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SOLVENT EXTRACTION OF POLYHYDROXY-
ALKANOATES FROM BIOMASS

FIELD
The present invention relates to methods of extracting specific
components from other biomass components. More specifically, the present
invention relates to the extraction of a polyhydrbxyalkanoate from a
biological system, such as a plant or bacteria, by performing the extraction
with a solvent.

‘ BACKGROUND

Commodity polymers are typically produced from petrochemical
sources by well-known synthetic means. However, recent advances in
techno!ogy 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
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 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 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 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
process. For example, a simple mechanical press is impractical bguse,
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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liquid suspending medium is, in fact, quite impractical. The rate of settling
is extremely slow. In addition, such slow settling is easily disrupted by the
Brownian motion of the fine PHA particles induced by the thermal fluctuation
of the suspending fluid molecules surrounding the particles. Furthermore,
the extended period of time required to settle very fine PHA: particles
introduces the problem of bacterial contamination and subsequent
biodegradation of the paﬂncle suspension.

' Known solvent extraction methods are also impractical for a large-
scale separation of PHA from an agricultural crop. A commonly used
solvent for the extraction of PHA from bacteria is chloroform. Also
described for use are other halogenated hydrocarbon solvents such as
dichloromethane, dichlorethane and chloropropane (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 Januaky 10, 1986). However, such solvents are
potentially harmful to health and environment. Consequently, the use of a
large amount of such solvents, 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 as an integral part of
the agricultural production of related commodities, e.g., oil and meal in the

~ case of oilseeds. :

It is therefore an object of the present mvenﬂon to provnde 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 readmg of the present disclosure with the
appended claims.

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, B-butyrolactons, y-butyrolactone,
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diethyl carbonate, diethylformamide, dimethyl carbonate, dimethyl
succinate, dimethyi sulfoxide, dimethylformamide, ethyl acetate, ethylene
glycol diacetate, methyl acetate, methyl ethyl ketone, tetrahydrofuran,
toluene, xylene, and mixtures thereof.

Such a process satisfies the need for a relatively simple,
environmentally benign 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
comprising a one-stage extraction of oil and PHA followed by the stripping
of solvent.

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.

"Alkenyl" means a carbon-containing chain, preferably from about 02
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-contammg chain, preferably from about C1 to
about Co4, more preferably from about C1 to about C4g; 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". '

"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.

5-1-6
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“Polyhydroxyalkanoate" and "PHA" mean a polymer comprising the
following repeating unit:

R
CH—(CHlmC

wherein R is preferably H, alky! or alkenyl; and m is from about 1 to about 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

[ofeud]

,whgrem RlisH, or C4 to C3 alkyl; and n is 1 or 2; the second randomly
repeating monomer unit has the structure

]

wherein R2 is C3 to C1g 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 Applicatidn 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, 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, 1995; and U.S. Patent 5,292,860, Shlotam and Kobayashn
issued March 8, 1994.
"Solvent" means a substance capable of dissolving another
Q substance (solute) to form a uniformly dispersed mixture (solution) at the
molecular or ionic size level.

5-1-7
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"Nonsolvent" means a substance whlch is incapable of appreciably
dlssolvmg another substance. ,

"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 uniess
specifically stated otherwise.

All ratios are weight ratios unless specifi cally 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 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 genetic 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, com (maize), coftonseed, 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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Klomparens 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 Apphcatlon Publication No. 93/02187,
published February 4, 1993. Particularly preferred plants are soybean
potato, com and coconut plants genencally 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 Novel 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, Shictani and Kobayashi, issued March 8,
1994; U.S. Patent 5,250,430, Peoples and Sinskey, issued October 5, 1993;
U.S. Patent 5,245,023, Peoples and Sinskey, issued September 14, 1993
U.S. Patent 5,229,279, Peoples and Sinskey, issued July 20, 1993.

Solvent Extraction

The present invention relates to 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, mbutyl acetate, butyl
propionate,  B-butyrolactone,  y-butyrolactone, diethyl carbonate,
diethylformamide, dimethyl carbonate, dimethyl succinate, dlmethyl
sulfoxlde dmethylfonnamnde ethyl  acetate, ethylene glycol 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

5-1-9
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elevated temperatures has been found to ‘be substantially faster. While
extraction of the PHA may be conducted between about 20°C and the melt
temperature of the PHA; more preferably between about 20°C and about
80°C; more preferably between about 45° and the boiling point of the PHA
solvent; more preferably still, from about 50° to about 60°C.

Preferably the solid mass containing the PHA is stired during
extraction with the PHA solvent, as thns also accelerates the rate of
dissolution of the PHA.

The removal of the PHA solvent from a solution containing PHA
results in the eventual precipitation of PHA as crystalline solids. In.the
process of stripping the solvent, however, the concentrated PHA solution
often forms a very high viscosity fluid or sometimes even a gel; which can
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
suspension in the PHA nonsolvent.

a. 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 oil (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; c) 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 oil and PHA followed by nonsolvent-induced

precipitation v

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

treating a biomass comprising PHA and oil (e.g., plant material) with the

-5-1-10



. Case 1:07-cv-07844-SAS Document 42-46  Filed 05/08/2008 Page 11 of 47

WO 97/07230 ' PCT/US96/13262

8

PHA solvent; b) removjng any insoluble plant material, thereby leaving
behind a solution of polyhydroxyalkanoate and oil dissolved in the PHA
solvent; c) treating the solution with a PHA precipitant, thereby resuiting in
precipitation of the polyhydroxyalkanoate; d) removing the PHA precipitant
and the oil dissolved therein, thereby leaving behind the
polyhydroxyalkanoate. Optionally, the PHA solvent and the PHA precipitant
may be subsequently stripped from the oil. _ _

This embodiment is exemplified in schematic form in Figure 2. This
embodiment exposes the biomass (e.g., soybean) containing oil and PHA
only once to a PHA solvent, such as acetone, which is a good soivent for
both oil and PHA. The addition of a PHA precipitant (e.g., hexane) to the
extraction solution containing oil and PHA, results in the precipitation of
PHA. The supemnatant mixture comprising PHA solvent, PHA precipitant

~and oil is removed to yield PHA. The PHA solvent and PHA precipitant are
subsequently stnpped away from the supernatant solution to yield oil. The
PHA solvent and PHA precipitant may then be separated from each other
and used again.

Prefered PHA precipitants are miscible with the PHA solvent.
Preferred PHA precipitants include diethyl ether, diglyceride, ethanol, fat,
heptane, hexane, methanol, monoglyceride, oil, triglyceride, water, or
mixtures thereof. More preferred precipitants are those which are miscible
in oil, such as diethyl ether.' diglyceride, ethanol, fat, heptane, hexane,
methanol, monoglyceride, oil, triglyceride, or mixtures thereof more
preferably hexane and methanol.

c. Two-stage sequential extraction of oil 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 exemplified in schematic form in Figure_ 3. The
biomass (e.g., soybean) is first exposed to an oil solvent (e.g., hexane)
" which does not dissolve PHA. Consequently, the first stage only extracts

5-1-11
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the oil portion. The oil solvent is then stripped from the oil to be used again
for further oil extraction. The dried defatted soybean is then exposed to a
PHA solvent. The second extraction stage removes PHA from the defatted
soybean. The PHA solvent is then stripped from the PHA extraction
solution, leaving solid PHA. ’ :

Preferred oil solvents include butane, diethy! ether, diglyceride,
ethanol, fat, heptane, hexane, methanol, monoglyceride, octane, oil (with a
different grade than the oil being extracted), pentane, ftriglyceride, or
mixtures thereof. Preferably, the oil solvent is more volatile than the oil
being extracted, thereby facilitating its subsequent stripping from the
extracted oil. More preferably, the oil solvent is hexane. ‘

The previously described embodiments of the present invention have
many surprising advantages, including the ability to extract crystallizable
high melt temperature (about 80°C or higher) PHA without using solvent
containing halogens and to effectively co-extract oil simultaneously.  The
PHA solvents used in this invention such as acetone and ethy! 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 typically used for the extraction of PHAs from
bacteria. '

The discovery of appropriate solvents for crystalline 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 the similarity of chemical architecture or
matching of refractive indices, dielectric constants or solubility parameters.
A good example of the inability to predict the solubility 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-hydroxyvaIerate) 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.

5-1-12
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Additional surprising advantages are realized when the extraction of
PHA is carried out in conjunction with the extraction of oil. The oil initially
serves as a miscible co-solvent to promote the extraction of PHA. However,
upon removal of a volatile PHA solvent, the oil will later become an effective

- suspending medium for the precipitating PHA due to its limited PHA- -
solvating power. Compared to a concentrated solution, a suspension of
polymer solid in a fluid nonsolvent typically has much lower apparent
viscosity and thus possesses superior processability. The elimination of the
serious problem of gelation often encountered during the stripping of
solvent from a concentrated polymer solution is an additional unexpected
and significant advantage of the invention. ‘

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 departmg from its spirit and scope.

EXAMPLE 1
mem

"+ 60 g of soybean. sample contamlng 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 vegetable oil, poly(3-
hydroxybutyrate-co-s—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 poly(3-hydroxybutyrate—co-3-hydroxyhexanoate)
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).

5-1-13
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EXAMPLE 2
Extraction Followed by Nonsolvent 'Precigitation

60 g of soybean sample containing vegetable oil and
poly(3-hydroxybutyrate-co-3-hydroxyoctadecanoate) containing 5%
3-hydroxyoctadecanoate repeat units is placed in a closed container
charged with 600 mL of acetone and stirred for 3 hrs at 559C. The acetone
solution containing the extracted oil and PHA is then drained from the
soybean using a wire-mesh filter. To this solution 800 mL of hexane is
added to induce the precipitation of poly(3-hydroxybutyrate-co-3-hydroxy-
octadecanoate). The polymer flakes are then separated from the
supernatant solution with a fine mesh filter and dried to yield 5 g of poly(3-
hydroxybutyrate-co-3-hydroxyoctadecanoate). The supematant solution
containing vegetable oil, acetone and hexane is placed 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 vegetabie 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 solid crystalline poly(3-
hydroxybutyrate-co-3-hydroxyoctanoate) is collected. .
All publications, issued patents and patent applications mentioned
hereinabove are hereby incorporated in their entirety by reference.
It is understocd that the examples and embodiments described
herein are for illustrative purposes only and that various modifications or
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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.
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1. A process for separating polyhydroxyalkanoate from a biomass
comprising the polyhydroxyalkanoate, the process characterized by
extracting the polyhydroxyalkanoate with at least one polyhydroxyalkanoate
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 sul?oxide, dimethylformamide, ethyl acetate, e?—ylene
glycol diacetate, methyl acetate, methyl ethyl ketone, 1,4-dioxane,
tetrahydrofuran, ' toluene, xylene and mixtures thereof, wherein the
polyhydroxyalkanoate has a melt temperature of about 80°C or higher.

2. A process according to claim 1 wherein the biomass is bacteria or
plant material.

3. A process according to any one of the preceding claims wherein the
plant materia! further comiprises oil characterized by:

a) treating the plant material with the polyhydroxyalkanoate
solvent; ‘ .
b) removing any insoluble plant material, thereby Iea\)ing behind

a solution of polyhydroxyalkanoate and oul dissolved in the

polyhydroxyalkanoate solvent;

?:) removing the polyhydroxyalkanoate solvent from the solution,
 thereby resulting in precipitation of the polyhydroxyalkanoate

. inthe oil; and
d) removing the oil, thereby Ileaving behind the
polyhydroxyalkanoate.

4 A process awordmg 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 irisoluble 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 resuilting in precipitation of the polyhydroxyalkanoate;
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Case 1:07-cv-07844-SAS ..Document 42-46  Filed 05/08/2008 Page 17 of 47

WO 97/07230 " PCT/US96/13262

14

d) removing the polyhydroxyalkanoate precipitant, the
polyhydroxyalkanoate solvent and the oil dissolved therein,
~ thereby leaving behind the polyhydroxyalkanoate;
e) ~ stipping the polyhydroxyalkanoate solvent: and the
polyhydroxyalkanoate precipitant from the oil, thereby Ieavmg
behind polyhydroxyalkanoate

5. 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 an oil solvent that does not
' dissolve the polyhydroxyalkanoate;
b) removing the oil solvent and the oil dissolved therein;
c)  treating the biomass with the polyhydroxyalkanoate solvent;
d) removing 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
units, wherein the first randomly repeating monomer unit has the structure

tolowndl

wherein R1 is H or C1 to C5 alkyl, and n is 1 or 2; the second randomly
repeating monomer unit has the structure

0
| i
CH—CH,—C

wherein R2 is C3 to C1g 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.
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Case 1:07-cv-07844-SAS  Document 42-46  Filed 05/08/2008  Page 18 of 47

WO 97/07230 . PCT/US96/13262

15

8. A process according to any one of the preceding claims wherein the
polyhydroxyalkanoate precipitant is selected from the group consisting of
diethyl ether, ethanol, fat, heptane, hexane, methanol, oil, triglyceride, water
and mixtures thereof.

9. A process according to any one of the preceding claims wherein the
oil solvent is selected from the group consisting of butane, diethyl ether,
diglyceride, ethanol, fat, heptane, hexane, methanol, monoglyoeride,'
octane, oil having a different grade than the oil from the plaht material,
pentane, triglyceride and mixtures thereof.

10. The polyhydroxyalkanoate extracted by the process according to any
~one of the preceding claims.
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REMARKS

1. Introduction

Applicant respectfully requests reconsideration of the present application in view of

the foregoing amendments and in view of the reasons that follow.

Claims 1-47 and 64 are cancelled. The cancellation of claims does not constitute
acquiescence in the propriety of any rejection set forth by the Examiner. Applicant reserves
the right to pursue the subject matter of the canceled claims in subsequent divisional

applications.

A detailed listing of all claims that are, or were, in the application, irrespective of
whether the claims remain under examination in the application, is presented, with an

appropriate defined status identifier.

Upon entry of this Amendment, claims 48-63 and 65-71 will remain pending in the

application.

Because the foregoing amendments do not introduce new matter, entry thereof by the

Examiner is respectfully requested.

J IR Response to Issues Raised by Examiner in Outstanding Office Action: Claim
Rejections - 35 U.S.C. § 103

Applicant notes that in the previous Office Action dated January 27, 2005, claims 48-
57 were indicated to be allowable and claims 58-71 were rejected under 35 U.S.C. § 112,
second paragraph. There were no rejections in view of the prior art because Applicant’s
previously submitted argumentation had successfully overcome all of the Examiner’s prior art
rejections with respect to Jones et al. (U.S. Patent No. 4,158,656), Pusateri et al. (U.S. Patent
No. 5,882,646), Cho et al. (WO 94/19948) and Anjou et al. (U.S. Patent No. 4,083,836).
However, on page 2 of the outstanding Office Action, the Examiner states “[h]Jowever, upon
reconsidering of the pending claims with the examiner’s supervisor, the following new

ground(s) of rejection is respectfully submitted.”

WASH_1498071.1
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Applicant notes that many of the rejections in the outstanding Office Action are

substantially identical to the rejections stated in the January 16, 2003 Office Action.
Applicant provided argumentation with respect to these rejections in the July 16, 2003
Amendment. However, the Examiner’s rejections in the outstanding Office Action do not
address Applicant’s argumentation. Applicant respectfully requests that the Examiner
provide reasoning as to why Applicant’s arguments are not considered sufficient to overcome

the rejections of record.

a. Rejection of Claims 48-57 as Being Unpatentable Over
Jones et al. (USP 4,158,656) in view of WO 97/07230

Claims 48-57 are rejected by the Examiner under 35 U.S.C. § 103 as being obvious
over Jones et al. (USP 4,158,656) in view of WO 97/07230. Applicant respectfully requests

reconsideration and withdrawal of the rejection.

The Examiner has failed to establish a prima facie case of obviousness because all
three of the criteria required to establish a prima facie case of obviousness have not been met.
In order to establish a prima facie case of obviousness, three basic criteria must be met. First,
there must be some suggestion or motivation, either in the references themselves or in the
knowledge generally available to one of ordinary skill in the art, to modify the reference or to
combine reference teachings. Second, there must be a reasonable expectation of success.
Finally, the prior art references (or references when combined) must teach or suggest all the

claim limitations. See MPEP 2142.

i The cited art fails to teach each and every limitation of the
claimed invention

Jones et al. and WO <230 fail to teach or suggest every limitation of the claimed
invention. The Examiner asserts that the claimed invention is obvious over the combined
teachings of Jones et al. and WO 230 because although Jones et al. do not teach extracting
glucosinolates using a mixture of dimethyl sulfoxide, acetonitrile and dimethylformamide,
WO 230 discloses an extraction method using a mixture of these solvents. Applicant

respectfully disagrees.

-3-
WASH_1498071.1
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The Examiner directs Applicant’s attention to the abstract and page 6, first paragraph
of WO 230 for the disclosure of an extract method ﬁsing a mixture of dimethyl sulfoxide,
acetonitrile and dimethylformamide. However, Applicant notes that these disclosures in WO
¢230 are directed to a process for separating polyhydroxyalkanoate (PHA) from a biomass
with at least one solvent selected from the group consisting of acetone, acetonitrile, benzene,
butyl acetate, butyl propionate, beta-butyrolactone, gamma-butyrolactone, diethyl carbonate,
diethylformamide, dimethyl carbonate, dimethyl succinate, dimethyl sulfoxide,
dimethylformamide, ethyl acetate, ethylene glycol diacetate, methyl acetate, methyl ethyl
ketone, 1,4-dioxane, tetrahydrofuran, toluene, xylene, and mixtures thereof. The term “and
mixtures thereof” covers 2,097,151 possible solvent combinations. However, nowhere in
WO “230 is the specific combination of dimethyl sulfoxide, acetonitrile and
dimethylformamide taught or suggested. Instead, the Examiner is picking and choosing one
specific combination out of a possible 2,097,151. Because WO ‘230 fails to teach the
specific combination of dimethyl sulfoxide, acetonitrile and dimethylformamide, WO <230 ‘

does not cure the deficiencies of Jones et al.

ii. There is no suggestion or motivation to modify the teachings of
Jones et al. with the teachings of WO ‘230

As discussed above, the combined teachings of Jones et al. and WO “230 fail to teach
each and every limitation of the claimed invention. Therefore, the claimed invention is not

obvious over the combined teachings of these documents.

However, assuming arguendo that the cited references do disclose each and every
limitation of the claimed invention, the claimed invention is still not obvious over the cited
art because a person of ordinary skill in the art would not have been motivated to combine the
teachings of WO 230 with the teachings of Jones et al. to arrive at the claimed invention.
The claimed invention is directed to a method of extracting glucosinolates and
isothiocyanates from plant tissue. In contrast, WO ‘230 is directed to a method for separating
PHA'’s from a biomass. While WO 230 may state that the source of the biomass may be
plants, such as rapeseed (see page S of WO 230), WO 230 is directed to extracting PHA’s,

whereas the claimed invention is directed to extracting glucosinolates and isothiocyanates.

WASH_1498071.1
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PHA s are distinct from glucosinolates and isothiocyanates. Attached as Exhibit11isa
description of polyhydroxyalkanoates1 which illustrates the different characteristics of PHA’s
as compared to glucosinolates and isothiocyanates. PHA’s are cross-linked polymers of much
higher molecular weight than glucosinolateé and isothiocyanates. PHA’s are synthesized
from low molecular weight organic acids and glucose, whereas glucosinolates and
isothiocyanates are synthesized from amino acids. Glucosinolates are very polar, charged
anionic species and isothiocyanates are highly reactive species, whereas PHA’s are neither.
Therefore, based upon the very different chemical structures, biosyntheses, reactivity,
polarity, etc., of PHA’s as compared to glucosinolates and isothiocyanates, a person of
ordinary skill in the art would not have been motivated to use a method for extracting PHA’s
to extract glucosinolates and isothiocyanates and the references themselves fail to provide

motivation to do so.

At page 4 of the outstanding Office Action, the Examiner states that motivation is
provided because WO 230 states that the use of at least one solvent selected from the group
consisting of acetone, acetonitrile, benzene, butyl acetate, butyl propionate, beta-
butyrolactone, gamma-butyrolactone, diethyl carbonate, diethylformamide, dimethyl
carbonate, dimethyl succinate, dimethyl sulfoxide, dimethylformamide, ethyl acetate, ethylene
glycol diacetate, methyl acetate, methyl ethyl ketone, 1,4-dioxane, tetrahydrofuran, toluene,
xylene, and mixtures thereof results in an environmentally friendly and economical process
for recovering products from a large-scale biological source. However, as discussed above,
because of the very different chemical structures, biosyntheses, reactivity, polarity, etc., of
PHA'’s as compared to glucosinolates and isothiocyanates, a person of ordinary skill in the art
would have had no reasonable expectation of success to use a method for extracting PHA’s
to extract glucosinolates and isothiocyanates, and the fact that the method is environmentally

friendly and economical would not have overcome the issue.

' Exhibit 1 is from www.usask.°ca/agriculture/plantsci/classes/plsc416/
projects_2002/immel/polyhydroxyalkanoates.html.
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iii. There is no reasonable expectation of success in combining the
teachings of Jones et al. and WO ‘230 to arrive at the claimed
invention.

Additionally, there is no reasonable expectation of success in combining the teachings
of Jones et al. and WO ‘230 to arrive at the present invention. because WO ‘230 is directed
to a method for separating polyhydroxyalkanoate (PHA) from a biomass and the present
invention is directed to extracting glucosinolates and isothiocyanates from a plant tissue. At
best, the examiner is using an improper “obvious to try” standard, arguing that it would have
been obvious to a person of ordinary skill in the art familiar with the teachings of Jones et al.
and WO 230 to try to extract glucosinolates and isothiocyanates from plant tissue using a

(133

mixture of dimethyl sulfoxide, acetonitrile and dimethylformamide. However, “‘obvious to
try’ has long been held to not constitute obviousness.” In re Deuel, 51 F.3d 1552, 1559, 34

USPQ2d 1210 (Fed. Cir. 1995).

Applicant notes that the Examiner failed to provide a reason as to why a person of
ordinary skill in the art would be motivated to combine the teachings of Jones et al. and WO
230. See page 4, line 9 of the outstanding Office Action where the Examiner states “[s]uch a

modification would have been motivated by the reasonable expectation that ?7?”

b. Rejection of Claims 58, 59, 60, 62, 63, 65-67, 68-70 and 71 as Being
Obvious Over Jones et al. (USP 4.158.656) in view of Pusateri et al.

(USP 5.882.646) and Cho et al. (WO 94/19948).

Claims 58, 59, 60, 62, 63, 65-67, 68-70 and 71 are rejected by the Examiner under 35
U.S.C. § 103 as being obvious over Jones et al. (USP 4,158,656) in view of Pusateri et al.
(USP 5,882,646) and Cho et al. (WO 94/19948). Applicant respectfully requests

reconsideration and withdrawal of the rejection.

The claimed invention is not obvious over the combined teachings of Jones et al.,
Pusateri et al. and Cho et al. because Jones et al. explicitly teaches away from the claimed
invention. As discussed in Applicant’s July 16,2003 response, at column 3, lines 48-53 of
Jones et al. it states that “it is essential for food use, to remove the glucosinolates and those
other factors that can cause unattractive flavor and coloration and decreased nutritive value of

foods.” In contrast, claim 58 (and dependent claims 59-63 and 65-71) is directed to a method

-6-
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of making a food product that involves adding extracted glucosinolates and isothiocyanates to

food.

Applicant again reminds the Examiner that is it improper to take individual teachings
from one reference out of context (Jones et al.) and to combine those individual teachings with
teachings from other references (Pusateri et al. and Cho et al.) to make an obviousness rejection.
Instead, the Examiner must consider Jones et al. in its entirety. As discussed above, Jones et al.
explicitly teaches removing glucosinolates from food because of their deleterious properties,
such as decreased nutritive value and unattractive flavor. Because Jones et al. teaches away
from adding glucosinolates to food, the prior art would not have suggested to those of ordinary
skill in the art that they should modify the Jones et a;l. method by adding the isolated
glucosinolates to food products, as the Examiner alleges is suggested by Pusateri et al. and
Cho et al. Additionally, because Jones et al. teaches away from adding glucosinolates to
food, those of ordinary skill would not have a reasonable expectation of success in combining

the teachings of Jones et al. with the teachings of Pusateri et al. and Cho et al.

c. Rejection of Claim 61 as Being Obvious Over Jones et al. (USP
4.158.656) in View of Pusateri et al. (USP 5,882.646), Cho et al. (WO
94/19948) and Passey et al. (USP 5.290.578)

Claim 61 is rejected by the Examiner under 35 U.S.C. § 103 as being obvious over
Jones et al. (USP 4,158,656) in view of Pusateri et al. (USP 5,882,646), Cho et al. (WO
94/19948) and Passey et al. (USP 5,290,578). Applicant respectfully requests reconsideration

and withdrawal of the rejection.

Claim 61 is not obvious over the combined teachings of Jones et al., Pusateri et al.,
.Cho et al. and Passey et al. because Jones et al. teaches away from the claimed invention, as
discussed above. It improper to take individual teachings from one reference out of context
(Jones et al.) and to combine those individual teachings with teachings from other references

(Pusateri et al., Cho et al. and Passey) to make an obviousness rejection (see above discussion).

-7-
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CONCLUSION

The present application is now in condition for allowance. Favorable reconsideration

of the application as amended is respectfully requested.

The Examiner is invited to contact the undersigned by telephone if it is felt that a

telephone interview would advance the prosecution of the present application.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment,
to Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by a
check being in the wrong amount, unsigned, post-dated, otherwise improper or informal or
even entirely missing, the Commissioner is authorized to charge the unpaid amount to
Deposit Account No. 19-0741. If any extensions of time are needed for timely acceptance of
papers submitted herewith, Applicant(s) hereby petition(s) for such extension under 37 C.F.R.
§1.136 and authorizes payment of any such extensions fees to Deposit Account No. 19-0741.

Respectfully submitted,
Date November 14, 2005 By )/ Q @Aj_; Q P S:&Q 9( F4€
FOLEY & LARDNER LLP ‘@;rRichard C. Peet
Customer Number: Attorney for Applicant
22428 Registration 35,792

PATENT TRADEMARK OFFICE

Telephone:  (202) 672-5483
Facsimile: (202) 672-5399
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Polyhydroxyalkanoates (PHAs)

PHAs make up a class of polymers that are fully
biodegradable. They are a family of polyesters with a
wide array of physical properties that can range from
stiff-brittle plastics to elastomers to rubbers. PHAs are
naturally produced in numerous genera of bacteria, and
have been amplified through bacterial fermentat|on.

PHAs are mainly composed of R-(-)-3-hydroxyalkanoic
acid monomers. There can be broadly subdivided into
two groups:

Short chain length PHAs

- consist of 3 carbon - 5 carbon monomers (C3-C5)

- produced by bacterium A/caligenes eutrophus (plus
others)

Long chain Iength PHAs

- consist of 6 carbon - 14 carbon monomers (C6-C14)

- produced by Pseudomonas oleovorans (plus others)

@cr)

. n + R B S, P R h
_ ' SR
"{0/1}&& . {o’l}n,ﬁ'
Re B.CH; CaH, R-C,H cnnn
S-l 3 ]-] 4

Each type of PHA generally consists of 1000-10000
monomers, but most are synthesized by short chain
lengthed monomers.

There are many different types of PHAs, distinctly
characterized by chain length, type of functional group
and degree of unsaturated bonds. A higher degree of
unsaturation increases the rubber qualities of a
polymer, and different functional groups change the
physical and chemical properties of a polymer.

http://www.usask.ca/égriculmre/plantsci/c]asses/plsc416/projects_20.02/immel/polyhydro...A 11/14/2005 - -
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Figure scanned from Kumar & Minocha, In Transgenic Plant Research; Harwoo Pub.
www.routledge.com

PHB [or P(3HB)] is the most common type of PHA
produced and is an example of a short chain lengthed
homopolymer produced by A. eutrophus. PHB has poor
physical properties for commercial use. It is stiff, brittle
and hard to process. This has led to an increased
interest to produce heteropolymers with improved
qualities. P(3HB-3HV) is an example of an improved
heteropolymer. It is named Biopol, and was produced
by Zeneca, but now owned by Monsanto. Compared to
PHB, P(3HB-3HV) is less stiff, tougher, and easier to
process, making it more suitable for commercial
production. It is also water resistant and impermeable
to oxygen, increasing its value.

PHB is 100% biodegradable. Various bacteria and fungi
degrade PHB to carbon dioxide and water through
secreting enzymes. It can also be degraded through
non-enzymatic hydrolosis. Degredation appears to be
the fastest under conditions of high temperatures and
mechanical disruption. An 80% loss of PHB has been
degraded in 15 weeks. PHB is also biocompatible,
meaning it is a metabolite normally present in blood.

~ http:// www.usask.ca/agriculture/plantsci/classes/plsc4 16/projects_2002/immel/polyhydro... 11/14/2005
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Researchers have amplified the production of PHAs for
large scale production, to produce and commercialize
biodegradable plastics. Originally bacterial ‘
fermentation was used, but PHA can only be produced
on a small scale this way, and production costs are to
expensive compared to production of synthetic plastics.
Researchers have since tried large scale production
through transgenic plants, but many problems have
arised this way also. More research must be done
before commercial production of PHAs will beable to
outcompete or replace synthetic plastics.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant:  Jed FAHEY et al.

“Title: CANCER CHEMOPROTECTIVE
FOOD PRODUCTS

Appl. No.:  09/825,989

Filing Date: 4/5/2001 |

Examiner:  Delacroix-Muirheid, Cybille
Art Unit: 1614

AMENDMENT TRANSMITTAL

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Transmitted herewith is an Amendment and Exhibit 1 in the above-identified
application.

[X] SmallEntity status under 37 C.F.R. § 1.9 and § 1.27 has been established by a

previous assertion of Small Entity status.

[ X] The fee required for additional claims is calculated below:

Claims Extra

As Previously Claims Additional

Amended Paid For Present Rate Claims Fee
Total Claims: 23 - 24 = 0 P $50.00 = $0.00
Independent 2 - 3 = 0 x $200.00 = $0.00

Claims: ‘
First presentation of any Multiple Dependent Claims: + $360.00 = $0.00
CLAIMS FEE TOTAL = $0.0V
WASH_1498065.1 -1-
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[ X] * Applicant hereby petitions for an extension of time under 37 C.F.R. §1.136(a) forthe - = -
total number of months checked below:

[ X ] Extension for response filed within the first month: $120.00 $120.00 -

[ ] Extension for response filed within the second month: $450.00 $0.00 -
[ ] Extension for response filed within the third month: $1,020.00 $0.00
[ ] Extension for response filed within the fourth month: $1,590.00 $0.00
[ ] Extension for response filed within the fifth month: $2,160.00 $0.00
EXTENSION FEE TOTAL: $120.00
[ 1 Statutory Disclaimer Fee under 37 C.F.R. 1.20(d): $130.00 $0.00
CLAIMS, EXTENSION AND DISCLAIMER FEE TOTAL.: $120.00
[X] Small Entity Fees Apply (subtract %2 of above): $60.00
TOTAL FEE: . $60.00

[ X] A check in the amount of $60.00 is enclosed.

[ X] The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any Lo
overpayment, to Deposit Account No. 19-0741. Should no proper payment be B
enclosed herewith, as by a check being in the wrong amount, unsigned, post-dated,
otherwise improper or informal or even entirely missing, the Commissioner is
authorized to charge the unpaid amount to Deposit Account No. 19-0741. If any
extensions of time are needed for timely acceptance of papers submitted herewith,
applicant hereby petitions for such extension under 37 C.F.R. §1.136 and authorizes

payment of any such extensions fees to Deposit Account No. 19-0741.

Please direct all correspondence to the undersigned attorney or agent at the address

indicated below.

Respectfully submitted,
Date November 14, 2005 By // Q @j;»p 00:&0? L? 76 @
FOLEY & LARDNER LLP L Richard C. Pedt
Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5483 Registration No. 35,792

Facsimile: (202) 672-5399

WASH_1498065. 1 2.
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26, 1996), unless otherwise indicated in the original publications.

The CA Lexicon is the copyrighted intellectual property of the

American Chemical Society and is provided to assist you in searching
databases on STN. Any dissemination, distribution, copying, or storing
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=> que glucosinolate
L1 QUE GLUCOSINOLATE

=> que isothiocyanate
L2 QUE ISOTHIOCYANATE

=> que 11 and 12
L3 QUE L1 AND L2

=> que plant or vegetable
L4 QUE PLANT OR VEGETABLE

=> que extract?
L5 QUE EXTRACT?

=> que 13 and 14 and 15
L6 QUE L3 AND L4 AND L5

=> 5 16
2345 GLUCOSINOLATE
24461 ISOTHIOCYANATE
- 805781 PLANT
87635 VEGETABLE
299930 EXTRACT?
L7 10 L3 AND L4 AND LS
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