangoni, Biochim. Biophys. Acta
1161 (1993) 66.

[31] H. Zhu, Y.X. Fan, N. Shi, J.M. Zhou, Arch. Biochem. Biophys. 368
(1) (2999) 61.

[32] D. Lang, B. Hofmann, L. Haalck, H.J. Hecht, F. Spenner, R.D.
Schmid, D. Schombugg, J. Mol. Biol. 259 (1996) 704.

[33] I.J. Colton, S.A. Ahmed, R.J. Kazlauskas, J. Org. Chem. 60 (1995)
212.

[34] E.V. Kudryashova, A.K. Gladilin, A.V. Vakurov, F. Heitz, A.V. Lev-
ashov, V.V. Mozhaev, Biotechnol. Bioeng. 55 (1997) 267.

[35] M. Sato, T. Sasaki, M. Kobayashi, H. Kise, Biosci. Biotechnol.
Biochem. 64 (2000) 2552.

[36] K. Griebenov, A.M. Klibanov, Prog. Natl. Acad. Sci. U.S.A. 92
(1995) 10976.

[37] K. Griebenov, A.M. Klibanov, Biotechnol. Bioeng. 53 (1997)
351.

[38] A. Dong, S.J. Prestrelski, S.D. Allison, J.F. Carpenter, J. Phram. Sci.
84 (1995) 415.

[39] Z. Yang, D. Zacherl, A.Z. Russell, 3. Am. Chem. Soc. 115 (1993)
12251.

[40] A. Zaks, A.M. Klibanov, Proc. Natl. Acad. Sci. U.S.A. 82 (1985)
3192.

[41] A. Zaks, A.M. Klibanov, J. Biol. Chem. 263 (1988) 3194.

[42] R. Affleck, Z.F. Xu, V. Suzawa, J.S. Dordick, Proc. Natl. Acad. Sci.
U.S.A. 89 (1992) 1100.

[43] T.M. Ru, S. Jonathan, J.S. Dordick, J.A. Reimer, Biotechnol. Bioeng.
63 (2) (1999) 233.

[44] T.M. Ru, S.Y. Horokane, A.S. Lo, J.S. Dordick, J.A. Reimer, D.S.
Llark, J. Am. Chem. Soc. 122 (2000) 1565.

[45] M. Isabel del-Val, C. Otero, J. Mol. Catal. B: Enzyme 4 (1998) 137.

[46] D. Han, J.S. Rhee, Biotechnol. Bioeng. 28 (1986) 1250.

[47] D. Han, P. Walde, P.L. Luisi, Biocatalysis 4 (1990) 153.

[48] D.M.F. Prazeres, F.A.P. Garcia, J.M.S. Cabral, J. Chem. Technol.
Biotechnol. 53 (1992) 159.

[49] S.W. Tsai, C.L. Chiang, Biotechnol. Bioeng. 38 (1990) 206.

[50] B. Steinmann, H. Jakle, P.L. Luisi, Biopolymers 25 (1986) 1133.

[51] A.A. Vinogradov, E.V. Kydryashova, V.Ya. Grinberg, N.V. Grinberg,
T.V. Burova, A.V. Levashov, Protein Eng. 14 (9) (2001) 683.



	Enhanced activity and stability of Chromobacterium viscosum lipase in AOT reverse micellar systems by pretreatment with acetone
	Introduction
	Materials and methods
	Materials
	Pretreatment of lipase with acetone
	Lipase microencapsulation methods in reverse micelles
	Injection method
	Dissolution method

	Preparation of reverse micelles
	Determination of lipase activity
	Tryptophan fluorescence spectroscopy
	Lipase stability

	Results and discussion
	Pretreatment parameters
	Effect of acetone content on enzyme activity
	Effect of pH on enzyme activity
	Effect of agitation time on enzyme activity
	Effect of freeze-drying time on enzyme activity

	Lipase microencapsulation and its activity
	Fluorescence spectroscopy of acetone treated lipase
	Stability of lipase

	Conclusions
	References


