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[0001] CONSOLIDATED PRETREATMENT AND HYDROLYSIS OF
PLANT BIOMASS EXPRESSING CELL WALL DEGRADING ENZYMES

[0002] This application claims the benefit of U.S. provisional application
No. 61/449,769 filed March 7, 2011.

[0003] The sequence listing electronically filed with this application
titled “Sequence Listing,” has a file size of 620,037 bytes and was created on
March 7, 2012.

[0004] FIELD OF INVENTION
[0005] The disclosure relates to methods for producing soluble sugars
from plants expressing cell wall degrading enzymes, transgenic plants,

expression vectors, nucleic acids, and cell wall degrading proteins.

[0006] BACKGROUND

[0007] Lignocelluosic biomass is an attractive feedstock for the
production of biofuels, chemicals, and bioproducts. Lignocellulosic biomass
provides many benefits, including abundant availability, potential low cost,
sustainability, and the fact that it is not ordinarily consumed by humans as a
source of food (Langeveld JWA et al. 2010 Crop Sci 50: S131-S151). To convert
lignocellulosic biomass into renewable energy and biochemicals, bioprocesses
convert a portion of the lignocellulosic biomass into simple sugars, which are
converted into biofuels or other bioproducts.

[0008] The cost of sugar production through biological conversion is
expensive due to the costs of biomass pretreatment and enzymatic hydrolysis
(Alvira P et al. 2010 Bioresour Technol 101: 4851; Abramson M et al. 2010
Plant Science 178: 61; Daniel Klein-Marcuschamer et al. Biotechnol. Bioeng,
2012; 109:1083). Plant cell walls are recalcitrant to enzymatic hydrolysis
because the heterogeneity, chemical composition and structural features of the
cell wall polysaccharides make them inaccessible to hydrolytic enzymes (Zhu

L et al. 2008 Bioresour Technol 99: 3817). For this reason, enzymatic hydrolysis
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requires a pretreatment that can make plant cell walls accessible. The
pretreatment technologies prevalent in industry typically employ harsh
conditions such as high temperatures and extreme pHs (Wyman CE et al.
2005 Bioresour Technol 96:1959; Mosier N et al. 2005 Bioresour Technol 96:
673). These conditions cause sugar degradation and result in reduced sugar
yvields and formation of toxic fermentation compounds, requiring expensive
additional steps for detoxification, separation and neutralization as well as
expensive up-front capital equipment.

[0009] Pretreatment costs, high costs of exogenous enzyme loadings,
slow hydrolysis rate, and limited supply of enzymes are also concerns for the

commercialization of processes involving lignocellulosic biomass.

[0010] SUMMARY

[0011] In an aspect, the invention relates to a method for producing
soluble sugars from engineered plant material. The method includes
pretreating by mixing the engineered plant material with a pulping
formulation to form a mixture. The engineered plant material includes a first
polynucleotide sequence encoding a first protein selected from the group
consisting of: a xylanase, an endoglucanase, an exoglucanase, a feruloyl
esterase, an intein-modified xylanase, an intein-modified endoglucanase, an
intein-modified exoglucanase, and an intein-modified feruloyl esterase. The
method also includes providing hydrolysis conditions.

[0012] In an aspect, the invention relates to an engineered plant. The
engineered plant includes a first polynucleotide sequence encoding an amino
acid sequence with at least 90% identity to a first reference sequence selected
from the group consisting of: SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, SEQ ID NO: 10, and SEQ ID NO: 11.

[0013] In an aspect, the invention relates to an expression cassette. The
expression cassette 1ncludes a first polynucleotide sequence capable of
hybridizing under conditions of moderate stringency to a nucleic acid

consisting of a first reference sequence selected from the group consisting of:
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SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID
NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, and SEQ ID NO: 39 [P77853:5158-
30-108-35]. The expression cassette also includes a second polynucleotide
sequence capable of hybridizing under conditions of moderate stringency to a
nucleic acid consisting of a second reference sequence selected from the group
consisting of: SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO:
35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID
NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, and SEQ ID: 43. The SEQ ID NO
selected as the first reference sequence is different than the SEQ ID NO
selected as the second reference sequence.

[0014] In an aspect, the invention relates to an expression cassette. The
expression cassette includes a polynucleotide sequence capable of hybridizing
under conditions of moderate stringency to a nucleic acid consisting of a
reference sequence selected from the group of sequences consisting of: SEQ ID
NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56,
SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID
NO: 61, and SEQ ID NO: 62.

[0015] In an aspect, the invention relates to an expression vector. The
expression vector includes a polynucleotide sequence capable of hybridizing
under conditions of moderate stringency to nucleic acid consisting of a
sequence selected from the group consisting of: SEQ ID NO: 68, SEQ ID NO:
69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID
NO: 74, SEQ ID NO: 75, SEQ ID NO: 76 , SEQ ID NO: 77, SEQ ID NO: 78,
SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82, and SEQ
ID NO: 83.

[0015a] According to yet another aspect, the invention relates to a
method for producing soluble sugars from engineered plant material
comprising: pretreating by mixing the engineered plant material with a
pulping formulation including ammonium bisulfite and ammonium carbonate
to form a mixture, at a pH ranging from 5,0 to 9.0 and a temperature of 40°C to
95°C; and providing hydrolysis conditions to the mixture. The engineered

plant material includes a first polynucleotide sequence encoding a first protein

.3.-
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and a second polynucleotide sequence encoding a second protein, wherein the
first protein includes an amino acid sequence with at least 90% identity to a
reference sequence of SEQ ID NO: 4, and the second protein includes an
amino acid sequence with at least 90% identity to a reference sequence of SEQ
ID NO: 6.

[0015D] According to yet another aspect, the invention relates to an
engineered plant comprising a first polynucleotide sequence encoding a first
protein having an amino acid sequence with at least 90% identity to a first
reference sequence of SEQ ID NO: 4, and a second polynucleotide sequence
encoding a second protein having an amino acid sequence with at least 90%
identity to a second reference sequence of SEQ ID NO: 6.

[0015c¢] According to yet another aspect, the invention relates to an
engineered plant comprising at least one polynucleotide sequence encoding an
amino acid sequence with at least 90% identity to a sequence which is of: SEQ
ID NO: 20, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO:
31.

[0015d] According to yet another aspect, the invention relates to an
expression cassette comprising: a first polynucleotide sequence capable of
hybridizing under conditions of moderate stringency to a nucleic acid
consisting of a first reference of SEQ ID NO: 35; and a second polynucleotide
sequence capable of hybridizing under conditions of moderate stringency to a
nucleic acid consisting of a second reference sequence of SEQ ID NO: 37.
[0015e] According to yet another aspect, the invention relates to an
expression cassette comprising a polynucleotide sequence capable of
hybridizing under conditions of moderate stringency to a nucleic acid
consisting of a reference sequence which is of: SEQ ID NO: 54, SEQ ID NO:
58, SEQ ID NO: 60, SEQ 1D NO: 61, or SEQ ID NO: 62.

[0015f] According to yet another aspect, the invention relates to an
expression vector comprising a polynucleotide sequence capable of hybridizing
under conditions of moderate stringency to nucleic acid consisting of a

sequence of: SEQ ID NO: 83.
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[0016] BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The following detailed description of the preferred embodiments
of the present invention will be better understood when read in conjunction
with the appended drawings. For the purpose of illustrating the invention,

there are shown in the drawings embodiments which are presently preferred.
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It is understood, however, that the invention is not limited to the precise
arrangements and instrumentalities shown. In the drawings:

[0018] FIG. 1 is a process flow diagram illustrating steps of consolidated
pretreatment and hydrolysis of plant biomass expressing cell wall degrading
enzymes.

[0019] FIGS. 2A-2B illustrate glucose (FIG.2A) and xylose (FIG.2B)
yields from a pretreated transgenic plant expressing xylanase A
(XynA.2015.05) and a transgenic control plant lacking xylanase A
(TGC.4000.12) after enzymatic hydrolysis with enzyme cocktail #5 (FCt; gray
(middle bar of each set of three)); or the enzyme cocktail #5 lacking xylanase A
(Ct-Xyn; diagonal stripes (right)); or no enzymes (NCt; white (left)).

[0020] FIGS. 3A-3B illustrate glucose (FIG.3A) and xylose (FIG.3B)
vields from a pretreated transgenic plant expressing xylanase B (XynB.
2063.17) and a pretreated wild-type control plant (AxB) after enzymatic
hydrolysis with enzyme cocktail #1 (FCt; gray (middle)); or the enzymatic
cocktail #1 lacking xylanase (Ct-Xyn; diagonal stripes (right)), or no enzymes
(NCt; white (left)).

[0021] FIG. 4 illustrates glucose yields from pretreated transgenic
plants expressing endoglucanase (EG) following enzymatic hydrolysis with
enzyme cocktail #1 (FCt; gray (middle)), or the enzymatic cocktail #1 lacking
endoglucanase (Ct-EG(right)), or no enzymes (NCt; white (left)). FIG. 4A
1llustrates glucose yield from transgenic plants expressing endoglucanase A
(EGA.2049.02 and EGA.2049.10) and a transgenic control plant lacking
endoglucanase (TGC.4000.12). FIG. 4B illustrates glucose yield from a
transgenic plant expressing endoglucanase B (EGB2042.03) and a transgenic
control plant lacking endoglucanase (T'GC.2004.8.02).

[0022] FIGS. 5A-5D illustrate hydrolysis results with transgenic plants
expressing multiple proteins. FIGS. 5A and 5C illustrate glucose yields, and
FIGS. 5B and 5D illustrate xylose yields from test transgenic plants and the
transgenic control plants with cocktail #1. FIGS. 5A and 5B illustrate results
with 1) double stack transgenic plants XynA/AccA/B.2096.05 and
XynA/AccA/B.2096.01, which express xylanase A (XynA) and accessory
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enzymes (Acc) and 2) a transgenic control plant TGC.2004.8.02 in treatments
with a full enzyme cocktail (FCt; dark gray (middle)), a full cocktail lacking
xylanase (FCt-Xyn; striped bars (right)) and no enzymes (NCt; white bars
(left)). FIGS. 5C and 5D illustrate results with 1) a transgenic plant
EGA/XynA.2242.09 expressing XynA and EGA and 2) a transgenic control
plant TGC.4000.12 in treatments with a full enzyme cocktail (FCt; dark gray
(left bar of the four for each sample)), a full cocktail lacking xylanase (Ct-Xyn;
diagonal stripes (second from left)), a full cocktail lacking endoglucanase (Ct-
EG; white (third from left)) and a full cocktail lacking xylanase and
endoglucanase (Ct-Xyn-EG; checked (fourth from left)).

[0023] FIGS. 6A—6B illustrate glucose and xylose yields, respectively,
from the stover of the pretreated wild type control plant AxB and the
transgenic maize plants XynB/EGA/CBHB.2349.56,
XynB/EGA/CBHB.2349.65, and XynB/EGA/CBHA.2345.116, which express
triple stacked proteins. The yields were measured following enzymatic
hydrolysis with the enzyme cocktail Accelerase® 1500/XY (FCt; black bars
(right)) compared to a control treatment lacking the enzyme cocktail (NCt;
gray bars (left)).

[0024] FIGS. 7A-7B illustrate glucose and xylose yields, respectively,
from transgenic plants. FIG. 7A shows glucose yields from pretreated
transgenic switchgrass plants expressing xylanase A (XynA.pv2015.3c,
XynA.pv2015.4c) and a pretreated wild-type switchgrass plant (Alamo)
following enzymatic hydrolysis with the enzyme cocktail #1 (FCt; gray
(middle)); the cocktail #1 lacking xylanase (Ct-Xyn; diagonal stripes (right));
and a control treatment lacking the enzyme cocktail (NCt; white (left)). FIG.
7B shows the xylose yield results from a pretreated first generation transgenic
plant expressing xylanase A (XynA.2015.05.T0), a second generation
transgenic plant expressing xylanase A (XynA.2015.05.T1) and a pretreated
transgenic plant lacking xylanase (TGC.4000.11) following enzymatic
hydrolysis with the enzyme cocktail #1 (FCt; gray (middle)); the cocktail #1
lacking xylanase (Ct-Xyn; diagonal stripes (right)); and a control treatment

lacking the enzyme cocktail (NCt; white (left)).
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[0025] FIGS. 8A-8B illustrate glucose and xylose yields, respectively,
from two pretreated transgenic switchgrass plants expressing xylanase A
(XynA.pv2015.3¢c and XynA.pv2015.4c) compared to a control non-transgenic
switchgrass plant (Alamo) following enzymatic hydrolysis with enzyme
cocktail #1 (FCt; gray (middle)); enzyme cocktail #1 lacking xylanase (Ct-Xyn;
diagonal stripes (right)) and a control treatment lacking the enzyme cocktail
(NCt; white (left)).

[0026] FIGS. 9A-9B illustrate glucose and xylose yields, respectively,
from a pretreated transgenic plant (1XynA.2229.110) expressing intein-
modified XynA (1XynA) and a pretreated wild-type control plant (AxB)
following enzymatic hydrolysis with enzyme cocktail #1(FCt; gray (middle));
enzyme cocktail #1 lacking xylanase (Ct-Xyn; diagonal stripes (right)) and a
control treatment lacking the enzyme cocktail (NCt; white (right)).

[0027] FIG. 10 illustrates the time course of the glucose yield from
enzymatic hydrolysis of a pretreated transgenic plant expressing xylanase A
(XynA.2015.5T1; closed triangle), and a pretreated transgenic plant
expressing xylanase B (Xyn B.2063.17; closed circle) versus a transgenic
control plant (TGC.2004.8.02; open square) using enzyme cocktail #1.

[0028] FIG. 11 1illustrates the time course of glucose yield from
enzymatic hydrolysis of a pretreated transgenic plant (EGA.2049.10) and a
pretreated transgenic control (TGC.4000.11) using enzyme cocktail #1
(EGA.2049.10.FCt, closed square; TGC.4000.11.FCt, open diamond) and the
enzyme cocktaill #1 lacking endoglucanase (EGA.2049.10.Ct-EG, closed
triangle; TGC.4000.11.Ct-EG, open circle).

[0029] FIGS. 12A—12B illustrate time courses of the glucose yield from
enzymatic hydrolysis of a pretreated transgenic plant (EGA/XynA.2242.09)
and a pretreated transgenic control plant (T'GC.4000.11) using the full enzyme
cocktail (EGA/XynA.2242.09.FCt, closed square; TGC.4000.11.FCt, open
diamond) compared to treatments using the full enzyme cocktail lacking
endoglucanase (KEGA/XynA.2242.09.Ct-EG, closed circle; TGC.4000.11.Ct-EG,
open circle in FIG. 12A) and the full enzyme cocktail lacking xylanase
(EGA/XynA.2242.09.Ct-Xyn, closed circle; TGC.4000.11.Ct-Xyn, open circle).

-6-
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[0030] FIGS. 13A-13B illustrate time courses of glucose and xylose
vields, respectively, from a pretreated transgenic plant expressing xylanase A
and feruloyl esterase B (XynA/AccB.2092.103) and a pretreated transgenic
control plant (TGC.4000.11) following enzymatic hydrolysis with the full
enzyme cocktail (XynA/AccB.2092.103.FCt, closed square; TGC.4000.11.FCt,
open diamond) and the full enzyme cocktail lacking xylanase
(XynA/AccB.2092.103.Ct-Xyn, closed triangle; TGC.4000.11.Ct-Xyn, open
circle).

[0031] FIG. 14 illustrates glucose yields from enzymatic hydrolysis of
pretreated transgenic plant expressing the following proteins: xylanase B
(XynB.2063.17), endoglucanase (EGA.2049.10), xylanase A and feruloyl
esterase B (XynA/Acc.B.2092.103), xylanase A and endoglucanase
(EGA/XynA.2242.09), intein modified xylanase A (1XynA.2229.110) compared
to a non-transgenic control plant (AxB) and a transgenic control plant lacking
enzymes (TGC.4000.11) . Pretreatments were performed at temperatures of
65°C (PT_65) and 75°C (PT_75). Enzyme loading includes 0.2 ml Accellerase®
1500 or 0.1 ml Accellerase® XY per gram of biomass and 0.05 pM B-glucosidase
(BGL). The bars above each of the PT 65 and PT_75 pretreatment sets
present data for the transgenic and control plants from left to right as follows:
AxB; TGC.4000.11; XynA.2015.05T1; XynB.2063.17; XynA/AccB.2092.103;
1XynA.2229.110; EGA.2049.10; and XynA/EGA.2242.09.

[0032] FIG. 15 illustrates glucose yields from enzymatic hydrolysis of
pretreated transgenic switchgrass (EGC.2253.4b, closed circle) and a wild type
switchgrass (Alamo, open square) with enzyme cocktail #5. Pretreatment
temperatures: 65°C, 75°C, and 95°C.

[0033] FIGS.16A-16B 1llustrate an effect of a pretreatment temperature
and time on glucose (FIG. 16A) and xylose (FIG. 16B) yields from enzyme
hydrolysis of a pretreated transgenic plant expressing endoglucanase and
xylanase A (EGA/XynA.2342.105; black bars (right)) and a pretreated control
plant (TGC.2342.01; gray bars (left)).

[0034] FIGS. 17A-17B illustrate an effect of a pretreatment
temperature on glucose (FIG. 17A) and xylose (FIG. 17B) yields from the

-7-
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pretreated transgenic plants EGA/XynA.2242.09.01and EGA/XynA.2242.09.07
expressing endoglucanase A and xylanase A, and the control plants: wild type
AxB and transgenic TGC.4000.11.

[0035] FIG. 18 illustrates an effect of reducing loading of external
enzymes on glucose yields from the pretreated transgenic plants
XynA.2015.05T1 (closed circle), XynB.2063.17 (closed triangle), and control
plant TGC.2004.8.04 (closed square) after hydrolysis with the decreasing
enzyme loadings: full cocktail #1 (FCt), 75% full cocktail #1 (0.75 FCt), 50%
full cocktail #1 (0.50FCt), 25% full cocktail #1 (0.25FCt), 10% full cocktail #1
(0.10FCt) and no enzymes (OFCt).

[0036] FIG. 19 illustrates an effect of reducing loadings of external
enzymes on glucose yields from the transgenic plants
XynE/EGC/CBHA.2339.03, XynE/EGC/CBHA.2339.04, and

XynE/EGC/CBHA.2339.05, and the control plant BxA. Pretreatment was
performed using 0.17 M ammonium bisulfite and ammonium carbonate
(pHS8.1) at 75 °C, at liquid to solid ratio equal to 10 for 16 hours. Enzymatic
hydrolysis was conducted at approximately 2% solids content with no
enzymes (NCt; white (left)), 20% full cocktail (0.2FCt; gray (middle)) and full
cocktail Accellerase®1500/XY at 0.2ml/0.1 ml of per gram stover (FCt; black
(right)) at 50 °C and pH 5.0 for a period of 3 days.

[0037] FIGS. 20A-20B 1illustrate glucose and xylose yields, respectively,
from pretreated plants expressing xylanase A and endoglucanase (Xyn
A/EGA.2309.54 and XynA/EGA2309.107) compared to a pretreated non-
transgenic control plant (BxA) after enzymatic hydrolysis with a full load of
the enzyme cocktail Accelerase ®1500/XY (FCt; black (right)), a 20% load of
the cocktail (0.2FCt; gray (middle in FIG. 20A and right in FIG. 20B)) and no
enzymes (NCt; white (left in FIG. 20A)).

[0038] FIGS. 21A-21B illustrate an effect of reducing loadings of
external enzymes on glucose (FIG. 21A) and xylose (FIG. 21B) yields from the
transgenic plants EGA/XynA.2242.09.16, CBHA.2069.01.03 and the control
plant TGC.4000.11 following enzymatic hydrolysis with the full cocktail at

0.2 ml Accellerase® 1500 per gram stover + 0.1ml Accellerase® XY per gram
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stover (FCt;), 80% full cocktail: 0.16 ml Accellerase® 1500 per gram stover +
0.08 ml Accellerase® XY per gram stover (0.8FCt), 60% full cocktail: 0.12 ml
Accellerase® 1500 per gram stover + 0.06 ml Accellerase® XY per gram stover
(0.6FCt), 40% full cocktail: 0.08 mL Accellerase® 1500 per gram stover + 0.04
mL Accellerase® XY per gram stover (0.4FCt), 20% full cocktail: 0.04 mL
Accellerase® 1500 per gram stover + 0.02 mL Accellerase® XY per gram stover
(0.2FCt) and no enzymes (OFCt).

[0039] FIG. 22 illustrates ethanol production from simultaneous
saccharification and fermentation (SSF) of pretreated transgenic plants
EGA.2049.10 and EGA/XynA.2242.09 against control plants using 1) the
enzyme cocktails Accellerase® 1500 and Accellerase® XY; and 2) yeast strain
Saccharomyces cerevisiae D5A.

[0040] FIG. 23 illustrates biomass solubilization based on weight loss in
a transgenic plant expressing exoglucanase CBHA (CBHA.2069.3.17; white)
and a wild-type control plant (AxB; gray).

[0041] FIGS. 24A—-24B illustrate yield of acetic acid (HAc) from a non-
transgenic control plant (AxB; FIG. 24A) and a transgenic plant expressing
exoglucanase CBHA (CBHA.2063.3.17; FIG. 24B). The treatments were
performed at 75°C for 16 hours (white (left)); 85°C for 7 hours (striped bars
(middle)) and 95°C (checked (right)).

[0042] FIGS. 25A-25B illustrate yield of sugar degradation products
hydroxymethylfurfural (HMF) and furfural from a non-transgenic control
plant (AxB; FIG. 25A) and a transgenic plant expressing exoglucanase CBHA
(CBHA.2063.3.17). The treatments as indicated by white, striped or checked
bars were as follows from left to right: white, HMF _75°C for 16 hours; striped,
HMF _85°C for 7 hours; checked, HMF_95°C for 16 hours; striped,
Furfural 95°C for 16 hours).

[0043] FIG. 26 illustrates xylose yield from a transgenic plant
expressing xylanase B alone (XynB.2063.15), a transgenic plant expressing
xylanase A and two accessory enzymes A and B (XynA/AccA/B.2096.1) and a
non-transgenic control plant (WT AxB) following pretreatment with 0.17M

ammonium bisulfite and ammonium carbonate (BSC; pH 8.1) and
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autohydrolysis. Xylose yield was assessed for xylose as a monomer (black
(right)) and xylose as oligosaccharide (gray (left)).

[0044] FIG. 27 illustrates xylose yields from two transgenic plant
expressing xylanase B, endoglucanase, and CBHB (XynB/EGA/CBHB.2349.56
and XynB/EGA/CBHB.2349.55), a transgenic plant expressing xylanase B,
endoglucanase and CBHA (XynB/EGA/CBHA.2345.116) and a non-transgenic
control plant (AxB) following pretreatment with 0.17M ammonium bisulfite
and 0.165M ammonium carbonate (BSC; pH 8.1) and autohydrolysis

[0045] FIGS. 28A-28B illustrate glucose and xylose yields, respectively,
from pretreated transgenic plants using Accellerase® XY.
EGA/XynA.2242.09T1 (closed circle) simultaneously expressed endoglucanase
and xylanase A, and the transgenic control plant was TGC.4000 (closed
square).

[0046] FIGS. 28C-28D show, respectively, glucose and xylose yields
from XynB/EGA/CBHB.2349.55 (open circle), XynB/EGA/CBHB.2349.229
(closed triangle, point up), and XynB/EGA/CBHB.2349.56 (closed triangle,
point down), each of which simultaneously expressed endoglucanase A,
xylanase B, and cellobihydrolase B, and 1XynA.2329.14, which expressed

intein-modified xylanase A and a wild type control plant AxB .

[0047] DETAILED  DESCRIPTION OF THE  PREFERRED
EMBODIMENTS
[0048] Certain terminology 1s used in the following description for

convenience only and is not limiting. The words "right," "left," "top," and
"bottom" designate directions in the drawings to which reference is made. The
words “a” and “one,” as used 1n the claims and in the corresponding portions of
the specification, are defined as including one or more of the referenced item
unless specifically stated otherwise. This terminology includes the words
above specifically mentioned, derivatives thereof, and words of similar import.
The phrase "at least one" followed by a list of two or more items, such as "A,
B, or C,” means any individual one of A, B or C as well as any combination

thereof.
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[0049] Embodiments herein provide technologies to express a portfolio of
cell wall degrading (CWD) proteins in a plant. The CWD proteins may be
CWD enzymes or modified forms of the CWD enzymes. The modified forms
may be intein modified CWD proteins. The plant may be maize, sorghum,
switchgrass, or another plant. Embodiments herein provide for harvesting
plant biomass with in planta CWD proteins for use as a feedstock in sugar
production. In planta enzyme expression uses the plant as a “factory” rather
than microbial fermentation to produce industrial CWD enzymes. This
strategy has an advantage of delivering the proteins directly in the biomass
feedstocks for fermentable sugar production. Transgenic plant biomass with
hydrolytic traits may not require harsh pretreatments to improve cellulose cell
wall accessibility to exogenous enzymes. The expression of different classes of
CWD proteins in a single plant may create a low cost sugar platform for
biofuel and biochemical production. Embodiments herein provide methods for
producing soluble sugars using a mild chemical pretreatment of lignocellulosic
biomass derived from plants genetically engineered to include one or more

types of a CWD protein.

[0050] An embodiment provides a method for producing soluble sugars
from engineered plant material. The method may include pretreating the
engineered plant material through mixing with a pulping formulation to form
a mixture. The engineered plant material may include a first polynucleotide
sequence encoding a first protein. The first protein may be a CWD enzyme.
The first protein may be an intein-modified CWD enzyme. The first protein
may be a xylanase, an endoglucanase, an exoglucanase, a feruloyl esterase, an
intein-modified xylanase, an intein-modified endoglucanase, an intein-
modified exoglucanase, or an intein-modified feruloyl esterase. The first
protein may be capable of hydrolyzing a component of the engineered plant
material. Being capable of hydrolyzing a component means that the first
protein catalyzes hydrolysis of the component under hydrolysis conditions. In
the case of an intein modified first protein, being capable of hydrolyzing a
component means that after the intein has spliced from the peptide, the

nrotein may hydrolyze the component under hydrolysis conditions. The
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method may further include providing hydrolysis conditions. The hydrolysis
conditions may be suitable for hydrolyzing the component.

[0051] The engineered plant material may further include a second
polynucleotide sequence encoding a second protein. The second protein may be
a CWD protein. The second protein maybe an intein-modified CWD protein.
The second protein may be a xylanase, an endoglucanase, an exoglucanase, a
feruloyl esterase, an intein-modified xylanase, an intein-modified
endoglucanase, an intein-modified exoglucanase, or an intein-modified feruloyl
esterase. The protein selected as the second protein may be different than the
protein selected as the first protein. The second protein may be capable of
hydrolyzing a component of the engineered plant material. Being capable of
hydrolyzing a component means that the second protein catalyzes hydrolysis
of the component under hydrolysis conditions. In the case of an intein
modified second protein, being capable of hydrolyzing a component means that
after the intein has spliced from the peptide, the protein may hydrolyze the
component under hydrolysis conditions.

[0052] The engineered plant material may further include a third
polynucleotide sequence encoding a third protein. The third protein may be a
CWD protein. The third protein maybe an intein-modified CWD protein. The
third protein may be a xylanase, an endoglucanase, an exoglucanase, a
feruloyl esterase, an intein-modified xylanase, an intein-modified
endoglucanase, an intein-modified exoglucanase, or an intein-modified feruloyl
esterase. The protein selected as the third protein may be different than the
protein selected as the first protein. The protein selected as the third protein
may be different than the protein selected as the second protein. The third
protein may be capable of hydrolyzing a component of the engineered plant
material. Being capable of hydrolyzing a component means that the third
protein catalyzes hydrolysis of the component under hydrolysis conditions. In
the case of an intein modified third protein, being capable of hydrolyzing a
component means that after the intein has spliced from the peptide, the

protein may hydrolyze the component under hydrolysis conditions.
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[0053] Engineered plant material refers to a transgenic plant, progeny
of a transgenic plant, a descendant of a transgenic plant, or a part of any of
the foregoing. Engineered plant material may include a cell wall degrading
enzyme, which does not occur naturally in the plant, or a gene encoding the
same. Engineered plant material may be a transgenic plant expressing a CWD
protein, or any part of the transgenic plant. Engineered plant material may
be any transgenic plant expressing a modified form of a CWD protein, or any
part of the transgenic plant. The transgenic plant may be of any type of plant.
The transgenic plant type of plant may be but is not limited to maize, sugar
beet, sugar cane, sorghum, switchgrass, miscanthus, eucalyptus, willow, or
poplar. Engineered plant material may be a whole transgenic plant or parts
of the plant. The parts may be but are not limited to leaves, stems, flowers,
buds, petals, ovaries, fruits, or seeds. Engineered plant material may be
callus from a transgenic plant. Engineered plant material may be regenerated
from parts of a transgenic plant or plants. Engineered plant material may be
a product of sexual crossing of a first transgenic plant and a second transgenic
plant or a non-transgenic plant where the product plant retains a
polynucleotide sequence introduced to the first transgenic plant. The
transgenic plant may be any one of the transgenic plants provided herein.
The transgenic plant may include any vector, expression cassette, or isolated
nucleic acid or fragment thereof herein.

[0054] Mixing of engineered plant material with a pulping formulation
may be done by any combination of the engineered plant mater with the
pulping formulation. Mixing may be done by agitation.

[0055] The pulping formulation may be a substance that breaks down
lignin, which binds the lignocellulose fibers within lignocellulosic plant
material together. The substance may break down ligin without seriously
degrading the lignocellulose fibers. Pretreating may lead to a partial release of
enzymes expressed in the genetically engineered plants and partial
degradation of lignin within lignocellulosic plant material.

[0056] The method may include activation of a CWD protein before,

during or after pretreating. The method may include activation of a CWD
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protein before, during or after providing hydrolysis conditions. The CWD
protein being activated may be a first protein, second protein, or third protein,
or any additional lignocellulose processing enzyme. A CWD protein may be
modified to include an intein. The intein may be fused to the CWD enzyme on
an end of the enzyme or within the enzyme. The intein may be inducible to
splice by providing induction conditions. The induction conditions may be a
particular temperature of the mixture. The induction conditions may be a
temperature provided before, during, or after one of the pretreating or
providing hydrolysis steps. Intein modified enzymes and conditions for
inducing splicing of the inteins, which could be used as activation conditions,
were described in U.S. Appln. 10/886,393 filed dJuly 7, 2004 and
PCT/US10/55746 filed November 5, 2010, and PCT/US10/55669 filed
November 5, 2010 and PCT/US10/55751 filed November 5, 2010.

[0057] The component may be any moiety desired for processing. The
component may be lignocellulosic material. The component may be the
substrate for any CWD protein listed herein. The component may be the
substrate for a xylanase, an endoglucanase, an exoglucanase, a feruloyl
esterase. The component may be a moiety including a substrate for any CWD
protein listed herein. The component may be a moiety including a substrate
for a xylanase, an endoglucanase, an exoglucanase, a feruloyl esterase.

[0058] The method may also include adding other plant material before,
during, or after mixing, pretreating, or providing hydrolysis conditions. Other
plant material may be any plant biomass, cellulosic or lignocellulosic material
other than the engineered plant material. The other plant material may be
from biorefineries. Other plant material may include forestry and
agricultural residues. The forestry and agricultural residues may be, but are
not limited to, corn stover, baggasses, wheat straw, waste wood, forest
trimmings, waste paper, and municipal solid wastes (MSW). Other plant
material may be any energy crop. The energy crop may be, but is not limited

to, switchgrass, sorghum, sugar beet, sugar cane, miscanthus and poplar.

-14-
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[0059] A polynucleotide sequence encoding a first protein, a second
protein, a third protein, or any additional enzyme may be operably connected
to a regulatory sequence. In this context, operably connected means that the
regulatory element imparts it function to the polynucleotide sequence. In the
case of a regulatory element that is a promoter, the promoter is capable of
controlling expression from the polynucleotide sequence when they are
operably connected. In the case of a regulatory element that 1s a terminator,
the terminator 1s capable of terminating transcription from the polynucleotide
sequence. Non-limiting examples of regulatory elements are provided below.
[0060] At least one of the first protein, the second protein, or the third
protein may be but is not limited to an enzyme selected from XynA: Beta-1,4-
xylanase 229B from Dictyoglomus thermophilum (Uniprot accession P77853);
XynB: Endo-1,4-beta-xylanase from Thermomyces Ilanuginosus (Uniprot
accession 043097); EGA: Endo-beta 1,4-endoglucanase from Nasutitermes
takasagoensis (Uniprot accession O77044); EGB: Endo-beta 1,4-endoglucanase
from Acidothermus cellulolyticus (Uniprot accession P54583); AccA: Feruloyl
esterase A from Apergillus niger (Uniprot accession 042807); AccB: Feruloyl
esterase B from Aspergillus niger (Uniprot accession number QQSWZIS),
AccA/B: Feruloyl esterase A and Feruloyl esterase B from Aspergillus niger;
EGC: Endo-beta 1,4-endoglucanase from Rhodothermus marinus (Uniprot
accession 033897); P40942: Beta-1,4-xylanase from Clostridium stercorarium
F9 (Uniprot accession number P40942); P40943: Beta-1,4-xylanase from
Geobacillus stearothermophilus T-6 (Bacillus stearothermophilus;Uniprot
accession number P40943); 030700: Beta-1,4-xylanase from Bacillus sp. NG-
27(Uniprot accession number 030700); CBHA: cellobiohydrolase A from
Clostridium thermocellum  (Uniprot accession number 068438); CBHB:
cellobiohydrolase B (SYT BD22308); or XynE: xylanase (EU591743).

[0061] The first protein may include, consist essentially of, or consist of
an amino acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100% identity to a reference sequence selected from the
group consisting of: SEQ ID NO: 1[WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ
ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ 1D NO: 5 [EU591743], SEQ
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ID NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101], SEQ ID NO: 8
[P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO: 10 [068438],
and SEQ ID NO: 11 [P54583]. The first protein may include, consist
essentially of, or consist of an amino acid sequence with at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1identity to the reference
sequence of SEQ ID: 12 [BD22308].

[0062] The second protein may include, or consist essentially of, or
consist of an amino acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100% identity to a second reference sequence
selected from the group consisting of: SEQ ID NO: 1[WT P77853], SEQ ID NO:
2 [AnfaeA], SEQ ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ ID NO: 5
[EU591743], SEQ ID NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101],
SEQ ID NO: 8 [P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO:
10 [068438], and SEQ ID NO: 11 [P54583]. The second protein may include,
consist essentially of, or consist of an amino acid sequence with at least 70, 72,
75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1identity to the
reference sequence of SEQ ID: 12 [BD22308].

[0063] The third protein may include, consist essentially of, or consist of
an amino acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100% identity to a third reference sequence selected from the
group consisting of SEQ ID NO: 1[WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ
ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ ID NO: 5 [EU591743], SEQ
ID NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101], SEQ ID NO:
8[P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO: 10 [068438],
and SEQ ID NO: 11 [P54583]. The third protein may include, consist
essentially of, or consist of an amino acid sequence with at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1identity to the reference
sequence of SEQ ID: 12 [BD22308].

[0064] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence may further
include a first targeting polynucleotide sequence encoding a respective

targeting peptide. For engineered plant material lacking the third
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polynucleotide sequence, a first targeting polynucleotide sequence may be
included on at least one of the first polynucleotides sequence or the second
polynucleotide sequence. For engineered plant material lacking the second
polynucleotide sequence and the third polynucleotide sequence, a first
targeting polynucleotide sequence may be included on the first polynucleotide
sequence. Each respective targeting peptide may be independently selected for
each of the first, the second, or the third polynucleotide sequence. A targeting
peptide may be fused to the first protein, the second protein, or the third
protein. Each respective targeting peptide may be independently selected
from but i1s not limited to an amyloplast targeting signal, a cell wall targeting
peptide, a mitochondrial targeting peptide, a cytosol localization signal, a
chloroplast targeting signal, a nuclear targeting peptide, and a vacuole
targeting peptide.

[0065] A first targeting polynucleotide may be upstream of the first
polynucleotide sequence, the second polynucleotide sequence or the third
polynucleotide sequence. A targeting peptide may have at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% identity to one of SEQ ID NO:
13 [BAASS], the barley aleurone sequence SEQ ID NO: 14 [HVAIePS], SEQ ID
NO: 15 [PR1a], SEQ ID NO: 16 [the gamma-zein sequence xGZein27ss-02], or
SEQ ID NO: 17 [Glu B4SP].

[0066] A first targeting polynucleotide sequence in combination with one
of the first polynucleotide sequence, the second polynucleotide sequence, or
the third polynucleotide sequence together may encode an amino acid
sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100% 1dentity to a reference sequence selected from the group consisting of:
SEQ ID NO: 18 [BAASS:P77853], SEQ ID NO: 19 [BAASS:033897], SEQ ID
NO: 20 [HVAlePS:NtEGm], and SEQ ID NO: 21 [BAAS:P77853:5S158-30-108-
35].

[0067] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence may further
include a second targeting polynucleotide sequence encoding a carboxy

targeting peptide. For engineered plant material lacking the third
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polynucleotide sequence, a second targeting polynucleotide sequence may be
included on at least one of the first polynucleotide sequence or the second
polynucleotide sequence. For engineered plant material lacking the second
polynucleotide sequence and the third polynucleotide sequence, a second
targeting polynucleotide sequence may be included on the first polynucleotide
sequence. A carboxy targeting peptide may be selected from but is not limited
to sequence having at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100 1dentity to one of SEQ ID NO: 22 [SEKDEL], the abridged SEQ ID
NO: 23 [KDEL], or the barley vacuolar sorting determinant sequence SEQ ID
NO: 24 [HvVSD-01]. A carboxy targeting peptide may be fused to at least one
of the first protein, the second protein, or the third protein.

[0068] At least one of the first protein, the second protein, or the third
protein may be provided without the targeting peptide for accumulation in
cytoplasm.

[0069] The first targeting polynucleotide sequence and the second
targeting polynucleotide sequence in combination with one of the first
polynucleotide sequence, the second polynucleotide sequence, or the third
polynucleotide sequence together may encode an amino acid sequence with at
least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% identity to
a reference sequence selected from the group consisting of: SEQ ID NO: 25
[BAASS: AnfaeB: SEKDEL], SEQ ID NO: 26 [BAASS:AnfacA:SEKDEL], SEQ
ID NO: 27 [PR1a:NtEGm:SEKDEL], SEQ ID NO: 28 [BAASS: P77853:T134-
100-101:SEKDEL], SEQ ID NO: 29 [HvAleSP:NtEGm:SEKDEL], SEQ ID
NO: 30 [BAASS:043097:SEKDEL] and SEQ ID NO: 31[xGZein27ss-
02:BD22308:HVVSD-01].

[0070] At least one of the first, the second or the third polynucleotide
sequence may encode a “variant” of a CWD protein. The amino acid sequence
of a variant of a CWD protein may differ by deletions, additions, substitutions
of amino acid sequences, or other modifications of the CWD protein. A variant
of a CWD protein may maintain the biological activity of the CWD protein. To
maintain biological activity as used herein means that the variant has at least

60% of the activity of the CWD protein from which it is derived Activity of a
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xylanase may be assessed in an assay using Xylazyme AX substrate as
described herein in the sub-section of Example 1 herein entitled “Stover
Enzyme Assay. "Activity of a endoglucanase may be assessed by using
Cellazyme substrate as described herein in the sub-section of Example 1
herein entitled “Stover Enzyme Assay.“ Activity of a exoglucanase may be
assessed by using fluorescent 4-methylumbelliferyl-b-D-lactopyranoside (4-
MU) as described in Harrison MD et al. 2011 “Accumulation of recombinant
cellobiohydrolase and endoglucanase in the leaves of mature transgenic sugar
cane,” Plant Biotechnology Journal 9: 884-896. Activity of a feruloyl esterase
may be assessed using an assay using pNP labeled ferulate as a substrate (as
described in Hegde S. et al. 2009 “Single-step synthesis of 4-nitrophenyl
ferulate for spectrophotometric assay of feruloyl esterases,” Analytical
Biochemistry 387(1): 128-129). The foregoing tests for activity of a xylanase,
endoglucanase, exoglucanase, or feruloyl esterase may be utilized to
determine whether a sequence with less than 100% identity to a CWD
degrading protein sequence herein is a variant of the CWD degrading protein.
Variants of a CWD protein herein may be modified in amino acid sequence
versus the CWD protein based on similarity in hydrophobicity, hydrophilicity,
solubility, polarity of amino acid residues. Variants of a CWD protein herein
may differ following post-translational modifications. The differing post-
translational modification may be but are not limited to glycosylations,
acetylations, or phosphorylations. A variant may be developed by any means.
A variant may be developed through site-directed mutagenesis or non-
targeted mutagenesis. Error-prone PCR may be used to create mutants of a
CWD protein herein, and any of the assays above may be used to assess
whether the mutant is a variant.

[0071] Embodiments include at least one of the first protein, the second
protein, or the third protein, or variants thereof, fused to variants of at least
one of a targeting peptide, or a carboxy targeting peptide. Variants of a
targeting peptide or a carboxy targeting peptide will target the protein it is
fused with to the same location as the reference sequence for the targeting

peptide or carboxy targeting peptide.
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[0072] Variants of intein may be provided in a first protein, a second
protein, or a third protein. An intein variant may splice from the protein in
which it is fused.

[0073] For determining percent identity of two amino acid sequences or
two nucleic acid sequence may include aligning and comparing the amino acid
residues or nucleotides at corresponding positions in the two sequences. If all
positions in two sequences are occupied by identical amino acid residues or
nucleotides then the sequences are said to be 100% identical. Percent identity
may be measured by the Smith Waterman algorithm (Smith TF, Waterman
MS 1981 “Identification of Common Molecular Subsequences,” J Mol Biol 147:
195 -197.

[0074] In an embodiment, a polynucleotide sequence that encodes a
protein having less than 100% identity to the cited amino acid reference
sequence may encode a variant of the protein having the amino acid reference
sequence. In an embodiment, a protein having less than 100% identity to the
cited amino acid reference sequence may be a variant of the protein having
the amino acid reference sequence. In an embodiment, a polynucleotide
sequence that encodes a protein having less than 100% identity to the protein
encoded by the cited nucleic acid reference sequence may encode a variant of
the protein encoded by the reference sequence.

[0075] Referring to FIG. 1, a method for producing soluble sugars from
engineered plant material is illustrated. FIG. 1 depicts a process flow for
consolidated pretreatment and hydrolysis of engineered plant material.
Engineered plant material or engineered plant material admixed with other
plant material may be added through Feeder 10 to Reactor 20 for chemical
pretreatment and enzymatic liquefaction; i.e., the process of conversion of
solid lignocellulosic biomass into a liquefied state suitable for further
processing and hydrolysis. In Reactor 20, engineered plant material or
engineered plant material admixed with other plant material may be mixed
with the pulping formulation. The pulping formulation may include at least
one moiety having an ion selected from the group consisting of: sulfite,

bisulfite, sulfate, carbonate, hydroxide, and oxide. The at least one moiety
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further may include but is not limited to a counter ion selected from the group
consisting of: ammonium, sodium, magnesium, and calcium. The at least one
moilety may be a salt. A salt may be but 1s not limited to a sulfite (SOs2°), a
bisulfite (HSOs™), an oxide (O%?°) and a hydroxide (OH"). The salt may include
a counter ion. A counter ion may be but is not limited to sodium (Na‘),
calcium (Ca?*), hydrogen, potassium (K*), magnesium (Mg?*), and ammonium
(NH4*). A pulping formulation may include at least one of calcium oxide
(Ca0), lime, or calcium hydroxide (Ca(OH)z), shaked lime.

[0076] In an embodiment, a pulping formulation may include at least
one of ammonium bisulfite and ammonium carbonate. The ammonium
bisulfite may be at a concentration of 0.02 M to 0.35 M and the ammonium
carbonate may be at a concentration of 0.025 M to 0.25 M. The pulping
formulation may be mixed with the engineered plant material or engineered
plant material admixed with other plant material at an optimal liquid-to-solid
ratio in a mixture. The mixture may have a liquid to solid ratio selected from
the value of less than or equal to one of 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1, or any
value in a range between any two of the foregoing (endpoints inclusive). For
example, the liquid to solid ratio may be a value less than any integer or non-
integer number selected from 3 to 7. The liquid-to-solid ratio may be equal to
10, 9, 8, 7, 6, 5, 4, 3, 2, or 1, or any value in a range between any to of the
foregoing (endpoints inclusive). For example, the liquid to solid ratio may be a
value equal to any integer or non-integer number in the range from 3 to 7.
[0077] Pretreating may include incubating the mixture for any period of
time. Pretreating may include incubating the mixture for up to 16 hours.
Incubating may occur for longer or shorter periods may be performed.
Pretreating may include incubating the mixture for a period of less or equal
to one of 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 hour(s).

[0078] Pretreating may include providing a mixture temperature of 40°C
to 95°C. A mixture temperature of 40°C to 95°C may allow breakage or
removal of portions of lignin within the lignocellulosic material in the mixture
without deactivating hydrolytic enzymes. Pretreating may include providing a

mixture temperature of 55°C, 65°C, 75°C, 95°C, less than 55°C, less than 65°C,
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less than 75°C, less than 95°C, less than 100°C, 40°C to 55°C, 40°C to 65°C,
40°C to 75°C, 40°C to 95°C, 40°C to less than 100°C, 55°C to 65°C, 55°C to
75°C, 55°C to 95°C, 55°C to less than 100°C, 65°C to 75°C, 65°C to 95°C, 65°C
to less than 100°C, 75°C to 95°C, 75°C to less than 100°C, or 95°C to less than
100°C.

[0079] Pretreating may include providing a mixture pH ranging from
5.0 to 10. Pretreating may include providing a mixture pH within a range of
6.5 to 8.5. The mixture pH provided may be 5.0, 5.5, 6.0, 7.0, 7.5, 8.0, 9.0, 9.5,
or 10, or a pH within a range between any two of the foregoing pH values
(endpoints inclusive). The pH of the mixture during pretreating may depend
on the type of chemical used and/or type of plant material used. Providing a
mixture pH may include adding a pH modifying chemical. A pH modifying
chemical may be an acid or an alkali.

[00&0] At the end of the pretreating step, the mixture may include
partially degraded plant material and a liquid phase called a partial filtrate
that may include chemicals from the pulping formulation and a low
concentration of CWD enzyme or enzymes released from engineered plant
material. The method may include separating the partial filtrate from solids of
partially degraded plant material in Separator 30. Separation may be
achieved through various processes. Separation may be achieved through
sedimenting, filtering, or centrifuging the partial filtrate. The method may
include at least one of collecting or recycling at least a portion of the partial
filtrate in multiple rounds of pretreating. After removal of the partial filtrate,
the concentration of solids within the mixture may be increased and may be
any integer or non-integer value within a range of 2% to 15% (w/v), or any
range within two integer values within the range of 2% to 15% (w/v).

[0081] The method may include washing the pretreated engineered
plant material with any suitable liquid. The liquid may be deionized water.
The liquid may be removed by centrifugation.

[0082] The method may further include refining by mechanical grinding,
which is performed in Refiner 40 by any known method, such as, but is not

limited to, defibrillation, milling, or crashing.
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[0083] The method may include transferring refined pretreated biomass
to Saccharification vessel 50. Hydrolysis by a CWD enzyme released from
engineered plant material may occur in Saccharification vessel 5.

[0084] Providing hydrolysis conditions may include adjusting the
mixture to 2% to 25% solids, to any integer or non-integer value within 2% to
25% solids (endpoints inclusive), or to any integer or non-integer value within
a range between any two integers within 2% to 25% solids. Providing
hydrolysis conditions may include incubating the mixture for a period of time
up to 144 hours, a period of time selected from any one integer or non-integer
value up to 144 hours, or a period of time within a range between any two
integer values greater than zero and up to 144 hours. Providing hydrolysis
conditions may include providing a mixture temperature of 100°C or less, 65°C
or less, 50°C or less, 48°C to 50°C, 48°C to 65°C, 48°C to less that 100°C, or
48°C to 100°C. Providing hydrolysis conditions may include providing a pH
ranging from 4.8 to 5.0, a pH of 4.8, a pH of 4.9, or a pH of 5.0. At least one of
the temperature, pH, or time of treatment, may be selected based on the
specific activity of a CWD enzyme in the engineered plant material.

[0085] If the engineered plant material includes multiple CWD
enzymes, conditions optimal for at least one of expression, pretreating, or
hydrolysis by each of the multiple CWD enzymes may be provided
sequentially. Hydrolysis conditions may include providing a pH optimal for
activity of one enzyme, followed by a different pH optimal for activity of
another enzyme. Hydrolysis conditions may include adjusting temperatures at
different periods of time for optimal activity of each enzyme. For example, a
xylanase may require a different temperature or pH than an endoglucanase.
[0086] The method may include adding one or more exogenous enzymes
to at least one of the engineered plant material, other plant material, or the
mixture. The exogenous enzymes may be added before, during, or after
pretreating. The exogenous enzymes may be added before, during, or after
providing hydrolysis conditions. Exogenous enzymes may be added to
Saccharification vessel 50. One or more exogenous enzymes may be provided

in an enzyme cocktail. An enzyme cocktail may include one or more CWD
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enzymes. A CWD enzyme provided in an embodiment herein may be but is not
limited to a lignin degrading enzyme, a cellulose degrading enzyme, or a
hemicellulose degrading enzyme. A CWD enzyme provided in an embodiment
herein may be but 1s not limited to one selected from glycosidases, xylanases,
cellulases, endoglucanases, exoglucanases, cellobiohydrolases, B-xylosidases,
feruloyl esterases, and amylases. An enzyme cocktail may include a cellulase
1solated from Trichoderma reesii. An enzyme cocktail may be purchased from
a vendor. An enzyme cocktail may be, but is not limited to, Accellerase™
1000, Accellerase® 1500, and Accellerase ® XY available from Genencor
International (Rochester, NY). An enzyme cocktail may be Cellic. An enzyme
cocktail may include different classes of CWD enzymes. Optimal conditions for
different classes of CWD enzymes in a cocktail may be provided. For example,
the temperature, pH and time of treatment for hydrolysis may be adjusted
during the method to provide optimal conditions for different enzymes in the
cocktail. Hydrolysis conditions may include reduced loadings of external
enzymes included in an enzyme cocktail. Reduced loadings may include
formulations having less of or lacking a CWD protein or proteins expressed in
engineered plant material. For example, if a transgenic plant expresses
xylanase and endoglucanase, these enzymes may be removed from an enzyme
cocktail formulated for hydrolysis of engineered plant material having the
transgenic plant.

[0087] Efficiency of hydrolysis may be assessed by measuring
solubilization of plant material. Methods to measure solubilization of plant
material are known in the art and may include determining monosaccharide
and disaccharide concentrations, for example by high performance liquid
chromatography (HPLC). As described in Examples herein, HPLC may be
performed using Shimadzu LC-20 AD binary pump with LC solutions software
(Shimadzu, Kyoto, Japan) and sugar concentration may be determined using
an Aminex HPX-87P sugar column (Bio-Rad Laboratories). Other methods to
measure solubilization of plant material, for example, by determining weight
loss, lignin removal, or deacetylation in the pretreated plant material, are

available.
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[0088] The method may further include contacting the mixture and/or
products of hydrolysis with a fermenting organism to produce a biochemical
product. After enzymatic hydrolysis, soluble sugars may be recovered and
used for production of a biochemical product. Alternatively, simultaneous
saccharification and fermentation of soluble sugars into a biochemical product
may be performed in the method. A biochemical product may be but is not
limited to butane, butanediol, butadiene, butanol, isobutanol, propane,
propanediol, propylene, propanol, isopropanol, methane, methanol, ethanol,
phenol, glycerol, ethylene, toluene, ethyl, benzene, styrene, xylene, ethylene
glycol, ethylene oxide, formic acid, carbone dioxide, formaldehyde,
acetaldehyde, acetone, a vitamin, ethane, pentane, hexane, heptane, octane,
benzene, acetic acid, sorbitol, arabinitol, succinic acid, fumaric acid, malic
acid, furan dicarboxylic acid, aspartic acid, glucaric acid, glutamic acid,
itaconic acid, levulinic acid, hydroxybutyrolactone, glycerol, sorbitol, xylitol,
arabinitol, gluconic acid, lactic acid, malonic acid, propionic acid, citric acid,
aconitic acid, xylonic acid, furfural, levoglucosan, alanine, proline, lysine,
serine, or threonine (See T. Werpy and G. Petersen, Top Value Added
Chemicals From Biomass, Volume 1, Results of Screening for Potential
Candidates from Sugars and Synthesis Gas, August 2004, Report, PNNL &
NREL. The method may include simultaneous saccharification and
fermentation of soluble sugars to produce ethanol. Simultaneous
saccharification and fermentation to produce ethanol may include providing
Saccharomyces cerevisiae D5A before, during or after pretreating or providing
hydrolysis conditions.

[0089] The conversion of sugars into desired biochemical products may
be performed by any suitable fermenting organism. The fermenting organism
may be selected based on the desired biochemical product. The fermenting
organism may be yeast. The yeast may be but is not limited to one of
Saccharomyces, Kluyveromyces, Pichia, Yarrowia, Spathaspora or
Scheffersomyces ssp. The fermenting organism may be a bacterium. A

bacterium may be but is not limited to a Zymomonas, Escherichia, Bacillus,
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Lactobacillus, or Clostridium ssp. The fermenting organism may be a wild
type organism or a genetically engineered recombinant organism.

[0090] An embodiment includes an engineered plant including a first
polynucleotide sequence encoding a first protein. The first protein may be a
CWD protein. The first protein may be an intein-modified CWD protein. The
first protein may by any one described with respect to the method for
producing soluble sugars from engineered plant material. The first protein
may include, consist essentially of, or consist of an amino acid sequence with
at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% identity
to a first reference sequence selected from the group consisting of: SEQ ID
NO: 1[WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ ID NO: 3 [AnfaeB], SEQ ID
NO: 4 [NtEGm], SEQ ID NO: 5 [EU591743], SEQ ID NO: 6 [043097], SEQ ID
NO: 7 [P77853:T134-100-101], SEQ ID NO: 8[P77853:5158-30-108-35], SEQ
ID NO: 9 [033897], SEQ ID NO: 10 [068438], and SEQ ID NO: 11 [P54583].
The first protein may include, consist essentially of, or consist of an amino
acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100% 1identity to the reference sequence of SEQ ID: 12 [BD22308].
[0091] The engineered plant may further 1include a second
polynucleotide sequence encoding a second protein. The second protein may
be a CWD enzyme. The second protein may be an intein-modified CWD
protein. The second protein may by any one described with respect to the
method for producing soluble sugars from engineered plant material. The
second protein may include, consist essentially of, or consist of an amino acid
sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100% identity to a second reference sequence selected from the group
consisting of: SEQ ID NO: 1[{WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ ID
NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ ID NO: 5 [EU 591743], SEQ ID
NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101], SEQ ID NO: 8
[P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO: 10 [068438],
SEQ ID NO: 11 [P54583], and SEQ ID: 12 [BD22308]. The SEQ ID NO
selected as the second reference sequence may be different than the SEQ ID

NO selected as the first reference sequence.
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[0092] The engineered plant may further include a third polynucleotide
sequence encoding a third protein. The third protein may be a CWD enzyme.
The third protein may be an intein-modified CWD protein. The third protein
may by any one described with respect to the method for producing soluble
sugars from engineered plant material. The third protein may include, consist
essentially of, or consist of an amino acid sequence with at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% identity to a third reference
sequence selected from the group consisting of: SEQ ID NO: 1[WT P77853],
SEQ ID NO: 2 [AnfaeA], SEQ ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm)],
SEQ ID NO: 5 [EU591743], SEQ ID NO: 6 [043097], SEQ ID NO: 7
[P77853:T134-100-101], SEQ ID NO: 8 [P77853:5158-30-108-35], SEQ ID NO:
9 [033897], SEQ ID NO: 10 [068438], SEQ ID NO: 11 [P54583], and SEQ ID:
12 [BD22308]. The SEQ ID NO selected as the third reference sequence may
be different than the SEQ ID NO selected as the first reference sequence. The
SEQ ID NO selected as the third reference sequence may be different than the
SEQ ID NO selected as the second reference sequence.

[0093] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence 1n an
engineered plant may further include a first targeting polynucleotide sequence
encoding a respective targeting peptide. For an engineered plant lacking the
third polynucleotide sequence, a first targeting polynucleotide sequence may
be included on at least one of the first polynucleotide sequence or the second
polynucleotide sequence. For an engineered plant lacking the second
polynucleotide sequence and the third polynucleotide sequence, a first
targeting polynucleotide sequence may be included on the first polynucleotide
sequence. A respective targeting peptide may be independently selected from
but i1s not limited to an amyloplast targeting signal, a cell wall targeting
peptide, a mitochondrial targeting peptide, a cytosol localization signal, a
chloroplast targeting signal, a nuclear targeting peptide, or a vacuole
targeting peptide.

[0094] Each respective targeting peptide may be fused to the

corresponding first protein, second protein, or third protein. A targeting
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peptide may have at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100% 1identity to one of SEQ ID NO: 13 [BAASS], SEQ ID NO: 14
[HvAleSP], SEQ ID NO: 1 [PR1a] 5, SEQ ID NO: 16 [xGZein27ss-02], or SEQ
ID NO: 17 [GluB4SP].

[0095] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence in an
engineered plant may further include a second targeting polynucleotide
sequence encoding a carboxy targeting peptide. For an engineered plant
lacking the third polynucleotide sequence, a second targeting polynucleotide
sequence may be included on at least one of the first polynucleotide sequence
or the second polynucleotide sequence. For an engineered plant lacking the
second polynucleotide sequence and the third polynucleotide sequence, a
second targeting polynucleotide sequence may be included on the first
polynucleotide sequence. A carboxy targeting peptide may be selected from but
1s not limited to sequence having at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, or 100 identity to one of SEQ ID NO: 22 [SEKDEL], the
abridged SEQ ID NO: 23 [KDEL], or SEQ ID NO: 24 [the barley vacuolar
sorting determinant sequence HvVSD-01]. A carboxy targeting peptide may be
fused to at least one of the first protein, the second protein, or the third
protein.

[0096] An engineered plant may include at least one polynucleotide
sequence encoding an amino acid sequence including, consisting essentially of,
or consisting of a sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, or 100% identity to a sequence selected from the group
consisting of: SEQ ID NO: 18 [BAASS:P77853], SEQ ID NO: 19
[BAASS:033897], SEQ ID NO: 20 [HVAIePS:NtEGm], SEQ ID NO: 21
[BAASS:P77853:5158-30-108-35], SEQ ID NO: 25 [BAASS: AnfaeB:
SEKDEL], SEQ ID NO: 26 [BAASS:AnfaeA:SEKDEL], SEQ ID NO: 27
[PR1a:NtEGm:SEKDEL], SEQ ID NO: 28 [BAASS: P77853:T134-100-
101:SEKDEL], SEQ 1D NO: 29 [HvAleSP:NtEGm:SEKDEL], SEQ ID NO: 30
[BAASS:043097:SEKDEL], and SEQ ID NO: 31 [xGZein27ss-
02:BD22308:HvVSD-01].
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[0097] An engineered plant may include at least one amino acid
sequence including, consisting essentially of, or consisting of a sequence with
at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1dentity
to a sequence selected from the group consisting of: SEQ ID NO: 18
[BAASS:P77853], SEQ ID NO: 19 [BAASS:033897], SEQ ID NO: 20
[HVAlePS:NtEGm], SEQ ID NO: 21 [BAASS:P77853:5158-30-108-35], SEQ
ID NO: 25 [BAASS: AnfaeB: SEKDEL], SEQ ID NO: 26
[BAASS:AnfaeA:SEKDEL], SEQ ID NO: 27 [PR1a:NtEGm:SEKDEL], SEQ ID
NO: 28 [BAASS: P77853:T134-100-101:SEKDEL], SEQ ID NO: 29
[HvAleSP:NtEGm:SEKDEL], SEQ ID NO: 30 [BAASS:043097:SEKDEL], and
SEQ ID NO: 31 [xGZein27ss-02:BD22308:HvVSD-01].

[0098] The engineered plant may be a transgenic plant, progeny of a
transgenic plant, a descendant of a transgenic plant, or any part of the
foregoing. The engineered plant may include a CWD protein, which does not
occur naturally in the plant, or a gene encoding the same. The CWD protein
may be an intein-modified CWD protein. The transgenic plant may be any
type of plant. The transgenic plant type may be maize, sugar cane, sugar
beet, sorghum, switchgrass, miscanthus, eucalyptus, willow or poplar. The
transgenic plant may be created by known methods to express a CWD enzyme
or CWD protein in any form. The plant may be created by Agrobacterium-
mediated transformation using a vector that includes a polynucleotide
sequences encoding an enzyme. The transgenic plant may be created by other
methods for transforming plants, for example, particle bombardment or direct
DNA uptake. The transgenic plant may include any isolated nucleic acid,
amino acid sequence, expression cassette, or vector herein.

[0099] In an embodiment, an expression cassette 1s provided that
includes at least one of a first polynucleotide sequence, a second
polynucleotide sequence, or a third polynucleotide sequence, which encode,
respectively, a first protein, a second protein, and a third protein. Any one or
more of the first protein, the second protein, or the third protein may be a
CWD protein. Any one or more of the first protein, the second protein, or the

third protein may be an intein-modified CWD protein. Any one or more of the
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first protein, the second protein, or the third protein may be one of the
proteins described with respect to the method for producing soluble sugars
from engineered plant material or the engineered plants. Any one or more of
the first protein, the second protein, or the third protein may be a xylanase, an
endoglucanase, an exoglucanase, a feruloyl esterase, an intein-modified
xylanase, an intein-modified endoglucanase, an intein-modified exoglucanase,
or an intein-modified feruloyl esterase. The protein selected as the second
protein may be different than the protein selected as the first protein. The
protein selected as the third protein may be different than the protein selected
as the first protein. The protein selected as the third protein may be different
than the protein selected as the second protein.

[0100] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence encoding a
CWD protein in an expression cassette may be modified by insertion of the
nucleic acid sequence encoding an intein. An intein-modified polynucleotide
may encode an intein-modified protein with a modified function. A modified
function may be inactivation of a CWD protein while the intein remains fused
to or within the CWD protein. An intein in an intein-modified protein may be
inducible to splice form the non-intein-modified protein. The induction
condition for splicing may be but is not limited to providing a certain
temperature. The temperature provided may be that provided during at least
one of pretreating or hydrolysis conditions described with respect to the
method for producing soluble sugars from engineered plant material. The
induction condition may be any other induction condition that matches the
intein selected. The intein-modified protein may be 1XynA: i.e., intein-
modified XynA. The intein-modified protein may be intein-modified P77853).
The intein-modified protein may be P77853:T134-100-101 or P77853:5158-30-
108-35.

[0101] One or more of the first protein, the second protein, or the third
protein in an expression cassette may include, consist essentially of, or consist
of an amino acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, or 100% identity to a reference sequence selected from the
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group consisting of: SEQ ID NO: 1[WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ
ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ ID NO: 5 [EU 591743], SEQ
ID NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101], SEQ ID NO: 8
[P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO: 10 [068438],
and SEQ ID NO: 11 [P54583]. One or more of the first protein, the second
protein, or the third protein may include, consist essentially of, or consist of an
amino acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, or 100% 1identity to the reference sequence of SEQ ID: 12
[BD22308].

[0102] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence in an expression
cassette may further include a first targeting polynucleotide sequence
encoding a respective targeting peptide. For an expression construct lacking
the third polynucleotide sequence, a first targeting polynucleotide sequence
may be included on at least one of the first polynucleotide sequence or the
second polynucleotide sequence. For an expression construct lacking the
second polynucleotide sequence and the third polynucleotide sequence, a first
targeting polynucleotide sequence may be included on the first polynucleotide
sequence. Each respective targeting peptide may be independently selected for
each of the first polynucleotide sequence, the second polynucleotide sequence,
or the third polynucleotide sequence. A targeting peptide may be fused to the
first protein, the second protein, or the third protein. Each respective
targeting peptide may be independently selected from but 1s not limited to an
amyloplast targeting signal, a cell wall targeting peptide, a mitochondrial
targeting peptide, a cytosol localization signal, a chloroplast targeting signal,
a nuclear targeting peptide, and a vacuole targeting peptide. A first targeting
polynucleotide may be upstream of the first polynucleotide sequence, the
second polynucleotide sequence or the third polynucleotide sequence. A
targeting peptide may have at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100% 1dentity to one of BAASS (SEQ ID NO: 13), the barley
aleurone sequence HVAlePS (SEQ ID NO: 14), PR1a (SEQ ID NO: 15), the
gamma-zein sequence xGZein27ss-02 (SEQ ID NO: 16), or GluB4SP (SEQ ID
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NO: 17). A first targeting polynucleotide sequence in combination with one of
the first polynucleotide sequence, the second polynucleotide sequence, or the
third polynucleotide sequence together may encode an amino acid sequence
with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 %
1dentity to a reference sequence selected from the group consisting of: SEQ 1D
NO: 18 [BAASS:P77853], SEQ ID NO: 19 [BAASS:033897], SEQ ID NO: 20
[HVAlePS:NtEGm] and SEQ 1D NO: 21 [BAAS:P77853:5158-30-108-35].
[0103] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence in an expression
cassette may further include a second targeting polynucleotide sequence
encoding a carboxy targeting peptide. For an expression construct lacking the
third polynucleotide sequence, a second targeting polynucleotide sequence
may be included on at least one of the first polynucleotide sequence or the
second polynucleotide sequence. For an expression construct lacking the
second polynucleotide sequence and the third polynucleotide sequence, a
second targeting polynucleotide sequence may be included on the first
polynucleotide sequence. A carboxy targeting peptide may be selected from but
1s not limited to sequence having at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, or 100 identity to one of SEKDEL (SEQ ID NO: 22), the
abridged KDEL (SEQ ID NO: 23), or the barley vacuolar sorting determinant
sequence HvVSD-01 (SEQ ID NO: 24). A carboxy targeting peptide may be
fused to at least one of the first protein, the second protein, or the third
protein.

[0104] An expression cassette may be configured such that at least one
of the first protein, the second protein, or the third protein is be provided
without the targeting peptide for accumulation in cytoplasm.

[0105] In an expression cassette, the first targeting polynucleotide
sequence and the second targeting polynucleotide sequence in combination
with one of the first polynucleotide sequence, the second polynucleotide
sequence, or the third polynucleotide sequence together may encode an amino
acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,

99, or 100 % 1identity to a reference sequence selected from the group
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congsisting of: SEQ ID NO: 25 [BAASS: AnfaeB: SEKDEL], SEQ ID NO: 26
[BAASS:AnfaeA:SEKDEL], SEQ ID NO: 27 [PR1a:NtEGm:SEKDEL], SEQ ID
NO: 28 [BAASS: P77853:T134-100-101:SEKDEL], SEQ ID NO: 29
[HvAleSP:NtEGm:SEKDEL], SEQ ID NO: 30 [BAASS:043097:SEKDEL] and
SEQ ID NO: 31[xGZein27ss-02:BD22308:HvVSD-01].

[0106] Embodiments include an expression cassette encoding at least
one of the first protein, the second protein, or the third protein, or variants
thereof, fused to variants of at least one of a targeting peptide or a carboxy
targeting peptide.

[0107] In an embodiment, a polynucleotide sequence that encodes a
protein in an expression cassette and having less than 100% identity to the
cited amino acid reference sequence may encode a variant of the protein
having the amino acid reference sequence. In an embodiment, a protein
having less than 100% identity to the cited amino acid reference sequence may
be a variant of the protein having the amino acid reference sequence. In an
embodiment, a polynucleotide sequence that encodes a protein having less
than 100% identity to the protein encoded by the cited nucleic acid reference
sequence may encode a variant of the protein encoded by the reference
sequence.

[0108] In an expression cassette, at least one of the first polynucleotide
sequence, the second polynucleotide sequence, or the third polynucleotide
sequence may be capable of hybridizing to a reference sequence encoding a
CWD protein or an intein-modified CWD protein under one of low, moderate,
or high stringency conditions. At least one of the first, the second, or the third
polynucleotide may be capable of hybridizing under conditions of one of low,
moderate or high stringency conditions to a nucleic acid consisting of a
reference sequence selected from the group consisting of: SEQ ID NO: 32[WT
P77853], SEQ ID NO: 33 [AnfaeA], SEQ ID NO: 34 [AnfaeB], SEQ ID NO: 35
[NtEGm], SEQ ID NO: 36 [EU591743], SEQ ID NO: 37 [043097], SEQ ID
NO: 38 [P77853:T134-100-101], SEQ ID NO: 39 [P77853:5158-30-108-35],
SEQ ID NO: 40 [033897], SEQ ID NO: 41 [068438], SEQ ID NO: 42 [P54583],
and SEQ ID NO: 43 [BD22308]. An expression cassette may include a
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polynucleotide sequence capable of hybridizing under conditions of one of low,
moderate, or high stringency conditions to a nucleic acid consisting of a
reference sequence selected from the group of sequences consisting of: SEQ 1D
NO: 52 [BAASS:P77853], SEQ ID NO: 53 [BAASS:033897], SEQ ID NO: 54
[HVAlePS:NtEGm], SEQ ID NO: 55 [BAASS: P77853:5158-30-108-35], SEQ
ID NO: 56 [BAASS: AnfaeB: SEKDEL], SEQ ID NO: 57
[BAASS:AnfaeA:SEKDEL], SEQ ID NO: 58 [PR1a:NtEGm:SEKDEL], SEQ 1D
NO: 59 [BAASS: P77853:T134-100-101:SEKDEL], SEQ ID NO: 60
[HvAleSP:NtEGm:SEKDEL], SEQ ID NO: 61 [BAASS:043097:SEKDEL], and
SEQ ID NO: 62 [xGZein27ss-02:BD22308:HvVSD-01].

[0109] An expression cassette herein may include a regulatory element.

[0110] In an embodiment, a vector including any isolated nucleic acid,
polynucleotide sequence, or expression cassette herein 1s provided.
Embodiments herein include a plasmid, chromosome, mitochondrial DNA,
plastid DNA, virus or nucleic acid fragment having at least one expression
cassette herein incorporated therein. An embodiment provides a vector for
expressing CWD proteins in a plant. An embodiment provides a plant
transformation vector. The plant transformation vector may be but is not
limited to a T-DNA vector, a binary vector or a cointegrate vector. The
transformation vector may include any isolated nucleic acid, polynucleotide
sequence, or expression cassette herein.

[0111] An embodiment includes an expression vector including a
polynucleotide sequence capable of hybridizing under conditions of one of low,
moderate or high stringency conditions to nucleic acid consisting of a sequence
including, consisting essentially of, or consisting of a sequence selected from
the group consisting of: SEQ ID NO: 63 [pAG 2015], SEQ ID NO: 64
[PAG2048], SEQ ID NO: 65 [pAG2049], SEQ ID NO: 66 [pAG2063], SEQ ID
NO: 67 [pPAG2069], SEQ ID NO: 68 [pAG2091], SEQ ID NO: 69 [pAG2092],
SEQ ID NO: 70 [pAG2096], SEQ ID NO: 71 [pAG2201], SEQ ID NO: 72
[PAG2229], SEQ ID NO: 73 [pAG2233], SEQ ID NO: 74 [pAG2234], SEQ ID
NO: 75 [pAG2242], SEQ ID NO: 76 [pAG2252], SEQ ID NO: 77 [pAG2253],
SEQ ID NO: 78 [pAG2309], SEQ ID NO: 79 [pAG2310], SEQ ID NO: 80
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[PAG2339], SEQ ID NO: 81 [pAG2342], SEQ ID NO: 82 [pAG2345], and SEQ
ID NO: 83 [pAG2349].

[0112] An embodiment includes an expression vector including a
polynucleotide sequence having at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, or 100% identity to a sequence selected from the group
consisting of: SEQ ID NO: 63 [pAG 2015], SEQ ID NO: 64 [pAG2048], SEQ ID
NO: 65 [pAG2049], SEQ ID NO: 66 [pAG2063], SEQ ID NO: 67 [pAG2069],
SEQ ID NO: 68 [pAG2091], SEQ ID NO: 69 [pAG2092], SEQ ID NO: 70
[pAG2096], SEQ ID NO: 71 [pAG2201], SEQ ID NO: 72 [pAG2229], SEQ ID
NO: 73 [pAG2233], SEQ ID NO: 74 [pAG2234], SEQ ID NO: 75 [pAG 2242],
SEQ ID NO: 76 [pAG2252], SEQ ID NO: 77 [pAG2253], SEQ ID NO: 78
[PAG2309], SEQ ID NO: 79 [pAG2310], SEQ ID NO: 80 [pAG2339], SEQ ID
NO: 81 [pAG2342]), SEQ ID NO: 82 [pAG2345], and SEQ ID NO: 83
[pPAG2349].

[0113] Methods of hybridization and stringency conditions are known in
the art and are described the following books: Molecular Cloning, T. Maniatis,
E.F. Fritsch and J. Sambrook, Cold Spring Harbor Laboratory, 1982, and
Current Protocols in Molecular Biology, F.M. Ausubel, R. Brent, R.E.
Kingston, D.D. Moore, J.G. Siedman, J.A. Smith, K. Struhl, Volume 1, John
Wiley & Sons, 2000.

[0114] Moderate conditions may be as follows: filters loaded with DNA
samples are pretreated for 2 — 4 hours at 68°C in a solution containing 6 x
citrate buffered saline (SSC; Amresco, Inc., Solon, OH), 0.5% sodium dodecyl
sulfate (SDS; Amresco, Inc., Solon, OH), 5xDenhardt’s solution (Amresco, Inc.,
Solon, OH), and denatured salmon sperm (Invitrogen Life Technologies, Inc.
Carlsbad, CA). Hybridization is carried in the same solution with the
following modifications: 0.01 M EDTA (Amresco, Inc., Solon, OH), 100 pg/ml
salmon sperm DNA, and 5 — 20 x 106 cpm 32P-labeled or fluorescently labeled
probes. Filters are incubated in hybridization mixture for 16-20 hours and
then washed for 15 minutes in a solution containing 2xSSC and 0.1% SDS.

The wash solution is replaced for a second wash with a solution containing
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0.1xSSC and 0.5% SDS and incubated an additional 2 hours at 20°C to 29°C
below Tm  (melting temperature in  °C). Tm = 815
+16.61Logio([Na*]/(1.0+0.7[Na*]))+0.41(%[G+C])-(500/n)-P-F. [Na+] = Molar
concentration of sodium ions. %[G+C]= percent of G+C bases in DNA sequence.
N = length of DNA sequence in bases. P = a temperature correction for %
mismatched base pairs (~1°C per 1% mismatch). F = correction for formamide
concentration (=0.63°C per 1% formamaide). Filters are exposed for
development in an imager or by autoradiography. Low stringency conditions
refers to hybridization conditions at low temperatures, for example, between
37°C and 60°C, and the second wash with higher [Na*] (up to 0.825M) and at a
temperature 40°C to 48°C below Tm. High stringency refers to hybridization
conditions at high temperatures, for example, over 68°C, and the second wash
with [Na+] = 0.0165 to 0.0330M at a temperature 5°C to 10°C below Tm.

[0115] An embodiment provides an isolated nucleic acid sequence
having a sequence that hybridizes under one of low, moderate, or high
stringency conditions to a nucleic acid consisting of a sequence selected from
SEQ ID NO: 32[WT P77853], SEQ ID NO: 33 [AnfaeA], SEQ ID NO: 34
[AnfaeB], SEQ ID NO: 35 [NtEGm], SEQ ID NO: 36 [EU591743], SEQ ID
NO: 37 [043097], SEQ ID NO: 38 [P77853:T134-100-101], and SEQ ID NO:
39 [P77853:5158-30-108-35], of SEQ ID NO: 40 [033897], SEQ ID NO: 41
[068438], SEQ ID NO: 42 [P54583], and SEQ ID: 43 [BD22308], SEQ ID NO:
52 [BAASS:P77853], SEQ ID NO: 53 [BAASS:033897], SEQ ID NO: 54
[HVAlePS:NtEGm], SEQ ID NO: 55 [BAASS: P77853:5158-30-108-35], SEQ
ID NO: 56 [BAASS: AnfaeB: SEKDEL], SEQ ID NO: 57
[BAASS:AnfaeA:SEKDEL], SEQ ID NO: 58 [PR1a:NtEGm:SEKDEL], SEQ ID
NO: 59 [BAASS: P77853:T134-100-101:SEKDEL], SEQ ID NO: 60
[HvAleSP:NtEGm:SEKDEL], SEQ ID NO: 61 [BAASS:043097.SEKDEL] and
SEQ ID NO: 62 [xGZein27ss-02:BD22308:HvVSD-01], SEQ ID NO: 63 [pAG
2015], SEQ ID NO: 64 [pAG2048], SEQ ID NO: 65 [pAG2049], SEQ ID NO: 66
[PAG2063], SEQ ID NO: 67 [pAG2069], SEQ ID NO: 68 [pAG2091], SEQ 1D
NO: 69 [pAG2092], SEQ ID NO: 70 [pAG2096], SEQ ID NO: 71 [pAG2201],
SEQ ID NO: 72 [pAG2229], SEQ ID NO: 73 [pAG2233], SEQ ID NO: 74

-36-



CA 02829207 2013-09-05
WO 2012/122308 PCT/US2012/028132

[PAG2234], SEQ ID NO: 75 [pAG 2242], SEQ ID NO: 76 [pAG2252], SEQ ID
NO: 77 [pPAG2253], SEQ ID NO: 78 [pAG2309], SEQ ID NO: 79 [pAG2310],
SEQ ID NO: 80 [pAG2339], SEQ ID NO: 81 [pAG2342], SEQ ID NO: 82
[pPAG2345], and SEQ ID NO: 83 [pAG2349], or the complement thereof.

[0116] An embodiment provides a fragment of any of the above isolated
nucleic acids. The fragment may be a hybridization probe or primer. The
probe or primer may have any length. The probe or primer may be 6, 10, 15,
20, 25, 30, 35, 40, 45, or 50 nucleotides in length, or have a length in a range
between any two of the foregoing lengths (endpoints inclusive). A fragment
may have a length less than the full length and/or include substitutions or
deletions in comparison to cited reference sequence. The fragment may be a
variant of the cited reference sequence. A peptide encoded by a fragment may
have a length less than the full length and/or include substitutions or
deletions in comparison to the amino acid sequence encoded by the cited
reference sequence. The peptide with a length less than full length may be a
variant of the amino acid sequence encoded by the cited reference sequence.
[0117] An expression cassette may be generated recombinantly by
known methods. An expression cassette may include a series of specified
nucleic acid elements, which permit transcription of a particular nucleic acid
in a plant cell or plant tissue. The expression cassette may include a
polynucleotide sequence encoding a protein. The protein may be a CWD
enzyme or an intein-modified CWD enzyme. The CWD enzyme may be
selected from the list of CWD enzymes consisting of: xylanases,
endoglucanases, exoglucanases, xylosidases, glucosidases and feruloyl
esterases.

[0118] A polynucleotide sequence 1n an expression cassette, i1solated
nucleic acid, vector, or any other DNA construct herein, or utilized in a
method herein may be operably connected to one or more regulatory element.
A regulatory element included may be a promoter. The promoter may be a
constitutive promoter which provides transcription of the polynucleotide
sequences throughout the plant in most cells, tissues and organs and during

many but not necessarily all stages of development. The promoter may be an

-37-



CA 02829207 2013-09-05
WO 2012/122308 PCT/US2012/028132

inducible promoter, which initiates transcription of the polynucleotide
sequences only when exposed to a particular chemical or environmental
stimulus. The promoter may be specific to a particular developmental stage,
organ or tissue. A tissue specific promoter may be capable of initiating
transcription in a particular plant tissue. Plant tissue that may be targeted by
a tissue specific promoter may be but is not limited to a stem, leaves,
trichomes, anthers, or seed. A constitutive promoter herein may be the rice
Ubiquitin 3 promoter (OsUbi3P) or rice Actin 1 promoter. Other known
constitutive promoters may be used, and include but are not limited to
Cauliflower Mosaic Virus (CAMV) 35S promoter, the Cestrum Yellow Leaf
Curling Virus promoter (CMP) or the CMP short version (CMPS), the Rubisco
small subunit promoter, and the maize ubiquitin promoter. The tissue specific
promoter may include the seed-specific promoter. The seed specific promoter
may be but is not limited to the rice GluB4 promoter or the maize zein
promoter. Another regulatory element that may be provided is a terminator
sequence, which terminates transcription. A terminator sequence may be
included at the 3’ end of a transcriptional unit of the expression cassette. The
terminator may be derived from a variety of plant genes. The terminator may
be a terminator sequence from the nopaline synthase or octopine synthase
genes of Agrobacterium tumefaciens.

[0119] Vectors incorporating an expression cassette herein may also
include additional genetic elements such as multiple cloning sites to facilitate
molecular cloning and selection markers to facilitate selection. A selectable
marker that may be included in a vector may be a phosphomannose isomerase
(PMI) gene from Escherichia coli which confers to the transformed cell the
ability to utilize mannose for growth. A Selectable markers that may be
included in a vector include but are not limited to a neomycin
phosphotransferase (npt) gene conferring resistance to kanamycin, a
hygromycin phosphotransferase (hpt) gene conferring resistance to
hygromycin, and an enolpyruvylshikimate-3-phosphate synthase gene

conferring resistance to glyphosate.
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[0120] In an embodiment, the vector may be constructed to include
polynucleotide sequences encoding multiple CWD enzymes. A vector herein
may further include a polynucleotide sequence designed to silence a gene or
genes in a plant.

[0121] An expression vector may be introduced into suitable host cells,
tissues, organs and/or organisms. Suitable hosts may be dicotyledonous
(dicots) or monocotyledonous (monocots) plants.

[0122] Further embodiments herein may be formed by supplementing
an embodiment with one or more element from any one or more other
embodiment herein, and/or substituting one or more element from one
embodiment with one or more element from one or more other embodiment
herein. Further embodiments herein may be described by reference to any
one of the appended claims following claim 1 and reading the chosen claim to
depend from any one or more preceding claim.

[0123] EXAMPLES

[0124] The following non-limiting examples are provided to illustrate
particular embodiments. The embodiments throughout may be supplemented
with one or more detail from one or more example below, and/or one or more
element from an embodiment may be substituted with one or more detail from

one or more example below.

[0125] Example 1- Materials and methods
[0126] Vectors
[0127] A vector design herein is based on the pSB1l intermediate

plasmid available from Japan Tobacco and described in the International
application Nos. PCT/US10/565746 filed November 5, 2010, PCT/US10/55669
filed November 5, 2010 and PCT/US10/55751 filed November 5, 2010. Briefly,
the pSB11 plasmid used for cloning is conjugated with the pSB1 acceptor
vector, a disarmed Ti plasmid, through homologous recombination using cos
and ori sites present in both pSB11 and pSB1. The integrated vector contains
virulence genes such as virB, virC and vir G required for T-DNA transfer and

may be used for plant transformation. The base transformation vector
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includes an expression cassette containing a man A gene encoding PMI under
the control of the CMPS promoter later replaced by the OsUbi3P promoter.
This base vector was used to obtain the vectors listed below, which were used

for plant transformation and expression of cell wall degrading enzymes in

planta:

[0128] 1. PAG2015(SEQ ID NO: 63): OsUb13P:P77853;

[0129] 2. pAG2048 (SEQ TD NO: 64): OsUbi3P:HvAleSP:NtEGm
between rice Ubi3 promoter fused to vacuole;

[0130] 3. pAG2049 (SEQ ID NO: 65): OsUbi3P:HvAleSP:NtEGm:SE
KDEL;

[0131] 4. pAG2063 (SEQ ID NO: 66): OsUbi3P:BAASS:043097:SE
KDEL;

[0132] 5. pAG2069 (SEQ ID NO: 67): OsUb13P:068438;

[0133] 6. PAG2091 (SEQ ID NO: 68): OsUbi3P:BAASS: AnfaeA:SE
KDEL + OsUbi13P:BAASS:P77853;

[0134] 7. PAG2092 (SEQ ID NO: 69): OsUbi3P:BAASS:AnfaeB:SE
KDEL + OsUbi3P:BAASS:P77853;

[0135] 8. PAG2096 (SEQ ID NO: 70): OsUb13P:BAASS:AnfaeA:SE
KDEL + OsUbi13P:BAASS:AnfaeB:SEKDEL + OsUb13P:BAASS:P77853;

[0136] 9.  pAG2201 (SEQ ID NO: 71): OsUbi3P:ZmUBQm:P77853;
[0137] 10. pAG2229 (SEQ ID NO: 72): OsUbi3P:BAASS:P77853:
T134-100-101:SEKDEL (intein modified xylanase);

[0138] 11.  pAG2233 (SEQ ID NO: 73) OsUbi3P:P77853:5158-30-108-
35;

[0139] 12. pAG2234(SEQ ID NO: 74) OsUb13P:BAASS:P77853:5158-
30-108-35;

[0140] 13.  pAG2242 (SEQ ID NO: 75): OsUbi3P:PR1aSP: NtEGm:
SEKDEL + OsUbi3P:ZmUBQm:P77853;

[0141] 14. pAG2252 (SEQ ID NO: 76): OsUbi3P:033897
(endoglucanase);

[0142] 15. pAG2253 (SEQ ID NO: 77): OsUbi3P:BAASS:033897,
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[0143] 16. pAG2309 (SEQ ID NO: 78): OsUbi3P:HvAleSP:NtEGm +
OsUbi3P:P77853;

[0144] 17. pAG2310 (SEQ ID NO: 79): OsUbi3P:EU591743
(xylanase);

[0145] 18. pAG2339 (SEQ ID NO: 80): OsUbi3P:068438 +
OsUbi3P:BAASS:033897 + OsUbi3P:EU591743;

[0146] 19. pAG2342 (SEQ ID NO: 81): OsUbi3P:HvAleSP:NtEGm:
SEKDEL + OsUbi3P:P77853;

[0147] 20. pAG2345 (SEQ ID NO: 82): OsUbi3P:068438 +
OsUbi3P:HvAleSP:NtEGm:SEKDEL + OsUbi3P:BAASS:043097:SEKDEL;
[0148] 21. pAG2349 (SEQ ID NO: 83): ZmUbilP:ZmKozak:

xGZein27ss-02:BD22308:HvVSD-01 + OsUbi3P:HvAleSP:NtEGm:SEKDEL +
OsUbi3P:BAASS:043097:SEKDEL;

[0149] 22.  pAG2042 (SEQ ID NO: 84): P54583 (endoglucanase EGB)
[0150] Production of transgenic maize plants
[0151] The methods for maize and switchgrass transformation were

described in the International application Nos. PCT/US10/55746 filed
November 5, 2010, PCT/US10/55669 filed November 5, 2010,
PCT/US10/55751 filed November 5, 2010 and Gray et al. 2011 Plant Biotech
J 9:1100. Briefly, embryogenic callus from wild-type AxB maize was
inoculated with LBA4404 Agrobacterium cells harboring the appropriate
transformation plasmid. Agrobacterium-mediated transformation of immature
maize embryos was performed as described previously (Negrotto D et al. 2000
Plant Cell Rep 19: 798; Ishida Y et al. 1996 Nat Biotech 14: 745). The
expression cassettes for enzyme genes were cloned into the Kpnl-EcoRI sites
of the pAG2004 (SEQ ID NO: 85) vector to generate an intermediate vector
capable of recombining with the pSB1 vector in triparental mating in
Agrobacterium tumefaciens strain LBA4404 wusing procedures reported
previously (Ishida Y et al. 1996 Nat Biotech 14: 745; Hiei Y et al. 1994 Plant J
6: 271; Hiei Y and Komari T 2006 Plant Cell Tissue Organ Cult. 85: 27;
Komari T et al. 1996 Plant J 10: 165). Maize (Zea mays cultivars Hill, A188

or B73) stock plants were grown
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in a greenhouse under 16 hours of daylight at 28° C. Immature zygotic
embryos were isolated from the kernels and inoculated with the
Agrobacterium solution containing the genes of interest. After inoculation
immature embryos were grown in a tissue culture process for 10 — 12 weeks.
Well-developed seedlings with leaves and roots were sampled for PCR analysis
to identify transgenic plants containing the genes of interest. PCR positive
and rooted plants were rinsed with water to wash off the agar medium, and
transplanted to soil and grown in the greenhouse to generate seeds and
stover.

[01562] Particular transgenic plants are referred to herein by an enzyme
designation (e.g.; “P77853,” “P40942,” “O30700,” “NtEGm,” etc.) or transgenic
control (e.g.; “TGC,” etc.) followed by a number in the thousands that
designates the plasmid used to create the transgenic plant (e.g.; “2014,”
“2015,” “2229,” “2092,” etc.). Additional characters are inserted occasionally,
but the 1) enzyme or control and 1) plasmid designation are clear in context.
The plasmids referred to are named pAGXXXX. For example, the
designations “2229,” “2252,” “2253,” “2092,” “2096,” or “2042” in a transgenic
plant name means that the transgenic plant was made by transformation with
“pAG2229,” “pAG22527" “pAG2253,” “pAG2092,” “pAG2096,” or “pAG2042.”
respectively. Reference can be made to the incorporated sequences labeled
with the plasmid names to determine sequences used to make a particular
transgenic plant.

[0153] For generating transgenic switchgrass plants, seeds from
Panicum virgatum, cv. Alamo were used for initiating embryogenic callus
lines subsequently used for transformation using Agrobacterium LBA4404
harboring pSB1 plasmid. The presence of the gene of interest was confirmed
by PCR using gene specific primers.

[0154] The following transgenic plants expressing a CWD enzyme or

CWD enzymes and control plants were used for consolidated pretreatment

and hydrolysis:
[0155] 1. Wild type maize plant used as negative controls (AxB;
BxA);
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[0156] 2. Maize plants transformed with an empty vector used as
negative controls (T'GC.4000.12; TGC.4000.11; TGC.2004.8.02; TGC.2004.8.04;
TGC.2243.01);

[0157] 3. A transgenic maize plant XynA.2015.05 made by
transformation with pAG2015 and expressing xylanase XynA (P77853);

[0158] 4, A second generation transgenic maize  plant
XynA.2015.5T1 made by transformation with pAG2015 and expressing
xylanase XynA (P77853);

[0159] 5. A transgenic maize plant XynB.2063.17 made by
transformation with pAG2063 and expressing xylanase XynB (043097);

[0160] 6. Transgenic maize plants EGA.2049.02 and EGA.2049.10
made by transformation with pAG2049 and expressing endoglucanase EGA
(NtEG);

[0161] 7. A transgenic maize plant EGB.2042.03 made by
transformation with pAG2042 and expressing endoglucanase EGB (P54583);
[0162] 8. A  transgenic maize plant EGC.2253.4b made by
transformation with pAG2253 and expressing endoglucanase EGC (033897);
[0163] 9. A transgenic maize plant EGA/XynA.2242.09 made by
transformation with pAG2242 and expressing endoglucanase EGA (NtEG)
and xylanase XynA (P77853);

[0164] 10. A second generation transgenic maize plant of plant 9,
above, called EGA/XynA.2242.09.16T1 and expressing endoglucanase EGA
(NtEG) and xylanase XynA (P77853);

[0165] 11. A transgenic maize plant XynA/AccB.2092.103 made by
transformation with pAG2092 and expressing xylanase XynA (P77853) and
feruloyl esterase B from Aspergillus niger;

[0166] 12. Transgenic maize plants XynA/AccA/B.2096.01 and
XynA/AccA/B.2096.05 made by transformation with pAG2096 and expressing
xylanase XynA (P77853), Feruloyl esterase A from Aspergillus niger, and
feruloyl esterase B from Aspergillus niger;

[0167] 13. A transgenic maize plant CBHA.2069.3.17 made by
transformation with pAG2069 and expressing exoglucanase CBH (068438);
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[0168] 14. Transgenic switchgrass plants XynA.pv2015.3¢c and
XynA.pv2015.4¢c made by transformation with pAG2015 and expressing
xylanase XynA (P77853);

[0169] 15. A transgenic maize plant 1XynA.2229.110 made by
transformation with pAG2229 and expressing intein modified xylanase XynA
(P77853);

[0170] 16. Transgenic maize plants XynA/EGA.2309.54 and
XynA/EGA.2309.107 made by transformation with pAG2309 and expressing
XynA (P77853), endoglucanase EGA(NtEGm);

[0171] 17. A transgenic maize plant XynA/EGA.2342.105 made by
transformation with pAG2342 and expressing XynA (P77853) and
EGA(NtEGm);

[0172] 18. Transgenic maize plants XynE/EGC/CBHA.2339.03,
XynE/EGC/CBHA.2339.04, and XynE/EGC/CBHA.2339.05 made Dby
transformation with pAG2339 and expressing XynE (EU591743),
endoglucanase EGC(033897), and CBHA (068438);

[0173] 19. A transgenic maize plant XynB/EGA/CBHA.2345.116
made by transformation with pAG2345 and expressing XynB (043097),
endoglucanase EGA(NtEGm), and CBHA (068438);

[0174] 20. Transgenic maize plants XynB/EGA/CBHB.2349.55 and
XynB/EGA/CBHB.2349.566 made by transformation with pAG2349 and
expressing XyanB (043097), endoglucanase EGANtEG), CBHB (BD22308),
and ZmUb11P:ZmKozak:xGZein27ss-02:BD22308:HvVSD-01:NosT.

[0175] Plant stover

[0176] Harvested greenhouse maize stover was dried in an air circulator
at 37 °C for 1-2 weeks. After drying, the stover was cut manually to 1.0-1.5
inch pieces and then milled using an UDY mill (Model 014, UDY Corporation,
Fort Collins, CO) with a 0.5 mm screen.

[0177] Preparation of plant protein extracts

[0178] Individual crushed grains or 20 mg milled stover were
resuspended in protein extraction buffer that include 100 mM sodium

phosphate (pH 6.5), ethylenediaminetetraacetic acid (EDTA;1 mM), Triton X-
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100 (0.1%, v~) and phenylmethanesulfonylfluoride(PMSF; 0.1 mM).
Resuspended tissue samples were mixed thoroughly, and insoluble material
was then sedimented by centrifugation. The supernatant liquid-containing
soluble protein was transferred to a new tube.

[0179] Chemicals and enzymes

[0180] Sugar standards (glucose, xylose, arabinose, galactose, mannose
and cellobiose) were purchased from Acros Organics (Morris Plains, Nd). All
other chemicals used in this study were purchased from Sigma-Aldrich (St.
Louis, MO). Endoglucanase (C8546), B-glycosidase (49291), and endoxylanase
(X2753) for making in house cocktail were all purchased from Sigma (St.
Louis, MO). The cellobiohydrolase (CBHI) (EC 3.2.1.91) and B-xylosidase (EC
3.2.1.37) were purchased from Megazyme (Wicklow, Ireland). Accellerase®
1500 and Accellerase® XY were generous gifts from Genencor International
(Rochester, NY). The yeast Saccharomyces cerevisiae, strain D5A was obtained
from the American Type Culture Collection (ATCC) (Manassas, VA).

[0181] Stover Enzyme Assays

[0182] Protein was extracted from 15 mg stover in 500 ul extraction
buffer (100 mM sodium phosphate buffer, pH 6.5; NaOAc, pH 4.5; or Tris, pH
8.0, EDTA (10 mM), and Triton X-100 (0.1 %) after incubation for 30 minutes
at room temperature. The stover was spun down by centrifugation. The
supernatant was collected and transferred to a new Eppendorf tube. For
enzyme assays, 50 pl protein extract was resuspended in a buffer. Typically,
the buffer included Xylazyme in 100 mM Na phosphate, pH 6.5 or Cellazyme
in 100 mM NaOAc, pH 4.5. Xylazyme AX or cellazyme tablets were used as
was appropriate for each tube of enzyme assay. The reactions were incubated
at the assay temperature (usually approximately 50-60°C, depending on the
enzyme being tested) until a blue color was visible in the supernatant liquid.
The amount of blue dye was quantified by measuring absorbance of the
reaction at 590 nm. Controls for these reaction included microbially raised
enzymes and extracts from wild type plants. Hydrolysis substrates may be
also determined by using AZCL-conjugated substrate (Megazyme) instead of

the xylazyme AX and cellazyme tablets. Using the AZCL-conjugated
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substrate allows for optimization of both the volume of stover being tested and
the concentration of substrate.

[0183] Detection of xylanase activity

[0184] Soluble  proteins were assayed wusing Xylazyme AX
(Megazyme,Bray, Co. Wicklow, Ireland) as a substrate in 0.5-ml reactions at
50 °C 1n HEPES buffer (100 mM, pH 8.0) for BSX or in sodium phosphate
(100 mM, pH 6.5) for XynB. To stop the Xylazyme AX reactions, 1 ml 2% (w~)
Tris base was added to the reactions. The insoluble material from the
Xylazyme AX reaction was sedimented by centrifugation, and the absorbance
of the reaction 100 pL of the supernatant was measured in triplicate
spectrophotometrically at 590 nm. For quantification of BSX or XynB
accumulation levels, calibration curves were constructed by incubating known
amounts of purified, microbially raised BSX or XynB diluted in assay buffer
with Xylazyme AX tablets concurrent with the Xylazyme AX assays using
transgenic plant material.

[0185] Table 1 below demonstrates the enzyme activities detected in
transgenic plants. As indicated, the enzyme activities were detected for
several xylanases, endoglucanases, cellobiohydrolases and feruloyl esterases.
For each transgenic event, the detected enzyme activity was also confirmed by

Western blot analysis. “N/A” refers to analysis not yet performed.

Table 1

Transgenic plant Xylanase Endoglucanase | CBH AccAorB

AxB _ _ _ _

BxA ] ] ] ]

TGC.2243.01 - - - -

TGC.4000.12 - - - -

TGC.4000.11 - - - -

TGC.2004.8.02 - - - -

TGC.2004.8.04 - - - -

TGC.2243.01

XynA.2015.05

XynA.2015.5T1

+ 1+ [+
1
1
1

XynB.2063.17

EGA.2049.02

EGA.2049.10

1
+|+]+]

1

1
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Transgenic plant Xylanase Endoglucanase | CBH AccAorB

EGC.2253.4b

EGA/XynA.2242.09

EGA/XynA.2242.09.16T1

XynA/AccB.2092.103

XynA/AccA/B.2096.01

XynA/AccA/B.2096.05

XynA.pv2015.3c¢

XynA.pv2015.4¢

iXynA.2229.110

XynA/EGA.2309.54

XynA/EGA.2309.107

XynA/EGA.2342.105

XynE/EGC/CBHA.2339.03

XynE/EGC/CBHA.2339.04

XynE/EGC/CBHA.2339.05

XynB/EGA/CBHA.2345.116

XynB/EGA/CBHB.2349.55

e e e e e e e e A E ER Ea K

]
2
>
]

XynB/EGA/CBHB.2349.56

[0186] Biomass carbohydrate compositional analysis

[0187] Prior to carbohydrate compositional analysis, duplicates of 3.0 g
of air-dried milled stover were refluxed with 90% (v/v) ethanol using a glass
Soxhlet extraction system (Fisher Scientific, Pittsburg, PA) to remove the
ethanol-extractable materials by following NREL standards (NREL/TP-510-
42619). The ethanol containing extracts were vacuum evaporated using a
rotary evaporator equipped with a water bath set to 40 °C (Heidolph LR4000
G5B, IL USA). Extract content was determined by the weight of the solids in
the flask after oven drying at 50°C for 48 hours.

[0188] The extract-free stover was subject to a two-step acid hydrolysis
(NREL/TP-510-42618), which was the first hydrolyzed at 30°C with 1.5 ml of
72% (w/w) HaSO4 per 0.16-0.18 g (air dry weight) for 60 min, followed by 121
°C for 1 hour with supplementation of 42.0 ml of water. After acid hydrolysis,
sodium hydroxide and calcium hydroxide were added to adjust the pH to
between 4.0 and 9.0 and all samples were filtered through a 0.2 pym PVDF
filters (Fisher Scientific, Pittsburg, PA) for high performance liquid
chromatography (HPLC) analysis.
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[0189] Consolidated process with moderate pretreatment and
saccharification

[0190] To evaluate the effect of plant expressed CWD enzymes on stover
hydrolysis, a consolidated process was developed includes a mild pretreatment
followed by enzymatic hydrolysis without inter-stage washing of the
biomass/detoxification. The consolidated process removes any
washing/separation/detoxification steps and allows an integrated
pretreatment and simultaneous saccharification and fermentation (SSF)
process.

[0191] Moderate pretreatment An efficient mild pretreatment was
developed that can achieve some pretreatment effects on biomass but not
deactivate the hydrolytic enzymes within the plant. The pretreatment
chemical was a mixture of 0.02M - 0.18 M ammonium bisulfite and 0.025M -
0.20 M ammonium carbonate with pH between 5.0 and 9.0, preferably around
8.10. For evaluating plant stover hydrolysis, 20.0 mg milled corn stover was
added to 2-ml microcentrifuge tubes with pretreatment chemical solution at a
liquor-to-solid (L/S) ratio of 10 or less (preferably 3 - 6). The pretreatment was
incubated in a shaker at 350 rpm and a temperature of 40 °C — 95 °C for O - 16
hours. For milled and unmilled stover, a mechanical refining or defibrillation
followed the pretreatment with chemicals. Further, the pretreated material
was subject to enzymatic hydrolysis without inter-stage washing.

[0192] Enzymatic hydrolysis The pretreated stover was subject to
enzymatic hydrolysis in Britton-Robinson polybuffer (40 mM phosphate, 40
mM acetate, 40 mM borate) with sodium azide. The enzymatic hydrolysis was
conducted at 2% (w/v) solids content, pH 4.9, 50 °C in a New Brunswick
shaker (New Brunswick Scientific, New Jersey USA) at 250 rpm for varying
time (0-144 hours). Cocktail #1 was loaded as 0.5 uM endoglucanase, 0.1 uM
cellobiohydrolase (CBHI), 0.056 pM B-glycosidase, and 0.5 pM endoxylanase
based on 10.0 mg stover with 1 ml reaction volume. Cocktail 5# was the
cocktail #1 with 0.1 uM B-xylosidase added. In conjunction, three types of
enzymatic hydrolysis were run in parallel: No enzyme cocktail (NCt), a full

enzyme cocktail (FCt), and an enzyme cocktail lacking the in-planta expressed
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enzyme (Ct-PE), e.g., an enzyme cocktail lacking endoxylanase (Ct-Xyn) or
endoglucanase (Ct-EG) or both (Ct-EG-Xyn) depending on the enzyme
expressed in plants. Accellerase® 1500 was loaded at 0.2 ml/g dry mass and
Accellerase® XY was loaded at 0.1 ml/g dry mass. Glucose and xylose yields
(% of theoretical) were expressed as a percentage of total Glucose and xylose
in each substrate. Error bars in the accompanying FIGS. are the standard
deviation of the mean from replicate assays.

[0193] Simultaneous saccharification and fermentation (SSF)
[0194] The inoculum was prepared by growing the yeast strain
Saccharomyces cerevisiae D5A to an ODeoo of 0.5 in YPD (10 g/l yeast extract,
20 g/ 1 peptone and 20 g/l dextrose) at 30 °C and 250 rpm. The cells were
harvested by centrifugation (3000 g for 5 min) and re-suspended in a 1X YP
(10 g/l yeast extract and 20 g/l peptone).

[0195] SSF experiments were performed in duplicate in 250 ml
Erlenmeyer glass flasks with a working volume of 50 ml, consisting of 3.0 —
4.0 g (dry weight) pretreated biomass, Britton-Robinson buffer, 10 x YP (100
g/l yeast extract and 200 g/l peptone), inocula, and hydrolytic enzymes. The
flasks were sealed by a rubber stopper with an airlock. The experiments were
started by adding yeast inocula and enzymes (Accellerase® 1500 at 10 FPU/g
dry mass and Accellerase® XY at 0.1 ml/g dry mass), and were incubated at
35 °C and 120 rpm for 7 days. Samples were withdrawn after 0, 24, 48, 72, 144
and 168 hours and analyzed for ethanol and sugars.

[0196] Analysis of fermentable sugars and ethanol

[0197] The hydrolysate samples were heated at 90 °C for 20 min and
then centrifuged at 10,000 g, following which the supernatants were clarified
by passing through 0.20 pm PVDF filters (Cat. #: 09-910-13, Fisher Scientific,
Pittsburg, PA). Monosaccharide and disaccharide concentrations were
determined by high performance liquid chromatography (HPLC), using a
Shimadzu LC-20 AD binary pump with LC solutions software (Shimadzu,
Kyoto, Japan). Sugar concentrations were determined using an Aminex HPX-
87P sugar column (Bio-Rad Laboratories, Hercules, CA) operating at 0.6

ml/min and 80 °C with degassed water as the mobile phase. Ethanol
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concentration in fermentation broth was analyzed using an Aminex HPX-87H
Column (Bio-Rad Laboratories, Hercules, CA) acid column operating at 0.6
ml/min, 60 °C with 0.004 M sulfuric acid as the mobile phase. Peak areas for
all samples, analyzed with an RI detector (RID 10AD), were integrated and

the values were compared to standard curves for quantification.

[0198] Example 2 - Plant stover carbohydrate compositional
analysis
[0199] The stover from transgenic plants was characterized in terms of

their structural carbohydrate composition and the sugar content to examine
any significant changes caused by genetic modification. Table 2 shows results
of the structural carbohydrate analysis of random sampled transgenic and
non-transgenic maize and switchgrass events. The glucan and xylan content
from a set of transgenic plants, whether expressing a single or multiple CWD
enzymes or lacking a transgene encoding a CWD enzyme (transgenic control

TGC), are similar to wild-type control plants (AxB).

Table 2. Glucan and xylan content of transgenic plants (CWD expressing or

TGC) versus non-transgenic wild-type (AxB) plants.

Plant Stover # events (n) Glucan (g/100 g stover)  Xylan (g/100 g
stover)

Wild type maize 4 31.51+0.33 17.12 +0.66
controls

Transgenic maize 8 30.16 £ 1.02 15,99+ 1.14
controls

Transgenic maize 18 31.40 + 1.52 16.59 + 1.34

with enzymes

[0200] A Student t-test of the data presented in Table 2 shows no
significant difference in the amount of glucan between transgenic maize
events expressing CWD enzymes and wild-type maize AxB, or between
transgenic maize events expressing CWD enzymes and transgenic control

events that do not express a CWD enzyme with a P-value of 0.90 and 0.14,
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respectively. The corresponding P-values from a t-test on xylan content are
0.57 and 0.36, respectively.

[0201] Therefore, in-planta expression of enzymes provides an
opportunity for producing not only low cost enzymes but also biomass

feedstocks with hydrolytic traits for cheap fermentable sugar production.

[0202] Example 3 - Effect of plant expressed CWD enzymes on
biomass hydrolysis

[0203] Methodology for plant biomass hydrolysis evaluation

[0204] One of the goals of expressing CDW enzymes in planta is to

eliminate or reduce the severity of chemical pretreatment conditions for
processing lignocellulosic biomass.

[0205] To evaluate the effects of plant expressed CWD enzymes on
biomass hydrolysis, a consolidated process with moderate chemical
pretreatment (pH 5.0 - 9.0, 55°C for 16 hours) followed by an enzymatic
hydrolysis (pH 4.9, 50°C for 72 hours) without inter-stage washing was
developed and chosen as a standard procedure for the initial plant stover
screening. In this process. in-house enzyme cocktails (cocktail#1 and cocktail
#5) were used for the evaluation. The in-house cocktail 1s a combination of
individual enzyme components, which enables the omission of any component
depending on the identity of the enzyme(s) expressed in planta. For each
transgenic plant stover and wild type or transgenic control plant stover, the
following treatments for enzymatic hydrolysis were run in parallel: no
enzyme cocktail (NCt), full cocktail (FCt), and cocktail lacking the in planta
expressed enzyme (Ct-PE; e.g., cocktail lacking xylanase (Ct-Xyn), cocktail
lacking endoglucanase (Ct-EG), or cocktail lacking both xylanase and
endoglucanase (Ct-Xyn-EQ)).

[0206] To determine which enzyme or enzymes support good hydrolysis
performance, two criteria were used to evaluate the processing characteristics
of transgenic events expressing CWD enzymes 1n the initial screening:

[0207] 1. Total sugar yield from the full cocktail (FCt) hydrolysis
(height (1) in FIGS. 2A-2B).
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[0208] 2. Sugar yield difference between hydrolyses involving the full
cocktail (FCt) and the enzyme cocktail without the enzyme that is expressed in
planta (Ct-PE) (height (2) in FIGS. 2A-2B).

[0209] The total sugar produced (height (1)) from processing is a
criterion to be considered because it directly affects the yield of final products,
the productivity, and operational cost. With the in planta expression of CWD
enzymes, 1t was demonstrated that enzyme-expressing transgenic plants
achieved better overall hydrolysis than a control plant under same processing
conditions, which was demonstrated from the total glucose and xylose yields
in FIG. 2. The second criterion, the sugar yield difference between FCt and Ct-
PE (height (2)) represents an effect of plant expressed enzymes on hydrolysis.
When using these transgenic plants as biomass feedstocks, it was observed
that external enzymes in the enzyme cocktail can be partially or completely
replaced by a CWD enzyme or CWD enzymes expressed in transgenic plants,
while achieving similar or equal hydrolysis, which is indicated by a smaller
change or no difference in sugar yield between FCt and Ct-PE hydrolysis (FIG.
2B).

[0210] Plant stover hydrolysis evaluation

[0211] Using the two selection criteria identified above, enzymatic
hydrolysis of stover samples with the in-house cocktail was done to screen the
performance of different transgenic maize plants expressing CWD enzymes.
Based on the results of this screening, the best performing transgenic plant
events were identified and included xylanase-expressing transgenic plants
XynA.2015.05 and XynB.2063.17; endoglucanase-expressing transgenic plants
EGA.2049.10 and EGB.2042.03; and transgenic plants expressing multiple
enzymes — XynA/AccA/B.2096.01, XynA/AccB.2092.103, EGA/XynA.2242.09,
XynB/EGA/CBHA.2345.116, XynB/EGA/CBHB.2349.55 XynB/EGA/CBHB.
2349.56, and XynB/EGA/CBHB.2349.229.

[0212] FIG. 2 1llustrates glucose (FIG. 2A) and xylose (FIG. 2B) yields
after hydrolysis of material from a transgenic plant expressing xylanase A
(XynA; XynA.2015.05) and a transgenic control plant TGC.4000.12 that does
not express a CWD enzyme (T'GC.4000.12). The data on sugar yields from the
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transgenic event XynA.2015.05 and the transgenic control after enzymatic
hydrolysis by FCt (in house cocktail #5), NCt and Ct-Xyn (in house cocktail #5
lacking xylanase A) was evaluated using the above-listed selection criteria.
The value of a total glucose yield after FCt treatment (criterion 1) was shown
to be higher than the difference in values of glucose yield between FCt and Ct-
Xyn treatments (criterion 2) for both XynA.2015.05 and TGC.4000.12. The
value of total glucose and xylose yields for all treatments was higher for the
transgenic event XynA.2015.05 than for the control plant TGC.4000.12.
Interestingly, the difference in glucose and xylose yields after treatments with
a full enzyme cocktail and an enzyme cocktail without the plant-expressed
xylanase A was very small. Based on these results, xylanase A expressed in a
plant was almost as efficient in hydrolyzing the plant stover as xylanase A
provided in a full cocktail. Based on the selection criteria 1 and 2, the
transgenic event XynA.2015.05 shown in FIG. 2 was identified as a good
performer for hydrolysis.

[0213] Plants expressing xylanase

[0214] Xylan is known to be the dominant hemicellulose in hardwood,
agricultural residue, biomass, and perennial grasses. Xylan 1s a
heteropolymeric biopolymer that consists of a repeating p-1,4-linked xylose
backbone decorated with branch groups and may be cross-linked to lignin by
aromatic esters (Dodd D and Cann IO 2009 Glob Change Biol Bioenergy 1:
2). Xylan destruction and removal benefits the hydrolysis of cellulose into
fermentable sugars. In a typical hydrolytic enzyme cocktail, xylanases are a
major class of CWD enzymes required to hydrolyze hemicellulose polymers
since they play key role in making cellulose more accessible to enzymatic
hydrolysis. Referring to FIG. 3B, FIGS. 5B - 5D, and FIG. 7B, the transgenic
plant events expressing XynA or XynB (XynB.2063.17, XynA/Acc/A/B.2096.01,
and XynA.2015.05T1) demonstrated 29.80-172.1% higher xylan conversion
from Ct-Xyn hydrolysis than the control plants, indicating the enhanced effect
of in planta expressed xylanase on biomass xylan hydrolysis. Likewise, these
transgenic plants also show 50.1-93.5% higher glucan conversion from Ct-Xyn

hydrolysis than did the control plants.
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[0215] FIGS. 3A-3B illustrate glucose (FIG. 3A) and xylose (FIG. 3B)
vields from a pretreated transgenic plant tissue expressing xylanase B
(XynB.2063.17) and a wild-type control (AxB) after hydrolysis by the in-house
cocktail #1 (FCt), cocktail #1 lacking xylanase B (Ct-Xyn) and no cocktail
(NCt). Results for Ct-Xyn treatment demonstrated 63.2% higher glucose yield
and 109.4% higher xylose yield from the transgenic event XynB.2063.17 than
from the AxB control plant. Improved xylan hydrolysis of the event
XynB.2063.17 was also evident from the small difference in values of xylose
vield between the FCt and the Ct-Xyn treatments (criterion 2).

[0216] These results show surprisingly good performance of xylanase B
expressed in planta in hydrolyzing stover in comparison to the enzyme
provided in the full cocktail.

[0217] Plants expressing cellulose

[0218] Lignocellulosic biomass 1s known to be composed of a matrix with
multiple intertwined biopolymers (cellulose, hemicelluloses, lignin and
extractives), which requires several different classes of enzymes in large
quantities to efficiently release fermentable sugars. Among them, cellulase is
a key enzyme. Three types of cellulases; endoglucanase, exoglucanase and
B-glucosidase, work together to hydrolyze cellulose into glucose. In the
hydrolysis process, endoglucanase breaks cross-linkages between cellulose
chains while exoglucanase hydrolyzes the individual glucan chains and
B-glucosidase breaks down the exoglucanase products to monomers of glucose
(Sticklen MB 2008 Nature Reviews Genetics 9:433).

[0219] FIGS. 4A-4B show the hydrolysis results for the transgenic
plants expressing endoglucanases. These figures illustrate glucose yield from
the transgenic events KEGA.2049.02 and EGA.2049.10, which express
endoglucanase A (EGA), and the transgenic control plant TGC.4000.12, which
lacks the enzyme (FIG. 4A). These figures also illustrate glucose yield from
the transgenic event EGB.2042.03, which expresses endoglucanase B (EGB),
and the transgenic control plant TGC.2004.8.02 (FIG. 4B). Hydrolysis
treatments were with the full enzyme cocktail #1 (FCt), enzyme cocktail

lacking endoglucanase (Ct-EG) and no enzymes (NCt). For EGA-expressing
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maize events, both EGA.2049.02 and EGA.2049.10 achieved 48.9-126.9%
higher glucan conversion compared to the transgenic control plant
(TGC.4000.12) (FIG. 4A). The difference in glucose yields between Ct-EG and
FCt hydrolysis 1s negligible for EGA.2049.10, and about 29.1% lower for
TGC.4000.12. Similar observations based on criterion 2 were made for the
transgenic event EGA.2049.02. Referring to FIG. 4B, the EGB expressing
transgenic plant EGB.2042.0) shows 63.6% higher glucan conversion from Ct-
EG hydrolysis than the transgenic control TGC.2004.8.02. Surprising, the
glucose yield from Ct-EG hydrolysis of EGB.2042.03 is only 12.2% lower than
from FCt hydrolysis compared to 23.0% lower value from the corresponding
treatments for TGC.2004.8.02. These data show about 50.0% better hydrolysis
from the EGB expressing plant than from the control plant.

[0220] Plants expressing multiple enzymes

[0221] To develop an efficient and inexpensive enzyme production
system for rapid and less expensive biomass depolymerization, several
enzymes used in the hydrolytic enzyme cocktail were expressed in maize.
[0222] FIGS. 5A-5D and FIGS. 6A-6B show the results from the
hydrolysis of the transgenic plants XynA/AccA/B.2096.05, XynA/AccA/B.
2096.01, EGA/XynA.2242.09, XynB/EGA/CBHB.2349.56, XynB/EGA/CBHB.
2349.55, and XynB/EGA/CBHA.2345.116, which express multiple enzymes.
[0223] FIGS. 5A - 5B illustrate data from enzymatic hydrolysis of the
pretreated transgenic maize plants XynA/AccA/B.2096.01, XynA/AccA/B.
2096.05 expressing xylanase A (XynA) and accessory enzymes (Acc) and the
transgenic control plant TGC.2004.8.02 following the full cocktail #1 (FCt),
cocktail #1 without xylanase (Ct-Xyn) and no-cocktail (NCt) treatments. The
glucose yield (FIG. 5A) from the Ct-Xyn hydrolysis of the transgenic events
XynA/AccA/B.2096.01, XynA/AccA/B.2096.05 1s, respectively, 80.4% and 93.5%
higher than from the control plant TGC.2004.8.02.

[0224] Referring to FIG. 5C, the surprisingly higher glucose yield from
Ct-Xyn-EG hydrolysis of EGA/XynA.2242.09 may be explained by a synergistic
hydrolytic effect. Likewise, efficiency of xylan conversion based on xylose

vield (FIG. 5B) from CT-Xyn hydrolysis of the transgenic tissues from
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XynA/AccA/B.2096.01, XynA/AccA/B.2096.05 1is, respectively, 143.4% and
172.1% higher than that from the control plant TGC.2004.8.02. The observed
high efficiency of xylan conversion for these transgenic events may also be
attributed to a synergistic effect of multiple enzymes.

[0225] FIG. 5 illustrates glucose (FIG. 5C) and xylose (FIG. 5D) yields
from the transgenic maize event EGA/XynA.2242.09 simultaneously
expressing endoglucanase A (EGA) and xylanase A (XynA) following
enzymatic treatments with the full cocktail #1 (FCt), cocktail #1 lacking
xylanase (Ct-Xyn), cocktail #1 lacking endoglucanase (Ct-EG] and cocktail #1
lacking xylanase and endoglucanase (Ct-Xyn-EG). The in planta expression of
XynA results in the improved glucose and xylose yields for EGA/XynA.2242.09
after hydrolysis. For example, for the Ct-Xyn treatment transgenic events
demonstrated 50.1% higher efficiency of glucan conversion (FIG. 5C) and
29.8% higher efficiency of xylan conversion (FIG. 5D) relative to that of the
control plant. The in planta expression of EGA results in an improved
efficiency of glucan hydrolysis evident from the difference in glucose yields
between FCt, Ct-EG, and Ct-Xyn-EG treatments.

[0226] FIGS. 6A—6B 1illustrate glucose (FIG. 6A) and xylose (FIG. 6B)
yields from 1) transgenic events simultaneously expressing three CWD
enzymes (XynB/EGA/CBHB.2349.56 and XynB/EGA/CBHB.2349.55, which
simultaneously express xylanase B, endoglucanase A (EGA), cellobiohydrolase
B, and XynB/EGA/CBHA.2345.116, which simultaneously expresses xylanase
B, endoglucanase A (EGA), and cellobiohydrolase A) and 2) wild type control
plant AxB. full cocktail (FCt) and no enzyme cocktail (NCt) treatments
results are shown. The pretreatment included 0.17 M of ammonium bisulfite
and ammonium carbonate (BSC), a liquid to solid ratio equal to 10, at 55 °C
for 17 hours. Enzymatic hydrolysis of the stover was performed at 50° C, pH
5.0 for three days using 0. 2/0.1 ml of Accellerase® 1500/XY per gram of stover.
Referring to FIG. 6, the results show that glucose and xylose yields from the
transgenic plants expressing three CWD enzymes were much higher than that
from the wild type control plant. Surprisingly, the best performing event

XynB/EGA/CBHB.2345.56 showed 43.6% higher in glucose yield and 117.6%
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higher in xylose yield than that of the negative control (AxB) after a very
moderate chemical pretreatment.

[0227] Second generation plants expressing CWD enzymes

[0228] The first generation (T0) XynA.2015.05 plant was identified as a
good hydrolysis candidate. To further evaluate this event and the
corresponding enzyme (XynA) construct, seeds from this event were planted to
generate second generation T1 progeny. The hydrolysis evaluation results for
TO and T1 of XynA.2015.05 plants are shown 1n FIG. 7B.

[0229] The two criteria used for assessment of the TO plants were also
applied to evaluate efficiency of hydrolysis for the plants produced in T1 and
to demonstrate the enzymes can be effective across species. FIG. 7B shows
glucose (FIG. 7A) yields from switchgrass plants made using pAG2015 and
xylose (FIG. 7B) yields from the TO transgenic event XynA.2015.05T0
expressing xylanase A, the T1 transgenic event XynA.2015.05T1 expressing
xylanase A and the transgenic control plant lacking the enzyme TGC.4000.11.
Hydrolysis was done along with the full cocktail (FCt), cocktail lacking
xylanase (Ct-Xyn) and no enzyme cocktail (NCt) treatments. For the Ct-Xyn
treatment, the first generation transgenic event XynA.2015.05T1
demonstrated 55.3% higher glucan and 101.6% xylan hydrolysis as judged by
glucose and xylose yields similar to that of the first generation event
XynA.2015.05T0 and higher than sugar yields for the control plant
TGC.4000.12.

[0230] These data show that enzymes expressed in planta are heritable
and preserve activity in subsequent generations of transgenic plants.

[0231] Diverse plant species

[0232] In addition to the transgenic maize events, switchgrass plants
expressing xylanase A were obtained through transformation with the vector
pPAG2015. When xylanase A from a good maize hydrolysis performer
XynA.2015.05 was expressed in switchgrass by transformation with the same
construct (pAG2015) the resulting transgenic switchgrass XynA.pv2015.3¢c
also demonstrates better glucan and xylan conversion over the control

switchgrass Alamo. FIG. 8 illustrates glucose (FIG. 8A) and xylose (FIG. 8B)
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vields following hydrolysis of the pretreated transgenic switchgrass events
XynA.pv2015.3c, XynA.pv2015.4c and the wild type control switchgrass
plant (Alamo) in treatments with the full cocktail (FCt), the enzyme cocktail
lacking xylanase (Ct-Xyn) and no enzymes (NCT). Both transgenic events
XynA.pv2015.3¢c and XynA.pv2015.4c show better hydrolysis than the control
switchgrass (Alamo). The Dbest performing event XynA.pv2015.3c
demonstrated about 30.0% higher efficiency in glucan conversion and 50.0%
higher efficiency in xylan conversion compared to that of the control plant.
These data show that the same hydrolytic trait may be conserved across
species expressing enzymes in planta.

[0233] Plants expressing intein-modified enzymes

[0234] To avoid detrimental effects of in planta accumulation of CWD
enzymes on plant growth, intein-modified enzymes were developed and
expressed 1n plants to achieve desirable performance in hydrolysis without
causing phenotypical abnormalities in plants. FIG. 9 illustrates glucose (FIG.
9A) and xylose (FIG. 9B) yields following the hydrolysis of a pretreated
transgenic plant 1iXynA.2229.110 expressing intein-modified XynA and a wild
type control plant AxB in FCt, Ct-Xyn and NCt treatments. The
pretreatment temperature of higher than 50° C induced intein splicing in
1XynA.2229.110. The hydrolysis by Ct-Xyn demonstrates 66.0% higher
efficiency of glucan conversion and 57.3% higher efficiency of xylan conversion
for 1XynA.2229.110 than for the control plant AxB. The transgenic plants
1XynA.2229.110 were all normal

[0235] Data from the carbohydrate compositional analysis showed no
significant difference in the amounts of glucan and xylan between the
transgenic plants expressing hydrolytic enzyme or enzymes and control
plants. Hydrolysis results demonstrated that transgenic plants that express
CWD enzymes achieved up to 141% higher glucose yield and 172% higher
xylose yield compared the control plants from enzymatic hydrolysis under the

experimental conditions.
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[0236] Example 4 - Time course of hydrolysis
[0237] To better evaluate the effect of in planta expressed enzymes on

hydrolysis, a time course assessment of hydrolysis for candidate transgenic
plants was conducted. FIG. 10 compares the time courses for full cocktail
(FCt) hydrolysis of a transgenic plant XynB, 2063.17, XynA.2015.05T1 and the
control plant TGC.2004.8.02. The kinetics of hydrolysis follows a typical
profile: a rapid 1nitial hydrolysis 1s followed by a slow rising phase and a final
plateau. The hydrolysis slows down at 24 hours and levels out after 48 hours.
The transgenic plants expressing xylanases in planta demonstrate
consistently better hydrolysis than the control plant through the time course,
as evident from 30.0-40.0% higher glucose yields for a 3-day hydrolysis.
Xylanase expression in planta can be considered as an enzyme pretreatment
to improve both biomass hemicellulose and cellulose hydrolysis.

[0238] FIG. 11 illustrates the time course of enzymatic hydrolysis of the
transgenic plant EGA.2049.10 expressing endoglucanase A (EGA) compared to
a transgenic control plant TGC.4000.11 using FCt and Ct-EG. The effect of in
planta expressed endoglucanase A on hydrolysis was demonstrated by the
difference 1n glucose yields from these plants throughout the time course of
Ct-EG hydrolysis. Throughout the time course, the endoglucanase-expressing
plants EGA.2049.10 demonstrated 48.9% and 63.6% consistently higher
glucan conversion from Ct-EG hydrolysis than did the control plants
TGC.4000.11. Surprisingly, a more efficient and faster hydrolysis has been
achieved from the transgenic plants with endoglucanase expression.

[0239] FIG. 12 illustrates the time course of enzymatic hydrolysis of the
transgenic event EGA/XynA.2242.09 expressing EGA and XynA and the
transgenic  control  plant TGC.4000.11. The  transgenic  event
EGA/XynA.2242.09 demonstrates consistently higher glucose yields (FIG.
12A) and xylose yields (FIG. 12B) using FCt, Ct-EG and Ct-Xyn compared to
that of the control plant TGC.4000.11. The data demonstrate that these high
sugar yields result from the simultaneous expression of endoglucanase and

xylanase in plants.
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[0240] FIG. 13 illustrates the time course of the enzymatic hydrolysis of
the transgenic plant XynA/AccB.2092.103 expressing XynA and an accessory
enzyme (Aspergillus niger FAE B) and the transgenic control plant
TGC.4000.11 using FCt and Ct-Xyn treatments. The Ct-Xyn hydrolysis of the
pretreated stover from the transgenic plant XynA/AccB.2092.103 achieved
more than 30% higher efficiency in glucan conversion (FIG. 13A) and more
than 24 % higher efficiency in xylan conversion (FIG. 13B) than a transgenic
control plant throughout the time course.

[0241] Referring to FIG. 12 and FIG. 13, the better hydrolysis of
transgenic plants that express multiple enzymes was also observed in terms of
glucose and xylose yields throughout the time course of hydrolysis of
XynA/AccB.2092.103 and EGA/XynA.2242.09. The better hydrolysis may be
explained by a synergistic effect of the action of multiple enzymes.

[0242] Referring to FIGS. 10, 11, 12A and 13A, the results show that in
addition to the higher hydrolysis yields achieved through expression of CWD
enzymes in plants, the kinetics profiles of the transgenic events expressing
CWD enzymes during the time course of hydrolysis show a higher initial slope
in the change of glucose yields compared to that of control plants indicating a

faster initial hydrolysis.

[0243] Referring to FIG. 10, in addition to the better hydrolysis, the
transgenic plants expressing hydrolytic enzymes also show faster initial
hydrolysis than do the control plant (FIG. 10). After in planta expression, the
hydrolytic enzymes have been accumulated within plant cells. During
processing, they can start to function immediately in situ without the need for
long distance transport and diffusion. The efficiency of these enzymes is
therefore expected to be high because of low resistance from mass transfer and
an expected decrease in non-selective binding of the in planta enzymes to
lignin or other non-target molecules. The over expression of plant biomass
degrading enzymes in plants does not appear to result in a decrease in
cellulose, but rather loosened xyloglucan intercalation, followed by an
irreversible wall modification. All these factors may contribute to the faster

hvdrolvsais for enzyme expressed plants.
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[0244] Example 5 - hydrolysis improvements by increasing
pretreatment temperature

[0245] With the pretreatment chemicals, a relative high temperature for
pretreatment typically delivers more pretreatment effects on hydrolysis. To
examine the effect of pretreatment temperature, the top hydrolysis performers
identified were subject to pretreatments at 65°C and 75°C. The glucose
hydrolysis yields of these plants are shown in FIG. 14.

[0246] It has been found that the thermal stability of some CWD
enzymes including endoglucanase A (077044) may improve when expressed in
plants. Thermal stability of highly thermostable enzymes such as a family 12
endoglucanase C (033897) can be further improved after expressing in plants,
providing opportunities to apply elevated pretreatment temperatures during
processing to achieve improved hydrolysis. FIG. 14 illustrates the effect of a
pretreatment temperatures on glucose yield from the top performing
transgenic events XynB.2063 (expressing xylanase B), XynA.2015.05T1
(expressing xylanase A), EGA.2049.10 (expressing endoglucanase A),
XynA/AccB.2092.103 (expressing xylanase A and accessory enzyme B),
XynA/EGA.2242.09 (expressing xylanase A and endoglucanae A), and
1XynA.2229.110 (expressing an intein-modified xylanase A) versus the wild
type control plant AxB and the transgenic control plant lacking enzyme
TGC.4000.11. Hydrolysis of the plants was performed using FCt at a
temperature of 65°C or 75°C. It was demonstrated that increasing a
pretreatment temperature from 65°C to 75°C improved glucose hydrolysis
vields for the control plants AxB and TGC.4000.11 but not for transgenic
plants expressing enzymes. This fact may be explained by saturation of the in
planta expressed enzymes on available biomass substrate. With a
pretreatment temperature of 65°C, all the transgenic plants expressing
enzymes showed 11.0-33.4% higher hydrolysis compared to the wild type
control plant AxB and the transgenic control TGC.4000.11, reaching 80-84% of
theoretical glucose yield.

[0247] FIG. 15 illustrates the glucose yield from the transgenic
switchgrass plant EGC.2253.4b expressing a highly thermostable
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endoglucanase A (EGC) following pretreatment with temperatures of 65°C,
75°C, and 95°C and enzymatic hydrolysis. As shown, the glucose yield from
the transgenic event EGC.2253.4b was consistently higher than that from the
control plant Alamo, reaching 89.4% and 71.4 % respective conversion rates of
a pretreatment at 95°C.

[0248] FIGS. 16A-16B illustrate an effect of the pretreatment
temperature and time on glucose (FIG. 16A) and xylose (FIG. 16B) yields from
the transgenic event XynA/EGA.2342.05 and the transgenic control plant
lacking enzymes TGC.2243.01 following enzymatic hydrolysis. Pretreatments
were performed using 0.175M ammonium bisulfite and ammonium carbonate
at a pH 8.1 and temperatures of 55°C, 60°C and 75°C for 2, 4, 6 and 16 hours
at each temperature and 3000 rpm. Enzymatic hydrolysis was performed
using 0.2 ml Accellerase® 1500/g pretreated stover and 0.1 ml Accellerase®
XY/g stover, at 2% solids, pH ~5.0, 1x Britton-Robinson Polybuffer (BR; final
pH 4.9), 0.02% sodium azide at 50°C for 72 hours, at 250 rpm. As shown, for
all pretreatment temperatures and periods of time, the transgenic event
XynA/EGA.2342.105 expressing xylanase A and endoglucanase A performed
consistently better than the control plant TGC.2243.01. These data also show
that extending the pretreatment time increases both glucose and xylose yield
from plants almost linearly and that pretreatment for 16 hours significantly
improves hydrolysis from the transgenic and control plants.

[0249] FIGS. 17A-17B 1illustrate an effect of pretreatment temperature
on glucose (FIG. 17A) and xylose (FIG. 17B) yields from the transgenic events
XynA/EGA.2242.09.01 and XynA/EGA.2242.09.07 (expressing xylanase A and
endoglucanase A) and control plants wild type AxB and transgenic
TGC.4000.11. The plants were subjected to enzymatic hydrolysis using full
Accellerase enzyme cocktail at temperatures 55°C to 65°C and 75°C. Enzyme
loadings included 0.2 ml of Accellerase® 1500 per gram of pretreated stover
and 0.1 ml Accellerase®XY per gram of pretreated stover. Transgenic plants
expressing CWD enzymes achieved up to 83.5-89.1% glucose yield and 50.0-
64.3% xylose yield compared to control plants achieved only 63.0-76.6%
glucose yield and 35.7-45.3% xylose yield.
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[0250] Significant hydrolysis can be achieved when increasing
pretreatment temperature to 65°C. For some maize stover, increasing
temperature to 756°C improved hydrolysis for the control plants but not for the
transgenic plants expressing enzymes. Referring to FIG. 15, for the transgenic
switchgrass EGC.2253.4b expressing a highly thermostable endoglucanase C
(EGC), the improved hydrolysis was found surprisingly to be significantly
higher with increased pretreatment temperature, especially at 95 °C than the
for the control plant Alamo.

[0251] Overall, pretreating stover from the top performing transgenic
plants at elevated temperatures (65 °C and 75 °C) achieved over 80% glucose
hydrolysis yields, which 1s 25% higher hydrolysis compared to control plants
that do not express heterologous hydrolytic enzymes. Therefore, in planta
expression of highly thermostable hydrolytic enzymes will provide more
opportunities to achieve target component hydrolysis.

[0252] Example 6 - Enzyme loading reduction and fermentability
[0253] Since the transgenic plants expressing CWD enzymes
demonstrated higher hydrolysis yields and more rapid kinetics during the
hydrolysis compared to the control plants under similar  processing
conditions, reduction in exogenous enzyme loadings was tested. FIG. 18
lustrates glucose yields from the transgenic plants XynB.2063.17 expressing
xylanase B, XynA.2015.5T1 expressing xylanase A and the control plant
TGC.2004.8.4 following hydrolysis treatments using the in-house cocktail #1
with varying loadings such as full cocktail (FCt), 75% cocktail (0.75 FCt), 50%
cocktail (0.50 FCt). 25% cocktail (0.25 FCt), 10% cocktail (0.10 FCt), and no
enzymes (0 FCt). The data demonstrate feasibility in reducing loadings of
exogenous enzymes by application of the transgenic material expressing CWD
enzymes without reducing sugar yields. For example, the transgenic event
XynA.2015.15T1 achieved more than 60% glucan conversion using 0.75 FCt
loading which 1s similar to approximately 65% glucan conversion achieved
using FCt loading. In contrast, the transgenic control T'G(C.2004.8.4 achieved
approximately 50.0% glucan conversion using FCt loading and approximately

40% of glucan conversion using 0.75 FCt loading. These data show that
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hydrolysis of plants expressing CWD enzymes was more efficient than that
from control plants and with lower loadings of external enzymes.

[0254] FIG. 19 illustrates glucose yields from the transgenic plants
XynE/EGC/CBHA.2339.03, XynE/EGC/CBHA.2339.04, and
XynE/EGC/CBHA.2339.05 (expressing xylanase E, endoglucanase C and
cellobiohydrolase A) and the wild type control plant BxA following enzymatic
hydrolysis with the full cocktail (FCt), 20% full cocktail (0.2 FCt), and no
enzymes (NCt) treatments. The data show that 50-70% glucose yield can be
achieved from the transgenic plants XynE/EGC/CBHA.2339.03,
XynE/EGC/CBHA.2339.04, and XynE/EGC/CBHA.2339.05 using only 20%
loadings of the full cocktail which is 35-77% higher than that of the control
plants.

[0255] Surprisingly, the glucose yield from the transgenic event
XynE/EGC/CBHA.2339.03 following hydrolysis with only 20% loading of the
full cocktail was still 15% higher than the glucose yield from the control plant
BxA after the hydrolysis treatment using the full cocktail.

[0256] FIGS. 20A-20B illustrate the effect of reduction in loadings of
external enzymes on glucose yield from the transgenic events
XynA/EGA.2309.54 and XynA/EGA.2309.107 (expressing xylanase A and
endoglucanase A) and the control plants BxA after hydrolysis with full
cocktail (FCt), 20% full cocktail (0.2FCt) and no enzymes (NCt). 60-70%
glucose yields from the transgenic plants expressing enzymes were achieved
by using 20% loadings of full cocktails compared to about 80% glucose yields
achieved with the full cocktail. In contrast, the negative control plants yielded
only 53% glucose in the 0.2 FCt treatment and 70% glucose in the FCt
treatment. Referring to FIG. 20B, approximately 38% xylose yields were
achieved from the transgenic plants expressing CWD enzymes in 0.2FCt
treatment compared to approximately 47% xylose yields in FCt treatment and
much lower xylose yields for the negative control plants in both FCt and
0.2FCt treatments. 20% FCt glucose yield of XynA/EGA.2309.54 and
XynA/EGA.2309.107 can achieve 16-29.3% higher glucose yield as well as
27.6-31% higher xylose yield than the negative control.
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[0257] FIGS. 21A-21B illustrate the effect of reduction in external
enzyme loadings on glucose (FIG. 21A) and xylose (FIG. 21B) from the
transgenic plants EGA/XynA.2242.09.16 (expressing endoglucanase
CBHA.2069.1.3) and the transgenic control TGC.4000.11 after hydrolysis
using no enzymes (0), 20% full cocktail (0.2FCt), 40% full cocktail (0.4FCt),
60% full cocktail (0.6FCt), 80% full cocktail (0.8FCt), and Full cocktail
(Accellerase® 1500/XY). Pretreatment was performed using 0.256 M ammonium
bisulfite and ammonium carbonate (pH 8.56) at a liquid to solid ratio equal to
7, at 75 °C for 20 hours. Enzymatic hydrolysis was performed using
approximately 2% solids content, pH 5.0, at 50 °C for three days. Surprisingly,
the data shows that 60% FCt hydrolysis can achieve 80% of glucose and
approximately 60% xylose theoretical yields for both transgenic plants
expressing enzymes while only 60% and 49%, respectively, for the negative
control TGC.4000.11.

[0258] These results demonstrate the potential for reduction in loadings
of external enzymes and simultaneously achieving efficient hydrolysis of plant
stover by utilizing the transgenic plants expressing CWD enzymes.

[0259] To evaluate the fermentability of the hydrolysates that are
produced from transgenic plants expressing CWD enzymes, a simultaneous
saccharification and fermentation (SSF) experiment was performed using
Saccharomyces cerevisiae D5A. FIG. 22 illustrates the production of ethanol
during SSF from the transgenic plants EGA.2049.10 (expressing
endoglucanase A) and EGA/XynA.2242.09 (expressing endoglucanase A and
xylanase A) and control plants AxB and TGC.4000.11 at a biomass solids
content of 6%. These data show about 77.8% higher cellulose conversion was
achieved by using the transgenic plants expressing CWD enzymes compared
to the control plants. Further, with the moderately pretreated biomass, SSF of
the enzyme-expressing plants EGA.2049.10 and EGA/XynA.2242.09 produced
ethanol at a concentration of 8.0 g/l, or at 656% ethanol yield, compared to 4.5
g/l, or 42% ethanol yield for the control plants, which corresponds to a 55%

improvement in production of ethanol.
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[0260] The improved hydrolysis has the potential to be translated into
the exogenous enzyme loading reduction while still maintaining similar
hydrolysis as shown in FIGS. 18 - 21. Expression of in planta CWD enzymes
demonstrated the opportunity to produce low-cost sugar from CWD enzyme-
expressing crops or biomass for the production of biofuels, biochemicals, and
biomaterials. The benefit of fast initial hydrolysis also provide a potential to
achieve similar or better hydrolysis in less operation time, an advantage for a
simultaneous saccharification and fermentation process (FIG. 22), and an
opportunity to decrease the requirement for equipment capacity and operation
cost.

[0261] In planta production of cell wall degrading enzymes 1s a means to
lower the costs associated with fermentable sugar production from biomass
through the direct hydrolysis of transgenic plants.

[0262] Example 7 - Thermo-chemical effect: biomass
solubilization from moderate pretreatment

[0263] FIG. 23 illustrates biomass solubilization from moderate
pretreatment based on weight loss in a transgenic plant expressing
exoglucanase CBHA (CBHA.2069.3.17) and wild type control plant (AxB) after
pretreatment with deionized water (DI); 0.06M or 0.25M dilute sulfuric acid
(DSA); or 0.25 M ammonium bisulfite and 0.23M ammonium carbonate
(BSC; pH 8.1Pretreatment was performed at a temperature of 75°C, a liquid to
solids ratio equal to &, for 16 hours. This figure highlights weight loss data for
samples of oven-dried corn stover derived from the transgenic plant and the
wild type control plant. Measurements were conducted following wash and
centrifugation procedures of the pretreated biomass. Compared to
pretreatment with DI, pretreatment with 0.25 M BSC (pH 8.1) results 1n
17.5% more biomass weight loss for the transgenic plant (CBHA.2069.3.17)
and 12.2% more weight loss for the non-transgenic control plant (AxB). The
transgenic plant expressing exoglucanase (CBHA.2069.3.17) shows more
biomass weight loss from all pretreatments compared to the non-transgenic

control plant.
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[0264] Example 8 - Thermo-chemical effect: biomass weight loss
and lignin removal from moderate pretreatment

[0265] Biomass weight loss and lignin removal was determined for
samples of oven dried stover derived from a transgenic control plant
TGC.2209 after pretreatment with deionized water (DI) and 0.17 M
ammonium bisulfite with 0.1656M ammonium carbonate (BSC) at pH 8.1, a
liquid to solid ratio equal to 8, at a temperature of 75°C, for 16 hours.
Measurements were conducted following wash and centrifugation procedures
of the pretreated biomass. Table 3 shows that pretreatment with 0.17 M BSC
(pH 8.1) results in more biomass weight loss and more lignin removal

compared to pretreatment with DI water.

Table 3: Biomass weight loss after pretreatment and acid insoluble lignin in

pretreated biomass

Pretreatment chemicals | Biomass weight loss Acid insoluble lignin
(% of stover) % on pretreated
biomass)
DI water 34.6 10.0
0.17 M BSC 39.9 14.6
[0266] Example 9 - Thermo-chemical effect: deacetylation from

moderate pretreatment

[0267] FIGS. 24A-24B illustrate the effect of the temperature and time
on deacetylation of plant biomass assessed for the oven-dried corn stover
derived from a transgenic plant expressing cellobiohydrolase A
(CBHA.2063.3.17) and a non-transgenic control plant (AxB) . The
pretreatments included deionized water (DI), 0.06M dilute sulfuric acid (DSA),
0.25 M DSA, or 0.25 M ammonium bisulfite with 0.23M ammonium carbonate
(BSC) and were performed at pH 8.1, a liquid-to solid ratio equal to 8, at
temperatures 75°C or 95°C for 16 hours, or 85°C for 7 hours. Acetic acid (HAc)
concentration was determined by HPLC analysis of the filtrate samples
obtained from the pretreated biomass using HPX-87H Column (Bio-Rad
Laboratories, Hercules , CA) acid column operating at 0.6 ml/min, 60°C with
~oana T alfuric acid as the mobile phase. Pretreatment with 0.25 M BSC
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(pH 8.1) resulted in significant deacetylation compared to pretreatment with
DI water and 0.06 M DSA.

[0268] Example 10 - Thermo-chemical effect: little/mo sugar
degradation (furfural and HMF) from moderate pretreatment

[0269] FIGS. 25A-25B illustrate yields of sugar degradation products
hydroxymethylfurfural (HMF) and furfural in samples of oven-dried corn
stover from a transgenic plant expressing exoglucanase CBHA
(CBHA.2069.3.17) and a non-transgenic control plant (AxB) after
pretreatment with deionized water (DI), 0.06M dilute sulfuric acid (DSA), 0.25
DSA, or 0.256 M ammonium bisulfite and 0.23M ammonium carbonate (BSC;
pH 8.1). Pretreatment was performed at temperatures 75°C and 95°C for 16
hours and 85°C for 7 hours. Concentrations of HMF and furfural in the
filtrate of the pretreated biomass were measured by HPLC analysis using
HPX-87H Column (Bio-Rad Laboratories, Hercules , CA) acid column
operating at 0.6 ml/min, 60°C with 0.004 M sulfuric acid as the mobile phase.
[0270] The data show that little to no HMF or furfural were found in
samples from a transgenic plant expressing exoglucanase CBHA
(CBHA.2069.3.17), or the non-transgenic control plant (AxB) after
pretreatment with 0.256 M BSC (pH 8.1) in comparison to pretreatment with
deionized water (DI), 0.06 M dilute sulfuric acid (DSA), or 0.25 M DSA , which
led to sugar degradation and detection of HMF and furfural in samples.

[0271] Example 11 - Autohydrolysis from in planta enzymes

[0272] Examples of autohydrolysis of plants expressing cell wall
degrading enzymes are shown in FIG. 26. This figure illustrates results on a
pretreated maize plant that expresses XynB (XynB.2063.15) alone and a plant
that simultaneously express three enzymes; XynA and accessory enzymes A
and B (XynA/AccA/B.2096.01). The results are compared to a pretreated non-
transgenic control plant (AxB). Pretreatment was performed using 0.17 M
ammonium bisulfite and 0.1656 M ammonium carbonate (pH 8.1), Liquid to
sohid ration (I/S) equal to 10, and at 55 °C for 16 hours. Enzymatic hydrolysis
was achieved by enzymes produced in planta at 2% solids content with no

external enzyme cocktail (NCt) and at a temperature of 50 °C, pH 5.0 for 3
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days. Post-acid hydrolysis was performed at pH less than 1.0 and a
temperature of 121° C for 60 minutes. Both transgenic plants expressing
xylanase show 3-5 fold more xylose yield from autohydrolysis compared to the
control AxB plant.

[0273] FIG. 27 illustrates results of autohydrolysis for a corn plant
simultaneously expressing xylanase B, endoglucanase and CHBA
(XynB/EGA/CBHA.2345.116) and a plant expressing xylanase B,
endoglucanase and CBHB (XynB/EGA/CBHB.2349.55) compared to a non-
transgenic control plant (AxB). The plants were pretreated with 0.17 M
ammonium bisulfite and 0.165M ammonium carbonate BSC (pH 8.1) with L/S
equal to 10 at 55 °C for 16 hours. No intermediate washing procedures were
applied between pretreatment and hydrolysis with enzymes expressed in
planta. Hydrolysis was achieved under the following conditions: 2% solids
content, no cocktail (NCt), 50°C and pH 5.0 for 3 days. The transgenic plants
expressing xylanase and other cellulases show significantly higher xylose yield
from autohydrolysis compared to the control AxB plant.

[0274] Example 12 - Effect of mechanical defibrillation on
processing of unmilled stover

[0275] Data on the effect of mechanical defibrillation on glucose and
xylose yields from processing of un-milled stover are shown in FIGS. 28A—
28B. The data were derived from experiments with a pretreated transgenic
plant expressing endoglucanase and xylanase A (EGA/XynA.2242.09T1)
versus a transgenic control plant TGC.4000. Pretreatment was performed
using 0.25M ammonium bisulfite with 0.23 M ammonium carbonate (pH 8.56,
L/S equal to 8, 75°C, for 16 hours followed by mechanical defibrillation (6%
solid content). Enzymatic hydrolysis was achieved by enzymes produced in
planta at 4% solids content using Accelerase ® 1500/XY (0.2/0.1 ml per g of
stover) at a temperature of 50 °C for up to 3 days and at pH 5.0. The
transgenic maize plant simultaneously expressing endoglucanase and
xylanase shows consistently higher glucose and xylose yields compared the
control TGC.4000 plant through the time-course, reaching 83% and 63%
glucose and xylose yields, respectively, for 3-day hydrolysis.
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[0276] The references cited throughout this application, are
incorporated for all purposes apparent herein and in the references
themselves as if each reference was fully set forth. For the sake of
presentation, specific ones of these references are cited at particular locations
herein. A citation of a reference at a particular location indicates a manner(s)
in which the teachings of the reference are incorporated. However, a citation
of a reference at a particular location does not limit the manner in which all of
the teachings of the cited reference are incorporated for all purposes.

[0277] It 1s understood, therefore, that this invention is not limited to
the particular embodiments disclosed, but is intended to cover all
modifications which are within the spirit and scope of the invention as defined
by the appended claims; the above description; and/or shown in the attached

drawings.
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CLAIMS

1. A method for producing soluble sugars from engineered plant
material, comprising:

pretreating by mixing the engineered plant material with a pulping
formulation comprising ammonium bisulfite and ammonium carbonate to
form a mixture, at a pH ranging from 5.0 to 9.0 and a temperature of 40°C to
95°C; and

providing hydrolysis conditions to the mixture,

wherein the engineered plant material comprises a first polynucleotide
sequence encoding a first protein and a second polynucleotide sequence
encoding a second protein, wherein the first protein comprises an amino acid
sequence with at least 90% identity to the reference sequence set forth as SEQ
ID NO: 4, and the second protein comprises an amino acid sequence with at
least 90% identity to the reference sequence set forth as SEQ ID NO: 6, and
wherein the first protein has the same endoglucanase activity as a protein
comprising the amino acid sequence set forth as SEQ ID NO: 4, and the
second protein has the same xylanase activity as a protein comprising the

amino acid sequence set forth as SEQ ID NO: 6.

2. The method of claim 1, further comprising adding other plant

material to the mixture before, during or after the step of mixing.

3. The method of claim 1, wherein the engineered plant material
further comprises a third polynucleotide sequence encoding a third protein
which comprises an amino acid sequence with at least 90% identity to the
reference sequence set forth as SEQ ID NO: 12, wherein the protein has the
same cellobiohydrolase activity as a protein comprising the amino acid

sequence set forth as SEQ ID NO: 12.
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4. The method of claim 3, wherein at least one of the first
polynucleotide sequence, the second polynucleotide sequence and the third
polynucleotide sequence further comprises a first targeting polynucleotide
sequence encoding a targeting peptide, wherein the first targeting
polynucleotide sequence for each of the first polynucleotide sequence, the
second polynucleotide sequence and the third polynucleotide sequence encodes
independently: an amyloplast targeting signal, a cell wall targeting peptide,
a mitochondrial targeting peptide, a cytosol localization signal, a chloroplast
targeting signal, a nuclear targeting peptide, or a vacuole targeting peptide,
and wherein the respective targeting peptide is fused to the first protein,

the second protein or the third protein.

5. The method of claim 4, wherein the first targeting polynucleotide
sequence is upstream of the first polynucleotide sequence, the second
polynucleotide sequence or the third polynucleotide sequence, and
the targeting peptide consists of, independently, the sequence set forth as:
SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, or SEQ ID
NO: 17.

6. The method of claim 4, wherein the first targeting polynucleotide
sequence in combination with the first polynucleotide sequence together
encode an amino acid sequence with at least 90% identity to the reference
sequence set forth as SEQ ID NO: 20.

7. The method of claim 4, wherein the plant further comprises
a second targeting polynucleotide sequence encoding a carboxy targeting
peptide which consists of the sequence set forth as: SEQ ID NO: 22, SEQ ID
NO: 23, or SEQ ID NO: 24, wherein the carboxy targeting peptide is fused to

at least one of the first protein, the second protein and the third protein.
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8. The method of claim 4, wherein the plant further comprises a
second targeting polynucleotide sequence encoding a carboxy targeting
peptide, and wherein the first targeting polynucleotide sequence and
the second targeting polynucleotide sequence in combination with one of
the first polynucleotide sequence, the second polynucleotide sequence and
the third polynucleotide sequence together encode an amino acid sequence
with at least 90% identity to the reference sequence set forth as: SEQ ID NO:
27, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 31.

9. The method of any one of claims 1 to 8, wherein the ammonium
bisulfite is at a concentration of 0.02 M to 0.35 M, and the ammonium

carbonate is at a concentration of 0.025 M to 0.25 M.

10. The method of claim 9, wherein the mixture has a liquid to solid

ratio having a value of less than or equal to: 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1.

11. The method of claim 10, wherein the pretreating comprises
incubating the mixture for a period that is less than or equal to: 16 hours,
15 hours, 14 hours, 13 hours, 12 hours, 11 hours, 10 hours, 9 hours, 8 hours,

7 hours, 6 hours, 5 hours, 4 hours, 3 hours, 2 hours, or 1 hour.

12.  The method of any one of claims 1 to 11, wherein the pretreating

further comprises refining the mixture by mechanical grinding.

13. The method of any one of claims 1 to 12, wherein the hydrolysis

conditions comprise 2% to 25% solids.

14. The method of claim 13, wherein the hydrolysis conditions

comprise incubating the mixture for a period of up to 144 hours.
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15. The method of claim 14, wherein the hydrolysis conditions

comprise a mixture temperature of 100°C or less.

16. The method of claim 14, wherein the hydrolysis conditions

comprise a mixture temperature of 65°C or less.

17. The method of claim 14, wherein the hydrolysis conditions

comprise a mixture temperature of 48°C to 50°C.

18. The method of claim 15, wherein the hydrolysis conditions

comprise a mixture pH of 4.8 to 5.0.

19. The method of claim 18, further comprising -contacting

the mixture with a fermenting organism to produce a biochemical product.

20. The method of claim 19, wherein the fermenting organism is
ayeast which is: Saccharomyces, Kluyveromyces, Pichia, Yarrowia,

Spathaspora, or Scheffersomyces.

21. The method of any one of claims 1 to 20, further comprising

adding one or more exogenous enzymes.

22. The method of claim 21, wherein the one or more exogenous
enzymes comprise an endoglucanase, a cellobiohydrolase, a glycosidase, or

a xylanase.

23. The method of claim 22, wherein the one or more exogenous

enzymes further comprise a B-xylosidase.

24. The method of claim 21, wherein the one or more exogenous

enzymes comprise a cellulase isolated from Trichoderma reesei.
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25.  An engineered plant cell comprising a first polynucleotide
sequence encoding a first protein having an amino acid sequence with at least
90% identity to a first reference sequence set forth as SEQ ID NO: 4, and
a second polynucleotide sequence encoding a second protein comprising an
amino acid sequence with at least 90% identity to a second reference sequence
set forth as SEQ ID NO: 6, and wherein the first protein has the same
endoglucanase activity as a protein comprising the amino acid sequence set
forth as SEQ ID NO: 4, and the second protein has the same xylanase activity

as a protein comprising the amino acid sequence set forth as SEQ ID NO: 6.

26. The engineered plant cell of claim 25, further comprising a third
polynucleotide sequence encoding a third protein comprising an amino acid
sequence with at least 90% identity to a third reference sequence set forth as
SEQ ID: 12, and wherein the third protein has the same cellobiohydrolase
activity as a protein comprising the amino acid sequence set forth as SEQ ID
NO: 12.

27. The engineered plant cell of claim 25 or 26, wherein the first
polynucleotide sequence, the second polynucleotide sequence or the third
polynucleotide sequence further comprises a targeting polynucleotide
sequence encoding a targeting peptide which is: an amyloplast targeting
signal, a cell wall targeting peptide, a mitochondrial targeting peptide, a
cytosol localization signal, a chloroplast targeting signal, a nuclear targeting

peptide, or a vacuole targeting peptide.
28. The engineered plant cell of claim 27, wherein the targeting
peptide consists of the sequence set forth as: SEQ ID NO: 13, SEQ ID NO: 14,

SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 22, SEQ ID
NO: 23, or SEQ ID NO: 24.
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29. The engineered plant cell of claim 25 or 26, wherein
the engineered plant cell is: a corn cell, a sugar cane cell, a sugar beet cell, a
sorghum cell, a switchgrass cell, a miscanthus cell, an eucalyptus cell, a

willow cell, or a poplar cell.

30. The engineered plant cell of claim 28, wherein the first
polynucleotide sequence encodes an amino acid sequence with at least 90%
identity to the sequence set forth as: SEQ ID NO: 20, SEQ ID NO: 27, or
SEQ ID NO: 29, the second polynucleotide sequence encodes an amino acid
sequence with at least 90% identity to the sequence set forth as SEQ ID NO:
30, or the third polynucleotide sequence encodes an amino acid sequence with

at least 90% identity to the sequence set forth as SEQ ID NO: 31.

31. An expression cassette comprising:

a first polynucleotide sequence encoding a first protein and
comprising a sequence with at least 90% identity to the sequence set forth as
SEQ ID NO: 35; and

a second polynucleotide sequence encoding a second protein and
comprising a sequence with at least 90% identity to the sequence set forth as
SEQ ID NO: 37,

wherein the first protein comprises an endoglucanase activity

and the second protein comprises a xylanase activity.

32. The expression cassette of claim 31, further comprising a third
polynucleotide sequence encoding a third protein and comprising a sequence
with at least 90% identity to the sequence set forth as SEQ ID: 43,

wherein the third protein comprises a cellobiohydrolase activity.

33. The expression cassette of claim 32, wherein the first
polynucleotide sequence, the second polynucleotide sequence or the third

polynucleotide sequence further comprises a targeting polynucleotide
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sequence encoding a targeting peptide which is: an amyloplast targeting
signal, a cell wall targeting peptide, a mitochondrial targeting peptide, a
cytosol localization signal, a chloroplast targeting signal, a nuclear targeting

peptide, or a vacuole targeting peptide.

34. The expression cassette of claim 33, wherein the targeting
polynucleotide is set forth as: SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO:
46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO: 50, or SEQ
ID NO: 51.

35. The expression cassette of claim 33, wherein the first
polynucleotide sequence encoding a first protein comprises the sequence
set forth as: SEQ ID NO: 54, SEQ ID NO: 58, or SEQ ID NO: 60; the second
polynucleotide sequence encoding a second protein comprises the sequence
set forth as SEQ ID NO: 61; or the third polynucleotide sequence encoding
a third protein comprises the sequence set forth as SEQ ID NO: 62,

wherein the first protein comprises an endoglucanase activity, the
second protein comprises a xylanase activity, and the third protein comprises

a cellobiohydrolase activity.

36. An expression vector comprising a polynucleotide sequence
encoding a first protein, a second protein and a third protein and comprising a
sequence with at least 90% identity to the sequence set forth as: SEQ ID
NO: 83,

wherein the first protein comprises an endoglucanase activity, the
second protein comprises a xylanase activity, and the third protein comprises

a cellobiohydrolase activity.
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