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Lipase of Geotrichum candidum Immobilized on Silica Gel

Philip E. Sonnet*, Gerald P. McNeill and Wang Jun'
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Silica gel is a useful support for the lipases of Geotrichum
candidum. Esterification of selected fatty acids and
alcohols proceeded to 85-92% conversion in hydrocarbon
solvents, and the degree of esterification was increased to
96-98% by adding 4A molecular sieves at later stages of
reaction. The equilibrium ratio of ester to fatty acid (butyl
oleate to oleic) was determined for the supported lipase
in a number of solvents and ranged from 92:8 in hexane
and isooctane to 16:84 in #-butanol. The essential character
of the enzyme seemed unimpaired by deposition onto silica
gel as judged by fatty acid selectivity and stereoselectivity.
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The lipases of the fungus Geotrichum candidum are the sub-
ject of intense investigation for details of structure that can
explain the differing fatty acid selectivities observed in
hydrolytic reactions when catalyzed by these enzymes (1-9).
The preferential reaction of cis-9-unsaturated fatty acids,
notably oleic, linoleic, linolenic and palmitoleic acids, is
viewed as industrially useful. However, this selectivity is
vested in one or more isozymes that are present in differ-
ing amounts in the lipases of the various strains of this
fungus. Additionally, the utility of these proteins would be
greatly enhanced if they could be successful immobilized
and the desired fatty acid selectivity of the enzyme is re-
tained in the immobilized state. This report describes the
preparation of a silica gel-borne G. candidum lipase and its
catalytic activity in several organic solvents.

MATERIALS AND METHODS

Gas-liquid chromatography (GLC) was performed with
a Hewlett-Packard Model 5610 instrument (Avondale, PA),
a flame-ionization detector and a (nonpolar) DB1-HT
capillary column (0.32 mm X 30 m) (J&W Scientific,
Folsom, CA). On-column injection was employed with a
helium carrier gas flow rate of 5.5 mL/min. Solvents were
reagent-grade or better, and fatty acids, alcohols and other
reagents were purchased either from Aldrich Chemical Co.
(Milwaukee, WI) or Sigma Chemical Co. (St. Louis, MO)
and used directly. The 2-methyloctanoic acid had been
synthesized previously for related research (10), and the
silica gel employed for adsorption was 70-230 mesh, 60A
and was purchased from Aldrich Chemical Co. The en-
zymes used were GC-20 from Amano (Troy, VA), with a
specific activity of 5.1 umol of free fatty acid (FFA) re-
leased/min/mg of power in an olive oil assay, 28.6% pro-
tein (11), having relative activity of oleic and palmitic
acids of 1.5:1, in hydrolysis of umbelliferate esters and a
preparation from Biocatalysts Ltd. (Midglamorgan,
United Kingdom).
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Reactions of lipase powders. Solutions that were 0.25
M in 1-butanol and oleic acid in isooctane, to which 25 mg
of lipase powders was added, were shaken at 200 rpm and
30°C for varying periods of time. For “dry” reactions, the
alcohol and the solvent were placed over 4A molecular
sieves for an hour; for other reactions, the solvent was
shaken with buffer briefly and/or specific additions of
water were made. Aliquots of the reaction mixtures were
treated with ethereal diazomethane, analyzed by GLC and
corrected with standards. All reactions were conducted
at least twice and averaged.

Adsorption procedure. Amano GC-20 or powder from
Biocatalysts Ltd. (1.0 g, 240 umol of activity) was dis-
solved in 10 mL of 0.05 M TRIS, which was buffered at
pH 8.0 and contained 10 mM CaCl,. Silica gel (10.0 g)
was added in portions, and the final mixture was shaken
to produce a free-flowing solid. The supported enzyme was
stored at 5°C.

Assays for lipase activity. The fatty acid (1.0 mmol) and
alcohol (1.0-3.0 mmol) were allowed to react with 1.0 g of
supported enzyme in 2.0 mL of solvent at 30°C and were
shaken at 170 rpm for varying lengths of time. Reactions
initiated with esters (1.0 mmol) were conducted in the
same manner. Aliquots of reaction mixtures were treated
with ethereal diazomethane, and the resulting mixtures
were than analyzed by GLC. In reactions that were con-
ducted with a separate aqueous phase present, a solution
of Amano GC-20 powder (0.10 g) in the same buffer (2.0
mL) was substituted for the absorbed enzyme. One gram
of 4A molecular sieves was added to several reaction mix-
tures that had reached equilibrium and these reactions
were shaken for an additional 24 h.

Assay for fatty acid selectivity. Oleic and stearic acids
(0.05 mmol each) were allowed to react in isooctane (2.0
mL) that contained the alcohol (1.5 mmol) and supported
enzyme (1.0 g) at 30°C and shaken at 170 rpm. Aliquots
were treated with diazomethane and analyzed by GLC as
described previously.

Assay for stereoselectivity. Samples of 2-methyloctanoic
acid (1.0 mmol) and 1-butanol (3.0 mmol) were allowed to
react in isooctane (2.0 mL) that contained the supported
enzyme (1.0 g) for 24 h. The degree of conversion was
determined as above by using diazomethane and GLC to
characterize methyl and butyl esters. An aliquot of the
reaction mixture was treated with thionyl chloride and
dimethylformamide in ether (12), followed by (S)-a-phenyl-
ethylamine to generate GLC-separable diastereomeric
amides. The enantiomeric excess in the recovered (un-
esterified) acid fraction was read from the ratio of the
amides, and, using the degree of conversion, a relative rate
of reaction for the enantiomeric acids was calculated (13).

RESULTS AND DISCUSSION

The topic of lipase immobilization has been thoroughly
reviewed (14), and immobilization of G. candidum lipase
has been accomplished by various means, such as simple
adsorption onto hydrophilic and hydrophobic supports,
gel entrapment and covalent binding to an insoluble car-
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rier via reaction between functional groups of the protein
and reactive groups on the carrier surface. Previous
research showed that deposition of G. candidum lipase on-
to an inorganic support (Celite) resulted in a material that
could be used to introduce oleic acid into olive oil (15).
Stearic acid was not incorporated under these conditions,
suggesting that the essential features of the enzyme had
been preserved.

To investigate this point further, some reported methods
for immobilization (14) were reevaluated with G. candidum
lipase from Amano Co. (GC-20). The activities of the sup-
ported lipase were variable, and sometimes it exhibited
little catalytic activity at all in esterification reactions
(P.E. Sonnet, and W. Jun, unpublished results). Although
lipases are generally quite reactive in organic solvents, it
is also understood that in esterification reactions one must
strike a balance between sufficient water to retain enzyme
activity while keeping water activity low enough to allow
a desired degree of conversion to ester at equilibrium (16).
The commercial G. candidum lipase preparations, when
allowed to contact oleic acid and (dry) 1-butanol in (dry)
isooctane, produced less than 1% butyl oleate in 16 h. In
contrast, Candida rugosa lipase, under these same condi-
tions, yielded 74% of the ester. The same reaction con-
ducted in moist isooctane gave the following yields of
ester: C. rugosa, 98%; Amano GC-20 (G. candidum), 67%;
Biocatalysts Ltd. (G. candidum), 34%. Incremental addi-
tion of water to reactions of the G. candidum lipases pro-
duced lower yields (slower reactions). Finally, a system
that was patterned after the seminal work of Okumura
and co-workers (17) and contained a distinct aqueous
phase gave a 92% yield of butyl oleate in 72 h from both
commercial G. candidum lipases. The exposure of butyl
oleate to these conditions led to the same ratio of ma-
terials. By contrast, simple exposure of Celite, kiesel gel
and alumina to buffered solutions of G. candidum lipase
or “drying down” onto these supports produced materials
that were low in activity (18,19). Clearly, a support that
would associate the enzyme with an ample supply of water
should provide a recoverable material that would be
capable of catalyzing esterification. This was apparently
the case for the Celite-borne enzyme to which water was
added conditionally (details not provided) until the sup-
port regained its activity (15).

In the present investigation, a buffered solution of GC-
20 was placed onto silica gel (see the Materials and
Methods section) so as to produce a free-flowing solid. We
initially observed that alcohols (ethanol, 1-butanol, 1-hex-
anol, 1-octanol) could be routinely converted to fatty acid
esters in isooctane. For example, oleates were obtained in
85-92% yields. As expected, when the esters were exposed
to these conditions, they underwent partial hydrolysis
(10-15%). The degree of conversion and rate of reaction
were qualitatively equal to that observed in reactions that
were conducted with the free enzyme dissolved in buffer,
e:_:cl?t that the ethyl ester was only produced in 75%
yield.

To drive the equilibrium further toward ester formation,
the support was dried at (i) ca. 100 Torr or (ii) at 0.1 Torr
for 16 h. Although no specific water contents or activities
were measured, this preliminary effort revealed that reduc-
ing the water content of the support merely slowed down
reaction rates with no indication that the endpoint was
shifted. The dryer the support (enzyme), the slower the

reaction; and apparently other parameters must be ex-
amined to alter the equilibrium position.

In a series of articles, Valivety and co-workers (20-23)
have probed the dependence of catalytic activity of several
lipases on water activity and the effects of a large number
of organic solvents on equilibrium position in lipase-
catalyzed esterification. Because equilibrium positions de-
pend on the activities of all participating species in the
equilibrium, - the interactions of solvents with polar
molecules, such as carboxylic acids and alcohols, can
dramatically influence equilibrium position (20). In that
approach, porcine pancreatic lipase had been placed onto
Celite with about 10% by weight of water, an activity of
unity was assumed for water, and esterification of 1-dode-
canol with dodecanoic (lauric) acid were carried out for
extended reaction times. The results were tabulated as
[Ester)/[Acid][Alcohol]. We were particularly interested in
examining the equilibrium position for esterification of
less hydrophobic alcohols, such as 1-butanol. In fact, the
results are qualitatively similar, and they have been ex-
pressed as mole ratio of ester to acid, which might be more
directly useful .(Table 1). Apparently, the system “1-
butanol + oleic acid” can be pushed no further than 92%
conversion without reducing water activity. To further
enhance the formation of ester, 44 molecular sieves were
added to several equilibrated reaction mixtures. In each
case, the endpoint was altered toward ester (96-98% in
hexane, for example) (Table 1). Esterification reactions
have in fact been augmented in this manner, usually by
removing the water formed with the molecular sieves ex-
ternal to the reaction mixtures (24,25). Because the water
being removed in the reactions must include water that
is readily available from the support, it is likely that this
protocol would soon interrupt the performance of the sup-
ported enzyme in subsequent reactions.

A major concern was that the supported enzyme would
retain its ability to discriminate between selected fatty
acids. The relative reactivity of oleic vs. stearic acid in
esterification with 1-butanol is 10:1 for Amano lipase from
G. candidum, and the relative reactivity of oleic vs.
palmitic acid in this reaction is about 2.5:1 (26). The lipase
from Biocatalysts Ltd. is considerably more selective in
its reactions. The data of Table 2 indicate complete preser-
vation of these selectivities. Additionally, any stereoselec-

TABLE 1

Equilibrium Peosition for the Esterification of Oleic Acid

- with 1-Butanol and Amano GC-20/Silica Gel at 30°C*

Solvent Ester/Acid &T°C)b
Hexane 92:8¢ 1.89 (20)
Isooctane 92:8¢ 1.94 (20)
Carbon tetrachloride 88:12 2.23 (25)
t-Butyl methyl ether 40:60¢ —
3-Methyl-3-pentanol 18:82 —
t-Butanol 16:84 10.9 (30)

%Values were obtained from both esterification and hydrolysis and
are the average of at least two observations (+2%). Reactions in
hydrocarbon solvents reached equilibrium within 24 h; other solvents
required up to 72 h. Amano GC-20/silica gel from Amano (Troy, VA).
Dielectric constant.

°The endpoint was 87% ester with the lipase dissolved in a separate
aqueous phase, and 96-98% ester when the reaction was conducted
with the silica gel and added molecular sieves.

9The endpoint was 49% ester with the lipase dissolved in a separate
aqueous phase.
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TABLE 2

Relative Reactivity of Oleic and Stearic Acids
in Esterifications (Isooctane)®

ct SM¢ P
Amano GC-20/silica gel
1-Butanol® 0.50 79.5:20.5 21:79
2-Methyl-1-propanol/ 0.48 82.5:17.5 14.5:85.5
Biocatalysts Ltd./silica gel
1-Butanol 0.14 58:42 0:100
2-Methyl-1-propanol 0.16 59.5:40.5 0:100

%Relative reaction rates for oleic vs. palmitic acids ranged from
1.8-2.7:1 with these same alcohols. Company source as in Table 1;
other silica gel from Biocatalysts Ltd. (Midglamorgan, United
Kingdom).

Fraction conversion * 2%.
°Ratio of stearic to oleic acid in unreacted acid fraction. SM, start-
ing material.
dRatio of stearic to oleic acid in the esterified fraction. P, product.
¢Relative reactivity of oleic to stearic = 6.9 (Ref. 13).
fRelative reactivity of oleic to stearic = 11.1 (Ref. 13).

tivity exhibited by an enzyme would serve as a stringent
test of retained structure and performance by the enzyme.
For example, the stereobias in esterification of 2-methyl-
octanoic acid, supported Amano GC-20 lipase favored
reaction of the S-enantiomer (relative reactivity = 8.7) (see
the Materials and Methods section) and compares well
with the original lipase powder (5.3 favoring S-configura-
tion).

The supported lipase was used repeatedly, and after five
sequential exposures to oleic acid and 1-butanol in isooc-
tane it retained 50% of its activity. After one week of con-
tinuous use in several particularly lethargic reactions (not
described here), the recovered catalyst retained 30% of its
activity in the butyl oleate synthesis. The supported en-
zyme has been stored for several months at 5°C with no
significant loss of activity.
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