(12) STANDARD PATENT

(11) Application No. AU 2011268220 B2

(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Extraction solvents derived from oil for alcohol removal in extractive fermentation

International Patent Classification(s)
C12P 7/16 (2006.01) C11C 1/04 (2006.01)
CO07C 29/86 (2006.01)

Application No: 2011268220 (22) Date of Filing:  2011.06.17
WIPO No:  WO11/159967
Priority Data
Number (32) Date (33) Country
61/440,034 2011.02.07 us
61/356,290 2010.06.18 us
61/379,546 2010.09.02 us
61/368,436 2010.07.28 us
61/368,444 2010.07.28 us
61/368,451 2010.07.28 us
61/368,429 2010.07.28 us
Publication Date: 2011.12.22

Accepted Journal Date: 2015.01.29
Applicant(s)
BUTAMAX(TM) ADVANCED BIOFUELS LLC

Inventor(s)
Burlew, Keith H.;Dicosimo, Robert;Grady, Michael Charles

Agent / Attorney
Houlihan?, Level 1 70 Doncaster Road, BALWYN NORTH, VIC, 3104

Related Art
OLIVEIRA A. C. ET AL., Bioprocess Engineering, 1997,
16, p349-353




20117159967 A1 |1} 10000 00 00 A

©

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

22 December 2011 (22.12.2011) PCT WO 2011/159967 Al

(51) International Patent Classification: (74) Agent: LHULIER, Christine, M.; E. I. du Pont de
CI2P 7/16 (2006.01) CO7C 29/86 (2006.01) Nemours and Company, Legal Patent Records Center,
C1IC 1/04 (2006.01) 4417 Lancaster Pike, Wilmington, Delaware 19805 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2011/040806 kind of national protection available): AE, AG, AL, AM,
. - AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA. CH. CL. CN. CO. CR. CU. CZ. DE. DK. DM. DO
17 June 2011 (17.06.2011) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Engllsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
61/356,290 18 June 2010 (18.06.2010) US SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

61/368,429 28 July 2010 (28.07.2010) US TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
61/368,436 28 July 2010 (28.07.2010) Us (84) Designated States (unless otherwise indicated, for every
61/368,451 28 July 2010 (28.07.2010) UsS kind of regional protection available): ARIPO (BW, GH,
61/368,444 28 July 2010 (28.07.2010) Us GM. KE. LR. LS. MW. MZ. NA. SD. SL. SZ TZ. UG
61/379,546 2 September 2010 (02092010) usS M ZW) Furasian (AM AZ.BY.KG.KZ. MD. RU. TJ
61/440,034 7 February 2011 (07.02.2011) Us TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant (for all designated States except US): BUTA- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
MAX(TM) ADVANCED BIOFUELS LLC [US/US]; LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Experimental Station, Building 268 200 Powder Mill SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,

Road, Wilmington, Delaware 19880-0268 (US). GW, ML, MR, NE, SN, TD, TG).
Published:

(72) Inventors; and
(75) Inventors/Applicants (for US only): BURLEW, Keith, —  with international search report (Art. 21(3))
H. [US/US]; 502 Burnham Lane, Middletown, Delaware . . - .
19709 (US). DICOSIMO, Robert [US/US]: 1607 Mas- befgre the expiration of {he time limit for nmena’mg the
ters Way, Chadds Ford, Pennsylvania 19317-9720 (US). claims and to be republished in the event of receipt of
GRADY, Michael, Charles [US/US]; 147 Heather Road, amendments (Rule 48.2(h))

Oaklyn, New Jersey 08107 (US). —  with sequence listing part of description (Rule 5.2(a))

(54) Title: EXTRACTION SOLVENTS DERIVED FROM OIL FOR ALCOHOL REMOVAL IN EXTRACTIVE FERMENTA-
TION

Enzyme

Ethanol
(33 )
Feedstock Heat Microorganism
12) (32)

)
l Slurry Sturry | l

Liquefaction | (16) 18) ¢ Fermentation vessel Vessel
vessel (30) 39 (35) % 50 Product
(10) 26 [ 28 [ Alcohol

(54)
T Catalyst 34
Enzyme

(42)
(1)

29 27
27

>

L4

FIG. 1

(57) Abstract: In an alcohol fermentation process, oil derived from biomass is hydrolyzed into an extractant available for in situ
removal of a product alcohol such as butanol from a fermentation broth. The glycerides in the oil can be catalytically (e.g., enzy-
matically) hydrolyzed into free fatty acids, which form a fermentation product extractant having a partition coefficient for a prod-
uct alcohol greater than a partition coefficient of the oil of the biomass for the product alcohol. Oil derived from a feedstock of an
alcohol fermentation process can be hydrolyzed by contacting the feedstock including the oil with one or more enzymes whereby
at least a portion of the oil is hydrolyzed into free fatty acids forming a fermentation product extractant, or the oil can be separated
from the feedstock prior to the feedstock being fed to a fermentation vessel, and the separated oil can be contacted with the en-
zymes to form the fermentation product extractant. The fermentation product extractant can be contacted with a fermentation broth
for in situ removal of a product alcohol.
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EXTRACTION SOLVENTS DERIVED FROM OIL FOR ALCOHOL
REMOVAL IN EXTRACTIVE FERMENTATION

[0001] This application claims the benefit of U.S. Provisional Application No.
61/356,290, filed on June 18, 2010; U.S. Provisional Application No. 61/368,451,
filed on July 28, 2010; U.S. Provisional Application No. 61/368,436, filed on July
28, 2010; U.S. Provisional Application No. 61/368,444, filed on July 28, 2010;
U.S. Provisional Application No. 61/368,429, filed on July 28, 2010; U.S.
Provisional Application No. 61/379,546, filed on September 2, 2010; and U.S.
Provisional Application No. 61/440,034, filed on February 7, 2011; U.S. Patent
Application No. 13/160,766, filed on June 15, 2011; the entire contents of which
are all herein incorporated by reference.

[0002] The Sequence Listing associated with this application is filed in electronic
form via EFS-Web and hereby incorporated by reference into the specification in
its entirety.

FIELD OF THE INVENTION

[0003] The present invention relates the production of fermentative alcohols such
as butanol, and in particular to extraction solvents for extractive fermentation and

processes for converting oil derived from biomass into the extraction solvents.

BACKGROUND OF THE INVENTION

[0004] Alcohols have a variety of applications in industry and science such as a
beverage (i.e., ethanol), fuel, reagents, solvents, and antiseptics. For example,
butanol is an alcohol that is an important industrial chemical with a variety of
applications including use as a fuel additive, as a feedstock chemical in the
plastics industry, and as a food-grade extractant in the food and flavor industry.
Accordingly, there is a high demand for alcohols such as butanol, as well as for
efficient and environmentally-friendly production methods.

[0005] Production of alcohol utilizing fermentation by microorganisms is one such
environmentally-friendly production method. In the production of butanol, in
particular, some microorganisms that produce butanol in high yields also have
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low butanol toxicity thresholds. Removal of butanol from the fermentation vessel
as it is being produced is a means to manage these low butanol toxicity
thresholds.

[0006] In situ product removal (ISPR) (also referred to as extractive fermentation)
can be used to remove butanol (or other fermentative alcohol) from the
fermentation vessel as it is produced, thereby allowing the microorganism to
produce butanol at high yields. One ISPR method for removing fermentative
alcohol that has been described in the art is liquid-liquid extraction (U.S. Patent
Application Publication No. 2009/0305370). In order to be technically and
economically viable, liquid-liquid extraction calls for good contact between the
extractant and the fermentation broth for efficient mass transfer of the product
alcohol into the extractant; good phase separation of the extractant from the
fermentation broth (during and/or after fermentation); efficient recovery and
recycle of the extractant; minimal degradation of the ability of the extractant to
extract the product alcohol (e.g., by preventing the lowering of the partition
coefficient for the product alcohol into the extractant); and minimal contamination
of the extractant by lipids that lower the partition coefficient over a long-term
operation.

[0007] The partition coefficient of the extractant can be degraded over time with
each recycle, for example, by the build-up of lipids present in the biomass that is
fed to the fermentation vessel as feedstock of hydrolysable starch. As an
example, a liquefied corn mash loaded to a fermentation vessel at 30 wt% dry
corn solids can result in a fermentation broth that contains about 1.2 wt% corn oil
during conversion of glucose to butanol by simultaneous saccharification and
fermentation (SSF) (with saccharification of the liquefied mash occurring during
fermentation by the addition of glucoamylase to produce glucose). The
dissolution of the corn oil lipids in oleyl alcohol (OA) serving as an extractant
during ISPR can result in build-up of lipid concentration with each OA recycle,
decreasing the partition coefficient for the product alcohol in OA as the lipid
concentration in OA increases with each recycle of OA.

[0008] In addition, the presence of the undissolved solids during extractive
fermentation can negatively affect the efficiency of alcohol production. For
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example, the presence of the undissolved solids may lower the mass transfer
coefficient inside the fermentation vessel, impede phase separation in the
fermentation vessel, result in the accumulation of corn oil from the undissolved
solids in the extractant leading to reduced extraction efficiency over time,
increase the loss of solvent because it becomes trapped in solids and ultimately
removed as Dried Distillers’ Grains with Solubles (DDGS), slow the
disengagement of extractant drops from the fermentation broth, and/or result in a
lower fermentation vessel volume efficiency.

[0009] Several approaches for reducing the degradation of the extractant used in
extractive fermentation with lipid have included biomass wet milling, fractionation,
and removal of solids. Wet milling is an expensive, multi-step process that
separates a biomass (e.g., corn) into its key components (germ, pericarp fiber,
starch, and gluten) in order to capture value from each co-product separately.
This process gives a purified starch stream; however, it is costly and includes the
separation of the biomass into its non-starch components which is unnecessary
for fermentative alcohol production. Fractionation removes fiber and germ which
contains a majority of the lipids present in ground whole grain such as corn,
resulting in corn that has a higher starch (endosperm) content. Dry fractionation
does not separate the germ and fiber and therefore, it is less expensive than wet
milling. However, fractionation does not remove the entirety of the fiber or germ,
and does not result in total elimination of solids. Furthermore, there is some loss
of starch in fractionation. Wet milling of corn is more expensive than dry
fractionation, but dry fractionation is more expensive than dry grinding of
unfractionated corn. Removal of solids including germ containing lipids, from
liquefied mash prior to use in fermentation can substantially eliminate
undissolved solids as described, for example, in co-pending, commonly owned
U.S. Provisional Application Serial No. 61/356,290, filed June 18, 2010.
However, it would be advantageous if the degradation of the partition coefficient
of the extractant can be reduced even without fractionation or removal of
undissolved solids. Thus, there is a continuing need to develop more efficient
methods and systems for producing product alcohols, such as butanol, through
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extractive fermentation in which the degradation of the partition coefficient of the
extractant is reduced.

[0010] Moreover, the extractant (e.g., oleyl alcohol) is typically added to the
fermentation process, rather than produced at a step in the process and
therefore, the extractant is a raw material expense. Since extractant can be lost
by adsorption on non-fermentable solids and/or diluted by lipids introduced into
the fermentation process, the economics of an alcohol production process can be
affected by the efficiency of the extractant recovery and recycle. Thus, there
exists a continuing need for alternative extractants for ISPR that can result in a
more economical process by reducing capital and/or operating costs.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention satisfies the above needs by providing methods for
producing product alcohols such as butanol, in which the lipids in a biomass are
converted into an extractant that can be used in ISPR, and in which the amount
of lipids that are fed to the fermentation vessel with the feedstock and/or upon
extractant recycle, are decreased. The present invention offers a solution to the
degradation of the ability of the extractant to extract a product alcohol (e.g.,
butanol) by preventing the lowering of the partition coefficient for the product
alcohol into the extractant. The application offers a solution to the contamination
of the extractant by triglycerides that lower the partition coefficient of the
extractant for a product alcohol. The present invention provides further related
advantages as will be made apparent by the description of the embodiments that
follow.

[0012] Catalytic (e.g., enzymatic) hydrolysis of lipids derived from biomass into
fatty acids can decrease the rate of undesirable build-up of lipids in the ISPR
extractant. The fatty acids can be obtained from hydrolysis of lipids found in the
biomass which supplies the fermentable carbon for fermentation. Fatty acids
would not be expected to decrease the partition coefficient of the product alcohol
such as a butanol into the extractant phase as much as the lipids, as the partition
coefficient for butanol from water to fatty acids has been determined to be
significantly greater than the partition coefficient for butanol from water to fatty

4.
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acid esters or triglycerides. Moreover, the fatty acids can be used as an ISPR
extractant which can be produced at a step in the alcohol production process and
can be used in place of, or in addition to, a supplied, exogenous ISPR extractant
that is not produced in the process (such as, but not limited to, oleyl alcohol or
oleic acid), thereby reducing the raw material expense for the ISPR extractant.

[0013] In one embodiment, the present invention is directed to a method
comprising contacting biomass comprising water, fermentable carbon source,
and oil with one or more catalyst whereby at least a portion of the oil is
hydrolyzed by one or more catalyst to form an extractant, wherein the
fermentable carbon source and the oil are both derived from the biomass. The
biomass may comprises corn grain, corn cobs, crop residues, corn husks, corn
stover, grasses, wheat, rye, wheat straw, barley, barley straw, hay, rice straw,
switchgrass, waste paper, sugar cane bagasse, sorghum, sugar cane, soy,
grains, cellulosic material, lignocellulosic material, trees, branches, roots, leaves,
wood chips, sawdust, shrubs and bushes, vegetables, fruits, flowers, animal
manure, and mixtures thereof. In a further embodiment, the oil may comprise
glycerides and one or more catalysts may hydrolyze the glycerides to form fatty
acids. In another embodiment, the one or more catalysts may be selected from
esterase, lipase, phospholipase, and lysophospholipase.

[0014] In another embodiment, the extractant may comprise fatty acids, fatty
amides, fatty alcohols, fatty esters, triglycerides, or mixtures thereof. In a further
embodiment, the extractant may comprise a mixture of fatty acids or a mixture of
fatty acids and fatty amides. In a further embodiment, a partition coefficient of the
extractant for the product alcohol may be greater than a partition coefficient of the
oil of the biomass for the product alcohol.

[0015] The method of the present invention may further comprise the step of
inactivating the catalyst after at least a portion of the oil is hydrolyzed. In another
embodiment, the method may further comprise the step of separating the oil from
the biomass prior to hydrolysis by one or more catalyst. The claimed method
may also further comprise the steps of contacting the biomass with a
fermentation broth in a fermentation vessel; fermenting the carbon source of the

biomass to produce a product alcohol; and removing in situ the product alcohol
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from the fermentation broth by contacting the broth with the extractant. The
product alcohol may be butanol.

[0016] In another embodiment, the present invention is directed to a method for
producing an alcohol comprising (a) providing biomass comprising water,
fermentable carbon source, and oil; (b) liquefying the biomass to produce a
liquefied biomass; (c) contacting the liquefied biomass with one or more catalysts
whereby at least a portion of the oil is hydrolyzed to form an extractant; (d)
contacting the liquefied biomass with a saccharification enzyme capable of
converting oligosaccharides into fermentable sugar; (e) contacting the liquefied
biomass with a fermentation broth in a fermentation vessel; (f) fermenting the
carbon source of the liquefied biomass to produce a product alcohol; (Q)
removing in situ the product alcohol from the fermentation broth by contacting the
broth with the extractant; and optionally steps (c) and (d) occur concurrently. The
biomass may comprises corn grain, corn cobs, crop residues, corn husks, corn
stover, grasses, wheat, rye, wheat straw, barley, barley straw, hay, rice straw,
switchgrass, waste paper, sugar cane bagasse, sorghum, sugar cane, Soy,
grains, cellulosic material, lignocellulosic material, trees, branches, roots, leaves,
wood chips, sawdust, shrubs and bushes, vegetables, fruits, flowers, animal
manure, and mixtures thereof. In a further embodiment, the oil may comprise
glycerides and one or more catalysts may hydrolyze the glycerides to form fatty
acids. In another embodiment, the one or more catalysts may be selected from
esterase, lipase, phospholipase, and lysophospholipase. In another
embodiment, the extractant may comprise fatty acids, fatty amides, fatty alcohols,
fatty esters, triglycerides, or mixtures thereof. In a further embodiment, the
extractant may comprise a mixture of fatty acids or a mixture of fatty acids or fatty
amides. In a further embodiment, a partition coefficient of the extractant for the
product alcohol may be greater than a partition coefficient of the oil of the
biomass for the product alcohol. The method of the present invention may further
comprise the step of inactivating the catalyst after at least a portion of the oil is
hydrolyzed. The product alcohol may be butanol.

[0017] The present invention is also directed to a composition comprising a
recombinant microorganism capable of producing an alcohol; fermentable carbon
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source; one or more catalysts capable of hydrolyzing glycerides into fatty acids;
oil comprising glycerides; and fatty acids. The one or more catalysts may be
selected from esterase, lipase, phospholipase, and lysophospholipase, and the
oil may be corn, tallow, canola, capric/caprylic triglycerides, castor, coconut,
cottonseed, fish, jojoba, lard, linseed, neetsfoot, oiticica, palm, peanut, rapeseed,
rice, safflower, soya, sunflower, tung, jatropha and vegetable oil blends. In a
further embodiment, the fermentable carbon source and the oil are derived from
biomass. The biomass may comprise corn grain, corn cobs, crop residues, corn
husks, corn stover, grasses, wheat, rye, wheat straw, barley, barley straw, hay,
rice straw, switchgrass, waste paper, sugar cane bagasse, sorghum, sugar cane,
soy, grains, cellulosic material, lignocellulosic material, trees, branches, roots,
leaves, wood chips, sawdust, shrubs and bushes, vegetables, fruits, flowers,
animal manure, and mixtures thereof. The composition may further comprise a
saccharification enzyme and/or undissolved solids. The composition may also
comprise at least one or more of monoglycerides, diglycerides, triglycerides,
glycerol, monosaccharides, oligosaccharides, or alcohol. In addition, the alcohol
may be butanol.

[0018] In some embodiments, a method of removing oil derived from biomass
from a fermentation process includes contacting an aqueous biomass feedstream
with a catalyst. The feedstream includes water, fermentable carbon and an
amount of oil, and the fermentable carbon and the oil are both derived from the
biomass. At least a portion of the oil is hydrolyzed according to methods
described in the present invention into fatty acids to form a catalyst-treated
biomass feedstream including the fatty acids.

[0019] In some embodiments, a method of producing an extractant for in situ
removal of a product alcohol includes providing biomass which includes sugar
and oil, the oil having an amount of triglycerides, and contacting the oil with a
composition including one or more enzymes capable of hydrolyzing the
triglycerides into fatty acids. The triglycerides in the oil are hydrolyzed to form a
fermentation product extractant having a partition coefficient for the product
alcohol greater than a partition coefficient of the oil of the biomass for the product
alcohol.
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[0020] In some embodiments, a method for producing butanol includes
(a) providing biomass having starch and oil, the oil including an amount of
glycerides; (b) liquefying the biomass to produce a liquefied biomass, the
liquefied biomass including oligosaccharides hydrolyzed from the starch;
(c) contacting the biomass of step (a) or the liquefied biomass of step (b) with a
composition having one or more enzymes capable of converting the glycerides
into free fatty acids whereby the free fatty acids form a fermentation product
extractant; (d) contacting the liquefied biomass with a saccharification enzyme
capable of converting oligosaccharides into fermentable sugar including
monomeric glucose; (e) contacting the liquefied biomass with a biocatalyst
capable of converting the fermentable sugar to butanol whereby a fermentation
product comprising butanol is produced; and (f) contacting the fermentation
product with the fermentation product extractant whereby the butanol is
separated from the fermentation product, the fermentation product extractant
having a partition coefficient for the butanol greater than a partition coefficient of
the oil of the biomass for the butanol.

[0021] In some embodiments, a method includes, at a step during a process to
produce a product alcohol from a feedstock, contacting the product alcohol with
an extractant comprising free fatty acids obtained from enzymatic hydrolysis of a
native oil wherein the oil comprises glycerides. The extractant has a partition
coefficient for the product alcohol greater than a partition coefficient of the native
oil for the product alcohol.

[0022] In some embodiments, the process to produce a product alcohol from a
feedstock includes (a) liquefying the feedstock to create a feedstock slurry;
(b) centrifuging the feedstock slurry of (a) to produce a centrifuge product
including (i) an aqueous layer comprising sugar, (ii) a plant-derived oil layer, and
(iii) a solids layer; (c) feeding the aqueous layer of (b) to a fermentation vessel;
and (d) fermenting the sugar of the aqueous layer to produce the product alcohol.

[0023] In some embodiments, the process to produce a product alcohol from a
feedstock further includes adding the extractant to the fermentation vessel to
form a two-phase mixture comprising an aqueous phase and a product alcohol-
containing organic phase.
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[0024] In some embodiments, the native oil is a plant-derived oil, and in some
embodiments, the process to produce a product alcohol from a feedstock further
includes obtaining the plant-derived oil from the plant-derived oil layer; and
converting the plant-derived oil into the extractant by contacting the oil with one
or more enzymes that hydrolyze the glycerides into free fatty acids.

[0025] In some embodiments, the process to produce a product alcohol from a
feedstock further includes inactivating the one or more enzymes after at least a
portion of the glycerides have been hydrolyzed into free fatty acids.

[0026] In some embodiments, the process to produce a product alcohol from a
feedstock further includes feeding the plant-derived oil to the fermentation vessel
prior to the step of converting the plant-derived oil into the extractant.

[0027] In some embodiments, the process to produce a product alcohol from a
feedstock further includes adding a second extractant to the fermentation vessel
to form a two-phase mixture comprising an aqueous phase and a product
alcohol-containing organic phase.

[0028] In some embodiments, the plant-derived oil is converted to the extractant
after the step of adding a second extractant.

[0029] In some embodiments, a method of removing oil derived from biomass
from a fermentation process, includes (a) providing a fermentation broth
comprising a product alcohol and oil derived from biomass, the oil including
glycerides; (b) contacting the fermentation broth with a first extractant to form a
two-phase mixture comprising an aqueous phase and an organic phase, wherein
the product alcohol and the oil partition into the organic phase to form a product
alcohol-containing organic phase; (c) separating the product alcohol-containing
organic phase from the aqueous phase; (d) separating the product alcohol from
the organic phase to produce a lean organic phase; and (e) contacting the lean
organic phase with a composition comprising one or more catalysts capable of
hydrolyzing the glycerides into free fatty acids to produce a second extractant
comprising at least a portion of the first extractant and free fatty acids.

[0030] In some embodiments, the method further includes repeating step (b) by
contacting the fermentation broth with the second extractant of step (e).
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[0031] In some embodiments, an in situ fermentation extractant-forming
composition includes (a) mash formed from biomass and including water, starch
and oil, (b) a catalyst capable of hydrolyzing at least a portion of the triglycerides
into free fatty acids, and (c) free fatty acids. The starch and the oil are both
derived from the biomass, and the oil includes an amount of triglycerides.

[0032] In some embodiments, a fermentation broth includes (a) a recombinant
microorganism capable of producing butanol, (b) oligosaccharides, (c) a catalyst
for hydrolyzing glycerides into free fatty acids, (d) glycerides, and (e) free fatty
acids.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0033] The accompanying drawings, which are incorporated herein and form a
part of the specification, illustrate the present invention and, together with the
description, further serve to explain the principles of the invention and to enable a
person skilled in the pertinent art to make and use the invention.

[0034] FIG. 1 schematically illustrates an exemplary method and system of the
present invention, in which a liquefied biomass is contacted with a catalyst for
lipid hydrolysis before fermentation.

[0035] FIG. 2 schematically illustrates an exemplary method and system of the
present invention, in which a liquefied and saccharified biomass is contacted with
a catalyst for lipid hydrolysis before fermentation.

[0036] FIG. 3 schematically illustrates an exemplary method and system of the
present invention, in which lipids in a biomass feedstream are contacted with a
catalyst for lipid hydrolysis before or during liquefaction.

[0037] FIG. 4 schematically illustrates an exemplary method and system of the
present invention, in which undissolved solids and lipids are removed from a
liquefied biomass before fermentation, and in which the removed lipids are
hydrolyzed into free fatty acids using a catalyst, and the free fatty acids are
supplied to the fermentation vessel.

[0038] FIG. 5 schematically illustrates an exemplary method and system of the
present invention, in which lipids derived from native oil are hydrolyzed into free

- 10 -



WO 2011/159967 PCT/US2011/040806

fatty acids using a catalyst, and the free fatty acids are supplied to the
fermentation vessel.

[0039] FIG. 6 schematically illustrates an exemplary method and system of the
present invention, in which biomass lipids present in a first extractant exiting a
fermentation vessel are converted into free fatty acids that are supplied to a
fermentation vessel as a second extractant.

[0040] FIG. 7 is a chart illustrating the effect that the presence of fatty acids in a
fermentation vessel has on glucose consumption for butanologen strain NGCI-
047.

[0041] FIG. 8 is a chart illustrating the effect that the presence of fatty acids in a
fermentation vessel has on glucose consumption for butanologen strain NGCI-
049.

[0042] FIG. 9 is a chart illustrating the effect that the presence of fatty acids in a
fermentation vessel has on glucose consumption for butanologen strain NYLA84.

DETAILED DESCRIPTION OF THE INVENTION

[0043] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. In case of conflict, the present application
including the definitions will control. Also, unless otherwise required by context,
singular terms shall include pluralities and plural terms shall include the singular.
All publications, patents and other references mentioned herein are incorporated
by reference in their entireties for all purposes.

[0044] In order to further define this invention, the following terms and definitions
are herein provided.

[0045] As used herein, the terms "comprises," "comprising,” "includes,"

"including,” "has," "having," "contains," or "containing," or any other variation
thereof, will be understood to imply the inclusion of a stated integer or group of
integers but not the exclusion of any other integer or group of integers. For
example, a composition, a mixture, a process, a method, an article, or an
apparatus that comprises a list of elements is not necessarily limited to only those

elements but can include other elements not expressly listed or inherent to such

-11 -
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composition, mixture, process, method, article, or apparatus. Further, unless
expressly stated to the contrary, "or" refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not present), A is false (or not
present) and B is true (or present), and both A and B are true (or present).

[0046] Also, the indefinite articles "a" and "an" preceding an element or
component of the invention are intended to be nonrestrictive regarding the
number of instances, that is, occurrences of the element or component.
Therefore "a" or "an" should be read to include one or at least one, and the
singular word form of the element or component also includes the plural unless
the number is obviously meant to be singular.

[0047] The term "invention” or "present invention" as used herein is a non-limiting
term and is not intended to refer to any single embodiment of the particular
invention but encompasses all possible embodiments as described in the
application.

[0048] As used herein, the term "about" modifying the quantity of an ingredient or
reactant of the invention employed refers to variation in the numerical quantity
that can occur, for example, through typical measuring and liquid handling
procedures used for making concentrates or solutions in the real world; through
inadvertent error in these procedures; through differences in the manufacture,
source, or purity of the ingredients employed to make the compositions or to
carry out the methods; and the like. The term "about" also encompasses
amounts that differ due to different equilibrium conditions for a composition
resulting from a particular initial mixture. Whether or not modified by the term
"about," the claims include equivalents to the quantities. In one embodiment, the
term "about" means within 10% of the reported numerical value, alternatively
within 5% of the reported numerical value.

[0049] "Biomass" as used herein refers to a natural product containing
hydrolyzable polysaccharides that provide fermentable sugars including any
sugars and starch derived from natural resources such as corn, cane, wheat,
cellulosic or lignocellulosic material and materials comprising cellulose,

hemicellulose, lignin, starch, oligosaccharides, disaccharides and/or
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monosaccharides, and mixtures thereof. Biomass may also comprise additional
components such as protein and/or lipids. Biomass may be derived from a single
source or biomass can comprise a mixture derived from more than one source.
For example, biomass may comprise a mixture of corn cobs and corn stover, or a
mixture of grass and leaves. Biomass includes, but is not limited to, bioenergy
crops, agricultural residues, municipal solid waste, industrial solid waste, sludge
from paper manufacture, yard waste, wood and forestry waste. Examples of
biomass include, but are not limited to, corn grain, corn cobs, crop residues such
as corn husks, corn stover, grasses, wheat, rye, wheat straw, barley, barley
straw, hay, rice straw, switchgrass, waste paper, sugar cane bagasse, sorghum,
sugar cane, soy, components obtained from milling of grains, trees, branches,
roots, leaves, wood chips, sawdust, shrubs and bushes, vegetables, fruits,
flowers, animal manure, and mixtures thereof. For example, mash, juice,
molasses, or hydrolysate may be formed from biomass by any processing known
in the art for processing the biomass for purposes of fermentation such as by
milling, treating, and/or liquefying and comprises fermentable sugar and may
comprise water. For example, cellulosic and/or lignocellulosic biomass may be
processed to obtain a hydrolysate containing fermentable sugars by any method
known to one skilled in the art. A low ammonia pretreatment is disclosed in U.S.
Patent Application Publication No. 2007/0031918A1, which is herein incorporated
by reference. Enzymatic saccharification of cellulosic and/or lignocellulosic
biomass typically makes use of an enzyme consortium for breaking down
cellulose and hemicellulose to produce a hydrolysate containing sugars including
glucose, xylose, and arabinose. (Saccharification enzymes suitable for cellulosic
and/or lignocellulosic biomass are reviewed in Lynd, et al. (Microbiol. Mol. Biol.
Rev. 66:506-577, 2002).

[0050] Mash, juice, molasses, or hydrolysate may include feedstock 12 and
feedstock slurry 16 as described herein. An aqueous feedstream may be derived
or formed from biomass by any processing known in the art for processing the
biomass for purposes of fermentation such as by milling, treating, and/or
liquefying and comprises fermentable carbon substrate (e.g., sugar) and may
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comprise water. An aqueous feedstream may include feedstock 12 and
feedstock slurry 16 as described herein.

[0051] "Feedstock” as used herein means a feed in a fermentation process, the
feed containing a fermentable carbon source with or without undissolved solids,
and where applicable, the feed containing the fermentable carbon source before
or after the fermentable carbon source has been liberated from starch or obtained
from the break down of complex sugars by further processing such as by
liquefaction, saccharification, or other process. Feedstock includes or is derived
from a biomass. Suitable feedstocks include, but are not limited to, rye, wheat,
corn, cane, barley, cellulosic material, lignocellulosic material, or mixtures
thereof.

[0052] "Fermentation broth" as used herein means the mixture of water, sugars,
dissolved solids, optionally microorganisms producing alcohol, product alcohol,
and all other constituents of the material held in the fermentation vessel in which
product alcohol is being made by the reaction of sugars to alcohol, water, and
carbon dioxide (CO,) by the microorganisms present. From time to time, as used
herein the term "fermentation medium" and "fermented mixture" can be used
synonymously with "fermentation broth."

[0053] "Fermentable carbon source" or “fermentable carbon substrate” as used
herein means a carbon source capable of being metabolized by the
microorganisms disclosed herein for the production of fermentative alcohol.
Suitable fermentable carbon sources include, but are not limited to,
monosaccharides such as glucose or fructose; disaccharides such as lactose or
sucrose; oligosaccharides; polysaccharides such as starch or cellulose; C5
sugars such as xylose and arabinose; one carbon substrates including methane;
and mixtures thereof.

[0054] "Fermentable sugar" as used herein refers to one or more sugars capable
of being metabolized by the microorganisms disclosed herein for the production
of fermentative alcohol.

[0055] "Fermentation vessel" as used herein means the vessel in which the
fermentation reaction is carried out whereby product alcohol such as butanol is
made from sugars.
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[0056] "Liquefaction vessel' as used herein means the vessel in which
liquefaction is carried out. Liquefaction is the process in which oligosaccharides
are liberated from the feedstock. In some embodiments where the feedstock is
corn, oligosaccharides are liberated from the corn starch content during
liquefaction.

[0057] "Saccharification vessel" as used herein means the vessel in which
saccharification (i.e., the break down of oligosaccharides into monosaccharides)
is carried out. Where fermentation and saccharification occur simultaneously, the
saccharification vessel and the fermentation vessel may be one in the same
vessel.

[0058] "Sugar" as used herein refers to oligosaccharides, disaccharides,
monosaccharides, and/or mixtures thereof. The term "saccharide" also includes
carbohydrates including starches, dextrans, glycogens, cellulose, pentosans, as
well as sugars.

[0059] As used herein, "saccharification enzyme" means one or more enzymes
that are capable of hydrolyzing polysaccharides and/or oligosaccharides, for
example, alpha-1,4-glucosidic bonds of glycogen, or starch. Saccharification
enzymes may include enzymes capable of hydrolyzing cellulosic or lignocellulosic
materials as well.

[0060] "Undissolved solids" as used herein means non-fermentable portions of
feedstock, for example, germ, fiber, and gluten.

[0061] “Product alcohol” as used herein refers to any alcohol that can be
produced by a microorganism in a fermentation process that utilizes biomass as
a source of fermentable carbon substrate. Product alcohols include, but are not
limited to, C; to Csg alkyl alcohols. In some embodiments, the product alcohols
are C, to Cg alkyl alcohols. In other embodiments, the product alcohols are C; to
Cs alkyl alcohols. It will be appreciated that C, to Cg alkyl alcohols include, but
are not limited to, methanol, ethanol, propanol, butanol, and pentanol. Likewise
C. to Cg alkyl alcohols include, but are not limited to, ethanol, propanol, butanol,
and pentanol. “Alcohol” is also used herein with reference to a product alcohol.

[0062] "Butanol" as used herein refers with specificity to the butanol isomers 1-
butanol (1-BuOH), 2-butanol (2-BuOH), tert-butanol, and/or isobutanol (iBuOH or
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-BuOH or I-BUOH, also known as 2-methyl-1-propanol), either individually or as
mixtures thereof. From time to time, when referring to esters of butanol, the
terms "butyl esters” and "butanol esters" may be used interchangeably.

[0063] “Propanol” as used herein refers to the propanol isomers isopropanol or 1-
propanol.
[0064] “Pentanol” as used herein refers to the pentanol isomers 1-pentanol, 3-

methyl-1-butanol, 2-methyl-1-butanol, 2,2-dimethyl-1-propanol, 3-pentanol, 2-
pentanol, 3-methyl-2-butanol, or 2-methyl-2-butanol.

[0065] The term "alcohol equivalent" as used herein refers to the weight of
alcohol that would be obtained by a perfect hydrolysis of an alcohol ester and the
subsequent recovery of the alcohol from an amount of alcohol ester.

[0066] The term "aqueous phase titer" as used herein refers to the concentration
of a particular alcohol (e.g., butanol) in the fermentation broth.

[0067] The term "effective titer" as used herein refers to the total amount of a
particular alcohol (e.g., butanol) produced by fermentation or alcohol equivalent
of the alcohol ester produced by alcohol esterification per liter of fermentation
medium. For example, the effective titer of butanol in a unit volume of a
fermentation includes: (i) the amount of butanol in the fermentation medium; (ii)
the amount of butanol recovered from the organic extractant; (iii) the amount of
butanol recovered from the gas phase, if gas stripping is used; and (iv) the
alcohol equivalent of the butanol ester in either the organic or aqueous phase.

[0068] "In Situ Product Removal (ISPR)" as used herein means the selective
removal of a specific fermentation product from a biological process such as
fermentation, to control the product concentration in the biological process as the
product is produced.

[0069] "Extractant” or "ISPR extractant" as used herein means an organic solvent
used to extract any product alcohol such as butanol or used to extract any
product alcohol ester produced by a catalyst from a product alcohol and a
carboxylic acid or lipid. From time to time, as used herein the term "solvent" may
be used synonymously with "extractant." For the processes described herein,

extractants are water-immiscible.
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[0070] The terms "water-immiscible” or “insoluble” refer to a chemical component
such as an extractant or solvent, which is incapable of mixing with an aqueous
solution such as a fermentation broth, in such a manner as to form one liquid
phase.

[0071] The term "aqueous phase" as used herein refers to the aqueous phase of
a biphasic mixture obtained by contacting a fermentation broth with a water-
immiscible organic extractant. In an embodiment of a process described herein
that includes fermentative extraction, the term "fermentation broth" then
specifically refers to the aqueous phase in biphasic fermentative extraction.

[0072] The term "organic phase" as used herein refers to the non-aqueous phase
of a biphasic mixture obtained by contacting a fermentation broth with a water-
immiscible organic extractant.

[0073] The term "carboxylic acid" as used herein refers to any organic compound
with the general chemical formula —~COOH in which a carbon atom is bonded to
an oxygen atom by a double bond to make a carbonyl group (-C=0) and to a
hydroxyl group (-OH) by a single bond. A carboxylic acid may be in the form of
the protonated carboxylic acid, in the form of a salt of a carboxylic acid (e.g., an
ammonium, sodium, or potassium salt), or as a mixture of protonated carboxylic
acid and salt of a carboxylic acid. The term carboxylic acid may describe a single
chemical species (e.g., oleic acid) or a mixture of carboxylic acids as can be
produced, for example, by the hydrolysis of biomass-derived fatty acid esters or
triglycerides, diglycerides, monoglycerides, and phospholipids.

[0074] The term "fatty acid" as used herein refers to a carboxylic acid (e.g.,
aliphatic monocarboxylic acid) having C4 to Cps carbon atoms (most commonly
Ci2to Cy4 carbon atoms), which is either saturated or unsaturated. Fatty acids
may also be branched or unbranched. Fatty acids may be derived from, or
contained in esterified form, in an animal or vegetable fat, oil, or wax. Fatty acids
may occur naturally in the form of glycerides in fats and fatty oils or may be
obtained by hydrolysis of fats or by synthesis. The term fatty acid may describe a
single chemical species or a mixture of fatty acids. In addition, the term fatty acid
also encompasses free fatty acids.
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[0075] The term "fatty alcohol" as used herein refers to an alcohol having an
aliphatic chain of C4 to Cg carbon atoms, which is either saturated or
unsaturated.

[0076] The term "fatty aldehyde" as used herein refers to an aldehyde having an
aliphatic chain of C4 to C, carbon atoms, which is either saturated or
unsaturated.

[0077] The term "fatty amide" as used herein refers to an amide having a
long, aliphatic chain of C4 to Cy, carbon atoms, which is either saturated or
unsaturated

[0078] The term "fatty ester" as used herein refers to an ester having a long
aliphatic chain of C4 to C,, carbon atoms, which is either saturated or
unsaturated.

[0079] "Native oil" as used herein refers to lipids obtained from plants
(e.g., biomass) or animals. "Plant-derived oil" as used herein refers to lipids
obtain from plants in particular. From time to time, "lipids" may be used
synonymously with "oil" and "acyl glycerides." Native oils include, but are not
limited to, tallow, corn, canola, capric/caprylic triglycerides, castor, coconut,
cottonseed, fish, jojoba, lard, linseed, neetsfoot, oiticica, palm, peanut, rapeseed,
rice, safflower, soya, sunflower, tung, jatropha, and vegetable oil blends.

[0080] The term "separation" as used herein is synonymous with “recovery” and
refers to removing a chemical compound from an initial mixture to obtain the
compound in greater purity or at a higher concentration than the purity or
concentration of the compound in the initial mixture.

[0081] As used herein, "recombinant microorganism" refers to microorganisms
such as bacteria or yeast, that are modified by use of recombinant DNA
techniques, for example, by engineering a host cell to comprise a biosynthetic
pathway such as a biosynthetic pathway to produce an alcohol such as butanol.

[0082] The present invention provides extractants obtained by catalytic hydrolysis
of oil glycerides derived from biomass and methods of producing the extractants.
In particular, the glycerides in biomass oil can be catalytically hydrolyzed into
fatty acids using a catalyst such as an enzyme. The fatty acids can serve as
extractants for in situ removal of a product alcohol such as butanol from a
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fermentation broth. Thus, the present invention also provides methods for
producing a product alcohol such as butanol through extractive fermentation
using the extractants that were produced from the biomass oil. The present
invention also provides methods for catalytically hydrolyzing the oil present in a
feedstock slurry into fatty acids prior to fermentation, whereby the oil is converted
to fatty acids and the degradation of the partition coefficient of the ISPR
extractant over time that is attributable to the presence of the oil in the
fermentation vessel can be reduced. Moreover, the fatty acids obtained by
hydrolysis of the feedstock oil can serve as an ISPR extractant having a partition
coefficient for a fermentative alcohol greater than a partition coefficient of the
feedstock oil for the fermentative alcohol. The feedstock oil can be separated
from the feedstock slurry prior to hydrolysis and used as an ISPR extractant, or
the oil can be hydrolyzed into fatty acids while in the feedstock slurry. Further,
fatty acids as ISPR extractant can be used in place of or in addition to a
conventional exogenous extractant, such as oleyl alcohol or oleic acid, thereby
reducing the raw material expense associated with the exogenous extractant.
[0083] The present invention will be described with reference to the Figures.
FIG. 1 llustrates an exemplary process flow diagram for production of
fermentative alcohol according to an embodiment of the present invention. As
shown, a feedstock 12 can be introduced to an inlet in a liquefaction vessel 10
and liquefied to produce a feedstock slurry 16. Feedstock 12 contains
hydrolysable starch that supplies a fermentable carbon source (e.g., fermentable
sugar such as glucose), and can be a biomass such as, but not limited to, rye,
wheat, corn, cane, barley, cellulosic material, lignocellulosic material, or mixtures
thereof, or can otherwise be derived from a biomass. In some embodiments,
feedstock 12 can be one or more components of a fractionated biomass and in
other embodiments, feedstock 12 can be a milled, unfractionated biomass. In
some embodiments, feedstock 12 can be corn such as dry milled, unfractionated
corn kernels, and the undissolved solids can include germ, fiber, and gluten. The
undissolved solids are non-fermentable portions of feedstock 12. For purposes
of the discussion herein with reference to the embodiments shown in the Figures,
feedstock 12 will often be described as constituting milled, unfractionated corn in
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which the undissolved solids have not been separated therefrom. However, it
should be understood that the exemplary methods and systems described herein
can be modified for different feedstocks whether fractionated or not, as apparent
to one of skill in the art. In some embodiments, feedstock 12 can be high-oleic
corn, such that corn oil derived therefrom is a high-oleic corn oil having an oleic
acid content of at least about 55 wt% oleic acid. In some embodiments, the oleic
acid content in high-oleic corn oil can be up to about 65 wt%, as compared with
the oleic acid content in normal corn oil which is about 24 wt%. High-oleic oil can
provide some advantages for use in the methods of the present invention, as
hydrolysis of the oil provides fatty acids having a high oleic acid content for
contacting with a fermentation broth. In some embodiments, the fatty acids or
mixtures thereof comprise unsaturated fatty acids. The presence of unsaturated
fatty acids decreases the melting point, providing advantages for handling. Of
the unsaturated fatty acids, those which are monounsaturated, that is,
possessing a single carbon-carbon double bond, may provide advantages with
respect to melting point without sacrificing suitable thermal and oxidative stability
for process considerations.

[0084] The process of liquefying feedstock 12 involves hydrolysis of starch in
feedstock 12 into sugars including, for example, dextrins and oligosaccharides,
and is a conventional process. Any known liquefying processes, as well as the
corresponding liquefaction vessel, normally utilized by the industry can be used
including, but not limited to, the acid process, the acid-enzyme process, or the
enzyme process. Such processes can be used alone or in combination. In some
embodiments, the enzyme process can be utilized and an appropriate enzyme
14, for example, alpha-amylase, is introduced to an inlet in liquefaction vessel 10.
Water can also be introduced to liquefaction vessel 10. In some embodiments, a
saccharification enzyme, for example, glucoamylase, may also be introduced to
liuefaction vessel 10. In additional embodiments, a lipase may also be
introduced to liquefaction vessel 10 to catalyze the conversion of one or more
components of the oil to fatty acids.

[0085] Feedstock slurry 16 produced from liquefying feedstock 12 includes sugar,
oil 26, and undissolved solids derived from the biomass from which feedstock 12
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was formed. In some embodiments, the oil is in an amount of about 0 wt% to at
least about 2 wt% of the fermentation broth composition. In some embodiments,
the oil is in an amount of at least about 0.5 wt% of the feedstock. Feedstock
slurry 16 can be discharged from an outlet of liquefaction vessel 10. In some
embodiments, feedstock 12 is corn or corn kernels and therefore, feedstock
slurry 16 is a corn mash slurry.

[0086] A catalyst 42 can be added to feedstock slurry 16. Catalyst 42 is capable
of hydrolyzing glycerides in oil 26 to free fatty acids (FFA) 28. For example,
when feedstock 12 is corn, then oil 26 is the feedstock's constituent corn oil, and
the free fatty acids 28 are corn oil fatty acids (COFA). Thus, after introduction of
catalyst 42 to feedstock slurry 16, at least a portion of the glycerides in oil 26 are
hydrolyzed to FFA 28, resulting in a feedstock slurry 18 having FFA 28 and
catalyst 42. The resulting acid/oil composition from hydrolyzing oil 26 is typically
at least about 17 wt% FFA. In some embodiments, the resulting acid/oil
composition from hydrolyzing oil 26 is at least about 20 wt% FFA, at least about
25 wt% FFA, at least about 30 wt% FFA, at least about 35 wt% FFA, at least
about 40 wt% FFA, at least about 45 wt% FFA, at least about 50 wt% FFA, at
least about 55 wt% FFA, at least about 60 wt% FFA, at least about 65 wt% FFA,
at least about 70 wt% FFA, at least about 75 wt% FFA, at least about 80 wt%
FFA, at least about 85 wt% FFA, at least about 90 wt% FFA, at least about 95
wt% FFA, or at least about 99 wt% FFA. In some embodiments, the
concentration of the fatty acid (such as carboxylic acid) in the fermentation vessel
exceeds the solubility limit in the aqueous phase and results in the production a
two-phase fermentation mixture comprising an organic phase and an aqueous
phase. In some embodiments, the concentration of carboxylic acid (or fatty acid)
in the fermentation broth is typically not greater than about 0.8 g/L and is limited
by the solubility of the carboxylic acid (or fatty acid) in the broth.

[0087] In some embodiments, catalyst 42 can be one or more enzymes, for
example, hydrolase enzymes such as lipase enzymes. Lipase enzymes used
may be derived from any source including, for example, Absidia, Achromobacter,
Aeromonas, Alcaligenes, Alternaria, Aspergillus, Achromobacter, Aureobasidium,
Bacillus, Beauveria, Brochothrix, Candida, Chromobacter, Coprinus, Fusarium,
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Geotricum, Hansenula, Humicola, Hyphozyma, Lactobacillus, Metarhizium,
Mucor, Nectria, Neurospora, Paecilomyces, Penicillium, Pseudomonas,
Rhizoctonia, Rhizomucor, Rhizopus, Rhodosporidium, Rhodotorula,
Saccharomyces, Sus, Sporobolomyces, Thermomyces, Thiarosporella,
Trichoderma, Verticillium, and/or a strain of Yarrowia. In a preferred aspect, the
source of the lipase is selected from the group consisting of Absidia blakesleena,
Absidia corymbifera, Achromobacter iophagus, Alcaligenes sp., Alternaria
brassiciola, Aspergillus flavus, Aspergillus niger, Aspergillus tubingensis.
Aureobasidium pullulans, Bacillus pumilus, Bacillus strearothermophilus, Bacillus
subtilis, Brochothrix thermosohata, Candida cylindracea (Candida rugosa),
Candida paralipolytica, Candida Antarctica lipase A, Candida antartica lipase B,
Candida ernobii, Candida deformans, Chromobacter viscosum, Coprinus
cinerius, Fusarium oxysporum, Fusarium solani, Fusarium solani pisi, Fusarium
roseum culmorum, Geotricum penicillatum, Hansenula anomala, Humicola
brevispora, Humicola brevis var. thermoidea, Humicola insolens, Lactobacillus
curvatus, Rhizopus oryzae, Penicillium cyclopium, Penicillium crustosum,
Penicillium expansum, Penicillium sp. |, Penicillium sp. |l, Pseudomonas
aeruginosa, Pseudomonas alcaligenes, Pseudomonas cepacia (syn.
Burkholderia cepacia), Pseudomonas fluorescens, Pseudomonas fragi,
Pseudomonas maltophilia, Pseudomonas mendocina, Pseudomonas mephitica
lipolytica, Pseudomonas alcaligenes, Pseudomonas plantari Pseudomonas
pseudoalcaligenes, Pseudomonas putida, Pseudomonas stutzeri and
Pseudomonas wisconsinensis, Rhizoctonia solani, Rhizomucor miehei, Rhizopus
japonicus, Rhizopus microsporus, Rhizopus nodosus, Rhodosporidium
toruloides, Rhodotorula glutinis, Saccharomyces cerevisiae, Sporobolomyces
shibatanus, Sus scrofa, Thermomyces lanuginosus (formerly Humicola
lanuginose), Thiarosporella phaseolina, Trichoderma harzianum, Trichoderma
reesei, and Yarrowia lipolytica. In a further preferred aspect, the lipase is
selected from the group consisting of Thermomcyces lanuginosus lipase,
Aspergillus sp. lipase, Aspergillus niger lipase, Aspergillus tubingensis lipase,
Candida antartica lipase B, Pseudomonas sp. lipase, Penicillium roqueforti
lipase, Penicillium camembertii lipase, Mucor javanicus lipase, Burkholderia
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cepacia lipase, Alcaligenes sp. lipase, Candida rugosa lipase, Candida
parapsilosis lipase, Candida deformans lipase, lipases A and B from Geotrichum
candidum, Neurospora crassa lipase, Nectria haematococca lipase, Fusarium
heterosporum lipase Rhizopus delemar lipase, Rhizomucor miehei lipase,
Rhizopus arrhizus lipase, and Rhizopus oryzae lipase. Suitable commercial
lipase preparations suitable as enzyme catalyst 42 include, but are not limited to
Lipolase® 100 L, Lipex® 100L, Lipoclean® 2000T, Lipozyme® CALB L,
Novozyme® CALA L, and Palatase 20000L, available from Novozymes, or from
Pseudomonas fluorescens, Pseudomonas cepacia, Mucor miehei, hog pancreas,
Candida cylindracea, Rhizopus niveus, Candida antarctica, Rhizopus arrhizus or
Aspergillus available from SigmaAldrich.

[0088] Phospholipases are enzymes that hydrolyze the ester bonds of
phospholipids, but many phospholipases also can hydrolyze triglycerides,
diglycerides, and monoglycerides (lipid acyl hydrolase (LAH) activity). As used
herein, the term "phospholipase” encompasses enzymes having any
phospholipase activity, for example, cleaving a glycerolphosphate ester linkage
(catalyzing hydrolysis of a glycerolphosphate ester linkage), for example, in an
oil, such as a crude oil or a vegetable oil. The phospholipase activity of the
invention can generate a water extractable phosphorylated base and a
diglyceride. The phospholipase activity can comprise a phospholipase C (PLC)
activity; a PI-PLC activity, a phospholipase A (PLA) activity such as a
phospholipase Al or phospholipase A2 activity; a phospholipase B (PLB) activity
such as a phospholipase B1 or phospholipase B2 activity, including
lysophospholipase (LPL) activity and/or lysophospholipase- transacylase (LPT A)
activity; a phospholipase D (PLD) activity such as a phospholipase DI or a
phospholipase D2 activity; and/or a patatin activity or any combination thereof.
The term "phospholipase™ also encompasses enzymes having lysophospholipase
activity, where the two substrates of this enzyme are 2-lysophosphatidylcholine
and H,0, and where its two products are glycerophosphocholine and carboxylate.
Phospholipase Al (PLA1) enzymes remove the 1-position fatty acid to produce
free fatty acid and 1-lyso-2-acylphospholipid. Phospholipase A2 (PLA2) enzymes
remove the 2-position fatty acid to produce free fatty acid and l-acyl-2-
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lysophospholipid. PLA1 and PLA2 enzymes can be intra- or extra-cellular,
membrane-bound or soluble. Phospholipase C (PLC) enzymes remove the
phosphate moiety to produce 1 ,2 diacylglycerol and a phosphate ester.
Phospholipase D (PLD) enzymes produce 1 ,2-diacylglycerophosphate and base
group. A phospholipase useful in the present invention may be obtained from a
variety of biological sources, for example, but not limited to, filamentous fungal
species within the genus Fusarium, such as a strain of F. culmorum, F.
heterosporum, F. solani, or F. oxysporum; or a filamentous fungal species within
the genus Aspergillus, such as a strain of Aspergillus awamori, Aspergillus
foetidus, Aspergillus japonicus, Aspergillus niger or Aspergillus oryzae. Also
useful in the present invention are Thermomyces lanuginosus phospholipase
variants such as the commercial product Lecitase® Ultra (Novozymes A'S,
Denmark). One or more phospholipases may be applied as lyophilized powder,
immobilized or in aqueous solution.

[0089] After at least a portion of the glycerides are hydrolyzed, in some
embodiments, catalyst 42 can be inactivated. Any method known in the art can
be used to render catalyst 42 inactive. For example, in some embodiments,
catalyst 42 can be inactivated by the application of heat, by adjusting the pH of
the reaction mass to a pH where catalyst 42 is irreversibly inactivated, and/or by
adding a chemical or biochemical species capable of selectively inactivating the
catalyst activity. As shown, for example, in the embodiment of FIG. 1, heat g is
applied to feedstock slurry 18, whereby catalyst 42 becomes inactive. The
application of heat g can be applied to feedstock slurry 18 before feedstock slurry
18 is fed to a fermentation vessel 30. Heat-treated feedstock slurry 18 (with
inactive catalyst 42) is then introduced into a fermentation vessel 30 along with a
microorganism 32 to be included in a fermentation broth held in fermentation
vessel 30. Alternatively, feedstock slurry 18 can be fed to fermentation vessel 30
and subjected to heat g while in the fermentation vessel, before fermentation
vessel inoculation of microorganism 32. For example, in some embodiments,
catalyst inactivation treatment can be achieved by heating feedstock slurry 18
with heat g to temperature of at least about 75°C for at least about 5 minutes, at
least about 75°C for at least about 10 minutes, at least about 75°C for at least
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about 15 minutes, at least about 80°C for at least about 5 minutes, at least about
80°C for at least about 10 minutes, at least about 80°C for at least about
15 minutes, at least about 85°C for at least about 5 minutes, at least about 85°C
for at least about 10 minutes, or at least about 85°C for at least about 15 minutes.
In some embodiments, after being subject to heat g, feedstock slurry 18 is cooled
to an appropriate temperature for fermentation prior to introduction to
fermentation vessel 30 (or prior to fermentation vessel inoculation in the case that
the application of heat g is conducted in the fermentation vessel). For example,
in some embodiments, the temperature of feedstock slurry 18 is about 30°C prior
to contacting with a fermentation broth.

[0090] Inactivation of catalyst 42 is preferred when it is desirable to prevent
catalyst 42 from esterifying alcohol with fatty acids 28 in the fermentation vessel.
In some embodiments, production of an alcohol ester by esterification of product
alcohol in a fermentation medium with an organic acid (e.g., fatty acid) and a
catalyst (e.g., lipase) is desirable, as further described in co-pending, commonly
owned U.S. Provisional Application Serial No. 61/368,429, filed on July 28, 2010;
U.S. Provisional Application Serial No. 61/379,546, filed on September 2, 2010;
and U.S. Provisional Application Serial No. 61/440,034, filed on February 7,
2011, all incorporated herein in its entirety by reference thereto. For example, for
butanol production, active catalyst 42 in fermentation vessel (introduced via slurry
18) can catalyze the esterification of the butanol with fatty acids 28 (introduced
via slurry 18) to form fatty acid butyl esters (FABE) in situ.

[0091] Fermentation vessel 30 is configured to ferment slurry 18 to produce a
product alcohol such as butanol. In particular, microorganism 32 metabolizes the
fermentable sugar in slurry 18 and excretes a product alcohol. Microorganism 32
is selected from the group of bacteria, cyanobacteria, filamentous fungi, and
yeasts. In some embodiments, microorganism 32 can be a bacteria such as
E.coli In some embodiments, microorganism 32 can be a fermentative
recombinant microorganism. The slurry can include sugar, for example, in the
form of oligosaccharides, and water, and can comprise less than about 20 g/L of
monomeric glucose, more preferably less than about 10 g/L or less than about
5 g/L of monomeric glucose. Suitable methodology to determine the amount of
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monomeric glucose is well known in the art. Such suitable methods known in the
art include HPLC.

[0092] In some embodiments, slurry 18 is subjected to a saccharification process
in order to break the complex sugars (e.g., oligosaccharides) in slurry 18 into
monosaccharides that can be readily metabolized by microorganism 32. Any
known saccharification process that is routinely utilized by the industry can be
used including, but not limited to, the acid process, the acid-enzyme process, or
the enzyme process. In some embodiments, simultaneous saccharification and
fermentation (SSF) can occur inside fermentation vessel 30, as shown in FIG. 1.
In some embodiments, an enzyme 38, such as glucoamylase, can be introduced
to an inlet in fermentation vessel 30 in order to breakdown the starch or
oligosaccharides to glucose capable of being metabolized by microorganism 32.

[0093] Optionally, ethanol 33 may be supplied to fermentation vessel 30 to be
included in the fermentation broth. In some embodiments, when a recombinant
microorganism having a butanol biosynthetic pathway is used as microorganism
32 for butanol production, microorganism 32 may require supplementation of a 2-
carbon substrate (e.g., ethanol) to survive and grow. Thus, in some
embodiments, ethanol 33 may be supplied to fermentation vessel 30.

[0094] However, it has been surprisingly found that methods of the present
invention, in which free fatty acid (e.g., FFA 28) is present in the fermentation
vessel, can allow reduction of the amount of ethanol 33 typically supplied for a
given recombinant microorganism without detriment to the vitality of the
recombinant microorganism. Further, in some embodiments, the methods of the
present invention provide that the alcohol (e.g., butanol) production rate without
ethanol supplementation to be comparable with the production rate that can be
realized when ethanol 33 is supplemented. As further demonstrated by the
comparative examples presented in Examples 1-14 below, the butanol production
rate when fatty acid but not ethanol is in the fermentation vessel can be greater
than the butanol production rate when neither fatty acid nor ethanol is in the
fermentation vessel. Thus, in some embodiments, the amount of ethanol 33
supplementation is reduced compared to conventional processes. For example,
a typical amount of ethanol added to a fermentation vessel for microorganisms
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requiring supplementation of a 2-carbon substrate is about 5 g/L anhydrous
ethanol (i.e., 5 g anhydrous ethanol per liter of fermentation medium). In some
embodiments, the butanol fermentation is not supplemented with any ethanol 33.
In the latter case, the stream of ethanol 33 is entirely omitted from the
fermentation vessel. Thus, in some embodiments of the present invention, it is
possible to reduce or eliminate the cost associated with supplemental ethanol 33,
as well as the inconvenience associated with storing vats of ethanol 33 and
supplying it to the fermentation vessel during butanol fermentation.

[0095] Moreover, regardless of ethanol supplementation, in some embodiments,
the methods of the present invention can provide a higher rate of glucose uptake
by microorganism 32 by virtue of the presence of fatty acids during the
fermentation. The fatty acids can be introduced into fermentation vessel 30 as
carboxylic acid 28, hydrolyzed from supplied oil 26, and/or derived from
hydrolysis of constituent biomass oil of slurry 16. Methods for producing a
product alcohol from a fermentation process in which fatty acids are produced at
a step in the process and are contacted with microorganism cultures in a
fermentation vessel for improving microorganism growth rate and glucose
consumption are described in co-pending, commonly owned U.S. Provisional
Application Serial No. 61/368,451, filed on July 28, 2010, which is incorporated
herein in its entirety by reference thereto.

[0096] In fermentation vessel 30, alcohol is produced by microorganism 32. In
situ product removal (ISPR) can be utilized to remove the product alcohol from
the fermentation broth. In some embodiments, ISPR includes liquid-liquid
extraction. Liquid-liquid extraction can be performed according to the processes
described in U.S. Patent Application Publication No. 2009/0305370, the
disclosure of which is hereby incorporated in its entirety. U.S. Patent Application
Publication No. 2009/0305370 describes methods for producing and recovering
butanol from a fermentation broth using liquid-liquid extraction, the methods
comprising the step of contacting the fermentation broth with a water-immiscible
extractant to form a two-phase mixture comprising an aqueous phase and an
organic phase. Typically, the extractant can be an organic extractant selected
from the group consisting of saturated, mono-unsaturated, poly-unsaturated (and
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mixtures thereof) Cq, to Cp, fatty alcohols, Cq, to Cp, fatty acids, esters of Cq, to
C., fatty acids, Cq2 to Co, fatty aldehydes, Cq, to Cy, fatty amides, triglycerides,
and mixtures thereof, which contacts a fermentation broth and to form a two-
phase mixture comprising an aqueous phase and an organic phase. The
extractant may also be an organic extractant selected from the group consisting
of saturated, mono-unsaturated, poly-unsaturated (and mixtures thereof) C, to
C,, fatty alcohols, C4 to Cyg fatty acids, esters of C4 to Cpg fatty acids, C4 to Coo
fatty aldehydes, C4 to Cp, fatty amides, and mixtures thereof, which contacts a
fermentation broth and to form a two-phase mixture comprising an aqueous
phase and an organic phase. Free fatty acids 28 from slurry 18 can also serve
as an ISPR extractant 28. For example, when free fatty acids 28 are corn oil fatty
acids (COFA), ISPR extractant 28 is COFA. ISPR extractant (FFA) 28 contacts
the fermentation broth and forms a two-phase mixture comprising an aqueous
phase 34 and an organic phase. The product alcohol present in the fermentation
broth preferentially partitions into the organic phase to form an alcohol-containing
organic phase 36. In some embodiments, fermentation vessel 30 has one or
more inlets for receiving one or more additional ISPR extractants 29 which form a
two-phase mixture comprising an aqueous phase and an organic phase, with the
product alcohol partitioning into the organic phase.

[0097] The biphasic mixture can be removed from fermentation vessel 30 as
stream 39 and introduced into a vessel 35, in which the alcohol-containing
organic phase 36 is separated from the aqueous phase 34. The alcohol-
containing organic phase 36 is separated from the aqueous phase 34 of the
biphasic mixture stream 39 using methods known in the art including, but not
limited to, siphoning, aspiration, decantation, centrifugation, using a gravity
settler, membrane-assisted phase splitting, and the like. All or part of the
aqueous phase 34 can be recycled into fermentation vessel 30 as fermentation
medium (as shown), or otherwise discarded and replaced with fresh medium, or
treated for the removal of any remaining product alcohol and then recycled to
fermentation vessel 30. Then, the alcohol-containing organic phase 36 is treated
in a separator 50 to recover product alcohol 54, and the resulting alcohol-lean
extractant 27 can then be recycled back into fermentation vessel 30, usually in
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combination with fresh FFA 28 from slurry 18 and/or with fresh extractant 29 for
further extraction of the product alcohol. Alternatively, fresh FFA 28 (from slurry
18) and/or extractant 29 can be continuously added to the fermentation vessel to
replace the ISPR extractant(s) removed in biphasic mixture stream 39.

[0098] In some embodiments, any additional ISPR extractant 29 can be an
exogenous organic extractant such as oleyl alcohol, behenyl alcohol, cetyl
alcohol, lauryl alcohol, myristyl alcohol, stearyl alcohol, 1-undecanol, oleic acid,
lauric acid, myristic acid, stearic acid, methyl myristate, methyl oleate, undecanal,
lauric aldehyde, 20-methylundecanal, and mixtures thereof. In some
embodiments, ISPR extractant 29 can be a carboxylic acid and in some
embodiments, ISPR extractant 29 can be a fatty acid. In some embodiments, the
carboxylic acid or fatty acid can have 4 to 28 carbons, 4 to 22 carbons in other
embodiments, 8 to 22 carbons in other embodiments, 10 to 28 carbons in other
embodiments, 7 to 22 carbons in other embodiments, 12 to 22 carbons in other
embodiments, 4 to 18 carbons in other embodiments, 12 to 22 carbons in other
embodiments, and 12 to 18 carbons in still other embodiments. In some
embodiments, ISPR extractant 29 is one or more of the following fatty acids:
azaleic, capric, caprylic, castor, coconut {i.e., as a naturally-occurring
combination of fatty acids, including lauric, myrisitic, palmitic, caprylic, capric,
stearic, caproic, arachidic, oleic, and linoleic, for example), dimer, isostearic,
lauric, linseed, myristic, oleic, olive, palm oil, palmitic, palm kernel, peanut,
pelargonic, ricinoleic, sebacic, soya, stearic acid, tall oil, tallow, #12 hydroxy
stearic, or any seed oil. In some embodiments, ISPR extractant 29 is one or
more of diacids, azelaic, dimer and sebacic acid. Thus, in some embodiments,
ISPR extractant 29 can be a mixture of two or more different fatty acids. In some
embodiments, ISPR extractant 29 can be a fatty acid derived from chemical or
enzymatic hydrolysis of glycerides derived from native oil. For example, in some
embodiments, ISPR extractant 29 can be free fatty acids 28' obtained by
enzymatic hydrolysis of native oil such as biomass lipids as later described with
reference to the embodiment of FIG. 5. In some embodiments, ISPR extractant
29 can be a fatty acid extractant selected from the group consisting of fatty acids,
fatty alcohols, fatty amides, fatty acid methyl esters, lower alcohol esters of fatty
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acids, fatty acid glycol esters, hydroxylated triglycerides, and mixtures thereof,
obtained from chemical conversion of native oil such as biomass lipids as
described for example in co-pending, commonly owned U.S. Provisional
Application Serial No. 61/368,436, filed on July 28, 2010. In such embodiments,
the biomass lipids for producing extractant 29 can be from a same or different
biomass source from which feedstock 12 is obtained. For example, in some
embodiments, the biomass lipids for producing extractant 29 can be derived from
soya, whereas the biomass source of feedstock 12 is corn. Any possible
combination of different biomass sources for extractant 29 versus feedstock 12
can be used, as should be apparent to one of skill in the art. In some
embodiments, additional ISPR extractant 29 includes COFA.

[0099] In situ extractive fermentation can be carried out in a batch mode or a
continuous mode in fermentation vessel 30. For in situ extractive fermentation,
the organic extractant can contact the fermentation medium at the start of the
fermentation forming a biphasic fermentation medium. Alternatively, the organic
extractant can contact the fermentation medium after the microorganism has
achieved a desired amount of growth, which can be determined by measuring the
optical density of the culture. Further, the organic extractant can contact the
fermentation medium at a time at which the product alcohol level in the
fermentation medium reaches a preselected level. In the case of butanol
production, for example, the ISPR extractant can contact the fermentation
medium at a time before the butanol concentration reaches a level which would
be toxic to the microorganism. After contacting the fermentation medium with the
ISPR extractant, the butanol product partitions into the extractant, decreasing the
concentration in the aqueous phase containing the microorganism, thereby
limiting the exposure of the production microorganism to the inhibitory butanol
product.

[00100] The volume of the ISPR extractant to be used depends on a number of
factors including the volume of the fermentation medium, the size of the
fermentation vessel, the partition coefficient of the extractant for the butanol
product, and the fermentation mode chosen, as described below. The volume of
the extractant can be about 3% to about 60% of the fermentation vessel working
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volume. Depending on the efficiency of the extraction, the aqueous phase titer of
butanol in the fermentation medium can be, for example, from about 1 g/L to
about 85 g/L, from about 10 g/L to about 40 g/L, from about 10 g/L to about
20 g/L, from about 15 g/L to about 50 g/L or from about 20 g/L to about 60 g/L. In
some embodiments, the resulting fermentation broth after alcohol esterification
can comprise free (i.e., unesterified) alcohol and in some embodiments, the
concentration of free alcohol in the fermentation broth after alcohol esterification
is not greater than 1, 3, 6, 10, 15, 20, 25, 30 25, 40, 45, 50, 55, or 60 g/L when
the product alcohol is butanol, or when the product alcohol is ethanol, the
concentration of free alcohol in the fermentation broth after alcohol esterification
is not greater than 15, 20, 25, 30 25, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, or 100 g/L. Without being held to theory, it is believed that higher butanol titer
may obtained with the extractive fermentation method, in part, from the removal
of the toxic butanol product from the fermentation medium, thereby keeping the
level below that which is toxic to the microorganism.

[00101] In a batchwise mode of in situ extractive fermentation, a volume of organic
extractant is added to the fermentation vessel and the extractant is not removed
during the process. This mode requires a larger volume of organic extractant to
minimize the concentration of the inhibitory butanol product in the fermentation
medium. Consequently, the volume of the fermentation medium is less and the
amount of product produced is less than that obtained using the continuous
mode. For example, the volume of the extractant in the batchwise mode can be
20% to about 60% of the fermentation vessel working volume in one
embodiment, and about 30% to about 60% in another embodiment.

[00102] Gas stripping (not shown) can be used concurrently with the ISPR
extractant to remove the product alcohol from the fermentation medium.

[00103] In the embodiment of FIG. 1, the product alcohol is extracted from the
fermentation broth in situ, with the separation of the biphasic mixture 39 occurring
in a separate vessel 35. In some embodiments, separation of the biphasic
mixture 39 can occur in the fermentation vessel, as shown in the embodiments of
later described FIGs. 2 and 3 in which the alcohol-containing organic phase
stream 36 exits directly from fermentation vessel 30. Aqueous phase stream 34
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can also exit directly from fermentation vessel 30, be treated for the removal of
any remaining product alcohol and recycled, or discarded and replaced with fresh
fermentation medium. The extraction of the product alcohol by the organic
extractant(s) can be done with or without the removal of the microorganism from
the fermentation broth.  The microorganism can be removed from the
fermentation broth by means known in the art including, but not limited to,
filtration or centrifugation. For example, aqueous phase stream 34 can include
microorganism 32 such as yeast. Microorganism 32 can be easily separated
from the aqueous phase stream, for example, in a centrifuge (not shown).
Microorganism 32 can then be recycled to fermentation vessel 30 which over
time can increase the production rate of alcohol production, thereby resulting in
an increase in the efficiency of the alcohol production.

[00104] In a continuous mode of in situ extractive fermentation, the volume of the
extractant can be about 3% to about 50% of the fermentation vessel working
volume in one embodiment, about 3% to about 30% in another embodiment, 3%
to about 20% in another embodiment; and 3% to about 10% in another
embodiment. Because the product is continually removed from the reactor, a
smaller volume of extractant is required enabling a larger volume of the
fermentation medium to be used.

[00105] As an alternative to in situ extractive fermentation, the product alcohol can
be extracted from the fermentation broth downstream of fermentation vessel 30.
In such an instance, the fermentation broth can be removed from fermentation
vessel 30 and introduced into vessel 35. Extractant 28 can then be introduced
into vessel 35 and contacted with the fermentation broth to obtain biphasic
mixture 39 in vessel 35, which is then separated into the organic and aqueous
phases 36 and 34. Alternatively, extractant 28 can be added to the fermentation
broth in a separate vessel (not shown) prior to introduction to vessel 35.

[00106] As a non-limiting prophetic example, with reference to the embodiment of
FIG. 1, an aqueous suspension of ground whole corn (as feedstock 12), which
can nominally contain about 4 wt% corn oil, can be treated with amylase (as
liquefaction enzyme 14) at about 85°C to 120°C for 30 minutes to 2 hours, and
the resulting liquefied mash 16 cooled to between 65°C and 30°C and treated
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with 0.1 ppm to 10 ppm (in some embodiments, 0.5 ppm to 1.0 ppm) of lipase (as
catalyst 42) at pH 4.5 to 7.5 (in some embodiments, between pH 5.5 and 6.5) for
sufficient time to produce from at least 30% to as high as at least 99% conversion
of the available fatty acid content in lipids to free fatty acids. Optionally, the
liquefied and lipase-treated mash 18 can be heated to inactivate lipase 42 prior to
fermentation. Mash 18 can be cooled to about 30°C (e.g., using a heat-
exchanger) and loaded to fermentation vessel 30 at about 25% to 30 wt% dry
corn solids. Saccharification of the liquefied mash 18 during fermentation by the
addition of glucoamylase (as saccharification enzyme 38) can result in the
production of glucose. The resulting fermentation broth can contain significantly
less than the amount of corn oil (e.g., about 1.2 wt% corn oil) that can be present
in a fermentation broth using a liquefied mash that has not been treated with
lipase 42. In particular, the lipase 42 treatment can result in the conversion of
corn oil lipids 26 (triglycerides (TG)) into COFA as FFA 28 (and some
diglycerides (DG) or monoglycerides (MG)), decreasing the rate of build-up of
lipids 26 in any ISPR extractant 29 (e.g., oleyl alcohol), and dissolution of COFA
28 into organic phase 36 during ISPR should not decrease the partition
coefficient of butanol in organic phase 36 as much as would the dissolution of
lipids (TG) into the organic phase 36.

[00107] In some embodiments, the system and processes of FIG. 1 can be
modified such that feedstock slurry 16 (having oil 26) and catalyst 42 are
introduced and contacted in fermentation vessel 30 so as to produce slurry 18
(having FFA 28). The fermentation vessel temperature can then be raised to
heat inactivate catalyst 42. The fermentation vessel temperature can then be
reduced, and the fermentation vessel can be inoculated with microorganism 32,
whereby the sugars of slurry 18 can be fermented to produce a product alcohol.

[00108] In some embodiments, the system and processes of FIG. 1 can be
modified such that simultaneous saccharification and fermentation (SSF) in
fermentation vessel 30 is replaced with a separate saccharification vessel 60
(see FIG. 2) prior to fermentation vessel 30, as should be apparent to one of skill
in the art. Thus, slurry 18 can be saccharified either before fermentation or
during fermentation in an SSF process. It should also be apparent that catalyst
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42 for hydrolysis of feedstock oil 26 can be introduced before, after, or
contemporaneously with saccharification enzyme 38. Thus, in some
embodiments, addition of enzyme 38 and catalyst 42 can be stepwise (e.g.,
catalyst 42, then enzyme 38, or vice versa), or substantially simultaneous (i.e., at
exactly the same time as in the time it takes for a person or a machine to perform
the addition in one stroke, or one enzyme/catalyst immediately following the other
catalyst/enzyme as in the time it takes for a person or a machine to perform the
addition in two strokes).

[00109] For example, as shown in the embodiment of FIG. 2, the system and
processes of FIG. 1 can be modified such that simultaneous saccharification and
fermentation (SSF) in fermentation vessel 30 is replaced with a separate
saccharification vessel 60 prior to fermentation vessel 30. FIG. 2 is substantially
identical to FIG. 1 except for the inclusion of a separate saccharification vessel
60 receiving enzyme 38, with catalyst 42 being introduced to a liquefied,
saccharified feedstock stream 62. Feedstock slurry 16 is introduced into
saccharification vessel 60 along with enzyme 38 such as glucoamylase, whereby
sugars in the form of oligosaccharides in slurry 16 can be broken down into
monosaccharides. A liquefied, saccharified feedstock stream 62 exits
saccharification vessel 60 to which catalyst 42 is introduced. Feedstock stream
62 includes monosaccharides, oil 26, and undissolved solids derived from the
feedstock. Qil 26 is hydrolyzed by the introduction of catalyst 42 resulting in a
liquefied, saccharified feedstock slurry 64 having free fatty acids 28 and catalyst
42.

[00110] Alternatively, in some embodiments, catalyst 42 can be added with
saccharification enzyme 38 to simultaneously produce glucose and hydrolyze oil
lipids 26 to free fatty acids 28. The addition of enzyme 38 and catalyst 42 can be
stepwise (e.g., catalyst 42, then enzyme 38, or vice versa) or simultaneous.
Alternatively, in some embodiments, slurry 62 can be introduced to fermentation
vessel with catalyst 42 being added directly to the fermentation vessel 30.

[00111] In the embodiment of FIG. 2, heat g is applied to feedstock slurry 64,
whereby catalyst 42 becomes inactive, and heat-treated slurry 64 is then
introduced to fermentation vessel 30 along with alcohol-producing microorganism
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32, which metabolizes the monosaccharides to produce a product alcohol (e.g.,
butanol). Alternatively, slurry 64 can be fed to fermentation vessel 30 and
subjected to heat g while in the fermentation vessel, before inoculation of
microorganism 32.

[00112] As described above with reference to FIG. 1, free fatty acids 28 can also
serve as an ISPR extractant for preferentially partitioning the product alcohol from
the aqueous phase. In some embodiments, one or more additional ISPR
extractants 29 can also be introduced into fermentation vessel 30. Separation of
the biphasic mixture occurs in fermentation vessel 30, whereby alcohol-
containing organic phase stream 36 and aqueous phase stream 34 exit directly
from fermentation vessel 30. Alternatively, separation of the biphasic mixture can
be conducted in a separate vessel 35 as provided in the embodiments of FIG. 1.
The remaining process operations of the embodiment of FIG. 2 are identical to
FIG. 1 and therefore, will not be described in detail again.

[00113] In still other embodiments of the present invention, oil 26 derived from
feedstock 12 can be catalytically hydrolyzed into FFA 28 either prior to or during
liquefaction. For example, in the embodiment of FIG. 3, feedstock 12 having oil
26 is fed to liquefaction vessel 10, along with catalyst 42 for hydrolysis of at least
a portion of the glycerides in oil 26 into FFA 28. Enzyme 14 (e.g., alpha-
amylase) for hydrolyzing the starch in feedstock 12 can also be introduced to
vessel 10 to produce a liquefied feedstock. The addition of enzyme 14 and
catalyst 42 can be stepwise or simultaneous. For example, catalyst 42 can be
introduced, and then enzyme 14 can be introduced after at least a portion of ail
26 has been hydrolyzed. Alternatively, enzyme 14 can be introduced, and then
catalyst 42 can be introduced. The liquefaction process can involve the
application of heat g. In such embodiments, it is preferred that catalyst 42 is
introduced prior to or during liquefaction when the process temperature is below
that which inactivates catalyst 42, so that oil 26 can be hydrolyzed. Thereafter,
application of heat g can provide a two-fold purpose of liquefaction and
inactivation of catalyst 42.

[00114] In any case, oil 26 in feedstock 12 is converted to FFA 28 in liquefaction
vessel 10, such that biphasic feedstock slurry 18 exits liquefaction vessel 10.
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Biphasic slurry 18 includes both an organic phase of FFA 28 as well as sugar,
water, and undissolved solids of an aqueous phase. In some embodiments, the
aqueous phase can include glycerol {(glycerin) from converting the glycerides in
the oil to fatty acids. In some embodiments, such glycerol, if present, can be
removed from the stream 18 prior to introduction into fermentation vessel 30.

[00115] With reference to FIG. 3, biphasic stream 18 is contacted with the
fermentation broth in fermentation vessel 30 to form a biphasic mixture. In
fermentation vessel 30, product alcohol produced by SSF partitions into the
organic phase including FFA 28. Alternatively, in some embodiments, the
process can be modified to include a separate saccharification vessel as
discussed in connection with FIG. 2. Separation of the biphasic mixture occurs in
fermentation vessel 30, whereby alcohol-containing organic phase stream 36 and
aqueous phase stream 34 exit directly from fermentation vessel 30. Alternatively,
separation of the biphasic mixture can be conducted in a separate vessel 35 as
provided in the embodiments of FIG. 1. Optionally, one or more additional
extractants 29 can be introduced into fermentation vessel 30 to form an organic
phase that preferentially partitions the product alcohol from the aqueous phase.
Alcohol-containing organic phase 36 can be introduced to separator 50 for
recovery of product alcohol 54 and optional recycle of recovered extractant 27 as
shown in FIG. 1. The remaining process operations of the embodiment of FIG. 3
can be identical to the previously described figures and therefore, will not be
described in detail again.

[00116] In some embodiments, including any of the earlier described embodiments
with respect to FIGs. 1-3, undissolved solids can be removed from the feedstock
slurry prior to introduction into fermentation vessel 30. For example, as shown in
the embodiment of FIG. 4, feedstock slurry 16 is introduced into an inlet of a
separator 20 which is configured to discharge the undissolved solids as a solid
phase or wet cake 24. For example, in some embodiments, separator 20 may
include a filter press, vacuum filtration, or a centrifuge for separating the
undissolved solids from feedstock slurry 16. Optionally, in some embodiments,
separator 20 can also be configured to remove some, or substantially all, of oil 26
present in feedstock slurry 16. In such embodiments, separator 20 can be any
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suitable separator known in the art for removing oil from an aqueous feedstream
including, but not limited to, siphoning, decantation, aspiration, centrifugation,
using a gravity settler, membrane-assisted phase splitting, and the like. The
remaining feedstock including the sugar and water is discharged as an aqueous
stream 22 to fermentation vessel 30.

[00117] In some embodiments, separator 20 removes 0oil 26 but not undissolved
solids. Thus, aqueous stream 22 fed to fermentation vessel 30 includes
undissolved solids. For example, in some embodiments, separator 20 includes a
tricanter centrifuge 20 that agitates or spins feedstock slurry 16 to produces a
centrifuge product comprising an aqueous layer containing the sugar and water
(i.e., stream 22), a solids layer containing the undissolved solids (i.e., wet cake
24), and an oil layer (i.e., oil stream 26). In such a case, catalyst 42 can be
contacted with the removed oil 26 to produce a stream of FFA 28 including
catalyst 42, as shown in FIG. 4. Heat g can then be applied to the stream of FFA
28, whereby catalyst 42 becomes inactive. The stream of FFA 28 and inactive
catalyst 42 can then be introduced into fermentation vessel 30, along with
stream 22 and microorganism 32. Alternatively, FFA 28 and active catalyst 42
can be fed to fermentation vessel 30 from vessel 40, and active catalyst 42 can
thereafter be subjected to heat g and inactivated while in the fermentation vessel,
before inoculation of microorganism 32.

[00118] FFA 28 can serve as ISPR extractant 28 and forms a biphasic mixture in
fermentation vessel 30. Product alcohol produced by SSF partitions into organic
phase 36 constituted by FFA 28. In some embodiments, one or more additional
ISPR extractants 29 can also be introduced into fermentation vessel 30. Thus, oil
26 (e.g., from feedstock) can be catalytically hydrolyzed to FFA 28, thereby
decreasing the rate of build-up of lipids in an ISPR extractant while also
producing an ISPR extractant. The organic phase 36 can be separated from the
aqueous phase 34 of the biphasic mixture 39 at vessel 35. In some
embodiments, separation of the biphasic mixture 39 can occur in the fermentation
vessel, as shown in the embodiments described in FIGs. 2 and 3 in which the
alcohol-containing organic phase stream 36 exits directly from fermentation
vessel 30. Organic phase 36 can be introduced to separator 50 for recovery of
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product alcohol 54 and optional recycle of recovered extractant 27 as shown in
FIG. 1. The remaining process operations of the embodiment of FIG. 4 are
identical to FIG. 1 and therefore, will not be described in detail again.

[00119] When wet cake 24 is removed via centrifuge 20, in some embodiments, a
portion of the oil from feedstock 12, such as corn oil when the feedstock is corn,
remains in wet cake 24. Wet cake 24 can be washed with additional water in the
centrifuge once aqueous solution 22 has been discharged from the centrifuge 20.
Washing wet cake 24 will recover the sugar (e.g., oligosaccharides) present in
the wet cake and the recovered sugar and water can be recycled to the
liquefaction vessel 10. After washing, wet cake 20 can be dried to form Dried
Distillers' Grains with Solubles (DDGS) through any suitable known process. The
formation of the DDGS from wet cake 24 formed in centrifuge 20 has several
benefits. Since the undissolved solids do not go to the fermentation vessel,
DDGS does not have trapped extractant and/or product alcohol such as butanol,
it is not subjected to the conditions of the fermentation vessel, and it does not
contact the microorganisms present in the fermentation vessel. All these benefits
make it easier to process and sell DDGS, for example, as animal feed. In some
embodiments, oil 26 is not discharged separately from wet cake 24, but rather oil
26 is included as part of wet cake 24 and is ultimately present in the DDGS. In
such instances, the oil can be separated from the DDGS and converted to an
ISPR extractant 29 for subsequent use in the same or different alcohol
fermentation process. Methods and systems for removing undissolved solids
from feedstock 16 via centrifugation are described in detail in co-pending,
commonly owned U.S. Patent Application No. 61/356,290, filed June 18, 2010,
which is incorporated herein in its entirety by reference thereto.

[00120] In still other embodiments (not shown), saccharification can occur in a
separate saccharification vessel 60 (see FIG. 2) which is located between
separator 20 and liquefaction vessel 10, as should be apparent to one of skill in
the art.

[00121] In still other embodiments, as shown, for example, in the embodiment of
FIG. 5, a native oil 26' is supplied to a vessel 40 to which catalyst 42 is also
supplied, whereby at least a portion of glycerides in oil 26" are hydrolyzed to form
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FFA 28'. Catalyst 42 can be subsequently inactivated, such as by the application
of heat gq. A product stream from vessel 40 containing FFA 28' and inactive
catalyst 42 are then introduced into fermentation vessel 30, along with aqueous
feedstock stream 22 in which feedstock oil 26, and in some embodiments, the
undissolved solids have been previously removed by means of separator 20
(see, e.g., the embodiment of FIG. 4). Saccharification enzyme 38 and
microorganism 32 are also introduced into fermentation vessel 30, whereby a
product alcohol is produced by SSF.

[00122] Alternatively, oil 26' and catalyst 42 can be fed directly to fermentation
vessel 30 in which oil 26' is hydrolyzed to FFA 28' rather than using vessel 40.
Thereafter, active catalyst 42 can be subjected to heat g and inactivated while in
the fermentation vessel before inoculation of microorganism 32. Alternatively,
FFA 28' and active catalyst 42 can be fed to fermentation vessel 30 from vessel
40, and active catalyst 42 can thereafter be subjected to heat g and inactivated
while in the fermentation vessel before inoculation of microorganism 32. In such
embodiments, feedstock slurry 16 including oil 26, rather than stream 22 in which
oil 26 was removed, can be fed to fermentation vessel 30 and contacted with
active catalyst 42. Active catalyst 42 can therefore be used to hydrolyze oil 26
into FFA 28, thereby reducing the loss and/or degradation of the partition
coefficient of the extractant over time that is attributable to the presence of the oil
in the fermentation vessel.

[00123] In some embodiments, the system and processes of FIG. 5 can be
modified such that simultaneous saccharification and fermentation in
fermentation vessel 30 is replaced with a separate saccharification vessel 60
prior to fermentation vessel 30, as should be apparent to one of skill in the art
(see, e.g., the embodiment of FIG. 2).

[00124] In some embodiments, native oil 26' can be tallow, corn, canola,
capric/caprylic triglycerides, castor, coconut, cottonseed, fish, jojoba, lard,
linseed, neetsfoot, oiticica, palm, peanut, rapeseed, rice, safflower, soya,
sunflower, tung, jatropha, vegetable oil blends, and mixtures thereof. In some
embodiments, native oil 26' is a mixture of two or more native oils, for example, a

mixture of palm and soybean oils. In some embodiments, native oil 26' is a plant-
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derived oil. In some embodiments, the plant-derived oil can be, though not
necessarily, derived from biomass that can be used in a fermentation process.
The biomass can be the same or different source from which feedstock 12
(shown in FIG. 5 as stream 22) is obtained. Thus, for example, in some
embodiments, oil 26' can be derived from corn, whereas feedstock 12 can be
cane. For example, in some embodiments, oil 26' can be derived from corn, and
the biomass source of feedstock 12 is also corn. Any possible combination of
different biomass sources for oil 26' versus feedstock 12 can be used, as should
be apparent to one of skill in the art.

[00125] FFA 28' can serve as an ISPR extractant 28' to form a two-phase mixture
including an aqueous phase and an organic phase, with the product alcohol
produced in the fermentation medium preferentially partitioning into the organic
phase constituted by ISPR extractant 28'. In some embodiments, one or more
additional ISPR extractants 29 can be introduced into fermentation vessel 30 as
described above with reference to FIG. 1. The organic phase 36 can be
separated from the aqueous phase 34 of the biphasic mixture 39 at vessel 35. In
some embodiments, separation of the biphasic mixture 39 can occur in the
fermentation vessel, as shown in the embodiments described in FIGs. 2 and 3 in
which the alcohol-containing organic phase stream 36 exits directly from
fermentation vessel 30. Organic phase 36 can be introduced in separator 50 for
recovery of product alcohol 54 and optional recycle of recovered extractant 27 as
shown in FIG. 1. The remaining process operations of the embodiment of FIG. 5
are identical to FIG. 1 and therefore, will not be described in detail again.

[00126] In some embodiments of the present invention, biomass oil present in
feedstock 12 can be converted to FFA 28 at a step following alcoholic
fermentation. FFA 28 can then be introduced as ISPR extractant 28 in the
fermentation vessel. For example, in the embodiment of FIG. 6, feedstock 12 is
liquefied to produced feedstock slurry 16 which includes oil 26 derived from the
feedstock. Feedstock slurry 16 can also include undissolved solids from the
feedstock. Alternatively, the undissolved solids can be separated from slurry 16
via a separator, such as a centrifuge (not shown). Feedstock slurry 16 containing
oil 26 is introduced directly to fermentation vessel 30 containing a fermentation
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broth including saccharification enzyme 38 and microorganism 32. A product
alcohol is produced by SSF in fermentation vessel 30. Alternatively, in some
embodiments, the process can be modified to include a separate saccharification
vessel as discussed in connection with FIG. 2.

[00127] ISPR extractant 29 is introduced to fermentation vessel 30 to form a
biphasic mixture, and the product alcohol is removed by partitioning into the
organic phase of the ISPR extractant 29. Qil 26 also partitions into the organic
phase. Separation of the biphasic mixture occurs in fermentation vessel 30,
whereby alcohol-containing organic phase stream 36 and aqueous phase stream
34 exit directly from fermentation vessel 30. Alternatively, separation of the
biphasic mixture can be conducted in a separate vessel 35 as provided in the
embodiments of FIG. 1. Organic phase stream 36 including oil 26 is introduced
into separator 50 to recover product alcohol 54 from extractant 29. The resulting
alcohol-lean extractant 27 includes recovered extractant 29 and oil 26.
Extractant 27 is contacted with catalyst 42, whereby at least a portion of
glycerides in oil 26 are hydrolyzed to form FFA 28. Heat g can then be applied to
extractant 27 including FFA 28 so as to inactivate catalyst 42 before being
recycled back into fermentation vessel 30. Such recycled extractant stream 27
can be a separate stream or a combined stream with fresh, make-up extractant
stream 29. The subsequent withdrawal of alcohol-containing organic phase 36
from fermentation vessel 30 can then include FFA 28 and ISPR extractant 29 (as
fresh extractant 29 and recycled extractant 27), in addition to the product alcohol
and additional oil 26 from newly introduced feedstock slurry 16. Organic phase
36 can then be treated to recover the product alcohol, and recycled back into
fermentation vessel 30 after contacting with catalyst 42 for hydrolysis of
additional oil 26, in the same manner as just described. In some embodiments,
use of make-up ISPR extractant 29 can be phased out as the fermentation
process is operated over time because the process itself can produce FFA 28 as
a make-up ISPR extractant for extracting the product alcohol. Thus, the ISPR
extractant can be the stream of recycled extractant 27 with FFA 28.

[00128] Thus, FIGs. 1-5 provide various non-limiting embodiments of methods and
systems involving fermentation processes and FFAs 28 produced from catalytic
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hydrolysis of biomass derived oil 26, and FFAs 28' produced from catalytic
hydrolysis of native oil 26" such as plant-derived oil that can be used as ISPR
extractants 28 and 28' to remove product alcohol in extractive fermentation.

[00129] In some embodiments, including any of the aforementioned embodiments
described with reference to FIGs. 1-6, the fermentation broth in fermentation
vessel 30 includes at least one recombinant microorganism 32 which is
genetically modified (that is, genetically engineered) to produce butanol via a
biosynthetic pathway from at least one fermentable carbon source. In particular,
recombinant microorganisms can be grown in a fermentation broth which
contains suitable carbon substrates. Additional carbon substrates may include,
but are not limited to, monosaccharides such as fructose; oligosaccharides such
as lactose, maltose, or sucrose; polysaccharides such as starch or cellulose; or
mixtures thereof, and unpurified mixtures from renewable feedstocks such as
cheese whey permeate, cornsteep liquor, sugar beet molasses, and barley malt.
Other carbon substrates may include ethanol, lactate, succinate, or glycerol.

[00130] Additionally the carbon substrate may also be one-carbon substrates such
as carbon dioxide or methanol for which metabolic conversion into key
biochemical intermediates has been demonstrated. In addition to one and two
carbon substrates, methylotrophic organisms are also known to utilize a number
of other carbon containing compounds such as methylamine, glucosamine, and a
variety of amino acids for metabolic activity. For example, methylotrophic yeasts
are known to utilize the carbon from methylamine to form trehalose or glycerol
(Bellion, et al., Microb. Growth C1 Compd., [Int. Symp.], 7th (1993), 415-32,
Editor(s): Murrell, J. Collin; Kelly, Don P. Publisher: Intercept, Andover, UK).
Similarly, various species of Candida will metabolize alanine or oleic acid (Sulter,
et al., Arch. Microbiol. 153:485-489, 1990). Hence it is contemplated that the
source of carbon utilized in the present invention may encompass a wide variety
of carbon containing substrates and will only be limited by the choice of
organism.

[00131] Although it is contemplated that all of the above mentioned carbon
substrates and mixtures thereof are suitable, in some embodiments, the carbon

substrates are glucose, fructose, and sucrose, or mixtures of these with C5
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sugars such as xylose and/or arabinose for yeasts cells modified to use C5
sugars. Sucrose may be derived from renewable sugar sources such as sugar
cane, sugar beets, cassava, sweet sorghum, and mixtures thereof. Glucose and
dextrose may be derived from renewable grain sources through saccharification
of starch based feedstocks including grains such as corn, wheat, rye, barley,
oats, and mixtures thereof. In addition, fermentable sugars may be derived from
renewable cellulosic or lignocellulosic biomass through processes of
pretreatment and saccharification, as described in, for example, in U.S. Patent
Application Publication No. 2007/0031918 A1, which is herein incorporated by
reference. In addition to an appropriate carbon source (from aqueous stream
22), fermentation broth must contain suitable minerals, salts, cofactors, buffers
and other components, known to those skilled in the art, suitable for the growth of
the cultures and promotion of an enzymatic pathway comprising a dihydroxyacid
dehydratase (DHAD).

[00132] Recombinant microorganisms that produce butanol via a biosynthetic
pathway can include a member of the genera Clostridium, Zymomonas,
Escherichia, Salmonella, Serratia, Erwinia, Klebsiella, Shigella, Rhodococcus,
Pseudomonas, Bacillus, Lactobacillus, Enterococcus, Alcaligenes, Klebsiella,
Paenibacillus, Arthrobacter, Corynebacterium, Brevibacterium,
Schizosaccharomyces, Kluyveromyces, Yarrowia, Pichia, Candida, Hansenula,
or Saccharomyces. In one embodiment, recombinant microorganisms can be
selected from the group consisting of Escherichia coli, Lactobacillus plantarum,
and Saccharomyces cerevisiae. In one embodiment, the recombinant
microorganism is a crabtree-positive yeast selected from Saccharomyces,
Zygosaccharomyces, Schizosaccharomyces, Dekkera, Torulopsis,
Brettanomyces, and some species of Candida. Species of crabtree-positive
yeast include, but are not limited to, Saccharomyces cerevisiae, Saccharomyces
kluyveri, Schizosaccharomyces pombe, Saccharomyces bayanus,
Saccharomyces mikitae, Saccharomyces paradoxus, Zygosaccharomyces rouxii,
and Candida glabrata. For example, the production of butanol utilizing
fermentation with a microorganism, as well as which microorganisms produce

butanol, is known and is disclosed, for example, in U.S. Patent Application
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Publication No. 2009/0305370, herein incorporated by reference. In some
embodiments, microorganisms comprise a butanol biosynthetic pathway.
Suitable isobutanol biosynthetic pathways are known in the art (see, e.g., U.S.
Patent Application Publication No. 2007/0092957, herein incorporated by
reference). In some embodiments, at least one, at least two, at least three, or at
least four polypeptides catalyzing substrate to product conversions of a pathway
are encoded by heterologous polynucleotides in the microorganism. In some
embodiments, all polypeptides catalyzing substrate to product conversions of a
pathway are encoded by heterologous polynucleotides in the microorganism. In
some embodiments, the microorganism comprises a reduction or elimination of
pyruvate decarboxylase activity. Microorganisms substantially free of pyruvate
decarboxylase activity are described in U.S. Patent Application Publication No.
2009/0305363, herein incorporated by reference.

[00133] Construction of certain strains, including those used in the Examples, is
provided herein.

Construction of Saccharomyces cerevisiae strain BP1083 (“NGCI-070”)

[00134] The strain BP1064 was derived from CEN.PK 113-7D (CBS 8340;
Centraalbureau voor Schimmelcultures (CBS) Fungal Biodiversity Centre,
Netherlands) and contains deletions of the following genes: URA3, HIS3, PDCH1,
PDC5, PDC6, and GPD2. BP1064 was transformed with plasmids pYZ090 (SEQ
ID NO: 1, described in U.S. Provisional Application Serial No. 61/246,844) and
pLH468 (SEQ ID NO: 2) to create strain NGCI-070 (BP1083, PNY1504).

[00135] Deletions, which completely removed the entire coding sequence, were
created by homologous recombination with PCR fragments containing regions of
homology upstream and downstream of the target gene and either a G418
resistance marker or URA3 gene for selection of transformants. The G418
resistance marker, flanked by loxP sites, was removed using Cre recombinase.
The URA3 gene was removed by homologous recombination to create a scarless
deletion or if flanked by loxP sites, was removed using Cre recombinase.

[0128] The scarless deletion procedure was adapted from Akada, et al., (Yeast
23:399-405, 2006). In general, the PCR cassette for each scarless deletion was
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made by combining four fragments, A-B-U-C, by overlapping PCR. The PCR
cassette contained a selectable/counter-selectable marker, URA3 (Fragment U),
consisting of the native CEN.PK 113-7D URAS3 gene, along with the promoter
(250 bp upstream of the URA3 gene) and terminator (150 bp downstream of the
URA3 gene). Fragments A and C, each 500 bp long, corresponded to the 500 bp
immediately upstream of the target gene (Fragment A) and the 3’ 500 bp of the
target gene (Fragment C). Fragments A and C were used for integration of the
cassette into the chromosome by homologous recombination. Fragment B (500
bp long) corresponded to the 500 bp immediately downstream of the target gene
and was used for excision of the URA3 marker and Fragment C from the
chromosome by homologous recombination, as a direct repeat of the sequence
corresponding to Fragment B was created upon integration of the cassette into
the chromosome. Using the PCR product ABUC cassette, the URA3 marker was
first integrated into and then excised from the chromosome by homologous
recombination. The initial integration deleted the gene, excluding the 3’ 500 bp.
Upon excision, the 3’ 500 bp region of the gene was also deleted. For integration
of genes using this method, the gene to be integrated was included in the PCR
cassette between fragments A and B.

URAS3 Deletion

[0129] To delete the endogenous URAS3 coding region, a ura3::loxP-kanMX-loxP
cassette was PCR-amplified from pLA54 template DNA (SEQ ID NO: 3). pLA54
contains the K. lactis TEF1 promoter and kanMX marker, and is flanked by loxP
sites to allow recombination with Cre recombinase and removal of the marker.
PCR was done using Phusion® DNA polymerase (New England BiolLabs Inc.,
Ipswich, MA) and primers BK505 and BK506 (SEQ ID NOs: 4 and 5). The URA3
portion of each primer was derived from the 5' region upstream of the URA3
promoter and 3' region downstream of the coding region such that integration of
the loxP-kanMX-loxP marker resulted in replacement of the URA3 coding region.
The PCR product was transformed into CEN.PK 113-7D using standard genetic
techniques (Methods in Yeast Genetics, 2005, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, pp. 201-202) and transformants were selected on
YPD containing G418 (100 pg/mL) at 30°C. Transformants were screened to
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verify correct integration by PCR using primers LA468 and LA492 (SEQ ID NOs:
6 and 7) and designated CEN.PK 113-7D Aura3::kanMX.

HIS3 Deletion

[0130] The four fragments for the PCR cassette for the scarless HIS3 deletion
were amplified using Phusion® High Fidelity PCR Master Mix (New England
BioLabs Inc., Ipswich, MA) and CEN.PK 113-7D genomic DNA as template,
prepared with a Gentra® Puregene® Yeast/Bact, kit (Qiagen, Valencia, CA).
HIS3 Fragment A was amplified with primer oBP452 (SEQ ID NO: 14) and primer
0BP453 (SEQ ID NO: 15) containing a 5’ tail with homology to the 5’ end of HIS3
Fragment B. HIS3 Fragment B was amplified with primer o0BP454 (SEQ ID NO:
16) containing a 5’ tail with homology to the 3’ end of HIS3 Fragment A, and
primer o0BP455 (SEQ ID NO: 17) containing a 5' tail with homology to the 5’ end
of HIS3 Fragment U. HIS3 Fragment U was amplified with primer o0BP456 (SEQ
ID NO: 18) containing a 5’ tail with homology to the 3’ end of HIS3 Fragment B,
and primer oBP457 (SEQ ID NO: 19) containing a 5’ tail with homology to the 5’
end of HIS3 Fragment C. HIS3 Fragment C was amplified with primer o0BP458
(SEQ ID NO: 20) containing a 5 tail with homology to the 3' end of HIS3
Fragment U, and primer oBP459 (SEQ ID NO: 21). PCR products were purified
with a PCR Purification kit (Qiagen, Valencia, CA). HIS3 Fragment AB was
created by overlapping PCR by mixing HIS3 Fragment A and HIS3 Fragment B
and amplifying with primers 0BP452 (SEQ ID NO: 14) and o0BP455 (SEQ ID NO:
17). HIS3 Fragment UC was created by overlapping PCR by mixing HIS3
Fragment U and HIS3 Fragment C and amplifying with primers oBP456 (SEQ ID
NO: 18) and oBP459 (SEQ ID NO: 21). The resulting PCR products were
purified on an agarose gel followed by a Gel Extraction kit (Qiagen, Valencia,
CA). The HIS3 ABUC cassette was created by overlapping PCR by mixing HIS3
Fragment AB and HIS3 Fragment UC and amplifying with primers oBP452 (SEQ
ID NO: 14) and oBP459 (SEQ ID NO: 21). The PCR product was purified with a
PCR Purification kit (Qiagen, Valencia, CA).

[0131] Competent cells of CEN.PK 113-7D Aura3::(kanMX were made and
transformed with the HIS3 ABUC PCR cassette using a Frozen-EZ Yeast
Transformation II™ kit (Zymo Research Corporation, Irvine, CA). Transformation
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mixtures were plated on synthetic complete media lacking uracil supplemented
with 2% glucose at 30°C. Transformants with a his3 knockout were screened for
by PCR with primers o0BP460 (SEQ ID NO: 22) and oBP461 (SEQ ID NO: 23)
using genomic DNA prepared with a Gentra® Puregene® Yeast/Bact. kit
(Qiagen, Valencia, CA). A correct transformant was selected as strain CEN.PK
113-7D Aura3::kanMX Ahis3::URA3.

KanMX Marker Removal from the Aura3 Site and URA3 Marker Removal from
the Ahis3 Site

[0132] The KanMX marker was removed by transforming CEN.PK 113-7D
Aura3::kanMX Ahis3::URA3 with pRS423::PGAL1-cre (SEQ ID NO: 66,
described in U.S. Provisional Application No. 61/290,639) using a Frozen-EZ

Yeast Transformation [I™ kit (Zymo Research Corporation, Irvine, CA) and
plating on synthetic complete medium lacking histidine and uracil supplemented
with 2% glucose at 30°C. Transformants were grown in YP supplemented with
1% galactose at 30°C for ~6 hours to induce the Cre recombinase and KanMX
marker excision and plated onto YPD (2% glucose) plates at 30°C for recovery.
An isolate was grown overnight in YPD and plated on synthetic complete medium
containing 5-fluoro-orotic acid (5-FOA, 0.1%) at 30°C to select for isolates that
lost the URA3 marker. 5-FOA resistant isolates were grown in and plated on
YPD for removal of the pRS423::PGAL1-cre plasmid. Isolates were checked for
loss of the KanMX marker, URA3 marker, and pRS423::PGAL1-cre plasmid by
assaying growth on YPD+G418 plates, synthetic complete medium lacking uracil
plates, and synthetic complete medium lacking histidine plates. A correct isolate
that was sensitive to G418 and auxotrophic for uracil and histidine was selected
as strain CEN.PK 113-7D Aura3::loxP Ahis3 and designated as BP857. The
deletions and marker removal were confirmed by PCR and sequencing with
primers oBP450 (SEQ ID NO: 24) and oBP451 (SEQ ID NO: 25) for Aura3 and
primers oBP460 (SEQ ID NO: 22) and 0BP461 (SEQ ID NO: 23) for Ahis3 using
genomic DNA prepared with a Gentra® Puregene® Yeast/Bact. kit (Qiagen,
Valencia, CA).
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PDC6 Deletion

[0133] The four fragments for the PCR cassette for the scarless PDC6 deletion
were amplified using Phusion® High Fidelity PCR Master Mix (New England
BioLabs Inc., Ipswich, MA) and CEN.PK 113-7D genomic DNA as template,
prepared with a Gentra® Puregene® Yeast/Bact. kit (Qiagen, Valencia, CA).
PDC6 Fragment A was amplified with primer oBP440 (SEQ ID NO: 26) and
primer oBP441 (SEQ ID NO: 27) containing a 5’ tail with homology to the 5’ end
of PDC6 Fragment B. PDC6 Fragment B was amplified with primer oBP442 (SEQ
ID NO: 28), containing a 5’ tail with homology to the 3’ end of PDC6 Fragment A,
and primer 0BP443 (SEQ ID NO: 29) containing a 5’ tail with homology to the 5’
end of PDC6 Fragment U. PDC6 Fragment U was amplified with primer oBP444
(SEQ ID NO: 30) containing a 5 tail with homology to the 3 end of PDC6
Fragment B, and primer 0BP445 (SEQ ID NO: 31) containing a 5 tail with
homology to the 5’ end of PDC6 Fragment C. PDC6 Fragment C was amplified
with primer 0BP446 (SEQ ID NO: 32) containing a 5’ tail with homology to the 3’
end of PDC6 Fragment U, and primer oBP447 (SEQ ID NO: 33). PCR products
were purified with a PCR Purification kit (Qiagen, Valencia, CA). PDC6 Fragment
AB was created by overlapping PCR by mixing PDC6 Fragment A and PDC6
Fragment B and amplifying with primers oBP440 (SEQ ID NO: 26) and oBP443
(SEQ ID NO: 29). PDC6 Fragment UC was created by overlapping PCR by
mixing PDC6 Fragment U and PDC6 Fragment C and amplifying with primers
oBP444 (SEQ ID NO: 30) and 0BP447 (SEQ ID NO: 33). The resulting PCR
products were purified on an agarose gel followed by a Gel Extraction kit
(Qiagen, Valencia, CA). The PDC6 ABUC cassette was created by overlapping
PCR by mixing PDC6 Fragment AB and PDC6 Fragment UC and amplifying with
primers 0BP440 (SEQ ID NO: 26) and oBP447 (SEQ ID NO: 33). The PCR
product was purified with a PCR Purification kit (Qiagen, Valencia, CA).

[0134] Competent cells of CEN.PK 113-7D Aura3::loxP Ahis3 were made and
transformed with the PDC6 ABUC PCR cassette using a Frozen-EZ Yeast
Transformation [I™ kit (Zymo Research Corporation, Irvine, CA). Transformation
mixtures were plated on synthetic complete media lacking uracil supplemented
with 2% glucose at 30°C. Transformants with a pdc6 knockout were screened for
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by PCR with primers o0BP448 (SEQ ID NO: 34) and oBP449 (SEQ ID NO: 35)
using genomic DNA prepared with a Gentra® Puregene® Yeast/Bact. kit
(Qiagen, Valencia, CA). A correct transformant was selected as strain CEN.PK
113-7D Aura3::loxP Ahis3 Apdc6::URAS3.

[0135] CEN.PK 113-7D Aura3::loxP Ahis3 Apdc6::URA3 was grown overnight in
YPD and plated on synthetic complete medium containing 5-fluoro-orotic acid
(0.1%) at 30°C to select for isolates that lost the URA3 marker. The deletion and
marker removal were confirmed by PCR and sequencing with primers oBP448
(SEQ ID NO: 34) and oBP449 (SEQ ID NO: 35) using genomic DNA prepared
with a Gentra® Puregene® Yeast/Bact. kit (Qiagen, Valencia, CA). The absence
of the PDC6 gene from the isolate was demonstrated by a negative PCR result
using primers specific for the coding sequence of PDC6, oBP554 (SEQ ID NO:
36) and oBP555 (SEQ ID NO: 37). The correct isolate was selected as strain
CEN.PK 113-7D Aura3::loxP Ahis3 Apdc6 and designated as BP891.

PDC1 Deletion ilvDSm Integration

[0136] The PDC1 gene was deleted and replaced with the ilvD coding region from
Streptococcus mutans ATCC No. 700610. The A fragment followed by the ilvD
coding region from Streptococcus mutans for the PCR cassette for the PDC1
deletion-ilvDSm integration was amplified using Phusion® High Fidelity PCR
Master Mix (New England BioLabs Inc., Ipswich, MA) and NYLA83 (described
herein and in U.S. Provisional Application No. 61/246,709) genomic DNA as
template, prepared with a Gentra® Puregene® Yeast/Bact. kit (Qiagen, Valencia,
CA). PDC1 Fragment A-ilvDSm (SEQ ID NO: 141) was amplified with primer
oBP513 (SEQ ID NO: 38) and primer o0BP515 (SEQ ID NO: 39) containing a 5’
tail with homology to the 5’ end of PDC1 Fragment B. The B, U, and C fragments
for the PCR cassette for the PDC1 deletion-ilvDSm integration were amplified
using Phusion® High Fidelity PCR Master Mix (New England BioLabs Inc.,
Ipswich, MA) and CEN.PK 113-7D genomic DNA as template, prepared with a
Gentra® Puregene® Yeast/Bact. kit (Qiagen, Valencia, CA). PDC1 Fragment B
was amplified with primer oBP516 (SEQ ID NO: 40) containing a 5’ tail with
homology to the 3’ end of PDC1 Fragment A-lvDSm, and primer oBP517 (SEQ
ID NO: 41) containing a 5’ tail with homology to the 5’ end of PDC1 Fragment U.
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PDC1 Fragment U was amplified with primer oBP518 (SEQ ID NO: 42)
containing a 5’ tail with homology to the 3’ end of PDC1 Fragment B, and primer
oBP519 (SEQ ID NO: 43) containing a 5’ tail with homology to the 5’ end of
PDC1 Fragment C. PDC1 Fragment C was amplified with primer o0BP520 (SEQ
ID NO: 44), containing a 5’ tail with homology to the 3’ end of PDC1 Fragment U,
and primer oBP521 (SEQ ID NO: 45). PCR products were purified with a PCR
Purification kit (Qiagen, Valencia, CA. PDC1 Fragment A-ilvDSm-B was created
by overlapping PCR by mixing PDC1 Fragment A-ilvDSm and PDC1 Fragment B
and amplifying with primers oBP513 (SEQ ID NO: 38) and oBP517 (SEQ ID NO:
41). PDC1 Fragment UC was created by overlapping PCR by mixing PDC1
Fragment U and PDC1 Fragment C and amplifying with primers oBP518 (SEQ ID
NO: 42) and oBP521 (SEQ ID NO: 45). The resulting PCR products were
purified on an agarose gel followed by a Gel Extraction kit (Qiagen, Valencia,
CA). The PDC1 A-ilvDSm-BUC cassette (SEQ ID NO: 142) was created by
overlapping PCR by mixing PDC1 Fragment A-ilvDSm-B and PDC1 Fragment
UC and amplifying with primers oBP513 (SEQ ID NO: 38) and oBP521 (SEQ ID
NO: 45). The PCR product was purified with a PCR Purification kit (Qiagen,
Valencia, CA).

[0137] Competent cells of CEN.PK 113-7D Aura3::loxP Ahis3 Apdcé were made
and transformed with the PDC1 A-ilvDSm-BUC PCR cassette using a Frozen-EZ
Yeast Transformation 1I™ kit (Zymo Research Corporation, Irvine, CA).
Transformation mixtures were plated on synthetic complete media lacking uracil
supplemented with 2% glucose at 30°C. Transformants with a pdc1 knockout
ivDSm integration were screened for by PCR with primers oBP511 (SEQ ID NO:
46) and oBP512 (SEQ ID NO: 47) using genomic DNA prepared with a Gentra®
Puregene® Yeast/Bact. kit (Qiagen, Valencia, CA). The absence of the PDC1
gene from the isolate was demonstrated by a negative PCR result using primers
specific for the coding sequence of PDC1, oBP550 (SEQ ID NO: 48) and oBP551
(SEQ ID NO: 49). A correct transformant was selected as strain CEN.PK 113-7D
Aura3::loxP Ahis3 Apdc6 Apdci::ilvDSm-URAS.

[0138] CEN.PK 113-7D Aura3:loxP Ahis3 Apdc6 Apdci:ilvDSm-URA3 was
grown overnight in YPD and plated on synthetic complete medium containing 5-
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fluoro-orotic acid (0.1%) at 30°C to select for isolates that lost the URA3 marker.
The deletion of PDC1, integration of ilvDSm, and marker removal were confirmed
by PCR and sequencing with primers oBP511 (SEQ ID NO: 46) and oBP512
(SEQ ID NO: 47) using genomic DNA prepared with a Gentra® Puregene®
Yeast/Bact. kit (Qiagen, Valencia, CA). The correct isolate was selected as strain
CEN.PK 113-7D Aura3::loxP Ahis3 Apdc6é Apdci:ilvDSm and designated as
BP907.

PDC5 Deletion sadB Integration
[0139] The PDC5 gene was deleted and replaced with the sadB coding region

from Achromobacter xylosoxidans. A segment of the PCR cassette for the PDC5
deletion-sadB integration was first cloned into plasmid pUC19-URA3MCS.

[0140] pUC19-URA3BMCS is pUC19 based and contains the sequence of the
URAS3 gene from Saccaromyces cerevisiae situated within a multiple cloning site
(MCS). pUC19 contains the pMB1 replicon and a gene coding for beta-
lactamase for replication and selection in Escherichia coli. In addition to the
coding sequence for URAS, the sequences from upstream and downstream of
this gene were included for expression of the URA3 gene in yeast. The vector
can be used for cloning purposes and can be used as a yeast integration vector.

[0141] The DNA encompassing the URA3 coding region along with 250 bp
upstream and 150 bp downstream of the URA3 coding region from
Saccaromyces cerevisiae CEN.PK 113-7D genomic DNA was amplified with
primers 0BP438 (SEQ ID NO: 12) containing BamHI, Ascl, Pmel, and Fsel
restriction sites, and o0BP439 (SEQ ID NO: 13) containing Xbal, Pacl, and Notl
restriction sites, using Phusion® High Fidelity PCR Master Mix (New England
BioLabs Inc., Ipswich, MA). Genomic DNA was prepared using a Gentra®
Puregene® Yeast/Bact. kit (Qiagen, Valencia, CA). The PCR product and
pUC19 (SEQ ID NO: 143) were ligated with T4 DNA ligase after digestion with
BamHI and Xbal to create vector puC19-URA3MCS. The vector was confirmed
by PCR and sequencing with primers oBP264 (SEQ ID NO: 10) and oBP265
(SEQ ID NO: 11).

[0142] The coding sequence of sadB and PDC5 Fragment B were cloned into
pUC19-URA3MCS to create the sadB-BU portion of the PDC5 A-sadB-BUC PCR
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cassette. The coding sequence of sadB was amplified using pLH468-sadB (SEQ
ID NO: 67) as template with primer oBP530 (SEQ ID NO: 50) containing an Ascl
restriction site, and primer oBP531 (SEQ ID NO: 51) containing a 5’ tail with
homology to the 5’ end of PDC5 Fragment B. PDC5 Fragment B was amplified
with primer 0BP532 (SEQ ID NO: 52) containing a 5’ tail with homology to the 3’
end of sadB, and primer oBP533 (SEQ ID NO: 53) containing a Pmel restriction
site. PCR products were purified with a PCR Purification kit (Qiagen, Valencia,
CA). sadB-PDC5 Fragment B was created by overlapping PCR by mixing the
sadB and PDC5 Fragment B PCR products and amplifying with primers oBP530
(SEQ ID NO: 50) and 0BP533 (SEQ ID NO: 53). The resulting PCR product was
digested with Ascl and Pmel and ligated with T4 DNA ligase into the
corresponding sites of pUC19-URA3MCS after digestion with the appropriate
enzymes. The resulting plasmid was used as a template for amplification of
sadB-Fragment B-Fragment U using primers oBP536 (SEQ ID NO: 54) and
oBP546 (SEQ ID NO: 55) containing a 5’ tail with homology to the 5’ end of
PDC5 Fragment C. PDC5 Fragment C was amplified with primer o0BP547 (SEQ
ID NO: 56) containing a 5 tail with homology to the 3’ end of PDC5 sadB-
Fragment B-Fragment U, and primer oBP539 (SEQ ID NO: 57). PCR products
were purified with a PCR Purification kit (Qiagen, Valencia, CA). PDC5 sadB-
Fragment B-Fragment U-Fragment C was created by overlapping PCR by mixing
PDCS5 sadB-Fragment B-Fragment U and PDC5 Fragment C and amplifying with
primers 0BP536 (SEQ ID NO: 54) and oBP539 (SEQ ID NO: 57). The resulting
PCR product was purified on an agarose gel followed by a Gel Extraction kit
(Qiagen, Valencia, CA). The PDC5 A-sadB-BUC cassette (SEQ ID NO: 144)
was created by amplifying PDC5 sadB-Fragment B-Fragment U-Fragment C with
primers oBP542 (SEQ ID NO: 58) containing a 5’ tail with homology to the 50
nucleotides immediately upstream of the native PDC5 coding sequence, and
oBP539 (SEQ ID NO: 57). The PCR product was purified with a PCR Purification
kit (Qiagen, Valencia, CA).

[0143] Competent cells of CEN.PK 113-7D Aura3:loxP Ahis3 Apdcé
Apdc1:ilvDSm were made and transformed with the PDC5 A-sadB-BUC PCR
cassette using a Frozen-EZ Yeast Transformation II™ kit (Zymo Research
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Corporation, Irvine, CA). Transformation mixtures were plated on synthetic
complete media lacking uracil supplemented with 1% ethanol (no glucose) at
30°C. Transformants with a pdc5 knockout sadB integration were screened for
by PCR with primers o0BP540 (SEQ ID NO: 59) and oBP541 (SEQ ID NO: 60)
using genomic DNA prepared with a Gentra® Puregene® Yeast/Bact. kit
(Qiagen, Valencia, CA). The absence of the PDC5 gene from the isolate was
demonstrated by a negative PCR result using primers specific for the coding
sequence of PDC5, oBP552 (SEQ ID NO: 61) and 0BP553 (SEQ ID NO: 62). A
correct transformant was selected as strain CEN.PK 113-7D Aura3::loxP Ahis3
Apdc6 Apdc1::ilvDSm Apdc5::sadB-URAS.

[0144] CEN.PK 113-7D Aura3:loxP Ahis3 Apdc6é Apdci:ilvDSm Apdc5::sadB-
URA3 was grown overnight in YPE (1% ethanol) and plated on synthetic
complete medium supplemented with ethanol (no glucose) and containing 5-
fluoro-orotic acid (0.1%) at 30°C to select for isolates that lost the URA3 marker.
The deletion of PDC5, integration of sadB, and marker removal were confirmed
by PCR with primers o0BP540 (SEQ ID NO: 59) and oBP541 (SEQ ID NO: 60)
using genomic DNA prepared with a Gentra® Puregene® Yeast/Bact. kit
(Qiagen, Valencia, CA). The correct isolate was selected as strain CEN.PK 113-
7D Aura3::loxP Ahis3 Apdcé Apdci:ilvDSm Apdc5::sadB and designated as
BP913.

GPD2 Deletion

[0145] To delete the endogenous GPD2 coding region, a gpd2::loxP-URA3-loxP
cassette (SEQ ID NO: 145) was PCR-amplified using loxP-URA3-loxP (SEQ ID
NO: 68) as template DNA. IloxP-URA3-loxP contains the URA3 marker from
(ATCC No. 77107) flanked by IoxP recombinase sites. PCR was done using
Phusion® DNA polymerase (New England BioLabs Inc., Ipswich, MA) and
primers LA512 and LA513 (SEQ ID NOs: 8 and 9). The GPD2 portion of each
primer was derived from the 5' region upstream of the GPD2 coding region and 3'
region downstream of the coding region such that integration of the loxP-URA3-
loxP marker resulted in replacement of the GPD2 coding region. The PCR
product was transformed into BP913 and transformants were selected on
synthetic complete media lacking uracil supplemented with 1% ethanol (no
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glucose). Transformants were screened to verify correct integration by PCR
using primers 0BP582 and AA270 (SEQ ID NOs: 63 and 64).

[0146] The URA3 marker was recycled by transformation with pRS423::PGAL1-
cre (SEQ ID NO: 66) and plating on synthetic complete media lacking histidine
supplemented with 1% ethanol at 30°C. Transformants were streaked on
synthetic complete medium supplemented with 1% ethanol and containing 5-
fluoro-orotic acid (0.1%) and incubated at 30°C to select for isolates that lost the
URA3 marker. 5-FOA resistant isolates were grown in YPE (1% ethanol) for
removal of the pRS423::PGAL1-cre plasmid. The deletion and marker removal
were confirmed by PCR with primers oBP582 (SEQ ID NO: 63) and oBP591
(SEQ ID NO: 65). The correct isolate was selected as strain CEN.PK 113-7D
Aura3:loxP  Ahis3 Apdc6é Apdci:ilvDSm Apdc5::sadB Agpd2:loxP and
designated as PNY1503 (BP1064).

[0147] BP1064 was transformed with plasmids pYZ090 (SEQ ID NO: 1) and
pLH468 (SEQ ID NO: 2) to create strain NGCI-070 (BP1083; PNY1504).

Construction of Strains NYLA74, NYLA83, and NYLA84

[0148] Insertion-inactivation of endogenous PDC1 and PDC6 genes of S.
cerevisiae. PDC1, PDC5, and PDC6 genes encode the three major isozymes of
pyruvate decarboxylase is described as follows:

Construction of pRS425::GPM-sadB
[0149] A DNA fragment encoding a butanol dehydrogenase (SEQ ID NO: 70)
from Achromobacter xylosoxidans (disclosed in U.S. Patent Application

Publication No. 2009/0269823) was cloned. The coding region of this gene
called sadB for secondary alcohol dehydrogenase (SEQ ID NO: 69) was
amplified using standard conditions from A. xylosoxidans genomic DNA,
prepared using a Gentra® Puregene® kit (Qiagen, Valencia, CA) following the
recommended protocol for gram negative organisms using forward and reverse
primers N473 and N469 (SEQ ID NOs: 74 and 75), respectively. The PCR
product was TOPO®-Blunt cloned into pCR®4 BLUNT (Invitrogen™, Carlsbad,
CA) to produce pCR4Blunt::sadB, which was transformed into E. coli Mach-1
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cells. Plasmid was subsequently isolated from four clones, and the sequence
verified.

[0150] The sadB coding region was PCR amplified from pCR4Blunt::sadB. PCR
primers contained additional 5 sequences that would overlap with the yeast
GPM1 promoter and the ADH1 terminator (N583 and N584, provided as SEQ ID
NOs: 76 and 77). The PCR product was then cloned using “gap repair”
methodology in Saccharomyces cerevisiae (Ma, et al., Gene 58:201-216, 1987)
as follows. The yeast-E. coli shuttle vector pRS425::GPM::kivD::ADH which
contains the GPM1 promoter (SEQ ID NO: 72), kivD coding region from
Lactococcus lactis (SEQ ID NO: 71), and ADH1 terminator (SEQ ID NO: 73)
(described in U.S. Patent Application Publication No. 2007/0092957 A1, Example
17) was digested with BbvCl and Pacl restriction enzymes to release the kivD
coding region. Approximately 1 ug of the remaining vector fragment was
transformed into S. cerevisiae strain BY4741 along with 1 ug of sadB PCR
product. Transformants were selected on synthetic complete medium lacking
leucine. The proper recombination event, generating pRS425::GPM-sadB, was
confirmed by PCR using primers N142 and N459 (SEQ ID NOs: 108 and 109).

Construction of pdc6:: PGPM1-sadB integration cassette and PDC6 deletion:
[0151] A pdc6::PGPM1-sadB-ADH1t-URA3r integration cassette was made by
joining the GPM-sadB-ADHt segment (SEQ ID NO: 79) from pRS425::GPM-sadB
(SEQ ID NO: 78) to the URA3r gene from pUC19-URA3r. pUC19-URA3r (SEQ
ID NO:80) contains the URA3 marker from pRS426 (ATCC No. 77107) flanked by
75 bp homologous repeat sequences to allow homologous recombination in vivo

and removal of the URA3 marker. The two DNA segments were joined by SOE
PCR (as described by Horton, et al., Gene 77:61-68, 1989) using as template
pRS425::GPM-sadB and pUC19-URA3r plasmid DNAs, with Phusion® DNA
polymerase (New England BioLabs Inc., Ipswich, MA) and primers 114117-11A
through 114117-11D (SEQ ID NOs: 81, 82, 83, and 84), and 114117-13A and
114117-13B (SEQ ID NOs: 85 and 86).

[0152] The outer primers for the SOE PCR (114117-13A and 114117-13B)
contained 5 and 3’ ~50 bp regions homologous to regions upstream and
downstream of the PDC6 promoter and terminator, respectively. The completed
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cassette PCR fragment was transformed into BY4700 (ATCC No. 200866) and
transformants were maintained on synthetic complete media lacking uracil and
supplemented with 2% glucose at 30°C using standard genetic techniques
(Methods in Yeast Genetics, 2005, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, pp. 201-202). Transformants were screened by PCR using
primers 112590-34G and 112590-34H (SEQ ID NOs: 87 and 88), and 112590-
34F and 112590-49E (SEQ ID NOs: 89 and 90) to verify integration at the PDC6
locus with deletion of the PDC6 coding region. The URA3r marker was recycled
by plating on synthetic complete media supplemented with 2% glucose and 5-
FOA at 30°C following standard protocols. Marker removal was confirmed by
patching colonies from the 5-FOA plates onto SD-URA media to verify the
absence of growth. The resulting identified strain has the genotype: BY4700
pdc6::PGPM1-sadB-ADH1t.

Construction of pdc1:: PPDC1-ilvD integration cassette and PDC1 deletion:

[0153] A pdci:: PPDC1-ilvD-FBA1t-URA3r integration cassette was made by
joining the ilvD-FBA1t segment (SEQ ID NO: 91) from pLH468 (SEQ ID NO: 2) to
the URAS3r gene from pUC19-URA3r by SOE PCR (as described by Horton, et
al., Gene 77:61-68, 1989) using as template pLH468 and pUC19-URA3r plasmid
DNAs, with Phusion® DNA polymerase (New England BioLabs Inc., Ipswich, MA)
and primers 114117-27A through 114117-27D (SEQ ID NOs: 111, 112, 113, and
114).

[0154] The outer primers for the SOE PCR (114117-27A and 114117-27D)
contained 5’ and 3’ ~50 bp regions homologous to regions downstream of the

PDC1 promoter and downstream of the PDC1 coding sequence. The completed
cassette PCR fragment was transformed into BY4700 pdc6::PGPM1-sadB-
ADH1t and transformants were maintained on synthetic complete media lacking
uracil and supplemented with 2% glucose at 30°C using standard genetic
techniques (Methods in Yeast Genetics, 2005, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, pp. 201-202). Transformants were screened by
PCR using primers 114117-36D and 135 (SEQ ID NOs: 92 and 93), and primers
112590-49E and 112590-30F (SEQ ID NOs: 90 and 94) to verify integration at
the PDC1 locus with deletion of the PDC1 coding sequence. The URA3r marker
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was recycled by plating on synthetic complete media supplemented with 2%
glucose and 5-FOA at 30°C following standard protocols. Marker removal was
confirmed by patching colonies from the 5-FOA plates onto SD-URA media to
verify the absence of growth. The resulting identified strain “NYLA67” has the
genotype: BY4700 pdc6:: PGPM1-sadB-ADH1t pdc1:: PPDC1-ilvD-FBATt.

HIS3 deletion

[0155] To delete the endogenous HIS3 coding region, a his3::URA3r2 cassette
was PCR-amplified from URA3r2 template DNA (SEQ ID NO: 95). URA3r2
contains the URA3 marker from pRS426 (ATCC No. 77107) flanked by 500 bp
homologous repeat sequences to allow homologous recombination in vivo and
removal of the URA3 marker. PCR was done using Phusion® DNA polymerase
(New England BioLabs Inc., Ipswich, MA) and primers 114117-45A and 114117-
45B (SEQ ID NOs: 96 and 97) which generated a ~2.3 kb PCR product. The
HIS3 portion of each primer was derived from the 5’ region upstream of the HIS3
promoter and 3’ region downstream of the coding region such that integration of
the URA3r2 marker results in replacement of the HIS3 coding region. The PCR
product was transformed into NYLA67 using standard genetic techniques
(Methods in Yeast Genetics, 2005, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, pp. 201-202) and transformants were selected on synthetic
complete media lacking uracil and supplemented with 2% glucose at 30°C.
Transformants were screened to verify correct integration by replica plating of
transformants onto synthetic complete media lacking histidine and supplemented
with 2% glucose at 30°C. The URA3r marker was recycled by plating on
synthetic complete media supplemented with 2% glucose and 5-FOA at 30°C
following standard protocols. Marker removal was confirmed by patching
colonies from the 5-FOA plates onto SD-URA media to verify the absence of
growth. The resulting identified strain, called NYLA73, has the genotype:
BY4700 pdc6:: PGPM1-sadB-ADH1t pdc1:: PPDC1-ilvD-FBA1t Ahis3.

Construction of pdc5::kanMX integration cassette and PDC5 deletion:
[0156] A pdc5::kanMX4 cassette was PCR-amplified from strain YLR134W
chromosomal DNA (ATCC No. 4034091) using Phusion® DNA polymerase (New
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England BiolLabs Inc., Ipswich, MA) and primers PDC5::KanMXF and
PDC5::KanMXR (SEQ ID NOs: 98 and 99) which generated a ~2.2 kb PCR
product. The PDC5 portion of each primer was derived from the 5 region
upstream of the PDC5 promoter and 3’ region downstream of the coding region
such that integration of the kanMX4 marker results in replacement of the PDC5
coding region. The PCR product was transformed into NYLA73 using standard
genetic techniques (Methods in Yeast Genetics, 2005, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, pp. 201-202) and transformants were
selected on YP media supplemented with 1% ethanol and geneticin (200 ng/mL)
at 30°C. Transformants were screened by PCR to verify correct integration at the
PDC locus with replacement of the PDC5 coding region using primers PDC5kofor
and N175 (SEQ ID NOs: 100 and 101). The identified correct transformants have
the genotype: BY4700 pdc6:: PGPM1-sadB-ADH1t pdci:: PPDC1-ilvD-FBA1t
Ahis3 pdc5::kanMX4. The strain was named NYLA74.

[0157] Plasmid vectors pRS423::CUP1-alsS+FBA-budA and pRS426::FBA-
budC+GPM-sadB were transformed into NYLA74 to create a butanediol
producing strain (NGCI-047).

[0158] Plasmid vectors pLH475-Z4B8 (SEQ ID NO: 140) and pLH468 were
transformed into NYLA74 to create an isobutanol producing strain (NGCI-049).

Deletion of HXK2 (hexokinase Il):

[0159] A hxk2::URA3r cassette was PCR-amplified from URA3r2 template
(described above) using Phusion® DNA polymerase (New England BioLabs Inc.,
Ipswich, MA) and primers 384 and 385 (SEQ ID NOs: 102 and 103) which
generated a ~2.3 kb PCR product. The HXK2 portion of each primer was derived

from the 5’ region upstream of the HXK2 promoter and 3’ region downstream of
the coding region such that integration of the URA3r2 marker results in
replacement of the HXK2 coding region. The PCR product was transformed into
NYLA73 using standard genetic techniques (Methods in Yeast Genetics, 2005,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, pp. 201-202) and
transformants were selected on synthetic complete media lacking uracil and
supplemented with 2% glucose at 30°C. Transformants were screened by PCR
to verify correct integration at the HXK2 locus with replacement of the HXK2
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coding region using primers N869 and N871 (SEQ ID NOs: 104 and 105). The
URA3r2 marker was recycled by plating on synthetic complete media
supplemented with 2% glucose and 5-FOA at 30°C following standard protocols.
Marker removal was confirmed by patching colonies from the 5-FOA plates onto
SD-URA media to verify the absence of growth, and by PCR to verify correct
marker removal using primers N946 and N947 (SEQ ID NOs: 106 and 107). The
resulting identified strain named NYLA83 has the genotype: BY4700 pdc6::
PGPM1-sadB-ADH1t pdc1:: PPDC1-ilvD-FBA1t Ahis3 Ahxk2.

Construction of pdc5::kanMX integration cassette and PDCS5 deletion:
[0160] A pdc5::kanMX4 cassette was PCR-amplified as described above. The
PCR fragment was transformed into NYLA83, and transformants were selected

and screened as described above. The identified correct transformants named
NYLA84 have the genotype: BY4700 pdc6:: PGPM1-sadB-ADH1t pdc1:: PPDC1-
ilvD-FBA1t Ahis3 Ahxk2 pdc5::kanMX4.

[0161] Plasmid vectors pLH468 and pLH532 were simultaneously transformed
into strain NYLA84 (BY4700 pdc6::PGPM1-sadB-ADH1t pdc1::PPDC1-ilvD-
FBA1t Ahis3 Ahxk2 pdc5::kanMX4) using standard genetic techniques (Methods
in Yeast Genetics, 2005, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY) and the resulting “butanologen NYLA84” was maintained on
synthetic complete media lacking histidine and uracil, and supplemented with 1%
ethanol at 30°C.

Expression Vector pLH468

[0162] The pLH468 plasmid (SEQ ID NO: 2) was constructed for expression of
DHAD, KivD, and HADH in yeast and is described in U.S. Patent Application
Publication No. 2009/0305363, herein incorporated by reference. pLH486 was
constructed to contain: a chimeric gene having the coding region of the ilvD gene
from Streptococcus mutans (nt position 3313-4849) expressed from the S.
cerevisiae FBA1 promoter (nt 2109 - 3105) followed by the FBA1 terminator (nt
4858 - 5857) for expression of DHAD; a chimeric gene having the coding region
of codon optimized horse liver alcohol dehydrogenase (nt 6286-7413) expressed
from the S. cerevisiae GPM1 promoter (nt 7425-8181) followed by the ADH1
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terminator (nt 5962-6277) for expression of ADH; and a chimeric gene having the
coding region of the codon-optimized kivD gene from Lactococcus lactis (nt 9249-
10895) expressed from the TDH3 promoter (nt 10896-11918) followed by the
TDHS terminator (nt 8237-9235) for expression of KivD.

[0163] Coding regions for Lactococcus lactis ketoisovalerate decarboxylase
(KivD) and horse liver alcohol dehydrogenase (HADH) were synthesized by
DNA2.0, Inc. (Menlo Park, CA) based on codons that were optimized for
expression in Saccharomyces cerevisiae (SEQ ID NO: 71 and 118, respectively)
and provided in plasmids pKivDy-DNA2.0 and pHadhy-DNA2.0. The encoded
proteins are SEQ ID NOs: 117 and 119, respectively. Individual expression
vectors for KivD and HADH were constructed. To assemble pLH467
(pRS426::PTDH3-kivDy-TDH3t), vector pNY8 (SEQ ID NO: 121; also named
pRS426.GPD-ald-GPDt, described in U.S. Patent Application Publication No.
2008/0182308, Example 17, which is herein incorporated by reference) was
digested with Ascl and Sfil enzymes, thus excising the GPD promoter and the ald
coding region. A TDH3 promoter fragment (SEQ ID NO: 122) from pNY8 was
PCR amplified to add an Ascl site at the 5’ end and an Spel site at the 3’ end,
using 5’ primer OT1068 and 3’ primer OT1067 (SEQ ID NOs: 123 and 124). The
Ascl/Sfil digested pNY8 vector fragment was ligated with the TDH3 promoter
PCR product digested with Ascl and Spel, and the Spel-Sfil fragment containing
the codon optimized kivD coding region isolated from the vector pKivD-DNA2.0.
The triple ligation generated vector pLH467 (pRS426::PTDH3-kivDy-TDH3t).
pLH467 was verified by restriction mapping and sequencing.

[0164] pLH435 (pRS425::PGPM1-Hadhy-ADH1t) was derived from vector
pRS425::GPM-sadB (SEQ ID NO: 78) which is described in U.S. Provisional
Application Serial No. 61/058,970, Example 3, which is herein incorporated by
reference. pRS425::GPM-sadB is the pRS425 vector (ATCC No. 77106) with a
chimeric gene containing the GPM1 promoter (SEQ ID NO:72), coding region
from a butanol dehydrogenase of Achromobacter xylosoxidans (sadB; DNA SEQ
ID NO: 69; protein SEQ ID NO:70: disclosed in U.S. Patent Application
Publication No. 2009/0269823), and ADH1 terminator (SEQ ID NO: 73).
pRS425::GPMp-sadB contains Bbvl and Pacl sites at the 5 and 3’ ends of the
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sadB coding region, respectively. A Nhel site was added at the 5 end of the
sadB coding region by site-directed mutagenesis using primers OT1074 and
OT1075 (SEQ ID NOs: 126 and 127) to generate vector pRS425-GPMp-sadB-
Nhel, which was verified by sequencing. pRS425::PGPM1-sadB-Nhel was
digested with Nhel and Pacl to drop out the sadB coding region, and ligated with
the Nhel-Pacl fragment containing the codon optimized HADH coding region from
vector pHadhy-DNA2.0 to create pLH435.

[0165] To combine KivD and HADH expression cassettes in a single vector, yeast
vector pRS411 (ATCC No. 87474) was digested with Sacl and Notl, and ligated
with the Sacl-Sall fragment from pLH467 that contains the PTDH3-kivDy-TDH3t
cassette together with the Sall-Notl fragment from pLH435 that contains the
PGPM1-Hadhy-ADH1t cassette in a triple ligation reaction. This yielded the
vector pRS411::PTDH3-kivDy-PGPM1-Hadhy (pLH441) which was verified by
restriction mapping.

[0166] In order to generate a co-expression vector for all three genes in the lower
isobutanol pathway: ilvD, kivDy, and Hadhy, pRS423 FBA ilvD(Strep) (SEQ ID
NO: 128) which is described in U.S. Patent Application Publication No.
2010/0081154 as the source of the llvD gene, was used. This shuttle vector
contains an F1 origin of replication (nt 1423 to 1879) for maintenance in E. coli
and a 2 micron origin (nt 8082 to 9426) for replication in yeast. The vector has an
FBA1 promoter (nt 2111 to 3108; SEQ ID NO: 120) and FBA terminator (nt 4861
to 5860; SEQ ID NO: 129). In addition, it carries the His marker (nt 504 to 1163)
for selection in yeast and ampicillin resistance marker (nt 7092 to 7949) for
selection in E. coli. The ilvD coding region (nt 3116 to 4828; SEQ ID NO: 115;
protein SEQ ID NO: 116) from Streptococcus mutans UA159 (ATCC No. 700610)
is between the FBA promoter and FBA terminator forming a chimeric gene for
expression. In addition, there is a lumio tag fused to the ilvD coding region (nt
4829-4849).

[0167] The first step was to linearize pRS423 FBA ilvD(Strep) (also called
pRS423-FBA(Spel)-llvD(Streptococcus mutans)-Lumio) with Sacl and Sacll (with
Sacll site blunt ended using T4 DNA polymerase), to give a vector with total
length of 9,482 bp. The second step was to isolate the kivDy-hADHy cassette
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from pLH441 with Sacl and Kpnl (with Kpnl site blunt ended using T4 DNA
polymerase), which gives a 6,063 bp fragment. This fragment was ligated with
the 9,482 bp vector fragment from pRS423-FBA(Spel)-llvD(Streptococcus
mutans)-Lumio.  This generated vector pLH468 (pRS423::PFBA1-ilvD(Strep)
Lumio-FBA1t-PTDH3-kivDy-TDH3t-PGPM1-hadhy-ADH1t) which was confirmed
by restriction mapping and sequencing.

pLH532 construction

[0168] The pLH532 plasmid (SEQ ID NO: 130) was constructed for expression of
ALS and KARI in yeast. pLH532 is a pHR81 vector (ATCC No. 87541)
containing the following chimeric genes: 1) the CUP1 promoter (SEQ ID NO:
139), acetolactate synthase coding region from Bacillus subtilis (AlsS; SEQ ID
NO: 137; protein SEQ ID NO: 138) and CYC1 terminator2 (SEQ ID NO: 133); 2)
an ILV5 promoter (SEQ ID NO: 134), Pf5.IIvC coding region (SEQ ID NO: 132)
and ILV5 terminator (SEQ ID NO: 135); and 3) the FBA1 promoter (SEQ ID NO:
136), S. cerevisiae KARI coding region (ILV5; SEQ ID NO: 131); and CYCH1
terminator.

[0169] The Pf5.1lvC coding region is a sequence encoding KARI derived from
Pseudomonas fluorescens that was described in U.S. Patent Application
Publication No. 2009/0163376, which is herein incorporated by reference.

[0170] The Pf5.1lvC coding region was synthesized by DNA2.0, Inc. (Menlo Park,
CA; SEQ ID NO: 132) based on codons that were optimized for expression in
Saccharomyces cerevisiae.

pYZ090 construction

[0171] pYZ090 (SEQ ID NO: 1) is based on the pHR81 (ATCC No. 87541)
backbone and was constructed to contain a chimeric gene having the coding
region of the alsS gene from Bacillus subtilis (nt position 457-2172) expressed
from the yeast CUP1 promoter (nt 2-449) and followed by the CYC1 terminator
(nt 2181-2430) for expression of ALS, and a chimeric gene having the coding
region of the ilvC gene from Lactococcus lactis (nt 3634-4656) expressed from
the yeast ILV5 promoter (2433-3626) and followed by the ILV5 terminator (nt
4682-5304) for expression of KARI.
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pYZ067 construction

[0172] pYZ067 was constructed to contain the following chimeric genes: 1) the
coding region of the ilvD gene from S. mutans UA159 (nt position 2260-3971)
expressed from the yeast FBA1 promoter (nt 1161-2250) followed by the FBA
terminator (nt 4005-4317) for expression of dihydroxy acid dehydratase (DHAD),
2) the coding region for horse liver ADH (nt 4680-5807) expressed from the yeast
GPM promoter (nt 5819-6575) followed by the ADH1 terminator (nt 4356-4671)
for expression of alcohol dehydrogenase, and 3) the coding region of the KivD
gene from Lacrococcus lactis (nt 7175-8821) expressed from the yeast TDH3
promoter (nt 8830-9493) followed by the TDH3 terminator (nt 5682-7161) for
expression of ketoisovalerate decarboxylase.
pRS423::CUP1-alsS+FBA-budA and pRS426::FBA-budC+GPM-sadB and
pLH475-Z4B8 construction

[0173] Construction of pRS423::CUP1-alsS+FBA-budA and pRS426::FBA-
budC+GPM-sadB and pLH475-Z4B8 is described in U.S. Patent Application
Publication No. 2009/0305363, incorporated herein by reference.

[0174] Further, while various embodiments of the present invention have been
described above, it should be understood that they have been presented by way
of example only, and not limitation. It will be apparent to persons skilled in the
relevant art that various changes in form and detail can be made therein without
departing from the spirit and scope of the invention. Thus, the breadth and scope
of the present invention should not be limited by any of the above-described
exemplary embodiments, but should be defined only in accordance with the
claims and their equivalents.

[0175] All publications, patents, and patent applications mentioned in this
specification are indicative of the level of skill of those skilled in the art to which
this invention pertains, and are herein incorporated by reference to the same
extent as if each individual publication, patent, or patent application was

specifically and individually indicated to be incorporated by reference.
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EXAMPLES

[0176] The following nonlimiting examples will further illustrate the invention. It
should be understood that, while the following examples involve corn as
feedstock and COFA as carboxylic acid, other biomass sources can be used for
feedstock and acids other than COFA can serve as carboxylic acid, without
departing from the present invention. Moreover, while the following examples
involve butanol and butyl ester production, other alcohols including ethanol, and
alcohol esters can be produced without departing from the present invention.

[0177] As used herein, the meaning of abbreviations used was as follows: “g”
means gram(s), “kg” means kilogram(s), “L” means liter(s), “mL” means
milliliter(s), "uL" means microliter(s), “mL/L” means milliliter(s) per liter, “mL/min”
means milliliter(s) per min, “DI” means deionized, “UM” means micrometer(s),
“nm” means nanometer(s), “w/v" means weight/volume, “OD” means optical
density, “ODeoo” means optical density at a wavelength of 600 nM, “dcw” means
dry cell weight, “rom” means revolutions per minute, ““C” means degree(s)
Celsius, “°C/min” means degrees Celsius per minute, “slpm” means standard
liter(s) per minute, “ppm” means part per million, “pdc” means pyruvate
decarboxylase enzyme followed by the enzyme number.

GENERAL METHODS

Seed Flask Growth
[0178] A Saccharomyces cerevisiae strain that was engineered to produce

isobutanol from a carbohydrate source, with pdc1 deleted, pdc5 deleted, and
pdcé deleted, was grown to 0.55-1.1 g/L dcw (ODgoo 1.3-2.6 — Thermo Helios o
Thermo Fisher Scientific Inc., Waltham, Massachusetts) in seed flasks from a
frozen culture. The culture was grown at 26°C in an incubator rotating at
300 rom. The frozen culture was previously stored at — 80°C. The composition
of the first seed flask medium was:

3.0 g/L dextrose

3.0 g/L ethanol, anhydrous

3.7 g/L ForMedium™ Synthetic Complete Amino Acid (Kaiser) Drop-Out:

without HIS, without URA (Reference No. DSCK162CK)
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[0179]

[0180]

[0181]

6.7 g/L Difco Yeast Nitrogen Base without amino acids (No. 291920)

Twelve milliliters from the first seed flask culture was transferred to a 2 L
flask and grown at 30°C in an incubator rotating at 300 rpm. The second seed
flask has 220 mL of the following medium:

30.0 g/L dextrose

5.0 g/L ethanol, anhydrous

3.7 g/L ForMedium™ Synthetic Complete Amino Acid (Kaiser) Drop-Out:
without HIS, without URA (Reference No. DSCK162CK)

6.7 g/L Difco Yeast Nitrogen Base without amino acids (No. 291920)

0.2 M MES Buffer titrated to pH 5.5-6.0

The culture was grown to 0.55-1.1 g/L decw (ODegoo 1.3-2.6). An addition of
30 mL of a solution containing 200 g/L peptone and 100 g/L yeast extract was
added at this cell concentration. Then, an addition of 300 mL of 0.2 uM filter
sterilized Cognis, 90-95% oleyl alcohol was added to the flask. The culture
continues to grow to > 4 g/L dcw (ODgsoo > 10) before being harvested and added
to the fermentation.

Fermentation Preparation

Initial Fermentation Vessel Preparation

A glass jacked, 2 L fermentation vessel (Sartorius AG, Goettingen,
Germany) was charged with house water to 66% of the liquefaction weight. A pH
probe (Hamilton Easyferm Plus K8, part number: 238627, Hamilton Bonaduz AG,
Bonaduz, Switzerland) was calibrated through the Sartorius DCU-3 Control
Tower Calibration menu. The zero was calibrated at pH=7. The span was
calibrated at pH=4. The probe was then placed into the fermentation vessel
through the stainless steel head plate. A dissolved oxygen probe (pO, probe)
was also placed into the fermentation vessel through the head plate. Tubing
used for delivering nutrients, seed culture, extracting solvent, and base were
attached to the head plate and the ends were foiled. The entire fermentation
vessel was placed into a Steris (Steris Corporation, Mentor, Ohio) autoclave and
sterilized in a liquid cycle for 30 minutes.
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[0182] The fermentation vessel was removed from the autoclave and placed on a
load cell. The jacket water supply and return line was connected to the house
water and clean drain, respectively. The condenser cooling water in and water
out lines were connected to a 6-L recirculating temperature bath running at 7°C.
The vent line that transfers the gas from the fermentation vessel was connected
to a transfer line that was connected to a Thermo mass spectrometer (Prima dB,
Thermo Fisher Scientific Inc., Waltham, Massachusetts). The sparger line was
connected to the gas supply line. The tubing for adding nutrients, extract solvent,
seed culture, and base was plumbed through pumps or clamped closed.

[0183] The fermentation vessel temperature was controlled at 55°C with a
thermocouple and house water circulation loop. Wet corn kernels (#2 yellow
dent) were ground using a hammer mill with a 1.0 mm screen, and the resulting
ground whole corn kernels were then added to the fermentation vessel at a
charge that was 29-30% (dry corn solids weight) of the liquefaction reaction
mass.

Lipase Treatment Pre-Liquefaction

[0184] A lipase enzyme stock solution was added to the fermentation vessel to a
final lipase concentration of 10 ppm. The fermentation vessel was held at 55°C,
300 rpm, and 0.3 slpm Ny overlay for >6 hrs. After the lipase treatment was
complete, liquefaction was performed as described below (Liquefaction).

Liquefaction

[0185] An alpha-amylase was added to the fermentation vessel per its
specification sheet while the fermentation vessel was mixing at 300-1200 rpm,
with sterile, house N, being added at 0.3 slpm through the sparger. The
temperature set-point was changed from 55°C to 85°C. When the temperature
was > 80°C, the liquefaction cook time was started and the liquefaction cycle was
held at > 80°C for 90-120 minutes. The fermentation vessel temperature set-
point was set to the fermentation temperature of 30°C after the liquefaction cycle
was complete. N was redirected from the sparger to the head space to prevent
foaming without the addition of a chemical antifoaming agent.
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Lipase Treatment Post-Liquefaction

[0186] The fermentation vessel temperature was set to 55°C instead of 30°C after
the liquefaction cycle was complete (Liquefaction). The pH was manually
controlled at pH=5.8 by making bolus additions of acid or base when needed. A
lipase enzyme stock solution was added to the fermentation vessel to a final
lipase concentration of 10 ppm. The fermentation vessel was held at 55°C,
300 rpm, and 0.3 slpm Ny overlay for >6 hrs. After the Lipase Treatment was
complete, the fermentation vessel temperature was set to 30°C.

Lipase Heat Inactivation Treatment (Heat Kill Treatment Methoq)

[0187] The fermentation vessel temperature was held at > 80 °C for > 15 minutes
to inactivate the lipase. After the Heat Inactivation Treatment was complete, the
fermentation vessel temperature was set to 30°C.

Nutrient Addition Prior to Inoculation

[0188] Ethanol (6.36 mL/L, post-inoculation volume, 200 proof, anhydrous) was
added to the fermentation vessel just prior to inoculation. Thiamine was added to
a final concentration of 20 mg/L and 100 mg/L nicotinic acid was also added just
prior to inoculation.

Oley! Alcohol or Corn Qil Fatty Acids Addition Prior to Inoculation
[0189] Added 1 L/L (post-inoculation volume) of oleyl alcohol or corn oil fatty
acids immediately after inoculation.

Fermentation Vessel Inoculation

[0190] The fermentation vessels pO, probe was calibrated to zero while N, was
being added to the fermentation vessel. The fermentation vessels pO, probe was
calibrated to its span with sterile air sparging at 300 rpm. The fermentation
vessel was inoculated after the second seed flask with > 4 g/L dcw. The shake
flask was removed from the incubator/shaker for 5 minutes allowing a phase
separation of the oleyl alcohol phase and the aqueous phase. The aqueous
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phase (110 mL) was transferred to a sterile, inoculation bottle. The inoculum was
pumped into the fermentation vessel through a peristaltic pump.

Fermentation Vessel Operating Conditions

[0191] The fermentation vessel was operated at 30°C for the entire growth and
production stages. The pH was allowed to drop from a pH between 5.7-5.9 to a
control set-point of 5.2 without adding any acid. The pH was controlled for the
remainder of the growth and production stage at a pH=5.2 with ammonium
hydroxide. Sterile air was added to the fermentation vessel, through the sparger,
at 0.3 slpm for the remainder of the growth and production stages. The pO, was
set to be controlled at 3.0% by the Sartorius DCU-3 Control Box PID control loop,
using stir control only, with the stirrer minimum being set to 300 rom and the
maximum being set to 2000 rpm. The glucose was supplied through
simultaneous saccharification and fermentation of the liquified corn mash by
adding a a-amylase (glucoamylase). The glucose was kept excess (1-50 g/L)
for as long as starch was available for saccharification.

Analytical
Gas Analysis

[0192] Process air was analyzed on a Thermo Prima (Thermo Fisher Scientific
Inc., Waltham, Massachusetts) mass spectrometer. This was the same process
air that was sterilized and then added to each fermentation vessel. Each
fermentation vessel's off-gas was analyzed on the same mass spectrometer.
This Thermo Prima dB has a calibration check run every Monday morning at
6:00 am. The calibration check was scheduled through the Gas Works v1.0
(Thermo Fisher Scientific Inc., Waltham, Massachusetts) software associated
with the mass spectrometer. The gas calibrated for were:
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[0193]

[0194]

[0195]

GAS Calibration Concentration mole % Cal Frequency
Nitrogen 78 % weekly
Oxygen 21 % weekly
Isobutanol 0.2% yearly
Argon 1% weekly
Carbon Dioxide 0.03 % weekly

Carbon dioxide was checked at 5% and 15% during calibration cycle with
other known bottled gases. Oxygen was checked at 15% with other known
bottled gases. Based on the analysis of the off-gas of each fermentation vessel,
the amount of isobutanol stripped, oxygen consumed, and carbon dioxide
respired into the off-gas was measured by using the mass spectrometer’'s mole
fraction analysis and gas flow rates (mass flow controller) into the fermentation
vessel. Calculate the gassing rate per hour and then integrating that rate over
the course of the fermentation.

Biomass Measurement

A 0.08% Trypan Blue solution was prepared from a 1:5 dilution of 0.4%
Trypan Blue in NaCl (VWR BDH8721-0) with 1X PBS. A 1.0 mL sample was
pulled from a fermentation vessel and placed in a 1.5 mL Eppendorf centrifuge
tube and centrifuged in an Eppendorf, 5415C at 14,000 rpm for 5 minutes. After
centrifugation, the top solvent layer was removed with an m200 Variable Channel
BioHit pipette with 20—200 uL BioHit pipette tips. Care was made not to remove
the layer between the solvent and aqueous layers. Once the solvent layer was
removed, the sample was re-suspended using a Vortex-Genie® set at 2700 rpm.

A series of dilutions was required to prepare the ideal concentration for
hemacytometer counts. If the OD was 10, a 1:20 dilution would be performed to
achieve 0.5 OD which would give the ideal amount of cells to be counted per
square, 20-30. In order to reduce inaccuracy in the dilution due to corn solids,
multiple dilutions with cut 100-1000 pL BioHit pipette tips were required.
Approximately, 1 cm was cut off the tips to increase the opening which prevented
the tip from clogging. For a 1:20 final dilution, an initial 1:1 dilution of
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fermentation sample and 0.9% NaCl solution was prepared. Then, a 1:1 dilution
of the previous solution (i.e., the initial 1:1 dilution) and 0.9% NaCl solution (the
second dilution) was generated followed by a 1:5 dilution of the second dilution
and Trypan Blue Solution. Samples were vortexed between each dilution and cut
tips were rinsed into the 0.9% NaCl and Trypan Blue solutions.

[0196] The cover slip was carefully placed on top of the hemacytometer (Hausser
Scientific Bright-Line 1492). An aliquot (10 pL) was drawn of the final Trypan
Blue dilution with an m20 Variable Channel BioHit pipette with 2-20 uL BioHit
pipette tips and injected into the hemacytometer. The hemacytometer was
placed on the Zeis Axioskop 40 microscope at 40x magnification. The center
quadrant was broken into 25 squares and the four corner and center squares in
both chambers were then counted and recorded. After both chambers were
counted, the average was taken and multiplied by the dilution factor (20), then by
25 for the number for squares in the quadrant in the hemacytometer, and then
divided by 0.0001 mL which is the volume of the quadrant that was counted. The
sum of this calculation is the number cells per mL.

LC Analysis of Fermentation Products in the Aqueous Phase

[0197] Samples were refrigerated until ready for processing. Samples were
removed from refrigeration and allowed to reach room temperature (about one
hour). Approximately 300 uL of sample was transferred with a m1000 Variable
Channel BioHit pipette with 100-1000 pL BioHit pipette tips into a 0.2 um
centrifuge filter (Nanosep® MF modified nylon centrifuge filter), then centrifuged
using a Eppendorf, 5415C for five minutes at 14,000 rpm. Approximately 200 pL
of filtered sample was transferred into a 1.8 auto sampler vial with a 250 uL glass
vial insert with polymer feet. A screw cap with PTFE septa was used to cap the
vial before vortexing the sample with a Vortex-Genie® set at 2700 rpm.

[0198] Sample was then run on Agilent 1200 series LC equipped with binary,
isocratic pumps, vacuum degasser, heated column compartment, sampler
cooling system, UV DAD detector and Rl detector. The column used was an
Aminex HPX-87H, 300 X 7.8 with a Bio-Rad Cation H refill, 30X4.6 guard column.
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Column temperature was 40°C, with a mobile phase of 0.01 N sulfuric acid, at a
flow rate of 0.6 mL/min for 40 minutes. Results are shown in Table 1.

Table 1: Retention times of fermentation products in aqueous phase

HPLC 302/310 FW RID Range of uv
Normalized to 10 pL Retention Standards, Retention
injections Time, min g/L Time,
min
citric acid 192.12 8.025 0.3-17 7.616
glucose 180.16 8.83 0.5-71
pyruvic acid (Na) 110.04 9.388 0.1-5.2 8.5
A-Kiv (Na) 138.1 9.91 0.07-5.0 8.55
2,3-dihydroxyisovaleric 156.1 10.972 0.2-8.8 10.529
acid (Na)
succinic acid 118.09 11.561 0.3-16 11.216
lactic acid (Li) 96.01 12.343 0.3-17 11.948
glycerol 92.09 12.974 0.8-39
formic acid 46.03 13.686 0.2-13 13.232
acetate (Na) 82.03 14.914 0.5-16 14.563
meso-butanediol 90.12 17.583 0.1-19
(+/-)-2,3-butanediol 90.12 18.4 0.2-19
isobutyric acid 88.11 19.685 0.1-8.0 19.277
ethanol 46.07 21.401 0.5-34
isobutyraldehyde 72.11 27.64 0.01-0.11
isobutanol 7412 32.276 0.2-15
3-OH-2-butanone (acetoin) | 88.11 0.1-11 17.151

GC Analysis of Fermentation Products in the Solvent Phase

[0199] Samples were refrigerated until ready for processing. Samples were
removed from refrigeration and allowed to reach room temperature (about one
hour). Approximately 150 pL of sample was transferred using a m1000 Variable
Channel BioHit pipette with 100—1000 pL BioHit pipette tips into a 1.8 auto
sampler vial with a 250 pL glass vial insert with polymer feet. A screw cap with
PTFE septa was used to cap the vial.

[0200] Sample was then run on Agilent 7890A GC with a 7683B injector and a
G2614A auto sampler. The column was a HP-InnoWax column (30 m x 0.32 mm
ID, 0.25 um film). The carrier gas was helium at a flow rate of 1.5 mL/min
measured at 45°C with constant head pressure; injector split was 1:50 at 225°C;
oven temperature was 45°C for 1.5 minutes, 45°C to 160°C at 10°C/min for
0 minutes, then 230°C at 35°C/min for 14 minutes for a run time of 29 minutes.
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Flame ionization detection was used at 260°C with 40 mL/min helium makeup
gas. Results are shown in Table 2.

Table 2: Retention times of fermentation products in solvent phase.

GC 302/310 FW Solvent Range of Standards,
Normalized to 10 pL Retention g/L
injections Time, min
isobutyraldehyde 7211 2.75 0.7-10.4
ethanol 46.07 3.62 0.5-34
isobutanol 7412 5.53 0.2-16
3-OH-2-butanone (acetoin) 88.11 8,29 0.1-11
(+/-)-2,3-butanediol 90,12 10.94 0.1-19
isobutyric acid 88.11 11.907 0.1-7.9
meso-butanediol 90.12 11.26 0.1-6.5
glycerol 92.09 16.99 0.8-9
[0201] Samples analyzed for fatty acid butyl esters were run on Agilent 6890 GC

with a 7683B injector and a G2614A auto sampler. The column was a HP-DB-
FFAP column (15 meters x 0.53 mm ID (Megabore), 1-micron film thickness
column (30 m x 0.32 mm ID, 0.25 um film). The carrier gas was helium at a flow
rate of 3.7 mL/min measured at 45°C with constant head pressure; injector split
was 1:50 at 225°C; oven temperature was 100°C for 2.0 minutes, 100°C to 250°C
at 10°C/min, then 250°C for 9 minutes for a run time of 26 minutes. Flame
ionization detection was used at 300°C with 40 mL/min helium makeup gas. The
following GC standards (Nu-Chek Prep; Elysian, MN) were used to confirm the
identity of fatty acid isobutyl ester products: iso-butyl palmitate, iso-butyl stearate,
iso-butyl oleate, iso-butyl linoleate, iso-butyl linolenate, iso-butyl arachidate.

[0202] Examples 1-14 describe various fermentation conditions that may be used
for the claimed methods. As an example, some fermentations were subjected to
Lipase Treatment pre-liquefaction and others were subjected to Lipase Treatment
post-liquefaction. In other examples, the fermentation was subjected to Heat
inactivation Treatment. Following fermentation, the effective isobutanol titer (Eff
Iso Titer) was measured, that is, the total grams of isobutanol produced per liter
aqueous volume. Results are shown in Table 3.
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[0203]

[0204]

[0205]

[0206]

Example 1 — (control)

Experiment identifier 2010Y014 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Nutrient
Addition Prior to Inoculation method, Fermentation Vessel Inoculation method,
Fermentation Vessel Operating Conditions method, and all of the Analytical
methods. Oleyl alcohol was added in a single batch between 0.1- 1.0 hr after
inoculation. The butanologen was NGCI-070.

Example 2

Experiment identifier 2010Y015 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Lipase
Treatment Post-Liquefaction method, Nutrient Addition Prior to Inoculation
method, Fermentation Vessel Inoculation method, Fermentation Vessel
Operating Conditions method, and all of the Analytical methods. Oleyl alcohol
was added in a single batch between 0.1- 1.0 hr after inoculation. The
butanologen was NGCI-070.

Example 3

Experiment identifier 2010Y016 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Lipase
Treatment Post-Liquefaction method, Nutrient Addition Prior to Inoculation
method with the exception of the exclusion of ethanol, Fermentation Vessel
Inoculation method, Fermentation Vessel Operating Conditions method, and all of
the Analytical methods. Oleyl alcohol was added in a single batch between 0.1-
1.0 hr after inoculation. The butanologen was NGCI-070.

Example 4

Experiment identifier 2010Y017 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Heat Kill
Treatment method Post-Liquefaction, Nutrient Addition Prior to Inoculation
method with the exception of the exclusion of ethanol, Fermentation Vessel
Inoculation method, Fermentation Vessel Operating Conditions method, and all of
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the Analytical methods. Oleyl alcohol was added in a single batch between 0.1-
1.0 hr after inoculation. The butanologen was NGCI-070.

Example 5

[0207] Experiment identifier 2010Y018 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Lipase
Treatment Post-Liquefaction method with the exception of only adding 7.2 ppm
lipase after liquefaction, Heat Kill Treatment method Post-Liquefaction, Nutrient
Addition Prior to Inoculation method, Fermentation Vessel Inoculation method,
Fermentation Vessel Operating Conditions method, and all of the Analytical
methods. Oleyl alcohol was added in a single batch between 0.1- 1.0 hr after
inoculation. The butanologen was NGCI-070.

Example 6 — (control)

[0208] Experiment identifier 2010Y019 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Heat Kill
Treatment method Post-Liquefaction, Nutrient Addition Prior to Inoculation
method, Fermentation Vessel Inoculation method, Fermentation Vessel
Operating Conditions method, and all of the Analytical methods. Oleyl alcohol
was added in a single batch between 0.1- 1.0 hr after inoculation. The
butanologen was NGCI-070.

Example 7 — (control

[0209] Experiment identifier 2010Y021 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Lipase Treatment Pre-
Liquefaction method, Liquefaction method, Heat Kill Treatment during
liquefaction, Nutrient Addition Prior to Inoculation method, Fermentation Vessel
Inoculation method, Fermentation Vessel Operating Conditions method, and all of
the Analytical methods. Oleyl alcohol was added in a single batch between 0.1-
1.0 hr after inoculation. The butanologen was NGCI-070.
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[0210]

[0211]

[0212]

[0213]

Example 8

Experiment identifier 2010Y022 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Nutrient
Addition Prior to Inoculation method, Fermentation Vessel Inoculation method,
Fermentation Vessel Operating Conditions method, and all of the Analytical
methods. Oleyl alcohol was added in a single batch between 0.1- 1.0 hr after
inoculation. The butanologen was NGCI-070.

Example 9

Experiment identifier 2010Y023 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Lipase
Treatment Post-Liquefaction method, no Heat Kill Treatment, Nutrient Addition
Prior to Inoculation method, Fermentation Vessel Inoculation method,
Fermentation Vessel Operating Conditions method, and all of the Analytical
methods. Corn oil fatty acids made from crude corn oil was added in a single
batch between 0.1- 1.0 hr after inoculation. The butanologen was NGCI-070.

Example 10

Experiment identifier 2010Y024 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Lipase Treatment Pre-
Liquefaction method, Liquefaction method, Heat Kill Treatment during
liquefaction, Nutrient Addition Prior to Inoculation method with the exception of
there being no addition of ethanol, Fermentation Vessel Inoculation method,
Fermentation Vessel Operating Conditions method, and all of the Analytical
methods. Oleyl alcohol was added in a single batch between 0.1- 1.0 hr after
inoculation. The butanologen was NGCI-070.

Example 11

Experiment identifier 2010Y029 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Lipase Treatment Pre-
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Liquefaction method, Liquefaction method, Heat Kill Treatment during
liquefaction, Nutrient Addition Prior to Inoculation method, Fermentation Vessel
Inoculation method, Fermentation Vessel Operating Conditions method, and all of
the Analytical methods. Corn oil fatty acids made from crude corn oil was added
in a single batch between 0.1-1.0 hr after inoculation. The butanologen was

NGCI-070.
Example 12
[0214] Experiment identifier 2010Y030 included: Seed Flask Growth method,

Initial Fermentation Vessel Preparation method, Lipase Treatment Pre-
Liquefaction method, Liquefaction method, Heat Kill Treatment during
liquefaction, Nutrient Addition Prior to Inoculation method with the exception of
there being no addition of ethanol, Fermentation Vessel Inoculation method,
Fermentation Vessel Operating Conditions method, and all of the Analytical
methods. Corn oil fatty acids made from crude corn oil was added in a single
batch between 0.1- 1.0 hr after inoculation. The butanologen was NGCI-070.

Example 13 — (control)

[0215] Experiment identifier 2010Y031 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Lipase
Treatment Post Liquefaction method, no Heat Kill Treatment, Nutrient Addition
Prior to Inoculation method with the exception of there being no addition of
ethanol, Fermentation Vessel Inoculation method, Fermentation Vessel
Operating Conditions method, and all of the Analytical methods. Corn oil fatty
acids made from crude corn oil was added in a single batch between 0.1- 1.0 hr
after inoculation. The butanologen was NGCI-070.

Example 14

[0216] Experiment identifier 2010Y032 included: Seed Flask Growth method,
Initial Fermentation Vessel Preparation method, Liquefaction method, Lipase
Treatment Post-Liquefaction method, no Heat Kill Treatment, Nutrient Addition
Prior to Inoculation method, Fermentation Vessel Inoculation method,
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Fermentation Vessel Operating Conditions method, and all of the Analytical
methods. Corn oil fatty acids made from crude corn oil was added in a single
batch between 0.1- 1.0 hr after inoculation. The butanologen was NGCI-070.

Table 3: Fermentation conditions for Examples 1-14.

Example | Experimental | Lipase | Maxcell | Ethanol Solvent Heat Kill Eff Iso | max Eff
# Identifier Count x g/L Lipase Titer Iso rate
10’ g/L* g/L/h
1 2010Y014 none 27.2 5 Oleyl none 56.0 0.79
alcohol
2 2010Y015 10 ppm 315 5 Oleyl none 52.4 0.74
alcohol
3 2010Y016 10 ppm 6.7 0 Oleyl none 25.9 0.36
alcohol
4 2010Y017 none 7.9 0 Oleyl post — 17.2 0.25
alcohol liquefaction
5 2010Y018 7.2 ppm 16.2 5 Oleyl post — 45.8 0.66
alcohol liquefaction
6 2010Y019 none 17.5 5 Oleyl post — 48.1 0.69
alcohol liquefaction
7 2010Yo021 10 ppm 21.2 5 Oleyl during 46.8 0.82
alcohol liquefaction
8 2010Y022 none 9 5 Oleyl during 56.2 0.87
alcohol liquefaction
9 2010Y023 10 ppm 12.8 5 Corn Ol none 60.3 1.3
Fatty
Acids
10 2010Y024 10 ppm 253 0 Oleyl during 19.8 0.33
alcohol liquefaction
11 2010Y029 10 ppm 21.2 5 Corn Ol during 28.36 0.52
Fatty liquefaction
Acids
12 2010Y030 10 ppm 9 0 Corn Ol during 12.71 0.24
Fatty liquefaction
Acids
13 2010Y031 10 ppm 12.8 0 Corn Ol none 18.86 0.35
Fatty
Acids
14 2010Y032 10 ppm 253 5 Corn Ol none 53.36 0.92
Fatty
Acids

* The “Eff Iso Titer g/L" = total grams of isobutanol produced per liter aqueous volume

Example 15

[0217] The experimental identifier was GLNOR432A. NYLA74 (a butanediol
producer - NGCI-047) was grown in 25 mL of medium in a 250 mL flask from a
frozen vial to ~ 1 OD. The pre-seed culture was transferred to a 2 L flask and

grown to 1.7-1.8 OD. The medium for both flasks was:
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3.0 g/L dextrose

3.0 g/L ethanol, anhydrous

6.7 g/L Difco Yeast Nitrogen Base without amino acids (No. 291920)
1.4 g/L Yeast Dropout Mix (Sigma Y2001)

10 mL/L 1% w/v L-Leucine stock solution

2 mL/L 1% w/v L-Tryptophan stock solution

[0218] A 1 L, Applikon fermentation vessel was inoculated with 60 mL of the seed
flask. The fermentation vessel contained 700 mL of the following sterile medium:
20.0 g/L dextrose
8.0 mL/L ethanol, anhydrous
6.7 g/L Difco Yeast Nitrogen Base without amino acids (No. 291920)
2.8 g/L Yeast Dropout Mix (Sigma Y2001)
20 mL/L 1% w/v L-Leucine stock solution
4 mL/L 1% w/v L-Tryptophan stock solution
0.5 mL Sigma 204 Antifoam
0.8 mL/L 1% w/v Ergesterol solution in 1:1::Tween 80:Ethanol

[0219] The residual glucose was kept excess with a 50% w/w glucose solution.
The dissolved oxygen concentration of the fermentation vessel was controlled at
30% with stir control. The pH was controlled at pH=5.5. The fermentation vessel
was sparged with 0.3 slpm of sterile, house air. The temperature was controlled

at 30°C.
Example 16
[0220] The experimental identifier was GLNOR434A. This example is the same

as example 15 with the exception of the addition of 3 g of oleic acid and the
addition of 3 g of palmitic acid prior to inoculation. NYLA74 (a butanediol
producer - NGCI-047) was the biocatalyst.

[0221] FIG. 7 shows that there were more grams per liter of glucose consumed in
the fermentation vessel that received the fatty acids. The squares represent the
fermentation vessel that received oleic acid and palmitic acid. The circles
represent the fermentation vessel that did not receive any extra fatty acids.
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Example 17

[0222] The experimental identifier was GLNOR435A. This example was the
same as example 15 except it was inoculated with NYLA74 (an isobutanol
producer - NGCI-049).

Example 18

[0223] The experimental identifier was GLNOR437A. This example was the
same as Example 16 except it was inoculated with NYLA74 (an isobutanol
producer) (NGCI-049).

[0224] FIG. 8 shows that there were more grams per liter of glucose consumed in
the fermentation vessel that received the fatty acids. The squares represent the
fermentation vessel that received oleic acid and palmitic acid. The circles
represent the fermentation vessel that did not receive any extra fatty acids.

Example 19

[0225] The experimental identifier was 090420_3212. This example was run
similarly to Example 15 except it was inoculated with butanologen NYLA84 (an
isobutanol producer). This fermentation was run in a 1 L Sartorius fermentation

vessel.

Example 20

[0226] The experimental identifier was 2009Y047. This example was run
similarly to Example 16 except it was inoculated with butanologen NYLA84 (an
isobutanol producer). This fermentation was run in a 1 L Sartorius fermentation.

[0227] FIG. 9 shows that there were more grams per liter of glucose consumed in
the fermentation vessel that received the fatty acids. The squares represent the
fermentation vessel that received oleic acid and palmitic acid. The circles
represent the fermentation vessel that did not receive any extra fatty acids.

[0228] Table 4 shows +/- fatty acid addition, maximum optical density, and g/L
glucose consumed.
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Table 4
69 hours
Fatty g/L
Experimental Acids 69 hours | glucose
Example # Identifier Strain Added Product ODgy, |consumed
15 GLNOR432A | NYLA74 - butanediol 12.8 86.0
16 GLNOR434A | NYLA74 + butanediol 23.1 95.9
17 GLNOR435A | NYLA74 - isobutanol 2.4 16.9
18 GLNOR437A | NYLA74 + isobutanol 4.5 18.3
19 090420 3212 | NYLA84 - isobutanol 9.6 39.3
20 2009Y047 NYLA84 + isobutanol 20.2 491
EXAMPLE 21

Lipase treatment of Liquefied Corn Mash for Simultaneous Saccharification and

Fermentation with In-situ Product Removal Using Oleyl Alcohol

[0229] Samples of broth and oleyl alcohol taken from fermentations run as
described above in Examples 1, 2, and 3 were analyzed for wt% lipid (derivatized
as fatty acid methyl esters, FAME) and for wt% free fatty acid (FFA, derivatized
as fatty acid methyl esters, FAME) according to the method described by E. G.
Bligh and W. J. Dyer (Canadian Journal of Biochemistry and Physiology, 37:911-
17, 1959, hereafter Reference 1). The liquefied corn mash that was prepared for
each of the three fermentations was also analyzed for wt% lipid and for wt% FFA
after treatment with Lipolase® 100 L (Novozymes) (10 ppm of Lipolase® total
soluble protein (BCA protein analysis, Sigma Aldrich)) per kg of liquefaction
reaction mass containing 30 wt% ground corn kernels). No lipase was added to
the liquefied corn mash in Example 1 (control), and the fermentations described
in Examples 2 and 3 containing liquefied corn mash treated with lipase (no heat
inactivation of lipase) were identical except that no ethanol was added to the
fermentation described in Example 3.

[0230] The % FFA in lipase-treated liquefied corn mash prepared for
fermentations run as described in Examples 2 and 3 was 88% and 89%,
respectively, compared to 31 % without lipase treatment (Example 1). At 70 h
(end of run (EOR)), the concentration of FFA in the OA phase of fermentations
run as described in Examples 2 and 3 (containing active lipase) was 14% and
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20%, respectively, and the corresponding increase in lipids (measured as corn oil
fatty acid methyl ester derivatives) was determined by GC/MS to be due to the
lipase-catalyzed esterification of COFA by OA, where COFA was first produced
by lipase-catalyzed hydrolysis of corn oil in the liquefied corn mash. Results are
shown in Table 5.

Table 5: Lipid and free fatty acid content of fermentations containing
oleyl alcohol as ISPR solvent and active lipase

fermentation lipase time (h), lipids FFA lipids FFA lipids+ % FFA
sample (Wt%) (Wt%) (9) (9) FFA (9)
Example 1 none lig. mash 0.61 0.28 53 2.4 7.7 31
Example 1 none 0.8 h, broth 0.49 0.22 55 2.5 8.0 31
Example 1 none 31 h, broth 0.19 0.03 2.1 0.3 2.4 13
Example 1 none 31 h, OA 0.36 0.21 3.4 2.0 53 37
Example 1 none 70 h, broth 0.15 0.03 1.7 0.3 2.0 15
Example 1 none 70 h, OA 0.57 0.25 5.3 2.3 7.7 31
Example 2 10 ppm liq. mash 0.13 0.97 1.1 8.5 9.6 88
Example 2 10 ppm 0.8 h, broth 0.15 0.62 1.7 7.0 8.7 81
Example 2 10 ppm 31 h, broth 0.16 0.05 1.8 0.5 23 23
Example 2 10ppm 31 h, OA 0.37 0.23 3.5 2.2 5.7 38
Example 2 10 ppm 70 h, broth 0.17 0.02 1.9 0.3 2.2 13
Example 2 10ppm 70 h, OA 0.60 0.10 5.7 1.0 6.7 14
Example 3 10 ppm liq. mash 0.12 0.97 1.0 8.5 9.5 89
Example 3 10 ppm 0.8 h, broth 0.32 0.40 3.6 4.5 8.1 56
Example 3 10 ppm 31 h, broth 0.17 0.05 1.9 0.6 25 24
Example 3 10ppm 31 h, OA 0.38 0.22 3.6 2.1 57 37
Example 3 10 ppm 70 h, broth 0.15 0.02 1.7 0.2 1.9 13
Example 3 10 ppm 70 h, OA 0.46 0.12 4.4 1.1 5.6 20
EXAMPLE 22

Heat Inactivation of Lipase in Lipase-treated Liquefied Corn Mash to Limit

Production of Oleyl Alcohol Esters of Corn Qil Free Fatty Acids

[0231] Tap water (918.4 g) was added to a jacketed 2-L resin kettle, then 474.6 g
wet weight (417.6 g dry weight) of ground whole corn kernels (1.0 mm screen on
hammer mill) was added with stirring. The mixture was heated to 55°C with
stirring at 300 rpm, and the pH adjusted to 5.8 with 2 N sulfuric acid. To the
mixture was added 14.0 g of an aqueous solution containing 0.672 g of
Spezyme®-FRED L (Genencor®, Palo Alto, CA), and the temperature of the
mixture increased to 85°C with stirring at 600 rpm and pH 5.8. After 120 minutes
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at 85°C, the mixture was cooled to 50°C and 45.0 mL aliquots of the resulting
liquefied corn mash were transferred to 50-mL polypropylene centrifuge tubes
and stored frozen at -80°C.

[0232] In a first reaction, 50 g of liquefied corn mash prepared as described
above was mixed with 10 ppm Lipolase® 100 L (Novozymes) for 6 h at 55°C and
with no inactivation of lipase at 85°C for 1 h, the mixture was cooled to 30°C. Ina
second reaction, 50 g of liquefied corn mash was mixed with 10 ppm Lipolase®
for 6 h at 55°C, then heated to 85°C for 1 h (lipase inactivation), then cooled to
30°C. In a third reaction, 50 g of liquefied corn mash without added lipase was
mixed for 6 h at 55°C, and with no heating at 85°C for 1 h, the mixture was
cooled to 30°C, 38 g of oleyl alcohol was added, and the resulting mixture stirred
for 73 h at 30°C. In a fourth reaction, 50 g of liquefied corn mash without added
lipase was mixed for 6 h at 55°C, then heated to 85°C for 1 h, then cooled to
30°C. Each of the four reaction mixtures was sampled at 6 h, then 38 g of oleyl
alcohol added, and the resulting mixtures stirred at 30°C and sampled at 25 h
and 73 h. Samples (both liquefied mash and oleyl alcohol (OA)) were analyzed
for wt% lipid (derivatized as fatty acid methyl esters, FAME) and for wt% free fatty
acid (FFA, derivatized as fatty acid methyl esters, FAME) according to the
method described by Reference 1.

[0233] The % FFA in the OA phase of the second reaction run with heat
inactivation of lipase prior to OA addition was 99% at 25 h and 95% at 73 h,
compared to only 40% FFA and 21% FFA at 25 h and 73 h, respectively, when
the lipase in lipase-treated liquefied corn mash was not heat inactivated (first
reaction). No significant change in % FFA was observed in the two control
reactions without added lipase. Results are shown in Table 6.

Table 6: Lipid and free fatty acid content of a mixture of liquefied corn mash and oleyl
alcohol in the presence or absence of active or heat-inactivated lipase

reaction time (h), lipids FFA lipids FFA  lipid+FFA % FFA
conditions sample (Wt%) (Wt%) (mg) (mg) (mg)
10 ppm active lipase, 6 h, liq. mash 0.08 0.71 41 345 386 89
no 85 °C heat treatment 25 h, lig. mash 0.22 0.06 105 27 132 20
25 h, OA 0.58 0.39 212 143 355 40
73 h, lig. mash 0.25 0.05 121 22 143 18
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73 h, OA 0.91 0.24 333 88 420 21
10 ppm inactive lipase, 6 h, liq. mash 0.06 0.45 28 224 252 89
85 °C heat treatment 25 h, lig. mash 0.10 0.11 49 54 103 53
25 h, OA 0.02 0.96 8 366 374 99
73 h, lig. mash 0.24 0.15 117 72 189 62
73 h, OA 0.06 1.11 23 424 447 95
no lipase, 6 h, liq. mash 0.80 0.40 401 199 599 33
no 85 °C heat treatment 25 h, liq. mash 0.30 0.05 147 25 173 15
25 h, OA 0.55 0.36 212 139 351 40
73 h, lig. mash 0.23 0.05 117 26 143 23
73 h, OA 0.79 0.42 305 162 467 34
no lipase, 6 h, liq. mash 0.74 0.36 370 183 553 33
85 °C heat treatment 25 h, lig. mash 0.31 0.05 156 27 183 15
25 h, OA 0.60 0.35 233 136 369 37
73 h, lig. mash 0.20 0.05 99 23 121 23
73 h, OA 0.84 0.41 326 159 486 33
EXAMPLE 23

[0234]

Heat Inactivation of Lipase in Lipase-treated Liquefied Corn Mash for

Simultaneous Saccharification and Fermentation with In-situ Product Removal

Using Oleyl Alcohol

Three fermentations were run as described above in Examples 4, 5, and 6.
No lipase was added to the liquefied corn mash in Examples 4 and 6 prior to
fermentation, and the Lipase Treatment of the liquefied corn mash in the
fermentation described in Example 5 (using 7.2 ppm of Lipolase® total soluble
protein) was followed immediately by Heat Inactivation Treatment (to completely
inactivate the lipase), and subsequently followed by Nutrient Addition Prior to
Inoculation and fermentation. The % FFA in liquefied corn mash prepared
without lipase treatment for fermentations run as described in Examples 4 and 6
was 31% and 34%, respectively, compared to 89% with lipase treatment
(Example 5). Over the course of the fermentations listed in Table 10, the
concentration of FFA in the OA phase did not decrease in any of the three
fermentations, including that containing heat-inactivated lipase. The % FFA in
the OA phase of the fermentation run according to Example 5 (with heat
inactivation of lipase prior to fermentation) was 95% at 70 h (end of run (EOR)),
compared to only 33% FFA for the remaining two fermentations (Examples 4 and
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6) where liquefied corn mash was not treated with lipase. Results are shown in
Table 7.

Table 7: Lipid and free fatty acid content of fermentations containing oleyl alcohol as
ISPR solvent and heat-inactivated lipase (after lipase treatment of liquefied mash)

fermentation lipase time (h), lipids  FFA lipds FFA lipid+ % FFA
sample (Wt%)  (wt%) (9) (9) FFA (g)
Example 4 none liquefied mash 0.65 0.30 7.2 3.3 10.4 31
Example 4 none 0.2 h, broth 0.56 0.28 6.6 3.3 9.9 33
Example 4 none 4.3 h, broth 0.28 0.09 3.3 1.0 4.4 24
Example 4 none 4.3 h, OA 0.45 0.27 4.0 2.4 6.4 37
Example 4 none 30 h, broth 0.17 0.05 2.0 0.6 2.7 24
Example 4 none 30 h, OA 0.63 0.29 5.7 2.6 8.3 32
Example 4 none 53 h, broth 0.13 0.04 1.5 0.5 2.0 23
Example 4 none 53 h, OA 0.67 0.32 6.0 2.9 8.9 32
Example 4 none 70 h, broth 0.13 0.04 1.5 0.4 1.9 23
Example 4 none 70 h, OA 0.64 0.31 5.8 2.8 8.5 33
Example 5 7.2 ppm liquefied mash 0.11 0.89 1.3 9.9 11.2 89
Example 5 7.2ppm 0.2 h, broth 025 0.83 29 9.8 12.8 77
Example 5 7.2ppm 4.3 h, broth 0.14 0.17 1.6 21 3.7 56
Example 5 7.2ppm 4.3 h, OA 0.02 0.84 0.2 7.9 8.1 97
Example 5 7.2ppm 30 h, broth 0.08 0.18 1.0 21 3.1 68
Example 5 7.2ppm 30h, OA 0.04 0.92 0.3 8.6 8.9 96
Example 5 7.2ppm 53 h, broth 0.07 0.11 0.9 1.3 2.2 61
Example 5 7.2ppm 53 h, OA 0.08 0.95 0.7 8.9 9.6 93
Example 5 7.2ppm 70 h, broth 0.08 0.10 0.9 1.2 2.1 55
Example 5 7.2ppm 70 h, OA 0.05 094 0.4 8.8 9.2 95
Example 6 none liquefied mash 0.66 0.34 7.3 3.8 11.1 34
Example 6 none 0.2 h, broth 0.63 0.34 7.6 4.0 11.6 34
Example 6 none 4.3 h, broth 0.33 0.10 3.9 1.2 51 23
Example 6 none 4.3 h, OA 0.45 0.27 4.0 2.4 6.4 38
Example 6 none 30 h, broth 017 0.06 2.1 0.8 2.8 26
Example 6 none 30 h, OA 0.69 0.33 6.2 3.0 9.1 32
Example 6 none 53 h, broth 0.14 0.05 1.6 0.5 2.2 25
Example 6 none 53 h, OA 0.72 035 6.4 3.1 9.5 33
Example 6 none 70 h, broth 0.15 0.05 1.8 0.6 24 25
Example 6 none 70 h, OA 0.70 0.34 6.2 3.0 9.2 33
EXAMPLE 24

Lipase treatment of Ground Whole Corn Kernels prior to Liguefaction

[0235] Tap water (1377.6 g) was added into each of two jacketed 2-L resin
kettles, then 711.9 g wet weight (625.8 g dry weight) of ground whole corn
kernels (1.0 mm screen on hammer mill) was added to each kettle with stirring.
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Each mixture was heated to 55°C with stirring at 300 rom, and the pH adjusted to
5.8 with 2 N sulfuric acid. To each mixture was added 21.0 g of an aqueous
solution containing 1.008 g of Spezyme®-FRED L (Genencor®, Palo Alto, CA).
To one mixture was then added 10.5 mL of aqueous solution of Lipolase® 100L
Solution (21 mg total soluble protein, 10 ppm lipase final concentration) and to
the second mixture was added 1.05 mL of aqueous solution of Lipolase® 100L
Solution (2.1 mg total soluble protein, 1.0 ppm lipase final concentration).
Samples were withdrawn from each reaction mixture at 1 h, 2 h, 4 h.and 6 h at
55°C, then the temperature of the mixture was increased to 85°C with stirring at
600 rpm and pH 5.8, and a sample was taken when the mixture first reached
85°C. After 120 minutes at 85°C, a sample was taken and the mixtures were
cooled to 50°C and final samples of the resulting liquefied corn mash were
transferred to 50-mL polypropylene centrifuge tubes; all samples were stored
frozen at -80°C.

[0236] In two separate reactions, a 50 g sample of the 10 ppm lipase-treated
liquefied corn mash or a 55 g sample of the 1.0 ppm lipase-treated liquefied corn
mash prepared as described above was mixed with oleyl alcohol (OA) (38 g) at
30°C for 20 h, then the liquefied mash and OA in each reaction mixture were
separated by centrifugation and each phase analyzed for wt% lipid (derivatized
as fatty acid methyl esters, FAME) and for wt% free fatty acid (FFA, derivatized
as fatty acid methyl esters, FAME) according to the method described by
Reference 1. The % FFA in the OA phase of the liquefied mash/OA mixture
prepared using heat inactivation of 10 ppm lipase during liquefaction was 98% at
20 h, compared to only 62% FFA in the OA phase of the liquefied mash/OA
mixture prepared using heat inactivation of 1.0 ppm lipase during liquefaction.
Results are shown in Table 8.
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Table 8: Lipid and free fatty acid content of a mixture of liquefied corn mash and
oleyl alcohol, using lipase treatment of ground corn suspension prior to liquefaction
(heat inactivation of lipase during liquefaction)

reaction time (h), sample lipids FFA lipids FFA  lipid+FFA % FFA
conditions (Wt%) (Wt%) (mg) (mg) (mg)
10 ppm lipase 1 h, pre-liquefaction 0.226 0.627 112 311 424 74
at 55 °C priorto 2 h, pre-liquefaction 0.199 0.650 99 323 422 77
liquefaction at 4 h, pre-liquefaction 0.151 0.673 75 334 410 82
85 °C, mix with 6 h, pre-liquefaction 0.101 0.700 50 348 398 87
OAfor20 h 0 h, 85 °C, liq. mash  0.129 0.764 64 380 444 86
2h, 85 °C, lig. mash  0.129 0.751 64 373 437 85
20 h, 30 °C, liq. mash  0.074 0.068 37 34 71 48
20 h, 30 °C, OA 0.015 1.035 5.7 394 400 98
1.0 ppm lipase 1 h, pre-liquefaction 0.408 0.480 226 266 492 54
at 55 °C priorto 2 h, pre-liquefaction 0.401 0.424 222 235 457 51
liquefaction at 4 h, pre-liquefaction 0.299 0.433 165 240 405 58
85 °C, mix with 6 h, pre-liquefaction 0.346 0.453 192 251 442 57
OAfor20 h 0 h, 85 °C, liq. mash  0.421 0.407 233 225 458 49
2h, 85 °C, lig. mash  0.424 0.429 235 237 472 50
20 h, 30 °C, liq. mash  0.219 0.054 121 30 151 20
20 h, 30 °C, OA 0.344 0.573 140 233 373 62
EXAMPLE 25

Lipase Screening for Treatment of Ground Whole Corn Kernels prior to
Liguefaction

[0237] Seven reaction mixtures containing tap water (67.9 g) and ground whole
corn kernels (35.1 g wet wt., ground with 1.0 mm screen using a hammer mill) at
pH 5.8 were stirred at 55°C in stoppered flasks. A 3-mL sample (t = 0 h) was
removed from each flask and the sample immediately frozen on dry ice, then ca.
0.5 mL of 10 mM sodium phosphate buffer (pH 7.0) containing 1 mg total soluble
protein (10 ppm final concentration in reaction mixture) of one of the following
lipases (Novozymes) were added to one of each flask: Lipolase® 100 L, Lipex®
100L, Lipoclean® 2000T, Lipozyme® CALB L, Novozyme® CALA L, and
Palatase 20000L; no lipase was added to the seventh flask. The resulting
mixtures were stirred at 55°C in stoppered flasks, and 3-mL samples were
withdrawn from each reaction mixture at 1 h, 2 h, 4 h and 6 h and immediately
frozen in dry ice until analyzed for wt% lipid (derivatized as fatty acid methyl
esters, FAME) and for wt% free fatty acid (FFA, derivatized as fatty acid methyl
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[0238]

esters, FAME) according to the method described by Reference 1, and the
percent free fatty acid content was calculated relative to the total combined
concentrations of lipid and free fatty acid was determined for each sample.
Results are shown in Table 9.

Table 9: Percent free fatty acid content (% FFA) of a mixture of ground
whole corn kernels using lipase treatment at 55°C prior to liquefaction

% FFA
time  Oh 1h 2h 4h 6 h
Lipolase® 100L 33 56 74 76 79
Lipex® 100L 34 66 81 83 83
Lipoclean® 2000T 38 55 73 69 65
Lipozyme® CALB L 39 38 37 43 41
Novozyme® CALA L 37 40 44 44 45
Palatase® 20000L 37 49 59 62 66
no enzyme 38 33 37 41 42

EXAMPLE 26

Lipase treatment of Ground Whole Corn Kernels prior to Simultaneous

Saccharification and Fermentation with In-situ Product Removal Using Oleyl

Alcohol

Three fermentations were run as described above in Examples 7, 8, and
10. For fermentations run as described in Examples 7 and 10, lipase (10 ppm of
Lipolase® total soluble protein) was added to the suspension of ground corn and
heated at 55°C for 6 h prior to Liquefaction to produce a liquefied corn mash
containing heat-inactivated lipase. No lipase was added to the suspension of
ground corn used to prepare liquefied corn mash for the fermentation described
in Example 8, but the suspension was subjected to the same heating step at
55°C prior to liquefaction. The % FFA in lipase-treated liquefied corn mash
prepared for fermentations run as described in Examples 7 and 10 was 83% and
86%, respectively, compare to 41% without lipase treatment (Example 8). Over
the course of the fermentations, the concentration of FFA did not decrease in any
of the fermentations, including that containing heat-inactivated lipase. The %
FFA in the OA phase of the fermentation run according to Examples 7 and 10
(with heat inactivation of lipase prior to fermentation) was 97% at 70 h (end of run
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(EOR)), compared to only 49% FFA for the fermentation run according to
Example 8 where ground whole corn kernels had not been treated with lipase
prior to liquefaction. Results are shown in Table 10.

Table 10: Lipid and free fatty acid content of fermentations containing oleyl alcohol
as ISPR solvent and heat-inactivated lipase (lipase treatment of ground corn
suspension prior to liquefaction)

fermentation lipase time (h), sample lipids FFA lipds FFA lipid+ % FFA
Wt%)  (Wt%)  (9) (9 FFA(g)

Example 7 10 ppm pre-lipase/pre-lig. 0.65 0.22 7.1 24 9.4 25
Example 7 10 ppm post-lipase/pre-liq. 0.22 0.65 2.4 7.0 9.5 74
Example 7 10 ppm liquefied mash 0.17 0.79 1.8 8.5 10.3 83
Example 7 10 ppm 0.3 h, broth 0.16 0.79 1.8 8.9 10.7 83
Example 7 10 ppm 4.8 h, broth 0.14 0.31 1.6 3.5 5.1 69
Example 7 10 ppm 4.8 h, OA 0.04 0.68 0.3 5.4 5.6 95
Example 7 10 ppm 29 h, broth 0.10 0.12 1.2 1.3 2.5 53
Example 7 10 ppm 29 h, OA 0.03 1.05 0.2 8.2 8.4 98
Example 7 10 ppm 53 h, broth

Example 7 10 ppm 53 h, OA 0.07 1.14 0.5 9.0 9.5 95
Example 7 10 ppm 70 h, broth 0.11 0.07 1.2 0.8 2.0 39
Example 7 10 ppm 70 h, OA 0.03 1.10 0.2 8.7 8.9 97
Example 8 none  pre-lipase/pre-lig. 0.62 0.23 6.7 25 9.2 27
Example 8 none  post-lipase/pre-lig. 0.57 0.26 6.2 2.8 9.0 31
Example 8 none liquefied mash 0.52 0.36 5.6 4.0 9.6 41
Example 8 none 0.3 h, broth 0.50 0.33 5.7 3.8 9.4 40
Example 8 none 4.8 h, broth 0.47 0.14 5.3 1.6 6.9 24
Example 8 none 4.8 h, OA 0.12 0.32 1.0 2.9 3.9 73
Example 8 none 29 h, broth 0.30 0.05 3.4 0.6 4.0 16
Example 8 none 29 h, OA 0.31 0.46 2.7 41 6.9 60
Example 8 none 53 h, broth

Example 8 none 53 h, OA 0.47 0.50 4.2 4.4 8.6 51
Example 8 none 70 h, broth 0.22 0.04 2.5 0.5 3.0 17
Example 8 none 70 h, OA 0.40 0.39 3.6 3.5 7.0 49
Example 10 10 ppm pre-lipase/pre-lig. 0.67 0.23 7.4 25 9.9 25
Example 10 10 ppm post-lipase/pre-liq. 0.19 0.69 21 7.6 9.7 78
Example 10 10 ppm liquefied mash 0.14 0.85 1.6 9.4 11.0 86
Example 10 10 ppm 0.3 h, broth 0.13 0.82 1.5 9.4 10.9 86
Example 10 10 ppm 4.8 h, broth 0.11 0.29 1.3 3.3 4.6 72
Example 10 10 ppm 4.8 h, OA 0.04 0.60 0.3 5.2 5.6 94
Example 10 10 ppm 29 h, broth 0.09 0.14 1.0 1.6 2.6 61
Example 10 10 ppm 29 h, OA 0.01 0.96 0.1 8.4 8.5 99
Example 10 10 ppm 53 h, broth

Example 10 10 ppm 53 h, OA 0.02 0.95 0.2 8.3 8.4 98
Example 10 10 ppm 70 h, broth 0.09 0.08 1.1 0.9 1.9 45
Example 10 10 ppm 70 h, OA 0.03 0.99 0.3 8.7 9.0 97
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[0239]

EXAMPLE 27
Lipase treatment of Ground Whole Corn Kernels or Liquefied Corn Mash for

Simultaneous Saccharification and Fermentation with In-situ Product Removal
Using Corn QOil Fatty Acids (COFA)

Five fermentations were run as described above in Examples 9, 11, 12,
13, and 14. For the fermentations run as described in Examples 9, 13, and 14,
lipase (10 ppm of Lipolase® total soluble protein) was added after Liquefaction
and there was no heat-inactivation of lipase. Fermentations run as described in
Examples 9 and 14 had 5 g/L of ethanol added prior to inoculation, whereas the
fermentation run as described in Example 13 had no added ethanol. The
fermentations run as described in Examples 11 and 12 employed the addition of
10 ppm Lipolase® total soluble protein to the suspension of ground corn prior to
liquefaction, resulting in heat inactivation of lipase during liquefaction. The
fermentation run as described in Example 11 had 5 g/L of ethanol added prior to
inoculation, whereas the fermentation run as described in Example 12 had no
added ethanol. The final total grams of isobutanol (-BuOH) present in the COFA
phase of the fermentations containing active lipase was significantly greater than
the final total grams of /-BuOH present in the COFA phase of the fermentations
containing inactive lipase. The final total grams of isobutanol (-BuOH) present in
the fermentation broths containing active lipase were only slightly less than the
final total grams of -BuOH present in the fermentation broths containing inactive
lipase, such that the overall production of -BuOH (as a combination of free /-
BuOH and isobutyl esters of COFA (FABE)) was significantly greater in the
presence of active lipase when compared to that obtained in the presence of
heat-inactivated lipase. Results are shown in Tables 11 and 12.
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Table 11: Dependence of the production of free isobutanol (-BuOH) and isobutyl
esters of COFA (FABE) in fermentations containing corn oil fatty acids (COFA) as
ISPR solvent on presence (Examples 9, 13, and 14) or absence (Examples 11 and

12) of active lipase (COFA phase analysis)

fermentation g -BuOH/ g FABE/ g -BuOH from FABE/  total g i-BuOH/

fermentation time (h) kg COFA kg COFA kg COFA kg COFA
Example 9 4.5 24 0.0 0 2.4
Example 9 28.8 5.4 70.9 16.5 22.0
Example 9 52.4 8.9 199.0 46.4 55.3
Example 9 69.3 4.9 230.9 53.9 69.3
Example 11 6.6 23 0.0 0.0 23
Example 11 53.5 251 29 0.6 25.7
Example 11 711 24.4 6.3 1.4 25.8
Example 12 6.6 23 0.0 0.0 2.3
Example 12 53.5 12.8 1.6 0.4 13.2
Example 12 711 12.8 3.0 0.7 13.5
Example 13 6.6 23 0.0 0.0 23
Example 13 53.5 4.9 721 16.0 20.9
Example 13 711 46 91.4 20.3 24.9
Example 14 6.6 2.1 0.0 0.0 2.1
Example 14 53.5 9.8 197.2 43.8 53.6
Example 14 711 4.9 2445 54.3 59.2
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Table 12: Dependence of the production of free isobutanol (--BuOH) and isobutyl esters
of COFA (FABE) in fermentations containing corn oil fatty acids (COFA) as ISPR solvent
on presence (Examples 9, 13, and 14) or absence (Examples 11 and 12) of active
lipase (fermentation broth analysis)

fermentation g -BuOH/ g FABE/ g -BuOH from FABE/ total g i-BuOH/

sample time (h) kg broth kg broth kg broth kg broth

Example 9 4.5 0.0 0.0 0 0

Example 9 28.8 0.0 12.6 29 2.9
Example 9 52.4 0.0 30.3 71 7.1
Example 9 69.3 0.0 247 5.8 5.8
Example 11 6.6 0.0 0.0 0 0.0
Example 11 53.5 9.8 0.0 0 9.8
Example 11 711 9.5 0.0 0 9.5
Example 12 6.6 0.0 0.0 0 0

Example 12 53.5 3.8 0.0 0.0 3.8
Example 12 711 5.1 0.0 0.0 5.1
Example 13 6.6 0.0 0.0 0 0

Example 13 53.5 2.1 3.0 0.7 2.8
Example 13 711 2.1 7.4 1.6 3.7
Example 14 6.6 0.0 0.0 0 0.0
Example 14 53.5 29 224 5.0 7.9
Example 14 711 3.3 19.3 4.3 7.6

EXAMPLE 28

Dependence of isobutyl-COFA ester concentration on aqueous/COFA ratio in

lipase-catalyzed reactions

[0240] Reaction mixtures containing aqueous 2-(N-morpholino)ethanesulfonic
acid buffer (0.20 M, pH 5.2), isobutanol (2-methyl-1-propanol), lipase (Lipolase®
100 L; Novozymes) and corn oil fatty acids prepared from corn oil (Table 13)
were stirred at 30 °C, and samples were withdrawn from each reaction mixture at
predetermined times, immediately centrifuged, and the aqueous and organic
layers separated and analyzed for isobutanol (-BuOH) and isobutyl esters of corn
oil fatty acids (-BuO-COFA) (Table 14).
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Table 13: Reaction conditions for conversion of isobutanol (-BuOH) to isobutyl
esters of corn oil fatty acids (-BuO-COFA)

MES (0.2 M) ~BuOH COFA lipase
reaction (9) (9) (9) (Pppm)
1 45.96 3.6 43.4 10
2 45.96 3.6 21.7 10
3 45.96 3.6 10.85 10
4 45.96 3.6 43.4 4
5 45.96 3.6 43.4 0

Table 14: Weights of isobutanol (-BuOH) and isobutyl esters of corn oil fatty acids (/-
BuO-COFA) present in the aqueous fraction (AQ) and organic fraction (ORG) for
reactions described in Table 13

free i-BuOH from
total /- total -BuOH -BuOH -BuO-COFA -BuO-
BuOH COFA
reaction time (h) (9) (AQ) (9) (ORG) (9) (ORG) (9) (ORG) (9) (ORG)
1 0.1 0.77 2.83 2.77 0.05 0.24
1 1 0.76 2.84 2.58 0.25 1.13
1 2 0.74 2.86 2.4 0.44 2.00
1 4 0.66 2.94 2.05 0.89 4.03
1 6 0.63 2.97 1.43 1.54 6.93
1 215 0.28 3.32 0.34 2.98 13.4
1 25.5 0.23 3.37 0.29 3.08 13.8
2 0.1 1.17 2.43 2.36 0.07 0.30
2 1 1.09 2.51 2.26 0.24 1.10
2 2 1.07 2.53 2.19 0.34 1.52
2 4 1.03 2.57 1.99 0.59 2.64
2 6 1.00 2.60 1.70 0.90 4.04
2 215 0.75 2.85 0.58 2.27 10.2
2 25.5 0.59 3.01 0.49 2.52 11.4
3 0.1 1.56 2.04 1.98 0.06 0.27
3 1 1.55 2.05 1.77 0.28 1.24
3 2 1.49 2.1 1.65 0.46 2.08
3 4 1.45 2.15 1.28 0.87 3.92
3 6 1.33 2.27 0.96 1.31 5.92
3 215 1.12 2.48 0.26 2.22 10.0
3 25.5 0.88 2.72 0.26 2.46 111
4 0.1 0.84 2.76 2.75 0.02 0.07
4 1 0.78 2.82 2.73 0.09 0.40
4 2 0.83 2.77 2.59 0.17 0.79
4 4 0.78 2.82 2.44 0.38 1.71
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0.78 2.82 2.10 0.72 3.25
0.58 3.02 1.12 1.90 8.57
0.51 3.09 0.97 2.1 9.51
0.90 2.70 2.70 0.00 0.00
0.90 2.70 2.70 0.00 0.00
0.92 2.68 2.68 0.00 0.00
0.89 2.7 2.70 0.00 0.02
0.92 2.68 2.62 0.06 0.29
0.90 2.70 2.62 0.08 0.37
0.89 2.71 2.62 0.09 0.41

EXAMPLE 29

Dependence of isobutyl-COFA ester concentration on aqgueous/COFA ratio in

lipase-catalyzed reactions

[0241] Reaction mixtures containing aqueous 2-(N-morpholino)ethanesulfonic

acid buffer (0.20 M, pH 5.2), isobutanol (2-methyl-1-propanol) or n-butanol, lipase

(Lipolase® 100 L; Novozymes) and corn oil fatty acids prepared from corn oil

(Table 15) were stirred at 30°C, and samples were withdrawn from each reaction

mixture at predetermined times, immediately centrifuged, and the aqueous and

organic layers separated and analyzed for isobutanol (i-BuOH) or n-butanol (n-
BuOH) and isobutyl- or butyl esters of corn oil fatty acids (BuO-COFA) (Table

16).

Table 15: Reaction conditions for conversion of isobutanol (-BuOH) or n-
butanol (n-BuOH) to butyl esters of corn oil fatty acids (BuO-COFA)

MES( 0.2 M) butanol COFA lipase
reaction butanol (9) (9) (9) (ppm)
6 iso-butanol 45.96 3.6 13.5 10
7 n-butanol 45.96 3.6 13.5 10
8 iso-butanol 45.96 3.6 13.5 0
9 isobutanol 45.96 3.6 13.5 4
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Table 16: Weights of isobutanol (-BuOH) or n-butanol (n-BuOH) and butyl esters
of corn oil fatty acids (BuO-COFA) present in the aqueous fraction (AQ) and
organic fraction (ORG) for reactions described in Table 15

~BUOH
total -BuOH total -BuOH total /- i-BuOH from i-BuO-
BuOH COFA
reaction  time (h) (9) (AQ) (9) (ORG) (g) (ORG) (9) (ORG) (9) (ORG)
6 0 1.46 2.14 2.11 0.04 0.16
6 2 1.41 2.19 1.63 0.56 2.51
6 4 1.27 2.33 1.31 1.02 4.58
6 21 0.66 2.94 0.29 2.65 12.0
6 25 0.60 3.00 0.26 2.73 12.3
6 46 0.54 3.06 0.22 2.83 12.8
n-BuOH from n- n-BuO-
total n-BuOH total n-BuOH n-BuOH BuO-COFA COFA
(9) (AQ) (9) (ORG) (g) (ORG) (g) (ORG) (9) (ORG)
7 0 1.31 2.29 2.26 0.03 0.11
7 2 1.26 2.34 1.89 0.45 2.03
7 4 1.20 2.40 1.66 0.74 3.35
7 21 0.81 2.79 0.50 2.29 10.3
7 25 0.77 2.83 0.40 2.43 11.0
7 46 0.50 3.10 0.23 2.87 12.9
i-BuOH from i- -BuO-
total i-BuOH total i-BuOH FBUOH BuO-COFA COFA
(9) (AQ) (9) (ORG) (g) (ORG) (g) (ORG) (g) (ORG)
8 0 1.62 1.98 1.98 0.00 0.01
8 2 1.56 2.04 2.04 0.00 0.00
8 4 1.59 2.01 2.01 0.00 0.00
8 21 1.59 2.01 2.00 0.01 0.04
8 25 1.55 2.05 2.04 0.01 0.04
8 46 1.45 2.15 2.12 0.02 0.11
i-BuOH from /- -BuO-
total -BuOH total -BuOH -BuOH BuO-COFA COFA
(9) (AQ) (9) (ORG) (9) (ORG) (g) (ORG) (9) (ORG)
9 0 1.57 2.03 2.02 0.01 0.04
9 2 1.54 2.06 1.86 0.19 0.86
9 4 1.44 2.16 1.79 0.36 1.64
9 21 1.14 2.46 0.95 1.51 6.82
9 25 1.10 2.50 0.83 1.67 7.50
9 46 0.78 2.82 0.44 2.37 10.7
EXAMPLE 30
Production of iso-butyl oleate by lipase-catalyzed reaction of iso-butanol
and oleic acid
[0242] Reaction mixtures containing aqueous 2-(N-morpholino)ethanesulfonic

acid buffer (0.20 M, pH 5.2), isobutanol (2-methyl-1-propanol), lipase (0 ppm or
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10 ppm Lipolase® 100 L; Novozymes) and oleic acid (Alfa Aesar) (Table 17)
were stirred at 30°C, and samples were withdrawn from each reaction mixture at
predetermined times, immediately centrifuged, and the aqueous and organic
layers separated and analyzed for isobutanol (-BuOH) and iso-butyl oleate (i
BuO-oleate) (Table 18).

Table 17: Reaction conditions for conversion of isobutanol (-BuOH) to iso-
butyl oleate (i-BuO-oleate)

MES (0.2 M) -BuOH oleic acid lipase
reaction (9) (9) (9) (ppm)
10 46.11 3.64 14.62 10
11 46.10 3.59 14.40 0

Table 18: Weights of isobutanol (-BuOH) and iso-butyl oleate (-BuO -COFA) present in
the aqueous fraction (AQ) and organic fraction (ORG) for reactions described in Table

17.
-BuOH from /- -BuO-
total /- total -BuOH -BuOH BuO-oleate oleate
BuOH
reaction time (h) (9) (AQ) (9) (ORG) (9) (ORG) (9) (ORG) (9) (ORG)

10 0 1.37 2.28 2.24 0.04 0.18
10 2 1.30 2.34 1.95 0.40 1.81
10 4 1.28 2.37 1.82 0.55 2.53
10 6 1.22 2.42 1.71 0.72 3.27
10 23 0.92 2.72 0.71 2.01 9.20
10 27 0.89 2.75 0.65 2.11 9.62
10 47 0.81 2.84 0.55 2.29 10.5
10 51 0.82 2.83 0.54 2.29 10.5
11 0 1.44 2.16 2.16 0.00 0.00
11 2 1.45 2.15 2.15 0.00 0.00
11 4 1.44 2.16 2.16 0.00 0.00
11 6 1.43 2.16 2.16 0.00 0.00
11 23 1.49 2.10 2.10 0.01 0.02
11 27 1.46 2.14 2.13 0.01 0.04
11 47 1.48 2.12 2.09 0.02 0.10
11 51 1.52 2.07 2.05 0.02 0.11

EXAMPLE 31
Production of iso-butyl oleate by lipase-catalyzed reaction

of iso-butanol and oleic acid
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[0243] Reaction mixtures containing aqueous 2-(N-morpholino)ethanesulfonic
acid buffer (MES, 0.20 M, pH 5.2), isobutanol (2-methyl-1-propanol), oleic acid
(Alfa Aesar), and lipase (10 ppm) from Lipolase® 100L, Lipex® 100L, Lipozyme®
CALB L, Novozyme® CALA L, Palatase® from Novozymes, or lipase (10 ppm)
from Pseudomonas fluorescens, Pseudomonas cepacia, Mucor miehei, hog
pancreas, Candida cylindracea, Rhizopus niveus, Candida antarctica, Rhizopus
arrhizus or Aspergillus from SigmaAldrich (Table 19), were stirred at 30°C, and
samples were withdrawn from each reaction mixture at predetermined times,
immediately centrifuged, and the aqueous and organic layers separated and
analyzed for isobutanol (-BuOH) and iso-butyl oleate (-BuO-oleate) (Table 20).

Table 19: Reaction conditions for conversion of isobutanol (i-BuOH) to iso-butyl
oleate (i-BuO-oleate)

MES (0.2 M) -BuOH oleic acid lipase
(9) (9) (9) (PPm)
46.105 3.601 13.72 10

Table 20: Weights of isobutanol (-BuOH) and iso-butyl oleate (-BuO-oleate) present
in the aqueous fraction (AQ) and organic fraction (ORG) for reactions described in
Table 19

total /- total /- i-BuOH from i-BuO-

BuOH BuOH i-BuOH i-BuO-oleate oleate
lipase time (h) (9) (AQ) (9) (ORG) (9) (ORG) (9) (ORG)  (g) (ORG)
Lipolase® 100L 23 1.55 2.05 1.47 0.59 2.68
Lipex® 100L 23 0.65 2.95 0.30 2.65 12.09
Lipozyme® CALB L 23 1.01 2.59 0.82 1.77 8.08
Novozyme® CALA L 23 1.39 2.22 2.16 0.06 0.27
Pa|atase® 23 1.27 2.33 1.43 0.91 4.14
Pseudomonas fluorescens 23 1.38 2.22 1.97 0.25 1.14
Pseudomonas cepacia 23 1.39 2.21 1.95 0.26 1.20
Mucor miehei 23 1.29 2.31 1.57 0.75 3.42
hog pancreas 23 1.40 2.20 2.19 0.01 0.04
Candida cylindracea 23 1.15 2.45 1.08 1.37 6.25
Rhizopus niveus 23 1.39 2.21 2.19 0.02 0.1
Candida antarctica 23 1.37 2.24 2.08 0.15 0.69
Rhizopus arrhizus 23 1.01 2.59 0.81 1.78 8.12
Aspergillus 23 1.36 2.24 2.06 0.18 0.82
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[0244]

acid buffer (0.20 M, pH 5.3), isobutanol (2-methyl-1-propanol), phospholipase
(Phospholipase A; SigmaAldrich, L3295-250) and corn oil fatty acids prepared
from corn oil were stirred at 30°C (Table 21), and samples were withdrawn from
each reaction mixture at predetermined times, immediately centrifuged, and the
aqueous and organic layers separated and analyzed for isobutanol (-BuOH) and

butanol and corn oil fatty acids (COFA)

Reaction mixtures containing aqueous 2-(N-morpholino)ethanesulfonic

isobutyl esters of corn oil fatty acids (-BuO-COFA) (Table 22).

Table 21. Reaction conditions for conversion of isobutanol (-BuOH) to isobutyl
esters of corn oil fatty acids (-BuO-COFA)

MES buffer -BuOH COFA lipase

reaction # (0.2M) (9) (9) (9) (ppm)
1 3.6 14.7 10
2 3.6 14.7 3
3 3.6 14.7 0

Table 22. Weights of isobutanol (-BuOH) and isobutyl esters of corn oil fatty

acids (-BuO-COFA) present in the aqueous fraction (AQ) and organic fraction
(ORGQG) for reactions described in Table 21

free i-BuOH from
total /- total -BuOH -BuOH -BuO-COFA -BuO-
BuOH COFA
reaction time (h)  (g) (AQ)  (g) (ORG)  (g) (ORG)  (g) (ORG)  (g) (ORG)

1 0.1 1.29 2.39 2.39 0.00 0.00
1 2 1.24 2.44 2.38 0.06 0.26
1 20 1.25 2.43 2.22 0.21 0.96
1 24 1.26 2.42 2.19 0.23 1.03
1 44 1.27 2.41 2.13 0.28 1.28
1 48 1.22 2.46 2.15 0.31 1.41
2 0.1 1.27 2.34 2.34 0.00 0.00
2 2 1.25 2.35 2.33 0.02 0.08
2 20 1.24 2.37 2.30 0.07 0.30
2 24 1.22 2.38 2.31 0.07 0.32
2 44 1.33 2.28 2.18 0.10 0.44
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2 48 1.23 2.38 2.27 0.11 0.48
3 0.1 1.27 2.33 2.33 0.00 0.00
3 2 1.26 2.34 2.34 0.00 0.00
3 20 1.22 2.38 2.37 0.01 0.07
3 24 1.25 2.35 2.33 0.02 0.08
3 44 1.24 2.36 2.32 0.04 0.18
3 48 1.24 2.36 2.32 0.04 0.18
EXAMPLE 33

Comparison of partition coefficients for isobutanol between water and extractant

[0245] Aqueous solutions of isobutanol (30 g/L) were mixed with corn oil fatty
acids (COFA), oleic acid, or corn oil triglycerides, and their measured partition
coefficients reported in the table relative to the measured partition coefficient for
oleyl alcohol. Results are shown in Table 23.

Table 23: Relative partition coefficients for isobutanol (30 g/L) between water
and extractant

isobutanol partition coefficient,

extractant relative to oleyl alcohol
oleyl alcohol 100 %
corn oil fatty acids 91 %
corn oil fatty acid isobutyl esters 43 %
corn oil triglycerides 10 %
Example 34

Hydroxylated Triglycerides from Corn Oil

[0246] To a three-neck 500mL flask equipped with a mechanical stirrer and
addition funnel was added corn oil (50.0 g), toluene (25.0 mL), Amberlyte IR-120
resin (12.5 @), and glacial acetic acid (7.5 g). The resulting mixture was heated to
60°C, and then hydrogen peroxide (41.8 g of 30% H.O, in water) was added
dropwise over one hour. The mixture was stirred at 60°C for two hours, upon
which time the reaction mixture was worked up: resin was removed by filtration,
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and the filtrate partitioned between ethyl acetate (75 mL) and water (50 mL).
After the layers were separated, the organic layer was washed with sat. aq.
NaHCOj; solution (50 mL), and brine (50 mL). The organic layer was dried over
anh. Na,SO, and concentrated in vacuo to obtain 48.9g of yellow oil. The 'H
NMR analysis of the crude reaction product showed that 63% of double bonds
were epoxidized.

A. Corn oil hydroxylation (63% hydroxylation)

[0247] To a three-neck 500mL flask equipped with a mechanical stirrer and
addition funnel was added corn oil (50.0 g), toluene (25.0 mL), Amberlyte IR-120
resin (12.5 g), and glacial acetic acid (7.5 g). The resulting mixture was heated to
60°C, and then hydrogen peroxide (41.8 g of 30% H,O, in water) was added
dropwise over one hour. The mixture was stirred at 60°C for two hours, upon
which time the reaction mixture was worked up: resin was removed by filtration,
and the filtrate partitioned between ethyl acetate (75 mL) and water (50 mL).
After the layers were separated, the organic layer was washed with sat. aq.
NaHCOj; solution (50 mL), and brine (50 mL). The organic layer was dried over
anh. Na,SO, and concentrated in vacuo to obtain 48.9g of yellow oil. The 'H
NMR analysis of the crude reaction product showed that 63% of double bonds
were epoxidized.

[0248] To a 500 mL round bottom flask was added epoxidized corn oil (20.0 g),
tetrahydrofuran (THF) (100.0 mL), and sulfuric acid (50 mL of 1.7 M aqueous
solution). The cloudy mixture was stirred for two hours at 50°C, and then worked
up by partitioning between water (100 mL) and ethyl acetate (200 mL). The
organic layer was washed with water (3x50 mL) and then brine (50 mL). The
organic layer was dried over anh. Na,SO4 and concentrated in vacuo to obtain
19.9 g of dark yellow oil (63% hydroxylation corn oil).

B. Corn oil hydroxylation (47% hydroxylation)

[0249] To a three-neck 500 mL flask, equipped with a mechanical stirrer and
addition funnel was added corn oil (50.0 g), toluene (25.0 mL), Amberlyte IR-120
resin (12.5 g), and glacial acetic acid (7.5 g). The resulting mixture was heated to
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60°C, and then hydrogen peroxide (41.8 g of 30% H.O, in water) was added
dropwise over one hour. The mixture was stirred at 60,C for one hour, upon
which time the reaction mixture was worked up: the resin was removed by
filtration, and the filtrate partitioned between ethyl acetate (75 mL) and water (50
mL). After the layers were separated, the organic layer was washed with sat. aq.
NaHCO; solution (50 mL), and brine (50 mL). The organic layer was dried over
anh. Na SO, and concentrated in vacuo to obtain 49.8g of yellow oil. The 'H
NMR analysis of the crude reaction product showed that 47% of double bonds
were epoxidized.

[0250] To a 500 mL round bottom flask was added epoxidized corn oil (20.0 g),
THF (100.0 mL), and sulfuric acid (50 mL of 1.7M aqueous solution). The cloudy
mixture was stirred for two hours at 50°C, and then worked up by partitioning
between water (100 mL) and ethyl acetate (200 mL). The organic layer was
washed with water (3x50 mL) and then brine (50 mL). The organic layer was
dried over anh. Na,SO,4 and concentrated in vacuo to obtain 19.2 g of dark yellow
oil (47% hydroxylation corn oil).

C. Corn oil hydroxylation (28% hydroxylation)

[0251] To a three-neck 500 mL flask, equipped with a mechanical stirrer and
addition funnel was added corn oil (50.0 g), toluene (25.0 mL), Amberlyte IR-120
resin (12.5 g), and glacial acetic acid (7.5g). The resulting mixture was heated to
60°C, and then hydrogen peroxide (41.8 g of 30% H,O, in water) was added
dropwise over one hour. The mixture was stirred at 60°C for two hours, upon
which time the reaction mixture was worked up: the resin was removed by
filtration, and the filtrate partitioned between ethyl acetate (75 mL) and water (50
mL). After the layers were separated, the organic layer was washed with sat. aq.
NaHCOj; solution (50 mL), and brine (50 mL). The organic layer was dried over
anh. Na,SO, and concentrated in vacuo to obtain 47.2 g of yellow oil. The 'H
NMR analysis of the crude reaction product showed that 28% of double bonds
were epoxidized.

[0252] To a 500 mL round bottom flask was added epoxidized corn oil (20.0 g),
THF (100.0 mL), and sulfuric acid (50 mL of 1.7M aqueous solution). The cloudy
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mixture was stirred for two hours at 50°C, and then worked up by partitioning
between water (100 mL) and ethyl acetate (200 mL). The organic layer was
washed with water (3x50 mL) and then brine (50 mL). The organic layer was
dried over anh. Na,SO4 and concentrated in vacuo to obtain 20.3 g of dark yellow
oil (28% hydroxylation corn oil).

Partition coefficient measurement

[0253] To a 5 mL vial was added 0.910 g of the 67% hydroxylated corn oil, and
0.910 mL of 3wt% i-BuOH water solution. The biphasic mixture was vigorously
stirred using Vortex Genie® for 10 minutes. Upon mixing, the separation of
layers was aided by centrifuging the mixture using Fisher Scientific Centrific 228
centrifuge (3300 rpm) for 10 minutes. 0.100 g of both layers were taken. The
organic, upper layer was diluted to 1.00 mL with toluene solution of ethylene
glycol diethylether (10.1 mg/mL), and the water layer was diluted to 1.00 mL with
methanol solution of ethylene glycol diethylether (10.2 mg/mL). The
concentrations of i-BuOH in both phases were measured using a calibrated gas
chromatograph (GC). The same procedure was repeated for 47% and 28%
hydroxylated corn oil. The partition coefficient thus measured was 3.2 for the
67% hydroxylated corn oil, 2.3 for the 47% hydroxylated corn oil, and 2.1 for the
28% hydroxylated corn oil.

[0254] The above outlined procedure was repeated with 6% /-BuOH water
solution. The partition coefficients for 67% -, 47% -, and 28% -hydroxylated corn
oils were 2.9, 2.9, and 2.0, respectively.

Example 34
Fatty Amides Plus Fatty Acids, and Pure Fatty Amides from Corn Qil

[0255] Corn oil was reacted with aqueous ammonium hydroxide in a manner
similar to that described by Roe, et al., J. Am. Oil Chem. Soc. 29:18-22, 1952.
Mazola® corn oil (0.818 L, 755 g) was placed in a 1 gallon stainless steel reactor
to which was added 1.71 L (1540 g) of aqueous ammonium hydroxide (28% as
NH3). The reactor was heated with stirring to 160°C and was maintained at that
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temperature with stirring for 7 h during which time the pressure reached 400 psi.
The reactor was cooled and the product, a creamy white solid, was removed and
the reactor rinsed with ethyl acetate. The product was dissolved in 5 L ethyl
acetate and washed 5 times with 500 mL each of water which was neutralized
with H,SO,4. The ethyl acetate was then dried over anhydrous Na,SO, and the
solvent removed on a rotary evaporator leaving a light brown soft solid.

[0256] *C NMR in CDCl3 indicated that the product contained an approximate 2:1
ratio of fatty amide to fatty acid and that the conversion of the corn oil to product
was quantitative. The product had a melting point of 57-58°C, but dropped about
11°C when saturated with water.

[0257] Pure corn oil fatty amide was synthesized from corn oil according to
Kohlhase, et al.,, J. Am. Oil Chem. Soc. 48:265-270, 1971 using anhydrous
ammonia with ammonium acetate as a catalyst.

[0258] Three grams of ammonium acetate were placed in a 400 mL stainless
steel shaker tube to which was added 51.8 g of corn oil. Anhydrous ammonia
(89.7 g) was then added and the reactor sealed and heated for 7 h at 125°C
during which time the pressure reached 1300 psi. The reactor was cooled, the
light colored solid removed and the reactor rinsed with ethyl acetate. The product
dissolved in ethyl acetate was then worked up as in the case of the fatty
amide/fatty acid mixture above.

[0259] Fatty acids were synthesized from corn oil by base hydrolysis using
NaOH. Round bottom flask (5L) was equipped with a mechanical stirrer,
thermocouple, heating mantle, condenser, and nitrogen tee. Charged with 500 g
of food grade corn oil, 1 L of water and 75 g of sodium hydroxide. Mixture was
heated to 90°C and held for three hours, during which time it became a single
thick, emulsion-like single phase. At the end of this time, TLC shows no
remaining corn oil in the mixture. The mixture was then cooled to 72°C and 500
mL of 25% sulfuric acid was added to acidify the mixture. It was then cooled to
room temperature and 2 L of diethyl ether was added. The ether layer was
washed 3x1 L with 1% sulfuric acid, 1x1 L with saturated brine, dried over
MgSQ,, and filtered. The ether was removed by rotovap and then the oil was
purged with nitrogen overnight, obtaining 470 g of a yellow oil that partially
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crystallized overnight. Titration for free fatty acids via AOCS method Ca 5a-40
shows a fatty acid content of 95% expressed as oleic acid. A sample was
silanized by reacting 104 mg with 100 uL of N-methyl-N-
(trimethylsilyl)trifluoroacetamide in 1 mL of dry pyridine. Gas chromatography-
mass spectrometry (GCMS) analysis of the silanized product shows the presence
of the TMS derivatives of the 16:0, 18:2, 18:1, 18:0, and 20:0 acids

[0260] Three preparations: (1) the 2:1 mixture of corn oil fatty amide and corn oil
fatty acid from aqueous ammonia, (2) a 2:1 mixture of pure corn oil fatty
amide:pure corn oil fatty acid, and (3) a 1:2 mixture of pure corn oil fatty
amide:corn oil fatty acid, were all tested for their ability to extract isobutanol from
a 3% solution in water. Seven hundred milligrams of each was added to 2.1 mL
of water containing 3% isobutanol in a 20 mL scintillation vial and placed on a
rotary shaker overnight at 30°C. In all three cases, the organic phase became
liquid at this temperature, indicating a further lowering of the melting point with
the uptake of isobutanol. Fifty microliters of the upper phase were diluted with
either 200 pL of toluene containing ethylene glycol diethylether (10.068 mg/mL)
as a GC standard or 200 uL of isopropanol containing the same concentration of
ethylene glycol diethylether. Fifty microliters of the lower phase was diluted with
150 yL of methanol and 50 uL of isopropanol containing the same concentration
of ethylene glycol diethylether. The concentrations of isobutanol in both phases
were determined using a calibrated GC. The partition coefficients measured
were as follows: 3.81 for (1), 4.31 for (2), and 3.58 for (3).

[0261] Fatty amide/fatty acid aqueous ammonia preparation (1), and a
preparation (1a) constituted by preparation (1) mixed 1:1 with pure corn oil fatty
acid (equivalent to 1:2 fatty amide:fatty acid) were incubated in shake flasks with
fermentation broth containing the Saccharomyces butanologen NGCI-070 at a
ratio of 3 parts broth to 1 part amide/acid mixture. Preparation (1) was a soft
solid, while preparation (1a) was a liquid at 30°C. Starting at a glucose
concentration of 8.35 g/L, the shake flasks were then incubated for 25 h on an
incubator shaker and the consumption of glucose followed as a function of time.
Table 24 indicates that the fatty amide/fatty acid mixtures at both ratios were not
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toxic to the butanologen and even showed higher rates of glucose uptake than
with oleyl alcohol.

Table 24

Flask Glucose conc. (g/L)
Time =0 18hrs | 25hrs

Oleyl Alcohol 8.35 4.26 0
Oleyl Alcohol 8.35 4.46 0
2:1 Synthesized Fatty Amide:Fatty
Acid Mix (Preparation (1)) 8.35 3.06 0
2:1 Synthesized Fatty Amide:Fatty
Acid Mix (Preparation (1)) 8.35 3.22 0

1:1 Synthesized Fatty Amide Fatty
Acid Mix:Pure Fatty Acids
(Preparation (1a)) 8.35 2.73 0
1:1 Synthesized Fatty Amide Fatty
Acid Mix:Pure Fatty Acids
(Preparation (1a)) 8.35 2.73 0

Example 35
Fatty Alcohols from Corn Qil

[0262] With reference to the reaction of Equation IV above for producing fatty
alcohols from corn oil, a 22L, round-bottom flask equipped with a mechanical
stirrer, reflux condenser with N, source, addition funnel, internal thermocouple,
and rubber septum was flame-dried under nitrogen. The flask was charged with
132 g (3.30 moles) of 95% lithium aluminum hydride powder that is weighed out
in a dry box and loaded into a solids addition funnel. The 22L flask was cooled
with an ice bath, and 9.0 liters of anhydrous THF were added into the reactor via
a cannula. The resulting slurry was cooled to 0-5°C and a solution of 956 g (1.10
moles) of Wesson® corn oil in 1.00 liter of anhydrous THF was added dropwise
over 2-3 hours while holding the reaction temperature at 5-20°C. After adding the
corn oil, the slurry was stirred overnight at ambient temperature. When the
reaction was done, as verified by TLC chromatography, it was quenched by the
dropwise addition of a solution of 130 g of water dissolved in 370 mL of THF.
Then 130 g of 15% aqueous NaOH solution was added followed by the addition
of 400 g of water. The mixture was vigorously stirred while warming to room
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temperature and produced a white granular solid. The solids were filtered off
using a fritted-glass filter funnel and washed with additional THF. The THF was
removed on a rotary evaporator and the residue was taken up in 3.00 liters of
ethyl acetate. The product solution was washed with 2x 1.00 L of water, 1 x 1.00
L of brine, dried over Na,SQ,, filtered, and concentrated in vacuo to give 836 g
(97%) of fatty alcohols as yellow oil. The crude fatty alcohol mixture was then
distilled (140°C/1immHg), and used in the following partition coefficients
experiments.

Partition coefficient experiments

[0263] To each of the five 5-mL vials were added 1 mL of fatty alcohol mixture,
and 1 mL of 3 wt% i-BuOH water solution. The biphasic mixture was vigorously
stirred using Vortex Genie® for 10, 20, 30, 40, and 60 minutes, respectively.
Upon mixing, the separation of layers was aided by centrifuging the mixture using
Fisher Scientific Centrific 228 centrifuge (3300 rpm) for 10 minutes. 0.100 mL of
both layers were taken. The organic, upper layer was diluted to 1.00 mL with
toluene solution of ethylene glycol diethylether, and the water layer was diluted to
1.00 mL with methanol solution of ethylene glycol diethylether. The
concentrations of -BuOH in both phases were measured using a calibrated GC.
The partition coefficient thus measured was 2.70.

[0264] The same partition coefficient measurement, as described above was run
for 6 wt% i-BuOH concentration. The partition coefficient thus measured was
3.06.

[0265] While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example
only, and not limitation. It will be apparent to persons skilled in the relevant art
that various changes in form and detail can be made therein without departing
from the spirit and scope of the invention. Thus, the breadth and scope of the
present invention should not be limited by any of the above-described exemplary
embodiments, but should be defined only in accordance with the following claims
and their equivalents.
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[0266]All publications, patents and patent applications mentioned in this specification
are indicative of the level of skill of those skilled in the art to which this invention
pertains, and are herein incorporated by reference to the same extent as if each
individual publication, patent or patent application was specifically and
individually indicated to be incorporated by reference.

[0267] Where the terms “comprise”, “comprises”, “comprised” or “comprising” are
used in this specification, they are to be interpreted as specifying the presence of
the stated features, integers, steps or components referred to, but not to preclude
the presence or addition of one or more other feature, integer, step, component

or group thereof.
[0268] Further, any prior art reference or statement provided in the specification is

not to be taken as an admission that such art constitutes, or is to be understood

as constituting, part of the common general knowledge.
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The Claims defining the invention are as follows:

1. A method comprising:
contacting biomass comprising water, fermentable carbon source, and oil with
one or more catalyst whereby at least a portion of the oil is hydrolyzed by one or
more catalyst to form an extractant, wherein the fermentable carbon source and

the oil are both derived from the biomass.

2.  The method of claim 1, further comprising:
contacting the biomass with a fermentation broth in a fermentation vessel,
fermenting the carbon source of the biomass to produce a product alcohol; and
removing in situ the product alcohol from the fermentation broth by contacting the

broth with the extractant.

3. A method for producing an alcohol comprising:

(a) providing biomass comprising water, fermentable carbon source, and oil;

(b) liquefying the biomass to produce a liquefied biomass;

(c) contacting the liquefied biomass with one or more catalysts whereby at
least a portion of the oil is hydrolyzed to form an extractant;

(d) contacting the liquefied biomass with a saccharification enzyme capable of
converting oligosaccharides into fermentable sugar;

(e) contacting the liquefied biomass with a fermentation broth in a fermentation
vessel;

(f) fermenting the carbon source of the liquefied biomass to produce a product
alcohol;

(g) removing in situ the product alcohol from the fermentation broth by
contacting the broth with the extractant;

and optionally steps (c) and (d) occur concurrently

4, A composition comprising:
(a) a recombinant microorganism capable of producing an alcohol;

(b) fermentable carbon source;
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10.

11.

12.

(c) one or more catalysts capable of hydrolyzing glycerides into fatty acids;
(d) oil comprising glycerides; and
(e) fatty acids.

The composition of claim 4, wherein the one or more catalysts is selected from

esterase, lipase, phospholipase, and lysophospholipase.

The composition of claim 4 or claim 5, wherein the oil is corn, tallow, canola,
capric/caprylic triglycerides, castor, coconut, cottonseed, fish, jojoba, lard,
linseed, neetsfoot, oiticica, palm, peanut, rapeseed, rice, safflower, soya,

sunflower, tung, jatropha and vegetable oil blends.

The composition of claim 4, wherein the fermentable carbon source and the oil
are derived from biomass.

The composition of claim 7, wherein the biomass comprises corn grain, corn
cobs, crop residues, corn husks, corn stover, grasses, wheat, rye, wheat straw,
barley, barley straw, hay, rice straw, switchgrass, waste paper, sugar cane
bagasse, sorghum, sugar cane, soy, grains, cellulosic material, lignocellulosic
material, trees, branches, roots, leaves, wood chips, sawdust, shrubs and
bushes, vegetables, fruits, flowers, animal manure, and mixtures thereof.

The composition of any one of Claims 4 to 8, further comprising a

saccharification enzyme.

The composition of any one of Claims 4 to 9, further comprising undissolved

solids.

The composition of any one of Claims 4 to 10, further comprising at least one or
more of monoglycerides, diglycerides, triglycerides, glycerol, monosaccharides,

oligosaccharides, or alcohol.

The composition of any one of Claims 4 to 11, wherein the alcohol is butanol.
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13.

14.

15.

16.

17.

18.

19.

20.

The method of claim 1 or 3, wherein the biomass comprises corn grain, corn
cobs, crop residues, corn husks, corn stover, grasses, wheat, rye, wheat straw,
barley, barley straw, hay, rice straw, switchgrass, waste paper, sugar cane
bagasse, sorghum, sugar cane, soy, grains, cellulosic material, lignocellulosic
material, trees, branches, roots, leaves, wood chips, sawdust, shrubs and

bushes, vegetables, fruits, flowers, animal manure, and mixtures thereof.

The method of claim 1 or 3, wherein the oil comprises glycerides and wherein the
one or more catalysts hydrolyze the glycerides to form fatty acids.

The method of claim 1 or 3, wherein the extractant comprises fatty acids, fatty
amides, fatty alcohols, fatty esters, triglycerides, or mixtures thereof.

The method of claim 1 or 3, wherein the one or more catalysts is selected from

esterase, lipase, phospholipase, and lysophospholipase.
The method of claim 1 or 3, wherein a partition coefficient of the extractant for the
product alcohol is greater than a partition coefficient of the oil of the biomass for

the product alcohol.

The method of claim 1 or 3, further comprising:

inactivating the catalyst after at least a portion of the oil is hydrolyzed.

The method of claim 1 or 3, further comprising:
separating the oil from the biomass prior to hydrolysis by one or more catalyst.

The method of claim 2 or 3, wherein the product alcohol is butanol.
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SEQUENCE LISTING

EXTRACTIVE FERMENTATION

<130>

<150>
<151>

<160> 145

<170>

<210> 1
<211>
<212>
<213>

DNA
<220>
<223>

<400> 1
tcccattacc

aacacttttg
ttacttcacc
catttttgct
aagagcgatg
gattgtcaga
taatatcttc
caaactgtac
caaaaatccc
ggtgtcacac
caagataaag
caagcagtcg
gcctctaact
cttgctggaa
gcggcgctat
ccggaagctg
gtgagctttc
gcagcgccaa
caaacagcaa
aaagcggttc
gccggtaccc

aaccagcctg

CL5005

Us 61/368,444
2010-07-28

11844

Plasmid

gacatttggg
tattattttt
accctttatt
gtcagtcact
cgtcttttcc
atcatataaa
ttgttagtgc
aatcaatcaa
ttgtgaaaaa
atgtatttgg
gacctgaaat
gccgtttaac
tggcaacagg
acgtgatccg
tccagccgat
ttacaaatgc
cgcaagatgt
aactcggtcc
aacttcctgt
gcaagctttt
tttctagaga

gcgatttact

PatentIn version 3.5

Artificial sequence

cgctatacgt
cctcatatat
tcaggctgat
gtcaagagat
gctgaaccgt
agagaagcaa
aatatcatat
tcaatcatcg
cagaggggcg
cattccaggt
tatcgttgcc
tggaaaaccg
cctgctgaca
tgcagatcgt
tacaaaatac
atttaggata
tgtgaatgaa
tgcagcagat
cgttttggtc
gaaaaaggtt
tttagaggat

gctagagcag

Butamax(TM) Advanced Biofuels

gcatatgttc
gtgtataggt
atcttagcct
tcttttgctg
tccagcaaaa
ataactcctt
agaagtcatc
ctgaggatgt
gagcttgttg
gcaaaaattg
cggcacgaac
ggagtcgtgt
gcgaacactg
ttaaaacgga
agtgtagaag
gcgtcagcag
gtcacaaata
gatgcaatca
ggcatgaaag
cagcttccat
caatattttg

gcagatgttg
Page 1

atgtatgtat
ttatacggat
tgttactagt
gcatttcttc
aagactacca
gtcttgtatc
gaaatagata
tgacaaaagc
ttgattgctt
atgcggtatt
aaaacgcagc
tagtcacatc
aaggagaccc
cacatcaatc
ttcaagatgt
ggcaggctgg
cgaaaaacgt
gtgcggccat
gcggaagacc
ttgttgaaac
gccgtatcgg

ttctgacgat

EXTRACTION SOLVENTS DERIVED FROM OIL FOR ALCOHOL REMOVAL IN

ctgtatttaa
gatttaatta
tagaaaaaga
tagaagcaaa
acgcaatatg
aattgcatta
ttaagaaaaa
aacaaaagaa
agtggagcaa
tgacgcttta
attcatggcc
aggaccgggt
tgtcgttgeg
tttggataat
aaaaaatata
ggccgetttt
gcgtgctgtt
agcaaaaatc
ggaagcaatt
atatcaagct
tttgttccge

cggctatgac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320



ccgattgaat
gacgagatta
attccgtcca
gagcagaaaa
gattggaaat
gatgatcatg
ttccgcaget
gcgcttectt
tctggtgacg
gcaccaattg
ttgaaaaaat
gcggaaagct
ctgcgtcaag
gataacatta
aaagctctct
ccccacatcc
ttattttttt
ttttctgtac
tttgggacgc
gtagtagatg
actgcgatac
gtatatcgtg
ggacctcttt
gttagattct
taatagcaaa
caggcattac
caccaattta
taacaagaaa
tgcaaaattt
tctcacgctg
cagttcgctg
tcaaacttct

ggtctcctcc

gcggtggcetg

atgatccgaa
tcgctgacat
cgatcaatca
tcctttctga
cagacagagc
ttacagtaac
acgagccgtt
gggcaatcgg
gcggtttctt
tacacattgt
ataaccgtac
tcggagcaac
gcatgaacgc
atttagcaag
agttaattaa
gctctaaccg
atagttatgt
agacgcgtgt
tcgaaggctt
taatcaatga
cttttgtgat
aagtagtaag
tgcctttcaa
gtatccctaa
cggccagtag
gtggtgaact
aggagcctac
atcgcgtgaa
cctatgaata
cccctatctg
tcactgaact
gagttgccgce
ggtaccggtt

tcagtgactc

20110617_CL5005PCT_ST25.txt

attctggaat
tgatcatgct
tatcgaacac
tttaaaacaa
gcaccctctt
ttgcgatatc
aacattaatg
cgcttcattg
attctcagca
atggaacgac
atctgcggtc
tggcttgcgce
tgaaggtcct
tgacaagctt
tcatgtaatt
aaaaggaagg
tagtattaag
acgcatgtaa
taatttgcgg
agcggaagcc
ggctaaacaa
tgataagcga
aaaaggatta
ataactccct
ccaagaccaa
ccaagaccaa
atcaggacag
caccttatat
agaatacttc
ttcttccget
aaaacaataa
tgatgtgaca
ctgccacctc

atccgcgttt

atcaatggag
taccagcctg
gatgctgtga
tatatgcatg
gaaatcgtta
ggttcgcacg
atcagtaacg
gtgaaaccgg
atggaattag
agcacatatg
gatttcggaa
gtagaatcac
gtcatcatcg
ccgaaagaat
agttatgtca
agttagacaa
aacgttattt
cattatactg
gcggccgceac
aaaagaccag
acagacatct
atttggctaa
aatggagtta
tacccgacgg
ataatactag
tatacaaaat
tagtaccatt
aacttagccc
agacgtgata
ctaccgtgag
ggctagttcg
ctgtgacaat
caatagagct

cgtaagttgt
Page 2

accggacaat
atcttgaatt
aagtggaatt
aaggtgagca
aagagttgcg
ccatttggat
gtatgcaaac
gagaaaaagt
agacagcagt
acatggttgc
atatcgatat
cagaccagct
atgtcccggt
tcggggaact
cgcttacatt
cctgaagtct
atatttcaaa
aaaaccttgc
ctggtaaaac
agtagaggcc
ttttatatgt
gaacgttgta
atcattgaga
gaaggcacaa
agttaactga
atcgataagt
cctcagagaa
gttattgagc
aaaatttact
aaataaagca
aatgatgaac
aaattcaaac
cagtaggagt

gcgcgtgcac

tatccattta
gatcggtgac
tgcagagcgt
ggtgcctgca
taatgcagtc
gtcacgttat
actcggcgtt
ggtttctgtc
tcgactaaaa
attccagcaa
cgtgaaatat
ggcagatgtt
tgactacagt
catgaaaacg
cacgccctcc
aggtccctat
tttttctttt
ttgagaaggt
ctctagtgga
tatagaagaa
ttttacttct
agtgaacaag
tttagttttc
aagacttgaa
tggtcttaaa
tattcttgcc
gaggtataca
taaaaaacct
ttctaactct
tcgagtacgg
ttgcttgctg
cggttatagc
cagaacctct

atttcgcccg

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360



ttcccgctca
taattaatcg
ctaacttgac
tagaagcaag
ccagcaatat
gatgtagaag
ggacatgctc
cacggaaaat
gcagtagcta
tatgaagagg
tttaatatcc
cctaaggctc
ttgtttgttt
aaaggaattg
gaagatttgt
ggttttgaaa
cacgaaatga
tccatctcaa
gaagttaaaa
gatttcgttg
aaaaatcttg
tctggtgatg
ggaaactttt
tttcacattt
tttttctgaa
aatctaatta
caagtgtata
tggttgctgt
atggcgggaa
aactcgtcaa
cgcgcgcttc
gtacacctgt
ctctttctcg

gacgtcaggt

tcttgcagca
tacaagaatc
tcaatggctt
acaaaaacat
aagtaaaaaa
tatcagcact
acgcacagaa
cttttgataa
aagctgatgt
acatcaaacc
attttggcta
caggtcacct
cacaccaaaa
gttgtgctcg
ttggagaaca
cactgacaga
aattgattgt
atactgctga
agaatatgaa
atgacttcaa
aaattgaaaa
acgatgcctt
tctcttggaa
aagatttttt
gcagcttcaa
aatcgaaaac
agtcctcatc
gacgcagcegg
taaagcggaa
gtcacgtttg
ctatatacac
atttaatttc
agcggaccgg
ggcacttttc
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ggcggaaatt
ttggaaaaaa
ttacacccag
atagacaacc
ctgtttaaac
tgctggaaag
tttgcgtgat
agcaaaagaa
tattatggtt
aaacttgaaa
tattaaagta
tgtccgtcgg
tgcaagtggt
agtgggaatt
agctgttcta
agctggatac
tgacctcatg
gtttggcgat
gcttgttttg
agcggggcegt
aattggggca
taaaatctat
tttttgcaac
ttttttcatc
atatatatat
aagaaccgaa
gggacagcta
cattagcgcg
Cctaaaaatta
gtggacggcc
atatacatat
cttactcgcg

atcctccgeg

ggggaaatgt

ttcatcacgc
aattgaaaaa
tattttccct
tattcctagg
agtatggcag
caaattgcag
tctggtcaca
gatggctttg
ttggcaccag
gcaggttcag
ccagaagacg
acttatactg
catgcgcgtg
attgaaacaa
tgtggaggtt
gctggcgaat
tatgaaggtg
tatgtgactg
gctgatattc
ccaaaattaa
gagctacgtc
cagtaaggcc
atcaagtcat
cgacatacat
tttttacata
acgcgaataa
cgatttctct
gcgttatgag
ctgactgagc
cctttccaac
atatatatat
ggtttttctt
gtgccggceag

gcgcggaacc
Page 3

tgtaggacgc
ttttgtataa
ttccttgttt
agttatattt
ttacaatgta
taatcggtta
acgttatcat
aaacatttga
atgaacttca
cacttggttt
ttgacgtctt
aaggttttgg
aaatcgcaat
cttttaaaga
tgacagcact
tggcttactt
gttttactaa
gtccacggat
aatctggaaa
tagcctatcg
aagcaatgcc
ctgcaggcct
agtcaattga
ctgtacacta
tttattatga
ataatttatt
ttcggttttg
ctaccctcgt
catattgagg
gaatcgtata
atatatgtgt
ttttctcaat
atctatttaa

cctatttgtt

aaaaaaaaaa
aagggatgac
gttacaatta
ttttacccta
ttatgaagat
tggttcacaa
tggtgtgcgce
agtaggagaa
acaatccatt
tgctcacgga
tatggttgcg
tacaccagct
ggattgggcc
agaaacagaa
tgttgaagcc
tgaagttttg
aatgcgtcaa
tattactgac
atttgctcaa
cgaagctgca
attcacacaa
atcaagtgct
attgacccaa
ggaagccctg
ttcaatgaac
tagatggtga
gctgagctac
ggcctgaaag
tcaatttgtc
tactaacatg
gcgtgtatgt
tcttggcttc
atggcgcgcec

tatttttcta

3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400



aatacattca
ttgaaaaagg
ggcattttgc
agatcagttg
tgagagtttt
tggcgeggta
ttctcagaat
gacagtaaga
acttctgaca
tcatgtaact
gcgtgacacc
actacttact
aggaccactt
cggtgagcgt
tatcgtagtt
cgctgagata
tatactttag
ttttgataat
ccccgtagaa
cttgcaaaca
aactcttttt
agtgtagccg
tctgctaatc
ggactcaaga
cacacagccc
atgagaaagc
ggtcggaaca
tcctgtcggg
gcggagccta
gccttttget
cgcctttgag
gagcgaggaa
tcattaatgc

aattaatgtg

aatatgtatc
aagagtatga
cttcctgttt
ggtgcacgag
cgccccgaag
ttatcccgta
gacttggttg
gaattatgca
acgatcggag
cgccttgatc
acgatgcctg
ctagcttccc
ctgcgctcgg
gggtctcgeg
atctacacga
ggtgcctcac
attgatttaa
ctcatgacca
aagatcaaag
aaaaaaccac
ccgaaggtaa
tagttaggcc
ctgttaccag
cgatagttac
agcttggagc
gccacgcttc
ggagagcgca
tttcgccacc
tggaaaaacg
cacatgttct
tgagctgata
gcggaagagc
agctggcacg

agttagctca
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cgctcatgag
gtattcaaca
ttgctcaccc
tgggttacat
aacgttttcc
ttgacgccgg
agtactcacc
gtgctgccat
gaccgaagga
gttgggaacc
tagcaatggc
ggcaacaatt
ccctteccggce
gtatcattgc
cggggagtca
tgattaagca
aacttcattt
aaatccctta
gatcttcttg
cgctaccagc
ctggcttcag
accacttcaa
tggctgctgce
cggataaggc
gaacgaccta
ccgaagggag
cgagggagct
tctgacttga
ccagcaacgc
ttcctgegtt
ccgctcgecg
gcccaatacg
acaggtttcc

ctcattaggc

acaataaccc
tttccgtgtc
agaaacgctg
cgaactggat
aatgatgagc
gcaagagcaa
agtcacagaa
aaccatgagt
gctaaccgct
ggagctgaat
aacaacgttg
aatagactgg
tggctggttt
agcactgggag
ggcaactatg
ttggtaactg
ttaatttaaa
acgtgagttt
agatcctttt
ggtggtttgt
cagagcgcag
gaactctgta
cagtggcgat
gcagcggtceg
caccgaactg
aaaggcggac
tccaggggga
gcgtcgattt
ggccttttta
atcccctgat
cagccgaacg
caaaccgcct
cgactggaaa

accccaggct
Page 4

tgataaatgc
gcccttattc
gtgaaagtaa
ctcaacagcg
acttttaaag
ctcggtcgcec
aagcatctta
gataacactg
tttttgcaca
gaagccatac
cgcaaactat
atggaggcgg
attgctgata
ccagatggta
gatgaacgaa
tcagaccaag
aggatctagg
tcgttccact
tttctgcgceg
ttgccggatc
ataccaaata
gcaccgccta
aagtcgtgtc
ggctgaacgg
agatacctac
aggtatccgg
aacgcctggt
ttgtgatgct
cggttcctgg
tctgtggata
accgagcgca
ctccccgegce
gcgggcagtg
ttacacttta

ttcaataata
ccttttttge
aagatgctga
gtaagatcct
ttctgctatg
gcatacacta
cggatggcat
cggccaactt
acatggggga
caaacgacga
taactggcga
ataaagttgc
aatctggagc
agccctcccg
atagacagat
tttactcata
tgaagatcct
gagcgtcaga
taatctgctg
aagagctacc
ctgttcttct
catacctcgc
ttaccgggtt
ggggttcgtg
agcgtgagct
taagcggcag
atctttatag
cgtcaggggag
ccttttgctg
accgtattac
gcgagtcagt
gttggccgat
agcgcaacgc

tgcttccggce

5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440



tcgtatgttg
tgattacgcc
gaccgagatt
gtatacatgc
atgcttccca
caaatagtcc
ttctatactg
tcaaccaatc
caaaatcttt
gggagccctt
cttctgccgce
taatgtctgc
taccaatgtc
cctttagcgg
ttagtaaaca
gaacatccaa
cagcaacagg
atcttcgttt
atgtttcttc
gttcttcctt
aaaaagaata
tatactccgt
accactcttt
tcttcgcgat
tctacaatgg
Tttt
ctttttaagc
tgttggaacc
cttcaatggc
acaagatagt
atggttcgta
gcaacaaacc
tgttgctggt

cagaatcaat

tgtggaattg
aagctttttc
cccgggtaat
atttacttat
gcctgetttt
tcttccaaca
ttgacccaat
gtaaccttca
gtcgctcttc
gcatgacaat
ctgcttcaaa
ccattctgct
agcaaatttt
cttaactgtg
aattttggga
tgaagcacac
actaggatga
cctgcaggtt
aacactacat
ctgttcggag
aaaaaaaaat
ctactgtacg
tgttactcta
gtagtaaaac
ctgccatcat
Tttt
aaggattttc
acctaaatca
tttaccttct
ggcgataggg
caaaccaaat
caaggagcct
gattataata

caattgatgt
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tgagcggata
tttccaattt
aactgatata
aatacagttt
ctgtaacgtt
ataataatgt
gcgtctccct
tctcttccac
gcaatgtcaa
tctgctaaca
ccgctaacaa
attctgtata
ctgtcttcga
ccctccatgg
cctaatgctt
aagtttgttt
gtagcagcac
tttgttctgt
atgcgtatat
attaccgaat
gatgaattga
atacacttcc
ttgatccagc
tagctagacc
tattatccga
Tttt
ttaacttctt
ccagttctga
tcaggcaagt
ttgaccttat
gcggtgttct
gggataacgg
ccatttaggt

tgaactttca

acaatttcac
Tttttttttc
attaaattga
tttagttttg
caccctctac
cagatcctgt
tgtcatctaa
ccatgtctct
cagtaccctt
tcaaaaggcc
tacctgggcc
cacccgcaga
agagtaaaaa
aaaaatcagt
caactaactc
gcttttcgtg
gttccttata
gcagttgggt
ataccaatct
caaaaaaatt
aaagcttgca
gctcaggtcc
tcagcaaagg
gagaaagaga
tgtgacgctg
ttttgtacaa
cggcgacagc
tacctgcatc
tcaatgacaa
tctttggcaa
tgtctggcaa
aggcttcatc

gggttgggtt

atgtagggaa
Page 5

acaggaaaca
gtcattataa
agctctaatt
ctggccgcat
cttagcatcc
agagaccaca
acccacaccg
ttgagcaata
agtatattct
tctaggttcc
caccacaccg
gtactgcaat
attgtacttg
caagatatcc
cagtaattcc
catgatatta
tgtagctttc
taagaatact
aagtctgtgc
tcaaggaaac
tgcctgcagg
ttgtccttta
cagtgtgatc
ctagaaatgc
catttttttt
atatcataaa
atcaccgact
caaaaccttt
tttcaacatc
atctggagcg
agaggccaag
ggagatgata
cttaactagg

ttcgttcttg

gctatgacca
aaatcattac
tgtgagttta
cttctcaaat
cttccctttg
tcatccacgg
ggtgtcataa
aagccgataa
ccagtagata
tttgttactt
tgtgcattcg
ttgactgtat
gcggataatg
acatgtgttt
ttggtggtac
aatagcttgg
gacatgattt
gggcaatttc
tccttccttc
cgaaatcaaa
tcgactctag
acgaggcctt
taagattcta
aaaaggcact
Tttt
aaaagagaat
tcggtggtac
ttaactgcat
attgcagcag
gaaccatggc
gacgcagatg
tcaccaaaca
atcatggcgg

atggtttcct

7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480



ccacagtttt
taggcaatgg
cttctggaac
tcttaccaaa
caaattgtgg
ttaagttggc
cactaccggt
tggaggcttc
caattaaatg
gaaccttaat
tcttcttagg
aaaaaaaaaa
gcctaatatc
ttttgaacat
ataatatata
tattgcatct
ccatcttgca
acaaaaatgc
agaacagaaa
gtaaaacaaa
tttacagaac
tttttgttct
actttttttc
gtccgttaag
tgactccact
aaaggcatcc
gtgatagcgt
ctctatatac
aatagttctt
gtagaggtcg
ggatatagca
attcgcaata
tcttcagagc

ggaacttcgg

tctccataat
tggctcatgt
ggtgtattgt
gtaaatacct
cttgattgga
gtacaattga
accccattta
cagcgcctca
attttcgaaa
ggcttcggct
ggcagacatt
aaaaaaatgc
cgacaaactg
ccgaacctgg
gtctagcgct
attgcatagg
cttcaatagc
aacgcgagag
tgcaacgcga
aatgcaacgc
agaaatgcaa
acaaaaatgc
tcctttgtge
gttagaagaa
tcccgegttt
ccgattatat
tgatgattct
tacgtatagg
actacaattt
agtttagatg
cagagatata
ttttagtagc
gcttttggtt

aataggaact
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cttgaagagg
tgtagggcca
tcactatccc
cccactaatt
gataagtcta
agttctttac
ggaccaccca
tctggaagtg
tcgaacttga
gtgatttctt
acaatggtat
agcttctcaa
ttttacagat
gagttttccc
ttacggaaga
taatcttgca
atatctttgt
cgctaatttt
aagcgctatt
gagagcgcta
cgcgagagcg
atcccgagag
gctctataat
ggctactttg
actgattact
tctataccga
tcattggtca
aaatgtttac
ttttgtctaa
caagttcaag
tagcaaagag
tcgttacagt
ttcaaaagcg

tcaaagcgtt

ccaaaacatt
tgaaagcggc
aagcgacacc
ctctaacaac
aaagagagtc
ggatttttag
cagcacctaa
gaacacctgt
cattggaacg
gaccaacgtg
atccttgaaa
tgatattcga
ttacgatcgt
tgaaacagat
caatgtatgt
cgtcgcatcc
taacgaagca
tcaaacaaag
ttaccaacga
atttttcaaa
ctattttacc
cgctattttt
gcagtctctt
gtgtctattt
agcgaagctg
tgtggattgc
gaaaattatg
attttcgtat
agagtaatac
gagcgaaagg
atacttttga
ccggtgegtt
ctctgaagtt

tccgaaaacg
Page 6

agctttatcc
cattcttgtg
atcaccatcg
aacgaagtca
ggatgcaaag
taaaccttgt
caaaacggca
agcatcgata
aacatcagaa
gtcacctggc
tatatataaa
atacgctttg
acttgttacc
agtatatttg
atttcggttc
ccggttcatt
tctgtgcttc
aatctgagct
agaatctgtg
caaagaatct
aacaaagaat
ctaacaaagc
gataactttt
tctcttccat
cgggtgcatt
gcatactttg
aacggtttct
tgttttcgat
tagagataaa
tggatgggta
gcaatgtttg
tttggttttt
cctatacttt

agcgcttccg

aaggaccaaa
attctttgca
tcttcctttc
gtacctttag
ttacatggtc
tcaggtctaa
tcagccttct
gcagcaccac
atagctttaa
aaaacgacga
aaaaaaaaaa
aggagataca
catcattgaa
aacctgtata
ctggagaaac
ttctgcgttt
attttgtaga
gcatttttac
cttcattttt
gagctgcatt
ctatacttct
atcttagatt
tgcactgtag
aaaaaaagcc
ttttcaagat
tgaacagaaa
tctattttgt
tcactctatg
cataaaaaat
ggttatatag
tggaagcggt
tgaaagtgcg
ctagagaata

aaaatgcaac

9540

9600

9660

9720

9780

9840

9900

9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520



gcgagctgeg
tatatatata
gcgtctattt
tgcggggtat
ctcaattgga
atagtaccga
<210> 2

<211>

<212>
<213>

DNA
<220>
<223>

<400> 2
tcgcgegttt

cagcttgtct
ttggcggatyg
accataaatt
gaacacggca
ttactcttgg
Tttt
aatgaattat
caggcaagat
aatgaaacca
tcgatcttcc
attaacgtcc
tccggetggt
actgaagact
ggagtaaaaa
gtagatcttt
ggagatctct
attaccctcc
ttcaaggctc
ccctccacca
atatatacat
tgatactgaa

ctttcctttt

cacatacagc
catgagaaga
atgtaggatg
cgtatgcttc
ttagtctcat

gaaactagag

15539

Plasmid

cggtgatgac
gtaagcggat
tcggggctgg
cccgttttaa
ttagtcaggg
cctcctctag
ccacctagcg
acattatata
aaacgaaggc
agattcagat
cagaaaaaga
acacaggtat
cgctaatcgt
gcgggattgce
ggtttggatc
cgaacaggcc
cttgcgagat
acgttgattg
ttgcggttgce
aaggtgttct
gtgtatatat
gatgacaagg

ttctttttgc
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tcactgttca
acggcatagt
aaaggtagtc
cttcagcact
ccttcaatgc

gatc

Artificial sequence

ggtgaaaacc
gccgggagca
cttaactatg
gagcttggtg
aagtcataac
tacactctat
gatgactctt
aagtaatgtg
aaagatgaca
tgcgatctct
ggcagaagca
agggtttctg
tgagtgcatt
tctcggtcaa
aggatttgcg
gtacgcagtt
gatcccgcat
tctgcgaggc
cataagagaa
tatgtagtga
gtatacctat
taatgcatca

tttttctttt

cgtcgcacct
gcgtgtttat
tagtacctcc
accctttagc

tatcatttcc

tctgacacat
gacaagcccg
cggcatcaga
agcgctagga
acagtccttt
atttttttat
tttttttctt
atttcttcga
gagcagaaag
ttaaagggtg
gtagcagaac
gaccatatga
ggtgacttac
gcttttaaag
cctttggatg
gtcgaacttg
tttcttgaaa
aagaatgatc
gccacctcgce
caccgattat
gaatgtcagt
ttctatacgt

tttttctctt
Page 7

atatctgcgt
gcttaaatgc
tgtgatatta
tgttctatat

tttgatattg

gcagctcccg
tcagggcgeg
gcagattgta
gtcactgcca
cccgcaattt
gcctcggtaa
agcgattggc
agaatatact
ccctagtaaa
gtcccctagce
aggccacaca
tacatgctct
acatagacga
aggccctagg
aggcactttc
gtttgcaaag
gctttgcaga
atcaccgtag
ccaatggtac
ttaaagctgc
aagtatgtat
gtcattctga

gaactcgacg

gttgcctgta
gtacttatat
tcccattcca
gctgccactc

gatcatatgc

gagacggtca
tcagcgggtyg
ctgagagtgc
ggtatcgttt
tctttttcta
tgattttcat
attatcacat
aaaaaatgag
gcgtattaca
gatagagcac
atcgcaagtg
ggccaagcat
ccatcacacc
ggccgtgegt
cagagcggtg
ggagaaagta
ggctagcaga
tgagagtgcg
caacgatgtt
agcatacgat
acgaacagta
acgaggcgcg
gatctatgcg

11580
11640
11700
11760
11820
11844

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380



gtgtgaaata
aatattttgt
gccgaaatcg
gttccagttt
aaaaccgtct
gggtcgaggt
tgacggggaa
gctagggcegce
aatgcgccgce
gcggtgegyag
ttaagttggg
cgcgcgtaat
ggcgcgccac
ctcgattctt
caagaggaac
ttgatggatc
aataacggcg
atgtttccaa
gcaagcccta
acatacgttg
cgtaatagct
attcttctat
ttcgggctca
agcacgtaac
aataccattt
cagatcgctt
ttttatccct
cataatactt
tttttctttt
caaaaaaact
acctaatcgt
cgtcggtgtc
tggtaaacta

aatcacggtt

ccgcacagat
taaaattcgc
gcaaaatccc
ggaacaagag
atcagggcga
gccgtaaagc
agccggcgaa
tggcaagtgt
tacagggcgc
cctcttcget
taacgccagg
acgactcact
tggtagagag
tagtacccga
tacacggaag
caactggcac
gtacgccagt
tgcccttcat
agaaatgaat
catacgtcga
gaaaatctca
ttttcctttt
attggagtca
caatggaaaa
gtctgttctc
caattacgcc
catgttgtct
ctctatcaat
gtcatatata
cttaaagact
gctatgttgc
atttcaactt
gccaaagtcg

tctgatggaa

20110617_CL5005PCT_ST25.txt

gcgtaaggag
gttaaatttt
ttataaatca
tccactatta
tggcccacta
actaaatcgg
cgtggcgaga
agcggtcacg
gtccattcgce
attacgccag
gttttcccag
atagggcgaa
cgactttgta
ccaggacaag
ctctaaagat
cgctggcttg
gccaccagta
gcctccaacg
aacaatactg
tatagataat
aaaatgtgtg
tccattctag
cgctgccgtg
gcatgagctt
ttctgacttt
ctcacaaaaa
aacggatttc
ttcagttatt
accataacca
taagaaatcg
gtgcaactgg
gggctgaaaa
gtgttaagga

tcgccatggg

aaaataccgc
tgttaaatca
aaagaataga
aagaacgtgg
cgtgaaccat
aaccctaaag
aaggaaggga
ctgcgcgtaa
cattcaggct
ctggcgaaag
tcacgacgtt
ttgggtaccg
tgccccaatt
gaaaaggagg
ggcaaccagc
aacaacaata
ccgttacctt
gctactatca
acagtactaa
aatgataatg
ggtcattacg
cagccgtcgg
agcatcctct
agcgttgctc
gactcctcaa
cttttttcct
tgcacttgat
gttcttcctt
agtaatacat
tagttctgtt
tatgcaagat
cacaccttgt
agctggtgct

aacccaagga
Page 8

atcaggaaat
gctcattttt
ccgagatagg
actccaacgt
caccctaatc
ggagcccccg
agaaagcgaa
ccaccacacc
gcgcaactgt
ggggatgtgc
gtaaaacgac
ggccccccct
gcgaaacccg
tcgaaacgtt
cagaaactaa
ccagccttcc
tcggtatacc
caaatcctca
ataattgcct
acagcaggat
taaataatga
gaaaacgtgg
ctttccatat
caaaaaagta
aaaaaaaaat
tcttcttcge
ttattataaa
gcgttattct
attcaaacta
tacgattcaa
gaagactttg
aatatccact
tggccagttc

atgcgtttct

tgtaagcgtt
taaccaatag
gttgagtgtt
caaagggcga
aagttttttg
atttagagct
aggagcgggc
cgccgegett
tgggaagggc
tgcaaggcga
ggccagtgag
cgaggtcgac
cgatatcctt
tttgaagaaa
gaaaatgaag
aacttctgta
tccttteccc
tcaagctgac
acttggcttc
tatcgtaata
taggaatggg
catcctctct
ctaacaactg
ttggatggtt
ctacaatcaa
ccacgttaaa
aagacaaaga
tctgttcttc
gtatgactga
tggttaaatc
aaaaacctat
tacatgactt
agttcggaac

ccttgacatc

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420



tcgtgatatt
tgtagccatt
ggatatccca
agatatcgat
caaagaagaa
tatgtatact
Tttcatcttct
cgctgttgtc
ttttgaagat
cctcttagct
ccaagaaaaa
cctttacaag
tcatggtgac
tgatttaaca
tccgctcatt
tgtaaaagtg
tgaagctgtc
accaaagggc
agggcaaggt
tcttgtcgtg
aacaggagac
tgaagagtta
ccttggtaaa
gaagcctgaa
aattcaaatt
tattattttt
caaaatgata
aagcctagct
cactgcggag
gagttcgcga
cttcgagttc
tcatgtcaat
tgaatttatt

gtgatacact

attgcagatt
ggcggttgtg
gccatttttg
ttagtctctg
gttaaagctt
gctaacacaa
cacccggctg
aaaatgctcg
gctattactg
attgcccatg
gttcctcatt
gtcggagggag
cgtatcactt
cctggtcaaa
attctccatg
cgtcgtcatg
ttgaatgatg
ggtcctggta
gaaaaagttg
ggtcatatcg
atagtcacta
aaacatcgtc
tatgctcaca
gaaactggca
aattgatata
atttatttat
tgaaggaaat
catcttttgt
tcatttcaaa
ttgtcttctg
tttgtaaagt
ttcggctctt
ctctagctct

ttgcgcgcaa
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ctattgaagc
ataaaaacat
cttacggcgg
tctttgaagg
tggaatgtaa
tggcgacagc
aatccgcaga
aaatgggctt
taactatggc
ctgctaatgt
tggctgattt
taccagcagt
gtactggcaa
aggttattat
gtaacttggc
tcggtcctgce
atattgttga
tgcctgaaat
cccttctgac
ctcctgaagc
ttgaccaaga
aagagaccat
tcgtttcgtc
aaaaatgttg
gttttttaat
ttatattatt
aatgatttct
catgcactat
gtcatcctaa
ttattcacaa
ctttcatagt
aaattttcca
tccaaccaag

tccaggtcaa

agccatggga
gcccggttct
aacaattgca
tgtcggccat
tgcttgtccc
tattgaagtt
aaagaaagca
aaaaccttct
tctgggaggt
ggaattgaca
gaaaccttct
tatgaaatat
aacagtcgct
gccgcttgaa
tccagacggt
taaggtcttt
tggtgatgtt
gctttccctt
agatggccgc
acaagatggc
cactaaggaa
tgaattgcca
tgcttctagg
tcctggttgce
gagtattgaa
ggtcggctct
aaaattttac
tttactcacg
tcgatctatc
ctgttttaat
agcttacttt
catcatcaag
cctcattgct

aactttcctg
Page 9

ggtcataatg
gttatcgcta
cctggtaatt
tggaaccacg
ggtcctggag
ttgggactta
gatattgaag
gacattttaa
tcaaccaact
cttgatgatt
ggtcaatatg
ctccttaaaa
gaaaatttga
aatcctaaac
gccgttgeca
aattctgaag
gttgtcgtac
tcatcaatga
ttctcaggtg
ggtccaatcg
ttacactttg
ccgctctatt
ggagccgtaa
tgtggttaag
tctgtttaga
tttcttctga
aacgtaagat
cttgaaatta
gtttttgata
ttttatttca
atcctccaac
ttcaacatca
ccttgattta

caaagaattc

cggatgcttt
tggctaacat
tagacggcaa
gcgatatgac
gctgecggtgg
gccttccggg
aagctggtcg
cgcgtgaagc
caacccttca
tcaatacttt
tattccaaga
atggcttcct
aggcttttga
gtgaagatgg
aagtttctgg
aagaagccat
gttttgtagg
ttgttggtaa
gtacttatgg
cctacctgca
atatctccga
cacgcggtat
cagacttttg
cggccgegtt
aataatggaa
aggtcaatga
atttttacaa
acggccagtc
gctcattttg
ttctggaact
atatttaact
tcttttaact
ctggtgaaaa

accaatttct

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460



cgacatcata
ttatgaagcg
gtacggaaga
gattaaacgc
cccaattgta
tgatttttga
aagtatggag
cgacggtatc
agcggccgct
gagattcatc
tttgcaggca
atacctgaga
ttaaaaccta
taataaaaat
tgtacgaata
caatacatgt
ttttggaaca
gcttagcaac
cacactgact
gcctataact
tattggtttc
tgcaaatttg
ccccataata
tgtaaccttt
gcaaactttt
tgtgtattgg
aaatctgctt
gaaattaccc
gatcacttta
ggcagcctcg
gtcgtcggat
tggcgctact
tttacactta

tttgtttgga

gtacaatttg
ctgggtaatg
caatgctaat
caagcgttta
tattaagagt
tattgtataa
aaatatatta
gataagcttg
ctagaactag
aactcattgc
tttgctcggce
aagcaacctg
agagtcactt
cataaatcat
gattcaccac
gtaattaaag
ctatccttgc
agcataggat
ccatatgcct
tcaaaagaga
ttataatctt
tccttattga
acgcttagtc
gcaactttaa
tccagtggtg
gaaaatgtag
gtaccatcct
tcaggatgtt
tcaccaggac
tgtcccgcga
ctacagattc
tctacttctt
ataactttac

ttattaagaa
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ttttgttctc
gacgtgtcac
aaataagagg
attatcagaa
catcacagca
aaaaaccaaa
gaagtctata
atatcgaatt
taccacaggt
tggagttagc
atgccggtag
acctacagga
taaaatttgt
aagaaattcg
ttcttaacaa
gatcaagagc
tcttaaaacc
tcatcgacaa
cttgacagca
aatcaactcc
gagggttaac
tgtctacacc
ctactcctcc
ctgcggaacc
aagctgcatc
aagtaccaag
gcatagtacc
tgcagactct
gaacagtggt
ttactggcaa
cggtggcaac
ctatgctaaa
cggctgttga

gaataattac

ccatcacaat
tctacttcgce
gtaataataa
agcaaacgtc
acatattctt
tatgtataaa
cgttaaacca
cctgcagccc
gttgtcctct
atatctacaa
aggtgtggtc
aagagttact
atacacttat
cttactctta
atcaaaccct
aaacttcttc
gccaaatata
attttgtgaa
ggacaacgca
accgtttgac
acattcagta
tataatcctc
taaaccgaat
gtaaccggtg
gattttagcg
gaaatggtgt
tctaggcata
acacttacca
aacaccttca
aggagtaact
catcttgatt
cggctttttc
catcctcagc

aaaaaaaatt
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ttaatatacc
ctttttccct
tattattaat
gtaccaatcc
gttattaaat
aaaagtgaat
cccgggeccc
gggggatcca
gaggacataa
ttgggtgaaa
aataagagcg
caagaataag
tttttttata
attaatcaaa
tcattgattt
gccataaagt
gctcccttcc
tcaggaggaa
gttaccatag
atttcagtaa
gccccgacct
gctgcgectg
actgcacaag
gaaaatccgc
acagatatct
ataggtttcc
gacaaatcat
cattgaggag
cctatggatt
agagtgccac
ctaacctcgt
tcttcccaca
tagctattgt

acaaaggaag

tgatggattc
actcctttta
cggcaaaaaa
ttgaatgctt
taattattat
aaaaaatacc
ccctcgaggt
ctagttctag
aatacacacc
tggggagcga
acctcatgct
aattttcgtt
acttatttaa
aagttaaaat
tctcgaatgg
cggcaacaag
atgtacgacc
cacctacgat
tatcaagacg
ggacttcttg
ccttagcttt
cagctttaca
tcgaaccctg
accctatcaa
cgtccaccac
ctctgcatgt
ttttaaggca
tgaacagtgg
caacgattcc
tcaccacatg
gtgcttttgg
aaactgccgce
aatatgtgtg

gtaattacaa

5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500



cagaattaag
ataacaaacc
aacagccaca
ttcacctcag
tggcagggaa
cgaagcttgt
ggttacttag
tcgcgegtgce
tcatttagat
tctcgtgtaa
aagggtttat
attgcacgac
tatcgatacc
gttcaagaaa
tggtatggtt
ccattaggcg
attttgattg
aaactagaag
gaagaaatga
catttctggt
ttttgttatc
agatatatgt
tgcgggagtt
ggcatgattt
ggcggaaaaa
gagcgcctcc
acagatatta
caaagctttc
tcataaagct
tgcaggcctc
ggtgcaccct
gcttctttca
tcttccgttg

taactctggt

aaaggacaag
caagtagcga
actcgttacc
tggatctctc
Ccggaaagtgg
gtgtgggtgc
acatcactat
atcactgcat
ctgtcgtctg
ttgtgcagcc
cgttagaaga
taaatgcaag
gtcgactggc
ggtctttaga
ttatcgtttt
gttcaggagc
tctgttacgt
atatggatct
ggattgagcg
gttgaaggga
taattttttc
tatcttatct
tttttcatgt
gatggctgta
attcatttgt
attattaact
catgtggcga
aatcaatgaa
ataaaaagaa
agctcttgtt
cctttgctag
tcacggatac
ccccgaaact

tcggaccatg
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aaggaggaag
tttggccata
attgttcatc
tttttattct
aatcccattt
gcgcgctagt
ggctatatat
gtgttaaccg
cattgcacgt
tgcgtagcaa
ttctcccttt
catgcggatc
cattaatctt
cgaattaccc
atttctggtt
cagcgcagaa
tggacataaa
tgataccggc
agaaacatta
aagatatgag
cttcccacgt
tggcgcgtac
agatgatact
ccgataggaa
aaactttaaa
aaaatttcac
aaaagacaag
tcgaaaatgt
aatttattta
ttgttctgca
aataagttct
gaattcattt
ttctggcagt

aatttccctc

agaatcagtt
cattaaaagt
acgatcatga
tcatcgttcc
agcgagcttc
atctttccac
atatatatat
aaaagtttgg
cccttagect
ctcaacatag
tcttcctget
ccccgggetg
tcccatatta
ttcatttctc
cttatagcat
tcattctttg
ctgtatacta
agaaaacaag
gcaaaaagat
ctatacagcg
ccgcgggaat
atttaatttt
gactgcacgc
cgctaagagt
aaaaaaagcc
tcagcatcca
aacaatgcaa
cattaaaata
aatgcaagat
aataacttac
atccaataca
tctgttctca
tttgagtaat

tcaaccgtgt
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cattatttct
tgagaaccac
aactcgctgt
actaaccttt
ctcttttctt
attaagaaat
atatatgtaa
cgaacacttc
taaatcctag
cgtagtctac
cacaaatctt
caggaattcg
gatttcgcca
aaactggcgt
cgttttggac
aaggatactt
gaaattggac
tagatttgac
ccttcgtaac
gaatttccat
ctgtgtatat
caacgtattc
aaatataggc
aacttcagaa
aatatcccca
caatgtatca
tagcgcatca
gtatataaat
ttaaagtaaa
ccatcttttt
tcctatttgg
caattttgga
tccacatagg

aaccatcgtt

tctttgttat
cctcecctggce
cagctgaaat
ttccatcagc
caagaaaaga
ataccataaa
cttagcacca
accgacacgg
gcgggagcat
ccagtttttc
aaagtcatac
atatcaagct
agccatgaaa
caagggatcc
ttctctgttc
atcctttcca
tttgatggtg
tcttcgtagg
aagattttta
atcactcaga
tactgcatct
tataagaaat
atgatttata
tcgttatcct
aaattattaa
ggtatctact
agaaaaaaca
tgaaactaag
ttcacggccc
caaaacttta
atctgcttga
cacaactctg
aatgtcatta

attaatgata

7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540



aagcagattg
aatgatccat
agagctgcegg
ttcgatttca
gtctcattac
gcgttagaag
tcggacaagt
ttgaaaattt
gtaaatgcac
gattccacaa
gagggcaatg
gtctttgaaa
gtgattacaa
tgatcagatg
ttagcggcag
gcagacaaca
gcagtaaccg
tgaacaaact
ggcaggttct
aatgtagtca
gcatttaact
agaaattgca
aatctgtcca
attcgaaact
tttaagaagt
cttattagtc
tttccaaatc
cgtgggtcaa
ttgtgcccgt
cctatgaact
tggatgccag
cacccagaca
cgggttacag

ctattaatta

ggtttatctt
ctccgataaa
ggaaagtgta
gaaatataga
tttgggtcaa
gtacaaaatc
caagaagaga
taccttcatc
ccgtactaga
attccttcaa
cttcatcaac
taaactgagt
ttggtttctt
tattcgacgt
ctacatctac
ctctatcaat
gttcgtgcat
taccttcgtt
cagcatagga
agaatgccgc
cattagcatt
aattgtagtc
acagatagtc
aagttcttgg
ttaagaaata
aagtagggga
agagagagca
ttgccttgtg
tttttgcctg
gatggttggt
cttaaaaagc
cctacgatgt
cagaattaaa

tttacgtatt
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ctctctaatg
caataaatgt
tcctatagat
tgaggcaccg
attttcgaca
ttcttgcttt
tgatatcagg
gatattcaag
atcggtaagc
gtttggctct
agatgattta
aacagtcttc
ggcattcttc
ggaattttcc
aggtaaattg
ttcaacagtt
cttcataaag
ctgcactttc
gcccgctaag
agcctttttc
tcccacccat
acctggtact
acctactgta
tgttttaaaa
gatttacaga
ataatttcag
gaaggtaata
tcatcattta
tttgtgcccc
gaagaaaaca
gggctccatt
tatatattct
aggctaattt

ctttgaaatg

gctagtccta
ctagattctt
ccccacaagg
aagaaagaag
gcttgccaca
ttatctatgt
gattcgaagt
gaaatcattt
tttacaccca
gacagagtac
ccaaagttca
tctaggccga
agactttcct
ttcttaagag
atgtaaaccg
gcattctcgg
tgcttgaaat
gaggtaggag
ccattaactg
gttcttgegt
ttcatatctt
ccgaatattt
tacattttgt
ctaaaaaaaa
attacaatca
ggaactggtt
gaaggtgtaa
ctccaggcag
tgttctctgt
atattttggt
atatttagtg
gtgtaacccg
tttgactaaa

gcagtattga
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attcttggac
tatctgcaat
gttgaccaat
tgccttgttc
gtctatcttg
acttgccttt
cgaaattttg
tattttcatt
acataagaat
cgttgtaaat
aagtagtaat
acgatataat
gtattttgtt
gcaaggatgg
gctttctttc
ctgtcaataa
caccatcagc
atcccacgat
cggataattc
acccgtcggc
tgtgtgaaat
cttctatacc
ttactagttt
gactaactat
atacctaccg
tcaacctttt
gaaaatgaga
gttgcatcac
agttgcgcta
gctgggattc
gatgccagga
ccccctattt
taaagttagg

taatgataaa

agtcagttgc
ttggctgcect
aaaatgtgat
agccacgatc
tgacaacagc
atattcaatt
gattctttcg
aagatggtga
aaaatcagca
ccccaaaaat
aggtaactta
ttcatggcct
cagaatctct
tttttcagcc
ctttagtaag
agtcctggca
caacgtatgg
ctcaacaaca
gccaacacca
catataggag
aatttgatct
taattcgtgt
atgtgtgttt
aaaagtagaa
tctttatata
ttttcagctt
tagatacatg
tccattgagg
agagaatgga
tttttttttc
ataaactgtt
tgggcatgta
aaaatcacta

ctcgaactga

9600

9660

9720

9780

9840

9900

9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580



aaaagcgtgt
gccttggect
tattcgtttt
gaacctgtta
ttgggaattt
acaaggtcct
tagtgagggt
tgttatccgce
ggtgcctaat
tcgggaaacc
ttgcgtattg
ctgcggcgag
gataacgcag
gccgegttgce
cgctcaagtc
ggaagctccc
tttctccctt
gtgtaggtcg
tgcgccttat
ctggcagcag
ttcttgaagt
ctgctgaagc
accgctggta
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactcc
gctgcaatga
ccagccggaa
attaattgtt
gttgccattg
tccggttecc

agctccttcg

tttttattca
ccgcgtcatt
tttcaggtaa
agaggtcaaa
gcatcaagtc
cgaaaatagg
taattgcgcg
tcacaattcc
gagtgagcta
tgtcgtgcca
ggcgctcttc
cggtatcagc
gaaagaacat
tggcgttttt
agaggtggcg
tcgtgegcetc
cgggaagcgt
ttcgctccaa
ccggtaacta
ccactggtaa
ggtggcctaa
cagttacctt
gcggtggttt
atcctttgat
ttttggtcat
gttttaaatc
tcagtgaggc
ccgtcgtgta
taccgcgaga
gggccgageg
gccgggaagce
ctacaggcat
aacgatcaag

gtcctccgat
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aaatgattct
aaacttcttg
gttcttttca
tatgtcttct
ataggaaaat
gcgcgcccca
cttggcgtaa
acacaacata
actcacatta
gctgcattaa
cgcttcctcg
tcactcaaag
gtgagcaaaa
ccataggctc
aaacccgaca
tcctgttecg
ggcgctttct
gctgggctgt
tcgtcttgag
caggattagc
ctacggctac
cggaaaaaga
ttttgtttgc
cttttctacg
gagattatca
aatctaaagt
acctatctca
gataactacg
cccacgctca
cagaagtggt
tagagtaagt
cgtggtgtca
gcgagttaca

cgttgtcaga

aactccctta
ttgttgacgc
acgggtctta
tgaccgtacg
ttaaatcttg
ccgcggtgga
tcatggtcat
cgagccggaa
attgcgttgce
tgaatcggcc
ctcactgact
gcggtaatac
ggccagcaaa
cgccccectg
ggactataaa
accctgccgce
catagctcac
gtgcacgaac
tccaacccgg
agagcgaggt
actagaagaa
gttggtagct
aagcagcaga
gggtctgacg
aaaaggatct
atatatgagt
gcgatctgtc
atacgggagg
ccggctccag
cctgcaactt
agttcgccag
cgctcgtcgt
tgatccccca

agtaagttgg
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cgtaatcaag
taacattcaa
ctgatgaggc
tgtcttgcat
gctctcttgg
gctccagctt
agctgtttcc
gcataaagtg
gctcactgcc
aacgcgeggg
cgctgcgctc
ggttatccac
aggccaggaa
acgagcatca
gataccaggc
ttaccggata
gctgtaggta
cccccgttca
taagacacga
atgtaggcgg
cagtatttgg
cttgatccgg
ttacgcgcag
ctcagtggaa
tcacctagat
aaacttggtc
tatttcgttc
gcttaccatc
atttatcagc
tatccgcctc
ttaatagttt
ttggtatggc
tgttgtgcaa

ccgcagtgtt

gaatcttttt
cgctagtata
agtcgcgtct
gttattagct
gctcaaggtg
ttgttccctt
tgtgtgaaat
taaagcctgg
cgctttccag
gagaggcggt
ggtcgttcgg
agaatcaggg
ccgtaaaaag
caaaaatcga
gtttccccct
cctgtccgcec
tctcagttcg
gcccgaccgce
cttatcgcca
tgctacagag
tatctgcgct
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