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The Synthesis of Ester Compound by Lipase in Organic Solvents
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Abstract

The synthesis of lauryl palmitate from palmitic acid and lauryl alcohol was investigated in organic soivents
using lipases. Water-immiscible organic sofvent such as hexane, toluene, cyclohexane, and iscoctane were
found fo be suitable for ester synthesis. The effect of water content on the initial rate of conversion was examin-
ed. As the water content increased, the reaction rate increased. But addition of water in organic solvent decrea-
sed thermostability of enzyme. The best lauryl paimitate svnthesis was achieved with water content of 0.2~0.
4%, reaction temperature of 40° C and 45°C for Candida cylindracea lipase and porcine pancreatic lipase, res-
pectively. When ester synthesis was carried out under the optimum cenditions, the conversion yield of pal-
mitate into lauryl palmitate after 70hrs reached 85% and 9% for the Candida cyfindracea lipase and porcine

pancreatic lipase, respectively.
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INTROBUCTION

Enzyme-catalyzed reactions are generally perfor-
med in water. This is attributable to the common idea
that an aqueous sclution is optimal for preserving the
catalytically active conformation of the enzyme prot-
ein for binding and catalysis. If water is replaced with
an organic solvent, the conformation of the enzyme
protein is intensively shifted and afier all the catalyiic
effect of the enzyme is expected to be less optimal
than in water. The investigation of enzymes in organic
sofvents has been disturbed by this recognition. But
this noticn is wrong. In cells many enzymes or multi-
enzyme complexes, including lipase, esterase, and
dehydrogenase etc., were located on the outer or int-
erface of the plasma membrane. Because these enzy-
mes were related to hydrophobic environment, reac-
tion system of which organic solvent is introduced in
part or whole as the reaction media serves as an im-
portant madel in studying enzyme function in vivo.
There are numerous possible advantages of conduct-
ing biccatalytic reaction using enzymes or microorg-
anisms in organic solvents” : betier soiubility of non-
polar substrates ; shift of reaction equlibria in desira-

*To whom ail correspondence should be addressed

ble direction such as use of hydrolase for synthetic
reactions ; recovery and reusability of enzymes even
without immaobilization ; enhanced thermostabiiity-
; elimination of microbial contamination. Thus the
study of enzyme action in organic solvent has under-
gone rapid expansion. To investigate enzymatic reac-
tion in organic solvent, some reaction systems have
been introduced : aqueous-organic biphasic system
1 reverse micellar system*” ; nearly anhydrous or-
ganic solvents®. Klibanov and Zaks” have shown that
lipase couid catalyze the transesterification between
tributyrin and various primary and secondary alcoh-
ols in 99% organic solvent. It is thought that the am-
ount of water truly necessary for an enzyme to func-
tion in organic solvent is a little. Except for this essen-
tial water, organic. solvent can be substituted for the
remainder of the water without detrimental effect on
enzymatic activity. Enzymes in organic solvent can
catalyze a variety of reactions that are possible only
in water-restricted conditions. For example, lipase in
organic solvent can catalyze esterification, interester-
ification, transesterification, aminolysis, thiotranseste-
rification, and oximolysis”. In the present study, we
examined optimum condition for synthesis of ester
compound from fatty acid and aicohol in organic so-
fvent.
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MATERIALS AND METHODS

Materials

Candida cylindracea lipase and porcine pancreatic
iipase were purchased from Sigma. These lipases had
specific activities of 900 and 15 units/ mg of solid, re-
spectively. In all experiments the lipases were used w-
ithout further purification. The organic solvents were
the special grade. Water was remoaved from organic
solvent by shaking them with 3A molecular sieves.

Enzyme assay

Determination of substrates and products in ester
synthesis reaction

Ester synthesis reaction in organic solvent was ini-
tiated by the addition of a lipase to a mixture of subs-
trates in organic solvent. The reaction mixture was
shaken on shaking water bath at 100rpm and 37°C.
Periodically, aliquots were assayed by gas chromato-
graphy using a 530um fused silica capiilary column
(Hewlett-Packard).

Assay of lipase-cataiyzed hydrolysis of lauryl pal-
mitate in water

Lipase activity in emulsion system was determined
by the method of Watanabe et al.*. Lauryl palmitate
emulsion was prepared as follows : 10ml of lauryl
palmitate solution and 30mi of 2.0% polyvinylalcoh-
ol were emulsified by a homogenizer. The reaction
mixture of 2.5ml of lauryl palmitate emulsion, 2ml of
distilled water, and 0.5mi of 110mM CaClz2{final con-
centration : 10mM), and 0.5ml of enzyme solution
was incubated at 37°C for 10min. The reaction was
stopped by addition of 10m! of acetone-ethanol mix-
ture(1 : 1) and the liberated free fatty acid was titra-
ted with 0.0TN NaOH.

RESULTS AND DISCUSSION

Selection of arganic solvent

In arder to examine the correlation of enzyme fun-
ction with the nature of the organic solvent and sele-
ct the solvent suitable for lauryl palmitate synthesis
by lipase, lipase activity in a variety of organic solve-
nts was investigated. Palmitic acid and lauryl aicohol

were dissolved in organic solvent. Then lipase was
added, and the reaction mixture was shaken at 37° C.
Periodically lauryl palmitate was assayed by gas
chromatography. Enzymatic activities in various or-
ganic solvents were seen in Table 1. Lipases are cata-
lytically active in a variety of organic solvents. Dim-
ethylsulfoxide was only solvent in which lipases we-
re completely inactive. Dimethylsulfoxide can dissol-
ve protein, enzymes in it change their conformation
and consequently inactive®, The catalytic activities of
porcine pancreatic lipase (PPL) are similar to different
solvents, while those of the Candida cylindracea
lipase (CCL) vary being somewhat high in water-
immiscible solvents (cyclohexane, isooctane) and rei-
atively low in water-miscible ones (dioxare, pyrid-
ine). The essential water, which ensures maintenance
of catalytically active conformation of the enzyme, for
PPL is strongly bound to the enzyme molecule and
even polar solvents do not strip it from enzyme. On
the other hand, this water for CCL is weakly bound to
the enzyme molecule ; therefore, it is divided into
hydrophilic (but not hydrophaobic) solvents®. Hence, It
can be concluded that the significant factor in the
effect of organic solvent on enzymatic activity exerted
more influence on enzyme bound water than with

Table 1. Reaction of the lipase-catalyzed esterification betwe-
en palmitic acid and lauryl alcohol in different org-
anic solvents

Reaction rate, gmoi/hr/mg of enzyme

Soivent Porcine pancreatic  Candida cylindracea

lipase lipase
Hexane (.45 1.03
Toluene 0.46 0.41
Cyclohexane 0.31 1.33
Isooctane 0.37 1.42
Benzene 0.21 0.16
Chloroform 0.13 0.08
Diethyl ether .29 0.08
Pyridine 0.11 0.08
Tetrahydrofuran 0.17 0.08
Acetone 0.16 0.10
Dioxane 0.16 .07
Dimethyisuifoxide .00 0.00
Cyclohexanone 0.20 ¢.07
Carbon tetrachioride .21 0.17

A fipase powder {T0mg) was added to Tmi of an organic solvent
containing 0.3mmole palmitic acid and lauryl alcohol. The
mixture was shaken at 37°C and the time course of reaction
was followed by gas chromatography
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enzyme itself. In the case of PPL, hexane and toluene
showed relatively high lipase activity. On the other
hand, the lipase from Candida cylfindracea yielded
good fipase activity in cyclohexane and isooctane -
(Table 1). Therefore, these solvents were used for
esterification reaction study.

Effect of water content

We examined the dependence of the rate of ester-
ification on water content. Paimitic acid and laury!
alcohol were dissolved in organic solvent, which had
been dehydrated by molecular sieves and added a
known amount of water. Then a lipase powder was
added and the reaction mixture was shaken at 37°C.
Fig. 1 shows that enzyme activity from porcine pan-
crease increased in proportion with water content up
to 0.4% and then decresed slightly with the increase
of the water content. In the case of CCL, the esterifi-
cation rate was maximum at 0.4% and 0.2% of wat-
er content for cyclohexane and isooctane, respectiv-

ely. The increase of CCL activity by added water was
miuch more than that of PPL.

Effect of temperature on enzyme activity

We examined the effect of temperature on enzyme
reaction in organic solvent and lipase activity in water
was studied for comparative purpose. in the case of
hydrolytic activity of lipase, an enzyme solution was
added to substrate solution at various temperature
and the enzyme activity was determined. Esterifica-
tion reaction was performed by adding the enzyme to
organic solvent containing substrate and the known
amount of water at a given temperature, and then en-
zyme activity was measured at various temperature,
Fig. 2 shows the effect of temperature on lipase acti-
vity. In the case of CCL, enzymatic activity in organic
solvent was found to be relatively good at 40°C,
while enzyme in water showed high activity at 35°C.
In the case of PPL, maximum activity for esterification
and hydrolysis was shown at 45° C for both case.
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Fig. 1. Lipase-catalyzed esterification reaction between palmitic acid and laaryl alcohel in organic sclvent and the effect of added

water.
A : porcine pancreatic lipase (PPL) B ! Candida cvlindracea lipase (CCL)

O : Hexane @ : Toluene X: Cyclohexane A : lspoctane
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Thermal stability

We compared with effect of organic solvent and
water on thermal stability of enzyme. Thermal stabil-
ity was determined by the assay of residual enzyme
activity after preincubation of enzyme at various te-
mperature. Table 2 and 3 show the thermal stabilities
of lipases. When water content decreased, enzyme
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thermostability was enhanced. This result must be
due to the fact that water is involved in enzyme ther-
moinactivation”.

Time course

Esterification reaction in organic solvent under the
optimum conditions was performed (Fig. 3). 'n the
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Fig. 2. Effect of temperature on esterification and hydrolysis activity of lipases in organic solvent and water, respectively.

A porcine pancreatic fipase {PPL)

o Hexanre  ®: Toluene |: Water

Table 2. Thermal stability of porcine pancreatic lipase for es-
terification and hydrolysis reaction in organic solvent

B : Candida cylindracea fipase (CCL)
X ! Cyclohexane

A ! |sooctane

Table 3. Thermal stability of Candida cylindracea lipase for es-
terification and hydrolysis reaction in organic solvent

and water, respectively and water, respectively
Relative activity (%) Relative activity (%)
Solvent \\Solven’g
\ Hexane Toluene Cyclohexane  [sooctane
Temperature " C) —  Water Temperature "C} Water

o 04 o 0.4 ot 0.4 0 0.4
25 100 100 100 100 100 25 100 100 100 100 100
35 100 100 100 100 100 35 100 100 100 100 100
45 100 75 100 88 95 45 100 75 100 B9 BA
55 100 57 100 75 62 35 84 52 100 72 58
65 85 45 90 60 42 65 62 48 89 &3 24
75 86 48 1 75 55 35 65 45 0
85 79 20 Q 85 57 35 0
95 70 10 0 95 39 28 0

? water content in organic solvent
Porcine pancreatic fipase in organic solvent and water was
incubated at various temperature for 20 min and the residual
activity was determined

*water content irr organic solvent
Candida cylindracea lipase in organic solvent and water was
incubated at various temperature for 20 min and the residual
activity was determined
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Fig. 3. Time course of esterification reaction between palm-
itic actd and lauryl aicohol by porcine pancreatic lipa-
se and Candida cylindracea lipase.

a @ porcine pancreatic lipase (PPL)

b : Candida cylindracea lipase (CCL)
ot Hexane a : Toluene
& : Cyclohexane 4 : 1sooctane

Table 4, The optimum condition for the fauryl palmitate pro-
duction by esterification of palmitic acid and lauryi

alcoho!
Water content  Temperature Time  Yield
Solvent ’
OVEN T e v/v) €0 h %)
CCL  Isooctane 0.2 40 70 88
0.4 45 70 69

PPl Hexane

case of CCL, reaction was performed by adding the
enzyme to an organic solvent containing substrate
and the given amount of water at 40° C. Conversion
yield to lauryl palmitate after 70hrs of reaction was
71%, 85% for cyclohexane and isooctane, respective-
ly. In the case of FPL, enzyme was added to organic
solvent containing 0.4% water and substrate and then
reaction was continued at 45°C, Conversion yield of
paimitate into lauryl palmitate afier 70hrs of reaction
was 69%, 57% for hexane and toluene, respectively.
Table 4 shows optimum condition for the laury! palm-
itate production from palmitic acid and lauryl alco-
hol. PPL in hexane containing 0.4% water at 45°C
showed 69 % of conversion yield after 70hrs of reac-
tion. CCL in isooctane containing 0.2% water at 40° C
showed 88 % of high conversion yield after 70hrs of

reaction. CCL in hexane alsc showed high conversion
vield about 90% (data not shownj. In conclusion, it is
possible to produce complex substances from simple
matter by enzymatic synthesis in organic solvent.
Synthesis of novel product should of course be
possible if further improvement for activity and sta-
hility of enzymes in organic solvents are employed.
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