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TITLE
MODIFIED GLUCOSYLTRANSFERASES FOR PRODUCING BRANCHED ALPHA-
GLUCAN POLYMERS
This application claims the benefit of U.S. Provisional Application Nos.
62/180,779 (filed June 17, 2015) and 62/180,788 (filed June 17, 2015), which are both
incorporated herein by reference in their entirety.
FIELD OF INVENTION

The present disclosure is in the field of enzyme catalysis. For example, the

disclosure pertains to the production of branched alpha-glucans using modified
glucosyltransferase enzymes.
REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

The official copy of the sequence listing is submitted electronically via EFS-Web

as an ASCII formatted sequence listing with a file named
20160615_CL6480SequencelListing_ST25_ExtraLinesRemoved.txt created on June 14,
2016, and having a size of 740 kilobytes and is filed concurrently with the specification.
The sequence listing contained in this ASClI-formatted document is part of the
specification and is herein incorporated by reference in its entirety.

BACKGROUND

Driven by a desire to find new structural polysaccharides using enzymatic

syntheses or genetic engineering of microorganisms or plant hosts, researchers have
discovered polysaccharides that are biodegradable and can be made economically from
renewably sourced feedstocks. One such polysaccharide is poly alpha-1,3-glucan, a
glucan polymer characterized by having alpha-1,3-glycosidic linkages. This polymer has
been isolated by contacting an aqueous solution of sucrose with a glucosyltransferase
(GTF) enzyme isolated from Streptococcus salivarius (Simpson et al., Microbiology
141:1451-1460, 1995).

U.S. Patent 7000000 disclosed the preparation of a polysaccharide fiber using an
S. salivarius gtfJ enzyme. At least 50% of the hexose units within the polymer of this
fiber were linked via alpha-1,3-glycosidic linkages. S. salivarius gtfJ enzyme utilizes
sucrose as a substrate in a polymerization reaction producing poly alpha-1,3-glucan and
fructose as end-products (Simpson et al., 1995). The disclosed polymer formed a liquid

crystalline solution when it was dissolved above a critical concentration in a solvent or in
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a mixture comprising a solvent. Continuous, strong, cotton-like fibers were obtained
from this solution that could be spun and used in textile applications.

While some advances have been made in producing linear glucan polymers
having a high percentage of alpha-1,3 glycosidic linkages suitable for use in spinning
fibers, it is believed that less attention has been drawn to producing branched alpha-
glucan polymers. To that end, disclosed herein are modified glucosyltransferases that
can synthesize branched alpha-glucan.

SUMMARY OF INVENTION

In one embodiment, the disclosure concerns a glucosyltransferase enzyme

comprising a catalytic domain that comprises an amino acid sequence that is at least
90% identical to amino acid positions 54-941 of SEQ ID NO:85, 54-927 of SEQ ID
NO:87, 54-935 of SEQ ID NO:89, 54-911 of SEQ ID NO:91, 54-919 of SEQ ID NO:93,
54-905 of SEQ ID NO:95, or 54-889 of SEQ ID NO:97, wherein the catalytic domain
lacks at least one motif selected from the group consisting of:

(i) a motif comprising an amino acid sequence that is at least 90% identical to

SEQ ID NO:78,

(i) a motif comprising an amino acid sequence that is at least 90% identical to

SEQ ID NO:79, and

(iii) a motif comprising an amino acid sequence that is at least 90% identical to

SEQ ID NO:80;
wherein the glucosyltransferase enzyme produces a branched alpha-glucan polymer.

In another embodiment, the glucosyltransferase comprises an amino acid
sequence that is at least 90% identical to SEQ ID NO:85, SEQ ID NO:87, SEQ ID
NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, or SEQ ID NO:97, and wherein
the glucosyltransferase lacks at least one of motifs (i), (ii), or (iii).

Another embodiment concerns a polynucleotide comprising a nucleotide
sequence encoding a glucosyltransferase enzyme as disclosed in the above
embodiment, optionally wherein one or more regulatory sequences are operably linked
to the nucleotide sequence, and preferably wherein the one or more regulatory

sequences include a promoter sequence.
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Another embodiment concerns a method of preparing a polynucleotide sequence
encoding a glucosyltransferase enzyme that produces a branched alpha-glucan
polymer. This method comprises:

(a) identifying a polynucleotide sequence encoding a parent glucosyltransferase enzyme
that comprises a catalytic domain comprising:

(1) an amino acid sequence that is at least 90% identical to amino acid positions

54-957 of SEQ ID NO:65, and

(2) the following three motifs:

(i) a motif comprising an amino acid sequence that is at least 90% identical

to SEQ ID NO:78,

(i) a motif comprising an amino acid sequence that is at least 90%

identical to SEQ ID NO:79, and

(iii) a motif comprising an amino acid sequence that is at least 90%

identical to SEQ ID NO:80;

and
(b) modifying the polynucleotide sequence identified in step (a) to delete and/or mutate
at least one of motifs (i), (ii), or (iii) encoded by the polynucleotide sequence, thereby
providing a polynucleotide sequence encoding a glucosyltransferase enzyme that
produces a branched alpha-glucan polymer.

In another embodiment, the position of the amino acid sequence that is at least
90% identical to SEQ ID NO:78 aligns with amino acid positions 231-243 of SEQ ID
NO:65; the position of the amino acid sequence that is at least 90% identical to SEQ ID
NO:79 aligns with amino acid positions 396-425 of SEQ ID NO:65; and/or the position of
the amino acid sequence that is at least 90% identical to SEQ ID NO:80 aligns with
amino acid positions 549-567 of SEQ ID NO:65.

In another embodiment, the motif (i) comprises SEQ ID NO:78, motif (ii)
comprises SEQ ID NO:79, and motif (iii) comprises SEQ ID NO:80.

In another embodiment, the parent glucosyltransferase enzyme can synthesize
poly alpha-1,3-glucan having at least 95% alpha-1,3 glycosidic linkages and a weight
average degree of polymerization (DPy,) of at least 100.

In another embodiment, modification step (b) comprises deleting at least one of

motifs (i), (ii), or (iii) encoded by the polynucleotide sequence identified in step (a).
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In another embodiment, the glucosyltransferase enzyme of step (b) comprises a
catalytic domain that does not comprise at least one amino acid sequence that is at least
60% identical to SEQ ID NO:78, SEQ ID NO:79, or SEQ ID NO:80.

In another embodiment, the branched alpha-glucan polymer has an intrinsic
viscosity and/or branching index that is reduced by at least 30% compared to the
intrinsic viscosity and/or branching index of poly alpha-1,3-glucan synthesized by the
parent glucosyltransferase.

In another embodiment, the identifying step is performed (a) in silico, (b) with a
method comprising a nucleic acid hybridization step, (¢) with a method comprising a
protein sequencing step, and/or (d) with a method comprising a protein binding step;
and/or wherein said modifying step is performed (e) in silico, followed by synthesis of the
polynucleotide sequence encoding a glucosyltransferase enzyme that produces a
branched alpha-glucan polymer, or (f) using a physical copy of the polynucleotide
sequence encoding the parent glucosyltransferase.

Another embodiment concerns a polynucleotide sequence produced according to
the above embodiment, optionally wherein the polynucleotide sequence further
comprises one or more regulatory sequences operably linked to the polynucleotide
sequence, preferably wherein the one or more regulatory sequences include a promoter
sequence. Another embodiment concerns a glucosyltransferase enzyme encoded such
a polynucleotide sequence.

Another embodiment concerns a reaction solution comprising water, sucrose, and
a glucosyltransferase enzyme as disclosed herein.

Another embodiment concerns a method for producing a branched alpha-glucan
polymer. This method comprises (a) contacting at least water, sucrose, and a
glucosyltransferase enzyme as presently disclosed, whereby branched alpha-glucan
polymer is produced, and b) optionally, isolating the branched alpha-glucan polymer
produced in step (a).

Another embodiment concerns a branched alpha-glucan polymer produced from
any glucan synthesis method or reaction disclosed herein, or that is a product of any
glucosyltransferase enzyme disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS AND SEQUENCES
FIG. 1: Comparison of the main chain tertiary fold of Lactobacillus reuteri GTF
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(gray) and Streptococcus mutans GTF (black). The structure of the L. reuteri GTF
includes a fifth domain (Domain V) that was truncated from the structure of S. mutans
GTF. The active site is also indicated and is formed by a cavity in the central domains
(the so-called A and B domains); this location is based on spatial similarity with similar
domains in alpha amylases. The amino acid sequence of the S. mutans 3AIE GTF
structure is SEQ ID NO:66, and the amino acid sequence of the L. reuteri 3KLK GTF
structure is SEQ ID NO:67.

FIG. 2: Alignment of twenty-four GTF sequences with sequences of portions of
GTFs from S. mutans (3AIE, SEQ ID NO:66) and L. reuteri (3KLK, SEQ ID NO:67) for
which crystallographic structures are known; single-letter amino acid code is used. GTF
amino acid sequences that produced glucan with 100% alpha-1,3 linkages and high
molecular weight (DP,, of at least 400 under the tested initial sucrose concentrations,
see Table 4) are designated “++”. Those GTFs producing glucan with 100% alpha-1,3
linkages and a DP,, of at least 100 are designated “+-". Other GTFs producing glucan
with mixed linkages are designated “--".

FIG. 3: The sequence of the tested GTF enzymes in the vicinity of Motifs 1a and
1b. The sequence region of Motifs 1a and 1b along with upstream and downstream
flanking reference sequence motifs are shown as boxed regions. Motifs 1a and 1b are
located in box labeled “Insertion 1”. The alignment in this figure represents a portion of
the alignment in FIG. 2.

FIG. 4a and 4b: Visualization of Motif 1a through comparison of a homology
model of GTF 7527 (SEQ ID NO:65) based on the reference crystallographic structures
of S. mutans (BAIE, SEQ ID NO:66) (FIG. 4a) and L. reuteri (3KLK, SEQ ID NO:67)
(FIG. 4b). The main chain folding of the homology model in each view is shown with
dark lines while the main chain folding of the reference structure is shown with lighter
lines. The residues forming the catalytic sites in the reference crystallographic
structures are shown as Van der Waals spheres for reference. Motif 1a (between the
arrows) is presented in both homology models as an open loop (black) extending into
the solvent as a consequence of there being no homologous segment to provide means
to position with respect to the remainder of the GTF catalytic domain.

FIG. 5: The sequence of the tested GTF enzymes in the vicinity of Motif 2. The

sequence region of Motif 2 along with upstream and downstream flanking reference
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sequence motifs are shown as boxed regions. Motif 2 is located in box labeled
“Insertion 2”. The alignment in this figure represents a portion of the alignment in FIG. 2.

FIG. 6a and 6b: Visualization of Motif 2 through comparison of a homology model
of GTF 7527 (SEQ ID NO:65) based on the reference crystallographic structures of S.
mutans (SAIE, SEQ ID NO:66) (FIG. 6a) and L. reuteri (3KLK, SEQ ID NO:67) (FIG. 6b).
The main chain folding of the homology model in each view is shown with dark lines
while the main chain folding of the reference structure is shown with lighter lines. The
residues forming the catalytic sites in the reference crystallographic structures are
shown as Van der Waals spheres for reference. Motif 2 (between the arrows) is
presented in both homology models as an open loop (black) extending into the solvent
as a consequence of there being no homologous segment to provide means to position
with respect to the remainder of the GTF catalytic domain.

FIG. 7: The sequence of the tested GTF enzymes in the vicinity of Motifs 3a and
3b. The sequence region of Motifs 3a and 3b along with upstream and downstream
flanking reference sequence motifs are shown as boxed regions. Motifs 3a and 3b are
located in box labeled “Insertion 3”. The alignment in this figure represents a portion of
the alignment in FIG. 2.

FIG. 8a and 8b: Visualization of Motif 3a through comparison of a homology
model of GTF 7527 (SEQ ID NO:65) based on the reference crystallographic structures
of S. mutans (BAIE, SEQ ID NO:66) (FIG. 8a) and L. reuteri (3KLK, SEQ ID NO:67)
(FIG. 8b). The main chain folding of the homology model in each view is shown with
dark lines while the main chain folding of the reference structure is shown with lighter
lines. The residues forming the catalytic sites in the reference crystallographic
structures are shown as Van der Waals spheres for reference. Motif 3a (between the
arrows) is presented in both homology models as an open loop (black) extending into
the solvent as a consequence of there being no homologous segment to provide means
to position with respect to the remainder of the GTF catalytic domain.

Table 1. Summary of Nucleic Acid and Protein SEQ ID Numbers

Nucleic acid Protein
Description SEQ ID NO. | SEQ ID NO.
‘0874 GTF”, Streptococcus sobrinus. DNA codon-
optimized for expression in E. coli. The first 156
amino acids of the protein are deleted compared to 2
GENBANK Identification No. 450874; a start 1 (1435 aa)
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methionine is included.

“6855 GTF”, Streptococcus salivarius SK126. DNA
codon-optimized for expression in E. coli. The first
178 amino acids of the protein are deleted compared
to GENBANK ldentification No. 228476855; a start
methionine is included.

4
(1341 aa)

“2379 GTF”, Streptococcus salivarius. DNA codon-
optimized for expression in E. coli. The first 203
amino acids of the protein are deleted compared to
GENBANK Identification No. 662379; a start
methionine is included.

6
(1247 aa)

“7527 or “GTFJ”, Streptococcus salivarius. DNA
codon-optimized for expression in E. coli. The first 42
amino acids of the protein are deleted compared to
GENBANK Identification No. 47527; a start
methionine is included.

8
(1477 aa)

“1724 GTF”, Streptococcus downei. DNA codon-
optimized for expression in E. coli. The first 162
amino acids of the protein are deleted compared to
GENBANK Identification No. 121724; a start
methionine is included.

10
(1436 aa)

‘0544 GTF”, Streptococcus mutans. DNA codon-
optimized for expression in E. coli. The first 164
amino acids of the protein are deleted compared to
GENBANK Identification No. 290580544, a start
methionine is included.

11

12
(1313 aa)

“5926 GTF”, Streptococcus dentirousetti, DNA
codon-optimized for expression in E. coli. The first
144 amino acids of the protein are deleted compared
to GENBANK ldentification No. 167735926; a start
methionine is included.

13

14
(1323 aa)

“4297 GTF”, Streptococcus oralis. DNA codon-
optimized for expression in E. coli. The first 228
amino acids of the protein are deleted compared to
GENBANK Identification No. 7684297; a start
methionine is included.

15

16
(1348 aa)

“5618 GTF”, Streptococcus sanguinis. DNA codon-
optimized for expression in E. coli. The first 223
amino acids of the protein are deleted compared to
GENBANK Identification No. 328945618; a start
methionine is included.

17

18
(1348 aa)

“2765 GTF”, unknown Streptococcus sp. C150. DNA
codon-optimized for expression in E. coli. The first
193 amino acids of the protein are deleted compared
to GENBANK ldentification No. 322372765; a start
methionine is included.

19

20
(1340 aa)
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“4700 GTF”, Leuconostoc mesenteroides. DNA
codon-optimized for expression in E. coli. The first 36
amino acids of the protein are deleted compared to
GENBANK Identification No. 21654700; a start 22
methionine is included. 21 (1492 aa)

“1366 GTF”, Streptococcus criceti. DNA codon-
optimized for expression in E. coli. The first 139
amino acids of the protein are deleted compared to
GENBANK Identification No. 146741366; a start 24
methionine is included. 23 (1323 aa)

‘0427 GTF”, Streptococcus sobrinus. DNA codon-
optimized for expression in E. coli. The first 156
amino acids of the protein are deleted compared to
GENBANK Identification No. 940427; a start 26
methionine is included. 25 (1435 aa)

“2919 GTF”, Streptococcus salivarius PS4. DNA
codon-optimized for expression in E. coli. The first 92
amino acids of the protein are deleted compared to
GENBANK Identification No. 383282919; a start 28
methionine is included. 27 (1340 aa)

“2678 GTF”, Streptococcus salivarius K12. DNA
codon-optimized for expression in E. coli. The first
188 amino acids of the protein are deleted compared
to GENBANK ldentification No. 400182678; a start 30
methionine is included. 29 (1341 aa)

“2381 GTF”, Streptococcus salivarius. DNA codon-
optimized for expression in E. coli. The first 273
amino acids of the protein are deleted compared to
GENBANK Identification No. 662381; a start 32
methionine is included. 31 (1305 aa)

“3929 GTF”, Streptococcus salivarius JIM8777. DNA
codon-optimized for expression in E. coli. The first
178 amino acids of the protein are deleted compared
to GENBANK ldentification No. 387783929; a start 34
methionine is included. 33 (1341 aa)

“6907 GTF”, Streptococcus salivarius SK126. DNA
codon-optimized for expression in E. coli. The first
161 amino acids of the protein are deleted compared
to GENBANK ldentification No. 228476907; a start 36
methionine is included. 35 (1331 aa)

“6661 GTF”, Streptococcus salivarius SK126. DNA
codon-optimized for expression in E. coli. The first
265 amino acids of the protein are deleted compared

to GENBANK ldentification No. 228476661; a start 38
methionine is included. 37 (1305 aa)
40

“0339 GTF”, Streptococcus gallolyticus ATCC 43143. 39 (1310 aa)

8
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DNA codon-optimized for expression in E. coli. The
first 213 amino acids of the protein are deleted
compared to GENBANK Identification No. 334280339;
a start methionine is included.

“0088 GTF”, Streptococcus mutans. DNA codon-
optimized for expression in E. coli. The first 189
amino acids of the protein are deleted compared to
GENBANK Identification No. 3130088; a start 42
methionine is included. 41 (1267 aa)

“9358 GTF”, Streptococcus mutans UA159. DNA
codon-optimized for expression in E. coli. The first
176 amino acids of the protein are deleted compared
to GENBANK Identification No. 24379358; a start 44
methionine is included. 43 (1287 aa)

“8242 GTF”, Streptococcus gallolyticus ATCC BAA-
2069. DNA codon-optimized for expression in E. coli.
The first 191 amino acids of the protein are deleted
compared to GENBANK Identification No. 325978242; 46

a start methionine is included. 45 (1355 aa)

“3442 GTF”, Streptococcus sanguinis SK405. DNA
codon-optimized for expression in E. coli. The first
228 amino acids of the protein are deleted compared
to GENBANK ldentification No. 324993442; a start 48
methionine is included. 47 (1348 aa)

“7528 GTF”, Streptococcus salivarius. DNA codon-
optimized for expression in E. coli. The first 173
amino acids of the protein are deleted compared to
GENBANK Identification No. 47528; a start 50
methionine is included. 49 (1427 aa)

“3279 GTF”, Streptococcus sp. C150. DNA codon-
optimized for expression in E. coli. The first 178
amino acids of the protein are deleted compared to
GENBANK Identification No. 322373279; a start 52
methionine is included. 51 (1393 aa)

“6491 GTF”, Leuconostoc citreumn KM20. DNA
codon-optimized for expression in E. coli. The first
244 amino acids of the protein are deleted compared
to GENBANK ldentification No. 170016491; a start 54
methionine is included. 53 (1262 aa)

“6889 GTF”, Streptococcus salivarius SK126. DNA
codon-optimized for expression in E. coli. The first
173 amino acids of the protein are deleted compared

to GENBANK ldentification No. 228476889; a start 56
methionine is included. 55 (1427 aa)
“4154 GTF”, Lactobacillus reuteri. DNA codon-

optimized for expression in E. coli. The first 38 amino 58
acids of the protein are deleted compared to 57 (1735 aa)

9
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GENBANK Identification No. 51574154.

“3298 GTF”, Streptococcus sp. C150. The first 209
amino acids of the protein are deleted compared to

GENBANK Identification No. 322373298; a start 59
methionine is included. (1242 aa)
Wild type GTFJ, Streptococcus salivarius. GENBANK 60
Identification No. 47527. (1518 aa)
Wild type GTF corresponding to 2678 GTF, 61
Streptococcus salivarius K12. (1528 aa)
Wild type GTF corresponding to 6855 GTF, 62
Streptococcus salivarius SK126. (1518 aa)
Wild type GTF corresponding to 2919 GTF, 63
Streptococcus salivarius PS4. (1431 aa)
Wild type GTF corresponding to 2765 GTF, 64
Streptococcus sp. C150. (1532 aa)

Shorter version of 7527, Streptococcus salivarius,
(also referred to as “7527-NT” herein. The first 178
amino acids of the protein are deleted compared to

GENBANK Identification No. 47527; a start 65
methionine is included. (1341 aa)
“3AIE”, portion of a GTF from Streptococcus mutans

as annotated in the Protein Data Bank under pdb 66
entry no. 3AIE. (844 aa)
“BKLK”, portion of a GTF from Lactobacillus reuteri as

annotated in the Protein Data Bank under pdb entry 67
no. 3KLK. (1039 aa)
Catalytic active site motif FDxxRxDAXDNV (1 26 2 a)
Catalytic active site motif ExXWxxxDxxY (1 g 21a)
Catalytic active site motif FXRAHD (672 a)
Catalytic active site motif IXNGYAF (77;a)
Motif SxxRxxN upstream of Motifs 1a and 1b (77: a)
Motif GGxxxXLLXNDxDxSNPxVQAEXLN downstream 73

of Motifs 1a and 1b (24 aa)
Motif WxxxDxxY upstream of Motif 2 (87:a)
Motif YXFXRAHD downstream of Motif 2 (87a5a)
Motif YxxGGQ upstream of Motifs 3a and 3b (67: a)
Motif VRxG downstream of Motifs 3a and 3b ( 47Z a)

10
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78
Motif 1a: D/N-K-S-I/V-L-D-E-Q-S-D-P-N-H (motif i) (13 aa)
Motif 2: N-K-D-G-S-K/T-A-Y-N-E-D-G-T-V/A-K-Q/K- 79
S-T-I-G-K-Y-N-E-K-Y-G-D-A-S (motif ii) (30 aa)
Motif 3a: L-P-T-D-G-K-M-D-N/K-S-D-V-E-L-Y-R-T- 80
N/S-E (motif iii) (19 aa)

81
Motif 1b: D-S/P-R-F-T-Y/F-N-A/Q/P-N-D-P (11 aa)

82
Motif 3b: I-G-N-G-E (5 aa)
Wild type GTF corresponding to 5926 GTF, 83
Streptococcus dentirousetti. (1466 aa)
“7527-NT-dIS1a”, GTF lacking Motif 1a. DNA codon- 85
optimized for expression in E. coli. 84 (1325 aa)
“7527-NT-dIS2”, GTF lacking Motif 2. DNA codon- 87
optimized for expression in E. coli. 86 (1311 aa)
“7527-NT-dIS3a”, GTF lacking Motif 3a. DNA codon- 89
optimized for expression in E. coli. 88 (1319 aa)
“7527-NT-dIS1a,2”, GTF lacking Motifs 1a and 2. 91
DNA codon-optimized for expression in E. coli. 90 (1295 aa)
“7527-NT-dIS1a,3a”, GTF lacking Motifs 1a and 3a. 93
DNA codon-optimized for expression in E. coll. 92 (1303 aa)
“7527-NT-dIS2,3a”, GTF lacking Motifs 2 and 3a. 95
DNA codon-optimized for expression in E. coli. 94 (1289 aa)
“7527-NT-dIS1a,2,3a”, GTF lacking Motifs 1a, 2 and 97
3a. DNA codon-optimized for expression in E. coli. 96 (1273 aa)

DETAILED DESCRIPTION

The disclosures of all patent and non-patent literature cited herein are

incorporated herein by reference in their entirety.

Unless otherwise disclosed, the terms “a@” and “an” as used herein are intended to
encompass one or more (i.e., at least one) of a referenced feature.

Where present, all ranges are inclusive and combinable, except as otherwise
noted. For example, when a range of “1 to 5" is recited, the recited range should be
construed as including ranges “1 to 47, “1 to 3", “1-2”, “1-2 & 4-5”, “1-3 & 5”, and the like.

The terms “alpha-glucan”, “alpha-glucan polymer” and the like are used
interchangeably herein. An alpha-glucan is a polymer comprising glucose monomeric

units linked together by alpha-glycosidic linkages.
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The terms “branched alpha-glucan”, “branched alpha-glucan polymer” and the
like are used interchangeably herein. A branched alpha-glucan in some aspects can
have an intrinsic viscosity and/or branching index that is reduced by at least about 30%
compared to poly alpha-1,3-glucan that is completely or mostly unbranched. A
branched alpha-glucan is believed to contain at least both alpha-1,3 and alpha-1,6
glycosidic linkages (e.g., less than 95% alpha-1,3 glycosidic linkages, and more than 5%
alpha-1,6- glycosidic linkages), for example. In some aspects, a branch point occurs on
average at least every 5 monosaccharide units in a branched alpha-glucan herein.

The terms “glycosidic linkage”, “glycosidic bond” and the like are used
interchangeably herein and refer to the covalent bond that joins a carbohydrate (sugar)
molecule to another group such as another carbohydrate. The term “alpha-glycosidic
linkage” as used herein refers to the type of glycosidic linkage that joins alpha-D-glucose
molecules to each other. The glycosidic linkages of an alpha-glucan herein can also be
referred to as “glucosidic linkages”. Herein, “alpha-D-glucose” will be referred to as
“glucose’.

The terms “poly alpha-1,3-glucan’, “alpha-1,3-glucan polymer” and the like are
used interchangeably herein. Poly alpha-1,3-glucan herein comprises at least 95%
alpha-1,3-glycosidic linkages. Poly alpha-1,3-glucan that comprises 95%, 96%, 97 %,
98%, or 99% alpha-1,3-glycosidic linkages is expected to be mostly unbranched, and
that comprising 100% alpha-1,3-glycosidic linkages is linear/unbranched.

The term “intrinsic viscosity” as used herein refers to a measure of the
contribution of a glucan polymer (e.g., branched alpha-glucan) to the viscosity of a liquid
(e.g., solution) comprising the glucan polymer. Intrinsic viscosity can be measured, for
example using the methodology disclosed in the Examples below, or as disclosed by
Weaver et al. (J. Appl. Polym. Sci. 35:1631-1637) and Chun and Park (Macromol.
Chem. Phys. 195:701-711), for example.

The terms “branching index”, “branching ratio” and the like (can be denoted as g’)
are used interchangeably herein, and refer to the ratio of hydrodynamic volume of a
branched polymer chain with a given molar mass, to the hydrodynamic volume of a
linear polymer chain with the same molar mass. Branched polymer has a smaller size in
solution than its linear counterpart with the same molar mass. Thus, the branching ratio

is a useful measure of the overall branching frequency in a polydispersed polymer.
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Branching index can be measured, for example using the methodology disclosed in the
Examples below, or as disclosed by Zdunek et al. (Food Bioprocess Technol. 7:3525-
3535) and Herget et al. (BMC Struct. Biol. 8:35).

The term “sucrose” herein refers to a non-reducing disaccharide composed of an
alpha-D-glucose molecule and a beta-D-fructose molecule linked by an alpha-1,2-
glycosidic bond. Sucrose is known commonly as table sugar.

The terms “glucosyltransferase enzyme”, “GTF enzyme”, “GTF”, “glucansucrase”
and the like are used interchangeably herein. The activity of a GTF enzyme herein
catalyzes the reaction of the substrate sucrose to make the product alpha-glucan and
fructose. Other products (byproducts) of a GTF reaction can include glucose, various
soluble gluco-oligosaccharides (DP2-DP7), and leucrose. Wild type forms of GTF
enzymes generally contain (in the N-terminal to C-terminal direction) a signal peptide, a
variable domain, a catalytic domain, and a glucan-binding domain. A GTF herein is
classified under the glycoside hydrolase family 70 (GH70) according to the CAZy
(Carbohydrate-Active EnZymes) database (Cantarel et al., Nucleic Acids Res. 37:D233-
238, 2009).

The term “glucosyltransferase catalytic domain” herein refers to the domain of a
glucosyltransferase enzyme that provides alpha-glucan-synthesizing activity to a
glucosyltransferase enzyme. A glucosyltransferase catalytic domain preferably does not
require the presence of any other domains to have this activity.

The term “parent glucosyltransferase” herein refers to a glucosyltransferase
comprising a catalytic domain having (a) an amino acid sequence that is at least 90%
identical to amino acid positions 54-957 of SEQ ID NO:65, positions 55-960 of SEQ ID
NO:30, positions 55-960 of SEQ ID NO:4, positions 55-960 of SEQ ID NO:28, and/or
positions 55-960 of SEQ ID NO:20, and (b) a motif comprising an amino acid sequence
that is at least 90% identical to SEQ ID NO:78, a motif comprising an amino acid
sequence that is at least 90% identical to SEQ ID NO:79, and a motif comprising an
amino acid sequence that is at least 90% identical to SEQ ID NO:80. A parent
glucosyltransferase herein typically synthesizes poly alpha-1,3-glucan.

A “reaction solution” as used herein generally refers to a solution comprising
sucrose, water, at least one active glucosyltransferase enzyme, and optionally other

components. A reaction solution can alternatively be referred to herein as a “glucan
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synthesis reaction”, “glucan reaction”, “GTF reaction”, or “reaction composition”, for
example. Other components that can be in a glucan synthesis reaction include fructose,
glucose, leucrose, and soluble gluco-oligosaccharides (e.g., DP2-DP7). ltisin a
reaction solution where the step of contacting water, sucrose and a glucosyltransferase
enzyme is performed. The term “under suitable reaction conditions” as used herein
refers to reaction conditions that support conversion of sucrose to poly alpha-glucan via
glucosyltransferase enzyme activity. A reaction solution as claimed herein is not
believed to be naturally occurring.

The “percent dry solids” of a reaction solution refers to the wt% of all the sugars in
the glucan synthesis reaction. The percent dry solids of a reaction solution can be
calculated, for example, based on the amount of sucrose used to prepare the reaction.

The “yield” of alpha-glucan by a reaction solution herein represents the weight of
alpha-glucan product expressed as a percentage of the weight of sucrose substrate that
is converted in the reaction. For example, if 100 g of sucrose in a reaction solution is
converted to products, and 10 g of the products is alpha-glucan, the yield of the alpha-
glucan would be 10%. This yield calculation can be considered as a measure of
selectivity of the reaction toward alpha-glucan.

The term “motif” herein refers to a distinctive and recurring structural unit, such as
within an amino acid sequence. By “recurring” it is meant that a motif occurs in multiple
related polypeptides, for example.

The term “motif (i)” as used herein refers to an amino acid sequence comprising a
sequence that is at least 90% identical to SEQ ID NO:78 (Motif 1a, Table 1).

The term “motif (ii)” as used herein refers to an amino acid sequence comprising
a sequence that is at least 90% identical to SEQ ID NO:79 (Motif 2, Table 1).

The term “motif (iii)” as used herein refers to an amino acid sequence comprising
a sequence that is at least 90% identical to SEQ ID NO:80 (Motif 3a, Table 1).

The terms “percent by volume”, “volume percent’, “vol %”, “viv %” and the like are
used interchangeably herein. The percent by volume of a solute in a solution can be
determined using the formula: [(volume of solute)/(volume of solution)] x 100%.

” 13

The terms “percent by weight”, “weight percentage (wt%)”, “weight-weight

percentage (% w/w)” and the like are used interchangeably herein. Percent by weight
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refers to the percentage of a material on a mass basis as it is comprised in a
composition, mixture, or solution.

The terms “polynucleotide”, “polynucleotide sequence”, “nucleic acid sequence”,
“nucleotide sequence” and the like are used interchangeably herein. A polynucleotide
may be a polymer of DNA or RNA that is single- or double-stranded, that optionally
contains synthetic, non-natural or altered nucleotide bases. A polynucleotide may be
comprised of one or more segments of CDNA, genomic DNA, synthetic DNA, or mixtures
thereof. Nucleotides (ribonucleotides or deoxyribonucleotides) can be referred to by a
single letter designation as follows: “A” for adenylate or deoxyadenylate (for RNA or
DNA, respectively), “C” for cytidylate or deoxycytidylate (for RNA or DNA, respectively),
“G” for guanylate or deoxyguanylate (for RNA or DNA, respectively), “U” for uridylate (for
RNA), “T” for deoxythymidylate (for DNA), “R” for purines (A or G), “Y” for pyrimidines (C
orT),“K' forGorT, “H for Aor C or T, “I” for inosine, “W’ for Aor T, and “N” for any
nucleotide (e.g., Ncan be A, C, T, or G, if referring to a DNA sequence; N can be A, C,
U, or G, if referring to an RNA sequence).

The term “gene” as used herein refers to a DNA polynucleotide sequence that
expresses an RNA (RNA is transcribed from the DNA polynucleotide sequence) from a
coding region, which RNA can be a messenger RNA (encoding a protein) or a non-
protein-coding RNA. A gene may refer to the coding region alone, or may include
regulatory sequences upstream and/or downstream to the coding region (e.g.,
promoters, 5'-untranslated regions, 3’-transcription terminator regions). A coding region
encoding a protein can alternatively be referred to herein as an “open reading frame”
(ORF). A gene that is “native” or “endogenous” refers to a gene as found in nature with
its own regulatory sequences; such a gene is located in its natural location in the
genome of a host cell. A “chimeric” gene refers to any gene that is not a native gene,
comprising regulatory and coding sequences that are not found together in nature (i.e.,
the regulatory and coding regions are heterologous with each other). Accordingly, a
chimeric gene may comprise regulatory sequences and coding sequences that are
derived from different sources, or regulatory sequences and coding sequences derived
from the same source, but arranged in a manner different than that found in nature. A
“foreign” or “heterologous” gene refers to a gene that is introduced into the host

organism by gene transfer. Foreign/heterologous genes can comprise native genes
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inserted into a non-native organism, native genes introduced into a new location within
the native host, or chimeric genes. Polynucleotide sequences in certain embodiments
herein are heterologous. A “transgene’ is a gene that has been introduced into the
genome by a gene delivery procedure (e.g., transformation). A “codon-optimized” open
reading frame has its frequency of codon usage designed to mimic the frequency of
preferred codon usage of the host cell.

A “non-native” amino acid sequence or polynucleotide sequence herein
comprised in a cell or organism herein does not occur in a native (natural) counterpart of
such cell or organism.

‘Regulatory sequences” as used herein refer to nucleotide sequences located
upstream of a gene’s transcription start site (e.g., promoter), 5 untranslated regions,
introns, and 3’ non-coding regions, and which may influence the transcription,
processing or stability, and/or translation of an RNA transcribed from the gene.
Regulatory sequences herein may include promoters, enhancers, silencers, 5’
untranslated leader sequences, introns, polyadenylation recognition sequences, RNA
processing sites, effector binding sites, stem-loop structures, and other elements
involved in regulation of gene expression. One or more regulatory elements herein may
be heterologous to a coding region herein.

A “promoter” as used herein refers to a DNA sequence capable of controlling the
transcription of RNA from a gene. In general, a promoter sequence is upstream of the
transcription start site of a gene. Promoters may be derived in their entirety from a
native gene, or be composed of different elements derived from different promoters
found in nature, or even comprise synthetic DNA segments. Promoters that cause a
gene to be expressed in a cell at most times under all circumstances are commonly
referred to as “constitutive promoters”. One or more promoters herein may be
heterologous to a coding region herein.

A “strong promoter” as used herein refers to a promoter that can direct a relatively
large number of productive initiations per unit time, and/or is a promoter driving a higher
level of gene transcription than the average transcription level of the genes in a cell.

The terms “3' non-coding sequence”, “transcription terminator”, “terminator” and

the like as used herein refer to DNA sequences located downstream of a coding
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sequence. This includes polyadenylation recognition sequences and other sequences
encoding regulatory signals capable of affecting mMRNA processing or gene expression.
As used herein, a first nucleic acid sequence is “hybridizable” to a second nucleic
acid sequence when a single-stranded form of the first nucleic acid sequence can
anneal to the second nucleic acid sequence under suitable annealing conditions (e.g.,
temperature, solution ionic strength). Hybridization and washing conditions are well

known and exemplified in Sambrook J, Fritsch EF and Maniatis T, Molecular Cloning: A

Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory: Cold Spring Harbor, NY

(1989), which is incorporated herein by reference, particularly Chapter 11 and Table
11.1.

The term “DNA manipulation technique” refers to any technique in which the
sequence of a DNA polynucleotide sequence is modified. Although the DNA
polynucleotide sequence being modified can be used as a substrate itself for
modification, it does not have to be physically in hand for certain techniques (e.g., a
sequence stored in a computer can be used as the basis for the manipulation
technique). A DNA manipulation technique can be used to delete and/or mutate one or
more DNA sequences in a longer sequence. Examples of a DNA manipulation
technique include recombinant DNA techniques (restriction and ligation, molecular
cloning), polymerase chain reaction (PCR), and synthetic DNA methods (e.g.,
oligonucleotide synthesis and ligation). Regarding synthetic DNA techniques, a DNA
manipulation technique can entail observing a DNA polynucleotide in silico, determining
desired modifications (e.g., one or more deletions) of the DNA polynucleotide, and
synthesizing a DNA polynucleotide that contains the desired modifications.

The term “in silico” herein means in or on an information storage and/or
processing device such as a computer; done or produced using computer software or
simulation, i.e., virtual reality.

The terms “cassette”, “expression cassette”, “gene cassette” and the like are used
interchangeably herein. A cassette can refer to a promoter operably linked to a DNA
sequence encoding a protein-coding RNA. A cassette may optionally be operably linked
to a 3’ non-coding sequence. The structure of a cassette herein can optionally be

represented by the simple notation system of “X::Y::Z”. Specifically, X describes a
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promoter, Y describes a coding sequence, and Z describes a terminator (optional); X is
operably linked to Y, and Y is operably linked to Z.

The terms “upstream” and “downstream” as used herein with respect to
polynucleotides refer to “5’ of” and “3’ of”, respectively.

The term “expression” as used herein refers to (i) transcription of RNA (e.g.,
MRNA or a non-protein-coding RNA) from a coding region, and/or (ii) translation of a
polypeptide from mRNA. Expression of a coding region of a polynucleotide sequence
can be up-regulated or down-regulated in certain embodiments.

The term “operably linked” as used herein refers to the association of two or more
nucleic acid sequences such that the function of one is affected by the other. For
example, a promoter is operably linked with a coding sequence when it is capable of
affecting the expression of that coding sequence. That is, the coding sequence is under
the transcriptional control of the promoter. A coding sequence can be operably linked to
one (e.g., promoter) or more (e.g., promoter and terminator) regulatory sequences, for
example.

The term “recombinant” when used herein to characterize a DNA sequence such
as a plasmid, vector, or construct refers to an artificial combination of two otherwise
separated segments of sequence, e.g., by chemical synthesis and/or by manipulation of
isolated segments of nucleic acids by genetic engineering techniques. Methods for
preparing recombinant constructs/vectors herein can follow standard recombinant DNA
and molecular cloning techniques as described by J. Sambrook and D. Russell
(Molecular Cloning: A Laboratory Manual, 3rd Edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, 2001); T.J. Silhavy et al. (Experiments with Gene
Fusions, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1984); and F.M.

Ausubel et al. (Short Protocols in Molecular Biology, 5th Ed. Current Protocols, John

Wiley and Sons, Inc., NY, 2002), for example.

The term “transformation” as used herein refers to the transfer of a nucleic acid
molecule into a host organism or host cell by any method. A nucleic acid molecule that
has been transformed into an organism/cell may be one that replicates autonomously in
the organism/cell, or that integrates into the genome of the organism/cell, or that exists
transiently in the cell without replicating or integrating. Non-limiting examples of nucleic

acid molecules suitable for transformation are disclosed herein, such as plasmids and
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linear DNA molecules. Host organisms/cells herein containing a transforming nucleic
acid sequence can be referred to as “transgenic’, “recombinant”, “transformed”,
‘engineered”, as a “transformant”, and/or as being “modified for exogenous gene
expression”, for example.

The terms “sequence identity” or “identity” as used herein with respect to
polynucleotide or polypeptide sequences refer to the nucleic acid bases or amino acid
residues in two sequences that are the same when aligned for maximum
correspondence over a specified comparison window. Thus, “percentage of sequence
identity” or “percent identity” refers to the value determined by comparing two optimally
aligned sequences over a comparison window, wherein the portion of the polynucleotide
or polypeptide sequence in the comparison window may comprise additions or deletions
(i.e., gaps) as compared to the reference sequence (which does not comprise additions
or deletions) for optimal alignment of the two sequences. The percentage is calculated
by determining the number of positions at which the identical nucleic acid base or amino
acid residue occurs in both sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of positions in the window of
comparison and multiplying the results by 100 to yield the percentage of sequence
identity. It would be understood that, when calculating sequence identity between a
DNA sequence and an RNA sequence, T residues of the DNA sequence align with, and
can be considered “identical” with, U residues of the RNA sequence. For purposes of
determining “percent complementarity” of first and second polynucleotides, one can
obtain this by determining (i) the percent identity between the first polynucleotide and the
complement sequence of the second polynucleotide (or vice versa), for example, and/or
(i) the percentage of bases between the first and second polynucleotides that would
create canonical Watson and Crick base pairs.

The Basic Local Alignment Search Tool (BLAST) algorithm, which is available
online at the National Center for Biotechnology Information (NCBI) website, may be
used, for example, to measure percent identity between or among two or more of the
polynucleotide sequences (BLASTN algorithm) or polypeptide sequences (BLASTP
algorithm) disclosed herein. Alternatively, percent identity between sequences may be
performed using a Clustal algorithm (e.g., ClustalW, ClustalV, or Clustal-Omega). For

multiple alignments using a Clustal method of alignment, the default values may
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correspond to GAP PENALTY=10 and GAP LENGTH PENALTY=10. Default
parameters for pairwise alignments and calculation of percent identity of protein
sequences using a Clustal method may be KTUPLE=1, GAP PENALTY=3, WINDOW=5
and DIAGONALS SAVED=5. For nucleic acids, these parameters may be KTUPLE=2,
GAP PENALTY=5, WINDOW=4 and DIAGONALS SAVED=4. Alternatively still, percent
identity between sequences may be performed using an EMBOSS algorithm (e.g.,
needle) with parameters such as GAP OPEN=10, GAP EXTEND=0.5, END GAP
PENALTY=false, END GAP OPEN=10, END GAP EXTEND=0.5 using a BLOSUM
matrix (e.g., BLOSUMG2).

Various polypeptide amino acid sequences and polynucleotide sequences are
disclosed herein as features of certain embodiments. Variants of these sequences that
are at least about 70-85%, 85-90%, or 90%-95% identical to the sequences disclosed
herein can be used or referenced. Alternatively, a variant amino acid sequence or
polynucleotide sequence can have at least 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity with a sequence disclosed
herein. The variant amino acid sequence or polynucleotide sequence has the same
function/activity of the disclosed sequence, or at least about 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
of the function/activity of the disclosed sequence. Any polypeptide amino acid sequence
disclosed herein not beginning with a methionine can typically further comprise at least a
start-methionine at the N-terminus of the amino acid sequence.

All the amino acid residues at each amino acid position of the proteins disclosed
herein are examples. Given that certain amino acids share similar structural and/or
charge features with each other (i.e., conserved), the amino acid at each position of a
protein herein can be as provided in the disclosed sequences or substituted with a
conserved amino acid residue (“conservative amino acid substitution”) as follows:

1. The following small aliphatic, nonpolar or slightly polar residues can substitute

for each other: Ala (A), Ser (S), Thr (T), Pro (P), Gly (G);
2. The following polar, negatively charged residues and their amides can
substitute for each other: Asp (D), Asn (N), Glu (E), GIn (Q);
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3. The following polar, positively charged residues can substitute for each other:
His (H), Arg (R), Lys (K);

4. The following aliphatic, nonpolar residues can substitute for each other. Ala
(A), Leu (L), lle (), Val (V), Cys (C), Met (M); and

5. The following large aromatic residues can substitute for each other: Phe (F),
Tyr (Y), Trp (W).

The term “isolated” as used herein refers to a polynucleotide or polypeptide
molecule that has been completely or partially purified from its native source. In some
instances, the isolated polynucleotide or polypeptide molecule is part of a greater
composition, buffer system or reagent mix. For example, the isolated polynucleotide or
polypeptide molecule can be comprised within a cell or organism in a heterologous
manner. “Isolated” herein can also characterize embodiments that are synthetic/man-
made, and/or have properties that are not naturally occurring.

The term “increased’ as used herein can refer to a quantity or activity that is at
least about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%,
16%, 17%, 18%, 19%, 20%, 50%, 100%, or 200% more than the quantity or activity for
which the increased quantity or activity is being compared. The terms “increased’,
“‘elevated”, “enhanced’, “greater than”, “improved” and the like are used interchangeably

herein.

Some advances have been made in producing linear glucan polymers having a
high percentage of alpha-1,3 glycosidic linkages suitable for use in spinning fibers.
However, less attention appears to have been drawn to producing branched alpha-
glucan polymers.

Thus, disclosed herein are glucosyltransferases that can synthesize branched
alpha-glucan. Some embodiments disclosed herein concern a glucosyltransferase
enzyme comprising a catalytic domain that comprises an amino acid sequence that is at
least 90% identical to amino acid positions 54-941 of SEQ ID NO:85, 54-927 of SEQ ID
NO:87, 54-935 of SEQ ID NO:89, 54-911 of SEQ ID NO:91, 54-919 of SEQ ID NO:93,
54-905 of SEQ ID NO:95, or 54-889 of SEQ ID NO:97, wherein the catalytic domain

lacks at least one motif selected from the group consisting of:
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(1) a motif comprising an amino acid sequence that is at least 90% identical to SEQ

ID NO:78,

(i) a motif comprising an amino acid sequence that is at least 90% identical to SEQ
ID NO:79, and

(i)  a motif comprising an amino acid sequence that is at least 90% identical to SEQ
ID NO:80;

and wherein the glucosyltransferase enzyme produces a branched alpha-glucan
polymer.

A glucosyltransferase enzyme herein, since it lacks one or more of motifs (i), (ii),
and/or (iii), can optionally be characterized as a modified glucosyltransferase enzyme.
Such a modified glucosyltransferase produces branched alpha-glucan polymer by virtue
of lacking one or more of the above motifs. In contrast, a glucosyltransferase that has a
catalytic domain comprising an amino acid sequence of at least 90% identity to amino
acid positions 54-957 of SEQ ID NO:65 and that has all three of the above motifs can
produce poly alpha-1,3-glucan having at least 95% alpha-1,3-linkages (such a glucan
polymer is mostly or completely linear). Note that each of the above portions of SEQ ID
NOs:85, 87, 89, 91, 93, 95 and 97 can be derived from amino acid positions 54-957 of
SEQ ID NO:65 (refer to Examples 6-11), but in @ manner lacking motifs i, ii, and/or iii.
For example, consider that:

residues 54-941 of SEQ ID NO:85 essentially represent positions 54-957 of SEQ
ID NO:65, but in which motif (i) is lacking;

residues 54-927 of SEQ ID NO:87 essentially represent positions 54-957 of SEQ
ID NO:65, but in which motif (ii) is lacking;

residues 54-935 of SEQ ID NO:89 essentially represent positions 54-957 of SEQ
ID NO:65, but in which motif (iii) is lacking;

residues 54-911 of SEQ ID NO:91 essentially represent positions 54-957 of SEQ
ID NO:65, but in which motifs (i) and (ii) are lacking;

residues 54-919 of SEQ ID NO:93 essentially represent positions 54-957 of SEQ
ID NO:65, but in which motifs (i) and (iii) are lacking;

residues 54-905 of SEQ ID NO:95 essentially represent positions 54-957 of SEQ
ID NO:65, but in which motifs (ii) and (iii) are lacking; and
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residues 54-889 of SEQ ID NO:97 essentially represent positions 54-957 of SEQ
ID NO:65, but in which motif (i), (ii) and (iii) are lacking;

The catalytic domain of a glucosyltransferase as presently disclosed can
comprise an amino acid sequence that is at least 90% identical to amino acid positions
54-941 of SEQ ID NO:85, 54-927 of SEQ ID NO:87, 54-935 of SEQ ID NO:89, 54-911 of
SEQ ID NO:91, 54-919 of SEQ ID NO:93, 54-905 of SEQ ID NO:95, or 54-889 of SEQ
ID NO:97. In certain embodiments, the amino acid sequence of a glucosyltransferase
catalytic domain can be at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%,
99%, or 99.5% identical to amino acid positions 54-941 of SEQ ID NO:85, 54-927 of
SEQ ID NO:87, 54-935 of SEQ ID NO:89, 54-911 of SEQ ID NO:91, 54-919 of SEQ ID
NO:93, 54-905 of SEQ ID NO:95, or 54-889 of SEQ ID NO:97.

Amino acid positions 54-957 of SEQ ID NO:65 represent, approximately, a
catalytic domain sequence of the glucosyltransferase identified in GENBANK under Gl
number 47527 (SEQ ID NO:60). SEQ ID NO:65 generally represents the catalytic
domain and glucan-binding domain of SEQ ID NO:60; the signal peptide and variable
domains are missing from SEQ ID NO:65. As shown in Example 14, a catalytic domain
sequence of SEQ ID NO:65 (residues 54-957) was able to catalyze the production of an
alpha-glucan. Example 14 also shows that a catalytic domain sequence of SEQ ID
NO:14 (residues 57-906 of SEQ ID NO:14 [GTF 5926]) was able to catalyze production
of an alpha-glucan. The molecular weight of the alpha-glucan produced by each of
these catalytic domain sequences generally corresponded with the molecular weight of
the product produced by their enzyme counterparts containing both the catalytic domain
and glucan binding domain (refer to activity of SEQ ID NOs:65 and 14 in Table 4,
DP,150). Thus, it is believed that a catalytic domain sequence herein is an important
structural component for a glucosyltransferase enzyme to be capable of producing
alpha-glucan polymer.

Although it is believed that a glucosyltransferase enzyme herein need only have a
catalytic domain sequence comprising an amino acid sequence that is at least 90%
identical to amino acid positions 54-941 of SEQ ID NO:85, 54-927 of SEQ ID NO:87, 54-
935 of SEQ ID NO:89, 54-911 of SEQ ID NO:91, 54-919 of SEQ ID NO:93, 54-905 of
SEQ ID NO:95, or 54-889 of SEQ ID NO:97 (and lacking motif i, ii, and/or iii), the
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glucosyltransferase enzyme can be comprised within a larger amino acid sequence. For
example, the catalytic domain may be linked at its C-terminus to a glucan-binding
domain, and/or linked at its N-terminus to a variable domain and/or signal peptide.
Examples of glucosyltransferase enzymes herein comprising catalytic and glucan-
binding domains can comprise SEQ ID NO:85, 87, 89, 91, 93, 95, or 97, or an amino
acid sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
98.5%, 99%, or 99.5% identical to any of these sequences (and lacking motif i, ii, and/or
iii).

Still further examples of glucosyltransferase enzymes can be any as disclosed
herein and that include 1-300 (or any integer there between [e.g., 10, 15, 20, 25, 30, 35,
40, 45, or 50]) residues on the N-terminus and/or C-terminus. Such additional residues
may be from a corresponding wild type sequence from which the glucosyltransferase
enzyme is derived, or may be a heterologous sequence such as an epitope tag (at either
N- or C-terminus) or a heterologous signal peptide (at N-terminus), for example.
Examples include glucosyltransferase enzymes comprising an amino acid sequence that
is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 99%, or 99.5%
identical to SEQ ID NO:65, 30, 4, 28, or 20, and that lack motif i, ii, and/or iii. These
sequences (SEQ ID NO:65, 30, 4, 28, 20) lack an N-terminal signal peptide (as well as a
variable domain) (refer to Table 1). Still other examples include glucosyltransferase
enzymes that (i) comprise an amino acid sequence that is at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 99%, or 99.5% identical to SEQ ID NO:60, 61,
62, 63, or 64, and (i) lack motif i, ii, and/or iii.

An N-terminal start-methionine (amino acid position 1) has been added to certain
sequences herein for intracellular expression purposes (expressed enzyme can be
obtained in a cell lysate, for example) (e.g., SEQ ID NOs:85, 87, 89, 91, 93, 95, 97, 65,
30, 4, 28, 20). One of skill in the art would understand that an intervening heterologous
amino acid sequence such as an epitope and/or signal peptide could optionally be
added between the start methionine and glucosyltransferase sequence. Thus, for
example, a glucosyltransferase enzyme herein may comprise an amino acid sequence
that (i) is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 99%, or
99.5% identical to the amino acid sequence beginning at position 2 of a disclosed amino

acid sequence, and (ii) lacks motif i, ii, and/or iii.
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A glucosyltransferase enzyme herein typically lacks an N-terminal signal peptide.
An expression system for producing a glucosyltransferase enzyme herein may employ
an enzyme-encoding polynucleotide that further comprises sequence encoding an N-
terminal signal peptide to direct extra-cellular secretion, if desired. The signal peptide in
such embodiments is cleaved from the enzyme during the secretion process. The signal
peptide may either be native or heterologous to the glucosyltransferase. An example of
a signal peptide useful herein is one from a bacterial (e.g., a Bacillus species such as B.
subtilis) or fungal species. An example of a bacterial signal peptide is an aprE signal
peptide, such as one from Bacillus (e.g., B. subtilis, see Vogtentanz et al., Protein Expr.
Purif. 55:40-52, which is incorporated herein by reference).

FIG. 2 shows that a catalytic domain sequence of GTF 7527 (residues 54-957 of
SEQ ID NO:65) aligns with catalytic domain sequences of several other
glucosyltransferase enzymes, with several regions showing complete conservation
across all the sequences (residues with dark background). The dark background
residues in FIG. 2 visually map out the catalytic domain of each sequence, indicating
their length to be about 850 to 900 amino acid residues long. Thus, the catalytic domain
of a glucosyltransferase enzyme herein can be about 790 to 840, 850 to 900, or 790 to
900 (or any integer between 790 and 900) amino acid residues long (some of these
numbers take into account embodiments in which motifs i, iii, and/or iii are removed), for
example.

Certain of the conserved regions in FIG. 2 include catalytic active site motifs SEQ
ID NOs:68, 69, 70, and 71 (refer to Example 3). Thus, a catalytic domain sequence of a
glucosyltransferase enzyme in some aspects can contain one or more of SEQ ID
NOs:68, 69, 70, and 71 in alignment, respectively, with SEQ ID NOs:68, 69, 70, and 71
as present in amino acids 54-957 of SEQ ID NO:65. Other conserved regions in FIG. 2
include SEQ ID NOs:72, 73, 74, 75, 76 and 77 (refer to Example 4). Thus, a catalytic
domain sequence of a glucosyltransferase enzyme in some aspects can contain one or
more of SEQ ID NOs:72, 73, 74, 75, 76 and 77 in alignment, respectively, with SEQ ID
NOs:72, 73,74, 75, 76 and 77 as present in amino acids 54-957 of SEQ ID NO:65.

The catalytic domain of a glucosyltransferase enzyme herein can have activity as
exhibited by a catalytic domain of a glucosyltransferase classified under the glycoside

hydrolase family 70 (GH70). Such a GH70 glucosyltransferase may be found in the
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CAZy (Carbohydrate-Active EnZymes) database (Cantarel et al., Nucleic Acids Res.
37:D233-238, 2009), for example.

A glucosyltransferase enzyme herein lacks at least one of motifs (i), (ii), or (iii).
Motif (i) corresponds with “Motif 1a” (FIG. 3). Motif (ii) corresponds with “Motif 2” (FIG.
5). Motif (iii) corresponds with “Motif 3a” (FIG. 7). A glucosyltransferase can “lack” one
or more of these motifs by virtue of a deletion and/or mutation (e.g., amino acid
substitution), for example. In some embodiments, a glucosyltransferase can be
characterized as lacking one of these motifs if no amino acid sequence within a catalytic
domain sequence can be identified to have 90% or more identity to SEQ ID NO:78 (motif
i), SEQ ID NO:79 (motif i), or SEQ ID NO:78 (motif iii).

In certain embodiments, motif (i) can be at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO:78. In certain
embodiments, motif (ii) can be at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO:79. In certain embodiments, motif (iii) can
be at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO:80. Thus, it can be seen that in some aspects, motif (i) can comprise
SEQ ID NO:78, motif (ii) can comprise SEQ ID NO:79, and motif (iii) can comprise SEQ
ID NO:80.

Regarding motif (i) in certain embodiments, the first residue of SEQ ID NO:78
(D/N-K-S-1/V-L-D-E-Q-S-D-P-N-H) can be an aspartate (D) and the fourth residue can be
an isoleucine (I). Alternatively, the first residue can be an aspartate (D) and the fourth
residue can be a valine (V), or the first residue can be an asparagine (N) and the fourth
residue can be an isoleucine (l), or the first residue can be an asparagine (N) and the
fourth residue can be a valine (V).

Regarding motif (ii) in certain embodiments, the sixth residue of SEQ ID NO:79
(N-K-D-G-S-K/T-A-Y-N-E-D-G-T-V/A-K-Q/K-S-T-I-G-K-Y-N-E-K-Y-G-D-A-S) can be a
lysine (K), the fourteenth residue can be a valine (V), and the sixteenth residue can be a
glutamine (Q). Alternatively, the sixth residue can be a lysine (K), the fourteenth residue
can be an alanine (A), and the sixteenth residue can be a glutamine (Q); or the sixth

residue can be a lysine (K), the fourteenth residue can be an valine (V), and the
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sixteenth residue can be a lysine (K). Additional examples include where the sixth
residue can be a threonine (T).

Regarding motif (iii) in certain embodiments, the ninth residue of SEQ ID NO:80
(L-P-T-D-G-K-M-D-N/K-S-D-V-E-L-Y-R-T-N/S-E) can be an asparagine (N) and the
eighteenth residue can be an asparagine (N). Alternatively, the ninth residue can be an
asparagine (N) and the eighteenth residue can be a serine (S), or the ninth residue can
be a lysine (K) and the eighteenth residue can be an asparagine (N), or the ninth residue
can be a lysine (K) and the eighteenth residue can be a serine (S).

A glucosyltransferase enzyme as presently disclosed may lack motif (i) only; motif
(i) only; motif (iii) only; both motifs (i) and (ii); both motifs (i) and (iii); both motifs (ii) and
(iii); and all three of motifs (i), (ii) and (iii), for example.

The relative positions of motif (i) (SEQ ID NO:78), motif (ii) (SEQ ID NO:79) and
motif (i) (SEQ ID NO:80) align with residues 231-243, 396-425 and 549-567,
respectively, of the GTF 7527 sequence (SEQ ID NO:65) shown in FIG. 2. In certain
embodiments herein,

(A) the position of the amino acid sequence that is at least 90% identical to SEQ

ID NO:78 in the glucosyltransferase catalytic domain aligns with amino acid

positions 231-243 of SEQ ID NO:65;

(B) the position of the amino acid sequence that is at least 90% identical to SEQ

ID NO:79 in the glucosyltransferase catalytic domain aligns with amino acid

positions 396-425 of SEQ ID NO:65; and/or

(C) the position of the amino acid sequence that is at least 90% identical to SEQ

ID NO:80 in the glucosyltransferase catalytic domain aligns with amino acid

positions 549-567 of SEQ ID NO:65.

The term “aligns with” can be used interchangeably with “corresponds to”, “corresponds
with”, and the like. The relative positions of motifs (i), (ii) and/or (iii) in a
glucosyltransferase catalytic domain can thus be determined with reference to the above
amino acid positions in SEQ ID NO:65. For example, the sequence of a
glucosyltransferase catalytic domain can be aligned with SEQ ID NO:65 using any
means known in the art, such as through use of an alignment algorithm or software as
described above (e.g., BLASTP, ClustalW, ClustalV, EMBOSS).
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The relative positions of motifs (i), (ii) and/or (iii) in a glucosyltransferase catalytic
domain can be determined with reference to certain conserved sequences, namely SEQ
ID NOs:72, 73, 74, 75, 76 and 77, if desired.

Motif 1a (SEQ ID NO:78) is flanked by upstream and downstream conserved
sequences as shown in FIG. 3. Preceding Motif 1a is the sequence SxxRxxN (SEQ ID
NO:72), and following this motif is the sequence GGxxxLLXNDxDxSNPxVQAEXLN (SEQ
ID NO:73). Thus, the position of motif (i) can be located between SEQ ID NOs:72 and
73. SEQ ID NO:72 can be directly adjacent (upstream) to motif (i), or 1, 2, 3, 4, 5, 6, 7,
8, 9,10, 11, 12, 13, 14, or 15 (or 1-15) amino acid residues upstream motif (i). SEQ ID
NO:73 can be directly adjacent (downstream) to motif (i), or 1, 2, 3, 4, or 5 (or 1-5) amino
acid residues downstream motif (i).

Motif 2 (SEQ ID NO:79) is flanked by upstream and downstream conserved
sequences as shown in FIG. 5. Specifically, preceding Motif 2 is the sequence
WixxxDxxY (SEQ ID NO:74), and following this motif is the sequence YXFXRAHD (SEQ
ID NO:75). Thus, the position of motif (ii) can be located between SEQ ID NOs:74 and
75. SEQ ID NO:74 can be directly adjacent (upstream) to motif (ii), or 1-65 (or any
integer between 1 and 65) amino acid residues upstream motif (ii). SEQ ID NO:75 can
be directly adjacent (downstream) to motif (ii), or 1, 2, 3, 4, or 5 (or 1-5) amino acid
residues downstream motif (ii).

Motif 3a (SEQ ID NO:80) is flanked by upstream and downstream conserved
sequences as shown in FIG. 7. Specifically, preceding Motif 3a is the sequence
YxxGGQ (SEQ ID NO:76), and following this motif is the sequence VRxG (SEQ ID
NO:77). Thus, the position of motif (iii) can be located between SEQ ID NOs:76 and 77.
SEQ ID NO:76 can be directly adjacent (upstream) to motif (iii), or 1,2, 3,4, 5,6, 7, 8, 9,
10, or 11 (or 1-11) amino acid residues upstream motif (iii). SEQ ID NO:77 can be
directly adjacent (downstream) to motif (iii), or 1, 2, 3, 4, 5, 6, 7, 8, or 9 (or 1-9) amino
acid residues downstream motif (iii).

Certain amino acid positions in the upstream/downstream conserved sequences
SEQ ID NOs:72-77 can be any amino acid (indicated by an “x” in each sequence in
Table 1). Examples of SEQ ID NOs:72 and 73 are as shown in any of the GTF
sequences in FIGs. 2 and 3 at the amino acids of each GTF sequence aligning with
positions 214-220 and 245-268, respectively, of SEQ ID NO:65 (GTF 7527). Examples
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of SEQ ID NOs:74 and 75 are as shown in any of the GTF sequences in FIGs. 2 and 5
at the amino acids of each GTF sequence aligning with positions 334-341 and 428-435,
respectively, of SEQ ID NO:65 (GTF 7527). Examples of SEQ ID NOs:76 and 77 are as
shown in any of the GTF sequences in FIGs. 2 and 7 at the amino acids of each GTF
sequence aligning with positions 537-542 and 572-575, respectively, of SEQ ID NO:65
(GTF 7527).

The foregoing location information (e.g., alignment coordinates and/or location
between certain conserved sequences) can be used, for instance, in an effort to

determine whether a glucosyltransferase lacks at least one of motifs (i), (ii), or (iii).

A glucosyltransferase enzyme herein lacking at least one of motifs (i), (ii), or (iii)
can produce a branched alpha-glucan polymer. In some embodiments, alpha-glucan
polymer branching can be gauged using measurements of intrinsic viscosity and/or
branching index (g’), which can be measured following any means known in the art. For
example, it is believed that Weaver et al. (J. Appl. Polym. Sci. 35:1631-1637) and Chun
and Park (Macromol. Chem. Phys. 195:701-711) describe suitable techniques of
measuring intrinsic viscosity, and Zdunek et al. (Food Bioprocess Technol. 7:3525-3535)
and Herget et al. (BMC Struct. Biol. 8:35) describe suitable techniques for measuring
branching index. All these references are incorporated herein by reference. Also, the
methodology provided in the below Examples can be used, for example.

Alpha-glucan polymer branching herein can, in some aspects, be judged with
respect to measurements made against poly alpha-1,3-glucan containing at least 95%,
96%, 97%, 98%, or 99% alpha-1,3 glycosidic linkages (such polymer is expected to be
mostly unbranched), or 100% alpha-1,3 glycosidic linkages (such polymer is
linear/unbranched). Measurements can be with respect to intrinsic viscosity and/or
branching index, for example. In certain embodiments, alpha-glucan produced by a
glucosyltransferase herein can have an intrinsic viscosity and/or branching index (each
measurement per methodology disclosed in below Examples, for example) that is
reduced by at least about 30%, 40%, 50%, 60%, 70%, 80%, or 90% compared to poly
alpha-1,3-glucan that is completely or mostly unbranched.

A branched alpha-glucan polymer herein is believed to contain at least both

alpha-1,3 and alpha-1,6 glycosidic linkages, for example. A branched alpha-glucan
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polymer may possibly further comprise alpha-1,2 and/or alpha-1,4 glycosidic linkages in
some aspects. There are likely no beta-glycosidic linkages present. In certain
embodiments, branched alpha-glucan polymer can have less than 95%, 94%, 93%,
92%, 91%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, or 30%
alpha-1,3 glycosidic linkages. A branched alpha-glucan polymer can have at least 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70% alpha-1,6-
glycosidic linkages in some aspects. It is contemplated that, in some aspects, a branch
point occurs on average every (or at least every) 5, 10, 15, 20, 25, 30, 35, or 40
monosaccharide units in a branched alpha-glucan herein.

The glycosidic linkage profile of a glucan polymer herein can be determined using
any method known in the art. For example, the linkage profile can be determined using
methods that use nuclear magnetic resonance (NMR) spectroscopy (e.g., >C NMR or
'"H NMR). These and other methods that can be used are disclosed in Food

Carbohydrates: Chemistry, Physical Properties, and Applications (S. W. Cui, Ed.,

Chapter 3, S. W. Cui, Structural Analysis of Polysaccharides, Taylor & Francis Group
LLC, Boca Raton, FL, 2005), which is incorporated herein by reference.

A branched alpha-glucan polymer in most embodiments is insoluble. Such
insolubility is observed in aqueous conditions (e.g., solvent comprising at least 90%

water) of generally neutral pH (e.g., between 6-8), for example.

A glucosyltransferase enzyme herein can be derived from any microbial source,
such as a bacteria or fungus. Examples of bacterial glucosyltransferase enzymes are
those derived from a Streptococcus species, Leuconostoc species or Lactobacillus
species. Examples of Streptococcus species include S. salivarius, S. sobrinus, S.
dentirousetti, S. downei, S. mutans, S. oralis, S. gallolyticus and S. sanguinis. Examples
of Leuconostoc species include L. mesenteroides, L. amelibiosum, L. argentinum, L.
carnosum, L. citreum, L. cremoris, L. dextranicum and L. fructosum. Examples of
Lactobacillus species include L. acidophilus, L. delbrueckii, L. helveticus, L. salivarius, L.
casei, L. curvatus, L. plantarum, L. sakei, L. brevis, L. buchneri, L. fermentum and L.
reuteri.

A glucosyltransferase enzyme herein can be produced by any means known in

the art. For example, a glucosyltransferase enzyme may be produced recombinantly in
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a heterologous expression system, such as a microbial heterologous expression system.
Examples of heterologous expression systems include bacterial (e.g., E. coli such as
TOP10 or MG1655; Bacillus sp.) and eukaryotic (e.g., yeasts such as Pichia sp. and
Saccharomyces sp.) expression systems.

In certain embodiments, a heterologous gene expression system may be one that
is designed for protein secretion. A glucosyltransferase enzyme typically comprises a
signal peptide (signal sequence) in such embodiments. The signal peptide may be
either its native signal peptide or a heterologous signal peptide.

A glucosyltransferase enzyme described herein may be used in any purification
state (e.g., pure or non-pure). For example, a glucosyltransferase enzyme may be
purified and/or isolated prior to its use. Examples of glucosyltransferase enzymes that
are non-pure include those in the form of a cell lysate. A cell lysate or extract may be
prepared from a bacteria (e.g., E. coli) used to heterologously express the enzyme. For
example, the bacteria may be subjected to disruption using a French pressure cell. In
alternative embodiments, bacteria may be homogenized with a homogenizer (e.g., APV,
Rannie, Gaulin). A glucosyltransferase enzyme is typically soluble in these types of
preparations. A bacterial cell lysate, extract, or homogenate herein may be used at
about 0.15-0.3% (v/v), for example, in a reaction solution for producing branched alpha-
glucan.

The activity of a glucosyltransferase enzyme herein can be determined using any
method known in the art. For example, glucosyltransferase enzyme activity can be
determined by measuring the production of reducing sugars (fructose and glucose) in a
reaction solution containing sucrose (50 g/L), dextran T10 (1 mg/mL) and potassium
phosphate buffer (pH 6.5, 50 mM), where the solution is held at 22-25 °C for 24-30
hours. The reducing sugars can be measured, for instance, by adding 0.01 mL of the
reaction solution to a mixture containing 1 N NaOH and 0.1% triphenyltetrazolium

chloride and then monitoring the increase in absorbance at ODagonm for five minutes.

Some embodiments disclosed herein concern a polynucleotide comprising a
nucleotide sequence that encodes a glucosyltransferase as presently disclosed (e.g., a
GTF comprising a catalytic domain with an amino acid sequence that [i] is at least 90%
identical to positions 54-941 of SEQ ID NO:85, 54-927 of SEQ ID NO:87, 54-935 of SEQ
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ID NO:89, 54-911 of SEQ ID NO:91, 54-919 of SEQ ID NO:93, 54-905 of SEQ ID
NO:95, or 54-889 of SEQ ID NO:97, and [ii] lacks at least one of motifs i, ii, or iii).
Optionally, one or more regulatory sequences are operably linked to the nucleotide
sequence, and preferably a promoter sequence is included as a regulatory sequence.

A polynucleotide comprising a nucleotide sequence encoding a
glucosyltransferase herein can be a vector or construct useful for transferring a
nucleotide sequence into a cell, for example. Examples of a suitable vector/construct
can be selected from a plasmid, yeast artificial chromosome (YAC), cosmid, phagemid,
bacterial artificial chromosome (BAC), virus, or linear DNA (e.g., linear PCR product). A
polynucleotide sequence in some aspects can be capable of existing transiently (i.e., not
integrated into the genome) or stably (i.e., integrated into the genome) inacell. A
polynucleotide sequence in some aspects can comprise, or lack, one or more suitable
marker sequences (e.g., selection or phenotype marker).

A polynucleotide sequence in certain embodiments can comprise one or more
regulatory sequences operably linked to the nucleotide sequence encoding a
glucosyltransferase. For example, a nucleotide sequence encoding a
glucosyltransferase may be in operable linkage with a promoter sequence (e.g., a
heterologous promoter). A promoter sequence can be suitable for expression in a cell
(e.g., bacterial cell such as E. coli; eukaryotic cell such as a fungus, yeast, insect, or
mammalian cell) or in an in vitro protein expression system, for example. Examples of
other suitable regulatory sequences are disclosed herein (e.g., transcription terminator
sequences).

In some embodiments, a polynucleotide sequence does not comprise a regulatory
sequence operably linked to a nucleotide encoding a glucosyltransferase. Such a
polynucleotide could be a cloning vector (e.g., cloning plasmid), for example, used
simply for sub-cloning or gene shuttling purposes.

A promoter sequence herein can be constitutive or inducible, for example. A
promoter in certain aspects can comprise a strong promoter, which is a promoter that
can direct a relatively large number of productive initiations per unit time, and/or is a
promoter driving a higher transcription level than the average transcription level of the
genes in a cell comprising the strong promoter. Examples of strong promoters useful

herein include some bacterial and phage promoters that are well known in the art, and
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some yeast promoters (e.g., Velculescu et al., Cell 88:243-251, incorporated herein by

reference).

The present disclosure also concerns a method of preparing a polynucleotide
sequence encoding a glucosyltransferase enzyme that produces a branched alpha-
glucan polymer. This method comprises:

(a) identifying a polynucleotide sequence encoding a parent glucosyltransferase
enzyme that comprises a catalytic domain comprising:

(1) an amino acid sequence that is at least 90% identical to amino acid

positions 54-957 of SEQ ID NO:65, and

(2) the following three motifs:

(1) a motif comprising an amino acid sequence that is at least 90%
identical to SEQ ID NO:78,
(i) a motif comprising an amino acid sequence that is at least 90%
identical to SEQ ID NO:79, and
(i) a motif comprising an amino acid sequence that is at least 90%
identical to SEQ ID NO:80;
and
(b) modifying the polynucleotide sequence identified in step (a) to delete and/or
mutate at least one of motifs (i), (ii), or (iii) encoded by the polynucleotide sequence,
thereby providing a polynucleotide sequence encoding a glucosyltransferase enzyme
that produces a branched alpha-glucan polymer. Examples of a polynucleotide
sequence produced by such a method are disclosed in the above embodiments
concerning a polynucleotide sequence. The glucosyltransferase encoded by the
polynucleotide sequence produced in step (b) can be characterized as a child
glucosyltransferase, if desired.

Identification step (a) herein can, in some instances, comprise identifying an
amino acid sequence of a parent glucosyltransferase enzyme. A polynucleotide
sequence could be determined from this amino acid sequence according to the genetic
code (codons), such as the genetic code used in the species from which the parent

glucosyltransferase was identified.
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The presence of maotifs (i), (ii), and (iii) in the catalytic domain of a parent
glucosyltransferase enzyme can be detected following any means known in the art
and/or any procedure described herein. For example, detection can be performed (a) in
silico, (b) with a method comprising a nucleic acid hybridization step, (c) with a method
comprising a protein sequencing step, and/or (d) with a method comprising a protein
binding step.

Motifs (i), (ii) and (iii) were identified by in silico detection (see Example 4 below).
Thus, the amino acid sequences of parent glucosyltransferase enzymes (and/or
nucleotide sequences encoding such glucosyltransferase enzymes) stored in a
computer or database (e.g., public databases such as GENBANK, EMBL, REFSEQ,
GENEPEPT, SWISS-PROT, PIR, PDB) can be reviewed in silico to identify a
glucosyltransferase enzyme comprising motifs (i), (i) and (iii) in its catalytic domain, for
example. Such review could comprise using any means known in the art such as
through use of an alignment algorithm or software as described above (e.g., BLASTN,
BLASTP, ClustalW, ClustalV, EMBOSS). The sequence of the glucosyltransferase
catalytic domain being reviewed could be aligned with a catalytic domain sequence of
SEQ ID NO:65 (GTF 7527), which comprises Motifs 1a (SEQ ID NO:78), 2 (SEQ ID
NO:79) and 3a (SEQ ID NO:80), to detect the presence or absence of motifs (i), (ii),
and/or (iii). Alternatively, the sequence of the glucosyltransferase catalytic domain being
reviewed could be aligned with a catalytic domain sequence of SEQ ID NO:30 (GTF
2678), SEQ ID NO:4 (GTF 6855), SEQ ID NO:28 (GTF 2919), and/or SEQ ID NO:20
(GTF 2765), all of which comprise Motifs 1a (SEQ ID NO:78), 2 (SEQ ID NO:79) and 3a
(SEQ ID NO:80), to identify the presence or absence of motifs (i), (ii), and/or (iii).

Another in silico means for detecting motifs (i), (ii), and (iii) in a
glucosyltransferase catalytic domain sequence can comprise comparing the predicted
three-dimensional structure (tertiary structure) of a glucosyltransferase catalytic domain
sequence with a reference structure. The structures of both the catalytic domain being
reviewed and the reference can be visually compared using any means known in the art
such as with a computer program that provides a structure based on amino acid
sequence input (e.g., software package MOE, Chemical Computing Group, Montreal,
Canada). For example, if the reference structure lacks motif (i), (ii), and/or (iii), the

comparison may detect the presence of motif (i), (ii), and/or (iii) by showing a domain(s)
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in the structure being reviewed that does not have a corresponding domain in the
reference structure. Examples of this type of comparison are shown in FIGs. 4a, 4b, 63,
6b, 8a and 8b.

Alternatively, identifying a parent glucosyltransferase enzyme having motifs (i),
(i1), and (iii) in its catalytic domain can be performed via a method comprising a nucleic
acid hybridization step. Such a method can comprise using DNA hybridization (e.g.,
Southern blot, dot blot), RNA hybridization (e.g., northern blot), or any other method that
has a nucleic acid hybridization step (e.g., DNA sequencing, PCR, RT-PCR, all of which
may comprise hybridization of an oligonucleotide), for example. As an example, an
oligonucleotide that would hybridize to a nucleotide sequence encoding Motif 1a (SEQ
ID NO:78), 2 (SEQ ID NO:79), or 3a (SEQ ID NO:80) could be used to detect its
presence or absence in a polynucleotide sequence encoding the glucosyltransferase
catalytic domain being reviewed. Conditions and parameters for carrying out
hybridization methods in general are well known and disclosed, for example, in
Sambrook J, Fritsch EF and Maniatis T, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory: Cold Spring Harbor, NY (1989); Silhavy TJ, Bennan ML and
Enquist LW, Experiments with Gene Fusions, Cold Spring Harbor Laboratory: Cold

Spring Harbor, NY (1984); Ausubel FM et al., Current Protocols in Molecular Biology,

published by Greene Publishing Assoc. and Wiley-Interscience, Hoboken, NJ (1987);
and Innis MA, Gelfand DH, Sninsky JJ and White TJ (Editors), PCR Protocols: A Guide
to Methods and Applications, Academic Press, Inc., San Diego, CA (1990).

In another aspect, a parent glucosyltransferase enzyme comprising motifs (i), (ii),
and (iii) in its catalytic domain can be detected using a method comprising a protein
sequencing step. Such a protein sequencing step can comprise one or more
procedures such as N-terminal amino acid analysis, C-terminal amino acid analysis,
Edman degradation, or mass spectrometry, for example.

In still another aspect, a parent glucosyltransferase enzyme comprising motifs (i),
(i1), and (iii) in its catalytic domain can be detected using a method comprising a protein
binding step. Such a protein binding step could be performed using an antibody that
specifically binds to one of these motifs, for example. Antibodies for identifying the
presence or absence of motif (i) can be specific for an amino acid sequence that is at
least 90% identical to SEQ ID NO:78. Antibodies for identifying the presence or
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absence of motif (ii) can be specific for an amino acid sequence that is at least 90%
identical to SEQ ID NO:79. Antibodies for identifying the presence or absence of motif
(i) can be specific for an amino acid sequence that is at least 90% identical to SEQ ID
NO:80.

A parent glucosyltransferase in a polynucleotide preparation method herein
comprises a catalytic domain comprising motifs (i), (ii) and (iii). Motif (i) can be at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO:78. Motif (ii) can be at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO:79. Motif (iii) can be at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO:80. Thus, it
can be seen that in certain embodiments of an identification method herein, motif (i) can
comprise SEQ ID NO:78, motif (ii) can comprise SEQ ID NO:79, and motif (iii) can
comprise SEQ ID NO:80.

Regarding motif (i) in certain embodiments, the first residue of SEQ ID NO:78
(D/N-K-S-1/V-L-D-E-Q-S-D-P-N-H) can be an aspartate (D) and the fourth residue can be
an isoleucine (I). Alternatively, the first residue can be an aspartate (D) and the fourth
residue can be a valine (V), or the first residue can be an asparagine (N) and the fourth
residue can be an isoleucine (l), or the first residue can be an asparagine (N) and the
fourth residue can be a valine (V).

Regarding motif (ii) in certain embodiments, the sixth residue of SEQ ID NO:79
(N-K-D-G-S-K/T-A-Y-N-E-D-G-T-V/A-K-Q/K-S-T-I-G-K-Y-N-E-K-Y-G-D-A-S) can be a
lysine (K), the fourteenth residue can be a valine (V), and the sixteenth residue can be a
glutamine (Q). Alternatively, the sixth residue can be a lysine (K), the fourteenth residue
can be an alanine (A), and the sixteenth residue can be a glutamine (Q); or the sixth
residue can be a lysine (K), the fourteenth residue can be an valine (V), and the
sixteenth residue can be a lysine (K). Additional examples include where the sixth
residue can be a threonine (T).

Regarding motif (iii) in certain embodiments, the ninth residue of SEQ ID NO:80
(L-P-T-D-G-K-M-D-N/K-S-D-V-E-L-Y-R-T-N/S-E) can be an asparagine (N) and the
eighteenth residue can be an asparagine (N). Alternatively, the ninth residue can be an

asparagine (N) and the eighteenth residue can be a serine (S), or the ninth residue can
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be a lysine (K) and the eighteenth residue can be an asparagine (N), or the ninth residue
can be a lysine (K) and the eighteenth residue can be a serine (S).

Any of the above features regarding the location of motifs (i), (ii) and (iii) in a
glucosyltransferase enzyme catalytic domain sequence can be used appropriately to
detect one or more of these motifs in a parent glucosyltransferase. The relative
positions of motifs (i) (SEQ ID NO:78), (ii) (SEQ ID NO:79) and (iii) (SEQ ID NO:80)
align with residues 231-243, 396-425 and 549-567, respectively, of the GTF 7527
sequence (SEQ ID NO:65) shown in FIG. 2. In certain embodiments herein,

(A) the position of the amino acid sequence that is at least 90% identical to SEQ

ID NO:78 in the glucosyltransferase catalytic domain aligns with amino acid

positions 231-243 of SEQ ID NO:65;

(B) the position of the amino acid sequence that is at least 90% identical to SEQ

ID NO:79 in the glucosyltransferase catalytic domain aligns with amino acid

positions 396-425 of SEQ ID NO:65; and/or

(C) the position of the amino acid sequence that is at least 90% identical to SEQ

ID NO:80 in the glucosyltransferase catalytic domain aligns with amino acid

positions 549-567 of SEQ ID NO:65.

The relative position(s) of the amino acid sequence(s) detected in the parent
glucosyltransferase catalytic domain can thus be determined with reference to the above
amino acid positions in SEQ ID NO:65. For example, the sequence of a putative parent
glucosyltransferase catalytic domain can be aligned with SEQ ID NO:65 using any
means known in the art and/or as described above.

Alternatively, motif (i), (ii), and/or (iii) can be detected based on proximity to
certain conserved sequences, namely SEQ ID NOs:72, 73, 74, 75, 76 and 77, as
described above.

In some embodiments, it is contemplated that detecting any one of motifs (i), (ii),
or (i) effectively results in identification of a parent glucosyltransferase catalytic domain
having all three of these motifs. This being said, identifying a parent glucosyltransferase
herein can optionally comprise detecting one of, two of, or all three, of motifs (i), (ii)

and/or (iii) in a glucosyltransferase catalytic domain.
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A parent glucosyltransferase in a polynucleotide preparation method herein can
comprise a catalytic domain comprising an amino acid sequence that is at least 90%
identical to amino acid positions 54-957 of SEQ ID NO:65. Alternatively, a parent
glucosyltransferase herein can comprise a catalytic domain having an amino acid
sequence that is at least 90% identical to amino acid positions 55-960 of SEQ ID NO:30,
positions 55-960 of SEQ ID NO:4, positions 55-960 of SEQ ID NO:28, and/or positions
55-960 of SEQ ID NO:20. Alternatively still, a parent glucosyltransferase catalytic
domain can be detected that comprises an amino acid sequence that is 100% identical
to, or at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 99%, or 99.5%
identical to, any of the foregoing sequences.

Certain of the conserved regions in FIG. 2 include catalytic active site motifs SEQ
ID NOs:68, 69, 70, and 71 (refer to Example 3). Thus, a catalytic domain sequence of a
parent glucosyltransferase enzyme in some aspects can be identified based on having
one or more of SEQ ID NOs:68, 69, 70, and 71 in alignment, respectively, with SEQ ID
NOs:68, 69, 70, and 71 as present in amino acids 54-957 of SEQ ID NO:65. Other
conserved regions in FIG. 2 include SEQ ID NOs:72, 73, 74, 75, 76 and 77 (refer to
Example 4). Thus, a catalytic domain sequence of a parent glucosyltransferase enzyme
in some aspects can be identified based on having one or more of SEQ ID NOs:72, 73,
74,75, 76 and 77 in alignment, respectively, with SEQ ID NOs:72, 73, 74, 75, 76 and 77
as present in amino acids 54-957 of SEQ ID NO:65.

Although it is believed that a glucosyltransferase enzyme herein need only have a
catalytic domain sequence comprising an amino acid sequence that is at least 90%
identical to amino acid positions 54-957 of SEQ ID NO:65 (or positions 55-960 of SEQ
ID NO:30, positions 55-960 of SEQ ID NO:4, positions 55-960 of SEQ ID NO:28, or
positions 55-960 of SEQ ID NO:20), a parent glucosyltransferase enzyme identified in a
polynucleotide preparation method herein is typically comprised within a larger amino
acid sequence. For example, the catalytic domain may be linked at its C-terminus to a
glucan-binding domain, and/or linked at its N-terminus to a variable domain and/or signal
peptide.

The catalytic domain of a parent glucosyltransferase enzyme identified herein can
have activity as exhibited by a catalytic domain of a glucosyltransferase classified under

the glycoside hydrolase family 70 (GH70). Such a GH70 glucosyltransferase may be
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found in the CAZy (Carbohydrate-Active EnZymes) database (Cantarel et al., Nucleic
Acids Res. 37:D233-238, 2009), for example.

Still further examples of parent glucosyltransferase enzymes in a polynucleotide
preparation method herein can be any as disclosed herein and that include 1-300 (or
any integer there between [e.g., 10, 15, 20, 25, 30, 35, 40, 45, or 50]) residues on the N-
terminus and/or C-terminus. Such additional residues may be from a corresponding wild
type sequence from which the glucosyltransferase enzyme is derived, or may be a
heterologous sequence such as an epitope tag (at either N- or C-terminus) or a
heterologous signal peptide (at N-terminus), for example. Examples of such parent
glucosyltransferase enzymes comprise an amino acid sequence that is 100% identical
to, or at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 99%, or 99.5%
identical to, SEQ ID NO:65, 30, 4, 28, or 20. These sequences (SEQ ID NO:65, 30, 4,
28, 20) lack an N-terminal signal peptide (as well as a variable domain) (refer to Table
1). Still other examples of parent glucosyltransferase enzymes herein include those
comprising an amino acid sequence that is 100% identical to, or at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 99%, or 99.5% identical to, SEQ ID
NO:60, 61, 62, 63, or 64.

A parent glucosyltransferase identified in a polynucleotide preparation method
herein can, for instance, synthesize insoluble poly alpha-1,3-glucan having at least 95%
alpha-1,3 glycosidic linkages and DP,, of at least 100. In certain embodiments, a parent
glucosyltransferase enzyme can synthesize poly alpha-1,3-glucan in which at least
about 95%, 96%, 97%, 98%, 99%, or 100% of the constituent glycosidic linkages are
alpha-1,3 linkages. In such embodiments, accordingly, the glucosyltransferase enzyme
synthesizes poly alpha-1,3-glucan in which there is less than about 5%, 4%, 3%, 2%,
1%, or 0% of glycosidic linkages that are not alpha-1,3.

In another aspect, a parent glucosyltransferase enzyme can synthesize poly
alpha-1,3-glucan having no branch points or less than about 5%, 4%, 3%, 2%, or 1%
branch points as a percent of the glycosidic linkages in the polymer. Examples of
branch points include alpha-1,6 branch points.

In still another aspect, a parent glucosyltransferase enzyme can synthesize poly

alpha-1,3-glucan having a molecular weight in DP,, or DP,, of at least about 100.
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Alternatively, a parent glucosyltransferase enzyme may synthesize poly alpha-1,3-
glucan having a molecular weight in DP,, or DP,, of at least about 400. Alternatively still,
a parent glucosyltransferase enzyme may synthesize poly alpha-1,3-glucan having a
molecular weight in DP,, or DP,, of at least about 100, 150, 200, 250, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, or 1000 (or any integer between 100
and 1000).

A method of preparing a polynucleotide sequence encoding a glucosyltransferase
that produces a branched alpha-glucan polymer comprises step (b) of modifying the
polynucleotide sequence (encoding a parent glucosyltransferase) identified in step (a).
Such modification deletes and/or mutates (removes) at least one of motifs (i), (i), or (iii)
encoded by the polynucleotide sequence.

Modification of sequence encoding motif (i), (ii) and/or (iii) herein allows
expression of a child glucosyltransferase with a catalytic domain that does not comprise
amino acid sequence(s) that is/are at least 90% identical to SEQ ID NO:78 (motif i), SEQ
ID NO:79 (motif ii), and/or SEQ ID NO:80 (maotif iii). In some embodiments, a child
glucosyltransferase comprises a catalytic domain that does not comprise amino acid
sequence(s) that is/are at least 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%,
81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%,
66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%,
51%, 50%, 49%, 48%, 47%, 46%, 45%, 44%, 43%, 42%, 41%, or 40% identical to SEQ
ID NO:78, SEQ ID NO:79, and/or SEQ ID NO:80. Since a parent glucosyltransferase
can comprise a catalytic domain that is at least 90% identical to positions 54-957 of SEQ
ID NO:65, a child glucosyltransferase typically comprises a catalytic domain that has an
amino acid sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to positions 54-941 of SEQ ID NO:85, 54-927 of SEQ ID NO:87,
54-935 of SEQ ID NO:89, 54-911 of SEQ ID NO:91, 54-919 of SEQ ID NO:93, 54-905 of
SEQ ID NO:95, or 54-889 of SEQ ID NO:97 (each of these sequences comprises one or
more deleted motifs compared to positions 54-957 of SEQ ID NO:65).

A deletion or mutation can be directed to motif (i) only, motif (ii) only, motif (iii)
only, both motifs (i) and (ii), both motifs (i) and (iii), both motifs (ii) and (iii), and all three

of motifs (i), (ii) and (iii), for example. In certain embodiments, modification step (b)
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comprises deleting at least one of motifs (i), (ii), or (iii) encoded by the polynucleotide
sequence identified in step (a). Such deletion can comprise removing most of (e.g.,
more than 70%, 80%, or 90% of), or all off, one or more sequences encoding motif (i),
(i), or (iii).

If motif (i) is deleted or mutated, then the encoded child glucosyltransferase can
have a catalytic domain comprising an amino acid sequence that is at least 90%
identical to positions 54-941 of SEQ ID NO:85, for example.

If motif (ii) is deleted or mutated, then the encoded child glucosyltransferase can
have a catalytic domain comprising an amino acid sequence that is at least 90%
identical to positions 54-927 of SEQ ID NO:87, for example.

If motif (iii) is deleted or mutated, then the encoded child glucosyltransferase can
have a catalytic domain comprising an amino acid sequence that is at least 90%
identical to positions 54-935 of SEQ ID NO:89, for example.

If motifs (i) and (ii) are deleted or mutated, then the encoded child
glucosyltransferase can have a catalytic domain comprising an amino acid sequence
that is at least 90% identical to positions 54-911 of SEQ ID NO:91, for example.

If motifs (i) and (iii) are deleted or mutated, then the encoded child
glucosyltransferase can have a catalytic domain comprising an amino acid sequence
that is at least 90% identical to positions 54-919 of SEQ ID NO:93, for example.

If motifs (ii) and (iii) are deleted or mutated, then the encoded child
glucosyltransferase can have a catalytic domain comprising an amino acid sequence
that is at least 90% identical to positions 54-905 of SEQ ID NO:95, for example.

If motifs (i), (ii) and (iii) are deleted or mutated, then the encoded child
glucosyltransferase can have a catalytic domain comprising an amino acid sequence
that is at least 90% identical to positions 54-889 of SEQ ID NO:97, for example.

A deletion or mutation of a polynucleotide in modification step (b) can be made
following any DNA manipulation technique known in the art. Modifying step (b) can
optionally be performed in silico, followed by synthesis of the polynucleotide sequence
encoding a glucosyltransferase enzyme that produces a branched alpha-glucan
polymer. For example, a nucleotide sequence identified in step (a) can be manipulated
in silico using a suitable sequence manipulation program/software (e.g., VECTOR NTI,
Life Technologies, Carlsbad, CA; DNAStrider; DNASTAR, Madison, WI). Following such
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virtual manipulation, the modified polynucleotide sequence can be artificially synthesized
by any suitable technique (e.g., annealing-based connection of oligonucleotides, or any
technique disclosed in Hughes et al., Methods Enzymol. 498:277-309, which is
incorporated herein by reference). It should be appreciated that the foregoing
methodology is not believed to rely on having a pre-existing polynucleotide sequence in
hand.

Alternatively, modifying step (b) can optionally be performed using a physical
copy of a polynucleotide sequence identified in step (a) encoding a parent
glucosyltransferase. As an example, such a polynucleotide can serve as a template for
amplification using primers designed in a manner such that the amplified product has
one or more deletions (e.g., refer to Innis et al., above).

Suitable types of mutations that can be applied in step (b) in some aspects herein
include those resulting in an amino acid substitution. One or more substitutions typically

are non-conservative amino acid changes.

A glucosyltransferase encoded by the polynucleotide sequence produced in step
(b) (i.e., child glucosyltransferase) can produce branched alpha-glucan. In some
embodiments, alpha-glucan polymer branching can be gauged using measurements of
intrinsic viscosity and/or branching index (g’), as described above and in the below
Examples.

Alpha-glucan polymer branching herein can, in some aspects, be judged with
respect to measurements made against poly alpha-1,3-glucan containing at least 95%,
96%, 97%, 98%, or 99% alpha-1,3 glycosidic linkages (such polymer is expected to be
mostly unbranched), or 100% alpha-1,3 glycosidic linkages (such polymer is
linear/unbranched). Measurements can be with respect to intrinsic viscosity and/or
branching index, for example. In certain embodiments, alpha-glucan produced by a
child glucosyltransferase herein can have an intrinsic viscosity and/or branching index
(each measurement per methodology disclosed in below Examples, for example) that is
reduced by at least about 30%, 40%, 50%, 60%, 70%, 80%, or 90% compared to poly
alpha-1,3-glucan synthesized by a parent glucosyltransferase identified in step (a).

A branched alpha-glucan polymer produced by a child glucosyltransferase herein

is believed to contain at least both alpha-1,3 and alpha-1,6 glycosidic linkages, for
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example. A branched alpha-glucan polymer may possibly further comprise alpha-1,2
and/or alpha-1,4 glycosidic linkages in some aspects. There are likely no beta-
glycosidic linkages present. In certain embodiments, branched alpha-glucan polymer
can have less than 94%, 93%, 92%, 91%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%,
50%, 45%, 40%, 35%, or 30% alpha-1,3 glycosidic linkages. A branched alpha-glucan
polymer can have at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70% alpha-
1,6 glycosidic linkages in some aspects. It is contemplated that, in some aspects, a
branch point occurs on average about every 5, 10, 15, 20, 25, 30, 35, or 40
monosaccharide units in a branched alpha-glucan herein.

A branched alpha-glucan polymer in most embodiments is insoluble. Such
insolubility is observed in aqueous conditions (e.g., solvent comprising at least 90%

water) of generally neutral pH (e.g., between 6-8), for example.

Some embodiments disclosed herein concern a polynucleotide sequence
produced following the above method of preparing a polynucleotide sequence. Such a
polynucleotide sequence encodes a glucosyltransferase that produces a branched
alpha-glucan polymer. Optionally, one or more regulatory sequences are operably
linked to the nucleotide sequence, and preferably a promoter sequence is included as a
regulatory sequence. Additional possible features of a polynucleotide sequence are
described above.

Still other aspects disclosed herein concern a glucosyltransferase (child
glucosyltransferase) encoded by such a polynucleotide sequence. Features of such a
glucosyltransferase can be any as disclosed above.

Some other embodiments of the present disclosure are drawn to branched alpha-
glucan polymer produced by a glucosyltransferase herein (e.g., a child
glucosyltransferase herein; a glucosyltransferase comprising SEQ ID NO:85, 87, 89, 91,
93, 95, or 97).

In other embodiments, reaction solutions are disclosed that comprise water,
sucrose, and one or more glucosyltransferase enzymes herein that produce a branched
alpha-glucan polymer. Other components can optionally be comprised within a reaction

solution for synthesizing branched alpha-glucan, such as fructose, glucose, leucrose,
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and soluble oligosaccharides (e.g., DP2-DP7). It would be understood that certain
branched alpha-glucan products herein may be water-insoluble and thus not dissolved in
a glucan synthesis reaction, but rather may be present out of solution. A reaction
solution herein may be one that, in addition to producing insoluble glucan product,
produces byproducts such as leucrose and/or soluble oligosaccharides.

The temperature of a reaction solution herein can be controlled, if desired. In
certain embodiments, the temperature of the reaction can be between about 5 °C to
about 50 °C. The temperature in certain other embodiments can be between about 20
°C to about 40 °C, or about 20 °C to about 30 °C (e.g., about 22-25 °C).

The initial concentration of sucrose in a reaction solution herein can be about 20
g/L to about 400 g/L, for example. Alternatively, the initial concentration of sucrose can
be about 75 g/L to about 175 g/L, or from about 50 g/L to about 150 g/L. Alternatively
still, the initial concentration of sucrose can be about 40, 50, 60, 70, 80, 90, 100, 110,
120, 130, 140, 150, or 160 g/L (or any integer value between 40 and 160 g/L), for
example. “Initial concentration of sucrose” refers to the sucrose concentration in a GTF
reaction solution just after all the reaction solution components have been added (e.g.,
at least water, sucrose, GTF enzyme).

Sucrose used in a glucan synthesis reaction herein can be highly pure (= 99.5%)
or be of any other purity or grade. For example, sucrose can have a purity of at least
99.0%, or can be reagent grade sucrose. As another example, incompletely refined
sucrose can be used. Incompletely refined sucrose herein refers to sucrose that has not
been processed to white refined sucrose. Thus, incompletely refined sucrose can be
completely unrefined or partially refined. Examples of unrefined sucrose are “raw
sucrose” (“raw sugar’) and solutions thereof. Examples of partially refined sucrose have
not gone through one, two, three, or more crystallization steps. The ICUMSA
(International Commission for Uniform Methods of Sugar Analysis) of incompletely
refined sucrose herein can be greater than 150, for example. Sucrose herein may be
derived from any renewable sugar source such as sugar cane, sugar beets, cassava,
sweet sorghum, or corn. Suitable forms of sucrose useful herein are crystalline form or
non-crystalline form (e.g., syrup, cane juice, beet juice), for example.

Methods of determining ICUMSA values for sucrose are well known in the art and

disclosed by the International Commission for Uniform Methods of Sugar Analysis in
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ICUMSA Methods of Sugar Analysis: Official and Tentative Methods Recommended by
the International Commission for Uniform Methods of Sugar Analysis (ICUMSA) (Ed.

H.C.S. de Whalley, Elsevier Pub. Co., 1964), for example, which is incorporated herein
by reference. ICUMSA can be measured, for example, by ICUMSA Method GS1/3-7 as
described by R.J. McCowage, R.M. Urquhart and M.L. Burge (Determination of the

Solution Colour of Raw Sugars, Brown Sugars and Coloured Syrups at pH 7.0 — Official,

Verlag Dr Albert Bartens, 2011 revision), which is incorporated herein by reference.

The pH of a glucan synthesis reaction in certain embodiments can be between
about 4.0 to about 8.0. Alternatively, the pH can be about 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0,
7.5, or 8.0. The pH can be adjusted or controlled by the addition or incorporation of a
suitable buffer, including but not limited to: phosphate, tris, citrate, or a combination
thereof. Buffer concentration in a glucan synthesis reaction can be from 0 mM to about
100 mM, or about 10, 20, or 50 mM, for example.

One or more different glucosyltransferase enzymes that produce branched alpha-
glucan may be used in certain aspects. A reaction solution herein may contain one, two,

or more glucosyltransferase enzymes, for example.

The present disclosure also concerns a method for producing branched alpha-
glucan polymer, the method comprising:

(a) contacting at least water, sucrose, and one or more glucosyltransferase enzymes
as disclosed herein that produce branched alpha-glucan polymer, whereby branched
alpha-glucan polymer is produced, and

b) optionally, isolating the alpha-glucan polymer produced in step (a).

A glucan synthesis method as presently disclosed comprises contacting at least
water, sucrose, and a glucosyltransferase enzyme as described herein that synthesizes
branched alpha-glucan. These and optionally other reagents can be added altogether or
added in any order as discussed below. This step can comprise providing a reaction
solution comprising water, sucrose and a glucosyltransferase enzyme that synthesizes
branched alpha-glucan. In certain embodiments in which insoluble branched alpha-
glucan is synthesized by a glucosyltransferase, it would be understood that the reaction
solution becomes a reaction mixture given that insoluble glucan polymer falls out of

solution. The contacting step herein can be performed in any number of ways. For
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example, the desired amount of sucrose can first be dissolved in water (optionally, other
components may also be added at this stage of preparation, such as buffer
components), followed by addition of glucosyltransferase enzyme. The solution may be
kept still, or agitated via stirring or orbital shaking, for example. Typically, a glucan
synthesis reaction is cell-free.

Completion of a reaction in certain embodiments can be determined visually (e.g.,
no more accumulation of insoluble glucan) and/or by measuring the amount of sucrose
left in the solution (residual sucrose), where a percent sucrose consumption of over
about 90% can indicate reaction completion, for example. Typically, a reaction of the
disclosed process will take about 12, 24, 36, 48, 60, 72, 84, or 96 hours to complete,
depending on certain parameters such as the amount of sucrose and
glucosyltransferase enzyme used in the reaction.

The yield of branched alpha-glucan produced in some aspects of a glucan
synthesis method herein can be at least about 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%,
13%, 14%, 15%, 16%, 17%, 18%, 19%, or 20%, based on the weight of sucrose
converted in the reaction.

Branched alpha-glucan produced in the disclosed method may optionally be
isolated. For example, insoluble branched alpha-glucan may be separated by
centrifugation or filtration. In doing so, the glucan is separated from most of the reaction
solution, which may comprise water, fructose and certain byproducts (e.g., leucrose,
soluble oligosaccharides DP2-DP7). This solution may also comprise residual sucrose
and glucose monomer. Isolation can optionally further comprise washing branched
glucan product one, two, or more times with water or other aqueous liquid, and/or drying
the glucan product.

The above embodiments of branched alpha-glucan synthesis methods are
examples. Any other feature disclosed herein can apply to a branched glucan synthesis
method, accordingly. For example, any of the branched glucan product,
glucosyltransferase enzyme (e.g., the catalytic domain and its motif profile), and reaction

solution condition features disclosed herein can be applied as appropriate.
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Non-limiting examples of compositions and methods disclosed herein include:

A glucosyltransferase enzyme comprising a catalytic domain that comprises an

amino acid sequence that is at least 90% identical to amino acid positions: 54-

941 of SEQ ID NO:85, 54-927 of SEQ ID NO:87, 54-935 of SEQ ID NO:89, 54-

911 of SEQ ID NO:91, 54-919 of SEQ ID NO:93, 54-905 of SEQ ID NO:95, or 54-

889 of SEQ ID NO:97, wherein the catalytic domain lacks at least one motif

selected from the group consisting of:

(1) a motif comprising an amino acid sequence that is at least 90% identical to
SEQ ID NO:78,

(i) a motif comprising an amino acid sequence that is at least 90% identical to
SEQ ID NO:79, and

(i) a motif comprising an amino acid sequence that is at least 90% identical to
SEQ ID NO:80;

wherein the glucosyltransferase enzyme produces a branched alpha-glucan

polymer.

The glucosyltransferase of embodiment 1, wherein the glucosyltransferase

comprises an amino acid sequence that is at least 90% identical to SEQ ID

NO:85, SEQ ID NO:87, SEQ ID NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID

NO:95, or SEQ ID NO:97, and wherein the glucosyltransferase lacks at least one

of motifs (i), (ii), or (iii).

A polynucleotide comprising a nucleotide sequence encoding a

glucosyltransferase enzyme according to embodiment 1 or 2, optionally wherein

one or more regulatory sequences are operably linked to the nucleotide

sequence, and preferably wherein the one or more regulatory sequences include

a promoter sequence.

A method of preparing a polynucleotide sequence encoding a glucosyltransferase

enzyme that produces a branched alpha-glucan polymer, the method comprising:

(a) identifying a polynucleotide sequence encoding a parent
glucosyltransferase enzyme that comprises a catalytic domain comprising:
(1) an amino acid sequence that is at least 90% identical to amino acid

positions 54-957 of SEQ ID NO:65, and

(2) the following three motifs:
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(1) a motif comprising an amino acid sequence that is at least
90% identical to SEQ ID NO:78,
(i) a motif comprising an amino acid sequence that is at least
90% identical to SEQ ID NO:79, and
(i) a motif comprising an amino acid sequence that is at least
90% identical to SEQ ID NO:80;
and
(b) modifying the polynucleotide sequence identified in step (a) to delete
and/or mutate at least one of motifs (i), (ii), or (iii) encoded by the
polynucleotide sequence, thereby providing a polynucleotide sequence
encoding a glucosyltransferase enzyme that produces a branched alpha-
glucan polymer.
The method of embodiment 4, wherein:
(A)  the position of the amino acid sequence that is at least 90% identical to
SEQ ID NO:78 aligns with amino acid positions 231-243 of SEQ ID NO:65;
(B) the position of the amino acid sequence that is at least 90% identical to
SEQ ID NO:79 aligns with amino acid positions 396-425 of SEQ ID NO:65;
and/or
(C) the position of the amino acid sequence that is at least 90% identical to
SEQ ID NO:80 aligns with amino acid positions 549-567 of SEQ ID NO:65.
The method of embodiment 4 or 5, wherein motif (i) comprises SEQ ID NO:78,
motif (ii) comprises SEQ ID NO:79, and motif (iii) comprises SEQ ID NO:80.
The method of embodiment 4, 5, or 6, wherein the parent glucosyltransferase
enzyme can synthesize poly alpha-1,3-glucan having at least 95% alpha-1,3
glycosidic linkages and a weight average degree of polymerization (DP,,) of at
least 100.
The method of embodiment 4, 5, 6, or 7, wherein modification step (b) comprises
deleting at least one of motifs (i), (ii), or (iii) encoded by the polynucleotide
sequence identified in step (a).
The method of embodiment 4, 5, 6, 7, or 8, wherein the glucosyltransferase

enzyme of step (b) comprises a catalytic domain that does not comprise at least
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one amino acid sequence that is at least 60% identical to SEQ ID NO:78, SEQ ID
NO:79, or SEQ ID NO:80.

The method of embodiment 4, 5, 6, 7, 8, or 9, wherein the branched alpha-glucan
polymer has an intrinsic viscosity and/or branching index that is reduced by at
least 30% compared to the intrinsic viscosity and/or branching index of poly
alpha-1,3-glucan synthesized by the parent glucosyltransferase.

The method of embodiment 4, 5, 6, 7, 8, 9, or 10,

wherein the identifying step is performed:

(a) in silico,

(b)  with a method comprising a nucleic acid hybridization step,

(c) with a method comprising a protein sequencing step, and/or

(d)  with a method comprising a protein binding step;

and/or wherein the modifying step is performed:

(e) in silico, followed by synthesis of the polynucleotide sequence
encoding the glucosyltransferase enzyme that produces a branched
alpha-glucan polymer, or

() using a physical copy of the polynucleotide sequence encoding the
parent glucosyltransferase.

A polynucleotide sequence encoding a glucosyltransferase enzyme that produces

a branched alpha-glucan polymer, wherein the polynucleotide sequence is

produced according to the method of embodiment 4, 5, 6, 7, 8, 9, 10, or 11,

optionally wherein the polynucleotide sequence further comprises one or more

regulatory sequences operably linked to the polynucleotide sequence, preferably

wherein the one or more regulatory sequences include a promoter sequence.

A glucosyltransferase enzyme encoded by the polynucleotide of embodiment 12.

A reaction solution comprising water, sucrose, and a glucosyltransferase enzyme

according to embodiment 1, 2, or 13.

A method for producing a branched alpha-glucan polymer comprising:

(a) contacting at least water, sucrose, and a glucosyltransferase enzyme
according to embodiment 1, 2, or 13, whereby branched alpha-glucan

polymer is produced, and
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b) optionally, isolating the branched alpha-glucan polymer produced in step
(a).
16. A branched alpha-glucan polymer, wherein the polymer is produced from a
method according to embodiment 15 or from a reaction solution according to
embodiment 14, or wherein the polymer is a product of a glucosyltransferase

according to any of embodiments 1-2.

EXAMPLES

The present disclosure is further exemplified in the following Examples. It should
be understood that these Examples, while indicating certain preferred aspects herein,
are given by way of illustration only. From the above discussion and these Examples,
one skilled in the art can ascertain the essential characteristics of the disclosed
embodiments, and without departing from the spirit and scope thereof, can make various
changes and modifications to adapt the disclosed embodiments to various uses and
conditions.

Abbreviations

13 ”

The meanings of some of the abbreviations used herein are as follows: “g” means
gram(s), “h” means hour(s), “mL” means milliliter(s), “psi” means pound(s) per square
inch, “wt%” means weight percentage, “um” means micrometer(s), “°C” means degrees
Celsius, “mg” means milligram(s), “mm” means millimeter(s), ““L” means microliter(s),
‘mmol” means millimole(s), “min” means minute(s), “mol%” means mole percent, “M’
means molar, “rom” means revolutions per minute, “MPa” means megaPascals, “IV’
means intrinsic viscosity, “g”” means branching ratio.

GENERAL METHODS

Preparation of Crude Extracts of Glucosyltransferase (GTF) Enzymes

GTF enzymes were prepared as follows. E. coli TOP10® cells (Invitrogen,
Carlsbad, CA) were transformed with a pJexpress404®-based construct containing a
particular GTF-encoding DNA sequence. Each sequence was codon-optimized to
express the GTF enzyme in E. coli. Individual E. coli strains expressing a particular GTF
enzyme were grown in LB (Luria broth) medium (Becton, Dickinson and Company,
Franklin Lakes, NJ) with ampicillin (100 pg/mL) at 37 °C with shaking to ODggo = 0.4-0.5,
at which time IPTG (isopropy! beta-D-1-thiogalactopyranoside, Cat. No. 16758, Sigma-
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Aldrich, St. Louis, MO) was added to a final concentration of 0.5 mM. The cultures were
incubated for 2-4 hours at 37 °C following IPTG induction. Cells were harvested by
centrifugation at 5,000 x g for 15 minutes and resuspended (20% w/v) in 50 mM
phosphate buffer pH 7.0 supplemented with dithiothreitol (DTT, 1.0 mM). Resuspended
cells were passed through a French Pressure Cell (SLM Instruments, Rochester, NY)
twice to ensure >95% cell lysis. Lysed cells were centrifuged for 30 minutes at 12,000 x
g at4 °C. The resulting supernatant was analyzed by the BCA (bicinchoninic acid)
protein assay (Sigma-Aldrich) and SDS-PAGE to confirm expression of the GTF
enzyme, and the supernatant was stored at -20 °C.

Determination of GTF Enzymatic Activity

GTF enzyme activity was confirmed by measuring the production of reducing
sugars (fructose and glucose) in a GTF reaction solution. A reaction solution was
prepared by adding a GTF extract (prepared as above) to a mixture containing sucrose
(50 or 150 g/L), potassium phosphate buffer (pH 6.5, 50 mM), and optionally dextran (1
mg/mL, dextran T10, Cat. No. D9260, Sigma-Aldrich); the GTF extract was added to
2.5%-5% by volume. The reaction solution was then incubated at 22-25 °C for 24-30
hours, after which it was centrifuged. Supernatant (0.01 mL) was added to a mixture
containing 1 N NaOH and 0.1% triphenyltetrazolium chloride (Sigma-Aldrich). The
mixture was incubated for five minutes after which its OD4sp was determined using an
ULTROSPEC spectrophotometer (Pharmacia LKB, New York, NY) to gauge the
presence of the reducing sugars fructose and glucose.

Determination of Glycosidic Linkages

Glycosidic linkages in the glucan product synthesized by a GTF enzyme were
determined by ™C NMR (nuclear magnetic resonance). Dry glucan polymer (25-30 mg)
was dissolved in 1 mL of deuterated dimethyl sulfoxide (DMSO) containing 3% by weight
of LiCl with stirring at 50 °C. Using a glass pipet, 0.8 mL of the solution was transferred
into @ 5-mm NMR tube. A quantitative ">C NMR spectrum was acquired using a Bruker
Avance 500-MHz NMR spectrometer (Billerica, MA) equipped with a CPDUL cryoprobe
at a spectral frequency of 125.76 MHz, using a spectral window of 26041.7 Hz. An
inverse gated decoupling pulse sequence using waltz decoupling was used with an
acquisition time of 0.629 second, an inter-pulse delay of 5 seconds, and 6000 pulses.

The time domain data was transformed using an exponential multiplication of 2.0 Hz.
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Determination of Number Average Degree of Polymerization (DPp)

The DP,, of a glucan product synthesized by a GTF enzyme was determined by
size-exclusion chromatography (SEC). Dry glucan polymer was dissolved at 5 mg/mL in
N,N-dimethyl-acetamide (DMAcC) and 5% LiCl with overnight shaking at 100 °C. The
SEC system used was an Alliance™ 2695 separation module from Waters Corporation
(Milford, MA) coupled with three on-line detectors: a differential refractometer 2410 from
Waters, a multiangle light scattering photometer Heleos™ 8+ from Wyatt Technologies
(Santa Barbara, CA), and a differential capillary viscometer ViscoStar™ from Wyatt. The
columns used for SEC were four styrene-divinyl benzene columns from Shodex (Japan)
and two linear KD-806M, KD-802 and KD-801 columns to improve resolution at the low
molecular weight region of a polymer distribution. The mobile phase was DMAc with
0.11% LiCl. The chromatographic conditions used were 50 °C in the column and
detector compartments, 40 °C in the sample and injector compartment, a flow rate of 0.5
mL/min, and an injection volume of 100 uL. The software packages used for data
reduction were Empower™ version 3 from Waters (calibration with broad glucan polymer
standard) and Astra® version 6 from Wyatt (triple detection method with column
calibration).

Determination of Intrinsic Viscosity

Multidetector size exclusion chromatography (SEC) allowed measurement of
molar mass distribution (MMD) using a combination of light scattering (LS) photometer
and differential refractometer (DR). Molar mass (M) of the separated fractions across
the polymer distribution was measured as a ratio of two detector responses:

M ~ LS/DR, without any column calibration.

In a similar way, an in-line differential viscometer (DV) allowed measurement of intrinsic
viscosity (IV) of the separated fractions:

IV ~ DV/DR.

By plotting IV as a function of M in log-log scale, a so-called Mark-Houwink plot was
obtained for samples tested.

Determination of Branching Ratio

Mark-Houwink (MH) plots were useful for estimating the degree of branching in
polymers through measuring their size as a function of molar mass. Thus, the

hydrodynamic size (H) of the macromolecule in dilute solution was determined as H = IV
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x M, so that using an MH plot, it could be seen how the size of the polymer chain
changes with its molar mass. Branched polymer has a smaller size in solution than its
linear counterpart with the same molar mass, and the position of the MH-plot indicates
the degree of polymer branching.

To quantify the degree of branching, the branching ratio (or branching index) ¢’
was plotted as a function of molar mass. This index is defined as a ratio of
hydrodynamic volume of branched polymer chain Hy, with a given molar mass M, to the
similar volume Hy, of the linear chain with the same molar mass; i.e., g (M) = Hy / Hjip.
Since H is defined as a production of IV and M, and M is the same in both numerator
and denominator, then g’ could be determined for each separated fraction with molar
mass M directly from the corresponding MH plots as g = IV,/IViin. These plots show
how the degree of branching changes with the polymer molar mass. The weight-
average branching index for each polymer (i.e., @' = IVyw /IViinw) was a useful estimation
of the overall branching frequency in the polydispersed polymer. A g’ value of 1, per this
analysis, indicates that a polymer is linear (unbranched), whereas a g’ value < 1
indicates that a polymer is branched.

EXAMPLE 1

Production of GTF Enzymes

This Example describes the preparation of N-terminally truncated versions of
glucosyltransferase (GTF) enzymes used in this study.

Nucleotide sequences encoding N-terminally truncated versions of GTF enzymes
(Table 2, GTF ID) were synthesized using codons optimized for protein expression in E.
coli. The nucleic acid products (Table 2, nt SEQ ID NO) encoding the GTF enzymes
(Table 2, AA SEQ ID NO) were subcloned into pJexpresss404® (DNA2.0, Menlo Park,
CA) to generate GTF expression plasmids (Table 2, plasmid ID). The GTF expression
plasmids were used to transform E. coli TOP10 cells (Invitrogen, Carlsbad, CA) to
generate GTF expression strains (Table 2, strain ID). Production of GTF enzymes by
bacterial expression and determination of enzymatic activities were performed as
described in General Methods.

Table 2
Production of GTF Enzymes

nt SEQ AA Plasmid
GTFID | Gl No.2 IDNO | SEQ ID ID Strain ID
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NO
0874 450874 1 2 pMP53 | TOP10/pMP53
6855 228476855 3 4 pMP66 | TOP10/pMP66
2379 662379 5 6 pMP65 | TOP10/pMP65
7527 47527 7 8 pMP52 | TOP10/pMP52
1724 121724 9 10 pMP55 | TOP10/pMP55
0544 290580544 11 12 pMP67 | TOP10/pMP67
5926 167735926 13 14 pMP56 | TOP10/pMP56
4297 7684297 15 16 pMP70 | TOP10/pMP70
5618 328945618 17 18 pMP72 | TOP10/pMP72
2765 322372765 19 20 pMP85 | TOP10/pMP85
4700 21654700 21 22 pMP83 | TOP10/pMP83
1366 146741366 23 24 pMP86 | TOP10/pMP86
0427 940427 25 26 pMP87 | TOP10/pMP87
2919 383282919 27 28 pMP88 | TOP10/pMP88
2678 400182678 29 30 pMP89 | TOP10/pMP89
2381 662381 31 32 pMP96 | TOP10/pMP96
3929 387783929 33 34 pMP97 | TOP10/pMP97
6907 228476907 35 36 pMP57 | TOP10/pMP57
6661 228476661 37 38 pMP62 | TOP10/pMP62
0339 334280339 39 40 pMP73 | TOP10/pMP73
0088 3130088 all 42 pMP69 | TOP10/pMP69
9358 24379358 43 44 pMP71 | TOP10/pMP71
8242 325978242 45 46 pMP68 | TOP10/pMP68
3442 324993442 47 48 pMP75 | TOP10/pMP75
7528 47528 49 50 pMP77 | TOP10/pMP77
3279 322373279 51 52 pMP79 | TOP10/pMP79
6491 170016491 53 54 pMP74 | TOP10/pMP74
6889 228476889 55 56 pMP60 | TOP10/pMP60
4154 51574154 57 58 pMP80 | TOP10/pMP80
3298 322373298 59 pMP98 | TOP10/pMP98

2 Gl number as provided for each respective sequence in GENBANK
database (NCBI).

EXAMPLE 2

Production of Glucan Polymer using GTF Enzymes

This Example describes using the GTF enzymes prepared in Example 1 to
synthesize glucan polymer.
Polymerization reactions were performed with each of the GTF enzymes

prepared in Example 1. Reaction solutions were prepared comprising sucrose (50 g/L),
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potassium phosphate buffer (pH 6.5, 20 mM) and a GTF enzyme (2.5% extract by
volume). After 24-30 hours at 22-25 °C, insoluble glucan polymer product was
harvested by centrifugation, washed three times with water, washed once with ethanol,
and dried at 50 °C for 24-30 hours.

Glycosidic linkages in each insoluble glucan polymer product were determined by
3C NMR, and the DP,, for each insoluble polymer product was determined by SEC, as
described in General Methods. These measurements are provided in Table 3 below.

Table 3
Polymer produced by GTF enzymes

Glucan Polymer
SEQID | Reducing | Insoluble Linkages

GTF ID NO. Sugars Product % 1,3 % 1,6 DP,
0874 2 yes yes 100 0 60
6855 4 yes yes 100 0 440
2379 6 yes yes 37 63 310
7527 8 yes yes 100 0 440
1724 10 yes yes 100 0 250
0544 12 yes yes 62 36 980
5926 14 yes yes 100 0 260
4297 16 yes yes 31 67 800
5618 18 yes yes 34 66 1020
2765 20 yes yes 100 0 280
4700 22 yes no
1366 24 yes no
0427 26 yes yes 100 0 120
2919 28 yes yes 100 0 250
2678 30 yes yes 100 0 390
2381 32 yes no
3929 34 yes yes 100 0 280
6907 36 yes no
6661 38 yes no
0339 40 yes no
0088 42 yes no
9358 44 yes no
8242 46 yes no
3442 48 yes no
7528 50 yes no
3279 52 yes no
6491 54 yes no
6889 56 yes no
4154 58 yes no
3298 59 yes no 50 50
none na no no
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The following GTF enzymes produced glucan polymers comprising at least 50%
alpha-1,3-linkages and having a DP,, of at least 100: 6855 (SEQ ID NO:4), 7527 (SEQ
ID NO:8), 1724 (SEQ ID NO:10), 0544 (SEQ ID NO:12), 5926 (SEQ ID NO:14), 2765
(SEQ ID NO:20), 0427 (SEQ ID NO:26), 2919 (SEQ ID NO:28), 2678 (SEQ ID NO:30),
and 3929 (SEQ ID NO:34) (refer to Table 3). The following GTF enzymes produced
glucan polymers comprising 100% alpha-1,3-linkages, indicating linear polymers: 6855
(SEQ ID NO:4), 7527 (SEQ ID NO:8), 1724 (SEQ ID NO:10), 5926 (SEQ ID NO:14),
2765 (SEQ ID NO:20), 0427 (SEQ ID NO:26), 2919 (SEQ ID NO:28), 2678 (SEQ ID
NO:30), and 3929 (SEQ ID NO:34). These results clearly indicate that not all GTF
enzymes are capable of producing linear alpha-1,3-glucan polymer.

EXAMPLE 3

Structure/Function Relationships Observed in GTF Sequences

This Example describes aligning the amino acid sequences of several GTF
enzymes to determine whether they share any structures.

GTF enzymes were evaluated in Example 2 for their ability to produce glucan
polymers with a focus on those enzymes that produce glucan with 100% alpha-1,3-
linkages. The sequences of several of these enzymes were aligned with three
dimensional structures that are formed by certain S. mutans and L. reuteri GTF
sequences (3AIE [SEQ ID NO:66] and 3KLK [SEQ ID NO:67], respectively); the S.
mutans and L. reuteri GTF sequences were aligned to superpose common tertiary
structures using the software package MOE (Chemical Computing Group, Montreal,
Canada). The sequences for each of the GTF enzymes used in the alignment contain
the catalytic and glucan-binding domains of each enzyme, respectively (i.e., the N-
terminal signal peptide and variable domains of each GTF are not included in the
alignment). FIG. 2 shows the alignment. The sequences of the S. mutans and L. reuteri
GTFs for which crystallographic structures are known were included in the alignment; S.
mutans GTF is abbreviated as “3AIE” (SEQ ID NO:66) and L. reuteri GTF is abbreviated
as “3KLK” (SEQ ID NO:67) in FIG. 2.

The alignment in FIG. 2 indicates that all the aligned GTF sequences maintain
numerous invariant regions (shown with dark background). These invariant sequences
are located throughout the catalytic domain of each GTF (based on a homology model

as opposed to an experimentally determined structure). The catalytic domains in the
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aligned GTFs are about 900-950 amino acid residues long and begin after position 1
(artificial start methionine) in each of the sequences shown in FIG. 2. The sequence
following the catalytic domain in each GTF represents the glucan-binding domain. The
aligned GTF sequences share as little as 40% sequence identity with the sequences of
the known GTF structures (S. mutans 3AIE and L. reuteri 3KLK). But the alignment of
these sequences in FIG. 2 indicates a distributed pattern of conserved sequence motifs
and patterns of specific residues that are conserved in all the aligned sequences
(residues with dark background in FIG. 2). These conserved sequence motifs can be
related to important structural features such as the catalytic site described below and
can serve as reference points to identify unique or characteristic features that may be
associated with specific performance benefits.

The catalytic site residues may be found in sequence motifs repeated in all the
aligned sequences (FIG. 2). Specifically, with reference to the sequence from GTF 7527
(SEQ ID NO:65) in FIG. 2, Arg292 and Asp294 are found in the motif FDxxRxDAXDNV
(SEQ ID NO:68) corresponding to Arg475 and Asp477 of S. mutans 3AIE GTF and
Arg1023 and Asp1025 of L. reuteri 3KLK GTF; Glu332 is found in the sequence motif
ExWxxxDxxY (SEQ ID NO:69) corresponding to Glu515 in S. mutans 3AIE GTF and
Glu1063 in L. reuteri 3KLK GTF; His434 and Asp435 are found in the sequence motif
FXxRAHD (SEQ ID NO:70) corresponding to His587 and Asp588 in S. mutans 3AIE GTF
and His1135 and Asp1136 in L. reuteri 3KLK GTF; and Tyr(Y)783 is found in the
sequence motif IXNGYAF (SEQ ID NO:71) corresponding to the residues Tyr916 of S.
mutans 3AIE GTF and Tyr1465 of L. reuteri 3KLK GTF.

Thus, the tested GTF enzymes have catalytic domains comprising several highly
conserved regions.

EXAMPLE 4
Sequence Motifs in GTF Enzymes that Synthesize High Molecular Weight Alpha-1,3-

Glucan
The GTF enzymes whose sequences were aligned in FIG. 2 were further
evaluated for their ability to produce glucan polymers with a focus on those enzymes

that produce glucan with 100% alpha-1,3-linkages (Table 4).
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Table 4
Polymer Produced by Various GTF Enzymes
SEQ Glucan Polymer Features Cat. % Cat.
ID | % Alpha-1,3 % Domain | Domain
GTFID | NO. | Linkages® | DP,50° | DP,150° | Identity® | Region® | Identity’
7527¢ 65 100 910 577 100 54-957 100
2678 30 100 740 657 94 .1 55-960 949
6855 4 100 835 570 98.9 55-960 99.0
2919 28 100 600 414 93.1 55-960 95.5
2765 20 100 670 93.6 55-960 96.4
0088 42 <30 447 55-900 504
0544 12 62 46.7 55-900 51.2
0427 26 100 260 43 .1 55-900 51.8
0874 2 100 105 50 43.3 55-900 52.0
1724 10 100 535 55 42.9 55-900 51.3
5926 14 100 475 68 46.0 55-900 50.9
1366 24 <30 46.1 55-900 50.9
3298 59 <30 44 1 55-910 49.8
2379 6 37 445 60-915 50.7
6907 36 <30 55.6 55-885 61.8
5618 18 34 46.2 55-905 514
4297 16 31 46.5 55-905 51.2
3442 48 <30 45.8 55-905 51.0
9358 44 <30 497 55-915 53.6
6661 38 <30 456 55-895 50.5
0339 40 <30 53.7 55-895 57.5
8242 46 <30 54.1 55-910 59.4
7528 50 <30 48.1 55-915 542
3279 52 <30 41.8 55-900 48.7

2 Glucan products having <30% alpha-1,3 linkages were soluble and not further
analyzed for DP,,.

b DP,,50 and DP,,150 represent, respectively, the DP,, of glucan produced by a
GTF in a reaction solution having an initial sucrose concentration of 50 g/L or 150
g/L.

© SEQ ID NO:65 is a shorter version of the 7527 GTF of SEQ ID NO:8.

4 Percent identity of respective GTF with SEQ ID NO:65 (per EMBOSS
alignment).

¢ Amino acid position of region within catalytic domain sequence having
conservation (FIG. 2) with other listed GTF sequences (approximate location).
f Percent identity of catalytic domain region with amino acid residues 54-957 of
SEQ ID NO:65 (per EMBOSS alignment).
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Nine of the aligned GTF enzymes were found to produce glucan with 100%
alpha-1,3-linkages, and five of these nine enzymes produced high molecular weight
polymer (DPw > 400, Table 4). Specifically, the five GTF enzymes that displayed the
property of producing high molecular weight glucan with 100% alpha-1,3-linkages are
7527 (SEQ ID NO:65), 2678 (SEQ ID NO:30), 6855 (SEQ ID NO:4), 2919 (SEQ ID
NO:28) and 2765 (SEQ ID NO:20). The sequences for each of these GTFs are
indicated with a “++” in FIG. 2.

Three sequence motifs were found in the amino acid sequences of all five GTF
enzymes that produce high molecular weight glucan with 100% alpha-1,3-linkages, and
appear as three different “insertions” situated around the catalytic domain of the known
GTF structures. Briefly, these sequence motifs are designated as:

Motif 1a (SEQ ID NO:78):

D/N-K-S-I/V-L-D-E-Q-S-D-P-N-H
Motif 2 (SEQ ID NO:79):
N-K-D-G-S-K/T-A-Y-N-E-D-G-T-V/A-K-Q/K-S-T-I-G-K-Y-N-E-K-Y-G-D-A-S

Motif 3a (SEQ ID NO:80):

L-P-T-D-G-K-M-D-N/K-S-D-V-E-L-Y-R-T-N/S-E

The relative positions of motifs 1a, 2 and 3a align with residues 231-243, 396-425
and 549-567, respectively, of the 7527 GTF sequence (SEQ ID NO:65) in FIG. 2. These
motifs appear to be conserved among GTF enzymes that synthesize high molecular
weight alpha-1,3-glucan.

In the alignment shown in FIG. 2, motif 1a is flanked by upstream and
downstream sequences as shown in FIG. 3. Specifically, preceding motif 1a is the
sequence SxxRxxN (SEQ ID NO:72), and following motif 1a is the sequence
GGxxxLLXxNDxDxSNPxVQAEXLN (SEQ ID NO:73). Both of these sequences were
found in all the aligned GTF sequences and can serve as reference points for identifying
motif 1a in other GTF sequences. In the alignment shown in FIG. 2, motif 2 is flanked by
upstream and downstream sequences as shown in FIG. 5. Specifically, preceding motif
2 by about 50 amino acids is the sequence WixxxDxxY (SEQ ID NO:74) and following
motif 2 is the sequence YXFXRAHD (SEQ ID NO:75). The downstream sequence (SEQ
ID NO:75) includes two of the active site residues, His587 and Asp588 (numbered with

respect to the S. mutans GTF structure, 3AIE). Both of these sequences were found in

59



WO 2016/205391 PCT/US2016/037661

all the aligned GTF sequences and can serve as reference points for identifying motif 2
in other GTF sequences. In the alignment shown in FIG. 2, motif 3a is flanked by
upstream and downstream sequences as shown in FIG. 7. Specifically, preceding motif
3a is sequence YxxGGQ (SEQ ID NO:76) and following motif 3a is the sequence VRxG
(SEQ ID NO:77). Both of these sequences were found in all the aligned GTF sequences
and can serve as reference points for identifying motif 2 in other GTF sequences.
Identification of motifs 1a (SEQ ID NO:78), 2 (SEQ ID NO:79) and 3a (SEQ ID
NO:80) in the catalytic domains of GTF enzymes that synthesize high molecular weight
glucan having 100% alpha-1,3-glycosidic linkages indicates that each of these motifs
may be useful for identifying other GTFs with similar activity.
EXAMPLE 5
Sequence Motifs in GTF Enzymes that Synthesize Low Molecular Weight Alpha-1,3-

Glucan

Four GTF enzymes produced low molecular weight glucan having 100% alpha-
1,3-linkages (Table 4). Specifically, these enzymes were 5926 (SEQ ID NO: 14), 0427
(SEQ ID NO: 26), 0874 (SEQ ID NO: 2) and 1724 (SEQ ID NO: 10). The sequences for
each of these enzymes are indicated with a “+-" in FIG. 2. Two sequence motifs were
found in the amino acid sequences of these GTF enzymes, and appear as two different
“‘insertions” situated around the catalytic domain of the known GTF structures. Briefly,
these sequence motifs are designated as:

Motif 1b (SEQ ID NO:81): D-S/P-R-F-T-Y/F-N-A/Q/P-N-D-P

Motif 3b (SEQ ID NO:82): I-G-N-G-E

The relative positions of motifs 1b and 3b align with residues 231-243 and 549-
553, respectively, of the 7527 GTF sequence (SEQ ID NO:65) in FIG. 2. Identification of
motifs 1b (SEQ ID NO:81) and 3b (SEQ ID NO:82) in the catalytic domains of GTF
enzymes that synthesize low molecular weight glucan having 100% alpha-1,3-glycosidic
linkages indicates that each of these unique motifs may be useful for identifying other
GTFs with similarly activity.

EXAMPLE 6
Production of GTF Enzyme Lacking Sequence Motif 1a

A nucleotide sequence encoding a polypeptide similar to the 7527 GTF of SEQ ID

NQO:65, but with a deletion of Motif 1a (Example 4), was synthesized using codons
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optimized for expression in E. coli (DNA 2.0, Menlo Park CA). The nucleic acid product
(SEQ ID NO:84), encoding GTF protein 7527-NT-dIS1a (SEQ ID NO:85), was subcloned
into pJexpress404® (DNA 2.0, Menlo Park CA) to generate the plasmid identified as
pMP101. Plasmid pMP101 was used to transform E. coli TOP10 cells to generate the
strain identified as TOP10/pMP101. It is noted that a GTF catalytic domain sequence is
located at amino acid positions 54-941 (approximate) of SEQ ID NO:85.

Production of 7527-NT-dIS1a enzyme (SEQ ID NO:85) with E. coli and production
of glucan polymer using this enzyme were performed as described above (General
Methods). The glucan product is insoluble, and likely comprises only alpha-glycosidic
linkages. The intrinsic viscosity and branching of the glucan product (analyzed as
described in General Methods) are listed in Table 5 below.

EXAMPLE 7
Production of GTF Enzyme Lacking Sequence Motif 2

A nucleotide sequence encoding a polypeptide similar to the 7527 GTF of SEQ ID
NO:65, but with a deletion of Motif 2 (Example 4), was synthesized using codons
optimized for expression in E. coli (DNA 2.0, Menlo Park CA). The nucleic acid product
(SEQ ID NO:86), encoding GTF protein 7527-NT-dIS2 (SEQ ID NO:87), was subcloned
into pJexpress404® to generate the plasmid identified as pMP102. Plasmid pMP102
was used to transform E. coli TOP10 cells to generate the strain identified as
TOP10/pMP102. It is noted that a GTF catalytic domain sequence is located at amino
acid positions 54-927 (approximate) of SEQ ID NO:87.

Production of 7527-NT-dIS2 (SEQ ID NO:87) with E. coli and production of glucan
polymer using this enzyme were performed as described above (General Methods).

The glucan product is insoluble, and likely comprises only alpha-glycosidic linkages.
The intrinsic viscosity and branching of the glucan product (analyzed as described in
General Methods) are listed in Table 5 below.
EXAMPLE 8
Production of GTF Enzyme Lacking Sequence Motif 3a

A nucleotide sequence encoding a polypeptide similar to the 7527 GTF of SEQ ID
NO:65, but with a deletion of Motif 3a (Example 4), was synthesized using codons
optimized for expression in E. coli (DNA 2.0, Menlo Park CA). The nucleic acid product
(SEQ ID NO:88), encoding GTF protein 7527-NT-dIS3a (SEQ ID NO:89), was subcloned
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into pJexpress404® to generate the plasmid identified as pMP103. Plasmid pMP103
was used to transform E. coli TOP10 cells to generate the strain identified as
TOP10/pMP103. It is noted that a GTF catalytic domain sequence is located at amino
acid positions 54-935 (approximate) of SEQ ID NO:89.

Production of 7527-NT-dIS3a (SEQ ID NO:89) with E. coli and production of
glucan polymer using this enzyme were performed as described above (General
Methods). The glucan product is insoluble, and likely comprises only alpha-glycosidic
linkages. The intrinsic viscosity and branching of the glucan product (analyzed as
described in General Methods) are listed in Table 5 below.

EXAMPLE 9
Production of GTF Enzyme Lacking Sequence Motifs 1a and 2

A nucleotide sequence encoding a polypeptide similar to the 7527 GTF of SEQ ID
NO:65, but with deletion of Motifs 1a and 2 (Example 4), was synthesized using codons
optimized for expression in E. coli (DNA 2.0, Menlo Park CA). The nucleic acid product
(SEQ ID NO:90), encoding GTF protein 7527-NT-dIS1a,2 (SEQ ID NO:91), was
subcloned into pJexpress404® to generate the plasmid identified as pMP104. Plasmid
pMP 104 was used to transform E. coli TOP10 cells to generate the strain identified as
TOP10/pMP104. It is noted that a GTF catalytic domain sequence is located at amino
acid positions 54-911 (approximate) of SEQ ID NO:91.

Production of 7527-NT-dIS1a,2 (SEQ ID NO:91) with E. coli and production of
glucan polymer using this enzyme were performed as described above (General
Methods). The glucan product is insoluble, and likely comprises only alpha-glycosidic
linkages. The intrinsic viscosity and branching of the glucan product (analyzed as
described in General Methods) are listed in Table 5 below.

EXAMPLE 10

Production of GTF Enzyme Lacking Sequence Motifs 1a and 3a

A nucleotide sequence encoding a polypeptide similar to the 7527 GTF of SEQ ID
NO:65, but with deletion of Motifs 1a and 3a (Example 4), was synthesized using codons
optimized for expression in E. coli (DNA 2.0, Menlo Park CA). The nucleic acid product
(SEQ ID NO:92), encoding GTF protein 7527-NT-dIS1a,3a (SEQ ID NO:93), was
subcloned into pJexpress404® to generate the plasmid identified as pMP105. Plasmid

pMP 105 was used to transform E. coli TOP10 cells to generate the strain identified as
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TOP10/pMP105. It is noted that a GTF catalytic domain sequence is located at amino
acid positions 54-919 (approximate) of SEQ ID NO:93.

Production of 7527-NT-dIS1a,3a (SEQ ID NO:93) with E. coli and production of
glucan polymer using this enzyme were performed as described above (General
Methods). The intrinsic viscosity and branching of the glucan product (analyzed as
described in General Methods) are listed in Table 5 below.

EXAMPLE 11
Production of GTF Enzyme Lacking Sequence Motifs 2 and 3a

A nucleotide sequence encoding a polypeptide similar to the 7527 GTF of SEQ ID
NO:65, but with deletion of Motifs 2 and 3a (Example 4), was synthesized using codons
optimized for expression in E. coli (DNA 2.0, Menlo Park CA). The nucleic acid product
(SEQ ID NO:94), encoding GTF protein 7527-NT-dIS2,3a (SEQ ID NO:95), was
subcloned into pJexpress404® to generate the plasmid identified as pMP106. Plasmid
pMP106 was used to transform E. coli TOP10 cells to generate the strain identified as
TOP10/pMP106. It is noted that a GTF catalytic domain sequence is located at amino
acid positions 54-905 (approximate) of SEQ ID NO:95.

Production of 7527-NT-dIS2,3a (SEQ ID NO:95) with E. coli and production of
glucan polymer using this enzyme were performed as described above (General
Methods). The intrinsic viscosity and branching of the glucan product (analyzed as
described in General Methods) are listed in Table 5 below.

EXAMPLE 12
Production of GTF Enzyme Lacking Sequence Motifs 1a, 2 and 3a

A nucleotide sequence encoding a polypeptide similar to the 7527 GTF of SEQ ID
NO:65, but with deletion of Motifs 1a, 2 and 3a (Example 4), was synthesized using
codons optimized for expression in E. coli (DNA 2.0, Menlo Park CA). The nucleic acid
product (SEQ ID NO:96), encoding GTF protein 7527-NT-dIS1a,2,3a (SEQ ID NO:97),
was subcloned into pJexpress404® to generate the plasmid identified as pMP107.
Plasmid pMP107 was used to transform E. coli TOP10 cells to generate the strain
identified as TOP10/pMP107. It is noted that a GTF catalytic domain sequence is
located at amino acid positions 54-889 (approximate) of SEQ ID NO:97.

Production of 7527-NT-dIS1a,2,3a (SEQ ID NO:97) with E. coli and production of

glucan polymer using this enzyme were performed as described above (General
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Methods). The intrinsic viscosity and branching of the glucan product (analyzed as
described in General Methods) are listed in Table 5 below.
EXAMPLE 13
Analysis of Intrinsic Viscosity and Branching of Glucan Products Synthesized by GTF

Enzymes
This Example describes measuring the intrinsic viscosity (IV) and branching (g’)

of glucan polymer synthesized by each of the deletion-containing GTF enzymes
prepared in Examples 6-12. These measurements were compared to those obtained
with glucan polymer produced by the 7527 GTF of SEQ ID NO:65, which does not have
any internal deletions of Motifs 1a, 2 and/or 3a.

It is noted that the glucan polymer synthesized by 7527 GTF, poly alpha-1,3-
glucan, has 100% alpha-1,3 linkages and is thus linear (see Table 4, for example).

The intrinsic viscosity and branching of glucan polymer samples produced by
deletion-containing versions of 7527 GTF were analyzed as described in the General
Methods, and are shown in Table 5 below. Glucan polymer produced by non-deleted
7527 GTF (control), which is listed as “7527-NT” in Table 5, was also analyzed.

Table 5
Intrinsic Viscosity (IV) and Branching Index (g') of Glucan Polymer Produced by Various
GTF Enzymes

Glucan Product
SEQ | Missing Measurement

Enzyme ID ID NO | Motif(s) vV |[d

7527-NT 65 N/A 206 | 1.000
7527-NT-dIS1a 85 1a 94 10.410
7527-NT-dIS2 87 2 33 10.231
7527-NT-dIS3a 89 3a 28 |0.268
7527-NT-dIS1a,2 91 1aand 2 21 0.261
7527-NT-dIS1a,3a 93 1a and 3a 18 ]0.215
7527-NT-dIS2,3a 95 2 and 3a 19 | 0.256
7527-NT-dIS1a,2,3a 97 1a,2and 3a |22 ]0.242

As shown in Table 5, glucan produced by each GTF enzyme missing at least one
of Motifs 1a (motif i), 2 (motif ii), or 3a (motif iii) had decreased intrinsic viscosity (IV) and
branching index (g’), as compared to glucan produced by the corresponding control GTF

(7527-NT) having each of these motifs. Since reductions in either IV and/or g’ indicate
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increased polymer branching, these results demonstrate that each of Motifs 1a, 2 and 3a
may be essential for certain GTF enzymes — ones that naturally contain each of these
motifs — to produce linear alpha-1,3-glucan polymer.

This observation was not expected, given that some GTF enzymes that produce
linear product do not contain any of Motifs 1a, 2, or 3a. For example, each of GTFs
5926, 0427, 0874, and 1724 produce poly alpha-1,3-glucan with 100% alpha-1,3
linkages (which is linear) (Table 4), despite not having any of these motifs. Indeed,
since there appeared to be a correlation between the presence of Motifs 1a, 2 and 3a
with increased glucan product molecular weight (see Example 4), it might have been
more reasonable to have expected that Motif 1a, 2, and/or 3a removal would reduce
glucan product molecular weight (instead of having an effect on branching).

Thus, GTF amino acid Motifs 1a, 2 and 3a play a role in production of linear poly
alpha-1,3-glucan by those GTF enzymes that contain these motifs

EXAMPLE 14
GTF Catalytic Domain Activity

This Example describes testing catalytic domain sequences of certain GTFs for

the ability to produce insoluble poly alpha-1,3-glucan. Specifically, catalytic domain
sequences of GTFs 7527 (SEQ ID NO:65) and 5926 (SEQ ID NO:14) were tested for
activity.

A GTF catalytic domain sequence having amino acid residues 54-957 of SEQ ID
NO:65 was prepared using the heterologous expression techniques described above.
Briefly, a DNA sequence (codon-optimized for expression in E. coli) encoding a
methionine at the first amino acid position followed by amino acid residues 54-957 of
SEQ ID NO:65 was prepared and used to express this catalytic domain sequence.

This protein, compared to the amino acid sequence identified in GENBANK under Gl
number 47527 (SEQ ID NO:60), is truncated by 230 amino acids at the N-terminus and
384 amino acids at the C-terminus.

A GTF catalytic domain sequence having amino acid residues 57-906 of SEQ ID
NO:14 was prepared using the heterologous expression techniques described above.
Briefly, a DNA sequence (codon-optimized for expression in E. coli) encoding a
methionine at the first amino acid position followed by amino acid residues 57-906 of

SEQ ID NO:14 was prepared and used to express this catalytic domain sequence. This
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protein, compared to the amino acid sequence identified in GENBANK under Gl number
167735926 (SEQ ID NO:83), is truncated by 199 amino acids at the N-terminus and 417
amino acids at the C-terminus.

The above procedures were followed to prepare reaction solutions containing
either of these GTF catalytic domain sequences. The reactions were performed at 25
°C and the alpha-1,3-glucan produced in each reaction was analyzed for DP,,. The

results are provided in Table 6.

Table 6
Alpha-1,3-Glucan Polymer Produced by Gtf Enzyme Catalytic Domains
Catalytic Initial
Domain sucrose % Sucrose
Sequence DP,, (g/L) consumption
5926 108 150 100
7527 495 142 94

As shown in Table 6, catalytic domain sequences of GTF 7527 (residues 54-957
of SEQ ID NO:65) and GTF 5926 (residues 57-906 of SEQ ID NO:14) were able to
catalyze production of poly alpha-1,3-glucan. The molecular weight of the poly alpha-
1,3-glucan produced by each of these catalytic domain sequences generally
corresponded with the molecular weight of the product produced by their counterparts
containing both the catalytic domain and glucan binding domain (refer to activity of SEQ
ID NOs:65 and 14 in Table 4, DP150).

Thus, the catalytic domain of a glucosyltransferase enzyme can be used to

produce insoluble poly alpha-1,3-glucan in a reaction solution.
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CLAIMS

What is claimed is:

1.

A glucosyltransferase enzyme comprising a catalytic domain that comprises an
amino acid sequence that is at least 90% identical to amino acid positions:
54-941 of SEQ ID NO:85,
54-927 of SEQ ID NO:87,
54-935 of SEQ ID NO:89,
54-911 of SEQ ID NO:91,
54-919 of SEQ ID NO:93,
54-905 of SEQ ID NO:95, or
54-889 of SEQ ID NO:97,
wherein said catalytic domain lacks at least one motif selected from the group
consisting of:
(1) a motif comprising an amino acid sequence that is at least 90% identical to
SEQ ID NO:78,
(i) a motif comprising an amino acid sequence that is at least 90% identical to
SEQ ID NO:79, and
(i) a motif comprising an amino acid sequence that is at least 90% identical to
SEQ ID NO:80;
wherein said glucosyltransferase enzyme produces a branched alpha-glucan

polymer.

The glucosyltransferase of claim 1, wherein the glucosyltransferase comprises an
amino acid sequence that is at least 90% identical to SEQ ID NO:85, SEQ ID
NO:87, SEQ ID NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, or SEQ
ID NO:97, and wherein the glucosyltransferase lacks at least one of motifs (i), (ii),

or (iii).
A polynucleotide comprising a nucleotide sequence encoding a

glucosyltransferase enzyme according to claim 1, optionally wherein one or more

regulatory sequences are operably linked to the nucleotide sequence, and

67



WO 2016/205391 PCT/US2016/037661

preferably wherein said one or more regulatory sequences include a promoter

sequence.

A method of preparing a polynucleotide sequence encoding a glucosyltransferase
enzyme that produces a branched alpha-glucan polymer, said method
comprising:
(a) identifying a polynucleotide sequence encoding a parent
glucosyltransferase enzyme that comprises a catalytic domain comprising:
(1) an amino acid sequence that is at least 90% identical to amino acid
positions 54-957 of SEQ ID NO:65, and
(2) the following three motifs:
(1) a motif comprising an amino acid sequence that is at least
90% identical to SEQ ID NO:78,
(i) a motif comprising an amino acid sequence that is at least
90% identical to SEQ ID NO:79, and
(i) a motif comprising an amino acid sequence that is at least
90% identical to SEQ ID NO:80;
and
(b) modifying the polynucleotide sequence identified in step (a) to delete
and/or mutate at least one of motifs (i), (ii), or (iii) encoded by the
polynucleotide sequence, thereby providing a polynucleotide sequence
encoding a glucosyltransferase enzyme that produces a branched alpha-

glucan polymer.

The method of claim 4, wherein:

(A)  the position of the amino acid sequence that is at least 90% identical to
SEQ ID NO:78 aligns with amino acid positions 231-243 of SEQ ID NO:65;

(B) the position of the amino acid sequence that is at least 90% identical to
SEQ ID NO:79 aligns with amino acid positions 396-425 of SEQ ID NO:65;
and/or

(C) the position of the amino acid sequence that is at least 90% identical to
SEQ ID NO:80 aligns with amino acid positions 549-567 of SEQ ID NO:65.
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The method of claim 4, wherein motif (i) comprises SEQ ID NO:78, motif (ii)
comprises SEQ ID NO:79, and motif (iii) comprises SEQ ID NO:80.

The method of claim 4, wherein the parent glucosyltransferase enzyme can
synthesize poly alpha-1,3-glucan having at least 95% alpha-1,3 glycosidic

linkages and a weight average degree of polymerization (DPy,) of at least 100.

The method of claim 4, wherein modification step (b) comprises deleting at least

one of motifs (i), (ii), or (iii) encoded by the polynucleotide sequence identified in

step (a).

The method of claim 4, wherein the glucosyltransferase enzyme of step (b)
comprises a catalytic domain that does not comprise at least one amino acid
sequence that is at least 60% identical to SEQ ID NO:78, SEQ ID NO:79, or SEQ
ID NO:80.

The method of claim 4, wherein the branched alpha-glucan polymer has an
intrinsic viscosity and/or branching index that is reduced by at least 30%
compared to the intrinsic viscosity and/or branching index of poly alpha-1,3-

glucan synthesized by the parent glucosyltransferase.

The method of claim 4,
wherein said identifying step is performed:
(a) in silico,
(b)  with a method comprising a nucleic acid hybridization step,
(c) with a method comprising a protein sequencing step, and/or
(d)  with a method comprising a protein binding step;
and/or wherein said modifying step is performed:
(e) in silico, followed by synthesis of the polynucleotide sequence
encoding a glucosyltransferase enzyme that produces a branched

alpha-glucan polymer, or
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() using a physical copy of the polynucleotide sequence encoding the

parent glucosyltransferase.

A polynucleotide sequence encoding a glucosyltransferase enzyme that produces
a branched alpha-glucan polymer, wherein said polynucleotide sequence is
produced according to the method of claim 4,

optionally wherein the polynucleotide sequence further comprises one or more
regulatory sequences operably linked to the polynucleotide sequence, preferably

wherein said one or more regulatory sequences include a promoter sequence.

A glucosyltransferase enzyme encoded by the polynucleotide sequence of claim
12.

A reaction solution comprising water, sucrose, and a glucosyltransferase enzyme

according to claim 1.

A method for producing a branched alpha-glucan polymer comprising:

(a) contacting at least water, sucrose, and a glucosyltransferase enzyme
according to claim 1 or 13, whereby branched alpha-glucan polymer is
produced, and

b) optionally, isolating the branched alpha-glucan polymer produced in step

(a).

A branched alpha-glucan polymer produced from a method according to claim 15.

70



WO 2016/205391 PCT/US2016/037661

/3%

{actobacillus reutsri
Domain V

Active Sife s

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391

PCT/US2016/037661

2/39

: T527++8EQ

¢ 26T78+45EQ

: G855++SEQ I

+ 2919448EQ T

i 2765++53EQ

D

: 5926+-SEQ

ID NO:

¢ 0427+-SEQ

D

: 0874+-8E]

ID

: 1724+-8EQ

IT NO:

: 3KLK SEQ

ID NO:

by 3AIE  SEQ

ID NO:

: 0088--8EQ I

: 0544--8EQ

ID NO:

: 1366--SEQ

ID NO:

: 3298--SEQ

ID NO:

16: 2379--SEQ

ID

¢ 6807--SEQ

ID N

: 5618--8EQ

ID NO:

¢ 4297--8EQ

ID NO:

M 3442““UMQ

ID

;93

(8]

B--SE

Rl
2

iD

Ny
(@0
fo )

1--

[
£

50

ID

: 0339--

(D
=t

EQ

ID

0 8242--8EQ I

: 7528--8E

2 3279--8EQ 1

§ 1 1 % B @ B
MIDGKYYYVNEDGSHKENFAT TVNGQLLYF , GKDGALTS
5 10 15 20 B 30 36

MTDGKYYYVNEDGS HKENFAALVRGQ"VE GKDGALTS
5 10 1% 2 25 30 35

MIDGKYYYVNEDGSHRKENFAITVRGQLLYE . GRDGALTS
3 10 1B 20 25 30 3a

MIDGKYYYVNKDGSHKENFALT RuQLMYT GKDGALTS
5 10 1B 2 25 30 35

MIDGKYYYVNEDGSHKENFAIT T”QLJYT GKDGALTS
5 10 15 20 25 B8

MVDGKYYYYDADGNVKKNFAVSVGDATFYFDETGAYKDT
5 10 15 20 B W B
MVDEKY TYY DODGNVRRNFAVSVGDK T Y Y FDETCAYKDT
510 15 2N B BN B
MYDGKYYYYDQDGNVKKNFAVSVGDK T YYFOETGAYXDT
5 10 15 X B W B
MVDGKYYYYDODGNVRKNFAVSVGEKT YYFDETGAYKDT

M0 TS TR0 TEE TR0 765 TR 775
MGINGQQYYTDPTTGQPRENFLLONGNDWI YFDKDTGAGT

5 10 B 2 &5 30 B

M. VNGKYYYYREDGTLOKNYALNINGRTFFFRETCALSNN
5 10 15 20 25 ¥ b

M. IDGKYYYYDNNGKVRTNFTLIADGK ILEFDETGAYTDT
§ 10 15 20 25 R I

MVDGKYYYYDADGNVKKNFATSVGDATFYFDETGAYKDT
509 15 % B 0® B

MINGKEYYVEDDGTVRENYVLERNGGSQYFNAETGELSN
5 ot 25 B 40 48

SHIKTINGEQYYVEDDGT TRENYVLERTGGSQY FNARTGELSN
§ 10 15 B B W B
MVDGKYYYVREDGSYRTNFAVSVNGQLLYF . GRDGALTS
5 10 15 20 B N %

MIDGKKYYVQDDGTVRKNFAVELNGKTLYFDARTGALID
5 0 15 2 25 B %

MIDGKNYYVQDDGTVRENFAVELNGRILY FDARTGALVD
5 0 15 20 B 30 %

MlDCKKEXVQDquVKFREAJEHR SKVEYFDAETGALVD
5 10 1 2 &% ¥ B

MIDCKfYY*GSDGQPKKRFALT”&NKVLYTDKWTGALTD
5 10 15 P 3%

MIDhKQYYV ENGVVKKNTAIELDGRLYYED . ETGAMVD
5 10 15 20 25 3 B

MIDCKYYYVQA GSVKRNFAITV&GQLLVFDAdTLALT°
3 10 1520 25 ¥ 3B

MIDGKYYYIDED GﬁVKKNFAITV?&OLLVBDAJECPLT"
5 10 15 20 % 3 35

MKDFFYYYMLEJuSHFKNFAiTVkGQVLVF ENGALSS
5 10 % 20 2% N B

MIWGKQYYVRSJGSVRKNFVFEQDGVSYVFDA&TC%LAT

FIG. 2 |

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

3/39

A0 45 B0 5B 8 85 70 75 80 & 80
5STYSFTRPGTINIVDGFST . vt v enn s NNRAYDSSEASFELIDGYITADSHYRPAST IKDGVT
40 45 8 55 B0 85 70 75 &0 8
SSTHIFTPGTTNIVDGESI...'u. ... N \f!RAYD SEASFELIDGYLTADSHYRENST IKDEVT
40 45 50 55 g8 70 T8 80 8 9
SSTYSFTEGTINIVDGESI..........} mmsvm FELIDGYLTADSHYRPAST IKDGVT
4 45 B0 8B 85 10 75 80 8
SSTYSFTOGTINIVDGESK. ......... N}\]RAYDSQEAS“ELIDGVL]ADQNY?PNQIIKEQK/T
40 45 5 55 % W™ 7 50
SSTYSFTQGTTNIVDGEST . vvvu ... ’\@RAYDS QEhS”ELIDL"IﬂhD @T‘.{RP}A QI IKDQVT
4@ 45 5 55 8 68 0 75
SKVDADKTSSSYNQTTETF ... ..., AANRRAYSTAAENF PAIDNVI
4;) B 5 55 50 6 7 75 8 8§
SKVDADKSSSAVSQNATIF. ... ... AAWRA&SF”SAW“EMD\WHADQ
4 45 5 5 8 85 7 75 85 9{3 95
SKVDADKSSSAVSQNATIF........ MX‘\I@RAYSTSAWHEAVD\JVL:IADS TYRPKSILKDGKT
0 45 5 5B 8 65 M 75 8 & %0 %
SKVEADKSGSDISKERTTE, .. ..., AANNRAY STSAENTEAL DNY LA DSWYRPKST LKUGKT
70 785 T®H 795 B0 805 810 815 80 825 80 83
N-ALKLQFDRGTLSADEQY -~~~ RRGNEAYSYDDKS TENVNGYIIADTRTREKOI LRIGTT

245 B0 /5 60 285 200 w5 280

R BOYRRVYSTDAANFERVDHY AR SRYRPK Y T LXDCKT
40 45 5 5 a0 es 7 75 R H 9 e
T.LPSKKGNITNNDNTNSE........] QV]Q VYSTDAANFE "NDI—IYL@AES@KYILKD@KT
4:) 4 8 5 8 70 75 8 8
S.IDTVNKDIVIT.RSNLY........ Lﬁ‘v@VYDRQAQS”EWDHVh]AE“WYRP}KYILKDQKT
o 45 8 5 8 8 7 75 %0
SKVGADKTSSSANQTTATF AAWRAYS”M“\FFATD’\IVI;T}AD%&W‘:‘{?}KGTIFD(;}KT

© 45 % 5 60 6 O 75 8 8 0
QKDYRFDKNGGTGSAADS TINTNVTVNGDKNAFYGTTEKDIELVDGY HIANTIYRDKE I LKIGRE
50 55 80 65 v A B0 85 80 80 108
QKEYRFDENGGTGSSADST  NTNVTVNGDKNAFYGTTDRDI ELVDGY HIANTWYROKET LKEGKE

40 45 50 85 80 6 70 75 80 8 9
TSTRSFTEGTTNLVDAFSS. .. ... ... . HNRAYDSKKESFRIL v"D Yh]P}\S AYR >i‘7TI H@“}f
4 4 B 5 B 8 70

SAEYQFQQGTSSINNEFTQ. ..\ ... ,@FY@MTWWWTncvu_p,ncwar. ”ILKD&KT
4 4 5 5B 8 8 0 75 90
SNEYQFQQGTSSINNEFSQ. .t vnss KNAFYGTTDKDIETVDGY IfTADSHYREKF TLKOGKT
4 4 5 5B 8 8 70 75 T8 B %
SAEYQFQQGTSSLNNEFSR. v vuvus E@M-—IGWTEKD ETJDGVL:]AD"‘?JYRPKAILKDQKT
4 4 5 5 mTS 99
TSQYQFKQCLTKLNNDYTE . L v v, HjQI\J}PENISLETIEM‘fjAMVR ;K 11 KI‘QQKT
4 45 %0 55 65 70
QSKPLYRADATPNNSIYAV.......... YEQAV’DT FHJDNF‘IﬁA")b Vij v*(QL,KL@KI\
4 45 5 5 85 70 75
TSTYSFTEGLTNLVDNFSK. ..o vven . }»I\]QAVD’%TJKQ"EL Dgym}m\s@fjﬁ;ﬁ&vrﬂm BT
4 4 5 5B @ & 0 75 80
TSTYSFSEGLINLVDNFSI.......... I\E@QSYDSTEESFELIDwmj\mwmvrm EI@M
40 45 50 55 80 65 70 75 &0 85
TSTYSFTQETTNLVIDETK, vt vn . 1\3}\} D“‘TV{A ELVDGYL@ADS@WYREKELEE\:@TT
40 4 5 5 075 80 B 90
KSQDEFSTEPTKAAVDESS. o\vvusnss @QMYKNDNKSLDQLDTFI@ADAWYRE@mm@m

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391

PCT/US2016/037661

4/39

95 00 105 10 ¢85 120 125 130
1: 75274 EQA'TfﬁED@ALMA[F_wN“I\I‘JDrQW[@j&MSK‘YF‘NLDAK, e
5 ms 105 m M5 M0 13 *3@
2: 2678++
3: 6855++ 5
95 m@ 1@5 11@ “15 12@ 1:/:3 *3@
4: 2919++ EQA'TKEDIELLW,}MFN VDTQVNTERYMSKVFNLIAK. . . .
00 165 TI0 15 200 125 13D
51 2765++ @QA]TAEACLLW@ENVD”‘QJNELNY%KV?\LDA»{, -
100 10 11% m 125 130 135
61 5926+~ i MDD“R NVMNE . VVGIDK, .. T
100 105 25 130 135
7: 0427+~ RTESGKDDERBLLY NYMNL ., VVGIDK. .. T
00 108 11_9 115 12(3 125 130 135
8: 0874 TR CKDDFRELLMARHED TETKRNEVEY MK . VWG IDK . . . T
100 105 10 15 1200 125 130 135
9: 1724+~ E’“Elb:(DD”ELLMmE’MP DTETKRNEVEMNR . VWGIDK. . . T
B45 35@ 855 80 865 8?_’(} B75
10: 3KLK [T qgmmm
285 280 28
11: 3AIE m’“@?“m“
105 m 115 ‘20 125 130
12: 0088-- E qg’r“z{m@::mw BDQETORGTEYHEA. QLTHO. .
100 105 110 115 1200 125 13
13: 0544-- @”@THKDE'” WRESOETORCVNFMNA  QLGINK. . . T
00 105 m wa s 135
14: 1366-- !r»g ‘HYTRDDHREL RMZVNYMIK . VWGIDK. .. T
110 j_gs 135 140
15: 3298-- {f'@f"pg_ﬁrr ENDKRELLTVINN %RIQASM‘\I{VM%ECIGT“JQT
o 15 200 B 10 1B M0 145
16: 2379-- @’“@TWDK}EMT‘ WL SKATQASTI Y MKEQGLGTNGT .
100 905 10 115 100 125 130
17: 6907-- [R&@TAKD@ WHEDVDTOVATLNTFSKHENLNAT. . . .
100 105 10 115 120 125 130
18: 5618-- Lf"zs@T DI[_P
100
19: 4297-- ;rz@“p{gm
g5 100 1@5 1 120 RS 130
20: 3442-- E:TQE‘“E_"‘JLELLM}'AQ TOVSEIRYMNOOGLGAGR, . . .
100 105 5 10T 125 130
21: 9358-- ETA[&E“DLE:LLM:)[:"‘KQ“QIAILEYENQQ LGTGEN. . .
00 105 10 15 1R 125 130
22: 6661-- [':TAE“EKDYELLMT-"*{J”’QJN@EYM OOGFGYKT. ...
00 15 10 1207 125 130
23: 0339-- WD{S“EESE@ELV w VDI’QIN[@L}\}SMSEHGMNKK
00 105 5 130 1B 130
24: 8242-- [ i 1:,WEELLW,-WD“Q_LD@ﬁf{mmJLC T
00 105 110 T 125 10 135
25: 71528-- [YAE”‘EKDEELLMD-MD"’QVA@EfMTKaI.o“ICEET(D"
100 105 5 120 125 130
26: 3279-- ETAETEADK@LLW-J._{SI‘QR’N@@YM@I\IQGLGAGS, e

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391 PCT/US2016/037661

5/39

135 140 145
YSSTDROETLXVARKD]
135 140 145 1
YTSTDKQADLNRAAKM
135 140 145 15
YSSTDRQETLKVARKDY
135 M40 M5 15

186 185 80 85 470 175 180 185 180 {85

@@QK@QAEKS@@WLNET{SJKTQP@ET@@YSKGG@EDHE@@Q

1% 16(3 165 IO 195
X ' {Q&'@}

s - 160
QIKE _I{ﬂQAEKS:}Q F
155 160 170 1?5 13@ 135 190 195
YTSTDKQVDLNRAAKD I M[QK]QAEKS:}@EAIQAIJK”QPq@(ET}m KGGGEDHIDAY
135 140 145 150 185 160 185 170 175 180 185 190 195

SQT,.J&QETLw“MBI[IK[:QKthEKS }Qmu
W 145 10 155 160 1@5

ETIQAl& K”Q?@KE@WS KGCFE"‘riLEqE

185

1?5 18@

| }K»«W‘
190

1%

195
1%
. HID

840

.....................

14() 145 15{3 155 100 155 17() 1?5 18@ 15&3 19{)

Y’"F\ETSQADLTh}\_,DJE’XREﬂK]TSEI\T\]ﬂm EAI AEVK”QP@GE@K“YDE, .
140 145 150 155 B0 165 175 180 185

YTAETSOADLTARREL @REQK]TTEQ[\:HM EAM]VK”QP@“ESE*‘Y%. .

B30 885 asa 895 9@0 905 m §15 520 925 80 935

______

37@

3%0
LE Q‘IIS
Fit

&y
VKIS
175 180

3?5 38&

SJS;%W\LW“M: KZ]

186 180 198

165

135 140 145 15(3 155 160

Ty

YNTATS PLOLNLARQT T KT EEKTTAEKNT]

18 M0 145 150 15 160 16h

YDDTSNQLOLNT ARAT IORKTEAKTT TLENTRLE
W) M5 150 s f0 185170

145 15@ 155 16@ 1@5
FTSYSSQTOMOQAALEVKRE
150 155 160 165 170

175

g
YTSFESQTOMDOAALE VEIK"REER]AQE\:I\]D

1

135 140 145 150 1% 160

STSQSOSELNAAAKT T KT EQETSAKKST
135 MO U5 80 TR 160

F“‘JK‘VFQAI*.T&ASQQ‘LPK

165

LROTISAFVRTQSANSDSH

.'\IJRTTIKI\IVK”QPGESTJ:[

P EAMRQAIEQ[JKEQDQ@"‘TT]:\IVTLA
180

il 0
76 75 187 185 180 195
0TI SAEVKTOSHRNS DSEKPFDD- -~ HIENG

175 180 185 180 195
TREATSARVKTOP FYDD. .. . HIQNG

8() 185 1%* 2()(3 20

PFrU

ing@K
195

35 1% 1@5 2(}0 205 21(}

NLI’)NNDHE@G@
190 195

195 ZQ@

70 175 180 188

1?0 175 185 190

p

135 MQ ’145 15{3 2&)@

&‘(ﬁfz

......

.................

135 149 145 15@ 155 6@ 165 179 1?5 18{} 185 195 200
oy T T

FENKVEQAT! TGASQQV@RKEQ;ER;}GKLA:B KR mLMCA@\MTQDNE KTESETTGTNKDHIGRY
195 140 W5 150 55 a0 85 A0 175 180 185 190 195 200

YTADSSOESINLAA YOV KT BT KIS QP OORTR 31sz°|wK”Q?b@ogﬂsmsmmw{@
135 140 145 150 155 160 165 170 175 185 190 195
YTTDMMS YD AAAP”T*@%EFRJGQF@]T@:QIEf%llTK“"QP(JE%FtQ DNLLVGKDHID [“]
% o s T e 51015

TEQRS j MNSEDRDT .
s '1'65 """ A R

YSADDSQASLNLI _..A‘JEJKE?“}E]TQQEI\:WM EIISS]VT”QD@*NT}JEWT
140 145 180 155 185 70 115 180 190

FTIENSQA MRMJ&QII{:RFEVK]M&NKQTWL QQIH@*’DQDKE NSESPGK. . . . EHFOKE
15 M0 145 150 T 165 75 10 185 190 195

FSTNSSQEULI\LAAKA‘@K@&RQARMGI\[}I@:TSIDQ@KTQP@SST@, .. .NSSYDHLDHY

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)

‘90

135 14(5 145 195

195



WO 2016/205391 PCT/US2016/037661
6/ 39
}
M0 05 210 5 20 25 230 235 240
1: 78274 ALLYVND..... SRTPWAD@@Y@R@TATNQTGTIDKSILDEQQDP
W0 208 219 215 220 225 230 285 240
2: 267844 ALLYVND..... RTEHANENYRLIFRTATNOTGTINKSVLDEQSDP
00 A8 21@ 2157 2 25 20 3B M0
3: 6855++ ALLYVND. . .. . SRTPHANSDYRRINRTATNGTGT I DRS TLDEQSDP
200 205 210 25 2B 25 230 25 240
4: 2919++ ALLYVND..... PRTPWANENYRLINRTATHQTGT I DKSVLDEQSDE
00 205 20 275 20 25 W0 B5 M40
51 276544 ALLYVAD. . . . . SRTPWANSNYRLINRTATNQTGTIDRS TLDEQSDP
200 205 210 215 22@ 225 2_3@ 235
6: 5926+~ ALKFDNE. ... TP FTF. . NON
00 205 210 215 220 225 zzjs@ 235
7. 0427+ ALXFDNO. . . . SDLTPDTCGENYRLINRTPTNOTGSLDSRETY . . NAN
200 205 M0 ME T A 2B 230 B
8: 0874+~ ALLFDNQ. . . . TDLTEDTQRNYRLINRTPINGTGSLDSRETY .  NPY
200 205 20 25 26 2B W 25
9: 1724+~ RLKFDNQ. .. . SDLTPDTCBNYRLINRTPTNQTGSLDSRETY . , NAN
845 9 955 %60 965 670
10: 3KiK FLRYY=N-=--SDLTKY ANGOWHLMHRTATNI DORN- =~ ===
390 395 400 405 410 415 4%
11: 3ATE ALLYSNN--—-SKLTSOANGN YR IR TP TNG TCRKDPRY T -~ ~~AD
200 05 20 25 0 2w 235
12: 0088-- MLYS\Nww‘:KLT"CZ‘«L\ENY‘E IRRTPTROTGKKDPRYT. . . LAD
200 05 2100 205 220 25 20 235
13: 0544-- RVLYDNE----GRLTPYANGNYRI INRTPTNQTGKKDPRYT. . . . AD
200 208 20 215 W 2B 2B B
14: 1366-- ALKFDNE-~--TSLTEDTY§GYRI INRTETNOTGSLDBRETE , , NON
210 45 20 ;5 20 235 240
15: 3298-- ALLYNNS. ... . NRTSYANSDYRILINRTPTQODGTR. .RYF. .. KD
25 20 205 2300 2 M0 245 250
16: 2379-- ALLYNND..... SRTSHANGDYRLIFRTPTSQTGRENPKYT, . . . KD
200 08 10 W5 @0 25 20
17: 6907-- ALLYNNN..... DRTPHANSDYRLINRTPSNODGSINGT. . ... G
205 210 215 20 26 230 235
18: 5618-- ALLYSNS..... DKTSHANIKYRIINRTPTNQTGTE ., LKYF. ... 1D
205 20 25 T20 25 23 235
19: 4297-- ALLYTNN..... EXSPHASKERLINRTPTSOTGTR, KYF, .., ID
205 200 215 "0 w5 230 235
201 3442-- ALLYTNS..... EXTSHANSK YR LRRTPTNOTGTP. LKYF, .. . ID
208 Hoou5 ;o w2 235
21: 9358-- ALLYSNS. ... .DRTAYANSDYRLIFRTPTSQTGKE. .KYF. .. .ED
200 Cws 20 25 a0 ms 230
22: 6661-- ALTFLNN..... STTSHANSDERLMERTPTNQTOTR. (KYH, ... ID
200 205 210 5 20 2B 20
23: 0339-- ALLYVNS..... DLTERANEDYRLIERAPTYOTCETRYE, .. .. . KA
200 05 MF N5 20 2520
24: 8242-- ALLYVNS..... DLTPWANEDYRLIFRTETYQTGETNYE . .. . .. KA
00 205 20 25 20 25 230
25: 71528-- ALLFVNS..... DSTEWANEDYRKINQTATSY IKNEKIV. . . ... N
00 A5 20 215 20 25 230 235
26: 3279-- QLLFNNSKGDTGNRTSYANSDYRLINRTPTNQSGTR. LKYF. .. . KD

FIG.

2 Continued |

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661
7/ 39
245 250 255 0 65 20 75 280 285 280 285 300
NEMGGE DHEL AN DVDLENDVVOAECLNO T HY LMNWGES TVMGDKD . . ANEFDG IRVIDAMDNVDAD]
45 250 255 B0 5 20 275 2.0 285 290 B/ 300
REMGEF DELIANDVDLENVVOAROLNO T 5Y LMNHGS TVMGDRD . . ANEDBIRVDAVDNUNAL)
245 0 TSR AR 285 210 75T 280 285 200 35 TR0
NEMGGF DFL AR DV SN EMVCAEDLNQ T HY LMNHGS TVMGDKD . . ANFDG TRVDAMDNVDAD
245" 250 5 DEO T M5 a0 A5 280 285 290 7 295 00

NEMEGE DAL AN NS R EVVOAEGENO T HY LMUHES TVMGDKD . .
245 050 255 %60 265 270 75 20 285
NEMGGF DELIARDVDLS NBVVOAEQLNO T HY LMNWGS TVMGDKD . .

240 245 280 255 260 270 275 280
INWLAYLINFGETYANDPE.

240 245 20 255 260 285 20 15 280

D PGy P LRV BV R R L ML HY LLEFER T YAKDAD ,

240 ME T2 255 0 245 20 U5 20

DPLEGY DFLLANDVENEN BV AR LNWLEY LLVFB T YANDAD,

240 240 20 26 20 265 270 2% 280

DPLEGY L TV DN B L DR QL WL BY LUFFET T YAKDAD ,
75 980 985 990 098 000 005 101D 1045
WL LMNFGT TTGNNPE,

455 480 465

__________________________

45 a0 A
RTIGGYRFLIANDVE ‘
G R THU OERTEY e 20T s om0
RTIGGYEFLIANDVDNSNEVVOAEQL NWLEF LVNFGN T YANDED
740 M5 250 255 260 .5 20 215
NTIGGYEFL AR DVDNSNBMVOAEQL MWL AF LMNFIGN T YANDPD .
240 25 260 285 260 285 0 5 280
DPLEGY EYLLANDVDNE NPV QAR S LNWLRY LINFES T YANDPE .
245 T30 5 265
NSSGCFEFLLUANDIDNSN BAVOAEDT NWLHY IMN GSLTGGSED.
255 280 200 295

B8 H0 I M0 285

TSNGGFEFL LN D DB N DRV QAR EWLHY IMTT BT T TGGSED,
2% AT M5 B BE 40 8B 20 5

RYLGGYEFL LN VNG NV VOREOEND T Y LVINWES TVMGDKD. .

25

o 25 250
20 245 250

O W5 0 25 280
QAR NWLHFMMFGS TVANDET, .
/WS T 25 280

QY EFL LN DFDNS NAAOAE LN NEGSTVANDET
AT ME TH0 /N5 M W5 0
KSNGGYEFLIRANDFD: VOAKOLNWLHFMMNF(GS TVANDET
A0 245 B0 X0 5 20 s 20
TLHYLMIY[GS TVANDPE .
25 W0 w5 0 205
NOREDENWLAY IMNIGSILGNDPS .,
275

235 240 245 N0 S %0 w6 270

DRTECY DFE NS N B DAL RO L Y Y IMWER TVRGDAD .

2357 2407 95 WO 2R WO 265 210 975

DRTEGYEFL ARV DNEN BV OAEDERGL v LMWES TVFGDDD

835 20 45 B B X WS 20 S

253

NS SECY DELIAND DN EVICAEOLY

235 40 246 20

RENEGYE LT NERT)

ANFOG TRV DI 95]
R LEFLMEEDN T YANDRD~~ ANEDS TRVDEVOR VA
B0 25 290 X
. ANFTS TRVDAVDNVDAD)
AN TRYDAVDNTDAD)

2%

ANEDG IRVDAVDNVDAD)

2 29 300

AT IRV A

285 280 286 X0

______________

295

285 300

. ANFT TRVEAVIRVDAD]

25 290 285 A0

ANFDB RV By ONTDAD

%5 D 25 300

ANEDS TRYEAVENTDAT

1020 1025

1030

47¢ 475 480

[

......................

285 80 285

ANETS IRVDAYDNVDAD)

85 290 2%

285 280 285 X0

280

2__9@75 _____ 00 305

P N

T30 W5 30

ENFDRVEV )N

280 28 290

ANEDS TRVDAYERTDAT

285 W0 2%

295
TNAD
285

285

R Xy

290

285 280 285

- NFDVRVEAVONUNAD)

280 285 290

DRV

W 2%

250

280 285

5

0 285 0 28

GSDEGY B LIS N D DNE N OAE NG Ly Y PV TVEG DK DR DARF G IRV AV DNV VI

240 245 20 25 20 28 2/ 2% 280

55 I E AL AR Y DS N AV AR W LA MNIGS IMANDPT .

285 %0 5

ANEDRLEVDALDIVDAT]

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391

PCT/US2016/037661

8/39

FIG. 2 Continued |

SUBSTITUTE SHEET (RULE 26)

05 30 5 X0 ]S 3K 3B M0 348

MIDLYTNY FREYYGVNKSEANELARI SVLERRS LNENHINDKTDCAA
305 310 315 30 325 30 33/ M0 5

MIOL Y TNY FREYYGVNKSEACRLAHT SVIFARS LNBNHTNDR TDGAR

05 30 WS 30 W6 I 335 340 35
MIOLY TNYFREYY GVRKSEANALART SVIFIAR
%5 310 315 a0 a5 30 335 340 345
MIOLYTNY FREYY GUNKSTANALART SVI FARS LNDNHTNDK TDGAR
305 310 315 30 35 330 3/ M0 345
M]QLYTNYFREYYGVI\K.;&’&\ELM SVLERAS LONETNDKTDVAR
35 31@ 38 aze 325 33@ 335 340 5

305 31() 315 32(3 325

@QTSQDYWHAY@IDKNN&NF ANNHVSTVE
5 M0 A5 320 325 33@ 335 340 345

10T SSDYLXARYGT DRNNKNENNAYS I VEARS DNDIT BT HDDGDNL

305 310 315 30 325 30 35 M0 345
1IN TSSDYLKAAYY IDKMKE\J@H\PV“'V@Z@SDN{:’TP}B“DCDNL
1035 1349 1045 1050 955 weo 1@65 fo70_ m?s waa

.....

3@9 305 31@ 315 320 325 33{3 335 340
10T AGDYLRAAKG THRN DX HENDHLS @@QW\ETE%PJDFDNM
W0 305 M0 M5 30 P W0 3B
L@QIAGDYLKAAKGIHKNDKZ@I\IDHLSII@E@SDN:TF@LHDDGDNM
05 30 35 N0 3B 3P B H0 s
L,_JQISSDV’Lv{aAVKIBKNM{NA‘JDB\JS VARG DN HYLEDEGONL
31@ 315 320 325 339 335 ) 345 35@

ET 325 a0 335 340 345 U0 a5

HHQIASDY i‘KAKVGAbQQQ)@ KELS THARS ENEAYENEDTRGAQ
295 %00 305 310 M5 30 4 a0 3

ITjOVY THY FRAAFGVDK SEANALART S T IHARDLNONAYNQRHDGAA
30{) 305 310 315 32@ 325 330 335 340

.....

300 £ m 315 KT 3_25 3;50 335 :aa}e

T0TASDYFKSRYKVGESEEGAT KL S TIEARS ONE P INKDTRGAQ
0 305 30 M5 W 35 I BT Mo 345
0T ASDY LK AHYGVIKSERNATNALS THARS DN PINK DTR GAD
250 05 M0 M5 0 B |/ 3B M40
HIQIASDYFREKYRVADNEANATAHLS TIHAWS YNDHOYNKDTRGAQ
295 30@ 305 310 315 2 325 350 335 340

295 30 305 3130 315 3_2() 325 o 335 340
0T YINLFEARYGVNESEACALART S TIBANS YNE P INEDTNGAA
300 205 MO 35 30 35 330 3B 340

MIQLVSSYMKARYKVNESEARALANT S TIEAWSHNGPYYVNEHNTAA
0 305 30 35 3 3B W 3B/ M0 M5
IT0TASDYFRAVYGVDKSEANATRHL S YIRS ANTPYUNKDTRGAQ




WO 2016/205391

9/39

l3$€} 3B/ 360 66 0 375 380 385 80 395 400 405 410

LAMENKORLALLFSLAKPTKERTPAVSPLYNNTFNTTORDEX DN INKDGSKAYNEDGTVKQS
360 355 380 5 370 375 380 385 390 395 400 405 410

LAMENKQRTALLFSLAKPTKDRT PAVSPLYNNTFNTTQRDFKT DW INKDGS TAYNEDGTAKQS
30 355 30 365 0 5 380 385 W0 305 400 405 410
LAMENKQRLALLFSLAKPTKERTPAVSPLYNNTFNTTORDEXTDW INKDGSKAYNEDGTVRQS
360 355 360 35 70 75 380 385 0 395 400 405 410
LAMENKQRLALLFSLAKPTKERTPAVSPLYNNTFNTTQRDERTDWINKDGSKAYNEDGTVEQS
30 35 W0 %5 0 75 380 385 300 395 400 405 490
LAMENKQRLALLFSLAKPTKERTPAVSPLYNNTENTTQRDERTDWINKDGSKAYNEDGTVKKS

I 30 375 380
MNMDNKERLSMLHSTAKDTN s s svscvveaesnneeecnennnnnnes VRSGLNPLIANSY
3/ 35 B0 5 A5 360
MNMDNKFRLSMLWSLAKPLD . .. oo teesveeeeeaannnnnnss... . . KRSGLNPLIANSL
/0 B WO 365 510 375 380
MNMDONKERLSMIHSTAKPLD . ..o e e eeeeeeaeeeeeeaananns.. . [KRSGLNPLTENSL
350 355 360 365 AT0 376 380
MNMDNKFRLSMLHSLAKPLD . o o v v vaeeeevaseranaaenenronnns KRSGLNPLIENSL
1085 1080 1005 1100 1405 1110
LTMDDRLRNATMDTLEGAED 4 4 v v vessssvncenonnsssrvenns KNQALNKLITQSL,
5% 840 45 58D 585 560 565
TNMDNRLRLSLLYSTAKPLN . ¢ 4t v vvesvevanrnnsssnnnsnnnnes QRSGMNPL.ITNSL
M5 30 3G 380 ¥ T IS
TNMDNRLRLSLLYSTAKPIN. .+ e vvuvvsscnrannnnnneccnnnns ORSGMNPLITNSL
M5 350 35 380 %5 30 97
TNMDNKLRLSLLESTAKPIN . o v v v vvvvvevansvaennnnnnnnnns QRSGMNPLITHSL
B0 385 0 365 37 3% %0
MMDNKERLSMLRSLAKPLD . o oo vt e eeeeeanrnneceesenssns . KRSCLNPLIHNSYV
%6 %0 35 I 75 30 368
L PMDDPLRLAMVESFLREIC 4 v vv v vencenannseenenens NRSGLEPLITNSL
%0 365 30 375 G
L MDD PMHLALVY SLLRPIG . vttt eeeeieenaannns NRSGVEPLISNSL
M0 M5 30 365 %0 365
LAMDEINTRYATMEALT . 44 v vvvvvsesevvn oo aaneeseeas GSGSSIKDLITSSL
M5 30 355 980 385 40 875
LPTDNKLRLSLLYSEMRELS 1 1 vvvnonrvnssssvnnsernssses TRSGVEPTITNSL
45 330 35 36 365 370 375
LATDNKLRLSLLYSFMRNLS « « 4 v v vss v eecnnnnnnccensonsns IRSGVEPTITNSL
U5 380 385 380 T
LPTDRKLRLSLLYSFMRELS ¢ 4 v vt et eananneensrenen TRSGVEPTITNSL
3 355 0 35 30 375 380 385
LPTDNKLRLSLLYALTRPLEKDASN . o\t veeee v eennns KNETRSGLEPVITNSL
M5 30 355 980 %5 370
LSIDNPLRETLLTTFLRESN . o o vvtve e essveeernnnssennnesns YRGSLERVITNSL
45 30 385 360 65 I 375
LATDNGLRMAFLDALTRPLDSR . v« cornrrrnncnsonnssrereses TNLESLIHNDLGH
345 30 355 280 BE T 4TS
LATDNGLRLSFLYSLTRPTDER v v vvveesnnnnssnncensossss SGLEPLITSEIGL
345 30 %5 B0 M5 70 575 a0 38
L.SMDRGLRLS TVAGLTREVINKGTGA  « v een v enss RNASMKDL INGGYFGLS
3B 355 0 365 370 375 380
LPTDNALRNALTNLIMRDKNT. . 1\ e eveeeseneennnns RMOLGDMTAFMNSSL,

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/037661



WO 2016/205391 PCT/US2016/037661

16/39

M5 420 45 43 435 M0 45 450 455

11 75274+ TIGKYNERYGDASGNYVEIRARDNNVODI IAEI IRKEINPKSDGETI
M5 420 425 430 435 440 445 4B0 455

2: 2678++ TIGKYNERYGDASCNVHIRARDNNVDT IART IKKEINKKSDGFTT

45 420 425 40 435 M0 45 450 485
3: 6855++ TIGKYNEXYGDASCNEVERARINNVIIDT TAE T IRKEINPKSDGFTI
M5 40 425 4N EB M0 M5 450 455
4: 2919++ TTGKYNEKYGDASCNTVRIRERDNNVEDI TAR T TKKE INPKSDGFTT
415 420 425 40 4B 4D M5 450 455
51 27654+ TIGKYNERYGDASCHEVEIRARDNNVIGDT TAE T IKKEINEKSDGFT
385 30 395 400 405 410 415 420 425
6: 5926+~ VDREVDDREVEATPNYSHARADSEVEDL IRDI IKAEINPNSFGYSF

3 W0 35 400 405 410 415 40 425

7: 0427+ YDREVDDREVETYPSYSHRRARD SEVQDITRDITKAETNPNSFGYSF
3390 305 40040 410 415 40 4
B8: 0874+~ VDREVDDREVETVP SYSHARAEDSEVODT TRDT TXARTNPNSFGYSF
385 380 365 400 405 410 415 4 425
9: 17244~ VDREVDDREVETVPSYSFRRAIDSEVODLIRDI IKAETNPNAFGYSF
1195 1120 1125 TI30 135 1940 1145 1150 1138
10: 3KIK VNRANDNTENAVIPSYNEVRAHDSNAQDOIROAIQARTGKPY -~~~
570 575 560 585 580 595 600 605 610
11: 3AIE VHRTDDNAETARYPIYSHIRAADSEVODLIRD L IKAE INPNVVGYSF
/O W 90 RS TH0 s 4100 45 AW
12: 0088-- VNRTDDNAETAAVP Y H IRAHOSEVGDLIRNT IRAR TNPNYVGY ST
30 385 390 395 400 405 410 M5 420
13: 0544-- VNRTDDNAETAAVPY SR IRAHDSEYGDLIRDI IKAEINPNVVGYSF
38 380 395 400 405 410 415 420 425
14: 1366-- VDREVDDREVEKIPYSHARBHOSEVQDLIRDI IKAE INPNSFGYSF

................

395 400 405 410 415 420 425 430 435
161 2379-- NDRSESGKNSKRMANYAFVRAHDSEVQST 1G0T IRNEINPOSTGNTF
370 375 a0 IS T 385 400 405 410 418

17: 6907-- TDRTNNSKYGLTOANY THARAHONIYGDI IRDIVOKEINPKSDGY M
3|0 3\ 30 J/ 400 405 410 415 40

SE"\'@TVIADfIRENIN?NTDGLTF
380 385 0 95 400 405 410 415 420

19: 4297-- NDRSSEKKNGERVMANT {HVRAEDS BV TV IADI IREN INPNTDGLTF
/0 385 200 FS 40 405 410 415 40

20: 3442-~ NDRSAERKNGERMANY TEVRAHDSEVQTVIADI IRENTKPNTDGLTF
/O 395 4007 HOSTMI0 415 40 425 430

21: 9358-- NNRSAEGKNSERMANY TEIRARDSEVUTVIAKI IKAQINPKTDGLTF
375 380 386 [0 F/m 400 405 410 415 4%

22: 6661-- NNRSSEQKHTPROANY TEVRARDSEVCAVLANI ISKQINPKTDGFTF
380 35 30 400 405 410 415 420

23: 0339-- TDRTVDSAYCDAMPYYARVRARDSEVOGI TAS T IAGOINPKTDGETF
380 385 360 TaTH00C 405 410 415 40

24: 8242-- TDRSEDSAYCDTMP SYVEVRARDSEVOTI IASI IAEQINPETDGYTF
30 395 400 405 410 M5 420 425 430

25: 71528-- NRAEVTSYDOLGFATVLEVRAHDREVQTVIADI ISKKIDPTTDGFTR
W/ 390 395 400 405 M0 415 420 425

26: 3279-- NPRGANDKNGERMANY T IRARDTEAQTI IORI IRDRINPHLFGYNF

FIG. 2 Continued |

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391 PCT/US2016/037661

11/.39

'456 485 470 475 4B0 485 490 485 500 505 510 515 520
TDA. . EMKQAFE JUNKEML S SORKY "IN PAAY AVMEDNMET T TRV Y GDILY TODGR @:T'
480 465 470 475 480 485 490 495 500 505 510 B15
SDS . . EMKOAFE ITNKEML S SNERY TLNFI PAAY AVMIDNMET I ’TRMYYGDEI YTLM&[}’WE‘ ’E<}
460 485 475 475 480 485 490 485 B00

TDA. . EMKQAFE JNKDMLS SDRKY TLNRL PAAYAVMIRNMET T
480 465 470 475 4BD 485 490 435 500 505 510 515 52@
TDA. . EMKKAFE JNKDMLS SDRKY TLNNI PARY AVMIONMET T TRV YEOLY TDDGHEME T
460 485 470 475 480 485 490 495 500 S0F 510 BIS 520
DS . . EMKRAFE JNKDMLSNORKY TLNNI PAAY AVMIDNMET T TRV YGDLY TDDENTHE A

430 435 440 445 480 455 460 485 470 475 480 485

.............

TQE . . EIDQAFK TANEBLRK TNRKY TaYRV L YrLITNR S T BRI VEIMFT UG MANK

_______________

40 435 M0 M5 450 455 460 465 470 475 4BD 485
TQE. . EIDQAFK IENEDLKKTORR Y THYRVPLSY TLITIENKGS T MRVTYGIMFT DOBOTMANR]

......................

430 435 440 445 480 4586 480 465 40 47 480 48

TQE. . EIEQAFKIYNEDLRK ToRKY THYRVPLSY TLILINRGS T ARV YCOMFT DO MANK]
430 435 M0 445 450 455 480 485 410 475 480 S

TQD. . EIDQAFKIPNEDLKKTORKY Y@VDLSWLI[‘I‘R/{“SID@WE”DDE}QE“NI
1150 1163 11?0 11?5 115@ 1185 1% 1195 12@9 1235 1210 1218

______________________

615 ﬁZG 625 630 635 54@ 645 65{2 655 66() 065 67@

TME--EIRKAFE M\K@ LATERKY HYN}“ALt:VALL{IT‘II\@::WBV@_Q_QE«&E”Luzp@ffﬁiﬂﬂ

4725 430 435 440 445 450 485 46l 465 40 475 480 485

TME-~~E TKKAFE [ENKDLLATERKY THYNTALSYALLENK S SV PRV YGOMFT DOGUTMAHK]
425 430 435 40 M5 450 455 460 465 A0 475 48D
TME - ~ETKKATE TYNKDLLATERKY THYNIALSYALIITNKS SV PRV YGOMF T DO MARR
430 435 A0 A5 4BD 455 480 485 470 475 480 485
TQE--E I DOAFK TANEDLEK TNRK Y THYRVPLS Y TLIEINKGS T BRI T Y S OMF T DO MANK]
435 M0 445 450 455 460 465 470 475 4B0 485 490
TLD. . EMKKAEK {INADMRS ANER Y QU PSAYAMIINKOTY BT TGOLY TDLCTMAK

440 445 450 4B5 460 46h 470 4/5 480 485 490 485 500

TLD. . EMKKAFE TONKDMRS ANRDY POV PSAYATMUF AR DTV IRV YGOMY TDOBOTMACK

40 425 430 4357 440 T 445 450 455 460 465 470 4
TDA. . ELKRAFE HYNEDMKKAERRY T NN PARYATL TTNMEQVTRVT YGDILY TDNGOTMATR]
425 430 435 44@ 4B 450 455 489 465 479 475 480 485

™D. . LY T DMK

425 430 435 k7 445' e 465 Sam s k0 4

TMD, , ELKQAFK [UNEEMRKADKKY O PTAHATMESRKDS T TRV YEDL Y ToDGOR R KR

475 40 435 M0 45 4500 455 400 465 4045 b 4B

TVD. . ELKQAFK [TNEDMRKADRK Y TOFRT PTAHALMRNKDS T TRV VGILY T DO ME KR

435 40 45 Tas0 ESS 4B0 488 A0 475 R0 45 40

TLD. . ELKQAFK I¥NEDMROAKKKY TQSNI PTAYALMISNK DS I TRILY YGDMY SDDGRYMATH
425 430 435 440 445 480 485 460 465 AT0 475 480

TMD. . ELEQAFE TYNADMRKAL QKV"Q@*"JMVAH[‘?M)SFM FDDEITHARR

425 430 438 440 450 485 460 466 470 475 48D
TLD..E LQK@ FE I{"}b ADMN SVHR %”’}KV MH F@\H PAAYA LT NMESVE ~> TYYG—DLLE T LN’%Q[YE}AV@
425 430 435 440 450 435 400 465 470 475 450

TLD. . ELNQAFE JUNADMNSVOREY THYRI PAAY S LUDTNME SvERVTYGDL Y TDNGOTMA T

435 440 445 450 455 460 455 470 475 480 485 490 495

TLD. . QLKQAFDIANADMLEVDREY THSNI PARY ALMED TMGAA TRV YR DL Y TDNGOTHAKK
430 435 M0 M5 450 485 m 365 470 475 480 485

TRD. . ETKRAFE INADIN AR YASYNLPSVYATMITNR DS VIRV YGDLY REDGHYMAKK]
FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391

PCT/US2016/037661

12/39

FIG. 2 Continued |

SUBSTITUTE SHEET (RULE 26)

595 530 535 540 545 540 545 550 555
SPYYDTINNLMKSRIKYNVSGGORQRS YWLPTDGRMENS DVELY . RTN
525 530 B35 50 545 540 545 550 555

SPYHDIIVN KRV 5G0RORS TWLP TDGKMDNS DVELY . RTS

5257 530 B S0 M5 80 545 55@ 555
SPYYDITVNIMKSRIKTVSGC RTN
535 50 535 S0 545 549 545 550 555
S7’YYD’"]V'N[VKI\§§}II|VL>[§MRSVWLPTDGKMDK‘?D“ FLY,RTN
55 53 5% 50 M5 540 545 550 555
SPYY DIV MK SR K GE0R0RS YWLPTDGKMDKS DVELY . RTH

480 485 500 505 510 BIS 520
TVNY DATE SELKARMKEV SECOAMONYNICH . o v e v e ees s G
49 495 500 505 Bi0 518 520
TVNY DATE ST KRRV S50
490 495 5000 505 R0 HI5 520
TUNY DATE ST KARMKEV SECORMONYOIGN . . oo v e eses s G
49 485 50 505 510 515 520
TVNY DATE STLKARMKIVABCORMONYOIGN . oo e eeeees s G
122@ 1225 1230 1235 D 1248
TRYF DT TN LK RV AV AGCOTMS VDK - e N
75 680 685 630 695 700 705
TINYEATE LK AR IV SECORMRNQQVGN - -~ - mm e S
4907 485 H0T 508 510 A5
TINYETE T LKAR TV GG0AMRNOQVEN . . v v v et 8
45 490 495 500 B0B 510 515
TINYEATETLLKARTKAVIGGOAMRNOOVAN . o v e s e v e e s S
450 4% 500 505 510 515 520
TUNY N E SO LKARMEVIGEOAMONY QTGN oo v G
495 500 5050 510 5% s 825 53
SEYHDATS THLOAR TGO DMEMS YVGSGN  TNGHDA. . . . . . S
506 510 15 5200 525 B30 53 540
spyy DR LRI HTANGGODMRVNY TGYGN , TNGWDA. . . . . | A
480 H85° 490 Ag5 500 505
SPYYDATTTLLKNAMKEVIEEHSMK . vt VDTF.NGK
4907 485 500 506 510 515 50 526
SPYHDA DAL LRAR THYVAGGODMKVTYMGVEREADKWSY . . . . . . N
490" 455 B0 05 510 55 S0 55
S PYEDH DA LRAR T KAV AGGODMRV TYMGVPRERDRWS Y . . . . . . N
4907 485 B0 85 A1 SIS 520 58
seyy DA DA LRAT T HVHGEDMEY T YMGVERETDRISY . . . . . N
495 500 505 T 510 BT 50 A% B30 535
SDYYDAEDWEAK@I@M@DMKI YVEGDKSHMIWDY. . ... . T

485 490 485 00 506 B10 B1S

SPYYNATDALLRAE T IVAGGODMRVIKINGYE v eeees
485 40 495 500 :305 51 515

w5 a 495 500 sas 540 515
S-’YYDQ}T’EHQA}H@A@QM’W YYTPASSMSTONADSVLNET
505 515 520 55 530 535

SPY I‘D@T@JAEP@ p{acg?gmmmww SAED...... NK
490 495 500 505 510 515 520

TPYFLATDTILRARIHIVAGCODMEVRRVGED. ..o v veeens s




WO 2016/205391 PCT/US2016/037661

13/39

570 575 580 585 560 595 60 805 810 815 820 825

E‘JYTS@Y@@IMTANDTEG,sKyéRT@QVTLVA@N?KLN@DQE‘;AKLN% G IFpORT R
S0 575 S 585 539 O @ze 5

sm 5“{5 55@ 555 590 595 690 6@5 610 615 520 625
EVYTSVRYBKDIMTADDTOG . SKYSRTEOVTIVVRNPKL SEDK SAKLOVEMGK THRNDKTRA
570 575 580 585 580 585 600 605 810 615 60 625
EVYTSVRVEKDIMTADDTOG . SKYSRTSEOVTLVVRNPKLIEDOSAKLNVYMEK THRNOKT R

525 530 535 540 545 550 555 560 565 570 575 5s="
ETLTSVAYEKCALKQSDKG . . DKTTRTSELGVVMAROSNFSEE  GRVVALNMEATEITROKTR
525 53@ 535 540 543 550 555 560 565 570 575 53@

545 53(3 535 549 :345 55() 555 560 565 5?() 575 586

ETLTSVRAYEKGALKQSDRG. . DATTRTSAVEVVMARGPNFILD . GRYVALNMEANFRNOERRA
§25 B30 535 540 545 550 555 A60 565 870 575 GAC

ETLTSVRYBKGALKOSDKG . . DATTRTSAVGVVMAROPNFSLD . GRYVALNMEANFANDERRR
125@ 1255 1260 1235 1270 1275 1280 12&5 12&0 125 1300 1305

520 525 530 535 540 545 550 555 55@ 555 5?0 575
FI IT@V@(GAAMTDW‘“wDRTTRT“{@VA"\FEG@\IE’“L{KA DRVVVIMGAAFKNORTRP
50 525 53 5% 540 580 555 560 565 570 6B
EIITSVRYGKGALKAMDTG-~DRTTRT I\f’A‘hEuﬂNE’SLREKzaSDR\/\NNM@:«A@(N@A@%P
525 B30 535 B0 545 50 555 560 565 o0 575 580
ETLTSVRYEKGALKOSDKG-~DATTRTFIG VMY NQEYRA
535 540 545 550 55 860 555 57@ 5?5 53{3 535 59@

-(w

................

545 5:;@ 5:{;5 5{3@ 5(_55 5‘;@ BT 5&;@ 5@5 00 535
GVLTSVAYGI CANSASDTG . . TAETRNGEMAVIVSNDPALRIITS .  NLTINMGANERNOARRP
50 515 520 55 530 5% 540 55 50 555 5600 565 570

ETLSSVRYBKD TMTADOTTGVAETSKRSGMLTL I ANNODFSLGDGT . LKVNMEK THANCRATRP
53@ 535 540 545 550 555 560 585 570 575 58(; 555

530 535 54() 545 55(3 555 56[) 585 57(} 5?5 580 585

CILTSVAVEIGANEATDEG TAMMQ(MMA NN PN RENEWDRLQUIMEA KN PR

........

530 53% 540 845 550 555 86D B85 570 575 530 5%

CILTSFRYETCANEATDEG . . TAETRTCIMAY TASKNPNLXINERDKLOVNMER NN R
5407 h45 55O 555 560 565 570 575 580 585 hg0  BBS
GVLTSVRYGTGANEATDOG . . SEATKTORMAVI TSRNPS LKINONDRY TVIGT MRk HOEERP
520 525 5% 335 840 545 590 555 560 5BS 570 675

. TMSSVRYEKGAREANQLG. . TAETRY Q@m LTANREDMKER THDRLVVAMEAATKNORR P
20 505 549 B0 G5 S 5550 575

535 54() 545 556 555 550 585 “'70 575 58() 585 596

GVLTSVAYE GIMTADQEAT , DDSVLTSEIVT I SNNPNLOEDDSEV IAVOVEV ARG NP
540 545 550 6GB 560 5@5 500 575 580 585 590  A95

EVLVSVRYBRDLMSKTDTEG . GRYGRNSEML LI ARNPDLKEADGET I TVNMEAREKNDAR P
55 530 53 540 545 550 555 560 565 570 875 4EC

GLLTSVRYGKCANNSTDWG . . TTETRTOEMGYILTRNY DFREGSNETVEMMGRAHRNOLYRP

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391

PCT/US2016/037661

14/39

630 635 640 B45 650 685 €60 660

LIVGTANTRNFTSDADATARGYVRETDSNGVL THoAN
B0 6% B0 65 650 655 B0 6A0

LIVGTANGIKNFTSDAEAT ARGYVRETDSNEVLTHGAN
630 635 640 545 650 655 €60 660

LIVGTANGIKNFTSDADA TAAGYVRETDSHGVL THGAN
630 635 MO0 645 650 655 660 66D
LIVGTPRGIKNETSDARAT ARGYVKETDGNGVLTEGAN
B3 635 640 645 650 655 B0 66D
LIVGTPNGIKNETSDAER T AAGYVKETDCNGVLTEGAN
585 590 595 600 805 610 615
LMVSTETEVAT YNSDEEARARGLT KTTDENGY LYFILAD
535 590 505 600 605 610 675
LMVSTRDGVATYATDADASKAGLVERTDENGY LYFLAD
585 590 595 600 608 #0615
LMVSTKOGVATYATDADASKAGLVKRTDENGY LYFILND
585 590 595 600 805 610 615

LMVS TXOGVATYATDADASKAGLVKRTDENGY LYFILND
1310 1315 130 1305 1330 1335 1340

nnnnnnnn

1343 135@

VILTTELGVRNY TNDTDA- -~ PVAY TOANGDLEHINTNLDGOOY TA

e 7 180 78 86 795 800

LLLTTONGIKAYHSDQEAA--GLYRY TNDHGE L fHTAA
580 585 500 505 600 805 810
LLLPTONGIKAYHSDOEAA. . GLYRYTNDRGEL THATAA

580 585 530 595 600 805 610
LLLTTDNGIKAYHSDQEAA. . GLVRYTNDHGELHTAR

585 590 595 600 605 810 615
LMVSTRIQVATYATDADASKAGHTKRT DENGY LYFLND

505 600 805 610 B15 820 625

LLLTTSNGVASYLNDGDA. . NGIVRYTOANGY LTENPG

uuuuuuuu

G0 606 610 615 620 626 630 635

LLLTTNIGVATYLNDSDA. . NGIVKYTDGHENLIHSAN
575 580 5% 590 595 600 608

LLLGTDHGIVTYENDA. . AMAGK TKYTOAHGNLIHSGD
59 535 600 605 61D 615 620
FLLTTKEGISRYLTDEEY . POSLHKKTDANGT LMy
590 585 600 805 B10 815 620

VLLITKIGISRYLTDEEV , POSLWKKTDANGI LIHDMN
50 585 600 605 610 615 620

VLLTTRIGISRYLTDEEY , POSTWRRTDANGILIHOMN, .. .. ...D

g0 B05 610 815 e 65 6
LLLTTKOGLTSY . TSDAA . AKSLYRKTNDHGELVHDAS

50 585 500 505 600 605 610
LLLSKSTGLATYLKDSDV. PAGLVRYTDN(GNLTETAD

580 585 59D 595 B0 805 810
LLSPTENGLOVFLNDSD. . . TDITKLVDDNGY IYHTED
595 800 605 810 615 60 65
LLYPTAIALOSYLNDSD. . . TDITKLVDONGY T {HTAD

800 605 610 615 620 625 630

LLLGTERGIVSSINDSD. . . TRIVKYTDAGENLYHATAD
55 5% 595 600 605 610 615

LLLTTKIELATYLNDSDV . PSNLLRKRTDWGNLTENAN. . . . .

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)

H
uuuuuuuu L}

eeeeeeee

eeeeeeee

,,,,,,,, E

,,,,,,, i
620

..D




WO 2016/205391 PCT/US2016/037661

15/39

670 675 680 685 880 €85 700 YOS5 TIO M5 T 7B T

TR ETFDMSE VARV DVE A DNOD TRVAPS TEAKKEGEL T LKA THAY DS QLI YERFSNEDT
G065 g0 65 590 65 700 s TI0 7B T 1B TR0

AKE 1@r::1?KATP{A}hSQ .ﬂ*‘ﬂ&‘»m};

670 675 680 585 690 695 'ma 705 71@ 715 72‘9 7:35 7:;0

TRV ETFOMSErVATRYV BVGAS DD IRVAAS TAAKKE GELT LKATHIY DSOL T YERFSNFQT

670 675 680 685 690 695 OO S YW TR T 7B 70

TR ETFDMS VAV BVGAS DIEIDIRVAAS TAAKKE GELTLKATEEY DSQLI YERFSNFQT
%

62() 6 639 635 640 648 850 B35 660 665 670 675 680

CHPALGDIRVAATDA . ASTDGKSLHODABLDSRVMEFIESHADS

szc 625 6@0 635 BI0 645 650 655 660 665 670 675 680
LKGVANPOVSOFLTHTEVERADIDD TRVAASDT . ASTDGKSLAQDHAMDSRY TVEJEJ}GF::N.: 8

................

5207 625 63 6% G40 45 680 655 660 668 670 @5 680
LKGVANPQVSCF LTV BVEEADID IRVAASDT . ASTDGKS LHﬁDA@b'DQRWFEEESNFQS
820 625 630 63 G40 B45 850 655 860 665 670 675 680

LKGVANPQVSEFLGVHVEVGAADID TRVAASDT . ASTDGKSLHQDARMD SRYMEEIHFENTOS
1356 136@ 1365 130 13?5 1380 1385 1390 1395 14@@ 1405 1410

805 319 85
TREYANPQV ST LG
620 625 630 635 540 645 65@ 555 560 665 sm ,
THGYANE QV@LW@AD[DVRVMGTA PSTDGKSVHQNARLD SRVMrj;FGNF A

615 66 625 610 635 650 685 660 665 B0 15
IE@YAN?QVSEYLEA;AA&DVE th“TA P‘?T“G{“\]PQ\T@LJSRJ}{IF]CWA
G0 @5 60 65 B0 B G0 8 & 670 65 60
LKGVANPQ T §GFLGVHVHGAE | "@A
630 635 640 645

*s{ f’RI\AQVD jXLAuﬁsVPMk;ASEN{"DVR"\/%QKS KNSSGLV USSA@A}Lub, *YHFE:SEE@D

.........

640 645 650 6B 66U 685 670 675 G680 685 680 6%

TR RNPQVIGY LAVWV EVGAS ENGDVRVAP SKE , KNSSGLVYESNARLDSOVT YERFSNFRD
$10 615 €0 65 630 635 640 645 650 655 660 665
K@{YR"V“‘MR}YLGW@ DNODIRVKGSD. . . KKLDKTFSATHALDSOVI YERFSNEDD
B30 635 640 645 660 655 660 BG5S 670 o6 680 6%
1A SNVOVS jyrzw*wp HCAKADQDARVTASKK , KNASGOVYESS A@\;IMSQ*.:“’
53& 635 49 645 esc 655 666 685 670 675

...............................

63@ 635 54{3 6{#5 6&_30 ﬁ@ﬁ s@o 6@5 870 6‘{’5 55_30 6@5
TRy SNVQVSEY LAVRVEMGAKALDDARVTASKK . KNASGOVYESSARLDSOL T YERESNEDD
635 640 B45 T GH) 655 660 665 670 675 630 685 600 695
IO LNPOVSGY LAVIVEVGAS DNODVRVAASNK , ANATGQVYESSJALDSQLI YERE SNEQD
615 60 625 630 635 o640 645  65C 856 60 665 670
ﬂ@m*mqjm TRV DVCASENDDARTEASTT . KKGE . QVFESSANLDSOVT YERFSNFLD
60 &5 39 835 eaw 545 65{} 655 660 665 n?ﬁ 7

...........................

53(3 635 646 650 655 066 665 6?(3 575 68&) 685 6%

_._K@YETVW&NEYL;MJDDH@;RJDADTSAf?EG:L:YQAT@DSQV.._Y@mD

B35 640 0645 600 600 660 865 670 675 68D 685 680 6%

TKEFKTVOMSGY LWV BVEAT DNV LAKPS TKAYKEGDRVYS SSA@LHAQV*Y:FEC‘N QD

625 630 635 60 645 650 655 66D 665 670 6B
VE@VENVQV&@YLW@KA@DARTQPSNRANSDGQVY&SS}!@LDSQ&MQn

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391

PCT/US2016/037661

15/39

FIG. 2 Continued |

SUBSTITUTE SHEET (RULE 26)

735 740 745 750 755 70 765 TR0 775
IPDGSDPSVYTNRE IAENVOLFE HaVIS FEMAPQFVSADDGTE LISV
736 740 745 750 755 760 765 770 175

1PDGSDPSVYTHRK IRHRvDLFX SOV FEMAPQF VSRS HFLD SV

73 M0 745 TR0 TSR a0 785 7 TR
IPDGSDPSVYINRK ANV DLFK WAVTIS FEMAPQFVSADDGTRLDSY

...................

735 7407 745 750 RS 780 765 A0 TTS
TPDGSDPSVYTNRK TAFNVDLFK WOVTS FEMA PQFVIADDGTFLDSY
735 40 745 730 7S5 760 785 710 715
IPDGSDPSVYINRK TAENVDLIK SWAVITIS FEMAPQFVSALDGTFLDSY
685 690 695 700 75 MO TS T 745

< . -

FATKE . . EEY TRV IRV DR Fv AT D FEMA PO YVES TOGTFE DS

885 690 695 700 T TI TI5C TR 7B
FATKE. . ERYTNVY JAKNV DK v W ITD FEMA PQYVISS DG TEL DSV

645 o0 695 00 TS M0 M5 7 TR
FATKE, , EEYTNVY ANV DK BV QT FEMAPQYVSS TDG TR LD S

685 B0 695 0 T T TIE T 7B

FATKE. . EEYTRVY TAKEV DR FV SR FEMA PO YVES TOGTFLDS:

1418 1420 1425 1430 1435 1440 1445 1480 1455 1460

WETTE--SERTHVR IAGNADLFR WG THTFELARQYNSSKDGTFLOST

870 875 B30 885 890 895 600 w05 910
FATKK-~EEY TNV AN voRFARRGVIDFaMAPQ YIS THGIFLDSY

680 685 690 a9 W0 s 0 s TE

FATKX. . EEYTNVVIANNVDK FARWGVTDFEMARPOY VS THGSF LDV
680 685 680 695 70O 705 70 75 TR

FATRX, . EEYTNVV IENNVDRFARRGVIDFEMAPQYYSSTDGSFLDSV
635 890 695 700 705 D 75 T 7

FATKX . . DEYANVV IANNVDKEV G TIDFEMA POY IS UDCUELDSY

605 700 705 70 IS T 75 7D 7
FVQ. D, PSQYNKK I2HNANLFKY ;
800 808 810 615 620 6% 630 6%
FYQ, N, PSOYNRK [AENANLFR S TS FEFAPQYVISTEGTFT
670 675 6807 685 6 B8 vO0 Y05 7O
FVEKD. . SQYINKLIAHNAELFKSWG IS FEMAPQFVSANTRIFLDSV
690 95 700 M5 TI0 75 70 75 TR

FAT.R. DDQYTNKV BNV FKENAVES FELR RO VS NG TFLDST
B0 895 705 705 710 75 70 75 740

FAT.R. DDOYHRKV IRV LFREWOWS FELPpOY VS JHCTFLDST

690 65 700 705 TIO 75 720 78 TA
FAT. R, DDQYINKVIBRRVNL FREWGVISFELPROYVESADGTFLDS!
0 T8 IO T5 I 125 T 3B TAD
FVT. K. DSDYTNRK [AONVOLFR WGV TS FEMAPQYVISHOGIFLEST
875 830 685 690 695 OO M5 TI0 75 720

FVK.T. PSOYTRRV AR AKRER WG FISFEFAPOYES(DGTFLDSI

680 685 680 885 Y00 /06 T M5 720

FVODP. . SOYIRKVIANADLFARA IS FELAPOYAS TRCTFLDSL

895 06 M5 70 T 700 75 T TS
FVTSH, . SEYINKLIBHNVDLEFT WA IS FEMAPQ YV S THIGTFLDSI
700 05 M0 M5 728 7B TR 1E 74D

FVKED. . SQY KL IBANADLFK WG TS FEIAPQYVSSHOGTFLDST

e

685 890 695 V00 705 0 TS T VS

FADDQ . PELYMRRVIAMN TDLLRANGVISVGLPPOYRSHEGTELDST

|t |




WO 2016/205391 PCT/US2016/037661

17/38

T80 785 780 795 800 808 810 815 820 825 830 8 840

NG A RD Ry DL AMS KN Y G5 KE DLRDALKALARAG TOA {E DRV E DO L P KEVITAT

730 785 7a0 795 B0C 805 810 85 820 B2 830 8B 80

e 3L AMSKNTRY S KE DLRDALKATHRAGT OA TRDRVEDOITO: FlorER T
78 795 @0 805 B0 815 620 5 80 BB 840

TRYGSKEDLROALKALHKAG QA TADWV D00 FeKENTAT

780 7A5 790 795 B00 805 B0 815 80 85 B30 835 840
[FONGYAFADRY DLAMSKNNKY GSKEDLRNALKALHRAGT QA TADWVP DYV BGKEMVTAT
780 785 790 795 800 805 810 815 820 825 80 6B 840

[IONGYAHNDRYDLAMBKNNKYGSKE DLRNALKALHKAGIOA TADRVEDOYOLPGRENTATAT

70 735 TAD 45 750 756 760 785 770 775 780 788

[TONGYAFIORY DLGMSKANKY GTADQLVAATRALHAKGLRVMA WVEDOMYTFHGKEMIVT
T45TS0 7S5 760 785 TI0 7B 7800 785
1 SKHNKYGTADQLVKATKALHAR GLKVMA] YTHPGKOMTVT
1 G 57750 755 T80 785 TI0 75 T80 785
[IONGYAHTDRY DLGMEKANRY GTADGLVRAT KALHAKS LR VMA WV DOMYT FEGKOMVIT VT
730 735 740 745 750 756 760 765 770 7/5 180 785
[HONGYAFTDRY DLGMSKANEY GTADQLVEAT KALHAK GLRVMADWVEDOMYT FRIGKOMVITY T

1485 1470 1478 1480 1488 1480 1485 1500 1508 1810 518 1820

Gy AR DL oM K S DR DLRNAL QAL HRAGLOA TR WV e DO LB RERIT VT
975

____________________________

% 0 o5 50 95590 9 urs
DRYDLGISKANEYGTADDLVKAT RALHSKG TRVMADHVEDOMYA L PEKEMVITAT

T4 TTRS S0 7SS 160 Tes TG qTs . TBO 785

DRYDLGIEKENKYGTADDLVRAT KATHSKGIRVY MYAFTEKENAITAT

e85 730 736 740 746 TS0 Y56 760 7ed 70 Tia T80

[ENGYAFIDRY LG 5K ENKY G TADDLVKA T KALHSKS IKVNADHVE DOMYALPEKENTTAT

736 7% 740 746 6D 786 760 YR YD 75 780 TES

[FONCYAFTORY LGS |
5 M50 75 65 77 785 7130 795
JONGYAHSDRY DI GMSR VK Y GSLADLKAALKS JADHVEDQLINTRGDENLAT

7—35‘ 750 755 T80 785 770 775 780 785 790 785 800 805

[HONGYAHTDRY DI GMSKONKY GSLADLKAALRSLHAVG I SA TADWVE DOIYNLBGDENVITAT
715720 7B 730 7% 740 45 750 755 760 76 110 715
[HONGYAHTDRY DLAMSKNNKY GSKEDLRDALKALHKOGICA TADWVE DY BGOEMVITAT
735 740 745 750 755 760 765 770 775 780 785 TR 765

6 1% 7%
P rar

13 a0 74 70 /58 760 765 70 Y7o 780 785 780 78S

[LONGYAREDRYDMAMSKNNKY GSLODLLNALRALHS VR TQA TADWVE DO INL BGRENMVITAT
TETTORE 75 B 768 Tio TR T0 T85O 7R 7% T EW
[TONGYAFEDRYDLAMEKNNR Y GSQOIMINAVEALAK 3G IOV TADWVP DO L PCKEMVITAT
735 7% 7 TIG 745 70 75 760 745 770 YIS 78D
TFNGYAFEDRY DI AVER MK Y GS LKDLMDALRALHAEG T SA ADWV P DOITNLPGREMITAS
75730 73 70 TE5S TR0 755 T80 7R TI0 75 780 785

...................................................................

TS TS0 7S5 760 785 770 TI5 TRD7ES 790 795

[N GV AP RY DL AMS N Y GS AR DLRNA T KALHAAG T Qv IR DAV B DOIYS LBGEEMUTAT

TAST TR0 TR 780 785 770 775 780 785 780 795 800 805
[LENGYARTIDRY DF AMSKNNKY GSKEDLRDALKALAKQGIOVIADRVEDOLY T LEGKEVMVTAT
7307 73 740 75 750 755 760 785 7O 7/ 80 785 7%

(DG YAREDRY DHALEONNEY G LEDLLNVLRALHRDG 1A TADHV P DO YN LR EVRTAT
FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391

PCT/US2016/037661

18/39

FIG. 2 Continued |

SUBSTITUTE SHEET (RULE 26)

845 635 nd0 645 650 655 660 660

@m@z@mmmIDH.@L@VA&SKSSGKDY@@&@E@AE@M@E
B0 G5 M) 85 %0 & aec 660

63(3 635 540 545 bSG 655 06(} 600

RITTEAGRRISDAT TDHS I ANSKSSGKD&{AE.E:@A@(A@E

630 635 640 645 650 &S5 660 660

Efj@?uR”{IJDP\IIDHQI@JM\ KSSQKD@@E@A@M@E
9 0 W 00 65 60 615

-----

585 590 585 60{2 505 610

ETJ'FCK?IACQQI‘\JHSII‘JTD"‘K CDDYEA@Z‘«E@“Z‘[REE“

585 580 586 600 805 610

RITDRFGKPIAGSQINHS @fTDW&GDD&@WE@DE[KEK[”

1319 ‘315 132() 1325 133{3 1335 1343 1345 1350

?7() ??5 ?8{3 ?85 ?'90

”QWI:{KYG‘"WAL SQIRNT MWDLKbbGKDf AKY
80 585 590 95 800 605

AVigyeT ‘\:AGsm«NT@»:VDPKSSGKDQ:A_AEIM@A}QE
815

580 585 580 595 600

@VI'I@YG*L\/AGSQIKNTL@WJDUKSJGKD@};AE@EEEQA@E

585 59(} 595 6(30 605 610 6’3\,

_____________

6()() 605 ﬁ‘iﬂ ﬁib B 62(} 625 63{)

AN YCETKDGAT IDHSIIARKTRTF ww@a@a&.mﬂm@g
805

575 580 585 890 595 600

HANSYGTPRANAY INNTIFVANSKS GKDEA@EEI@D@QK@Q

590 585 600 605 610 615 620

BVIY GTYREGSETKENIMVANTR INGTDH0GKYGE AEQDELKA@E

580 595 SGQ 605 61(3 615 620

.............

59@ 595 600 605 61(2

By ".‘TYREGAEIKEI\@VANTKTNK: 3{:( 'zx @u@m {1}1&_

60G 605 git @15 620 b2

AVNOYGEYRRDSETKNTIYAANT «’:MKD@M.A@S@AA@“

980 S86 580 568 600 605

BTNY GﬂPRP\mEIm%IQMFTKTFCW@@A@Wj:KA@A

580 585 59D 595 800 805 870

VY GEEREGAQTENKHIAANT wiSSCE"h{QAQE@QE‘[I] x{..;@m{f@?g
595 800 605 810 620

BNV GEETEGAYINNT L@ ANS@SQW@AL@D@Q&@&
800 605 610 615 620 625 630
RTIIHGKYLDDTSLYNKIIVINTKSSGND EEA(;::@A"@DI QQK@E
585 590 595 600 605 610 6]

RVNGYGYHQQGYQIVED P@‘IZXMRTDCTDEG@T@ HIKA @s




WO 2016/205391 PCT/US2016/037661

19/39

80 895 900 905 810 815 @) @5 930 935 840 945
MERVNMISTGKEIDDSVRLKORKER Y ARGV LERGVOR VIS DEATGKRFTVIKEG ., . NF IF
890 8% 9@0 s 9f0 " 915 520 G5 G 635 940 945
KK ‘{M;f i LLR[ VTS DEATGKEFTVTRDG . . NFI

925 939 95— 940 945
iy £G. .NFIF

sga 395 909 sas 91@ 913 92@ 925 830 935 940 945
MERVNMI STGK 21 DDSVRLKGKAE Y FR GV LORGV AT SDEATFI@EW*K*G. NFIE

690 895 800 805 910 Wb 92(3 525 830 935 545

MEKVNMI STGRP IDDSVRLK KRR Y EIG TLL;RBJ\:&VL,SDEATG@TVTK“G., NFIP

840 845 850 855 B8O 865 870 875 830 835 830 895

-------------

LFTKKOT STGOAT DESVRI KOS RKY FRCERILLGRERNE VIS DOASNKFFNVARCK . . VFLF]

_______________________

840 845 850 855 B0 865 870 §75 880 B85  8W0 895
LF"’KKQI bTGQAYDDSVRKFQFS@KVF@@LCR@?&D_______I_{PDQVSNKﬂE‘I\VAS DT. .LFLE
840 850 855 B6U 865 870 875 680 885 890 895
LE”KKQIS“’”QA DP3 "\I@BQ@JEKVF@@ILHR@&DVVL DOVSNKEFNVASDT ., . LFLP)
B0 845 850 855 860 865 870 875 880 885 6% 895
LFTKKQTSTG0AT DSV KOMSER Y FGSRI LGREADR VIS DOASNKFLNVSDIK,, LFL@
15?0 1575 155@ 1555 1590 1595 16@() 15@5 161@ 1515 162:) 1625

l

335 840 545 850 855 86{3 8’65 370 375 sao 385 890
L@\RKQISTGVPVD?’SV@ZKQ[SEKVF@“@lGR@AGW KDQATNTEFSLVSDN, . TFLF)
85 840 M5 850 B55 860 65 670 675 880 885 830
LFRRKQT STGVPMD P SV KONSERY NG LoREAGE VIR DOA TN TRFN I SINKEINFLE]
840 845 850 8% 860 65 40 875 80 885 ssae) 8%

---------

____________________

835 860 o5 37@ e 395 990 '9_05 9;@

TFDRVQTSTGRRMTTDERT TORSEK YMRCINE LOEGBERVLIKNGLNG . FYGTNGGK, . VSLE]
825 830 835 840 845 850 855 GA0 B6h 870 B75 880

LFFDVMISTGRKT DBS@KQ[S@KVM‘@“@ILGR@NRESWDATGR@YQWDNG, . IFLP}

845 850 &5 860 365 37@ 875 %0 885 890 8% 900
“““ TKDWASNEFLNNKNGE . My

85 830 885 500
TFRRVQTSNGQRMTTDERN TR EK 1:@r{\ﬁ*LGaﬁAY{{{QKDWAWD;{M\MGH IVLE]

M5 850 855 860 685 870 B75 R0 BB Ba0 895 900
1FRRVQT SNGOKMTTDERI TKWSEX RGN LHQE}:?&Y T KDRASNERLUNKNGE. . MVLE]
BS5 860 865 870 &5 R0 e85 8df 895 e®d 95 910
TFNRTQTSNGKK T DPSERT TARKRK Y FROI LOREVONVIK DNASDKEFELKGND . TYLF]
835 840 845 850 BS5 860 865 B70 875 RGO B85S 830
T@?RVQT SNGRKLTTNERT TONERKY FHCENT 0GTRRRFVIDUNATNORFNLKAGD. . TFLE]

835 B45 850 85 860 85 80 8/ 3¢ 885 830

L!E‘EFVMIS’””T DPSTRIKVIKEE Y FR G L GKEA DRV INDAR TG TRFTVTENG . AFLE)
80 8% 860 865 B0 8/5 880 885 890 BB 900 905

MFEVAMI STGEPTDPSTRI K KRR Y AN G LeKERCT VIS DAATGTRIFTVTENG. . TFIE

8% 860 BG5 870 875 880 885 880 85 800 805 910

E@m:zmcmmsv@m[ag FE OKREEDFVLEDGKL. . KFTVNDKG. . TFLE]
8407 845 860 856 860 §70 &5 880 885 80 895

TENRVQISNGKQLETNER]T TKESEKY?[FLCRQNEVZRDDKTNQEFNTSANG . .QLLF]

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391 PCT/US2016/037661
206/39
}
G50 965 %60 968 670 875 %80 98
1: 75274 LQLTGKERVITGFSSDGK. . vuwss GITYFGTSGTQAKSAFVT ., FY
950 955 @60 965 970 675 980 985
2: 2678++ LQLTCNEKAVTGFSNDEK . . ... ... GITYFGTSGNQAKSAFVT . FN
950 955 960 065 70 975 R0 988
3: 6855+t LOLTGNEXVVIGFSNDCK. . ... ... .G GITYFGTSCTQAKSAFVT . FN
G0 955 960 085 870 875 980 985
4: 2919++ LOLKGNEKVITCFSSDGK. ... ... . GITYFGTSGNQAKSAFVT ,FN
950 955 90 965 G0 975 980 985
51 276544 LOLKGNKKVITGFSSDGK. . ....... GITYPGTSGNQAKSAFVT , FN
500 %05 910 95 920 95 0% 435
6: 5926+~ AAMLGKYV. ... .VESGIRFDC.....KGYIYNSSTTGEQVKDSFITEA
900 905 910 915 020 925 930 935
7: 0427+- SSLLGKV.....VESGIRYDG. ... KGYIYNSSATGDQVKASFITEA
900 905 910 915 90 9% 030 935
8: 0874+~ 3SLLGKY..... ESGIRYDG. . . . .KGYTYNSSATGDQVKASFITEA
900 905 010 95 90 W5 90 935
9; 1724+~ KTLLGQV. . . . .VESGIRFDG. .... GYVYNSSTTGEKVIDSFITEA
1830 1635 1640 1648 1650 1655 1660 1668
10: 3KIK SQLSVODN -~~~ ~EGYGEVKEG-~~~~NNYHYYDENKOMVKDAFIQDSV
1085
11: 3AIR KSLVNP
85 900 805 910 o159 95 oM 9%
12: 0088-~ KSTVNPNHGTSSSVIGLVEDG. . . . .KGYVYYSTSGYQARNTFISLG,
805 900 W5 910 915 920 95 830
13: 0544-- KTLINQD. ... .SQVGESYDG. ... .KGYVYYSTSGYQRRNTFISEG,
900 w05 910 §5 80 95 930 9B
14: 1366~ GAMLGKV, ... VESGIRFDG. . ... KGYIYNSSTTGEQVKDSFITEA
910 915 920 8% 930 935 040 o5 95
15: 3298-- KVVGSNOS TNNNNONGDGSGRFEKSHGSVY YRYNDGURARNAF TKDND
o5 920 95 930 935 940 945 950 55 960
16: 2379-- KVVGSNOSTNGDNQNGDGS GRFERRLFSVRYRYNDGOYAKNAF TKDND
g5 890 8% 900 W05 910 915 9®
17: 6907-- KPLT. DQGGKTGEYYDEK. . ... ..., GMAYFDNSGFQAKNAFIK . YA
w5 910 915 8 926 930 985 W40
18: 5618-- KQLVNKNAYTGEVSDASG. . ........ TKYYSTSGYQARNSFIQDEN
o5 H0 915 920 05 93 95 M0
19: 4297-- KQLVNKNSYTGFVSDANG. . ... ..... TKFYSTSGYQAKNSFIQDEN
w5 H0 915 o0 wWE 930 935 840
20: 3442-- KQLVNRNAYTGEVRDTTG, o vvvvens . FKYYSTSGYQRRNSPIODER
915 920 925 @0 95 K0 %45
21: 9358~ KQMTNKEASTGEVNDGNG. .o vvos .. MTFYSTSGYORRNSFVQDAK
895 W0 905 a0 915 o0 95
22: 6661-~ KQMTEITA. TGFRRVGDK. . ... ..... VQYLSTSGYLARNTFIQIGA
895 900 805 910 315 90 925 930
23: 0330-- KQMT . SDTAQTGEYYDGT. . ... . ... CMTYYSTSGYQRRSSFVL, YN
90 o158 925 930 935 940
24: B242-- KQLT . TDSAITGFYYDGT . o\ \v..s . CMSYFSTSGYRARASEIV, YN
915 90 25 00 935 940 945
25: 7528-~ AALTGDTKAKTGFAYDGT. . ....... GVTYYTTSGTQRRSOTVT ., YK
%00 95 910 o5 Q0 95 930 935
26: 3279-~ TPLRDTGAITSTQVFQRR. . ... ... GODVYFLRDNQVIKNEFVODGN

FIG. 2 Continued |

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391 PCT/US2016/037661
21/ 39
960 95 1000 1005 1010 1016 1020 1028 1030 1035
GNTYYFDARGHMVT. . v ev. . NSEYSPNGEDVYRFLENGIMLSNAFY TDANGNTYLYNS
990 695 1000 1005 1010 1015 1020 1025 1030 1036
GNTYYFDARGEMVT. . ........ NGEYSPNGKDVYRFLPNGIMLSNAFYVDANGNTYLYNY
990 95 1000 1005 1010 1015 1020 1025 1030 1035
GNTYYFDARGEMVT.......... NGEYSPNGKDVYRFLPNGIMLSNAFYVDANGNTYLYNS
990 995 1000 1005 1010 1015 1020 1025 1030 1035
GNTYYFDARGEMVT. . . \vus. .. NGEYSPNGKDVYRFLENGIMLSNAFYVDGNGNTYLYNS
90 98 1000 1005 1010 1015 10200 1025 1030 1036
GNTYYFDARGHMVT. . \....... NGEYSPNGKDVYRFLPNGIMLSNAFYVDGNGNTYLYNS
0 945 W0 855 960 S5 970 975 980 985
GNLYYFGRDGYMM. .\ vv et GAQNTQGANYYFLANGAALRNSILTDODGKSHY VAN
340 945 950 955 960 985 970 975 980 989
GNLYYFGRDGYMVT. . . vvvst GAQTINGANYFFLENGTALRNTTYTDAQGNSHY VAN
M40 945 950 955 960 965 970 975 980 985
GNLYYFGRDGYMVT. . vvvnn ... GAQTINGANYFFLENGTALENTIYTDAQGNSHY VAN
B0 945 G50 955 960 965 070 975 98D 985
CNLYYFGODGYMVT. . v ven .. GAQNTKGSNYYFLANGAALRNTVYTDAQGONHYYGN

1670 1675 1680 1685 1680 1695 1700 4705 170 ATA5 170 176 470
N YL DKNGNMVARQS EVE TS SNGASGTY LELNNGT S FRSGLVKTDAGTY YY DEDGRMVRN

940 948 gel 955 060 B85 970 978 G980 68l

NNHYYFDNNGYMVT. o v v evns s GAQSINGANYYFLSNGIQOLRNATYDNGNKVLAYYGN
935 940 045 1000 005 1010 1015 1020 1025 1030 1036 1040

“KWVYFDNNJYMV”VW?&FENGMNQVGLTVI“GQVQYFDEWJY“AKGKFV”TADCFIRYFDK

840 945 950 955 960 965 G70 675 980 985
CNLYYFGRDGTMVM. v \vvssss s GAQNTQGANYYFLANGAALRNS TLTDQDGKSHY YAN
965 960 965 970 975 0 985 90 95 1000
GNVYYFDNTORMAL L \vvvvns, GEKTTDG. .KQYFFLANGVQLRDGYRONRRGQVFYYDE
%65 970 975 980 985 990 995 1000 1005 1010
GNVYYFDNSGRMAV . . e\ vvsss GEKTIDG. .KQYFFLANGVQLRDGYRQNRRGQVFYYDQ
05 9% 935 940 M5 950 955 960 985 970
GHYYYFDREGYMLT. . . v.u.. .. GRQDIDS. .KTYFFLPNGIQLRDSTY . QQDGKYYYFGS
95 950 955 %0 95 970 975 980 985 990
GNHTYFNNRGYLVT . vevvs s GAQETDG. .KQLYFLKNGIQLRDSTREDENGNQYYYDK
o5 950 955 60 965 970 975 980 985 990
GNWYYFDRRGYLVT .\ v vss GRHEIDG, ,KHVYFLKNGIQLRDS TREDENGNQYYYDQ
45 950 955 960 965 O70 75 980 985 990
CNHYYFDKRGYLAT, . o ovccors GRHETDG. .KQVYFLKNGIQLRDSLREDENGNQYYYDK
950 955 940 o5 970  O75 980 985 990 095
CNWYYFDNNGEMVY . o oovvn s GLQHLNG. .EVQYFLSNGVOLRESFLENADGSKNYFGH
90 95 %40 045 950 955 960 5 9 97
NOWYYFDRNGNMVT. ...\ ... GRQVIDG. .KKYFFLDNGLOLRAVIROGSDGRVYYYDE
935 040 945 950 965 960 965 O 975 980
GNRYYFDENGHMVT. . ... ... .. GMRDIDG. . QTYYFLPNGTELEDAT YEDANGNGY YFGK
M5 950 955 90 965  o70  O75 980 %6 9%0
GYYYYFDDNGYMVT. o ovnsn s GTVEING. .KTYYFLPNGIQLRDAIYEDENGNQYYFGP
950 955 980 w5 o0 975 9A0 085 990 995
GRQYYFNDKGYLVT. . .. v v cu.. GEQTIDG. . SNYFFLPNGVMFTDGVRKNAKGQSLVYGK
00 5 950 955 960 95 970 75 980 985
GNWYYFGADGRMTK. . ..\ ... .. GAQNINS. .KDYYFFDNGVOLRNALRRASNGYTYYYGL

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391

PCT/US2016/037661

22/39

FIG. 2 Continued |

SUBSTITUTE SHEET (RULE 26)

1040 1045 1050 1035 1080 1065 1070 4075 1080 1085

RGOMYKS GYTRFDVSETDRDGKESKVVKERYFTNEGVMAKGVIVIDGE
1040 1045 1050 1055 1060 1065 1070 1075 1080 1085

KGQMYKGGYTKEDVTET DX DONESKVVRFRY FTNEGVMARGLTVIDGS
1040 1045 1050 1055 1060 1085 1070 1075 1080 1085

KGOMYRGGYTKFDVTETDKDGKESKVVKFRYFTNEGVMAKGVIVI DGF
W40 145 100 1055 1060 1065 1070 1075 1080 1085
KGOMYRGGYSKFDVTET . KDGKESKVVKFRYFTNEGUMAKGVTVVDGE
1040 1045 1050 1055 1060 1065 1070 1075 1080 1085

GOMYKGGYSKEDVIET , KDGKESKVVKFRYETNEGVMAKGVTVVDGE

00 995 1000 1005 010 1015 1020
DGKRYENGYYQFGNDSWRYF, v vvsvvsenn, ENGVMAVGLTRVAGH
90 995 1000 1005 1010 1015 1020
DCKRYENGYQQFGND. HRYF . . vvvvvnns. KDGNMAVGLTTVDGN
090 995 1000 1005 W0 1015 1020
GKRYENGYQQFGND WRYF . cnnn, KDGNMAVGLITVDGN
0 995 1000 1005 100 1015 1020
DGKRYENGYQQFCNDSHRYT v vvsvsens, KNGVMALGLTTVDGH
735 1740 7B 1750 1755 1760 1768
QOTVSDGAMTYVLDENGKLVSE e v vvvvvees SFDSSATEAHPLKPGD
990 995 1000 1005 1010 1015
DERRYENGYYLFGOOHRYF, . oveevannnn, ONGTMAVGLTRVHGA
1045 1050 1065 1060 1085 1070 1075 1080
QSGNMYRNRFTENEEGKRLYL . \vsveses GEDGAAVTGSQTING)
90 935 1000 1005 1010 1616 102
DGKRYENGYYOFGNDSHRYT v vvvvvarnss ENGVMAVGVTRVAGH
1005 1010 1015 1020
NG TMSOTERPSPEPER. v vt e eeeevrrsreensaneresennnnns
M5 1020 1025
NGVLNANGKODPEPDN . 1 e e v enssvrccnnnnnrnnsecesssss
975 980 985 ag0 995 1000 1005 1010 1015
FGEQYRDGYFVFDVEK. . . EGTSETEAKFRYFSPTGEMAVGLTYAGGG
95 1000 1005 1010 1016 1020 1025
TGAQVINRYYTTDEON. v\ vvvnnns WRYFDVKGVMARGLVTMGEN
995 1000 1005 1010 1015 1020 1025
TGAQVLNRYYTTDOON v vvvvvvnns WRYFDAKGYMARGLVKIGDG
W 1000 1005 1010 1015 1020 1025
TOAGVINRYYTTOO0N. + v eaw s WRYFDAKGVMARGLVTMGGN
1000 1005 1010 1015 1020 1025 1030 1035
LONRYSNGYYSEONDS. ..\ v K. HRYFDASGVMAVGLKTINGY
%0 935 990 995 1000 1005 1010 1015
KGVQRFNGEYDFAGPR. ... ...... QDVRYFDGNGQMYRGLHDMYGT

965 990 995 1000 1005 1010 1015 1020 1025
SCNRYAGHYYAFETTST . VDGVTKTTTNWRY FDENGVMARGLVKIGND
995 1000 1005 1010 1015 1020 1025 1030 1035 1040

LONQYENNYYSEDVEEV , VDGVTTTVIKWRHF DENGVMARGLVEIDGY
1000 1005 1010 1015 1020 1025 1030 1035 1040

SCKLTTQTCWK. . . EVIVKDDSGKEERFYQYFFKGGIMATGLIEVECK
990 995 1000 1005 010 1015 1020 1025
DGAMIKNAFVDFDDKH. . ........ QQVRAFTTOGTMVVGNLERSGH




WO 2016/205391 PCT/US2016/037661

23/39
1060 1095 1400 4105 1110 1415 120 1425 1%
TQYFGED . GFQAKD . KLVIFKGKTYYFDARTGNGIKDTHRNINGEWYYF . . oo 'ess st
1090 1085 1100 05 1110 1415 1120 1125 1130
TQYFGED. GFOTED . KLATYKGRTY YFEAHTGNATKNTRRNIDOKWYHF . . .. .o\ Wl
1090 1095 1100 05 1190 M5 1120 1925 1130
TOYFGED . GFQAKD . KLVTFKGKTYYFDAHTGNATKDTWRN INGKWYHF . . ...t enn

F
1090 1085 100 N5 M0 M5 M0 UB 1B
TQYFNED. GIQSKD . ELVTYKGRTYYFEARTGNATKNTHRNIKGRWYRF. . .. .........
1090 1095 1100 105 11D 1115 M2 1M1 MM
TQYFNED.GIQSKD . ELVIYKGKTY YFEAHTGNAIRNTHRNIKGKWYHF . . ..\ el
1025 1030 1035 1040 1045 1056 1055 1080 1085
DQYFDKD . GTQAKNKI TVTRDGKVRY FDEANGNAATNTFISDOAGHRYY o vttt evss
1020 1025 1030 1035 1040 1045 1050 1055 108D 1085

VQYFDKD , GVQAKNKI IVTRDGKVRYEDEANGNAVINTF TADKTGHWYY . . .0\ vvvess .
1020 1025 1030 1035 1040 1045 9050 1055 1060 1085
VOYFDKD. GVQARNKI IVTRDGKVRY FDEHNGNAATNTF TADKTGHNYY. .. vvusss ..
1025 4030 1035 1040 1045 1050 1055 1080 1065
VQYFDKD . GVQAKNKI IVTRDGKVRYFDEANGNAVINTFVADKTGHWYY . . . vvvves .
770 1775
LNGQKHH , HHEH

1020 1025 1030 1035 1040 1045 1080 1085 1060 1065

VQYFDAS . GFQAKGOFTTTADGKLRYFDRDSGNQI SNRFVRNSKGENFL . . v vvvvnnn
1085 1080 1085 1100 1105 1110 1115 1120 1125

HLYFRAN ., GVQVKGEFVIDRHGRISYYDGNSGDOIRNREVENAQGOWEY . ..o\t te .t
1025 4030 1035 1040 1046 1050 1055 1060 1065

DQYFDKD ., GIQAKNKI TVTRDGKVRY FOENGNAVINTF TSDQAGHRYY. ... v''ess .
105 1030 1035 1040

............................ KPONNTFSRNQFIQIGNNVHWA. . coovnvnnne
1030 1035 1040 1045

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, NNNASGREQFVOIGNNVHA. ... .ovveenss
020 1025 1030 1035 1040 1045 1080 1085 1060 1065 1070

LQYFDEN . GFQARGTXYVTPDGKLYFFDKNSGNAY TNRWAL IDG THYEFNDQGYAQA. . . . .
1030 1035 1040 1045 1050 1055 4060 1085 1070 1075
QOFFDON ., GYQVEGK T ARAKDGKLRYFDKDSGNARANRFAQGDNPSDWY . . ... u.ttss s

1030 4035 040 1045 1050 05 1080 1085 1070 078

1,3(3 ‘635 1()4(3 11}45 1()5() 1655 1060 1035 1@?{3 1()75

F
1040 1045 ‘QSU 1955 1959 1@65 10?{) 13?5 1080

TQY?DQB G IQV(CP\WITG°DG(}(R"EDDGSG‘QEQVI\RFA\“W i) S
1020 1025 1030 1038 1040 10456 1050 1085 1060

TFYFDERTG: QA(DKFIPF;«")GR‘"RVFTPDTG’\YJAVNQF‘.“.')T}IPEI\I{AWY ,,,,,,,,,,,,,
1030 1035 1040 1045 1050 1055 1060 1066 1070 1075

VQY‘LDDL\ GNQT KGQMVT DXDGNTRYFRADSGAMVTGEFALV . NGGWYY. ..o vvvvns .,
1045 1050 1()55 1@60 10685 10?’() 1075 ?GSG 1()85

1045 1080 1&55 1050 19@5 1@?@ o5 1080 1085 1090 1005 1100 1105
| EKYFYDN.GYQAKGVFVPTKDGHLMFFCGDSGERKYSGFFEQDGNWY YANDKGYVATGETKY

1030 103 1040 1045 1050 1065 1060 10B5 1070 1075
HFYFDRETGIQAKDRIVRTDDGKLHY YVAQTGIMGRNVEATDSRTGKRY . o oo e'' v

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391

PCT/US2016/037661

FIG. 2 Continued |

SUBSTITUTE SHEET (RULE 26)

24/39
}
T35 40 145 150
11 75274 eesiieicnnanricconnanns DANGVAATGAQVINGQELYE
135 1140 145 1150
20 267BHY i iecieni e eeas DENGVAATGAQVINGQXLYF
13 1140 1945 1180
31 6855l DANGVAATGAQVINGOKLYF
13 140 1145 1150
3 2919+ e DANGVAATGAQVINGQELYF
1935 1140 1145 1150
AL BT DANGVAATGAQVINGQHLYF
1070 1075 1080 1085
61 5926+ | raarriiieeerieiiiiinans LOKDGVAVTGAQTVGKQHLYF
1070 1075 1080 1088
7o 04274 e LGKDGVAVTGAQTVGKOKLYF
1070 1075 1080 1085
B: 0874%= et e LGKDGVAVTGAQTVGKOKLYF
1070 1075 1080 1085
91 17244 et caeaan e rnana LGKDGVAVTGAQTVGKQHLYF
10: 3KIK
11: 3AIR
1070 1075 1080 1088
12: 0088== e FDRNGVAVIGTVTFNGORLYF
1430 135 1140 1145 1150
130 0544-- i FDNNGYAVTGARTTNGQHLYF
1070 1075 1080 1085
141 13667~ |t LGKDGVAVTGAQTVGKOELYF
1045 1050 1055 1080
151 3208 | iiiiiiiieiiennaiiiiienean TYDGNGKRVIGRONTNGORELFF
1050 1055 1060 1065
16: 2379~ | et ieiaeeeearaaae, YYDONGKRVIGHONINGQELFF
1075 1080 1085 1090 1095 1400 1108
17: 6907 ... KKGEFYTTDGS THEYRDAAGKNVTGALTLOGHEY YF
1080 1085 1080 1085
181 5618~ | iiiiieiiieiiicenann YRGADGVAVTGLOKVGQQTLYF
1080 1085 1090 1095
191 4207 i YFGVEFAKLTGLOKIGOOTLYF
1080 1085 1000 1085
200 3842 L iiiiiiiiicceiinee YFGADGVAVTGLOKLGOOTLYF
1085 1090 1085 1900 105
210 9358== | ieiieiiiiiieiens YLNSDGIALVGVOTINGKTYYF
1065 1070 1075 1080 1086
22: BBBL-= i iiiiiiiicininaieeen YLDSNGYAVTIGLOTINGKQYYF
1080 1085 1080 1095
231 0339 | FDDNGVAVKGAQTINGOOLYF
1090 1005 1100 1105 111D
241 B242-- e aarasesesnreeeeonss .. FDENGIAVIGAQTIAGONLYF
MO 115 11200 1125 1130 1135 1140 1145 1950
251 7528~ GKONLYFNEKGVOVENRFFQVGDATY YANNEGDVLRCAQTINGDELYF
1080 1085 1090 1095
26: 32797 i YFDADGNTVTGSRVIDGKTYYR




WO 2016/205391 PCT/US2016/037661
25/38
1158 80 1165 117
EDGS + v v v o QVKGEVV . v euvsasaecceanassereeennnsnnnecnnnnans KNADG
1165 160 1165 170
ok ) /- 1 P KNADG
1158 160 1165 17
FEDGS« v o s OVRGEVV . ottt eeeeesseeeaeeeeaannnaccaeesrneeens KNADG
1455 1150 1165
ok e PN ¢ 7. 1 KNADG
1455 1180 1465
ot e P 1) KNADG
1080 1085 1100 1105
et N 1) TAKD
1090 1085 1100
EANGE .+« e cOVEBDEV . st v eeeeensrnnseeeenarrnaeeesenss TSHE
1080 1085 1100
EANGO. v v v QVKODEV . 4t e ceesas s ereceeensnnaaeecaananeeees TSDE
1080 1095 100 1405
EANGO . v v e e QVKGDEV . e v et eeeee e eeeeeeaaeereeearanss TAKD
1090 1095 1100
KPNGY . v v e cQBKGEF T et v e ceeaaneseaeeeeanananeccaeenss RDAD
1155 1150 1165
RANGY . 4 v v OVKBEEV . 4t ee s e v eveeesenseereeeeannaereess TDRH
1080 1095 1100 1105
EANGO v v e QVKGDEV . 4o v e s eeeeeeeeeeeaaaeenarenaenns TAKD
1065 1070 1075
DNHGY. .+ v o s OVEGRTA L 4ttt ttttsstteenansn e e tensrnaaeeenss QVDG
1070 1075 1080
DANGV. ¢« o s QVKGRTV. 4 v vssvsecrnnsnnsccnnnnsnnncecassrsnnns NENG
1110 115 1120 125 130 1135 1140 1145 1150 1155 1160
RANGA. ... .QVKGEFVTENGKISYYTVDNGYKVKDKEFEVNGKWYHADKDGNLATGROTID
1100 1405 1410
BODGK. L v v OVEBRTV L 4ttt vttt e e vaeaaaaaeeees TLAD
1100 1105 110
DODGK. « v v s QVKGKIV . 4ttt sstteianebsseaomssnaseenennenss TLSD
1100 1105 1410
DORCK. .+ 22 QVKCKTV, 4t ctasssieccnnnnnnncccasanssssececss TLAD
1110 1118 1120
GODCK. ... 015:(c1:4 8 DU TDNG
1090 1095 1100
DNEGR. + v+ QVEGHFV . ¢ttt sttt e e ee e aaneeeaaeaenns TINN
1100 1105 1410
DENGV .« o o QBKGVEV . L . sttt et ceeensenn e eneennsnnans TNEDG
1415 120 1125
DDNGV. ¢« o s QBKGAEV . 4 vvssvsecnnnsnnncccnnnnnnnnceeansssnns THADG
1155 1160 1185 1170 1175 1180 1185 1190
DESGK. . . . . QVKGEFVNNPDGTTSYYDAITGVRLVD. v v vvvnnnnnee. TSLYVDG)
100 105 1110 1115
NODGSVETAYSNRADS L.« v v vvvtvasaeeeeeesesenvnnansnnaneeens IFEN

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391

PCT/US2016/037661

26/39

(&3]

~3

(Xed

1175 1180 1185 1180 #1185 1200 1208 1210 1215 1220

TYSKYKEGFGELVINEFFTTIGN. ‘VWYVAJANHYT‘]TGAQ\;I‘JhQBLY.FhA G
1175 1180 1185 1180 #1956 1200 1205 1210 1215 1220

TYSKYREGSGELVINEFFTTDCN , VWY YAGADGKTVTGAQVINGOHLYFKEDG

175 1MB0 1185 1180 1195 1200 1205 1210 1215 1220
TYSKYKEGSGELVINEFFTTDGN , VY YAGANGRTVTGAQVINGQHLYFNADG
170 1175 1180 1185 1180 1195 1200 1205 1210 1215 1220

TTSKYRDGSGDLVVNEFFTTGIN  VRY YAGANGKTVTGAQVINGOHLFFKEDG
1170 1175 180 1185 1180 1188 1200 1208 1210 1215 1220

TFSKYKDSSGDLVVNEFFTTGDN . VWY YAGANGKTVTGAQVINGOHLFFKEDG
110 1115 1120 125 1130 1135 1140 1145 1150 1156

GKLYFLDGDSGDMWTDTFVQDKZ-\G:WFYLGKDGAAVTGAQTVRGQKLYFKANG
1105 1110 1115 1120 1125 1130 M35 1140 146 1130 1155
GKLYFYDVDSGDMATDTF IEDKAGNWEYLGKDG APV’SGAQT.[R Q*(LVBKA{C
1105 1110 1115 1120 1125 1130 #1356 1140 1145 1180 1158

GKLYFYDVDSGDMATDTFIEDKAGNHEYLGK DCAAVTCZ\QTIR\:Q(LV FKANG
1110 1115 1120 1126 1130 #1386 1140 1146 1150 1155

GKLYFYDVDSGIMATHTF IEDKACKHF YLGKDGE Z—“.AVTG’%QTIK QKLVFKANC

1105 1110 1115 1120 1128 1130 138 1140 1445 1180 18

GHLRYYDPNSGNEVRNRFVRNSKGEWFLF DHNGIAVTGARVVNGORL Y FKSNG
H70 1175 1180 1185 1190 1195 1200 1205 1210 1215
GRISYYDGNSGDQTRNREVRNAQGOWFY FONNGYAVTGARTINGQRLYFRANG
M0 1115 10 1125 1130 1135 1140 1145 1150 1155
GKLYFFDGDSGOMWTDTFVODKTCHWFYLGKDGARY TGAQ TVRGOKL Y FKANG
1080 1085 1090 095 1900 1105 1110 145 20 125 1930
V. TRYFDANSGEMARNRFAEVE PGVRAYFNNDGAAVTCSONINGOTLY FDONG
1085 1080 1095 1100 1105 1110 1145 1120 1125 1130 1138
A, TRYYDANSGEMARNRFARTEPGVHAY FNNDGTAVKGSONINGQDLY FDONG
185 1170 1175 1180 1185 1190 1195 1200 1205 120 1215
HLNYYFNADGSQVKSDFFTLDGGKTWY YAXDNGE IVTGAYSVRGKNYYFKEDG
115 1120 1125 1130 1136 1140 1145 1150 1185 1160 1165
KSTRYFDANSCEMAVNKFVEGAKNVWY YFDOAGKAVTGLOT INKQVLYFDQDG
M5 1120 1125 130 1135 114D 1145 1160 1155 1180 1185
KSTRYFDANSGEMAVGKFARGAKNEWY YFDRTGKAVTGLOKTIGKQTLYFDODG
M5 1120 1125 1130 1136 1140 1145 1950 1155 1180 1165
KSTRYFDANSGEMAVGKFARGSKNERY YFDQTGRAVTGLOKIGOQTLYFDODG
125 1130 1135 1140 1145 1950 1155 1180 1165 1470

K. LKYFLANSGELARNT FATDSQNNWY YFGSDGVAVIGSQTIAGKKLYFASDG
705 1110 15 1200 MZ5 130 1135 1140 1845 1150
ORY . FLDGDSGEIARSREVT , ENNKWY YVDGNGKLYKGAQVINGNHY Y FNNDY
115 120 1125 1130 1135 1140 1145 1150 1155 1160 1163

TRSYYDARSGEKFVGDFFTTGDN , Y YADENGNLATGSQVIRGOKLY FAADG
130 135 1140 1145 150 1185 1160 1165 1170 1175
TRSYYDADSGEKTVADFETTGDN . DY YADENGNLYTGSQT TRGONLYFAEDG
195 1200 1205 1210 1215 1220 125 1230 1235 1240 1248
TPNVDAKGYVTKARTPGEYTTGDNNWEYADSY GRNVTGAQVINGOHLYFDANG
120 1125 1130 1135 1140 145 1150 1155 1160 1165 1170
GKARYITPAGEIGRSIFVYNPATKAWNYFDKEGNRVIGRQYIDGNLYYFKED

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

27/39

1225 1230 1235 1240 1245 1250 1255 1260 1265 1270 1275
SQVKGGVVKNADGTY SKYNASTGERLTNEFFTTGDNNWYY IGANGKSVTGEVRIGDD
1225 1230 1235 1240 1245 1250 1255 260 1265 1270 1275
SOVKGGVVKNADGTY SKYDAATGERLTNEFFTTGDNNNY Y TGSNGKTVIGEVKIGAD
1225 1230 1235 1240 1245 1250 1255 1260 1265 1270 1275

S OVKGGVVENADGTY SKYDASTGERLTNEFFTTGDNNWY ¥ 1GANGKSVIGEVKIGDD
1225 1230 1235 1240 1246 1250 1255 1260 1265 1270 1278

BOVKGDFVKNSDGTY SKYDAASGERLTNEFFTTCDRAWY Y TGANCKTVTGEVKIGDD
1225 1230 1235 1240 1246 1250 1255 1260 1285 1270 1275

SOVRGDFVENSDGTY SKYDAASGERLTNEFFTTGDNHWYY IGANGKTVTGEVK IGDD
160 1185 1170 1175 1180 1485 1190 1195 1200 1205 1210 1215
DOVKGDIVKGADGKTRYYDANSGDOVYNRTVKGS DGKTY T TGNDGVATTQTIAKGQT
160 185 4170 1975 1180 1185 110 1195 1200 1205 1210
DOVKGDIVKGTDGK IRYYDAKSGEQVFNKTVKAADGKTYVIGNNGVAVDPSVVKGQT
1160 1185 1170 1175 1180 1985 1190 1195 1300 1205 1210
DOVKGDIVKGEDGKIRYYDAKSGEQVENK TVKAADGKTYVIGNDGVAVDPSVVKGOT
160 1165 1170 1175 1180 1185 1180 1195 1200 1205 1210
DOVKGDIVKDRDEKTRYYDAQTCEQVENKSY . SVNGKTYYFGSDGTAQTOANPKGQT

160 1985 1170 1175 1180 9185 1180 1195 1200 1205 4210

Y OAKGELITERKGRIKYYDPNSGNEVRNRYVRTSSCNWY YFONDGYALTGREVVEGK
1220 1226 1230 1236 1240 1245 1200 1255 1260 1265 1270 1275

VQVK\:EFV’"DPY” RISYYDG hSGDQ RNRF\/RNhQuQWFVFDNNGV’WTGﬂRTI“IGQ
ﬁ‘iﬁé} 1185 1170 1178 1180 1185 180 1196 1200 1206 1210 1215
DQVr{GD VRGADGKIRYYDANS! GDOVYNRTVKGSDGKTY I TGKDGVAITQTTAKGOT
1136 140 1146 150 1155 160 %85 1970 1MFS 1180 MBS

HOVKGALVT  VDGNTRYYDANSGDLYRNREQE . VNGSWY Y FDGNGNAVKGMVNTNGQ
1140 1145 1150 1955 1160 1965 1170 1176 1180 1185 1190
ROVKGALAN , VDGNLRYYDVNSGELYRNRFHE . TDGSHYYFDCNGNAVKGMVNINGQ
1220 1225 1230 1235 1240 1245 1250 1255 1260 1265 MO
SQVKGDFVKNADGSLS Y Y DKDSGERLNNRELTTGRNVWYYF . KDGKAVTGRONIDGK
H70 1175 1180 1185 1190 1195 1200 1205 120 1215 1220
K OVKGKVVTLADKSTRYFDANSGEMAVGKFARGAKNENY YFDOAGKAVTGLOKIGQQ
170 175 1180 1185 1190 1195 1200 1205 1210 1215 1220

KOVEGRKYVTLADKSTRYFDADSGEMAVGKFAEGAKNERYYFDOTGEAVTGLORIDEG
170 1175 1180 1185 180 1185 1200 1205 1210 1245 12

ROV TKGKVVTLADKS IRYFDANSGEMAY GKFAEGAKNEWYYFDQAGKAVTGLQKIGQQ
175 1180 118 180 1185 1200 1205 1210 1215 1220 1255

KOVKGSFYTYNGK , VHY YHADSGELQVNRFEADKDGNWY YLDSNGEALTGSQRINGQ
1155 160 165 170 1175 1180 1185 1190 1195 1200 1205
SOVEG. .+ . . ARANGRYYDGDSGORVTNREVQVGANQWAYLNQNGOKVVGLOHINGK
170 1176 180 185 1190 1185 1200 1205 1210 1215 1220
CORKGTFTTDARGNRHFYDPDSGDLAENKF TADGDD , WYYFDRTGHYVIGEQVINGQ
1180 1185 1190 1195 1200 1205 1210 1215 1220 125 1280 1236
LORKGVFYTDTAGNTHY YDANSGELAVNTFVGDGDD . WY YFDENGTAVTGAQVING)
1250 1255 1260 1265 1270 1275 1280 1285 1290 1295 1300

ROVKGETVTNTDGSRSTYHWNTGDRLYSTFFATGRDRWY YADDRGNVVIGAQVING(
{75 1180 1185 1190 1195 1200 1205 120 1215 1200 1225

SOVKGAIVE , ENGIKYYYEPGSGILASGRYLOVGDDOWI Y FKHDGSLAIGQVRADGS

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391 PCT/US2016/037661

28/39
i
S 1280 1285 1200 1205 1300 1305 130 1315 1320 1325 1330
JadT TY . FFAKDGRQVKGOTVSAGNGRT SYYYGDSGKRAVS THIE IQPGVYVYFDKNG
S 12680 1285 1200 1295 1300 1305 310 1315 1320 1325 1330
!

TY ., YRAKDGROVKGOTVTAGNGR I SYYYGDSGKKATSTHIEIOPG I YVYFDRTG
1280 1285 1200 1205 1300 1305 1310 1315 1320 1325 1330
TY , FEAKDGKOVEGO TV SAGNGRISYY YGRS GKRAVS THIE IO PGVYVYFDKNG
1280 1285 1200 1205 1300 1305 310 1315 1320 1325 1380

4: 29194 TY. FFAKDGRQLKGOTVITRSGRISYYFGDSGKKALS THVE IQPGVEVFFDENG
o ores 1280 1285 1200 1285 1300 1305 1310 1315 1320 1325 1330
roatt TY . FFAKDGKQLKGQIVTTRSGRISYYFGDSGKKAISTHVE IQPGVFVFFDRNG
P, 1220 1225 1230 1235 1240 146 1250 1255 1280 1265
274077 IKDGS . VLRFY SMEGQLVTGSGHY SNARGQWL YVENGQVL TGLOTVGSQRVYFD)
T o 215 1220 1225 1230 1235 1240 1245 1260 1256 1260 1265
fiDseTe FKDASGALREYNLKGOLVTGSGHYETANHDRVY IOSGKALTGEQT INGOHLYFK
5 0871 1215 1220 1225 1230 1205 1240 1ME 1250 1255 1260 1265
S FKDASGALRFYNLKGQLVTGSGHY ETANHDWVY IQSCRALTGEQTINGOHLY FK
N 5 1220 1225 1230 1235 140 1245 1250 1255 1760 1265
Liads- FKDGSGVLRFYNLEGQYVSCSGRYETAEHENV VK SGRVLTCAQTIGNORVYFR
10: 3KLK

1215 1220 1225 1230 1236 1240 1245 1250 1255 1260 1265
RVYFDENGYYRYASHDORNHANYDYRRDFGRGSSSAIRFRASRNGEFDNFFRF
1280 1985 1290 1295 1300 1305 1310
HLYFRANGVQVKGEFVTDRYGRISY , , , YDANSGERVRIN
1220 1225 1230 1235 1240 1245 1250 1255 1260 1266
TKDGS . VLRFYSMEGOLVTGSGHY SNARGQWL YVENGOVLTGLOTVGSORVYFD
1190 1195 1200 1205 1210 125 1220 125 1230 1285 |
NI LFDNDGRQVKGHLVRY , NGVIRYYDPNSGEMAVNRAVE T SSGHWVYFDGE]
195 1200 1205 1210 1215 1220 1225 1230 1236 1240 |
NI. LEDNNGKQTKGHLVRV . NGVVRYFDPNSCEMAVNRWVEYS PGHHVY FOGEQ
125 1280 1285 1200 1295 1300 1305 1310 1315 1320 1324
EY, YFDHLGRQVKGSPISTPKG , VEYYESVLGERVINTWITFQDGKTVFFDENG
1225 1230 1235 1240 1245 1250 1255 1260 1265 1270 1274
TL. YFDONGROVEGKVVTLADKSTRY FDANSGEMASNKFVEGAKNENYYFDOAG
o toom- 1225 1230 1235 1240 1245 1250 1255 1260 1265 120 1278
o TL. YFDQDGKQVEGKTVTLSDKSTRY FDANSGEMATNKFVEGSONERY YFDQAG
1226 1230 1236 1240 1245 1250 1255 1260 1285 1270 1974

200 3442-- L. YFDODGROVKGOLVTLADKS T RY D AN SCEMASNK FVEGAKNERY YFDOAG
ﬁ 0 1205 10 1245 1250 1255 1260 1965 1200 1275 1280
211 9358-- RV . FETREGKQVKGDVAY DERGLLRYY DKNSGNMVYNKVVTLANGRRIGIDRAG

4 216 1295 120 1225 120 1235 1240 145 1350 4285
22: 6661-- LY. YFEGNGVORKGKLLTYKGKRY . YEDANS GEAVTNRFIOI SREVAY YFNASG
S 1225 1230 125 1240 1245 1250 1265 1260 1265 1270
231 U3, OL. YEDENGVOARGY VT DNGNKRY Y DAQTGEMVVNOTLTY . DOVE YTFCADG
— 1240 1245 1250 1256 1260 1285 1200 4275 1280 1265
24z 8242-- BL. YFADNGTOVKGE VT DANGNRYYY DADSGEMAVNTFVET . DGVWY YFGADG
—— 1905 130 1315 130 1335 330 1335 1340 M5 130 1355
KL, FEDTOGKOVKGAT ATNANGS RS Y Y AWNTGNKLYS TFFTSGDNNWY YADAKG
S 1230 1235 1240 1245 1250 1255 1260 1265 1270 1275 1280
2032 YLKYFDRNGTOVEGOT IV, EDGATYYYDADSGALVTS SFAE T APNOWAYFNTEG
FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

29/39

{

i

11335 1340
;Avwmmm
{1335 1340
EAYPPRVLN
1335 1340

EAYPPR /LN
1335 134&

i
Lavpee
| 1335 134ﬁ

L AYPPENMN

ﬁ27e 1275 1280 1285 1290 1285 1300 1305 1310 1315 1320
ANGIOAKGKAVRTSDGKLRY FDANSGSMI TNOWKEVNGQYY Y PONNGVAT YRGWN
1200 1275 1280 1285 1290 1296 1300 1305 1310 1315 1320
EDGHOVKGOLYTRTDGKVRY Y DANSGDOAFNKSYTVNGKTY Y FGNDGTAQTAGNPK
5270 1275 1280 1285 1290 1205 4300 1305 4310 1315 1320

GHOVEGQLVTGTDGKVRY YDANSGDQAFNKSVTVNGKTY Y FGNDGTAQTAGNEK
(270 1275 1200 1285 1790 155 1300 4305 1310 135 1320

bka QVKuQLV GNDGKLRYYDANSGDOAFNKSVIVNGKTYYFGSDGTAQTOANPR

270 1275 1280 1285 1200 1205 1300 1305 1310 1315 1300
ANGIQAKGKAVRTSDGKLRYFDANSGSMI TNOWKEVNGQY YY PONNGVAL YRGHN
1240

RGQT

1245

RGOT

1330

YADFDK

128) 1285 1290 1295 1300 1305 1310 1315 1320 1325 1330
KAVTGLOQIGONTLYFDONGKOVKGKIVYVNGANRY FDANSGEMARNKHIQLEDGS
1280 1285 1290 1295 300 1305 1310 1316 1320 1325 1330
KAVTGLOQVGOOTL Y FTODGKOVKGRYVDVNGVSRY FDANSGDMARSKHIQLEDGS
1280 1285 1200 1205 1300 1305 1310 1315 1920 1325 1330
KAVTCLOOTGOQT T YFDONGEQVKGK TVY VHGANR Y FDANSGEMARNKI T QLEDGS
1285

[ARYY

160 1265 1270 1275 1260 1265 1200 425 1300 1308
DAVTGEQVINGOHLYFDASGROVKGRYVWIKGORRYYDANTGAWVRNR

1275 1280 1285 1200 1296 1300 1305 1340

VAVVNAQDSDEQSE . STDF“QVTSDDATVAKT TSSAR
1290 1285 1300 1305 1310 1316 1320 1326 1330 1335 1340

TAVTGAQVTDGONLY FNADGSQVRGDVVRINGLRY YYDANSGEQVRNQHVTLRDGT
1960 1365 1370 1375 1380 1385 1300 1305 400 1405 14%0
EYVVGEQTINGOHLYFDQTGKOVKGATATNPDGS I SYYDVATGEKAINRIVKIPSG
1285 1200 1205 300 1305 1310 135 1320 1325 1330 1335
DALKGKWTINGKEY YFDONGIQYKGKAVKVGSRYKYYDENDGQEVTNRFAQIEPNV

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391

PCT/US2016/037661

30/39

¢ 75274+

]

: 267844

a2

: ABSE+H

: 20194+

(& )]

2 2765+

¢ 5926+~

: 04274~

1325 1330 1335 1340 1345 1360 1355 1360 1365 1370 1375
GOIFKDGS . VLRFY SMEGQOLY LGSGWY SNAQGOWLY VRNGRVLTGLOTVGSQRVYF

: (B74+=

1375 1330 1335 1340 1345 1350 1355 1360 1365 1370 1378
GQTFKDGS . DIRFYSMEGOLVTGSCWYENAQGOWLY VKNGKVLTGLOTVGSQRVYF

: 1724+~

1925 1330 1335 1340 1345 1350 1355 1360 1365 1370 1375 1380
GOTFKDGSGVLRFYNLEGQYVSGSCHYKNAQGOWLY VEDGRVLTGLOTVGNOKVYE

: 3KLK

: 0088--

: 0544--

1335 1340 1345
WMYFDRNGRGRRFGHN

1335 1340 1345
WMYFDRDGRGQNFGRN

1335 1340 1345
WMYFDRNGRGRRFGHN

1345 1350 1355
VFENARGYTHG

15 1420 1425
OWVYFNAQGKGYVSN

1340 1345 1350 1355 1360 1365 1370 4375 1380 1385 390
WAYFGADGYAVTGEQVINGQHLYFDQSGROVKGAYVTVNGQRRY YDANTGEY IPGR

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

31/39

1380 1385 1380 1305 1400 405 1410 1415 1420 1425 1430
DENGIQOAKGKAVRTSDGKIRYFDENSGSMITHOHKEVYGOY Y YFGNDGAAI YRGHN
1380 1385 1380 1395 1400 1405 1410 1415 1430 1425 1430
DENGIQAKGKAVRTSDGK IRYFDENSGSMITNOHKEVYGQYYYFGNDGART YRGHN
1385 1300 1305 1400 1405 1410 1415 1420 1475 1430
DKNGIQAKGKAVRTSDCKVRYFDENSGSMITHOWKEVY GQY Y YFGSDGARVYRGHN

FIG. 2 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661
32/ 39
i 3
1: 75974+ 205 Ho {25 2y B A0 B M
e ... .DSRTPHANSDYRRINPTATNGTGTE DKS ILDEQSDEY
2. 267844 205 M0 (M5 2 25 20 25 240
e .. ..DSRTPHANENYRLINPTATNOTGT I NKSVLDEQSDEN
3: 68554+ 205 20 {2157 24 25 20 35 240
> ... DSRTEWANEDYRRINPTATNOTGTE DKS TLDEQSDEN
1: 20194+ 205 20 {215 20 25 20 235 240
- ... . DSRTPHANSNYRLINPTATNGTGTE DRSVLIEQSDPN
—— 205 240 {215 20 295 40 235 240
i elt X .,DSRTPWADE\IV‘ELL{N}TAT’\IQTGT DK ILDEQSDPNE
6. 59264 205 20 (215 20 25 20 235
ve veen NE....TSLTPDT ig;j@‘f;gm_@ TPTNQIGSLDPRETF . . NOND
M 208 M0 M5 28 25 2 25 r
’ ' NQ.,,,SDLTPDHFNYRMIH.Twmr\%‘ DSRETY, . NANDIPYG
5. 087404m 205 A0 {5 T 20 w5 2% 235 o4
’ NQ. ,,.TDLTPD"“’ENYE.JIE TPINQTGSELDSRETY .  NENDPIGRYDHET
5. 17004~ 208 M0 {25 20 25 2 235 0| 245
o NG. .. .SDLTPDT ENYEJETDTNQTCS DSRFTY . . NANTPYGGYRILY
10+ THIK 950 93| %60 5 970 o5 980
o -N----SDLTKYAY b;mghjviq”ﬂw DERY-mmmm e FYCOREFLL
e AR 395 M0 405 | 410 415 4 4251 430
o NN--~~SKLTSQARE) .;_= TPTNQTGKNDPR-~~~ Y TADRE GGV EHLT
17: 0088-- 205 20| 2115 A0 25 {230 25 | 14 4B
- NN....SKLTSQAY PTPINGTGRNDPRYT, . . . ADRIHGGYEHLT
13¢ 0544-- 05 210 P02 (20 25 | [ 45
N : NE....GKLTPYAY DTPTNOTGKNDERYT. . . . ADRT HEGQYEHLT
14 1366 205 210 25 B 2% UL US
s NE....TSLTPDTY INPTPTNQTGSLDPRETF . . NONDPIEGYEYET]
5. 2295 215 220 30 235 240 245 | 280
- ” NS. . ”‘JRT::YASJYE”IF TPTOODGTR. (RYE, , . KDNSSGAFEFLE
16 2379 20 225 35 240|245 250 | P55 260
- ’ NDowuss SRTSHANSDYRLINDTPTSQTGKENPRYT, . .  KDTSHGGFEHLL]
7. 6907 5 240 20 25 230 A 240
S N. .. NDETPWANS! PTPSNODGSINGT. . .. ... GRYIGAYERL
18 5E18m 210 25 23 25 | 245
- NS..... DKTSdA“KYﬂIL TPTNQTGTP. .KYF. .. . IDKSHGQYEHLI]
19+ 4297 210 25 20 25 | [0 45
- ’ NN..... Eﬁsmksxm_ﬂm STPTSQTGTR. KYF. ... IDKSHGGYEHLE
20 3449 1o Pis 20} 25 23 235 | i 248
Y NS. ... ERTSHANSKYRIINPTOTNGTGTR . L KYF, . . . IDKSHGAYRHLL
21: 9356 20 245 25 230 235 |0 245
> NS..ss s DKTAYAYSDYRLINPTPTSQTGKE . (KYF. . . . EDNSHGaYDHLY
29+ 6661 ws g 20 25 230 235 U0
o0 NN..... STTSHANSDERLMEPTPTNOTGTP . L KYH. . . . IDRSHGGYEILE
205 210 20 225] 20 {285 240
23: 0339-- , LS ol . I e
N....SDLTEWA PABTYOTGETKYHKAD. . . . .. PIGQYDHLE
21 8202 05 U0 N5Ti 2w 25 2% 12857 240
... . SDLTPWANSDYRLINP TR TYQTGEINYFRAD. .. ... PHCAYEHLL
25 7508 205 20 {205 2 25 20 235 | 240
i 10e ,N....SDST@WDYEK@,TATSYIKN:‘KIV ....... NESHGAYERLT
26 3279 205 210 2 fas 20 235 (M0 M5
GO e NSKG:)TG\JRTSYAa“YgJLUTPTNQSGT,,KYF,,..K& SHGALEFLL
FjG 3 Insertion 1

SUBSTITUTE SHEET (RULE 26)




WO 2016/205391 PCT/US2016/037661

33/39

%5 20 265 A0

z@\,}@ﬂsm@f@m@ HYIM

255 280 285 A0

ROV SNV OARGTNOr BY LY
55 260 268 i

T R TR By

T T

255 260 265

ROV SR VAR o HY LM
50 255 260 25 | 270
AT LB
50 285 ﬂ
PN OVTNS N BVVOARQLY HY]
250 255 260 270

N OVDNER BV AR LB Y

250 255 260 265

R OVINE N VOB LAY LL
95 90 995 1000

A
AN VNS REVVORECLY

80 255 20

N NG REE R

250 5% W0 25

ROV R vV AR WL R L

o0 256 260 265

D IONSNBAVOARCLNL:
45 0 85 B
NSNEVWOREQLNGIHYLY
250  B5 ;0 2

0B
ANDEDNSNEVOREOLNALE
250 S 360

AN DFTINS N BAVQARLNWLHF
/O 255 960 6B

DTSR BVVDAROL L

245 20 255 280

........

55

ARDVENS VBV AL L Y YL
o5 B0 255 060 265

Di5 953 255 260 |

SO ENEOEEN D

255 260 20

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

34,39

FiG. 4B

FiIG. 44

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

35/39
335 M0 |M5 350 3BE 30 35 370
1t 7527+4 IS LDNHENIRTDGAALAMENKQRLALLFSLAKPIK . . ... . .. ERTP
335 M40 {345 30 35 360 365 370
21 26784+ HASLNONHYN DR T DGARLAMENKORLALLFSLARPIK, . ... ... ERTP
335 M0 [M5  3\0 0 3/5 W0 35 370
3: 6855++ RIS LA HEN DR TDGAALAMENKORLALLFSLAKPIK, . ... .. ERTP
338 M0 (M5 350 355 380 365 370
4: 2919++ AWSLNDNAYNERTDGAALAMENRQRLALLFSLAKPIK. . ... ... ERTP
335 %40 [M5 350 355 360 365 370
5: 2765++ Aﬁgl\@\f@i\l KTDVAALAMENKQRLALLFSLAKPIK. ... .... ERTP
335 M5 350 355 30 365 370
6: 5926+~ Lg__'jk,DNL;ra{zhjtin GDNLMNMDKNFRLSMLHSLAKPTN, ...\ .u . VRSG
33 M0 45 30 /5 W0 35 370
T: 0427+~ ﬂSJ\@“PﬂLLDDGDNLMNr«EDKNFRLSMLWSLAKPLD. ceee.. KRSG
335 35 30 3/ W0 385 370
8: 0874+ ’@s3‘«5[“D@LLDDGDNLMNMDKNFRLSMLWSLAK%D., eu... KRSG
335 M5 350 385 30 35 870
9: 1724+~ nj‘*DNET”@L DDGONLVNMDKNFRLSMLWSLAKELD, v v v v u s KRSG
1085 1070 075 1080 1085 1080 1095 1100
10: 3KLK DWGHOEATVEK IGNPOLTMDDRLRNAIMDTLSGARD . o o1 s W KNQA
5100 A2 530 B3 540 545 550 555
11: 3AIE AN PRLKDDGDNMI NMDNRIRLSLLYSTAKPIN, . .. . . .. QRSG
30 735 140 M5 30 3 30 365
12: 0088-- AR YN ALK DDGDNMINMDNRLRLSLLYSLARPIN. . ... ... QRSG
330 3B M0 ME 3w\ BE M0 365
13: (544-- E@SDN]I‘?’EEL K DDGDNMINMONKLRLSLLFSLAKPIN. . ... ... QRSG
335 M5 30 35 30 365 370
14: 1366-- AN HML DEGDNLMNMDENFRLSMLRSLARPLD v v s v e KRSG
M0 Mg 380 385 360 385 3% 375
15: 3298-- AR MDA YYNEDTKGAQLPMDDPLRLAMVESFIRPIG. . .. . . . L NRSG
35 30 [385 30 W5 30 B 380
161 2379-~ AN YR DTKGAGLPMDDEMELALVYSLIRPIC, . .. . . ., NRSG
325 330 | 335 M0 M5 30 35 360
17: 6907~ AFDLNDNAYNOKHDGAALAMDNNLRYATMGALYGSGS . . ..« v\ s SLKD
30 395 |40 M5 350 3B/E 30 365
18: 5618-- A@}SDI\@PDU\? KDTKGAQLPIDNKLRLSLLYSFMRKLS . . ... . .. IRSG
3035 (0 M5 }/O OB 0 385
19; 4297-- S ONDP DENKDTKGAQLAT DNKLRLSLLY SFMRNLS . . .. . .. . IRSG
33@ 335 |40 M5 350 385 360 365
20: 3442-- @ DNDEDENKDTXGAQLPIDNRLRLSLLYSFMRRLS .. oo e vu s IRSG
3 3 B0 M5 380 3\ W0 W ;0 375
21: 9358-- A DNDPORNKDTRGAQLPT INKLRLS LLYALTRPLEKDASNKNE IRSG
35 70 P5 MO M5 /0 3BF 30 365
22; b661-- S YNDHONK D TGRAQLS I DNPLRETLLTTFLIRSN. . . ... YRGS
35 3 3B M0 M5 350 355 360
23: 0339-- AWSFRCPDYNKDTNGAALAT DNGLRMAFLDALTRPLD v v v v vW s SRTN
325 5300 {335 M0 M5 350 33/ 30
24 8242~ AMSYNDPDRNKDTNGAALAI DTNGLRLSFYSLIRPLD. . . v . . . ,ERSG
330 335 M0 M5 30 385 30 365
25: 7528-- S NP VK EENTAALSMDNGLRLS IVAGLTRPVT . . . . . ... . NKGT
3 35 MO M5 380 385 30 385 370
26: 3279-- AW ANDP YTNKDTRGAQLET DNALRNALTNLIMRDRNT.. . . . . RMQLGD

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661
36/.39
35 380 35 390 B85 400 405 410 415 420 435) 430 435 M0
AVSPLYNNTFNTTORDEKT DY INKDGSKAYNEDGTVEQS TIGKYNEKYCDASCRIVERARDN L VODT IAR
5 30 W5 390 PG5 400 A5 410 415 40 48] 4T 4% 4
AVSPLYNNTFNTTORDFKTDYINKDGS TAYNEDGTARQSTIGKYNEKY GDAS GV RAHDNL VDI AR
35 360 306 390 PS5 400 405 410 418 42@ 451 7430 A | w0
AVSPLYNNTFNTTQROEKTDEINKDGSKAYNEDGTVKGST IGKYNEKY GDASGRYVITIFANDN [ VDT IAR
375 380 385 390 B9S 400 405 A0 415 420 48] 4 4B M0
AVSPLYNNTENTTQRDEKTDEINKDGSKAYNEDGTVKQSTIGKYNEKYGDASG) gv%mi \IVODIIAE
5 380 385 390 P95 400 405 40 415 40 45 4 4
AVSPLYNNTFNTTQRDEXTDYINKDGSKAYNEDGTVRQS TIGKYNEKYGDAS CRIVETRERDN [ VEDI TAE
35 380 385 8¢ g 5 410
ANPLZHNSVVDREVDDREVEAT. . . v vvvvervnnneeeesnnnan. .. PRTIFARBEDSI VIDLIRD
375 380 385 390 05" 40045 410
LNPLIANSLYDREVDDREVETV . 4« v cenvsnrncccononsrncacenns PBYSFRRARDS VDI IRD
35 380 35 30 D5 400 405 410
LNPLIANSLVDREVDDREVETV. oot ie e cceennnnicecannnnnnns PETSFRRAHDD VEPIIRD
35 30 3 3 o5 400 45 410
LNPLIHNSLVDREVDDREVERV. .. vvtvveereeennnnnnnscnnn. . ASTFARRROSIVEDLIRD
105 1410 1145 1120 11p5 T | 1140 145
LKL I TOS LVNRANDNTENAY T+ v v e e v vvvnennsnnneerrnnsnnees PETNEVREIDS [DOIRQ
560 565 570 575 0 585 50 595
MNPLIINSLVNRTDDNAETARY . .o v e cceevnsnrrcccnoosnnneses PETSFIRARDS [VEPLIRD
30 375 A0 85 BY0 | 3% 0| 4
MNPLIINSLVNRTDDNAETARV .« ev v s v ecerannnraccncansns PRYSFRIRAHDS IVODLIRY
310 375 30 M5 5l 405
MNPLIINSLVNRTDDNAETARV. .o v vt eeener e vecenannneneeas PEYSHIREADS[VIDLIRD
375 380 35 300 35 A0 45 410
LNPLTHNSVVDREVDDREVERT ..ottt it i veeennas PBYBFRRARDS VDL IRD
380 33\ /W 3B WO 40540 415
EPLITNSLNDRSESKKNTREM. v vvvvvvnvnnicirnsnnnnensoes AATFVRARDSVESVIGE
B 390 35 400 s 40 5] 42
VEPLI P\ol?\IDRSESf“KNSKIM,,,...,.,,.,,,,..”..,.,,,,,..‘,,,A&WWL_JSIV@SIIG
R T 380 BS5 30 [35 400
LITSSLIDRTNNSK. evvnd e e cenannnrvcennnnnnnns YCDTOARYEFRRAHDNEVIDIIRD
370 375 380 385 {380 35 40| 405
VEPTITNSLNDRSTERRNGER} VT EVREEDS [V vIAD
370 375 380 385 390 3% AN 405
VEPTITNSLNDRSSEKKNGERM . . oo vvvvvivnnnnnnnneennns .. ANYIEVRARDSIVZIVIAD
303530 W5 P 385 00| 408
VEPTITNSLNDRSAERRNGERM. « . vovrsrvccrcnonsrrnccoconsas AT FVRAADSIVIIVIAD
3| 3B/ W0 395 400 5 40 415
LEPVITNSLNNRSAEGENSEREM e o oo v vveceevnnnnrnvaconsnnsnes BATIRIRARDS [VOTVIAK
AT R I B90 385 00 405
LERVITNSLNNRSSEQRKHTPED . o vt vvnvner v ecnnnnnuneanann A ﬂq_’_p[_a RAEDS [ VORVLAN
365 370 35 30 3B/5 30 o0 408
LESLIHNDLGMIDRIVISA, .t v e e v e ceennannnnn YGDAMPEY [VEBTIAS
65 30 5380 35 03 40 405
LEPLITSEIGLIDRSEDSA . feevvrrrrnccnrcosnrnncccoas YGDTMPBEVEVRERDS [V 11AS
30 375 A0 W5 PU0 305 4001 405 410 415
{GARNARMK DL INGGY FGLSNRARVTSYDOL . o v s v ceernnnnnecaes GPATVLEVRAHDS [VIJTVIAD
375 380 385 390 335 400 405 410
MTAFHNSSTNPGRANDENGERM. o\ vt e e evecnnnnnerennns ARYIFTRAHDIEAGTIIOR
Ingert lOI‘ 2 .............................

FIG. 5 Continued

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

37/39

FiG. 6B

FIG. 64

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

38/ 39

525 530 535 540 | 545 1550 555 560 565 57D 575| 5RO 585 500
1:17527++ YYDTEVNKS@M@\JSQETRSY& LPTDCRMONSDYE , LYRTNEV Y THVRYGKD IMTANDTEGSKY . 5

625 530 53 &40 |\ 546 | 550 655 660 565 A0 65| 580 585 590
:2678++ | YHDUEVNEMENRIKEY SCCORORS YR LPTDGKMDRSDVE . LYRTSEVY THVRYQKDIMTADDTEGSKY .

525 530 53§ 540 | 545 | 550 555 560 565 EAD 575 580 585 500
3268554+ YVPTFVI\E}[M“@V&]V;GCQ%DRSYWLPTDGKMDNSDVE.LYRTNEV THEVRYERD] MTANDTEGSK&;

[

925 530 o3y 40 (546 050 S35 %60 SEs B &/5) 580 586 5%0

B

129194+ | vy DRk SGG0hORS YA L PTDGRMDKSDVE . LYRTHEY Y THVRYERD IMTADDTOGSKY . §
55 530 53f 54D | 545 | 550 635 560 565 Y0 575 580 565 550

5:2765++ | vypTEvMEMKSRIKISRGO \_:_Q%QRSYWLPTDGKMDKSDVElLYRTNE\/ THVRNGRD IMTADDTQGSKY . S
485 600 05 51D 517 520 595 53 835 540
6:5926+- | wyDaEsHLxARMdlvSoGohMONYKIGNGE . ... ...l 14 TEVRYEKBATROSDKGDRT . . T
4% 500 bos  stp 514 S 585 530 535 540
708274 | NyDAE ST KA RMKE SR ORMON Y IONGE . . vev v 1Y THVRYERBALROSDRGDRT . . T
4% 500 B05 5P 51 52 595 53 535 540
8:0874+~ | NyoAlE ST KARMKEV SRCORMONYTONGE . oo e eee .. T4 THVRYERGALKOSDRGDKT , . T
495 800 505 Blp 519 5! 595 B3 535 540
0:17244~ | NYDAESELKARMKAGGORMONY ICHGE . . v v v evvnness s, 1L THVRYBKEALRQSDKGDRT , T
1228 1230 1335 12400 1245 125 | 1255 1260 1265 1270
1023k | vrnTre xR A GOk R e NGILTHVRFEKGAMNATDT -GFDE-T
580 685 B9 695 7O 705 {710 TiE T 725
113218 | vEaR Tl AR TR SECOMRNORVE . . NSEIETRVENEKBALKATDT-GDRI~T
490 495 Bl 505|510 1515 S5R00 525 | 530 5% 540
12:0088-~ mw@@] OV SGOORMRNOVENSE . ... TRTEVRYERGALKATDTGORT , . T
400 505] 5100 515 52D 5250 530 535
13:0544-- |1 EAEET@LK ARTKEVSEoORMRNOQVONSE . . .. v IliT“"T{Y@vi CALKAMDTGDRI, . T
495 600 05 51 519 520 545 535 540
14:1366-- | NYNALESELKARMKEV SECORMONYDTONGE . . o\ eveens . ILTEVE -_: CALKQSDKGDAT, . T
500 505 Bi0 5ig 5 525 530 535 45 550 585
15:3298-- | YEDASTLLOAR TR AAGCODMEMS TVGSGN . TNGHDA. . . . .. SGVLYRVRYGKGANNASDAGTAE, . T
505 510 B1§ 5X0 |25 [ 530 53 540 | M5 BA  585 560
1612379~ | YYDATETT X GRIRERAGCOPMK VI IGYGN . TNGHDA. . . . .. AGVATRVRYGTEANSASDTGTAL. . T
480 485 490 {495 500 AD5 5101 BT5 Bp0 525 530
17:6907-- | YDA TILKNRMREVSGCOBMEVDY . e cn e FNGKEIESEVRYHKD IMTADQTTGVARTS
480 485 5(1(} 605 | 510 {515 60 525 3 535 540 545
18: 5616~ | YHDAEDALLRARTKIVAGGOUDMKVTYMGVPREADKWSY .. . . . . NGIZTRVRYGTEANEATDEGTAR, . T
490~ 495 5@@ 505 | 510 {515 520 525 3 535 540 545
19:4297-~ | YHDAFDARY RAR TR GOPMEVT {MGVPREADKSY . . . . .. NGIZTEVRYHTGANEATDEGTAE., . T
4907 485 SO0 505|510 {515 50 525 3 50 545
20:3442-- I'VDP\ELAI_MAQI KV AGGUDMKVT MGVPRETDKHSY . . .1 NGIE g FIRANEATDEGTAE. . T
500 305 Sp0 BI5| 520 55 5% 535 [5a0 B4p 550 558
21:9358~~ | YYDATDATLKARTKFRACCOPMK I TYVECDK SHMDWDY . . . . .. TGVETEVRYGTANEATDOGSER, . T
485 A0 495 | BOOT 505 5{0 515 52 us 530 53
22: 6661~ | YYNATCAT RARTKEVAGCODMEVTELNGYE ..o e IRSEVRYL CAREANQLGTAE. .1
490 495 500 EOp 51 515 5:?0 530 535 540
23:0339-- | vYDOT ALK SRIKNRAGTOBMNVOYPDGAGA . .. . oove e s GI¥! YEIMTADQRATIDS. V
450 T495 {500 THOF A1 515 50 525 530 .; i 545 550
24:8242-- | YYDOETT @MQA@H@AAEE"BMAVT YTPASSMSTONADSVLNETGVETH GIMTADQEATDDS .V
500 508 515 | 520 525 530 533 B0 545 550 555 560
25:7528-~ LLQET':@“&@P(\'&WW; THKLAGDGVSSAKD. ... .. NKEVEVEVRYGOPLMSKTDTEGGKY .G
485 500 5p5  5I0) 515 5% 4 530] 535 540
26:3279-- | YFDAIDTTLRARIKEVAGGODMEVKRVGND . o o o vsv v s GLYTEVRYGHGANNS TDWGTTE . , T
F[G 7 Insertion 3

SUBSTITUTE SHEET (RULE 26)



WO 2016/205391 PCT/US2016/037661

39/39

FiG. 8B

FIG. 84

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/037661

INV.
ADD.

A. CLASSIFICATION OF SUBJECT MATTER

C12N9/10

C12P19/04 C12P19/18

According to International Patent Classification (IPC) or to both national classification and IPC

CO8B37/00

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C12p CI12N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, COMPENDEX, EMBASE, FSTA, IBM-TDB, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 20147087431 Al (PAYNE, M.S. ET AL.)
27 March 2014 (2014-03-27)

cited in the application

page 1, column 2, paragraph 6 - page 4;
table 1; sequences 50, 60

page 9, column 1, paragraph 76

pages 12-13; examples 17, 18; table 2

4-13,15,
16

1-3,14

pages 144-147
pages 173-177
page 193; claims 1-14

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

12 September 2016

Date of mailing of the international search report

19/09/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fuchs, Ulrike

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

pattern of glucan products induced by
substitution of Lys residues in the
dextransucrase",

FEBS LETTERS,

vol. 579, no. 21,

29 August 2005 (2005-08-29), pages
4739-4745, XP027696686,

page 4744, lines 8-26

PCT/US2016/037661
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X YAKUSHIJI, T. ET AL.: "INTER-SEROTYPE 16
COMPARISON OF POLYSACCHARIDES PRODUCED BY
EXTRACELLULAR ENZYMES FROM Streptococcus
mutans",
CARBOHYDRATE RESEARCH,
vol. 127, no. 2,
15 April 1984 (1984-04-15), pages 253-266,
XP026622306,
A abstract 1-15
page 255, lines 27-39
page 260; table V
page 261, line 2 - page 262, line 6
page 264, lines 5-39
A FUNANE, K. ET AL.: "Changes in linkage 1-16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/037661
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014087431 Al 27-03-2014 AU 2013323686 Al 26-03-2015
CA 2884950 Al 03-04-2014
CN 104838010 A 12-08-2015
EP 2900828 A2 05-08-2015
HK 1213599 Al 08-07-2016
JP 2015529096 A 05-10-2015
KR 20150058478 A 28-05-2015
PH 12015500661 Al 11-05-2015
SG 11201502342Y A 28-05-2015
US 2014087431 Al 27-03-2014
US 2015004649 Al 01-01-2015
US 2015004650 Al 01-01-2015
US 2015004651 Al 01-01-2015
US 2015004652 Al 01-01-2015
US 2015004653 Al 01-01-2015
US 2015010954 Al 08-01-2015
US 2015010955 Al 08-01-2015
US 2015010956 Al 08-01-2015
WO 2014052386 A2 03-04-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - wo-search-report
	Page 113 - wo-search-report
	Page 114 - wo-search-report

