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ALPHA (1,2) FUCOSYLTRANSFERASE SYNGENES FOR USE IN THE

PRODUCTION OF FUCOSYLATED OLIGOSACCHARIDES

FIELD OF THE INVENTION
The invention provides compositions and methods for producing purified
oligosaccharides, in particular certain fucosylated oligosaccharides that are typically found in

human milk.

BACKGROUND OF THE INVENTION

Human milk contains a diverse and abundant set of neutral and acidic
oligosaccharides. More than 130 different complex oligosaccharides have been identified in
human milk, and their structural diversity and abundance is unique to humans. Although
these molecules may not be utilized directly by infants for nutrition, they nevertheless serve
critical roles in the establishment of a healthy gut microbiome, in the prevention of disease,
and in immune function. Prior to the invention described herein, the ability to produce
human milk oligosaccharides (HMOS) inexpensively was problematic. For example, their
production through chemical synthesis was limited by stereo-specificity issues, precursor
availability, product impurities, and high overall cost. As such, there is a pressing need for

new strategies to inexpensively manufacture large quantities of HMOS.

SUMMARY OF THE INVENTION

The invention features an efficient and economical method for producing fucosylated
oligosaccharides. Such production of a fucosylated oligosaccharide is accomplished using an
isolated nucleic acid comprising a sequence encoding a lactose-utilizing o (1,2)
fucosyltransferase gene product (e.g., polypeptide or protein), which is operably linked to one
or more heterologous control sequences that direct the production of the recombinant
fucosyltransferase gene product in a host production bacterium such as Escherichia coli (E.
coli).

The present disclosure provides novel a (1,2) fucosyltransferases (also referred to
herein as a(1,2) FTs) that utilize lactose and catalyzes the transfer of an L-fucose sugar from
a GDP-fucose donor substrate to an acceptor substrate in an alpha-1,2-linkage. In a preferred
embodiment, the acceptor substrate is an oligosaccharide. The 0(1,2) fucosyltransferases
identified and described herein are useful for expressing in host bacterium for the production

of human milk oligosaccharides (HMOS), such as fucosylated oligosaccharides. Exemplary
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fucosylated oligosaccharides produced by the methods described herein include 2’-

fucosyllactose (2°FL), lactodifucotetraose (LDFT), lacto-N-fucopentaose I (LNF I), or lacto-
N-difucohexaose I (LDFH I). The “o(1,2) fucosyltransferases” disclosed herein encompasses
the amino acid sequences of the a(1,2) fucosyltransferases and the nucleic acid sequences that
encode the 0(1,2) fucosyltransferases, as well as variants and fragments thereof that exhibit
a(1,2) fucosyltransferase activity. Also within the invention is a nucleic acid construct
comprising an isolated nucleic acid encoding a lactose-accepting o (1,2) fucosyltransferase
enzyme, said nucleic acid being optionally operably linked to one or more heterologous
control sequences that direct the production of the enzyme in a host bacteria production
strain.

The amino acid sequence of the lactose-accepting 0(1,2) fucosyltransferases described
herein is at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at
Jeast 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95% identity to Helicobacter pylori 26695
alpha-(1,2) fucosyltransferase (futC or SEQ ID NO: 1). Preferably, the lactose-accepting
0(1,2) fucosyltransferases described herein is at least 22% identical to H. pylori FutC, or SEQ
ID NO: 1.

In another aspect, the amino acid sequence of the lactose-accepting o(1,2)
fucosyltransferases described herein is at least 15%, at least 20%, at least 25%, at least 30%,
at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95% identity to
Bacteroides vulgatus alpha-(1,2) fucosyliransferase (FutN or SEQ ID NO: 3). Preferably, the
lactose-accepting 0(1,2) fucosyltransferases described herein is at least 25% identical to B,
viugatos FutN, or SEQ ID NO: 3.

Alternatively, the exogenous « (1,2) fucosyltransferase preferably comprises at least
at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%,
at least 50%, at least 55%, at least 60%, at least 63%, at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95% identity to any one of the novel o (1,2)
fucosyltransferases disclosed herein, for example, to the amino acid sequences in Table 1.

Exemplary o(1,2) fucosyltransferases include, but are not limited to, Prevotella
melaninogenica FutO, Clostridium bolteae FutP, Clostridium bolteae +13 FutP,
Lachnospiraceae sp. FutQ, Methanosphaerula palustris FutR, Tannerella sp. FutS,
Bacteroides caccae FutU, Butyrivibrio FutV, Prevotella sp. FutW, Parabacteroides johnsonii
FutX, Akkermansia muciniphilia FutY, Salmonella enterica FutZ, Bacteroides sp. FutZA.
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For example, the a(1,2) fucosyltransferases comprise the amino acid sequences comprising

any one of the following: Prevorella melaninogenica FutO (SEQ ID NO: 10), Clostridium
bolteae FutP (SEQ ID NO: 11), Clostridium bolteae +13 FutP (SEQ ID NO: 292),
Lachnospiraceae sp. FutQ (SEQ ID NO: 12), Methanosphaerula palustris FutR (SEQ ID
NO: 13), Tannerella sp. FutS (SEQ ID NO: 14), Bacteroides caccae FutU (SEQ ID NO: 15),
Butyrivibrio FutV (SEQ ID NO: 16), Prevotella sp. FutW (SEQ ID NO: 17), Parabacteroides
johnsonii FutX (SEQ ID NO: 18), Akkermansia muciniphilia FutY (SEQ ID NO: 19),
Salmonella enterica FutZ (SEQ ID NO: 20), and Bacteroides sp. FwtZA (SEQ ID NO: 21), or
a functional variant or fragment thereof, Other exemplary a(1,2) fucosyltransferases include
any of the enzymes listed in Table 1, or functional variants or fragments thereof.

The present invention features a method for producing a fucosylated oligosaccharide
in a bacterium by providing bacterium that express at least one exogenous lactose-utilizing
a(1,2) fucosyltransferase. The amino acid sequence of the exogenous lactose-utilizing a(1,2)
fucosyltransferase is preferably at least 22% identical to H. pylori FutC or at least 25%
identical to B. vulgatus FutN. In one aspect, the bacterium also expresses one or more
exogenous lactose-utilizing a(1,3) fucosyltransferase enzymes and/or one or more eX0genous
lactose-utilizing a(1,4) fucosyltransferase enzymes. The combination of fucosyltransferases
expressed in the production bacterium is dependent upon the desired fucosylated
oligosaccharide product. The method disclosed herein further includes retrieving the
fucosylated oligosaccharide from said bacterium or from a culture supernatant of said
bacterium.

Examples of suitable a(1,3) fucosyliransferase enzymes include, but are not limited to
Helicobacter pylori 26695 futA gene (GenBank Accession Number HV532291
(G1:365791177), incorporated herein by reference), H. hepaticus Hh0072, H. pylori 11639
FucT, and H. pylori UA948 FucTa (e.g., GenBank Accession Number AF1 94963
(G1:28436396), incorporated herein by reference)(Rasko, D. A., Wang, G., Palcic, M. M. &
Taylor, D. E. J Biol Chem 275, 4988-4994 (2000)). Examples of suitable a(1,4)
fucosyltransferase enzymes include, but are not limited to H pylori UA948 FucTa (which has
has relaxed acceptor specificity and is able to generate both 0(1,3)- and a(1,4)-fucosyl
linkages). An example of an enzyme possessing only (1,4) fucosyltransferase activity is
given by the FucT III enzyme from Helicobacter pylori strain DMS6709 (e.g., GenBank
Accession Number AY450598.1 (G1:40646733), incorporated herein by reference) (S.
Rabbani, V. Miksa, B. Wipf, B. Ernst, Glycobiology 15, 1076-83 (2005). )
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The invention also features a nucleic acid construct or a vector comprising a nucleic

acid enconding at least one a (1,2) fucosyltransferase or variant, or fragment thereof, as
described herein. The vector can further include one or more regulatory elements, e.g., a
heterologous promoter. By “heterologous” is meant that the control sequence and protein-
encoding sequence originate from different bacterial strains. The regulatory elements can be
operably linked to a gene encoding a protein, a gene construct encoding a fusion protein
gene, or a series of genes linked in an operon in order to express the fusion protein. In yet
another aspect, the invention comprises an isolated recombinant cell, e.g., a bacterial cell
containing an aforementioned nucleic acid molecule or vector. The nucleic acid is optionally
integrated into the genome of the host bacterium. In some embodiments, the nucleic acid
construct also further comprises one or more a(1,3) fucosyltransferases and/or a(1,4)
fucosyltransferases. Alternatively, the a (1,2) fucosyltransferase also exhibits a(1,3)
fucosyltransferase and/or a(1,4) fucosyltransferase activity.

The bacterium utilized in the production methods described herein is genetically
engineered to increase the efficiency and yield of fucosylated oligosaccharide products. For
example, the host production bacterium is characterized as having a reduced level of B-
galactosidase activity, a defective colanic acid synthesis pathway, an inactivated ATP-
dependent intracellular protease, an inactivated lac4, or a combination thereof. In one
embodiment, the bacterium is characterized as having a reduced level of B-galactosidase
activity, a defective colanic acid synthesis pathway, an inactivated ATP-dependent
intracellular protease, and an inactivated lacA.

As used herein, an “inactivated” or “inactivation of a” gene, encoded gene product
(i.e., polypeptide), or pathway refers to reducing or eliminating the expression (i.e.,
transcription or translation), protein level (i.e., translation, rate of degradation), or enzymatic
activity of the gene, gene product, or pathway. In the instance where a pathway is
inactivated, preferably one enzyme or pblypeptide in the pathway exhibits reduced or
negligible activity. For example, the enzyme in the pathway is altered, deleted or mutated
such that the product of the pathway is produced at low levels compared to a wild-type
bacterium or an intact pathway. Alternatively, the product of the pathway is not produced.
Inactivation of a gene is achieved by deletion or mutation of the gene or regulatory elements
of the gene such that the gene is no longer transcribed or translated. Inactivation ofa
polypeptide can be achieved by deletion or mutation of the gene that encodes the gene

product or mutation of the polypeptide to disrupt its activity. Inactivating mutations include
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additions, deletions or substitutions of one or more nucleotides or amino acids of a nucleic

acid or amino acid sequence that results in the reduction or elimination of the expression or
activity of the gene or polypeptide. In other embodiments, inactivation of a polypeptide is
achieved through the addition of exogenous sequences (i.e., tags) to the N or C-terminus of
the polypeptide such that the activity of the polypeptide is reduced or eliminated (i.e., by
steric hindrance).

A host bacterium suitable for the production systems described herein exhibits an
enhanced or increased cytoplasmic or intracellular pool of lactose and/or GDP-fucose. For
example, the bacterium is E. coli and endogenous E. coli metabolic pathways and genes are
manipulated in ways that result in the generation of increased cytoplasmic concentrations of
lactose and/or GDP-fucose, as compared to levels found in wild type E. coli. Preferably, the
bacterium accumulates an increased intracellular lactose pool and an increased intracellular
GDP-fucose pool. For example, the bacteria contain at least 10%, 20%, 50%, or 2X, 5X,
10X or more of the levels of intracellular lactose and/or intracellular GDP-fucose compared
to a corresponding wild type bacteria that lacks the genetic modifications described herein.

Increased intracellular concentration of lactose in the host bacterium compared to
wild-type bacterium is achieved by manipulation of genes and pathways involved in lactose
import, export and catabolism. In particular, described herein are methods of increasing
intracellular lactose levels in E. coli genetically engineered to produce a human milk
oligosaccharide by simultaneous deletion of the endogenous B-galactosidase gene (lacZ) and
the lactose operon repressor gene (lacl). During construction of this deletion, the laclq
promoter is placed immediately upstream of (contiguous with) the lactose permease gene,
lacY, i.e., the sequence of the laclg promoter is directly upstream and adjacent to the start of
the sequence encoding the lacY gene, such that the JacY gene is under transcriptional
regulation by the laclq promoter. The modified strain maintains its ability to transport lactose
from the culture medium (via LacY), but is deleted for the wild-type chromosomal copy of
the lacZ (encoding B-galactosidase) gene responsible for lactose catabolism. Thus, an
intracellular lactose pool is created when the modified strain is cultured in the presence of
exogenous lactose.

Another method for increasing the intracellular concentration of lactose in E. coli
involves inactivation of the lacA gene. A inactivating mutation, null mutation, or deletion of
lacA prevents the formation of intracellular acetyl-lactose, which not only removes this

molecule as a contaminant from subsequent purifications, but also eliminates E.coli’s ability
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to export excess lactose from its cytoplasm (Danchin A. Cells need safety valves. Bioessays

2009, Jul;31(7):769-73.), thus greatly facilitating purposeful manipulations of the E.coli
intracellular lactose pool.

The invention also provides methods for increasing intracellular levels of GDP-
fucose in a bacterium by manipulating the organism’s endogenous colanic acid biosynthesis
pathway. This increase is achieved through a number of genetic modifications of endogenous
E. coli genes involved either directly in colanic acid precursor biosynthesis, or in overall
control of the colanic acid synthetic regulon. Particularly preferred is inactivation of the
genes or encoded polypeptides that act in the colanic acid synthesis pathway after the
production of GDP-fucose (the donor substrate) and before the generation of colanic acid.
Exemplary colanic acid synthesis genes include, but are not limited to: a weal gene, (e.g.,
GenBank Accession Number (amino acid) BAA15900 (GI:1736749), incorporated herein by
reference), a wead gene (e.g,, GenBank Accession Number (amino acid) BAAI 5912.1
(G1:1736762), incorporated herein by reference), a weaC gene (e.g., GenBank Accession
Number (amino acid) BAE76574.1 (G1:85675203), incorporated herein by reference), a
weak gene (e.g., GenBank Accession Number (amino acid) BAE76572.1 (GI:85675201),
incorporated herein by reference), a weal gene (e.g., GenBank Accession Number (amino
acid) BAA15906.1 (G1:1736756), incorporated herein by reference), a weal gene (e.g.
GenBank Accession Number (amino acid) BAA15898.1 (GI:1736747), incorporated herein
by reference), a weaB gene (e.g., GenBank Accession Number (amino acid) BAA15911.1
(G1:1736761), incorporated herein by reference), a weaF' gene (e.g., GenBank Accession
Nun}ber (amino acid) BAA15910.1 (G1:1736760), incorporated herein by reference), a wzxks
gene (e.g., GenBank Accession Number (amino acid) BAE77506.1 (GI:85676256),
incorporated herein by reference), a wzxC gene, (e.g., GenBank Accession Number (amino
acid) BAA15899 (GI:1736748), incorporated herein by reference), a weaD gene, (e.g.,
GenBank Accession Number (amino acid) BAE76573 (G1:85675202), incorporated herein by
reference), a wza gene (e.g., GenBank Accession Number (amino acid) BAE76576
(G1:85675205), incorporated herein by reference), a wzb gene (e.g., GenBank Accession
Number (amino acid) BAE76575 (G1:85675204), incorporated herein by reference), and a
wzc gene (e.g., GenBank Accession Number (amino acid) BAA15913 (GI:1736763),
incorporated herein by reference).

Preferably, a host bacterium, such as £. coli, is genetically engineered to produce a
human milk oligosaccharide by the inactivation of the weaJ gene, which encoding the UDP-
glucose lipid carrier transferase. The inactivation of the weaJ gene can be by deletion of the
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gene, a null mutation, or inactivating mutation of the wcaJ gene, such that the activity of the

encoded weal is reduced or eliminated compared to wild-type E. coli. In a weaJ null
background, GDP-fucose accumulates in the E. coli cytoplasm.

Over-expression of a positive regulator protein, ResA (e.g., GenBank Accession
Number M58003 (GI:1103316), incorporated herein by reference), in the colanic acid
synthesis pathway results in an increase in intracellular GDP-fucose levels. Over-expression
of an additional positive regulator of colanic acid biosynthesis, namely ResB (e.g., GenBank
Accession Number E04821 (GI:2173017), incorporated herein by reference), is also utilized,
either instead of or in addition to over-expression of RcsA, to increase intracellular GDP-
fucose levels.

Alternatively, colanic acid biosynthesis is increased following the introduction of a
mutation into the E. coli lon gene (e.g., GenBank Accession Number L20572 (G1:304907),
incorporated herein by reference). Lon is an adenosine-5'-triphosphate (ATP)-dependant
intracellular protease that is responsible for degrading ResA, mentioned above as a positive
transcriptional regulator of colanic acid biosynthesis in E. coli. Ina lon null background,
ResA is stabilized, ResA levels increase, the genes responsible for GDP-fucose synthesis in
E. coli are up-regulated, and intracellular GDP-fucose concentrations are enhanced.
Mutations in lon suitable for use with the methods presented herein include null mutations or
insertions that disrupt the expression or function of lon.

A functional lactose permease gene is also present in the bacterium. The lactose
permease gene is an endogenous lactose permease gene or an exogenous lactose permease
gene. For example, the lactose permease gene comprises an . coli lacY gene (e.g., GenBank
Accession Number V00295 (GI:41897), incorporated herein by reference). Many bacteria
possess the inherent ability to transport lactose from the growth medium into the cell, by
utilizing a transport protein that is either a homolog of the £. coli lactose permease (e.g., as
found in Bacillus licheniformis), or a transporter that is a member of the ubiquitous PTS
sugar transport family (e.g., as found in Lactobacillus casei and Lactobacillus rhamnosus).
For bacteria lacking an inherent ability to transport extracellular lactose into the cell
cytoplasm, this ability is conferred by an exogenous lactose transporter gene (e.g., E. coli
lacY) provided on recombinant DNA constructs, and supplied either on a plasmid expression
vector or as exogenous genes integrated into the host chromosome.

As described herein, in some embodiments, the host bacterium preferably has a

reduced level of p-galactosidase activity. In the embodiment in which the bacterium is
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characterized by the deletion of the endogenous B-galactosidase gene, an exogenous B-

galactosidase gene is introduced to the bacterium. For example, a plasmid expressing an
exogenous P-galactosidase gene is introduced to the bacterium, or recombined or integrated
into the host genome. For example, the exogenous p-galactosidase gene is inserted into a
gene that is inactivated in the host bacterium, such as the lon gene.

The exogenous b-galactosidase gene is a functional b-galactosidase gene
characterized by a reduced or low leve of b-galactosidase activity compared to f3-
galactosidase activity in wild-type bacteria lacking any genetic manipulation. Exemplary f-
galactosidase genes include E. coli lacZ and B-galactosidase genes from any of a number of
other organisms (e.g., the lac4 gene of Kluyveromyces lactis (e.g., GenBank Accession
Number M84410 (GI:173304), incorporated herein by reference) that catalyzes the hydrolysis
of b-galactosides into monosaccharides. The level of B-galactosidase activity in wild-type E.
coli bacteria is, for example, 6,000 units. Thus, the reduced B-galactosidase activity level
encompassed by engineered host bacterium of the present invention includes less than 6,000
units, less than 5,000 units, less than 4,000 units, less than 3,000 units, less than 2,000 units,
less than 1,000 units, less than 900 units, less than 800 units, less than 700 units, less than
600 units, less than 500 units, less than 400 units, less than 300 units, less than 200 units, less
than 100 units, or less than 50 units. Low, functional levels of f-galactosidase include p-
galactosidase activity levels of between 0.05 and 1,000 units, ¢.g., between 0.05 and 750
units, between 0.05 and 500 units, between 0.05 and 400 units, between 0.05 and 300 units,
between 0.05 and 200 units, between 0.05 and 100 units, between 0.05 and 50 units, between
0.05 and 10 units, between 0.05 and 5 units, between 0.05 and 4 units, between 0.05 and 3
units, or between 0.05 and 2 units of B-galactosidase activity. For unit definition and assays
for determining p-galactosidase activity, see Miller JH, Laboratory CSH. Experiments in
molecular genetics. Cold Spring Harbor Laboratory Cold Spring Harbor, N'Y; 1972;
(incorporated herein by reference). This low level of cytoplasmic p-galactosidase activity is
not high enough to significantly diminish the intracellular lactose pool. The low level of B-
galactosidase activity is very useful for the facile removal of undesired residual lactose at the
end of fermentations.

Optionally, the bacterium has an inactivated thy4 gene. Preferably, a mutation in a
thyA gene in the host bacterium allows for the maintenance of plasmids that carry thyd as a
selectable marker gene. Exemplary alternative selectable markers include antibiotic

resistance genes such as BLA (beta-lactamase), or proBA4 genes (to complement a proAB
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host strain proline auxotropy) or purd (to complement a purA host strain adenine

auxotrophy).

In one aspect, the E. coli bacterium comprises the genotype AampC ::Ptrchl, A(lacl-
lacZ):.FRT, Placlqlacf . AwcaJ::FRT, thyA::Tnl0, Alon:(npt3, lacZ"), Alacd, and also
comprises any one of the exogenous a(1,2) fucosyltransferases described herein.

The bacterium comprising these characteristics is cultured in the presence of lactose.
In some cases, the method further comprises culturing the bacterium in the presence of
tryptophan and in the absence of thymidine. The fucosylated oligosaccharide is retrieved
from the bacterium (i.e., a cell Iysate) or from a culture supernatant of the bacterium.

The invention provides a purified fucosylated oligosaccharide produced by the
methods described herein. The fucosylated oligosaccharide is purified for use in therapeutic
or nutritional products, or the bacterium is used directly in such products. The fucosylated
oligosaccharide produced by the engineered bacterium is 2’-fucosyllactose (2’-FL) or
lactodifucotetraose (LDFT). The new alpha 1,2-fucosyltransferases are also useful to
synthesize HMOS of larger molecular weight bearing alpha 1,2 fucose moieties, e.g., lacto-
N-fucopentaose (LNF I) and lacto-N-difucohexaose (LDFH I). For example, to produce
LDFT, the host bacterium is engineered to express an exogenous o, (1,2) fucosyltransferase
that also possesses o, (1,3) fucosyltransferase activity, or an exogenous ¢ (1,2)
fucosyltransferase and an exogenous o, (1,3) fucosyltransferase. For the production of LNF I
and LDFH 1, the host bacterium is engineered to express an exogenous o (1,2)
fucosyltransferase that also possesses o (1,3) fucosyltransferase activity and/or o (1,4)
fucosyltransferase activity, or an exogenous o (1,2) fucosyltransferase, an exogenous o (1,3)
fucosyltransferas, and an exogenous a (1,4) fucosyltransferase.

A purified fucosylated oligosaccharide produced by the methods described above 18
also within the invention. The purified oligosaccharide (2’-FL) obtained at the end of the
process is a white/slightly off-white, crystalline, sweet powder. For example, an engineered
bacterium, bacterial culture supernatant, or bacterial cell lysate according to the invention
comprises 2°-FL, LDFT, LNF I or LDFH I produced by the methods described herein, and
does not substantially comprise a other fucosylated oligosaccharides prior to purification of
the fucosylated oligosaccharide products from the cell, culture supernatant, or lysate. Asa
general matter, the fucosylated oligosaccharide produced by the methods contains a
negligible amount of 3-FL in a 2’-FL-containing cell, cell lysate or culture, or supernatant,

e.g., less than 1% of the level of 2°-FL or 0.5% of the level of 2°-FL. Moreover, the
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fucosylated oligosaccharide produced by the methods described herein also have a minimal

amount of contaminating lactose, which can often be co-purified with the fucosylated
oligosaccharide product, such as 2°FL. This reduction in contaminating lactose results from
the reduced level of B-galactosidase activity present in the engineered host bacterium,

A purified oligosaccharide, e.g., 2°-FL, LDFT, LNF I, or LDFH I, is one that is at
least 90%, 95%, 98%, 99%, or 100% (w/w) of the desired oligosaccharide by weight. Purity
is assessed by any known method, e.g., thin layer chromatography ot other chromatographic
techniques known in the art. The invention includes a method of purifying a fucosylated
oligosaccharide produced by the genetically engineered bacterium described above, which
method comprises separating the desired fucosylated oligosaccharide (e.g., 2°-FL) from
contaminants in a bacterial cell lysate or bacterial cell culture supernatant of the bacterium.

The oligosaccharides are purified and used in a number of products for consumption
by humans as well as animals, such as companion animals (dogs. cats) as well as livestock
(bovine, equine, ovine, caprine, or porcine animals, as well as poultry). For example, a
pharmaceutical composition comprises purified 2’-FL and a pharmaceutically-acceptable
excipient that is suitable for oral administration. Large quantities of 2’-FL are produced in
bacterial hosts, ¢.g., an E. coli bacterium comprising an exogenous a (1,2) fucosyltransferase
gene.

A method of producing a pharmaceutical composition comprising a purified human
milk oligosaccharide (HMOS) is carried out by culturing the bacterium described above,
purifying the HMOS produced by the bacterium, and combining the HMOS with an excipient
or carrier to yield a dietary supplement for oral administration. These compositions are
useful in methods of preventing or treating enteric and/or respiratory diseases in infants and
adults. Accordingly, the compositions are administered to a subject suffering from or at risk
of developing such a disease.

The invention also provides methods of identifying an « (1,2) fucosyliransferase gene
capable of synthesizing fucosylated oligosaccharides in a host bacterium, i.e., 2’
fucosyllactose (2°-FL) in E. coli. The method of identifying novel lactose-utilizing,
a(1,2)fucosyltransferase enzyme comprises the following steps:

1) performing a computational search of sequence databases to define a broad group
of simple sequence homologs of any known, lactose-utilizing a(1,2)fucosyltransferase;

2) using the list from step (1), deriving a search profile containing common sequence

and/or structural motifs shared by the members of the list;
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3) searching sequence databases, using a derived search profile based on the common

sequence or structural motif from step (2) as query, and identifying a candidate sequences,
wherein a sequence homology to a reference lactose-utilizing a(1,2)fucosyltransferase is a
predetermined percentage threshold;

4) compiling a list of candidate organisms, said organisms being characterized as
expressing a(1,2)fucosyl- glycans in a naturally-occurring state;

5) selecting candidate sequences that are derived from candidate organisms to
generate a list of candidate lactose-utilizing enzymes,;

6) expressing the candidate lactose- utilizing enzyme in a host organism; and

7) testing for lactose- utilizing a(1,2)fucosyltransferase activity, wherein detection of
the desired fucosylated oligosaccharide product in said organism indicates that the candidate
sequence comprises a novel lactose- utilizing a(1,2)fucosyltransferase. In another
embodiment, the search profile is generated from a multiple sequence alignment of the amino
acid sequences of more than one enzyme with known a(1,2)fucosyltransferase activity. The
database search can then be designed to refine and iteratively search for novel
a(1,2)fucosyltransferases with significant sequence similarlity to the multiple sequence
alignment query.

The invention provides a method of treating, preventing, or reducing the risk of
infection in a subject comprising administering to said subject a composition comprising a
purified recombinant human milk oligosaccharide, wherein the HMOS binds to a pathogen
and wherein the subject is infected with or at risk of infection with the pathogen. In one
aspect, the infection is caused by a Norwalk-like virus or Campylobacter jejuni. The subject
is preferably a mammal in need of such treatment. The mammal is, e.g., any mammal, e.g., a
human, a primate, a mouse, a rat, a dog, a cat, a cow, a hotse, ora pig. Ina preferred
embodiment, the mammal is a human. For example, the compositions are formulated into
animal feed (e.g., pellets, kibble, mash) or animal food supplements for companion animals,
e.g., dogs or cats, as well as livestock or animals grown for food consumption, e.g., cattle,
sheep, pigs, chickens, and goats. Preferably, the purified HMOS is formulated into a powder
(e.g., infant formula powder or adult nutritional supplement powder, each of which is mixed
with a liquid such as water or juice prior to consumption) or in the form of tablets, capsules
or pastes or is incorporated as a component in dairy products such as milk, cream, cheese,
yogurt or kefir, or as a component in any beverage, or combined in a preparation containing
live microbial cultures intended to serve as probiotics, or in prebiotic preparations to enhance
the growth of beneficial microorganisms either in vitro or in vivo.
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Polynucleotides, polypeptides, and oligosaccharides of the invention are purified and/or

isolated. Purified defines a degree of sterility that is safe for administration to a human
subject, e.g., lacking infectious or toxic agents. Specifically, as used herein, an “isolated” or
“purified” nucleic acid molecule, polynucleotide, polypeptide, protein or oligosaccharide, is
substantially free of other cellular material, or culture medium when produced by
recombinant techniques, or chemical precursors or other chemicals when chemically
synthesized. For example, purified HMOS compositions are at least 60% by weight (dry

- weight) the compound of interest. Preferably, the preparation is at least 75%, more
preferably at least 90%, and most preferably at least 99%, by weight the compound of
interest. Purity is measured by any appropriate standard method, for example, by column
chromatography, thin layer chromatography, or high-performance liquid chromatography
(HPLC) analysis. For example, a "purified protein" refers to a protein that has been separated
from other proteins, lipids, and nucleic acids with which it is naturally associated. Preferably,
the protein constitutes at least 10, 20, 50, 70, 80, 90, 95, 99-100% by dry weight of the
purified preparation.

Similarly, by “substantially pure” is meant an oligosaccharide that has been separated
from the components that naturally accompany it. Typically, the oligosaccharide is
substantially pure when it is at least 60%, 70%, 80%, 90%, 95%, or even 99%, by weight,
free from the proteins and naturally-occurring organic molecules with which it 1s naturally
associated.

By "isolated nucleic acid" is meant a nucleic acid that is free of the genes which, in
the naturally-occurring genome of the organism from which the DNA of the invention is
derived, flank the gene. The term covers, for example: (a) a DNA which is part of a naturally
occurring genomic DNA molecule, but is not flanked by both of the nucleic acid sequences
that flank that part of the molecule in the genome of the organism in which it naturally
occurs; (b) a nucleic acid incorporated into a vector or into the genomic DNA of a prokaryote
or eukaryote in a mannet, such that the resulting molecule is not identical to any naturally
occurring vector or genomic DNA; (c) a separate molecule such as a cDNA, a genomic
fragment, a fragment produced by polymerase chain reaction (PCR), or a restriction
fragment; and (d) a recombinant nucleotide sequence that is part of a hybrid gene, i.e., a gene
encoding a fusion protein, Isolated nucleic acid molecules according to the present invention
further include molecules produced synthetically, as well as any nucleic acids that have been

altered chemically and/or that have modified backbones.
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A "heterologous promoter” is a promoter which is different from the promoter to

which a gene or nucleic acid sequence is operably linked in nature.

The term “overexpress” or “overexpression” refers to a situation in which more factor
is expressed by a genetically-altered cell than would be, under the same conditions, by a wild
type cell. Similarly, if an unaltered cell does not express a factor that it is genetically altered
to produce, the term "express" (as distinguished from “overexpress”) is used indicating the
wild type cell did not express the factor at all prior to genetic manipulation.

The terms "treating" and "treatment” as used herein refer to the administration of an
agent or formulation to a clinically symptomatic individual afflicted with an adverse
condition, disorder, or disease, so as to effect a reduction in severity and/or frequency of
symptoms, eliminate the symptoms and/or their underlying cause, and/or facilitate
improvement or remediation of damage. The terms "preventing” and "prevention" refer to
the administration of an agent or composition to a clinically asymptomatic individual who is
susceptible to a particular adverse condition, disorder, or disease, and thus relates to the
prevention of the occurrence of symptoms and/or their underlying cause.

By the terms "effective amount" and "therapeutically effective amount" of a
formulation or formulation component is meant a nontoxic but sufficient amount of the
formulation or component to provide the desired effect.

The transitional term “comprising,” which is synonymous with “including,”
“containing,” or “characterized by,” is inclusive or open-ended and does not exclude
additional, unrecited elements or method steps. By contrast, the transitional phrase
“consisting of” excludes any element, step, or ingredient not specified in the claim. The
transitional phrase “consisting essentially of” limits the scope of a claim to the specified
materials or steps “and those that do not materially affect the basic and novel
characteristic(s)” of the claimed invention.

The host organism used to express the lactose-accepting fucosyltransferase gene is
typically the enterobacterium Escherichia coli K12 (E. coli). E. coli K-12 is not considered a
human or animal pathogen nor is it toxicogenic. E. coli K-12 is a standard production strain
of bacteria and is noted for its safety due to its poor ability to colonize the colon and establish
infections (see, e.g., epa.gov/oppt/biotech/pubs/fra/fra004.htm). However, a variety of
bacterial species may be used in the oligosaccharide biosynthesis methods, e.g., Erwinia
herbicola (Pantoea agglomerans), Citrobacter freundii, Pantoea citrea, Pectobacterium
carotovorum, or Xanthomonas campesiris. Bacteria of the genus Bacillus may also be used,
including Bacillus subtilis, Bacillus licheniformis, Bacillus coagulans, Bacillus thermaphilus,
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Bacillus laterosporus, Bacillus megaterium, Bacillus mycoides, Bacillus pumilus, Bacillus

lentus, Bacillus cereus, and Bacillus circulans. Similarly, bacteria of the genera
Lactobacillus and Lactococcus may be modified using the methods of this invention,
including but not limited to Lactobacillus acidophilus, Lactobacillus salivarius,
Lactobacillus plantarum, Lactobacillus helveticus, Lactobacillus delbrueckii, Lactobacillus
rhammnosus, Lactobacillus bulgaricus, Lactobacillus crispatus, Lactobacillus gasseri,
Lactobacillus casei, Lactobacillus reuteri, Lactobacillus jensenii, and Lactococcus lactis.
Streptococcus thermophiles and Proprionibacterium freudenreichii are also suitable bacterial
species for the invention described herein. Also included as part of this invention are strains,
modified as described here, from the genera Enterococcus (e.g., Enterococcus faecium and
Enterococcus thermophiles), Bifidobacterium (e.g., Bifidobacterium longum, Bifidobacterium
infantis, and Bifidobacterium bifidum), Sporolactobacillus spp., Micromomospora spp.,
Micrococcus spp., Rhodococcus spp., and Pseudomonas (e.g., Pseudomonas fluorescens and
Pseudomonas aeruginosa). Bacteria comprising the characteristics described herein are
cultured in the presence of lactose, and a fucosylated oligosaccharide is retrieved, either from
the bacterium itself or from a culture supernatant of the bacterium. The fucosylated
oligosaccharide is purified for use in therapeutic or nutritional products, or the bacteria are
used directly in such products. A suitable production host bacterial strain is one that is not the
same bacterial strain as the source bacterial strain from which the fucosyltransferase-
encoding nucleic acid sequence was identified.

Other features and advantages of the invention will be apparent from the following
description of the preferred embodiments thereof, and from the claims. Unless otherwise
defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Although
methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods and materials are described
below. All published foreign patents and patent applications cited herein are incorporated
herein by reference. Genbank and NCBI submissions indicated by accession number cited
herein are incorporated herein by reference. All other published references, documents,
manuscripts and scientific literature cited herein are incorporated herein by reference. In the
case of conflict, the present specification, including definitions, will control. In addition, the

materials, methods, and examples are illustrative only and not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a schematic illustration showing the synthetic pathway of the major neutral

fucosyl-oligosaccharides found in human milk,

FIG. 2 is a schematic demonstrating metabolic pathways and the changes introduced
into them to engineer 2’-fucosyllactose (2°-FL) synthesis in Escherichia coli (E. coli).
Specifically, the lactose synthesis pathway and the GDP-fucose synthesis pathway are
illustrated. In the GDP-fucose synthesis pathway: mand = phosphomannose isomerase
(PMI), manB = phosphomannomutase (PMM), manC = mannose- 1 -phosphate
guanylyltransferase (GMP), gmd = GDP-mannose-4,6-dehydratase, fel = GDP-fucose
synthase (GFS), and AwcaJ = mutated UDP-glucose lipid carrier transferase.

FIG. 3A and FIG. 3B show the sequence identity and a multiple sequence alignment
of 4 previously known lactose-utilizing of(1,2)-fucosyltransferase protein sequences. FIG. 3A
is a table showing the sequence identity between the 4 known lactose-utilizing d(l ,2)-
fucosyltransferases: H. pylori futC (SEQ ID NO: 1), H. mustelae FutL (SEQ ID NO: 2),
Bacteroides vulgatus futN (SEQ ID NO: 3), and E. coli 0126 wbgL (SEQ ID NO: 4). FI1G. 3B
shows multiple sequence alignment of the 4 known o(1,2)-fucosyltransferases. The ovals
highlight regions of particularly high sequence conservation between the four enzymes in the
alignment.

FIG. 4 shows the sequence alignment of the 12 identified a(1,2)-fucosyltransferase
syngenes identified, along with the 4 previously known lactose-utilizing a(1 ,2)-
fucosyltransferase protein sequences. The 4 known lactose-utilizing a(1,2)-
fucosyltransferases are boxed and include H. pylori futC (SEQ ID NO: 1), H. mustelae FutL
(SEQ ID NO: 2), Bacteroides vulgatus futN (SEQ ID NO: 3), and E. coli 0126 wbgL (SEQ
ID NO: 4). The 12 identified a(1,2)-fucosyltransferase are as follows: Prevotella
melaninogenica FutO (SEQ ID NO: 10), Clostridium bolteae +13 FutP (SEQ ID NO: 292),
Lachnospiraceae sp. FutQ (SEQ ID NO: 12), Methanosphaerula palustris FutR (SEQID
NO: 13), Tannerella sp. FutS (SEQ ID NO: 14), Bacteroides caccae FutU (SEQ ID NO: 15),
Butyrivibrio FutV (SEQ ID NO: 16), Prevotella sp. FutW (SEQ ID NO: 17), Parabacteroides
Jjohnsonii FutX (SEQ ID NO: 18), Akkermansia muciniphilia FutY (SEQ ID NO: 19),
Salmonella enterica FutZ (SEQ ID NO: 20), Bacteroides sp. FutZA (SEQ ID NO: 21). The
sequence for Clostridium bolteae FutP (without the 13 additional amino acids in the N-

terminus) (SEQ ID NO: 11) is also shown in the alignment.
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FIG. 5A and FIG. 5B are two pictures of gels showing the construction of the

syngenes for each of the 12 novel a(1,2)-fucosyltransferases. FIG. SA shows post-Gibson
assembly PCR. FIG. 5B shows gel-purified RI/Xhol syngene fragments.

FIG. 6A and FIG. 6B are two photographs showing thin layer chromatograms of
fucosylated oligosaccharide products produced in E. coli cultures using the 12 novel o(1,2)-
fucosyltransferase syngenes. FIG. 6A shows fucosylated oligosaccharide products from 2l
of culture supernatant. FIG. 6B shows fucosylated oligosaccharide products from 0.2 ODsoo
cell equivalents of whole cell heat extracts.

FIG. 7 is a graph showing the growth curve of the host bacterium expressing plasmids
containing the o(1,2) fucosyltransferase genes Wbgl, F utN, FutO, FutQ, and FutX after
tryptophan induction in the presence of lactose in the culture medium (i.e. lac + trp).

FIG. 8 is a photograph of a SDS-PAGE gel showing the proteins produced from host
bacterium expressing o(1,2) fucosyltransferase genes WhbgL, FutN, FutO, FutQ, and FutX
after induction.

FIG. 9A and FIG. 9B are two photographs of thin layer chromatograms showing the
production of fucosylated oligosaccharide products from in £. coli cultures expressing select
o(1,2)-fucosyltransferase syngenes WbgL, FutN, FutO, FurQ, and FutX at’7 hours or 24
hours after induction, FIG. 9A shows fucosylated oligosaccharide products from 2l of
culture supernatant. FIG. 9B shows fucosylated oligosaccharide products from 0.2 ODggp cell
equivalents of whole cell heat extracts.

FIG. 10A and FIG. 10B are two photographs of thin layer chromatograms showing
the fucosylated oligosaccharide products after two different 1.51 fermentation runs from E
coli expressing FutN: FIG. 10A) 36B and FIG. 10B) 37A. The culture yield for run 36B was
33g/L while the yield for run 37A was 36.3 ¢/L.

FIG. 11 is a plasmid map of pG217 carrying the B. vulgatus FutN gene.

FIG. 12 is a schematic diagram showing the insertion of the Laclg promoter, the
functional JacY gene, and the deletion of /acA.

FIG. 13 is a schematic diagram showing the deletion of the endogenous weaJ gene
using FRT recombination.

FIG. 14 is a schematic diagram of the E. coli W3110 chromosome, showing the
insertion of a DNA fragment carrying kanamycin resistance gene (derived from transposon

Tn3) and wild-type lacZ into the [on gene.
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DETAILED DESCRIPTION OF THE INVENTION

While some studies suggest that human milk glycans could be used as antimicrobial
anti-adhesion agents, the difficulty and expense of producing adequate quantities of these
agents of a quality suitable for human consumption has limited their full-scale testing and
perceived utility. What has been needed is a suitable method for producing the appropriate
glycans in sufficient quantities at reasonable cost. Prior to the invention described herein,
there were attempts to use several distinct synthetic approaches for glycan synthesis. Some
chemical approaches can synthesize oligosaccharides (Flowers, H. M. Methods Enzymol 50,
93-121 (1978); Seeberger, P. H. Chem Commun (Camb) 1115-1 121 (2003)), but reactants for
these methods are expensive and potentially toxic (Koeller, K. M. & Wong, C. H. Chem Rev
100, 4465-4494 (2000)). Enzymes expressed from engineered organisms (Albermann, C.,
Piepersberg, W. & Wehmeier, U. F. Carbohydr Res 334, 97-103 (2001); Bettler, E., Samain,
E., Chazalet, V., Bosso, C., et al. Glycoconj J 16,205-212 (1999); Johnson, K. F. Glycoconj J
16, 141-146 (1999); Palcic, M. M. Curr Opin Biotechnol 10, 616-624 (1999); Wymer, N. &
Toone, E. J. Curr Opin Chem Biol 4, 110-119 (2000)) provide a precise and efficient
synthesis (Palcic, M. M. Curr Opin Biotechnol 10, 616-624 (1999)); Crout, D. H. & Vic, G.
Curr Opin Chem Biol 2, 98-111 (1998)), but the high cost of the reactants, especially the
sugar nucleotides, limits their utility for low-cost, large-scale production. Microbes have
been genetically engineered to express the glycosyltransferases needed to synthesize
oligosaccharides from the bacteria’s innate pool of nucleotide sugars (Endo, T., Koizumi, S.,
Tabata, K., Kakita, S. & Ozaki, A. Carbohydr Res 330, 43 9-443 (2001); Endo, T., Koizumi,
S., Tabata, K. & Ozaki, A. Appl Microbiol Biotechnol 53, 257-261 (2000); Endo, T. &
Koizumi, S. Curr Opin Struct Biol 10, 536-541 (2000); Endo, T., Koizumi, S., Tabata, K.,
Kakita, S. & Ozaki, A. Carbohydr Res 316, 179-183 (1999); Koizumi, S., Endo, T., Tabata,
K. & Ozaki, A. Nat Biotechnol 16, 847-850 (1998)). However, prior to the invention
described herein, there was a growing need to identify and characterize additional
glycosyltransferases that are useful for the synthesis of HMOS in metabolically engineered
bacterial hosts.

Human Milk Glycans

Human milk contains a diverse and abundant set of neutral and acidic
oligosaccharides (Kunz, C., Rudloff, S., Baier, W., Klein, N., and Strobel, S. (2000). Annu
Rev Nutr 20, 699-722; Bode, L. (2006). J Nutr /36, 2127-130). More than 130 different

complex oligosaccharides have been identified in human milk, and their structural diversity
and abundance is unique to humans. Although these molecules may not be utilized directly
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by infants for nutrition, they nevertheless serve critical roles in the establishment of a healthy

gut microbiome (Marcobal, A., Barboza, M., Frochlich, J. W., Block, D. E., et al. J Agric
Food Chem 58, 5334-5340 (2010)), in the prevention of disease (Newburg, D. S., Ruiz-
Palacios, G. M. & Morrow, A. L. Annu Rev Nutr 25, 37-58 (2005)), and in immune function
(Newburg, D. S. & Walker, W. A. Pediatr Res 61, 2-8 (2007)). Despite millions of years of
exposure to human milk oligosaccharides (HMOS), pathogens have yet to develop ways to
circumvent the ability of HMOS to prevent adhesion to target cells and to inhibit infection.
The ability to utilize HMOS as pathogen adherence inhibitors promises to address the current
ctisis of burgeoning antibiotic resistance. Human milk oligosaccharides produced by
biosynthesis represent the lead compounds of a novel class of therapeutics against some of
the most intractable scourges of society.

One alternative strategy for efficient, industrial-scale synthesis of HMOS is the
metabolic engineering of bacteria. This approach involves the construction of microbial
strains overexpressing heterologous glycosyliransferases, membrane transporters for the
import of precursor sugars into the bacterial cytosol, and possessing enhanced pools of
regenerating nucleotide sugars for use as biosynthetic precursors (Dumon, C., Samain, E.,
and Priem, B. (2004). Biotechnol Prog 20, 412-19; Ruffing, A., and Chen, R.R. (2006).
Microb Cell Fact 5, 25). A key aspect of this approach is the heterologous
glycosyltransferase selected for overexpression in the microbial host. The choice of
glycosyltransferase can significantly affect the final yield of the desired synthesized
oligosaccharide, given that enzymes can vary greatly in terms of kinetics, substrate
specificity, affinity for donor and acceptor molecules, stability and solubility. A few
glycosyltransferases derived from different bacterial species have been identified and
characterized in terms of their ability to catalyze the biosynthesis of HMOS in E. coli host
strains (Dumon, C., Bosso, C., Utille, J.P., Heyraud, A., and Samain, E. (2000).
Chembiochem 7, 359-365; Dumon, C., Samain, E., and Priem, B. (2004). Biotechnol Prog
20, 412-19; Li, M., Liu, X.W., Shao, J., Shen, J., Jia, Q., Yi, W., Song, J.K., Woodward, R.,
Chow, C.S., and Wang, P.G. (2008). Biochemistry 47, 378-387). The identification of
additional glycosyltransferases with faster kinetics, greater affinity for nucleotide sugar
donors and/or acceptor molecules, or greater stability within the bacterial host significantly
improves the yields of therapeutically useful HMOS. Prior to the invention described herein,
chemical syntheses of HMOS were possible, but were limited by stereo-specificity issues,
precursor availability, product impurities, and high overall cost (Flowers, H. M. Methods
Enzymol 50, 93-121 (1978); Secberger, P. H. Chem Commun (Camb) 1115-1121 (2003);
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Koeller, K. M. & Wong, C. H. Chem Rev 100, 4465-4494 (2000)). The invention

overcomes the shortcomings of these previous attempts by providing new strategies to
inexpensively manufacture large quantities of human milk oligosaccharides (HMOS) for use
as dietary supplements. Advantages include efficient expression of the enzyme, improved
stability and/or solubility of the fucosylated oligosaccharide product (2°-FL, LDFT, LNF I,
and LDFH 1) and reduced toxicity to the host organism. The present invention features novel
o(1,2) FTs suitable for expression in production strains for increased efficacy and yield of
fucosylated HMOS compared to a(1,2) FTs currently utilized in the field.

As described in detail below, E. coli (or other bacteria) is engineered to produce
selected fucosylated oligosaccharides (i.e., 2°-FL, LDFT, LDHF I, or LNF I) in commercially
viable levels, For example, yields are >5 grams/liter in a bacterial fermentation process. In
other embodiments, the yields are greater than 10 grams/liter, greater than 15 grams/liter,
greater than 20 grams/liter, greater than 25 grams/liter, greater than 30 grams/liter, greater
than 35 grams/liter, greater than 40 grams/liter, greater than 45 grams/liter, greater than 50
grams/liter, greater than 55 grams/liter, greater than 60 grams/liter, greater than 65
grams/liter, greater than 70 grams/liter, or greater than 75 grams/liter of fucosylated
oligosaccharide products, such as 2’-FL, LDFT, LDHF I, and LNF L.

Role of Human milk glycans in infectious disease

Human milk glycans, which comprise both unbound oligosaccharides and their
glycoconjugates, play a significant role in the protection and development of the infant
gastrointestinal (GI) tract. Neutral fucosylated oligosaccharides, including 2’-fucosyllactose
(2°-FL), protect infants against several important pathogens. Milk oligosaccharides found in
various mammals differ greatly, and the composition in humans is unique (Hamosh M., 2001
Pediatr Clin North Am, 48:69-86; Newburg D.S., 2001 Adv Exp Med Biol, 501 :3-10).
Moreover, glycan levels in human milk change throughout lactation and also vary widely
among individuals (Morrow A.L. et al., 2004 J Pediatr, 145:297-303; Chaturvedi P et al,,
2001 Glycobiology, 11:365-372). Approximately 200 distinct human milk oligosaccharides
have been identified and combinations of simple epitopes are responsible for this diversity
(Newburg D.S., 1999 Curr Med Chem, 6:1 17-127; Ninonuevo M. et al., 2006 J Agric Food
Chem, 54.7471-74801).

Human milk oligosaccharides are composed of 5 monosaccharides: D-glucose (Gle),
D-galactose (Gal), N-acetylglucosamine (GleNAc), L-fucose (Fuc), and sialic acid (N-acetyl

neuraminic acid, Neu5Ac, NANA). Human milk oligosaccharides are usually divided into
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two groups according to their chemical structures: neutral compounds containing Gle, Gal,

GlcNAc, and Fuc, linked to a lactose (Galp1-4Glc) core, and acidic compounds including the
same sugars, and often the same core structures, plus NANA (Charlwood J. et al., 1999 Anal
Biochem, 273:261-277; Martin-Sosa et al., 2003 J Dairy Sci, 86:52-59; Parkkinen J. and
Finne J., 1987 Methods Enzymol, 138:289-300; Shen Z. et al., 2001 J Chromatogr A,
921:315-321).

Approximately 70-80% of oligosaccharides in human milk are fucosylated, and their
synthetic pathways are believed to proceed as shown in FIG. 1. A smaller proportion of the
oligosaccharides are sialylated or both fucosylated and sialylated, but their synthetic
pathways are not fully defined. Understanding of the acidic (sialylated) oligosaccharides is
limited in part by the ability to measure these compounds. Sensitive and reproducible
methods for the analysis of both neutral and acidic oligosaccharides have been designed.
Human milk oligosaccharides as a class survive transit through the intestine of infants very
efficiently, being essentially indigestible (Chaturvedi, P., Warren, C. D., Buescher, C. R.,
Pickering, L. K. & Newburg, D. S. Adv Exp Med Biol 501, 315-323 (2001)).

Human milk glvcans inhibit binding of enteropathogens to their receptors

Human milk glycans have structural homology to cell receptors for enteropathogens
and function as receptor decoys. For example, pathogenic strains of Campylobacter bind
specifically to glycans containing H-2, i.e., 2'-fucosyl-N-acetyllactosamine or 2'-
fucosyllactose (2'FL); Campylobacter binding and infectivity are inhibited by 2'-FL and other
glycans containing this H-2 epitope. Similarly, some diarrheagenic . coli pathogens are
strongly inhibited in vivo by human milk oligosaccharides containing 2-linked fucose
moieties. Several major strains of human caliciviruses, especially the noroviruses, also bind
to 2-linked fucosylated glycans, and this binding is inhibited by human milk 2-linked
fucosylated glycans. Consumption of human milk that has high levels of these 2-linked
fucosyloligosaccharides was associated with lower risk of norovirus, Campylobacter, ST of
E. coli-associated diarrhea, and moderate-to-severe diarrhea of all causes in a Mexican cohort
of breastfeeding children (Newburg D.S. et al., 2004 Glycobiology, 14:253-263; Newburg
D.S. etal., 1998 Lancet, 351:1160-1164). Several pathogens utilize sialylated glycans as
their host receptors, such as influenza (Couceiro, J. N., Paulson, J. C. & Baum, L. G. Virus
Res 29, 155-165 (1993)), parainfluenza (Amonsen, M., Smith, D. F., Cummings, R. D. &
Air, G. M. J Virol 81, 8341-8345 (2007), and rotoviruses (Kuhlenschmidt, T. B., Hanafin, W.
P., Gelberg, H. B. & Kuhlenschmidt, M. S. Adv Exp Med Biol 473, 309-317 (1999)). The
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sialyl-Lewis X epitope is used by Helicobacter pylori (Mahdavi, J., Sondén, B., Hurtig, M.,

Olfat, F. O., et al. Science 297, 573-578 (2002)), Pseudomonas aeruginosa (Scharfman, A.,
Delmotte, P., Beau, J., Lamblin, G., et al. Glycoconj J 17, 735-740 (2000)), and some strains
of noroviruses (Rydell, G. E., Nilsson, J., Rodriguez-Diaz, J., Ruvoén-Clouet, N., et al.
Glycobiology 19, 309-320 (2009)).

Identification of novel o 1.2) fucosyltransferases

The present invention provides novel a(1,2) fucosyltransferase enzymes. The present
invention also provides nucleic acid constructs (i.e., a plasmid or vector) carrying the nucleic
acid sequence of a novel a(1,2) fucosyltransferases for the expression of the novel a(1,2)
fucosyltransferases in host bacterium. The present invention also provides methods for
producing fucosylated oligosaccharides by expressing the novel a(1,2) fucosyltransferases in
suitable host production bacterium, as further described herein.

Not all a(1,2)fucosyltransferases can utilize lactose as an acceptor substrate. An
acceptor substrate includes, for example, a carbohydrate, an oligosaccharide, a protein or
glycoprotein, a lipid or glycolipid, e.g., N-acetylglucosamine, N-acetyllactosamine, galactose,
fucose, sialic acid, glucose, lactose, or any combination thereof. A preferred alpha (1,2)
fucosyltransferase of the present invention utilizes GDP-fucose as a donor, and lactose is the
acceptor for that donor.

A method of identifying novel a(1,2)fucosyltransferase enzymes capable of utilizing
lactose as an acceptor was previously carried out (as described in PCT/US2013/051777,
hereby incorporated by reference in its entirety) using the following steps: 1) performing a
computational search of sequence databases to define a broad group of simple sequence
homologs of any known, lactose-utilizing 0(1,2)fucosyltransferase; 2) using the list of
homologs from step 1 to derive a search profile containing common sequence and/or
structural motifs shared by the members of the broad group, e.g. by using computer programs
such as MEME (Multiple Em for Motif Elicitation available at
http://meme.sdsc.edu/meme/cgi-bin/meme.cgi) or PSI-BLAST (Position-Specific Iterated
BLAST available at ncbi.nlm.nih.gov/blast with additional information at
cnx.org/content/m11040/1atest/); 3) searching sequence databases (e.g., using computer
programs such as PSI-BLAST, or MAST (Motif Alignment Search Tool available at
http:/meme.sdsc.edu/meme/cgi-bin/mast.cgi);, using this derived search profile as query, and
identifying “candidate sequences” whose simple sequence homology to the original lactose-

accepting o 1,2)fucosyltransferase is 40% or less; 4) scanning the scientific literature and

21
SUBSTITUTE SHEET (RULE 26)



WO 2015/175801 PCT/US2015/030823
developing a list of “candidate organisms™ known to express a(1,2)fucosyl-glycans; 5)

selecting only those “candidate sequences” that are derived from “candidate organisms” to
generate a list of “candidate lactose-utilizing enzymes™; and 6) expressing each “candidate
lactose-utilizing enzyme” and testing for lactose-utilizing a(1,2)fucosyltransferase activity.

The MEME suite of sequence analysis tools (meme.sdsc.edwmeme/cgi-bin/meme.cgi) can

also be used as an alternative to PSI-BLAST. Sequence motifs are discovered using the
program “MEME”. These motifs can then be used to search sequence databases using the
program “MAST”. The BLAST and PSI-BLAST search algorithms are other well known
alternatives.

To identify additional novel o(1,2)fucosyltransferases, a multiple sequence alignment
query was generated using four previously identified lactose-utilizing
a(1,2)fucosyltransferase protein sequences: H. pylori futC (SEQ IDNO: 1), A mustelae FutL,
(SEQ ID NO: 2), Bacteroides vulgatus futN (SEQ ID NO: 3), and E. coli 0126 wbgl, (SEQ
ID NO: 4). These sequence alignment and percentage of sequence identity is shown in FIG,
3. Aniterative PSI-BLAST was performed, using the FASTA-formatted multiple sequence
alignment as the query, and the NCBI PSI-BLAST program run on a local copy of NCBI
BLAST+ version 2.2.29. An initial position-specific scoring mairix file (.pssm) was
generated‘by PSI-BLAST, which the program then used to adjust the score of iterative
homology search runs. The process is iterated to generate an even larger group of candidates,
and the results of each run were used to further refine the matrix.

This PSI-BLAST search resulted in an initial 2515 hits. There were 787 hits with
greater than 22% sequence identity to FutC. 396 hits were of greater than 275 amino acids in
length. Additional analysis of the hits was performed, including sorting by percentage
identity to FutC, comparing the sequences by BLAST to existing a(1,2) fucosyltransferase
inventory (of known a(1,2) fucosyltransferases), and manual annotation of hit sequences to
identify those originating from bacteria that naturally exist in the gastrointestinal tract. An
annotated list of the novel o(1,2) fucosyltransferases identified by this screen are listed in
Table 1. Table 1 provides the bacterial species from which the candidate enzyme is found,
the GenBank Accession Number, GI Identification Number, amino acid sequence, and %
sequence identity to FutC.

Of the identified hits, 12 novel a(1,2) fucosyliransferases were further analyzed for
their functional capacity: Prevotella melaninogenica FutO, Clostridium bolteae FutP,

Clostridium bolteae +13 FutP, Lachnospiraceae sp. FutQ, Methanosphaerula palusiries
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FutR, Tannerella sp. FutS, Bacteroides caccae FutU, Butyrivibrio FutV, Prevotellaa sp.

FutW, Parabacteroides johnsonii FutX, Akkermansia muciniphilia FutY, Salmonella enterica
FutZ, and Bacteroides sp. FwtZA. For Clostridium bolteae FutP, the annotation named the
wrong initiation methionine codon. Thus, the present invention includes FutP with an
additional 13 amino acids at the N-terminus of the annotated FutP (derived in-frame from the
natural upstream DNA sequence), which is designated herein as Clostridium bolteae +13
FutP. The sequence identity between the 12 novel a(1,2) fucosyltransferases identified and

the 4 previously identified a(1,2) fucosyltransferases is shown in Table 2 below.

Table 2. Sequence Identity

H.pylor] futC

H.mustelae futl,

Bacteroides vulgatus futh

E. <ol 0126 whbgl | -

Prevotella melaninogenica FutO YP_003814512.1
Clostridium bolteae + 13 FutP Wp_002570768.1
Lachnospiraceae sp. FutQ WP_009251343.1

wles] ot ]w]iwle]

Methanosphaerula palustis Futk YP_002467213.1
Tanaerchia sp. Futs Wp_021929367.1

Bacteroides caccae Fuit WP_005675707.1 [5310.
Butyrivibrio Futv WP_022772718.1 |11 5

Prevotelia sp. Fut WP_022481266.1 12:
parabactercides johnsoni FutX WP_008155883.1 {137
Akkermansia mudniphitia FutY YP_601877555 |14
Salmoneila emterica FutZ WP_023214330 {50185
Bacercides sp. FUZA WP_022161880.1} 167

Based on the amino acid sequences of the identified a(1,2) fucosyltransferases (i.e., in
Table 1), syngenes can be readily designed and constructed by the skilled artisan using
standard methods known in the art. For example, the syngenes include a ribosomal binding
site, are codon-optimized for expression in a host bacterial production strain (i.e., E. coli),
and have common 6-cutter restriction sites or sites recognized by endogenous restriction
enzymes present in the host strain (i.e., EcoK restriction sites) removed to ease cloning and
expression in the E. coli host strain. In a preferred embodiment, the syngenes are constructed
with the following configuration: EcoRI site — T7g10 RBS —o(1,2) FT syngene — Xhol site.
The nucleic acid sequences of sample syngenes for the 12 identified a(1,2)
fucosyltransferases are shown in Table 3. (the initiating methionine ATG codon is bolded)

Table 3. Nucleic acid sequences of 12 novel a(1,2) fucosyltransterase syngenes

Bacteria/ SEQ
Gene Sequence 1D
name NO:

FutO | CAGTCAGTCAGAATTCAAGAAGGAGATATACATATGARAATCGTCAAAATCCTGGGCGGT | 276
CTGGGCAATCAGATGTTCCAGTATGCTCTGTACCTGAGCCTGCAAGAAAGTTTTCCARAA

GARCGTGTGGCCCTCGACCTGTCCTCCTTCCACGGCTATCACCTGCATARTGGCTTTGAG
CTGGAGAACATTTTCTCCGTTACCGCTCAGAARAGCATCCGCCGCAGATATCATGCGTATT
GCTTATTACTACCCGAACTATCTGCTGTGECGCATTGECAAACGTTTTCTGCCGCGTCGT
AAAGGTATGTGCCTGGAATCTAGCTCCCTGCGTTTCGATGARAGCGTTCTGCGTCAGGAA
GGTAACCGTTATTTTGACCGTTACTGGCAAGACCAACGCTACTTCGCAGCCTATCGTGAA
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AAAGTGCTGAAGGCTTTCACCTTTCCTGCATTCARACGCGCAGARAACCTGAGCCTGCTG
GAAAAACTGGACGAAAACAGCATTGCTCTGCATGTTCGT CGCGGTGATTACGTAGGTAAT
AARCCTETACCAAGGCATCTGTGACCTGGACTACTACCGTACCGCTATCGAGARAATGTGT
GCACACGTTACTCCGTCTCTGTTTTGTATCTT TTCCAACGACATCACGTGGTGCCAGCAG
CACCTGCAACCGTACCTGAAGGCCCCTGTGGTGTACGTTACTTGGARCACCGGTGTTGAA
TCCTACCGCGATATGCAGCTGATGTCCTECTGCGCACATAACATCATCGCGAATAGCTCC
TTCTCTTGETGEGETECTTGGCTGAATCAGARCCGTGARAARGTTGTTATCGCCCCGAAA
AAATEGCTGAACATGGAAGAATGTCACTTCACGCTGCCGGCARAGCTGGATCARAATTTAG
CTCGAGTGACTGACTG

FutP CAGTCAGTCAGAATTCAAGARGGAGATATACATATGGTGATTATCARAATGATGGGTGET | 277
CTGEECARCCAGATGTTCCAGTACGCACTGTACARAGCATTCGAGCAGAAGCACATCGAT
GTGTATGCAGACCTGECATGGTACAAAAACARATCCGTGARATTTGAACTGTACAACTTC
GGCATTAAAATCAACGTAGCATCCGAGARAGACATCAACCGTCTGAGCGATTGCCAGGCG
GACTTTGTTTCCCGCATCCGCCGTAAAATCTTTGGTARAAARAAGAGCTTCGTATCTGAA
AAAAATGACTCCTGCTATGAAAACGACATCCTGCGTATGGACAACGTTTATCTGAGCGGT
TATTGECAGACCGARRAATACTTCTCTARCACGCGTGAGAAGCTGCTGGAGGATTATTCC
TTCGCTCTGETARACTCTCAGGTGTCCGARTGGGAAGACTCCATTCGCARCAAARACAGC
GTTAGCATCCATATCCGTCGTGGTGATTATCTACAGGGCGAACTGTATGGTGGTATTTGC
ACCTCTCTGTACTACGCCGAAGCAATCGAGTACATTAAAATGCGTGTTCCGAACGCAAAA
TTCTTCETTTTCTCTGATGACGTTGAATGGGTTAAACAGCAAGAAGACTTCARAGGCTTC
GTAATCGTTGATCGCAACGAGTATTCTAGCGCTCTGTCCGATATGTACCTGATGTCCCTG
TGCAAGCATAACATTATTGCTAACTCCTCTTTCAGCTGETGGGCAGCTTGGCTGAACCGT
AACGAAGAAAAAATTGTAATCGCGCCGCGECCEGTTGGCTGAACGGCAAGTGCACCCCAGAT
ATCTGGTGTAAAALBATGGATTCGTATCTAGCTCGAGTGACTGACTG

FutQ CAGTCAGTCAGAATTCAAGARGGAGATATACATATGGTGATCGTACAGCTGAGCGGCGGT | 278
CTGGGCARCCAGATGTTCGAATACGCGCTGTACCTGAGCCTGARAGCAAAAGGCARAGAR
GTGAAAATTGACGATETTACGTGTTACGAGGGCCCTGGCACCCGTCCGCGTCAACTGGAT
GTTTTTGGTATCACGTACGATCGCGCETCTCGTGAGGAGCTGACTGAGATGACGGACGCG
AGCATGGATGCGCTGTCTCEGTEGTTCGTCGCARACTGACCGGTCGCCGCACTARAGCGTAC
CGCGAACGCEACATCAACTTCGATCCACTGGTTATGGAAAAAGACCCGGCACTGCTGGAA
GECTETTTCCAGTCTGACAAATACTTTCGTGATTGCGAAGGCCGCGTGCGCGAAGCGTAT
CETTTCCGCEGCATTGAATCCGGCECGTTCCCECTGCCGGAAGACTATCTGCGCCTGGAR
AAGCAGATCGAAGATTGTCAGTCCGTATCCGTACACATCCGTCGTGGCGACTACCTGGAC
GAATCTCATGGTGETCTETACACCGECATTTGTACTGAGGCGTACTATAAAGAGGCTTTT
GOTCGCATGGAACGTCTEETTCCGGGCECACGTTTCTTCCTGTTCTCTAACGATCCAGAA
TGGACTCGTEGAGCACTTTGAGAGCAAGAACTGCGTTCTGGTTGAAGGTAGCACCGAAGAC
ACGGGTTACATGGACCTGTACCTGATGAGCCGCTGCCGCCACAATATTATTGCCAACTCT
TCTTTCAGCTGETGGEEECECTTGGCTGAATGAGAACCCTGAGAAAAAAGTCATCGCACCG
GCTAAATGGCTGAACGETCGTGAGTGCCGTGATATCTATACCGAACGCATGATTCGTCTG
TAGCTCGAGTGACTGACTG

FutR CAGTCAGTCAGAATTCAAGAAGGAGATATACATATGATCATTGTTCGTCTGARAGGCGGT | 279
CTGEGCAACCAACTGTCTCAGTATGCACTGGGCCGTARGATCGCGCATCTGCACAATACC
GAACTGAAACTGGACACCACTTGGTTCACCACTATCTCCTCCGACACTCCACGTACCTAC
CETCTGAACAATTATAACATCATCGGCACTATTGCATCCGCARAGGARATCCAGCTGATC
GAACGTEGTCECGCCECARGECCETGGCTACCTGCTGTCTARAATTTCTGATCTGCTGACT
CCGATGTACCGTCGTACCTACGTCCGTGAACGTATGCATACCTTCGATARAGCTATCCTG
ACCETTCCGGACAACGTGTACCTGGATGGTTACTGGCAGACCGARRAGTACTTCAAAGAC
ATCGAAGARATCCTGCGCCGTGAGGTTACGCTGAAAGATGAACCGGATAGCATCAACCTG
GABATGGCTGAACGTATTCAGGCTTGCCACAGCGTTTCCCTGCACGTGCGTCGTGGCGAL
TACGTTTCCAACCCGACCACTCAACAATTCCACGGCTGTTGCTCCATTGACTACTACAAC
CGCECTATCTCTCTGAT TGAAGAARAAGTGGATGACCCEGTCTTTCTTTATTTTTTCTGAC
GATCTGCCGTGGGCTARAGAARACCTGGACATCCCTGGCGRAAAAACCTTCGTTGCGCAT
AACGGCCCGGAAAAAGAGTATTGCGATCTGTGGCTGATGTCTCTGTGCCAGCACCATATC
ATCGCABRACTCTTCTTTCAGCTEGTGGGGTCCCTGGCTGGGTCAAGACGCCGARARAGATG
GTGATCGCGCCGCETCECTEEECCCTETCCGAGAGCTTTGACACTTCTGACATCATTCCG
GACTCTTGGATTACTATCTAGCTCGAGTGACTGACTG

FutS CAGTCAGTCAGAATTCAAGAAGGAGATATACATATGGTACGCATTGTGGARATCATCGGC | 280
GETCTGGGTAACCAGATGTTCCAGTACGCATTCTCCCTGTACCTGARAAACAAATCTCAC
ATCTGGGACCGTCTGTATGTGGACATCGAGGCGATGAAAACCTACGATCGTCACTATGGT
CTGGAACTGGAGAAAGTTTTCAATCTGAGCCTGTGTCCAATCTCTAACCGTCTGCACCGC
AACCTGCAAAAACGCTCCTTCGCARAACACTTTGTAAAGAGCCTGTACGAGCACTCTGAA
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TGCGAGTTCGACGAACCGGTGTACCETGECCTGCGTCCTTATCGCTATTATCGCGGCTAC
TGECAAAACGAAGGTTACTTCGTTGATATTGAACCGATGATCCGTGAGGCTTTTCAGTTC
AACGTTAACATCCTGAGCAAAAAGACTAARGCGATCGCATCCAAAATGCGCCGTGAACTG
TCCGTATCTATCCATETTCGCCGTGGTGATTACCGAARACCTCGCCGGAAGCGAARGCGATG
CATGGCGETATTTGTTCTCTCGACTATTACCACAAAGCGATCGACTTCATCCGCCAGCGT
CTGGATAATAACATCTGTTTCTATCTGTTCTCCGACGATATCAATTGGGTAGAAGARARC
CTGCAACTGGAAAACCGTTGCATCATCGACTGGAACCAGGGCGAAGATAGCTGGCAGGAC
ATGTACCTGATCAGCTGCTGCCECCACCACATTATCGCARACAGCTCTTICTCCTGGTGE
GCEGCATCECTGAATCCAAACAAGAACAAAATCGTACTGACCCCGAACAARTGGTTCAAC
CATACTCACCCAGTCEGTATCGTCCCARAGTCCTGGATTAARATTCCTGTGTTTTAGCTC
GAGTGACTGACTG

FutU

CAGTCAGTCAGAATTCAAGAACGGAGATATACATATGAAAATCGTTARAAATCCTGGGCGGC
CTGGETAACCAGATEGTTTCACTACGCCCTGTTCCTGTCTCTGARAGAACGCTTCCCGCAT
GAACAGCETGATGATTGACACCAGCTECTTCCGCAATTACCCACTGCACARCGGTTTCGAA
GTGCATCETATCTTCGCCCAGAAAGCACCGETTGCCTCTTGGCGTAACATCCTGARAGETT
GCCTACCCETACCCGAACTACCGTTTCTGGAAAATCGGTARATACATCCTGCCTARACGT
AAAACCATGTCTGTACGAGCGTAARAACTTCAGCTTTGACGCCGCAGTCCTGACCCGTARA
GECCATTCCTACTATGATGECTACTCGCAGCATGAGGAATATTTCTGTGATATGARAGAA
ACGATTTGCGEAGECTTTCTCCTTCCCTGAGCCGGETTGATGGTCGTAACAAGGAGATCGGT
GCCCTGCTACAGECATCTGATAGCGCTTCCCTGCACGTTCGTCGCGGTGACTACGTGAAC
CACCCACTGTTTCETEETATTTGTGACCTGGACTATTATARACGTGCCATCCACTACATG
GAAGAACGCGTCAACCCACAGCTGTACTGCGTTTTCAGCAACGATATGGCCTGGTGCGAG
TCCCACCTGCCTECACTGCTGCCAGCGCABAGAAGTAGTTTATGTTGACTGGAACAAGGGT
GCCEAATCTTACGTTGATATGCGTCTCGATGAGCCTGTGCCGTCACAACATCATCGCTAAC
TCTTCTTTCAGCTEETGEGEGCGCATEGCTGAACCGTAACCCGCAGARAGTGGTGGTAGCG
CCGGAACGTTCEATCAACAGCCCGATTGAAGACCCAGTGAGCGACARATGGATTARACTG
TAGCTCGAGTGACTGACTG

281

FutV

CAGTCAGTCACGAATTCAAGAAGGAGATATACATATGATCATCATCCAGCTGAAAGGTGGC
CTGGGCAACCARATETTCCAGTACGCGCTGTACARATCCCTGAAARRACGTGGTARAGAA
GTTAAAATTGATGACAAAACTGGCTTCGTGAACGACAAACTGCGTATCCCGGTACTGTCC
CGTTGGEETETTGAGTACGATCCTGCAACCGACGAAGAGATTATTAACCTGACCGACTCC
AAAATGGACCTGTTCTCTCGCATCCGCCETARACTGACTGGCCGCARARCGTTCCGTATC
GACGAAGAATCCGETARATTCAACCCGGARRTCCTGGAAARAGAGAACGCTTATCTGGTG
GGTTATTGGCACTGCGACAAGTACTTCGACGACAAAGATGTGGTTCGCGARATTCGTGAA
GCGTTCGAGAAARAACCGCAGGAGCTGATGACCGACGCCAGCTCTTGGTCTACTCTACAG
CAGATTGAATGCTEGCGAGTCCGTATCCCTEGCACGTACGTCGTACTGATTACGTGGACGAG
GAACATATTCATATCCATAACATCTGTACGGARAAATACTATARAAACGCCATTGATCGT
GTGCGTARACAGTACCCGAGCGCAGTETTCTTCATCTTCACCGATGATAAAGAATGGTGC
CGCGACCACTTTAAAGGTCCGAACTTCATCCTAGTCGAACTGGAAGAAGGCGACGGTACC
GACATCGCTGAAATGACTCTGATGTCCCGCTGTAAACATCACATCATCGCTAATTCTAGC
TTTAGCTGGTGGCECCECGTEECTGAACCACTCCCCECGAAAARATCGTGATCGCTCCTCAG
AAATGGATTAACAACCGCCGACATCCACGATATTTACACCGAGCGTATGACTAAAATCGCA
CTGTAGCTCGAGTGACTGACTG

282

Futw

CAGTCAGTCAGAATTCAAGAAGCAGATATACATATGCGCCTGGTTARAATGATCGGCGGT
CTGGGTAATCAGATGTTCATCTACGCGTTTTACCTACAGATGCGTARGCGTTTCTCCAAC
GTTCGTATCGACCTGACCGATATGATGCACTACAACGTACACTATGGCTACGAACTGCAC
AAAGTTTTCGATCTECCGCGCACCCAGTTCTGTATGAACCAGCCTCTGAAARAGGTTCTG
GAGTTCCTETTCTTCCGTACCATTGTTGAACGTARACAGCACGGTCGTATGGAGCCGTAT
ACTTGCCAGTATEGTTTEGCCGCTEETTTACTTTAAGCGCT TCTATCAGTCCGAACGTTAC
PTCTCCCAAGTTAAGGACGAAGTTCGTGAGTGTTTCACCTTCAATCCGGCACTGGCGART
CGTTCTTCCCAACAGATGATGGAACAGATCCAGAATGATCCTCAGGCTGTCTCTATCCAC
ATCCETCGTGGCCACTATCTGAATCCGAAGCACTACGACACTATCGGTTGTATCTGTCAG
CTCCCATATTACAAGCACGCCGTTTCCGAAATTAAARAGTACGTTTCTAACCCTCACTTT
TACGTTTTCTCCGARGACCTGGATTGGETCAAAGCARACCTGCCGCTGGARAACGCACAG
TACATCGATTCCAACAAAGGCGCAGATAGCTGGCAGGATATGATGCTGATGAGCTGTTGC
AAACACCACATTATCTGTAACTCCACCTTTAGCTGGTGGGECGGCGTGGCTGAACCCATCT
GTCGAAAAAACCCTCATCATGCCGGAACAGTGGACGTCTCGTCARGATTCCGTGGACTTT
GTGECTAGCTETEGECCETTGECTCCETGTTAAAACGGAGTAGCTCGAGTGACTGACTG

283

FutX

CAGTCAGTCAGAATTCAAGAAGGAGATATACATATGCGTCTGATCAAGATGATCGGCGGEC
CTGEGGTAACCAGATCTTTATCTACGCGTTCTACCTGARAATGARACACCATTACCCGGAT
ACGAACATCGATCTETCTGACATGGTTCATTATARAGTTCACAACGGTTATGAGATGAAC

284
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CGTATCTTTGACCTGAGCCAGACTGAATTTTGCATCAACCGTACCCTGAAAAAAATCCTG
GAGTTCCTGTTCTTCAAAAAAATCTACGAACGTCGCCAGGACCCGTCTACTCTGTATCCA
TACGAAAAACGTTATTTTTGGCCGCTGCTGTACTTTAAAGGTTTCTACCAGTCTGAACGC
TTCTTCTTCGATATCAAAGACGACGTTCGTAAAGCCTTCTCTTTTAACCTGAACATCGCT
AACCCGGAAAGCCTGGAACTGCTGAAACAGATCGAAGTTGACGACCAAGCTGTTTCTATC
CACATCCGCCGTGGTGACTACCTGCTGCCGCGTCACTGGGCAAACACGGGTTCCGTGTGC
CAGCTGCCGTATTACAAGAACGCGATCGCGGAAATGGAGAACCGTATTACTGGCCCGAGC
TACTACGTGTTCTCTGATGATATCTCTTGGGTTAAAGAAAACATCCCGCTGAAGAAAGCG
GTCTACGTGACGTGGAACAAGGGCGAAGACAGCTGGCAGGATATGATGCTGATGAGCCAC
TGTCGTCACCACATTATCTGTAATTCTACGTTCTCCTGGTGGGGTGCTTGGCTGAACCCA
CGTAAAGAGAAAATCGTCATCGCGCCGTGTCGCTGGTTCCAGCATAAAGAAACCCCGGAC
ATGTACCCGAAAGAATGGATCAAAGTACCGATTAACTAGCTCGAGTGACTGACTG

FutZ CAGTCAGTCAGAATTCAAGAAGGAGATATACATATGTATTCTTGCCTGTCTGGTGGCCTG | 285
GGTAACCAAATGTTTCAATACGCAGCAGCGTATATCCTGAAGCAGTATTTTCAGTCTACC
ACTCTGETCCTGGATGATAGCTATTACTATTCCCAGCCGAAACGTGATACCGTTCGTAGC
CTGAAACTGAATCAGTTCAACATCTCTTATGATCGTTTTAGCT TCGCGGATGARAARGAG
AAGATCAAACTGCTGCGCAAATTCAAACGTAACCCGTTCCCTARACAGATTTCCGAGATC
CTGTCTATTGCGCTGTTCGGCARATACGCGCTGTCCGACCCTGCATTTTACACCTTCGAA
ACTATCAARAACATCGACAAAGCGTGCCTGTTCTCCTTTTACCAGGACGCCGATCTGCTG
AATAAATATAAGCAGCTGATCCTGCCGCTGTTCGAACTGCGCGATGACCTGCTGGATATC
TGCAAGAACCTGGAACTGTATTCCCTGATCCAACGCAGCAACAATACCACTGCACTGCAT
ATCCGCCGTGGCGACTACGTGACCAACCAGCACGCCGCGAAATACCACGECGTGCTGGAC
ATCAGCTACTATAACCACGCAATGGAATACGTGGAACGTGAACGCGGCAARCAGAACTTC
ATTATCTTCAGCGATGATGTACGTTGGGCACAGARAGCGTTTCTGGAGAACGATARTTGC
TACGTCATTAACAACTCCGACTACGATTTCTCTGCGATCCATATGTATCTCATGTCTCTG
TGCAAAARCAACATCATCGCAAATTCCACCTACTCCTGGTGGGGTGCCTGGCTGARCAAA
TACGAGCACAAACTGGTTATCTCTCCGAAACAATGGTTTCTGGGTARCAACGARACCTCT
CTGCGTAACGCGTCTTGGATCACCCTGTAGCTCGAGTGACTGACTG

FutZA CAGTCAGTCAGAATTCAAGAAGGAGATATACATATGCGTCTGATCAAGATGACCGGTGGC 286
CTGGGTAACCAGATGTTCATCTACGCGTTTTATCTGCGTATGAAAAAACGTTATCCGAAA
GTTCGTATTGATCTGTCTGATATGGTTCATTATCACGTTCACCACGGCTATGAAATGCAC
CGTGTTTTCAATCTGCCGCACACCGAATTTTGCATCAACCAGCCGCTGAAAAAAGTGATC
GAGTTCCTGTTTTTCAAAAAGATTTACGAACGTAAACAGGACCCTAATTCTCTGCGTGCA
TTCGAGAAGAAGTATCTGTGGCCGCTGCTGTACTTCAAAGGTTTCTATCAATCTGAGCGC
TTCTTTGCTGACATCAAAGACGAGGTTCGTAAAGCATTCACCTTTGACTCTTCTAAAGTG
AACGCTCGCTCTGCCGAACTGCTGCGTCGCCTGGATGCCGATGCTAACGCGGTTAGCCTG
CACATTCGTCGCGGTGACTATCTACAGCCGCAGCATTGGGCTACCACTGGTTCTGTCTGC
CAGCTGCCGTACTACCAGAACGCGATCGCTGAAATGAACCGTCGCGTTGCTGCCCCGAGC
TACTACGTTTTCAGCGATGACATCGCGTGGGTGAAGGAAAACATCCCTCTACAGAACGCA
GTGTACATCGACTGGAATAAAGGCGAAGAAAGCTGGCAGGATATGATGCTGATGAGCCAC
TGCCGCCACCACATTATCTGTAACAGCACCTTCTCTTGGTGGGGCGCGTGGCTGGACCCG
CACGAGGACAAAATTGTAATCGTTCCGAATCGTTGGTTCCAGCATTGCGAAACTCCTAAC
ATCTATCCGGCAGGCTGGGTGAAAGTTGCGATTAATTAGCTCGAGTGACTGACTG

In any of the methods described herein, the a(1,2) fucosyltransferase genes or gene
products may be variants or functional fragments thereof. A variant of any of genes or gene
products disclosed herein may have 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% sequence identity to the nucleic acid or amino acid sequences
described herein.

VMmemmwb%dMWmﬂwhmh%hmm%&oMmbggnmmb@oﬂMgmw
or gene products described herein that retain the same biological function as the genes or
gene products specified herein. These variants can be used interchangeably with the genes

recited in these methods. Such variants may demonstrate a percentage of homology or
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identity, for example, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 9%/"%3,0823

98%, or 99% identity conserved domains important for biological function, preferably in a
functional domain, e.g. catalytic domain.

The term "% identity," in the context of two or more nucleic acid or polypeptide
sequences, tefer to two or more sequences or subsequences that are the same or have a
specified percentage of amino acid residues or nucleotides that are the same, when compared
and aligned for maximum correspondence, as measured using one of the following sequence
comparison algorithms or by visual inspection. For example, % identity is relative to the
entire length of the coding regions of the sequences being compared, or the length of a
particular fragment or functional domain thereof.

For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are input into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. The sequence
comparison algorithm then calculates the percent sequence identity for the test sequence(s)
relative to the reference sequence, based on the designated program parameters.

Percent identity is determined using search algorithms such as BLAST and PSI-
BLAST (Altschul et al., 1990, J Mol Biol 215:3, 403-410; Altschul et al., 1997, Nugcleic
Acids Res 25:17, 3389-402). For the PSI-BLAST search, the following exemplary parameters
are employed: (1) Expect threshold was 10; (2) Gap cost was Existence:11 and Extension:1;
(3) The Matrix employed was BLOSUM62; (4) The filter for low complexity regions was

[41 kb

on”.

Changes can be introduced by mutation into the nucleic acid sequence or amino acid
sequence of any of the genes or gene products described herein, leading to changes in the
amino acid sequence of the encoded protein or enzyme, without altering the functional ability
of the protein or enzyme. For example, nucleotide substitutions leading to amino acid
substitutions at "non-essential" amino acid residues can be made in the sequence of any of
sequences expressly disclosed herein. A "non-essential" amino acid residue is a residue at a
position in the sequence that can be altered from the wild-type sequence of the polypeptide
without altering the biological activity, whereas an "egsential” amino acid residue is a residue
at a position that is required for biological activity. For example, amino acid residues that are
conserved among members of a family of proteins are not likely to be amenable to mutation.
Other amino acid residues, however, (e.g., those that are poorly conserved among members
of the protein family) may not be as essential for activity and thus are more likely to be
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amenable to alteration. Thus, another aspect of the invention pertains to nucleic acid

molecules encoding the proteins or enzymes disclosed herein that contain changes in amino
acid residues relative to the amino acid sequences disclosed herein that are not essential for
activity (i.e., fucosyltransferase activity).

An isolated nucleic acid molecule encoding a protein essentially retaining the
functional capability compared to any of the genes described herein can be created by
introducing one or more nucleotide substitutions, additions or deletions into the
corresponding nucleotide sequence, such that one or more amino acid substitutions, additions
or deletions are introduced into the encoded protein.

Mutations can be introduced into a nucleic acid sequence by standard techniques such
that the encoded amino acid sequence is altered, such as site-directed mutagenesis and PCR-
mediated mutagenesis. Preferably, conservative amino acid substitutions are made at one or
more predicted non-essential amino acid residues. A "conservative amino acid substitution”
s one in which the amino acid residue is replaced with an amino acid residue having a
similar side chain. Families of amino acid residues having similar side chains have been
defined in the art. Certain amino acids have side chains with more than one classifiable
characteristic. These families include amino acids with basic side chains (e.g., lysine,
arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar
side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, tryptophan,
cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tyrosine, tryptophan), beta-branched side chains (e.g., threonine,
valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,
histidine). Thus, a predicted nonessential amino acid residue in a given polypeptide is
replaced with another amino acid residue from the same side chain family. Alternatively, in
another embodiment, mutations can be introduced randomly along all or part of a given
coding sequence, such as by saturation mutagenesis, and the resultant mutants can be
screened for given polypeptide biological activity to identify mutants that retain activity.
Conversely, the invention also provides for yariants with mutations that enhance or increase
the endogenous biological activity. Following mutagenesis of the nucleic acid sequence, the
encoded protein can be expressed by any recombinant technology known in the art and the
activity of the protein can be determined. An increase, decrease, or elimination of a given
biological activity of the variants disclosed herein can be readily measured by the ordinary
person skilled in the art, i.e., by measuring the capability for mediating oligosaccharide
modification, synthesis, or degradation (via detection of the products).
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The present invention also provides for functional fragments of the genes or gene

products described herein. A fragment, in the case of these sequences and all others provided
herein, is defined as a part of the whole that is less than the whole. Moreover, a fragment
ranges in size from a single nucleotide or amino acid within a polynucleotide or polypeptide
sequence to one fewer nucleotide or amino acid than the entire polynucleotide or polypeptide
sequence. Finally, a fragment is defined as any portion of a complete polynucleotide or
polypeptide sequence that is intermediate between the extremes defined above.

For example, fragments of any of the proteins or enzymes disclosed herein or encoded
by any of the genes disclosed herein can be 10 to 20 amino acids, 10 to 30 amino acids, 10 to
40 amino acids, 10 to 50 amino acids, 10 to 60 amino acids, 10 to 70 amino acids, 10 to 80
amino acids, 10 to 90 amino acids, 10 to 100 amino acids, 50 to 100 amino acids, 75 to 125
amino acids, 100 to 150 amino acids, 150 to 200 amino acids, 200 to 250 amino acids, 250 to
300 amino acids, 300 to 350 amino acids, 350 to 400 amino acids, 400 to 450 amino acids, or
450 to 500 amino acids. The fragments encompassed in the present invention comprise
fragments that retain functional fragments. As such, the fragments preferably retain the
catalytic domains that are required or are important for functional activity. Fragments can be
determined or generated by using the sequence information herein, and the fragments can be
tested for functional activity using standard methods known in the art. For example, the
encoded protein can be expressed by any recombinant technology known in the art and the
activity of the protein can be determined. The biological function of said fragment can be
measured by measuring ability to synthesize or modify a substrate oligosaccharide, or
conversely, to catabolize an oligosaccharide substrate.

Within the context of the invention, “functionally equivalent”, as used herein, refers
to a gene or the resulting encoded protein variant or fragment thereof capable of exhibiting a
substantially similar activity as the wild-type fucosyltransferase. Specifically, the
fucosyltransferase activity refers to the ability to transfer a fucose sugar to an acceptor
substrate via an alpha-(1,2)-linkage. As used herein, “substantially similar activity” refers to
an activity level within 5%, 10%, 20%, 30%, 40%, or 50% of the wild-type
fucosyltransferase.

To test for lactose-utilizing fucosylatransferase activity, the production of fucosylated
oligossacharides (i.e., 2’-FL) is evaluated in a host organism that expresses the candidate
enzyme (or syngene) and which contains both cytoplasmic GDP-fucose and lactose pools.
The production of fucosylated oligosaccharides indicates that the candidate enzyme-encoding
sequence functions as a lactose-utilizing a(1 2)fucosyltransferase.
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Engineering of E. coli to produce human milk oligosaccharide 2°-FL

Described herein is a gene screening approach, which was used to validate the novel
o (1,2) fucosyltransferases (o (1,2) FTs) for the synthesis of fucosyl-linked oligosaccharides
in metabolically engineered E. coli. Of particular interest are o (1,2) F1's that are capable of
the synthesis of the HMOS 2’-fucosyllactose (2°-FL). 2°-FL is the most abundant
fucosylated oligosaccharide present in human milk, and this oligosaccharide provides
protection to newborn infants against infectious diarthea caused by bacterial pathogens such
as Campylobacter jejuni (Ruiz-Palacios, G.M., et al. (2003). J Biol Chem 278, 14112-120;
Morrow, A.L. et al. (2004). J Pediatr 145, 297-303; Newburg, D.S. et al. (2004).
Glycobiology 14, 253-263). Other a (1,2) FTs of interest are those capable of synthesis of
HMOS lactodifucotetraose (LDFT), laco-N-fucopentaose I (LNFI), or lacto-N-difucohexaose
[ (LDFHI).

The synthetic pathway of fucosyl oligosaccharides of human milk is illustrated in
FIG. 1. Structurally, 2°-FL consists of a fucose molecule o 1,2 linked to the galactose
portion of lactose (Fucal-2GalB1-4Gle). Ana (1,2) FT from H. pylori strain 26695 termed
FutC has been utilized to catalyze the synthesis of 2°-FL in metabolically engineered E. coli
(Drouillard, S. et al. (2006). Angew Chem Int Ed Engl 45, 1778-780).

Candidate a(1,2) FTs (i.e., syngenes) were cloned by standard molecular biological
techniques into an expression plasmid. This plasmid utilizes the strong leftwards promoter of
bacteriophage A (termed Py) to direct expression of the candidate genes (Sanger, F. et al.
(1982). ] Mol Biol 162, 729-773). The promoter is controllable, e.g., a trp-cl construct is
stably integrated the into the E.coli host's genome (at the ampC locus), and control is
implemented by adding tryptophan to the growth media. Gradual induction of protein
expression is accomplished using a temperature sensitive ¢l repressor. Another similar
control strategy (temperature independent expression system) has been described
(Mieschendahl et al., 1986, Bio/Technology 4:802-808). The plasmid also carries the E. coli
resA gene to up-regulate GDP-fucose synthesis, a critical precursor for the synthesis of
fucosyl-linked oligosaccharides. In addition, the plasmid carries a B-lactamase (bla) gene for
maintaining the plasmid in host strains by ampicillin selection (for convenience in the
laboratory) and a native tiy4 (thymidylate synthase) gene as an alternative means of selection
in thyd” hosts. Alternative selectable markers include the proBA genes to complement
proline auxotrophy (Stein et al., (1984), ] Bacteriol 158:2, 696-700 (1984) or purA to
complement adenine auxotrophy (S. A. Wolfe, J. M. Smith, J Biol Chem 263, 19147-53
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(1988)). To act as plasmid selectable markers each of these genes are first inactivated in the

host cell chromosome, then wild type copies of the genes are provided on the plasmid.
Alternatively a drug resistance gene may be used on the plasmid, e.g. beta-lactamase (this
gene is already on the expression plasmid described above, thereby permitting selection with
ampicillin). Ampicillin selection is well known in the art and described in standard manuals
such as Maniatis et al., (1982) Molecular cloning, a laboratory manual. Cold Spring Harbor
Laboratory, Cold Spring, NY.

The nucleic acid sequence of such an expression plasmid, pEC2-(T7)FutX-resA-thyA
(pG401) is provided below. The underlined sequence represents the FutX syngene, which
can be readily replaced with any of the novel o,(1,2) FTs described herein using standard

recombinant DNA techniques.

TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGT
CTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGG
CTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCGGTGTGAAATACC
GCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCTCCTCAACCTGTATATTCGTAAACCACGCC
CAATGGGAGCTGTCTCAGGTTTGTTCCTGATTGGTTACGGCGCGTTTCGCATCATTGTTGAGTTTTTC
CGCCAGCCCGACGCGCAGTTTACCGGTGCCTGGGTGCAGTACATCAGCATGGGGCAAATTCTTTCCAT
CCCGATGATTGTCGCGGGTGTGATCATGATGGTCTGGGCATATCGTCGCAGCCCACAGCAACACGTTT
CCTGAGGAACCATGAAACAGTATTTAGAACTGATGCAAAAAGTGCTCGACGAAGGCACACAGAAAAAC
GACCGTACCGGAACCGGAACGCTTTCCATTTTTGGTCATCAGATGCGTTTTAACCTGCAAGATGGATT
CCCGCTGGTGACAACTAAACGTTGCCACCTGCGTTCCATCATCCATGAACTGCTGTGGTTTCTGCAGG
GCGACACTAACATTGCTTATCTACACGAAAACAATGTCACCATCTGGGACGAATGGGCCGATGAAAAC
GGCGACCTCGGGCCAGTGTATGGTAAACAGTGGCGCGCCTGGCCAACGCCAGATGGTCGTCATATTGA
CCAGATCACTACGGTACTGAACCAGCTGAAAAACGACCCGGATTCGCGCCGCATTATTGTTTCAGCGT
GGAACGTAGGCGAACTGGATAAAATGGCGCTGGCACCGTGCCATGCATTCTTCCAGTTCTATGTGGCA
GACGGCAAACTCTCTTGCCAGCTTTATCAGCGCTCCTGTGACGTCTTCCTCGGCCTGCCGTTCAACAT
TGCCAGCTACGCGTTATTGGTGCATATGATGGCGCAGCAGTGCGATCTGGAAGTGGGTGATTTTGTCT
GGACCGGTGGCGACACGCATCTGTACAGCAACCATATGGATCAAACTCATCTGCAATTAAGCCGCGAA
CCGCGTCCGCTGCCGAAGTTGATTATCAAACGTAAACCCGAATCCATCTTCGACTACCGTTTCGAAGA
CTTTGAGATTGAAGGCTACGATCCGCATCCGGGCATTAAAGCGCCGGTGGCTATCTAATTACGAAACA
TCCTGCCAGAGCCGACGCCAGTGTGCGTCGGTTTTTTTACCCTCCGTTAAATTCTTCGAGACGCCTTC
CCGAAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGC
TATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCC
CAGTCACGACGTTGTAAAACGACGGCCAGTGCCAAGCTTTCTTTAATGAAGCAGGGCATCAGGACGGT
ATCTTTGTGGAGAAAGCAGAGTAATCTTATTCAGCCTGACTGGTGGGAAACCACCAGTCAGAATGTGT
TAGCGCATGTTGACAAAAATACCATTAGTCACATTATCCGTCAGTCGGACGACATGGTAGATAACCTG
TTTATTATGCGTTTTGATCTTACGTTTAATATTACCTTTATGCGATGAAACGGTCTTGGCTTTGATAT
TCATTTGGTCAGAGATTTGAATGGTTCCCTGACCTGCCATCCACATTCGCAACATACTCGATTCGGTT
CGGCTCAATGATAACGTCGGCATATTTAAAAACGAGGTTATCGTTGTCTCTTTTTTCAGAATATCGCC
AAGGATATCGTCGAGAGATTCCGGTTTAATCGATTTAGAACTGATCAATAAATTTTTTCTGACCAATA
GATATTCATCAAAATGAACATTGGCAATTGCCATAAAAACGATAAATAACGTATTGGGATGTTGATTA
ATGATGAGCTTGATACGCTGACTGTTAGAAGCATCGTGGATGAAACAGTCCTCATTAATAAACACCAC
TGAAGGGCGCTGTGAATCACAAGCTATGGCAAGGTCATCAACGGTTTCAATGTCGTTGATTTCTCTTT
TTTTAACCCCTCTACTCAACAGATACCCGGTTAAACCTAGTCGGGTGTAACTACATAAATCCATAATA
ATCGTTGACATGGCATACCCTCACTCAATGCGTAACGATAATTCCCCTTACCTGAATATTTCATCATG
ACTAAACGGAACAACATGGGTCACCTAATGCGCCACTCTCGCGATTTTTCAGGCGGACTTACTATCCC
GTAAAGTGTTGTATAATTTGCCTGGAATTGTCTTAAAGTAAAGTAAATGTTGCGATATGTGAGTGAGC
TTAAAACAAATATTTCGCTGCAGGAGTATCCTGGAAGATGTTCGTAGAAGCTTACTGCTCACAAGAAA
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AAAGGCACGTCATCTGACGTGCCTTTTTTATTTGTACTACCCTGTACGATTACTGCAGCTCGAGCTAG

TTAATCGGTACTTTGATCCATTCTTTCGGGTACATGTCCGGGGTTTCTTTATGCTGGAACCAGCGACA
CGGCGCGATGACGATTTTCTCTTTACGTGGGTTCAGCCAAGCACCCCACCAGGAGAACGTAGAATTAC
AGATAATGTGGTGACGACAGTGGCTCATCAGCATCATATCCTGCCAGCTGTCTTCGCCCTTGTTCCAC
GTCACGTAGACCGCTTTCTTCAGCGGGATGTTTTCTTTAACCCAAGAGATATCATCAGAGAACACGTA
GTAGCTCGGGCCAGTAATACGGTTCTCCATTTCCGCGATCGCGTTCTTGTAATACGGCAGCTGGCACA
CGGAACCCGTGTTTGCCCAGTGACGCGGCAGCAGGTAGTCACCACGGCGGATGTGGATAGAAACAGCT
TGGTCGTCAACTTCGATCTGTTTCAGCAGTTCCAGGCTTTCCGGGTTAGCGATGTTCAGGTTAAAAGA
GAAGGCTTTACGAACGTCGTCTTTGATATCGAAGAAGAAGCGTTCAGACTGGTAGAAACCTTTAAAGT
ACAGCAGCGGCCAAAAATAACGTTTTTCGTATGGATACAGAGTAGACGGGTCCTGGCGACGTTCGTAG
ATTTTTTTGAAGAACAGGAACTCCAGGATTTTTTTCAGGGTACGGTTGATGCAAAATTCAGTCTGGCT
CAGGTCAAAGATACGGTTCATCTCATAACCGTTGTGAACTTTATAATGAACCATGTCAGACAGATCGA
TGTTCGTATCCGGGTAATGGTGTTTCATTTTCAGGTAGAACGCGTAGATAAACATCTGGTTACCCAGG
CCGCCGATCATCTTGATCAGACGCATATGTATATCTCCTTCTTGAATTCTAAAAATTGATTGAATGTA
TGCAAATAAATGCATACACCATAGGTGTGGTTTAATTTGATGCCCTTTTTCAGGGCTGGAATGTGTAA
GAGCGGGGTTATTTATGCTGTTGTTTTTTTGTTACTCGGGAAGGGCTTTACCTCTTCCGCATAAACGC
TTCCATCAGCGTTTATAGTTAAAAAAATCTTTCGGAACTGGTTTTGCGCTTACCCCAACCAACAGGGG
ATTTGCTGCTTTCCATTGAGCCTGTTTCTCTGCGCGACGTTCGCGGCGGCGTGTTTGTGCATCCATCT
GGATTCTCCTGTCAGTTAGCTTTGGTGGTGTGTGGCAGTTGTAGTCCTGAACGAAAACCCCCCGCGAT
TGGCACATTGGCAGCTAATCCGGAATCGCACTTACGGCCAATGCTTCGTTTCGTATCACACACCCCAA
AGCCTTCTGCTTTGAATGCTGCCCTTCTTCAGGGCTTAATTTTTAAGAGCGTCACCTTCATGGTGGTC
AGTGCGTCCTGCTGATGTGCTCAGTATCACCGCCAGTGGTATTTATGTCAACACCGCCAGAGATAATT
TATCACCGCAGATGGTTATCTGTATGTTTTTTATATGAATTTATTTTTTGCAGGGGGGCATTGTTTGG
TAGGTGAGAGATCAATTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGG
CGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGC
TCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATA
CCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACC
TGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCG
GTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTT
ATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTG
GTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTAC
GGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGT
TGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGA
TTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGG
AACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTT
AAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAAT
GCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCC
GTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGA
CCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTG
GTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCG
CCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGG
TATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAA
AAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATG
GTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGA
GTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATAC
GGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGA
AAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATC
TTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAA
AGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATT
TATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGT
TCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCT
ATAAAAATAGGCGTATCACGAGGCCCTTTCGTC (SEQ ID NO: 287)
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The expression constructs were transformed into a host strain useful for the
production of 2’-FL. Biosynthesis of 2°-FL requires the generation of an enhanced cellular
pool of both lactose and GDP-fucose (FIG. 2). The wild-type Eschericia coli K12
prototrophic strain W3110 was selected as the parent background to test the ability of the
candidates to catalyze 2’-FL production (Bachmann, B.J. (1972). Bacteriol Rev 36, 525-557).
The particular W3110 derivative employed was one that previously had been modified by the
introduction (at the ampC locus) ofa tryptophan—inducible Py ¢+ Tepressor cassette,
generating an F.coli strain known as GI724 (LaVallie, E.R. et al. (2000). Methods Enzymol
326, 322-340). Other features of GI724 include laclq and lacPL8 promoter mutations. E.coli
strain GI724 affords economical production of recombinant proteins from the phage A P,
promoter following induction with low levels of exogenous tryptophan (LaVallie, E.R. et al.
(1993). Biotechnology (N Y) 11, 187-193; Mieschendahl, et al. (1986). Bio/Technology 4,
802-08). Additional genetic alterations were made to this strain to promote the biosynthesis
of 2°-FL. This was achieved in strain GI724 through several manipulations of the
chromosome using 2 Red recombineering (Court, D.L. et al. (2002). Annu Rev Genet 36,
361-388) and generalized P1 phage transduction.

First, the ability of the E. coli host strain to accumulate intracellular lactose was
engineered by simultaneous deletion of the endogenous B-galactosidase gene (lgcZ) and the
lactose operon repressor gene (lac]). During construction of this deletion, the laclq promoter
was placed immediately upstream of the lactose permease gene, lacY. The modified strain
maintains its ability to transport lactose from the culture medium (via LacY), but is deleted
for the wild-type copy of the lacZ (B-galactosidase) gene responsible for lactose catabolism.
Therefore, an intracellular lactose pool is created when the modified strain is cultured in the
presence of exogenous lactose. A schematic of the Py JlacY" chromosomal construct 1s

shown in FIG. 12.

Genomic DNA sequence of the Prery JacY" chromosomal construct is set forth below

(SEQ ID NO: 288):

CACCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTCAAGTGTAGGCTGGAGC
TGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGAACTTCGGAATAGGAACTAAGGAGGAT
ATTCATATGTACTATTTAAAAAACACAAACTTTTGGATGTTCGGTTTATTCTTTTTCTTTTACTTTTTTATCATG
GGAGCCTACTTCCCGTTTTTCCCGATTTGGCTACATGACATCAACCATATCAGCAAAAGTGATACGGGTATTATT
TTTGCCGCTATTTCTCTGTTCTCGCTATTATTCCAACCGCTGTTTGGTCTGCTTTCTGACAAACTCGGGCTGCGC
AAATACCTGCTGTGGATTATTACCGGCATGTTAGTGATGTTTGCGCCGTTCTTTATTTTTATCTTCGGGCCACTG
TTACAATACAACATTTTAGTAGGATCGATTGTTGGTGGTATTTATCTAGGCTTTTGTTTTAACGCCGGTGCGCCA
GCAGTAGAGGCATTTATTGAGAAAGTCAGCCGTCGCAGTAATTTCGAATTTGGTCGCGCGCGGATGTTTGGCTGT
GTTGGCTGGGCGCTGTGTGCCTCGATTGTCGGCATCATGTTCACCATCAATAATCAGTTTGTTTTCTGGCTGGGC
TCTGGCTGTGCACTCATCCTCGCCGTTTTACTCTTTTTCGCCAAAACGGATGCGCCCTCTTCTGCCACGGTTGCC
AATGCGGTAGGTGCCAACCATTCGGCATTTAGCCTTAAGCTGGCACTGGAACTGTTCAGACAGCCAAAACTGTGG
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TTTTTGTCACTGTATGTTATTGGCGTTTCCTGCACCTACGATGTTTTTGACCAACAGTTTGCTAATTTCTTTACT
TCGTTCTTTGCTACCGGTGAACAGGGTACGCGGGTATTTGGCTACGTAACGACAATGGGCGAATTACTTAACGCC
TCGATTATGTTCTTTGCGCCACTGATCATTAATCGCATCGGTGGGAAAAACGCCCTGCTGCTGGCTGGCACTATT
ATGTCTGTACGTATTATTGGCTCATCGTTCGCCACCTCAGCGCTGGAAGTGGTTATTCTGAAAACGCTGCATATG
TTTGAAGTACCGTTCCTGCTGGTGGGCTGCTTTAAATATATTACCAGCCAGTTTGAAGTGCGTTTTTCAGCGACG
ATTTATCTGGTCTGTTTCTGCTTCTTTAAGCAACTGGCGATGATTTTTATGTCTGTACTGGCGGGCAATATGTAT
GAAAGCATCGGTTTCCAGGGCGCTTATCTGGTGCTGGGTCTGGTGGCGCTGGGCTTCACCTTAATTTCCGTGTTC
ACGCTTAGCGGCCCCGGCCCGCTTTCCCTGCTGCGTCGTCAGGTGAATGAAGTCGCTTAAGCAATCAATGTCGGA
TGCGGCGCGAGCGCCTTATCCGACCAACATATCATAACGGAGTGATCGCATTGTAAATTATAAAAATTGCCTGAT
ACGCTGCGCTTATCAGGCCTACAAGTTCAGCGATCTACATTAGCCGCATCCGGCATGAACAAAGCGCAGGAACAA
GCGTCGCA

Second, the ability of the host E. coli strain to synthesize colanic acid, an extracellular
capsular polysaccharide, was eliminated by the deletion of the weaJ gene, encoding the UDP-
glucose lipid carrier transferase (Stevenson, G. et al. (1996). J Bacteriol 178, 4885-893). Ina
weaJ null background GDP-fucose accumulates in the E. coli cytoplasm (Dumon, C. et al.
(2001). Glycoconj J 18, 465-474). A schematic of the chromosomal deletion of weaJ 1
shown in FIG. 13.

The sequence of the chromosomal region of E. coli bearing the AwcaJ::FRT mutation

is set forth below (SEQ ID NO: 289):

GTTCGGTTATATCAATGTCAAAAACCTCACGCCGCTCAAGCTGGTGATCAACTCCGGGAACGGCGCAGCGGGTCC
GGTGGTGGACGCCATTGAAGCCCGCTTTAAAGCCCTCGGCGCGCCCGTGGAATTAATCAAAGTGCACAACACGCC
GGACGGCAATTTCCCCAACGGTATTCCTAACCCACTACTGCCGGAATGCCGCGACGACACCCGCAATGCGGTCAT
CAAACACGGCGCGGATATGGGCATTGCTTTTGATGGCGATTTTGACCGCTGTTTCCTGTTTGACGAAAAAGGGCA
GTTTATTGAGGGCTACTACATTGTCGGCCTGTTGGCAGAAGCATTCCTCGAAAAAAATCCCGGCGCGAAGATCAT
CCACGATCCACGTCTCTCCTGGAACACCGTTGATGTGGTGACTGCCGCAGGTGGCACGCCGGTAATGTCGAAAAC
CGGACACGCCTTTATTAAAGAACGTATGCGCAAGGAAGACGCCATCTATGGTGGCGAAATGAGCGCCCACCATTA
CTTCCGTGATTTCGCTTACTGCGACAGCGGCATGATCCCGTGGCTGCTGGTCGCCGAACTGGTGTGCCTGAAAGA
TAAAACGCTGGGCGAACTGGTACGCGACCGGATGGCGGCGTTTCCGGCAAGCGGTGAGATCAACAGCAAACTGGC
GCAACCCGTTGAGGCGATTAACCGCGTGGAACAGCATTTTAGCCGTGAGGCGCTGGCGGTGGATCGCACCGATGG
CATCAGCATGACCTTTGCCGACTGGCGCTTTAACCTGCGCACCTCCAATACCGAACCGGTGGTGCGCCTGAATGT
GGAATCGCGCGGTGATGTGCCGCTGATGGAAGCGCGAACGCGAACTCTGCTGACGTTGCTGAACGAGTAATGTCG
GATCTTCCCTTACCCCACTGCGGGTAAGGGGCTAATAACAGGAACAACGATGATTCCGGGGATCCGTCGACCTGC
AGTTCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCGAAGCAGCTCCAGCCTACAGTTAACAAAGCGGCATA
TTGATATGAGCTTACGTGAAAAAACCATCAGCGGCGCGAAGTGGTCGGCGATTGCCACGGTGATCATCATCGGCC
TCGGGCTGGTGCAGATGACCGTGCTGGCGCGGATTATCGACAACCACCAGTTCGGCCTGCTTACCGTGTCGCTGG
TGATTATCGCGCTGGCAGATACGCTTTCTGACTTCGGTATCGCTAACTCGATTATTCAGCGAAAAGAAATCAGTC
ACCTTGAACTCACCACGTTGTACTGGCTGAACGTCGGGCTGGGGATCGTGGTGTGCGTGGCGGTGTTTTTGTTGA
GTGATCTCATCGGCGACGTGCTGAATAACCCGGACCTGGCACCGTTGATTAAAACATTATCGCTGGCGTTTGTGG
TAATCCCCCACGGGCAACAGTTCCGCGCGTTGATGCAAAAAGAGCTGGAGTTCAACAAAATCGGCATGATCGAAA
CCAGCGCGGTGCTGGCGGGCTTCACTTGTACGGTGGTTAGCGCCCATTTCTGGCCGCTGGCGATGACCGCGATCC
TCGGTTATCTGGTCAATAGTGCGGTGAGAACGCTGCTGTTTGGCTACTTTGGCCGCAAAATTTATCGCCCCGGTC
TGCATTTCTCGCTGGCGTCGGTGGCACCGAACTTACGCTTTGGTGCCTGGCTGACGGCGGACAGCATCATCAACT
ATCTCAATACCAACCTTTCAACGCTCGTGCTGGCGCGTATTCTCGGCGCGGGCGTGGCAGGGGGATACAACCTGG
CGTACAACGTGGCCGTTGTGCCACCGATGAAGCTGAACCCAATCATCACCCGCGTGTTGTTTCCGGCATTCGCCA
AAATTCAGGACGATACCGAAAAGCTGCGTGTTAACTTCTACAAGCTGCTGTCGGTAGTGGGGATTATCAACTTTC
CGGCGCTGCTCGGGCTAATGGTGGTGTCGAATAACTTTGTACCGCTGGTCTTTGGTGAGAAGTGGAACAGCATTA
TTCCGGTGCTGCAATTGCTGTGTGTGGTGGGTCTGCTGCGCTCCG

Third, the magnitude of the cytoplasmic GDP-fucose pool was enhanced by the

‘ntroduction of a null mutation into the lon gene. Lon is an ATP-dependant intracellular

34
SUBSTITUTE SHEET (RULE 26)



WO 2015/1
./ 75801 ‘ . o N PCT/US2015/030823
protease that is responsible for degrading ResA, which is a positive transcriptional regulator

of colanic acid biosynthesis in E. coli (Gottesman, S. & Stout, V. Mol Microbiol 5, 1599-
1606 (1991)). In a lon null background, ResA is stabilized, ResA levels increase, the genes
responsible for GDP-fucose synthesis in E. coli are up-regulated, and intracellular GDP-
fucose concentrations are enhanced. The lon gene was almost entirely deleted and replaced
by an inserted functional, wild-type, but promoter-less E.coli lacZ" gene (Alon:: (kan, lacZ").
% Red recombineering was used to perform the construction. A schematic of the kan, lacZ"

insertion into the lon locus is shown in FIG. 14.
Genomic DNA sequence surrounding the lacZ+ insertion into the Jon region in the

E coli strain is set forth below (SEQ ID NO: 290):

GTGGATGGAAGAGGTGGAAAAAGTGGTTATGGAGGAGTGGGTAATTGATGGTGAAAGGAAAGGGTTGGTGATTTA
TGGGAAGGGGGAAGGGGAAGAGGGATGTGGTGAATAATTAAGGATTGGGATAGAATTAGTTAAGGAAAAAGGGGG
GATTTTATGTGGGGTTTAATTTTTGGTGTATTGTGGGGGTTGAATGTGGGGGAAAGATGGGGATATAGTGAGGTA
GATGTTAATAGATGGGGTGAAGGAGAGTGGTGTGATGTGATTAGGTGGGGGAAATTAAAGTAAGAGAGAGGTGTA
TGATTGGGGGGATGGGTGGAGGTGGAGTTGGAAGTTGGTATTGTGTAGAAAGTATAGGAAGTTGAGAGGGGTTTT
GAAGGTGAGGGTGGGGGAAGGAGTGAGGGGGGAAGGGGTGGTAAAGGAAGGGGAAGAGGTAGAAAGGGAGTGGGG
AGAAAGGGTGGTGAGGGGGGATGAATGTGAGGTAGTGGGGTATGTGGAGAAGGGAAAAGGGAAGGGGAAAGAGAA
AGGAGGTAGGTTGGAGTGGGGTTAGATGGGGATAGGTAGAGTGGGGGGTTTTATGGAGAGGAAGGGAAGGGGAAT
TGGGAGGTGGGGGGGGGTGTGGTAAGGTTGGGAAGGGGTGGAAAGTAAAGTGGATGGGTTTGTTGGGGGGAAGGA
TGTGATGGGGGAGGGGATGAAGATGTGATGAAGAGAGAGGATGAGGATGGTTTGGGATGATTGAAGAAGATGGAT
TGGAGGGAGGTTGTGGGGGGGGTTGGGTGGAGAGGGTATTGGGGTATGAGTGGGGAGAAGAGAGAATGGGGTGGT
GTGATGGGGGGGTGTTGGGGGTGTGAGGGGAGGGGGGGGGGGTTGTTTTTGTGAAGAGGGAGGTGTGGGGTGGGG
TGAATGAAGTGGAGGAGGAGGGAGGGGGGGTATGGTGGGTGGGGAGGAGGGGGGTTGGTTGGGGAGGTGTGGTGG
AGGTTGTGAGTGAAGGGGGAAGGGAGTGGGTGGTATTGGGGGAAGTGGGGGGGGAGGATGTGGTGTGATGTGAGG
TTGGTGGTGGGGAGAAAGTATGGATGATGGGTGATGGAATGGGGGGGGTGGATAGGGTTGATGGGGGTAGGTGGG
GATTGGAGGAGGAAGGGAAAGATGGGATGGAGGGAGGAGGTAGTGGGATGGAAGGGGGTGTTGTGGATGAGGATG
ATGTGGAGGAAGAGGATGAGGGGGTGGGGGGAGGGGAAGTGTTGGGGAGGGTGAAGGGGGGATGGGGGAGGGGGA
GGATGTGGTGGTGAGGGATGGGGATGGGTGGTTGGGGAATATGATGGTGGAAAATGGGGGGTTTTGTGGATTGAT
GGAGTGTGGGGGGGTGGGTGTGGGGGAGGGGTATGAGGAGATAGGGTTGGGTAGGGGTGATATTGGTGAAGAGGT
TGGGGGGGAATGGGGTGAGGGGTTGGTGGTGGTTTAGGGTATGGGGGGTGGGGATTGGGAGGGGATGGGGTTGTA
TGGGGTTGTTGAGGAGTTGTTGTAATAAGGGGATGTTGAAGTTGGTATTGGGAAGTTGGTATTGTGTAGAAAGTA
TAGGAAGTTGGAAGGAGGTGGAGGGTAGATAAAGGGGGGGGTTATTTTTGAGAGGAGAGGAAGTGGTAATGGTAG
GGAGGGGGGGTGAGGTGGAATTGGGGGGATAGTGAGGGGGTGGAGGAGTGGTGGGGAGGAATGGGGATATGGAAA
GGGTGGATATTGAGGGATGTGGGTTGTTGGGGGTGGAGGAGATGGGGATGGGTGGTTTGGATGAGTTGGTGTTGA
GTGTAGGGGGTGATGTTGAAGTGGAAGTGGGGGGGGGAGTGGTGTGGGGGATAATTGAATTGGGGGGTGGGGGAG
GGGAGAGGGTTTTGGGTGGGGAAGAGGTAGGGGGTATAGATGTTGAGAATGGGAGATGGGAGGGGTGAAAAGAGG
GGGGAGTAAGGGGGTGGGGATAGTTTTGTTGGGGGGGTAATGGGAGGGAGTTTAGGGGGTGTGGTAGGTGGGGGA
GGTGGGAGTTGAGGGGAATGGGGGGGGGATGGGGTGTATGGGTGGGGAGTTGAAGATGAAGGGTAATGGGGATTT
GAGGAGTAGGATGAATGGGGTAGGTTTTGGGGGTGATAAATAAGGTTTTGGGGTGATGGTGGGAGGGGTGAGGGG
TGGTAATGAGGAGGGGATGAGGAAGTGTATGTGGGGTGGAGTGGAAGAAGGGTGGTTGGGGGTGGTAATGGGGGG
GGGGGTTGGAGGGTTGGAGGGAGGGGTTAGGGTGAATGGGGGTGGGTTGAGTTAGGGGAATGTGGTTATGGAGGG
GTGGAGGGGTGAAGTGATGGGGGAGGGGGGTGAGGAGTTGTTTTTTATGGGGAATGGAGATGTGTGAAAGAAAGG
GTGAGTGGGGGTTAAATTGGGAAGGGTTATTAGGGAGGTGGATGGAAAAATGGATTTGGGTGGTGGTGAGATGGG
GGATGGGGTGGGAGGGGGGGGGGAGGGTGAGAGTGAGGTTTTGGGGGAGAGGGGAGTGGTGGGAGGGGGTGATGT
GGGGGGGTTGTGAGGATGGGGTGGGGTTGGGTTGGAGTAGGGGTAGTGTGAGGGAGAGTTGGGGGGGGGTGTGGG
GGTGGGGTAGTTGAGGGAGTTGAATGAAGTGTTTAGGTTGTGGAGGGAGATGGAGAGGGAGTTGAGGGGTTGGGA
GGGGGTTAGGATGGAGGGGGAGGATGGAGTGGAGGAGGTGGTTATGGGTATGAGGGAAGAGGTATTGGGTGGTGA
GTTGGATGGTTTGGGGGGATAAAGGGAAGTGGAAAAAGTGGTGGTGGTGTTTTGGTTGGGTGAGGGGTGGATGGG
GGGTGGGGTGGGGAAAGAGGAGAGGGTTGATAGAGAAGTGGGGATGGTTGGGGGTATGGGGAAAATGAGGGGGGT
AAGGGGAGGAGGGGTTGGGGTTTTGATGATATTTAATGAGGGAGTGATGGAGGGAGTGGGAGAGGAAGGGGGGGT
GTAAAGGGGGATAGTGAGGAAAGGGGTGGGAGTATTTAGGGAAAGGGGGAAGAGTGTTAGGGATGGGGTGGGGGT
ATTGGGAAAGGATGAGGGGGGGGGTGTGTGGAGGTAGGGAAAGGGATTTTTTGATGGAGGATTTGGGGAGAGGGG
GGAAGGGGTGGTGTTGATGGAGGGGGGGGTAGATGGGGGAAATAATATGGGTGGGGGTGGTGTGGGGTGGGGGGG
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transduction. In the absence of exogenous thymidine, thyA strains are unable to make DNA
and die. The defect can be complemented in frans by supplying a wild-type thy4 gene on a
multicopy plasmid (Belfort, M., Maley, G.F., and Maley, F. (1983). Proc Natl Acad SciUS
A 80, 1858-861). This complementation was used here as a means of plasmid maintenance.

An additional modification that is useful for increasing the cytoplasmic pool of free
lactose (and hence the final yield of 2°-FL) is the incorporation of a lac4 mutation. LacA isa
lactose acetyltransferase that is only active when high levels of lactose accumulate in the L.
coli cytoplasm. High intracellular osmolarity (e.g., caused by a high intracellular lactose
pool) can inhibit bacterial growth, and E. coli has evolved a mechanism for protecting itself
from high intra cellular osmlarity caused by lactose by “tagging” excess intracellular lactose
with an acetyl group using LacA, and then actively expelling the acetyl-lactose from the cell
(Danchin, A. Bioessays 31, 769-773 (2009)). Production of acetyl-lactose in E. coli
engineered to produce 2°-FL or other human milk oligosaccharides is therefore undesirable: it
reduces overall yield. Moreover, acetyl-lactose is a side product that complicates
oligosaccharide purification schemes. The incorporation of a lacA mutation resolves these
problems. Sub-optimal production of fucosylated oligosaccharides occurs in strains lacking
cither or both of the mutations in the colanic acid pathway and the lon protease. Diversion of

lactose into a side product (acetyl-lactose) occurs in strains that do not contain the lacA
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mutation. A schematic of the JacA deletion and corresponding genomic sequence is provided

above (SEQ ID NO: 288).

The strain used to test the different a(1,2) FT candidates incorporates all the above
genetic modifications and has the following genotype:
AampC::PancI, Alacl-lacZ). F'RT, lelqlacY , AweaJ:FRT, thy4::Tnl0, Alon:(npt3, lacZ"), AlacA4

The E. coli strains harboring the different ou(1,2) FT candidate expression plasmids
were analyzed. Strains were grown in selective media (lacking thymidine) to early
exponential phase. Lactose was then added to a final concentration of 0.5%, and tryptophan
(200 M) was added to induce expression of each candidéte a(1,2) FT from the Py, promoter.
At the end of the induction period (~24 h) equivalent OD 600 units of each strain and the
culture supernatant was harvested. Lysates were prepared and analyzed for the presence of
2°-FL by thin layer chromatography (TLC).

A map of plasmid pG217 is shown in FIG. 11, which carries the B. vulgatus FutN.
The sequence of plasmid pG217 is set forth below (SEQ ID NO: 291):

TCTAGAATTCTAAAAATTGATTGAATGTATGCAAATAAATGCATACACCATAGGTGTGGTTTAATTTGATGCCCT
TTTTCAGGGCTGGAATGTGTAAGAGCGGGGTTATTTATGCTGTTGTTTTTTTGTTACTCGGGAAGGGCTTTACCT
CTTCCGCATAAACGCTTCCATCAGCGTTTATAGTTAAAAAAATCTTTCGGAACTGGTTTTGCGCTTACCCCAACC
AACAGGGGATTTGCTGCTTTCCATTGAGCCTGTTTCTCTGCGCGACGTTCGCGGCGGCGTGTTTGTGCATCCATC
TGGATTCTCCTGTCAGTTAGCTTTGGTGGTGTGTGGCAGTTGTAGTCCTGAACGAAAACCCCCCGCGATTGGCAC
ATTGGCAGCTAATCCGGAATCGCACTTACGGCCAATGCTTCGTTTCGTATCACACACCCCAAAGCCTTCTGCTTT
GAATGCTGCCCTTCTTCAGGGCTTAATTTTTAAGAGCGTCACCTTCATGGTGGTCAGTGCGTCCTGCTGATGTGC
TCAGTATCACCGCCAGTGGTATTTATGTCAACACCGCCAGAGATAATTTATCACCGCAGATGGTTATCTGTATGT
TTTTTATATGAATTTATTTTTTGCAGGGGGGCATTGTTTGGTAGGTGAGAGATCAATTCTGCATTAATGAATCGG
CCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGT
CGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCA
TAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATA
AAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCT
GTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGT
CGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCG
TCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAG
GTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTAT
CTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGG
TAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTT
TTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGAT
CTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGA
CAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACT
CCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCC
ACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAAC
TTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCG
CAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTC
CCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGT
TGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCC
ATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAG
TTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAA
ACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACC
CAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAA
AAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCA
GGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATT
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TCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATARARATAGGCGTATCAC

GAGGCCCTTTCGTCTCGCGCETTTCGETGATGACGGTGARAACCTCTGACACATGCAGCTCCCGGAGACGGTCAC
AGCTTGTCTGTAAGCGGATGCCGEGAGCAGACARGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGEG
CTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCGGTGTGAAATACCGCACAGA
TGCGTAAGGAGAAAATACCGCATCAGGCGCCTCCTCAACCTGTATATTCGTAAACCACGCCCAATGGGAGCTGTC
TCAGGTTTGTTCCTGATTGGTTACGGCGCGTTTCGCATCATTGTTGAGTTTTTCCGCCAGCCCGACGCGCAGTTT
ACCGGTGCCTGGGTGCAGTACATCAGCATGGGGCAAATTCTTTCCATCCCGATGATTGTCGCGGGTGTGATCATG
ATGGTCTGGGCATATCGTCGCAGCCCACAGCAACACGTTTCCTGAGGAACCATGAAACAGTATTTAGAACTGATG
CAAAAAGTGCTCGACGAAGGCACACAGAAAAACGACCGTACCGGAACCGGAACGCTTTCCATTTTTGGTCATCAG
ATGCGTTTTAACCTGCAAGATGGATTCCCGCTGGTGACAACTAAACGTTGCCACCTGCGTTCCATCATCCATGAA
CTGCTGTGGTTTCTGCAGGGCGACACTAACATTGCTTATCTACACGAAAACAATGTCACCATCTGGGACGAATGG
GCCGATGAAAACGGCGACCTCGGGCCAGTGTATGGTAAACAGTGGCGCGCCTGGCCAACGCCAGATGGTCGTCAT
ATTGACCAGATCACTACGGTACTGAACCAGCTGAAAAACGACCCGGATTCGCGCCGCATTATTGTTTCAGCGTGG
AACGTAGGCGAACTGGATAAAATGGCGCTGGCACCGTGCCATGCATTCTTCCAGTTCTATGTGGCAGACGGCAAA
CTCTCTTGCCAGCTTTATCAGCGCTCCTGTGACGTCTTCCTCGGCCTGCCGTTCAACATTGCCAGCTACGCGTTA
TTGGTGCATATGATGGCGCAGCAGTGCGATCTGGAAGTGGGTGATTTTGTCTGGACCGGTGGCGACACGCATCTG
TACAGCAACCATATGGATCAAACTCATCTGCAATTAAGCCGCGAACCGCGTCCGCTGCCGAAGTTGATTATCAAA
CGTAAACCCGAATCCATCTTCGACTACCGTTTCGAAGACTTTGAGATTGAAGGCTACGATCCGCATCCGGGCATT
AAAGCGCCGGTGGCTATCTAATTACGAAACATCCTGCCAGAGCCGACGCCAGTGTGCGTCGGTTTTTTTACCCTC
CGTTAAATTCTTCGAGACGCCTTCCCGAAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATC
GGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCC
AGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGCCAAGCTTTCTTTAATGAAGCAGGGCATCAGGAC
GGTATCTTTGTGGAGAAAGCAGAGTAATCTTATTCAGCCTGACTGGTGGGAAACCACCAGTCAGAATGTGTTAGC
GCATGTTGACAAAAATACCATTAGTCACATTATCCGTCAGTCGGACGACATGGTAGATAACCTGTTTATTATGCG
TTTTGATCTTACGTTTAATATTACCTTTATGCGATGAAACGGTCTTGGCTTTGATATTCATTTGGTCAGAGATTT
GAATGGTTCCCTGACCTGCCATCCACATTCGCAACATACTCGATTCGGTTCGGCTCAATGATAACGTCGGCATAT
TTAAAAACGAGGTTATCGTTGTCTCTTTTTTCAGAATATCGCCAAGGATATCGTCGAGAGATTCCGGTTTAATCG
ATTTAGAACTGATCAATAAATTTTTTCTGACCAATAGATATTCATCAAAATGAACATTGGCAATTGCCATAAAAA
CGATAAATAACGTATTGGGATGTTGATTAATGATGAGCTTGATACGCTGACTGTTAGAAGCATCGTGGATGAAAC
AGTCCTCATTAATAAACACCACTGAAGGGCGCTGTGAATCACAAGCTATGGCAAGGTCATCAACGGTTTCAATGT
CGTTGATTTCTCTTTTTTTAACCCCTCTACTCAACAGATACCCGGTTAAACCTAGTCGGGTGTAACTACATAAAT
CCATAATAATCGTTGACATGGCATACCCTCACTCAATGCGTAACGATAATTCCCCTTACCTGAATATTTCATCAT
GACTAAACGGAACAACATGGGTCACCTAATGCGCCACTCTCGCGATTTTTCAGGCGGACTTACTATCCCGTAAAG
TGTTGTATAATTTGCCTGGAATTGTCTTAAAGTAAAGTAAATGTTGCGATATGTGAGTGAGCTTAAAACAAATAT
TTCGCTGCAGGAGTATCCTGGAAGATGTTCGTAGAAGCTTACTGCTCACAAGAAAAAAGGCACGTCATCTGACGT
GCCTTTTTTATTTGTACTACCCTGTACGATTACTGCAGCTCGAGTTAGGATACCGGCACTTTGATCCAACCAGTC
GGGTAGATATCCGGTGCTTCGGAGTGCTGGAACCAACGGCTCGGCACAATAACAGTCTTATCCATATTAGGGTTC
AGCCAGGCACCCCACCAAGAAAACGTGCTGTTACAAATGATGTGATGTTTGCAATGAGACATCAGCATCATATCC
TGCCAGGAGTCTTCATCAGTGTTCCAGTCAATATAAACCGCATTCTGCAGTGGCAGATTTTCTTTAACCCACGCG
ATATCGTCGGAGAAGATATAGTAAGATGGGCTAGCAACACGACGGGACATTTCCGCGATAGCATTCTGGTAATAC
GGCAGCTGGCACACGGAACCGGTAGTAGCCCAGTGTTTCGGCTGCAGATAGTCACCACGACGAATGTGCAGGGAA
ACCGCGTTTTCATCTTTGTCCAGGATTTCCAGCATGTTCAGGCTGCGGGAATTTGCTTTGTTCTTATCAAAGGTG
AAGGATTCACGCACTTCGTCTTTGATATCAGCGAAGAAACGCTCGCTCTGATAGAAACCTTTAAAGTACAGCAGC
GGCCAGAAATACTTCTTCTCGAACGCACGCAGAGAGTTCGGCGCCTGCTTGCGTTCGTAGATTTTTTTAAAAAAC
AGGAATTCGATAACTTTTTTCAGCGGTTGGTTGATGCAGAATTCGGTGTGCGGCAGGTTGAACACGCGGTGCATT
TCGTAACCGTAATGGACTTTGTAATGCATCATGTCGCTCAGGTCGATACGGACCTTCGGGTAATACTTTTTCATA
CGCAGATAGAAAGCATAGATAAACATCTGGTTGCCCAGACCGCCAGTCACTTTGATCAGACGCATTATATCTCCT

TCTTG

Fucosylated oligosaccharides produced by metabolically engineered E. coli cells are
purified from culture broth post-fermentation. An exemplary procedure comprises five steps.
(1) Clarification: Fermentation broth is harvested and cells removed by sedimentation in a
preparative centrifuge at 6000 x g for 30 min. Each bioreactor run yields about 5-7 L of

partially clarified supernatant. (2) Product capture on coarse carbon : A column packed with

coarse carbon (Calgon 12x40 TR) of ~1000 ml volume (dimension 5 cm diameter x 60 cm
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length) is equilibrated with 1 column volume (CV) of water and loaded with clarified culture

supernatant at a flow rate of 40 ml/min. This column has a total capacity of about 120 g of
sugar. Following loading and sugar capture, the column is washed with 1.5 CV of water, then
cluted with 2.5 CV of 50% ethanol or 25% isopropanol (lower concentrations of ethanol at
this step (25-30%) may be sufficient for product elution.) This solvent elution step releases
about 95% of the total bound sugars on the column and a small portion of the color bodies.
In this first step capture of the maximal amount of sugar is the primary objective. Resolution
of contaminants is not an objective. (3) Evaporation: A volume of 2.5 L of ethanol or
isopropanol eluate from the capture column is rotary-evaporated at 56 C° and a sugar syrup in
water is generated. Alternative methods that could be used for this step include
Iyophilization or spray-drying. (4) Flash chromatography on fine carbon and ion exchange
media: A column (GE Healthcare HiScale50/40, 5x40cm, max pressure 20 bar) connected to
a Biotage Isolera One FLASH Chromatography System is packed with 750 ml of a Darco
Activated Carbon G60 (100-mesh): Celite 535 (coarse) 1:1 mixture (both column packings
were obtained from Sigma). The column is equilibrated with 5 CV of water and loaded with
sugar from step 3 (10-50 g, depending on the ratio of 2°-FL to contaminating lactose), using
either a celite loading cartridge or direct injection. The column is connected to an
evaporative light scattering (ELSD) detector to detect peaks of eluting sugars during the
chromatography. A four-step gradient of isopropanol, ethanol or methanol is run in order to
separate 2’-FL from monosaccharides (if present), lactose and color bodies. Fractions
corresponding to sugar peaks are collected automatically in 120-ml bottles, pooled and
directed to step 5. In certain purification runs from longer-than-normal fermentations,
passage of the 2’-FL-containing fraction through anion-exchange and cation exchange
columns can remove €xcess protein/DNA/caramel body contaminants. Resins tested
successfully for this purpose are Dowex 22.

The gene screening approach described herein was successfully utilized to identify
new a(1,2) FTs for the efficient biosynthesis of 2’-FL in metabolically engineered E. coli
host strains. The results of the screen are summarized in Table 1.

Production Host Strains

E coli K-12 is a well-studied bacterium which has been the subject of extensive
research in microbial physiology and genetics and commercially exploited for a variety of
industrial uses. The natural habitat of the parent species, E. coli, is the large bowel of

mammals. E. coli K-12 has a history of safe use, and its derivatives are used in a large
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number of industrial applications, including the production of chemicals and drugs for human

administration and consumption. E. coli K-12 was originally isolated from a convalescent
diphtheria patient in 1922. Because it lacks virulence characteristics, grows readily on
common laboratory media, and has been used extensively for microbial physiology and
genetics research, it has become the standard bacteriological strain used in microbiological
research, teaching, and production of products for industry and medicine. E. coli K-12 is now
considered an enfeebled organism as a result of being maintained in the laboratory
environment for over 70 years. As a result, K-12 strains are unable to colonize the intestines
of humans and other animals under normal conditions. Additional information on this well
known strain is available at http://epa. gov/oppt/biotech/pubs/fra/fra004.htm. In addition to E.
coli K12, other bacterial strains are used as production host strains, ¢.g., a variety of bacterial
species may be used in the oligosaccharide biosynthesis methods, e.g., Erwinia herbicola
(Pantoea agglomerans), Citrobacter freundii, Pantoea citrea, Pectobacterium carolovorum,
or Xanthomonas campestris. Bacteria of the genus Bacillus may also be used, including
Bacillus subtilis, Bacillus licheniformis, Bacillus coagulans, Bacillus thermophilus, Bacillus
laterosporus, Bacillus megaterium, Bacillus mycoides, Bacillus pumilus, Bacillus lentus,
Bacillus cereus, and Bacillus circulans. Similarly, bacteria of the genera Lactobacillus and
Lactococcus may be modified using the methods of this invention, including but not limited
to Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus plantarum,
Lactobacillus helveticus, Lactobacillus delbrueckii, Lactobacillus rhamnosus, Lactobacillus
bulgaricus, Lactobacillus crispatus, Laclobacillus gasseri, Lactobacillus casei, Lactobacillus
reuteri, Lactobacillus jensenii, and Lactococcus lactis. Streptococcus thermophiles and
Proprionibacterium freudenreichii are also suitable bacterial species for the invention
described herein. Also included as part of this invention are strains, modified as described
here, from the genera Enterococcus (e.g., Enterococcus faecium and Enterococcus
thermophiles), Bifidobacterium (e.g., Bifidobacterium longum, Bifidobacterium infantis, and
Bifidobacterium bifidum), Sporolactobacillus spp., Micromomospora spp., Micrococcus spp.,
Rhodococcus spp., and Pseudomonas (€.8., Pseudomonas fluorescens and Pseudomonas
aeruginosa).

Suitable host strains are amenable to genetic manipulation, e.g., they maintain
expression constructs, accumulate precursors of the desired end product, e.g., they maintain
pools of lactose and GDP-fucose, and accumulate endproduct, e.g., 2°-FL. Such strains grow
well on defined minimal media that contains simple salts and generally a single carbon
source. The strains engineered as described above to produce the desired fucosylated
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oligosaccharide(s) are grown in a minimal media. An exemplary minimal medium used in a

bioreactor, minimal “FERM” medium, is detailed below.
Ferm (10 liters): Minimal medium comprising:
40g (NH4),HPO,
100g KHyPO4
10g MgS04.7H,0
40g NaOH
1X Trace elements:
1.3g NTA (nitrilotriacetic acid)
0. 5g FeSQy4 .7H,0
0.09¢ MnCl, .4H,0
0.09¢ ZnSO;, .7H,0
0.01g CoCl, .6H,0
0.01g CuCl, .2H,0
0.02g H3BO;
0.01g NapyMoO,4 .2H,0 (pH 6.8)
Water to 10 liters
DF204 antifoam (0.1ml/L)
150 g glycerol (initial batch growth), followed by fed batch mode with a 90% glycerol-1%

MgS0;,-1X trace elements feed, at various rates for various times.

A suitable production host strain is one that is not the same bacterial strain as the

source bacterial strain from which the fucosyltransferase-encoding nucleic acid sequence was

identified.

Bacteria comprising the characteristics described herein are cultured in the presence
of lactose, and a fucosylated oligosaccharide is retrieved, either from the bacterium itself or
from a culture supernatant of the bacterium. The fucosylated oligosaccharide is purified for

use in therapeutic or nutritional products, or the bacteria are used directly in such products.
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EXAMPLES

Example 1: Identification of novel a(1.2) fucosyltransferases

To identify additional novel a(1,2)fucosyltransferases, a multiple sequence alignment
query was generated using the alignment algorithm of the CLCbio Main Workbench package,
version 6.9 (CLCbio, 10 Rogers Street #101, Cambridge, Massachusetts 02142, USA) using
four previously identified lactose-utilizing a(1,2)fucosyltransferase protein sequences: H.
pylori futC (SEQ ID NO: 1), H. mustelae FutL (SEQ ID NO: 2), Bacteroides vulgatus fotN
(SEQ ID NO: 3), and E. coli 0126 wbgL (SEQ ID NO: 4). This sequence alignment and
percentages of sequence identity between the four previously identified lactose-utilizing
a(1,2)fucosyltransferase protein sequences is shown in FIG. 3. An iterative PSI-BLAST was
performed, using the FASTA-formatted multiple sequence alignment as the query, and the
NCBI PSI-BLAST program run on a local copy of NCBI BLAST+ version 2.2.29. An initial
position-specific scoring matrix file (.pssm) was generated by PSI-BLAST, which was then
used to adjust the score of iterative homology search runs. The process is iterated to generate
an even larger group of candidates, and the results of each run were used to further refine the
matrix.

A portion of the initial position-specific scoring matrix file used is shown below:

Last position-specific scoring matrix corputed

A R N D C 9 E 6 H I L K M F P S T W Y ¥

1 “f ~f -2 -3 -2 B -2 -3 -2 L 2 -1 6 0 -3 -2 -1 -2 -1 1
2 2 .2 9 4 -2 -1 1 -1 -«1 -2 -3 -1 -2 -3 -1 1 o-1 -3 -3 -1
3 -3 -3 -3 -4 -3 -3 -3 -3 -1 @6 o -3 & 7 -4 -3 - 1 3 -1
4 2 3 @& -1 -2 1 & -1 -1 -3 -3 3 -2 -3 -1 2 @ -3 -2 -1
5 21 -3 =3 -4 -1 =3 -3 -4 -3 4 2 -3 1 @ -3 -2 -1 -3 -1 3
6 -1 -3 -3 ~3 -1 ~3 -3 -4 -3 4 1 -3 1 «1 -3 -2 & -3 -1 3
7 -1 4 8 -1 -3 4 { -2 & -3 -2 3 -1 -3 -2 & -1 -3 -2 -3
8 -1 -3 -3 -4 -1 -2 -3 -4 -3 3 2 -3 1 & -3 -2 -1 -3 -1 3
9 -1 =1 8 -1 5 3 9 -2 4 -2 -2 @& -1 -2 -2 & 2 -2 =1 -1
18 g -3 -1 -1 -3 -2 -2 & -2 -4 -4 -2 -3 -3 -2 8 -2 -3 -3 -3
11 ¢ -3 -1 -1 -3 -2 -2 6 -2 -4 -4 -2 -3 -3 -2 % -2 -3 -3 -3
12 -2 <2 -4 -4 -1 =2 -3 -4 -3 2 4 -3 2 D -3 -3 -1 -2 -1 1
13 0 -3 -1 -1 -3 -2 -2 & -2 -4 -4 -2 -3 -3 3 8 ~2 =3 -3 -3
14 -2 -1 6 1 -3 & 8 -1 1 -4 -4 # -2 -3 -2 1 ¢ -4 -3 -3
15 -1 {1 » % -3 & 2 -2 6 -3 -2 1 -1 -3 -1 0 -1 =2 -2 -2
, 16 -] -2 -3 -4 -2 -1 -2 -3 -2 1 3 -2 5 8 -3 -2 -1 -2 -1 1t
: 3 -3 -3 -4 -3 -3 -4 -3 -1 @8 & -3 8 7 -4 -3 -2 1 3 -1
18 -1 $ -1 -1 -3 5 1 -2 @ 1 -1 1 6 -2 - -1 -1 =2 -2 8
19 -3 -2 -3 -3 -3 -2 -% -3 1 -1 -1 -2 -1 § -3 -2 -2 2 & -1
28 4 -1 -1 -1 -1 -1 -1 & -2 -2 -2 -1 -1 -2 -1 2 8 -3 -2 -1
21 w7 w3 -3 -4 -3 -3 -4 -3 -1 06 & -3 @& 7 -4 -3 -2 1 3 -1
22 3 -2 -1 -2 -1 -1 -1 4 -2 =2 -2 -1 -2 -3 -1 1 -1 -3 -2 -1
23 -1 6 -1 -2 -3 8 -1 -3 1 -2 -2 i -1 2 -2 -1 -1 1 6 -2

ok
g
ST AZAET RO VRPN COTMROLOZOTOO MO R PR

24 2 -1 -1 -2 -1 -1 -1 -1 -2 -1 1 -1 & -1 -1 3 6 -3 -2 @
25 23 3 w2 .3 -2 -1 -2 -3 -2 1 3 & 1 8 -3 “2 =1 =2 -1 9
26 ¢ 8 2 -1 -2 4 1 -2 -1 -1 @ & 3 -i -2 2 8 -2 -2 -1
27 -1 2 B -1 -3 1 @ -2 -1 -2 -2 4 -1 -3 -1 @& 2 -3 -2 -2
28 1 06 6 -2 -3 € 8 -2 6 1 -1 2z -1 -1 - -1 1 -3 8 0
28 -1 -1 3 -1 -2 ~1 -1 -2 8 -1 1 -1 @ 1 -2 1 8 & 4 -1
39 -1 -1 4 8 -3 -1 -1 3006 -3 -3 -1 -2 ¢ -3 o -1 -1 4 -3
31 “i 2 -1 -2 -2 -1 -2 -2 -2 1 -1 -1 -1 -2 5 & 3 -3 -2 0
32 -1 8 -2 -1 -3 & -1 -2 -Z -3 -3 2 -2 -4 7 -1 -1 -4 -3 -3
33 “1 <3 -3 -4 -1 -2 =3 -4 -3 2 2 -3 1 -1 -3 -2 & -2 -1 4
34 -2 3 -2 -3 -2 -1 -2 -3 @& @& 2 @ 1 1 -3y -2 -1 8 4 -1
35 -3 -3 -4 -4 =2 -3 -3 -4 -3 3 3 -3 1 3 -3 -3 -t -1 1 1
36 2 -3 1 6 -4 8 1 -2 -1 -4 -4 -1 -3 -4 -2 e -1 -5 -3 -4
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The command line of PSI-BLAST that was used is as follows:

psiblast-db<LOCAL NR database name> -max_target_seqs 2500-in_msa<MSA file in FAST
format> -out <results output file> -outfmt “7sskingdoms sscinames scomnames sseqid stitle
evalue length pident” —out_pssm<PSSM file output> -out_ascii_pssm<PSSM (ascii) output>
-num_iterations 6 —num_threads 8

This PSI-BLAST search resulted in an initial 2515 hits. There were 787 hits with
greater than 22% sequence identity to FutC. 396 hits were of greater than 275 amino acids in
length. Additional analysis of the hits was performed, including sorting by percentage
identity to FutC, comparing the sequences by BLAST to an existing a(1,2) fucosyltransferase
inventory (of known o(1,2) fucosyltransferases, to eliminate known lactose-utilizing enzymes
and duplicate hits), and manual annotation of hits to identify those originating from bacteria
that naturally exist in the gastrointestinal tract. An annotated list of the novel o(1,2)
fucosyltransferases identified by this screen are listed in Table 1. Table 1 provides the
bacterial species from which the enzyme is found, the GenBank Accession Number, GI
Identification Number, amino acid sequence, and % sequence identity to FutC.

Multiple sequence alignment of the 4 known o(1,2) FTs used for the PSI-BLAST
query and 12 newly identified a(1,2) FTs is shown in FIG. 4.

Example 2: Validation of novel o/(1.2) FTs

To test for lactose-utilizing fucosylatransferase activity, the production of fucosylated
oligossacharides (i.e., 2’-FL) is evaluated in a host organism that expresses the candidate
enzyme (i.e., syngene) and which contains both cytoplasmic GDP-fucose and lactose pools.
The production of fucosylated oligosaccharides indicates that the candidate enzyme-encoding
sequence functions as a lactose-utilizing a(1,2)fucosyltransferase. Of the identified hits, 12
novel a(1,2) fucosyltransferases were further analyzed for their functional capacity to
produce 2°-fucosyllactose: Prevotella melaninogenica FutO, Clostridium bolteae FutP,
Clostridium bolteae +13 FutP, Lachnospiraceae sp. FutQ, Methanosphaerula palustries
FutR, Tannerella sp. FutS, Bacteroides caccae FutU, Butyrivibrio FutV, Prevotellaa sp.
FutW, Parabacteroides johnsonii FutX, Akkermansia muciniphilia FutY, Salmonella enterica
FutZ, and Bacteroides sp. FutZA.

Syngenes were constructed comprising the 12 novel a(1,2) FTs in the configuration
as follows: EcoRI — T7g10 RBS ~ syngene — Xhol. FIG. 5A and FIG. 5B show the syngene

fragments after PCR assembly and gel-purification.
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The candidate o(1,2) FTs (i.e., syngenes) were cloned by standard molecular

biological techniques into an exemplary expression plasmid pEC2-(T7)-Fut syngene-rcsA-
thyA. This plasmid utilizes the strong leftwards promoter of bacteriophage A (termed Py) to
direct expression of the candidate genes (Sanger, F. et al. (1982). J Mol Biol 162, 729-773).
The promoter is controllable, e.g., a trp-cl construct is stably integrated the into the E.coli
host's genome (at the ampC locus), and control is implemented by adding tryptophan to the
growth media. Gradual induction of protein expression is accomplished using a temperature
sensitive cl repressor. Another similar control strategy (temperature independent expression
system) has been described (Mieschendahl ¢t al., 1986, Bio/Technology 4:802-808). The
plasmid also carries the E. coli resA gene to up-regulate GDP-fucose synthesis, a critical
precursor for the synthesis of fucosyl-linked oligosaccharides. In addition, the plasmid
carrics a p-lactamase (bla) gene for maintaining the plasmid in host strains by ampicillin
selection (for convenience in the laboratory) and a native thyA (thymidylate synthase) gene as
an alternative means of selection in thyA4™ hosts.

The expression constructs were transformed into a host strain useful for the
production of 2’-FL. The host strain used to test the different a(1,2) FT candidates
incorporates all the above genetic modifications described above and has the following
genotype:

AampC ::PthcI, A(lacl-lacZ)::FRT, Placlqlacf , AwcaJ:FRT, thy4:Tnl0, Alon:(npt3, lacZ"), AlacA

The E. coli strains harboring the different a(1,2) FT candidate expression plasmids
were analyzed. Strains were grown in selective media (lacking thymidine) to early
exponential phase. Lactose was then added to a final concentration of 0.5%, and tryptophan
(200 uM) was added to induce expression of each candidate a(1,2) FT from the Py, promoter.
At the end of the induction period (~24 h) the culture supernatants and cells were harvested.
Heat extracts were prepared from whole cells and the equivalent of 0.20Dsqp units of each
strain analyzed for the presence of 2°-FL by thin layer chromatography (TLC), along with 2ul
of the corresponding clarified culture supernatant for each strain.

FIG. 6 shows the oligosaccharides produced by the a(1,2) FT-expressing bacteria, as
determined by TLC analysis of the culture supernatant and extracts from the bacterial cells.
2°FL was produced by exogenous expression of WbglL (used as control), FutO, FutP, FutQ,
FutR, FutS, FutU, FutW, FutX, FutZ, and FutZA.
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Table 4 summarizes the fucosyltransferase activity for each candidate syngene as

determined by the 2°FL synthesis screen described above. 11 of the 12 candidate a(1,2) FTs

were found to have lactose-utilizing fucosyltransferase activity.

Table 4. 2°FL synthesis screen results

' 1
syngene 23h 0D c:Itz:e 2ce‘l:lL
{Induced)
medium | extract
Escherichia coli Whegl | pG204 pEC2-Whgl-resA-thyA E640
Prevotella meluninogenica Futo | pG393 pEC2-(T7)FutO-resA-thyA ES85
Clostridium bolteae FutP 1pG394 pEC2-{T7)FutP-rcsA-thyA  ES86
Lachnospiracedae sp. FutQ pG395 pEC2-(T7)FutQ-resA-thyA E987
Methanosphaerula palustiis | FutR pG396 pEC2-(T7)FutR-resA-thyA  E988
Tannerelia sp. ‘ Futs pG397 pEC2-(T7)Futs-rcsA-thyA  E98I
Bucteroides caccae Futu pG398 pEC2-(T7)FutU-resA-thyA  E990

Butyrivibrio Futv 113 1 pG399 pEC2-(T7)FutV-resA-thyA  £991

Prevotella sp. FutW pG4A00 pEC2-(T7)FutW-rcsA-thyA EG92
Parabuacteroides johnsonii FutX - pG401 PEC2-(T7)FutX-resA-thyA  E993
Akkermaonsia muciniphilio Futy 0 pGA02 pEC2-(T7)FutY-rcsA-thyA  E984
Salmonellu enterica FutZ 11.0 pGA03 pEC2-(T7)FutZ-resA-thyA  E995
Bacteroides sp. FUtZA {88 . |pGa04 PEC2-(T7)FutZA-resA-thyA E996

Example 3: Characterization of cultures expressing novel o(1.2) FTs

Further characterization of the bacterium expressing novel (1 ,2) FTs FutO, FutQ,
and FutX was performed. Specifically, proliferation rate and exogenous a(1,2) FT
expression was examined.

Expression plasmids containing fucosyltransferases WbgL (plasmid pG204), FutN
(plasmid pG217), and novel a(1,2) FTs FutO (plasmid pG393), FutQ (plasmid pG395), and
FutX (pG401) were introduced into host bacterial strains. For example, the host strains
utilized has the following genotype: AampCi:Pu, cl, Adlack- lacZ) :FRT, PygglacY’, Aweal:FRT,
thyA::Tn10, Alon:(npt3, lacZ"), AlacA

Bacterial cultures expressing each exogenous fucosyltransferase were induced by
addition of tryptophan (to induce expression of the exogenous fucosyltransferases) in the
presence of lactose. Growth of the cultures was monitored by spectrophotometric readings at
A600 at the following timepoints: 4 hours and 1 hour before induction, at the time of
induction (time 0), and 3 hours, 7 hours, and 24 hours after induction. The results are shown
in FIG. 7, and indicate that expression of the exogenous fucosyltransferase did not prevent
cell proliferation. Furthermore, the growth curve for the bacterial cultures expressing the
novel a(1,2) fucosyltransferases FutO, FutQ, and FutX is similar to those expressing the
known a(1,2)FT enzymes WbgL and FutN.

Protein expression was also assessed for the bacterial cultures expressing each

fucosyltransferase after induction. Cultures were induced as described previously, and

45
SUBSTITUTE SHEET (RULE 26)



WO 2015/175801 PCT/US2015/030823
protein lysates were prepared from the bacterial cultures at the time of induction (0 hours), 3

hours, 7 hours, and 24 hours after induction. The protein lysates were run on an SDS-PAGE
gel and stained to examine the distribution of proteins at each time point. As shown in FIG.
8, induction at 7hours and 24 hours showed increases in a protein band at around 20-28 kDa
for bacterial cultures expressing exogenous FutN, FutO, and FutX. These results indicate that
induction results in significant expression of the exogenous fucosyliransferases.

Finally, additional TLC analysis to assess the efficiency and yield of 2°FL production
in bacterial cultures expressing novel o(1,2) FTs FutO, FutQ, and FutX compared to known
fucosyltransferases WbgL and FutN. Cultures were induced at 7 hours and 24 hours, and run
out on TLC. FIG. 9A shows the level of 2°FL in the cell supernatant. The level of 2°FL
found in the bacterial cells were also examined. As shown in FIG. 9B, 2’FL was produced in
cell lysates from bacteria expressing the novel a(1,2) FTs FutO, FutQ, and FutX at 7 hours
and 24 hours after induction.

Example 4: FutN exhibits increased efficiency for production of 2°FL,

Fucosylated oligosaccharides produced by metabolically engineered E. coli cells to
express B. vulgatus FutN was purified from culture broth post-fermentation.

Fermentation broth was harvested and cells were removed by sedimentation in a
preparative centrifuge at 6000 x g for 30 min. Fach bioreactor run yields about 5-7 L of
partially clarified supernatant. A column packed with coarse carbon (Calgon 12x40 TR) of
~1000 m! volume (dimension 5 cm diameter x 60 cm length) was equilibrated with 1 column
volume (CV) of water and loaded with clarified culture supernatant at a flow rate of 40
ml/min. This column had a total capacity of about 120 g of sugar. Following loading and
sugar capture, the column is washed with 1.5 CV of water, then was eluted with 2.5 CV of
50% ethanol or 25% isopropanol (lower concentrations of ethanol at this step (25-30%) may
be sufficient for product elution.) This solvent elution step released about 95% of the total
bound sugars on the column and a small portion of color bodies (caramelized sugars). A
volume of 2.5 L of ethanol or isopropanol eluate from the capture column was rotary-
evaporated at 56 C° and a sugar syrup in water was generated. A column (GE Healthcare
HiScale50/40, 5x40cm, max pressure 20 bar) connected to a Biotage Isolera One FLASH
Chromatography System was packed with 750 ml of a Darco Activated Carbon G60 (100-
mesh): Celite 535 (coarse) 1:1 mixture (both column packings were obtained from Sigma).
The column was equilibrated with 5 CV of water and loaded with sugar from step 3 (10-50 g,

depending on the ratio of 2°-FL to contaminating lactose), using either a celite loading
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cartridge or direct injection. The column was connected to an evaporative light scattering

(ELSD) detector to detect peaks of eluting sugars during the chromatography. A four-step
gradient of isopropanol, ethanol or methanol was run in order to separate 2’-FL from
monosaccharides (if present), lactose and color bodies. Fractions corresponding to sugar
peaks were collected automatically in 120-ml bottles, pooled.

The results from two fermentation runs are shown in FIG. 10A and FIG. 10B. The
cultures were grown for 136 (run 36B) or 112 hours (run 37A), and the levels of 2’-FL
produced was analyzed by TLC analysis. As shown in both FIG. 10A and FIG. 10B, the 2°-
fucosyllactose was produced at 40 hours of culture, and production continued to increase
until the end point of the fermentation process. The yield of 2’-FL produced from run 36B
was 33 grams per liter. The yield of 2°-FL produced from run 37A was 36.3 grams per liter.
These results indicate that expression of exogenous FutN is suitable for high yield of 2’-

fucosyllactose product.

47
SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

1 ISSHAAANIMHNAIDIALNNd LIGAMALAAIAIDSYSSDTAYOMMSASSNVIHHNYISIAIMIGIIDS 1A T4 €TEe [1oo | 82z86SZSYS [N831 24 T-S80¢ V3NN
FSAAINAINSTILIININOMAIAASIIHAQH INYIQUDINTYINAATISOADHLULY DINMAGDUYIHISTSSOS3 3gm eiyoLIay s3] SSTZ0 dM 1J03 eiys1I2Yyss3:1jod
IVYTINVOISANNAIAAINTATUHIHAIHISOMADIANASHMIVVIATIAADAVHIINDIDTI14IAIATESD uiajoud eiyoLayosy
YATIIAINNDIdLAADTAZIJ IO INNTHADOHAANIVAHSIAL AT LONINSTVADASIDITONDIDDD THIISN

€ SADANIMD LAAIQdV ISHOIMUSIAIALIGNNINTMY SMMSILSNOHHHEIDHSIWTNINGOMS Q3 Nind | €8'¥¢C [z8v8 | LTLS000ST T1I9% 9:9vD snedina
QLINMAIAAYND T ININAMY IAASHIAASISYAYUSIAIVIVND AAD TOIASDLLYMHNJOTATDY Y IHTSA 201V smes|na 00£T00 dA sapioJaldegi/ANIUP
YNIANATTTANISYSNEINIAILASTHAIAHIAVIIHISOALIDNIATIdMIAANN IIVH TSNS YORHIADIN A sapiotaloeg] snjesina sep

TAIIANNTAONID AT LHdINAAYHNTADAHANAHWIAIASTAIEAND AANN Y TAIVAIINDONDTODLANITYN uiazoud Ajiuey 104210eg702£016071D
aselsjsuesy snjed|na

1ASODAIS $9p104310eg:0750d

sniegina

Sapi0ia1degivor T £

‘ds 52

piosawegivvdiy € ¥

‘ds sap101312egz8bs

JD1Y smesjna sap

|043)0eg Saploidldey

4 SH1IIDSIIAMONITININDAIMHSADIIITd NN ITAYY MMSALSNIHDHIDSOWTANWAMHYVYO QYL TInd | S8°0L [86T2T | €IvLLCT6C T'S8T 86TCT ae@isnil J
LANQAIdADTATINDALTIAIDATHITINDALNVIAAY IV TOASIATOMO THINAGD YU IHAIAS NIV Y TIOS T aejaisn LTSE00 dA | 930BqOdIaHIDERISNW
YSADIVHILIHA 1L LOM1dSIAIIAYdAVIADHAAY IHSdIITIdWATINITASAY D TIOWEYTVIYATE TN 4210eqodlaH] 3s 4930eqO3Ij2H

DWHYVYYIDDVYSYIDTAIdITHTOTIUNDACGAMLLATIAG INTHLDISHVIVADINONDTODHADALAN eJajsuelljAsoony
-z'1-eyd|e

1 YNANOSHAIL | D0Ind | 86 [ojAd 6658087 T 1JOJAd 1310QODIIDH
HSADIAMIAIDTINIHODITMHEAD DI IDIFINIITAVYMMSALSNVIIDOHODISOW TIWAMAYIIDINY LLINOW 4230eq0d12H] 35 ‘6986¢AdvVVY
4dADTATINDLATTAIDANTTINNIADIVINATTIINOACI DTOIDIDAACDHYIHAIASNAVYINS I YHATS eJlajsuesyAsoony
IINNNNYNNIdddd1L4I0MTdSIVAIAY dQUAADAIALTESANTTIdIATIAITOSAHAIDINDINTVAUA I -¢‘T-eydie

— HOWHV IV 13X VSYAD IN I TITOWNYASMAAS LIGTIADLNSHAD IS IVIVADIWONDT1DDDIOAANIVIA
&
RS
B m_ ION3IND3IS Sely J1ng [wnuaeq] *ON ID ‘ON saweu wnieey
M_ Aul aweu U3y uoissaIY
Mw uapl
W %

saseaaysur)[Asoony (‘7)o [2a0u 10} L1anb yudwruSiye dduonbos sydymw SV IG-I1Sd Wo1y sHH °I d[qeL

48

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

( | oInd | T'ig [eyg5z 201V | PTCoveCOE 1718 Sv8ST
IMSYATLIHDTIANTANNEVIAANTENON IMVYDMMSISSNVHINHVIISWTOWAHASIADINMINAAA edjuasouluelaw ¥I8E00 dA | D1V edluddouiuejaw
AYNTAJOTHOOIM LIANSSDH1SdLAHYI WY IV LY AAQTADIDOATNN SAAQDYUAHTVISNIAHATIS e{|2310A21d] |30
NIV AV A LAV TANTHAVYA AU IAOMADA A AN DFVYTASTALIHISSSTTINON Y d TTUND A MTIANG 1T Alwie} ase A3idlediuagouiuePw
AAVIINIAVYSYIOV LASHINT T3IONHTHADHASS TATVAYINd4SID IS TATVADINONDTODTHANN 134suelyAsooAS g||910n3ld

6 NAAMNIdIdAISNTITHIIMA LdVILIOTAANNTMYOMMSISSNV IHHANVNSWTMINGAID INDT N | STVC o> | 91195987 1°9eCC 7831
[4XAAASHSHINN NI M IIAASIAIAATNNIYINTAY ISQIAAYT LI IDHINTVIANSAAIDHE IHASASN LY Sam e1youayasy] 6ST00 dM 110D B1YOLIBYISIY 0D
IAGSTINVATININIdLAFETHINHI AN IND MADIHIAS ONINSON NS ADISIFUNSI TS TAIANIVHAIN uzyoud elyousyas3
A4 DINDIISIWAL LN INTIQ THADOOHTLANNADHIQTHTASNYIASIVADNVADINON O TOOVTIVANISIN

8 YANTIIMSIIASOIN [HNOAVIATHA AANS TMYDMMAISSNS HHANY IHNINTINQALLDSAATISH 38 | 85'vC [ovHDA sisesy 9CTETLES T ST9 MINH stiised}
YADAIDOVTHNIAMITADS 1D 44AdSLANSY N IAN YINAAQAQTINADDYAASIOAGEADINIVNIGTTHIFA sepioisioeg] o5 "8TT660 dA $9P101310egi9rHIA
JTIASLATDINOIAIQ TN FTONACTHANISOMADTTIVYN LSS THSIIHAdHIIDIAYASAHIHI D INUS THHAA ei3jsuelljAsoony st|iSel}
NOASHA4LTNNNIdIATVIAS TTINEN AAIANYAA L LTINS VAdANNY TN VIANTVAIHIWONDTOOUISSAIIN -z't-eyde S9P10IB1IRY EYES

D1DN siiSey
sapiossyoeglsijigel]
sspiosasloeg

L TUMSTIAMIADNINIVINM DIdVIADIAANSN TMYYMMSISSNYAINHODDIWTNTAAIILOLA | ViaMm v6'GZ | [2e13]042 OLQIA] 7891CLE 1 2e13|042 OLIGIA
JI4ADSAIINANOYN D MYAANSAAL A VI INAQAVENAAQITTADI IHNTAADHUAHISAVHLODINIOH aselgysuel] 'zeogevvd
VOVNISTdONIMIIDTIAVYIOSIADIND MAD T TAY d YOWIASATAL LIONIVAALNIDITMO TS T JAsoory-1-eyde
NSSOMNTHAIIAINYIAYNINIOATIADNHIHANAAVSAQ THTIADAD VIV YDAV AV I TONDTOOSHNAIN -z apisoloees-a

-e33q sqeqoid

9 THAMS 3O HY O MASAVIADINININTMYYMMSISSNSHNNADNSWTINGTIAH | FSAM | 76'ST fyoo 88088L.L¢E 1 1j03 eiyd14ay3s3

AYADDAIDIIONNAHINTEIMN IAASHHTILINNIADANINTAQIVHIAANISD I OH LANVINSSAAIOUHIHTS e1yo18yos3] os "869L£0VV
= JLANINTINTIANDASNAN LN dOAINTIHEIINAANT LOIADABBINISHLAIAdAATISHIAAHNE SN OMMNINA eIdysuelAsoany
& HdINISTTANIIdMYIDIAITSSIS TIATY Td HIMANAYASIAA LINOHLEAV VIV L VADHANONOTODINIAIN
=
m WSS | aInd | 64°9¢ [siig | €1819¢T6V T1EL6 648cY D01V
a BIMAAINONGTIMALAVIAINNYANNTAVSMASASSNY TVHIDADWISIWAIHONQO LIS TNYSNN 12102q031|3H] TZS00 dM | Sl J910eqOdi3HsIIG
4 INTOTINNOHOILASNALYD 41441 dITABAWIADIVENAAQNDTIMOHIAADH HI HIHISNIVOTTI THON utaroid 1232eq0dleH
= 94NSANNSAAAZISNTIDTION TANVYNDH49S3A LHANd TTAIAHAQISOSAVINHDIIOFNANUTIO T DASARY papipaid

NYMITOLNLVAITIOANAIQTSAO LS NADLAAM DG TIAAD THIDTY N V4V ADIWONSTOI LTIANACON

49

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

| |_<_v_l:>_mm._.>50_>_omzZ_>>v_,On_<_>mv_m_n_mDZ|~>><<>>>>mn*mmz<:IIxumm§4P§m<_DFODOmm4m> AMNd | 84T [sTOZAV 9£98¢01SS T8TLC S1023v
AlIINGDIS Iomu>>uv_DDlE_uE><mm>,Ov_m>mD_<Zv_>>v_m,G_ZI_I_Immo>>okm~_>1._m>mmuum*_,0,0.; “ds ouglaAIng] LLTTO dM -ds ouqiaLAINg
SMSSYALNTIDEINTIVIHITUAACHAAIANAIOMADATAVNIATTIL NAMOSIAATHILIAYD L1AHYIYSS udi04d
JAMDISAIINIAIA LY HAAIADMYSTAG I TAANAL SAQANAIADEIANTISHATVADS INONODTOOATOHIN
SE TAHMACS nind | 60°8¢ [@edoed | S¥8STETEY TL0LS G8TIEY DOV 282080
AdQ3IdSNINMYIAVANADG NYNIMVYOMMSISSNYHNHYITSIWTHINGAASIVOA NMOAAAIAND AT sopiosa1oed] £9500 dM $9p10I9}DEYIIBIIED
VHIHSIDIMYWANSIAIATOINAYIIWAHIVHAAAQTADDHL 1d HNAAQOHYHYAHISYSASYOTIVDIIANY uazosd s$9pIosaloey
DAAZIGHSIVIMILINNAIAATIHOMADAAADIA DN Y 1INV V(S NHIAD N DIHUAGTHAADIAMIYANTA
dAVAATINYMNSVAGYADVA IHAATION HI1dANY4DS1AIWADI H44INISTITVADINONDTODTIAIN
v A MSHIATOAVALHNIMANILIABINANENTMYYMMSISSNYITHHEIOSIWTAWADMSAIOONM | SInd | BE'8L [8TT:OVD | TTSL8TLYS 1°£956 STT:OVD
ALY YNTTOINIIAMNIAASATAADINNQTHOHIZA IWAHAAQISIIDOHNY AVIdTINIAQOUUAHISASTIY -ds ejpsauuel] 76120 dM ‘ds ejpsauueL
HABISY IV LIS TINAN DAY IYINd JIAAIADINDMADYAAY AU TOUANGIAI ITISHINTSAAIHAVASY TT Apurey
MO TNYHTYNSIDTSTNAANTTITOAHYAALINYIIGAATIAMIHS NN TATS 2V ADIWON D TODHIATIAIN aselajsuen
jAs0oA3
€1 1L ying | 7S'8T {26 | 18£TS861C T'€TC 26
_>>mDn=_Dm._.DmmmmJ<>>mmn_<_>S_v_m<D,O04>><®>>>>mmmm2<m_II,Oqu_\/j>>J~Du>mv_wn_OZI<>u_._.v_ ; -73 suisnjed gyni £L9¥200 dA -3 susnjed ejnisey
I304IQTININVMATAASIIISSAAAANTIITSIVY Z>>D_muuoIm,0,0.Ern_Zm>>DOmm>IJm>mIu<,O_mm_<_>_ aeydsoueyidn] dsoueyianisuisnied
mgz_moamovj;mmwi_mm_Dv_u;v_m:.,O>>>OQ._>>ZDm>_.4_<v_Du_PI_\/_,n_um>>\rmm>§n_._..ﬁam_v_mg.;@mw urzzosd Ajlwiey ejnJaeydsoueyidn
DVYHOUITOIINIVSYILDINANNTYALYG1ASSI LIAMILATATILNHT HV IAYDTVADSTONDTOODATYANIN asetajsuenl
JAs00AI3
[44 1Y | DINd | ST6C [ | 89zsvs9ey T EVET TID WVALS T €
IANYILAIQHITLUONTMAVAVIAANAIC Zu2|_>><0>>>>mn_mm2<:ZImumm_\/j>._o_>_>®l_bm._.mmum>._>uzv_ TIDWV4LS T € SZ600 dM wineloeq
mmEImm.CSmn_DZmu:nEm<on_>|Em_>_m<m<wv_>><m_._b_mﬁ.ﬁ@@_._mmo.;oOmm_I>m>mduom_,Ov_mjx.; wnpsloeq 9 seadendsouyoe
— A3d143VOSIAIDYIHAVIHAY OIDAYLMIASD DI TIVAAHINATIAINIQUIYAVI LY YO LIHHUAYSTIVA egoeidsouyded]
% INSYALANILTITUSYHAALIDIAQTOUAHLDEdDIAD LAQAIIATADAYANISTATYAIS IWDNOTOOSTONIAN u1a304d
7¢
m IHIAMSDIDMIQELIONONTMUHAVIAINTINYNIMYVYMMSISSNVIIN dind | 9867 {seayoq 060v£938Y 1°8940 8906 9e93{0q
ﬁ HADISIWTAWASTYSSAINYANING Ov_u_Dm,0,0v_>>>m_>DDmm>mu_v_<Za>~:>_v__>m_<m<>>4ml_,u_oo>.m®,o wnipuiso|d] /S700 dM wnNipIsoD’ea06
X TACOHYIHISASNINYISAIMISADSNATYISAGITINIHLNS AT IOMADSTAMANAWE TIANIAISANNIS uzoud Ie9}{0q
(@) >u_mv_v_v_®m_v_mm_mm>mo<duom4xz_Dv_mm<>z_v:Om2>,“mmv_>mv_2v_>>><40<>>omIv_dmm<v_>4<>,0m_>_ WNIPISO[D 606
= 2833104
WiNIpISO)'2e31j0g
ED_U_b.wO_U

50

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

IK ANSIOWIOIMNMDHANSIOG 8T vE [90€:0vD "ds | 90S6E8LYS TTviL 90€:9vD
._>>n;n_<_>_v_zn_>n_m._>><<>>>>m>mmz<__<Ixu<_>:>_._x_>_Zm>>_h_,Ob_Zme>._mu_n_>mu_ou*Izv:>oan_ wnipi1so|d] as 27270 dM “ds winipLiIsod
m<Um>mm¥mZm_Iv:_>v_><v_d>>m_._o_uuz_Z._>Qoxx>_._E>m2uwdtv_m.jv_v_z>_oIZv:m_a.:L_mv_v:v_n_m elajsuesyAsoony
1AFIANINOIADAAATISAAHNIIAAIDANNIIENSA LA NYSTNADI 4D TADYINTIADIDFVIDIVLVEA -z T-eydje
INT Z&_ogm>v_x>u_®u<2v_wkzz_de._mn;z_xn_u*._>v_uou_v_mm._®¥o&<>dw WONDNDDOTIAIEN
¥4 NI ANAMOVY dAING L3 HOAMINIAIADAIHAATMY DMMSILSNIHHHED HSWTAINADMSII DM vV | 10°9¢ [c€9:ovD | €T88YLLYS 10881 €£9:9VD
NMAIAAYNOTAINIIAMY IAASIAAASIVYAY UNINIYIVNDAAG TOOASDLLY MHOJOTAADHRIHISAY | Z3Nd “ds sapiolaloeg] 91770 dM "ds saplolaloeg
Z<Q<Qq¢gjm<mm<z>v_mmo&t<v§>mox_o,&mxumdi@v_“;._.~n_>>1_>v_v_uw<x._mzn_odv_mm_>_v§t._ 1T Ajlwie; ase
um_SvCSQOZGum:,In:2u>mI_>m_>®II>I>I>_>_Dm._o_x>v_n_>mv_v_§x._>m<>_u:>_dz OT1ODLANTIN JajsuriYAsodA3
0¢ THIM Zand | 66°SC [ean@lue | S69TTTSSS 1'0cer €191
SYNYISLIANNDTIMONESIATHAT AN TMYDMMSALSNVIIN NMIDTSINTAWA IYSIAATSNNIAADINANG ejjououiles] as TZEZ0 dM | -YVd DLV "J1is BUOOd
._u_<v_d<>>m>on_m”___H_deOmmmm>>m$_<IZ>>m_o._>®I>v_<<IdZ._.>>m_@m_m_I._<.r_,22mxd_._m>d._ elajsuenijAsoony JBADIDS BOLSIUD
Zv_u_n:._oox,_mujn_._:dv;v_zjQ<n_d>u_mu_._u<xo_Zv_ﬁm_ur;u_,qxom._<>v_ouj<_m4_mm_dv_&mzxviv_m ‘dsqns eous3ud
._._v__v_mv_moim&xe,m_Z¢dz._5mm>kcxv_a,om>>>moo._>._._|rm,om>dv:_><<<>d”__\,_dzo._om.um._u?_)_ B||3UOWI|BS IS
ej|suowi|es
61 THIMSOA Y AQ L HAYADIZUNIMIYIVIANIVHINTMYY MMSILSNVIH HYDNYNTITA4ADIDD Alnd | £9°SC [s€8-vva D01V | €PPSELLBL 1°9SS SEB-YVYH DD1V
QZ_Q>I>I&._<ax._zdx<>>m_QDmu:“_>~:mmda<w<<m._m®m_>_m<u>_mx.;>m._n_an_m.c&Zm.;okmm_I._m_ efiydiuonuw LL8T00 dA ejydiuionu etsu
SIOSHIAITIHYNI A1 DITH4THDTOIYIHIHADILOAADNIALHY Y VY DdA4DHYNIIYIHIANDY VST eisueI Y] euL{yejydiuionw
SHTIDVAIYSHYAYMAddDDIIdISAYIHHTIDAUNAAHIASS LITHYH DODUSTY4HYADSTONDIODITHN utsiodd Ajwiey eISURWLIYNY
asesajsuel)
|As00A|3
St NI M I AN LI HOIMED dYIADIENE AN TMYDMMST LSNDIHHUD HSWTWINQOMS | Xand | 69°9¢C [nuosuyofs | 8BITEVSEY 1°€885 6Z2ZTLZ0TD
AIDOANMIAANT DT INIHAMSIAASIAAASID LIMNINIVIVNIAAITOIASDLNY MHY A TIAQDHUIHIS aploJareqeled] ST800 dM nuosuyof sspio
= AVOAAAIONTITIS IdNVINTNASIYIEAQAN A44IHISOAIDNIATIAMIAYNTAATLSJADHHIADNI asesajsuel) Is1oeqesed nuosuyol
% TEIINTLENIDATIOSTAL YN INIADNHANAHANASTAIN LAdAH HOHADITAZY AIHWONDTODINTHIN tAs00A|3 sopiolaroeqeled
=
z
= It mand ) vLT [168:9vD | ¥9TVoT8YS 19921 163:0VD
« >x>>>xGUm<>um_>mn_dmm._.>>,Om%>__>P¥m>mn_z._>><<>>>>mu_kmzu__IIVGUm_Z‘:\/:)_DO\SmQ,QOv_Z “ds ejj@10n34d] 8YZZ0 dM ‘ds g|j2104A9.d
W MAIADY NI INYAAMATAISINALHG NSAABISAYHYAAGTOD DD LAAHNANTAQD BY HISAYOJAN uisnoud
DIDINNDOSSH NYIVAN A 14DTHATANAISIAYISOAIONIANTIMAADI LAINY OHOXYINIL Y4144 pazuejoeieyoun
TANNTIOND AT LHATDIANHTIIADAHANAHWINA LTATHANSI YA WD TAIYAIHNDNDTODHANATIN

51

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

8 Aa9IYIMNGITLSIOIHNNTMYAISHIENININTMYO MMSISSNVAINVIINSINTAWAMAS THOSN €867 [SG/T 3T | TL996ESYS 1%269 [SYA
FAAANNGITTEINYAMIIANLAAD IANLIN VIO TVINAANTLIINDADI TNNINTAGOU Y IHISASNSNIDY ‘ds wintp1iisopd] €91Z0 dM 37 “ds wnipLIson
THADNWAQTOId4LATH IO Y (ANAATISOMADSTAIAA T34 dOAD TATINIIANINAMOTHON TUSHTSND 1T Ajjwiey ‘ase
O4USTISNSVALIATAAIATITOHTIOAYGNAISTAANATNDNSIIND DTVYADANONDTOOSIZINNIGSLT JajsuesjAsodA|3
31 -ds wnipuasop] 1T Ajiwey ‘aselsysuealAsodhS | T-vz69£9TZ0 dM iR | T2996€5hS]18<
LT IAIMODdAIDATIINNOIAAIMEIIVADIY IISNNTMYSMMSASSNVHNHIDTSIWTONGIASAHDONNM 6'67 [ussow | 187968£6Y 1°69T2C 9E8ZT WS( lIsSow s
GI4LA4TN4NTINON IMAIAISIAATTANIAHVSIAN IVATAACHTTIVANSOSNANTAGD YU IHAVASONIS seuowouodsid] $8900 dM | euowouodsAgiissow
[DOVAGNNIOMdANASAANY TIISINNAASINDIADSWIADD LTV LIDATIVALGLIADIHDA4SYHYOIHd utaioud seuowouo8sAg
HYAVIVNTISSLIAAGTINA IDTIAIHALYOLINS A LATAAS TV AN THIVISHVYVADHNONDTODSTIALANW
9z IIMANJAIADSAIVVAD 66T [£9z:0vD ds | 69E6SPLYS 19598 197:9VD
HAMO NIV AAINAINLINTAYOMMSI LSNYHENHUINY N TITAIADHITANIIALLOdAVIDINLHAMALAS 19138(0382Y] 95 £0ZT0 dM ‘ds 13102q 0330V
S4144H dIAALN DIAGWNVYNTIAGNATALS dSHINTAGDHH IHAVAYAVVE IV TIAGINYVA T LT AHTTY elasueiljAsoony
IHTIAAANTLOIADAAANG OANS TIAIAUNIOHIDAUN LN TAIAADTNANN Y ISHITINYAHITNIDNNTOINSY -Z T-eydie
109SINATOTA4SHAHN LTASINGMIAGD VYD AVADANONDTOD DTHAIM TdAAdSAHVSAISTOISAVIA
(4 TdAMSA o€ [suewipunjoid | €Z8Y9T96% 10556 TTZ0dM
JATGLLAGHNYYOIMINIVAINIANTINTMSDMMSISSNVIHHHYDIVINWNTVINAYVYONTIONVAATAILD esdsosse|eyl] 88800 dM | suewipunyoud endsos
SNINTNLIOAMITAASIAI4I dASAHIVIAGAYT Y AAQTSIADHASY LONIAAADHYAHTISAVORDTOA NN TT Aljwey sejey | ‘siuewpunyoud
N4SHNNVAISYRTO4TOHIINTIATHAYISOMADATAADSSATIHJAALISYIHIONAJ TG IHT44VIMAS4Sdd asesajsuel) elidsosse|jeyl
YYLADSHYTIIS IV THV LINMACQTIAY Y TAAHVAVSAGTTIEAG THSVAVED LVADIWONDTODTIIAINW |As0dA3
ve THMIAAIGHANTD LAIMAVIVIANTININTMYOMMSHLSNVII v1°0E [vgr:ovd | BOE6ETLYS 1°60TL P8TOVD
NHMINIATIIANASNNOSNIAIHSHAANTOVANINAAVINAAS 4444 FdNFINSSIATIVINAAGTINLADAIHSIA -ds endsAydeig] 16120 dM -ds exndsAyoeug
— | AAQLYYIHASASNIDDANSHDVYNIYAIINYG LIANTTY Y IONSANILOMIADIAMHNDAUNTAIAAAIDSHINA 1T Anwey
F | IDADILIAD AN 13D AAYIDNAUNTIAN Y ISHIIAA DAL TINAAD TVHVAVADINOND IODWIIATOW aseJajsuen
g |As02A|8
=
1 m INAMSY d1d40IAGAINTMEA IV IAANINNONTMYOMMS FSSNVIINHYIISIWTOWAHASILOINMIA TT°ZE [o0¢ voxel|eio | £S6¥00L6F 15657 ZL¥04
& | AAADYNTAJOTHIDIMYIANSHIDIASILAALS I AIVVHAAGTADI DOATONDIAG DHYAHIVASNIATHYTT -ds ejja10a9.4] £¥600 dM | "13S 90E uoxe) |eJo 'ds
Q | SINTLUNAVIALIYN TAANTHIVAIAYTTOMADAIAYNDTHLTIASTAAY A LSSTTOW AL I TIINDIEMTIAN uar0ud £]1910A14/90€ uoxel
2 | AV IENLLYVSYNOV IS4 TTIHONHTHADNAISTATVAYINdASTO TS TATVADANOND TOD TINAINN |20 -ds ej|210A3.d

52

SUBSTITUTE SHEET (RULE 26)



il

JAGITINSYIVASSNAIDTSIHU NN NI LITLAL LIAATAISH IHIVINVIVIOINONDTOOATANALNASIHIN

on
o
m TAMSNADIANDONIAANIMASIYIANAANDNIMIDMMSISSNVIINHADISINTHING L5°8T [eiBenwopyd | vL6VIVO6Y 1°T0SL ST0SC 301V
S | JASAWMINHAIALAYATHINGIDMIANSIATIHANYANSHIHSIVANAATTIADIOOHTdHNAAGOUUAHIS ejjosipueld] as 8TY00 dM eiSeatwopyd “dsgns
Wi ATNAGOINY1434NISA1d 34 L4V GAIAA LD ANISOMADATAONAITIAVHGIVANNOUANANIIALDIS A eidjsuenjAsoony e18eswopyd ej|
S| ISIDIDTADIN HANYVASTAINI I NTIIDAHIIALGANN IGAADQIDN NN TISHAIY ADIWOND TODTBHDIN -z'T-eydie aspuesyteielwopyd
m ejjasioueld
— =
t O | NIAYILAIGEDTUONTAYY 4V AT INANTMY DMMSISSNY IENHIDNSWIATATAD LA ISOIATEN £5°82 [SGLT I | 96996£SYS 1'6¥69 SSLT
A | 39M4HIYLMAANST TNV DdATNINEVIVIOAADILIIOLATD OHSITTAADUUIHASASHO AV IZHNT THY “ds wnipLiIsop] €910 dM I3 "ds WwnipuIsod
AVIdIdAYOSTIOUFYAVRIADTUDAVAANISOLDDITIVEQU INAD dANIAHTUAVALA YD LYY [SAd TT Ajwey “ase
A1SSALNILITON LVHIASADIAGTON Y LOdDIADLIGAIAAAONYATISTATY ATINONOTOOSTONIAN s9jsuesjAsodMF
33 THIMSHIATHAININDAOIMINdVHHINANINTMY DMMSISSNVIINHIIN SN £9°'87 [wnuaioeq | 68658690Y | T°'64990MIT | WNUSIE] paInynoun
TNTIIAAH ASHSATO TN IV ININAMYIAASINALINIZOININTANISEHAATINIADHAIN A TAANAADN pasnynoun]
HIHTSASNISNAIDDIBHIVIADNIANTLAAN Y GFIANILANISOIADGIANSS TN THAAIATOIINSIAANATS TT Apwey
NUADSISNNO A4SIAVSINANATIAGUNIGYATIASAHSTAINDLININAVINHSYYADINONDTODN DTN aselssuen)
jAsooA3
(43 THMONAAIALSATALSHAMINdYAAANTANI N TMY DMMSILSNSINOHAIDOSIWTAINGAIYS T°6¢ [sipjuejdojey | SEZTOE8Y T¥Sr8 | GOS/LNV sibjuedoley
SSOANININNACASTNNYIMIIAASHATILHIGTIHYISIANTYANAAGSAIADHIINYOINSAAGDHYIHIS seuo S6C00 dM SeuowoRY
ISNAYNNIVISAYLIVINTAINLIZATIDIHISTHANISOIADLIANISNNTIAGINAATO LA IHOTIOTIN WOo3){e0pNasd] eOpNasqsipiue|dojey
UDIINSTDINIDIASTALYADYIANTIIdHIAASSIASINAAANNDADUNIVIVHY LV ADI TON O TODIVAANIN as SEUOW0ISHEOPN3Sd
esajsueiyAsodny
-z'T-eydje
1€ TOIMAIdTIAN LAIY T LSIMNDAVIAINAIOONTMYO MMSILSNY HHHYIHLWIMIGIHVYSLO ¥1°6C [v6S6T NSA | YOSYII8EE 1°49S ¥6S6T
LSHHLLAdAIADSAY AN AST1HINdNANTTNIAGIVHOAAGANLTUTAUNYAS IINAGOUYTHISAS LONS SILLIOJAYMIS 85900 dA INSQ SILIOJAUMIS
BIIMILOVHLSES| LAV43TH T d LIVIIANISOMADTTAHSSHISTYSSAIHAHATOIAD Id LIDSANEONIOTTEN glpuny] ejjauny’siwIoiAyS
ANOVTIV 334 LVIOVHINIVATYASHNIMAS DIIVSLATITINONALY THYOIVADI TONOID OS DIAIIA uia10.d Apwes elpuny
aselajsueld]
AsooAi3
o€ TIAMSYIAIAASNTILSHIMO YAV IAANONSINTMYVMMSISSNYIHTHHADVSIN THNGIANAVYANH 61762 [8Mf sitgow | €0Y966EST T'L9Y SMTI syiqow e
SI4LLASOISININAMALAASIAIIHINTd D VHNATVIHDAAGTIADADHIIN LISNSAAQDHHIHASAYN ei3U3101AYIBN] . SYOE00 dA | JoUal0AYIBINISIIqOW
= ASGNITAYON TYAdYAN4SIGOU OANAL AIHAYIDVMADATALNGNTITANS G4STASTUASITO DY TN uizrold Ajwey 213U310]AYIDN
& AN TISTEYOIHAGONNVAGIAINANNTOAVHIAALIADSTA A TONASIHISY VUV Y VAIIWON O T9DIMSATA Iselajsuel}
™~ {AsooA3
=
m 1 8T'6¢ feseuwy) | 0S6SYOVEY 1'8908 | 6YLST WSQ earuwy
& | AMISAIAISNIAOILAVIMUAIYHINIINANTMYOMMSISSNYIINHADISINTAINGH MSNHNTNDSAA eisij|io] 9s 86900 dM BIsHjID edRUWI|
O | DIONSINYSDDYAMHIGASIHINIALISSTAVIVSOAAQILIND HHOD DINNNAAGOYIIHISAS IADINEA esdjsuelAsodny BISIHIO
= INGN GNATYIAEIAAHRHIAATINDTIAYASOIAON TAIA VAT TADYAHINASSTHILLAANTODDIININS L -'1-eydie

53

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

1 TLIMSYDVAININGAIMNIAVIADIAdNONTMY OMMSISSNY L 8T [esTaInW | seetzeesy T Lv3 ZSTAIn
INHNDTLNTAWGAIHAIANHAIALYNLININGAAMYIGASAAIIHANSNOASIHIIVSSAAGTAI LOHANNY -ds so1oeque|od] 0/9£00 dA “ds jd10RqIIEjOd
NASIAGOHEAHTSI L DTIFIONN IV ILSAVIINNINFONZHIASIADIVOIADNIVNNNANTIANHITINGS TT Ajwiey
NN TODISTIVSSSNY LI TG GTHADD HINASHANSIGIOATADN IVISAVAVADINON D TOD TRIANAN osesysuedy

1ASODA|3

or TOIMNYIVAINTENAIMNIGVIALINIHON TMYOMMSISSNY w8t [nuuewzuely | 60€vL/ZLTS T'LISY fluuewzuesy
LINHIDTSWTHWAIHAWAIHIIH LINJINLININYMSIAASH IHIHYANATADIRAISHAAATAD LOHASNY i91oeqligod] #6810 dM i3108qLIR|Od
JASIAGDEHIHISIVNNOILIINTAY TLIND1INOAIHON Y T d LISSIANTLOIADNIATHO A FTINIAITISHINA uisr04d
SUUTOIEDTANYIISSLITAINIDATOADOHINANNINLIGIHADADHDOTVAYAYADSNDONDIDOARAHN

6€ IAMNLIHGNINISGANI MUADVIADIAdNANTM OO MMSISSNVIINH wse [teom ds | TLZEPS09TS TvS6Y TZOM
MISLATITAIINISYANDGIHILIONLSINYIAMINAASIAIAAINNDINZIAITTYANAAIINSINHTINNIA wnpo3oeqoaeld] 6VLT0 dM -ds winuisoeqoneld
AOUEIHISASNASINIVIVYILINNTdLHIIIGTHIINIAN FANISOIADTTHOONTHITAANADIGAINAIANA utazo.d
DA HTAE NI ANASIANTHNTYANHTNASIHOSAGIS HON LD IV IVIVYVADI TOND 1D D TOAAIN

8¢ DIAMYSITAIDINNTINIMUN dVIADISSNONTMY D MMSISSNVHNHIDDSINTONGUASILOSNMTNA V'8¢ [ejoonsly | 659/60967 19917 TIt04 Blod1sIYy
AldYNILSTIN GHD MIIGNSIADIHNSISIASS DNV IHAANTADIDVATINDAAGOHHAHISASN LAWNNTIV B||930A34d] 8800 dM ©[|910A.1 4/8|0D13S1Y
INNAQLAddI N4 INTILEED GHAYIAOMADAI AR ADIHOIASHAITINLS LI W LNHO dTAEYN DIOMAFAN ul9304 B{|910A2.d
AAAAYIHTIIAALYIAdH TS HYIZIONHTHADHAISTAALANID A4 LI ISTATVADIWON D TODTNARIN

L€ THAMYYINQY 81°'8C [zesdads | 089¢6ES6Y 1'I8EL TTSYA
LANLYANI MEDIYAAR GIYINTMYOMMSISSNVITHHEDSH N TN GAIDHAVSNIDAL LY dHOIOTING wnyjLidseqiaH] TI800 dM “ds winyjuidsequaH
YAMIHAGSIAIIHIVIAY O OIHYAVAHAAGTISIADHADY LHYNSAAGDYUAHISAVOVOVIVIOVYNYY 1T Ajtwey

- NASOMAONT14IATTHOH IMVIAISOMAD GTAAYSYO IRV GALISYIHTHAVAOdMANTTAYYTISLD asesosues}
2 dLVNADTHVTODVYSYYLYQIHAD QTIAUYTIANVIOSAGTITIdSOAN TV IVHOYYADINOND 19D TELVIN 1As00A|3
ﬁ
=

! m LA 75'8¢ [suoosaionyy | €£€£906S1S 1°91EL 79411 SWIDN
& | MVYddITANANLNNIHMONGYAAIN GYNSNTMYOMMSISSNYIINHODNSINTHIANANASISOANHNAAD seuowopnasd} €€/T0 dM SUDISIION|} SEUO
© | H4OININNIAMGIAGSIAIL LIYAAUNSTIOIVVYOAAIALIVYAASNNAAGOHEAHISIVNINTOAVLYIN uraoud wopnasdisuadsaionyy
= DASINNTIHLIAENHIZIVYGOIALISOMADINTAD QYA YNDIONMAHISIIINSTYNETIV I EH TINE YAV SeUOWOpPNaSd

DMSTAHNIDIGEY IDNIOVSIISTIIODHTLASIASSLATTIdDINYSSIVHYVVADINONIIOD ITHVIAW

54
SUBSTITUTE SHEET (RULE 26)



|As00A|8

on
2
L 2 IYAMSAdNASLAVSEN 6'LC [suepAxooumid) | TEBYESLEY 16206 T-Ad SuepAx00.Ia}
v | NIMVYVYAYAAARAININNTMYD MMSISSNYITHAHIHYNTINAMIDSAVSNILIAA LN O THAELM snpunjoiduein] Y8600 dM SNpUNo
m 3dAASIAI4HITAANSDMVIVIIAATTIOD LOHSHN LTdNSAAGDHYAHTSASHO DY IFTNVYONVOAYIAA s JdieN‘suepAxo0o.iia)
@ | 1S4aQTI0YIdWAANISOMADONAALNYd VO TAISNAAWTYORDddIASASAISHATOMYUATIATIdEATY eJasuesijAsodny snpunjosdiuein
W HdINIAYTIINILVADONAD Y QTIALAUTIAHDALS 1AIATIATHTIS THEDTVADANONDTODLHONIN -g't-eydie
o
=%
14 NYIMSddT1d 96°LC [c0801% 11810} | ET6VEVOTT T £038010 11398404
1SHDIVAIAYAMINAYIANNISNNNIMYYMMSISSNYHNHADTSWTAWTIMSNIHINDLIAIANINGTA Bj|awes] as 609098 dA ejjawelyasio)
N4IAUAMSIAASIHAINI DIATTTIALIVNIAATISONOHATH DINNIAADDHHIHASAS INFINSHITINDAD eJ9ysueIHAsoINy gljawels
INIAd4IAMOUDISIADIZANASDIADN TAId DINATAVATHASAIAIIAIANTODIUSAYNAISTNAINAND -z'T-eydie
NILOAIASIAHIDTSIAY I AN TNOSIINAINLAATIASSNAIVITHVAVIOIWNONDTODNIFAIADNINSN
174 THMSNYAISANININAMI YAV IADIGY ENNTMY OMMSISSNVINHION LNTOWTYANTS O LNMAAALL 8¢ [susamipnied | 66TVLTLIS T°L10¢ suaninpnjed
INONTIdIININIMHIANSIADIITLIALHINIZIIVHINAATIODL ONXA1IANTACDYHIHISISNSASTHIVIVIN B[|910A31d] 9v3T0 dM gjj210A3id
HIAOINdIHAYATIAHINNIATIHOMADAANANHS LIATAAINAS LAISINHEHA I YSOIYIMTOLND A uiazoxd
AVANVAQHUASYTISINDIAYAIFISOHNLADNIDHIATIAIIALINANTYNYTVADINON D TODIAADIN
12% HYIMSddTIQYVANAS LIHMESAVINYIOVYD O 08¢ [Sdwnjjins | 65/98FCLE Tvee Sd wnjins
MYOMMSTISSNVIAIHDIVVIN TV TAZIHYIVIONATAALINGDAAVISDOHAMIAA ASINITHIYVISVST3Y ew 0s0.40jy2ad] 9z0S00 dA | ewosoioydag-aezhio
ADOOARIAIINDHANYVYAINSTAADHIAHADIVASNDIVY 1IdDISVd1d0H 1S A0 T1dIHTIUIAEISOM TT Ajrey esdsozy
ADTTIAAVVIVVIVAAAHAIHTHIAIYONIY VMY YS TS TOVONVAdTHdMVYTTISVVIHAdVTVIHEA aserdsuesy
9YDDIMSIAISTdHOTHHY VY OVVADINDND 1995 TOAAAIDNVIVINDADAMMYEV OV DV SO 1AS02A|D
314 TdIMSSd S1'8¢ [TeN | TOSrOTLLS PSTA TZN-8TOVVVY
NAYAHLINYIMOAVIADIHYN INTMYOMMSISSNVIINHOD1SWTHAIANAST LDONHUAADHGANIV -8T0YVV 2905 67810 dM 292 "ds ejjauoies
INSHAMYIAAS A4 HISONYIVIHO IVVHAAQTISITOH LV LINANNVAQ DY IHISAVNOOVIO WV IISND “ds ejjpuoljjes]
951d N4V ALY IAVVHSDIADISOMADYTAINAIADHI OVMAHIHAIAAILSHUTAYISIUVA YIS SO uRjo.d
W MOTSAYAIVISYIDOVYINIAYDIIIODHTAADIIOSIADIHdADY VIS IVEOVVADINONDTODHHVHN
ﬁ
=
0 m MDHMONIAINANNYANAMIAASIANNTLNDONTMYOMMSISSNVIINNADNSNTANCTOASAIOLNMA 61°8¢ [£D sipnieduew | y9ZZOVOST ﬁ.Mmm £
& | AAADOAIDTINSHIMLIAASHAIIINITNNNYINIVINAATINDIINDHANTVIONIAAGDHYAHASASNISH] snadodoueyIdng 6CcT00 dA sipnjediiew sn220d
C | AISIIUYNUNAINMASIANTIISHANNIANINOMADIIADN IATIANNAANINSHIIH DIAdAANEAANAIIN uz01d Ajiwiey oueys‘sipnjeduew
W 1dIQOIIHDOHISYAIASTOIAMITIADNHYNNNTAMSIATIATODUINISHATYADINON DTS ONTOINN asesdjsuesy SNJID0o0UEBYISIN

95

SUBSTITUTE SHEET (RULE 26)



wl
PCT/US2015/030823

1Y TMONdATADANT DSV ANINA IV HIIANS ANTMYDMMSISSNVYITHHID TSN TONE 8L7LC { CS8YT8LTS T°090S snydoaojAyisw
Q4HSAIDONHOAIAHINVIYINSIVYMLIAASHI44IdAVINLSIATIVNOAAITSO LD IHVNNAINIAAGDHYIH snydo.iojAyiaw 868T0 dM snjiydojAyraing
TSASNSOMNIHASTIHTINIDSTINIS LS HIHIISIACIHANDSDMAD ITAAN D TINADAMADIIdIANAD VYA YT snjiydojAyiang
NOTALNATHYIASAADIDTILIIOLASYLIVSD NAANSTIIONHINACLIOSTAINTdLONNIVISTIDNVADAIN uranoxd
s ISIMDDdISINHANIANGNLMAIAVIAINAQING NIMYYMMSISSNYAIHHADSSINTOINAIASS L 8°/T [99ge 7900¢4955¢C ey 99¢¢
DMNMSIZSIADTHINYIDMAIAASI I YYNANSLIANIVLOAAIADD IO TIdGHIAA DR Y IHTSISNS LD INSQ snuiieday 060£00 dA INSG snutieday 4
GIATONDVYS1dVEI04aN 9T AVIHIIADINDMAD MAAYSH ANNTISAAISIIINIIIALNY INTIHY INYAT 1930eq0pPad] a1eqopadisnuiiedsy
NODINAS TGS LASSASNAMINA IHITIIONHTLATOADOTAVIAHAJHHOISHAIVADINOND TODTHH NN uanosd Ajwey J312800p3ad
osesajsuesy
1AsCoA|3
I8 R INATMIV 18°LC {600 09/¢60LTS 1°84ST 600-LET-9V D905
TGO LYNDONVAMONdYIADIATE LN TMVYOMMS ISSNVITHHHITSWTOWADASNSOANHAIALY A4S TATH -/E€T-gV¥ DDOs W 78TO dM | wnue1deqosiosd ez
JYIMIIAASIIHISIVALNDVIATIVAUAAGTAD 1OH LHNIN VASYAQDHYAHTSASNAT LIANDOVIATINADA nualdedoalold
TIHNINLAOYINT NS AYISOMADSTADDINIIVAHSMAHIHAIINAYHOHY AN TSUANTTHYASSISHM e1az] uigzosd
@._._<O_2~umm.r<>2>mu~un_>2m._wumv,OIJ_,O>mvmu®O._a.In:bIJmIm.~<m®._.<>~uH:Z,OZ®._ DO TOSAIN
0s THA 18°/LC [t-s3 YYESTIT6C TT0S T-S3
\vaanj._olo>o.rxZ<u\</mma<_>>v_m_mZa242f<w2<<,mumm2<__IIV_U._m_ZI_m_.ZOZumHmevIZ>0>>,Om snoydosioyy STSE00 dA snoiydosioyly) suepAx
d431TINOIAMYIAASAATAINYADOVIHNISHYAAGISO TOH LYY LTdNNVYAGOYYIHISAYNIDANAVIS suepAxoiapis] oJapisisnoydonoyly
<ZIma._m._v_u_mu_ov_m_m><<an_u_>v_um,0\</>®<._>uomvk_v_x_®22/>mmxmm>>m®v_mwm_mp\c@mmm>>mx_®m 1T Awiey suepAxoiapls
<m,O>>®.:mI>O<mm<_m_v_UmE_xn_._mn_w,OI._(\fZ.E@m_D._v:n_>m.~v_._m._<m<<<>du_§dz SIDDIINSIAN 9seiajsuell
|AsooA8
6t SOTBAVIYIAN 18°/L¢C [7€S5:DVD 66CTS6LYS T901¢C VESOVD
JNAIGHDITONDIMIHAINANINTES NTAVOMMSISSNYTIHHYDISIWIATATADNITOLDINAIHINIDD wnialoeq GEZT0 dM winialdeq salndilily
INNTIMIDVACIANLAAFISYADOWINAAT IV I AAETLDIDDAVIIND TAGD YU IHASAVINLLA [ODIASHI sa1noiuLid]
HITTOSAIDIMIYISIHAVOHATITIAVAANISDIADLTAVAAYNTIIdAANIAATNATISHE DI IHNEHIMSALA ujezo.d
W 1490 LANYDTITUSYHCATIDIVMISTdHVYIHDIAT LI GAWAATY SNVHEDITATYADIWNDNDTIDD LINYITIIN
g
=
m ALIMNIdSTIANTTONNIMIANAYAAIIGANN NTIVOMMSILSNYENHIDTSINTOWANASINDON 16°/¢C [snas=0 968¢0188Y Teecy £OTdAN snoJad
[\ HSIAAAGN LTNINIDYMAIAASAAIIdGIABIBINATNIVITAATTNVINOINITAAINTAAA DU Y IHISASNIINYI sn|j1oegj uizodd /1700 dM snjjpegisnaiad
o ANV IIINENGDITLIAIAAHTIOTIANIANANDMADAFALINN I HAAATITHATIAANSHAYDIIALE SIS snj|ideg
W GIASINGHIDOVHEINIHIIYITIADN HONMAWINAS LSSATIAGNANISDINATYADANDONDTIDSSADIDIN

56

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

esasueiyjAsoony
-z'1-eydpe

89 PUMYEIAITANSTALLNIMIHd LIANNAANSNTMYDMMSISSNVTINHADSINTINGIIVNGA LS°LT fwnuoaloeq | 019086907 | T°98TTZOIN3 | WNUSIIRG painindun
INHGAAADSOIOTNNIAMIIGASHAZADS TN TIAGADISHAACTISIADHADNATAN LAAGOUHIHISASN paunynoun]
INTINTTIIANAO LY d AN ASATNENATITNHANISOMADTTAINND TG UM ANI DD LINIHAS TN ADAE T LI utazoad Apwuey
HIDIDLATLS TSI IV IUNTNDTIIAN A TAASIAVS IGTTFLNNATVIHE O TVADINONDTIDODATNANN aselajsuenl
1AsooAi8
LS A S8°LZ [6LTVVAN 0196£01599 TLLTE 6LTVIIN Whnoloeq
9SSV LANNMDIdAIADOMADLIIDIADIGANGNTIVOMMSASSNYININHSD HSWIFHAIGAHAVYAAL3IA wniiaeq 9 8,270 dM seadeidsouyde
GNTEANTOVYYSHdAAVANNNGSIAIIAdISOAE DU TVAHIAAGOATLMDISAAGDUHIHASASTOGHVYAIY easesdsouyoe]
PAIVYNSDINI N TAN HTAAS ANTIAYSSOMADAIALAUAIIIASdAANAD DI PAIAALDIDIVSHAHETENTOLA utezoud
HSTHAND AASIHSGALIDTADTOANHANANNNATNS LAINISD LIASAVADISAIITTON DADONIGAASEN
9s TMHMINAIDNINYSVSSIMN HAVIATDG T TMYDMMSILSNYIISHIDDHINTNTAGIVS LING L9LC [snoydoaipAd | GG/6TT86Y 1116¢€ snoiydoa oAl ougIn
>u_u>m<1_mm,_z,_v_u>>m_oomu_>u“_>n_ZI>mmm_v_m_<I,O>>m._mu._.01_zz._.x<zm_>>owmm>_._,_m>m2m<dm ougIAl TT Anwey £70T0 dM
IHANMYTYSASTOVE A 13 IHLTIDINDSIATINDMADCTAVOSADTIC IDAANISTOINAIALIIS LIDTINTVA osesdjsuesl
S44ANDOOVIHITHALYAHYNINANVIIAH1LOLdAISTAIATIOS DINVIVSDLVADATON DID SLINAIAN 1As00A13
TS . THMONAT 69°LC fesjesqns | S/0ZL8S1S 1°899¢ es|esqns eu|nids
T4 MMSADIENTIOdVIADINONIVIMYOMMSALSNVIIHHOIOD LWTMIAGVAY DINDENHNATLAY eujjnaids} 0SLT0 dM
— 3Ad1dIESHYYIdOTS TTAAHYOd AT LINVIAVEHAAGSAYNN N LAYNJOGL JHIHAVAS LHOHIHOAIV uisroud
% NLdQLddOrO1GOHILY I ANIAGISOMADITHALDHANAITHAAH AISTOIAAYHDIIdTHONTOUNTAYYA
g HSIdIIHIVILYINIdIHIHGTOAHDHAD TAHAIOSASATATIVNN NFTHU VYV AIIONDID DU IEVIDIVIN
-

B W ANTMSSdAIGYNDTOAN AN ASIAIZdNONTMY OMMSISSNVIINHGIONTNTE A3 LLz [6GZZd01H | S0z60ESEY T'€S6¢E GGZZOD1H wnlieldeq
M SNVSLNNNIIGASTIINITAMAdGASIVAANINIDTENMAIAVGLAASISDIDHLIINASINSTAGDHHIHIS wnii=ldeq s €0800 dM $9jela10eqOopOYY
) ISISENINILNINGLAANNIASTINANY NETZANISOMAD N TALDGANSTINNAASTHd INAANNONONIHAI 91e1913eqOPOYY]

W IAVIIO@INHINAddNTGVHINIHNISWHAADSNIGITHLATOISANTAGYISHVYVSADI TOND 19D H LAIN s

57

SUBSTITUTE SHEET (RULE 26)



WO 2015/175801

JATIND LAYV AHAIIIAADNNDSNTIDTONNASSHITHNITHATNN QdLidiMIMILATIAdLONDNTIM LSV
IADITdHODTMYVYMMSISSNVITHHEIVSWTANTOMN AININMAATASHATIVINSUAMIIAA LAl
IANTTLANDSIVHIAASHLDIDDATIINNOITAAN YHIHASASNSHHIT TNDVSdINTISIASIHAHHIAAN AlL3
AALAIDMIOSA IdONITNISOINSYHATIISIS LONY THY INNNLIASIHIAOIISHSdTIADNH NDAYMD
AVAAMINYTOLSIHYIATAIVADINON D TODATOAISIdIHNTIANTIHSISIAIAND WADINNAIIAIDANT]
AVIATOTAIMIADIVANANTIANGHOLTIAUNIASIA HAYVIANINAQYIIVAUIMISISIATOLYDDAID DD
JAAIDDOAIHYNININYAAIAHAIHI LTAHSIS TV LTANHAVOdTIAAIAIdS IHXEN ONTAZIAQASLTONYIA
IINSHSSANAIMONA T THNHAN dTHOSVIISSALIATANNIVIADIATOSSSAIINMII AL DIAIAIDDIN

Q
3
(e 2 UAIONIS WY LAID 6€°LT [T ] 068£18L0S T T-0T wnise1eq
w WA GO NNAMMNS IVIANTOA dATMYD MMSISSNYHHYHIISINTHIATADLAILIDFAIIUSHINAIHAIM -0T wnuedeq @ *66TVLS0O3 seadesidsouydet
S TIVMOLANSHIAZA LN N TTAAITIVIYAAYA LD IDDAVIANI TAGDY YIHASAIND SINID LDAIY M3 mmum_amomﬁm:
m TIISASOMINOSIOAVNYADINATIIAY ISOIAD LIAVEIN I HOOAINISHIYADISHY DI IAGY TIHS AN ZG0E0 618D
= ADALTANATIIOVY dAQ DAV MTTdYYIIONATLHAADIAINODVN TY THTVADINONS IODLAFINI uiaz0ad
&)
=™
29 THMAGd TIANAIIATINESIMIY Y IAINIdNONTMY DMMSISSNY INHHONVINTANGIA LT [iuasus8isof | SYETTE0SS 1°89¢t nuasusgieol
JTDANASIHDSLATININTIAAH dAA LA 14445 TdIANTNTNISNTAAVINTLOHAINIDDASIAGDYHIHASA esdsoynsaq] 99770 dM eqidsoynsaq
STNSSIANTALITYS L1 IATIANTOASANTIANASOIADT N AT IQI4V dQ4IHSTHIONDININTIAIETY uisyoud
SHADAAAANIDVASNNINdILATIINYNOISALLSINIATAINTUANS TVIDVSIOITONDTIOONAALIAANNON
19 NS LA MIDNINHIS NI MASIVAIBIA LNNNTMY DO MMSA LSNYHNHIDDLWTANCADA Sv'LT [snieno | £Z0LVY06Y 16264 £0DTTLZOTD snieno
SANDONMNABIINAY IHAISAI MSIINSIAAIIINAAYANTOIIVOYAANINIAD AAG TN TAQDHHIHISA sepioialdeg) TEPOQ dM saploJaloegsnieno
SNNOHWINY LAANNNDINHAYAYNAAAGN ISTIANGSTMADNTESHISTTVAIII LAGIQLLTISH AN uiszosd ssploJaloeg
W TISHIYSYON dSAdIAIASHTIIONHINNINLDATLLATSISHONVI NS 144 YADIWOND 199S THLOIN
09 v 9vLT [600£3V | 6£LHEOTSS T°9.58 600£3V
AL LA LAIQQNGYNNIMINAIAA T dSANTMYSMMSISSNYITHHADSSINTINIVIALNINIVIIA “ds onqinuAing] LL200 dM -ds onginAIng
AJANdDYTHNYIMINAALLIHHAVSIADSH M AIVOMAANTLIINHIHNHIIAIAQLYYIHTISASDDI3I00 1L usazosd
VMSYSALNITOdUNOITO Y TOVIAGINYI AN ASOMADATAYIATITIAdNI LDSIAC I LAY D LU YIS
IOABISALTHAAITY LVHAATIDANDTAJ LYT1IAAAIDIAQAINATHO YSHTINATYADINONDIDONTOHIN
6S HAITALTOIOMLTODAS DAY oy LT Isiidesy | £5099€C6Y T'GLET 919 MIAIH Stjisey
MISHNTADWIAGHASADATNSTIAN T THLANYIAADANYIVALIANTANSATLISSSOAYdS TIHS TAADVIOT sspioiaideg] 78500 dM sepiossioeg’stjisel)
191 T4SACLIYHdAIONANAAITVISAA INDTIHDIHATATAYMYIDD 190 T14SISIDNHIZIATIAI TADVAN uezoud sapioialoeq

58

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

(€ Ad vl [susajosuiqyy | 888TTOTSS 1¥0€s8 SsuaAjosIqly
_m_>>Qmum_o._,>.:._._.2>>>mZn_u_>_zom_Iv_Z._>><O>>>>mn_mmZ<>_ZIxumP§4>§DP§ODH_<ODmZ>> oLqiaLAIng] SLZ20 dMm ouqiaLAINg
mu_oﬁ_mv_u_zom>>><~>_OZmu__>m>n_ZQ>mm_v:>m_mv_v_>>m_m._,u_Z@Zm_._@n_v_.;m_Omm>I.~m>mZUmm_>_mCy._< urei04d
WAADSO LI HANNINMIANIAY IO MAONTAANCAHIAITIOADNATATHATINYASHNTANY INANSAN
>O>Om._.rmm._v_mo<m;m>zn_u_mh_._n_>,0wv_ID>DM>_mv_DE>D._Ov_Iq§mv_>._<>du_§dZ®._@Om§m::2
89 u_._._>>mv_._,O_m_v_0>n_mI<>>._v_n_<n>_v_ummcZ._>><<>>>>mn_mmz<__ZEUUmSZ,OS_D_>mm>@mZ>> £TLT [oedoRD | €6ETERTEY 1°8vL8 S8TEY DDV 9BIDED
Q>.__u_n;OO>._n_.__>._.v_u>>m_QZmu_.;u_,On_._b>ZZ._>>Q_<v_v_>>2._ou._mu®u:v_II|_>QOmm_I|_m>n_§x<>,O saploialoegd] £9500" dM S9p1013108G 9RIDED
_m_m_>v_<ZxO>._m_v_¥u_t._.mx>m._.,0<m_n;m>>Z,O>>>@m>>mOUZm>>>mm$_u_v_n_Q>v_m>um_._,v_m>n_u__v_mu:x,O ugzn0.d sopioioloeg
._v_>_v:>u_m._mm_m_mmm<>u<o_Du__xv_._m_u_OZI._Otuu:\/_m_a_v__v_mv_n_>v_v_v_._m.;._<>d&>_dzo._OO__¥>_V_$_
L9 Idim €47 [as 19109858 T snolydoupioe
SYJINAJLATONNAMNYIVAAINIINSITMYOMMSISSNVIIH HYDVINTYIA3ADYAdONDANADL3AD smoydoupioe "€9929Y dA snydoauAsas
._v_._ZOm<>><_on_mu_>u_u_>n_m>>v_mm_dw><1_m>><n_._.uu_OI¢<Z<Qn_.C.>>QOmx_I_m>mmUm<_mm.:v_me snydoujuhs] as sroydouyipioe
w<n_o.r,0u_mu_mmm_mmo>amu_>v_mmd>>>oa._>>zOd._Z.__mn_an_z>mv_m__IHOm.rIn_Ev_v_._u_._n_._m_m_mn_d‘zdmx el9jsuellAsodny snydoiiuAs
mv_mov__Q®>m<mm@<_xn¢<o._m>v_mn_.r>>m0._,mdu_>>@._n_._m._n_<ZZ>._m>xm<<<>du_§,OZO_OO._,.E>_>§ -z'1-eydie
99 ATPIM €1 [$22:OVD | OTYPE6TLYS 1281 vZ7:OVv0 ihemayley
mwu__D.U_x@h_>>>>v_<n_@_>_v_ZQZZm._>OO>>>>mu_mmZm__u_Iv_u<v=>_._>._._.m|_n_.r>mn_n_,O>u_>mOn_n_>_ZQ 1hemayiey £0220 dM wniplisord
v_>>>m_<m_n_mu__n_>>._.>Zn~>._m_>~>_E>__m._,Z.;v_mn_u_>>>DmZv_v_>k>>ﬁ_®xm>m>u>mmv_,oz_u_n_mz\/_._.v__mv_m wnipuiso[d]
§m§v_n__._mZv_._mv_>>mv_u_>xmmd>>u_@Q_>_Qmmv_z>x>m>>moO._>>_>_._>Zs_v_d.:mm3v_n_n_>zx.__x_>v_oo Hsdo
PZ<¢>>A_._mv_mme§_Qm_n__zu_dwu_m_§<._.2Z>Ixmu_m.;Z._._._,OOZ.rmv_U.“,qm,qu_,QZuj,OZO.E@m_Z>>:>_
s9 YOMNHADAMAAIIATIASHNNAMIADYIAYININON TMYY MMSASSNYINHYD ISNTHINGIAAC YA €€°LT [vT:ovd | TZriTTLPS 11029 vZ:OVD
NAFIALLIATLADSINYMIdANSTTAINGNIITHHNYSIVSOAATILI IND A ANYY ATAADYY IHISASIINA wnlialseq T6TT0 dM | Wnisldeq sandilid
= _mm_d._mmmm__m_v_v_au_.;ﬁ_m.__v_mm_Qdu_>mmud>>>oa._>>n_ZS_m.__m_n_,O\rOv_mjam,O;mmv_._ou_§v_xm_v_m_>n_ SOINOIULIA]
® YASIIOIHIITINYLOATIdHIA TSI YIYNNAOASTATIACH D LTV INYATY ADINDNOTOOSNHAINN utaroad
o~
z
i p OZ:_>>mm_n___._,m_._v_x>_>_00>>>ov_n_u>>_v_ZZZmZ._><m>>>>m>.rmZ<__ZIv_U._m§._d§QUImI_Ommn_ £e'Ll [ia10p | 6£9/0156V TT9vC 558/T NS 1s410p
N NAMAAY LI IADH INTHAMAMNASTIAIAIND AN ANIVIAAASIAI LN TNNTATINNYIHAYASNI LATH saplosaoed] €800 dM sop10eI0egIIRIOp
m 1YIIANYISATdN A LIYNYAYAISSOAANASIMIDIHIDNISY I HIAD TAATNMI I AIN ASWATSIIATIIAIY uiatoid soploialoeg
AIYTIATILSNIAIHDINANAIASA TN LY IAAHdIHSATAIEFATTIONIYTSTVIV ADINYNYTOVONANANN

59

SUBSTITUTE SHEET (RULE 26)



in]
PCT/US2015/030823

THMOdWOIOAN 68°9¢ [sisusuewepue | 9¢888YI6Y 196€L 9TAINY
A1 dAVAMDYAYIAYN HANINTAVO MMSASSNY TINHYD THNY I 1T TATN YOOI AAIAN YO DI THVH 1310eqUISa))] 61600 dM Sisusuellepue is1de
VMMT10TSA1AZ L dVHTOTONAVAYODAAS 1d WADAFD TNAIASAAGD YU IHISASYVY (3 IO TTAVAIIOY TT Ajtwey quisadisisusuewepue
AITHTOIVIIADAH THLIAYHHOMAD T THADSH N 1F dFAVMI OSTOI AT HY TN NODANYATIVATSO Sselsjsuely 19128QL1iSa)
SIAIOAIYIATOISY1dITIDAFOTHAN Y AdTHIMS AT TdINNIASTONDAYAD S TONDTO DI TIAININ [Aso2A1D
vL d 96'9¢ [e6TQaw ds S6S6VL6V T'osto €6TA3IN
YANTAMOS dTAdNSTHd ADAMNY dDOVAUNOINYNTMYY MMSISSNOIINHIDISIWTHNGIFAL13dONS 19108q0350Y] 95 18600 dM *ds 19108q0350Y
AAANADID AT INYIVMAd QASIAAA LAY AOSTIDITILIVYIAAVO ADIAH VS IVAAQDUUAHTSIVNGIN ei3jsuennjhsoony
IHYYWIVNDYNSIQd414avHi1aS1334A4ISOMADHTADDAIMLTIVINADIOHII YAV IDTODUMIO -¢‘t-eydje
AHTdYHON1dd I dYYSTd104AY LIADIDY 1AV DU QIVADI O THHV IVH YV VADZNONOTISHTES LIN
€L ISIIAMNIMIS dAIDINS QLAHIMINGSIAINANYNTMY DMMSISSNYHNHLIIISWTHINGD4SDIDSNM St'Le [Hye T02¢8CIL T HpE eaeiylAiaaydAsd
AATUANIANINYHIMLIAASHASTANIATO TN IVNDAAD1ADIODTYHHATACDUHIHAVALIHISITOHTY eseiyiAsaayohdsd ‘678047 dA eijjlom
1S dALATdALINTHITSVISNIADINOMS DUAAIS LANLDTAATOASFHTHINIHIALY DI d LAAITATIALAIN elj|amjo)] 9s |02 eaeiyiAiaiydAsd
NLSOAYINIIVSIANININA YT TIAONHITASYIWAHIG I LLIN D HIAVIAIVADITONDAD DOAIANAN 2I34suesljAsoony elj[SM{0D
-Z'T-eydie
<L IHIM 1¢Le [rv wniis1deq s G80970T1S T Ive0 v wnusloeq
QY d4 ASIWIADDODAALMAYANIAANNTAS D TMY Y MMSIISNVIIINIIUSWIWTIOAQIANOAGIIAAN eadendsouyde] 82970 dM seadesdsouyoe
NAYNOIOUNAMSTAASIATAYAD INTNAY WY AN AANADTONYIADAGDHUIHAYAINGIOTII3Vd urzr04d
THEIAS LN TTTHYISS AN INDAMONAAAN DY LN TAS IHATOVNDU LA AWM IH TNV IS T D4 AF0!
THSAATINIAIATI RIIN DN TOAY YIS LD 1dATOALADS LATHANNONADISUVYAY ADITONSTIOTABIAIN
1L 1 1¢4Le 2 TrLe9Csrt T Lvv id
FTMNSdTION LNATAAYIMAND IV AIANAANSD TMYS MMSJISNVHHHIDDSWTITAIACHAINNHANALL susanpasiuesn 0£TT00 dA suanpaJtuesn 19lde
JAQTIINNSAMIHANSIAIIHAOANNOVISHIONSAASTAD dDIASNLINALAAN DHAIHTIDASI LSOV 12108q039)] qosoisusInpaluein
NGUOTOINN HALOHINIIFAIANISOMADGTAANGA I TIAdAAHI HATHAH LTS DIOSHITTHI TANA NN AL ur104d Ajuey 1910eq03H
m HAWIAGLIVNITIILVISFHINAdHISALHMIAGS N LIGD EANH LT VIHTIDAVYADIWON O TIODD TUVIIN asetajsuel
@ |As0oA3
[ 1HiIMIdINMTIAAYINYNINA v LT [siuoselsips | 6189/L¥26V TvL8L 602¢T1E01D
w WAALAAYDDUIN TV D MMSASSNY IFTAADHLWTINAMISTYDIND LA HFAND TId TATIOMAIVANSS apiolsideqeled] $8S00 dM SIUOSe1SIP S3PIO
4 TAJAHNIDADTINAIVEN AAQATDIOUANAS TIAQ DU Y IHIDASNSSINNIIADHNA®OIdSIHOLINDI THAUINS uiat04d J3108qRIE 4 SIUOSRLSID
o JAADIVOMADIAADISOUNNAAN dGA44DASSNOIAISNYUAD TN IVINSTANG IHMITRNTO MNP TIIN seplolsloeqeied
W 34X ATIAONHINYYOAANASTANFHS QI IFIN dLHIN IS TV IV ADIWONSTODHNAANAMDI AAN DO AIN

60

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

. [ 9.°92 [ssuagieqsuds | £/956027S 1°9889 asuadiaqsuds
ST LA TIO IN MY NI AMNY d LIATIOYN AN TMY DMMSISSNYIIHHOOHSWIATAVAGONTILND ewosoJds] 09020 dM ewosolids
A4ASTIDTAINDISMINAQSIAIFHANY 1IAGY1IIVYIAAGIDAI DI LOSITAHNAAGSYYAHISASN G L3 u30id
IT3YADNA3dSd1DSTO QU LAYNAHIAYISOMIDT UADDVHSO O IAIHIVYINOITIdTISUNITIA
LUNSAAIAASOOTLHAAASINDTHINYS LAGHADATAAS TGAATS IINNTSTHYVAVADI TONDTOSLIWSHIN
os TAIMG3 dA1ANISHTNTAGAVAMIAN AVA LADASIYI TMYDIMMSASSNYIIHHIIOSWTAWGDADN 9£'9¢ [ pezeAlN, | SBL/88BTT 1901 A
NOGATTAGNMHSIIAAVINIVA LIAIID VS SONISAYYAAATIDUDHAAANNOINACDUUTHASASIN 115 suesjnA LEVEO0 dA | PiezeAu, -i3s sUeSinA
dSSADVANDSSYAD IOV SIS LHUITAIAVIIANISOMADHINHAAVIIANIDIMAHIIdIAINSSSOIDTSH ouqinoynsagl OLIGIAC}NSIQ S eS| NA
VHUATISSHSYHDUAHALIVAID TSIV 1dADSINSAQTITIAD THIVISHVYYVADINON I 19D AANGEIN uisl04d Ajiuiey ougIACYNS3Q
oselajsuel]
1ASODA|3
6L THMLAIATISTHOWNSQVAMO HdVAAAINYN TMYDMMSISSNYAINHADOSWTAIGIOVAEA 94'92 [eowwodel | ST80SYRTS 17201 ediuodel eajuydwy
JASSIAHYYOANTNINAM IIAASAIAIGAQdAYT T INYYAAAGTISOADH LNH VYN ASAAGDUHIHNSASAS eajuyduiv] 79610 dM
VAVIVIASYILAS TIHNTGTYS TIIDY NN ATISOIADATAHS A LTANNFAASINSIHIAYE SOOI TIL ua0.d
SIYOAYSANGATILLYATTHIVAIO1DIDDHTLASTVSYAIHAGADDITISIVAVADI TONDTOOITEAIAN
8L NN IS ddATALHAYEIMY TdVIANNIdNINTMDOVMMSISSNY TINHUDVYIN T TAIASNAD 892 [sisusaioy | /STOPYLIS T°LT0T SISUS310Y
INDAAJLHITLAdNNONAMHIAASIATTHAVAIVINNYIVIOAALASIADHIONVILTLATGDUUAHTSAS 13108q13283¢] T98T0 dM 1330eq3283S
NLYVIOOTISID INYA D3 L0 NINIANTNOMAINTHINDOANTIHA HA L GdIA RIOASIDIHAANY urazo.d
AJUNSO T4 dNNOADANAIGTIANYdINY.INANT I HAHATdONNAIV THYOIVADIWONDWIDIBIANAN
7 DLLNYSLAIQGIN I LNTMMSAAIA IN3dSANINMYSMMSASSNY TTHHND TSN TTIAVYAANI DN LAA S 58'9¢ [zooeav | ¥SO8TOTSS 1'2822 Z00EQY
SNOSANOIIMINASLIAL4IVAdHISANYQIVENAAONGD DD 1IALDGTTAGDYYAHISASILIVIDYATI “ds ouqianAing] 94720 dM “ds ouqiaLAINg
MSAVSIIAQAdANIAITHY TOVIAIN Ad4ANASOIADNTAVIFAIINNdAF1DLIIATHSHI DA DIYYI¥S AT uro4d
- HSALIAAAIVASYILALISAWNTIAdQYOdAAYIDAACANAIHD TN TOTATVADIWONDTODNINHININ
<
&
m YYHSIHSASISSISAMNYIDISAD 68792 feunuajies | 9/¥¥S656Y T'SS06 | TUINS eunusjes gjnl
v NTLO dNAMJQdAAAYYOVYASYD TIVY MMSISSNVIHSHADOSWTHWNGIVLLY ANHIAGYONTDATTHA ejnjja1idopoy ] £9800  dM | anidopouy’euiiusjies
S | DOMOIGNSIAIANTNSIHOYTANTONYAAIVATHYAIY TLIVNINAGOYUAHNVASINSSOIFATAYSSIAS T TT Ajtwey einjja1dopoyy
O | oWNTOABINTIVOIDAIAISOMADQTATIGSOTVIANIVADIDIFUY T TdWNADISOTDOVINVAYIVMUSH asesjsuesy
= DYAUDIHV4IVOLNY YYSIAT0AIVIVHIGASIFVSAGTATYISUH YV ISIDAVADIWON DD OITELVIN [ASO0A[3

61

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

i TN 95'9¢ [ozo sisuayseje 8T6/5E8L T 07O sisuayseje oul
mm_n_305>._'mw._xn_m<m2;ma<_u._®m<~._v_®1:</<<>>\<,mu_mm2<__IIvamS_l_jOmmdmmma</_>>>oﬁ_w ouqirognsad] ‘/9E68E dA | GLAOfNSIQIsISUSele
._r<u:¥v*<>mamm_mu__>¢Ev_tmxm>.wm§mmd>>n__®u>®I><2m<<n_.:>D®mm|_I><>mm>m2._,O<>>a<4w aselsysuedy ouginoznssgd
H_.<u_~_mj,m5._rm_00m>ﬁ_dn_>m>m,O\5>O>|_>Um,O,OI_m>>Emm<mzv_mx<_>_>mn_n_ma>1_n:mm®m._.>><0_.>_a_m 1As03A[3
mmmdm_\/_n:OIESako>_.u._0._m>mm.~a>xxu®m.~O#jm@@me<._<><<<u,0m_\/_,OZOJGOJ_>>>®>HE_>_

98 I 86°9¢ fu} 89¥ETOTIS 1°€98L eANIUp
MSADTdANINTSYIMYLAYAADINANY NTMYD MMSISSNYIINHID TSN TOW YA SHIDINMAIEIINT oJoiuioeioielsyy 97910 dM uo.dlWcELOIEISY]
IDNTIDINNYIMIIAASIADATNG Z_mmZ_\/_>m_<I<>>mm.rU>u_>_Z_mv_._>h_@mm_Ium><2mx>__05de sapioJaroed] saptolsl
v_wn_ﬁ_n_v_an_tcﬁ_..:wmm_I.Ezv_m_Z,O\</>®D>>>m0mm_>_>,0m>0ua_2_<Om._r_>_._rxm>m._>>1m_2>,0>>mv_>z uizyoud Jegiuoidluioelolelsyl

n_n_n_><4v:.4,ojm<mx>d_On:mmu._u>®21._®>®uu~mm.wmuq_m_mmmI<Zv_._<._>_>_<>mu*_Z,OZOI_@O.:Z:V__>_ S9pPI0IDIEG

S8 IHMSNADTLNNLSMANY AT HANYNTLYDMMSISSNSIHHEITSINTAIAMASNIAAN [4cR°T4 [8¥00SdH | LTL¥7988¥F T'8Tvt 8¥00SdH
x>>>._ern3_._me>\50._ODmn_>>mv_Umm:v_uu_\/_.w2><m._.>>m>2u><>_.x<>v_ml_h_>n_Omm>I._<><umZij ‘ds sapioia1eg] 95200 dM *ds sapiois1deg
4_wz>>v_,0_,o>a_m,0v_n:uu0w_22Zn.rom._._<n_>d2/>>wou_>ml_Oxmkugm_mma<>v_;>xzZv*v—jmmu\ﬂujxv_ umoud
AMSHANSA44NS LI TSIATIONEN NYONAALOIVAIAAIAIASINHY IO DL LADITONDAD DI THINGN

¥8 HMLATATAS g | 69°9¢ [s | TEETOSCTEY 1°269L $TI€01L6070
>m.:rZI\<,v_In_u__uwzgm624><®;2/mn_mm25_Zum<_mjd_20m_>mo<®mzI<EI>¥<OmImZM$_ N3 2y aploJaideqeled] 98500 dM sjuoselsip s
_\/_u\Sx,Oﬁ_Zmn_En_mn_m._r_1.2><mm_<Zm>>04.ru_®®“_mmm®>>0mumm_I>.r>mZQ,Ov_._._n_m._m._Zm_vCrOmmmu_._r 95 aplosepeqeledE 07
vaj_mcm>v_n_u_>.ﬁ.:>_E;OOH;UDD_>mg<mn=u_>>n_d,oo.r>um._rv_~._v_an__mm><m<1_>d2n:>u_m>v:>:n§a Bl9jsueIlAsOONY "ds saplo.aiseq
YV dITLYNGIANAITADNHALN NOHARSYNIAHOLA HATINAAIVHTYAVAVADINONDTIODHNAN -g'T-eydie eledisaplolaideqeled

€8 AQIMANAAITIDDIANATIMDIAYIAIANSANTMY D MMSILSNYIINHAD USININT 1£49¢C [T30D0 | SzesvOTIsS T11CC T30 wnlisloeq
m_m>0¥>m>wv5_>_>muzjm®m2_>_zm_v_>>>ﬁ0n_mu__u_>mZD>mmJ:>mv—mZm>>m_m1__ZIDmeO@mm_TSm?_rZ wnislseq 9 0£9T0 dM seadesidsouyoe]
ASNTYTIDYLIINYAAITTHIHSIIINIANISOIMONTATT 9M1IDH4QUNSADATINTOVAIAYTAONNILAS esdeudsouyoe]
mm_v_2>u_mﬁ_mwuz_>n_,Ov:xn_Iqu_>vE>mvEm_>_m>mm_D|_>>~._Dv_._rm._m4<m<><>,on_._dz@1.mum\<:~._>>>_>_ uazoud

FSSONSASIDNSDI €4°9¢C [ | 886/£0T1S T'Z1oc -8C Wniualdeq
m>_.>_om;_DMUWMPZ_>>v_>n_<>>uxﬁ_am<ﬁ_.:</<®\<<</mu_mmz<__I<xumm_>_i>_15_>®._rmmo._r0v—_>._ru_mv_ -g¢ wnusloeq 9 67910 dM seadelidsouyded

WO 2015/175801

D1 IHFIATIMNITYMALAN LA ISANIADHAAY VONAAVALDIDDANAVYYATATDUNIH ISASTSIDIOYI
Al3 _wmum_mma>>>2m_mm><mm>m>m_0v_u_>mmmdu_u.nuu._><1mxm._>._rmn_>m_<m<m1>m®mv_mww_v—mm>mm;.n_
AWSYALTIATIZUSYIAATIDIAS TATdUYNATIATIAQAINATHDTSATITATYADA IWONDIDDSWHININ

eaoeaidsouyoei]
utaload

62

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

16 YHLINCQOIISNUNINIFAQANAMLTEAHANAOINDONTIMOVINTISIOSNV LIDHIDASWTTTIAIINONA 81°9¢C foves Sa 90708989¢C T°/4E8 91638 WSA
AAFHDISINIAININAMIAASITAD AN TIAINAIDIYIAAAQISONVHIVYYNANSTAQ DU IHTIASNASSAHT wnuelAsjep YOEE00 dA wnueAa|ap wnjjuy
DHINDINISSOUITLIANNILAVAGIIANIDONMIDQTAIASH INHIASISIISHNIASHI ARSI TDIFVIYUNST wnjdsoungng] dsounyns‘wnueiAsjap
NNOXIINIISALVYILYNINIACTOAIMALASHINAIM LT THTdAN AN TISTAYD TV AAHIWOS LTIDDND TN ui10.d Ajjwey wnjjudscangng

aseJassuely
1As00A|3

06 NAHNMODIJTONHAILLANYMANEDIAADIDOSNNNTMYYMMSIISNYHNINDASINTEINAQAITCALSTASL 15°9C [ | ££50520SS 1°098%9 S90S
IVNOASHINSHIMNIAGNSH IS AANLIFAATHVISAAQTLINYAAQTTIAGDYUAHISASNOAS LIFNTADIVH opnuaydindusiu 65220 dM opmuysndusiu
NSAXONINAMNTIISYIANIATOND MADAIANANSAI DY QAADLYINIHAADNHINILLINSIMNDIINHANDS OUGIA] OLIGIATUOd
FIONANDFLILDIAANODFHTISDIHILEN LA TIFLADIAVAN DDDITVAVIVADIWTCN DTOINTAAIISANIN uizioad vigm oprydndusiu

OUQIATZU LS
opniaydndusdiu
OLIQIAISTTINY
cpniyondusiu o
LqiA‘opniuyoindudiu
OUqIA

68 IAMYAITIDYIDOMINY ¥S'9¢ o) ST110660SS TetL YD wniialoeq
OFUNIIDIVIAISTA I DTMY OMMSILSNVIIFHDDDS ITMIAVAVYAVAIONHNATIAHAQY1dIYVEVYVYD wniianeq aea 089800 dA 9BITEPEUOWEBUIOD
dDASHIAADYAdVOIDNANIVIDAAGDIVNNIDADTVSOVIVALIIIAHAVAVN LYY I IVINOONALQL JepeucwIeLIO)]
ddHIYTAVYIDdANHIACGISOMAD TTANLDY AN A1TTHIAIAASTOATAN YOI THON/MNEX TAYHUAYY I d 9se

o | IHIVYLYANUDILINIHCTOAHINATHQUAIDSACATIVIAVONATY RIUVYVAIHTONDTO DA NS IS YIN 19)suenjAsodAId
i
-

g SSTHMLAdANTHIAADNIFINADILISNHIISTMYDMMSILSNYHHHIDOSHANQUMSHIDINDITA 95'9¢ [wgeDD sijedo ¢ OVSTZLVOS 1 V8620
N AENNYTILDIDMODIAASIAAI LAN YD AIFQIVIHAATTLYADDIDIASAINVOAAQDYY I HISASNIAN HIT e{|910AD1d] £990 76512413 S{{elo ejjalonald
Q© | SAAIAICIAANITAAIAISILININITOTFLAANISHMODAIANTOMYUSAY ETISVYLAQANYdIYITHIDTISNTIIIY I 0 66TT43UdNH
W AIDAAAADISTIASIIDONTANIDIANATISONHADISANHAID HIOUS OSHUNVIAIVADSINONDTONI IAAIQN ur101d

63

SUBSTITUTE SHEET (RULE 26)



Q
2
[ m THNMON dAIGLSAHISNIMATVIADNQINLNTMY DMMSILSNSIADHNDN SN THIAATdY Zv'9z [eowodel | 6T/ZS¥8TS 19262 eojuodel eayiydwy
= AASDIAIALYANIVINGNDMTIAASIIHTLELASTANISQTANTYATIATZISOIDOHINNYS TALIAGDYYEIHIVIS earydwy] Z96T0 dM
S NOISIBINNIVIZVILTHAG1SAT0INFHINSIANISOIADS TIANCQTAISSAITIANIAAHNTTASHASIVSD uiszoud
=2 T1d49SIATHIAY1IATDIAINDINTETdHINANSIASANVSAY LNNIAYISH VYV ADIANDND 19D AN
o
o
2 AY Y92 [¥Z:ovD | ZE€960TLYS 1°866% YZ:OVD
IAZALAIGDDDUONNMN T AVIAIAND NG TMYDMMSISSNYTIHNNDIISWITATADIDOVOISNDIALAIL wnualeq T6TZ0 dM | tnus1deq sa3ndiuuly
SOITHINLMINANSI TIINAQINE N ITVAVEHAAGTADIDD A TVONY I LTAGDYYIHASASIDINNDDIN $9INJJ U]
YYSTULTLINY AL VIHADANIAVIAYTLOFIAD TTIVAIUYE TITJQANISVIYASTANY DD TTH Y VHHIJSINSS uisiold
ALIOIATONLNHIASADIAS TONAYDNTOVOAD LAQAIHATADNSH TITATVAIINONDT1DDSTOAIAN
6 JHIVA L¥'9T [1od | Z¥L81E98Y TY6TT | ST LLLYOE0L 110D BIYD
MNDTIAAISNNYNMYVAVAAHISIAND TMYYMMSALSNYIIHHADDSIAITANGILSAMASAYIND3ADS e1yoLaysi] 8STO0 dM | HeYIsIVT LLLYOEOd
INYSNINNEVMIdAASINIATIIISANITASTYNAAASIDIADHHIVVNINLAAGDHE IHTVASOUSONN3 ulazoud Ajues il0d eiys
ADISOHYINWITONENAISYISIAISAINSTTOIHOTHAAANAIVIQIDNINAINING A TS DIASTAAI AGAI 11 aseJajsueny UBYISIET £LLY0E0
A14MISASSSNTUNAAIDTONTI LY AL ANHIDNHAASIA T THVNANVISEVIVADINONOTOD LTHAIL LN {AsooA3 1joo eiyd
LUBYISITT LLLYOEOd
103 eiyd
aYDSATT LLLYOE0d
1100 8iyd
158Yds3 0T LLLYOEOd
1jod ey
JUBYISI 6" LLLYOEDd
fjod ey
dBYDSIIL LLLY0EDd
1j0D ety
2118433y LLLYOEDd
1102 ey
JUBYISIE LLLYOEDd
1j02 ey
p 213YI$31ZLLLY0EOd
] 102 ey
= 2LBYISIIT L LLYOED
i 1102
X e1YdII3YI53:00908T
o 1102 _IYdIBYISITT/BT
W enun(
1102 BIYDIIBYIST 10D
eIYo1Iayos3

64

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

MAAIMNSE £€'9¢ [oealjes 868ECIVoY 1°€€SS 909ST NSO 2eAtjes
SYdSIINDHSAMDDAYILIDA3VA NTAYDMMSHSSNYHHAID TYINTOWAYAYINOA NAMOIAAEHDID e||910n31d] €T£00 dM |{210A3.4 3RAl|RS
am_Il_.v_u\</<_00mn_E>Uwa2<_>_<ZEdm_<xd>>omou._.ZO>.M<DZ._>D®mx>_._._w<u_mmZm;:>_2m>ImZ utar04d e|j310A91d
®D®>H_amn_v_n_<m__mv_x><v_m>xmm_0\</>®ﬁ_>>m2OmJ:.lSOn_mu_m00<amu>_>_lm.dmmnj>mwmu>m\<ﬁd>za
>&>><4m<>md._w<<xn_mx®n__ij>OOIv_Z>®~EUZJ_D.E_mmDv_>OOO._<_<._<>Ou=>_OZ S199IIIN
66 DM £€€°9¢ [cz ejootunun E0UL9P6T 1'8v9 ¢£Z ejootuiunt
ZDa>awU>Qv_1_Z_2Z/Zmn;\:._@OOOmI_>><®>>>>wu_wa<__IImu._d._)_.ﬂI_\/_DI_de.OPZZ,D;_PZP{ £[|910A3.d] ¥LSE00 dA B{[S10A314 e[031uIWnY
D;:.w<|_I,OOQ\S,Q*DOwu_>l_\</v_mn_v_>m0,0_2m_v__<<~>>szt0v_mj_am_l:>omumm_I_waZan({._,O{tv_ aselajsuenl e{|910A3ld
meDD”_,qau_,q»L.m.:wmx_I_>_u_>mmIO\</>®D>>HmOaJ_m._<maml_.EZamm¥4§kxm>a4_mww_mgud>za> [As02A8
SAVISYAIITLYATALADIASAIIIDUHA HADNADHIATIAYITADND TYAATIVAOAINDONDT DOTIAANTEN TT Ajrwey
86 l_m_\SOZ;(_ZmeIUZ_2>>x2n-w>>>v_OZZ>mI_><02/2/mn_mmZ<__ZZv_Uv_m_Z;:._DZ,qu_ LE79¢C [oTed £8£69920¢ Teve 9TE€g snonsej30910.4d
ISNACIMN B HIYTIVSYAAATCOS I DAAAINS INDTIASHYHAAAAYADI DDATGOINTAADNIAHAYAS N snansejoos10ad 678500 dA ouqIAl
NIV INO TTd 1D dINAHATIZAN IAAIAHANDMADITADAAAS THANAAADITIAAHYHD T OdNAHN ouginAIng] JAingsnonse|0a3o.d
INUNTAIVIZAYSYINAIIDTIATAIIYNIN DA OAVS IGVAAAN O TIHNNIATYADA TONOTVODAMIINSIIN 17T seudjsuen ouqiauAing
tAsooA|8
L6 _v_u_gmﬂ._,q_bv_DwZ.E.\Sv_wam>>_v_ZPZEZJH_<O>>>>mu_wam__ZImUJw_Z.;;>>>Oa_O>Za>> Lg£°9¢C {lipiou SevTSLbor 1°€v89 S0D7T1201D tipJou
IANLAINAAYYAMOTIAUSINIINTNSAY mux_\/__o><v_m>>I<OU>OH_PZ_Iv_mmn_>00mm>14<_<®m<ud_v_ sapiosaded] S¥L00 dM s9ploJ4a3oeg lipIoU
i E.I.~>_mmmdw#_u_mmuv_xxj_.rm<>_l~.v_d\</>mud.m>>m_Omv_ml;v_n_l_dmow”;v_mm~u_m2v3m.u>_u_x._._x2v_.ro>> uraioud sopiolaloeg
v_mu_w_DE&_On_>>>w.m3v_x1§Dmv_wu_m<_0>_>o>~u>v_mmimOn_m>0u_._02mud®mu\<ﬁx>_>_>_2u.v_m_®_>:>_
96 m:v_I\SZDj;_QmOmD®>>u_._v_au>_Z>aImUJ_\</<<\<<</wu:MZa_ZZWUV_m_Z.;_ZQV_ZImm_mOmZZ/D>n_ 8€°9¢ [sijigely €991V oY Tvee9 £00CT1e01D
AVNADTIDINVYAAG _\/_DZWH_>>>U_DW._V_®w_>Q_<v_0>>dwzu>v_wu_.~m>z_015>Qmumm_1._u>m2awm_>_mxm saplosaeg] 84500 dM sijiely sop
- _U_meﬁ_jmxv_n_._h_{.mv__me_mw>>dn~II>>mu®>\<E<.D>am<m._n_mmIn_m>D.~Zm_l:1_v__v__v_mu_j NANYII4D uja104d 10421084°802001£01D
% Pme_)_jx;:u_.Zu__v_v_uw_)_,OUm>On_>v_Dl_m_GZIOZwJ_U;wHI_OZv_v_v_w._>n_<>Om_>_OZGJ_OZII_I:_D_Z sij1Ses
g sapiolardegssijidely
M sopiolaloeg
m. _I>>>mml_uazu_0xmu2_>>>wau>>zv_®<ZZZ.:</<O\<<</mn_PwZ<__ZIV_UOH_Z.;_Z 1t°9¢ EEBENES £51689¢61 1°6v0¢ 886¢T NIl =
N Dv_>mov_®n_ZId__m>o>2mv_m_2u_>v_u\</maoomu_En_v_mm_m;mw__>m_<mv_>>wm20_z>_>_mdw.;m_wmm_I._w> sapioiaroeg] 76500 dM S9/87 NSO = 81007
m mzu>v__>:>_2<>_>_1_2v_0ﬁ__ZIu_mu_dm__v_v_v:Zu_n_\EmD_Z/UOO_>av_>E>DOUummemmn_l_.ﬁn?\mme_1_ ura104d YA deisuahjes s

HLMIAS AAINDINHSINTDAYAQTNADNHNE NS TATSIGDIAYIONTHASIATYADINON HIDDSNILONN

aplosaldegiarisiaAes
sapioJ 21oeg

65

SUBSTITUTE SHEET (RULE 26)



Q

3

2

v ILMIdd 9792 [e-€vD | BLEETSB6Y 1°608¢ £-gvD "ds ejuoisiey

K | T1QYLAANIQUAMDVAYIADIISYNTMYO MMSILSNVIHHED VSN THTAIANEYSGNHIAAY LIHDTH "ds ejuoasjey] T80TO0 dM

m INDYAMAAGASIAALLINAD INTVAAYYYHNAAGTISDIDHAYNYSYNIAAGD HUAHISAVOIADDIIVIM utayoud Ajusey

= JYNISLdd 1 VIOIGYY IV LNTVAASISOMADGTALOAd THANTd GAVIDH THAAY 1T LD TDIHETYIVM aselajsuely

M. HNIVHOSAITHEOVOAYHTIVIHHTOANHTAGYHADSSAN TIAD TS YUY TV YDV VATDINONDIODIAELAIN (As02Ai3

SOt AISHWN O MADGMTADITTAINS A 14 Y LANAAD LAINHONAdN GITASYMMS AL SNYIAYHIOVHINTING 9z7°9Z [si1q | 00688106V 1 66¥L eAMIM
IYYNDIONYIALIIHIO LAGTINI INAIDMIIANSHIAIHAO D TH LN TITTYSDAAD TIAADD ALVINITA 1312eq021|3H] 20L00 dM | Sijig 1910eqodIBH S
AOTHAHTIASNT DIIDIIN TYONHAN 1124338 1SAIIGHANINT AADAdAVHATISNNTANWAAINGD DL A ure10ad is1eqodlsH
FAAANAHN T IMADIHANSH LV AY IAD TdINANTISHANSAZANATINAGID 1A TSINATATIA THIAOH DO DN

$0T DIMNSA LIGYNILSNOYAMIDJ LIADINHNINTAANYOMMSISSNYIINHNDISWTITAIANATSSN 97°92 [coD-9z0vvv | 9Z800681S 11049 £0D-9/0YVYVY JDIS
NDIAIDI A TEINSSAMIAAASIVAARINDDIANATINAYNLAAVISI LOHISNAYSNSIAQDUYIHTSASLIN J9IsW 50070 dM wnis1oeqoaiold
NYDBISSLDINSGSO HSITANTINAMNM I AMI LOMAD N TASSNA TSI NI AN THAINAAINONONAACITAY nue1deqosiosd eydje
JADNDIHIIND ddNAQVHINIHA TONTAGSNINAGUAGTO 1S LD TN AVISHVAIADI TONDIDDYIHSAIN eydie] uz10.d

€01 ASDITMS 87°97 [9-7-607%S "ds | 19¢58¥S6Y T°£¥00 9-7-602S
JdTIGINDTHINDAMHYIDYAYNINHINTMYYMMSISSNOHNHDD 1SN TEINGIIALAdDINAGAANNT 181087 0950Y] 85 12800 dM -ds Je30e(q0850Y
IdTdININYMNIAASIAANLISDIADI Y LTV YIAAYO A IAHYY IVAAGOYUAHTSIVLISOVINOVINIUN el sueIHASOINS
DSNSIId 41100 D AVISAIAVISOMAD HTASGADM L3IV ENADTODIHY FUd LU D LTIMVY VAL 1dVAD -z'1-eydie
W1dd1STdDVTdIGIAY LTADIDY IYOUSATVIdAD TH YV VYO VYADINOND THOHTI LLINDd AISTN

201 DIAMGIDNIASSSIIN 87°9C [lslop | STTBITISEY 1°'T€62 ¥@/9c T Sa10p
NIdNA-4XVADIADINGNdNTMYDMMSALSNYHNHIYISWTON G HANDBDIDVYAINMAATAGDIdTNNIA ssplotaloeg] os 800 dM septols1degiisiop
MAING LAAAIAINAINDHATIVHIAATAD I TON DN IISHTAQYONY THIVASNINANINWIAINATIASd T4 el3jsUBIYASOINS soploJaloeg
SHOMYIGAIHYIANISOMADNTIDNNLIINTIGdCGADALLIAIANICGOIINHININYTHTOASTINLNNADIM -z'T-eydje

p SO TN TD TN IYAOTOANI ISMIANY AN LTOCIAINMONYTTOUD IVAHIWONVIOVNANANIN

Z

=

mH DM ITEIHMHAADIADIANNSNIAYYMAS A LSNY N HID HIWI LTIZAAIADIDSAA AN THIAA €9z [T30D | O¥9SVOTTS 18956 TI0D wnuaeq

& MIIAASATHIdSTANSOINDAYIIAAISOSIAUNITTHADYHAHTSLINYNATY QT3 TIHAMGHISIAHOT wnusldeq s 62910 dM sesdesdsouyde]

o HYIQQAANTYH4ADDAALAATIIANS TAIDAANATIHYAYMIMIAONSTSAITOOWINSDITATMHSTNN TG esdeJidsouyde]

= VIDTSANAHSTO AN HO TN ADAHN OIATGINNIHHI G TA LY DUSTISIYVAYADIWOND 1OASIIAININ uiz104d

66

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

2 HIMNIAITALLATIAONIMEN YIADNONLNTAMYDMAMSFSSNYHINHIDASINIATITAS 60°9C [wnuepeq | 286586901 | T'7Z9903NT | wWNLS1DEq painyinoun
NINMDSTAAAILINTN INAMITIAASIAIIADNIIISYINS LSTSAANASIADHIS INAANIAAQDHYAHISASN painynoun}
SINIINTIIDSNTIININISITOTIQHIDHANISOMADD THYN @I 1IN AINDIATTHANANNAIDSHATANN TT Ajrwiey
JADINANNLINISYINDIINANATYAHY INDINSATATISATIN TASONIAITNYDIVADI TONDTODLBILIN aselajsuel
|{ASODA[S
TIT TSAMLAdTION LNM LAONIAM I LIATIA ANdNTMYDMMSISSNY IIHHHOLSWIATAVAADSIDL 6092 [oeusouoeued | €6/9807CS 17008 oeassyseued
NIAIASALATdINYHYMINAASIAAIHAN NI DI LTH IV INAAQTIDIIDHIASITIHNAAGDHUAHASAALL Pwosolids] 65020 dM ewosoulds
VO IDDH ADIJISSASHSTOTIHEHIVHAHIADIISOMI DIWIAD OVHYO 11 LdG4HADA TN T44ddTSEN S uiazoud
TSNS TATADSTOTIHADASI 40T ISHS LAAdATATAAS TAAAIY DINYISISHYY VAD S TONDTOS LAY SHIA
o1t QSIS I TTHA DIANSAMESIVIADIAIAYNTMYD MMSISSNVHNHEIISIWTNINADM 1°9¢ [siiSeysy | 0Z96TTCEY T°L0V6 7T T € sljisel
SAdONNMSIADHATHH N THYY LM IAQASAHAZYAdIAN TISIVIDAAIILIINDAANDINNVS LAADHEIHIS sapioid10eg] L2500 dM soploJaloegisiisely
ASSHOINI MY AT LY NYNI LNASH QY1 LASSINASTISDAADNAANTAMENHOLANHISTITISAIVISIIVA TT Anwey sap1oia30eg
AAETAVIHYSIIOd¥ISIAQTTIADNHTH AN ISNGIY T LINDIAIVAIFNOND IO LW HATININ asesdjsues]
jAs0dA|3
60T A ¥1°9C [eZT VOV 'ds | t0E8SSSTIS T'68TT £CT NVOY
ASINAMSAdAIALALANNTIESAIAAD HANANTMYDMAMSH L SN HINHODTSWISWANMSTADSNILAA wnualoeqoneld] 66910 dM ‘ds wnusjoeqoae|d
IALAQNSTNINAMAWANSIAIIHHAAN LY NIV OTIAYH LSADD A TIDINYINNIADEUAHTSAVNLSYIA ui210.d
MAHINNINODTADLITIASH DONIIVIANIVHMODAAL LIDANSAN TATANANANASTHANDIALSTIN TN TJAS
ADTHALTHHATIATSYO LN LN TSIALTTITIONHANIIIAIALSNN DN OSAIVADSWON O TONSHANAN
80T IAIMQAD AT €C°9¢ [sisuspjopsan | TSG66.8TS T°'9065 SISUBP|OPSDA
IDDANDSIM LD dAVAADIAdNDNTMYYMMS LSNYIHDHNODVIN TAINAYASHYDSNAVAATVHDUNYA ejjauepio} S66T0 dM g|jauep|o
YIOYYAADASAAIIHYAdIHESIHAIVYAAAGMY I 1DHAVHYONALAAQDHH I HIVYSIV DINYSY IVYNY ute10ad
- O 1V IN4E4STH DAY ILVAANISOMADSTAIAVYDISTIVVYAAQH LHOYAMAHA DN ddMISANVALIAAN
S HYNH DAY T4 1OVIZIHOVIAATIOADDHN dASHTILIATTIdADHYNVYISHOVVYADINTNDTODI I LI
g
=
|m THIM §T'9C [smeno | 888TEVO6Y T°666¢€ YVdiy § € SmieAo
A\ HAIADYN TN ANIAMIN IV AAITD INNNTMYDMMS ALSNYHINHAVISWTOINAHASONDSAINMAATH soplolaioeg] 0£700 dM SIPIOIBIEFISNIBAO
W ACQINNINIIAMIANALITAIAINSAHIN TANIVONAATASI LOAMINENTAQYONGIHIVASNINHINMIIVIA u104d sopioireg

INDQAD4d1dAINYEAQHIIINIATILOMIDDHIDNNLYINAITIAAIH Y INTAIN NI YSINHEARRSTIA
ANAVISHAINNAYNHIZINGIATIIVIATISMI0AS DA THAATDHSNTOUSIVADHADINYIDVVIAAAAIN

67

SUBSTITUTE SHEET (RULE 26)



I
PCT/US2015/030823

-Z'1-eydie

¢ RRETY 66°S¢C [0S0Z00NVSdD £0098S5¢S 1°69¢ PECZYINAD
m<Zm._m._.mZZmu._u_>>dv_n_m_>.uv_mm_>v_Z._>><®>>>>m>PmZ<__ZZv_u._m_>_._>_>_m_<mmm>om2Z_>>UZD N3 43S eueqn) T9C800 dA 43S eueqn)
.E<V_,O<>>m>DDmH__EZ,Ov_wmm_mm_>>m__>_<1Z>>m_D._>®I>v_<<I,OZ._>>D DUHIHTVLINNSHOMISATIN 1BAQUBS BalIB]UB JEAOIBS BOLIBIUD
Zv_u_ojomm._m_u_._n_._:Ov_IxZjn_<n_,o>“_mu_._u<v_n:Zv__._.mE.CE,qum._<>v_muu_.~<_m.:m_m_dv_n_n_aZm_v_mv_m dsgns edsius -dsqns esus1us ejjsu
TIIINIAYASIHAASINIO NTIISUALAUAJOSAAASAQTATLLSOIADN TIAVYVADINONDTODSTOSAN ejpuow|es] ss OW{eS!0SOZOONVYSID
elajsuesljAsoony "a1s eueqn)
JEAOIBS BOLIBIUB
dsgns edusiue BjBu
oW |es'eg0TOONVYSID
-13s eueqn)
1BAOJDS BOLTIUR
dsqgns esuziue
ej|auow(es/ 096
201V
*11S UOISUIYHIOM
J1eAQlas BIlIBIUR
-dsgns esusiuz
gjjpuow|eseILIDIUD
gjjouowies
SIT MAAIMNY 9¢ [esojnoew 0v801881S T'¥6/.9 esojndew gj|3lonsid
m<<n_mn_v_<oI<>>>Imn_<_._._Omm_<v.m._\$<w\$\$mu_mmz<__IImu._._._\/_._,O._mm>mm_v_wm225>>.__m_v_muI._ ejjs10nB.d] 966T0 dM
TdITHAD MY INANSAIDAAD LA TOD THVIVHDAAVINDLODHIAAAIAG DHUUAHISAVISYITHAILITINEEA u104d
.EDnEvEdi_\/__,On_m_<mu_>mmD,O>>>wD>>4m@v_,Ov_'_>an_._._muv_mn_m_u.__\,_mmmv_n_._._mmw>m\5._d>1n_>n:5
Sd<>m._..:.<<m_“_mIwu_.:\,_o._d>®dzv_I>wzu~wz.5.§_mmov_>>mm_d._<_<._<>,0u__>_dzmﬁDO:VS_V__\/_ ]
pIT A £0°9¢ [ejlydozad | €TT8SBLTS T TZv8 ejiydozaid eljam|od
m<v__v_:Sm_mn_._>mu._.<m‘r>I>>>an_u_>Zv_DDZ<Z.:</<mu\</>>mmmm2<__ZIv_u._._._Z._,O_)_DmEmmeu_Z\SD eijjam[oD] 70610 dM
>u§<v_m_._Z._va_ug,o_oomu.>_u:n_ov_>._._.z_,Om_><md>>m._ou_wwu_<v_I,O>>Dmumm>_'_._m>mm2mm_u_z<4m uleioid
- INYDTI43dIATISSHTTITINTIANACOMADNAALD LNVODISHIHA LIHTON T UANINN O DIATSSTLAI
% NNGQIHAINDITLDAUNVATALIDITIADN HTHAIVINGISATIDADIVANIATVIAIVAD I TON DIDOVIIADIN
\
mﬁ AAIMDADANCYL £0°'9¢ [T-dg sniesuole LESBELLL _ 1 T-dg snmesuoje
ﬁ Q¢>D>Z“:SImn_<_>>v_Dn_mn_Z._\5<®\5\Sm”:.m2<__IImu<m_>_._,O_>_Dm>m<<wmZID>>.;m>n_._v_._Im SNJ2030 v8/189 dN SN22000Yyoe
X TAMDAAASIAATHIVNITHIALYAYY dAAISTAADHAYHIND NN IAADHHIHISASADSONIAWTVYNH yosuAsowiayy] uAsowsyl'sniesuold
) n_D._n_m_>uEu.,0,0x:D<_Zmu_>mm_wd>>>wm_.;>zon_._Immw._.g\/_‘_u_In_d_>._mv_n_m._muI._n_Imu<jmm><n_I>U os S
W <w.w>v_m._ov_mmn_m_n_._m._wn_>mm._m._w,OI._ul_./.\Du:SI[_.Dn_vSmmwEI<<<,_o<<>du:>_dzmu._®®u.m1>_=>_ elajsuelAsoony n22020yJauAsouayl

68

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

[4 OHMIATDYASIHINTILA vL'Se [56:0vD | 98£60£8YS 1°££66 S6:0VD
IAHANYADAMAIIVAADIAININTMYDMMSISSNY N TOHNDDSINTINTATADLIISIOHVITLIADTINID wnia3oeq 6YTTO dM | WINLia10eq SSINdIULIY
TMNILIADANLIIAITVAIHYTH AN ADVOAAINLISINDAIIdHITAODHHAHISASI LIYIONOANYIOAY S21N2IWLH]

JATSIDAAINASADTIIHUDIAANIANISOIAD LTAN I TIADIAINSAVIVANN LY YD LTHYHIYSTANAD urajoud
ALTYNIIIOLYITAHACIYM TNDODUAHIH DATLIATINIALIDNADTOYATYADI TOND1DDINY NAIN

171 AU Y152 [snouo3 | 09TOTSOYY 1°849L T/ZTHY SN3J32
MSAdITSLLIASINONIMYSISAAADHANDNTMYOMMSIISNSIINHID LSWIMTIDAAITNIADIHAVN snjzeg] uplold 85000 dM snjjoegsnalad
A130INSYAMALAASAAAINGNAANIAITVIVANAALLATLMOTIAAAD Y HAVASNLIN HOWIILINGA snyoeg
TATAINA DA THINNIATASOMADAIANSIN HNIATIANITOINAINI AN DHAN OMNTIANYTINVIINN
NTHOAYIIAYICATATIINDISTISIAHdAADINNNIAQVA N TdAAAATVISADTIVADINDNOTODNTANIIN

ozt THIM 8'ST [wnuedeq | 065££890% T | wnualoeq paJnynaun
1SANALLAISYINIMONAVIADINGASNTMYD MMV LSNd HAHYD TLNTOTAVIANNDSAAALAI LLdANA paanynounj Z0LEeaMd
NTNVYIMAATASH A THTIDANSATIAAYHO AAQTD I DOHITOVANS LAIAVHHANTIAVHAINN O VYING uiazoud Ajiwes
VYYD I 10Uy ISNITAIANISOMADATAANASSH1IVISIHAHA ASINADHOTTH S INALTHSIIH0 ssesdjsueny
14dXT1ALdOVAVAQIVHIATAAQH SAIANYdSHATIHLIATHTO LD TN LV INYDIVADINONDN D ONTAANIN [As00A8

611 VY HYSSHISSOITISVISIMA 98°'GT fesedoina | 0880V6S56Y T65%S 86EHS eardoind gin
AIDNVYSOATLDdHIMIIdAAAYY LdHTO O TAYOMMSILSNYIAAHYIOVITHTAIHYIVOALHDAL LA ejn|jadopoyy] 99800 dM | |[2Jidopoyy esedoins
IDAGQTINSIDMAAANSTTA I TIALTHYYIATIDHYAAQVYATLYATO AV VS LAAQDUHAHIVASNISHIND VS TY u101d Ajwey einjjisudopoyy
Y1 LISAD THTOAIIYISOYIDdIINISOMADATATASTHVTISTHA DIdNIHUAITADDADIAIYSANA TVED aselaysuedy
AdLYTINDAAYSHAVASTYSYSILIHAIV1dHTI AQIEYSAQTIIDALSYYISHOIVADITON D TIOD I TILAIN |As02AI3

8T1 IDDASHNVA 98°'ST [0TS:OVD | €SYT99LYS 1°0SSY 0159V
TN TIOVAIANDISINTMAVAVIALIAINIATMYDMMSISSNVITHHYIDSINTYINAAAYDYDISYAAAN *ds wnipiisod] 21720 dM “ds WNIpLIsopD
1a3STOVYOMIVAQLITAINIAD SHINNAY HYVIAAVALIINDAISYANONINAC DY IHISASSIVONWDI usloud
HIINYNIdHINMY S LIANYTAIAYINIIAYDSOIADINAAAC LOAATL T NVANTO AN INGD LIHENANHTAA

W d3SALTIOANIYAYAYAATHAALDTONNTd LAAH LAATIDATIONOHISHATVALINDNDINDD LINOTNIIN

g

=

Nm INSIIAMAAZHIaN I LASIAIAANINTAYYMMSIISNVITHNYOY ¥6°ST [z ¢! TZOSERSEY 1°0096 S¢CE€

& | SIWTAWAMASAIdAIAITANAIAINTTIIVMISANS IAAZHINTIHANNLSIVHIAAIAND IDVDAVIIDINAA DY “ds saplosa1oeg] S9800 dM "ds sopioidideg

Q | YIHISASNISSTUDNIILNDC INY S IHOVHTITIAANADDISOMAD TAZYVYAdd A4 THADIAIAQANIS YA I ujoud

2 | AT HTHANTIALYAISINIA AN TIIONHINNIIS ATSNQIAYHIONNN 1 TASVADINONDTODSTANAN

69

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

FZ4% INIMSANLT €4°SC [yoo VELBTSLE T 1jod elyaLIaydsy
HSINNOVAMNYASAAINATILNTMYOMMSALSNVINNIDNSWTHNAIVSATOISNNANMANGONYIINS eIY3aYos3] 9s 6TLLEOVY
YAMIAGASIAIIADIDOAGTIAYIVHIAAC NG TADHANSYHAN LIAGDEEIHIS LLINYNIDIANNATHTANDTHT e1gjsuesl|Asodny

- 1GIND4T1d AN QHHSAITLVADIASTTOADNIAD IDONNTIFADIVId AN TIADAISN LA T TIAUNAHY

2 HSIDDIINS LLTHAADINIDNTIIH Y Y LA UNSIATHASAATATSHON IO TAVYYADIWONDTODSTOSAN

RS

7

| =t o) 1 ZA T4 [suo | §/880506V 1106V Z20€04

N SNETIMIIDAIASNIFSAAVIATHN LD TMYDMMAILSNSIIY HIDDLNTHNGVALYAIAONANAI AL g[|o10A91d] 35 LEVOO dM S0 B]|930ABI !SI0

4 IVOITHLLY M INADLIAATTYNGIHTOIALIVAIAATIA I THALDIGYDIATOALH I DTNATIIDLYITVAISS eiajsueiljAsoony ©[|910A34d

= TAINSTAANTOSAVHITNSANTIADISOMADTTHINNN LT TENIAHIdTIIINTOAN D TINYD [HUSI¥IIN -¢'1-eydje

IDYAQLLINIVLATOINDIDTIINEHANAGNVAOHNINIVINAADAH TS IVIA LV AL WONDTDD4TLVVIN

70

SUBSTITUTE SHEET (RULE 26)



il

PCT/US2015/030823

WO 2015/175801

AOVdYL
VSTMIDVHAIINAHGHA MDY TOA ONOVYLVATAVIHSHIVIIMYSYANIAUIAIYNNLOAJAIGLIINGM
OTVOATTIHINSHVINAVNITTAVIVIAINIVYIDUdANAALTMILNAIVAADH IGAdIWOTAAMANTHOL
VIAACQ LAY 1A DY HODY DAMOANINOVHENSATADMASYTTAINAATIAAINGI VA LY TdILSATTHAD
TS Y THYRVAHMNNOIHYNASSYAITLTIAATNTIRAASITAMIAWTTNY I TAYIVNOANIAQGYNHY
TALISATHYAS LANSIAIIVIVS YT TLYA dININAYATOSOONTIVIN OO THdEVSAIAAM I LHIDAILONOISNA
TIYHAAIANY HATMHS TWATHIO Y LOIAWIN THYIHASNSN LD LHHATLSId LMAASHHTOHIMIDTIAA
AOATAVINDINNDDADTAISHYATIDVOIAYSANDAAN LYNTISAGHAAGINWADIOANIAIAANDDTAIDY
HOLLALIdIATHVOAADAGNYOVHOWNETTMNYOAIZLANN T4 HHA DYV SIVOINIDVYSIN NAADIA
SANNVAYSITIAASTLA dALSONAANIATIVJAD LANNTLIIDAV I IHAAHNGIISAIdOISHHADATILOL
AADITISYSINNYHTHITTVIDINVYAYISNIdONIdLNADIdTHILLOdDANATNYAIVIALYY Dd45VAD
DAVYISALH44ISSOIAQOSHTAQINAVINTALAN INDAASAAGHA LAINDVOONTTIHADANTIVISLTYLD
AdTILAMASIAIVIADNAVO LTINIAIALTILIMOTAINNIZSIAIVIIASIAIIIMDSATODIESALINVYTIN
TUOSOMIAANNATNLTADAS MO TNNYIYT [OAVTINOYYNAMODOASNINAJLATOINSTISNITSOYNY
ISINIADHIVAOHAY TINAVNYYTLHAQUSHASHAIALIYNADAJTIANSYETTHAMATTIT53A4AD1LA
I3 LHSM LA LAIINSATTOVYSASI DOVARY TN DIFITHOINYIOTATINLAHNISHONAVAADIITTHSATANG
AAUTAVIEDAV TNV YNYSYYVYODSUSSHAASIOTOASIHAAIDDIADDDANHIAAIIANLLOALTISITVNYT
19 GUNI LIIASIADOVORY TAQNINNINSTTHGIONIAASSY ¥NATHVIEIIAVHTIANAVANYAHSIAIYIHATT
dV1SYAJAASNNOSHOUADADAON YA 4V SIAVIHIMIAMAIVONTHININSDIUNTLIVHIAVYSALIASA
T1ASIIAYDDAAGSTTHOIHNTLO 1O AHINIMTDdLAATSSY INIATHNAVOTTHOL TTIAAVSTNAAAYD
IVIMLIVENMNHOADINMYENYITYADAAQY 450 TOSMSAALSYNAIATIFASANTNIVSLIVSAAINDHN
ANGAAASAQ LY THAITITOAILY LIINIHVAVSEdAYI DD THIOYINTTAQVHATILNS TALATYALAdIDS
QI4ONAAIMAY INAY OSAAdAADYHIADAINNTLIADGTINYNIADISIHADN AT IAAINONASIATSYSMON
OATAHHIdHHSIAIMYIATIYISATIIHSATINDSIND I THNOTADN YV LITdV LTISOVSIIMAWIALAANAN
IAYHNAATDOHM LAY 14T1IHTSODMNA A T3 ITIDTADIATONASSATISHAND Y A4 TAVATLSTAVA
1ATLASTINHYO DADATONIINTTIHDIdVNANTHIANNO AIIIAI OMAD I YD EAADDOVIOTIVLISINGY
INOADLIAAAAYMDAdAIDTIATDAND TIMAAA NS HOSIAILTOADAY THSVMISILSNYAIYHEVISIN
TIAAAIONAIDODUAAANGY JITTHYIAMAAAASIDAIAYAJODAIATHYAHAADT I TIHININIAAGD
YHAHTVAVN AVS TNV IVODId LTdANTLHAD N TIDMASISAYAQY MADTTANDANAYSATSAAIHASL
JLADINSHYHIIITISVIAY LIFINHIDADMINASIZV LIA THIdADTIENYIVHYIVADNINON D TODINANTIN

| AT4

[eezAu0
eraa1] u104d

£9£06891S

T°08%0
SISTO dM

sezZAJO e1991

71

SUBSTITUTE SHEET (RULE 26)



o]
o~
4\“ m _<_>>DZj._IZmZv_v_xD>>‘C_n_u_>_v_v_m222._>><w>>>>mm.ﬁ.mz<__ZIV_UV_mS_jS_D;mv_vE_Zg 656 [6SETNM "dsw Tr96v9vsSs 1'889 6SETNM
< D>>_._Zomv_wmv_dv_ugm__Dowu:u_zn_mw>v_wo__v__>.<m_m>>m:n_u_om,_owzz<>owv_m_I>m>mm>mm_m._m_._ nualeqouse)] 8TL800 dA ‘ds wnaloeqouIE)
m mjzdv_w_<>2v_”_2m<m_v__mm_m_>mdq>4>od>>mw_“_>xo.5_v_m_Zm>_m_meo_>.u_mm>w,__va_ﬁv_m‘r._mi_mz TT Apwet
I v_mm>vaEv_m_>_D<dv_>m__Z“_>D_._m¢wZIIZI>v_>Om_Di>oDZZV_dq>V_>“_m>du__Z.OZO_O@>>V_>:_2 oselajsuel]
m |AsooA|3
=
S HIM 99°G6C [eoualue | 98/8079vY TIv99 es4dlud ejjlsucuiies
A m<2m._m‘m_zzoi>>dv_n_m_>§Dmmv_24>><w>>>>m>kmZ<:22v_u._m_>:>_>_o_<m>o>owzz>_>uzm_zw ejjauow|es] 87000 dM
.E<v_d<>>v_>oomu:EZ.Ov_wmm_mm>>m=2<zz>>mhoq>wI>v_<<IdZ‘5>mem_I._<C.2ZZ«:_#_>>Q._ uisj04d
NYDIATIAaY 134T NTON HOYNTIAYADALSSTOYACINNLLIAVAIVSASTYANDATVISTIHS NI dNYIIIY
ﬂx_v_m_v_m_o‘Emmmo>m_Zu_,o2‘_m._mm>‘romv_n_dm>>>woD._>._tmdu;dv_.__><<<>du:2.ozo._owmIGmtz
0E€T AdTIAA 99°G¢ [suepixocoJdiay | SSO6EC96Y T ovve SUEBPIXCOJI94 BiuE
Z.E_>>mv_n__._Q.rm_m._ZV_DQU_>>n_mn_U_>.wdm_D.rZZ<|_>><w>>>>mm‘rm2<__1Iv_md‘:\,_._>>n_o.rm_>mmwm_u_._z ejue 6800 dM | Bjusqgingopnasd:zo0T
v_whv_w_v__zm_v_<>><_oomu__>¢.O<Qz_mm_2.:m_2<xz>>w._mu_wI.E._.qmn_Zm._>owmm_1><>mzwwd_>_< pjuagndopnasd] SUBPIXCO.LIa)
>m_dd<k>mmdmx.ﬁh_m_<w_mv_m>m_du_>._mmd>>>wj<dwmz§m>_mDd»r_h_dmm_>x>>v_vm<mo:n;m._._l_z 1T Ajlwiey eiuepjuagingopnasd
<O>>Zn_>._mmm_m_v_m.__m<m_2mID._v_>wwId,>Io&m‘ro.s._n_mwv_mv_m4<”_<.r<>du:d20_ZGO_Z.EE_E oseiajsuel]
jAs0oA |3
621 Jd>>>‘m_m>_om._>>z_\:n_m_kn_u_tOszm4>><w>>>>mu_hmz<z_Iz.ru._mE._._EDm?mv_zv_v_ZUmE.E 99°'SZ [sLio ej@10A81d] 65£90506V T°0Tve 2004
INTAIATYIDMLIAGST 1AL HYO AN TWASAYNHAANLLYAD DIV AHA LASINTAC OYHAHTISASNLAIIAIS TT Alwey LEVOO dM SLIO B[|210ABId SO
v_ﬁo_“_Zv_Duv_.q_v_“_mn_.rz._>odv_Ziu;v_mmxgwwv;._.:wmm‘rv_v_v:_mm_2>0>zdn_um>_z_mﬁ_Iu;v_m._mm ‘aselajsuell g||210nald
_Zm;._v_u_._._._jv_uuibmmt__Dnﬁv_o._m_mwzI2Zm<wv_>>_>_uv_mdn_>“_v_v_v_m§>“_<>dm§dZw._wzu_:Zo_z [AsOJA|S
8¢T __>>>omn_:ZZ_Z>.Omm_ZZu_>>v_>a<E._Ome_m._>><®>>>>mmmwz<:IIv_Ud,_§4<_>mDv_>>mZv_w._z>> 99°6¢ [lissow £99/68¢6Y Tvese 9£82T NS 11ssow s
D>_,O_>_Zn_im4mv_m<>mn_DQmm_&mudm_v_‘m_m_w_xv__uz4>>m4m._>wI>FZ<ZV_._I>>Dwmm_I_m>m222> seuowouodsAq] $8900 dM | BuowoucgsAgilissow
_.C_v_._<m_2m.5._mn_n_m_u_ov_zon_x_Iv_u_>mm_mdmu*wo.;>2v__w¢a_w>_u2m._dz_V_Iu*2_2<_v_mmv_>m>mom.: uisiosd seuowouodsAg
n_v_m_dj_mzd_v_,qfI&_w._mu_omd.Euo.rw>zZ_Zmquoi_Dv_v_v_Z.EHE&<>.O¢_>_UZmﬁww,od_Zv__2
1T IHTIMSD 99°67 [PST:OVD | TYEIBLLYS 16969 PST:OVD giydiunuy
n_3400.:.;«5wm_m_mZm>>_mn_<_>_v_m_<Im_z._>><<>>>>m“_.rm2<__IImUZmS_dgon;w‘rwwo2_Q>I>I epiydiunu 61720 dM eisueulIsy iV
— &._<am._2dm<>>m__oomu__n;x._wmdn_<o<<m._mwm_§m<_>.mx._>>mj_n_n_n_m.;n_Zm.;D.Em_I._w_mQUmm_Dm_._ eisueLLIY]
% wm.qzm_n_.r._nrrv_._m“*umu._dm_muId\fdm_wd&,wv_umﬁrmmaaa}jwmon_wIme_mxu_In_>v_n_<<“3w5u<n:mm 1T Ajwey
g v_mu*<>>n_n_n_wwm__n_._m>mmIIﬁu>mv_on_Im>mm.E._m<v_ww.Omm4<u_.ﬁ_<>.on_._dzw._wwu_._m§>__v_wv_<_2 aselajsuesy
M [AsooA|3
i 4 JdHAMIVIONAGdIMIHG NSAMSIAVILIDDS LSTMYOMMSASSNYHHHSITSWIHWAIHV LM 89°'GT [snuediije 612086V TeLiv SOd shuedije o
a mwo>>_w¥Iv_wmn_u2<m>>>mn_oomm<“__‘r<<w_mo<_>>m:<v_<>>mm_‘ro_wI<v_m‘r<.~mz>>owm5I._mGD ouqiaoynsad] 86500 dM | HgIAcHnSaQIsnuedLje
W d>m<_v_<m§>><<dm_m_m4§mu_o<m__on_>om“_>mmm.0>>>wn:><n_a.:Dx”_OD>>>Qmm._m._._Imn_|_n_mmnEu_m TT Atwey ougincinseg
Im._u_w>_m._mhn_24mm.r<>_mxo<mn:24m¢<n:<>m_ma.C.d>Dm.Odmu_>>.r._D<<,_m<mzfm4<m<<<>.om_2 9seJi2jsuel}
JASODA|D

72

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

8 ™ §'sT [snieao | 00TOEVOGY 1'€€2T ¥02ZTLZOTD Snieao
IMOITdTIAAIANNIMENSVIAIOSNINTMY DM MSALSNYIANHAVISWTOWNTTANOANOS LANMAD L sepiosaldeg] 0EY00 dM SOpI04o10eg s8]
ACTOLINIIAMANNALIAAIAIND AHWYIAQIVTHAAQ LD LNY MIYNDDAQVONYAHIVASNIS TWODY ujeosd D1V SnieAo

IMANNAAAISHADAIND ITDUAQNAANISOM IO TAONLITH LI THAAANTHANAAALDOITNSIHIARG S@pl0ia17egisnieAo
SV 4O TSTHADINGIAQNTLLEFISMIAAASH ITIAATIDAATTYRATVAHINENVTOVNSAAAIA sepioJeioed
LET VA LN B3 LAIAQADDINN IMASAV A TdSANTMYSMMSISSNY ITHHMOUSWTINAYAQL43D301 1662 [L00ZDON | ¥00VZOTSS T°6£18 LOOZON
FALIEANGONIHINDIMINAALAIHIAVNG HITEINSIYNINAANTSI INH NI HIVANAC LHEAHISASIOOI001T -ds ouqiaAIng] 94770 dM “ds ouqinAing
1SMSASAHINITO dUND4VIDIDIIATAS LIANISOMADATAYNILI TN IDTNITANRA LY O LIHYHINSA uiszoud
IQASALTVIATAN LYHOAIADIU QIAIAYTNADIHOSIACINAQUOYHNTINATYADINDN D TOONTOHHIN
9€T THAISONWNSACLADAdNIAMNQYNAS TMY O MMSILSNVIIFHNIOSA vS'ST [oepiawis | 98ESSETEY T°€0SS 0rD00L601D
NTIATIANANIALADIONISTNIUIMNIAASHIHALANIANISIAHHAAAQISINGIADIY YIHIVAYNSHINIAS aploJereqeled] £9500° dM seplaw s?
ANTALNNITFAIIH AN TIAQHASS IAIAOMADD TATNNASAINAISATLATAND AT AIAAVTIHY IAGINY uis10.d pioeldeqeied y8IEY
OVASTILALHTVATISISIAD TIAAYNAD ANYHO LA QTLAND QLIS TANVAV AT TON DADDOMALTHODINN D1V @2epJaw sap
101210eqRIRdIaRpIoW
memOuwuumﬁu_mgm&
GET | DHIMSIIAIONLAINSNIANGIAADININNNTMY OMMS I LSNSHNHIDDSW DWW ANMSNIIINIAADIN L5°ST [1ipsou | €TZTSLVEY 11799 S0DZTLZOTD 1ipiou
DIOLININAMIIANSAAIIAINTIOSOIAD IVYNAATIODADI DAANAHIIVNAQOHYAHTYAYNISSTHHATAT sapioialoeg] 8¥L00 dM s9apiosa3degiipiou
SISNTISINAYIHANAYNSTIANISHMOOAATAION HY LTINAGAGAN AN IHISAANWOHTAAIANOATIIAN uia101d sepioialoeg
NVATTHANIDYNAINNGALIOSAYATIZIONHASISHINAVAYAND O TINYASTATVADS WO NDTONIIEAIEN
YET THAMD 85'ST [zsWD "ds | QETTEELEY T€vES ZSND
JAAIAYANISOND MODIAVAADININHNTAMY OMMSISSNY [INHODO LN TANAIADNSHHOITHINLIOIN Seuowous|as] #9600 dM ‘ds seuowoua}as
)~ QAIAAIAGIAININVMAIAASAIIIADIIAYISIAYYVAIAADIAL LIS T39O TVINOVAGDHHIHTISAVASHY M TT Ajnuey “ase
& JAIGHYTIISOYATIHALIANY(TOIEASIANISOMADNAIANS HHIFNITO dHMOW DD ITTAY Y MSIdINYGY 124sueIlAsodA|S
= NAVYAINVSINOSATANDAINS IS TA4S41DTOAIAAYS INTNDHIMSTATATIEOVHHVASSYNVADIN
S—
m AVIMA 8567 [GRTT:OVD | 0L9LTTLYS 1°899t% S8TTOVD
N NOTHISLITSISAdNAMANEDIAININ HANTIVS MMSALSNSHINHIDASINTONAIHSOMODSVANOINTL “ds gj[210A244] 96170 dM “ds ej|@10A2.4d
W Ad4ONHHINAMIANTLIAATIENNANISITE IVNOAATIGDLNDAM IHOVACHONIAHIVASIISONIND T uyat04d
INYIALAOINID UNAQIIAVIANNYNOAAOHAD DINNIAINYAIV LIANAASSTAdTANGYDISIAQSDD
OSHT1ASISYO TV A IONMYANTHYTHYSNAIQANANADN HNTITAASADA WHNVTODVIAINATIINN

73

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

E; OIS vE'ST (511051935 | £9516816V 15009 | €8TEv DDLV SHODIRS
QdONIdANIMAAIIAd 13D HYSMYIINIA DINTY INTMYD MMSH LSNDHHHYDES WTAWAD MSIVO sapiosaioeg] S95007dM | S8PI0JBIIeGISII00IRS
SNMQ VI T ININAMYIAASIAAASIOS N INIVIVNTAAD TOOAD DL IIMANAT TAGOVEAHISAYN asesajsuen saploJa1oeg
IAHAIOISWINLAUNSTY AN LIVHIIGAVINGVAIHISOAIONAATIAMA AN QAIATSSIADAYI AT 1AS02AI3
43ANNTIONIE31dd INAAYHWIADN HYN AHANAS TS LNSAHINNHNAIVAIHNONSTOD LINA ¥ N
eVl NAJANIMOAdAINALADHOIMETANIADINIYINTMYD MMSILSNIITHHEDHS W TAWGDMSIVO VE'ST (1413889 | ¢896Tv06Y T'086T | L6907 WS 1y1io350
INMAHAYOATdININAMYIGASIAAASFOFIUININT LIVNTAAG TOOASO LI MHMN d TTAQDUY IHISAVH sapiosayoeg] 6200 dM | saplosedegiylasss
INHADLTANVO LIINATASNALVINIANI NV HISOAIONIATIAMTANN A TISSAONSIABIAI T aseudysuen sapiosa1oeg
JIANNTAON DAL S INIAYHINIADHHANAHINN S QI LN LHE N WY TAIVAIHNON D199 LIADI TdIN As02A|8
vt QIdI¥IMSIAAIGSATADA v'Se [| 0868vSYS 12009 TEE00L
AYAAATTOHINMIVAVIALIASYNNTMYVMMSISSNVIINIYIASIWTVINGDMSANO INMAIHAVHYN WnoRAlOUIIO3) 89TZ0 dM | DLV WNOBAIOUIL3
340 THIUIMIAASIIAFESAV HIIAVANIVNNAALTLOAN LA LN TG DYEAHISYSTAV YOO VO TYSOAYY ewauodaul] ewauo
SHISTLAYA L THHIANIIdTHANT LOMADITADANNAS T LANAA LAIAH LI LA AN AN TIOFVS IS THEA TT Ajwey ‘sse d8u 1 WNdRAIOUIY D3|
QV1av3a43194 143 LIT1ONHIAAIOSHALYIY ATSLAAANHOINO TYIVAVAIFNON S TOOSIANIVIA 13)suRIYASOIAIS ewauodall
vl HYSADINY Zv'sz [TTC:OVD | 9vLTTELYS TT66¢ TIZ:9VD
AMOAdTVAdYdINVMYIAVINTAZdHINTMYOMMSISSNYTINHHONSINTH NGO MSAI OUNMAAIA sniaqaid S0TZO dM | sm3gald Sapioseloeg
INNOVSAINIUAMATAASAAAIAYOJAYIHARYIVNIAATALI TODALYAND  TAAQ DHY HASAVADISIND seploasioeg]
NTYVS LVANTSTHAADH19H IAAVATOIANISOMADAMHIONY A TATAISANATAY I DI HA TIHN IO Td TT Ajlwey ase
9 TTULAMIOGAINIIADHTLOTIAONHINYY TINI ATIANN OUNN TYMAI VIO WONDIOOS TLATAN 1845URIYASOIAI3
ov1 3 6v'ST [SSLT Y | 29S66ESYS 18226 SSLT
NQIHIMITUATYS LOYDASAMTHAVAIANGINISTISSMMSA LSNVIHHIDMSIN T T3IA0dNSONATLIOA "ds wnipLIsopd] €9TCO dM | I 'ds wnipuisop
_ | 9dd34DNIAGIIQAS HT3dINADISIBNVITAASNSI LTIASONV 1H00UY HADAVNYSSIETIMYINODS TT Ajwey ‘ase
S | dIOIAVIDIMIFSIOSIANASOMIOHTINNHIISAGAIANYAGMANIOI T TLOFOD dMBIIOAN TN 13)5URIIASOOAIS
7 | YOAAMINDIOSSAIININTIIHOTSATIONAADIAS LA INNCHNOIOILYVAVAIHNONS TGO THIAIN
-
| SOTYIM T [CvEV IO | £€0vv868E TETT ewd ego
S | ANdHIDSIAIAUNANYIAVIALININYNTMYYMMSILSNYINHAD IS TONQYASNSOINMAIA LAY ewrd 9VE900 dA | IOSBINIT VBV TOSIN
o | GSISNIVMDAAAIIAAIAGIAALNIALLDIVETANDASI 19O 1DINSSH 14 ADUYIHADAYIANY I3V THN e503059A] ewd e803053N
= | NNASS4Vd4L4AQHTINVIITTANAIND MADN TAUNN DN TAAASd MFTA AN BATHMIANYAS TUND wiazoud Ajwrey
O LTHSIAQTINVHVIQ TN THT 134 ONNIAHLLSADLIAVIATONNAN T IATOADINON S IOD DA MANIN asessysuen
jASO0A|3

74

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

c TIIMNYINaa ge'se [searmpeued | S9668077S T¥LT9 senianoeued
ISHSASIM IO IAIANDASAISTMYYMMSLSNY LIFHID AN TIIH TSN OVIINDAIANGAS T INLODD ewosouds] 65020 dMm ewosouds
AMVIGASIAITHIANAEIVINAY IVEOAAGYNSADH TdADTHALYHIHTIISN LYN DOV IDAYSAd 1dAd4SD urzroud

VY TLYVIAIIAYASOMADNTAAYAS TOH TAANAYADEIAAASADONM TV TOATHAMJSHISYSNdA1d
10SdLYAYDVIYANGTIA4S YL INLAIENTIASI G4 T1IVITO IS T ¥ D TVAD S TON D19 DN TOAVAUUNIA
61 THIIMYIVVASA €€°5T [wniono | 909vTS06Y T°08T0 06£04 WNIOINO
NITHVYAMONAYIIMOYOHISTMYDMMSISSNVIHHYITLWTHTADISYIDHNMAAIAYINLOTIHOIH e|j@10A31d] 8EY00 dM 2||310A311NIOIN0
DYIMVYINAASIAAIAHYAHO T LIVEDHAVIOD LINY A TVAHTAGDUYAHIVASILINIODOWY INYANL uizjo.d e||2310n31d
11d414VOTIVdYAHSIAYIAOMIDIAAVAONHO NI THYONAdINTALIIAGTAYHO TEMTOAHAAM
VTOVAIOMLYYdTLLD4DOATOOOHIHADYAVSTATIAIINTOVON IV IV IVADINONDTODIHADIN
8yl THIMY €€z | [sHoedi0nald] | €6VTTSO6Y TT0v/ SELD
YV ASANEANVAMO HAYILIDANVISTMYOMMSISSNY THHNDFLWTOWAYASIHOHNMAAAHLEED uoud LEYOO dM S110 ©|310A314d 510
A 1dIH DD MYIGNSITAD AdQYINONTESIVHDAAYIAD LSO TdIN TAADUUAHTSYAEDIN TANIANEN ejj910na1d
SAOATA LAV INI LYV AYITOMADAAATSOFTNTIASDAEDI AYSIDAN DI TTHSOAIMTOAHA A
MY TOVAINISYYNHHH O ATOADOHNHADNADHTA TAIFIAXMMNO VAV IV ADINONDTODIBIN
vt V1M vE'ST [oeusie | 957999Y¥S T'G196 | €656 WSQ deudle J
JdTIGdNATIINNIMIVIDAAEYIdHE TTMODMMS LSNVIAH ASIISNTHTGIHANAdONHOADLLAA J@10eqossejey 1] 60170 dM | @1eqossejeyseudie
dIIINGUAMIdAASIAIANTASH OIS TV IVHTAAYIAD LYHLISNSHSIIAAGOUUAHTSALHOVYSYIHAVAT ‘35 JepoeqOSsejRyL
VNYLAdd LA TINITHQTAQYHAYISOIADHTALDQd VOV I4SOADTOUTI NI YAAHDAVIMNAANAN eIdjsueilASOIN)
aYSdd13SdIVINVSINAHATOIVMHSDdd VLA TATIADOY ISAVEV.LVADI TONDTOD SAINGOON -z'T-eydie
9vT 14 IMISTIAdNSTIHANSIMNY OV vE'ST [TOTIvD ds | T/0v0SS6Y TveLs T0TIVO
AUNOINVNTMYOMMSISSNYIANHODTSWTHINGIAGSAdDONIAAAANTL LT INGNVMOdAASINAAL 1319800350Y] 35 77800 dM ds 1210eq050Y
dSd1ODNAYYTYYAAALDADIDHYOALTAGDUUAHISASADSYINUVINGYNOVSNGHYdAIVYHIAdVIH e13jsuei}jAsoony
. VAAYIDOMADHTALNGATLIIVYNAD TONIHAN QY Y TOUMY AV 1dYIHOVddNNIdYYMATC4ANLT -Z'T-eydie
2 ADAONHAVEYSAALIAADTEYYTOUOVY ADINON DTHV TTHIAIAVINMISNTHIAYTIE ASdIHAIdSIN )
RS
=
m” IVDIINGY LA NN I SAVIAIDdNANTMYYMMSASSNY TIHHIDYSWILAZVYIALINLA3 AT YE'ST [otes | z88TL9T0E TZv8 | 9led snonsepoalold
& | AAAHINDDYIHDEIMANAALHIIIAYSdAONYATAIVSIAANILDINHIHIHIIAIAGLYEIHTISASIDIII00T snojise|oos30.d TESE00 dA OLqIAL
© | 1LMSASTDNATOEZIYIUIEINIATINVAANASOMADATAVAIAT Y A1DSIIAIEINED LN INSS ouqiauAIng] 1hang‘snonseposiold
2 I QANSAITIAIIIYIVNOASIDROTAIYTIAAAID1IAANATIO DN TOYATY ADINONDNDONTOIIN TT osessjsues ouquauAIng

jAs00A|3

75

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

[ ¢ 43MSTAADL LT°ST [zTe:ovD "dse i £I90928YS T¥¥3L ZIEOVD
NTHMITAANTSATTIAH A LIMINTdVYAA D INDNTMYDMMSISSN S IINHEOTVINTITAIANDSSSAT 1ueSieworei10)] LY2T0 dM -ds enue8iewol|elo)
| AGIOVAINISAMAAATLAHIHA LATISHNATAYHNFADVEIASTENH LENANAACO Y IHISASNTIS LV TT Ajjwiey
LI DS ANAVANLTANHAIAS IDSIAND LOMIDCIADINST TS dOININYIH LASISAAAVA BTN EIVS aseldjsuel
HALANSIAGDISY N VHINAHATOAIENISAH TAISIATATAOSHIISTYHO IV ADINDON I TODVANAIIIN 1As02A13

SST ASAMISAAIAAAVANSNAMIDIdAILTINGONTHVYVMASILSNYI (TSz | [vvdzy T 6°ds | v9zLv6S6Y TEVRT vyder T 6
ANASONYINTANGIHSSNDANYNAAIYNG INTTTIVAZIAASIAIINANAIATITVATAAIALIADDAITAN sapio1a1oeg] 3s £9800 dM “ds sopiosa1deg
SSSTAGDIHIHTVASINSIDISTISINIVSTADMIS THSTUNIANOTOMADTASIVIANNALALYAANNIDTON eJ94sueIlAsoony
ARANATYNALLN DIdTAIGIANNATIONH D MTMNENAADANDHOITH TAANTTADSTON D T1DOSISADIN -Z'T-eyde
ST IHIMST LA INAOITISHIMY Id VINDIGSHINTOYVYMMSILSNYIINHHIT LT°62 [ovHDA si13ely G98ET/ES T 9pHIA Shidel}
SINTHIATIAS OXONNNNAZLANSANIISHYAGIAASIAI41dAAADNUATIVIDAATIND IGOAINY AN TIAC saplosaloeg] 9s £G8660 dA saploialdegisyidely
OHYIHISISNNYOBLLNISSNIAGTI TdMYINTAIGAGIMAAN TOMIDISTADNACTEDALSIADH NN eI9jsueljAsodny saploialoeg
DHSHAITOLS ISSNA TIATIANTITTONHVETONN dAADAINGHAIUNGTMTAIAADI TON S TODOLLANIN -z‘T-eydie
€ST MAISADANTMSANAIT vT' ST [g T t ] 985Tr096Y T°£609 g1 1T
INDGENTM DAY AANINTIVOMMS ISSNYINTANIHLNTINAMISANONNOSIHAIINGOATVINTO "ds sap1oia3oed] 94800 dM -ds sapioia1oeg
IADINANSIHIAANDIIASTIENIONIAACTODI DY 43T dIVIAGDYYAHI DASNISTINSI TYYNAONAAHVAA uizioud
NOT1ITHIGOIHNASOMADTIADAONMNTIVITAASANWS A IADINE I 1IN D THS TIANIMASHINTON
ADVADTIVIdIANAIZADN HIN DN I LNAHDIGAIATTOINY AN TYN VIVADINOND IO O LINADIN
2ST VAH LN G ILAIGA AN NIMISAYIAN T SO NTMYSMMSISSNYHHHIDUSINTINGYAC L3930 97°5T [900zadX | €29TZ01SS 19848 9007GdX
IALIINADILHANI MINAA LA HIAYNIHNTE M DIVNNAANISI INHINIHIVAAAG LY YAHISASIOO3 1001 "ds ouqiauAing] 9,220 dM “ds ouqiauAing
)~ LSMSASOHNITOdENDAYIOIDTIATAS LIANISOMADATAYNILITIVAGII DTNICIHALIHO L THYHINSA uploud
& QWNHSALT1IAATTHLVHIATADIHAINdAE IANAIDSATADIATHOYHN TINATIVADINON DD DN TOHIN
o~
=
=r ISIMNYIATOd LD AAAMIVAYILIDSILADTIYYOMMSISSNYITHH 97'ST [o1€9 | 99869970 T'9z8 | 9Tgd snonsepodjold
~ HYISWIATOIAGIHAINTHIQISDTOTHOSAATAIALIIADN TAYONYIVTOVIVIOAAGASIS L INNDIST snonsepoaioud 678£00 dA ougIN
o ACGOYYIHIVASAAVHTIINYIIIAIAOINIAH THIONEIGANATIHIEINANOMADSAINATCOSTNSTHACSDIA ouqiauAing] JAngsnoise|poalold
= THIVSHOSAVALAICA¥ATOTHEN LYIIISANNSIALHTIANHOSINTTANAI LAOF TON DT OAAIAANIN TT aseIdjsue) ouginuAIng

|ASODA|3

76

SUBSTITUTE SHEET (RULE 26)



[se]
%

(12 TAAMSSATTANAI D HY AN E AV IAAININSNTAMYOMMSILSNYNINHIDHSWIINAFAASTOTIED 80'sc | [epydourepde | TS/LTESLLS 16562 ejydoujwiepioe
w LAY N T TN ILLM LIAASIAAADGIIATOLADIZIVYDAAIMSD LOHINVNYIINSAAADYUAHISASNIAT esnwodeuy] 0L8T0 dM esnwioideuy
S SHSIVITITYDIALLTIYYTIAAIIVSIANASD MADATLINY A TDUIIALSAAHANN IS TOIMINTIIALHES T8 urayoud
m TdIAMIJHANESTIINADIASY IO DIOIAMS TAH VYV LISAHAVINVED TVADINDON D19 DARINADIN
=

¢ M MY AdATNLVIONAMNEd YIH DA HYSTIVOMISILSNVIHHHVYTLITATAS 60°SC {suenjosqly | 8L80TOTSS T L6ES SUDAJOSLIG I}

ADIHTdWNASDIITISAYISNYATAAASIHIATAAYAIIYINGAYSIAATISTOZIISANNINTAGD Y HIHNVYI ouqiauAng] S/TT0 dM ouqinuAing
SNYNHILAVHAIAGHSINSS LAANASTIAIANAASIAU ITOMADHAIIASDANSIISHIIAAHSIADSLLTIAL aseJajsuely
ATIATS I8N LDD dIVIAAGS 4D IHTId HAD LW I ANSIAADAIOND TOONLIADINIAISAWLHTAASATITOA |As0oA8
IDd13dISSYNTIAAYASIDIAdHNINIAAATANHINLNGAHAd VODIWAN I TIHISSNNSH LOIANINLISION
MNIALLDINDNASSTAAVISITIAITAIAdSINIINITDIHYLSAITITIIAYNLINNSSSADHTLNDISVISSAIZD
DMOTY LATILINIADAANNTADSI DY INSIVIAASLYSASIISYSHAITOSI TITMSHDATIELAFANIALQIND
FISTAENUNDDINNWISSAADHATALANIAAADINDI AST TISANSIAIDA HIFJAH INNS LI GEAAI AN MAS
VSIATTHOHOTHODTINYAATAIdSTNDAD TLADLIAIASSNY TV LAAIDS THASLIDAASADAVIAIONVVAIOA
NYYADTISNTOCI N4 HANIDAVODIDINISNAIDNIDAATIAIINGALDSSIS LIDDTTANIANTALAIISATIN
6ST ADADAllA 91'ST [ | V68LESTIS 11666 T1D VY445 T €
MNAMTIHTIOIITOSNIHIVAEIAN A LENTIVOMISI LSNYD INHYIDSWIINAAISAIDINMAALL 11D VVd44S T € SE9TO dM wnuo1oeq
AIAOHANTHTAVLAASTTAIHLAAESNIATIVYIAASNLDIOD SN VINIdATAGOUIIHISASNIVAWUIIA wingsloeq 9 sesoelidsouyde
LINDSNVSId4D IO TIdWHAHAMIZDYMHODITAVASAINSAISHAIGSIAI HAINYY dI DI DADUDSHOT] easesidsouyoe]
YINIIVSILASOIANSD HTIISHUVAANIDASSATIMSIATIANNDISHANIATVADOWONSTOSOWANI TN ujsroud
8ST NYIM 91°sZ [69/8v€73 | TSTLBYSIT T°€89 69/8t€23
NINNTSIINDSIAMONIYIATHAISUNTMYODMMSALSNYIINNND ISWITANGIASIHINIAVAYATINSAA "11S QH:£ZTO 1102 62£200 dA 1S OHILZTO
SHIDIVAMIATALIN4L0SOIASTHAINY SIAAQNS TLOHINVYHINNAAGDUHAHISLINASALITSAIOINHD BIY21IDY S]] oS 1j02 BIYOLIDYDISIOD
- TAHIAAYEIZSTdITAYHINTRISADAISITIVAQINAISTANAASYANTS AIND THIVLAO TSN TId DI HI I T eJsjsuesyjAsoony BIYD1IBYIS]
S NIIANIANSSHHA MO TITHEI LONDJIONIAASAQTIATILAdIHON TTAYYVAD A WONDTODSTOIANIN
gl

B m DI HY MY L1°ST [snowBnuiv) | Z6ZLS60SS T'6v9S SEENTEREIEY
i JdMIAANLIVdAVIMEY dSYADIAYE ANTMYDMMSASSNYAIHHEIVSIWTHTIAIANDVLANHOLIAYIIY 191 04720 dM 1910eqOpOLIOPNSSd
& dTHINIHAMYdAASAVAAALYLONHY LIHY TV HIAAY A LOSOHIVYY IV QHAAODHUAHTSAVHAIVVIIY 2qOPOYIOPNSd]

o TMUVYNATAdVYADLIEVHILYYHYYSAYISDLADLIMY dHIANS TLANADNDNIHATNG DOBED TIAMITMY os
= 1dSTYdIddTISIATdSYIAINIVOIOADHIYIHYAAY 1A THIdWO LD IS TVHO YV ADIWNON D 1O DNIDINAIN eJajsuesjAsoony

-Z'1-eydie

77

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

. WAFINOAATIANIMIJAANAYAdSS dAIATISHIATIVYMESILISASTHEEIWIIANT T4 [Z88:9VD | 0L9TL6LVS 18748 788:9VD
w.mm__D._.mm_w._o>>_u_m_<o>o._m_v__>m_m<._zm>2mm>_¢m_\/_ov_v_<m®_v_5<9_>>v__m.Ev__D00m>:>mu_.zm:. wniieleq 9€zZZ0 dM | winiieldeq seindiulily
/ImI_._m_a<v_<mmam_v_&hdm_>__Qm_v_ub_%,ul_ZO%GI._CEmEv_mm>>n:>un_uzm.rmmm>_>z>v:mm5m $23Nd|ULIid]

NAAANHALOM NLISIRALIAININGTAALY TLISNAACS LATTILANGHI YASADIAANSNONDTOADIAINN TT Awey
aseiajsueny
1AsooA|8

99T PILEIAEONTAITLNOANAANAISIAD ST [FES:OVD | 86TTS6LYS 1°50T¢ YESIOVD
Z>>>mmn_<_.>._v5a2m2E<<>>>>mu_mm2m:ZImumm_z.ES_n_;@.;mkzzf._iIn_m._<m_m_mmm_>_mmm_d wniialoeq SEZZO dM | Winlis1oeq sandiulid

mv__\/:m_>>>ov_>>>v_am_2mm_&v_d.n_auv_o,oEm><0m>>v_mb_oo>dm2mmmaOm>_>_140><zuom:~:._> EEIURINTRIEY|
v_m_tw>._n_<a._z_Zav_._mnmm&.m_d>m_m.__Dmu;mdmdmmov_;_zZmu“m._>v_n5>n_wdm>>m_axmom5mv:mv_ ura10:d
m”_o_\,_mm.ol_l._<>_m_m_>>\_.<mn;u,O¢><.__>_E>><v_m_.um>mz_Qn_u_v_>mm®§<_.._v:>_5<>du_\/_Ozo._OOm_Z

S91 HAMQId1DaA NTASAVIAIHNNISYTAVO MMAISSNSITHHND IS TANGO IV IZ OMISLA S¢ [48c9 suidedy | TLIBSESLE T°Er6 UGEQ Shigey
JAADAGTITNSDIAMAIQISIAHITINDANNYIAN WY AAAQHIAAYTIOITONANISAYEADIVALLAYSN LISV sapioualoeg] os 0TTS00 dA sapiolardegisyises}
mv_m_>mo_>mv_tviom_m_,O<m_v_mm>v_>mom>0m4>_mmu_m<_m_>:sz”_I>n_v_v_m>_n_v:2>.iGmw_v_mm_v_m.:m eiajsues]jAsoony sapioieloed
o._n_>m¢m_\/_>>mmmud>ﬂZudxgmgmmmmmoommo;_n_u__..ﬂv_OZm_d<_ov_<<<>E_>_Ozo._won:v_<_>_>_ -z'1-eydje

SISBYIUASOI] Sd1
91 NIMAdIIAIISI AHAVINGYIADIZSNINTAVO MASHLSNVIIN HIDISANTO WNAH4SNYOLNDIALLEAND 80°'ST finueldq | ¥Z/LTIETSS 1°909¢ muehiq ewsuodaiy
zamm._mv_u\rov_oeuﬁn_xaom_v_v_Z_>>4<um>><oa>._n_>om_._>o0mmmI_m_mImmm_v_mV;m_z;D.:m& ewauodail] £6220 dM
;._DS__m_zI_<<w>Z>z>mn_®>._Emv_z,on_._mEmmZﬁDEQxdyEmEmmmz2<v_~:_m>._u_u_v:n_I<v_zwm_ u10:d
aiv_>l_mx>m_v_>>z<m§n_24om_VE>m:.uzIw>&<>v:b>v__mmv_aixvzdta,,;m”*_20204000_292_2

€91 M ASANTASSSONTIAMN GV IA AININTMYOMMSILSNSHNNADTSINTAIEINI 80°SC [1sdse | 68005681 T6T¢E 1sd

Zn_mm_._>>>>.2_.2_.:2mm>>>m_momm>>u>mmoa5m_>_<v_>>>m_>_.r.__GI_mdgmv_zou_>00mm_14w>mo>m pioia1deqoseyd 096100 dA sapioJaideqoaeyd
— v__Dm>>v_m_>m_um_._uo>_>_m>omjEm_mn_u_>o>m,O>>.G>>m>Ummv_>>v_mD>$_v_v_m>>mon_>u<>®>mm._§_> wniqo1oyo] wiNiqo.oj
% >m>>v_zz>>m2v_v_Em_<v_>z>mm4OUm“_v_a?EEmhzj.Euzmz_m_mmw._<>dw_>_dzo.@wﬁ_x>>>v_n:>_ uiazoad Ajituey yoisepioiaroeqoseyd
v aselsjsues WNIqoioyD
gy 1AsoDAI8
mn m_=>__>>V_O¢>>Dv_._.m_n_v_ECEI._>_oZm>am.~>><<>>>>m&.mz<z_IImUmmS_.;S_Qm;mav_Ov_zuo>> 80°S¢ [917 1T T | 6L¥Wrb0O96Y 19868 9T 1T ¢
N ANNTLOA LA MNIANSHAINDITHINTATNVYIIAAGQILOADNIDAAIASIATAA OHYIHISASNNATIDIN "ds sapioiaroeg] 9/800 dM "ds sepioleoed
= ”*>>ml_|._>n_mz_.>w&v_u_>v_v_>m:m_ov_n_>v_mmx>>00>>>u_m_“_meav_jmmm>D>2v_n_m>:>_m_o>._mw._v_z>_mv_ 1T Apwuey
W Z“__>o>¢>m__v_n_._>2mzd_ou_>mv:m<ozx>z._.mv_aon__>Iu242Dv_v_v_<l_>n_<>dm_>_dzgOzu_>>_m_>_ oseiajsueil

|As02A|3

78

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

IF: TYIMOSITIAN LAMN €8'vC [z | £€8ceg9¢er T6V0 7 ZNg eulienisae
NV4MUOdDIAANTdYdNTMYOMMSASSNYIAHHHI 1S TOTAAAQVAdDSNOAIAHIDILAINVEIAM 7ZN4g euliensae 6TEL00 dA e|joigi4’eunienisse
AdAAS444T11YNdTAOTHY VIO AAVTOAIDASDSIIdHIAAA DHYAHASIdAIVOIIODDADAL LAS 1Y SHEIEIE) B|[24a1d
N417IOHDdLSOVAANISOMADM L TdVY dHINLIA3HIAVIZY LA TdYISYOdTIHLVISYAIMASSAT] TT Ajwey
NAYANIHA TN YL ALVATOHAIAYTAIMISINODTIVIHYOTVYADI TON D1DSLINVIAWISNATAENY LA aselajsuell

1AsODAIS
Tt VOVITISSOATOIMH A TIAAVLIIHNSINIMEAVddSIA S8 v fwnsouids wn 96TSY9.L6Y T°08c6 wnsouds
u_mZmZ._.OJ\S<<>>>>m.~mmm<:IIDUmv_S_J_m_n.om_m>om<~_ZIQ>ISmmmUn__dm_x>>>o>>oomn_>n_u_._.m<d {QODILIOINIIBA] $6600 dM WIN[QOUDIUOINLIBA
,E<mEmm§<<gu>m.~m._.ux>mmmv_§oom_m>_1:m>mmmxdEm‘_><v_._.<®<n_amv_J_.Smxj_Qx_mon;xm_o,o TT Ajwey
MADATIANALIITIAALALHS HYISAANOITIdONG1IINISHTYEDALSOTIDIND TR TLY DY OdTHVHIV ‘gseigjsuel
YY19IT1dDTHSIAVALYIESLITIHATOISYAdHTEAHAQA T LLOTHAS 1 HY OYVYADIWONOTDISIHSIAN |As0dA|3
0L1 THIML 61T [0804D | STIPEQSEY TT996 | 08040 "ds wnqoziyy
<n_>_oxoov_oa<xum\</dxn_<_>1v_Zamazj_>><mu>>>>mmmmz<__I<Iu<<_>jIS_Qm_OomOZZ,OnEEZZ “ds wnmgoziyy] G100 dM
n_mmm,o,_zom<>>,0am_omu.>u_n_m<oo<mnjExm_\,_dm_I>>>n_amu.51><z<maz_.>>oOxm>:_m>n_._|r<<o 1T Apwey
E<,_>Q,Om_<awﬁmv_,_mn_omx_<D<mm<u_>,0mmd>>>wm._I,_mom_,_<a>mmon..502m>_memmmoav_n_d.m._.u_v_ aselsisues
YTIOUAdIAVIATALOVIVYA INFOATVAIHIHAYONINATATIVINVIVIVY OYVADIJWONOTODTIHLHN JAs02A|D
691 THAM e [osusBuisiy | 8YEE0SEGY N AVAS 0gd4SO
HOJATAYYAdLAVAIMEY Y LIS3SY DATMVYOMMSISSNYAIHHYOV LN TEIAIINLVVANTYATHIN winjuidseq.aH] 9900 dM asuasuisuy wny|
IATOINLVAMATAASIATITEVOOLAD HTHYAVHIAADTAD L DHAVY VYV NSAAQD BHIHISASHLEO! uiszoud Ajjwes uidseqisH asuaduisiy
TIIMVONAVYSAYVIAVIAN H1AAVAVIANISOMADATAIDAdTISTIAVIAL LA IMI LAAY T Nd748¥T7401 oIselsjsuel] wnjydseqioy
HOIAVddNdTTHSAVYILO AVIID0NWDIVHIAAAVLVYSA IV4dADHHTIVIVHOVVADIWNONDTIODITYSAIN jAs00AE
89T TIAMAITIANNNYTASSAMEN dVILIOHANTMYDMMSILSNYHHHIDASWINTAAIVSTING s [sn £GE6E9T1EY 177889 06¢01
M AALIHOTISOINANDIMSIAASAAT I M IALTHINLIVIHAASTADADHASN LHYNNAAGDYEAHTISADNILNI JAjowseyesed 67500 dM snojjAjowseyeled
m __Zd>>m_._<n_mm.i_2_m>_dv_>._m_ov__omm>da2,0>>>ooﬁm®mv_uxm_m5>>.~mm_v_mv__>thj_mm‘_zj_v_mj_u_m_ CUQIA] TT Ajiwey OUGINQTECT
- s1a QOQGUmH_>m_V_d.r<>v_<V__va_njm_>v_m.umdv_n_>u_m._b._._1_m_uﬂxZm_<uo_<>,ou_._,02O._Omum>v_>_>_>_ oseisjsues] snoizAjowseyesed
v |As0OoA|S OUGINIIEZOT
& snopAjowseyeled
(o) OLIQIN'ECEDT
W snojiAjowseyeled oLl
qiA‘snonAjowseyesed
OLTIA

79

SUBSTITUTE SHEET (RULE 26)



o
&
=
4
e TALMDSOATAYLA4a SLvZ [GS)N | 9GGLE/P9S T SSYN "dss
m AANSMYUNAVIATIHIOSNTMYDMMSISSNYTTHHHI VSN TONG Y4SHIDYNHAIAINGVA DITINVIAM “ds sno2020 ‘¥S6/88HY | Nodod0ydsuAsouIaYL
=) O dQGSHAATHdIHNYTINTIVAVEIAAVSTAADHAYYANDGOAFADUUAHISASIOVYINIIATOYNYIAT yasuAsoway]
= dOVAYIYVIAYGOAISAAYISOMADATAYAD D TVIIDdMAHAHdTIVADO I TIMYTHHUATIHYATI HSHS os
W..» OTADYNISdVV A TATQH4AYHTITOOH TUADA4MG 1048 TdAVHY TS TVIDVVADINON D IODATIAIN el sueiljAsodny
-¢'T-eydie
LLT IDSIDIMNHAAIGHLIACH N HAIAHIA N IdVSATMYDMMSH LSNYTIHHYD TSN TONGY MSN SLYC [suediw | Z€P800V6Y 1'€880 {EY0 suedwl
I9INJAAINASAADSAIN IV ATNCAASIAIHAINIAHSHIATIVYIAATILOADDAISACTAADUYYIHISISO LY e[j@10n8.d] 56900 dMm e||310A31d suediw
IVSIYN 433AASdd 414N Y YTILAASIANTISHMOODYAL ITDdHH TN STSANY LIdAATTHIDAVN TV LY TN TY utayoud g[[810naid
FHNSAAVIGTTHAIANDININSHAD DA TYTITALSHINTADA LLOYNYTYNITAIVADSWONDTONLIAAGN
9L1 IMIAITOAIDMODLINDSLINIAAVIAINIANGSTMY SMMSALSNYIAIHADITISWIMICVAVNINGDINH 9/,°vT fwnueeq | 90T8E690Y T | Wnueldeq psininoun
AlILIYAAdTdNVTIVIADIGSH I AHYNAINIINAVIVLHAANSOINSSASIGAN QI AHAVIVIINAIYAVL painynaun] F4lAWAE) k!
VIN1SASdSM ITA0YIIDIIAAIANISOMADATAANDANdYAATTHIGIDSHIVLIAVIOVAdA DINIIENTAYYI €000
NS4dITHILA LV NS LINANITOAL YN ATAGANADS LA GININNSNYIVINYEIVYVAIITONSID S LJddIIVNIN £6T0009% GOV
utarosd
ST TRIMSNA AN DIAD TIdIDAMINJYAAISYHASTMYDMMSASSNYAIYHE D TSWIAWGOMSANIOND €87 [esusdsegsuds | Sp8E60TTS T'¥S0v ssuaBiaqsuds
DHAALYATNAOTTOSAMITAASHIH4TINTTHINWAIAVHIAALYADTOHH VYN VOANIAAGDYHIHAIASNG ewoso4ids] 09070 dM ewosolids
IONTNNVTYS.LISNAdD U THAHALATIAAHISOMADAIATEVSYVAIAYIAAALIY TISING4d TV ursoid
INAdSYIANGID41DTI4dYALANY INYITINS TIHLSAL 1L GOYOHVTO W B4VADINONDTODNTINANN
| ZAS MHAMSSAAIGSGAIIdGNAMMId €8¢ [T HS eanjeq [ FAYA 743 T edtljeq
VILINVISNYIMYODMMSASSNVITHSIVH LN TMIGET1DLIdSOVINTIANAALLY SSHINDAYMIIAASS einjjasidopoyy] 67898 dN e|nyandopoyy T HS
A4ALSTLATYIIVYIHATISIIDMAYDHYNYNLAAGDYYAH TS LISAD DI TYIVINGY VD Addidd 11314100V asesajsueldl ednjeq einjaadopoyy
AdSHANISHIADYDIA DA TINAIVAGLIUNSDIDALIAHNSISOINSTIOSISANISHHYOIdAVATIASHHYNSSA jAsoany
PIIATOISIAHHISTYUDOVYAD TADNDIOOSISIID INGSYSYILLVIGHASYHSATLONIASTHIHYSLVIN
i AYIMIddD £]8¥C [THYIVIDVD 'ds | SBTOREEIS 1°avLS THYIVIOVD
|GdNH TN dOV4MEADYAAANDVSAN UMY OMMSASSNYITHHUDADWTINGIAVYODINHAIAALIVAT J310RqOPOYY] B8 99€70 dM “ds s3308q0POYY

WO 2015/175801

VINGYYMHIAASAAATIAAIDV UV Y IVVAVYYAAGY QD LOHADODANVSYAAGDUYAHTISAVHAADVIYSY
MYTINGGSAdIAIT TN DIAAQHIAVISOIADHTALDAOVVIAVINADIDYIY THIdVINIOVIMIOAVIA
USUdddTAVSYDNYYYIVIHGTDAAVHYYD USTINLATATILOHY IVAVYDDVADS TONDTODATINHIN

eso)sueiljAsosny
-Z'T-eydie

80

SUBSTITUTE SHEET (RULE 26)



|
PCT/US2015/030823

1 A /S vT | [€-S5Q thosswod STZ8699S T €-550d
JIMIMAddTIAINHINYADAMSY AUV Y Od HYN TMYYMMSISSNDIINHYDITSWTHINGIZAL134ONAd elageny] ‘es £8589T dA 1hosswod ensdany
AAANOAD TV INGYY MY dAASTTANAGADYADTTIHLTVYVAATO A TLHYVIVAAQDYYAHTSIVALADIY eiajsuelljAsoony
YYINIYNDSNSIVdIv4 AVY I YYIHVIAYISOMADHIA LD QUM LIIYYNADIDOHIYYIYEVIDTTIMYSH -z'T-eydie
YTIOAONTdd TOAJOVIATA4AYLTADIOYSIVIYLATVAD IO TIVVIOUVYYVYADIWNOND TUOH Y LLIW

€8T 41 MDD TdAIQH LA dAIYAMITIYAANN D LNDS TMYDOMMSISSNYIHIFHIDNYNTHTAIHONSY 85T [T | €0S8Tveee 1924 TN "ds 1230eq089
AHYAADIAYAATTHINGIVYMOdAASAiFAdAIAND VIS HAYIYAAT T TADH HYTLN INSAAQSYYAHTVA "ds 1910eq0a9)] L6TH00 dA
YNLYIAHSTAMISOIOVAAIdIIIATIIEYIAVIANILOMADHTAIND YUY S TIVd A3 TUSHOLTYTAVOJIHLING urejoad Ajtwuey
NIY44VIZAd1LVISODANTYHTAAT Y 1dAAY4VLLAIIZVINTIVIHYOTYADIWONDTONAVYIIANOIW asesajsueil

jAs0oA|3

8t ISIMAIDNIADLSIISNIINLIENd 9'vz [suaajosiuejAX | T¥L967S6Y TV6vT v0DZTLEDTD
OAAINTONYNTMYYMMSALSNOHNHYYISIWTOWAYINYIDSAINMAATIATIIdINAIAMIANTLHA sapjosa3oeg] 70800 dM suaAjosiuelAX sapi
AdHANNIHIYANATIVIANAATA L TONDNT1ISOINACA DN Y THIVASNIDS AN YYAIINYTIA3d 141404y ura30:d 01210eg SUIA|OSILB|AX
IAQIIHYLANISOMADNAIDNYLYI NINAIAAD AN DIAIAATADIINHAMNN AL TOIHYITON Y TSdIAM sepiolaioeg

N4HOIA AN IS YADTUATIIVMOD SHdMINSDAIIATTONYINTOUDIVAHINONYTOVNANAVIN

I8T TLIMAONHATNALION N MYSAVALINGINYNTLYOMMSILSNYIINHATY LIATTA 99'vZ [288:9¥D | LOSL96LVS T E8vL Z88:9vD
INTOAdIDEANIALYIDOWI ANIAINIYYAIdAASIIATAGH FHLADNSAVSYAAGOLTOIHIOVNADLIAGSY wniiayeq 9€770 dM | WnR1deq saIndiliiilg
HIHTYASNISSINANIAYYNSN I 3d TN TITONINYAANAIAINDMADIATAIASOIVAQQYAANIA3AA sa3noluLd]

HALNIOVYYAAYLNANGTIASIIYN LIONNIJSOILISANYTAANIAD TINO TAYSIVAD S TONOIDDNIFANNIN Ajlwe} 1119
aselajsuell
jAsooAB

0sT NIAAN MOV AINALIDHOIMUIANIA DININENTMYOMMS S LSNITHHYD HSWTNWAD MSIADM 99'v¢ [wnieuyjed | 0ZZ96VLTS T/6L9 wnseujjes
NAMAIHAYOdTdINIIAMYIAASIAAAISOI Y YNNIV IYNIAADTOIAS D LIIMHN I TAGD HHYAHTSAVH sopioialoeg] 998T0 dM sapiosaioeyd
INHITONTALLOLAINSTOSNA LATAYIANINAYIIHISOAZIDONIATIAMIANN A TINSSAONYIADIIAS T asesdysues

- JIANNTION DI A INIAHHNIADHHANAHWNASTANEIN LHYI AN Y TAIVAIHNON DD D LAY jAsooAE

w

s ASANINTISHATYIITUSATY ¢ vz | [sesedouocyiyd | 9THTEOEEY T¥180 ozvL
w AQQIHOYTISOATIMSIISADIVIYDADGHADD INAAIALYTHI DD TMYDMMSILSASD IHHOIN LWIATAS snjno12se40907] 0T900 dM J0d seisejdouoyiys
4 ANMHOSTHIINOSTIOATANNLYAGIASIA T TIONIIASTIVANAASH YN D GUATODAATDIYTHWOASNYIN TT Ajlwey shinoiose}
o THSHHAYISY INTINISIMODUATA AN GAANASDHADSITLOADISTYNISIDENTODYADN LIDIdOSAYITOd aseiaysuesy 09|03 'sase|douoyIyd
= NTLIISADSMYIDIAINADTHYY LS YTV ADANDNO THADNDTNGISIWAIAAINTIDSH G HASTINANTS TN AscoAID SN{NdIdSeJ09|03

81

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

WO 2015/175801

4339SALINVAGIAASIAITHYSIAINNTYIVOVAATIIDINDIAVIANIVATAGDHY IHISASIOAV IIVIN
NONIINDOSAd4AIDIDNTNIAYAANTIVIADATAYAIAAH IdHAN I LI Y L DdFIADAINDVADOIONT
VYIITIOVIAIVINAAN TTTTHYVAANNOUNNITIMSIATHANN OIS TINOAWY ADDNONDTOOVTOINN

eaoeusidsouyoe]
uiazoud

(e 1D MS 34 Qd L4 INAMISAAIANAINDINNTIVY MASZISNVIIN zeve [soplosaroeg] | C6LSCVI6Y T6L66 ] LANIUP SNIESINA SBp
AMDSSINTAWAAISSTDLNMNAAYN dITTHLIDAMSIAASIAAIAY ANANTLINYIVAHARNOLIINDIIATND TT Ajiuey £€8500 dM | 1019310BGT0DZTLEOTD
M LNAGOYYIHADASNSNOIANTISONNIS TTTHHAAILNIAAANNATIADVOITHNIADAIAS OANADIMHA aselaysuedy 1240p
IS THMAYSINNTAALAIANATZIDONHSANAMYANAI AZLIAHYSTANAIY ADF TON D TODAIAADIN jAs0oAIS $3p1012122g:0TSDd
snie8jnA sa
ploia10egya/9g 1 §
1210p
sapto1segivoy T €
-ds s
pioJsegiVV4/Y € ¥
-ds sap
10193084 saplosdloeg
88T FIM YEVT [T8T-0d | 988906E€€ A2 edjuopisod
SSATAILNAALAI MR AVIIINDSINTMYDMMSISSNYITHHADIWSIATYNGNISHADYNHDIASAG -ViAl e21UopIsod 0800 dA SEUOWOULIBAITST
SAYIVINISAMIJAASH I T1YSIDNIDTFIIVHTAAQISOHOHIYIYI INLTAGDYYAHISISHOSDIANVISINL SeUOWOULIRIA] -0d-VIAl ed1uopisod
FAANNALIDAANTIOSHHNTHANTLOMADDTH OSAN ASFISSNANFSNId4INOINTNN NS NINST utaz04d Ajruey SeuowoULIBIN
J4OINNDNANILYATIATDH4AYNTIADN HALOSYISOAAN T INTRISISYVIVADINONS TS TAAIIN asesajsuel}
{As0dA|3
£81 TOHM vt fwnain| | €vLLVPLIS 1°/958 wna3n| ewosouds
HddlIODSTACONAIMD DAYAATYIVAINTMY DMMSISSNVYAIYHYDTISWTANJOMSAVIUNHAHYY eUW0s01dS] 19810 dM
JOTHIDTYNYMAdAASIAFHDAAIDINAAIDVHYAASAAD TOHHONVYHINIAAQDYHIHAIVYNDOISTIL ursloid
AVINSYSDV AN NYIATHIYTO LY Y4 ATISOMAD IDAACUAYNNTINNIVNG TTLSTUTTIVAXASIVAYSTO
SALAINTSYVAVIADALATIA LA LADETHYIVASTTIHYITY 13 LOTOVY INTO4VADI TONDTODSTASIAW
98T INDTMICNT ININODTAINMMIDAAIA LIINODDTAYIMASISSNYHONGIDSININAINGTASA 6V vC [260T:9VD | 88IVSTLYS 1€0L6 Z60T:9VD
19INMAAAIYSAQNdINIYAIMITTAASADITYANINNINWATTVUNAAGTLIID DI ISHANSYIAGOYUAH *ds g|310n3.d] 86170 dMm "ds e|j910A3.d
A4DLIFAHIADTDRINNIDTISVIAANMITMININdJADALINA I IANYAHHXMIYOITATMASNAATIHA TT Ajlwey
TALTOAA TLMAIV AdTIAGIMANITIOAHIN IIADAHDALSINGIISHTHIAIVATINONDTDODLANTIEN aseJsysuey
1As0oA|8
B DINDUNGIHAM [AR 74 fv | €£6££0T1S T°L66T -87 winud1oeq
IMIIHNTIAIINOSNIH I dHNAAN DN YN TV OMASTLSNYIINHYDIOSINTMIQIISARDOUNIAANAL -8Z winydldeq 62970 dM seadesidsouyde

82

SUBSTITUTE SHEET (RULE 26)



|
PCT/US2015/030823

! TEAM 91T'v¢ [esan) | €997€88TS 1°€488 B3N] gjjoauepny
OVAITAY LINMAINY MO dVIAEI Add dNTMY OMMSASSNYIIHHHITSIWTOTAAAAVAd DINIATAHL ej|auepny] 866T0 dM
HIYNHOYAMIAAASIATILY AdSOON IOV IV.LOAALAATYD4SOSIIdHSAAADUY IHASAL LD 1D utajo.d

YAUY ANDDIDUL LTIHHILYYNSVIADISOMADAT LIHVONVYNIAVSATHAHINY LAY TSHDETIL
VISAATMASATTIAAQISIEAH0OYd LALIALYHAAY TAIM T LONDIVTHY OIVAD4TONDTOSLINVIAW

v61l [HUYMSLIAIQSAAITIANIMIAGVILIN 9T vC [esedouna | TZ9¥EESEY 10076 29 eaedoina en
VISOSTMYDMMSHSSNVITHSAVHLATMIAY D LIdSOVINIZIANAMLIYSSHINOAVMIAIAASINIALS ejn|jaadopoyy] 59800 dM | [1anidopoyyieaedolns
AVANDIIVYIIATS LISMAHDHYNYNSAAGDHHAHTSISINOISTHOVINAYY DA TdAdd 13 LHIDAVAd o5 e|njjasdopoyy
THANTS I ADY [V d 1AV HAIUISDITALIVSHSIDVINATAD SA4SANIMED VDI dIV ATIASHHUNSS AL eJa9suesljAsoany
N1ATOTIIAHHIS TVEOVYAD TWDNS199SISLLIVIASY SYYO LSOADDVVISATVOAOASTHIHASIVIN -g'T-eydie

€61 AVAIFON0DIVOOATAIMAdTVWOIADHDIGAIA DG TLNTAVYMLSALSNSIIONDIVSNT443a1asTY zzve | [€8T-Tv siuwoy | 7697ESLYE Tasy €81-¢V siuiwioy
31943VIAY N ¥YIDAATIINVAHITAN LIAIHIATdNINDINEY IVODJAVE NI DD 1A DDUAHTVYILELDLIDD 21INGISOY] 6E8Y00 dA BLINQIS0Y SIUIIOY

INTIHAVALDIAVA LINIHTAQTATIIADTIDMADHTAU DY YV AAIAYVAAY AN QHI HIAHAY IQHY TEANA uio104d Ajjwiey eLNgasoy
PIOMALENDISINIAAAYIHATIAQUTLSNADISIATH INIDSUNVVVADIVANAWODNDNOADIIALAN aselajsuell
1As02A;3

[4:13 IMINAILAIALIN 6C° V¢ [suoajosiiqly 1 TT6TTOTSS T°LZ€S SUDA[OSLIqLY

NDINNTMMISAV LLIADIHASTMYOMMSISSNYTIHHNDVSINTATIVIAYATSIANASHOININGISATINIOLN olqiauAINg] SLTT0 dM ouqiauiing
AJTINIADVANIND MIIANSA U VI I THIAVIVIAAAIALDIODALIND LTAADHHIHISASISNIITHA uizz0ud
PLLAALSLTAINON L1ZANTYHASTIADIANISOIADNTAVA LN TANGAANDAIdIAAGS LALD LI U IS

IQNASTY IALATAYLVIVATINWI QTN TIADIADSTIANIACUN THATNIATIA T TOND 1990 TN

61 ISIM 6Tve [§£8:DVD | 8TYIS6LYS P 7A% SL8:9V)

OIVTIdNSSIANLSTINAMIHIIAADINTLNNTAYOMMSASSNSIINHIDTSWTODNAIHSOMOSOENDAA -ds saprotaloeg] SETTO dM “ds sap10.19108g
— PIATIMSTNINAMY SN ALIAAISSSAANINNTAAYNHAAIADD LNNAMIYTDAGH DN IHTSASNIOVTEL uiz3o.d
% VAADNNOSIATd L4 1 HUATVAASIANAVSD AVDTIASAUNAd dTHIIVOSLITANLLNG TN THSIOAHD pazilaideseyoun
m OONNYIQEY VY4 1VAdd I TMAANIHATAVYE LHAGAAVAADINDTATAIVATANENTIDIVINNIIASN
=
mﬁ THNMSIANAALISHANAMNIVAIIAINNNTMYSMMSISSNYHNSHITSWTAW [450 74 [enbign | 9SSETO6TS T'TEV6 anbign Ja1deqiBejad
x A1H4SUYDINIAAHAGHAIAINAALMSLAASH AN NN IS LINIVITAAINTALHHNNNDNT1HADHHIHIS 1opeqidedd 97070 dM sniepipue)
o ISNNYNIQOVATINSHTTADSINS RN TLYAINAATISOMADATISHAGTNTINS LAHAHd IHNAINAILLARNTI sniepipued]
= FLANISHASTLINTISANSAINA DD TIIDONA T EANIANTATIS TIANDIVIVAD LY IOANONDTOOLTHIEILLIN uiaioud

83

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

1 TA1SOTIITAANNTINYI MANISAIADNYASTIVOMMSILSNYIANHIDDSITINIVAGLAS Y0¥z [setsjoyYD | LTZLS6L8Y 19190 S6EL8
DOAJAANLAGIGESINNIAMGIAAST IHIHAISNAANNINNTYGYAADISOADHATI LNIIVAAGOYIAHIWD OLIQIAT TT Ajtue) €0700 dM “13s TO de49I0Y2
ASNSDIINNYATTINORIGAISITININSHAGHAAYASOMADTIAAANLISTILIATONINAAIITINNIIYIDINI ‘aselaysuely OLIGIA!2E13] 0D OLIGIA
PITENOYAASSON HATSAAD AANYIAYAYANDSIAISIATHINDSASNOA TATAIVADS TONDTODSISHANW |AsooAy3

00z 9T IMOddL AdNS DIdAY4MUNIYANDIATSINTMY DMMSILSNALNHADTISNTITAIIVINOANI SO'vT [eojydonoioyd | se8E/EVEY TL166 £v
YALATNY QWY ANNYAMGdGASITAANGASOSYYHIID VYD AAD 1AV OHISUYIVS LTAT OUHIHINSAS eOO0H] ‘Os 6T.00 dM | -14Q edtydosoloyd e

JYSOINIAVINSYNIOSIVOYASTANMTISYIAIFANDSDIADHTADAYIILIIHYNADTAD IIAIY dSHOIHYM elaysuelljAsoony ajseoH eaydonocioyd
MY AV 1Y NHDAdTISSNYANYOISIHOTAADIANSS L4TH 1A TTIISOLY IVAVEOAYADATONDTODOHIN -Z'T-eydje e9[490H
66T IADIWHMD3I S0'vT [sueounynssp | ZOvH060SS 1°266L SUBDLINYNSIP
AYIADIODAIASHOOUMISIWIALNNIVHOS TMYOMMSTSSNSILIHNODLNTITADVANAONANYAAANS ougIaoynsaql S97T0 dM oLqIAOYINSS]
AADTOV VNN LMIT NONSIAILLINGOTYVY I IVYIFAY LTATHINSDIAGDYYAHAYAI WYY HILD TN ueroud
VONSIIAVIYIAAY THIINIVS IAAOYNAAADDTALION Y TIAdAINDISAd AYNTYIHAFTHINISY Y ININ
L4ASNTIHIYNTIOYIGHY AHYAMSTAHIA LISSSHOAVYISTY ADMIND SOTODAANATY WHOIVYATISISIN
86T AHMIdIN sovz | [855:9vD siiBely | SO06LTLVS 1°9/5Z 8GSIOVD
AIASAAIONUNGMIN AT IHNNSISTADY MMSASSNS TIHHIDON AW THTIZACINNTIGAANSNOINANIYIM sapioisloeg] ase TOZTZO dM sijiSely sopioiaroeq
ATGTHINSHIHILdNTIOSSIANIVHTAAGHNIATTHASIOVS THADYYTHADISNSNOIINTMINGISIALANT 19gsueayAsodA|S
IYHNSOHINA ANMSDIDOH I1LLNOSHHYAHAAN AdDDANY AINYNSNAMMMYISY d 1TV INO HATONN TT Ajwey
JTIMIYINIAd LIADWININTHOISISHIINNTINATINASININAD IV ISHYSIV ADI WONDTOODTTHIW
L61 A 30T [sisus1eSuus | 9€690691S 17516 sisuslesiu
LMYAAIGHYSALITISIMOYYAAYSS LYDTTMY D MMSASSNY IIHHSODSIN 139 DdHS LMAdIADIA nooodipdesews] ST8T0 dM snododipSelews
- aDIYDTIY LY MATAASIAI 1Y dSIAYTITIVYIAATTY IdAIINVIAAADYYAHTISISSAAYINY dTYSTONASA utejoud
w HYDTAGTIANYALODAGSIAYIDOMADINYAYDASNINTADIAS T TLYOLHA I DAd DI THIYIVHYIAL
= YV TYOIAIYAdLYNTINIODIDdAIHIOY LMIAN LD A TLAYHOYYIINHVY AV IO TOND 1D OV LANAGY N
=
mh SISAYIMSIIANGYSALID LMYTAYIANAdTANTMYOMMSI LSND ITHHUOHSINTAIINGOMST sTvz | [s=wepioseroeq) | G15E68561 1608 OVSTT LIA eaed
Q IONNMAIHIVHIGTNOYAMNTAISIAARHIHIAYNITIVIYNTAASSOD IDDTYIMHNTTTAC DHYAHISA asesasuely 19800 dM | elioadidesed 8004
= YHAGYMITONVHISHYSYH HIAIAIVIUADITIOVIANISOAIDNSAIMAMH AR LAIATSDDONYI TN [As0DA|3 "13S 67 ¢ uoxel
= THAINISUNIDSTLIdTHAAINNTADAHADAHAINGSTAIIAG A IN NN TANY AITWONOTODINATTHIN jes0 “ds eSeydolAd

ouden!salopioidloeg

84

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

[ LLMSTTIVIDINS 14 LMUSAYIATONIHONTAVOMMSALSNSIENANDTSINTAIA L6°EC [sepiosaroeq] Qce9cerey 1°156¢ ¥95:OVD sleunsalul
V4OSIFHNIAIALS I ISAHNIAM N ATSINITONTIAISNYHA WO IAMN T LIADAANINAD STAGOUAAHT uzoid 99/00 dM Sopl0ia1degigeg/T
SASIIVSHINTTIISTANNAMISTANOW A ALY AN TTO MADOTA DY YHITIDIGINSIS TALNSMOITVH NSQ Steuiisalui sap
JTUNNADLAYLAAYNATAIAdIHSITIINETOAS LOASYATAIANN T LIITTIADDASACI TOND 1O OMTENAHIN 101310 saploIaldeg
902 o>n_>v__>>®._.n_>~omkmm>dm>>mmn_>_>.rv_a*ma24>><©>>>>mu:.wzu__IIV_UIm_)_,:):)_Q,O;mQ 66'€C {1210p G9/0T1S6Y 1°538sS TOOCTLe01D 1940P
JOLNMAIAAYNOTEINTEAMAIAASAAASE SIAEISINIVIVNOAAD TODASDLLVMH JdOTAGOHUYIHTS saplose1eg] £8/00  dM S9p101210e9/558/ 1
><Zm_Dv_Q.__9S_Dx_mmwz.qv_mmau_kn_(m_m>m_ov:.u<u_u_mm_w,OE@vE>._._n_>>u;v_v_m_u_<m._m2a<,0v.mm_>_v_v_n_ oselajsuel} WSQi240p
JTHINNNTIONDHTLHA DIHAYHN FADAHANAHNIN S TAIIANSAAIN G TAIV AIINTON STOOLAN I TEIN [AsaoA|3 sapioseloegieiop
sopioJaloeg
S0¢ ZE>V__>>m>a>_>n:.m_m_v__2u_>>mma>_>kv_meaz._>><®>>>>mu:.mzu__IZmUIm_Z.__Z_ZQ,O\stZ 50 66°¢C [z9T:9vD | 80G899/¥S 1°L8¢CS 79T:9vD £j0204d0d
NMTIAHYNJ TS INDOMAM IIAASIAAISA LSTHNITILIVNIAAI TOONADI OV NYM DI dTIACDUHIHISAVHI 2|0204d0d ZTTZ0 dM sopi0Ja1deg
AVAINANTYSHSN MTIAINAD A LN HACAI AV IS HISOAIDNI A Td MY AN AV IINSONHONEIAAANDTTS sepiolareg]
JATHNTLYNIDAILHA TV AYNWIADHHAHAHWNAS TAINLHA S PIHANTAIVAIJNON DO LAXITHIN 1T Ajlwiey ase
13jsueilAsSODAIE
0¢ AAANTEAM e {smenro el tora 405y T LPSS €873 DD 1V SN1eAOD
NODIdGNTTLINIAMY IIVAAARTANNNTMYOMMSISSNYIINAHDISWTOWGAISTO ONNMIAINAT sepiosared] 6200 dM sopioialdeqgisnieno
NADITANANINIMDIAASAID AN AINASONTILIVHIAAGSNIADAId AN TAGOHHIHDISY IASHIIGSTYAN uizroid seplolaloeg
NIA YA AVHIAN QHISTANIINOMADTAAANANYLAISACIIOLLOSYINSHY A HYWTOMSHANS
AdAVAYYTOSTYVIdYIADI N TTTAONHTdADNASHYD T FTId HYIN TV TANVANINONSTODTINADIN
€0¢ IV DUAASAIITAAVYODHAAYAMUAIHAINYENSNTHYYMMSILSNVIFOHIDONA T A 10ve [sisuaieuo] | TEE9LVI6YV 12698 6M\ sisualeuo)
AASOIIASAIISONTLIININAMALAAS HANSHIUNDIHAAYVYSAASI TIDAINN S HYANTAADHUIHION elquiada)] 81600 dM BIqUISD3]IsIsUSIBUO|
- SASNAAMNINALNAGH LN IHNTLITASIHAATIAANINOMSOUTAINNIY HANSTTIVAHTINTIHALILHIAACD 1T Alwiey BIquI39)
% ITVAGSNTDHANMA THAIANIN SN T TAITHAdANNAAIHIASVIHSN HTIS THE D TY ADAIONDTOO W ANIIIN Iselajsuell
ﬁ |As00A|D
=
i mn TADMD £0've [6£TYPIN | ¥LOTVOTSS T3TLY BLTVIAN wnlialoeq
N FHATINVLINNAGIANIDILIOSHAYSTHY OMASILSNYHHHUDUSWNTAWATAVHSY A LADIANINNALS T wniuaeq s 81720 dM seadelidsouyde]
= NIAVNTYAASAAAINACY AISTINIVYAHIAADIOTITID LD LAGOIYAHASISHIGILLDONANTCUASILADNIN eaoeiidsouyde]
= JAAAN AN MADTNATAISSSYTHTHIAISNAAN FISTHSINIOFVIAULINNATTIANLYS IdIHHINAL ureloid

IAQYAVHIINASY IV HTAL VIO TIADVH IADINAIS TAYNTLY DN N FTIAY THVADIN TN DN DDUFUATIN

85

SUBSTITUTE SHEET (RULE 26)



on
&

[T & DIANSA ISONTIIASYAADINANNY TMYOMMAISSNSATHHADTSITAWANTYSAN D3N SINIEINSH TS'ET [oT T ¢ | 8ELEV096Y T°S%28 aT 1 ¢
m DIINNIAMIVAISH 44 LANTANSTAN VIO AIQTAIANLNOHSN TIOAYYADIVAL LISHANIVAS TLYTAN ‘ds sapioserdeg] 9,800 dm -ds seploieioeg
= | ADDHDANMISYAQIIAYINDMADATAAS TTHINTIOTAIADS LNISIAININSIH DINDTSINE T TAA ueroid
a MO AINYAUAS D4SATIINY I TANNADSO LA TIAVAIN TVIVEYLY AIHNONDTODIMYANDNIST T ¢
= ‘ds saploseroeg] uir0id | T°6¥2892800 dM |494|8ELEVO96Y |18<
3
=%

TIZ | ADADIAIGOEYIWTALNATIAOTMAAdATAINAAEASTMYSMMST LSNV LITIUSHANWTNGIQVSSS| ¥8'€T [oTed | €££69920¢€ T'€eL | 91ed snonseposrond
INAALLANDIAYINYAIMAIAASIAATAINNADTINIVISAVUAAAIAS ISIADINADIO LAGDYUAHIVIVNH snonsejacszoad 628£00 dA OLgIAL
VITANTIVNINISANDIASTINY IANSINIIADIND MADAAIHAN S TIAUdATOAISAIHALOVIMVAL DD olginuAng] JAngisnonse|posiold
JTTHIINAATHNISA AN HINANGIVINHANALSAID LAH3 MTOHNYAITNYY IV ADINONOTOONTVINNEN TT asesajsuely ougiuAing

|AsooA|3

01¢ DAAdENIMNAALNIATAS TTHADYASNAATTH3Y 88'€T (16£:DvD | 8T€T9EYYS 1°8206 T6L:9V3
ADYYDISHATVIT QY HNTIHTTTINVINVLISIHYATITAS TN HHAIMAISIIVIASTOSINTITTHLIMY wnaIeq $8TZO dM | WNIB10RQ SAINJULILY
JdITOLTLYAVEDINNISTOYNAAAGATIZdADTANISTITVHLLAdIAIVSLIDIdFANQETIIHHATINMAYSY soNdIW]

TADIDITIVWOVYH 4 CAVAHOO TIASYYH TAIA4SYAGIIVALTLIIVSATYAYAAYINAYO SSTIDHIAVIA uidlo.d
INVAHYHAADAAL DIAIDYYHYIDINYVYYSADYNI LHAADIISADYVALA TIVOLIASSOAAAVIIFTNAML
DOOASATVYDIAAYANAYIAIASTTdHAS TH DY S IHDNAAYAIA LY VIISOANONNMISAVIANIALVYAD
INASYMMSHSSNYIAHN YD TLNTATATADHAIASDIATAIHOYD TNISHIVO A MIDVYHIIANSIAGAIN
9dAYINTDYIVLAAAVALIIODAIADNAAAAD Y THISYSDDDAADYAVVIINYIHIYIVASYSCITNNOIO
HSIOINAITIIIdLIVNYATIIVOVIAUdSTADDD4ADI 13T THSIAINAQUANNITSHYD T H N SATAN
YOAL NI T1IINOVSIALIDAIATHAGHHIO SSNY 41 FIFAAOSHAAIINTIDTISE I TATVACINONDTDOISN

60T ASIYT 16°€C [0TZSOT dID | STYY6666E 1°599 012S0T
MAddTIAINNTIdAD4MALIDVAYHAd LONTMYYMMSHSSN DIINHAITSWTHNGIADLAVONIAAAA =G6ELT NSA 725900 dA dI3 = G6ELT INSA
NADdTININY MO IAASIAA LIDDTTDATADVIVYIAAVDAI TAHYYILTAADYHAHISIVNLIDIHVYIN sisudlode||es sisusadae||es 9308

IYNDONSAId414Q Y 14 IVSOVIAYISOMADHTASNASMAAIAINADTDATHE A D LD THOD TOUMT Joeqoseyd] qoaeyd'sisualoae||ed

VADTdVHOY1ddTIAd LV TA4AE LTADIDH1IVOUSATYASADTHAVIVE DV VADIWONDTHDHTHLIIN 0LOEEY TVDd Js13eqoReRYd
uiazoud

' AAIDAVANIAMDIM Ge'se | [pvwnualeqs | 8e88ZOTIS 1°220¢ yv wnusideq

ATHALYVATVIANAHHTAY A I dHENTEYOMISLSNYIINHED Y SWTYINADTSIY O LINMAAAHINNG eadelldsouyoe] 879T0 dM seeoeildsouyoe’]

WO 2015/175801

IO LNV AVAAASHIAIAIHIAYI LAY IV ORAAVALIIDNAEN DAVALTAAHY Y IHASAVNIDVINVEINGY
N dNSSAdIANIOTIdIAIAANIDDMADATAAAAN I ITINAYYITHADIQEED LTHHEAYAVIHINSNGT
TODYIVYIIAIAYIDTTMITITVEMIYIVOIVOUAVAAQ THATY D TVEINIATYADATOND IDODWAHIAIN

uoud

86

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

WO 2015/175801

Q'_v_mI><m,_Zanjn;x%qz_mdm_\/__>_<_<mI>>>._,m>ZZO,_Z_munjou_>>m>1_>_<_.rz,o_Zv:v_v_<_2_Zm_._o
._.nE__v_._QQm__Qm>ov_m>2mmd\<§muo_>_ZZ>.E>m._u_mn_ou_m_mwdm_>m_mmmu_n:v_v_m_>v_<,_®mm>mm“_n_m_>_m
m>z.r<v_m<m_zu:._o.__>_>mmm>>mommu_®._.>o9>,_m<Iz>._<§m<<<>uu:dz0_00_2_m._.>_v_<_>_mwwo<
NS G winilejnoeq

winigoJouioynsagl uiero.d Ajiwie; sselajsuel 1As02A8 | T'SYO6STEO0 dAlDd |z1€0£8957|18<

1goJotwoynsaal
uialoud Ajlwies
osesdjsuely
jAsooA[8

y atim 6S'€T [oenlies | S0/0TCY6Y 1°048¢ 909GT ISQ 2enljes
NGIAD QY NIANNEVAATHNIIIHO TMYOMAMAL LSNSIIVHOIO LW IAWGYILVMYNGAINAIAINYNL e||s10n914d] oS €T/00 dM e|jo10na.1d denljes
JINNAWYMYDID AN TAYd TOTOAHS VAV AAGI NI Td ADSEDIAI ATO AU HIDTAATIN O LON TND 1A el9jsueslAsodny e{|910A8.4d
QLILHATISITOAQ Y I3ASANIIAYdSOMAD I T INANLAT TN TAHId AN IHOAHdD TINYD HUSIDINT -z'T-eydje
FONANALIMNY LA TOINAHNTITHYO AN AGD I DDH INAVINA LY AHTIS TV AVLVAIHNONDTO O 1LLVIN
912z THAMGCHIATIVYASHOAYAMISIVIAdHYdSSAY S9'€T [snonaqqns | 88SELTISS TLELE snopaqans
STMOOMMSISSNYIINLYISYITVIIDOGH Y LYAVdI11AA GV THIYAMGTAASIMAYYAH S TYVVHS s92AWi0I3Y] 68220 dM S90ALIOIEY
IVOAADYDTADHUAYY NI ASAAGDHYAHAYAYHAAYH13AVAY YOS LT DITTVEAVVHATHIAD A ursi04d
AUYSDALOTIASLO D THITASIGADSHHDUATY d MSHASTIOVA VOV IVIOAYYIMASYd T1dDINTdHa
DY YAVAIIAYYDISHTVAYAVYAIITONDIDDDTDTAITDLE MVYATOIDAIISAGYVO U VIOAEDANW
[} x4 SEILIIDIMSATNING WOYOSINYAMIASANAIMNATHNINAY DMASS LSNVIINI SL°€T [¥T T T | ¥898c096¥ T'16tE ¥E T T
WWOSIATIGTASAYOUND GAAAINGONANNAASITTAASIIHHOSATAAILYIAIVOIAACLYSTAIACS DDA -ds sep1oJo30eg] 9/800 dM “ds saploialoeq
QOUYIHAVASNLND [TNIHITANISING ANV TMSSAINTILSHAOTAHIIASYIANTISHYLIANALAI 1d Y 1T Apuiey
Y44 D 14 IIALYANLS AN AITISTYIAD IAI DIASHSNS AN | LIN AMINHTIINANDAIADN OTNONI MIANN ‘gselaysueny
{AsooA8
PTZ | IDIMNEdAIQE LIADNTHAYd HAANIS ANGNTMY DMMSH LISNYIINAE DD LNINTIGO MYJIOHNTCIH 9.L°€7 [stpunsid | SyEV0ESYS 1°9¢Cv 89004 sIp1Hanajd
ANdOYD4DIYYALIAASIAATASIDSIIAVIVHIAAVILIADDAISTOTACOU Y THISASOISAMGIATIAY e||o10A314] 9% SGTZO dM |  eliP1oAaid SIpIHIna|d
VGO 3d4Y YAV AYAY LANTISHMODYAIAIDONDH LI HY NG QS TdIAINIADTTO T LAY TTHE TMEH esajsueayjAsoony e|j310A31d
NSSHYIATYYATIATAYN HHAI G DIAGTISAD LM dOJADAALHNNY D YNV TAIVADS WONDTONLITAIGIN -1-eydie
-z apisoroe|ed
€12 HISSADIMYIdITD 1A 9L°€T [gzov INSQ | LTE0E8IST 1'S¥0 ST0Y INSG
IMSIADDAISIHIATAASAHSTIDIMYDMMSILSNY LIFHADDSWIMTGYAVN GADANNSAI LAY O3 dT winie|ndeq win 6STE00 dA winiejnoeq wniqosd

jwojnsag winieinoeq
WINIqoIDILIOYNSSg

87

SUBSTITUTE SHEET (RULE 26)



WO 2015/175801

IMIIASSSNSHIAINGINANSAIATIN DN TAACSLIOAHTACIIANLAQDTEIHADASONSNIFLITINN1INdI A
AT HANISOAANNLD M LONAL INHENLLANALTANIADSSAAI DA HASIAAIASAININE IS INYILL
MSAINAINHYIISAIIANTATAINNTSASH LS NI UNASS INTATLODATIOTAYSAVADIINON D TOISTAAIIN

asesajsueny
IASODA(S

e}
o
[ € m 34OVAAVIMS (€T | [gZ dsessneyl] | 96707068V T'86L0 gz "ds eteneyy
m YNV IDSDDIYMAHEDSOVY DD TMYYMMSISSNYHYHEIE LN TAMIAY1IASITATDYIAOVOELT utzjoad Ajlwey €6200 dMm
= | INNAAMIIGADINIAGINTIVOVTIAAVIDAAOVATIdSAUOUUAHTIAST LOVIYIOYVENIAVAdINdD sseJajsuel)
S| 1WYTIIVAQIHAVIAOMADIN LAY ANE OHNMTVO U LADY IVAAII MY I TN TVHADIVEJHA LS |As0DA|3
2| VAYMDIJANIVIIdIENTYISHOAAAVTADYAY T TATOUO LY TVINVHYVVAITTONOTOONAIVITVHALIN
3
A~
zee OISANTMSTAAAAYSNLIDLIMY TV IAAISINTMYDIMMSILSNDITHHEIHSIWTNINADMSAA LY'€T [ejydiueihx | 0S0Z06S6Y 1°6799 TY8TT
OMNMAIHAYNIT Td TADEAMTTAISIAAAHIHATERTTIS TYNTAASHODID DISHMHI DV TAA DU AHISAY e||910a0adeled] 79800 dMm LA ejydiueiAx g1
QdAVNITONVYI ISHUNAYYACIAIVIYAINTADVAATISOAIONI A M MHANLIAIATSDODONYITLLAAT osesasues’ onaidesed’epydiueix
T ISUNIEAT LHATINAANNINTADAHAYAHANAS 1A 1 LAdIAVE NN TANVY AIHIWONDTOD LANITHIA {As0DA3 gjj910A3udeled
44 ASDHMINATVIADISIALNAMY Ad LIV LENTAYYMOSILSNVTIAINIY LY'ET [zavg | 056500051 169 EANTUP SisuBljIssew
HYWTANQA4SHAQUNHSHIINYIAY4ILIAATIAASIH444dIIATOIN IAIVIHAANS LIIDODAIHITALAIAC 201y sniedna 00ET00 dA S9pI0J2308qISSBLT
OYHIHASISN D LI THTAININDITISH 4T INION ISAGOMADMD JIHAIN SOJANENI S TIIADHNAT saplosioeg] NSQ t210p
JUNAHATHOTINATAS LA T1IITIMNAITI DN HYNTSAAIDTIHISA AN TAYAASADATON D 19D DAALINN wzoad Ajrwey Sop10J910eg 78y
aselasuell 20LlY m:umw__:s s9op
|As0oA|3 1049108g!s9pI049108Yg
oze AMOIIAUAMNIM SS'€T [e6/T 3 | 78996€SYS 1°5€69 SSLT
TAHWHAdAYOOSNHHIV AHIADT LINTIVOMASILSNYIANHADISNTIINAAISAYOHNMANALATT "ds winiptiso] €9TZ0 dM 37 "ds wnIpLUIsod
OMAHIHTAVAAASITAIHANIAENY IADIVSHAASALIIODINYYNIdQTATDEUIHISASNISNADINI TN TT Aniey ‘sse
NDING LI d4HINSOTIdNIGHAANTDIVMH DT TAANT XA ITdHIWNISTAIHANIS A NI IINSIDINOT IV 49jsues)AsodA|3
YIOLIOVIALING LTI ISHEVIANTONSYNAIMSLATYLINDTVHANIATYADDWONDIODINAYIAIN
612 HANDMIAAIAMDEMAT SG€ET fzooeav | z908101SS 1°06¢C Z00EQY
HINTIdIAJONNYNATLEADIIANHENTEVOMISILSNYIINDUIHSNTOIATISAND LNHOAILAYDJAVA “ds onsqianAing] 9/7Z0 dM “ds ousqiaAIng
MYV ATdANLAAIHLAdAIVIATNYSAAAVALY INDATVVYNIdATAQ DU Y IHASASANININI NN ININN oselsysueny
INIA3AdH LdIATEDTADNIAAAADIVAADIIANANT13HIdHANDI S TLIES DNDAATHIANNEVYASHA LY 1As00A3
VYISASIAG T ID LIATII D ENVIADSONAIAIMN LATHINYAVOVNTIHHANYADDINONDTIOOVIDIITIA
K AFMMIMHAT (6€7 | [6GETNM "dsw | T¥96¥9YSS T°£89 6SETNM
AOHYANINSHO MASIVAINNANNSTHOVAMAMS TSNS HIHNONANTEAATIAANNTAI AN ANANINANNMA nisldeqoUIe)] 814800 dA "ds winusloeqoule)

88

SUBSTITUTE SHEET (RULE 26)



Q
= |
€2 AFEDLIATHMOIMAGHNLALA STee [600€3V | S8LS€0TSS 16656 600€3V
Yo AJONNHIANALHHAIANAOHDNTEYD MASILSNYIINDTOHNNTHAGDISAXD INMAAILLANSIAVIHIY “ds ougiaAINg] L£7T0 dM “ds ouqiauAing
S | VAIHASLHAIHANTAYATAAINVSTAATALYIND TN IdATAQDUHIHASASN DIFADISITITNINITIAAT sselojsuesy
S 1 HA4ITINDTADNIAAAANDOIVAADHAINGTIH I FdHANESTIIANIN YNGETO DINTAADS HOVYNEGTS 1As02Ai3
W YVHITdID A TONA VIS TNV IAINNDAISAAMS TATIADAdHAN TIHIATYADODWOND DDV IDININ
o
=%
8¢ TSTMS dd413dIFADINVNOIDIANATIIIND TANVOMASIISNVIISVLIIISIN 6T°EC [smeno | ccvyrO6y 177299 €8¥8 DDLV sh1eno
TAWGTASNANNNMAIAAYN dINTNAIAMA IGASIAIHADNDDIIRNASIVSIAAD A LISOHIAHEISADAT sopiosaiveg] 62700 dM sapjoJaloegisnenc
SUYAHASASNLNHIISTHAAN MANTID TS HNIGANNDSAIIND MADGIAANMASTO @ADL ANTOTO DT ura304d soploJ3loeyg
YHI44VSYASINLHAdTOIAAANTATTION HANTINYNAADAIND N AN QHTATALTADINON DTD dLITADIN
L2 FHIMNIDY A EISTIAAdINIALIAG 8E'€C [sileunssiul | 06E0T6E6Y 16685 T38-T7 sljeunisaqul
NONTAVY M LSFISNSTIONDOVVINT443AAASEIDINISAITTUNIVODAVADIDSTINGVIVIIVHINGN eLngasoy} G8900 dM | BuNgasoY’s|BulISaIu
LHAIAYADIITD TN HINVYHILAYDOVADINIADDUAHAYI Ld DINHITODINALISOIAVA LNINV LIZATAC TT Alwey BLINGDSOY
FIAVTHOMAD ATANNET1OMIN AN Y dAIANAGAY HO YN HAATEIHINAHAN IV HE INIADID D INENGASINNA aseldjsuedl
ANTHDIATIHAETLSNADISIATTATISADAY YYD VADIVAN I TONDIADADNAVINOENDHIN[sIEURSSIUL 1AS0OA|3
9z¢Z TLMNGTANSANGANVATMASAYAAIDIIANASTASY MMSISSNSINAIHIDINANTETLIAAC 6E'EC [PL¥:D¥D | €08906LVS 1°6€T0 VLYOVD
AQAIAAYAIHAININNYIAMMIAASIAAANSAdHIAAHNIDENAAYIADHTIDDSAAA DHYAHADISHAM -ds ejja10n34d] TEZZO dM “ds ej|930A8.d
NEXTIISO I DIANTIONHYININFATASOMADATA TN DHINHIDITIYANSSHMIALD I TdDINIVINGNT 1T Ajwed
ASIVOTHISHSAN I TAMAGSS THANTISAHESERADTIGTAIAGNANTO INGVIVAIITONDTOONTALIIN aseJajsueny
{AsooA8
sZe HEDIDATAMODAMTENINTIAAIND yec [v2:OVD | LCSLTTLYS 1°€C¢se ¥TiOv0
SNHAS Y INANGASANTEVOMASILSNYIINHNIDSINTOWAATISNADINMAAALATNDdAYNIAAAYSA wnisideq T6TZ0 dM | WN21deq SN
ASAAAIHYAdLOINIASIVYIAAVALDIODHINIVNIVATAG DEYIHISAS LIONNEIW LIINIVYVITAMD S2INDIWLIL]
A932dAd4HIDSHTINITIGVYAAYIOVMADSTAVATTIAITdHANGS T LIHUNSODTIRIN DIDIINNADTIVO uiszoud
NATO LD ANVATINIIMS T THESYIANLDYINATAMSACTHVAADISTIHEATVADD WONDTODNAIAHIN
oo HLIAMHMOdOATY LONLHVAMEAdVMN yvee [aliqeeaw | 7ZS/0TV6EY 1°80g8 9,187
ALEOIDVIADYMMSALSNSTIHOUITVININTADAVAD YdNMAVYITOVLIGTHINVMAIAASINSTLVEd njnuesgiopgns] ¥0/00 dM NS Q@ sliqedeawnin

WO 2015/175801

AVVYYYYYVHYAAVASOAD TINIdUDAG DY Y THIVAO VYV HINIVMADVYAVORVITIVHEILDYIAVIAYS
SDAADMY 14 QYYdDYUADLADALYHHIO TINTAYIHYIMAH MY VINTODHDIANIWTYIVIND A TH
UNV4DdIVIDIAIIAINTIDTTVOVLHYAVOGHMADYGTILAYIDD YD IVHVHVAINDNSIDDVIIVAIN

os
eJajsuellAsoony
-z'1-eydje

uesgijopansisygelen
wnjnuessyjopgns

89

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

IAMNSVYATININGS INMIDTIDHYSH IAASTAVIATAGSADV Y TMIDIVATIATONDTODDDAIDANI LN

jAs0DA|8

TVINMHV DT ITEANMLAIVI MO AIVIVSSOASTAVOMISIISNVII £T€C [Z1€ | 6vSTTS96v 1°2£80 LTE uoOXel jelo
HONDTSINTATAVHAJO VOVHIAIADING INININVMIINAASIAISESTdHITUAVAVYSTAAHASINDANS uoxe} |eo -ds £7600 dM ‘ds e)|230A94d4'80T04
NNVTTIAGDHHAHASAVA LLDIFIVAGTOISdHINTIAVYNLIAD X HOSAGAITAVEdAITYATENSTHTIE 1L BJ|910A3.d] 3S _ 135 /1€ UOXe}
FANATIHAYTIING LI HAVITTMADDHON LY YU AAHTAADENAHYHISYAYD AIITONDTOONIDADIN eiaisueiAS0INY jeso “ds e|[810A3.d

-z'T-eydye
vET SAANIDASLA €T [6£T¥PIN | OTLTVOTSS 1Cres GLTVIIN wnpaioeq
LMD EDHTIIVSADOY INATLIANIAQYSYILLVIODTHVVMMSISSNSI THHEDVSINTIIAYMODHYIANIT wnuaioeq 8 8LCC0 dM seadesidsouyse
LBIAANDSTOINANASIAN LA IHIAL AN INASAHISVYIAATLLD IDSAADA DIAGD DY THADASHSAASYIDIT eadesdsouyoe]
IANNIVSYDLINGIANDTA4DQITOUINSIdAERTOMADY TAAYDINTASNTAAQIAITYAAINLLIDVSAd YT utzoud
THAISNH HA UM 1ASHY VDAY IS LIIADSOHINADINTAASDING LIDINTH 44 VAD I WONDIDDATEA LIV
€€T AHIMSI YT LIGAVAANIMIANGSIADINIAQSTMYDMMSISSNVYIHAANDINLTTY4AIHAOAD 17°€C [ | 960zs0/28 TEELS sueJajo3olydhisd
INH DD HISDIINGIVMAIAA LI I AINIANAR IV IVINAATINADTOHAVNVAINVYAAA D YHIHAVAYN sueiaj01044dAsd 680C0 dM g|jaAyspelSoulM’E
ASTIIATANONIVNGAANISTINTI LAY ISTIANASOMADIIAINESHDDTISAAIDIINALINDASMVYADINLLN e -Gy sueJa|0304ydAsd
1DIDTHASYAMEATMOAZISDIAIATINS 1D TAAHYO GV IN T AU dAIADINTVAYIN VIV LYAIATONDW {19Ayspeisouipm] ej|2A)speISoul M
a9s
eidsueiyjAsoony
-z'T-eydie
€T NS €TET [TTY | Z6£8£8567 1T46C 11y 'ds eadany
MAHAIIAINSTIAADIMIVYdDVAHE DI IDONTMYVYMMSISSNDHINHODTSINTIWATIALIdONITANA *ds eus8any] os 95800 dM
NIDIAISTINGN VMO GAASIAANIID DO TIDATANY TYVAAAVOUITAHVYVL LTAGD HYAHTISIVLSIVIM VYN edajsuesijAsoony
JVYNOUONSAVE414aSH ¥ IVSNDIANDSOMADHTASNADMAIFVINAD1DEIHHIAIHVOANDDIDEMI -Z'T-eyde
VAU TIN LONIddTHAJAYITTIA4AY LTIADIDYTIVOUSATVIdADVEAYVIVEOVVADANOND TIDHTE LN
1€2 THIM Ldd AN LYNNIASIAN AMHM dVIANIGSNNITTAYY MMST LSNSHVHNDH LINTAZOXTADSNDINDI £TEC [sisusiaouey | 8EQELTLIS 1°959¢ sisuataueu
JIAINANTITHSIAMDIANSIAITHANN IGINIYNYYNIIANTIIIVAANDNIINTAGDH Y IHTIAVISOIIV e||210A3.4d] 9¢€8T0 dM B||910A3.4d
NIAQVSIONITOQ3401SdLIVSTAYASDMADAIDALANASONDANSONIDIANEN TSI TITINHINDEAVYTO uiazoud
_ VLISAHADUTILNHSIH V44 HIDTONIATVAISIASISONANINTATDISADITONDIDOS DA HNTFOSAN
Z
Tz NIONMAST NN £€TET [o1€9 | ¢S£69920€ Tz | 91£9 snonsepoviosd
2 AISINTIAATTININSANTAYY M TSILSN VI INNAWISINTINGAHYTINGADVAALINGIMAIVIIVAANG snofisepoazoud 678500 dA olgIAL
m ASHIH4IIVOAAYTIAATAYINAASTIOATNHIAISOAAGD HIAHISAVNGY TNITLIANADNISHTHNEICIIN ouqiauAng] JAng‘snonsepoalod
o ON4AQINDMADCLAYIONNTYNIAISAGLNSITLAASHN NS IFHANANLYASN T AVOADDANIGIOASAM 11 9sedajsuesy ouqiaLAIng
=

90

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

43IVIDILAGADIIASTIITE dVIANNOASIAIMSTATEAGH DN OH I LAAVADDNDN 9199VIDHTN

ove IVIMD €C [zor:ovd | SSPTISI8YS T'Se9% Z97OVD
MOTDSLAINISIANIMINADIADINGNYNTAYVI MMSALSNSHNANIESWTOWAIHSOMOANINDIAN ‘ds saplosaoed] 8ETTO dM -ds sepiotaloed
MACHCGLANYHAMAYNALIAAIH dAIANON TV IVHHAACN IO INDAMIYDTAGN ONUAH IVASIDIONDI uiozoud
FTOTHETALAdTHSIOAANNIADIAN VY SOHADHAN EOIM ACAI0TALAIVISNLIAN LIS TANY A IS TIN
VYOOI TAYANSADAIIVAdH IGNMAANIHA TLYSIAI GANANADE INISTAIVADINENVIDDVAINAIN
6€c ISSUDITIAITMNI1AdSAMIIMUDEANAMITINYNTNYYMASILSNV INHIDIVIN SO'eC [siwiomnw | 806609176% T'vSI8 80991
THANTIMSAADHHITAANYNAAGAINSHIAMWING GSHAIHTdAATH0HIHILVIHAAGd O34 OATIHIT gj|910A31d] 8 9€£00 dM WSQ siwoinul e
SOAGONE IHASAVNSHIINSTAVOVIVSTAdN YD HAISTAIDIMADI A TMADNAINSDd LIFAATETHI elajsuesyjAsoony [[910AS1d SILIO 3 MW
144V IISIDALAINHAATOTISH 13U TOAVSHAATSHSMAS DA TOd A TES TAYS IV AIHNON TS DDINADIN -z‘T-eydje gjjolonald
8€¢ 3dIM E{OR°T4 [iystogioed sisd | 8S9TTEEEY T'€L68 S06-SD
Hd IVASNIINAYVYAATDS SOIAIIDS TMY OMMASLSN LA IHHIDDLTIMN HINSOAADAUHIALILNIG owadsolput|Ad] £7900 dM ipjsaogioed sisdows
VIO TIdSHH LD AA4DIVOND TIH I TIVONIZIHSI13OSSSHSOANNSTIATHIDTVAS I LI IO T4HAS TT Aliwiey dsospugAdipisiogioel
NdIddNTISLISGSHIDAATASOMADNTMINTS LI T IATOOAINITIDAIOTOANAD U IIASHTIA asedjsuei sisdowadsolpuyiAd
MIAdITLINYdHOAISA LD TIADHHANACH LS OSMNTIATISSNNTSISHYIVADINTNOTO DA TIAALDIN [AsooA1D
LET IMTTA G LAIG LN NDINNTAMISAV LN 80°€¢ [susnjosiigyy | OYTBO0TSS | WA YR SuSAjosugy
9IHASTMYDMMSASSNYTTHHIDVSWIATIVYAHISNNDOHINIADVADIGAOADISAN LT1OFHITAISAAL ouginuAIng) SLTT0 dM ougiaAINg
AGAESOANINIIMAIANSHHINSAdATNN NNV IGAAIALIIDODALINIDALTATO U IHTSASSOSSININNA uteioud
1ANTLASSATAYDIENTTIA TINEAASADHANISOAADATAVHLOT TAYdAINDAIdIAACI DIEOLINAH1AS
HIANASAHIVAITGULYATAQTOWSH TIDEAYTIGTTOSTIANDIAQUNTHNINIATDATITONSI19DD AN
o)
2
T SONIAWTIMOIMACHINIIAdNAJON 1€ [900zadx | €€9TC0TSS T'96/S 900CddX
w NENDIALYIALIGdY HNTHYOMASILSNYI INDIDHSW TN TAOASNEOSNMONLLANSIASIHIIVAIHAS "ds ouqiaLAIng] 9/220 dM -ds ougiauAIng
X LHAAHLAdONASIATNYODAATILY INDTIIANSIATAGDUHIHASAS LI INHIATYNINY LHTAdASHVd dsedsysuesy
o JUOAMITIONIAAAADIVAADNIARAT 13 TIHANINIS AN VIAHTO DN TADIDLANVINDONTIST 1Aso0A|3
=

91

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

¢ WIAUNTIAAYHTI YA HANGIANDDIHA M Idd TTAOLNIN LS DIMUHAVIAINDJGHN S6'CC [6£8:9VD | E€6¥TS6LYS Y45 SL8DYD
NTAYOMMSISSNSIINHHOVLIOIATATIdASN LTAHAN QFONA HYID MAIAASSHAHANASAM TNV Y I T -ds saplosaroeg] SETTO dM ‘ds ssplolsioeqd
NOALdHYHA TN TAGOHYANISAALADS A DA A AN ADJATHIANTUATANASDIADHITICON DA AL aselaysuely
IdHA143dITAIYINNGISHAIGANMITLAS AWM IDNTOMADNDIMTLATALISHVVYVIIINNNOTEONIFAAIN iAsoony
e dT1i9Id 96'7C [suaasaiBiu | 00S96v06Y T°049C £0T04 SU33sUTIU
IDHASNSTTASHIDAANS MY AdVIAANTINYSTAOYMMS LSNSIHHADSAN T THIMAIANDSIAAIIATS Bf[910AB.d] 9ev00 dM | B||SI0A314ISURISIIBIL
HINZHAMIIAASHHI4ISNSINNYITAVITIADIAIATIHANANAD THA D HHISIDASNISTINSATOAN NN Tdd uajold g||230nald
1 14N THSHIAAAARNNIAN OADIANY LY dITINSINGTACO 1D AU Y IISIMATINEADIOTTHITIAILATO
TADNSTAIANATILASAANAAY INATAOATHOVVHATSANTIIANADWITTISUVAVAII TONOSTUOLIASTIN
eve NALSNIH[LANAYOAINATLNOLLAIINDINASSMUTIVAA 96'CC [t | 92966055 1°98¢€C T-0T wnlaideq
MANIIHAONIWMYSMAMSASSNSIINHADASINTANATAD LATINVIANAIIININADSISNOTDI0SOIA -0T wnusloeq 3 VLTTO dM sesdelidsouyde
AAMOYAMIN G INSIADIVADANTDIFHAYOHAANDLIIDA ATIDAAYSASHANHTIDASISSIIDATIVALY eadeildsouyoeT]
ATHIdTHNATTLSTUAIHATINITDAAANISOINOYTANWSAINTAN JAAI DD FIATIVHYOA AU U TUATIANS uraioud
9145 113AMIYYAATIDIAVTINIAYYIIDYAINICADIADIDNSH THTATVADIND SO TODSINUIININLIN
we FOAVSNOATHMNAM 86°CC [00T:9vD | 06TvLE8PS 1,698 00T:9VD
NOMADLYLLLIANCGHHTH A TAINDNTEYYMINS S ESNYD INHIDASWTOWQAISOVASNMAAAHIAN “ds ernqasoy} TSCT0 dM "ds eungasoy
QOHAHONYAIACQASIAAAINSAYI TAVINYONAAGILD IDNAYYOAVALTACLYHIHISAYNINDNDALD ur@joud
VONYINNSIdAOTHAOTIAITIAAYIINMADATAAC AN HAIT AW ATASTY LDIAIY OTIHYEIHVLTTIOSNG
TIIYAISIYACATIVAAHATIISUMINATDOVYANAVALA DIADADTSHNHIATYADATONSTODWAHITIN
e THAMNIAATATLALHNTAQY LA MINY AV IAHDOA Y O TMY SMMSASSNYIIS VS €T [snuedlje | ZZTZOEBT6Y T'oLTY S$Jd snhuedllje o
DUSINTTIAITOSHY DS INIMHYATHOYIAIIASAIAIHSOdLNITIIIUYHIAASOQITTHHASNId VY AA oLqaojnsaq} 86500 dM | udirofnsagisnuedie

WO 2015/175801

SYYTHASILNJOSAYVIVIUTHIUIFHU LTALSSHAYATHOUMAHISOMADITAYS HUISISHOATHADSYTIA
DN LdAdWNDIDYVAHYTYAMYDAINAIDIEIHMTdVAISIVATAAD HISADSTHOLATHTO VOO HIVIAYY
YYAIHWONSTOSNN YV 1IdIAVVY HdWIdUNTOSH VA LISDIIdVd Id LTODUTI LHOOASYATIAYH
HdddTNYUAIAAADEHOINAHY DIAJUNIHSIAHMY YV IID HIACIGINYY TN VAITTAIOLADDONADDINAIS

OSOADIAVISTdHHYIAdTIMVY UYL TOdHYHIATYO I LA THINDATUTIANNYNAIAIHASNOYTLAVIYAS

WHAENTLSAdMOTHOD I HAUNDINTHVIIOQ LA AAHNTHIY TIHOIOS LA HNMAALAADLDIATIO NN

g Ajlwuey 9setays
ueIASOdA|D/TT
Apwiey
aselajsuely
|ASO2A|D

oLgIAcyInNsag

92

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

TVAMDAIdIINJON INLIAMND dAIAIANNANTAYOMISILISNVHNYS 6L°CC [sisualjissew | £9€7C0TTS 19499 SANTUP
YOS TANAGMISND DN NMAAIAAN N LI NDIAMGIG GSIAIIAAS IFIANYISHTAMNNLIAIDIDNED saplosaioeg] £T9T0 dM SiSudt|ISSeW Sap
dTAAGDY HAH IVASNIN TIIDTIMLNYISINTNYHASINIDS 4D GO MAD AN LY NINZIGAANSADISIDN uleloud 10J810Rg SISUaljISSBW
AYIADOAINIMYLSHd THAGIIHIND DHNNTAMIINAADA AN dHINTIAYAIDADFTON DDV LISATAN sap|oialoeg
0sZ i 78T [wnpydoyjew | £7ZTL8ETS T'6LCS 6£6TS DD1Y
dIMIM LIdIAGSAGAD AAY AVATTO HUNMIVAY TAIN GSYYNTMYYMMSISSNYIEND HIINSINTANGOMS ewauodalj] 7S9TO dM wniydoyjew ew
AYOINMGIHASHY D43NTHIYIMD IGASIAAIYSAVANAVY ATIVNNAALIEDANTLALHIHGOUUAHISYST ursioud suodali‘wn|iydoljew
SYdIOVOTVSDAYYSH ISTdOUIUATIHIASIIdTEANILOMADITAYASHASTATdLAYIALGIAHLINLIANY ewauodaly
WIYNTIDIVSISTHHAGYNAYIAINIDITHILITONHIHGIOSHALDNNATSLGAIANO OVHITYIAIVYOIN
62 NIDOASIHNM €8¢ [T | z61968015 1°76¢6 T-0T wnaeq
DdMTOIWTIIAIADSNIHILAUIAIINGNSNTHYDMASILSNYDINHED USIWTMINGIISCUOHNIAAA -0T wnuadeq d 27910 dM aeaddelidsouldel
LATTOLINOYAADIGASHIAIHANSI TINNATIVIDAAVALDINDFNY LINNIATAGDUY THASASTITONIOVY eaoeJidsouyde]
WNINYJHANAJIOIHIGATIAYAANIDVAADS TANNIWO TIIdHADISIHIME N O d TN ENTIHDVADISD ujsr0ud
FTOIXITd LD LIATHAIAGTITTUIVIATOYN INGTIMSIGTHVIN DINHAINYATY ADD TONDTODWADIINIIN
8tz TADIMNGIAISSANN HIMYUDAVILALSLADDTMYD MMSISSNYAAHHGDIDISW TV TIIACH V87T [suesonopnded | £/T/68T6Y T'¥988 0011
TGIDSAALLN DT INNYYMADAGLIAAIATDGSILNTIZAVYIAAT I A IADHAENYSSAINAG DY UAHASISD o $9500 dM INS@ sueloropndad
OdISTAYNIAY TAVSSTTIAYIASYIAGSAUSIANISOMADCGAS THS THISTAIATSATAD D dINTADDINNA HOIAOYNSOIYIRGa] OLIQIAOHNSO
GADMADMY TN LIANAN THIS LS TAY D dINY LISAID IS 3dUSASDANSIGTH1A19T1ATVIVYDIVADAN TT Allwiey 1y19@isurioropndad
aselajsuen] OLIQIACHNSOIYIDQ
jAsooA|8
bz TOAMIISIIddLIMLAAHAMEHdADNIANDNOGAYTAYOMISILSNSIHDHI 1L L8TT [epudiuejAx | vOTFO6S6Y 1°€8.8 TPSTT
WITATGWAGINTILHIAAAYATAMINIUAMIIN GASHF3FHYAIININHAAYIVO UIAGADDIAISSNSdH ejj@10aa.ideied] 79800 dm LA eiydiuejAx ejay
- AQOUYAHASAIAGAY HIADAIDSD 13V TIOUISIAY YUY N 1Y HOSAGGIIAYAdNIAGATENIADIVEI I EN onaideled ejydiuelAx
m TOMAATHIDOMAIS d1TT134DGSTHIDGHD N THHHGAF TAAN DN DSAN TG U UDATINTN DID DHIDABIN eJajsueinjhsoony ejja10naudeled
™~ -g‘T-eydje
=
mm THIM LA IO LYNNINSTANAMEN IV IANNGNNNITAYY MMSHLSNSHIYHND Y LINTAIANTGISSDINDI 67¢C [6€004 1S 66C | VPIPSECES 1°08C 66T UOXE] |BIC
a JLAINNNDITHONAMI IGNSIAIIHA DI NDIIBINAYNIZANTAIIVIANONIINTAGDYHI HTIAVISOIIV uoxel (e40 "ds Y800 dA "ds e|[210n3.1d°6£004
Qo NIAGYSIANITOGIH0ISdLYSTAYASOMADAIIALANISONDANSONIDIANUNTEITTTINYNDIYAYTO efj210A21d] 9LT0 "11S 667 LOXe}
= 0 699043ddINH {eso -ds efja10na1d

DLAVAHAYYTILNHSIY 1 LAY HIDTONIGTVdISAISISONANINTATDIFADITON DD OSIHIHNTTOSGIN

usazoud

93

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

_ TIAMNIYYT 85'CC [9€TVPIN | S¥TLE0TSS 1°6860 SETYPIN WnLaloeq
YIGIAYIANNIVIALLS ANIDTIVOHASISSNYIA HYDIUSITANADASANDOINHAIAIGDIHAINYHIAAWNG wnialoeq @ 8LTTO dM aeadeJidsouyoeT
ASHAIIAINIAY TH ANAYO Y ARG LAITIANDAAGONHAHIVASN LIT DI TAGI LHOS AN LIANNION eaoeidsouyde]

JAOIAYASIIADTAADINLATNAIYANHIADS dO4ANWIATD LAATHANAAANVANYSTAYTOVIHHAYdAAS utayoud
HINVTDIAGIY dIGIIANNTIADOHISANYAIM LNADIANAYOANIN LNAYAIYAIIWON D 1DDHIHANN

§5¢ 9310 85°¢CT [sT-s© | 68196¥v¥0V 1°66¢ €HOY

HMYVYdALLDNASALNIEN LAIAAINJODDNIMYYMMSALSNY INTHIHSATTIAAMSALASNOSAAAVYT sudonpali||elpw 0T£900 dA susonpadijjelaw

Y1 TNONIMAIGASIAAIN TISHHIDALIV MOIYNYAAT LY 19D INSNIONTAGOYHAHISADAAYAIDD ispeqoan] ase i9108q090ST
TNYANAGGTddASIVLIAYYISAHIAYSAHMOOATHIDIMANTISAAIIANAVIAINA IS IAIAVLENS AL 1asuen)|AsodAid -SO suadNpRIlf[EIRW
HYSIOTYIAAYAIOTAMAIOINIDA N ATIADNHON I VAT VAYYO WO YUN I3 YADSTONDIOAS IAHIAN Ja1deq
oa0!suadnpaljjerw

19108G030

T4 VLV 4 LMBAdINASLAH AN LADLOAMDA Y INIAAINYS TMYDMMSALSNYIIEFAA 9°cT [cwns-s @8eyd | 09618/49C€ 1°79€ TINS-S
FISIWTDTAIYNAINISINSHAASI 13D DMV dAASIAIANYAAAIHNTYVIAATTIDddHNYSNLAATLYY SN22020YJ3uAs] 7ZE¥00 dA | @8eyd snododoysauls
AHTYTdNAADYININDANTIZANA LI ATHIFATIHIEAN ILOHADHIAAHA IO WHITIIAIHIIYIOANITHD 1T Allwey ase
MNTIOANADTAISAII LY TNNDISANAYITHAIAIIAADLNYYIDAISVADINONY TIOWHOTYNIDIN 19js5urIAs0dA|E

€62 ISHHM £9°CC [seploiaioeg] | 6LETYYO6GY Tv8¢CE 2T:OVD sNIeAO

HId AL AN LAANHIFHIAIALISATINITMYOMMSILSNYNIHAHIISWTANAYMSNADDNIIIAISINIAD TT Ajiwey TEFOO dM S3P101912Be QgL
JODIDMATANSIAAIHALAGAADHIATIVIHAAGTLYADNTOAAD L dIINWAAD YHIHASASSNADYIADTIMN asedjsuerl 13 dS susnjosiuejAx
INAYAINIOIHANEIYINATAIANNANIISHMOOAAANIDOMIDNO W T LAGAN TdIALLUADASHI T |As02AS sapiosaloegieg
MUSTAANTO AN TILINATIOAVY I TAADAHNHIS NI AN INANAMINTTAAVADS IWON S TONLINAATIN 2D @s sudajosiue|Ax
sopioJal1oegiTQ ds

sapioialdediy ¢ ¢

ds

= $9p104210e8TT T ¢
m ds sop
= 104310eg Saploialleyg
mm UNANALLI T£°CC [Ogwn2ey | LET69868E T°09S SEOQUPDUT WNidIeY
_ MNJWATAYIOGHNTYN M IZAVIAIOSNNSTADYMMS A LSNSHHIHIDSANTYIIIAAINANIAAAIDL IS A $N37020133u7] 9/££900 dA SNJ2020491U3°0d
o NINMATITASLINS 44 LdNNTASHANINS TIAADAQIANTHAANIS TAGDHHIHADASISOSIINTIYINIOW ase wnpoaey s
= dIANAYTTONIZAD LT TANMSTA99TNIdDLATSTAINAASAH AAIDIINTSOH IV SINADVADI THANWIDIY 19§5ueI}AS0DA|S nsn0s04aju WNRdey
ATYILINTENSHY A TANINALNTINDISNIYAVINIAISANIAIIN THHINOIAYVADADINWON D TO9DTLINIA TT Alwiey SN02020421u3

94

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

IF. dTUAMLIdTIANLLIVAQLIMEIdYAANTIHASINTMYDMMSISSNVITOHVYOUSITATIIVSONTDIGYY 1Y w72 [7S 1AS1A0| | ¥0O8SZYERT 1186 ZS 1Asin0j
1d09TATHIOIMYIAASIATIOSAdAS LTINVAYYOAATDSIIOHASYVVANLAAGDUY AHAVALYASTAS 19108 09D)] 7S6100 dA 131280 09D11A3|A0]
SYNYTV ISV ISTIDDTIS LION4ADISOMADATISSd YH41TdA4DIS0 N THSOMTJISYHTTIHHNIVD ula104d 1910eq03H
ASOTdDYDIIVTISYRINAIV1IIIUd LADdNdHOTHS I TIIIAGHN IV IVEDYVADITONDTIDONTIALIN Ajiwiej asejoupAy

opIsooAi8
192 WAOILOLAITIMAA pyzz | [enne|gl utsroid | 86GZVLTEY T 19V LYTOVD
IATONMAONLIMYGdVIADININIY TADY MMSISSNSIFHIIN LNINY TIZIALANDSIAADIDIAINII D 76500 dM eoiydo.jouasosphy
IASHAMITAGSIAIZIVNYANSHTIVYNAIADIAIAI DD ANJATAND DU ISAIASNIUIVINATAINISIANLE ennejg’enne|g’L0s0tT
JAIINSTIVIAGHIIHATOMMONAHINNY YA NIASNIOMTIADISYINTNIAIYJIANNAIYHANSIAVEIM nsa
dDHGITISANTIANSNIANINDdAMYYIISHHITIAINDID D DADNOTHYVIVADITOND T D LTAAHIZN eoiydosiouasolphy
enneiq
092 DIAMINGIAdTDLOHNMAMNOd AADIN Y O TIVOMAS T LSNYINIDAYIDSWTAN ST [enydiuejAx | £/S6£06S6Y 1°9€58 T¥eTl
A1dSALOSNMAAIAVEN O TITINOIAMDIAASIIADINIASIINAISHTYEDAASTLII DI TISNA LASTAU DY ejjs10naidesed] 79800 dM 11A eliydiuejAx e[
YAHAZIIGSSHIISTITYNNISTOSIAANMITMINGG A LINAd AV NYIDIFONTATMASNAADTDMA asesdysuei onsidesedejiydiuejAx
TATTOLNAGTIAMMADY A ISANIAMIA T TDAHIS TN DATOAIY IO TUNTATAIVAVINON DTS DLIATDIN jAsoDA(S ejja10naideled
6SZ HSOMIAWTIMOMMATHWIDANALD LYIT [£00ZON | Zv¥Z9zZ01sS T°19€0 £OOZON
NNYAN ALY IALDIGdYNNTIYOMISI LS NYI INDMDIHSIN TN TADASNIDONNMAALLANSTASINIUYATH ‘ds ouqiauAIng] LLTZO dM -ds ouqinuAIng
ASLIIAIHLAdDIALIAGANYODAADILYIND TISANSAGTAG DUYIHASASITHINWHIATYINNYVYHIAdASH aselajsuey
4T DIGNIADAANTIVAADNIANGT1IZIATIAHANIIISIAIINVIAH IO DITANDVIVYEIVOONTTY [As0dA(E
AYIAYSITTACLO B41dT1343UIVTAINNDAD GIMSTATIAGHD NI TH LAAVADDWOND IO OVIDIN
85¢ T9AMIISHIddS LM LIQHIMEYIAINDNDUAYTAY DMISILSNSHHOHD €5°CC [se1eprosarceq) | £S1S68S6Y 19€46 OVSTT LIA BIBD
TLATATGAAGATIILH IAAAVYAIA M INIHAMINGASI 49UV G dUIHAAVIVODIAGADDI ID4SSNSdH s 19800 dM | e|j910na1deied £8004
— | TAGDYYAHASADAGAVHINDAIDSD1IVIHOYISAYYYNIJHY HOSAQGITAYIANZAAATEN TADAVHDI eiaysueiljAsodny "JIS 6ZE UOXE}
F | XIOMAADIDMAISATITIIDASTYIONHONTHYHAAI TAAIAHDSINWTAYFUIATINONDTIDONTIANIN -Z'1-eyd|e [e10 “ds eSeydolAs
m oude)isalsploialdeq
=
m” A 957¢¢ [sniydosdod | LEBBTYSEY T'vEov ST8ET WOIf = 8CC8T
3 IMONDTVHASYIIAISAdNIMITIVIAAN INYNTIVSMMSALSNSHNHIDTSIWTONAIHSDADAVYIND soploiaioeg] PI800 dM | NSQ shjiydoidod sap
Q© | IATLAGIIOINDIAMOANALIAADISHO AT ND TIVH Y AAINSD LNOAMIYSOAGADNYAHIVASIOF3I3 uay0.d 1013108 sN|Iydoidod
2 | T INAZALAdT4LINIIAAAYIAISYNTIADIAINYY.INYA 1SV VD LLLUIANLISSIAHHYANSITAS sopioialoeq
DO OMTEANTHSVOMIIVAIAISNMY AMIHVIIVSHAZGALANADUMN TH TAASADSAIYNVIDIVINNAIADN

95

SUBSTITUTE SHEET (RULE 26)



o
&
2
T A9IHITNMDAD £€e'ec [T85:9VD ‘ds | ¥60STEBYS 11408 1859VD
m ATV LA D DIAMIAAVAAINNNAOS TAOVYMMSISSNSTAIHNDVSINTYINIMAIANDSIIAATDdINAN wnuaeqni] 05720 dM “ds winiieioeqng
@ | MNIMIAAASHD441DAdITINDISTYAINSAQAAD AL LAANAININSTOYYULADASTLSADIITTOINIVATAAA uiatoud
W d14A3HILAAAANIANAIOMADNTAIHNSTOINTIATINANYVSIMAL LD UAVININIAMNDJADINIDIATA
@) NNVNVSSTdNASHIANISTIAQUSTHANALINYATALNTAIZDD AN D TOYVIVAIINONOTODAINAIIN
=%
192 TYHMOIdNAdN vecC [suagiyuignu | 8S966V/6V 1'9S8¢ susgiyuignu
HTVO LY4MNYAYAATIAdAdNTMYO MMSILSNVIAHHYD UYINTVINQIH DLVIANTAAIADQODTTIN SNIIBADISOY] ‘O 18600 dM SN{IBACISGYIINGSI
QYUY MY dANSII£11dM DT LY THAVYYHAAQ A LDV VAV OV VIAQD Y UAHISAIDdVVAIOVVINYVNGVA eJajsuesyAsoony susgiyuignu
WYY IV ALAdDIADISOMADHTALDHA INSHIdANADTDOYTUHA Y dSHOINIMTIVAYTdDASHV AT -¢'T-eydje SNLIRACISOY
VAQYYTHYNVAH LD AOYQHUSOVAAYVAINTADDTHAVIVYDVYVADITONOVO DI THS LIADS ddd LALIN
99¢ AADNIAITIMNAMAIHN gg'cc [STOZ3V | 8¥98COTSS 1oeLe S10cav
13dOVIONNYNNTLUATTEAdUANTIVOMASALSNYIINONIHSINTANTAD TSN O LNMAHIAYSIASAHT “ds onglaLAINg] L1220 dM *ds ouqiaLAINg
UVATHANLAAIHINIANTTHANAVSTAANASVIND TIDANIASTAQDHY IHASASNININASYIAVNYOATI aseiajsuedy
dISHSd4AI1TDTIVINATAAAADIVAADLIAAQQTATIHANI LAAIANVNSSYSH OTIOSANDVIIDATND |AsODA|S
MAVANI LD FAdTANITIATISTY IV TAINIDITdDIMSTATIA LI DN TINYATYADOWONDTODVID TN
G992 1T7dId LAY dV19TAYdS LAIQIAMYENDAIAGDASSSTIVY MASASSNAIAFHYDDOWTIAQY JAN 44 {sogs 8690115¢C¢E 199, S0ES
LLSHYIALIS YVYV AUATd4ISIN OV AI AV dTHS VYO d LASIAIVHTIDHTOOTESIVIVAAIAODITADSSAAA INSQ sisualjiselq T/2V00 dA | WSQ Sisusliisesq saoh
OTHIHAIASNALYISTIAHAAASTTIOTAATIN TLTTUNTOQ44d THAYYSOINOSAALNN Y LIS Y QA DISHN sanAwoloueld] woIdUe 4 sIsualjiselq
IADNTTYTHADLOTTHASASIVOANAANS T LTHANYAS O ILATS LUHNISTVHOVVANITONO IONI I VIIA urero4d Ajuiey saoAwoloueld
aseiajsuen
1As0dAj8
92 TOIMNOdINdHION NIV dAIIATSNSTAVYMASILSNVITO LETT [smeSina | ovpoTrzey T°65€0 OTSDd smedina
DIONSWIHNAIHSNIDINNSAIIATUDAIAQUYMTIAASIAIIYASATIONDNAAVIDAAVILIINSAITUAD D sapiosaldeg] v2S00 dM | Sepiosdegisniesina
— FTAOUYAHISASSIN ISNTTHYNATATNdY AN INTINTAITINGOAVNITTANSS AT LNYNIASTSAINSTAST TT Ajjwey saptolaldeq
S | AASIHYOSTIOOUNJTUATHAGSITTIONHYAASYIYAI DTHAINAAN AU TMIAIAATIONDTOODATIINAHIN aserajsueny
g |AsooAS
=
mn NT4IHdYAAMHANJAIISIMODNAQ LAY EANNANNNTAVO MMSASSNSYIOHNDINSATYIAITONAASSA v [9ETVIIN SEVLEQLSS T9L1T SETVPIN Wwniia3oeq
~ IAAINADTOTIONNAMANATSISAIAIND ANIANS LAIVSIJAQANIAIDINAAGD THAHIDASLIDSNIADY winLeloeq 9 8720 dM seadelidsouyoe]
o IANYIASTINNALAINCHTOANASIITATAS MNOAAINDNONAD LAIMAAINDNASINILNMOIVNYINIY eanesdsouyoed]
W NADIADIIDINASAYACAN ININTIAANYHIM AV ADIVLAIMIIINUYIAVAVAVIVASATON D49 OSTHSIAN ulaloud

96

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

JIYNODNIANTMONMA 80°C¢C [suanjosugy | SSTB00TSS TeeLe SUDA|OS1AQl4
QLATHY IATONNYA DL LN TN ASYNNTIVO MISALSNYIINAYIHSNIINATISNADANDIAILAYSIA ouqiapAing] G/720 dM ouqiauAINg
SAHTIUYATIANSAIH LOADI QIAAYIYY GAAY ALY INOSTVINDII LAQDYHTHISYIHMODAWYIWTIS 9seuajsuely
NEIDIAN S ASHADIAIINDIAd TAAAAND THADTTANANAS AITdHAINTLITIIND LY HANNTYILTISUNIHA [AsO0A|3
YHIVAL33IHAADAIANTIDN YAV TODIONIACIMSTATIAIIDISHINYAWY AODWOND IS DVAL TN
€Le TVIMHDTIAdYNM LAIVIMONDAIVIVSSDINSTAYDMISILSNVIIHOND T1°2¢ [zev | Zv6625961 T°€€99 /¥ uoxeyjelo
1SIWTATAVHAdOAOYHIAZADNIININIAN VM I AASIAIFEY AdHYTHAVAVYSTAAHASIADINYINY d uoxel |eJo -ds £7600 dM “ds e}|910A34d 56704
TIAQDHUAHASAYAISLITAAACTOVAdHANTITVYN LIHONHOSAQQINAY Y QATI AT TH I TNNTY ej|@30A04d] O "J1S 7Ly uoxel
INANTIAYMAILATLITAYITTMADOHON LUMHAAHTAADHN NHOY TIDOHAYIATATONDTIODADADIN el9jsueslAsoony jes0 "ds efjo10A81d
-Z'T-eydje
(444 THOMHIJAITSAAQTNdNAIMN 1 S1°2¢ [1o3g-04 "ds | 0g66ZEV/E T¥TT 5349
VIAHNOINDNTEYY MMSILSNY LAIHADSSIWAWTAIHAND QO E ASIAANTODIAAT YV EIdSASIAA olqiAopnasd] as 080500 dA -Od "ds OLIQIAOPNESd
1TOdAYT LTHANY DN AADYSI1OINO INHYOSAGDAYA HTYYSd DS IO TN TEITANGIN 1LIFAYTOIN ea9ysuesyAsoony
1S4d 1IMLOMAD QTAYSONTIAALISTOTTIATHAYHO AL AD UI A LD DASOVIMTIAYSINISILYSIOO -Z'T-eyde
DIFINTIASHNAADUAISHASH IS LT TVIN YO TVADI TONDID DR RIAITLEN I YU YV DS IHADSYASN
TL2 FINTTEUNACHNAHAANTATIIAMISISHIINHNINTMY I3 1SIOSNVIHNHASTLNTHLIS 81°2¢ [ov69 WSa | 86£089897 1°678 9169 INSA
AQOADIALTITANGTENINGNTMATAASTTIHANTINASIAD TYNNAATISOLOHTISYNAUHVAASSONVT wnuelAajep YOEE00 dA wnuelAajap wnjjuy
JHNLSQINAISYTLTINOTIIN IHS AN AOSMIDIAAINOITINANTISIZSINIANYANDIMNLINOATNNIITT wnjjidsounyns] dsounynsiwnueiAs|op
AN AISONITOILYDIVAANAN A THATHILASOSINGIMIIATHIILNAN IS TYEOASANHTOSVTIOOWBITIN 6//T 19PS wnjjuidsolnyns
utaro4d
0L¢ ISIMANAY 97'C¢ [eowmius | €/TOVITIY T e2}J93uD ejjauow|es
TISANAIVAMNYAVIATITISHNTMYD MMSALS NYHNNNDITISINTANAIVSIOINANNAIADASYDDINIV efjauoLjes] ase "YO8YOMLV
- v AMOAQASHIHTON DTHHAAANIAVOSAAN NS TLOHANYYHINAAAGDYHIHISLLNLHIDIIDASATOOOA Jajsuell|AsodAi8
W DT1IANILLTATTAUANNTISS AOATSITOVNAMALIO NI IANAIQIALTISHDATHILIANSH S T d T DINIY
ﬂ PISIVENIIALLAYAIAINSONITIN YL ANOGOIAIASAAITOVHIINMNTAVYSADIWONDT1ODSTOSIN
S
] mN AATA 9¢'cc [susieyesje [ CE6BTEBE T suoidejljesje
S TMHSTIALSIIQITNNIMIAd LIATOS ASNVTMYDMMSALSNYHHHODDSIIMTAIFOSNNIAIHANDAA1d RIDUDPINDIC] Ose "/ 08Z0HAY EIDUDPIADCIG
= TINTIDMTNANSIAIIAN TNV NIHOISNAAAQISDISHAVIVNANSIAG DY YAHTYASDDVHIDIS1AT030 19)sueaAsodAd
W SIATAAIN TN TISIANDIAIYNDMAD AN LHINASALTANSSS DINTTIAN LA IANIANOS IO WA TN

SSINIDHNTIATHADOH DIADZTHAQIAINYNNINVTVAS IVADA TON O IO DITHSIDIOADINSSINON DN

97

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/030823

AHIAVA4IHIMATAASITHIHYOSIH THINDDIDNIAALIALANHLISYTAGN Y YINTIASAINYIFHYISISO
JOISHD AV HILNVAISIAYISOMADDAIANADSATTLNAASISHINANGADIYVITYAADSMIANOL
YATY TS LANDHAVASTIHIATAATYNIADAL dUSATHSTAIHIANTO TOI YUY IVADINDOND TOSHTHSIAW

WO 2015/175801

NAANTM v0'CC feasssad | £S86S0TTS 1'990T eoisiad efjauIMa
YIJAAQHAQLIALDIMYIIVINIASD LY IDTMYYMMY A LSNAIAHHIODYIWTOTANDIIdDOVH AR DAIAA ejjlouma] LS0T0 M
uioroud

98

SUBSTITUTE SHEET (RULE 26)



WO 2015/175801 PCT/US2015/030823

OTHER EMBODIMENTS

While the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and not limit the scope of the
invention, which is defined by the scope of the appended claims. Other aspects, advantages,
and modifications are within the scope of the following claims.

The patent and scientific literature referred to herein establishes the knowledge that is
available to those with skill in the art. All United States patents and published or unpublished
United States patent applications cited herein are incorporated by reference. All published
foreign patents and patent applications cited herein are hereby incorporated by reference.
Genbank and NCBI submissions indicated by accession number cited herein are hereby
incorporated by reference. All other published references, documents, manuscripts and
scientific literature cited herein are hereby incorporated by reference.

While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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What is claimed is:

1. A method for producing a fucosylated oligosaccharide in a bacterium comprising
providing bacterium comprising an exogenous lactose-utilizing o(1 ,2) fucosyltransferase
enzyme, wherein the amino acid sequence of said enzyme comprises at least 22% identity to

FutC (SEQ ID NO: 1).

2. A method for producing a fucosylated oligosaccharide in a bacterium comprising
providing bacterium comprising an exogenous lactose-utilizing a(1,2) fucosyltransferase
enzyme, wherein the amino acid sequence of said enzyme comprises at least 25% identity to

FutN (SEQ ID NO: 3).

3. The method of claim 1 or 2, wherein said 0/(1,2) fucosyltransferase enzyme comprises
any one selected from Parabacteroides johnsonii FutX, Lachnospiraceae sp. FutQ,
Prevotella melaninogenica FutO, Prevotellaa sp. FutW, Bacteroides sp. FutZA, Tannerella
sp. FutS, Clostridium bolteae +13 FutP, Bacteroides caccae FutU, Salmonella enterica FutZ,
Methanosphaerula palusiries FutR, Butyrivibrio FutV, Akkermansia muciniphilia FutY,

Clostridium bolieae FutP, or a functional variant or fragment thereof.

4, The method of any one of the preceding claims, wherein said
a(1,2) fucosyltransferase enzyme comprises any one of amino acid sequences SEQ ID NO:

10-21 and 292, or a functional variant or fragment thereof.

5. The method of any one of the preceding claims, further comprising retrieving the
fucosylated oligosaccharide from said bacterium or from a culture supernatant of said

bacterium.

0. The method of any one of the preceding claims, wherein said fucosylated
oligosaccharide comprises 2°-fucosyllactose (2’-FL), lactodifucotetraose (LDFT), Lacto-N-
fucopentaose [ (LNF I), or lacto-N-difucohexaose [ (LDFHI).
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7. The method of any one of the preceding claims, wherein the bacterium further

comprises an exogenous lactose-utilizing a(1,3) fucosyltransferase enzyme and/or an

exogenous lactose-utilizing a(1,4) fucosyltransferase enzyme.

8. The method of claim 7, wherein the exogenous lactose-utilizing 0(1,3)

fucosyltransferase enzyme comprises a Helicobacter pylori 26693 futA gene.

9. The method of claim 7, wherein the exogenous lactose-utilizing a(1,4)
fucosyltransferase enzyme'comprises a Helicobacter pylori UA948 FucTa gene or a

Helicobacter pylori strain DMS6709 FucT III gene.

10.  The method of any one of the preceding claims, wherein said bacterium further
comprises a reduced level of p-galactosidase activity, a defective colanic acid synthesis
pathway, an inactivated ATP-dependent intracellular protease, an inactivated lacA, or a

combination thereof.

1. The method of claim 10, wherein said method further comprises culturing said

bacterium in the presence of tryptophan and in the absence of thymidine.

12, The method of claim 10, wherein said reduced level of B-galactosidase activity
comprises a deleted or inactivated endogenous /acZ gene and/or a deleted or inactivated

endogenous Jacl gene of said bacterium.

13, The method of claim 12, wherein said reduced level of B-galactosidase activity further
comprises an exogenous /acZ gene or variant thereof, wherein said exogenous lacZ gene or

variant thereof comprises an -galactosidase activity level less than wild-type bacterium.

14, The method of claim 10, wherein said reduced level of B-galactosidase activity

comprises an activity level less than wild-type bacterium.

15.  The method of claim 14, wherein said reduced level of B-galactosidase activity

comprises less than 6,000 units of f-galactosidase activity.
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16.  The method of claim 14, wherein said reduced level of B-galactosidase activity

comprises less than 1,000 units of B-galactosidase activity.

17.  The method of claim 10, wherein said bacterium comprises a laclg gene promoter

immediately upstream of a lacY gene.

18.  The method of claim 10, wherein said defective colanic acid synthesis pathway

comprises the inactivation of the weaJ gene of said bacterium is deleted.

19 The method of claim 10, wherein said inactivated ATP-dependent intracellular

protease is a null mutation, inactivating mutation, or deletion of an endogenous /on gene.

20.  The method of claim 19, wherein said inactivating mutation of an endogenous Jon

gene comprises the insertion of a functional £. coli lacZ’ gene.

71, The method of claim 10, wherein said bacterium further comprises a functional

lactose permease gene.
29 The method of claim 21, wherein said bacterium comprises E. coli lacY.

73 The method of claim 10, wherein said bacterium further comprises an exogenous E.

coli resA or E. coli resB gene.

74 The method of claim 10, wherein said bacterium further comptises a mutation in the

thyA gere.

25. The method of claim 10, wherein said bacterium accumulates intracellular lactose in

the presence of exogenous lactose.

26. The method of claim 10 wherein said bacterium accumulates intracellular GDP-

fucose.

27, The method of any one of the preceding claims, wherein said bacterium is E. coli.
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28.  The method of any one of the preceding claims, wherein said production strain is a

member of the Bacillus, Pantoea, Lactobacillus, Lactococcus, Streptococcus,
Proprionibacterium, Enterococcus, Bifidobacterium, Sporolactobacillus, Micromomospora,

Micrococcus, Rhodococcus, or Pseudomonas genus.

29.  The method of any one of the preceding claims, wherein said production strain is
selected from the group consisting of Bacillus licheniformis, Bacillus subtilis, Bacillus
coagulans, Bacillus thermophilus, Bacillus laterosporus, Bacillus megaterium, Bacillus
mycoides, Bacillus pumilus, Bacillus lentus, Bacillus cereus, and Bacillus circulans, Erwinia
herbicola (Pantoea agglomerans), Citrobacter freundii, Pantoea citrea, Pectobacterium
carotovorum, Xanthomonas campestris Lactobacillus acidophilus, Lactobacillus salivarius,
Lactobacillus plantarum, Lactobacillus helveticus, Lactobacillus delbrueckii, Lactobacillus
rhamnosus, Lactobacillus bulgaricus, Lactobacillus crispatus, Lactobacillus gasseri,
Lactobacillus casei, Lactobacillus reuteri, Lactobacillus jensenii, Lactococcus lactis,
Streptococcus thermophiles, Proprionibacterium freudenreichii, Enterococcus Jaecium,
Enterococcus thermophiles), Bifidobacterium longum, Bifidobacterium infantis,

Bifidobacterium bifidum, Pseudomonas fluorescens and Pseudomonas aeruginosa.

30.  The method of any of the preceding claims, wherein said bacterium comprises a
nucleic acid construct comprising an isolated nucleic acid encoding said

o(1,2) fucosyltransferase enzyme.

31, The method of claim 30, wherein said nucleic acid is operably linked to one or more

heterologous control sequences that direct the production of the enzyme in the bacterium.

32, The method of claim 31, wherein said heterologous control sequence comprises a
bacterial promoter and operator, a bacterial ribosome binding site, a bacterial transcriptional

terminator, or a plasmid selectable marker.
33. A purified fucosylated oligosaccharide produced by any one of the preceding claims.

34. A nucleic acid construct comprising an isolated nucleic acid encoding a lactose-

utilizing a(1,2) fucosyltransferase enzyme for the production of said enzyme in a host
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bacteria production strain, wherein the amino acid sequence of said enzyme comprises at

least 22% identity to FutC (SEQ ID NO: 1).

35. A nucleic acid construct of comprising an isolated nucleic acid encoding a lactose-
utilizing a(1,2) fucosyltransferase enzyme for the production of said enzyme in a host
bacteria production strain, wherein the amino acid sequence of said enzyme comprises at

least 25% identity to FutN (SEQ ID NO: 3).

36.  The construct of claim 34 or 35, wherein said a(1,2) fucosyliransferase enzyme
comprises any one selected from Parabacteroides johnsonii FutX, Lachnospiraceae sp.
FutQ, Prevotella melaninogenica FutOQ, Prevotellaa sp. FutW, Bacteroides sp. FutZA,
Tannerella sp. FutS, Clostridium bolteae +13 FutP, Bacteroides caccae FutU, Salmonella
enterica FutZ, Methanosphaerula palustries FutR, Butyrivibrio FutV, Akkermansia

muciniphilia FutY, Clostridium bolteae FutP, or a functional variant or fragment thereof.

37.  The construct of any one of claims 34-36, wherein said a(1,2) fucosyltransferase
enzyme comprises any one of amino acid sequences SEQ ID NO: 10-21 and 292, or a

functional variant or fragment thereof.

38, The construct of any one of claims 34-37 wherein said nucleic acid is operably linked
to one or more heterologous control sequences that direct the production of the enzyme in the

bacterium.

39, The construct of claim 38, wherein said heterologous control sequence comprises a
bacterial promoter and operator, a bacterial ribosome binding site, a bacterial transcriptional

terminator, a plasmid selectable marker, and/or an origin of replication.

40.  Anisolated bacterium comprising an isolated nucleic acid encoding a lactose-
accepting o (1,2) fucosyltransferase enzyme, wherein the amino acid sequence of said

enzyme encoded by said nucleic acid comprises at least 22% identity to FutC (SEQ ID NO:
1).

41.  Anisolated bacterium comprising an isolated nucleic acid encoding a lactose-
accepting o (1,2) fucosyltransferase enzyme, wherein the amino acid sequence of said
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enzyme encoded by said nucleic acid comprises at least 25% identity to FutN (SEQ ID NO:

3).

42.  The isolated bacterium of claim 40 or 41, wherein said a(1,2) fucosyltransferase
enzyme comprises any one selected from Parabacteroides johnsonii FutX, Lachnospiraceae
sp. FutQ, Prevotella melaninogenica FutO, Prevotellaa sp. FutW, Bacteroides sp. FutZA,
Tannerella sp. FutS, Clostridium bolteae +13 FutP, Bacteroides caccae FutU, Salmonella
enterica FutZ, Methanosphaerula palustries FutR, Butyrivibrio FutV, Akkermansia

muciniphilia FutY, Clostridium bolteae FutP, or a functional variant or fragment thereof.

43.  The isolated bacterium of any one of claims 40-42, wherein said
(1,2) fucosyltransferase enzyme comprises any one of amino acid sequences SEQ ID NO:

10-21 and 292, or a functional variant or fragment thereof.

44.  The isolated bacterium of any one of claims 40-43, further comprising a

(1,3) fucosyltransferase enzyme and/or an o(1,4) fucosyltransferase enzyme.

45.  The isolated bacterium of any one of claims 40-44, wherein said bacterium is

Escherichia coli.

46.  The isolated bacterium of any one of claims 40-45, wherein said bacterium further
comprises reduced level of B-galactosidase activity, a defective colanic acid synthesis
pathway, an inactivated adenosine-5'-triphosphate (ATP)-dependent intracellular protease, an

inactivated endogenous lac4 gene, or any combination thereof.

47.  The isolated bacterium of claim 46, wherein said bacterium comprises the genotype

AampC ::Ptrch], A(lacl-lacZ)::FRT, Placlqlacf , AwcaJ::FRT, thyA::Tnl0, Alon:(npt3, lacZ™).
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12N 1/21, C12N 15/63, C12P 19/18 (2015.01)
CPC - C12N 15/63, C12N 9/1051, C12Y 204/01069

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

B.  FIELDS SEARCHED

IPC(8) - C12N 1/21, C12N 15/63, C12P 19/18 (2015.01)
CPC - C12N 15/63, C12N 9/1051, C12Y 204/01069

l”\:'iinimum documentation searched (classification sgstem followed by classification symbols)

CPC - C12N 15/70, C12N 15/74, C12P 19/1
(keyword limited; terms below)

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

PatBase, PUbWEST (USPT,PGPB,EPAB,JPAB), Google Scholar

FutS, FutP, FutU, FutX, FutR, FutV, FutY

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

Search terms: fucosyltransferase, bacteria, bacterium, E. coli, coli, lactose, vector, plasmid, FutC, FutN, FutX, FutQ, FutO, Futw, FutZA,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Relevant to claim No.

[0019], [0035), SEQ ID NO: 21

Category*

X US 2014/0031541 A1 (HEIDTMAN et al.) 30 January 2014 (30.01.2014) para [0003], [0004], 1-3, 34-36, 40-42
[0012], [0016), [0017], [0079], SEQ ID NO: 8

A US 2010/0120701 A1 (MCCOY et al.) 13 May 2010 (13.05.2010) para {0003}, [0009], [0011], 1,34, 40

D Further documents are listed in the continuation of Box C.
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* Special categories of cited documents:

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

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

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)

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

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

“g»

L

“o”

“p»

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁllqanon 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

11 August 2015 (11.08.2015)

Date of mailing of the international search report

03 SEP 2015

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international appln.anon the international search was
carried out on the basis of a sequence listing:

a D forming part of the international application as filed:

' I:l in the form of an Annex C/ST 25 text file.
|:| on paper or in the form of an image file.

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

c. g furnished subsequent to the international filing date for the purposes of international search only:
in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

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

2. K{ In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished. the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to pa.rts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. . Claims Nos.: 4-33, 37-39, 43-47
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I. [:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. : .

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

3. El As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

| 4. D No required additional search fees were umely paid by the applicant.. Consequently, this mtematlonal search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - wo-search-report
	Page 127 - wo-search-report
	Page 128 - wo-search-report

