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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims Nos.: 1 2 14 · 6 7 0 - 2 7 4 · 98-106, 121, 138 and 139
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. HI Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: claims 1-1 1, directed to a method for enhancing polyhydroxyalkanoate (PHA) generation In a methanotrophic culture by
reducing copper concentrations to effect particulate methane monooxygenase (pMMO) production, the method comprising:
(a) contacting a culture of methanotrophic microorganisms with a medium comprising copper, one or more additional nutrients, and a
carbon-containing gas that can be metabolized by said culture;
(b) incubating said culture in said medium to cause growth of said culture; and
(c) inducing a selection pressure in said culture to transform said culture into a culture that generates PHA preferentially through pMMO
by:

- Please see extra sheet for continuation -

. □ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3 . □ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-1 1

The additional search fees were accompanied by the applicant's protest and, where applicable, the

□ payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest

□ fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Continuation of Box III: Lack of Unity of Invention

(i) reducing the concentration of copper in said medium to cause production of soluble methane monooxygenase (sMMO) and/or
particulate methane monooxygenase by said culture, wherein said concentration of copper causes the production of sMMO in some
methanotrophic microorganisms;
(ii) reducing the concentration of one or more said nutrient in said medium to cause said culture to generate PHA from said carbon-
containing gas using said sMMO or said M O, wherein PHA is generated by p O at a greater rate as compared to sMMO;
(iii) returning the culture to the growth conditions of step (b), wherein microorganisms having higher intracellular concentrations of pMMO
and PHA grow at a greater rate as compared to those with lower intracellular pMMO and PHA concentrations; and
(iv) repeating steps (ii) and (iii), wherein said repetitions selectively favor growth of microorganisms that produce PHA via pMMO,
thereby facilitating the pMMO-mediated production of PHA at reduced copper concentrations, and resulting in a culture comprising
essentially only microorganisms that use pMMO to produce PHA.

Group II: claims 15-35, directed to a method converting a carbon-containing material into a polyhydroxyalkanoate (PHA), the method
comprising:
(a) contacting a culture of methanotrophic microorganisms with a medium comprising copper, one or more additional nutrients, and a
carbon-containing material that can be metabolized by said culture, thereby inducing growth of said culture;
(b) reducing or controlling the concentration of copper in said medium to cause at least a portion of said culture to produce soluble
methane monooxygenase (sMMO) and/or particulate methane mono oxygenase (PMMO), wherein said copper concentration can cause
one or more methanotrophic microorganism to produce sMMO;
(c) reducing the concentration of at least one of said nutrients in said medium to cause at least a portion of said culture to utilize said
produced sMMO or said produced pMMO to convert the carbon from said carboncontaining material into PHA; and
(d) repeating steps (a) through (c) a plurality of times, wherein the portion of said culture utilizing said pMMO to generate PHA grows
and/or generates PHA at a greater rate than the portion of said culture utilizing said sMMO to generate PHA, thereby inducing a
selective pressure in said culture resulting in a culture comprising essentially only microorganisms that use pMMO to produce PHA.

Group III: claims 36-60, directed to a method for converting a carbon-containing material into a polyhydroxyalkanoate (PHA), the method
comprising:
(a) contacting a methanotrophic culture with a medium comprising one or more nutrients and a carbon-containing material that can be
metabolized by said culture;
(b) controlling the concentration of said one or more nutrients in said medium to cause at least a portion ofthe culture to produce sMMO
and/or pMMO;
(c) controlling the concentration of said one or more nutrients in said medium to cause said culture to produce PHA; and
(d) repeating steps (a) through (c) a plurality of times.

Group IV: claims 62-69, 71, 75-86, directed to a method for converting a carbon-containing material into a polyhydroxyalkanoate (PHA),
the method comprising:
(a) providing a microorganism culture;
(b) providing a medium comprising one or more nutrient comprising a carbon-containing material that can be metabolized by said
culture;
(c) controlling the concentration of said one or more nutrient in said medium to cause the cellular replication of one or more
microorganisms in said culture, wherein the genetic material encoding the ethylmalonyl-CoA pathway is present in said one or more
microorganisms;
(d) controlling the concentration of said one or more nutrient in said medium to cause said culture to produce PHA; and
(e) repeating steps (a) through (d).

Group V: claims 87-97, directed to a method tor controlling the functional characteristics of polyhydroxyalkanoate (PHA) produced by a
methanotrophic culture exposed to methane and one or more nonmethane materials that influence the metabolism of said culture, the
method comprising:
(a) providing a methanotrophic culture in a medium comprising one or more nutrients;
(b) controlling the concentration of one or more of said nutrients in said medium to cause said culture to produce soluble methane
monooxygenase (sMMO) and/or particulate methane monooxygenase (pMMO);
(c) controlling the concentration of said one or more nutrients in said medium to cause said culture to produce PHA; and
(d) repeating steps (a) through (c), wherein the concentration of sMMO relative to pMMO III step (c) is
substantially the same in each repetition, wherein one or more functional characteristics of said PHA produced by said culture are
controlled in multiple PHA production repetitions, and wherein said culture selectively generates microorganisms that synthesize PHA at
high efficiency.

Group VI: claims 107-1 17, 148, and 149, directed to a method for modifying or improving the functional characteristics of a
polyhydroxyalkanoate (PHA) material, comprising the steps of:
(a) providing a PHA and a biomass;
(b) subjecting said PHA and/or said biomass to a processing step in order to render said at least a portion of said biomass miscible with
said PHA;
(c) combining said PHA and said biomass in a mixture to form a compound;
(d) heating said compound to between 50 degrees Celsius and 250 degrees Celsius; and
(e) causing said biomass to effect a functional modification of said PHA, wherein said functional modification comprises plasticization,
nudeation, compatibilization, melt flow modification, strengthening, and/or elasticizaton.

- Please see second extra sheet for continuation -

Form PCT/ISA/2 10 (extra sheet) (July 2009)
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Group VII: claims 118-128, 145 and 1 6, directed to a method for the synthesis of a polyhydroxyalkanote (PHA) in a biomass material,
comprising the steps of:
(a) providing a medium comprising a biomass capable of metabolizing a source of carbon: and
(b) increasing the concentration of one or more nutrients in said medium to cause said biomass to synthesize PHA or increase the
synthesis rate of PHA relative to the synthesis rate of non-PHA material.

Group VIII: claims 129-137, 140-144, and 147, directed to a process for extracting a polyhydroxyalkanoate from a PHA-containing
biomass slurry comprising PHA, non-PHA biomass, and a liquid, comprising:
a) controlling the pressure and temperature of said liquid to cause said non-PHA biomass to become soluble in said liquid; and
b) reducing the amount of said liquid in said slurry.

The inventions listed as Groups I - VIII do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of the claims of Groups l-VIII are indicated in the Group descriptions, above.

The only common technical element shared by the above groups is that they are related to PHA produced by biomass or
microorganisms. Groups l-IV are also related to converting a carbon-containing material into a polyhydroxyalkanoate (PHA), the method
comprising:
(a) contacting a culture of methanotrophic microorganisms with a medium comprising copper, one or more additional nutrients, and a
carbon-containing material that can be metabolized by said culture, thereby inducing growth of said culture;
(b) reducing or controlling the concentration of copper in said medium to cause at least a portion of said culture to produce soluble
methane monooxygenase (sMMO) and/or particulate methane mono oxygenase (PMMO), wherein said copper concentration can cause
one or more methanotrophic microorganism to produce sMMO;
(c) reducing the concentration of at least one of said nutrients in said medium to cause at least a portion of said culture to utilize said
produced sMMO or said produced pMMO to convert the carbon from said carboncontaining material into PHA; and
(d) repeating steps (a) through (c) a plurality of times, wherein the portion of said culture utilizing said pMMO to generate PHA grows
and/or generates PHA at a greater rate than the portion of said culture utilizing said sMMO to generate PHA, thereby inducing a
selective pressure in said culture resulting in a culture comprising essentially only microorganisms that use pMMO to produce PHA.
Groups V and VI are also related to controlling or modifying the functional characteristics of polyhydroxyalkanoate (PHA). These
common technical elements do not represent an improvement over the combined prior art of US 2010/0190221 A 1 to Herrema et al.
(hereinafter 'Herrema') (29 July 2010) and the article entitled Factors affecting competition between type I and type II methanotrophs in
two-organism, continuous-flow reactors by Graham et al. (hereinafter 'Graham').
In particular, Herrema discloses a method converting a carbon-containing material into a polyhydroxyalkanoate (PHA) (para [0021],
[0035] and [0042], the method comprises combining a methanotrophic microorganism comprising methane monooxygenase with a VOC,
wherein the methanotrophic microorganism uses the methane monooxygenase to metabolize the VOC to produce a metabolized-VOC
wherein the metabolized-VOC is combined with a PHA-generating enzyme to produce PHA), the method comprising:
(a) contacting a culture of methanotrophic microorganisms with a medium comprising copper, one or more additional nutrients, and a
carbon-containing material that can be metabolized by said culture, thereby inducing growth of said culture (para [0048]-[0049], methane
VOC); but does not specifically disclose (b), (c) and (d).
However, in a related publication, Graham discloses a method converting a carbon-containing material into a polyhydroxyalkanoate
(PHA) (pg 2, para 1-2, the utility of methanotrophs for technical purpose centers around the initial enzyme in their catabolic pathway,
methane monooxygenase. MMO catalyzes the cometabolic transformations involving halogenated organic compound. Certain type II
strains comprising both pMMO and sMMO catalyze the transformations of an extremely broad range of environmentally significant
substrates) by:
(b) controlling the concentration of copper in said medium to cause at least a portion of said culture to produce soluble methane
monooxygenase (sMMO) and/or particulate methane monooxygenase (PMMO), wherein said copper concentration can cause one or
more methanotrophic microorganism to produce sMMO (pg 15, para 6; it was possible to establish copper-limited conditions without
exhausting the soluble copper concentration and without inducing sMMO in M. trichosporium OB3b; pg 11, para 1, the results in Figs. 4
and 5 implicate that the availability of a soluble copper source is important for the repression of sMMO and for the maintenance of
pMMO. Accordingly, Graham's data suggest that in copper-limited condition, but in the presence of some soluble copper, pMMO is
maintained while the production of sMMO still occurs in some methanotrophic microorganisms); and
(c) reducing the concentration of at least one of said nutrients in said medium to cause at least a portion of said culture to convert the
carbon from said carbon-containing material into PHA (pg 15, para 8 , M. trichosporium OB3b was capable of fixing nitrogen and
continued to grow, albeit at a much lower rate than when nitrate was present. Accordingly, Graham's data suggest that in nitrate-limited
condition, OB3b continues to grow and to generate PHA).

It would have been obvious to one of ordinary skill in the art, at the time the invention was made, to have applied the selection process
of Graham to the method of Herrema and thus to have provided a methanotroph having higher concentrations of pMMO at reduced
copper concentrations, and resulting in a culture comprising essentially only microorganisms that use pMMO to produce PHA, because
both Herrema and Graham teach methods in selecting PHA producing methanotrophs and Graham teaches that it was possible to
establish copper-limited conditions without exhausting the soluble copper concentration and without inducing sMMO in M. trichosporium
OB3b. In addition, it would have been obvious to one of ordinary skill in the art, at the time the invention was made, to have repeated
steps (a) through (c), to keep the selection pressure that favors the growth of microorganisms that produce PHA, because such
repetitive selection pressure is need to ensure maintaining said specific microorganism culture.

Further, although neither Graham nor Herrema specifically recites the term "functional characteristics of polyhydroxyalkanoate (PHA),
Herrema teaches adding carbon sources into the growth medium in order to influence the metabolism of the microorganisms in order to
alter the molecular structure of the PHA molecules (para [0084]). It would have been obvious to a person skilled in the art that altering
the structure of the PHA molecules would have also altered the functional characteristics of the molecules.

Therefore, the inventions of Groups l-VIII lack unity of invention under PCT Rule 13 because they do not share a same or corresponding
special technical feature.

Form PCT/ISA/210 (extra sheet) (July 2009)


	abstract
	wo-search-report

