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1 DESCRI PTI ON METHOD FOR RECOVERI NG HI GH PURI TY
PCLYHYDROXYALKANOATE FROM M CROBI AL CELL 5 TECHNI CAL

" FIELD The present invention relates to a

separation/recovery nmethod of a bi odegradabl e

pol yester resin frommcrobial cells, and to an

aggl oneration nethod of saidzxesin particle. 10
BACKGROUND ART Pol yhydr oxyal kanoat es (herei nafter
referred to briefly as "PHA" s) are thernoplastic

pol yesters which are syrmERSRIZENIGNd stored as an
EYET YD SEQR cRIEC SRR NG el G- EIER TRY | BOTOY H'eDR@X ¥ L KANGATE
NI M a0 Bl Jilel. PHAs, which are produced by

m croorgani snms using natural organic acids or oils as
carbon sources, are conmeHNetgabi oOERD aded by a

m cr oorganimmddhiSoidvealt Mat efetacde taken up in the

- CHs e t TMCL So@bvd he mathbdl ooy lish oddgr i Be RiAfester

Ceds e Sebl ihDc28b el afe ETW, IONrensd - £9 NSEd Dote P4 854 Gnethod
e esaad W oh harel o1e causes adverse effects for
ecol ogi cal system In these years, a synthetic

plastic came into a serippugcRogial arproblemin view of

envi r onFENth R A Dn st e disRosrt@NdrOfdrred to
fkﬁﬁpélf sad MusgAes PHA-hashatd st o6k ARSI E e B8 @dich are
180041 eNU g BeSrPl AStd e Ard{ SsPbALsd Colbstance in
ac%tiwaéf oalsvéffewrkgﬁc{m@foor%%érﬁlstherﬁé ebhOf which are
Igﬁdcs&?éed e}ﬁf@%@rééniénsc%r?ger&dt@@éfl&f&aﬂpc Us€ids or

PSS ass 1P samt&td al srahi Ghy doe Ef@&‘ééﬁaded by a
TRGONMES Yy arP sy S| Cé&l;s]h’;c;lf g Jhus, tﬂeﬁf W&&n the carbon
atﬂmlé:aéf aNse ther Lelg)een]? %&t EEAS3id to

Syt Sér?@r {ﬂ&é :Qcﬁfhl ﬂ&étrf?e{@@'rléf {48 hardly

%%ﬁg éﬁbé lo fcéf g thesge
ﬁafeg;ate : A&ér % o v9§§§l 5@%

on 1

@1 @éﬂ' ﬂ&@tﬂr?é‘ %@intlgiaas

dgg{ nitos

cCaOJTPJr@eaJTee iﬁgcéé é a €8t I fedical
¥1\4 Vg}{ (P Tsi &pe f%s?rlprk/kff E | néj 1mplant
AA8 i%ﬁligﬁm%‘ Elcig)éf%g zﬂf% s4©§e£eg have beenfOr
S ngéq |dza 10 I’P Ei n ear I‘ re ar crhe
f%éhno§¥§ég;gég ratln d
extr fﬂ
Japar .

se
n
Hhl Sﬂ%uzf@at%c ey

ikt -5
i, e -@1.?1. : Oew fk e o,
gn:agi: f%yé;% 1%152}%1% teh S comprlse
ting PHA ?rom,mlcgﬁﬂlgﬁ ce l %@?@Eganlc sclvents

capable of solving a PHA and technologles which comprise
removing cell components other than PHAs by cell disruption
or solubilizatiocn.

In earlier researches, many technologies for
separating and purifying PHAs by extraction using organic
solvents were reported (see Japanese Kokail Publication Sho-
55-~11839%4, Japanese Kokai Publication Sho-57-651%3,
Japanese Kokai Publication Sho-63-198%991, Japanese Kokail
Publication Hei-02-69187 and Japanese Kokai Publication
Hei-07-79788). 1In these reports, halogen compounds such as
chioroform were used as organic solvents having the highest
solubility of PHAs, but when a PHA was disseolved in such a
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chl orof ormwere used as organi c sol vents having the

hi ghest solubility of PHAs, but when a PHA was

di ssolved in such a 2 solvent, viscosity of solution
becanme very high and handling of the solution becane
difficult. Therefore, for extracting a PHA, it was

needed to set the polynmer comzentration in a range as
extrenely low as about 2 to 3% 5 thus significantly

| arge anount of solvent was required. |In addition,
forlesyst avlseongta AHAEdonen Sodwveant Yayerhidn and

hhayhd yired dof achar gel anemtbasarde tdi 6f 1¢uwes. asTHdmweefore, for
aboveasolverd BHApaoor vt wesided oro asdPHA hs usdil aser

ned inasrot ra tahen hiex asneraves ea s epatr aded yy resjpidedbout 2 to 3%,
Actows dé hgrh i ¢t 1P proghicin@m oo Bins o Mekust ried sephiered.

| Bt ged Sl @n ot Prenys izl 1 1 e0ny redeHMOf eaves ,salwRH layer

canrmdthbegh pyoelutedh | Tadgd st aSiNco thesSknes as the

taedne| gl esnt esitli g hugel vt f of $SoPERNtsuctlais methanol
tdved el @t nd | WakeSsdpoinicos) fofuBdy eMedeeOMafy antbr
OO At $10 Pl MeMnd108iSr 1 Aes dH) SUCTh F RASONS] ASehbipment is
nesdh DRed. aboyesoddieses A assn ey o1 Qb r e PULn 10t ow cost
% Bgdd Che R ﬁé@r@ﬂtﬁﬁé’@nﬁeqwﬂé d eghhel 0 £ SsdBvent ,
heeh tHepofdes whidLdPmpidise-sHt URbE | ZdNgdNGrecovery and
resmy i d\ge ced | so Commponeis, ot hefe thans ey Shem sal
thad TS Movd, ML ale thSIHMA-AD Adeatdmitsud Ointo
reeavefcdHAS in the form of granul es. As a nethod for
chem cald yr Hd eAtHdW 1l Crx%ll%uscedéchr(ﬁ%ﬁé‘bafﬁﬁe been
%ﬂ‘ﬂ@@ wief &L r&gﬂﬁﬂé‘@ S&ﬁ!lﬂl])lZI]ﬁg GBIH removing cell

A 09Yor HIPE VAl -Bibhs B 198120 M SCLOSER1R s or
t&%‘ﬁ&é’ﬂ%ﬂ WY 8 GO R6e: 4 ret i & SUSRRNSI PN form

%EMPQS cell wth SOdI um hypoch orite and
30' ubi 14 Z1.ng&6ldg % 2108 erfréa{‘?fh 'ﬂﬁé&blal cell
éf‘@ef"l'asonlé\: ché/o a J. Gen.

6% dls l@usfi?sé f(?é ééfé J' echnology
%@?j %ﬁé 2 1
(¢!

P%P%&Séf 1 cell
f&% fo§£ ents

I-M]ec é ZJe ﬁg clogy,
éHtfbn %ﬁﬁﬁﬂ?r lgﬁ % 11121ng the

oce881ng ways

n p(rocrg 35 ci% ot
nvg}lcoh Stuf'ln es:.r e for a

e o %9Q£%' ﬁ??? X rocéMﬁ?COﬁSldered
R g 2 0 B and AR R s
4 .Seec I'g)q:ﬁ% nu Je%c rS?Ch te]i P £
B S PR b use o
O (1 A0 W Eved W3 G eating a
n e %Veec@ oy %tl%freaqéﬂ% e
gat ) |
PR i S e S

sd lﬁq’@sgﬁfh Wﬁ% i\yﬁtlng tol%%éoﬁllzi

above,  and an application to products will become
impossible. Moreover, despite this technclogy is very
complicated and requires many processes, purity of an
obtained PHA is as much as about 88% in general, and 97%
even at the maximum. Additionally, a technology which
comprises treating a PHA-containing microbial cell with a
surfactant, decomposing a nucleic acid released from the
cell with hydrogen peroxide at -80°C for ‘3 hours, and
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45 obtained PHA is as nuch as about 88%in general,
and 97% even at the maxinum Additionally, a
technol ogy which conprises treating a PHA-contai ni ng
m crobial cell wth a surfactant, deconposing a
nucleic acid released fromthe <cell w th hydrogen
peroxi de at 80C for 3 hours, amd 3 separating a PHA
with a purity of 99% (see Japanese Kohyo Publication
Hei - 08-502415), and a technol ogy which conprises
heap & NGt Bn s Us IS it ofa aoBHAe ot 8998 NGsee Japanese Kohyo
nPals b giadds M ¢ i0- FOG @r 4 T ghesindindefe ehrsd Tong lwh iasn di €
Sceongi ¢ ¢orhaft hel aw aibPenaish sepad BHNG @ RHA (5ee
Japanesegaodi t LUl 1Cad i ani died r hind6689 19t hauel peatidic

ptoposeton Wtlaie1dhase heaindE:soneitionNs BHE (see Japanese
nib e b et ghtorofud her PHs cgiecy eases samrkalldsed. Under
tties €4 ofi @atemen ddnd5idnk) tyhd Smold@IMEdseight of the PHA
Pt ¥ €24 & O NiSerk O IIOOHC tSh ¥ £ Std | dvd oS sil epuxlﬁc
t heped-hed, r’@’&l(ﬂ&ﬁ)ﬂ’@ti@%m%@%ﬁ‘Y%ﬂai :meoss:Lble
di sruptdon-nd eat@ntitand tLf ilagbdang Be 91’3( physical
r @POF el on W Chenfiy | Sesc &aidyl gy Wlvab Al Kaldported,
agteh i R £ s s éﬁﬂyﬂ{cfs&% Sl STIUPL UHPI: Bon with a
Cordi Natd an..f & dy lcm e@étﬁ eccsiw&goél&ﬂ o4 hot

OSEPAL ald ONypt i H’cﬂig Qﬁ? Notgay,

9] b%%gigndqﬁd%ﬂ{ogﬁg@ lye@c Jﬂ%% 1eld f a
D32 t t
@68y OfL And 4 0o B %’{pﬂjriﬂ* 45 B evsdﬁ?g gﬁﬁtyiigﬁ
%m&e %
@6%! 06}1 1S5 rreé

& 1C ssﬁgi’pselncﬁ{ . Japanese Kokai
e%t?gqigﬁe;fp ity o 56l _%f*ch ol

é%é;t & GUR 4 1oar{] to a
I &§_ éfgh] on fﬁ% NG & ture for
1 ho jlzgg/d rl'%(%ove rn:ﬂnﬁ ur 9} Viecgrll;ngJaapanese
]%/l rl%u 1 &8 irold‘17 1PN hnology
1 I{:%c%_rélgﬂsji\%s_ cary 4in a t[ at
R SR
c¥ cro'ge rhd %lgeélca %o\qf og}’/B'o v ]g%l 95—
310 hac%s.cprl d 9 tihe 20 r B
' 55 foke

reccesses

odbane 15 a
r weight

e 3 ¥%%’&H'arp%tg\htl%§”o?° as
(gl(gd“ns ddirsie rﬁzlqgslea‘i dppdot be

GBS AL HASES nol ogi es_.ma

not be ﬁﬁlrﬁtééPn{aél &@P&’ﬁr "5 TS i TNy e d§des dlf:sfvlcult to

FERAGTed a6V e e S & f5URed ©]kdr Wjd%hf‘:f‘%tmﬂetheo"‘smg the

MG 3 PRAS oMY ctitturedt QYT it e addi@nsiifgd in a

R~ CRF thdle &l AN tgHIR h RESHUIT iTgh purity and a

hi gh yiB&l dhen“ayl oWheds?® ditfardtsS riisedesl byr sddagheplogy

comprlslng solubilizing to remove cell components other
than a PHA by a chemical or physical treatment and
recovering the PHA in the form of granules, the obtained
PHA usually occurred as a form of fine particles having
diameters of several microns. It is more difficult to
separate such fine particles from a liguid medium as
compared with the case of particles having a larger

\é'%, }gzl—lp(grs&d{r? 3o _C{,O{EYS%"’ e%g? hatl e,.{tcrf\%k ghsee%zlkall
tgié}taﬁ)naq aloia;d 1 _sog};ées i
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By the way, when a PHA is obtained by a technol ogy
conprising solubilizing to renove cell conponents

other than a PHA by a chem cal or physical treatnent

and 45 recovering the PHA in the formof granules, the
obtai ned PHA usually occurred as a formof fine

particles having dianmeters ofsa several mcrons. It is

nore difficult to separate such fine particles froma
liquid nmediumas conpared with the case of particles
halamg:ar | angereaverdi artetsr £ iMer eavericlidweserd iqunsidered to
paate gbweshlarmes congi dey ed disk havequseblens sughiasian and/or
rdskurtol aaise dusturexplwisdron sarid/aared ,adtiiill@ideosHduld be

| tanigsn when tespdriated, thus care should be taken for

handl i nth drdar ardervdial areisd thesa episQblierse Hagle been
hetvieethieten tatdrenptde tthenarge tdhelipaidticd e iagtdterating

~hy mgg) omeratd:ngnplae P Syl @xamyion aktage oEmadidng or

nged hodk dayi eatd g ofal ol kaldmeigrilapesal t A% Beshod of
deyel apedt idsh dyetdedif, AceorRNAdwn Puikeatdd, ahich
t ool R0y dfgidingctasiedy M oy H 0609 is8€8iB-containing
agg! TRy iadd "G RHB: byi deatine @ tRidBreatidiit@ nt of PHB
SUSHENS) ofsdD e a4f CiNd ity 20f; tde il t g 1ot 0f B K. ;
(B80Qy ( sre Bal e g A ; Er%el‘?fegﬁcld}f drou¥, ra!ﬁ'll%]:Slty
Kread MRS, eVrchite Q-’tesB' ENGReer ity G5 . Chem.
Lﬁl’h}’ers ﬂﬂﬁtap_t%d| thd écgﬁ ,Reg s tBvMeAt o W C(];%flcal
\%ghgn Gherg, LRyiEng. " l%r96t ainyg,) 2”@10%@!0&)&” Japanhese
R} i}éj Ut jron of e sal 07 B, 5990, \éo teci‘mology to
i

f z'g %ea%rﬁi tﬁ%?fe @Ji%t‘l zuel A ﬂ%ed of 3-
al
D@Héﬂéar%fdde%'@lf‘é !g %X'E'H’ r%%@f HBV")
IOy <h o Al g{%gp%
( r_eer 11‘e§:€1§1 IH&d
2N 5% HﬂU,e%tAc{‘% { sacrlr%&%r pJH sqlspension
t ej@tt%rei Preg | LeGH Y, ng‘lt 21, A QS since
%Hﬁﬂﬁp%é%hﬂ% V4 i é%'éﬁgi erature
S&‘i‘?eo%bsi'e]@ul \Q]%Ve s’est ' %a%% and '
e OGS redireined Y,
equi éﬁq Dl EG L I h%.ol ratlng a
i o el SPeer . SRRt
t% onae% N acg%lon teiesir 11511'& hnrol.
11 Ilrtl%Zin a agteeec ﬁl;;‘& % (ﬁowever,
4l e %Ja'b L U5 g—;r mple, that
| gt ech ; .1 1 ae)i;% hat

n gy 1ch comprlses
%ﬁ l%éveca gif}l
&et
C?g&g) % &rn tq eI 8a(ste§’
Oé’é'%3dnepat]1 gﬁmsg% et“réﬁpﬁ’

SIVES /i MG F IS F e gtylwé‘as a
ﬁ}ﬁﬁt@@@r(@éeZSm 45Pu,|1m, and cannot be said as a sufficient

size.

Thus, any methods for controlling a molecular-weight
decrease of a PHA and carrying out agglomeration
effectively have not been known in the state of the art.

As described above, there lies a large obstacle for
practical applicaticns in studies of PHAs, which are one
species of biodegradable polymers derived from
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-R Soc. Chem, 1994, vol. 158 (Separations for 40

Bi ot echnol ogy 3), p.113 -119) has al so been reported.

However, the aggl onerate obtained by this technol ogy
has a diameter of 2 to 45 m and cannot be said as a
sufficient size. Thus, any nethods for controlling a
nol ecul ar-wei ght 45 decrease »f a.PHA and carrying
out aggloneration effectively have not been known in
the state of the art. As described above, there lies a
| rat geoobgd@ches f osings adty Gato@pdcatitdnslow sdudi esd
of uPHAS] e Whd € hi 1adi@s toiiea 1 Speedest oin ditedegradalida=n
ped el Ssited | veshé oISl vy MIC 0 Gadt 5316, PEANCErdnynicrobial
pEOLESSsesndav £l tioa COSt Sgdhshne 15t trab | BHA gfaitickisdd icrried
ps 0 ued & ON$i @ vieo ngdedeen establi shed respectively in
recovering PHAs frommcrobial cells, and further in
aggl omer ati ng PHA pamviaglvesrcanki edveERTOBN accordi ng
to needyis AIMARNEE abbdrd NVENHHN pAso deyd ionedkahideng a
| PHA her §ii 0f 88 b1 £L AVET 1 NEdhvd i dt DM ttHSdPAInot be
celid £onventd onad WREMOoNS, cannol ey hoisah bk asr
PIREESSESa M b Podi @V £O5d S andk sidablend grd ustid@intors
DEOICEL OPSed NBEEOY 8 e 1 1161 M 05 Bty d JWRIHOISh, NAYE as a
caddi g, Othe @ REGLA %H@Eysﬁé}i/e&ﬁﬂ\%ﬂﬁhaﬁ%%&s, which
rﬁ%ﬁﬂiret$eﬂhéﬁ&55ht{¥ga€%éﬂk‘%y“ﬁyﬂdéHﬁﬁréﬁg'H%%ﬂ hydrogen
vﬁ;@f&la@q%fda &%&él'axﬁ&ﬁ% r@@talhyampm OF Ol a
S e e

12e Es t Poun composed two

;E%ifé’él %r%ﬂej(i dddrfed wa’%SHFscécP thd N

@%T% % I‘?’Or}{@pc‘o Sé)r ecul ar me'rﬁﬁltxpfthan the
tends t % RUIE %e“baj}ef & 29, q-%flsto

J@Q{ i; &1
d

O %hi%b %4§Lln %

r@y\nlreln%{]hac & SgH 40T, highly

L T A ol Sl
hé@l L}/Jin ev&n% N c}l}aent yA ey lvcfln:qi c ﬁqm a
re H%—con 3 cell (o] q o ject of
%nrensesnto I er rocv 'eqs om a}’é% r ining
- orﬁ ai ni m Another b 0 eal
an a cmera
pres pventi of A ergat haqd .f qr, obltV ni ng
%p\%ptg Eﬂ§ﬁ%r§i§ i ially adw %} recover
iﬁ;v Gflr cja‘%jj%dqo i .‘si. ¥ RS T Ol TG ATty
MYausi i | antt d\Pe]r et hGtF 6t
f %?ﬁﬂ i osa é?% 0§ iciently
ﬁ’?\?éﬂ’ted% §11f P? oP CH”cq éhti" I S er
gbdﬂb ous suspension of
. I,Fél)r%?%} P&{Aaﬁv o?u‘:slrrlng and
S phy51c 1srupt10n treatment at comparatively
temperature, then recovering the PHA, treating the PHA
with an enzyme and/or surfactant in an agqueous suspension
or wet state, and further washing said PHA with a
hydrophilic solvent and/or water. Furthermore, the
inventors also found it possible to enlarge a particle
diameter of a PHA by suspending the PHA in a hydrophilic
solvent and/or water and agglomerating them by stirring at

a temperature egual to or below the boiling point of said

suspension. By these methods, the inventors have succeeded
in preventing the molecular weight decrease, which has been
a very difficult subject up to present, and in recovering a
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the mcrobial cell containing a PHA while stirring and
carrying out physical disruption treatnent at

conparatively |ow tenperature, then recovering the

PHA, treating the PHA 40 wth an enzyne and/or

surfactant in an agueous suspension or wet state, and
further washing said PHA with @ hydrophilic sol vent

and/ or water. Furthernore, the inventors also found

it possible to enlarge a particle dianeter of a PHA

byHA usaretiek neut hiey PHA 9% aohydeophithie dbekdlae0% or more.
ayl/ Der et eragotonggl oher ating itreembyrsthave ngpraeleized the
tenpdrat e retiaddtof or B ovapdiel dodf i agopdimg dffficulty
sai chasdspensand/ o Byt ideaskes et hodiss t t dep 1l owent or SBhaviee
scageketeton | oif prlew entesgnt henweh ecah arpnecghtal applications
deCradseodedn adalhbs bekeymena deriveldffiomnl 4 sidfectalpcell

1wl Pt esendne amolsstbYecovering a 6 PHA having purity

of 99%Thatoie, itha predahtof i@ oromorelatdBy Hard hesthod
afygt orerat ¢ ving tdePinvertmrs haveccotpletegd siherobial cell
pr oductwhoichretdmstr odes; PHA capabl e of avoi di ng

difficuhtya ©fetadishpigs g/ Dddime shskledldusd an agueous
expd s ©1on Byf tiige Spigorgbetd Dmnied hherfpesentel]l while

| Vet 4106, aid acd e n@applt catplopsicof @i bresegsadald eoment
POd ydves et | mesl ESDm asdl@s 0D Al ngebt emhldi bpoOIRcell
passd tdcedhathd 5, thde HELSM iMVeM doreTr) ades {1
nedhoeht £10f 1108 OMEL | NG A 1d080@s PEls SO B4 Nthd

m crobjs Ledtep Lot £ 1 CPNPFd S€8ng (e asStEPted PHA with
ORI S Al Y AN @bk #5410 80 FELSOUBI 7S USRANSI 9k s
ofade A ¢ &l YA G 118 o Bl £B e WL AR aBtdF ring

afh SRt 1Ay, Odla actRdly ShLH 1 gl SERPt PR 1 eateeadddnilic
t, diSEupin )f@r Geldar sol ubilizing or enulsifying cell

15 subsiancss ot hale };!'laé']sért@ RRAAN SR celds @G he above-
than 1 SeParati s the Pﬁ-&é‘r@fﬁ@ea ageous suspensi on,

and (b) & st %W'éd &Lating the separated PHA

wi th NN, rg EWLER é%% éﬂé@ HA in a
'Md e_lslc asdctﬁé ﬁgff r&&&é@ £ %

afd 0 { ;5’ fid

m;
g Y EOV .

% q% i%ﬂ%}@@ﬁ@i@} L@ é}f%@v%pg@ﬁi? e@ﬁh
e I ECRVET g, & 3" Conpt | 565,

11

a step corrprl SI ng sus he washed PHA in

?engg?r ophi | IECB éjv% %ﬁwm g at a
%%é}oﬁi l %% es %mﬁ%% ﬁ ogﬁyg a

P 4 par ing and

O
se i n
Eg ﬂ% g?%qe@ kﬁfl—%c’}r s ens oncp]gﬁl %o the
DRAWNGS F| g 1 epresents an
expl anat ory draw ng@@wd{?g @éﬁ el |
dlsrUptlonM%¥“J% ce 1srup 1on e pment

2 Stirring equipment

3 pH Detection and control equipment
4 Pump

5 Pipeline
6

7

8

pH Control agent storage tank
pH Indicator

Pipeline
9 Disruption equipment
10 Pump

11 Cell disruption tank
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35 purifying a poly-3-hydroxyal kanoi ¢ acid accordi ng
to the present invention. EXPLANATI ON OF NUMERALS 1

M crobial cell disruption equipnent 40 2 Stirring

equi pnent 3 pH Detection and control equipnment 4 Punp
5 Pipeline 6 pH Control agent storage tank 45 7 pH

I ndi cator 8 Pipeline 9 D srupttfon equi pnent 10 Punp
11 Cell disruption tank 7 DETAILED DESCRI PTI ON OF THE
| NVENTI ON Herei nafter, the present invention will be
described in further detail with a preferable

enbodi nent. BETAELERtPRECRORT I@EOVErTHg INVENTION

pol yhydiexsal karmat eeheaqoorshmy trovdrhel gr esient be described
i nvetriomec otprasesviitte 4 gt ot raplstapgsodajerand (b) ;
(a) a stirep roonprd sicg addivegeany ghklarh ydoosare dguremstss

saspensiogn tod ishd b ydumtitoxiyrar &amnoat ecagnt B4 nNghe following
ndtoFodi 6d) d@dceb); while stirring and carrying out a

physi céd) di setgtd | @nnp it ireatidgremdding dsraptalhec€ednt , aqueous
anossat stbdh | @t g or1 g 156 :E ya Nigh 6@ £ e sest Ainciasg aliherobial
tdant tirei 1 odytychrox sl Kk aroat @i nd et th ceh§si@end dheruption
sepsd ahdmg tdedi palpthytioxyel kanoed esd 1 T el sguepus
sasplestst Pih g anel] 115 dut e S e aesprisamogcid eat i ng t he
SEay ek eeb x ol iEEHoX Vid kaoat e W | haddd ey Nl ©7ng the
St faliansoddbiddrzec i dd @S AR 0 ke
pol yhyd(rmxyaal alcfnp Qs frly SOt i1z e Hhamafiared
q&%§ﬁ39§ﬂ JJE§1W¥EH“JK)eﬂ£§m and/or a surfactant to
Qﬁyai f%éMé&hékihﬁkﬁﬁﬁﬁﬂé éiygyﬂﬁ Kdnoate
20 wad edo 1 I Bt d Y 1P o thydr ey @hkanodd e {RHAN&S washing
uged pd‘l;lﬁl'w&rom dgatd afidis 2 W&%;&}&Iﬁf BN %Gnd/ or
pol ymers conposed of hydroxyal kanoat es.

The hy(ifloﬁ‘é‘rﬂ ano g VRIRRNEM Sk M Sa ot (ANt i LUl BEdY in this
'éﬁgélfgégkléﬂnlg fléxﬂéﬁhtﬁggﬁiﬂ? or all polymers
Edoned. o f afy Bhanda %@rowtﬂiﬂ&g Blanoate

S dppsiraxyval gratg( gQrtl?tul ﬂf@@ém%e’but

i, S e i
a anooaa?cges’ or (0] (}{WI’TEF 0] al nabq J}:e&}?ydecanoate’

The PHA of the present invention may be a homopolymer
of one of these hydroxyalkanocates or a copolymer obtainable
by copolymerizing two or more species of these.
Particularly, the recovering method of the present
invention is suitable since the molecular weight hardly
decreases, as described belcw, in the case of using a
copolymer, whose molecular weight tends to be decreased in
a conventional method.

As specific examples of the PHA, there may be
mentioned PHB (a homopolymer of 3HB), PHBV {a binary
copolymer composed of 3HB and 3HV), PHBH {z binary
copolymer composed of 3HB and 3HH, see Japanese Patent
Publication No. 2777757), PHBHV ({(a ternary copolymer
composed of 3HB, 3HV and 3HH, see Japanese Patent
Publication No. 2777757}, etc. Particularly among them, a
copolymer comprising 3HH as a monomer unit is preferable
since it has degradability as a biodegradable polymer and
softness, and mcre preferably PHBH.
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by copol ynerizing two or nore species of these. 35
Particularly, the recovering nethod of the present
invention is suitable since the nol ecul ar wei ght

hardly decreases, as described below, in the case of

using a copolyner, whose nol ecul ar weight tends to be
decreased in a conventional nethod. 40 As specific
exanples of the PHA, there may be nentioned PHB (a

honopol ymer of 3HB), PHBV (a binary copolyner

conposeth afhe3HB sanch BHNYBH ,PHBH: (csortriaaintyi orcdpalatier of
compased 0iit3HHE: @k B3, seeeHEpanesetPaietticularly
Pedod i cadtieai BNt ey 7o)t a RHBRY { acd eyMaigit € opdl| 3HRrunit are
4orepaposecirod GHB; M st i sessgRapanelal Radentore
Rotbd £ €t d DMs Nze 27 Show &b ie £ IRl 1l Wari ab arng.
tiheraover CoRol e rc£oams # SPHRIBHH 1S corpuieiontll trdtSio of

- piei@fiablenitsd neghd i Masi degradaBHv tis afot@ particularly

bt @ghet ackad) eopol o @hek a SofddNesSsso B WBIre of 3HB unit, 1
ptef®s ald ya RIHBHAB udix f hencasec 3 PHRH ¢ e 38H unit are
%mﬂxg&ﬁé@nal rati o of nononer units constituting PHBH
i's not madd iLyWdiicdiegdditt ek hteronas cont@ididided that
ten Q9P| ATt FRHH W d g @y 1 kel £ ned And @eSrmined by a
adk i ek +3 J_Qa 9 r&étr?éﬂﬂ ane W& dPrefefrak sidicgt as a
e SOV RfET AT @aﬂ@ﬂ‘@b'&ft% 0PI EOYRIme I N 1€ s more
%ﬁ@@f@fré%ﬁ%\/ od@%ﬁqml tdonal fatd Cin%ffefHHWElfoo 000 or
Ui ts, canstidyti o 0f 1 PHERVED S, i PR LGS e
restr’ o mibly Qe 0L B d 9 rHDIR i B nvention
ngtnoé-péf%f%%'HQlé(ge EHVX&E& 'E% éé)a
%H%Mmga%%nil% aeé %d% PrEgl 1 Eﬁ oI Nt Gy

V4 't%e&r t AYLT t
ré%ﬁ% e erﬁ@aefineas ﬁ% B 00N Tuae
iéirh ¥ '3 H S YT docafi £ ghod i o3 N um,

s "c>:§L'“5é%loy'_' spetifically,

L QAL yhfh—fﬁloﬂa 'gé%ﬂ%re erapl

00 1 1P 1 GO DA IGHE AT Y i or}/am% aollgenes

. rﬁ:ic ’e }ﬁ'c“:{loioé S Alsj]rQl! tt%Es, % eda - PSS ing to

! % Alcal“i‘ :é"'ar]a}sm 1 &4 & ¢t S 9\“ e?HAaS a
el e B TR %easom 3 1%

£
nlcroor ani sns belqp ﬁ()c > re @g&gnnnas 11s b
ne%bﬁf%%béb acgl é (ﬂlﬁ% Y

R%?Inst o%‘ r éar d:é;)t ,JC;FEH'LOO .S ir :Ium r%lue?oﬁ "Pen&l 2 gene
iy He lﬁﬁfﬁ% i ’aY tacl 'S these
Moo : jlégfaﬁhﬁgg particularly
AR, ; (‘H 3 trqjscrcbct%garhxssms such
. t% H e lnand YeaSt
% ' genysg Langdida, magehigromyces, Yarrowia,
“on

5 1 FLE gerids F9ESTgHT 40 figfe AMRtsmieat sgred
%ﬁm%mfga

nisms can store a PHA in cells (y
ong the above mlcroorganlsms to be used in the

present invention, Aeromonas caviae belonging to the genus
Aeromonas and the transformant transformed with a PHA
synthase group gene derived from said Aeromonas caviae are
preferable since they have an excellent synthesizing
ability of PHBH. In particular, more preferred is a
transformant obtained by introducing a PHA synthase group
gene derived from Aeromonas caviae into Ralstonia eutropha.
As one example of said microorganisms, Ralstonia
eutropha PHB-4/pJRDEE32d13 strain obtained by introducing a
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controlling culture conditions. Alternatively, a
transformant transfornmed with a gene group involving

a PHA synthesis nay al so be used as these

m croorgani snms. In that case, the host is not

particularly 35 restricted, and there may be nentioned

m croorgani sns such as Escher9chia coli (the genus
Escherichia) and yeast belonging to the genus

Candi da, Saccharonyces, Yarrowa, etc. (W 0188144),

i PHAdey 1 lons ¢ oyt dep afrorve - dvenity aah etk omm A morageerd srsriad) into
Adphet divea abovieomh € ooy gare Srmakilyy bee usedld n Ychied Ralstonia
presentha Nkt 4 OmJRFER hbinhss wandira el b elrorgimyg: tcnaliey
oSS 1 et orad @ Budepdstarfarmpanto tNansfrerinethatiitute of
aA®BHAN cey T i set Y ol s geneca errid etk diror ey d rAsyonniaga l
CReviaret aveyanpt of ebaid €l tsd e TheyudmyvaEart exica | antl-1

- syt desi 7| Tign ¥k Bbi Fagan ofn PHBHsY 7,pardd 7 ular, seir® , with

pirefaraetsien alo | reged apesi3ohiraiaredHy riadid adudiing: 1d genes
RHA syl sec 3 oup gene derived from Aeronpnas cavi ae
i nto Ralstand peiitiophaf Ahongaxamlievehntsaind microbial
€T 0O Gatd Siesd  HRAl S 101 8 n o U i ofd e MR- o p FRPERR LB above
sin ai nswobd g Necedaydi titdroduc it @ A ertdiase igr oup
genel esd vedrid MBARS ASNAsr GAY @ Had OLs RS tiilitd cularly
etk $ophee SERYb U efted gl ohdie weReh RAIhRYSIQIH &killed in
etid ophg, Rt 44 pahiRPEE3AM et d sod MY nat ieRRidese Kokai
deposi dL0 dasash om Audape stan Rty d10 Nat | onal
I nstit utre ey AdvaNee b dust KAl -361N0¢ M rferable that
Tarhnalo g6 nit:er nat 119nal oy Ratent ng&%l%m [eposiiftaibgher.
Tsukuha, afmintdal i & Asd-ah HAash a1 ¥ RK ot ilaPaken
@%ﬂ%ﬁngﬁuﬂ%&aéd*ﬁéﬁiskaéﬂéﬂbréHkﬁQﬁ?%%fﬁh@ban%BMe
BRnGAR8 dndedaddif r?é{?aﬁa‘t Al H8NEHn L U PRAMS ACE
an:atthe%l cg}:rhecﬁ Qicd f@orpéﬁﬁeﬁégtllahvef’éﬂéfbﬂpm&fr&@r% in
Ccﬁﬂlle%j Qhy 3 %fé“ﬁﬂaffél%ﬂﬁl fmfx\%@ﬂﬁs JrEend.ened g
ahove ridi-a p%}éf JFOonglifd ﬂﬂo%t% ea PHA ‘ther'ein,

i s utl 71284, Q% tkﬂre! '{% d to the
i et b
a

cells
a ation,

n a% keer 4, a ataty
tl e%:\ft Ci ce!lrl (}*@ and the
Tl e ?§ ' ﬂgafgyﬂﬂh ég% %ﬁﬁﬁ

COﬂt ent

'S pre &Ep %sepla n%%n§$§§eq%%nas

) %ﬁ% dleper I%§ % p%ﬂw suspens gf a
nta1n1r90%§ RIeh ﬁpn 1. lﬁ g a %S%rylng

C% %IS nor.e reJT I‘Ell)D g(? Hi[ ofbs r?orrlél al’rl1

@ H q¥§lcal 1sr%ﬁ cﬁ% t

stil | re prekera Qg

Sluspensioh. Qat ) p g c out,

th ilﬁ‘x% Slr lsee ‘i”ec l n e 3 %61 f the

%ﬁ% %Hﬁﬁiﬁé§ ehte) ce @ ngf? & p @i&ca &

dp rup icn tre I@%ent &ES % stl%&lng sal

suspension, and then (3} adding an alkall whlle continuing

stirring and physical disruption.

When an alkalil is added to the suspension of a PHA-
containing microbial cell without carrying out the physical
disruption, nucleic acids, cell walls, cell membranes,
insoluble proteins, etc. are flowed out from the microbial

- cell together with a PHA. At this time, the present
-inventors found that viscosity of the suspension

significantly rose, and even stirring of the suspension
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by net hods such as centrifugati on and nenbrane
separation, which are known to the person skilled in

the art, or 30 recovering cells after killing cells by
heating and the |ike procedure. The tenperature for

the heating is preferably 50Cto 70C. In the step (a)

of the present invention, it 1® inportant to add an

al kali to an aqueous suspension of a 35

PHA-contai ning m crobial cell while stirring and
darcynagimu s phybe cah  shrse updnadit toeat et rafy thecovery of
atjue ot esapensimposJhatel s, Addprioweskly s dod uaddaent
chrverde st foundi e it PP A esa € 19a i Epads axgn@ns axdjuieous
stspensT omg of hé het A RiHferc ont @h yd g I &1 obiat i @el {fof Dxample,
starl i chips plnyisi cal add atst 4ot 1 @t iseabyrenthidih+@ressure
stonegargi sa d affteousn sUsPeNSiad tand tdham KS)paddigl of

- athal kadpendl e €obe NLO ngr Isidgidt Ng @Ndcphysteatary, they

dirss:tpt ¢ ioad 1 YWhedued ehdala Pisn agdehdodlhedstspessd Divhen
ofha Filfei cont @l suungt 1€ Nedd ada£eldd Vbithaskd f €88 rMidGlkali
add ttheowphysi cal 45 di sruption, nucleic acids, cell

wal |'s, metdrdedrgnes, 4HS Qi ehProteimsiogt Cit A omes
f@w&wttaﬁ regrihe sdgdebialangetdcdnaethepaav thom a
Rhifspef s 1t Swit i ni hel s e codyent 68 doumsk that by, in
wWCosidy of) ! hensdispenst oy $igiydi CantdysF@S€iorfNthnd then
ey ed 1 Ty Ia@dﬂ{g the SusPension d0cobesain d s i) & cal
'dhé%ﬂﬁtf&ﬂ“ﬂé'ﬁ&gmoﬁémgéiﬁbffﬁ%%%ﬁdh(gr dher P cation of
batame 45massd blg s Addidd onad 1y, stihe &SN tother than the
igpyentors found that a PHA was easily deconposed in

recoverifg I M6 RHA WG R G 2 I SIPRE T (dRtaining

Qﬁ(ﬂf%b%aﬁ &@ii 4 S Ut '% agpep?n}’é)s'rﬁé% '@%L%&Slon

hi a5 Z&e{ Afﬁoﬁﬁhfﬂiﬁﬁ AIAPA 0N ce11

tcgb{@g?ecpl—é eé’}%vé)fln penS| on to 10 or

h'gherzx régﬁ@eﬁ thﬁi ﬁgﬂggfiggll is

f%#%ﬂgﬁi éﬁ& cell weight
upity HPSU‘P ra{ &é%@é“ vid of
ffbe ﬁ tﬂé]g Q@%&ﬂ&hl' j%i% more
/ﬁ °oxeaféé cgaeﬁ‘f‘ j&? VA ably
9;1 n wth 1 bi ng conposn [ on
t e

i} (éﬁ’t rt&dg% nggiéﬁglon is
sl% ﬁﬁ% t%sgo% i @aﬁﬂ? ﬁmﬁﬁe is
a}ankEél kJ(ecgqﬁ s%u p)a}glogw ler% i;Y S

aqyeous SU%E@?Sh&P CQP(?InhP ep'i ?ﬁ%? I l;%zferred is

S
CFO | t

S e EpeiElL

ines, Inc

%g a % nq,?r Iag %‘EZ) i;pan, and
T on, an, etc.
may /eLusez ék’}at 1s n 1m1 %a({aceigese agﬁ*ﬂt

In the present invention, equipment for carrying out
the physical disruption treatment is not particularly
restricted, but there may be mentioned a high-pressure
homogenizer, a sonication disruption machine, an
emulsification~dispersion machine, a bead mill, etc. Among
them, preferred is a high-pressure homogenizer, and more
preferred are ones belonging to a type in which an agueous
suspension of the polymer is introduced into a pressure-
resistant container having a micro-opening, and the
suspension is pushed out from the opening by applying high

L+
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25 per liter of the aqueous suspension, and in view of
stirring easiness of the suspension of mcrobial cell,

nore preferably 300 g/L or less. The lower limt is
preferably 80 g/L or nore. The stirring nmeans of the
above aqueous suspension is 30 not particularly
restricted, but an enul sificattion- di spersion machi ne

or a sonication disruption nachine is preferably used

for stirring to efficiently diffuse an alkali to be

avdesk arel. efAs csurit legudipswarpt | agndy Ddiny i 6 qosid yuilBNAS
fteowiedk aout  domom e celd .a Mores pref striaoh ied&atiden, for
embdngp fae cat | oyt spersion hmachiarel zandndrorfexanptd, by Italy
I IMVERSQAY M XER Avainu fract figretb by Sidver Sosrdviactn nesych

| a4, prodhmnig | il udd EAR M X maumiilae tasretd: ihyod TECOHNI QUE,
Jaipan;p@ainthe EbasmodMdtdert i actuashdyelEipr asermany) , and

- Chirqaos @il ol zeha pesro@ict  ofmayi duo fiseiddi drit .S nNot etc., but

litm iechdto Thesesd 4 Ithddwe, present invention,
equi pmerd §ofh GRIlghHHPIIG Bliire tHiendahutsi Sads disSimgy i 1ofrge
tatead iy ferdwti pargpgiciddardy a mesdréwigd, cdt, tites e
e s TENtdOed @ ¥ gh- eSSy de s hepge M ke lse@aration of a
ST Rl O i Sdtd DN NGB r ANin such equipment, since a
eI i ad e -icH 1Sil RN ﬂ'@%@%pé}lﬂﬁ?dar[ﬁ ldecdi€s high
m%ﬁdﬂ@mnﬁ &R d 1Sy 2 N g RBESSMHH1e to cool the
rﬁ@ﬂmﬂ%hazleroelalmtdﬂaeimﬁfgﬂﬁéfé%ﬁ@noiﬁsa NG4S ing
BHAP& i FEH iy A RQUROUS; RUSRENS o Qird e Pal drer
't%rdﬁgﬂ%%lé\;é%l%rprﬁﬁﬁ WLE-ry %@ta@rﬁlmiﬁ&?rtreatment
having & MET©: OPR Rh1 AN 1:h6;e SHUSPNSI PoHS HRUshed
Qe Admd hg ApaHN G A @R YT Y dH gl dd o eSS UWhEen AS
SUrlh B RABN GRS @) A €SSt Bre F &S ST@N L he
%@ﬂb@ﬂ@ c&fn%%&deﬂ%H@;Ef@%}%"ﬁNe &!on, liﬁ/
1§HH5Q£§ alkali
@hlxé é!lm,l Vduts ﬁ&ﬂefcﬁr f@@dat MYy ehyelpec.

Ulaq_I@]_t II’(])
ftl t UI EH$EE§ £§E§iﬁe of
é%ﬁh l ” ldéttas 333 %eiﬁriiiism

%5%1 a'll @ prb S‘H %'}Plgce&hzte
é%% 681 a881um
ll H% éi a %Pp fgé ékes

SyOrEL re Ve a ad all
%%Eé%ﬂﬂydg§§? é%f%o %% uiﬁﬁge :ﬁﬂf 'e ggii&hrﬁinite

O S r
i ng{wg%a%e ;71 rtogensgrcﬁh%oera ecatal meﬁi sglts of
@b' al® <=1hs1 Sc:ocr}ft aalsm nc% sus en5|'5‘one i qh aeisalum acetate;
3 borAtGs metal phosphates
Csoo " reul taol

uch r“flt% ttH: s ! Xl 51[% é:[:l]s ho phate,
e, i AR R, f?if Sphatef
L ﬁgﬂw dqgﬁ ST e o
aélu lH]tlaat WO Or

é%ﬁ g@én X gﬁﬂqﬁjaq Iﬁiﬁgﬂl megﬂi cgﬁﬁg%gtes are
pre er

since ey are suitable for an industrial
productlon and the costs are reasonable. And more
preferred are sodium hydroxide, potassium hydroxide,
lithium hydroxide, sodium carbonate and the like.

In the step (a) of the present invention, it is
preferable to control the pH level during the addition of
an alkali. The preferable pH range for efficiently
solubilizing insolubilities (cell substances} derived from
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preferred to utilize a process conprising addi ng an

al kali while carrying out a physical disruption at 20

to 40C. The alkali to be used in the step (a) is not

25 particularly restricted provided that it is capable

of disrupting a cell wall of the PHA-containing

m croorgani sm and di scharging2a PHA frominside to
outside of the cell. The alkali includes, but not

limted to, for exanple, alkali nmetal hydroxides such

ase b8 onhdy drioxi de, Pt asd i v By hydrakielesanegdf fect to the
| PEAi UosdyOroxiple; O atkal 3. vetahd caobonateSerauch @ 10 to
sbdi unI £arlhoneit el evll pos assgluer cetdronal €5, ahkbddular weight
nef ad ByArogedcardbotat esaseicha@s soOdienpH level is below 9,
hiylok: ogiescapw homat ef fand patds st andytkdgentar bonat e;

al kal i Te¢wedfasd t 2 afetlosam € Beimse Siedbias wosh Unvhich

- acatpt Bsaf ta @l e sdnn bieet atesnShwdkal y et aht deratesntiy

stis ha asu Hosexdi ol k@l midedled a phosphatwsi 1suedhi@solling the pH

twi sloth unhehdsphed @, 1 e sDsli un myekogenphasphitesntion,

t &b pot BB nn hospnaie anch dhpotashtents pH level from

hysks ogedip hosphat Big, abikadh nei BRrédeuetal dyslroxssest adding

stied dso bard uea hy HoXbeles . ateOus NI @net £nt nese

MY iie= LS Eely &l 1 € 0 a T WO Ot d 401 oI Ae teRe NBYaPesome

useteht & Nat i 9k s ADN0:d heSthta B kiddo TS B proteins to

hyelr £x4 stBgo 2tz 8 k&l 4 ¢ el 2l o g@r Ponsd @smad ennmk el L4 e o

shape EheYsddgersali dable 4081 an 1 agustdd dle . prZQQU&tfé’ﬂzlt

afyek thel £OSTSr af &) J1easanall £<e ANd JTosen npgff@é eIy

Sech-dina fyde Qxide, . pot assi um hydr oxi de, Ithi'um

hydr oxi-lg, ﬁe@&ﬁé&fﬁ&ﬁ?é’%}?t@aﬁﬁﬁ&%dﬂ the 'été;hei

(el dihe, PFESENM O 't{B’em"@n’arﬁcﬁ n'loc‘re ]?gx)r!) from 20 to

QgﬁqécﬂntJE%dﬂ$f f%véﬂ%i 4#5% ?ﬂk decrease of
ange for effici ent

al KA -ndihe epfﬁ
sol ubi |A§ tll X;é esﬁ;ﬂ(&?'al t@eﬁc‘%ﬂ cﬁg such
fgsorgg@h | erse
er&afzfez‘?é ﬁf‘ Ir‘? 9 to
¥ §r CHS e{emperature
t rbé. . lar welght
dRSE NG 5 en in the

diRt4 sl St -
raef%g? i - fi&?g’ﬁﬁ@%o

i
X %li;'e
; T ‘?[Off ivtggfe. ot
%con X en s HA%&’ael be
G | ST
addin ; . ,
gsoer%a{rf?ﬁ%n’ L4 tiz ’I%g;hic cqndltl on to be

i ol Glpihs S T
e & eikﬁ's %Solrfs LTS zfaed%essef% 2 and
i§C Jt erghle eIt é% carrylng
@‘;gthg %aﬁe %‘ g7 “Fhé”?ﬁﬁ Ul VSR g s not

re erence numeﬂﬁi 1 in Flgnmf efiégégglg

microblal cell disruption equipment acceording to the
invention as a whole. The reference numeral 6 indicates a
pPH control agent storage tank for reserving an alkali
agent, and the agent in this pH control agent storage tank
6 is fed by a pump 4 to the cell disruption tank 11 through
a pipeline 5 to adjust the pH of a microbial cell
suspension in the cell disruption tank 11 according to
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The tenperature on carrying out the step (a) is 20
preferably from 10 to 45C, and nore preferably from 20

to 40C in view of preventing the nol ecul ar wei ght
decrease of a PHA nore efficiently. As nmentioned

above, when a physical disruption such as

hi gh-pressure disruption is casried out while 25

mai ntaining the pHto be an arbitrary level within 9

to 13.5in the step (a), a treatnent at such a | ow
trergper atliriss sl R it t0G dredamds Jposiss Hopyigedt thiech a
not leculray nveesrght2  ec neaisie i lghts thier rsivppreass ed 2indl Gde pH
aroritessl emgmt N Whiech cdasefeaf MRHBH.tHNamet orttrdls agent
pardraoid ardnk FefeirtrectHeo nid@-redrirayl @l hegplersdiical in the
distlupticompgtnicn pladlevial. ofTHe: toel11Aisradtizh ttard0Q1 is

Vihert Hdre aqwimglddlwicg] |5 i eletdicsriupi-ebrindasr sty composed
--prefemblreetad Kal iaredrdigH gensif-@ot@yladuci Pl eftdeting

nEe e ot aiHedni A isgpateatll o sferas iIIA i ampd hee1l

SUSPAITE ih hibel 1 Indaldried1auinPyhd HateXxaPl@ed of the
qentdditgadt iQbntTenbraie] meparatdothdt |d @fredetermined pH
fid<giati-0n beetdst L tdied .ol ITow rgs,1 tdhiessial dd)tdr 11
exphial RaGd Mis fardder detRidn Y AsingJd,9.and MY @licrobial
r@Ie seilpe s 1 6iE MRPHL nil idd-AMhow %@rc@‘s%rﬁﬁ &onstant
aggﬂmﬂurfé)r carrying 40 out the step (a). O course,

the preganty diRentd an 4.S NOtehed Witedhit-a thase suspen51on in
aqid prant & €% N qflefl%ﬂ%dw{?af A phndd 10 &0 &

il G RIESH R ec{ﬂl%fr&kﬂtab CeiHe Al SR QN LAWPTEAL ch may be

aGRAAING e ﬂ%cdﬁwtélma%%% WhQl & £ ihe diRTES NGB upted,
raésuqt!a@{% (fr?ﬂ:@én% R 1ol %gmt ﬂﬂ@&%@%m 11
Rﬂr TLRPEING A | al dﬁﬁzalﬁgl 1d€%lJ“diffused
rsCEl q—ﬂ% nﬁ%ta‘}fsa th@ ! Q:eq}i As Asion
%%#P méﬂyi control
g@%eq % o %ngo%usp tcm B i s
e AR O 42 ca%%oep S fhe
%% aﬁﬂgﬁi %?H% HrI{n%nd a

ol
@@%aﬂ%ﬁ t{y % %(ftf% acab i dghiq ri}g llae%elqt
f%& le1 éf’ hl llocnt ehl_r gh Nddlrably
L uéji ﬁ; sal%f;ﬂt % t%%l‘H o% Ta g@ %f ﬁ lglth t ab ve
i E 01 pent whic r r 1 %ptln% th% %ﬂ c;he
m”‘%ﬁf% e susemiﬁlﬁtﬁé&% 8ics rgﬁtlé’n °Ahk

cOREPal T agent zg’fl A Oﬁla a§ dete&:ﬁsr} gcation-
Sﬁsﬂgg&&o R i H6iTY aeve:

d fBPedi , Mtoh ef. mﬂ at P ©
9%5{86F§| &&qﬁi i H qb v}ghgarallel
el %?Lg}ggﬁﬁ}o%géﬂ;;?ggégﬁs P@ﬁmjﬁl@c}%@sez” h@gd“@ﬁd%smptm

achine as the st 1rr1ng means 2 for efficiently diffusing

the added alkali and for efficiently disrupting high-
viscosity DNAs flowed out from the cell. In-line mixer
type of these machines is also manufactured, and those may
function as both the pump 10 and stirring means 2 in Fig.
1, for example. 1In that case, the structure advantageously
becomes simple. In addition, general-purpose equipment may
be used as the pH meter 7 and the pH detection and control
equipment 3.

Next, the step (b) in fhe present invention is a
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the cell dlsruptlon tank 11 is fed via a punp 10 to a

di sruption equi pnent 9, where nucleic acids, which may
be causative of viscosity elevation, is efficiently

di srupted, and resultant mxture is fed to the cel

di sruption tank 11 20 via a pipeline 8. The added

alkali is imediately diffuseda by the stirring neans

2, and the mcrobial cell suspension is honbgenized,
thus making it possible to strictly control the pH

| pwel foing heetiebdl Sfispersd ofhidM ddmsriporattrédtigg with
peeteeredntonsyke sufdisiemdyant), asdaising psemenin t he
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and a Dol ynerpresder notvdie satbj ectsto dwdnal v
Thematkalet dad s Ofle s @D Ofnd Ny RbY | @velyiy bt treatment of
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----a@ﬂtgpﬁ@dpiﬁf@m@bgye wWdhin 0.5 And it is preferred

to contrelid f@erpéﬂ.»@pl NI riehi N s ch A4 l@gd@élrmﬂ range
%el@b@by@aﬁh@a a@@yp wdl Bf @b et [ i@f, 9 to
1}3@ s EHUhDREAL s Whiedn &Ry 53@1&@9&%@305@ ﬂ%éﬁbns are

eémh@ﬁ@@tt& chdepga r@é/r@fcmtémﬁléagih PHIRSSHE (a). The
gb?eéf SR f@ééﬁkcﬂﬁﬁéﬂﬁi&m fachy f%&ed out for

efﬂﬁ!)ﬁé LG 108 fjt’:f‘p@fséoﬂ—l 0 HeaWitlyeray

aL € @ﬁ@tég@@g VEant Ak, In addltlon t wo

or norep

l eeroeptﬂfié Adpn rmﬁéﬂﬂ%, a

@fzgge fé’@iffu&]_elfgﬂgag a%ﬁ ‘j% rir?sthé tfdﬁg{il@ﬁ step

a4 Hé)”s a'iﬁ%ié
e QLo calion, di STUPLL %.? tred
ﬁ'ngt%P ot b “iiég% 3&5%
(5 ' f ea’éﬁll Ctosé ect of
ii rom the Ce n i ne” mxer
t hese S B

f ct e and S :
? %g %ﬁr %& JE Jfgk %yme in
i1 a‘s@gami a&m?n%ﬁnueefﬁmﬁases'
gn

ngexe es,SI ]:?éwalcflsad Eadlng eanymes and
1C e§a¢§?e k} reEo %}ow%%g
ggﬁ]era purp S I (%EI’]T egl e se Ci\]fettwo or
X

Lagd SOl o el P a 14

PHA whi h conprlses treat.ing

e%sr%ré ‘H?ayposr”éﬁs]e ?t{%ﬁfw'bot h

Oc
mma%%@
am
gon"
'ESO

f
i f%al"aefr
)

n
TS et o 9’ S‘?'\Fect‘l ffect
'|1£r2; %ﬁh ﬁgﬁﬂ ¥ rlbednbelomﬁgy carrying

i RO i S T o e iR b ses,

(#e]re]ay?gh ur| oqk%ﬁal ne%l in the step (a). It
t teins, ept i dogl ycan
%&Sfmw né?ﬁ]é;;fl"]iaﬁﬁfdéna L5501 yjﬁaéféaﬁ%%%
mlérftoswﬂ%ﬁse Dirers sipdreoc ateongs cryesla sedh erted to
ttfe PRI ticles obtained in the step (a). The step

()ewfuairagmesdim- i nvention is carried out for
The enzymes to be used in this step are not

restricted to the above ones, but may include any enzymes
provided that they are usable for industrial products.
Moreover, commercially available cleaning enzyme
detergents, etc. may also be used.

Furthermore, it may be an enzyme composition
containing e.g. a stabilizing agent of enzymes or an anti-
redeposition agent, together with an enzyme, and is not
restricted to a simple enzyme.

As the enzyme used for the purpose of decomposing and
removing insoluble protein and insoluble peptidoglycan '
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improving the purity of a PHA by renoving at |east
several of the above adherent conponents. 15 The
preferred practice of the present invention, a PHA
separated in the step (a) is used in the foll ow ng

step (b), not in a dried state obtained by the
separated PHA, but in such aistate as suspended in
water, or as wetted wth water after carrying out,
e.g., centrifugation or 20 nenbrane separation, for

| aqiieorimy tdetlie eBHAOEME efdect @ie dheidepdlctatheron
tiheot ¢ £ad sremid | Se Xlarwa Bd dattompd i @iore rayAEnd N addhe
spepfébyed hen® nzyome:4 e dea ks ath it of tliBs- st eases,

i pi d degradirgrentyiesraaidsayaldhgdegnadi ng eRfyiRs:ed,
adntor2d TINBSEeSinABudRECi A | th & Xahpl e Setdigredficdtieons,
fetdovd £ A erEydess d@yp bertdisdath Nhegsedmt P usethno

- alenENOr TAYD) Al I Of $heimdmy, beydsedd Nproducts of

Q0sRRb Pphd ONInd 1), Rt eaé@slpf&m]am e NQad I/ Rsidl, and
p@ﬂ@éé‘,aﬁé‘)@@iﬁm M 1sS0 ARG Nopept i position activity.
Q%J@%V@@Pﬁéﬁﬁ?}%m@t&r e 14 1pd dl@%féﬂéﬂ!ﬂ:l&ﬁ@ﬁ@ﬁ as the
Ld: 0B85 682 1 P dPasEsn St HA®Hse included in the
phasphadasgs: i £ Rifeids) Gl vl ledagadifng eay MBmi3Rd to
Lyisozy e, anyl ase, cellul ase, maltase, saccharase,
a- gl yCQfﬁi’ean\:earx(ﬁrgj YRAS VAR5 7 D HCRHAARE, 8L treatment
(hoPNeses RihoniclLaser 1€ o ez Wiks, 40 e dISRArer than
ihd rHé’laSt!l%@ﬂng‘x QUm0 J188td | G %éeﬁﬁ ADOVE, ONES, cases,
béﬂe rEPé‘né é’t,dl%rf"rl:ye a{@lrcfre FHPV&{ A {8YRE than

1

%ﬁﬂl tem erature

i
C}Pl’EYPéf' géﬁﬁ ;Ci%gie SRR B donts s

%%Sﬁfﬁwé t 1de MR @ﬁ1qgture higher

nTEG ‘Qfmosﬁéd t r n?ol%cﬁasil %@ rghztj. Whorease
ok S A g [P e e
Jal & engyde.” As nZyne use " t'he purpo

?econ‘p In | ubl
& AN HEIOMING o nsol Y feerp Cite' nnglg%ue ntil
'Vgge‘"tb% qg;p%o%ezg%igztteod i lazsleegealnd i
N e onsfer)é B rhou %‘ er r ed

e e ends on the
proteases a e @%veitpr errn é)t re e é)

P Cd ﬂ) h o SO s no
R g&fﬂ%w ot ;;?;’b @iseo;y;;rwm

ro eas %aﬁa&’sle‘/ 33)& tgﬁ Fﬁfg‘is s‘folress in view

s In e as |ndustr|all Ilcable ones
and e, ACHE RS ok Ay oouS
zﬂ% q@ﬁi? w1t a conventiona metho comprising treating

containing cell itself with an enzyme and
disrupting the cell (see Japanese Kokoku Publication Hei-
04-61638), in that a PHA may be produced in a low cost
since only an amount of the enzyme to solubilize
insolubilities slightly remaining in the PHA is required.

In the step (b) of the present invention, it is
possible to use a surfactant as a sclubilizing agent for
removing impurities adhering to the PHA particles.

As the surfactant to be used in the present
invention, there may be mentioned an anionic surfactant, a
cationic surfactant, an ampholytic surfactant, a nonionic
surfactant, or the like. These may be used alone or two or
more of them may be used in combination.

As the anionic surfactant, there may be mentioned an

('D
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10 Moreover, lysozynme or the like is preferably used
as the cell wall deconposition enzynme anong those
included in the above exenplification. But the
enzynmes are not limted to these. Wen carrying out
an enzyme treatnent, the treatnent 15 should be
naturally carried out at a temaperature |ower than the
denaturation tenperature of the enzyne. In nmany cases,
t he denaturation tenperature of an enzyme is | ower

 tdlahyl 680 . faSmve aanzaliest Hearezdrive sddnfatnartad,i agm alkyl or

temperat Wia cdighem than 626G Aandmhentd NG Siutte, an a-

S t 0 b = er
3%%%?;3?‘%3? 4 i %g% Vo128 o
e

&F Lérag hc%t{ el\rﬁ'p%s a]t Nt ]ﬁci rfactant, etc.

i d
S Suln aVJ_ng 12 to 14
ySrFEr 1gear%)nena%1n alkyl

he alkvyl
I corIﬁ ued unt C C%e 0 Y
rourpécl r%ae giel ving
oupu.s

qub% JtIhe epeon er lon
&)reto# ds (R ud:ials such
) £ fr.acwaaﬁ aa&h .r%e
a&@l& Oa %‘gokbé}s m 0. 001 t rngé}egh:
|C@stslqn.+%.s by hete Roh & dgned an

ﬁéﬁ?ﬁ% SRt @ﬁm@%aﬁﬁ e@éﬂl%ya%&%wwrwwum
&S-onal et hod .conpri si ng treating the
PHA- coffaitht n@nkPé’lqlYttlé?elsfu%ator’? refd\iRE diiy be mentioned
& %ﬂq aipe &4 tacteanty @%W%m%qwt: ete.
Hei - 0456 @?8)‘10@1@1%%@%@%% Béegcodiice s meatisned a
@&é{yoxga%éfl&ﬂey W%ﬁﬁﬁﬁhlsfofow?et%anﬁé tod kbl i 19 2enyl
AN oPu B R 1M Igne yviEFET Y iaRtedBigng)s alkyl- or
nyaghenyd dastem (Hﬁlmquﬁ@y&@égeemohmnwlene
il Y OFosdiksiny it ¢ s ra BXUorotedity 1 en Bl M MR ARG €0
&3O 1 o PO LYEFBMLES B e &IHSIANNE Ty feme m%yiamne,
Fardiotieds fags vt e sy efldaretanisiehe ags ed K e qsrigisontan
&4 kyagdmcosamideer énm@yl Kol ardits orrddiean efifl .onifgnong these,
Puefgerant arg thascomiay g fraahatydraphdnpioltyt iand those
gidithaét dpt, fermewiiom abidurthactfadtigudd iy dtide, Tidsd is
FRy g Wbed acovieest witd orataror @ roft havemwidyclh@ansemte no
LA dwdebicaasiten s -As Alise arricomiic as poflacramtl kitlhertdiamyraving
BE mentlidogedban 86 omd lyld sulpicdtvexyathalligre sdindnether
savfiogatd, tanldl kylrbom adideny lpodyleftave eran dldadl oretc. are
arkérybbévhasesulsfiace, tdreva-haoleefdompsulaftonatley, rareferable
disdefiohdeby lacivd $altt ior rant édtmertedt Her édfesean al kyl
or al kénytiétihed lyarboxyl dahe, abovarmeotsoasidd surfactants,
puefactrant pran aNiacylc amniadeing sswufcdic ttantsoddtun dodecyl
Puéffereedsaning theee yvderaenal oyl foulaftat,e draliiung ctdlate,
todidm deoxycholate and sodium cleate; and nonionic
surfactants such as polyethylene glycol and a
polyoxyethylene alkyl ether having 10 to 14 carbon atoms,
etc. in view of cost, amount to be used and effects
produced by addition thereof. Two or more of these may
also be preferably used in combination.

The surfactants mentioned hereinabove are used in a
general commercially available detergent, and an
appropriate detergent for cleaning may be used as the
surfactant.

' In view of detergency, preferred are an anionic
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carbon atons in an al kyl group, a straight chain al kyl
benzene sul fonate having 12 to 16 carbon atons in the

al kyl group, and an al kyl sulfate or al kyl ether

sul fate having 10 10 to 18 carbon atonms in the alkyl
group. The counter ion preferably includes, but not
limted to, alkali nmetals such7 as sodi um and

pot assium al kaline earth nmetals such as nagnesi um

al kanol am nes such as nonoet hanol am ne,

et framiod raim aned andhdni@ihamolafaoeantd5 Aot hehsatugspse of
surdlaci@mnnd thanev iy dsotneint ioned, ant B kytdéférmdlylto use
aanoam Un isal 4y r Ba i adtky | ahdretdry | ¢ leommuind pps e saf tyadiing and
Asertidvel ranphot tyg | @c Sdirdrat t@iit,, dibesieemeyn ben p@nd | Dnetked in
ac s hobet @i nea s aerd it s uet set Srob et @i pnef stul e taddd .
eferth2fndse t heo oo aei @ird apiefdqtdieranday benionic
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ot &yfsyas Ty | meo ot y oxyr opy | el 1 ahddd e K@Y 5/100 to
exmxlom,olwwfwim‘gg VEReYF 00yl R e/ 250 oty C%0 4100.

pol yet lyengitil e anid waeidhdene &l don ad nese a

b hercd Bty acd gt 2 kang) anddest afs Mf@fé&p@uﬂe@opmo 10
qimsglw%rg&e & 1a:ld< Y A 185 P X} & ABIymer, and
vy AR p e S A E},)’C{Eé)ﬂj}hé G Yo s o
afpdc;gacse W|th a low formati on ab|I|ty of |iquid

crystal®, aMuiahids 304 anmd when adfieed wid h watigr

AU ARSE Wi @Jbagﬁﬁl,fr[@tfs %t 'ﬁéﬁ%&ﬁa}’ﬁ | Se ﬂ?&cé@e but

qir@fe%lmwﬁ{ kitle etheS 'zrtg t C@f A otin
angh R0l Yoyt hy éf‘gc to Elnﬁmn The J
c&ré%%eﬁo 2 n?ltral arg, preferably
used S' %ﬁe %ﬁ?r £§r & invention,
'ﬁéﬁtl Sﬁée of a
§%E5h because
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nghéaﬂb e Fﬂ?é%% ° appaas

é”@he
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t ereld:fﬁ r{Dre of these 0 %21 refera}{bl
owle e re aﬂ@e
%Sf%dect 3{%” naet é}d:o dés %& aﬁ%acfgs atqnztj{“lﬁorgrézd::e used
er nacﬁ S r be
i t%% Eff@f % e ot hmeY
g 5;%% d @stré&r e%ﬁ?&t Rt
lonFlorO]:t ﬁgj r Znaé a
ﬁ&tr%w O@b& &g@%&? by, @ S b e sl
nd the enzyme may be sgggiérﬁﬁ parzﬁ g §+tioprlately
admixed to use, but the commerc1ally available detergent
containing an enzyme may be used as 1t is, since it is a
mixture comprising a surfactant and an enzyme.
In the step (b) of the present invention, the enzyme

or surfactant treatment to be carried out may be freely
selected acceording to reasons or objects based on species

%S
e

- of impurities to be removed, cost or other restrictions on

the process, the purity of the objective PHA and/or the
like. - :
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renoving fatty acid and oil, or when an enzyne is used
in 5 conbination, a nonionic surfactant is preferably
used. Furthernore, both an anionic surfactant and a
noni oni ¢ surfactant may be contai ned. Wen both of

them are contained, the weight ratio of the anionic
surfactant/ the nonionic surfactant is preferably

1/100 to 100/10, nore 10 preferably 5/100 to 100/ 20,
still nore preferably 5/100 to 100/100, and

parti culter lengymef ermadatynem/tl Gyt bWl edThaitaddi tdonte
atiouinie dfsttdyes surfactammgiss naine pardyneuliar lused in the
ricist st citegh dnd dubdesyyprafler atley 0 lort AilfFerpard ryyme
wed iite pesed Oth pard sEdayl oweiirghtsofp.a plaHeIne and mdre
rapee: prefet adl yymids i) B oS pardeh weitghics tdeat a
VBHAW ir0fa chisigid rstagdiddiony 4 heldinesd renterd-SaRey atfurttie

tqoritteinstirdraginy dd eaitmeiilgd & nicipardiaul aMoreover, as

mesitiaiet, adute, pnef @L&mabﬁa_l’hﬂ_ hend angsmef 3R dndCmay be

| it By QFuiPraTeiHAN G 24 SOl rigatdrfrLelic is preferred
CONREEnt Soed hefti hae &rfidee Theatidaat B DR iGdfactant

A ef eadlty Wi tA Htie-digqd hours. As a preferable

enbodi nenteHef diescprreseRtertivent igny pdherg dBY:Meined by
f@%&f&fb%éﬁﬁhﬁ%%%ﬁdtﬁé}& USe %Te asteijJrfhﬁctl%r;%t%ashed

Witth an ieRma reatdBRtedth LRI 1) BRGAURR R A ng,
Rl Il i d it el P eRidieat: Sy e produced. Wien an

enzyne mealyiBiprand @ st anf 1 & 2RPliedhd Reep (b) is
GRIDINAL 01 418, 3UNLS Qg t heenzaum and jthe there may be
RGN i dised @rg dife [A®RAS tJE?et%t?l
RSReRt M) i rathe direat e, eaﬂ%e;ea_t iAneS ebJe)hts,
%%é%rtcﬂ 204G earﬁ'fjdr:totle tﬂgﬁ Ctﬁ%{/rll ﬂ & aé?Lé'M:el they

rﬁaﬁ) qﬁ rs acknow edge
the rergyk f%mﬁqf%§£§ gﬁﬂ%@%d@%@%t fay be
vgw%esmas nafﬁwfee e

‘Wh eSolv n
s%cﬁr ]:gb %qqqsdég a h mlx1n; ‘
ht
LJ ya IE% lvent
RW%lég;%iyéié c?éﬁ%#% @;E 6 to
05| ton, ur e of a
t d f t t
G % b an%ta%%we%ecioe%rsgc o bu‘ri gt

at

tl'&% S r S nOt %ou%t I ;é(zoy rm&y g Sepand
qé’l S Xed Yo ise :Bﬂ!gl
E%rgggrz%lo@ 5%1—?% ?a‘éthe %) Fg&ht " 9conit alpﬁle%erg lLynzy(ﬁ% tess

nay bé _use | mxture
SH P o e R pias, sy
s Pﬁsegméniagﬁnq B, o st Sl

be carried outt may b freely Elet
% or%{e t;g%s&sg%ﬁapvs $cs &%ﬂ LegBl B Gpcover 2
gi? EPr vé&L( @@H r gﬁ"&%@
and/ or %tl ge = PfoSog@zllned in tep \g is a fine

mlcropartlcle hav1ng the partlcle dlameter of as small as
several microns, it is desirable to agglomerate the PHA to
have a suitable particle diameter in the step (¢), as
described below, in view of separatability, handling
property, etc.

The step (c) of the present invention comprises
agglomerating PHA particles by simple and convenient
operations such as suspending the PHA purified in the step
(b) in a hydrophilic solvent and/or water, and stirring
said suspension at a temperature equal to or below the
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The enzyne treatnment may be carried out in sone

di vi ded steps. For exanple, one enzyne is used in the
first step and subsequently the sanme or different

enzyne rmay be used in the follow ng step. Wen one or
nore 5 species of enzynes are used, it is convenient

to treat a PHA in a single step using a m xture of
enzynmes if the contained enzynmes do not digest each

ot her. Moreover, as nentioned above, the surfactant

anoli By nio irfteatdrel ame behe gt il 2l oWli ade tdhre, sanme

time. Fhd herdmphiliic isolprefteriedhe GideRl Gar rhedUitep (c) is
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deeRied | Zadi Qb dﬁhleemwmmﬁescelﬂ/&rgcé&abﬁd@ed in
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eéf@gs&hol ACRLONG, 2 et Aitddd €, aé@éd@y%&fﬂyp&hﬂ&tome,
ﬁﬁr_g@flﬂé’é}f Om&ia‘hesmé’@é\f&u’@ﬂl@t hangli @dhitrile,

eé{@noin &h?evpaﬁ il e ehierrad, sings.d wef&rfed are

haug, i 1900d delergency, i addit o dher
a&l@é‘@oﬁa’df&oﬁ ﬁﬁd’ﬁ}{s Ry SRl as A rmr?(tx}‘ﬁ;e%i of

@yn1xed sol vent * conposed o
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e

e
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c t
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Wfﬁ@%}f% 2 ilic

pirdperty: TREE, p4:53 Yego( eld;fht[ &L Ingg@,]tln or er to
e Q?Iﬁ&fﬁiﬁi Qﬂﬁggﬁ Qﬁqu+@ﬁﬁﬁqq | & gype other
I e 4&9@&6 1§H§gg é?%ﬁIQQﬂ§§ﬂRﬁ?§%? C 5

1OHA G Fodd et e 6t gipights or less, preferaéﬁy 98

welight$ or less, and more preferably 97 weight% or less.

The concentration of a PHA in the suspension of the
step {c)} is not particularly restricted, but preferably 1
g/L or more, more preferably 10 g/L or more, and still more
preferably 30 g/L or more. The upper limit is preferably
500 g/L or less, more preferably 300 g/L or less, and still
more preferably 200 g/L or less in view of securing
fluidity of the PHA suspension.

Stirring means in the step (c) of the present
invention is not particularly restricted and includes a
stirring bath, etc. which causes turbulent flow.
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(b) in a hydrophilic solvent and/or water, and

stirring said suspension at a tenperature equal to or

bel ow the 19 boiling point to enlarge the particle

di aneter. The hydrophilic solvent to be used in the

step (c) is not particularly restricted, but there

may be nentioned, for exanplep al cohols such as

nmet hanol , ethanol, 1 5 propanol, 2-propanol and

but anol ; ketones such as acetone and

met hyl ety | heatore; twtchers s1lvres Atatarahydridfeursdrerand) of
dilox gmeesent rilesnisunh bs moetormiding |2 mandn temperature
ptaprono 1¢) |e highaes such rase fili madt hy | 40T0end delgrd, and
aglet bamales wh ettt lspl 3G de; tpyledi .ne, Thpi pgrdedi deimit is
amolt tpeertidkel ar 1Y Prrefterd by tlwemeaaras umtdhanolto the
ébvdahiohg doeinptr op@nod i d 2sysopanicln st anolse lageataane,

~met hyl ettty |ketone;) ety abyy draafrdrean,oudi exahks; a condition of

acktlont triddnes 1 psops anenidr iliegh icssdde vi em athd hgigp (c)
refrovtedipid yentvorerqarefaf r eidk dre useilanqgosLidianale cause
12 4pg Diaeded £ 1 o prropaed ,a brdndho kb tbieR! e ,about several
tret mathyslr of s Bt o edrontd rid eio eldbd itd Waw wlabddieithe
reyceMat [vadi gt YdeStddde i ieferdred itenipe gt tdh@hen
sl el UsEthtfad svdsh Mgt hen P JIbdetsitedP Hp)siltration
shncCehd t1hecones possible to reduce equi pnment cost
and thesy ithe: RefAusR ddt BRF dBKoLQ Megs Rited Q) according
poceed g ddie: agglaBIat,| ot HRRES GRIYdiMIQUH Y enlarge
_iqmié %aﬁﬁ@@@iﬁﬂé‘cé&ngyﬁcﬁl \ms% t 85{8& IeScarpAQUl red.

r.,e ) re,.
ﬁ{%lf%n%{érgateat njg{ge e}% g\f‘eg]g?ﬁeeqa erage di etbet%:rﬂfe 10 pm or

acetone, acet oni

tf%?rrea%h%%& UrHN-Y i iF M9ES ARShgfedgeterably 100 pm
o (TR 1Y 5 G Ed aiE MBERdndI i THrd et mstol
FH THSF Bf & ARt Hdvd Yooy st ey having the

Pl e rores; a2 a<h el lslyoves thyadr G0 iven sal Vensts ,nencdo@referably
o pM tdr viaiser. to be used. That is, the nmediumof a
suspensiiam Nyl @y Ofthie p30tSide eliby@dieph)i ldekovery by
sl Merit i M e wal easor ahdrivted 3l enii e i may be
ardijitieaphiid izt siodlMeidriand prdcRict il peafeaind,ed Hes riditiod
N o¢e &k iSlal eBitorC GNP M a1tk AR unyEdIgPRiddter i Bl eButafd
waiiplelhe: conaet,r af irensiaft thedwdnephidd, @l vaily be
iveddhe m xed solution is preferably 10 wei ght% or 3
nore amd R mizefpraline 26 weihgh el 0@ vieh talghg I
1 OhtR gt HHfdH el peaitemmat iRg=Lf fadtie @ such as
tihe fielc Jrandgdhe: yeper dlidd,t Qf dheiganeentiatdktrs and
afidde sﬂ'ﬂﬁﬂ%jq GRIUEHudrS 239 WG %01t J @3%
prieferali e 98 MIahi%, 011 J8S $ardind myl%l%reqfe%rs@blahgﬂs,
WRIHEN-%ce 1105 5 ,4Q nthe Lanaanhat izon e PHAHN dikey
SURRENSION A 1 @a S HRP Afled Ston%tre?)%rrté GUIEH Yresin
reslddgtied,n, but préferably 1 g/L or nore, nore
pr ef'er abloy 519 0/paa0% XL ARG s kil MR haPefiteablivico
3R/ 0T UL sIRG URPET Hdyll T g &;%f,e%gié, 209Nk,
égéjltubes,
boards, sticks, containers, bags, parts, foamed bodies,
etc. Moreover, it may be also 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. In particular, since the
PHA obtained by the method of the present inventicn has
quite high purity, it is excellent in that it may be
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45 nore preferably 200 g/L or less in view of securing
fluidity of the PHA suspension. Stirring neans in the
step (c) of the present invention is not particularly
restricted and includes a stirring bath, etc. which
causes turbulent flow. 20 The tenperature on

aggl oneration in the step (c) 2af the present invention

is preferably a roomtenperature (about 24C) or

hi gher, nore preferably 40C or higher, and still nore
paepbiad| o 60Cbds hignerriddeh iplpeputinyt wisih notPHA
partatoedrby thal tedyveantommy netnpedatcamsouped mpheied, for
bexdmphe pof né1d¢ shi Oi bus pendionl mayabet sey gotethctihe etc.
step (cAsmgnbiooadraleodveoutbyndes weconeiy irosclofd of the
eptdsennoimaenpiessuie loschhgh poesshite. té nefiiecsdreply
(rgcooért Aehpyespatitnvemt i Hromid PIBAuso@t 4 ynpogshbtmecbial

-t eeThpSeh16h aggk ohesat vony i di Sfichu Bt veriyi 5hosw, tame aSsPHA

ahoytbseyesahcedi and esrothes@f O ea t hew ecdst nn neethdwstrial
wetsYe about the nol ecul ar wei ght decrease dependi ng

on a tenperature when PHA is isolated soon after the

aggl onegat @ dpyrhé hetHddNfoOrrdbievdikeg A5y ddiprising
aggbese(al i 8gd mebhogdcodrd heg stepti ) passornei Nvedtoidhe a
PEEBEMY AT OXeAL kORoatéd DECOMES- POSEL P! Loddverd@rue hidie

P& 1 €y ef Hbanet 961 Phydr &a 1 Eofo £XANPF Sdu@hg microbial
aggl Djres Ry elyayt@@u& AYed %‘fo@i/@é@gﬁq di angl ekof &0 4B
OIndi®f £ia Pr£££1a8b! YARDM I £ IPf 1€e r 3R FPI 8y RS &f efddl eep

100 m 20 ok }F@é@l}ﬂf@a e 21 negh d8@14RPeitd i HF ttHsS pya
rpgrtp@][(gécu arIy l[imted, but it is an aggl onerate

havi ng the weight average di anmeter of 5000 mor |ess,

and pr ef er aplar MRR0 FFROEARRS TN TG edsenefolthe
parti C'ﬂfﬁ{%‘?fﬁg& %%ﬁﬁb’e@é’nﬁ?s&éﬁé@ﬁf?@ oL
afﬁbéf@%ﬁlﬂ@édgfgdﬁfﬁn He'r eki‘P%E t he rrete’:f‘lIII §or BY no

filtration 1s not partlcul arly restrlcted but for

exanpl & t{
lmngIQS%éAT%@% P o) tajit(ynlgd lgé%érret enCs dB¥cribed

éﬁmécﬁmto Ig@gggfggg}l%g%ﬁgs such as p| gment s and dyes
aaplrﬁcofggéé n(’;é:l]paifﬂé:xl ecc‘orn ea(_slon of

fa@fg&re sskleééo drgg @@&gt P 5 U e
(&
- Ferdpe @9 ﬁé&ﬁ the method
%ega o egfs séy o L0 L (s BERES 2001
el B {igp
e I

K
a re Eo%o,rep%gl-f Srrsa ree‘?’rll ?%Wﬁrl?o sulj‘:eurlc
é%ld— h i]?1rg) so# 1o ( §: 9) é&ior form é%iﬁﬁ was
UC as I reads . L opes ext] S

ed t ere an e gsuspe S%on Waorgﬁato]eid 1 C for
t sml%u e?%ls clf<s Cool éﬁ%s SL‘ll‘ SHed
dJ‘dseteJSllec? water was aidc? an %faYer wWas
recovéred after stirring. This chloroform layer was

subjected to composition analysis using Shimadzu’s gas
chromatograph GC-17A {(NEUTRA BOND column produced by GL
Science Inc.).

(Measuring method for residual amount of nitrogen in the
PHA)

Just before the measurement, the recovered PHA {PHBH)
was dried under reduced pressure at 50°C for 5 hours, and
the total nitrogen amount was measured using trace nitrogen
analyzer TN-10 (product of Dia Instruments Co., Ltd.). 1In
the present invention, the measured nitrogen concentration
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etc. Moreover, it may be al so processed into a biaxia
stretched film The forned products may be suitably

used for such fields as agriculture, fishery,

forestry, 45 gardening, nedical, sanitary products,

cl ot hi ng, non- clothing, packaging, and others. In
particul ar, since the PHA obtai ned by the nethod of

the present invention has quite high purity, it is
excellent in that it my be 21 applied to fields

rvegli comge i grh tpurd togr s pdn dil iIRHAb raptot i neshdpnittecion by
conMeintiwivad $eithods cannot be applied, for exanple
fields of film medical, sanitary products, etc. As

Nt d soneich @ bovidh o b yf dih et Hee coxveragematidioebwliat heeidht of the
[EHsent i nvention, it becomes possible to efficiently
recoverafatdr gh-quulivindPHA i a PHA-sadwtddigiried PHA in

- aibbd@alchetd oy chhdeisadiee matet or flivd i€ utdmdirdd by -

oM, t Bl e PHRe 90y e produciash ands piyvi wesh ais ind ow
Esimddz @ 4 relstdyslem sepl Bopdd v&ytwsemémmmmomoo x 8
fo@i, 2 Cc@yeinmg- o rPAHGRIPT (St L c1St@PSSHA)a ashKD)K. K. ) with
0I5 h Mgkrrk ud e nHESENtpHABENT i 709, t1de molecular welght
mﬂmﬁ@@wmﬂ@oaime&ﬁf&lw entd ¥1 AIscOVer fehd iy hi gh
Rl FH B Sy 201y oxprad kghoader HF OpRICHING 3 o allAlin the
6 seldiaand 1S Pduceth g oVl ded; 118 [V GRSts@fed in
dhe I NEMStHd e S en byb dHe tlerh SRI Y 1k Atkte tj}ﬁ{mo?
R i) by trd HRASSHPIL ditn oBES T aflRgH AEBIat

trrﬁ‘i‘:rpdéaialp%élldkﬁzs crAQG BEIMIE HA LARRA NG LU e
IANENH QN »ahe,f Ol | om ng Exanples illustrates the

present invention in further detail, but the

M Qi d it byf %e Aléﬂdfg}né@eg hese. 25 The

m:-‘asur 'T@ﬂa r%e_'L PPl Yool SoﬁeaSCErHPp wrticle was
s% gl ﬁﬁc u{%&’ cidhdyzer
s o s suspension

entration,

J:Sl‘%ref_cé IEC?l 2 ulation

553?%“ 5%0 S R e

at" is, PHBH was suspended in 2 ml of
a%[l% 1_f;}Cld nethanol m xed sol ution (15:85),
%ﬁ'tﬂ% was 35 added thereto, and the

(HQ % aat'tf%?fl 0 1ooc for 140 minutes. After
d h
| i n_§ Pyt BET&%% 5 eilied

d oy Gﬁ‘l rO Qﬂ%q rH}Wa%Yntr eHed'Eafd

0

%&

ﬂisfﬁ—mﬂﬂﬁ Ol 1‘%&3}% $038)
EoTEGSH % rt Carkd) g}@sth@a %&% Fg&ém%% of Japanese
5%?%%@ teéy I ZR O ER P sy Hy the

@Eltgﬁeen&éqﬁﬂ?ﬁﬁ cells were recovered by centrifugation
to obtain an aqueous suspension containing 100 g/L of dried
cells. The average molecular weight of PHBH in the
recovered micrcobial cells was 1,400,000 and 3HH composition
was 6.8 mocl%.

This aqueous suspension was subjected to a cell
physical disruption under an alkali condition using the
cell disruption equipment of Fig. 1. The cell disruption
tank 11 was charged with 600 ml of aguecus suspension of
the PHA-containing micrecbial cell, and then the reaction
tank was connected to high-pressure homogenizer model PAZK
(disruption equipment 9) manufactured by Italy Niro Scavi
S.p.A, followed by carrying out homogenization at a
pressure of 600 to 700 kgf/cm®’. By gradually adding 10% of
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(Measuring nethod for residual anmount of nitrogen in

the PHA) 45 Just before the neasurenent, the

recovered PHA (PHBH) was dried under reduced pressure
at 50C for 5 hours, and the total nitrogen anount was
measured using trace nitrogen analyzer TN-10 (product

of Dia Instrunments Co., Ltd.)23In the present

i nvention, the nmeasured nitrogen concentration 22 was
converted to a correspondi ng protein concentration by
neddiyh iy @ B8 { Meas wrhienglapstdhonf fldr ntiheitaaer adee cell
rofesel arswpieghtiaf wde ady)RHAd Afd @i dizsol vamg t16: ng

of utihen 5 ewower £ d ddrdwelch tRHA hatwdenmdthedf ddhdonofioomtank 11
i arsd| it ed rmatuerisomer@r ipmavie d® byhife IMaiatiaiming this pH
Reswut antDwsolrut | tdni svagrse ainad y zdte ussmyge rShimmdzl’ thdGRe 11
syisd eup epn ppectk wa s nghiodead 80 (BOW %08 dimmmdregulated

- ol monsatcioomeoingel) (Qurodhiet of tShowed Denked Ked€ )cantied out

cid ortof af o lasyingmbitdie: pliaseleAs-dde (mH ecidaratwet ght was
siramcheg el sianptes op@rcial |in ated |adille dtsandaribn tank 11
ol séyrene: st dlSetbo e thind Elcad arpiwed@ hilaraf £ actRiAed oy B.

- the Madwsidliialccel IL@af t erarcdgetd irofptdiat@r vagere set

neasthad whernl & HdgoIs arer dIBie s 85 | Sudpeh sy endetdesbped
tiee TmasUre BSHEMIL) a thti 41 he ey efduig a4 )PhibiTome

aa AhiArteantad HdIg vl Grpkicle el | sdatGhdref ¥dAium hydroxide
exttActi Ok hed@anantery st ldzatdoiie 28 attained. After
(e astertcdfa tith Pardidud h Al & pupkieviedgel1 and the
Reird il SH alRlgnft & PRAP a5 MaS wdPasdiied Niged

USH D @y ,M 3 QR AR AT t ¢ | e saTe esynad yZali or{ Pr ogtict

Aot KA BRHEY £ ddh 1orFRA)s WS AMIGAUS, SHSRENSHPEe Ofand was
tiie FAHA Wamiadidist edh t Jé‘&ﬁlsorﬁgﬁié{é‘ﬂd??%ontalnlng 100 g/L

CONGentdati Y, 22 Andd DR Raldd & UARIEyas used in the
GRI:fe ing to 50% accunulation anmount of whole

partl cles was deternmined as the average particle

X aml fn30 (1)OStep (a) treat msnt PHBH
W o Y0 Wi e Pl skan 3,6 oy QbialaPo m

bye |EfHBrde§H§ RN hase orgup & vedr T
st E @ %%EEQ%‘F éol% indicated zs
Jap?nese 35 rzolkal ub I catl ? Afte ension.

np! ety %b%fhttoh%f ltL(I,]Ene G b'sﬂlf%eéé Sy (}us product of

recove

%ﬁ&ﬁl us Sal aque
gﬁpen%l%% Iﬂm%g££§i t. q?: %ué% :?szHF Enzyme

ge nDIecuIar wel ght o r 6covereq
bla WSJDA'OOdOQ)OO%nd 3HH (:,orcr;%o%tloasﬂiI
vgg lg O hi % qus; su enS| ‘ﬂ b! ec
ell I% lpf&3l£¥|é¥1ﬁgko Pure Hg%fca gué%rles,

usi ng Et%

{5) 5 welght% of SDS, 0.08 weight% of Protease N and 0.08
weight% of egg white lysozyme

(6) 5 weight% of a synthetic detergent for cleaning
(trade name: Attack, product of Kao Corp.) (the

amount is calculated to be such an amount to contain
an enzyme component of about 0.5 weight%)

Each of said suspension was stirred for 1 hour at
50°C and pH of 7.0. Thereafter, PHBHE was recovered by
centrifugation, washed with 60 ml of water twice and with
60 ml of ethanol twice, and dried at 50°C under reduced
pressure to obtain a PHBH powder.
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di sruption

suspensi on of 45 the PHA-containi ng m crobi al

and then the reaction
hi gh- pressure honogeni zer nodel
equi pnrent 9) manufactured by baaly Niro Soavi

di sruption equi pnent of Fig.
tank 11 was charged with 600 m of aqueous
cell,

1. The cell

tank was connected to

PA2K (di sruption

S.p. A

~nEditeai Ined - at -30C by a thernoregul at ed

Nt — < —

foll owed by carrying out honopgeni zati on at a pressure

of 600 to 700 kgf/cnR. By gradually adding 10% of 23

sodi umihy didakitdergf teey 4 haanpaps eriahol® mheuttesatideet of the
celdp  @gue QU PHRIS pensian oS iatjdistvedrdshiptd t2heb, Pl

tdier a isuspensitore wisowd rcul atiech kethaeernl thel ol smdptd0ning
tatded Iredantte d erad Srteptv 0N e@d pmeEnfe $adillts are shown in
Medblteaiini ng this pH 5 level. During this period, the
tenperature of the cell disruption tank was

circul ati on

as the

on TR

r
T

Lala¥a
(=)

d

f prtowmgs;—the pHete o T 7)
1rrmeBaemblen t he suipenrgﬁﬁvfﬁk rtOf ﬁmw" pti
I L e 13 1 A i1 56. 49
ebProtgase Ny syuspensibn had&r opped Bel®® o dot 99. 66
4D 2D S+ PrpteasaMN i ¢ plinp (Ip86p 4) |woubd $8 adtustedg 2
Osfljl PM&&BII@[!_ oMt heset alue TS5 all gl rneda.
f e[ysoiﬂngl me-ci'rcul af i ond b@tvveen t h@. d7 & uptfi 0 9- 93
t-pmpnt—9—4
o |nnn|
obt ai ned PHBH fracti on

punp. Control of the pH I evel was carr| ed out
rOE g
ur \4\'! U] =L —_. TVEAT \blll s-t\'l nalg. 62
@deDis/elLyssryagueous sol utige of $odi gm fpydroyidg o596
§§ynfh etig gowéered de%grger&d[ i i | 97 N DS OO NN 9 g. 88
obtain a PHBH fraction. The

was washed with water twi ce, and was 20 finally nmade

i nto an aqueous suspension containing 100 g/L of

dried PHBH, and the aqueous suspension was used in the
next step. (2) Step (b) treatnent 25 The foll ow ng

tested agents were added to each 60 mMl of PHBH

suspensi on obtained in the above (1). The addition
amounts of the followi ng tested agents are all

indicated as weight%relative to the pol yner wei ght

in a suspension. 30 (1) 5 wei ght% of sodi um dodecyl

sul fate (SDS) (product of Wako Pure Chemni cal

| ndust PH8E, shreed E2)riy0® iy htsvwaf st éaséhd step (b,
@EPdotact cohfammed Evzyrye lanc Of fe) Baneicgiptadbest w@0S that
& LA dveiog litr¥adineProt eddehugds usd) & IR %raf was
8DS earid ve., 08 hee ipghti%yofwaeg f wattiteer  ilmypsozyere Hypriodust an

e zWileo 1Rucembiemtdalin .| ndustedves,, thted .onfe)r & agdiyght %
efraSD8ple. 68 nwkieghtcYodeft Prostrdase Noared A28l aweikght %
pfrcgggamiiiet & inysozyme 140 (B)s & weicghtedbfefcta ssyhtietdieap.
detergent for cleaning (trade name: Attack, product
dExkapl€orp. Laltrydng out the recovery process in a total
flew {steps {a) through (c})

Ralstonia eutropha cultured in the same manner as in
Exzample 1(1) was recovered by centrifugation. This cell
was suspended in water to prepare an aguecus suspension
containing 100 g/L of dried cells. The average molecular
weight of PHBH in the recovered cells was about 1,470,000
and 3 HH composition was 5.1 mol%. Using 400 ml of this
suspension, a high-pressure disruption according to the
method described in Example 1(1) was carried out while
maintaining pH at about 12.5. After completion of the
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amount is calculated to be such an anpbunt to contain

an enzyne conponent of about 0.5 weight% 45 Each of

sai d suspension was stirred for 1 hour at 50C and pH

of 7.0. Thereafter, PHBH was recovered by

centrifugation, washed with 60 m of water tw ce and

with 60 nl of ethanol tw ce, 28and dried at 50C under
reduced pressure to obtain a PHBH powder. 24 In

addition, as a sanple without the treatnment of the

st efa{ignt A PHBIRIpoREeTt i0di alaed-dnpwasdd gy tdentRHBdgation,
obi@aiwesthdd & hen abover (yiod.t h et hanol tw ce and

dryi ng THEdaSt 4 80UC GHHY ESSWTE oM Sais efhspHiRIIESWH t@iter to
a5 LoSAMOM 1 Maqibe chad| fushhenkailre conkatiad i Aot HfL Bt @lried
aPOUN ochP%pyrgds@emrmi e NiA regethiIts WO i N, 0.2

Oy 0s W Lhouk, frke@atdrent (REQh35.0 006, 1At @ SIS the
. %ﬁmﬁaﬁ,@ﬁgh@%«eﬁg RrateasedN H40-13d 455 DL HB ¥ of

trd¥rof easer N I O Q:oxf;ie%%_or?%f (e HRaFment, PHBH
Lysozyien 69 &+ 14,9% - 96,; L) SDS+Prot easeN+ 110 0. 7D

99 93 TH SQRYEE L )EPH held & irewdered deialgenti nl9Wter to

Iordda® Gn & fiedts 10, ABHE howed PW i doh An 9K S%POer 200

g?/ﬁ ' %@E%P@m%eé? ’et%%é@%ﬁg%ﬁ%gm dh said

E@%PP‘ it by

Alg s of %cﬁi&”%ﬁ/\% ﬂavi?anﬂlnﬁaspl{réﬁd&red, and
thl r95ﬁpéﬂ¥£{jo1bxﬂ 'a{bgieaé{‘a ’??o'tfhe ]]
e oy W e 0@@ me‘?}

T
% uj)or&ﬁqa rg;ﬁ%' die b “%J}'Pwas gradually

S d
e

carrled

i a Q %]e urt e ter
?éjec vreer efL P ceacfc?ji iuorlrflg'tn [ g_r:?e %ﬂ@ e I_EB \ggs
ire%veeJ:rec% d .e]'_lpl?latrreatai%n uusel' Siuri ama E?EP Sgpa%%fkn ngo 58)
13?)IO Co B Y@ < e "Sdrage D‘D’I ec Pf r y ilter

1l
a
St S gL oo TSl 2 e onient)
o m%j& TG ves .fbﬁbsgs el B in
t‘fﬁ%u:?} Huspe or YR s Ut LR oy analysis
atcorditg* to" hod described in Exanple 1(1) was

rr ed% out while nmmintaining pH at about 12.5. After

2t90n of the 25 treatnent, a PHBH fraction was

recover ed by centrifugation, and washed with water

t Wi ee-
PHBH Total amount of | Total amount of { Pyrity (%) | Particle size | Molecular weight

nitrogen M g/e | protein mg/g f#m x106-6
Aft
stepeEb) - - — 1.5 1.47
ety | 140 0.89 | 99.91 | 203 i.42

As the result, 56 g of PHBH having the purity of
99.91% was obtained (recovery percentage from the material
before the step (a) is 93%). The average molecular welght
after the step (c) was 1,420,000, which meant that decrease
was only 3.4% from the molecular weight from the material
before the step (a).

POSSIBILITY COF INDGSTRIAL APPLICATION



The obtai ned PHBH fracti on was suspended in water to
prepare an aqueous suspensi on containing 100 g/L of

dried 5 cells. To this suspension, 0.2 weight % of
Protease N, 0.2 weight % of |ysozynme and 4 wei ght % of

SDS relative to the polyner weight were added, and
stirred at 5DC and pH of 7.020r 1 hour. After

conpl etion of the treatnent, PHBH was washed with

water twi ce. 10 The obtai ned PHBH fracti on was
suspendeduisinyat@e tethpBeparerafoagueaysasbEpeasnpnising
Wthd atepaceanlrahdonopfol0bhe ghtes290 MMvelitDEY it becomes
ebbanob1wasoaddedc asfl Byspersiest | £ $adiE-pStUBPEMBHDO N rom a
apHASUE6ESShYebymPEHBsbWas ¢ EC) phtd@tedh iWay be produced and
cepbvidugabt 0. 1890chtt ofnthe shipes il ANt sydbe I aidmeslier, by

andid§ 208 stepf (8P% GGhanetaves ates: agatNed (dPeoe

—pebYABkedf raction to-suspend-PHBH. - Thi-s et-hano

washi ng was carried out tw ce, and a suspension added
with 290 ml of 95% ethanol was prepared. Said PHBH
suspensi on was gradually added to 290 m of ethano

at 70C in 15 mnutes, and PHBH 20 was aggl onerat ed by
further stirring for 10 m nutes after conpletion of
addi ti on. The aggl omerated PHBH was recovered by
filtration using Kiriyama filter paper (No.58)
(product of Kiriyama G ass Wrks Co.). PHBH on the
filter paper was washed with 120 m (equal anount to
PHBH content) 25 of 95% et hanol tw ce. The obtai ned
PHBH was dried in vacuum at 50C. The results of the
PHBH purity analysis are shown in Table 2. Table 2

30 PHBH Total amount of Total amount of Purity (%
Particle size Ml ecular weight nitrogen fl g/g
protein ng/g J1 mx 1 0-6 After - 7.5 1.47 step
(b) After step (c) 140 0.89 99.91 203 1.42 As the
result, 56 g of PHBH having the purity of 99.91% was
obt ai ned (recovery percentage fromthe material 35
before the step (a) is 93% . The average nol ecul ar

wei ght after the step (c) was 1,420,000, which neant
that decrease was only 3.4%fromthe nol ecul ar wei ght
fromthe material before the step (a). 40 PCSSIBILITY
OF | NDUSTRI AL APPLI CATION 26 Using the nethod for
recovering a PHA conprising the steps (a) and (b) of
the present invention, it beconmes possible to
efficiently recover a high-purity PHA froma

PHA- cont ai ni ng m crobial cell, and PHA may be produced
and 5 provided at a low cost in an industrial scale.
Mor eover, by -
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using the step (c) agglonerated PHA particles may be
obtained. { 27 CLAIMS 1. A nethod for recovering a

pol yhydr oxyal kanoate [ from a

pol yhydr oxyal kanoat e-cont ai ni ng m crobial cell 5 which
conprises the followi ng steps (a) and (b); (a) a step
conprising adding an al kali ta7an agueous suspension

of the pol yhydroxyal kanoat e-cont ai ni ng m crobial cell
while stirring and carrying out a physical disruption
treatnment to disrupt the ceCLATESI ubilizing or

emul sifying 10 cell substances other than the

pol yhydr.oxya kestdaide fior saabveneirlg amblivigniroxyalkanocate
separ at | pgl hed ot waiyidrrexatad kasraadt en frigp midreb iagueais
suspensitagh anth(il)sed trep MR ISING tapeat (a)g atle (b)
separat@d oty drampyal Kanpatdiiwid hram layime carel Ggueous

- aEydaetiantot cche pEofnihidd:zea 1 gnsd td-eSoradhierimg fiecrobial

tdeel JpadhATslr oxiviad anoat® @frdywisplald |d zehdiemlafdieyruption
deeMesingo antk fdien ashididl, tdelubilizing or emulsifying
e 1yih yed ey deasn et Hee M il ﬁWéjrﬁplWHchrcﬁQ}a\&Q{ﬂno%mﬂ Am said
wadler, 20 Anhdhesdmihad dPreHeGVBfH-dkyalkanoate from the
m&m%@mear@pcordl ng to aim1l which
furthergonprdiegs ddiefiddilmmdiestier (s sde@rat st ep

GHIBH yﬁiﬁ&y‘%&mw Wilg, vashad yiRol iy doxy al kaneatmit to
9% 1813 YIGr 2P i ghid B S0l S AN 1 at&le 50 18, Bldxyd NGhnoate
Qatr & d peiAliurg aqial 414 oF Rl dNG POIddNGhdPitishing

UheS YA FURDENS) DN Ak 1D GBI AH P 16 1 5 lvent and/
g@ﬁ@%dlf oXyal kanoate to enl ar ge th%&ngr}f‘ll cl'e di amet erm1 o

thereof, and then separating the aggl oner at ed

p0|yhy@fOXVQHﬁgaQﬁﬁﬁxfnﬁgPtﬁ@% %ﬁf E} yoroM@ikanoate
et T £GoMerR ng a pol yhydroxyal karnoat'e

accor diJ P HExlc%rmp%lé@%ert%é“f ow1 step
pol yhydioxyal E&'jo‘?n 3 A Ay

E§ﬁﬁg§?§i Jﬁk %Hl ent and/or water

tam 5 ikyﬁz%vaigl Satge fotting
p 12%%%‘%63 ydr oxyoas}noa €,

e, article diameter
s
> ﬁﬁroxy@@nam&%@d £0, apg?3@&5@#@8?@9&&%&&@goate
pzo y y I 'kan

’omerated

CCC)o for é‘i\’elrn'; gtg o ydro a
accordin dim 3, dr |Xn t yhydroxya Ié noar e
5,.3,6 SRS affa eXaNCAte "

Eifs PG
gesai i St s
ﬁgg g. ehgwngmers he group
con51st1nq 3- hydroxybutyrate, 3 -hydroxyvalerate, 3-
hydroxypropionate, 4-hydroxybutyrate, 4-hydroxyvalerate, 5-
hydroxyvalerate, 3-hydroxypentanocate, 3-hydroxyhexanoate,

3-hydroxyheptanoate, 3-hydroxyoctanoate, 3-hydroxynonancate
and 3-hydroxydecanoate.

4. The method for recovering a polyhydroxyalkanoate
according to Claim 3,

wherein the polyhydroxyalkanoate is a copolymer
composed of 3-hydroxyhexanocate and at least one species
among said hydroxyalkanoate monomers other than 3-
hydroxvhexanocate.

5. ‘The method for recovering a polyhydroxyalkanoate



10

15

20

25

30

35

40

45

hydr oxyhexanoate. 5. The nethod for recovering a

pol yhydr oxyal kanoate 28 according to Caim4, wherein
t he pol yhydroxyal kanoate is a copol ymer conposed of

3- hydr oxyhexanoat e and 3- hydroxybutyrate. 5 6. The

nmet hod for recovering a pol yhydroxyal kanoat e

according to any one of Clainmegl to 5, wherein, in the
step (a), the physical disruption treatnment is
carried out by a high-pressure honogeni zer. 10 7. The
nethoddiog tecOlveimng, a pol yhydr oxyal kanoat e

accor diwlge t@i mnyho nso Iofh il absga Uk dioo 6, e wher2i aypd Tyridre
steppémgd ¢hed-abkdddxyiseastest e cand | Irlopdtyx@rutyrate.
intermttently while controlling a pH level. 15 8.
The nmetéod fTie mecdwet | fgr arpobydythipxy abKaogioxyalkanoate
ascos gy tioo Giey e shelBdimsin thesstep (a), the pH

| evel “iwheonidoliredhdeitgen(d anthd Joibys26h O.dildeaption

net fotndof 1ecoveriay Gutpaby hy di Dyty-abkasoat€ homogenizer.
according to any one of Claims 1 to 8, wherein the

al kali 10 berusegtitbd e Stefedddring ad pég&s}dmalkanoate
spechesisg! estaty fsamdhec o o Tonsisping of

sodi umvrehreoxt dein patassidpn ydr Oé%éi&alltamlltgﬂadded

W&s@m@@sw%ﬁoﬂaw@r@ﬁ@&m@w wHD1 e Thentes hothd of pr
res@vering a pol yhydroxyal kanoate accordi ng to any

one of Clainms 1 to 9, 30 wherein the enzyne to be

used irgthe glemdiNod SFA 1&asieONe P BHREI B Lkanocate
fgéggfjgh@r@ygiggﬁ§rﬁtlng of proteases, I|p|d

degfamdﬁbfﬁ%%”%%xﬂﬁ%' egral R
0 36 A1y e et hsoﬁéI@é orag)r ecovelrrll%ng a o Ahtrolled

pol yhydr oxyal kanoate according to any one of Clainms 1

to 10,9 whergin ﬂé%oelrf&ft@éuo %tmanoate
(a@cdﬁdlr{ﬁ deast %}?escpj?cdfa?lf rom e or
consi stj f ﬂ(%ﬁé‘%ﬂéb is at

S ¢
Sll'g %té"r{g SSp i lé’élé:ci 5@”‘&}% ﬁé&{‘éfstlng of
ﬁ?ﬁi@%?f i df&QﬂX ri ﬁ#qu%%drOﬁ}de
aCCOI‘dI to any one 0O
c% wherel n tﬁ%

hydrophlllc sol vent to be used

for the g vvashilﬂ%grd httasitrepre((p ﬁ'ﬁ east one

?Fgoe@hﬁﬁ rso C_Ltkga geo écor ag.g:t go r?¥s Ingo;ipfclalms 1 to 9,
t.ot @r eCO $E S Y & & sdtep is at
ITe géﬁ“/ éghes selected from the group con51st1ng of
proteases, llpld degrading enzymes, cell wall degrading
enzymes and DNases.

11. The methed for recovering a
polyhydroxyalkancate according to any one of Claims 1 to
10,

wherein the surfactant to be used in the step (b) is
at least one species selected from the group consisting of
anionic surfactants, cationic surfactants, ampholytic
surfactants and nonionic surfactants.

12. The method for recovering a polyhydroxyalkanoate
according to any one of Claims 1 to 11,

wherein the hydrephilic solvent to be used for the
washing in the step (b) is at least one species selected
from the group consisting of methanol, ethanol, acetone,
acetonitrile and tetrahydrofuran.



10

i5

20

25

30

35

40

45

13. The nmethod for recovering a pol yhydroxyal kanoat e
according to any one of Clains 2 to 12, wherein the
hydrophilic solvent used in the step (¢c) 5 is at

| east one species selected fromthe group consisting

of met hanol, ethanol, acetone, acetonitrile and
tetrahydrofuran. 14. The netRked for recovering a 10

pol yhydr oxyal kanoat e according to any one of Clains 1

to 13, wherein a mcroorgani smcontaining the

pol yhydrbxyalRenosttdidds fmimcyaorganism sel ected from

tihvel vy g Yoolisa reid g aofosphiciest belrongimg dfo Gleeims 2 to
getws 15 Aerononas, Al caligenes, Azotobacter,

Baci | | vsher@igstthedilydrotial ldbacteliamy uNechridi &the step ()
Rhwdospieadt ume Psarediononses] ectRad sfom ahZonghoeagonsisting
EsChertilcinal,, Catidirddl,, Saoctharommsst oraintd-iYlas raomd a. 20

- Ietddteydmthachif or recovering a pol yhydroxyal kanoat e

according to Claim 14, wherein the m croorgani sm

cont ai rifg t Mhepalathydr exymal dawaieings Aer ononas

qawvl ey dr @by alitkanbie aretdask diolg riecouef idige af Claims 1 to
piad yhydr oxyal kanoat e according to any one of Clains 1

to 15 wheheriel i e 18aRerigani IR eontiaididmg t he

o Winehsal kaneatte iis a thiandargaitsmodiaalle tyorn the
Iraup rashisi G ray RO W 00 Al Kanptiey VNTHIRS QP
genenield /e h fd-0MAS O NS IEBE A r 1 Backha Bt ot J1Fi dium,
LIRS d G 18m P Al QE AT QXY H A 18- JACIG O, 01 Fh d o reH )

a1 whatiel N 2 die N WRHOaHSE ,CAHRTNAT & naromyces
ROy MEFO¢ya] Kanoate TS Ral stoni a eutropha “obtai nabl e

by introducing a pol yhydroxyal kanoate synt hase group

gene derg ved rfOMe AL THIAS LAWAS AR 45

polyhydroxyalkanoate according to Claim 14,
wherein the microorganism containing the

polyhydroxyalkanoate is Reromonas caviae.

16. The method for recovering a
polyhydroxyalkanoate according to any one of Claims 1 to
15,

wherein the microorganism containing the
polyhydroxyalkanocate is a transformant obtainable by
introducing a polyhydroxyalkanoate synthase group gene
derived from Aeromonas caviae.

17. The method for recovering a
polyhydroxyalkanoate according to Claim 16, wherein

the microorganism containing the polyhydroxyalkancate
is Ralstonia eutropha obtainable by introducing a
polyhydroxyalkanoate synthase group gene derived from
Beromonas caviae. ' ' :




