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Box No. Il 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:

I 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
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 7-33, 41-67, 75-81, 88-114 :
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il 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 |, Claims 1-6, 34 and 69-74 are directed toward methods for producing n-butancl and pyruvate.

Group 1i, Claims 35-40 and 68 are directed toward methods of producing isobutanol.

Group |ll, Claims 82-87 and 115 are directed toward methods of producing 2-butanol.

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

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

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

3. D 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.:

4, K{ 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.:

Claims 1-6, 34 and 69-74

Remark on Protest D The additional search fees were accompanied 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.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-Continued from Box No. IlI: Observations where unity of invention is lacking-***-

The inventions listed as Groups I-ill do not relate to a single general inventive concept under PCT Rule 13.1 becauss, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include pyruvate dehydrogenase complex, not present in either of Groups I! or 11; the special technical features of Group Il include
ketol-acid reductoisomerase, not present in either of Groups | or lIl; the special technical features of Group Ill include acetolactate
decarboxylase, not present in either of Groups | or |l.

Groups I-IIl share the technical features including: a method of producing a cell lysate for producing a butanol, the method comprising:
(a) culturing engineered cells that express glucokinase, phosphoglucose isomerase, phosphofructokinase, fructose bisphosphate
aldolase, triose phosphate isomerase, glyceraldehyde-3-phosphate dehydrogenase, phosphoglycerate kinase, phosphoglycerate
mutase, enolase, and pyruvate kinase; and (b) lysing engineered cells cultured in step (a), thereby producing a cell lysate that comprises
enzymes of the glycolytic pathway for producing a butanol; a method of producing a butanol, the method comprising: (a) culturing
multiple populations of engineered cells, wherein each population of cells express enzymes of a butanol biosynthetic pathway selected
from the group consisting of: glucokinase, phosphoglucose isomerase, phosphofructokinase, fructose bisphosphate aldolase, triose
phosphate isomerase, glyceraldehyde-3-phosphate dehydrogenase, phosphoglycerate kinase, phosphoglycerate mutase, enolase, and
pyruvate kinase; (b) lysing populations of engineered cells cultured in step (a), thereby producing multiple cell lysates, wherein each cell
lysate comprises enzymes of the butano! biosynthetic pathway; (c) combining in a single reaction mixture (i) glucose, (ii) at least a
portion of each of the cell lysates and, optionally, {iii) a purified enzyme of the butanol biosynthetic pathway, wherein the single reaction
mixture includes the following enzymes of the butanol biosynthetic pathway: glucokinase, phosphogiucose isomerase,
phosphofructokinase, fructose bisphosphate aldolase, triose phosphate isomerase, glyceraldehyde 3-phosphate dehydrogenase,
phosphoglycerate kinase, phosphoglycerate mutase, enolase, and pyruvate kinase; and (d) incubating the single reaction mixture under
conditions that result in production of a butanol. Groups | and |l share the technical features including: alcohol dehydrogenase. Groups |l
and |ll share the technical features including: acetolactate synthase.

However, these shared technica! features are previously disclosed by US 2011/0312052 A1 to Koltermann et al. (hereinafter
'Koltermann') in view of US 2010/0120105 A1 to Anthony et al. (hereinafter 'Anthony').

Koltermann discloses a method of producing a cell lysate (a method for producing a cell free lysate (a cell lysate); paragraphs [0017],
[0061]) for producing a butanol (for producing butanol; paragraph [0016]), the method comprising: (a) culturing engineered cells that
express (the method comprising: (a) culturing engineered cells that express; paragraph [0057]) hexokinase, phosphohexoisomerase,
phosphofructokinase, fructose bisphosphate aldolase, triose phosphate isomerase, glyceraldehyde-3-phosphate dehydrogenase,
phosphoglycerale kinase, phosphoglycerate mutase, enolase, and pyruvate kinase (hexokinase, phosphohcxoisomerace,
phosphofructokinase, fructose bisphosphate aldolase, triose phosphate isomerase, glyceraldehyde-3-phosphate dehydrogenase,
phosphoglycerate kinase, phosphoglycerate mutase, enolase, and pyruvate kinase; Table 1); and (b) lysing engineered cells cuitured in
step (a) (lysing engineered cells cultured in step (a); paragraph [0061]), thereby producing a cell lysate that comprises enzymes of the
glycolytic pathway for producing a butanol (thereby producing a cell lysate that comprises enzymes of the glycolytic pathway for
producing a butanol; paragraphs [0016], [0017], [0061]); a method of producing a butanol (a method of producing a butanol; paragraph
[0016]), the method comprising: (a) culturing multiple populations of engineered cells (culturing engineered host cells (the method
comprising: (@) culturing multiple populations of engineered cells); paragraph [0057]), wherein each population of cells express enzymes
of a butanol biosynthetic pathway (wherein each population of cells express enzymes of a butanol biosynthetic pathway; paragraphs
[0018], [0017], [00571), including phosphofructokinase, fructose bisphosphate aldolase, triose phosphate isomerase,
glyceraldehyde-3-phosphate dehydrogenase, phosphoglycerate kinase, phosphoglycerate mutase, enolase, and pyruvate kinase
(including phosphofructokinase, fructose bisphosphate aldolase, triose phosphate isomerase, glyceraldehyde-3-phosphate
dehydrogenase, phosphoglycerate kinase, phosphoglycerate mutase, enolase, and pyruvate kinase; Table 1); (b) lysing populations of
enginesred cells cultured in step (a) (lysing populations of engineered cells cultured in step (a); paragraph [0061)}), thereby producing
multiple cell lysates, wherein each cell lysate comprises enzymes of the butano! biosynthetic pathway (thereby producing (multiple) cell
lysates, wherein each cell lysate comprises enzymes of the butanol biosynthetic pathway); paragraphs [0057], [0061]); (¢) combining in a
single reaction mixture (combining in a-cell free system in a single phase (a single reaction mixture), paragraphs [0017]; [0068]) (i}
glucose (glucose; paragraph [0015)), (ii) at least a portion of each of the cell lysates (at least a portion of each of the cell lysates;
paragraphs [0061), [0067)), wherein the single reaction mixture includes the following enzymes of the butanol biosynthetic pathway:
hexokinase, phosphohexoisomerase, phosphofructokinase, fructose bisphosphate aldolase, triose phosphate isomerase,
glyceraldehyde 3-phosphate dehydrogenase, phosphoglycerate kinase, phosphoglycerate mutase, enolase, and pyruvate kinase
(wherein the single reaction mixture includes the following enzymes of the butanol biosynthetic pathway: hexokinase,
phosphohexoisomerase, phosphofructokinase, fructose bisphosphate aldolase, triose phosphate isomerase, glyceraldehyde
3-phosphate dehydrogenase, phosphoglycerate kinase, phosphoglycerate mutase, enolase, and pyruvate kinase; Table 1); and (d)
incubating the single reaction mixture under conditions that result in production of a butanol ((d) incubating the single reaction mixture
under conditions that result in production of a butanol; paragraphs [0016), [0017], [0061), Table 1); alcohol dehydrogenase (alcohol
dehydrogenase; Table 7); and acetolactate synthase (acteolactate synthase; paragraph [0133]).

Koltermann does not disciose gfucokinase and phosphoglucose isomerase.
Anthony discloses a microbial host cell for the production of a butanol (a microbial host cell for the production of a butanol; abstract),
wherein the cell expresses glucokinase (wherein the cell expresses at least one enzyme of the PPP, including glucokinase (wherein the

cell expresses glucokinase); paragraphs [0011], [0053]) and phosphoglucose isomerase {and phosphoglucose isomerase; paragraphs
(0053}, {0073)).

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

Form PCT/ISA/210 (patent family annex) (January 2015)
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-***-Continued from the previous Supplemental Box-***-

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 Koltermann to have selected particular isoenzyme forms, such as glucokinase and phosphoglucose isomerase, as disclosed by
Anthony, for the glycolytic pathway expressed in cell lysates for the formation of butanol, as disclosed by Koltermann, in order to utilize
particular enzymes that possessed the same functional activity for the pathway, while having more desirable characteristics, such as
specific activity, temperature optimum, and functional lifetime, in order to enhance the production of a butanol from the lysate.

Since none of the special technical features of the Groups |-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 Koltermann and Anthony references, unity of invention is
lacking. )

Form PCT/ISA/210 (extra sheet) (January 2015)
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