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1 SOLVENT EXTRACTI ON OF POLYHYDROXYALKANCATES FROM Bl OVASS
FACI LI TATED BY THE USE OF A MARG NAL _ NONSCOLVENT
FOR PHA FIELD - - The present

I nvention relywéosorsmd net hods of extracting specific COoNMparERUSP6MAI26M ot her
bi omass conponents. More specifically, the present invention relates to
the extraction of a pol yhydroxyal kanoate from a bi ol ogi cal system such
as a plant or bacteria, by performng thg extraction with a solvent; the
extraction process being facilitated by the use of a mar gi nal nonsol vent

f PHA. t
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" living organisms ("bioplastic”), including genetically manipulated bacteria .
and crop plants, which are designed to produce polymers such as
polyhydroxyalkanoate (PHA); a number of bacteria which naturally produce
PHA are also promising sources of PHA. (See for example, Poirier, Y., D.E.
Dennis, K. Klomparens and C. Somerville, "Polyhydroxybutyrate, a
biodegradable thermoplastic, produced in fransgenic plants”, Science, Vol.
256, pp. 520-523 (1992); World Patent Application Publication No.
95/05472, published February 23, 1995; and World Patent Application
Publication No. 93/02187, published February 4, 1993; Novel
Biodegradable Microbial Polymers, E.A. Dawes, ed., NATO ASI Series,
Series E: Applied Sciences - Vol. 186, Kluwer Academic Publishers
(1990)). in a large scale production, for example agricultural production,
the harvesting and purifying of such bioplastic from the biomass debris is a
critical step for determining the practical feasibility of such technology.
The separation of polymeric lipids such as PHA from a large-scale
biological source, such as an agricultural crop, is not a frivial task. The_ o
-.:gonventional 'separation méthods used exterisively in the extraction oflow
molecular weight lipids are not practical to employ in a resin isolation
process: * For example; a simplé mechanical press is impractical because,
unlike separating vegetable oils from oilseeds, solid plastics cannot be
-squeezed out of crops by mechanical pressing.
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of PHA by sedi mentational nethods should be, in principle, possible.
However, sinple gravitational (1-G force) Zettling in a |liquid marginal

nonsol vent for PHA is, in fact quite inpractical. The rate of settling is
extrenely slow. In addition, such slow settling is easily disrupted by
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e.g., US Pat E’gém&lé@lﬂrmes Rbtem of bacterigictonemtingtitn aid sdtttueht S.

Pat ent 4, 324, 90 son, issued April 13, 1982;
uU. S. Patent 4,3 g@%"%"w cl@gtgséqggnh |ssued January 12, 1982;

U S. Patent 4,705 60énown semem:@rmom methags,are alse dimited fore dergecscalens 7:
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Sch echen. Réﬁ%*m&oﬂ%?r 3F, 18 bdoegria '€9§‘° ﬁﬁﬁaﬁ’%"’g&%ﬁﬁs}' oalicy
process of stri@iehghaleg enat§g| Wﬁf"ca{tm!‘ c r §ehy psadichlaremethape: en
forms a very hidichlorethané tsind éHloropropar®o(eés,mesg. V.S, aPgient 4/862,246an be
ext [ eel Y, 1! Stidenth, NEQRES Becemblf 91718857 U.8! P! 4324 307 Senior,
Wright and Alderson, issued April 13, 1982; U.S. Patent 4,310,684,
Vanlautem and Gilain, issued January 12, 1982; U.S. Patent 4,705,604,
Vanlautem and Gilain, issued November 10, 1987; European Patent
Application 036 699, Holmes and Wright, publiéhed September 3, 1981;
and German Patent Application 238 609, Schmidt, Schmiechen, Rehm and
Trennert, published January 10, 1986). In the process of stripping the
solvent, the concentrated PHA solution often forms a very high viscosity
fluid or sometimes even a gel; which can be extremely difficult to process.
Furthermore, such solvents are potentially harmful to health and
environment if not fully removed from the PHA. Consequently, the use of a
large amount of such solvents resulting in the formation of highly viscous
solutions or gels, especially near the harvesting site, would be undesirable.
‘Based on the foregoing, there is a need for a simple and economical
process for recovering bioplastics from a large-scale biological source.
Such a process would preferably be easily adaptable for use in standard
fermentation-based production for bacterial PHA. Such a process wouid
also preferably be easuy adaptable as an mtegral part of the agricultural
" production- of related commodltles e.g., oil and meal in the case of
oulseeds e
i is therefore an object of the present invention to prov:de a process
for recovering bioplastics from a biomass.
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Such a process satisfies the need for a relatively simple and
economical process for recovering bioplastics from a large-scale biological
source.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 sets forth a schematic of an embodiment of the invention
wherein a marginal nonsolvent for PHA from an outside source is added
(and later removed) to facilitate extraction of the PHA.

DETAILED DESCRIPTION

The following is a list of definitions for terms used'herein.

"Alkane" means a saturated hydrocarbon having the general formula
CnHan+2; preferably n is from about 3 to about 20; more preferably n is
from about 6 to about 16.

"Alkenyl" means a carbon-containing chain, preferably from about
C2 to about C24, more preferably from about C2 to about Cq4g; which may
be straight, branched or cyclic, preferably straight or branched, more
preferably straight; substituted (mono- or poly-) or unsubstituted; and
monounsaturated (i.e., one double or triple bond in the chain), or
polyunsaturated (i.e., two or more double bonds in the chann two or more
" ftriple bonds-iri the ‘chain, 6r 6ne or more double and one or more triplé - R
bonds in the chain), preferably monounsaturated.

© " wAlkyl" means a carbof-containing chain, preferably from about Cq
to about Co4, more preferably from about Cq to about C4g; which may be
- straight, branched or cyclic, preferably straight or branched, more
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4, The terms polyhydroxyalkanoate and PHA include polymers containing
one or more different repeating units.
PHAs extractable by the process of the present invention preferably
have a melt temperature ("Tm") of about 80°C or higher. Preferably, such
‘PHAs comprise at least two randomly repeating monomer units, wherein

the first randomly repeating monomer unit has the structure
Fo 8
O—CH—(CH)n~C

wherein R1 is H, or C'1 to Co alkyl; and nis 1 or 2; the second randomly
repeating monomer unit has the structure

T 9
O—CH—CH~C

wherein R2 is C3 to Cqg alkyl or C3 to Cqg alkenyl; and wherein at least
50% of the randomly repeating monomer units have the structure of the first
randomly repeating monomer unit. More preferably, examples of high
crystallinity PHAs. extractable .by the present processinclude those -
disclosed in U.S. Patent Application Serial No. 08/ 465,046, Noda, filed

. June.§,.1995;. U.S. Patent. Application -Serial No. 08/422,008, Noda, filed =~ =~ <™

April 13, 1995; U.S. Patent Application Serial No. 08/422,009, Noda, filed
.June 5, 1995; U.S. Patent Application Serial No. 08/467,373, Noda, filed
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PCT/ US96/ 13261 "Solvent" means a substance capable of dissolving another
substance (solute) to form a uniformly dispersed mixture (solution) at the
molecular or ionic size level.

“Nonsolvent” means a substance which is incapable of appreciably
dissolving another substance.

"Marginal nonsolvent" means a substance wihich is a nonsolvent by
itself, however, when mixed with a solvent, becomes capable of dissolving
solute.

"Precipitant”- means a substance which is capable of inducing the
precipitation of another substance and/or weakening the solvating power of
a solvent. While a precipitant is also considered a nonsolvent, however, a
nonsolvent is not always a precipitant. For example, methanol and hexane
are PHA precipitants and PHA nonsolvents; whereas oil is a PHA
nonsolvent, but not a very effective PHA precipitant (though at extremely
high concentrations, oil will cause PHA to precipitate out of solution).

All percentages are by mole % of total composition unless
specifically stated otherwise.

All ratios are weight ratios unless specifically stated otherwise.

The present invention, in its product and process aspects, is
described in detail as follows. '

Biomass

Sources from which PHA is extracted via the process of the present
invention include single-cell organisms such as bacteria or fungi and higher
organisms such as plants (herein collectively referred to as "biomass”).
While such biomass could be wild-type organisms, they are preferably

.~ ... Genetically manipulated species specifically designed for the production of
=T aspecific PHA of interest to the grower. Such genetically manipulated
e organisms are produced by incorporating the genetic information necessary .. .. ...

to produce one or more types of PHA. Typlcally, such genetic information
is derived from bacteria which naturally produce PHA.



June 6, 1995; U.S. Patent Application Serial No. 08/188,271, Noda, filed
January 28, 1994; U. S. Patent Application Serial No. 08/469, 969, Noda,
filed-June 6, 1995; U. S. Patent Application Serial No. 08/ 472,353, Noda,
filed June 7, 1995; U. S. Patent Application Serial No. 08/469, 269, Noda,
filed June 6, wo9mmand U. S. Patent 5,292,860, Shiotani and Keoheswabis
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gelnet ically naglggélﬁ'a% %,Eﬁacn:ggé, %“p’é@ﬁ?%g‘ﬁ@wﬁ?f@?@ékwﬂuﬁn@% tion of
a specific PHA 8fandR cRapaya; (Peasheyr (Rer,. Pineepplgentangerines, tematoyl and:d
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omparens and C. Somerville, "lPolyhydroxybutyrate, a biodegradable
thermoplastic, proc_iuced in transgenic plants”, Science, Vol. 256, pp. 520-
523 (1992); World Patent Application Publication No. 95/05472, Somerville,
et al, -published February 23, 1985; and World Patent Application
Pubiication No. 93/02187, Somerville, et al., published February 4, 1993
Particularly preferred plants are soybean, potato, corn and coconut plants
genetically engineered to produce PHA; more preferably, soybean.

Bacteria useful in the present invention include any genetically
engineered bacteria designed to produce PHA, as well as bacteria which
naturally produce PHA. Examples of such bacteria include those disclosed
in Nove! Biodegradable Microbial Polymers, E.A. Dawes, ed., NATO ASI
Series, Series E: Applied Sciences - Vol. 186, Kluwer Academic Publishers
(1990); U.S. Patent 5,292,860, Shiotani and Kobayashi, issued March 8,

1994; U.S. Patent 5,250,430, Peoples and Sinskey, issued October 5,
1963; U.S. Patent 5,245,023, Peoples and Sinskey, issued September 14,

s ene e 1983;U.8. Patent 5,229,278,-Peoples-and Sinskey, issued July 20, 1993, -~ 7



WO 97/ 07229 PCT/ US96/ 13261
6 Pl ants useful in the present invention include any
genetically engi neered pl ant designed to produce PHA. Preferred plants

i ncl ude agricultural crops such as cereal grains, oilseeds and tuber
plants; nor ewo @i ably, avocado, barley, beets, broad bawmrwdseaizsheat,

carrot, coconut, copra, corn (nmize), cottonseed, gourd, lentils, |im
bean, mllet, mung bean, oat, oilpalm peas, peanut, potato, punpkin,
rapeseed (e.g., canol a), rice, sorghumy soybean, sugarbeet, sugar cane,
sunf |l ower, sweet pot at o, tobacco, wheat, and yam Such genet ically al tered'
fruit- bearlng ] . he,. S tj on

i ncl ude, but a¥e Beioan e 3.8 MR nonsol Sdah e
cherries, gr ap.BﬁA kurrquat \ ermn lime, or ange papaya peaches pear ,
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plication Pu | she
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Sonerville, etthe PHA solveninsemthe selution thareby resultiag in @ususpepsiarept: r ed
pl ants arg soy itapsd BHA iis the ma@.mqmublvahaMrspﬂAgeruﬁudianwthe
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useful in the pres g%tqr ﬁﬁ@en éﬁsg ?%rﬁg\ﬂné en@ ﬁéc‘af'?"“"'eﬁ'b ﬁg?ﬁé
bacteria desig %epv'aa@@@"#ms PHA. \\Ere sg[ %mpﬁatmpm is maderun | v
‘produce PHA. Eshitipd esargihab nohsdhveartt dor PHA dissdivetihors disgasedcinethe PHANovel
Bi odegradabl e Myerqbi al Pol yrrers E. A Dawes, ed., NATO ASI Series, Series
E: Applied Sciences_- Vol. 186, Kl uwer Academc Publ i sher s 61990 . U. S
Pat ent 5, 292, 860, smppmenhwuew&mafyaaﬂr reiates tp.the\suspansion anddhe P@fs
Pat ent 5, 250, 48fbduced py tise pméefs nskey, |ssued Oct ober 5, 1993; U. S. Patent

5,245,023, Peopl es ? YPHA SRRt B %eg apitrs Fonzking; b6G !
5,229, 279, Peopl
eog etgteart]:u prt:pnm)l/ateI BS utyrolacto e, -y-butyro actone, liquified carbon

dioxide, chloroform, 1,2-dichloroethane, diethyl carbonate,
diethylformamide, dimethyl carbonate, dimethyl succinate, dimethyl
suifoxide, demethylformamide, 1,4-dioxane, ethyl -acetate, ethylene glycol
diacetate, methyl acetate, methyl ethyl ketone, 1,1,2,2-tetrachloroethane,
tetrahydrofuran, 1,1,2-trichtoroethane, 1,2,3-trichloropropane, toluene,
xylene, or mixtures thereof. '
More preferably, the PHA solvent is acetone, acetonitrile y-
butyrolactone, 1,4-dioxane, methyl acetate, toluene, methyl ethyl ketone,
ethyl acetate or mixtures thereof.
iIn a more envnronmentally benign process, the PHA solvent
preferably is acetone, butyl acetate, ethyl acetate, methyl acetate, or
mixtures thereof, more preferably acetone or ethyl acetate; more preferably
still, acetone. '
Preferably the PHA solvent is employed in the process at an
elevated temperature, as the rate of dissolution of PHA in the PHA solvent
e s gtglevated temperatures has been fourd t6°be substantiafly faster. “While ™~~~
extraction of the PHA may be conducted between about 20°C and the melt
c e e tomperature of the PHA; “more preferably between ‘about'20°C and about = ™"
80°C; more preferably between about 45°C and the boiling point of the
- PHA solvent, more preferably still, from about 50°C to about 60°C.
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PCT/ US96/ 13261 7 Sol vent
Extraction Facilitated by the Addition of a Marginal nonsolvent for PHA
The present invention relates to a process for separating

pol yhydr oxyal ksoezo=2g¢ PHA) from a bi omass conprising the PHApcT/ossen3ags10cess
conprising: a) treating the biomass with a PHA solvent and a mar gi nal
nonsol vent for PHA; b) renoving any insoluble biomass, thereby |eaving
behind a solution of PHA and margi nal nons®lvent; and c) renoving t he PHA
sol vent fromthe sol ution, thereby resulting in a suspension of
precipitated PHA in the margi nal nonsolvent for PHA. Optionally, the
process further conpPrefesabhe tae i seljd: messregantainingnthes RHA s StluradPHang

thereby | eavi ngehmm Wita A PHS sofent, 88 iy e Bcabie %Srag&? up
of the margi naI B PHA di ssol ved or di sperse

sol vent . Igﬁ’ginﬂ f'ﬁVent lon further relates to the suspensi on
and the PHA  producdbegpmoval pf the HHA solvent fromPiae Salutidn y:ontbmnﬁﬁ‘lm’m| vent
i s acet one, acet-ésuwsrml the é\@h&ﬁifpreéi Ratlon oﬁPF#@h@ Cargﬁe BbREY. O gﬁe

|
Lﬁ{ (r)]r 0??} x{ ol ac '-'F %ﬁﬁé‘ﬁ W' grw e lS’BH‘é‘F a?ed PHA solution
di et hyl f or mani defte'a fmsw weaahisbrvaﬁc@smdﬂm orysomatimssenen a gelysiHigh can

ycol
sul f oxi de, denebéyéextramelyi difficult. tb- Provesse. ietHe 'sorfiSh ddhtaifs cﬁﬁ

[ th t ne hane,
oo o n g R e o) Ao O 1 i
xyl ene, or ni xt UPER theeamayeal of the PHA solventanst form acsispensioreinthé marginaht | S
acet one, acet onnbnsdleertdorPHA. but yrol act one, 1, 4-di oxane, net hyI acet at e,

m, xt ur.es t her
} gl geg{e;r em;;\r/]?/lr oﬁ%%ﬁ%ﬁ}&-@b@ﬁ “B’r?ﬁb%&%gg %@Hﬁ%mﬁﬁ i EE@F%B} y is
acet one, butyl &AB Qf%cesét enables ane 40 @M&lﬂy thex advantagesr of ra margiral
thereof; more pnefisotdrityfor RHA 0.0 oift foY Ithe qbaibRatinEP PRIAD 'evbR 'vilerY the Sti l |,
acet one. marginal nonsolvent for PHA is not present in the starting biomass (e.g.,
non-oilseed biomass, or bacteria). The marginal nonsolvent for PHA acts
as a process aid by impeding the build up of excessive viscosity or gelation
during the stripping of PHA solvent from the biomass.
The marginal nonsolvent for PHA must not significantly interfere with
the solvating power of the PHA solvent, as it will be mixed with the PHA
solvent during the extraction process. -By itself, the marginal nonsolvent for
PHA should not appreciably dissolve PHA, as dissolutiqn of the PHA would
preclude suspension of the PHA as discrete particles. Preferably, the
marginal nonsolvent for PHA is less volatile (i.e., has a lower boiling point)
than the PHA solvent. Such a lower volatility will provide for easier and
cleaner separation of the PHA soivent. Preferably, the boiling point of the
marginal nonsolvent for PHA is at least about 5°C higher than the PHA
solvent; more preferably at least about 10°C higher; more preferably at
least about 20°C higher; more preferably still, at least about 40°C higher.
Preferably the marginal nonsolvent for PHA is a C3-Caq alcohol, C1-
C20 alkane, fat, neutral lipid, oil, water, or mixtures thereof.
B Preferred alkanes inciude decane, dodecane, hexadecane,. and. ... ..
" "octadecane.

Preferred alcohols include hexanol, Iauryl alcohol, octanol, oleyl ... ... -

' alcohol, and stearyl alcohol.
Preferred fats include tallow, grease, and wax.



Preferably the PHA solvent is enployed in the process at an el evat ed
tenperature, as the rate of dissolution of PHA in the PHA sol vent at

el evat ed tenperatures has been found to be substantially faster. Wile
extraction of the PHA may be conducted between about 20[err]C and the nelt
tenperature ofoviemasHA; nore preferably between about 20[ ercrjdoemzzénbout
80[err]C nore preferably between about 45[err]C and the boiling point of
t he PHA sol vent; nore preferably still, fromabout 50[err]C to about
60[err] C WD 97/ 07229 9
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Preferably the sol iptefgied | R S il traction
with the PHA sol. P} as tﬁ?'gia? Iiﬁid%glnbf&ﬁe rHGné to?; &fd %y%lﬁbggnssg ution of

the PHA. ac'g'?'ﬂglqceﬁﬁ'gaﬁ"doﬁ 5?0 acécﬂ%l 3%‘?’%5"2%?‘% ?@ﬁf'% 39[9; gnd pRimiis: ai ni ng

PHA results @aidt he eventual precipitation of PHA as crystal i ne solids.

In the  process OfPréférfd%lQQnélhﬂe frierandils Q&Y‘@é‘é’é abib'lﬂs(lﬂ gﬁ@éﬁd PHA

sol ution ofte r hi gh viscosity fl or some even a gel;
whi ch, can w&QF @ﬁél@eﬁﬁ)f icult to process. If t he sol ut | on contains a
mar gi nal nonsol v dilte previonsix deserined embagdimentsaif fhenpresentinventiontiavePHA wi | |

ﬂl eci pi tat el Hagy édrﬁrlélﬁgouﬂarﬁgésheinaﬂﬁm‘go|é¢8%n§é‘doff eri]rml Sé'snﬁns' on in
e margi na

exenpl i 19 ied i nwéh@:%Mfd;B? églrn? 'L_ﬁlh—ﬂ PE o}hem%ﬁg "@iyaﬂ*‘foﬁ'é‘“&ﬁe to
obtai n the advRIRERSFes msasmhwﬁalby mcwtmrﬂ\efmm (of.RHA lmth)a for the
precipitating ﬁfbwenwmhwﬁargrnbpnonmmwr PHALS The Sdrginal ndHsdiveht it

t th r acterl a
e mar gi nal | AR Rt 3SR e ﬁ'scé%@zc’&-éﬂ#%i?gf’&ﬁ%gﬁ B e )
bui | d up of exefddiiy dawaveprop remoga.ll %ftmsrrelaamivwglatﬂm qu{ﬁﬂhg f PHA
sol vent from tMarglna)rrmsolvent for PHATWIY betofrienan effettne siependifg middiumust not

i 11 be e 5 46 edolipind, HAC(R"WBIS BRI, e W‘i‘apﬁ’ﬁ‘ﬁe&&!ﬁ" e

itself, the metANRBO PRWRSo| mparaﬁ to Pmmﬁatnatedrﬁqlutmpwaewsmwom@‘so| ve:
PHA, as di ssol pslymer sblid Ha #HRidvnongolverite typithtly Shesd efutholowar dpparéhtA as
di screte partiglasity Rirdf 8 Posseldds superior processability. The elimination of
the serious problem of gelation often encountered during the stripping of
solvent from a concentrated polymer solution is an unexpected and
significant advantage of the invention. '

Another surprising advantage of the present process is its ability to
produce suspensions of PHA which can be used, for example, as coatings,
binders, additives for paints, food, adhesives; as well as carriers for dyes,
pigments, biocactives and perfumes.

An additional surprising advantage of is found in certain
embodiments of the present invention which have the ability to extract
crystallizable high melt temperature (about 80°C or higher) PHA without
using solvent containing halogens. The relatively environmentally benign
PHA solvents used in such embodiments of the invention such as acetone
and sthyl acetate, are inexpensive, safe and readily available, even from
renewable sources. Such PHA solvents are also considered far less
damaging to the environment, especially the ozone iayer of the earth,

extraction of PHAs from bacteria.

herein which were heretofore unknown to be useful as solvents of
crystalline polymers having relatively high melt temperatures is not a trivial

. compared .40 -halogen - containing - compounds: typically used for - thg=x .=« 7=

- Additionally; the discovery-of the ‘utility of certain substances'used =~~~ "~ "7



mar gi nal nonsol vent for PHA is less volatile (i.e., has a | ower boiling
point) than the PHA solvent. Such a |ower volatility will provide for
easier and cleaner separation of the PHA solvent. Preferably, the boiling
point of the marginal nonsolvent for PHA is at | east about 5[err]C higher
than the PHA webywense nore preferably at |east about 10[ er racirbssghszes nore

preferably ‘at |east about -20[err]C higher, nore preferably still, at |east
about 40[ err] C hi gher. . Preferably the margi nal nonsol vent for PHA
is aderr]-Cerr] alcohol, Cl- C20 al kam@, fat, neutral lipid, oil,
water, or mxtures thereof. - Preferred al kanes i nclude decane,

ﬂgggﬁgre | gﬁ)r(?/dmﬁl l.rcleum%dnl oacrbwdrﬁl elala@lar weight conila'oahesé aAd mhenfyhtalmaiml ude
, , (0] (6] a0l GONO a ear al C O] .
Preferred fats ?ﬁ(‘?r‘ﬂg@st B?&h@?s'g%aﬂ‘bﬂ% %&ystalhn@ ngywsf%ﬁﬁﬁ'!"?gg“

PCT/ US96/ 13261 predicted from the commonly used simple criteria, suclp as the similarity of er r ed
Do and 1§ nei echniedParEhfcture br maéHing o réfrati8hReos, disbric tatants)cl ©! ¢
B et errod o1 s w;}aggga@fmﬁaﬁte@r @ annit § P'sﬁfgiz'a? wgadaigv&g?j ,prggighmgaen,'
canol a, and t hesolukilify of crystallingipolymersi isuthey wel-kpowneios tyi anf the
Pormng a i gh Poyeynshe@Hs et Ko shipodeiis ara Hedduriie guicace o
bt rengl v di 1 DyABestpon repett bnftk SGimiShy, Hystaliber dighath paivesSen ke
extracti on of Pigotadtict hepoly(Sdwdraxybutyratéle nemdi npoly(@hydoxbutyrate-cdBA. The
mar gi nal. nonsol yedroxjileratd) artot idppidcidbly sBRIbKET athyR abbtafd tBt%cSﬁh%O' vent

Vol At 1T PHA softarhafeudtl tne snemical SRYSUERS, of ksl SBiOuNAR) mid ot ©' ¥
ef fective suspecenaig meleculer ityt h&hys, cthepfortuitous) disgavenisthal crystalline
particles) due ppA Eénthinifg atsniaiamoaMt SRinediinP 8128 brakEiBRPE4 bb Teadily
f;glcgg][ Ir;’;;t ﬁgss%ﬁbﬁgws‘iﬁﬁgﬁgﬁtg& i&f’ee&)&ll'%ﬂghg.sol idin a fluid nonsol vent
The following examples further describe and demonstrate the
preferred embodiments within the scope of the present invention. The
examples are given solely for the purpose of illustration, and are not to be
construed as limitations of the present invention since many variations
thereof are possible without departing from its spirit and scope.
Example 1
Extraction of PHA from Aeromonas cavie .
The following procedure improves upon the method for isolating PHA
from Aeromonas cavie as set forth in U.S. Patent 5,292,860, Shiotani and
Kobayashi, issued March 8, 1994. A fermentation batch of Aeromonas
cavie is centrifuged, washed with water and methanol, and vacuum dried to
yield 120 g of dry cell. The dry cell biomass is then placed in a closed
container with a mixture of 800 mL of chloroform and 200 mL of dodecane
for Shrs at 50°C. The insoluble solid biomass is then removed by using a
wire-mesh filter. Chloroform is then removed from the solution mixture
under reduced pressure at 50°C and collected with a water-chilled
condenser for further use. The removal of chloroform results in the
formation of a suspension comprising solid fiakes of poly(3-

o s <hydroxybutyrate-co-3-hydroxyhexanoate)  dispersed “«in “the” remaining:

dodecane. The flakes are separated from dodecane using a fine-mesh
- -filter, rapidly. washed with-the chilled chloroform; and dried to yield 7 g of ~"""
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate).
Example 2

NARRIID o F T



viscosity and thus possesses superior processability. The elimnation of
the serious problemof gelation often encountered during the stripping of
sol vent froma concentrated pol yner solution is an unexpected and
significant advantage of the invention. Anot her surprising

advant age of wbempnssent process is its ability to produceperessenséons of
PHA whi ch can be used, for exanple, as coatings, binders, additives for
pai nts, food, adhesives; as well as carriers for dyes, pignents,

bi oacti ves and perfunes. ' An addi §4onal surprising advantage of is
found in certain enbodinents of the pr esent |nvent|on whi ch have the
ability to extract cryst A (about 80[err]Cor
hi gher) PHA wi t hout ? | ) he rel atively
envi ronmental |y bentgmfolipy FerHre “UB’@H‘”H mglfﬂ%ﬁi’@tlﬁg PHAe

i nvention suchfrem dtlenlxgeaesaeulmphmpl asceehtferth aire W/SexPatent V4,562,246, and

readily avail aighgontatf fhskiolDedsfibayat foes riddACEIdBnsg elfBbRu © 3! SO
FRR N gl o g

used for the dximetoanodfonf5Phinutés maﬁaosmam pressure to Mdo*e Qbhble/, t he
ﬂgfg?g?g?’eo‘;nw pids! Thb%ll@ﬁr&&ﬁé&lgﬁg%?ﬁ‘éﬁn%%md tlﬁhngel % Sre
having rel ati vgf %ﬁﬁP‘gﬁma’ﬁeTPﬁ ﬁf‘lﬁ‘tﬁ"se ?@sﬁdf‘lﬂf’? F%E’W gfm and 9&)

97/ 07229 - hexadecane at atmospheric pressure for 30 mmutes to exn@tt W3-13261
10 task. Uniy frateRH-3RY %Wer 9|The‘i'9§ilil rﬁé&dare filters

noncrystalliza h Iub|I|t y |ne

pol yners canno?e'ﬁg %Fﬁ'&eédpﬁ?%ﬁ?ﬁ‘?@%ﬁrﬁﬁ? 'ﬂ?\é%a/ ‘F‘@ ?&P such
as the sim | ar isplgtion undem@ nedusced pressiure; dbereby dnavmg belmng acsuspecﬁslmbf ve

i ndi ces, diel epapd 60IEP!IEN(;"'}.rl'Sffi:»on(Slhya&hﬂ'.vhtyJ étb HR&?\F %ﬂ%r@é@@' e
for the inability. to soI Cr sal? ne2 rsis
the wel | - known™ ﬁg’éqq.%ﬂ‘?‘t ;‘tﬂ?fﬁh%eﬁ @%’l‘?é/%r% 'i“H"gn e both
conpounds are ielk62g Owlymwuwmwaﬂudmvabm units. S| mlarly,
crystalline aliphatic polyesters |i keExamp@t;;act I ¢ pol y(3-hydroxybutyrate)

and poI y(3- hydroxybUtyréﬁt?acﬁgnngHAfrom domonas cepacia

The following procedure improves upon the method for isolating PHA
from Pseudomonas cepacia as set forth in World Patent Application
92/18553, published October 29, 1992. Psedomonas cepacia celis
containing copolymer consisting mainly of 3-hydoxyoctanoate are
centrifuged, decanted, and resuspended in water four times, and then
freeze dried. 10 g of dried cells are refluxed with a mixture of 250 mL of
acetone and 50 mL of 1-hexanol at atmospheric pressure for 20 minutas to
extract the 3-hydroxyoctanoate copolymer. The resultant slurries are-
filtered to remove cell residues. The acetone is then removed from the
extraction solution under a reduced pressure, thereby leaving behind a
suspension of soft solid particles of 3-hydroxyoctanocate copolymer
dispersed in 1-hexanol. The flakes are then collected by draining
hexadecane to yield 4.8 g of copolymer.

. Example 4

Extraction of PHA from Potato

in World Patent Application Publication No. 95/05472, Somerville, et al.,

93/02187, Somerville, et al., published February 4, 1983 sample comprising
- poly(3-hydroxybutyrate-co-3-hydroxyheptanocate) containing 7.5% 3-

=80-g of transgenic-potato (prodeuced, e:g.,-by: the-process set forth-~~ ==~ " ™

-=published-February-23;-1995;-or World Patent Application: Publication Ng, ™ > &7



hydr oxyval erate) are not appreciably soluble in ethyl acetate or acetone,
even though the chem cal structures of these conpounds nmay suggest

certain nolecular affinity. Thus, the fortuitous discovery that crystalline
PHA containing a small anmount of nedium size branches can be readily

di ssol ved in such solvents is indeed surprising. The foll ow ng
exanpl es furt hegio #@erpi be and denonstrate the preferred enbpeiasdsinszer

wi thin the scope of the present invention. The exanpl es are given solely
for the purpose of illustration, and are not to be construed as
limitations of the present invention sirf& many variations t hereof are
possi bl e -wi thout departing fromits spirit and scope.

Exanmple 1 Extraction of PHA from Aeronpnas cavie

The foll ow ng procedure inproves upon the nethod for isolating PHA  from
Aer onbnas cavilydeexyheptanoatehréepeat uits ﬁatmnedsmamieﬁd c&lhtamaard'aasgaﬂ

Kobayashi cavi e
is centri fugeWwaHﬂ rﬁi‘oﬁaﬁ&t%aéeapﬁa‘]; gﬁ’;’)ﬁ? g yield
120 g of dry 38 '&%FPUB%I?RE?"F'E 9t %ﬁ’" IG?@'EP“

cont ai.ner vmtrfmrthapotatoosn (H)wire-méshdﬂleurd‘here:draoﬁbreﬁﬂumnodntdmm:ane

for 5hrs at ﬁ r&gmﬁyw Vedydy using
t t t

(nder r educes m@eﬂ% 3@51?&?%#&@%%% tle scrpeca” ¢
condenser for wuchhsrcollemtedﬂyea MIladfomdeosutoAﬁarmelmvahOfﬂw
formtion of ashen drshag(yrey b a-cS 3itglitioheptanoate)

hyd but yr at t h

dodecane. The mmgnﬁ% eGSR RESHY NG R 1°G Tiet e o
filter, rapidlyield? geof purehvegetabldoill khecpoigmef flakes aredwdshesiwitb cpidb| d 79
of  pol y(3- hy SedsNe, W A l%cmbd by thB CecHUBALE to remove the residual

oil and then

PCT%|886/213261°““'“3 dried to yield 6 g of crystalline, golid of poly(3-

Extracti on of HRydrokybutyratecco-S3chydeaxybeptaopatey The acetone used for the
washing, is combined with the vegetable oil, and then used for further
extraction of poly{3-hydroxybutyrate-co-3-hydroxyheptanoate).

All publications, issued patents and patent applications mentioned
hereinabove are hereby incorporated in their entirety by reference.

It is understood that the examples and embodiments described
herein are for illustrative purposes only and that various modifications or
changes in light thereof will be suggested to one skilled in the art and are to
be included in the spirit and purview of this application-and scope of the
appended claims.



The follow ng procedure inproves upon Wti ng PHA from
Al cal i genes eutrophus as set forth in U, S. Patent St ageman,

i ssued Decenber 31, 1985. Spray dried: Awm hus cells

cont ai ni ng pol y(3-hydoxybutyrate-co-3-h wgm Mre refl uxed in
met hanol for Wegrer2pes at at nospheric pressurLe Mo e S@CKise6/13261

Iipi ds. The cells are dried on a tray at 30[err]Cin an forced air tunnel.

10 g of dried cells are refluxed with a m xture of 250 nL of chloroform
and 50 nlL of hexadecane at at nospheril® pressure for 30 nminutes to
extract pol y(3- hydoxybutyrate co- 3- hydroxyval erate). The resultant

slurries are filtter &dProsess for csapamting polyhydinxyalkanoale (Fom  af biomass t hen
removed from t kemprisingdhé polyhydrogyikdrioate, undﬁfooaséeﬁat%eﬁnﬂé@sy‘fure t her eby

| eavi ng behind a su ens | J

pol y( 3- hydoxybutyra wdthebwﬁé’%s%@ %’M 8ﬁ<amatPr?°f¥@§‘5589ane
The f1akes are then col |wa§amal,nqnsalvenhfgrnelvau@rm anpate; yield 6.2 g of
pol y(3- hydoxybut yr abp- coreandvmy any\:inédumebwmass thereby leaving behind a

'E)r(\gr?lolel gWI ng procedure | rove 'g‘c)m? %@{ﬁ@omg@’ﬁ’ﬁ@@ﬁ@“ : from

Pseudonbnas cepaci a as SB‘P 'FYﬁ"P’FYaF an at ent Application 92/ 18553
publ i shed Cctober 28) 19%Mmoviristhéopolyriiroxypiianoatecsdigent front the Solifi

copol yner consi sting nai flove yQgt agoa e

decanted, and resuspended x&/a%emm % Q gﬁsﬁngﬁgn of Wéﬁ% ried.
10 g of dried cells are P@Vh @araslﬁanna@ m"kt#ﬂ% dnargingl nnogsolvent sfast one
and 50 nL of 1 -hexanol polyhydrosmlikanoatepr essure for 20 mnutes to

extract the 3-hydroxyoctanoate copolyrrer The resultant slurries are

filtered to regove cell residue to then renoved fromthe
extraction sol &tion Sﬁ?ssaa‘?cgfff\ﬁ%@ é? ,j\.nihert Faaterized by remoNingi the a

suspensi on of gwErginabhodsgiventifot pelybydrexyalkarmele) therebytleaving behindr the
di spersed in 1 RixyalkBfodtbakes are then collected by draining
i

hexadecane to vyi copol yrer.

Exanpl e 4 Extraction of PHA from Potato

60 g of transg@nl c pAapracess acasndiog telany oge oftiye pracedingaalaimsandiersior the in
\[;\b[:) : dsﬁgg egte S i yhydidxgaikBHbate CEdIveHt i%'gselaéie%f%l% (t:ra@ P'dgf‘s'gﬂ? g %f- -

ubl i | ubl | [

93/ 02187, Some;@éﬁné g%agﬁitnlg #rfzgﬂg,daé@ly ué%@atg %5@?& ? ﬂgrl si ng
pol y( 3- hydr oxy ibutyrelactene lestoree diquifieg: earbopodioxidei NQIOTGfOB% 1,2%3-

dxchloroeth'ane dlethyl carbonate diethylformamide, dimethyl carbonate,
dimethyl succinate, dimethyl sulfoxide, demethylformamide, 1,4-dioxane,
ethyl acetate, ethylene glycol diacetate, methyl acetate, methyl ethyl
ketone, 1,1,2,2-tetrachloroethane, tetrahydrofuran, 1,1,2-trichloroethane,
1,2,3-trichloropropane, toluene, xylene and mixtures thereof,

4, A process according to any one of the preceding claims wherein the
marginal nonsolvent for polyhydroxyalkanoate is selected from the group
consisting of C3-Cog aicohol, C4-Coq alkane, fat, neutral lipid, oil, water
and mixtures thereof.

5. A process according to any one of the preceding claims wherein the
R R biomass is bacteria or plant material.

polyhydroxyalkanoate comprises the following repeating unit:

* . . ... 8 A process according to. any.one of the preceding claims.whereinthe . .. .. ... ... .
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repeat units is placed in a cl osed cﬁmﬂlmﬂmg”ﬂlﬂﬁﬂ with 600 nL of acetone
and 150 nL vegetable oil and stirred C. The acetone

sol ution cont awogmp7edee oil and PHA is then drained fromthe Hadoen 481 Ny a
wire-nmesh filter. The extraction solution containing vegetable oi

pol y( 3- hydr oxybut yr at e- co- 3- hydr oxyhept anoate) and acetone is placed in a
steam heated kettle to boil off the vol atifge acetone, which is collected by
a water-chilled condenser. After the renoval of the acetone, solid flakes
of pol y(3-hydroxybutyrate-co-3-hy rowaeptanoateﬁ appear in the renaining
oil which are drained by using a fline Jresh filteffjto yield 7 g of pure
vegetabl e oil. The pol yner fl akes—Tafe-GlHshBHnht+C+teol d acet one, previously
collected by the condenser, to reHDve the residual entrained oil and then

dried to yield whgrein &ls)meisrably\bl alisyl ar alkenyljlandIm is from 1 to 4.
hydr oxybut yr at e- co- 3- hydr oxyhept anoat e). The acetone used for the washing,

is conbined with the,v erggé bl e o and then, ysed for, further extraction of
pol y( 3- hydr oxybt f‘ep Fﬂe 'P%HB%P&%B preceding|dlaims whereini thas , -
i ssued patents Belyh lkamate@amnass ableasbhmrdmdomly\ﬂépalm mbrimié?by

i ncor por at ed Inuhiwlvl?hé?éirithemwdnddﬁilﬂéﬁmng mano er'tfmtﬂ% ] pd that
ustra V

t he exanpl es and enmbodi nent s descr¢ bed hereln are purposes
only and that various nodification orR hanges | I ght thereof will be
suggested to one skilled in the ar &"tks I ncluded in the spirit
and purview of this application an Me~dppended cl ai ns. WO
227%/ 07229 wherein R1 is H or C4 to 02 alkyl and nis 1 or 2; the selc::)oCrIé 93?%&3261
repeating monomer unit has the structure
9
CH—CH;—C

wherein R2 is C3 to C19 alkyl or C3to Cqg alkényl; and wherein at least
50% of the randomly repeating monomer units have the structure of the first
randomly repeating monomer unit.

8. The suspension of precipitated polyhydroxyalkanoate separated by
the process according to any one of the preceding claims.

9, The polyhydroxyalkanoate separated by the procus according to
any one of the preceding claims.



1. A process for separating polyhydroxyalkanoate froma bi onass
conprising the pol yhydroxyal kanoate, 'the process characterized by:
a) treating the biomass with a pol yhydroxyal kanoate sol vent and

a margi nal nonsol vent for pol yhydroxyal kanoat e; b) removi ng any
i nsol ubl e bi omsgo722er eby | eavi ng behind a S CTIUS961 3261

pol yhydr oxyal kanoat e and mar gi nal nonsol vent for

pol yhydr oxyal kanoat e; and c) renovi ng the pol yhydr oxyal kanoat e
solvent fromthe solution, thereby resulting in a .
suspension of precipitated 1/1 pol yhydr oxyal kanoate in the
mar gi nal nonsol vent for pol yhydr oxyal kanoat e. 2. A

process according to claiml further characterized by repnuing.the
mar gi nal nonsol vent for pol yhydroxyal kanoate, thereby |epving behindjthe
pol yhydr oxyal kanoat e. 3. A proce&s according to any pne of the
precedi ng clainms wherein the polyhy®roxyal kanoate sol vept is selected from
the group consisting of acetone, ac@®toniffTfrte, be ne, | butyl acetate,
butyl.propionate, [err]- butyrgbact®8ne, |[grr]-but rc_ﬂg one, Kiquif|ed
carbon dioxide, chloroform 1, dh§hloroethane, i dt Ny cardﬁnate,

di et hyl formam de, di nmethyl carbonatef di'vethp—suesHnat g, di net hyl
sul foxi de, demnet hyl formani de, 1} 4-di 8kane, et#yl acetatp, ethylene plycol
di acetate, nethyl acetate, met hiy| et y| ketond, 1,1,2,2}tetrachl oropt hane,
tetrahydrofuran, 1,1,2-trichlorfethane, 1,2, 3- trlchloroaropane, t ol bene,

xyl ene and m xtures thereof. . A proc o dlng [0 _any one ol the
precedi ng cl ai ns wherein the rgi nal nons or polyhydroxyalkanoate
is selected fromthe group conpgisting of err] al coho
Cerr]-Cerr] al kane, fat, neutfal |ipid, 8r and nlxtures t her eof .
5. A process according to any| one of the p e edlng clains wherein the
bi omass is bacteria or plant erial. process according to any
one of the preceding clains whefein E?e pdlyhydroxy | kanoat e conprises the
foll owi ng repeating unit 4—%—-—-—— -
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(57) Abstract

The present invention relates to a process for separating polyhydroxyalkanoate (PHA) from 2 biomass comprising the PHA, the
process comprising: (a) treating the biomass with a PHA solvent and a marginal nonsolvent for PHA; (b) removing any insoluble biomass,
thereby lcavmg behind a solution of PHA and marginal nonsolvent for PHA; and () removing the PHA solvent from the solution, thercby
resulting in a suspension of precipitated PHA in the marginal nonsolvent for PHA. Optionally, the process further comprises removing
the marginal nonsolvent for PHA, thereby leaving behind the PHA. The present invention further relates to the suspension and the PHA
produced by the process.




