VD 97/ 07230 : ' PCT/ US96/ 13262
SCLVENT EXTRACTI ON OF POLYHYDROXY- o ALKANOCATES FROM

Bl OVASS FI ELD The present

I nvention relates to nmethods of extracting specific conponents from ot her
bi omass conpdYRPA¥E230\bre specifically, the present inventi F&TASPHI3RE t o
the extraction of a pol yhydroxyal kanoate froma biol ogical system such as
a plant qr bacteria, by performng the extraction wth a solvent.

BACKGROUND Commodi ty polynmers arettypically produced from
petrochem cal sources by well-known synthetic neans. However, recent
advances in technol ogy &@ N?SE*TRAC"!TONWP qq.pm xyew sources of
commodity pol ynmers. Part | cung[_ uct ion of plastic
resins using living organis dlng genetically
mani pul ated bacteria and crop pl ants V\:hl ch are de5| gned to produce

pol yners such as poI yhydr oxyal kanoate a nunber of bacteria which

ggf ::l:’ 2IrIyY.p1roduce F{-S%"Ellﬁ%'ﬁro éiﬁge% ourc ) Of?{?'géf‘@&'"ege for, exarrpl e,

" Pol yhydr oxybmommntsarom |06wg:lqaags compenants| ubre gpeqsﬁaadiucﬂaa present

tralnlsggp: gnplpaﬁv‘/éhhonswmeto \agb ezeéén onPlRf &28o Mﬁ hyd i@prflég din P& ;ﬁgt
%PI d Patent ﬁg_zg%t %ﬁmPﬁ%% ég% %’%"k@u gé)é}%{% g'I,B‘HB’I X%ﬁ?d%ﬂﬁr y 4,
1993; Novel ég@kﬂﬁbl e Mcrobial Polymers, EA. Dawes, ed., NATO AS|

Series, Series E Applied Sci ences%%g(_g Qgﬁ@ Kl uwer Academ' c Publi shers
the  harvest i ng and PRl rPNTReIs. are LIBISALE Hrotudl, i BRERERAr o | s
a critical stsguréasr bycwell-knowm gyntheticr meanSaI Howevwerhirecant advance$ in
technol ogy.  technology have resulted in the. promise of new sources of commodity
polymers. Particularly promising is the production of plastic resins using
living organisms .("bioplastic"), including genetically manipulated bacteria
and crop plants, which are designed to produce polymers such as
polyhydroxyatkanoate (PHA); a number of bacteria which naturally produce.
PHA are also promising sources of PHA. (See for example, Poirier, Y., D.E.
- Dennis, K Kiomparens and C. Somerville, "Polyhydroxybutyrate, a
biodegradable thermoplastic, produced in transgenic 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 AS! Series,
Series E: Applied Sciences - Vol. 188, Kiuwer 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 trivial task. The
conventional separation methods used extensively in the extraction of low
molecular weight lipids are not practical to employ in a resin isolation
pfocess. For example, a simple mechanical press is impractical because,
unlike separating vegetable oils from oilseeds, solid plastics cannot be
squeezed out of crops by mechanical pressing.

Separation of PHA by sedimentational methods should be, in
principle, possible. However, simple gravitational (1-G force) settling in a
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13, 1982: U. Sdesgriked for wse as%zpthervaﬁloseae&eﬂahwmrbpn sqlvenie surhnasry 12,
1982; U. S. Patdighiorbmétitane)dichlorethane and chioropropane (see, e.g., U.S. Patent
4,562,245, Stageman, issued December 31, 1985; U.S. Patent 4,324,907,
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, published September 3, 1981;
and German Patent Application 239 609, Schmidt, Schmiechen, Rehm and
Trennert, published January 10, 1986). However, such solvents are
potentially harmful to health and environment. Consequently, the use of a
large amount of such solvents, especlally near the harvesting site, would be
undes:rable
Based on the foregomg, 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 as an integral part of
the agricultural production of related commodities, e.g., oil and meal in the
case of cilseeds.
It is therefore an object of the present invention to provide a process -
for recovering bioplastics from a biomass. '
These and other objects of the present invention will become evident
to those skilled in the art from a readlng of the present disclosure with the
appended claims.
T SUMMARY
A process for separating polyhydroxyalkanoate from a biomass, the
process comprising extracting the polyhydroxyalkanoate with at least one
PHA solvent selected from the group consisting of acetone, acetonitrile,
‘benzene, butyl acetate, butyl propionate, 8-butyrolactone, y-butyrolactone,
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Figure 2 sets forth a schematic of an embodiment of the invention

comprising a one-stage extraction of oil and PHA followed by a PHA
precipitant-induced precipitation of PHA.

Figure 3 sets forth a schematic of an embodiment of the invention
comprising a two-stage sequential extraction of oil and PHA.

DETAILED DESCRIPTION

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

"Alkeny!" means a carbon-containing chairi, preferably from about Cao
to about Co4, more preferably from about C2 to about C4g; 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 chain, two or more
triple bonds in the chain, or one or more double and one or more triple
bonds in the chain), preferably monounsaturated.

"Alkyl" means a carbon-containing chain, preferably from about C1 to
about C24, more preferably from about C4 to about Cqg; which may be
straight, branched or cyclic, preferably straight or branched, more preferably
straight; substituted (mono- or poly-) or unsubstituted; and saturated.

"Comprising” means that other steps and other ingredients which do

. not affect the end result can be added. This term encompasses the terms'
“consisting.of" and “consisting essentially of". R
"Extracting polyhydroxyalkanoate from a biomass", in addition to
referring to the extraction of the particular PHA produced by a biomass
which produces a single PHA, also refers to the extraction of one or more
" types of PHA when the biomass produces more than one type of PHA.
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wherein R2 is C3 to Cqg alkyl or C3 to C4g 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 process include those
disclosed in U.S. Patent Application Serial No. 08/ 465,046, Noda, filed
June 6, 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
June 6, 1995; U.S. Patent Application Serial No. 08/188,271, Noda, filed
January 28, 1984; 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, 1985; U.S. Patent Application Serial No. 08/469,269, Noda,
filed June 6, 1995; and U.S. Patent 5,292,860, Shlotam and Kobayashi,
issued March 8,-1994. .

"Solvent’ means a substdnce capable of dissolving another
substance (solute) to form a uniformly dispersed mixture (solution) at the
molecular or ionic size level.
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. nonsolvent is not always a preclpntant 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

first

wher ein R[err]

C[err]

il ed

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 a
specific PHA of interest to the grower. Such genetically manipulated
organisms are produced by incorporating the genetic information necessary
to produce one or more types of PHA. Typically, such génetic information is
derived from bacteria which naturally produce PHA.

Plants useful in the present invention include any genetically
engineered plant designed to produce PHA. Preferred plants include
agricultural crops such as cereal grains, oilseeds and tuber plants; more
preferably, avocado, barley, beets, broad bean, buckwheat, carrot, coconut,
copra, corn (maize), cottonseed, gourd, lentils, lima bean, millet, mung
bean, oat, oilpalm, peas, peanut, potato, pumpkin, rapeseed {e.g., canola),
rice, sorghum, soybean, sugarbeet, sugar cane, sunflower, sweetpotato,
tobacco, wheat, and yam. Such genetically altered fruit-bearing plants
useful in the process of the present invention include, but are not limited to,
apple, apricot, banana, cantaloupe, cherries, grapes, kumquat, lemon, lime,
orange, papaya, - peaches, pear, pineapple, tangerines, tomato, and
watermelon. Preferably the plants are genetically engineered to produce

" PHA pursuant to the methods disclosed in Poirier, Y., D.E. Dennis, K.
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June 6, 1995; U.S. Patent Application Serial No. 08/422,008, Noda, filed
April 13, 1995; U S. Patent Application Serial No. 081422,009, Noda, filed
June 5, 1995; U. S. Patent Application Serial No. 08/467,373, Noda, filed
June 6, 1995; U.S. Patent Application Serial No. 08/188,271, Noda, filed
January 28, 19@%70t3®. Patent Application Serial No. 08/ 469, BE&SUSI&IRSE?
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, 1995; and U.S. Patent 5, 292860, Shiotani and Kobayashi,
issued March 8, 1994. "Sol vent" neans a substance capabl e of
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Serles Serles E Applied Sciences - Vol. 186, Kluwer Academic Publishers

(1990); U.S. Patent 5,292,860, Shictani and Kobayashi, issued March 8,

1994; U.S. Patent 5,250,430, Peoples and Sinekey, issued October 5, 1993;

U.S. Patent 5,245,023, Peoples and Sinskey, issued September 14, 1993;

U.S. Patent 5,229,279, Pecples and Slnskey. issued July 20, 1993

Solvent Extraction o

The present invention relates to a process for separating
polyhydroxyalkanoate from a biomass, the process comprising extracting
the poiyhydroxyalkanoate with at least one PHA solvent selected from the
group consisting of acetone, acetonitrile, benzene, butyl acetate, butyl
propionate, B—butyrolactone y-butyrolactone diethyl carbonate,

~ diethylformamide, dimethyl carbonate, dimethyl succinate, dimethyl

sulfoxide, dimethy!fonnam:de ethyl acetate, ethylene giycol diacetate,
methyl acetate, methyl ethyl ketone, 1,4-dioxane, tetrahydrofuran, toluene,
xylene, and mixtures thereof. Preferably, the PHA solvent is acetone,
acetonitrile, y-butyrolactone, 1,4-dioxane, methyl acetate, toluene, methyl
ethyl ketone, ethyl acetate or mixtures thereof. More preferably the PHA
solvent is acetone or ethyl acetate; more preferably still, acetone.

PHA precipitants may also be employed at certain stages in the
process to affect the precipitation of PHA.  Use of such precipitants in the
process is discussed in more detail below. Preferred PHA precipitants
include, but are not limited to, butane, diethyl ether, diglyceride, ethanol, fat,
heptane, hexane, methanol, monoglyceride, octane, oil, pentane,
triglyceride, water, or mixtures thereof.

Preferably the PHA solvent is employed in the process at an elevated
temperature, as the rate of dissolution of PHA in the PHA solvent at
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be extremely difficult to process. If the solution contains a relatively
nonvolatile PHA nonsolvent in addition to the PHA solvent and PHA, the
PHA will precipitate upon the removal of the PHA solvent and form a
suspenslon in the PHA nonsolvent.
. One-stage extraction of oil and PHA followed by the stripping of solvent

In one embodiment of the invention, the process comprises a)
treating a biomass comprising PHA and cil (e.g., plant material) with the
PHA solvent; b) removing any insoluble plant material, thereby leaving
behind a solution of polyhydroxyalkanoate and oil dissolved in the PHA
solvent; ¢) removing the PHA solvent from the solution, thereby resulting in
precipitation of the polyhydroxyalkanoate in the oil; and d) removing the oil,
thereby leaving behind the polyhydroxyalkanoate.

This embodiment is exemplified in schematic form in Figure 1. This
embodiment provides the simplest method of extracting both oil and PHA

_ from a biomass containing these components. The biomass (e.g., soybean
containing oil and PHA) is exposed to the PHA solvent. After separation of
the solid biomass, the PHA solvent is then directly stripped away from the
resultant solution containing the extracted oil and PHA. Since PHAs having -
a Tm of about 80°C or higher are usually insoluble in oil, the removal of the
solvent results in the precipitation of PHA in oil. The oil and PHA are
subsequently separated by conventional means, such as filtration. ;
b. One-stage extraction of cil and PHA followed by nonsolvent-induced
precipitation

In another embodiment of the invention, the process comprises a)

treating a biomass comprising PHA and oil (e.g., plant material} with the
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at Ieast one Ph\@yqsgg@dgqughﬂcgtﬁ t}BSon group consisting of ‘acetone,
acetonitrile, benze é’ i ac ate ﬁié\d/ épgro pi.onat e,

[err]-butyrol actone ?/ in ?’ﬂﬂ'“‘?!’ﬁ'r'&ﬁlﬁﬂ@z This

di et hyl f or mani €@y Odimgntrguposas lﬁambtomass (Gighﬁbyman)lmtaﬁqmgldﬂeﬁﬁﬂ’bm
sul f oxi de, di MBhlyybrcd ERETFIA sBivM, sRER P{?&etsﬁ&maﬁ i @%&%@gﬁtﬁg
r | uene,

Wyl one, aéﬁéaﬁnek?ﬁféﬁpﬂ?%f THe ot f = HHlA repiiente

ReRpipiant (e.:. hexane} to the
acetonitrile, Edragtiopusglutioncootaining oll- dndRHA, resalts\ih the Prédipitatio eene,

hyl hyl bl
the PHA eLOngﬂ"f‘ ?E'“SC%?O ﬁ?‘*ﬁi@"ﬁ*‘t%ﬁé’% **gbﬁéﬁﬁﬁer%qﬁﬁr S ’
ges in

acet one.
the process §'éb%ﬁquééltil!tshwppﬂeawqﬂfrun|tbe supeumantlssmnoh te yidid pilecTie t ant s

In the roce
preci pi tant s ngg,g;gg;ﬂng FAIA Brofifent May nefl be YendrifeaJfdrfosch oter
dlglycerlde e? hept ane, hexane, nethanol, nnnoglycerlde
octane, oil, pent aan eﬂ'@‘ﬂ BmPﬁmmmtﬂﬁ nnsc:blexmthethet IP#HA csolvent.
Preferably thePRifidrrad! PRAtprecipRants dxelddé isth amaﬁe&@yeén@ ﬁihfﬂ G et
tenperature, agehtdRe’ aﬂe?(aﬂé %&ﬁgljl&lt ' BBnYiydertae Toif ﬁtgﬁlcenae waQer or
mixtures thereof. More preferred precipitants are those which are miscible
.ln oil, such as diethyl ether, diglyceride, ethanol, fat, heptane, hexane,
methanol, monoglyceride, oil, triglyceride, or mixtures thereof: more
preferably hexane and methanol.
¢. Two-stage sequential extraction of oit and PHA
In another embodiment of the invention, the process comprises a)
. treating the biomass comprising PHA and oil (e.g., plant material) with an oil
solvent that does not dissolve the polyhydroxyalkanoate; b} removing the oil
solvent and the oil dissolved therein, thereby leaving behind any insoluble
plant material; c) treating the oil-solvent-treated biomass {(i.e., defatted
biomass) with the PHA solvent; d) removing any insoluble plant material,
thereby leaving behind a solution of PHA solvent and PHA dissolved
therein; and e) stripping the PHA solvent from the solution, thereby leaving
behind PHA.
This embodiment is exemplnfed in schematic form in Flgure 3. The
blomass (e.g., soybean) is first exposed to an oil solvent (e.g., hexane)
“ which does not dissclve PHA. Consequently, the first stage only extracts
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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 MOYME2BHA: nore preferably between about 20[ er PFYEVEHEZHout
80[err] G nor e preferably between about 45[err] and the boiling point of
the PHA solvent; nore preferably still, fromabout 50[err] to about
60[err] C Preferably the solid n&ss containing the PHA is stirred
during extraction with the PHA solvent, as this also accelerates the rate

of dissol uti ae oft poltiorPHhke oil solvent ig khérfﬁﬂﬁp@d from theilltblbeededdaih " 0m a

sol ution cont CLRpLtati on o PHA as
crystalline sq ﬂgﬂﬂefﬁﬁﬁ%g&&n dhpssq[%ﬁq%pﬁj%q%ﬁﬁ g’i’ t he
concentrat ed B geivent. ofhe 6@@@1’ Q oaﬂaseyrqﬂcgﬁs\m%@m Shefdifaﬁedr
sonet i mes eversogbaan.; ThecPHAasolvéitt isxthiepnetrippddf fromutie (FHA @&Rton! f t he

sol ution cont onvol atil e PHA nonsol vent in addition to
%#:ﬂﬁlog %ﬁkﬂgt R4 3#%

t he PHA sol ve will precipitate upon the renoval of the

PHA sol vent and fof) Fﬁfﬁﬂ'egugﬂ)e?ﬁi‘f%s 'ﬁc'b‘ﬁ% Itane,o digthyle gther, diglyparide, age
extraction of ethanohrfdt, feptare, Inexene, tuethbrols monoplyegridé, caane il (with a I'n

one enbodi ”Entdlﬂreﬁﬂ;‘gaédy éﬁotﬂ Bf‘eoé?ﬁgfcé@r%cf@gp &) g}fﬁgﬂ&%&r

bi ! e i

G s SN v g g i S
a sol ution of qao‘lg/re]&traotaﬁalthembyt acilitating Iltsdlsubséqwtht strippingPiidm thevent ;

C) renoving tlﬁ},g%%d poI y cﬁ!’éﬁ%t}lg%éapléblvgﬂ ﬁt,{&raﬁgy resulting in

precipitation roxxécr anoate I n and d) renoving the
oil, thereby | eaV| g RFBVP %’Y § {be present lnventlorrha!e

embodi ment i s mwrpdmphsm Bmmﬁmdudlﬂg rthe raHﬂityttbeeﬁracT erystalligiBiedi ment
provides the sjidphf 1dfptatird (afidlit’ SPE 89 nipeh) BHA Woutkﬁ\smg solvent
containing halogens and to effectively co-extract cil simultaneously. The
PHA solvents used in this invention such as acetone and ethyl acetate, are
“inexpensive, safe and benign and readily available, even from renewable -
sources. Such PHA solvents are also considered far less damaging to the
environment, especially the ozone layer of the earth, compared to halogen
containing compounds typlcally used for the extraction of PHAs. from
bacteria. -
The discovery of appropnate solvents for crystalllne polymers having
relatively high melt temperatures is not a trivial task.” Unlike most low
molecular weight compounds and noncrystallizable amorphous polymers,
the solubility of crystalline polymers cannot be predicted from the commonly
used simple criteria, such as thé similarity of chemical architecture or
matching of refractive indices, dielectric constants or solubility parameters.
A good example of the inability to predict the sblubility of crystalline
polymers is the well-known insolubility of linear polyethylene in hexane,
where both compounds are made of the identical hydrocarbon repeat units.
Similarly, crystalline aliphatic polyesters like isotactic poly(3-
. hydroxybutyrate) and poly(3-hydroxybutyrate-co-3-hydroxyvalerate) are not
appreciably soluble in ethyl acetate or acetone, even though the chemical
structures of these compounds may suggest certain molecular affinity.
Thus, the fortuitous discovery that crystalline PHA containing a small
amount of medium size branches can be readily dissolved in such solvents
"is indeed surprising.



from a bi omass contai ning these conponents. The bi onass (e.g., soybean
containing oil and PHA) is exposed to the PHA solvent. After separation of
the solid biomass, the PHA solvent is then directly stripped away fromthe
Tesultant solution containing the extracted oil and PHA Since PHAs having
a Tm of aboutw6@famsq C or hi gher are usually insol uble in o PCTWIR26MDval
of the solvent results in the precipitation of PHAin oil. The oil and
PHA are subsequent |y separated by conventional nmeans, such as filtration.
b. One-stage extraction of oil and PHA fojg owed by nonsol vent -i nduced )
precipitation : I n anot her enbodi nent of the invention, the process
conprises a) treating a bionmass conprising PHA and oil (e.g., plant

material) wth the Additional\/!nrﬁﬁéiaﬁmantages are realized when the extraction of
PCT/ US96/ 13262

renmovi ng any i sk em% Lut in conjunction with the exira e%t{?nngfgo“ bgﬁwﬁﬁl%ﬁyut i on
of pol yhydr oxy&PR’&ﬁ@&t%méﬁ%P GPP‘%"%#Q/B@W eﬁ?ﬁae#rashonwmt Howpver, eat i ng

t he sol uti on wiupbnaertbialof emqlnt!lam soleentpther sibwillt lateg Uebomel@rﬁ@ffd&wét ion

of the pol yhydr qﬁé? PEﬁAor t; n t he
oil dissol ved Bﬁéﬂdﬁ ﬂ{?\eﬂé\gﬁﬁlﬂﬁge &{Qh% e imite QHA

pol yhydr oxyal k&@ 3%'@9 Paﬁef-on P'F‘?arq to grgoncentrated selytiomea HH&PQN!@" [ﬂft ant
may  be subsequipotymerssaiidojreda fluitmridmsolveht typically hashiecietower rapp

oo (o " vBkS ﬁg’aé’fcontdqsﬁ?%@sg*{'“’%"a p’ﬁ?@“ﬂ?ﬁh@?ﬁ%%ﬁ% vent.
such as acet o,néerl g%ﬂ' vaftan epeounierad gluring thepsitipping: of
addi tion of a IBI:Wapt frompa tconterfteated, pdigmensolution is\an sdditiored] i unexpedtad i on

containing oi | gaRdi H‘*féarﬁﬁﬁ%ﬁtmﬂfﬂ%%%rﬁﬁ pitation of PHA. The _

supemat ant m xture FM“& Veﬂ{qth Ci p| tant and oil is

renoved to yield P eTfR!" ?#QBP gionstrate  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 departlng from its spirit and scope.
EXAMPLE 1
Extraction Followed by SOIvent Stripping

€60 g of soybean sample containing’ vegetable oil and
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) containing 7.5%
3-hydroxyhexanoate repeat units is placed in a closed container charged
with 600 mL of acetone containing a very small amount (ca. 0.1 g) of
vegetable oil and stirred for 3 hrs at 55°C. The acetone solution containing
the extracted oil and PHA is then drained from the soybean using a wire-
mesh filter. The extraction solution containing vegetabie oil, poly(3-
hydroxybutyrate-co-3-hydroxyhexanoate) and acetone is placed in a steam-
heated kettle to boil off the volatile acetone, which is collected by a water-
chilled condenser. After the removal of the acetone, solid flakes of poly(3-
hydroxybutyrate-co-3-hydroxyhexanoate) appear in the remaining oil which
are drained by using a fine mesh filter to yield 7 g -of pure vegetable oil.
The polymer flakes are washed with cold acetone, previously collected by
the condenser, to remove the residual entrained oil and then dried to yield 6
g of crystalline solid of p'oly(3—hydroxybutyrate-60-3-hydroxyhexénoate).
~ The acetone used for the washing, which now contains a small amount of -

oil, is then used for further extraction of oil and poly(3-hydroxybutyrate-co-3-
hydroxyhexanoate).




subsequently stripped away fromthe supernatant solution to yield oil. The
PHA sol vent and PHA precipitant may then be separated from each other and
used agai n. Preferred PHA precipitants are miscible with the PHA
solvent. Preferred PHA precipitants include diethyl ether, diglyceride,
et hanol , fat YOH&#¥nhe, hexane, nethanol, nonogl yceride, oi IPCTUSPI33€%r| de,
water, or mxtures thereof. Mre preferred preci pitants are those which

are mscible in oil, such as diethyl ether, diglyceride, ethanol, fat,
hept ane, hexane, nmethanol, nonoglyceridi¥f oil, triglyceride, or mxtures
thereof; nore "preferably hexane and methanol. c. Two-stage sequenti al
extraction-of oil and PHA I ngmmhﬁ 2enbod| ment of the invention,
the process conprises a) 1t il i g PHA and oi l

(e.g., plant material) v T : di ssol ve the
pol yhydr oxyal kanoaf®; @) qfenwrbﬁgnt heau)ple ggntamg anagatablmr {oidi apd| ved

:E:rg: lnsg Ih\?re ebry@mutmbméldo@u drosyd dﬂéﬂéttanah@yt W;!:bﬁfduﬁhﬂ f%esslgaitl ng
sol vent ; '3. 8’§;°an @%ﬁi féepe%ta%'ﬁgng%e&gﬁ? 'R{T% %ﬁ?dl 889‘mefbeh| nd
a sol uti on of CPFW é@o mkopfmstqneseml gtimed for & brsrat 550€. cThe aeetopeng t he
- PHA sol vent f somtibhecoméiningothe tRipacted oibandnBHADRNtHEA BHined from théhi s

nbodi f T
(e.9. "ggtyp'ezrﬁ% hbing s WireSRSHTinef. {5 q’“%r%v“g oo mL E&ﬁgﬁgﬁm ch
does not di ss@&dgeddpyind %&’quemmsatmnhef pely6-h X‘i

WO 97/07230 octadecanoate). The polymer flakes are then separated from the
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rtion.

The oil sol ven%’ at%nt SOll{thﬂ wrtl:faff e m?shh flter ar{d dned 2‘8 d %%e %P%'S@Of urt her

oi | extracti o Mydrexy W@ﬂg&( ey °F’se th eeﬁHB?E'l? i} golution
containing vegetable oil, acetone and hexane is piaced in a steam-heated

kettle. to boil off the volatile mixture of hexane and acetone, which is
collected by a water-chilled condenser for further separation to pure hexane
and acetone. After the removal of hexane and acetone, 7 g of vegetable oil
is collected. :
EXAMPLE 3
Two-Stage Extraction

60 g of soybean sample containing vegetable oil and poly(3-
hydroxybutyrate-co-3-hydroxyoctanoate) containing 6% 3-hydroxyoctanoate
repeat units is placed in 600 mL of hexane and stirred for 2 hrs. The
hexane solution containing the extracted oil is then drained from the
soybean using a wire-mesh filter. The solution is then placed in a steam-
heated kettle to boil off the hexane, which is collected by a water-chilled
condenser for further use. After the removal of hexane, 6 g of vegetable oil
is collected. The defatted soybean is then placed in a closed container
charged with 600 mL of acetone and stirred for 3 hours at 55°C. The
acetone solution containing PHA is then drained from the soybean using a
wire-mesh filter. The solution is then placed in a steam-heated kettle to boil
off the acetone, which is collected by a water-chilled condenser for further
use. After the removal of acetone, 6 g-of sohd crystalline poly(3-
hydroxybutyrate-co-3-hydroxyoctanoate) is collected. N

'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



PHA sol vent. The second extraction stage renoves PHA fromthe defatted
soybean. The PHA solvent is then stripped fromthe PHA extraction

solution, |eaving solid PHA Preferred oil solvents include butane,
diethyl ether, diglyceride, ethanol, fat, heptane, hexane, nethanol,
nmonogl yceri de,wostarsy oil (with a different grade than the pchuSanbss:
extracted), pentane, triglyceride, or mxtures thereof. Preferably, the

oil solvent is nore volatile than the oil being extracted, thereby
facilitating its subsequent stripping fromthe extracted oil. Mre
preferably, the oil selvent is hexane. The previously described-

enbodi nents of the present invention have_ many surprising advant ages,
including the ability to extract crystalﬂ?zable high nmelt tenperature
(about 80C or higher) PHA w thout using sol.vent . containing hal ogens and to
effectively co-extract oil simultaneously. The- PHA solvents used in this
i-nvention such as acetone and ethyl acetate, are inexpensive, -safe and

beni gn and reagi ™ romren bl e . sources. Such PHA

sol vents are aﬁsﬁ%ﬁ@i"ﬁ@%&ﬁﬁé? . ?ﬁ%‘ﬁ%"%ﬂs‘ indhe artancbane to
especi al |y theP®Rflddedjnthespifihand purviewcefrihis applicatioriang estopeostt thieni NG
conpounds typi sppendeddaimisor t he extraction of PHAs from bacteria.

The di scovery of appropriate solvents for crystalline polyners having
relatively high nelt tenperatures is not a trivial task. Unlike nost |ow
nmol ecul ar wei ght conpounds and noncrystallizabl e anor phous pol ymers, t he
solubility of crystalline polyners eannot be predicted fromthe commonly
used sinple criteria, such as the simlarity of chem cal architecture or
mat ching of refractive indices, dielectric constants or solubility

par anet ers. A good exanple of the inability to predict the solubility of
crystalline polynmers is the well-known insolubility of |inear

pol yet hyl ene i n hexane, wher e 'bot h conpounds are nmade of the identical
hydr ocarbon repeat units. Simlarly, crystalline aliphatic- polyesters

| i ke isotactic poly(3- * hydroxybutyrate) and
pol y( 3- hydr oxybut yr at e- co- 3- hydr oxyval erate) are not appreci ably sol ubl e

in ethyl acetate or acetone, even though the chem cal structures of these
conpounds may suggest certain nolecular affinity. Thus, the fortuitous
di scovery that crystalline PHA containing a snmall anount of nedi um size

branches can be readily dissolved in such solvents i's indeed surprising.
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Addi tional surprising advantage IH“’“‘M! " Im n the ext racti on of PHA
is carried out in conjunction w't of oil. The oil initially
serves as a WPSMBPL co-solvent to prormte the extraction 6/1 ver,
upon renoval of a volatile PHA solvent, the oil will later becone an

ef fective suspendi ng medi um for the precipitating PHA due to is limted
PHA- sol vating power. Conpared to a c{%centrat ed solution, a suspension

- of pol yner solid in a fluid nonsolvent typically has nuch | ower apparent

vi scosity and thus possesses superi or processabl lity. The elimnation of
the serioud.prol ¢neesssgiaraseparating qelyhysiexyaliangateu fiomy a thiomess ppi ng of

Zgldvglng n:‘][?‘r:nca mipPisiiy Lthat %Iwﬁwi?élkﬁﬁﬂtaatbl Ofhe Sp@&s%d%ﬂaéaahzéweh ect eld
Xa es
further desc%&ﬁ%@'&md%gﬁém %@E%Pﬁﬁm@%%gﬁéﬁ Q%ér{%(ﬁ tg :
scope of t he spivestnseleetednfrioph . thehgroups xeansistinga ok agefens, s ecetopitrils: t he
e esent 1 e s o
| | e W ou
departing f pete, , Fethyioainis, gjmedii °Eorophate]’ ) ditmatid
sgf)srenlt n%t r |r @mgateggdlmethybgugowgg?maﬂfosmml@.ceihylaawmg mgm?’i oi |y
gnﬂ o gol Ké 3gipetl Odjdestate atmetbgk Eademtepxuwneﬁtye) ketoné,0M ,aidioXehe, 7 5;/0
- X X | a (0}
W t% 600yrrL ?@Pﬁ%ft{ one don#'glbé\?nﬁlé&l\?e% H' r%k gqrwgpﬁﬁ (‘thgrge
veget abl e oi IPohhydegxyaikanostighas ﬁﬁ“? t&?m\éS'[aé‘ﬂ'P]cﬁab‘PH'eB% J}'Q‘SJOI ut | on

containing the extracted oil and PHA is then drained fromthe soybean

using a wre- | e
o 1 pal y(3° 2y Backep3 wrd?ﬁﬁfféﬁ‘fﬁf‘é‘xﬂﬁﬁa%@%%P‘%%S%Z%%#%ﬁ%‘?gepf‘aczd
in a steam plant matenal

3. A process according to any one of the preceding claims whereln the
plant material further comprises oil characterized by:

a) treating the plant material with the polyhydroxyalkanoate
solvent; .
b) removing any insoluble plant material, thereby leaving behind

a solution of polyhydroxyalkanoate and oil dissolved in the

polyhydroxyalkanoate solvent;. :

c) removing the polyhydroxyalkanoate soivent.from the solution,
- thereby resulting in precipitation of the polyhydroxyalkanoate

in the oil, and
d) removing the oil, thereby leaving behind the
polyhydroxyalkanocate.
4. A process according to any one of the preceding claims wherein the

plant material further comprises oil characterized by:
a) treating the plant material with the polyhydroxyalkanoate
solvent; _
b) removing any insoluble plant material, thereby leaving behind
a solution of polyhydroxyalkanoate and oil dissolved in the
‘ ' polyhydroxyalkanoate solvent;
c) treating the solution with a polyhydroxyalkanoate precipitant,
thereby resulting in precipitation of the polyhydroxyalkanoate;



heated kettle to boil off the \'/'OI atile acetone;—which is collected by a

wat er - chill ed condenser. Aft the acetone, solid fl akes
of " pol y( 3- hydr oxybut yr at e- co H"m;mﬂu ml e) appear in the remaining
oi | which are drai ned by using = Tt ne nmes s er to yield 7 g of pure
veget abl e oi IWOIR¥W pol yner flakes are washed with col d accRQIS6/13262

‘previously collected by the condenser, to renove the residual entrained
oil and then dried to yield 6 g of crystalllne solid of

pol y( 3- hydr oxybut yr at e- co- 3- hydr oxyhexanddt e) . The acetone used for the
washi ng, which now gontains a small anmount of oil, is then used for
further extraction oifPMRMAgL oI tDe 3. IPpiYSPXYelkaReatec o-ecipitant,  the
h;c/:ch /r og;glglexggggt e). polyhdfokyalkanbate solvent and the oil dnssolved therein,

- P U 1

EXAVPLE 2  thereby '°%V"é%°i‘981“? e ?’K%ﬁ fehestei, oci pi tation
60 g of soybean %)arrplsg'PR!'EH\t 2hRi ngolyd ogte| seivent .and the

pol y(3- hydr oxybut yr at e- (pmlymyumiuyalk;noatectlreapnaﬁte&om the Bil2 tHErésy leavitig

3- hydr oxyoct adecanoat e I }Eﬁﬁo in a closed cont&ai ner

charged with 600 nL of acetonpd"g'll sjtqfarreg @cj)r -3 'hrs at 55[err]C. The
“acetone solution containing the extracted oil and PHA is then drained from
the soybean uSi ng A pricessmaesordirig toeany dine ohtre plrdcauingrclﬁﬁ% wherein thexane is

added to '”dUCﬂahhﬂaﬁrrﬂPﬁﬂhbﬁ A neésai?waﬁéc@n b@pyulyrat e-co- 3-hydroxy-
oct adecanoat e) . ‘el? r9 % are. t t he

E éﬁ ted from
super nat ant sol ut| material wi no‘?" sgivent {hat|dees potof
pol y( 3- hydroxybutyrat @saolmthg@dytydmdkamex e). The supernat ant

solution contai n| ve @.;gq, ced in a
st eam heat ed kettl gglg'ahh gB\[;vgf]Pé‘lﬁ lhaéecwo%‘lﬁ.hex“f'jt'he and
oI I éraab

{
acetone, which is ge Q%@M‘@H“ﬂpﬁﬁeﬁa&anwteﬁwm her

separation to pure #examemoving any insoluble plant material, thereby leaving behind
a solution of polyhydroxyalkanoate soivent and
polyhydroxyalkanoate dissolved therein; and
e) stripping the polyhydroxyalkanoate solvent from the solution,
thereby leaving behind polyhydroxyalkanoate.

6. A process according to any one of the preceding claims wherein the
polyhydroxyalkanoate comprises at least two randomly repeating monomer
umts wherein the first randomly repeating monomer unit has the structure

R
-Lo—cn—(cm)n—c

wherein R1 is H or C4 to Co alkyl, and nis 1 or 2; the second randomly
repeating monomer unit has the structure

R0
CH—CH,—~C

wherein R2 is C3 to Cqg alkyl or C3 to C4g alkenyl; and wherein at least
50% of the randomly repeating monomer units have the structure of the first
~ randomly repeating monomer unit.

7. A process according to any one of the preceding claims wherein the -
PHA solvent is acetone or ethyl acetate.



and acetone. After the renoval of hexane and acetone, 7 g of vegetable oil

is collected. MPLE 3 -

Tuo-Stage Edraction | {{N{IMBN MG e cont i ni ng veget abi e
oil and poly dr oxybut yr at*e- ¢o- 8- hydroxyoct anoat e) conjai hi 6%

3- hydroxyoct‘&ﬁ(? &”repeat units is placed in 600 nL of hexgﬁ’g{]%‘”&‘é rred
for 2 hrs. The hexane solution containing the extracted oil is then
drained fromthe soybean using a wire-nmesh filter. The solution is then

placed in a steam heated kettle to bo#$® off the hexane, which is

collected by a water-chilled condenser for further use. After the renoval
of hexane, 6 & of A PIRSEEDASCHRdIng tosanypne.of the presedingrelaimsawherpinethe i s. t hen
placed in a Cbaylwﬂrmqalmate pravipigat isvstlectadOfrom thie gmpoemststMQsoﬂ rred

f 3 h
d?;hnedoﬂzma{”ﬁ éan u'g?nfgﬁ%b% ﬁ%ﬁ? %ﬁ%ﬁ'%ﬂﬁx utl dn I'S then

placed in a s@ doeRett e to boil off the acetone, which is
coll ected by a vvater Chl |l ed condenser for further wuse. After the renoval

ﬁ;df‘éi;gﬂfyr 9 Of_gfl#" ?%Jclﬁértdﬁ"l d {d'8n Bﬁﬁgﬂ]e preceding claims wherein the
publ i cati ons, $§9&8 %ﬁéﬁgaftmi“gﬁ ?ﬁté?q dutana. Jigthy! ether,
her ei nabove adnglylcendé)y eﬂnam:l.pdaht hdpianei Hmmnentmethapoby marfogiynedide,
- 1t i's under st gadnd haj hfab eéacﬁﬁér%ﬁt Eﬁ@mﬂi@eaﬁsﬁ Shb! pIgAt mdiégti n are
for |IIustrat|veR tPlls 6’ X )8 FIOUS nodi ficatlons or WO

97/ 07230 yesride ard fiktured theréd PCT/ US96/ 13262
12 '

10. The polyhydroxyalkanoate exiracted by the process according to any

one of the preceding claims.



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
af the appended cl ai ns. WD 97/ 07230

PCT/ US96/ 13262 13 1. A process
for separati wgo pmirgdoydr oxyal kanoate from a bi omass conpri sipog/Use@13262

pol yhydr oxyal kanoat e, the process characterized by extracting the

pol yhydr oxyal kanoate viith at | east one pol yhydroxyal kanoate sol vent

sel ected fromthe group consisting of i;;éﬁne, acetonitrile, benzene,
butyl acetate, butyl propionate, [err]ddudyrol actone, [err]-butyrol actone,
di et hyl carbonate, diethylformam de, dinethyl carbonate, dinethyl

succi nate, dinethyl sulfoxide, dinethylformam de, ethyl acetate, ethylene
gl ycol diacetate, nethyl acetate, nethyl ethyl ketone, 1;4-dioxane,
tetrahydrofuran, toluene, xylene and m xtures thereof, wherein the

pol yhydr oxyal kanoate has a nelt tenperature of about 80[err]C or higher.

2. A process according to claim1 wherein the biomass is_bacteria or
pl ant material . 3. A process according to any one of the preceding
clainms wherein the plant material further conprises oil characterized} by:
a) treating the plant material" with the pol yhydroxyal kanoat e sol vent
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tﬁ removi ng any insoluble plant material, thereby |eaving behind
a solution of polyhydroxyal kanoate and oil dissolved in the

pol yhydr oxyal kanoat e sol vent; c) renovi ng the
pol yhydr oxyal kanoate sol vent fromthe solution, t her eby
resulting i nWO 0783 ati on of the pol yhydroxyal kanoat e PCT/US96/13262 n t he
oil; and d) removing the oil, thereby |l|eaving behind the
pol yhydr oxyal kanoat e. 4, A process according to any one of .the
precedi ng cl ai n8 wherein the pl ant nagf Egl further conprises oi
characterized by: treati { plant material wth the
pol yhydr oxyal kanoat e solvent renovi ng any insol ubl e pl ant
mat erial, thereby |eaving behi nd a sol ution of
polyhydroxyalkanoate and oil dissolved in the
pol yhydr oxyal kanoat e sol vent; c) treating the solution with a
pol yhydr oxyal kanoat e preC|p|tant gin
preci pitation of the pol yhydroxyal kanoatg; WO 97/ 07230
PCT/ US96/ 13262 14 d) renovi ng
the pol yhydroxyal kanoate precipitant, gthe
pol yhydr oxyal kanoat e sol vent and t ot di-sso] ved t hereim
t her eby | eavi ng behind the pol yhyd yal kanoat p; e) strippin t he
pol yhydr oxyal kanoate sol ve he _ pol yhydr oxyal kanoat e
precipitant fromthe oil, thereby Vi ng behi nd g
pol yhydr oxyal kanoat e. 5. A process according to any .ofe oﬁEtﬁf
preceding clains wherein th S o §
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d ant material further conprises oil characterized by: a) treating

tthe plant nmaterial with an oil solvent that does not di ssol ve

t'he pol yhydr oxyal kanoat e; b) renoving the oil solvent and the oi

di ssol ved therein; C) treating the biomass with the

pol yhydr oxy WRAHWETS® sol vent ; d) removi ng.any i nsobciytssspbzat .
material, thereby |eaving behind a solution of

pol yhydr oxyal kanoate sol vent and ' pol yhydr oxyal kanoat e

di ssol ved therein; and e) st%gaqang t he pol yhydr oxyal kanoat e

sol vent fromthe sol ution, ter eby | eavi ng behi nd

pol yhydr oxyal kanoat'e. 6. = A-process according to any one of the
precedi ng clains wherein the polyhydroxyal kanoate conpri seg at | east tqo
random y repeating nononer wunits, wherein the first randonly repeating
nmonaer unit has the structure [err] wherein R err] is Hlor (Jerr] tg
Clerr] alkyl, and nis 1 or 2; the second randomy repeating nononer unijt
has the structure [err] wherein RleLr] is Clerr] to CJerff] al kyg or
Cerr] to derr] al kenyl; and wherein@t |east 50% of the random

repeating nononer units have the strquure of the first rangom y répeatijng
nmononer unit. 7. A process accordinpg to any one of the pfeceding claijns
wherein the PHA solvent is acetone or pthyl acetate.

-

Y 13
< § G Y < :
. l\\\. ' °<<
S :% S S = 5ET
=& » 8 S
33 S
3% <
=5 R
S= Q :
- ™
8 kS .
) g | .
S M
E‘% & g .
[~
. ‘S
|§S< S5 8 g 8
~ S
££53¢ g Se %
: ("} E EQE




- A R s MR AR VL Ty aRER R .

ﬁb 97/.7 _
PCT/ L@F%@z‘zo 45 eé%
accordi’ng™t o any one of the pr di ng cl ai

pol yhydr oxyal kanoate precipitant is sel ect&dAfrom.thée grglp copmsti ng O
di et hyl ether, ethanol, fat, heptane, vastol | K : [
water  and ni xt UP€sKt her eof . WoRLD INTH ECTY AL RROREN :

' om t he ou

recedin ' i :

consi siin ONAL SgPrichronbupraSintS Phyick THE prbesY OGN TRATE @ED
hexane | Chintessntional Pajept Clasiioatin §:de,.  oc} and (1 infernitioisl Pglcationl Nékba: €Nt IVRODTVIT280
the oi | frIAPTAR, CDRGIE3NG 1689 al , penAdrs %@éri gl yceri de and m xtures
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