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ABSTRACT

Lipases catalyzed the transesterification reaction between esters and various primary and secondary
alcohols in a 99% organic medium, porcine pancreatic, yeast, mold lipases can vigorously act as catalysts

in a number of nearly anhydrous organic solvents. Various transesterification reactions catalyzed by por-

cine pancreatic lipase in hexane obey Michaelis-Menten kinetics. The dependence of the catalytic ac-
tivity of the enzyme in organic media on the pH of the aqueous solution from which it was recovered is
bell-shaped, with the maximum coinciding with the pH optimum of the enzymatic activity in water. The

catalytic power exhibited by the lipases in organic solvents is comparable to that displayed in water. In

addition to transesterification, lipases can catalyze several other processes in organic media.
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Fig. 1. The dependence of the lipase-catalyzed
transesterification reaction between tributyrin
and heptanol in 2-pentanone on the percent-
age of water in the solvent. Curves a: porcine
pancreatic lipase, b : mold lipase, ¢ : yeast li-
pase. Lipase powder 10mg was added to 1m/
of 2-pentanone containing 0.3M tributyrin
and heptanol and a given amount of water.
The suspension was shaken at 20°C and
250rpm. In the absence of lipases, no appreci-
able reaction was observed.
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Fig. 2. The dependence of the porcine pancreatic li-
pase activity on the pH of the aqueous soi-
ution from which the enzyme was recovered.
Curves a:lipase-catalyzed hydrolysis of tri-
butyrin in water. (10095 corresponds to the
rate of 1.Ammol/hr - mg of enzyme) b : lipase
-catalyzed transesterification between tri-
butyrin and heptanol in their mixture contain-
ing 0.029 water( 1009 correspond to the rate
of 5.6umol/hr - mg of enzyme).
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Table 1. initial rates of the lipase-catalyzed tran-
sesterification reaction between tributyrin
and heptanol in different organic solvents

Reaction rate, umol/hr - mg of lipase

Solvent Porcine pancreatic Yeast Mold
Hexane 5.2 4.0 0.31
Dodecane 4.0 5.5 0.34
Hexadecane 2.9 6.3 0.32
Ethyl ether 5.1 010 012
Isopropyl ether 5.1 0.55 0.20
Butyl ether 4.7 2.5 0.20
Acetonitrile 2.2 0.04 0.04
oy 2.0 0.02  0.05
Dioxane 1.4 0.01 0.04
Toluene 2.1 0.95 0.08
Pyridine 1.3 0.01 0.02

314! 1
clforide 0 0 0
Formamide 0 0 0
Carbon
tetrachloride L5 0.60 0.12
Acetone 1.2 0.02 0.06
2-Pentanone 1.1 0.03 0.06
2-Heptanone 1.2 0.08 0.10

A lipase powder 10mg was added to 1m/ of an or-
ganic solvent containing 0.3M  tributyrin and
heptanol. The mixture was shaken at 20°C, and the
time course of the reaction was followed by gas
chromatography.

The water content of the lipases was 0.5%, 6.1%,
4.8% for porcine pancreatic, yeast, mold, respect-
ively. The lipases inactivated with diethyl -
nitrophenyl phosphate exhibited no enzymatic ac-
tivity in all organic solvints.
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thA] plotdhd, ThA] FAle] FojZn®

Fig. 32 $lolA A=3 kinetic 24l 213t~
hexaneol| A] tributyrin®} heptanol A}¢]2] porcine
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Fig. 3. Initial rate kinetics of the transesterification
reaction between tributyrin and heptanol in
hexane catalyzed by porcine pancreatic lipase.
A : Reciprocal rates(v) vs. reciprocal tributyrin
conc. at different conc. of heptanol. Con-
centrations of tributyrin were varied at the fol-
lowing fixed concentrations of heptanol. Curve
a) 1.77mM, b) 3.5mM, ¢) 7.07mM, d) 16.6mM
B : Intercepts of the straight lines in the pri-
mary piot in A vs. the reciprocal heptanol
concentrations. Porcine pancreatic lipase was
added to 'm/ of hexane containing given
concentrations of tributyrin and heptanol. The
suspensions were shaken at 20C and 250
rom. The initial rates were determined on the
basis of at least five independent mea-
surements.
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23} transesterificationo] t}slddE & Fei7} =
= At Plotd] w2} 23 ® Michaelis 449}
&2 Table 29 7185 0] lth, 943 esterd]
3 Km{ester)/Ve] v]= F0]3 alcoholo] W&t K,
(alcohol)/Ve] Hl8} T}E ester(AlA], dls] =) A
214, thE alcohol (A& M|E) ] th3lq giFH oz
w2 & 7 ok o= 714§ “ping-pong” mech-
anism' 2} Y] @}, webA hexaned A lipase & &
ol 2 3} transesterification©] Michaelis-Menten ki-
neticsol] GErE AMES O 2 843 sjE o

Table 2. Kinetic parameters of different transe -
sterification reactions catalyzed by porcine
pancreatic lipase in hexane

Km Kn V, meI/
Ester  Alcohol (ester) (alcohol) hr-mg
X107°M x107°M of enzyme

Tributyrin Methano! 42 33 10
Tributyrin Dodecanol 83 5.2 17
Tributyrin Heptanol 20 13 4.8
Trichloro-

ethyl Heptanol 39 4.5 1.7
butyrate

Methyl

butyrate Heptanol 2000 ND 2

Conditions were as in the iegend to Fig. 3; ND not de-
termined.

Lipase”} A2l FF/2e) el F- 71l Aol Al Sl 2 2
S8 dAsta, 2% vAREAQ] BB A OE
9] Fnrf BTV} ol FEAA] Gol A} P}
2 © 2 hexadecaneol| Al tributyrin3} heptanol A}e]
o] wkgollA] lipaseol] 23t AFHE= 7145 aHE
ARSI} 71 AT §4F AFSEHA] &2 ¥HS-
#} lipaseE Fvl 23} transesterification(®4 10
mg/ml) el £x8]24] Table 3o Vel = 1
g EFHog FolA] tributyrin 7hpEa] RE-g-of A
lipaseell <& A€ 7t aAE 243, Table 3
o] s BEFo Jelliit}. HexadecanedjA] transe-
sterification WFg-olA] 2} lipase?] Zvljs3 2o A
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Table 3. Acceleration effects afforded by lipases in
the transesterification reaction between
tributyrin and heptanol in hexadecane and
in the hydrolysis of tributyrin in water

Acceleration effect* x 10°

Lipase : :
Transesterification Hydrolysis
in hexadecane in Water
Porcine pancreatic 1.4 3.5
Yeast 2.8 0.7
Mold 0.14 0.17

In the transesterification reaction, 0.01M tributyrin
and heptanol in hexadecane were used. In the hy-
drolysis reaction in aqueous solution(0.1M KCl|, pH
7.5), 0.01M tributyrin was used. Lipases were used at

10mg/mi, and other conditions were the same as
shown in Table 1.

* Defind as the ratio of the rate of the lipase-
catalyzed reaction(enzyme concentration at 10mg/
m/) to that of the nonenzymatic one.
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