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amenable to such recycling are limited. Actually the disposal
 load of waste plastics cannot be completely liquidated by said |

incineration, landfill, and recycling but rather a large

proportion of the disposal load is not dispoéed of but simply
left in nature. There is accordingly a mounting interest in
PHA and other biodegradable plastics which, after disposal,
would be incorporated into the natural cycle of matters and

- degradation products of which would not exert'ecelogically

harmful influences, and their practical utilization are highly
desired. Particularly a PHA which amicroorganism 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 a_dverse-effe‘cts on the ecosystem.
Also in the field of medical treatment, it is considered-

‘possible to use a PHA as an . implant material whlch does not
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require recovery or a vehlcle for drug.
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%é% o oglesgkglso é@h blgy%% 1nto|wh1ch a PHA is extracted is
so highly viscous that it involves considerable difficulties
in separating the undissolved residues of microbial c_éll_s from _
the PHA-containing solvent layer. In addition, ‘there is a

disadvantage that the cost is enormous since the necessary

‘quantity of solvents is so large

On the other hand, as a technology of removing thehcell
components other than a PHA by solubilization in a méch_anical_
treatment, a chemi'cal 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
treating a suspension of microbial cells with sodium
hypochlorlte to solubilize cell components other than a PHA and
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recovering the PHA.
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Publication Hei- 07-31487) . Moreover, several techniques for
carrying out physical disruption after addltlon of an alkall
have been proposed (refer to Bioseparation, vol. 2, 95—105, 1991,
and Japanese Kokai Publication Hei-07-31489).
' There has also been proposed a technology in which a

suspensioh 'of a PHA—containing microorganism is adjusted to an
aCldlty lower than pH 2 and the PHA is separated by solubilizing

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

'50°C (Japanese Kokai Publication Hei-11- 266891)

The "thus-produced PHA is obtained in the form of flne
particles hav1nq a diameter of not more than 1 ym as it is
produc;ed in m'icrrobial cells. In many cases, it is more
difficult to separate such fine partlcles from a llquld medlum
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pressurized, and heating to a very high temperature.  Therefore,
a special equipment capable of high-temperature heating and
incubation, and further having press'ur_e—resi_stance is required.
Moreover, there is a possibility of causin.g the decrease in

molecular weight since the treatment is carried out at.

“considerably high temperature.

_ Japanese Kokail Publication Hei-04-264125 proposes a

technologyofrecoveringPHBafterprecipitatingPHBintheform
of floc, which comprises extracting PHB from PHB-containing
cells in organic solvents, which are not miscible with water
and has the boiling poz.nt of below 100°C such as methylene '

- chlorlde, chloroform and trichloroethylene, under
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the method, conditions such as . o

hlgh temperature and high-pressure that require a spec1al
equlpment are not necessarlly needed.
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conposi tional ratio of the nononer units constituting -
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particularly restricted but copolyners containing 1 to
99 not % .
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,.?Ffof the 3HH unlt are surtable The conpOSItronaI ratio! ' “‘Hrq
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e spbef eheedupr enrreth\harJ@I 1 €4 hemaho pnd @%%n%HHTﬁalt are

concentration of I-n the suspension s not

-ﬁéret fednest-ly restricted,  but preferably not |ess than

1g/L, Th@olﬁydﬁcbﬁtﬂwlsbmehﬂ aeédtmrthleopgégeneridwentlon 1s_‘

" | bl | h :
Bl ety SestaiBlach  Shel By e ShaAneds grEh as

mert® apicdf, e reathlayioiet 1rprepthan , 326 pyblbanand . dtblikanobge
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The nmedium of th esuspenS|on m e Co ose
RY@PSpRiLtrd 1461 v ami dgs| epgh 88 éﬁmﬁtﬁiﬁ&tfgrf@a@éﬁﬁrﬁ§dng

wakebamide; dlmethylsulfoxz.de, pyridine, piperidine, and the
like. Preferred among them are methanol, ethancl, l-propanocl,
2—propanol 1-butanol,  2-butanol, iso- butanol, acetone,
methylethylketone, tetrahydrofuran, dioxane, acetonitrile and
propionitrille from the standpoint of removability. Methanol,
ethanol, l-propanol, Z2-propanol, butanocl and acetone are more
preferred from the point of their ready availability. Still .

- 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,.

) smore'prefera_bly not less than 10 g/L, and still more preferably _
~not less than 30 g/L. Furthermore, it is prefer_ably not more |
. than '500'g/L, more preferably not more than 300 g/L, and still

,r_rLo're.pref'erab_ly not more than 200 g/L If the concentratlon'
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of a. PHAlsexti:emely ) I"i';'i_.'"gh, the v1sc051ty of the suspenSJ.on e
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B and a’ hydroph| 1 c sol vent. The concentratl on of . the: SRR R

"“ hydrophilic solvent in the nixture:is not part |361Mardh32007 SRRSO
restrict ed.- provi ded ‘that’ i.t-is not. more than the- o _' SR

- . solubility of * ‘thé hydrophilic solvent to be used to R

: __'_’-”"jwater but preferably not 1l ess: than 10%v/ v,  and" rmre

’.:‘preferably not. .l ess- than 20% W v ~ 10 f or “obt ai ni ng ;
'-‘--m:)re suf fici ent aggl orreratl on effect I'n-the

g) neratl on et ho e present: invention,

Sed NGEERSEEY ofrBSt SoP SRS NG §e§6l§p§ﬁs P@n
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- dgidt ophsdensisohvesti sola@;yrreanmfsa it t e tclomplrafdlmg water Lo
5% 1 SR ARd 1 ACLUIGRLR STIRL B0nLaRk A lEn QRNLRD. ‘
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e tenpera ur e
svidrophg lils sodvensbip. e misdainehds nosnparticularly

| ”-txe@%eﬁ%ttléeepraw&e@r&{aed ah xsnﬂét Ies% than f‘i@&so]%ﬁ)lllty of

~.cand still npre preferably not less than 60

the ey%ae%mceplé@@toﬁer%e |U§@deFP|V@t@r¥eybﬁFtplT%f?ﬁﬁ=ke1Y not
- pregfsetahe 108 Ovpe, need aliot@ ﬁf@f@@ablylgldtolletssoﬁchhbﬁzoﬁ v/v

f. bl boi.|
T S sdhirBnnorh PRETLEERN AlalBRT et RE BSPPFRG

poi nt a@h theagptomepat ionanstiide oZ5Srlieppesahurimddmtion, PHA

hod . of.
PR g d e et Dl B b ained
- &y guspapding utlee FHMpeocd ashdn A00@Irdwriebiersoltent or a

eeelteeer ébfn Plﬁﬁ&%QérthpégéﬁﬂoﬁﬂmﬁL QR BN *a%der the

carrle undef nor nal res Nno necessl t
l&rl@gsﬁpeeu ngf soid ﬁHéB@ﬁsepeestze@%ﬁmqm%nth

@b&@l&@l&@@blQ@strf@té@daﬁﬁ ineBuHegULr 8€itPing tank, etc.

' I t d d dit h as "
PRI RRBratLrcarTeRE “TBRcent ration. generally the

parti cThe @ eagghnres attdoe teurfefmflseﬁwrﬁmgnlsw@rﬁrably'not'

DB AR L I B ACER AR L0 g an 1o

andeﬁﬂ:aéﬂ; nprebprefiesabpbyshbkelessehhange0fGe @t ittam: the

- 8tZRapbint of agglomeration efficiency, it is more preferable

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

preferably, the boiling point of the suspension. In the
‘specification, “the boiling point of a suspension” means the

temperature that the suspension begins to boil. In the_method
of the invention, PHA particles may be generally agglomerated
at a temperature of not more than 1OO9C.- Moreover, the'
agglomeration method of the present invention may be carried
out under normal pressure, with no nece551ty of pressurlzlng,
although pressurized condition may also be applied.

‘Period of time requlred for agglomeration differs:
depending on conditions such as the temperature or the
concentration, generally the particles are agglomerated
sufficiently in several minutes to several hours. |

Accordlng to._ the. agglomeratlon method of the present Tmm“mmwmm'




20

25

PHA aggregat es For exan‘pl e aggregat es “havi ng: the
vol-une - aver age“di-ameter of not ‘'ess. than 20, prﬁOMarchZOO'i’
::___‘pref er ably not. |-ess. -than 50. um and -hor.e . pref erably
-~ not-. Iess than 100 pm° ‘can be 5 obtained. The upper-.
“Hddmctothereof (is notparti cularly restrl ct ed, but:
_,'aggregat es havi: ng t'he vol ume. &ver age -di anet er_ - of - not R
i‘m:)re than" 1Q00- pm and preferably not | ess’ than 500 pm

: cRmt afganelgadiestrlﬂbr éﬁampmduchgqnega‘agsbhasedgceﬁe volume A
- n t res invent.i ma R
PR ATERALER O EeRBRT O PRl AP M e Jess

| _é’-@@n P0r m,candomom‘fe m@femb;iryom@edels)ﬁ than 100 um -can be -

-case
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O‘fdlltta'mtliaheds\l\mhheslelastyamtmmbheliptnbﬁlt t:betPFﬂArSlieﬂaustrlal

: i’o N
~ par ti cOhar aggbomesptmdnt meﬁhodgafnthe prheesécandention may '_ o
o %r%lf'eQ'agng' KA Qggﬂ.\é@h%%t 3 I@%Anbﬁtcﬁ%ﬁeho ?{u%(‘e%%%'a\(ﬁlon and
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obt aj

5 oAl KA s
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Ha99k e]amfﬂe ﬁ*g&se&ﬂu%ﬁéegwl sehbs. Bégtmh;ﬁrly -

constTiuent substances 15 sUFFo -
|é'@r5tt|réIC§§dar]@uF I ¥R E o5 B Hdopeseelane aaverage dlameter'

- o4f hbei B8t XU AN 0 RGA! an@BBte PERaBRK! hELeSe 8% etha.n 500 pm

contacted each_ . other in:the suspepsion. In the case . o
ia 2F2¢ hngreages) gecovery by

3) 51%;1% sgl ub] e c hlsétltuent substances and
&e 5§| ' ol b’r gugt gt C., it is possible, in

rocesses-such S
Pugidtieation(ef ghetPEAL ueed dy mmrmsass from said

dr-eaen1peedxide Pfl Q8L uRys&D @é(PPC%ﬂ’éti@ﬁenﬁngubstances -
recover the Eartlc es fromthe new |liquid. nedium The

SYgronBrarfoRl RePRBELCAEST RES p?%%%ﬁeq‘ rﬁﬁeﬁ%@ é%?cr?éfgposﬁéi at a |
@&rﬂflledeﬁutezﬂierﬁd?yhaﬁlarﬂ $chBt PHASO PF OLEESs a%@ €bontacted each
oorgaghsm s._not.. gartl cularly restricted provi ded

5§ mePSBP&Ri'sm contai ning a PHA as 30 S
[ nt r acEhltieachyeathaimitet 88A Fart exaawirecovered at the first.

q‘sceeﬁka@%g@ad%%ﬁhheugg@upﬁégc thenEﬁagt 'a&aepﬁa 5Q8h as -

enus Pseu
ﬁﬁé@bl@fcqlﬁecgeﬁusteeercl s%starms@eabd detmwmon products,

Azet obaetigy poEBQ%E‘leOf lﬁ%eﬁwﬂoceedgas;&e}ga Eﬁ@e@ agaln in
g erononas nay_ be_ nenti oned '
E'}F‘Sf% %&5] g@%ﬁﬂe BEFL IR SAabme.%Fbe.reaxtwewﬁ aeccesswe-

Brocakkas, sukh Aydwaphihg by stirring and a chemical treatment
(e.g. treatment usingbleach such as hydrogen peroxide or sodium
hypochlorite), and recover the particlés from the new liquid -
medium. The agglomeration method of the present invention mey

. be carried out at any points in this process.

30

Said microorganism is not particularly restricted

- provided that it is a microorganism containing a PHA as

intracellularly accumulated. For example, microorganisms of

- the genus Alcaligenes; those of the genus Ralstonia; those of

the genus Pseudomonas; those of the genus Bacillus, those of
the genus Azotobacter; those of the genus Nocardla, and those.

of the genus Aeromonas may be mentioned. Among them, preferred_'_

35

are strains of A. lipolytica, A. latus, A. caviae, A. hydrophlla""""”'“"'"”




v March 2007 107 and R eutropha further pref er ably

.\‘.'.-;,.f.are R eutropha transformed by .a-gene of a PHA30 March2007
osynt hase ‘group derived:-from A caviae. (oI d nane:
.o Acali genes eutrophus ‘AC32. (deposrted on. Budapest
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" _Mﬂd%ﬁrﬂ{&ﬁﬁe&dl eé} ut t @lTeéﬁimﬁ%ﬁr{pérnatlonal

particu y restrict Known me

e hQr gan bap Hrees Kokl BIBIG cad | briligasios-o30wme,
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~ PHA artlcle usernthea I'oner ati on net hod S
- ‘M %1%9” erfneir@rhfa@ﬁrd@%sfef@m FERM =

- aptisred oA AN TY e sihferl nerl TBamAHAXONtEI )i MB21-4830.
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A As SR HdOAdAGA S SARIAL LA IS e W method

rring a suspension o aining. mcro
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tdhanidle 2HA f&; é@a(f@l@ &d he ALY, adding an alkali ..
si mul taneousl sical “di sruption this :
met hod A5 5 R Jb%\s%i%rf@& 85@516braena%@%¢1e@m@solbrﬂethod
-%d:raﬁtn§ kesthe qme%iéertcmﬁtraharaﬂ, ﬂh@f@bdaq} beehs&d optional

Eﬁéfie?h% %g;ﬁ?«?;f %@%s O erl%n@g%rsapbeerreells by

: n&dﬂs—lalowi ‘tetbodsudpansitond dht the arigtedt off Bickground Art.

SIS, ol 80, LS AL b
RO 1gve I@I@Ohlels@@@é@de@qlmdﬁataemethwl comprising,
gggqg%&@kk@ﬂgf%gg{aengyéﬁee pAR-Cbnt8lihSngSnicrobial cells,
solub:r.llzlng cell constituent substances other than the PHA to
separate the PHA by adding an alkali simultaneously with
physical disruﬁ:tion. 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
efficiency. . - |

The term “a suspension of microbial cells” means a culture
suspension after completion of culture as such, or an aqueous
suspension in which microbial cells separated from ‘culture
medium by centrifugation, etc. is suspended in 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

of dried microbial cells.

The physical disruption treatment is not particulariy |
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VJthhan 500, g/ L, and nore preferably not .more than 300 ,3-”""'

g/L in-terms  of : dried. mi crobial cel.l's, 35 The 303&n@h2007

vv:Fﬂdlsruptlon treatnent:is. hot’ phyS|CaI partlcularly 30 _;,
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~'solubilized fromcells by an &tkaline .treatment and o
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an Sificafion-di sper

s-or hydroxi des of "an a I ne

o @mqalﬁié%aéh Kudhezrs TAD-L8oBrRR ARaroxPak, ol adsinpption by
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R D B rapen Mt o %%rprf@sar@amc

_’acadndﬁ;exﬁmdr,aa aadJlumxad:eteatlemd pot assu um acet at e;
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rates
phospha 1§ ALEGH e E% |388| %ﬁggﬁ al §Staﬁ§ prd may be
Mdﬁdgemephégpchaﬂwdr adidect aisau e Prokibimearghdmetal such as.

déoQﬁtLﬁ’t? o@{ﬁﬁrOgggtEQQ§ﬁﬂaﬁ dr@ﬁgdgaqffgﬂfﬁx;gl@géﬁlde and :

armng ot ese Ium I oxi

e WMS silk@lhy edalde natese sl jag - sodium

. t@Bonate Siid ﬂa'sts)iufnprca%ﬁt@ ;Ala 0gUGdtan anrd tshof
‘cost terns. ddlﬂg éhe alkall, it |s preferable

O G éicHdﬁe EHC fay h%lﬁe%?%t%ya%%mta%@aqm acetate;
mmaMMetEahblr«aweerduch a@ ddweaxcentr ¢laliarigehe pil valbgehates

i SSRGS S B, 3Bt Frenpce,

Hm%sMph@ﬂph@té angl Clii\po’pa-ssitm hatdeaigieni shosphate, and
9;{ e%’\.@sbla ?ﬁgge%dn%%h&?g“ rl%\%ﬁ‘g ¥n®5e, sodium hydroxide,

ermt asurin
sodJ.um carbonate and potass:.um hydrox:t.de are preferred in terms

of qu.tabJ.lJ.ty for commercial production: and in cost terms.
- When adding the alkali, it is preferable to control the
pH of the suspension by said alkali addition'._ _Part_icularly,
the control target pH value is preferably within a'range of pH'
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 either contlnuously or J_ntermlttently w:Lth measurlng the

. PH of the suspension.
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- 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,.- more

preferably between at 30°C and 40°C.
Fig. 1 is a photograph of PHA aggregates accordlng to one .
elftbodlment of the present J.nventlon taken by a scanning electron

S—

TWIGE6§cope (SEM). It is found that one aggregate 1§ formedby =~~~
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‘el ectron n1croscope phot ograph (x"2 000) of PHBH-

aggl omer at es a_scanni ng el-ectron n1croscope R

phot ogr aph- (xBRigFSDﬁﬁgf‘Ié’fTIQNy o TEEPPBAWEYGFoner ate. .
- Fig.3 s alsegnalegaﬁheegremeEtebQSﬁeeeoeee @gg?@hoﬁm?ph (x

%I?%%SI olfl\l‘@%ﬁgrggggg‘ﬁﬁ %gt :xaEEFESNOgEIBH was used as .

a PHA. FIbezembodlBeahﬁlngfenbetpbﬁsmmtrbeuepélpnoabgraph (%
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35 further 'WaShVé'd'"fWi'fH'"'Wé’t'er"'t’b" separate 'PHBH_"'EEViﬁQ‘""'an' average T T

acéordance wit e protocol given in J.

 Bacteriol ., 179, 4821-4830 (1997) ‘to

BEST MODE FOR CARRYING OUT THE INVENTION
'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 obta:_.ned by culturing R. eutropha
(deposit 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

-~ harvest bacterial cells containing about 67 wt % of PHBH. The

pasty cellular fractlon separated from the culture medlu.m thus .

obtained by centrifugation (5, 000 rpm, 10 mln) was diluted with

water to prepare an agqueous sﬁspension of 75 g dried cells/L
concentration. Cell constituent substances other than PHBH
were solubilized by stirring and disrupting physically while
maintaining the pH at 11.7 by adding an aqueouS'SOlution of-
sodiﬁm hydroxide as an alkali,_and.a precipitate was obtained .
by centrifugatioh (3{000 rem, 10 min).  The precipitate was
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'gharvest bacterlal cells contalnlng ab0ut 67 w % of-
CIPHBH. The - pasty ‘celdular. fraction-separated fr&ﬂﬁﬁﬂﬂb2007 PSR
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. agueous. suspensron of 75 g dried. cell's/L.30. 0 .
;lconcentratlon Cel I constltuéH§ substances. ot her than
_PHBH wer-e solubl]lzed by stirring ‘and’ dlsruptlng

“ph L1y whi.l di Lo
BRI s B AL DS Moot Sk Fggctlon e
afid7@, predipitidte ofad78bt. aTimedthlmy—@emmwg%Hbemas used in L e
(Re0001 EAnd Ml dinellEs RICEHPRLAEBMES, Sperd 4 zo_% WY

t'0 ‘separate aV|ng an aver age

30 wan§hnzggtloms nol ecul ar wei ght of approximately .~ . -
1,40, O toﬁ mekepfraction iRf r@%)eéﬁﬂvﬂuﬁké $Pés and .
| e

97% tai-ne OW n

H was, used B
o ssagt@arfﬁéw@ %§alaa sau%%sf% ‘grﬁfbf Oﬂd%wv pWever, in
e Eﬁaﬁ@mbéam end. 2, Thﬁeppﬁrﬁ.;zyot«aBHBlaitumﬂnea b@SHELCI Method - - -
e aratlv ern1ne e
 Porrosped RenetBrrery | LBt Pl BoAS bR RN Hlgbved in

' wasl det ehmarleﬂoimy sl Ereet hddvi the §c B5bel dfemethamkrar;d 0.15

. @%I8roF§%ﬁ1anga?g§g?ﬁé%@?%ﬁ gggéng 190 Egno anﬂlnutesfu

- Bfterigoniliol, cOnbenir ated §altﬁuarcgdaéqdeat151@9@té©n of
3400 Rt §L?lf atd tvﬁdrs §88L5ENGHd néx'f‘ur%f wés %actllekrr%tc?Gﬁ gorously

agueous so

utl on ~ ammoni um sul fate was added -
ATy uthema§%kqw%aw¢‘ew%us|“§he Roktomdayer yamaegalyzed by .

.%b@&dlaﬂgyegbgt ERFOMRYSE r dFy AR J@estriine G Ihuatiyt y0as PHBH

Sproratoqraphy. {0 deterne bhe purd (X O PHEMS L sim 10

PHBH.N gHBH The nol ecul ar wei ght of the PHBH
I d
separappd Loomuiie, Daclerist erl!p#an debermins fgﬁm the

fol | ows I écl e separa

. bacteriial cellllswaasdatsmtmed 2e fnlioms of L@ Hidrof ol
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20 Re 3RbUL LAY UE saf Hogrask indemone ddiad usel a@ls@.olve'd )

nce trate was anal yzed wth _ SH MADZ

&RCL gyl 1 @ingh karaf o ﬁnéhBaéxqu%’é§£01(13%5 £ id taged fig remove

the insoluble substance. The filtrate was analyzed with
SHIMADZU' s GPC System fitted with Shodex K805L (300'x'8_ mm,  two
columns connected in series) using chloroform as the mobile
phase. | o | _

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 -
'averége diameter is generally used to. é‘xpr’ess a particle

.dlameter, and means an average particle diameter weighed by

_partlcle volume

R (Example 1)

40 ml of a 20% w/v PHBH adgueous suspens:.on and 160 ml of

ethanol were mlxed,_ and the mixture was heated and stirred for

10 minutes. 1riast1rr1ng‘ ' tank w:l.fh a bath temperature of "oy




"'f'-"'-\.rreasur ed by usi ng “Mecr. otrac parti. cI e size anal,,_y' er:
L ‘-.,__,_-.'-';manuf actured by N KKI 'SO. CO:, - - -Ltd; " and obt ai ned- as’
. ‘vol'une  aver age -di-aneter . The voI une: aver age di arret

00 ol unns onnect ed Fnseriés) usi ng chl‘orof orm as -t Re

nobile : C phase. 25 ‘The di aneter of PHA parti cléﬂmh2007

1S general Iy ‘used ‘to express. é\4part| cle di ameter and
. means - an’ aver. age parti cke ‘di ameter weighed by 30"
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1§ it Mo‘i'% wei ght (pm X10a.
0 redRwti 99 130 97 .
From the resyl t) r-l\was’ fougg whéRr)the suspenS| on -
conprisi-ng-artirb—ef HwateF—andma—hydrephilic

sol vellPiias |15 heag ed an_d ‘quiarred), PHAy particles were.
agglte‘sf?ér%ﬁded ‘thereby the-particle|dianeter was =~ -

i ncrpasaddd tfhout1ss gni ficant3o decyeass? of the _

nol ecul ar wei'ght -of PHA' (Exanpl e 2) 2025 m of the

PHBH suspensi on same as that used in: Exanple 1 was

added . Eirom Ghe| éeguhydrbbhwiscfe@md/e‘mast viRn dthe s&gpension

foahprlslng a nixture of water and a hydrophlllc solvent was
heated and stlrred PHA partlcles were agglomerated thereby
the partlcle dlameter ‘was ‘increased without s:.gnlflcant

decrease of the molecular weight of PHA

(Example 2)' _

25 ml of the PHBH suspension same as-that used in Example .
1 was added with various hydrophilic eolvents, ahd‘stirred for
15 minutes at a bath temperature of 80°C. Thereafter,;the
mixture was cooled to room temperature with stirring; and PHA

- was recovered by centrifugation (2,400 rpm, 150 min). The
~obtained PHA was washed with water and resuspended in water to

measure the particle diameter.

Table 2

: Particle ;| Molecular
Organic solvent (ml) - diameter | weight
' (pm} x10*
“Methanol [75) ' 201 141
Acetone{25) 29 . 137
- Acetone{73) >1000 131
Acetonitrile (25) >1000 132
_ Tetrahydrofuran {25) >1000 ' 127

o 2096 W'y o
©h H‘&ﬁn%fe?ow)ﬁf %?gi%cg)ﬁé’nfi?o%?‘?“% r e with R Y
Cavtd e gt XAwed e hea tret caret et byrcedlﬁrmfug:ﬁz_’b@l 2,400 rpm,

L ut,es. i t
O ArBRbhBhE oY, FaN Rt e e iets AR %?%&m% waghed

~ edditedvaten.ooftheenpsvdtuie whoWn $ni Tabhg. 1A pol yrmer. . '
was recovered by centrifugation (2,400 rpm: 15 mn),

- and’ rreasured for the particle d| areter after washed ‘

. iaiendter.” The result is shown in Table 1. 5 Table 1
: Partlcle Mol ec
. (s) * Non 8.6
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';contalﬁsmgqlﬁhg BHBRHBHuEplk vEetthénr Ezpmpflevé, PHBH aqueous

%ﬁ%@% i Q \l@@f’e ?ezprﬁge@'l‘i’laguéﬁ)a ﬂa@ﬁ%%@%@stﬁg content of

‘,;Q}15 n1nutes at': a bth tenperature of 80C Thereafter;
i the mixture was’ cot
-;gjj,stlrrlng, and ‘PHA" - was. recover ed by’ centrlfugatlo
(2,400 rpn1 150=n1n);
=W thwat er “and: resuspended in water “to. neasure 't he - s
particle diametet. -Table 2 Pa1$|cle Molecul ar - C}gan[cj‘t;g; '
mSoIvent(n1) di anmeter: melght 30 (Inn) Xlon' L

'”ief'NEtha oI Eé 201 li% et one g 2% gz Aeetone % f “ ; 1"f~é}
31000 EoRFEPLEe( 35) “aF05A19o ERBE WiRPaRoFUrRRRSTon ST

mpmm&@ dRIxtA5e3F Mateh ﬁfwﬁydréﬁhEﬂ.mdelere’lﬂswhs heatedf“ | SR
V\@&{—P @((/jvaP:I%r ai@%?ﬁl% ggﬁfgfn %%d' Stli;]%lée?be% partlcle'

ool ed to roomtenperature w t?rﬂMarch2007

“The 25. ‘obt ai'ned PHA was mashe,mfklt

ure O

";-"_;‘ain@rr@ttuea:r oid s emrearsedcmehm@rte sagyidrierate dlectriearsebp f the
| Blcer HealRkel e, "opaReeeuILEROLL Yy ﬁbﬂntfﬂecgglvents

ecrease .o rol-ecul ar wel gnt

 PainguPAhy PHanenLobd 146 eRCh aRancegomigHideaand _.
- "St@tlfewdtrbfweh @8raceben) t £hé ARG o1 Ltd Al Of lﬁe&mime more

wer e--use the particl e dlaneter becane nore

| JH%%H&%?@ ‘10 .(Exanpl e 3) Using the PHBH slurry used
n: Exanple 1, PHBH aqueous suspenS|ons wer e prepared
"égxé%%ﬁf manner-.t hat “t he content of " ethanol was to -

3ﬁd 70-nmLin 100: nL of a suspension .

eate and

l_@éﬁﬁnpénﬁéﬁaterbeoﬁOQQQ asénﬂpegimene OPakén offf @mstispension

15

20

25

30

T

SUTRENTIHAR 8b @M ARRERPI(HAL 8¢ Eh@ee@@cw@ st ons was

0. roon1t rature with stjrrin | es_were
.62 and gngg the suspensions ere heate and stirred in a

'stlrrlng tank w1th a bath temperature of 90°C. Samples were
taken from the suspen51on at. an approprlate tlme,'and were.

cooled to room temperature with stlrrlng The . samples were -

' further recovered by centrifugation (2,400 rpm, 15 mln)

resuspended in water, and measured for the partlcle dlameter

The results are shown in Table 3.

Table 3

" Content of | Heating | Particle Molecular-
ethanol - time . | diameter weight | Purity(%)
{mL:) (min) ~ (pm} x10* B
Co ‘ 0o 8.6 144 - . 97
80 10 123 144 98.6
: 15 - 211 ~ 135 . >99
; 0 | 8.6 144 97
e 10 - 140 142 9g8.9

15 | 118 140 >99

- From the result, it was found that when the suspension
comprising a mixture of water and a hydrophlllc solvent was
heated and stirred, PHA particles were agglomerated without

ElﬁﬁifiCéﬁtmdeéieéeefdf'tﬁé“ﬁéleéﬁléf"ﬁéi@htwéfﬁthe”PHA]'andW”W”mem'{
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'7ffurther recovered by centrlfugatlon (2 400 rpn1 15

miny, 20 resuspended in water, and measured for3ﬂk&nch2007f795ﬁf
':“partlcle diamet'er;” - The results are’ shown: in Table. 3 G

rwfiTabIe 3} Cont ent . of ‘Heating Particle. Nblecular 25 ¢
_et-hanol tlne di ameter wei ght Purity(; (M) (min).

'-:_-'._'S&FrOmt&?%%%ﬁe“gﬁﬁ;wggiﬁ&%?%st at éfreogredf,athe p’t:_l-]%‘lty-of‘_

T (M) x104 0 8.6 144 97 80 101623 144 98.6 15 211 135

=99 -0 8.6 144 97 70 10 140- 142" 98, 9 15 118 1407>99

© hgtels (RHA [ias sal senfowes tdvemd ethyarsivedi ried, PHA

jlnprove
A BRONGEEC

“particles were agglonerated wi t hout = 35° S|gn|f|cant-’
~decrease of the nol ecul arwei ght of the ‘PHA, ~and 30-
CMEATRDO74) 16 the particle di aneter ‘was. i hcr eased:

Mor eovey Bi%xio@afsuxsr% Fﬂe HAc¥28 08!, S;\S}g.focﬁp%%? sté%arated" .

ol eCul-af
l| £51b90kn §Bpat At AR %wmle@ lowas freated

idnd *&ﬁﬂmnm&neédaeeax%ﬁ@beukemse heatredheaRds @l ¢ 8% aried

-~under- -reduced Eressur
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e resul tant dried

BB (5 SUReRded SUTFACIERELY 1h Skhaher Moo BBeARAB0 mL of
SQPHBHOétthIHsp*ehamoh tpis Pensiian’ Che sidEnsibiewas heated

PN LR T MR S

tsuiﬁﬁnimgumedmﬂ@a'tbebpameasueedlﬁuetEhe pateicksditseter.
i};}f}e Tlaejl&o‘km Tﬁ?' 4J.e15 Heating Particl e
ecular 5% S

tlne dlaneter ‘wei ght Purlty -
Table 4 -
‘Heating Particle "| Molecular o
U otime diameter “weight Purity
{min) (pm) »10* .
0 24 156 - 98.8
10 92 156 99.1
15 125 154 >99

- From the result,.it-was fouﬁd that when a suspension
comprising a hydrophilic solvent ‘was heated and stitred, PHA
partlcles were agglomerated without causing the decrease in
molecular welght, and_the particle diameter was increased.

Moreove:; the purlty of PHA‘was‘found to be improved.

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

The treated PHBH suspensidn'was centrifuged to remove.a
supernatant, and the recovered PHBH was washed with ethanol
twice in such a manner that ethanol was added until the amount
of“the-suspension became equal to the amount of said PHBH -
susbension. After the washing, the purity of PHBH dried by
heating (50°C) under reduced pressure was determined using
highfpeﬁformance liquid chromatography. |
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ol {min) (uny x10% 0 241156 98.8 10°92. 156 99:1 . .15:125"

- _‘-'-,é“}i154 >99:20 Fromthe-result, it was found that. vﬁi’ehﬂaa:hZOO'i’ :q A
‘. ’suspension:. conp ST

i ng: a hydrophilic solvent was

heated and. stl rred_;‘---'PHA partict es wer'e aggl onerat'ed
- Wi.t-hout ", causing:the’ decrease in. mol ecul ar -wei ght and

“the particle dianeter was | ncik@ased. " Nbr eover, the

""'r'.purlty of ‘PHA was':found to be |rrproved :25'1n Exarrpl es

E 3e? g(rjm J%slpur i To%wgheTE»égH—g%t%?pr%H%ﬁgw on vvas

 '_ i _r.i_-Ct&ﬁ:tcfmaftLtgﬁﬁh;ﬂ-q;renove ‘a- supernatant’; and the

CEoRgEd RIS ateRRedp It Do oy Weciaéﬁnfnm

oloftes spsrsias: nhx@dagOt Rl o t douffeaxanmnm o?f saitthanol =
suspensi o [, MBp

_PHBH dri ed by h%eoatl ng( (@b% 2%1? 1% g)ha’ee *
~was deterni ned PHosphoiigh qv;@{d)or nance | i qui d |

UCG ess

GIRIBL [ aphy o glgmlgo March 2007. .17 Conditions of .

the -hi gh- perforrmnce gw d chrormt ogr aphy: Col um;

10 -
15

20

25

Sl Ly J- apeaa fu sk 4 4.6 mm x 250..mm NMNbbile.

wphase 20 mmol . Phosphate buf fer (pH-3. 0): nethanol 5.

'22. D SRR Ry E) AR b LR (il o0 Ban@é@ and 300

Amomex:lhrmte&hly.faﬁlngaoidpwbyeem;.xéd%@étmtzh@rmO C for 3

| c acid were_m . xed,
heg{ ed EP efo'{ﬂ‘? #‘ glr‘ ggrgﬁ%iﬁs%% PHEW g{empgr\%égr €, and was
o sal 1o ,w:dzinﬂﬂemipeu‘.awtleamahd \m{squm&gae olptainéd vdxture

-' WasoﬁnHEEE@BOint&the_ Higﬁhﬁei?@B?hQﬁgeWi e ehremat_o graphy.

: (Example 5)

- The aggregates obtained by the methanol agglomeratlon in -

‘ Examp_le 2 were photographed with a scannlng electron mlcroscope

(Figs.. 1 to 3). The aggregates were sampled by a scatterlng
method and as a result of an observatlon w1th HITACHI S- -4000

'~ scanning electron microscope in an accelerating voltage of 3

kV, it was found that roundish PHBH particles in submicron order
are agglomerated to form amorphous secondary aggregates (Figs.
1 and 2). Furthermore, as a result of an cbservation with

HITACHT 5-5000 scanning,electron microscope in an accelerating
voltage of 1 kV, it was made clear that there were a portion

in which partic,lesare jointed each other (Fig. '3) .

- INDUSTRIAL APPLICABILITY
_ The method for agglomerating a PHA according to the
present invention makes it possible to produce PHA aggregates '
with high purity while inhibiting the decrease in molecular
weight with a -very eimple process. By this method, the PHA

becomes a partlcle hav1ng a dlameter whlch is excellent in -

fllterablllty and operability.
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“0 - obt.ainéd by the nethanol aggloneratlon -n Exanple 2 Sl
o were photographed Wi'tha’scanni rig. electron ntcroscope - ;*" s

L {Figs.” 1'to'3). The. aggregates were- sanpled by a . : L
: rtscatterlng 20. nethod and as”al8esul t° of an observatlon

o with HETACHL S-4000 scanning. el ectron ‘m croscope: ln

~ ‘an“accel erating val tage-of 3 kV; it was found that

. roundi sh PHBH particles in %%%Hg%ron order -are

““aggl onerated to forntanorphous secondary aggregates
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uce. ates uri ty
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CLALMS2. 1. Tubrmﬂﬁhuﬁfamc@mmﬂmgﬁﬂoualqpma1

fno;tyufgnggamg%vgtégsgﬁgifs Sy desappepdadid LU UL tcggolymeri

: '-pom)sﬂthjzedo«xf/aiﬂ(dmasoad:w\@ Spealhydrbbpmnoloemlafelrﬂct@d from

gn?§FpPecgﬁgEgt§g§g0@ate5gaggxgphggagggtglc sol vent ,

g afned SdspensPontat énperature -
ﬁUdeﬁ@ﬂﬁbﬂ ¥hatRe @oh&ﬁﬁ@xﬁﬁﬁﬁ?réﬁesaﬁdh§d§9éﬁ§@§ﬁnoater

%Qh%dr5&9hﬁptﬁﬁgatécﬁﬁﬂdBnﬂyHQoﬁb@bﬁhﬂoaﬂBefeln the:
y 3- hydr oxyal kanoi c acid s copolyner_

JS. The method according to Claim 1, ,
wherein the poly-3- hydroxyalkan01c ac1d is a copolymer

,derlved from D-3-hydroxyhexanoate and one or more other
D=3~ hydroxyalkan01c acids. ' '

4. The method according to Claim 3,
wherein the poly—3—hydroxyalkan01c acid is a blnary :

_copolymer derived from D-3- -hydroxyhexancate and

De3—hydroxybutyrate or a ternary copolymer derived from
D-3~hydroxyhexanoate, D-3-hydroxybutyrate and
D-3-hydroxyvalerate. S

- 5. The method according to any one Of Claims 1 to.4,
. 'twherein‘the poly-3~hydroxyalkanoic acid is produced by
a migroorganism, and separated and purified:from said.

microorganism.




-10.

“constituted of -atileast two. speci s “of nnnoners
sel'ected from the group consisting of = . - 30Nhnh2007
_,~hydroxyprop|ona e;-15 3- hydroxybutyrate SRR
- 3-hydroxyval erate,’ :
3 hydroxyheptanoate and 3- hydroxyoctanoate 3 The
““met.hod according to C.aim i, %ﬁereln the -
pol y-3- hydr oxyal kahoic acid.is"a. copolyner_ 20 derlved
~ofrom D-3- hy | _
“D:3-hy iR
_(ﬁca;lynﬁ-hydwbeyelmxtm Attt Bnyidigax ) karoi Qeﬁﬁs dAéﬁomonas
~a binary 25.copolynmer derived from
. D3~ hydroxyhexanoate and D 3- hydroxybutyrate or a
ternary’ coﬂhbymethddramedrﬂnngltB—ElhydrdMyhexanoate
- D-3-hy 30 5.
' The net h accor}%}i @nl%}%or%a%l@frgﬁ%@@éﬁ{tf S
'-:f\Mﬂﬁxﬂ3rhYQ¥QKN§&Ka¢®Uﬁ@xyaiK&néﬁ@om@maslQapnaduoedepmonas=
C gy yAsdRergani sm and separated and purified fromsaid
. m’croorgani sm 35 6. The net hod accordlng to Caimb5,
- 30:-Mar.ch. 2007 19 wherein the. nlcroorganlsn1produ0|ng

 the'  pdl.y- $hbydeexyal kaeeiraiagi €obehanass,t o the genus :

Aer onon e nethod accordi.n 0 G w
et ST v gandoﬁ%n% R _-
[ W3-yt oocyizd Kﬂrmm: aciid is aAeredJIDnaansammeddﬁy a gene in

- AT s N e R KRR BRBOEE, Frmigea rom

-3:hydr oxyhexanoat e, .

h drox hexanoat e and;: one“or. nore ot her

PLGHARE SIL T PERAHRGCRA di ng to

ng to a one

@mqpmﬂngﬂﬂQﬁqmﬂQan0|c acid is-a:cell transfornmed by a
gene in the poly-3- hydroxyalkanolc aci d synt hase

- group, derived from Aerompnas caviae: 15 9. The
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‘met hod %accéh8i RthedcrarrT9inavker ELALmhE,
M Cr 00K gRHSM CHY ivirdbranism contalnlng a

poly- 3-hydroxyalkanoic acid is Ralstonia eutropha transformed

_ by a gene in the poly—3 hydroxyalkano:Lc ac:Ld synthase group,

derlved from Aeromonas caviae.

10. The method according to any one of Claims l.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
poly-3-hydroxyalkanoic acid by 'adding analkali simultaneously

~with physical disruption, to separate the
_ poly—3 hydroxyalkanoic acid.

11. The method according to any one of Claims 1 to 10,

' wherein the hydrophilic solvent is one selected from the

group'consisting of alcohols, ketones, hitriles, amides and
ethers. '

12. The method according to Claim 1I, .




:” ;fpon 3 hydroxyalkan0|c aC|d |s ‘Ral'stonia eutropha
~~“transformed : by a gene in the pol y-:3- hydroxyal%ﬁﬂd@@h2007

"-synthasegroup, derlved f rom Aer.onmonas :cavi-ae. 20

10/ The method accordlng to .any one of O aims 17t6" 9

‘f%mhereln ‘the parti:cte of the poly-3- hydroxyalkan0|c
Qac1d ‘i-s. obtainable by, mhlle2@t|rr|ng a suspensi.on of

”:i];a poly 3- hydroxy al kanoi ¢ aci d- contalnlng n1crob|al

" cells; 25 solubj] tituent t - ?_1 ;fH-?
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“wherein the hydrophlllc solvent is one selectéd from -

eI SESINNOoF OOl S ph B RS ATL 'aeéids N

O ai'm ¥eicBoipnfermabbe bzoadhesépn ameng| cohol is-

'fnltrllels ace

pethanal ok o ?B@ﬁ@ho1Eh§cK§Lﬂﬂ§roﬁ§r@£§ié%“haéfﬁﬁ a partlcle 

nitril e, tthe amd ‘
e ABEA T Btmafi d825knl- LhEmePRer Ats TSt AngdHBfuran. 5

13, An aggr egat e of poly- 3- hydroxyalkan0|c aci ds. -
10,

whi ch:i-s formable by adhesi on anong

“pol.y- 3- ‘hydr oxyal kanoi:c aci d mcroparticles haV|ng a_pﬂ
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