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present invention relates to a method for
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would be 1ncorporated into the natural eycle of matters and

degradation products of which would not exert ecologically

* harmful influences, and their practical utilization are highly

desired. Particularly a PHA which a microorganism synthesizes

- .and accumulates in their cells is taken up in the carbon cycle

of the natural world and it is, therefore, predicted that it

- will not have any appreciable adverse effects on the ecosystem.'
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o components cher_than a PHA by solubilization in a mechanical
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treatment, a chemical treatment or a catalytic treatment for
separation of a PHA, for example, J. Gen. Microbiology, vol.
19, 198 209 (1958) describes a technology which comprises.

treatlng a suspension of microbial cells with sodium-:

- hypochlorite to solubilize cell components other than a PHA and

:.35':recoveringjthe PHA.



treatlng PHA-contalnlng n1crob|al ceIIs mnth a

“surfactant, hydrogen peroxide, .and separating a PHA
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acidity lower than pH 2 and the PHA is separated by solubilizing

cell components other than the PHA.at a temperature not below

f50 C (Japanese Kokaili Publication Hel 11-266891) .

The thus-produced PHA is ‘obtained in the form of fine

f'particles hav;ng-a_diameter of not more than 1eum as it is
| produced in microbial cells. In many cases, it is more
‘difficult to separate such fine particles from a liquid medium

as compared with the case_of;particles having larger diameter.
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'molecular weight since the treatment is carried out at

con51derably high temperature.
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 of floc, which comprises extracting PHB from PHB-containing

cells in organic solvents, which are not miscible with water

o and has the boiling point of below 100 C such as methylene
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. Chloride, . chloroform and trlchloroethylene, under



‘are not desirable to be used. As & technol ogy of

aggl onerating a PHA by adding an alkali metal salt,

'“there has been known an. aggl oner atij on method using - a
~ bivalent cation (refer to J. Biotechnol., 1998,

vol..65(2,3), 15 173-182) . Particularly, there has
. “been reported a technol ogy of Zeparating PHB by addlng
-~ cal-cium chl ori de, nagne5|un1sulfate magnesi um
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a technology of obtaining a PHA.aggregate with high purity and
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The 1nventors of the present invention explored in

earnest for obtalnlng a PHA aggregate with advantage

commercially. As a result, they found that PHA particles are
" agglomerated by suspending fine PHA particles in a hydrophilic
- solvent or amixture comprisingwater and a hydrophilic solvent,

" and'stirring the'obtained suspensioh at a temperature of not

more'than'the boiling point of said suspension, to thereby

;obtaln PHA aggregate with hlgh purlty and excellent in



. the et hodof - the present invention, conditions such

as 'hi gh-tenperature and hi gh-pressure that requi re. a _
speC|aI _equi prent, are not necessarily needed. o
DETAI LED DESCRI'PTI ON OF THE |'NVENTI ON The term " PHA"

~as used in this specification i's a-generic term
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_nononer units .constituting a ternary copol ymer PHBVH

o o100 sl St ot o eeny .

nol - % ofhe W@@HBP% tas used 0B thim swettfmétsw ifigtgeneric

hilic s nt used int resent” i nvent
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copolymer of 3HB and one or more other 3-hydroxyalkanoic acids, .

‘and a copolymer of D-3-hydroxyhexanoate (hereinafter, referred
to as 3HH) and one or more other D~3-hydroxyalkanoic acids may
‘be mentioned by way of example. Additionally, there may be
mentloned a copolymer constltuted from at least two spec:.es of

monomers selected from the group consisting of -

_ 3- —~hydroxypropionate, 3- hydroxybutyrate, 3-hydroxyvalerate,
: _3—hydroxyhexanoate, 3-hydroxyheptanoate and. '
- 3-hydroxyoctahoate Partlcularly preferred from the

standpoint of characteristics of the product polyester is the

polYmer containimj_ 3HH as a monomeri'c_ unit, for e_xam_ple a binary



such ‘as acet one and ﬁefhylethylketone"ethers'sucheasf"
-tetrahydrofuran and "di oxane; ‘nitriles such as -
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:partlcu ar
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them are nethanol, ethanol, 1-Dbropanol, 2-propanol,

1- but anol , - 2- butanol i'so- butanol, acetone, nethyl
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‘é‘@l%’dt%l%lﬁ?r cphidee serient dhmrbhyhioumaniie i rd

'-methylethylketone,_-tetrahydrofuran, dioxane, acetonitrile and -

propionitrille from the standpoint of removability. | Methanol,

ethanol, l-propanol, Z-propanol, butanol and acetone are more

| -'preferred' from the'point o'f their ready availability. Still .
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more preferred are methanol, ethanol and. acetone.

' The concentration of a PHA in the suspension is not
particularly restricted, but preferably not less than 1 g/L,
more preferably not less than 10 g/L, and still more preferably

not less than 30 g/L. Furthermore, it is preferably not more
.. than 500 g/L, more preferably not more than 300 g/L, and still

more preferab_ly'no_t more than 200 g/L. "'If_ the concentration

of a PHA is extremely high, the viscosity of the suspension



“less than foom tenperature; nore preferabl y not |ess

-': ‘than 40C, particularly rest ricted and includes a

© .stirring tank, etc. ~which causes turbul ent flow. 20

.and still or e preferably not |ess than 60C. But from
‘the tenperature that the suspension begins to boi | .

the method. of ‘the invention, 8PHA particles my be'

o ._generally aggl oner at ed at” a terrperature of not nore
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- cont acted each

to be nearer to the boiling point of the suspenSLOn, and most

.preferably, the boiling point of the suspension. In the

- specification, “the boiling point of'a'suspenSion” means the

temperatufe that_thé suspension begins to boil. In the method
of -the invention, PHA particles may be generally agglomerated

_at a temperature of not more than 100°C. 'Moreqver, the

. agglomeration method of the present invention may be carried
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out under normal pressure, with no necessity of preSsurizingr
although pressurlzed condition may also be applied.

Period of time required for agglomeratlon differs-

; dependlng_on. conditions such as the temperature or the

L concentration, generally the particles are agglomerated

35

sufficiently in several minutes to several hours.

Accordlng to the agglomeratlon method of the present



R 'surroundl ng the particles are reqw red to be -
~deconposed -at -a microbial cells. Inthis case, cell

coristituent substances other in the suspension. . In

the case that the PHA particles recovered at the first

' 't_he genus ‘Azotobacter; those of the genus Nocar di a;
. -and those  of the genus Aeromﬁnas may be nentioned.
_Among them preferred the genus Alcaligenes; those of

‘the genus Ral stoni a; those olf t he genus ‘Pseudonpnas
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{e.g. treatment uSing bleach such as hydrogen peroxide or sodium

-hypochlorite) , and recover the particles from the new l'iquid

‘medium. The agglomeration method of the preSen_t invention may

. be carried out at any points in this process.

Said microorganism is not particularly restricted o

prov'ided' that it is a microorganism containing a PHA as

“intracellularly accumulated. For example, microorgani_sms of

'__the genus A'lcaligenes; those of the genus Ralstonia; those of _

the genus Pseudomonas; those of the genus Bacillus, those of

| the genus Azotobacter; those of the genus Nocardia; and those

of the genus Aercmonas may be mentioned. Among them, preferred

are strains ofA;r_lipolytica,'A. latus, A. 'cavi.ae, A. hydr_‘ophi.la

% hgsentAT 9 thieebset abhs size of
- @A\ addRatdsca, For leﬁtatﬂ@;l_eA agavkaeted nhydngphhkavolume
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“to the present invention, there nay be used- opt | onal

. " PHA particles obtained from PHA-.cont ai ni ng mi crobial

"_'cells by ‘well - known net hods described in the chapter

of Background Art. - Preferabl @onethods for separating -
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R AR SR a2t P e et A ey g aralireoeLLs by
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cal cium hydroxi de; al kali netal carbonates_such, as
_S%QHQEﬁllzlng'cell constituent substances other than the PHA to

© separate the PHA by adding an alkali simultaneously with

physical disruption. By this method, it becomes possible to.
obtain aggregates of PHA particles from PHA-containing '
microbial cells with a very simple process and also in high
eff1c1ency _ o _ _

_ ‘The term “a suspension of microbial.cells” means a culture
suspension efter completion of culture as such, or an aqgueous -

suspension in which microbial cells separated from culture

. medium by centrifugation, etc. is suspended 1n water The

‘concentration for the suspension of cells is preferably not more
than 500 g/L, and more preferably not more than 300 g/L in terms

:f'of drled microbial cells.

The phy81ca1 dlsruptlon treatment is not partlcularly
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When adding the alkall, it is preferable to control the
“PH of the suspen31on by said alkali addition. Particularly,

. the control target pH value is preferably within a rahge of pH

P
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8 to 13.5, more preferably pH 10 to 13, still more preferably
PH 11 to 13. For. controlling the pH, the alkali is preferably
added_elther_ continuously or intermittently with measuring the -

. pH of the suspension.

_ The temperature for carrying out the physical disruption
and the alkali treatment is not particularly restricted, but.

preferably between at a room temperature and 50 c, moxre

”_preferably between at 30°C and 40°C.

Fig. 1 1seaphotograph.of PHA aggregates accordlng to one

. embodlmentofthepresent1nventlontakenknrascannlngelectron
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“microscope (SEM) . It is found that one aggregate is forxmed by
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©-20 I.n the exanpl-es, PHBH was U8ed as a PHA. The:

enbodi ments of the ‘present ‘i nvention are by no means
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. harvest bacterial cells containing about 67 wt % of PHBH. The

rati on: Ce consti tuent substances ot her tha

PHBYRRERA eﬁmm‘e@}% BECHAPAF kAFLS L@ 1 BEP i pgtcgotamed_ |
Wetso e edpred mai ntaining the pH at 11.7 by adding an _

aqueous sol.ution of were solubilized by stirring and
di'srupting physically while by centrifugation (3,000-

rpm 10 m n). BHREEDriEdHIREBONGE THE tPRAWMEGhed wit h
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PHBH was used | n jn concentration.

5,000) of.a srngle PHBH agglomerate

: Fa.g 3 is.a scannlng electron mlcroscope photograph {x
50 OOO) of a' PHBH agglomerate '

BEST MODE FOR CARRYING OUT THE INVENTICN
In the examples, PHBH was used as a PHA. The embodiments
_of the present invention are by no means .limited to PHBH.
. A suspension of PHBH was obtained by culturlng R. eutropha |
. (deposrc number FERM BP~6038) transformed by a gene in the PHA
'synthase group derived from Aeromonas caviae in accordance with
the protocol given in J. Bacteriol., 179, 4821-4830 (1997} to.

_ | pasty cellular fraction separated from the culture medium thus o

- obtained by centrifugation (5,000 rpm, 10 min} was diluted with

- water to prepare an aqueous suspension of 75 g dried cells/L .
30 -

con'centration.r Cell c'onstituent_-substances other than PHBH
were solubilized by stirring and disrupting physically while

_ 'malntalnlng the pH at 11.7 by adding an aqueous solution of
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sodium hydrox1de as an alkalr, and a precrpltate was obtained
-"by. centrifugation (3,000 rpm, lO_mJ__n)..Z The pr_ec1p1tate was

further washed with water to separate PHBH having an average .



The purity of PHBH used in fespecflve”Exaanes and -

 Exanples 3 and 4, the purity was determ ned by HPLC

~met hod Conpar at'i ve Exanpl es was .determ ned as’ follows..

ekn_(kbwever,_ln_and then, allowed to stand. The bottom "
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- added, the mixture was stirred vigorously m  of  -

- bacteria ° Eer
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A\N v PHBH_aqueous suspensi Q
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was cooled era
Tabllemi of chloroform and the solution was flltered to remove -

, ~the insoluble substance. " The filtrate was analyzed with .
. SHIMADZU's GPC System fitted with Shodex K8OS5L (300 x 8 mm, two

columns connected in series) using chloroform as the mobile
25

7 The diameter of PHA particle was measured by using
Microtrac particle size analyzer manufactured by NIKKISO Co., .

" Ltd, and obtained as a volume average diameter. The volume |
' average dlameter is generally used Lo express a partlcle

" diameter, and means an average partlcle dlameter welghed by

partlcle volume

: (Example 1) . _
40 ml of a 20% w/v' PHBH aqueous suspension and 160 ml of

: ethanol were mixed, and the mixture was heated and stirred for '

10 m'i_nute.s in a _sti_rri_ng tank with a bath temperature of 90°C.



" Non- treated Treated Particle d[aneter (pn) 8.6 199

Mol ecular wei ght X10" 144 130 Purity (0 97 97 From "
‘the result, .it was found that when the suspension 15 R
. .decrease of the nolecul ar- wei ght of PHA - conprising .a .

mixture of -water and a hydrophilic solvent was ~ heated
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. " 1 was added with various hydrophilic solvents, and stirred for
15 minutes at a bath temperature of 80°C. Thereafter, the
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and stirred, PHA particles wene agglonerated':thereby'
t he partlcle ‘dianeter was increased wthaout

‘significant. (Exanple-2) 20 25 m of the PHBH |

sUSéFiernstﬁ?@nObbﬁtna@ niiuis#a s aoskedice rs;om%elaﬂaéature with |
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MMk Wd¥es Ml Xiiee raesileoalse@hicanr aamragnpenat ure with.
stirring, and PHA neasure the particle dianeter. '

-obt ai ned PHA was washed with water and resuspended in

veslete tb Table 2 Crganlc ‘sol vent (). N@thanol(75)

-Acetone(25) %)Igpe( Molecular ;
' " | diameter weight Pui;ty_
(pm) x10" o
Non—
. ' .97
treated. 8.6 144 - o
Treated | - 199 130 . 97

From the resuit, it was found that when the Suspensioh

”.comprising'a mixture_of water and a hydrophilic solvent was

heated'and stirred, PHA particles were agglomerated,_thereby.

- the particle diameter was increased without significant

decrease of the molecular weight of PHA.
(Example 2)

25 ml of the PHBH- suspension same as that used.ln.Example ;

mixture was cooled to room temperature with stirring, and PHA

was recoveréd by centrifugation (2,400 rpm, 150 min). The

"obtalned PHA was washed with water and resuspended in water to_

measure the partlcle dlameter

'Table z

s . Particle Molecular

“Ordanic golvent (ml) . - diameter | weight
' ' (um} x10°
Methanol (75) _ - 201 141
Acetone (25) 29 - 137
" Acetone({75) : ~>1000 131
' Acetonitrile(25) - >1000 0 | 132
' Tetrahydrofuran (25) - »1000 127




1o
15
o 'dstirring.tank.With a bath temperature-of-90°c. Samples were.
20

.25

30

‘fzﬂAcetonItri1e(25) Tetrahydrofuran (25) Partlcle
- dianeter (U 201-29° >1000 >1000 >1000 Nblecular
~wei ght X101 - 141 137 131 132 .127:35 15 10" Fron1the :
‘result, it was found that" when a suspensi on

conprising a mxture of water  and hydrophilic. solvent
was heated -and stirred, PHA particles were . '

;:3_agglonerated thereby particle. dianeter was- |ncreased
- Wi thout significant decrease of the nolecular weight

of * PHA Frgi thiheau 29Ul t mhdn wate fsainderithat RWE@ rﬁvgqpensmri :
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t et rahydr of uran_were used the particle dianmeter
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"(Example 3)

USLng the PHBH slurry used in Example 1, PHBH aqﬁeous

suspen51ons were prepared in such a manner that the content of

' a_ethanol was tQ be 80 mL and 70 mL in 100 mL of a suspension

icontaining lO_g'of PHBH (pH of the respective suspensions was .

_7.62 and 7.36);_the,suspensions_were heated'and stirred in a

taken from the sUspension_at an appropriate time, and were

- cooled to .room temperature with stirring. The samples were

‘furthef reCovered by centrifugation_(2,400:rpm, 15 min},

dresuSpendediin water, and measured for the particle diameter.

'The results are ‘shown in. Table 3.

Table 3
" Content of Heating Particle [Molecular|
ethancl ‘time diameter | weight | Purity(?)
{mL} (min) o lam) x10* -
] 0 8.6 144 57
80 100§ . 123 | - 144 98.6
- 115 211 135 . [ >93
: o 8.6 144 97
70 10 140 142 98.9

15 118 |- 140 >99.

Fron thelresult, it was found that when the suspension

comprlslng a mixture of water and a hydrophlllc solvent was

' heated and stirred, PHA partlcles_were agglomerated without
- 35

significant decrease*of;the molecular weight of the PHA, and



”cooled to roon1tenperature with stlrrlng The sanples_

rf_mere further recovered by centrlfugatlon (2,400 rpm

15"mn), 20-resuspended-in water, and measured for the"

~ particle dianeter. The results are shown in Table 3.

25 30 Table 3 Beating Particle Mlecular Content of
ti medi amet er wei ght Purity (% eshanol (M) (m n)

-o-I(Rn)xlo" 08..614497 801012314498. 6 15211135>99
”108 614497 701014014298.9 15118140>99 From t he result,

i them e thameieanwe el nergrred on MoseRsEmD| ﬁ@eapurlty of -
%é Uﬁl@A%aM?&o aftlyfs ydnaphids o4 vent was - heated :
stirred, PHA particles were agglonerated w thout
35 S|gn|f|cant ‘decrease of the nol ecul ar wei ght of the
P ampte 16) t he partlcle di aneter was i ncreased.
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pressure t ant
PRIBBH Weiss susTredisdl §uffff|loulemtlly in etlh%m@l o afitadin80 nL of

80 pHBrPE th8n BB LIHann spEPERson Rl gu@éénmcﬂ"%as heated

suspensi on was: heated 10 and stlrre I'n the sane

neRAeptasretaipl Bhe, S%IB%IWn%dass%%%PiH%dl« ncoRted, and’

t SubgeABAgUI £0vd 05 r e HRAelaGhe &6&tthe pr€1&£§U£i§meter '

a%ﬁesi‘g%‘lkg 228" &ndinPn Table 4.

Table 4
" 'Heating | Particle | Molecnlar : :
time diameter .| weight Purity
(min)’ (pm) x10* '
-0 24 156 98.8
- 10 92 156 - |+ 93.1
15 . 154

125 >89

_ _ From the result, 1t was found that when a suspen51on
comprising. a hydrophlllc solvent was heated and stirred, PHA
'partlcles were agglomerated without causing the decrease in
‘molecular welght, and the particle diameter was 1ncreased

Moreover, the. purlty of PHA was . found to be 1mproved

“In Examples 3 and 4, the purlty of the treated PHBH was
determlned as follows. _ R

The treated PHBH suspension was centrifuged to remove a
supernatant, and the recovered PHBH was washed with ethanol_
:fwice in such a manner that ethanol was added until the amount
of'the suspensioh became equal to the amount of said PHBH
suspension. After the washing, the purity of PHBH dried by
heating (50°C)-under reduced pressure was determlned u51ng

hlgh performance llquld chromatography



'_20 Tabl e 4 Fbatlng Partlcle ‘Mol ecul ar  time di aneter

~wei ght -Purity (mn)(umx10, 02415698.8 109215699.-1
'15125154>99 Moreover, the purity of ‘PHA was found to -

"f_be i nproved. Fron1the result, it was found that when a

~.suspensi on. conpr|3|ng a hydrophlllc sol vent -was heated

"and stirred, PHA particles were aggl onerated w thout

causi ng the decrease in nol ecul ar wei ght, and the

~particle diameter was increased. - In Exanples 3 and 4,

t he purGandigfiarse af éﬁxeednlqhmara@rd@r@anlﬂeﬁnaﬂs

T oh+omBrodPsonty £at ed PHBH suspensi on was centrifuged

to renove a  super.natant, and_the recovered PHBH was
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:the suspensi on . beltaseheriala¢odt he amount of said PHBH
-h;gggpgéégrnqpeenl%gﬂbd chromat ography. 17 . Cbndltlons._

I gh-perf or e liquid chronatography
Cob Lwnn - Shiset 201 GAPCERIC PAK UG 80 4.6 nm'x. 250 mm

. Mobi | e phase; 20 mmol Phosphate buffer(pH 3.0):

. +
methanol = 80: 20 (adj ust ed ygggﬁéﬂ,ﬂ“{?m%“S%prﬁé‘%fanol and 300_

nL of methanesulfonic acid were mixed, heated at 100°C for 3
: hours_, then the mixture was cooled to room temperature, and was
messed up with 10 mL of methanol. 10 pL of the obtained mixture

- was injeCted.inte the high-performance liquid.ehromatography,

(Example 5) _ o . _
The aggregates obtalnedﬁby'thelnethanol agglomeration in

-Example22werephotographedvmth¢ascannlngelectronnucroscope'

'(Flgs 1 to 3). The aggregates were sanpled by a scatterlng
method and as a result of an observation wlth HITACHI S5- 4000 -

_scanning electron microscope in an accelerating voltage of 3.

kV, it was found that roundish PHBH particles in submicron order

are agglomerated to forntamerphous secondary aggregates (Figs.

N 1 and 2) . Furthermore, as a result of an observation with

25
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HITACHIS 5000scannlngelectronnucroscopeJJlanacceleratlng

" voltage of 1 kV, it was made clear: that there were a portion

f'in-Which particles are jointed each other (Fig. 3).

_ INDUSTRIAL APPLICABILITY _
The method for agglomerating'a PHA according to the

present invention makes it possible to produce EHA.aggregates

~with high purity while inhibiting the decrease in molecular

35

weight with a very simple process. By this method, the PHA
becomes a particle having a_diameter which is excellent in

filterability and operability.



| Colwn1tenperature 40C 10 ApprOX|nater 25 ng of

~- fponner 4 nL of methanol, and 300 pL of

-nEthanesquonlc ‘aci.d were n1xed heat ed - at 1OOC for 3
hours, then the m xt'ure was cooled to room

'gtenperature “and -was nessed. up with 10 nk of nethanol

10 4L of the obtai ned m xtureiswas injected into the -
hlgh perfornance l'i quid chromat ography. 15 (Exanple 5)
- The aggr egates obtai.ned by the- methanol aggloneratlon

- ‘in Exanpl e 2 were photogr apk@dI¥Ft h a scanning-
- ‘el ectron mcroscope (Figs. 1to 3) . The aggregates

~were sanpled by a:scattering 20 nethod and ' :
“result bf émmggggﬁv%vi@ﬁgwpwﬁrﬁﬁﬁﬁﬁwﬁ-@9%@0%3%%§%9ﬁ¥e}kén°lc;

_eé@ﬁ&f@@sﬁéﬁ(ﬂ@@CD@eli@m midgehes at i ng vol t age of * 3

f ound that roundi sh PHBH art cles.i
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I NDUSTRI AL I'CABI LITY The nethod for
agglonerathg-a PHA according to the present invention

py SRS A e G55 gag St ot mer
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vent, and acid -
s@stﬂQQEYbﬁtyrqEEd ﬁT&Y@?@XYV@hﬁéht@onﬁrh§@§oxyhexan03te:

acid in a hydrophilic solvent or a 3 hydroxybutyrate

'_'3 hydr.oxyval erate, 3-hydfoxyhexanoat e,
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3-hydr ozyhemeaﬁxceadmmam:c’ﬁyﬂmdfgomoammue, t he group

cont o881 oY LoD OB GG LS TS copomer

bdetmngdpﬁrnm DF3shydremgbenanoate2andhenaephomore'other

,_agcngyBQOQQaEthHH& acids.

4. The method according to Claim 3, _ _

wherein the poly~3*hydroxyalkanoic'acid_is'a binary
copolymer derived from D-3-hydroxyhexanoate and '
D-3- hydroxybutYrate or a ternary copolymer derived from .
D~ 3-hydroxyhexanoate, D-3- hydroxybutyrate and

. D= 3 hydroxyvalerate

5. The method accérding'to any one of Claims 1 to 4,
wherein the poly—S—hydroxyalkanoic acid is produced by

-a microorganism, and separated and purlfled from sald

-_mlcroorganlsm

6. The method according to Claim 5,
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l1}mhere|n the poly-3- hydroxyalkan0|c acidis a copolyner*:" |
“constituted of at |east two species of nononers .

sel ected from 3. The nethod. according to daiml, o
wher ei n. the pol'y-3-hydroxyal kanoi ¢ acid i's a.copol ymer
derived from D- 3- hydroxyhexanoat e and one or nore EE

~.other D 3-hydroxyal kanoi c- acilds. 4. The nethod
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' according to C a|n13 wherein- the

“pol y-3- hydr ox kano c acid a bi o mer
poly-3-Tiyarexyalkancic acl 4 s 2 binery, conglyr

Dpalyyafhygbuxyarmammﬂcea¢1mmhﬁbommmdkymbe d@enusdﬂeromonas
from - D 3-hydroxyhexanoat e, D 3-hydroxybutyrate and -

-D-3-hydroxyval erate. 1. A method for agglonmerating a

pol y- 3-hy drihey aldthwdi ecsortiagmchédadacérding to any

' Sgle of Eﬁld#é@n :ﬁk& Iﬁcrmﬁﬁfsﬁh&:odu dll’b%]/ the
nPe o300 HASALY ahRREHar e o o dSFAITIAS] CRFBRes AE dheromonas

oxXy anolc acid 'S pr oduce

gaggpggmgsn1 wherein.the m croorgani sm producing the
y- 3-hydroxyal kanoi ¢ aci d belongs to the genus

* Aeronpnas. wherein the microorgani sm producing the 7.
. The met&od ﬂ&c&:meth@gi fa@:cﬁrai.ungG to Claim 5,

pol y- 3- Qggﬁgégat aqglé#$§£% fségégggqgs .kae or

Aer ononas I OXya kan0|c acid
synﬂha@ehgdnqpyatlleammq afcrmnlwherceehl ttir@nmfom@dglamesmene in -

R e R b et R

g@ﬁéomﬁnﬁéréﬁﬁhag cavi-ae. 9. The nethod according to

- Caimb5, - wherein the m croorgani smcontaining a
poly- 3- ydr c acid is Ralstonia _eutropha
* “transfo dﬁl% eg:%ﬁéfn@qcr?rtq‘}élgpdq%/ -Fiytroxyal kanoi c -
_acid sythBSEngmmnumlcmmmrg@ﬂlémonmﬂeanmnm@SacaV|ae

"mgolghg -fFaReg eor g1 0% 4.0 3R o080 SlcID bl ergngfomed

, 25 :
-_poly—~3 hydroxyalkanoic acid by adding an alkall 51multaneously .

r oxy a

abldai @semwal r’réiﬂ eoBy - &mhﬂdefosqmarlrlqamgna: mspleﬁyn@ha@ﬁ group, _' .
o '_ade99b¥d3f%ﬁlfRéfoﬁ&ﬁé‘@%&v@ﬁéd cont ai ni ng m crobi al"
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10. The method according to any one of Claims 1 to 9,

wherein the particle of the poly-3-hydroxyalkanoic acid -~

is obtainable by, while 'stirring a suspension of a
poly-3-hydroxy alkanoic acid-containing microbial cells,
solubilizing cell constituent substances other than the

~with physical disruption, to separate the :

p_bly—3—hydroxyalkanoic acid.

.30 -
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"11. The method accordirig to any one of Claims 1 to 10,

‘wherein the hydrophilic solvent is one selected from the - -

group con81st1ng of alcohols, ketones(_hitriles, amides and:

o ethers

12. The method according to Claim 11,



25 solub|I|2|ng ceII constltuent substances other than'
“the pol y-3-hydroxyal kanoi ¢ acid by adding an alkali

B slnultaneously wi t h:physical dlsruptlon ‘to separate

the. pol y- 3- hydroxyalkan0|c acid. 11. The nethod

according to any one of Claims 1 to 10, wherein- the'

“hydrophi lic solvent. is one seRécted fromthe .group.

'”conS|st|ng of "al cohol s, ket ones, ‘nitriles, amdes. and

“ethers. .20 wherein the.al.cohol” hanol “or et hanol R
Che. ketBIFe T Che e alng SnerheBol CORCRERMRE L | e Ketone
‘the mﬂﬁm,s tlok rmitttyii@rimrn@l@tozamtcﬂ@ eltlt@ramﬁde is B

B T e L R
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'adhe3|on ahong pol y- 3- hydr oxyal kanoi ¢ aci.d’

B e et Lt e i e

which is. formable by adhesion among -
poly—3 hydroxyalkan01c acid mlcropartlcles hav1ng a partlcle"

dlameter of at least 0.1 ym and at most 1.5 pm
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