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A process by which a biodegradable polyhydroxyalkanoate Is easily obtained through solvent extraction. The process, which Is for

producing polyhydroxyalkanoate crystals, I1s characterized in that a C

4.10 Monohydric alcohol is used as an extraction solvent and

that a polyhydroxyalkanoate solution containing water in an amount of 0.1 to 10 wt.% based on the total amount of the solution Is
kept at a temperature not lower than 70°C and then cooled to a temperature lower than 70°C to thereby precipitate crystals of the

polyhydroxyalkanoate.
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ABSTRACT

The present invention provides a method for

convenliently obtaining a biodegradable polyvhydroxyalkanoate

by a solvent extraction method.

A method for producing a polyhydroxyalkanoate crystal
which comprises precipitating a polyhydroxyalkanoate
crystal using a monohydric alcohol having 4 to 10 carbon
atoms as a extraction solvent, keeping a
polyhydroxyalkanoate solution contailning 0.1 to 10% by
welght of water relative to the total amount of the

solutlion warm at 70°C or higher, and cooling the solution
to below 70°C.
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DESCRIPTION

PROCESS FOR PRODUCING POLYHYDROXYALKANOCATE CRYSTAL

TECHNICAL FIELD

The present i1nvention relates to a method for

efficliently producing a polvhydroxvalkanoate acid

accumulated 1n a blomass using a solvent.

BACKGROUND ART
A polyhydroxyalkanoate (hereinafter referred to
briefly as “PHA”) 1is a biodegradable and thermoplastic

polyester which is synthesized and accumulated as an energy
storage substance 1n cells of a variety of microorganisms.
A PHA, which 1s produced by microorganisms using natural
organic-acids or 0lls as carbon sources, 1is completely

biodegraded by a microorganism in soil or water to be taken

up 1n the carbon cycle of the natural world. Therefore, a

PHA can be salid to be an environment-conscious plastic

material which hardly causes adverse effects for ecological

system. In these years, a synthetic plastic came into a

serious social problem in view of environment pollution,

waste disposal and 01l resource, thus a PHA has attracted

attention as an eco-friendly green plastic and its

practical applications are longed for.

When a PHA 1s produced on a commercial scale, there
1s a case 1in which microorganisms innately producing a PHA

are used, or a case 1n which a PHA synthetic gene 1is

recompinated into a microorganism or a plant to obtain a

transformant, which 1s to be used as a host for production.

In both cases, since a PHA is accumulated in the blomasses,

the PHA 1s to be produced by recovering the PHA~containing

blomass, and separating and purifying the PHA from the

bilomass.

As regarding the separation and purification of a PHA
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from a biomass, a method is known as the most convenlient

which comprises extracting a PHA using a PHA-soluble

solvent, crystallizing the resultant using a poor solvent,
and recovering the PHA as a crystal. For example, there 1s
a method comprising drying a biomass in which a PHA 1s
accumulated, extracting the PHA from the dried bilomass
using a halogen-contalnling organic solvent such as
chloroform and methylene chloride, and then mixing the
extract with a poor solvent such as methanol and hexane to
precipitate and recover the PHA (see Japanese Kokal
Publication Sho-59-205992). With these extraction solvents,

a PHA can be extracted from only a dried biomass, therefore

a process for drying the biomass obtained from a culture
broth 1is required. In addition, there 1s such a problem
that a halogen-containing organic solvent in connection
wlth the environmental regulation 1s used.

Japanese Kokal Publication Hei1-02-68187 describes a

method for extracting a PHB (a homopolymer of 3-
hydroxybutyrate) from a wet biomass using a solvent, but
all the solvents used 1n this publication are specific ones

such as propanediol and glycerol formal, and are

insufficient for commercial scale application from an
economlcal point of view, etc.

Moreover, Japanese Kohyo Publication Hei1-10-504460
dliscloses an extraction using a solvent having preferable
water-misciblity. In this publication, methanol, ethanol

and lsopropanol are mentioned, but with these solvents, a

PHA cannot be extracted unless the bilomass 1s treated under
pressurized condition at 100°C or higher, which is far

exceedling the boiling point. There 1s also concern that a

significant molecular weight decrease may occur in the
dissolution at a high temperature of 140°C applied in
Example 1 or 2. Furthermore, there 1s described that a
hard and opaque gel 1s formed by cooling, and then the gel

1s compressed using a rotation roll. However, the present
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1nventors experienced that when a polymer became a hard and
opaque gel, 1t was no longer possible to brush away the gel

from a reaction contalner, and it became substantially

lmposslible to recover a PHA.
In Unlted States Patent No.5942597, a PHA 1is

recovered mainly from a plant using a solvent. In this

patent, the recovery 1s carried out at a PHA concentration
of 1%, and the amount to be used of the solvent becomes
huge 1n such low PHA concentration, thus this method is
substantially difficult to be applied on a commercial scale.

Moreover, the present 1nventors also experienced that

gelation could not be prevented under the above-mentioned
conditions, too.
As described above, when a PHA is extracted and

recovered using a solvent, since the gelation in

crystallization is severe, the solvent extraction method
consldered to be substantially convenient cannot be used.
Alternatively, 1in order to prevent gelation, there is only

a means tTo carry out dissolution and crystallization at a

low PHA concentration. But in this case, since the

recovery of a PHA becomes inefficient, it becomes too

costly for commercial application in the actual state. As
described above, the gelation of PHA is a serious problemn.
However, even though 1t has become one of the major causes
for obstructing the practical application of a PHA.
However, an effective solution which prevents gelation has
sti1ll not been found.

Accordingly, the subject of the present invention is
to provide a method for preventing a polyhydroxyalkanoate
from galation, which is a state substantially incapable of

peing brushed away, and for obtaining its polymer in a

quite easily recoverable state, when the
polyhydroxyalkanoate is extracted using a solvent from a
polyhydroxyalkanoate~containing biomass and the

polyhydroxyalkanoate is crystallized.
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SUMMARY OF THE INVENTION
The present inventors eagerly investigated on the
above-mentioned subject, and as a result, they have found

that a significant galation of a PHA could be minimlzed by

dissolving a PHA obtained from a dry or wet biomass 1n a
monohydric alcohol having 4 to 10 carbon atoms at 70°C or
higher, separating the extract from the biomass residue,

and preparling the extract so as to contain water in 0.1 to

10% by weight, preferably 2 to 8% by weight to make the
extract 1n water containing condition. Furthermore, they
have also found that by lowering the temperature of the

solution to below 70°C, the recovery amount increased, and

a PHA became a state which could be recovered by filtration.
Thereby, they completed the present invention.

That 1s, the present 1nvention relates to a method
for producing a polyhydroxyalkanoate crystal which
comprilises precipitating a polvhydroxvalkanoate crystal
using a monohydric alcohol having 4 to 10 carbon atoms as a
extraction solvent, keeping a polyhydroxvalkanoate solution
containing 0.1 to 103% by welight of water relative to the
total amount of the solution warm at 70°C or higher, and

cooling the solution to below 70°C.

DETAILED DESCRIPTION OF THE INVENTION
In the following, the preferred embodiment of the

present invention 1s 1llustrated to describe the present

1nvention in further detail. The extraction solvent used

for the present invention is a monohydric alcohol having 4

o 10 carbon atoms. As such extraction solvents, there may

be mentioned butanol, pentanol, hexanol, heptanol, octanol,
nonanol, decanol, and isomers thereof. More preferred are
relatively cheap monohydric alcohols with comparatively low

poliling point which has 4 to 7 carbon atoms and is highly

excellent 1n extraction and dissolution abilities. As such
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monohydric alcohols, butanol, pentanol, hexanol, heptanol,

and 1somers thereof are particularly preferred as the
extraction solvent of the present invention. 2As the above
pbutanol, 1sobutanol is preferred. As the above extraction

solvent, one species or two or more can be used.

According to the preferred embodiment of the present

1nvention, a PHA can be extracted either from a dry biomass

Or from a wet biomass. In both cases, the extract is
prepared 1n such manner that water is contained in 0.1 to
105 by weight, and preferably 2 to 8% by welght 1in the
eXtract. The present inventors have found that, for the
flrst time, a significant gelation at the time of

crystallization after the extraction can be moderated by

Chis procedure. However, when the water content exceedling

10% by weilight in the extract, the extraction solvent

recovery becomes difficult.

According to the preferred embodiment of the
eXxtraction operation, a PHA is extracted from a biomass

using one of the extraction solvent of the present

lnvention. The PHA concentration is not particularly
restricted, but the extraction solvent may be added so that
the concentration becomes preferably 1 to 20% by weight,
more preferably 2 to 15% by welght, and still more
preferably 3 to 10% by weight. The Cemperature for
extracting a PHA is preferably 70°C or higher, more
preferably 80°C or higher, and still more preferably 90°C

or higher. However, the temperature preferably does not
substantially exceed 100°C in order to prevent

decomposition of a PHA. Duration for extracting a PHA is
not particularly restricted, but generally 20 to 150

minutes, and more preferably 60 to 120 minutes in view of

obtaining preferable extraction efficiency and preventing

the decomposition. Thereafter, the extraction solution is

separated from an insoluble biomass. In this case, 1t 1is

advantageous to use a heated filter, or a heated
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centrifugal separator such as a decanter. The separation

may pbe carrilied out under a pressurized condition. However,
1f the temperature drops to below 70°C during the
separation, a PHA rapidly gelates, and solidifies later, in
which case a PHA cannot be separated from the residues.
Therefore, the solution is constantly kept warm at 70°C or

higher until the biomass residues are removed. Then, the

extract 1s gradually cooled to below 70°C to enable to

increase the crystallization amount of a PHA.
The recovery of PHA is carried out by the methods

well-known to the person skilled in the art such as a

liquid filtration or centrifugation of a PHA solution. The
recovered PHA can be washed with a solvent such as water,
methanol, ethanol, butanol, acetone hexane and heptane or a
mixture thereof. However, the solvent is not restricted to
these. The dryving of PHA is carried out by the methods

p——
S

well-known to the person skilled in the art such as, f

Or

example, alr flush drying and vacuum drying.

The PHA as used in this specification is a generic
Cerm meaning any or all polymers composed of
nydroxyalkanoates. The hydroxvyalkanocate components are not
particularly restricted, but speclifically there may be
mentioned 3-hydroxybutyrate (3HB), 3-hydroxyvalerate (3HV),
3-hydroxypropionate, 4-hydroxybutyrate, 4-hydroxyvalerate,

o-hydroxyvalerate, 3-hydroxyhexanoate (3HH), 3-
hydroxyheptanoate, 3-hydroxyoctanoate, 3-hydroxynonanoate,
3-hydroxydecanoate, etc. The PHA of the present invention

may be a homopolymer of one of these hydroxyalkanoates or a

copolymer obtainable by copolymerizing two or more species
Of these. However, preferred is the copolymer obtainable by

copolymerizing two or more species of these. As specilfic

examples of the PHA, there may be mentioned PHR (a

homopolymer of 3HB), PHBV (a Dlnary copolymer composed of
SHB and 3HV), PHBH (a binary copolymer composed of 3HB and
3HH, see Japanese Patent Publication No. 2177757), PHBHV (a
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Cernary copolymer composed of 3HR, 3HV and 3HH, see
Japanese Patent Publication No. 2777757), etc.

Particularly among them, a copolymer comprising 3HH as a

monomer component 1s preferable since it has degradability

as a bilodegradable polymer and softness, and more preferred
1s PHBH.

In thlis case, the mol ratio of monomers constituting

PHBH 1s not particularly restricted but ones containing 1
to 99 mol% are preferred and ones containing 1 to 30 mol$%
are more preferred 1n view of showing a preferable

processability. Moreover, in view of preferable

| —

crystallinity in the crystallization, ones containing 20
mol% or less of 3HH composition are preferred and ones
containing 15 mol% or less are more preferred.
Particularly, ones containing 10 mol% or less of 3HH

composition are preferred in view of a preferable

operabllity. In the case of PHBHV, the compositional ratio

of monomer units constituting of PHBHV is not particularly

restricted, but for example, ones containing 1 to 95 mol$%

J——

of 3HB unit, 1 to 96 mol% of 3HV unit, and 1 to 30 mol% of
3HH unit are preferred.

To be put into practical use, a PHA should have the
average molecular weight determined by a gel chromatography
method, in which polystyrene is set as a molecular welght
standard, of 10,000 or more. It is more preferably 50,000

Or more, still more preferably 100,000 or more, and

particularly preferably 200,000 or more.

The biomass to be used in the present invention is
not particularly restricted provided that it is a
microorganism capable of accumulating a PHA in cells. For

example, microorganisms belonging to the genus Alcaligenes

such as Alcaligenes lipolytica and Alcaligenes latus, the

genus Ralstonia such as Ralstonia eutropha, the genus

Pseudomonas, the genus Bacillus, the genus Azotobacter, the

genus Nocardla, the genus Aeromonas, the genus Clostridium,
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the genus Halobacterium, the genus Rhodospirillum, the

genus Zoogloea, the genus Candida, the genus Yarrowia, the

genus Saccharomyces and the like can accumulate a PHA in

cells by controlling culture conditions.

Alternatively, a transformant obtainable by

lntroducing a gene group involved with a PHA synthesis of
Chese microorganisms may also be used. In that case, the
host 1s not particularly restricted, and there may be

mentioned microorganisms such as Escherichia coli and yeast

(see WO01/88144), and further plants may be mentioned in
addition to the above-mentioned microorganisms.

Among these, Aeromonas caviae belonging to the genus

Aeromonas and the transformed cell obtainable by

introducing a PHA synthetic group gene derived from said

Aeromonas caviae are preferable since they have a

synthesizing ability of PHBH excellent as a polymer. In

particular, more preferred is Ralstonia eutropha obtainable

By introducing a PHA synthase group gene of Aeromonas

caviae. One example of said microorganisms 1s

Technology International Patent Organism Depositary,

Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan under the
name of Alcaligenes eutrophus AC32 (accession date: August
7, 1997, accession number: FERM BP-6038) .

A method for culturing the PHA-producing

microorganisms mentioned hereinabove is not particularly
restricted, but for example, the method well-known to the
person skilled in the art disclosed in Japanese Kokai
Publication 2001-340078 can be used.

In recovering a PHA, it 1is naturally preferable that

content 1n dried cells 1is preferably 50% by weight or more.

Taking subsequent separation operations, purity of a
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separated polymer and the like 1nto consideration, the PHA
content 1s more preferably 60% by weight or more, and still
more preferably 70% by welght or more.

After completion of the culture, the cell 1s obtained

directly from a cultured broth in the dried state by
general methods such as, for example, spray drying, or the

cell 1s recovered by methods such as centrifugation or

membrane separation. The recovered cell can be used in the

extraction process as a dried cell, or as a wet cell

- molstened with water. Furthermore, a wet cell obtained by

washing the recovered cell with a lipid solvent such as
methanol and acetone, or one obtained by drying said cell
can also be used as a cell for extracting a PHA.

The polyhydroxyalkanoate obtained according to the

present 1nvention may be formed into various forms, such as

fibers, threads, ropes, textiles, fabrics, nonwoven fabrics,
papers, films, sheets, tubes, boards, sticks, containers,
bags, parts, foamed bodies, etc. Moreover, it may also be
processed into a biaxial stretched film. The formed
products may be suitably used for such fields as

agriculture, fishery, forestry, gardening, medical,

sanitary products, clothing, non-clothing, packaging, and
others.

The biomass substances after being treated according
Lo the present invention are preferably used as animal feed.
Accordingly, the solvent to be used in the present
1nvention is preferably in such an amount that is
permissible as animal feed. However, it is preferable to
substantially remove the solvent from the biomass
substances.

By the method of the present invention, a
polyhydroxyalkanoate can be obtained which has fluidity,
and 1s capable of being brushed away while preventing

gelation, thus it becomes possible to produce and provide a

plodegradable polyhydroxvalkanoate at low cost on a
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commerclal scale.

i

L.L

BEST MODE FOR CARRYING OUT THE INVENTION

Herelnafter, the present invention wilill be described

in further detail by way of examples.

In each example mentioned below, poly(3-

hydroxybutyrate-co-3-hydroxyvhexanoate) (hereinafter

referred to briefly as “PHBH”) was produced as a

copolyester. Surely, the present i1nvention is not limited

Lo these examples 1n 1ts technical scope, and is not

restricted to the production of PHBH.

L
| —

Example 1)

PHBH was produced by culturing R.eutropha obtained by

introducing a PHA synthase group gene derived from
Aeromonas caviliae {(deposition number FERM BP-6038) according
Co the method described in Example 1 of Japanese Kokail
Publication 2001-340078. After completion of the culture,
cells were recovered by centrifugation to obtain wet cells,
and further the cells were dried in vacuum at 50°C for 15
hours to obtain dried cells. The dried cells had a PHBH

content of ©60%, the welght-average molecular weight of

1,300,000, and a 3-hydroxyhexanoate (hereinafter referred
to briefly as “3HH”) composition of 7 mol%. 211.4 g of
1sobutanol was added to 24.8 g of the dried cells, and an

eXxtraction was carried out at 100°C for 1 hour. The

solution was transferred into a jacket-type pressurized
fllter kept hot at 100°C, and a PHBH solution was recovered
py filtration. The recovered solution was kept hot at 90°C,
and 10 g of water was gradually added thereto while
vigorously stirring the solution under keeping the
Cemperature (the water content was 4.1% by weight). After

completion of the addition, the solution was gradually

cooled to room temperature with vigorous stirring, and then

PHBH was precipiltated. Said precipitate could be recovered
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easlly by filtration. The recovered PHBH was washed with
50 g of isobutanol, and dried in vacuum at 45°C. The
recovery amount was 14.1 g (95%), the purity was 99% or
more, and the 3HH composition was 7 mol%. Although the

molecular weight decreased to 1,100,000, 1t was sufficient

molecular weight for processing.

(Example 2)
PHBH was produced by culturing R.eutropha obtained by

introducing a PHA synthase group gene derived from
Aeromonas caviae (deposition number FERM BP-6038) according
Co the method described 1n Example 1 of Japanese Kokal
Publication 2001-340078. After completion of the culture,

cells were recovered by centrifugation to obtain wet cells.
The wet cells had a PHBH content of 30%, the weight-average
molecular weight of 1,300,000, and the 3HH composition of 7
mols. 211.4 g of 1sobutanol was added to 50.0 g of the wet

cells, and an extraction was carried out at 100°C for 1
hour. The solution was transferred into a jacket-type

pressurized filter kept hot at 100°C, and a PHBH solution

was recovered by filtration. The recovered solution was
kept hot at 90°C, and 5 g of water was gradually added
thereto while vigorously stirring the solution under
keepling the temperature (the water content was 1.9% by
welght). After completion of the addition, the solution

was gradually cooled to room temperature with vigorous

stirring, and then PHBH was precipitated. Said precipitate

could be recovered easily by filtration. The recovered

PHBH was washed with 50 g of isobutanol, and dried in
vacuum at 45°C. The recovery amount was 14.1 g (94%), the
purity was 99% or more, and the 3HH composlition was 7 mol%.
Although the molecular weight decreased to 1,100,000, it

was sufficient molecular weight for processing.

(Comparative Example 1)
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In Example 1, the PHA extract was gradually cooled to

room temperature under vigorous stirring wlithout addition

of water (the water content was 0.04% by weight). 2As a

result, the PHA was gelated, and became to have no fluidity,

thus could not be brushed away. Water was added thereafter,

put the fluidity was not improved, and still could not be

brushed away.

In these Examples, the molecular weight was
determined using Shimadzu’s gel chromatography system (RI
detection) equipped with Shodex K806L (300 x 8 mm, 2
columns-connected) (product of Showa Denko K.K.) with

chloroform as a mobile phase. As the molecular weight

standard sample, commercially available standard
polystyrene was used. Moreover, the PHBH purity was

determined by gas chromatography after methyl

esterification of PHBH. The water content was determined

using the infrared water balance FD-230 manufactured by

Kett Electric Laboratory.

INDUSTRIAL APPLICABILITY

By the method of the present invention, a

polyhydroxyalkanocate can be obtained which has fluidity,

and 1s capable of being brushed away while preventing

gelation, thus it becomes possible to produce and provide a

blodegradable polyhydroxyalkanoate at low cost on a
commerclal scale.
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CLAIMS

b

1. A method for producing a polyhydroxyalkanoate
crystal

which comprises precipltating a polyhydroxyalkanoate
crystal using a monohydric alcohol having 4 to 10 carbon
atoms as a extraction solvent, keeping a
polyhydroxyalkanoate solution containing 0.1 to 10% by

-

welght of water relative to the total amount of the

solution warm at 70°C or higher, and cooling the solution
to below 70°C.

2. The method for producing a polvhydroxvalkanoate
crystal according to Claim 1,

wherelin the monohydric alcohol is selected from among

butanol, pentanol, hexanol, heptanol, octanol, nonanol,

decanol, and isomers thereof.

3. The method for producing a polyvhydroxvalkanoate
crystal according to Claim 1 or 2,

whereln the polyhydroxyalkanoate concentration in the
polyhydroxyalkanoate solution is 1 to 20% by weight.

4. The method for producing a polyhydroxyalkanoate
crystal according to any one of Claims 1 to 3, |

whereln the polyhydroxyalkanoate is a copolymer
obtainable by copolymerizing at least two species of
monomers selected from the group consisting of 3-
nydroxybutyrate, 3-hydroxyvalerate, 3-hydroxypropionate, 4-
hydroxybutyrate, 4-hydroxyvalerate, S—hydroxyvalerate, 3-

hydroxyhexanoate, 3-hydroxyheptanocate, 3-hydroxyoctanoate,
3-hydroxynonancate and 3-hydroxydecanoate.

5. The method for producing a polyhydroxvalkanoate

F

crystal according to any one of Claims 1 to 4,
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wherein the polyhydroxvalkanocate is a copolymer

B

composed of 3-hydroxvhexanocate and at least one specles o:

hydroxyalkanocates other than 3-hydroxyvhexanoate.

6. The method for producing a polyhydroxyalkanoate

g——

crystal according to any one of Claims 1 to 5,

wherelin the polyhydroxyalkanocate is a copolymer

composed of 3-hydroxyhexanoate and 3-hydroxybutyrate.

/. The method for producing a polvhydroxyalkanoate
crystal according to any one of Claims 1 to 6,

whereln the polyhydroxyalkanoate is produced by at
least one microorganism selected from the group consisting
OL specles belonging to the genus Aeromonas, Alcaligenes,
Azotobacter, Bacillus, Clostridium, Halobacterium, Nocardia,

Rhodospirillum, Pseudomonas, Ralstonia, Zoogloea, Candida,

Yarrowia, and Saccharomyces.

3. The method for producing a polvhydroxvalkanoate
crystal according to any one of Claims 1 to 7,

wherein the polyhydroxyalkanoate is produced by a
transformant obtalnable by introducing a

polyhydroxyalkanoate synthetic gene group derived from
Aeromonas caviae.

9. The method for producing a polyhydroxyalkanoate
crystal according to Claim 8,

wherein the transformant obtainable by introducing a
polyhydroxyalkanoate synthetic gene group derived from

Aeromonas caviae 1s Ralstonia eutropha obtainable by

introducing a polyhydroxyalkanoate synthetic gene group
derived from Aeromonas caviae.

10. The method for producing a polvhydroxyalkanoate
crystal according to any one of Claims 1 to 9,
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which comprises extracting a polvhydroxyalkanoate,

and using the remaining bilomass substance ai

1ts solvent content as animal feed.

"ter decreasing
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