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(57) Abstract: Described herein are engineered cells including ones having synthetic
methylotrophy which include an NADH-dependent enzyme capable of converting G3P
to 3PG (e.g..6. methanolicus gapN) and/ or fructose-1, 6-bisphosphatase, along with
hexulose-6-phosphate synthase, 6-phospho-3-hexuloisomerase, a phosphoketolase, or a
combination thereof. Engineered cells of the disclosure beneficially maintain adequate
pool sizes of phosphorylated C3 and/or C4 compounds, and/or provide increased levels
of NADPH. As such, the modifications allow for the generation of C6 compounds from
Cl (e.g. a methanol feedstod) and C5 compounds, the regeneration of C5 compounds
from C6 compounds by carbon rearrangement, and an improved balance between re-
generation of C5 compounds and lower glycolysis.
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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:
a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

I:l in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D 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 forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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Box No.ll 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. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

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

Box No. lll 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:

see additional sheet

-

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 an 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.:

4. 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.:

1-4, 6-23, 26-84(all partially)

Remark on Protest 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.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-4, 6-23, 26-84(all partially)

engineered microorganism having synthetic or enhanced
methylotrophy comprising:

(a) exogenous enzyme A that (ai) is capable of converting
glyceraldehyde 3-phosphate (G3P) to 3-phosphoglycerate
(3PG), or (aii) has at Teast 50% sequence identity to SEQ ID
NO: 1 (B. methanolicus gapN), wherein (ai) or (aii) is
capable of reducing NADP to NADPH, and

(b) an exogenous enzyme B which is (bi) a phosphoketolase,
(bii) a hexulose-6-phosphate synthase, (biii)
6-phospho-3-hexuloisomerase, or any combination of (bi),
(bii) and (biii)

method for producing a bioderived compound, comprising
culturing engineered microorganism of any one of claims
68-80 under conditions and for a sufficient period of time
to produce said bioderived compound

method for growing a non-natural microbial organism
comprising culturing engineered microorganism of any one of
the claims 1-80 in a medium comprising carbon-containing
feedstock that comprises methanol

2. claims: 24, 25(completely); 1-4, 6-23, 26-84(partially)

engineered microorganism having synthetic or enhanced
methylotrophy comprising:

(a) exogenous enzyme A that (aiiui) is a
fructose-1,6-bisphosphatase, and

(b) an exogenous enzyme B which is (bi) a phosphoketolase,
(bii) a hexulose-6-phosphate synthase, (biii)
6-phospho-3-hexuloisomerase, or any combination of (bi),
(bii) and (biii)

method for producing a bioderived compound, comprising
culturing engineered microorganism of any one of claims
68-80 under conditions and for a sufficient period of time
to produce said bioderived compound

method for growing a non-natural microbial organism
comprising culturing engineered microorganism of any one of
the claims 1-80 in a medium comprising carbon-containing
feedstock that comprises methanol

3. claims: 5(completely); 6-23, 26-81, 83, 84(partially)

engineered microorganism comprising an exogenous enzyme that
(i) is capable of converting glyceraldehyde 3-phosphate
(G3P) to 3-phosphoglycerate (3PG), or (ii) has at least 50%
sequence identity to SEQ ID NO: 1 (B. methanolicus gapN),
wherein enzyme A is capable of reducing NADP to NADPH

(b) an exogenous enzyme B which is (bi) a phosphoketolase,
(bii) a hexulose-6-phosphate synthase, (biii)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

6-phospho-3-hexuloisomerase, or any combination of (bi),
(bii) and (biii)

method for producing a bioderived compound, comprising
culturing engineered microorganism of any one of claims
68-80 under conditions and for a sufficient period of time
to produce said bioderived compound
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