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Effect of salts on activity, stability and enantioselectivity
of Candida rugosalipase in isooctane
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Abstract

The effect of salts on activity and stability and enantioselectivity ofCandida rugosalipase in isooctane was studied. The activity of the
lipase lyophilized with LiCl, NaCl or KCl and native lipase for the esterification of lauric acid with 1-propanol in isooctane ataw = 0.33 was
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.057, 0.044, 0.033 and 0.027 g g−1 min−1, respectively. The water content played a main role on the effect of lipase activity and lyophil
rocess did not change the conformation of the lipase. Salt incorporation could keep the conformation of the lipase and prevent
hange of optimum pH condition happening. The stability of the lyophilized lipase was 3.4 times as much as that of native lipas
ipase thermostability was also improved. The enantioselectivity of lyophilized lipase (20.3) was about 1.6 times as much as that o
ipase (13.0).
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. Introduction

Many research studies have shown that salts have a number
f effects on properties of protein including activity, con-

ormational stability and solubility. These effects possibly
rise from the binding of ions to specific sites on the pro-

ein that is able to screen charges on surface amino acid
ide chains and change the degree of hydration of the protein
1–3].

One effective way to combine salts and enzymes is to
yophilize the solutions involving the salts and the enzymes.
erasoli et al.[4] pointed the inclusion of salts led to a marked
tabilization against unfolding of the enzyme by urea. Tri-
ntafyllou et al.[5] demonstrated that adding buffer salts or
Cl increased the catalytic activity of lyophilizedCandida
ntarctica lipase four-fold over that with no added salt and
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water played a very important role to affect enzyme acti
Nevertheless, not all ions have the similar favorable ef
on the properties of a specific protein. Sometimes, the e
of salts are unexpected. Jernejc and LegiŠa[6] reported tha
Cu2+ ions in a concentration of 0.1 mM completely ab
ished malic enzyme activity. In the lyophilization proce
some factors also strongly affect the properties of enzy
Ru et al.[7] studied the effects of lyophilization time a
water content in organic solvents on enzyme activity
elaborated that activation of both the serine protease s
isin Carlsberg and the lipase fromMucor javanicusresulting
from lyophilization in the presence of KCl was highly s
sitive to the lyophilization time and water content of
sample.

Though a better understanding of the mechanism is b
fit for applying enzymes, unfortunately, little is known ab
it now. It cannot be concluded that ions must be abl
have effects on a specific enzyme, no matter favorab
unfavorable effects. Researchers must try more sample
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investigate the mechanism[8–11]. In this paper, the effects of
salts onCandida rugosalipase in organic solvent (isooctane)
would be studied. The lipase fromC. rugosais a relatively
cheap commercial enzyme and has been extensively inves-
tigated as a biocatalyst in organic solvents[12,13]. The aim
of this work is to examine the effect of salts (LiCl, NaCl and
KCl) on the activity, stability and enantioselectivity of the
lipase, and the effect of other factors on the lyophilization
process including lyophilization time and water content.

2. Experimental

2.1. Chemicals

The lipase (E.C. 3.1.1.3) fromC. rugosa (type VII
700-1, 500 units/mg solid, pH 7.2 (using olive oil, 30 min
incubation)) was purchased from Sigma–Aldrich Company.
All other chemicals were of a reagent grade and obtained
commercially.

2.2. Preparation of lyophilized C. rugosa lipase
containing various amounts of LiCl, NaCl or KCl

C. rugosalipase (50 mg), K2HPO4 (50 mg) and various
amounts of salts (LiCl, NaCl or KCl) were dissolved in
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lyophilized lipase or 14.1 mg native lipase. The suspension
was incubated at 30◦C under continuous shaking (190 rpm).
Samples (10�l) were collected at predetermined time inter-
vals for analysis by HPLC.

3. Results and discussion

3.1. Effect of additive content

Generally, lyophilizedC. rugosalipase with salts exhib-
ited an improved activity compared to the native lipase with-
out salt. Fig. 1 shows that the maximum activity of the
lyophilized lipase with LiCl, NaCl or KCl and native lipase
at aw = 0.33 is 0.057, 0.044, 0.033 and 0.027 g g−1 min−1,
respectively. The salts are considered to be favorable to dis-
perse the enzyme molecules, thereby facilitating mass trans-
port during the process. Nevertheless, with the increasing of
the salt content of the lyophilized lipase, the lipase esterifi-
cation activity decreased because the more salts covered the
surface of the lipase and prevented the substrates contacting
with lipase. It is not clear why LiCl, NaCl and KCl have
different effects on improving lipase activity. The possible
reason is that Li+ is more chemically active to facilitate the
contact between the substrates and the lipase.
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anopure H2O (200 ml) each to achieve a final dry pre
ation of lipase containing various salt concentrations.
H of the solution was adjusted from 3.0 to 9.0 using a
rops of KOH solution (100 mM) or HCl solution (100 mM
hese samples were lyophilized for various hours accor

o the experimental requirements.

.3. Assay of lipase activity and stability

All lipase preparations and the solvents were eq
rated against saturated aqueous solutions of various
t 25◦C for 2 days. The water activity of all reactio
as adjusted by these saturated aqueous solutions:
aw = 0.12), MgCl2·7H2O (aw = 0.33), NaCl (aw = 0.75) and
Cl (aw = 0.84). The reaction mixture (10 ml) consis
f lauric acid (0.1 M), 1-propanol (75�l) and native o

yophilized lipase (protein equivalent to 2–4 mg ml−1) in
sooctane. The mixture was incubated at 30◦C for 3 h with
ontinuous shaking at 180 rpm. Reaction samples (1 ml)
ithdrawn and mixed with 10 ml ethanol/acetone (1:1, v
he remaining acid was determined by titration with Na
0.05 M). Specific activity of the enzyme was defined as
mount of acid consumed per gram of protein per min
ipase stability was evaluated by analyzing the residual a

ty at different incubation times at 30◦C.

.4. Determination of enzyme enantioselectivity

(R,S)-Ibuprofen (4 mg and 2�M) was dissolved in isooc
ane (3 ml) containing 1-propanol (6�M) and 40 mg o
.2. Effect of lyophilization time and water activity

Ru et al. [7] investigated the catalytic efficiencies
yophilizedC. antarcticalipase powder in organic solven
s a function of freeze-drying duration and water conte

he sample. Chowdary and Prapulla[14] studied the influ
nce of water activity on the lipase catalyzed synthes
utyl butyrate by transesterification and a direct relation

ig. 1. The esterification activity ofCandida rugosalipase as a function o
he amount of additive to the preparation ataw = 0.84; (♦) LiCl, (©) NaCl
nd (�) KCl.
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Fig. 2. The esterification activity ofCandida rugosalipase lyohphilized with
40% LiCl (w/w) as a function of water activity.

between water activity and reaction rate was observed. Other
researcher reported the similar results[15,16]. Actually, it
is not clear that the effects on lipase properties were caused
by salt incorporation or lyophilization, which possibly can
change lipase conformation by the process of dehydration. It
is important to differentiate the effects of lyophilization and
of salt incorporation on enzyme catalysis in organic solvents.

In the work, theC. rugosalipase lyophilized with LiCl for
48 h and the medium were equilibrated with various saturated
aqueous solutions, respectively. The relationship between
water activity and reaction activity of the lipase was stud-
ied and shown inFig. 2. The results showed that the water
activity had strong effect on the activity of the lipase.

Fig. 3 shows that the activity was able to keep constant
under the same water activity and the lipase activity increased

F f
l .

Fig. 4. The esterification activity ofCandida rugosalipase as a function of
pH ataw = 0.33; (©) native lipase and (♦) lyophilized lipase with LiCl.

with the lyophilization time increasing and kept consistent
after 72 h. It is clear that water content played a main role on
the effect of lipase activity and lyophilization did not change
the conformation of the lipase. It is concluded that only salt
incorporation had effect on the activity of the lipase.

3.3. Effect of pH

It was widely accepted that the activity of a lyophilized
enzyme from an aqueous solution with a pH corresponds to
the optimal pH of the enzyme in water. Guinn et al.[17]
found although alcohol dehydrogenase was most active in
water at pH 7.5, the optimum activity in organic solvents
for lyophilized lipase was achieved from a solution of pH
2.0. Therefore, it is necessary to find the optimum pH of the
aqueous solution, which theC. rugosalipase was involved
in.

Fig. 4shows that the optimum pH (7.5) for the activity of
lyophilizedC. rugosalipase was quite close to the optimum
pH (7.0) for the nativeC. rugosalipase in aqueous solution.
It is concluded that salt incorporation was able to keep the
conformation of the lipase and prevent the large change of
optimum pH happening. In other words, the stability of the
lipase was improved due to the salt induced.
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ig. 3. The esterification activity ofCandida rugosalipase as a function o

yophilization time; (©) aw = 0.33 and (♦) water activity is not controlled
.4. Effect of LiCl on the stability of C. rugosa lipase

Due to the advantages of biotransformation in org
olvent, enzymes are applied in the organic solvents
uently. Therefore, it is very important to study the stab
f enzyme.

Assuming that lipase follows the first-order deactiva
odel[18]:

kd−→ Ed (1)
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Here E and Ed represent active and partially deactivated
enzymes, respectively, andkd the deactivation rate constant.
The concentrations of active [E] and partially deactivated [Ed]
enzymes can be expressed as:

[E] = E0 exp(−kdt) (2)

[Ed] = E0[1 − exp(−kdt)] (3)

HereE0 represents the initial enzyme concentration andt is
the time. Assuming that the active and partially deactivated
enzymes have the same Michaelis constant (Km), the relative
activity (R) can be calculated as:

R = kcat[E] + αkcat[Ed]

kcatE0
= α + (1 − α) exp(−kdt) (4)

F
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(

Fig. 6. The effect of reaction temperature on the lipase specific activity at
aw=0.33; (©) native lipase and (♦) lyophilized lipase with LiCl.

Herekcat is the catalytic activity constant andα represents
the ratio of the specific enzyme activity of the final state (Ed)
to the initial state (E).

For determination of the deactivation rate constant (kd),
equation(4) is transformed to the following form:

ln(R − α) = ln(1 − α) − kdt (5)

In the work, there is no activity in the final state (Fig. 5a),
therefore,α = 0.

ln R = −kdt (6)

The plot of lnR againstt (Fig. 5b) shows excellent lin-
ear correlations, indicating that the first-order deactivation
model was applicable. The calculatedkd values in the native
lipase and the lyophilized lipase fromFig. 5b were 0.38 and
0.086 h−1, respectively. The stability of lyophilized lipase
was 3.4 times as much as that of native lipase.

3.5. Effect of reaction temperature
ig. 5. (a) Lipase stability as a function of time; 100% activity values cor-
espond to the initial activities of 0.057 g g−1 min−1 for lyophilized lipase
nd 0.018 g g−1 min−1 for native lipase, respectively; (©) native lipase and
♦) lyophilized lipase with LiCl. (b) Plot of lnR against time according to
quation(6) for determination of deactivation constants. (©) Native lipase;
♦) lyophilized lipase with LiCl.

Fig. 6 shows that the activity of lipases lyophilized with
LiCl for 48 h ataw = 0.33 and native lipase shared the same
trend with the changing of reaction temperature. Normally,
the optimum reaction temperature for nativeC. rugosalipase
is around 30◦C and at high temperatures lipase activity
d le to
k
e -
m as
d

3

w ase
ecreases. Interestingly, the lyophilized lipase was ab
eep rather high activity at higher temperature (50◦C). It is
vident that salt induction improvedC. rugosalipase ther
ostability due to the improved conformational stability
iscussed above.

.6. Effect of LiCl on enantioselectivity

The time courses of esterification of (R,S)-ibuprofen
ith 1-propanol in isooctane catalyzed by native lip
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Fig. 7. Time courses of substrate conversion (♦,C) and enantiomeric excess
(©, ee) of esterification of (R,S)-ibuprofen with 1-propanol in isooctane at
30◦C; (a) native lipase and (b) lyophilized lipase.

and lyophilized lipase are shown inFig. 7a and b, respec-
tively. TheE value of the lyophilized lipase (20.3) was 1.6
times as much as that of the native lipase (13.0), where
E = ln[(1−C)(1−ees)]

ln[(1−C)(1+ees)]
, C substrate conversion and ees is enan-

tiomeric excess of the remaining substrate. After lyophiliz-
ing, the lipase was partially purified, which should be partially
responsible for the improved enantioselectivity.

4. Conclusions

In general, salts (LiCl, NaCl and KCl) had effects on
the activity of C. rugosa lipase because the diffusion of
the enzyme in organic solvent was improved. The water
content played a main role on the effect of lipase activity
and lyophilization process did not change the conforma-
tion of the lipase. Salt incorporation could keep the con-
formation of the lipase and prevented the large change of
optimum pH happening. The stability, thermostability and
enantioselectivty of the lyophilized lipase were improved
compared to native lipase. Therefore, lyophilizing suitable
salts and enzymes is an important way to modify enzyme
characteristics and makes enzymes to be adapted in organic
environments.

References

[1] T. Arakawa, S.N. Timasheff, Biochemistry 23 (1984) 5912–5923.
[2] S.N. Timasheff, T. Arakawa, Stabilization of protein structure by

solvents, in: Protein Structure: A Practical Approach, IRL Press,
Oxford, 1997, pp. 349–364.

[3] R.K. Scopes, Separation by precipitation, in: Protein Purifica-
tion: Principles and Practice, third ed., Springer, New York, 1994,
pp.71–101.

[4] E. Cerasoli, S.M. Kelly, J.R. Coggins, A.J. Lapthorn, D.T. Clarke,

on,

0.
ng.

84.
ara,

[
[
[
[ 11–

[ –397.
[ 8)

[ hnol.

[ nol.

[ 1)
N.C. Price, Biochim. Biophys. Acta 1648 (2003) 43–54.
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[6] K. Jernejc, M. LegǐSa, FEMS Microbiol. Lett. 217 (2002) 185–19
[7] M.T. Ru, J.S. Dorick, J.A. Reimer, D.S. Clark, Biotechnol. Bioe

63 (1999) 233–241.
[8] M.Y. Lee, J.S. Dordick, Curr. Opin. Biotechnol. 13 (2002) 376–3
[9] S. Ueji, A. Uedal, H. Tanaka, K. Watanabe, T. Okamoto, Y. Eb

Biotechnol. Lett. 25 (2003) 83–87.
10] T. Okamoto, S. Ueji, Chem. Commun. 10 (1999) 939–940.
11] T. Okamoto, S. Ueji, Biotechnol. Lett. 22 (2000) 1169–1171.
12] Y. Ikeda, Y. Kurokawa, J. Biosci. Bioeng. 93 (2002) 98–100.
13] J.C. Wu, G.F. Zhang, Z.M. He, Biotechnol. Lett. 23 (2001) 2

214.
14] G.V. Chowdary, S.G. Prapulla, Process Biochem. 38 (2002) 393
15] Z. Ujang, A.M. Vaidya, Appl. Microbiol. Biotechnol. 50 (199

318–322.
16] I. Svensson, E. Wehtje, P. Adlecreutz, B. Mattiasson, Biotec

Bioeng. 44 (1994) 549–556.
17] R.M. Guinn, P.S. Skerker, P. Kavanaugh, D.S. Clark, Biotech

Bioeng. 37 (1990) 303–308.
18] Z.M. He, J.C. Wu, C.Y. Yao, K.T. Yu, Biotechnol. Lett. 23 (200

1257–1262.


	Effect of salts on activity, stability and enantioselectivity of Candida rugosa lipase in isooctane
	Introduction
	Experimental
	Chemicals
	Preparation of lyophilized C. rugosa lipase containing various amounts of LiCl, NaCl or KCl
	Assay of lipase activity and stability
	Determination of enzyme enantioselectivity

	Results and discussion
	Effect of additive content
	Effect of lyophilization time and water activity
	Effect of pH
	Effect of LiCl on the stability of C. rugosa lipase
	Effect of reaction temperature
	Effect of LiCl on enantioselectivity

	Conclusions
	References


