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ABSTRACT

A Phosphollpase Al which is capable of hydrolyzing a
phospholipid to produce a 2-acyl ly90phosphollp1d and is
obtainable from species of the fungus Agpergillus.
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NOVEL PHOSPHOLIPASE A1l

PROCESS FOR ITS

PREPARATION AND THE USE THEREOF

Background ggthe"lnzéntion

e

The present 1nvention relates to an enzyme capable
of hydrolysing the l-acyl group of a phospholipid, that is
'a Phospholipase Al, as well as to processes for the
production and to the use of such an enzyme.

Phospholipases are enzymes which act on
phospholipids: they are selective enzymes which are
clagsified according to their site of action in the
phospholipid molecule. Thus, a Phospholipase Al
hydroleea the_l%acyl g?oup of a phospholipid, i.e. it
hydrolyzes the;bOnd between_the fatty acid and the
glycerine regidue at théfl-pOSition of the phospholipid.
A Phospholipaéé A2 hydrOlyZes the,z?acyl, Oor central acyl,
group and_PhOSph01ipases C and D, which are also known as
phosphodiesterases, cleave on the two sides of the
phosphodiesterx linkage..'

The hydroleis of a phospholipid by a phospholipase
results in the production of a so-called
"lysophospholipid". Selective hydrolysis of a
phospholipid substrate with a_PHospholipase Al produces a
2-acyl lysophospholipid’and gselective hydrolysis of a
phospholipid with a PhoSpholipase'Az results in the
production of a l-acyl lysophospholipid.

Although phospholipids are used industrially,
lysophospholipids have been shown to be more suitable in
certain respects for industrial application. Thus,
lysophospholipids show an increased solubility in water,
thereby giving them enhanced emulsification properties in
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oil/water emulsions and an ability to form emulsions which

are more stable to changing pH conditions, for example
which are stable under acid conditions, and to changing

Cemperatures. Furthermore, the ability of the

lysophospholipid to form an emulsion is not reduced by the
presence of ions, such as magnesium or calcium ions.

These superior properties of the lysophospholipids
means that they are particularly suited for use in many
industrial applications, such as in food technology, or in
the cosmetics and pharmaceutical industries. It has been
shown, furthermore, that the conversion of a phospholipid
to a lysophospholipid in phospholipid containing
substances, such as food products, generally leads to an
improvement of certain of the properties of those
subgtances. Thus, for example, a dough formed from wheat
flour which contains lysophospholipids is less sticky than
a dough in which the wheat flour does not contain any
lysophospholipids. However, it 1s not yet clear whether
these improvemente, such as that to the dough, are
attributable to the presence of the lysophospholipids
alone, or to a synergistic reaction of the
lysophospholipids with other substances in the product.

Lecithin is a'typical phogpholipid widely used in
industry, for example in food technology, in animal feed
products and in pharmaceutical preparations. Lecithin is
a surface active agent, it has antioxidant activity and
physiological activating action, as well as other
properties. However, an emulsion containing lecithin is
legs stable than emulsions containing other surface active
agents, and this is particularly demonstrated in food |
technology. Enzymatic hydrolysis of a phospholipid, such
as lecithin, to convert at least part of it to a
lysophospholipid, has been shown to improve these
properties, and thus to enhance the value of the resulting
lecithin derivative.
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Enzymatic hydrolysis of a phospholipid, using a
phospholipase igolated from a micro-organism, 138 known.
Such hydrolysis using a Phospholipase A is described in,
for example, Japanese Unexamined Patent Publication No.
Sho-58-212783, and the hydrolysis using a lipase is

desribed in Japanese Unexamined Patent Publication No,
Sho-63-42621. Furthermore, the enzyme Taka-Diastase”,
which was isolated from the so-called "enzyme treasure

chegt" gpecies of Aspergillus, A. oryzae [Biochem. Z., 261

(1933) 275], has demonstrated a lipase activity which is
capable of hydrolysing a phospholipid. The most commonly
used phospholipase in the industrial hydrolysig of
phospholipids i1s, however, pancreatin, an enzyme which is

prepared from the pancreas of pigs and which demonstrates
the activity of a Phospholipase A2.

The enzymes isolated from micro-organisms have been
shown to have lesgs activity than porcine pancreatic
Phospholipase A2. Other enzymes, such as the lipases,
have a lower substrate sgspecificity as well as additional
disadvantages, including a poor yield of lysophospholipid
and a lower guality of lysophospholipid final product, due
to the presence of by-products. Although the generic term
"lipase" may appear to include phospholipases, in fact,
the enzymatic activities are distinct, particularly in
that the phospholipases are more selective in their sgite
of hydrolysis than the lipases. It is furthermore
apparent that some enzymes which demonstrate the activity
of a phospholipase also demonstrate a separate activity
which is classified as the activity of a lipase. This is
more clearly demonstrated in the Examples to the present
application.

Although pancreatin has better properties than those
prior art enzymes isolated from micro-organisms,
hydrolysis of a phospholipid using pancreatin has many
disadvantages.
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Firstly, it is necessary to make continual
adjustments to the pH of the reaction mixture during
hydrolysis of a phospholipid substrate with porcine
pancreatic Phospholipase A2. The optimum pH for activity
of pancreatin is in the range from neutral to weakly
alkaline. During the hydrolysis reaction, however, the
release of free fatty acids causes the pH to drop, that ig
it increases the acidity of the reaction mixture, so that,
unless counter action is taken, the mixture may become
acidic, and therefore outside'the optimum pH for activity
of the enzyme. The pH of the reaction must, therefore, be
monitored carefully throughout the reaction, and it must
be adjusted whenever necessary.'An additional problem
agsgociated with this constant adjustment of the pH is the
resulting need to remove from the final product at the end
of the reaction those subgtances which were added to
adjust the pH during the reaction.

A second problem is that pancreatin is very stable,
both to heat treatment and to organic solvents, and it is
therefore very difficult to de-activate the enzyme. This
means that removal of residual Phospholipase A2 from the
hydrolysis mixture at the end of the reaction is very
difficult. The presence of regidual Phospholipase A2 in
the final product, in combination with any original
phospholipid substrate not hydrolyzed during the reaction,
leaveg a potential for further reaction of the residual
enzyme on the remaining substrate. The continuing
activity of the phospholipase in the product results in
the releage 0of free fatty acidg into the final product,
resulting in a progregsive change in the properties of the
product. This clearly may decrease the value of the final
product.

Traditionally heat treatment has been used in
processges involving the use of enzymes to de-activate the
residual enzyme. However, porcine pancreatic '
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Phospholipase A2 ig not sufficiently de-activated by heat
treatment, and even treatment of the enzyme at a
temperature of 95°C for 30 minutes will not sufficiently
de-activate the residual enzyme. The use of a higher
temperature is impossible in view of the sensitivity of
the phospholipid and free fatty acids to heat; these two

substances are damaged or broken down at temperatures of
around 120°C.

Various solutions to these two major problems have
been proposed. Thus, solvént fractionation has been used
to remove substances added in order to adjust the pH, as
degcribed in U.S. Patent Specification No. 3,652,397.
Alternatively, the enzymatic reaction has been carried out
in a non-ionic, non-polar organic solvent, in order to
reduce the pH problem [Japanese Unexamined Patent
Publication No. Hei-3-98590]. A further proposal to
overcome the pH problem is described in Japanese
Unexamined Patent Publication No. Sho-62-14790 and in
Japanese Patent Publication No. Hei-4-81431, which demand
that a compound i1s added to the reaction which reacts with
any free fatty acid in the reaction mixture to form a
water ingoluble metallic socap. The problem of
de-activation of the residual enzyme has been addressed by
a variety of methods, for example: by a combination of
golvent fractionation, using a variety of solvehts, and
column chromatography, using silica gel, for example: or
by-drying the phospholipid after treatment with a
Phospholipase A2, followed by fractionation using a polar
gsolvent [Japanese Unexamined Patent Publication No.
Sho-62-262998]. A further method, described in Japanese
Unexamined Patent Publication No. Sho-63-233750, involves
the treatment of the Phospholipase A2 in the reaction
product with a protease, followed by de-activation of the

proteage hy heat treatment.

The golutions so far proposed to solve the problems
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associated with the use of porcine pancreatic Phospholipase

A2 are, however, time consuming, costly and 1ntricate.

They may also result in a lower yield and affect the safety

of the final product.

There remains, therefore, a need for a method for the

production of lysophospholipids which can be used with

confidence in many commercial and industrilial applications.

The present invention provides a solution to the many

problems identified above by providing a novel enzyme
preparation which hydrolyzes a phospholipid to produce a
lysophospholipid, which enzyme preparation 1s not
dramatically affected by pH, and which is readily de-

activated at temperatures which do not have a deleterilous

effect on the phospholipid or fatty acids 1in the reaction

mixture, which enzyme preparation also has other valuable

properties.

Summary of the Invention

Thus, the present invention provides Phospholipase Al
obtainable from species of the fungus Aspergillus.

The present invention also provides the use of
Phospholipase Al obtainable from species of the fungus
Aspergillus in the preparation of a lysophospholipid from a

phospholipid.

More specifically, the present invention provides a

Phospholipase Al obtained from species of the fungus
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Aspergillus, having the following characteristics which

hydrolyzes phospholipid between apbout pH 2.5 and about pH

6.0, having a stability to a temperature of an upper limit

F

of between 45° and 90°C, which is stable at a temperature

F‘

of less than 90°C, which has a molecular weight of between

—-—-

about 30,000 and 40,000 daltons, as determined by sodium

dodecyl sulfate polyacrvlamide gel electrophoresis, which

has pl under isoelectric point electrophoresis at about pH
2.8 to about pH 4.5, which has an optimum pH for activity
of from pH 3.2 to about pH 5.5, and which has an optimum
temperature for activity of from about 30" to 65°C.

The present invent_on furthermore provides a process

for the preparation of a Phospholipase Al as well as a

ﬁ

process for the preparation of a lysophospholipid from a

phospholipid, which processes are described 1n greater

detaill hereinafter.

More specifically, the present inventlon provides a
method of preparing a lysophospholipid from a phospholipid
substrate which has a l-—-acyl group, the method comprising
contacting the phospholipid substrate with a Phospholipase

Al obtainable from a species of the fungus Aspergillus to

hydrolyze the phospholipid substrate, thereby removing the

l-acyl group, in which the Phospholipase Al has a pl under
isoelectric point electrophoresis at about pH 2.8 to about
pH 4.5, or about pH 3.0 to about 4.3, or has an optimum pH

for activity of about oH 3.2 to about pH 5.5.
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Brief Description of the Drawings

The present invention is to be further understood
with reference to the accompanying drawings, in which:

Figure 1 represents the apparent rate of conversion of a

phospholipid to a lysophospholipid, in the reaction
described in Example 6, hereinafter, as well as the

changes in pH of the reaction mixture during the progress
of the reaction;

Figure 2 shows the relationship between pH and activity of

the enzyme produced according to Example 2, hereinafter,
and demonstrates the optimum pH for activity of that
enzyme;

Figure 3 shows the relationship between pH and stability
Of the enzyme produced according to Example 2, hereinafter;

Figure 4 shows the relationship between pH and stability
of Phospholipase Ala and Phospholipase Alb, produced
according to Example 3(ii) and (iii), hereinafter. The
solid circle répresents the Phospholipase Ala and the
empty circle represents the Phosphlipase Alb;

Figure 5 shows the relationship between pH and stability
of the enzyme produced according to Example 5, hereinafter:

Figure 6 shows the relationship between temperature and
stability of the enzymes produced according to Examples 2
(solid circle) and 5 (empty circle), hereinafter;

Figure 7 shows the relationship between pH and activity of
the enzyme produced according to Example 3(ii) and (iii)
and Example 5, hereinafter, this activity being in the
presence of the non-ionic detergent Triton X-100 . In
this drawing, the solid circle represents the enzyme
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produced according to Example 3(ii) hereinafter, the empty
circle represents the enzyme produced according to Example

3(1i1) hereinafter, and the diamond represents the enzyme
produced according to Example 5, hereinafter;

Figure 8 shows the relationship between pH and activity of
the enzyme produced according to Example 3(ii) and (iii)
and Example 5, hereinafter, thisg activity being in the
absence of the non-ionic detergent Triton X-100". In

this drawing, the solid circle represents the enzyme
produced according to Example 3(ii) hereinafter, the empty
circle represents the enzyme produced according to Example
3(iii) hereinafter, and the diamond represents the enzyme
produced according Lo Example 5, hereinafter;

Figure 9 shows the relationship between temperature and
activity of the enzyme preparations of the present
invention. In this graph, the solid circle represents the
enzyme produced according to Example 3(ii) hereinafter,
the empty circle represents the enzyme produced according
to Example 3(iii) hereinafter, the diamond represents the
enzyme produced according to Example S hereinafter and the

square represents the enzyme produced according to Example
2 hereinafter.

In Figure 4, the stability of the enzyme at
‘different pH values was measured by mixing the enzyme with
different buffers. Thus, at pH 3.2 - 6.0, the buffer was
an aqueous acetic acid/sodium acetate solution; at pH 5.5
- 8.5, the buffer was an aqueous potassium monophosphate/-
godium diphosphate solution and at pH 8.0 - 12.5, the
buffer wasg an aqueous glycine/sodium chloride - sodium
hydroxide solution.

Similarly, in Figure 5, the stability of the enzyme
at different pH values was measured by mixing the enzyme
with different buffers. Thus, at pH 3.2 - 6.0, the buffer
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was 4an aqueous acetic acid/sodium acetate sgolution; at pH

5.5 - 8.5, the buffer wag an agqueous trig aminomethane/ -
maleic acid solution and at pH 8.0 - 12.5, the buffer wag

an agueous glycine/sodium chloride - sodium hydroxide
solution.

Detailed Desgcription of the Invention

The Phospholipase Al of the present invention is
obtainable from filamentous fungi belonging to speciesg of
the genus Aspergillus. A Phospholipase Al is an enzyme
which 1is capable of hydrolysing the acyl group from the
l-pogition of a phospholipid, an activity which is
categorised under the enzyme number EC3.1.1.32 [Enzyme
Nomenclature 1984, Recommendations of the Nomenclature
Committee of the International Union of Biochemistry on

the Nomenclature and Classification of Enzyme-Catalysed
Reactions, Academic Press Inc.].

The choice of species or strain of fungus belonging
tc the genus ASpergillus 18 not essential to the present
invention, so long as the micro-organism.chosen;produces
the desired en2yme. We have found that the following
micro-organisms produce the desired enzyme, and thus we
generally prefer that one of these micro-organisms is used

as the source for the Phospholipase Al of the present
invention.

Aspergillus oryzae, for example, the strain SANK 11870 or

the strain available under Institute of Fermentation (IFO)
number 30102;

Agpergillug niger, for example, the strain available under
American Type Culture Collection (ATCC) number 9642 or the

strain available under Institute of Fermentation (IFO)
number 4407;
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Aspergillus usamii mut. shiro usamii, for example, the
strain available under Institute of Applied Microbiology

(IAM) number 2414 or the strain available under Institute
of Fermentation (IFO) number 6082;

Aspergillus awamori, for example, the strain available
under Institute of Applied Microbiology (IAM) number 2112
or the strain available under Institute of Fermentation

(IFO) number 4033;

Agspergillug fumigatus, for example, the strain available
under Institute of Applied Microbiology (IAM) number 2034:

Aspergillus gojae, for example, the strain available under
Institute of Applied Microbiology (IAM) number 2666;

Aspergillug phoenicis, for example, the strain available
under Institute of Applied Microbiology (IAM) number 2215:
and

Agpergillus wentii, for example, the strain available
under Institute of Applied Microbiology (IAM) number 2133.

It is envisaged that not only the original natural
strain but also variant strains, either naturally orx

artificially created, will be capable of producing the
degired enzyme, and such strains are also embraced by the
present invention.

We particularly prefer that either Agpergillus
oryzae or Agpergillus niger is used as the source
micro-organism for the Phospholipase Al of the present
invention, and we most prefer that A. oryzae SANK 11870
and the A. niger strain available under ATCC number 9642
are used as the gource micro-organisms for the enzyme of
the present invention.
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The micro-organisms identified above are all known

and have been described in the literature, for example, in
Japanese Patent Publicarion No. Sho-46-32792; J. Gen.
Appl. Microbiol., 17 (1971) 281 and Biochem. Z., 261

(1933) 275. Each of the micro-organisms is freely

obtainable from the American Type Culture Collection in

the United States of America, of from the Institute of
Fermentation in Osaka, Japan, of from the Institute of
Applied Microbiology in Japan, using the IAM, IFO or ATCC

identification numbers provided above.

In addition, Aspergillus oryzae SANK 11870 has been
deposited at the National Institute of Bioscience and
Human Technology, of the Agency of Industrial Science and
Technology, on 18th May 1993, under the conditions of the
Budapest Treaty, and received the deposit number FERM

BP-3887.

The Phospholipase Al of the present invention
generally has a molecular weight of between about 30,000
and 40,000 daltons, preferably between about 32,000 and
37,000 daltons, as determined by polyacrylamide gel
electrophoresis in the presence of sodium dodecyl sulfate
(Weber et al., J. Biol. Chem., 244 (1969) 4406]. The
molecular weight of the enzyme may vary depending on the
source of the enzyme, that is the enzyme when isolated
from one species of Aspergillus may have a different
molecular weight from the enzyme when isolated from a

different species of the genus Aspergillus.

The enzymes of the present invention, that is the
Phospholipase Al which may be obtained from different
species or strains of the genus Aspergillus, can also be
characterised by the pH to which they migrate during

1soelectric point electrophoresis (pI). We have found

that the enzymes of the present invention generally have
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an approximate pI at pH 2.8 to 4.5, preferably PH 3.0 to

4.3, when using isoelectric point electrophoresis under
standard conditions.

The Phospholipase Al obtainable from fungi of the
genus Aspergillus is superior to the prior art
phospholipases, particularly in that it is an acidic
phospholipase, that is it is active at a low pH. Thus, we
have found that the Phospholipase Al of the present
invention demonstrates satisfactory activity in the
hydrolysis of a phospholipid to produce a lysophosgpholipid
between pH 2.5 and pH 6.0, preferably pH 3.2 to pH 5.5.
The optimum pH for activity of the enzyme is dependent on
certain conditions, such as the system used for the
measurement of that optimum activity and the purity of the
enzyme. Substances which solubilize the free fatty acid
generated during the hydrolysis of the phospholipid, such
as the non-ionic detergent Triton x-loo“, may affect
the optimum pH for activity of the enzyme.

Thus, when measuring the optimum pH for activity of
the enzyme by performing the reaction with an enzyme
golution in 50 mM aqueous acetate buffer solution, at 37°C
for 10 minutes and in the presence of the non-ionic
detergent Triton x-loom, the maximum activity is
obtained within the range pH 3.5 to 5.0. The optimum pH
for activity may also vary depending on the source of the
Phospholipase Al. Thus, the samples of Phospholipase Al
obtained, for example, from the species of Aspergillus
described above, have an optimum pH for activity in the
presence of Triton X-100 of between about pH 3.5 and
5.0, preferably about pH 4.0 (see Figures 2 and 7,
hereinafter).

When measuring the optimum pH for activity in the
absence of Triton X-100", e.g. by reaction of the
enzyme with the substrate in a 50 mM agqueous acetate
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buffer solution, at 37°C for 10 minutes, the optimum pH
for activity of the Phogpholipase Al of the present
invention is within the range of about pH 4.0 to 5.5.
Again, this value may differ according to the gource of
the phospholipase, and we have found that the
Phosphollipase Al isgolated from A. oryzae and from A.
niger has an optimum pH for activity of about pH 4.5 to
5.5 under these conditions (see Figure 8, hereinafter).

Further advantages of the enzyme of the present

invention are demonstrated by the range of temperatures at
which the enzyme is active. We have found that the

Phospholipase Al of the present invention is active

between about 30°C and about 65°C. The temperature at
which the enzyme is most active will depend on, for

example, the.micro-organism.from.which it was isolated.
Thus, we have found that the enzyme isolated from A.
oryzae is active between about 30 and 65°C, with optimum
activity being demonstrated around 50 - 60°C, preferably
55°C (see Figure 9, hereinafter). On the other hand, the
Phospholipase Al of the present invention isolated from a
strain of A. niger demonstrates optimum activity between

temperatures of about 50 and 60°C, as is shown in Figure
9, hereinafter.

We have also found that the Phospholipase Al of the
present invention is stable across a wide, but clearly
delimited, range of pH values and temperatures. The
stability of the enzyme in respect of pH and temperature
ig, however, influenced by such factors as the
concentration of the enzyme, the purity of the enzyme and
the source from which the enzyme was originally isolated.
In general terms, wé have found that a concentration of
about 10 units/ml of the Phospholipase Al isolated from
gpecies of the fungus Aspergillus is stable at about pH
5.5 or higher, when in a 33 mM agqueous acetic acid/sodium
acetate buffer golution, and at about 10.5 or less when in
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2 33 mM aqueous glycine/sodium chloride - sodium nydroxide
buffer solution (see Figure 4, hereinafter). Furthermore,
the enzyme prepared as described in Example 2,
hereinafter, has been shown to be stable between about pH
3 and about pH 8.5. These measurements were determined by
measuring the Phospholipase A activity (according to the
method described in Example 8(i), hereinafter) in a 1%
(w/v) solution of the enzyme in either 0.2 M acetate
puffer (pH 3.2 to 6.5) or 0.01 M tris (hydroxymethyl)amino-
-methane (tris) hydrochloric acid buffer (pH 6.5 to 9.0)
after heat treatment at 37°C for 60 minutes. The activity

at pH 5.5 after this treatment was taken to be 100%. The
results are shown in Figure 3.

The clearly delimited range of temperatures at which
the Phospholipase Al of the present invention is stable is
a further advantage of the enzyme. We have found that,
generally, the enzyme has an upper limit of stability to
temperature within the range of from about 45°C to about
90°C, although we prefer this upper limit to be 90°C. The
temperature stability of the enzyme prepared as described
in Example 2, hereinafter, is illustrated in Figure 6. At
a PH of 4.0, the enzyme is stable at temperatures of from
about 30°C to about 55°C. This value was determined by
measuring the Phospholipase A activity, according to the
method described in Example 8(i), hereinafter, after heat
treatment of the enzyme solution at temperatures ranging
between 30 and 70°C for 30 minutes. The activity of the

enzyme solution not subjected to heat treatment was taken
to be 100%.

We have also observed that the enzyme preparation of
the present invention does not have a crystal structure,
and that the activity of the enzyme is not inhibited to
any sgignificant degree by polyvalent metal ions, such as
mercury, lead and iron. Furthermore, the chelating agent,
ethylenediaminetetraacetic acid (EDTA) does not have any
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apparent effect on the activity of the enzyme.

The preferred enzymes of the present invention are
the Phospholipase Al isolated from A. oryzae SANK 11870,
in particular, Phosphopolipase Ala and Alb, having the
following characteristics, and the Phogspholipase a1l
igsolated from the strain of A. niger available under ATCC
number 35642, having the characteristics given below.

A. oryzae Phogpholipasge Ala:

Molecular weight:

Isoelectric point (pI):

Optimum active pH:

Stable pH region:

37,000 daltons, as determined by
polyvacrylamide gel
electrophoresis in the presence
of sodium dodecyl sulfate.

pl at pH 3.9, as determined by
igsoelectric point
electrophoresis.

pH 3.5 to 4.5 in the presence of
Triton X-100  (a non-ionic
detergent) or pH 4.5 to 5.5 in
the absence of Triton X-100".

pH 5.5 or higher (with regpect
to an enzyme solution containing
approximately 10 units/ml of
enzyme in a 33 mM acetic
acid/sodium acetate buffer
gsolution) or pH 10.5 or less
(with respect to an enzyme
solution containing
approximately 10 units/ml of
enzyme in a 33 mM glycine/sodium
chloride - sodium hydroxide
buffer solution).
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50°C to s60°C.

A. oryzae Phogpholipase Alb:

Molecular weighﬁ:

Isoelectric point (pI):

Optimum active pH:

Stable pH region:

Optimum temperature:

A,ni Phogspholipage Al:

Molecular weight:

35,000 daltons, as determined by
polyacrylamide gel
electrophoresis in the presence
of sodium dodecyl sulfate.

pl at pH 4.3, as determined by
isoelectric point

electrophoresis.

PH 3.5 to 4.5 in the presence of
Triton X-100" or PH 4.5 to

5.5 in the absence of Triton
X-100".

pH 5.5 or higher (with respect
to an enzyme solution containing
apprOXimately 10 units/ml of
enzyme in a 33 mM acetic
acid/sodium acetate buffer
solution) or pH 10.5 or less

(with respect to an enzyme
solution containing

approximately 10 units/ml of
enzyme in a 33 mM glycine/sodium
chloride - sodium hydroxide
buffer golution).

50°C to 60°C.

32,000 daltons, as measured
' ™
using a Superosge 12 column.
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Isoelectric point (pI): pI at pH 3.0, as determined by
isocelectric point
electrophoresis.

Optimum active pH;: pH 4.0 to 5.0 in the presence of

Triton X-100  and PH 4.5 to
5.0 in the absence of Triton
X-100". '

Optimum.temperaturei_ 50°C to 60°C.

The Phospholipase Al of the present invention is
obtainable from filamentous fungi of the genus
Aspergillus. .The enzyme may be isolated from the degired
strain of this fungus using‘téChniques welltknown'in the
art.

More particuiarly, we haVe‘found that the
Phospholipase‘Al-of the present.invention can be produced

(a) culﬁuring of_a'Phoépholipase Al producing strain of
Aspergillus under conditions which allow for the.

production of the Phospholipase Al;

(b) .at the.end'of the cUlture period, diluting the
culture with water or an appropriate buffer solution;

(c)  filtering the resulting solution under pressure to
remove any insoluble matter; and

if desired:
(d) purifying the enzyme.

The chosen sgstrain of Agpergillus may be cultured
using the "wheat bran" culture technique. Generally, this
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comprises lnoculating a solid or ligquid grain-based medium
wilith spores of the chosen strain, followed by culturing.
The medium can be formed from any grain, such as rice,
wheat, corn, soybeans, sesame seads, or cottonseed cake,
together with half to twice the weight of the grain in
water. Once the water and the grain have been mixed, the
resulting medium is boiled for at a suitable temperature,
for example about 120°C, for a period sufficient to
sterilize it, for example from 15 to 30 minutes. The
medium 1s then cooled before ‘use.

The inoculated medium is suitably cultured at
temperatures of between 10 and 40°C, preferably between 15
and 35°C, and most preferably at between 18 and 32°C.

The length of time for which the inoculated medium
is cultured depends on various factors, such as the

composition of the medium and the substituents used to
form the medium. However, we have generally found that,
using any of the medium compositions outlined above, and
culturing within the temperatures indicated above, optimum
production of the enzyme 1s obtained after culturing for
between 3 and 20 days, preférably from 4 to 8 days.

We most prefer that the inoculated medium is
cultured at about 30°C for an appropriate time, for

example about 15 hours, and then that the medium is
further cultured at a lower temperature, such as 19°C, for
ags long as desired, preferably about 5 days.

Once the culture period is over, water or an
appropriate buffer sgolution, for example an acetate buffer
or a phosphate buffer solution, is added to the cultured
medium in order to dilute the medium. Suitably one to
twenty times the weight of the medium in buffer or water
ig added to the medium. The mixture 18 then stirred well
and the enzyme can then be removed from the solution. The
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cnzyme may be removed from the solution using any standard
technique. wWe have found that filtration under pressure
1s particularly suitable for separation of the enzyme.
Typically the enzyme may be separated by straining the
Culture broth, diluted with an appropriate volume of
water, through, for example, a layer of wire net and
filter cloth in an appropriate vessel and under pressure.

The Phospholipase Al of the present invention may be
used 1n a state of partial purification or, alternatively,
it may be purified to any desired state of purification
prior to use. The state of purification may depend on,
for example, the final use to which the enzyme is put.
Thus, when the Phospholipase Al of the present invention
is to be added to, for example, wheat flour, for the
hydrolysis of the phospholipid.contained therein, it 1is
preferred that the enzyme'preparation‘does not contain any
proteases or other similar contaminants. However, where
the presence of contaminants igs not of great significance
in the final use of the enzyme, the enzyme can be used in
a lower state of purity.

The Phospholipase Al of the present invention,
whether it 18 a gingle enzyme or is present as two

distinct enzymes as produced by, for example, A. orvzae,
can be purified using technigques which are standard in the

art. Such techniques include, but are not limited to,
salting-out, precipitation using organic solvents,
adsorption using an ion-exchanger for the adsorbent,
ultrafiltration or vacuum drying. Any of these techniques
can be uged either alone, or in combination with another
of these, or a different, technique. |

The following procedure exemplifies the method for
the isolation and purification of a Phospholipase Al
enzyme from a fungus of the gpecies Aspergillus,
particularly from A. oryzae SANK 11870.
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After the micro-organism has been cultured for the
desired length of time, cooled acetone or ethanol may be
added, whilgt stirring, to an extract of the cultured
medium, for example a solid culture of the Aspergillug
species on, for example, wheat bran. The cooled acetone
Oor ethanol is typically added to a final concentration of
about 60 to 80% (v/v). The resulting mixture is then
suitably left to stand for a while, after which it 1is
centrifuged under standard conditions, for example as
illustrated in the Examples hereinafter, to obtain a
precipitate. This precipitate is then suitably dissolved
in an amount of a buffer solution, for example, in 50 mM
acetate buffer solution (pH 5.5), after which the mixture
may be salted-out using, for example, ammonium sulfate.

The precipitate may then be separated by further
centrifugation.

The resulting precipitate may then be dissolved in
an appropriate buffer, for example, a 50 mM agueous
acetate buffer (pH 5.5) solution containing 1 M ammonium
sulfate. Any insoluble matter is thereby removed,
allowing the residue to be purified using standard
chromatographic techniques, such as column chromatography
on a Butyl-Toyopearl Pak 6508 (manufactured by Tosoh
Corp.) using a 50 mM aqueous acetate buffer solution
containing ammonium sulfate as the eluent.

- The enzyme resulting from the first chromatography
is partially purified and may, if desired, be used in that
form. However, further purification steps can be taken.
Such steps may include, for example, dialyzing the enzyme
with a 20 mM aqueous acetate buffer solution (pH 5.5),
followed by further purification using column
chromatography on, for example, a Q-—Sepharosem column
(manufactured by Pharmacia AB) using a 20 mM acetate
buffer solution (pH 5.5) containing sodium chloride as the
eluent. A Phospholipase Al results from this purification
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procedure.

Further purification of the Phospholipase Al
obtained in this manner may, depending on the source
micro-organism, result in the production of more than one
enzyme having Phospholipase Al activity. Thus, with the
Phospholipase Al preparation obtained in a similar manner

to that described above from A. oryzae SANK 11870, further

purification steps result in the production of
Phospholipase Ala and Phospholipase Alb. Such further
purification steps include, for example, salting-out with
ammonium sulfate and gel filtration using a Superose

12" column (manufactured by Pharmacia AB), followed by
column chromatography on a MonoQ " column

(manufactured by Pharmacia AB) using a 20 mM agueous
acetate buffer solution (pH 4.5) containing sodium

chloride as the eluent.
BIOLOGICAL ACTIVITY

The Phospholipase Al of the present invention is
capable of hydrolysing phosphclipid to produce
lysophospholipid and, more specifically, it removes the
l-acyl group from the phospholipid to produce 2-acyl
lysophospholipid.

In view of this, the present invention thereforse
algo provides the use of a Phospholipase Al obtainable
from species 0f the fungus Aspergillus in the production
of lysophospholipid from phospholipid.

The amount of the Phospholipase Al of the present
invention to be uged in the hydrolysis of a phospholipid
18 not essential to the present invention. Furthermore,
we have found that this amount may vary depending on, for
example, the temperature at which the reaction is
performed, the reaction time, the pH of the solution
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during the reaction, the properties and the quality of the
particular substrate, the presence of contaminating

substances, both in the enzyme preparation and in the
substrate, and the amount of conversion of phospholipid to
lysophospholipid desired. However, we have generally
found that an amount of about 1000 units of enzyme
activity per gram of gsubstrate is sufficient.
Alternatively, this can be expressed as the percentage of
enzyme Dy weight of the substrate, for example an amount
of enzyme equivalent to from 0.05% by weight to 10% by
weight, preferably from 0.2% by weight to 2% by weight, of
the phospholipid substrate, is sufficient.

The choice of substrate for the enzyme is virtually
unlimited, so long ag the substrate contains, or is,
phospholipid. Similarly, the concentration of the
substrate 138 not essential to the present invention. The
source and properties of the substrate phospholipid are
likewise not essential to the present invention. Examples
of sultable phospholipid containing substrates which may
be treated with the enzyme of the present invention
include: Qegetable phospholipids, such as those from
soybeans, wheat, barley, corn; rapesgseed, safflower,
sunflower, peanuts and cottonseed; phospholipids derived
from animals, such as phospholipids from egg yolk, animal
brain (for example, from cows, sheep, pigs and chickens)
and microbially derived phospholipids, such as those from
chlorella cells and filamentous fungi. The substrates
which are most suitable for treatment with the enzyme of
the present invention include phospholipids from soybeans,
wheat or egg yolk. When using lecithin as the substrate,
for example lecithin derived from wheat flour, soybeans or
egg yolk, it is particularly suitable to use a
concentration of lecithin of from about 1% to about 50% in
the reaction mixture.

The present invention also provides a process for
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the hydrolysis of a phospholipid, which process comprises
mixing a Phospholipase Al obtainable from species of the
tungus Aspergillus with a phospholipid containing
substrate under conditions which allow hydrolysis of that
substrate and, optionally, upon completion of the
reaction, removing from the reaction mixture, or otherwise
lnactivating, residual enzyme.

In this process, it is preferred that one or both of
the enzyme and the substrate is wet, and more preferably
in solution, prior to mixing. The enzyme or substrate
solution is suitably aqueous and appropriate solvents
include ion-exchange water, distilled water, well water
and tap water. When using soft water, such as
lon-exchange water or distilled water, it is preferred
that a small amount of a salt, such as calcium chloride,
is added to the solution. The pH of the medium may be
adjusted as necessary, for example to enhance the
hydrolysis reaction,‘by the_addition of an agueous acid,
such as acetic acid; an alkali, such as sodium hydroxide;
or a buffer solution, such as an aqueous acetate buffer
solution. The pH of the reaction mixture is suitably
adjusted to a pH within the range from pH 2.5 to pH 6.5,
preferably from pH 3.5 to pH 5.5.

The enzyme reaction may, 1f desired, be carried out
in the presence of a non-ionic, non-polar organic
solvent. Any suitable such solvent may be used, but we
generally prefer that the solvent 18 an ether, such as
diethyl ether or dioxane; a hydrocarbon, such as hexane,
benzene or toluene; or an ester, such as ethyl acetate or

butyl acetate.

The temperature at which the reaction is carried out
ig not essential to the present invention. Generally,
however, the reaction proceeds at a satisfactory rate at
temperatures of between 10°C and 70°C, preferably from
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20°C to 65°C. We most prefer that the reaction is carried
out at between 30°C and 60°C.

The time required for the reaction varies depending
on, for example, the reaction temperature and the pH.
However, we have found that, under the conditions outlined
above, a reaction time of between 10 minutes and 10 davys,
preferably between 1 hour and 2 days, results in good
conversion of the phospholipid to the lyso-form.

Following the reaction, the residual enzyme may,
optionally, be removed from the reaction mixture by, for
example, extraction with a suitable organic solvent, or it
may be otherwise treated to render it inactive, for
example by heat treatment. Under normal conditions, we
prefer that the residual enzyme is de-activated, although
situations may arise when the need for this de-activation
is not required.

We have found that the Phospholipase Al of the
present invention may be de-activated with ease by simple'
procedures, such as mild heat treatment, subjecting the
reaction mixture to pressure, altering the pH of the
reaction mixture to between about pH 3.0 and 6.0, or any
combination of these techniques. Mild heat treatment ig,
however, the preferred method for de-activating the
enzyme. In particular, we have found that heating the
reaction mixture to between 45°C and 90°C,.preferably to
between 50°C and 80°C, for a period of from 5 minutes to 5
‘hours, preferably 10 minutes to 2 hours, will de-activate
the enzyme.

When the Phospholipase Al of the present invention
ig added to a substrate phospholipid for the production of
a lysophospholipid, the product of the reaction may be
used either with or without purification. Thus, the
product of the reaction may be used directly, or it may be
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subjected to procedures which render it free of residual
eiizyme, residual substrate and any other contaminantsg.

Examples of guch procedures include filtration to remove
insolubles; concentration, for example by thin layer
concentration; purification using, for example, standard
chromatographic techniques; re-crystallisation, or drying,
for example freeze or spray drying. Alternatively, water
may be added to the lysophospholipid product, and the
mixture then extracted using a water-immiscible solvent,
followed by removal of the extracting solvent as necessary.

Alternativély, if desired, the Phospholipase Al of
the present invention may be added directly to a product
containing a phospholipid, for example to a wheat
flour-containing dough. This may be done in order to
improve the physical properties of the final product, for
example bread and noodles prepared from the treated
dough. Such improvements may facilitate the manipulation
of the product; for example, the elaSticity and
spreadability of the dough may be improved, and the
stickiness of the dough may be reduced. In such
situations it may be desirable to add other factors at the
game time, such as a Phospholipase D and an emulsifier,
for example monoglyceride or calcium stearyl lactate.

The present invention is further described with
reference to the following Examples, in which Examples 1
to.5 illustrate methods for the preparation of the
phospholipases of the present invention and Examples 6 to
8 illustrate the application and activity of the
phospholipases of the invention.
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EXAMPLE 1

Preparation of Crude Phospholipase Al from A. orvzae

One lOOpfﬁl Oof spores from a glant culture of
Aspergillus orvzae (SANK 11870) were inoculated into 12 g
of a medlum consisting of a mixture of equal amounts by
weight of wheat bran and water. The strain was then
cultured at 30°C for 6 days.

The whole of the pre-cultured strain was then
inoculated into a further medium produced by placing 600 g
of a mixture of equal amounts of wheat bran and water into
a metal dish [42 x 24 x 7 (depth) cm] and boiling the
mixture at 120°C for 30 minutes.. The strain was then
cultured at 30°C for 15 hburs, after which it was cultured
further at 19°C for;S days. ' ‘

At the end of this time, 3 liters of water were
added to, and'thoroughly mixed into, the wheat bran
mixture prepared in this way. The mixture was then
allowed to stand,at 37°C for 2 hours, after which it was
filtered to obtain 2.87 liters of an enzyme extract having
a Phospholipase A titer of 5.9 units/ml, as determined by
the method described in Example 8(1), below. Sufficient
of an aqueous solution of acetic acid was then added to
this enzyme extract to adjust the'pH of the mixture to
4.0. An amount of'cold-acetone'equivalent to three times
the volume of the mixture was then added to the mixture,
and the mixture was allowed to stand overnight in a cold
room to precipitate the enzyme. The supernatant was then
discarded and the precipitate was washed with acetone and
dried in vacuo to obtain 11.1 g of a crude powder of
Phospholipase Al, having a titer of 1,170 units/g, as
determined by the method described in Example 8(i), below.

The activities of the major enzymes in this
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preparation, per gram of the preparation, are shown in
Table 3 ’ below.

EXAMPLE 2

Preparation of Phospholipase Al from A. orvzae

10 g of crude phospholipase Al, prepared as
described in Example 1, above, were dissolved in
approximately 100 ml of water. Sufficient of a 1 N
aqueous solution of acetic acid was then added to the
resulting solution to adjust the pH to 4.0. The volume of
the mixture was then made up to 200 ml by the addition of
water, after which 200 ml of cold acetone were added. The
mixture was then allowed to stand for 1 hour. At the end
of this time, the mixture was centrifuged at 5000 rpm for
10 minutes (HitaChi CR20B2", Rotor: RPR 12-2) to
obtain a first precipitate.

This precipitate was tested using the procedures
described in Example 8(i), (ii), (iii) and (iv),
hereinaftef, and it was thereby determined that the
precipitate had amylage activity as well as a small amount
of protease activity. The precipitate also demonstrated a
Phospholipase A activity of 320 units.

600 ml of cold acetone were then added to the
supernatant obtained above, the resulting solution was
mixed, and it was then allowed to stand for 1 hour at room
temperature. At the end of this time, the mixture was
centrifuged at 5000 rpm for 10 minutes (Hitachi
CRzoezm, Rotor: RPR 12-2) to obtain a second
precipitate. This second precipitate demonstrated a
Phospholipase A activity of 7,800 units, when tested by
the method described in Example 8(i), hereinafter.

This second precipitate was then dissolved in 500 ml
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Oof a 50 mM aqueous acetate buffer solution (pH 5.5), after
which 300 g of ammonium sulfate were added to effect
salting out. The precipitate was then separated by
centrifuging at 10,000 rpm for 20 minutes, and the
precipitate thus obtained was dissolved in about 50 ml of
a 50mM aqueous acetate buffer solution (pH 5.5) containing
1 M ammonium sulfate. The insoluble matter was then
filtered off, and the resulting solution was separated
into its constituent parts by column chromatography using
a Butyl Toyopearl Pak 6508 column, (manufactured by
Tosoh Corp.) by a gradient elution method, using a 50 mM
aqueous acetate buffer (pH 5.5) solution containing
ammonium sulfate at a concentration ranging between 0 M
and 1 M as the eluent. The fraction containing a
preparation having Phosholipase Al activity, but having
substantially no amylase or protease activity, eluted at
an ammonium sulfate concentration of 0.6 M or less. This

fraction was then subjected to one of two steps:

(a) the fraction was desalted by dialysis of the
fraction against water and by evaporation under reduced
pressure to obtain 40 mg of Phospholipase Al; or

(D) the fraction was dialyzed with a 20 mM agqueous
solution of acetate buffer (pH 5.5) and then purified
using column chromatography on a Q»Sepharosem column
(manufactured by Pharmacia AB), with a gradient elution
method, using a 20 mM aqueous acetate buffer solution
containing sodium chloride at a concentration ranging
between 0 and 0.5 M as the eluent. The Phospholipase Al
fraction thus obtained had 4,000 units of Phospholipase Al
activity, as determined by the method described in Example
8(1) hereinafter. |

We confirmed that the enzyme preparation produced
according to step (a), above, was essentially free of
lipase activity, see Table 3 hereinafter, which indicates
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that the Phospholipase Al produced by the method described
‘above has a lipase activity equivalent to approximately
0.1% or less of its Phospholipase Al activity.

We then confirmed, by the following method, that the
enzyme obtained by each of the procedures described above
was a Phospholipase Al. 0.0236 units of the enzyme
obtained by either of step (a) or step (b), above, was
reacted for 10 minutes with (i) 0.1 pmole of
- L-«-dipalmitoylphosphatidylcholine (1 mCi/mmole) in
which the palmitoyl group at the 2-posgition is labelled
with **C (NEN Corp., NEC 764), and (ii) with 0.1 pmole
Of L-a-dipalmitoylphosphatidylcholine (2 mCi/mmole) in
which the palmitoyl groups at the 1- and 2- positions are
labelled with ~%C (NEN Corp., NEC 682). The final
volume of each reaction mixture was 90 pl. 1.
labelled palmitic acid was released'only in the reaction
of the enzyme with the L-«-dipalmitoylphosphatidyl-
choline in which both the 1- and 2- position palmitoyl
groups were labelled with 140. This is confirmation
that the phospholipase preparation'can hydrolyse lecithin
and that this hydrolysis takes place at l-acyl groups only.

EXAMPLE 3

Phogpholipage Ala and Alb

3(1) Separation and Purification

ey ep——

Sufficient ammonium sulfate was added to the
Phospholipase Al preparation obtained as described in part
(b) of Example 2 above, to effect salting-out. The |
resulting product was then filtered by gel filtration on a
sSuperose 12" column (manufactured by Pharmacia AB)
using a 20 mM aqueous acetate buffer solution (pH 4.5) as
the eluent, followed by column chromatography on a
Monon column (manufactured by Pharmacia AB) using a
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gradient elution method with a 20 mM agqueous acetate
buffer solution (pH 4.5) containing a concentration of
sodium chloride ranging from 0 to 0.25 M as the eluent.
This procedure results in the preparation of Phospholipase
Ala having a Phospholipase A titer of 880 units and

Phospholipase Alb having a Phospholipase A titer of
2,400 units.

EXAMPLE 4

Crude Phospholipase A

A procedure similar to that described in Example 1,
above, was followed, but using one loopful from a slant
culture of the strain Aspergillus nigexr ATCC 9642 in place
of the A. oryzae strain used therein, to obtain 19.2 g of
a crude phospholipase Al, having a titer, in the release
of fatty acid from phospholipid,'of 119 units/g, as
determined using the method'described in Example 8(i),
below.

The various enzyme activities associated with this
enzyme preparation are shown in Table 3, hereinafter.

EXAMPLE 5

5(i) Phospholipage Al

A gimilar procedure to that described in Examples 2
and 3(1), above, was followed, but using 10 g of the crude
Phospholipase Al preparation obtained in Example 4, above,
in order to purify that preparation. Purification
techniques used include fractionation and precipitation
with acetone and column chromatography using a Butyl
Toyopearl Pak 6508 column; a Q~Sepharosem column,
and a Superose 12" column. 0.015 g of Phospholipase
Al in the form of a powder were produced, having a titer
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OL 2,100 units/g, according to the method described in
Example 8(i), below.

We then confirmed, by the following method, that the
~enzyme obtained by the procedure described above was a
Phospholipase Al. 0.0236 units of the enzyme obtained
above was reacted for 10 minutes with (i) 0.1 umole of
L-a-dipalmitoylphosphatidylcholine (1 mCi/mmole) in

which the palmitoyl group at the 2-position is labelled
with 14C (NEN COrp., NEC 764), and (ii) with 0.1 umole

of L~a-dipalmitoylphdsphatidylcholine (2 mCi/mmole) in
which the palmitoYl groups at the 1- and 2- positions are
labelled with “*C (NEN Corp., NEC 682). The final

volume of each reaction mixture was 90 ul. 14C~

labelled palmitic acid was released only in the reaction
of the enzyme with the L-«-dipalmitoylphosphatidyl-
choline in which both the 1- and 2-'position palmitoyl
groups were labelled with 14C.; This is confirmation

that the phospholipase preparation can hydrolyse lecithin

and that this hydrolysiS'takes.place at l-acyl groups only.

The various.enzyme activities associated with this
enzyme preparation are shown in Table 3, hereinafter.

EXAMPLE 6

Preparation of Lysgophogpholipid

Various test systems Were set up in order to
determine the activity of the enzYme preparation of the
present invention in the hydrolysis of phospholipid, as
well as to determine the reliance of that reaction on pH.
The various reaction systems had the following
compositiong:

Experiment 1-A: a 10% (w/w) suspension of 5 g of
SLP-White in 45 ml of water:
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Experiment 2-a: a 10% (w/w) suspension of 5 g of

SLP-White in 45 ml of a 20mM aqueous solution of acetate
puffer (pH 3.5);

Experiment 1-B: a 10% (w/w) suspension of 5 g of
SLP-White in 45 ml of water;

Experiment 2-B: a 10% (w/w) suspension of 5 g of
SLP-White in 45 ml of a 20mM aqueous solution of

tris (hydroxymethyl)aminomethane hydrochloric acid
(tris-hydrochloric acid) (pH 9.0); and

Experiment 3-B: a 10% (w/w) suspension of 5 g of
SLP-White in 45 ml of water, with addition of sufficient
of an aqueous solution of sodium hydroxide to keep the pH
of the reaction mixture between 7.5 and 8.5.

[SLP-White is manufactured by True Lecithin Kogyo
Co., Ltd. and it ig a lecithin substrate in powder form,
having a phospholipid content of not less than 95% and a
phosphatidylcholine.content.of 23 - 30%.]

50 ml of each of'the reaction systems listed under
Experiments 1-A, 2-A, 1-B, 2-B and 3-B above, and 0.2 g of
calcium.chloride.were placed in a 100 ml beaker, and the
regulting mixture was mixed thoroughly using an ultrasonic
homogenizer. After homogenizatidn, the mixture was
heated to 37°C and the appropriate test enzymes were then
added to the.heated mixture, whilst stirring the mixture.
Each test enzYme was used in an amount of 865 units. The
beaker was then covered with a Sealon film (Fuji
Photo Film Co. Ltd.) to prevent evaporation of moisture
and the reaction mixture was stirred, whilst maintaining
the temperature of the mixture at 37°C.

The test enzymes were Phospholipase Al, prepared as
described in Example 2, above, and Phospholipase A2,
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derived fromnm porcine pancreas (manufactured by Sigma
Corp.). The activity of the Phospholipase A2 enzyme wag
measured at pH 8.0. Phospholipase Al was used in
Experiments 1-A and 2-A above, and Priospholipase A2 was
the enzyme used in Experiments 1-B, 2-B and 3-B, above.

Samples were taken from each reaction mixture at the
start of the reaction, as well as at hourly intervals
thereafter. Four samples were taken in all. The amount
of free fatty acid in each of the samples was determined

using the free fatty acid quantitative reagent, Determiner
NEFA (Kyowa Medex Co., Ltd.).

The apparent phospholipid lyso conversion rate, i.e.
the rate at which phospholipid was converted to

lysophospholipid, was determined using the following
formula:

A/B x 100

in which:

A represents the number of moles of lysophospholipid
(i.e. the number of moles of fatty acid liberated by
the enzyme reaction); and

B represents the number of moles of substrate
phospholipid in the sample.

For this calculation it was assumed that the average
molecular weight of phospholipid contained in SLP-White

wags 765 daltons.

The results are indicated in Table 1.
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TABLE 1

————
EXp. Enzyme Apparent Phospholipid Lyso

No. Added Convergion Rate (%)

[pH Value] after:

0 hr. 1l hr. 2 hrs. 3 hrs.
- et e e e e A e e et Ml Attt A et e84 7 e S e are s _

1-A Phospholipaée Al 0 65 86 90
(6.4] [4.7] [4.6] [4.7]

2-A Phogpholipase Al 0 79 88 88
' [4.8] [4.3] (4.4] (4.3]

1-B Porcine Pancreatic 0 41 48 52
Phospholipase A2 [6.4]  [4.3] ([4.2] [4.2]

2-B Porcine.Pancreatic O 58 64 71
Phospholipase A2 [7.8] [5.4) [5.2] [5.1]

3-B  Porcine Pancreatic 0 68 71 73
Phospholipase A2 (8.3] [7.7] [7.8] [7.7]

As may be seen from.the above results, Phospholipase
Al of the.present"invention-demonstrated a rate of
conversion of phospholipid to lysophospholipid which was
guperior to that of porcine pancreatic Phospholipasge A2,
even in the absence of a pH regulator. '

The apparent conversion rate of phospholipid to
lygophospholipid and the changes in pH over time in
Experiment 1-A are shown in Figure 1.
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BXAMPLE 7

-““M“m

W,
(D
1)

ctivation of Residual Enzyme by Heat Treatment

7(1i) Phosgspholipase Al obtained from A. oryzae

50 ml of a solution defined under Experiment 3-A,
4-A, 4-B or 5-B, below, and 0.2 g of calcium chloride were
placed 1n a 100 ml beaker, and the resulting mixture was
thoroughly mixed using an ultraeonlc homogenlzer The
mixture was then heated to a temperature of 37°C, after
which test enzyme was added, whilst stirring the mixture.
Each test enzyme was used in an amount of 2160 units. All
of the enzyme reactions were allowed to proceed over a
period of 5 houre, whilst stlrrlng the mixtures and
maintaining the mlxtures at a temperature of 37°C.

The reaCtionfsystems had.the following compositions:

Experiment 3-A: a 10% (w/w) suspension of 5 g of
SLP-White in 45 ml of a 5 mM agueous acetate buffer
solution (pH 4.5); |

Experiment 4-A: a 50% (w/w) suspension of 25 g of
SLP-White in 25 ml of a 5 mM aqueous acetate buffer
golution (pH 4.5); |

Experiment 4-B: a 10% (w/w) suspension of 5 g of
SLP-White in 45 ml of a 5 mM aqueous tris-hydrochloric
acid buffer solution (pH 8.0); and

Experiment 5-B: a 50% (w/w) suspension of 25 g of
SLP-White in 25 ml of a 5 mM aqueous tris-hydrochloric
acid buffer sgolution (pH 8.0).

The test enzyme used in Experiments 3-A and 4-A was
Phospholipasge Al [prepared as described in Example 2] and
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the test enzyme used in Experiments 4-B and 5-B was

porcine pancreatic Phospholipase A2 (manufactured by Sigma
Corp.) .

The apparént rate of convergion of phospholipid to
lysophospholipid at the end of the five hour period was
approximately 65% in Experiment 5-B, i.e. the system in
which the substrate was a 50% (w/w) suspension of

SLP-White in a 5mM aqueous tris-hydrochloric acid buffer
solution, whilst the rate of conversion in the other
Experiments, i.e. 3-A, 4-A and 4-B, was 90% or more.

At the end of the enzyme reaction, i.e. after the 5
hour period, approximately 7 g each of the reaction
solutions were placed in several Somogyi test tubes. Each
tube was covered with Sealon film, to prevent the
evaporation of moisture, and the tubes were allowed to
stand at temperatures of from 50°C to 80°C for 30
minutes. In this way, the contents of different tubes
were exposed to different temperatures.

The activity of the residual Phospholipase A in each
of the reaction solutions was measured according to the
method described in Example 8(1), below. The resgidual
activity of porcine pancreatic Phospholipase A2 was
measured at pH 8, whilst the residual activity of the
Phospholipase Al of the present invention was measured at
pH 4. The residual activity is expressed on the basis
that a reaction solution not subjected to heat treatment
would have a residual activity of 100%. The resgidual
activities in the test systems are, therefore, expressed
as a percentage of that un-treated reaction.

The results are indicated in Table 2.
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TABLE 2

e et eerstrmn o e et e e e

BXp. Enzyme Added Subst. Residual Enzyme Activity (%)
No. Cconc.

(%) Treatment Temperature
Un-

treated 50°C 60°C 70°C 80°C

3-A Phospholipase 10 | 100 80 70 0 0
Al

4-A Phospholipase 50 100 93 105 30 1
~ | |

4-B Porcine-Pancrea- . .
tic Phospho- 10 100 100 100 99 108
lipase A2 " |

5-B  Porcine Pancrea- N . '
tic Phospho- 50 100 102 102 101 100
lipase A2 S

- The abOve'results clearly show that the PhoSpholipase
Al of the présent;inventiOn,fwhich is derived from

A. orvzae, is deactivated at a lower’temperatureithan the
Phospholipase A2 derived from porcine pancreas.

7(ii) Phogpholipase Al obtained from A. niger

Following a similar procedure to that described in
Example 7(1i), above, but using 10 ml of a 10% (w/w)
gugpension of 1 g of SLP-White in 9 ml of a 5 mM aqueous
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acetate buffer solution, 0.04 g of calcium chloride and
151 units of Phospholipase Al (obtained from A. niger, as
described in Example 5, above) the amount of deactivation
Dy nheat treatment of the enzyme was determined.

The apparent rate of conversion of phospholipid to

lysophospholipid at the end of the five hour period of the
experiment was not less than 90%.

The activity of the residual Phospholipase Al in each
of the reaction solutions was measured in accordance with

the method described in Example 8 (i), and this activity
was expressed in the game manner as in Table 2, above.

The results are shown below.

TABLE 22
Exp. Enzyme added Subst. Residual Enzyme Activity
No. Conc. (%)

Treatment Temp. (°C

Untreated 50 60 70 80

5-A Phosgpholipase 10 100 78 73 19 0
Al

EXAMPLE 8

The enzyme preparation of the present invention may
have more than one enzyme activity associated with it.
The predominant activity i8 that of a phospholipase, but
minor amounts of lipase, amylase, acid protease and
neutral and alkaline proteasge activities have also been
demonstrated. The following are the tests used to
determine these additional activities in the enzyme
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preparations.

8(1) Assav for Phospholipagse A Activity

0.05 ml of a 0.1 M aqueous solution of calcium
chloride and 0.25 ml of a 0.2 M agqueous acetate buffer
solution (pH 4.0) were added to 0.5 ml of a solution
formed by mixing a 2.0% (w/v) suspension of SLP-White
(manufactured by True Lecithin Kogyo Co., Ltd.) and
4% (v/v) Triton X_-lOOm in water. Next, 0.1 ml of the
appropriate enzyme solution was added to the resulting
mixture, and the mixture was stirred until a homogeneous
mixture resulted. The mixture obtained in this manner was
left to stand at 37°C for 10 minutes, in order to allow
the enzyme reaction to take p1ace. At the end of this
time, 0.1 ml of a 1 N aqueOUS solution of hydrochloric
acid was added to the reaction mixture to stop the enzyme
reaction. A sample of 0.02 ml of the reaction mixture was
then taken, and this was used to determine the amount of
free fatty acid. Free fatty acid was quantified using a
free fatty acid quantitative reagent, Determiner NEFA
(Kyowa Medex Co., Ltd.).

The enzyme activity that produces 1 umol of fatty
acld per minute of the enzyme reaction was defined as 1
unit.

8(11) Asgsay for Lipase Activity

0.05 ml of a 0.1 M agueous solution of calcium
chloride and 0.2 M acetate buffer solution (pH 6) were
added to 0.5 ml of an emulsion of 2.0% (w/v) olive oil
(Wako Pure Chemical Indugtries, Ltd.). The olive oil
emulsion was prepared by adding 10 ml of a 0.5% (w/w)
aqueous solution of gum arabic to 0.2 g of olive o0il, and
then digpersing the mixture for 5 minutes with an
ultrasonic homogenizer. 0.1 ml of the appropriate enzyme
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solution was then added to the mixture and the mixture was
stirred until it reached homogeneity. The resulting
mixture was then left to stand at 37°C for 10 minutes, in
order to allow the enzyme reaction to proceed. At the end
of this time, 0.1 ml of a 1 N aqueous solution of
hydrochloric acid was added to the mixture in order to
gstop the enzyme reaction. A sample of 0.02 ml of the
reaction solution was then taken, and this was used to
determine the amount of free fatty acid in the mixture,
using a free fatty acid quantitative reagent, Determiner
NEFA (Kyowa Medex Co. Ltd.). The enzyme activity that

produces 1 uymol of fatty acid per minute of the enzyme
reaction was defined as 1 unit.

8(1ii) Assay for Amvlase (Saccharified Form Activity

0.5 ml of substrate was placed in a test tube. The
substrate was prepared by'adding.an appropriate amount of
water, e.g. 20 ml, to 2 g of soluble starch and then
heating the resulting mixture to dissolve the starch. The
mixture was then'cooled, 20 ml of a 0.2 M agueous acetate
buffer solution-(pH 4.5) were added and then water was
added to bring the final volume to 50 ml.

The gubstrate was then heated in a thermostatic water
bath kept at 37°C, and then 0.25 ml of the appropriate
enzyme solution was added to the substrate. After the
enzyme reaction had been allowed to proceed for 30
minutesg, it was terminated by the addition of 0.25 ml of a
0.5 N aqueous solution of sodiumﬁhydrokide. The amount of
reduced sugar produced by the enzyme reaction was then
measured in this reaction solution using the
Somogyl-Nelgon reduced sugar asgsay technique [J. Biol.
Chem., 160 (1945) 61-68 and J. Biol. Chem., 153 (1944)
375-380]. The enzyme activity that produces reduced Sugar
equivalent to 1 umol of glucose per minute of the enzYme
reaction wag defined as 1 unit.
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8(1v) Assav for Protease Activity

Protease activity was measured using the method of
Hagiwara [Enzymg Research Methods 2, Asakura Publishing,
237-246 (1956)]. For measurement of the three different
protease acitivities, 1i.e. acid, neutral and alkaline
protease, the pH of the substrate was set at different
values. Thus, for the acid protease a pH of 3.0 wag used
and for the neutral and alkaline protease activities a pH
cf 7.0 was used. The enzyme activity that produces a
non-protein substance demonstrating an absorbance at
275 nm which is equivalent to 1 pg of tyrosine for one -
minute under standard conditions in compliance with the
requirements of Nothrop and Anson [Northrop, J. Gen.
Physiol., 16 (1932) 41 and Anson, J. Gen. Physiol., 22
(1938) 79] was defined as one unit.

The following Table 3 shows the various enzyme
activities per gram of the phospholipase preparations of
the present invention.
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TABLE 3
e,

Enzyme Type Activity
Source of Phospholipase Prep.

Ex. 1 Ex. 2 Ex. 4 ExX. 5
Phospholipase A 1,170 72,100 1197 2,100
Lipase ¥* <100 56 * ¥
Amylase 8,740 3,990 2,468 17
Acidic Protease 38,800 50,500 9,140 280
Neutral & Alkaline _
Protease | , ' 230,000 49,000 6,180 700
* - act1v1ty in relea81ng fatty a01d from.phosphollpld

obtalned from a crude enzyme preparatlon
Xk - beIOW'measurement l;mlt,(lo units)
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. A Phospholipase Al obtalned from species of the fungus

Aspergilllus, having the following characteristics:

which hydrolyzes phospholipid between about pH 2.5 and

about pH 6.0;

T

having a stability to a temperature of an upper limit of

between 45° and 90°C;
which is stable at a temperature of less than 90°C;

which has a molecular weilight of between about 30,000 and

40,000 daltons, as determined by sodium dodecyl sulfate
polvacrylamide gel electrophoresis;

which has pl under 1soelectric point electrophoresis at
about pH 2.8 to about pH 4.5;

which has an optimum pH for activity of from pH 3.2 to

about pH 5.5; and

which has an optimum temperature for activity of from

about 30° to 65°C.

2 . The Phospholipase Al according to claim 1 which is

stable at a pH of between about pH 3 and about pH 10.5.

3. The Phospholipase Al according to claim 1 or 2, which

has a molecular weight of between about 32,000 and 37,000
daltons as determined by sodium dodecyl sulfate

polyacrylamide gel electrophoresis.



CA 02098421 2001-12-19

44
4 . The Phospholipase Al according to claim 1, 2 or 3,

which has a pl under 1soelectric point electrophoresis at

about pH 3.0 to about pH 4.3.

0. The Phospholipase Al according to any one of claims 1

to 4, which has an optinum temperature for activity of from

about 50° to 65°C.

6. T'he Phospholilipase Al according to any one of claims 1

to 5, which 1s obtainable from a fungus selected from the

o
—

group consisting of:

Aspergillus orvzae;

Aspergilillus niger;

Aspergillus usamli mut. shiro usamii;

Asperglllus awamori;

Aspergillus fumigatus;

Asperglllus sojae;

Aspergilillus phoenicis; and

Aspergilillus wentii.

7. The Phospholipase Al according to claim 6, which 1is

obtainable from a fungus selected from the group consisting

i}

OL .

Aspergillus oryzae SANK 11870 FERM BP-3887;

Aspergilllus oryzae avellable under Instltute of

Fermentation number 30_02;



CA 02098421 2001-12-19

45
Aspergillus niger, avallable under American Type Culture

Collection number 9647;

Aspergillus niger, availlable under Institute of
Fermentation number 4407;

Aspergillus usamii mut. shiro usamii, available under

|

Institute of Applied Microbiology number 2414;

Aspergillus usamil mut. shiro usamii, available under

—

Institute of Fermentation number 6082;

Aspergillus awamoril, availlable under Institute of Applied
Microbiology number 2112;

Aspergillus awamori, avallable under Institute of

Fermentation number 4033;

Aspergillus fumilgatus, avallable under Institute of

Applied Microbiology number 2034;

Aspergillus sojae, avallable under Institute of Applied

Microbiology number 26066;

A

Asperglllus phoenicis, avallable under Institute of

Applied Microbioiogy namber 2215; and

Aspergillus wentii, avallable under Institute of Applied

Microbiology number 2135.

3 . The Phospholipase Al according to claim 7, which 1is

1solated from Aspergillus oryzae SANK 11870, availlable

under deposit number FERM BP-3887.
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9. The Phospholipase Al according to claim 7, which 1s

isolated from the strain of Aspergilius niger obtailnable

under American Type Culture Ccollection number 9642.

10. The Phospholipase Al according to any one of claims 1

'

to 9, which hydrolyzes the acyl group of the l-position of

a phospholipid to produce a Z2-acyl lysophospholipid.

11. The Phospholipase Al according to any one of claims 1

to 10, which has an activity whicn 18 categorized by an

enzyme number of EC 3.1.32.

12. The Phospholipase Al according to any one of claims 1

to 11, which has a lipase activity equivalent to 0.1% or

less of its Phospholipase Al activity.

13. A Phospholipase Ala obtained from Aspergillus oryzae

SANK 11870 FERM BP-3887 and having the following

characteristics:
molecular welight:
37,000 daltons, as determined by polyacrylamide gel

electrophoresis in the presence of sodium dodecyl

sulfate;

isoelectric point:

a pl at pH 3.9, as determined by 1soelectric point
electrophoresis;

optimum active pH:
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a pH of 3.5 to 4.5 1n the presence of an alkyl aryl

polyether alcohol non-ionic detergent or a pH of 4.5
to 5.5 1n the absence of said alkyl aryl polvether
alcohol non-i1onic detergent;

stable pH region:

a pH 5.5 or hilgner, with respect to an enzyme
solution containing approximately 10 units/ml of

gr—
—

enzyme 1n a 33 mM acetic acid/sodium acetate buffer

solution, or a pH of 10.5 or less, with respect to an

enzyme solution containing approximately 10 units/ml

of enzyme 1n a 33 M glycine/sodium chloride - sodium
hydroxide buffer solution; and
optilmum temperatzure:

5° C. to 60°C.

14. A Phospholipase Alb obtained from Aspergillus oryzee

SANK 11870 FERM BP-3887 and having the followlng

characteristics:
molecular weilght:
35,000 daltons, as determined by polyvacrylamide cel

electrophoresis i1in the presence of sodium dodecyl

sulfate;

1soelectric point:

a pl at pH 4.3, as determined by 1soelectric poilnt
electrophoresis;

optimum active pkH:
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a pH of 3.5 to 4.5 1n the presence of an alkyl arvl

polyether alcohol non-ionic detergent or a pH of 4.5

to 5.5 1n the absence of said alkyl aryl polyether
alcohol non-ionic detergent;

stable pH region:

a pH of 5.5 or nlgher, wilitn respect to an enzyme

—
=

solution containing approximately 10 units/ml of

enzyme 1in a 33 mM acetic acid/sodium acetate buffer
solution, or a pH of 10.5 or less, with respect to an
enzyme solution containing approximately 10 units/ml

of enzyme 1n a 33 mM glycine/sodium chloride - sodium

hydroxide buffer solution; and
optimum temperature:

50°C. to 60°C.

15. A Phospholipase Al obtained from Aspergillus niger
ATCC 9642 and having the fcllowing characteristics:

molecular welght:

™

32,000 daltons, as measured using a Superose 1727

column;

lsoelectric point:

a pl at pH 3.0, as determined by isoelectric point

electrophoresis;

optimum active pH:

[

a pH of 4.0 to 5.0 1In the presence of an alkyl aryl

g

polyether alcohol non-ionic detergent and a pH of 4.5
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to 5.0 1n the absence of said alkyl aryl polyether

alcohol non-i1onic detergent; and
optimum temperature:

50°C. to 60°C.

lo. A method of preparing a lysophospholipid from a
phospholipid substrate which has a l-acyl group, the method
comprising contacting said phospholipid substrate with a

Phospholipase Al obtainable from a species of the fungus

Aspergillus to hydrolyze said phospholipid substrate,
thereby removing said l-acyl group, n which the

Phospholipase Al has a pl under 1soe_ectric point

electrophoresis at about pH 2.8 to about pH 4.5.

17. A method of preparing a lysophospholipid from a
phospholipid substrate which has a l-acyl group, the method

comprising contacting sa.d phospholipid substrate with a

Phospholipase Al obtainable from a species of the fungus

Aspergillus to hydrolyze said phospholipid substrate,
thereby removing said l-acyl group, 1n which the
Phospholipase Al has a pl under 1soelectric point

electrophoresis at about pH 3.0 to about pH 4.3.

18. A method of preparing a lysophospholipid from a
phospholipid substrate which has a l-acyl group, the method
comprlsing contacting sald phospholilipid substrate with a

Phospholipase Al obtainable from a species of the fungus

Aspergilllus to hydrolyze said phospholipid substrate,

thereby removing said l-acyl group, 1n which the
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Phospholipase Al has an optimum pH for activity of about pH

3.2 to about pH 5.5.

19. A method for the preparation of a Phospholipase Al
which method comprises:
(a) culturing a Phospholipase Al-producing strain of

Aspergillus, selected from Aspergilllus niger and

Aspergillus cryzae, under conditions which allow for the

production of the Phospholipase Al;

(b) at the end of the culture period, diluting the
culture with water or an appropriate buffer solution;

(c) filtering the resulting solution under pressure toO
remove any 1insoluble matter; and, 1f desired

(d) purifying the enzvme.
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