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1 DESCRI PTI ON METHOD OF PURI FYI NG 3- HYDROXYALKANO C

ACI D COPOLYMER 5 TECHNI CAL FI ELD The present invention

relates to a nethod for purifying a 3-hydroxyal kanoi c

aci d copol ynmer produced by a mcrobial «cell. 10

BACKGROUND ART A pol y- 3-hydroxyal kanoi c acid

(hereinafter referred to colljectively as "PHA") is a

t her nopl astic pol yester which is synthesized and

accunmul ated as an energy storage substance in cells

of a variety of m croorgdfsis EaHdMas

bi odegradability. 15 These days waste plastics are

di sposed of by incineration or landfill but there are

sevetBIrHEPoBFe RERT AT LNEs & -Hir BpEE &R LKANPREdAC IBUEAPRSTMER

gl obal warm ng and ground | oosening of reclained

| ands. Therefore, with i bl i c awareness

of the inportance of pf@gﬁﬂg@ﬁﬁggggﬁi g, ways and

nmeans fTire pespatemtvezedon ecyldiawy tar @ hethgd for purifying
vel V.erl. S, S cli .

o o TR B AR DT SRR B Miropia

ekt i cs cannot be conpletely |iquidated by said

incineration, landfill, and recycling but rather a

| arge proportion of the disgosal | oad is not disposed
of but sinmply 25 left iR*REFBPENDPTARYe is accordingly

‘a nmountd pe liyrBehesirolkya 1REAcaRda 6t helhbredegradabl€ferred to

orpora

I i . i ch, f ., di, | | d. be i ted \
e e ettt CEErd R RabrerndRlint i il Fon Wit en is

pF et i 2¥d windchcnomlid ahetl exertt eeegigygstalkbyge substance in
nalrdil s ahienass o san t e 4 R L 0 S 40 Bp 1 11 by
are |&ﬂy30 eiﬂjﬂﬁgrfﬁﬁgﬁy%aﬁa %p % %J'y
MRsTordar sishmpesities aurddaepartfapésPy nirgigigration or
Cﬁirli%filﬁldtkﬁ%ﬂ*@ftﬂtﬂ_;é rhﬁ?es&?émn o %xﬁfiiﬂ ﬂ?léb?é lltlriaHposal
wor nd it is, erefore, predicte at i W

Ao st éﬁ%le AR G agh Jgpsening of
ecasysinen 1aAkdso | Théherdre) diiah trdia@wineatubRit,awdreness
[ [ e 5. pos g%!e 0. use a PHA as an_inpl ant

rrcg% g%]eZI ﬂ%ﬁ L&a?n oé(;SOf; Ei2’\:'1}rlecqsuirreecYrcelclom\/(';fsfr y"\h—ﬁosfS 21‘;lD nditeans for
vargtdrea tfigred orairling are being developed. However, uses
amenable to such recycling are 1limited. 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 disposed 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 ecologically

harmful influences, and their practical utilizations arehighly
desired. Particularly a PHA which a microorganism synthesizes
and accumulates in their cells is taken up in the carbon cycle
of the natural world and it is, therefore, predicted that it
will not have any appreciable adverse effects on the ecosystemn.
Also in the field of medical treatment, it is considered

'possiblé to use a PHA as an impiant material which does not
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Since the PHA synthesized by a m croorgani smusually
fornms granules and is accunul ated intracellularly,
exploitation of the PHA as a plastic requires a
procedure for 5 separating it frommcrobial cells.
The known technol ogy for the separation and
purification of PHA frommcrabial cells can be
roughly classified into technol ogi es which conprise
extracting a PHA fromthe cells with an organic

st qehre sorvd YRy RHA anteltieckmof agiesimid ch conpri se

removi ng fhe oel lpp0 LHmnents Qﬁhec\r ﬂl@%opﬂa%ntl%mc%ﬁgually

di sruption or solubilization. Referring

sEpERat JoHakRS pird 1T AT ORI R Jég%/raczﬁllallm&yf
| ol vi gt Bein @t A6t PAA M th AR AriGaRCus PeeAtpréPedure for

Rt Ba Ho, L dch e ST e UE LTl bt hat BROER brhidehpay Eor
ash¢ kepaka tsonvent }:ﬁﬂil\ﬂll&@taol?jHAfIEiﬂ(lﬁom fireefdridlocells can

k 3 J
SRAPEIRIY Blran P G e e (R
teREeadbl ogenPEBntimEhg chiys sdahbens mran iy debphbbi w0 lving
SPiN e t@c}&ﬁ@l@&ﬁé@%ﬂp&h RERCLIUE €y M(ﬂstﬂ Yo

cells in advance or otherw se, 20 allow n e sol vent
PP PRRR Ty Ol erakhan RERi Fadé| cﬂwwpw opgsolubilization.

requi r etk £Mbr 8Oy &, the Sdicdrac t@chnel payi rdb880bMithebhnology
}—ﬁ practi.call f ul concen ation éfor
b B STV ahePRErOE O §bR B8R PECH R THLYRRE, an
sexhrght yovi Secusi qiatutiliiihvel adsa bonsidesatd ning
f i eparatin S idues
hYQEUBER, GERR B2 MHPRRICIGha R VBT orBRLIESas the
| egbyentruse et a®ra, Pk Jo?d]’éFOWIhatrEF!FWn’@@ %@anese Kokai

r%?ﬁé&ti@ﬁ egh 6L om 1 13 $0l é’rﬁﬁ]tJéﬁé&%s@tK@kﬂ Qﬁshbllcatlon
PHA- i nsol ubl e sol'vent, such

covery e
FanT o0t S hexatonaised (O WSS I 199 Gentaining
q‘mmtd)&a/rb@n@ aﬁetl@ycﬁrd@ﬁﬂd&ﬁ@@ bebesh o, taepsotyentaddion

e nd thus a vessel of e. capacit IS T8 U|red
ffc?)ly 5?%%? em%‘]’l(t%ét?%n rifjhn%q%?ﬁ% o %@ %ees%%r?/ SEWLSE,
cubhewiyg dthe sollventsta sllseclté,rygeomhact botehinheacellular PHA
spk Vﬁéﬁuffééve%r%%%ré‘”% Eﬂ@hCQS%eefmbi’ég}/s0&¥§Q5fv1ng PHA

are enornous. Furthernore, since

ot ol OPER OgEFR LBYpetRTHSL t erieReR o Bl on ni for TRl dayd?)
351 §10sr PF DF € tdrony ofn bhe red LeRFBNt s 5BdHSYRL Rl viscous that

opptLeatton o (Dl Lechnoloay nee, Ty ebsfeel 515",
prroposeel eed residues of microbial cells from the PHA-containing
solvent layer. Furthermore, in order that PHA may be
reprecipitated from the solvent layer at a high recovery, some
PHA-insoluble solvent, such as methanol or hexane, need to be
used in a large quantity, e.g. 4 to 5 volumes based on the solvent
layer, and thus a vessel of large capacity 1s required for
reprecipitation. In addition, the necessary quantity of
solvents is so iarge that both the solvent recovery cosit and
the cost of lost solvents are enormous. Furthermore, since the
use of organohalogen compounds tends to be limited these days

for protection of the environment, industrial appliication of
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extraction technol ogy using a solvent which is not
only capable of dissolving PHA but also mscible with
water, for exanple a 5 hydrophilic solvent such as

di oxane (refer to Japanese Kokai Publication

Sho- 63-198991), propanediol (refer to Japanese Kokai
Publ i cati on Hei-02-69187), or 4etrahydrofuran (refer
to Japanese Kokai Publication Hei-07-79788). These
nmet hods appear to be favorable partly because PHA can
behexttechedlomt HeGs andny fakorhadrlecdld ssthatoualtso from

wet celrgy dch%aréi'rxeu%%%%ms,prtﬁlgr@;o%fse%te%%a?g@p%%d an

be obtal ned by nere cooling of t vent
sepEF At etP T terhPRECAVIDHIGR sl verkaihdglsis nadwepty capable

eyY£H W 4d1 +iiep eHAELARAS] s b hiet U bl emieh QheBryi s68sétahple a
g&yéﬁge I'E)}_ﬁ\l cont.ai ni n% S Ivent .l ayer remains to be Kokai
Ph A ST SHCPWRPI BLRERPPNGTFECT elfui faRpiyie Kokal

eRPliahid antgi dhesheexd F-alcad 3ot Jef fpdentadidihe et g iTapanese
t f. er n ' bl results .in

Ol A MRS -0 dNBULIRE O 1B ahYgeB rBrpn frefer to
PHags ¢ hieo kot hetulhlaimeh tigmn el 1 EEhibl yy. offheswpyieyods
taﬂl?lp&ﬂ lto BQ £Q0PONSN %a%l? bbpaﬁsg%{@%a&be extracted not
SO Ion o PHA, J. n.

ubi | i zation for separat
MRIBHSIDEYY Gotls Pt sdgorfnon19sBceddscAngeRarhly because

tieedd %p@aftl ey\@:c';m Efm{rnf_t alrﬁgéietd@?diﬂtﬁsll%ftuﬁi@t dLaly of the
mcrobial. cells w sodji um ochlorite to .

SO UbTH T z]ea%%WIS%FtﬁﬁgL%Féﬁt Oyttt RHEP P &Rl residues.
riéooyest NgvekAsi Tihithetsechabhogdy, ithesprpbee®®E high viscosity
PELIGRS P ROOUL  LIGNEEERhEY1L e bRt 48 BIOUBY yea. 1n
of sodi um  hypochl'orrte”is a factor 1eading toa hrg
préditictdon woste hewrisovers Teqwiesd ofon mnhmarddedy the
d&ﬁfﬁﬁéﬁﬁéﬁ‘é@%fﬁ%&ﬁﬁyﬁwﬁﬂguheé%iﬁ%ﬂiﬁﬂﬁké'ﬁ%es%ﬁis of water

apprecj abl e anount of chlorine left behindin | .

t PRIV EEHALY 5§57 UL Snidt 2 RET RT AR WO BAY BrEh{fgnd a poor

=psacty cat rige, Japanese Kokoku Publication

Hei - 04- 61638 descri bes. a__pr.ocess.for separati ng .PHA

Whi ch RS Oe ARy g S CoehoRieaN of embvind the cell

Rivapomntai fiaidien chebi BHAdeY [ tudid ilredti ont feat sepération of
r e.0f r.hi r di sgu t :

2%%’%? %%uygﬁféggﬁéggtyﬂegggs ugjgéc%?%gﬁ)@%ebglg%?)upc%%%crl?es

celteshpg legyompitacPBRTriFeat esrt Wid B gt ehee odrgicrobial

ekd ed wai tIPReIR hpRsenbritdr €9e8oPehOXi 88 ¢011 components
sol ubili.ze the cell ~conponpents_other .than PHA. Th

t%ﬁﬁﬁﬁﬂ?ﬁﬁpiB?AdFEQdV%%?% Bbg PHA. This technologylfs simple

process-wise but the necessity to use a large amount of sodium
hypochlorite is a factor leading to a high production cost.
Morecver, in view of the marked decrease in molecular weight
of PHA and the appreciable amount of chlorine left behind in
PHA, this technology is not considered to be suitable for
practical use,

Japanese Kokoku Publication Hei-04-61638 describes a
process for separating PHA which comprises subjecting a
suspension of PHA-containing microbial cells to a heat
treatment at a temperature of 10G°C or higher to disrupt the

cellular structure and, then, subjecting the disrupted cells
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in that because the heat treatnent induces
denaturation and 5 insolubilization of the protein,
the | oad of subsequent protease treatnent is

i ncreased, that the process involves nany steps and
is conplicated,  and that it costs nmuch due to the use
of relatively expensive enzymas. As a technol ogy for
di srupting PRA-containing mcrobial 10 cells, there
al so has been proposed a net hod which conprises

tt@aiumnbﬁrmtolmraltrceeaﬂ@mﬁ & suiftadiegie and either a

rtgaé@eor r}%fdgce@%&wﬁieeaéﬁ%éﬂmm% aeld Tell
Wi th hydroge per oXi d and separatlng PHA (
R O Ry BB &Hon THEP TEOAREY) LBt Yeyantageous

Vet ghd  Gfa cont e di i i hﬂ:é&lﬂnfe&ﬁ:t anidw@sjemiaans:amn and

Vﬁ?%%fsktf]gfﬁr%%gcg% Cb% fi! t I Sftkhe hll}%gd Sequent

swcﬁ‘e&:&mtreatmebjtem unnabbeeﬂortfmtoﬁhetpmaﬂﬁ anvolves many

| . h
CHIES L1350 TOE 38 L, D RHSPRAEY e o ene e
d@%rt@ﬁ&tﬁﬁ¢i¥\Q%ﬁﬁ%ﬁ#ﬁ@mﬁﬂﬁxﬂﬁﬁw al cells 20 with a

hi gh- priessus @cHﬁH‘PQ?{? | Z5F d(lrs@?rh?rt ihe ﬁ@ﬂ388§€a Kekaly microbial
Pub] j cati.on Hei-0 94 and Japanese Kokali

Pt + atiiire @giso R aﬁ@@@jﬂ PrABRSCEr 3 PRFAOLdEhHTR SRprises
hﬁﬁeit@@rm@ﬁﬂ&ih&tel%ﬂ\tﬁ he hhghEgpetrdrty, cdermipdming the

b d f bi.al
PhPLERE A el RUaPeRRR L] oTusl PR 5E8HpReh Sypronice,
t dm@ssepard0ing nkEn lieﬁ@nessalqpaww3¢1Kﬂhﬂ@rﬁpbknﬁﬁtlon
eﬁ&i‘—oéhﬁﬁ‘zéf@ @:}Hﬂtt % EPBSIQfH&l %%%t%%lh'aakheaéh%ctant

ttained is as a to 89% There has al so
b@%ﬁeb%méfmq%ﬁ@%gpdf oiﬂns%if#r%]tqlhg hasR RRPERBOD load

g@é]Plﬁé Ste%r%%j't%s%npghﬁ@lsl olifrv?evﬁ}«lstﬂﬁit |$isQ£n of a38urfactant is
cont ai cr obi cells, hea
SRSt b I8 e 2R he tEon o o retetd ol qcate.
Japanesméétd(&laspablsodaéemprobgblseﬂﬁa&]sftaﬁ)oloqp\f/eveseparating
Chn d s d

%@ﬁ}eeiér%o roag¥ &f%ﬂﬁ%eﬁ%}e ' téa.lnegl’lq[ R‘ic?% BX cells
ki hmlafpsexsameth@mownm@rl é%febft%d@ﬁi@ﬁl@ﬁs%fmkal
Sﬁuﬁffcéﬁf@ﬁ'HQ§~®¢l§¢¢8§@ éﬂ@rﬁﬁﬁaﬁ@§eYK§k§1 biSlication

['ecul ar wei ght 0 ymer. woul d be decrease

RoEr O FEARh USRI T C LS HRFTBULLGsy Dpeat b Cf awback that
dpsA wiittiroR ight pﬁraaylléamwfbeaabahmled uhbyes keenspension of

péfgggggafrégfestf%‘gﬂ%?g% kal E 'B%%%%ﬂre treatment at
least 3 times, or 10 times, if necessary, with heating, and even
then the purity of thus-obtained PHA that can be attained is
as low as about 65 to 89%.

There has also been proposed a technology for separating
PHA which comprises adding an alkali to a suspension of
PHA-containing microbial cells, heating the suspension, and
disrupting the cells (refer to Japanese Kokail Publication
Hei-07-31487). However, this technology is disadvantageous in
that the purity of the product polymer that can be attained is
as low as 75.1 to 80.5% and that if the level of addition of

the alkali be raised to improve the vield, the molecular weight
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Hei - 07- 31489 and Bi oseparation, 1991, vol. 2, 95-105)

but since 5 the alkali treatnment alone results in the
extracellular release of only a small anount of cel
conponents and sonme of such cell conponents are

retained in the PHA fraction even after subsequent

hi gh- pressure disruption treatnent, these techniques

are invariably inefficient. Thus, PHA of high 10

purity cannot be separated unless the mcrobial cel

s pares ol yriesr b let fosd desrataslegast Sgveyeleseshniques for
maﬁlk}pfrﬁ;s%'ﬁrte E&%@Eg@nﬁlsﬁﬁﬂtﬁéﬂﬁnaf{?@f‘ ihei pUshtyr ofn alkali

as about to 85% The technol \

|1?fﬁ/‘(ﬁ \hen?gt éutﬁﬂqw o&r%ﬁaraﬁl@aﬂamé’se% et iFoivatcation
%@ﬂhﬁﬂ@lmaﬁalﬂﬁbéé&mlomowgmemﬁ rg| emsad Froot since

m.crobi al . cells rtlcularl l.ei c
et BALBL o S GtTls POBE RS0 Vel | URPBRCTORLFBLRR RS Iease
sab seqyeatsnp o essung di fcfalclulcbmpoiﬁberte aag simsd OEe@nch cell

ﬁhﬁ conqgﬁ%ﬁﬁépgg%%g%Fg ceI S is aﬁﬂﬁgéégﬁ%%hﬁP after

a@mmﬁewamlqmw@@mmﬁ@%é@aﬁww these

L DSt B £ 220 N0F, bt %Mﬂﬁ&{twﬂ@@@nm of high
Kokal Publlcatlon Hei -1 66891) However

(BTG 6896 o SAUGEATRTSOUES] FIENRCTIR 1T EatheiePension

Uﬂﬁeéulij‘!ﬁ:iﬁcjd anglat aeiagitc scenditkonf biel ghvppébRuis treatment

d bl d | |
LR S e it BHoany Ps B o s Do aRRl  ndh to 85%-
chéhecBﬁoabQMIHHpkNxﬁgﬁddlénhamﬂbdnpdﬁaﬁ}hﬂﬁEﬁﬂﬁ@ﬁltlonal
e@)%gwkg C}Em\%%h\é%a‘iﬁy khé QLR Qr{fyon CESI Pat 1884 frommicrobial

ecu P decreased from
2ca17bsoam1ﬂouabbwln Wmac}ﬂﬁané%rﬁéﬁ% the viscosity of

Pebd | &t 1 %ﬁkrﬂsﬁ%ﬁ?‘ko‘)h@%s@ﬁbée @ﬁﬁnpi:@@éiséﬂﬁg difficult.

‘separating and ur| |ng 30 pol h 0 rate
(her ei nt¢ed & I?%erésp EYS? %%/ #gﬁy gy 1h which a

nbﬁ$pﬁ1h@ioﬁeiﬂ sagn—t:bnaammgmmcmcs@ﬂu afetldrs coratifpistrgp to an
a_hi gh- pressur I.SI I on,t t
n%i:h(ghtfo]r owe L egi llllg%l H bER 1'? epeél tél_ tE 4 temperature

urr vari ous oxy
bhehcheSOWSSG?@cKDsé@r t@h@&kam%SQOK@bétrP@blbﬁaﬁb@%t

pﬁk/?il\ﬂﬁ C§I6 Fé §agl hi NghidRat, menli.c 3acAnSYMMORY s Qi d éﬂgvant ageous

n view of the ‘above-nenti gne state of

atR thiat bbpdateaglenthengeasdm SEEBALYORCL L ¢ &%ﬁdd\}%l&’él below
apRUr iifsl GAEESNrABL BOEbr production on a commercial scale, that

the acid treatment needs to be followed by adjustment to the
alkaline side for enhanced purity but this entails massive salt
formation, and that the molecular weight of the product PHA is
decreased from 2,470,000 to about 1,000,000.

Japanese Kokal Publication 07-177894 proposes a
technology for separating and purifying
‘poly—B—hydroxybutyrate (hereinafter referred to as PHB) by
treating microbial cells with an oxygen bleach after conducting
a high-pressure disruption treatment. Although a method for
treating PHB slurry with various oxygen bleaches is disclosed,

there is no description about pH in the bleaching treatment.
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whi ch conprises renoving cell conponents other than
the 5 3-hydroxyal kanoi ¢ acid copol yner from

3- hydr oxyal kanoi ¢ acid copolynmers produced by

m crobial cells effectively in only a few steps

wi t hout incurring any serious decrease in nolecular
wei ght, and is capable of producing a

3- hydr oxyal kanoi ¢ acid copolynmer with high purity in
high yield without yellowng or 10 stench in nelting.
The inventors of tHEMBRREePY THeRIVONTONNd a subj ect

t hat qk@geg%“fr %ﬁéeaﬂd%ér?de%@i'o%red@tﬁﬁé oFf tBe art, an object
hydroxy kanoi ¢ acid copolymers is, caused in_carryin

A PHSGET pEVSRITdeT £Pehf nRreViaS c%rﬁﬁ%ﬂr@oﬁ?%%%ethod

tdﬂel&asf%aar@frfséw%@m%«@_ﬂ?wlq ?bncﬂ)ol'feriWTmﬂﬂianTmhanarhﬂhe
ensi ve I nvestl gatl ons or .sol v

Rl el R P reb T tuel: tF ety e anaie actd

t&mpormmemmqnﬁﬁhn&as®y nigobbdéalacehdsghffeayively in only a

pf&X%ﬂ&%% Q&th%%@t58&&%E9m&2§ﬁ§§e§&0@% fdueQydse in molecular

suspensi-on contai ni kanoi ¢ aci d

pot yotel, vinich ign calbielilie PA @a@tﬁyﬁ:h@go@ut3m<§wmﬂd‘f%§f€r€ acid

p@6§g1§ﬁéfﬁﬁ§ﬂﬁﬁﬂbh %ﬁ@lﬁ&@ﬁ@@ﬁﬁﬂﬁ%ﬁ@ﬂ@@ﬂathb@teﬁ@lﬁbw1ng or
rel'ates to a nethod purifyi'ng 3-hydroxyal kanoi c
attenedpbt yietsi M oduced by microbial cells, which

conpri s@ge addidigtcs alikalhie p@eaﬁnaquﬁoaﬂtlensﬁemdicm subject

t d Ik
O B oe) QRPhPar Gob b AR ema BT et oAt Ruaiety gy kanoic
| &t bd ddgeentar ¢ dscontisetl 1heguH wifng aiud aqu:é@n@qen peroxide
Syﬁgﬁ%@%ﬁgfﬁlcoﬁﬁéfy%ggwg%h1ﬂu£E%§EW§P% %&dﬁ%@&%@%ﬁn01cac1d

per oxl resen invention i s now describ
dlé@la@polmemanmr@@gsmnﬁwmrmﬁsmgq%mfmS*Pllré’ ing this

%ﬁé}@%ﬁamz%naf WeHS8: | HHNQ ANRSANt dveitiiOEdmdahat the
artlcularlé restrlcted rovi ded t

[ i.S
T &F bor g aff She e eBnt Bi AP hgCHHRr 3W%§5ﬁ%>&%¥k%%o%e werted by
copRt yOEL iRs th@tpﬂceflHmaa@we@nsUﬂw$p¢3dloﬁo¢ontaining the

e e, m 0org e .ge
hoSL b TRERgaREE IEE elihultn e B AR 8RRE R ving out
Pskadoyonagent hesexbfiet heegemert Baci | | us, those of

the genps, ‘%Z:%ts%pﬁclﬁ'&enff&%e t?lfertetf%z%enﬂélwé§rt@ &method for

and those “of the genus Aeronpbnas nay be nentlon$ b
ARBARGTY Haeh 3ph@¢é@¥@@lk%%l§t%MSC%IPOM?F%PW pged by
AnibabHBal Ae 0@V, ABichA. cdiyshioqdl bkdding an alkali to an aqueous

suspension containing the 3-hydroxyalkanoic acid copolymer
separated from microorganisms either continuously or
intermittently to control the pH of said agqueous suspension in
carrying out a treatment by hydrogen peroxide.

The present invention is now described in detail.

DETAILED DESCRIPTION OF THE INVENTION
The microorganism for use in the present invention is not
particularly restricted provided that it is a microorganism
containing the 3-hydroxyalkanoic acid copolymer as
intracellularly accumulated. For example, microorganisms of

the genus Alcaligenes; those of the genus Ralstonia; those of
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5 and R eutropha, further preferred are strains
transfornmed by a 3-hydroxyal kanoi ¢ acid copol yner

synt hase group gene derived from A caviae, and
particularly preferred are R eutropha (old nane:

Al cal i genes eutrophus AC32 (deposited on Budapest

Treaty, international depositary authority: Nationa
Institute of 10 Advanced I ndustrial Science and

Technol ogy International Patent Organi sm Depositary,

Chiwe dends HiggastimchaahomboseTsdk tha- ghnus| Bacbklukerihose of

J

B TP daghafaRazr, sRURts by s JRRRULGna those
o f giea ¢yus dpasimosd s(Way Bechertbpnedl 7dnogpthagapresferred
(é-gg@tr)alnscgf hs Bl§o Upetha i A . i€l 3ahyelPiya) Ka'}w&rophlla

aci d accunul at ed |ntraceIIuIarIy by culturlng
SO E bl GUEORIRY] SHTUTRE AT ETH 5O i 66 TR4RoE T ans forned by

p@@-‘l’ﬁ}ﬂr@}dyﬁélﬂ@&idﬂ&é@ﬂd d@iﬁoltﬁ%rkﬁgmﬂhﬂﬁé@d)up gene derived

bed Pybl 049,

CE R ot HBFAa2 e BT YA bR b RS S s T RE fapRe (01d
aaﬁeh%dma&yabh&m&mtEﬂphh&ﬁpaEthmos&tw&eﬂBmdapﬁmﬁﬂreaty;
SEChEhEPLERTY ) Qoo Enety A AR [EA0) P Aba At tuce of
A@dﬁ@ugﬁd Industnyal oxghbekesm oiruég ate @h%ml@gy ofnigigptional

IOPMEE’E SoRGEn1Sh DPSES 1 CAHF @/ | G’hﬁ@sé fi pt@ﬂga@lgopoéwm
D- 3- hydr oxybut yrat e 25 3HB % one r nor e B@ugust 7,

3Tﬁ%%§y§hkan%%r%+ N andPRAn e %Wn% APeI T
31 byd| oxypbkanobs WEl dBERMC]B]BI-SGlVESpfas transferred from FERM

3 h te. (3H b

oy LB R0 LR b i "R BRCHSRLSE. 0%y 19y Shor-ses0
cobawmars Ceclolres ta teutugsebtfy r Gm ahlr:eaét-hm@ospeékesoac acid is
”Bﬁegﬁﬁ§a§8h99£€9aééPQﬁﬁQrf% up, eensi 8L P9 Ofsuitable

roxypropi onat e, utyrate
3Cﬁ9@¢§¥99a|éﬂg@@ulguﬁyaﬂgﬁyﬁyiéﬁogygpartlcularlyrestrlcted

3bﬁ£df@éYBﬁﬂh@m%¥H%dﬁﬁééd%ﬂ@&ﬁQXNQ%b&ﬁ@@beKokal Publication
Part|§glgﬁh% preferred_is the copolyner Cﬁ nt inin}gl d
SHpr 20530 BhSeRTE ENP EPST Dy SRENpPE SXCBPRE, G SmpLoyed.
copol ynEihe cemr isi Broh plr St Binain 3t a35 d copolymer” as used in

ggﬁ%g?%%%%ggﬂg %%é#eg% gsgeégg%c4gégﬁ(&82§1ﬁg05n9 and all

melwaram@xmreec( :flﬂv)n arfd-l‘sm-r0>(ﬂ—13§ﬁrll}03(q aFddeserlthough

P@B@”E Hgdrg%§Z§Zand§@aQ§§§ KRkak 8Eb5heﬁtbgﬂ ers are not
Hei - 0 fromthe standpoi nt of phyS|

cﬁaraésgiﬁgivCéesérl@h@dpr%d@@PObﬁm9ésP§r -§paydroxybutyrate
coRPBes$i hh@naher 8ti RovE bHBer 3-hydroxyalkanoic acids, and a

copolymer of various 3-hydroxyalkanoic acids inclusive of
D~-3~-hydroxyhexanoate (3HH) can be mentioned by way of example.
Moreover, there may be mentioned, various copolymers
constituted from at least two species of monomers selected from
a group consisting of 3-hydroxypropionate, 3-hydroxybutyrate,
3-hydroxyvalerate, 3-hydroxyhexanoate, 3-hydroxyheptancate
and 3-hydroxyoctanoate. Particularly preferred is the
copolymer containing 3HH as a monomeric unit, for example a
binary copolymer comprising of 3HB and 3HH

{PHBH) (Macromolecules, 28, 4822-4828 (1995)) or a ternary
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5 nononer units constituting a binary copol yner PHBH
conprising of 3HB and 3HH is not particularly

restricted but copolynmers containing 1 to 99 nol % of

the 3HH unit are suitable. The conpositional ratio of

t he nmononer units constituting a ternary copolyner
conprising of 3HB, 3HV, and 3HH is not particularly 10
restricted, but copolyners containing 1 to 95 nol % of

the 3HB unit, 1 to 96 not % of the 3HV unit, and 1 to
opml yriéofcotipe 1 s3HE amiBHBar - prieyeroedva Tea ter(@HVa and 3HH

31 PYPX Y8l gﬁﬂ%%‘é E%‘Ee%é:%@&o'zh%%ﬁe%%%‘i@ge kbkQMpublication

m croorg anl this I cati on neans a
I@eB“%@dQ%%V%Tkéﬁ@mdﬂgtsaa@ds@npﬁe$fphﬁé#ﬁﬁédﬂ%%%ﬂﬁterlstlcs

g £7 0L 9 SIBL QYo 0) SItUbt | N Hd Qfoﬁ@o%ht@%b'a& ratio of the
contai ni'ng . 3-hydroxyal kanoi ¢ acid co

TROMOEET O i FEPEFAGUCERE AIRYTGHI G OaH V85 B comprising
p@ftEHB“édeﬂﬂEiErh@teﬁarbmtulaﬂmbuﬂesttheted but copolymers

conventi onal I'l-kno hysi.ca r

P EBHNE by i BroBntEr s R % ffirable. he
dcsmy@$lbnsnalTh¢iberﬁthanmaqugauQnsa§mmmﬁtﬁﬁutlngiiternary
CQ 31 QQ(: Ay lekangl C3a¢! 4 GPRYY IR Sot particularly

ed fro m croorgani sns’ as used in this
sp@@trigaﬁdoﬁnﬁsCQ@plywaﬁﬁu@gnaa&9ln§s¥ﬁxt?édm%%cvpééah@ 3HB

ﬁlﬁltt he @hed morhichrt BRe 251d- iy dE pxared kanel Goagbd % of the
gner se arated from mcroorgani sns i s suspended
Watett #f |Er%€?%¥ ible for an organic solvent to

coeX|stTmélEemﬁngeBthadwawa&kehbactab$d capskymer separated

nerall cel | con xl sups e : :
Gg é?eér%or%? |on of gﬁgc#%b{gﬁgc%??gig}%atlon means 4
iﬁCbY@D@aYeﬁkanOl@OBSBddCQBQbEmQIOhlbqh@ted from

a@%%&?&%b@@ﬁmﬁ lﬁ‘ﬁlu&Pé‘z?uﬁH%&nﬁiQPobn‘éaPr@éﬁiélb&d(ntébﬁlng
t al ned e

stirring_a suspens]on of
33h93¢69§5ﬁkhﬁapéCéﬁwdi@@ﬁ@ﬁyW€FScon?%?ﬁ¥ﬂaK§%FSFn@leuPtlng

35%§0hybtbehmgﬁéDE?t@i@|n@t paftl@ﬁlaely ee8BEituea; but
Sups C 0 er n anolL c- a

CEBGLINET EBeSERATatbiTRE: Hohyar BUAI RAND Cehatyt Fuptions,
cdpstypﬁaohylaﬂéﬁﬂgtannabﬁahnalmaﬂulaadddus&ykmtﬁhsrUPtlonS
phySIC ﬁanot¢§ﬂl {ﬁ@b&gsgg éﬂ915H ont%%q;ng

3- hydroxyal ic acid co oli In water
conbedreayhohandichec3dhydpexyarkansreagefgd from

microorganisms” as used in this specification is not
particularly restricted provided that the one in which the
3-hydroxyalkanoic acid copolymer separated from
microorganisms is suspended in water. It is permissible for
an organic solvent to coexist in a range no adverse effect is
caused. Generally, cell constitutive substances, etc.
generated by disruption of microbial cells are incorporated in

sald suspension,

The above-menticned agueous suspension is preferably
that obtained by, while stirring a suspension of
3-hydroxyalkanoic acid copolymer-containing strains,

solubilizing the total or part of cell constituent substances
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copolymer in "an aqueous suspension containing the

3- hydroxyal kanoi ¢ acid copolyner"” in the present

invention is preferably not nore than 500 g/L, and

nore preferably not nore than 300 g/L froma

vi ewpoi nt of purification efficiency. 10 In the

present invention, the pH of tdye above-nentioned

suspension is controlled by adding an al kali either
continuously or intermttently to the said aqueous
suspengihem, the Gﬁhudrenybymmohcaa¢i®abpfeﬂwmby thydepgeate the

R e B e
p$é10’éht@@eﬁa’é81/\)élwl1d°s Rieeohpos| 54%1?%’@10% cﬁrtql SYgRgnding the

CONBLh+4RDA L BARSI ANGE) d eFEh & (e N hgat SHSpensi on) by
hydrogen erOX|de:£§¥ be carrled ut b

ANy
tr eat ments. CORMEH AR 1o% Rt U i vehaw ist adie
| BypOli@8ri $n ﬁﬁhrﬁQuéwmsl@uép@ﬁsummsémmtaxnhmgcmh@ed

[ b
s aY AT REERT L e rhebeadefPCLh JAS Brlld il thiBncion i
|pceﬁdeahlkakﬂ:m®talsh@m MWh@diudesddmnanpnﬂﬂaﬂahkyIKﬂ:more
ﬁ ggﬁ g@ba Pa@s%sggé§€%e grgf'ﬁﬁ%lf&%é@@%ﬂnéfflc1ency

roxi de, |un1 and ca C|un1h%drOX|
aI kal i D5 ’crhﬁ @rceéarlﬁohatf@@té%h e QSHPdnFRar Paeae gnentioned

aBdsPehasshuM: &&H PANBAL &4 @yggadgn@caﬂ édk&di é&%ﬁér
salts.such as sodium a %f ag? Eotas um acet at e g sion
afREFFOHBESL Y (99T R BETRY ¥ PAYTELS) SUsPen ’

pbosphatrestivchi s arts@dtmamphb§ph@deogeml§@d®mnde The

h¥g£ QSQ &Q@ t%h;&gggghﬁgﬁi %ﬁ@%ﬂb@hg §n §Qoxyalkan01c

deO aSS|un1 rogen aqueous a
agohd poﬂm.ess mn@etmséenéedl an ‘I‘Wl‘il oX$ d@eC@@ﬁoah’Flon of

CﬁEQEQ%G céﬁ]ﬂ c?ﬁé@§?ué‘ﬂth¥gﬁgt’fé§§eaf@meﬁ)h@{ﬁ!fjr ef the

ternms of SUI commerci al production and
cBYBPERF HRN) Hambéirpcr%&@ iRREGFLdhdEhbencegk lechaut by these
t argetmphit¥al ue to 35 be controlled by the alkali
additio |s ot ticularl O restri.cted b
prefera g% }ﬁ :?H5ﬁ3§¥¥ FhSErE &P@Fb?gblbe pgyention is
Iasspauﬂnqniailﬁreatrheted@mmnﬂﬁedmh@téﬂEnSuspe031onpHHwy

& CQSEESﬁSd %ﬁiﬁ%é‘%é’ﬁé indeo%] ?1% Y'T%e specific

e upper Timt ereo era not
peKaBp aﬁdth@reoﬁr@m@l%wa% abt W@Fé £hah b}@ﬁledeS of an
PQEREQHh@rEMrtEhﬁeﬁﬁﬂ'§u@ﬁeE§r§BBYum hydroxide, potassium
hydroxide, lithium hydroxide and calcium hydroxide; alkali
metal carbonates such as sodium carbonate and potassium
carbonate; organic acid alkali metal salts such as sodium
acetate and potassium acetate; alkali metal borates such as
borax; alkali metal phosphates such as trisodium phosphate,
disodium hydrogen phosphate, tripotassium phosphate and
dipotassium hydrogen phosphate, and aqueous ammonia, among
others. Among these, sodium hydroxide, sodium carbonate, and
potassium hydroxide are preferred in terms of suitability for
commercial production and in cost terms.

In the practice of the invention, the target pH value to

be controlled by the alkali addition is not particularly
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adjusted in a range between 8 to 11. The | atitude of

pH control is preferably within +1 of the set val ue,

nore preferably within 0.5 of the set value. In the

present invention, there is no particular 10

limtation on the speed for adding an alkali. The

alkali is preferably added afgsuch a speed that the

pH may be controlled wthin the desired range while
measuring the pHtransition of the above aqueous

surspEnist ord bGener prkferahéy ndiel 8s hydeoxyllkanor € rasifgrably

| ted i

RECGHEES Sl SRS 2l MikD VNCRASR B Y fencon of the
s@@.@@@%ﬁngwmlaﬁ dedpbhses the @%olpmelh caticoppper limit
PrIOCLLSS 1'ssp98§§fé(§ﬂy de mQ)rr%SQHEn';EWQTBt I gAdi Iﬁoi@ preferably

control H_of said agueouys spension wth

ﬁ?%e H@ﬁ% 1Zdi 5T CARUAPRIN, GPEnBR LS preférably
cananjmsntuestiry aorrarrgeemnﬂweeaﬁ lyy forirestraint 20 of
this phgno 0 Addi XCess n I '
such tha ES? FBSS #ﬁgl §¥O$H§5?ggnggﬁﬁygwﬁgﬁ%%ﬁg'Ofthe
t$rain P ue, dmsar&j@ecmmkmiwimmﬁm@m@émq)e&@iwu&
ther eb?rpoctheo'ﬁﬁésté?ﬁ:l J.Wérfﬂﬁ)"ﬂ' P&l 11G eRCYArticular

| ower e but i nverse decr'ease in the nol ecul ar

M%ﬁamom@mﬁp@aﬁmf@n@d@l@@ @ncapbpyier Pae alkali is

tlgfdkgﬁef@obﬁ RRRd Mtcﬁbééﬁlcb sgeddhengentiargy mafy becontrolled
addait]o al ka

t f.f t,..h
e R PTAES S HeRP eatebl At At i hgr p L2 eRdtlion of
pumefam@meomqmédwmtsusgwmnléna obt ai ned. Moreover, if

t %néﬁf’f;‘?s’wﬂ@ Oéf§c gﬁggﬁ;{%lﬂ&hg#é acidL %%6f§§%r is treated

ecu roxyal Kanol C
CWPWWIQ%&TU@GE@XDQGSl gnPhesemenyn | igvak ddie o 9f the above

aﬁc&@éo@gdélﬁ‘gpeﬁhcﬁp%m&ﬁi% agoURL A M s al Katiie %ﬁf‘ﬁflcatlon

cont i nuous| intermitt ly to control thetf
b%’é%@r%%d%ds%%ﬁérf’@dat t B PRESHfutpBeBSs 1ophkt Oscoaﬁrol the
lmfdi\/gﬁﬁﬁtacﬁfecﬁw shisgahisenn wf thoh gnﬁyeamgleagr@a bty adding
ecre ul ar .wel L. .
Pl D0 o 110F i PHE B sBh TG GAT fpfor restraint
adﬂltfhll(snplaemen@’ﬁ hydiddgenan peycmasdandgsnnott alkali such that
pﬁEa %%cﬁ/g‘r’éﬁe torf Ct:th%d’s Lﬂlttflo% R eggr fﬁg!r% PRLA ﬁﬁr fﬁl causes

nore preferably not nore than 5%
bije compehi ¢ 1%fti|¢1f hﬁﬁ@%@%f@@@%ydﬁottfhw@ymt 1%11939 the

Wl g0 1 c 2t Mo @E¥-IA hek, OBtRkW N AaBuaPRIYC By the decrease
le:JI’rl Itfhlecrgéllgguleég %%tlghlttof the 3-hydroxyalkanoic acid copolymer
tends to be easily caused. On the contrary, if the addition
amount of alkali is not sufficient, hydrogen peroxide activity
decreases and satisfactory purification effect cannot be
obtained. Moreover, if the suspension is inclined to acidic
side, the molecular weight of the 3-hydroxyalkanocic acid
copolymer tends to be significantly lowered. Only after adding
an appropriate amount of alkali either continuously or
intermittently to control the pH, it becomes possible to attain
two purposes, that i1s, an improvement of purification
efficiency and restraint of the decrease in the molecular weight,

simultaneously.
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Is preferably not |ess than 0.01% by wei ght, nore
preferably not |ess than 0.05% by wei ght, and stil
nore preferably 0.1% by weight. Particularly in the
present invention, it beconmes 10 possible to obtain an
excell ent purification effect by the pH control of
t he aqueous suspensi on by addiyg an al kali even when
the addition anmount of hydrogen peroxide is decreased.
To decrease the addition amount of hydrogen peroxide
is quitle clpe efresabitel fivenehatb) ithg gddit dowanefunt of hydrogen
cat i,
R R S AL R Rt PR L PR A8, BRRE o P epapLy ot
imventtinem 185 bX'C@IeIlGhtZ:pmﬁrﬁlkmff%ﬁal%ff?é%ﬁt depre gdran 5% by
ﬁ%kﬂ?d shen tn{&é‘%efiblﬁptnd@&%rteh%@la}l%lbsy by welght

further evéen less than 0.5 %

s et o r#@rhg;]aiz@g@hnﬁ@%)ap@élq%bé&t%ﬁ%fﬁgg&% ehfect, it
o1d ;&@dﬁn{awg E\l@lﬂ 1réatsr yhag oub1they préi@f camirelpmfferably

i (1A FBAne] GOF ‘RRAIRdOTtie ACParhen AOLEaH o Thipry O-12

dmpo&&ﬂgth on In the practlce of the |nvent|on, the

treat mgif,.4q n .per rably ;Gaydeh

out at a te eratl}pg&'f%ﬁé3?&'J tsﬁ%%%%géggthéﬁaroonles
tmmkakejrt@ pbteha @1@|¢§F¢1@l¥ﬁﬁ“¢1tpuéflfﬁ$@t&(§l§’e§é§ect by the pH

SMUSPERNST Q- tﬂf@raqs@wzcgﬁgpéﬁslsﬂw heat hgran efifieqti bfen when
short tine, the treat égeferably carried out

ath e rddidson P EC, © ot BRI 1deRared. To
7&&rea&§kdl’¢h@rhaidjytldrhearﬁm&ﬂi nehthydr e ik coutdd ors quite

al | 30 . 0
SPLE A0 BA A QAT IO BTN 2o
humttimnﬁﬁﬂunngﬁnﬂﬁtﬁﬂr(Nﬂﬂ@ﬁwa}eauﬁrﬁhélhgdro@h@t is, in the
Copo%% _{j@e B%eﬁli Bﬁren't J.%n %r@%@%@&i@hlﬁ%ﬁ?&@lon effect can

isolated fromt sSuspenst on b

v%%ﬁbﬁglaeﬁrvétqrbthata@%mtalrﬁ@@tﬁw%hhﬁnfkpglai’.W&%g@é further

W dln WaLRIt1Hn @nSQWéﬂgﬁﬂ vert thelefey e hyliridyen peroxide
hydrophilic, 12 sol vents suc et hano

LR SRR L St RO Suf oL EDw A URIR o THigg out the pi
d¢<yﬁ11rrgo1 BRE _EHKDES@E&CRE QN1 Ghe TP ORAW AL Bn i g 4lkalh,
Sggl.e@éi%:n?g)%%&ﬁc‘fﬁg\%lng{ﬁggt ec?%% | e Qfattt!heuhed in such a low
equl prren r ract e puril |ca I on net
ATt e g ton .

In the practice of the invention, the treatment of

.~ hydrogen peroxide is preferably carried out at a temperature

range of not less than room temperature to the boiling point
of the aqueous suspension. For enhancing the purification
effect in short time, the treatment is preferably carried out
at not less than 50°C, more preferably not less than 70°C.
Additionally, the treatment is carried out for generally from
10 minutes to 10 hours, preferably for 30 minutes to 5 hours,
and more preferably for 1 hour to 3 hours.

After carrying out the hydrogen peroxide treatment, the
3-hydroxyalkanoic acid copolymer may be isolated from the
suspension by washing a precipitate obtained by centrifugation

with water or an organic solvent, preferably with hydrophilic
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the present invention. Explanation of Nunerals 10 1
Stirring tank 2 Stirring equi pnent 3 pH Detection and
control equiprment 4 Punp 5 Pipe line 15 6 Al kali
storage tank 7 pH Indicator BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON The foll owi ng exanples illustrate
the present invention 20 in fgrther detail, although
the invention is by no neans limted to these

Exanpl es. (Method for neasuring the purity of

pod yweris) Arctacaee oustlsrsplensd tdrarnafl ,t ke givinareraaggenitrile,
C ' ( mpn) to renove a
sﬁ%%%énkg*{g%?f,u%d t rgp?cekgu ‘t a%%lrﬂv%s washed with

met hanol tw ce (however, ethanol was used in Exanple

4 and Conpar at g¥erEXaaBLRIBrIONNER MRAt sHaRMdcdri ed
under reduced pressure tq ohtain ah%gl)v\d,er of the

pol ynerE1901 &g »FEEASIHGIEL 28T ARhe  PotRREn G ggample of the
dégsDbvetk ifdrlpikcefi c3Qgcthermiririicddiem de8honl aofording to
\n;\rﬁltﬁhanol and 0. 15 t—[ﬂ of concentrate sulfuric acid

@ Rt Mt EE D L Yhd treated at 100C for 140

m nutes. After cooling the mxture, 0.5 mM of a

S@Q#{gﬁ -Oﬁoéfltﬁl%lepg Sammni um sul fate was added and
stirre I t]h

vigorously, en allowed to stand. The bottom
| hyer weslmandgly Zadhpy 35 capillary gas chromat ogr aphy

to det ey ne dhepridtantof the 13 polyner. (Method for
neasuripg? t he ol ecul ar wei ght. of pol r%s) The

mol eculRif REifH- Gt e Gt aRy ‘Wégl mned as 5
foll owseurd® ng of a precipitate, as separated fromthe
cglls f/va\?%d]jssol ved in | m of chloroformand the

solutionfas ftStered to remove the insol uble
sb@ibst arfdekallhesfaotagatteamvias anal yzed w th SH MADZU

Ger por aéSH oL P RQSystemfitted with Shodex K805L

(300 x mm two colums connected in series) using
chl oroform 10 as the nobil e phase.

BEST MODE FOR CARRYING OUT THE INVENTION
The following examples illustrate the present invention
in further detail, although the invention is by no means limited

to these Examples.

(Method for measuring the purity of polymers)

An agueous suspension of the polymer was centrifuged
(2,400 rpm, 15 min) to remove a supernatant, and the resultant
was washed with methanol twice (however, ethanol was used in
Example 4 and Comparative Example 3), then heated and dried
under reduced pressure to obtain a powder of the polymer. 10
mg of the powder of the polymer was dissolved in 1 ml of
chloroform, then 0.85 ml of methanol and 0.15 ml of concentrate
sulfuric acid were added thereto, and treated at 100°C for 140
minutes. After cooling the mixture, 0.5 ml of a saturated
solution of ammonium sulfate was added and stirred vigorously,
then allowed to stand. The bottom layer was analyzed by
capillary gas chromatography to determine the purity of the
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(Method for neasuring the Yl value in nelting of

pol yners) An aqueous suspension of the polynmer was
centrifuged (2400 rpm 15 min) to renobve a
supernatant, and the resultant 15 was washed with
met hanol tw ce (however, ethanol was used in Exanple
4 and Conparative Exanple 3), 1§hen heated and dried
under reduced pressure to obtain each sanple. PHBH
sanples and PHB sanples were nelted for 10 m nutes
whd hyregr al um num bl ock heated at 170C and 190C,
respectively, to formpellets. The 20 Yell ow I ndex

(Yl') value was determined with a spectrophotoneter
SE4edoed nteiufrept seihdyt N ppoke Delish okl dtHd sk elsymers)

Co., Ligghe (IrM:—lteQQﬁLafrorwé"l‘%}%‘rd@&h@%dl%&“%a@@ﬂ@ru&fned as

nitrogen in _polyners) An aqueous suspension of th
pEP L HBFS wad Oc 86t Pﬁfﬁg@aecmlwrr R Sepasahpd sTPenbYe cells
aﬁﬁ@%l@a@@a lramﬁni be d}ﬂ&jﬂdm&ad daﬂ@&h%@d E@Itmﬂa hzasdflltered
t hano eat n r u r.__reduce
oFeCitre SheninrATEalh SEsraicohe e podFF ok Solig AL yzed
meh FEAYADEY Corpdiet ot toGEN Tomoantfidtiecdnvigit Bhadex K80SL
t | tr.oge z f he
| ETRoEnly (B Rtk Ehnd B 2 TR R 0 Bo Rl oroforn
tef nehofngpbieiphadeh nultiplying the nitrogen

concentration by 6.38. (Preparation of aqueous
suspensi on contai ni ng PHBH separated, 35 from

m e P TR 1LY SR st ehSi T 4R PHELE WakR bR i Rreeymers)
by cul thm-r lartglé%;u§h|§us;§k}:£raslc(rolcckf rtarm(;I 'pAl @R genescentrifuged
e us t he, above- nenti one ep u
T R S Ve L S et E‘a%o?ggarc?sdultant
cmgalw&ﬂne@wﬁﬁamtgmuqol gem:edéhuowederS etoanol was used in
Sy CAY, h t |
PEKBAPIZS) 4ok BSERL JSRGI ol R, R00Lod 48 arieo
bﬁ@@@? irgduced Bresontaitivl AGtabe e By SaErdeef BIEHSarRées and
PESt Vs £ 148 afedd aclirel reepas Qﬁl@ﬂﬂfé’@rﬂﬂﬂ}ﬁ‘ a@Ukl Ufhenum block

medlumt lgtan , centrifugati 0
e A 7 e b ch et o e eCHa vpldpats ST haBIdeEs
s}ﬂspbmuamd@:f: (?5)gvaﬂlmeedaeeiét&dﬂm1rmlhwﬁshhraa$peotrd'pleotometer

cel.l S b L her t I
o S AL PR AP SRR B S s BERMRLES co., 1o
whi |l e nalnta|n|ng the pH at 11.7 by addi ng an aqueous

SAUthOR for measuring the residual amount of nitrogen in
polymers)
An aqueous suspension of the polymer was centrifuged

(2,400 rpm, 15 min) to remove a supernatant, and the resultant
was washed with methanol twice, then heated and dried under
reduced pressure to obtain each sample. The respective samples
were measured for the nitrogen concentration with a trace
nitrogen analyzer TN-10 manufactured by DIA INSTRUMENTS CO.,
LTD. The values were indicated in terms of protein with

multiplying the nitrogen concentration by 6.38.

(Preparation of aqueous suspension containing PHBH separated
from microbkial cells)
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of sodi um hydroxide as an alkali, and a precipitate

was obtai ned 15 by centrifugation (3,000 rpm 10 mn).

The precipitate was further washed with water to

separate PHBH having an average nol ecul ar wei ght of

approxi mately 700,000, 3HH nole fraction of 5% and

purity of 91% The thus obtai pgd PHBH was subj ect ed

to the follow ng Exanples 1 and 2, and Conparative

Exanples 1 20 and 2 as an aqueous suspension of 75 g/L

i n condenttepeéhenon ofi BHEH iwesaolsitdiened by clilbgraing R. eutropha

ST, gh Fraim esls SOULIEIL Ao S G i ones

a@%m@mgrlw@oeme%&bés%ﬁ’n6@3&/)dntﬁmnsfcafm%<bd%ea t he
¥@fo>@ﬁik’éﬁ‘c§1c§“§cfc{‘ %dﬁi‘)‘i%@ro Bty‘n%hla)éen @rﬂﬁ@nc§er2§ derived

ed to the one _using the’illustrated equi
(E&%Iﬁﬁfeéfol‘)m?@ ﬁPVéPealfpﬁB’lqoé”ﬁ’@é’&@swéEEp@h%u r?t\ﬁ&@l given in
pirra@%d:tgmalloomm 43123: Kisng tm;@g )e<t¢$Iq Jmeﬁes\t thcaeplial cells
ect rode and incubat at e tro :
SO T dp el Bt R i e aeshanpEEbiREGrract ion
byeBar&ed/bf mdun stine Coul tixt €. meahidan hiehla)@ecvlamxmed by
P& %ﬁ€?£§£%?¥f5§ §§t0§@:g t]WpﬁﬁDBh%a@HdgﬁgggHoQEEQ water to

ow a s val ue stalt|c$
a:@r@mre@l an YSRees %TPISP%MSO%O ut 9 o bed seeit bivd &

hMé’ﬁ@éﬂzQ@atﬂéz@ thﬁié%ﬁﬂ@”%d@%ﬂi@dén@%@@ﬂnd@ ldfther than
h_t he gH setting of Labo Controller

1BHB%ow/sJﬁ d?%b%lbé?%%}a% TEST Bk PR @ SHR I%E%Ib%r%%%lcally
| whiBéetn iart Aimmiy thikapHtdte 1¢ancentadadinn «of ahydoagesolution

peroxide to .be 5% r.el ve r
B R T A,
V\JQthel)ttrafldgstwml 0g, VRS rwomnt i hUedis) f orThe I’RﬁﬁClpltate was

T@ﬁ?théfew§gﬁggn§i€€PMﬁﬁ?M@§h%%p%%a%%ﬁ@@@%“ﬂ%%hﬁg an average

twce wt wat er tw ce w th nethanol
dRPEBCEBAT gFR BITT P HAIEOX iMatedy J&0% GnneFE PRéepfraction

ssfts%lg a8fl Ib@bgt@fﬁ pokl erryeshual bpRednta RS s@bg ected
ct above ntioned tr ment 10 Th% resE
P e FRENPIE ¢ 195 o0 Kb RRgT A T ve Exstples 1
and 2 as an aqueous suspension of 75 g/L in concentration.
Fig.l is a schematic diagram showing one example of
equipment for carrying out the purification method of a
3-hydroxyalkanoic copolymer according to the present invention.
Of course, the mode of carrying out the invention is by no means

limited to the one using the illustrated equipment.

(Example 1)

50 ml of a PHBH agueous suspension was placed in a 100
ml stirring tank equipped with a pH electrode and incubated at
70°C. The pH electrode was connected to Labo Controller MDL-6C
manufactured by B. E. Marubishi Co., Ltd. and the operation
parameters were set so that when the pH had dropped below a set
value, a peristaltic pump would be actuated to deliver an
aqueous solution of sodium hydroxide into the suspension until
a set value. With the pH setting of Labo Controller aligned
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pHPurity Mol ecul ar Yl val ueanount of (% wei ghtnitrogen

(9% Before91700, 00040.91. 21 treatnent 97700, 00028.2 7
8>99700, 00028. 3 10>99700, 00018. 20.59 Fromthe results,

it was found that when the pHis controlled by adding

an alkali in the hydrogen peroxide treatnent, the

purity of the copolyner is inpgoved as well as the

nol ecul ar wei ght of the copol yner is not changed and

the residual amount 25 of nitrogen is decreased,
ftmtﬂﬂm'aﬂ%Ihyﬂnqgam=p@hexddpoWyaeaddéd el &g w@wpdeion in

(SO HnelRETRLE, Pl [l JRBReh Bo gL s o
tloe 56 lamdletllq@tsn@b@hs%rtw\?akse Poilpmer veiohB Houwd’s%py weight

506 o e + o PRe SUSRANS Qh Was gWesheth®stirring was contlnued
Centr|fugat|0n twce with wat er , furt er twice with

e RanBPUT - antheRi ddh et BUBBERFHOA FowIESerhRY a1 fugation

steive i Wi thlabl£t@r, 3bubtiBef ofvel dw df Dige mPEeiand eand dried to
tre t nent Aftg%ﬁhydrogen peroxi de treatnment 91 98

%% 000 30.2 Fromthe result, it was

found tih‘atth‘&he&mne hearmedr,ogba pH setting of Labo Controller was

aligned to 7 and 8 to conduct the above-mentioned treatment.

The results are shown in Table 1.

Table 1
pH Purity Melecular YI value  Residual
(%) welght amount of
' nitrogen
(%)
Before 91 700,000 40.9 1.21
treatment
7 g7 700,000 28.2
8 >899 700,000 28.3
10 >99 700,000 18.2 0.59

From the results, it was found that when the pH is controlled
by adding an alkali in the hydrogen peroxide treatment, the
purity of the copolymer is improved as well as the molecular
welght of the copolymer is not changed and the residual amount
of nitrogen is decreased, further yellowing of the copolymer

in melting can be inhibited.

(Example 2)

In the same manner as Example 1, the pH setting of Labo
Controller was aligned to 10 and the suspension was stirred for
3 hours at 50°C. Then, the suspension was washed by
centrifugation twice with water, further twice with methanol,
and dried to obtain a powder.

The result is shown in Table 2.
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peroxide treatnent is carried out wth controlling the
pH by 10 adding an alkali, the purity of the copol yner
is inmproved as well as the nol ecul ar wei ght of the
copolynmer is not changed, and further yell ow ng of
the copolynmer in nelting can be inhibited. 15
(Exanpl e 3) A suspension of 1319 g of PHBH having the
nol ecul ar wei ght of 1,480,000, 3HH nole fraction of
7% purity of 99% obtained by carrying out the sane
tTaaterent as above in 1000 ml of water was prepared,
and this suspension was placed in a 2000 m_ 20

stirring tam@®d& pped with|a 6ﬁ?€ﬂ€%trcnnﬁ}ﬁﬁﬁifr Y1 value
- od ot 5Yoe T

SLLVERSON M XER _and incubat

el BTV Ny 9 eeredifs abo Tontrol | etCMA2%C  40-2
manuf act ur EEBYMBRL E. Mar ubijshi Co., Ltd. and the
opePiftiesnbpdr aaer eperoide sdt so Ythat when’hdYH of 30-2
the suspehfstabmbnE dropped Ibel ow a set val ue, a
peristaltic punp 25 would be actuated to deliver an

aqueous sol ution of sodium hydroxide into the
suspensimmn uritd |reswslat, vidl wepHoltd What whe the hydrogen
r i I By VER : 0
R e S0 de ot Thadod 't Sonar gL ng *efle ot by
sudpEneian dkasldoh the ravsdnt ofhbbet feredreent +at improved as
ofehyHOGeR REnaxhdg t ergh’é%@»th%o WRiodRneeli 8t hye dianged,
the pol ynmer weight (0.375% by weight relative  to the
STRDOHST T BT G IR L FRY | FRP DR Tort} et ¥ S P
m.nilestedhen, the suspensi on was washed by

centrifugation three tinmes with water, further tw ce

with nmethanol, and dried to obtain a powder. The

r €8xdmplae $hown in Table 3. 35 17 5 Table 3

Sanpl eRur.i liecul ar (9 i - :
Beforeﬁygpg g%%é?%k#gggga?4%%%%%%@%¥€L#§42Fﬁgﬁ&eqular.we?ght
APE ek pefbrrdeoragipopopl 7% purity of 99% obtained

by carrying out the same treatment as above in 1000 ml of water

was prepared, and this suspension was placed in a 2000 ml
stirring tank eqguipped with a pH electrode and SILVERSON MIXER
and incubated at 70°C. The pH electrode was connected to Labo
Controller MDL-6C manufactured by B. E. Marubishi Co., Ltd. and
the operation parameters were set so that when the pH of the
suspension had dropped below a set value, a peristaltic pump
would be actuated to deliver an aqueous solution of sodium
hydroxide into the suspension until a set value pH 10. With
the rotational speed of the SILVERSON MIXER set to 5,000 rpm,
30% hydrogen peroxide was added to sald suspension in such an
amount that the concentration of hydrogen peroxide to be 5% by
welght relative to the polymer weight (0.375% by weight relative
to the suspension weight), and stirring was continued for 50
minutes. Then, the suspension was washed by centrifugation
three times with water, further twice with methanol, and dried

to obtain a powder. The result is shown in Table 3.
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treatment Fromthe result, it was found that when the

hydrogen peroxide treatnent is carried out with

controlling the pH by 10 adding an al kali, the

nol ecul ar wei ght of the polymer is not changed and

yel l owi ng of the copolyner in nelting can be

i nhi bited. (Conparative Exanphe 1) 15 50 nl of the

same aqueous suspension as that used in Exanple 1 (pH

7.19) (treatnment 1) and 50 ml of a suspension

pTaEpes 2l by addi ng sodi um hydroxi de to sai d suspension

with the pH belng adj ust ed to 9. 16 (treaé i 2) wer 6

placed in a%3®@'em stirring tBHNd i HE 85? g*at value

705_39%_h¥dLageLpeLQ>nge—204Aés_adde
%%eoﬁgdrﬂg%%oﬂ*ﬁ%%mt tha the c&ﬁ@eHPPatlo&7-7

of hydr o 4EMEXitde to be |5% by wei ght rel ative

theﬂgﬁwﬁwc‘weghpeeexa?s% by welyht relatitie P8 thell 3

suspensi ont ¥R, and stilrring was continued for 3

hour w thout adjusting the pH Then, the suspensions

were washed 25 by centrifugation twce with water,

furt herFtom dehanirtdsuiet haiolwasanibwrd ddhato whlstaitihe hydrogen

g&@%ﬁé}l 1{]:6 JS%%# zlh url%\épo [E T?PF céﬂ[ﬁg%@ﬁhetﬂe pH by
M@m\@la}ht%mﬁéﬂm @Oﬂwmd@énwmgmogfo@baopglymer is not

de ixs EK ad frefl o L?}%%éﬂﬁg?Qﬁﬁ%@aggﬂﬁici b
Trégﬁ%entZQ ?%5 3£i99 80, 00030 35 18 Fromthe an e

r et psted was found that when the hydrogen

{Comparative Exanple 1)

50 ml of the same aqueous suspension as that used in
Example 1 (pH 7.19) {(treatment 1) and 50 ml of a suspension
prepared by adding sodium hydroxide to said suspension with the
pH being adjusted to 9.16 (treatment 2) were placed in a 100
ml stirring tank and incubated at 70°C. 30% hydrogen peroxide
was added to said suspensions in such an amount that the
concentration of hydrogen peroxide to be 5% by weight relative
to the polymer weight (0.375% by weight relative to the
suspension weight), and stirring was continued for 3 hour
without adjusting the pH. Then, the suspensions were washed
by centrifugation twice with water, further twice with methanol
and dried to obtain powders. The results are shown in Table
4.

Table 4
Sample Starting Pinishin Purity Molecular YI
pH g pH (%) weight wvalue
Before hydrogen
peroxide treatment - - 91 700,000 40.9
Treatment 1 7.19 4,60 >49 620,000 31.7
Treatment?2 9.16 5.32 >985 580,000 30.9
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peroxide treatnent is carried out without controlling

the pH, the nol ecul ar wei ght of the copolynmer drops

to as low as less 5 than 90% of that before

treatnment. (Conparative Exanple 2) 50 ml of the PHBH
suspensi on used in Exanple 1 was adjusted to pH5

using diluted hydrochloric ackg, and the suspension

was 10 placed in a 100 M stirring tank equi pped with

a pH el ectrode and incubated at 70C in the sane manner

as Exanple 1. Wth the pH setting of Labo Controller

al i gneq:“rto%l 5Ch Q' J&Lq:rsoge_& e&{h% % %%ta%%% tt(?let I?l%/drogen
suspension in SSuch am dnount concentrat

ap e et &gy drr gedexitd é st oabei 6% Gyt \h@lt@mltr @Datméllagt Bhe pH,
tige %lyé'@flavﬁwﬁbh@o %7@9{%%,’013@1%1: (H A & ke lBﬁ as less

suspensi on wei ght ), stirri'ng was continued for
heen Fherct Ghat stt%%éfr% ot #deMashed by

centrifugation twice with water, further twice with

hanol and ied to obtain a pomder. The result is
2ﬁ%ﬂﬂp?ﬁa%%%ﬁg£%§mgﬁf Ie 5 Sanpl e 25 Before hydrogen
per oxi ded mi reefat he HHBAS $espényﬂi@1gme|deimEb§amplterbaraﬁm¢justed

Pur it ecyl . val 7
9‘352? Sgg%%%d?i]’—lr%%éﬁ resu lsél%é:sli?(i %Jé% %ogggpéﬂsgon was
viaka¢ednich tehad Ownénst i helhy draye e Parmedd & itheat Rinelectrode

| Sn@alhd @b W thyconty alld RGO bR cPHaW ERadpid 1. with
the nol ecul ar wei ght of the copol yner

I S
stimi BH et ird é@?@dcgpttﬁal}éﬁrt ﬁélgaﬁfit {oofs t Hid® hydrogen
Cl@@@%yil@é wdsSallgpaoved handuypsbhonbngid BuaBl 4h Rghatait beat the
Iblte

o%?réﬁ:%lé%r%’gll(%xxér%gFﬁaﬁ%gggtﬁ?‘%rci%lgé tao gle_Bfl)io %%rsefgr':ﬂ%h%nrelative
to the polymer weight (0.375% by weight relative to the

suspensionweight), and stirring was continued for 1 hour. Then,
the suspension was washed by centrifugation twice with water,
further twice with methanol and dried to obtain a powder. The

result is shown in Table 5.

Table b
Sample Purity Molecular YI
(%) welight value
Before hydrogen peroxide 91 700, 000 40.9
Lreatment
After hydrogen peroxide 99 450,000 29.1
treatment

From the results described above, it was found that when

the hydrogen peroxide treatment is carried out with controlling

" the pH with acid, the molecular weight of the copolymer is

significantly decreased although the purity of the copolymer

is improved and yellowing in melting can be inhibited.

(Example 4)
50 ml of a PHRH suspension, obtained by carrying out the
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same treatnent as described above, which has the

nmol ecul ar wei ght of 800, 000, 3HH nole fraction of

5% and purity of nore than 99% was subjected to the

same treatnent as Exanple 1. However, the pH setting

of Labo Controller was aligned to 8. 5 The result is
shown in Table 6. (ConparativegExanple 3) Except that

hydr ogen peroxi de was not added, the treatnment of

Exanpl e 4 was otherwi se repeated. The result is 10

strown fredtaiEret Gis TEHE Bodd R &gnpiteRlr itas Noleoud laacular

e BIUBOLL NSNS, Cobo1 1] S3LIRILOR, UL 1y of more
telean ntthi )waTopurettiad Bxdipt e8ne-d9B3ti o001 A9 Example 1.

(Rdkaddr haatd N e@atin®NL rakape) cbhepbiherr@syl 411 ned to 8.
Table 6, it was found that the decrease in nolecular

wWErghte Btk neS Iy et TRBL Def prevent ed and
yel l owi ng of the copolynmer in nelting may be inhibited
by.25 carrying,out the hydrogen peroxide treatnent
mn}/??]m%%%?t}%‘fef %f@amﬁ’]hee%p)H by addi ng an al kali, but when
the pHEureptolthes hoaindgth martossigleasyindiowtdded, the

r P I -
e T BB A R S A A el {1 0g "1 ¥
carrwe incalel® voinhi bited. 30 (Reference Exanple 1)

Table 6
Sample Purity Mclecular YI
(%) weight value
Before treatment >99 8006, 000 15.9
Example 4
(alkali + hydrogen >899 800,000 8.3

peroxide treatment)

Comparative Example 3
{alkali heating >998 630,000 14.1
treatment alone)

From the result in Table 6, it was found that the decrease
in molecular weight of the copolymer may be prevented and

yvellowing of the copolymer in melting may be inhibited by

- carrying out the hydrogen peroxide treatment with controlling

the pH by adding an alkali, but when the pH control was carried
out solely without carrying out the hydrogen peroxide treatment,
the molecular weight decreases and yellowing in melting can be

scarcely inhibited.

(Reference Example 1)

To a 10% agqueous suspension of poly-3-hydrocybutyrate
[product of Aldrich Chemical Co., Inc., purity 95%, molecular
weight 650,000], 30% hydrogen peroxide was added in such an

amount that the concentration of hydrogen peroxide to be 5% by
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To a 10% aqueous suspensi on of poly-3-hydrocybutyrate

[ product of Aldrich Chemcal Co., Inc., purity 95%

nol ecul ar wei ght 650, 000], 30% hydrogen peroxi de was

added in such an 35 anobunt that the concentration of

hydr ogen peroxide to be 5% by 20 weight relative to

the pol yner weight (0.375%by wgight relative to the
suspensi on wei ght) . The suspension was heated and

stirred for 3 hours at 70c w thout adjusting the pH of
tW&lgk&quebaltlsaipeuse pnlyiﬁlee‘mrelq%et 40spéhsianwaaght relative
%ﬁkﬁiﬁ&gﬁﬁﬁﬁn t%% %EngﬁgﬁrwaguﬁEQ%Ed and

tV\/lceV\/l nol drle btain a

méwmmmbﬁ tvapovder’ 4 °s éﬁd’aﬁ@uﬁ r@duéﬂﬂtérrﬂ tiyp pH of the

éb&% éﬁgﬁ&d'nghghnaEhBU%bh eMBlisgulyaE Whshed by
p‘é$% S vvel htvaI ue Beforehydro e

n 0,0
Tt C8. Y650 457650, 58!6@ %W%S?h‘%?%d‘éenthaml'
Q&[d})@lrd@tirmbmetmlé pdwasas, f ohBd-ddatt e¥erhavpewddreis shown
p.FYOXI de treatnent is carried out to the

”g ? Trer” wi t hout adjusting the pH no decrease in
m)l ecul ar weight is observed and yellowing in nelting

Pe 4nhibited. 20 (Reference Exanple 2) A 10%
aqueous suspension of PHB (purity 95% nolecul ar
wei ght 6581500) wa S&af*aﬂgtged tHimefH 5 vﬁuf-‘htﬁdl Wﬂ-%ﬁular 11

h\/rlr nr‘hl ori r‘ v2a61u5e
t 0 "sai d suspension |ﬁ sucﬁ o

% £
am‘i’e eta “Toncent gati on 25 hydr,ggen e
topgg;ﬁ&& e gg,n_l reI@astE(?ve tooét‘ ﬁe pol ymeggr Q%%Od -2

It was found that even when the hydrogen peroxide
treatment is carried out to the homopolymer without adjusting
the pH, no decrease in molecular weight is cbserved and

yellowing in melting can be inhibited.

(Reference Example 2)

A 10% aqueous suspension of PHBR (purity 95%, molecular
weight 650,000) was adjusted to pH 5 with diluted hydrochloric
acid, and incubated at 70°C. 30% hydrogen peroxide was added
to said suspension in such an amount that the concentration of
hydrogen peroxide to be 5% by weight relative to the polymer
weight (0.375% by weight relative to the suspension weight),
and stirring was continued for 3 hours. Then, the suspension
was washed by centrifugation twice with water, further twice
with methanol and dried to obtain a PHB powder. The molecular
weight of the powder was 650,000 and the value before carrying
out the hydrogen peroxide treatment was maintained. It was
found that PHB maintained the molecular weight even after
carrying out the hydrogen peroxide treatment with adding an

acid.
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wei ght (0.375% by weight relative to the suspension
wei ght), and stirring was continued for 3 hours.
Then, the suspension was washed by centrifugation
twice with water, further twice wth nethanol and
dried to obtain a PHB powder. The nol ecul ar 30 wei ght

of the powder was 650, 000 angqt he val ue before

carrying out the hydrogen peroxi de treatnent was

mai ntained. It was found that PHB mai ntai ned the

mol eculEromwtihghtreeuén safineRefeaenygengxaupl ehel h@/@do@erﬂt was

i d
PRSI R} MR AD LA 8, 1 O esgne
f@@m‘@j mﬂecrﬂaﬁﬁé«kﬁw@fcoalum%dwgyﬁ%e PH w@th an alkali in

NP4 LEFH BF oVRl Y 1R MObe HECL 83X Wit Accordlngly, it
controlling the pHw th an alkali in carr

n
by BIrb gt Br BRFHEMERER Aarft CORRGFEIGOY. © Y 8e22658%n the

Uib Tiekeu e nedtiegion 0f @acopioly neit fiore thelmempregserdaide
nol| ecul ar . Wei ht in

the carr out_.t he :hydr

Per s RCr i R it R T A G T TR g che

rmmrsﬂ:in‘oflmmtlpmsehe dewvesasowl the meraaser ofeiphd of the
I ' ol ymer can be prevent ed.

%éﬁﬁ%gﬁ}%&%%ﬁ%iﬁﬁﬁgpme met hod for purifying

3- hydroxyal kanoi ¢ acid copolynmers according to the

pr esent ijnvent ion ngﬁgT'RtIA@,ogl@'@@I@ABQQImyevent

serlous ecr ease t he cu arryin

15" out o Bl pent HO Y et retid A8

3edsvycd:t mey:aet kanoirdingcid thepot ysetis inardttionprakkice tiessible

3-$ %: %g{-‘?&;ﬁs %Cecq:eacsq[:g!fyg?é ﬁl{)llgcﬁllgg Vpéj{réﬁé/ in carrylng

oW g~ or sten
extE e’m& ylysirmgeel pegogdsie TheaZmepdr @ﬁy‘@hka?rohzdla@aijdalkamlc

CQE?&y@%ﬁilﬁﬁ’% $19 & 'Q@';@f&@tﬁ‘ée h’&k%‘ B%Mi§'¥lkan01c acid

obt ai ne s net may be used br oad
appre? &P‘?%én ek PE‘rFEM%JttrI}O&’rtI Ve%?‘ylﬁgéfru?te@@hé@ melting,

3by22n extremely simple process.
The 3-hydroxyalkanoic acid copolymers having a significant high
purity obtained by this method may be used in broad applications

and is industrially wvery useful.
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CLAIM5 1. A nethod for purifying a 3-hydroxyal kanoi c
acid copolynmer produced by a m croorgani sm 5 which
conprises treating an aqueous suspensi on contai ning

t he 3-hydroxyal kanoi ¢ aci d copol yner separated from a
m croorgani smw th a hydrogen peroxide while
controlling the pH of said agyeous suspension by
addi ng an al kali either continuously or
intermttently. 10 2. The purification nethod
according to aim1l, whereLAIMAe pH of the aqueous
suspension is controlled to be between 7 and 13. 15
3. The purification nmethod according to Claim1 or 2,
wher ei rl + h& oefbent fari pRrofyhpdr @génhyémxwaékaﬁome acid
aGYEGLSnSH O8q 15y 1 4 R EANGS i h 01 to 1 % by

wel ght~. he purjfication method according to any
one of ‘r@} Brecompy 1589 B edthar®ian aieous suspension

3c@ﬁ{ﬂ£ﬂﬁ/r@dr Pﬁ&@% chwr@xy@p]@éﬂm alks dcoEepPghyreepatrated from
-.hydr ox exanoa%ﬁé%gg_one or nore,

ther .
o AR apacnBr P55 ERiE1 O Wit 1e cppfrolling the
nethod mmrmm@om ﬁ@wmsmn Gbspi aniirdg tan 31kt eéither

cons? ﬁdgﬁgf% eas QeQP%gLyggro}Sngnoﬁgfglyner

sel ect ed fron1a group consi sting of

3- hydr oxypireRi enatie; 3@ 13nh @ eXbub¥bati8ng to Claim 1,
3- hydroxyval erat e, 3-hydroxyhexanoate,

3- hydr JAHeparid Praief §hﬁy6985%98€t sheapesign jpecontrolled
pue i hé Clad tvakee? hagkidatsording to any one of Cains 1

to 3, 35 wherein the 3-hydroxyal kanoi ¢ aci d copol yner

is a binary 23 copol ynmer derived from
D-3-hyd?ox?hexanmaﬁécaMdoan@thpdraxybuﬁyngtEQ Otaam 1 or 2,

D 3 hy eyl Yl & GIt B4 TSy VAl §f B g e in the

o)

aqueous suspension is in a range o .01 to 1 % by weight.

4., Thepurificationmethodaccording to any oneof Claims
1l to 3,

wherein the 3-hydroxyalkanoic acid copolymer is a
copolymer of D-3-hydroxyhexanoate and one or more other

D-3~hydroxyalkanoic acids.

5. Thepurificationmethod according to any one of Claims
1 to 3,

wherein the 3-hydroxyalkanocic acid copolymer is a
copolymer constituted of at least two species of monomers
selected from a group consisting of 3-hydroxypropionate,
3-hydroxybutyrate, 3~hydroxyvalerate, 3-hydroxyhexanocate,
3-hydroxyvheptancate and 3-hydroxyoctanoate.

6. Thepurificaticonmethod according to any one of Claims
1 to 3,

wherein the 3~hydroxyalkanoic acid copoliymer is a binary
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7. The purification nmethod according to any one of

Clains 1 to 6, wherein the m croorgani sm produci ng
the 3-hydroxyal kanoic acid copolyner is a

m croorgani sm bel onging 10 to the genus Aeronobnas. 8.
The purification nethod according to Caim7, wherein
the m croorgani sm produci ng the 3-hydroxyal kanoic acid
copol ymer is Aeronpnas caviae or 15 Aeronobnas
hydrophila. 9. The purification nethod according to
mmmdﬂyméﬁ o i wesd ﬂrdm)m%BAMyﬂrﬂxdexaﬂdxmmanghnism

T P S st G S ran SR Ay T vd fon
wylwmmaam,c Lrci-thydyoriasy mrivupngkne

dsL 4 :g?g Qanmonas caviae. 10. The purification
nmet hod” acc Ing to any one of 25 Clains 1 to 9,

wherei n the aqueous suspension of the

3 hydr oxy altkanfi€i £ 86 1th GOREtHOBa dcd rehiind) PElng de of Claims
Iub|%’2|ng the total or part of cell constituent
C

es other than the 3-hydroxyal kanoic acid
copol yrv&feﬁeirse:ﬂaa“ aztj&:rtdte:ga’%ﬁsa_r yedramaialkarnie ¢ aci d
coRRlSEBh Y8001 00 PLUGY B LPRERUSLY ARy netonsing
%@yﬂn@xg@ﬁ%rf@@mmaﬁ copol ymer -cont ai ni ng strain,
and suspendi ng the 3-hydroxyal kanoi ¢ acid copolynmer in

35 water. o _ ) _
8. The purification method according to Claim 7,

wherein the microorganism producing the
3-hydroxyalkancic acid copolymer is Aeromonas caviae or

Aercmonas hydrophila.

9. Thepurificationn@thodaccordingixnanyoneofclaims
1l to e,

wherein the microorganism producing the

- 3-hydroxyalkanoic acid copolymer is a cell strain of

microorganism transformed by a poly-3-hydroxyalkanoic acid

synthase group gene derived from Aeromonas caviae.

10. The purification method according to any one of
Claims 1 to 9,

wherein the agqueous suspension of the 3-hydroxyalkanoic
acid copolymer is obtainable by:;
solubilizing the total or part of cell constituent substances
other than the '3—hydroxyalkanoic acid copolymer to separate the
3-hydroxyalkanoic acid copolymer by adding an -alkali
simultaneously with physical disruption while stirring a
suspension of a 3-hydroxyalkanoic acid copolymer-containing
strain, and

suspending the 3-hydroxyalkanoic acid copolymer in

water.



