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Box No. 1 Nucleotide and/or amino acid sequence(s) (Cdntinuation of item l.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing filed or furnished:

a. (means)

o~
M on paper

in electronic form

b. (time)
in the international application as filed
together with the international application in electronic form
[:I subsequéhtly to this Authority for the purposes of search
2; [:I In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D Claims Nos.:

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

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  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:

~*.Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the appllcant this international search report covers all sea:chable
claims.

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

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

4. No required additional search fees were timely paid by the applicant. Consequently, this international search repon is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Groups I+: Claims 1, 2, 4, 6-13, 16-21, 23, 24, 30-36, 45, 46, SEQ ID NOs: 2, 8, 39-44

Remark on Protest I:l The addmonal search fees were accompamed by the applicant’s protest and, where applicable, the

payment of a protest fee.

D 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. .

EI No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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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.

Groups I+, Claims 1-24, 30-37, 45 and 46 are directed toward a fusion protein comprising: (a) a first domain comprising a phenylalanine
ammonia lyase, and (b) a second domain comprising a cinnamic acid decarboxylase; a cinnamic acid decarboxylase comprising a
mutation at an amino acid residue position corresponding to a position selected from the group consisting of: 155, 156, 159, 162, 163,
164, 172, 173, 174, 175, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 226, 227, 280, 285, 286, 287, 291, 326, 331, 360, 361, 395,
396, 398, 440, 441 of SEQ ID NO: 8, and combinations thereof; a host cell comprising: (a) a recombinantly expressed phenylalanine
ammonia lyase; (b) a recombinantly expressed cinnamic acid decarboxylase; and (c) a recombinantly expressed membrane-bound
transporter; a method of crystallizing a cinnamic acid decarboxylase, the method comprising: (a) providing a cinnamic acid
decarboxylase solution at a concentration of from about 1 mg/ml to about 50 mg/ml; (b) mixing the cinnamic acid decarboxylase solution
with a reservoir solution at a volume ratio of from about 1:10 to about 10:1; and (c) maintaining the mixture of step (b) at a temperature
suitable for the formation of the cinnamic acid decarboxylase crystal; and a method for simultaneously screening phenylalamne
ammonia lyase and cinnamic acid decarboxylase activities, the method comprising: (a) providing a fusion protein comprising: (i) a first
domain comprising a phenylalanine ammonia lyase, and (ii) a second domain comprising a cinnamic acid decarboxylase; (b) providing a
substrate selected from the group consisting of phenylalanine, trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof;
(c) incubating the fusion proteln and the substrate under a condition that allows the fusion protein to convert the substrate to a product
selected from the group consisting of styrene, 4-hydroxystyrene, and a combination thereof; and (d) detecting the amount of the
remaining substrate, or the amount of the product or both.

A fusion protein comprising: (a) a first domain comprising a phenylalanine ammonia lyase, and (b) a second domain comprising a
cinnamic acid decarboxylase, a cinnamic acid decarboxylase comprising a mutation at an amino acid residue position, a host cell
comprising: (a) a recombinantly expréssed phenylalanine ammonia lyase; (b) a recombinantly expressed cinnamic acid decarboxylase;
and (c) a recombinantly expressed membrane-bound transporter; a method of crystallizing a cinnamic acid decarboxylase; and a
method for simultaneously screening phenylalanine ammonia lyase and cinhamic acid decarboxylase activities will be searched wherein
the phenylalanine ammonia lyase consists of an amino acid sequence consisting of SEQ ID NO; 2; and the cinnamic acid decarboxylase
consists of an amino acid sequence consisting of SEQ ID NO: 8, or mutations thereof. Applicant is invited to elect additional )
phenylalanine ammonia lyase sequences and/or additional cinnamic acid decarboxylase sequences to be searched, within the scope of
the relevant claims, by specifying the relevant phenylalanine ammonia lyase sequence or cinnamic acid decarboxylase sequence and by
paying an additional fee for each elected sequence. It is believed that claims 1, 2(in part), 3(in part), 4-14, 16-21, 22(in part), 23, 24,
30-37, 45 and 46 read on this first named invention and thus these claims will be searched without fee to the extent that they read on
these sequences. Additional sequences will searched upon the payment of additional fees. Applicants must specify the claims that read
on any additionally elected sequences. Applicants must further indicate, if applicable, the claims which read on the first named invention,
if different than what was indicated above for this group. Exemplary elections would be phenylalanine ammonia lyase sequence SEQ ID
NO: 4, or cinnamic acid decarboxylase sequence SEQ ID NO: 10. Failure to clearly identify how any paid additional invention fees are to
be applied to the "+" group(s) will result in only the first claimed invention to be searched/examined. (it should be further noted that, as
Group Ill, below, is directed toward SEQ ID NO: 16, should the applicants opt for said group to be searched, SEQ ID NO: 16 would also
be included in the sequences searched under Group | without further additional payment).

Group |I, Claims 25-29 and 41-44 are directed toward a method for screening candidate proteins for mutated cinnamic acid
decarboxylase activity, the method comprising: (a) providing a protein sample comprising a candidate protein, and a substrate selected
from the group consisting of phenylalanine, trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof; (b) combining the
protein sample and the substrate sample to form a mixture, and incubating the mixture under a condition that allows a mutated cinnamic
acid decarboxylase to convert the substrate to a product selected from the group consisting of styrene, 4-hydroxystyrene, and
combination thereof; and (c) exposing the mixture to a detection material that comprises a polymeric resin that absorbs the product
vapor; and a method for producing styrene, the method comprising: (a) contacting a host cell with a fermentable carbon substrate, the
host cell comprising (i) a phenylalanine ammonia lyase; and (ji) a cinnamic acid decarboxylase; and (b) culturing the host cell in a culture
medium for a time sufficient to produce styrene. wherein the vapor of the styrene product is absorbed by an absorbing material.

Group |ll, Claims 38-40 are directed toward a crystal of cinnamic acid decarboxylase wherein the cinnamic acid decarboxylase isina
complex with 3-hydroxyt cinnamic acid.

-***.Continued Within the Next Supplemental Box-***-

Form PCT/ISA/210 (extra sheet) (July 2009)
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The inventions listed as Groups I+, Il and lll 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 coesponding special technical features for the following reasons: the special technical features of
Group | include a fusion protein comprising: (a) a first domain comprising a phenylalanine ammonia lyase, and (b) a second domain
comprising a cinnamic acid decarboxylase, a cinnamic acid decarboxylase comprising a mutation at an amino acid residue position, a
host cell comprising a recombinantly expressed membrane-bound transporter; a method of crystallizing a cinnamic acid decarboxylase,
the method comprising: (a) providing a cinnamic acid decarboxylase solution at a concentration of from about 1 mg/ml to about 50
mg/ml; (b) mixing the cinnamic acid decarboxylase solution with a reservoir solution at a volume ratio of from about 1:10 to about 10:1;
and (c) maintaining the mixture of step (b) at a temperature suitable for the formation of the cinnamic acid decarboxylase crystal; and a
method for simultaneously screening phenylalanine ammonia lyase and cinnamic acid decarboxylase activities, the method comprising:
(a) providing a fusion protein comprising: (i) a first domain comprising a phenylalanine ammonia lyase, and (ii) a second domain
comprising a cinnamic acid decarboxylase; (b) providing a substrate selected from the group consisting of phenylalanine, trans-cinnamic
acid, tyrosine, coumaric acid, and combinations thereof; (c) incubating the fusion protein and the substrate under a condition that allows
the fusion protein to convert the substrate to a product selected from the group consisting of styrene, 4-hydroxystyrene, and a
combination thereof; and (d) detecting the amount of the remaining substrate, or the amount of the product, or both, not present in either
of Groups Il or lil; the special technical features of Group Il include a method for screening candidate proteins for mutated cinnamic acid
decarboxylase activity, the method comprising: (a) providing a protein sample comprising a candidate protein, and a substrate selected
from the group consisting of phenylalanine, trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof; (b) combining the
protein sample and the substrate sample to form a mixture, and incubating the mixture under a condition that allows a mutated cinnamic
acid decarboxylase to convert the substrate to a product selected from the group consisting of styrene, 4-hydroxystyrene, and
combination thereof; and (c) exposing the mixture to a detection material that comprises a polymeric resin that absorbs the product
vapor, and a method of producing styrene, wherein the vapor of the styrene product is absorbed by an absorbing material, not present in

- either of Groups I+ or li; the special technical features of Group Il include a crystal of cinnamic acid decarboxylase, wherein the
cinnamic acid decarboxylase is in a complex with 3-hydroxy! cinnamic acid, not present in either of Groups I+ or II.

Groups I+, Il and |ll share the technical features including cinnamic acid decarboxylase. Groups I+ share the technical features including
a fusion protein comprising: (a) a first domain comprising a phenylalanine ammonia lyase, and (b) a second domain comprising a
cinnamic acid decarboxylase; a cinnamic acid decarboxylase comprising a mutation at an amino acid residue position; a host cell
comprising: (a) a recombinantly expressed phenylalanine ammonia lyase; (b) a recombinantly expressed cinnamic acid decarboxylase;
and (c) a recombinantly expressed membrane-bound transporter; a method of crystallizing a cinnamic acid decarboxylase, the method
comprising: (a) providing a cinnamic acid decarboxylase solution at a concentration of from about 1 mg/ml to about 50 mg/ml; (b) mixing
the cinnamic acid decarboxylase solution with a reservoir solution at a volume ratio of from about 1:10 to about 10:1; and (c) maintaining
the mixture of step (b) at a temperature suitable for the formation of the cinnamic acid decarboxylase crystal; and a method for
simultaneously screening phenylalanine ammonia lyase and cinnamic acid decarboxylase activities, the method comprising: (a)
providing a fusion protein comprising: (i) a first domain comprising a phenylalanine ammonia lyase, and (ii) a second domain comprising
a cinnamic acid decarboxylase; (b) providing a substrate selected from the group consisting of phenylalanine, trans-cinnamic acid,
tyrosine, coumaric acid, and combinations thereof; (c) incubating the fusion protein and the substrate under a condition that allows the
fusion protein to convert the substrate to a product selected from the group consisting of styrene, 4-hydroxystyrene, and a combination
thereof; and (d) detecting the amount of the remaining substrate, or the amount of the product, or both. Groups 1+ and Il share the
technical features including mutated cinnamic acid decarboxylase, a host cell comprising (i) a phenylalanine ammonia lyase; and (ii) a
cinnamic acid decarboxylase, and a method of screening comprising a cinnamic acid decarboxylase comprising: providing a substrate
selected from the group consisting of phenylalanine, trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof; and
incubating the protein and the substrate under a condition that allows the protein to convert the substrate to a product selected from the
group consisting of styrene, 4-hydroxystyrene, and a combination thereof. Groups | and Ili share the technical features including a
crystal of cinnamic acid decarboxylase.

However, these shared technical features are previously disclosed by WO 1994/008036 A1 to Clausen et al. (hereinafter 'Clausen’) in
view of the article 'Crystal structure of a dodecameric FMN-dependent UbiX-like decarboxylase (Pad1) from Escherichia coli 0157:H7" by
Rangarajan et al. (hereinafter 'Rangarajan') and US 2009/0311760 A1 to Wery et al. (hereinafter "Weryl'). Clausen discloses cinnamic
acid decarboxylase (phenylalanine decarboxylase (cinnamic acid decarboxylase); page 3, lines 3-11, page 29, lines 9-24), a host cell
(host cell; page 5, lines 30-31) comprising: (a) a recombinantly expressed (over-expressed (recombinantly expressed); page 10, lines
12-13) phenylalanine ammonia lyase (phenylalanine ammonia lyase (PAL); page 10, lines 12-13, Claim 1); and (b) a recombinantly
expressed cinnamic acid decarboxylase (recombinantly expressed PAD mutants (recombinantly expressed cinnamic acid
decarboxylase); page 29, line 26-page 30, line 3, Claims 1, 3); and screening phenylalanine ammonia lyase (screening phenylalanine
ammonia lyase activity; page 16, lines 18-27, page 19, line 23-page 20, line 4) and cinnamic acid decarboxylase activities (PAD enzyme
activity (cinnamic acid decarboxylase activity); page 28, line 18-page 29, line 7) comprising: (a) providing a phenylalanine ammonia
lyase (phenylalanine ammonia lyase; page 16, lines 18-27), and (i) a cinnamic acid decarboxylase (PAD (cinnamic acid decarboxylase);
page 28, line 18-page 29, line 7); (b) providing a substrate (providing a substrate; page 16, lines 32-34, page 28, line 18-page 29, line 7)
selected from the group consisting of phenylalanine, trans-cinnamic acid (cinnamic acid; page 16, lines 32-34), tyrosine, coumaric acid,
and combinations thereof; (c) incubating the protein and the substrate under a condition that allows the protein to convert the substrate
to a product (incubating the protein and the substrate under a condition that allows the protein to convert the substrate to a product; .
page 28, line 18-page 29, line 7) selected from the group consisting of styrene (styrene; page 28, line 32), 4-hydroxystyrene, and a
combination thereof; and (d) detecting the amount of the remaining substrate, or the amount of the product, or both (detecting the
amount of the remaining substrate or the amount of the product or both; page 17, lines 16-20), cinnamic acid decarboxylase mutated at
an amino acid position (Pad1 mutants (mutated cinnamic acid decarboxylase); page 29, line 25-page 30, line 3) and screening (isolating
(screening), page 29, lines 26-27) a mutated cinnamic acid decarboxylase (Pad1 mutants (mutated cinnamic acid decarboxylase); page
29, line 25-page 30, line 3) comprising: providing a substrate (providing a substrate; page 29, line 25-page 30, line 3) selected from the
group consisting of phenylalanine, trans-cinnamic acid (t-cinnamic acid; page 29, lines 26-30), tyrosine, coumaric acid, and combinations
thereof. Clausen further discloses incubating the protein and the substrate under a condition that allows the protein to convert the
substrate to a product (incubating the protein and the substrate under a condition that allows the protein to convert the substrate to a
product; page 28, line 18-page 29, line 7) selected from the group consisting of styrene (styrene; page 28, line 32), 4-hydroxystyrene,
and a combination thereof. Clausen further discloses wherein the cinnamic acid decarboxylase may be attached to a surface (page 13,
lines 9-18). .

e
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Clausen does not disclose a fusion protein comprising: (a) a first domain comprising a phenylalanine ammonia lyase, and (b) a second
domain comprising a cinnamic acid decarboxylase; (c) a recombinantly expressed membrane-bound transporter; a method of
crystallizing a cinnamic acid decarboxylase, the method comprising: (a) providing a cinnamic acid decarboxylase solution at a
concentration of from about 1 mg/ml to about 50 mg/ml; (b) mixing the cinnamic acid decarboxylase solution with a reservoir solution at a
volume ratio of from about 1:10 to about 10:1; and (c) maintaining the mixture of step (b) at a temperature suitable for the formation of
the cinnamic acid decarboxylase crystal; simultaneously screening phenylalanine ammonia lyase and cinnamic acid decarboxylase
activities, the method comprising: (a) providing a fusion protein comprising: (i) a first domain comprising a phenylalanine ammonia lyase,
and (i) a second domain comprising a cinnamic acid decarboxylase (b) providing a substrate selected from the group consisting of
phenylalanine, trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof; (c) incubating the fusion protein and the substrate
under a condition that allows the fusion protein to convert the substrate to a product selected from the group consisting of styrene,
4-hydroxystyrene, and a combination thereof, and and screening a mutated cinnamic acid decarboxylase comprising: providing a
substrate selected from the group consisting of phenylalanine, trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof;,
and incubating the protein and the substrate under a condition that allows the protein to convert the substrate to a product selected from
the group consisting of styrene, 4-hydroxystyrene, and a combination thereof, a crystal of cinnamic acid decarboxylase.

Wery discloses a cell comprising phenylalanine ammonia lyase (a cell comprising phenylalanine ammonia lyase; paragraph [0016]) and
a recombinantly expressed membrane-bound transporter (recombinantly expressed membrane-bound transporter; paragraph [0022]). It
would have been obvious to a person of ordinary skill in the art at the time of the invention was made to have modified the disclosure of
Clausen regarding recombinant cells comprising PAL and cinnamate dehydrogenase and that produce styrene with the
membrane-bound transporter of Wery in order to enhance the elimination of the styrene from the cell, and produce a higher product yield
(Wery, paragraph [0019]).

Rangarajan discloses a method of crystallizing (method of crystallizing; page 3014, column 2, paragraph 2) a cinnamic acid
decarboxylase (Pad1; abstract, page 3013, column 1, paragraph 1), the method comprising: (a) providing a cinnamic acid decarboxylase
solution at a concentration of from about 1 mg/ml to about 50 mg/ml (providing a cinnamic acid decarboxylase solution at a
concentration of 7.5 mg/mi (from about 1 mg/ml to about 50 mg/ml); page 3014, column 2, paragraph 2); (b) mixing the cinnamic acid
decarboxylase solution with a reservoir solution at a volume ratio of from about 1:10 to about 10:1 (mixing the cinnamic acid
decarboxylase solution with a reservoir solution at a volume ratio of 1:1 (from about 1:10 to about 10:1); page 3014, column 2,
paragraph 2); and (c) maintaining the mixture of step (b) at a temperature suitable for the formation of the cinnamic acid decarboxylase
crystal (maintaining the mixture of step (b) at a temperature suitable for the formation of the cinnamic acid decarboxylase crystal; page
3015, column 1, paragraph 1). It would have been obvious to a person of ordinary skill in the art at the time of the invention was made to
have combined the disclosure of Clausen regarding cinnamic acid decarboxylases, particularly mutant decarboxylases, with the
disclosure of Rangarajan in order to enable the crystallization of mutant forms of the enzyme in order to characterize the structural
changes of the polypeptides due to the mutations.

Further, although, as above, Clausen does not disclose a fusion protein comprising: (a) a first domain comprising a phenylalanine
ammonia lyase, and (b) a second domain comprising a cinnamic acid decarboxylase, as above, Clausen teaches wherein the cinnamate
decarboxylase may be functionally attached to another entity, such as a surface. It would have been obvious to a person of ordinary skill
in the art at the time of the invention was made to have further attached the PAL enzyme to either the surface or to the cinnamic acid
decarboxylase using known methods, such as by crosslinking the polypeptides, or, more preferably, to producing a fusion protein
comprising: (a) a first domain comprising a phenylalanine ammonia lyase, and (b) a second domain comprising a cinnamic acid
decarboxylase, to avoid losses associated with deactivation of the enzymes using crosslinking agents and to increase the effective
concentration of the product of the Pal enzyme, which was the substrate for the cinnamic acid dehydrogenase, thus increasing the
efficiency of the overall reaction. Furthermore, although Clausen does not disclose simultaneously screening phenylalanine ammonia
lyase and cinnamic acid decarboxylase activities, the method comprising: {(a) providing a fusion protein comprising: (i) a first domain
comprising a phenylalanine ammonia lyase, and (ji) a second domain comprising a cinnamic acid decarboxylase (b} providing a
substrate selected from the group consisting of phenylalanine, trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof;
(c) incubating the fusion protein and the substrate under a condition that aliows the fusion protein to convert the substrate to a product
selected from the group consisting of styrene, 4-hydroxystyrene, and a combination thereof, and screening a mutated cinnamic acid
decarboxylase comprising: providing a substrate selected from the group consisting of phenylalanine, trans-cinnamic acid, tyrosine,
coumaric acid, and combinations thereof; and incubating the protein and the substrate under a condition that allows the protein to
convert the substrate to a product selected from the group consisting of styrene, 4-hydroxystyrene, and a combination thereof, since
Clausen, discloses the screening of the individual enzyme activities in host cells comprising the enzymes, including mutants of the
cinnamic acid decarboxylase, it would have been obvious to a person of ordinary skill in the art at the time of the invention was made to
have simultaneously screened for both activities in cells comprising a fusion polypeptide having both activities, in particular to use the
methods disclosed by Clausen to simultaneously screen phenylalanine ammonia lyase and cinnamic acid decarboxylase activities, the
method comprising: (a) providing a fusion protein comprising: (i) a first domain comprising a phenylalanine ammonia lyase, and (ii) a
second domain comprising a cinnamic acid decarboxylase (b) providing a substrate selected from the group consisting of phenylalanine,
trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof; (c) incubating the fusion protein and the substrate under a
condition that allows the fusion protein to convert the substrate to a product selected from the group consisting of styrene,
4-hydroxystyrene, and a combination thereof, and screening a mutated cinnamic acid decarboxylase comprising: providing a substrate
selected from the group consisting of phenylalanine, trans-cinnamic acid, tyrosine, coumaric acid, and combinations thereof; and
incubating the protein and the substrate under a condition that aliows the protein to convert the substrate to a product selected from the
group consisting of styrene, 4-hydroxystyrene, and a combination thereof, in order to select the most active forms of the enzymes, and to
screen for mutants of the cinnamic acid decarboxylase portion of the molecule having desirable properties.

Since none of the special technical features of the Groups I+, Il and |l inventions is found in more than one of the inventions, and since
all of the shared technical features are previously disclosed by a combination of the Clausen, Rangarajan and Wery references, unity of
invention is lacking.
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