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Lipolytic Properties of Candida Cylindracea Lipase Toward
Triacylglycerols with Different Fatty Acyl Chains
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Lipolytic characteristics of candia cylindracea lipase was studied by various triacyiglycerols
with different fatty acyl chains as substrate. The substrate was emulsified with gum arabic and
the rate of hydrolysis was determined by pH stat method. The effects of gum concentration,
pH, temperature, and Ca’* ion on the enzyme activities were examined. The results show that
the effect of these factors are markedly depending on the structural nature of substrates. The
triolein was the best substrate among tested. Present study demonstrates that for characterization
of lipolytic enzymes, it is critically important to select proper substrate and activator.
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Generally lipases (EC 3.1.1.3) catalyze the
hydrolysis of ester bonds in triacylglycerols to
yield free fatty acids, di- and monoacylglycerols,
and glycerols (5). Some lipases from Rhizopus
arrhizus, Rhizopus delemar, and Asperillus niger
have a marked specificity for the external of a-
position of triacylglycerols (2, 13). The lipase from
yeast Candida cylindracea has no positional
specificity, however it is known to be particularly
active on long chain triacylglycerols (3) like the
lipases from Geotrichum candidum and Penycillium
cyclopium. The Candida cylindracea enzyme also
catalyzes the hydrolysis of simple synthetic esters
such as fatty acid methyl esters and p-nitrophenyl
acetate (6). Additionally, this lipase has been
shown to catalyze the synthesis of esters in non-
aqueous media. Several biotechnological appli-
cations have been investigated in interesterifi-
cation (1), ester synthesis (7), and sterco selective
hydrolysis of esters (7, 10).

One of the characteristic features of lipolytic
enzymes is their activation by interfaces (17). As
the reaction of lipase proceeds in a heterogeneous
system, its activity toward substrate depend on the
physical properties of lipid-water interface. The
optimum pH for the hydrolysis of olive oil
catalyzed by Candida cylindracea lipase depended
on the assay methods which were using
polyvinylalcohol-emulsified system or a shaken
system without emulsifier (15). Therefore it is
desirable to define and select carefully the
physical state of lipid substrate in order to have
a clearcut result. In this report, lipolytic capability
of Candida cylindracea lipase was studied with
triacylglycerols  emulsified with gum. The
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triacylglycerols empolyed here have different
lengths of fatty acyl groups containing saturated
or unsaturated hydrocarbon chains. The results
revealed that some characteristics of the enzyme
such as optimum temperature and pH depended
largely on the structural nature of the substrates.
For comparison. kinetic parameters of the
different substrates were obtained under the
defined assay conditions.

MATERIALS AND METHODS

Materials

Lipase from Candida cylindracea(Type VII, 700-
1500 U/mg solid) was obtained from Sigma. This
lipase was partially purified by ion exchange
chromatography (DEAE-cellulose) as described by
Brahimi-Horn(6). The major single peak was used
as the enzyme source. Tributyrin(C 4:0), tristearin
(C 18:0), triarachidin(C 20:0), triolein(C 18:1,
[cis]-9), and tricicosenoin{C 20:1, [cis]-11) were
also purchased from Sigma. Gum arabic with
average molecular weight of 250 K dalton was
purchased from Fluka. All other chemicals were
reagent grade commercially available.
Preparation of Substrates

The substrate emulsion was
ultrasonication of triacylglycerols for about 3
minutes in a 2mM Tris-sHCl buffer(pH 7.0)
containing 2 mM CaCl,. 150 mM NaCl and 0.1%
gum arabic. In this reaction mixture, the molar
ratio of gum arabic to substrate was 1:60 for
tributyrin and [:130 for tristearin, triarachidin,
triolein, and trieicosenoin. Sonications with
microtip (S&M VC 500 sonicator) were carried

prepared by
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out at room temperature for tributyrin and
triolein, at 63°C for tristearin and triarachidine,
and in ice bath for trieicosenoin. In the pH
dependence experiment, 2 mM Tris-maleate buffer
was used instead of 2 mM Tris-HCl buffer.
Kinetics of lipolysis

The lipase activity was determined by pH stat
titration of liberated fatty acids with a autoti-
troprocessor(Metrohm, 670 Titroprocessor) (4).
NaOH solution of 0.0144 M was used as titrant.
Aproximately 2.5-5.0 m/ of substrate emulsion was
preincubated for 3 minutes at 37°C and in order
to measure the rate of autohydrolysis, autotitration
was carried out for another 3 minutes before
addition of lipase. Then 0.1-0.4 mg of lipase was
added and autotitration was started at the pH 7.0
for 3 minutes. The rate of hydrolysis was
calculated from the slope of titration curve and
the rate of autohydrolysis was subtracted. Activity
is defined as pmols of fatty acids liberated per
mg protein per minute.

RESULTS AND DISCUSSION

Effect of gum in the lipolytic activity

The Candida cylindracea lipase activity toward
various triacylglycerols were examined under the
assay condition of gum emulsification. The effect
of gum on the lipolytic activities are summarized
in Fig. 1. The lipase activities toward tristearin
and triarachidin which contained saturated fatty
acids were activated by gum and showed optimum
gum concentraions, however the toward triolein
and trieicosenoin which contained unsaturated
fatty acids were not activated but rather inhibited
by gum. The optimum molar ratios of gum to
triacylglycerols that contain saturated fatty acyl
moiety were 1:2600 for tributyrin(data not shown),
1:350 for tristearin and 1:150 for triarachidin. The
ratio revealed that when the chain length of fatty
acid increased. the molar ratio decreased
accordingly. This means that longer fatty acyl
group requires more amount of gum for the
optimal activity. Two factors can be accounted
for the effect of gum on the lipase action. One
is the affinity of the enzyme for the emulsified
substrate droplets and the other is the ability of
the enzyme to hydrolyze the substrate lipid in
emulsion particle (I11). Therefore, in the case of
triacylglycerols with saturated fatty acids, it could
be postulated that the binding affinity of lipase
to the interface is activated by gum or that
triacylglycerol molecules in the emulsion with
gum are favorably oriented to the lipase compared
to those without gum. In the case of
triacylglycerols with unsaturated fatty acids, the
inhibitory effect of gum could be said opposite
to what observed with saturated fatty acid. For
routine assay, the amount of gum in the reaction
mixture was maintained at 0.1% by weight. This
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Fig. 1. Effects of gum arabic on the acuvities of
Candida cylindracea lipase toward tristearin(a),
trigractidinC, triolein(®), and trieicosenoin{+).
Substrate concentrations in the hydrolysis of
tristearin, triarachidin, triolein and trieicosenoin
were 0685 06 1.2 and 1.2 mM. respectively.
Activities were expressed as relative activity (%)
of highest value(O.15 umol/mg/min for -
stearin,  0.088 umol/mg/min for triarachicin,
7.83 umol/mg/min for triolein, and 056 u
mol/ma/min for trieicosencin in each curve.

was necessary to provide a good dispersed
reaction mixtare and to achieve a reproducible
result, although most of substrates at this gum
concentration exhibit inhibitory effect in the
activities except the triarachidin which showed
maximum activity at this condition. However the
triarachidin showed the lowest observed activity
among the substrates we examined. The enzyme
properties derived from the gum emulstfied
system were expressed by relative activities, but
the observed activities were included in the legend
of cach figure when necessary.

Effects of different fatty acyl groups

The pH rprofiles of the hydrolysis of tri-
acylglycerols  were  examined (Fig. 2). The
profiles of triacylglycerols with saturated fatty
acids showed broad peak at basic pH and those
of unsaturated fatty acids showed sharp peak at
pH 7.5 for triolcin and pH 7.7 for tricicosenoin.
Therefore, it indicates that the effects of chain
length on the pH pattern of the hydrolysis of
triacylglycerols are different in detail, but the
optimal pHs are similar to each other except the
tristearin. The pH optimum of tristearin is shifted
to more basic than the other substrates.

Fig. 3 shows the cffect of temperature on the
hydrolysis  of triacylglycerols.  The optimum
temperatures or triacylglycerols which contain
saturated fatty acyl moiety werc higher compared
to those which contain unsaturated fatty acyl
moiety of same chain length. The optimum
temperaturcs  observed for tributyrin, tristearin.
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Fig. 2. pH profiles of hydrolysis of tnacylglycerols:
wibutyrin/Wy,  tristearin{+); triarachidin(®;  trio-
lein{T), trieicosenoin(X). Activities were ex-
pressed as relative actvity(%) of highest value
(104 umol/mg/min  for trnbutyrin, 0423 u
mol/mg/min  for tristearin, 0.097 umol/mg/
min for triarachidin, 4.85 ymol/mg/min  for
triolein, and 0.53 pmol/mg/min for
trieicosenoin) in each curve.

and triarachidin were 40°C, 63°C and 63°C,
respectively and the optimum temperature for
triolein was 29°C. For the hydrolysis of trie-
iconsenoin, the lipase activity increased with
decreasing temperature down to 6°C and below
this temperature the lipase activity toward
triciconsenoin  could not be measured. The
optimum temperature of 63°C for tristearin and
triarachidin was similar to the result of Sugiura
and Isobe (14). They reported that the rates of
Chromobacterium  viscosum  lipase  catalyzed
hydrolysis of triacylglycerols having saturated fat-
ty acids increased with increasing reaction
temperature  until  60°C, especially for tri-
acylglycerols of long-chain fatty acids. These
findings can be explained as following points of
view. In the case of triacylglycerols with saturated
fatty acids, the substrate molecules in the
cmulsion with gum are highly packed for their
long hydrophobic chains and then hardly
accessible to the enzyme at relatively low
temperature. Therefore it is required a relative-
ly high- temperaturc to become movable and
accessible to the cnzyme. In the case of tri-
acylglycerols with unsaturated fatty acids, even
at relatively low temperature, the substrate
molecules in the emulsion could be movable and
then accessible easily to the enzyme. In other
words. the differences of the activities could be
originated from the different physical states of
lipid-water interface of emulsions because of the
differences in the fatty acyl groups of tri-
acylglycerols.

Due to the difterence in unsaturation of fatty
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Fig. 3. £ffects of temperature on the hydrolysis of
triacylglycerols: tributyrin(), tristearin{+). tria-
rachidin(®,;  triolein(y,  tneicosenoin(X).  Actr-
vities were expressed as relative activity of
highest vaiue(10.6 umol/mg/min for tributyrin,
0.508 umol/mg/min for tristearin, 0.27 umo/
/mg/min for triarachidin, 6.90 umol/mg/min
for wriolein,  and 026 umol/mg/min  for
trieicosenoin) in each curve
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8. 4. Effects of calcium fon on the lpase activities
toward tnstearin(B) and triolein(J). Activities
were expressed as relative activity(%) of the
activity of tristearinf0.217 umol/mg/min) and
triofein({1.66 umol/mg/min) without calcium
ion.

acyl chains, the following two effects were also
observed. One is the effect of calcium ion on the
hydrolysis of triolein and tristearin (Fig. 4). The
hydrolysis of triolein was activated 1.9 fold by
addition of less than 1 mM calcium ion, whereas
the hydrolysis of tristearin was not affected by
calcium ion. The other one is the effects of NaCl
or. the hydrolvsis of triolein, tristearin. and
triarachidin (Fig. 5). The hydrolysis of triolein was
not affected by NaCl but those of tristearin and
triarachidin were inhibited upto 50% at 150 mM
NaCl.
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Fig. 5. Effects of NaCl on the lpase activities toward
tristearin(W).  triarachidin(TY)  and  triolein(*).
Activities were expressed as relative activity(%)
of tristearinfO.414 umol/mg/min), triarachidin
(0.270 umol/mg/min), and triolein(3.72 ymoi
/mg/min) without any added NaCl

Kinetic parameters

A Kinteic study of the Candida cylimdracea
lipase toward the series of triacylglycerols were
carried out in the presence of 0.1% gum at pH
7.0 and 37°C. Fig. 6A shows substrate dependence
of the enzyme catalyzed hydrolysis of tristearin.
It shows ideal Michaelis-Menten curve. Line-
weaver-Burk plot of data of Fig. 6A was plotted
in Fig. 6B. From its slope and intercept. K,, and
Voo values were obtained as 1.3mM and 13y
mol/mg/min, respectively. Kinetic parameters of
the other triacylglycerols were collected in
Table L.

The K, values were decreased dramatically
when the length of fatty acyl chain increased from
C4 to Cix or Cy, indicating better binding for the
long chain triglycerides than the one with short
chain. However the V,.. value of tributyrine was
much higher than that of the long chain
substrates. This means that the hydrolysis product
butyrate of triburtyrine is a good leaving group
although the tributyrine bind poorly to the
enzyme. In other word, the long chain
triglycerides bind tightly to the enzyme but the
end products, long fatty acids, are poor leaving
groups. The V,,. values also reveal another
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g. 6. Candide cylindracea lpase activity toward tri-
stearin. A: Substrate dependence. B: Line-
weaver-Burk plot.

interesting  point. That is the significant
differences of V,. values when ccompared the
saturated triglvcerides to the unsaturated one with
same length of fatty acyl chains. The hydrolysis
rates of unsaturated substrates are several fold
(3~10) faster than that of the saturated one. This
observation can be explained again that the
unsaturated fatty acids are better leaving groups
than the saturated fatty acids. All of these findings
can be summed up by the ratio of V,../K,.. This
ratio is considered a parameter for enzyme
efficiency to « specific substrate. It turns out to
be that the triolein shows the largest ratio. This
implics the triolein is the best substrate for the
enzyme among those tested. This substrate

Table 1. Kinevc parameters of Candida cylindracea lipase catalyzed hydrolysis of triacylglycerols

Saturated Acyl Chain

Unsaturated Acyl Chain

Tributyrin Tristearin Triarachidin Triolein Tricicosenoin
(Cao) (Cizo) (Caon) (Cira) (Cao)
K..(mM) 1.3 0.087 0.16 0.23 0.094
Vet mol/min/mg) 13 0.31 0.14 30 0.47
Vo Ko 10 3.6 0.88 13 5.0
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specificity is comparable to the result that oleic
chain was liberated before stearic acid when
intact olive oil and cocoa butter were used as
substrate (3). Here we ought to point out that the
V,u/Ks values in Table 1 show rather lower limit
values. Since the V,. of each substrate is not
obtained in optimal condition owing to the
defined uniform conditions employed for the
enzyme kinetics. However the ratio would be
expected to increasc if the condition were
reoptimized for each substrate, particularly for
triolein and trieicosenoin because of the shifted
optimal temperature and gum concentration.
Nevertheless the order of the V,,,./K,, determined
in standard conditions would not be altered by
the reoptimization.

Enzymatic activation of many lipolytic enzymes
has been shown to affected by various surface
active rcagents (8. 12.16). These phenomena
suggest that the rates of enzymic hydrolysis are
largely dependent on the physical state of the
lipid substrates. The present results also show that
the hydrolytic activity of Candida cylindracea
lipase is affected by gum concentration as well
as the structural nature of the substrates. Thereby
the apparent characteristics of the lipase such as
optima of temperature and pH may be different
from each other depending on what kind of

substrate we are employing. Therefore it is
advisable to be take care of this subtle
relationship  between ecnzyme activity and

substrate when characterizing a lipolytic enzyme.
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