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Abstract

An object of the present invention is to provide a method

for efficiently degrading a biodegradable resin. In
particular, the present invention relates to a method for

o degrading a biodegradable resin, the method comprising
degrading the biodegradable resin in a buffer solution
containing a biodegradable resin-degrading enzyme having an
optimum pH of 7.5 or higher, wherein no anion derived from a
buffer component is present on one side of an equilibrium

10 equation of buffering of the buffer solution, and a pH of the
buffer solution i1s adjusted within a pH range which glves
conditions for shifting the eguilibrium towards the side on
which no anion is present. Further, the present invention
relates to a method for degrading a biodegradable resin, the

> method comprising degrading the biodegradable resin in an
enzymatic reaction liquid containing a biodegradable
resin-degrading enzyme having an optimum concentration,
wherein the degradation is conducted in a reaction liquid having

an enzyme concentration which gives a biodegradable resin

20 degradation ratio of 60% or higher, where a biodegradable resin
degradation ratio at said optimum concentration is referred to

as 100%.

20
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Description

Title of Invention:

L]

METHOD FOR DEGRADING BIODEGRADABLE RESIN

This is a division of Canadian patent applicatlon no.

2,924,964 filed September 25, 2014.

o

Technical Field
The present invention relates to a method forefficiently

degrading a biodegradable resin.

Rackground Art

10 Biodegradable resins such as polylactic acid-based resins
are finding increasing applications, including applications to
packaging materials, applications tO mulching films for the

agricultural field, applications to the well drilling method for

mining underground resources, and the like. With this trend,
15 developmentcﬁftechnologiestx>meet<ﬁmxunm3applicationsluusbeen
demanded such as improvement in biodegradable resin degradatlion
rate and development of a degradation trigger Or degradation rate

controlling technology. The rotary drilling method is a method

in which the drilling 1is schieved with a drill, while muddy water

920 is being circulated. In this method, a kind of filter membrane

~alled mud cake is formed by using a fluid-loss-control agent as
a finishing fluid. Thus, the wall of the well is kept stable to

prevent collapse, and the friction is reduced. Meanwhile, 1n the

hydraulic fracturing method, a fluid with which a well is filled

95 is pressurized to a high pressure to form fractures in the vicinity

of the well. Thus, the penetrability (flowability of fluid) 1n
the vicinity of the well 1is 1improved, and the effective
cross-section thorough which a resource such as oll or gas flows

intotﬂmawelljjgincreasedtxaincreasetﬂuaproductivitycﬁfthev&ﬂjﬂ

30 Tn the case of the finishing fluid, in which calcium
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carbonate or a dJgranulated salt 1s mainly used as the
Fluid-loss-control agent, an acid treatment 1s necessary to
remove the fluid-loss-control agent, and the stratum of the well
is clogged by the fluid-loss-control agent to cause production

Tn addition, the fluid used 1n the hydraulic

5 falilure.

fracturing method is alsocalleda fracturing fluid, and viscous
fFluids such as gasoline gel had been used in the past. With
the development of the shale gas produced from the shale stratum,
which is present in a relatively shallow site, and the like,
10 aqueous dispersions inwhicha polymer is dissolved or dispersed
in water have been used recently considering the influence on
rhe environment. Polylactic acid 1s known as such a polymer.

Specifically, polylactic acid 1s a substance which

exhibits hydrolyzability and enzymatic degradability. Even

15 when polylactic acid 1s left in the ground, the polylactic acid
is degraded by water oOr eEnzymes in the ground. Hence,
polylactic acid does not exert any adverse influence on the

environment. In addition, 1t can be said that water used as

the dispersion mediumhas almost Nno influence on the environment,

90 when compared with gasoline or the like.

T addition, when a well is filled with such an aqueous

a—

dispersion of polylactic acid, and this agueous dispersion 1S
pressurized, the polylactic acid penetrates into the vicinity
~f the well. Then, the polylactic acid 1is hydrolyzed to lose

95 the shape as a resin, and spaces ({.e., fractures) are formed
in the portions into which the polylactic acid has penetrated.
Accordingly, the spaces through which the resource flows 1nto
the well can be 1ncreased.

Further, polylactic aclid also functions as a

30 fluid-loss-control agent. Specifically, polylactic acid has
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4 function of inhibiting excessive penetration of water used
as the dispersion medium into the ground to minimilze the
environmental change in the stratum. Since polylactic acid 18

degraded in the ground, no aclid treatment 1s necessary.

5 In addition, lactic acid, which 1s a degradation product
of polylactic acid, is an organic acid. After degradation ot
polylactic acid, lactic acid is released, and this acid erodes
shale in the shale stratum. Hence, lactic acid has a function
of promoting the pore formation in the shale.

10 However, polylactic acid has a low hydrolysis rate below
100°C, although it is hydrolyzed relatively rapidly at a
temperature of 100°C Or above. Accordingly, when polylactic
acid is applied to mining of shale gas produced from a site 1in
the ground where the temperature is low or the 1like, the

15 efficiency is low, and an lmprovement has been required.

on the other hand, the use of polyglycolic acid instead
of polylactic acid has been proposed. AlsO, polyglycolic acid
ig known as a biodegradable resin, and moreover has a higher
hyvdrolyzability  than polylactic acid. For example,

920 polyglycolic acid has a much higher hydrolysis rate at a
temperature of about 30°C than polylactic acid. Accordingly,
polyglycolicexyhiiﬁ;effective;asau1alternativetxDpolylactic
acid.

However, there is such a problem that polyglycolic acid

25 requires much higher costs than polylactic acid. This 1s &

serious disadvantage in the hydraulic fracturing method 1in

wvhich the fracturing fluid is used in a large amount. In

addition, under certaln temperature conditions, sufficiently
satisfactory degradability cannot Dbe obtained.

30 To efficiently degrade a biodegradable resin, tor example,
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biodegradabilitytusimprovedkn/blendinganlaliphaticpmdyester

rhat releases an acid upon hydrolysis (International

publication NoO. wo2008/038648) . 1In addition, a method ftor

degrading the sbove-described readily degradable resin

-l

composition and the like have pbeen reported (Japanese Patent
Application sublication No. 2010-138389). Further, a method
for degrading a biodegradable resin in a solution by using any
of various hydrolases has been reported (Japanese Patent
10 Application publication Nos. 2003-284550 and 2005-162832) .
However , there has been a demand LOY development of a technology

for further improving the degradation rate of a biodegradable

resiln.

summary of Invention

5 Zulobject<aftﬁmapresentjjnmﬂmjxxlistxyprovideaimethod
for efficiently degrading a biodegradable resin.

The inventors of the present applicat ion have found that,
when a biodegradable resin 18 degraded in a buffer solution,
the biodegradable resin can be efficiently degraded by using

20 a specific biodegradable resin-degrading enzyme and a specific

buffer solution.

specifically, a first aspect of the present invention

provides a method for degrading a biodegradable resin, the

methodcxmgnﬁfﬁjm;degradingtﬂmabiodegradablelx%ﬁjlinaibuffer

o5 solution contalning a biodegradable regin-degrading enzyme

one side of an equilibrium equation of puffering of the buffer

solution, and

30 a pH of the buffer solution is adjusted within a pH range
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which gives conditions for shifting the equa librium towards the

side on which no anion 1s present.
The inventors of the present application have further
found that, when a biodegradable resin is degraded in a solution,

a specific hydrolase has an optilmum concentration (1.e., a

Ut

degradation peak depending on the enzyme concentration) at

which the degradation efficiency of the biodegradable resin
reaches 1s maximized.

specifically, a second aspect of the present invention

10 provides a method for degrading a biodegradable resin, the

method comprising degrading the biodegradable resin 1in an

enzymatic reaction liguid containing a biodegradable

resin-degrading enzyme having an optimum concentration,

an enzyme concentration which gives a biodegradable resin
degradation ratio of 60% or higher, where a biodegradable resin
degradationlxﬂ:uaat.saidcmﬂjﬂmmlconcentration:MsreferredtxJ
as 100%.

20 The present invention makes 1t possible to rapidly

degrade a biodegradable resin.

Brief Description of Drawings
Fig. 1 shows results of degradation of a polylactic acid
film by using buffer solutions of different types and different
25 PHS.
Fig.22showsaidegradationcnuﬁmaofeapolylactiCEﬂxuifilm

with Savinase.

Fig. 3 shows a degradation curve of a polylactic acid resin

with Esperase.

30 Fig. 4 shows a degradation curve of the polylactic acid

CA 2972651 2017-07-04



resin with Proteinase K.

Description of Embodiments
1. A first aspect of the present invention provides a method
for degrading a biodegradable resin, the method comprising

degrading the Dbiodegradable resin 1in a buffer solution

)

contalning a biodegradable resin-degrading enzyme having an
optimum pH of 7.5 or higher, wherein no anion derived from a

buffer component 1s present on one gide of an eguilibrium

equation of buffering of the buffer solution, and a pH of the
10 buffer solution 1s adjusted within a pH range which gives

conditions for shifting the equilibrium towards the side on

which no anion 1s present.

In the first aspect of the present invention, the

blodegradable resin 1s not particularly limited, and an

15 aliphatic polyester, which generally has biodegradability, or

the like 1s used. Examples of the aliphatic polyester having

bilodegradability 1nclude polylactic acid-based resins,

polybutylene succlnate, polycaprolactone,
polyhydroxybutyrate, polybutylene succinate adipate copolymer,
20 copolymers of the above-described aliphatic polyesters,
copolymers of an aromatic polyester such as polyethylene
terephthalate, polyethylene naphthalate, or polybutylene
terephthalate with any of the above-described aliphatic
polyesters, and the like. One of these polyesters may be used

25 alone, or two or more thereof may be used in combination.

Examples of components which form the above-described

copolymers of the aliphatic polyesters include polyols such as

ethylene glycol, propylene glycol, butanediol, octanediol,
dodecanediol, neopentyl glycol, glycerin, pentaerythritol,

30 sorbiltan, bisphenol A, and polyethylene glycol; dicarboxylic
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aclids such as succinic acid, adipic acid, sebacic acid, glutaric

acid, decanedicarboxylic acid, cyclohexanedicarboxylic acid,
terephthalic acld, 1sophthalic acid, and

anthracenedicarboxylic acid; hydroxycarboxylic acids such as

glycolic acid, L-lactic acid, D-lactic acid, hydroxyproplonlc

T

acid, hydroxybutyric acild, hyvdroxyvaleric acid,
hydroxycaproic acid, mandelic acid, and hydroxybenzoic acid;
lactones such as glycolide, caprolactone, butyrolactone,

valerolactone, propiolactone, and undecalactone; and the like.

10 Polymers which may be blended 1include cellulose,

derivatives thereof, chitin, glycogen, chitosan, polyamino
acids, starch, and the like. ©Note that, when polylactic acid

is used, the lactic acid used for the polymerization may be

either the L-1isomer or the D-isomexr or may be a mixture of the

15 L-1isomer and the D-1isomer.

Preferred aliphatic polyesters having biodegradability
include polylactic acid-based resins, polybutylene succinate,
and the like, and polylactic acid-based resins are particularly
preferable.

20 The molecular weight of the aliphatic polyester having

biodegradability is not particularly limited, and the weight

average molecular weight of the aliphatic polyester having

biodegradability 1is preferably i1n a range from 5,000 to
1,000,000, and more preferably 1n a range from 10,000 to 500,000,
25 considering the mechanical characteristics and processability
in producing a container or the like by using a biodegradable

resin containing the aliphatic polyester.

If necessary, known additives such as plasticizers, heat

stabilizers, 1light stabilizers, antioxidants, ultraviolet

30 absorbers, flame retardants, coloring agents, pigments,
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10

20

o
c

30

fillers, bulking agents, mold release agents, antistats,
fragrances, lubricants, foaming agents,
antibacterial/antifungal agents, and nucleating agents may be

blended 1in the biodegradable resin to be degraded by the method

of the first aspect of the present invention. In addition, a
resin other than the allphatic polyester having

biliodegradability may be blended, unless any effect of the

present invention is impailired. For example, 1t 1s possible to
blend water-soluble resins such as polyethylene glycol and
polyvinyl alcohol, and also to blend polyethylene,
polypropylene, ethylene-propylene copolymer, acid-modified

polyolefin, ethylene-methacrylic acid copolymer,

ethylene-vinyl acetate copolymer, ionomer resin, polyethylene

terephthalate, polybutylene terephthalate, polyvinyl acetate,
polyvinyl chloride, polystyrene, polyester rubber, polyamide
rubber, styrene-butadiene-styrene copolymer, and the like.

Note that, to improve the degradability of the

above-described enzymatically degradable resin, an ester
degradation-promoting hydrolyzable resin (hereinafter, simply
abbreviated as "ester-degrading resin'" 1n some cases) may be
blended in the enzymatically degradable resin.

This ester-degrading resin does not exhibit any

ester-degrading ability when the ester-degrading resin 1s
present alone, but the ester-degrading resin releases an acid
or an alkalil which functions as an ester-degrading catalyst upon

mixing with water.

In general, the ester-degrading resin 1s dispersed

uniformly 1in an 1nner portion of the above-described

hydrolyzable resin, which has a low hydrolyzability, and the

acid or alkalil released from the ester-degrading resin promotes
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N
)

30

rapid hydrolysis of the hydrolyzable resin. In this respect,

tor example, an ester-degrading resiln having a weight average
molecular weight of about 1000 to 200000 1s used as the

ester-degrading resin.

n addition, for alkali-releasing ones of the

ester-degrading resins, sodium alginate, an alkali metal
acrylate such as sodium acrylate, or the like can be used.
However, the release of an alkalil has a large negative impact

on the environment. Hence, acid-releasing ones are

particularly preferably used.

As the acid-releasing ester-degrading resin, 1t 1s
particularly preferable to use a polymer which exhibits a pH
(at 25°C) of 4 or lower, and particularly preferably 3 or lower
1n an agueous solution or agqueous dispersion at a concentration
of 0.005 g/ml, and which is easily hydrolyzed upon mixing with

water and releasegs the acid.

Examples of the above-described polymers 1nclude

polyvoxalates, polyglycolic acid, and the 1like. These polymers

may be copolymers. Alternatively, one of these polymers may

be used alone, or two or more thereof may be used 1n combination.

Examples of components which form the copolymers 1nclude
prolyols such as ethylene glycol, propylene glycol, butanediol,
octanediol, dodecanediol, neopentyl glycol, glycerin,
pentaerythritol, sorbitan, bilisphenol A, and polvethylene
glycol; dicarboxylic acids such as succinic acid, adipic acid,

sebacic acid, glutaric acid, decanedicarboxylic acid,

cyclohexanedicarboxylic acid, terephthalic acid, isophthalic

acld, and anthracenedicarboxylic acid; hydroxycarboxylic

acids such as glycolic acid, L-lactic acid, D-lactic acid,

hydroxypropionic acid, hydroxybutyric acid, hydroxyvaleric
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acld, hydroxycaproic acid, mandelic acid, and hydroxybenzoic
acid; lactones such as glycolide, caprolactone, butyrolactone,

valerolactone, propiolactone, and undecalactone; and the like.

Note that, 1n this Description, a polymer, such as a

homopolymer, a copolymer, or a blend, in which oxalic acid is

)

polymerized as at least one monomer 1is referred to as a

polyoxalate.

The above-described polyoxalates and polyglycolic acid

are readlly hydrolyzable resins, and are hydrolyzed rapidly.

10 For this reason, the above-described polyoxalates and

polyglycolic acid are especially excellent in hydrolysis

acceleration ability of hardly hydrolyzable resins. Of these,

polyoxalates, especially polyethylene oxalate, exhibit a

remarkably higher hydrolysis acceleration ability than

15 polyglycolic acid, and are capable of remarkably accelerating
the hydrolysis of the hardly hydrolyzable resin such as
polylactic acid even at a temperature of 80°C or below.
Moreover, polyoxalates are much more i1nexpensive than
polyglycolic acid and are extremely advantageous in terms of

20 cCosts.

The biodegradable resin degraded by the method of the
first aspect of the present inventionmay be in a formof apellet,

a film, a powder, a single-layer fiber, a core-sheath fiber,
a capsule, or the 1ike. However, the formisnot limited thereto,

25 and the biodegradable resin can be produced by a method known

per se.

The bilodegradable resin-degrading enzyme used 1in the
first aspect of the present invention is not particularly
limited, as long as the biodegradable resin-degrading enzyme

30 has an optimum pH of 7.5 or higher and generally degrades a

10
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biodegradable resin. A person skilled in the art can use any

biodegradable resin-degrading enzyme. The optimum pH of the

above-described enzyme is more preferably 8.0 or higher, and
further preferably 8.5 or higher. The enzyme 1s preferably an

alkaline protease, an alkalline cellulase, an esterase, a

)

cutinase, a lipase, or the like, and, for example, Savinase

manufactured by Novozymes can be used. The amount of the enzyme

can be determined, as appropriate, by a person skilled 1n the

art, and the amount of the enzyme can be determined, for example,

10 according to the type of the biodegradable resin to be degraded

and the like on the basis of the activity unit specific to the
enzyme used.

The buffer solutionused in the first aspect of the present

invention 1s such that no anion derived from a pbuffer component

15 1s present on one side of an equilibrium equation of buffering

of the buffer solution, and a pH of the buffer solution 1s

adjusted within a pH range which gives conditions for shifting

the equilibrium towards the side on which no anion 1s present.

Such buffer solutions include those containing, for example,

20 a tris-hydrochloride buffer solution (tris aminomethane), a

2-(cyclohexylamino)ethanesulfonic acid (CHES) buffer solution,

a Cood's buffer solution such as a Bis-Tris buffer solution,

PES buffer solution as a pbuffer

L

a MOPS buffer solution, or a Hi
component. The above-described buffer solution is used, while
25 being adjusted within the pH range which gives conditions for

shifting the egquilibrium towards the side on which no anion 1is

present. In addition, on the premise that the above-described
pH condition i1s satisfied, the pH of the buffer solution 1is
further preferably 7.5 oxr higher, more preferably 8.0 or higher,

30 and particularly preferably 8.5 or higher, 9.0 or higher, 9.5

11
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or higher, or 10.0 or higher.

In the first aspect of the present invention, the phrase

"the pH range which gives conditions for shifting the

equilibrium towards the side on which no anion (derived from

the buffer component) is present" does not completely exclude

o

the presence of the anion derived from the buffer component in
the buffer solution. Typically, based on the pKa value of the
equilibrium (according to the equilibrium equation), the pH

range which gives conditions for shifting the equilibrium

10 towards the side on which no anion is present can be determined
to be a range which is above or below the pKa value. As long
2g the above-described conditions are satisfied, the pH of the
puffer soclution may be out of the buffering pH range.

For example, when a tris-hydrochloride buffer solution

15 (tris aminomethane) (pKa=8.06) (see Example 1-1 described
later) is used as the buffer solution, the pH can be higher than
8 .06, and, for example, the pH can be 8.5 Or higher, 9.0 or higher,

10.0 or higher, 10.5 or higher, or the like. Likewlse, when

4 CHES buffer solution (pKa=9.3) (see Example 1-2 described
20 later) is used, the pH can be lower than 9.3, and, for example,
the pH can be 9.0 or lower, 8.5 or lower, 8.0 Or lower, or the
like. Considering the active pH range of the enzyme, the lower
limit of the pH of the buffer solutionis preferably 7.50r higher,

8.0 or higher, 8.5 or higher, or the like.

Tn addition, a person skilled in the art can determine,

N
o)

as appropriate, the concentration of the buffer solution, and
4 buffer solution can be used which has, for example, a salt
concentration of 10 mM to 200 mM, and preferably 50 mM to 150
mM .

30 rurther, conditions such as the time and the temperature
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for degrading the biodegradable resin in the buffer solution

can be determined, as appropriate, by a person skilled in the

art according to the types and amounts of the enzyme and

biodegradable resin used.

2 . Meanwhile, a second aspect of the present invention provides

o)

2 method for degrading a biodegradable resin, the method
comprising degrading the biodegradable resin in an enzymatic
reaction ligquid containing a biodegraacable resin-degrading
enzyme having an optimum concentration, wherein the degradat lon

10 is conducted in a reaction liquid having an enzyme concentration
which gives a biodegradable resin degradation ratio of 60% Or
higher, where a biodegradable resin degradation ratio at said
optimum concentration is referred to as 100%.

The biodegradable resin used in the second aspect of the

15 present invention is not particularly . imited, and an aliphatic
polyester, which generally has biodegradability, or the like
is used, as in the case of the above-described first aspect of
the present invention. The same aliphatic polyesters as those
described above in the first aspect of the present invention

90 can be used in terms of all the points including the specific
types of the aliphatic polyesters, the usable components
forming the copolymers, the usable additives, the usable

ester-degrading resins, the employable forms, and the like.

In general, the biodegradable resin-degradling enzyme

NS
ot

used in the second aspect of the present invention 1s not
particularly 1limited, as long as the Dbiodegradable
resin-degrading enzyme has an optimum concentration (1.e., a
degradation peak which depends on the enzyme concentration) 'at
which the degradation efficiency of a biodegradable resin 1n

30 a solution is maximized. A person skilled in the art can find,

13
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as appropriate, the above-described biodegradable

resin-degrading enzyme by a test or the llke. For example,

alkaline proteases generally have optimum concentrations for

the biodegradable resin-degrading activity. In the second

5 aspect of the present 1nvention, Savinase, Esperase, or the like

can be used preferably. In addition, the optimum pH of the

biodegradable resin-degrading enzyme used 1n the second aspect
of the present invention 1s preferably 7.5 or higher, more
preferably 8.0 or higher, and further preferably 8.5 or higher.
10 As the enzyme concentration i1n the reaction ligquid used
in the method for degrading a biodegradable resin of the second
aspect of the present invention, an enzyme concentration 1s
employed which gives a biocdegradable resin degradation ratio
of 60% or higher, preferably 70% or higher, more prefterably 80%
15 or higher, and particularly preferably 90% or higher, where a
biodegradable resin degradation ratio at the optilmum
concentration at which the degradation of the biodegradable
resin 1s maximized 1s referred to as 100%. The optimum
concentration can be determined experimentally by actually
20 degrading a biodegradable resin in multiple reaction liquids

having different enzyme concentrations. In the second aspect

of the present invention, the optimum concentration of an enzyme
for the biodegradable resin to be degraded 1s preferably

determined based on the enzyme concentration per unit surface

N
Wk

area of the biliodegradable resin which has not been degraded.

It 1is possible to experimentally determine the enzyme
concentration at which the degradation ratio of the
biodegradable resin in the reaction liquid designated 1in the
present application 1s maximized can be determined according

30 to the surface area of the biodegradable resin having any weight

14
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and any shape such as a film, a pellet, or a powder.
Regarding the surface area of the biodegradable resin,
when the biodegradable resin 1s 1n the form of a £fi1lm, a surtace

area calculated based on the two-dimensional sizes of the top

5, and bottom of the fi1ilm can be used for convenience. Meanwhile,

for a pellet, a powder, a single-layer fiber, a core-sheath
fiber, a capsule, or the like, a surface area determined by
surface area calculation based on the permeation method, the
gas adsorption method, or the size-measuring can be employed.
10 The buffer solution used 1in the second aspect of the
present invention is not particularly limited, as long as the
buffer solution is generally used for the purpose of stabilizing
the pH. Such buffer solutions include a glycine-hydrochloride
buffer solution, a phosphate buffer solution, a

15 tris-hydrochloric acid (tris aminomethane) buffer solution, a

2- (cyclohexylamino) ethanesulfonic acid (CHES) buffer solution,
an acetate buffer solution, a citrate buffer solution, a
citrate-phosphate buffer solution, a borate buffer solution,

a tartrate buffer solution, a glycine-sodium hydroxide buffer

20 solution, and the 1like. Inaddition, asolidneutralizingagent

may be used, and examples thereof 1nclude calcium carbonate,

chitosan, deprotonation ion-exchange resins, and the like. In
the second aspect of the present invention, a buffer soclution

having a buffer capacity in a pH range from7 to 12 1s preferable,

N
)

and it is more preferable touse a buffer solution having a butfer

capacity in a pH range from 8 to 11, and further preferably 8.5

to 10.5. In the second aspect of the present i1nvention, a

tris-hydrochloric acid (tris aminomethane)buffer solution and

2~ (cyclohexylamino) ethanesulfonic acid (CHES) buffer solution

30 are preferable, and a 2-(cyclohexylamino)ethanesulfonic acid

15
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20

30

(CHES) buffer solution is particularly preferable.

The pH of the buffer soclution can be determined, as

appropriate, by a person skilled in the art according to the

Cype of the enzyme used and the like, and is preferably 7.5 or
higher, more preferably 8.0 or higher, and particularly
preferably 8.5 or higher, 9.0 or higher, 9.5 or higher, or 10.0

or higher.

In addition, a person skilled in the art can determine

the concentration of the buffer solution, as appropriate. For
example, a buffer solution having a salt concentration of 10
mM to 200 mM and preferably 50 mM to 150 mM can be used.
Further, conditions such as the time and the temperature
for degrading the biliodegradable resin in the buffer solution
can be determined by a person skilled in the art, as appropriate,

according to the types and amounts of the enzyme and the

biodegradable resin used.

Examples

Hereinafter, the present invention 1s described

specifically based on Examples.

1. Enzymatic Degradation Test on Biodegradable Film according

to First Aspect of Present Invention
Degradation liquids were prepared by adding 100 uL of a

Savinase enzyme liquid to 30 ml of each of buffer solutions

prepared at 100 mM with a pH of 10.5 (only CHES buffer solutions
were prepared with pHs of 9.0 and 10.5). Pieces cut out of a
polylacticacid filminasizeof 2 cmx2 cm (120 mg) were immersed
1n the degradation liquids, followed by shaking at 45°C and at
100 rpm for 16 hours. The pileces of the film were taken out

16 hours later, and dried at 70°C for 3 hours. The degradation

amounts were determined ags follows:

16
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Initial weight of film - weight after degradation =

degradation amount (mg) .
Preparation of Polylactic Acid Film
The polylactic acid film was formed from polylactic acid
D (manufactured by NatureWorks LLC) by using Labo Plastomill
(manufactured by Toyo Seiki Seisaku-sho, Ltd.) at 210°C. The
polylactic acid film had a thickness of 100 um.
A blodegradable resin-degrading enzyme used was as
follows:
10 Savinase enzyme liqgquid
Savinase 16.0 L (Novozymes) was used.
The following buffer solutions were used.

(1) Tris buffer solution (7.0 to 9.0; pKa=8.06)

[H3NG(CH20 H)3 ] —» H++ H2NC(CH20 H)3

15 (11) CHES buffer solutions (8.6 to 10.0; pKa=9.3)

NHCHsOHS0H imf:m SCHL S0~
N N

[ -— Lﬂ §

%"’”‘:«""‘P i v‘f

R x

% et

(111) Phosphate buffer solution (5.8 to 8.0; pKal=2.12,

pKa2=7.21, pKa3l=12.67)

H3P Q4> H+HPO4—*2H +HPO# > 3H +PO4*

2() (1v) Bicine buffer solution (7.0 to 9.0; pKa=8.06)

(v) TAPS buffer solution (7.5 to 9.4; pKa=8.44)

17
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CH,OH

T FAN

W‘;'s H
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: o IR a2
bl M0 E_f; ) L

Regarding the (11i) CHES buffer solutions described above,

two solutions with pHs of 9.0 and 10.5 were prepared, and the

T

pHs of the other buffer solutions used were adjusted to 10.5.

(Example 1-1)
A degradation liguld was prepared by adding 100 uLl of the
Savinase enzyme liquid to 30 ml of the Tris buffer solution
10 prepared at 100 mM with a pH of 10.5. A piliece cut out of the
polylactic acid film in a size of 2 cmx2 ¢cm (120 mg) was immersed
1n the degradation ligquid, followed by shaking at 45°C and at
100 rpm for 16 hours. The film was taken out 16 hours later,
and dried at 70°C for 3 hours. The degradation amount was
15 determined as follows:

Initial welght of film - Weight after degradation =

Degradation amount (mg) .

(

Example 1-2)

et

Example 1-2 wasg conducted 1in the same manner as in Example

20 1-1, except that the CHES buffer solution prepared at 100 mM

with a pH of 9.0 was used as the buffer solution.

(Comparative Example 1-1)

Comparative Example 1-1 was conducted in the same manner

as 1n Example 1-1, except that the phosphate buffer solution

o
-y

was used as the buffer solution.

13
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(Comparatlve Example 1-2)

Comparative Example 1-2 was conducted in the same manner

as 1n Example 1-1, except that the Bicine buffer solution was

used as the buffer solution.

(Comparative Example 1-3)

Comparative Example 1-3 was conducted in the same manner

as 1n Example 1-1, except that the TAPS buffer solution was used

as the buffer solution.

(Comparative Example 1-4)

Comparative Example 1-4 was conducted in the same manner

as 1n Example 1-1, except that a Tricine buffer solution was

used as the buffer solution.

(Comparative Example 1-5)

Comparative Example 1-5 was conducted in the same manner

as 1n Example 1-2, except that the pH of the CHES buffer solution
was adjusted to 10.5.

The results of the degradation of the polylacticacid film

1n Examples 1-1 and 1-2 and Comparative Examples 1-1 to 1-5 are
shown 1n Table 1 below and Fig. 1.
From these resultsgs, 1t can be understood that the

polylactic acid film was degraded at a high level in each of

Examples 1-1 and 1-2 1n which the buffer solutions designated

in the present application were used.

Table 1
Type of | pH of | Weight loss
buffer buftfer amount (mg)
solution solution

Example 1-1 Tris 10.5 55.65

Example 1-2 CHES 9.0 35.37

19
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Comp. Ex. 1-1 Phosphoric 10.5

acid ’
Comp. Ex. 1-2 Bicine 10.5 0.08
Comp. Ex. 1-3 TAPS 10.5 0.72
Comp. Ex. 1-4 Tricine 10.5 1.89
Comp. Ex. 1-5 CHES 10.5 2.00

2. Enzymatic Degradation Test on Biodegradable Film according

to Second Aspect of Present Invention

Pieces cut out of a polylactic acid film in a size of 2

cmx2 cm (120 mg) were 1mmersed 1n degradation liguids prepared

by adding a Savinase, Egperase, or Protelnase K enzyme liguid

to 30 ml of a 100 mM CHES buffer solution (pH 9.0), followed

by shaking at 45°C and at 100 rpm for 16 hours. The pieces of
the film were taken out 16 hours later, and dried at 70°C for
3 hours. The degradation amounts were determined as follows:

Tnitial weight of film - weight after degradation =

degradation amount (mg) .

A graph was made 1n which the degradation amount per unit
area, which was equal to the degradation amount (mg) divided
by the initial surface area (8 cm®) of the film, was plotted
on the vertical axis and the 1nitial amount of enzyme added per

unit area, which was equal to the initial enzyme concentration

(mg/mL) divided by the initial surface area (8 cm’) of the film,

was plotted on the horizontal axis. Enzymes which had an

optimum concentration were marked with 0, and the other enzyme

was marked with x. In addition, concentrations at which a

degradation amount of 60% or higher was observed were marked
with 0, and concentrations at which a degradation amount less

than 60% was observed were marked with x, where the degradation

20
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amount at the optimum concentration was taken as 100%.
Preparation of Polylactic Acid Film
The polylactic acid film was formed from polylactic acid

(manufactured by NatureWorks LLC) by using Labo Plastomill]

(manufactured by Toyo Seikil Seisaku-sho, Ltd.) at 210°C. The
polylactic acid film had a thickness of 100 um.

The biodegradable resin-degrading enzymes used were as
follows.
(1) Savinase enzyme liguid

Savinase 16.0 L (Novozymes) was used.

(11) Esperase enzyme liguid

Esperase 8.0 L (Novozymes) was used.

(111) Pro K (proteinase K) enzyme solution

Tn 1 ml of 0.05 M Tris-HC1l buffer solution (pH 8.0)
containing 50w/w% glycerin, 20mg of Tritirachiumalbum-derived
Proteinase K powder was dissolved. The pro K (Proteinase K)

enzyme solution thus prepared was used.

(Example 2-1)

A piece cut out of the polylactic acid film 1in a size of

2 cmx2 cm (120 mg) was 1mmersed 1n 30 ml of a 100 mM CHES buffer
solution (pH 9.0) to which 50 ul of the Savinase enzyme liguid
was added, followed by shaking at 45°C and at 100 rpm for 16
hours. The film was taken out 16 hours later, and dried at 70°C

for 3 hours. The degradation amount was determined as follows:

Initial weight of film - weight after degradation =

degradation amount {(mg).

(Examples 2-2 to 2-6 and Comparative Examples 2-1 to 2-18)

Enzymatic degradation tests were carried out by employing

the same buffer solution, lactic acid film, and degradation

conditions as those in Example 2-1, and changing the enzyme

CA 2972651 2017-07-04



solution and the amount of the enzyme solution as shown in Table

2 below.

Table 2 below and Figs. 2 to 4 show the test conditions

1n the Examples and Comparative Examples, and the results of

5 the degradation tests.

INO
N
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As can be understood from Figs. 2 and 3, each of Savinase

and Esperase, which are degrading enzymes designated in the
second aspect of the present application, has an optimum
concentration at which the degradation of the biodegradable

resin 1s maxlimized when the enzyme concentration per unit

surface area 1s varied. In contrast, the enzyme Proteinase K,
which conventional degradation methods mainly employ, has no

optimum concentration at which the degradation of the

biodegradable resin i1s maximized, as shown 1in Fig. 4. 1In
addition, even when a biodegradable resin-degrading enzyme
having an optimum concentration 1is used in a conventional case,
the presence of the degradation peak based on the enzyme
concentration per unit surface area of a biodegradable resin
has not been recognized, and the degradation has been conducted
under enzyme concentration conditions where a high degree of

degradation cannot be achleved. 1In the second aspect of the

present 1nvention, 1t has been found that the property of a
speclific enzyme to have an optimum concentration can beutilized
for 1mprovement of degradation ratio under conditions for

degrading a biodegradable resin 1n a buffer solution.

24
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CLAIMS

Claim 1

A method for degrading a biodegradable resin, the method
comprising degrading the biodegradable resin 1n a buffer
solution having a buffer capacity in a pH range from 7 to 12,
containing Savinase and/or Esperase , the method comprising

(i) determining the optimum concentration of the enzyme

at which the degradation of the biodegradable resin 1n the

reaction solution is maximized, and

(ii) degrading the biodegradable resin 1in a Dbuffer
solution having an enzyme concentration which glves a
biodegradable resin degradation ratio of 60% or higher, where
a biodegradable resin degradation ratio at said optimum

concentration is referred to as 100%.

Claim 2

The method according to claim 1, wherein in step (1), the
optimum concentration of the enzyme is determined based on the

enzyme concentration per unit surface area of the biodegradable

resin before degradation.

Claim 3

The method according to c¢laim 1 or 2, wherein the
biodegradable resin is degraded in a buffer solution comprising

the enzyme in the optimum concentration determined in step (1) .

Claim 4

The method according to any one of claims 1 to 3, whereln
the buffer solution comprises tris aminomethane buffer solution

or 2- (cyclohexylamino)ethanesulfonic acid buffer solution.

295
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Claim 5
The method according to any one of claims 1 to 4, whereiln

the biodegradable resin comprises a polylactic acid-based

resin.

Claim 6
The method according to any one of claims 1 to 5, wherein
the biodegradable resin is ina formof apellet, a film, a powder,

a single-layer fiber, a core-sheath fiber, or a capsule.

26
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