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Reactions involving lipase-catalyzed interesterification of lipids. which are of commendable
interest in biotechnology, have been monitored and assayed by radiochemical methods using
"“C-labeled substrates. Medium chain (C,, plus C,,) triacylglycerols were reacted in the presence
of an immobilized lipase from Mucor miehei and hexane at 45 °C with methyl [1-"*Cloleate.
[1-"*CJoleic acid, [carboxyl-"*C]trioleoylglycerol, [1-"*CJoctadecenyl alcohol, and [U-"'C]glycerol,
each of known specific activity. The reactions were monitored and the rate of interesterification
determined by radio thin layer chromatography from the incorporation of radioactivity into acyl
moieties of triacylglycerols (from methyl oleate, oleic acid, and trioleoylglycerol), alkyl moieties
of wax esters (from octadecenyl alcohol), and into glycerol backbone of monoacylglycerols and
diacylglycerols (from glycerol).

Introduction esterification of lipids using “C-labeled substrates.
Using these methods the performance of an im-
mobilized microbial lipase was evaluated. The en-
zyme employed is an sn-1,3 specific lipase from Mucor
miehei, supported on a macroporous anion exchange
resin (Lipozyme). Triacylglycerols of ucuhuba (Virola
surinamensis) seed, which are mostly composed of
medium chain (lauroyl and myristoyl) acyl moieties,
were interesterified in hexane at equal molar ratios
with methyl [1-"Cloleate, [1-"Cloleic acid, [car-
boxyl-"*C]trioleoylglycerol, [1-"*CJoctadecenyl al-
cohol and [U-"C]glycerol, each of known specific ac-
tivity, and the products were analyzed by radio thin
layer chromatography (TLC).

The hydrolysis of acyl moieties of triacylglycerols
catalyzed by lipases (triacylglycerol acylhydrolases
EC 3.1.1.3) may be reversed under certain condi-
tions to yield a variety of esters from glycerol and
fatty acids [1]. This possibility has opened a new
avenue for biotechnology in the oils and fats indus-
tries. One of the reactions that can be carried out by
lipase catalysis, with certain advantages over the
chemical catalysis, is the interesterification of triacyl-
glycerols. Chemically catalyzed interesterification
leads to a randomization in the distribution of acyl
moieties in the triacylglycerol molecules, whereas
interesterification catalyzed by an sn-1.3 specific
lipase ensures the exchange of acyl moieties exclu-
sively in the sn-1 and sn-3 positions, giving rise to  Experimental
products with characteristics that are different from
those obtained by chemical interesterification [2].
Lipases have been immobilized on inorganic sup-
ports, such as kieselguhr [3, 4], which permits their
use in interesterification carried out in continuous
flow reactors.

We report here radiochemical methods for
monitoring and assaying lipase-catalyzed inter-

Materials

Medium chain (C;, plus C},) triacylglycerols were
isolated from ucuhuba (Virola surinamensis) seeds,
which were collected in the Amazonic region of
Brazil. The composition of the acyl moieties of these
triacylglycerols was: lauroyl (12:0) = 14.3%, myrist-
oyl (14:0) = 71.5%. myristoleoyl (14:1) = 2.2%, pal-
mitoyl (16:0) = 5.5%, stearoyl (18:0) = 0.7%, oleoyl
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submitted to the University of Sdo Paulo, Sio Paulo, ©leate, oleic acid, glycerol, adsorbents for TLC, and

Brazil. analytical grade reagents were from E. Merck AG,
Reprint requests to K. D. Mukherjee. D-6100 Darmstadt. Trioleoylglycerol and octa-
Verlag der Zeitschrift fiir Naturforschung, D-7400 Ttibingen decenyl alcohol were from Sigma Chemie GmbH, D-
0341-0382/87/1100—1285 $ 01.30/0 8024 Deisenhofen.
Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung This work has been digitalized and published in 2013 by Verlag Zeitschrift
@ ® @ in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der fiir Naturforschung in cooperation with the Max Planck Society for the
) Wissenschaften e.V. digitalisiert und unter folgender Lizenz verdffentlicht: Advancement of Science under a Creative Commons Attribution-NoDerivs
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland 3.0 Germany License.
Lizenz.
Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der On 01.01.2015 it is planned to change the License Conditions (the removal
Creative Commons Lizenzbedingung ,Keine Bearbeitung*“) beabsichtigt, of the Creative Commons License condition “no derivative works”). This is
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher to allow reuse in the area of future scientific usage.

Nutzungsformen zu erméglichen.



1286

Methyl [1-"CJoleate was prepared by esterifica-
tion of [1-"*CJoleic acid. 59.7 uCi/umol (Amersham
Buchler, D-3300 Braunschweig). with diazomethane
[5). [carboxyl-"*C]Trioleoylglycerol, 55 uCi/umol,
was from CEA., Gif-sur-yvette, France. [1-*C]Octa-
decenyl alcohol was prepared by reduction of methyl
[1-"CJoleate, 59.7 uCi/umol, with LiAIH, [6].
[U-"C]Glycerol, 152 uCi/umol. was from NEN
Chemicals, D-6072 Dreieich. Radioactively labeled
substances were purified by TLC if required.

Immobilized lipase from Mucor miehei (Lipo-
zyme) was a product of Novo Industrie GmbH,
D-6500 Mainz.

Interesterification reactions

Medium chain triacylglycerols (0.5 mmol) and
0.5 mmol of the reaction partner (methyl oleate,
oleic acid, trioleoylglycerol or octadecenyl alcohol)
were dissolved in 5 ml hexane, to which were added
known amounts (1—2 uCi) of methyl [1-"*C]oleate.
[1-"*C]oleic acid, [carboxyl-"C]trioleoylglycerol or
[1-"*CJoctadecenyl alcohol, respectively. The solu-
tion was then saturated with water at 45 °C. Alterna-
tively, the medium chain triacylglycerols, 0.5 mmol,
dissolved in 5 ml hexane, were saturated with water
at 45 °C and to this solution was added 0.5 mmol
glycerol containing a known amount (2 uCi)
[U-"C]glycerol. Lipozyme (10% of the weight of the
reactants was added to each reaction mixture, which
was stirred at 45 °C. Samples were withdrawn from
the reaction mixture after 2, 4, and 8 h, water
(2 drops) was added, and the aqueous phase contain-
ing Lipozyme was removed by centrifugation.

Analysis of reaction products

The products of interesterification of medium
chain triacylglycerols with each of the following
isotopically labeled reaction partners were analyzed
as described below.

Methyl [1-"*CJoleate

The products were fractionated by TLC on Silica
Gel H as follows. The thin layer chromatograms
were first developed twice with diethyl ether up to a
height of 2 cm, then up to 19 cm with hexane : diethyl
ether (90:10), and finally up to 19 cm with hexane:
diethyl ether:acetic acid (70:30:1). Thin layer
chromatograms were assayed by means of a Berthold
TLC-Scanner LB 2760 (BF-Vertriebsgesellschaft,
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D-7547 Wildbad). Alternatively, the lipids were
stained with iodine vapor. the fractions correspond-
ing to methyl esters. triacylglycerols, unesterified fat-
ty acids, diacylglycerols, and monoacylglycerols were
scraped off, and the radioactivity present in each
fraction was determined in a Packard Tri-Carb
C 2425 liquid scintillation spectrometer (Packard
Instruments Company, Inc., Downers Grove, IlI.,
USA). A mixture (1:1) of Aquasol-2 (NEN Chemi-
cals GmbH) and Toluene Scintillator (Packard In-
struments Company, Inc.) was used as scintillation
solution. The amount of methyl oleate, that was ex-
changed against the medium chain acyl moieties of
the triacylglycerols was calculated from the total
radioactivity due to [1-"*Cloleoyl moieties incorpo-
rated into the triacylglycerols.

In addition, triacylglycerols were isolated from the
reaction mixture by TLC and the positional distribu-
tion of labeled acyl moieties was determined by
hydrolysis with pancreatic lipase [7] and radio-TLC
on Silica Gel H impregnated with boric acid [8].

[1-*C]Oleic acid

The products of interesterification were fraction-
ated by TLC, the fractions of unesterified fatty acids,
triacylglycerols, diacylglycerols, and monoacylglyc-
erols were scraped off, and the radioactivity in each
of the fractions was measured as described above.
The amount of oleic acid, that was exchanged against
the acyl moieties of the medium chain triacylglyc-
erols, was calculated from the total radioactivity due
to [1-"*CJoleoyl moieties incorporated into the tri-
acylglycerol fraction.

[Carboxyl-"*C]trioleoylglycerol

The triacylglycerols in the interesterification prod-
ucts were fractionated by argentation-TLC on Silica
Gel G containing 20% (w/w) silver nitrate. The thin
layer chromatograms were developed twice with
hexane :diethyl ether:methanol (80:20:0.1). The
fractions corresponding to triacylglycerols containing
none, 1, 2, and 3 olefinic bonds per molecule were
detected under UV light after spraying with 0.2%
(w/v) ethanolic 2.7-dichlorofluorescein. The chro-
matograms were scanned as described, the fractions
were scraped off, and the radioactivity present in
each fraction was measured using Toluene Scintil-
lator. The amount of trioleoylglycerol interesterified
with the medium chain triacylglycerols was calcu-
lated from the total radioactivity due to [1-"*CJoleoyl
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moieties incorporated into the fractions correspond-
ing to triacylglycerols containing 1 and 2 double
bonds per molecule.

[1-"*C]Octadecenyl alcohol

The products formed by interesterification were
fractionated by TLC on Silica Gel H with hexane:
diethyl ether:acetic acid (80:20:1). Thin layer
chromatograms were scanned and the fractions of
wax esters, long chain alcohol, and those of triacyl-
glycerols, diacylglycerols. and monoacylglycerols,
taken together, were scraped off and the radioactivi-
ty was determined by liquid scintillation as described
above. The amount of octadecenyl alcohol, to which
the acyl moieties of medium chain triacylglycerols
were transferred, was calculated from the radioactiv-
ity due to [I1-"CJoctadecenyl moieties in the wax
ester fraction.

[U-"*C]Glycerol

The samples were diluted to a known volume with
hexane and radioactivity was directly measured in an
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Scheme 1. Simplified scheme of interesterification reactions.
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aliquot. The amount of glycerol, to which the
medium chain acyl moieties of triacylglycerols were
transferred, was calculated from the total radioactivi-
ty in the aliquots due to the [U-"*C]glycerol back-
bone in monoacylglycerols and diacylglycerols. In
addition, the products of interesterification were
fractionated by TLC as described for methyl [1-"*C]-
oleate; triacylglycerols, diacylglycerols, and mono-
acylglycerols were scraped off and the radioactivity
in each of these fractions was determined.

Results and Discussion

Interesterification reactions of the medium chain
triacylglycerols, containing 90% lauroyl and myrist-
oyl moieties, with isotopically labeled reaction part-
ners were carried out in hexane using an sn-1,3
specific lipase from Mucor miehei, immobilized on
macroporous anion exchange resin. The reactions
involved and the expected products are shown in
Scheme 1 in a simplified form.

The interesterification of medium chain triacyl-
glycerols with methyl [1-"*CJoleate should result in
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the transfer of [1-"*CJoleoyl moieties to sn-1 and sn-3
positions of triacylglycerols and concomitant forma-
tion of unlabeled methyl laurate and methyl myris-
tate (Scheme 1). The radio scans of a thin layer chro-
matogram of the products of interesterification after
various reaction periods are shown in Fig. 1. It can
be observed that the radioactivity initially present in
the methyl ester fraction is gradually transferred to
the triacylglycerol fraction. The scans given in Fig. 1
show that radioactivity is also present in the fractions
corresponding to unesterified fatty acids and diacyl-
glycerols, which is explained by hydrolysis of the
labeled triacylglycerols formed, hydrolysis of labeled
methyl oleate, and interesterification of labeled
diacylglycerols formed by hydrolysis of triacylglyc-
erols. The rates of interesterification, calculated
from the radioactivity due to incorporation of
[1-"C]oleoyl moieties from methyl oleate are plotted
in Fig. 2. The positional specificity of the inter-
esterification reaction is evidenced by pancreatic
lipase-catalyzed hydrolysis of the triacylglycerols iso-
lated from the reaction mixture after 2 h of inter-

———
e —
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Fig. 1. Scan of a thin layer chromatogram showing the
distribution of radioactivity in the products formed during
the interesterification of medium chain triacylglycerols
(0.5 mmol) with methyl oleate (0.5 mmol) containing 1 uCi
methyl [1-""Cloleate. A = Diacylglycerols: B = unesterified
fatty acids: C = triacylglycerols: D = methyl esters.
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Fig. 2. Rates of interesterification of medium chain triacyl-
glycerols with methyl [1-""Cloleate (@), [1-"*Cloleic acid
(0), [carboxyl-"*C]trioleoylglycerol  (O), [1-"*Clocta-
decenyl alcohol (M), and [U-"C]glycerol (A).

esterification and analysis of the hydrolysis products
by TLC. In the products of hydrolysis most of the
radioactivity (> 90%) was found to be located in
sn-1,2(2,3)-diacylglycerols and fatty acids liberated
from sn-1 and sn-3 positions of triacylglycerols,
whereas the sn-2-monoacylglycerols contained very
little radioactivity.

The lipase-catalyzed interesterification of the
medium chain triacylglycerols with [1-"*C]oleic acid
should result in the transfer of [1-"*C]oleoyl moieties
to sn-1 and sn-3 positions of triacylglycerols and con-
comitant formation of lauric and myristic acids, as
outlined in Scheme 1. The rate of this interesterifica-
tion, calculated from the incorporation of radioactiv-
ity into triacylglycerols. is found to be similar to that
of the reaction with methyl [1-"*C]Joleate, as shown in
Fig. 2. It can also be observed that the reaction
reaches an equilibrium after 4 h. The positional
specificity of this interesterification is also evidenced
as described above for methyl [1-"*CJoleate.

Interesterification of triacylglycerols containing
saturated medium chain acyl moieties with [carboxyl-
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"C]trioleoylglycerol should result in an exchange of
[1-"*C]loleoyl moieties at the sn-1 and sn-3 positions
of the triacylglycerols. Consequently, isotopically
labeled triacylglycerols containing 1 and 2 olefinic
bonds per molecule, not present in the initial mix-
ture, are formed, as shown in Table I. The rate of
this interesterification reaction, determined from the
radioactivity due to incorporation of [1-"*CJoleoyl
moieties into triacylglycerols containing 1 and 2
olefinic bonds per molecule, is found to be similar to
those of the reactions with methyl [1-"*C]oleate and
[1-"*Cloleic acid (Fig. 2). The positional specificity of
this interesterification is also evidenced by pancreatic
lipase-catalyzed hydrolysis of the molecular species
of triacylglycerols containing 1 and 2 double bonds,
as described above for methyl [1-"*C]oleate.

Table 1. Composition (%) of molecular species of “C-
labeled triacylglycerols formed during interesterification of
medium chain triacylglycerols with [carboxyl-"*C]trioleoyl-
glycerol.

Composition [%]
Time of Molecular species of *C-labeled triacylglycerols

reaction fractionated according to number of double bonds
(h) 0 1 2 3

0 0 0 0 100

2 traces 16 32 52

4 traces 19 41 40

8 traces 20 44 36

As outlined in Scheme 1, interesterification of
medium chain triacylglycerols with [1-"*C]octa-
decenyl alcohol, catalyzed by the sn-1,3 specific
lipase from M. miehei, should give rise to [1-"*CJocta-
decenyl laurate and [1-"*CJoctadecenyl myristate.
Concomitantly, nonradioactive sn-1,2-(2,3)-diacyl-
glycerols and sn-2-monoacylglycerols should be
formed. The radio scans of a thin layer chromato-
gram of the products of interesterification (Fig. 3)
show a gradual transfer of radioactivity from the long
chain alcohol fraction to the wax esters, that are not
present in the initial mixture. The rate of this inter-
esterification, determined from the incorporation of
radioactivity due to [1-"*CJoctadecenyl moieties from
octadecenyl alcohol into the wax esters, is found to
be the highest among all the reactions investigated
(Fig. 2). Similar to other reactions, an equilibrium is
reached after 4 h of interesterification. Positional

1289

specificity of this interesterification has been estab-
lished in separate experiments by comparing the
composition of the acyl moieties of wax esters
formed with that of the acyl moieties at the sn-1-(3)-
positions of the medium chain triacylglycerols (J.
Agric. Food Chem., in press).

Interesterification of medium chain triacylglyc-
erols with [U-"C]glycerol, catalyzed by the sn-1,3
specific lipase from M. miehei, yields a mixture of
HC-labeled sn-1-(3)-monoacylglycerols and sn-1,3-
diacylglycerols and unlabeled sn-1,2-(2,3)-diacylglyc-
erols as well as sn-2-monoacylglycerols. Radio TLC
of the products on layers of Silica Gel H containing
boric acid [8] confirmed the presence of radioactivity
almost exclusively in sn-1,3-diacylglycerols and sn-
1-(3)-monoacylglycerols, which shows that the trans-
fer of acyl moieties occurs specifically to the sn-1 and
sn-3 positions of glycerol. The rate of interesterifica-
tion, determined from the radioactivity due to the
[U-"C]glycerol backbone in monoacylglycerols and
diacylglycerols, is found to be the lowest of all the
reactions investigated (Fig. 2).
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Fig. 3. Scan of a thin layer chromatogram showing the
distribution of radioactivity in the products formed during
the interesterification of medium chain triacylglycerols
(0.5 mmol) with octadecenyl alcohol (0.5 mmol) contain-
ing 2 uCi [1-""Cloctadecenyl alcohol. A = Long chain
alcohol; B = wax esters.
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The radiochemical methods described in the pres-
ent study should be widely applicable to the assay of
lipase-catalyzed reactions for biotechnological proc-
esses, such as interesterification, esterification, and
hydrolysis of lipids. The methods involving TLC in
conjunction with gas chromatography as well as
those using high performance liquid chromatography
are generally used for assay of the rates and products
of interesterification reactions. Although these
methods enable a detailed characterization of the
products of interesterification as compared to
radiochemical methods described here, the latter, ac-
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cording to our experience are quite simple, rapid,
and accurate techniques for determining the overall
rates of interesterification. A major advantage of the
radiochemical methods is the accuracy in the deter-
mination of positional specificities of lipase-catalyzed
reactions.
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